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STORED PROGRAM

LOGIC DECISIONS

THE

COMPUTER

EXECUTES
MILLIONS OF
OPERATIONS IN

SECONDS!

COMMUNICATION

ARITHMETIC OPERATIONS
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A PROGRAMN

T0 DO:
WHAT?

THE COMPUTER

T0 TELL
DIRECTIONS

STEP

N l STEP BY
e
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HP

COMPUTER

WORD

16 BITS (BINARY DIGITS)

1512 11 12 9 8 7

£ 5 &
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!
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i1

1

i

¥

114
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1 ‘ 2 i i

A BIT IS EITHER
1=0H OR
0 = OFF




MACHINE INSTRUCTIONS

DIRECTIONS THAT THE COMPUTER UNDERSTANDS

102000 HLT
P62322 LDA T2
195719 STC 10B,C
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DECIMAL NUMBERS

10915 MAY BE REPRESENTED AS:

A X185 + @ x 10h + 9 x 109

100 + g + 9 =

1091
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OCTAL NUMBERS

DIGITS = 6,1,2,3.4,5,6,7
1555 MAY BE REPRESENTED AS:
ax8d+ yxsh+¢yxsh

64 + 4 + 5

THUS: 18914 = 155

10914
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BINARY NUMBERS

DIGITS = @,1
1101101, MAY BE REPRESENTED AS:
Ax® +ax®+@x2hH+axd+ax2d)y+@x2h +axd

¢+ %2 9+ § o+ 8 o+ 4 o+ f o+ 1= 109,

THUS: 109;5 = 155 = qg@¥iz12
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BINARY/OCTAL CONVERSION

3 BINARY DIGITS = 1 OCTAL DIGIT

15 141512 11189 876 543 2180
/N p 0 A0 6Pl 101 181 BINARY

. ) e\ )t

) g ) 1 5 5 0CTAL

BINARY OCTAL

)
pn1
012
g11
100
101
110
111

NoOoOOUTE WDN X
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DECIMAL TO OCTAL CONVERSION

CONVERT 108974 TO OCTAL

1 REMAINDER

3 | 109 5 <— LSD

1
3| 13 5
g

8 1 1
READ
109, = 155
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CCTAL

TO DECIMAL

CONVERT 155¢ TO DECIMAL
5 5
! i
-

|
i

J'IOOIO><§D—'

<€

13
X8

104

45 ¢~ -

109

i
!
1
!
1
|

1555 = 1094

CONVERSION
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NEGATIVE NUMBERS

SIGN  VALUE

mfll +3
@il@ +2
SIGN BIT p'o1l 41
g =+ 0100 )
1=- 1111 -1
1,18 -2
11 -3
188 -4

TWO'S COMPLEMENT = COMPLEMENT + 1
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-
CONVERTING A WEGATIVE NUMBER TO MACHINE FORY

_lﬂﬂlm = 7 2

12
T

1
g 2 4

7
8 [T 1 | 106, = lu4, = 01 100 190,

BUT, THE ORIGINAL NUMBER IS NEGATIVE, & CONSILERING THE 2128 16 BIT WORD,
D oo 008 BOL 100 108 .
1 111 111 119 211 g1~ - COMPLEMEAT

0 e
1 111 111 118 P11 100 )
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CLASSROOM EXERCISE 1-1A

CONVERT THE FOLLOWING DECINAL NUMBERS TO OCTAL.
1024y = o0
52767 19 = 177

CONVERT THE FOLLONING OCTAL NUMBERS TO DECIMAL.
457 = 36310
024, = 5370

CONVERT THE FOLLOWING OCTAL NUMBERS TO BINARY,

177 ﬂﬂg = ! )i it 5){95000 v

y RN ,; 9 [w}}“
123455 = pol ojp11018

WHAT IS THE “EASY” WAY TO CONVERT BINARY NUMBERS TO DECIMAL AND

DECIMAL NUMBERS TO BINARY? CXTJ%J&



ll

25

CLASSROOM EXERCISE 1-1B

CONVERT THE FOLLOWING NEGATIVE DECIMAL NUMBERS TO OCTAL.

Wy = N6y
|77 264y

1219

CONVERT THE FOLLOWING NEGATIVE OCTAL NUMBERS TG DECIMAL.

1777775 = — |

e

/

H
7

.,
1oa001g = ~ L0
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1 11
211 101 108

adl 111 019
191 100 118

o

BINARY & OCTAL ALDITION

354
172
5%6

NOTE: ADD AS IF DECIMAL,
THEN, IF THE SUM IS > 8,
SUBTRACT 3 & CARRY A 1.



ARITHMETIC
®

LOGIC
UNIT

COMPUTER SECTIONS
MEMORY
H‘ CONTROL | — g

INPUT
@

OUTPUT
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MEMORY

THE MEMORY OF A COMPUTER CONSISTS OF SOME NUMBER OF
"MEMORY LOCATIONS"

EACH MEMORY LOCATION IS IDENTIFIED BY A"UNIQUE ADDRESS"

EACH MEMORY LOCATION CONTAINS 416 BITS— THE "COMPUTER
WORD'SIZE.

f'ooesm
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-

REGISTERS

MEMORY ADDRESS REGISTER

¥
CORE MEMORY
MEMORY DATA REGISTER 2
P ————
\ A
CONTROL
A ALU
INPUT © QUTPUT
x »
PROGRAM COUNTER
. | Yz
A-REGISTER (ACCUMULATOR)
— : ] 4=
B-REGISTER (ACCUMULATOR) W
I

To access a location its address
must be in the M- REGISTER.

All information transferred
IN/OUT of memory is routed

~ through the MEMORY DATA

REGISTER. (T-REGISTER)

Keeps track of program steps

(memory locations containing
instructions).

Working register used for arith-
metic and logical operations

Working reqgister used for arith-
metic operations.
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OVERFLOW REGISTER

1 BIT

1. SET WHEN “A” OR “B" REGISTER ARITHMETIC CAPACITY IS EXCEEDED.

9. SET AND CLEARED BY SPECIFIC INSTRUCTIONS.

*0% REG S'Gf; BIT r'g* REG SIGN BIT

0 O(1| 1|9 MEMORY (+6)

110({1 |1 | MEMORY (-5)

D{@|1[1( A-REG (+3)

111|9{9| A-REG (-4)

"A- REG RESULT
1 1]0l0]1 A-REG RESULT
LOOKS NEGATIVE 0|1]4]4 LOOKS POSITIVE
POSITIVE OVERFLOW

NEGATIVE OVERFLOW

C1-22
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1. SET BY CARRY QUT OF BIT 15 (SIGN BIT) OF “A" OR “B" REGISTERS,

2. SET AND CLEARED BY SPECIFIC INSTRUCTIONS.

“E" & "A" INITIALLY

ADD 1 TO "A”

“E" & “A" AFTER ADD

EXTEND

REGISTER

1 BIT

E A-REG
X 1710171 111 11

CARRY

RN | |

1 gl1R1 Rl g AL A gl a
E A-REG
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P S
bt

NSIDE VIEW OF THE CPU

| 1/0
~SLOT 108
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2100 COMPUTER
HEWLETT-PACKARD

(&

15 14 13 12
LOADER

INTERNAL EXTERNAL

DISPLAY REGISTER

000 DU0 000 000

| ENABLE PRESET PRESET FETCH IND  EXECUTE PARITY A ; e M usﬁ:v
s (1 OO0 O OO O
2 HALY INSTR INTERRUPT CLEAR E DECREMENT INCREMENT
RUN CYCLE STEP SVSTEM EXTEND OVF osPLAY S L M ~
- OO/0000\ 0\N0 OO0 4
e- _—:—_/
7 7 \ \ —\
— v { \ —\ \
2 POWER ON
= ~O=
o / " \ \ _\
/. / \ N\
( L // // \\ \\ \\

© FAULT OPERATING 1-BIT PHASE STATUS FAULT 16-BIT REGISTERS
(e ) INDICATOR CONTROLS REGISTERS INDICATORS INDICATOR Display and Control
—f Display and Control
N

16-BIT REGISTERS OPERATING CONTROLS

DISPLAY REGISTER. Bit light on = 1, off = 0. Press switch to INTERRUPT SYSTEM. Light on indicates interrupt system en-

- complement any bit. abled. Press to complement. ’

MEMORY DATA. Press to display contents of location refer-
enced by M. Lit when selected. Can press again to redisplay
unmodified contents. Automatically selected when computer is
halted.

INCREMENT M. Press to increment M. If memory data selected,
display is updated.

M. Press to display M-register. Can press again to redisplay un-
modified contents.

P. Press to display P-register and set Fetch phase. Can press again
to redisplay unmodified contents.

B. Press to display B-register. Can press again to redisplay un-
modified contents.

A. Press to display A-register. Can press again to redisplay un-
modified contents.

S. Press to display S-register. Can press again to redisplay un-
modified contents. Automatically selected in run mode.

CLEAR DISPLAY. Press to clear display register.

1-BIT REGISTERS
OVF. Overflow register. Light on= 1, off = 0. Press to complement.
EXTEND. Extend register. Light on = 1, off = 0. Press to
complement.

C

INSTR STEP. Press to execute single instruction.

EXTERNAL PRESET. Press to clear 1/0 channels.

INTERNAL PRESET. Set Fetch phase, clear parity error indi-
cation and overflow, disable interrupt system and memory protect.
HALT/CYCLE. Halt computer or perform one instruction phase.
LOADER ENABLE. Press to enable/disable loader.

RUN. Start execution, disable panel. :
POWER OFF/POWER ON/LOCK ON. Key-operated power
switch. Panel disabled in LOCK ON position.

PHASE STATUS INDICATORS
FETCH. Indicates Fetch phase is next.
IND. Indicates Indirect phase is next.
EXECUTE. Indicates Execute phase is next.

FAULT INDICATORS
PARITY. Light on indicates that a memory parity error has
occurred (if P.E. HALT mode selected).
EXTERNAL PRESET. Light on indicates a power failure oc-
curred (if location 04 contains HLT).

Operator Panel Controls and Indicators



SETTING THE REGISTERS FROM THE FRONT PANEL
A,B,M, MEMORY DATA (T), S, P
1. SELECT THE REGISTER BY PRESSING THE APPROPRIATE BUTTON.
2. THE REGISTER CONTENTS ARE TRANSFERRED TO THE DISPLAY REGISTER.
3. T0 MODIFY THE CONTENTS, SET THE DISPLAY REGISTER ACCORDINGLY, |
THEN PRESS ANY OTHER BUTTON (EXCEPT CLEAR DISPLAY, PARITY, FETCH, IND, EXECUTE).
0,E

1. PRESS TO REVERSE STATE.



STORING INTO OR DISPLAYING MEMORY
SET THE M REGISTER TO THE DESIRED ADDRESS

PRESS THE MEMORY DATA BUTTON; THE CONTENTS ARE TRANSFERRED INTO THE
DISPLAY REGISTER,

SET THE DISPLAY REGISTER TO THE DESIRED CONTENTS.

PRESSING INCREMENT OR DECREMENT M TRANSFERS THE DISPLAY REGISTER CONTENTS
INTO MEMORY AND STEPS INTO THE NEXT (HIGHER OR LOWER) LOCATION AND DISPLAYS
ITS CONTENTS.

TO DISPLAY ONLY, SKIP STEP 3,

1-27



MICROPROGRAMMED CONTROL

MEMORY : MEMORY %
CONTROL CONTROL
m STORE DECODE m
ARITHMETIC m (OPTIONAL m (OPTIONAL
CONTROL LOGIC m DMA) /L\}O?E;TI'SMETIC m DMA)
il — il
o)) J
INPUT/
OUTPUT INPUT/
CONVENTIONAL ‘I_IT
CONTROL /0 DEVICES g MICROPROGRAMMED : 1/0 DEVICES
J CONTROL

1-28



CYCLE TIMES

MEMORY

.980 MICROSECONDS

ROM

75 NANOSECONDS

INSTRUCTION
1,96 MICROSECONDS

MICROINSTRUCTION

196 NANOSECONDS

1-29




INSTRUCTION TYPES
MEMORY REFERENCE GROUP (MRG)
REGISTER REFERENCE
SHIFT-ROTATE GROUP  (SRG)
ALTER-SKIP GROUP  (ASG)
INPUT/0UTPUT GROUP (106)

EXTENDED ARITHMETIC GROUP  (EAG)

MACRO

FLOATING POINT
FAST FORTRAN PROCESSOR
USER WRITTEN

1-30



DATA

INTEGER

FLOATING POINT

ASCIT INFORMATION

ADDRESS WORDS

TYPES

3, -4, 32767, -32768
4, -3 X 10°, 1038, -19*38
NAME,, PAYNO, SEX

INSTRUCTION DATA

N/

ADDRESS—WORD

1-31



INSTRUCTION OR DATA?

THE PROGRAMMER MUST ENSURE THAT THE

P-REGISTER POINTS TO INSTRUCTIONS

) 2000
ONLY. o001
2002
2003
2004
2925
2006
20087

2018

o

INSTRUCTION

INSTRUCTION

DATA

DATA

DATA

INSTRUCTION
INSTRUCTION
INSTRUCTION
INSTRUCTION

%

1-32




SOFTWARE

PROGRAMS THAT USE THE HARDWARE TO
SOLVE PROBLEMS!

HF SUPPORTED <<=
——> HP USERS GROUP

1-33



TRANSLATORS

MACHINE ASSEMBLY COMPILER
LANGUAGE LANGUAGE LANGUAGE
0440004400400001 LDA A D=At8+C
0100004400400010 ADA B
0100004400400041 ADA C
0444004100400400 STA D
THE ASSEMBLER PERFORMS THE COMPILER PERFORMS

THIS TRANSLATION THIS TRANSLATION

1-34



OPERATING

SYSTEM

DEFINITION

A COLLECTION OF HARDWARE AND SOFTWARE DESIGNED TO SIMPLIFY THE
TRANSLATION AND EXECUTION OF USER PROGRAMS.,

J

ARD REJ
C READER DISC
M

COMPUTER G
CRT TAPE

PHOTO

READER

- INSTRUMENTATION LINE
HARDWARE

JOB PROCESSOR
RELOCATING LOADER
SCHEDULER

DRIVERS
INPUT/0UTPUT CONTROL
DISC MOMITOR
LIBRARIES
COMPILERS
ASSEMBLER

EDITOR

SYSTEM GENERATORS
kSIO DRIVERS

v

SOFTWARE

1-35



™
S

HP OPERATING SYSTEMS

BCS - BASIC CONTROL SYSTEM

A PAPER TAPE BASED SYSTEM FOR CDMPUTERS SYSTEMS WITH NO MASS
STORAGE DEVICES.

MTS - MAGNETIC TAPE SYSTEM

THE MTS USED IN CONJUNCTION WITH THE BCS VASTLY INCREASES COMPILATION
AND LOADING SPEED,

DOS - DISC OPERATING SYSTEM

A DISC BASED SYSTEM WHICH PROVIDES BATCH PROCESSING, DISC FILE STORAGE,
PLUS ALMOST TOTAL INDEPENDENCE FROM PAPER TAPE HANDLING.

RTE - REAL TIME EXECUTIVE

A REAL TIME SYSTEM ALLOWING MULTIPROGRAMMING (SHARING OF COMPUTER TIME
AMONG SEVERAL PROGRAMS) . |

-
l‘:

- 1-36



MNEMONIC CODES

THE MACHINE INSTRUCTION TO CLEAR THE "A" REGISTER IS

O 000 O10 100 000 00O

N\ /7

002400

THIS INSTRUCTION IS ASSIGNED THE 3 LETTER MNEMONIC CODE CLA.

SIMILARLY EACH COMPUTER INSTRUCTION
IS ASSIGNED A MNEMONIC CODE ——

OTHER EXAMPLES

MNEMONIC INSTRUCTION MEANING

CLB 006400 CLEAR"B"REGISTER
CMA 003000 COMPLEMENT "A" REGISTER

1-37



NO-OPERATION

000000

PeP +1

NOP

HLT

HALT

102000

FeP+1

COMPUTER HALTS

TR T ST TSR g

1-38



MEMORY REFERENCE GROUP

INSTRU

CTIONS

READING DATA FROM MEMORY
STORING DATA IN MEMORY
ARITHMETIC OPERATIONS
LOGIC OPERATIONS

PROGRAM CONTROL

le——— 6 BITS >le

10 BITS >

15|14 13 12/11 10| 9

8 76|54 312 10

Dyp| INSTRUCTION  [Z4

MEMORY ADDRESS

KN ) V2

J

F—
SELECTS 1 OF 14 INSTRUCTIONS
AND DETERMINES ADDRESSING MODE

-
SPECIFIES THE MEMORY WORD ADDRESS

o 1-39




MEMORY
LOCATION

02100
Pp1a1
gp122 -
20103
po104

U

pa200
ga201
ge2m

0CTAL
CODING

p60200
p4g201
070202

102077

g24100

pa02@1
000002
020009

LDA

MNEMONIC

LDA
ADA

STA
HLT

JMP

ocT
ocT
NOP

200B
201B

2008

778
1078

1
2

STA * JMP

LOAD A WITH CONTENTS OF 292B

ADD TO A CONTENTS OF 201B

STORE A INTO LOCATION 242B

HALT WITH 192@77 IM DISPLAY REGISTER
~JUMP TO LOCATION 10028

CONSTANT
CONSTANT
RESERVE SPACE

L L mgmerew oMeLTacves - o -

1-40



MEMORY REFERENCE GROUP
INSTRUCTIONS

READING DATA FROM MEMORY
STORING DATA IN MEMORY
ARITHMETIC OPERATIONS
LOGIC OPERATIONS

PROGRAM CONTROL

le——— 6 BITS >le— 10 BITS >
1514 13121110/9/18 7 6|5 4 3|12 1 O
Orp| INSTRUCTION  |Z4 MEMORY ADDRESS
\ ) v 2\ )
v~ 4 Y%
SELECTS 1 OF 14 INSTRUCTIONS SPECIFIES THE MEMORY WORD ADDRESS

AND DETERMINES ADDRESSING MODE

1-39



i
S

9

NOP & HLT

NO-OPERATION HALT
000000 102000
PeP+1 PeP +1
COMPUTER HALTS




BIT TEST PROBLEM
DO BITS 6-3 OF THE

A REGISTER EQUAL 1247

15014 1312 (1116 9|87 6|543]|210
gl 1 10l g 111922220911

1-41




AND a9 INSTRUCTION

“LOGICAL AND” THE CONTENTS OF MEMORY LOCATIOM 24 & THE A-REGISTER,

ISOLATES SPECIFIC BITS

AND  MASK
MASK  OCT  @@g17g g otk hilS= B |
by dae <2
A-REGISTER BEFORE “AND 47 “ EXECUTED g 11g 811 1 777 41
CONTENTS OF MASK BEFORE “AND.»m“ EXECUTED g 299 o gol 111 A99
A-REGISTER AFTER “AND.m “ EXECUTED 0 o009 pEs  gmr 777 el

CONTENTS OF »m UNCHANGED

RULE FOR "AND” 1914
1194

A

19849

1-42



THE COMPARE INSTRUCTION

COMPARES ALL 16 BITS &
SKIPS IF UNEQUAL

AND MASK
éf’"P CPA VALUE
"gP+1
75(»-—%2

MASK ocT 17¢

VALUE 0CT 129

15141312 (11169876 (543(210
|5 g ﬁl g adisgr|222|009
glg o o|lopglgpilgielons

A-REG
VALUE

1-43



ADDRESSABLE REGISTERS

ADDRESS @ <> A REGISTER

ADDRESS 1 ¢> B REGISTER

LDA 1 A<«—B
CPB 2 COMPARE B WITH A

1-44



SWITCH REGIST Rw%ij.. |
&WWW Q‘”‘f&”ﬁm Qg |z Stk hequilGo

a1 Mo ARES <—— SR Loadh wbo A

OTA 1 AREG ——> s-peg OUWHUL  fiow LE

LIA & OTA ARE 10G INSTRUCTIONS

1-45



189
101
102
1¢3
144

477
508

192581
#9477
f58550
102888
#2412

pop179
gap120

SWITCH REGISTER EXAMPLE

START

MASK
VALUE

LIA

AND

CPA

HLT

JMP

0CT
ocT

MASK
VALUE

START

178
128

A €S-REG
ISOLATE BITS
COMPARE

HALT

GO TO START

- 1-46



DAY 1 READING ASSIGNMENT

POCKET GUIDE TO THE 2180 COMPUTER

2100A REFERENCE
CHAPTER 5, OMIT 5,2, 5.4, 5,5
CHAPTER 3, BEGINNING TO 3.2 ONLY
CHAPTER 2, PARA. 2.2 ONLY

BCS
CHAPTER 1
CHAPTER 2, PARA, 2.1 ONLY

1-47



LAB 1.1 SUM OF NUMBERS
ENTER THE PROGRAM ON 1-4-¢}INTO THE COMPUTER VIA THE FRONT PANEL. EXECUTE

THE PROGRAM & VERIFY THAT THE ANSWER IS CORRECT, I.E. CONTENTS OF MEMORY LOCATION
2028 = 3,

CONTENTS OF A-REGISTER = 3.

NOTE: EVERYTHING IS TO BE DONE FROM THE FRONT PANEL. DO NOT USE THE

ASSEMBLER, BCS, OR EDITOR.

148



LAB 1.2 SWITCH REGISTER BIT TEST

WRITE A PROGRAM THAT WILL CHECK THE SWITCH REGISTER AND EXECUTE A,

HLT 1 WHEN SWITCH REGISTER BIT # IS ON & BIT 1 IS OFF
HLT 2 WHEN SWITCH REGISTER BIT 1 IS ON & BIT @ IS OFF
HLT 3 WHEN SWITCH REGISTER BITS @ & i ARE BOTH ONM,
ALL OTHER BITS ARE TO BE IGNORED.
IF BITS @ & 1 ARE BOTH OFF, THE CPU IS TO REMAIN RUNNING. |
AFTER HALTING, PRESSING RUN SHOULD RE-RUN THE PROGRAM,

USE THE ASSEMBLER, BCS, EDITOR AS NEEDED,

1-49



LAB 1.2 FLOWCHART

ENTER

&
'~
N

REAL SWITCH
REGISTER

|

IGNORE ALL BITS
EXCEFT 7 ¢ 1

HALT 1

HALT 2 |

HALT 3

1-50




LAB 1.3 SWITCH REGISTER SUNM

WRITE A PROGRAM THAT WILL ADD A VALUE IN THE SWITCH REGISTER TO A CONSTANT
OF 1000B.
IF THE RESULT < @, HLT 18,

= 9, HLT 28,
> 0, HLT 30.

WHEN THE CPU HALTS, THE SUM SHOULD BE IN THE B-REGISTER,

THE ORIGINAL SWITCH REGISTER CONTENTS & THE CONSTANT 147@B ARE
T0 BE UNALTERED,

THE PROGRAM CODE IS NOT TO BE AUTOMATICALLY RESTARTABLE.

HOW CAN YOU MANUALLY RESTART THE PROGRAM?

- sl



LAB 1.3 FLOWCHA

START

{

RT

* READ VALUE FROM
SWITCH REGISTER

~ADD  CONSTANT

RESULT
= f?

HLT 3B

TIHLT 288

HLT 18R |
Lo

-,

1-52



zeal
peee
pee3
ceea
€ees
zeee6
zee7
zeons
zoo9
eele
Z@gl1
pz1e
2013
eel4a
2e15
gole
ve17
LIRSS
ze19
po2e
zgel
gga2
ge23
%k X%

ceeee
geeoo
geeel
ceee2
eeees
eeceea
22225
egeee
ceeer
geel1e
geell
peele
62213
geel4a
zee1s
2¢e16
2ez17
zoz2e
cee21
goee2
0e@223

LAB

2002023
geeeel
geeeee
eeeee3
peezee
1ea2s5¢e1
Z212220@R
€522C1R
2262 16R
C52Q2R
P26C2CR
£52¢@3R
C26@22R
Z26@0OSR
leaeel
£26CZ@SR
1g2eg2
@2€CZE5R
162203
@26L35R

NO ERRORSx*

ASME, R, E,L

MASK
FIRST
SECNE
BEOTH
ENTER
NEXT

HLTI1

HLT2

HLT3

1.2

NAM
0CT
OCT
OCT

OCT
NOP

LIA
AND
CPA
JMP
(092721
JMP
CPA
JMP
JMP
HLT
JMP
HLT
JMP
HLT
JMP
END

SOLUTION
SWHLT LAB 1.2 SWITCH REGISTER BIT TEST
3
1
2
3
1 REALC SWITCH REGISTER
MASK IGNCEE ALL BITS EXCEPT 2 & |
FIRST Se =1 & S1 = €72
HLTI YES, STOP AT HLTI
SECND S¢g = ¢ & Sl = 17
HLTZ2 YES, STOP AT HLT2
BEOTH SZ = 1 AND S1 = 17
HLT3 YES, STOP AT HLTS3
NEXT NO, TRY AGAIN
1
NEXT
2
NEXT
3
NEXT
ENTER
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goel
peee
eee3
goe4a
gees
goee
gee7
gees
zoe9
gR1e
gell
gele
2e13
eg14
gels
gele
*k %k

peeee
geooe
peeel
goee2
peee3
geeea
Peees
eeceé
zeee7
oeelo
oeoll
geol2
eee13

peel4a

LAB

AR AR
1zese!
Cuerl12kR
gr40ce
Z12¢13R
p520213F
1ez2e1e
2562 14R
1g2eece
102230
eel1gee
QAL
ceoeeo

NO ERRORSx

ASME,L,R,E

START

CONST
NEG
ZERO

1.3

NAM
NOP
LIEB
ALE
STb
AND
CpraA
HLT
CPE
HLT
HLT
OCT
OCT
OCT
END

SOLUTTION

SWEUM

1
CONST
@

NEG
NEG
1¢E
ZERO
2¢b

32K
leege

lgoeee
@
START

LAE 1.3 SWITCH REGISTEERE SUM

READ SWITCH REGISTER
ACD CCNSTANT
SAVE SUM IN B, WORK IN A
ISOLATE SIGN BIT
RESULT < 87
YES, HALT 1@B
RESULT = @
YES, HALT 2¢E
NO, HALT 3¢E (RESULT > @)



MEMORY ADDRESSING

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| D/1 INSTR
L

ADDRESS

12000-13777
MEMORY |10003-11777‘

6208-7777

|ua00-5777 | ;
| 20005777 | L

g- 1777 | 1

g -

76000-77777

31

Z/C

J

v

7 - 17773 (182419

THE
"pLGE ™"
CONCEPT




BASE (OR ZER0) PAGE

15 14 13 12 11 19 9 8 7 6 54 3 2 10

! D/1 | INSTRUCTION  |z/C
g

ADDRESS

@ | s
WHEN //////

BIT 10 = 0 ////
I

,<::> ///////
BITS 9 - @ //

SPECIFY THE
TOTAL ADDRESS
OF THE DATA

N

1

2
(DATA)

N

A

< INSTRUCTION

ON
‘%”f//;ﬁv PAGE



CURRENT PAGE

15 14 13 12 11 10 3 8 7 6 5 4 3 2 1 0

(:::) HHEN

.é i

/1! INSTR Z/c! ADDRESS

; | i
me=l/4//Z jﬂ

15 14 13 12 11 18

] PAGE ADDRESS

.

//
P-REGISTER BITS 14-10

+ INSTRUCTION BITS ¢©-

<:§:>SPECIFY THE

TOTAL ADDRESS

/

9

3.

2
INSTRUCTION DATA

1

' s
u,\} v, / ! ,-’/'A;
[ ,f[ L4 .

. ST
QL@L o

&

BT } i
"' {t 4 i’/”/’ o S

R

INSTRUCTION
AND
DATA
ARE

OoN
THE
SAME
PAGE



INDIRECT ADDRESSIMG USING THE BASE PAGE

WHAT IF INSTRUCTION | 3

? ON PAGE 1 6513 DATA
DATA , .
ON PAGE 3 ’
1
SECOND ADDRESS REQUIRED! INSTRUCTION
15 14 13 12 11 19 9 87 6 54 32148
D/ | INSTRUCTION |Z/C | ADDRESS 3 B
A . POP6513 [
| ) \ 7
INDIRECT ~ BASE PAGE FIRST ADLRESS 4
(BIT 15 = 1 (BIT 10 = 1) SECOND ADDRESS
1608300 L DA 3088, 1
('é:;a\ X/ . \
C) _



INDIRECT ADDRESSIMNG USING THE CURRENT PAGE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ¢@
D/1| INSTRUCTION |Z/C ADDRESS
T 7 "
INDIRECT CURRENT PAGE FIRST ADDRESS
(BIT15=1 (BIT 10 =V
16225790 LDA PNTR, 1

6513

PNTR = 2250

SECOND ADDRESS



ADDRESS MODIFICATION PROBLEM
PROBLEM:
WRITE THE INSTRUCTIONS
TO PUT @'S IN “ALL"
OF MEMORY

SOLUTION, USING INDIRECT ADDRESSING:

SETA=5B=10
MEM.  MACHINE
ADDR: INSTR:
80002 174008 STB 0,1 STORE B THRU A
90003 002064 ~ INA A=A+t
20004 024082 JMP -2 REPEAT

C 96



THE JUMP SUBROUTINE INSTRUCTION (JS8B)

THE JUMP SUBROUTINE INSTRUCTION (JSB) PROVIDES A METHOD TO
EXECUTE A "SUBROUTINE" AND RETURN TO THE PROPER POINT IN THE
"MAIN PROGRAM". TO PERFORM THIS FUNCTION 3 DISTINCT OPERATIONS
ARE REQUIRED., :

() - PRESERVE THE RETURN ADDRESS. (P+1)

® - TRANSFER CONTROL TO THE SUBROUTINE.
® - RETURN TO THE "MAIN PROGRAM'

EXAMPLE:
MAIN PROGRAM SUBROUTINE
LOCATION LABEL OP CODE OPERAND LOCATION LABEL OP CODE OPERAND
102
100 LDA I 200 CMP NoF |
101 [ JSB cMP | 201 CMA
102 ] ADA J 202 INA
103 HLT 203 JMP  CMP,I
104 I oCT 1
105 J oCT 7

RETURN ADDRESS STORED IN

200B EXECUTION BEGINS WITH 20IB.
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A JSB EXAMPLE

A SUBROUTINE TO CLEAR THE "A" AND "B" REGISTERS IS
SHOWN AS AN EXAMPLE. THE SUBROUTINE IS "ENTERED"

FROM 3 DIFFERENT POINTS IN THE "MAIN PROGRAM,' -

MAIN PROGRAM | SUBROUTINE

LOCATION LABEL OP CODE OPERAND LOCATION LABEL OP CODE OPERAND

_ ’ 3000 CLEAR NOP

2001 JSB  CLEAR 3001 CLA

2002 INA 3002 CLB

. . 3003 JMP  CLEAR, I

2077 JSB  CLEAR

2100 ADA J

2404 ADA K

2500 JSB  CLEAR

2501 HLT




PSEUDO INSTRUCTIONS ENT & EXT

ENTry POINT AND EXTernal PSEUDO INSTRUCTIONS PROVIDE OBJECT
PROGRAM LINKAGE CAPABILITY.

FOR EXAMPLE :

THE “MAIN” PROGRAM IS EXECUTED WITH CONTROL PASSING TO THE
SUBROUTINE VIA THE EXT AND ENT POINTS.

"MAIN" PROGRAM "SUBROUTINE" PROGRAM

ASMB, R, B, L ASMB, R, B, L
NAM TEST NAM GOOD
iR T ENT HERE
EXT HERE NOP
START NOP CLA

JSB HERE JMP HERE,I
END

END START

A PROGRAM MAY HAVE MULTIPLE ENTry POINTS AND EXTernals.




THE B S PSEUDO INSTRUCTION
.

BLOCK STARTING SYMBOL

THIS PSEUDO WILL CAUSE THE ASSEMBLER TO
ALLOCATE A BLOCK OF MEMORY LOCATIONS TO

A PROGRAM. THE CONTENTS OF THE MEMORY
BLOCK CAN NOT BE DETERMINED WHEN THE OBJECT
PROGRAM IS LOADED FOR EXECUTION AND MUST BE
TAKEN INTO CONSIDERATION BY THE PROGRAMMER.

FOR EXAMPLE

LOCATION CONTENTS LABEL OPCODE OPERAND REMARKS

00500 ORG 5008
20500 000000 BUFFR BSS 200 RESERVE 200 (DECIMAL)
21010 002400 CLA MEMORY LOCATIONS

01011 006400 cLB

500 +3105=1010g ZERO NOT STORED
310522004 IN THIS LOCATION

2-10



XY TS TS TR N TR I W DO

THE DEF PSTEUDO 1 ISTRUCTION

THE DEF PSEUDO DEFINES THE MEMORY ADDRESS OF
A PROPERLY DEFINED SYMBOL. THE ASSEMBLER GENERATES
A 15 BIT MEMORY ADDRESS IN THE OBJECT PROGRAM

WHEREVER THE DEF APPEARS.

FOR ENAMFLE:

geol
Zee2
AR
2204
AURE S
Cee6
Bee7
oees
PO %
2210
o es11l
gelax
gz13

ASME,R,B,L

2002@ NAM SRCH
¢oeeZ ¢Cgede® TABLE BSS leg
PCl4a4 200BQPER ADRES DEF TAELE CEF ADDRESS OF TABLE
20145 @e@ee@ START NOP
20146 BE6144R LDB ADRES GET ADDRESS OF TABLE
e¢o147 1éegepl NEXT  Lpa 1,1 LOAD '"A' THRU "B"

. o o . (GET TAELE VALUE)
2215¢ zeew@a INB UPCATE TABLE POINTER

22151 ©2€146R JMP NEXT

END START

** NO ERRORSx*
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L

TECHNIQUES FOR TRANSFER OF PARAMETER DATA TO SUBROUTINES

LABEL

ONE PARAMETER

CALLING

SEQUENCE

TWO PARAMETER

CALLING

SEQUENCE

THREE OR MORE

PARAMETER

CALLING

SEQUENCE

OP CODE

LDA

JSB
(RETURN)

LDA
LDB

JSB
(RETURN)

JSB
OCT
DEF
DEF
(RETURN)

OPERAND

NUMBR
IABS

ADDRS
COUNT
READ

CONVT

BUFFR
CNTR

REMARKS

CONVERT (NUMBR)
TO ITS ABSOLUTE VALUE

BUFFER ADDRESS IN "A" REGISTER
COUNT IN "B" REGISTER

TRANSFER TO READ ROUTINE

TRANSFER TO CONVERT ROUTINE
CODE WORD

BUFFER ADDRESS

COUNTER




FORTRAN COMPATIBLE
ASSEMBLER SUBROUTINES

PART 1 - THE FORTRAN CALL

FORTRAN MAIN PROGRAMS MAY COMMUNICATE WITH ASSEMBLY

LANGUAGE SUBROUTINES. THIS FEATURE IS POSSIBLE ONLY IF
THE SUBROUTINE IS COMPATIBLE WITH THE STANDARD FORTRAN
CALLING SEQUENCE.
FOR EXAMPLE!

FORTRAN GENERATED ASSEMBLY LANGUAGE CODING

REMARKS

CALL SAM(J,K,L)

THE ACTUAL TRANSFER OF DATA
BILITY OF THE SUBROUTINE

ITEMS IS THE RESPONSI-
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FORTRAN COMPATIBLE
ASSEMBLER SUBROUTINES

PART 2 - THE ASSEMBLY LANGUAGE SUBROUTINE

A FORTRAN LIBRARY ROUTINE CALLED .ENTR MAY BE

USED TO TRANSFER THE ADDRESSES OF THE PARAMETERS
FROM THE MAIN PROGRAM TO THE SUBROUTINE.
FOR EXAMPLE.

LABEL OPCODE OPERAND REMARKS

N AM
ENT SAM
. ENTR

m
e
w—

OcZDD®
munomwwm
MW onv

FIRST PARAMETER

conpr
z—4od
o>

SAM,I RETURN TO MAIN PROGRAM

o

: SuU ARAMETER GR

J
K
L




FLOATING POINT NUMBERS

FLOATING POINT NUMBERS USE TWO MEMORY LOCATIONS IN THE
FOLLOWING FORM.

15 14 0
S M.S.B. OF FRACTION WORD 1
15 8 7 1.0
L.S.B. OF FRACTION EXPONEXT |S|WORD 2

FLOATING POINT NUMBERS HAVE A RANGE IN MAGNITUDE OF
APPROXIMATELY -1038 TO 1038

FOR EXAMPLE. THE GREATEST POSITIVE FLOATING POINT NUMBER WOULD BE;

o1M111141111111111

1111414111111 111}0

THE FRACTIONAL VALUE (MANTISSA) OF THE FLOATING POINT NUMBER IS
ALWAYS IN THE RANGE O<n<1. IN THE EXAMPLE ABOVE THE VALUE OF

THE MANTISSA IS APPROXIMATELY 1. THE EXPONENT VALUE IS 27-1(1270),
THE VALUE OF THE NUMBER IS 1x 2'87. BY RAISING 2 TO THE 127th POWER
(USING A LOG TABLE) IT BECOMES APPROXIMATELY 1.7x1038
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2231
oRo2
2033
G204

2025
22066

20087
2238

3009
* %

FLOATING POINT NUMBERS EXAMPLES

06o00D
20000
PR2o 1
pe2o2
PoBGB3
20724
PB2BS
02006
o237
22210
22011

LA
Q47209
QoBro2
403800
Po2022
2540230
0BB236
177773
130209
0223036

NO ERRORS*

ASME, R, L
NAM
Dl DEC
Fl DEC
Fo5 DEC
F5.5 DEC
DM5 DEC
FPM5 DEC
END

FLTPT

-5
-5,

~

INTEGER ' |
FLOATING POINT

FLOATING POINT

FLOATING POINT

INTEGER -5
FLOATING POINT

o 2-16



INSTRUCTION

EAG & FLOATING POINT INSTRUCTIONS

FUNCTION

MPY
DIV
FAD
FSB
FMP
FDV
DLD
DST

FIXED POINT MULTIPLICATION

FIXED POINT DIVISION

FLOATING POINT ADDITION

FLOATING POINT SUBTRACTION

FLOATING POINT MULTIPLICATION

FLOATING POINT DIVISION

DOUBLE LOAD

DOUBLE STORE

OPERATION.

(A) X(m)—> (BX MsB and ALsB)

(BxmsB and ALsB)/(m)— A,
remainder — B

(AB)+(m, m+1) — AB

(AB)-(m, m+1) — AB

(m, m+1) X (AB) — AB

(AB)/ (m, m+1) — AB

(m) and (m+41) — A and B

(A) and (B)— m and m+1

LEGEND:

A=Reg. A m=Operand

B= Reg. B MSB/LSB = Most/Least
Significant Bits

+=Sign
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TO PERFORM THE FOLLOWING OPERATIONS:

(FLOATING POINT QUANTITIES)

SIN
TAN

<< << << < =< =<
[T L L | I {1 I 1 O | I 1|

NOTES

ABS (X)
ATAN (X)
ALOG (X)
COS (X)
EXP (X)

SQRT (X)
TANH (X)

MATH LIBRARY FUNCTIONS

ABSOLUTE VALUE

ARCTANGENT
NATURAL LOG

COSINE
Y = eX
SINE

SQUARE ROOT

TANGENT

HYPERBOLIC TANGENT

EXT
LDA
LDB
JSB
STA
STB

e LIBRARY FUNCTIONS MUST BE DEFINED AS EXTERNAL (EXT) SYMBOLS.

e THEY MAY ONLY BE REFERENCED BY RELOCATABLE PROGRAMS.

THE FOLLOWING INSTRUCTIONS
CAN BE USED:

(NAME)
X
X +1
(NAME)
Y

Y +1

EXAMPLE: FIND THE SQUARE ROOT OF QUANTITY "X" AND STORE TO LOCATION “v"

METHOD 1

EXT SQRT
LDA X
LDB X +1
JSB SQRT
STA Y
STB Y+1

METHOD 2

EXT SQRT
DLD X
JSB SQRT
DST Y

/é: 2 \v\é\v
,
\_ ./

7
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ASCII CHARACTER CODES

ASCHI First Character Second Character ASCII First Character Second Character
Character Octal Equivalent Octal Equivalent Character Octal Equivalent Octal Equivalent
A 040400 000101 035000 000072
B 041000 000102 H 035400 000073
Cc 041400 000103 < 036000 000074
D 042000 000104 = 036400 000075
E 042400 000105 > 037000 000076
F 043000 000106 ? 037400 000077
G 043400 000107 @ 040000 000100
H 044000 000110 [ 055400 000133
| ~ 044400 000111 AN 056000 000134
J 045000 000112 ] 056400 000135
K 045400 000113 f 057000 000136
L 046000 000114 - 057400 000137
M 046400 000115 ACK 036000 000174
N 047000 000116 (©) 036400 000175
(¢] 047400 000117 ESC 037000 000176
P 050000 000120 DEL 037400 000177
Q 050400 000121 NULL 000000 000000
R 051000 000122 SUM 000400 000001
S 051400 000123 EOA 001000 000002
T 052000 000124 EOM 001400 000003
U 052400 000125 EOT 002000 000004
\% 053000 000126 WRU 002400 000005 -
W 053400 000127 RU 003000 000006
X 054000 000130 BELL 003400 000007
Y 054400 000131 FEq 004000 000010
Zz 055000 000132 HT/SK 004400 000011
LF 005000 000012
"o 030000 000060 VTaAB 005400 000013
1 030400 000061 FF 006000 000014
2 031000 000062 CR 006400 000015
3 031400 000063 SO 007000 000016
4 032000 000064 Si 007400 000017
5 032400 000065 DCy 010000 000020
6 033000 000066 DC, 010400 000021
7 033400 000067 DC,y 011000 000022
8 034000 000070 DC3 011400 000023
9 034400 000071 DCy . 012000 000024
ERR 012400 000025
space 020000 000040 SYNC 013000 000026
! 020400 000041 LEM 013400 000027
“ 021000 000042 So 014000 000030
# 021400 000043 $4 014400 000031
$ 022000 000044 S, 015000 000032
% 022400 000045 S3 015400 000033
& 023000 000046 Sy 016000 000034
! 023400 000047 85 016400 000035
( 024000 000050 Sg 017000 000036
) 024400 000051 Sy 017400 000037
* 025000 000052
+ 025400 000053
’ 026000 000054 First Character Second Character
- 026400 000055 A A
. 027000 000056 /a Y I
/ 027400 000057 | ] S |
[15[14]13]12]11]10] o[8| 7]6]5]4a [3] 2]1]|0]
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CLEAR - COVIPLEMENT - INCREMVMENT

(CLA/CLB)

(CMA/CMB)

(INA/INB)

CLEAR THE INDICATED REGISTER.
ALL 16 BITS ARE SET TO 0.

COMPLEMENT THE CONTENTS OF THE INDICATED REGIS-
TER. ALL ¢'S BECOME 1'S ALL 1'S BECOME @'S. THIS
ISA 1'S COMPLEMENT.

INCREMENT THE CONTENTS OF THE INDICATED REGIS-
TER BY 1. OVERFLOW OR EXTEND MAY BE SET BY THIS
OPERATION. '

~~

- 2-22




o] []=[e] e

CLEAR THE CONTENTS OF E, E IS RESET TO @, THE
CONTENTS OF THE OTHER REGISTERS ARE NOT ALTERED BY

ANY ‘E’ REGISTER INSTRUCTIONS.

] [ =[] wen

COMPLEMENT E,9 BECOMES 1,1 BECOMES O

] [5] s

' _’7/4 tely - Lol ,
E E OR D BEFORE . }) g e 4
[ CCE ] ’ y .

CLEAR AND THEN COMPLEMENT E

Ezl E' AFTER

‘E’ REGISTER INSTRUCTIONS
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THE ABILITY TO MAKE LIMITED DECISIONS BASED ON PRE-DEFINED
CONDITIONS IS VERY IMPORTANT IN COMPUTER PROGRAMS.

FOR EXAMPLE

IN ORDER TO IMPLEMENT THE DECISION
NO SYMBOL ONE OR MORE MACHINE INSTRUC-
TIONS ARE REQUIRED.

IS
REGISTER
A=0

YES

v THE INSTRUCTION CODE TO IMPLEMENT |
THIS DECISION WOULD BE:

SZA (SKIP IF REG."A" IS ZERO)
LABEL OPCODE OPERAND REMARKS

. NOTE: ALL HP COMPUTER "SKIP-TYPE
SZA ISREG A=0?  \sTRuCTIONS
JMP N ZERO NO AN WORK IN THIS
JMP ZERO YES )
DECISION MAKING INSTRUCTIONS

e / / =,
/A ! \ { /
{ \ /
\ , /  /
N ) -7 B




SKIP INSTRUCTIONS

(SZA/SZB)

(SSA/SSB)

(SLA/SLB)

SKIP THE NEXT SEQUENTIAL INSTRUCTION IF ALL 16
BITS OF THE INDICATED REGISTER ARE ZERO'S (@'S).
ANY OTHER CONDITION CAUSES THE NEXT SEQUENTIAL
INSTRUCTION TO BE EXECUTED.

SKIP THE NEXT SEQUENTIAL INSTRUCTION IF BIT 15
(SIGN BIT) IS EQUAL TO ZERO.

SKIP THE NEXT SEQUENTIAL INSTRUCTION IF BIT @ IS
EQUAL TO ZERO.

SKIP THE NEXT SEQUENTIAL INSTRUCTION IF THE “E"”
REGISTER IS 0.
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SKIP EXAMPLE

PROBLEM.:
READ A 16 BIT VALUE FROM THE CONSOLE

SWITCH REGISTER. IF THE VALUE IS POSI-
TIVE TAKE THE 2's COMPLEMENT. IF THE
VALUE IS NEGATIVE, CONTINUE THE PROGRAM.

SOLUTION.

Label Operation Operand Remarks ‘
5 10 15 20 25 30

1 S T|C|H| [RIE|G]I|S|T|EIR
L P{O{S|I|T|I|V|E|?

- p N ‘ 7 //ﬁ?' \“
\ /: N 2"26




RSS INSTRUCTION

{éé#] REVERSE THE SKIP ‘SENSE’ FOR ALL SKIP
. INSTRUCTIONS, AN RSS USED WITH A SKIP
INSTRUCTION COMPLEMENTS THE SKIP CONDITION.

EXAMPLES: RSS = UNCONDITIONAL SKIP
SEZ, RSS = SKIP IF E # @
SZA, RSS = SKIP IF A # 0
SLB, RSS = SKIP IF LSB OF B # @
SSA, RSS = SKIP IF MSB OF A # #
SEZ, SSA, RSS = SKIP MSB OF A # # OR

E+g
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DRIVER OR DEVICE BUSY
ILLEGAL CALL OR DMA
CHANNEL NOT AVAILABLE....
IOC WILL RETURN HERE

INPUT OUTPUT REQUESTS
EXT
JSB -
OCT
JMP  (REJECT ADDRESS)
DEF  (BUFFER ADDRESS)
DEC (BUFFER LENGTH OR COUNT)

IF THE REQUEST IS ACCEPTED
IOC WILL RETURN TO THE
LOCATION FOLLOWING THE
COUNT PARAMETER

( <KFUNCTION> <SUBFUNCTION><UNIT REF.>)

PROGRAM CONTINUATION

R
¥



1I0C CALL (PARAMETER 1)

LABEL OPCODE OPERAND

EXT .I0C.
JSB .I0Cs
ocT D100 05
JMP *-2

DEF BUFFR
DEC -10

15 2 11 9 8 7 6 5 0
0
FUNCTION ,//, /QZ P|lVv|m| UNIT REFERENCE

CODE (OCTAL)

/”

READ O1
WRITE 02

P=1 PRINT TTY

INPUT
(KEYBOARD READER)

V=1 VARIABLE
BINARY INPUT

N
UNIT REFERENCE VALUES

STANDARD UNIT NUMBERS 1-6
OR
EQUIPMENT TABLE NUMBERS 7-n

m =1 BINARY
=0 ASCII
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A
{ 3
\J/

LOGICAL UNIT

STANDARD BCS LOGICAL UNIT ASSIGNMENTS

FUNCTION

1

KEYBOARD
TELEPRINTER
LIBRARY
PUNCH

DATA INPUT

LIST

TYPICAL DEVICE

TTY

TTY
PHOTOREADER

PUNCH
PHOTOREADER

LINE PRINTER




COMMAND REJECT

AN 170 REQUEST THAT IS REJECTED

LABEL OPCODE OPERAND

JSB

WILL CAUSE IOC TO RETURN CONTROL HERE ©°¢T
THE CAUSE OF THE REJECT WILL BE OEF
RETURNED IN THE B REGISTER. DEC

A—-REGISTER
15 14 8 7 0
A EQUIPMENT TYPE STATUS
B — REGISTER
15 14 10

777777 7777777777777

d=1 DEVICE OR DRIVER BUSY
c=1 DMA CHANNEL NOT AVAILABLE
d=c=0 ILLEGAL FUNCTION OR SUBFUNCTION

.IO0C.

XXXXX
x-—-2
ADDR
COUNT
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EXAMPLE CALL TO IO0C

LABEL OP CODE OPERAND
ASMB,R,B,L
NAM SHOW
EXT .I0C.
ENT GO
GO NOP
[ ]
JSB .10C.
oCT 10005
JMP % -2
DEF TABLE
DEC -20
[
¢
TABLE BSS 10
i J
END

REMARKS

GO TO INPUT/OUTPUT CONTROL
READ ASCII, STD INPUT

ADDRESS OF BUFFER
NUMBER OF CHARACTERS

RESERVE 10 WORDS

USING THE DEF PSEUDO.

1 - THE ADDRESS OF THE FIRST WORD OF THE BUFFER IS DEFINED

2 - THE NUMBER OF WORDS/CHARACTERS TO BE TRANSFERRED

IS DEFINED BY:
WORDS = A POSITIVE VALUE
CHARACTERS = A NEGATIVE VALUE
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®~NOADT G~

(TELETYPE) 8 LEVEL TAPE

123456 ABCDEF

Frrl )
T O I O A
®~NOab] wn -

RUBOUT CR LF

1) LEVELS 1 - 7 CONSTITUTE THE ASCII CODE

2) THE DRIVERS WITHIN BCS REMOVE THE 8th LEVEL ON INPUT
AND PUNCH THE 8th LEVEL ON OUTPUT WHEN READING/WRITING

3) CARRIAGE RETURN, LINE FEED IS THE ASCIl END OF RECORD MARK

4) A ‘RUB OUT’ CHARACTER FOLLOWED BY C.R., L.F. WILL CAUSE
THE DRIVER TO IGNORE THE PRECEDING RECORD
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ALLOWABLE COMBINATIONS
OF READ/WRITE FUNCTIONS

—— s

15 12 8 6 5 0

7 /////// S8 _—— V7777777777
o /e tisrmmiy
READ ASCII RECORD O 1 0 0
READ ASCII RECORD o 1 O 4
AND PRINT
READ BINARY RECORD o 1 O 1
READ VARIABLE LENGTH 0O 1 o) 3
BINARY RECORD
WRITE ASCII RECORD O 2 0 o)
WRITE BINARY RECORD O 2 0 1




STATUS REQUEST (DEVICE)

15 . 12 5 0

FUNCTION 04 UNIT-REFERENCE

(CALLING SEQUENCE)

JSB .I0C.
OCT <FUNCTION> <UNIT —REF>
I0C WILL RETURN TO THE MAIN PROGRAM

WITH WORD 2 OF THE EQT IN THE
A REGISTER, AND WORD 3 OF THE EQT
IN THE ‘B’ REGISTER. o

15 1413 87 0
A= a EQUIP TYPE STATUS

pd / /
ZG—READY /AN HP ASSIGNED # SUCH AS ZPHYSICAL STATUS OF THE

1-READY WITH @@ FOR TTY, @1 PHOTO- 1/0 DEVICE.

ERROR READER ETC.

2-BUSY

15 i 14 0
B=| m | TRANSMISSION LOG

AN
LO=ASCII ¥#‘ OF WORDS/CHARACTERS TRANSMITTED.
1=BINARY
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STATUS REQUEST (SYSTEM)

15 12 ' 5 0

FUNCTION UNIT REFERENCE
2 1 g9 9 g 2

CALLING SEQUENCE

JsB .I0C.
OCT 40000
(RETURN)

I0C WILL RETURN TO THE MAIN PROGRAM WITH REGISTER ‘*A’’:

POSITIVE - No system devices are busy
NEGATIVE - A system device is busy

( N 4/ / .
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CLEAR REQUESTS

15 12 5 0)

FUNCTION 1 UNIT REFERENCE |
g—p|

(CALLING SEQUENCE)

JSB .10C.
OCT  (FUNCTION) (UNIT-REF)

THE ONLY OTHER PARAMETER REQUIRED IS THE UNIT-REFERENCE
NUMBER.

THE CLEAR REQUEST TERMINATES A PREVIOUSLY ISSUED INPUT OR
OUTPUT OPERATION BEFORE ALL DATA IS TRANSMITTED.

A SYSTEM CLEAR REQUEST (OCT @) CAUSES IOC TO CLEAR ALL DEVICES
AND DRIVERS DEFINED BY THE EQUIPMENT TABLE. THIS MAKES ALL
DEVICES AVAILABLE FOR INITIATING AN OPERATION, AND IS USUALLY
ISSUED AT THE BEGINNING OF A PROGRAM.
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MESSAGE OUTPUT EXAMPLE

LABEL OP CODE OPERAND REMARKS
L ]
ENT START
EXT
NOP

SYSTEM CLEAR

WRITE ON UNIT #2
WRITE ASCII
REJECT, RETRY

THIS MESSAGE

CHARACTER LENGTH

STATUS CHECK UNIT #2

WAIT UNTIL
FINISHED

READ FROM UNIT #1
READ ASCI! & PRINT
REJECT, RETRY

STORE DATA IN BUFFER

CHARACTER LENGTH

19, PLEASE ENTER DATE & TIME 3/27/65/0624




PROGRAMS TO BE RUN UNDER EXPANDED BCS PROCEDURE

22081 ASMBsRs3,L

g2g2 ggeee NAM MAIN
2283 ENT BEGIN
2224 - EXT SUB
2005 22220 €232¢2 BEGIN NOP

2226 @2281 122541 LIAa 1

287 088282 216231X JSB SUB
2908 26oZ3 1862077 HLT 778
2229 20224 226801R JMP BEGIN+1
2212 END BEGIN

*% NO ERRORSx*

2221 ASMB,R,8,L

pge2 Qecdo NAM S3RTH
2283 ENT 5UB
2324 EXT FLOAT
DEEs 22088 223233 SUB NOQP

@226 2231 216Z21X JS8 FLOAT
2027 Q2232 1263727 JMP 5U2.1
pec3 END

*%x NO ERZRORS*
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SAMPLE EXPANDED BCS PROCEDURE CONSOLE LISTING
ABSCLUTE TAPE PUNCHED

EXECUTION

MAIN
2020 02004
*LOAD
SBRTN
22005 820937
*LOAD
FLOAT
p20108 22014
« PACK
g2915 82111
2210292 02107

*LST

«10C. 16826
«SQT. 16883
«MEM. 15775
«.BUFR 16177
HALT 157790
BEGIN £23892
538)z! 22035
FLOAT 8208180
«PACK €2015

*LINKS
@1775 81777

*RUN

MAIN

02922 22024
*L0OAD

S3RTN
22335 ©¢28317
*LOAD‘

FLOAT
22010 22014

« PACK

82815 @g2111

o122 00107

«10C. 16826
«SGT. 16023
+MEM. 15775
«BUFR 16177
HALT 15772
BEGIN £22¢2
suas 22285
FLOAT 020182
«PACK 220815

*LINKS
1775 @1777

*END

2-40
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DAY 2 READING ASSIGNMENT

POCKET GUIDE to ThHe 2188 COMPUTER

ASSEMBLER

CHAPTER 2, PAGES 2-11 THRuU 2-14 oONLY
CHAPTER 4, paces 4-17, U4-22 THRU 4-25 ONLY
CHAPTER 5, PAGEs 5-1, 5-2 onLY

BCS
CHAPTER 2, PARA, 2.2 THRU 2.5 onLY

FORTRAN

CHAPTER 7, PARA. 7.3, PAGE 7-4 AND FIRST
PARAGRAPH ON 7-5 ONLY

2-41



S 4

LAB 2.1 WRITE NAME ON TTY

WRITE A PROGRAM THAT USES A CALL TO ,IOC. TO WRITE YOUR NAME

ON THE TTY.

2-42




LAB 2.1 FLOWCHART

et e

N

START  J

USE .I10C., TO WRITE

YOUR MAME ON THE
TTY

e -

WRITE
STILL N
ROGRES

v
N

2-43



LAB 2.1 CONSOLE RUN SHEET

L21JH
22022 8208292
*LOAD
*LST

*RUN
DAVE PACKARD

2-4y



LAE 2,2 SUBROUTIHE COMMUNICATIONS

PUNCH SOURCE TAPES FOR THE MAI{ PROGRAM & SULROUTIWE Od SLIDE 2-37
AFTER SUCCESSFULLY EAECUTING THE PROGRAMS, USE sCS TO PUWCH

AN ABSOLUTE TAPE, RERU{ THE PROGRAMS USING THE ABSOLUTE

TAPE,

REFER TO SLIDE 2-90 FOR THE CONSOLE RUN SHEETS.
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LAB 2.3 FIND ERRORS ON TAPE

A paper tape is to be searched for error messages. Control characters within each
record are examined to determine error records.

The specific problem requirements are outlined in the flowchart, however, the
following information is also provided.

a. Read a data message consisting of twenty characters.

b. If characters 15 & 16 are equal to ** print ERROR MESSAGE on the
teleprinter.

c. |f characters 1 & 2 are equal to @@ the end of the message tape has been
reached — halt the computer.

d. If neither b or c are met, read the next record.
e. Use Unit #5 for input and Unit #2 for output.

f. A system status check should be made to insure that all output operations
are complete before the computer is brought to a halt.

RESULTS
ERROR MESSAGE should be printed 10 times.




LAB 2.3 FLONCHART

ST&FT "“\\

SYSTEM
(CLEAR

e rammp e —— - . i st

e

o

N

| R EAD ASCII
i RECORD

L
X

= SL_YES | PRINT ERROR
- | PESSAGE

!

YES |
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LAB 2,3 CONSOLE RUN SHEET

L23JH

P22802 22862

*LOAD

*LST

*RUN

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE

¢ 2-48




LAB 2.4- LIMIT CHECK SUBROUTINE

WRITE A FORTRAN CALLABLE SUBROUTINE WHICH WILL COMPARE A TEST VALUE
AGAINST UPPER & LOWER LIMITS AND SET THE A-REGISTER TO
+1 IF THE TEST VALUE IS > UPPER LIMIT,
@ IF THE TEST VALUE IS WITHIN LINITS,
-1 IF THE TEST VALUE IS < LOWER LIMITS.

THE ENTRY PCINT FOR THE SUBROUTINE MUST BE ILIMT,

THE UPPER LIMIT, LOWER LIMIT, & TEST VALUE ARE FLOATING POINT NUMBERS,

THE FORTRAN MAIN PROGRAM RELOCATABLE TAPE WILL BE SUPPLIED BY THE
INSTRUCTOR,
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LAD 2.4 FLOWCHART
P
BTRY ) ILIMT

VAR
TRANSFER i
PARAMETER |
_ADDRESSES |

e M
GET

TEST

| VALUE
SUBTRACT
UPPER

LIAIT

V

/\\ e e e ‘
RESULT ™S YES | ST -
POSITIVE ~ A=+l |

N |

—

GET
LOWER
LIMIT
|

%
SUBTRACT
TEST

VALUE

REsui?\\\ YES_€J SET

POSITIVE:>>'
2 SRR

N0 | | |
| ,S\El 1—— > RETURY |
L ]
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LAB 2.4 FORTRAN MAIN PROGRAM

FTN,B,L

C

C ASSEMBLER LAR 2.4

C
PROGRAM LMTST

5 WRITE (2,102

126 FORMAT (" ENTE
READ (1,%) X,Y
IF (X=Y) 6,7,7

6 WRITE (2,152

152 FORMAT (' LIMI
GO TO 5

7 IF CILIMT(X,Y,

12 WRITE (2,282)

282 FORMAT (/' <=
GO TO 5

28 WRITE (2,3€2)

3¢ FORMAT (/" WIT
GO TO S5

3¢ WRITE (2,477)

422 FORMAT (/' =>

GO TO S
END
ENDS$

FTN MAIN

R VALUES FOR UPPER,

»2Z

T ERROR'™

Z) 10,26,3¢

LOWER LIMIT"/)

HIN LIMITS™/)

UPPER LIMIT'"/)

LOWER,

AND TEST"/)
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LAB 24 CONSOLE RUN SHEET (1 oF 2)

LMTST
22000 22250
*LOAD

L24JH
22251 023072
*LOAD

*LST

«10C. 16826
+SQT. 160283
«MEM. 15775
«BUFR 16177
HALT 15772
LMTST 022022
CLRIO 5345
+DI0. @4275
«DTA. B44ap7
«I0OR. 24125
«DST 25234
«DLD 25231
«FSB 24727
ILIMT 22254
«STOP @531¢
«ENTR @5163
«BI0O. 24354
«1ARe 24231
«I101. 24155
«RARe 04205
OLDIO 22587
«FLUN 25325
«PACK 25266
ENDIO @5336
FLOAT @5061
IFIX 25256
«FAD 24724
«DIV 25226
«MPY 95223

*LINKS
21714 a817117

*RUN
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LAB 2.4 CONSOLE RUN SHEET (2 oF 2)
ENTER VALUES FOR UPPER, LOWER, AND TEST
12,15, 5
LIMIT ERROR
ENTER VALUES FOR UPPER, LOWER, AND TEST
15,10,5
<= LOWER LIMIT
ENTER VALUES FOR UPPEZ, LOWER, AND TEST
15,18, 10
<= LOWER LIMIT
ENTER VALUES FOR UPPER, LOWER, AND TEST
15,18,12.5
WITHIN LIMITS
ENTER VALUES FQ™ UPPER, LOWER, AND TEST
15.10,15
=> UPPER LIMIT
ENTER VALUES FOR UPPER, LOWER, AND TEST
15, 10,28
=> UPPER LIMIT
ENTER VALUES FOR UPPER, LOWER, AND TEST
-12,-15,-5
=> UPPER LIMIT

ENTER VALUES FOR UPPER, LOWER, AND TEST
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g8l
20022%
CBA3*
Pooax
22325
2926
2297
228 %
2029 %
2210
211
2012
go13
2014
Z2215%
20 16%
217
2218
2219
2e22
Z2o21%
2322
2223
2224%
2225

2826
k%

2-54

LAB 2.1 SOLUTION

ASMB,R,B,L

ASSEMBLER LAB 2.1 WRITE
goeoa NAM

EXT
PP822 2202388 START NOP
USE .10C. TO WRITE YOUR
peoel 2160821X JS5B
22p02 g22022 oCT
802223 B260B21R JMP
poe24 202013R DEF
280825 177764 DEC
WRITE STILL IN PROGRESS
P2226 216421% J3B
20227 2408002 0CT
90218 2028229 SSA
22211 @26Q26R JMP
HALT
gae12 12277 HLT
@2213 @42121 BUFFR ASC
P2214 7531@5
2215 2201208
gez16 Q40523
20217 @45581
g222¢ B511084

END

NO ERRORSx

NAME ON TTY

L21JH
«I0C.

NAME ON THE TTY

«I0C., CALL .I0C.,

2gee2 OPERATION = WRITE ON TTY

*-2 TRY AGAIN IF TTY BUSY

BUFFR POINTER TO BUFFER

-12 # OF CHARACTERS

?

«I10C. CaLL .IO0C.

40022 OPERATION = STATUS TTY
TTY BUSY ?

*-3 YES, STATUS AGAIN

778 NO, HALT

6, DAVE PACKARD

START

P



PAGE

goe1
2002%
90083=
0004»
0885
2006
2007
p0e8
2009
2010«
ool
go12
2013
o014
ga18
231 6*
2017
2018
2a19
8920
8021 %
0822
2023
208224
202%%
0026
0027
0028
2829
0030x=
8031
2832
2033
2034
803S»
20836
2083 7%
8038
2039»
2040
20a1
0842
8843
9044
2048
2846
0047«
0048
0849
0080
2631
9652

LAB 2.3 SOLUTION

ASMB,R,B,L

ASSEMBLER LAB 2.3 FIND ERRORS ON TAPE

00000
P0001
gee02

20063
oco0a
0000S
20006
00007

eoel1o
oeo1!
oeel2
82013

gesl14
0e81S
00816

80017
gos2e
geae21
00022

@ee23
00024
eeo2s
00026

00827
20039

20831
00932
#0033
200834
0003%
00836
20037

000640
00047

eoss2

0000600 START
G166@1X AGAIN
00000

#160601X READ
010005
9260@23R
OBPO4L8R
177784

0162801X STAT
o408085
002020
826210R

062647R
0S2861R
P16031R

862042R
#52062R
626023R
826003R

B16801X SHTDN
0A0088
po2020
826023R

1020677
P26801R

200086 VEMSG
2160801X
020002
826832R
BBB0O52R
177763
126831R

806000 RDBUF
20s008 Ci1S16

g42522 MSG

#& NO ERRORS#»

NAM
EXT
NOP
JSB
ocT

JSB
oCT
JMP
DEF
DEC

JSB
oCT
SSA
JMP

LDA
CPA
JSB

- LDA

CPA
JMP
JMP

JSB
ocT
Ssa
JMP

HLT
JMP

NOP
JSB
oct
JMP
DEF
DEC
JMP

BSS
BSS
Sup
ASC
END

L23JH
«10C.

«10C.
2

«10C.
10005
READ
RDBUF
-20

«10C.
40008

STAT

Ci1516
s Akk
WEMSG

RDBUF
sA00
SHTDN
READ

«10C.
40000

SHTDN
778

AGAIN

«10C.
20002
K2
MSG
-13
VEMSG, 1

1
3

SYSTEM CLEAR

READ ASC1I RECORD

STATUS BUSY ? YES, WAIT

CODE = =»x ?
YES, PRINT ERROR MESSAGE
CODE = 00 ?

YES, START SHUTDOWN
NO, READ NEXT RECORD

SYSTEM STATUS BUSY ?

NO, HALT
YES, VWAIT

RESTART

PRINT ERROR MESSAGE SUBROUTINE

7,ERROR MESSAGE

START
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2-56

LAB 2.4+ SOLUTION

B33! ASMB3,R,B,L

P2B2%

B2Z3*% ASSEM3LER LAB 2.% LIMIT CHECK SUBROUTINE

C234%

2285 022229 NAM L24JH

0206 ENT ILIMT

oeaT EXT +ENTR

Z2OB8*x

PO@9*% TRANSFER PARAMETER ADDRESSES

g2i¢ 20000 9320222 UPPER NOP

2211 20221 Q22222 LOWER NOP

@212 @22%2 @@C2262 TEST NOP

@313 02003 029928 ILIMT NOP

2214 Q@224 216001X JSB +ENTR

@15 €2225 @22223R DEF UPPER

2216

@217 GET TEST VALUE, SUSTRACT UPPER LIMIT

218 026236 104202 DLD TEST.!1
22287 122202R

P19 092019 2160082X ¥SB UPPERL1
22211 1232223

2320% ' .

@@21% RESULT POSITIVE ? YES, SET A = +1, RETURN

222 C2eel2 202220 ssa

ge23 022213 6268167% JMP LWTST

2224 Q2214 ©o2404 CLA, INA

@25 @0215 226327R JMP RETRN

PB26x%x

@p27%« GET LOWER LIMIT, SUBTRACT TEST VALUE

2328 BP016 1904203 LWTST DLD LOWER.,I
22217 1223221R

9229 20220 ©16822% FSB TEST,1
Per21 102222R

PR3 0% .

@231 RESULT POSITIVE ?

P332% YES, SET A = -1

BE@3 3% NO, SET A = @

PBl34 ©OB022 22202202 ssa

2935 ©Be23 226826R JMP 0K

@36 00224 203420 ~ CCaA

@237 ©@2825 226327R JMP RETRN

2238 QQe@26 202487 OY CLA

2339 %

pe4ad 22227 126@823R RETRN JMP ILIMT,I

2241 END

%k NO ERRORSx* e

N



2-57







ASMB OPTIONS

ASMB {,R },B, ,T
A AMNNAN
A i
| |
TABLE PRINT: LIST THE SYMBOL TABLE AT
| THE END OF THE FIRST PASS,
LIST OUTPUT
' BINARY OUTPUT
R = RELOCATABLE
A = ABSOLUTE

NOTE: IF PASS 1 OF THE ASSEMBLER IS STARTED AT 120B, THE ASMB STATEMENT MAY
~ BE ENTERED THRU THE TTY (BCS ONLY)



ASMB OPTIONS EXAMPLE

PAGE 80881

a88! ASMB,R,B,L,T

x R 000884

Y R 866014

b 9.4 R 006605

START R 000000

TEST R 600001

YYYY R 608010

*8 NO ERRORS=»
PAGE €082 ¢61
2681 ASMBLR,B,L,?T
6062 00060 NAN OPTON
2083 00080 000000 START NOP
6004 ©@0001 0082408 TEST CLA
0085 00002 872814R STAa Y
8606 600081 102822 HLT 22B
0087+
0968 ©000A 200000 X BSS 1|
8809 000068 9000068 XX BSS 3
9816 08010 000088 YYYY BSS 4
661% 60014 000000 Y BSS 1
go12»
2913 END START

2 NO ERRORSs




OBTAINING

HP SYMBOLIC EDITOR

EDIT FILE DEVICE?

/T

*
/L
/E

SYMBOLIC FILE SOURCE DEVICE?

/P

2301
zoz2
2223
2224
€225
2226
22217
2028
2229

ASMB,B,R,L

START
NEXT

NAM LIST
ENT START
NOP

LIA |
CMA,INA
HLT 77B
JMP NEXT
END START

**END-OF-TAPE

*
/E

*END

A

LIST




DUPLICATING A SOURCE

HP S5YMBOLIC EDITOR

EDIT FILE DEVICE?
/T
*
/E

S5YMBOLIC FILE SOURCE DEVICE?
/P

SYMBOLIC FILE DESTIWATION DEVICE?
/P

**END-QF-TAPE
*
/E

*END

TAPE

<8 \\
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INSTRUCTION CODES IN BINARY

15 | 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
D/I | AND 001 0 Z/C Memory Address
D/l | XOR 010 0 z/C
D/l | IOR 011 0 z/C
DA | JsB 001 1 z/C
D/ | JmP 010 1 z/C
D/l | 152 o011 1 ZI/C
D/t | AD* 100 A/B z/c
o/ | cpP* 101 A/B z/C
o/ | LD* 110 A/B zi/c
D/l | sT* 111 A/B zIC
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 | SRG 000 A/B 0 D/E |*LS 000 tCLE D/E fsSL*| *Ls 000
A/B 0 DJ/E |*RS 001 D/E *RS 001
A/B 0 DJ/E |R*L 010 D/E R*L 010
A/B 0o D/E [R*R 011 D/E R*R 011
A/B 0 D/E | *LR 100 D/E *LR 100
A/B 0 D/E |ER* 101 D/E ER* 101
A/B 0 D/E | EL* 110 D/E EL* 110
A/B 0 D/E |=*F 111 D/E *LF 1
NOP 000 000 000 000
15 | 14 13 12 1 10 9 8 7 6 5 .4 3 2 1 0
o | AsG 000 A/B 1 cL* 01 CLE 01 | SEZ ss* sL* | IN* sSZ* RSS
A/B cM* 10 CME 10
A/B cc*r 11 CCE 1
15 | 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 10G 000 1 H/C HLT 000 SE——— o 71 [-To] g 670 Ys [ IS E——
1 0 STF 001
1 1 CLF 001
1 0 SFC 010
1 0 SFS 011
A/B 1 H/IC  MI* 100
A/B 1 H/C  LI* 101
A/B 1 H/C OT* 110
0 1 H/C STC 1M1
1 1 H/C CLC 1m
1 0 STO 001 000 001
1 1 cLO 001 000 001
1 H/C sOC 010 000 001
1 H/C  SOS 011 000 001
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 |EAG 000 MPY ** 000 010w 000 000
DIV** 000 100 ¢ 000 000
DLD** 100 010 000 000
DST** 100 100 000 000
ASR 001 000 0 1
ASL 000 000 0 1
LSR 001 000 1 0 number
LSL 000 000 1 0 of
RRR 001 001 0 0 bits
RRL 000 001 0 0

Notes: * = A or B, according to bit 11.

D/I, A/B, Z/C, D/E, H/C coded: 0/1. tCLE:  Only this bit is required.
**Second word is Memory Address. £SL*:  Only this bit and bit 11 (A/B as applicable) are required.
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OP _CODE

CLAY | lcLe) |

{CMAI [SEZ] 2\ CHE j [ssﬂ '—SLA IN@ [szﬂ [RSS‘]
CCA | CCEf

o8| |~ CLE| | - = = - -

1CMB ESEZ! J4CHE ESSBg ,SLB| EINB] Eszs | ERSS]
CCBi - CCE( o=

1. INSTRUCTIONS ARE COMBINED FROM LEFT TO RIGHT IN THE ORDER SHOWN

2. IF TWO OR MORE SKIP CONDITIONS ARE iNCLUDED, A SKIP OCCURS
IF EITHER OR BOTH CONDITIONS ARE PRESENT: EXCEPTION, SSA/B, SLA/B,
RSS; BOTH CONDITIONS MUST BE MET.

COMBINING GUIDE
ALTER - SKIP INSTRUCTIONS




PROBLEM:

SOLUTION:

RSS SKIP EXAMPLE

TEST THE "E" REGISTER. |
IF E=@, EXECUTE THE NEXT INSTRUCTION

AND SET E=1I

— OR —
IF E=1, SKIP THE NEXT INSTRUTT!ION
AND SET E=0

Label

Operation 10 Operand Remarks

15 20 25 30

S|E|Z|,|C|M|E|, |R|S|S




A

MNEMONICS TO MACHINE CODE EXAMPLE

15 W13

g i 7 |0 ! g |1

lﬂAﬁ g |9 ¥l
(. T } d | ‘T A R\ N__ 1o s
l ! L —— 10 SSA
ALWAYS 1 NO SEZ
FOR ASG
INSTRUCTIONS
ALWAYS 2 NO “E" REG
FOR ASG MODIFY IS
INSTRUCTIONS INSTRUCTIONS

- 3-8




SRG

DETERMINING THE INSTRUCTION GROUP

B11-B9

=5§

EAG

YES

FLOATING
POINT

USER
WRITTEN

3-9



MNEMORICS TO MACHINE CODE CLASSROOM EXERCISE—

SUUIUURUISEN S

WHAT MACHINE CODE WILL THE ASSEMBLER GENERATE FOR THE FOLLOWING INSTRUCTIONS?

i
|
e
i
m—1
et
2
i
oo
-
N
m
N
w
<
™
[
L
2]
i

T T e

/{é s\ ) 4 \\\, - » 4 - \\ 3_10

,\ /}



WHAT ARE THE MNEMONICS THAT CORRESPOND TO THE FOLLOWING

MACHINE CODES?

15

14 13 12

)

@

()

()

)

g

1

g

)

p

g

g

MACHINE CODE TO MNEMONICS CLASSROOM EXERCISE

1118 9

1

B

1

1

g1

g0

g0

11

876

600

goo

poo

111

-

543

100

000

101

1080

2190

111

goo

poo

goo

3-11




SLSITIONAL EAG INSTRUC

T104S

B-REGISTER

A-REGISTER

_-[:———'“-D Bits lost

| 1011 000 101 000 101

0101 101011100 111 |

1
]
i
]
ASR 5 : ;
(Arithmetic Shift Right ! :
5 places) ! 1
v :
[ 1111 110110001010 | 0010 101 011 010 111 |
_____ = 1
Extended sign  * !
1
Bits lost 4———1 ||
1
ASL 5 | o{ooooﬁ}) 111101000 | 1101 101 000 110 111 |
(Arithmetic Shift Left P ;
5 places) : !
1
L 4 I
[ 0011110100011 011 | 0100011011100 000 }¢—— Zeros Filled
[]
!
: C—-———-——D Bits lost
|
|
LSR5 | 1011 000 101 000 101 | 0101101011100 1111
(Logical Shift Right |
5 places) {
: i
’ ]
Zeros filled —| 0000 010 110001010 | 0010 101011010 111
]
i
i
Bits Iost(-—————:— 5
{ N
]
LSL 5 | 0101000 111 101 000 | 1101101000110 111 ]
{Logical Shift Left 1
5 places) :
I
[ 0011110100011 011 | 0100011011100 000 |@——— Zeros filled
]
! ‘
; \
S [
1
ARR 8 0101110 111000 010 |} 0100 010 110 000 111 |
{Rotate Right |
8 places) :
i
[ 1000011 101011101 | 1100 001 001 000 101 |
i
| i
W ] :
RRL 7 | 01100115101111 000 | 0110011010000 111 |
(Rotate Left
7 places)

I 1011110000 110011

0100 001 110 110011 ]

.




USER INSTRUCTIONS

USER UNIQUE INSTRUCTIONS MAY BE DEFINED USING THE 2188 MICROPROGRAMMING
FACILITY.

THE OP-CODES USED MUST BE
185XXX,
WHERE XXX RANGES FROM @88 TO 377 OCTAL.

2
o
N
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LITERALS

E.G. LDA =D1 PLACES + 1 IN THE A-REGISTER,
VALID LITERAL FORMS:
=) A DECIMAL INTEGER, IN THE RANGE -32763 To +32767.

=F A FLOATING POINT_NUMBER, 45Y POSITIVE OR NEGATIVE REAL NUMBER
IN THE RANGE 107° 1o 10%29,

=B AN OCTAL INTEGER, 1 TO 6 DIGITS Y X X ¥ *  WHERE Y.
May BE B or 1, AND X  mAY BE 8 TO 7.

=A  Two ASCII CHARACTERS

3-14
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2001
2o22
2083
2084x%
22085
gaze
P02 T*
2208
2229
oz12*
Po11
ge12
2213
2214
2815
galeé
P21 7%
2218
2319%
2229
geal

paz22

-~

USER INSTRUCTION & LITERAL EXAMPLE

20002
poCoY

gogeol
23602

Bzea3
22204

22225
pogee
eeee7
geo10o
22011

geo12

228113
20014
g2e2eg21
gog22

p2o0COo

P62@21R
272886R

P62222R
B72611R

216821X
202880
B26@A5SR
228214R
poewves

1252820

18200802
poBeoae
218205
177766

** NO ERRORSx*

ASMB,R,B,L

BEGIN

CTLWD

LNGTH

BFR

N AM
NOP

LDA
STA

LDA
STA

EXT
Jss
BSS
JMP
DEF
BSS
oCT
HLT
BSS

END

UL USER INSTRUCTION & LITERALS

=B10@@35 OCTAL LITERAL
CTLWD

=D-1¢ DECIMAL LITERAL
LNGTH

«I10C.
«10C,
i

* =2
BFR

1

125262 USER DEFINED INSTRUCTION

BEGIN
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FORMATTER OUTPUT FLOWCHART

YES m YES ' :

FORMATTED CONVERSION ' o
{ ) - ? - . . - ..4.._...;.._1..- .__...:._.._
: L S .
NO NO i

INITIAL CALL | L INITIAL CALL CLneTia cae |
LDA  UNIT {LDA un1T Ck@

CLB Jos N LR
JSB .BIO. JSB.DIO. NER

RROK—E X

IDEF  FORMAT ..} DEF FORMAkai

RS -
i
(PO S
.
{
i

~ INTEGER

| l"

N, INTEGER

i
! . :
i
| | i
e o e ek e e e ———
N “
i 1 i
! H
U | A SO SS GOSN

| Coaracat 1 Loara caly

LDA INTEGER BLD REAL - | LDA LENGTH -} ~LDA%tENGTH”M“-?£;5~
JSB . I0I. JSB ,IOR, DB appress. | § LDB apDpRESs. f

JSB ,RAR, LJSB L IAR, o
! . \ v —




;

t
!
S

i

-

i

R S
|
I

q i
g J
/

FORMATTER OUTPUT EXAMPLE 1.

T FORIATIER OUTPUT FLOVCHART _
e

[ : Ly

|
i
T
i
+

~i< - STARTS o) e

) DHITIAL CALL );9 I
. D SN (5.2 WU/} e SR A (Cill__é -
B IR = I i el I
: . st . - F BUFF
e ﬁi?‘ W PEE FormaT 4 |t DEE §§RMZ:
- PEE Epaoa- rvr % co5n0-Ey i)

]

!

f

| 11

|

L

1

LLDATA CALL ST LA _ DATA CALL CATA COLL
LDA 1NTEGER DD rReaL —--§ —§ LDA-LENGTH-- LDA LenGTH
-JSB IO JSB IOR..___§ __| LDB aporess..| |LDB apoaess
. LJS3 .PaR, ISR 147,
¥ v v |

L Y

0801 ASMB,B,L,R

Boo2%

@0@3% AN ENTIRE ARRAY OF "REAL NUMBER" DATA IS TO BE OUTPUT IN BINARY

@004% FORM USING UNIT #4. THE DATA BLOCK HAS 1@@ ELEMENTS AND MAY EBE

@005% REFERENCED BY THE LABEL "BUFFR".

0026 %

0007 00000 NAM FMTO! FORMATTER OUTPUT EXAMPLE 1.

0008 EXT .BIO.,«RAR.,.DTA.

8009 EXT .10C.

0010 00020 GOCEOC FMTO! NOP

BO11%

001 2x

0013 02001 D62716F LDA UNIT

PO14 00002 BI6LCE CLB INDICATES OUTPUT

0015 00CE3 B16001X JSB .BIO. BINARY I-0 OPERATION

go16x*

PO17 ©OPD4 P62017R LDA NMBR NUMBER OF ELEMENTS IN ARRAY

PU18 0OOBS D66020R LDB BUFAD ADDRESS OF BUFFER ADDRESS v,

@e706 016002X JSB <RAR. BEGIN REAL ARRAY ougpur Lpd s
nfgp .
00007 016803X JSB «DTA. OUTPUT, LASE asconofﬁ " Pl
t'j s ;':«“ ,

ghY o :

0024 00010 216004X JSB .10C.  .CHECK STATUS OF PUNCH

6025 0011 Q4004 0CT 40284

@026 0CC12 002020 ssa PUNCH BUSY?

@027 0013 G26010R JMP %-3 YES, CHECK AGAIN

2028*

@029 0014 102077 HLT 77R NO, HALT

@030 @015 026001R JMP FMTO1+1

@031 0016 220024 UNIT OCT 4 PUNCH LOGICAL UNIT

@032 @017 GOG144 NMBR DEC 100 :

@033 2020 GEEP21R BUFAD DEF BUFFR BUFAD CONTAINS ADDRESS OF BUFFR

o34 ) SUP.

2035 BUFFR REP 10

0036 00021 P4PB00 DEC 1¢+203¢s4¢550,605T0584,94,108

@036 00045 CLDDO0 DEC 1¢+2¢53054¢550,645T¢,84,9+,18.

@036 00071 240000 DEC 1+52¢53¢s4455¢,605T0,84,94,108.

0036 00115 Q40000 DEC 1¢+2¢,30,4455¢,60,T0580,9¢,10

0036 00141 0400020 DEC 1¢+2¢s3¢s4055:560,T0,8:05,94510

0836 00165 Q40000 DEC 1452¢,3¢s405505605T2580594,10

@036 00211 B4C300 DEC 1¢52¢530s4055:564570,84,94,10

G036 00235 240000 DEC 1+,2¢53¢s4055:,605T0,8:,94,13.

0036 ©0261 BABBA0 DEC 1¢s2¢53¢s4455056057+,8:,94,10

@036 00375 04ACG0 DEC 1+2¢s3¢s40550560570,80,9:,10

0837 UNS

D238x*

@039% THE OPERAND IN THE END STATEMENT (I.E. FMTO!) TELLS THE

@040 RELOCATING LOADER WHERE T0O ENTER THE PROGRAM )

P04l END FMTO!I -

%k %k 3 17

NO ERRORSx*



FORMATTER INPUT FLOWCHART |

po—

JSB .BIO.

L {
NITIAL CALL ]|

LDA un1T
CLB,INB

2

INTTTAL CALL_ ] [

LD\ uniT
§ CLB, INB
JSB .DI0,

I DEF ForMAT
| § DEF ERROR-EXIT

CLBLINB R\t
JSB .DIO,
DEF gUFFER I |

3-18

_JIDEF FoRMAT . f
§DEF ERROR-EXIT]

INTEGER

4 REAL

|

—

DATA CALL 1 [ DATA CALL . ~DRTh CALL
JSB . 101, JSB . I0R, LDA LeneTH_ | %ggLLsNGTH
| STA InTEGER DST REAL LDB AnDRESS LDB ADDRESS
| JSB . RAR, JSB L IAR. - |

¥

¥




!

a
.
W

4

ﬁ{:

-

FORMATTER INPUT EXAMPLE 1,

FORMATTER INPUT EXAMPLE 1I.

INDICATES INPUT
BINARY I-0 OPERATION

NUMBER OF ELEMENTS IN ARRAY

ADDRESS OF BUFFER ADDRESS
BEGIN REAL ARRAY INPUT

PHOTOREADER LOGICAL UNIT

CONTAINS ADDRESS OF BUFFR

R - §| dedna wggnﬂtalmnFumumm P S — gggé* ASMB, B, L, R
i T T - 0023*x READ THE TAPE PUNCHED IN OUTPUT EXAMPLE 1.
ol ( START - é§y R T @0B4% USE UNIT #5 FOR INPUT.
. . s ; B005%
_;..l;' [ A T 6006 00000 NAM FMTI!
S (5§
v4~~NO O&Aﬂm Y“Mmmm&mm = R oea7 EXT .BI0..,.RAR.
L N\ G o8 _0030% 0¢0zp@ FMTIL NOP
. RN,

e e EREE 02201 06221 1R}JAGAINPLDA UNIT
—t-r - FIELD 0012 02002 GE64T4 CLB, INB
muisd Hna 2 2013 200083 016031iX JSB .BIO.
=] - 00 14x
IHITIAL CALL PoETENL CELL il COLL NiTial CALL Giiidare 2o 1 go1s 00234 Q62@12R LDA NMBR
_LDA uniT DAt LA et o |fCLA : 0016 @P035 266013R LDB BUFAD
BTN | LA N | LN | EE ; 0217 08026 016072X JSB .RAR.
JSB .BIO. - :'E% éDIO. ' 3ET FoRMAT JEF sUFFER ¥ : ! go18% :
R IR | = poomn-grrp || PEF ERROR-EXIHZEL B IREE cceca-exiti 019%
—7 —Eagamct: 7 : 0820 @2227 182077 HLT 77B
- - - 0021 Q0010 @26C21R JMP AGAIN RESTART
~| - "1"-‘~*—~“~"" - B@22%
ol AR AU R R 9023 @011 822285 UNIT OCT S
VT T T T T @024 ¢Q0l2 0@Q144 NMBR DEC 100
| L 8025 ©92013 @@ECZ14R BUFAD DEF BUFFR BUFAD
N L 8026 SUP
|1 T ge27 BUFFR REP 190
N S ! ‘ ' pe2g 20014 022000 DEC 0¢50¢50¢s0esPBesBesDesBesBe,Be
. - - 0028 POC4L0 COCICO DEC GesBesBesBesB3esBasBesBesBe,0e
— i - i”ﬁEER 8028 00064 QRG220 DEC 8+s04s850050¢,00,00,00e,04,0.
— : 0028 00110 000220 DEC 8¢300s080s00s830s8es00s805B3,0
— : e 0028 ©0134 G00C00 DEC 0¢s0¢s0¢s0¢500s80s80,08:,04,00
- : o 2228 00168 Q02202 DEC BesBesB¢s0es00s0es0es00,0050
— DATA CALL AATA (olb R RN AN o oaa Call o228 20204 0200020 DEC B¢s50¢s0¢s0es0esBesBesPBesBesCe
1] uss Lot JSB . LOA Lenoth | | LDA LenstH 0228 00230 002220 DEC 0¢s08¢s08¢s0esBesBesBosBesBosrBs
1} STA inTEseR ST REAL - | LDB Anoress %gAg%ms 8028 @0254 023020 DEC Bes0es00s58¢s0esBesBesBes8¢500
u JSB_.RAR, J58 1A%, 0028 00300 022200 DEC BesBesBesBesBesBesBesBesBesBo
- 2 Y 2 i 2029 UNS

oo o 2030 END FMTI1

** NO ERRORS*
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CONVERSION

REW.D
RFW.D
RIW
RAW
RAW

EDITING

RX
NH CHARACTER-STRING

"

R “CHARACTER-STRING
R/

FORMAT SPECIFICATIONS

REAL NUMBER WITH EXPONENT
REAL NUMBER WITHOUT EXPONENT
INTEGER, pEcimaL

INTEGER, ocTaL
ASCII CHARACTER

SPACES

BEGIN NEW RECORD



E SPECIFICATION

DEFINES A FIELD FOR A REAL NUMBER WITH EXPONENT

R
REPETITION FACTORZ

SPECIFIES E FORMAT

OUTPUT EXAMPLES

INTERNAL VALUE

+10,4365
34,56
-314,56
~64.,14365

INPUT EXAMPLES

EXTERNAL VALUE

+1,2345E2
1234

Ew D

A

1;————TOTAL FIELD WIDTH

NOTE:

FORMAT

E10.3
E12.4
E12.3
E6.l

FORMAT

E9.3
E4.2

EXTERNAL RESULT

A 1BUE+D2

A ~n=,3U456E+02
Aan-, 3LEE+D2
$$E+P2

INTERNAL RESULT

123,45
12.34

SIGNIFICANT DIGITS TO RIGHT OF DECIMAL POINT

PROPER OUTPUT WILL ALWAYS RESULT IF WZD + b,

REMARKS

W<D + b

REMARKS

DECIMAL POINT OVERRIDES
FORMAT

FORMAT INSERTS DECIMAL

POINT
3-21



F SPECIFICATION

DEFINES A FIELD FOR A REAL NUMBER WITHOUT AN EXPONENT

RF w,
REPETITION FACTOR —— I T t;——SIGNIFICANT DIGITS TO RIGHT QF DECIMAL POINT

SPECIFIES F FORMAT TOTAL FIELD WIDTH

OUTPUT EXAMPLES

INTERNAL VALUE FORMAT EXTERNAL VALUE
123,456 F8.3 A123.1456
123,456 F8.1 ann123.5
123,456 F3.2 123

123.456 F2.1 $$

INPUT (IDENTICAL TO E SPECIFICATION)

C 3w



DEFINES A FIELD FOR DECIMAL INTEGERS

I SPECIFICATION

[ w
REPETITION FACTOR———F __TOTAL FIELD WIDTH

OUTPUT EXAMPLES

INTERNAL VALUE

[

175
1.75

INPUT EXAMPLES

EXTERNAL VALUE

A 132

FORMAT

I4
I4

FORMAT

I5

SPECIFIES | FORMAT

EXTERNAL VALUE

A 175

AANL

INTERNAL VALUE

132

3f23



iljﬁ
.

DEFINES A FIELD FOR OCTAL INTEGERS

@ SPECIFICATION

RAW
REPETITION— T T

OUTPUT EXAMPLES

INTERNAL VALUE

1321

32,7671

INPUT EXAMPLES

EXTERNAL VALUE

A3778
1234569

FORMAT

@5

a b

FORMAT

a4

233

SPECIFIES 8

TOTAL FIELD WIDTH

FORMAT

EXTERNAL VALUE

AA2@48

ATTTTT

INTERNAL VALUE

25514
1235 AND 456

o 3



A SPECIFICATION

DEFINES A FIELD FOR ASCII CHARACTERS

Aw

T T TOTAL FIELD WIDTH

SPECIFIES A FORMAT

~?>0

REPETITION FACTOR

OUTPUT EXAMPLES

INTERNAL VALUE FORMAT EXTERNAL VALUE

AB A2 AB
AB Al AnAB
AB Al 8

INPUT EXAMPLES

EXTERNAL VALUE FORMAT INTERNAL VALUE
AB A2 AB
ABC A3 BC
ABC Al PA

L sinary zEro, noT ASCII
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X SPECIFICATION

DEFINES SPACES (OUTPUT) & CHARACTER SKIPS (INPUT)

R X
REPETITION FACTOR —2 ®— SPECIFIES X FORMAT

OUTPUT EXAMPLE

| . o
32,1.32 13,4X,F4.2 732 annl.32

INPUT EXAMPLE

WEIGHT A4 10 8X,12 10

~ . 3-26



" " & H SPECIFICATIONS

PROVIDE FOR TRANSFER, WITHOUT CONVERSION, OF ASCIT CHARACTERS

OUTPUT EXAMPLE

INTERNAL VALUE IN FORMAT STATEMENT EXTERNAL VALUE

“ABCDE” or 5HABCDE ABCDE

INPUT EXAMPLE

EXTERNAL VALUE FORMAT

Ha INPUTAALLOWSAVARTABLEAHEADERS 31HAAA - A

INTERNAL RESULT

31HHAINPUTAALLOWSAVARIABLEAHEADERS

3-27



/ SPECIFICATION

TERMINATES THE CURRENT RECORD

OUTPUT EXAMPLE

FORMAT EXTERNAL RESULT
"/TERMINATES” / "RECORDS” / TERMINATES
RECORDS

INPUT EXAMPLE
EXTERNAL DATA VALUES FORMAT INTERNAL RESULT

123056 (CR) ((F) 123456 13,/,14 123 anp 1234

({,% - N e ;\'\ 3"28 v



FORMATTER OUTPUT EXAMPLE 2,

i INITIAL CALL TMITIAL CALL L INITIAL CALL
A unrt LA unrr. o JCLAL

Ll o (LB : . (LB
—i OB - e s oo, | T | Js3 .ot
——+4usB- .BIO, - | - PSB DI b BDEF purres
—ii ) e} P PEE . FoRMaT .~ | DEF ForMAT
R 4( : S FE  gpoon-£v 17 NEF CD;"NQ-EVL"
e
H BN RS i&
— N 1 , -

R [ ;

N N f : )
e —/-
T T T T N EGER ) / -
N R ft [
| . Y v
1 e nATE rell i AL TATA CALL
%. LDA r:uTEGER DLD REAL —| LDA-LENGTH--- LDA LENGTH

) 101, JSB LIOR, ___§.__ ] LLB aporess . LDB aopress
C ' 153 .0n9, o 10
{ ¥ v i —
Pl o -

-

ASMB,B,LsR

* AN ENTIRE ARRAY OF REAL NUMBERS 1S TO BE OUTPUT ON
THE ARRAY NAME IS SAM

AND 1T HAS

* THE FORMAT TO BE USED SHOULD PROVIDE THE FOLLOVING

2001
P202%
2083
@0B4ax ""FORMATTED' DATA.
2005
BO26% SXXK XX
2007 *
2028 20090
20J00% 2006Ye3 FMTO2
00031 B62716R
Qo302 2064030
Q9016 QU223 216021X
0217 Q0004 GZ2217R
2018 Q0Q0S ©UOBOB12R
BB319x%
@20 00B26 B62322R
@21 ©O@27 B66@23R
09022 Q0010 016222X

20311

2160033X

22012
20013

2160824X
2282 14R

ooola
PBo15

192877
@26001R

00016
20317
20028
goc21
goga2
22023

200004
224126
833456
231851
gooegle
Z0B224R

02024 240C00

NO ERRORSx*

UNIT
FMT

NMBR

BUFAD

SaM

NAM
EX

EXT
NOP

LDA
CLB
JSB
DEF
DEF

LDA
LDB
JSB

JSB

JSB
DEF

HLT
JMP

OCT
ASC

DEC
DEF
SUP
DEC
UNS
END

FMTO2

FORMATTER OUTPUT E

«DI0.,+RAR., .DTA.

ENDIO

UNIT
«DI0.
FMT

EXIT
NMBR
BUF AD
«RAR.
«DTA.
ENDIO

*+ 1

77B
FMTO2+1

4

INDICATES OUTPUT
ASCII 1-0 OPERATIO
ADDRESS OF FORMAT
ADDRESS OF ERROR E

s

NUMBER OF ELEMENTS

UNIT #4 A4S
18 ELEMENTS.
OUTPUT FORM.

XAMPLE 2.

N
SPECIFICATION
KIT

IN ARRAY

ADDRESS OF BUFFER ADDRESS
BEGIN REAL ARRAY OUTPUT

OUTPUT LAST RECORD

WAIT FOR SYSTEM I-

RETURN ADDRESS—'1% %;1\43?1 Lot

FVy i atia

7

L

R

PUNCH LOGICAL UNIT

0 TO END

3,(F7.2) FORMAT SPECIFICATION

10
SAM

BUFAD CONTAINS ADDRESS OF BUFFER

105265305 U055¢56¢5T 0580595100

FMTOC2

3-29




FORMATTER INPUT EXAMPLE 2.

Lbod - FoRmATTE

R LHPUT FLOWCHART -~

(R G

————— e

T

=

i
iy R
[ |

!

MEMORY-TO-MEMORY

CORVERSICH
?

Boees

£00292

eer0o!
22232
62833
BooG4
20025

202000

262013R
306404

216021X
2208 14R
Z200B11IR

oy
INITIAL CALL

il CALL farllAD AL

-
il

1Al CaL

-t

-} LDA uniT
-f- CLB,1IB- -
~JSB .BIO. -

LDA uNIT
CL3,INB .
JS3 .DIO.
0CT 3

DEE £2mon-pyg

2
S
=

wdiue

DEF Fo’MAT

DEF ERROR-EXIT]

A .
B, 1B
3 .DIC.
F

F BUFFER

£
E;— SoeND-EYIT

-

A

R 4

o

DATA CALL

LATA f;;L

JAta CALL

~DATA AL

~§--JSB 101,
-} STA InTEGER

JSB L ICR. ..
DST ReaL -

LDA CENGTH |
LDB Anpress
JSB .RAR,

LDA. LeNsTH
L% AnoRrESS
JSB LIAR.

¥

]

I R R S S S

X

80226
BezeT
0210

262017R
P66020R
g160g2X

0030
% %k

o2zl
gooli2

Po@a13
goe1a
22215
20016
22217
BBo20
age21
28022
20623
22224
goo2s
PBY26
20027
vo230
Boe31
oee32
26233
20034
20235
82036
20937
POo4D
goo4al
03042
20243
02044

182077
@263 1R

020035
g241e6
633456
231@51
goeol12
g20321R
peoe20
202008
200000
BoR230
20e000
222209
2000200
2000290
002020
0o0o00
0000020
000000
2000020
200200
030000
gooeae
200000
020000
6oeoo0e
202000

NO ERRORS
N

ASMB,B,LsR

NAM FMTIZ2
EXT

FMTI2 NOP

LDA UNIT
CLB, INB
JSB .DIO.
DEF FMT
DEF EXIT

LDA
LDB
JSB

NMBR
BUFAD
. RAR.

EXIT HLT

JMP

77B
FMTI2+1

UNIT
FMT

OCT S
ASC

IMBR
BUFAD
SAM

DEC 1@
DEF SaM
DEC

END FMTIZ2

READ THE TAPE PUNCHED IN QUTPUT EXAMPLE 2.
USE UNIT #5 FOR INPUT.

FORMATTER INPUT EXAMPLE 2.

«DIO., «RAR.

INDICATES INPUT

ASCII I-0 OPERATION

ADDRESS OF FORMAT SPECIFICATION
ADDRESS OF ERROR EXIT

NUMBER OF ELEMENTS IN ARRAY

ADDRESS OF BUFFER ADDRESS
BEGIN REAL ARRAY INPUT

PHOTOREADER LOGICAL UNIT

3,(F7.2) FORMAT SPECIFICATION

BUFAD CONTAINS ADDRESS OF BUFFER

g‘J@o,'g-:go100)00950;6':®-:@o




-
FREE-FIELD INPUT

WHEN FREE FIELD INPUT IS USED, A FORMAT IS NOT NECESSARY, SPECIAL SYMBOLS
WITHIN THE DATA DIRECT THE CONVERSION PROCESS,

SPACE OR , DATA ITEM DELIMITERS
/ RECORD TERMINATOR

+ - SIGN OF ITEM

B+ - - FLOATING POINT NUMBER
) OCTAL INTEGER

o | COMMENTS

3-31



FREE-FIELD INPUT EXAMPLE

B i o S S e S T . : - 22l ' ASMB,R,B,L
T FORATTER TPUT FLOWCHART S S oeC2x
R s UL M S €oB3* FORMATTER FREE-FIELD FACILITY
N S L ] e Bt e Beo4x
il e et 8005 08Ceo NAM FRFLD FREE-FIELD FACILITY
e : - EE N A A B R Tt geeeé EXT «CI0es+I0les.10R.
NERENEN ’ s T T 0007 @O000 000086 FRFLD NOP
Eere R tron I 2208+
=t ? T 2eeo«
—- o ©01¢ ©eoc! 862022R\NEXT [ LDA UNIT
; ) 8211 £06B2 026404 CLb, INB INDICATES INPUT
i @Bl12 Q0083 B16221X JSB .DIO. INITIALIZES 1/0 OPERATION
T 8213 00004 020000 OCT @ INCICATES FREE-FIELD
RN PBl4 00BES ©ODE2@R DEF EXIT ACDRESS OF ERROR EXIT
K Y " BBISk
IRITIAL Catl P L ITEE CoLL Ll lnE — 2016 ©B006 E16C32X JSE .101. INPUT DECIMAL INTEGER
SLA T DA unITe - g L3 T 1 @017 eees7 B72023R STA INTGR
-} - CLB, IiB- Pl | VCE R TR | TS 500 0. 2018 : )
~JSB .BI0. - | 1SB .DIC. TEF FommaT JEF BUFFeR Rzf 2P0 8219 ©001e 216002X JSB +101. INPUT OCTAL INTEGER WITH @
S | g:w-g\-u i | KR NS | s it 0020 ©3C11 @72024R STA OCTAL
7 R & | p221x
- ; : R —— me"0022 00012 016083X JSB .10R. INPUT FLTNG PNT ¢, NO EXP.
Y R : NP 0023 00013 lo44p0 ‘{usr FLPTF
NN N N @ — 20014 2QEBE25R
N B )l . -~ 8025 @8e15 @16003X JSB .I0R. INPUT FLTNG PNT #, WITH EXP.
ol B / : 2026 2201c 105400 C5T FLFTE
N R L > il 80817 @0B327R
" 4 L 20274
/ i 7 poB2sx
— "' INTEGER CINTEGER ™ - 0829 008220 102877 EXIT HLT 77B
, ; _ 0030 00021 B26001R JMP NEXT
aan b puanas Bl Semmee 7 ' 1 2831% }
N S } ! ” AEL N 2 - - 8832 @@022 @08OC1 UNIT OCT I TTY LOGICAL UNIT
DATA CALL EETANVSTNN (O MLV DnTA L - @833 00023 P0E0OC INTGR BSS 1
{-Jss .101. - R I i LD LeueTH 9834 00024 ©@PEEO OCTAL BSS 1
—f -1 STA InTEGER DST reaL 1 JsB LRAR JSB LIAR, @035 00025 0LPBO2 FLPTF BSS 2
L — - T @036 D@27 00OEO® FLPTE BSS 2
Y , —_— : 8837 END FRFLD
[ - A B T *x NO ERRORS%
o 332
) : ' N




(

PAGE

280!}
0002»
8003»
0004s
28086

#0008
/009
go10
#8011
po12
8013
gol4
P01S
9816
P01 7
P18
o819
2220
go21
6022+

PGoOOe

UN 0023 EXIT JSB ENDIO

9023
8024
o025=
20826
8027
0028
o829
9030+
031

8032»
2233
8034
8635

803S

0836+
8037
B8a38
2839
@839

- Poa0
- @841l

PGeoo2

oge2 s01

ASMB,R,B,L

EXAMINATION OF ASSEMBLY LISTINGS

AN *s*" IN COLUMN 1| INDICATES A COMMENT

20001
eo802
00003
20004
@o0es

20006
o007

goo1t
een12

206013
eeo14

92635
02036
02037

02040

92041
82042
02043
#2044

02845
02047
02081

206008 ENTRY

962086R
206400

#16001X
92203 SR
90001 1R

262040R
g16se2X

216803X

816000
208213R

102877
G26001R

g24111
230460
024440

600001
gesoee
ces0s!
og0002

#¢@@01 ERRORS#

EXIT

DMY
mT

UNIT

NAM

EXT
ENT
NOP

LDA
CcLB
JSB
DEF
DEF

LDA
JSB

JSB

LSTNG

eD10ese101.,¢DTA
ENTRY

UNIT+S A = LOGICAL UNIT
® IN B INDICATES OUTPUT
«DI0. INITIALIZE FOR OUTPUT

FMT POINT TO DATA FORMAT
EXIT POINT TO ERROR EXIT

X GET NUMBER TO BE WRITTEN
«101. OUTPUT NUMBER

+DTA. INDICATE LAST RECORD

VAIT FOR DEVICE TO WRITE

JSB
DEF

HLT
JMP

BSS
ASC

DEC
REP
ocT

oCT

supP
REP
ocT
ocT
DEC
END

END10O WAIT FOR DEVICE TO VRITE
%xe]

778
ENTRYe1

2g208B

3,C118)

1,2
1,2

COMPRESSES ASC, D1V, FAD, FSB, OC
2 DLD, FDV, MPY, DEC, DST, FMP
1.2
1,2
1,2,3,4,5%,6
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RESULTS OF TRYING TO EXECUTE A “BAD” RELOCATABLE TAPE

CONSOLE SHEET

LSTNG

PzeC0 ©vacec

*L.OAD

*L.O28

L S T T T e o

THE PROGRAM SHOULD PRINT “1”
ONCE & HALT. INSTEAD, IT
PRINTS “1" ON SUCCEEDING LINES
AD INFINITUM,

WHY?

334
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SOURCE

=
Sy

i

N g ey

(ST Sl o
= N = S
Ul RS-

5

SERIES OF

SO IOV =

> O

X
CR
LF

ASCIT CODES

-

TAPE FORMATS

RELOCATABLE

LDA X

N

NAM RECORD

(I, UP TO 19 ENTRIES)

ENT RECORD (1,

}<1)
}EXT RECORD
}IT'ENTRIEC)

wg__ RECORD
} NSTRUCTIONS
% DATA)

DBL RECORD

‘ZTESTRUCTIONS
J&DMA)

END RECORD
D

UpP T0

ABSOLUTE

N

NN
s Sy
WA

RECORD LENGTH
LOAD ADDRESS

INSTRUCTIOHS
% DATA

CHECKSUM

DA X

| (CHANGED TO

J INDIRECT
REFERENCE
3Y BCS)

ABSOLUTE
RECORD

ABSGLUTE
RECORD

ABSOLUTE
RECORD
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DAY 3 READING ASSIGNMENT

- POCKET GUIDE To THE 2108 COMPUTER

ASSEMBLER
CHAPTER 3
APPENDIX E, PAGes E-1, E-2, E-3 (ToP HALF), ONLY

2198A REFERENCE
CHAPTER 2, PARA, 2.5 onLY
CHAPTER 4

. 3-36
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LAB 3.1 FLOWCHART

( START )

INPUT HWAME
FROM TTY

OUTPUT NAME
T0 TTY

CHECK FOR

OUTPUT 1/0
COMPLETION

HALT

- 3-38
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LAB 3.2 CONVERT & PUNCH NUMBERS

R T

WRITE A PROGRAM THAT WILL OUTPUT 2 INTEGER VALUES ON THE PUNCH
(LOGICAL UNIT 4)  AS "FORMATTED” DATA. THE FORMAT SHOULD
PROVIDE 3 DIGITS OF OUTPUT FOR THE FIRST INTEGER AND 4 DIGITS

OF OUTPUT FOR THE SECOND INTEGER,

e . a —————— -




- -

LA 3.2 FLOWCHART

H? T :&ﬁ -

ety

P
EUJT“EE {70

COMPLETION

¢
v

HALT
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LAB 3.3 READ NUMBERS & CONVERT

WRITE A PROGRAM THAT USES THE FORMATTER TO READ THE

TAPE PUNCHED BY LAB 3.2.

THE PHOTOREADER IS LOGICAL UNIT 5.
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LAR 3,3 FLOWCHART

o,
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LAB 3.2

PLCHN

*RUN

LAB 3.2 & 3.3 CONSOLE RUN SHEETS

LAB 3.3

HEADK
2290 pese2
*1L.0AD
*LST

*RUN

———— e e s T -

3-44



LAS 3.4 MODIFY LAB 2.3
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LAD

3.4 FLOWCHART

SYSTEN |
LER

\

CLEAR RECORD §
COUNTER

a3

A4

| READ ASCII
| RECORD

N |

" STATUS
. BUSY
)

2

YES

Y

ADD 1 TO J
RECORD COUNTE

HALT

N

N
- SYSTEM™ . VES
STATUS BUSY.>———
;) L .
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LAB 3.4 CONSOLE RUN SHEET

LT
4

o 5&

oF MES TECCRD Te
ERRQP MESSAGE. RECORTD G5
ERROR MESSAGE, RECORD (22
ERROR MESSAGE, RECORD 13¢
ERROR MESSAGE., RECORD 168G
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ge21
DZz2*
BZ33%
Oz 4a*
2925
2036
GoZ7
200 8%
D029%
2210
@211
72012
@013
ga14
2O 15%
2216
0217
2018
P27 19%
2023%
2021
gg22
2023
o224
@225
2026
o027
g228
2229
22 30%
2031
BB32%
PP 3 3%
@034
@035
Gw36
2037
2038
B39
2040
@o4al
2042%
2343
Qgau
dB4S*x
2246
2047
go4ag
2049
2050
2751
gas52
@253

LAR 3.

DB20%

2227

INPUT
232%1
B2 2
20203
208224
22225

23026
290267
22219

OUTPUT
2211
22312
20013
202014
22215

20016
20017
o629

Bog21

CHECK
82022
20023
22224
2225

HALT
20226
22327

00239
22031

pB232
20233

20234
D537
BL249
20041

3-48

LAB 3.1 SOLUTION

ASUIB,R,Y,L

I ECHO NAME (TTY TO TTY)

NaM ECHO

E}:T ODIOO)OIAROJ .DTA.).IOC.
22200@ START NOP
HAME FROM TTY
1520328 AGAIN
gao44

LDA INLU .

CLE,IND INDICATES INPUT

215221X JSiZ «DIC. INITIALIZE I1/0 OPERATION
BZOZ34E DEF FMT ADDRESS OF FORMAT SPECIFICATION
De373%0 DEF EXIT ADDRESS OF ERROR EXIT

262%237R LDA NNisk NUNMPER OF ELEMENTS IN ARRAY
B6OZUNE LDE BUFAD ADDRESS OF BUFFER ADDRESS
215872X JSB .IAR. BEGIN INTEGER ARRAY INPUT

NAME TO TTY

B62333R LDA OUTLU

206490 CLB INDICATES OUTPUT

216001XK JSB «.DIO. INITIALIZE 1/0 OPERATION

222@34R DEF FMT ADDRESS OF FORMAT SPECIFICATION .
223632R DEF EXIT ADDRESS OF ERROR EXIT

P62237R LDA NMNBR NUMBER OF ELEMENTS IN ARRAY
B66248R LDRB BUFAD ADDRESS OF RBRUFFER ADDRESS
Pl16222X JSB «I1AR. BEGIN INTEGER ARRAY OUTPUT
P16203XK JSE .DTA. OUTPUT LAST RECORD

FOR QUTPUT I/0 COMPLETION

B16204X JSB .10C. STATUS TTY

PLpame OCT 40202 ‘

B2232% SsA TTY RUSY 2

P26722R JMP %-3 YES, STATUS TTY AGAIN

102077 HLT 77E NO, HALT

P26P0 1R JMP AGAIN '

1220772 EXIT HLT 923

P262321R JMP AGAIN

209771 INLU OCT | INPUT DEVICE LOGICAL UNIT

¢203%2 QUTLU OCT 2 OUTPUT DEVICE LOGICAL UNIT
SupP

224751  FMT ASC 5,C13A2)

202217 NMBR DEC 15

2073241R BUFAD DEF BFR

333999 BFEK BSS 15
END START

*% NO ERRORS*

PRS- Yy VRE S8

P o R e T B e S

WITE W e e T ey

e

P



Y5 R!

BAD2*
IGIRRES
AR
A Sk
GRIAICES
GaaT
GYGEEEE
[GRUNGRTES

D5 E ik
GYRESES
BELe
Gy
aELe
gaLe
Goed
AGe |
G2 ex
Gaes
Gnea
BN 5
26 %
DBz
AB2C
BH2G%
D030 %
BB31
B@38s
AO3 2%
D234
am3s
G1/RCIES
SR
Bo34
B39
e ok
aoal
GaBaz

Paas
paas
paas
%%k NO

Laf 3.

2 IbTE

CFOIMATT

THZ FO
DILITS

AN

OUTRGT
BaBae
ATy

VU U
310

AR

OHECK
AGaLs
Gaala

-l

N e
i

=
[S I, A
& Ry
o

g e

1Y)

=
<

= =
MM RO 0O
SN

ERROR

(&

2 OONY

RUi

LA {/"} e e
Aiouml
GUAGLER

ARPEISR

@
Bisue

FOR 170
LRYaRO1 i
WEUATIER

SRRy

Beat i
31454
Fadacdl
Baasuay
Bioga36
@oua 37

Sk

3-49

LAB 3.2 SOLUTION

PURGH NUMDERS

TooRE GUTRUT oM T.0GICAL UNIT 4 AS
SOFOR THE VALUES ARE ''J" AND "K'.
DYG1TS OF QUTPUT FOR J' AND 4

INDICATES 0UTPUT

211 I-0 OPERATION

ADDRESS OF FORMAT SPECIFICATION
ADDRESS OF ERROR EXIT

fa
o

! A55 J TU I0I.
oy JGIN O INTEGER QUTPUT

s ) PASS K TO oIOIt
MR RO CONTINUE INTEGER OUTPUT

ST LT OUTPUT LAST RECORD

DI WAll FOR SYSTEM I-0 TO END
LETURN ADDRESS

START

A PUNCH LOGICAL UNIT
A, (I35, T14y FORMAT SPECIFICATION

34
31
END PNCOHN




2ol
Poo2%
CoD3%
DO U*%
DBAS*
DOB6*
aa07
0028
IR
G012%
2211x%
@z12
2013
214
go1s
2316
GOLT*
D018x%x
ga19
2020
ga21x%
a2922%
0323
gg24
B225%
Q026%
Bo27
2228
B029%
0230
@331

B@32
6233
0234

LAE 3.3 READ NUMBERS & CONVERT

READ THE TAPE PUNCHED IN LAB 3.2

98002

202007

INITIALIZE INPUT 1/0 OPERATION

22031
03002
29233
P0R24
29005

INPUT
20226
20087

INPUT
20318
Boall

HALT
po@12
20913

0oa14
BOB1S
20216
209217
P0e20
20021
o222

LAB 3.3 SOLUTION

NAM
EXT

PD24300% READN NOP

n
\

ASHMB, R, L, F

READN

‘DIO.)'IOI.

o239 14R AGAIN LDA UNIT
DE64B4 CLB, INB
PlLeaa1lx JSB «DI0.
B2AG1I5R DEF FiT
Go3u12R DEF EXIT
FIRST INTEGER

glepgax JSB I0I.
B72221R STAa J
SECOND INTEGER

216092% JSE .IC0I.
272822R 5TA K
122277 EXIT HLT 77B
P26201R JMP AGAIN
203325 UNIT OCT 5

g2alll  FMT ASC
B31454

ana64

pauaun

o222 J NOP

0oorrs K NOP
END

*% NO ERRORSx

INDICATES INPUT

ASCII I1-0 OPERATION

ADDRESS OF FORMAT SPECIFICATION
ADDRESS OF ERROR EXIT

GET J FROM .IO0I.
STORE J

GET K FROM +IO0I.
STORE K

RESTART

PHOTOREADER LOGICAL UNIT

4,(13,14) FORMAT SPECIFICATION

READN

3-50
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2021
Gog2*x
GOD 3%
DADBU*
DOB5*
2036
geat
wos
PIa9
a1
Ga1 1%
ga1e
2013
BElax
@Ga1s
P16
aoL7
o118
Ba1o
ZE2@%
g2l

~AP22
(ﬂ 223

ge24a
GP25%
2026
auet
geeg
Fo29*
BB33
2331
232
BP33%
Bo34
@35
BB36
2037
dB38x
@39
Bo4LD
204l
go4az
o4 3%
Baaa
Zo45%
DO46

C}

]—JAB 3 “

LAB 3.4 SOLUTION (1 OF 2)

ALUIR, T, DLl

4 MODIFY LABR £.7%

FORMATTER

ROGBG

BBz By
QRHal

IRIGYE

pAED3
AQAL L

Baes
Boa3s
oaaaT
oY1y
gl

ool
pEBLa
QoeL4
ARG 15

BoB16
BB
22020

o321
gopee
BOGE3

DOG24
DoB25
DIB26
gaz27

0239
P2B31
gre32
Boa33
20034

BAG3S

o

1 . A
o ~
s UM
Loy ow
45
R
Y

Deodsbi
GEBBoDR
77754

Pirogmix S5TaT
BaDAND
BE2ze

D260 I2R

P Ky I R A T
AL SRCY 3

DO2057 1 Lo T

Dol

AR26D25R

Aieentx SHTDN
Lagouy

GBR2020
126U30R

LR2uTT KLT 778

226720 1R JUF AGAIN

JE 0N TAPE) TO RUN WITH

1, n1 LECORD COUNTER

Heall aSC1Y RECORD

STaTUs RUSY 2 YES, WAIT

ADD 1 TO RECORD COUNTER

CDh = ok 7
Y5, PUINT ERROR MESSAGE

OOD o= e 7

YES. START SHUTDOWN
MO, DEAD NEXT RECORD

SYLTEM STATUS nUSY ?

i o e
DBESTART

t

3-51



ooa7
248
Baas
0650
Pa51
P52
2353
BO54%
@355
2056
@357 *x
2058
BB59%
369
206 1 *
ga62
2063
@p64
2765
PB66
30617
zp68

22936

22337
20240
Goa4l
aeg4a2
20943

20244
2245

22046
2a47
28852
@2B@57
BoB62

0263
20064

200920

252062R
226420

216622X
B2B64R
022247R

726206 3R
21606H3X

016234X
126236R
Q0002392
0o0B09
200222

209000
B24042

*% NO ERRORSx

WEMSG

EXIT

RDRUF
Cl516
UNIT

CNTR
FMT

LAB

NOP
EXT
LDA
CLB
JSB
DEF
DEF

LDA
JSB

JSB
JUIP

BSS
BSS
0CT
SUP
BSS
ASC
END

3.4 SOLUTION (2 OF 2)

PRINT ERKOR MESSAGE SUBROUTINE
ODIO')OIOIO.’ -DTA.

UNIT

INDICATES OUTPUT
«DIC. ASCII I/0 OPERATION
FMT ADDRESS OF FORMAT SPECIFICATION
EXIT ADDRESS OF ERROR EXIT
CNTR GET RECORD NUMBER
«I0I. OUTPUT ERROR MESSAGE
«DTA. CUTPUT LAST RECORD
WELSG, I
7
3
2 TTY LOGICAL UNIT
1 RECORD COUNTER

15, (" ZRROR MESSAGE, RECORD ', 14)
START

Tt Tttt

t

I/’A N
{ A



INPUT/QUTPUT SYSTEM

(
CORE |,
MEMORY
DMA
OPTION N
©F
LOGIC y
DMA DMA
Chan 1 Chan 2
4©,
~ A 8
4 L
1/0 Bus
I J
\| wo 110 1/0 10 170 - 1)
(" | interface Interface Interface Interface Interface
3 4 4
0% rO
A 4 y y
k Device Device Device Device Device
10 1 12 13 14 J

4-1




INPUT/OUTPUT METHODS

SINCE MOST INPUT/OUTPUT DEVICES ARE MUCH SLOWER THAN THE COMPUTER, THE STRUCTURE
OF THE COMPUTER PROVIDES FOR TWO DISTINCT METHODS OF INPUT/OUTPUT DATA TRANSFERS.

NON-INTERRUPT METHOD

THE USER COMMANDS THE 1/0 DEVICE TO CYCLE AND THEN WAITS FOR
THE DEVICE CYCLE TO COMPLETE BEFORE PROCEEDING WITH FURTHER
EXECUTION OF THE PROGRAM.

ADVANTAGE: EASY TO USE

DISADVANTAGE: INEFFICIENT USE OF COMPUTER TIME

INTERRUPT METHOD .

THE USER COMMANDS THE 1/0 DEVICE TO CYCLE AND THEN IMMEDI-
ATELY PROCEEDS WITH EXECUTION OF THE PROGRAM. THE COMPLE-
TION OF THE DEVICE CYCLE INTERRUPTS PROGRAM EXECUTION AND
TRANSFERS CONTROL TO A SUBROUTINE WHICH HANDLES THE DATA
TRANSFER.

ADVANTAGE: EFFICIENT USE OF COMPUTER TIME.
DISADVANTAGE: REQUIRES MORE PROGRAMMING EFFORT.




READING ONE CHARACTER FROM
THE PHOTO READER

(CLEAR FLAG) CLEAR THE FINISHED FLAG

(SET CONTROL) START THE DEVICE CYCLE

(SKIP IF FLAG SET) CHECK THE FLAG TO SEE IF
DEVICE IS FINISHED

(LOAD INTO A) READ DATA FROM |/0 CARD
BUFFER INTO REGISTER

THIS IS CALLED THE "WAIT FOR FLAG" LOOP.

THE CLF 10B IS REQUIRED SINCE THE FLAG FLIP-FLOP IS NORMALLY SET
WHEN THE DEVICE IS NOT IN USE. (TURNING COMPUTER POWER ON OR
PRESSING EXTERNAL PRESET SETS THE FLAG FLIP-FLOP)

THE CLF 10B INSTRUCTION MAY BE COMBINED WITH THE STC 10B

STC 10B,C SET CONTROL & CLEAR FLAG

4-3



~ SIMPLIFIED INTERFACE CARD CONTROL & DATA FLOW

INTERFACE CARD

COMPUTER
START! >l CONTROL

(STC) o | RLIPFLOP |

v |
DONE?
(SFS)
FLAG
CLF . FLIP-FLQP
N ~>

DATA -l

LIA | ,

0TA ~ DATA BUFFER |

-

DEVICE
START!
STOP
DONE !
1L




DATA TRANSFERS (8 BIT DEVICE)

14 13 12 1 g 9 8 7 6 5 4. 3

111|819 |1

BEFORE

11010111
K. . M. K.
INSTRUCTION 1 110 1 0 8 BIT DEVICE

[LlA/B(sc)] | | BUFFER
A OR B REGISTER

9‘ dlolold ) AFTER

8 BIT DEVICE
BUFFER

INPUT DATA

dl1l1|a1911]|9|4|1|90|1]1]|0]|14]1]1]| seFore

_INSTRUCTION 8 BIT DEVICE
[OTA /8( sc)] BUFFER

A OR B REGISTER

e
]
nE
e

X ¢

glal1|1|e|a|al1l4]|a]1]1]|ad]1]4]4]AFTER
oYY ¥ ¥ ¥ ¥ oo peyice
OUTPUT DATA 1181111811 | 1] aurrer




A DATA TRANSFER EXAMPLE

THE PROGRAM BELOW WILL READ TWO (8 LEVEL) PAPER TAPE
CHARACTERS AND PACK THEM INTO ONE 16 BIT WORD.

THE PROGRAM ASSUMES A PHOTO READER IS AVAILABLE AND
ASSIGNED A SELECT CODE OF 17g

OPCODE OPERAND

STC 178,C
SFS 178
JMP WAIT 1
LIA 178
ALF, ALF

STC 178,C
SFS 178
JMP WAIT 2
MIA 178
HLT

REMARKS

START READER

IS FLAG SET?

NO, STAY IN LOOP

YES, LOAD 1ST 8 BITS , ot
ROTATE TO HI "A" pLf = M“ffq
START READER

IS FLAG SET?

NO, STAY IN LOOP

YES, MERGE 2ND 8 BITS

HALT




THE EQU PSEUDO INSTRUCTION

THE EQU PSEUDO INSTRUCTION EQUATES THE
OPERAND SYMBOL TO THE LABEL FIELD.

FOR EXAMPLE:

LOCATION CONTENTS LABEL OPCODE OPERAND REMARKS

02000 ORG 20008
00017 READR EQU 17B READR "EQUALS" 17B
02000 103717 STC READR, C
02001 102317 SFS READR
02002 026001 JMP % -1
02003 102517 LIA READR
02004 102077 HLT 778
NOTE:

THE VALUE OF THE LABEL "READR" DEPENDS ENTIRELY ON THE OPERAND
OF THE EQU PSEUDO INSTRUCTION. ALL OPERAND REFERENCES TO THE "READR"
SYMBOL ARE ASSIGNED THE VALUE 17g.




SUMMARY OF I0G INSTRUCTIONS

14 13 122 1 0 9 l 8 7 6| 5 4 3 2 1
10G 000 1 H/C HLT 000 e Select Code
1 0 STF 001
1 1 CLF 001
1 0 SFC 010
1 0 SFS 011
A/B 1 HIC MI* 100
A/B 1 H/C L~ : 101
A/B 1 H/IC OT* 110
0 1 H/C STC 111
1 1 H/IC CLC 11 v o ‘
1 0 sTO 001 000 001
1 4 1 CLO 001 000 001
1. TH/C soOC 010 000 001
1 ®*yic sos 011 000 001

H/C REFERS TO THE FLAG,
tBIT 9 = 1, CLEAR THE DEVICE FLAG
BIT 9 = ©, HOLD THE DEVICE FLAG AS IS

* H = HOLD OVERFLOW AS IS |
* C = CLEAR OVERFLOW AT END OF EXECUTION,



PROGRAM EXAMPLE-FLOWCHART

READ |1® DATA ELEMENTS AND STORE THEM
IN CONSECUTIVE MEMORY LOCATIONS.

|

' INITIALIZE SET POINTER READ IN
COUNTER TO FIRST ONE DATA
, TO-10 STORAGE ELEMENT

LOCATION

' ADD
STORE MOVE

IN |
POINTER ONE TO

BUFFER COUNTER

YES




PROGRAM EXAMPLE-CODE

060133
070130
060132
070131
103721
102321
024105
102521
170131
034131
034130
024104
102077
024100

000000
000000
000000
000116
177766

ASMB,AB,L

START

INPUT
BUFFR
CNTR
PNTR
BUFAD
D10

ORG 100B
LDA D10
STA CNTR
LDA BUFAD
STA PNTR
STC INPUT,C
SFS INPUT
JMP  *-1
LIA INPUT
STA PNTR,I
ISZ PNTR
ISZ CNTR
JMP GO
HLT 77B
JMP START
EQU 21B
BSS 10
BSS 1

-BSS 1

DEF
DEC -10
END

GET COUNT CONSTANT
PUT IN WORKING COUNTER
GET STARTING ADDRESS
PUT IN ADDRESS POINTER
START 1/0 DEVICE

WAIT FOR

FLAG

READ IN DATA
STORE IN BUFFER

MOVE ADDRESS POINTER
INCREMENT COUNTER

NOT EQUAL TO ZERO

STOP

RESTART

1/0 DEVICE IN 21B
RESERVE FOR DATA
RESERVE FOR COUNTER
RESERVE FOR POINTER
FIRST ADDRESS OF BUFFER
DECIMAL -10



THE INTERRUPT SYSTEM

WE HAVE DISCUSSED INPUT/OUTPUT USING THE WAIT FOR FLAG
TECHNIQUE, BUT FIND THAT THE COMPUTER COULD SPEND A MAJOR
PORTION OF ITS TIME IN A WAIT LOOP.

IN MANY CASES THIS FACT IS OF NO CONSEQUENCE, BUT THERE IS A
WAY TO CIRCUMVENT THIS LOSS OF COMPUTER TIME BY GIVING THE

PERHIPERAL DEVICE A WAY OF REQUESTING SERVICE ONLY WHEN IT
NEEDS IT

INTERRUPT METHOD

PROGRAM SUBROUTINE (DRIVER)

GO START DEVICE
PROGRAM CONTINUATION <

STC PR,C

INTERRUPT

\\

PROGRAM CONTINUATION g _ -~

INITIATOR

CONTINUATOR

4-1



BCS

DOS

USING AN 1/0 MONITOR

-— INPUT/0UT CONTROL

JSE ,10C,

—>  CENTRAL INTERRUPT CONTROL

JSB  EXEC

4-12




PROVIDE IND

o~ ‘ﬂ_ jﬁ
Joroibeinie

LOGICAL UNIT NUMBERS

E FROM 1/0 CHANNEL HUMBERS (SELECT CODES).

A NUMBER (i - 774) IS ASSIGNED TO EACH DEVICE IN THE SYSTEM DURING GENERATION

OF THE SYSTE

M

THE OPERATING SYSTEM

REQUIRES LNGICAL JNITS 1-6 TO HAVE SPECIFIC FUNCTIONS,



SIMPLIFIED IOC BLOCK DIAGRAM

USER I1/0

REQUEST
I /70 CHANNEL #

IO0C

I/0 1/0
DRIVER # DEVICE #1

I1/0

EQUIP. TABLE I/0 - -
ENTRY 1 DRIVER ™2 DEVICE 772

ENTRY 2

ENTRY 3

ENTRY & 1/0 I/0
DRIVER #3 DEVICE #3

1/0 1/0
DRIVER #a DEVICE #4

(M The user requests an I/0 operation using a logical unit reference number.

@ 10C finds the logical unit entry in the equipment table.

@ The equipment table entry contains the address of the driver and
the physical channel number of the device.




~ - | ~

SYSTEM SELECT CODES & INTERRUPT ADDRESSES

SELECT | INTERRUPT {TRAP
CODE LOCATION (CELL) FUNCTIONAL ASSIGNMENTS

0 NONE ENABLE/DISABLE 1/0 AND INT SYST.
1 NONE SWITCH REGISTER
2 NONE . DMA CM1
3 NONE DMA CM2
4 4 POWER FAIL (HIGHEST PRIORITY)
5 5 MEMORY PROTECT
6 6 DMA CM1
7 7 DMA CM2

10 10 1/O DEVICE

11 1 1/0 DEVICE

12 12 1/0 DEVICE

77 77 1/0 DEVICE (LOWEST PRIORITY) J

THE INTERRUPT SYSTEM HAS A PRIORITY CHAIN BEGINNING WITH
SELECT CODE 4B.

WHEN A DEVICE INTERRUPTS, LOWER PRIORITY DEVICES ARE CUT OFF
FROM THIS CHAINUNTIL THE INTERRUPT IS PROCESSED.

4-15




PRIORITY LINKAGE

Power Fail
Signal

PRIORITY

ENABLE _

v

Error

Signal

Computer
Logic

Completi
Signal

Interface
Card

Comnlet

Signal

Interface
Card

Front Panel

L SELECT

. “CODE
Power. -
Fait oo 04
Paritv/
Error/and
Memory 05
Protect . )

< DMA”
Chan 1 06
Chan 2. 07,.

/0 y
Device 10

1/0
* 1 obevice n

Interface
Card

Interface
Card

/0

Device 12
/0

Device 13

I 3

. Interface
- ' Card

- N

-




INTERRUPT & 1/0 CONTROL SUMMARY (1 OF 2)

2w ipeg

INST S.C. 00 : S.C. 01 S$.C.02 S.C. 03
h
[
STC NOP NOP Prepares DMAchannel Prepares Dthhannel
1 to receive and store 2 to receive and store
the block length in 2's the block length in 2's
complement form. complement form.
cLC Clears alt Control FF's NOP Prepares DMA channel Prepares DMA& channe
from S.C. 06 and up; 1 to receive and store 2 to receive and stere
effectively turns off the direction of data the direction of data
all 1/O devices. flow and the starting flow and the starting
memory address. memory address.
STF Turns on interrupt STO sets overflow bit, NOP NOP
system.
CLF Turns off interrupt CLO clears overflow bit, NOP NOP
system except power
fail (S.C. 04) and
parity error {S.C. 05).
SFS Skip if interrupt system SOS NOP NOP
is on.
SFC Skip if interrupt system SOC NOP NOP
is off.
LIA/B NOP Loads S-register con- Loads present contents Loads present contents
tents into A/B register. of PMA channel 1 of DM A channel 2
word count register word count register
into A/B register. into A/B register.
MIA/B NOP Merges S-register Mavges present contents Mergas present contents
contents into A/B ot BPMA channei 1 of DMA ‘hannel 2
register. wird count register into word count register inio
A/B register. A/B regiscer.
OTA/B NOP Outputs A/B ragister 1. Outputs to DMA 1. Outputs to DAA

contents into display
register.

channel 1 the bcek
length in 2's com-
plement form
(previcusly prepared
by an STC 02
instruction).

2. Outputs to DMA
channel 1 the direc-
tion of data flow and
the starting meraory
address (previcusly
prepared by a
CLC 02 instruction).

channe! 2 the block
length in 2's com-
plement form
(previcusly prepared
by an STC 03
instruction).

2. Outputs to DAS
channel 2 the direc-
tion of data flow and
the starting memory
address (previously
prepired by a
CLC 03 instruction).




STC

CLC

STF

X

T AND I/0 CONTROL SUMMARY (2 OF 2)
o)

&.C. Q7

S.CO10-27

Re-initializes povear-F3i
logic end restors intur-
rapt coshilivy to lower
priarity funpctions.,

Tiors on mamaory

protect.

Sets Control £F
%Mﬁr;hannel 1

(activates DMA).

n

Sets Convral I en

DMA-zhanne! 2

(activates DMA).

Sets PCA Control FF o

turns on davice on cioin
nel specified by S.C.

Re-intiatize poveer-fal
logic.,

NOP

BMA. Control FF on

DCPC channel 1
(reestablishes priority
with STF; does not turn

off DMA.

Clears Control FF on
channel 2
(reestablishes priority

with STF; does not turn

oft DMA).

turis off device faborts
data trarifer i pro-
grammic i),

Clears PCA Control FF and

iiag FF sets auto-
Maticzlly when pouer
comies up. (No pro
gram control

possibie.)

Turn: on parity error
interrupt,

1. Hardware Controiled:
Sets Flag FF when
word count is
reachod and turns

off DMAchanne! 1.

2. Program Controlled:
Aborts data transfer.

1. Hardwzre Controlled:

Sets Flag FE when
word counitis
reached snd turns

off m"‘“ﬁ! channe! 2.

2. Program Controllcd
Aborts data transfer.

PCA Floy ©i-

sens when

data transfer is complet..

CLF

Flag FF clears autc-
matically when power
fail occurs. (No pro-
gram control
possible.)

Turns off parity errcr
interrupt.

Clears Flag FF on SM

channel 1.

Clears Flag FF on QMA

channel 2.

Clears PCA Flag FF.

SFS

NOP

Skip if parity error
interrupt is on.

Tests if bMAchannel 1

data transfer is com-
plete.

Tests if awchannel 2

data transfer is com-
plete.

Tests if 1'0 channel data

transfer is complete.

SFC

Skip if power fail
has occurred.

Skip if parity error
interrupt is off.

Tests if DMAchannel 1

data transfer is still in
progress.

Tests if @Mﬁf channel 2
data transfer is still in
progress.

Tests if 1/0 channel daa

transfer is still in
progress.

LIA/B

l.oads contents of
cantral interrupt
register (S.C. of last
interrupting device)
into least-significant
bits of A/B register.

Loacts cuntes 3 of
violation register into
A/B reciztar:

Bit 15~ 1 =PE

Bit 15 = 0 = MPV

NOP

NOP

Loads contents of PCA
buffer into A/B register.

MIA/B

Merges contents of
central interrupt
register into least-
significant bits of A/B
register.

Merges contents of
viciation register into
A/D register.

NOP

NOP

Merges contents of PCA
buffer into A/B register.

OTA/R

NOP

Cutpuits first address-
able memory location
to fence register.

Outpuis to DM A
chanrzl 1 the S.C. of
1/0 channel. Specify
STC after each word;
CL.C after block.

Qutputs to b
channe! 2 the 3.C. of
1/O channel. Specify
STC after each word;
CLC after block.

Outputs data from A/B

register into PCA buffer.

-



INTERRUPT SEQUENCES

~ INTERRUPTING

COMPUTER SERVICING

iRk SELECT CODE <haded channel
) ] cPU
Program 10 1 12 13114 |15 16
t1 12
»t2 13 }Together—
- 43 10
t4 1N
' é

. @ End of service subroutine § .-
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 IoRow M

“INCLUSIVE OR" THE CONTENTS OF MEMORY LOCATION ~n & THE A-REGISTER.

A_;REGISTER BEFORE “IOR »m*” EXECUTED 1 111 111 1p1 019
 CONTENTS OF ~w  BEFORE “IOR~m*“ EXECUTED g 111 g0 ge1 109
A-REGISTER AFTER  “I0R /m” EXECUTED 1 111 111 1¢1 11¢

CONTENTS OF am UNCHANGED

RULE FOR “INCLUSIVE OR" 1614
- 1198

| R

1114

S 420




X0R

“EXCLUSIVE OR” THE CONTENTS OF MEMORY LOCATION = & THE A-REGISTER.

A-REGISTER 'BEFORE “XOR »" EXECUTED

CONTENTS OF ~m -BEFORE “XOR ~m" EXECUTED

A-REGISTER AFTER “XOR -m" EXECUTED
CONTENTS OF -m UNCHANGED

RULE FOR “EXCLUSIVE OR” 1010
1190

AR
p11p

111 111 101

11 010 001
000 101 100

g e
o é; (

ool .
.

e

)

add

010

100

110

| A7 ‘
- / N%‘, .
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[ISZ

ADD 1 TO CONTENTS OF MEMORY LOCATION ..
IF THE RESULT OF THIS ADDITION IS ZERO,
THEN SKIP THE NEXT LOCATION

ELSE PROCEED TO THE NEXT LOCATION

P ISZ

P+2 ;‘ P T

SUM = @

C4-22



MEMORY
LOCATION

2008

THE PROGRAM STARTS AT START. WHAT wiLL BE IN T, P, A, & B wHEN
EXECUTION STOPS T = 1070

START

AGAIN

REPS
IMASK
XMASK

IOR.XOR.1SZ (CLASSROOM EXERCISE)

LDB
CLA
I0R
XOR
157
NP
HLT
0cT
0CT
0cT

REPS

IMASK ,- :

XMASK e

Lo O

AGAIN Coel e

_2 - :, ‘,

5307 o 4520

d : ,/Za?l,

b J’OD
2

2607 —
, P =19, p =200

, B=10
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o

SHIFT & ROTATE INSTRUCTIONS

ALS /BLS 0 /)] ’ (] )] (D] nDnIN

LOST
SHIFT THE REGISTER LEFT 1 BIT ARITHMETICALLY.

BITS # THRU 14 SHIFT LEFT. SIGN, BIT 15, IS NOT
AFFECTED. |

ARS /BRS 11910]0 1

COPY OF BIT 15 LOST
SHIFT THE REGISTER RIGHT 1 BIT ARITHMETICALLY.
BITS 14 THRU 0 SHIFT RIGHT. SIGN, BIT 15, IS NOT
AFFECTED. COPY OF SIGN BIT SHIFTED INTO BIT 14.

RAL/RBL o[1[1[4JoJ4]oJo[4 4 [1]oJoo[4
l
ROTATE THE REGISTER LEFT 1 BIT.
a2

RAR/RBR ["Telolo[1 1 (o]0 [o]1 [o]1 [0

1 i
ROTATE THE REGISTER RIGHT 1 BIT.

1\.;,
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PROBLEM:

SOLUTION:

ROTATE EXAMPLE

TEST BIT 15 OF THE "A" REGISTER.

IF BIT 15 =1, JMP TO LOCATION BUSY
IF BIT 15 =0, TEST BIT 14

IF BIT 14 =1, JMP TO LOCATION ERROR
IF BIT 14 =0, (PROGRAM CONTINUATION)

i

1

Label

Operation Operand Remarks
) 15 20 25 30

Z I |2 |<XiD
cCimi=jo m|+
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ROTATE INSTRUCTIONS

ERA/ERB »(0] 1]&]1 olo]o o]0

ROTATE THE REGISTER RIGHT, 1 BIT, WITH THE
EXTEND (E) REGISTER. BIT 0 IS ROTATED INTO E.
E IS ROTATED INTO BIT 15.

" AN
ELA/ELB |0 1111 ]o]o]1 1 [0]1 [0]0]41]1 [0]4

[ s

ROTATE THE REGISTER LEFT, 1 BIT, WITH THE

EXTEND (E) REGISTER. BIT 15 1S ROTATED INTO E.
E IS ROTATED INTO BIT 0.

ALF /BLF PRI e e[ o]
' g 1}

L

ROTATE THE REGISTER LEFT 4 PLACES. BITS 15,
14, 13, 12 ARE ROTATED INTO BITS 3, 2, 1, 0,
RESPECTIVELY.




L

ALS ALS
ARS ARS
RAL : RAL
RAR ' RAR
ar U [ee] [sa]ls | e
ALF | ALF
ERA ERA
ELA ELA |
- -
BLS BLS
BRS BRS
RBL . RBL
RBR | RBR
BLR Ecus] [»SLB] ) BIR
BLF BLF
ERB ERB
ELB ELB

COMBINING GUIDE

and

SHIFT-ROTATE INSTRUCTIONS
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PHOTOREADER
OR
CARD READER

ASSEMBLER A
OR
FORTRAN-PASS 1 ONLY
OR
EDITOR
OR
ALGOL
OR

USER ABSOLUTE PROGRAMSJ

»
N }/

SYSTEM INPUT-OQUTPUT (SIO) COMFIGURATION OF SOFTWARE

SIO TTY
DRIVER K
\.‘/‘—_—'\‘

SIO LINE

PRINTER DRIVER
i

SIO READER
DRIVER

SIO PUNCH
DRIVER

SOFTWARE TO
BE CONFIGURED

SIO MAG TAPE >
DRIVER

i ™

2199

CONFIGURED
SIO DRIVERS

CONFIGURED
SOFTWARE

DRIVERS

+

LINKAGE TABLE

OR

DRIVERS

+
LINKAGE TABLE

+

SOFTWARE
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SYSTEM
LINKAGE
TABLE

Sto
DRIVERS

017777

POWER FAIL HALT

PARITWERROR/MEMORY PROTECT HALT

STND SOFTWARE SYSTEM JMP INSTR.

INPUT DRIVER ADDRESS

LIST OUTPUT DRIVER ADDRESS

PUNCH OUTPUT DRIVER ADDRESS

KEYBOARD INPUT DRIVER ADDRESS

FWA OF AVAILABLE MEMORY

LWA OF AVAILABLE MEMORY

MAG TAPE DRIVER ADDRESS

%A«SE PAGE AVAILABLE MEMQRY

- 8«58

MAG TAPE DRIVER

TAPE-PUNCH DRIVER

PHOTO-READER DRIVER

TTY DRIVER, LINE PRINTER DRIVER

ABSOLUTE BINARY LOADER

4-29




SOFTWARE CONFIGURATICN PROCEDURE Gw%? 4 ‘;7&;@3
1. USE THE BBL TO LOAD AN SIO DRIVER. N&y}

2. SET P TO 2, SET SWITCH REGISTER BITS #-5 TO THE ASSOCIATED SELECT CODE,
HIT RUN. COMPUTER WILL HALT WITH 182@77 DISPLAYED., DRIVER IS NOW
CONFIGURED,

3, REPEAT ABOVE STEPS FOR EACH SIO DRIVER (EXCEPT MAG TAPE) TO BE INCLUDED. THE
SI0 DRIVERS MUST BE LOADED IN THE FOLLOWING ORDER:
TTY, LINE PRINTER, READER (PHOTO OR CARD), PUNCH, 6;5

R MW

4, USE THE BBL TO LOAD THE SOFTWARE TO BE CONFIGURED.\?@“X ‘
N

5. DO STEPS 1 & 2 FOR THE SIO MAG TAPE DRIVER. IN STEP 2 USE THEKLOWER NUMBERED
MAG TAPE SELECT CODE.

6. USE THE BBL TO LOAD SIO DUMP.
7. SET P TO 2.

8. SET BIT 15 OF THE SWITCH REGISTER TO

@ = OUTPUT LINKAGE TABLE + CONFIGURED SIO DRIVERS
1 = OUTPUT LINKAGE TABLE + CONFIGURED SIO DRIVERS + SOFTWARE

PRESS RUN. TAPE PUNCHED AS PER SWITCH REGISTER BIT 15,

~—

9, FOR MULTIPLE COPIES, GO TO STEP 8.

ﬁ”;“ P \ po i
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S10 DRIVER USE FOR ABSOLUTE PROGRAMS

THE USER "CALLS" AN S.I.O. DRIVER FROM HIS MAIN PROGRAM
AS FOLLOWS:

X’d\ v
(buffer length) @ — LU

( buffer address)

10xBI  @—

CONTROL IS RETURNED TO THE MAIN PROGRAM WHEN THE 1/0
OPERATION IS COMPLETED.
@ _Use positive numbers for characters, negative numbers for words.
@ 10X=the systems linkage table address which contains the oddress
of the proper driver |
NOTE: REMEMBER THE DRIVERS MUST BE "CONFIGURED" TO THE PROPER
1/0 CHANNEL ASSOCIATED WITH THE DEVICE.
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EXAMPLE - S10 DRIVER USE

WRITE A PROGRAM WHICH "READS" ASCII
RECORDS FROM THE PHOTOREADER AND THEN TYPES THOSE SAME
CHARACTERS ON THE TELEPRINTER.

[~
I
&

e
[AEI=IE 1 s )

O MoOo/uv/m/o . m o[> g~

oMo aeom | s O[=

SIS

ZlwnMmmMmisTin o

|~

LOADING THE REQUIRED SIO DRIVERS PRIOR TO THIS PROGRAM
ASSURES THAT THE LINKAGE WORDS WILL BE IN 101 & 102,

~
7



20
21
22
23
24
25
26
27
50
31
32
33

1837XX
1623XX
g24921
1825XX
001727
1037 XX
1023XX
024026
1024XX
170091
#060a4
924020

BBL RESTORATION PROGRAM

STC XX,C
SFS XX
P *-1
LIA XX
ALF,ALF
STC  XX,C
SFS XX
P *-1
MIA XX
STA 1,1
INB

JVP 288

SET B-REGISTER ACCORDING TO MEMORY SIZE,

XX = PAPER TAPE READER SELECT CODE
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COMPUTER
PROGRAM

DMA TRANSFERS

Initialization
Routine

LU

Interrupt

DMA
LOGIC

N

Completion
Routine

MEMORY

Data

INTERFACE CARD
Select Code 12

o0

Set Contro!
Clear Flag

Clear Control

Set Flag

BUFFER

”

INPUT
DEVICE

-~ Start

Done

Data

- Programmer’s responsibility

- ;' Automatic Operations



DATA CONTROL WORD FORMATS y y};’
CONTROL WORD 1 ~ (DEVICE CONTROL) /”\ ‘X,N
5411312011 (1p| 9| 8] 7| 6| 5| 4| 3| 2] 1] @l
LS I | (NOT USED) | / | /
7 L51c e ( DEVICE SELECT CODE : v/ |
M
9‘({ 5 v
CONTROL WORD 2 (MEMORY CONTROL) G
Bl [3[12]ulw] 98] 7] 6l 5[ a3 214 /«\
ot MEMORY  ADDRESS R
i\
CONTROL WORD 3 (BLOCK LENGTH CONTROL)‘X
15 |3 (2]l 9ol 8l 7 6 5] ul3]2[1]a ,“\M\S'
WORD COUNT

“/
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PROGRANM

T0

INITIALIZE DMA

LABEL OPCODE OPERAND COMMENTS
ASGN1 LDA CWi1 Fetches control word 1 (CW1) from memory and loads it in
A-register.
OTA 6 Outputs CW1 to DMA Channel 1.
MAR1 CLC . 2 Prepares Memory Address Register to receive control word 2
(CW2).
LDA Cw2 Fetches CW2 from memory and loads it in A-register.
OTA 2 Outputs CW2 to DMA Channel 1.
WCR1 STC 2 Prepares Word Count Register to receive control word 3 (CW3).
LDA Cw3 Fetches CW3 from memory and loads it in A-register.
OTA 2 Outputs CW3 to DMA Channel 1.
STRT1 STC 108B,C Start input device.
sTC 68,C Activate DMA Channel 1.
SFS 6 Wait while data transfer takes place or, if interrupt processing is
JMP *-1 used, continue program.
|
i HLT Halt
Cwi1 OCT 120010 Assignment for DMA Channel 1 (ASGN1); specifies 1/0 Channel
select code address (10g), STC after each word is transferred, and
CLC after final word is transferred.
cw2 OCT 100200 Memory Address Register control. DMA Channel 1 (MAR1);
specifies memory input operation and starting memory address
(200g). -
cw3 DEC -50 Word Count Register control. DMA Channel 1 (WCR1); specifies

the 2’'s complement of the number of words in the
block of data tobe transferred (501q).
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MICROPROGRAMMING IMPLEMENTATION

HP
2100
Micro

Assembier

Punch
Cards
{or Tape)

gee BN
interim
Punched

Tape
{or Disc File}

New j Listing
(Edited)

Interim Tape
(or Disc File}

Program

—

CONTROL

STORE x

RRPRRD  Fh

[ i
Programmable ROM
Raad Cnly “:mory Integrated Circuits

intagrated Circuits

" 4-37



ASSEMBLER BLOCK MOVE PROGRAM (DOES NOT USE MICROPROGRAM)

20081
20082
2023
coou
22325
g296
BOBT*
2238x%
ze29
0210
2011
gol12
2213
Rol4
20215
2216
2o17
2018
po19
2022
2021
2322
B223%
gp24
2925

326

go27
2028
goe9
0932
2231
ga32
2033
2034
6835
@236
2036
2836
2236
0236
2037
2038
2238
2238
2238
3038
8@39

04300
240292
04031
B4g@2
24003

4004
24005
24006
Q4007
04018
o411

g4a@12
24813
4214
Q4015
24016
24217
Gu02e

v4a21
pag22
24823
24024
24025
Q4026
04227
B40239
04231
gag 32

Q4233
Q4857
24123
24127
24153

Q4177
24223
4247
c4273
24317

2202292
122501
203224
g72224

62225
272026
62327
072038
0620631
272032

162239
172832
0360392
036032
2360826
g26012
236024

026024
1222717
226031
02020
177634
2220932
224033
200000
2041717
020002

0422009
c40000
Q42000
249220
240029

0o02%2
220200
222008
293220
2009232

**x NO ERRORS*

ASMB,ALB,L
ORG 4000R

START NOP

ENTRY LIA |
CMA, INA
STA REPS

AGAIN LDA NMBR
STA COUNT
LDA FRMDF
STA FRPTR
LDA TODF
STA TOPTR

NEXT LDA FRPTR,1I
STA TOPTR,1
1SZ FRPTR
1SZ TOPTR
1SZ COUNT
JMP NEXT
1SZ REPS

JMP AGAIN
HLT 77B
JMP ENTRY

REPS NOP

NMBR DEC -1008

COUNT NOP

FRMDF DEF FROM

FRPTR NOP

TODF DEF TO

TOPTR NOP
SUP

FROM REP 5 :
DEC 1-)2013014035-_)60)7-)80)9')l@o
DEC 10)29:30140,'5-:6017'18-)9-:1@-
DEC l-:20)30340J5016C;7-)80)9-;12.
DEC 1-:2-;30140)5~)6-;7-,8;;90;X'Z».
DEC 1052¢53¢54¢55¢,6057¢58¢59.,13.

TO REP 5 .
DEC @'JG‘)@‘JZ‘J@’)@'J@.JG‘)@.)G.
DEC @¢s0¢50es50esP0esB0sBesBesBesDe
DEC Bes0e0s2e¢s0¢s0esBesBesBesBesBo-
DEC QesP¢50¢5005DesDesBesDesBesle
DEC BesPe50050050e5B050es0esDesDe
END
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ASSEMBLER BLOCK MOVE PROGRAM (USES MICROPROGRAM)

2001
202
2003
2004
B335
we2s6
GB37*
2008
2229
6210
2011
gale
0013
0014
2215
2016
o017
2018
2019
00207
z@21
Bz22
@23
ag24
3025
“225
2225
2@25
@225
@26
z@27
2927
2027
ga27
2o27
gp28

020297
2009
22251
pavze
82023

22004
02225
B2296
220637
220109
p2a11

g2012
82013
22014
220815
22016
22017
02020
paozl

2022
22746
22372
22116
gal14a2

2166
gez212
P2236
p2262
023086

Vo039
1225021
023004
@72816

62017
272011
262022
geewral
125200
o002

236016
B26004
102077
026001
200002
177634
pg2g22
222166

G4L2009
BLRBD0
240700
240000
242000

GeRo0o0
02000
02020292
PO2BR3
PoTTBD

%% NO ERRORSx*

ASMB,A,B,L

START
ENTRY

AGAIN

COUNT

REPS
NMBR
F RMDF
TODF

FROM

TO

ORG 2000B
NOP

LIA 1
CMA, INA
STA REPS

LDA NMBR
STA COUNT
LDA FRMDF
LDB TODF
OCT 125229
NOP

I1SZ REPS

JMP AGAIN

HLT 77B

JMP ENTRY

NOP

DEC -100

DEF FROM

DEF TO

SUP

REP S

DEC les2e¢530s4e¢35¢5605T:5E8e59¢,1T
DEC 1e52e¢53¢s4e550e5605Tes80s52e51@
DEC 1 e52¢53054¢550,6057058¢594,10.
DEC les52¢53¢54¢5505605Tes8es59e,13
DEC 1l e52053es4es5¢560e57 58590510,
REP 5

DEC QoD esBesBesTesPNesBesBDoesBosDe

DEC BesBesPesBesBoesBesDesBDesDesBe

DEC Ges0esBesBosBosBesBesBesBesBe

DEC BesBesBesBesBesBoesBesBesPesBe

DEC BesDesBesBosPesTesBesBosBesrBe

END



B

LOCK MOVE MICROPROGRAM

1$0RIGIN=1210
23 DEBUG

3%
. 4%
5%
6%
7%
& %
9 %
12*
11%
12%
13%
14%
15%
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33%
34%
35%
36%
37
38
39
40
41
42

INTERRUPTABLE BLOCK MOVE MICROPROGRAM

CALLI

COUN

1610
1811
1912
1613
1014
16015
1216
1217
1028
1821
1022
123
1224
1g25
1826
1227
163¢

UPON
NOT

1831
1832
1833
1834
1835

43%END
**%NO ERRORS*x*

NG SEQUENCE 1S,

LDA -(NUMEBER-OF-WORDS)
STA COUNT
LDA FROM-ADDRESS
LDE TO-ADDRESS
1852020
T NOP

375 178757 MOVE P
345 175377 T
137 177407 Q

375 ©37427

375 117431 LOOP

11 176757 A RRS
345 173777 T
877 173377 B

164 @6@712 : F s2
375 ©37427

367 171377 Sl1
P36 117377
276 116777
136 1153¢€7
375 837414
374 114375 OuT P
377 177777

o oD

INTERRUPT JUMP HERE AND SAVE THE COUNT

IOR
I0R
IOR
JMP
CJMP
IOR
I0R
IOR
DEC
JMP
I0OR
INC
INC
INC
JMP.
INC
IOR

RW
RSS TBZ
ouT
INRUP
RW
cw NMPV
ouT

TBZ
LOOP

EOP

E: IT IS THE RESPONSIEILITY OF THE INTERRUPTING PROGRAM

IOR
I0R
I0R
SUB

TO SAVE THE A & B REGISTERS
375 170716  INRUP P
377 177777 A
111 171377 Q@  RRS
374 054375 P
374 154377 2

NOR

M

T -
P
P

Cw UNC

EQOP

—




DAY 4 READING ASSIGNMENT

POCKET GUIDE to the 21pp COMPUTER

210PA Reference
Chapter 1, table 1.1, 1.2

Assembler
Appendix B

BCS
Chapter 4
Chapter 6

|
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LAB 4.1 CONFIGURE ASSEMBLER

USING THE PROCEDURE OUTLINED IN SLIDE 4-30, CONFIGURE AN ASSEMBLER WITH

TTY, PHOTOREADER, & PUNCH SIO DRIVERS.

AN UNCONFIGURED ASSEMBLER WILL BE PROVIDED,

TEST YOUR ASSEMBLER BY ASSEMBLING A PREVIOUS LAB SOURCE TAPE.,
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LAB 4.2 TAPE DUPLICATOR (SFS)

WRITE AN ABSOLUTE PROGRAM THAT WILL READ ANY TAPE ON THE PHOTOREADER AND

REPRODUCE THE TAPE ON THE PUNCH.

DESIGN THE PROGRAM SO THAT IT WILL HALT IF 100 CONSECUTIVE EMPTY (FEED HOLE

ONLY) FRAMES ARE READ.

WRITE THE I/0 INSTRUCTIONS FOR READING & PUNCHING AS SUBROUTINES.

TEST YOUR PROGRAM BY REPRODUCING YOUR ABSOLUTE PROGRAM TAPE.,
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< BEGIN )

A

N

SET COUNTER |
T0 -100

_NO _COUNTER =;§;>

CALL READ
SUBROUTINE

v

CALL PUNCH
SUBROUTINE

~FEED HOLE\:>;M1

i
v YES

!
i ADD 1 TO
| COUNTER

LAB 4.2 FLOWCHARTS

READ

SET CONTROL
BIT &
CLEAR FLAG

el

< 18
FLAG SET

v YES

c - 1
| LOAD

| CHARACTER
[INTo A-REG

A4

RETURN

OUTPUT
CHARACTER
TO PUNCH

SET CONTROL
BIT “&
CLEAR FLAG

e

lﬁ._“___“m

“1s \\\

FLAG SET

\/

\/YES

RETURN

S



LAB 4.3 SOURCE TAPE DUPLICATOR (SIO)

WRITE AN ABSOLUTE PROGRAM THAT WILL READ A SOURCE TAPE ON THE PHOTOREADER
AND REPRODUCE THE TAPE ON THE PUNCH,

USE SIO DRIVERS.
TEST YOUR PROGRAM BY REPRODUCING YOUR SOURCE PROGRAM TAPE,

BE SURE TO CONFIGURE YOUR ABSOLUTE PROGRAM TAPE BEFORE ATTEMPTING PROGRAM

EXECUTION.
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LAB 4.3  FLOWCHART

BEGIN

b @

~ T

e !
CCALLSIO ’
|_INPUT DRIVER ..

R _._‘.._._.._-m

oAb CTERS
\\\\\:Eén k iﬁ “ALT N

YES
e N
| CALL IO
PUNCH DRIVER

Y-l



2701
To72%
250 3%
QDU
7005
7206
2207
D0 G*
D309
SR NGES
ga1L1
il 2%
13
2214
23 15%
2016
DO1T*x
2018
2019%
2227
ge21
ggeex
@o23x%
Ba24x%
72925
2026%*
o227
Ba28%
2229
BA3D*
2731
BA32%
333
BB34%
B335
20336
A@337*
Z238%
JB39*
aAB4q
P4 *
woaz
Z043%
oa44
IS
2o46
a@4a7T *
o048
BB4a9*x
gg5%
2051
IRYES
9953
0954
Za55

LAB 4.

p2o2a
232090
z2001
02982

22083

D204
22025

2329207

peaLe
2511

gesle

R2o13

waola

02315

02016

22017
28913

w2e20

p2g21

g2822

22223

2024

@2925
Pr316

22026
g2227

2 TAFZ
262026
e72027
716012
G156920

v62202
226229

236827
226992

122077
26299

200220

193713

122313

226214

192513

126012

L0209

122616

1237156

142316

2260823

1260229

177634
B0%2%0

**% NO ERRORS*

LAB 4,2 SOLUTION

ASMB, A, B,L

DUPLICATOR
BzGIN LDA

NEXT JSu

JMP

HLT
JMP

J
RDR EQU

SUNCH NOP
cTA
STC
SFS
JMP

JUP
PNCH EQU

DYM1Z6 DEC
CWNTR BSS
END

(SFS)
202728
D120
CNTR
READ

PUNCH

BEGIN
CNTR
NEXT

778
BEGIN

PNCH
PNCH, C
PNCH
*- |

PUNCH, I
168

-108
l

SET COUNTE™ TO -187%

CALL EAD JUDRCUTINE
CALL PUNCH SUZROUTINE

FEED HOLIL GuLY ?
NO, RESET COUNTER

YES, ADD | TO COUNTEER
COUNTER = 7 72
NO., REPNODUCE NE¥T CHARACTER

YES, #ALT

READ SUZTCUTINE
SET COWTRCL RIT & CLEAR FLAG
IS FLAG SET ?
o, TTOT FLAG AGAIN
YES, LOAD CHARACTER INTO A-REG

RETURN
PEOTOREZADED SELECT CODE

PUNCH SUTZROUTINE
OUTPUT CHARACTER TO PUNCH

SET CONTROL BIT & CLEAR FLAG

(€]

IS8 ET 2

g

LAG
N0, TEST FLAG AGAIN

YzS5, EETURN
PUNCH SZLECT CODZ
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2291
VPR
@i 3%
BoB4ax
BIA5
D506k
DBRT %
AYES
Boa9
2317
ARES
GT12%
G713
bala
2915
%16
G217T*x
L1 8x
619
GaA20
gzel
gg22%
323
pQ24
2325
B226
*% NO

LAB 4.3 SOLUTION

‘\\ﬁ\ ‘//‘g
ASMB, A, 3, L
LAB 4.3 ZUURCE TAPE DUPLICATOR (SIO)
3202 CRG 27%9D
CaLL SIO INPUT DRTURR
P200% 957012 BEGIN LDA MAXLN MAX # OF CHARACTERS
22031 556013 LDB BUFAD POINT TO BUFFER
CopEe 114131 JSB 1913, 1
ANY CHARA READ ?
Q2552 ©82% sza
Goana 426 JMP PUNCH Y5$, PUNCH THEM
80975 192 HLT 778 NO, FALT )
GLBO6 Bo6H! JMP PEGIN ‘

CALL 510 PUNCH DRIVER

CR097 266813 PUNCH LDB BUFAD POINT TO BUFFER
2910 114183 JSB 1733,1
P2211 225000 JMP BEGIN

22712 925114 MAXLN DEC 72

92713 ¢vegla BUFAD DEF BUFFR

02014 902307 BUFFR BSS 36
END ‘

ERRORS*



fre Lliin 75k

= B OERLga. Sl E A E LioledmiiATes biisr s GE u&&u& %“‘e 0
COMMOUN BY $EV€§Q§% 5&5?%@5?&5@&

GENERAL FORM:

| com E name, (size;), nome, (size,), ..., name (size )l REMARKS
k

EACH MAME IDEMTIFIES A MENT QF THE BLOCK FOR THE SUBPROGRAM IN WHICH THE
COM STATEMERNT AFPEARS.

STORAGE LOCATIONS ARE ASSIGNED CONTIGUOUSLY

THE LENGTH OF THE BLOCK IS EQUAL TO THE SUM OF THE LENGTHS OF ALL SEGMENTS
NAMED IN ALL COM STATEMENTS IN THE SUBPROGRAM.

TO REFER TC THE COMMON BLOCK OTHER SUBPROGRAMS MUST ALSO INCLUDE A COM
STATEMENT.

AT LOAD TIME; THE SUBPROGRAM WITH THE GREATEST COMMON DECLARATION MUST BE
LOADED FIRST.
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USING THE COM PSEUDO
LABEL OP CODE OPERAND
NAM PROGA

s START NOP
& LDA TABL1
V] '
E COM TABL1 (10) TABL2 (12), TABL3(10)
"a END START
§ NAM PROGB
g COM TABLA (15), TABLB (15)
N ]
T ]
.'B" END
s NAM PROGC
€ STA TABLX
M '
§ cém TABLX (8), TABLY (11)
¢ END

'{i




~ -

COMMON STORAGE

COMMON
LOCATION PROGA PROGB PROGC

TABL1 TABLA TABLX A

el

COMMON
STORAGE
BLOCK

DOO~NOGOD N

, TABLY
Y

. TABL2Z ‘

42 5 = |

WORD#13 = [TABL2+2] = [TABLA¥42] = [ABLYT4)
14 '
15
16 TABLB
:g 30

19 Y Y LOCATIONS

20 TOTAL
21 TABL3
22
23
24
25

)
i




PAPER TAPE (BINARY) DATA

BITS
o olo o o o T g 8
o ojo o o:o ° ?: 1 9
o 0|0 o o|o0]o ol o o/lo 2 10

o 0 0 0|0 o|c ofo o|olojo o 0o © ¢ o 0o o o o o o0 o|lo olo oo /olo 0o oo o o0 o o
—v— |0 o]0 o [ |, o o /: 31
E.O.R. |° °|° ° | E.O.R. |o j 412
o o|o o o ° o ) 5 13
o o|lo o oio oj: 6 14
o o o | ! T I5

/(\-é\_\ Y -
mn /16 BIT THE FIRST WORD

15[14 131211 10 98 7 6|5 4 3|2 1 0
o/t oolo 1 1]loo 1|1t oot 11 DATA WORDS SPECIFIES THE

16 BIT BINARY WORD FORMAT NUMBER OF WORDS
IN THE RECORD

A FIXED LENGTH BINARY RECORD A VARIABLE LENGTH BINARY RECORD
(SHOWN WITH 4 WORDS) (SHOWN WITH 4 WORDS)

1. Feed frames prior to the first character are ignored by the driver.
Therefore the 1st frame of a binary record must be non-zero.

2. Four feed frames separate binary records.

3. To output a record in variable binary form, the number of words in
the data block must be in the range 1<n<255;. The second frame
of the word count * is ignored on input.

4. Variable binary input uses the word count, or the specified buffer

size to terminate transmission, whichever value is smaller.
) ~ 5-4
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,A-\

**%x DEBUG FACILITIES x*x*

ALLOW RELOCATABLE MEMORY REFERENCE
MODIFY MEMORY CONTENTS

MODIFY REGISTER CONTENTS

DUMP MEMORY

BREAKPOINT

TRACE

START EXECUTION AT ANY POINT IN PROGRAM

RESTART

5-5




%% DEBUG CONTROL STATEMENTS =*x*

S»sAsV1,V2s e e es UN

W,R,V e
y A’AllAz %
D, B,:' Al;Ag ‘”

%} h R

(? A

N _—Bs1sA

W Blo.a

B,1,0
B,0,0
T,Al(,A2]
T,0
RC,A)
A

PROGRAM RELOCATION BASE
SET MEMORY
SET REGISTER

DUMP MEMORY

BREAKPOINT

TRACE

START EXECUTION AT ANY POINT IN PROGRAM

RESTART



% % DEBUG DUMP FORMATSAQNE ERROR MESSAGES * x

DUMP FORMATS

ADDR. WORD! WORD2 eee WORDS8
OCTAL: AAAAA 000000 000000 see 000000
ASCII: AAAAA cC cC cee cC
EXAMPLES:
i« DUMP OF RELOCATABLE LOCATIONS 37B-53B. IN OCTAL.

DsBs» 37,53

DUMP--BASE = 02000

62z 37

Blg4ap G4al1s504 Q42504 B4R518 244512 245%14  Qas5le B4752¢

BEBSe ©51324 ©35232¢8

2. DUMP OF RELOCATABLE LOCATIONS 37B-53B.

IN ASCIL.

D, As 37,53

DUMP-~BASE = 32000

00337 é?i}wm
88848 CD EF GH 1J KL MN 0P \2%
20858 ST uv WX Yz

ERROR MESSAGES

ENTRY ERROR

INDIRECT LOOP BAAMT

} \ V2 ;}J“M {\,U‘& TN s

Baos62

@s@sze
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PROGRAM TO BE ANALYZED USING DEBUG FACILITY

2ee1 ASMB, R, B, L , N
2002 00000 NAM DEMO DEBUG W
0063 0000Z 00PCOT START NOP iyé) M
2004 00001 062821R AGAIN LDA MSK

@005 00002 672023R STA CNTR

@006 00003 P62022R LDA FROM

0007 080004 B72024R STA SRCE

G008 0005 P6204CR LDA TO

0829 @06 @720 37R STA TRGT 3} e

@816 ©0EC7 162¢24R NEXT LDA SRCE,I Coeh

@011 @010 172837R STA TRGT. 1 Y L

@el2 8011 @36024R 1SZ SRCE Y B

0813 @012 G36837R 1SZ TRGT Vi

@B14 @013 ©36823R 1SZ CNTR J e

@015 20014 B26007R JMP NEXT Ogi 0

@016 @015 102501 Lia | NN

8017 00016 222011 SLA, RSS s

2018 @017 162077 HLT 77B Y

G219 @020 B26001R JMP AGAIN

PB20x*

ge21 @ee21 177773 MSK DEC =5
P22 00022 P2AC2S5SR FROM DEF BUFI
PB23 @223 22023 CNTR NOP
P@24 00024 000B22Z SRCE NOP
0P25 @ER25 40502 BUF1 ASC 5,ABCDEFGHIJ
00026 B41504
20027 042506
@00 30 B43510
@B@31 Q44512
Q826 SUP
0027 (¢0032 ¢QQ0P@ BUFO0 OCT 0,8,0,0,0C
0328 @e@37 020@G2 TRGT NOP
0029 (@O04@ GBBB2SR TO DEF BUFI
@02 30 END START
*% NO ERRORSx*
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DEMO

02000 Q2040

*L0OAD

DEBUG

22841 B4agie2

ae@7T7T BEaTT
=LOAD
%L 8T
«I0C, 16026
«SQT. 16083
eMEM. 15775
«BUFR 16177
HALT 15770
DEBRS @3356
DEBUG 022841
*LINKS

81764 @1777

*RUN

-
DEBUG CONSOLE RUN SHEET



DEBUG CONSOLE RUN SHEET

M, 2000

R, 1

H P= 00017 1=182677

D, B, 32, 36

DUMP--BASE = 02000
20032

T,7,10

R

T P= 0@0C7 1=162024

T P= G0010 1=172037

T P= Q@007 1=162024

T P= Q@010 1=1720837

T P= 00007 1=162024

T P= 00010 1=1720837

T P= @Q@Q07 1=162024

T P= Q0010 1=172037

T P= 008007 1=162024

T P= 00010 1=172037

H P= Q0017 1=102077
T,0

D, B, 40

DUMP-~BASE = 32000
8BC48 002025

S, 40,2032

R

H P= 00017 1=102077
D, B, 32, 36

DUMP--BASE = 02000
200 32

D, A, 32, 36

DUMP--BASE = (2000
200 32

vooeeo

A=@022025

A=040502

A=040502

A=041504

A=041504

A=042506

A=0242506

A=043510

A=043510

A=0445]12

A=0000024

A=000004

B42582

AB

poooR0o

BeY25
0eB25
gee26
00@26

gga27

gee27

00030
800230
02031

80031

MC=040502

MC=040502

MC=041504

MC=041504

MC=042506

MC=042506

MC=043510
MC=0423518
MC=0@44512

MC=044512

B4351@8 044512

(cont.)
3=@0¢008 E=0 0=0
P0Q0020 Q0200 0LVBL0
B=0Q02C@ E=0 0=0 MA=
B=0Q002@ E=8 0=0 MA=
B=00CZ0C2 E=08 0=0 MA=
B=0Q@Q02 E=0 0=0 MA=
B=00022@ E=0 0=0 MA=
B=00CC00 E=@ 0=0 MA=
B=0000C@ E=0 0=0 MA=
B=0Q000@ E=0 0=0 MA=
B=0@000@ E=0 0=0 MA=
B=0@000208 E=08 0=0 MA=
B=000008 E=0 0=0
B=000008 E=0 0=0
41504 42506
CcD EF GH idJd
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% ﬁﬁ?w
/CD,L,C1 ECZ}

~

N

f/
- .
§:\}ij‘;‘uf
15/
fee #~ ]j’%"“ i
it & )
g # Il ," Al -‘-..*‘{
ol IR Lty
'

DELETION

Q:PLmt IENT

Hff‘CHAR/—\CTER EDITING

/

‘I\.

r'\\

J ff!/ f
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CHARACTER EDITING EXAMPLE

HP SYMBOLIC EDITOR

EDIT FILE DEVICE?

/T

*
/L
/E

SYMBOLIC FILE SOURCE DEVICE?

/P

2221
2332
2803
0324
BB3S
geoe
2ece7

ASMB, BINARY,R,L
NAM LNEDT
START N BEGIN PROG
LXa 1
CMA,INA
HLT
END START

**xEND-OF-TAPE

*
/E

*END

o 5-12



CHARACTER EDITING EXAMPLE

EDITS

HP SYMBOLIC EDITOR

EDIT FILE DEVICET
/T

%
/CDsieTull

/CRs2.114512

CH
fCL1.3.7
oP
/Reds
Lia i
/E

SYMBOLIC FILE SOQOURCE DEVICE?
/P

SYMBOLIC FILE DESTINATION DEVICE?
/P

*%*END-OF~-TAPE
*
/E

*END

;.o&;TZ)

L

LISTING OF RESULTS

HP SYMBOLIC EDITOR

EDIT FILE DEVICE?
/T

BZ2i ASM3.BsRsL

gguz2 NaM CHEDT
@33 START NOP BEGIN PROG
2924 LIA !
3825 CMA,INA
2226 HLT

gea7 END START
*%*END-OF-TAPE

*

/E

*END
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HP SYMBOLIC EDITOR

EDIT FILE DEVICE?
/T

*
/L
/E

SYMBOLIC FILE SOURCE DEVICE?
/P

2821
geg2

ASMBLR,BLL
NAME SPLIT

**END=-OF=-TAPE
*

/C

2233 START NOP

2924 HALT

2ses END START

**END-OF-TAPE

* .
/E *

*END -

£r

EDITS

il ks //Q_ f wi@gigégg |
’f’ é%iéﬁg Nrajenie &
[ A

{ L
Qéf A4

RESULTS

HP SYMBOLIC EDITOR

EDIT FILE DEVICE?
/T

*
/CDs»3,10

/%

/CD,3,10

CONTROL STATEMENT DELETEDI
*

/CDs2,18

/CD,4,8

/E

SYMBOLIC FILE SOURCE DEVICE?
/P

SYMBOLIC FILE DESTINATION DEVICE?
/P

**xEND-OF=-TAPE
*
/C

**xEND=-QF-TAPE
* -
/E

HP SYMBOLIC EDITOR

EDIT FILE DEVICE?

/T

*

/L

/E

SYMBOLIC FILE SOURCE DEVICE?
/P

2221 ASMBL,R,B,L

gea2 NAM SPLIT
@623 START NOP

2804 HLT

2835 END START

**END-OF-TAPE
*
/E

*END

*END




sy
CHAMBER A%s
A26
i/0-X2
EXTERDER CARD
Attt
HO-Xi
EXTENDER CARD
A1i2
1/0 TERMINATOR
CARD
A13
1/0
SECTION
FRONYT
EXTENDER
OCTAL ADDRESSES CARDS
61 ﬁ(} 57 58 5B
N T
101 102 103 104 105 108 107 0
R B
CARD SLOT 8iURBERS
OCYAL ADDRESSES
N\
27 26 25
> > > 4+ ¢+ 4 ¢ € E & - ¢+ &
10 11 12 i3 14 15 16 17 18 19 20 21 22 23
AN
N

CARD 5LOT NUMBERS
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COMPUTER
s}
PROCESSOR

INTERRUPT AND
CONTROL SIGNALS

B

MULTIPLEXER DATA & CONTROL FLOW

UNIT NUMBER

DATA FROM TERM

LOWER SELECT CODE BOARD

]

I
. o |

-4

[ Jow—y
N
—

v

e e

{

|

o

@

DATA & CONTROL BITS

UNIT NUMBERS &
STATUS

>

CONTROL SIGNALS

-

UPPER SELECT CODE BOARD

o e

STATUS SIGNALS

=

PHONES CONTROL BOARD

UPPER LOWER
SELECT } SELECT
COpE CODE

NCRMAL

CONNECTOR

e

Ccon

MMERCIAL

TELEPHONE
LINES

' T T
} g Yoy ~ ” 6T ™ o, &, B, ¥ o, A T8 (6
R BT r;;] i;sl rzl H H l [;_i l [f] H ‘
) LG ETL LR LT LT L T )
| _w o :
- | | EeeoR o HE0B o
. =3
— . _ N6 e J20
E——qlﬂ S {F ® Syt |
DATA 1 JJJ
:- < -t 3
e — i
1 y
4 i ,
< = — = = )
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GENERAL SPECIFICATIONS

BASIC CHARACTERISTICS .

16-bit word length; 17th bit for memory parity checking
® Parallel logic

® Power fail interrupt, with automatic restart

o Rack-mountable

2

MEMORY

® Magnetic core storage

@ 980 nanosecond cycle time

@ Parity generation and checking is standard in all units

#® Six memory sizes available, 4,096 to 32,768 words;
field-expandable by plug-in cards

® 1024-word page size

o Protected 64-word block for stored loader

PROCESSOR

® 80 basic instructions, including extended arithmetic

o Up to eight instructions may be combined into one word
(register reference group)

® Two accumulators, addressable as memory locations

® Unlimited levels of indirect addressing allowed

@ Six working registers, may be selected for display and
instant modification (A, B, T, P, M, S)

® [lluminated control pushbuttons allow simultaneous
display and control of internal functions

® All instructions fully executed in 1.96 microseconds,
except ISZ and extended arithmetic (2.94 to 16.7
microseconds)

@ Only 980 nanoseconds added for each level of indirect
addressing

» Memory and I/O protection is standard

SOFTWARE

e FORTRAN, FORTRAN IV, ALGOL, and BASIC
languages

¢ Extended Assembly language

® Editor, subroutine library, Formatter, and Debug
routine

& Several operating systems, including
Basic Control System
Magnetic Tape System
Disc Operating System
Time-Shared BASIC System

INPUT/OUTPUT SYSTEM

® 14 internal I/O channels, externally expandable to 45

" ® Optional multiplexed I/O extends capacity to 56

channels; may be plugged into any slot
© All channels buffered and bi-directional
® Multilevel priority interrupt for device servicing

i

Lo

Peripherals interfaced simply with plug-in cards

Optional dual-channel direct memory access, can
transfer 1,020,400 words per second ’

General-purpose interface cards available

PERIPHERALS

oW

Magnetic Tape
Read and write 9-track IBM-compatible magnetic
tape, 800 BPI, at speeds of 25, 37.5, or 45 inches per
second; also read and write 7-track IBM-compatible
magnetic tape at speeds of 25, 37.5, or 45 inches per
second with switch-selectable densities of 200, 556,
and 800 BPI

Disc/Drum Memory
Fixed head-per-track design for rapid access, cap-
acities range from 262,144 to 1,048,576 words

» Cartridge Disc

Moving-head disc for low-cost mass storage; capacities
from 1.2 million to 4.8 million words

» Disc File

Moving-head mass storage; 11.7 million words per
drive, 8 drives maximum

Card Reader
Reads punched 80-column cards, 12 bits in parallel,
at 1000 cards per minute

Mark Reader
Reads punched and pencil-marked cards at 200 cards
per minute

Line Printers
Print 120 or 132 columns per line at 300 lines per
minute; ASCII 64-character set. Also from 356 lines
per minute (80 columns) to 1110 lines per minute
(20 columns); 64-character set

= Keyboard Display Terminal

W

CRT screen displays 25 lines, 72 characters per line;
standard teleprinter keyboard plus 10-key numerical
keyboard; speeds of 10 to 200 characters per second,
switch selectable '

Tape Readers
Read 5- and 8-level punched paper tape at up to 500
characters per second; with or without automatic
reroller

Tape Punch
Punch 5- and 8-level code at 120 characters per
second; also 5- and 8-level code at 75 characters per
second

Teleprinter
Keyboard with punch, read, and print capabilities; 10
characters per second; ASCII character set

© Data Communications

Asynchronous data set interface, 75 to 2400 bits per
second, full- and half-duplex; also synchronous
receive and transmit data set interfaces, 1200 to 9600
bits per second; automatic dialing capability available
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LABEL

SAMPLE POWER FAIL SUBROUTINE

OPCODE OPERAND COMMENTS
PFAR NOP Power Fail/Auto Restart Subroutine
SFC 4B Skip if interrupt was caused by a power failure
JMP UP Power is being restored, reset state of computer system
DOWN STA SAVA Save A-register contents
‘ CCA Set switch indicating that the computer was running when
STA SAVR power failed
STB SAVB Save B-register contents
ERA,ALS Transfer E-register content to A-register bit 15
SOC Increment A-register if Overflow
INA is set
STA SAVEO Save E- and O-register contents
LDA PFAR Save contents of P-register at time of
STA SAVP power failure
LIA 1B Save contents of
STA SAVS S-register
: Insert user-written routine to save 1/O
device states
CLC 4B Turn on restart logic so computer will restart when power is
restored after momentary power failure
HLT Shutdown
UP LDA SAVR Was computer running when
SZA,RSS power failed?
JMP HALT No
CLA Yes, reset computer Run switch to
STA SAVR initial state
LDA FENCE Restore the memory protect
OTA 5B fence register contents
Insert user-written routine to restore
1/0 device states
LDA SAVEO Restore the contents
CLO of the
SLAELA E-register and
STF 1B O-register
LDA SAVS Restore the contents of the
OTA 1B S-register
LDA SAVA Restore A-register contents
LDB SAVB Restore B-register contents
STC 4B Reset power fail logic for next power failure
STC 5B Turn on memory protect
JMP SAVP, | Transfer control to program in execution at time of power
failure
HALT HLT Return computer to halt mode
FENCE OoCT 20008 Fence address storage (must be updated each time fence is
changed)
SAVEO OCT 0 Storage for E and O
SAVA oCT 0 Storage for A
SAVB OCT 0 Storage for B
SAVS OCT 0 Storage for S
SAVP OCT 0 Storage for P
SAVR OCT 0 Storage for Run switch




“

SAMPLE MEMORY PROTECT/PARITY ERROR SUBROUTINE

PERR-6

LABEL OPCODE OPERAND COMMENTS
MPPE NOP Memory Protect/Parity Error Subroutine
CLF 0 Turn off interrupt system to inhibit 1/0O devices
CLF 5 Turn off P.E. interrupt during subroutine
STA SVA Save A-register contents
STB SVB Save B-register contents
LIA 5 Get contents of violation register in MP logic
SSA Check bit 15 to determine kind of error
JMP PERR If a 1, go to parity error routine
JMP MPTR If a 0, go to memory protect routine
MPTR — User’s routine in case of memory protect violation
etc.
LDA SVA Restore A-register
LDB SVB Restore B-register
STF 0 Enable interrupt system
STF 5 Turn on parity error interrupt
STC 5 Turn on memory protect interrupt
JMP MPPE, | Exit the subroutine
PERR — User’s routine in case of parity error
etc.
JMP Restore accumulators, turn on interrupts, exit

5-19




I/0 DRIVERS, STRUCTURE

NAM DRIVER D.nn

D.nn

Initiator Section

I.nn

Continuator Section




-

170 DRIVERS, INITIATOR

ON ENTRY TO D.nn,

(A)
(B)

ADDRESS OF EQT ENTRY

ADDRESS OF WORD 2 OF I/0 REQUEST

INITIATOR FUNCTIONS:

1.

6.

REJECT THE 1/0 REQUEST IF BUSY CONDITIONS EXIST OR THE REQUEST
PARAMETERS ARE ILLEGAL.

SAVE THEAI/O REQUEST PARAMETERS WITHIN DRIVER STORAGE.
CONFIGURE THE 1/0 INSTRUCTIONS IN THE DRIVER.

SET BUSY FLAGS.

INITIALIZE OPERATING CONDITIONS & ACTIVATE THE DEVICE.

RETURN TO .10C. WITH A & B REGISTERS SET TO INDICATE INITIATION OR
REJECTION, |
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1/0 DRIVERS, CONTINUATOR
ENTERED BY DEVICE INTERRUPT.
CONTINUATOR FUNCTIONS:
1. SAVE REGISTERS

2. IF DATA TRANSMISSION NOT COMPLETE,
INITIATE THE NEXT DATA TRANSFER,
RESTORE REGISTERS,

RETURN CONTROL TO PROGRAM,

3. IF DATA TRANSMISSION COMPLETE, OR IF A MALFUNCTION OCCURS,
UPDATE THE EQT.

4, CLEAR BUSY FLAGS.
5. RESTORE REGISTERS

6. RETURN VIA JMP I.nn,I.

| RERN P 5-22



SYSTEM

-

A DOCUMENTATION TECHNIQUE

PROG A
LISTINGS

PROG

B

PROG

C

PROG B

LISTING

PROG C
LISTINGS

OPERATIONAL

SYS:?@

BACKUP

=

SOURCE
DECKS

ADDITIONAL

BACKUP

ERROR CHANGES

RECOVERY FOR NEXT
VERSION

‘iﬁ
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5950-9226
5951-4498
#2116-9017
P2100-90136
0200-90002
02005-90002
5951-3028
5951-4423

2109 BIBLIOGRAPHY

HP 2100 PROGRAM CATALOGUE
A POCKET GUIDE TO INTERFACING THE HP 2108 COMPUTER
BASIC CONTROL SYSTEM

DOS-111 DISC OPERATING SYSTENM

A GUIDE TO TIME-SHARED BASIC

REAL-TIME EXECUTIVE SYSTEM

2100 COMPUTER MICROPROGRAMMING GUIDE

A POCKET GUIDE TO THE 2108 COMPUTER
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BASIC BINARY LOADER PROCEDURE

. HALT CPU (IF RUENING).

PLACE ABSCLUTE TAPE (I.E. ASSEMBLER, OR BCS, ... ETC.) INTO PHOTOREADER,
NARROW SIDE OF THE TAPE TOWARD CPU. - ‘

SET P T0 Y7788, WIERE X = 0 FOR 4K, 1 FOR 8K, 2 FOR 12K, 3 FOR 16K, 5 FOR 24K
L 7FORZK. .

CLEAR S, PRESS EXTERMAL PRESET, INTERNAL PRESET, LOADER ENABLE, RUN.

. TAPE READ, CPu THEN HALTS, 182877 = CK,

1992955 = ADDRESS T0O HIGH,

i

162311 CHECKSUN (RONG OR DAMAGED TAPE),







TYPICAL ASSEMBLY PROCEDURE

ASSEMBLEizjﬁé;j

SOURCE g s 2163

Py
TAPE Ei///

2\ OBJECT
— ) TAPE

> SOURCE LISTING
& ERROR MESSAGES (IF ANY).

LOAD ASSEMBLER USING BBL PROCEDURE.

CSET P T0 108,

PLACE SOURCE TAPE IN PHOTOREADER, PRESS RUN,

URCE TAPE READ, COMPUTER HALTS, 10211 IN DISPLAY REGISTER.

w
(o

REWIND SCURCE TAPE & PLACE BACK I¥ PHOTOREADER, PRESS RUM.

oz}
bt

SOURCE TAPE READ, OBJECT TAPE PUNCHED, SOURCE LISTED.

COMPUTER HALTS, 192677 IN DISPLAY REGISTER,

A-2
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- - | = | Q
rypicaL EXECUTION PROCEDURE

BASIC CONTR2%7;>
SYSTEM ¢ §‘“”N“ﬁ‘

OBJECT 21509 > EXECUTION

TAPE 3 |k o - xug%xxwv\
RELOCATABLE y///> cy5£*5 WY L |

LIBRARY

TAPE 4/,\\__,,fff”//”
1. LOAD BC .

S WITH BBL PROCEDURE.,

[
(V2]
[
-
0
-

0 2, SET SWITCH REGISTER BIT 15 (S815) T0 1,

OPUTER HALTS WITH 182891,
0 TO STEP 3, ELSE NEXT STEP,

s Dt T ~r
/. SET S2 70 1, PLACE RELOC

ATABLE LIBRARY TAPE IN PHOTOREADER, PRESS RUN.
8. RELOCATADLE LIBRARY REA SERY) .

&= vﬁ
~~
| Ss ]
T
ptod
i
()
[
(o]
Y
)
—
-

)

9, *LST PRINTS OM SYSTH

10, PRESS RU
11, “RUN PRINTS CH SYSTEM CONSOLE, COMPUTER HALTS WITH 152683,

12, PRESS RUN, PROGRAM EXECUTES.
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1

/DM, N

/R,M, N

/1M

- | -~

EDIT COMMANDS

DELETE LINE. IF M ONLY ENTERED, DELETE LINE M ONLY,
IF M & NENTERED, DELETE LINES M THRU N

E.e, /D,18 LINE 18 DELETED
/D,15,38 Lines 15,16,17,...,29,30 DELETED.

REPLACE LINE. IF M ONLY ENTERED, REPLACE LINE M ONLY.
[F M & N ENTERED, REPLACE LINES M THRU N,

E.c. /R,10 LINE 1% REPLACED BY —
START NOP <
LDA Z
/R,15,38 LINES 15 THRU 3/} REPLACED BY~—~]
JP X <

-

INSERT LINE., INSERT WHATEVER FOLLOWS THE /I STATEMENT AFTER LINE M

E.c. /1,18 OLD LINE 13 RETAINED & NOW FOLLOWED BY—
IR1 | _
XOR MASK[ =

oLD LINE 11 now rForLLows XOR MASK LiInE,

ALWAYS USE QLD LINE NUMBERS AS REFERENCE.,
LINE NUMBERS CAN ONLY BE REFERRED TO ONCE, & MUST BE IN ASCENDING ORDER,
WHEN ALL DELETES, REPLACES, & INSERTS HAVE BEEN ENTERED, /E MUST BE ENTERED,
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OOONOYUT &&= WN

[T -
]

12,
13,
14,
15,
16.
17,
18,

- .
TYPICAL EDIT PROCEDURE

CORRECTIONS —_— 21879
TO OLD SOURCE

OLD SOURCE

LOAD SYMBOLIC EDITOR WITH BBL PROCEDURE.

SET P TO 100, RUN,

“HP SYMBOLIC EDITOR” PRINTS ON ‘LIST DEVICE.

“EDIT FILE DEVICE?" PRINTS ON  LIST DEVICE " (NEXT LINE),
KEY IN “/T" ON SYSTEM CONSOLE

“#% PRINTS ON LIST DEVICE,

KEY IN REQUIRED EDIT STATEMENTS, LAST EDIT STATEMENT MUST BE “/E”,

“SYMBOLIC FILE SOURCE DEVICE?” PRINTS ON LIST DEVICE.,
PLACE OLD SOURCE TAPE IN PHOTOREADER, |

KEY IN “/P” (FOR PHOTOREADER).

“SYMBOLIC FILE DESTINATION DEVICE?” PRINTS ON LIST DEVICE.
KEY IN “/P" (FOR PUNCH)

NEW SOURCE TAPE PUNCHED,

"« END-OF-TAPE” PRINTS OM LIST DEVICE,

“«" PRINTS ON LIST DEVICE.

KEY IN “/E".

NEW SOURCE TAPE TRAILER PUNCHED, ~

“w END” PRINTS ON LIST DEVICE, EDIT PROCESS COMPLETE,

SYMBOLIC . x
EDITOR [ | / |
‘--e:ng NEW SOURCE
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MY EDIT FILE DEVICE?
- : REPLY T
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/T = TELEPRINTER

PHOTO READER

> %
/R, 1 /P
ASMB,R,B,L | - OR PUNCH
) NAM TEST
EDIT l/D 4, 6 |

RO At

ey -

FILE N, 27
LDA X

EE<E - g P A

/E

> SYMBOLIC FILE SOURCE DEVICE?
REPLY /P

»~ SYMBOLIC FILE DESTINATION DEVICE?
REPLY /P . NOTE: SINGLE ASTERISK (*)
> »*END-OF-TAPE ALWAYS INDICATES i
- 3 B THAT THE EDITOR IS
; REPLY /€ WAITING FOR A |
~ > *END KEYBOARD RESPONSE.
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EDITING ON A TTY (HO CPU AVAILABLE)

PLACE OLD SOURCE TAPE IN TTY TAPE READER,

PLACE TTY IN LOCAL MODE,

FUSH TTY PUNCH ON BUTTON,

PUNCH LEADER BY DEPRESSING HERE-IS KEY (3X).

PLACE TTY STOP/START/FREE SWITCH IN START POSITION.

TTY WILL NOW LIST & DUPLICATE OLD SOURCE TAPE,

WHEN THE TTY IS DUPLICATING THE LINE TO BE CHANGED, PLACE STOP/START/FREE
SWITCH TO STOP POSITION,

KEY IN RUBOUT (CR)(LP), THE CORRECT LINE (€R) () , AND ANOTHER RUBOUT
(DO_NOT FOLLOW THIS SECOND RUBOUT WITH A ¢§>)

PLACE STOP/START/FREE SWITCH IN START POSITION,
CONTINUE STEPS 6 THRU 10.UNTIL ENTIRE TAPE EDITED.







Convert 3267710

o O W >

32677]ﬂ =

32677]¢
32677]ﬂ
326771ﬂ

" L]
LT T =

DAY 1 QUIZ (QUESTIONS 1 - 4)

to binary; -1ﬂﬂ0]ﬂ to octal.

pl1l
111

p11
1

p1p 119
111 119
pip 11p
111 119

m
100
111
100

1112;
1ﬂ12;
1112;

1ﬂ12;

t

Which instruction will put the contents of
the A-register?

XY -

0TB
LDB
STB
LIB

p

y)

P
p

]pﬂﬂ]p = 1772668J
]nﬂﬂlﬂ = 176030
]0ﬂﬂ1ﬂ = 1760304

1ggg]ﬂ =3 1772664

the B-register into

Which set of codes will load the A-register from the switch
register and HLT if A-register contents

A.

C.

HERE

HERE

LDA
CPA
HLT
JMP

LDA
CPB
HLT
JMP

B.

D.

HERE

HERE

= B~

LIA
CPA
HLT
JMP

LIA
CPB
HLT
JMP

register contents.

Which of the following best describes the ASSEMBLY process?
The assembler program is loaded into computer memory and:

A.

B.

The source tape is processed in two passes producing
an assembly listing and the object tape.

The object tape is processed in two passes producing
an assembly listing and a new object tape.

The old source tape is processed, producing a new
source tape.

The source tape is processed in one pass producing an

assembly listing and the object tape.



5. Which of the following statements best describes the loading

DAY 1 QuUIZ (QUESTIONS 5-7)

of an object program using the basic control system?
The BCS tape is loaded into the computer and:

The loader listing is produced, then the object program

is loaded, then the relocatable library routines are
loaded.

The object tape is loaded, then the relocatable library
routines are loaded.

The relocatable library routines are loaded, then the
object tape is loaded.

The source tape is loaded, then the relocatable library
routines are loaded.

6. Which of the following best describes the edit proce§s?
The editor is loaded into the compvter and:

A.

- B.

7. When the fo11ow1ng code executes (from START),

The old source is read, the edits keyed in, the new
source is punched.

The edits are keyed in, the old source is punched, the
new source is read.

The edits are keyed in, the 01d source is read, the new
source is punched.

The old source is punched, the edits keyed in, the new
source read.

what will be in the T,A,M, & P registers.

sume START is 1ocat1on 2¢Q¢B
ﬁgte T-register is another name for the MEMORY DATA

o>

register.
START  NOP P
2000 LDA VALUE Lo
AND MASK fﬁgy@,
HLT ~—"~ W=~ ) WA
MASK  0CT 170763 W
VALUE  OCT 135026
T=192077, A=175767, M=2p@4, P=2pP3
T=1p20p0, A=175767, M=2pp4, P=2pP3
T=192077, A=13pp22, M=20p3, P=20p4
T=10209p, A=13pp22, M=2pp3, P=20p4

and then halts.



- EXPANDED Bcg:;EOCEDURE

- (INCLUDES LOAD MAP? ENTRY POINT LIST & ABSOLUTE TAPE OPTICHS)

1,
2,

LOAD BCS WITH BBL PROCEDURE.
SET P 70 2.

IF ABSOLUTE TAPE DESIRED, SET S14 TO 1, PRESS EXTERNAL & INTERNAL PRESETS.
IF LOAD MAP DESIRED, SET S15 TO 4.

PLACE OBJECT TAPE IN PHOTOREADER, PRESS RUN.

OBJECT TAPE READ. ”
*LOAD PRINTS ON SYSTEM CONSOLE, COMPUTER HALTS WITH 182091,
IF MORE OBJECT TAPES, GO TO STEP 4,

SET S2 10 1,
IF LOAD MAP DESIRED, SET S15T0 @,
PLACE RELOCATABLE LIBRARY IN PHOTOREADER, PRESS RUN.

1"REL0CATABLE LIBRARY R (IF NECESSARY!) |

\opfuw WA
*| ST PRINTS ON SYSTEM CONSOLE.  COMPUTER HALTS WITH 122000,

IF ENTRY POINT LIST DESIRED, SET S15 TO @,
PRESS RUN. IF S15 = @, ENTRY POINT LIST PRINTS ON SYSTEM CONSOLE

IF IN STEP 3, S14 WAS SET TO 1, *END PRINTS ON SYSTEM CONSOLE, COMPUTER HALTS
WITH 182877, ABSOLUTE TAPE HAS BEEN PUNCHED, TO EXECUTE, LOAD ABSOLUTE TAPE

~ WITH BBL, SET P T0 2, PRESS RUN, PROGRAM EXECUTES,

IF IN STEP 3, S14 WAS SET TO @, *RUN PRINTS ON SYSTEM CONSOLE, COMPUTER HALTS g

“ "'”??yeS;NITH 102080, PRESS RUN, PROGRAM EXECUTES,
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