


























































































































































has a parity error or a'll invalid address. These errors 
halt the machine immediately The setting of the Parity 
Check switch has no effect upon this indicator. 

Input/Output UfO) Check Indicators 

PR (Printer) Check. This indicator and light are 
turned on by the 1443 Printer when an output char­
acter with an even number of bits is detected while 
entering or leaving the print buffer. It is also turned on 
by a Sync Check. If the I/O Check switch is set to STOP 

the 1620 halts after the line is printed. If the I/O Check 
switch is set to PROGRAM and a Sync Check error is de­
tected, the 1620 continues processing but the 1443 stops 
after the line is printed. 

RD CHK (Read Check) Indicator. This light and in­
dicator are turned on when a'll input character with a 
parity error is detected before conversion to BCD code. 
An error halts the machine after the input operation is 
complete, if the I/O Check switch is set to STOP. 

WR CHK (Write Check) Indicator. This light and in­
dicator are turned on when an output character with a'n 
even number of bits is detected during conversion from 
BCD to output code. The effect on machine operation as 
a result of detection of this parity error varies, depend­
ing on the output unit selected and the position of the 
I/O Check switch, as shown in Table 11. 

Table 1l. Write Check Errors 

Overflow Indicators 

EXP CHK (Exponent Check) Indicator. This indi­
cator is used during Automatic Floating-Point opera­
tions (special feature). An exponent overflow or under­
flow that occurs during an arithmetic operation using 
floating-point instructions turns on the Exponent Check 
indicator and light. When the Overflow Check switch 
is set to STOP and the Exponent Check indicator is 
turned o'n, the computer halts at the end of the instruc­
tion being executed. If the Start key is depressed, the 
Exponent Check indicator remains on and the com­
puter continues to execute instructions. 

When the Overflow Check switch is set to PROGRAM 

and the Exponent Check indicator is turned on, the 
computer continues to operate in the automatic mode. 
The indicator can be interrogated and turned off by 
the program. The indicator and light can be turned off 
by pressing the Reset key. 

ARITH CHK (Arithmetic Check) Indicator. A'll over­
flow that occurs as a result of an add, subtract, divide, 
or compare operation turns on the Arithmetic Check 
indicator and light. When the Overflow Check switch 
is set to STOP and the Arithmetic Check indicator is 
turned on, the computer halts at the end of the instruc­
tion being executed. If the Start key is depressed, the 
Arithmetic Check indicator remains on, and the com­
puter continues to execute instructions in the auto­
matic mode until another overflow occurs. 

I/o Check Switch Position" 
Output Unit 

Stop Program 

Typewriter 1620 halts after printing all characters from Output operation is completed and 1620 can 
transmitted record. branch to an error subroutine. 

Tape Punch 
1620 halts as soon as an erroneous character 1620 halts as soon as an erroneous character is 
is punched. Tape does not advance. punched. Tape does not advance. 

Card Punch 1620 halts after core-storage to buffer- Output operation is completed and 1620 can 
storage transfer. Card is not punched. branch to an error subroutine. 

Printer 1620 halts after the line is printed 
Output operation is completed and 1620 can 
branch to an error subroutine 

1620 halts at the end of a sector, or at the 
1311 Disk Storage end of the last sector on a track if a Same as above. 

complete track is being read. 
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When the Overflow Check switch is set to PROGRAM, 

and the Arithmetic Check indicator is tum don, th 
machine continues to operate in the automatic mode. 
The indicator can be interrogated and turned off by th 
program. 

Console Program Switches 

The modifier switches in this group labeled PROGRAM 

WITCHES on the consol ,ar numbered 1 through 4. 
A branch in the program occurs when a switch specified 
by a Branch Indicator instruction has been set to o r-; 
by the console operator. 

When the switch specified is set to O FF, no branch 
occurs from the Branch Indicator instruction and th 
next instruction in sequence is ex cuted. 

When a Branch No Indicator instruction is used to 
interrogate one of these switches th branch 0 curs 
when the switch is set to OFF . 

Control Switches, Keys, and Signal Lights 
Control k ys (Figure 80 ) are LIS d for performing cer­
tain manual operations and for conveni nt instruction 
entry. Signal lights associated with the control keys pro­
vide a visual indication of a specific op rating condition 
of the computer and indicate the step of the keying 
procedure last completed. 

The manual and automatic Hghts are described first 
because of the effect of th manual and au tomatic 
modes of operation upon other k ys . 

. ''1' 

Figure 80. 1620-2 Control Keys and Signal Lights 
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Automatic and Manual Lights. When the Manual 
light is on and the Automatic light is off, it indicates 
that the computer is in manual mode In manual mod , 
the computer has terminated all operation and is pre­
pared to accept operator intervention. The Manual 
light is off when the computer is in automatic mod . 

When the Automatic light is on it indicates that the 
computer is in automatic mode, that is, while e ' cu­
ting a stored program or while transferring data to or 
from an input/ output unit. 

Manual mode is initiated and the Manual light is 
turned on by the x cution of a Halt instruction or by 
pressing the Stop key or by pressing the ReI as key 
(on an I / O operation only). Pressing the Start key, In ­
sert key, or Display iAB key initiates automatic mod 
and turns off the Manual light. The Save light, Read 
Interlock light, or Write Interlock light can be on when 
the Manual light is on . 

Both the Manual and Automatic lights are on when 
an instruction is singl -cycled with the CE k y; how­
ever, the computer is in O-litomati.c mode until th in­
struction has been ingle-cycled to completion . Wh n 
the instruction is completed the Manual light remains 
on and the Automatic light is turned off. 

Power On/ Off Switch - Power On Liaht. The pow I' 

On / Off switch has an on and off position . Set to the 
o T pOSition, it applies electrical power to the comput r 
and turns on the Pow r On light. Turning power on 
turns the ifask, IA ( Indirect Addressing ) and IX Band 



o indicators on and turns the Interrupt, IX Band 1, and 
IX Band 2 indicators off. 

Reset Key. The Reset key is used to restore machine 
status indicators, machine check indicators, and signal 
lights to their initial or reset condition and to mask all 
interrupts (in the 1710 Control System). This key also 
resets the Parity and I/O indicators. The Reset key is 
operative only in the manual mode When the com­
puter is in the automatic mode, the Stop / SIE key should 
be pressed to put the computer in the manual mode 
and permit use of the Reset key. 

Modify Key. This key is used in conjunction with the 
Check Reset key to reset core storage to zeros: 

1. Press the Modify and Check Reset keys simulta­
neously. This sets up the circuitry required to 
clear core storage. 

2. Press the Start key. Core storage is set to zeros. 

If the Modify and Check Reset key are pressed si­
multaneously in error, pressing the Reset key nullifies 
the clear-storage circuitry that was set up. This key is 
operative only in the manual mode. 

Check Reset Key. Pressing this key resets the follow­
ing indicators: MBR-O, MBR-E, MAR, WR CHK, RD CHK, and 
PR CHK. It is operative when the computer is in either 
automatic or manual mode. 

Display MAR. This key is used to display one of the 
twelve MARS registers in the following manner: 

1. The MARS Display Selector switch is set to the 
register to be displayed. 

2. The Display MAR key is pressed. The contents of 
the selected register are placed into the MAR reg­
ister and displayed in MAR display lights 

The selector switch should not be turned while the 
Display MAR key is pressed. This key is operative only 
when the computer is in the manual mode. 

Save Key and Save Light. Pressing this key turns on 
the Save light and transfers the address in Instruction 
Register 1 (IR -1) to Product Address Register 1 (PR-
1). The next Branch Back instruction executed in the 
program causes the Save light to be turned off and the 
address in PR-1 to be transferred back to IR-1. 

If the Reset key is pressed before the Branch Back 
instruction is executed, the address in PR-1 is lost. The 
Check Reset key does not effect the Save key opera­
tion. If a multiply operation is performed before the 
Branch Back instruction is used, the saved address is 
lost because the contents of PR-1 are decremented for 
each new multiply digit during a multiply operation. 

This key is operative only when the computer is in 
the manual mode. 

Insert Key and TWPR SEL Light. Depression of the 
Insert key places the 1620 in automatic mode, turns on 
the TWPR (Typewriter) Select light and activates the 
typewriter keyboard so that direct entry of up to 100 
characters may be made in numeric mode, starting at 
address 00000 and continuing into higher-numbered 
storage positions. After the 100th character has been 
entered the computer is returned to manual mode. The 
Insert key is operative only when the computer is in 
the manual mode. The Insert key on the typewriter has 
the same function. 

The TWPR SEL light is turned on any time the console 
typewriter is selected or performing an input/output 
operation 

Release Key. The Release key is used to terminate any 
input/ output operation, including console keyboard 
entry of data into core storage. When this key is 
pressed, manual mode is initiated, the Manual light is 
turned on and, if it is on, the TWPR SEL light is turned off. 

The Release key is operative only when the com­
puter is in automatic mode and is performing an I/O 
operation. 

Start Key. The Start key is used to start program 
processing and to put the computer in automatic mode. 
Pressing the Start key turns on the Automatic light and 
turns off the Manual light. It is operative only when 
the computer is in manual mode. 

Stop/SIE (Single Instruction Execute) Key. Depres­
sion of the Stop/SIE key stops the computer in manual 
mode at the end of the instruction being executed when 
the key is depressed. 

The Stop / SIE key also serves as a Single Instruction 
Execute key. Successive depressions of the key cause 
one instruction to be executed for each depression. The 
Manual light remains on. 

This key should be used to stop the computer when 
it is necessary to perform manual operations. 

Instant Stop/SCE (Single Cycle Execute) Key. De­
pression of the Instant Stop / SCE key causes the machine 
to stop at the end of the 10-fLsec machine cycle in 
progress when the key is depressed. Successive de­
pressions of the key cause single machine cycles. Both 
the Manual and Automatic lights remain on. 

When the key is pressed, the computer is stopped 
in the automatic mode (unless the key is pressed at the 
instant between instructions, which is very unlikely) 
and remains in the automatic mode until the instruc­
tion has been single-cycled to completion. 

Because the Save, Insert, Display MAR, Modify, and 
Reset keys are not operative in the automatic mode, 
the Instant Stop / SCE key should NOT be used to stop 
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the computer when it is necessary to perform manual 
operations. 

Power Ready Light. The Power Ready light comes 
on when internal machine temperature and voltage 
reach proper operating values. There is a delay from 
the time the Power On/Off switch is positioned ON 

u'ntil operating temperature and voltages are obtained. 
This delay varies with room temperature and the 
elapsed time since power was turned off. 

Thermal Light. The Thermal light is turned on if 
the internal temperatures of the 1620, 1622, 1625, or 
1311 become too high. The Thermal light may be 
turned off by depressing the Reset key, after the internal 
machine temperatures return to normal. 

Write Interlock. This light is turned on when the 
computer executes a write operation specifying an out­
put unit and the unit is not in a ready condition. 

This light is also turned on when a parity check error 
occurs while punching paper tape. 

When either of these conditions occur, the computer 
is stopped i'n the automatic mode; manual corrective 
procedure is required. These conditions are readily de­
tectable because the Automatic light remains on and 
the Write Interlock light is turned on. The Write Check 
indicator (and possibly one or more of the other I/O, 

Parity, or Disk indicators) may also be on. Depression 
of the Release key disconnects the output unit and puts 
the computer in manual mode. While in manual mode, 
depression of the Reset key turns off the Write Inter­
lock light, and depression of the Check Reset key turns 
off the Parity and I/O indicators. The operator can then 
take the 'necessary corrective procedures. 

In disk storage operations the Disk Check indicators 
are reset by pressing the Release and Reset keys simul­
taneously. 

Read Interlock. This light is turned on when the com­
puter executes a Read operation specifying an Input 
unit and the unit is not in a ready condition. A ready 
condition exists when the Power Ready light is on and 
the input unit is properly loaded and made ready. 

Check Stop Light. The Check Stop light is turned 
on when the machine stops because of a Parity or I/O 

check, including disk drive and EXP CHK errors. One or 
more of the Parity or I/O Check indicators that caused 
the stop is also on. The Check Stop light is turned off 
when the check indicators are reset by the Check Reset 
key or by program interrogation or when the Parity or 
I/O switch is set to PROGRAM. 
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Emergency Off Switch. This switch is for emergency 
use only. If pulled to OFF, all power in the machine is 
turned off and the blowers that cool the electronic cir­
cuits are stopped as well. Turning the blowers off in 
this manner may result in damage to the machine. 

Register Display Indicators 
The console panel displays the contents of registers by 
small incandescent lights that represent the bits present 
in each digit of a register (Figure 81 ). Each light, repre­
senting a particular bit position, is on only when its 
corresponding bit is present in the digit displayed. 

Operation (OP) Register. Two lines, each with five 
lights, normally display the bit configuration of the two 
digits representing the operation code of the instruc­
tion. Flag bits of these two digits are not displayed. 

Multiplier / Quotient. This five-light register display 
shows each multiplier digit as it is used during a multi­
ply operation. During divide, the M/ Q register is used 
to develop quotient digits. 

Data Register. Two lines, each with five lights, dis­
play the contents of the Data Register. This register 
performs three fU'nctions in the 1620: 

1. It decodes the Q8 and Q9 digits of Branch Indica­
tor, Branch No Indicator, and Input/Output in­
structions. 

2. It temporarily stores digits affecting MARS 

(Memory Address Register Storage) during all 
I cycles, and stores partial product digits during 
multiplication. 

3. It holds one of the digits used in add or subtract 
operatio'ns. 

Memory Buffer Register (MBR). All data read from 
core storage passes through this register. The two 
digits affected by a core storage address are displayed 
in the MBR. When the core storage location addressed 
is an even-numbered address, the digit at this location 
is placed in the MBR display in the E (even) line; the 0 

(odd) line contains the digit in the next higher-'num­
bered location. If the core storage location addressed 
is an odd-nmbbered address, the digit at this location 
is placed in the MBR display on the 0 line; the Eline 
contains the digit i'n the next lower-numbered location. 
When the machine is in alphabetic mode, the complete 
two-digit representation of an alphameric character 
may be viewed at one time. 

Memory Inhibit Register (MIR). All data written into 
core storage passes through this register. The two digits 
affected by a core storage address are displayed i'n the 



Mm. When the core storage location addressed is an 
even-numb red address, the digit at this location is 
placed in the MlR display in the E line; the 0 line con­
tains the digit in the next higher-numbered location . 
If the core storage location addressed is an odd-num­
bered address, the digit at this location is placed in the 
MlR display on the 0 line; the E line contains the digit 
in the next lower-numbered location. When the ma­
chine is in alphabetic mode, the complete two-di git 
representation of an alphameric character may be 
viewed at one time. 

Memory Address Register (MAR). Five Hnes, each 
with five indicator lights, display the bit configuration 
of the Bve-digit address in anyone of the twelve MARS 

r gisters. The specific register displayed is selected by 
the MAR Display Selector switch and the Display ? rAH 

key. Ther is no Rag bit notation. 

Memm'Y Add,-ess Register StoUlge (MARS) Display 
Selector. The 12-position rotary switch permits any of 
the 12 MARS registers to be selected for display in MAR 

by depressing the Display MAR key. The po ition of the 
switch can be changed without altering the display. 
The rotary switch should not be turned, however, while 
the Display MAR key is depressed. 

The MARS registers provide a visual indication of 
internal data flow for the console operator. Furth r 
information on the use of individual registers and the 
incrementing and decrementing of the MAR addresses 
may be found under CONSOLE OPERATl ' G PROCEDURES. 

Machine Status Lights 
The remaining lights on the console panel, Figure 82, 
are lIsed primarily by IBM Customer Engineers for 
diagnostic tes ting. However, some of these lights can 

- - .... ---------
Figure 81. Register Display and Selector 
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Figure 82. Machine Status Lights 

be used in program testing by single-cycle executing 
an instruction a'nd visually observing the status of in­
ternal indicators and observing the progress of the 
execution of the instruction. 

Although the status lights are arranged in three 
groups-Control Gates, Input/ Output, and Inst and 
Exec cycle-the functions represented by these three 
groups of lights are interrelated within the groups. 
Therefore, these lights are described in a sequence 
based upon functional use rather tha'n physical loca­
tion. Figure 83, a draWing of the appropriate console 
panel sections, is provided to facilitate determining the 
physical location of these lights in the functional de­
scriptions that follow. Reference to specific lights is 
made by the numeric and alphabetic coordinates lo­
cated across the top and down the left side of the draw­
ing. Lights that are neither labeled nor explained have 
no programming or operating significance. 
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I !Instruction) Cycle 

Pressing the Stop/SIE key stops the computer at the end 
of the instruction in operation at the time the key is 
pressed. Except for Branch instructions that will be 
executed, 'IR-l contains the address of the first operation 
code digit of the next instruction. Successive depressions 
of the Instant StOp/ SCE (Single Cycle Execute) key 
steps the computer through lO-p.sec machine cycles. The 
I and E cycle con so] lights show the progression of an 
instruction as it is executed with each depression of the 
SCE key. Six depressions of the ~CE key step the computer 
through the six machine cycles of any instruction. The 
I-cycle lights are turned on to indicate the following 
functions. 

1-1 (21, A). The operation code, 0 0 and 0 1, is placed 
into the two-digit operation register. 

1-2 (21, B). The P2 and Ps digits are placed into the 
ten-thousands and thousands pOSitions of Operand Reg­
ister 2 (OR-2). 



1-3 (21, C). The P4 and P5 digits are placed into the 
hundredths and tens positions of OR-2. 

1-4 (21, D). The P G digit is placed in the units position 
of OR-2. 

1-5 (21, E). The Q7, Qs, and Q9 digits are placed into 
the ten-thousands, thousands, and hundreds position 
of OR-I. 

1-6 (22, A). The QI0 and Qn digits are placed into 
the tens and units position of OR-I. 

E CYC ENT (3, A). At the end of the 1-6 cycle this 
light is turned on to indicate that the instruction just 
interpreted is about to be executed. At the end of the 
I cycle, 1R-I has stepped twelve addresses higher to the 
first operation code digit of the next instruction in the 
program. 1R-I remains at this address during the fol­
lowing E cycle. 

If the instruction is a disk storage instruction, the 
data in the Disk Control Field must be loaded into ap­
propriate storage registers. 

Loading Registers for Disk Storage Operations 

The operation of loading these registers cannot be 
stepped through by successive depressions of the SCE 

key. All of the disk operations that are described here 
occur automatically following the 1-6 cycle; however, 
certain types of errors, such as invalid addresses or in­
valid Qll modifier digits, will stop the computer at the 
end of the loading operation and before the actual exe­
cution of the instruction using the disk storage drive, 
occurs. Therefore, at this point, the contents of the 
registers have not been altered and can be displayed in 
the Memory Address Register. 

Disk OP (14, B). This light is turned on during 1-6 
time if the instruction addresses disk storage. It re­
mains on during the load operation. 

DISK LD ZERO (15, B). This light is turned on dur­
ing the time the Drive code is examined to· determine 
the correct Disk Storage module to be addressed. Also, 
at this time the OR-I, PR-2, and OR-2 registers are being 
set to zeros. 

DISK ADDR (16, B). This light is on during the three 
machine cycles required to load the disk address into 
OR 1. The specific digits transferred in each cycle is 
indicated in the drawing which follows. 

OR-1 PR-2 OR-2 

• t t 
Drive Disk Sector Core 
Code Address Count Address 

3 1 118 10 10 1 1101014101416181 I 

Hund Units Hund Units Hund Units 

t t t 
1st 2nd 3rd 

Cycle Cycle Cycle ttl 1 
1st 2nd 3rd 

The function of the labels "HUND" and "UNITS," which 
have been arbitrarily assigned to aid in testing opera­
tions, are described later. 

SCTR COUNT (17, B). This light is on during the 
two machine cycles required to load the sector count 
into PR-2. 

MEM AD DR (18, B). This light is on during the 
three machine cycles required to load the core storage 
address into OR-2. 

HUND and UNITS (16-17, B). These two lights are 
turned on to indicate which machine cycle is taking 
place during the loading operations. (Refer to preced­
ing drawing.) The UNITS light is on when the units and 
tens positions are loaded; the HUND light is on when the 
hundreds and thousands positions are loaded. Both 
lights are of] during the first cycle when OR 1 and 
OR 2 are loaded. 

SCTR CYC (19, B). This light comes on after the 
third cycle of the OR-2 loading operation (MEM ADDR 

light). Certain types of errors such as invalid addresses 
or invalid Qn modifier digits stop the computer at this 
point with this light on. Normally-that is, with no error 
conditions-the registers are loaded immediately fol­
lowing 1-6 cycle. When the program is being "stepped 
through" the next light on, following the 1-6 light, is the 
I -Cycle Entry light. 

E (Execute) Cycle 

During the E cycle the instruction is executed as speci­
fied by its operation code and P and Q addresses. The 
num ber of SCE key depressions necessary to step the 
computer through an E cycle is determined by the 
particular instruction being executed and the size of 
the P and Q fields. 

79 



The uses of the Rve E cycles are too extensive to 
describe in detail, therefore only their general usage 
is indicated. The speciRc use of the E cycle during an 
add instruction is described later. 

E-1 (22, A). This light is on during operations involv­
ing a Q ReId. 

E-2 (22, B). This light is on during operatioQs involv­
ing the P ReId. 

E-3 (22, C). This light is on during multiply and di­
vide operations. 

E-4 (22, D). This light is on during multiply and di­
vide operations. 

E-5 (22, E). This light is on during multiply and di­
vide operations when the product area is cleared to 
zeros. 

Add Operation 

Nine status lights are related to an add-()peration. An 
explanation of the E cycles for an add operation are 
described Rrst to facilitate understanding of the mean­
ing and use of these lights. 

E CYCLES OF ADD OPERATION-2 DIGITS 
Data How during the E cycles of an add instruction is 
illustrated in Figure 84. The Q ReId is in core storage 
positions 14000 -and 14001; the P field is in positions 
00801 and 00802. 

l. During the E-1 cycle, the two digits in the Q ReId 
are placed into the tens and units positions of the 
Data Register. 

2. During the first E-2 cycle the units position of the 
P ReId (an even address in this example) and the 
digit 6 from the odd address (which is not actually 
part of the speciRed Q ReId) are placed into MBR-E 
and MBR-O. The 3 from MBR-E and the 4 from the 
units position of the Data Register are sent to the 
Adder. The result of 7 is routed through the 
Memory Inhibit Register-Even (MIR-E) and re­
turned back to the units position of the P field 
(00802). The 6 from MBR-O is routed through MIR-O 
and then returned to core storage position 00803. 

3. During the second E-2 cycle the tens position of 
the Data Register (1) is transferred to the units 
position of the Data Register. A zero (C bit) is 
written into the tens position. The digit 5 from 
the tens position of the P field (an odd address) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

I I I I I I I I I I I 
I I I I 

I 

I I I I 
I I I I 

1 1 I I I 

I I I I I 
CONTROLj GATESI 

I I 1 

I I 
I I 

I CYC IX E CYC ADD INT CLR IA 
EN TENT ENT ENT RECOMP MASK ENT MEM SEL A-f---o () 0 000 000 000 
BR IX 

EXEC EXEC 
FIELD 
MK-l 

IX 
BAND 1 

IA FIELD 2 DIG CARRY EXP BR IX 
ENT X-4 MK-2 CNTRLOUT O'FLO OUT BAND2 c----o 00000000000 
lA LAST 
REO X-2 COMP CARD H/P 

0- ---0 0 0 0 0 0 0 0 0 0 0 0 
X-1 E/Z 

E-r---Y99999999999 
I I I 
1 I I 

I I I I 
1 I I 1 

I I 
I I 

I I I 
I I, I 

1 I 1 I I I I I I I I 
2 3 4 5 6 7 8 9 10 11 12 

Figure 83. Drawing - Machine Status Lights 
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and the digit 4 from the even address (which is 
not actually part of the Q field) are placed into 
MBR-E ·and MBR-O. The 5 from MBR-O and the 1 
from the units position of the Data Register are 
sent to the Adder. The result 6 is routed through 
MIR-O and returned back to the tens position of 
the P field. The 4 from MBR-E is routed through 
MIR-E and then returned to core storage position 
00800. 

Three cycles are required to add two digits, unless 
the units position of the Q field is an even address; in 
that case, only one E-2 cycle is taken and the first digit 
is added in two cycles. The remaining digits of the 
field are added as described above; three cycles for 
each two digits. Additional cycles may be required if 
the result must be recomplemented. 

When an add instruction is single-cycle executed, 
the results of the addition can be verified at the end of 
each E-2 cycle; the original P digit is displayed in MBR, 

the Q digit is displayed in the units position of the 
Data Register, the new P digit (result) is displayed in 
MIR. 

ADD ENT (6, A). When the Add Entry light comes 
on in conjunction with the E CYC ENT light, the opera­
tions following will be in the "add mode." It is turned 
off on the following cycle. 

ADD MODE (6, B). This light is on during all of 
the E cycles of add, subtract, and compare instructions. 

2 DIG CNTRL (6, C). The 2-Digit Control light, is 
turned on during the E-l cycle to indicate that the fol­
lowing E-2 cycle is the "1st" E-2 cycle. (Refer to Fig­
ure 84.) This means that the Q address was an odd­
numbered address and therefore both digits read into 
the Data Register will be used. 

CaMP (6, D). The Complement light is turned on to 
indicate the Q digits are complemented before they are 
sent to the Adder. 

RECOMP (7, A). The Recomplement light indicates 
that an add or subtract result will be recomplemented 
at the end of the last E-2 cycle. Recomplementing is 
required in any add operation when the sign of the P 
and Q fields are initially unlike and the absolute value 
of the P field is less than the absolute value of the Q 
field. 

CARRY OUT (7, C). This light is turned on during 
the cycle in which a carry occurs. A carry occurs when 
the addition of two digits results in a value greater than 
nine. On the following cycle the Carry In light will 
be on. 

CARRY IN (7, B). When this light is on, the Q digit 
is increased by one as it is sent from the Data Register 
to the Adder. 

H /P (12, D). The High/Positive light shows the con­
dition of the internal High/Positive indicator as a result 
of the last arithmetic or compare operation. 

E/Z (12, E). The Equal/Zero light shows the condi­
tion of the internal Equal/Zero indicator as a result of 
the last arithmetic or compare operation. 

Indexing 

Eight status lights are associated with the special fea­
ture Indexing. 

IX ENT (2, A). The Indexing Entry light is turned on 
to indicate that the next cycle begins an indexing opera­
tion; that is, an operation in which a P or Q address is 
changed as the result of adding the value of an index 
register. If the P field is to be indexed, this light is 
turned on during 1-4 time; if the Q field is to be indexed, 
this light is turned on during 1-6 time. If, for example, 
the P field is to be indexed, the IX ENT light comes on 
during 1-4 time and the next light to come on is the IX 

light. The 1-5 light does not come on until after the 
fifth cycle of the five cycles required to index the P 
field. 

IX .(21, E). This light is on during the five cycles re­
quired to add the contents of an index register to a P 
or Q field. During single-cycle execution, the original 
P or Q field digit is displayed in MBR, the digit from the 
index register is displayed in the units position of the 
Data Register, and the result (the new P or Q digit) is 
displayed in MIR. 

IX EXEC (2, B). The Index Execute light is on dur­
ing any of the seven modify, store, or load index reg­
ister instructions (Op codes 61-67). 

X-4 (2, C). The Index 4-bit light is turned on when a 
Hag bit is sensed in either the P:{ position or Qs position 
of an address. 

X-2 (2, D). The index 2-bit light is turned on when a 
Hag bit is sensed in either the P 4 position or Q!l position 
of an address. 

X-I (2, E). The Index I-bit light is turned on when a 
Hag bit is sensed in either the P5 position or QlO position 
of an address. 

IX BAND 1 (12, B). This light is on if Index Registers 
Band 1 has been selected by a Branch and Select in­
struction. It is off if Band 2 or Band 0 (no band) has 
been selected. 

IX BAND 2 (12, C). This light is on if Index Registers 
Band 2 has been selected by a Branch and Select in­
struction. It is off if Band 1 or Rand 0 (no band) has 
been selected. 
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Indirect Addressing 

Six status lights are associated with indirect addressing 
operations. 

IA Select (12, ~). The Indirect Addressing Select 
light is on when the indirect addressing feature has 
been turned on by a Branch and Select instruction with 
a Qll digit of 9. The light and feature are also turned 
on when power is turned on. The feature and the light 
are turned off by a Branch and Select instruction with 
Qll digit of 8. 

IA REQ (1, D). The Indirect Address Required light 
is turned on when a flag bit is sensed in the P6 or Qll 
positions of an instruction (in which indirect address­
ing is permitted). If an indexing operation is NOT re­
quired (no flag bits in either P3, P4, Pr;, Qs, Q9, and 
QlO) the IA ENT light is also turned on. 

IA ENT (1, C). The Indirect Address Entry light is 
turned on when an indirect address is required and an 
indexing operation is not required. It indicates that the 
next cycle will be the first cycle of the three cycles 
required to select an indirect address. 

IA-1 (21, B). The Indirect Address-l light is on dur­
ing the first cycle of the three cycles required to load 
the indirect address into OR-2 or OR-I, depending 
upon whether the indirect address is a P field or Q field 
address respectively. 

The specific digit positions .loaded into the Operand 
Registers during each of the three indirect address 
cycles depends upon whether the P or Q address is an 
odd or even number as illustrated in Figure 85. 

IA-2 (21, C). The Indirect Address-2 light is on dur­
ing the second cycle of the indirect address loading 
operation. 

IA-3 (21, D). The Indirect Address-3 light is on dur­
ing the third cycle of the indirect address loading 
operation. 

Odd Address 

Ten 
Thous Thous Hund Tens Units 

JA-3 JA-2 IA-l 

Figure 85. Positions Read During IA Cycles 

Miscellaneous Status Lights 

Nine status lights are concerned with significant but 
unrelated functions. 

BR EXC (1, B). The Branch Execute light comes on 
at the end of the branch operation, if the branch is to 
occur. It can be observed at I-Cycle Entry time. 

Field Mk 1 (4, B). The Field Mark 1 light comes on 
when the flag bit in the high-order position of the Q 
field is detected in the Data Register. 

Field Mk 2 (4, C). The Field Mark 2 light comes on 
when the flag bit in the high-order position of the P 
field is detected in the MBR Register. 

EXP O'FLOW (8, B). The Exponent Overflow light 
is turned on and off during floating-point operations; 
however, if it is on at the end of the operation, an expo­
nent overflow has occurred, that is, an exponent greater 
than + 99 has been generated. The Exponent Check 
indicator and light will also be on. 

EXP U'FLOW (8, C). The Exponent Underflow light 
is turned on and off as a normal function during float­
ingpoint operations; however, if it is on at the end of 
the operation, an exponent underflow has occurred, 
that is an exponent less than -99 has been generated. 
The Exponent Check indicator and light will also be on. 

CLR MEM (10,A). The Clear Memory light is turned 
on as a result of pressing the Modify and Check Reset 
keys simultaneously. If the Start key is pressed (after 
pressing Modify and Check Reset) this light is on as. 
core storage is being cleared. 

LAST CARD (11, D). The Last Card light is turned 
on when the data from the last input card has been 
transferred from the 1622 Input Buffer to 1620 Core 
Storage without a parity error. 

RD (13, A). The Read light comes on during oper­
. ations involving an input unit. 

Even Address 

Ten 
Thous Thous Hund Tens Units 

IA-3 JA-2 JA-l 
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WR (14, A). The Write light comes on during oper­
ations involving an output unit. 

Status Lights-1710 Control System Only 

Eight status lights are used only when the 1620 is used 
in a 1710 Control System. 

MASK (8, A). The Mask light is turned on by the 
execution of a Mask instruction and is turned off by the 
execution of an Unmask instruction. This light is also 
turned on when the 1620 Reset key is pressed, or by a 
Power-On operation. 

INT ENT (9, A). The Interrupt Entry light is turned 
on to indicate that the next cycle is in the "interrupt 
mode." 

INTERRUPT MODE (9, B). The Interrupt Mode 
light is turned on only when an interrupt is recognized. 
It is on while the interrupt is being serviced and is 
turned off by the execution of a Branch Out or a 
Branch Out and Load instruction. In effect, the Inter­
rupt Mode light is on when IR-3 and IR-4 are used in 
place of IR-1 and IR-2. If a Branch Out instruction is 
executed and this light is off, (system not in interrupt 
mode) this light is turned on and then off as the Branch 
Out instruction is executed. 

BR OUT (9, C). The Branch Out light is turned on 
during a Branch Out and Load instruction. During a 
single-cycle execution of either of these two instruc­
tions, the Reset key must not be pressed until the in­
struction is completed. If the instruction is not com­
pleted - the BR OUT light will be on - and the Reset 
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key is pressed, the computer remains in the interrupt 
mode. 

PC HIP (14, E). During the time the computer is in 
the interrupt mode of operation, that status ( ON or OFF) 

of the Hip indicator is transferred to and maintained 
by Process Control (PC) Hip indicator. The Hip indi­
cator is then available for use during the interrupt 
mode. 

This light indicates the status of the PC Hip indica­
tor. 

PC EIZ (15, E). During the time the computer is in 
the interrupt mode of operation, the status of the E/z 
indicator is transferred to and maintained by ~he PC 

(Process Control) E/z indicator. The E/z indicator is 
then available for use during the interrupt mode. 

This light indicates the status of the PC E/z indicator. 

PC O'FLOW (16, E). During the time the computer 
is in the interrupt mode of operation, the status of the 
Arithmetic Overflow indicator is transferred to and 
maintained by the PC overflow indicator. The Arith­
metic Overflow indicator is then available for use dur­
ing the interrupt mode. 

This light indicates the status of the pc/o'FLow indi­
cator. 

PC 6xxx (19, E). This indicator and light are turned 
on during either of the two branch indicator instruc­
tions - at I -5 time - if the indicator code is a 4-digit 
code instead of a 2-digit code. The last two digits of 
the code (QI0 and Qll) are transferred to the data reg­
ister at I -6 time. 



The 1620 console typewriter ( Figure 86 ) is used for 
both input and output. 

Figure 86. IBM 1620-2 with 1; 0 Typewriter 

Typewri ter Input 

The 1620 console typewriter is used to enter data and 
instructions directly into cor storage. Off-line use i 
not possible because the keyboard is lock d except 
when entering data. Pressing the Insert ke unlocks 
the keyboard and permits data to be enter d into cor 
storage, starting at location 00000. Each d pression of 
a typ writer k y enters a character into cor storage 
one location higher than the previous character. A 
many as 100 characters can be entered from the type­
writer on an insert op ration. fter the 100th char­
act I' is entered, an automatic release is initiated and 
the machine returns to manual mod . The Start key 
may then be used to start program operation at 00000. 

When less than 100 characters are entered , entry of 
the last desired character should be followed by press­
ing the console Releas and Start keys, or by pI' ss ing 
the R- key on the typewriter keyboard . The R -S key 
combines the release and start functions of the console 
ke s. The R-S ymbol is typ d as a permanent record 
that the R-S keyboard has b en used. 

Console Typewriter 

Programmed selection of the typewriter ( Read AI­
phamerically or Read Numerically instructions ) un­
locks the keyboard, leaving the computer in automatic 
mode for manual entry of data on the typ writer. Data 
entry starts at the address specified in th P address of 
the instruction an9 nters core storage at successi ely 
highcr-num be red locations until the Release key is 
pressed. 

If a record mark is r <)uired in core storage followin 1 

the last character enter d, the Record Mark key on the 
typewriter must be press d befor pressing ither the 
R- key on the typewriter or the Release key on the 
console ( Figure 86 ) . Prcssing eithcr key again locks 
the k yboard and gives the com puter an end-of­
input/ output indication . 

Typewriter Output 

Th typewriter prints data from cor torage whel it is 
programmed to do so. \\ h n the right-hand margin is 
reached th carriage r turns au tomatically, and typing 
continues until a record mark is sensed or until the 
Release key is pressed . The Release key may be uscd, 
for example, to terminate a Dump Numerically opera­
tion from the typ writer. 

Parity Checking 

Input data from the t pewriter is parity-checked b forc 
entering core storag . Transmission of a character 
with incorr ct parity turns on the Read Check indicator 
and light (06 ). 

Output data from core storage is parity-ch ck d as 
it is ' transmitted to th typewrit r. Transmission of a 
character wi th incorr ct parity turns on the "rite 
Check indicator and light (07 ) . Also a horizontal bar 
is ov rprinted across the center of th character. n 
invalid charact r with correct parit causes a speCial 
character ( I ), identi n d as a "pillow," to be printcd. 

If a parity n or occurs, the input or output operation 
continues un til completion, and the machine either 
stops or continue under program control, d p nding 
on the position of the con sol r/ o Check switch . 

Typewriter Features 

Th ea. ily I' moved typing element traverses the sta­
tionary paper while printing a maximum of 15.5 cps. 
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A 9 and 3/8-inch pin feed platen is supplied with the 
system; a 10 and 7/8- inch solid platen is available. 
The moving type element provides an 8 and 1/2-inch 
printing line (85 characters) irrespective of platen size. 
Forty-seven alphabetic, numeric, and special char­
acters can be printed. The numeric keys are colored 
differently for ease of keyboard selection. In addition, 
the characters listed in Table 12 print to indicate spe­
cific conditions. 

Typewriter Controls 

The controls and keys numbered one through eight 
(Figure 87) are used to facilitate typewriter operation. 
Instructions for their use follow. 

1. Paper Release Lever - Move the lever forward to 
position or remove paper. 

2. Paper Guide - Place this gUide at the second mark 
from the left, and the left edge of the paper will 
correspond to 0 on the margin guide. 

3. Line Spacer Lever - Position this lever for single 
or double vertical line spacing. 

4. Multiple Copy Control Lever - Move this lever 
to compensate for additional copies. The platen 
is adjusted so that the typing element strikes 
squarely on the paper. The second marking is for 
one original copy with three carbon copies; the 
third marking is for one original with five copies. 

5. Tab Control - To clear tab settings, tabulate to 
each tab stop that you wish to clear and press the 
top (CLR) of the tab control key. 

Table 12. Program Control Characters 

Character Symbol Use 

To set tab stop, position the carrier at the desired 
point on the line and press the bottom (SET) of 
the tab control key. 

6. Margin Release Key - Keeping this key pressed 
releases both the left and right margin stops. 
Margin Stops - To manually position the left and 
right margin stops push them toward the platen 
and guide them along the margin guide channel. 

7. Insert Key - This key has the same function as 
the console Insert key. Either key may be pushed 
to ready the typewriter for input into location 
00000. 

8. CORR (Correction) Key - This key enables the 
operator to correct a manual entry error. For ex­
ample, if 26 is erroneously entered into memory 
instead of 36, two depressions of the Correction 
key can be used to: 

( 1) Effect the backspacing of memory (the ad­
dress in OR-2 is decremented twice, once 
for each key depression). 

(2) Print two strike-through characters. 
The correct entry 36 can then be made, leaving 
26 - - 36 as a printed record of operator action. 
Each time the Correction key is struck during Read 
Alphamerically operations (typewriter-selected), 
the address in OR-2 is decremented by two. 

9. Paper Bail- On non pin-feed platens, the paper 
bail should be resting on the platen when the forms 
are being pressure-fed. If the forms are pin-fed, the 
paper bail should be raised up from the platen and 
moved forward toward the operator. 

Record Mark =1= Prints when *' key is struck 
duri ng input, and when 
record mark is sensed 
during a Dump Numerically 
operation . 

Overscore (labeled FLG on 2 Prints when FLG key is struck 
keyboard) duri ng input, and when a 

flag bit is sensed during 
output. 

Strike-through - or * Prints when CORR key is 
struck during input (see 
Correction key), and prints 
over or scores through 
pari ty errors during output. 

Pillow I Prints when an invalid char-
acter is sensed during output. 

Re lease/Start R Prints when ~ (Release and 
S 

Start) key is struck. 
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Removing and Replacing the Typing Element 

TO REMOVE TYPr G ELEME T 

1. Place the typewriter in lower case, so that the 
arrow on the typing element points toward the 
platen ( Figure 88) . 

2. Tum the motor control to OFF. 

3. Raise the cover to its uppermost position. 
4. Firml)' press together the spring levers on top of 

the typing element. 
5. Lift the typing element up and off, of the I m nt 

post ( Figure 89 ) . 

TO REPLACE TYPI G ELEME TT 

1. Hold the typing element b), grasping the spring 
levers. 

2. Point the arrow toward the platen; ease the typing 
. element down into position until firml ), sated 

( Figure 89) . 
3. Release the spring levers. When the typing el -

m nt is sated, you will hear a click, and it cannot 
be removed without pressure on the spring I vers. 

Changing the Ribbon Cartridge 

TO REMOVE RIBBON 

1. Move carrier toward center of carrier rod . 
2. Tum motor control to off. 
3. Lift the cover to its uppermost position . 
4. Raise the ribbon guide by shifting the ribbon 

change lever to the right ( Figure 90 ) . 
5. Lift ribbon cartridge straight up off of the carrier 

ribbon post ( Figure 91). 
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Figure 88. Typing Element in Position 

Figure 89. Removing and Replacing Typing Element 
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Arrow 

Spring 
levers 

6. Ease ribbon through slots in ribbon guides. 
7. To rewind excess ribbon, insert a wooden pencil 

in the cartridge hole. Turn in the direction of the 
arrow. 

TO ISERT RlBBO 

1. Position ribbon cartridge w~th exposed length of 
ribbon facing the platen . 

2. Slide ribbon down through slots in th ribbon 
guides. (Figure 92 ). 

3. Position the ribbon cartridge on the cartridge 
posts and press down firmly. 

4. To rewind excess ribbon, turn eith r cartridge 
post in the direction of the arrow. 

5. Move ribbon change lever to left, to lower ribbon 
guide into typing position. 

Element Post 



Figur 90. ReJea~e - Ribbon Change Lever 

Figure 91. Removing Ribbon Cartridge 

Ribbon Change 
Lever 

Ribbon Guide 
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1620 Console Operating Procedures 

The following procedures are included to aid the con­
sole operator. They may be modified to meet individual 
requirements. 

NOTE: The Insert key is op.erative only when the com­
puter is in the manual mode. If the computer is running 
in the automatic mode, pressing the Stop / SIE key stops 
the computer at the end of the instruction in progress 
when the key was pressed and places the computer in 
the manual mode. 

Program Entry from Typewriter 

Operator Action Explanation 

l. Press Insert key Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 

2. Type: 36 xxxxx 00100 Enter instructions to read numerically from typewriter, beginning 
49 xxxxx (No Q Address) at the first position of program storage (xxxxx), and branch to 

first program instruction 

3. Press RjS key. Releases typewriter. The Read Num,erically instruction, entered 
in step 2, is executed. 

4. Type program steps and data As each character is typed, it is stored at location xxxxx and 
succeedingly higher-numbered core storage positions. 

5. Press RjS key. Terminates read instruction. The next sequential instruction, 
which is the branch to the first program instruction at xxxxx, 
is executed. 

Program Entry from Paper Tape Reader 

Operator Action Explanation 

l. Press Insert key. Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 

2. Type: 36 xxxxx 00300 
49 xxxxx (No Qaddress) Enter instruction to read numerically from paper tape reader, 

beginning at the first position of program storage (xxxxx), 
and branch to first program instruction. 

3. Press R/S key. Releases typewriter. The Read Numerically instruction, 
entered in Step 2, is executed. The EL character punched 
in the tape causes a termination of the read instruction 
and execution of the next sequential instruction (branch 
to first program instruction, which was entered in Step 2). 
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Program Alteration and Data Entry 

Operator Action Explanation 

1. Press Stop/SIE key. Halts processing and initiates manual mode. 

2. Press Save key. The address of the next instruction in sequence is saved in 
Product Address Register 1 (PR-1). 

3. Press Insert key. Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 

4. Type: 36 xxxxx 00100 "Enter instructions to read numerically from typewriter beginning 
42 (No P or Q address) at the first position of data entry (xxxxx), and branch to ad-

dress saved in PR-1 (Step 2). 

5. Press R/S key. Releases typewriter. The Read Numerically instruction, 
entered in Step 4, is executed. 

6. Type instructions and data. As each character is typed, it is stored at location xxxxx and 
succeedingly higher-numbered core storage positions. 

7. Press R/S key. Terminates read instruction. The next sequential instruction, 
which is Branch Back (Step 4) to the address saved in PR-1 
( Step 2 ), is executed, and processing is resumed. 

Typewriter Output 

Operator Action Explanation 

1. Press Insert key. Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 

2. Type one of the following: Enter instruction. 
39 xxx xx 00100 Write Alphamerically, beginning at xxxxx and continuing until a 

a record mark is sensed, or, 
38 XXYXX 00100 Write Numerically, beginning at xxxxx and continuing until a 

record mark is sensed, or, 
35 xxxxx 00100 Write (Dump) Numerically, beginning at xxxxx and continuing 

until location 19999 is printed or the Release key is pressed. 

3. Press HIS key. Releases typewriter. Instruction entered in Step 2 is executed, 
and the system stops. 

Check Program Step Sequence and Operation 

Operator Action Explanation 

1 Press Stop/SIE key. Halts processing and initiates manual mode. 

2. Press SIE key. Each depression causes the execution of one instruction. 

3. Press SeE key. The Op code and the address of the next instruction to be 
executed are displayed in the Op register and MAR. 

4. Press SIE key. The instruction displayed in Step 3 is executed. Steps 3 and 
4 can be alternated to display succeeding instructions. 
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Reset Core Storage to Zeros 

Operator Action Explanation 

l. Press Stop key. Halts processing and initiates manual mode. 

2. Press Modify and Check Reset 
keys simultaneously. 

Sets up circuitry for clearing core storage. 

3. Press Start key. Core storage is cleared to zeros. 

Display P and Q Addresses 

Operator Action Explanation 

1. Press Stop/SIE key. Halts processing and initiates manual mode. 

2. Press SIE key until the instruc- One instruction is executed with each depression of the SIE key. 
tion that contains the desired 
address is next. 

3. Press the SCE key six times. This steps through the six I cycles. 

Note the onloff conditions of the 
machine status and check indica-
tors and of the signal lights to be 
reset by Reset (step 5), so that 
proper restart can be initiated 
after the display has been com-
pleted. At this time a branch to 
the original instruction also must 
be inserted if it is desired to ex-
cute this instruction and proceed 
with the normal program. (If 
reset and the subsequent neces-
sity for branching and proper 
restart are undesirable, step 5 
can be omitted and the P and Q 
addresess can be viewed, two 
digits at a time, during seE. ) 

4. Press Reset key. Initiates manual mode. 

5. Tum MARS switch to OR-I The Q address, which is in OR-I, is displayed in MAR. 
(Operand Address Register I) 
and press the Display MAR 
key. 

6. Tum MARS switch to OR-2 The P address, which is in OR-2, is displayed in MAR. 
( Operand Address Register 2) 
and press the Display MAR key. 
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Timing 

In some applications of the 1620 Data Processing Sys­
tem the input, output, and processing capabilities of 
the system can be used most effectively if careful tim­
ing consideration is given to the development of the 
program. In many systems, estimates of total job time 
are required in order to coordinate the processing of 
various programs in an installation. 

This section includes methods of estimating timing 
requirements for input/output operations, for comput­
ing, and for total job time. 

1622 Card Read-Punch 
There are two models of the 1622 Card Read-Punch 
available. Both models are identical in programming 
and operation except for their different reading and 
punching speed as shown below: 

Reading 
Punching 

Modell 
250 cpm 
125 cpm 

Model 2 
500 cpm 
250 cpm 

Both reading and punching operations are complete­
ly buffered. This means, for example, that a read in­
struction causes the data in the read buffer to be trans­
ferred to core storage and then causes the data in the 
following card to start reading into the read buffer at 
the beginning of the next card cycle. The processing 
unit is interlocked with the 1622 only during the 1.7ms 
required to read data out of the buffer unit and into 
core storage. Therefore, the card cycle time - the time 
required to read the data from the card into the buffer 
- can be used by the processing unit for computing or 
other input/output operations. The overlap time - that 
is, the time when the processing unit is performing 
other operations - varies, depending upon the length of 
the read or punch cycle. It must be remembered, how­
ever, that if another read instruction is given while the 
read buffer is accepting data from a card (buffer load), 
or if another punch instruction is given while the 
punch buffer is sending data to a card (buffer unload), 
then the computer is interlocked and no other process­
ing can occur until the read or punch buffers are ready 
to accept or send data respectively. 
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1622 Modell 

Read Cycle. The read cycle for the Modell is shown 
as follows: 

Read Cycle 

Buffer Load 

I I I 
I 14-31ms~ 
I I 

~:~~----------177----------~.~:~~~--63ms~ 
,I : 

1~!.~----------------240ms------------____ ~.~! 
I 

A reading speed of 250 cpm provides a read cycle of 
240 ms. In order to maintain continuous reading at 250 
cpm, the next read instruction must be given before 
the clutch latch point which occurs 31 ms before the 
end of the cycle. For example, if the processing for 
Card 1 is completed and the next read instruction is 
given before the end of the buffer-load time of Card 2 
( 177 ms), the computer is interlocked until the buffer­
ready time begins. At this point Card 2 data from buf­
fer is transferred to core storage (in 1.7 ms ), the com­
puter is then released for other processing, and the buf­
fer will automatically start reading Card 3 data at the 
beginning of the next card-read cycle. 

Therefore, during continuous reading operations at 
250 cpm, the overlap time is reduced from 240 ms to 
approximately 238 ms, if the next read instruction is 
given during the buffer-ready time. 

Punch Cycle. The punch cycle for the Model 1 is 
shown as follows: 

Punch Cycle 

Buffer Unload 

I I I 
: ~28msi 

~:.~----------411-----------'.~:~ __ ---69ms~ 
I I 

~~~----------------480ms------------------.~~ 

A punching speed of 125 cpm provides a punch cycle 
of 480 ms. In order to maintain continuous punching at 



125 cpm, the next punch instruction must be given be­
fore the clutch latch point which occurs 28 ms before 
the end of the cycle. 

The punch is operated by a four-tooth clutch that 

completes one revolution every 480 ms. Because the 
clutch has four teeth, there are four clutch points oc­
curring at 120-ms intervals in the punch cycle. If the 
processing time exceeds the 480 ms punch cycle, the 
next punch cycle can begin at anyone of these points 
providing the next punch instruction is given 28 ms 
before the clutch point. 

If the processing for the card is completed and the 
next punch instruction is given before the end of the 
buffer unload time (411 ms), the computer is inter­
locked until the buffer-ready time begins. At this point 
the data to be punched is transferred from core storage 
to the buffer (1.7 ms), the computer is then released 
for other processing, and the data will automatically 
start punching from the buffer at the beginning of the 
next card-punch cycle. 

Therefore, during continuous punching operations 
at 125 cpm, the overlap time is reduced from 480 ms to 
approximately 478 ms, if the next punch instruction is 
given during the buffer-ready time. 

1622 Model 2 

Read Cycle. The read cycle of the ~10de12 is shown 
as follows: 

Read Cycle 

Buffer Load 

1 1 1 1 
, ,17ms~ 
1 1 , 
,.., • ....-------89 ms------....... I • .-31 ms~ 
1 , 

1 , 
1 .... ....---------120 ms--------~ .. I 

A reading speed of 500 cpm provides a reading cycle 
of 120 ms. The next read cycle must be given before 
the clutch latch point in order to maintain continuous 
reading at 500 cpm. 

If the processing for the card is completed and the 
next read instruction is given before the end of buffer­
load time (89 ms), the computer is interlocked until 
the buffer-ready time begins. At this point the data 
from the buffer is transferred to core storage (in 1.7 
ms ), the computer is then released for other process­
ing, and the buffer will- automatically start reading 
data from the next card at the beginning of the next 
card-read cycle. 

Therefore, during continuous card reading at 500 
cpm the overlap time is reduced from 120 ms to ap­
proximately 118 ms, if the next read instruction is given 
during the buffer-ready time. 

Punch Cycle. The punch cycle of the Model 2 is 
shown as follows: 

Punch Cycle 

Buffer Unload 

1 1 1 
1 115ms~ 
1 1 1 
"'~1--------206 ms-----~ ...... I .. ___ 34 ms-----.! 

I 1 

1 1 
1 ... 41----------240 ms-----------i ... .-.II 
1 1 

A punching speed of 250 cpm provides a punch cycle 
of 240 ms. In order to maintain continuous punching 
at 250 cpm, the next punch cycle must be given before 
the clutch latch point which occurs 15 ms before the 
end of the cycle. 

The punch is operated by a four-tooth clutch that 
completes one revolution every 240 ms. Because the 
clutch has four teeth, there are four clutch points oc­
curring at 60 ms intervals in the punch cycle. If the 
processing time exceeds the 240 ms punch cycle, the 
next punch cycle can begin at anyone of those points, 
providing the next punch instruction is given 15 ms 
before the clutch point. 

If the processing for the card is completed and the 
next punch. instruction is given before the end of the 
buffer-unload time (206 ms), the computer is inter­
locked until the buffer-ready time begins. At this point 
the data to be punched is transferred from core storage 
to the buffer (in 1.7 ms), the computer is released for 
other processing, and the data will automatically start 
punching from the buffer at the beginning of the next 
card-punch cycle. 

1443 Printer for the 1620 

There are two models of the 1443 Printer available on 
the 1620. The only difference between the two models 
is their operating speed which is shown in the follow­
ing table: 

Modell Model 2 

Character Set 13 39 52 13 39 52 

Lines Per Minute 430 190 150 600 300 240 

Print Cycle (ms) 140 316 400 100 200 250 
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Printing operations with the 1443 Printer are complete­
ly buffered. The processing unit is interlocked only 
during the 2.1 ms required to transfer the data from 
core storage to the printer buffer storage, the pri'nt 
cycle (as shown in the preceding table) is available 
for other processing operations. 

If the printer receives another print instruction 
while it is printing from the buffer unit, the processing 
unit is interlocked u'ntil the print cycle has been com­
pleted. (Note: The Printer Busy indicator is provided 
with the 1443 so that interlocking in this manner can 
be avoided.) 

The 1443 is asynchronous; that is, the printing time 
is not synchronized with the starting or stopping of a 
specific series of cycles. This means that there is no 
clutch latch point in the print cycle, and therefore a 
printing operation begins whenever, and as soon as, a 
print i'nstruction is executed. 

Each print instruction can be modified either to take 
one space or to suppress spacing. The time to space 
one line is included within the print-cycle time shown 
in the previous table. Additional spacing and line skip­
ping are performed with a control instruction, and ad­
ditional time is required for these operations. The 
computer is interlocked with the printer for 60 fJ-sec; 

after that time other processing can occur during the 
space and skip operatio'ns. The time required for an 
immediate skip or space is 45 ms for the first line and 
10 ms for each succeeding line. The time required for 
a delayed skip or space is 10 ms for each line after the 
second line; the time to skip or space for the first two 
lines is included within the printing cycle time. 

1311 Disk Storage Drive 

Timing estimates for disk storage operations are de­
pendent up0'n three factors: access time, rotational 
time, and the time actually required to transfer the 
data between core storage and disk storage. 

Access Time 

The access time is the time required to "seek" the 
record, that is, to position the read/write heads over 
the proper cylinder in the disk pack. When a seek in­
struction is executed, the read/write heads move from 
their present position to the "home" position and the'n 
move to the disk cylinder specified by the seek instruc­
tion. Figure 93 shows actual seek times for cylinder­
to-cylinder movement in increments of ten cylinders. 
The minimum seek time-from cyli'nder 00 to cylinder 
OO-is 75 ms; the maximum seek time-from cylinder 99 
to cylinder 99-is 392 ms. If the data on a disk pack is 
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TO FROM 

~ 00 09 19 29 39 49 59 69 79 89 99 

00 75 88 101 114 127 140 153 167 179 192 204 

09 175 188 201 214 227 240 293 267 279 292 304 

19 143 156 169 182 195 208 221 235 247 260 272 

29 153 166 179 192 205 218 231 245 257 270 282 

39 168 181 194 207 220 233 246 260 272 285 297 

49 184 197 210 223 236 249 262 276 288 301 313 

59 200 213 226 239 252 265 278 292 304 317 329 

69 215 228 241 254 267 280 293 307 319 332 344 

79 232 245 258 271 284 297 310 324 336 349 361 

89 248 261 274 287 300 313 326 340 352 365 377 

99 263 276 289 302 315 328 345 355 367 380 392 

Figure 93. Cylinder Seek Time 

located completely in a random sequence throughout 
all 100 cylinders and the disk addresses specified by 
the seek instructions are in a random sequence, then 
the average seek time is 250 ms. 

In some 1620 applications, specific kinds of data may 
be located within particular ranges of cylinders. For 
example, inventory records may be located within 
cylinders 00-19 and tooling records within cylinders 
20-39. When estimating times for applicatio'ns such as 
these, the average access time should be based upon 
the seek times within the speCific range of cylinders 
actually used, as shown in Figure 94. 

Cylinders Average 
Used Seek Time 

0-9 132 ms 

0-19 144 

0-29 156 

0-39 169 

0-49 182 

0-59 198 

0-69 210 

0-79 224 

0-89 238 

0-99 250 

Figure 94. Average Seek Times 



OVERLAPPING SEEK TIME 

All of the access time can be overlapped with other 
processing operations that do not involve disk storage. 
After a seek instruction is given, the computer is inter­
locked for just 160 fLsec; after this time, the access 
motion is started and, simultaneously, the computer is 
released for other processing operations. However, 
average access times must still be estimated so that the 
read, write, or check disk operations that follow can 
be efficiently coordinated into the program. 

Rotational Time 

Rotational time is the time required for the sector 
address specified in the instruction to reach the read/ 
write heads after the read instruction has been initi­
ated. Since there is no way of predicting the relative 
positions of the disk sector addressed and the read/ 
write head at the time the instruction is executed, ro­
tational time is based upon an arithmetic average of 
the minimum and maximum rotational times. 

There is a 2 ms delay, known as head select-delay, 
required for the selection of the appropriate read/ 
write head. After this time, the sector addressed could 
be read if it were the next sector about to pass under 
the read/write head; therefore the minimum rotational 
time would be 2 ms. If, during the head select-delay 
time, the sector addressed is passing under the read/ 
write head, then a complete rotation would' be re­
quired before the sector address could be read or 
written. Therefore, the maximum rotational time would 
be 42 ms; 40 ms for one rotation and 2 ms head select­
delay. The average of these two times, 22 ms, is used 
for estimating rotational time. 

PROCESSING DURING ROTATIONAL TIME 

After the appropriate sector has come under the read/ 
write head, it can be assumed that the same sector will 
be available every 40 ms. Therefore the rotational time 
that elapses between a read and write instruction or 
between a write and check instruction could be 
utilized. 

Assume, for example, that a two-sector record is to 
be read, updated, and then returned to disk storage. 
The timing chart and block diagram for this operation 
are shown in Figure 95. 

The total time for this operation is 106 ms; the avail­
able processing time is 68 ms. 

Processing 

Up to 34 ms 

Processing 
Up to 34 ms 

20 ms average rotational time 
to find the proper sectors 
2 ms for head se lect de lay 
4 ms to read two sectors 

34 ms for processing 

2 ms head select delay 
4 ms to write two sectors 

34 ms for processing 

2 ms for head select delay 
4 ms to check two sectors 

106 

Figure 95. Disk Storage Timing - Two-Sector Record 

Processing time is reduced as more sectors are read 
or written. The ti,ming for a 4-sector operation illus­
trates this point: 

Read 

Process 

Write 

Process 

Check Disk 

20 ms average rotational time 
2 ms head select-delay time 
8 ms to read 4 sectors 

30 ms processing 

2 ms head select-delay time 
8 ms to write 4 sectors 

30 ms processing 

2 ms head select-delay time 
8 ms write check 

110 ms Total 

The total time in the precedin.g example is 110 ms, 
only 4 milliseconds longer than the 2-sector operation. 
However, total processing time during the rotational 
time is 60 ms as opposed to 68 ms in the earlier ex­
ample. 
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Processing operations performed during rotational 
time should be carefully timed in order to keep the 
processing within the allowed time; if not, the through­
put time for the program will be increased by one 40-
ms revolution for each extension of processing time. 

Processing time between a write instruction· and a 
check disk instruction can be used for updating control 
totals and/or arranging fields for printing. 

Data Transfer Time 

The data transfer time for a read, write, or check disk 
operation is 2 ms for each sector processed. 

When estimating the time for one of these instruc­
tions, only the rotational time and the time to transfer 
the data are used. The 160 fLsec required to execute the 
instruction in the processing unit is usually ignored 
because of the wide disparity in the units of measure­
ments ~ milliseconds to microseconds - and also be,.. 
cause the millisecond values are only average times 

Console Typewriter 
Many applications that require careful timing esti­
mates make limited use of the console typewriter be­
cause of its relative slow speed as compared with other 
input/ output units available. The following times are 
provided for the applications that use the console 
typewriter as an integral part of the system during 
processing. 

Input 

Input speed depends upon the typing speed of the con­
sole operator. The speed of the typewriter is 15.5 cps. 
Input operations are unbuffered. 

Output 

Output operations consist of either typing data (write 
instruction) or of the following typewriter control op­
erations, 

Return typing element 
Tabulate 
Space 
Backspace 
Index 

Typing operations are unbuffered. Minimum execu­
tion times can be determined by dividing the number 
of characters to be printed by the speed of the type­
writer; 15.5 cps. Actual execution times is a function 
of the number of characters printed, carriage returns, 
carriage shifts, etc. 
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Some of the typewriter control operations can be 
overlapped with other processing. Figure 96 shows the 
total time, interlock time, and overlap time for all type­
writer control operations. 

Total Processing Unit Available 
Operation Time Interlocked Overlap Time 

Return Element 800 ms 124 ms 676 ms 

*Tabulate 250 56 194 

Space 56 56 none 

Backspace 56 56 none 

Index 124 124 none 

*Approximately 20 positions. 

Figure 96. Timing for Typewriter Control Operations 

Paper Tape 
Paper tape can be used for both input and output to 
the . system. Both operations are unbuffered and the 
time required to read or punch data can be determined 
by dividing the number of characters to be processed 
by the speed of the paper tape unit. The Paper Tape 
Reader operates at a speed of 150 cps, the Tape Punch 
operates at a rate of 15 cps. 

Plotter 
There are two models of the 1627 Plotter available. 
The difference between the two models is their operat­
ing speed. The Model 1 operates at a rate of 300 incre­
ments a second and the Model 2 operates at the rate 
of 200 increments a second. Throughput timing, how­
ever, is more directly related to the number and kinds 
of plotter commands given because some commands 
require more time than others, as shown in the follow­
ing diagram: 

Command Modell Time Model 2 Time 

o (Lower pen) 100 ms 100 ms 

9 (Raise pen) 100 100 

1, 2, 3, 4, 5, 6, 
7, and 8 3.3 5 



Throughput time is also dependent upon whether the 
system is operating at Single-Character ( overlap) 
mode or Multiple-Character Record (nonoverlap) 
mode. 

Single-Character (Overlap) Mode 

The P-address of a write instruction can refer to any 
size record, but by using single-character records, each 
successive increment can be computed while the pre­
vious increment is being drawn. In this manner, 1620 
computation instructions for the next increment or 
other processing are overlapped with plotting opera­
tions. 

For example, a Write Numerically instruction and a 
data record consisting of the digit 5 followed by a 
record mark (5=t=) requires 3.3 ms for the 1627 Model 
1 or 5 ms for the 1627 Model 2. However, the 1620 , 
CPU is interlocked for only 200 fLsec. 

If a second 1620 plotter instruction is attempted be­
, fore completion of a previous plotter operation, the 

1620 waits until the plotter can accept the next com­
mand. 

Multiple Character Record (Nonoverlap) Mode 

When a record in core storage consists of more than 
one character, only the plotting of the last character 
can be overlapped with processing. For example, a 
record consisting or 05555922077779 =t= is translated as 
follows: lower pen, move pen four increments in a - y 
direction, raise pen, move two increments diagonally 
( + x, + y ), lower pen, move drum four increments in 
the -x (paper-up motion) direction, raise pen. 

The computer is interlocked during the plotting of 
all characters except the last character. The duration 
is approximately 330 ms with the 1627 Modell Plotter, 
or approximately 350 ms with tge 1627 Model 2 Plot­
ter. These timings are computed as follows: 

Output Record 
Characters 

o 
5555 

9 
22 
o 

7777 
9 

1627-1 
Plotting Time, ms 

100 
13 

100 
7 

100 
13 
0.3 0 r_ 

333.3 

1627-2 
Plotting Time, ms 

100 
20 

100 
10 

100 
20 

0.3 0 

350.3 

o Approximately 99.7 ms available for 1620 processing before 
the 1627 can act on another plotting instruction. 

Estimating Process Time 
The term "processing time" as it is used here refers to 
the execution times of instructions performed internal-

ly in the Processing Unit rather than instructions in­
volving input/output units. 

Appendix A Instruction Summary provides formulas 
for determining instruction times. They enable the 
programmer to figure the time required for the pro­
cessing of data, and, in combination with the input/ 
output operations, enable the programmer to effect 
efficient placement of instructions. To make realistic 
timing estimates for processing, it is necessary to con­
sider the individual instructions used and the number 
of data characters involved in each operation. One ap­
proach that can be used is: 

l. Develop a general block diagram for the problem 
to be solved. 

2. Define the operation performed in each block. 
3. Determine the number of and type of instructions 

required to accomplish the operations in the 
block. The length of the data fields should be 
known. 

4. Using the formulas listed in the Instruction Sum­
mary, calculate the time required to perform the 
operations. 

Throughput Timing 
The Throughput Timing Chart for the 1620 Data Pro­
cessing System is not only an aid in timing a program, 
but also is a valuable guide for program development. 

Reading and Punching 

Figure 97 is a block diagram for a continuous opera­
tion of reading a card, performing operations upon 

Process 

Figure 97. Block Diagram - Reading and Punching 
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data from the card, and then punching the results. A 
timing chart is shown in Figure 98. The times shown 
are for the 1622 Model 2 Card Read-Punch. In this 
example, a read instruction is given that reads the data 
from the read buffer (placed in there during loading 
operations) into core storage, which causes the data 
from Card 2 to start reading into the buffer at the be­
ginning of the next cycle. The beginning of the next 
card-read cycle is depicted as starting shortly after the 
r~ad instruction; however, either the first read cycle or 
first punch cycle could have started anywhere within 
the next 120 ms or 240 ms depending upon how much 
of the previous cycle was completed when the first 
read or punch instruction was given. For the purposes 
of illustration, the two cycles are shown as starting at 
approximately the same time. Approximately 220 ms 
of processing time is available if a continuous punch­
ing speed of 250 cpm is to be maintained. If the next 
read instruction is given before the clutch latch point 
of the next cycle (note that one cycle is skipped), then 
the buffer data is transferred to core storage and the 
buffer is loading the data from the next card at the be­
ginning of the next read cycle, and the processing unit 
is released to start execution of th~ punch instruction. 
If the next punch instruction is executed before the 
clutch latch point of the next punch cycle, the data 
from core storage is transferred to the punch buffer, 
the processing unit is released for processing of the 
next card, and data will automatically start punching 
from the punch buffer at the beginning of the next 
cycle. In this example, the throughput is 250 items a 
minute with 220 ms of processing time available for 
each item. 

Disk Storage and Printing Operations 

Figure 99 is a block diagram of operations for the 1311 
Disk Storage Drive and the 1443 Printer ModelL In 
this example the 1622 Modell Card Reach-Punch is 
depicted. A timing chart for these operations is shown 
in Figure 100. This example graphically illustrates the 
overlapping of operations that is possible with the 1620 
Data Processing System. For example, referring to 
Figure 100, the following operations are being over­
lapped: 

1. Card 3 is being read into the read buffer. 
2. The Disk Storage Drive is seeking the record 

from Card 2. 
3. Processing unit is processing for Card 2. 
4. Disk Record 2 is read, updated, written back into 

disk storage and checked. 
5. Printer is printing record 1. 
6. Punch is punching record l. 

Process 

Process 
Update 

Disk 
Record 

Process 
During 

Rotation 

Process 

Figure 99. Block Diagram-Disk Storage and Printing Operation 
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This example also illustrates the point that estimat­
ing the throughput time may consist of merely deter­
mining the speed of the 110 unit attached to the sys­
tem, determining what 110 operations can be over­
lapped, and then calculating the amount of process 
time available. If the estimated process time is less 
than the process time available, no other timing con­
siderations may be necessary. 

Printing Cycle Greater than Punch Cycle 

Figure 101 shows the timing for a program using the 
1622 Model 2 and the 1443 Model 2. The 1622-2 punch 
cycle is 240 ms, but the 1443-2 with the 52-character-
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set type bar has a print cycle of 250 ms. This example 
illustrates the significance of the four-tooth punch 
clutch in the 1622 Card Read-Punch. The print cycle and 
the processing time extend beyond the 240 ms punch 
cycle; however, it is possible in this example to give 
the next punch instruction before the second clutch 
point has been reached. Thus, the number of milli­
seconds required for each transaction is increased from 
240 ms to 360 ms. The throughput speed is calculated 
by dividing the number of milliseconds required for 
each transaction into 60,000. The throughput in this 
example is 166 transactions per minute; the total milli­
seconds of processing time is approximately 297 ms. 
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Appendix A 

Instruction Summary 

op 
Op Code SPS 

0) CD CD Instruction Code Modifier Mnemonic Timing Notes P Address Q Address 

Add 21 A 10 (6.5 +.5DO + Dp) - Basic Time If signs initially unlike and Location of units position of Location of units position of 
10 Dp Recomp time. numerical value of Q doto is Augend and Result. Addend. 

greater than P data. 

Add m 11 AM Some as Add Some as above. X We~s/nits position of 

*AND to Field 93 ANDF 10 (6 + 2DQ) Location of units position of Location of units position of 
P field. Q field. 

Branch 49 40 Location of next instruction X Not used. 
executed. 

*Branch and Load 65 BLX 140 Location of next instruction f~~~: ir:~~';; ~~esiooc~~. Index Register executed. 
Data to be loaded is specified 
by Q address. 

*Branch and Load 66 BLXM 140 Some as code 65. X Some as code 65 except the 
Index Register (l) Q portion of the instruction 

contains the data to be loaded. 

*Branch and Modify 61 BX 10 (6.5 + .5DQ + LX) LX = length of IX field. Some as code 65. 
f~~~: ir:~~';; ~~eS:~it(;ed. Index Register 
Data to be added to reg ister 
is specified by Q address. 

*Branch and Modify 62 BXM 140 Some as code 65. X Some as code 61 except the 
Index Register ( I ) Q portion of instruction con-

tains the data to be added. 

Branch and Select 60 BS 60 Location of next instruction X &~j ;FOF Set Index Registers 
executed. 

Q 11 = 1 XR Bond 1 ON, only 
Q 11 = 2 XR Bond 2 ON, only 
Q 11 = a indirect addressing 
OFF 
Q 11 = 9 indirect addressing 
ON. 

*Branch and Store 67 BSX 140 Location of next instruction Flogs in Qa - QIO specify 
Index Register executed. index register to be stored. 

Contents of register is stored 
at location specified by Q 
address. 

Branch and Transmit 27 BT 10 (7.5 + 1.5 DQ) P-l: location of units posi- Location of units position of 
tion of field to which Q field transmitted. 
field is transmitted. 
P: location of next instruc-
tion executed. 

Brc'1ch and T ransmi t 17 BTM Same as above. Same as above. X Q 11 is units position of field 
(I) transmitted. 

Branch and Transmit 07 BTFL 10 (9.5 + 1.5L) Same as above. Location of units position of 
Floating Exponent of field transmitted. 

Branch Bock 42 BB 20 X Not used. X Not used. 

*Branch Conditionally 63 BCX 10 (6.5 + .5DQ + LX) LX = length of IX field. Branch: location of next Some as code 61. 
and Modify Index instruction executed. 
Registers No Branch: not used. 

*Branch Conditionally 64 BCXM 140 Some as above. X Same as code 62. 
~~~i~:r~i~ Index 

Branch Indicator 46 BI 60 Branch: location of next X Qa ond Q9 specify program 
instruction executed. switch or indicator tested. 
No Branch: not used. 

Branch No Flog 44 BNF 70 Same as above. Location tested for flog bit. 

'Bronch No Group 55 BNG 70 Branch: location of next Location tested for record 
Mark instruction executed. mark. 

No Branch: not used. 

Branch No Indicator 47 BNI 60 Same as above. X Some as code 46. 

Branch No Record 45 BNR 70 Same as above. Location tested for Record 
Mark Mark character. 

*Branch on Bit 90 BBT 70 Branch: location of next ~~i; t~L~ s:~;r:j~;~;n~: instruction executed. 
No Branch: not used. bit configuration of Q7 position 

of instruction. 

B, anch on Digit 43 BD 70 Branch: location of next Location tested for digit other 
instruction executed. than zero. 
No Branch: not used. 

*Branch on Mask 91 BMK 70 Branch: Location of next ~gi; t~L~ s~:~;r:j~;~;n~: instruction executed. 
No Branch: not used. bit configuration of 07 position 

of instruction. 

*Check Disk 36 10 (6 + 2200 + 2OOS) Address of Disk Control X Qa - Q9 specify disk storage 
x07xl CDGN Average Time Check one sector - with WLRC Field Q 11 specifies function per-
x07x3 CDN (S ~ number of sectors) Check one sector - no W LRC formed 
x07x5 CTGN Check full track - with WLRC 
x07x7 CTN Check full track - no WLRC 
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Appendix A (Cont'd) 

Op 
Op Code SPS 

<D G) G) Instruction Code Modifier Mnemonic Timing Notes P Address o Address 

Clear Flag 33 CF 70 Location of which flag is 
cleared. 

X Not used. 

Compare 24 C 10 {8 + 1.5 DZ} - unlike signs DZ = Number of positions Location of units position Location of units ~ition of 
compared until a digit of field compared with 0 field compared with P field. 

10 {6.5 + .500 + Dp} - like signs other than zero is field. 
detected in either field. 

Compore (I) 14 CM Same as above. Same as above. X o II is units position of field 
compared with P field. 

*Camplement Octal 94 CPFL 10 {6 + 2DO} Location of units position Location of units position of 
Field of P field. o field. 

*Control - Printer 34 Total Time: Refer to instruc~ X Not used. X Os - ~ specifies printer code 
Space 60 t tion description ~1Po;meJ.1 specifies function 
Skip 60 t 

Control - Typewriter 34 K X Not used X 08 - 09 specifies typewriter Space xOlxl SPTY 56ms Total Time: 56 ms code. Return Element xOlx2 RCTY 124 ms t Total Time: SOO ms 
011 specifies function per-Backspace xOlx3 BKTY 56 ms Total Time: 56 rns 

Index xOlx4 IXTY 124 ms Total Time: 124 ms formed. 
Tabulate xOlxS i, TBTY 56 ms t Total Time: 250 ms 

*Decimal to Octal 97 DTO 10 {31 +TO +4.125TQ (TQ + 1)) TO = Position number of table Location of leftmost posi- Address of units digit of the 
conversion addressed. Average tion of field where the power-of-eight number to be 

octal digit = 3.5. result is to be stored. used in first subtraction. 

Divide 29 0 10 {6 + 13.5 0T + 9.75 DVOT} Average value of quotient Location in Product Area Location of units position of 
digit = 4.5 of units position of Divisor. 

divisor for first subtrac-
tion. 

Divide {D 19 OM Same as above. Same as above. Same as above. X Q I I is units position of 
DiVISor 

Dump Numerically 35 ON Core storage location of X Os - Q9 specify output un it. 
first character written. 

* Card x04xx DNCD 1.7 ms t 
* Paper Tape x02xx DNPT 15 characters a second 
* Plotter x02xx {None} 200 (Jsec t {single character}. 
* Printer x09xx PRD 2.1 mst 

Typewriter xOlxx DNTY 15.5 characters a second 

*Exclusive OR to 95 EORF 10 {6 + 2DO} Location of units position Location of un its position of Q 
Field of P field. field. 

*Flooting Add 01 FADD 10 {15 + 2.2L} averoge If signs initially unlike and Location of units position Location of units position of 
numerical value of 0 data of Exponent of Augend Exponent of Addend. 
is greater than P data. and Result. 

*Floating Divide 09 FDIV 10 {34.5 + 27L + 9.75 e} average Location of units posHion Location of units position of 
of Exponent of Dividend Exponent of Divisor. 
and Quotient. 

*Floating Multiply 03 FMUL 10 {28 + 3L + 4LZ + 4L {L - LZ}} LZ = number of zeros in Location of units position Location of units position of 
mantissa. of Exponent of Multi- Exponent of Multiplier. 

pi icond and Product. 

*Flooting Shift Left 05 FSL 10 {7 +2L +2LI} L I = number of digits Location of high-order Location of units position of 
mantissa is increased position or resulting field shifted. 
by shift left. field. 

*Flooting Shift Right OS FSR 10 {7 + 2L} Location of units position location of units position of 
of field shifted. resulting field. 

*Floating. Subtract 02 FSUB 10 (15 +2.21.) average If signs initially 01 ike and Location of 'Un its position Location of units position of 
IOL Recomp time. numerical value of Q data is of ~xponent of Minuend Exponent of Subtrahend. 

greater than P data. and Result. 

Halt 4S H 60 X Not used. X Not used. 

Load Dividend 2S LD 10 {17.5 + 1.5 ON} ON = number of digits, Location in Product Area Location of units position of 
including high-order to which units position of Dividend. 
zeros in the dividend. Dividend is transmitted. 

Load Dividend (]) 18 LDM Same a. above. Same as above. X Q 11 i. units position of 
Dividend. 

*Move Address 70 MA 140 Location of units pasition Location of units position of 
of address of where data address of where data;' moved 
is moved to. from. 

Move Flog 71 MF 80 Location to which flog Location of flag to be moved. 
i. moved. 

Multiply 23 M 10 (16 + DQ + 4LZ + 40p (OQ- LZ}} LZ is number of zeros in Location of units position Location of uni.ts pasition of 
multipl ier field. of multiplicand. Multiplier. 

Multiply (I) 13 MM Same as above. Same as· above. Same as above. X ~Jlti;I~;:s position of 

No Operation 41 NOP 60 X Not used. X Not used. 

*Octal to Decimal 96 OTD 10 {28 + DQ (2DQ - 1» Location of units position Location of units digit of the 
Conversion of conversion table. fi eld to be converted. 

*OR to Field 92 ORF lQ.{6 + 2DQ} Location of units position Location of units position of 
of P field. Q field. 
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Appendix A (Cont'dJ 

Op 
Op Code SPS (i) KD ® Instruction Code Modifier Mnemonic Timing Notes P Address Q Address 

Read Alphamerically 37 RA P-I: location where zone X QS and Q9 specify input unit. 

* Card xOSxx RACD 1.7 ms t digit of first character 

* Paper Tape x03xx RAPT ISO characters per second is stored. 
P: location where numer-

* Typewriter xOlxx RATY Speed of operator ical digit of first charac-
ter is stored. 

*Read Binary Paper 37 x33xx RBPT ISO characters per second. Location where first X QS - Q9 specify Paper Tape 
character is stored. 'ReOder 

*Read Disk 36 10 (6 + 2200 + 2OOS) Address of Disk Control X QS - Q9 specify disk storage 

x07xO RDGN Average Time Read Sectors - with WLRC Field. Q II specifies function per-
,,07x2 RDN Read Sectors - no WLRC formed. 
x07x4 RTGN S : number of sectors. Read full trock - with WLRC 
x07x6 RTN Read full track - no WLRC 

Read Numerically 36 RN Location where first X QS - Q9 specify input unit. 

* Card xOSxx RNCD 1.7ms t character is stored. 
* Paper Tape x03xx RNPT ISO characters per second 

Typewriter xOlxx RNTY Speed of operator 

*Seek 34 x07xl SK 160 f'sec t Average access time: 250 Address of Disk Control X QS - 00 specifies disk storage 
ms. Refer to timing section Field. code. J\ specifies seek 
for additional information. operation. 

Set Flag 32 SF 70 Location at which flag X Not used. 
is set. 

Subtract 22 S 10 (6.S + .5 DQ + DP) - Basic Time If signs initially alike and Location of units position Location of units position of 

10 Dp - Recamp Time numerical value of Q data of minuend and result. subtrahend. 
greater than P data. 

Subtract (I) 12 SM Same as above. Same as above. Same as above. X ~lJr~h~~~~ position of 

Transmit Digit 25 TD 80 Location to which digit is Location of digit transmitted. 
transmitted. 

Transmit Digit (I) 15 TDM SO Same as above. X Q II is digit transmitted. 

Transmit Field 26 TF 10 (6.5 + 1.5 Do) Average Location to which units Location of units position of 
position of field is trans- field transmitted. 
mitted. 

Transmit Field (I) 16 TFM Same as above. Same as above X Q II is units position of field 
transmitted . 

Transmit Floating 06 TFL 10 (9.5 + 1.5 DQ) Average Location of units positions Location of units position of 
of Exponent of resulting Exponent of field transmitted. 
field. 

Transmit Record 31 TR JO (6.S + 1.5 DQ) Location to which high- Location of high-order position 
order position of record of record transmitted. 
is transmitted. 

Transmit Record No 30 TRNM 
RM 

JO (6.5 + 1.5 Dol Same as above. Same as above. 

Transfer Numeric 73 TNF 10 (6 + DP) Location of units position Location of units position of 

Fill of alphameric field. numeric field. 

Transfer Numeric 72 TNS 10 (6 + Dp) Same as above. Same as above. 

Strip 

Write Alphamerically 39 WA Care storage lacation of X QS - Q 9 specify autput unit. 
* Card x04xx WACD 1.7 mst first character written. 
* Paper Tape x02xx WAPT 15 characters a second. 
* Plotter x02xx (None) 200 I'sec t (single character). 
* Printer x09xx PRA 2.1 mst 

Typewriter xOlxx WATY IS.5 characters a second. 

*Write Binary Paper 37 x32xx WBPT IS characters a second. Core storage location of X Q S - Q9 specify Paper Tape 

Tape first character written. Punch. 

*Write Disk 3S 10 (6 + 2200 + 2OOS) Address of Disk Control X QS - Q9 specify disk storage 

x07xQ WDGN Average Time Write Sectors - with WLRC Field. Q II specifies function per-

x07x2 WDN Write Sectors - no WLRC 
formed. 

x07x4 WTGN (S: number of sectors) Write full track - with WLRC 
x07x6 WTN Write full track - no WLRC 

Write Numerically 3S WN Core storoge location of X Q S - Q 9 specify ()Utput unit. 
first character written. 

* Card x04xx WNCD 1.7 ms t 
* Paper Tape x02xx WNPT 15 characters a second. 
* Plotter x02xx (None) 200 f'sec t (single character). 
* Printer x09xx PRN 2.1 mst 

Typewriter xOlxx WNTY IS.5 characters a second. 

NOTES: 

I. Times consist of total time for instruction, or in some cases 2. "X" in the column indicates indirect addressing NOT possible. 
(as indicated by a " t ") only the time the CPU is interlocked. 
(Refer to "Notes"column. Times ala provided in microseconds 
unless otherwise indicated. 

Dp = Number of digits, including high-order zeros, inthe field at P 
DQ = Number of digits, including high-order zeros, of Q. 

(I) = Immediate 
ms = Milliseconds 

Q
L 

T = Number of digits, including high-order zeros, in the quotient. 
Number of digits in mantissa. 

Dy = Number of digits, including high-order zeros, in the divisor. 

ytLRC = Wrong Length Record Check 

: Special Feature 
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Appendix B 

Bit Configuration of Decimal Digits 

Bi t Confi gurat ion 
Digit 

C F 8 4 2 1 

0 X 

I X 

2 X 

3 X X X 

4 X 

5 X X X 

6 X X X 

7 X X X 

8 X 

9 X X X 

Multiply Table 

High-Order 
Units Position of Address Positions of 

Address 0 1 2 3 4 5 

0010 0 0 0 0 0 0 
0011 0 0 1 0 2 0 
0012 0 0 2 0 4 0 
0013 0 0 3 0 6 0 
0014 0 0 4 0 8 0 
0015 0 0 5 0 0 1 
0016 0 0 6 0 2 1 
0017 0 0 7 0 4 1 
0018 0 0 8 0 6 1 
0019 0 0 9 0 8 1 
0020 0 0 0 0 0 0 
0021 5 0 6 0 7 0 
0022 0 1 2 1 4 1 
0023 5 1 8 1 1 2 
0024 0 2 4 2 8 2 
0025 5 2 0 3 5 3 
0026 0 3 6 3 2 4 
0027 5 3 2 4 9 4 
0028 0 4 8 4 6 5 
0029 5 4 4 5 3 6 

T able Areas in Core Storage 

Address 

00000-00099 

00080-00099 

00100-00299 
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Area 

Console Area 

Product Area 

Multiply Table 

6 

0 
3 
q 
9 
2 
5 
8 
1 
4 
7 
0 
8 
6 
4 
2 
0 
8 
6 
4 
2 

7 

0 
0 
0 
0 
1 
1 
1 
2 
2 
2 
0 
0 
1 
2 
3 
4 
4 
5 
6 
7 

8 9 

0 0 
4 0 
8 0 
2 1 
6 1 
0 2 
4 2 
8 2 
2 3 
6 3 
0 0 
9 0 
8 1 
7 2 
6 3 
5 4 
4 5 
3 6 
2 7 
1 8 

1620 Storage Register functions 

IR-l Contains address of next instruction if machine is 
stopped with Stop key or Halt instruction. Saves 
return address when interrupt is serviced. (1710 
Control System) 

IR-2 Saves return address when any branch and transmit 
instruction is executed. 

IR-3 Contains interrupt address - used in place of IR-l 
during inferrupt program operation (1710 Control 
System only) . 

IR-4 Sav~s return address when any Branch and Transmit 
instruction is executed in the Interupt Program 
(1710 Control System only). 

OR-l Contains Q address after I cycle of an instruction. 
In disk storage operations, used to store and control 
disk sector address. 

OR-2 Contains P address after I cycle of an instruction. 
In disk storage operations contains core storage 
address where data from disk storage is written to 
or read from. 

OR-3 Retains address of low-order multiplier digit during 
multipl i cation. 

OR-4 Used to store and control the exponent address Eq 
during automatic floating-point operations. 

OR-5 Used to store and control the exponent address Ep 
during automatic floating-point operations. 

PR-l Saves return address when a Save key operation 
occurs. Decremented for each new multiplier digit 
during multiply. 

PR-2 Decremented for each new multiplicand digit during 
multiply. In disk storage operations, used to store 
and control number of sectors in operation. 

MAR Addresses core storage 

MBR Receives digits leaving core storage. 

MIR Receives digits entering core storage. 

OP Contains Op code of instruction just executed if 
machine is stopped with Stop key or Halt instruction. 

CR-l Used to store the algebraic difference between Ep 
and Eq for determination of decimal alignment during 
automatic floating-point operations. CR-l is also 
used during floating-point operati9ns to count high­
order zeros when normalizing - the contents of CR-l 
are subtracted from Ep. 

Multiplier/Quotient Contains multiplier and quotient digits 
during multiply and automatic divide 
operations. 

Data Register Decodes Q8 and Q9 digits of BI, BNI 
and I/O instructions. 
Stores partial product digits during 
multiply instructions. 
Stores digits affecting MARS during all 
I cycles. 
Stores one of tl,.e digits used in any 
addition or subtraction. 



Appendix C 

Charader Coding 
ALPHABETIC MODE 

Character Numeric 
I---------r--~~~~~~------r~_r----~ Code ~~~~~~--~------~-----T~~~------~------__ ----~ 

CD 
(3) 

Typewriter 

Disk storage operations can be in numeric mode only. 
Two-digit character representations is shown for convience. 
Dump Numerically instruction only. For Write Alphamerically and Write Numerically instructions an EOL character is 
punched in paper tape and no output is provided on the typewriter. 

Printer 
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Appendix C (Cont'd) 

NUMERIC MODE 
Character 

Paper Disk Paper Disk 
Typewriter Tape Storage Card ypewriter Tape Storage Card Printer 

0(+) 0 0 C82 0 0 C82 0 0 

1 1 

2 2 2 2 2 

3 C21 C21 3 C21 C21 3 3 

4 4 4 4 4 4 4 4 4 4 

5 5 C41 C41 5 5 C41 C41 5 5 

6 6 C42 C42 6 6 C42 C42 6 6 

7 7 421 421 7 7 421 421 7 7 

8 8 8 8 8 8 8 8 8 

9 9 C81 C81 9 9 C81 C81 9 

0(-) ii XorCXO X82 11-0 5 X X82 11-0 

-1 CXl CXl 11-1 T CXl CXl 11-1 

-2 2 CX2 CX2 11-2 2 CX2 CX2 11-2 K 

-3 3 X21 X21 11-3 3 X21 X21 11-3 

-4 4 CX4 CX4 11-4 4 CX4 CX4 11-4 M 

-5 :5 X41 X41 11-5 :5 X41 X41 11-5 N 

-6 6 X42 X42 11-6 (; X42 X42 11-6 0 

-7 7 CX421 CX421 11-7 7 CX421 CX421 11-7 P 

-8 8 CX8 CX8 11-8 8 CX8 CX8 11-8 Q 

-9 (} X81 X81 11-9 9 X81 X81 11-9 

t :f 082 082 0-2-8 N :j: 082 082 0-2-8 (none) 

~ * X82 CX082 11-2-8 Nf X82 CX082 11-2-8 (none) 

• + 08421 08421 0-7-8 Nt 08421 08421 0-7-8 (none) 

t + X8421 CX08421 12-7-8 #+ X8421 CX08421 12-7-8 (none) 

numeric C84 C 4-8 @ C84 C blank blank 
blank @ 

** Card output is (11) on Dump Numeric instruction. 

Dump Numerically instruction only. For Write Alphamerically and Write Numerically instructions an EOL character is 
punched in paper tape and no output is provided on the typewriter. 

1443 Printer Output with Dump Numerically instructions 

Output 

Character Core Storage Write Numeric Dump Numeric 

numeric blank C84 (blank) @ 

:j: C82 (none) t 
,.. C8421 (none) G 

numeric blank F84 (none) * 
flagged 

* F82 (none) W 

+ F8421 (none) X 
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Appendix 0 

Core Storage Data Resulting from Reading 
Alphameric Card Data with RN Instruction 

Bits entered into 
Character Core Storage by Read 

Numerically Instruction 
C F 8 4 2 1 

A X 

B X 

C X X X 

D X 

E X X X 

F X X X 

G X X X 

H X 

I X X X 

J X X X 

K X X X 

L X X X 

M X X X 

N X X X 

0 X X X 

P X X X X X 

Q X X X 

R X X X 

S X 

T X X X 

U X 

V X X X 

W X X X 

X X X X 

Y X 

Z X X X 

Bits entered into 
Character Core Storage by Read 

Numerically Instruction 
C F 8 4 2 

0 X 

1 

2 X 

3 X X 

4 X 

5 X X 

6 X X X 

7 X X 

8 X 

9 X X 

/ 
. (period) X X 

, (comma) X X 

@> X X X 

( X X X 

) X X X 

= X X 

* X X X 

- X 

+ X 

Card 
I/O 

11,0 X 

Only 12,0 X 

=1= X X X 

:$ X X X X 

$ X X X X 

Blank X 

NOTE: Dollarsign, equal sign, period, and comma are interpreted as record marks on Write Numerically and 
Transmit Record Instructions. 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Appendix E Program Load Routines 

Examples of a paper tape load routine and a card load 
routine are explained in detail in this section to illus­
trate the concept of program loading. 

Paper Tape Load Routine 

Large records, like small records, consist of data (pro­
gram instructions are also considered data) and an EL 

punch in paper tape. The EL punch, which terminates 
the record, enters core storage as a record mark (=1=). 
The format below represents a large record in core 
storage. 

DATA ........ =1= 

The following format represents the same record sep­
arated into four smaller records by EL punches in the 
paper tape. 

DATA .. =I= DATA .. =F DATA .. =I= DATA .. =I= 

Each EL punch causes a record mark to replace a 
character in core storage. Where individual records are 
interspersed in core storage, rather than stored in a 
continuous line, it is sometimes necessary to restore 
the characters that the record marks replace. This is 
done by transferring each character to another location 
before the record mark replaces it, and then, after the 
record mark has been stored, to transfer the character 
back, wiping out the record mark. The following load 
routine saves these characters. Read the explanation 
completely for clarification of early steps. 

The format of the load routine and of data records 
in paper tape is: 

LOAD =1= ddddd 136aaaaal =1= DATAl .. =1= ddddd2 
36aaaaa2 =1= DA T A2.. ~. The load routine is repre­
sented by LOAD. Each ddddd36aaaaa is an address­
ing record for the next data record ( DATA.. =1=). 
ddddd is the address of the character that will be re­
placed by the following DATA record mark, and aaaaa 
is the address into which the following DATA record 
will be read. The LOAD and addressing record marks 
are of no concern. 
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The load routine (LOAD) is read in by use of the 
Insert (36 00000 00100), Release, and Start keys. The 
load routine is as follows: 

00000 41 00000 00000 
00012 36 00031 00300 
00024 25 00071 ddddd 

00036 36 aaaaa 00300 
00048 26 00066 00035 
00060 15 00000 00000 
00072 49 00012 

No OP 
Read paper tape into 00031 
Transfer digit from location 
ddddd to 00071 
Read paper tape into aaaaa 
Transfer field from 00035 to 00066 
Transfer Digit Immediate 
Branch 

After the load routine reads from paper tape into 
core storage locations 00000-00079 as a result of the 
above Insert operation, Release and Start key depres­
sions are again required to initiate computer operation 
at 00012. The second Load instruction is executed, and 
the first addressing record, ddddd136aaaaa1=l=, re­
places part of the third and fourth Load instructions. 
The placement of the =1= in Q. of the fourth instruction 
is of no concern. 

ddddd is the predetermined location of the character 
in core storage that the next DATA record mark tem­
porarily replaces. The character is saved (third in­
struction) and transferred back (sixth instruction) to 
replace the =1=. 

aaaaa is the core storage location for each DATA 
record. 

The third instruction, now 25 00071 ddddd, is ex­
ecuted. The character at ddddd is transferred to 00071 
(Ql1 of the sixth instruction). 

The fourth instruction, now 36 aaaaa 00300, is 
executed. The next DATA record enters core storage, 
beginning at location aaaaa. 

The fifth instruction, 26 00066 00035, is executed, 
and ddddd becomes the P address of the sixth in­
struction. 

The sixth instruction, now 15 ddddd OOOOX (X is 
the saved character) transfers the saved character back 
to its original location. Thus, the =1= at the end of each 
data record is replaced by the character that was 
there originally. 

The last instruction of the load routine, 49 00012, 
branches the computer to the second instruction, and 
reads in the addressing record for the next data record. 



The last addressing and data records are used to 
branch the computer to the starting address of the 
loaded program. They are 000793600074 =f= and sssss 
=f= (sssss is the starting address). 

Card Load Routine 

The following five-instruction load routine is also an 
example of indirect addressing. Without indirect ad­
dressing, the program would require 12 instructions. 
The program is straightforward and simple, and in 
addition simplifies the preparation of program cards. 
Other advantages are: 

1. Program cards may be loaded in any sequence. 

2. The address being loaded is punched in card 
columns 1 to 5 for easy card identification. 

3. From 1 to 60 digits (as many as 5 instructions) 
may be loaded by each program load card. 

4. After loading data from the last program cards, 
the program will branch to any address specified 
by the programmer in the last card and start the 
main program. 

5. Data cards may be placed in the card reader 
with the program deck, thereby reducing card 
handling. 

6. Cards containing corrections to the original pro­
gram (patch cards) can be added to the program 
deck whenever necessary. 

7. To simplify the explanation, 19901-19980 is used 
as a read-in area. It cannot be loaded by the pro­
gram. The last paragraph describes a program 
that avoids this restriction. 

Operating Instructions 

To load the program, reset the 1620, place the card 
deck in the 1622 Card Read-Punch, and press the Load 
key. 

Card Sequence 

The cards are arranged in the following sequence: 

1. The program loader card (one card, punched 
with the following program). 

2. Program cards (see their format which follows). 

3. The last program card, containing the branch 
address. 

4. Data cards, if any. 

The Program Loader Card 

This card is punched in card columns 1 to 56 with the 
following information: 

36 19901 00500 25 00080 19910 31 19905 19920 25 
19910000804919915 =f=. It is loaded to locations 00000 
to 00079 by the Load Key. Note that each of the last 
four instructions contains an indirect address, referring 
to a field in the input area. Refer to the Program Card 
Format for an explanation of each instruction. The 
program begins at 00000, and continues: 

Mnemonic 
Location Op Code Instruction 

00000 RNCD 36 19901 00500 

00012 TD 25 00080 19910 

00024 TR 31 19905 19920 

00036 TD 25 19910 00080 

00048 B 49 19915 =F 

Program Card Format 

19901 

~ 
xxxxx 
1-5 
Address 
for card 
col. 20 

Card 

19910 

~ xxxxx 
6 -10 
Address 
where =F 
will fall 

xxxxx 
11-15 
Blank 
except 
last card 

Explanation 

Read card to input area 

Save digit where record 
mark will fall 

Store the instructions 
from the card 

Put the digit back again 

Branch to 00000 or the 
program 

x---------x =F 
20 79 80 
Program instructions or 
constants. Last digit is 
followed by a =F 

Columns Explanation 

1-5 The address to which the data from card column 20 
and on, will be transferred. It is referred to indirectly 
in the third instruction. No flag is needed with this or 
the other addresses. 

6-10 The address to which the record mark will be trans­
ferred by the third instruction. This address is re­
ferred to indirectly to save and later to restore the 
digit that will be erased by the record mark. If the 
digit at that address will be loaded by a card that fol­
lows, and if proper program card sequence can al­
ways be maintained, the address may be left blank. 

11-15 Blank in all but the last program load card to cause 
a branch to 00000. In the last program load card, 
these columns contain the address at which the main 
program is to start. 

16-19 Not used. Card sequence number or program number 
may be punched here. 

20-80 The data to be loaded, followed by a record mark. 
The data may be any numerical data, flagged or not. 
It may not contain a record mark. The first character 
is in card column 20. If one instruction is to be load­
ed, the record mark should be in column 32. 

Load Routine Analysis 

The first instruction, 36 19901 00500, reads the data 
from each card into the load area (19901-19980 in 
this case). A record mark is placed in 19980. 

The second instruction, 25 00080 19910, transfers 
the digit that the record mark in 19980 will replace 
during the third instruction to 06080. Note the indirect 
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Q address (19910) - the field at 19910 was loaded by 
columns 6-10 of the card. For example, if the data in 
19901-19980 is to be transferred to 10000-10079 by the 
third instruction, the digit at 10079 is transferred to 
00080 by the second instruction. The fourth instruction 
returns the saved digit to 10079. 

The third instruction, 31 19905 19920, transmits the 
five instructions and the record mark from 19920-19980 
to the address specified by the data at 19905 (19905 
is an indirect address). This address was punched in 
columns 1-5 of the card. 

The fourth instruction, 25 19910 00080, transfers the 
saved digit back to its original position, and wipes out 
the record mark. 

The fifth instruction, 49 19915, branches the com­
puter back to 00000, and the next card is read. The P 
address is indirect (19915) - the field at 19915 was 
loaded by card columns 11-15. These columns are 
blank for all but the last card. Blank card columns read 
into core storage as zeros. 

Program Card Examples 

1-5 
00600 
00660 
00100 

6-10 
00660 
00720 
00160 

11-15 16-19 20-79 80 
~ -I-Five instructions =1= 
Blank 2 Five instructions =1= 
Blank 3 Data for locations 100-159 =1= 

Cards 1 and 2 are standard 5-per-card load cards. 
Card 3 loads 60 digits of the multiply table. 

Loading Record Marks 

.!:[ 
00800 
00811 

.2:!Q. 
00860 
00812 

lll§. 16-19 ~ 
Blank 5 Five instructions 
Blank 6 =1= followed by blanks 

.§Q. 
=1= 

Blank 

Cards 5 and 6 show a method of loading a record 
mark between instructions. If a record mark is to be 
loaded to location 00811, the record mark in column 
31 of card 5 must be omitted because it would termi­
nate the third load instruction too soon. The record 
mark is loaded by card 6. The instructions from card 
5 are loaded into 00800-00859. 
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Patch Cards 

1-5 6-10 11-15 16-19 20-31 32 33-80 
00600 00612 Blank -7-A singr;- =1= Blank 

instruction 
00700 00712 Blank 8 Instruction with Blank Blank 

=1= in Ql1 

Cards 7 and 8 load single instructions. If there were 
patches to the program in cards 1 and 2, they would 
have to follow cards 1 and 2 in the program deck, 
though not necessarily directly behind cards 1 and 2. 

Last Program Load Card 

1-5 6-10 11-15 16-19 20-79 80 
19000 19060 00500 -9- Fiv~ctions "* 

In this example, the loader stores the instructions in 
card 9 to locations 19000-19059 and then branches to 
00500 to start the program. A card like this is the last 
card of the program deck. It should follow all patch 
cards. 

Program Initialization 

To load and execute an initialization program (defin­
ing fields, establishing constants, etc.) before loading 
the rest of the program, punch the starting address 
of the initialization program in columns 11-15 of its 
last program load card. Do not alter the loader (loca­
tions 00000-00060) while initializing. After initializa­
tion, branch to 00000 and loading will resume. This 
allows the initialization program deck and the main 
program deck to be loaded as a single deck by a com­
mon program loader. 

Alternative Read-in Area 

To use locations 00081-00160 as a program read-in 
area, the program in the loader should be changed to: 

36 00081 00500 25 00060 00090 31 00085 
00100 25 00090 00060 49 00095 

In the last program load card, columns 20-79 must 
contain the multiply table digits for locations 00100-
00159, and columns 1-15 must contain 00100 00160 
xxxxx, where xxxxx is the address at which the program 
is to start. 
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