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Archiyal notes 

Chapter 5 //0 Operations was missing from the source document. 

This t raining manual was produced in July 1968 several years before the first operational 
installation was deployed. The text does not reflect the final 9020 version In several respects. It 
was st ill being used as training course material In the late 1970s, long after all the 9020 systems 
(with a sl ightly different configuration) were operational. 

The handwritten notes are from 1975, and several of them reflect the differences between the 
1968 configurat ion described in the text and what was finally delivered. 

Amongst the differences are the following: 

At the time the text was written there was only a single 9020 version , hence the reference to just 
"9020" In the title. A second, more powerful, version was added later, namely the "90200". The 
version described In this text became the "9020A". 

The text does not mention d isks (DASD). These were added later to 9020As and 9020Ds and 
referred to as Storage Control Units (SCUs). See the handwritten amendment on page 6-64. 

The 9020 was originally conceived as a maximum three·CE configuration. The final 9020A 
version Included up to four CEs. The text and diagrams reflect either the three or four CEs 
maximum configuration in different sect ions, presumably depending on when that section was 
w ritten. 

The text refers to Large Capacity Storage (LCS) elements. These were deleted from the f inal 
delivered configurations. 

The Storage Elements (SEs) referred to in the text are the 128 KB Model--03 and 256 KB Model-
04. The f inal 9020Aversion used 256 KB Model-08 and 512 KB Model--08ASEs. 

Apr//2025 



ill! 

1-1. 
1-2. 

1-3. 

CONTENTS 

SYSTEM PROCESSING AND CONTROL 

CHAPTER 1 

GENERAL INTRODUCTION TO IBM-9020 HARDWARE 

GENERAL CONCEPTS OF SYSTEM OPERATION-----------------------------1-1 
FUNCTIONAL USE OF COMPONENT ELEMENTS-----------------------------1-5 
A. Compute Element----------------------------------------------1-5 
B. I/O Control Element------------------------------------------1-5 
C. Storage Element----------------------------------------------1-5 
D. Peripheral Adapter Module------------------------------------1-6 
E. The System Console (SC)--------------------------------------1-6 
F. Other Input/Output Control Units-----------------------------1-7 

1. Integrated Control Unit (2821)---------------------------1-7 
2. Tape Control Unit----------------------------------------1-8 

PREINSTALLATION PLANNING-----------------------------------------1-8 
A. Building Requirements----------------------------------------1-8 

1. Equipment Layout-----------------------------------------1-9 
2. Floor Construction---------------------------------------1-13 
3. Acoustical Treatment-------------------------------------1-16 
4. Lighting-------------------------------------------------1-17 
5. Vibration------------------------------------------------1-17 
6. Tape Storage---------------------------------------------1-17 

B. Air Conditioning---------------------------------------------1-18 
1. Temperature and Humidity Requirements--------------------1-18 
2. Air Filtration-------------------------------------------1-20 
3. Air Distribution and Types of Systems--------------------1-21 

a. Single Duct - Overhead System------------------------1-21 
b. Two Duct - Two Air-Conditioning-Unit System----------1-22 
c. Two Duct - Single Air-Conditioning-Unit System-------1-22 
d. Underfloor System------------------------------------1-23 
e. Temperature and Humidity Recording Instruments-------1-24 

C. Safety and Fire Precautions----------------------------------1-25 
1. Locating a Computer Area---------------------------------1-25 
2. Structural Safety----------------------------------------1-25 
3. Type of Fire Prevention Equipment in a Computer Area-----1-26 
4. Data Storage---------------------------------------------1-27 
5. Supporting Facilities------------------------------------1-28 

a. Air Conditioning Systems-----------------------------1-28 
b. Electric Systems-------------------------------------1-28 

6. Preplanning to Continue Operation in an Emergency--------1-29 
7. General Precautions and Personnel Training---------------1-29 

D. Power Requirements-------------------------------------------1-30 
1. Phase Rotation-------------------------------------------1-31 
2. Convenience Outlets-------------------~------------------1-32 
3. Lightning Protection-------------------------------------1-32 
4. System Grounding-----------------------------------------1-33 
5. Surge Currents--~----------------------------------------1-33 

AC-940 CBB9AO 7/68 iii 



CONTENTS 

E. Physical Planning--------------------------------------------1-34 
F. Cabling------------------------------------------------------1-47 

1-4. INTERFACE CABLING------------------------------------------------1-66 
1-5. INTER ELEMENT CABLING--------------------------------------------1-70 

A. CE - CE Interfacing------------------------------------------1-70 
B. CE - SE Interfacing------------------------------------------1-73 
C. CE - IOCE Interfacing----------------------------------------1-79 
D. CE - PAM and TCU Interfacing---------------------------------1-86 
E. CE - System Console Interfacing------------------------------1-88 
F. IOCE Interfacing---------------------------------------------1-93 
G. IOCE - SE Interfacing----------------------------------------1-94 
H. IOCE - SC Interfacing----------------------------------------1-95 
I. SE Interfacing-----------------------------------------------1-95 
J. PAM Interfacing----------------------------------------------1-96 
K. TCU Interfacing----------------------------------------------1-97 
L. System Console Interfacing-----------------------------------1-98 

1-6. SYSTEM COMMUNICATIONS--------------------------------------------1-99 
A. CE to CE and IOCE Communications-----------------------------1-99 
B. CE to SE Communication---------------------------------------1-103 

1-7. IBM-9020 SYSTEM DOCUMENTATION------------------------------------1-103 

2-1. 
2-2. 

AC-940 

A. Hardware Documentation---------------------------------------1-105 
B. Operation and Software Documentation---------------~---------1-107 
C. Description of the Logic Contained in Documentation----------1-108 

1. SLT Logic Description------------------------------------1-108 
a. Information Inside the Logic Block-------------------1-123 
b. Information Outside the Block------------------------1-127 
c. Information on the Side of the Block-----------------1-127 
d. Line Names-------------------------------------------1~132 

2. SMS Description------------------------------------------1-133 

CHAPTER 2 

COMPUTING ELEMENT 

COMPUTING ELEMENT------------------------------------------------2-1 
COMPUTING ELEMENT FUNCTIONAL UNITS-------------------------------2-2 
A. Registers----------------------------------------------------2-3 

1. Address Translation Register-----------------------------2-3 
2. Check Registers--------------------------------~---------2-4 
3. Configuration Control Register (CCR)---------------------2-5 
4. Diagnose Accessible Register-----------------------------2-6 
5. External Register----------------------------------------2-7 
6. External Interrupt Register------------------------------2-8 
7. F Register-----------------------------------------------2-8 
8. H Register-----------------------------------------------2-11 
9. Instruction Address Register-----------------------------2-12 

10. J Register-----------------------------------------------2-12 
11. L Register-----------------------------------------------2-12 

CBB9AO 7/68 iv 



CONTENTS 

12. Local Store Address Register----------------~-----------2-15 
13. Local Store Function Register----------------------------2-17 
14. M Register-----------------------------------------------2-19 
15. Mover Function Register----------------------------------2-20 
16. Preferential Storage Base Address Register---------------2-20 
17. Logical PSBAR--------------------------------------------2-22 
18. Physical PSBAR-------------------------------------------2-22 
19. PSBAR Counter--------------------------------------------2-24 
20. Program Status Word Register-----------------------------2-25 
21. Q Register-----------------------------------------------2-28 
22. R Register-----------------------------------------------2-31 
23. Read Only Address Register-------------------------------2-31 
24. Read Only Storage Data Register--------------------------2-33 
25. Read Direct Register-------------------------------------2-33 
26. Select Register------------------------------------------2-34 
27. Write Direct Register------------------------------------2-34 
28. Storage Address Register---------------------------------2-36 
29. Storage Data Register------------------------------------2-36 

2-3. COMPUTING ELEMENT INTERNAL DATA PATHS----------------------------2-38 
A. Adder--------------------------------------------------------2-38 
B. Shifter------------------------------------------------------2-39 
C. Mover--------------------------------------------------------2-42 
D. Instruction Address Data Path--------------------------------2-44 
E. Local Store Data Path----------------------------------------2-45 
F. Main Storage In-Out Data Path--------------------------------2-47 

2-4. COMPUTING ELEMENT INTERNAL CONTROL-------------------------------2-48 
A. Physical Construction----------------------------------------2-49 
B. Theory of Operation------------------------------------------2-55 

1. Control Fields-------------------------------------------2-55 
2. Micro-Orders---------------------------------------------2-55 
3. CAS Logic Diagrams (CLDs)--------------------------------2-57 
4. Example Routines Showing Part of the CROS Microprogram---2-59 

2-5. COMPUTING ELEMENT INTERRUPT SCHEME-------------------------------2-60 
A. The Input/Output Interrupt-----------------------------------2-60 
B. The Program Interrupt----------------------------------------2-61 
C. The Supervisor-Call Interruption-----------------------------2-63 
D. The External Interruption------------------------------------2-63 

1. External Interrupt Caused by a Time Out or the 
Interrupt Key--------------------------------------------2-64 

2. External Interrupt Caused by a Read Direct or Write 
Direct Instruction Execution-----------------------------2-64 

3. The External Interrupt Caused by an Element Check 
Due to Abnormal Conditions-------------------------------2-66 

E. The Machine Check Interrupt----------------------------------2-68 
F. Summary of the Interrupt Scheme------------------------------2-68 

2-6. COMPUTING ELEMENT INTERNAL ERROR CHECKING------------------------2-71 
A. ~rity Tests-------------------------------------------------2-72 
B. Error Check Analysis Diagrams--------------------------------2-72 
C. Logout Analysis----------------------------------------------2-74 

AC-940 CBB9AO 7/68 v 



CONTENTS 

2-7. COMPUTING ELEMENT POWERING---------------------------------------2-76 
A. AC Distribution----------------------------------------------2-77 
B. Converter/Inverter Interlock Circuit-------------------------2-80 
C. DC Distribution----------------------------------------------2-80 
D. Power On Sequencing------------------------------------------2-80 
E. Normal Power Off---------------------------------------------2-84 
F. Battery Back-Up Power Control--------------------------------2-85 
G. Emergency Power Off------------------------------------------2-86 
H. Special Power-Off Sequences----------------------------------2-87 
I. PDU Circuit Breaker Trip-------------------------------------2-88 
J. Controls and Indicators--------------------------------------2-88 

1. Introduction---------------------------------------------2~8 
2. Operator's Control Panel---------------------------------2-89 
3. PDU------------------------------------------------------2-89 

2-8. COMPUTING ELEMENT TESTING----------------------------------------2-90 

CHAPTER 3 

STORAGE ELEMENT 

3-1. 7351-04 STORAGE ELEMENT------------------------------------------3-1 
3-2. THEORY OF :MAGNETIC CORE STORAGE----------------------------------3-2 

3 ... 3. 
3-4. 
3-5. 
3-6. 
3-7. 
3-8. 
3-9. 
3-10. 
3-11. 
3-12. 
3-13. 

3-14. 

3-15. 
3-16. 
3-17. 

A. Ferrite Core-------------------------------------------------3-2 
B. Magnetic Properties------------------------------------------3-2 
C. Hysteresis Loop----------------------------------------------3-6 
CORE PLANES------------------------------------------------------3-8 
COINCIDENT CURRENT ADDRESSING------------------------------------3-10 
READ-OUT, SENSE--------------------------------------------------3-10 
WRITE, STORE-----------------------------------------------------3-11 
CORE ARRAY-------------------------------------------------------3-11 
CAPACITY---------------------------------------------------------3-13 
STORAGE CYCLE----------------------------------------------------3-14 
READ OPERATION---------------------------------------------------3-16 
WRITE OPERATION--------------------------------------------------3-16 
7251 DATA FLOW---------------------------------------------------3-16 
CONTROLS---------------------------------------------------------3-18 
A. Configuration------------------------------------------------3-19 
B. Priority Controls--------------------------------------------3-20 
C. Addressing---------------------------------------------------3-21 
D. Integral Boundaries------------------------------------------3-24 
E. Byte Stats---------------------------------------------------3-25 
STORAGE ELEMENT TIMING-------------------------------------------3-25 
A. Basic Operational Storage (BOS) Timing-----------------------3-29 
B. Read/Write Controls------------------------------------------3-30 
STORAGE PROTECTION-----------------------------------------------3-32 
LOGOUT-----------------------------------------------------------3-33 
TEST AND SET-----------------------------------------------------3-33 

AC-940 CBB9AO 7/68 vi 



CONTENTS 

3-18. ERROR CHECKS-----------------------------------------------------3-34 

3-19. 

3-20. 

3-21. 

3-22. 
3-23. 
3-24. 
3-25. 

A. Element Check------------------------------------------------3-34 
B. Storage Check------------------------------------------------3-35 
C. Protected Area-----------------------------------------------3-36 
D. Logic Check--------------------------------------------------3-37 
E. Power Check--------------------------------------------------3-37 
F. On Battery---------------------------------------------------3-37 
G. Master Power Off---------------------------------------------3-37 
STORAGE ELEMENT TESTING------------------------------------------3-37 
A. OFF-LINE Testing---------------------------------------------3-38 

a. Indicators-----------------------------------------------3-39 
b. Switches-------------------------------------------------3-42 
c. Pushbuttons----------------------------------------------3-42 
d. Rotary Switches------------------------------------------3-43 
e. Level Switches-------------------------------------------3-43 
f. Miscellaneous Maintenance Panel Items--------------------3-45 

B. ON-LINE Testing----------------------------------------------3-45 
CE/IOCE TO STORAGE ELEMENT INTERFACE LINES-----------------------3-46 
A. CE/IOCE to SE Bus--------------------------------------------3-46 
B. Access Request-----------------------------------------------3-46 
C. Byte Stats---------------------------------------------------3-47 
D. Set Storage Key----------------------------------------------3-47 
E. Insert Storage Key-------------------------------------------3-47 
F. FLT Op-------------------------------------------------------3-47 
G. FLT Load-----------------------------------------------------3-48 
H. Test and Set-------------------------------------------------3-48 
I. Split Cycle--------------------------------------------------3-48 
J. Logout Stop--------------------------------------------------3-48 
K. Logout Proceed 1-5-------------------------------------------3-48 
L. Logout Complete----------------------------------------------3-49 
M. Reconfigure Select-------------------------------------------3-49 
N. System Reset A-B and CE Gate---------------------------------3-49 
0. Ignore Error-------------------------------------------------3-50 
P. Suppress Log Check-------------------------------------------3-50 
STORAGE ELEMENT TO CE/IOCE INTERFACE LINES-----------------------3-50 
A. SE to CE/IOCE Bus--------------------------------------------3-50 
B. Accept-------------------------------------------------------3-50 
C. Request Acknowledged-----------------------------------------3-51 
D. Gate Data----------------------------------------------------3-51 
E. Protected Area Violated--------------------------------------3-51 
F. Storage Check-----------------------------------------~------3-51 
G. Element Check------------------------------------------------3-52 
H. Reconfigure Response-----------------------------------------3-52 
I. Logout Stopped-----------------------------------------------3-52 
SYSTEM CONSOLE TO SE INTERFACE-----------------------------------3-52 
POWER INTERFACE LINES--------------------------------------------3-53 
LATCHES AND REGISTERS -- ALD PAGE--------------------------------3-54 
POWER------------------------------------------------------------3-57 

AC-940 CBB9AO 7/68 vii 



CONTENTS 

3-26. FOWER SWITCHES AND INDICATORS------------------------------------3-57 
A. Marginal Conditions------------------------------------------3-58 

1. Thermal Check--------------------------------------------3-58 
2. Power Check----------------------------------------------3-58 

B. Catastrophic Conditions--------------------------------------3-58 
1. Battery Power--------------------------------------------3-59 
2. Emergency Power Off--------------------------------------3-59 
3. Element Power Isolation----------------------------------3-59 

3-27. DOCUMENTATION ON THE SE------------------------------------------3-60 
A. Socket Listings----------------------------------------------3-62 
B. Logic Diagrams-----------------------------------------------3-62 

CHAPTER FOUR 

INPUT/OUTPUT CONTROL ELEMENT 

4-1. INTRODUCTION-----------------------------------------------------4-1 
4-2. PHYSICAL MAKE-UP-------------------------------------------------4-3 
4-3. UNIQUE IOCE FUNCTIONAL UNITS FOR SELECTOR CHANNEL----------------4-3 

A. B Register---------------------------------------------------4-4 
B. C Register---------------------------------------------------4-4 
C. General Purpose Register-------------------------------------4-5 
D. Byte Counter-------------------------------------------------4-7 
E. End Register-------------------------------------------------4-8 
F. Last Word Register and Operation Register--------------------4-8 
G. Flag Register------------------------------------------------4-8 
H. Channel Status Register--------------------------------------4-9 
I. Routine Request Circuitry, 1/0 External Channel, and 

Interface Controls-------------------------------------------4-9 
4-4. CHANNEL ROS RELATIONS--------------------------------------------4-10 
4-5. CE - IOCE SELECTOR CHANNEL OFERATION-----------------------------4-13 
4-6. IOCE MULTIPLEXOR CHANNEL-----------------------------------------4-17 
4-7. UNIT CONTROL WORDS-----------------------------------------------4-24 
4-8. IOCE STANDARD INTERFACE------------------------------------------4-27 

A. Bus Information----------------------------------------------4-28 
B. Interface Tag Lines------------------------------------------4-30 
C. Selection Control Lines--------------------------------------4-30 
D. Metering Control Lines---------------------------------------4-31 

4-9. IOCE STAND ALONE OFERATION---------------------------------------4-32 

AC-940 CBB9AO 7/68 viii 



CONTENTS 

CHAPTER 5 

I/O OPERATIONS 

5-1. INTRODUCTION-----------------------------------------------------5-1 
5-2. IBM-7265-2 SYSTEM CONSOLE - 9020 SYSTEM--------------------------5-1 

A. System Console Communication with 9020 System----------------5-2 
1. Operator Intervention------------------------------------5-4 

a. Initial Program Load (IPL)---------------------------5-4 
b. Manual Entry of Information or Display---------------5-6 

2. Printer Keyboard Entry-----------------------------------5-6 
3. Sense Switch Entry---------------------------------------5-6 
4. Storage Modification or Display--------------------------5-7 
5. Display of Information from Local Storage (LS)-----------5-8 
6. Modification of CE Configuration Control Register (CCR)--5-9 
7. Modification of CE Instruction Counter (IAR)-------------5-10 
8. I/O Switching--------------------------------------------5-10 
9. Progrannning the System Console---------------------------5-11 

B. START I/O Instruction----------------------------------------5-12 
C. TEST I/O and HALT I/O Instructions---------------------------5-14 
D. Console Control Unit-----------------------------------------5-15 
E. Status Information-------------------------------------------5-19 
F. Sense Information--------------------------------------------5-20 
G. Printer Keyboard Control Unit--------------------------------5-21 
H. Cornmands-----------------------------------------------------5-22 
I. Status Information-------------------------------------------5-25 
J. Sense Information--------------------------------------------5-29 
K. Data Format--------------------------------------------------5-31 
L. Operator Monitoring------------------------------------------5-32 

1. Mode of Operation Indicators-----------------------------5-32 
2. Unit Status Indicators-----------------------------------5-32 
3. Unit Alarm Indicators------------------------------------5-32 
4. Configuration Indicator Registers------------------------5-33 
5. Audible Alarms-------------------------------------------5-33 
6. Printer Keyboard-----------------------------------------5-34 

5-3. TAPE OPERATIONS--------------------------------------------------5-34 
A. Magnetic Tape------------------------------------------------5-34 
B. Writing and Reading Magnetic Tape----------------------------5-37 
C. Tape Markers-------------------------------------------------5-40 
D. File Protection Device---------------------------------------5-41 
E. Tape Blocks--------------------------------------------------5-41 
F. Checking Tape Validity---------------------------------------5-43 
G. Tape Drive Units (2401-02 and 03)----------------------------5-44 

1. Moving Tape Forward--------------------------------------5-44 
2. Moving Tape Backward-------------------------------------5-46 
3. Drive Capstans---------------~---------------------------5-46 
4. Stop Capstans------------~-------------------------------5-47 
5. Prolays--------------------------------------------------5-47 
6. Vacuum Columns-------------------------------------------5-48 

AC-940 CBB9AO 7/68 ix 



CONTENTS 

7. Column Control Switches----------------------------------5-51 
8. Tape Handling Operations---------------------------------5-51 

a. Rewind and Rewind-Unload Operations------------------5-51 
b. Manual Load Operation--------------------------------5-52 
c. Manual Unload Operation------------------------------5-52 

9. Data Flow During Read Operations-------------------------5-52 
10. Tape Unit Selection--------------------------------------5-54 
11. Data Flow During Write Operations - NRZI-----------------5-55 
12. Erase Head-----------------------------------------------5-56 
13. File Protection------------------------------------------5-56 
14. IBM Tape Unit Keys and Lights----------------------------5-57 

a. Operator Keys - All Models---------------------------5-57 
b. Operator Lights - All Models-------------------------5-60 

15. Tape Load Procedure--------------------------------------5-61 
16. Tape Unload Procedure-----------------------------~------5-62 
17. Tape Transport Cleaning Procedure------------------------5-64 
18. Tape Timings---------------------------------------------5-66 

H. IBM-2803 Tape Control Unit-----------------------------------5-66 
1. TCU Designation------------------------------------------5-67 
2. Configuration Control------------------------------------5-70 
3. IBM-9020 System Monitoring of TCU------------------------5-72 
4. Magnetic Tape Input/Output Operations--------------------5-72 

a. Instructions-----------------------------------------5-72 
b. Connnands---------------------------------------------5-72 
c. Status Information and Sense Data--------------------5-73 
d. Special Status Information---------------------------5-7.6 
e. Special Sense Information----------------------------5-76 

5-4. IBM-2821 CONTROL UNIT--------------------------------------------5-77 
A. Data Movement------------------------------------------------5-78 
B. Concurrent Operation-----------------------------------------5-78 
C. Attachment Method--------------------------------------------5-78 
D. 2821 Switches------------------------------------------------5-79 

1. Control Panel Meter Switch-------------------------------5-79 
a. Use Meter (2821)-------------------------------------5-79 

2. CE Panel Mode Switch-------------------------------------5-80 
E. Buffering----------------------------------------------------5-80 
F. System Reset-------------------------------------------------5-81 
G. Malfunction Reset (Selective Reset)--------------------------5-81 
H. Interface Disconnect-----------------------------------------5-82 

5-5. IBM-2540 CARD READ-PUNCH-------------------------------------~---5-84 
A. Addressing---------------------------------------------------5-84 
B. IBM-2540 Reader - Method of Operation------------------------5-84 
C. IBM-2540 Punch - Method of Operation-------------------------5-87 
D. IBM-2540 Punch-Feed-Read - Method of Operation---------------5-87 
E. Termination Operations---------------------------------------5-88 
F. Operation Commands-------------------------------------------5-89 

1. Read, Feed, and Select Stacker (Type AA)-----------------5-91 
2. Read and No Feed or Stacker Selection (Type AB)----------5-91 
3. Read, Feed, and No Stacker Selection---------------------5-92 
4. Feed and Select Stacker (Type BA)------------------------5-93 

AC-940 CBB9AO 7/68 x 



CONTENTS 

5. PFR Write, Feed, and Select Stacker (Type BA)------------5-93 
6. Write, Feed, and Select Stacker (Type BB)----------------5-94 
7. Sense, and No Op-----------------------------------------5-94 
8. Test I/0------------------------~------------------------5-95 

G. Data Codes---------------------------------------------------5-95 
1. Data Mode 1----------------------------------------------5-95 
2. Data Mode 2 (Special Feature)----------------------------5-95 

H. Status Byte--------------------------------------------------5-96 
I. Sense Byte---------------------------------------------------5-98 
J. Status Byte Bit Combiriations---------------------------------5-100 

1. 0 0 0 0 0 0 0 0------------------------------------------5-100 
2. o o o o o 1 o o---------------~--------------------------5-100 
3. o o o o o o 1 o------------------------------------------5-100 
4. 0 0 0 0 0 0 0 1------------------------------------------5-101 
5. o o o o o 1 1 o------------------------~-----------------5-101 
6. 0 0 0 0 0 1 0 1------------------------------------------5-101 
7. 0 0 0 0 0 1 1 1------------------------------------------5-102 
8. 0 0 0 0 0 0 1 1------------------------------------------5-102 
9D 0 0 0 1 1 0 0 0------------------------------------------5-102 

10. 0 0 0 1 1 1 0 0------------------------------------------5-102 
11. 0 0 0 1 1 0 1 0------------~-----------------------------5-102 
12. 0 0 0 1 1 0 0 1------------------------------------------5-103 
13. 0 0 0 1 1 1 1 0------------------------------------------5-103 
14. 0 0 0 1 1 1 0 1------------------------------------------5-103 
15. 0 0 0 1 1 1 1 1------------------------------------------5-103 
16. 0 0 0 1 1 0 1 1------------------------------------------5-104 
17. 0 0 0 0 1 0 0 0------------------------------------------5-104 
18. 0 0 0 0 1 1 0 0------------------------------------------5-104 
19. 0 0 0 0 1 0 1 0------------------------------------------5-104 
20. 0 0 0 0 1 0 0 1------------------------------------------5-104 
21. 0 0 0 0 1 1 1 0------------------------------------------5-104 
22. 0 0 0 0 1 1 0 1------------------------------------------5-104 
23. 0 0 0 0 1 1 1 1------------------------------------------5-104 
24. 0 0 0 0 1 0 1 1------------------------------------------5-104 
25. 0 0 0 1 0 0 0 0------------------------------------------5-105 
26. 0 0 0 1 0 1 0 0--------------~---------------------------5-105 
27. 0 0 0 1 0 0 1 0------------------------------------------5-105 
28. 0 0 0 1 0 0 0 1------------------------------------------5-105 
29. 0 0 0 1 0 1 1 0------------------------------------------5-105 
30. 0 0 0 1 0 1 0 1------------------------------------------5-106 
31. 0 0 0 1 0 1 1 1------------------------------------------5-106 
32. 0 0 0 1 0 0 1 1------------------------------------------5-106 

K. Possible Combinations of Sense Bits in a Sense Byte----------5-106 
L. Diagnostic Commands for the 2540 Controls--------------------5-107 

1. Diagnostic Write - 100101--------------------------------5-107 
2. Diagnostic Read 11000010---------------------------------5-108 
3. Diagnostic Check Read 11000110---------------------------5-108 

M. Keys, Switches, and Indicators-------------------------------5-109 
1. Common Reader-Punch Switch and lndicators----------------5-109 
2. Card-Reader Keys and Indicators--------------------------5-109 

AC-940 CBB9AO 7/68 xi 



CONTENTS 

3. Card-Punch Keys and Indicators---------------------------5-110 
N. Programming Timing Considerations----------------------------5-111 

1. Card Reqding---------------------------------------------5-111 
2. Card Punching--------------------------------------------5-113 
3. Data Transfer Rate---------------------------------------5-113 
4. Device End to Clutch Decision Point Timing---------------5-113 

O. 2540 Use Meter-----------------------------------------------5-114 
5-6. 1403 HIGH SPEED PRINTER------------------------------------------5-114 

A. Printing Positions and Type Format---------------------------5-115 
B. Tape-Controlled Carriage-------------------------------------5-116 
C. Printing Principles------------------------------------------5-116 

1. Method of Printing---------------------------------------5-116 
2. Checking-------------------------------------------------5-il6 
3. Addressing-----------------------------------------------5-117 
4. Method of Operation of the IBM 1403 Printer--------------5-117 

D. Operation Commands-------------------------------------------5-118 
1. Test I/0-------------------------------------------------5-120 
2. Status Byte----------------------------------------------5-120 
3. Sense Byte-----------------------------------------------5-123 

E. Possible Combinations of Status Bits in a Status Byte 
(1403 and 1404)----------------------------------------------5-125 
1. 0 0 0 0 0 0 0 0------------------------------------------5-125 
2. 0 0 0 0 0 1 0 0------------------------------------------5-126 
3. o o o o o o 1 o------------------------------------------5-126 
4. 0 0 0 0 0 0 0 1------------------------------------------5-126 
5. 0 0 0 0 0 1 1 0------------------------------------------5-126 
6. 0 0 0 0 0 1 0 1------------------------------------------5-127 
7. 0 0 0 0 0 1 1 1------------------------------------------5-127 
8. 0 0 0 0 0 0 1 1------------------------------------------5-128 
9. 0 0 0 1 1 0 0 0----------------------------------~-------5-128 

10. 0 0 0 1 1 1 0 0------------------------------------------5-128 
11. o o o 1 1 o 1 o------------------------------------------5-128 
12. 0 0 0 1 1 0 0 1------------------------------------------5-129 
13. 0 0 0 1 1 1 1 0--------------------·---------------------5-129 
14. 0 0 0 1 1 1 0 1------------------------------------------5-130 
15. 0 0 0 1 1 1 1 1------------------------------------------5-130 
16. 0 0 0 1 1 0 1 1------------------------------------------5-131 
17. 0 0 0 0 1 0 0 0------------------------------------------5-131 
18. 0 0 0 0 1 1 0 0------------------------------------------5-131 
19. 0 0 0 0 1 0 1 0------------------------------------------5-132 
20. 0 0 0 0 1 0 0 1------------------------------------------5-132 
21. o o o o 1 1 1 o------------------------------------------5-132 
22. 0 0 0 0 1 1 0 l----------------------~-------------------5-133 
23. 0 0 0 0 1 1 1 1------------------------------------------5-133 
24. 0 0 0 0 1 0 1 1------------------------------------------5-134 
25. 0 0 0 1 0 0 0 0------------------------------------------5-134 
26. 0 0 0 1 0 1 0 0------------------------------------------5-134 
21. o o o 1 o o 1 o------------------------------------------5-134 
28. 0 0 0 1 0 0 0 l------------~-----------------------------5-135 
29. o o o 1 o 1 1 o------------------------------------------5-135 

AC-940 CBB9AO 7/68 xii 



CONTENTS 

30. 0 0 0 1 0 1 0 1------------------------------------------5-135 
31. 0 0 0 1 0 1 1 1------------------------------------------5-135 
32. 0 0 0 1 0 0 1 1------------------------------------------5-135 

F. Possible Combinations of Sense Bits in a Sense Byte----------5-135 
G. Diagnostic Commands for the 1403 Controls--------------------5-138 

1. Diagnostic Write (-----101)------------------------------5-138 
2. Diagnostic Data Read (00000010)--------------------------5-138 
3. Diagnostic Check Read (00000110)-------------------------5-139 

H. Use Meter----------------------------------------------------5-139 
I. Printer Keys and Indicators----------------------------------5-139 

1. Print Start Key------------------------------------------5-139 
2. Check-Reset Key------------------------------------------5-140 
3. Print Stop Key-------------------------------------------5-140 
4. End-of-Forms Light---------------------------------------5-140 
5. Forms Check Light----------------------------------------5-141 
6. Ready Light----------------------------------------------5-141 
7. Print Check Light----------------------------------------5-141 
8. Sync Check Light~----------------------------------------5-141 
9. Single-Cycle Key-----------------------------------------5-141 

J. Carriage Keys------------------------------------------------5-142 
1. Restore Key----------------------------------------------5-142 
2. Carriage Stop Key----------------------------------------5-142 
3. Space Key------------------------------------------------5-143 

K. Universal Character Set Special Feature (1403-2, -3, 
-Nl Only)----------------------------------------------------5-143 
1. Description----------------------------------------------5-143 
2. Method of Operation--------------------------------------5-144 
3. Dualing of Graphics/Codes with the Universal Character 

Set Feature----------------------------------------------5-146 
4. Changing Codes in the 240-Character Storage--------------5-149 
5. Data Check Control----------------•----------------------5-152 
6. Printing Speeds------------------------------------------5-153 
7. Universal Character Set Utility Program------------------5-156 
8. Configurations-------------------------------------------5-156 
9. Print Chaings and Trains (Selection and Design)----------5-157 

10. Chain or Train Design------------------------------------5-158 
L. Programming Timing Considerations (For Printers without 

the Universal Character Set Feature)-------------------------5-165 
5-7. IBM 7289-02 PERIPHERAL ADAPTER MODULE----------------------------5-166 

A. General Chiracteristics--------------------------------------5-166 
1. PAM Common-----------------------------------------------5-166 
2. PAM Adapters---------------------------------------------5-168 

B. PAM Input/Output Operations----------------------------------5-171 
1. START I/O Instruction------------------------------------5-171 
2. TEST I/O and HALT I/O Instructions-----------------------5-173 

C. PAM Common---------------------------------------------------5-174 
D. PAM Addressing-----------------•-----------------------------5-174 
E. IOCE-PAM Address Assignment----------------------------------5-176 
F. Configuration Control----------------------------------------5-180 

1. IOCE Assignment------------------------------------------5-180 

AC-940 CBB9AO 7/68 xiii 



CONTENTS 

2. SCON Assign.ment------------------------------------------5-181 
3. State Assign.ment-----------------------------------------5-182 
4. Operation of the CCR-------------------------------------5-182 

G. Priority Controls--------------------------------------------5-183 
1. Overrun and Loss of Data-------------------------~-------5-184 
2. Priority Scan and Service--------------------------------5-184 

H. PAM Common Resets--------------------------------------------5-184 
I. Adapter Resets-----------------------------------------------5-186 
J. Element Checks-----------------------------------------------5-186 
K. Test and Monitor Adapter-------------------------------------5-186 

1. Interface------------------------------------------------5-187 
2. Commands-------------------------------------------------5-187 

a. Test I/O (0000 0000)---------------------------------5-189 
b. Control No-Op (0000 0011)----------------------------5-189 
c. Sense (0000 0100)------------------------------------5-189 
d. Half Secondary (1001 0011)---------------------------5-189 
e. Full Secondary (1000 1011)---------------------------5-190 
f. Pass Address (0011 1011)-----------------------------5-190 
g. Bypass Check Stop (1001 1011)------------------------5-191 
h. Check Forcing Commands-------------------------------5-193 
i. Operation of Test Out - Test In Lines----------------5-193 
j. Test Line Assignment---------------------------------5-194 

3. Status Information---------------------------------------5-200 
4. Sense Information----------------------------------------5-202 

L. Operators Panel----------------------------------------------5-205 
1. Element Master Power Off (Element MP0)-------------------5-205 
2. Power On-Off Switch·-------------------------------------5-206 
3. Main Line On Indicator-----------------------------------5-206 
4. Power Sequence Complete Indicator------------------------5-206 
5. Power Check Indicator------------------------------------5-206 
6~ State Indicators-----------------------------------------5-206~ 

M. PAM Adapters-------------------------------------------------5-206 
1. General Purpose Input Adapter----------------------------5-206 

a. Data Format------------------------------------------5-208 
b. Commands---------------------------------------------5-208 
c. Status Information-----------------------------------5-211 
d. Status Byte Format-----------------------------------5-211 
e. Sense Information------------------------------------5-212 
f. Priority---------------------------------------------5-213 
g. GPI Device Interface---------------------------------5-214 

2. General Purpose Output Adapter---------------------------5-216 
a. Data Format------------------------------------------5-217 
b. Commands---------------------------------------------5-217 
c. Status Information-----------------------------------5-219 
d. Sense Information------------------------------------5-221 
e. Priority---------------------------------------------5-224 
f. GPO Device Interface---------------------------------5-225 

3. Interfacility Input Adapter------------------------------5-228 
a. Data Format------------------------------------------5-228 
b. Commands---------------------------------------------5-228 

AC-940 CBB9AO 7/68 Y.iv 



CONTENTS 

c. Status Information-----------------------------------5-232 
d. Sense Information------------------------------------5-233 
e. Priority---------------------------------------------5-235 
f. Device Interface-------------------------------------5-235 

4. Interfacility Output Adapter-----------------------------5-236 
a. Data Format------------------------------------------5-236 
b. Commands---------------------------------------------5-237 
c. Status Information-----------------------------------5-239 
d. Sense Information------------------------------------5-241 
e. Priority---------------------------------------------5-242 
f. Device Interface-------------------------------------5-243 

5. Teletypewriter, Half-Duplex, Long Line Adapter-----------5-243 
a. Baudot Code Format-----------------------------------5-244 
b. Data Byte Format-------------------------------------5-244 
c. Message Format---------------------------------------5-245 
d. Commands---------------------------------------------5-246 
e. Status Information-----------------------------------5-252 
f. Sense Information------------------------------------5-254 
g. Priority---------------------------------------------5-257 

6. Radar Video Data Processor Adapter-----------------------5-257 
a. Data Format------------------------------------------5-258 
b. Commands---------------------------------------------5-258 
c. Status Information-----------------------------------5-260 
d. Sense Information=-----------------------------------5-262 
e. Priority---------------------------------------------5-263 
f. Device Interface-------------------------------------5-263 

7. 1052 Printer - Keyboard Adapter--------------------------5-265 
a. 1052 Model 7 Printer - Keyboard----------------------5-265 
b. Translation------------------------------------------5-269 
c. Commands---------------------------------------------5-269 
d. Status Information-----------------------------------5-275 
e. Sense Information------------------------------------5-280 
f. Reset------------------------------------------------5-281 
g. Priority---------------------------------------------5-282 
h. Device Interface-------------------------------------5-282 

8. Common Digitizer Adapter (CD)----------------------------5-287 
a. Commands---------------------------------------------5-288 
b. Data Forming-----------------------------------------5-289 
c. Abnormal Sequences or Conditions---------------------5-292 
d. Test Read Mode (MOlO 0010)---------------------------5-294 
e. Sense Information------------------------------------5-296 
f. Priority---------------------------------------------5-297 
g. Device Interf ace-------------------------------------5-297 
h. Signal Lines Description-----------------------------5-298 

AC-940 CBB9AO 7/68 xv 



CONTENTS 

CHAPTER 6 

IBM-9020 SYSTEM OPERATION 

6-1. INTRODUCTION-----------------------------------------------------6-1 
A. Addressing---------------------------------------------------6-1 

1. Addressing to Control Units with Only One Attached 
I/O Device-----------------------------------------------6-1 

2. Addressing Scheme to Control Units with More Than 
One I/O Device-------------------------------------------6-4 

3. Address Modification-------------------------------------6-5 
B. Storage Address Translation----------------------------------6-5 

1. Logical Address-----------------------------~------------6-7 
2. Physical Address-----------------------------------------6-12 
3. PSBAR Handling-------------------------------------------6-13 

C. Configuration Control----------------------------------------6-18 
D. General Characteristics of Configuration Control-------------6-19 

1. General Description of Element States--------------------6-19 
a. State Three------------------------------------------6-20 
b. State Two--------------------------------------------6-20 
c. State One---------------------------------~----------6-20 
d. State Zero-------------------------------------------6-21 

2. SCON Instruction----------------------------------------=6=23 
a. Configuration Control Register-----------------------6-24 
b. Configuration Mask-----------------------------------6-25 
c. Selection Mask---------------------------------------6-25 

E. Program Status Word------------------------------------------6-29 
F. PSW Control and Program States-------------------------------6-33 

1. Problem State--------------------------------------------6-33 
2. Wait State-----------------------------------------------6-35 
3. Stopped State------------------------~---~---------------6-37 
4. Masked States--------------------------------------------6-38 

a. Interruption Action----------------------------------6-39 
b. Instruction Execution--------------------------------6-40 
c. Source Identification---------------------------~----6-41 
d. Location Determination-------------------------------6-43 
e. Input/Output Interruption----------------------------6-44 
f. Program Interruption---------------------------------6-45 

(1) Operation Exception-----------------------------6-46 
(2) Privileged-Operation Exception------------------6-46 
(3) Execute Exception-------------------------------6-46 
(4) Protection Exception----------------------------6-47 
(5) Addressing Exception----------------------------6-47 
(6) Specification Exception-------------------------6-47 
(7) Data Exception----------------------------------6-49 
(8) Fixed-Point-Overflow Exception------------------6-49 
(9) Fixed-Point-Divide Exception--------------------6-49 

(10) Decimal-Overflow Exception----------------------6-50 
(11) Decimal-Divide Exception------------------------6-50 
(12) Exponent-Overflow Exception---------------------6-50 

AC-940 CBB9AO 7/68 xvi 



CONTENTS 

(13) Exponent-Underflow Exception~~------------------6-50 
(14) Significance Exception--------------------------6-51 
(15) Floating-Point-Divide Exception-----------------6-51 
(16) Preferential-Storage Area Lockout Exception-----6-51 
(17) SE Stopped Exception----------------------------6-52 

g. Supervisor-Call Interruption-------------------------6-52 
h. External Interruption--------------------------------6-53 

(1) Timer-------------------------------------------6-53 
(2) Interrupt Switch--------------------------------6-55 
(3) External Signal---------------------------------6-55 
(4) Direct Control Signals--------------------------6-55 
(5) Abnormal Condition Signals----------------------6-56 

i. Machine-Check Interruption---------------------------6-58 
(1) CE Machine Check--------------------------------6-58 
(2) IOCE Machine Check------------------------------6-59 

G. Priority of Interruptions------------------------------------6-60 
H. Interruption Exceptions--------------------------------------6-61 

6-2. GENERAL CHARACTERISTICS OF 9020 OPERATION------------------------6-65 
A. Overall Operation--------------------------------------------6-65 
B. System Facilities--------------------------------------------6-66 

1. Inter Element Signal Lines-------------------------------6-66 
2. Logout---------------------~-----------------------------6-69 
3. External Interruption-----------------------------------~6-69 
4. Normal Interruptions-------------------------------------6-70 
5. Abnormal Interruptions-----------------------------------6-70 
6. Masking--------------------------------------------------6-70 
7. PSW Interruption Code------------------------------------6-72 
8. Diagnose Accessible Register (DAR)-----------------------6-72 
9. Select Register (SR)-------------------------------------6-74 

10. Special Element and System Condition Signals-------------6-75 
a. Power Supply-----------------------------------------6-76 
b. Out of Tolerance (OTC)-------------------------------6-76 
c. CCR Parity-------------------------------------------6-77 
d. Logic Check------------------------------------------6-78 
e. On Battery Signal (OBS)------------------------------6-79 

6-3. SYSTEM MAINTENANCE CONCEPTS--------------------------------------6-80 
A. 9020 Malfunction Handling------------------------------------6-83 

1. General Considerations-----------------------------------6-84 
a. Computing Element (CE)-------------------------------6-84 
b. Input/Output Control Element (IOCE)------------------6-86 
c. Storage Element (SE)---------------------------------6-87 

2. Storage Access Malfunctions------------------------------6-88 
a. CE Actions-------------------------------------------6-88 
b. IOCE Action------------------------------------------6-92 

3. Computing Element Malfunctions---------------------------6-95 
4. IOCE Malfunctions----------------------------------------6-99 

a. Common Logic Unit------~-----------------------------6-99 
b. Selector Channel-------------------------------------6-101 

5. Storage Element Malfunctions-----------------------------6-103 
6. TCU Malfunctions-----------------------------------------6-106 

AC-940 CBB9AO 7/68 xvii 



CONTENTS 

7. PAM Malfunctions-----------------------------------------6-110 
a. PAM Common-------------------------------------------6-110 
b. PAM Ad~pters-----------------------------------------6-111 

AC-940 CBB9AO 7/68 xviii 



CHAPTER 1 

GENERAL INTRODU::::TION TO IBM-9020 HARDWARE 

1-1. GENERAL CONCEPTS OF SYSTEM OPERATION 

The IBM-9020 Central Computer Compl~x is a multi-element· data processing 

system utilized as En Route subsystem of the National Airspace System. In­

dividual elements within the system are interconnected by means of interface 

cables. The ATC Operational Program is provided with instructions to enable 

major elements to be combined into a multiprocessing environment without 

manual intervention. In the normal Air Traffic Control System there will be 

more elements than are necessary to perform the ATC function. ·.niese redundant 

elements when not active in the ATC program may be used for auxiliary func­

tions such as diagnostic maintenance or data reduction runs. However, these 

elements are recallable to the ATC problem in the event of the failure of one 

of the active elements. The recalling of a redundant element to the ATC prob­

lem is accomplished under program control; however, it is subject to certain 

manual conditions that will be more fully covered later in this tex~. 

The elements in the IBM-9020 Central Computer Complex consist of: 

1. Up to 4 Compute Elements (CE) 

2. A maximum of 3 Input/Output Control Elements (IOCE) 

3. Up to 12 Storage Elements (SE) 

4. Up to 3 Peripheral Adap.ters /Modules (PAM) 

5. A maximum of 3 Tape Control Units (TCU) with up to 24 Tape 

Drives 

6.. l or more Card Reader /Punches and High Speed Printers with 

associated Control Units 

7. A System Console with its associated entry typewriters 
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1-2 SYSTEM PROCESSING AND CONTROL 

The number of the various ~ypes of elements is determined by the workload and 

air traffic density of the site at which the installation is to be made; how­

ever; any of the smaller sites may be enlarged by the addition of equipment. 

The fact that the 9020 computer is composed of elements and the ATC Operational 

Program is capable of reconfiguring these elements into sub-systems gives rise 

to the possibility that two or more programs may be simultaneously processed. 

To ensure proper operation of the ATC program as well as the subordinate 

program(s) certain restrictions must be placed on the elements within the 

system: 

1. No element outside the ATC program should be able to communicate 

with active elements. 

2. No active element may drop power except for catastrophic conditions 

while in the ATC state. Conversely; the dropping of power on an 

inactive element should not adversely affect the active elements. 

3. While active in the ATC program, the manual controls of the elements 

will be disabled. This would prevent operating personnel from 

inadvertently interfering with this operation. 

4. No single system element failure should impair the system opera­

tion. Element failures should be recognized and alte~nate el~ments 

added to replace the failing element. 

Figure 1-66 (a foldout at the end of this chapter) is a block diagram of a 

triplex system. Notice that each of the major elements is cabled and thus 

is available to each of the other major elements. In the operation of the 

IBM-9020 Computer there is no inherent master/slave relationship between 

Compute Elements. Each Compute Element is capable of supervisory (configura­

tion) control over other elements; however; the receiving elements must be 

conditioned to receive this control. Configuration control has a twofold 

function in the 9020 System. The first function is that of control within 

the system. In other words, which Compute Element (CE) has the capability 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-3 

of conditioning the other elements within the system to a£cept future control 

instructions related to configuration, The elements are conditioned by setting 

what is referred to as a SCON field by a Set Configuration Instruction or by 

manual operation from the element console. The manual operations permissable 

from the element console may be limited by associated STATE BITS for the par­

ticular element. The second function is to set the Communication Field of 

each element which controls the communication between elements within a sys­

tem. It necess·arily follows that the Set Configuration Instruction is com­

posed of SCON, STATE, and COMMUNICATION fields. For detailed information on 

this instruction refer to Principles of Operation (CBB890). 

In the established multi-system environment it would not be desirable to 

limit the flexibility of the various sub-systems by placing restrictions on 

storage addressing. The 9020 computer has an address translation feature 

employed. Simply stated, the Address Translation Feature.permits any logical 

storage address to be placed into any physical storage element. This trans­

lation takes place automatically once the Address Translation Registers (ATR) 

are set up. The ATR may be set up either manually or under program control 

by the Set ATR Instruction. 

The storage area used to contain the old and new Program Status Word as well 

as the Channel Address Word and the logout area may also be relocated by 

Preferential Storage Base Address (PSBA) circuitry contained within the 

Compute Element. The Preferential Storage Base Address Register and associated 

circuitry is activated any time the logical storage address contains high order 

zeros in address bits 8 thru 19. When activated, PSBAR may relocate the pre­

ferential storage area into any one of the 32 available 1024 word blocks within 

an SE, or upon detection of certain errors, may relocate from one SE to the 

next configured SE in the system. The Preferential Storage Base Address 

Register (PSBAR) may be set up manually or by program using the Set PSBA 

Instruction. 
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In ~iew of the concepts presented it may be stated that the Compute Element 

is the focal point of the 9020 System. As such, the CEs are equipped with 

circuits to permit them to issue control type instructions to the other ele­

ments. The CEs also contain circuits to handle the proces~ing of all data 

and the issuance of all I/O instructions. The control of the I/O devices 

once started from a Compute Element (CE) is delegated to the Input/Output 

Control Element (IOCE). Data presented to the system from the I/O devices 

as well as data presented from the system to the I/O devices is routed to or 

from storage via the IOCE. Once an I/O operation is completed, the IOCE 

advises the CE of this by a request for an I/O interrupt. If the CE is so 

conditioned by the current PSW, the interrupt will take place and the current 

PSW will be stored as the I/O old PSW. The I/O new PSW will become the cur­

rent PSW and the system will continue the execution of the program at the new 

location. Using this scheme, the system will be permitted to operate at an 

overall higher speed since it is not ti~d to the slower I/O devices. 

The I/O interrupt and subsequent PSW swap are but one way the 9020-System has 

of changing the operation of the program in response to the external environ­

ment. The other interrupts to which the system is capable of responding are: 

Machine check interrupts which occur when a functi0nal unit detects a mal­

function. Program interrupts which occur when the programmer specifies in­

~alid operations, invalid data, or incorrect boundaries. The Supervisory 

Call interrupt which provides the programmer a method of status switching 

under program control, and the external interrupt which in general occur.s as 

a result of conditions external to the element. These external conditions 

may be a man~al depression of the interrupt button, certain bits set in the 

Diagnose Accessible Register (DAR), the timer, or as a .result of the read or 

write direct instruction, etc. 
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1-2. FUNCTIONAL USE OF COMPONENT ELEMENTS 

A. Compute Element 

The Compute Element contains the circuits to process the instructions, 

initiate the I/O operations, and process the interrupts. As a result of 

1-5 

its capabilities to perform these functions, the CE is capable of exercising 

control on the remaining elements in the system. 

B. I/O Control Element 

The I/O Control Element through its channel circuits is capable of controlling 

the data flow from the I/O devices to storage and from storage to the I/O 

devices. The IOC::E is also capable of accepting I/O instructions from a CE 

and in response to these initiating the request operation. It is also capable 

of accepting system control (reconfiguration) type instructions from appro­

priate CEs. Since all system operations require some form of input and some 

form of output, the IOCE for purposes of testing may be operated as a stand 

alone computer (Diagnostic Mode). To this end the ICX::E has its own internal 

storage area (MACH) which may be utilized. In system operations MACH store 

is used only for certain Channel Operations; while in the diagnostic mode, 

MACH store may be used as data storage also. MACH store is 8K words in size; 

however, the top 1024 words are reserved for Channel. Since in system opera­

tions the IOC::E controls the I/O devices, it must also be capable of advising 

the CE of their status. To accomplish this the IOC::E has circuits to request 

the I/O interrupt. 

C. Storage Element 

The Storage Elements act as the medium for storing data and instructions 

necessary for the operation of the program. This storage functions to make 

the data readily available fr-0m any address in the same time required to 

access any other address (Random Access). To accomplish this task, the SE 

contains circuits to store and/or fetch information in response to requests 
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1-6 SYSTEM PROCESSING AND CONTROL 

from either a CE or an IOCE on a priority basis. The SE also contains cir­

cuits to accept configuration information from appropriate CEs. The Storage 

Element contains core arrays capable of storing 32,768 words (32K) each con­

taining 32 data bits plus 4 parity bits. It might be advantageous at this 

point to answer the following questions: When and for what purpose does the 

Compute Element (CE) access storage? For what purpose does the IOCE access 

storage? In the first instance the CE must access storage in order to get 

the next or future instructions it is to execute and in processing that in­

struction, the CE may need to access storage for the data that is to be 

processed. In the latter case the IOCE must access storage when handling 

the I/O operations, either to store incoming data or to fetch out going data. 

D. Peripheral Adapter Module 

The Peripheral Adapter Module was designed to permit the interfacing of non 

computer ori~nted devices to the 9020 System. The PAM is composed of the 

common circuitry to connect itself to the IOCE channel as well as adapter 

circuitry to connect itself to the devices. The PAM also has ~ircuits to 

permit its control from one or more of the System's CEs. 

E. The System Console (sc) 

The System Console (sc) is the central monitoring and control position in 

the 9020 System. This console is divided into four functional parts: 

1. Operator's Control 

2. Maintenance Controls 

3. Monitor-Displays 

4. Emergency Power-Off 

All critical console functions are duplicated elsewhere in the System in 

the event the System Console is inoperable. The System Console is address­

able in the same manner as other input/output devices. This allows ~he ATC 

operational program to communicate with the System Console to read or supply 
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various indications of operations. These features provide pa_rt of the 

monitoring functions. Several important functional operations associated 

with the active system may be controlled from the System Console. By means 

of select switches and pushbuttons the operator may cause initial program 

loading, manually enter or display information in the active system, or 

assist the ATC operational program in accomplishing the overall system tasks. 

The System Console also contains the circuitry for control of the 1052 Console 

Typewriter. 

F. Other Input/Output Control Units 

In addition to the remote I/O devices which are serviced through the Peripheral 

Adapter Module, there are two remaining control elements which are found on 

the computer floor. These include the 2821 {Integrated Control Unit) which 

is used to control the High Speed Printer (1403) and Card Reader/Punch (2540), 

and the Tape Control Unit (2803) which is used to control the tape drives. 

1. Integrated Control Unit (2821) 

This Control Unit contains the control and buffer circuitry to transmit in­

formation between the associated system channel and the Card Read/Punch 

device and the High Speed Printer. Within the Control Unit are areas of 

storage {buffer) that permit high-speed transfer of information between the 

IOCE and the input/output devices. This arrangement provides for more effi­

cient time-sharing of the I/O interface since the channel is not restricted 

to the slower-speed operations of input/output devices. For _example, in a 

cardread operation the information from the card is loaded into a buffer in 

the 2821 Control Unit. This loading proceeds at card-reader speed. When 

the channel is ready to accept the data, it is transferred from the buffer 

via channel to the storage unit at a rate that is not dependent upon reading 

time in the card reader. 
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2. Tape Control Unit 

The basic purpose of a Tape Control Unit is to adapt high-speed, electronic 

data channel circuits to control a mechanical tape unit. To accomplish this, 

Tape Control Units are logically divided into high-speed channel interface 

circuits and low-speed tape unit controlling circuits. Interface circuits 

include all of the functions needed to communicate with the channel while 

the control section provides timed control signals to operate the Tape Unit. 

Data transmitted from the channel to the Tape Control Unit is handled at 

electronic speed on the channel interface lines. The control unit holds each 

byte of data until the Tape Unit is ready for it. When data is transmitt~d 

to the channel, each byte from the Tape Unit is held in the control unit until 

the channel interface accepts it. As data is transmitted through the Tape 

Control Unit, it is checked for errors. If an error occurs, the interface 

adapter circuits inform the data channel at the end of the operation. 

1-3 ·. PREINSTALLATION PLANNING 

The following is a general discussion of requisite planning for the IBM-9020 

Central Computer Complex. 

A. Building Requirements 

When locating the IBM-9020 System, consideration should be given to the 

following items: 

1. Availability and location of proper and adequate power. 

2. Space to house air conditioning equipment. 

3. Ceiling. height, outside wall area, and glass area. 

4. Work flow to other areas. 

5, Operational considerations in connection with other ATC functions. 

6. Floor loading capacity. 
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The floor area required for this system will be determined by the flight 

configuration and allowances for future expansion. Space spould be provided 

in the area of the IOCEs for storage of FLT documentation which will be con­

stantly referenced during maintenance. Space may also be needed for FSPC 

Modules, CUE Adapters, teletype equipment, storage cabinets, card files, work 
p 

tables and desks, and printer form stands as well as other punched card equip-

ment. 

Such items as permanent master document files, card files, and magnetic tape 

files require different types of storage areas and should be carefully planned 

to minimize both the amount of space necessary and the travel time between 

areas. 

A substantial amount of test equipment will be assigned to the installation 

to maintain the system. Equipment such as tape drives and l052's may be mov~d 

into the Maintenance Room, depending upon the type of work to be done. These 

areas should be on the same floor level. The Maintenance Room should contain 

a minimum of 400 square feet of space, be at least 12 feet wide, and be air 

conditioned to the same specifications as the machine Toom. Air conditioning 

should be sized to include the heat load of at least one oscillosgope and 

magnetic tape unit. 

1. Equipment Layout 

Included in this manual are plan drawings which show the clearances required 

to allow working room for the field engineer and his equipment. They also 

show the swinging radii of the component gates and machine covers, caster and 

cable hole locations. All dimensions are with covers installed. In some 

cases, clearances may be overlapped as long as the larger clearance is main­

tained. The gate swing of an auxiliary unit must not.interfere with the gate 

swing of its corresponding control unit. 

The units must be located so that the length of connecting cables will not 

exceed maximum limits. In the interest of best electrical desigp, all cable 
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lengths should be kept as short as possible. In the "Cabling" section, the 

cabling connections between units are illustrated, and the length limitations 

for the system are given. Tl).e limits given are center-to-center lengths be­

tween cabling access holes at the floor line; allowances will be necessary 

for false floor height and cases of indirect cable routing. 

The final layout must be reviewed to ensure that cable limitations have not 

been violated and that proper clearances have been maintained. After the 

cables have been ordered, any layout changes that affect cable length will 

require an engineering change and may result in.delays. Procurement and 

installation arrangements for external cables should be made with sufficient 

lead time to permit the cables to be installed prior to delivery of the com­

puter system. 

In laying out a system, the following points ~hould be taken into considera­

tion: 

1. There should be visual access between a control unit and at least 

one of its associated I/O devices. 

2. The 7265-02 System Control Console is the central unit of opera­

tion; it should be so considered when planning the layout. 

3. The 2540 Card Reader Punch and 1403-2 .Printer should be c.onvenient 

to the console operator. 

4. The fronts of the magnetic tape units should be visible from the 

7265-02. 

5. The control panels of the 7201-01 Computing Elements should be 

visible from the 7265-02. 

6. Adequate working area is required around the console a~d magnetic 

tape units. 
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IBM will provide a scaled layout of equipment which will be installed in the 

Maintenance Room to be used as a guid·e in locating such items as receptacles 

and lights. The room should contain both 115-volt and 208-volt outlets 

adequate to repair any unit that can be serviced in the Maintenance Room. 

Following is a list of typical furniture and fixtures to be located in the 

Maintenance Room and their dimensions in inches. 

Item Length Width Height 

Desk 45 34 29 

Work Bench 72 30 35 

Shelf Cabinet 36 18 72 

Parts Cabinet 42 24 87 

File Cabinet 18 28 60 

Bookcase 33 15 42 

Study Table 60 30 29 
Book Cart 40 13 31 

Card File 17 24 9 

A typical Ma\ntenance Room Layout is sho~n in Figure 1-1. 
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Figure 1-1. Typical Maintenance Room. 

AC-940 CBB9AO 7/68 

A: I IS Duplex Conv..,1.,.. Outlet 
8: 2118V ljll Outlet 
C: 2118V 39' Outlot 



GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-13 

2. Floor Construction 

The weight of each unit is listed in the "Unit Specifications" section. The 

unit and floor loading weights in the following listing are given on an ele-

ment basis and for the expected grouping of units. 

Average Floor 
Unit Quantity Weight (lb) Loading (lb/sg. ft.) 

2803-1 1 1,400 31 

2821-1 1 1,000 29 

2540 1 1,050 23 

1403-2 1 750 22 

24;01-2/3 1 800 29(1) 

2401-2/3 4 3,200 47(2) 

7265-02 1 1,850 13 

7289-02 1 3,850* 32(3) 

7289-02 1 4,200* 35(4) 

7231-02 3 15,600 43( 5) 

7201-01 1 4,000 40 

7251-03 1 1,500 16 

7251-04 1 2,650 24(6) 

7251-04 3 7,950 26(7) 

*Weight will be determined by Adapter Configuration for each site 

NOTES: 1. Tape drives when located singly. 

2. Tape drives in groups of 4. 

3. NAFEC PAM. 

4. JACKSONVILLE PAM. 

5. I/O CE's butted in a group of 3, 

6. Storage Element when located singly. 

7. Storage Elements when butted in a group of 3. 
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Floor loading is distributed by the use of 3.25-inch-diameter leveling pads. 

Four of these pads are included with each shipping section (see plan views) 

to distribute the floor loading across 33.2 square inches. The center of 

gravity is located as close to the geometric center of each frame as possible 

for eve.n distribution of floor loading. Leveling pad locations are included 

in the plan views. Factors considered in determining average floor loading 

are as follows. 

l. If more than three units are placed side· by side, no allowance 

can be taken for side clearances at the ends of the machine. 

2. Regardless of the actual service clearances required, clearances 

used in floor loading computations cannot be more than 30 inches 

in any one direction from the machine. 

3. Twenty pounds for each square foot of service area used in calcula­

tion must be applied as live-load in floor loading computations. 

4. Ten pounds for each square foot of total area used in calculation 

must be applied as false-floor weight. 

5. The weight of cable must be considered. Cabling within the 9020 

System is accomplished almost exclusively through the use of 20 

conductor coax cables. This cable averages approximately 7 ounces 

per foot, including connectors-. 

NOTE: The listing above does not include cable weight, which 

cannot be calculated until the equipment configuration is 

selected and cable lengths determined. 

The system concept is such that false floors are an absolute requirement. 

The false floor will also accomplish the following major objectives: 

1. Allow future layout change with minimum reconstruction costs. 

2. Provide better working area (covers interconnecting cables and 

power receptacles). 

3. Con~ribute to personnel safety. 
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A false floor can be constructed of steel, aluminum or fire-resistant wood. 

The 24-inch-grid, free-access, pedestal-supported type floor, as illustrated 

in Fig. 1-2, offers advantages over the stringer-supported type floor illus­

trated in Fig. 1-3; cable installation and relocation is much less time­

consuming without subframing. 

IBM recommends that there be no metal exposed to the walking surface where 

a metal raised floor is used. Such exposure is considered a safety hazard. 

When selecting a raised floor covering,consider such factors as the frequency 

of moving machine units and the resistance to cracking and flaking, appearance, 

and cost of the tile. Experience has shown that a mater~al such as vinyl tile 

is most applicable because of its resilience and its resistance to cracking 

and flaking. Materials used in the underfloor area should be treated to pre­

vent the generation of dust. 

(No Subframing) 

Pedestal 

Figure 1-2. Pedestal-Supported Type Floo,r. 
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Subframing 

Figure 1-3. Stringer-Supported Type Floor. 

3. Acoustical Treatment 

The principal noise sources in this system are the mechanical units, such 

as card machin~s, printers, and blowers. 

The floor construction should be such that vibration to other areas is mini­

mized. The walls should be constructed so as to prevent the transmission of 

noise to the adjacent area. It is important that these walls be constructed 

from the floor to the base ceiling and properly sealed. The doors must also 

have a good seal. Wall surfaces should be made soft to prevent reverberations. 

(The importance of this feature diminishes as the room size increases.) The 

greatest sound reduction will be obtained by properly treating the ceiling. 

Best results can be expected from a dropped porous ceiling. If overheat duct 

work exists, noise generated in the machine room may be transmitted to other 

rooms unless proper precautions are taken. 
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4. Lighting 

A minimum average illumination of 40 foot-candles measured from 30 inches 

above the floor s.hould be maintained in the general machine room area. Dire.ct 

sunlight should be avoided because a level of illumination lower than that of 

direct sunlight is necessary for observing various console and signal lamps. 

The lights for general illumination should be sectionally controlled by 

switches so that portions of the lighting can be turned off as desired. 

5. Vibration 

It may be necessary to install the 9020 System in an area that is subject to 

minor vibrations. The ~ntensity of vibrations in an office environment will 

not effect the reliable operation of the 9020 System. 

6. Tape Storage 

The relative humidity and temperature of .·the storage facj_lities for magnetic 

tape should be maintained as follows: 

Heavy Duty Tape: relative humidity, 20 to Bo percent; temperature, 

50 to 90° F. 

Mylar* Tape (long-term storage): relative humidity, 20 to Bo percent; • 
temperature, 50 to 90° F. 

Tape exposed to atm0spheric conditions outside these limits will require 

reconditioning before it is used. This is accomplished by placing the tape 

in the correct operating environment for a length of time equal to the storage 

time (up to maximum reconditioning period of 24 hours). 

The tape should be stored in a dust-proof container in a vertical position 

and should never be allowed to come into contact with magnetic material at 

*Trademark of E. I. duPont deNemours Company, Incorporated 
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any time. Magnetic fields of greater than 50-oersted intensity can cause 

loss of information or introduction of noise on tape. 

When magnetic tape is shipped, each reel should be sealed in a plastic bag 

and packed individually in stiff cardboard shipping boxes. These may be 

obtained from IBM. 

B. Air Conditioning 

The components of the machines are internally cooled by air circulated by 

blowers in most units. The air intake varies slightly from one unit to 

another, but in general, is through the bottom and also through louvers along 

the bottom edge. One inch dust filters are included at each air input. Warm 

air exhausts from the top of each unit. 

To determine the air conditioning capacity necessary for an installation, the 

following factors must be taken into consideration: 

Machine heat dis.sipation, personnel, latent load, fresh air introduc­

tion, infiltration of heat through outer walls, ceiling, floors, door 

openings, partitions, glass wall area, and possible reheat. 

1. Temperature and Humidity Requirements 

Individual units may require special consideration and/or have more restric­

tive requirements. See unit specification pages for individual requirements. 

A. Machine power ON: 

Temperature 

Relative Humidity 

Max Wet Bulb 
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B. Machine power OFF: Non-operational Period 

Temperature 50-ll0°F 

Relative Humidity 8-8o% 

Max Wet Bulb 80°F 

THE RECOMMENDED DESIGN CONDITION FOR THE INSTALLATION OF THESE COMPUTER 

SYSTEMS IS 75°F AND 50'% R.H. In areas where it is not feasible to maintain 

5l/fo R.H., a design condition of 40-45'% should be used. 

THE AREA MUST BE AT THE CONDITIONS FOR THE OPERATIONAL PERIOD BEFORE MACHINE 

POWER IS TURNED ON. 

Under all conditions of operation, the machine input air and room air should 

not exceed 90°F. This is a maximum operating temperature and should not be 

considered a design con.dition. System ambient barometric pressure limits are 

sea level to 7,000 feet operating and no altitude limit when not operating. 

When conditioned air is supplied to the base of any unit by means of an under 

floor duct or' plenum chamber, the relative humidity in the duct should not be 

greater than 80%. This specification is an absolute maximum. Air temperature 

in this duct should be kept above room dew point temperature to prevent con­

densation within or on the machines. When it is necessary to add moisture to 

the system for control of low relative humidity, one of the following methods 

should be used: 

1. Steam grid or jets. 

2. Steam cup. 

3. Water a~omizers. 

NarE: In localities where the outside temperature drops below freezing, 

condensation will form on single glazed window panes. Also, if outside 

temperatures are considerably below freezing, the outside walls of the 

building should be waterproofed or vapor sealed on the inside, or in 

time, structural damage will occur in outside walls. 
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2. Air Filtration 

A high efficiency filter rated according to. the following specifications 

should be installed to filter all air supplied to the computer room. 

Mechanical and electrostatic air cleaners operate on two entirely different 

principles. Therefore, it is necessary to specify a different efficiency 

rating for each type. 

Mechanical Air Filter: This type must be rated a·t a minimum of 2C/fo efficient 

by the Bureau of Standards discoloratiort test using atmospheric dust. This 

rating applies to a clean filter and must be maintained throughout the life 

of the filter. 

Electrostatic Plate Type Filter: This type must be rated at a minimum of 

85-90% efficient by the Bureau of Standard discoloration test using atmo­

spheric dust. Electrostatic air cleaners are designed to ope~ate at 85-9Cl{o 

efficiency at a given face velocity. As you increase the face velocity 

through an electrostatic filter, its efficiency decreases. Therefore, an 

electrostatic filter o~erated an increased face velocities or below 85% 

efficiency would allow a greater number of particles charged by the ionizing 

wires to pass through the plate se~tion and enter the room. This would in­

crease what is krtown as space cha~ge. As the space charge increases, a 

greater voltage differential occurs between the positive charged particles 

and the negative surfaces in the room. "This causes dust to accumulate 

rapidly on all svrfaces, defeating the parpose of a high efficiency filter. 

Special air filtration is necessary only where installations are exposed to 

corrosive gases, salt air or unusual dirt or dust conditions. 
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3. Air Distribution and Types of Systems 

Even though the heat loads of the computer system are considerably reduced 

from previous systems, the heat load is concentrated in a relatively small 

area. For this reason careful attention should be given to the method of 

air distributi-0n to eliminate areas of excessive air motion. 

Several different types of air conditioning systems can be designed to satisfy 

the temperature and humidity r.equirements. The following are the most common 

types of systems in use with a brief description of each. In no case should 

these ~escriptions be considered complete, and the use of an experienced air 

conditioning design engineer is strongly recommended. All local -building 

codes should be checked including the electrical code, as some localities 

will not permit the use of the raised floor as an air conditioning plenum as 

described in the following. 

a. Single Duct - Overhead System 

In ty.;iis system the entire heat load of the room including• the heat. generated 

by the computer system, is absorbed by the air supplied to the machine room. 

The air is generally supplied from either an overhead duct and diffuser sys­

tem or by means of a ceiling plenum. 

The return air to the air conditioning unit is taken from either ceiling 

return registers located above the heat producing units, or a fixed pattern 

of returns both in the ceiling or on the walls around the periphery of the 

room. 

The temperature control system would consist of temperature and humidity con­

trols placed in a representative location within the machine room. A tem­

perature and humidity recorder {discussed in detail later) would be mounted 

adjacent to the controls to monitor the room conditions. 
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b. Two Duct - Two Air-Conditioning-Unit System 

One air handling unit with separate controls supplies conditioned and filtered 

air to the air inlets on the machines. This air may be supplied to· the 

machines through ducts laid beneath the raised floor or fed to a floor plenum 

chamber with holes through the floor located under the machines. Each machine 

is supplied with a quantity of air equal to its internal fan capacity. This 

air absorbs the he.at generated by the machine and is discharged from the top 

of the units into the room. Relative humidity of the air supplied to the 

units should be maintained below 8oa/o and temperatures should be controlled to 

prevent condensation on or within the units. 

To insure a controlled relative humidity, it will be necessary to provide for 

a reheat system to operate in conjunction with the cooling unit. This unit 

is basically a sensible cooling operation. 

The second air handling unit supplies air directly to the room through a 

separate duct system and should be large enough to absorb the remaining heat 

load in the computer area. It should be capable of maintaining room tempera­

ture and relative humidity as specified in this manual and give complete year­

round air condition, ventilation and heating. 

This system should use predominantly recirculated air with a set minimum for 

introduction of fresh air for personnel. This minimum fresh air introduction 

will enable the machine area to be pressurized so that air leakage is always 

outward. This will help prevent dust entry from adjacent areas. 

c. Two Duct - Single Air-Conditioning-Unit System 

This system is similar to the preceding system except in one respect: this 

system uses only one air handling unit to supply both air circuits. The air 

is filtered and the temperature and humidity regulated before it is delivered 

to the room and the individual units through separate ducts. 
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A split coil with reheat and/or face and bypass dampers can be used to regul?te 

the air to be supplied directly to the individual unit~ Relative humidity of 

this air should be maintained below 8or{o and temperature should be controlled 

to prevent condensation on or with the units. 

The temperature control system for the air being supplied to the overhead 

system would be the same as for the single duct system. In addition, a con­

trol system would have to be installed in the discharge duct to regulate the 

air supply to the underfloor system. The controls would operate either the 

separate cooling and reheat coils or the face and bypass dampers to maintain 

the require conditions. A remote reading temperature and humidity recorder 

should be installed with the sensing elements in the discharge air to the 

underfloor system to monitor the air entering the machine units. 

d. Underfloor System 

In this system the space between the regular building floor and the raised 

floor is used as a supply plenum. All air is discharged into the room through 

floor registers around the perimeter of the area. The air is returned to the 

air conditioning unit by means of ceiling registers located directly above 

the machine units. 

A higher return temperature can be used in this system without affecting the 

design conditions of the over-all room. The design of this system takes into 

consideration a heat transfer factor through the metal floor. This affords a 

certain amount of reheat to control R.H. of air before it enters the room. 

The temperature control system would consist of the same controls as described 

for the single duct system. In addition, the system must have controls of air 

temperature in the underfloor supply system to prevertt an uncomfortably cold 

floor. Air entering the machine through the cable holes must be within stated 

machine specifications. 
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The air conditioning load should not be supplied from the same transformer 

that supplies the computer system. 

e. Temperature and Humidity Recording Instruments 

It is recommended that all customers install temperature and humidity re­

cording instruments. Recording instruments are necessary to provide a con­

tinuous record of temperature and humid~ty conditions in the machine area. 

Also, if the air conditioning requirements are not met, a record is available 

to indicate the extent and duration of the undesirable condition and indicate 

whether a drying-out period is required. This may, in some cases, save 

machine shut-down time. 

The record of temperature and humidity can be used; 

1. To assure the customer that his air conditioning installation is 

continuously performing its job properly. Installation errors 

and loss of efficiency due to malfunction of some part of the air 

conditioning system can be quickly detected. 

2. To determine if a mandatory drying-out period is necessary when 

humidity limitations are exceeded. The drying-out may be neces­

sary if the excess humidity occurs either during periods of actual 

machine operation or during periods when the machine is shut down 

and unattehded. The extent and duration of the excess humidity 

is used to determine the duration of the drying;out period. 

3. To determine if the environment in the area meets the requirements 

of the drying-out period. 

A visual or audible signal device should be incorporated into the instrument. 

Its purpose is to provide a visual or audible indication that the temperature 

or humidity conditions in the computer area are nearing the maximum limita­

tions stated in this manual. Action can then be taken by the customer's 

personnel to correct this situation. 
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Direct-reading instruments with a 7-day electric-drive chart should be used 

for all installations to monitor the ambient room conditions. The recorder 

should be located at a representative location within the room and adjacent 

to the control devices. 

For use in monitoring the underfloor air conditions, a remote indicating 

instrument is recommended. This should also have a 7-day electric-drive 

chart and can be the wet and dry bulb or electronic type if direct reading 

is not available. The recording instrument can be located on the wall in 

the room or in the mechanical equipment room or any other location convenient 

to the building engineer. 

c. Safety and Fire Precautions 

Safety is a vital factor in planning for a large computer installation. This 

consideration is reflected in the choice of a computer location, building 

materials used, fire prevention equipment, air conditioning and electrical 

systems., and personnel training. 

1. Locating a Computer Area 

The computer area should be in a noncombustible or fire resistive building 

or room. 

The computer room should not be located above, below, or adjacent to areas 

where inflamable or explosive materials or gases are stored, manufactured, . 
or processed. If the customer must locate near such an area, he should take 

precautions to safeguard the area. 

2. Structural Safety 

Walls enclosing a computer area should be of noncombustible materials wherever 

possible. These walls should extend from floor to ceiling. If walls are made 

or combustible mater~al they should be protected as prescribed by code. 
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If a computer area has one or more outside walls adjacent to a building that 

is susceptible to fire: 

Installation of sh~terproof windows in the computer room would improve 

the safety of personnel and equipment from flying debris and wat~r 

damage. 

Sprinklers could be installed externally over the windows to protect 

them with a blanket of water in case of fire in the adjacent area. 

Where a false (or hung) ceiling is to be added it should be of noncombustibl~ 

or fire-resistant material. All ducts and insµlating materials should be 

noncombustible and nondusting. If combustible materials are used in the 

space between the regular ceil!ng and the false ceil•ing, proper protection 

should be provided. 

A raised floor, installed over the regular floor, should be constructed of 

noncombustible or fire-retardant mp.terials. If the regular floor is of .com-
• 

bustible mater1al, it should be properly p~otected from the ceiling below, 

preferably by water sprinklers. (Note:· Before the computer is installed, 

the space between the raised and regular floors should be cleared of debris. 

Also, this space should be periodically checked after installation, to keep 

it free of accumulated dust and possible debris.) 

Th~ roof or floor above the computer and tape storage areas should be a water­

tight slab. If practical, the walls of the room should be sealed to the slab 

in such a manner as to prevent water entering from above. 

3. Type of Fire Prevention Equipment in a Computer Area 

Portable carbon dioxide fire extinguishers of suitable size (15 pounds) and 

number should be provided in the machine room. This is the recommended non­

wetting agent for electr•ical equipment (Class C Hazard). Extinguishers should ... 
be overhead, marked, and readily accessibl~ to individuals in the immediate 
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area. Local codes govern the frequency of inspecting the cylinders, which 

is done by weighing for dissipation of contents. 

Where portable carbon dioxide cylinders are used as the primary extinguishing 

agent, it is advisable to locate a standpipe or hose unit within effective 

range of the computer area as a secondary extinguishing agent for a Class A 

Hazard. 

In some cases, local building codes and ordinances, or insurance regulations, 

require automatic water sprinklers. One of the following should be used, if 

it conforms to such codes and ordinances: 

Pre-action sprinkler system. High temperatures actuate heat-sensitive 

devices, which open a control valve. This valve, located outside the 

room, admits water into the sprinkler piping before the sprinkler heads 

operate. This type of system minimizes. the possibility of accidental 

discharge of water due to failure or mechanical breakage of the auto­

matic ·sprinkler heads. 

Higher temperature sprinkler heads. Replace the sprinkler heads with 

high-rated ones (preferably in the intermediate range of 175°F rating). 

A fire detection system should be installed to protect the computer and tape 

storage areas. This detection system should actuate an alarm and shut down 

the air conditioning system. 

4. Data Storage 

Any data stored in the computer room -- whether in the form of magnetic tape, 

paper tape, cards, or paper forms -- should be in enclosed metal cabinets or 

fire-resistant containers. 

For security purposes or for maintaining duplicates of master records, a 

separate storage room should be used. This room should be of fire-resistant 
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material and contain the same type of fire prevention equipment as described 

in "Type of Fire Prevention Equipment in a Computer Area". 

5. Supporting Facilities 

a. Air Conditioning Systems 

In most installations, the computer area is controlled by a completely sepa­

rate air conditioning system. In these cases, an emergency power-off switch 

should be placed in a convenient location, preferably near the operating con­

sole or next to the main exit door. Fusible-link dampers should be located 

at fire walls and at places as prescribed by local code. 

Where the regular building air conditioning system is used, with supplemental 

units in the computer area, the supplemental units would then be handled as 

stated above. The regular building air conditioning system should have an 

alarm in the regular building maintenance area to alert the maintenance 

personnel of an emergency. Air ducts serving other areas but passing through 

the computer room should contain fusible-link dampers at each wall of the 

computer room, 

The air filters used as part of the air conditioning system should contain 

noncombustible material. 

b. Electric Systems 

The main line breaker for the computer equipment should be pushbutton operated. 

This pushbutton control should be in a convenient loca.tion, preferably near 

the operating console and next to the main exit door. A light should be in­

stalled to indicate when power is on. 

Some local codes require a special battery operating lighting unit that will 

automatically illuminate an area in case of power or lighting circuit failure. 

AC-940 CBB9AO 7/68 



GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-29 

These units are wired to and controlled by the lighting circuit. Even when 

not required by code it is recommended that such lights be installed. 

Protection against lightning surges can be obtained by installing lightning 

arresters on the secondary power source, especially when: 

The utility company installs lightning protectors on the primary 

power source. 

Primary power is supplied by an overhead power service. 

If power receptacles are located under the false floor which could be suscep­

tible to excessive water, waterproof connectors should be used. Proper 

drainage will guard against flooding or trapping water under the false floor 

in the computer room. This is important in certain new buildings where the 

regular floor is depressed and the raised surface is on the level of the 

adjacent areas. 

6. Preplanning to Continue Operation in an Emergency 

The continuous operation of a customer's computer is dependent on information 

stored on cards, tape, etc. Duplicate or master records should be maintained 

from which the necessary in£ormation can be taken to resume operation. 

A reliable stand-by power source should be installed to allow continued Air 

Traffic Control in·cases of commercial power failure. 

7. General Prec~utions and Personnel T~aining 

The computer room, air conditioning equipment room, and data storage room 

should be monitored. 

Steampipes and waterpipes running above the false ceiling should be inspected 

to guard against possible damage due to accidental breakage,. leakage, or 

condensation. 

AC-940 CBB9AO 7/68 



1-30 SYSTEM PROCESSING AND CONTROL 

Emergency exit doors should be located in the computer area. The number of 

doors depends on the size and location of the area. 

Personnel should be trained in emergency measures such as: 

Proper method and sequence of shutting off all electrical power. 

Shutting off air conditioning system 

Handling fire extinguishers in the approved manner. 

Properly operating a small-diameter fire hose. 

Evacuating records. 

Evacuating personnel. 

Calling fire company. 

First aid. 

Location of shut-off valves for steam lines, ~ater pipes, sprinkler 

systems, etc. 

D. Power Requirements 

The 9020 System is designed to operate from a 208-volt, three-phase, four-wire, 

60-cycle supply. The four wires consist of three-phase wires and one equip­

ment bond. The line-to-line voltage tolerances must be maintained within plus 

or minus 10 percent, measured at the receptacles when the system is operating. 

The line frequency must be maintained at 60 cycles plus or minus 2 percent. 

A separate feeder connected to the main building distribution panel should 

provide a suitable supply. However, in cases where the building power fluctu­

ates in excess of plus or minus 10 percent, a separate transformer or motor 

alternator may be necessary. If a transformer is used, it should be fed from 

the highest primary source readily available. The feed~r fbr the computer 

system should feed no other loads and should be protected by a main line 

circuit breaker. (The "Safety and Fire Precautions" section carries addi­

tional pertinent details.) 
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NOTE: Considering the desired reliability of the 9020 System, it might be 

advisable to group ~ranch circuits in separate load centers, each fed from 

the main line circuit breaker. Thus, total outage of the system could be 

avoided in the case of individual branch circuit CB failure. 

The individual branch circuits on the distribution panel should be protected 

by suitable circuit breakers properly derated acco:r:ding to manufacturer 

specifications. Three-phase thermomagnetic circuit breakers are used in all 

of the main 9020 units. Ratings are as follows: 

7265-02 Systems Control Console: 20 amperes 

7201-01 Computing Element: 50 amperes 

7251-03/04 Storage Element: 50 amperes 

7231-02 I/O Control Element: . 50 amperes 

7289-02 Peripheral Adapter Module: 50 amperes 

2803-1 Tape Control Unit: 50 amperes 

2821-1 Control Unit: 30 amperes 

The power distribution panel should be located in an unobstructed, well­

lighted area in the computer room. Branch circuits should terminate under 

the raised floor as close as possible to the machine they supply. However, 

they should not be located directly beneath the cabling access holes because 

of interference with the installation of the signal cabline. The receptacle 

or connector should in all cases be within 10 feet of the cable access hole 

and be under a freely removable cover. 

1. Phase Rotation 

The three-phase power receptacles used with this system must be wired for 

correct phase rotation. Looking at the face of the receptacle and running 

counterclockwise from the ground pin, the sequencing will be phase 1, phase 2, 

andphas~ 3. Refer to Fig. 1:-4. 
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Figure 1-4. Prime Power Distribution. 

2. Convenience Outlets 

!Ill 

~3 

Under-Floor 
Receptacle 

A suitable number of convenience outlets should be installed in the Computer 

Room and Maintenance Room for use by building maintenance personnel, porter 

servi~, field engineers, etc. Recommendations for the Maintenance Room are 

shown in Fig. 1-1. Convenience outlets are also located on each of the main 

9020 pystem units. These outlets are protected by separate fuses or circuit 

breakers. 

3. Lightning Protection 

It is recommended that the customer install lightning protection on his 

secondary power source when: 

1. The utility company installs lightning protectors on the primary. 

2. Primary power is supplied by an overhead power service. 
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3. The area is subject to electrical storms or equivalent type 

power surges. 

A reconunended type of service protector to be installed is the GE Pellet-Type·, 

Model 9LA15Al, Model 9 LA15A4, or its equivalent. One of either model is 

required for single-phase or two or either model are required for three-phase. 

The determination as to whether lightning protection is desirable, the selec­

tion of the service protector needed, and its proper installation are to be 

made by the Agency. 

4. System Grounding 

An earth ground is required at the computer dis.tribution panel. This wire 

shall be carried directly back to the service ground or suitable- building 

ground. Conduit must not be used as the only grounding means. From the 

central tie point at the computer distribution panel, individual ground 

wires accompany .the three-phase wires through the under-floor receptacle to 

each element of the 9020 System. This ground is actually a safety ground 

wire and is tied directly to the frame of the element. The de returns (sig­

nal grou~d) will be refe.rencedto the frame ground in one box of the system. 

There will not be an additional eq.uipment bond between frames. Signal ground 

reference between boxes is accomplished through the coax shielding. When 

peripheral I/O devices are connected to the 9020 System, signal ground refer­

ence will be accomplished through the interconnecting signal cable shielding. 
. . 

As in the case of the 9020 System, it sh6uld be possible to separate or join 

the power and signal grounds inside the peripheral I/O devices. 

5. Surge Currents 

To minimize the effects of system surge currents, each of the following ele­

ments contains a t~me-delay relay: 

7289-02 Peripheral Adapter Module 

7201-01 Computing Element 
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7231-02 I/O Control Element 

7251-03/04 Storage Element 

7265-02 Systems Control C-0nsole 

The purpose of the time-delay relay is to provide a sequencing of main line 

power to the elements. The ·time-delay relays, adjustable from 5 to· 30 sec­

onds, will be set to a value to obtain a staggerea power-on sequence of the 

various system elements. 

The following is a listing of approximate element power factors: 

7201-01 Computing Element 

7251-03/04 Storage Element 

7231-02 I/O Control Element 

7265-02 Systems Control Console 

7289-02 Peripheral Adapter Module 

2803-1 Tape Control Unit 

2821-1 Control Unit 

0.785 

0.765 

0.82 

0.70 

0.70 

0.74 

0.85 

The maximum harmonic content of the phase voltage wavef..orms is not to be in 

excess of 5 percent with the equipment not operating. 

E. Physical Planning 

Detailed specifications for each of the elements are included in the follow­

ing Figures 1-5 through 1-16. 
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PLAN VIEW 

GENERAL INTRODUCTION TO IBM-9020 HARDWARE 

I 

I 

I 
I 
I 

t 

SPECIFICATIONS 

Dimensions (Inches) 

F S H 

70-3/4 See Plan View. 

Service Clearances (Inches) 

F 

30 

Weight: 

BTU/Hr: 

CFM: 

Power: 

Phases 
Plug 
Connector 
Receptacle 

R 

43 

Rt 

39 

L 

34 

1, 850 pounds 

3,450 

350 

1.4. kva 

3 
R&S FS3760 
R&S FS3934 
R&S FS3754 

Environment Operating: 

Temperature 
Rel Humidity 
Wet Bulb 

60-90° F 
20-80% 
78° F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations : 

50-110° F 
8-80% 
80° F 

See section on cabling. 

Figure 1-5 . SC Specifications (7265-02). 
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1-36 SYSTEM PROCESSING AND CONTROL 

PLAN VIEW 

12" 

! 
30" 

t-, 
26" I 

Cable Entry 
20" x 14" 

o+ 

+o•- ----
20-1/2" ' 

+o 
~~--:::3=====~~~-=3__ 
c:===~ +o .__ __ ... _ :.._=i I - - -- I 
\ I 
\ I 
\ 4-3/4" I 

w \ ~ I 

I ', I // 
Leve li~ '- _.........-'! .j. 

.L Pods (8) -.. - -!l ~ t::::::::=~ 
}.-- i=---1---,P,-on-el,----f--- .t-- t.-

~ \ --- 3-1/4" 6-3/ 4" 

17" \ I ! : \, '- // Reodin~ B00<d 

,.. LL::: ...... " --.:. --~--J 
L 29" ~ 32-1/ 4 .. l__ 45" ~ 

c~~-
'ti- .. ; 

SPECIFICATIONS 

Dimensions (Inches) 

F 
(1)* 32-1/4 
(2)* 61 

s 
84-3/4 
26 

Service Clearances (Inches) 

F 

30 

R 

42 

Rt 

42 

H 

70 
72 

L 

42 

Weight: 4, 000 pounds 

BTU/Hr: 10,240 

CFM: 1,800 

Power: 3,82 kva 

Phases 3 
Plug R&S SC7328 
Connector R&S SC7428 
Receptacle R&S SC7324 

Environment Operating: 

Temperature 
Rel Humidity 
Wet Bulb 

60-90° F 
20-80% 
78° F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations: 

50-1100 F 
8-80% 
80° F 

See section on cabling. 

Note: 

* Line 1 is for main frame and 
line 2 for power wall. 

Figure 1-6. CE Specifications (7201-01) . 
AC-940 CBB9AO 7/68 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-37 

PLAN VIEW 
SPECIFICATIONS 

Dimensions (Inches) 

L 

r '""T_w:~_J ~1: ~;1/4 ~!:/4 ~: 
-,--~1 2-.. --G I Service Clearances (Inches) I CableEnfry ~--..._ 

18" x 12" ....... , 

'- F R Rt I '\ I 
I 11 \ I bt ~ f ::·fi ~rr" ) ={ 

30 57 30** 30** 

Weight: 

BTU/Hr: 

CFM: 

2Ll_i 4-1/ 2" o+ o+ Coste" (12) +o 4- 1/2" r ~:- ~'°-~ If I 
3 

.. 

16' 5,-3/4"'1 \\ / :r c=--:-1/2" 

Leve!;ng P?d' (12) / 

60" \ / I Power: 

L, ' / I ""-- I __ 4-~4~ / 6-3/ 4" 

---- +~--- t t 
0 

Pane c---
1 --->--------, 

\ 

\ 

" 
I 

'-------,,-/~.........______ 

t f 
3-1/4" 

Phases 
Plug 
Connector 
Receptacle 

5, 200 pounds 

13,200 

2,550 

4. 75 kva 

3 
R&S SC7328 
R&S SC7428 
R&S SC7324 r=t '- ,/ ----

Reading Board 

1 Environment Operating: 

I . 
J Service Boundary 

~ f,ont __ \ 

_,_______,___ L ~~ _i,,_vl ~ _J 

I 

Q,_____,/ 
30" 

iE I •· ~ ._______,_,_ 
f9' ; ; ; 

Temperature 
Rel Humidity 
Wet Bulb 

60-90° F 
20-80% 
78° F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations: 

50-110° F 
8-80% 
80° F 

See section on cabling. 

Notes: 
* Line 1 is for main frame and 

line 2 for power wall. 
** Power walls can be butted to 

reduce floor space and cable 
length. 

Figure 1-7. I/O Control Element (IOCE) Specificatiops (7231-02). 
AC-940 CBB9AO 7/68 



1-38 SYSTEM PROCESSING AND CONTROL 

PLAN VIEW 

13-1/2" 

Casters (16) 

63" 

: 6-3/4" 

leve Hng Pods (12) 

''"'~ ~. ~.'. .• I j l,_,,,. '"" '°"'"' """ __J-t 
~~-~[-~·:: .. J_ :---

30" 

122-1/ 4" -------

- - --- ------15' 2-1/4" ------ - ----+! 

SPECIFICATIONS 

Dimensions (Inches) 

F 

·* 32-1/4 
·* 122-1/4 

30 

BTU/Hr: 

CFM: 

36 

Power (Te>tal): 

Phases 
Plugs (2) 
Connectors 
Receptacles 

s 
63 
26 

30** 

H 

70 
72 

L 

30** 

2, 650 pounds 

11,200 

1,500 

4.3 kva 

3 
R&S SC7328 
R&S SC7428 
R&S SC7324 

Environment Operating: 

Temperature 
Rel Humidity 
Wet Bulb 

60 - 900 F 
20-80% 
78° F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

50-110° F 
8- 80% 
80° F 

Cable Limitations: 

See section on cabling. 

Notes: 
* Line 1 is for main frame 

and line 2 for power wall. 
** Power walls can be butted to 

reduce floor space and cable ) 
length. 

Figure 1-8 . SE Specifications (7251-04). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-39 

I 

PLAN VIEW 

6-1/2" 9" 

~-'------!1---'--~ 4" + i 
~o+ 

L__ o+ rJt --4-1/2" F.::= 
3" I 

\ 
\ 

6-1;2' \ 

' 

+o 

' '-.._ 
Level ing Pads (8) 

4-3/4" 

I I 
_J ~ 

Casters (12) 

t f 
Power Control Ponei' 

Front 

3" 

13-1;2" 

22-1;2" 

,-i 
I 26" 

,I""' 
1~ 

30" 

[

I Service A.-ea Boundary 

: .. -L 45" 

'_jj 
----<J----------1 

.I 
_L32-l/-4" J. - 75" 

----------15L2-l/4" 

**Includes 30" service clearance and 45 11 for exponsi,on. 

* 
* 

SPECIFICATIONS 

Dimensions (Inches) 

F s 
32-1/4 63 
77-1/4 26 

Service Clearances (Inches) 

F R Rt 

30 36 30 

H 

70 
72 

L 

30 

Weight: 1, 500 pounds 

BTU/Hr: 5,600 

CFM: 1,000 

Power: 2 .15 kva 

Phases 3 
Plug R&S SC7328 
Connector R&S SC7428 
Receptacle R&S SG7324 

Environment Operating: 

Temperature 
Rel Humidity 
Wet Bulb 

60-90° F 
20-80% 
78° F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations: 

50-110° F 
8-80% 
80° F 

See section on cabling. 

'Note: 
* Line 1 is for main-frame and 

line 2 for power wall. 

Figure l-9. SE Specifications (7251-03). 
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1- 40 SYSTEM PROCESSING AND.CONTROL 

PLAN VIEW 

1· 12' 8-1/4" • 1 

" -•fi"l r-~•fi•---rn-w-r--•fi•~ r"·'fi" r -- -~veling Pads (12) 0---

30" 
Cable Entry 

t ,/// i --, ___ '\ t ·~1·· 
r: ( \ Jl c=---

--:.-: 

: \ I 

r 
\ rl 36;· 18' 1-1,,, .. 

~::~~'='=-:::i-~~~~~~ 
I CE Pane l -""El- - 1 

t \~-~ -1· •-•1•· /} t ~-v•· 
Service Boundary Front 30" 

----0-- 0--- 0---

SPECIFICATIONS 

Dimensions (Inches) 

F 
(1)* 32-1/4 
(2)* 32-1/4 

s 
157-1/2 
96-3/4 

Service Clearances (Inches) 

F R Rt 

30 30 60 

H 
70 
70 

L 

60 

JACKSON-
NAFEC 

Weight (lb.): 3,850 

BTU/Hr: 9, 100 

CFM: 2,760 

Power: 3.8 kva 

Phases 3 
Plug R&S SC7328 
Connector R&S SC7 428 
Receptacle R&S SC7324 

Environment Operating: 

VILLE 

4,200 

14,300 

2,760 

6 kva 

Temperature 
Rel Humidity 
Wet Bulb 

60-90° F 
20-80% 
780 F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations: 

50-110° F 
8-80% 
80° F 

See section on cabling. 

Note: 
* Line 1 is for A and B system 

and line 2 for C,system. 

Figure 1-10. PAM Specifications (7289-02). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-41 

PLAN VIEW 

ii ~ ~o· :~·.. ,.I . ,.I 
I 1 r 6-3/4" 

, -- -0-'-- - ---0- - - --{)-----.---~ 

? r-- -.... ::: .... -r-, ,... ,,... - - i Coble Entry 
1 /'" '~ 1 / / : 13 11 x 5-5/8 11 

1-5/ 8" I / I \ I / 
II 1/ I 11/ 

I I 11 91511 

t tw t--i. 
2i..L-, --l :: : : : ,: -;:: ,,.:~·· i~ 
I Cable Entry :: : I , / / \ :: ~ 29-1/2" 
! 12"x4-J/811 ::L_L./ ,/ ' :: •_l 

11 " ', II 1 

~-~~-=-,~~]~----L 

t 
29-1/2" 

t 

SPECIFICATIONS 

Dimensions (Inches) 

F s H 

60 29 60 

Service Clearances (Inches) 

F R Rt L 

42 42 30* 30 

Weight~ 1, 400 pounds 

BTU/Hr: 2,500 

CFM: 500 

Power: 1. 0 kva 

Phases 3 
Plug R&S SC7328 
Connector R&S SC7428 
Receptacle R&S SC7324 

Environment Operating: 

Temperature 
Rel Humidity 
Wet Bulb 

60-90°F 
20- 80% 
78°F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations: 

50-ll0°F 
8-80% 
80°F 

See section on cabling. 

Notes: 
*Can abut tape drive this side only. 

Figure 1- 11 . TCU Specifications ( 2803-1) . 
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1-42 

PLAN VIEW 

i.1·---- 7 ' 5-3/4" ----1 

' 3-3/4" 
' ' 

, , , 
5" ,' / 

_L / ,' 
' ' 

~ 
+ + 

lb-1/4" x 

5-5/8" 

' ' \ 

Front 4-1/2" 

Service Area BoundarY,- -- -

I.- 26-1/2' 29-3/ 4" 26-1/2' 

SYSTEM PROCESSING AND CONTROL 

=m 
8' 5-1/2" 

29" 

SPECIFICATIONS 

Dimensions (Inches) 

F s H 

30 29 60 

Service Clearances (Inches) 

F R Rt L 

36 36 30* 30* 

Weight: 800 powids 

BTU/Hr: 3,500 

CFM: 500 

Power: 1. 6 kva** 

Environment Operating: 

Temperature 
Rel Humidity 
Wet Bulb 

60-90°F 
20-80% 
78°F 

Environment Nonoperating: 

Temperature 
Rel Humidity 
Wet Bulb 

Cable Limitations: 

50-l10°F 
8-80% 
80°F 

See section on cabling. 

Notes: 
* When not abutted to another tape 

unit or tape control wiit 
** Powered from control unit 

Fi gure 1-12. Tape Drive Specifications (2401). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 

PLAN VIEW SPECIFICATIONS 

Dimensions (Inches) 

F s H 

32 46 60 

Service Clearances (Inches) 

F R Rt L 

7 ' 10" 30 18 48 42 

; : !+-LC+o J,, ' t Weight: 1, 000 powids 
I 711 I 

t -- -e--~·~ - ___ 1_7 '~---- - ----e--- ---e-j 
. 32" 

Front 

BTU/Hr: 7,000 

CFM: 300 

Power: 2.4 kva 

Phases 3 
Plug R&S FS3760 
Connector R&S FS3934 
Receptacle R&S FS3754 

Environment Operating: 

Temperature 60-90°F 
Rel Humidity 8-80% 
Wet Bulb 78°F 

Environment Nonoperating: 

Temperature 50-110°F 
Rel Humidity 8-80% 
Wet Bulb 80°F 

Cable Limitations: 

See section on cabling. 

Figure 1-13. ICU Specifications (2821-1). 
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1-44 SYSTEM PROCESSING AND CONTROL 

PLAN VIEW 

r -- :<7~~~'.~-i 1 
3-3/4" _: r \ / . . i Raised Flaar I 29" 

I \ / 11 
1 Cutout 6" x 6 11 I 

: _L_: \1 10 : 11-t 8' 5-1/4" 

-.-- +, + 
3- 1/2" Casters(4) 29- 1/ 4" 

L+ + I 
ti / Front I 1-t 

3-1/2" : / \ I 20" 

: ,/ ', I J_j_ 
L_: __ ____:,_ __ 
I ~ 57-1/2" _j I 
14---------110' 9-1/ 2" -------

SPECIFICATIONS 

Dimensions (Inches) 

F s H 

57-1/2 29-1/4 45-1/4* 

Service Clearances (Inches) 

F R Rt L 

36 36 36 36 

Weight: 1,050 pounds 

BTU/Hr: 3,000 

CFM: 50 

Power: 1.2 kva** 

Environment Operating: 

Temperature 60-90°F 
Rel Humidity 20-80% 

Environment Nonoperating: 

Temperature 
Rel Humidity 

Cable Limitations: 

50-ll0°F 
8-80% 

See section on cabling. 

Notes: 
*Add 20-1/ 4 inches for read file 

feed. 
** Powered from ~821 

Figure 1-14. Card Reader /Punch Specifications ( 2540). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-45 

PLAN VIEW SPECIFICATIONS 

Dimensions (Inches) 

----0--/~w~n::::j 
r -- ,-----r-

16 " F s H 

47-3/4 28-1/2 53-1{4 
1 _i_ I 11 

I 9" +, 
Casters (4) 

+-:: 
+ 8'4-l/2" Service Clearances (Inches) 

;- - -- , _J_ 28-1/ 2" 

+ \ I + I ' 
Ra ised Floor F 1 4 • 

I I , 
1 Print Unit / 1- ~:: _.J J 

Front Forms Cort 

F 

36 

R Rt 

36 30 

L 

30 

I. _j,~- _j, .~ --d Weight: 750 pounds 

~8~7~3~:~~ 30" 
BTU/Hr: 3,000 

CFM: 310 

Power: 1. O kva* 

Environment Operating: 

Temperature 
Rel Humidity 

60-90°F 
20-80% 

Environment Nonoperating: 

Temperature 
Rel Humidity 

Cable Limitations: 

50-ll0°F 
8-80% 

See sectfon on cabling. 

Note: 
* Powered from 2821 

Figure 1-15. High-Speed Printer Specifications (1403). 
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PLAN VIEW 

I 20"1 

·+I I 
Front 

SYSTEM PROCESSING AND CONTROL 

SPECIFICATIONS 

Dimensions (Inches) 

F S 

23* 19-3/4 

Service Clearances (Inches) 

F R Rt 

0 0 0 

Weight: 65 pounds 

BTU/Hr: 335 

CFM: 0 

Power: 0.1 kva** 

Environment Operating: 

Temperature 50-110°F 
Rel Humidity 10-80% 
Wet Bulb 80°F 

Environment Nonoperating: 

Temperature 50-ll0°F 
Rel Humidity 10-80% 
Wet Bulb 80°F 

Notes: 

H 

9 

L 

0 

* Includes 1-1/2 inches for knobs 
on ends of platen 

** Powered from system console 

Figur e 1-16 . Printer Keyboard Specifications (1052). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-47 

F. Cabling 

In this section cabling schematic diagrams are presented for each element 

and for groups of elements (see Figs. 1-22 through 1-30). Each cable group 

is broken down into individual paths and applicable flight configurations. 

For each group, the number of cables used, routing, maximum lengths, and 

other descriptive information is given . 

Cabling within the 9020 System is accomplished, amost exclusively, by the use 

of 20 conductor coax cables (0.95 ± 0 . 040 inch O.D). The cables are termi­

nated with interface connectors (Fig. 1-17). Figures 1-18 through 1-21 are 

representative of other cable connectors used in the system. The dimensions 

given are maximum over-all measurements. 

Figure 1- 17. System/360 Interface Connector. 
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1-48 SYSTEM PROCESSING AND CONTROL 

Figure 1-18. Tape Power Cable Connector (3-5/8 inches high, 
4-1/2 inches deep, 2-1/16 inches wide). 

Figure 1-19. Power Cord Plug (3-phase, 30-ampere, 4-wire; 
O.D. 2-1/4 inches, 4-1 / 2 inches long). 
Used on 7265 sec and 2821 ICU. 

AC-940 CBB9AO 7/68 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 

Figure 1-20. Power Cord Plug (3-phase, 60-ampere, 4-wire; 
O.D . 3-3/4 inches, 9 inches long). Used on 
PAM, TCU, CE, IOCE, and SE. 

Figure 1-21. 200-Pin Signal Connector (7-11/16 inches high, 
4-1/8 inches deep, 5- 15/16 inches wide). 
Used on card machines and tapes. 
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1-50 

l 

7201-01 
#1 

.C? 
H 
I-' 

7201-01 t-
#2 

t-
I--' 
I--' 
t-
~ 

~ 
1-i 
1-i 
1-i 
1---

7201-01 I-
1--

#3 I-
1--' 
I--' 

~ 

7201-01 

#4 

Group 
No. 

SF-10 

1---' 
1--1 
~ 
~ 
!----, 
1---1 
1---1 
1---' 
1--

SF-10 

SF-11 

SF-11 
SF-11 
SF-10 
SF-11 
SF-]) 

2:F-11 
~ 
SF-11 
SF-11 

2F-11 

Note 1 

Note 1 

Note 1 

SYSTEM PROCESSING AND CONTROL 

L._.._ 7251-~ 1-­

#3 
l----

'-------1 7251 -04 ,___ _ _.__._ ........... 

#4 

SF-16 

SF-12 

SF-13 

SF-13 
SF-13 
SF-12 

""""S"F-13 

l 

-sr­
.-----__,,,5F!:-=_~1~2"" 7231-02 

,,__ __ __, 7251-% 1--
#S 1----4--1-...,.......1 

1----
7251-04 

'-------1 #6 

'----------17251-% ___ __. 

#7 
1----

7251-04 
'-------~ #8 '-----~---~ 

'------------17251-% 1----...,......J 
#9 1---------J 

1----

'-----------l 7251-04 1------------' 
#10 

... "' -< N 
I I I ........ 

tr) tr) 

-SF-13 #1 
"""51'"-13 
SF-13 

1----1 
l--1 
t--1 
f--1 

Note 2~ 7231-02 

H #2 
H 
H 

t==J 
~ H 
>-I 

t=1 7231-02 
)-

Note 2r- #3 
t---
1--
i--

I--

o:v/ SF•16 '-------------1 7251-7041-----------___,~ ________ _, 

No. of 
Cables From 

4 7251-03/04 #1 
4 /,'~1-03/04 #1 
4 L 7251-03/04 #1 
4 St. 7251-03;04 n1 
4 7251-03/04 #5 
4 7251-03/04 #5 
4 7251-03/04 #5 
4 7251 -03/04 #5 
4 7251-03/04 #9 
4 7251 -03/04 #9 
4 7251-03/04 #9 
4 7251-03/04 #9 

To 

7201-01 #1 
7201-01 #2 
7201-01 #3 
7201-01 #4 
7201-01 #1 
7201-01 #2 
7201-01 #3 
7201-01 #4 
7201-01 #1 
7201-01 #2 
7201-01 #3 
7201-01 #4 

1111 
1----

7251-04 

#12 

Maximum 
Length (ft) 

Flight Configuration 
(Note 4) 

100-325X 
100-325X 
200-325X 

325X 
200-325X 
200-325X 
200-32SX 

325X 
325X 
325X 
32SX 
325X 

Figure 1-22. 7251-03/04 Storage Element Cabling Schematic. 

Notes 

s 
s 
s 
s 
s 
s 
s 
s 
s 
5 
s 
s 
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Group 
No. 

5F-11 

5F-12 

5F-13 

No. of 

Cables 

2 
2 
2 

2 

2 

2 

2 
2 
2 
2 

2 

2 

2 

2 
2 
2 
2 
2 
2 
2 

2 

2 

2 

2 
2 

2 

2 

2 

2 
2 

2 
2 
2 
2 
2 
2 

y 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 

2 
2 

GENERAL INTRODUCTION TO IBM-9020 HARDWARE 

From 

7251-04 #2 

1251-04 #2 

7251-04 #2 

7251-04 #2 

7251 -03/04 #3 

7251-03/04 #3 

7251 -03/04 #3 

7251-03/04 #3 

7251-04 #4 

To 

7201-01 #1 

7201-01 #2 

7201-01 #3 

7201-01 #4 

7201-01 #1 

7201-01 #2 

7201-01 #3 

7201-01 #4 

7201-01 #1 

7251 -04 #4 7201-01 #2 

7251 -04 #4 7201-01 #'3 

7251-04 #4 7201-01 #4 

7251 -04 #6 7201-01 # 1 

7251 -04 #6 7201-01 #2 

7251 -04 #6 7201-01 #3 

7251-04 #6 

7251 -03/04 #7 

7251 -03/04 #7 
7251-03/04 #7 

7251-03/04 #7 

7251-04 #8 

7201-01 '#4 

7201-01 #1 

7201-01 #2 

7201-01 #3 

7201-01 #4 
7201-01 #1 

7251-04 #8 7201 -01 #2 

7251-04 #8 7201-01 #3 

7251-04 #8 7201-01 #4 

7251-04 #10 7201-01 #1 

7251-04 # 10 7201-01 #2 

7251 -04 #10 7201-01 #3 

7251-04 #10 

7251-03/04 #11 

7251-03/04 #11 

7251-03/04 #11 
7251-03/04 #11 

7251-04 #12 

7251-04 #12 

7251-04 #12 

7201-01 #4 

7201-01 #1 

7201-01 #2 

7201-01 #3 

7201-01 #4 

7,1!01-01 #1 

7201-01 #2 

7201-01 #3 

7251-04 # 12 7201-01 #4 

7251-03/04 #1 

7251-03/04 #1 

7251-03/04 #1 

7251-03/04 #5 

7251-03/04 #5 

72-51-03/04 #5 

7251-03/04 #9 
7251-03/04 #9 

7251-03/04 #9 

7251-04 #2 

7251--04 #? 

7231-02 #1 

7231-02 #2 

7231-02 #3 

7231-02 #1 

7231-02 #2 
7231-02 #3 

7231-02 #1 

7231-02 #2 

7231-02 #3 

7231-02 #1 
7231-02 #2 

7251 -04 #2 7231-02 # 3 

7251-03/04 #3 7231-02 #1 

7251 -03/04 #3 7231-02 #2 

7251--03/04 #3 7231-02 #3 
7251-04 #4 7231-02 #1 

7251--04 #4 7231-02 #2 

7251 -04 #4 7231-02 #3 

7251--04 #6 7231-02#1 
7251-04 #6 7231-02 #2 

7251-04 #6 7231-02 #3 

7251-03/04 #7 7231-02 #1 

7251-03/04 #7 7231-02 #2 

Maximum 

Length (ft) 

Flight Configuration 

(Note 4) 

100-325X 

100-325X 

200-325X 

325X 

100-325X 

100-325X 

200-325X 

325X 

200-325X 

200-325X 

200-325X 

325X 

325-325X 

325-325X 

325-325X 

325X 

325-325X 

325-325X 

325-325X 

325X 
325-325X 

325-325X 

325-325X 
325X 

325X 

325X 

3.25X 
325X 

325X 

325X 

325X 

325x 
325X 

325X 

325X 

325X 

100-325X 

100-325X 

200-325X 

200-325X 

200-325X 

200-325X 

325X 

325X 

325X 

100-325X 

100-325X 

200-325X 
100-325X 

100-325X 

200-325X 

200-325X 

200-325X 

200-325X 

325-325X 
325-325X 

325-325X 

325-325X 

325-325X 

Figure 1-22. 7251-03/04 Storage Element Cabling Schematic (Cont'd). 
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Notes 
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5 
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1-52 SYSTEM PROCESSING AND CONTROL 

Group No. of 1'v1aximum Flight Configuration 

No. Cables From To Length (ft) (Note 4) Notes 

SF-13 ·2 7251-03/04 #7 7231-02 #3 325-32SX 5 

(cont'd) 2 (_:, 7251-04 #8 7231-02 #1 325-32SX 5 

2 7251-04 #8 7231-02 #2 325-325X 5 

2 7251 -04 #8 7231-02 #3 325-325X 5 

2 7251-04 #10 7231-02 #1 325X 5 

2 7251-04 #10 7231-02 #2 325X 5 

2 7251-04 #10 7231-02 #3 325X s 
2 7251 -03/04 #11 7231-02 #1 325X 5 

2 7251 -03/04 #11 7231-02 #2 325X 5 

2 7251-03/04 #11 7231-02 #3 325X 5 

2 7251-04 #12 7231-02 #1 325X 5 

-2 7251-04 #12 7231-02 #2 325X 5 

2 7251-04 #12 7231-02 #3 325X 5 

5F-14 8 7251-04 #2 7251 -03/04 #3 100-325X 5 

8 7251-04 #6 7251 -03/04 #7 325-325X 5 

8 7251-04 #10 7251-03/04 #11 325X 5 

5F-16 7265-02 7251 -03/04 #1 100 100-325X 

7265-02 7251-03/04 #3 100 100-325X 

7265-02 7251 -03/04 #5 100 200-325X 

7265-02 7251 -03/04 #7 100 325-325X 

7265-02 7251 -03/04 #9 100 325X 

7265-02 7251 -03/04 #11 100 325X 

5F-23 4 7251-04 #2 7251 -03/04 #3 200-325X 5 

4 7251-04 #6 7251 -03/04 #7 325-325X 5 

4 7251-04 #10 7251-03/04°#11 325X 5 

SF-24 2 7251-04 #2 7251 -03/04 #3 325X 5 

2 7251-04 #6 7251 -03/04 #7 325X 5 

2 7251-04 #10 7251-03/04 #11 325X 5 

5F-55 7251 -03/04 #1 7265-02 100 100-325X 3 

7251-04 #2 7265-02 100 100-325X 3 

7251 -03/04 #3 7265-02 100 100-325X 3 

7251-04 #4 7265-02 100 200-325X 3 

7251-03/o!M #5 7265-02. 100 200-325X 3 

7251~4 #6 7265-02 100 325-325X 3 

7251 -03/ 04 # 7 7265-02 100 325-325X 3 

7251-04 • #8 7265-02 100 325-325X 3 

7251 -03/04 #9 7265-02 100 325X 3 

7251-04 #10 7265-02 100 325X 3 

72S1-03/04 #11 7265-02 100 325X 3 

7251-04 #12 7265-02 100 325X 3 

NOTES: 

1. The cabling will be the same as for the 7201-01 #1 with the same group numbers. 
2. The cabling will be the same as for the 7231 -02 #1 with the same group numbers. 
3. EPO cable is included in the group. 
4. To determine what cables are in a flight configuration, use those which indicate the configuration desired. 

Example: 100-325X indicates the 100, 200, 325 and 325X (expanded) configuration. 

5. Refer to illustrations of maximum serial or loop cabling length for maximum cable length. 
6. EPO cabling between 7265-02 and each '7251 -03/'04 (1-12). 

Figure 1-22. 7251-03/04 Storage Element Cabling Schematic (Cont 1 d). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-53 

7251-03/04 
7251 -03/04 #1, 3, s, 7201-01 7201-01 7201-01 7'l01-01 

#1 - #12 7,9, 11 #1 #2 #3 #4 

Note 1 Note 6 J 
J 

SF-40 

5F-40 5F-26 
5F-41 

SF-16 5F-42 

SF-SS 5F-42 
SF-52 5F-56 

7265-02 

{;_c~ 

2803-1 

#1 - #3 2821-1 

Note 2 5F-25 

5F-43 5F-34 

5F-44 

5F-43 SF-39 

5F-44 5F-39 1 1 
7231-02 7231-02 7231-02 7289-02 7289-02 7289=02 

#1 #2 #3 #1 #2 #3 

Group No, of Maximum Flight Configuration 

2!£!_ Cables From .!£. Length (ft) (Note 4) Notes 

SF-16 7265-02 7251-03/04 #1 100 100-325X 
7265-02 7251 -03/04 #3 100 100-325X 
7265-02 7251 -03/04 #5 100 200-325X 
7265-02 7251 -03/04 #7 100 325-325X 
7265-02 7251 -03/04 #9· 100 325X 
7265-02 7251 -03/04 # 11 100 325X 

5F-25 2 7231-02 #1 7265-0l! 100 100 

SF-26 4 7265-02 7201-01 #2 75 100 

5F-34 4 7289-02 #3 7265-02 100 200-325X 3 

5F-39 4 7289-02 #1 7265-02 100 100-325X 3 
4 7289-02 #2 7265-02 100 100-325]{. 3 

5F-40 6 7265-02 7201-01 #1 100-325X 3,5 

2 7265-02 7201-01 #2 75 100-325X 3 

5F-41 6 7265-02 7201-01 #3 75 200-325X 3 

5F-42 7265-02 7201-01 #3 75 325X 
6 7265-02 7201-01 #4 325X 3,5 

5F-43 2 7231-02 #1 7265-02 100 100-325X 3 
4 7231-02 #2 7265-02 100 100-325X 3 

Figure 1-23. 7265-02 System Control Console Cabling Schematic. 
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1-54 SYSTEM PROCESSING AND CONTROL 

Group No. of Maximum Flight Configuration 
No. Cables From To Length( ft) (Note 4) 

5F-44 2 7231-02 #1 7265..()2 100 200-325X 
4 7231-02 #3 7265..()2 100 200-325X 

5F-52 2 2803-1 #1 7265-02 100 100-325X 
2 2803-1 #2 7265..()2 100 100-325X 
2 2803-1 #3 7.265..()2 100 100-325X 

5F-55 7251 -03/04 # 1 7265-02 100 100.325X 
7251-04 #2 7265-02 100 100-325X 
7251 -03/04 #3 7265-02 100 100-325X 
7251-04 #4 7265-02 100 200-325X 
7251 -03/04 #5 7265-02 100 200-325X 
7251-04 #6 7265-62 100 325-325X 
7251 -03/04 #7 7265..()2 100 325-325X 
7251-04 #8 7265-02 100 325-325X 
7251 -03/04 #9 7265-02 100 32SX 
7251-04 #10 7265-02 100 325X 
7251 -03/04 # 11 7265-02 100 325X 
7251-04 #12 7265-02 100 325X 

SF-56 3 2821-1 7265..()2 so 100-325X 

NOTES: 
1. This group number applies to all 7251 -03/041s (#1 through #12). 
2. This group number applies to 2803-1 #1, 2, and 3. 

3. EPO cable is included in this group. 
4. To determine what cables are in a flight configuration, use those which indicate the configuration desired. 

Example: 100-32SX includes the 100, 200, 325 and 32SX (expanded) configuration. 

S. Refer to illustrations of maximum serial or loop cabling length for maximum cable length. 
6. The group number applies to 7251-03/04 # 1, 3, s, 7, 9, and 11. 

figure 1-23. 7265-02· ·system Control Console Cabling Schematic (Cont'd). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1_;55 

"Z ioce 
7231-02 7231-02 7231-02 

SF-27 •I #2 /13 

11-30 

5F-30 
5F-30 

5F-30 
51·-2b 

5F-2b 

SF-30 
SF-30 
SF-29 

SF-29 

SF-2!1 

SF-JS SF-17 5F-li_ 
7201-01 SF"54 7201-01 ~!!- 7201-Ql 7201-01 

J;l SF-17 •2 /13 #4 c G: SF-Ji; C'!?; c_~ Cc 

lT SF-I 7 T 
SF-lb 1 SF-19 

SF-19 
SF-26 SF-41 

SF-_iQ_ SF-42 
SF-40 SF-42 

SF-35 
SF-35 l r r J SF-;:._35 

7289-02 2803-1 Note 5 7251-03/04 Note 1 
7265-02 1'1 /11 - 113 #1 -1112 

?t\-t'\ sc.-· '\CV ..S:f 

Croup No. of Maximum Flight Configura'tion 

No. Cables From To Length (ft) (Note 3) Notes 

5F-IS 10 7201-01 /II 7201-01 /12 100-325X 4 

5F-17 4 7201-01 /II 7201-01 /12 200-325 4 
7 7201-01 /II 7201-01 /13 1()0 200-325 

14 7201-01 /12 7201-01 /13 200-325 4 

SF-18 7 7201-01 /II 7'201-01 /12 325X 4 

I 7201-01 Ill 7201-01 /13 100 325X 

17 7201-01 /12 7201-01 /13 325X 4 

5F-19 7201-01 /12 7201-01 /14 100 325X 

8 7201-01 /11 7201-01 /14 100 325X 

17 7201-01 /13 7201-01 /14 325X 4 

5F-26 4 7265-02 7201-01 /12 100 4 

5F-27 5 7201-01 /II 7231-02-#1 100 100-325X 4 

SF-28 2 7201-01 /11 7231-02 112 100 100-325X 4 

2 7201-01 /I~ 7231-Q2 /13 100 200-325X 4 

Figure 1-24. 7201-01 Computing Element Cabling Schematic. 
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1-56 ~STEM PROCESSiNG AND CONTROL 

Group No. of Maximum Fligbt Configuration 

l'o. Cables ~From To Length (ft) (Note. 3) Notes 

5F-2!1 4 7201-01 #3 7231-02 #1 100· 200-325X ·-·· 4 
4 7201-01 #2 7231-02 #1 100 100-325X 4i 

.. 
4 7201-01 #4 7231-02 111 100 325X 4 

5~-30 7201-01 N2 7231-02 #2 100 i00-3:i5X 
... ·-.f" 

7201-01 112 7231-02 #3 100 200-~25X 4 
7201-01 113 7231'-02 112 100 200-325X 4 
7201-01 #3 7231-02 #3 100 200-325X 4 
7201-01 114 7231-02 112 100 ~2SX 4 

f 7201-01 #4 7231-02 #3 100 325X " 
?F-35 7201-01 #1 7289-02 #1 100-32sx· 4 

1· 7201-01 #2 7289-02 #1 16o-325x 4 
7201-01 #3 7289-02 111 200-325X 4 
7201-01114 7289-02 #1 325X 4 

5F-40 6 7265-02 7201-01 111 100-325X' 2,4 
2 7265-02 7201-01 112 75 100-325X 2 

5F-41 6 7265-02 7201-01 #3 75 200-325X 2 

5F-42 7265-02 7201-01 #3 75 325X 
6 7265-02 7201-01 114 325X 2,4 

5F-54 3 7201-01 #1 7201-01 112 ioo 4 

NOTES: 
1. Refer to 7251-03/04 Storage Element cabling schematic. 

2. EPO ca blc is included in this group. 
3. To determine what cables are in a flight configuration, use those which indicate the configuration desired. 

Example: 100-325X includes. the 100, 200, 325 and 325X (expanded) configuration. 
( 

4. Refer to illustratioris of maximum serial or loop cabling· length for maximum cable lengths. 

5. Refer to 2803-1 :rape Control Unit Cablmg schematic. I 

Fi~ure 1-24. 7201-ol Computing Element Cabling Sch~matic (Cont'd). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-57 

EJ 7289-02 7289-02 7265-02 

•2 #3 1 

SF-38 SF-43 J 
SF-44 
5F-25 

SF-43 
SF-38 l SF-33 

SFf 

SF-20 l SF-21 

7231-02 SF-21 7231-02 7231-02 

5 

"l 5F-22 #2 SF-22 #3 

[ 
I-

J 1 l 5F-30 
SF-30 F-27 

5F-28 
SF-28 

5F-30 

5F-30 
SF-30 

SF-29 SF-3 0 
SF-29 

SF-29 

] 
7201-01 7201-01 7201-01 7201-01 

"1 •2 #3 #4 

7251-03/04 Note 1 2803-1 Note 5 

•1-•12 u - #3 

Group No. of Maximum Flight Configuration 

No. Cables From To Length (ft) (Note 3) Notes 

SF-20 6 7231-02 #1 7231-02 #2 100-325X 4 

SF-21 9 7231-02 #2 7231-02 #3 200-325X 4 
3 7231-02 #1 7231-02 #2 200-325X 4 

SF-22 3 7231-02 #1 7231-02 #2 325X 4 

3 7231-02 #2 7231-02 #3 325X 4 

SF-25 2 7231-02 #1 7265-02 100 100 

SF-27 5 7201-01 #1 7231-02 #1 100 100-325X 4 

SF-28 2 7201-01 #1 7231..02 #2 100 100-325X 4 

2 7201-01 #1 7231-02 #3 100 200-325X 4 

SF-29 4 7201-01 #2 7231-02 #1 100 100-325X 4 
4 7201-01 #3 7231-02 #1 100 200-325X 4 

4 7201-01 #4 7231-02 #1 100 325X 4 

Figure 1-25. 7231-02 I/O Control Element Cabling Schematic. 
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SYSTEM PROCESSING AND CONTROL 

Group 

No. 

5F-30 

SF-33 

5F-38 

SF-43 

5F-44 

NOTES: 

No. of 

C.1bk·s 

2 

2 
2 

2 

4 

2 
4 

From To 

7201-01 #2 7231-02 #2 

7201-01 #2 7231-02 N3 

7201-01 #3 7231-02 #2 

7201-01 #3 7231-02 #3 

7201-01 #4 7231-02 #2 

7201-01 #4 7231 "()2 #3 

7289-02 #3 7231-02 #3 

7289-02 #1 7231-02 #1 

7289-02 #2 7231-02 #2 

7231-02 #1 7265-02 
7231-02 #2 7265-02 

7231-02 Hl 7265-02 
7231-02 #3 7265-02 

I. Refer to 7251 -03/04 Storage Element cabling schematics. 
2. EPO cable is included in the group. 

Maximum 

L~ngth (ft) 

100 

100 

100 
100. 

100 

100 

100 
100 

100 

100 

Flight Configuration 

(Note 3) 

100-325X 

200-325X 

200-325X 

200-32SX 

32SX 

32SX 

200-32SX 

100-32SX 

100-325X 

I00-32SX 

100-325X 

200-32SX 
200-32SX 

3. To dcterni'ine what cable$ arc in a flight configuration, use those which indicate the configuration desired. 

f.xample: 100-32SX indicates the 100, 200, 325 and 32SX (expanded) configuration. 

4. Refer to illustrations of maximum seria: :>r loop cabling length for maximum cable length. 

5. Refer to 2803-1 Tape Connol Unit abling schematic. 

l\otcs 

4 

4 

4 

,4 

2,4 

2,4 

2 

Figure 1-25. 7231-02 I/O Control Element Cabling Schematic (Cont'd). 
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7231-02 
.# 1 

SF-38 

7289-02 

@ #1 
llrM 

SF ] 
72 01-01 

#1 

cl~ 

Group 
No. 

SF-31 

5p:32 

SF-33 

SF-34 

SF-35 

SF-36 

SF-37 

1 

SF-3S 

GENERAL INTRODUCTION TO IBM-9020 HARDWARE 

SF-31 
SF-37 
SF-32 
SF-36 

SF-3S 

1 
7201-01 

#2 

No. of 
Cables 

5 
2 

2 

2 

4 

7 

\'°ve 
7231-02 

#2 

SF-38 

7289-02 
#2 

SF-31 

SF-ST 

SF-3S 

1 
7201-01 

#3 

From To 

7289-02 #2 7289-02 #3 
7289-02 #1 7289-02 #3 
7289-02 #1 7289-02 #2 

7289-02 #1 7289-02 #2 

7289-02 #3 7231-02 #3 

7289-02 #3 7265-02 

7201-01 #1 7289-02 #1 
7201-01 #2 7289-02 #1 
7201-01 #3 7289-02 #1 
7201-01 #4 7289-02 #1 

7289-02 #1 7289-02 #2 
7289-02 #2 7289-02 #3 

7289-02 #1 7289-02 #2 

SF-39 

SF-39 

SF-31 

SF-36 

7201-01 

#4 

Maximum 
Length (ft) 

100 

7231-02 
Na 

SF-33 

1 
7289-02 

#3 

1 

SF-34 

To 7289-02 

SF-S8 

10S2-7 

#2 

Flight Configuration 
(~ote 2) 

200-325X 
200-32SX 
200-32SX 

100 

200•32SX 

200-32SX 

100-32SX 
100-325X 
200-32SX 

32SX 

325X 
325X 

100-32SJC 

Figure .l-26. 7289-02 Peripheral Adapter Module Cabling Schematic. 
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Notes 

3 
3 
3 

3 

3 

1,3 

3 
3 
3 
3 

3 
3 

3,4 



1-60 SYSTEM PROCESSING AND CONTROL 

Group No. of Maximum 
Length (ft) 

Flight Configuration 
No. Cables From 

5F-38 2 7289--02.f 1 
2 7289--02112 

5F-39 4 7289-02111 
4 7289-02112 

5F-57 4 1052-7 #1 

5F-58 4 1052°-7 #2 

NOTES: 
1. EPO cable is included in the group. 

To 

7231--02 #1 
7231..()2 #2 

7265--02 
7265--02 

7289--02 #1 

7289--02 

100 
100 

300 

300 

(Note 2) 

100-325X 
100-325X' 

100-325X 
100-325.X. 

100-325X 

100-325X 

2. To determine what cables are required in a flight configuration", use those whiolt indicate the configuration desired. 

Example: 1CJP-325X indicates the 100, 200, 325 and 32SX (expanded) configuration. 

3. Refer to illustrations of maximum serial or loop cabling length for maximum .cable length. j ,: 
4. Power cable is included in this group. f 

Notes 

3 
3 

1, 3 
1, 3 

4 

4 

Figure 1-26. 7289-02 Peripheral Adapter Module Cabling Schematic (Cont'd). 
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GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-61 

~ 
7231--02 7231--02 7231--02 

#1 #2 #3 r--

l 5F-50 T 
5F-51 

5F-50 

,. 5F-49 
5F-51 

_SJ-4!!_ 5F-49 
7265-02 

5F-49 5F-51 

5F-52 J 
5F-52 

5F-45 5F-45 5F-52 

2803-1 5F-47 2803-1 5F-46 2803-1 
#1 5F-48 

#2 T(iJ 5F-47 #3 .-------; 
1GJ 5F-4aj_ 

..--I 

,,l 1~ T 114 I 
1-..:z li 
Note 1 Note 1 

115 5F-46 

5F-51 

109 109 109 

.• 
2401-2/3 2401-2/3 110 

.2401-2/3 
110 

2401-2/3 

·l)_ 
110 

"f D I'::> 

5F-53 
5F-53 
5F-53 l 5F-53 l 
cit c 1£ 
7201-01 7201-01 7201-01 7201-01 

#1 #2 #3 #4 

Group No. of· Maximum Flight Configuration 
No. Cables From To Length (ft) (Note 3) Notes 

109 2401-2/3 2401-2/3 100-325X 4 

110 2401-2/3 2401-2/3 100-325X 41 
I 

114 2401-2/3 2803-1 100-325X 4 

115 2401-2/3 2803-1 100-325X 4 

5F-~5 2 2803-1 #1 2803-1 #2 100-32SX 5 
2 2803-1 #2 2803-1 #3 100-325X 5 

SF-46 2 2803-1 #3 2803-1 #2 100 5 
2 2803-1 #3 2803-1 #1 100 5 

Figure 1-27. 2803-1 Tape Control Unit Cabling Schematic. 
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1-62 SYSTEM PROCESSING AND CONTROL 

Group 
No. 

SF-47 

5F-48 

SF-49 

SF-SO 

5F-51 

5F-52 

SF-53 

NOTES: 

No. of 
Cables 

4 

2 

4 

2 

2 
2 

4 
4 

2 
2 

2 
2 
2 

1. Same cabling as for 2803-1 #1. 

From 

2803-1 #1 
2803-1 #2 

2803'-1 111 
2803-1 #2 

2803-1 #1 
2803-1 #2 
2803-1112 
2803-1 #3 

2803-1113 
2803-1 #1 

2803-1113 
2803-1111 
2803-1113 
2803-1112 

2803-1111 
2803-1112 
2803-1 #3 

2803-1111 
2803-1 #1 
2803-1 #1 
2803-1 #1 

2, EPO cable is included in this group, 

To 

2803-1 #2 
2803-1 #3 

2803-1 112 
2803-1 113 

7231.--02 #1 
7231--02 111 
7231--02 112 
7231--02 #2 

7231--02 #1 
7231--02 112 

7231--02 113 
7231--02 113 
7231--02 112 
7231--02 #1 

7265--02 
7265--02 
7265--02 

7201"--01 #1 
7201--01 #2 
7201--01 113 
7201--01 #4 

Maximum 
Length (ft) 

100 
100 
100 

Flight Configuration 
(Note 3) 

200-325X 
200-325X 

325X 
325X 

100-325X 
100-325X 
100-325X 
100-325X 

100 
100 

200-325X 
200-325X 
200-325X 
200-325X 

100-325X 
100-325X 
100-325X 

100-325X 
100-325X 
200-325X 

325X 

3, To determine what cables are in a f\ight configuration, use those which indicate the configur11tion desired. 

Example: 100-325X. includes the 100, 200, 325 and 325X (expanded) configuration, 

4. Maximum total serial length should not exceed 100 feet. For example, 115 + 109, or 114 + 110 should not 
exceed 100 feet. 

S. Refer to illustrations of maximum serial or loop cabling length for maximum cable length, 

Figure 1-27. 2803-1 Tape Control Unit Cabling Schematic (Cont'd). 
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SF-56 

l 
7265-02 

503 
2821-1 

504 

I 
2540 

I 
1403-2 

Group No. of Maximum Flight Configuration 
No. Cables From To Length (ft) (Note 1) Notes 

503 2 2540 2821-1 25 100-32SX 

504 3 1403-2 2821-1 25 100-32SX 

SF-56 3 2821-1 7265-02 so 100-32SX 2 

NOTES: 
1. To determine what cables are in a flight configuration, use those which indicate the configuration desired. 

Example:. 100-32SX 'includes the 100,. 200, 325 and 32SX (expanded) configuration. 

2. Power control cable is.included in this group. 

Figure l;..28. 2821-1 Control Unit Cabling Schematic. 
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5F-58 1052-7 1052-7 5F-57 

#2 #1 

Note 3 

7289-02 

. 
Group No. of Maximum Flight Configuration 

No. Cables From To Length (ft) (Note 2) 

5F-57 3 1052-7 #1 7289-Q2 #1 300 100-325X 

5F-58 3 1052-7 #2 7289-Q2 300 100-325X 

NOTES: 
1. Power cable is included in this group. 
2. To determine what cables are required iii a flight configuration, use those which indicate the configuration desired, 

Example: 100-325~ indicates the 100-200_-325-32SX (expanded) configurations. 

3; 1052-7 on reading board nearest the 7265-Q2 control panel is considered part of the console and is cabl_ed internally. 
1052-7 #2 (shown above) is optional., would be mounted on an extension to the 7265-02 Reading Board a.lid wouid be 
cabled externally, . 

Figure 1-29. 1052-7 Printer-Keyboard Cabling Schematic. 
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7201-01 7201-01 7201-01 7201-01 
r-------1 cl ce s_ r 

11 R Jj 11 s Jj l l T J J v w x 
AC AD AE 

u AA AF 

l l 

7231-02. 7231-02 7231-02 7265-02 

(QC.~ I c~ I cl sc 
1 y J AB L 

z J 
. 

-".. 

Maximum Cable· Length Floor to Floor: R+S+T = 100'; u+V+W+X = 1501; Y+z+AA = 1501; ABl-AC+AD+AE+AF = 1501 

7251-03/04 7251-03/04 

0\! s~ 

1 p J 
720{-01 Ct~ 

N or 
7231-02 \ ~r 

Maximum Cable Length Floor to Floor: N + P = 60 1 

7289-02 7289-02 7265-02 

ff A ., ;! .; s c ' c 

l 1 J 1 J 2803-1 
B c 

Ted A 

1 D TH 
E 

Sel I Jsel F Multiplexor J 
_2803-1 2803-1 

TCV l<l) c.1! 7231-02 Tc 

Maximum Cable Length 'Floor to Floor: A+ B + C "'D = 200'; C + H + J = 200'*; E + F = 200'* 

7289-02 7289-02 
or or 

2803-1 2803-1 

l L J l 
K 

7201-01 

ct 
Maximum Cable Length Floor to Floor: K + L + M = 1501 

7289-02 
or 

2803-1 

M J 

* The 200-foot maximum is for the units shown 
and should also be used as a planning guide 
when attaching other external devices to the 
9020 System selector channels. However, 
there may be specific instances where greater 
distances are required. In these instances, 
consult the planning coordinator at the 
IBM-FAA Project Office. 

Figure 1-30. Maximum Serial or Loop Cabling Length. 
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1-4. INTERFACE CABLING 

In a data processing system composed of more than one element, ·it is essential 

that there be some form of interconnection between the various e'lements in the 

system. Since the IBM-9020 falls into this category, it- might be well at this 
•. 

t.ime to examine the· interface cables present within this s.ystem. This inter-

facing provides a means of communication and control between the various ele­

ments. The cabling between elements in the 9020 System is generally carried 

on 20 conductor coax cables connected in one of four possible arrangements. 

The arrangements and a block diagram of each type are shown in Fig. ''l-31. 

(Driver lr---------11 Recvr I Driver Recvr 

Driver 

Simp?ex Interface Multiple Driver Simplex Interface 

Driver ---------1 Driver 

Recvr Recvr --- ..__-1 Recvr 

Terminator 

Distributed Simplex Interface Multiplex Interface 

r\E.\lr 1.'>oo ~le>' 

Figure 1-31. Interface Cabling. 

AC-940 CBB9AO 7/68 . 



GENERAL INTRODUCTION TO IBM-9020 HARDWARE 1-67 

In the simplex interface the communication takes place from the driver to the 

receiver. It is normally a unidirectional path. 

The distributed simplex interface utilizes .a. data path from one driver to a 

series string of receivers. The data presented on the interf~ce is thus 

available to all receivers simultaneously; normally only one of the receivers 

is conditioned.to receive the data. The maximum number of receivers allowable 

on the distributed simplex interface is four. 

The multiple driver simplex interface is a type where several drivers are 

capable of sending.data to a single receiver. Normally only one driver will 

be active at a time. An example of this type .of interjace would be the con­

nection between the CE and the System Console. 

The multiplex interface is an example of a bidirectional connection where 

data or sign~ls may be passed in either direction between the two boxes. 

For purposes of explanation the interfacing paths between the elements of 

the 902~ .. System are divided into two categories. The DATA paths and the 

CONTROL paths. Figures 1-32 and 1-33 exemplify the data paths and control 

paths respectively while Fig. i-34 represents overall combination for a 

simplified syst~m. 
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1-5. 

A. 

sYSTEM PROCESSING AND CONTROL 

CE I 

A B C D E 

p 

IOCE 
Q 

CE ')_ 
R 

Console 

NOTE: The connecting· lines are not cable.s; instead, 
they represent logicol sets of inrerfoc_e lines 
keyed to subsequent tigu,... 

F 

G 
H 

'J 

K 

Figure 1-34.. CE Interfacing. 

INTER ELEMENT CABLING 

CE - CE Interfacing 

SE 

The CE is the only element that directly communicates with other elements of 

its kind. Figure 1-35 shows the CE to CE interface lines. The intercommuhi­

cation is concerned primarily with direct control operations which include 

data communication {one byte), and external CE starts and logouts.. In addi­

tion to the direct control function there are controls for reconfiguration 

and element check monitori~g. 

Control Bus: This bus is used fo~ both configuration control and ATR 

assignment. 

Configuration control {established by the configuration mas~) is used to 

define which elements comprise a subsystem, and to avoid interference between 
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P State SCON V'I • p Storage J CE p IOCE 
0 0 ::::! 8 16 

7 0 1 2 3 4 i5 23 
0 2 5 6 7 8 15 16 

AT" I· I SE 1 sE2 

I· I 
SE 3 SE 4 H I I I I 

0 8 16 

•n+I SE 9 SE 10 

I· I 
SE 1l SE 12 

I· I I I I I I I 
0 8 16 

NOTE: The configuration ond ATR mask originate from the external register. 
The two system resets originate From control circuitry • 
• Not Used 

(a) Keys A and B 

Data 

I I 
0 7 

NOTE: This data byte is concerned with direct control. 
The configuration mcisk, system resets, direct data byte, and ELC 
are distributed simplex ariginating in a CE and received by ane 
or mor8 CE's. 

(b) Keys C and ci 

ov-r 

24 
1 2 3 4 31 1 2 

19 20 23 24 28 29 

SE 5 SE 6 

I ·I 
SE 7 SE 8 

I I I I I I I I I I 
24 

Not Used 

I· I 
Not Used 

24 

KEY E FIGURE 85 is a set af simplex lines as follows: KEY F FIGU.RE 85 is a set af simplex lines as follows: 

\;\ 

1. CE External Start Command Out 
2. <;:E l,ogout Command Out 
3. CE Write Direct Command Out 

CE:')_ l;-. c ~ I 1J'"6 

4. CE Read Di reel Command Out 
5. Reconfigure Select Out 
6 • Reconfi g~re Response Out 
7 • .Address Translation Select Out 

NOTE: .These simplex signals originate from direct control and configuration 
control circuitry. 

(c) Keys E and F 

\~ 
f 

C\t ' \I eJ 

1. CE External Start Command. In 
2. CE l,ogout Command In 
3. CE Write Direct ,Command In 
4. CE Read Direct Command In 
5. Reconfigure Select In 
6. Reconfigure Response In 
7 • .Address Translation Select In 

\\l\W'O, 
Figure 1-35. CE to CE Interface Lines. 
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SYSTEM PROCESSING AND Cv·~·"'TX. 1 '· 

subsystems. The configuration control.regis,te,:"s i~Jr~~,·r~~ic;>ui, ele.ment1;w.f.U 

contain positions to define the other elements with whic;h any given element 

may communicate at 'any given t~. The CCR position.-,· or bit1·, enable or 

inhibit data and control paths between elements .• 

I ' . 

ATR assignment establishes a correlation between logical addresses" referred 
i 

to by the progFam, and actual storage elements.within the system.' 

System Reset: 2.5 millisecond "double-railed" ~ignals -which precede a 1ystem 
. ! 

IPL and perform both hardw.are and microprogram resets,. The res.et is not gate~ 

by the CCR. All bits in the CCR are reset to O's except the SCON bits which 
.; I 

are set to l's. 

Element Check (ELC): The element check signal is sent to all CEs within the· 

system with the exception of itself. This signal may result from a eel or ·· 

ATR parity error, certain PSBAR stepping situations, and certain hard stops 

or CE error conditions. 

Direct Control Bus: During execution of a write direct CE-to-CE data co~ni­

cation, this bus represents eight data bits and one parity bit fetched from a. 

storage element. This byte of data remains as static signals until the next 

write direc·t instruction is executed. 

. . 
CE External Start Command: This command is issued by.a write direct instruc• 

tion and causes the receiving CE to start execution aft~r ~t obtains a new 

PSW from location 00000 of its PSA. The receiving CE must be properly SCON.'ed 

to the sending CE to perform the external start operation. 

CE Logout Command: This command is issued by a write direct instruction and 

causes the_receiving CE to initiate logout procedures. The rec~iving CE must 

be properly SCON'ed to the sending CE to perform the logout operation. 

CE Write Direct Command:. This command is issued by a write direct·instruction 

and indicates a data communication type operation between the sending and 
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receiving CEs. This command causes an external interrupt at the receiving 

CE by setting a unique bit in its external interrupt register, provided that 

the receiving CE is properly configured (CCR 20-23) to listen to the origi­

nating CE. 

CE Read Direct Command: This command is issued by the read direct instruction 

and indicates that a byte of data has been taken from the direct data bus. 

The command causes an external interrupt at the receiving CE by setting a 

unique bit in its external interrupt register. The receiving CE must be 

properly configured (CCR 20-23) to the originating CE. 

Reconfigure Select: A line carrying a 2.5 microsecond pulse from the CE to 

another CE, causing the CE to set into its configuration register the mask 

on the output bus. The CE will honor the select if the selector's SCON bit 

is on in the receiving CE's CCR. 

Address Translation Select: This select line signals and conditions the 

selected CE for receiving the new address translation assignment mask on 

the 36-bit control bus. Three select pulses are required: one for initial 

selection, and two for transmission of ATR 1 and ATR 2. 

Reconfiguration Response: A line sent to the CEs in response to configuration 

select, provided that the select was honored and the CCR parity is correct. 

This response signal is also used as a set address translation response to 

acknowledge that: first, the receiving CE was properly SCON'ed and, second, 

the ATR 1 and ATR 2 assignment masks were properly received. 

B. CE - SE Interfacing 

Interfacing from the CE to an SE involves a data-out bus and associated con­

trol signals. The data-out bus is concerned with a variety of functions 

including: the transfer of data addresses, actual data itself, storage 

protect keys, and configuration masks. The various control signals define 
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the current usage of the data-out bus and synchronize the overall operations. 

Figure 1-36 indicates the distributed simplex and simplex lines concerned with 

the CE to SE Interfacing. 

Interfacing from the SE to a CE involves an input bus and associated control 

lines. The input bus is concerned with ·the transmission of both normal data 

and logout data. The signals are used to synchronize the various operations 

and indicate check conditions within the SE. Note that the input bus and 

control signals are transmitted on simplex line, and not distributed simplex 

as was the case with the CE to SE interfacing. Figure 1-36 indicates the 

various simplex lines associated with the SE to CE interface. 

Output Bus: A group of 36 lines carrying data and control information from 

one CE to one of four SEs. The accessed SE gates its receivers .to accept the 

signals from the bus. During the first part of a cycle, 27 lines carry the 

address bits and parity, and 5 lines carry the storage protect key and parity. 

During the remainder of the cycle, if a store is called for, 36 lines carry 

data. During execution of a ·scoN instruction 15 lin~s carry the configuration 

mask. 

Access Request: A line by which the CE requests a storage cycle.. The line 

rises at the beginning of the first machine cycle associated with a storage 

cycle, and stays static unti1 the request h.as been accepted by the SE. The 

CE taken one or more dummy cycles, as required, while waiting for the accep­

tance; the number depends on the priority of the request. 

Byte Stat Lines: Five lines, including parity, which indicate the bytes to 

be stored. There is no signal on these lines except when data is to be gated 

onto the output bus during a store operation. l 
~ w~ tr~ 1y~ hja. .,~ ~ c~ 1..,.·J ~~ J. -/ 
Set Key: A line signaling the SE to store the key found on the output, bus 

in the storage protect location specified by bits 15-20 of the SAR. The 

cycle accompanying this operation is a No-Operation; a word is fetched from 
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~ 1~101K~2131J 1~18 l9i. I I 115~1161 II I· I I 123l~l241 I I I I I 

ltlo I I I I I I l1l~l81 I I I I I 115l~l16I I I I I I 1231~1241 I I 

(a) Key G 

Sf 

NOTE: n..s. simplex 11- arlglnalll In ..,. SE and "'9 recolwd by only..,. CE. 1ho 36-1111 lius Is Hmo ......... 
by tho above fanno11. 1ho fannall "-- ... for normal 1"""90 _..,tlan {tap) and SE logout. 

I 'I 

1J 

13J 

Add .... 

Data 

Add ... 

CCR and Prl0<lty 

Storago Protect 
and Controls 

~I 

1. Acceallequost 6. ayi.StatParity 11. FLT Op 16. l.ogau~=-.. ~· 21. System Reset A 7. T) 
2. 8yte Stat OJ 7. Sot Koy 12. SplitCyclo 17. l.ogautProcood5 22. SythtmR••IB 1 ) 3. 8yte Stat 1. Sct 8. 1 ... rt Key 13. l.ogaut "-9d 1 18. l.ogoutCamploi. .__./ 

!,. 4. 8yte Stat 2 I-71.f 9. Roconfi!Jll9 Soloct 14. l.ogaut Procood 2 19. Logout Slap i'INH ,t ~ , 

I ;~ :.._· ~:~C~~~:~.~··-·-~~--~-n~=_:_;_~_P:_o_~_._1_s._.1.ogou __ t_Proc-ooc1--3--m - ~--··--·· .... ____ ' '~!__J 
J 

K 1. Accopt 
2. Request Acknawlodgod 
3. Gahl Data 

5. SE Stoppod 
6. Ei.-.t Chock 7. P,.,tectCMck 

4. StaoagoChock 8. Rocanli91n Accopt 
NOTE: 1hoto .,. simplex 11- originating ,,_ - SE lo ano a. 

(ci) Key K ~ i: ~ c/ £ 
--·Figure-T-30:----cE- to ·SE Interface Lines. 

AC-940 CBB9AO 7/68 



1-76 SYSTEM PROCESS ING A'.ND CONTROL 

the addressed location (any location within the block of ,512 words assoc'iated 

with the key) and regenerated, but no data bytes are transmitted. 

Insert Key: A line signaling·the SE to fetch the key from the storage pro­

tect location specified by bits 15-20 of the SAR and place it on the input 

bus. The cycle accompanying this operation is a No-Operation; a word is· 

fetched from the addressed location (any location withi~ the block of 512 

words associated with the key) and regenerated,. but no datFl bytes are 

transmitted. 

Reconfigure Select: A line carrying a 2.5~µsec pulse from the CE to the ·sE, 

causing the SE to set into its configuration register the mask on the output· 

bus. The SE will honor the select if the selector's SCON bit is on in the 

SE Is CCR. 

Logout Stop: A line brought up by the CE when a parity· error is detected on 

a fetch or when the SE issues a storage chec.k on a store cyc}.e, or when SE 

logout diagnose instruction is used. This signal stops the SE at the end of 
the cycle in process to allow the CE to proceed with a logout. The stop line 

preyents higher-priority elements from accessing the SE. 

FLT Op: A line causing suppression· of data checking during exec~tion of a 

fault locating test. It permits bad data to be transmitted to the GE in order 

to check out the CE error detection circuits. 

Test and Set: This signal line causes the contents of the location specified 
. . . ~t~~~ . 

by the current address to be·fetched and sent to .the accessing unit. The 

contents of the byte specified by bits 30 and 3lof the address are replaced . 

with all i's. .All other information is unchanged. 

Split Cycle: A line causing the SE to insert a delay of approximately 75 
nanoseconds between the read a:nd:W.rite portions of its cycle. It is brougllt 

up whenever th.e specific operation (store or fetch) is not specified by the 
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end of the first machine cycle following an access and is required to guarantee 

that data to be stored is available at the SE iq. time for the write portion of 

its cycle. 

Logout Proceed: Five lines brought up in sequence as the CE executes a log­

out of the SE, following a logout stop signal. Each line requests a particu-

lar word of logout data from the SE. 

Logout Complete: A line brought up by the computing element to indicate 

completion of a logout or by subsystem reset during subsystem IPL to reset 

the logout stop condition. 

System Reset: A double-railed signal (two lines) which precedes an IPL to 

reset the SE. The SESDR, SESAR, SPDR, and SPCR are set to O's including 

parity. Check triggers are also reset. The system reset is not gated by 

the CCR. Inste.ad, ·the CCR is reset to 0' s with the exception of the four 

SCON bits which are set to l's. 

Ignore Error: A signal generated by PSW bit 13 to force the SE to accept 

and store data with wrong parity. 

Input Bus: A group of 36 lines carrying data from one SE to one CE. During 

a normal cycle, if a fetch is called, 36 lines carry data and parity. During 

execution of an ISK instruction, six lines carry the storage protect key and 

parity. During logout, all lines carry logout data. 

Request Acknowledged: A line carrying a de signal, indicating that the SE 

receiving an access request has recognized the request and is configured to 

the CE. 

Accept: A line acknowledging the receipt of an Access Request signal with 

a valid address and the availability of storage (i.e., no higher priority 

element also requesting access). The rise of accept indicates that the SE 

has stored the key and address, and that the CE may place data on the bus at 
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any tii:ne {store operation). The fall of accept on store indicates that the 

CE may restart. 

Gate Data: A line indicating that data is about to be placed,on the input 

bus during a fetch or Insert Storage Key (ISK) and the CE may restart. 

Storage Check: A line brought up during any storage cycle, indicating one 

or more of the following: 

l. 

2. 

3. 

4. 

5. 

6. 

A parity error in data received from the CE. 

A parity error in data read from storage. 

A parity error in address received from the CE. 

An address not included in the SE which was accessed. 

A parity error on the key received or read out. 

Parity error on the byte stats received. Whenever bad data, 

address, or key is sent to the SE, a no-op cycle is taken to 

preserve the old and reject the new. The SE stops for 2.5 

microseconds following the storage check signal to allow the 

receiving element to issue a logout stop. 

Protect Check: A line brought up during a store or fetch operation in which 

the storage protect tag sent from the CE does not match the tag fetched from 
·. 

storage protect buffer, and neither tag is zero. This is a program check, 

not a hardware check. It does not cause a logout. 

Element Check: An element check is sent to all computing elements without 

regard to the storage element configuration register or to accessing controls. 
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An element check pulse is issued when one of the following conditions is 

detected. {Other functions within the SE are not inhibited, except under 

storage check, and the SE will continue to function as normally as possible.) 

1. CCR Parity 

2. Thermal Check 

3. On Battery 

4. Storage Check 

A static element check signal will be issued upon detection of one of the 

following conditions and will remain until the condi-tio1l has been cleared: 

5. Power Check 

6. Power Off 

7. Logout Stop Latch On 

Reconfigure Response: A line carrying a pulse from the SE to the CE .indi­

cating that a reconfiguration operation has been completed and correct parity 

exists in tne CCR. 

SE Stopped: A line to any accessing CE indicating that the SE is·in the 

process of being logged out. 

C • CE - I0CE Inter£ acing 

Interfacing for the CE to IOCE includes a control bus and associated signal 

lines. This control bus transfers a variety of information such as configu­

ration masks, ATR assignment masks, I/O instructions, IPL and FLT operations, 

and PSBAR indications. The control bus is never used for. the transfer of 

data. Control signals are used to define the information on the control bus 

and to synchronize the various operations. 

AC-940 CBB9AO 7/68 



1-80 SYSTEM PROCESSING AND CONTROL 

Interfacing from the IOCE to the CE is concerned primarily with.control type 

signals. The control bus which is used to transfer information from the CE 

to the IOCE is strictly a one-way bus, and performs no functions in this 

section. Programming restrictions allow an IOCE to be configured to only one 

CE at a time. Figure i-37 shows the IOCE to CE interfacing lines. 

Control Bus: The control ·bus has 36 distributed simplex lines: 32 bit posi­

tions, plus 4 parity bits. The bus is time-shared between set configuration, 

ATR select, I/O instructions (with PSBAR), and channel unit addresses. The 

bus contains 22 bits for set configuration, 32 bits for ATR 1, 16 bits for 

ATR 2, 12 bits for the PSBA, 8 bits for the unit address, 4 bits for the 

_channel address, and 3 bits for I/O instruction. The five I/O instruction 

lines (start I/O, test channel, test I/O, halt I/O, and set PCI), and the 
. . e . • 

control line IPL, all use the PSBA and channel unit address. The two control 

lines, logout and permit interrupt, need only the PSBA. 

360 Mode Operation: This signal causes the IOCE to operate in the.360 mode. 

I/O Instruction: This line is sent to a selected IOCE. The preferential 

storage base address, unit address, channel address, and the decoded I/O 

instruction are placed on the control bus. ·The I/O instruction line is then 

brought up to te·u the IOCE to take the information from the control bus. 

The line remains static until a response is received from the IOCE. 

C.enfiguration Select: Configuration select is three line.s, one to each IOCE. 

Each line is generated from the select mask (SSR) and gates the configuration 

bits from the control bus into the IOCE. The IOCE must be configured to the 

CE. 

Initial Program Load: This line, generated in the same manner as I/O instruc­

tion, indicates to the selected IOCE that it is to perform an IPL. The con­

trol bus contains the preferential storage base address and the unit and 

channel address when this line is brought up. 
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p 0 

LJl.JLJLJ_jl_LJLJ-1~LJ_JLJ[__LJLJL..l~_.1_.1_.l_l_j_::i::i_ltl_j_j_J_J_J_j_j[§fi§l~FLTLoad p p 

5 

(0 

1.mm.1 PSBAR 

I. I 
PSBAR m.1 I I I I I I I 

"' State SCON ~ SE SE CE 
s s 

p 0 1 1 2 3 4 p 1 2 3 4 5 6 7 p 9 10 11 12 1 .2 3 4 p 

It SE 1 SE 2 SE 4 SE 6 

I I I I I I I I I I I 
0 8 16 

It SE 9 

I I 

SE 10 SE 12 Not Used 

I I I I I I 
0 8 16 

Note: These lines ore distributed simplex originating in one CE and received by one or 
more IOCE's. The bus is 36 bits time-shared by the above formats. 
Also included in these distributed simplex lines are: 

1. System Reset (2 llnes) 
2. Subsystem Reset (I line) 
3. System Mask Bits 16-19 
4. 360 Mode Operation 

{a) Key P 

, i-.,..t 

1. i;o Instruction 
2. FLT Load 

.$\o'f' ' 
1$, Wic1\i1. .:._\.A_J~...ff 

7. Simplex System Mask Bits 
8. Permit Machine Check Interrupt 

3. Initial Program Load 9. Fl T Backspace 
4. Permit 1/0 Interrupt 
5. IOCE Logout 
6. Configuration Select 

10. SATR Select 1 11. OBS From IOCE to CE [ __ _ 
12. OTC From IOCE to CE f'"",.... 

Note: These are all Simplex lines. 

(b) Key Q 

1. Condition Code (2 lines) 6. Check Response 
2. 1/0 Interrupt Request ('£1'Mt''-<t)) 7. Reset ROS Timeout 
3. Machine Check Interrupt Request01ri1~/ 8. PSBAR Lackaut 
4. Configuration Response 9. FLT Complete 
5. Response 1 O. Element Check (ELC) 

Note: These ore distributed simplex lines from oM IOCE ta - or lllOl'8 CE'1 

(c) Key R 

Spare 

I I I 

Spare IOCE 

SE 8 I 
I I I 

31 

Not Used 

24 31 

II J l.i-

Figure l-37. CE to IOCE Interface Lines. 
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System Mask: The system mask lines are static lines from the CE's PSW 

register bits o-6 and 16-19. These lines mask the channels in the IOCEs and 

are distributed as follows: 

PSW bits 0-3 to IOCE 1 

PSW bits 4-6, 16 to IOCE 2 

PSW bits 17-19 to IOCE 3 

PSW bits 16-19 to all IOCEs 

Bits 16-19 are sent to all IOCEs and are used in forming the first portion 

of the PSW byte on channel interrupts. 

Subsystem Reset: This is a reset line generated in the CE and sent to the 

IOCE. The IOCE must be configured to the sending CE. The IOCE's CCR is 

not affected by a subsystem reset. 

Syst~m Reset: A double-railed signal (two lines) issued from the CE after 

that CE receives a system IPL from the system console or its own console. 

This signal performs both hardware .and microprogram resets within the IOCE, 

provided the IOCE is not in state ze·ro with the test switch ON. The CCR is 

reset to O's with exception of the SCON bits which are set to l's. 

FLT Load: This line requests the IOCE to perform an FLT load from a selected 

tape unit into a specified SE. 

FLT Backspace: This signal causes the IOCE to branch from its wait loop and 

backspace the FLT tape over one record. When the operation is completed, an 

FLT complete signal is returned to the CE. 

Logout: This line is issued from a write direct instruction and causes the 

\,, IOCE to begin a logout operation. The IOCE must be SCON 'ed to the sending 

CE. 
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Permit I/O Interrupt: A line sent to the IOCE in response to an IOCE I/O 

interrupt request. This signal allows the IOCE to store its CSW and interrupt 

code field of the PSW. 

Permit Machine-Check Interrupt Request: A line sent to· a configured IOCE in 

response to a machine-check interrupt request. This signal allows the IOCE 

to continue with the logout. 

Condition Codes: Two lines sent to the CEs as the result of an I/O operation 

indicating a value to be set into the PSW. 

Response: A line sent to the CE to indicate that: the condition code for an 

I/O operation is present; IPL is complete; I/O interruption is complete (CSW 

and the interrupt code field of the old PSW are stored); machine check inter­

rupt is complete (CLU logout). 

I/O Interrupt Request: A signal from the IOCE informing the CE of status 

changes in the channels or I/O devices. 

When a status change is detected by the IOCE and the channel is masked on, 

an I/O interrupt request is sent to the CE. The channel which req~ested the 

interrupt waits for a "permit i/O interrupt" from the CE before storing a 

channel status word which indicates the reason for the interrupt request. 

Also stored are the channel and unit address, IOCE address, and mask bits 

16-19 in the interrupt code field. for the old PSW. If the channel control 

check or the interface control check bit is on in the CSW, a selector channel 

logout has been performed. 

Machine Check Interrupt Request: The detection of a CLU error by an IOCE 

causes the IOCE to stop and request a PSBA for logout via the machine check 
. . interrupt request. 
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A CE in an I/O instruction or interrupt process with the IOCE issuing the 

machine check interrupt request terminates the process and proceeds to the 

next I-Fetch. That I-Fetch, or any I-Fetch, has an exception branch to a 

special microprogram routine. This rou1:ine issues a "permit machine check 

interrupt" and enters a timing loop while the IOCE performs a ·logout. The 

IOCE holds up "reset time out" while logging out. The CE waits for a response 

line or, in the event of further IOCE error, a time out. In either case, the 

CE completes a machine check interrupt by storing and fetching the correct 

PSWs. No logout occurs in the CE. The old PSW contains the IOCE iden'tity in 

the interrupt code as follows: 

Bit 

IOCE 3Q 31 
1 0 1 
2 1 0 
3 1 1 

A time out condition should always be accompanied by an IOCE element check. 

Simultaneous I/O interrupt requests or MC interrupt requests from multiple 

IOCEs are serviced in priority of IOCE 3, 2, and 1. 

Element Check: This signal is issued by an IOCE as a pulse whenever: 

1. A parity error is detected in the ATR. 

2. An error condition is detected requiring a CLR or selector channel 

logout. 

The element check signal is issued as a static condition if, during a CLU 

logout, the IOCE detects a condition which will not permit logout to be per­

formed. An element check signal causes an external interrupt in the CE. 

On Battery Supply: This signal, when issued as a static condition to the CE, 

indicates that the IOCE is operating on its battery supplies. 
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The OBS signal is issued as a pulse whenever a CCR parity is detected during 

execution of the SCON operation in the IOCE. 

The OBS signal causes an external interrupt in the CE. 

Out of Tolerance: A signal to the CE indicating that the IOCE temperature 

sensing thermals have detected an out-of-bounds t.emperature. This signal 

causes an external interrupt in the CE. 

FLT Complete: A respon~e to the CE indicating that the o~eration initiated 

by the FLT load or the FLT backspace request has been completed. 

PSA Lockout: A line indicating that the IOCE tried to access the PSA but 

did not receive a reply from ~he storage element accessed or that the PSA 

access was issued to a logout-stopped SE. This signal causes a program 

interruption in the CE. 

Reset ROS Time Out: A signal sent to the CE indicating that the IOCE will 

process the I/O instruction but is presently processing data. The signal 

resets the CE's countdown loop to its maximum value, preventing it from 

timing out. 

Configuration Response: A response sent to the CE after the SCON instruction 

has been accep~ed and the IOCE has set its CCR without detecting a parity 

error in the CCR. 

This response signal is also us~d as a set address translation response 'to 

acknowledge that: first, the receiving CE was properly SCON'ed and, second, 

the ATR 1 and ATR 2 assignment masks were properly received. 

Check Response: A sig·nal line to the CE indicating that a parity check has 

been datected in the IOCE on data from the CE via the control bus. 
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Wheu in FLT mode, this signal indicates that a tape error was detected during 

an FLT load operation. 

D. CE - PAM and TCU Interfacing 

Inte~facing between the CE and PAM is similar to that between the CE and TCU. 

These lines, for the most part, represent reconfiguration, system reset and 

element checks. Other than these lines, there is no control or data flow 

directly to or from the CE. Figure 1-34 shows overall CE interfacing; 

Figure 1-38 shows interface formats between the CE and the P~..M/TCU. 

Configuration Mask: Only the required 11 positions of the overall configura­

tion mask are sent to the PAMs and TCUs. The items sent include the two state 

bits, the 4-bit SCON field for reconfiguration, and the 3-bit field to define 

the controlling IOCEs. Two parity bits are used in the transfer. 

System ¥eset: 2.5 millisecond "double-railed" signals which precede a system 

IPL and perform hardware resets. The reset is not gated by the CCR. All bits 

in the CCR are reset to O's except for the SCON bits which are set to all l's. 

Configuration Select: A line carrying a 2.5 microsecond pulse causing the 

PAM/TCU to set the configuration mask into its CCR. The PAM/TCU will honor 

the select if the selector's SCON bit is on in the receiving PAM/TCU's CCR. 

Element Check: A static simplex signal is sent from each PAM and TCU to 

each CE. 

An element check from the PAM indicates: 

1. Parity Check in the CCR. 

2. Check-stop error in priority controls. 

3. Power failure. 
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--------------------------------------, Configurotion 
p 

0 
7 

SCON "' 0 ..... 
p 

8 
TS 

Storage p 

16 
2 

CE p 

24 
2 3 4 3T 

IOCE Mask fram CE 

1 2 3 
012 567 8 15 16 19 20 28 29 31 

I1_L T 
------------------------ Cantrel 

p SCON p IOCE 
CCR in PAM/ICU 

NOTE: The configuration mask originates fram the external register 
in the CE; the reset lines originate from contral_circuitry. 

0 1 2 5 .29 31 
These lines are distributed simplex originating fram one 

CE and terminating in one or more PAM's/rCU's. 

(a) Key L 

(b) Key M 

(c) Key N 

1. Element check (ELC) from PAM's 1, 2, and 3 
2. Element check (ELC) from TCU's I, 2, and 3 

NOTE: These six simplex lines originate one from each PAM and 
TCU. These lines are in the same cable as key L. 

1. Configuratic)n Select;Configuration Response signal 
between the CE and each PAM and TCU. 

NOTE: These six multiplexed lines have both a driver and a 
receiver on the same line. 

Figure 1-38. CE to PAM/TCU Interface Lines. 
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An element check from the TCU indicates: 

1. Parity check in the CCR. 

2. Power failure. 

Configuration Response: A line sent to the CE in.response to configuration 

select if the select was honored and the CCR parity was correct. 
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E. CE - System Console Interfacing 

The CE - system console interfacing is concerned primarily with sending indi­

cation (status) signals from the CE to the System Console, and control signals 

from the System Console to the CE. 

The CE cannot initiate any data flow directly to the System Console, Sub­

system configuration indications, for example, which are under program con­

trol at the System Console, are initiated by the CE and handled as a normal 

I/O operation via the IOCE. 

All System Console controls to the CEs (except for emergency power off) are 

gated by th.e system interlock switch which requires a key operation to acti­

vate logic, In addition, all functions going to the CE ( exceP't for "all 

stop") are further gated in the appropriate CE by a "select CE" signal origi­

nating from the select CE rotary switch on the System Console. Figures 1-32, 

1-33, and 1-39 show system console to CE interface lines as referred to 

Fig. 1-34. 

Many of the indicatio~s from the CE to the System Console represent the cur­

rent status of the CE. The most important dynamic indications include the 

srate -of tpe CE, logic checks, an~ -manual and wait status. 

Storage Data Register: These multiple~driver simplex lines originate in one 

or more CEs and terminate in one set of indicators at the System Console. 

During manual display operations, these indicators display either the contents 

of main storage (SDR) or local storage (L register) at the selected CE. 

Instruction Address Register: These simplex lines originate in each CE and 

terminate in separate rows of indicators at the System Console to continuously 

indicate the contents of each CE's IAR. 
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NOTE: Thew ore slmplex lines originating in one CE and 
terminating at the system console. 

(a) Key U 

The following are miscellaneous simplex indicator Unes originating 
at a CE and terminating at the system console. 

I. Manual Indicator 
2. Wait Indicator 
3. State Three Indicator 
.4. State Two Indicator 

(b) Key X 

5, State One Indicator 
6, State Zero Indicator 
7. logic Check Indicator :::;,, 

IAR 

31 

I .... i .... l .... o ..... I _._I _.l__..l _.l__..l _.l..._7_.IL_l5.._I B_.l_.....I _.l......._l _.1 ......... 1_._11_.51-_~~ ..... l1 ..... 6l__..l _l......_..l_._I _.l_.....12_.31_* .... 12_4.._I _.l_._I -~..._....13_.1 I SOR/\. Roi 

Th••• are multiple driver simplex llnes originating In· on• or more CE11 and terminating 
at the system console. These lines ore time-shored betwHn the displaying of SOR or L 
register .for local store display. 

(c) Koy V 

The following multiple driver simplex lines are driven by one or more CE'1 and 
terminate at the system console~ 

I. load Indicator 
2. lnvolld Selection 

(d) Koy W 

Koy S 

.... 1; .... l .... o .... 1 _._1 .... 1_...1 .... 1 ..... 1 ......... 1 __ 7'"'"1~ ........ s .... 1 ..... 1_._1 ..... 1_1 ..... 1"""""'1i5""l-=r~'""'l16""1_._1 .... 1_.__.__ ........ 1=23"'l}""'tl ... 24.._1 .... 1_._1 ..... 1 _ _.__"""13"""1I ::aTK•y• 

NOTE: TheM are distributed simplex lines originating In the syttem 
consol.• and terminated at one or more CE's. 

(o) Koy• S and T 

The following are distributed simplex llnn originating In the 
system console and tennlnated In one or more CE11. 

1. Select CE (4 lino1) 11. Cont"'! CE (4 lines) 
2. lnterNpt 12. Activate 
3. All Slopped 13. Loocl Unit Addrou Blh (9 lines) 
4. Stop 14. Loocl Channel Addrou Bib (5 li~o1) 
5. Start 15. Loocl Storage Select Blh (5 Ii,,..) 
6. Store 16. AddrOSI Compare Slop 
7. Dioplay 17. Address Compare Loop 
B. $tore Select Main 18. Sot IAR (:;,cA-9. Addrou Keys (27 Ii nos) 19. Rat• INtructlon Step 10. Data Keys (36 linO.) 20. Loocl 

(I} KoyY 

le.) 

Figure l-39. CE to System Console Interface Lines. 
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Manual Indicator: These simplex lines originate in each CE and terminate in 

a unique indicator at the System Console to indicate when the associated Ci; 

is in the stopped state. 

Wait Indicator: The-se simplex lines originate in each CE and terminate in 

a unique indicator at the System Console when the wait bit in the associated 

CE's PSW is set to 1. 

State Indicators: These four simplex lines originate in each CE and terminate 

in unique indicators at the System Console. One and only one of these four 

signals will always be active to reflect the present status of the originating 

CE. 

Logic Check Indicator: These simplex lines originate in each CE and terminate 

in a unique indicator at the System Console to indicate that the CE has de-
' tected one of its own logic check conditions. 

Power Check: A signal iine indicating that the temperature in the CE has 

drifted to within approximately 10% of the shut-down talerance. The signal 

also indi~ates the loss of voltage, normal power off, or an element master 

powe~ off condition. 

Battery: A signal indicating that the CE has switched to battery power. 

Load Indicato·r: This multiple driver simplex line originates in one or more 

CEs and turns on a common indicator. The indicator is lit by the respective 

CE from the time an IPL operation starts until the operation is complete, 

Invalid Selection: ~is multiple driver simplex line origintl.'tes in one or 

more CEs and turns on a common indicator. The selected CE lights the indi­

cator whenever an invalid or illegal storage address is specified by the 

operator during a manual operation. 
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Select CE 1-4: These four select lines result from the four-position rotary 

switch at the System Console. Proper CE selection is under switch card con­

trol in the receiving CEs. This signal provides the necessary gating in the 

CEs for all manual operations (except "all stop") issued from the System 

Console. The system interlock (key) switch must be turned on for this select 

switch to be enabled. 

Interrupt: This signal results from depression of the interrupt key and 

causes a console interrupt signal which sets bit 25 in the PSW of the selected 

CE. 

All Stopped: This signal causes all CEs to enter the stopped state. The 

system interlock switch must be turned on to activate the all stop key, but 

the setting of the select CE switch does not affect this operation. 

Stop: This signal places the selected CE in the stopped state without de­

stroying its environmental status. The selected CE proceeds to the end of 

the in.struction being executed at the time the stop is initated. If the 

current instruction causes a prbgram interrupt; the change of program status 

words (PSW) will be accomplished before stopping. An I/O device will be 

allowed to complete its operation although I/O or external interrupts will 

not be recognized. 

Start: This sign•l starts the selected CE. If start is issued after a manual 

stop, the CE continues as if no stop occurred. 

Store: This signal causes the selected CE to store the contents of the System 

Console storage data keys in the storage location specified by the 24 address 

keys and the storage select switch. 

Display: This signal causes the selected CE to place the contents of a storage 

location specified by the address keys and storage select switch.into the Sys­

tem Console display regist~r. 
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Store.Select Main: '!'his signal results ft)Om the storage select_.,,-f.tdt_~_ 
in the main storage position and causes 1Jl4in storage addressing ~t the .ael~ 

ted CE during either. fetch or store manual operat:l,ons. · This signal line 1' 
not active with the storage sele~t switch in the.local store position an~ 

causes local storage addressing at the selected CE. 

Address Keys: These 24 ~ignal lines (+3 parity) result from t,)le 24 ins·t~uc ... 

tion address keys on the System Console and provide addressing of any address­

able local store or main storage location, 

Data Keys : These 32 s·ignal lines ( +4 parity) result from the 32 storage data 

keys on the System Console and provide manual data for storing into any ad­

dressable local store or main storage locatfon. 

Control CE: These four signal lines (+parity) result from individual sw:l:tches 

on the System Console and allow manual setting of the SCON bits in the configu-< 

ration register. Actual setting of the SCON field occurs with depression of 

the activate key on the System Console. 

Activate: This signal causes the SCON bits at the selected CE to be ·set 

according to the ·setting of the control CE switches on the System Console. 

Load Unit Address Bits: These eight signal lines (+parity) result from two 

of the three rotary-type load unit switches on the Sys'tem Console. These 

two hexadecimal characters provide an I/O unit address for use during IPL 

operations. 

Load Channel Address Bits: These four signal Unes (+ parity) tesult fro.m 

one of the three rotary-type load unit switches on the System Console. This 

hexadecimal character selects one of the eleven possible channels on the 9020 

System. 

Load Storage Select Bit: These four signal lines (+ parity) result from a 

rotary main storage select switch on the System Console. This hexadecimal 
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character represents a main storage element to be selected during IPL, or 

manual operations. 

1-93 

Address Compare Stop: This line conditions the selected CE so that any stor­

age access to the address specified in the System Console Address Keys causes 

the CE to enter the stopped stete at the end of the instruction that made the 

memory reference. 

Address Compare Loop: This line causes the selected CE to lo.op between the 

address set in the System Console Address Keys and the address set in the 

System Console Storage Data Keys. When the selected CE makes a memory access 

to the address specified in the address keys, an unconditibnal branch is made 

to the address specified in the storage data keys. Programming can establish 

a loop condition between the two sets of keys. 

Set IAR: This signal transfers the contents of the.system console address 

keys into the IAR of the selected CE. 

Rate Instruction Step: This signal operates with the selected CE and the 

start and stop keys on the System Console. With this signal, each depression 

of the start key results in one complete instruction being executed. Any 

machine instruction can be executed in this mode. 

Load: This signal line initiates an IPL i·n the selected CE. 

F. IOCE Interfacing 

The IOCE is primarily concerned with the movement of data both to and from 

the I/O equipment. The IOCE therefore is connected to the PAMs, TCUs, and 

SEs to act as a control and synchronizing element in the transfer of data 

both into and out of the main system. 

As described in a previous section, communication between IOCE and CE is 

necessary for the initiation, control, and monitoring of the various I/O 
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operations. This conununication is strictly concerned with control as there 

is no data transfer between the CE and the IOCE. Therefore·, the interfacing 

between IOCE and other elements are the subject of the discussion to follow. 

The basic interfacing with the IOCE is shown in Fig. 1-40. 

Storage Element 

IOCE-SE 
Interface 

1/0 Control Element 

Mp><r ·1 Selector l Selector 
Channel Channel Channel 

' J J 

To PAM'1, SC, 
Printer, Punch, 
Reader, and 1052 

~ 
To TCU'1 and 
Dhplay Devlen 

IOCE-CE 

Interface 
Computing Element 

Figure 1-40. Basic IOCE Inter,facing. 

G. IOCE - SE Interfacing 

Interfacing between the IOCE and SE is similar in many respects to the one 

described previously between the CE and SE. The following section will, 

therefore, show the differences between the CE/IOCE-SE interfaces. 

FLT Load: This signal is used when loading FLTs into the system, and causes 

the OR'ing of data on the SE bus with the data in the storage location ad­

dressed by the IOCE. The OR'ing is under byte .stat control, and the OR'ed 
data is returned to the addressed location in storage. 
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Suppress Log Check: This signal causes suppression of checking at the Stor­

age Element Storage Data Register {SESDR) and input switch, and allows data 

with incorrect parity to be stored into the indication location. 

H. IOCE - SC Interfacing 

The System Console is also addressable by means of the standard System/360 

I/O interface. A series«0f channel coilllllandb can, for example, be used to 

sound a bell or buzzer, set the mode indicator, set the programmable configu­

ration lights, and read the sense key settings. 

In addition to the programmable indications sent to the System Console, sev­

eral static signals are sent directly to the System Console Panel. These 

indications include: 

Element States: Four indicators representing states three, two, one, and 

zero. 

Logic Check: An indication that a logic check has occurr~d in the IOCE. 

Power Check: An· indication that the temperature in the tOCE has drifted to 

within 10'1/o of the shutdown tolerance. This indication includes loss of vol~­

age, a normal power off, or a master power off condition. 

Battery: An indication that the IOCE has switched to battery power. 

These are dynamic indications and are not under direct orogram control. 

I. SE Interfacing 

The Storage Element, as has been stated in previous sections, is directly 

interfaced with both the CE and IOCE. This interfacing is concerned priinarily 

with the transfer of information in the form of both data and instructions to 
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and from these two 

proper timing and 

elements. In addition, control signals provide the 

for the intercommunications. 

Inferfacing between the SE ~nd System Console is on a one-way basis, to the 

System Console The tem Console exerts no direct control over the SE 

, of course, for an power-off condition. 

Indications from th·e SE to the System Console include: 

Element States: Four indicators representing states three, two, one, and 

zero. 

~_£gic Check: An indication that a data check, address check, key check, or 

protect check has occurred in the SE. 

Power Check: An indication that the temperature in the SE has drifted to 

approximately lo% of the shutdown tolerance. This also indicates a loss of 

a voltage, a normal power off, or an element master power off condition. 

Battery: An indication that the SE has switched to battery supply. 

These signals from the SE dynamically indicate their respective conditions 

at the lights on the System Console Operator's Panel. 

J. PAM Interfacing 

PAM interfacing between the CEs is concerned primarily with reconfiguration, 

resets, and element checks. Data bytes are not transmitted directly between 

the PAM. and CE. 

Interfacing between the PAM. and the IOCE is based on the standard System/360 

I/O interface. Information passed between the PAM and IOCE is on a byte 

basis and can represent data, commands, and sense and status bits. 
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Interfacing from the PAM to the System Console consists of the following 

indications : 

Element States: Four indicators representing states three, two, one, and 

zero. 

Logic Check: An indication that a logic check has occurred in the PAM. 

Power Check: An indication that the temperature in the PAM has drifted to 

approximately loo/o of the shutdown tolerance. This also indicates the loss 

of a voltage, a normal power off, or an element master power off condition. 

These signals from the PAM dynamically indicate their respective conditions 

at the lights on the System Console Operator's Panel. Note that there is no 

battery indication. The PAM has no battery backup supply. 

' Communication between the PAM and the I/O devices is based on unique inter-

facing for each of the various classes of devices. These interfaces differ 

because of the data rates and formats. Each interface has the necessary data 

lines and controls to perform the required functions. 

K. TCU Interfacing 

TCU interfacing between the CEs is similar to that of the PAM; i.e., concerned 

primarily with reconfiguration, resets, and element checks. Data bytes are 

not transmitted directly between the TCU and CE. 

Interfacing between the TCU and IOCE is based on the standard System/360 I/O 

interface. Interfacing between the TCU and the System Console is, again, on 

a one-way basis consisting of the following indications: 

Element States: Four indicators :representing states three, two, one, and 

zero. 
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Logic Check: An indication that a logic check has occurred in the TCU. 

Power Check: An indication that the temperature in the TCU has drifted to 

approximately lo% of the shutdown tolerance. Tbis also indicates a loss of 

a voltage, a normal 'power off, or an element master power off condition. 

These signals from the TCU dynamically indicate their respective conditions 

on the System Console Operator's Panel. Note that there is no battery i~di­

cation. The TCU has no battery backup supply. 

L. System Console Interfacing 

Interfacing between the System Console and the major elements within the 

system has been covered and explained in the preceding sections. The majority 

of interface signals take the form of element state and check conditions. 

Therefore, many of the interfaces are of a one-way nature. 

Because the System Console is the main control console within the system, 

many interface lines extend to the CE to enable manual operator intet'Vention 

for starting, stopping, altering, and monitoring the overall operation. These 

various functions· have been explained already in the Computing El~ment Inter­

facing section. The System Console is the only major element in the system 

which is not duplicated. Therefore, all of the essential System Console 

functions have been duplicated at the CE Operator's Panel. 

The System Console is also under limited program control by the EXC control 

program. Therefore, the standard System/360 I/O interface which connects 

with the IOCE multiplexor channel provides a path for both sense and control 

~/O functions. In these cases, the System Console is treated as just another 

I/O device. 
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1-6. SYSTEM COMMUNICATIONS 

To demonstrate the use of the heretofore discussed tag lines between individual 

elements within a system the following examples are presented: 

A. CE to CE and IOCE Communications 

In the proposed ATC program, at the time of this writing, it is anticipated 

that only one CE will have control of all IOCEs at any particular time. 

Therefore, only one CE will be able to issue a Start I/O to an IOCE. If a 

CE, not configured to communicate with an IOCE, is executing a program re-

quiring an I/O operation, it must be able to initiate this I operation 

through the CE that is configured to communicate with the IOCEs. A method 

of accomplishing this is provided by allowing CEs to communicate via the 

Read and Write direct instruction with each other. 

Assume that you have a system executing an ATC type of program, and within 

that system the following elements are configured: 

1. Two CEs, consisting of CEl and CE2. 

a. CE2 is configured to communicate with all IOCEs. 

b. CiE2 is configured to communicate with CEl and vice versa. 

2. One IOCE. 

3. An input/output device. 

Assume that CEl is executing a program that requires an I/O operation. Since 

CEl is not configured to communication with the IOCE, it must initiate the 

I/O operation via CE2 which is configured to communicate with the IOCE. This 

is accomplished by CEl issuing a write direct instruction to CE2 (refer to 

the flow diagram shown in Fig. 1-41) • 
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( 
CE1 issues 

Write Direct 
Inst_:. to CE2 

Checks made by issuing CE. 
1. Is issuing CE in Suprv. 
mode? ~N ....... o~~~~~ ....... 
20 Is there only one CE I 
specified in the write 
instr.? Prog. Interrupt 

_llirect 
Communication 

Raise Write Direct 
command and put the 
data byte on Direct 
Control Bus. 

Does Receiving CE2 
have issuing CEs 
Communication bit 
set i,n its CCRi 

Does receiving CE2 
have bit 7 of the 
PSW set to a one, 
to allow external 
interrupt? 

Receiving CE2 1 s program 
would be designed such 
that CE2 _would issue 
a Read Direct Instr. 
in respomae and 
accept the data byte 
from the direct control buso 

or Ext. Start 

Raise C:Ei_ Ext. Start 
6o:ntmand Out or CE1 
Lo~out Comand Out.., 

Does receiving CE2 
have the issuing ~O 
·cEs Scon Bit set 
in its CCR? 

Ignore 
Instr.., 

Receiving CE2 
executes Ext. Start 
or Logout. 

Figure 1-41. CE Issues Write Direct. 
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CEl, if it is in the supervisory mode and there is only one CE specified in 

the write direct instruction, will execute the instruction placing a byte of 

data on the Direct Control Bus and subsequently raise the Write Direct Control 

line to CE2. This notifies CE2 that a byte of data is available on the Direct 

Control Bus. 

If the receiving CE (CE2) has CEl communication bit set in its configuration 

register and its PSW bit 7 set to a one, CE2 will take an external interrupt 

when it completes its current instruction. As a result, if the programmer 

has provided it, the program branch is in C~ due to the PSW swap will execute 

a Read Direct instruction which accepts the data byte transferred as a result 

of the Write Direct. The data byte could be the coded information that causes 

CE2 to initiate a SIO. Upon the execution of the Read Direct instruction a 

read direct control line is raised back to CEl. As a result CEl, if properly 

masked will take an external interrupt. If the programmer has provided the 

program which will issue a second Write Direct, CEl will be able to transfer 

a second byte of data to CE2. This operation would be repeated between CEs 

until all the necessary information needed for CE2 to handle the I/0.operation 

has been transferred. The data transferred might be the CCW address to be 

placed in CAW for the handling of the I/O operation by CE2. 

Another example of communications between elements of a system, such as be­

tween CE and CE and IOCE is shown in flow diagram of Fig. 1-42. Note on this 

diagram a SCON instruction is issued to reconfigure the system being used. 

CEl issues the instruction and the selected elements that receive the SCON 

are CE2 and IOCEl. After making initial checks CEl places the configuration 

mask on the Control Bus and raises .the Reconfiguration Select Lines to the 

elements selected (CE2 and IOCE). This control line informs the selected 

elements that the reconfiguration is on the Control Bus. The receiving ele­

ments check to see if the CEl bit is set to a one in their respective CCR 

(Configuration Control Register). If it is set, they accept the data from 

the Control Bus and raise a Response Line back to the issuing CEl. If both 

accepted the configuration, the condition code in the issuing CEl is set to 

a zero; if not, it is set to a two or one. 
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Checks made by issuing CE 
1. is CEl in Supervisory M:>de? 
2. does ssuing CE have its own 

SCON bit on? 
). is there at least one bit set 

in selection mask of SCON? 
4. is issuing CE in state ) or 

state 0 with test sw. off? 

Select 1-Bsk of SCON instr. 
to Select Reg. 
(thi~ mask selects CE2& IOCE1) 
configuration mask to external 
reg. of issuing CE, this puts 
configuration mask on control 
bus to rece'i . elements. 

Rai~e Reconfiguration Select 
lines to elements selected by 
select mask for 2.5 usec. 

Program Interrupt 

Raise Reconfiguratiop Response lin 
from receiving elements back to 
issuin CE 

Reconfiguration not accepted 
set cond. code to 2 or J. 

Set condition code to 0 as 
receivi,ng elements have accepted 
reconfi uration 

I - Fetch i----------
Figure 1-42. CE Issues SCON Instruction. 
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B. CE to SE Communication 

In the normal execution of instructions of a program it is necessary for the 

CE to access storage for instructions and data. In making this access the 

following control lines between elements are used (refer to the flow dia­

gram shown in Fig. 1-43). In this diagram the CE is accessing storage for 

data addressed in the instruction. The CE puts the address on the output 

bus to the SE and if the CE is configured to communicate with the SE, it 

raises Access Request control line to the SE. The SE checks to see if its 

configu~ation communication bit is set for the accessing CE and if it is, the 

SE raises a line called acknowledged back to the CE. The acknowledged line 

back to the CE causes it to wait for 25 msec. During this time the SE is 

resolving priority and raises Accept to the CE when it has resolved and 

accepted this CE. Upon reception of the Accept line the CE drops Access 

Request. The SE places the data on the bus obtained from storage and raises 

a Gate Data line back to the CE informing the CE its data is on Bus-In. 

The examples given in the preceding discussion are not meant to be a complete 

discussion of all communications between elements, but are presented to give 

the reader insight as to how control lines are used to accomplish specific 

tasks necessary for the operation· of the 9020 System. 

1-7. IBM-9020 SYSTEM DOCUMENTATION 

The documentation available for reference in the 9020 System can be separated 

into two general classifications: 

1. Hardware Documentation 

2. Operation aad Softwa~e Documentation 
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CE requires dat~ or instruction 

t address on CE...SE bus with Store Key 

If CE is allowed to communicate with SE, send Access Request~ 

SE is configured to CE and sends 
acknowled e to CE. 

SE Comm~ bit not set in CCR. 

Program Interrupt 

starts 25 msec timer in CE• CE waits 
t the request .. 

no 

and sends CE takes a Mach~ Check Int .. 

access request and drops the address on the bus. CE will raise 
e stats if store operation., 

Store 

Switch bus from address 
to data 

SE stores either new infor­
mation or regenerates the 

no 

same info. The CE continues on 
to the next routine which 
t is to. erforrn .. 

Fetch 

SE raises Gate Data and 
CE receives data. 

yes 

CE issues Logout Stop to 
SE and the CE goes into a 
routine to logout the SE. 
(by roach. check int.)CE 
raises logout proceed lines 
and stores logout in another 
SE. 

Figure 1-43. CE Accesses Main Storage. 
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A. Hardware Documentation 

The types available for hardware information can be reviewed by referring to 

Fig. 1-44. 

I 
-L, 

MOI 

SYSTEM 
POWERING 

I 
....L 
MM 

HARDWARE DOCUMENTATION 

REF. 
MANUALS 

SYSTEM 
PLANING 

! 

---'--
LOGIC 

INSTALLATIQN 
MANUALS 

I 
_!,_ 

CAS 

--1.­
ALDS 

Figure 1-44. Hardware Documentation. 

LOGIC 
FLOW DIAGRAMS 

The Manual of Instructions (MOI) is published for every major element contained 

in the Computer Complex. These manuals consist of a narrative discussion of 

the general operation of the particular element. An example of this manual is 

the "IBM-9020 7201-01 Compute Element Instruction Manual". 

The Maintenance Manuals (MM) generally contain the maintenance philosophy for 

the particular element. Included in this philosophy are error detection, 

malfunction recovery, reconfiguration, fault locating test, maintenance manual 

controls, preventive maintenance, service checks, etc. An example of this 

type of manual is the "IBM-9020 7201-01 Compute Element, 7231-02 I/O Control 

Element, 'Maintenance Manual". 
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The Re!erence Manuals (REF.) contain such information as System Powering, 

System Planning and Installation Data. An example of such a manual is the 

"IBM-9020 System Powering Manual". 

The ALDS· are automatic computer generated logic diagrams which describe the 

complete logical functions performed by the hardware of the particular element. 

There are approximately 20 volumes of the ALD type which describe the logical 

functians of the hardware for the Compute Element (7201). These volumes are 

stored on roll-around carts contained or the Computer Complex floor. Stored 

in the same manner are some 21 volumes of ALDS for the IOCE, 5 volumes for 

the SE, 5 volumes for the ICU, 5 volumes for the PAM, 1 volume for the Reader­

Punch (RP), 2 volumes for the TCU, and 3 volumes for the SC. 

The ILDS are intermediate logical diagrams which attempt to describe the 

logical operations in a simplified form. Thus, enabling one to obtain a 

general idea of the logical functions performed by a particular element. 

The CAS (Control Automation System) are diagrams that document the micro­

program routines. Each block on the CAS diagrams represents one microprogram 

word. The micro-orders that are ~pecified by the word are shown in the CAS 

block. Each block represents one machine cycle. There exists on the Computer 

Complex f !oor CAS volumes which describe the internal microprogram of both the 

Compute Element and the I/O Compute Element. 

Logic Flow diagrams are made available for practically all the major elements 

of the Computer Complex. These diagrams attempt to descr~be the overall 

operation of the particular element taking into account both the logical hard­

ware functions and the microprogram control. 
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B. Operation and Software Dqcumentation 

The manuals available for operation and software description can be reviewed 

by referring to Fig. 1-45. 

PRINCIPLES 
OF OPERATION 

SOFTWARE DOCUMENTATION 

DIAGNOSTIC 
PROGRAMS 

I 

--'-­
FL Ts 

I 
•• 

SCOPEX 

PROGRAM 
LISTING 

Figure 1-45. Software Documentation. 

UTILITY PROGRAM 
I 

USERS 
REFERENCE 

MANUAL 

The Principles of Operation Manual contains essentially a1i the operational 

information that is needed from a programming standpoint. This manual con­

tains definitions of the instruction set, masking for the interrupt scheme, 

masking for I/O operations, and a variety of operational subjects which are 

important for system operation. 

Diagnostic Program Manµal contains the diagnostic program writeups which are 

run to determine if the system will perform the instruction set. These pro­

grams are presented in "listing format". The programs include GO NO/GO, 

SmaH Storage Test, Subsystem Diagnostic Monitor {IDM), and Multi .. Processing 

Diagnostic Monitor (MDM). 
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the Fault Locating Techniques Manual provides a description and operating 

procedure for each type of .Fault Locating, or Fault Detecting category of 
tests used in the maintenance of the CE ana !OCE of the 9020 System. Speci­

fically, the manual includes ~ description of the utility program to maintain 

and update the test fapes, the purpose of the tests, the equipment required, 

the procedure for operating the tests, reference information, and preferred 

troubleshooting techniques. A companion to this manual ftre several SCOPEX 

volumes which are keyed to the addressed error.stops that occu~ from running 

the FLTs. 

The Utility Program Manual is a program which provides many functions related 

to the software operation of the IBM-9020 System. Examples of these funct\ons 

are programs which enable one to edit tape, make program listings, etc. One 

volume contains the Utility Program Listing. There are several other manuals 

that describe the procedures used with the Utility Monitor. 

C. Description of the Logic Contained in Documentation 

The Solid-Logic Technology (SLT) and Standard Modular System {SMS) are the 

type of electronic circuitry used within the IBM-9020 System. The bulk of 

this circuitry is made up the SLT type. The following is a description of 

the logic documentation contained in the ALD volumes discussed previously. 

1. SLT.Logic Description 

The Solid-Logic Technology (SLT) used in the CE consists of a coordinated 

family of miniaturized basic circuits and complete packaging techniques opti­

mized for use in electronic computing equipmtut. The three basic .SLT building 

blocks are modules, cards, and boards. A module, which is generally a com­

plete logic circuit, is an integrated component-package device with advanced 

performance, reliability, and environmental operating characteristics. Modules 

are mounted on printed circuit ca~ds in groups of 6, 12, or 24. These cards, 

in turn, are plugged··onto a printed circ;uit board. 
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Basically, SLT utilizes screened-film linear components and silicon semi­

conductors integrated on a ceramic substrate. These assemblies are the 

functional building blocks. 

The basic circuits used are diode-transistor (NAND) logic with an average 

operating time of 30 ns per decision. The choice of the NAND circuit configu­

ration provides circuit simplicity, transistor drive currents which are inde­

pendent of the input signals, and large, well-controlled noise thresholds. 

The basic circuits require only three basic components: diodes, transistors, 

and resistors (capacitors and inductors are used to meet special requirements). 

They are designed to operate properly with all components at their end-of-life 

value in the direction most detrimental to operation. Three supply voltages 

(+6v, +3v, and -3v) are used to reduce the dependence of circuit speed on 

semiconductor characteristics and provide a very narrow range of delay varia­

tion from circuit to circuit. 

Modules are normally mounted on glass epoxy printed circuit cards with con­

ductors on both sides. Three types of SLT cards are used: the 6-module card, 

the 12-module card, and the 24-module card. 

The card is provided with a connector- having beryllium copper contacts and 

welded gold contact points. There are 24 contacts on the 6- or 12-module 

cards and 48 contacts on the 24-module cards. The connector is keyed to 

prevent insertion in the wrong orientation. 

Printed circuit cards are, in turn, plugged onto a multilayer glass epoxy 

printed circuit board. This board has four conductor layers: the two out­

side layers are used for signals; the two inside, for power distribution and 

signal returns. Pins are soldered into plated-through holes on the board to 

provide contacts to mate to the card connector. Eighty-two 24-contact card 

positions are provided on the board which can be used to mount cards or 

interboard conductors. Additional plated through holes are provided for 

interconnection between conductor layers. 
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Figure 1-46 is an example of the SLT Module construction. 

Figure 1-47 is an example of the module assembly to form the 3 types of cards 

used in the 9020 System. 

PIN Circuit Type 

Pin 1 

EC Level 

Mfg. Identification 

Figure 1-46. Typical SLT Module Before 
and After Encapsulation. 
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Figure 1-47. IBM-9020 SLT Card Types. 

It is visualized that in the maintenance of the 9020 System, repairs should 

not be attempted on the cards at the field locations due .to the specialized 

procedures and test equipment required. 

The boards are arranged on the gates according to the functions which are to 

be performed or according to the applicable functional unit. The frame-gate 

locations and gate-board locations as well as the board function usage are 

shown on Figs. 1-48 through 1-50. 
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Figure 1-48. Frame - Gate Location • 

. Pin Side Pin Side 

Figure 1-49. Gate - Board Location. 
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As previously mentione~, the SLT cards plug directly into a board. These 

boards are made of epoxy glass laminated to provide four conducting planes. 

These conducting planes are used to carry signals, voltages, and ground to 

the logic cards, crossover connectors, and cable connectors. 

is a cross section view of an SLT board. 
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Figure 1-51. Board Cross Section. 

Holes are located at the intersection of vertical and horizontal lines making 

a 0.125 inch± .002 inch grid on the board. There are 6,370 holes arranged 

in 65 columns and 98 rows, each of the holes is copper plated to permit cir­

cuit connections from plane to plane. The plane. conductor patterns are brought . 
to the edge of the hole when a hole is used to complete an interplane connec-

tion. Pins, which make the connection to a card, cable, or crossover connector 

contact, are inserted into some of the holes. On the probe side. (sid"e opposite 

to the cards) the pins are used as terminals for discrete wires when wire 

routin&s are difficult or impossible to route by the Design Automation Program. 

Also, pins are used for wiring of field repairs and engineering changes. 

Board logic wiring is programmed by computer. A maximum of three printed con­

ductors 0.010 inches wide on 0.020 inch centers may be located between any 

two columns or rows. All conductors on one plane run in the same direction. 

The conductors run horizontally on the card side outer plane and vertically 

en the probe side plane. Noise coupling on the signal lines is reduced by 

running these conductors parallel to the voltage lines; noise coupling on the 

probe side is reduced by .the close proximity to the ground plane. 
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Only standard SLT supply voltages are carried by the inner planes. These 

are +3, +6, and -3. If special voltages are required, they are distributed 

by one of the following methods: 

1. Printed pattern on signal plane. 

2. Discrete wires on the probe side of the board. 

3. Minature laminar bus connection to pins on the probe side of the 

board. 

4•. Special internal pattern. 

Each gate on the IBM-9020 System is a double frame; one of these is used to 

hold the boards and the other to provide channels for the flat interconnecting 

cables. On the card side, the gate is made of pressed or molded channels. 

These channels are notched opposite the card rows so a cable can leave the 

channel and connect to a board. This notching also allows the installation 

of cable retainers. Cooling air enters the gate at the bottom. An air seal 

around the card side of a board is made by foam lined covers which force the 

air up past the cards and out the top of the gate. 

Board locations within a gate are identified by an alphabetic character that 

specifies a column and a number that specifies a row. The numbering sequenc~ 

is left to right and top to bottom when looking at the .card side of the gate. 

The numbering sequence is the same regardless of how the gate is oriented 

with respect to the machine unit. A swinging $ate may be hinged from either 

end with the card side facing either way, but the numbering sequence is still 

left to right, top to bottom as viewed from the card side. 

The logic gates are hinged to frame 01 on the 7201 Compute Element. Frame 02 

contains the inverter/converter, low voltage power supplies and other powering 

circuits. The layout of this frame is shown on the line drawings Figs. 1-52 

and 1-53. Functionally, the converter takes the incoming 60 cycle power and 

rectifies it using a full w~ve bridge. The rectified output of the converter 

is filtered to within 3~ ripple (the nominal de output is 276 v.) and fed to 
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the inverter. The inverter with its silicon controlled rectifiers and 2.5 

kc oscillator invert the filtered 60 cycle power to.a 2.5 kc square wave with 

a peak to peak amplitude of 276 volts. This square wave is passed through a 

sine wave filter and results in a 2.5 kc sine wave output with an amplitude 

of 100 volts RMS. lhis voltage is fed to the low voltage power supplies where 

it is converted to the logic voltages used throughout the element. 

While it is not visualized that the Systems Engineer will be required to per­

form actual repairs on the 9020 Computer, it may be necessary from time to 

time for him to verify certain facts in the syste~ wiring diagrams. For 

this reason a brief discussion on the various logic blocks found in the Auto­

mated Logic Diagrams (ALD) and a sample ALD with appropriate notations are 

included in this area. Since ALD type documentation is oriented to a specific 

machine, the examples presented in this area will not have any meaning as far 

as the machine is concerned. Rather, the examples will include most every 

circumstance encountered in ALD type analysis. 

On an ALD, circuits are represented by rectangular bl~cks which symbolize 

logical functions. The blocks are connected by printed lines which symbolize 

electrical connections. Inputs enter the circuits on the left; outputs leave 

at the right. Most of the page is used for the representation of logic; page 

identification and supplemental information appear at the bottom of the sheet. 

The page number is located in three places on the sheet. The page number in 

Fig. 1-67-is KH142. In this illustration the page number is in the upper 

right-hand corner, as well as in both the lower right and the lower left 

corners. 

Logic pages are numbered according to a coded prefix consisting of two alpha­

betic letters, representing the major and the minor characters. The general 

scheme of the coding is shown in Fig. 1-55. 
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CE POWER FRAME 

Figure 1-52. CE Power Frame. 
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Figure 1-53. Power Supply and Regulator 1-6 Layout. 
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Figure 1-54. Power Supply and Regulator 7-11 Layout. 
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For example, the coding for theA Register is RA. "R" is the major character; 

it means register "A" is the minor character, designating the particular 

register. Another example is KR.101, which means control (K), check triggers 

(R), Page 101. 

The general scheme as shown in Fig. 1-55 is utilized to some extent in the 

lBM-9020 processor; however, some variations are evident in the practical 

case. 

A version page snows wiring and cards that are not on the basic machine. This 

wiring must be added to that used by the basic machine. This is in direct 

contrast to the additive card code, in which the wiring is part of the basic 

machine, and only cards are added to· make the feature operative. An example 

of a version page is those pages that added the cards and wiring for floating 

point. 

A version page is made up of all basic page blocks which are unchanged in the 

version design plus additional blocks (version blocks) needed to change the 

basic page into a version page. A version number is printed at the top of 

each version block to differentiate it from a basic block. 

The machine version number appears below the page number; for a basic (stand­

ard) rilachine this number is 000. A version page assigned by Design Automation 

has a number other than 000. 
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i. Adders VI. Main Storage Registers and Controls MA-MC 
1. Addressing Adder AA-AB in CPU {Includes SOR Registers, 
2. IC lncrementer AC-AD Storage Buses, SAR, 581 "OR", M 
3. Exponent Adder AE-AF and N Regs in Mod 30) 
4. tv\oin Adder AM-AO 
5. Serial Adder AS VII. Controls 
6. VFL and DEC Adder AV-AW 1. Advance or Seq Cntls KA 

2. Branch and IC Cntls KB 
H. Decoders J. Clack Cntls KC 

I. Op Decoders ON 4. I Exec (Mod 70) I Fetch & 
2. FLP and Gen. Decoder DP Exec (Mod 60) KD 
3. Addr~:i:li ng and P;e FTH DA 5. Chan Cntrls KE 
4. Trap Decode DB 6. fix Seq Cntls KF 
5. Reg Decode DG 7. Gen Reg Cntls KG 
6. ROM Decode DR-DS 8. FLT Cntls KH 

9. ROS Cntls KK 
Ill. Counters 10. Local Store Cnth Kl 

1. Instruction Ctrs CA-CB 11. Priority and lnterropl Cntls KM 
2. local Store Address Ctr CC-CD 12. 1/0 Instr Cntls KN 
3. Misc. Ctr CE-CZ 13. VFL Cntls KP 

14. VFL Cntls l(Q 

IV. Busing (Excluding Memory Bus) BA-BZ 15. Check Triggers KR 
16. Status Triggers KS 
17. VFL Cntls & Decimal Cntis KY 

v. Registers 18. Any Misc. Cntls such as FP KT-KU 
1. A Reg RA 19. Fixed Pt, Storoge Protec.t, 
2. B Reg (BOP REG, Mod 70) RB Real Time elk, Status Cntls KW-KZ 
3. D Reg RD . 
4. E Reg (PSW for Mod 70) RE VIII. Consoles PA-PE, P J-PZ 
5. F Reg (1/0 Reg, Mod 70) RF I 052 Console Adapter PF,PG,PH 
6. G Reg (Gen Purpose, Mod 70) RG 
7. H Reg RH IX. Local Store LS-LT 
8. JReg RJ 
9.· K Reg RK x. TROS EA-EC 

10. L Reg RL 
11. M Reg RM XI. CROS ED-EF 
12. N Reg (Op Code Reg, Mod 70) RN 
13. P Reg (FLT Pt Reg, Mod 70) RP XII. Spec • Featu"" XA-XZ 
14. Q Reg (fl T Pt Reg, Mod 70) RQ 

15. R Reg (Reg Bus Latch, Mod 70) RR XI II. Hardvrore Ori en led Pages ZA-ZZ 
16. S Reg (Shifl Ctr & Exp in, 

Mod 70) RS XIV. 1/0 Channels 
17. T Reg RT Multiplex Channel FA-FZ 
18. U Reg RU Selector Channel lj GA-GZ 
19. v Reg RV Selector Channel 12 HA-HZ 
20. W Reg RW Direct Doto JA-JZ 
21. X Reg RX 
22. Vfl and Decoder Reg, Mod 70 RY xv. ROS Flow charts QA-OZ 
23. Direct Data Reg RZ 

XVL Power Supplies YA-YZ 

Figure 1-55. Definitions of Page Number Prefixes. 
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1-122 SYSTEM PROCESSING AND CONTROL 

The title block is printed in the lower right corner of the page. As 

Fig. 1-56 

1. 

2. 

shows, information can be found at three places in the block: 

At the Top 

a. The Page Title ("LS Address Register J Bits 0 through 3" in 

Fig. 1-56) 

On the Left Side 

a. Date of Processing by Design Automation (05-12-64) 

b. Log Number (or Computer Run), "074A", assigned by design 

automation 

c. The Corporate Division, WTC (World Trade Corporation) 

3. On the Right Side 

a. Machine Type, "2040". This may be a pseudo number or it may 

be the machine number followed by a suffix. The suffix dif­

ferentiates between models or features of the machine number. 

b. Frame "Ol"; within the machine, may be 01 to 63. 

c. Part number of the page "5348221 ... 

d. Block DF .is, in terms of design automation, the next available 

block serial number available for use on that page. 

E .. 1-ring C'-' 

' 03-05-64 A80088 
03-20-64 AI0099 
O<l-17-64 AIOl02 
05-07-64 253555C 

Title llock P ... 
Nu ..... 

....----'~U-AD-0-RE-55-RE-G-15-TE-RJ~-. + 
BITS 0 THRU 3 ' 

DATE 05-12-64 MACH. 20<40 J 
0 

LOG 07•A FRAME 01 3 
I 

MYERS P.N. 5~21 

IBM CORP. WTC ILK. 

Figure 1-56. Example of Title Block, Page Number and 
Version, and Engineering Changes. 
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Logic blocks shown in Fig. 1-67 are positioned on the page in a matrix seven 

columns wide and 13 rows high. The columns are numbered 1-7. Rows are let­

tered A-N, excluding I. 

A logic block is six increments wide by seven increments high; it may be 

lengthened downward to a maximum of 24 increments. The block may have one 

to seven input and/or output lines on the basic block; one to 24 input and/ 

or one to 10 output lines on the extended block. 

a. Information Inside the Logic Block 

LINE l 

The logical function being performed by the circuit represented appears on 

Line l; for ~xample, A, OR, N, FF, etc. An asterisk(*) preceding the logical 

function symbol means to design automation that,,.. the input line positions are 

placed in a certain arrangement. 

The suffix, preceded by a space and following the function, is additional 

information describing the function. The suffix is·used to indicate DOT 

functions such as A OR, OR A, N OR, OR WL; to indicate the blocks in a multi­

block configuration of bi-stable circuits such as A FF, OR FF, A PH, OR PH, 

N PH; and to indicate additional information in special component blocks such 

as RY CT, RY P, A LT. 

An asterisk (*) following the suffix and/or in position six indicates a 

special block that does not follow the rules of design automation. Some.of 

the special blocks are exit and entry, service-voltage logic, switch, and 

jack blocks, as well as discrete components such as capacitors, resistors, 

etc. 
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LINE 2 

The additive card code {special machine feature) appears here in the first 

four characters, for example, 7TR {sev~n-track tape 'feature). Additive card 

codes identify those logic blocks which pertain to a special class of machine 

features in which the feature can be installed by plugging in the feature 

cards. 

The last two characters of Line 2 contain the symbolic package ttesignation. 

The use of these .two characters allows design automation to generate the ALDs, 

to position the card on the board, and to generate the wiring {printed or dis­

crete) on the board. Blocks with the same characters in the symbolic package 

field.will be placed on the same board by the card partitioning program used 

by design automation. 

NOTE: Blocks w:i,th different symbolic packages may be packaged on the same 

board. 

LINE 3 

The circuit number {F.ig. 1-57) appears on J,.ine 3 except when design automation 

generates a pseudo block for a DOT function. In this case DOT appears on line 

three. A DOT block is a tie point for the output of two or more circuits 

feeding one circuit. 

The circuit number is the coded name given t_o a particular circuit. {See 

Fig. 1-58) 

llock Titlo 

Function -----.::---'-~~-Function Suffix 
• here denotes special inputs • here denotes o special blcclr: 
Additive Card Code Symbolic Packaging (2 char.) 
Circuit Number 002• ~ p· N be 
Cord Part Number ~ • 1~reu;~tes a connector 
Card Location Portion ord Sub-Portion (2 char.) 
Page Coordinme lloc:~ Serial Number 

fiCi.: 
( 

Figure 1-57. The ALD Logic. Block. 
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GENERAL INTRODtX;TION TO IBM-9020 HARDWARE 

SRETL - Screened Resistor Etched Tra..,.islor logic 

logic General Form - 'XVYZZ 

X Defined 

S - SRETL Generol 
T - 30ru 
U-5-lOns 
V-700ns 
0 -Analog 

VY Defined 

03 - logic Blocks 
05 - Voltage Translate Circuits 
06 - TransmiHion Line Drivers and Receivers 
07 - Sense Amplifiers 
10 - Inverting Drivers less than 50 ma 
11 - Non-lnveit Driver less than 50 ma 
I 5 - Power Driver more than 50 ma 
16 - Magnetic Head and Core Driver 
20 - Triggers 
21 - Singleshots 
22 - Oscillators 
25 - Regulators, Clomps, Clippers, anj:( Limiters 
32 - Gates 
40 - Specials 
45 - Delay Circuits 
55 - Indicator Circuits 
60 - lntegraton and Filters 
6 I - Com"°"ents 
63 - Reed Relays 
65 - Functional Card 
66 - Field Replacement Card 

ZZ DefiMd - The Unique Card 

Figure 1-58. Circuit Number Code. 

1-125 

The last four digits of the card part number appear here. The first three 

numbers, 580, are the same for all cards and are not recorded. 

The last two characters on Line 4 represent the portion and sub-portion. A 

portion represents an independent section of a card. A section may be repre­

sented by one .or more logic blocks, each of which has a sub-portion number. 

The portion character is of the form A, B, ••• z, excluding I, o, and R. ALD 

blocks which are interconnected on a card are in the same portion. Every 

block in a portion has a unique sub-portion number. These sub-portion numbers 

are assigned in the sequence 1, 2, ••• 9, A, B, ••• Z (excluding I, o, and R). 
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EXCEPTION: When a circuit with an unloaded collector and an associated load 

resistor packaged on the same card are used together, the block 

designating the load resistor has the same portion as the unloaded 

circuit, and the sub-portion character is R. 

The card location is placed at Line 5 as follows': 

LI1'l'"E 6 

l. Character one is the gate (A=Z) followed by a dash. 

2. Characters three and four are the board location, one alphabetic 

and one numeric. 

3. Characters five and six are the card location, one alphabetic and 

one numeric. 

The print location in positions l and 2 of Line 6 are the grid co~ordinates 

of the block on the ALD page, for example, lB, 3F. The serial number of the 

logic block appears in positions 5 and 6, and is expressed in alphabetic 

characters. Serial numbers begin with AA and proceed in a sequential order 

(AA, AB, AC, ••• zz). Serial number~ AA through RZ refer to the basic system 

group, and numbers SA through ZZ, to the special engineering group. 

An Engineering Change (EC) may add logic blocks in which case the sequence 

of double alphabetic characters would be continued. An EC may move a block 

to another print location, but the serial number for that block will stay the 

same. If an EC eliminates a block, that serial number will not appear again 

on that page. The block serial number is an integral part of the net number. 

(See the "Glossary". ) 
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b. Information Outside the Block 

Title and Version Number 

When logic blocks have been assigned a title, the title appears over the 

block. The version number appears in the title area for all version blocks. 

Pin Numbers 

Pin numbers are in line with the input or output line. They are the actual 

numbers of the base pins of the card. 

Asterisk (*) On an Input or Output Line 

An asterisk {*) on an input or output line denotes a connection that leaves 

the board. The routing is found at the bottom of. the ALD page, keyed with 

the serial number of the block and the output line number, e.g., AQ4. 

c. Information on the Side of the Block 

Wedges 

The wedge (c:::,. ) is a small triangle at the point where a signal line joins 

a logic block. The wedge indicates that the active state of this line (the 

state which satisfies the functlon of the block to produce an output line of 

the state indicated) is at the least positive potential with respect to the 

most positive potential shown by the signal line without a wedge. 

A wedge is placed in the edge of the block on an input or output line. When 

the block or circuit 1b performing its function, the wedge indicates the most 

negative (least positive) DC voltage that will be found on the line. 

NOTE: Signal lines are operated at one of two voltages, an up level and a 

down level. Because SLT circuits operate at different speeds and at 

differertt pJlse levels (O.Ov to +12.0v; +0.9v to 3.0v, etc.), the line 

level designated by the wedge must be described as the most negative 

AC-940 CBB9AO 7/68 



1-128 SYSTEM PROCESSING AND CONTROL 

(least positive); the absence of the wedge is the most positive (least 

negative) level of the line. 

E in the Side (Figure 1-59) 

An'E is placed in the side of the block whose inputs are being extended. An 

example is a circuit that is used to add inputs to another AND or OR circuit; 

the connection from this second circuit to the first is made at other than a 

normal input or output of the first circuit. A connection of this kind is 

shown without polarity and is labeled E {for extender). 

003 
004 A 

007 

009 E 006 

B04 

005 A 807 

006 

Figure 1-59. Extended Logic Block. 

K in the Side (Figure 1-60) 

Non-logical outputs of different blocks are not tied together by DOT blocks. 

Instead, a K is put in the edge of the block in line with each (except one) 

of the outputs connected together. The one exception is the output used to 

determine the net number. 

Output (or input) lines on the same block may be tied together. In this case 

the net number will be the position without the K in the edge of the block. 
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,____,,._A 

AA 

D 
Figure 1-60. Non-Logic Designation (Output-). 

Nonlogical outputs on different blocks may be tied together when: 

1. All the outputs tied together appear on the same page. The net 

number then includes the line origin of one of the outputs from 

one block. The commoned outputs are differentiated from the source 

by a K in the edge of the box position. 

2. All of the outputs tied together are not on the same page. In a 

situation of this kind the outputs tied together on one page show 

an output to the right side of that page. The outputs in the same 

net on other pages return to the left of their respective pages 

and are referenced to the first page in the normal manner. The 

net number includes the line origin of one of the commoned outputs 

of the first page. In the edge of all the other blocks having 

outputs in the same net, a K appears in line with each commoned 

output. 
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1-130 SYSTEM PROCESSING AND CONTROL 

P or N in the Side (Figure 1-61) 

When a~apacitive input to a block is designated, a P or Nin the side of the 

block indicates the polarity of the shift necessary to satisfy the function 

of the block. 

PD _lndicat~ 
positive-going shift 
through AC coupling 

positive-going pulse 

lndica~ 
negative-going shift 

negative-going pulse 

Figure 1-61. Capacitive Input Logic Block. 

X in the SJ.de (Figure 1-62) 

Non-logic connections to a logic block have an X in the side at the place 

where the.polarity indicator (wedge) is normally placed. This non-logic 

input or output can be a bias line. In the accompanying illustration D06x 

is a non-logic connection to the two-way OR block. 
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004 

005 

Bias 006 
)( 

OR 008 

Figure 1-62. Non-Logic Designation (Input). 

1-131 

The following example shows the use of the X in the edge of the block. There 

is an X on the lines labeled D05 and J13, showing that these lines are the 

same. (It is really one ground line that is common to several blocks and 

completes the ground circuit in these blocks.) At location lL, lines Dl3 

and Gl3 are similar to lines D05 and J13 except that there is a K at Gl3 

because a net may have only one source. (Other•input lines to a net are de­

signed with the K.) 

Sense Am 

-804 x 'OR J12'-- DlOt:J-AR-LT 

- 915 IS07AT T06CE 
-004 

-005 ~JK-DM~J13'!B10 2K-DK 

-812 'OR G12' 809 'AR-LT 
-813 x 

-012 jso?AT T06CE 

- 013 x KG13 810 
Ill-ON• 2L-DL 

Figure 1-63. Multiple Block Logic. 
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d. Line Names 

Input Line 

Each input line (Fig. 1-67) entering an ALD page has a net number and a line 

name. 

The net number is composed of the source page, the serial number of the source 

block, and the line origin of the source block. For example, KH141BD4 means 

that this line came from page KH141, from the block whose serial number at BD 

on that page, and from the fourth line position on the block. When an input 

line comes from more than one particular unit, such as one of many types of 

I/O units, or from more than one memory, a pseudo-net number will be put on 

the ALD net number position. These pseudo-net numbers will generally be in 

sequence on a page starting at 000. 

A net is a set of signal points (a source and sinks) which are electrically 

interconnected. Generally the source point refers to the output pin of the 

driving block, and the sink points refer to the inpu·t pins at the driven 

blocks. The net identification is used to indicate which points (pins) oelong 

to a given network. 
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Net Numb•rsuLogical Function Name L:As101 E:: 4 h 1 • f · Page Number OR / t 1ne o print 

Output Net AB JOJCD4 

DC621CD4 

c 
Block ,Serial Number 

Figure 1-64. Circuit Description. 
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The line name is generally a description of the, line function and is signed 

plus (+) or minus (-), depending upon the active condition of the line at 

that point. If most of the lines in the box are plus (+), the sign may not 

appear uctless it is minus(-). 

Output Line 

On each ou~put line (Fig. 1--67) leaving the ALD page, the sink page number 

(where the line is going)) the line name (with the sign of the active state 

of the line), and the line origin are printed. 

The line origin is composed of the seriaLnumber of the last logic block 

before the line name and the number of the printing line of that block. 

Whenever the output line branches to several pages, the other "to" pages are 

listed below the sink page number. 

In Fig. 1-67 the output line is "KH141 System Reset and MSSl". The sink page 

number is KH141 (the page where the line is going); the active state of the 

line is minus (-)and a description of the line would be "System Reset and 

MSSl"; the source point is the logic block whose serial number is AW, and the 

line leaves the block at position 4. 

2. SMS Description 

Basically the SMS·logic blocks are presented in similar fashion as the SLT 

logic. However, there are some important differences which are pointed out 

by the following: (Refer to Fig. 1-65)' 

The logical blocks are identified with the same type symbols, but in 

addition, the symbol is preceded by a polarity of negative when that 

is the relative polarity necessary in order to satisfy that logical 

function. For example, a negative AND gate requires all the inputs 

to be negative in order to be satisfied. The flags used in SLT logic 

are not used on the SMS logic. 
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The position of the output line with respect to the logic block indi­

cates whether the output is of the same relative polarity or the 

opposite relative polarity with respect to the input polarity when the 

logic block is satisfied. If the output line is connected to the upper 

half of the logic block, the output is of the opposite polarity. If 

the output line is connected to the lower half of the logic block, it 

is of the same relative polarity of the input when the logic function 

is satisfied. 
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CHAPTER 2 

COMPUTING ELEMENT 

2-1. COMPUTING ELEMENT 

The IBM-7201-01 Computing Element (CE) in the IBM-9020 System contains the I 

logic to perform arithmetic, logical, and 1/0 instructions. In addition, the \ 

CE contains other facilities, such as maintenance aids and unique circuitry 

for the control and monitoring of a multi-element system. 

The IBM-7201 Computing Element has a wide range of computing and processing 

capabilities. It can operate using ~ixed or variable-field length data. 

Arithmetic operations may be performed with decimal numbers, floating-point 

numbers, or binary numbers. 

The CE has sixteen fullword general registers and four doubleword floating­

point registers that are available to the programmer. These registers are 

located within a sixty-four word, Local Storage. 'J?he other locations within 

Local Storage contain working registers used for CE internal operations, and 

are not available to the progrannner. 

Data flow and instruction execution are controlled by a Read Only Storage 

unit. This is a capacitor storage unit operating on a 0.5-µsec cycle. The 

storage unit holds 2816, ninety-bit words used for CE internal control. Each 

ninety-bit word termed a microinst.rruction, controls the actions of the CE for 

that 0.5-µsec cycle. Groups of microinstructions are linked to form a micro­

program. The microprogram controls an entire sequence of machine operating 

cycles to perform a complete operation. Read Only Storage is not normally 

addressable by the main program, and modification of the data contained in 

this unit can be made only by physically changing the components. 

A control panel contains the switches and indicators necessary to monitor, 

operate, and control the computing element. The main functions of the con­

trol panel are to provide various operator controls and facilities for 
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displaying the contents of various functional units within the CE. The con-

trols are divided accord to their functions into the monitor section and 

the maintenance/operation section, 

The 7201-01 Computing Element is constructed using the SLT structural form. 

There are 2 frames 3 a logic frame and a powe1:. frame ( 02). The logic 

frame has five gates (A-E) and each contains up to 20 boards (Al-E4). 

2-2. COMPUTili!G ELEMENT FUNCTIONAL UNITS 

Within the Computing Element are blocks of elec used to per-

form various computational functions. These blocks are referred to as the 

"functional units" of the elemenL The functional units and their related 

data paths are shown in Fig© 2=64a Those functional units shown within the 

heavy lines (1v1over Out B·us and .Adder Out Bus) are concerned ly with 

internal data manipulation, while those around the periphery of the diagram 

are used primarily for system monitoring and system control features, 

In examining the data flow chart in F , 2~64 

be observed: 

fol 3 :rules should 

1. Data gates into the top of a functional unit and out the bottom. 

2. The numerical bit positions shown above each functional unit, 

designate the bit position of the bus that can be gated into the 

functional unit. line position, on which the numerical desig-

nations occur with respect to the functional unit, designate the 

bit positions assumed within the functional u.nH. Example: Bits 

0 - 15 of the Adder Out Bus can be 

31 of the M register, 

into bit positions 16 -

3. The bit positions at the of the functional unit are repre-

sented numerical The bit posit ions out of a functional 

unit are shown by the line position under the functional unit. 

The numerical des ions under a functional unit refer to the 
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input positions of another functional unit or bus. Example: 

Bits 24 - 31 of the M Register are gated to bit position 0 - 7 at 

the right ·side of the mover.) 

A. Regist.ers 

Registers in the 7201 processor are temporary storage devices usually com­

posed of a number of polarity hold logic blocks. (A polarity hold is a 

block similar to a latch or trigg~r .except that there are no resets.) A 

register may hold either control information or data as determined by the 

microprogram. Information is set into a register by a clock pulse which~is 

also gated by the microprogram. A brief discussion of each of the registers 

follows. For convenience, these registers are arranged in alphabetic order. 

1. Address Translation Register 

The Address Translation Register (ATR) contains 48 bits although it is physi­

cally divided into ATR 1 and ATR 2 containing 32 bits and 16 bits respectively. 

This register is divided int~ twelve 4 bit groups. Each group is assigned a 

range of logical storage addresses. The content of each ATR position deter­

mines the physical Storage Element to be accessed for an assigned range of 

logical addresses. 

The Address Translation Registers may be altered by the SATR instruction or 

changed manually from.the CE Console during maintenance or testing. The con­

tents of the ATR may be stored by the IATR instruction. Figures 2-1 and 2-2 

are positive logic diagrams of the ATR. 

This register is one of those used primarily for system control. features and 

will be functionally incorporated into the system operation in subsequent 

material. 
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2-4 SYSTEM: PROCESSING AND CONTROL 

Figure 2-1. ATR Posit ions. 

A~rOut ®ull 

15 

CONCI® 
5.,;1clws (FLT) q:h_ 

Arn 
ATR l 15 31 

'lo: I. ·u~#em 

2. 
3. 

Figure 2-2. Address Translator Data Flow. 

2. Check Registers 

The check registers are used to indicate data flow erros within the processing 

unit. The Check Register Table shows the bit assignment for each position 

of these registers. They are dis 

eluded in the logout of the system. 
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CHECK REGISTER #1 CHECK REGISTER #2 

Error Indicated 

Half-Sum 0-7 
Half-Sum 8-15 
Half-Sum 16-23 
Half-Sum 24-31 
Full-Sum 0-7 
Full-Sum 8-15 
Full-Sum 16-23 
Full-Sum 24-31 
Group Carry 
LB Counter 
MB Counter 
MD Counter 
Length Counter {Gl) 
Length Counter {G2) 
Mover Left Input 
Mover Right Input 
Mover Output 
Storage Address Register 8-15 
Storage Address Register 16-23 
Storage Address Register 24-31 
ROS 1-30 
ROS 32-55 
ROS 57-89 
Log Request 

Bit 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 

Bit 

0 
1 
2 
3 

Error Indic·ated 

CCR Parity 
Storage Check 
Storage Timeout 
SE LOS 
Fetch Data Check 
Invalid ROS Address 
Log ROS 
Log Adr 
CE Logout Request 
Control Bus Check 
PSBAR ELC 
PSBAR Parity 
Spl.it Logout 

STORAGE CHECK REGISTER 

Binary decode to 
determine SE 

Check Register Table 

3. Configuration Control Register {CCR) 

The Computing Element's Configuration Control Register contains 36 bit posi­

tions (32 control bits and 4 parity bits). This register is set internally 

or from another CE's External Register by means of a SCON instruction. It 

may also be set from the CE Control Panel for maintenance or tests. The CCR 

defines which elements are able to communicate with one another, and from 

.what element certain control instructions may be accepted. {See Fig. 2-3). 
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Gate from Se IV 

To CCR P0-7 
P0-7 CGR F0-7 

Coo Mmk P0-7 El l'H 

C0<1 Mook P 0-7 E2 
Coo M<W< P 0-7 E3 

S..t CCR P0-7 

Ext Rog 0 

To CCR Poo 0 0 CCR Po• 0 

Coo Mwk 0 El 
Con Mmk 0 E2 
Coo Mook 0 E3 

S.1 CCR I ond 0 

Con Mmk 31 El CCR IOCE 3 
Con Mmk Ji E2 
Con M"'k 31 E3 

Sot CCR :18-JI 

Figure 2-3. Typical Configuration Control 
Register Positions. 

4. Diagnose Accessible Register 

The Diagnose Accessible Register (DAR) is a 32 position register normally 

accessible by the diagnose instruction. The register contains the external 

interrupt requests shown in Fig. 2-4. Any DAR bits not masked by the DAR 

mask in the Select Register will cause an external interrupt if PSW bit 7 is 

on. This interrupt will cause bit 31 of the old PSW to be set. Figure 2-5 

is a typical DAR ppsition. 

IOCE IOCE IOCE 
I 2 3 

S!'crogo 
ELC 

PAM TCU CE 
ELC ELC Own 

CE 
ELC 

Figure 2-4. Diagnose Accessible Register. 
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No1 lle,.1 DAil 

DAA Poo 0 
PH PH 

OTC IOCEI 

Lat<:h Clock 

Reg Clock 

27 
DAR Poi V 

ELC CE 1 
PH 

CCR Pos SCONl Gate1ELC 1 

Figure 2-5. Typical Positions of DAR. 

5~ External Register 

The External Register in the Computing Element is a 36 bit (32 data bits 

plus 4 parity) register used to supply I/O operation codes, unit and channel 

address, and PSW information for FLT, IPL and I/O instructions. This register 

also provides the configuration mask ror selected elements in the Set Configu­

ration (SCON) instruction. Figures 2-6 and 2-7 are typical positions of the 

External Register and Data Flow and gating for the External Register. 

AO&O 
TEX ht R 0 

MoverO 
WTLC 

Set 

AOa7 
Ext Reg 7 

Mover 7 

Figure 2-6. Typical Positions of External Register. 
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c 
PS8AR ~ I ~ r::;l(:!(l..23) •• ·CT(29-31) 

7@____! 19~ ~I 

Flgure 2-7. External Register Data Flow and Gating. 

6. External Interrupt Register 

The External Interrupt Register (INTR) provides buffering for 12 interrupts. 

Referring to Fig. 2-8 positions 20~23 and 26-29 indicate CE read direct and 

write direct interrupts. Positions 24 and 25 indicate timer and console key 

interrupts respectively. Position 30 is a spare and position 31 indicates 

that one or more interrupt requests are pending in the DAR. These interrupt 

conditions are maskable by PSW bit 7. Position 31 is also maskable by the 

Select Register. (Position 0-26 of DAR will set bit 31 of INTR if the corre­

sponding bit of the DAR mask in the Select Register is on.) 

7. F Register 

The F Register is a 4 bit register used in the shifter data When added 

outputs are shifted, the bits entering the overflow latches may be spilled 

into the F Register for temporary storage. Also, bits from the F Register 

may be entered into the adder out bus latch positions. 

Figure 2-9 shows both the overflow latches and how they are set. Because 

the F Register is ,involved with shifting the adder additional in-

formation will be found in the section on the Shifter Data Path. 
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....___ ..__ 
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~ 
Ext ln~Pos29 
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J 
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Spare En tr 

~ 
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PH PH 

I 
'--I ~ 

...____--,;: 

r~ 
...______. ...____. 

Masked DAR 0 

Masked DAR 26 Ext Int Re Pos 31 
Masked DAR 31 

Gated ELC 1 
Gated ELC 2 
Gated ELC 3 
Gated ELC 4 
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Timer Int Stat l 
AR Timer Int Ext Int Pos 24 Ext Int Reg Pos 24 
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Figure 2-8. External Interrupt Register. 
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8. H Register 

The H Register is an alternate source of data for the adder Y input. Infor~­

tion may be gated into the H Register from the instruction address bus (bits 

8-31), the adder out bus (bits 0-31), or the adder overflow latches (bits 

0-3). Figure 2-10 is the graphic representation of the H Register while 

Fig. 2-11 shows how this register is- set. 

MderOutlus 

31 

Ovrlo Lths 

ili 
Instruction /lddr Bus 

H Register 
31 

Adder y Input 

Figure 2-10. H Register Data Flow and Gating. 

~!.~-~·s ·'-~7 -·. 

IAC.trt.~~ 
Set H Rog 9.15 

~:t{~:;;f }i.f :_~-~~ 

Figure 2-11. H Register Set. 
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2-12 SYSTEM PROCESSING AND CONTROL 

9. Instruction Address Register 

The Instruction Address Register (IAR) together with the instruction address 

counter and its associated output latches, is used to keep track of the ad­

dress in main storage of the NEXT instruction. 

Because all instructions are either 2, 4, or 6 bytes long and main storage 

delivers data in one word (4 byte) increments, we update the instruction 

address by either 2 or 4 (bytes) each time it is used. 

Figure 2-12 shows the low order positions of the Instruction Address Register 

and the circuitry used to update the instruction address after each use. High 

order positions are similar except instead of "cou:nt by 2 and count by 411 

lines, carry lookahead lines from the lower positions are used. 

10. J Register 

.. 
The J Register is a four bit storage area used to supply bits 2-5 of the local 

storage address under control of the microprogram. The J Register is supplied 

inputs from either the adder out bus or from the mover out bus and parity is 

supplied from the adder latch 8-11 or the mover latch 0-3 parity positions 

respectively. Figure 2-13 is the logic flow and gating 2nd level for the 

J Register. 

11. L Register 

The L Register is the primary source of data for the adder left (XG) input; 

it also serves as a data buffer register for local storage. The entire con­

tents of the L Register may be gated to the adder input, or bit positions 

16-31 may be gated to positions 0-15 of this input. In addition, any byte 

of data from the L Register may be gated to the U input of the Mover, and a 

path is available to gate the entire contents of this register to Local Store. 

Figure 2-14 is the data flow and gating diagram for the L Register and Fig. 

2-15 is the register set logic for this register. The inputs to the L 
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.o 
12 

Mover Out Bus 

Adder Out Bum 

J Register 

To Local Storage 
A.ckWou Rog ister 

(MD 0-3) 

Figure 2-13. J Register Data Flow and Gating. 
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[ Loco I Storage J 
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0 7 8 31 

f L Register l 
0 15 

0 7 0 7 0 7 0 7 
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Figure 2-14. L Register Data Flow and Gating. 
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Clock Reg CPU 

Gate LS to L 
VFL Correction to L 

WtolBteO 
Set l Reg 0-3 and 4-7 

lotch to L 0-7 

WtolBytel Set l Reg 8-11 ond 12-15 

lotch to l 18-31 

WtolByte2 Set L Reg 16-19 and 20-23 

WtolBte3 
Set L Reg 23-27 and 28-31 

Figure 2-15. L Register Set. 

Register are supplied from either the adder out bus, the mover out bus, or 

local store, all of which are under control of the microprogram. 

12. Local Store Address Register 

Local Storage in the 7201 Computing Element consists of a two dimensional 

ferrite core storage· unit providing storage for 64 words of 36 bits each. 

Not all of the available storage space is utilized in the Computing Element. 

Local Storage operates on a 500 nanosecond read/write cycle time thus pro­

viding high speed random access storage for use within the processor. 

The table in F;i.g. 2-16 indicates the permanent uses to which the various 

local store areas are put to in the 9020 System. Notice that the local store 

array is divided into quadrants, with each quadrant having a specific func­

tion or type of data. This data will be supplied from either the L Register 

or the R Register under the control of the microprogram. Once the data is 

stored in the array it will remain until it is changed {or read out and not 

restored) even though power may have dropped. The preservation of the data 

in local store in power off conditions will be true provided that the control 
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aicro 
Progr ... r 

DU. Mask 

Working Store 
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Progr.- Floating Point 
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1111 
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thru 
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0000 Pixed Point Regi1tera 
thru 
1111 (16) 

Figure 2-16. Local Storage Location Chart.· 
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lines to memory were off prior to the power loss and that the local store is 

not selected until the logic v.oltages have all sequenced up. 

Figure 2-17 shows the data and addressing paths for Local Store. It should 

be noted that either the L or the R Registers may be used for the input and/ 

or output. It is also possible to read data into one of these regi8ters and 

write data back to Local Store from the other. The sense register latches 

retain the data readout during a Local Store cycle until the next start memory 

eycle occurs. It is in this manner that a parity error associated with Local 

Storage operation may cause the data readout to be gated back into the same 

address from which it was read out. 

The Local Storage matrix is addressed by a six bit address register. This 

register feeds the gate drivers, read drivers, and the write drivers to 

determine the specific word for read or write oper.ations. Decoding of the 

LSAR bits to determine gate, read, and write drive lines may be examined on 

Fig. 2-17. The data contained in this register is retained from one cycle 

to the next. Local storage addressing is under the control of the micro­

program and data may be supplied to the LSAR either directly from the ROSDR, 

or under micro-order control from the Local Store Function Register, the J 

Register, or the MD counte~. 

13. Local Store Function Register 

The Loe.al Store Function Register is a two bit register used to store the high 

order bits of the address. This register will gate these two bits to the 

Local Store Address Register (under the control of the microprogram) to select 

the quadrant of local store to be used for this access. The data is gated into 

the isFN directly from the microprogram control word (Emit Field). 
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14. M Register 

The M Register is a source of data for both the adder Y input and the mover 

V input. 

Figure 2-18 shows that information on the mover out bus can gate into any 

byte of the M Register. Also, either -the entire 32 'bits of the adder out 

bus can gate into the M Register or bits 0-15 can gate into positions 16-31. 

Notice that any M Register byte can gate out to the mover V input. Notice 

also that by gating positions 0-15 of the AOB into positions 16-31 of the M 

Register it is possible to effectively shift right by 16 positions (or two 

bytes). 

Figure 2-19 shows how the M Register is set. 

c Adder Out Bus 3 
\ lv'over Out Bus J 
l 

. 
l l ] 0 7 0 7 0 7 0 7 

0 15 

[ M Register J 
16 ..1.1. 

0 7 0 7 0 7 0 7 

1 l l I 
~ lv'over V Input Mover V Input j 

I_ Adder Y Input j 

Figure 2-18. M Register Data Flow and Gating. 
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Clock Re CPU 

Latch lo M 

WtoM Set M Reg 0-7 

Set M Reg 8-15 

DAM Bit 0 

Set Lotch 

Set M Reg 16-23 

_ii_AM_B_il_l ___ _., PH 

Set M ~eg 24-31 

Figure 2-19. M Register Set. 

15. Mover Function Register 

Because many of the commands given to the mover are repetitive for a given 

situation, a mover function register can temporarily store a micro-order. 

The content of the mover function register, then controls the particular 

function to be performed by the mover. 

Figure 2-20 is an active level diagram of the mover function register and 

Fig. 2-21 shows what each possible bit combination causes the mover to do. 

The active level diagram shown is for the IOCE; however, by the deletion of 

the circuits used in the I/O mode, the circuits ~n the CE are identical. 

16. Preferential Storage Base Address Register 

The purpose of the PSBAR is to reference the proper PSA currently assigned 

and associated with the C~ or IOCE program. PSA references to old and new 

PSWs, channel CAWs, and CSWs, and logout areas always refer to low-order 
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Figure 2-20. Mover Function Register (WFN). 
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Figure 2-21. Mover Function Register Values. 
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fixed addresses starting at location zero. The low-order addressing is auto­

matically recognized by hardware circuits whenever the 12 high-order bits are 

·all O's. When high-order O's are.detected, the 12 bit PSBAR value is OR'ed 

with these zeros to produce a reference to the proper PSA area. 

The OR'ing of PSBAR is completely automatic and is performed at the out bus 

to the SE. Note that the original address contained in the instruction is 

not changed. PSBAR is composed of both a logical and physical PSBAR related 

to each other through the Address Translation Register as shown in Fig. 2-23. 

17. Logical PSBAR 

This 12 position register is loaded by the load PSBA instruction, and once 

loaded will retain its initial setting until reloaded or changed by an exter­

nal start. Figure 2-22 is the positive logic diagram for the logical PSBAR. 

Positions of the register are labele.d to match their corresponding address 

positions. The twelve positions may be divided into three logical sections: 

positions 15-19, which can se·lect a particular PSA within a storage element; 

positions 9-14 which select a particular SE (or LCS); and position 8 which 

is not used. 

As will be explained later, positions 9-14 of logical PSBAR are gated into a 

6 position binary counter that is used to. automat"ically selec·t a new SE under 

certain malfunction conditions. The logical' register bits (15-19) and the 

present position of the 6 position counter (9-14) can be obtained by the pro­

gram by means of the Store PSBA instruction. 

18. Physical PSBAR 

The physical PSBAR specifies the physical (actual) SE/I.CS to be used in the 

storage reference. This physical PSBAR can be thought of as a seven position 

register accounting for positions 8-14 of the address. Actually, physical 

PSBAR is a four position register set to the identification character found 
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Figure .2-22. Logical PSBAR. 
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ATR 
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IOCE 

PSBAR Counter 

Figure 2-23. Physical PSBAR Data Flow. 

in the corre~ponding position of the ATR. Because the contents of Physical 

PSBAR ar~ always available in translated form, references to the preferential 

storage are relocated independent of the ATR. (Refer to Figs. 2-23 and 2-24). 

19. PSBAR Counter 

Positions 9-14 of the logical PSBAR are set into a six position binary counter 

which is considered to be an integral part of the logical PSBAR. By ~ans of 

.this counter, each CE can automatically reference an alternate PSA whenever 

inhibit logout stop (ILOS) bit is off in the CCR, and a failure occurs on an 

access to the SE containing the primary PSA. The alternate PSBA is obtained 

by incrementing the counter (adding successive 131,072-byte increments) until 

the next configured SE is reached. 

As the counter· is stepped, each higher logical position of ATR is tested for 

an identifier character of a configured SE. When the first configured SE is 

FOUND IN THE ATR, physical PSBAR is updated with'the new identifier character. 

PSA references are now made to this new storage element where the operational 

program has previously set up proper PSWs, CAWs, CSWs, etc., for use in this 

situat1on. 
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Figure 2-24. Physical PSBAR 
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If the counter reaches the highest s·E in the system, incrementing continues 

past the non-existing SEs until an end-around effect is achieved, stepping 

from the highest to the lowest SE. The ATR is again te1ted from left to 

right until. an alternate SE is found. After stepping to an alternate storage 

element, the PSBAR counter is inhibited from further stepping until a load 

PSBA instruction is executed by the CE. This instruction {or an external 

start) resets the counters stepping abilities and allows normal incrementing 

to take place. {Refer to Fig. 2-25). 

20. Program Status Word Register 

The Program Status Word {PSW) contains detailed information on the status 

of the CE. The current PSW is divided between transistor register positions 

and a local storage location. PSW bits 0•19 are maintained in transistor 

registers, which perform the required functions by direct logic controls or 

by being accessible for microprogram branching. These positions are also 

buffered in local stor.age location 01, 0111 since they do not have a read­

out path {except for scan-out). Positions 32-39 of the PSW are also held in 

transistor register positions, which may be set by logic or through the mover. 

These bits may be read out through the mover. Positions 40-63 of the PSW are 

held in the instruction address register. See 7201-01 Data Flow Diagram, 

Fig. 2-64. 

The type of interrupt determines the interruption code to be stored in posi­

tions 20-31 of the old PSW address. In the basic interruption sequence the 

old PSW is assembled from the local storage buffer location, the interruption 

code, the transistor registers containing positions 32-39, and the instruction 

address ·register. Each of the two words of the PSW is stored as it is assem­

bled. The storage protection key is set to zero in order to ensure successful 

storing. 

By storing the PSW, the program can preserve the detailed status of the CE 

for later use. By loading a new PSW or part of a PSW, the state of the CE 

may be changed. 

AC-940 CBB9AO 7/68 



-..;i -O'\ co 

II H 

f STORAGE ADDRESS R;GISTER 

[ LOGICAL 
PSBAR 

11 14 

I 
PSBAR 

CTR 

PHYSIC 
PSBAR. 

I 
15 19 

I • 

i 

15 19 

I STORAGE ADDRESS 

Figure 2-25. Preferential Storage Data Flow .. 

SI 

[\) 
I 

[\) 
V1 
> 



2-26 SYSTEM. PROCESSING AND CONTROL 

All or part of a PSW may be stored or loaded. The entire PSW is stored and a 

J:'!leW PSW is introduced when the CE is interrupted. The rightmost 32 bits are 

stored in Branch and Link. The Load PSW instruction introduces a new PSW. 

Set "Program Mask introduces a new condition code and program mask in the PSW. 

Set System Mask introduces a new system mask. See Fig. 2-26. 

System Mask: Bits 0~7 and 16-19 of the PSW are associated with I/O Channels 

and external signals as specified in the following table. When a mask bit 

is 1, the source can interrupt the CE. When the bit is O, the corresponding 

source cannot interrupt the CE and the interruption remains pending. 

System 
Mask Bit Interruption Source 

0 Multiplexor Channel A 
i Selector Channel 1A 
2 Selector Channel 2A 
3 Selector Channel 3A 
4 Multiplexor Channel B 
5 Selector Channel lB 
6 Selector-Channel 2B 
7 Timer, Interrupt Switch; External Switch 

16 Selector Channel 3B 
17 Multiplexor Channel C 
18 Se lee tor Channe 1 lC 
19 Selector Channel 2C 

Protection Key: Bits 8-11 of the PSW form the CE protection key. The key 

is matched with the four high-order bit~ of a storage key whenever data are 

to be stored, or whenever data are to be fetched and the fetch-protec·tion 

bit in the storage key is 1. 

~: These letters represent bits 12-15 of the PSW. 

A (bit 12) represents ASCII. When bit 12 of the PSW is 1, the codes for the 

extended ASCII format are generated for decimal results. When PSW bit 12 is 

O, the codes for the extended binary-coded-decimal form.at are generated. 

M (bit 13) represents machine-check mask. When PSW bit 13 is l, the machine­

·heck interruption, element check (ELC) out signal and diagnostic logout 
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occur upon malfunction detection. When PSW bit 13 is O, the CE is masked for 

machine-check interruptions. The interruption and logout do not occur. An 

ELC out signal is issued as before and the interruption.remains pending. 

W (bit 14) represents the wait state. When bit 14 of the PSW is 1, the CE 

is in the wait state. When PSW bit 14 is O, the CE is in the running state. 

P (bit 15) represents the problem state. When PSW bit 15 is 1, the CE is in 

the problem state. When PSW bit 15 is o, the CE is in the supervisor state. 

Interruption Code: Bits 20-31 of the PSW identify the cause of an I/O, pro­

gram, supervisor call, external or machine-check interrupt. Use of the code 

for all five interruption types may be found in 9020 Principles of Operation. 

Instruction Length Code (ILC): Theecode in PSW bits 32 qnd 33 indicates the 

length in halfwords of the last interpreted instruction when a program or 

supervisor-call interruption occurs. The code is unpredictable for I/O, 

External, or machine-check interruptions. 

Condition Code (CC)·: PSW bits 34 and 35 represent the condition code. The 

condition codes for all instructions may be found in 9020.Principals of 

Operation. 

Program Mask: PSW bits 36-39 represent the program mask bits. Each bit is 

associated 'with a program exception. When the mask bit is 1, the exception 

results in an interruption. When the mask bit is O, no interruption occurs. 

The significance mask bit also determines the manner in which froating-point 

addition and subtraction are completed·. 

Instruction Address: Bits 40-63 of the PSW are the instruction address. This 

address specifies the left-most 8-bit byte position of the next instruction 

and is in the instruction address register. 

Figure 2-27 is a partial data. flow diagram for the PSW Register, while Fig. 

2-28 represents the active logic diagram for this fu;ctional unit. 
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I System Maslc I Koy I NI.WP I s.:::: I lntenuptlon Code i 
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Figure 2-26. Program Status Word Format. 
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0 

Systom Maile 
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0 7 

Figure 2-27. Functional Flow Diagram for PSW Register. 

21. Q Register 

The Q Register is a one-bit register used in the shifted data path. When 

adder outputs are shifted, bits entering the overflow latches may be spilled 

into the Q Register for temporary storage. Also depending on the micro­

order, a bit in the Q Register may be. entered into the AOB latch positions 

that may be left vacant by a shift. 

Figure 2-29 is a positive logic diagram showing the gating into and out of 

the Q Register. 

Because the Q Register is involved with shifting the adder outputs, additional 

information on this register may be found in the section entitled Shifter Data 

Path. 
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Figure 2-28. PSW Register (Page 1 of 2). 
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Figure 2-28. PSW Register {Page 2 of· 2). 
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Figure 2-29. Q RegisUer and Latch. 

22. R Reg~ster 

The R Register is the primary source of data for the adder Y input and serves 

as a buffer register for local storage. The entire R Register word can be 

gated to both the adder Y input and local storage. In addition, the low­

order byte (bits 24-31) can be gated to the mover U input. Figure 2-30 is 

the data flow diagram for the R Register and Fig. 2-31 is the R Reg set 

circuitry. 

23. Read Only Address Register 

The Read Only Storage Address Register (ROAR) supplies the address that 

selects the next CROS word. The present CROS word controls the address sent 

through the address register. ROAR is composed of a 12-position address 

register and three 12-position buffer register's. 

The address register is not a storage register; instead, the address register 

is an OR circuit that gates the output of other system-registers to the ad­

dress-decode circuits. 
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[ ............ 
Local Storage J 

( Adder Out Bus Adder Out Bus 1 
0 7 8 I 31 

[ R Register J 
I 

To Mover U Input 

1. Adder Y Input J 

Figure 2-30. R Reg Data Flow. 

Clock Reg CPU 

Gate LS to R. 
Lotch lo R 0-3 l 

Latch lo R 0-7 Set R Reg 0-3 and 4-7 

Latch lo R 8-31 Set R Reg 8-11 and 12-15 

SetcR Reg 16-19 and 20-23 

Set R Reg 24-27 and 28-31 

Figure 2-31. R Register Set. 

The ROAR bit positions are divided, by the source of their input data, into 

four groups.. These groups are the base-address bits {posit ions 0-5), the 

function-branch bits {positions 6-9), the A-branch bit, and the B-branch bit. 

Figure 2-32 shows the control circuits for all ROAR positions. 
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Figure 2-32. CROS Data Flow. 

24. Read Only Storage Data Register 

The ROS Data Registers store the CROS word for use during the. machine cycle. 

The output of the data registers controls the decode circuits, parity check 

circuits, and the ROAR addressing circuits. 

ROSDR is divided into two sets of registers, the ROSDR outgate registers 

which control the machine from O time of 1 cycle to O time of the next, and 

the ROSDR ingate circuits which control the machine from 130 time of one 

cycle to 130 time of the next. Figure 2-32 is a composite Data Flow Diagram 

of the CROS. For further information on this subject see the section on 

Capacitor Read Only Storage in this manual. 

25. Read ·Direct Register 

The Read Direct Register is set from another CE's Write Direct Register as a 

result of a RDD instruction. This register contains. 8 bits plus a parity bit 

and its output :i;s gated to the U input of the Mover. See Fig. 2-33. 
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CE3 Dir 7 Bit 

OR 
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Direct In Re Bit 7 

Direct In Bit P Scan 

Direct In Re Bit P 

Figure 2-33. Typical Read Direct Register Positions. 

26. Select Register 

This register consists of 32 bits plus parity. Normally it contains the DAR 

mask used to mask off the element check, out of tolerance; and qzi battery 

interrupts stored in the diagnose accessible register~ 

During the SCON instruction, the DAR mask in the select register is replaced 

by the select mask. When SCON is completed, the DAR mask is again placed 

into the select register from local store location 00,0000. 

The Select Register contents (DAR Mask) is made available to the programmer 

by use of Diagnose Kernal Fl7 and may be set by the use of Diagnose Kernal 

Fl6. For further explanation of these Kernals, see 9020 Principals of Opera­

tion Manual, CBB890. 

Figures 2-34 and 2-35 are the Select Register Data Flow and a typical bit 

position logic diagram. 

27. Write Direct Register 

The Write Direct Register is s~t by the Write Direct Instruction; once set, 

this register's contents will remain the same until the next Write Direct 

Instruction is executed. The data input to this register is from bit 
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positions 24-31 of the H Register and the output of this register is to the 

drivers and thence to the bus to the other elements. Figure 2-36 is a typical 

bit position in the Write Direct Register. 

l 
Response to SCON 
from Elemenh (Reset) 

S.loct Mcak 
lo Elomo-+n-11 __ _, 

Adder Out Bus 

Select Register 

To 
.tdder latches 

] 

Figure 2-34. Select Register Data Flow and Gating. 

Figu~e 2-35. Typical Select Register Position. 

WOirBitO 

WOir8it7 

W Dir Parit lit 

Figure 2-36. Typical Write Direct Positions. 
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28. Storage Address Register 

The Storage Address Register as its name implies is an intermediate storage 

register for the address (logical) being sent to the SE. The address con­

tained in this reg'tster is a result ot the output of either the adder, or 

the IAR and will represent the l6gical address before either ATR or PSBA 

circuitry has translated it to a physical SE access. ~igure 2-37 is the 

data flow diagram for the inputs to the SAR; however, Fig. 2-64. is a more 

complete data flow diagram of the actual storage address generation. 

'[ lnltTuction Addre:.s Bu1 J 

[ Adder Out Bus J 

14 15 16 

SAR 
(A) 

31 
31 

23 24 29 31 

Figure 2-37. SAR Data Flow and Gating. 

29. Storage Data Register 

The Storage Data Register is a 32 bit interface buffer between the Compute 

Element and the Storage Elements. This buffer is active both on accesses 

to fetch data and on the store operations. Figure 2-38 shows the data flow 

for the SDR. 
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Figure 2-38. SDR Data Flow and Gating. 
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2-3. COMPUTING ELEMENT INTERNAL DATA PATHS 

Within the Computing Element are six basic data paths capable of moving the 

instructions and/or data from one functional unit to another. These data 

paths include: the adder, shifter, mover, instruction address, local storage, 

main store in-out. 

A. Adder 

Figure 2-39 shows the basic path that data takes when it is processed through 

the adder. In a single 500-nanosecond cycle, two 32-bit numbers are gated 

into the XG and Y adder inputs and through the adder to set the output latches. 

With the sum available in the adder output latches, it can be gated into any 

of the operating registers at the very beginning of the following 500-nano­

second processing unit cycle. 

More specifically, after taking a 500-nanosecond cycle to place one 32-bit 

number in an operating register, the add cycle begins at set register pulse 

time (000) by setting a second 32-bit number into another operating register 

and simultaneously opening the XG and Y gates into the adder. The numbers 

are combined and at about 375 time the sum is available at the adder output. 

Adder output latches are opened to pass information by the latch pulse at 

375 time and "freeze" at 475 time to hold the adder sum through the end of 

the processing unit cy'tle so the next register set pulse can gate the sum 

back into an operating register. 

Notice in Fig. 2-39 that the two inputs to the adder are labeled XG and Y. 

'11tese symbols were chosen both for convenience in microprograrmning symbology 

and to permit short line labels in the ALDs. 

Notice also the ingates for the L and R Registers. Separate controls are 

assigned to the high-order bytes of these registers to permit floating-point 

numbers to be handled. In floating-point notation, the high-order byte 
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contains a binary exponent and the remaining 24 bits contain a fraction 

expressed in hexadecimal form. 

ADDER OUT BUS 32 

D L0 -~_sH_IF._TE_R__.._ _ __,31 0 

Figure 2-39. Adder Data Path. 

B. Shifter 

2-39 

The shifter enables the adder outputs to be shifted left or right by either 

one bit or four bits before being gated into the adder output latches (Fig. 

2-40). A group of four overflow latches accommodates the bit or bits shifted 

out of either the high- or low-order ends of the shifter. Bits entering the 

overflow latches may be spilled into the F Register while a bit entering the 

Q latch may be spilled into the Q Register, depending on the specific micro­

order. Biis from the F or Q Register may be entered into AOB latch positions 

that may be left vacant by a shift. 
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Figure 2-40. Shifter Data Path. 

For a shift left of one, the adder outputs enter the shifter logic and are 

skewed left one place. The high-order adder output bit (position 0) is 

shifter left in either true or complement form into the low-order overflow 

latch position (position 3). The remaining overflow latch positions have 

bits from the F Register skewed into them with the high-order F Register bit 

lost. Either the Q Register bit or the bit in position zero of the F Register 

may be entered into position 31 of the AOB latches. 

For a shift left of one, then, the only bit that may be lost is the bit in 

the high-order P.OSition of the F Register. 

Information in the overflow latches may be immediately spilled to the F 

Register or into the Q Register, again depending on the micro-order. Bits 
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may spill to and enter from either the F or the Q Registers during the same 

cycle. The low-order position of the shifter may be zero inserted. 

The shift right of one is similar to the shift left of one. Adder outputs 

enter the shifter logic and are skewed right one place. The low-order adder 

output bit (position 31) shifts ~nto the high-order overflow latch position 

(posit ion O). The remaining overflow latch posit ions have bits from the F 

Register skewed into them. For a shift right of one, then, the only bit lost 

is the bit in the low-order position of the F Register. Either the Q Register 

bit or the bit in position three of the F Register may be entered into posi­

tion zero of the AOB latches. 

Information in the overflow latches may be immediately spilled to the F or Q 

Register, depending on the micro-order. Bits may spill to and enter from 

either the F or the Q Registers during the same cycle. The high-order posi­

tion of the shifter may be zero inserted. 

For a shift left of four, the adder outputs enter the shifter logic and are 

skewed to the left four places. The four high-order adder output positions 

are gated into the overflow latches. Data in the overflow latches may be 

immediately spilled to the F Register. In the same cycle, depending on the 

specific micro-order, the four low-order bits of the shifter may have: 

1. The contents of the F Register entered. 

2. The contents of the emit field entered. 

3. Zeros inserted. 

A shift left four for floating-point op codes does not shift position 0-7. 

Only bits 8-31 are shifted and bits 8-11 are lost. 

The shift right of four is similar to the shift left of four. The adder 

outputs enter the shifter logic and are skewed right four places. The four 

low-order adder output positions are gated into the overflow latches. In­

formation in the overflow latches may be irrnnediately spilled to either the 
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F Register or positions 0-3 of the H Register. In the same cycle, depending 

on the specific micro-order, the four high-order shifted bits of the.shifter 

may have: 

1. The contents of the F Register entered. 

2. The number 0001 entered. 

3. Zeros inserted. 

A shift right four for floating-point op codes does not shift positions 0-7. 

Only bits 8-31 are shifted and bits 28-31 are lost. 

C. Mover 

The mover is a functional unit that manipulates one byte block of data in 

half-byte increments. Provided with two inputs (U and V), each one byte 

wide, the mover is able to: 

1. Logically AND inputs U and V together to form a new byte. 

2. Logically OR inputs U and V together to form a new byte. 

3. Exclusive OR the inputs together to form a new byte. 

4. Select any two half-bytes available at inputs U and V to form a 

new byte. 

5. Select any half-byte from eitherinput and select the half-byte 

available from the emit field to form a new byte. 

Figure 2-41 shows the basic path data takes when it is processed through the 

mover. In a single 500-nanosecond processing unit cycle, two 8-bit bytes, of 

data are gated into the U and V mover inputs, the mover function is accom­

plished, and the new data is gated back into a register at the very beginning 

of the next cycle. 

More specifically, U and V in-gates are opened at set register pulse time 

(000) of the processing unit cycle and the bytes enter the mover to be acted 
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o__r;: 1 

Figure 2~41. Mover Data Path. 

upon. At latch pulse time (375), the new byte is set into the mover latches 

where it is held until latch pulse time of the following cycle. 

Mover U input bytes can come from the L, R, MD, or F Registers while mover V 

inputs can come only from the M Register. Mover outputs can go to either the 

L, M, MD, or F Register and the L byte, M byte, and Length (Gl and G2) 

counters. 

To control the data flow and keep track of the bytes being moved from registers 

that are more than one byte wide, two 2-bit counters, the L and M byte counters, 

are used. For fields more than one word wide, such as the fields in variable 

field length instructions, the length counters (Gl and G2) keep track of the 

bytes being processed. 
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D. Instruction Address Data Path 

Figure 2-42 shows the basic data paths open to the instruction address. 

Note that in addition to the primary path to the storage address register, 

a path exists for the instruction address to be ypdated. Normally, the in­

struction address is gated out of the instruction address register (IAR) and 

into the instruction address counter (IA counter) where it is updated by 

either two or four. At the beginning of the next processing unit instruction 

cycle, the updated address is gated from the lAR counter latches to both the 

storage address register and back to the IAR. Not only can the next instruc­

tion then be fetched from storage, but the !AR will hold the instruction ad­

dress until it is updated just prior to the next instruction cycle. 
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Figure 2-42. Instruction Address Data Path. 
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When the processing unit executes an instruction out-of-sequence, such as 

when a branch or an interruption occurs, the !AR is set from the adder out 

bus. Also, when an interrupt occurs, a path from the IA counter t9 the H 

Register allows the existing instruction address to be stored for later use. 

To assist in checking system operation with fault locating tests, a data 

path from bits 8-31 of the storage data register to the !AR is available. 

For FLTs, storage words 32 and 33 (addresses 128 and 132) are reserved to 

serve as working registers. The system can insert these two addresses into 

the !AR (Hdw Adr into bits 24 and 29). 

E. Local Store Data Path 

Figure 2-43 shows the basic path data takes when local storage supplies a 

word to the processing unit. Because the L and R Registers are used as local 

storage data registers (buffers), the local storage cycle must start early 

enough to have its word available to the L and R Registers at register set 

pulse time (the beginning of a processing unit cycle). Halfway through a 

processing unit cycle, then, local storage starts its cycle so that the read 

portion is completed by register set pulse time. The data word gates into 

either the L or the R Register where it is now available to the processing 

unit. 

Note the regen path from either the L or the .R Register back ·t-.o the local 

storage. Because local storage effectively has two data registers, it is 

possible for data to be gated out to one register and for the contents of 

the other register to be gated back into local storage in the same ~ycle. 

Another regen path is available directly from the local st~rage sense latches 

to preserve valid data in the event of an error. If an error occurs, the data 

in the L or R Register may not be valid. In this case, the data in the local 

storage sense latches is gated directly back into local storage at set register 

pulse time. 
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+I (OR I-BIT WITH POS !I) 
HOT 1,2;3 
INSERT EMIT FIELD 

Figure 2-43. Local Store Data Path. 

Addresses for the Local Storage Address Register (LSAR) are six bits wide. 

The two. high-order bits determine which sector of local storage is to be 

used, and the four remaining bits specify which of the sixteen words within 

the sector is desired. 

The two high-order bits are set into the Loe.al Storage Function Register 

(LSFR) from the microprogram word before they gate into LSAR. The four re­

maining bits come from either the emit field, the mover out bus (0-3), the 

adder out bus (1.2-15) via the J Register, or the MD Register. Notice the 

provision for ORing a one-bit into the units position of the LSAR. This 

OR'ing one-bit provides an easy way to automatically address the second word 

of a floating-point double precision operation. 

AC-940 .CBB9AO 7/68 



COMPUTING ELEMENT 2-47 

F. Main Storage In-Out Data Path 

Figure 2-44 shows the basic path data takes in order to enter or to leave main 

storage. Before -starting to move data in or out of storage, however, remember 

that the CPU clock cycle is 500-nanoseconds and the main storage clock cycle 

is 2.5 microseconds. Remember al~o that each time storage is cycled it.both 

reads out to the Storage Data Register (SDR) and writes back into the same 

address from SDR. The only difference, then, between a storage read or a 

storage write cycle: is deciding whether to change the data in SDR between the 

read half and the write half of the storage cycle. 
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Figure 2-44. Main Store Data Path. 
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To move data from storage to CPU, an address is set into the Storage Address 

Register (SAR) at set register pulse time (the beginning of a CPU cycle) and 

the storage delay line clock starts. Nearly a microsecond later, the data 

addressed from storage is set into SDR where it can be gated into the AOB 

latches before the third CPU cycle for use by the CPU. An additional path 

for bits 8-31 of the SDR goes to the Instruction Add~ess Register for fault 

locating test branching purposes. 

Data is moved into storage by gating the CPU data in the AOB latches into SDR 

at set register pulse time of the third CPU cycle, or before. Note that data 

from the AOB latches is gated into SDR by four separate ingates. This effec­

tively allows data to be stored on a byte basis (per byte stats) even though 

main storage handles data by the word. 

Addresses for main storage are normally set into SAR from either the instruc­

tion address bus or the adder out bus, depending on whether the information 

desired is a new instruction or data for an instruction being executed. 

2-4. COMPUTING ELEMENT INTERNAL CONTROL 

Capacitor Read Only Storage (CROS) is the storage device that contains the 

IBM System/360 Model 9020 microprogram. The microprogram is stored in 2816 

words of 90 bits. Each 90-bit word enables the gates and control lines of 

the system or functional unit for one 500 ns machine cycle; gating for each 

functional unit is controlled by the decode of the bit combination within a 

field read out of CROS. For example, 001 in bit positions 65-67 of the CROS 

word gates the R Register to the right side of the adder input. (Refer to 

Data Flow Diagram.) 

The storage media for CROS plane is composed of two printed circuit sheets; 

one etched with pairs of straight sense lines, and the other etched with 

drive and balance line pairs, having tabs in areas where a capacitor is re­

quired. These sheets are separated by a thin dielectric sheet. The sense 

AC-940 CBB9AO 7/68 



COMPUTING ELEMENT 2-49 

line plate is a permanent part of the array. The bit plate is removable and 

may be changed to modify the information contained in the CROS unit. 

The bit pattern of a CROS word is determined by the presence or absence of 

capacitors within the hardware. A microprogram word from CROS cannot be 

altered by the external program. However, the Engineer or Technician may 

change the information in the CROS words by ordering specifically designed 

bit planes custom tailored to suit his needs. These will modify the opera­

tion of the functional units of the Computing Element. By implementation of 

CROS in the computer design, the computer flexibility is increased by a factor 

not previously available in control hardware. This flexibility allows making 

control circuit changes for a special features relatively easy (replacing 

printed bit plates in CROS). 

As stated previously CROS is a read only storage, i.e., the read-out is non­

destructive. Therefore, the designed microprogram remains until it is changed 

by replacement of bit sheet or is physically damaged. 

Figure 2-45 shows the relationship of CROS to system clock and control lines. 

Only the clock can operate independently of the microprogram words from CROS. 

Note, that the element control lines are controlled by a decode of the CROS 

word. The Read Only Storage Data Register (ROSDR) stores the sense amplifier 

outputs from CROS when the word is read out. ROSDR holds this CROS word 

available to the decode circuits for one machine cycle. The address selection 

of the CROS word is under control of the Read Only Address Register (ROAR) 

which in turn is fed by fields of the ROSDR.. 

A. Physical Construction 

Capacitor Read Only Storage uses a capacitor between drive and sense lines to 

represent a bit of information. Figure 2-46 shows. a simplified drawing repre­

senting storage matrix. Only one driver at a time may be active. If driver 

1 is made active, the voltage shift of the drive line is capacity coup\ed to 

the A-sense line. The sense amplifier amplifies the voltage shift and produces 
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CROS ..,., ~ CROS Data Decade 
Reg 
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Figure 2-45. CROS Data Flow. 
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an A-bit output. If driver 3 is made active, the drive line voltage shift is 

capacity-coupled to the B and D sense lines, producing a B-bit and a D-bit 

output. From this example one can see that any specific bit combination 

could be designed into the matrix with the appropriate placement of coupling 

capacitors. 

An extra line, called a balance line, is added for each drive line. The 

balance line is not connected to a driver, instead it is connected to the 

drive line voltage source at one end and allowed to float at the other end. 

Thus, each sense line has the same capacitive load regardless of the bit 

configuration (determined by the placement of coupling capacitors). (See 

Fig. 2-47). 

The GROS matrix is placed on what is referred to as CROS plane. There are 

16 CROS planes with 88 doublewords per plane for a total of 2,816 (90-bit) 

words. The 16 planes are held on Gates C and D. Planes 0-7 are on Gate C 

and 8-15 are on Gate D. (Refer to Fig. 2-48.) 
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Figure 2-47. Basic .4 x 4 CROS Matrix. 
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Figure 2-48. CROS Plane Locations - Top View. 

The drive and balance lines are photo-etched from a sheet of copper that is 

bonded to epoxy glass (Fig. 2-49). The resulting epoxy sheet with copper 

drive and balance lines is called a bit plate. A separate bit plate controls 

the bit configuration for each CROS plane. 

Tabs at the top and bottom of the bit plate are used for electrical connec­

tions to the drive and balance lines. The top tabs connect the drive and 

balance lines to terminating resistors. The bottom tabs connect the drive 

lines to the driver circuits. 

The four holes in the bit plate are used to align the bit plate within the 

plane. Two holes snap over locating studs in the plane, while the other 

two holes provide clearance for the center mounting studs. 

The bit capacitors are formed by sandwiching a sheet of Mylar between the 

bit plate and sense lines (Fig. 2-50). Pressure plates hold these pieces 

firmly together. The Mylar is the dielectric, while the drive, balance, and 

sense lines become the plates of the capacitors. 
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Figure 2-49. Bit Plate. 
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B. Theory of Operation 

A CROS word is read out and stored in ROSDR every machine cycle. This CROS 

word, the microprogram word, controls the processing unit's gates and control 

lines during the machine cycle that the word is stored in ROSDR. The address 

of the next microprogram word is gated into ROAR from ROSDR, or data flow 

paths under ROSDR control, or from fixed address insertion circuits. 

A series of microprogram words cause the system to perform a specific routine. 

When the machine is manufactured; a microprogrammer specifies which bits each 

microprogram word must contain to make the routines work. The micropro­

grammer' s routines are used to make the CROS bit plates and the CAS logic 

diagrams. 

A microp~ogram word is one 'CROS word. To control the system; the microprogram 

word must be read into ROSDR. 

The microprogram word is divided into control fields. The control fields are 

used to address the next CROS word and to control the system's gates and con­

trol lines. 

1. Control Fields 

The control fields and their functions are shown in Fig. 2-51. The bit combi= 

nation wLl:hin a control field is decoded into a micro-order. Only one micro­

order is possible from a control field for any one microprogram word. However, 

one micro-order can control a number of control lines and gates. 

2. Micro-Orders 

A micro-order represents a specific bit combination within a control field. 

The microprogrannner writes the microprogram routines by specifying the micro­

orders ~or each microprogram word. The CAS logic diagram is a listing of the 

micro-orders specified by the microprogrammer for each microprogram word. 
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3. GAS Logic Diagrams (GLDs) 

The GAS diagrams are control automation system diagrams that document the 

microprogram routines. Each block on the CAS diagrams represents one micro­

program word. The micro-orders that were specified by the microprogrammer 

are shown in the GAS block. Control fields that have no micro-order specified 

by the microprogrammer are automatically set to a predetermined bit configura­

tion when the bit plate is manufactured. These automatically inserted bits 

usually represent a no-operation condition for the control field. However, 

some control fields are set to a pertinent micro-order when no other micro­

order has been specified. These control fields are shown in Fig. 2-51. 

The CAS used in the 9020 System group pertinent micro-orders (fields) to form 

symbolic control words. These words in conjunction with the edge character 

define the operations to be performed as explained in the example given. 

Figure 2-52 defines the edge characters and appropriate functional units, 

and also set forth the special characters which are used. 

Figure 2-53 is a CAS word in the 9020 format with the explanations keyed to 

the edge characters. 

Actual Address In Hexadecimal --.... 
oo~---ABC Branch Bits { Up to 6 Bits ) ----------• 

Emit Field Line _________ _ 

Arithmetic Function _________ _ 

Mover Function _________ _ 

Dato Flow Nat Through Adder or Mover __ _ 

Local Storage Addressing and Data Flow __ _ 

,Storage Control or Addressing------

Miscellaneous Controls _______ _ 

ROS Addressing _________ _ 

Special Character Definitions 

True Add or Positive 

Complement Add or Negative 

Is Equal 

Is Unequal 

Is Set Into (Destructive Read-In 

is impl,ied) 

Is AND'ed with (logical I 

And ( non-logicol) 

Indeterminate function ( hardware 

controlled) 

A 

B 

D 

c 

"t 

n 
I 
<: 

> 

l 

Is "Exclusive OR'ed" with 

Is OR'ed with 

Or (non-logical) 

Is less than 

Is greater than 

Not ( Boolean-used as 
the not function on CLO 1s) 

Is compared to 

Figure 2-52. CAS Diagram Block. 
\ 
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B Branch, Sit __ ~ 

A Branch Bit~ 
Function Branch Bit~ f 

110100 ----- 134 
E 0001 

A L + M23-L 

MLB•G 

L .... L5 

L W51•L5A 

5 IAR + 2•A 

C E •547 

C a-LB 
R An(l>=l)--A 

R IA30 57 

Figure 2-53. CAS Word in 9020 Format. 

The top line of the CAS block on the left side is the ROS branch bit setting; 

this may be up to 6 bits in length and may include the function branch bits 

' as well as the A branch bit and the B branch bit. (Normally only the A and B 

bits are used.) The right side of this top line is the actual ROS address of 

this block expressed as three hex digits. 

Th~ E line is the emit field of the micro-instruction and is taken from the 

CE field of the 90-bit word. 

The A line implies that an arithmetic function is to take place (in this case 

the adder is to be used) to take the contents of the L Register and add it to 

bits 16-31 (bytes 2 and 3) of the M Register and place the result back into 

the L Register. 

The B line indicates that a mover function is used. In the case presented 

the byte of the M Register specified by the LB counter is placed via the 

mover into the G counters. 

The L edge character specifies the Local Storage addressing and data flow. 

In the example we combine the two L lines and determine that the ~ contents 

of the L Register are to be placed into an area of local store called working 

store 1. The S edge character is used for storage (main) addressing. In the 
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example the micro-instruction is to update the I.AR by two and take the updated 

result to the SAR and initiate a storage request. (Any time an address is 

placed in the SAR a storage access is initiated. 

The C edge character is the miscellaneous controls (usually direct control). 

In the example there are two independent actions to take place; first, the 

emit field is to be set into the gene~al purpose stats 4-7; second, the LB 

counter is to be set to zero (after it is used in the M Register selection). 

The R edge character defines the ROS address for the NEXT ROS address. The 

two R lines taken together indicate that if the IAR bit 30 is a 1 OR the gen­

eral purpose stat #7 is a 1 the A branch bit in the next ROS address will be 

a one. If the general purpose stat #7 is a 1 (before the emit field is set 

in), then the B branch bit will also be a one. The result of these micro-

orders is that instead of four possible branches from this block (oo, 01, 10, . 
11)• only three are valid since any time the B bit is set·; the A bit will also 

be set. 

The CAS micro-instructions are grouped into microroutines ~hich are designed 

to perform specific functions. These microroutines are further grouped into 

the microprogram. 

4. Example Routines Showing Part of the CROS Microprogram 

A couple of example routines which are included in the microprogram of CROS 

are what is .referred to as the First Level I-Fetch and the Second Level 

I-Fetch. These routines are called up to execute the instruction set in a 

particular external program to be executed. 

In fetching and executing a particular instruction, the ROS routine is in 

control. For example, in the First Level I-Fetch routine, the first word of 

the instruction is fetched and examined to determine format. Upon detection 

of the format, the routine either updates the IAR for either the next instruc­

t~on or for the remaining portions of the present instruction under execution 
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if it is of the SS format ( 1 1/2 words), or for. the other half of an instruc­

tion if it is of the RX, RS, or SI format and the starting address in IAR was 

on odd half word bounds. The routine determines this format from the first 

op code digit (bits 0-3) of the instruction. 

In the Second Level I-Fetch the particular format instruction is decoded to 

determine what operation is called for by this instruction. This routine 

determines the operation by examining and branching on the second digit of 

the op code of the particular instruction. 

The discussion above gives a general description of two routines. These par­

ticular routines will be discussed later in detail after the study of the CE 

is complete. 

2-5. COMPUTING ELEMENT INTERRUPT SCHEME 

The interruption system permits the Computing Element (CE) to change the pro­

gram flow state as a result of conditions arising outside the system in input/ 

output (I/0) operations or in the CE itself. The five classes of these con­

ditions are : 

1. Input/Output Interruptions 

2. Program Interruptions 

3. Superviscry Call Interruptions 

4·. External Interruptions 

5. Machine-Check Interruptions 

A. The Input/Output Interrupt 

The I/O interruption provides a means by which the CE responds to signals 

from 1/0 devices. A request for an I/O interruption may occur at any time, 

and more than one request may occur at the same time. The requests are pre­

served in the IOCE until accepted by the CE. Priority is established among 

requests so that only one interruption request is process·ed at a time. 
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To demonstrate the use of the I/O interrupt) assume that a subsystem is in 

operation with CE) IOCE) SE) and an input/output· device. The program being 

executed by the CE requires an I'/O operation. Therefore) the CE iss·ues a 

Start I/O command to the IOCE which in turn initiates the I/O operation. 

Once the IOCE indicates it has accepted the I/O command the CE is released 

to continue with the program it was in the process of executing. In order 

for the CE to determine whether the I/O device has completed the job properly 

it must in some way be notified that the operation was completed properly or 

was terminated for some reason such as a malfunction. This is accomplished 

by the I/O interrupt scheme. When the I/O operation is completed or termi­

nated) the status of the I/O device is stored in the CSW location of the PSA 

area and the IOCE notifies the CE by requesting an I/O interrupt. This I/O 

interrupt if masked properly causes a PSW swap in the .CE executing the pro­

gram. The PSW swap allows the programmer to have a compiled program routine 

which is addressed by the new PSW. This routine will -be designed by the pro­

grammer to examine the status of the device which was used in the I/O opera­

tion by evaluation of the status stored in the CSW. By examining this status 

the compiled program routine can determine whether the I/O operation it origi­

nally stated has been completed pr-0perly or if it was terminated due to a mal­

function. If upon examining the status it is determined by this program 

routine) that the job was in fact completed pr-operly it could then branch 

bac~ to the original program it was executing and possibly issue another 

Start I/O to the device via the IOCE. If the job had been terminated due to 

a malfunction) the compiled routine might examine the I/O·malfunction in more 

detail by issuing a sense command. This command subsequently returns more 

data which can be examined and the malfunction analyzed in greater detail. 

B. The Program Interrupt 

The program interrupt is provided and is responsive to programming errors 

made on the part of the programmer) which could be in the form of improper 

boundaries assigned to instructions or the compilation of improper instruc­

tions for the particular operation. This interrupt could be used purposely 

by the programmer in particular situations to branch to specific routines by 
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the subsequent PSW swap. Therefore, the program interruption scheme is used 

as a safety factor concerning the program compiled by the programmer. In 

this system design the burden.for successful, efficient operation is placed 

on the software; thereby, allowing versatility in the use of the computer for 

many different tasks. The interrupts occur as a result of improper specifica­

tion or use of instructions and data by the progr~er contingent on the 

proper masking of the program interrupt mask in the PSW. 

The program interrupt is divided into specific classifications depending on 

the error committed by the programmer. These classifications are: 

1. Operation Exception - This occurs when the Op Code is not a proper· 

or assigned Op Code in the instruction set. 

2. Privileged-Operation Exception - This occurs when what is referred. 

to as a privileged instruction, is executed with the computing 

element in the problem state. An example would be an attempt to 

execute a Set ATR instruction with the CE in the problem state. 

This type of instruction can only be executed when the CE is in 

the supervisory mode or in other words is providing system o.r sub­

system control. 

3. Execute Exception - This occurs when the subject instruction of 

execute is another execute instruction. 

4. Protection Exception - This occurs.when the storage key of an 

accessed location does not match the protection key in the PSW. 

5. Addressing Exception - This occurs when an address specifies any 

part of data, instruction, or control word outside the available 

storage assigned by the storage address translator for a particu­

lar CE or IOCE. 

6. Specification Exception - This occurs when the prograrumer violates 

specific rules which must be complied with in order to have proper 

execution of the program, e.g., such things as violation of bound­

ary conditions for particular instructioµs, call out of an invalid 

register for.a specific operations • 
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7. Data Exception - This occurs when the sign or digit codes of oper­

ands in decimal arithmetic or editing operations., or in convert to 

binary are incorrect. 

8. Arithmetic Exceptions - This occurs when the arithmetic operations 

exceed the expected limits of the programmer or the computing ele­

ment. This includes Decimal-Divide Exception, Decimal-Overflow, 

Exponent-Overflow, Exponent Underflow, Significance Exception, 

Floating-Point Divide Exception, Fixed-Point Overflow, and Fixed­

Point Divide Exception. It should be pointed out that the above 

expression Arithmetic Exception is not an exception itself, but 

is used to group a number of related exceptions. There are seve-

ral in this group that can be masked such that they do not cause 

an interrupt by a particular setting of the mask bits in the PSWs. 

9. Preferential-Storage PSA Area Lockout Exception - This occurs when 

an IOCE fails to gain access to the preferential storage area on 

a CAW fetch, on an I/O interruption, on a CSW store pertaining to 

an I/O instruction, or on a store during a logout operation. 

10. SE Stopped Exception - This occurs when a CE attempts to gain 

access to a storage element which is in logout-stop status. 

C. The Supervisor-Call Intertuptiori 

The supervisor-call interrupt is a result of executing a specific instruction 

(Supervisor-Call) available to the programmer to induce an interrupt in the 

normal sequence of executing instructions. The interrupt is generally used 

by the programmer to change the status of the computing element from super­

visory mode to the problem mode or vice versa. However, it could be and is 

used for any branch routine that the programmer desires. 

D. The External Interruption 

The external interruption provides a means by which the CE responds to signals 

from the timer, the external interrupt switch located on the control panel, 
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external element checks from an element within the configured system and in 

certain circumstances from itself. 

1. External Interrupt Caused by a Time Out or the Interrupt Key 

If the interval timer times out, the CE will take an external interrupt if 

the PSW is properly masked (refer to Fig. 2-54). This same interrupt is 

taken, if properly masked, upon depressing the interrupt switch. The pro­

grammer would have the obligation of having a program routine which will 

place the CE in the status he desires upon branching to this routine as a 

result of the PSW swap on the external interrupt. For example, the pro­

grammer may desire to branch to the wait state or a program loop waiting 

for intervention by the operator. 

2. External Interrupt Caused by a Read Direct or Write Direct 
Instruction Execution 

If a read direct or a write direct instruction is issued for the purpose of 

transferring a byte of control data between CE and CE, the receiving CE, if 

properly masked, will take an external interrupt (refer to Fig. 2-54). 

An example of the use of the external interrupt by execution of the Wri.te and 

Read Direct Instruction is demonstrated by the following: 

a. Assume that the system configured consists of two CEs, two Idc:Es, 

several SEs, and several I/O devices. 

b. Assume that only one CE can communicate with the IOCEs fQr the pur­

pose of handling all I/O operations. Tliis CE will be referred.to~ 

as CE2. 

c. Assume the CEl is set up to communicate ~ia the write instruction 

with CE2 and vice versa. 
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With these assumptions in mind, suppose that CEl is executing a program that 

calls for an I/O operation. Since CEl cannot connnunicata with the IOCEs, the 

I/O operation would be accomplished by CEl issuing a Write Instruction to CE2 

for the purpose of causing CE2 to execute a progriam which will perform or 

initiate the I/O operation. The write instruction executed would raise a 

direct-control line to CE2 indicating that CEl was making a byte of control 

data available. in its write register for CE2. As a result of the indication 

received via the direct-control line, CEZ will taken an external interrupt 

and the resulting PSW swap would branch CE 2 to a program which would issue 

a Read Direct Instruction back to CEl in4icating to CEl that CE2 has accepted 

the data made available (provided proper masking exists}. This first data 

byte may have contained the information which informed CE2 that it was to do 

a Start I/O instruction. The Read Direct Instruction issued by CE2 to CEl 

subsequently causes, if CEl is properly masked, to do an external interrupt. 

This external interruption in CEl would cause CEl to branch to a program which 

issues another Write Direct Instruction to CE2 making another byte of data 

available to CE2. This byte of data would be additional information such as 

part of the CCW address to be placed in CAW of the PSA area for CE2. In turn 

CE2 would issue a Read Direct Instruction to CEl to notify CEl that it has 

accepted the 2nd data byte. This operation would continue until the CE2 pro­

gram had sufficient data information to perform the I/O operation by initiating 

a Start I/O to the IOCE controlling the I/O device. 

The other operations initiated by the Write Direct Instruction are the external 

.~tart and logout. Neither of these two operations cause an external interrupt. 

3. The External Interrupt Caused by an Element Check Due to Abnormal 
Conditions 

The abnormal condition which results in an external interrupt provides a 

means by which the CE responds to certain hardware generated signal from a 

CE, IOCE, SE, TCU, or PAM. In certain circUI'J!Stances, a CE also responds to 

signals from itself. Three categories of abnormal condition signals are re­

cognized, element check (ELC), out-of-tolerance check (OTC), and on-battery­

signal (OBS). 
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A request for an abnormal condition interruption may occur at any time, and 

up to 30 requests may occur at the same time. The requests are preserved in 

the Diagnose Accessible Register (DAR) until accepted by the CE. 

An abnormal condition interruption can occur only while the CE is interrupt­

able for the element presenting the request. The manner which an interruption 

is handled depends upon the masking conditions prevailing in the CE, the type 

of element requesting the interruption, and upon the content of the conf igu­

ration control registers in both the CE and the requesting element. 

An abnormal condition interruption requested by an ICX:E, SE, TCU, PAM, or by 

a·CE (own) OTC, or CE (own) OBS signal sets an identifying bit in the DAR 

register (OTC being an out-of-tolerace check and OBS being an on-battery­

supply). 

An example of the use of the External Interrupt caused by an abnormal condi­

tion is demonstrated by the following. discussion: 

a. Assume that the system consists of two CEs, and IOCE and sev~ral 

SEs. 

b. Assume that one of the CEs is executing a program. 

c. Assume the system is properly masked to allow external interrupts. 

During execution of this program while CEl is accessing an SE, the SE goes 

on battery supply. The SE raises an ELC pulse which sets a bit in CEl DAR 

register resulting in an external interrupt to occur in CEl. The CEl could 

then branch on the interrupt to a program that would either ignor~ the condi­

tion or reconfigure another SE to take its place in the system. The example 

given is not an attempt to forecast how the interrupts will be used in any 

given case, but are presented only to give the reader a possible situation 

for a better understanding of the interrupt and its use. The masking neces­

sary is shown in the flow diagram, Fig. 2-54. 
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E. The Machine Check Interrupt 

The machine chec.k interrupt provides a means of recovery from a logic mal­

function in the CE or from IOCE itself and in certain cases recovery from 

logic checks in the SE configured in the system. In doing the machine check 

interrupt, the CE is automatically logged out prior to allowing the interrupt. 

By forcing this logout the data is stored in the PSA area where the subsequent 

machine check interrupt could possibly branch to a program which would analyze 

the logout data to determine the location of the fault. The indication of the 

check condition which cause4 the machine check interruption is preserved in 

the Check Regis~er until reset by a diagnose instruction. 

One example where an external element can cause a machine check is where an 

SE being accessed by a CE and the SE issues a Storage Check, this causes a 

bit in the chec.k register to be set resulting, if properly masked, in a 

machine check interrupt after the automatic logout of the CE. 

F. Summary of the Interrupt Scheme 

The responsibility· of providing the proper masking for the su~cessful opera-. 

tion of the particular interrupt scheme is a burden that the progrannner must 

bear. As in the prior examples given, there must be proper masking in general 

to handle the interrupt operation. 

In addition to problems of masking, the programmer has. the burden of placing 

the ·~orrect information in the corresponding PSW locations related to the 

·particular interrupt anticipated by the programmer. · 1:he new PSWs must con­

tain the information nec:es,sary for the branch operation d:esired on the PSW 

swap as a result of a particular interrupt. The new PSW informat.ion and the 

old PSW information is stored on a discrete doubleword.boundaries in thePSA 

area corresponding to a pat'ticular interrupt. A summary of ,these locations 

are shown in Fig. 2-55. 

AC-940 CBB9AO 7/68 



COMPUTING ELEMENT 2-:-69 

ADDRESS LENGTH PURPOSE 

0 0000 0000 Double Word Initial Program Loa.ding PSW 
8 0000 1000 Double Wor'iii Initial Program Loading CCWl 

16 0001 0000 Double Word Initial Program Loading CCW2 
24 0001 1000 Double Word External Old PSW 
32 0010 0000 Double Word Supervisor Call Old PSW 
40 0010 1000 le Word. Program Old PSW 
48 0011 0000 Doub le Word N..achine Old FSW 
56 0011 1000 Double Word Input/Output Old PSW 
64 0100 0000 Double Word Channel Status Word 
72 0100 1000 Word Channel Address Word 
76 0100 llOO Word Unused 
80 0101 0000 Word Timer 
84 010:!. 0100 Word Unused 
88 0101 1000 Double Word External New PSW 
96 0110 0000 Double Word Supervisor Call New PSW 

104 0110 1000 Double Word Program New PSW 
112 0111 0000 Doubl~ Word Machine Ne~ PSW 
120 0111 1000 Double Word Input/Output New PSW 
128 1000 0000 Diagnostic Logout Area 

Figure 2-55. PSA Area. 

To review the basic masking requirements for a particular interrupt note the 

following: 

1. An I/O interruption can occur only after execution of the current instruc­

tion is completed, and while the CE is interruptible for the channel presenting 

the request. Channels are masked by system mask bits 0-6 and 16-19 of the PSW. 

The interruptions are masked off by placing zero in the corresponding bit posi-
• 

tion •. Interruptions masked off remain pending. The I/O interruption causes 

the old PSW to be stored at location 56 in the PSA and causes the channel 

status word associated with the interruption to be stored at location 64. 

Subsequently a new PSW is loaded from location 120. The interruption code 

in the old PSW identifies the channel and device causing the interruption in 

bits 20-23 and 24-31 respectively. The instruction-length code is unpredict­

able. 
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Whenever the status bits of the Channel Status Word (CSW) associated with the 

interruption indicate that the storing of the CSW was due to a channel control 

check, or an interface control check, additional information is provided by a 

diagnostic logout into the preferential storage area {PSA). To prevent the 

contents of the logout area from being destroyed by a~ immediately follQwing 

logout, all channels of the selected IOCE must be masked until the logout 

information has been acted upon or stored elsewhere for later use •. 

2. A program interruption can occur only when the corresponding mask bit, 

if any, is one. When the mask .bit is zero the interruption is ignored. Pro­

gram interruptions do not remain pending. Program mask bits 36-39 permit 

masking of four of the interruption causes. The program interruption causes 

the old PSW to be stored at location 40 in the preferential-storage are~ and 

a new PSW to be fetched from location 104. 

3. A supervisor-call interruption does not require any masking. It is a 

result of the execution of the supervisor-call instruction. The interruption 

causes the old PSW to be stored at location 32 in the PSA and a new PSW to be 

fetched from location 96. 

4. The external interrupt caused by the interrupt switch or a timeout of 

the interval timer requires only that PSW bit 7 be set to a one. 

The external interrupt caused by the execution of the write direct or read 

direct instruction causing a byte of data to be transferred requires PSW bit 

7 and the communication ·bits of the sendin~ CE to be set in the CCR register 

of the receiving CE. 

The external interrupt caused by an ELC requires the corresponding mask bit 

to be set in the select register and PSW bit 7 in ~rder for the interrupt to 

be taken. There is an exception when the ELC is issued by a CE and the re­

ceiving CE is scened to the CE generating the ELC. If the receiving CE is 

not in state 3 or in state 0 with the test switch on, the receiving CE will 
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be forced into state 3 and will take an external interrupt. This occurs even 

though the PSW bit 7 is not set to a one or the corresponding mask bit is not 

on in the select register. 

5. The machine check interrupt requires that the mask bit 13 to be set. When 

the machine check mask bit is one, occurance of a machine check due to a CE 

malfunction terminates the current instruction, issues a signal on the element 

check (ELC) out line, initiates a CE diagnostic procedure, and subsequently 

causes the machine-check interruption. The status of the CE is logged out 

into the PSA area, starting with location 132 and extending through as many 

words as the CE requires. The old PSW is stored at location 48 in the PSA 

area with an interruption code of zero. The new PSW is fetched from location 

112. Proper execution of these steps depends upon the nature of the machine 

check. The indication of the check condition which caused the machine check 

interruption is preserved in the CE check registers until reset by a diagnose 

operation. 

2-6. COMPUTING ELEMENT INTERNAL ERROR CHECKING 

Hardware Failure conditions within the 7201 Computing Element are normally 

detected by internally contained redundancy check circuits. These circuits 

examine the bit- contents of each byte during d"ata transfers between registers 

and between the registers and any storage element. Each byte of data has l 

additional bit referred to as a parity bit; this bit serves to make the total 

bit count within the byte an odd number (even number under special conditions). 

This odd bit count is then tested during the aforementioned data transfers. 

Thus any dropped or picked bit will become immediately apparent. The loss or 

gain of a bit will be indicated by an error indication on the functional unit 

affecting the transfer and may cause a machine check interrupt (if pr·oper 

masking exists) and subsequent logout. To provide a high degree of err~r 

resolution each error check is indicated individually on the CE operator's 

console. 
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A. Parity Tests 

Each of the data paths within the 7201 (CE) have parity check circuits, and 

as necessary, pa,rity generator circuits. Each of the counters for example 

is required to alter its parity bit each time it is decremented, the adder 

is required to generate correct parity for the two operands at the input. 

Parity, however, is still tested in the case of the adder or mover, based 

on the predicted parity as a result of the operands. During certain manual 

operations from the CE operator's panel, even parity may be inserted. There 

is a switch available for this purpose and is active only "·in the test state. 

B. Error Check Analysis Diagrams 

To simplify the analysis of the error indications·, each position of the check 

register is indicated on an Error Check Analysis Diagram. These diagrams 

appear in the Logic Automated Diagrams (LADS) for the 7201. Figure 2-56 is an 

example of the Error Check Analysis Diagram (ECAD) cross reference while Fig. 

2-57 is an example of the actual error check diagram. 

The page listing in the left hand column refers to the ALD page where the 

unique parity check circuit is located. The ECA page listing on the inter­

connecting line refers to the EC~ applic~ble to the unique check under con­

sideration, and the log bus informa.tion is the ALD page where the path for 

powering the indicator lamp is present. 

An example of the use of the ECADs for analysis of a ma.chine check would be 

as follows: 

Assume tpat an Invalid ROS Address Check has occurred and the machine has 

"Hard Stopped". ExB.I!lining Fig. 2-56 indicates that the circuits affecting 

this particular check are to be found on Page KT039 of the ALDs. The applica­

ble ECA is number 122. Figure 2-57 is the ECA and Fig. 2..,58 is the ALD Page 

KT039. E~amining the ECA indicates that any time the three micro~orders, TCO, 

AL23, and DG2, occur within the same micro-instruction, an invalid ROS address 
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Figure 2-57. ECAD Example. 

check will be i~dicated. Examining Fig. 2-58 which is the ALD 

qf this check. i~\should be noted that the check is actually a 

output of the, OR g~e at 6F which can be enabled by a ROS base 

I 
representation/ 

\ 

result of the j 
address bit 5 

and ROS function bit 0 or the aforementioned three micro-orders. The ECAD, 

while it is correct, is not complete since it does not indicate the second 

path. The ECAD and the ALD representation both indicate that on any unused 

micro-instruction, the micro-programmer will insert the three micro-orders 

to signify the invalidity of the instruction. Agy time a ROS address has 

both the base address bit 5 and the function ibit 8°/on, a ROS select line 
', 

greater than the possible 21 has been selected and thus a malfunction has 

occured. Since neither the unused words, nor the invalid selection of ROS 

select lines may occur in normal ROS operation, both of these situations are 

flagged as a machine check. 

C. Logout Analysis 

The 7201 Computing Element as mentioned previously is capable of recognizing 

internal data flow errors and in response to these errors will generate a 

machine check interrupt. Prior to the processor taking the interrupt, a 

log0ut of internal registers will occur. (It- is at the progrannner' s option 

whether this logout takes place or not.) If the error is not ignored, 
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immediately upon detecting an error, the machine status is frozen and a log­

out is begun. 

The first three words of a logout are stored under the control of the log 

counter in .ring-countewmode. These words contain the SDR, SAR, and IAR at 

the time of the error. The next five words of the log6ut are stored under 

control of the log counter in Main Store Mode. These words contain the ROSDR 

information and ROS address information as well as certain PSW information. 

The remaining 26 words .are stored under the control of ROS and contain infor­

mation pertinent to the registers., counters, latches, etc., of the machine. 

Figure 2-59 is a representation of the logout format. 

Using the data contained in the logout of the element the tecqnician or 

engineer should be able to reconstruct the environment of the system at the 

time of the malfunction. For example, assume a logout of the system exists 

where a sum-check is indicated in the check register number one. The engineer 

or technician may then consult the current ROS address to determine exactly 

what the machine was in the process of doing when the malfunction occured. 

Using the CAS logic diagrams in conjunction with the program listing and the 

IAR information, the technician or engineer may reconstruct the exact condi­

tions and thus determine if the malfunction was merely a transient situation, 

or a solid failure condition. Should a solid failure exist! the technician 

may determine from the logout analysis of the registers being used and the 

appropriate data path in use approximately where the malfunction or failing 

unit is. In the event of a transient failure the engineer may elect to defer 

the maintenance until a scheduled period or he may elect to use Fault Locating 

Tests {FLTs) ~o assist him in isolating the failure and affixing the repair. 

2-7. COMPUTING ELEMENT POWERING 

A high-frequency power system is employed. The power system includes the 

following units: 
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1. Converter - This unit takes the 60-cycle power directly from the 

line, rectifies it, using a full wave bridge, and filters the 

output. The output of the converter is a nominal 276 vdc with a 

3 percent ripple. 

2. Inverter - This unit utilizes a silicon-controlled rectifier 

which, in conjunction with a 2.5 kc oscillator, changes the de 

output of the converter to a 2.5 kc square wave with a nominal .. 
peak-to-peak amplitude of 276v. 

3. Sine Wave Filter - The filter accepts the 2.5 kc inverter square 

wave output and changes it to a 2.5 kc sine wave of lOOv (RMS). 

4. Power Module - The high-frequency ac to de converter is called the 

Mag-Amp-Ferro as its design combines the desirable features of a 

ferroreson:ant circuit with the simplicity of a magnetic amplifier. 

The ferroresonant circuit provides a relatively censtant output 

voltage for wide variations of the rnput voltage. Another impor­

tant advantage of ferroresonance is its inherent overvoltage and 

overcurrent capability. If a short circuit or near short circuit 

condition occurs, the ferroresonance collapses and the current is 

limited by the linear input inductance. Output voltage regulation 

is accomplished by the use of the mag-amp. 

, 
The basic operation of Power Control is explained by the following discussion 

in conjunction with Fig. 2-60. 

A. AC Distribution 

Three-phase, 208 volts ac, 60-cycle power input to the PCU (Fig. 2-60) is 

routed directly from the customer's ac service to a filter network. Each ac 

feed capacitor in the filter network has a 1 megohm resistor connected to 

ground. These resistors bleed off any charge remaining on the capacitors 

when the ac service is disconnected. 
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C<MPUTING ELEMENT 2-79 

Initial turn-on of the main line circuit breaker CBl applied 208 volts ac, 

single-phase via fuses Fl and F2 to the 24-volt de prime p°"er supply which 

provides power, via N/C contacts of Kl to the 24 volt de bus. The 24 volts 

is first routed to the system Emergency Power Off (EPO) -circuit in the System 

Console. If the EPO switch is closed, K37 (in the console) will pick, pro­

viding a return for element's Master Power Off (MPO) contact K~3. If the 

element's MPO switch is closed, 24 volts de is applied to the other leg of 

MPO relay K43, causing it to pick. From the contacts of K43, 208 volts ac, 

single-phase is routed via circuit breaker CBlO to the step-down transformer 

which provides 115 volts ac to the convenience outlets in the PDU and CPU. 

Single-phase 208 volts ac is also applied via circuit breaker CB9 to trans­

former Tl. The secondary of Tl initially supplies 28 volts ac via relay Kl 

N/C contacts to the converter/inverter. With the contact of K43 closed, 24 

volts de is now applied to the sequence and control rel~ys. 

Before any further distribution of 208 volts ac can occur, ac on relay K44 

must be picked. The picking of the relay takes place only after the operator's 

and PDU panels Power On/Of.£ keys are on and time c;lelay relay K45 has bee·n 

picked. From the contacts of K44, 208 volts ac is applied to circuit breaker 

CB2, CB3, and CB5 through CB8. Circuit breaker CB2 control the three-phase 

208 volts ac input to the converter/inyerter and the single-phase 208 volts 

ac input to the temperature controller, line sense ·and switching circuit, and 

to the primary of transformer T2. The secondary of T2 {12.6 volts ac) is 

routed to the interval timer. Circuit breakers CB3, and CB5 through CBS 

control the single-phase 208 volts ac to the PDU power regulator fans and 

CPU blowers. 

Once the converter/inverter is on, its 2500 cycle output is routed to the 

standard vo 1 tage DC regulators and to the boots t.rap power supply. This power 

supply provides the following voltages: 

1. 17.5 volts ac to the undervoltage assembly. 

2. 24 volts de to the line sense and switching circuit. 
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2-80 SYSTEM PROCESSING AND CONTROL 

3. 24 volts de via N/O contacts of Kl5 or K48 to bootstrap power 

relay Kl shown on Fig. 2-60. 

Once Kl is picked, the bootstrap power supply provides the 28 volts ac input 

to the converter/inverter, and 24 volts de to the 24 volt de bus (Fig. 2-60) 

through N/O contacts of Kl. 

B. Converter/Inverter Interlock Circuit 

The converter/inverter interlock circuit insures that all necessary conditions 

are met before certain power and signal circuits are energized. Figure 2-61 

is a simplified diagram of the interlock circuit. Prior to. energizing the 

interlock circuit, 24 volts must be available, and the system EPO circuit in 

the System Console and the element MPO circuit must be closed. 

When MPO contactor K43 picks, 24 volts de is routed via K43 auxiliary contacts 

to one leg of the converter/inverter circuit breaker CB2-l and thermal switch 

S2, to the de return bus. Circuit breaker CB2-l control~ the op~ration of 

the converter/inverter, which supP.lies excitation to all regulators. Thermal 

switch S2 is closed if the correct temperature is maintained in the converter/ 

inverter. 

C. DC Distribution 

Outputs of the de regulators. are distributed to the CE lqgic gates by standard 

de bus distribution. All regulator outputs are shielded. 

D. Power On Sequencing 

Refer to the power-on sequence chart (Figs. Z-60 and 2-62) during the following 

discussion. 



fl 
I 

\0 
~ 
0 

O l lllootstrap Power Supply 24v 
b:i 
b:i Prime Power Supply 24v 

~ 
0 

-.:i -26 r-- - - --Tll-;i 
I 
I Q\2-1 N/C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'~/ ~---_J 

R/D 12 

MPO 
• - _____ J_,,2~W A J2~B 

i! ~~ 
5 

6 

7" Converter/ 

" 
Inverter 
Interlock 

43 SSW (B) 

MPO I:> 

r ~~;---sysl;,;;- - - - - - , 
I EPO I Jl-1 

~~-~~~--+---1 I 
System EPO 
Contad<r 

EPO Jl-2 

~----------+~~~~--4..,_& 

I 
I 
I 
I 
I Tfi2-2 

Jl-3 I 
~l'>-~~-~~~~~--.~}---l~~~~~---' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L ___ . ----~~J 

Figure 2-61. CE Converter-Inverter Interlock Circuit. 

[\) 
I 

()'.) 
...... 



2-82 Turn On 
Main Power Wall Box 

Regulator 11 Output Switch Piek K6 Thermal Thermal ReMt Switch 
(YC741) Within Taleraneo (YC511) Rewt N/C; K2N/O K41 N/O 

Energize 2'4 vdc Main Power 
(YC211) Prime Power On CB 1 K22 Through K24, K 26, Supply 

(YC511) Hold K6 
Thermal ReMI Switch 

(YC411) 
Pick KS Logic K2B,K29,and K31 Through 

N/C; K.6N/O Voltage SenM K33 N/O Contoch 

24 vdc Prime 
(YC411) Power Supply K17 N/O; KU N/C; 

Pick K4S Seq K12 N/O; KlO-N/O, 
Start Deloy ofter K17N/O; (YC411) KS N/0; K2 N/O; K46 (YC411) Preiet Delay (S to K2N/O N/C and K47 N/C 
30 Seconds) 

1YC411) 
N/C Contoch 
of EPO Switch 

(YC731) 
Erwglze Regulatcn K48 N/O 

(YC411) Start K46 Seq K4SN/O 7 and 8 
lnlk Deloy 

K37 N/O; 
(YC411) Pick K44 ac On 

K46 N/C 
1YC411) 1'1/C Contacts K4SN/O 

of MPO Switch Pick K34 +\av Regulator-7 Output 
Sense Within Tolerance 

(YC731) Pick K35 +30v Regulator-8 Output 
Apply 208 voe to Senie Within Tolerance 

(YC211) (1) POU Fons K43 N/O; Provide 115 voe to K43 N/O; K44 N/O; CB-3 (YC211) Convenience CB 10 K43 N/0; Outlets (YC211) (2) CPU Blowers K44 N/O; 
CBS through CBS (YC311) 

Pick Kl Bootstrap Power Supply 
Provide 28 voe K43 N/O; (YC211) (3) Temperature 

l 
Bootstrap Power On; K48 N/O 

1YC311) Through T 1 to CB9; Controller 

Converter 1\nverter Kl N/C 
(YC311) (4) Converter/ 

Inverter 
Supply 28 voe to 

Converter/ (YC311) ( 5) Line Sense and K43 N/O; Converter/Inverter 
Kl iq/o Provide 25v Bias Inverter I Switching Citcuit K44 N/O; (YC311) and 24 vdc ta 

!YC311) to all Regulators On/Off 

J 
24 vdc Bus Fram 

Switches On 
Apply 12.6 voe 

Bootstrap Power 
(YC211) 
(YC221) Through T2 to 

Interval Timer 
1YC6ll) Main line On K43 N/O 

(YC311) K34 N/O or K3S N/O; iYC631) Light On Auxiliary 
(YCS11) K13 N/C 

(YC311) Energize Regulat 
(YC711) l Through 6, and 

Pick K7, K~1 KIO 
(YC721) 9 Through 11 

tYC511) +24 vdc Bus; (YC741) Converter/Inverter 
(YC521) and K 12 Thermal N/G Contacts On (YC411) K34 N/O or K3S N/O 

Relays of al I Thermo I l\pply 2soo~ 
Elements; (YC311) Power to Bootstrap 
K6 N/C Power Supply 

PickK17C/I 
+24 vdc Bus; K34 N/0; K3S N/O 

tYC411) 
Interlock 

C/I Interlock (YC411) and Coriverter/lnverter 
Circuit 

(YC711) Piek K22 +3v (1) Regulator-2 Output Interlock 

Sense Within Tolerance 

tYC611) Power Check +24 vdc Bus; 
(YC711) Pick K23 +3v (II) Regulator-3 Output K17 N/0; K14 N/C; tYC631) light On K4N/C 

Sense Within Tolerance K12 N/O; KIO N/O; 
(YC411) KS N/0; K2 N/O; 

(YC721) Pick K24 +3v (Ill) Regulator-6 Output K4 N/O; K47 N/C 
Sense Within Tolerance 

1YC511) 
Hold K7,K9,K10 K7, K9, KlO 
and K 12 Thermals and K12 N/O (YC721) Pick K26 -3v (I Regulator·S Output 

Sense Within Tolerance 
(YC411) K45-1 N/0 

(YC711) Pick K2B +6v M Regulator-1 Output 
CPU ond POU K?, K9, KIO (I) Sense With In T oleronce 

IYC611) Thermal lights IYC631) Off 
and K 12 N/C 

(YC721) Pick K29 +6v M R~gu lator-4 Output 
(II) Sense Within Tolerance (YC"611) Power Check. K4N/C 

(YC631) Light Off 
(YC741) Pick K31 +6v Regulator-9 Output 

Operator 1s Control VAR Sense Within Tolerance 
fYC411) Press POWER (YC611) Seq Complet~ K4N/O (YC421) On/Off Keys and POU Panels 

(YC741) Pick K33 -14v Regulator-10 Output (YC631) Light On 
Sense Within Tolerance 

(YC311) Pick K41 Regulator-11 Output 

Pick K2 Power 
Operotor 1s Control Undervoltoge Within Tolerance 

(YC411) and POU On/Off Power On ReMt 
K4N/C On/Off Keys (YC611) 

Mlfltal to logic 

Figure 2-62. CE Power On Sequence _Clluri;. 
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CCMPUTING ELEMENT 2-83 

Before the power-on sequence in the CE can commence, circuit breaker CBl must 

be closed, and system EPO contactor IG7 and element MPO contactor K43 must be 

energized. The following action now occurs: 

1. Main Line On light is lit. 

2. Power Check light. is lit through N/C contacts of K4 to indicate 

that a normal power off situation prevails. 

3. If all thermal elements are in the normally closed position, ther­

mal relays IC{, K9, KlO and Kl2 are picked via K6 N/C contacts. 

After the thermal relay contacts transfer, each relay is held in 

a pick state through its own N/O contacts. The N/C contacts of 

·rr, K9, KlO and Kl2 are used to turn off the thermal lights. 

4. If circuit breakers CB3, and CB5 through CB9 are closed, relay Kl6 

is maintained in a de-energized state. If the converter/inverter 

interlock circuit shown on Fig. 2-61 is closed, relay Kl7 is 

picked. 

With the foreg.oing requirements satisfied, the power-on sequence commences by 

pressing the Power On/Off switches, completing the circuit which picks relay 

K2 (power on/off). The N/O contacts of K2 provide a return for thermal reset 

relay K6 and relay K45 (sequence start delay), causing both relays to pick. 

Relay K6 holds through its N 0 contacts until a manual thermal reset is ini­

t~ated, or either an EPO or element MPO occurs. Relay K45 is· adjustable from 

5 to 30 seconds, and is set to a value to allow staggering of the 9020 System 

power-on sequence. When relay K45 times out, its N/O contacts allow relay 

K45 (sequence interlock) to start and relay K44 (ac on) to be picked. The 

delay time for relay K45 is adjusted to a value greater than the total time 

necessary to sequence up this element. 

Once relay K44 is picked, three-phase 208 volts ac is applied to the converter/ 

inverter, and single phase 208 volts ac is routed to the temperature control­

ler, line sense.and switching circuit, blowers and fans in the CPU and PDU, 

and to transformer T2. 
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2-84 SYSTEM PROCESSING AND CONTROL 

The converter/inverter 2500 cycle output is first routed directly to the 

bootstrap power supply and to DC regulators 1 through 6 and 9 through 11. 

When the regulator outputs {except for regulator {111 are sensed, relays K22 

through K24, K26, K28, K29, K31, and K33 are picked~ As regulator 11 output 

is sensed, relay K41 {undervoltage) picks. The N/0 1 contacts of K41 allow 

regulator 11 sense relay K32 to be picked. Relay K5 {logic voltage sense) 

is picked via the transferred contacts of K22 through K24, K26, K28, K29, and 

K31 through 33. The N/O cop.tacts of K5 complete the return for relay K48 

{+18V and +30V) P/S on, causing this relay to pick. Relay K48 controls the 

2500 cycle input to regulator 7 {+18V) and regulator 8 {+30V). Relay K48 

N/O contacts also provide a return for relay Kl {bootstrap power), causing 

this relay to pick. With Kl picked, the 24 volts to the 24 volt de bus and 

the 28 volt ac input to the converter/inverter is applied from the bootstrap 

power supply. Regulators 7 and 8 control sense relays K34 and K35, respec­

tively. N/O contacts of 1<34 and K35 complete the return for relay K51 (line 

sense and switching) allowing this relay to pick and provide a hold path for 

relay K44. Relays K34 and K35 N/O contacts also cont'rol the picking of relay 

K4 {sequence complete). When relay K4 is picked, a hold path is provided for 

relay K48, the Sequence Complete light is turned on; the Power Check light is 

turned off, and a logic power on reset signal becomes available. Relay K46 

(sequence interlock delay) should now pick. Power is now applied to the CE 

logic circuits. 

E. Normal Power Off 

Refer to Fig. 2-60 and the power off sequence chart (Fig. 2~63) during the 

following discussion. 

To initiate a normal power-off sequence, the CE must be in state zero (State 

Zero lamp on), and State Test switch on the Operator's Control Panel must be 

positioned to on. With these two conditions prevailing, relay K42 (power bit 

interlock) is in a de-energized state. Relay K42 N/O contacts interrupt the 

hold path for relay K2 {power on/off), which bypasses the Power On/Off 

. switches. 
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Rogulatan 
7 and e 
Turned aff 

SYSTEM 

(YC411) 

(YC611) 
(YC631) 

(YC611) 
(YC631) 

(YC611) 

(YC311) 

(YC311) 

(YC311) 
(YC511) 

(YC411) 

Figure 2-63. 

AC-940 CBB9AO 7/68 

PROCESSING AND CONTROL 

l 
Drop K4 S.quenc•l K34 N/O Remove 208 voe 
Complete .K35 N/O Framr 

(YC311) ( 1) Canvortor/ 
Inverter 

(YC311) (2) Line Sonso ond 
Switching Circuit K«N/0 

(YC211) (3) T omporoture 
Cantroller 

Power Chock (CY211) (4) POU Fons 
Light On K4N/C (YC211) (5) CPU Blowers 

Seq Complot• 
K4N/O 

(YC211) Remove 12.6 voe 
Light Off (YC211) From lntorvol 

Tlmor 

Apply Gnd to 
P ... .-on Ro•t K4N/C 
S IQnal to Log le 

(YC311) o. ... nerglz• 
(YC711) Regulators 
(YC721) I Through 6 ond 
(YC741) 9 Tlvaugh 11 

Converter/ 
Inverter Off 

Drop K 1 laohtrap (YC311) Romo•• 2500-V 

Power 
K48N/O Power From 

loohtrap Power 
Supply 

Provide 2B vac 
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Canvortor/lnvorter · 
Supply 24 vdc to ,o N/C (YC711) Drap K 22 Through 
de Bus From (YC721) K24, K26, K28, 

Regulators 

24 vdc Primo (YC731) K29, ond K31 
I Through 6, 

Power Supply (YC741) Through K33 
and 9 Through 

Sense Relays 
11 Turned Off 

Drop K51 Within 
K34N/O 

K22 Thraugh 
Lagle Sense and K35N/O Drop K5 L'l9ic 

K24, K26, K28 
Switching Circuit (YC411) K29, ond 

Voltage SenlO K3 I, Through 
K33 N/O Contacts 

Drap K« oc On K34N/O 
K35N/O 

CE Power Off Sequence Chart. 



COMPUTING ELEMENT 2-85 

When either the operator's control or the PDU panel Power On/Off key is de­

pressed to Off, relay K2 is dropped. The transfer of K2 contacts to their 

N/O position interrupts the return for relay K45 (sequence start delay) and 

relay K48 (+18v and +30V P/S on), causing both relays to drop. Relay K45 

N-/0 contacts cause relay K46 (sequence interlock delay) to drop. The N/O 

contacts of K48 cause relay Kl (bootstrap power) to drop. With Kl dropped, 

the 24 volts de to the de bus is supplied from the 24 volt prime power supply 

and the 28 volts ac to the converter/inverter (Fig. 2-60) is applied from 

transformer Tl. Dropping relay K48 also removes excitation from regulator 7 
(+18 volt), and regulator 8 (+30 volt). Removing these regulator outputs 

drops relay K34 (18 volt sense) and relay K35 (+30 volt sense). N/O contacts 

of K34 and K35 cause relay K4 (sequence complete) to drop. The Power Check 

light goes on (K4 N/C), the Sequence Complete light goes off (K4 N/O), and 

the power on signal is removed from the CE logic (K4 N/O). Also N/O contacts 

of relay K34 and K35 cause relay K51 (line sense and switching) and relay K44 

(ac on) to be dropped. Once relay K44 is dropped, three-phase 208 volts ac 

is removed from the converter/inverter and single-phase 208 volts is removed 

from the temperature controller, line sense and switching circuit, all blowers 

and fans with.in the element, and 'transformer T2. De-energizing the converter/ 

inverter turns off the remaining standard voltage regulators and the bootstrap 

power supply. Removing the outputs from regulators 1 through 6 and 9 through 

11 causes the associated sense relays K.22 through K.24, K.26, K28, K.29, and K31 

through K33) to be dropped. 

When the contacts of these sense relays transfer, relay K5 (logic voltage 

sense) will be dropped. All CE power has now been removed, except for the 

ac input power, the 24 volts de to the de bus and the 28 volts ac to the 

converter/inverter. 

F. Battery Back-Up Power Control 

The CE contains a battery back-up power source that permits uninterrupted 

power for 5.5 seconds following the loss of the 208 volts ac primary input 

power. 
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2-86 SYSTEM PROCESSING AND CONTROL 

Loss of primary input power is sensed as a decay of the converter/inverter 

output. When this output drops below a preset limit; reed relay RRl within 

the sense and switching circuit is picked, and the battery package is switched 

into the converter/inverter. Reed relay points RRl-1 provide a return for 

relay Kl5 (on battery), causing the relay to pick. Relay Kl5 N/C contacts 

provide an on-battery signal to the logic circuits. The N/O contacts of Kl5 

turn on the On Battery light on the Operator's Control Panel and SC Control · 

Panel, provide a hold path for Kl, and allow relay K47 (on battery limit) to 

be picked. Relay K47 is a delay pick (5.5 seconds) relay tha~ controls the 

amount of time tliat the battery package output is applied to the converter/ 

inverter. If the primary input power is re-applied to the CE within 5.5 

seconds, relay Kl3 will be picked and relay Kl5 is dropped. Relay Kl3 N/C 

contacts interrupt the return fol relay K51, causing t:'he relay to drop. Re­

lay K51 contacts remove the battery package input to the converter/inverter. 

After 5.5 seconds relay K47 is picked, and its N/O contacts,cause relay K48 

to drop. From this point, a normal power-off sequence takes place. 

NOTE: The battery package output will not be applied to the converter/ 

inverter during an emergency power~off situation. 

If either the system EPO or the element MPO pull switch is activated, all 

power after the entry terminal, except for the 24 volt prime power supply, 

is turndd off. The EPO and MPO switches are mechanical latch type switches 

that must be manually reset after being pulled. 

The contacts of system EPO relay K37 provide a return for the element MPO 

relay K43, which must be picked before the element circuits can be energized. 

Whenever either an EPO or MPO occurs, relay K43 is dropped, and element power 

is sequenced off within 2 seconds. 
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H. Special Power-Off Sequences 

Power Fault 

Each CE regulator contains an overvoltage/overcurrent sense relay and a 

regular output sense relay. If an overvoltage/overcurrent condition exists 

in a given regulator, its respective sense relay (contained on the over­

voltage/overcurrent SMS card) is picked. The N/O contacts of the picked 

sense relay causes relay Kl4 ( overvoltage/overcurrent) to .b.e picked. Each 

regulator output sense relay insures that the associated regulator output 

is at the proper amplitude required for normal element operation. The out­

puts from regulators 1 through 6 and 9 through 11 are sensed by relays K22 

through K24 through K26, K28, K29, and K31 through K33· Should any one of 

these relays drop, relay K5 will be dropped. The outputs from regulators· 7 

and 8 are sensed by relays K34 and K35, respectively. Should any of these 

relays drop, relay K4 will be dropped. 

The N/C contacts of relay Kl4 and N/O contacts of relays K5 and K4 are used 

in the return line for relay K48 (+18V and +30V P/S on). Thus, if an over­

voltage/overcurrent condition occurs or should one of the regulator outputs 

be out of tolerance relay K48 is dropped. From this point on, a normal 

power-off sequence takes place. 

Thermal Check 

Two types of thermal checks (thermal warning and thermal catastrophic) can 

occur in the CE. The first check (thermal warning) occurs when the CE opera­

ting temperature in the CPU is 120° F but less than 130° F, or when the opera­

ting temperature in the PDU is 140° F but less than 165° F. The CPU and PDU 

thermal warning sensing devices control relays KT and K9 respectively. When 

a thermal warning condition exists in either the CPU or PDU th~ associated 

thermal warning relay is dropped. The related Thermal light and the Power 

Check light on the Operator's Control Panel is turned on, 24 volt de signal 

is routed to the Power Check light located on the SC, and an out-of-tolerance 

signal is applied to the CE logic circuits. 
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2-88 SYSTEM PROCESSING AND CONTROL 

The second check (thermal catastrophic) occurs when the operating temperature 

in the CPU is more than 130° F or when the operating temperature in the PDU 

is more than 165° F. The CPU and PDU thermal catastrophic devices control 

relays KlO and Kl2, respectively. When a thermal catastropic .condition exists 

in either the CPU or PDU, the associated thermal catastrophic relay is dropped. 

The N/C contacts of the dropped relay will cause the associated Thermal light 

and the Power Check light to· turn on, providing a 24 volt de signal to the 

Power Check light on the SC. The N/O contacts cf either relay KlO or Kl2 

interrupt the return for relay K48, causing this relay to drop. Relay K48 

N/O contacts now initiate a normal power-off sequence. 

A.Thermal Reset switch is provided to reset the thermal relays. By activating 

this switch after the temperature in the overheated unit(s) has fallen below 

the warning level, the associate thermal relay will pick, causing the related 

thermal light to go out. 

I. PDU Circuit Breaker Trip 

The CE is· provided with an Open CB lamp which indicates a tripped circuit 

breaker in the PDU. If any one of circuit breakers CB3 or CB5 through CB9 

trips, relay Kl6 will pick. Relay Kl6 'N/O contacts cause the .Open CB light, 

on the Operator's Control Panel to be turned on and provide 24 volts de to 

the SC Power Check light. 

J. Controls and I_ndicators 

1. Introduction 

Following is a list of the controls and indicators associated with CE power. 

Some controls and indicators are located on the Operator's Control Panel, 

others are located on the PDU. The Operator's Control Panel and the PDU 

will be discussed separately. 
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2. Operator's Control Panel 

The controls and indicators associated with CE power are located in the upper 

left-hand and lower right-hand sections of the panel. The E.lement MPO Pull 

switch is located in the upper right-hand corner of the panel. 

Marginal Voltage Lights 

These lights indicate when a marginal voltage is varied from its nominal 

value. One set of lights is used for each marginal voltage control. 

3. PDU 

The PDU controls and indicators are located on the front of the lower frame 

door panels. Controls and indicators on the regulators and converter/in­

verter are discussed in the Instruction Manual for SLT Power Supplies 

z22-2799. 

Mainline CBl Circuit Breaker 

CBl controls the three-phase, 20S volt ac, 60-cycle input to the CE applied 

from the customer's ac service. 

CB2 Circuit Breaker 

CB2 controls inputs to converter/inverter, line sense and switching circuit, 

temperature controller, and transformer T2, which supplies excitation to 

the interval timer. 

CB3 Circuit Breaker 

CB3 controls input to PDU power Regulator fans. 

CBS through CBS Circuit Breaker·s 

CB5 through CBS control inputs to the b~ ---_._.:; located in gates A,. B, c, and 

E within the CPU. 

AC-940 CBB9AO 7/6S 



SYSTEM PROCESSING AND CONTROL 

~B9 Circuit Breaker 

CB9 controls input to transformer Tl, which supplies 28 volt ac excitation 

to the converter/inverter. 

CBlO Circuit Breaker 

CBlO controls input to the convenience outlets in the PDU and CPU. 

Power On/Off Switch 

This switch can initiate the power on/power off sequence for the CE. After 

the completion of a power on sequence, this switch is active only when the 

CE is in state zero, and the State Test switch is in the On pqsition. The 

PDU Power On/Off switch is connected in series with the Power On/Off key 

located on the Operator's Control Panel. 

Thermal Reset Key 

Pressing this key resets tht thermal relays controlled by the thermal sensing 

elements within the CPU and PDU frames. Activation of this key will also 

turn off the Thermal Check light(s) if the related frame temperature has 

fallen below the warning level. 

Fuses Fl and F2 

These fuses protect the 24-volt prime power supply and its asSQciated cir­

cuits from overload. 

2-10. COMPUTING ELEMENT TESTING 

Within the 7201 Computing Element there exists special hardware and ROS rou­

tines to assist the maintenance technician or engineer in isolating malfunc­

tions and affixing repairs. Due to the complexity of this sys~em, the testing 

of it must be performed in stages. Therefore, it stands to reason that a 

hierarchy of procedures should exist. Since the Read Only Storage of the 

Computing Element must be functional before even the most basic of programs 
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may be executed, there are a series of tests which may be executed from the 

Operator's Panel which enable the technician or engineer to verify that each 

bit of the ROSDR may be set and reset under the influence of data read from 

the CROS Planes. (Refer to CLD Page QWlll-222.) There are also operator 

panel initiated ROS routines to ripple selected quadrants of local storage, 

to ripple sequential locations of main storage, and to transfer data from 

the data keys to the registers. These tests require only that the clocks 

be operational, and that the addressing circuits of ROS be capable of selec­

ting the proper words. As the tests are completed, the element under test 

is readied for the next higher form of testing. 

Since the Built-In ROS routines provide a visual indication of the ability 

of the m1croprogram to set and reset the bits in the various registers and 

storag~s from the data keys, the next higher echelon of tests should provide 

some method of verifying the elements ability to set and reset these registers 

using normal data paths; and finally the ability to use the functional units 

in conjunction with each other to process data. This job of. testing is related 

to the Fault Locating Tests (FLTs). The FLTs utilize the data paths into the 

machine from storage and the logout paths within the machine to place the data 

back.into storage. FLTs may be executed and their results interpreted, or in 

the case of an exclusive intermittent, the FLTs may be executed while the 

logic voltages are raised or lowered in order to induce a solid failure. Since 

the FLTs are considered a higher form of testing, the requirements placed on 

the equipment for their execution are greater. To execute the most basic FLT 

for example SK words of operating storage are required as well as an operating 

selector channel and an operating Tape Control Unit and Tape Drive. The FLT 

load circui~ry between the ICX::E and CE must also be operational and the inter­

face between the CE and SE must be functional. The result of the performance 

of the FLTs and the data presented to the technician or engineer is in the 

form of visual indications in the SDR and !AR of the element under test. This 

information, when properly interpreted will lead the technician or engineer to 

the failing functional unit in a minimum of time. 
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:Fault Locating Tests as mentioned previously may be run with the logic volt­

ages either raised or lowered to induce failures in the functional units. By 

gradually lowering the voltages, an intermittent failure may be induced to 

become a solid failure and thus permit successful repair in an otherwise 

difficult situation. In general, the repair of a malfuncti0n should be 

attempted at the lowest echelon of testing where its indications are well 

defined. Thus, if a functional unit failure is manifest both in ROS tests 

from the panel (Bring-Up Aids) and in the FLT tests, it is probably easier 

to affect the repair using the Bring-Up routine for the scoping sync, etc. 

Since both the Bring-Up Aids and the FLTs have verified the ability of the 

functional units to operate under varying conditions, the machine is now 

ready to be tested under simulated operating conditions. The Maintenance 

Diagnostic Monitor Program provides a method of testing using actual machine 

instructions. The MDM program starts using only one instruction, after veri­

fying the operation of the instruction, the program uses it to "bootstrap" 

its way to more instructions. Since this is a progressive form of testing, 

any time an instruction is incapable of being executed, an interrupt to the 

monitor may occur. This permits the program to branch to a routine to either 

print out on the console printer or, if incapable of the interrupt, the pro­

gram will stop and IAR and SDR indications in conjunction with the program 

listings may be used to isolate the malfunction. The operation of the MDM 

presuppose~ that the element under test has successfully passed the FLT tests. 

In general the malfunctions detected by these tests will be due to the in­

ability to perform certain micro-orders unique to the particular instruction 

under test. 

MDM tests are designed with many options. They may be executed in a multi­

processing environment, they may be used to test the various I/O devices in 

the system, and may utilize various available I/O devices for loading and 

communication between the operator and the monitor. This great flexibility 

is due to the elaborate monitor used to direct the testing of the instructions. 

This monitor also provides optional features such as the editing of the print­

out of the machine check logouts, and the ability to reconfigure the system 

under test. 
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Successful completion of the MDM tests by the system indicate that the system 

is capable of performing the jobs assigned under this form of testing and may 

be further and more completely tested by a group of tests contained on the 

same record. The final and highest form of testing available in the 9020 

System is referred to as the SEVA tests. These tests, while the most compre­

hensive, give the poorest resolution for maintenance purposes. The machine 

check logout provides a document for maintenance resolution which may be 

analyzed as described in a previous section. 
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CHAPTER 3 

STORAGE ELEMENT 

3-1. 7351-04 STORAGE. ELEMENT 

Storage elements are basic units of an IBM-9020 System. ~ach storage element 

contains its own core arrays, registers, power supplies, backup power (bat­

teries), and maintenance panel. A sub-assembly within each storage element 

called Basic Operational Storage (BOS) contains the core arrays, address de­

coding circuits, and drive circuits for the arrays. 

Storage elements. hold stored programs and the data to be used in the execution 

of the programs. Some of the reasons for selecting a~ storage unit to 

hold these items are: reliability of operation, random access to data, speed 

of operation, and convenience of size. 

The storage element performs the five functions shown in Fig. 3-1: 

1. Receives input from input/output machines such as a tape unit, 

card reader, or drum storage. 

2. Sends output information to input/output machines such as a tape 

unit, printer, or drum storage. 

3. Sends instructions and control information to the control section 

of the processing unit. 

4. Sends data to the processing unit •. 

5. Receives data from the processing unit. 

The storage element handles ail stored information as data, making no dis­

tinction between program instructions, control words, or numbers. 

If we compare the information in a core storage unit to a file-of punched 

cards, one item of information in the storage unit is similar to one card of 

the deck~ All cards of one deck are equal in length and each card can hold 

a certain quantity of information. Likewise, all items in a storage unit 
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are equ~l in length and each item can hold a given quantity of information, 

called a word. 

In some customer applications, the whole card is one field of information • 
• In other applications, cards are subdivided into smaller fields (Fig. 3-2). 

Words in a storage unit may be s~bdivided into smaller units called bytes. 

Storage units of the IBM-9020 System have basic field lengths of one word. 

3-2. THEORY OF MAGNETIC CORE STORAGE 

A. Ferrite Core 

A ferrite core is a small, doughnut-shaped ring of fer!omagnetic material 

prepared from iron oxide, sine, manganese, and nickel. These materials are 
' ground to a fine powder, mixed with a binder, and pressed into shape by auto-

matic presses. After firing in a kiln, the ferrite core is hard and brittle. 

The resistivity of the ferrite material makes eddy cu,rrent losses and shielqing 

requirements negligible, and results in efficient magnetic cores. 

B. Magnetic Properties 

The ferromagnetic character of the ferrite core permits it to be magnetized 

by any convenient magnetomotive force (mmf). After being magnetized, the 

core retains its magnetic polarity even though the mmf is removed. This 

makes the core useful as a storage device. Electric (drive) current carried 

by a wire through the hole in the core can generate the mmf. Thus, the 

polarity and strength of the mmf (and the polarity of the core) can be con­

trolled by varying the direction and strength of the drive current. 

Under static conditions (no current), the ferrite core is magnetized in one 

of two stable states. Items land 0 (Fig. 3-3) shows a schematic representa­

tion of these two states. In either state, the magnetic flux is contained 

enti~ly within the ferrite material. The actions of a core changing state 

occur in sequence. Drive current through the horizontal'wire builds up a 
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magnetic field in the direction of the outer curved arrows (Fig. 3-4). When 

the current generates an opposing field of sufficient strength, the magnets 

break from each other and spin about (small curved arrows) to align themselves 

in the opposite direction. Once "flipped", the magnets maintain their new 

position. During the realignment of the magnetism in the core, magnetic lines 

of force extend beyond the ferrite material (Fig. 3-5). The external lines 

occur only while the magnets are changing direction and recede into the fer-
1 

rite when the change is complete. The lines of force that cut the sense out-

put line generate a pulse that is amplified and sensed by a sense amplifier. 

A pulse indicates that the magnetic state of a core changed. 

A certain field strength must be exceeded to cause the co~e to change state; 

neither a lower level nor a greater level has much effect. This field strength 

or nmf is developed by an electric current. An amount of current, I, is more 

than adequate to flip the core, whereas I/2 is not sufficient to flip the core. 

Current can be sent through the drive line in one direction {+I) to place the 

core in the 1 status, and in the other direction (-I) for 0 status. 

All the drive current through the core does not have to be carried by one 

wire. If two wires go through the core in the same direction, I/2 in each 

has the same effect as I in one wire. The drive wires are called X and Y. 

Half current (called inhibit or Z) in a direction to oppose one of the drive 

currents (in a third wire) is used to control changing the status of the 

core to a 1. The fields developed by the current add together algebraically. 

Figure 3-6 shows an arrangement affording complete selectivity and control 

of the core according to the following table: 

AC-940 CBB9AO 7/68 



Case 

1 
2 
3 
4 
5 
6 
7 
8 
9 

! 
+I/2 

-I/2 

-I/2 
+I/2 
+I/2 
+I/2 

Drive 

STORAGE ELEMENT 

Drive Line 

! 

+I/2 

-I/2 
-I/2 
+I/2 
+I/2 

+1/2 

l 

-I/2 
-I/2 
-I/2 

Sense 
Output 

Figure 3-4. 1 Changing to O. 

Effect 

None 
None 
NOIU! 
None 
Write Zero 
Write One 
None 
None 
None 

Figure 3-5. Core Field While Changing States. 
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C. Hysteresis Loop 

The switching of a ferrite core may be plotted on a graph called a hysteresis 

loop. The graph in Fig. 3-IA shows the relationship pf magnetic flux density 

(B) on the vertical axis and drive currents {mmf) on the horizontal axis. 

A ferrite core at A is u~gnetized. If +I/2 is applied to both the X and Y 

drive lines in the same direction through the core, the resulting mmf causes 

the core to magnetize along path AC. The core is saturated at point C, and 

any further increase in current has no significant effect on the core. When 

the current is cut off, the flux state of the core slips to point D; which is 

arbitrarily designated as a 1. 

While the core is at point D, a +I/2 current applied to either or both the X 

and Y drive lines cause the core to magnetize toward point C. A -I/2 on 

either the X or Y drive line causes the state of the core to move toward 

point E. In either of. these cases; when current is removed, the status of 

the core reverts to point D. 

When -I/2 is applied to both the X and Y drive lines, the core follows path 

DF and switches at a point between -I/2 and -I. When drive current is removed 

from both drive lines, it causes the flux to settle at po·int G, which arbj.­

trarily represents a O. A +I/2 on either the X or Y drive line advances the 

status of the core toward point H, but does not flip the core; and when cur­

rent is removed, the core reverts to or near point G. A +I/2 applied to both 

the X and Y drive switches the core along the path GC. When current is re­

moved, the core reverts to point D. 

Once a core has flioped, drive currents are removed and the status of the core 

settles,. along the curve, to the vertical axis, where it remains until drive 

currents are applied again. Plus or minus I/2 moves the status of the core 

along the hysteresis loop, but does not flip the core; and the core settles 

back near the starting point on the vertical axis. 
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Figure 3-6. Core Wires (Three Wire System). 

Note that: 

1. Current in a direction that would magnetize the core to ~ specific 

state has little effect on a core already magnetized to that state. 

2. One-half current in a direction to reverse the magnetic state of 

a core has little effect on core magnetism and does not flip the 

core. 

3. Full current in a direction to reverse the magnetic state of a 

core does reverse the state. 

4. Ferrite cores used for storage require a nearly square hysteresis 

loop for reliable operation. 

The preceding description applies to ~ ferrite core having characteristics 

desirable for information storage and operating under normal conditions. 

Abnormal conditions, such as high temperature, can distort the hysteresis 

loop (Fig. 3-7B) so that the core is no longer a reliable storage device. 

With a distorted hysteresis loop, a magnetized core is unable to resist half­

select current and does not retain full magnetization when drive current 

ceases to flow. 
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Figure 3-7. Normal and Heat-Distorted Hysteresis Loops. 

A core may become hot and lose its storage ability because tempei:ature control 

of the core environment has been lost, or because one core location has been 

repeatedly driven from 1 to 0 and back to 1 again many times in rapid succes­

sion. The latter condition is known as "beating" a core location. Defects 

such as cracks) breaks' and voids make the cores sensitive to nigh temperature. 

3-3. CORE PLANES 

Because each core can hold only one bit of information (1 or 0) many cores 

are required. To use them as a main storage unit, the cores are arranged in 

planes as shown in Fig. 3-8. Adjacent cores are aligned at 90 degrees to 

each other to reduce interference. Cores are held in place by the wires that 

pass through them. 

The X drive lines are all parallel to each other and pass through all cores 

in a line across the plane. Y drive lines are parallel to each other but are 

perpendicular to X drive lines. Each Y drive line passes through all cores 

in a line. 

AC-949 CBB9AO 7/68 



STORAGE ELEMENT 3-9 

. . . . . . . . ....... . •••••••• fl ••• •••• ------

.,.~,····· ····. 
~ r------ --- ---

S-./lnhiblt 
Wire 

. ·. . ; : I . . ·: .. ,·. 
I 
I 

I 
I .. 

I • 

<~~~~~ 
- . ; . . -.... .... ....... . . . . . 
2 3 4 5 

y 0r1 .. u .... 

........ 
·~·-~ 

---~ 
6 8 

- S.leci.dC­
nmDD Holf-S.lecled Core 

S.-/lnhiblt 
GrOund 

Figure 3-8~ Arrangement of Cores. 

The sense/inhibit wire is parallel to X drive.lines and passes through all 

cores in the plane. The sense wire serves a double purpose in that it is 

used to prevent the writing of one bits. See the "Inhibit" section. 
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3-4. COINCIDENT CURR.ENT ADDRESSING 

The 8 x 8 plane shown in Fig. 3-8 can store 64)>its of information. Any core 

in the plane can be selected (addressed) by simultaneously impulsing the X 

and Y drive lines intersecting the core. Curvent can be driven in either 

direction (+I/2 or -I/2) in each X and Y drive line; but to change the status 

of a core, both drive currents must be of the same polarity and pass through 

a core in the same direction. 

3-5. READ-OUT, SENSE 

Assume that the status of the selected (dark) core (Fig. 3-8) is to be read 

out by impulsing drive lines X3 and Y3 each with -I/2. If the core contains 

a 1 bit, the core flips to 0 and induces a small signal on th~ sense/inhibit 

wire through the core. The signal is amplified and indicates that the core 

had contained a 1 bit. The act of reading out a 1 bit destroys it and leaves 

the core with a 0 bit, which will have to be replaced later. 

If the addressed core contains a o, no signif~cant change in its magnetic 

state occurs and very few lines of magnetic force cut the sense winding. The 

other 14 cores on drive lines X3 and Y3 each receive only -I/2, which is not 

sufficient to change their state. 

Strobe: Even though half-selected cores do not change status (flip), the 

accumulation of a few lines of magnetic force from many cores causes a dis­

turbance {Noise) on the sense wire. The amplitude of the noise may, under 

certain conditions, exceed the amplitude of a signal from a core that changes 

status. Therefore, a special timing pulse, called strobe, is generated to 

gate the signal from a core changing status to the sense amplifier. 
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3-6. WRITE, STORE 

Putting information into the core plane is ca11ed a write; or store, operation_. 

The write operation changes the status of selected cores from 0 to 1. Status 

of the selected core (Fig. 3-8) can be changed from 0 to 1 by impulsing drive 

lines X3 and Y3 with +I/2 {opposite to the direction of the read current). 

Inhibit: Each time +I/2 is sent through drive lines X3 and Y3 (Fig. 3-8), 

the two drive currents attempt to change the status of the core to a 1. How­

ever; to store useful information, some cores must remain in the 0 status. 

Therefore, another current, called inhibit or z, retains a status in a core 

by opposing and cancelling X drive write-current. The Y drive current alone 

is not sufficient to change the status of a core to a 1. 

Note: In some core storage units, a fourth wire is added to carry·inhibit 

current. {Sense and inhibit are separate wires.) However, because 

an output from a core is not wanted during writing, the sense wire 

can carry inhibit current and thus simplify core wiring. 

3-7. : CORE ARRAY 

We have discussed only one plane in which only one core at a time can be 

addressed·. To repres.ent characters other than 0 and 1, several bits must be 

read· out or stored at one time. To handle more than Qne bit of information 

at a time, planes are stacked vertically {Fig. 3-9) to form an array. The 

number of places in an array is determined by the number of bits that must 

be handled on one read or write operation. Each X and Y drive line is con­

nected from p!ane to plane through the .whole array {Fig. 3-9), whlle each 

sense and inhibit winding is for only one plane or a section of a plane. In 

actual practice, four sense inhibit wires are in each plane to reduce the 

length of each wire and thereby increase the speed of operation by getting 

the sensed output to an amplifier sooner than would be possible with only 

one sense wire per plane. 
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'The X and Y drive lines-pass through many planes in an array and thus some 

delay occurs between the arrival of the drive current at the first and las't 

planes. Therefore, the strobe pulse also is delayed for the last planes 

to ensure that-only sensed outputs and not noise are gated to the sense 

amplifier_s. 

3-8. CAPACITY 

A core storage unit can be large or small. The smallest ones have only a few 

hundred cores in them and the largest contains millions of cores. Usually, 

the larger sizes are-slower in operation. Optimum sizes, determined by pro­

grams to be run and speed required, are selected for each computer. The ·opti­

mum size, called capacity, is the maximum number of locations or items of 

information that can be heldain the storage unit. 

The IBM-9020 System transmits information between main .storage and the proc­

·essing unit .in words {four bytes). One word fills one location in the 9020 

main storage. 

A core storage unit is like a cube wi~h pigeonholes where information can be 

stored and later retrieved. Figure 3-10 shows a small core storage unit 

utilizing a two-digit system of addressing. The units digit defines the X 

coordinate and the tens digit defines the Y coordinate. Together, the X and 

Y coordinates make up the address of a location of storage. Any location can 

be addressed by its coordinates, thus random access. The capacity of the 

cube shown is 8 x 8, or 64 words (256 bytes). 

Capacity of each 7251-03 Storage Element is 32,768 words {131,072 bytes). 

To hold this amount of data, requires two 18-plane arrays. 

AC-940 CBB9AO 7/68 



3-14 SY'8TEM PROCESSING AND CONTROL 
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Figure 3-10. Pigeonhole Storage. 

3-9. STORAGE CYCLE 

Random access storage units have a set routine (called a storage cycle) to 

read out or store data. The processing unit provides storage with an opera­

tion (fetch or store), an address, and a start signal. The address from the 

processing unit is decoded within the storage unit to select an X and a Y 

drive line for the addressed location. The start signal from the processing 

unit initiates a storage cycle to read out or store the data. Once started, 

the storage cycle proceeds under the control of a storage unit clock, inde­

pendently of processing unit timing (asynchronous operation). 

Figure 3-11 shows a basic core storage operation and data flow. The sequence 

of events in a core storage cycle is shown by the circled numbers and the 

timing chart in Fig. 3-12. A storage cycle is divided into two equal parts: 

read-out (fetch) and write (store). The first three steps are the same for 

both the read operation and write operation. An address is sent from the 

processing unti to storage and is decoded in the storage unit to form the X 

and Y coordinates of the selected location in storage. 
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Figure 3-12. Typical Core Storage Cycle. 
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3 -10. READ OPERATION 

In a read (fetch) operation, the contents of the selected location are placed 

in the storage data register for use by a Computing Element or Input/Output 

Control Ele~ent. Because all cores are set to 0 during read, the read opera­

tion destroys the information at the selected address (destructive read-out), 

if the original information is to remain at the same core storage address, 

the information must be replaced. 

Therefore, the write half-cycle necessarily follows the read half-cycle. In 

a read operation, the write half-cycle places the original information in the 

storage data register back into the arrays. 

3 -11. WRITE OPERATION 

To write (store) new information the storage unit, the processing unit 

places a word in the storage data reg:i,.ster. The storage unit goes through a 

read operation to reset the cores at the selected location to O's /but. the 

word that is read out is riot allowed to go .to the storage data register. In­
stead, the new word from the processing unit is transterred from the storage 

data register into the selected location. Words pass through the storage 

G!ata register both on. the way into and out of the storage unit .• 

3-12. 7251 DATA FLOW 

Data flow in the 7251-03 (Fig. 3-13) consists of moving words into the arrays 

and taking them out again when a computing or input/output control element 

needs them. Words from up to three Input/Output Control Elements (IOCE) or 

from up to four Computing Elements (CE) can be gated to the input switch in 

the Storage Element. Priority controls determine which of the inputs to the 

input switch are to be gated into the Storage Element. See "Priority Controls" 

section. 
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Figure 3-13. Main Storage Element Basic Data Flow. 

During normal fetch cycles, data is read from the BOS into the storage data 

register where it is available to external elements ~hrough the output switch. 

The word in the storage data register is regenerated back into the addressed 

loc1;1.tion in the arrays. 

NOTE: Because CEs, IOCEs, and SEs each contain a Storage Data Register (SDR), 

the one in the SE may be referred to as the Storage Element Storage 

Data Register (SESDR) to avoid confusion. However, throughout this 

manual, Storage Data Register (SDR) refers to SESDR. 

Storing of information is controlled on a byte basis by byte stats, which 

are set by the accessing element. The word from the addressed location is 

read out to the storage data register (Fig. 3-14). The four bytes from the 

accessing element are parity checked upon arrival, and if parity is good, 

those bytes whose stats are on are gated from the input bus to the data .switch. 

Input data must remain on the bus until 2,000 nanoseconds of all normal store 

cycles. Those bytes whose stats are not on are regenerated from the storage 

data register. No parity check is allowed from the storage data register in 

a store operation. 
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In any byte at the ioput bus is incorrect, all bytes are regenerated from 

the storage data register, and at the conclusion of the write portion of the 

cycle, data from the input bus are dumped into the storage data register for 

1ogout. 

Outputs from the storage data register are also available to the pattern 

checker for testing the Storage Element off-line. 

3-13. CONTROLS 

Controls for moving data into and out of the Storage Element consist of con­

figuration and priority controls, input and-output switches, byte stats, an 
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addressing scheme, read and write latches, and a delay line clock. Configura-· 

tion c~ntrols indicate the operational status of the Storage Element and with 

which other elements of the 9020-System the Storage Element may communicate. 

Priority controls set an order in which Input/Output Control Elements and 

Computing Elements may communicate with a Storage Element in case more than 

one element attempts to communicate with the Storage Element. Input switches 

gate data into the Storage Element from the Input/Output or Computing Element 

that is sending data; output switches gate data from the Storage Element to 

the el~~ent that is to receive data. The addressing scheme is a method for 

locating data in the Storage Element. Read and write latches set up circuits 

to· take data out of the Storage Element (read) and to put data into it (write). 

The delay line clock times operations within the Storage Element •. 

The Storage Element operates asynchronously from oth~r elements, and if not 

in use does not cycle, but awaits an access request from a Computing Element 

or Input/Output Control Element to activate the internal timing circuits. 

To start the Storage Element, a Computing Element or Input/Output Control 

Element sends an address and an access request to the Storage Element. 

A. Configuration 

Because there is no preferred system structure in the 9020 -- no inherent 

master-slaYe relationship -- which requires that a specific Computing Element 

exercise primary control over other elements, a scheme known as configuration 

is employ~d to specify: 

1. Which elements of the 9020 System may exercise control over other 

elements. 

2. Which elements may communicate with which other elements. 

3. The operational capability of each element. 

4. Which Computing Elements that a Storage Element may accept con­

figurations from. 
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3-20 SYSTEM PROCESSING AND CONTROL 

This information is retained in each element in a Configuration Control Regis­

ter (CCR). Positions of a Storage Element (Configuration Control Register) 

are shown in Fig. 3-15. Four parts of the register are: CEy IOCE, State, 

and SCON. When a position of either the CE or IOCE section is on, the Storage 

Element may receive data from or send data to (communicate with) the corre­

sponding element. The positions of set configuration (SCON) section of the 

configuration control register determine which of the Computing Elements that 

a Storage Element may accept configurations from. 

CE IOCE SCON 

3 4 2 3 4 

0 6 

Figure 3-15. Configuration Control Register. 

State is the operational capability of the element and is 3, 2, 1, or O. 

Three is the highest operational state and indicates that the element is per­

forming Air Traffic Control programs. Zero is the lowest state and is pro­

vided to accommodate maintenance, 

The set configuration (SCON) instruction is the program means by which a Com­

puting Element sets th~ positions of a Configuration Control Register. Posi­

tions of the register are set from positions 0-6 and 24-29 of the input bus. 

Two parity bits are associated with the Configuration Control Register. 

B. Priority Controls 

Priority controls are a group of circuits (Fig. 3-16) that set the order of 

accepting requests for access to storage from Input/Output Control Elements 

(IOCE) and Computing Elements (CE) in case more than one CE or I<X:E requests 

access simultaneously. Except for reconfiguration requests by CEs, on 
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simultaneous access requests·, IOCEs have priority over CEs. Within each 

group of elements, priority is assigned in order. For example, IOCE 1 has 

priority over IOCE 2. Except in the case of simultaneous requests, service 

is given on a first-in first-out basis. When simultaneous requests for ac­

cess occur, service is given on succeeding cycles as defined by priority. 

Each accessing element within each group (CE or IOCE) has the same weight. 

Therefore, if three elements of equal priority request service simultaneously, 

they are s~rviced on succeeding storage cycles. The element serviced first 

is not honored for access again until the other two elements have been 

serviced. 

A CE or IOCE (with· its Configuration Control Register bit turned on in a 

Storage Element) that sends an access request to a Storage Element, receives 

a request acknowledged signal from the Storage Element to signify: (1) that 

the Storage Element has received the access request, and (2) that the Storage 

Element is configured to the accessing element. 

C. Addressing 

The address assigned to a word instructs the Storage Element where to put the 

word. In the Storage Element, addressing is a method of selecting each of 

the locations in the core arrays where a word can be stored and later located. 

Locations of bytes are consecutively numbered from zero to the capacity of 

storage; each numbered location is considered the address of the corresponding 

byte. Because Storage Elements operate with words (four bytes), storage ad­

dresses are multiples of 4. 

An address where a word is to be located in the Storage Element is specified 

by a Computing or Input/Output Control Element. The address (24 bits) arrives 

at positions 8-31 of the Storage Element input switch (Fig. 3-17). From the 

input switch, bits 8-31 of the address go to the Storage Address Register (SAR) 

and bits 15-29 go also the address switch. The Storage Address Register acts 

as a buffer to hold the address while the parallel path from the input switch 

to the address switch serves to reduce circuit delay. 
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Figure 3-16. Priority Circuits. 
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Bits 15-29 from the address switches become address bits 14-0 in the basic 

operational storage. These storage .address bits are divided into two groups: 

one group to select the X drive lines and the other group to select the Y 

drive lines. Address bits 0-5 and 13 are powered.and decoded to select one. 

of 128 X drive lines in each array; address bits 6-12 are powered and decoded 

to select one of 128 Y drive lines in each array. 

Bits 13 and 14 select segments in the arrays for strobe and inhibit, and bit 14 

controls phase reversal. 

Because a Storage Element operates with words, all storage addresses are mul­

tiples of 4. This is why address register bits 30 and 31 {F'ig. 3-17) do not 

become storage address bit lines in the Storage Element. 

An IBM-9020 System may have several Storage Elements, each of which contains 

131K bytes. A block of 131K addresses is assigned to each storage element; 

this block is preset by mechanical connections and it is the responsibility 

of the accessing element to decode the high-order bits of an instruction. or 

data address and to select the proper Storage Element~ The Storage Element 

checks the high-order bits of an address received t~ ensure that the address 

lies within the selected Storage Element. A discrepancy indicates a high­

order address error. 

D. Integral Boundaries 

Fixed-length fields, such as words, halfwords, and doublewords, must be 

located in a Storage Element on an integral boundary {Fig. J-18) for a unit 

of information. A.boundary is called integral for a unit of information when 

its storage address is a multiple of the length of the unit in bytes. For 

example, words {four bytes) must i>e located so that their address. i~ a mul­

tiple of 4. Halfwords {two bytes) must have an addre$s that is a multiple 

of 2, and doublewords (eight bytes) must have an address that is a.multiple 

of 8. 
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Binary 
0000 0001 0010 0011 . 0100 0101 0110 0111 1000 1001 1010 Address -
llyte Byte Byte Byte Byte , Byte Byte Byte llyte Byte t Byte 

Halfword Holfword Halfword Halfword Halfword 

• Word Word Word 

Doubleword Doubleword 

Figure 3-18. Integral Boundaries for Halfwords, 
Words, and Doublewords. 

E. Byte Stats 

3-25 

-I 
-l 

l • 
I • 

To give the 9020 System the flexibility of storing individual bytes, ~hile 

operating the Storage Element with four-byte words, latches in the Storage 

Element called byte stats 0~3 {Fig. 3-19) are set to gate byte from the in­

put switch irito the BOS. When only one byte is to be stored, the Storage 

Element reads four bytes out of the arrays during the read portion of a stor­

age cycle; during the write portion of the cycle, the one byte whose stat is 

on is stored from the input switch while the other three bytes are regenerated 

to the arrays from the data register. Thus, four bytes from the SDR and input 

switch are combined at the data switch for storing in the arrays. 

3- lJ. STORAGE ELEMENT TIMING 

Storage Element timing is asynchronous from Computing Element and Input/Output 

Control Element timing; the Storage Element contains a clock to time internal 

operations. The clock consists of two parts; several adjstable time delay 

circuits and six 250-nanosecond delay lines (Fig. 3-20). The adjustable de­

lays generate pulses to: 

1. Set and reset the Storage Address Register (SAR). 

2. Set and reset the response latch. 

3. Degate the request latch. 
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Figure 3-19. Byte Stat Latches. 

The delay lines are in series and provide 125-nanosecond timing pulses with 

delays up to 1,500 nanoseconds in 25-nanosecond increments. By running the 

delay line a second time) timing pulses are generated for the second half of 

the 2.5-microsecond cycle. 

An access request pulse from an external element starts a Storage Element 

cycle and the Storage Element clock. A Storage Element cycle consists of 

two parts: read-out (fetch) and write (store). The access request becomes 

a start clock pulse to start the clock for the first half of a cycle. At 140 

nanoseconds, the first output from the delay line sets the read latch which 

serves as a gate to timing pulses for a read-out or fetch half-cycle. With 

the read latch on, the write latch is set at 1, 175 nanoseconds. When the 

write latch comes on, the delay line is started for the second half (write or 

store portion) of a cycle. 
I 

Thus, for the delay line clock, the write portion 

of a cycle starts before the read portion ends. By running the delay line a 

second time, pulses delayed up to 2,650 nanoseconds are generated from a delay 
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Figure 3-20. Sto~age Element Clock. 

line of 1,500-nanose~ond duration. Pulses to set and reset latches and 

registers are tapped off the delay line at various times and are gated by 

read or write for the read and write portions of a cycle. 

3-27 

Figure 3-21 lists the timing pulses in the Storage Element and the type of 

operation in which they are used. 

During store cycles, the Storage Element may operate with the read and write 

portions of the cycle sep~rated by a 75-nanosecond delay. This is called a 

split cycle and occurs only when called for by the accessing element. Because 
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Figure 3-21. Storage Element Timing Pulses. 
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the pulse cannot be stopped when traveling through a delay line, the delay is 

created by the split-cycle latch. This latch prevents setting the write latch 

until 1,250 n~noseconds and also <legates normal clock pulses to: reset the 

input data check latch, sample byte stat check, and reset the accept latch. 

Clock pulses that are 75 nanoseconds later in time than the normal pulses are 

gated out by the split-cycle latch to perform these functions. 

A. Basic Operational Storage (BOS) Timing 

BOS timing is ,?synchronous from the Storage Element timing because the BOS 

contains a delay line clock (Fig. 3-22) for control of drive line, inhibit, 

and strobe timing circuits for the arrays. The BOS delay line clock is started 

by a select pulse, from the Storage Element clock, which fires a 135-nanosecond 

singleshot. The 135-nanosecond pulse travels through the delay line and can be 

tapped off at any of 60 taps at 25-nanosecond increments. A delay line with 

5-nanosecond increments is provided for a finer adjustment in timing the strobe 

pulse. The master reset latch regenerates the 135-nanosecond pulse in case it 

degenerates in traveling through the delay line. 

-~ 

For one storage cycle (read followed by write), the BOS delay line clock runs 

twice: once for the read portion of the cycle and once for the write· portion 

of the cycle. Therefore, it is sometimes referred to as the common delay line 

clock. Outputs of the read/write latch are used to gate the timing pulses for 

operations that are not performed at the same time in both the read and write 

portions of a cycle. 

Timing latches that control other circuits in the storage unit are: 

X Read/Write Terminator Gate Timing 

Y 0Read/Write Terminator Gate Timing 

X Read/Write Driver Timing 

Y Read/Write Driver Timing 

Inhibit (z) Timing 

Strobe Timing 

Bump Driver Timing 
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Connection of the timing latches to clock outputs is shown in Fig. 3-22. 

B. Read/Write Controls 

Storage operations consist of two operations: read (fetch) and write {store). 

Once an access request for a fetch or store operation has been accepted by 

a Storage Element, the Storage Element performs a complete cycle in which 

either the fetch or store operation is accomplished. Read takes data out of 

the array for use by a Computing or Input/Output Control Element, and write 

puts data into the arrays. In an IBM-9020 System, the external element con­

trols whether the operation is read or write by the setting of a byte stat 

latch for each of the four bytes contained in the word at the addressed loca­

tion. For a fetch operation byte stats are.not set, and the word from the 

addressed location is delivered to the data register where it is available, 

through the output switch, to the element that request access. 

In a store operation, the word from the addressed location of the arrays is 

delivered to the Storage Data Register. Each of the four bytes that has its 

byte stat turned on is gated from the input bus through the data switch into 

the arrays. The bytes with byte stat latches off are gated from the Storage 

Pata Register through the data switch into the arrays. Input data must remain 

on the bus until the Storage Element has completed the store operation. 

Each of the four bytes from the accessing element is parity checked. If any 

byte has incorrect parity, all bytes are regenerated from the Storage D.ata 

Register; and at the conclusion of the write portion of the cycle, the bytes 

on the input bus are dumped into the Storage Data Register in preparation for 

logout. 

The read latch is set at 140 nanoseconds of the eye le and ,the write latch is 

set at 1,175 nanoseconds of the cycle (Fig. 3-23). These latches control out­

puts of the Storage Element delay line clock. The read/write gate latch gates 

a timing pulse at 1,350 nanoseconds to turn on the write condition latch in 

the Storage Element. The write condition goes to the. BOS and to storage pro­

tection to control the direction of drive currents through the arrays. 
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3-14. STORAGE PROTECTION 

Storage protection is provided to protect the contents of certain areas of 

storage from destruction due to storing of erroneous information during the 

execution of a program. Similarly, fetch protection is provided to protect 

a program from making erroneous use of the contents of certain areas of stor­

age as data or instruction. This protection is achieved by identifying blocks 

of storage with a storage key and comparing this key with a protection key 

supplied with the data to be stored {Fig. 3-24). The detection of a mismatch 

results in a protection interrupt. 

For protection purposes, main storage is divided into blocks of 2,048 bytes. 

A five-bit storage key is as.sociated with each block. When data are stored 

in a storage bloc'k, the £our high-order bits of the storage key are compared 

with the protection key. When data are fetched, the fetch-protection {fifth 

or low-order) bit is inspected. When the fetch-protection bit from the SP 

array is 1, the four high-order bits of the storage key are compared with the 

protection key. The protection key of the current PSW is used as the compa­

rand when a storage access is specified by an instruction. When a storage 

access is specified by a channel operation, a protection key supplied by the 

channel is used as the comparand. The keys match when they are equal or when 

either one is O. 

The storage key is not part of addressable storage. The key is changed by 

the set storage key instruction and is inspected by the insert storage key 

instruction. The protection key in the PSW occupies bits 8-11 of that con­

trol word. 'l'he protection key of a channel is recorded in bits 0-3 of the 

channel address word, which is stored as a result of the channel operation. 

When a protection mismatch due to an instruction is detected, the execution 

of the instruction is suppressed or terminated and the program execution is 

altered by an interruption. The contents of the protected storage location 

always remain unchanged on a storage-protection violation and are never loaded 

into an addressable register or moved to another &torage location on a fetch­

protection violation. 
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I ~~ 36 

Input Switch Q 0 4 
0 4 -1.L 

Error 

Storage Protect Error 
SP 26 Force Regen 

OR Comp Reg 
32 = p 3,F 

MP 001 Logout 
KG 161 

SAR Storage Protect 

3, Fl DJ~o =R~~ 
Protected Area Error Protected Area 

MP 021 
FL 1000 TP A 

FL (Prevent Storing 
New Data, lo 

CE/IOCE) 

Inhibit MP 051 KG 161 
0 (0 = P4 F 

MP 111 
SE to CE Bus (insert key) 

4,F 
Logout 

SP Buffer 
(array) 

0 Sense Amplifiers 3,F 

(-+¥) 

Figure 3-24. Storage Protect. 
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3-15. LOGOUT 

Logout· is the capability of an element: to transmit information that is held 

in latches and registers to a CE for monitoring and error detection. When an 

error. is detected by the SE, a storage check signal is sent to the accessing 

CE to request a logout. The Storage Element then pauses for 2.5 microseconds, 

awaiting a logout stop command from an IOCE or CE. The SE sends an element 

check and a logout stopped signal to all CEs and inhibits the ~emory from 

starting another cycle. 

Five or more microseconds after the receipt of the logout stopped signal from 

the SE, and CE may send a logout proceed, signal to interrogate the latched 

information. The SE remains logout stopped until a CE sends a logout complete 

signal to the SE. Logout complete resets all request latches in the SE. Data 

logged out is sent to all CEs. 

Logout of an SE requires five words (Fig. 3-25). Execution of a reconfigure 

cycle prior to logout may alter the configuration control register and the 

indication of the unit last accessing the Storage Element. 

The logout stop and logout complete signals are degated by CE gate and hi 

test (isolated test conditions). 

3•16. TEST AND SET 

Test·and set is an instruction performed only by CEs. The instruction fetches 
I 

one byte of data from storage and tests the leftmost bit of the byte for a 

O/l condition. As a result of the test, the condition code is set to a 0 or l} 

·respectively. 

To pbtain the byte, the Storage Element fetches a word from the BOS. Positions 

30 and 31 of the storage address determine which byte of the word to send to 

the CE. As this byte is returned to the BOS, all nine bits are forced to l's. 
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Figure 3-25. Storage Element Logout Formats. 
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The other three bytes of the word are returned to the BOS from the Storage 

Data Register. 

Test and set controls the use of common data or tables by more than one CK. 

For an example o'f test and set, refer to the Field Engineering Manual of 

Instruction, IBM-9020 System Introduction, Form Z22-2860. 

3-17. ERROR CHECKS 

Seven types of check signals may be generated by error conditions: 

Element Cheek 

Storage Check 

Protected Area 

Logic Check 

Power Check 

On Battery 

Emergency Power Off 

A. Element Check 

An element check is sent to all attached Computing Elements. Other functions 

within the SE are unaffected by the signal, but normal operation cannot be 

guaranteed. A cons.tant element check is generated by the following: 

Logout Stopped Signal 

Overcurrent on any supply 

Overvoltage -0r Underv:oltage -on any supply 

Normal Power Off, Master Power Off, or Loss of any Voltage 

A pulsed element check (10 microsecond pulse) is sent to all attached CEs for 

the following conditions: 
r; 
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Incorrect Configuration Register Parity 

Marginal Temperature 

Catastrophic Temperature 

On Battery 

Storage Check ( 

Other functions within the SE continue to operate normally.'' 

B. Storage Check 

3-35 

The SE can request logout by sending a storage clieck signal to the accessing 

CE at the time an error is detected. Storage check is generated by parity 

check error~ with the exception of Configuration Control Register parity 
I 

checks.. The SE pauses for 2. 5 microseconds ;following completion of the cycle 

in which the error was detected. If logout stop has not been signaled by an 

attached CE, the SE proceeds following the pause and erYor· information may 

be destroyed. 
1} L"~"tt 

~o .r 

The SDR, SAR, SPDR, SPCR, and input bus are parity checked on a byte basis. 

The output from checking the input bus is available to logout on a byte basis 

and the output from check the registers is available to logout on a word basis. 

Any detected parity or1address error is sent to the accessing element and the 

SE is forced to perform a regen cycle. If any byte at the input bus has bad 

parity, all bytes are regenerated. 

The SDR is parity checked on all fetch cycles. The SDR parity check output 

is disabled on all normal store cycles, ISK, SSKy FLT op, and suppress log 

check cycles. If the SDR has incorrect parity, it is not corrected, but .is 

placed back in the arrays with incorrect parity. 

The SPDR is parity checked under the following conditions: 
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1. ISK and SSK cycles 

2. When the SPCR is not all zeros:and 

a. the SE is executing a store cycle or 

b. any cycle when the fetch protect bit is on in the SP array. 

Byte stat parity is checked on all cycles except ISK and SSK cycles. The 

SPCR is parity checked on all cycles. Input data parity is checked on all 

cycles except FLT opJ suppress log check) and fetch cycles. SAR is parity 

checked on all cycles, Address checking also occurs on all cycles. 

C. Protected Area 

In general, a protected area violation is generated when the four data bits 

of the key sent by the accessing element do not match the four data bits of 

the key from the SP array. This violation ~s suppressed on ISK and SSK cycles. 

The conditions for issuing a protect check vary when the cycle is taken under 

ignore error. 

On a non-ignore error cycle 7 a protect check is issued for the following 

conditions: 

1. Non ISK and SS,K cycles when the keys match (are identical or 

either one is all zeros) with correct parity in both keys and 

a. the SE is executing a store cycle or 

b. any cycle when the fetch protect bit is a 1 in the storage 

protect array. 

In ignore error cycles) a protected area signal is generated the same as in 

non-ignore error cycles and also under the following conditions: 

1. !he keys do not match and incorrect parity is in either or both 

the SPCR and SPDR, and the key at the input bus is not all zeros. 

This signal is suppressed during SSK and ISK cycles. 
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D. Logic Check 

A logic check signal is sent to the System Console whenever the storage check 

line is active. 

E. Power Check 

Power check is sent to the System Console whenever the following conditions 

are present: 

Marginal or Catastrophic Temperature 

Overvoltage 

Overcurrent 

Normal Power Off or Loss of Power 

Voltage or Master Power Off (MPO) 

Undervoltage 

F. On Battery 

An on battery signal is generated whenever the SE transfers from main line 

to battery power. 

G. Master Power Off 

A master power off signal is generated whenever the MPO switch is activated. 

3-18. STORAGE ELEMENT TESTING 

The testing of the SE could be broken down into two classifications, i.e., 

OFF-LINE testing and ON-LINE testing. Since the SE is isolated from external 

control via the engineering control panel when it is not in state zero with 

the test switch on, the SE can only be controlled by system programming and 

is said to be ON-LINE When the SE is in state zero with the test switch on, 

it is isolated from the system and can only be controlled from the engineering' 
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panel. This is referred to as being OFF-LINE. The following discussion will 

attempt to point out the various facilities available from both types of 

testing when troubleshooting checks on the SE. The discussion will not attempt 

to detail all procedures) but it will present a general discussion sufficient 

to enable the technician or engineer to have a general understanding of the 

testing available. 

A. OFF-LINE Testing 

Refer to Fig. 3-26) note the switches in the lower right hand corner of the 

engineering control panel. There is one switch which is labeled Normal and 

Test. This is the ON or OFF-LINE switch when the SE is in state zero. If 

this switch is in the TEST position and the SE is in state zero, the SE is 

isolated.from the system and is in the OFF-LINE condition. In this condition 

all the remaining switches are enabled and the SE can be controlled from the 

engineering panel. 

When the SE has had a check or malfunction) probably the first thing that 

should be checked are the various monitor indicators at the top of the engi­

neering control panel, refer to Fig. 3-26. Such things as parity error, 

protection check, high order address check, configuration, state, etc., can 

be analyzed. Once this information is noted the SE, if in zero state, can be 

tested from the engineering panel. 

An example of store operation is demonstrated by the following·: 

1. Place the Store-Fetch switch in the Store position, the Normal­

Single Cycle switch in the Single Cycle position, place the ad­

dress of the desired location in the !AR keys, place the desired 

data to be stored in the SDR keys, place the Storage Select Rotary 

switch to the Data Switch position, depress Reset and depress de­

press Start. 

AC-940 CBB9AO 7/68 



STORAGE ELEMENT 3-39 

2. One can determine if the store was completed by placing the Store­

Fetch switch to the Fetch position, depress Reset and depress Start. 

Many other tests, controls_, and monitor facilities are available on the engi­

neering control panel located on the inside gate and on the maintenance panel 

located on the front of the SE frame. A summary of these are listed below 

under the sub-topics: "Indicators", "Switches", and "Rotary Switches". 

(Refer to Figs. 3-26 and 3-27.) 

a. Indicators 

Title 

Storage Data Register 

Storage Address Register 

Storage Protect Data Register 

Storage Protect Compare Register 

Configuration Con~rol Register 

Priority Status Request 

Priority Status Response 

Error Detection (2 spares) 

Byte Stats 

Controls 

Run (active only in test state) 

*Element Status 

*Marginal Off Normal -- Indicates that the 
corresponding margin check potentiometer has 
been set off normal. 

*Main Line On -- Indicates that primary power 
is present at the input of the SE power wall. 

*Thermal Check -- Indicates that the temperatqre 
is marginal or a high temperature condition 
exists. Remains on with a high thermal condition. 

*Power Check -- Indicates that an overvoltage, 
voltage marginal, overcurrent, or high thermal 
condition exists within the SE. 
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Number of Indicators 

36 
27 
6 

6 

15 

7 

7 
12 

5 
6 

1 

4 

3 

1 

1 

1 
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Title Number of Indicators 

*Battery Indicates that the Storage Element 
is on battery power. 

*Power Sequence Complete -- Indicates that both 
logic and special voltages are present in the 
SE. If the option to sequence power only through 
logic voltages is exercised, this indicator will 
not be lighted. 

*CB Tripped -- Indicates that a circuit_ protector 
has been tripped. In the SE, this indicator 
signifies only that the blowers are not operating. 

*DC On -- This indicator is active whenever the SE 
logic voltages are on, exclusive of the memory 
special voltages. 

1 

1 

1 

1 

*All the above Indicators indicated by an asterisk are located on the power 

control panel on the front of the SE Frame. (See Figure 3-27.) 
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6 0 6 0 
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+60Z +60XY 
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Main 
Line On 
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Figure 3-27. Power Control Panel. 
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b. Switches 

All manual switches and pushbuttons on the SE Maintenance Panel are under 

control of the s0 and s1 bits and the test switch with the exception of the 

lamp test switch. The test switch is active only when s0 and S1 are off. 

On the power control panel the monitor and element select switches are always 

active so voltages may be monitored in any state. The marginal test potentio­

meters and thermal reset switches and element master power off are always 

enabled. 

The power on/off is enabled only in state 0 with the test switch on. 

c. Pushbuttons 

Title 

Set Conf ig 

Start 

Stop 

Reset 

*Therm Reset 
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Description 

Gates contents of appropri­
ate data switches to con­
figuration register. 

Initiates a storage cycle. 
Further operation is con­
trolled by the status of 
other switches. 

Stops storage cycles at end 
of current cycle. 

Resets all error indications 
and storage registers to O's; 
stops any operation at end of 
write portion of cycle. Re­
sets CCR. 

Resets relay picked when a 
thermal fault is detected in 
an SE. 

Number of Buttons 

1 

1 

1 

1 

1 



d. Rotary Switches 

Title ---
*Monitor 

(7 posit ion) 

*Marginal Test 

Storage Select 
(3 psn) 

Storage Test 

e. Level Switches 

Title 

*Power On/Off 
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Description 

Selects voltage for display 
on the maintenance panel 
voltmeter. 

Allows a marginal voltage to 
be varied around its nominal 
value (potentiometer). 

Selects one of three SE areas 
to be exercised. These areas 
are: bump ~rea of main stor­
age) main storage locations 
themselves, and storage pro­
tect. 

Gates a pattern generator to 
allow various combinations of 
data to be entered into core 
to facil.itate testing. The 
following patterns are used: 

Zero/One--Test pattern all O's 
or all l's are used as con­
trolled by the start bit 1/ 
start bit 0 switch. 

Worst--Worst case pattern is 
used. 

Data Switch--The data switches 
may be used to enter random 
bits into a word. Byte parity 
must be correct or data checks 
will occur. 

Off--Switch in this position en­
ables the operator to regeherate 
existing information. 

Description 

Utilized by maintenance and 
power control panel. Se­
quences all voltages up and 
down in SE. 
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Number of Switches 

1 

3 

1 

1 

Number of Switches 

2 
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Title 

Power Sequence all on/ 
all but drivers 

Lamp Test 

Data Switches 

Address Control 
Switches 

Error Check Switch 
Bypass/Stop on Error 

Cycle Rate Switch 
Normal/Single Cycle 

STT Bit Zero/One 

Normal/Test Mode 

Cycle Control Switch 
Store /Fetch 
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Description 

When set to off position, 
stops power up sequence prior 
to turn on X-Y and Z voltages. 

Tests a~l SE logic indicators. 

Used in combination with stor­
age test switch to enter data 
into SDR. Also used to set 
configuration register for off­
line testing, Allows storage 
of invalid bytes in test status. 

Used to gate bits into SAR for 
repeated accessing of one or 
more addresses, 

Setting switch to stop position 
enables normal error checking. 
Setting switch to bypass forces 
output of error ~ogic to main-
tain a constant no error statuso 

In normal status, storage will 
run continuously, once started, 
until stopped by error or the 
stop or reset pushbutton. In 
single cycle, storage will take 
one read/write cycle and stop. 

Defines information to be stored 
in core in combination with stor­
age test switch. (See above.) 

Activates manual switches in 0 
state and provides isolation 
from all other system elements. 

Fetch position allows contents 
of storage to be regenerated 
only. Store position allows 
contents of storage to be 
changed under control of storage 
test switch. 

Number of Switches 

1 

1 

l 

25 

1 

1 

1 

1 

1 
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f, Miscellaneous Maintenance Panel Items 

Title 

*Voltage Meter 

*Master Power Off 

Description Number of Items 

DC voltmete;r used to monitor 1 
all ~oltages used in SE. 

Red handle· pull type switch l 
that drops all power in the 
SE. When this switch is opera­
ted, maintenance personnel 
action is required to restore 
power to the SE. 

*All switches and controls designated by the asterisk are located on the 

front power control panel. (See Fig. 3-27.) 

B. ON-LINE Testing 

3-45 

ON-LINE testing must be performed witn the SE configured into a system or 

sub-system with an IOCE, CE, SE, and I/O device when the testing program is 

on MDM (Maintenance Diagnostic Monitor). When the test is on SDM (System 

Diagnostic Monitor), an IOCE, SE, and I/O device is required. There are also 

tests concerning the SE checkout on the SEVA (System Evaluation) program. 

To run SEVA requires a system such as a simplex, duplex, or triplex. 

All of these programs or routines check out the operational characteristics 

of the SE and give directional error checks for use in troubleshooting the 

problem, if any. It might be pointed out here that while the off-line facili­

ties available from the engineering maintenance panels provide a means for 

checking out the SE as an individual element. The ON-LINE tests provide 

better resolution of the check in the majority of cases. 

For instance from the engineering panel one can determine that a bit is not 

being set, while possibly the ON-LINE test would locate the error and type 

out drive line, etc., that was not functioning properly. 
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Another aspect of the ON-LINE testing is that it checks the SE from the stand­

point of operating within a system. For instance SEVA checks out the SE for 

acceptance of reconfiguration and its ability to communicate with the various. 

IOCEs and CEs. 

3-19. CE/IOCE TO STORAGE ELEMENT INTERFACE LINES 

Formats of communications with the Storage Element are shown in Fig. 3-28. 

A plus level {+3) on the CE/IOCE to SE bus is inte·rpreted as a 1. A minus 

level (ground) is a O. On all other SE inputs, a minus level (ground) is 

active. 

A. CE/IOCE to SE Bus 

A group of 36 lines that .feed the .SE input switch. The accessed SE gates the 

signals from the bus. The contents of the bus during the first part of the 

cycle are gated into the SAR {27 lines) and into SPCR (5 lines)1 

During the last portion of a storage cycle in which the Storage Element is 

executing a store operation, the contents of the CE/IOCE to SE bus are gated 

into the BOS and"Storage Data Register {format 2). Bytes read out and not 

replaced by stored data are regenerated from the Storage Data Regi~ter. 

Under control of the SCON instruction, the contents of the bus are gated into 

the Configuration Control Register. {See format 3.) 

B. Access Request 

' ,)· 

Access request is a li:ne requesting a main storage cycle. This signal must 

remain until the Storage Element has indicated ~t is honoring the request. 

This signal is gated by the CCR data bits. 
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format 
for 
Storage 
Input 

l 
Format 
for 
Storage 
OulJ?ul 

L 

Key 
p 

.l!. 
7 0 I 2 3 FP 

p 
0 
7 0 
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p 
.!!._ 
15 8 

p 

.a.. 
7 !5 8 

IP I 
Jl 

7 15 8 

9 10 

0 0 0 1 0 0 0 0 0 

p 
16 

15 23 16 
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15 23 16 

IP I 
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p 
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24 
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31 
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Figure 3-28. Storage Communication Formats. 
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C. Byte Stats 

Four lines indicate whether a particular byte in main storage is to be regene­

rated· or replaced with the data from the CE/IOCE. to SE bus. A fifth line, con­

tains parity for the byte stats. These signals are gated with the response 

latches. 

D. Set Storage Key 

The set storage key line signals the SE to store the key found on the CE/IOCE 

to SE bus in the storage protect buffer location specified by bits 15-20 on 

the SAR (format 1). The storage cycle accomp'anying this operation is a No-Op; 

that is a word is fetched from the addressed BOS location (any location within 

the block of 512 words associated with the key) and regenerated but no checking 

is done. This line is found only in the CE to SE interface. This signal is 

gated with .the response latches. 

E. Insert Storage Key 

The insert storage key fetches the key from the storage protect buffer location 

specified by bits 15-20 of the SAR and places it on the SE to CE/IOCE bus. 

Accompanying this operation is a No-Op; a word is fetched from the addressed 

BOS location (a location within the block of 512 words associated with the 

key) and regenerated but no checking is done. This line is found only in the 

CE to SE interface. This signal is gated with the response latches. 

F. FLT Op 

The FLT Op line causes the suspension of checking on the SDR and input switch. 

This signal is gated with the response latch. This line is found only in the 

CE to SE interface. 
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G. FLT ·Load 

The FLT load line causes the SE to OR the contents of the BOS with the data 

on the CE/IOCE to SE bus. OR'ing is under byte stat control. The OR'ed in­

formation is returned to BOS. This line is found only in the IOCE to SE 

interface. The signal is gated with the response latch. 

H. Test and Set 

The test and set line causes the contents of core specified by the current 

address to be fetched and placed on the SE to CE/IOCE bus. Contents of the 

byte specified by bits 30 and 31 of the address are replaced with all l's. 

All other information is unchanged. Normal fetch parity checking occurs. 

This signal is gated with the response latches. This line is found on.ly in 

the CE to SE interface. 

I. Split Cycle 

The split cycle line causes the Storage Element to delay 75 nanoseconds be­

tween the read and write portions of the BOS cycle. This signal is gated by 

the respqnse latches. 

J. Logout Stop 

The logout stop line causes the Storage Element stop latch to be set. Element 

check is generated. No further accesses are honored. The SE stops at the end 

of a cycle. With the stop latch on, only logouts and configuration may take 

place. This signal is gated with the CCR data bit. 

K. Logout Proceed 1-5 

These lines cause the Storage Element to place on the SE to CE bus the con­

tents of registers and latches. These lines are gated with the stop latch 
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on. All sequencing is und~r control of the external unit. This line is 

found only in the CE to SE interface. 

L. Logout Complete 

The logout complete line turns the stop latch off. If any unit is requesting 

access, the memory honors it. If an element check was generated by the stop 

latch turning on, the element check is reset. This signal is gated by the 

CCR data bit. This line occurs only· in the CE to SE interface. 

M. Reconfigure Select 

The reconfigure select line carrys a 2.5-microsecond pulse from the CE to the 

SE, causing the SE to set into its configuration register the data on the CE 

to SE buso This signal is gated with the contents of the respective SCON 

bit. This line is found only in the CE to SE interface. 

N, System Reset A-B and CE Gate 

Simultaneous occurance of system reset signals (-) on A and(+) on ·B input 

lines cause the SE to reset. SAR, SDR, SPCR, and SPDR all reset to zeros 

including parity. Error check triggers are reset. The system reset signals 

are not gated by the Configuration Control Register. No parity error is in­

dicated as a result of a system reset~ 

All CCR SCON bits are turned on and all other CCR bits except parity are 

turned off. 

The CE gate consists of simultaneous signals (+ on A and - on B). All other 

de level conditions on A and B input lines inhibit the lim~ from a CE. The CE 

gate from a CE causes the SE to allow the following input lines from that CE: 

1. Access Request 

2. Reconfigure 
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3. Logout Stop 

4. Logout Complete 

o. Ignore Error 

The ignore error line causes the SE to ignore all action that would as 

a result of a parity or address check. However, a storage check the 

accessing unit upon detection of an error. No regeneration is fo:rcel!· 

result of detected error and no 2.5-microsecond wait is encountered, 

signals are unaffected by this line. 

Protected a~ea violated signals are issued as under normal storage 

This signal is gated with the response latch. 

P. Suppress Log Chec·k 

The suppress log check line causes suspension of checking on SDR and 

input switch. The signal is gated with the response latch. This lin\':: occurs 

only in the IOCE/SE interface. 

3-20. STORAGE ELEMENT TO CE/IOCE INTERFACE LINES 

A plus level (+3) on the bus is a 1. A plus level is considered 

for al~ control lines. 

A. SE to CE/IOCE Bus 

1.cant 

Thirty-six lines that carry fetch data, logout data, and ISK datao are 

gated only to the accessing element during fetching. 

B. Accept 

Accept is a line to acknowledge the receipt of an access-request s 

to indicate that the Storage Element is executing the request. The 
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accept indicates that the SE has stored the key and address. If this cycle 

is a store, data may now be placed on the CE/IOCE to SE bus. The signal is 

sent only to the unit whose request is being processed currently. It is 

gated with the response latches. 

C. Request Acknowledged 

A request acknowledged signal signifies that the SE has received an access 

request and is configured to the accessing element. 

D. Gate Data 

Gate data is a line to signal that data are about to be placed on the SE to 

CE/IOCE bus during a fetch or ISK. This line does not rise during reconfigure 

or logout cycle. The signal is sent only to the unit whose request is being 

processed currently. 

E. Protected Area Violated 

Protected area violated is a line brought up during a fetch or store operation 

in which the storage protect key sent from the CE/IOCE does not match the tag 

fetched from storage protect buffer, and neither tag is O. The signal is gated 

with the response latches. 

F. Storage Check 

Storage check.is a line brought up by the occurrence of a parity check, ad­

dress check, or logic function check. Following any cycle (except ignore 

error) in which this signal is sent out, the Storage Element stops for 2.5 
microseconds. The signal is gated with the response latches. A pulses ELC 

is sent to all CEs on any cycle during which the storage check occurs. 
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G. Element Check 

Element check is a line to signal that one or more of the following conditions 

has been detected within the SE: 

1. CCR Parity Check 

2. Thermal Check 

3. On Battery 

4. Storage Check 

5. Power Off 

6. Logout Stop Latch On 

Items 1-4, upon detection, cause a pulse to occur on the ELC line. Items 5-6 

cause the SE to signal ELC until the condition has cleared. ELC is sent to 

all CEs and is not gated. 

H. Reconfigure Response 

Reconfigure response is a line to carry a pulse indicating that a reconfigure 

operation has been executed, and correct parity of the CCR now exists. This 

signal is sent to all CEs without regard to the configuration register. 

I. Logout Stopped 

Logout stopped is a line to signal that the logout stop latch has been et. 

The SE honors only requests to logout or reconfigure. This signal is issued 

to all elements. 

3-21. SYSTEM CONSOLE TO SE INTERFACE 

State 3 

State 3 is a line to indicate that s0 and s1 of the SE configuration register 

are on. 
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State 2 

State 2 is a line to indicate that s0 is on and that S1 is off in the SE 

configuration register. 

State l 

State 1 is a line to indicate that s0 is off and S1 is on in the SE conf 

tion register. 

State 0 

State 0 is a line to indicate that both s0 and s1 are off in the SE conf 

tion register. 

Logic Fault 

Logic fault is a line to indicate that a data check, address check, key 

or protect check has occurred in the SE. 

3-22. POWER INTERFACE LINES 

Emergency Power Off.· (EPO) 

1 +24 volt de lin~ {from the SE power supply to the console) 

2. 24 volt return from console 

3. The EPO control line from the console to the SE EPO cont.actor 

Power Check 

3-53 

Power check is a· line to the console to indicate that the .temperature in the 

SE has drifted within 5 percent of the shutdown tolerance. The signal also 

indicates the loss of a voltage, a normal power off, or an element master off 

condition. This signal is a +24 volt de level. 

Battery 

Battery is a line to indicate that the SE: has switched to battery' power. 
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3-23. LATCHES AND REGISTERS -- ALD PAGE 

Latches and Registers 

Accept 

Address Error 

Allow 

Byte Stat Parity 

Byte Stat Parity Error 

Byte Stats 

Cable Connector Area 

CCR Parity Check 

Configuration Control Register 

Configuration Gated, CE/IOCE 

Error Stop 

Fetch Data Error 

FLT Load 

FLT Op 

Force Memory Stop and Wait 

Gate Data 

Gate Fetch Data 

Gated Recon Req 

High-Order Address Error 

Ignore Error 

Input Data Check Byte o, 
Input Lines CE to SE 

Input Lines IOCE to SE 

Input Switch 

Insert Key 
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1, ,2, 3 

KG041 

KR.081 

· KClH 

ALD Page 

KGlll 

KG121 

KGO?l-101 

ZSOOl 

KM051 

RAxxx 

KC021 

KT191 

KR041-

KG171 

KG171 

KT172 

KG041 

KG06L 

KC121 

KR.111 

KG191 

KR.001, 011, 021, 031 

zso91 
ZSlOl 

RAxxx 

KG141 
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Latches and Registers 

Logout Stop 

Logword Format 

Output Lines SE to CE 

Output Lines SE to IOCE 

Output Powering 

Output Switch 

Pattern Generator 

Priority CE 1, 2, 3, 4 

Priority IOCE 1, 2, 3 

Protected Area 

Protected Area Error 

Read 

Read/Write Gate 

Recon Mode CE 1, 2, 3,)4 

Reconfigure Response 

Request Acknowledged 

Request CE 1, 2, 3, 4 

Request Control 

Request IOCE 1, 2, 3 

Request Reset 

Reset Stops 

Ripple Counter 

Run Mode 

SO' Sl 
SAR/SDR to BOS Data 

SCON 

SE Entry 

SE Exit 

Select 
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ALD Page 

KM121 

zs131 

ZS081 

ZSlll 

RBxxx 

RBxxx 

KT321 

KC061 

KC071 

KG161 

MP031 

KClll 

KClll 

KMOll 

KC071 

KC041 

KCOOl 

KC021 

KCOll 

KC031 

KT191 

KT231-311 

KT191 

KM021 

zs131 

KMOOl 

zz107-257, 427-457 

ZZ267-417, 467-527 

KG061 
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Latches and Registers 

Set Key 

Set Response Latch 

SP 26 Clock 

SP Compare Reg 

SP Data Reg 

SPCR Parity Error 

SPDR Fetch 

SPDR Parity Error 

Split Cycle 

Start Clock Latch 

Stop and Wait 

Stop Latch 

Storage Address Register and Address Switch 

Storage Check 

Storage Data Register and Data Switch 

Store Byte O, 1, 2, 3 

Suppress Log Check 

Test and Set 

Test Pattern Check Latch 

Test Timer Latch 

Write 

Write Condition 
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KG151 

KC091 

MP061 

MPOOl 

MP021 

MP051 

MP031 

MP051 

KG131 

KC081, 

KC121 

KT191 

RAxxx 

KG041 

RAxxx 

KG071, 

KG171 

KG181 

KT401 

KT181 

KClll 

KG061 

ALD Page 

KC091 

081, 091, lOl 
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3-24. POWER 

Each Storage Element contains the necessary power to drive the basic opera­

tional storage and associated logic for data transfer, timing, and priority. 

The high frequency inverter/converter package is used in the Storage Element. 

The following regulators are used for each Storage .Element: +3, -3, 6 volt 

nonmarginal, 6 volt marginal, 18, 60XY, and 6oz. 

Voltage sequencing is such that the contents of the BOS and SP 26 are retained 

on any power on/off sequence except catastrophic failure of units within the 

Storage Element. 

The Storage Element automatically sequences up when primary power is sensed 

at the input to the Storage Element. Provision for delaying the start of the 

power on sequence from 0 to 1 minute with each element allows staggering of 

the power on surge current. Any Storage Element with a power switch in the 

off position cannot sequence up. 

Sensing of power input failure causes automatic switching over to a battery 

supply. At the end of 5.5 seconds, the Storage Element sequences down. Bat­

tery power is then cleared. If input power is restored prior to the 5,5 sec­

onds, battery power is automatically cleared. 

After a power down sequence, a five-second time out is encountered before 

power can be sequenced up again. 

3-25. POWER SWITCHES AND INDICATORS 

A Master Power Off switch {MPO, Fig, 3-27) for each element is on an exposed 

power panel. This switch is not interlocked, and when pulled, shuts down the 

Storage Element. Contents of the.BOS and storage protect may or may not be 

destroyed. 
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Power on/off switches that are operative only when the Storage Element is in 

state O with the tes~ switch on are located on the power and engineer panels. 

A. Marginal Conditions 

1. Thermal Check 

Indicates that the temperature is one or more of the following: 

1. 122 ±. 3 degrees Fahrenheit in the logic gate. 

2. 112 ±. 3 degrees Fahrenheit in the BOS. 

3. 140 ±. 3 degrees Fahrenheit in the BOS inhibit resistor stack. 

NOTE: These are exhaust temperatures and are balanced for maximum 

input temperature of 90 degrees Fahrenheit. 

2. Power Check 

Indicates that an overvoltage, voltage marginal, overcurrent, or high thermal 

condition exists within the 3E. Also indicates that X - Y and Z voltages are 

not on. 

B. Catastrophic Conditions 

Catastrophic conditions are signals to indicate that the element will lose or 

has lost power because of: 

1. Overvoltage or undervoltage: 

Voltage Overvoltage Undervoltage 

+3 +4.5 +2.5 
-3 -4.5 -2.5 
+6 +8.o +5.0 
+6M +9.0 +4. 5 
+18 +22.0 +16.2 
+60 XY +68.5 
+6oz +68.5 
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2. Overcurrent - The output current of a power. supply exceeds 110 to 

140 percent of nominal. 

3o High Temperature - The gate temperature exceeds 134 ± 3 degrees 

Fahrenheit and/or the BOS inhibit resistor stack temperature 

exceeds 155 ± 3 degrees Fahrenheit. 

NOTE: These are exhaust temperatures and are balanced for a maximum 

input temperature of 90 degrees Fahrenheit. 

1. Battery Power 

Battery power indicates that the element has gone on battery power. Battery 

power is indicated on the power panel. 

23 Emergency Power Off 

An emergency power off signal from the System Console drops Storage Element 

power and contents of the arrays may or may not be destroyed. 

3. Element Power Isolation 

Because failure of one Storage Element must not affect another element; com­

plete duplexing of power is necessary. Isolation between the two Storage 

Elements physically housed together is sufficient to allow normal maintenance 

(including power sequencing) to be performed on one Storage Element without 

affecting another Storage Element. A master circuit breaker is provided to 

remove ac from each Storage Element for servicing. 

NOTE: During unit testing of the Storage Eleme~t, the master power off 

switches (2 per frame) are tied in series for safety of operating 

personnel. Only at the time of actual shipment to a customer are the 

two master power off switches made independent (as per customer 

instructions). 
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For more information on power supplies, refer to IBM-9020 System Power 

Distribution and Control, Form 222-2861. 

This section shows locations of components and subassemblies of the 7251-03/04. 

Figure 3-29 shows the right side of a 7251-04. A 7251-03 does not contain the 

upper BOS nor all of the panels of gate B. Power supplies of the 7251-03/04 

and basic packaging concepts of Systemf360 are covered in separate manuals. 

Gates A and B are alike except for the address switch card (P/N 5800529 at 

A4E3). The power control panels, maintenance panels, and basic operational 

storage units are also alike. The left power wall, gate A, BOS A (bottom), 

and power panel A (top) are for one Storage Element, and the other comparable 

components are for the second Storage Element. 

3-26. DOCUMENTATION ON THE SE 

The SE documentation available consists of the following text: 

1. IBM-9020 7251-04 Storage Element Instruction-Maintenance 

Manual, CABOll 

This text contains a general discussion of the operational characteristics 

of the SE. 

2. IBM-9020 SE ALD Texts: 

CABlll-1 
CABlll-2 
CABlll-3 
CABlll-4 
CABlll-5 

These books contain the Automatic Logic Diagrams (ALD) of the SE circuitry. 

Included in these books are the socket listings and the logic diagrams. 
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Figure 3-29. 7251-04 Right Side. 
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A. Socket Listings 

The socket listings can be used to obtain the ALD page when the physical 

location of a card is known. (Refer to Fig. 3-30.) If one were to examine 

the card G5 on the socket listing) it could be determined that the logic on 

this card is used on ALD pages RA141) RA151) RA331) and KG071. It is noted 

that this is a single card which has a portion of its logic not in use at 

this location (this unused portion being segment "F"). This logic portion 

on an identical card at another location which is used can be switched because 

at G5 the failing "F" portion is unused. 

B. Logic Diagrams 

The ALDs provide detail logic diagrams of the circuitry used to perform the 

operations of the SE. (Refer to Fig. 3-31.) 

If one looks at the lower right hard corner of this page) he will find a title 

blocK. Included in this title block are the subject description of the logic 

located on this page) the physical frame in which the logic res ides·, the date 

this ALD page was published, etc. On the example page shown in Fig. 3-31 the 

subject description is labeled "Byte Stat 0 Input". To the right hand side 

of the title block on the 3rd line is the frame location of this logic. The 

logic contained on this page is located within frame 11 02". Just to the right 

of the frame designation and outside of the block is the ALD page designation 

KG071. 

Other information in this title block includes the date published, order 

number for this ALD page if one were interested in obtaining a new page, etc. 

The physical location designating the gate, board) and card of a particulat'· 

logic block on this ALD page occurs within the particular logic block. For 

instance on Fig. 3-31 look at the logic block labeled 7L representing an AND 

gate. The gate location of this logic block is gate "X", the board is located 

at C3 on said gate, and the card is located at position G5 on the board. It 
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Figure 3-30. Socket Listings. 
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might be noted that there is no gate "X" on the SE frame. The reason such 

a designation is used, is that there are two SEs contained within the frame 

and the logic diagrams are identical. Therefore, only one set of ALDs are 

published for both gates. One looks first to determine which SE he is working 

on and then goes to the corresponding gate for that SE • 
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CHAPTER FOUR 

INPUT/OUTPUT CONTROL ELEMENT 

4-1. INTRODUCTION 

The IBM 7231-02 Input/Output Control_ Element provides the linkage between the 

Input/Output devices and the 9020 System. The IOCE provides communication 

between the I/O devices and the SE as specified by instructions from the CE. 

A simplified IOCE data flow is shown on Fig. 4-1. Note that the IOCE pri­

marily interfaces with other elements in the system. The channels noted on 

the diagram include 2, (or possible 3), Selector Channels and 1 Multiplexor 

Channel. These channels act as the interface between the various I/O devices. 

and the IOCE. The IOCE has many functional units in common ~ith the CE~ 

however, due to different operational requirements it also contains some 
S2.. K {_~t.)I(, ~) 

unique functional units. Th~ IOCE has~ words of storage referred to as 
. l iu11f' s:f'-<:>~ \ . ' 

MACH Store. Of these 1, 024/are -U_sed for channel control words· associated 

with the Multiplexor Channel. ROS within the IOCE makes use of two modes of 

operation. One mode, CPU mode, operates identically with the Compute Element 

in processing instructions. The second mode is unique to the IOCE and is 

referred to_ as I/O mode. In I/O mode the various channel functions are per­

formed on a priority basis. I/O mode overrides CPU mode and permits channel 

operations to take precedence over CPU functions. The IOCE utilizes Local 

Store to a greater degree than does the CE since all channel_ operations are 

dependent upon local store control words for their operation. 

Before going into any detailed discussion on the functional units of. the 

IOC:E~ we should become acquainted with the differences between the Selector 

and Multiplexor Channels. Also we must define some of the more commonly 

used terms. As both the IOCE and the CE have the same functional units in 

the area referred to as the Common Logic Unit (CLU), discussion will be 

limited to those function units which are unique to the IOCE. Reference 

should be made to the CE sections whenever a question. arises about the units 

which are common to both. 
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Figure 4-1. Simplified IOCE Data Flow. 
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The Multiplexor Channel is capable of servicing several I/O devices on a byte 

interleave basis simultaneously in multiplex mode or a single device at a 

time when operating in burst mode. The Multiplexor Channel uses the CLU 

only for the length of time required to service the I/O device request and 

reqµires fetching control words for each device from MACH Store when the 

channel is operating in multiplex mode. When in 11b.urst11 mode, the Multiplexor 

Channel can only service one device at a time and the channel retains control 

of the CLU for the entire duration of the operation. The Multiplexor utilizes 

special I/O mode ROS routines in its operation and utilizes the CLU extensively 

for its data transfers. 

The Selector Channel on the ·other hand may operate only in burst mode, and as 

such may control only one device at a time. The control words being used by 

the Selector Channel during an I/O operation are stored in Local Store and 

AC-940 CBB9AO 7/68 



INPUT/OUTPUT CONTROL ELEMENT 4-3 

are more rapidly available to the IOCE for use. {MACH Store cycle time = 

2 µsec, Local Store cycle time= 0.5 µsec.) Then too, since only one device 

is being serviced at any given time, the control words need not be fetched 

and re-fetched. The Selector Channels use conventional sequential logic 

circuits to control operations and require the use of the microprogram and 

CLU only when data tran&fers are to be accomplished between the IOCE and the 

Storage Element. (Using the data supplied by the Program I/O Instruction, 

the channel assigns priori,ty to these ROS routines and requests them as 

needed.) 

Another factor which tends to speed up operations on the Selector Channels 

is the fact that data is handled on a full word basis whereas on the Multi­

plexor Channel the data is handled on a byte basis. 

4-2. PHYSICAL MAKE-LT 

The IOCE like the CE utilizes the same "building block" construction tech­

niques. It is made up of the same card, board, gate and frame arrangement 

as the previously discussed Compute Element; however, in the case of the 

IOCE there are some additions. Frame 01 contains the logics for the CLU and 

the channels. Frame 02 contains the logics and the core array for the MACH 

storage. Frame 03 contains the power supplies, the configuration control 

circuitry, and the optional 3rd channel. 

4-3.• UNIQUE IOCE FUNCTIONAL UNITS FOR SELECTOR CHANNEL 

Figur~ 4-15 is the overall data flow diagram for the IOCE. From this it may 

be seen.that with the exception of the I/O oriented registers, the basic CLU 

is identical with that of the CE. The I/O oriented functional units for 

Selector Channel will be briefly discussed in the following sections. 
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A. B Register 

The B Register acts as a buffer to data being transferred to or from the C 

Register. All data enroute to or from channel passes through this register. 

While the logic, diagrams (ALDs) and the data flow chart indicate only one B 

Register, there is actually one of these register per Selector Channel. ALD 

representation for these registers is ALWAYS WITH REFERENCE TO SELECTOR 
I 

CHANNEL NUMB'ER ONE •••• To determine the card location for Selector Channel 2, 

take the board card location from the ALDs and subtract 2 from the board 

location, e.g. a bit position for the B Register is given as E gate, board 

04 card F6. The equivalent bit position for Selector Channel 2 B Register is 

E gate, board D2 card F6. To determine the card location for the optional 

3rd channel, the J gate is substituted for the specified E gate location on 

the ALDs. 

B. C Register 

The C Register is used for distributing the word from storage to the channel 

on a byte basis. This register is also used to assemble the incoming bytes 

from channel into a word prior to sending it to storage. Like the B Register, 

there is one C Register per Selector Channel. The C Register is fed directly 

from the channel interface on input operations and placed its 04tput into the 

B Regist~r. On output operations the C Register is fed from the B Register 

and places its output directly on the channel interface bus. The rules for 

finding card locations for channel 2 and 3 are the same as for the B Register. 

Figure 4-2 should be examined for relative board locations. 

6 
Since both the! and C Registers are concerned with the operations in the 

Selector Channel, it may be wise at this time to cover the remainder of the 

registers whose application is primatily in this area. This is the area 

enclosed by the dashed line in Fig. 4-15. The logical units are also shown 

in greater detail in Fig. 4-16. In this figure they are related to the CLU 

functional units with which they operate. For convenience and ease in 

correlating these diagrams to the ALDs, the corresponding ALD pages are 
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Figure 4-2. Selector Channel Board Locations. 

included. In Selector Channel operation the hardware circuits make use of 

the programmer supplied control words such as the Command Address Word (CAW) 

and the Channel Coiilluand Word (ccw). Since only one control unit may be 

operating on a channel at a time in the Selector Channel, the information is 

stored in the General Purpose Register. It is from this register then that 

the Selector Channel derives operational control. Because the General Pur­

pose Register can store only eleven,bits, the outputs of several register 

positions have more than one destination. These positions are modified with 

appropriate data more than once while the channel is processing the CCWs. 

C. General Purpose Register 

Figure 4-4 shows the contents of the General Purpose Register for various 

channel states. The logic flow of Fig. 4-3 indicates that the General Pur­

pose Register feeds the Byte Counter, the End Register, the Operation Register, 

and the Flag Register. 
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Figure 4-3. General Purpose Register Logic Flow. 
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D. Byte Counter 

Figure 4-3 indicates that the General Purpose Register positions l and 2 feed 

the Byte Counter. This Byte Counter is used to control b'yte selection within 

the C Register. The Byte Counter set to 00 selects byt2 0 of the C Register, 

Byte Counter set to 01 selects byte 1 of the C Register and so forth through 

byte 3. The Byte Counter is made up of two stages of logic. The A side is 

used to select C Register byte positions and is stepped upon the completion 

of a data transfer across the interface. The B side of the Byte Counter is 

used to determine, early in the operation, if the· the present data sequence 

with the interface will transfer the last byte to be stored (or fetched) from 

the designated storage block. It is also used to store or unload the byte in 

C Register byte 3. The B side of the counter is advanced when the interface 

data sequence begins. Figure 4-5 is a second level logic diagram of the Byte 

Counter and its gating circuitry. 

Inputs (frem End Register or GP Register) 

Service In 

Gating for 
C Register 

Byte 
Counter 

A 

Parity 

Read 

Parity 
Prediction 

Write 

Parity 
Generation 

Timing Gates L_ 

Figure 4-5. Channel Byte Counter. 
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4-8 SYSTEM PROCESSING AND CONTROL 

E. End Register 

Bits 3 and 4 of the General Purpose Register are used to contain the results 

of adding the last two bits of the data address with the last two bits of the 

count. The resultant is placed in the End Register for use when an off-bounds 

data transfer between the channel and storage exists. 

F. Last Word Register and Operation Register 

Bits 5, 6, and 7 of the General Purpose Register w~y contain either the last 

word information or the Operation Register information" In operation the CCW 

can specify one of five commands that may require communication between the 

channel and an I/O unit. The channel cannot distinguish between write and 

control or between sense and read cormnand; therefore, the commands are divided 

into three categories: Read, Read Backward, and Write. The CLU transfers 

bits to the channel to identify a command. The channel decodes the bits and 

sets one of three positions of the Operation Register. The last word informa­

tion takes,on different significance in the Read and Write operations. In 

Read operations a Last Word Register position is normally set when three or 

less words are left to be stored in the designated block in main storage; 

whereas in the write operation a Last Word Register position is set after 

the last word is taken from the designated storage position. 

G. Flag Register 

The Flag Register is set from positions 8-11 of the General Purpose Register. 

The set state of any Flag Register position causes channel to deviate from 

normal procedures in executing the operation. This register is normally set 

while processing the second half of the CCW except in the write chain data 

operation. 
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H. Channel Status Register 

The Channel Status Register is supplied with data from the common channel 

circuits. This data is used to indicate the following: 

1. Program Controlled Interrupt 

2. Incorrect Length Indication 

3. Program Check 

4. Protection Check 

5. Channel Data Check 

6. ·Channel Control Check 

7. Interface Control Check 

8. Chain Check 

4-9 

Any bit set in this register .will appear as information in the Channel Status 

Word when a channel interrupt occurs, and may be utilized by the programmer 

to ascertain the ending status of the operation. 

Referring once again to Fig. 4-15 the remaining functional units of the 

Selector Channel may be divided into two categories. The first of these is 

the priority and routine request circuitry, and the second is the external 

channel and interface controls. 

I. Routine Request Circuitry, I/O External Channel, and Interface Controls 

In the operation of the IOCE an area of circuitry called common channel deals 

with all circuitry common t-0 the Multiplexor Channel and the Selector Channels. 

This circuitry processes requests for service from the channels, and assigns 

priorities·to the set"Vice requirements. All requests are held active until 

they are serviced and the routine requested ·is in progress. The priorities 

assigned indicate that requests for Local Storage Read, and L.ocal Store Write 

routines, carry the higpest priority {referred to as higher than 1). The 

Write Fetch' or Read Store routines are assigned as priority l since these 

routines imply that an I/O device is awaiting immediate data service and the 
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4-10 SYSTEM PROCESSING AND CONTROL 

possibility of a channel over-run is impending. On the other hand Interrupt 

Preparation or instruction (SIO) processing are assigned the lowest priority 

(priority 3) since these in general are not time dependent (within limita­

tions). Figure 4-6 is a second level logi~ diagram depicting the interrela­

tionship between the Priority Circuits, the Request Register, and the Position 

Register in the Selector Channel operation. 

4-4. CHANNEL ROS RELATIONS 

Although channel can perform a limited number of actions without direction 

from the Read Only Storage, neither the multiplexor nor the selector can 

operate completely independent of this control. Since it is possible for 

the CLU to be performing operations other than the servicing ·of the channel 

requests when a request is received that requires the use of the functional 

units. of the CLU, ROS is required to switch from the CPU mode of operation 

to I/O mode of operation. This is defined as Break-in and may be accomplished 

any time that the CLU is operating in the CPU mode and is not in the R-1 or 

R-2 cycle of the storage timing ring. Break-in always occurs at zero time of 

the machine cycle and results in the degating to the ROSDR (that is, all of 

the µ-orders are decoded as no-ops) and the R Register is automatically backed 

up into local store quadrant two, word twelve. The ROS address of the CPU 

mode instruction which was to have been processed at the time of the break-in 

is stored in the I/O Back-up Register for the subsequent breakout. (After 

the break-in cycle is completed and the ROS is operating in the I/O mode, the 
·~ 

I/O Backup Register is not altered.) When operating in the I/O mode, the 

sequence of ROSDR bits, which go to make up a field, are altered and the 

method of decoding these fields is changed to permit additional µ-orders 

applicable only to this mode of operation. 
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4-12 SYSTEM PROCESSING AND CONTROL 

There _are twelve ROS routines used in the IOCE to service Selector Channel 

requir8ments. These are: 

Routine Name ROS Address 

1. Start I/O 0010 

2~ Transfer-in-Channel 002C 

3. CCW-1 0028 

4. CCW-2 0030 

5. Write Fetch 0020 

6. Read Store 0024 

7. Compare 0014 

8. Unit Address Fetch 0008 

9. End Update oooc 
10. Interrupt 0004 

11. Local Store Read 0040 

12. Local Store Write 0044 
5e:* f~1£ 

f 1t ~ 

Each of the aforementioned ROS routines performs a different service to the 

channel. For more complete details of these services, the student is advised 

to consult the CAS logic diagrams for the specific IOCE. The first ROS ad­

dress of each of the routines is generated by the routine request circuitry. 

This circuitry consists of two registers. A six position register referred 

to as the Request Register, and a three position register called the Priority 

Register. These two sets of registers drive or set the position register 

as well as signal common channel to force the first ROS address of the re­

quested routine. Since there are two Selector Channels in the IOCE, there 

are control registers for both, and while the ALD listings refer only to 

Selector Channel number one, the appropriate Selector Channel two circuits 

may be determined as previously me.ntioned. The optional channel three cir­

cuitry may also be found on gate J. 
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INPUT/OUTPUT CONTROL ELEMENT 4-13 

4-5· CE - IOCE SELECTOR CHANNEL OPERATION 

Examination of a Start I/O instruction to a specific device on the.Selector 

Channel shows that the instruction is fetched from storage by the CE and the 

initial data movements are accomplished to gate proper data to the CE's 

External Register. The flowcharts (Figs. 4-17 and 4-18) in conjunction with 

the Data Flow Diagrams (Figs. 2-64 and 4-15) for the CE and IOCE may be 

examined to clarify the locations and paths within the CE and IOCE. Notice 

from the flowcharts that once the CE has sent the I/O Op Signal to the IOCE 

that it (the CE) goes into a countdown loop to await a response from the IOCE. 

The data to be used in this instruction would be stored at the following 

storage locations prior to execution of the SIO. 

Storage Location 

OAOO 

0048 

AOOO 

A004 

9cooo101 
OOOOAOOO 

0200COOO 

20000020 

Comments 

Start I/O to Tape Drive 

Channel Address Wo~d (CAW) 
specifying a key· of zero' 
and a command address of 
AOOO 

Channel Connnand Word-1 
(ccw-1) with a read conimand 
and a data address of COOO 

Channel Command Word-2 
specifying a SILI flag set 
on and a byte count o~ 
X'20' bytes 

For proper operation of the instruction it must be assumed that the current 

PSW is properly masked ·to allow the execution of this privileged instruction 

and that the Selector Channel is properly masked to allow the subsequent I/O 

interrupt. Bear in mind that the PSW under consideration is contained in the 

CE only. Any channel masking will be taken care of via intercommunication 

linkage. We are also concerned with two ROS control units. The ROS of the 

CE will be concerned with the instruction fetching and initial processing. 

The IOCE ROS on the other hand will operate as follows: 
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4-14 SYSTEM PROCESSING AND CONTROL 

The IOCE ROS unit is normally operating in CPU mode. When this element is 

not processing I/O instructions, processing interrupts, performing logouts, 

or performing other maintenance functions, ROS is cycling in the halt or 

wait loop. (The IOCE must be in the wait loop before any processing of ~his 

instruction can take place.) Under the conditions mentioned, a General Pur­

pose Stat (stat 1) is. set and branching from the halt loop will take place 

under its influence. The IOCE will permit its circuits to gate the data 

from the CE external register into its own functional units. Under the con­

trol of the I/O op code sent from ~he CE, the IOCE will branch to the appro­

priate µ-routine to handle the requested operation. In the case of the SIO, 

this would require the fetching of the CAW from the SE and using the address 

contained in this word to fetch CCW-1. When if the CCW is tested and found 

to be valid, the IOCE will take th~ data it has available from the CE external 

register, the CAW, and CCW-1, and gate it to the correct functional registers. 

When this is completed, the IOCE raises a tag line to the Common Channel, then 

~stablish.es and enters its own count'down loop. The tag line to the Common 

Channel in our case causes Common Channel to force the first address of the 

Selector Channel SIO ROS routine. As a result of forcing the ROS address and 

the ensuing break-in, the IOCE goes to I/O mode. (Until this time the IOCE 

has been operating in CPU mode.) 

As was mentioned previously, in the I/O Mode, the IOCE ROS routines are used 

to perform the functions or services as requested by the Selector Channel's 

logic circuits. In a read operation for instance, channel data is accepted 

by the IOCE circuits and routed to the appropriate storage facilities under 

ROS routine and channel logic circuit control. The ROS routine synchronizes 

the Channel Clock to start taking data off the bus with a DTC pulse on the 

cycle prior to its putting data on the bus. The data may be Unit Address, 

Data Address, or Chaining Flags (I/O data during Write operations also). 

The SIO ROS routine places the Unit Address in C Register byte 0 and the 

Operation Code in the B Register byte O. It also sets the Byte Counter and 

places the Command Address, Data Address, and Unit Address in Local Store. 

A test is made for a Transfer-In-Channel (TIC) command, and a request is made 
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of CoDDDon Channel for CCW-2 routine. Assuming the request for CCW-2 will be 

honored immediately, there will be no break out cycle at this time. 

The CCW-2 routine fetches the CCW-2 word from storage and stores the bits 

for the~Flag, End, and Last Word Registers in the General Purpose Register. 

It also sets the first word and first byte latches and sets the GP reg bits 

to the Last Word, Flag, and End Regs as well as modifying the initial count 

and init,i:~ting the hardware controlled Selector Channel - I/O control unit 

sequences. 

The channels logic circuits perform the Selector Channel - I/O control unit 

portions of the I/O operation on' the interface independent of ROS control. 

The Unit Select routine called for by the Start I/O CCW-2 ROS routine sets 

up the interface linkages with the control unit of the selected I/O device. 

The diagram of Fig. 4-10 depicts the hardware controlled operations of the 

Unit Select Routine. 

Once the CCW-2 routine requests the hardware to take over, ROS is no longer 

required to sustain the operation ROS takes a break-out cycle and returns to 

the CPU mode. It should be remembered that the CPU ROS was in a count-down 

loop and consequently will return to this loop. When the hardware routine has 

completed its work and ascertained the status of the I/O device, it will set 

the" required stat 3 to cause the IOCE to break out of the count-down loop and 

continue processing this instruction. As indicated, this results in a stat 3 

response and condition code being sent to the CE. The IOCE completes its 

operation then returns to the wait loop to await another instruction or an 

I/O break-in when the channel requires a data service. 

The CE, upon receiving the condition code a~d stat 3 from the IOCE is now 

freed from its count-down loop and will return to I-Fetch for the next pro­

gram instruction. 

As indicated on the hardware Unit Select Routine flowchart, the selected I/O 

device will raise "Service In" to the channel hardware circuits to begin the 
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4-16 SYSTEM PROCESSING AND CONTROL 

interface data sequence. This sequence will start the Tag Generator and 

store the byte on the bus in the C Register at the byte position designated 

by the Byte Counter (A section). This action will continue until the byte 

counter indicates that the C Register is full. When this register is full, 

the word is transferred to the B Register and Conunon Channel is requested to 

supply a Read-Store ROS routine. (This is the first I/O mode break-in since 

the ICX::E ROS returned to the halt or wait loop.) This Read Stbre Routine 

updates the storage data address and stores the word from the B Register. 

It also updates the count field from the CCW and tests the End-Of-Record 

latches. If these latches are not set (which they would not be on the speci­

fied instruction) the ROS returns to the halt loop via a break-out routine 

and the reloading of the C Register is once again under hardware control. 

This sequence of loading the C Register under hardware control and requesting 

ROS routines to store the data in storage will continue until the last byte 

of data as specified by the count field of the CCW is transferred. At this 

time) the Read Store Routine will test the Chain Data Flag and if not set, 

will request the End Update Routine of ROS. The End Update results in the 

correction of the command address and the count in Local Store and the inter­

rupt request being made. This interrupt request is gated through channel 

logic circuitry and, if the CE PSW bit is masked to allow) results in the CE 

taking an I/O interrupt. 

As a result of the interrupt request from the IOCEJ the CE will begin proc­

essing the interrupt at the end of the instruction it is executing. In 

processing this interrupt the CE will load the Preferential Storage Base 

Address on the External Bus to the IOCE and raise a tag line to permit the 

interrupt. The CE will then go into a count-down loop to await the IOCE 

response. 

While the CE is in this count-down loop) the IOCE will) using its internal 

ROS routine, break from the halt loop and request the Interrupt Routine from 

Common Channel. While the IOCE is waiting on Common Channel to honor its 

request, it also goes into a count-down loop. The I/O mode operation of the 

Interrupt Routine in the Selector Channel causes the Channel Status Word 
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information to be loaded into the L, M, and R Registers. This data is then 

stored by CPU Mode Operation in the SE at the address specified by the PSBA 

+ 64 (dee). The Unit Address is loaded into storage as the interrupt code. 

The IOCE then sends a response {stat 3) to the CE and returns to the halt 

loop. Upon receiving the {stat 3) reply from the IOCE the CE will branch 

out of the count-down loop and proceed to store the remainder of the PSW in 

the old PSW area. The new PSW is then loaded into the PSW Registers and 

becomes the current PSW, processing continues at the address specified by the 

IA portion of this control word. 

While it is recognized that the foregoing discussion on the Selector Channel 

was greatly simplified, the scope of this course prevents discussion to 

greater depth. Additional information regarding this subject may be found 

in the following manuals: 

1. Input/Output. Control Element Instruction Manual CAB020 

2. Input/Output Control Element Panel Manual CAB021 

3. System 360 Model 50 Selector Channel Theory of 
Operation Manual CAA021-l 

4. 7231-02 IOCE Diagram Manual CAB520 

5. 7231-02 IOCE ALD Manuals Vol. 1 - Vol. 21 CAB121-l -
CAB121-21 

4-6. IOC::E MULTIPLEXOR CHANNEL 

The Multiplexor Channel is capable of servicing several I/O devices simul­

taneously when operating in the byte or multiplex mode. Actually, the 

channel is capable of servicing several devices sequentially {on a priority 

basis) and sustaining their operations simultaneously. The channel however 

is capable of sustaining only one operation at a time when operating in 

burst mode. The IOC::E data flowchart of Fig. 4-15 indicates that the only 

additional functional units over and above those previously discuss~d are 

the Buffer 1, Buffer 2, and Buffer Latches. 
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The multiplexor handles data on a byte basis and as such requires the buf­

fering provided by the 2 buffers and the associated latches. Both of the 

buffers are capable of accepting data from either the Mover or the Bus In 

from the interface. Both of the buffers are likewise capable of supplying 

data to the input to the Mover; however, only buffer 2 is capable of setting 

the Bus Out Latches to the interface. Figure 4-7 is the ILD for the buffer 

registers and the buffer 1atches while Fig. 4-8 is the logic flow for the 

Multiplexor Channel. 

Operation on the Multiplexor Channel may be carried on in either byte mode 

or burst mode and may change modes in the same operation. When in burst mode, 

the I/O unit performing the operation remains logically connected to the 

interface. This differs from the byte (multiplex) mode in that in the byte 

mode the I/O unit is logically connected only during the time required to 

complete a data byte transfer. The channel facilities are time shared between 

the I/O devices. 

The Multiplexor Channel is primarily ROS controlled in its operation. While 

the selector was controlled by sequential logic circuits (hardware), it had 

12 ROS routines to accomplish the requested tasks. The Multiplexor on the 

other hand, has 34 ROS routines which are used to control its entire opera­

tion. The selection of these routines is a function of the Common Channel 

Circuitry and the Routine Request Generator. The channel receives its re­

quests from the I/O devices (which are operating asynchronously). Channel 

in turn requests the appropriate ROS routine to service the request it re­

ceived from the device. The channel request for ROS routine is serviced by 

the Common Channel which assigns a priority to it and in turn causes the 

Routine Request Generator to generate the starting addres·s of the requested 

routine (when its turn comes up in the sequence). It is in this manner that 

the Multiplex Channel is capable of sustaining multiple operations. 
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Figure 4-7. Buffer 1 and Buffer 2 Sets and Resets. 

AC-940 CBB9AO 7/68 

Bus Out 0 

·' Bus Out I 



SDR 

Mover Out Bus 

Adcler Out Bus 

Rout me 

Request 
Circuits 

FA171 

Adder 

Shifter 

Adder Out Bus 
latches 

Routine Received 
(from CPU) 

Routine Request 
(to CPU) 

~~~~h-------------

1 
I 
I 
I 
I 

Priority and 
PCI Triggers 

I KE2xx 

L--~~~~~-----------
Routine 
Quadrant 

Decoder 

Routine 

Bit 
Decoder 

]1 __ =i__ 

\ Mover 

Mover 
latches 

Buffer Out Bus 

Buffer In Bus 

r-·-------, 
I A I 
I I 
I 
I 

---- ___ .J FCNO 

ROS 
Routines 

Figure 4-8. Data Flow in Multiplexor Channel Operations. 

ALD Pages 
Com Ch -- KExxx 
Mpx Ch -- FAxxx 

f/O 
Interface 

Bus Out 
Lines 

ff' 
I 

I:\) 

0 



INPUT/OUTPUT CONTROL ELEMENT 4-21 

The 34 ROS routines which the Multiplex Channel has available for its opera­

tional control are all executed in the I/O mode, and as such, require that a 

break-in take place. At the end of each of the routines, Common Channel tests 

its priority control circuits to ascertain if a routine with a higher priority 

has been requested. Assuming that none has been, the Routine Request Generator 

will start into the next lowest priority routine or permit the continuation of 

the sequence. If there are no routine requests pending (higher or lower 

priority) the IOCE ROS will perform a break-out cycle and return to CPU mode. 

The 34 routines are functionally divided into 5 general categories. 

"A" type routines which. in general deal with the CCW and data handling include: 

Ar/J Count Fetch and Update 

Al Data Address Fetch and Update 

A2 Data Address and Count Correction 

A3 Data Handling 

A4 End Status Analysis 

A5 Comm Chain End Status Analysis 

A6 Interrupt Preparation 

A7 Count = r/J Analysis 

The "B" type routines deal primarily with the SIO instruction and the inter­

face operation during this instruction. Routines B5 and B6 are multipurpose 

routines and may be used with other categories. 

Br/J Sequence Control Fetch 

Bl Start I/O Unit Select 

B2 Start I/O Unit Address Compare 

B3 Status Analysis 

B4 Unused 

B5 Count Store 

B6 Data Address Store 

B7 Channel Check Handling 
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the "C" type routines in general deal with the interface operation for the 

other program instructions which the channel. is capable of ·performing. 

C0 PCI 

Cl Test I/O Unit Select - 1 

C2 Test I/O Unlt Address Comp'are 

c3 Test I/O Accept Status 

C4 Control Check. 

.c5 Control Unit Busy 

c6 - HIO Unit Select 

c7 Test I/O Unit Select - 2 

the "D" routines in general deal with the chaining operations specified in 

the CCW for the operation being performed. Since in the original I/O instruc­

tion processing CCW word 1 was fetch and processed in CPU mode, provisio"ns 

had to be made to permit fetching the additional CCW-1 words in chaining 

operations. 

D0 Command Address Fetch/Store 

Dl CCW-1 

D2 Command Chain - UA Compare 

D3 Command Chain - Initial Status Analysis 

D4 ·CCW-2 Fetch 

D5 Load 64 Prep-Test I/O No End Qued 

D6 Not Used 

D7 Data Chain 

The interrupts are handled under the control of the ''H" routines. 

H0 SPCI Interrupt 

Hl Interrupt Handling 

H2 Interrupt Handling - 2 

H3 Interrupt Handling - 3 
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The flowchart of Fig. 4-19 is the general routine selection sequence for 

typical I/O operations on the Multiplex Channel. Figure 4-9 is the flowchart 

for a typical routine. 

The general routine selection sequence chart is not in the true sense of the 

words a flowchart since there is no differentiation made between the hardware 

operations and those of the ROS routines. This chart is presented merely to 

acquaint the student with the normal sequencing of the routines. For a more 

complete analysis of the Multiplexor Channel ROS routine selection the student 

is advised to consult the flow diagrams in FAA manual CAD-520. 

Figure 4-9 is the logic flowchart of the. Bl Unit Select ROS routine. The 

decisions made in this routine are made as a result of the A and B branch 

bits of ROAR. These bits would be set as a result of channel action on the 

I/O stats, or as a result of the data supplied to the beginning u-instruction. 

This figure also indicates that there are exits from this routine to hardware 

sequential logic circuits. 

These circuits would set the stat 3 reply, and set the condition code to 2. 

Setting the stat 3 reply would allow the IOCE to exit from its count-down 

loop, this in turn would cause the response to be sent to the CE. The condi­

tion code being set to 2 would present a Unit Busy Status to the CE as a 

result of the I/O instruction. 

Note that the operation of the Multiplex SIO is identical to the SIO on the 

Selector Channel {as shown on Fig. 4-17) until the IOCE goes to the count­

down loop. The operation is identical when the stat 3 reply is received. 

The only difference between the two types of channels is in the I/O mode 

operations while in the initial selection, and the manner in which data is 

transfer.red to storage and to the device. 
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TO HARDWARE 
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4-7. UNIT CONTROL WORDS 

Up to this time the Selector Channel and the Multiplexor Channel have been 

treated as separate and independent functional units. In truth, these func­

tional units are so interrelated' that the IOCE has special provisions to 

literally keep track of what it is doing and with whom. Since there are two 

Selector Channels (possibly three) each capable of sustaining an 1/0 operation 

and one Multiplex Channel capable of sustaining up to 256 simultaneous 1/0 

operations, the problem becomes acute. In practice, each Selector Channel is 

allocated 4 control words to sustain its operation •. These words are contained 

in Local Storage and remain there as long as the channel is operating with the 

selected device. Each of the possible devices on the Multiplex Channel are 

assigned 4 control words also~ These words, however, are stored in MACH 

storage and are brought out as required. 

There is a great deal of similarity between the control words used fpr the 

Selector Channel and those used on the Multiplex. Both for instance contain 

the Command Address, the updated Data Address, the updated Count, and other 

information essential to sustaining the device operation. The Selector 

Channel control words omit information which is stored in hardware registers 

such as Sequence Controls, Op Codes, Status, and Unit Address. The Multiplex 

Channel, on the other hand, will use this information for control. 

In operation the Multiplex Channel will transfer the control words (UCW) from 

the location assigned to it in MACH to Local Store when a device requires a 

data service.. The information is used during the routine. When the routine 

is complete and the device no longer is using the interface, the updated data 

is transferred back to its assigned locations in MACH. On the Selector Chan­

nel the device is always on the interface, the words are retained in Local 

Store throughout the operation. As part of the ending routine, pertinent data 

regarding the channel status etc., is placed in the CSW and PSW area of the 

SE. Some of this data is taken from the Local ~tore locations and some of it 

is taken from the hardware latches. 
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Figure 4-11 is the Local Store map for the IOCE. Notice that provisions have 

been made for the optional third channel even though this channel may not be 

installed. Notice also that there is only one group of registers set aside 

for the Multiplex Channel. This, as was explained previously, is due to the 

fact that only one device at a time may utilize the channels facilities. 

Figure 4-12 is the format of the control words in the MACH Store locations. 

These words occupy an area of MACH referred to as "BUMP" store, and are unique 

to the Multiplex Channel. Actually, "BUMP11 store is the high order 1024 words 

of MACH. (4 words x 256 devices) These control words referred to as the UCW 

will contain the data indicated and present a method whereby the channel can 

ascertain the previous ending conditions of a device. As a matter of conven­

ience to the microprogrammer the indicated data may be modified by certain 

routines, however, in the ending analysis the data will be presented as 

indicated. 

LSAlt 

~ 
Se or 

Register 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 0 Chonmtl 

0 Worlcing Storage 

0 · Bfr 

Geneml Registers 

CA - Command Add"'ss 
DA - Data Add,... .. 
UA - Unit Addre"' 
Ct - Count 

UA 
CA DA Ct 

sPCI 

0 2 

Dt -D-
llU - llac:icup 
llfr - !luff.or 

Selector 2 

UA 
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Figure 4-11. Local Store Map for IOCE. 
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Stoioge lo 0 0 ol Comooond Address I Prol Ke;t 
34 78 31 

Storage Sequence 
l'rot Ke~ Controls 

Dalo Ad.dress 

34 78 31 

Flogs I Operation I Channel Status I Count I 
45 78 1516 ~h 

Unit .Aclilress I I I 
7 1516 31 

Operations Sequence Contro Is Channel Status 

0 Recd 0 Idle 0 PCI 
I Recd llkwd I Busy 1 WLR 
3 Read Skip 3 CC End Rcvd 2 Program Check 
6 Write 5 Ch En<l in IB 3 Protect· Check 
7 Stop 6 Dev End/Attn in IB 4 Ch Data Check 
x WLR 7 Ch End Stocked s Ch Control Check 

6 Interface Control Check 
7 Chaining Check 

Figure 4-12. UCW Format in MACH Store. 

The Selector Channel control words in Local Store are shown for two stages 

of the operation in Fig. 4-13. Notice that only three words of the allocated 

Local Store are used, the fourth word serves as the data register for the 

channel. 

This register then may be used should two Selector Channels require the 

service of an SE simultaneously • 
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After Processing Afl'ler Processing 

CCW-1 CCW-2 

lsP ~ Command Address I lsP 1~1 I Position of Command Address Command Address 
Locol Storage 0 34 7 8 31 0 34 78 31 

I Doto Address I Unit I I I sp !01011 Position of : Address Doto Address 

Local Storage 0 . 7 8 31 0 34 78 31 

Count Position 
lsP jo101I I I Unit joooo oornl Count I of Data Address .Address 

Local Storage 0 34 7 8 31 0 78 15 16 31 

~ -<. _____ ..._,,_,_"--<>.-_"""'\i1, 

Figure 4-13. Selector ChannellLocal Store Positions. 

4-8. IOCE STANDARD INTERFACE 

Data transfers and controls between the IOCE and the external devices are 

accomplished on a Standard Interface Cable. The block diagram of the standard 

interface is shown in Fig. 4-14. This connection between the IOCE channels 

and the I/O control unit provides an information format and a signal sequence 

connnon to all control units. The interface consists of a set of 34 lines 

that connect a number of control units to a channel. Except for signals used 

to establish selection control, all connnunications to and from the channel 

occur over a common bus, i.e., any signal provided by the channel is available 

to all control units. At any one instant, however, only one control can 

logically be connected to the channel. Selection of a control unit for 

connnunication with the channel .is controlled by a signal passing serially 

through all controt units that permits, sequentially, each control unit to 

respond to the signal~ provided by the channel. A control unit remains 
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logically connected on the interface until it transfers the information it 

needs or has, or until the channel signals it to disconnect. 

For purposes of simplicity the I/O interface is divided into five functional 

categories: 

( 1) BUS OUT 

(2) BUS IN 

(3) TAGS 

f A \ 
\ '± J SEL CTRLS 

( 5) METERING 

A. BUS Information 

Used to transmit information (data, I/O device 

address, commands, control orders) from the ~hannel 

to the control unit. 

Used to transmit information (data, 1/0 device 

identification, status information, sense data) 

from the control unit to the channel. 

Used for interlocking and controlling information 

on the buses and for special sequences. 

Used for the scanning of, or the selection of 

attached I/O devices. 

Used for conditioning of elapsed time meters in 

the various attached units. 

Each of the buses (in and out) consists of eight information lines and one 

parity line. Information on the buses is always arranged so that bit posi­

tion 7 always carries the low order information bits and the bits proceed 

from right to left, thus any unused information lines will appear in the 

high order positions (O, 1, 2 ••••• etc.). The information transmitted over 

the bus is indicated by the appropriate tag line, i.e. when "Address Out" 

tag is active, the bus out will contain valid address information; when the 

tag "Status In" is active, the bus in will contain a byte of information 

describing the status of the I/O device. 
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B. Interface Tag Lines 

Address-Out: Active during the channel initial selection sequence, bqs-out 

specifies the address of an 1/0 device. 

Command-Out: Active during channel initial selection sequence when the bus­

out specifies a command. 

Service-Out: Is active in response to a service-in tag during the execution 

of a Write or Control Command. The data on the bus-out is dependent upon 

the operation being performed, for instance on a Write the bus will contain 

the data to be recorded by the 1/0 device. 

Address-In: Is active as a result of channel tag "Address Out" the bus-in at 

this time will contain the address of the selected I/O device. When this tag 

line is active, the bus-in contains the address of the currently selected I/O 

device. 

Service-In: Is active during the execution of a read or sense command. The 

data qn the bus-in will depend upon the instruction, for instance on a read 

command the bus will contain a byte of data from the I/O device. 

C. Selection Control Lines 

Operational~Outi Used as an interlock to all control units. With the excep­

tion of the suppress-out line, all lines from the channel are significant 

only when the operational-out line is active. 

Operational-In: Is a line from all attached control units used to signal 

channel that an I/O device has been selected, and is communicating with the 

channel. 
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Select-Out: Is a line propagated from the channel to the highest priority 

I/O co.ntrol unit, and thence from this control unit to the next lower priority 

unit. This line provides a loop for scanning the attached control qnits. 'the 

Select-Out line returns to the channel as a Select-In line. 

Select-In: This line emanates from the lowest priority control unit and pro­

vides the return path for the Select-Out line to the channel. 

Suppress-Out: Is a line from the channel to the control units and is used 

both alone and in conjunction with the out-tag to provide the following 

special functions: Suppress Data, Suppress Status, Command Chaining and 

Selective Reset. 

Reguest-In: Is a line from all attached control units to the channel. This 
·~. 

line is used to signal channel when any control unit has a c1ata service or 

status service requirement. 

D. Metering Control Lines 

Metering-Out: Is a line from the channel to the I/O control unit used to 

condition all attached control unit and device elapsed time meters to run. 

Metering-In: Is a line from all attached control units to the channel which 

permits the system elapsed time indicator to run even though the system may 

be in the stopped or wait state. 

Clock-Out: Is a line from the channel used to indicate that the processor is 

not stoppe,d or waiting. 

Since the 9020 System does not have an elapsed time meter, the metering con­

trol lines and clock-out lines are not utilized. Elapsed time meters on the 

Tape Control Unit, and the 2821 Integrated Control Unit must however be 

enabled for these units to function. 
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4-9 IOCE STAND ALONE OPERATION 

To facilitate the maintenance or the 9020 System each of the elements asso­

ciated with the system are capable of certain manual operations, These opera­

tions are normally limited in their scope since no single element up to this 

time contains all of the essential logic circuitry. The IOCE however contains 

all of the facilities to perform as a standalone computer. The IOCE contains 

its own internal control (ROS), it contains its own common logic unit for 

processing data (CLU), it contains its own storage capability ,(:~~MACH), and 

it contains logic to permit communication with the external environment 

{Channel - I/O, and I/O - Channel). 

To make use of this unique feature of the IOCE i.t is necessary that the IOCE 

be placed in the "Diagnostic" mode. (Any time there is no CE bit on in the 

IOCE Configuration Control Register the IOCE is in the Diagnostic Mode.) If 

it is desired to further isolate the IOCE from the operating system, the test 

switch may be turned on (down). 

When operating in the diagnostic mode the IOCE closely resembles the operation 

of the IBM System 360/Model 50. That is, it is capable of performing Initial 

Program Loads, (IPL) executing the standard Model 50 instruction set (no 

Floating Point or Decimal features), and processing the normal interrupts. 

It should be borne in mind however that the size of the programs is limited 

by the Bl</of available storage. This storage is not all available to the 

program since the upper 1024 words are utilized as channel UCW area, and the 

lower 256 bytes are designated for PSW's, CAW, CSW, and the Diagnostic Scan­

out area. 

The diagnostic standalone capabilities of the IOCE are primarily intended for 

use in element maintenance programs such as the Fault Locating Tests and the 

Sub-System Diagnostic Monitor. This does not preclude the possibility of 

utilizing this feature for running the Diagnostic Sections used for testing 

the Various I/O devices, nor for the execution of small scale programs. As 

previously mentioned the size of these programs is limited by the storage 

available. 
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The ability to use the IOCE as a standalone processor permits the technician 

or engineer to use this element to "bootstrap" the system up to operating 

capability. Since all of the maintenance programs require some form of input 

device, the technician or engineer may, with built-in tests and FLT's, verify 

the operation of the IOCE. Then using the pre-tested IOCE, and the SDM tests, 

he may verify the operation of the Storage Element. He may then, with a 

manually configured system use the IOCE and SE to load the FLT's for testing 

the CE. He may then use the FLT's to locate and correct any CE malfunctions. 

Having accomplished this the engineer or technician may run the MDM's and 

SEVA tests to assure the systems operation. 
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CHAPTER 6 

IBM-9020 SYSTEM OPERATION 

6-1. INTRODUCTION 

The previous chapters have presented the characteristics of the individual 

elements that make up the IBM-9020 System. This chapter will consider the 

operation of the elements within a system environment. 

The IBM-9020 System is designed to provide maximum hardware control through 

program initiated and monitored actions. Included are such features as system 

organization, system control, and system monitoring. Therefore, these features 

and the programming procedures for their operations will be examined in detail. 

A. Addressing 

Within the multielement system there are generally several different circuit 

paths through which I/O devices can be addressed. The IBM scheme of addres­

sing, for input/output control units and devices, is a function of the control 

unit, the number of devices connected to the control unit, and the accessing 

path. The scheme can be divided basically into two parts: 

Addressing for control units with only one attached input/output 

device. 

Addressing for control units with more than one attached input/output 

device. 

The device and control unit address is formed by the two low order Hex digits 

of the address whereas the high order digit of the three.digit address defines 
/ 

the accessing path. 

1. Addressing to Control Units with Only One Attached I/O Device 

The address of an input/output device is made up of the low order 8 bits (2 

hex digits). The decode of this address is shown in the following example: 
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6-2 SYSTEM PROCESSING AND CONTROL 

3 Hex Digit Address 

x 

0 0 0 0 

IOCE Channel 

Four bits used to 
identify the 
accessing path. 

x x 

0 0 0 0 0 0 0 0 

I/O Device Address 

Eight bits used to address 
the device. 

In applying this addressing scheme the 2821 Integrated Control Unit is con­

sidered to be three control units with one I/O device per control unit. The 

first fifteen addresses will be reserved for the I/O devices located on the 

computer complex floor. At the time of this writing the addresses are assigned 

as follows: 01 will be the address of the System Console, the 1052 Typewriter 

with its adapter on the SC will be assigned an address of 02, the Card Reader 

an address of 03, the Card Punch an address of 04, the High Speed Printer an 

address of 05, etc. Therefore, if one were addressing the High Speed Printer 

via IOCEl and its associated multiplexor channel, the three hex digit address 

is shown in the following example: 

3 Hex Digit Address 

x x x 

0 0 5 

0 0 0 0 0 0 0 0 0 1 0 1 

IOCE Channel Device Address 

In a triplex system one might desire to access the High Speed Printer (address 

05 via IOCE2) provided the system console interface switch is set for IOCE2. 

The address used would be as follows: 
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x x x 

4 0 5 

0 1 0 0 0 0 0 0 0 1 0 1 

IOCE2 Channel 4 Device Address 

Or if the same high speed printer were to be accessed via IOCE3 (provided the 

system console interface switch is set for IOCE3), the address used would be 

as follows: 

x x x 

8 0 5 

1 0 0 0 0 0 0 0 0 1 0 1 

IOCE 3 Channel 8 Device Address 

The above examples hold true for the addressing scheme assigned to the 

Peripheral Adapter Module (PAM) which basically can be looked at as one con­

trol unit with one I/O device for each control adapter. The first 16 address 

is reserved for the devices on the computer complex. The PAM adapters are 

assigned a two hex digit address dependent upon the adapter priority for a 

particular center. 

For example, assume that one was addressing 03C (the 1052) via PAMl, IOCEl, 

and multiplexor channel zero, the address would be as follows: 

x x x 

0 3 c 

0 0 1 1 1 1 0 0 

IOCEl Channel 0 Device Address 
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If for some reason one could not access the device through this adapter, 

there is a secondary 3C adapter located in PAM3 which can be accessed through 

the same path. However, the program must issue a command which will set the 

secondary latch for access. Therefore, one reaches the same device via the 

same accessing path (IOCE 1 and CH 0) but through a different or secondary 

adapter located in PAM3. The command used to access the secondary address 

is called Pass Address. 

2. Addressing Scheme to Control Units with More Than One I/O Device 

The addressing scheme used in this case differs from the preceding example 

in that the eight bit address is divided such that the low order hex digit 

is reserved to address the I/O devices to be attached. The next lower order 

hex digit is reserved for the tape control unit. An example of this addressing 

scheme is shown in the following example: 

IOCEl 

x x 

1 1 

0 0 0 1 

Channel 1 Control 
Unit #1 

x 

0 - - - Hex Digit · 

0 0 0 0 

Device 
Address - Tape Drive #o 

Possibility of 16 I/O 
devices could be attached 
with this boundary. 

This address is an access to Tape Control Unit #1 and Tape Drive #o via IOCEl 

and Selector Channel #1. As pointed out on the subject of interfacing, the 

Tape Control Unit may be accessed via two distinct selector channel paths 

through an interface switch. This transfer of interfaces may be accomplished 

by program by an assigned command to the Tape Control Unit. The interface 

switch also has a neutral position and if it is in this position, the switch 

will be transferred to the selector channel on which an access is attempted. 

However, if the interface switch is set on one or the other selector channels 
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it must be transferred by program to the neutral position before access can 

be made on the alternate channel. Therefore, in the example used on the Tape 

Control Unit above only the high order digit of the address would be changed 

to correspond to the accessing IOCE and selector channel. 

3. Address Modification 

The address of particular control units may be changed by manual alteration 

of the address cards or by a switch which will enable access through another 

channel as described earlier. To perform the manual modification refer to 

the example given in Fig. 6-1, which is an address card used in the card 

reader. 

B. Storage Address Translation 

The following discussion does not include the (08) Storage Element which is 

proposed at the time of this writing to be included in the IBM-9020 System. 

Material which will show the modifications necessary to include the Model 08 

SE into the 9020 System will be issued as supplementary handout or eventually 

incorporated in an appendix. 

This feature significantly increases the flexibility of the 9020 System and 

its ability cope with malfunctions. The IBM-9020 System used Storage Elements 

(SE) with a capacity of 131,072 bytes (32,768 words), and large capacity 

storage (LCS) elements with a capacity of 1,048,576 bytes (262,144 words). 

A maximum of 12 Storage Elements per system may be installed. Three of the 

12 may be LCS elements. 

The ability to place a particular main storage (logical) address in any 

physical Storage Element requires the use of a programmable address translator 

and additional decoding. The address translator (ATR)--see Functional Units 

section of this manual--contains 12 four-bit positions. Each of these posi­

tions is assigned to a block of logical addresses. The bit configuration 

within a selected position determines the physical storage element to be used. 
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READER ADDRESS (PLUGGABLE CARDS I CHASSIS 21 BI 

+Y BUS OUT 0 

-Y BUS OUT 0 

+Y BUS OUT 

-Y BUS OUT 

+Y BUS OUT 2 

-Y BUS OUT 2 

+Y BUS OUT 3 

-Y BUS OUT 3 

+Y BUS 01JT 4 

-Y BUS OUT 4 

+Y BUS OUT S 

-Y BUS OUT 5 

+Y BUS OUT 6 

-Y BUS OUT 6 

+Y BUS OUT 

-Y BUS OUT 

+Y BUS OUT P 

-Y BUS OUT P 

-Y RDR ADDRESS 0 IN 

-Y RDR ADDRESS I IN 

-Y RDR ADDRESS 2 IN 

-Y RDR ADDRESS 3 IN 

-Y RDR ADDRESS 4 IN 

-Y RDR ADDRESS 5 IN 

-Y RDR ADDRESS 6 IN 

-Y RDR ADDRESS 7 IN 

-Y RDR ADDRESS P IN 

EOZA 
0---0 
~ 
E02D -
0---0 
E02F 
0----:---0 

. E02B 
0----0 -Y RDR ADDRESS 0 OUT 

E02E 
--~ -Y RDR ADDRESS I OUT 

~-- , ~ E02H 
~ 'i)--0 -Y RDR ADDRESS 2 OUT 

E02K 
~ F02L 
E02M - --U-----0 -Y RDR ADDRESS 3 OUT 
0---0 
~2P ""~. 
V----V >. EOZQ 
~ '· 0---0 -Y RDR ADDRESS 4 OUT 

l03A ""'·· ••. U-----0 ·. E03B 
E03C "0---0 -Y RDR ADDRESS 5 OUT 
0---0 

~ _ i03E 
E03F <J-----Q -Y RDR ADDRESS 6 OUT 
~~-· 
t_03K ·_ 
U-----0 _ i03L 
~ ·0-----0 -Y RDR ADDRESS 7 OUT 

E03P 
0---0 o----603Q 
~//, -Y RDR ADDRESS POUT 

TO RECOGNIZE CORRECT ADDRESS 
JUMPER: 
·Y BUS OUT TO ·Y RDR ADDRESS 
OUT FOR THOSE B ITS WHICH 
SHOULD BE PRESENT. 
JUMPER: 
+Y BUS OUT TO ·Y RDR ADDRESS 
OUT FOR THOSE BITS WHICH 
SHOULD NOT BE PRESENT. 

TO GENERATE ADDRESS: 
ALLOW -Y ROR ADDRESS IN LINES 
TO FLOAT. FOR THOSE BITS 
WHICH SHOULD BE PRESENT. 
JUMPER OTHER LINES TO GROUND. 

216259 MALE CONTACT STRIP TO 
BE USED FOR JUMPERS. 

Figure 6-1. Example of an Address Card. 
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Basically, address translation is accomplished as follows: 

Bits 9-14 of a main storage address (logical) are decoded. This decoding 

will select one four-bit position of the 12-position address translator (ATR) 

for additional decoding, The bit configuration found in this position of the 

ATR is now decoded to determine which physical storage element is to be ac­

cessed. This physical storage element will then be sent an access request if 

the SE's bit is on in the CE's configuration control register. See Figs. 6-2 

and 6-3. 

With no LCS elements present, each position of the ATR represents a block of 

131,072 bytes. For example, position one of the ATR would be decoded if the 

logical address was between byte 0 and 131,071. If the logical address was 

between byte 131,072 and 262,143, position two of the ATR would determine the 

physical SE to be used. For the range of logical addresses assigned to each 

position of the ATR with and without LCS elements present, see Fig. 6-4. 

As mentioned previously, a maximum of three LCS elements may be installed; 

ATR positions 10, 11, and 12 are assigned to LCS elements when required. The 

starting address for LCS is constant and is byte 2,097,152. When one LCS ele­

ment is present, position 12 of the ATR is used and refers to a 1,048,576 byte 

block of storage starting at byte 2,097,152 and extending through byte 

3,145,727. When two LCS elements are present, positions 11, and 12 of the 

ATR are used and refer to two 1,048,576 byte blocks starting at byte 2,097,152 

and extending through byte 4,194,303. Similarly, when three LCS elements are 

present, positions 10, 11, and 12 of the ATR are used and refer to three 
' 

1,048,576 byte blocks starting at byte 2,097,152 and extending through byte 

5,242,879. 

1. Logical Address 

For simplicity, a logical address may be considered as shown in Fig. 6-5. 

For an SE, bits 20-31 pick out a byte within a 4096 byte sector of storage. 
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Bits 15-19 specify a 4096 byte sector. Bits 9-14 specify an ATR position. 

Decoding of logical address bits 9-14 follows: 

Bit ATR Position 

9 10 11 12 13 14 

0 0 0 0 0 0 1 

0 0 0 0 0 1 2 

0 0 0 0 1 0 3 

0 0 0 0 1 1 4 

0 0 0 1 0 '() 5 

0 0 0 1 0 1 6 

0 0 0 1 1 0 7 

0 0 0 1 1 1 B 
("\ ("\ 1 r. r. r. 9 v v J. v v v 

0 0 1 ("\ 0 1 10 v 

0 0 1 0 1 0 11 

0 0 1 0 1 l 12 

When large capacity storage elements are addressed) in addition to the de­

coding mentioned previously for an SE, bits 12-14 specify a 131,072 byte sec­

tion of an LCS. Bits 9-11 specify an ATR position. Decoding of bits 9-ll 

when LCS elements are present follows: 

Bit ATR Position 

9 10 11 

0 1 0 LCS 1 

0 1 1 LCS 2 

1 0 0 LCS 3 
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<'NotlABlO 
Not IAB 11 

IAR Not IAI 12 
Not IAB 13 
Not IAB 14 
IA Gote 

ATR l Pos 0 

Log PSBAR Dec 1 

ATR 2 Pos 12 

Log PSBAR Dec 12 A 

(Logicol) Not PSBAR Cntr 9 

Not PSBAR Cntr l 

PS BAR Not PSBAR Cntr 11 
Not PSBAR Cntr 12 Cntr Not P BAR Cntr l 3 
Not PSBAR Cntr 14 

A 

A 

I= OR ,-

A 
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Adder 10-19=0 

Reset Latches 

Figure 6-2. 

Physlcol 
Decoders 

Zero 
Det Lth 

FL 

FL 

Tronsloted AR Lth SE l 
Zero Detect 
Not Zero Detect 
PSBAR Dec l 
Not Single C cle Lth 

Tronsloted AR Lth SE 12 

PSBAR Dec 12 

A 

(Pority Error; End of Stepping) 

Storage Access Decoding. 
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•RT Al Gate• (36) (Incl Poritys) 

AH I 

Logical SE l SE 2 SE 3 SE 4 SE 5 SE 6 SE 7 SE 8 

Bits 3 4 7 8 1112 1516 1920 2 24 2728 31 

Bits 

•RT 

Partial 
logical Storage 

Address Bus 
from MZ04 
a 

Logical logical logical 
Ace Req Ace Req Ace Req 

14 

•KM~--!-.--~ ~--2.,.--~ ~--3-.--~ 

375 
Clock 

'KM 

logical 
Ace Req 

12 

Address Bus to MZ040 

Note: 
l. lf I LCS is present it is No. 12, 
2. lf 2 LCS's ore present they ore 11and12. 
3. If 3 LCS's are present they ore lOP 11 and 12. 
4. *=ALO page group. 

Figure 6-3. 

AC-940 CBB9AO 7/68 

14 

31 

31 

ATR 2 

SE 9 SElO 

3 4 7 8 

Full Logical 
S tot"oge Address 

Bus from 
MZ040 

31 

SEil SE12 

ll 12 

Address Compare with Address Keys 

31 

31 

ATR and PSBAR Data Flow. 

•RB 

Logical 
PS BAR 
Ro 

• RB 

'KB 

Storage Element Box Selection Bits 

Box logical Physical 
No. 0011111 0011111 

8901234 8901234 

SE l woooooo 0000001 
SE 2 0000001 0000010 
SE 3 0000010 0000011 
SE 4 0000011 0000100 
Sts 0000100 0000101 
.SE 6 0000101 0000110 
SE 7 0000110 0000111 
SE B 0000111 0001000 
SE 9 0001000 0001001 
SE 10 0001001 0001010 
SE 11 0001010 0001011 
SE 12 0001011 0001100 

!st LCS OO!OXXX N/A 
2nd LCS 0011XXX N/A 
3'-d LCS 0100 xxx N/A 

LCS 10 N/A OO!OXXX 
LCS 11 N/A OlOOXXX 
LCS 12 N/A OlllXXX 

W=O, Moy b~ l for Diogncse 
X'i= Don 1t Care 

Phy=logical Octant Select 'Sits. 
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Range of AddreS!es When the NUmber of LCS Modules in the Installation ls: 

Address None One Two Three 
Translator 
Position From To From To From To From 

I 000,000 131,071 000,000 131,071 000,000 131,071 000,000 

2 131,072 262, 143 131,072 262, 143 131,072 262, 143 131,072 

3 262, 1-44 393,215 262, 144 393,215 262, 144 393,215 262, 144 

4 393,216 524,287 393,216 524,287 393,216 524,287 393,216 

5 524,288 655,359 524,288 655,359 524,288 655, 359 524,288 

6 655,360 786, 431 655, 360 786,43] 655,360 786,431 655,360 

7 786, 432 917,503 786,432 917,503 786,432 917,503 786,432 

8 917,504 1, 048,575 917,504 1,048,575 917 ,504 1,048,575 917,504 

9 1,048,576 I, 179,647 1,048,576 1, 179,647 1,048,576 l, 179,647 1,048,576 

10 l, 179,648 1,310,719 l, 179,648 1,310,719 l, 179,648 1,310,719 2,097,152 

11 1,310,720 1,441,791 1,310,720 1,441,791 2,097, 152 3, 145,727 3, 145,728 

12 1,441,792 1,572;863 2,097, 152 3, 145,727 3, 145,728 4, 194,303 4, 194,304 

Figure 6=4. Translator Logical Address Assignments. 

CBB9AO 

SE 

ATR 
Position 

9 10 11 

y 
ATR 
Position 

LCS 

l 

131,072 
Byte 
Block 

4096 Byte 
Block 

15 16 17 18 

t 
! 

4096 Byte 
Block 

131,072 Bytes 
Storage Copocity 
of an SE 

Address within 
o 4096 Byte Block 

Address within 
o 4096 Byte Block 

1,.048,576 Bytes 
Storage CQPacity 
of an LCS 

Figure 6-5. Logical Address Decoding. 
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131,071 

262, 143 

393,215 

524,287 

655,359 

786, 431 

917 ,503 

1,048,575 

I, f79,647 

3, 145,727 

4, 194,303 

5,242,879 
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2. Physical Address 

The physical address refers to the physical SE or LCS element specified by 

the selected position of the ATR. There is no difference between a physical 

and logical .address .for those positions of the address that are used inter­

nally by the particular storage device for addressing (bits 15-29 for an SE 

and bits 12-29 for an LCS). See Fig. 6-6 for physical storage module 

identifiers. 

The contents of the ATR may be altered or examined. See the instructions 

Set Address Translator (SATR) and Insert Address Translator (IATR) in the 

instruction section of this manual. The ATR may be entered or displayed. 

manually from the CE's control panel during maintenance (state zero, test 

switch on). 

Storage Module Referenced When the Number of LCS Elements in the 
Installation Is: 

Storage Module 
Identifier None One Two Three 
(Hexadecimal) 

0 Unassigned Position 

l SE l SE l SE l SE l 

2 SE 2 SE 2 SE 2 SE 2 

3 SE 3 SE 3 SE 3 SE 3 

4 SE 4 SE 4 SE 4 SE 4 

5 SE 5 SE 5 SE 5 SE 5 

6 SE 6 SE 6 SE 6 SE 6 

7 SE 7 SE 7 SE 7 SE 7 

8 SE 8 SE 8 SE 8 SE 8 

9 SE 9 SE 9 SE 9 SE 9 

A SE 10 SE 10 SE 10 LCS l 

8 SE 11 SE 11 LCS l LCS 2 

c SE 12 LCS l LCS 2 LCS 3 

D } 
lnvol id Identifiers 

Figure 6-6. Storage Module Identifiers. 
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1 • PSB.AR Hand 1 ing 

Computer control and status information is located in a section of storage 

known as the preferential storage area (PSA). Single computer configurations 

generally set aside a low-order portion of main storage for this purpose. 

Multi-computer configurations require the ability to use any portion of stor­

age as a PSA. In addition, for greater reliability, a computing element (CE) 

must be able to transfer its PSA to an alternate storage element (SE) if 

trouble arises in the primary SE. 

The logical preferential storage base address register, PSBAR counter, and 

physical PSBAR provide the 9020 System with the capability of locating the 

PSA of a CE in any 1024-word section of any 32K SE. A large capacity storage 

element may have a PSA located in any 1024-word section of the low-order 32K 

words. For maximum safety and reliability, no more than one primary and/or 

alternate PSA should be located in an SE. 

In normal address translation, bit positions 9-14 of a logical main storage 

address are decoded to select a position of the ATR. The identifier in this 

position of the ATR then determines the physical module to be accessed. When 

the PSA is required, the value of physical PSBAR determines the physical 

module to be used. 

The value of physical PSBAR is determined by the content of the ATR position 

specified by the PSBAR counter. The instruction LPSB loads the logical PSBA 

register and counter. The counter positions (9-14) specify an address trans­

lator position. The value found in this ATR position is placed in physical 

PSBAR. The content of physical PSBAR is retained until replaced by another 

LPSB, an IPL, PSW restart, external start, a condition that causes PSBAR 

stepping, or by a change in the identifier appearing in the position of the 

ATR specified by the PSBAR counter. See Fig. 6-7. 
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When the 12 high-order bits of an address are zeros, the effective address 

is developed by OR'ing bits 15-19 of the logical PSBAR and bits 11-14 with 

9 and 10 = 0 of the physical PSBAR (bits 9, 10, and 11 are independently gene­

rated with 12, 13, and 14 = O when accessing an LCS) into the 12 high-order 

positions of the address. Since the content of physical PSBAR is always 

available in translated form, references to the preferential storage area 

are completed without repeated reference to the address translator. 

The move to an a,lternate PSA, when necessary, is accomplished automatically 

by the system. No manual intervention is required. PSAs may also be altered 

under program control. 

All interrupts and logouts require PSBAR. IOCE references to channel address 

and channel status words also require the use of PSBAR. 

The PSBAR counter will step to an alternate PSA if: 

A storage check or fetch cycle error occurs in an SE and the PSA is 

located in that SE. 

A 25-ms check occurs and the program is addressing the PSA. 

An invalid address check occurs and the program is addressing the PSA. 

The CE receives an external start. 

The CE receives a reconfiguration sel~ct with PSBAR Element Check on. 

See Figs. 6-8, 6-9, and 6-10. 

The PSBAR counter will step until an ATR position is reached whose identifier 

references a configured storage module. This is equivalent to inspecting the 

ATR from left to right, starting at the position that references the primary 

PSA and proceeding until the first identifier for a configured storage module 

is found. When the alternate PSA is reached, physical PSBAR is updated by 

the contents of this configured ATR position. 
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~ 

~igure 6-10. PSBAR Counter Controls. 

The counter will be inhibited from further stepping once an alternate SE has 

been located unless the instruction load PSBAR is issued or an Ext Start is 

received. 

C. Configuration Control 

The 9020, with its various system elements, may be structured at will into 

many different configurations, with varying degrees of autonomy or inter­

dependency. The equipment and techniques used to achieve the various configu­

rations have been classified under the aggregate heading of configuration 

control. 

The controlling mechanism for the 9020 will be the ATC Operational program. 

There is no preferred system structure in the 9020, i.e., the 9020 contains 

no inherent master - slave relationships which require that a specific com­

puting element exercise primary control. Configuration Control does contain 

certain features which could, however, restrict the critical control functions 

to designated computing elements in order to obtain an orderly processing of 

the ATC task. 

The use of the 9020 in the National Airspace System imposes certain funda­

mental requirements upon the system with regard to its ability to assume 
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various sub-system configurations. These requirements stem from the total 

nature of the ATC task, including both the critical operational work and the 

important, but necessarily subservient, support functions. These requirements 

may be briefly summarized as follows: 

When units of the 9020 System are actively engaged in performing the 

ATC operational task, other units not so engaged, or malfunctioning 

units, must not be permitted to destructively interfere. 

If units of 9020 are not required for the operational task, they should 

be available for subsidiary tasks or maintenance. 

Those units of 9020 which are not actually malfunctioning or under­

going maintenance should be immediately available to EXC to perform 

the operational task, regardless of their current subsidiary tasks. 

Units requiring maintenance must be provided with adequate maintenance 

facilities and effective isolation from the remainder of the operating 

system. 

D. General Characteristics of Configuration Control 

Configuration control establishes the instantaneous structure of the 9020 

System by specifying to each major system element which other major system 

elements it may "listen" to at any given time. This "listening" on the part 

of a major system element is actually the reception of data and/or control 

information from other major system elements. To achieve the requisite flexi­

bility, separate controllable paths for both types of information flow between 

elements are provided. 

1. General Description of Element States 

Each major system element of the 9020 can be in one of four states. These 

states are established by the ATC Operational program via configuration con­

trol. Element states are closely related to the immediate role of the element 
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in the overall ATC task. The following four sub-sections give a general 

description of each state. A more detailed analysis of each state is avail­

able from Fig. 6-11. 

a. State Three 

If a major system element is designated as being in State Three by the ATC 

Operational program, the element is presumed to be at its highest operational 

capability level. Normally, it is presumed that the ATC operational task would 

be run in this state. A CE in State Three has the ability to initiate recon­

figuration of the existing system structure, subject to the information and 

control paths established by the ATC Operational program. 

b. State Two 

A major system element designated by the ATC Operational program as being in 

State Two is considered free of malfunctions and completely capable of per­

forming the ATC operational task, except that a CE in this state cannot effect 

a system reconfiguration. While in State Two, a major system element might 

be employed in performing subsidiary processing tasks, but it is capable of 

being immediately recalled by ATC Operational program to assist other units 

in an operational task or to replace a malfunctioning unit. It is assumed 

that any subsidiary programs run while in State Two will be debugged and under 

tight monitor control. Preventive Maintenance programs of the "confidence 

routine" variety may also be effectively run in this state. If a computing 

element has been designated by ATC Operational program to be recallable, it 

will automatically interrupt its current tasks and go to State Three when 

certain check signals from other computing elements are received. 

c. State One 

State One may be considered to be a quasi-redundant state. When in State One, 

an element may be designated as recallable by ATC Operational program. How­

ever, certain operator manual controls will be enabled. These controls will 
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provide the necessary manual intervention to debug programs and run diagnostic 

programs. Thus, this state permits a non-malfunctioning unit to be used for 

various tasks which are not sufficiently predictable to be run in State Two 

with its tight monitor control, yet remain available to ATC Operational pro­

gram for operational use. As in State Two, a CE in State One, when designated 

as recallable, will automatically terminate its current task and go to State 

Three upon receipt of certain check signals from other CEs. 

d. State Zero 

To accommodate the maintenance needs of the 9020, State Zero has been provided. 

The zero state is actually composed of two sub-states. The desired substate 

is selected by a switch which is enabled only in zero state, i.e., state 

field = 00. 

With the Test switch off, the zero state is considered primarily useful for 

subsystem testing. All manual controls, except those governing the manual 

setting of CCRs, and those which turn off element power are enabled. An ele­

ment may, however, be recalled by ATC Operational program if it has been de­

signated as recallable. If so designated, a CE will go to Sta.te Three upon 

receipt of certain check signals from other computing elements. Effective 

subsystem'isolation can be retained in this mode if desired. Care must be 

exercised when in the zero state with the Test switch off, due to the avail­

ability of all manual intervention capabilities of the system. It is assumed 

that a system performing the ATC task will protect itself, via configuration 

control, from spurious signals generated by a subsystem under test. 

When an element's Test switch is "on" it is isolated from the remainder of 

the system to the extent required for its standalone or unit test operations 

to be used. In the case of PAM, TCU, and SE, this a blanket isolation, i.e., 

all system interfaces are closed. For the CE and IOCE, this isolation is 

primarily achieved by refusing to accept the SCON instruction. Complete iso­

lation is not desirable for these elements. In this sub-state, all manual 

controls including power and manual CCR controls are active. To preclude 
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State Bits Issue Accept CEELC Element 6 Maint. Sys. Cons. Power & CCR 

so s SCON 1 SCON Maskable 5 Controls Controls Controls Controls 
1 

Three 1 Yes Yes 
3 

1 Yes No No Yes No 

2 3 
Two 1 0 No Yes No No No Yes No 

One 0 1 No 
2 

Yes 
3 

No Yes No Yes No 

Zero 0 0 Yes Yes 
3 

No Yes No 
8 

Yes No 
Test Switch "OFF" 

Zero 0 0 Yes 
7 

No 
4 

Yes Yes Yes No Yes 
Test Switch "ON" 

Notes: 

1. 

2. 
3. 
4. 
5. 

Where "Yes" is entered, it implies a legal or permissive ability to issue SCON. The issuing CE must have its own SCON 
bit set and meet all other SCON restrictions. 
If a CE attempts SCON, a specification check interruption will result. No signals will issue to other elements. 
Receiving element must have proper SCON bit set. 
SCON's will be rejected regardless of CCR, except that a CE may accept SCON from itself if it has its own SCON bit set. 
This column applies to receiving CE's. All incoming CE ELC's are masked by SCON bits in receiving CE's. 
Where "Yes" is entered, the ELC may also be masked by normal interruption mask controls. Where "No" is 
entered, no further masking is possible. 

6. These include: IPL, Interrupt, Store, Display, Rate Switch, Address Compare. 
7. When switch is "ON", SCON will not affect any external element. The issuing CE may accept SCON from itself. When 

the test switch is "ON", it will be possible for a CE to have its state bits changed manually. If the state bits are 
changed from 00 to 11, SCON may be exercised by the CE, but no element except the issuing CE will respond. If the 
state bits are changed to 10 or 01, Note 2 applies. 

8. Maintenance controls are generally disabled except where other truth tables indicate exceptions. 

Figure 6-11. Summary of State Definitions. 
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loss of switch control, the state bits of each element will be reset to 00 

whenever the Test switch is turned off after having been in the "On" state. 

There is a technique that can be employed by an authorized maintenance man 

for putting into State Zero an element or unit that is hung-up in a higher 

state. 

2. SCON Instruction 

The Set Configuration (SCON) instruction is the program means by which the 

9020 may be configured into the desired system configuration. SCON estab­

lishes the system configuration by specifying to the system elements: a) the 

state they are to assume, b) the CEs which can issue future SCON instructions 

to them, and c) the system elements they are to receive data from. 

Since SCON is a vital part of configuration control, many tests, both hardware 

and program, are made to ascertain that it can legally be issued by a given CE 

and accepted by other system elements. Fig. 6-11 summarizes the conditions 

necessary for issuance and acceptance of SCON. 

Two conditions imposed on the use of SCON are not given by Fig. 6-11. They 

are: 

The SCON instruction can be issued by a CE only when it is in the 

supervisor state. If SCON is attempted in the problem state, a pro­

gram interruption (privileged operation exception) will result. 

It is prohibited to configure a system element so that it will not 

accept a SCON instruction from at least one CE. An automatic check 

will be made to prevent this and if detected will result in a program 

interruption (specification exception). 
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a. Configuration Control Register 

Configuration control, in conjunction with the interface circuitry design, 

provides a protection facility for active system components from a malfunc­

tioning system component. When one system component is not configured to 

conununicate with another, circuit failures and/or spurious signal emissions 

from one component will not disrupt the operation of the other. 

The configuration control register (CCR) is a physical register in each major 

system element. The CCR is set by SCON, and contains the information neces­

sary to establish the state of the element to which it is attached, the CEs 

from whom it will accept future SCONs, and the other system elements to which 

it may "listen", or receive data from. The CCR will also indicate if a "Log­

out Stop" of SE should take place for SE logout. Because of the various func­

tions of the system elements, there are differences in the format of their 

respective CCRs. The CCR format for each system element is shown on Fig. 6-12. 

A position is assumed to be set when it contains a "l". 

A CCR bit, when set, enables the interface from the associated unit. In some 

cases this may involve only the control lines, and in other cases may also 

involve data lines. In the use of all interfaces, some control action is re­

quired before any data bus is examined. If this control function is inhibited, 

it is unnecessary to further degate the data bus since it will not be examined. 

No signals to the DAR are gated by configuration control because it may be 

desirable to monitor the status of an element without being required to accept 

the conununication from it. Also response signals to reconfiguration are not 

gated by the issuing CE's CCR since it is desirable to reconfigure elements 

without being required to accept other conununications from them. The error 

detection circuitry of the system provides the protection from propagation 

of logic errors. The program may then use configuration control to isolate 

the malfunctioning unit for maintenance purposes. Each power supply contains 

an over-voltage, over-current sensor, which when activated will turn the power 

off in that unit before damage occurs. Configuration control provides degating 

from units with normal power status. 
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The circuitry which directly connects to a multiplexor interface has been 

designed so that the interface will not be disabled by commonly encountered 

component failures, unless, of course, the failure occurs in the primary ele­

ment. The latter case is exemplified by a component failure in the drivers 

on the CE to (4) SE interface, while the former is exemplified by a component 

failure in an SE receiver in the same interface. 

The circuitry which is directly connected to the I/O Interface, Channel to 

Device Control Unit, in the PAM, TCU and System Console has been designed 

so that power may be turned on and off in these units without disrupting any 

activity not concerning that unit in the interface. Also, in the interfaces 

in the 9020 System of the type exemplified by the one from a CE to four SEs, 

turning power on and off in an SE connected to that interface will not disrupt 

the functioning of that interface. However, in order to prevent turning power 

on and off in the CE from disrupting the activities of the SEs connected to 

that interface, the SEs must be configured not to accept communications from 

that CE. 

b. Configuration Mask 

The Configuration Mask (CM) is made available to SCON from a general purpose 

register. Its contents are loaded by SCON into the CCR of major system ele­

ments. The CM contains the necessary configuration control information appro­

priate to each element. The CM format is shown in Fig. 6-13. The CM format 

is sufficient to contain necessary configuration data for any type of element. 

For those elements which do not need all its contents, the necessary data is 

selectively sent. 

c. Selection Mask 

The Selection Mask (SM) shown in Fig. 6-13 is also made available to SCON 

from a general purpose register. The SM designates the elements to receive 

the data contained in the CM when SCON is issued. In effect, the SM is an 

address word for the CM. Multiple CCRs may be set with one SCON instruction, 

provided that identical masks are to be used in each receiving element. 
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A selected element will allow its CCR to be set by the incoming configuration 

mask if the sending CE 1 s SCON bit is on in the selected element's CCR. A 

selected element will not be reconfigured by another CE if the selected ele­

ment is in state zero with the test switch on. 

Elements that accept the configuration mask respond by resetting their respec­

tive bit in the select register of the issuing CE. If the bit was on, reset­

ting turns it off. The select register is then tested for zero and the condi­

tion code set as follows: 

Condition Code 00 (Select Register zero) - All selected elements have 

accepted the configuration mask. 

Condition Code 10 (Select Register not zero) - One or more of the selec­

ted elements failed to accept the configuration mask. 

Condition Code 01 and 11 - Invalid 

If the state bits of a CE in state zero with the test switch on are altered, 

the state will automatically be set to zero when the test switch is turned 

off. 

A SCON field of all zeros is permissible in state zero to allow subsystem 

testing in complete isolation. The all zero SCON field must be set manually. 

A select-for-reconfiguration received in a CE or IOCE processing an I/O instruc­

tion or interruption will stop processing of the instruction or interruption. 

CEs and IOCEs will not reconfigure during a cycle involved with a main memory 

access. If such an access results in a hold signal from a memory, the access 

request condition will be reset if reconfiguration occurs. 

As stated previously, a SCON field of zero is permissible in state zero. If, 

because of some error, a zero SCON field should occur in any other state, a 

"cheater" circuit will bypass normal SCON gating and make the SCON field 
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p2 

CE SCON SE CE SPARE IOCE 

2 3 . 6 7 8 • . . . 1 2 . 1 

0 1 2 5 6 8 19 20 23 24 28 29 

p2 

SCON SE CE 
IOCE 

2 3 . 6 7 8 • . . . 1 2 3 . 
0 1 2 5 6 19 20 23 

CE 
SE 

IOCE SCON 

1 2 3 2 3 * 

0 3 4 6 

PAM & TCU 

0 1 2 5 

NOTES 

1. * DENOTES SPARE BITS 

2. 325 FLIGHT SYSTEM IS ASSUMED, FOR LESSER SYSTEMS, UNUSED BITS BECOME SPARES 

3 · BIT 7 AND 2+.28. IN CE CONFIGURATION MASK ARE FORCED TO ZERO PRIOR TO MOVING CONFIGURATION 
MASK OUT OF THE CE 

4. SE MASK IS POSITIONED AS SHOWN AND TRANSMITTED VIA THE STORAGE DATA BUS TO ACCOMMODATE THE 
SE'S CCR 

5. PAM'S AND TCU'S RECEIVE ONLY THE INDICATED BITS 

6. A IN BIT 6 DENOTES INHIBIT LOGOUT STOP 

Figure 6-12. Configuration Control Register Format. 
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Figure 6-13. Configuration Mask and Selection Mask Formats. 
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appear to be all ones. If the occurrence of all zeros in the SCON field re­

sults in a CCR parity error, an Element Check (ELG) will be issued. 

An external, power on, or system reset will set all SCON field bits to one. 

A system initial program load (IPL) will set the selected GE's CCR according 

to the SE and IOCE select switches on the console. A simulated SCON instruc­

tion sets the CCR's in the selected elements according to the configuration 

selected. An element or subsystem reset will not alter the CCR of any element. 

A GE's SCON field bits can be altered from the system console. The CE must 

be stopped. Microprogramming is used to load the CCR manually. The operation 

is similar to a normal SCON instruction, except that machine stat 0 is set 

prior to the SCON latch. This blocks the gating of selects for reconfigure 

to other elements. Stat 0 will also force a CE self-selected condition. 

If CCR bit 6 is on, it will inhibit the issuance of a Logout Stop signal to 

an SE issuing a storage check. CCR bit 6 is set or reset according to the 

configuration mask used on a particular SCON instruction. 

E. Program Status Word 

The Program Status Word (PSW) contains detailed information on the status of 

the CE. The current PSW is divided between transistor register positions and 

a local storage location. PSW bits 0-19 are maintained in transistor regis­

ters, which perform the required functions by direct logic controls or by being 

accessible for microprogram branching. These positions are also buffered in 

local storage location 01 0111 since they do not have a read-out path except 

for scan-out). Positions 32-39 of the PSW are also held in transistor regis­

ter positions, which may be set by logic or through the mover. These bits 

may be read out through the mover. Positions 40-63 of the PSW are held in 

the instruction address register. See 7201-01 Data Flow Diagram. 

The type of interrupt determines the interruption code to be stored in posi­

tions 20-31 of the old PSW address. In the basic interruption sequence the 
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old PSW is assembled from the local storage buffer location, the interruption 

code, the transistor registers containing positions 32-39, and the instruction 

address register. Each of the two words of the PSW is stored as it is assem­

bled. The storage protection key is set to zero in order to ensure successful 

storing. 

By storing the PSW, the program can preserve the detailed status of the CE for 

later use. By loading a new PSW or part of a PSW, the state of the CE may be 

changed. 

All or part of a PSW may be stored or loaded. The entire PSW is stored and a 

new PSW is introduced when the CE is interrupted. The rightmost 32 bits are 

stored in Branch and Link. The Load PSW instruction introduces a new PSW. 

Set Program Mask introduces a new condition code and program mask in the PSW. 

Set System Mask introduces a new system mask. See Fig. 6-14 for the PSW 

format. 

The following is a summary of the purposes of the PSW fields: 

System Mask: Bits 0-7 and 16-19 of the PSW are associated with I/O Channels 

and external signals as specified in the following table. When a mask bit is 

1, the source can interrupt the CE. When the bit is O, the corresponding 

source cannot interrupt the CE and the interruption remains pending. 

System Mask Bit 

0 
1 
2 
3 
4 
5 
6 
7 

16 
17 
18 
19 
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Interruption Source 

Multiplexor Channel A 
Selector Channel lA 
Selector Channel 2A 
Selector Channel 3A 
Multiplexor Channel B 
Selector Channel lB 
Selector Channel 2B 
Timer; Interrupt Switch; External Signal 
Selector Channel 3B 
Multiplexor Channel C 
Selector Channel lC 
Selector Channel 2C 
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I System Mask j Key j AMWPj Interruption Code 
71 1112 1516 31 

Instruction Address 
63 

Figure 6-14. Program Status Word Format. 

Protection Key: Bits 8-11 of the PSW form the CE protection key. The key is 

matched with the four high-order bits of a storage key whenever data are to 

be stored, or whenever data are to be fetched and the fetch-protection bit in 

the storage key is 1. 

AMWP: These letters represent bits 12-15 of the PSW. 

A (bit 12) represents ASCII. When a bit 12 of the PSW is 1, the codes for 

the extended ASCII format are generated for decimal results. When PSW bit 12 

is O, the codes for the extended binary-coded-decimal format are generated. 

M (bit 13) represents machine-check mask. When PSW bit 13 is 1, the machine­

check interruption, element check (ELC) out signal and diagnostic logout occur 

upon malfunction detection. When PSW bit 13 is O, the CE is masked for machine­

check interruptions. The interruption and logout do not occur. An ELC out 

signal is issued as before and the interruption remains pending. 

W (bit 14) represents the wait state. When bit 14 of the PSW is 1, the CE 

is in the wait state. When PSW bit 14 is O, the CE is in the running state. 

P (bit 15) represents the problem state. When PSW bit 15 is 1, the CE is in 

the problem state. When PSW bit 15 is O, the CE is in the supervisor state. 

Interruption Code: Bits 20-31 of the PSW identify the cause of an I/O, pro­

gram, supervisor call, external or machine-check interrupt. Use of the code 

for all five interruption types may be found in Table 6-1. 
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Instruction Length Code (ILC): The code in PSW bits 32 and 33 indicates the 

length in halfwords of the last interpreted instruction when a program or 

supervisor-call interruption occurs. The code is unpredictable for I/O, 

external or machine-check interruptions. See Fig. 6-15. 

Instruction 
Length Code 

0 

1 

2 

2 

3 

PSW Bits 
32-33 

0 0 

0 1 

1 0 

1 0 

1 1 

Instruction 
Bits 0-1 

0 0 

0 1 

1 0 

1 1 

Instruction 
Length 

Not Available 

One Halfword 

Two Halfwords 

Two Halfwords 

Three Halfwords 

Figure 6-15. Instruction Length Recording. 

Instruction 
Format 

RR 

RX 

RS or Sl 

SS 

Condition Code (cc): PSW bits 34 and 35 represent the condition code. The 

condition codes for all instructions may be found in Fig. 6-15. 

Program Mask: PSW bits 36-39 represent the program mask bits. Each bit is 

associated with a program exception. When the mask bit is 1, the exception 

is allowed. (See Fig. 6-16.) 

Program Mask Bit Program Exception 

36 Fixed-Point Overflow 

37 Decimal Overflow 

38 Equipment Underflow 

39 Significance 

.Figure 6-16. Program Mask Assignment. 

Instruction Address: Bits 40-63 of the PSW are the instruction address. This 

address specifies the leftmost 8-bit byte position of the next instruction and 

is in the instruction address register. 
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A set of operations is provided to switch the status of the computing element 

(CE), of storage, and of communication between elements of the system. 

The over-all CE status is determined by several program-state alternatives, 

each of which can be changed independently to its opposite and most of which 

are indicated by a bit in the program status word (PSW). The CE status is 

further defined by the instruction address, the condition code, the instruc­

tion-length code, the storage-protection key, and the interruption code. 

These all occupy fields in the PSW. 

Storage is protected by means of storage keys, which are matched with a pro­

tection key in the PSW or in a channel. The protection status of storage may 

be changed by introducing new storage keys, using SET STORAGE KEY. The stor­

age keys may be inspected by using INSERT STORAGE KEY. 

F. PSW Control and Program States 

The four types of program-state alternatives, which determine the over-all 

computing element status, are named Problem/Supervisor, Wait/Running, Masked/ 

Interruptable, and Stopped/Operating. These states differ in the way they 

affect the CE functions, and in the way their status is indicated and switched. 

Each state has one alternative, except Masked, which has many. 

All program states are independent of each other in their function, indica­

tion, ~nd status-switching. Status-switching does not affect the contents 

of the arithmetic regis'ters or the execution of I/O operations, but may affect 

the timer operation. 

1. Problem State 

The choice between supervisor and problem state determines whether or not the 

full set of instructions is valid. The names of these states reflect their 

normal use. 
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In the problem state all I/O, protection, and direct-c~ntrol instructions are 

invalid, as well as LOAD PS BASE, STORE PS BASE, SET ADDRESS TRANSLATOR, SET 

CONFIGURATION, LOAD PSW, SET SYSTEM MASK, and DIAGNOSE. These are called 

privileged instructions. A privileged instruction encountered in the problem 

state, constitutes a privileged-operation exception and causes a program in­

terruption. In the superv.isor state all instructions are valid. 

When bit 15 of the PSW is zero, the CE is in the supervisor state. When bit 

15 is one, the CE is in the problem st.ate. The supervisor state is not indi­

cated on the operator sections of the CE control panel. 

The CE is switched between problem and supervisor state by changing bit 15 

of the PSW. This bit can be changed only by introducing a new PSW. Thus 

status-switching may be performed by LOAD PSW, using a new PSW with the desired 

value for bit 15. Since LOAD PSW is a privileged instruction, the CE must be 

in the supervisor state prior to the switch. A new PSW is also introduced 

when the CE is interrupted. The SUPERVISOR CALL causes an interruption and 

thus may change the CE state. Similarly, initial program loading introduces 

a new PSW and with it a new CE state. The new PSW may introduce the problem 

or supervisor state regardless of the preceding state. No explicit operator 

control is provided for changing the supervisor state. 

Timer updating is not affected by the .choice between supervisor and problem 

state. 

To allow return from an interruption-handling routine to a preceding program 

by a LOAD PSW, the PSW for the interruption routine should specify the super­

visor state. 

After the review of the actual PSW it will be advantageous to sununarize its 

control characteristics of the CE in any operation. For instance, look at 

the PSW bit 12-15 which control the status of the computing element. Suppose 

that bit 15 is. set to a one, the computing element as a result of this setting 

is in the problem state. In this state the computing element cannot execute 
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the privileged instructions such as SCON, I/O Op, etc. Therefore~ if one 

were executing a program in this state, he would have to perform a PSW swap 

in order to change the status of the computing element to the supervisory 

state by installing a new PSW with bit 15 set to a zero and thereby allow 

the execution of a privileged instruction. In such a case the PSW swap could 

be forced by the programmer via his program. 

One might ask the question why not leave the computing element in the super­

visory state where the total instruction set can be executed? There are prob­

ably as many answers to this question as there are programmers, but basically 

the answer can be formed by observing a few facts related to system operation. 

When executing a program in the problem state, that particular program cannot 

interfere with the system concurrent operations or configuration. Because of 

this the programmer is free from the responsibility of providing interrupt 

handling for the interrupt scheme. Thus one supervisory program can be written 

to handle all configuration, monitoring, interrupt handling, and I/O operations. 

This one supervisory program can be used in conjunction with all the programs 

one compiled in the problem state. Several of these supervisory programs are 

already in existence such as the NOSS monitor. If such a scheme were not used 

each individual program would have to handle all such monitoring, interrupt 

handling, and configuration. This would result in compiling many error and 

interrupt handling routines along with the problem program. If such routines 

are not provided the computer operator has no indication as to whether the 

program is still being executed or hung up on a particular instruction, there­

by causing ineffecient use of computer time waiting for some type of response. 

2. Wait State 

In the wait state no instructions are processed and storage is not addressed 

repeatedly for this purpose, whereas in the running state, instruction fetching 

and execution proceed in the normal manner. 
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When bit 14 of the PSW is one, the CE is waiting. When bit 14 is zero, the 

CE is in the running state. The wait state is indicated on the operator con­

trol section of the CE control panel by the wait light. 

The CE is switched between wait and running state by changing bit 14 of the 

PSW. This bit can be changed only by introducing an entire new PSW, as is 

the case with the problem-state bit. Thus, switching from the running state 

may be achieved by the privileged instruction LOAD PSW, or by an interruption 

such as for SUPERVISOR CALL, or by initial program loading. Switching from 

the wait state may be achieved by an I/O or external interruption or, again, 

by initial program loading. The new PSW may introduce the wait or running 

state regardless of the preceding state. No explicit operator control is 

provided for changing the wait state. 

Timer updating is not affected by the choice between running and wait state. 

One might ask, for what purpose does the wait bit exist? This might be an­

swered in general by showing an application. Suppose that one is executing 

a program in the supervisory state but does not have any error or interrupt 

routines incorporated, one could set the wait bit on for all the error or 

interrupt PSWs. When an interrupt occurred in which no routine was.provided 

such a PSW swap would force the computing element to the wait state, thereby 

notifying the operator by a control panel indicator that something occurred 

during the execution of the program which was not expected. If it were other­

wise, the operator would have no indication that the program was not being 

executed. Another example of the use of the wait state, is where the program­

mer desires to go to the wait state after the issuance of a start I/O and 

wait until said I/O operation is completed. This is possible because if one 

will recall, the computing element is capable of handling the interrupts in 

the wait state. 

To leave the wait state without manual intervention, the CE should remain 

interruptable for some active I/O or external interruption source. 
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3. Stopped State 

When the CE is in the stopped state, instructions and interruptions are not 

executed. In the operating state the CE executes instructions (if not wait­

ing) and interruptions (if not masked off). 

The stopped state is indicated on the operator control section of the CE con­

trol panel by the manual light. The stopped state is not identified by a bit 

in the PSW. A change in the stopped or operating state can be effected only 

by manual intervention or by machine malfunction. No instructions or inter-
~XQJ.)'ir vvv1Y~ uv2~c.-r - S fo C-~ 

ruptions can stop or start the CE. The CE is commanded to stop when the stop 
/~,' _ 1;';·:· c4\,/-J·''.' (!'.'.'; 

switch on the operator section of the CE control pane11 is pressed, when an 

address comparison indicates equality and the address-compare switches are 

set to STOP, and when the rate switch is set to INSTRUCTION STEP. In addition 

the CE is placed in the stopped state after po~·Jer is turned on. The CE is 

placed in the operating state when the start switch on the operator panel is 

pressed. The CE is also placed in the operating state when initial program 

loading is commenced. 1N 

The transition from operating to stopped state occurs at the end of instruction 

execution, prior to starting the next instruction execution. When the CE is 

in the wait state the transition takes place immediately. All interruptions 

pending and not masked off, are taken while the CE is still in the operating 

state. They cause an old PSW to be stored and a new PSW to be fetched before 

entering the stopped state. Once the CE is in the stopped state, interruptions 

are no longer taken, but remain pending. 

The timer is not updated in the stopped state. 

Except for timing considerations, execution of a program is not affected by 

stopping the CE. 
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When the CE is unable to end an instruction because of machine malfunction, 

the stop switch is not effective. An initial program loading reset or CE­

reset should be used to terminate the operation. 

Input/output operations continue to completion while the CE is in the problem 

wait, masked, or stopped state. However, no new I/O operations can be initi­

ated while the CE is stopped, waiting, or in the problem state. Also, the 

interruption caused by I/O completion remains pending when masked off, or 

when the CE is in the stopped state. 

4. Masked States 

The CE may be masked or interruptable for all system and machine-check inter­

ruptions, and for some program interruptions. When the CE is interruptable 

for a class of interruptions, these interruptions are accepted. When the CE 

is masked, the program interruptions are ignored, and system and machine-check 

interruptions remaind pending. 

The system mask bits (PSW bits 0-7 and 16-19), the program mask bits (PSW 

bits 36-39), and the machine-check mask bit (PSW bit 13), indicate as a group 

the masked state of the CE. When a mask bit is one, the CE is interruptable 

for the corresponding interruptions. With the exception of certain CE ele­

ment check conditions, when the mask bit is zero, these interruptions are 

always masked off. The system mask bits indicate the masked state of the CE 

for the multiplexor channels, the selector channels, and the external signals. 

The program mask bits indicate the masked state for four of the program excep­

tions. The machine-check mask bit pertains to all machine checks. Those pro­

gram interruptions not maskable, as well as the supervisor-call interruption, 

are always taken. 

The masked states are not indicated on the operator sections of the CE control 

panel. 
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Most mask bits do not affect the execution of CE operations. The only excep­

tion is the significance mask bit, which determines the manner in which a 

floating-point operation is completed when a significance exception occurs. 

The interruptable state of the CE is switched by changing the mask bits in 

the PSW. The program mask may be changed separately by SET PROGRAM MASK, and 

the system mask may be changed separately by the privileged instruction SET 

SYSTEM MASK. The machine-check mask bit can be changed only by introducing 

an entire new PSW, as is the case with the problem-state and wait-state bits. 

Thus a change in the entire masked status may be achieved by the privileged 

instruction LOAD PSW, or by an interruption such as for SUPERVISOR CALL, or 

by initial program loading. The new PSW may introduce a new masked state re­

gardless of the preceding state. No explicit operator control is provided 

for changing the masked state. 

Timer updating is not affected by the choice between masked or interruptable 

states_. 

To prevent an interruption-handling routine from being interrupted before 

necessary housekeeping steps are performed, the new PSW for that interruption 

should mask the CE for further interruptions of the kind that caused the 

interruption. 

The interruption system permits the computing element (CE) to change its state 

as a result of conditions arising outside the system, in input/output (I/O), 

or in the CE itself. The five classes of these conditions are input/output, 

program, supervisor-call, external, and machine-check interruptions. 

a. Interruption Action 

An interruption consists of storing the current PSW as an old PSW and fetching 

a new PSW. 
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Processing resumes in the state indicated by the new PSW. The old PSW con­

tains the address of the instruction which would have been executed next if 

an interruption had not occurred and the instruction-length code of the last­

interpreted instruction. 

Interruptions are taken only when the CE is interruptable for the interruption 

source. Input/output and external interruptions may be masked by the system 

mask, four of the program interruptions may be masked by the program mask, and 

the machine-check interruptions may be masked by the machine-check mask. 

With the exception of DELAY, an interruption always takes place after one 

instruction interpretation is finished and before a new instruction inter­

pretation is started. However, the occurrence of an interruption may affect 

the execution of the current instruction. To permit proper programmed action 

following an interruption) the cause of the interruption is identified and 

provision is made to locate the last-interpreted instruction. 

When the CE is commanded to stop, the current instruction is finished and 

all interruptions which are pending or become pending before the end of the 

instruction, and which are not masked, are taken. 

The details of instruction execution, source identification, and location 

determination are explained in the following sections, and are summarized in 

Table 6-1. 

A pending interruption will be taken even if the CE becomes interruptable 

during only one instruction. 

b. Instruction Execution 

With the exception of DELAY, an interruption occurs when the preceding instruc­

tion is finished and the next instruction is not yet started. The manner in 

which the preceding instruction is finished may be influenced by the cause of 

the interruption. The instruction is said to have been completed, terminated 

or suppressed. 
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In the case of instruct~on completion, results are stored and the condition 

code is set as for normal instruction operation, although the result may be 

influenced by the exception which has occurred. 

In the case of instruction termination, all, part, or none of the result may 

be stored. Therefore, the result data are unpredictable. The setting of 

the condition code, if called for, may also be unpredictable. In general, 

the results should not be used for further computation. 

In the case of instruction suppression the execution proceeds as if no opera­

tion were specified. Results are not stored and the condition code is not 

changed. 

c. Source Identification 

The five classes of interruptions are distinguished by the storage locations 

in which the old PSW is stored and from which the new PSW is fetched. These 

storage locations are in the preferential-storage area. The detailed causes 

are further distinguished by the interruption code of the old PSW. The bits 

of the interruption code are numbered 20-31,. corresponding to their position 

in the PSW. 

For I/O interruptions additional information is provided by the contents of 

the channel status word, stored as part of the I/O interruption. 

For machine-check interruptions, additional information is provided by the 

diagnostic procedure which is part of the interruption. 

Interruption PSWs are assigned to an area of storage called the preferential­

storage area. The location of the preferential-storage area is determined 

by a base address in each CE, thus, allowing different areas to be assigned 

for each CE. All addresses generated automatically by the CE are constructed 

using the current value of the preferential-storage base address. 
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The following table lists the main-storage locations in the preferential­

storage area. The addresses shown are relative to the preferential-storage 

base address. 

ADDRESS LENGTH PURPOSE 

0 0000 0000 Double Word Initial Program Loading PSW 
8 0000 1000 Double Word Initial Program Loading CCWl 

16 0001 0000 Double Word Initial Program Loading CCW2 
24 0001 1000 Double Word External Old PSW 
32 0010 0000 Double Word Supervisor Call Old PSW 
40 0010 1000 Double Word Program Old PSW 
48 OOll 0000 Double Word Machine Old PSW 
56 OOll 1000 Double Word Input/Output Old PSW 
64 0100 0000 Double Word Channel Status Word 
72 0100 1000 Word Channel Address Word 
76 0100 llOO Word Unused 
So 0101 0000 Word Timer 
84 0101 0100 Word Unused 
88 0101 1000 Double Word External New PSW 
96 OllO 0000 Double Word Supervisor Call New PSW 

104 OllO 1000 Double Word Program New PSW 
ll2 Olll 0000 Double Word Machine New PSW 
120 Olll 1000 Double Word Input/Output New PSW 
128 1000 0000 Diagnostic Logout Area* 

*The diagnostic logout area extends through byte location 511. 

Whenever a CE fails to gain access to the storage element (SE) containing its 

preferential-storage area (PSA); and provided the inhibit logout-stop bit is 

set off in its CCR, hardware automatically develops a new preferential-storage 

base address which references its alternate PSA. 

If the access is attempted because of an i~struction fetch (including SUPER­

VISOR CALL), an operand fetch, or an interval timer update, an addressing 

exception is recognized and a program interruption is taken using the alter­

nate PSA. If the access if attempted in order to take a program interruption, 

input/output interruption, external interruption, or a supervisor-call inter­

ruption; the original interruption request is preserved and is taken using 

the alternate PSA. 
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Whenever a CE fails to gain access to the SE containing its alternate PSA, 

an element check (CE-ELC) is issued and the CE performs a check stop. 

No indication of the change in the preferential-storage base address from the 

primary PSA to the alternate PSA is made by the hardware. The programmer may 

take cognizance of such a change in the interruption routines entered via the 

alternate PSA. 

d. Location Determination 

For some interruptions it is desirable to locate the instruction being inter­

preted when the interruption occurred. Since the instruction address in the 

old PSW designates the instruction to be executed next, it is necessary to 

know the length of the preceding instruction. This length is recorded in bit 

positions 32 and 33 of the PSW as the instruction-length code. 

The instruction-length code is predictable only for program and supervisor-call 

interruptions. For I/O and external interruptions the interruption is not 

caused by the last-interpreted instruction, and the code is not predictable 

for these instructions. For machine-check interruptions the setting of the 

code may be affected by the malfunction and therefore is unpredictable. 

For the supervisor-call interruption the instruction-length code is 1, indi­

cating the halfword length of SUPERVISOR CALL. For program interruptions the 

codes 1, 2, and 3 indicate the instruction length in halfwords. The code O 

is reserved for those program interruptions where the length of the instruction 

is not available because of certain overlapping conditions in instruction fetch­

ing. In code 0 cases the instruction address in the old PSW does not represent 

the next instruction address. Instruction-length code O can occur for a pro­

gram interruption only when caused by a protected or an unavailable data ad­

dress. The states of the instruction-length code are shown in the following 

table. 
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Instruction PSW Bits Instruction Instruction Instruction 
Length Code 32-33 Bits 0-1 Length Format 

0 00 Not Available 
1 01 00 One Halfword RR 

2 10 01 Two Halfwords RX 
2 10 10 Two Halfwords RS or SI 
3 11 11 Three Halfwords SS 

When a program interruption is due to an incorrect branch address, the loca­

tion determined from the instruction address and instruction-length code is 

the branch address and not the location of the branch instruction. 

When an interruption occurs while the CE is in the wait state, the instruction­

length code is always unpredictable. 

The instruction EXECUTE represents upon interruption an instruction-length 

code which does not reflect the length of the instruction executed, but is 

2, the length of EXECUTE. 

e. Input/Output Interruption 

The I/O interruption provides a means by which the CE responds to signals 

from I/O devices. 

A request for an I/O interruption may occur at any time, and more than one 

request may occur at the same time. The requests are preserved in the IOCE 

until accepted by the CE. Priority is established among requests so that 

only one interruption request is processed at a time. 

An I/O interruption can occur only after execution of the current instruction 

is completed, and while the CE is interruptable for the channel presenting 

the request. Channels are masked by system mask bits o-6, and 16-19. Inter­

ruptions masked off remain pending. 

AC-940 CBB9AO 7/68 



IBM-9020 SYSTEM OPERATION 6-45 

The I/O interruption causes the old PSW to be stored at location 56 in the 

preferential-storage area and causes the channel status word associated with 

the interruption to be stored at location 64. Subsequently a new PSW is 

loaded from location 120. 

The interruption code in the old PSW identifies the channel and device causing 

the interruption in bits 20-23 and 24-31 respectively. The instruction-length 

code is unpredictable. 

Whenever the status bits of the channel status word (csw) associated with the 

interruption indicate that the storing of the CSW was due to a channel control 

check, or an interface control check, additional information is provided by a 

diagnostic logout into the preferential-storage area. To prevent the contents 

of the logout area from being destroyed by an immediately following logout, 

all channels of the selected IOCE must be masked until the logout information 

has been acted upon or stored elsewhere for later use. 

f. Program Interruption 

Exceptions resulting from improper specification or use of instructions and 

data, or from conditions preventing an IOCE from accessing the preferential 

storage area, cause a program interruption. 

The current instruction is completed, terminated, or suppressed. Only one 

program interruption occurs for a given instruction and is identified in the 

old PSW. The occurrence of a program interruption does not preclude the 

simultaneous occurrence of other program-interruption causes. Which of seve­

ral causes is identified may vary from one occasion to the next. 

A program interruption can occur only when the corresponding mask bit, if any, 

is one. When the mask bit is zero the interruption is ignored. Program 

interruptions do not remain pending. Program mask bits 36-39 permit masking 

of four of the interruption causes. 
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The program interruption causes the old PSW to be stored at location 40 in 

the preferential-storage area and a new PSW to be fetched from location 104. 

The cause of the interruption is identified by interruption-code bits 24-31. 

The remainder of the interruption code, bits 20-23 of the PSW, is made zero. 

The instruction-length code indicates the length of the preceding instruction 

in halfwords. For a few cases the instruction length is not available. These 

cases are indicated by code O. 

A description of the individual program exceptions follows. The application 

of these rules to each class of instructions is further described in the 

applicable sections. Some of the exceptions listed may also occur in opera­

tions executed by I/O channels. In that event, the exception is indicated 

in the channel status word stored with the I/O interruption. 

(1) Operation Exception 

When an operation code is not assigned, an operation exception is recognized. 

The operation is suppressed. 

The instruction-length code is 1, 2, or 3. 

(2) Privileged-Operation Exception 

When a privileged instruction is encountered in the problem state, a privileged­

operation exceptionis recognized. The operation is suppressed. 

The instruction-length is 1 or 2. 

(3) Execute Exception 

When the subject instruction of EXECUTE is another EXECUTE, an execute excep­

tion is recognized. The operation is suppressed. 
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The instruction-length code is 2. 

(4) Protection Exception 

When the storage key of an accessed location does not match the protection 

key in the PSW, a protection exception is recognized.\ 

The operation is suppressed on a store-protection violation, except in the 

case of STORE MULTIPLE, READ DIRECT, and variable-length operations, which 

are terminated. The operation is always terminated on a fetch-protection 

violation. 

The instruction-length code is o, 2, or 3. 

(5) Addressing Exception 

When an address specifies any part of data, instruction, or control word out­

side the available storage for the particular installation, or outside the 

configured storage, or storage assigned by the storage address translator for 

a particular CE or IOCE, an addressing exception is recognized. 

The operation is terminated for an invalid data address. Data in storage 

remain unchanged, except when designated by valid addresses. The operation 

is suppressed for an invalid instruction address. The instruction-length 

code normally is 1, 2, or 3; but may be 0 in the case of a data address. 

(6) Specification Exception 

A specification exception is recognized when: 

A data, instruction, or control-word address does not specify an 

integral boundary for the unit of information. 

The R1 field of an instruction specifies an odd register address for 

a pair of general registers which contain a 64-bit operand. 
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A floating-point register address other than O, 2, 4, or 6 is specified. 

The multiplier or divisor in decimal arithmetic exceeds 15 digits and 

sign. 

The first operand field is shorter than or equal to the second operand 

field in decimal multiplication or division. 

The block address specified in SET STORAGE KEY or INSERT STORAGE KEY 

has the four low-order bits not all zero. 

SET CONFIGURATION is attempted by a CE whose own scon bit is off in 

its configuration control register; or whose state bits are either set 

to One or Two. A configuration mask has its scon-field bits all zeros, 

or all referencing CEs not available to the particular installation. 

A selection mask has an IOCE selection bit set when two or more CE 

communication bits are set in the configuration mask. 

The operand address of LOAD PREFERENTIAL-STORAGE BASE ADDRESS, or 

STORE PREFERENTIAL-STORAGE BASE ADDRESS does not have the two low­

order bits both zero. Bit positions 8-19 of the operand addressed by 

LOAD PREFERENTIAL-STORAGE BASE ADDRESS, interpreted as the 12 high­

order bits of a storage address, do not specify a location within a 

storage element configured to communicate with the CE executing this 

instruction, or do not specify a location within the first block of 

131,072 bytes in an LCS element. 

WRITE DIRECT does not select an element; or selects more than one 

element. READ DIRECT does not select a computing element; or selects 

more than one computing element. 

DIAGNOSE is not located in main storage on an integral boundary for a 

fullword; it specifies an operation whose execution is not permitted 

for a CE in state Three, Two, or One. 

Execution of SET ADDRESS TRANSLATOR is attempted by a CE whose own 

scon bit is off in its configuration control register; or assignment 

mask references a particular storage module more than once, or refer­

ences a storage module not available to a particular installation, or 

assigns a LCS module to other than positions 10, 11, or 12. 
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The operation is suppressed. The instruction-length code is 1, 2, or 3. 

(7) Data Exception 

A data exception is recognized when: 

The sign or digit codes of operands in decimal arithmetic or editing 

operations, or in CONVERT TO BINARY are incorrect. 

Fields in decimal arithmetic overlap incorrectly. 

The decimal multiplicand has too many high-order significant digits. 

The operation is terminated. The instruction-length code is 2 or 3. 

(8) Fixed-Point-Overflow Exception 

When a high-order carry occurs or high-order significant bits are lost in 

fixed-point add, subtract, shift, or sign-control operations, a fixed-point­

/overflow exception is recognized. 

The operation is completed by ignoring the information placed outside the 

register. The interruption may be masked by PSW bit 36. 

The instruction-length code is 1 or 2. 

(9) Fixed-Point-Divide Exception 

A fixed-point-divide exception is recognized when a quotient exceeds the 

register size in fixed-point division, including division by zero. 

The result of CONVERT TO BINARY exceeds 31 bits. 

Division is suppressed. Conversion is completed by ignoring the information 

placed outside the register. 
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The instruction-length code is 1 or 2. 

(10) Decimal-Overflow Exception 

When the destination field is too small to contain the result field in a 

decimal operation, a decimal-overflow exception is recognized. 

The operation is completed by ignoring the overflow information. The inter­

ruption may be masked by PSW bit 37. 

The instruction-length code is 3. 

(11) Decimal-Divide Exception 

When a quotient exceeds the specified data field size, a decimal-divide excep­

tion is recognized. The operation is suppressed. 

The instruction-length code is 3. 

(12) Exponent-Overflow Exception 

When the result characteristic exceeds 127 in floating-point addition, sub­

traction, multiplication, or division, an exponent-overflow exception is 

recognized. The operation is terminated. 

The instruction-length code is 1 or 2. 

(13) Exponent-Underflow Exception 

When the result characteristic is less than zero in floating-point addition, 

subtraction, multiplication, or division, an exponent-underflow exception is 

recognized. 
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The operation is completed by making the result a true zero. The interruption 

may be masked by PSW bit 38. 

The instruction-length code is 1 or 2. 

(14) Significance Exception 

When the result of a floating-point addition or subtraction has an all-zero 

fraction) a significance exception is recognized. 

The operation is completed. The interruption may be masked by PSW bit 39. 

The manner in which the operation is completed is determined by the mask bit. 

The instruction-length code is 1 or 2. 

(15) Floating-Point-Divide Exception 

When division by a floating-point number with zero fraction is attempted, a 

floating-point divide exception is recognized. The operation is suppressed. 

The instruction-length code is 1 or 2. 

(16) Preferential-Storage Area Lockout Exception 

When an IOCE fails to gain access to the preferential storage area on a CAW 

fetch, on an I/O interruption, on a CSW store pertaining to an I/O instruction, 

or on a store during a logout operation, a preferential storage area lockout 

exception is recognized. 

If the CE is executing an I/O instruction, or if a request for an I/O inter­

ruption has been accepted, the current operation is terminated. 

The instruction-length code is unpredictable. 
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For other than the preceding, the instruction operation is completed. 

The instruction-length code is 1, 2, or 3. 

(17) SE Stopped Exception 

When a CE attempts to gain access to a storage element which is in logout­

stop status, a SE stopped exception is recognized. 

The operation is suppressed on an instruction fetch, and terminated on a data 

access. 

The instruction-length code is 1, 2, or 3. 

g. Supervisor-Call Interruption 

The supervisor-call interruption occurs as a result of the execution of 

SUPERVISOR-CALL. 

The supervisor-call interruption causes the old PSW to be stored at location 

32 in the preferential-storage area and a new PSW to be fetched from location 

96. 

The contents of bit positions 8-15 of the SUPERVISOR CALL become bits 24-31 

in the interruption code of the old PSW. Bits 20-23 of the interruption code 

are made zero. The instruction-length code is 1, indicating the halfword 

length of SUPERVISOR CALL. 

The name "supervisor call" indicates that one of the major purposes of the 

interruption is the switching from problem to supervisor state. This major 

purpose does not preclude the use of this interruption for other types of 

status-switching. 

The interruption code may be used to convey a message from the calling program 

to the supervisor. 
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When SUPERVISOR CALL is performed as the subject instruction of EXECUTE, the 

instruction-length code is 2. 

h. External Interruption 

The external interruption provides a means by which the CE responds to signals 

from the timer, from the interrupt switch, from external units, and in certain 

circumstances from itself. 

A request for an external interruption may occur at any time, and requests 

from different sources may occur at the same time. Requests are preserved 

until honored by the CE. All pending requests are presented simultaneously 

when an external interruption occurs. With the exception of abnormal condi­

tion requests which are preserved in the Diagnose Accessible Register (DAR) 

until removed by a diagnostic operation, each request is presented only once. 

Wnen several requests from one source are made before the interruption is 

taken, only one interruption occurs. 

With the exception of a request for a CE element check (ELC) presented to a 

CE in state Zero (with test switch off), One, or Two, an external interruption 

can occur only when system mask bit 7 is one and after the execution of the 

current instruction is completed (with the exception of DELAY which is termi­

nated). The interruption causes the old PSW to be stored at location 24 in 

the preferential-storage area and a new PSW to be fetched from location 88. 

The source of the interruption is identified by interruption-code bits 20-31. 

The source of interruption-code bit 31 is further identified by the contents 

of the Diagnose Accessible Register. The instruction-length code is unpredic­

table for external interruptions. 

(1) Timer 

A timer value changing from positive to negative causes an external interrup­

tion with bit 24 of the interruption code turned on. 
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The timer occupies a 32-bit word at storage location 80 in the preferential-

s torage area. The contents of the timer are reduced by a one in bit position 

21 and in bit position 23 every l/60th of a second, as determined by the line 

frequency. The gross result is equivalent to reducing the timer by one in 

bit position 23 every l/300th of a second. The full cycle time is 15.5 hours. 

The count is treated as a signed integer by following the rules for fixed­

point arithmetic. The negative overflow, occurring as the timer is counted 

from a large negative number to a large positive number, is ignored. The 

interruption is initiated as the count proceeds from a positive number, in­

cluding zero, to a negative number. 

The timer is updated whenever access to storage permits. An updated timer 

value is normally available at the end of each instruction execution; thus 

a real-time count can be maintained. Timer updating may be omitted when I/O 

data transmission approaches the limit of storage capability. 

The timer may have been updated several times after an interruption is initiated, 

before the CE is actually interrupted, depending upon instruction execution time. 

The timer remains unchanged when the CE is in the stopped state, or when the 

rate switch on the operator intervention panel is set to INSTRUCTION STEP. The 

timer value may be changed at any time by storing a new value in storage loca­

tion 80 in the preferential-storage area. 

The timer in association with a program can serve both as a real-time clock 

and as an interval timer. 

The timer is not updated whenever the CE is in state Zero, with the Disable 

Interval Timer switch on. 
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(2) Interrupt Switch 

Pressing the interrupt switch on the operator control section of the CE con­

trol panel causes an external interruption with bit 25 of the interruption 

code turned on, provided the CE is in state Zero, or state One; or provided 

the CE is in state Two or Three with the CE control panel interlock switch on. 

Pressing the interrupt switch on the System Console also causes an external 

interruption with bit 25 of the interruption code turned on, provided that 

the CE is selected.by the CE Select switch and the CE is not in state Zero 

with the test switch on, and the System Console Interlock switch is on. 

(3) External Signal 

~n external signal causes an external interruption, with the corresponding 

bit in tn:e ~uption code turned on. 

The pattern presented in interruption-code bits 20-31 depends upon the pattern 

received before the interruption is taken. Two categories of external signals 

are recognized: those due to execution of the Direct Control instructions, 

and those due to detection of AbnOrmal Conditions. 

(4) Direct C6ntrol Signals 

Pairs of direct-control signal-out lines, originating in each CE, are connected 

into corresponding pairs of signal-in lines in each of up to three other CEs. 

The signal-in lines are designed CE(x) Write Direct and CE(x) Read Direct, 

where "x" identifies the source of the signal. An interconnection of this 

kind allows one CE to interrupt another by executing the direct control in­

structions READ DIRECT and WRITE DIRECT. A similar interconnection of the 

direct-out lines of one CE to the direct-in lines of other CEs, and vice 

versa, provides an eight-bit data path (plus parity) for moving information 

between CEs. 
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A direct control interruption can occur only while the CE is interruptable 

for the CE presenting the request. Interruptions will be taken, provided 

PSW mask bit 7 is one, and the communications bit for the requesting CE is 

set on in the configuration control register of the receiving CE. 

(5) Abnormal Condition Signals 

The abnormal condition interruption provides a means by which the CE responds 

to certain hardware generated signals from a CE, IOCE, SE, TCU, or PAM. In 

certain circumstances, a CE also responds to signals from itself. Three cate­

gories of abnormal condition signals are recognized: element check (ELC), .out­

of-tolerance check (OTC), and on-battery-signal (OBS). 

A request for an abnormal condition interruption may occur at any time, and 

up to 30 requests may occur at the same time. The requests are preserved in 

the diagnose accessible register (DAR) until accepted by the CE. 

An abnormal condition interruption can occur only while the CE is interruptable 

for the element presenting the request. The manner in which an interruption is 

handled depends upon the masking conditions prevailing in the CE, the type of 

element requesting the interruption, and upon the content of the configuration 

control registers in both the CE and the requesting element. 

An abnormal condition interruption requested by an IOCE, SE, TCU, PAM, or by 

a CE(own) OTC, or CE(own) OBS signal sets an identifying bit in DAR. These 

bits are maskable by the DAR mask bits o, 2, 4, or 6-25. (See Table 6-2). 

An unmasked bit set in DAR causes an interruption to be taken with bit 31 set 

in the old PSW, provided PSW mask bit 7 is one. 

An abnormal condition interruption request from a CE (i.e., a CE-ELC also 

sets an identifying bit in DAR which is maskable by the DAR mask (bits 27-30). 

Any CE-ELC bit set in DAR causes an interruption to be taken with bit 31 set in 

the old PSW, provided the scon bit for the requesting CE is already set in. the 

CCR of the receiving CE, and either (a) or (b) is also satisfied. 
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(a) The receiving CE is in state Three, or in state Zero with the 

test switch on, and both the corresponding DAR mask bit and PSW 

mask bit 7 are ones. 

(b) The receiving CE is in state One, Two, or Zero with the test 

switch off. Both the corresponding DAR mask bit and PSW bit 7 
are ignored. The state field in the configuration control regis­

ter of the receiving CE is set to Three. 

When the scon bit for the requesting CE is not set in the CCR of the receiving 

CE, any CE-ELC bit set in DAR causes an interruption to be taken regardless of 

the state of the receiving CE, provided the corresponding DAR mask bit and the 

PSW mask bit 7 are ones. 

Abnormal condition signals are out-of~tolerance check (OTC), on-battery-signal 

(OBS), and element check (ELC). 

The OTC signal indicates that a rise in temperature above the normal operating 

range has been detected. 

The OBS check indicates that the element is switched from its normal power 

supply to its battery supply. 

The ELC signal indicates that an element failure is detected. Although pre­

.. cise interpretation of an ELC may require diagnostic analysis, generally a 

CCR parity check, machine check, or a power supply check is indicated. 

Definitions for the abnormal condition signals peculiar to a TCU or PAM are 

described in System Reference Library (SRL) publications provided for each 

unit. 

A bit in the diagnose acce.ssible register (DAR) is unconditionally set on the 
' ' 

receipt ~f an abnormal condition interruption request. Once set, a bit re­

mains in DAR until reset by the execution of the store DAR kernel initiated 
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by the DIAGNOSE instruction. The entire content of DAR is then obtained 

without regard to the DAR masking. 

If the condition which requested the interruption prevails after DAR reset, 

the bit is again set on. 

The DAR mask is set by the execution of the set DAR mask kernal initiated by 

the Diagnose instruction. Once set, a DAR mask bit remains on until altered 

by another set operation. 

i. Machine-Check Interruption 

The machine-check interruption provides a means for recovery from, and fault 

location of CE and IOCE machine malfunctions. 

(1) CE Machine Check 

When the machine-check mask bit is one, occurrence of a machine check due to 

a CE maifunction terminates the current instruction, issues a signal on the 

element check (ELC) out-line, initiates a CE diagnostic procedure, and sub­

sequencly causes the machine-check interruption. 

The state of the CE is logged out into the preferential-storage area, starting 

with location 132 and extending through as many -words as the CE requires. The 

old PSW is stored at location 48 in the preferential-storage area with an 

interruption code of zero. (An interruption code of four is stored to identify 

a Read Direct timeout.) The new PSW is fetched from location 112. Proper 

execution of these steps depends upon the nature of the machine check. 

When the machine-check mask bit is zero, an attempt is made to complete the 

current instruction upon the occurrence of a machine check, and to proceed 

with the next sequential instruction. The element check (ELC) out-line is 

signaled upon occurrence of the machine-check condition. The diagnostic pro­

cedure and interruption occur upon the machine-check mask bit being changed 

to one. 
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A change in the machine-check mask bit due to the loading of a new PSW results 

in a change in the treatment of machine checks. Depending upon the nature of 

a machine check, the old treatment may still be in force for several cycles. 

Following emergency power turn-off and turn-on, or system reset, incorrect 

parity may exist in storage or registers. Unless new information is loaded 

a machine check may occur erroneously. Once storage and registers are cleared 

a machine check can be caused only by machine malfunction and never by data or 

instructions, 

The indication of the check condition which caused the machine-check interrup­

tion is preserved in the CE check registers until reset by a Diagnose operation. 

(2) IOCE Machine Check 

When the machine-check mask bit is one, occurrence of a machine check due to 

an IOCE malfunction issues a signal on the IOCE element check (ELG) out-line, 

initiates an IOCE diagnostic procedure, and subsequently causes the machine­

check interruption. The current instruction is terminated in the controlling 

CE if it is an I/O instruction, otherwise the diagnostic procedure and the 

interruption take place after the current instruction interpretation is 

finished. 

The state of the IOCE is logged out into the controlling GE's preferential­

storage area, starting with location 324 and extending through as many words 

as the IOCE requires. The old PSW is stored at location 48 in the preferen­

tial-storage area with an interruption code of 1, 2, or 3 to identify the 

particular IOCE. The new PSW is fetched from location 112. Proper execution 

of these steps depends upon the nature of the machine check. 

When the machine-check mask bit is zero, the IOCE waits in check-top status. 

The IOCE element check (ELG) out-line is signaled upon occurrence of the 

machine-check condition. The IOCE diagnostic procedure and interruption 

occur upon the machine-check mask bit being changed to one. 
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The indication of the check condition which caused the machine-check inter­

ruption is preserved in the IOCE check registers until reset during any IOCE 

logout. 

G. Priority of Interruptions 

During execution of an instruction, several interruption-causing events may 

occur simultaneously. The instruction may give rise to a program interruption, 

an external interruption may occur, a machine check may occur, and an I/O 

interruption request may be made. Instead of the program interruption, a 

supervisor-call interruptions might occur, however both can not occur, since 

these two interrupts are mutually exclusive. Simultaneous interruption re­

quests are honored in a predetermined order. 

The machine-check interruption has highest priority. When it occurs the cur­

rent operation is terminated. Program and supervisor-call interruptions which 

would have occurred as a result of the current instruction are eliminated. 

Every reasonable attempt is made to limit the side-effects of a machine check. 

Normally, I/O and external interruptions, as well as the progress of the I/O 

data transfer and the updating of the timer, remain unaffected. 

When no machine check occurs, the program interruption or supervisor-call 

interruption is taken first, the external interruption is taken next, and 

the I/O interruption is taken last. The action consists of storing the old 

PSW and fetching the new PSW belonging to the interruption first taken. This 

new PSW is subsequently stored without any instruction execution and the next 

interruption PSW is fetched. This storing and fetching continues until no 

more interruptions are to be serviced. The external and I/O interruptions 

are taken only if the immediately preceding PSW indicates that the CE is 

interruptable for these causes. 

Instruction execution is resumed using the last-fetched PSW. The order of 

executing interruption subroutines is therefore the reverse of the order in 

which the PSWs are fetched. 
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The interruption code of a new PSW is not loaded, since a new interruption 

code is always stored. The instruction-length code in a new PSW is similarly 

ignored, since it is unpredictable for all interruptions other than program 

or supervisor call. The protection key of a new PSW is stored unchanged. 

When interruption sources are not masked off, the order of priority in handling 

the interruption subroutines is machine chec, I/O, external, and program or 

supervisor call. This order can be changed to some extent by masking. The 

priority rule applies to interruption requests made simultaneously. An inter­

ruption request made after some interruptions have already been taken is 

honored according to the priority prevailing at the moment of request. 

H. Interruption Exceptions 

The instruction address in a new PSW is not tested for availability or resolu­

tion as the PSW is fetched during an interruption. However, an unavailable 

or odd .instruction address is detected as soon as the instruction address is 

used to fetch an instruction. These exceptions are described in the section 

on normal sequential operation. 

If the new PSW for the program interruption has an unacceptable instruction 

address, another program interruption occurs. Since this second program 

interruption introduces the same unacceptable instruction address, a string 

of program interruptions is established. This string may be broken by an 

external or I/O interruption. If these interruptions also have an unaccept­

able new PSW, new supervisor information must be introduced by initial pro­

gram loading or by external or manual intervention. 
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Input/Output (old PSW 56, new PSW 120, priority 4) 

INTERRUPTION SOURCE INTERRUPTION CODE MASK ILG INSTRUCTION 
IDENTIFICATION PSW BITS 20-31 BITS SET EXECUTION 

Multiplexor Channel A 0000 aaaaaaaa 0 x Completed 
Selector Channel lA 0001 aaaaaaaa 1 x Completed 
Selector Channel 2A 0010 aaaaaaaa 2 x Completed 
Selector Channel 3A 0011 aaaaaaaa 3 x Completed 
Multiplexor Channel B 0100 aaaaaaaa 4 x ·completed 
Selector Channel lB 0101 aaaaaaaa 5 x Completed. 
Selector Channel 2B 0110 aaaaaaaa 6 x Completed· 
Selector Channel 3B 0111 aaaaaaaa 16 x Completed 
Multiplexor Channel c 1000 aaaaaaaa 17 x Compl,eted 
Selector Channel lC 1001 aaaaaaaa 18 x Completed 
Selector Channel 2C 1010 aaaaaaaa 19 x Completed 

Program (old PSW 40, new PSW 104, pariority 2) 

INTERRUPTION SOURCE INTERRUPTION CODE MASK ILG INSTRUCTION 
IDENTIFICATION PSW BITS 20-31 BITS SET EXECUTION 

Operation 0000 00000001 1,2,3 Suppressed 
Privileged Operation 0000 00000010 1,2 Suppressed 
Execute 0000 00000011 2 Suppressed 
Protection 0000 00000100 0,2,3 Suppressed/ 

Terminated 
Addressing 0000 00000101 0,1,2,3 Suppressed/ 

Terminated 
Specification 0000 00000110 1,2,3 Suppressed 
Data 0000 00000111 2,3 Terminated 
Fixed-Point Overflow 0000 00001000 36 1,2 Completed. 
Fixed-Point Divide 0000 00001001 1,2 Suppressed/ 

Completed 
Decimal Overflow 0000 00001010 37 3 Completed 
Decimal Divide 0000 00001011 3 Suppressed 
Exponent Overflow 0000 00001100 1,2 Terminated 
Exponent Underflow 0000 00001101 38 1,2 Completed 
Significance 0000 00001110 39 1,2 Completed 
Floating-Point Divide 0000 00001111 1,2 Suppressed 
IOCE-3 PSA Lockout 0000· 00010000 1,2,3 Terminated/ 

Completed 
IOCE-2 PSA Lockout 0000 00100000 1,2,3 Terminated/ 

C-ompleted 
IOCE-1 PSA Lockout 0000 01000000 1,2,3 Terminated/ 

Completed 
SE Stopped 0000 10000000 1,2,3 Suppressed/ 

Terminated 
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Supervisor Call (old PSW 32) new PSW 96) priority 2) 

INTERRUPTION SOURCE 
IDE NT IF IC AT ION 

Instruction Bits 

INTERRUPTION CODE 
PSW BITS 20-31 

0000 rrrrrrrr 

External (old PSW 24, new PSW 88) priority 3) 

INTERRUPTION SOURCE 
IDENTIF IC AT ION 

DAR 
~pare 

CE4 Write Direct 
CE4 Read Direct 
CE3 Write Direct 
CE3 Read Direct 
Interrupt Switch 
Timer 
CE2 Write Direct 
CE2 Read Direct 
CEl Write Direct 
CEl Read Direct 

INTERRUPTION CODE 
PSW BITS 20-31 

xxxx xxxxxxxl 
xxxx xxxxxxlx 
xxxx xxxxxlxx 
xxxx xxxxlxxx 
xxxx xxxlxxxx 
xxxx xxlxxxxx 
xxxx xlxxxxxx 
xxxx lxxxxxxx 
xxxl xxxxxxxx 
xxlx xxxxxxxx 
xlxx xxxxxxxx 
lxxx xxxxxxxx 

MASK 
BITS 

MASK 
BITS 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Machine Check (old PSW 48, new PSW 112, priority 1) 

INTERRUPTION SOURCE 
IDENTIFICATION 

CE Malfunction 
IOCE-1 Malfunction 
IOCE-2 Malfunction 
IOCE-3 Malfunction 
Read Direct Timeout 

Legend 

INTERRUPTION CODE 
PSW BITS 20-31 

0000 
0000 
0000 
0000 
0000 

00000000 
00000001 
00000010 
00000011 
00000100 

a Device Address Bits 

MASK 
BITS 

13 
13 
13 
13 
13 

r Bits of R1 and R2 Field of SUPERVISOR CALL 
x Unpredictable 
DAR Diagnose Accessible Register 
PSA Preferential Storage Area 

Table 6-1. Interruption Action. 
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ILG 
SET 

1 

ILG 
SET 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

ILG 
SET 

x 
x 
x 
x 
x 
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INSTRUCTION 
EXECUTION 

Completed 

INSTRUCTION 
EXECUTION 

Completed 
Completed 
Completed 
Completed 
Completed 
Completed 
Completed 
Completed 
Completed 
Completed 
Completed 
Completed 

INSTRUCTION 
EXECUTION 

Terminated 
Completed 
Completed 
Completed 
Completed 
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INTERRUPTION SOURCE 
IDENTIFICATION 

DIAGNOSE ACCESSIBLE 
REGISTER CODE BIT 

DIAGNOSE ACCESSIBLE 
REGISTER MASK BIT 

0 IOCE-la (See Note 
IOCE-lb l ___ -- -----------------

0 

IOCE-2a 
IOCE-2b ------ ---

2 
3 

2 

IOCE-3a - ·4 

5 
4 

___ IOC_E-3~-·--·---------------­
_ _S_F;_::_l ]:]..(:_ 

_b ____________________ _ 
--- (:)~-

SE-2 ELC 
SE-3 ELC 
SE-4 ELC 
SE-5 ELC 
SE-6 ELC 
SE-7 ELC 
SE-8 ELC 
SE-9 ELC 
SE-10 ELC 
SE-11 ELC 
SE-12 ELC 
PAM-1 ELC 
PAM-2 ELC 
PAM ... 3 ELC 
TCU-1 ELC 
TCU-2 ELC 
TCU-:-3ELG. 

~- ~- -s~c.u. , 
~~~ ).. 

~re- ---- .3 
CE-1 ELC 
CE-2 ELC 
CE-3 ELC 
CE-4 ELC 
-~ C-E--(~.:.iWL) OBS 

Legend 

ELG - Element Check 

NOTE: 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

. - --~~~- ----
24 
25 
26 

--- -----------

27 
28 
29 
30 
31 

OTC - Out of Tolerance 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

-- ________ __?_6 _____ _ 
27 
28 
29 
30 
31 

OBS - On Battery Supply 

External Signals from IOCEs are encoded as a two-bit field, designated ~ and ~. 

Interruption Source 
Identification 

Normal Operation 
OBS 
OTC 
ELC 

Bit Setting 
a b 

0 0 
0 1 
1 0 
1 1 

Table 6-2. Abnormal Condition Interruption Action. 
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6-2. GENERAL CHARACTERISTICS OF 9020 OPERATION 

A. Overall Operation 

Figure 6-17 shows the general method of monitoring one element malfunctions 

by another. The case presented is the interruption of a CE to control the 

analysis procedure and determine a course of action after a malfunction is 

detected in another CE. Simplifying assumptions have been made (e.g., inter­

mittent parity check) to present the philosophy. The two CEs are labeled mal­

functioning and "attentive" since the attentive element need only be configured 

to listen to the malfunctioning CE and is not necessarily performing the ATC 

task (as may have been inferred previously). No indication is given of the 

masking which could be performed. 

The general course of action taken in this situation may be divided into four 

phases, labeled A, B, C, and D ~n Fig. 6-17. 

A. The malfunctioning CE detects an error. It stops its current 

processing and generates an element check to all CEs. It then 

proceeds to perform its own logout in three parts, as shown. 

B. An "attentive" CE responds to the element check by performing an 

external interruption. It will indicate to the malfunctioning CE 

(by alteration of a program in storage) that there is a listening 

element. The attentive CE will then perform the necessary "first­

line" analysis of the situation, in order to determine the immedi­

ate course of action necessary. This could also be extended to 

include a reasonably detailed analysis of logout data from the 

malfu~ctioning CE. 

C. The malfunctioning CE now waits until action is taken by the atten­

tive CE. In the event that the malfunctioning CE had not been in­

formed that someone had been listening to its element check, it 

could elect to start an analysis of its own logout data. The 

success of this would depend upon the nature of the condition. 
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D. The malfunctioning CE will now respond to the course of action 

taken by the attentive CE. 

B. System Facilities 

Certain system facilities are provided to enable system monitoring. Among 

the more important of these facilities are: 

Inter Element Signal Lines 

Logout 

External Interrupt 

Diagnose Accessible Register (DAR) 

Select Register (SR) 

1. Inter Element Signal Lines 

These are lines that exist between system elements and the CEs used to indicate 

that an exception condition (i.e. temperature tolerance check, power shutdown, 

CCR parity check, logic check, etc.) has occurred in that element. These ex­

ternal signals will cause a single external interruption in each of the re­

ceiving CEs that are not masked against the condition. If the originating 

element is a CE, the signal will bring all receiving CEs not in the zero state 

with Test switch "ON" into State Three, provided these CEs are configured to 

accept a SCON instruction from the originating CE. 

Upon receipt of such a signal, the receiving CE will take appropriate actions 

to determine the operational status of the originating element and (1) attempt 

to alleviate the condition which generated the external signal, or (2) remove 

the element from the operation system. 
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MALFUNCTIONING CE 

SOFTWARE HARDWARE 

l 
MALFUNCTION 

DETECTED 

L STOP 

ELEMENT 
CHECK 

LOGOUT 

A 
1. HARD CORE 
2. MICRO PRGM 

MACHINE CHECK INTERRUPT 
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PROGRAM 

I 

I 

I 
I 

I 

----------1 
I 

I 
---------1 
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WAIT 

UPON DETERMINING 
ATTENTIVE CE 

AVAILABLE c 

RESPONSE 

1 

ATTENTIVE CE 

EXTERNAL 
INTERRUPTION 

PROCESSING 

INDICATE 
ATTENTIVE 

CE AVAILABLE 

DELAY UNTIL 
LOGOUT 

COMPLETE 

ANALYSIS OF 
LOGOUT 

RECORD MAL· 
FUNCTION 
DETERMINE 

ACTION 

*PROGRAM FUNCTIONS 

Figure 6-17. Monitoring of Element Malfunction. 

The External Signals that can be expected are divided into three general 

categories: 

6-67 

Element Check (ELG); caused by an element failure (power or logic). 

Out of Tolerance Check (OTC); caused by element temperature approaching 

marginal condition. 

On Battery Signal (OBS); caused by an element switching from Main Line 

Power to batteries. 

Figure 6-18 summarizes the conditions which result in an external interruption. 
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Generating 
Element Condition 

CE CCR Parity 
Logic Check & Storage 
OTC 
OBS 
Power Check 

SE Logout Stop 
CCR Parity 
OTC 
OBS 
Power Check 
Storage Check 

IOCE CCR Parity 

Common Logic Check 
Storage Check 
£\'T'f"' 

I~~; 

Power Check 

PAM-TCU CCR Parity 
Power Check 
Check Stop (PAM) 

OTC - out of tolerance (temperature) 
OBS - on battery signal 

Originating 
External Element Status 

Signal After Signal 

ELC Operational 
ELC Check Stop* 
OTC Operational 
OBS Operational ( 5. 5 sec) 
ELC Down 

ELC Stopped 
ELC Operational 
ELC Operational 
ELC Operational (5. 0 sec.) 
ELC Down 
ELC Operational 

OBS/ Operational 
Pulse 
ELC Check Stop** 
ELC Check Stop** 
OTC Operational 
OBS/ I Operational 
level 
ELC Down 

ELC Operational 
ELC Down 
ELC Down 

* - This is the status of the element if the generating condition occurred 
during logout. If it occurred during processing, the CE initiates its 
own logout. 

** - This is the status of the element if the generating condition occurred 
during logout. If it occurred during processing, the IOCE issues a 
machine check interruption request to its associated CE and waits 
for a response. 

Figure 6-18. External Interruption 
(Non-Programmed) Status Table. 
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2. Logout 

A logout signal to a CE or an IOCE will cause an orderly storing of control 

conditions and critical registers into a Preferential Storage Area (FSA) of 

a Storage Element (SE). The address of the specific FSA is pointed to by the 

PSBAR (Preferential Storage Base Address Register). Successful completion of 

the hardware logout will automatically activate a "machine check" interruption 

in the CE) or an I/O interruption by the IOCE. The processing of the interrup­

tion may include the "stored program" saving of additional registers (for the 

CE) to be placed in the FSA for later analysis, or it may result in a wait. 

Logout of storage is under program control of a CE and the data is automati­

cally placed in the local storage of the CE performing the logout. It is then 

placed in the FSA by the CE. The logout data is not available for analysis in 

Local Storage. 

Detailed malfunction information is available for TCUs and PAMs via the normal 

I/O SENSE commands. 

3. External Interruption 

This facility allows the CEs to continually monitor System conditions of 

selected elements while simultaneously performing the normal processing 

functions. 

The external interruption scheme (Fig. 6-19) of the 9020 System is provided 

to allow programmed signalling between various CEs and hardware signalling 

between the system elements and the CEs. Whenever an external interruption 

is accepted by a CE, a unique bit is set in that CE. The external interrup­

tions are completely maskable by bit T of the current PSWJ except as described 

in Fig. 6-21. The interruptions are divided into two classes: normal, and 

abnormal. 
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4. Normal Interruptions 

Interruptions that fall into this category are those illustrated by item 

three on Fig. 6-19, These are program controlled and not related to System 

Check conditions. The CE Read and Write (Direct) indications are under con­

trol of the CCR described previously. The Interrupt and Timer bit positions 

in the PSW will be set regardless of the CCR. A more detailed description 

of this type of interruption is given in the 9020 System Principles of Opera­

tion Manual. Normal interruptions do not require use of the DAR andJ there­

fore, bit 31 of the PSW will not be set for normal interruptions. 

5. Abnormal Interruptions 

Interruptions that fall within this category are illustrated by item 4 of 

Fig. 6-19. These are the hardware generated signals of current or impending 

failures. Each signal of this class, if not masked, will cause the DAR bit 

to be set in the PSW. ThisJ in turn, will cause an external interruption if 

bit 7 of the PSW is not set to mask external interruptions. The components 

of the external interruption system of each CE, with usage and control) are 

defined below. 

6. Masking 

Bit 7 of the System Mask section of the current PSW is used to mask external 

interruptions with the exception of CEs in State Two, One, or Zero (with Test 

Switch Off) which are configuration accept a SCON instruction from the origi­

nating CE, when CE ELCs ignore Mask Bit 7. If this bit is a "one", interrup­

tions can proceed as usual. If zero, all interruptions are held pending 

until the bit is one or the CE is reset. There are multiple unique reasons 

for external interruptions. If, while masked, more than one request for a 

single reason is received) all but the last request will be lost (i.e., al­

though multiple external interruption requests may be stacked, only one of a 

particular type will be saved). 
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1. All EJ\.1;ernal Interruptions except those from CE 's are maskable with 

bit 7 of the PSW. 

2. The old PSW contains the interruption source in bits 20 thru 31. 

3. These indications are as shown: 

1 1 
T I 1 1 5 

CE 1 CE 2 
I N CE 3 CE 4 p 

D 
RD WRT RD WRT M T RD WRT RD WRT A 

A 
DIR DIR DIR DIR E p DIR DIR DIR DIR R 

R 
R T E 

20 21 22 23 24 25 26 27 28 29 30 3 1 

4. Bit 31 above, the DAR bit, indicates that at least one of the bits in the 
Diagnose Accessible Register (DAR) has been set. The format of DAR is: 

IOCE IOCE IOCE 
5 5 
p 

a 

0 

l 2 3 STORAGE ELC PAM TCU CE 
p 

CE 
ELC ELC OWNA ELC A 

0 0 R R 

b b b 2 3 4 5 6 7 8 s I s s s T B E E 
a a l 2 3 l 2 3 c s l 2 3 s 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Note that ELC's from IOCE's are encoded as follows: 

a b 

0 
0 
1 
1 

0 
1 
0 
1 

No Checks Signals 
OBS (Note: pulse :o CCR parity; level = OBS) 
OTC 
ELC 

5. The DAR provides detailed interruption source information. A bit in the 
DAR is unconditionally set on the receipt of an abnormal condition signal. 
These bits are set without regard to existing CCR settings, except for 
CE ELC's which are masked by SCON bits. Each bit in the DAR is indi­
vidually maskable by a corresponding bit in the Select Register (SR), ex­
cept for the bits indicating IOCE information. Since TOCE data is en­
coded, one bit in SR will mask both IOCE bits. Specifically, SR bit 0 
will mask DAR bits 0 and 1. SR bit 2 will mask DAR bits 2 and 3. SR bit 
4 will mask DAR bits 4 and 5. SR bits 1, 3, and 5 will be considered 
spare. If the corresponding bit is "on" in SR, a bit in DAR will cause 
the DAR bit (bit 31) to be set in the PSW at the time the interruption is 
taken. 

Figure 6-19. External Interruption Controls and Indications. 
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7. PSW Interruption Code 

Bits 20 through 31 of the PSW contain the identification of the external inter­

ruption source. Item three of Fig. 6-19 illustrates the source identification. 

The eight bits associated with CE Read and Write Directs are gated through 

the CCR. That is, if the CE is not configured to listen to the requesting 

CE, the request will be ignored, and the bit in the Interruption Code will 

not be set. If the CE is configured, the appropriate bit will be set in the 

PSW and an external interruption will be attempted if not masked by PSW bit 7. 

The Interrupt and Timer bits are set any time the source signals, and will 

cause an interruption if bit 7 is not masked. 

The DAR bit refers to a special register that contains a group of interruption 

identification conditions, too numerous to be included in the PSW. The DAR 

bit is set at the time the external interruption is taken. 

8. Diagnose Accessible Register (DAR) 

The DAR is so named because it is not normally an addressable register; a 

Diagnose instruction is required for access. This register is used to store 

and identify hardware generated external interruption requests. At the time 

of an external interruption this register will be read to supplement the PSW. 

The conditions that set this register are illustrated by Fig. 6-18. The 

register layout is shown by item 4 of Fig. 6-19. 

When any element generates one of the specified interruption requests, its 

identification bit is set in DAR. This bit will cause an external interrup­

tion if the mask conditions are met. These conditions are: 

Each position of the DAR has a corresponding mask position in the 

Select Register (SR - to be described later). If the SR bit is 1, 

and bit 7 in the current PSW is set to 1, an external interruption 
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will occur at the completion of the current instruction with the DAR 

bit in the old PSW set to 1. (The following section will describe 

the special masking technique for IOCE bits in the DAR.) 

When a CE is in State Two, One, or Zero (with the Test Switch Off), 

CE ELCs cannot be masked off -- that is, mask bits are ignored, if 

the CE is configured to receive a SCON instruction from the origi­

nating CE. - ~i.;,..._~ C,£" r ..{;. S~ 
IJ f(~...:;.,5 ct<. .,, ~. 51-afe, "l ,,...,. (>~ 7~-T .-.~f J... fJ N /k. ~°""' Lock a:::f. J:>f\1l f1c.-fc 
~ ?.>'-' 1:.1+ 7. 

The bits in the DAR will remain set until a read instruction (Diagnose) is 

issued to the register; then the entire register will be reset. 

The character of each signal (pulse or level) which sets DAR is specified in 

this chapter under the subsequent topic labeled "9020 Malfunction Handling". 

If the signal which sets DAR is specified as a pulse, then reading of DAR 

will clear the affected bit and it will not be set again, unless, of course, 

the condition occurs again. If the signal which sets DAR is a level, then 

reading of DAR will clear the bit momentarily, but it will be inunediately set 

again. This forced setting of DAR will continue until the condition causing 

the signal is cleared. An examination of these level signals, however, will 

show that there should be no ambiguity in interpretation, since a level will 

indicate either a non-determinable time for the condition; e.g., OTC, power 

off, etc., or will indicate the condition causing the signal has also forced 

the affected unit to cease operation and require assistance. This method of 

signaling, in fact, will provide valuable in determining whether or not an 

element can perform some oegree of self-diagnosis or must be assisted. As 

an example, assume that a CE has detected some error and generates a check 

signal. This is sent to all other CEs as an ELC and will set the appropriate 

DAR bit. This signal is a pulse; when read by the receiving CE, the receiving 

DAR bit will be cleared. The CE which generated the ELC will proceed to log­

out to its PSA. Suppose, however, that the CE is unable to perform this log­

out. This could occur for several reasons, but usually because of double 

errors. The CE would generate a second ELC and stop. This signal, however, 

is a level. A receiving CE, if it read its DAR twice in succession, would 
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find the DAR bit still set. This static ELC would remain until the CE which 

generated it was restarted by some external means. 

When DAR is read via Diagnose, the entire register is obtained without regard 

for any mask which may be used to control interruptions. No interruptions 

will set DAR during the read operation. 

9. Select Register (SR) 

The SR is program addressable (write) by a special Diagnose instruction. It 

serves the purpose of allowing program control over the elements and conditions 

from the elements that will be allowed to cause an external interruption in 

this particular CE. The CCR limits normal data flow between the various sys­

tem elements while the SR independently limits exception data flow between 

the system elements. 

SR contains a position for each position of DAR, except as noted in the next 

paragraph. If the SR position is set to one, a corresponding interruption 

request through DAR will set the DAR bit in the PSW and request an external 

interruption. If the SR is zero, corresponding positions of DAR will not be 

allowed to propagate to the DAR bit in the PSW; note previous exceptions on 

CE ELCs. 

There are only two bits allotted for each ICX:::E, and they are not sufficient 

to indicate the necessary conditions. Consequently, these bits are encoded 

(see Fig. 6-19), and can not be considered to be distinct indications. SR 

will mask both bits for each ICX:::E with a single mask bit. Specifically, the 

masking arrangement is as follows: 

DAR Bits 

o, 1 
2, 3 
4, 5 

SR Mask Bit 

0 
2 
4 

SR bits 1, 3, and 5 will be considered spare bits. 
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10. Special Element and System Condition Signals 

The conditions which generated external interruptions were itemized in the 

previous section. This section discusses all the signals of this nature from 

the elements and the method of handling them independent of whether an ex­

ternal interruption is generated. Figure 6-20 summarizes the handling 

procedure. 

~ 
OTC 

(Out of CCR Logic OBS 
Tolerance) Power Off Parity Check (On Batteries) t 

CE EXT - to EXT EXT EXT EXT - to 
itself only itself only 

IOCE EXT EXT EXT EXT- EXT 
'\ Pulse Common 

on Equip 
OBS PRGRM -
line Sel. Chn 

SE EXT EXT EXT EXT EXT 
(Sto check 
also to 
using ele-
ment) 

TCU PRGRM EXT EXT PRGRM NONE 

PAM PRGRM EXT EXT PRGRM NONE 
EXT (Check 
Stop) 

Note: EXT= External interruption to all listening CE's 

PRGRM = PROGRAM interruption handled by the subsystem 
monitor in normal programming fashion 

Figure 6-20. Summary of Procedure for Handling 
External Interruption Signals. 
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a. Power Supply 

The power supply output malfunction of any major element will cause an ELC 

condition to be generated for that element at the Computing Elements. 

b. Out of Tolerance (OTC) 

Sensing is provided by all major system elements for control temperature 

conditions. The following indications have been defined for each element of 

the system for OTC checks. 

CE: An OTC condition in a CE will cause that CE to take an external interrup­

tion. This condition will cause a unique identification bit to be set in the 

DAR of the CE to allow identification of the cause. 

It is expected that each CE can handle its own OTC checks since they do not 

indicate an error environment but instead provide a warning of an environment 

that could soon become erroneous. If the CE cannot finish its expected actions 

before a power shutdown, the latter condition (Power Supply above) will cause 

an ELC signal to the remaining CEs indicating trouble. 

SE: An OTC condition in an SE will cause that element to generate an ELC. 

This ELC will be sent to all CEs. Those that are not masked for the condi­

tion will taken an external interruption. This condition will set a unique 

identification bit in DAR. The functional capability of the SE shall not be 

impaired by the generation of this ELC. An SE logout will be necessary to 

further isolate the ELC originating conditions. 

IOCE: An OTC condition in an IOCE will cause that element to generate an OTC. 

This OTC will be sent to all CEs. Those that are not masked for that condition 

will taken an external interruption. This condition will set a unique identi­

fication code in DAR. The functional capability of the IOCE shall not be 

impaired by the generation of this OTC. 
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TCU: An OTC condition in a TCU will cause that element to generate an "Atten­

tion" on its IOCE - TCU interface as part of the status byte either at the end 

of an operation or when an attempt is made to select the TCU. The Attention 

signal is only used for OTC indications by this unit. This interruption con­

dition is handled in the same manner as any other interruption condition. 

The generation of the OTC condition will not affect the operational capabilities 

of the TCU. 

PAM: At OTC condition in a PAM will cause that element to generate "Attention" 

status from the Test and Monitor Adapter. This interruption condition is 

handled in the same manner as any other interruption condition. 

The generation of the OTC condition will not affect any of the operational 

capabilities of the PAM. A sense command through the IOCE will be necessary 

to detect that an OTC condition does exist. The sense data will include among 

other things an OTC bit and CCR parity indication. 

c. CCR Parity 

Every major element has a CCR register. Parity is continually monitored on 

this register by the element and whenever incorrect parity is detected, an 

ELC is generated. However, if the CCR is actually being loaded, generation 

of ELC is suppressed since other means are used to inform EXC (Executive 

Control Program) of the condition. This ELC will be transmitted to all CEs. 

Those that are not masked for that condition will taken an external interrup­

tion. The ELC condition will cause an ELC identification bit or code to be 

set in DAR. 

Should an element's CCR become set to allow no CE to issue a SCON to the ele­

ment, this element would be lost to automatic system control. This condition 

can occur only through a malfunction or through manual action. Equipment is 

provided to detect this condition. 
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When this conditicn is detected, the CCR SCON field gating is bypassed, and 

the element will accept a SCON from any CE, provided that the element is not 

in State Zero. If an element is in State Zero, and its SCON field is set to 

all zeros, it is presumed to be a desired condition, and all SCONs are rejected. 

A special indicator is used for CCR parity from the IOCE. This is a pulse on 

the OBS indication to provide ease of identification. The normal OBS indica­

tion is a level. 

The generation of the ELC will not affect the operational capability of the 

element. For further analysis of the condition it is necessary to logout or 

sense the element. 

d. Logic Check 

Every system element ha.s built-in internal checking procedures which are 

delineated in the following section. This section does not include the CCR 

which has been described previously. 

CE: An internal logic check will cause the CE to signal an ELC to all other 

CEs. The CE which has the logic check may proceed with a logout, depending 

upon whether its machine check interruption is masked or not. 

IOCE: An internal common logic check (or multiplex channel check) will cause 

the IOCE to CHECK STOP and signal an ELC to all CEs, the reception of which 

was described previously. The IOCE will request a special machine check inter­

ruption which will allow it to logout from the configured controlling CE. 

A malfunction in a selector channel hardware will cause that channel to STOP. 

The IOCE will request an I/O interruption of its configured CE. When the 

interruption is permitted, the selector channel will be logged out and the 

interruption performed. 
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SE: An internal logic check of an SE will only be signalled when another ele­

ment is using it. The signal will appear as a pulse ELC to all CEs, and as 

a Storage Check to the using element. 

TCU: The TCU will attempt to signal the IOCE of any logic failures and expect 

remedial action through the IOCE using normal I/O checking hardware (and soft­

ware). Malfunctions affecting only an individual Tape Drive or associated 

path will not affect the operation of the remainder of the TCU. Malfunctions 

originating from the common logic of the TCU will affect the entire TCU system. 

PAM: PAM malfunctions are attempted to be signalled to the IOCE and remedial 

action is expected through the IOCE interface in much the same fashion as the 

TCU. Some malfunctions in PAM common will stop all PAM data service cycles, 

while malfunctions originating in the PAM adapters will only affect the mal­

functioning adapter. 

e. On Battery Signal (OBS) 

Three of the major elements of the system (CE, IOCE, and SE) have battery 

backup in case of power failure. A means is provided to signal when the 

batteries are being utilized. Switching from normal operation to batteries 

will cause an On Battery Signal (OBS) to be generated. 

This OBS will be treated in the following manner for the affected elements. 

CE: Only the generating CE will receive its own OBS signal. This signal will 

cause an external interruption. This condition will set a unique identifica­

tion bit in DAR. The operational status of the CE will not be affected by the 

generation of the signal. 

IOCE: The IOCE will transmit its OBS to the CEs as a level. The CEs, if not 

masked for the condition, will taken an external interruption. A unique OBS 

identification code will be set in DAR in the CE. The operational status of 

the IOCE will not be affected by the generation of this signal. To enable 
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rapid identification, the CCR parity indication is signalled as a pulse in 

the OBS line. 

SE: The SE will transmit its OBS signal under the common heading of ELG to 

all CEs. These CEs, if not masked for the condition, will taken an external 

interruption. This condition will set that SEs unique ELG bit in DAR in the 

CE. An SE logout is necessary to determine the cause of the ELG. The genera­

tion of the signal will not affect the operational capability of the SE. A 

chart summarizing the method of handling external interruptions is shown in 

Fig. 6-21. 

6-3, SYSTEM MAINTENANCE CONCEPTS 

Maintenance of the 902.0 System, as is true with all types of maintenance, is 

generally accepted to take place in two broad categories, routine preventive 

maintenance and corrective maintenance. Routine preventive maintenance, as 

visualized, would include the lubrication, adjustment, and cleaning of the 

various component equipments which go to make up the system. The qperation 

of the system using diagnostic tests as well as the operation of elements 

using Fault Location Tests either under normal conditions or under biased 

voltage conditions are also included in this broa.d category. Since these 

activities are covered in detail in the variou.s maintenance manuals, they 

will not be covered at this time, 

Corrective maintenance of the system presents several other problems. The 

first problem faced by the Systems Engineer will be to resolve whether the 

failure was due to program malfunction, or due to an actual hardware failure. 

While it would seem unlikely that a program which had operated satisfactorily 

for some period of time would suddenly develop trouble, this should not be 

overlooked. Programs have been known to operate satisfactorily for months 

or even years and suddenly refuse to operate due to an unforseen branch or 

interrupt. The next problem faced in the correction of the malfunction would 

be to determine which element of the system is failing. Due to the inter­

relationships of the elements this may not be as readily apparent as it might 
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seem; however, with the aid of logout information or diagnostic programs 

isolation of the failing element should be possible. Once this is accomplished, 

the maintenance technician should be capable of correcting the malfunction and 

returning the element to service. 

To assist in the repair of the failing element the technician or engineer has 

various tools and methods at his disposal. Depending upon the circumstances, 

the technician or engineer may elect to begin trouble analysis at the engi­

neering panel of the element, or, he may elect to.begin diagnostic program 

tests. This is dictated by such factors as the availability of a subsystem, 

whether a logout is already available, whether the element has already been 

isolated from the system, whe.ther the failure is intermittent in nature or a 

solid fail, etc. The important thing is that within the system there is a 

definite hierarchy of tests. 

Each of the elements has provision for testing its own internal circuitry. 

This may be in the form of an engineering or maintenance panel" or in the 

form of an externally connected tester. The major elements such as the CE 

and IOCE have special purpose test circuitry built into them to enable a 

certain degree of circuit evaluation without any additional equipment. These 

elements also have special purpose ROS routines to further enhance the ability 

to test. 

The ROS routines and special purpose test circuitry generally require very 

little operational hardware to present indications pointing to malfunctioning 

units. 

The next step in the hierarchy of testing procedure would be the running of 

the Fault Locating Tests (FLT) for the element. These tests utilize the 

special purpose hardware to verify the operation of other special purpose 

test circuitry and then uses this circuitry to assure the operation of the 

ROS. Once the test circuitry and the ROS operation is assured, the FLTs test 

the functional units and finally the data paths between the functional units. 

This is a boot-strapping procedure whereby a faih1re in an. early portion may 
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create multiple failures in later steps. For this reason it is generally 

wise to troubleshoot the earliest possible stop in the tests. Since FLTs 

perform their tests on the functional units and data paths 16 times) these 

tests have been found very useful in isolating intermittent failures. 

Having used the element test panels and successfully run the FLTsJ the ele­

ments are now ready to be tied together to form a subsystem. The next form 

of tests provides the ability to test intercommunication between elements 

of the system and isolate malfunctions in the processing of actual machine 

instructions. The MDM and SDM tests (Maintenance Diagnostic Monitor and 

Subsystem Diagnostic Monitor) use certain basic instructions with predeter­

mined data to assure the capability to perform these instructions) then using 

these instructions prove or test the ability to perform others in the set. 

MDM and SDM assume that the functional units are operating and in general do 

not provide resolution other than the inability to perform a given machine 

instruction. These tests are tailored to the system on which they are to be 

operated and must be modified any time there is equipment added or deleted. 

The highest form of testing for the 9020 System is the System Evaluation 

tests (SEVA). These tests provide virtually no resolution to hardware mal­

functions; however, the ability to perform this series is a good indication 

of the systems ability to perform peroperly. These tests are contained with 

the SDM and MDM and may be called by the diagnostic test operator. MDM, SDM, 

and SEVA also contain sections to verify the operation of the various I/O 

devices. 

A. 9020 Malfunction Handling 

This section describes the actions of the 9020 System when errors are detected 

in a 9020 element or unit. The discussion is limited primarily to a descrip­

tion and explanation of the way in which the built-in equipment for error­

process ing functions. It must be understood, however, that the complete sys­

tem response to an error is of necessity a combination of reactions by both 

program and equipment. Where it is important to the discussion, certain pro­

gramming functions will b~. discussed. Considerable flexibility of program 
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action is permissible, .making possible a total system error response as 

sophisticated as desired. 

Errors occurring in the PAM and TCU are also treated in this section, although 

most errors which occur in those elements are communicated to the system via 

the usual input/output control programs. Errors which result in an ELG from 

those units will be handled as an external interruption by the receiving CE(s). 

There is no special hardware which causes unusual action in these two elements, 

such as exists in the CE, IOCE, and SE. The equivalent of logout information 

in PAM and TCUs is obtained as sense data through regular program operation. 

1. General Considerations 

A useful preliminary to a detailed discussion of error processing will be a 

summary of the types of error.s which affect each of the three elements, and 

a brief examination of the kind of action which can result. 

a. Computing Element (CE) 

Four broad categories of errors are of concern to a CE: 

1. The inability of a CE to obtain, upon request, a cycle from a 

storage element. 

2. Errors which the CE detects in its own error detection logic. 

3. Errors which are signalled to the CE by an SE with which it is 

currently communicating or by an IOCE which the CE is controlling. 

4. Errors which are manifested as External, Program, or I/O inter­

ruptions from other elements. 

If a CE is unable to obtain a cycle from a storage element, it will conclude, 

in general, that either a program error or an equipment malfunction has occurred. 

If the circumstances indicate a program error, a program interruption will 

occur; otherwise a machine check interruption will be taken with appropriate 
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inter-element error signals generated. Where the inability to obtain a stor­

age cycle occurs on a reference to the PSA, the CE will attempt to obtain a 

corresponding location in an alternate PSA. 

Errors detected by the CE in its own error detection equipment will cause a 

machine check interruption, logout, and appropriate inter-element error sig­

nals to be generated. If the error detected by the CE is at the point of data 

entry from an SE, and if the CE is using that SE for a data fetch type opera­

tion, then the CE will cause the SE to be stopped in order that the SE may be 

logged out also. This action is taken to assist in the isolation of interface 

errors, since without knowing whether or not the data was correct as it left 

the SE, it cannot be determined if the CE or SE caused the malfunction. 

If an SE detects an error in its own equipment when working with a CE, this 

error signal is communicated to the using CE. The CE will cause the SE to 

stop, and a CE machine check interruption will occur, followed (normally) by 

a programmed logout of the SE. It is necessary to proceed in this fashion in 

order to permit the system to obtain sufficient data for malfunction isolation 

and subsequent recovery. An error in the IOCE will be signalled to the CE as 

a special Machine Check interruption. This mechanism is used to allow the CE 

to respond quickly and orderly to IOCE malfunctions. The CE will not logout, 

but can immediately enter a program for diagnosis .of the IOCE problem. 

The last category of errors with which the CE is concerned directly are those 

which are signalled via the various interruption facilities. These are ex­

ternal, program, and I/O interruption; their handling is a programming function 

and will not be of immediate concern here since no unusual equipment functions 

are involved. It should be pointed out again, however, that the processing 

of these interruptions must be considered in the overall sense as a significant 

part of the system malfunction handling technique. The type of error communi­

cated via an interruption will usually originate in an element external to the 

CE. Hence, the programming response must integrate these into a complete, 

cohesive malfunction handling scheme. 
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b. Input/Output Control Element (IOCE) 

There are three categories of errors in the IOCE which are of concern here, 

viz: 

1. The inability of an IOCE to obtain, on request, a cycle from a 

storage element. 

2. Errors which the IOCE detects in its own error detection logic. 

3. Errors which are signalled to the IOCE by an SE with which it is 

currently communicating. 

If an IOCE is unable to obtain a cycle from a storage element, it will in 

general conclude that either the address it is using is invalid, indicating 

a programming error, or that an equipment malfunction has occurred. If the 

circumstances indicate that the cause is an invalid address, then the IOCE 

will notify the using CE via an I/O interruption with a program check in the 

channel status word that this has occurred. 

If the invalid address indication occurs during IOCE logout, the IOCE will 

request a new PSA from the CE. If the circumstances indicate an equipment 

malfunction, then the IOCE will generate the necessary inter-element signals 

and will perform a logout to the PSA. 

Errors detected by the IOCE in its error detection logic include those which 

occur in the common logic area and those which occur in the channels. An 

error occurring in the IOCE common logic or multiplexor channel will cause 

the IOCE to request a logout via a special machine check interruption request 

to the controlling CE. An error occurring in the IOCE's selector channels 

will cause a logout of that channel via an I/O interruption, unless the selec­

tor channel is performing a Test Channel operation; in this case the logout 

will be done via the special machine check interruption. In both cases, 

appropriate inter-element error signals are generated. 
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If an SE working with an IOCE detects an error, it is corrnnunicated to the 

IOCE, which will cause the SE to stop. The IOCE will request, via the special 

machine check interruption, that the IOCE be allowed to logout. This would 

then (normally) be followed by a prograrrnned logout of the SE by the controlling 

CE. 

In each case of IOCE malfunction, every possible effort is made to reduce its 

effect on the IOCE's handling of data from channels not affected. It is 

assumed that most errors are of a transient, self-clearing nature, and that 

continuation is usually possible. 

c. Storage Element (SE) 

Malfunctions in the SE are classified in two groups: 

1. Storage Checks - These are malfunctions resulting from internal 

storage equipment parity check, address check, or logic function 

check. Detection of this type error will cause an ELG to all CEs, 

plus a storage check signal to the using element (CE or IOCE). 

2. Others - These include CCR parity check, OBS, OTC, and power 

failure. CCR parity, OBS, and OTC, cause a pulse ELG to all CEs. 

Power failure causes a static (level) ELC to all CEs. 

The significance of this grouping is that the SE operations are not directly 

affected as a result of a malfunction in (2) above. These malfunctions are 

considered to be in equipment external to the SE; thus, the SE does not take 

any action insofar as error processing or special procedures on these malfunc-

tions. 

Those malfunctions in (1), i.e., storage checks, could irrnnediately affect the 

validity of the storage data; thus, a signal is sent to the using element. 

When a storage check occurs, the SE will complete its current cycle and wait 

2.5 µs before beginning a new cycle. During 11this 2.5 µs, the using element 
I r 
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may issue a logout stop signal to the SE (Figs. 6-24 and 6-25). This signal 

will cause the storage to refuse any further requests for service until it 

has been logg.ed out or told to .resume action by a CE. 

2. Storage Access Malfunctions 

This section describes the actions which occur in the CE and the IOCE when 

either of these elements is unable to obtain a requested storage cycle from 

an SE. 

The diagrams which accompany the explanations in this and all following sec­

tions are intended as functional representations of the sequence of events. 

All actions shown are accomplished by 9020 hardware; however, the diagrams 

do not necessarily reflect the manner in which the functions are implemented. 

For ease of reference, each separate function on a diagram is enclosed. These 

enclosures are numbered sequentially on the diagram. They will all be referred 

to as "boxes", e.g., box 12, in the text. The rectangular "boxes" indicate an 

action or procedure. The diamond-shaped "boxes" indicate decision points in 

the flow, with exits reflecting the outcome of the decision. 

a. CE Actions 

Figure 6-22 portrays the sequence of events which will occur when a CE re­

quests access to an SE for a cycle, either to read or store a word. It is 

assumed that the address of the desired storage location has been determined 

in the CE, and the CE then sends a request for a storage cycle to the selected 

SE at box 1. If the CE is configured to.listen to the selected SE, and the 

selected SE is configured to listen to the requesting CE, then a response to 

this request will be returned to the CE (assuming power is up on the SE). A 

period of 1 µs nominal (referred to as a 1 µs timedown) is allowed for this 

request-response completion. Box 2 indicates this. 
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Assuming the response is received wJthin 1 µs (No exit for box 2), then the 

CE will wait for the honoring of its cycle request an average period of 25 

milliseconds (ms). This delay is present to account for situations where the 

CE is low on the priority chain, with the possibility that an extended I/O 

operation is occurring in the SE. The 25 ms (avg.) period can vary from 

approximately 16 to 32 ms, depending upon the position of the interval timer 

when the request is initiated. If the cycle is made available to the CE with­

in this period (No exit from box 3), the storage cycle is used by the CE. 

Return to box 2. If the initial access request is not acknowledged to the SE 

within a nominal 1 µs (Yes exit from box 2), then an exception condition has 

been encountered. Box 4 indicates that a determination is next made as to 

the reason for the storage request, i.e., was it a PSA reference or was the 

request a normal one. If the reference was not to the PSA (No exit from box 

4), then a program interruption with address exception is taken at box 5. If 

the request was to the PSA (Yes exit from box 4), then the PSBAR will be ad­

vanced to locate an alternate PSA. (An expansion of the PSBAR advance func­

tion is given in Fig. 6-22). At box ll, a dec.ision is made as to whether an 

interruption was in progress. If so (Yes exit from box 11) then the inter­

ruption handling is restarted at box 16, resulting in a new request for a 

storage cycle. The interruption will then be to the alternate PSA. If no 

interruption was in progress, (No exit from box 11) a check is made at box 

12 to see if logout was being performed. If not (No exit from box 12) then 

a program interruption is taken at box 5. 

If the reference to PSA was made during logout (Yes exit from box 12), then 

the CE will set a "split logout" bit in the check register and prepare to 

restart logout from the beginning at box 23. It then will proceed to request 

a storage cycle to perform the logout. This will result in a so-called "split 

logout", Le., the part of the logout which had occurred prior to the access 

malfunction will be in the primary PSA, and the logout representing the ma­

chine environment at the time of the access malfunction will be in the alter­

nate PSA. It will be possible to reconstruct the original environment from 

the combined contents of the primary and alternate PSAs. 
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Return to box 3. If the storage cycle is not made available to the CE within 

the 25 ms (avg.) period, then it is assumed that either an equipment malfunc­

tion has occurred, or that the CE tried to access an SE which was stopped for 

logout. At box 6, it is determined whether or not a logout stop condition 

exists in the SE which was referenced. If not (No exit from box 7), then the 

CE can take no further action and proceeds to the CE error sequence, shown on 

Fig. 6-24. If the reference was to PSA (Yes exit from box 7), then the CE 

first advances PSBAR and checks to see if logout was in progress at box 14. 

If not (No exit from box 14), then the CE error sequence is entered. If log­

out is in progress (Yes exit from box 14), then the CE proceeds to box 23 to 

begin the logout restart sequence. 

If it is determined that the SE which is being referenced is stopped for log­

out (Yes exit from box 6), then there is no reason to logout the CE or execute 

the CE error routine. At box 9, it is again determined whether the reference 

was to the PSA. If not (No exit from box 9), a program interruption with the 

chaining check in the PSW is taken at box 17. If the reference was to the PSA 

(Yes exit from box 9), then PSBAR is advanced and it is determined at box 15 

if logout was in progress. If not (No exit from box 15), then the LOS program 

interruption is taken at box 17. If logout is in progress (Yes exit from box 

15), then the logic proceeds to box 23 to restart logout. 

The right portion of Fig. 6-22 is an expansion of the PSBAR Advance function. 

At box 23 it is determined whether the Inhibit Logout Stop (!LOS) bit is set 

on. If it is, (Yes exit from box 23), PSBAR is not advanced and the logic 

flow proceeds. If !LOS is not on (No exit from box 23), then it is ascertained 

whether or not PSBAR has been stepped to an alternate PSA as a result of a 

previous malfunction (Box 18). If it has (Yes exit from box 18), then the CE 

will set the PSBAR ELC bit in the check register (box 21) and it will check­

stop and issue a static ELC to all other CEs, since there is no further action 

it can take on its own. If PSBAR has not been stepped (No exit from box 18), 

then it is stepped to the next configured SE (box 19). 
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In its search for the next configured SE as an alternate PSA, the PSBAR is 

stepped by 32K words each time. To preclude an endless loop if the CE had no 

storage configured to itJ a check is made at box 20 to see whether or not 

PSBAR has been stepped completely through its range during this search. When 

PSBAR steps through the entire range and then begins the search a second time, 

without finding any configured SE, a Yes exit from box 20 will occur, result­

ing in the CE setting the PSBAR ELG bit in its check register and in a CE 

stop and a static ELC. If PSBAR has not stepped through the entire range 

(No exit from box 20), then the logic flow proceeds. 

b. IOCE Action 

Figure 6-23 depicts the IOCE actions which occur when an IOCE makes a request 

for a storage cycle. It is presumed that the IOCE has developed the necessary 

address and makes the storage request at box 1. 

If the IOCE is configured to listen to the selected SE, and the selected SE 

is configured to listen to the requesting CE, then a response to this request 

will be returned to the IOCEJ (assuming power is up on the SE). A period of 

one µs nominal) referred to as 1 µs timedown, is allowed for this request­

response completion. Box 2 indicates this. 

Assuming this response is returned to the IOCE within one µs, (No exit from 

box 2), then the IOCE will wait for a maximum of 16 µs for the SE to honor 

its request for a storage cycle. This is referred to as a 16 µs timedown. 

This period is a convenient interval which is greater than the time that any 

IOCE should have to wait for a storage cycle due to its high place on the 

priority chain. If the request is honored within the 16 µs interval (No exit 

from box 3), then a normal storage access is obtained at box 19. 

If no response to the access request is received (Yes exit from box 2), then 

the IOCE checks to see if a PSBAR reference was being made at box 4. If the 

PSA is not being referenced (No exit from box 4), then the IOCE will ascertain 

whether or not the SE reference was made as part of an I/O instruction at box 
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5. If an instruction is ih progress (Yes exit from box 5), then the IOCE 

will set condition code 1 and set up a CSW with a program check indication 

at box 6. It will then return to the wait loop, i.e., revert to waiting for 

further instructions or data handling requests at box 8. If an instruction 

is not in process (No exit from box 5), then the reference was for a normal 

data transfer cycle. The IOCE will cause the usual invalid address indication 

to be returned to the channel. At such time, then, as the channel signals an 

I/O interruption because of this (box 7), a program check will be set in the 

CSW. The IOCE will go to the wait loop until the occurrence of the interrup­

tion. This is the usual method of operation when a device presents an invalid 

address to the IOCE for storage access. 

If the addressed location was a PSBAR reference (Yes exit from box 4), then 

the IOCE will present a PSA lockout signal (box 9) to the using CE. This 

will cause a program interruption in the using CE, which can respond with a 

new PSBAR setting, if it desires. If the IOCE is doing a logout (Yes exit 

from box 10), then it will come to a stop and issue a static ELC to all CEs 

(box 12). If the CE which is controlling the IOCE wishes to have it resume 

logout, it must issue a logout to the IOCE presumably after changing PSBAR. 

In this event, logout will be restarted from the beginning in the alternate 

PSA. There will be, in general, no problem reconstructing the logout formats 

since the CE has been notified by the PSA lockout signal that a "split log­

out" is going to take place, and the logout contents will be available to 

deduce what has happened in detail. 

If no logout is in progress (No exit from box 10), the IOCE will terminate 

the instruction or interruption handling on which the time down occurred (box 

11). It returns to the wait loop at box 8. The I/O interruption will be lost 

and is not recoverable. If an I/O instruction is in progress, the CE will set 

condition code 3. 

If the IOCE is not able to obtain a storage access within 16 µs (Yes exit from 

box 3), it assumes that there has been either an equipment malfunction or that 

it has attempted to reference an SE which was stopped for logout. It determines 
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at box 13 whether or not the SE was stopped. If not, (No exit from box 13), 

then it assumes an error. The logic then goes to the IOCE error handling 

procedures on Fig. 6-24. 

If the SE was stopped (Yes exit from box 13), then the IOCE determines whether 

or not a PSBAR reference was in progress at box 14. If so (Yes exit from box 

14), then the IOCE proceeds to the logic previously described at box 4. (There 

will, in this case, be a Yes exit from box 4). If no PSBAR reference (No exit 

from box 14), then it is ascertained whether or not the channel is busy (box 

20). If it was (Yes exit from box 20), then at box 21 condition code 2 is 

set and a response is issued to the CE. The IOCE then returns to the wait 

loop. If the channel is not busy (No exit from box 20), then it is ascertained 

whether or not an instruction was being executed at box 15. If it was, (Yes 

exit from box 15), then at box 16 condition code 1 is set, and a CSW is stored 

with a chai~ing check indication. It will then go to the wait loop at box 18. 

If no instruction is in progress (No exit from box 15), then the same I/O 

interruption actions will be taken as discussed under box 7, except that the 

CSW will be set with the chaining check bit. The IOCE will then return to 

the wait loop. 

3. Computing Element Malfunctions 

The CE's actions in the event it detects an error in its internal hardware or 

is notified that the SE with which it is working has a malfunction are depicted 

on Fig. 6-24. 

The action on Fig. 6-24 can be initiated by either the detection of a CE error 

(box 1), the occurrence of a storage check from an SE (box 19), a logout re­

quest from another CE via a Write Direct (box 21), or a signal from the CE 

Logout pushbutton (box 20). These signals are recovered in the CE's check 

registers (box 2). A decision as to whether or not machine check interruptions 

are masked is made at box 3. If machine check is masked (No exit from box 3), 

then a pulse ELC is issued (box 4) and normal processing is continued. The 

1 masked interruption will remain pending. If machine check is not masked (Yes 
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exit from box 3) then a check stop will occur and a pulse ELG is issued (box 

6). This check stop is not actually a true stop in the sense that the CE does 

not continue to operate. Rather, check stop indicates that execution of the 

current stored program is discontinued, and the CEs internal controls begin 

the necessary actions required to perform logout and begin the machine check 

interruption program. 

Boxes 7J 8) 9) 10, and 11 indicate the logic flow necessary to determine 

whether or not the SE with which the CE is currently working should be stopped 

for logout, i.e., whether the logout stop (LOS) signal should be issued. 

If a storage check is present in the check register (Yes exit from box 7) then 

the LOS inhibit bit in the CCR is interrogated at box 10. If it is not set 

(No exit from box 10), then LOS is issued to the SE at box 11 and the CE pro­

ceeds to determine at box 12 whether or not the initial logout should be to 

the primary or alternate PSA. 

If there is no storage check register (No exit from box 7), a check is made 

at box 8 to determine if the CE was executing a fetch or insert storage key 

operation. Either of these would cause data to be read into the CE from the 

SE, with the attendant possibility of an interface error which could not be 

detected by the SE. If neither of these was being done (No exit from box 8), 
then the SE will not be stopped and the logic proceeds to box 12. If one of 

these operations was being performed (Yes exit from box 8), then the check 

register is interrogated at box 9 to determine if the error was a full sum 

check from the adder. This is the earliest check on input data from the SE 

and it is here than an interface error would be signaled. If the error was 

not a full sum check (No exit from box 9), then it is assumed that the input 

data from the SE is valid and the SE will not be stopped. Logic proceeds to 

box 12. If a full sum check is present (Yes exit from box 9), then the SE 

will be stopped for logout unless inhibited. This is again decided via boxes 

10 and 11. 
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At box 12, the CE determine whether the PSA is contained in the SE which was 

(perhaps) stopped. This is done to preclude the CEs having to wait up to 32 

ms befo.re a timedown signal occurs and causes a step to an alternate PSA (see 

Fig. 6-22 for details). If the SE which was stopped by this CE contains the 

PSA (Yes exit from box 12) then the PSBAR is stepped to the alternate PSA 

(see Fig. 6-22 for details) and logout is started at box 14. If the PSA is 

not contained in the SE which was stopped by this CE or if the Inhibit LOS 

bit was on, (No exit from box 12), then logout begins irrnnediately at box 14. 

Should the CE be unable to get a storage cycle during logout (Yes exit from 

box 15), the resultant actions are as shown on Fig. 6-22. At box 16 is the 

schematic indication that a storage check or log check (error in Read Only 

Storage) during logout (Yes exit from box 16) will cause the CE to stop and 

issue a static ELC (box 17). When this stop occurs, the CE will respond only 

to an external start from another CE, a logout signal from another CE, a SCON 

instruction, or IPL. If neither of the two types of errors occur (No exit 

from box 16), then the CE will proceed to take a machine check interruption 

at box 18. 

4. IOCE Malfunctions 

a. Corrnnon Logic Unit 

Figure 6-25 depicts the action taken by an IOCE upon the detection of an error 

in its own equipment, a storage check from the SE with which it is working, a 

selector channel error during the Test channel instruction, or when it is in­

structed to logout by a CE. 

Assume the IOCE detects an error in its corrnnon logic (box 1) or receives a 

storage check from the SE with which it is working (box 2). The necessary 

bit is set in the check-register (box 5) and a pulse ELG is issued to all CEs 

at box 6. If a selector channel error during the test channel instruction 

occurs (box 3), it enters the logic at box 6 by issuing a pulse ELG and execu­

ting a checkstop. No check bit is set since logout data will indicate that 

the selector channel error occurred. 
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At box 7, a determination of whether or not to stop the SE with which the 

IOCE is working is begun. If a storage check had occurred (Yes exit from 

box 7), then a check is made at box 10 to determine if the inhibit logout 

stop bit is set. If not (No exit from box 10), then a logout stop (LOS) 

signal is sent to the SE at box 11. 

If there was no storage check (No exit from box 7), then a check is made to 

see whether the IOCE was fetching data from the storage element. This is done 

to enable the IOCE to stop the SE if the error occurred at the data input 

point, since an interface error could have occurred. If not (No exit from 

box 8), the IOCE will proceed to initiate the necessary action for logout 

at box 12. If a fetch was in progress (Yes exit from box 8), then at box 9 

a check is made to see whether or not the error was a full sum check, which 

is the malfunction to be expected if an interface error had occurred. If 

there was a full sum check (Yes exit from box 9), then the IOCE checks the 

LOS inhibit bit at box 10 to determine whether or not it is permitted to 

issue a LOS to the SE. If no full sum check had occurred (No exit from box 

9), then the logic proceeds to box 12. 

At box 12, the IOCE begins the sequence of actions which will result in a 

logout. The IOCE issues a request for a machine check interruption to the 

controlling CE. This machine check interruption differs from the normal one 

in the CE in that the CE will not perform a logout, will honor it only at the 

completion of the current instruction, and will result in an interruption 

code in the old PSW as follows: 

0000 

0000 

0000 

0000 

0000 

0000 

0001 

0010 

0011 

IOCE 1 

IOCE 2 

IOCE3 

This machine check interruption is masked by PSW bit 13 in the CE. 

Box 13 indicates that the IOCE will wait until the CE honors its request 

before beginning its logout at box 15. 
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Should an SE response error occur during logout; i.e., the IOCE cannot obtain 

a storage cycle (Yes exit from box 15), it will proceed as shown on Fig. 6-23. 

Box 16 indicates that account is taken of errors which could occur during the 

logout. 

error). 

These errors are storage check or a log check (read only storage 

If one of these occurs (Yes exit from box 16), the IOCE will come to 

a check stop and issue a static ELG to all CEs. It will not resume operation 

until an external signal is received. This could be a signal from a CE request­

ing the IOCE to attempt logout again, or a reset as a result of IPL. The IOCE 

will respond to SCON instructions while in the check stop. 

If no error occurred during the logout, the IOCE will respond to the CE to 

clear the interruption hold and return its normal operation (wait loop). 

Box 4 at the top of Fige 6-24 shows that if an IOCE receives a logout signal 

from a CE, it will enter the checkstop mode at box 20. It will set the proper 

bit in the check register to indicate what has occurred and will issue a pulse 

ELG. It then proceeds to box 14 to initiate the logout sequence. 

b. Selector Channel 

Figure 6-26 shows the IOCE actions when an error is detected in a selector 

channel. This sequence of actions differs from the usual IOCE logout primarily 

in that logout is handled via an I/O interruption and is interleaved with the 

IOCE's normal operation, causing no interruption in IOCE service on the non­

failing channels. 

At box 1, the IOCE detects a selector channel error. At box la, a check is 

made to determine if the error was a channel data check. If it was (Yes exit 

for box la), then the parity is corrected (for inputs bytes only), the check 

condition is recorded and command chaining is suppressed (Box 15). The IOCE 

then resumes the I/O Operation (box 16). If the error was not a data check 

(No exit from box la), then the IOCE issues a pulse ELG to all CEs and termi­

nates the channel operation at box 2. At box 3, a check is made to see if 
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there is currently an I/O instruction in process for that channel (except 

Test channel). If there is (Yes exit from box 3), then the CE is waiting 

for its completion and a PSBAR setting is already available to the IOCE. 

The logic then proceeds directly to the beginning of logout at box 7. If 

there is no I/O instruction in progress for that channel (No exit from box 

3), the mask is checked at box 4. If the channel is masked, the interruption 

request will wait (Yes exit from box 4). If the channel is not masked (No 

exit from box 4), then an I/O interruption request is made to the CE at box 

5. Box 6 indicates that the channel will wait until the CE responds with a 

proceed signal, at which time it will begin the channel logout at box 7. 

The interleaved mode indicates that the IOCE will service the selector chan­

nel for logout along with the other channels' normal requests. 

Boxes 8 and 9 indicate that account ~s taken of the IOCE's failure to get a 

storage cycle or an error during logout. If a common logic unit error or a 

storage check occur during the logout, the IOCE will check stop and issue a 

static ELC to all CEs. 

When the logout is complete, the IOCE will take alternate actions depending 

on whether or not an I/O instruction was in progress when the malfunction 

occurred. If an I/O instruction was in progress (Yes exit from box 10), a 

CSW will be stored indicating logout has occurred, and condition code 1 will 

be set in the CE and a response sent to the CE to clear the instruction hold. 

If no I/O instruction was in progress (No exit from box 10), the IOCE will 

set up a CSW and set the I/O interruption code in the PSW. The ·response will 

be sent to the CE to clear the interruption hold. 

At the conclusion of either of these terminal operations, the IOCE will return 

to the wait loop. 

5. Storage Element Malfunctions 

Figure 6-27 depicts the SE actions when it detects an error in its internal 

logic or parity or address error. This type of error is detected at box 1. 
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Boxes 2 and 3 denote the control conditions which can cause the suppression 

or recording of errors under various conditions. If the FLT OP or SUPPRESS 

LOG CHECK lines are not up (No exit from box 3), then the error is recorded 

at box 4 and a storage check is issued at box 4. If FLT OP or SUPPRESS LOG 

CHECK is up, (Yes exit from box 2), then SDR or input data checks will be 

ignored. If one of these occurs (Yes exit from box 3), then the SE continues 

normal operation at box 10. If neither of these has occurred (i.e., some 

other error was originally detected), then the error is recorded at box 4 

(No exit from box 3), and a storage check is issued. The SE then issues a 

pulse ELC to all CEs (box 5). 

At box 6, the SE determines if the IGNORE ERROR line is up. If so (Yes exit 

from box 6), the SE will proceed to box 10 as though no error had occurred at 

box 10. If this line is not up (No exit from box 6), the SE will regenerate 

the word which was read out of storage (box 7), i.e., if a store operation 

was in progress, it will not be executed. The SE will then wait for 2.5 µs 

before honoring any further requests for service to permit the using element 

to stop it for logout if desired. 

At box 8, the SE determines if it should stop or proceed. If the 2.5 µs 

period elapses without receipt of a logout stop (Timeout exit from box 6), 
the SE will proceed with its normal operation. If a logout stop signal is 

received from a using element (Logout Stop exit from box 8), then the SE will 

stop and honor no further requests for storage cycles. When the SE stops for 

logout, it issues an "SE Stopped" signal to all configured elements and a 

level ELC to all CEs (box 13). At box 9, it is indicated that the SE will 

wait for logout. It cannot proceed with regular operations unless it is 

given a Logout Complete signal from a CE or is reset. This is shown at box 

11. The SE will respond to the SCON instruction while stopped. Upon receipt 

of Logout Complete or a reset (Yes exit from box 11), the SE will drop the 

ELC line and resume normal operation. 
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6. TCU Malfunctions 

Figure 6-28 depicts the malfunction reporting actions taken by the TCU when 

it detects a check condition (Start O), a CCR Bad Parity Condition (Start 10), 

or a temperature Out of Tolerance Condition (Start 20). In all cases, there 

are three primary actions that must take place to complete the reporting of 

a detected malfunction: 

I. Identify the malfunction and set appropriate indicator. 

II. Inform the program through the channel equipment or the system 

monitoring equipment that a malfunction has occurred. 

III. Supply malfunction identification to the channel equipment. 

Check Condition Reporting -- (Start 0) At block 1, the TCU equipment detects 

a check condition during the execution of a command, identifies the condition, 

stores this information in the appropriate Sense Register Indicator at block 

4 (Action I), and sets the Unit Check Indicator in the Status Register at 

block 5. The operation in progress is not stopped at this point but is al­

lowed to continue to its normal conclusion at block 31. At block 32, the 

TCU now attempts to inform the channel that a malfunction has been detected 

by presenting the Status information having the Unit Check Indicator set. 

At blocks 34, 35, and 36, the IOCE, when able, elects to receive the Status 

information, either through the I/O interruption facilities (Yes exit, block 

34) or by use of the Test I/O command (Yes exit, block 36). At block 37, the 

TCU transfers the Status Register contents indicating Unit Check which was 

set at block 5, to the IOCE channel (Action II). Having transferred the 

Status information, the TCU at block 38 resets the Status Register. As a 

consequence of receiving the Unit Check bit, it is expected that the program 

will request details of the malfunction by issuing a Sense Command as indi­

cated at blocks 41, 42, 43, and the Yes exit of block 44. As a result, at 

block 45 the TCU will transfer the Sense data to the IOCE channel (Action III) 

for analysis and subsequent appropriate action. Back at block 44, following 

the No exit, the decision at block 46 is significant. If the Command to be 

executed is Test I/O or I/O No-Op, the accumulated Sense information is 
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Figure 6-28. TCU Error Handling (Sheet 1 of 2). 
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retained and still available to the program through a subsequent Sense opera­

tion. However, if the exit from block 46 is No, indicating that a new tape 

operation is to be performed, the Sense Registers are reset at block 47 and 

the detail malfunction information contained therein is lost. 

CCR Bad Parity Condition Reporting -- (Start 10) At blocks 11 and 12, the 

TCU continuously monitors the CCR for a Bad Parity condition. When it detects 

this condition, it stores this fact in the appropriate Sense Register Indicator 

at block 14 (Action I) and activates the ELC Signal to system monitoring equip­

ment in all CEs (Action II). This signal will be held on as long as the Bad 

Parity condition exists. The condition may be corrected only by performing 

a SCON operation to replace the contents of the CCR with data having proper 

parity. The exit options from blocks 30 and 33 have little significance, 

except to indicate the alternate paths which are followed under varying condi­

tions of operation activity to culminate in the availability of the Sense 

Indicator information (Action III) through blocks 41, 42, 43, 44, and 45. 

Out of Tolerance Condition Reporting -- (Start 20) At blocks 21 and 22, the 

TCU continuously monitors the thermal sensing equipment for an out of tolerance 

condition. When it detects this condition it determines, at block 23, whether 

the Thermal Warning Indicator is presently on. If the indicator is not on, 

the TCU will turn on the visual Thermal Warning Indicator at block 24 (Action 

I) and will set the Attention Indicator in the Status Register at block 25. 

If at block 30 it is determined that there is an operation in progress, the 

path to block 31 will be taken and the operation will continue to its normal 

end. At blocks 32, 34, 35, 36, and ultimately block 37, the TCU transfers 

the Status Register contents indicating Attention which was set at block 25, 

to the IOCE channel (Action II) and then resets the Status Register at block 

38. Because the Attention Indicator is unique to OTC in the TCU, the malfunc­

tion requires no further identification and Action III has been effected with­

out the need for a Sense Operation. Back at block 30, if no operation is in 

progress, the No exit to block 33 is followed where it is determined whether 

the Ending Status from the previous operation has been accepted, If End 

Status is pending, the "Accept status loop" is entered at block 34 and the 
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Attention Status indicator is transferred to the IOCE channel at block 38 as 

before. The No exit from block 33 enters a new operation at block 41. At 

the conclusion of the Initial Selection Sequence for the new operation, the 

Attention Status indicator will be included in the Status Byte transferred 

to the IOCE at block 42 and is reset at block 43. Since in every case the 

Status Register is reset after its contents are transferred to the channel 

(blocks 38 and 43), the Attention Status Indicator is presented once only for 

any one occurrence of OTC. An attempt to manually reset the Thermal Warning 

Indicator before the OTC is corrected will cause the Attention Status Indicator 

to be set again. 

7, PAM Malfunctions 

a. PAM Common 

Figure 6-29 depicts the action taken by PAM Common when it detects an error 

in its internal logic, or an out-of-tolerance condition (OTC). The sequence 

of actions does not apply to the case where PAM Common detects a parity error 

on an address from the multiplexor channel. In this case, PAM sets a sense 

bit in the Test and Monitor (TAM) adapter and does not respond to the address. 

It does not set the Attention bit. Errors occurring when the TAM adapter is 

the addressed unit (Bus Out Check or Command Reject) are covered under adapter 

malfunction handling. 

At box 1, PAM Common detects the logic error or OTC. At box 2, the appropriate 

bit or bits are set in the TAM adapter's sense register, bytes 2 or 3. Box 3 

denotes two check conditions which cause Element Check (ELC). If the check 

condition was caused by a CCR parity (Configuration Check) or Check Stop (check 

condition in the priority circuitry), the Yes exit is made to block 4. The 

ELC line is then raised to all CEs. ELC remains static until the condition 

causing it is cleared. After setting ELC or if neither above condition was 

detected (No exit from block 3), the Attention status bit is set at block 5 
and presented to the channel. No further action takes place until the IOCE 

accepts the Attention status (Yes exit from block 6) or issues TEST I/O to the 

TAM adapter (No exit from block 6 and Yes exit from block 7). 
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After accepting Attention, the program can issue the Sense command to the TAM 

adapter (Yes exit from block 8) to obtain information regarding the cause of 

the Attention status. If the Check Stop bit is not set (No exit from block 9) 

the program may try to continue I/O operations. A solid check condition will 

result in starting at block 1 again. If the Check Stop bit was set (Yes exit 

from block 9), the cause of Check Stop is indicated in four other sense bits 

and may be examined. The program may then issue the Bypass Check Stop command 

(Yes exit from block 10) which will clear the Check Stop latch allowing the 

next priority scan to begin. Clearing the Check Stop latch also clears the 

Etc line at block 11. If the cause of Check Stop was intermittent, the pro­

gram will be able to continue with I/O operations in PAM (Block 12). If the 

cause of Check Stop is solid, the cycle begins again at block 1. 

If the Sense command is not issued (No exit from block 8), or if issued and 

Check Stop is present and not cleared by the Bypass Check Stop colThuand (No 

exit from block 10), the I/O operations in PAM will stop at the respective 

blocks. 

b. PAM Adapters 

Figure 6-30 depicts the actions taken by PAM adapters when a check condition 

is detected by the adapter. Check conditions can result from other than logic 

errors in the adapter; i.e., they may also be caused by errors in data trans­

mission from the channel or device, by conditions reported by the device 

through its control lines, or by failure of the channel to service an adapter 

in a particular period of time. 

In block 1 the adapter detects a check condition and sets the associated bit 

in its sense register (block 2). If initial selection is in progress (Yes 

exit from block 3), the I/O operation is not performed and the adapter pre­

sents status to the channel with Unit Check in response to the command 

(Block 6). 
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If a data transfer operation is in progress (No exit from block 3), the adapter 

will either terminate the operation immediately (No exit from block 4) or will 

continue until either the channel or the device signals the end of transmission 

(Yes exit from block 4 and Yes exit from block 5). 

The Table in Fig. 6-30 indicates which adapters will continue and which will 

terminate data transfer for each applicable check condition. 

When the data transfer is terminated, the adapter presents ending status with 

Unit Check (Block 6). If the IOCE accepts status (Yes exit from block 7) or 

clears status with a TEST I/O command (Yes exit from block 8), the adapter is 

free to continue with the next command. 
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