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10,00
INTERCARD PROGRAMMING

for

THE BENDIX G~15D COMPUTER

Introduction

These notes assume that the reader 1s familiar with the G-15D

computer and with IBM card equipment, Nocessary information for the
use of the G-15D with a floating point interpretive systom 1s presented,

Input is from IBM cards via the IBM 523, Output is both IBM
carda via tho 514 punch and line printing on the IBM 402 printer. All
input-ocutput is 100 lines and/or cards per minute,

Cormands ere written with alphabetic operation codes, numorio
addresses, and alphanumeric commonts. An assombly program convorts
thoso symbolic commands to the proper binary machine language end punchas
binary cards, Programs are then run by reading the binary program cards
followed by the data cards into the IBM 523 reader. Results arae printed

on the IBM 402 printer,

This system is intended as a replacement for Intercom using high
specd input-output via the IBM card and printing devices. However, the
intorpretive routines are written in a very efficient ramner and new
commands added so that the computing speed will be about 4 times faster
than Intercom, The overall capacity of the G-15D will be increased 10
to 20 times over that of the present mode of operation,
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Data Input

Data 1is prepared on the data sheats provided in eithor fixed
or floating point., These are keypunchod on IBM cards, 5 piocos of data
to a card, Tho floating form is the base 50 mothod already in uso with
Intercom on tho G-15D and femiliar to those who remambor tho IE{ 701,
Tho first location tmst be punched on evory card, blank numbor fioids
are not stored, and a zero 1s ontercd by writing ono zoro as the firot
digit in the number field, If the signs arc positive, they should bs
left blank, and it 1s not necessary to write trailing zoros in nuwsbor
fields, Fixod point numbers may be positive or negativo and have a

maximum value of 99, These are written as a two digit number with the

remainder of the field blank. (seo the data sheet and cards).
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III, Command Input

a) Programs are writton initially on code sheots, These are

b)

keypunched on IBM cards, one command to a card including
commonts, The codo used is discussod in detail in Section Iv,
These)are called tho symbolic cards (see the code sheet and
cards),

Binary cards are propared by the Asscubly prozram, Oae
channel of comnands (approximately 100) aro punched on' 9
cards with a check sum, These can bs read into the computer
at exscution time by the operator or by a stored command (see
the binary cards), '

30,00
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Iv, Proggamming

a) Momory

The interpreter and input-output routines occupy long channels
00 —» 06 and 4-word channels 20 —22, While reading or punching
binary cards, all of long channels 16 and 17 are used, While roading
decimal data cards or printing decimal results, words 00 —=49 of
long channels 16 and 17 are used. While reading or writing on
magnetic tapes long channel 19 and 4-word channel 23 are usoed, Thic
leaves the following portions of momory available to the programmer:

Long Channels 07—=15 4
Long Channels 16 & 17 (with IBM input-output exceptions)

Long Channel 18
Long Channel 19 (with mag.tape input-output excoptions)

Certain registers located in the interpreter channel 06 are
of intorest to the programmer and may be addressed by the programmer,
These are: '
(0609) = Index Register 1

(0610) = Indox Rogister 2

(0611) = Index Register 3

(0612) = Print Register

(0613) = Control 1 Rogicter;Single (00) or Double (02)

Spacing Print Control,

(0614) = Control 2 Register; Production (00) or Checkout &0)
Print Control.

(0615) = Control 3 Register;End Job (00) or Fix-overflow &9
Action Control.

Those registers may be filled from cards by writing the correct
locations on the data sheots. The contents of those reglisters may
also bo printed by addrecsing tho print command. The only other -
referonce to channcls 00-06 permitted by the asgambly program is
the use of tho out command to channels 00-03,

The "N" register uscd in indoxing and thes AMQ registor used in
computing may also be addrccsed by the programmer., Theso are:

(2000)
(2400)

N Roglster
AMQ Ragiaster

mon

Thora regzlators may pot ba £1lled from datn cards and may noi
be printad oxeconi by storing thoir contents in a long channel,
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b) Tho Code Shest

Col.1)

Col,24,25)

Coi.28-30)

Col,32-35)

Col.37,38)

Col . ‘6'63 )

C01.70-74)

An "x" in column j halts thc card reader. This normally
indicates to tho assombly program that this is the last
card (END) of those to ba assembled,

Theso two columns aro loft blank oxcept whore it is
nocossary to rcfor to a command with anothor command,
Tho assombly program assigns the word locations by
counting, Any two digits from 01-99 may be written
without regard to the order or soquence of the numbers,

The two and three lettor operation codss are writton
hora, Two lettor codes should be written to the right,
leaving Col,23 blank.,

The four digit address 1o written here. The firast two
digits indicate the memory channel excopt whon they are
blank, If tho first two digits are blank, the soccond
two digito rofor to anothor command having the location
(Col.24,25) indicatod by the latter two digits, For

sona oporetions the address has a spocial moaning and
theszo exceptions are all noted in the oporations section,

These two colurms aro left blank except to indicate an
indexod commnand ard certain egpscial uses explained in
the operations section, If an entry i1s made, it should
alwvays appoar as a two digit number,

Comnonts may be alphanumoric and up to 18 characters
(insido paper porforations) may be used including spacas,
Thase are not needed to assemble a progranm,

This 5 digit socquence number is for the convonionce of
the programmer and may be used to properly sor:t the
cards, insert commands, etc. These are not noeded to
assemble a program and need not be in order for assembly.
However, they are printed by tho assembly program.
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o) Tho Assembly Progran

Tho ansembly program reads the symbolic cards ao punched
from the codoe sheots into the G-15D, Locations ere agsigned
beginning at tho addross of tho first card, the origin card, and
soquontially increasod until anothor origin card is road 4nto tho
computor, On thic first pass, a location table is proparcd, and the
oporation codes found from an oporation table. Sirmltanocusly with
card roading, the irages are written on magnetic tape 4, four cards
to a record, Tho programmor may inctruct the asseribly progrom to
start a now momory channoel of ccde at any tirie beforo the previous
channel 13 £41lod by an origin (fRG) cozmand, If tho LRG is not
vritton, tho noxt channel in sequence and word zoro will be assumod
by tho agsembly program., Vhon the ascombly oncounters on E.iD 0POY=
ation codo with an "x" punchod in colunn 1, tho addross in coasidored
to bo tho exocution tost address®t, and tho first pass is terminated,
Fagnotic tapo 4 will now ro-wind to the boginning of tac co=wcnds
rocordod and Pass II begins the IEM 402 1listing, ono ccuziand to a
lino, vhile tho tapo i3 boing road cimltencously., “or all channels
of cozmands have bcon listod, the binary cards ropresenting the
machine language oquivalont will punch,

All binary carda punched will ba road into the computoer
by the oporator to verify tho fect that thoso are punchod correctly.
If errors occur, tho cards can to punched a socond time from magnetic

tapo 3.

_ Asgombly timo is omctly 50 cosmands por minute, tho timo
being limited to 100 cards per minute input and the 100 line por minute
disting opood, A schomatic of Pass I and Pass II phases of the assembly

progrem are shown in Figuroes 1 and 2,

* Location of tho first coumand to be oboyed upon loading,
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d) Oonarations

1)

®

The oporations proceded by an asterisk (*) are indexanble.
Those preceded by (4*) are indexable only if the index register
contains a mltiple of 4¢

rithmatiqs

RA
RS

SR

Sp

v

- Sqr

RBoset ond Add, Tho cddressed quantity 1s stored in tho AMQ.

Rocot cnd Sudircet. The addrosscd quantity is storcd, with
its sign changed, in the ANQ,

Sond Rosult. The (AMQ) is stored at the eddrosscd location,

‘ADd: Tho addressed cuantity 1s added in floating point

arithnetic to the (AMQ). The rosult is stored in the AMQ.

Sibtract. The addrosscd quantity is cabtrocted in float-
ing point arithmotic from the (4MQ). Tke rosult is storcd
in the AMQ,

2dd Positive. Tho abosoluto value of the eddresscd quantity
13 edded in floating point arithzotic to tho (AMQ), The
rosult is stored in the AMQ.

Subtract Positivo. The aboolute valuo of the eddrcssed
cuantity is ocubtracted in flocting point arithmeotio frem
tho (AMQ). Tho result is stored in tho AMQ.

}a181plY. Tho (AQ) is mltiplicd by tho addrosocd quontity
in floating point arithmetie. The result ic storcd in the
AXQ,

DiVido. Tho (AMQ) is divided by the cddressed quantity in
floating point arithmotic, Tho rosult is ctored in the AMQ.

SOuare RooT. The square root of tho floatirg point numbor
in the AMQ is storod in tho AMQ. Tho eaddress of this
command must be blank,

2) Pixed Point Arithmotic Eg

XAD

XSU

FiXod APd, Tho nddressed quantily is added in fixed point
arlthmotic to the (AMQ). Tho result is storod in tho AMQ.

FiXcd SUbtract. Tho eddrossed quantity is gubtractod in
fixod point arithmotic from the (AMQ). The rosult is
stored in tho AMQ. ‘

FiXod MultiplY. Tho (AMQ) is mltiplied by the first 8
binary bits of tho quantity in fixod point arithmetic, Tho
rosult ic onift loft 8 bimary placos and storod in the AMQ,



40,31

3) Indexin-
LXR Joad IndoX Raogister. Tho addrosced quantity is storcd in

»

LNR

IXR

IXN

the index rogistor indicsted by the two digits in tho K
field, If K = 00 or blank, all thres index rczistors ere
locded froa consocutive locations. The eddresced first
vord location must be a multiple of 4 with a one remainder

(1.0, 01,05,09 etc).

Load N Register. The addressed quantity is stored in the N
roglster.

Increase IndeX Register, The 1irdox register indicatod
by K 48 increased by the increment in the address field,

Increase IndeX Registor and N Tost, The irdox reglistor
indicated by K 43 increased by the incremsnt in the addross
field, This value i3 thcn cozparcd to the contaxnis of tho
N register, If the values are not egual, calculations pro-
ceed, If the values are cqual, the indox registor 1o set
to zero and calculations proceed. This command will pre-
vent a fransfer if the next command in sequonce is TIN and

the values are equal,
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4) Logical Control

4% TXH

4* TRA

4* TMA

4% TMB
4* TZ8

4* TPL

TSS

Transfor if IndeX not equal to N Registor, Transfor cen-
trol to tho addressced locction if tho indcx was not oqual
to N on the provious comncnd, This comnand must follow
the IXN command,

TRAnsfer, Control is unconditionally transferred to the
addressed location,

Transfer and Mark 4. Control is unconditionally trans-
forred to the acddrossod locaticn and the location of the
noxt command is marked for uso in a retura command,

Transfer and Mark B, Sams as TMA to parniit two markod
places A and B for two levels of sub-routines,

Trenofer if Zhro., Samo ss TRA if the (AMQ) = 0. If
(AQ)% 0 caloulations procecd.

Transfer is Plus, Same as TRA if the (AMQ) = (4), If
{aMQ) = (-) calculations proceed.

Transfer 1f Tapo Oporating, Same as TRA if a rmagnetio
tape 13 in operction, If no tape is in operation, cal-
culations procoed,

Transfer if Card Operating, Sama as TRA if XEM cards or
402 printer is oporating., If no card equipnent is oper-
ating, calculations proceed.

Tranafor if Senso Switch on, Saume as TRA if tho senso
cwitoh is on, If the sense switch is off, calculations
proceod,

Transfor (UT of the Interpreter, Control is tramsferred to
tho addresscd location in pachine lenmunge, OUT 0000 may
bo uscd to ond a job,

Rotura ¢o larlk A, Control is roturned to tho lceation
rarikod by the TMA command., The addrecs of this ccimard st
be blank,

Roturn to Mark B, Control i3 returnocd to the location
marked by tho TMB command, The address of this coznand

mst be blank,
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5) Block

PDL Process Data Lins, Tks addressod line is procasscd starte
ing at word location zoro., Yord zoro is dostroycd and the
eddroosed word 4s tho last one changzed, The AMQ is unaf-
fQOthg

PDA Procoss Data & Load 2110, Tho eddrcosed line is precossed
clarting at word location zoro, Word scro 4o dostoycd
and tho adiresocd word i3 tho last one changsd, Tho cobe
tonts of tho addrcased location prior to preeassion is
sborod in the ANQ,

CDL Copy Data Jino. A block of data i3 copicd froa ¢ho lino
indicatod by the cddress to the liro indicated ty t2o two
digits in the K fiold, The block coplcd starts ad werd
zoro and continues through the sddressod word, this boing
the last word copiled.

OLL Copy line to line, The cntiro line indleatod bty tha eddrcss
1a block copied to tho line indieatod ty the two digits in
the K field,

CAL Copy AMQ to Lino. Ths (/i) 1a block copicd to csch word
of the eddressed line starting in word gero. The addressed
location is tho last word copied.
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6) Card Input

The exccution of any card input cormand is automatically
delayod until the previous card or print operation is com-
pleted., The address of these commanda must be blank,

RBC Rsad Binary Cards. Nine (9) binary cards are read into
channel 17, If the cards being read are binary program
decks prepared by the assembly program, the check sum
is computod and compared with that om the cards, If no
error occurs, channel 17 1s moved to the proper progranm
channel and the next binary deck of 9 ecards is road,This
procass automatically continues until the last progran
dock is loaded into the memory. Automatic computatioa
thon starts at the location specified by the address of
the END cormand,

If the cards being read are hinary data, ten (10) cards
are read, The first card is the binary data control ecard,
The last 9 cards containing the information ere read into
channel 17 and the chock sum is computed. If no error
occurs computations resume with the next cormand, All of
channels 16 and 17 are used by this command,

REF Read Binary Cards and Proceod. Nine (9) binary cards are
read into channel 17 and computing procceds sixultaneously.
All of channols 16 and 17 are used by this command,

RDC Road Data Cards, Docimal data cards are roud, converted
to binary and stored at the memory locations given en tha
cards, Card reading continues until the last card, indie
cated by an "x" punch in column 1, has beon read and staed
in the memory. Camputations thon resume with tho noxt
oommand, Words 00 —>49 of channels 16 and 17 are used by
this command,
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7) Card Output

Tho exocution of a grrnd entrut (PUN) cormzond ic not sutow
retically dolayod if the provious card or print oporation is
in progress, For this roason the (PUN) ccrmand should bo proe-
ccded by the card operation halt (FLC) command 4f thoro is any
possibility that the previous card oporation is still in

progress,

PUN PUllch Binary Cardo, The eddresccd line is chock cr=mod
end thon punched on nine (9) binary cards. Cenmting
procceds while tho cards are boinz punehcd, All of

channels 16 and 17 are used by thic cotmmand,

HIC Halt 1f Card coupler is in Oporation, Cozputing is halted
until the previous card or print oporation is completod.
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8) Printod Output

The exacution of any print command is eutomatically dolaycd

until the previous card or print operation is completed, Worda
00 —> 49 of channols 16 and 17 ere uscd,

PRT

PRC

SPP

PRInT, IBM 402 printing starts at the addresscd loecation,
Pour (4) numbers are printed on a lino and zoros print as
blanks, Mixcd fields of both floating and fixod point
pumbars are printed with the signs follaving tho nuxtors,
If the K field on tho code shoet is blank, the numbor of
words printed 1s controlled by the print regictor (0612),
An ontry in the K field overrides the print reglotor and
dotermines the numbor of words to be printed. The coutonts
of the print register is unchanged, A complote line is
always printed and gomputing proceeds while the last line

is bolng printed.

IRint 41f Chockout, Printing occurs oxactly as above during
checkout yuns, This cormand is ignored on production runs,

REstore Papor. The 402 paper is rostored to a point juot
bolow a porforation to permit hole punching for a 3-ring

bindor., The address of this command muast bo blank,Come
puting proceods while the paper is being restored,

SPace Papor. The 402 paper is spuced two lines, The
address of this command must be blenk, Computing pro-
ceods while the papor is being aspacod,
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9) Mametic Tapas

Magrotic Tapes 2,3, and 4 are nvzilable to ths programmor,
Tapo 1 io the library tape and is norwally read only at the
beginning of a problom if system programs aro roquired from the
1ibrary routinea, The file protuction switch avolds accidental
deatruction of Tape 1 information, Tapes do not erasse old
information when writing now information, Control cards aroc proe
vided to automatically position tho tapes to be used to a blank
seotion of tapo. Those are placod in front of the binary pro-
gran cards and bocome part of the program deck,

WRT YRito Tupo. Channel 19 is recordod on the addressed tape,
Conmputing procecds and channels 19 and 23 are usod while
rocording,

RDT RoaD Tapo. Tho addresscd tape is rond into channel 19,
Corputing procoods and channels 19 and 23 are used while
rocding,

BST Pack Spaco Tapo, Thoe addrossed tape 18 backspaced 1
block, Computing procceds and channols 19 and 23 are used
whilo backapacing, The previous contents of channels 19
and 23 aro destroyod.

EFT PEad of File Tapo. A f1le mark in written on tho addrossod
tapo. Computing prococds tut channels 19 and 23 are not
uacd.

SFT Sosarch Forvard Tapo. Tho cddrossed tepe is soarched for-
ward at high opced, stopping when a file mark is found,
Conputing procoods whilo tape is searching but channels 19
and 23 are pol usced,

SBT Ssarch Pacltvard Tapo, Tho eddressod tepo 1s moarched reverse
at high cpocd, otopping uion a £ile mark is found. Tho
roading head stops in_front of the file mark. For this
reanon o coarch forvard (Sir) commend is nocossary bafore
roading the first block in the filo, Coxputing procecds
while scarching but channols 19 and 23 are nof usod.

HLT Halt if Tape Oporating., Computing is haltod if a tapo is
in oporation, As soon as the tapo oporation is completed,
the computeor rcrains halted for the additional numbor of
drum cycles indicatod by the address of this command. (see
Table I). Aftor this delay, oporation automatically resurmos
with the next command,

STT STop Tapo Motion, This cormand stops any tape oporation which
may bo in progress, Computing procceds and channols 19 and 23
aro pot usod, Tho address of this command must bs blank.
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Table I) Delay Timos for Magnetic Tapes

Command
which must Required Delay Following
be delayed || WRT | EFT | RDT, BST | SFT.SBT
WRT 0 o 0 8
EFT 4 0 0 8
RDT
SFT
SET 4 4 o] P 0

Note: Table I applies if the previous tape cormand referred to the
sang tape as the command being delayed. 2ero cyoles are re-
quired if a new tape 1s referred to by a command, The inter-

voning HLT however is still required because 2 tapes cannot operate

simultaneously.

Other Notes on the Use of Mapgnetic Tapes

1) A nonezero piece of data must appear in one of the four locations
1900, 1901, 1902 or 1903 before writing L19 on tape.

2) An HLT command with O delay mdy be followed by at least 4 or 8
 4nstructions in lieu of the 4 or 8 cyclos delay required by the
above table. This makes use of the delay time to compute,

3) A block of tape reads or writes in approximately 2 secornds.
Between 40 and 80 commands can be executed during this time inter-
val, The TT¢ cormand provides for iterative loop executions for
the full tape operating time. If thls is done tho HLT cozmend is
oti11l required before the next tape operation, The TT¢ cormand may
be followed by at least 4 or 8 commands in lieu of the HLT delay
from the table,

4) Searching speed is approximately 8 times faster than the read-
write speed. The search time is approximately 0.25 seconds per

block,

5) Line 19 is cleared by WRT, and L19 cannot be referred to by another
command while writing or reading until the process is completed,

6) After an EFT command, an SBT oommand may or may not dotect the file

mark just written., To insure that a backward search is initiated, uses

HLT

ggg ‘} Insures search over mark just written

SET Searches back to previous mark.

EFT 4} Writes file mark and delays 4 cycles
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e) Machine Language Subroutines

Machine language subroutines are avallabla on binary cards for
tho required olementary functions, Some of the commonly used
routines are written and are availabls on file, Nomonic operation
codes are accepted by the assembly program for convenience, The
programmer may elect to placo a package of subroutines in channel
19 if magnetic tapes are not used, However, if a magnetle tape
operation 15 to take place, csre must be exorcised to preserve the
subroutine and place it back into channel 19 for further.use. These
routines use channel 23 for temporary working space.

1) Trigonometric Package. This package is available for radian
arguments. The numbor of circiecs is dofined as the number of
revolutlions subtracted from the argument to reduce the angle
to less than 27V radiszns,

SIN The sine of the floating argument in the AMQ is stored
in the A¥Q. The number of circles is stored as a fixed
point number in 2300, The address of this comnand must
bo blank.

c¢s The cosine of the floating arpgument in the AMQ is stored
in tho AMQ., The number of circles is stored as a fixed
point number in 2300, The address of this command muat
be blank,

ART The inverse tangent of the floating argument in the AMQ
is stored in the AMQ. The address of this command must

be blank,

2) Logarithmic Paclage. This package 4s available for log bases
2,10 cnd (<9

L#G The logarithm (ﬁower 1o which base must be raised to equal
the argumeat) of the floating argument in the AMQ is stored
in the A¥Q. The address of this command must be blank.

EXP The exponential (base raised to tho argumont power) of the
floating argument in the AMQ is stored in the AMQ. The '
address of thls command must be blank.
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Timing
A very good approximation to the time required to assemble a problem

is given by: .

t= 70

where i is the total number of commands to be asszembled.

+1 (min)

The time required to run a problem can be aprroximated bys

i p+t+te

7200 * 00 *1 (mn)

vhere 4 = total number of commands to be executed
¢ = number of cards to be read

p = number of lines to be printed

For more accurate timing, the charts that follow provido oyclo timss
for each operation. (a drum cycle on the G-15D is ,0295 soc). Accsas
tiz> to tho cozmands is not included in the charts. For averazo accoco,
0.25 cyclos mict be addod for each command exacuted, Cormand access coy
to accurately timed by consideration of the mathod used by the interpretor,
Four ecoxmands are copied into channel 22 by a TRA commard. This requircs 1
oyclo if the 4~word group begins with a word location in the range 00-38,
The 4~word groups above 92 require 2 cycles. The conditional trancfers
copy the 4-word group to channel 21 and then test the condition, If the
condition 18 met, channol 21 is movad to chonnol 22 affocting tho transfer,
A oonditioral transfer takes place in 1 cycle if the 4-word group togins
with a word location in the range shcum in the tables, For any transfer
operation for which an actual transfer 1s effocted, access to the first
four commands that follow is zero, However all subsequent 4-word groups

must be charged with 1 cycle for access.



1) Arithmetic & Indexing Operations 70.10

a) Operations requiring access time

The range in the table is defined as the word time of the effective
address of the command. Average cycles are for random access.

Range for 1 Total
g cycle access Execution Cycles Average Cycles
R Not Not
Indexed | Indexed Indexed | Indexed
RA || 0-93 | 20-93 | 1,06 1.26
RS 0-90 20-90 0 1.09 1.29
SR 0-96 20-96 1.03 1.23
@
~
a - -
8 AD 0-85 20-85 0 If either number zero 2.1 243
[}]
| su 0-83 20-8 2.16 2.36
R : 1 Normally
AP || 0-8L 20-8ly 2.15 2.35
SP 0-80 20-80 (see note 1) 2.19 2.39
MY || 0-91 20-91 0 If either number zero| 2.08 2.28
DV 0-89 20-89 1 Normally 2.10 2.30
ILNR 0-70 20-T0 0 1.29 1.49
XAD 0-41 1.58
Xsu 0-43 1.56 -
MY 0-19 1.78
X1 0-06 0 1.93
[13]
o X2  0-08 1.91
] LXR
3 X3  0-0L 1.95
£
0 A11 Ol or 05 1.92
g v
= PDL 0-96 1.03
PDA 0-93 1.06
CDL i 0-96 0 1.03
CAL 0-96 1.03
NOTE1), 1If the difference in the magnitudes of the numbers is greater than

217 , one additional cycle is required. Also if more than 5 leading
binary zeros are introduced in the fraction by differencing two

numbers of equal magnitude; one additional cycle is required. R.G. Noel

5/17/60 .



b) Operations requiring no access time

@PR FIXED CYCLE TIME
SQT

IXR 2

XN

CLL

2) Transfer @perations

a) Operations requiring access time

70.15

0 ‘Range for 1 Total
Cycle Access Execution Cycles Averaﬁe Cycles
Not Not
Indexed | Indexed Indexed | Indexed
XN 0-76 20-76 1.20 1.LO
TRA 0-88 20-88 1.08 1.28
™A 0-68 20-68 1.28 1.48
™B 0-6l 20-6L 0 1.32 1.52
TZE 0-72 20-72 1.2 1.4k
TPL 0-68 20-68 1.28 1.48
T1¢ 0-56 1.L0
DO NOT DO NOT
cg 0-52 NDEX 1.4 4
I . INDEX
TSS 0=l 1.52
b) Operations requiring no access time -
@PR FIXED CYCIE TIME
— — |
gur
RMA 1
RMB
R. G. Noel

5/17/60



Coupler

3) Input Output Via Card

a)_Card Input~Output

gFR FIXED CYCLE TIME CARD CYCLE TIME
bo e —— — —
REC 44 180 (9 cards)
RDC 50 20/card
RBP Simultaneous with
4 computing. (220 for
PUN 9 cards)
b)_ Printing
¢PR FIXED CYCLE TIME 'LINE CYCLE TIME
PRT 20/1ine. Last line
50 simultaneous with
FRC computing.
ReP | Paper is positioned
4 simultaneocusly with
SPP computing,
e) Card Coupler Test
¢PR FIXED CYCLE TIME DELAY TIME
Waits until previous
HIC 1 card or print operation

is completed.

70420
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4) Magnetic Tapen

a) _Reading end Writing

DATA TRANSMISSION

¢PR FIXED CYCLE TIME TIME
WRT Simultaneous with come
puting, Approximately
ROT 1 67 cyclee for a ¢hannel
of 108 words,
BST
b) _Searching.
prR FIXED CYCLE TIME SEARCH TIME
F_._——_—————"'—-——"'———-————-——- —
SFT Simltaneous with
1 computing, Approxi-
SBY mately 12 cycles/channell
o) _Tape_Control
gFR FIXED CYCLE TIME EXECUTION TIME
EFT 1 0
Tape motion stops sim-
STT 1 ultaroonsly with com-
puting.

d) _Tape Teat

et
—

#PR FIXED CYCLE TIME DELAY TIME

et ———

Waits until previous
HLT 1 tape operation has
completed + the number
of cycles in.the addrees
ficld of this command, |




5) Flementary Functions

¢PR FIXED CYCLE TIMES
SIN 1 for arg. =0
cfs 3 for ouall arg,
80} 5 normally
EXP 5
6 if axg ~ 1
_ART 71f arg > 1

70.40
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C oxr ratio

The chart in the following pago presents & flow diagram for casy
reference whan opcrating the computer, Checkout, production snd assembly
runs are all losdod the same way, If the sense switch is to bs turned
on, the PUNCH awitch on the typewriter base should be set to the left,
For assembly the card punch must be connected to the CA-2 with cards
cycled into the hopper and magnetio tapes. 3, and 4 must be turned onm,
The excoution of some operations which produce non-admissablé results
will cause the computer to ring bells continuously. These ares

£PR CAUSE OF TROUBLE
AD
AP Overflow*
su
SP Underflow*
MY
XAD
Xsu | Overflow*
MY
Overflow*
DV Underflow
Division by zero
SIN
cgs Argument too large
EXP
LG Argument = 0 or (=)
RLC Intercard chennels 00 —3»06 do

not check sum, v

If tolls ring, or if the computer stops for any other reason, the DEBUG
procedure will effect a print-out on the 402 with sufficient information

to detect the error,

* Ir (0615) is zero, bells ring. If (0615) ¢ O, fixes overflow and continues.
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DTG FRTTEOE

1652 Cii, (1 Ciy Wy
1655 M A oo oV
1620 m 11 P 23

1€64 cisum C1 - c2 c3

CHWWy = Location of lact comand otuvyed. This will print 2222 if tho
interpreter 4 word chonnel 22 is destroyed or if the computer
is stopped in tho middle of printing,

CHWW, = Location of last transfer and mark A (TMA)., This will print 0404
if no TMA command tius executed, ‘

NR = Contents of the N register = (2000)

AMQ = Contents of tho AMQ register = (2400). If overflow or underflow
or divide chock occurs, the contents in the AMQ will bes

MY Maltipldennd
DV Dividend
AD
AP absolute largest
SU of the numbors
SP being added,
SIN
CC3 Argunont
ALT
LCa
Y
XAD
X5U Garbago
EXP

SS = Sonse switch status; 00 if off, 01 if on.
@V = Overflow indicator; 00 if undorflow, 6934028 if overflow.
PR = Contents of tho FrintRegister = (0612)
X1,X2,E3 = Contents of the Index Register = (0609), (0610) & {0611)
CKSUM = Channel 00—>06 status; 00 if checksum-o.,k., 0O if not-o.k,
€1,62,C3 = Contents arnd the Control Register = (0613), (0614) & (0615)



base,
swvitch on,

OPYRATING CHART
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In the charts below @FF and Gf refer to the compute switch on the typewriter

a) _To IOAD o job_and_run

b)

¢) _To DEBUG a job

To RESTORE Intercard

P, Py G¢

I P2,

fails

.

'l

Compute Switch
@FE.

|

V.

scf, G¢

paper tape reads

1 bell

The paper tape always backspaces itcelf,
the operator to manually rewind the paper tape.

1 bell

Cycle Cards

"™ into IBM 523

Compute Switch

OFF and GJ

!
523 Reads Binary Cards

=] Compute Switch

gFF

!

P, o

paper tape reads

Underscored lower case letters mean to type thoge letters with the Enable

1 bell indicates that the
Intercard routines are stored

correctly on the drum,

402 prints debug information

It is never necessary for



TABLE II OPERATIONS

*RA Roget & Add Arithmotic
*RS Rosot & Subtract
#SR Sond Rooult
®iD  ADd
#5U Stiblract
kAP Add Positiva
®SPp Subtract Positive
wMY MultiplY
#pV DiVide
sQr SCuare Rool
XAD  FiXod AD1 Fix>d Point
Xsu FiXzd Subtract
XY FiZcd MultiplY
Indoxinn
LXR Load IndoX Rogister dozin
*LNR Joad N Reogistor
IR Incrcagse IndeX Rogloter
IXN Incrcase IndoX & Compare to N
Lorienl_Control
TX Transfor if IndoZl not equal to
TRA TRinsfor
TMA Transfer and Mark A
VB Transfer ond lMark B
LZn Transfer 1f Ziro
TPL Tranafor 1f Plus
TT¢  Tronsfer if Tope fperating
TCH  Transfor if Cords fporating
TS3 Transfor if Sonso Switch on
@UT  Trensfer CUL of the Interpreter
RMA Roturn to liurk A
RMB Roturn to lark B
loc!
PDL Prceoss Pate lino
PDA Precoss Data & Load AMQ
CDL Copy Data Jdno
CLL  Copy Iino to Lino
CAL Copy AMQ to Lino
Card_Inmi-Output
REC Read Binary Carda
RBP Rzzd Birary Cards & Procoed
RDC Road Data Cards
PUN Punch Bilnary Cards
HIC  Hzl% if Card Coupler (porating
PRT PRInT
PRC EFiint if Checkout
REP REstors Papor
SPP SPaco Papor
VRT WRite Tapo Yametic Tapos
RDT  Hcad Tepo
EFT TFad of Filo Tapo
BST Bacl Spaco Tepo
SFT Soarch Forward Tapo
SBT  Soarch Backward Tapo
HLT HaJt 1f Tapo ¢porat1ng & Dolay
STT $Top Tapo Motion

#Indoxablo 4% Indoxable in rultiplos of 4.



