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EDITOR'S PAGE

Sevaral months ago n ccoparantive organization eof 11034 uscrs was
formed under the ncme of USE - Univac Zelentific Exchange., The early 1103A
purchasers desired to go beyond the Centrul xchange with its vcluntary ex-—
change of ccmpleted routines and aetlively cceperata in the eurly stages of
program plamning and assigmment of progravm.ng monpcwer. A deseription of
this organizaticn is enclos=d.

Ebstract cards are now availsble fer o1l Contral Dvchunge routines,
Sets cof these are nailed sutc ztical'y toc all 11C3 installations, Additional
sets will be supplied upon remuost,

The "Netas on the T.ming of the Conirclled Reproducer® whlch vere
criitted from the last lewslettsr are enclosed with this cue,

Peggy Johnscn /

Cystems Anulysis Department
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CONVAIR The revised version of FLIP is now available, This

program, FLIP III, is compatable with the old but
is better than 20% faster. A great deal of the de-
scription of FLIP has been rewritten to render it more
comprehensible on first reading., The subroutines which
are in FLIP to date are listed as enclosures, A plastic
encased card with all FLIP commands and the constant pool
is being prepared for use at Convair, A reasonable number
of these will be supplied to others upon request,

A recent addition to FLIP is a package consisting of an
alarm routine, an octal print routine, and a Flexprint
routine, The octal and flexprint subroutines afford a
number of choices as to format and what portion of the
accumulator is printed on the typewriter, Another addition
is the Double Entry Table Interpolation and Lookup which
uses parts of FLIP,

A magnetic tape corrector routine MOCK VIII has been
written to facilitate changes in programs stored on
magnetic tape, The changes are read from punched cards,

Charles Swift writes that Convair is considering a new

use of the interrupt feature with their 1103, They propose
achieving a simplified general trace by using the External
Function instruction to initiate a "delayed interrupt®,

If the time delay is just long enough to permit one jump

to be executed before the interrupt signal, a trace

routine can set up the interruption of the next main
routine command,

Editorial Comment: To illustrate, assume the trace

routine is at addresses w through w+n and the program
which is to be traced is stored beginning at address v,

ii
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. L Trace routine
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winel  EF oc %
win MJ 0 Vo
v
' N Routine to be traced

Tracing would operate as féllaws: Start the computer at address
win-1, The *delayed interrupt" is set up and control is trans-
ferred to address v by the jump in win, During execution of the
instruction at the v the interrupt occurs and control is raturned
to the trace routine by means of the Return Jump in F3.

This method of achieving a "hot trace" provides an exceedingly
simple means of tracing jump instructions, However, since neither
the Repeat instruction nor a repeated instruction can be interrupted,
they will not be traced, The jump in Fy which terminates the

repeat sequence 1ls traced so that the end result of the repeat

is recorded, In many cases this will have the advantage of
eliminating copious and unnecessary output (such as during block
transfers and table look-up), A

ii1
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T e hus boon weition,
2L Lotps trac: of the rnecition
~oo0ing Lol of coeh ol the mupnstic tupe uunits

o Toluen Sy to the bleck countor rcutine
¢ ourivioa altor cuch ‘“Luwulc tape order,

o Sobrenting has alco beon sobiidted for

Mo Luals reoatine wes decigned to ull v tha
vizhing tebulur cutntt to usle uee of punched
ment to prod"ﬂe oulc;ly a noat priomtout of
flevﬂblo ;cr,uu. Tie routine converts alpha-nw.oric
inferintion in Floxcuriter ccde into INi! code on cards
for use as raze hondinge, eclunn heedings, end line titles,
These cords, tegether with data eards, con Le listed

te rroduce ta bulur formats, for exurple, cn the IEM 407,
Inrut is the Flexcuriter ecdes packad € to en 1103 worde
Cutrut is cards punched on the Controlled AuprOuucer.

LLCICCTINARGT A change hoas been instituted with regard to nost
rvice routines, The 40000 entries to secrvice routines
re provided for flexivility in roving rovtines zbout
on the drum. However, the progrem entry dependad on
the lceation of the routine and hence invalidated this
facility. Therceforz eell 40020 is nov reserved as a
carxon progrzw oxit., Since the basie cede ic urchanged
xcept fer allewing for this proccouve, cnly the revised
deucrlhtmcns are published herein and not the codings,
The ccding woy be cbialned upon recuest, -The Lollo“Lng
service rcoutines have been anmended:s RI-73, The Flexe
ouriter llsuory Tump; T-00, The Bioctal liemory Durp;
L1000, The Cetal Card “unn, M-102, Changed Yord
Post-ilortsm; R1W-92, Storage to “abLetic T;ru Tronsfer;
=93, lagnetic Tape to Storage Irensfer; RU-103,
Binzry Cord Reed-Ing RV 63, Ferranti 1n0ut Peutline,

~In "c”’tlcn to raintalning the library for currant
opsraticn thought is bcxng directed to the anticipated
instzllaticn of the model 1103A, This includes the
preparaticn of a two pass asceubly prograw and further
nachanizaticn, of the progrom checkeout precedure, Scne
changes may also be mcde in the Routine Library structure.

A rurber of exciples have been run to test the new Linenr
Matrix Doveticn Sclver, latrices of order up to 16 have
Leea invorted, Aecurcey for the lirgest matrix (size 16)
was approxiuctely 7 to 3 places, This routine is now
teing propered for distribution,

An Integral rcot routine is checked out as is a "“lot
Trace" for CHAP. The fermer 1s enclosed with this
lavclettor,
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Anothor fixed point Dofinite Intepral Evaluation
Routine is now available, The difference betwsen
RW=89 and this routine is that the error terms are :
of fourth and fifth order respectively, There is also
a floating point version of this routine, Fixed point

logarithm and exponential routines are also enclosed.

The revised write-up of the Ramo-Wooldridge One Pass
Assembly Routine (Rl-72) which is in Nswsletter 7
should be corrected to read “,,., the routine prints
GMP=0" in the last sentence of paragreph 2 page 9.

A routine has been coded which reads fixed point decimal
numbers from cards, converts the numbers to their octal

equivalents and stores them in the computer at locations
specified by a base address and the location number

on the card, .

Copios of "An Integrated Computation System for the
ERA-1103" are available upon direct request to Dr.
Walter Bauer, This is the text of a talk presented
to the Association for Computing Machinery National
Meeting at Philadelphia in September 1955,

A complex arithmetic version of SNAP (the Floating
point arithmetic package) has been checked out, Also,
a Fixed Point Card Output routine has been prepared,
Work is now progrossing on an algebric equation solvar
which will find all real and complex roots,

REMINGTON RAND UNIVAG For several months now we have been op-
erating the Serial 9 1103 computer hers in St. Paul,
Ono of the principle uses of tha computer is for mechane
ized ccmputer désign, The ’3ign process consists of
formlating exprecsions for the logic of a computer
system, simulating this logic with an 1103 program, and
assigning physieal specifications of the designed
systil, also by means of an 1103 program. A number
of programs have been prepared to facilitate the auto-
matic processing of equations expressing the logie
of a cocmputsr system, Such tacks are performed as
verifying the equation structurs with regard to rules
regulating the formulation (such as timing restrictioms,
rrber of inputs to a core, etc,) and sorting equations
with respesct to various criteria. The processes of
simulation and preparation of manufacturing and maintens
ance aids are al: 5ct entirely mechanized, 1103 pro-
granms simulate whichever logical operations have been
sslected to be checked by choosing the equations involvad
in the operation and effecting the actual function of
the appropriate components in the equations, Mamufacturing
aids which are produced by the 1103 programs are parts
lists, wiring tabulation forms, assigmuent of unit
assembly positions to type cards, and assigmment of
relative positions in the completed system to the unit
assemblies, The programs are coded to effect the most
effitlent but realistic solution to a manufacturing
problem which allows several solutions,

v
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A description of this mechanized design process is
avallsble upon request. /

Enclosed with the last Newsletter vas a description
of the uss of the "dead Space” on the magnetic drum
for storage of loading routines for the Model 1103A
computer, A routine has been coded for storage in
the dead space which simulates the MT START of the
Model 1103, That is, one block of 120 words is read
from tape unit I to core storage starting with address
00001, The computer stops following the transfer

to permit switching from ABNORMAL DRUM to NORMAL DRUM,

The folloving is extracted from a report from Leon
Dominick of the Convair maintenance crew!

A table of failures has been compiled concerning the
reliability of the non-diagnostic test at the Convair
installation, The period of time covered by this! tablo
is 15 December 55 thru 15 February 56."

®The non-diagnostic test was run with reduced heaters -
and margins after every preventative maintenance period
and before Convair went on the machine, At no tims
did failures occur during these tests when run with
margins and reduced heaters as appropriate to each
part of the test.

"Convair has been running the non-diagnostic test, :
on their time, on an average of twice per 2, hour pericd,
vhenever they suspected machine trouble without definite
evidence to support their suspicions.% '

"The table lists 18 times when the non-diagnostic test
failed for Convair, With two exceptions, a malfunction
of the computer wms located which caused the test failure,
In those two instances where failures of the test occured
with no trouble found, it is believed the failures

were of a very random nature, and that they were caused
by arcing of the 300 volt generator, On only one occasion
did the non-diagnostic test fail. to show an error when

the srror was obvious through examination of the indicaw
tors on the maintenance console, This error was a failure
to write in one digit on drum.®

“Convair has gained enough confidence in the reliabllity
of the nonidiagnostic test to usually agree to its use
as a check on the rellable operation of the machine,®
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The following question was raised here concerning
the conversion of floating binary numbers to floating
decimal for output on the High Speed Printer attached to
the 1103A: is there actually sufficient time avail-
able within the print cycle for the 1103A to convert
these numbers when the printer is operating at the
rate of 6C0 lines per mimte? A conversion routine
has been written which prints eight numbers per line,
Each number consists of an eight digit mantissa with
sign end a two digit characteristic with sign. The
average time to convert and set up a line or blockette

i .3 ms, (For decimal numbers between 10 =10 and

)e The maximum time to convert and setup a l%B?

or blockette is 54.4 ms, (For decimal numbers 10
Since 90 milliseconds are available for computation
during the print cycle, the output rate is definitely
printer-limited, In fact the rate of output is at least
doubled by recording on magnetic tape for off-line printing.

The method of conversion is as follows: the mantissa is
scaled 23 while the binary characteristic is reduced

to zero. A count of the decimal characteristic is retained
while the binary characteristic is reduced, By using a
split positive entry with a shift of two. followed by a
8plit, add. with a shift < one, the mantissa is multiplied
by ten, A repeat of these instructions seven more times
yields an eight digit decimsl mantissa., By use of the
split commands, six decimal digits are placed in each
output word and the excess threes added to produce the
proper Univac codes,

WHITE SANDS An Octal Card Reed routine has been coded which

reads from cards containing any number of octal words
from 1 to 6, An- Octal Card Dump is also completed, .

A short routine has been devised for chsqklng the accuracy
of a paper tape prepared on the High Speed Punch, After
the bioctal tape has been punched, this routine will

read the tape and compare it with the contents of storage
from which the tape was punched, Any discrepancy results
in a printout of both the correct and inccrrect words,

vii
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‘MQOCK VIIIL-a magnetic tape corrector routine
Magnetic Tape Block Counter Routine

Fixed Point Definite Integral Evaluation
Floating Point Definite Integral Evaluatlon
Fixed Point Natural Logarithm

Fixed Point Exponential (e¥)

Alarm, Octal, and Flexprint Package

Nth Root Routine

Fixed Point Decimal Card Read-ln Routine

Flexowriter Memory Dump

Bioctal Memory Dump

Octal Card Dump

Changed Word Post-Mortem

. Storage to Magnetic Tape

Magnetic Tape to Storage Transfer

Binary Card Read-In

Ferranti Input Routine

FLIP III- a floating point subroutine system

M.'T. Routine for Convair Service Routines
M, T. Routine for FLIP (revised)
Activator (revised)

Complex Arithmetic .

Inspect and Change (CV-12)
Bioctal Paper Tape (CV-81)
Charactron Trace, Processer (CV-77)
Magnetic Tape Storage
Differential Equations (CV=97)
Card to Paper Tape (CV~94)
Bessel Functions

Charactron Output (CV-98)

Card Output .

Card Input
Alarm Routine (FLIP I)
Arctangent and Arccotangent (FLIP I)
Exponential (FLIP I) .

Input Sum Check (revised)
Logarithm (FLIP I)
Square Root (FLIP I)

Loador (FLIP I)

Loader Parameters (FLIP I)
Basic FLIP (revised)
Print and Punch (FLIP I)
Flexowriter Input (FLIP I)
Sine Cosine (FLIP I)
Charactron Trace, Activator
Charactron Trace, Concurrent
Permanent Constants (FLIP I)
Assembly Routine (FLIP)
Trace (FLIP I)

Alarm, Octal, and Flexprint (cv-lls) viig
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WS-119
Ws-120
Ws-121
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Flexprint Subroutine

Card Title Subroutine- a routine For chnmjing

card output

Octal Card Read

Octal Card Dump

Check on High Speed Punch When Punching Bioctal Tapes
4 Point lagrange Interpolation Subroutine
Doterminant Evaluation Package-Real

Notes on the timing of the Controlled Reproducer
Formation of USE~ a Cooperative Organization of
1103 A Users
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ARALYIS conNyvYAalLlLR PAGE §T 001-1
ARED BY R. M. Price SAN DIEGO REPORT NO. ZM 91
CRUCHED BY _ MODEL A1l
' REVISEDBY - : R o OATE. 12/12/55
MOCK VIII

! The MOCK VIII is a magnetic tape corrector routine ‘designed to
facilitate chenges in the increasing number of programs stored on magnetic
tapoe ‘

Changes are read from punched cards and have the following formats:

FORMAT T OLD WORD - BLOCK WORD YEW WORD

Cols 1 L 7 13 20 25 29 32 38 ,
v CC ©uuuyu - VWWvvy BBBB: Wl CC vuUguuy  vwwww

FORMAT II ‘ OLD WCRD ) BLOCK WCRD NEW WORD

Cole 1 L 9 1A 20. 25 29 3 39

F CCCC XXXX YYYY BBBB W\ CCCC XIXXX YYYY

Pormat II is simply a reading and key-punching convenience (it is noted '
by an.F in column one), any command including flip ccmmands may be punched

m@r FORMAT I (columm one blenk).

,- iy first card must heve the L number punched in colusm one (it does
not hove any thing else punched in it) end it is followsd by any nwrber of
change cards whose block numbers are in ascending sequences A blank card
signals the end of the changes., .

. The blacks of the magrietic tape are considered as being numbered from
0000 thru 3777 and the words of each block from 00 thru 37. The tape
should be rewound when starting., BBBB and W7 are ootal numbers.

If the old word is not Jaown .eiilply leave that part of the cgr_dfhlénk-»
| 'OPERATING INSTRUCTIONS |

* 1. LOAD SROK LOAD CHANGE CARDS WITH TAPE INDICATOR CARD IN FRONT.
(no primae) ' :

2, W START PAK T0377.

3, ERROR STOPS, _ , | S
.1, "WRD" will print and the machine will stap with Q containing '
the old word from the tape, the block number in u "of R,

and the word purber in v of R, when the 0ld word on the
tape is not the indicated one. P '

2. “BLK™ will print if the block number is out of suquencs
and the block and word nurbers will appear in R sas above. °

I¥ EITHER CASE PRESS START TO IGNORE TRIS CHANGE AND CONTINUE TO
THE NEXT OHE. ‘ . T :

Dyum Allooation 7011k - 70377. This routine is not in standard form
and {3 not to bes modifled. All constants and temporaries are included in the
! routine. It douvs not save or restore ES. : '

Fons isiaca ' R " . I
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70114
70115
70116

70117 -

70120
70121
70122
70123
70124
70125
70126

70127

70130
70131
T0132
70133

70134
70138

70136

70137
70140

70141
70142
70143
70144
70145
70146

70147

70150
70151
70152
70153

CONVAIR ~ DIVISION OF GENERAL DYMAMICS CORP.

MOCK VII]

00000
00001
00002
00003
00004

00005
00006

00007

00010

00011

00012

00013
00014
00015
00016

‘00017

00020
00021
00022
00023
00024
00028
00026
00027
00030
00031
00032
00033
00034
0003%
00036
00037

45
17
37
5%
11
53

53

$3

53
- 53

53

23

16
16
23
37
16
37

73
11
11

47
21
21
42
23

18

75
11
11
51

43

SAN DIEGO, CALIFORNIA

g-169

ST 00}

00000
00000
00205

00334

00117
00334
00334
003134
00334
00334
00334
00320
00244
00082
00321
00017
00245
00205
20003
00330
00333
00026
00023
00321
00245
00321
00244
30003
30400
00226
00330
00226

00001
00106
00121
00036
10000
00043
00050
00081
00052
00102
00106

00320

00042
00111
00321
00020
00023

00121

00024
30400
20000
00291
00246
00236
00021
00236
00034
00035
00330
10000
00322
00102

PAGE ST001-2
REPORT 2} h91
MODEL All

DATE 18-12-55

PICK 1ST CARD
READ 1ST CARD

MT#

—> Qy 00334

MASK — Q

SET
SET
SET
SET

"~ SET

SET

WRITE
ADVANCE
READ

BACK

WRITE FINAL
REWIND

ZERO TO CURRENT BLK.NO.

SET
SET

5A
9A

CLEAR TALLY

SET

PARAMs STORE

READ ONE CARD
' STORE.

DATA /

LANK CARD }

NO»

UP STORE
UP - TALLY

TALLY FuLlL?

YES»
SET

STORE
}' P

TALLY»]1 —p TALLY
STORE R

[

MASK —3 Q

00

0BBBB 00000 —TEMP, A

8—1 a



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

RMNO.E. T..1 (I »

SAN DIEGO. CALIFORNIA - ‘ PAGE 3T001"3
) . REPORT  ZIM 491
By: R. M. Price ; V109 MODEL All
DATE 12-12-55

MOCK VIII ST 001

70154 00040 42 00320 00115 CeBeNe > BBBBY YES—S ALARM
70155 00041 43 00320 00110 CeBeNe =BBBB—3YES

70156 00042 37 00042 00044 NO

70157 00043 &5 00001 00340 WRITE PREVIOUS BLOCK

70160 00044 23 20000 00320  SET

70161 000a5 23 20000 00236 ADVANCE
70162 00046 11 00226 10000  TAPE
.- 70163 00047 53 20000 00050 ORDER

70164 00050 66 00000 00043  ADVANCE MT

70165 00051 64 00001 00340 ~ READ MT

70166 00052 67 00001 00113  BACK MT

70167 00053 11 00322 00320 BLOCK NO,~3CaBeNe
70170 00054 11 00254 20000 SET

70171 00055 11 00230 10000 TRANSFER OF
. 70172 00056 52 00330 00075 ~ NEW WORD TO OLD
70172 00087 55 20000 00017 SET"OLD WORD
70174 00060 18 10000 00063 TO A” TRANSFER
70175 00061 11 00330 10000  SKIP
70176 00062 44 00075 000483 COMPARISON? .

70177 00063 11 30060 20000 NOs OLD WORD TO A
70200 00064 43 00331 00075 OLD WORD CORRECT}
70201 0006% 11 20000 10000  NOs

o 70202 00066 31 00235 00052 ERROR
3 70203 00067 37 00074 00072 PRINT
S 70204 00070 11 00330 20000 AND
a 70205 00071 56 00000 00076 - HALT
K 70206 00072 61 00000 20000  FLEX
70207 00073 34 20000 00008 PRINT
70210 00074 47 00072 30074 ROUTINE

70211 00075 11 00332 30056 NEW WORD TO OLD WORD
70212 00076 37 00076 00077 |
70213 0007T 21 00034 00247

g-1 b



FORMNO. E. T.- V@ r

PX 719CC~-8-1C9

Byt R. . Price

70214

70218
70216
70217

70220

70221
70222

70223

70224
70225
70226
70227
70230
70231
70232
70233
70234
70233
70236
10237
70240
70241
70242

70243

70244
70245
70246
70247
70250
70251
70252
70253

MOCK VIII

00100
00101
003102
00102
00104
00105
00108
00107
00110
00111

00112

00113

00114

00115
00116
00117
00120
00121
00122
00123
00124
0012%
00126
00127
00130
00131
00132
00133
00134
00135
001386
00137

41
4%
65
11
53
21
87
57
47
37
45
16
45
31
45
00
00
17
75
23
11

37

37
76
76
76
55
44
21
37
11
11

SAN DIEGD. CALIFORNIA

ARt A EaR S|
LS Y

ST 001

00321
00000
00001
00226
00320
00106
00000
00000
000513
00111
00000
00050
00000
00256
00000
70000
00000
00000
30005
00333
00232
00138
00138
00000
10000
10000
10000
00240
00333
00135
00233
00234

00033
00015
00340
10000
00108
00237

00114

00000
00111
70154
00053
00042
00081
00052
00067
00000
00 *
00231
00124
00333
00325
00127
00127
00327
10000
003264
000013
00241
10000
00136
00146
00327

COHVAIR — DIVISICN OF GENERAL DYNAMICS CORP.

PAGE  8T001-

REPORT z11 |,9]
MODEL 1]

DATE 12_12_55

USED ALL PARAMS. 7_fNO
vEs READ NEXT SET
WRITE FINAL BLOCK
SET

CURRENT BLKs NOe 4 1

TO REWIND ORDER
REWIND MT
FINAL STOP |
(BLOCK# EQUALS CeBaNo) DOES BLK# = (.

" YES o SWITCH

SET. WRITEs SET 98B

JUMP TO READ

ALARMs BLK4 NO, ,
OUT OF SEQUENCE

pICk READ CArRD AND READ
CLEAR
TEMP« STG.

READ ROW 9
READ ROW 8
READ
ONE
ROW
TEST FOR
BIT IN
COLUMN FOUR

SET INDEX FOR “ONE FIELD"

8-1lc



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

MM NO. ET v M F SAN nlgxo. CALIFORNIA PAGE STOOI—s
. reporT  ZM 191
Bys R, l. Prico Cr0T MODEL  All

DATE 12-12-55

- MOCK VI §T 001

70254 00140 31 00227 00014 SET SENTINEL
70255 00141 32 20000 00002  SHIFT LEFT: Al A (2
70254 00142 44 00143 00144 £-axr IN THIS COLeP—
70257 00143 32 00325 00000 YES: Ag + ROW NO, -ir
70260 00144 46 00145 0014] SENT!NEL?
70261 00145 31 20000 00000 YES  REMOVE SENTINEL
70262 00146 35 30136 30320 T, + A, —T :

. 70263 00147 21 00146 00235 A
70264 00150 41 00327 00140 FINISHED ONE FIELDT
70265 00151 37 00151 00152 ~ YES
70266 00152 55 00326 00000 F,—> Q
70267 00153 37 00151 00140  SET JUMP
70270 00154 41 00325 00127 READ ALL ROWS? (THRU ROW 0)
70271 00155 37 00135 00127 YES: READ ROW 11
70272 00156 12 00334 20000 |
70273 00157 42 00121 00206 FLIP OR NORMAL P
10274 00160 55 00334 10011 FLIP» EXTRACT
7027% 00161 51 00223 20000 OLD

70276 00162 55 10000 00003 WORD _
70277 00163 52 00224 20000  FROM
70300 00164 5% 00335 10017 CARD
70301 00165 52 00225 00331 IMAGE

o 70302 00166 85 00336 10014  EXTRACT

0 70303 00167 51 00223 20000 NEW -

3 70304 00170 55 10000 00003 WORD.

a 70308 00171 52 00250 20000 FROM

5 70306 00172 55 00337 10017 CARD
70307 00173 52 00243 20000 - IMAGE

70310 00174 55 10000 00003
70311 0017% 52 00225 00332
70312 00176 55 00335 10014
70313 00177 51 00226 20000 SET “pass”



WM NO E.T.-1 1y

FX 7190C-£-1C0

e

Byf Re ile ;’;’rico

70314
70315
70316
70317
70320
70321
70322
70323
70324
70325
70326
70327
70330
70331
70332
70333
70334
70335
70336
70337
70340
70341
70342
70343
70344

70345

70346
70347
70350
70351
70352
70353

COMNVAIR — DIVISION CF GLIITAL DYNASICS CORP. .

MOCK  VIII

00200
00201
00202
00203
00204
00205
00206
00207

00210

00211
00212
100213
00214
00215
00216
00217
00220
00221
00222
00223
00224
00225
00226
00227

00230

00231
00232
00233
00234
00238
00236
00237

55
52
37
37
21
45
55
51
5%
15
85
16
58

51

5%
15
85
16
45
17
00
00
¢co
i
]y}
00
00
38

00,

00
00

00

SAN DIEGO, CALIFORNIA

LRI R

ST 001

00336
00230
00135
00203
003130
00000
00334
00227
10000
10000
00335
10000
003136
00227
10000
10000
00337
10000
00000
17000
00777
000060

07777

00060
00000
00000
00000
00334
00000
00001
006000
00001

10006
00330
00127
00204
00227
30000
10011
00331

00003

00331
10017
00331
10014
00332
00003
00332
10022
00332
00176
00000

70000

or777
00000
00000
00077

00105

00#07
00334
00002
00001}
00001
00000

PAGE  ST001-6
REPORT Zl l&9l
MODEL A1l

DATE  12.12-55

SET “ww”
READ ROW 12

SET NO“OLD wORD' INDICATOR
EXIT
NORMALs EXTRACT
oLD ‘
WORD
FROM
'CARD
IMAGE

'EXTRACT |

NEW
WORD
FROM
CARD
IMAGE

CONSTANTS

8-l e



CONVAIR — DIVISICN OF GENIRAL DYHAMICS CORP.
SAN DIEGO, CALIFORNIA PAGE STOLL-T
LT REPORT %Y h91
. MODEL All

DATE 12-12-55

AN E Yoo 1 F

P:,'S Re s Price

MOCK VIII ST 001

70354 00240 16 00205 00203
70355 00241 55 10000 00040
70356 00242 45 00000 00134
70357 00243 00 00000 70000
70360 00244 00 00400 00044
70361 00245 00 00000 00400
70362 00266 00 00000 00003
70363 00247 00 00003 00000
70364 00250 00 00777 00000
70365 00251 16 00023 00252 BLANK CARDy SET
70366 00252 11 00226 30251 SENTINEL
.« 70367 00253 45 00000 00032
© 70370 00254 11 00332 00340
70371 00255 45 47311 22257 FLEX CODE FOR #WRD#
70372 00256 45 47231 13657 FLEX CODE FOR #BLK#

70373 00 0O= BLANK

70374 00 00% ' " CELLS

70378 76 30257 00001  PROGRAM. .
70376 11 70114 00000 TRANSFER TO ES
70377 45 00000 70375  ENTRY TO ROUTINE

-1 f



PX 71900-8~110

OR-110

/ Page 1 of 5

/‘ 15 December 1955
OPERATIONS RESEARCH OFFICE
Chevy Chase, Md,/
Title: , Magnétic Tape Block Counter Routine
Format: Standard Form
Storage:
a) Total: 01000 - 01077, 100 octal
b) Instructions: 01000 - 01063, 64 octal
¢) Constants: 01064 - 01077, 14 octal
d) Constant Pool: 40, 41, 73, 74
e) Temporary Pool: 1n, 12
Alarm Conditions: _
a) Alarm 1: The operation part of the MT order
does not equal 64, 65, 66, or 67,
b) Alarm 2: The j part of the MT order does not
equal 0, 1, 2, or 3,
Coded & Machine Checked By: W, Bruce Taylor
Description:

The block counter routine automatically keeps track of the position
of the reading head of each of the magnetic tape units, provided a return
jump to the block counter routine, - namely 37 01001 01002, - is written
after each magnetic tape order,

The cwnmulative number of blocks which the reading head has advanced
is stored in the registers whose addresses are a, a+l, a+2, and a+3, for
the Oth, lst, 2nd, and 3rd tape wnit, respectively, Thus (a) is the block
count of the Oth tape unit, where the concept of "block count™ is further
discussed in the following,

The addresses a thru a+3 are selected, and (a) thru (a+3) are set
equal to zero by the following sequence of orders:

Order o Function of Order

MI j n v One of the four magnetic

: , tape orders, )

37 01001 01002 Return jump te block counter
routine,

00 a 00000 Parameter word for selection
and clearing of counters,

I I Next order executed after

(Fig, 1, See next page) block counter routine,

8-2



PX 71900-8-110

OR-110

Page 2 of 5

Fig. 1, Sequence of orders which first selects a thru a+3 as the addresses
of the registers in which the block counts will be stored then clears
these registers, then sets (a+j) = n, 215, »

The block counter routine selects and clears the counters by first
testing whether the two left-most octal digits of the word immediately
following the return jump are both equal to zero, If so, the selection
and clearing takes place However, selection and clearing does not take
place otherwise, and in this latter case the order executed after the block
counter routine is the order following (in address sequence) the return
jump order, This use of the block counter routine is as follows:

Order Function of Order

MI j n v « One of the four
. magnetic tape orders,
37 01001 01002 _ Return jump to bleck
o _ . counter routine,
- - = = - , ‘ Next order executed
after block counter
routine,

Fig., 2. Sequence of orders which increases or decreases (a+j) by n.215,
depending upon whether the order MIjnv advances or backs tape unit j,

The block counter routine is meant to be used first as in Fig, 1, and
then for subsequent uses as in Fig, 2, Thus the counter addresses are
chosen at their first usage, and retained thereafter,

Usually, a zero setting of the counters will correspond to a manual
setting of the magnetlc tape units each to the beginning of their first
block, But this is not necessary, since the block counter routine can
accumulate negative values of n if it is called for by the program which
uses the routine, Thus a MT unit could be positioned in the middle of its
reel so that forward positions from its starting position would be recorded
as positive values, while backward positions would be recorded as negative
values,

This routine has been found useful in a program in which the n value
of the MT orders is a function of the prior course of the program,



PX 71900-8-110

OR-110

5

Page 3 of
Block Counter Routine
Storage Oxder Function of Order
Address )
01000 37 76000 76002 - Alarm exit - S
01001 45 00000 30000 Normal exit
01002 23 00011 00011 Clear (11)
010d3 16 01001 00011 y+2—> (11), where (y) = MTjnv,
01004 55 00011 00017  [y+2] 25 san,
01005 15 00011 01007 y+2—>u (1007)
01006 53 00011 00025 y+2—>(11)
01007 11 [30000] 00012 iy+2)—%(12); written by (1005)
.01010 11 01064 10000 op extractor to (Q)
01011 51 00012 20000 0—(L); op(y+2)+230—(R)
01012 43 . 00040 01055 If (A) =0, jump to extract a, where a =
address of block count of Oth tape unit,
01013 23 00011 00041 y—>(11)
01014 55 00011 00017  y-215—qQD)
01015 15 00011 01016 y—> u(1016) »
01016 1 Esoooq 00011 MTjnv—>(11) ; wriftel; by (1015)
01017 11 01064 10000 op extractor to (Q),
01020 51 00011 20000  0—>(L); op(y)-230—>(R)
01021 11 20000 20000 op(y) -230—>(A)
01022 43 01065 01030 op(y) = BM ? Yes, to 1030
01023 43 01066 01032 op(y) = AM ? Yes, io 1032
01024 43 01067 01032 op(y) = Wi ? Yes, to 1032
01025 43 01070 01032 op(y) = RM ? Yes, to 1032
01026 11 00074 20000  k—>(A)
01027 45 00000 01000 l-alarm, no MT order detected,



OR-110

PX 71900-8-110

Page 4 of 5

Storage Order Function of Order
Address '
01030 11 01071 01053 Prepare to decrease block-count,
01031 45 00000 01033 Jump over increase—cﬁse, |
01032 11 01072 01033 Prepare to increase block-count
01033 11 01073 10000  Put j extractor in (Q),
01034 51 00011 20000 jy) 22T—(a),
01035 43 00040 01051 j=0% Yes, to 1031, No, continue,
Q;036 21 01053 00073 a+1—>u(1053) ,
01037 51 00011 20000  j(y).-227—>(),

01040 43 01074 01051  j =17 Yes, to 1051, No, continue,
01041 21 01053 00073 a+2—u(1053) ,
01042 51 00011 20000  j(y).227—>(a),
01043 43 01075 01051 j=29? Yes, to 1051, No, continue,
01044 21 01053 00073 a+3—>u(1053) ,
01045 51 00011 20000  j(y)-2%7— (A),
01046 43 01076 01051 j=37? Yes, to 1051, No, continue,
01047 11 00041 20000  2—>(A), |
01050 45 00000 01000 2-alarm, no proper j-value detected,
01051 11 01077 10000 Put n-extractor in (Q),
01052 51 00011 00012  n(y)-215—>(12),
01053 [@o 30000 30000]  Modify block-count; written by 1030,

1032, 1036, 1041, 1044,

01054 45 00000 01001 Jump to normal exit,
01055 15 00012 01071 Set u(l071) = a
01056 15 00012 01072 Set u(l072) = a
01057 55 00012 00025 a—>(12),



PX 71900-8-110

OR-110

Page 5 of 5
Storage Order Function of Order
Address '
01060 16 00012 01063 a—> v(1063) ,
01061 21 01001 00074 Reset exit to skip (y+2),
01062 75 10004 01013 {Clear @), (a+l), (a+2), & (a+3) & return
01063 11 00040 @006.] _\Lto continue MT block-count routine,
01064 77 00000 00000 op extractor,
01065 67 00000 00000 ~ op (BMjn-),
01066 66 00000 00000 op (AMjn-),
01067 65 00000 00000 op (WMjnv),
01070 64 00000 00000 \ op (RMjnv),
01071 23 [30000] 00012 Order which decreases block-count.,
01072 21 [é_ocoo] 00012 Order which increases block-count,
01073 00 70000 00000 j extractor,
01074 00 10000 00000 ° 1.227,
01075 00 20000 00000 2.227,
01076 00 30000 00000 3.22T,
01077 00 07777 00000 n extractor,

8-6



PX T71900-8-111

Identification Tag:

Type:
Assembly Routine Spec:

Storage:

Program Entrances:
Program Exit:

Alarm Exits
Drum Assignment:

Machine Time:

Mode of Operation:

Coded by:
Code Checked by:
Machine Checked by:

Approved by:

RW-111
DIE-1
Pg. 1 of 6

THE RANMO-WOOLDRIDGE CORPORATIOH
Los Angeles L5, California

Fixed Point Definite Integral Evaluation

Specifications

DIE-1
Subroutine
SUB 51236 03506

29 instructions, addresses
100 thru L28

6 constants in program, addresses
CO1l thru C06

35 words total program storage, addresses
LOO thru 128 '
CO1l thru COS

5 words temporary storage pool used,
addresses 00027b thru 00033b

The constant pool is used by this routine,

Addresses 102, 103, LOL
Address LO1

The alarm exit is not used by this routine,

Addresses 65TLhlb thru 66006b /ﬁ
(L.L32 + .032n) millideconds for Entrance #1
(L.28L + .032n) @ " for Entrance #2
(L.aé + ,032n) L for Entrance #3
Fixed point

C. Miller November, 1955

C., Miller November, 1955

C. Miller Novenmber, 1955

W, F. Bauer " November 25, 1955
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PX 71900-8-111

RW-111

DIE~1
Pg. 2 of 6

Descr.ption

This routine computes an approximation to the integral mean

"

for given tabular data y, = y(xi) 5 (i = 0,4seyn) stored at consecutive cells
and scaled at 25, The arguments are equally spaced and given by
Xi = X‘O + ih (i = 0,000,1‘1)

The routine requires the addreés where Yo .25 is stored and either thé address.
of y, -Zé or the value of n. The result is léft in both A and Q at the end of
the routine and scaled by.the same factor as wére the y's. The routine does not
need to have cognizance of this scaling.

The difference between the routine DIE-O and this routine is that the error terms
are of fourth and fifth order respectiiely.

Programming Instructions

Three entrances are available depending on ﬁhich combinations of the parameters
are given. We define a; as the address where v 2% is stored. See below
for limitations on the parameterse |
1. Entrance #1

a. Place aj inQ and n (scaled at 20) in A.

b. Execute RJ O0L01 OCLO2 if the subroutine begins at cell O0LOO.

c. Control is returned to the word following the RJ instruction.”
2, Entrance #2

a. Place in A the double extension of the parameter word

00 uuuuu VVVVYY
where uuuuun = éo and vvvyv = a
be Execute RJ 00101 OOLO3 if the subroutine begins at cell 00LOO,

c. Control is returned to the word following the RJ instruction.

8-8



PX 71900-8-114

RW-111

DIE-~1
Pg. 3 of 6

3. Entrance #3
| a. Enter with
RJ OOLO1 OOLOL
00 vuuwu vvvvv
assuming that the subroutine begins at cell 00LOO and where
. ; a, and Vvvvv = ane |
b. Control is returned to the cell following the parameter word.
For all three cases the calculation is identical, with the result (scaled 2%)

left in A and Q upon exit from the subroutine.

Range of Parameters

The routine requires that 8 & n £ L4095 and that a, and a both be ES
addresses or both be MD addresses. A check is not made which would enforce
these requirements. For n too small, an incorrect computation will be

produced. For inadmissible addresses (a0 and,an), n too large or operation code
non zero in the parameter word, the routine will elther prodsce an incorrect
answer or halt on an overflow fault or an SCC fault.

Execution Time

Assuming the data to be in ES, the execution times are, in milliseconds:

L.li32 + ,032n (Entrance #1)
L.184 + .032n (Entrance #2)
L6 + ,032n (Entrance #3)

If, however, the data are in MD one must add to these figures the time for
five and a fraction drum revolutions assuming a l, interlace., This is an amount

of time varying from 170 to 204 milliseconds.
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'PX 71900-8-111

Mathematical Analysis

According to techniques of I»ﬁilne*, quadrature formulas were derived as folJ_ows:

Xl :

%o

and the dual

X

Xn-l

RW-111

19

n
. ~ 19
.( yw=%%—[9ggd9%4—5yﬁ2+%4] A

Pg. i of 6

(1)

These expressions were substituted in the following identity for the integration

over the intervals [Xo s xl] and [Xn-l ) xn].

e}

‘ *n X X9 .x3 n-2 X542 *n-1 *n Xn -
[0 S0
x % X B i=2 %2 Fp3 Fpe2 n-1

(2)

In the remaining integrals use was made of Milne's formula (L), page 123 for the

integration over the interval [Xi-2 s X5 +2] while Simpson's rule was employed

for integration over the remaining integrals. This gave rise to the quadrature

. n
ydx =h E J; ﬁ’#E

forinula

[}cﬂ
X0
with

§, = 13/ue +
51 = 39/l8 +
J 5 = 15/8 +
S, = 58+
d. =1
Jn-:i. ) 'Ii

i=0

7/90
39/90
51/90
83/90

= L3486 111111
= 1.2 458 333333
8791666667

= 1,0263 868689

h£ i4 n-ly

(3) ¢

¥ilne, W. E., Numerical Calculus, Princeton University Press, Princeton, New Jersey,

1949, Chapter IV.

8-10



PX 71900-8-111

my-111

DIE-1
Pgo 5 of 6

and F is the error term

a3 2., (6
E =5 y() + (n-lt) (916) y(6) n?

3

.3 (W) 5 , (p=h 2 (6) 17
E el L ( n7) ( SiE )_ y

L}

where L = nh = X, - X, is the length of the interval of integration.
Dividing formmla (3) by L =nh = X, = X, gives the: approximation to the
integfal mean:

§
M= & v
=

The routine calculates

Error Analysis

The truncafion error in the quadrature formula used is as indicated in the
analysis above. The total round—off error in the routine's calculatién of
%-2° does not exceed 1 + L/n.

That is,

L1+ L/n.

PN -]
(A)f — Ne2
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DIE-1

Pg. 6 of 6

COO00OLOQOHM™VOORINMUNHMENFMNYTOMNAHONOODOOON IO
CO0O0Q0OO0OONOOACNAFCT QOANMANEHMNMAMMMMMMNOOOCOOHHY Y
OCOO0O00QCO0O00OOO0OCOVOAVOVOOOO0OOVLOOOOQOOMMNIANN
CO0000QO0NAMNOONOONOONOONANNNOOOQOONDOONOON-M-NYTO
COO0O0O0OONNOO0OQOOOOHOOOOOQOODOOOO0OOONONOFHEIOW

COQOOOMOQOOWHOOOMNOOOOTOMNYTOVOFMAIYINOOOM WYY
CO00OONOOOOONOONOOTONMNONOOMNTTTONOOOONWIWVI NN
00000000000 AOAVOO0O0O000O0O0O0OO000OROOVOOONNTO
QOO0 QOO0O0O0O0ANOOO0O00OOANONOONNNNONOOOO MDY
CO00CO00QO0OFOOOONANOHAHHOAOANOMOOOOOMNOMOODHAWHYW

COQOCOMNALYEHFANHNULVLVYOVALMNHFAAARREEHEHVVOMNMNTO
CO0O0CONMY TN EHEH SO EAMM QNSNS ORNON~Q

FOYNYOYTNUYNOFMUMTIWUNOHNNIWONOHANTNOMO AN TW O
NOMTOYIITLOLLVVNLVBYCOOVLCYYONNNENNNN0000000
QOO oD NS00 00000

QRAOOOVVVVVOOLVOVDVLLVLNVVVVOBWVENWVNDYOYYVOOY

VWYV WVWVYV'VOVVVWVVVOWYWWVWVV'VVWVOWVOWVWVOVOVWYOVOYVDW0

1] (& L o Z o -

- (] -— o > > Z M

= < > O [ad Q b= o

< wo = o o0 Ouw @k -

") @ =M «w X O Q= Cad=x
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 15, California

Floating Point Definite Integral Evaluation

Tdentification Tag:
Type:
Assembly Routine Spec:

Storage:

Program Entrances: 7
Program Exit:

Algrm Exits
Drum Assignment:

Machine Time:
Mode of Operation:

Coded bys
Code Checked by:
Machine Checked by:

Approved by:

Specifications

DIE-2

Subroutine

SUB 51271 OL50L

L1 instructions, addresses
LOO thru LO1
HOO thru H38

i constants in program, addresses
100 thiru 103

L5 words total program storage, addresses
LOO thru LO1
HOO thru H38
COO thru CO3

1 word temporary storage pool used,
address 00027b

The constant pool is used by this routine.
Addresses 102, L03, Lok
Address L0l

. The alarm exit is not used by this routine.
Address 66007b thru 66063b

(8s7h + 1,55n) milliseconds for Entrance #1
(8,49 + 1.55n) n for Entrance #2
(8,72 + 1.55n) n for Entrance #3

Floating point, requiring SNAP to be in memory.

C. Miller November, 1955
C. Miller November, 1955
C. Miller November, 1955
W. F, Bauer November 25, 1955
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Description
This routine is a floating point version of DIE-1 evaluating the integral

mean X

1 yat =

The data must be presented in floating point and the computation will place
a floating point result in both the A and Q registers at the end of the
routine. This routine requires that SNAP be in the memory.

Programming Instructions

There aré three possible entries to this routine. These are identical to
those used in DIE-~1.

Range of Parameters

See DIE-1

Execution Time

Assuming the data to be in ES, the average execution times aré, in milliseconds:

8.7 + 1,551 (Entrance #1)
"8.49 + 1.55n (Entrance #2)
8.72 + 1.55n (Entrance. #3)

If, however, the data are in MD the time is n plus a fraction drum revolution,

or an amount of time varying from 3hn to 3k (n + 1) milliseconds.

Mathematical Analysis

See DIE-1.
For coding convenience, this routine computes M as follows: ‘
n-l
M O3 {0‘2["(1 (O 2o + 21)]\ * 22} tI3 v 3= Y1

n
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S

with ©%

and 23 T¥j *Vp-i

This formulation is equivalent to the M defined in DIE-1.

Error Analysis

The truncation error in the quadrature formula is described in DIE-1. The
round-off error in this routine is approximately equal to — A/h Y ( £)
where A is a pseudo random variable in the interval 04 AL 2~26 , h is the

step size (h = Xy = xi), and

x
Y (x) = | ¥y (t)dt
xo
while f is some point in the interval [ X,s an

If M is the machine approximation to M then
MM~ A/ oY)

Since M is the discrete approximation to the integral mean

it is necessary to ﬁultiply M by the interval L = nh = x, = x4 in order to
obtain the integral of y. This gives the relation

Lt =LKE-nA Y(§)
and hence thle error in the integrél due to round-off within the routine is

-n A Y(f)
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THE RANO-WOOLDRIDGE CORPORATION
Los Angeles 1,5, California

Fixed Point Natural Logarithm

Specifications

Identification Tag: ' LOG-1
Type: Subroutine
Assembly Routine Spec: SUB 51201 03517

Storage: ‘ 18 instructions, addresses
100 thru MLT

17 constants in brogram, addresses
COO thru C16

35 words total program storage, addresses
“ MO0 thru Tﬂ.?
C00 thru C16

2 words temporary storage pool used, addresses
00027b thru GCOO030b

The constant pool is used by this routine.

Program Entrance: Address MO2
Program Exit: | Address 101
Alarm Exit: The alarm exit is used by this routine.
Drum Assignment: Address 65701b thru 657L3b
Machine Tine: 2.63 milliseconds (minimum)

L.51 " (average)

6.39 n (maxcimum)
Ilode of Operation: Fixed point
Coded by: C. Miller November, 1955
Ccde Checked by: C. Miller November, 1955
Fachine Checked by: C. lMiller November, 1955
Approved by: W, I"s Bauer : Noverber 22, 1955
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Description

This subroutine corputes a single precision approximation to,rn x for any

positive x which can be accommodated in the double length aCCgmulatgr $Ca1ed at
235. {0 £ X< 235) .
The reswit isrdeft in the accumulator, at the end of ‘the routine, scaled at
235o Since

i]ln x' Z. 1n 235 = 21,2

we see that he result;may well extend into A  , but will never overflow A.

Programming Instructions

1. Flace x+2°° in A (0L x £ 235)

2, ZEnter the subroutine with RJ OOMOL OOMO2¢(assuming the fi;gg;word of
this subroutine is stored at OQNOO).

3. Control is returned to cell p + 1 if the RJ order is contained in cell p.

The accummlator will contain (1n x) 235 R

Alarm Conditions

1. If x £ O then the alarm routine AIR-1 is entered. This initiates the
printing of the word "alarm" on the flexowriter, followed by the octal ‘
address of the RJ instruction used to enter LOG-1 and ihe contenté of A
and Q; )

2, If x> 235 then a multiply-add overflow may occur in line OOMO5 of
the subroutine. If the overflow does not occur (and therefore does not
halt the machine) then the answer produced is correct to within the

error described below.

Mathematical Fethod

Assuming that x is strictly positive, i.e. x-235:53 1, then the routine scale
factors x in order to obtain
x=2%u
where s is integral and 3 £ u < 1, 4
8-18
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LUC«-J_
Setting v=0,4/3u-~-1
one obtains =250 =2%(3/L) (v +1)
with -1/3 L v < 1/3

Pence In x = s(In 2) + In 3/h + 1n (v + 1)
The rontine evalnates an cleventh order polynernial approxination to In (v + 1)

over the interval - 1/3 £ v £ 1/3. This polynorial was obtained witl! the aid

=35

of CVr =0 an? has a nodimy errer ol 3.(5 x 2 . The turelve coefiicients c¢f this

pelynorial are inelvded in the accoarpenyins listing. 1t is tc be noted trat the

o

first ond second ceeliicients are modificd by the aditicn of 1n 3/M ant -1
resreetively.

brrer. Analyrsis

Tie errer in the roc ine's approxinaticn te 1n x will not excced, in cbsclute
volne

o -35

(.72 -' 1n x l + L,60) -2 77,

Teret is

~
!(A)f - (In x) .30 Z 2 ¢ 'ln X + .60

—y

cst ¢l the errer ls dve to round-off within the routine, The actval ervcr

is verelly less theon the vroer Hound stated here,
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles L5, California

Fixed Point Exponential Routine (e*)

Specifications

Identification Tag: EXP-2
Type: Subroutine
Assembly Routine Spec: SUB 50916 03713
Storage: 2Ly instructions, addresses
LLOO thru LIOL
104 thru L22

13 constants in program, addresses
CO00 thru C12

37 words total program storage, addresses
LLOO thru LLOL '
104 thru 122
CO0 thru Cl2

2 words temporary storage pool used,
addresses 00027b thru 00030b

The constant pool is used by this routine,

Program Entrance: Address 1102
Program Exit: Address LLOL
Alarm Exit: The alarm exit is used by this routine.
Drum Assignment: - Address 50916b thru 50952b
Machine Time: 2.3 milliseconds (minimum)

3.3 " (average)

L.3 u (maximum)
Mode of Operation: Fixed point
Coded by: : C. Miller October, 1955
Code Checked by: C, Miller October, 1955
Machine Checked by: C. Miller October, 1955
Approved by: . W. F. Bauer November 15, 1955

8-21



PX 71900-8-114

RW-114

EXpP-2

Pg. 2 of s
Description
This subroutine computes e* when éntered with x~235 in the accumlator where
x has the domain

—(1n2) (2% + 271) < x 2 345 (1n2)

The result is left in the accumulator with scaling 235, assuming that the
capacity of the double length accumulator is not exceeded.

The routine employs the Polynomial Maltiply (PM) instruction.

Programming Inétructions

1. Place x+2 in A.

2. Enter the routine with RJ OOKCl OCKO2, where OOKOO is the location of the
first word of “the subroutine.

3. The subroutine returns control to the cell‘following the RJ instruction
with %27 in A,

Alarm Conditions

1. If x falls in the interval
3.5 (In2) £ x < (1n2) (2% - 271)
then the alarm routine AIR-1 is entered. This initiates the printing of the
word "alarm" on the flexowriter, followed by the octal address of the RJ
instruction used to enter EXP-2, 4
This alarm condition is equivalent to

eX > 2311 05

and, hence, in terms of the scaled result
eX.235_§_ 269-5

This value will nearly overflow in A and therefore becomes an upper limit.
2. For x< - (1n2) (255 + 271)
or x&  (1n2) (235 -~ 271)

a divide overflow will occur at cell OOKO3 of the subroutine.
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3. If ALR-1 was entered (or at the end of the routine) one can obtain the

quantities
z-235 = (00030b)
s = (00027b)
where 2 /54 zlf%—-
and X =28 g

This is not true in the event of a divide fault.

NMathematical Method

The routine finds q, an integer such that

x=q (In2) +r

where r| £ 1n2
were |1 < 33
This gives eX = (e112)2 . T = 2%.o¥ = (2 Q+ly.( oT )

2

Since the factor 2 q+1

is easily applied by shifting, it is only necessary to
calculate the quantity er/z. This 1s accomplished by a 7th order approximating
polynomial where the domain of r is

-In2 4 r £ 1n2
- s e

This polynomial was obtained with the aid of routine CVFQO. The'coefficients
of the polynomial are listed in the accompanying code listing. The maximum
discrepancy between the function er/2 and the polynomial, in the interval
stated above, is .75 x =35,

Error Analysis

The error in the machine's approximation to e* is bounded in all cases by
[(‘11.3 +.7 x| ) e*+ 1:,.2'35
That is
- X035
< I(A)f e*e2

£ 3+ x| )eF+2
Most of the error is due to round-off within the routine. The actual error is

usually less than the bound stated here.
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

MND €T 1 - ) SAN DIEGO CALIFORNIA ~ PAGE IE 002-1

PX 71900-8-115

Bys

‘_f up. To continue from line xxxxx+1, push the start button.

¢

!

B. Gorkin REPORT ZM 491
CV-115 MODEL  All

DATE 12-27-55
ALARY, OCTAL AMD FLEXPRIKT PACKAGE 1IE 002
( revised 12- 27- 55 )

The Alarm, Octal and Flexprint Package consists of an alarm routine,
an octal print subroutine, and a flexprint subroutine.
g .

The alarm routine 1is use'd' to wave a Ilag vhenover a test shows that
an undesired event has occurred. Thers are two entries to the alarm
routine for this purpose...

-

(1) 37 76000 76001 ( main routine )
(2) 37 76000 76002 ( subroutine )
Entry si) 1s used to indicate an alarm condition in the main routine,

entry (2). 18 used for an alarm condition in a standard coded sub-
routine. In either case the main routine address is-printed out.

Entry to the alarm routine causes the following information to be
pl.inted. m‘t‘.t

LLILITILILLIL RRRRRRRRRRAR alarm xoox
| LILLLLLLILLL 18 (L) 1in octal’
RRARRRRRRRRRR 1s (R) in octal
xxxxx 18 the main routine address.
/Registerg A and Q and location 00000 are used for temporary storage.

After an alarm, location 00000 contains 4% 00000 xxwoo+l . After the
/printout, the computer stops with the instruction 56 00000 00000 set’

’

The loeation of the alarm routine is such that references to it

! are not modified by the assembly modification routine ( 8C 001 ).
! Thus all gubroutines may refer directly to- tho antry and exit of

the a.larm routine.

‘l‘bia miaed alarm routine does not use tm constant pool or the
tempomry pool. ‘

' excMes for the octal dlgits 0«7 are stored in locations
75057 - 76046 reapectivoly

The alarm routine resets itaelfl completely-~ its sum rmmino
ccmstant with use.

’(:

' The alarm routine has built into 1t, octal and flexprint subroutines
which! may be used es such by the prograumer., These portions of the
alarn! rdutine are also self rocetting-- the use of these subroutines.
doep not alter the sum of the Alarm, Octal and Flexprint Package.

Thena octal and flexprint subroutines are described on the following
paga. -
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’ - : CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. o
FORM NO. & T ﬂyrg 'Gerkin ' SAN DIEGO CALIFORNIA ’ PAGE B 002—2 .

CV-115 REPORT  “ZM 1491
1. To print octal information... MODEL A1l .
DATE 12#27«
entry result , 21-55
37 76022 76002 C.R., (L), space, (R), space — typewriter.

final state... (Q) = 00 00000 00001
(L) = (R)inttial

(R) = 00 00000 00000

(00000) = k5 00000 76000

37 76016 76003 " CuR., (L), space — typevwriter.

final state... (Q) = 00 00000 00001
{L) « 00 00000 00000
R) = a print order
(00000)1s not altered.

37 76016 T6008 (L), space — typewriter.

= 00 00000 00000
(R) = a print order
v (00000) is not altered

37 T6016 76005 leftmost five octal digits of (L) lnd
spaceé — typemter.
)
final state... (Q) = 00 00000 00001
» (L) = (L)initial -235
(R) = a print order
(00000) not altered.

37 76046 76006 leftmost two octal digits of (L) and ~
‘ « epace — - typewriter.

, g\\ - final state... (Q) = 00 00000 00001

o iL) = (L)initial -2°

R I R) = a print order

Ce ‘ ~ (00000) not altered.

37 76022 76017 (00000), space —w typewriter.

final state.:. (qg = 00 00000 0000
(L) = 00 00000 00000

a2 -.,\ : (R) = a print order
N i "_ {00000) = k5 00000 76000
n !
é' -2, To prj.nt flex information.,.
. &= /37 76016 76047 six flexcode characters in (L) and
E , ' i apace —— typewriter.

rinal state... (Q) not altered
L) = 00 00000 00000
R) = 00 00000 00000

(00000) not altered.
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PX 71900-8-115

By Gerkin

" CONVAIR — DIVISION OF GENERAL DYNAMICS CORP, : R
SAN DIEGO. CALIFONNIA B PAGE IB 0023 -

ALARM PRINT ROUTINE

76000

 76001‘

76002

76003
76004
76005 °
76006

76007
16010

76011

. 76012
76013
" 76014

76015
. 76016
. 76017

?6030"

76021
. T6022
76023

T6024

76025
76026
76027

76030
76031
16032
76033

76034
76035

76036

45
16
11
61
55
55
55
34

.32

11
00

- 44

11
61

37
3

11

-, 87

ar

31
15

16
15
16
31
37

Al

3l
37
56
00

00000
76026
20000
00000
76012
76012
76012
20000

76037

20000
01000
76014
10000
00000

“76016

00000
76000
76016
76022

76000
20000
16000
76023

76027
76042
76016
00000
20000
76016
00000
00000

I1E 002

76000
76022

00000
76047

00005
00011

CV-115

00012

00003

00000
76012
10001
76007

76012
76021

76017
00044

00000

v

T6004 -

?6023
00017

76025
00000

76025

‘00047
76047

76033

00071

76005
00000
00000

»

16000

REPORT . ZM L91 -
MODEL  All .

oare 12-27e55

STORE (R)
CARRIAGE RETURN =~ e
SET FOR 12 pr617s
SET FOR 5 DIGITS . . =

'SET FOR 2 DIGITS

b

 OCTAL PRINT LOOP

4 :
RESTORE FLAG

- SPACE

SWITCH
(coooo)-—v(L) - BRI
| STORE JUMP 'IN CELL oooeo Ty
_PRINT (00000) IS

- SNITCH

SET TO OBTAIN R
© MAIN ROUTINE ADRESS
CJUMP TO HAIN nourlna——a-(ooooo)
 RESTORE - SR
RESTQRE ,*'”“",,’ - f,v,ﬁ“ff;,!F

9RINT ALARM o -
ADJUST ADDRESS FOR PR!NTING

PRINT S‘DIGIT ADDREsS”
STOP ‘ ‘
AVAILABLE
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By

1G:arkin

76037
76040
76041
76042
76043
16044
76045

" 76046

76047

‘"76050
76051

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO, CALIFORNIA

61

00

00
43
00
00
0o
00
61
34

47

00000
000600
00000
01130
00000
00000

00000

00000
00000
20000

76047.

76037
00052
00074
12070
00064
00062
00066
00072
20045
00006
76015

CV-115

PAGE

REPORT
- MODEL

DATE

PRINT ORDER, FLEX 0

, FLEX 1

*ALARM"

H

- oW oW

FLEX PRINT LOOP -

>

1E 0024,
Z¥ 491
A1l

12-27-55
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BW-116
' NRT-0
Pre 1 of Uy
THE RAFO-WOOLDRIDGE CCORPORATION
Los Angeles L5, California

Nth Root Routine

Specifications
Identification Tag: NRT-0 -
Type: Subroutine
Assernbly Routine Spec: © SUB 51316 03701 ‘ .
S't,crage‘: ‘ 4 36 instructions, addresses |

10F00 thru 10F35

1 constant in program, address
10F36

37 words total program storage, addresses
10FO0 thru 10F36

L words temporary storage pool used,
addresses 00027b thru 00033b

The constant pool is used by this routine.

Program Entrance: ' Address 10F02 - ,

' Program Exit: Address 10FOL
Alarm Exit: The alarm exit is used by this routine.

' Drum Assignment: Address 6606Lb thru 66130b o
Machine Time :' Avex:a.ge execution time |

2(n-2) + 5 milliseconds for n & 50

Mode of Operation: ’ Fixed point |
Coded by: : W. Frank ,November 25, 1955
Code Checked by W, Frank Newember 28, 1955
Machine Checked by: W. Frank Nggember 30, l?SS
Approved by: : W. F. Bauér Dgeember 1, 1§55
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RW-116
NRT=O

Pg. 2 of |

Description
This subroutine extracts the n'f root of ary number M, scaled at 235, and
such that
|1-235] £ 235 .
n st be an integer in the range
2 £ n o 216

The routine must be entered with M°235 in A and n+2° in Q. The result will

be left in A, scaled at‘235, at the conclusion of the routine.

Programmirig Instructions

1., Place M-235 in AR‘ (AL) is ignored by this routine.
2, Place n«2° in Q.
3. Enter the subroutine with RJ OOFO1 00F02, where OOFO0 is the location

of the first word of NRT-O.

"Ji. The subroutine returns control to the cell following the RJ instruction

with ( %/ ) .23 in A

Alarm Conditions

The subroutine enters the alarm routine AIR-1 if n is negative or M is
negative for n even. In either case, the word "alarm" is printed on the
flexowriter, followed by the octal address of the RJ instruction used to

enter NRT-O.

Execution Time

The time taken to find the n'h root of a mumber is inversely proportional to
the magnitude of the mumber and directly proportional to the size of n. An

average estimate, for n £ 50, is approximately 3(n-2) + 5 milliseconds.
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RW-116
NRT-O
Pg. 3

Mathematical Method k

An iterative procedure, employing the Newton-Raphson method®, is used to

solve the equation
xD =M

The process is of second order and is defined by

S I
¥4 "% T (xi)n-l - Xy
where X, 235 = 235 _ 9
The iteration is terminated when
l M I - %120
n—
x3)
A secondary test is made to insure
]M 'z_(xi) n-1

This test is necessary, eventhough.the process is monotonic; for, it is

‘possible that truncation of the result of multiplication and division can

1e1 is taken as the solution.

A special case is M = 0, where the solution is x = 0 for all p.

violate this property. In that event, x

Accurac

The error in the result of this routine was found to be less than 10‘103
that is, for en input argument, which is correct to 35 bits, one can expect
an answer which may be incorrect at most ln the right octal digit.

*Scarborough, JeBs, Numerical Mathematical Analysis, second edition, The
John Hopkins Press, Baltimore, Md., 1950, p. 192.

of |
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NRT-0

Pae hof )y

. .
COONOrONMOTOrHMNAMNHMMFMNMNAEHNONMOVMNOOYOHOONO O ml~
OCOO0O0OOMACOOFrIMNMEHFHAFEAYTARMNMONMNTOOMNOMNNOTOIOOON
QOO+ OO0O00O0O00O00V0C0OQOOCO0O00O0V00AO0O0O00O0OQOOO
COQOMONOCOOAONOOONNOCOONOOOANNOOANOONONONT ML
QOOFOOOONONQOONOIVOO0OAOONOOONNONOONONONOL

OQOFHOMOOOHOOOYHOOHHFHOOOMNOONEHMEHOOOHO O™
COO0O00QCOONFMOMYNOONRMOOOMNMOOMMMNMOMNTMOMON
OO0 O0O0000000000OO0O000OO00O000O0O00000O0OOO0O
QOOWMOoONQOOANONONONONNOO0COOOCOTONOOCOONOOOON™
COOM00MNHOQOQOOCOONOOOOMNMNOOONODOO0OO0O0ODO00OO!

OOV EFHEHFFAHOVANATOLMMNEVEAHARDTMNOOMNIN WO N
QO OMYT I YT OQMS SN T TSN EMY ST T eemn

QYNNI NUVNOFNMINVFOYAMNIVLYrFOFHNNMNITVVOFROSHNNITWVYNO
CUHYOVYOSGNCOO0O00000 M HRUNQRURREUN
OO0 OO000V000OQCROOMrrrrrrrridMere e vl e el
QY YOOVOYWVOVVIVVOVYVOYVOVVOVVOVOVVYVVYVVVYVVOVOVCVOOYYY
OV VOVWVVYVWVOVVVVYVVYVOVVVOVYVOWVOVOVWVOVOVOVOW

w
> - W o
- oW ' ©
a -« > z z o
o o > - o w o
-3 - ) [2 I
w z o = a - x a
EF N w F x O > e
x >0 « w T > T
< - woe < - = = z -
o - w wo - o -
<= z <« » = »n x O x
@
o o @

- %,63.3 HAROMOACETMIETNNNANMNONONOQOORVOYTOHO I
T O T OO O D et S H M A HH O QMM OOMOHHOMNOOO O
L OMOoT SETOW O WRAOL WOOOLAAOLLOOOLOALOLOWO LI

TSRO 000 OMEBTOA0Q0000000000000000QD 0O
CHONOOTOXOKVOONOOVOCC000XV00 X0 X0 OO

COOrMOMNDOVIHOHNOVOOONTENOOOYTMNOONN+ONROHNRONGCN
O000000OFHOHOFMEHOOHHHOOOFHHOOHEHAHHO MO O™
LLAMOLODOOLALALALOLLAQOOARTOAGLAADOALAOADN
COVNOOOOO00OLOYOLOOOOLOOOVVOOVLOVLOVOVOVON
CrHOMOOXPOO000000C000OBMOOO0XK0O0COO0TOOOCOO

DA AFEDADIATODNLAALALALALDDECSHF DI -DOADIZDOA DN
MENKFEONEFEOREDORECCREIE I 00O LXE NI ~2MN

OCriMNTNO DO HARMYVONOAOHNMNTVOEDRCHRAM T DY
CO0O0COOOUOOrmmMrmrerrriddRARAARARAQAARAN MMM
[ T T O o T e e T L o T T T T T T O e e e T e g T e T T
CO00OOCCCOCCCOLOCCOOOCOCOOQOOOOCQOOOOQO
NN R R e R e R R R R e R e R R e R R R e R R R R e e R e R R R e R e R R R ]
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CRI-2
Pge 1 of 7
revised 12-9-55

*THE’ RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Specifications.
Identification Tag: CRI-2
Types Subroutine N
Assembly Routine Spect | SUB 51353 25039 (See special assembly instruc-
‘ tions) ‘ :
Storaget 201 instructions, addresses i

~TrOOBDO thru O4E35

49 constants in program, addresses
OONOO thru OOH38

2, words temporary storage required, but
not stored with the program

250 words total program storage, addresses
O0OEOQ thru OOH38 :

10 words temporary storage pool used,
addreases 00027b thru 00040b

The constant pool is uged by this routine

Program Entrancet Address 00Eb2

Program Exit: Address OOEOL

Alarm Exit: The alarm exit 1s used py this routine.
Drum Assignment: Address 66131b thru 66522b ;
Machine Time: +5 seconds per card |

Mode of Operationt Fixed point

deéd by: C. Koos November 9, 1955
Code Checked by: C. Koos' November 11, 1955
Machine Checked by: C. Koos : November 14, 1955
Revised by: C. Koos ; December 1, 1955
Approved by: - W. F, Baver . December 9, 1955
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RW-117

CRI-2

Pge 2 of 7

/o revised 12-9-55
Descr o

This routine reads fixed point decimal numbers from cards, converts these
numbers to their octel equivalents and stores them in the computer at loca-
tions specified by a base address of the parameter word end a locatlion
number on the card. [

The input cards are divided into four fields, occupying columms 5-23, 24=42,
43-61 and 62-80. Each field contains in the order indicated:

a. a five place decimal location number which is added to the
base address of the paremeter word and which positiona the
number in the proper cell.

b. a ten digit fractional mantissa with decimal point at extreme
left of field.

c. a two digit exponent of 10 (decimal scaling factor).

d. a two digit exponent of 2 (binary scaling factor) which
scales the number in the computer accordingly.

A punch in the eleven row above the least significant digit of the mantlssa
or the scaling factors indicates a negative value. Any number of the fields,
in any combination, may be used. Blank portions are ignored. The routine
will also ignore completely blank cards, and will stop only upon finding a
12 punch in colum 80.

Accuracy
The routine will give a conversion accurate to 35 bits rounded.

Assembly Instructions

Although only 250 instructions are assembled, an additional 24 cells (bring-
ing the total to 274) must be allowed for temporary storage.

) I io

1. The first time the routine is entered, include the instruction
EF 00000 00415 (assuming that the routine was assigned to region
00AOO for assembly), This instruction picks the first card, and is
not used except when the read station is empty. Do not include this
step if you have previously used the routine and have not emptied the
read hopper.

2. Enter the routine with an RJ instruction. Assuming that the routine
was mssigned to the region indicated in step 1, use the instruction

RJ O0AO1 0O0AOZ.

3. Enter the parameter word. The parameter word should follow the RJ
instruction and should contain a base address in its rightmost 15 bits;
the remainder of the word should consist of zeros. This base address
is added to the relative location numbers from the cards in order to
find the correct addresses for storing.
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RW-117
CRI-2
Pg. 3 of 7
revised 12-9-55

4. Cards will be read until the routine encounters a card with a 12 punch
in column 80.

5. At tﬁe conclusion of the routine, control will be returned to the cell
immediately following the parameter word.

Alarm Conditions
An alarm will occur:

1. If the routine encounters a power of ten which has an
absolute value greater than 40.

2. 2. If the final scaled form of the number requires more then
35 bits. ‘

3. If an attempt is made to load & number into an illegal address.

In all cases the tag word "CRI-2", along with the address of the cell from
which the subroutine was entered, will be printed on the flexowriter.
Starting at this time will cause a fault, due to an attempt to execute

the parameter word. Increasing PAK by one, and then starting, will result
in re-entering this routine.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

‘The Flex ter M
Sgécigiggtiogg
Identification Tag: , MDP~0

Type:
Special Storages

Service Entrance:
Program Entrance?

Program Exit:

Service Routine (with subroutine entrance)

The constant pool and temporary storage
pool are not used by this routine.

Address 40004b'
40004b
40020b

Alarm BExit: The alarm exit is not used by this routine
Machine Time: Approximately 27 sec/100 words on

paper tape

Approximately 2.7 min/100 words on

typewriter
Coded by: R. Beach October 27, 1955 ;
Code Checked by R. Beach October 27, 1955 /
Machine Checked by R. Beach October 28, 1955 :
Revised by: ' C. Koos December 1, 1955
Approved by: : W. F. Bauer "December 9, 1955
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This routine dumps, in octal, the contents of consecutive storage cells onto
paper tepe, in flexowriter code, or onto the directly connected flexowriter.
It stores ES, A and Q and bootstraps itself into ES.for execution. ES, A
and Q are restored at the conclusion of a dump.

The address is printed for the first word of the dump, and for each subsequent
word whose address ig zero, modulo elght. An extra carriage return is included
in order to provide double spacing at the end of each block of eight words.

If a cell contains zero, only the first digit is printed. However, if the
address is to be printed then all twelve zeros are printed.

The flexowriter should be in a shift down state, as the numbers are then
larger, and hence more 1egible.

This routine makes use of MDP-1 for part of its operation, and both routines
must therefore be present on the drum.

Qnemmg._naimcimm

1. When routine 1s used as a service routine start at 40004b. Machine halts
on an MS stop with Q clear.

Insert the parameter word in Q (sée below) and start. Machine executes
dump and halts on 56 00000 40004b.

2. When routine is used as_a subroutine enter with 37 40020 40004b followed
by the parameter word (see below). At the conclusion of the dump, control
will be transferred to the cell folloW1ng that one in which the parameter
word is located.

3. The parameter word has the form
AB uuauu vvvvy

vhere uuuuu and vvvvy are the first and last words to be dumped respecti-
vely. For a typewriter dump the octal digits A and B must both be zero
while for a paper tape dump B is to be different from zero.

4. Restore

To restore ES; A and Q at any time after the paremeter word has been
given, set PAK to 40040b and start.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

The Bjoctal Memory Dump (revised)

Identification Tag:

Type:
Special Storage:

Service Entrancess

Program Entrance:

Program Exits

Aarm Exits -

Coded by:

Code checked by:
Machine Checked by:
Revised by:

Approved by:

RW-90

Specifications

MDP-1

Service Routine (with subroutine entrance)

The constant pool and temporary storage
pool are not used by this routine.

Bioctal Tape:
Binary Cards:

Bioctal Tape:
Binary Cards:

40020b

The alarm exit is not used by this routine.

R,
C.

R,

R

We

Beach
Koos

Beach
Beach
Koos

F, Bauer

MDP=1

Pg. 1 of 3

revised 12-9-55

40005b
40016b

40005b
40016b

October 25,

October 28,

. October 28,

December 1,

December 9,

1955

1955
1955
1955
1955
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Description
1. General

This routine dumps, in binary, the contents of consecutive storage
cells onto paper tape or cards for later read in by FRI-O or CRI-1.
The routine stores ES, A and Q and bootstraps itself into ES for
execution. At its conclusion, it restores ES, A and Q. The type of
dump is determined by the entrance used, end the range of-the dump is
given by a parameter word.

2, Binary Tape

Binary (or bi-octal) tape is punched as specified by the paremeter word.
The routine punches leader, insert and check addresses, check sums, stop
code for FRI-0 and a trailer. The leader and initial seventh level punch
may be suppressed 1f desired, as may; also, the stop code ond trailer.

A check sum will be punched for each dump. If a dump of more then 808
words is specified, the routine treats thils problem as more than one
dump and executes as many separate dumps as there are multiples of 808.

3. Blpary Cards

Because the Bull Reproducer is limited to 160 punches per card, with no
more than 60 punches in any one row, binary cards are dumped in groups
of three cards for later merging on off-line equipment into cne card.
Each card conteins up to eight words.

Card No. 1:
Row 9 Address of first word in group (Col. 1 ~ 15)
) Number of words in the group of

three cards (Col. 17 - 21)
Sum of all words in the group
of three cards (Col. 32 - 72)

Row 8 First word (field one) (Col. 1 - 36)
Second word (field two) (Col. 37 - 72)

Row 6, 7 Contains 4 more words as in Row 8.
In addition, Row 7 has a punch in
column 80 to identify it as the first
card in the group.

Card No, 2: Conteins up to 8 words in rows five, four,
three and two with a punch in row eleven,
columns 80 and 75, to identify it as the
second card. ;

Card No, 3:  Contains up to 8 words in the remaining four
rows and an identification punch in row
eleven, column &0,

If a stop code is specified, a punch is plaéed in row twelve, column 80 of

the second card of the last group of three cards dumped. The dump is asccom-

plished st full card punch speed. 8-13
ks TV
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To keep the number of punches at a minimum, the number of binary ones in each
word is counted, and the word is complemented if this number exceeds eighteen.
In this event a punch is placed in columm 78 of  that row, for field one, and
in column 79, for field two, indicating this complementation.

The output of the dump may now be processed by the IBM equipment on an off-
line basis. Each group of three cards is merged into one binary card contain-
ing up to twenty-two words of information. This merging may be accomplished
by two passes on the sorter folleowed by two passes on the reproducer, or by
one pass on the reproducer (gang punch operation), followed by one pass on

the sorter, ' :

rati I
I Binary Tapé
a. Service Boutine
1. Start at 40005b. Computer halts on an MS order.

2., Insert parameter word (see below) in Q and start
3. At conclusion of dump, computer will halt on 56 00000 40005b

b. Subroutine : . : :
i, Enter with 37 40020 40005b followed by parameter word
{see below)

2. At @nd end of dump, control is transferred to the cell

following the one containing the parameter word.

IT. Binary Cardsv

a. Service Routine
1. Start at 40016b. Computer halts on an MS order.

2. Insert parameter word (see below) in Q and start.
3. At conclusion of dump, computer halts on 56 00000 40016b.

b. Subroutine
1. Enter with 37 40020 40016b followed by parsmeter word
(see below) '
2. At conclusion of dump, control is transferred to the
cell following the one containing the parameter word.

III. Parameter Word

The parameter vord is

AB wuuuu vvvvw
where uuuuubanj vvvvy are the first and last words to be dumped respec-
tively.. The sicond octal digit, B, specifies a stop code if non=-zero;
no stop code if zeroc.
For binary tapq dumps, setting the first octal digit, A, of the para-
meter word difisrent from zero suppresses a leader and initial seventh

level punch.

IV. Restore

At any time dviing a dump, ES, A and Q mav be restored bv startinc at
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, Célifornia/

Identification Tag:

Type:
Special Storage:

Service Entrance:
Program Entrance:
Progrem Exit:
Alarm Exit:

Machine Time:

Coded by:
Machine Checked by:
Revised by:

Approved by:

RW-100

MDP-2
: Pg. 1 of 3
/ Revised 12-9-55

/
/

/

Specifications f

o
OCTAL CARD DUMP (revised)

i

MDP-2

Service routine (with subroutine entrance)
The constant and temporary storage pools are
not used by this routilne.

Address 40015b

Address,AOOiSb

Address 40020b

The alarm exit is notzﬁsed by this routine.

2.7 seconds plus 0.5 seconds per card maximum
machine time.

C. Koos July 21, 1955

C. Koos August 5, 1955
C. Koos December 1, 1955
W. F. Bauer - December 9, 1955

8-45



PX 71900-8-100

ki-100 ,
MDP=2
Page 2 of 3
revised 12-9-55

Description

This routine will dump the contents of a group of consecutive (either ES or
MD) storage cells onto cards. FEach card will contain (in octal) four conse-
cutive words and the address of the cell containing the first word on the
card. The follOWLng card columns are used:

Columns 1 thru 5 Address of the first word

Columns 13 thru 24 First word
Columns 25 thru 36 Second word
Columns 37 thru 48 Third word
Colums 49 thru 60 Fourth word

Any card for which all four words are equal to zero is omitted and the next

card produced carries a punch in the 12 row of column 9. The first and last
cards of every dump will be produced even if they contain all zeros and the

last card will carry a punch in the 12 row of column 10. In addition, each

card contains an identifying 12 punch in column 8.

This routine bootstraps itself into ES to operate and at its conclusion
restores the machine to its original state.

Qperafing Instructions (to be followed when the routine is used as a service
routine) ,

1. Put_the computer in test mode, high speed (this step is unnecessary
for a dump of all ES only).

2. Set PAK to AOOle‘and start.

3, Computation will halt with an MSO instruction and Q will contain all
Zeros.

4o Manually insert the parameter word into Q.
8. a parameter word of all zeros will dump ES

be in all other cases, place the first address in Q and the last
address in Q

Co the range of the dump may not extend from ES to drum addresses

5. The machine will halt with an MSO instruction when the dump is com=
pleted and the machine has been restored to its original state.

6. If apother dump is required, it is necessary only to press the start

button e2gain to return to stop 3 above.

7. If the operator wishes to stop a_dump at any time after step 3 above,
he needs only to make a forced stop, master clear, and MD start with
PAK set to 40040b. The machine will then be restored to its original
state and computation will halt with the same MSO instruction mentioned
in step 5. This same procedure is applicable if an SCC fault occurs
after entering an illegal parameter word in Q.
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Programming Instructions (to be followed uheﬁ the routine is used as a sub;
routine)

1. ter the routin th an RJ insgtructio

Use the instruction 37 40020 40015b. The word in your progrem
immediately following the RJ instruction must contain the parameter
word (as described in step 4 of "Operating Instructions" above).

If the RJ instruction is given at address n the parameter word
will be at address n + 1 and at the conclusion of the dump control
will be returned to the instruction address n + 2.
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THE RAMO~-WOOLDRIDGE CORPORATION
Los Angeles 45, California

CHANGED WORD_POST-MORTEM ROUTINE (revised)

Specificationg
Identification Tag: MDP-3
Types Service Toutine (with subroutine entrance)
Special Storags: The constant pool and temporary storage pool
are not used by this routine,
Service Entrances Address 40037b
Program Entrance? 40037b
Program Exit: 40020b
Alarm Exit: : The alarm exit is not used by this routine.
Machine Time: (14.1 + .5n) seconds whére n=number of cards
punched.
Coded bys R. Beach o October 26, 1955
Code Checked by: R. Beach October 26, 195%
Machine Checked bys R, Beach October 26, 1955
Revised by: C. Koos December 1, 1955
Approved bys - 'W. F. Bauer | December 9, 1955 .
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. Description

This routine compares ES with the MD image of ES and prints out those
words of ES vwhich are not the same as their correspondent in the "image.
ES is not altered by the routine, and the MD image 1s up~dated to be
identical with ES vhen exit is made from the routine.

The routine stores ES at addresses 66000b to 67777b and reads portions
of this image and the regular image (76000b = 77777b) into ES and com-
pares words.

If the corresponding words are the same, they are replaced by zero, unless
the new value is zero. In the latter case the word is replaced by 45 40037
40020b, The changed words and zeros are then read into ES. ES is then
dumped on the line printer. (Note: Until the line printer is in use,

this dump will be made onto cards by employing MDP=2), ES and the 76000b
image are then restored from the 66000b image. '

FEach card contains four words. If any one word is zero, it should be ig-
nored as it is not a changed word. A word which has been changed to zero
has been given the arbitrary tag 45 40037 40020b and will be punched as
such. Also, a word that was changed to this tag will be identified in the
same manner. The programmer must therefore distinguish between these

two cases. ! :

Operating Instructions

1. Eggn,;outing 1s used as a service routine set PAK to 40037b.
Routine will find changed words, print‘them out, and stop -

on ‘56 00000 40037b.

2. When routine is used as s subroutine enter routine with 37 40020
: 40037b. Operation of routine is the same except that routine

exits to address y+l if y is the address of the RJ instruction
used to enter the routine,

3. Most service routines use all or parts of ES and their activation
will destroy the old 76000b image. Hence, if a changed word compari-
son is desired, the execution of MDP-3 must precede the use of other
post-mortem routines.

Alarm Conditiong

There are no alarm conditions in this routine. However, if the routine
hangs up during panching, or if the machine is halted during punching,
a start at 40040b will clear the punch, restore ES, and up-date the
76000b image.

8-49



TH-92 ST7-0

Pg. 1 of 3
revised 12-9-55

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

STORAGE TO MAGNETIC TAPE TRANSFER ROUTINE (revised)

Specifications
Identification Tag: | | STT=0 .
Types: Service routine (with a program entry
' available) . .
Special Storage: | The constent and temporary storage pools
are not used by this routlne
Service Entrances Address 40006b |
Program Entrences Address 40006b
Program Exits | Address 40020b }
Alarm Exits The alarm exit 1s not used by this routine
Machine Time: 5.6 peoonds for transfer of (ES)
& o
i Coded bys - R. Beach May 11, 1955
% Code Checked byt C. Koos August 14, 1955
E Machine Checked by C. Koos August 20, 195;
Revised byt C. Koos December 1, 1955
Approved bys W, F, Bauer December 9, 1955
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Jescription

This routine transfers information from the internal computer memory to magne-
tic tape where it will be stored until read back in again by TST-0.

A pafameter word 1s used to specify

1. The location of data to be stored

2. The MI unti to be used for storage

3. Whetherbor not MI is to be rewound to its original position after storage

4. The address to which control is to be transferred when the data 1s read
back by TST=-0.

When using STT-0 as a subroutine the parameter word follows the RJ instruc-
tion used to enter the routine. When using STT-0 as a service routine the
paremeter word is manually entered in Q when the computer halts (after being
started at the service entrance).

At the time of entry the. routine stores (ES) on the drum, bootstraps itself
into ES, stores (A) and (Q) and obtains the parameter word. At the conclu-
sion the routine restores (ES), (A) end (Q) and transfers control to the
exit instruetion.

The routine stores one block of information in addition to the number of
blocks necessary for storing the data, as follows:

1. The first half of the first block contains (Q), (A), the parameter word
and twelve zero words.

2. The second half of the firast block thru the first half of the last block
~inclusive contain the information to be stored.

3. The last half of the last block contains the sum of the data (that is,
the double precision sum of the split extension of esch word), the
number of blocks transferred to tape, the starting and stopping address-
es for the transfer, and eleven zero words.

Parameter Word

This paremeter word is of the form BC DEEFF GGGGG, where B, C, D, E, F, and
G are all octal digits.

B, The octal digit B determines whethér (ES) 1s to be stored on MT. If
B = 0, (ES) will be stored; if B # 0,(ES) will not be stored.

C. The octal digit C determines whether MT is to be rewound to its original
position after the data has been transferred. If C = 0 the rewind will
be executed, if C # 0 1t will not be,

D. The octal digit D determines the MT unit on which the data is to be
stored. MT units are specified by the same digits used in the standard
1103 MT commands. _
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E. The two octal digit number EE specifies the address of the first word
to be transferred from internal storage to tapg This number is the
integer part of the first address divided by g8°. That is, (EE)(512)
is the address of the first cell to be transferred.

F. The two octal digit number FF specifies the address of the last word to
be transferred. As in E above this number must also be a multiple of
512, (FF)(512) 1s the address of the last word to be transferred.

G, The V-address portion of the parameter word (GGGGG) specifies the address
to which PAK is to be set when the transferred information is read back
to internal memory by TST-0.

As an example consider the parameter word 01 24246 00017b. This specifies a

transfer of (ES) and the contents of cells 42000b thru 45777b with no rewind-
ing after the transfer. PAK will be set to 00017b by TST-0 when the routine

is read back to internal memory.

Operating Instructions (to be followed when the routine.is used as a service
routine)

1. Set PAK to 40006b_end start.
2. Computation halts with an MS instruction.

3. FEnter the psrameter word in Q and start.

be Cgmpgtajign halts when the transfer is completed, setting PAK to the
address specified in the parameter word.

Programming IgsL;g tions (to be followed when the routine is to be used as

a subroutine)
/

1. Enter the routine with the RJ ingtruction 37 40020 40006b. If the RJ
instruction is stored at address n the parameter word should be in
address n + 1 and at its conclusion the routine will transfer control
to the instruction in address n + 2.

Regtore

To restore (ES), (A), and (Q) at any time before normal completion set PAK
to 40040b and start.

The magnetic tape will be rewound at this time if the parameter word speci-
fies a rewind.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Magnetic Tape to Storage Trensfer Routine (revised)

Identification Ta
Type:
Special Storage:

Service Entrance:

Progrem Entrance: -

Specifications

g: TST-0

Service routine (with a program entry available)
The constant and témporary storage pools are not
used by this routine ‘

Address 40007b

Address 40007b

Prog;‘am Exit: Address 40020b

Alarm Exit: The alarm exit is used by this roufine
Machine Time: 5.6 seconds for transfer of (BS)

Coded by: R. Beach May 11, 1955
Code Checked by: C. Koos August 13, 1955
Machine Checked by: C. Koos ;August 21, 1955
Revised by: C. Koos * December 1, 1955
Approved by: W. F. Bauer December 9, 1955
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Description

This routine has been designed to read back into the internal computer
memory the information transferred to MT by STT-0, A parameter word is
used to tell the routine which MT contains the information to be trans-
ferred and the address to which PAK is to be set after the routine-has
finished operating.

When- used as a subroutine, the parameter word follows the RJ instruction
transferring control to TST-0, When used as a service routine the parameter
word is entered in the Q register before activating the routine,

The routine stores (ES) on the drum, bootstraps itself into ES and reads in
one block from magnetic tape. It examines the parameter word used by STT-0
and loads the specified portions -of memory while computing the sum as the data
is transferred. The sum is checked against the sum placed on MT by STT-0.

If the sum is correct; the parameter word is consulted to determine the

‘address to which PAK is to be set and the proper address is placed in the

exit instruction. The parameter word from STT-0 is checked to determine
whether or not the MT is to be rewound after the transfer and a rewind
command given if rewind was specified when STT=0 was used to store the data.
(4) and (Q) are then set from values stored on MT, (ES) is restored, and
control is transferred to the exit instruction.

Parameter YWord

The form of the parameter word is OX Y0000 22722%Z, vhere X, Y, and 2 are
octal digits.

X. The octal digit X determines the cell to which control will be trans-
ferred to at the conclusion of the routine.

If X = 0 control wiil be transferred to the address specified in the
parameter word used for STT-0 when the data was transferred to magne-
tic tape. If X # O control will be transferred to ZZZZZ.

Y. The octal digit Y determines which MT unit will be selected. MT units
are ;pecified by the same digits used in the standard 1103 MT' commands.

2. The V-address of the parameter word (222%Z2) specifies the address to
which control will be transferred at the conclusion of the routine
(see X above).

Operating Instructions (to be followed when TST-0 is used as a service

routine)

3. Computation will halt after a successful transfer with PAK set as
specified (see "Parameter Word" above)..
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Programming Instructions
1. Use the RJ instruction 37 40020 40007b to enter TST-0. The cell immedia-

tely following the RJ instruction must contain the parameter word.

2. Aft gx successful transfer control will be transferred to the cell speci-
fied by the parameter word.

Alarm Conditions

If the sum test fails ALR-1 is entered and “TST—O XXXXXY ig printed on the
flexowriter. The address is insignificant.

Starting after the alarm halt causes a rewind of the tape and another transfer
of the same data from MT.

I‘t@§ l;gre

If, at any time during its operation, TST-0 is interrupted (or after an alarm
print), PAK set to 40040b and the machine started, the routine will

1. Rewind MI (if this had been specified)
2. tore (ES), (A), and

3. Transfer contr o the TST~ it inst, ion.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Binary Card Read-In Routine (;:gziggdl

Specifications

Identification Tag: CRI-1
Type: Service Routine (with subroﬁtine entrance)
Special Storage: = The constant pool and temporary storage

' pool are not used by this routine
Service | Entrance: 40017b
Program Entrance: 40017p
Program Exit: - 40020b
Alarm Exit: The alarm exit is used by this routine
Coded by: R. Beach October 26, 1955 |
Code Checked by: - Re Beach October 26, 1955
Machine Checked by " R. Beach October 26, 1955
Revised by: | C. Koos December 1, 1955
Approved by: W. F, Bauer - December 9, 1955
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" Dese ion

This input routine reads binsry punched cards produced by the binary card
dump (MDP~1 revised) at full card reader speed. Once activated it continues
to read cards, ignoring blank cards, until it has read a card containing

a 12 punch in column 80. The routine loads the memory as directed by the
address eppearing on the card, and checks the sum of the data read in sgainst -
the sum stored on the card, for each card.

The routine stores ES and bootstraps itself into ES for execution. After
execution, it restores ES.

Operating Instructions
1. When routine is used 2g a service routine set PAK to 40017b and start.
2.' When routine 1§vusgg ag g subroutine, enter routine with 37 40020 40017b

3. Card positioning
A card must be positioned on the read side of the Bull or & Mo informa-
tion" fault will occur on the first cycle. The fault, however, positions
the'card so one may simply start at 00103b.

4. To restore ES at any time, stert at 40040b. This start may also be used
to end a read in for which the 12 punch in column 80 of the last card was

te OmittEd-
Alsrm Conditiong

If the sum of data read in fails to check against the sum appearing on the
card, ALR-1 is activated to print.

alarm 00102 00000000000C 1100123VVVVV XXI0OOMOOCOOXK
where vvvvv is the address on the card. Q is not significant.

Starting ignores the alarm.
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THE RAMO-WOOIDRIDGE CORPORATION
Los Angeles 45, California

The_Ferranti Input Routine (revised)

Specifications

Identification Tag: FRI-0

Type:
Special Storage:

Service Entrance:
Program Entrence:

Program Exit:

Service routine (with subroutine entrance)
The constant and temporary storage pools
are not used by this routine

Address 40001b

Address 40001b

Address 40020b

Alarm Exit: The alarm exit is used by this routine
Coded by: R. Beach ‘ May 18, 1955

Code Checked by: R. Summers May 19, 1955

Machine Checked by: R. Beach August 4, 1955
Revised by: C. Koos December 1, 1955
Approved by: W. Bauer December 9, 1955
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I. Geperal

This routine is designed to read, by means of the Ferranti reader, seven-level
bloctal tape prepared as described below. The routine reads in paper tape at
the full speed of the Ferranti with only short hesitstion when a check or
insert address is encountered.

If desired, the tape may contain a check sum to be tested for agreement with the
computed sum of the data read-in. The routine will read data into any ES or MD
cell although the reading of informetion into certain drum cells (as described
in detail below) will result in abnormal operation.

The routine stores the contents of ES on MD at addresses 76000b through 77777b
and then transfers itself .o ES. It sums itself (in ES) and checks the sum
against the correct sum (stored on MD).

The Ferranti reader is started in the free running mode and the routine proceeds
to read tape and process the information ccntained on the tape in the ssme manner
as does the ERA photoelectric reader (for exceptions, see II. 3 and 4).

Each word to be transferred to memory 1s summed &8 it is read in from tape.
Words which are to be read into ES are first stored in the MD image of ES
(76000b thru 77777b).

During operation all words are read into ES from the tape and a block transfer

to MD is made when (1) ES has been filled with date (that is, when 924 words have
been read in); (2) an insert address appears on the tape; or (3) the "end of tape"
seven-level combination has been read in (see II. 4).

The reader is stopped before meking the transfer and is started agein after the
transfer has been completed in the first two cases; in the last case, the reader
is stopped, ES 1s restored from the MD image and control is transferred to the
exlt.

The reader is also halted when a check address appears on the tepe. If no check
sum test (see II. 3) is to be made after a successful check address test the
reader is started immedietely; if the check sum test is specified the reader is
sterted after the test is made and the sum determined to be correct. '

The routine does not prevent read in to addresses 76000b thru 77777b nor to
those calls used by the routine for its own operations.

II. Beguirements for Tape Preparation
1. The first word on a tape must be an insert address.
2. Check addresses should be used, although FRI-O will operate without

them. A check address immediately following an insert sddress must
be the seme as the insert address.
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. 3. For a check sum test the following four words must appear on the tape
at the point where the sum is to be tested:

a. Ingert address 75202b
b, High order 36 bits of che;k sum
c. Low order 36 bits of check sum
d. Check address 75204b

Operating Instructions (to be followed when the rcutine is used as a service
routine)

1. Set PAK to 40001b and stert.

2 éomputation will halt with the MS instruction 56 00000 A40001b st the com-
pletion of the read in. '

Programming Instructions (to be followed when the routine 1s used as a sub-

routine) |
1. Enter the routine with the RI instruction 37 40020 40001b
2. an&zgl_ia_rﬁiurnad_xg_Ihe;gall_lmmadigiglz_ﬁgllguing_iha_Bi_inﬁixugiign

a8 soon as an "end of block" punch is reached on the tape.

Alarm Conditions

1. " gpe” o This condition is indicated tby the tape running
completely out of the Ferranti reader. When such a condition occurs the
operater should.

a. Magster clear

b. Set PAK to 00074b and start

c. Yhen computation halts (when a service entry was msed) with the MS
instruction 56 00000 40001b the machine will be returned to its
original state and the data read from the tape will be properly
stored.

If e progrem entry was used control will be tranaferred to the proper
cell in the main progrem.

2. FRI-Q not trapsferred to ES correctly. If ALR-1 prints "FRI-0 xooxxx and

(A) end (Q), the sum of the progrem transferred to ES has failed to check.
Starting at this point transfers FRI-O to ES again.

A second failure-indicates that FRI-0 is not on the drum correctly and
should be restored. :

3. Check address failure. If ALR-1 prints "ALAR C" and (A) and (Q), a check

address has failed. In the alarm print (AR) is the address of the next
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/

cell to be loaded and (Q) is the check addreés that was read in from

paper tape. ,
Starting at this time will cause the machlne to ignore the failure and
operation will continue normally.

Check sum failure. If ALR-1 prints "ALAR M" and (A) and (Q), the check
sum on the tape has failed to agree with the computed sum. The computed
sum is in A at the time the alarm print occurs.

Starting at this point will cause the routine to ignore the fallure end
to begin to read in the tape again.

If at any time (ES) need to be restored from its image, starting at
40040b will transfer the image to ES and transfer control to the FRI-0O
exit.

‘And "end of tape" (or "end of block") punch must be present on the tape

to helt read in. This consists of seventh level punches in two consecu-
tive frames on the tape at the point where the read in 1s to be stopped.
This seventh level combinetion acts a8 a signal to FRI-0 to restore (ES)
end stop the Ferranti reader. It is compatible with the ERA photoelsctric
reader in that it is an 1llegal combination which halts the ERA reader.
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Preface to Revised Reporf

Flip III is faster than Flip 1. Several restriotions
in Flip I whiéh were discovered over & period of ﬁimn were
removed, These occurred in Commands LO, L42, Ll and 51.
Division by zero 'causes an alarﬁ halt in Flip III, bﬁt

division by an unnormalized number may still cause a computer

i fault as in Flip I.

The masnetic tape readin has been changed in two respescts.
The sum check print is now “FLIP OK*. If the 1103 is restarted
at this point the entire ﬁnmnry except that pnré already nﬁm
checked is cleared to zero and “clear® is printed out. Except
when other information is already in the memory, this step
should always be included.

A new method of loading or “ACTIVATING" Flip is avail-
sble in Flip IIi. )

A great deal of this report has been oumﬁlotely rewritten to
render it more comprehensible on first reading. Many members of
the Digital Computing Laboratory have assisted in this, All
coding has been relegated_gp Part II of this report which will
be issued shortly.

Flip ia the result of suggestions, coding and checking by
so many individuals that it iz unfortunately impossible to give

specific credita for the various contributions.
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II

DESCRIPTIONs

FLIP III -~

Flip III is an interpretive system for tho)llog and 1103&, useful

“for a large class of problems. Using the InterAret éommnnd, the machine

' i x
oommands are augmented by 58 ®pseudo commands® whio}‘ can be used as though

they were regular machine commands, These enable the gnoluaion of floating
point arithmetic, complex arithmetio, and upoc;hl g;nnc‘?iona which inolude an
:).ntegration step for differential equations.' ., Also ’cet',rttiin\ features, such
as index registers and tracing (to be described' in‘deLail lator), are
built into these pseudo commands, Convaraio%a éo Jndlfrom ‘floating point

representation enable the programmer to use the convedienpa of the Flip
! -

input and output while doing the "core" of the problem in'fixed point for
: i . ; \' '

speed, I

i ;
Since this system augments the basio c(;manﬁa . knfmlaijgo of most

1
‘ / ! i
of them 18 necessarv, ! |
! l

t

The speed of operation ranges from 3 ? mill;lseconﬁs fq»r a floating
point multiplication to L.3 milliseconds f?r floating boint addition.
Transcendental functions compare closely to I'ixo_d poin?: opé‘rationa in
regards to timing, , \. !.

NUMBER REPRESENTATION3 : : P

41l input and output oceurs in a floating point ducimﬂl form. However,

coders probably should know the internal repreeentat:l.on. Let a number H be

, i ;

glven by N = z-a. ;,/,S‘ﬁkl ) -/us-p‘< TS

The number q oocupies the first 28 bits of the cell and )tho ‘number p the
I
last eight, each beginning with a sign bit. Nifativo q's dnd p'n ars

represented by complements., Zero is represented by a trae xns.bh‘ino £6ro,

y .

P S S
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An unnormalized two cell representation occurs in the "floating
to fixed" and "fixed to floating®™ commands. Detailed description of
it occurs under those commands,

ITII COMMAND STRUCTURES:

A. One address commends, octal forms (Commands 55, 56, 57) *

_ ,:} Interpret command code v

g}Paeudo command code

J  Command Parameter
¥ (Command Cownter

Regular machine address, not to be index modified

< < <<

B, Two address Commands, octal form., (All other commands)

ﬁ} Interpret command code

cy v
C}Pseudo command c¢c~de '

Index counter tags and first address, x.

Index counter tags and second address, Ye

Mg g

The first octel digit of these addrdsses consists oi" three Binary

bits. The first of these bits, if a one, causes the first.index counter,

b,, tobe added to the address during coufmand exeoutio;il. (Not in ita
=

memory position). The second bit does likewise with the seoond index

SRESTRICTION: See page 56«2,
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counter, b, « Both bits may bs one, in which case both. counters are

added. | . L
Since there are only ten rsmaining a}ddress bits , only 102, cells cen
be directly addressed. If, however, by ’1’?and bs2" , all cells in the 4096
1103A high speed store may be properly addrgased. b, occupples cell
01776 and‘h_’_occuppiea cell 01777.
Iv ‘REGISTERS
Flip commands refer only to the right 36 bits of the aocuﬁulator,
tﬁe other bits of A and all of Q being lost. These 36 bits form a register
called R which is restored by all Flip index or threshold jump commands.
If R i8 to be used as an operand, it msy be addre?aad-, using 1774 es the |
address, instead of 20000 as used in regular machine commandse. -
v COMMAND LIST
A+ Floating Point Arithmetic Commandsa
The two octal digits of these commands perform separate

functions. Recogniting this fact will facilitate learning them.

(FLIP)
Code Symbolio Operation Name
00 y+ x - y, R Rephce Add
01 R+x-» y,R Add and transmit
02 _ y+rx—-» R o Add
03 R+y+ xR Accumulate Add
a, Y=-x-» ¥y, R ' Replace subtract
05 Rex -» y, R ‘ Subtract and transmit
06 ye=x . R ' Subtract
07 Reye-x-p R 3 lcqﬁmulnta add ?.nd subtract
10 Yy+Rex oy, R " Replace add a product
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vl T ey

(1 q-x ) . R-»y,R
y+Rex —» R

y-R o'x -» y, R
(L=x) ¢eR > y, R
y=Rex— R
y* x-» y, R
Rexay, R
y?x‘—ern
R’i-yy"' x -» R - .
-'y-",;t.‘-lv Y. R

R x>y, R

v exE

R -;‘;ov,x‘:-)R

y
R

2 X »Y, R
sx Yy R
\\‘y‘ $x = R
Ra(y k) =R
g . .‘l‘\\
YIX VR
R3¢z oy R
v iz >R

;

R -x(y +x) R
B, Or.hor% X 'l:.

I i

A

Inorement snd Multiply

Positive Polynomisl

Replace add a negative product.

i

!

L

1
1
i
!

R
;

‘.
\
1
3}

e
'
[ -

Decremsnt and Negative Multiply. §

Alternating Polynomial

Rephco multiply
Multiply and Transmit
Multiply

Accumulate Muléiply

Negative replace Multiply

L

LT ¢

Negative multiply and trensmit - ‘A
Negative Multiply A
Accumulate negative Multiply 5

Replace Divide

Divide and transmit

Divide

Accumulates Divide.

Hegativ; replace Divide
Negative Divide and transmit
Negative Divide

Acoumulate negative divide

This list s designed for quick reference. For detailed

L

' "y
descriptions of mopt"of these commends ses subsequent pages. Some of

Y

these commands, norm;illy operated in high apeed storage, are not

i
4
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needsd in many‘ programse These are not included in high speed storage

unless specified and then require extra storage. See secti on(WI)for

details of assigning storage, o
COMMAND EXTRA CELLS DESCRIPTION

CODE . (DECTMAL) ,
L0  NONE _ z‘\_Incllex Jump, countf; b,A.
e NONE Junp 1¢ [(x)|7{R)|
L2 NONE ¥ (x,y)¥R
'hj‘_ - 57 Flexo writer input conversion
g 14}4‘5;.}‘ \ NONE - Index jump, counter bj.
N L5 NONE Junp 1 [=)|<[(RY
;\j | . L6 31 Integrate Differential equations
‘ L7 Not used
50 17 oy
51 NONE RPN (x,y)
k2 56 Typewriter output
. ‘,‘53 2 56« Paper fape data output
" 5‘5’4 31 Loge X3y
: 55 NONE Charactron output
| 56 NONE punched card outp\;t )
57 NONE punched card input
.‘i 60 Lo  sin X9y
3 61 2H,9% cos Xy
€2 Ls ﬁaﬂq.x-,y
63 2H;5+ oot? x4y
a, NOﬁ’! Jo (x)»y
65 NONE ~ Jo (x)2ys Yo (x)-»00037
) ‘ - 8-69
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J,(x)>y
J,(x)ay s Y (x) 00037
oy
¥ot used
Y+X¥8
T8 L Complew Arvibhmetic
YeX¥S
> Y¢X9S
Not used
26 Trace (Magnetic tape version)
*For these com’ahd's:g'f‘gile_,e‘;!f'e"strictions under detailed descriptiohs that follow,
VI  STORAGE

CEUS

70000 to:"rg?'nf“ [
76000 to 77777

oooho 1o’ ‘owrr:v

and is programad.

(8ee next section) ‘.‘, o

USE
00002 to oma? ,
- TEMPORARY STORAGE
74000 ‘bo 75777 : /
00001* '/
Y ROUTINE '

PERMANENT CONSTANTS
h uud et Convair, Flip is stored permanently on
magnetic tape, A mny initiated operation trensfers it to magnetio

drum looations, ° Thu tranufor to high speed storage is called "activating®
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The permanent constant pool is available to »;the ﬁrogramer , of course,
and should never be changed., It is given below, |
CONSTANT POOL.
00040 00 00000 00000 Zero
ool 00 00000 00002 2
ooa2 61 00000 00045 and Flex Code Carriage Return
ocoa43 00 00000 00003 3.
oooLly 00 00000 0000k L. and flex code spaée
ooa5 00 - ooood 00037 ‘Flex code 0 dece 31,
00046 00 00000 00052 Flex code 1 dec, L2,
00047 00 00000 0007L Flex code 2 dec. 60,
00050 00 00000 00070 Flex code 3 deo. 56,
00051 00 00000 0004, Flex code L dec. 52,
00052 00 00000 00062 Flex code & dec, 50,
00053 00 00000 00066 Flex code 6 dec. 5l
0005l 00 00000 00072 Flex code - 7 dec. 58,
00055 00 00000 00060  Flex oods !B dec. LS.
00056 00 00000 00033 Flex code 9 dec. 27,
00057 00 00000 00013 11, "~
00060 00 00000 00012 10, |
00061 00 00000 00056 , - Flex code minug "%
00062 31 10375 5221 RN &
00063 31 L63l 63146 1071
0004, 00 00000 00077 sixbit extractor
00065 21 67€43 24177 : degree to radian @
00066 20 00000 00000 5 dooimal
' 8-71
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00067 00 00000 00007 7.
w070 37 T7TTTT TITIT 5 @
00071 00 77777 00000 Extractor u
00072 00 00000 77777 - Bxtractor ¥
00073 00 00001 00000 , Advance of u
0007k 00 00000 00001 Advence of v
00075 00 00001 00001 Advance of u and v
00076 00 07777 OT777 u and v li~octal-digit extractor
00077 00 00000 00110 72,

VII ACTIVATING:
Flip is readied for use in high speed storace by "activating" it.
A return jump followed by parameters accomplishes thiz, The parameters
specify the extra storare space for all extra storage commands to be
useds A zero follows the parameters, followed by the next command.
The return jump is 37 70160 70140

The parameters are:

g'} Flip pseudo command code for an extra storage command
0
0
0 Must be gzeroces
0
0
v
v
“ V % Location (usually high speed storare) for the extra
v storage required,
v

The parameters must be followed by a zero cell as a flag.

NOTEs Previous methods used to activate Flip are now obsolete
but will still work,
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VIII  OVERPLOW AND OTHER SPECIAL WOTES.

If overflow of the exponent or other impossible condition;
arise, an alarm print occurs. The command address and the content
of the two operand cells is printed.

All operations inour the possibility of round off error.

Beocauss of this, exact equality of two floating point numbers
will seldom occur no matter how simple a calculation was used to
obtain them. Therefore, equality tests sh-uld not be used end
threshold jumps should always provide a tolerance,

For all commands which store the result in R and not slsewhere, the
accumulator contains D (R). For all other cases, the left side of the
accumulator contains the sign of the exponent (characteristic) of the
number . |

For debugging, cells 01736, 01776, 01777 end 00002 to 00014 usually
contain all the infﬁrmatian required to tell what Flip is b inge

The "Alarm, Cetal and Flexprint! rontine (CV-115) is included in
Flip. An alarm in Flip prials oul the instruction, (r), (x), (¥)y by

and b, in tvo lines, preceded by the word "iTaIlif,
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INSPECT AND CHANGE ROUTINE

I. Operating Instructions

1. Set PAX to 70700, Start. The 1103 clears A
and Q and halts. |

2. Set g (@) to & desired address and (optional)
set (R) to the’new content desired for that
addrecs. Start. The 1103 prints change, the
addrgss; and the present content. It halts with
the old content in Q and the new content in R.

3a. Set or change (R) if desired. Start, The 110%
stores (R)»in the cell, prints out this new
content, and halts at the same point as step 1.

OPTIOR

Zb. If, after sﬁep 2, it is desired not to change
the cell conteht, send control to L0000, The
1103 prints out no change and halts at the same
point as step 1. (At this point, (L,0000) has
its original value, unless it was the cell changed,)

II. Specifications
Drum address 70700 through 70773 (60)
Number of commands to be modified = 60
No standard constants or temporaries are used.
Entrence 7€700 (or 01000). This routine is
available e}thor with addresses starting in
T0700 or.O]pOO. It can be used to modify cell

00000, provi.ding no other cell 1is subsequently
modified.

8~74
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FLIP CARD TO PAPFR TAPE ROUTINE
DESCRIPTION,

hopper and halts the progrem.

INSTRUCTIONS s
1. Read Flip onto the magnétio dr\lm.
2, Start at 7172,

LOCATION:
N2 to 71775

following any block causes all input cards to advance into the reoc'iving

This routine reads blocks of numbers from Flip Cards and punchea them in
binary form on a bioctal tape. Each blook of N numbers is placed in oon=
secutive ocells af‘;arting,wl@h addross A. The first card of oﬁoh.block has
A (octal) in columns one to tive. end ¥ (dooimal)A in columns six and seven.

The last card of each block is filled out with zeros. A blank cerd

8-75
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. FLIP MAGNETIC TAPE STORAGE RgBTINE

Location 71500 to 71565
This Routine stqree a region of the interhalﬁfnmryA%pkmagnetic
tape in a self-reloading form. It can be used automatically or
manuallye. Cells 00000 to 00037 and part of basic Flip are used
as temporaries, the latter being restored. No check sum‘is pro=-
videds These instructions assume a locater block end a normally
;ewound tape.
A=Transfer to Magnetic Tape.
1. Manual Operation
ae Place an advance tape command, 66j n in Q.
be Place the first address F and the last address L
~in u and v of A,
ce Start at 71500, The tape will advance M n#l
blocks, store information on M blocksi rewind the
tape and final stop.
2, Automatic Operation
a & b, Samse as manual,
ce Execute the command 37 71562 71501, R;aults are
the same as manual except that no stop occurs,
control returning to the next_line;
*HOTEt M = Integral part of(lizf;—t' +'2.)
B-Transfer from MT,
Use ;hg locator block with n in A, If the transfer to
magnetic tape was manual, a final stop occurs, If not,
control is transfered to the point at which the dump

was made,

8-76




Ccv-11

ANALYSIS CCONVAIR, PAGE .33
PREPARED BY (. J. Swift SAN DIEGO ; REPORT NO. ZM190
CHECKED BY D, Allen / MODEL _
REVISED BY /A paTE  11/25/55
B | //
DOUBLE ENTRY TABLE INTERPOLATION AND LOOKUP
(DBTAIL)
Using Plip |
I SPECIFICATIONSs ‘ ’

Storages The mb-foubino is stored in cells 01360 to 01476, Flip
snd all Flip temporaries are needed in ES. Tables of any size are
normally on MD.

 Times Roughly .3 seqonda plus +3 seconds for each ﬁmoti‘on evaluated,

. 1 »
Schems useds ‘A funotion F (x,y)=2 G x‘#l is passed thropgh

Leo g0
a 9 point square array of pointg;i"hhoaQn from the given points in the
x-y plane. | : 1'
IX  DESCRIPTION: . \
If from one to five quantitltz; ivara each functions of two variub].;lf .
X and y and are given in the form of tabled valuesl (not necessarily st “
equal distant poihﬁ), then this sub«routine evaluates these functians
by interpolation. The nearest tabled velues of x and y (designated’
 X.and Y,) are first found by the sub-routine.. Then these points and
their nearest neighbors on each side are used to give a nine point inter-
polation in each tablo of corresponding Zvv‘aluea. If x an&/or y lie -
nearest to or beyond an ondpoint. the three endpoints are used. Surfaces
of the forms Z"= éd i. C&j"“”‘,‘"‘ . are passed thr’ough the nine tabulur’
points and wgluateé at the given point (x,y) for each Zv. |
III LOCATION AND STORAGRs |
This routine operates in cells 01300 to OM466. It uses colls 01300‘
to 01307 for parameters, and cells 00002 to 00037 for temporaries. It is

entered by the command 37 01471 01310, '

PORM 18184
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/

D, <« location of table of Y val ves,

n, : mumber of vel ues in X ta’f&lg_,‘
n, = number of values in Y table.
D - location of table of 2"

L« storage location for 2’ (x,Y)

i » Index of ourrent location in X teble. (Start at sero)

J = index of current location in Y table. (Start at zero)

two ootal digits, (Cell 01305 in above example )

ANALYSIS COoONVALR PacE 1l
PREPARED BY Co J. Swift SAN DIEGO REPORT !;4;: Z¥ 1190
225,2'25,"33' Pr Alen Moomz‘ 11/25/55
IV  STCORAGE:s
A, Arguments.
| (00036) = X
(00037) =Y
Bs Paramaters;
Coll - cc () (v)
01300 00 Dy Dy
01301 00 1 3
01302 00 _n, n,
01303 00 D, L,
0130, 00 Do La
01305 Lo De L4
01206
01307
D, = location of table of X values.

NOTEs The last parameter is indicated by a LO in the first

878
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Co X & Y TABLES:

Cell Content

D*i' 1 Xa ]

D+ n"'l ‘ X Ny

D.

Z TABLES;:
Cell Content i
Dy 2’ (x,v)
D +1 2V (x,Y))
/E::J;-TM 2V (X, )
Dytn, | z¥ (x,¥,)
Dy (a,-1)(ny=1) |2” (x, ¥, )

RESULTS s

(L,)= 2Y(X,Y) forv:1,2,3, eto.
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1.
2.

3

ROUTINE TO LOAD FLIP ON MAGNETIC TAPE
INSTRUCTIONS

Rewind tape

Place 66 jn - in Q. (n is the number used in A, to
locate Flip). -

Start LOOOO and restart until dump is made,

NOTES

1,

2.

If Flip haé just been read from MT or paper tape
"NO GO'S" should not be printed. If changes have
been made they will be, This routine corrects the
sum adjuster after two "NO GO® prints,

To dump a new paper tape stop at 55 10000 00100.
Use the Flip bioctal tape dump and dump cells 00000
to 00277, LOOOO to L0037, 70000 to 73777 and 76000
to 77777
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Flip Bioctal Tepe Dump
Locations 71000 to 71105
Permanent Constents useds (0o07l) =1, (00073) =215 (000L,0) = 0
Tempories (not restored)s 00000, 00002 to 00037, A and Q.
Manual Operation
1. Btart at PAK = 71000 with Parameter word in Qi
00 £ffff 11111
Where fffff is the addrese of the first word,
11111 is the addreas of the last word.
2, After operation, the routine stops with PAK =71000,
Automatis Operation
1. Enter with command: 37 71007 71003, followed by
perameter words. The last parameter word ia followed
by the next instruction.
Restriotions and Detsils
3+ The firet and last aeddresses cennot be identical. (If
so, that complete storapge class ie dumped as a closed
59t)o :
2. A check address, loader and insert address are automatically
punched after every L0OO (octal) words.
3» Colls 00001 and 000LO to 01777 are not disturbed at any time.
L. ES and ¥D are treated as closed seta.
8-80 a
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INDEX JUMPS

COMMAND CODES )
L0 Index counter b, conditional jump _%-
L)y Index counter b, conditional jump
The first address refers to a fixed poiﬁt Integer, m.
If b; is greater than or equal to m, b; is cleared to‘zerb. Ir
not, b. is increased by one and a jump is made to the second
address. If b; is oririnally gero snd this jump commaend returns
control o some prsvious point, the intervening commands will
be executed m+ 1 times with tagged‘addressos properly modified.
b, is in cell 01776 and b, is in cell 01777. Both are fixed

point integers and are initially zero.
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FIXED POINT CONVERSION COMMANDS

COMMAND CODES
L2 N (x,y) > R
51R— N (y,x)"

In order to convert a number N from fixed point
to floating point, or vice versa, its scale factor 5 must
be spscified. The notation N (y,x) means that a fixed
point number is stored in the firat cell and the quantity

‘35«8 18 stored in the last eipght bitse of the second cell, »

Command 42 produces the Flip floating point form in R.
cpmnd(SI takes the Flip floating point form from R and
‘producoa the fixed point form in y. The quantity 35-s
must be given in both cases, :-
RESTRICTION |

The cell containing 35-s in the last eight bits may

not be zero even though 35-s may be zero.

*NOTE:s These commands use the quantity 35«8 because that is

more convenlent to compute if it is to be computed instead
of prestored. It can be seen that N (x,y) is similar to the
Flip floating point form except that the number is not

normalized and the exponent of 2 is storsd in a separats ocell,
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FLIP

Flexowriter Input Conversion Routine
Command Code: h}

" Number of Cellss 58

I Desoripgion

This command converts a two-word input representation of a number to the
normalized FLIP form and stores t he result in y, but not in R. The two
words are (x) end &£+ 1). When taken 6 bits st a time they are 12 flexowriter

character codes, If the number represented is: =
' p'
N=q'*°10° ;0. £ q'< 1
these flexowriter characters are; -

12 3 4L 567 89 1011 12
¥9 994994949 £ p p
The decimal point (not present) precedes character number 2, The sign poaitions
are conaidefod plus unlese oocuppied by e minus sign (octal 56). The twelfth
digit is immaterial and will usually be a carriage re/turn.

| If the number represented exceeds 2127 45 absolute magnitude, or if any

digit q or p is not a flexowriter numerical digit, an alarm halt will occur.

6-83

FORM 1812



Cv-11

ANALYSIS CONVAIR Pace Li6-1
PREPARED BY Parkor-Swift SAN DIEGO REPORT NO. Zlil.go
CHECKED BY MODEL

REVISED BY DATE §-29-55

INTEGRATION SUBROUTINE

Commend Codes L6

Drum Locations 71600 to 7172/

Number of Cells in BS: 31 (decimal)
Temporaries Used; 00002 to 00037

1. INTRODUCTION

. This oommand is a revision of Guip (Z2M491-CNOO3). It uses the
Gill-Runge~Kutte Method* to integrate a set of first order differential
equations:

/ y = » XS .
y‘ﬁﬂ%‘ t(,' (Yi » y’- vee y"’m) (1)
from
X t0o X4a Xo

)¢ BPECIFICATIONS:

A subroutine to compute thase functione must be supplied starting
in e oell specified by the address y. The number of oqmtiom ninus
one (n-1), the incrementAx, and the quantities y, «.. L
Q) «seq, are stored in conseoutive oells starting *-i’ch axo address x. °
All the.numbers sre in Flip form exaept n-1 which is in fixed form at 2 .
The q's are zero or infinitesmals except within the command. /

. /"’
I1X. RESTRICTIONS AND NOTES: : ’/

1. The Flip counters in 01776 and 01777 sre used but restored ror‘
the main routine. If used by the derivatives subroutine, they
must be restored before its exit.

2., The number of verisbles, n, must be at least two.

3. If the independent variable x docurs on the right side of
any of equations (1), it must be treated as a dependent
variable with a derivative of unity,.

LLs The subroutine to oompute the funotions must be entered

in its third cell and must exit by a jump from its seocnd
cell, ("Btandard Form")
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5« If any derivative is zero, most of the integration
oycle is skipped, hence dummy variables may economically.
be included for later use.

6. The quantities n-l and Ax may be varled at eny time.
However, the locations of the derivatives, q's, and the
derivative subroutine are determined by the values that
o the paremeters have the first time the subroutine is
used, Thoy remain fixed thereafter.

7« The (1l]l Mothod will only integrate smooth funotions. -
-If inequalities ceuse changee (breaks) in the funotions,
these must be taken care of betwsen integration cycles.
¥ew derivatives must be computed before the next inter=
gration command is given whenever the functions are so
altered.

8. The truncation error is proportional to the fifth power
ofax., A test integretion of the sine and cosine functione
using A x322%° caused a total error of approximately.l5%,
after sixty Integration oycles. Due to the use of an
unrounded floating point system, the double presision
effect of the Gill Method does not work here, sand round-
off error may build up.

*3111, 5,, Cambridge Philosophical Soclety Proceedinge L7, 96-108 (1950)
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Commend Codes

1 Descrivtion

II Flow Chart

Square Koot Subroutine

50

N'umbor‘ of C"elljas 17

This command computes the square root of (x) and stores it in y and R.

with full acouracy. An Alarm Halt ocecurs for negative arguments,

| ALARM EX[T

FORM 11t
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FLIP

Print end Punch Subroutine
Print Command Code: 52
Punch Command Codes 53

Number of Cellss 53

I Description

Fifteen digite are printed or punched ss follows:

£4q9 « 9 9 9 2 9 9qgsp ¥ p p sp
Where the number (in floating decimal form) is
n=4g ¢+ 10P

No carriage return 1s included.

subroutine is y, that of the punch subroutine must be y+ 2.

12 3 L4 56 789 10 11 12 13 1 15

These two commands oconvert (x) to a floatii\g decimal form end print it
on the flexowriter or punch a flexowriter tape. For these commands y is
immaterial, If the Print subroutine is used, the Punch subroutine must be

also specified to the loader. If the location of the first coll\)ofthe print
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FLIP

Logarithm Subroutine
Command Codey s

Number of Cells: 31

I Description

{1)
of 3 + 1075,

II Flow Chart

ED—yrr

D &) g2

N ' X‘-‘-‘%g'c

This command computes log, (x) and stores the result in y and R. A

polynomial approximation is used which gives a maximum error of the order

7«37»‘

NoRMALITF
Exir

Rand Corporation

g1 X Ln (w):ﬁa»t)/.nlfﬁ'-n\ (X+I)
9*’&
o-¥ 3 'lf' 11‘7
{ Lo (x¢i)= q % 1a,% 4...45)‘5 -
(eac)yxr L = . ==
e

(1) B8ee shest 56, Approximations in Numerioal Analvala, & publiocation of the
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FLI? CHARACLION OULLUT

Cooox2ACelat 55

Diva Locztlea s 72004 to TETTT

Toomorardes Uscd ¢ 00002 to OCOBT and TH100 to 75717

Do not spacify this to the lozder
I. GILIZRAL LIZCRIPTION ' . .
This eco2oid convorts a spzoified bloek of rnuclsye frca flip form to a floating

¢oetmal fora end prints thon on film with the chorsstron. Up to 992 muhers con ba
hordled with ons conand et spceds up to 66 muzbors per cecond., It is intonded to
covor both reguler output end codas checking ocutput roguirc:ints.

The gereral foriat of each page hes a hoading, & pase mubor at the bottom, and
positiors for 128 mmbors in four colurns, 32 in each column. The voy in vhich
these pogsitions are filled is Casoribed undsr the various options below,

II., CCZIAND FORM
155 JNN VWY

J specifies voricug options. Let the lest five bits of I form & muber
» B (0ém € 31) end let the firot bit of II! bs the muber f vhere f is zoro or ons.
Then ths mmber of vords converted end printed 1s

Nen(1+3f) .
III. BASIC OPTION (J = 0)

Ezch paze is titled Flip Output and pages are mmbered conseutively from
001 to 959. Conszoutive nmuzbers follow each other vertically down ths four columns,
Exch naw uce of the cutput ccrmornd couces a nsw colunn to stort, and lacves any ’
reanintsr of the provious eolunn blemk, If the bloak spoeified by any coomwand will
pot go onto the rcnaindsr of the curreat page, 8 now page i3 started.

Iv., J OPTIOIS

1, Jota. This cousas a new page to be sterted with this information.

2, J=Qor 3. This ccuzos the murbars to follow irmadiataly after the
preceding mrchors irstoad of starting e nsw column.

3. J=kors, This ccuces the muedors to follow each other in horirontal
rows acrosd the pogs. Eazh now ecoiord ecusos the
reciainder of the last liry end on2 blerk lirs to ba ekippzd.

k, JwborT. This i3 einilar to b or 3 excspt that no blauk lirns is left
before this information.

_8-89
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V. SPICIAL ROTZS

a. Horizontal end verticel format commands cennot be interspurced without
danger of printing on top of other infommation.

be The title consists of 48 charastron chirseters ccoupying conszcutive
X positions from left to right in cells T27h6 to T2755. Thecs maoy be
roplaced with enother t.it.la ir dezired., Uso octal TT for blaxk positions,
¢. The position on the M@ qr tho last mmber printed is dszcritced by a
puzber H stored in cell 7272 ecaled at 29, N sterts at 4 in the upper

left hand corper and goes to 128 in the lowsr right hand cormer. It
can be poniyulatsd to give special formots.

4. The pugs nusbor of the preceding page 13 a.lwa,ya stored in cell TETO3.
It is stored with a scale factor of 10~2.2%% gnd without a sign bit,
The constant 10-8.2°9 is stored in cell 72716,

e, In ordsr to print a mmber of words greater than 32 but mot & multiple
of 32, tw comrands must be used. The second one will have less than
Bamrdsmdmj = 2 or 6.

Vi. TIHIRG

If the charactron time delays do not hold up the 1103 (see below), the
total timo consuned by each Flip charactyon output command is

T =.31 sec. + B, .013 soc.

Where n 1s the mmber of output vords. There are two charsstron time delays
4, = .k sec. |
dz -2.6300.‘

that cmmbetorc resume pulses sre sent back from the chmcmm These
delays effect the output as fouowt

D Ifntlcmdt*dauwmuothwmuﬁonoacurrormmm

&“‘nﬁ%ﬁmmﬂmm’ upnmaumuehmma.m

2, It otlmt uoomh of other ccnpntationoecm fTor eugh page
C -fﬁ&mﬁm%twpagu (ﬂ%nmbm)mwluhﬁvithmhcmnnﬂ,
add 4; to the exscution tine for eech comuand,

5. For all othar cases, the effect of &, enters. The maximum continuous
- output rate is 4y + da ssconds per page, Fo

b, Por the non-developing csmera, dy 18 sero snd 4; may vary,.

NOTEs RESTRICTION: See page 56«2 for a restriotion on this camand.

8-90
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FLIP CARD ROUTINES
Punch Command Code: 56
Read Command Code: 57
Storage Locations 73000 to 73312 inc.
73L00 to 73657 1n§.
73771 to 73777 inc.

I. Dpscription:

_ These commands read or'punch cards which contain numbers in a floating
decimal point form. Conversions from or to the Flip floating point form are
performed during each card cycls, Either of fwo standsrd card forms can be
used as described under the options below. Thesa commands are one-adéress,
non-indexable commands of the forms

U CC J NN VVWWV
Where V is the first storage address (1), and N is the ootal number of cards,
N cen vary from 00 to 77 octal. A 12 punch in the first colum of any card
being read will override N and terminate reading with that card., Whether this
has occurred can be tested with the sign of (000QL). Thie will be minus 1
if the last card to be read had a 12 punch in columm 1l; otherwise it will be

zero. J controls the card form as indiocated below.

-(1). RESTRICTI'N: (Not applicable to the 1103A). Flip treats all commands
as two addrass comménds prior to inspecting the command code. If the index
counter modification which océurn here leads ;o an illegal address, a fault will
ensue.,

EXAMPLEs Tha command 1456 001 L7770 has a’"y addreas™ of 1770 with tars

for both index counters. If either counter is 10 (octal) or more,
H=-G0a

an address will occur which is illeral on the 1103.
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The numbers 3, Li, 5, 6, and 7 are reserved for future possible changes and
should not be used for J. After any read command,'a “ochack sum" of the input
is in Cell 00005, When quite a few cards are read, it is recommended tbat
this sum be printed out so that readin differences can be spotted between
repeated runs.

II. Six field card (See card ECLF 12C).

A, (For j=0,) the card number columms are 1égorod on reading. On punching,
consecutive numbers are punchsd here. The number for fhe last card punchsd 1§
kept in cell 7}25h; This number ié reset to zero (i.e. first card numbered
will be one) when Flip is roloaded from MT or PT. It can, of course, be set
at‘will by fhe ma1n progrgm,l¥81;hcqpsecutivo storage cells are used by each
card. |

Be. For j=1, the dérd.numger is read and punched. On the card a seven
digit deoimal integer followed by sign is used, In the memory & binary ;ntog&r
is stored. If the binary Intepger exceeds 9,999,999 when punching, 9,999,999 is
punchod.’ Sevan cona§cutiva storago cells are used by each card with the card
number in the first of the seven,

III, Eight field card. (For 3=2),

Thisrcard form has eight similar fielda.of 10 colums each. These
consist of (in consecutive order), \

T columns of decimal digits for the fhactionnl part of the representation.

1 colum for the sirn of this part. .

1 ¢olum for the dipits of the exponent (obaractersstic) of the
representation., Exponents greater than nine are indiocated by double or
triple punch?ng. For a punch in the 12 row aéd 10 and for a punch ih the
11 row add 20, The maximum decimal exponent possible is 37, Hipher
expon~nts will be read incorrectiy.

1 colum for the sipm of 4his pa?t.

&0
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IV. Use of the reproducer.

l. Prior to roaéing or punching -any cards, exscute the command
17 00000 73376, which ploks one card in sach channel. Do thie
only once,{sinca Flip read and punch commands pick the next card
each time. The extra station on the punch side is taken care of
by the flip punch command and causes one extra cycle of the
reproducer.

2. If improper functioning of the reprpducer occurs, restore the
reproducer wifh at least two cerds pioked, if punching, and the
first to be read picked, if reading. Then start at 73771. This
restores ES and stops. Press start to ropeaﬁ that Flip read or
punch command. .

3. The command 37 7337, 7337, will advance all cards processed into
the receiving hoppers without disturbing further Flip read or
pwnch commands. It takes an average of L} card cycles,

Le The command 17 00000 00077 will place a blank oard in the output.

This command consunes only a few micro seconds of tims,
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/
FLIP ’
Sine and Cosine Subroutino’:
Sine “ormand “ode 60 .
Cosine Command Codes 61

Number of Cellss 51

I Description

sine subroutine must be y + 2.

Rend Corporation

These two commands compute the sine or cosine of (x) and store it in
y and R, A polynomial approximation is usedu) which gives a maximum srror
of the order of =5 » 109, For arguments so large that the roundoff error
of the argument obscures the ‘ronult‘, an Aiurm halt ogours, If the cosine
subroutine 1s used, the sine aubroutina must alsobes specified tothe load;rg

~and if the location of the first cell of the cosine subroutine is ¥,that of the

(1) See sheet 1, "Approximations in Numerical Analysis™, a publication of the
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FLIP

Aro Teangent and Arc Cotangent Subroutine
Arc Tangent Command Codes 62
Aro Cotangoent Command Code: 63

Number of Cells: L7

I Desoription

These two commands compute tan"1X or oot~1X and sfore the result in y end
R, 4 polynomial approximation is,usod.(l) The error is of the order of
'1/2 * 10-7. If the arc cotangent subroutine is used, the arctangent subroutine
must also be specifisd to t he loader; and if the location of the first cell
of the arctangent subroutine is y, that of the arc cotangent subroutine must
be y~ 2,

All results lie between -7//11, and "‘BWL.

(1) See sheet 13, "Approximations in Numerical Analysis , 8 publication of the
Rand Corporation

8~95

FORM 1m1g




Cv-11

PrEPARED BY Charles Suife ' TN REFORT NO. Lo
CHUCKID LY MonIL
REVISED DY patE  11/23/55

FLIP BESSEL FUNCTIONS SUB ROUTIHE

COMMAUD CODES
& g, (x)> ¥y
65 J,(x)~»y 3 Y (x)-> 00037
66 J,(x)>y

613, (x) >y s Y,(x)>00037
IOCATIONs 72000 to T2hL3

TEMPCRARIES: 75110 to 75777
Do not specify to the Flip loader.
These functions are computed by numerical approximations (1)
and are believed correct to seven decimal digits. Commands

&) and 66 are much faster than 65 and 67.

(1) M T A ¢, Ootober 195, pp 2L0-241
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FLIP
Exponential Subroutine
Command Codes 70
Number of Cellss 27
I Doscription
This command computes the exponential of (x) and stores it in
y snd R, Full sccuracy ia obtnin&d by a power series. For values
of (x) > €&, an alarm halt occurs, o X is obtained by computing

e * and reciprocating.
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Comuand Codes
T2
73
i
15

Yumber of Cellss

FLIP COMPLEX ARITHMETIC SUBROUTINE

Y+X-78§
Y-X* 8
Y*X-* 8
Y:X-”8

2 (decimal)

Temporaries Useds 00002 to 00037

" Use command code T2 to spsoify this to the loader.

‘and of 8 are packed floating point numbers.

These commands treat (x)+1 (x+1) as X, (y)+1i (y+t ) a8 Y, and
(00036) + 4 (000%37) as 8, where L=4-1 . x or y or both can be 0036

and can be modified by counters b, and b, « Both components of X, of ¥,
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I

III

Trace Subroutine

Cormand Code:s 77

Number of Cellst 26

Description
The trace routine operates in two phases. Phase I operates concurrently
with the running of the routine being tested end s tores information on Magnetic

Tape 2 (NT2). Phase II operates separately from the routine being tested. It

reads the information which was stored by Phase I on MI2, processes it and

punchea a paper tape outpute The content of ES willbs automatloally restored
after this phase.

Phase I

The trace subroutine must be specified to the loader. Its "command code"
for this purpose is 77. It requires 26 cells. thh loaded, it will operats
whenever MJ1 is on. The MJ“instruction is in cell 01735. This aubr;utina'usas
cells 74000 to 7LOL1 as temporaries. | |
Fhase 2

This operation uses the ESand cell L0000 but will restore th when
completed, Its operaﬁing instructions ares =

1l Set PAK to 77600. Press Start. The 1103 prints out "Rewind
MT2" and halts.

2. After rewinding MT2, tarty (if PAK was disturbed, sst it to L000O).
:The routine will search the tape for the datd,t:hen\process it one
block at a time, The output is punched on paper taps, The end of
data will be apparent when the routine seﬁféhes MT2 without punch~
ing peper tape. Halt,

3+ To continue the problem, set PAK to L0000 and start. The 1103 will
restore ES and 4O 00 and halt witﬁ a 56 00000 L0000 command,

8-98
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1.

2.

3

L.

Se

FLIP Direct Charactron Trace

(71140 t» 71400 and 77570 to 77630)

Activating the traces

Start at 77600. Cells 00002 to 0001l and 7L3LO to 75777
will be disturbed by activating.

Tracings

Start ydur routine at any desired point. Tracing will be
printed on the Charactron.

Fault in eny Flip command:

‘Start at 01735. This insurea that this command- appeers on
the trace. .

Deactivatings

Start at 77600. This is necessafy to finish the trace.
The frames will be properly run out, but the film must be manually
indexed within a few minutes to prevent sticking, The same cells
are disturbed as in activating. ’

Continuing run:
Start at any desired point. Flip will run normally.

Tracing speedi= About 8 commands a second,

Restrictions« After tracing, Flip on MD must be restored before
i1t can be loaded into ES again. ‘

8--94
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Iv  Cutput

The trace routine output prints a 32 digit line f&r each FLIP iﬂstruction.
; If a jump occurs, either an erroneous line appears or no line at all. °oms
FLIP subroutine commands include FLIP besic commands. Theéo wiil appear as
oxtra lines before t he FLIP subroutine command line., The lines have the form:
ARAA OP xxxx yyyy  #+9.999999 % PP
where AAAA 15 the last four digits of the address of the instrqﬁtioﬁ.
OP is the command code. ' -
xxxx is the basic x address,
yyyy is the basic y address.
The result of the operation, in floating decimal form, is g * 10P where
1 € 9 ¢ 10 Some of the FLIP subroutine commands do not leave their result
in R, For these, the result, q * 10P will be erroneous,
In order to avoid confusion. when several problems-are traced using the~

same magnetic tape, Phase II overwrites the trace information as it is

processed.
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Jach subroutino to be assembled by tho assembly program must be coded

in rhsoluts form as if its initial instruction wers to be located st ad-
dress 01000, In actual fact, however, the subroutine is placed in electro- -

. statio otoroce at an almost arbitrary location selected by the coder. It is

the function of the 8ssombly routino to rodify all addresses in the sub-
routino conionds that are dependsnt on tha location of the initial command.
In order to psrform this functlon correctly, tho assenmbly routine must be in-
foraicd of tho actual electrostatic address s of the initlal command of each |

" subroutine and of ths number n of successive commands to be modified in each

coge. It will then scan (8 + J<1) J = 1,2,...n for each subroutine altering
the § and © addrcoses by adding s-01000 to them whenever necessary, A par-
ticular address will be modified if and only if the 10th bit from the right
in its 15 bit array is a ono i.e. 1f it 18 of the form xxx %xl XX KX X0t
For electrostatic addrosses this moons that all addresses of the form OLXYX
(X an arbitrary octal digit) and only such addresses will be modified, Hence ,
2]l electrostatic addresses which are to bo absolute i.e. indepehdent of the
location of the initlal instruction must hoeve the form OOXXX. The addresses
of the accurmlator end Q-register should be given as 20000 and 10000 re-

~ spootively in order to avoid assembly modification.  Since ths assembly routine

modifiecs n successive comumands of the subroutins starting from some 1n1t1a1
one, subroutine constants should commence in address 10000 + n.
‘The asscmbly subroutine is coded as i1f 1ts initial command were stored

at address 00100 and its final command at address 00121 and must be so
. located in elactrostatic memory to be properly used. It is pemansntly
stored at drum locations 77756-77777 (18).

Before entering the assembly subroutine the coder must set the exit

" address § (00101), This con ba done expeditiously by entering the subroutins

with tha instruction 37 00101 00100, This stores the return address into
# (00101) before entering, s that control will be retumed to the next ad-
dress following the return jump. _
The coder must provide the assemtl y routine with the various numbers -
8 & nwhich it medno If there ars k subroutines to be assemi ed, this ine
formmation must bo:' ~-lat addresses 00121 + 1, 1 = 1,2,...,k, where op
(00121 + 1) = 00, @ (00121 + 1) = n. # (0OL21 + 1) = 8. The (00121 + k + 1)
must, elways be set ldentically equal to zero. Thus for example, if k = 3.

(1,00 thraa aubroutinas are assembly modified) and ny = 13, m, = 5} ng =215 ‘
;v 8 w 0109 lty 80 =.0020 0y ~&nd-83.= 01700. (0.11 nu bpr;\buing et ) the ata for - ’
the asservbly:mv{,hamqqld be 2 followss: ‘ o o

o gqgm R B : Contents

o : U0L%z . 00 00013 0105k
SRR 00123 , 00 00005 00200
' : - po12l, - : 00 00021 01700
00125 00 00000 00000

The coder should bear in mind that the nssembly routine 1taelf uses as
temporary storage the locations 00005, 00006, and 00007,

Su A '
g%ly suitsoly codﬁd subroutines may be asscmbled. A subroutine is con-. -
siderad to be sultebly coded 1f it satisfies the followiry conditions, .

(1) it is written in aboolute form as if its fnitia) instruc” ~n
wore to be locatud at addecss 01000,

. vy
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(2) a11 addresses 1nd. pondant of the locn‘cion of tho initial ir .
st*ucuiua ara of the for*x boiodih sRVID % e diviele A v « JuN

(3) all addresscs to be modified are of the form xix xxl XXX XXX XXX,

(4) all subroutino corstants are located irmediatoly follouing ths

‘ laast subroutine instruction.

The codar must load 2ll subroutines to bs modified into the locntiona
in electrostatic storage which he has chosen,

Tha codsr must block transfer the asssmbly program from drum addresaea
71756=17777 to electrostatic eddresses 00100-00121.
: ‘The coder must load the nunbors n and 8 for each subroutine to be modified
into addresses 00121 » i, i = 1,2,.., k, where k is tho number of 3ubmutmo
to be modified,

The coder must load zero into the addmsa 00121 +k+ 1, ‘

The codor must set @ (00101) before entering the assembly program, and
must pmvida for entry to the el mbly progranm,

| Extract (00121 + 1)
(initially 1 = 1)

: y
: lia (oo121 + :1) l yg N exit

| all Sw's modified )
al .
e ] no
+
& store
e -
- ;f' et the address "s"|
— 1 to be Bi B
o store A = 8y '~ 1000 || - “r—) |extract (s}| '
- o hl /e{nj} — - form C. = byg -t 2]'5 + 1?9 :
$ : . ' (where b3 ¥ jth bit -
€| increase i by 1 | from th right of (8) | -

-add € » to (s).and
store back at &

1

- '1nor§§§q' s byl
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TARLE OF CONTRNTS

Subroutine SverificaliongEe-—eemscecemmm—————————— e Pare 1
Flow Chartfes——eeemmemme e e e e e e - bt L DL ~lare 7
COodiNngmmmramo e m e s m e - i e e e e e “—emmwewPooe 8
M. T. Routine for Convair Service Rontineg-w——-- ~=T70G00
¥. T. Routine qu FLIP—--~-—-—~~-~-----—-—---g--—-70100
Activqtor; ------- o e emee=T01LO
Compleax Arithmetioeem-cemecmme ~~----. ------- e = =TOE20
Inspect and ChAnrA-ceecmcevcnen e —————— ————;»-70700
Rioctal PapAr Tan@eme—weccccemeccmcc e e 71060
Charsctron Trace, Procesfer-—scececeees --------~--?1]h0
Marnetic Taps Storape——-s-cemcmcocmcmennenen m—eeee71500
Differential Equations-==e-emeeesoseocooomomamannn 71600
Card to Paper Tape—f----~~-----—-------:---------7172h
Besgel Functlonfeseeececmmccconean SR U SR —— /-1 010
Charactron Mutpnteeeececrmecrcecncccceenccne- ———— 7oLl
Card ﬂutnut—-----~--—----~--—--~--~—~;-~*é—-~—----7ZOOO

Card Inputemc-ceemeccec e e e e e e e e e =7 3L 00
Alarm Routinememcecemmcma e e e R et LR Y
Arc Tangant-cecmcmcmce o ee e e= 76300
Exponential-eememeco o e e -=7£300

hlpult Sum Chﬂck-“------"—“-‘\uu—--»———— . A o o - - 0..__-?&&1’!

Ilogari.thm-" - - - '-_-’_‘__-___-_--7(’1—1{2
Sq‘mr5 RDOt“'"‘""’""“-—‘--------—--_--..-.._-_.--_____""6553

Loader“"‘"'--—-‘--—--u--——......_..---_-_-__-_-__._‘____-7()575

Loader Parameters—--- - e E T
(Contt)
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CHECKED BY v MODEL
REVISED BY / DATE . 1-12~564
f
/
] /
TASLE OF CONTENTS (Con't)
Ragic FLIP==w=w==u ——————— ——————— m—————————nee 76756
Print and Punche-=e~eewe-x ittty 77262
Flexowriter Inputes=e-weceee--- —————————— me————— 77352
Sine Cosine=====- —————— e e . ————————— 77152
Charactron Trace, Activetor-=w-- v en e n e enaas7THT(
Charactron Trace, Concurrent - - ---=77610
Permanent Constantf=-=em-ee—ee—o- cmemmem e ————— -=77716
Assembly Routine--ce--- e m e .. ————— -=77756
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Ccv-11 .

SO LT VHILTLE ALGGAFT COREOIRATION [P 1 .O:f ‘100'
L CaH DIRGO BUITON ©REPORT MO L S0
mopct All

DATE 8/11/5&

FLIP (revised 12/9/5h)

Subreutino Speoifications

FLIP subroutines are coded to start in coll 01000 and are modified by tho
gasembly routine under control of the FLIP loader routine. Each subroutine ie
assigaed a command codo numbor.

I Conrond Code Porenmcior

S+ my

n

o
-

Ped
-~

If the subroutine is assipgned command nuwbor OP (ectal), a paramoter is

piaced in drum location 76555 =2 * OP. It has the forms=-

ml D.A. n

XX . XXTEX xx  Ox

where D,A. = Drun address of the subroutine

nuiber of oells occuppled

nunbor of cclls modificd

II Input Inforrition

i . . .
At the entry to the subroutine, the tomporarles comtain this informationy

Socoud Ootal Digit of Cowmand Code .,
0. 1 2 | 3 L 5. 6 | 7
00005 (x) (x) (x)] (=5) | ~(x) | =(x) | =(x) | -(x)
0006 | | W] W |®]|®] |
00007 0 0 0 { (R) 0 0 ]o (Rr)
| A (a7 v y | 2000020000 | ¢ vy | 20000 | 20000
OOQOh Comuzand oodo in 15% two octal digits.
00010 36 bit exteasioa of expouont froem (00005)
00011 ‘%6 bit extension of expenont from  (00006)
. 00013 Exscublon addrestoes.x and y in the u and v positions.
| R 36 bit extension of exponcnt from (00005)
10000 Coumand code in last two ootal digits,
Noteus

If any argucent was rero, it has been transformod to 000000000200

8-103_]
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PREPARED BY SAN DIEGO DIVISION REPORT NO Z21=/;00

CHECKED BY ' MoDEL All

REVISED BY pate 8/11/5]
FLIP {revised 12/9/5l)

111

g

i ;\
Bxit Information

be

Ce

nV

01735 L5 10000 [01736]  TRACE?

Subroutine exits are to 01507, 01721, 0173L, 01735 or 760L5.
Exit at 01¢07. Place zero in Aand ro to 0173L (sce below)
Exit at 01721. VNormalize, test; peck and store, In this case thovsubroutine
should lsave: |
q Gi) in CCOOS5
p () in 00010

Where the desired result is q 2P, q and p mav be any possible %0 bit

"

nunbers. The routine will norralize, test, pack int» R, and ro to 0173L,

Bxit at O173L, 01735 or O17%7

0173k 11 20000 [00000] ~ ST'RE RESILT (see table above)

(exits to trace if used)

01736  L15 00000 [booogﬂ Exit
01737 37 00000 T760L5 ALARM EXIT

Notes:

1. All references to exits above must be in wmodified orders.
2. Double duty subroutines (e.r. sine and cosine) are essigned two
command codes and treated as two overlapping subroutines.

*Ovn Code™ Subroutines

Frequently occurring sgubroutines ean be coded as FLIP subroutines, Béforg
uging other FLIP commands in such subroutines, it is nébessary to transfer
ﬂ! (1736) and such other information &s mus: be saved to néw.locationso
FLIP basic ~rders do not use cells G0015 to 00037 or cell 00002. If the
subroutine needs no rodification or change of location, uss 00 0GCO1 00000

for its command code parameter,
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d
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S
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./

/

/

2
3
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Set ovder;
N ade.

Ths pat , spevates
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11 Flow Chart

P':‘ﬂf Ordev
"’Pnf'ol‘s’pc P
.’ .
Panch Ovdew
> Pohotype

SToRE X ¥ ¥
o7 decimal exponent (d.e)

Transterv ovdevs To
Ttmpov-ry locationg

Print and Punch Subroutine

P‘ arve ftmpuvmr’ cells ygee| 1o stoye A‘nqr}s

fiesT as ﬂumbcrs; then ag a\'dev"

T P"’r '#(?Qfes l‘;': qfﬂ‘alscyqu Lecatiom and

[ s es basic Fuip ordeys 1

l
|

pal “slbc“a" +o all P
fOP Cz= L0 16

N O < “minas” ¥ Py
) —
put “dgits” of INL
P3 to pio :
Py p
“ecimal pth to Ps

A

» /]
hmus™-» P

PR
. Puf\‘dl’ﬁs" of d.e.

In P‘J ﬂld "H‘-
Exit ovder = P17
Convert pitepic to
rtm’l’ o punch ovd€¥VS
With protety te P

—

STORE FLIP
Exit9t,,

i
l

N

de . +i9de
M >N

de¢)de

loNaN

P S
L I

Convevlt ¥ to fiyed

Restove FLI» Ex T
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MODEL All
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‘Sine and Cosine Subroutine

11 Flow Chart

QO >

®
@—fri==

/.,,..'..—!
{7 ALARM

o =X

b4
G-

£

¥

x2"% A (32)

Sex )
>
Sex
<
s‘xm——a Cleav L

R
v \( 4
4 n

Y- >y
.Swﬂ’ch 6

Y ,
—
% X
x*
o —» P
4 —?ta“}
q

Y
Exir to |
”-RHAL‘Tﬂ

=

Argument = x*;.‘“'
Y*positive remamder
on ol.,,l:.““ } ‘by. 21
(5: altey ha“l;"' A f;,;f'
P= partiaf pelemomial

L= Subs:ri‘:t‘ on
coefficients

8-108

FORM 112




PX 71900-8-11

ANALYSIS

PREPARED BY C. J. Swift
S, L. Pollack

CHECKED BY

REVISED BY

Cv-11

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

PAGE 7 of 100
REPORT NO ZM=/190
MODEL All '

pATE 11/15/5!

79

IT Flow Chart

Arc Tangent and Arc Cotangent Subroutine

“SeX = Sex

%X
change 5‘&""_

v

SeX r2T¥ScX

SeXio

\Q]

X lg‘"’h-v X' @

o—P
15 -

f

P+ Co =P
Pex'™—p
C-1 -3¢

he

d‘h'.? “yfl o

rr

—

i
i

x-P—yx@

N
| B4

Y- xak

37

12 SeXx

set stove mﬂ
'
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FLiIP CARD Rout)NEs ‘]
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FPLIP CARD RouTiNgsS f

F‘LOAT/NG- DEC/MAL +0 FLOATING BINARY c.mrss‘
(Approx 0 ms an 1103) A ’.

rmhqll] ‘
h = /V-:o‘f‘ l*,-*.ll\f,'l'»‘/‘,o I+l < 3q

define R = ld‘/;“‘ !

|
Sf‘epl ii,
Convert to ‘s oy {‘ | \
A PEp+39 \ o< p < 7¥
Decima | /V A (R -, 1
'Fxpo\\t‘;“f ; ( 2 /lo(” (é-
S AEPLi TS \ o
, {
Step 2 ‘ ! \
Ci 7"’—379”4-'(7 \o<-t<3 o§1»"<’2.(-
ange Fﬂlu 1s dane Ay dividikhg 7’ by 3]
Base to

/o Ne=n' g, @‘)—
| \

. Y
g"‘(’t’ 2 /°"~r.( v . 1\ ) e
Chauit . = oy 2 tdyed +4 2 ~tf.ot‘~1. te, 2
Base to @‘i 1S 28vo i‘\\- c'uc)
200

TN 'n' (R)** Af‘}:g)*" Y >N "{)gﬁ

¢=o

Q'L:: ﬂ" 18 N

Step# =
Change to A = 18”",,0 ¢ .1.'“4 ”"’("27:(65;‘-;;
Base 2 w10 pi-iye o

N = A, 9 r .

Normalize A% Fo 9‘7'.
/Vl“l = W ““ 2-“

9L= LI 1:010“—-:3&1- (
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.
SAN DIEGO. CALIFORNIA PAGE 8 of 100

cv-11 o ‘ REPORT ZM;90
: MODEL A1l

DATE 11256

IMNO E.T -t P r

MAGNETIC TAPE ROUTINE FOR SERVICE ROUTINES - '

70000 70000 11 Q0000 74000
70001 70001 11 70043 00000
70002 70002 75 30037 70004
70003 70003 11 00001 74001
T0004 70004 16 70045 T6000
70005 70005 15 70045 76005
70006 70006 16 70045 76030
70007 70007 11 70044 76037
70010 76010 16 70045 76041
70011 70011 15 70045 77027
70012 70012 16 70045 77030
70013 70013 11 77037 77031
- 70014 70014 16 70045 77234
70015 70015 11 70044 77241
70016 70016 11 70044 77242
70017 . 70017 16 70045 77255
70020 70020 11 70044 77275
70021 70021 11 70044 77300
70022 70022 23 10000 10000
70023 70023 75 24000 70025
70024 70024 32 70000 00000
70025 70025 75 22000 70027
70026 70026 32 76000 00000
70027 70027 11 20000 20000
70020 70030 47 70037 70031
70031 70031 75 10007 70031
70032 70032 61 00000 70047
70033 70033 75 30037 70035
70034 70034 11 74001 00001
70035 70035 11 74000 00000
70036 70036 57 00000 00000
) 70037 70037 61 00000 70047

PX 71900-8-11

8—1%0



TORMNO. E. 7.+ B r

PX 71900-8-11

MAGNETIC TAPE

70040
70041
70042
70043
70044
70045
70046
70047
70050
70051
70052
70053
70054
70055
70056

70040
70041

70042

70043
70044
70045
70046
T0047
70050

- 70051

70052
70053
70054
70055
70056

61
56
64

45
00

00
00
00
00
00
00
00
00
00
11

CONVAIR — DIVISION OF GENERAL DYNA'MICS CORP.

SAN DIEGO. CALIFORNIA

cv-11

ROUTINE FOR SERV

00000
10000
30001
00000
00000
30000
00000
00000
00000

00000

00000
00000
00000
00000
06724

70046
70042
00000
00001
00 %

130000

00026

00045
00 24
00004
00012
00004
00003
00036

56451

PAGE
REPORT

¢MODEL

DATE

9 of 100
Z¥ Lo

All

1-12-56

g Y1
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

Cv-11

MAGNETIC TAPE ROUTINE FOR FLIP

70100
70101
70102

70103

70104
70105
70106
70107
70110
70111
70112
70113

70100
70101

70102

70103
70104
70105
70106
70107
70110
70111
70112
70113

11
75
11
64
11
43

. 35

22
66
64
45
45

70112
30036
00002
00001
00000
70113
70107
00001
00000
00001
00000
07717

00000

70103

71742
00000
20000
70110
70107

00000

00000
00000
00002
00002

SET F1

SAVE ES

WORKING SPACE

READ ONE BLOCK OF MT
LOCATER

BLOCK ¢

BACK UP MT

TO CORRECT PLACE
ADVANCE TO FLIP 111
READ IN FIRST BLOCK MY
JUMP ’

PAGE
REPORT
MODEL
DATE

10 of 100
ZM L4190
All
1-12-56
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PX 71900-8-11

70140
70141
70162

70143

70144

70145

70146

70147
70150
70151
70152

170153

70154

- 70155

70156
70157
70160
70161
70162

70163
- 70164

70165

ACTIVATOR

Q0074

00075

00076
00077
00100
00101

00102 -

00103
- 00104

00105 °

00106
00107
00110
00111
00112
00113
00114
00115
00116
00117
00120
o0lz21

75
11
31
15
15
11
75
1
21

11

47
31
23

35

16
45
75

11

00
00
75
11

30070
00100
70160

20000

30040

30000

30016
70150
00105

00121

00104

00105

20000
00114
00111
00000
30070
76100
00001

00011

30040
74200

. CONVAIﬁ — DIVISION :O_F GENERAL DYMAMICS CORP,

O T T I T T e

SAN DIEGO. CALIFORNIA : PAGE 11 of 100

70142
74100
00017
70145

70146

74200
00120

00104

00116
20000
00107
00071
00117
70160

76645
76575 -

30000

00100

00000

00121
00104

00122

i

Cv-11 REPORT M [;90
: ) MODEL  All

DATE 1-12-56

SAVE CELLS
TO BE USED
 SET COMMAND TO
 PICKUP PARAMETERS
PICKUP
PARAMETERS
LOAD ROUTINE
10 ES
LOCATE
ZERQ
FLAG
SET
EXIT
COMMAND
ENTER OLD | ,
LOADER ROUTINE. ' | |
RESTORE ES T
AND EXIT = A
CONSTANTS o .

-

LOAD PARAMETERS
10 ES

8-113



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA . ) PAGE 12

REPORT ZM L90
MOoDEL  All -

IRM NO.E.T.-1 (3. r

cv-11 oare - 3e16e56
COMPLEX ARITH FLIP
70620 01000 15 00013 01006 SET X PICKUP
70621 01001 31 00013 00017 SET Y
70622 01002 15 20000 01024 PICKUP
70623 01003 75 30020 00032 LOAD ROUTINE
70624 01004 11 01005 00015 TO TEMPORARIES
70625 00015 75 30002 00017 PICKUP
70626 00016 11 30000 00032 X
70627 00017 55 00004 10004 TEST
70630 00020 44 00021 00023 COMMAND CODE
70631 . 00021 75 30007 00021 LOAD ADD
70632 00022 11 01025 00021 AND SUBTRACT
70633 00023 75 30011 00025 LOAD COMMON PART
70634 00024 11 01034 00013 MULTIPLY AND DIVIDE
70635 00025 44 00028 00015 TEST COMMAND CODE
70636 00026 75 30005 00013 LOAD
70637 00027 11 01045 00023 DIVIDE
70640 00030 16 00002 01736 RESTORE FLIP EXIT
70641 00031 45 06003 01735 EXIT
70642 00032 16 01736 00002 SAVE FLIP EXIT
70643 00033 75 30002 00015 PICKUP
70644 00034 11 30000 00034 Y .
70645 00021 44 00022 00024 ADD OR SUBTRACT
70646 00022 15 00031 00024 CHANGE COMMANDS TO
70647 00023 15 00031 00026 SUBTRACT X
70650 00024 1402 0032 0034 ADD
1 70651 00025 11 20000 00036 REAL PARTS
70652 00026 1402 0033 0035 ADD IMAGINARY
2 70653 00027 11 20000 00037 PARTS
4 70654 00013 15 00016 00021 CHANGE COMMANDS T0
4 70658 00014 15 00024 00016 REVERSE SIGN OF IMAG X
70656 00015 1422 0032 0034 REAL
70657 00016 1427 0033 0035 PART OF

8-11,,
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F

70660
70661
70662
70663
70664
706645
70666
70667
70670

70671 -

CONVAIR — DIVISION OF GENERAL DYNAMICS. CORP.

SAN DIEGO. CALIF DRNIA ’ PAGE

COMPLEX ARITH FLIP

00017
00020
00021
00022
00023
00023
00024
00025
00026
00027

11 20000 00036
1422 0032 0035
1423 0033 0034
11 20000 00037
45 00000 00030
1422 0032 0032
1423 0033 0033
11 20000 00032
1430 0032 0036
1430 0032 0037

CV-11

REPORT
MODEL.
DATE

PRODUCT
IMAGINARY
PART OF
PRODUCT
JUMP TO EXIT
COMPUTE
DENOMINATOR
FOR QUOTIENT
FINISH
DIVISION

A -

14

Z¥ LQo
All
3=15-56



CONVAIR — DIVISION OF GEMERAL DYNAMICS CORP.

REURTTANE S LI

SAN DILSO CALIEORNIA _ PAGE 1 oaf 106
Cv-11 REPORT 20 L20
MODEL A1
DATE 1-17=55
INSPECT AND CHANGE
70700 70700 11 70727 00000 SET FI
70701 70701 23 10000 10000 CLEAR A AND Q
70702 70702 56 00000 70703 HALT
70703 70703 11 40000 70744 SAVE 40000
70704 70704 11 20000 70745 STORE NEW
70705 70705 16 10000 70726 SET
70706 70706 55 10000 00017 VARIABLE
70707 70707 15 10000 70716 COMMANDS
70710 70710 61 00000 70773 PRINT
70711 70711 75 .10007 70713 ouT
70712 70712 61 00000 70752 CHANGE
70713 70713 55 10000 00006 PRINT
70714 70714 11 70747 70746 ouT
70715 70715 37 70743 70735 ADDRESS
70716 70716 11 30000 10000 PRINT OUT
70717 70717 37 70743 70734 oLd
70720 70720 11 70745 20000 REPLACE NEW
70721 70721 11 70730 40000 SET 40000
70722 70722 56 00000 70723 HALT
70723 70723 11 20000 10000 PRINT
Y0724 70724 37 70743 70734 NEW
70725 70725 11 70744 40000 RESTORE 40000
70726 70726 11 10000 30000 STORE NEW
70727 70727 45 00000 70701 JUMP
70730 . 70730 45 00000 70731 JUMP
. 70731 70731 11 70744 40000 RESTORE 40000
g 70732 70732 75 10012 70700 PRINT
d 70733 70733 61 00000 70747 NO CHANGE
g 70734 70734 11 70757 70746 OCTAL
> 70735 70735 61 00000 70747 WORD
70736 70736 55 10000 00003 PRINT
70737 70737 51 70761 20000 suB

A

8-116



ORMNQ E T -1 Por

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

INSPECT AND CHANGE

70740
70741
70742
70743
70744
70745

10746

70747
70750
70751
70752
70753
T0754
70755
70756

70757
70760

70761
70762
70763
70764
70765
70766
70767

70770

70771
70772
70773

70740
70741
70742
70743
10744

70745

70746
70747
70750
70751

70752

v

70753
70754

70755

70756
70757
70760
70761
70762
70763
70764
70765
70766

70T6T¥*00#00000 -

70170
70771
70772
70773

35
00
41

45

00
00

00

00

Q0

00
00
00
00
00
00
00
00
00
61
00
00

-00

00

00
00
6o
00

70762
00000
70746
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
60000

00000
00000
00000
00000

70741
00 #

70736
30000
00 0

00 0

00%0

00004
00 *6
00003
00004
00016
00005
00030
00006
00013
00 20
00007
70763
00037
00052
00074

00070 -
00064-

00 62
00066
00072
00045

Cv-11

]

ROUT INE

e e e W

PAGE 15 of 100

REPORT 7} ugo
MODEL 511

DATE  1-12-56

- 8-117



PX 71900-8-11

NOLETY P or

CONVAIR — DIVISIOM OF GENERAL DYNAMICS CORP.

SAN DILGO, CALIFURNIA

BIOCTAL TAPE DuMpP

71000
71001
71002
71003
71004
71005
71006
71007
71010
71011
71012
71013
71014
*71015
71016
71017
71020
71021
71022
71023
71024
71C25
71026
71027
71030
71031
71032
71033
71034
71035
71036
71037

71000
71001
71002
71003
71004
71005
71006
71007
71010
71011
71012
71013
71014
71015
71016
71017
71020
71021
71022
71023
71024
71025
71026
71027
71030
71031
71032
71033
71034
71035
71036
71037

37
23

56.

31
15
31
43
45
55
21
37
45
75
11
31
15
15
31
46
54
37

15

63
31
35

1

53
15
55
15
15
37

71052
10000
00000
71007
20000

01004

20000
00000
20000
71007
71052
00000
30030
71053
10000
20000
10000
10000
71023
00036
71046
00260
00000
00073
00010
00036
00034
00010
01775
00023
00022
00024

71014
10000
71000
00017
71005
00005
71010
01005
00037

00074

71014
71003
71016
00010
00017
00034

00010

00071
71024
00004

71025
71103

00040
00010
00035
10000

00035

01775
10025
00020
00021
00011

Cv-11

MANUAL PRESET
CLEAR A AND Q
HALT
PICKUP
NEXT
PARAMETER
DONE
EXIT
PARAMETER IN A AND Q
STEP EXIT
AUTOMATIC PRESET
RETURN
LOAD ROUTINE
IN TEMPORARIES
SET FINAL
ADDRESS
SET PICKUP oy
TEST STORAGE
CLASS
SET EXTRACTOR FOR MD
SET SWITCH |
PUNCH
LEADER
'SET WP
INTERIM
CHECK
ADDRESS
INSERT ADDRESS
10 Q
SET TO PUNCH
INSERT ADDRESS
PUNCH INSERT ADDRESS

pace 14 of 100
REPORT ZH 1,90
MODEL 211

DATE

1-12-56

8-118



ANO E T -1 g F

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DHEGQ, CALIFORNIA

cv-11

BIOCTAL TAPE DUMP

710490
71041
71042
71043

71044

71045
71046
71047

71050

71051

71052

71053
71054
71055
71056
71057
71060
71061

71062

71063
71064
71065
71066
71067
71070
71071
71072
71073
71074
71075
71076
71077

71040
71041
71042
71043
71044

771045

71046
71047
71050
71051
71052
00010
00011
00012
00013
00014
00015
00016
00017
00020

. 00021

00022
00023
00024
00025
00026
00027
00030
00031
00032
00033
00034

15
45
15
55
15
37
75
63
37
37
45
11
16

55

11
21
42
63
63
632
63

.63
63

37
21
11
53
37
43
43
45
11

SET TO PUNCH
00000 00010 DATA WORDS
00010 01775 CHECK ADDRESS
0,775 10025 . T0Q

00023 00021 PUNCH CHECK

00022 00020

00024 00011 ADDRESS
00100 71025 PUNCH

00000 00040 TRAILER

00030 00010 PUNCH LAST FRAME

71046 71042

00000 71001 RETURN
34000 10000 PICKUP
00016 00013 PRESET
10000 00006 ASSEMBLE
10000 34000 o
00013 00074 BIOCTAL
00037 00012 DIGITS
00000 00002 PUNCH
00000 00003

00000 00004

10000 00005

00000 00006

10000 00007 DIGITS
00024 34000 SWITCH
00010 00073 STEP

00036 10000 PICKUP
00034 00010 COMMAND.
00030 00031 SWITCH
00034 71050 FINAL END

00035 710423
00000 00010
34000 10000

INTERIM END

FINAL ADDRESS

-

PUNCH CHECK ADDRESS

PAGE 17 £ 100

REPORT ZK L4G0
MODEL All .

DATE 1-15-56
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GRMNO E T -V 07 F

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA , PAGE

BIOCTAL TAPE DUMP

71100
71101
71102
71103

00035
00036
00037
71103

71104 71104

71105

71105

11 34000 10000
00 36000 00000
11 10000 00010
63 10000 00040
23 01775 01775
45 00000 71027

REPORT
MODEL
DATE

Cv-11

INTERIM CHECK ADDRESS
XTRACTOR TO PREVENT CARRY
COMPARATOR

PUNCH INITIAL FRAME

CLEAR TEMPORARY

RETURN

18

21 1490
All
1-15-56

8-120



FOSMNO ET -1

PX 71900-8-11

Eys

c. JO Sulf{;

.......

SAN OIEGO CALIFORNIA

Cv-11.

FLIP CHARACTRON TRACE

71140
71141

71142
71143

_T1144

71145

71146
T1147
7;150
71151
71152
71153
71154
71155
T1156
71157
T1160
71161

71162
71163
71164

71165
71166
71167

71170

71171

434
438

436

437
A40

A8

542
443

44

445
446

ShT

450
451
452
453

454

455
456
457
460
461
462
463
464
468

PROCESSING SUBROUTINE

7% 31340 71142 .  SAVE
11 00440 74440 ES IN MD
73 30240 00675 ‘LOAD INTO

11 71144 00440 ' ES

B TSI

REPORT 71t iGO . « .
MODEL 71} -

DATE pugust 9, 1955

16 01600 75506  RESTORE TALLY- COMMAND

75 30140 00443  LOAD TRACE
11 71637 01330

16 00473 01735 ~  REMOVE TRACE JUMP

75 10011 00450  PRINT
77 10000 00637 HEADING
00 00600 0000

[75 30003 00452  PICKUP
11[01330] 00640
54 00641 20052  TEST
11 20000 20000  FOR

43 00613 00474 14 COMMAND

21 00451 00616  STEP COMMAND
42 00473 00581  DONE BIN 2
‘21 71176 00814  sTEP PAGE NO
11 20000 10000  PLACE IN Q
11 00615 00627  SET POSITION

37 00604 00572  PRINT DECIMAL DIGIT
37 00604 00572 PRINT DECIMAL DIGIT
17 00000 00611 STOP‘CHARACTRON

17 00000 00612  TURN PAGE

17 00000 00610  START CHARACTRON

INFORMATION |

INFORMATION 1O ES

o

8-121 .
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MNO. ET V4" F

EA 147w Q0=11

Byt Ce Jo Swift

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFOANIA

FLIP CHARACTRON TRACE

71172
71173
71174
71178
71176
71177
71200
71201
71202
71203
71204
71205
71206
71207
71210
71211
71212
71213
71214

71215
71216
71217
71220
71221
71222

71223

71224
71225

466
467
470
471
472
473
474
475
476
477

‘ 500

501
502
503
504
505
506
507
510
511
512
513
514
518
516
517
520
521

23’

47
75
11
76
11
21
15
55
11
37
1
21
11
11
37
41
21
11
a7
41
21
11
37
41
21
45
75

A

Cv-11

00523 00470

00470 00521
31340 [01564]

74440
56043

01461
00451

00632

00640
00617
00604
00644
00627
00044
00641
00604
00644
00627
00044
00604
00644
00627
00044
00604
00644
00627
00000
10140

00440
71717
017236
00616
00627
10006
00644
00501
00570
00620
00644
10000
00506
00570
00607
00644
00812

00870

00607
00844
00516
00370
00621
00524
00470

TEST WHETHER
ACTIVATING
RESTORE
ES | -
PAGE NUMBER

STEP COMMAND

PaGE 20 of 100
rREPORT ZM LTG0
mopeL A1l

DATE

August 9, 1955

PRESET VERTICAL POSITION

PICKUP ADDRESS TO Q LEFT

5 TO TALLY

PRINT FIVE

OCTAL DIGITS
STEP HMORIZONTALLY
4 TO TALLY
COMMAND TO Q
PRINT FOUR

OCTAL DIGITS

§TEP HORIZONTALLY

4 TO TALLY
PRINT FOUR

OCTAL DIGITS
STEP HORIZONTALLY
4 TO TALLY
PRINT FOUR

OCTAL DIGITS
STEP HORIZONTALLY
JuMp
CLEAR TRACE

8-122



PX 71900-8-11

[ A B A

s Co Jo L0AS0

FLIP CHARACTRON TRACE

71226
11227
?1230
79231
g1232
71233
71234
71235
1236
71237
71240
71241

71242
71243
71244
;!{_‘;712#5
1171246
71247

. 11250

, 71251
71252

11253

71254
71255
71256
71257
71260
71261

Caid

552 .
853

554
558

11‘00040
75 31340
11 oggao
[21 0064s
14 30062
14 45062

a4 45062

23 00645
14 20062

VAN — DIV

LAN LE L)

CALEOFIMA

cV-11

77637
01566
00645
00074
40642‘

20525 |

LT

00074
40642

47 00530] 00540

13 Jﬁm}?

75 10176
12 10000

21 10000
14 51062
54 00642
46 00543
77 10000
33 20000
35 63é31
71“ioooo
"11 00067

37 00604

4% 00644
7100645
46 00854

‘77 10000
12 20000

10000
00243
01601
01776
20642
20001
00545
00626
00000
10000
00625
00644
00551
00572
00614
00555
00630

10000

-COMPA%F

OF CLMERAL DYIia2ACS COuP.

race” 2io0f 100
rREPORT %1 G0
mooer 4311

DATE August 9, 1955

BIN

COHPARATOR

"ZERO TO DECIMAL EXPONENT

STEP. DECIMAL Expoﬁznr
DIVIDE X. BY;:10
‘ w§§y |
caMPARE WITH ONE TENTH
STEP DECIMAL EXPONENT

ONE -

_ MULTIPLY X BY TEN

CONVERT
TO FIXED

SIGN |
TEST

“AND PRINT

ROUND

'PRINT DECIMAL POINT
SEVEN TO TALLY
| PRINT SEVEN

DECIMAL DXGITS

~SHIFT EXPONENT

SIGN
TESY

AND PRINT 8-123



M N E T LI LS

PX 71900-8-11

Bys Ce Jo Swift

FLIP CHARACTRON TRACE

71262
71263
71264
71265
71266
71267
71270
71271
71272
71273
71274
71275
71276
71277
71300
71301
71302
‘ 71303
71304
71305
71306
71307
71310
71311
71312
71313
71314
71315

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIFGO CALIFORNIA

556
557
560
561
562

563

564

565
566
567
570

571

572
573
574
575
576
5717
600
601
602
603
604
605
606
607
610
€11

21
37
37
75
21
00
00
00
00
00

31

45
31
32
11
34

35

00627
00604
00604
20004
00625
00000
00000
060000
00000
00000
10000
00000
10000
10000
20000
20000
00605

Cv-11

00620

00572
00572

00450/

00606
0000
0000
0000
0000
0000

00003 .

00574
00002
00001
10000
00063
00577

11{00650] 00037

15
16

17

21
45
11
00
00
00

00’

00627
00627
10000
00627

00000 [3000g]

00650
00000
00024
00000
00000

00447
00447
00447
00607

00447
00036
00000
05000
04400

PAGE 22 of 100
REPORT 7Y [;90

MODEL A1l -
paTeAuguet 9, 1955

STEP HORIZONTALLY

PRINT TWO

DECIMAL DIGITS
STEP
VERTICALLY

OCTAL DIGIT ENTRANCE
DECIMAL DIGIT ENTRANCE

REMAINDER TO Q
CLEAR ACC AND SHIFT DIGIT
SET COMMAND
PLACE DIGIT
SET

POSITION
PRINT DIGIT
STEP HORIZONTALLY
EXIT
PROTOTYPE
VERTICAL STEP
HORIZONTAL STEP
CHARACTRON

OPERATING
8-124



CONVAIF — DIVISION OF GENERAL DYNAMICS CORP.

FOURMND E T -1 4" ¢ : ) SAN DIEGO CALIFORNIA PAGE ',')'.'.23 zf 100
- REPORT, ZM 490 |
By: C. J. Swift Cv-11 mober  All

’ DATEAu ust R
© FLIP.CHARACTRON TRACE g 9, 1955

71316 612 00 00000 06000 CODES
71317 613 00 00000 00014 12 -
71320 614 00 50756 00000 16> TIMES 2°°

71321 615 00 00753 01777  POSITION FOR PAGE NUMBER |
71322 616 00 00003 00000  INCREMENT

71323 617 00 00000 00005 5

71324 620 00 00050 00000  INCREMENTS

71325 621 00 00074 00000

71326 622 37 77777 30000  ONE ROUNDED DOWN

71327 623 31 46314 13374  ONE TENTH ROUNDED DOWN
71330 624 24 00000 00004 10

71331 625 30 01130 00106  DEC PT

71332 626 40 01120 00074  MINUS

71333 627 00 00230 00074  LOCATION

71334 630 40 01424 00074  MINUS

71335 431 00 00000 12000  ROUND |

71336 632 00 00230 00000  HORIZONTAL PRESET

71337 633 00 00000 00000
71340 634 00 00000 00000
71341 635 00 00000 00000
71342 636 00 00000 00000
71343 637 23 00620 000600
71344 640 33 00644 00000

PX 71900-8-11

71345 641 01 00666 00000
71346 642 41 00712 00000
71347 643 48 00762 00000

I » 2B O OV T m —

71350 644 43 01006 00000
71351 645 14 01032 00000

-y

8-125



DY WO

rX (1900-8-11"

ET -t F

Lyt Ce J» Owifle

FLIP CHARACTRON TRACE

71352
71353
71354
71355
71356
71357
71360
71361
71362
71363

71364

71368

71366

71367

71370

71371
71372

71373
11374

71378

71376 ¢

71377
71400
71401
| 71402

| CONVAIR — DIVISICN OF GENEI

EA 0 GO, CALLE Y

Cv-11

646
647
650

651

652
653

656
858

656
657
660

- 661
662

663

664
- 665
666
667

670
671
672
673
674
675
676

20

22
00
01
02
03
04

05

10
11
12
13

00.

11
26
17
23
47
11
43
a7
00
75
75
11

01056
01102
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
01701
20000
00000
00674
00440

72612

00673
00665
00000
30274
30021
77027

00000
00000
00 0

00000
00000

00000
00000

00000
00000
06000
00000

00000

00000
20000
72612
71316
12500
00670

20000

00664
00A40
00200
01100
00666
01551

. CORP.

CLEAR PAGE NUMBER
'MOVE'A PAGE

TEST FOR OUTPUT

SUBROUTINE
TEST FOR R

NEW
PAGE

CONSTANT

TEST COMMAND
RESTORE
FLI™ IN ES

PAGE  ~- ol of 100

REEQRT» o )-LC';G o
MODEL 411

DATEAugust 9' 1955

8-126



FOMMNO.E. T -1 1% v

PX 71900-8-11

MAGNETIC TAPE

71500
71501
71502
71503

11504

71505
71506
71507
71510
71511
71512
71513
71514
71515
71516
71517
¥1520
71521
71522
71523
71524
71525
71526
71527
71530
71531
71532
71533

71534 -

71535

71536
71537

71500
71501
71502
71503
71504
71505
00001
00002
00003
00004
00005
00006

00007

00010
00011
00012
00013
00014
00015
00016

00017 -

00020
00021
00022
00023
00024
00025
00026
00027
00030
00031
00032

16
11
75
11
75
11
64
75
11
11
21
00
11
53
53

53

15
54
54
16
31
11
23
36
73
34
13
21
31
35
45
00

SAN DIEGO. CALIFORNIA

STORAGE

71543
71560
30036
71506
30030

71541

00001
30034
00004
20000
00006
00001
01571
00006
20000
20000
00037
00037

09037

2666@{
10000

20009
00004
00037
01575
01575
20000
10000
20000
00006
00000
00000

71562
00000
71504
00001
00004
01551
00000
00001
30000
00037
10000
00000
10000
00001

01555

01565
01553
10025
00071
00003
00063
00004

00032

00004
01577
00017
01576
00033
00017

01571 -
01552

000323

PAGE  250f 100

Cv-11 ‘ ‘ REPORT gy hgo

MODEL All
DATE | 1-15-56

SET MANUAL EXIT

©SET F1

LOAD

- ES PART 1

LOAD
ES PART I1
ROUT INE

FOR
RELOADING

SAVE F AND L

ADVANCE -

TAPE
EXTRACTOR TO Q
SET o

TAPE

COMMANDS -
SET

COMMANDS

FOR PICKUPS
AND STORE
COMPUTE
TALLY
FOR
TAPE
BLOCKS

- COMPUTE REMAINDER

STORED FROM LAST BLOCK
SET o '
BACKUP
COMMAND
JUMP

27

 8-127
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LA

PX 71900-8-11

MAGNETIC TAPE

71540
71541
T1542
71543
71544
71545
71546
71547
71550
71551
71552
71553
71554
71555
71556
71557
71560

71561

71562
71563

71564 .

71565
71566
71567

00033
01551
01552
01553
01554
01555
01556
01557
01560
01561
01562
01563
01564
01565
Q1566
01567
01574
01571
01572
01573
a1574
01575
01576
01577

00
23

75

11
16
65
21
21
41
a1
75
11
16
65
75
il
45

00

27
57
00
00
00
00

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO, CALIFORNIA

STORAGE

00001
00002
30034
30000
01573
00001
01553
00003
01577
01561
30004
01570
01573
00001
30030
77027
00000
30000
71562
77777
00034
06000
00000
00000

00003
01576
01554
00004
00000
00000
01574
01575
01552
01551
01564
00001
00000
00000
00002
01551
01624
00000
00004

00002

00000
00034
00%0
0000

PAGE 25 of 100

cv-~11 REPORT ZW 1,90

»

CHANGE LAST BLOCK STORAGE
LOAD BLOCK OF '
INFORMATION
SET F1
DUMP MT
STEP
COMMANDS
INDEX TALLY
SWITCH
SET AND
DUMP ,
TRAILER
~ BLOCK
RESTORE
CFLIP _
F2 FOR TRAILER BLOCK
BACKUP COMMAND
EXIT ,
MANUAL ENTRANCE 'STOP
CONSTANTS R

TEMPORARIES

MODEL All
DATE 1-15-56

8-128



CHMOND €T 1 F

’X 71900-8-11

COTNVALRL — GIVISION GF CLNIWAL TGS Qoip.

AR I GO

CALIFOHRMIA

Cy-11

INTEGRATE DIFFURENTIAL EQUATIONS

71600

71601

71602
71603
71604
71605
711606

» 71607

71610
71611
71612
71613
71614
71615
71616

71617

71620
71621
71622
71623

71624

71625
71626
71627
71630
71631
71632
71633
71634
71635
71636

"71637

. 01000

71601

71602 -

71603
71604
71605
71606
71607
71610

71611

71612
71613
71614
71615
71616
71617
71620
71621

71622

71623
71624
71625
71626
71627
71630
71631
71632
71633
71634

71635

71636
71637

37

11
16
11
75
11
75
21
21
2l
21
21
21
21
31
35
16
71
35
54
21
2l
21
54
21
21
21
31
15
31
35
35

00000
00040
00000
00013
30025
71646
20004
00014
00024
00026
00027
00032
00035
00037
00002
00024
00003
00075
00036
00003
00023
00033
00034
00003
00023
00027
00035
00003
20000
00000
00074
00023

71601
00002
00002
00003
71606
00013
71610
00002
00002
00002
00002
00002
00002
00002
00017
00024
00002
00002
00036
00071
00003
00003
00003,
00014
00003
00003
00003
00003
71635
00000
00002
00023 -

" BASIC SUBROUTINE

SAVE
LOCATION
SAVE X AND Y ADDRESSES
LOAD SUBROUTINE
. INTO TEMPORARIES
MODIFY V
ADDRESSES
WITH LOCATION
MODIFY
Sl
'ADDRESSES
WITH
LOCAT1ON
MODIFY U
ADDRESS WITH LOCATION
MODIFY SUBROUTINE
REFERENCES WITH
Y ADDRESS

~ MODIFY SUBROUTINE

ADDRESSES
WITH
X ADDRESS
MODIFY SUBROUTINE .
ADDRESSES
WITH
X ADDRESS
PICK
uP
N=-1
N

MODIFY

PAGIZ
REPORT
MODEL.
DATE

&7 of 1060
211 Lgo
All -
1-15-56

8-129



PX 71900-8-11

INTE

71640
71641
71642
71643
T1644
71645
71646
11647
71650
71651
71652
71653
71654
71655
71656
71657
71660
71661
71662
71663
71664
71665
71666
71667
71670
71671
71672
71673
71674
71675
71676
71677

GRATE DIFF
71640 31
71641 35
71642 31
71643 35
71644 75
71645 11
71646 75
71647 11
71650 75
71651 -11
71652 75
00000 11
00001 11
00002 11
00003 14
00004 47
00005 11
00006 14
00007 14
00010 11
00011 14
00012 14
00013 14
00014 14
00015 14
00016 37
00017 14
00020 75
00021 11
00022 20
00023 22
00024 33

COULUERAL DVRIALACS QUL
P SLIRORNIA VA :ij aof 109

gy-1l reeorr gl
MODEL AT
OATE ) P oI

-

ERONTIAL EQUATIO

00002
00033
00002
00027
30002
00015
30021
00016
30016
71673
30042
01736
00040
00040
22000
00005
20000
22003
23400
20000
03003
23003
00177
00003
40000
00001
44004
30042
71716
00000
57541
24047

00001
00033
00015
00027
00013
71714
71711
71777
00001
00020
00001

71716

01776
01777
14002
00015
00036
62022
22026

00037.

70037
62032
44002
74002
00003
00002

30003

01735
01736
06000
4637¢
46001

COMMANDS
WITH
QUANTITY
N
SHIFT
COMMANDS
LOAD PART OF f
SUBROUTINE INTO PLACE
LOAD REMAINDER OF
SUBROUTINE INTO PLACE
SAVE EXIT
AND COUNTERS
CLEAR
COUNTERS
DELTA X TIMES YI EQUALS K
ZEROT
STORE K
K TIMES BJ
PLUS Q2 TIMES CJ
STORE INCREMENT -
THREE TIMES INCREMENT
PLUS K TIMES AJ
ADDED TO QI
ADD INCREMENT TO YI
INDEX N~1
EXECUTE SUBROUTINE
INDEX 3
RESTORE AND
EXIT
C
0
N

8-130



FUliMnNg €T -1 1% rF

PX 71900-8~11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

- -

SAN DIEGO CALIFORNIA

Cv-11

INTEGRATE DIFFERENTIAL EQUATIO

71700

71701

71702

71703

71704
71705

71706
. 71707
71710

71711
71712
71713
71714
71715

00025
00028
00027
00030
00031
00032
00033
00034
00035
71711

71712

71713
71714
71715

25
40
55
44
52
60
55
44
60

11
37

00
00
00

25252
00000
20236
53730
52525
00000
20236
53730
00000
00036
00017
00000
00000

00000

52775
00000
31376
32001
25376
00000

31376

32001
00000
71713
00017
00%*0
00*0

0000

SHIFT COMMAND
EXECUTE SUBROUTINE
TEMPORARIES

FOR =~

- COMMANDS

I e e e s TR S

PAGE

B )

29 of 100

REPORT ZN 1190
MODEL A}l

DATE

1-15-56

8-131



IMNO €. T LT I

PX 71900-8-11

CARD TO PAPER

71724
71725
71726
71727
71730
71731
71732

71733

71734
71735
71736
1737
71740

71741°
71782

71743

71744 .

71745
71746
71747
71750
71751
71752
71753
71754
71758
71756
71757
71760
71761
71762
71763

71724

71725

71726

71727

71730
71731
Tl732
71733
T1734
71735
717136
71737
71740
tir41
Ti742

Tit44

71745
71746
71747

71750

71751
71752
71733
71754
71755
71756
71757
71760
71761
71762
71763

17
23
37
14
23
46
31
57
75
73
75
32
35
16
31
15
21
54
35
11
73
47
31
35
14
78
11
37
00
45
14
75

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP,

SAN DIEGO. CALIFORNIA

TAPE

00000
08122
76645
57101
70530
71732
73374

00000

30006

71765

20004
00002
00006
20000
20000
20000
71760
00007
71763
00007
71765
71752
00010
71762
57000
30001
70531
71007

30000

00000
57000
30001

73376
ool
76578
70530
00074

71734

73374

00000

71136
00002
71740
00003

71760

71756
00017
71760
00007
10017
71758

20000.

00010
71773
00017
11754
70537
71757
30000
71003
30000
71727
70537
71757

cv-11"

PICK FIRST {CARD
LOAD .

CUFLIP

READ FIRSTICARD
Nel

pone 2”

FINISH S
oFF
SEPARATE ADDRESS
DIGITS AND Nei

ASSEMBLE
ADDRESS
IN CELL
SET STORE
COMPUTE
LAST
ADDRESS
SET BLOCK
" TRANSFER FOR STORE
COMPUTE NWMBER
OF REMAINING CARDS
NONE 2
READ
REMAINING
CARDS
STORE
RESULTS
PUNCH OUT
TAPE
RETURN
PROTOTYPE
COMMANDS

PAGE %0 of 100
REPORT ZM 490
MODEL  All

DATE

1-15-56

8-132 -



FORMNO E T.-1 M. F

PX 71900-8-11 -

CARD TO PAPER

71764
71765
71766
71767

“71770

71771

71772

71764
71765
71766
71767
71770
71771
71772

o]}
00
00
00

00
0o

00

CONVAIR -~ DIVISION OF GENERAL DYNAMIUY COKP. -
i SAN DIEGQ. CALIFORNIA

i

TAPE

0Qoo0

00036

00003
00000
00000
00000
00000

00*06 -

41100
03240
23420
01750
00144
00001

- cv-11

10
10
10
10
10
10

T0
T0
10
10
T0
T0

PAGE 31 of 100
REPORT ZM 1j90 .
; . MODEL All .
/ : '~ DATE = 1=15-56

THE sixTH
THE FIFTH
THE FOURTH
THE THIRD
THE SECCOND
THE ZERO

8-133



FORMNO. E T.-1 P.r

PX 71900-8-11

'BESSEL FUNCTIONS

72000
72001
72002
72003
72004
72005
72006

‘72007

72010

72011

72012
72013
72014
72015
72016
72017
72020
72021

72022

72023
72024
72025
72026
72027
72030
72031
72032
72033
72034
72035
72036
72037

01110
01111

01112

01113
01114
01115

01116 .

01117
01120

01121
01122

01123

01124
01125
p1126

01127
101130

01131
01132
01133
01134
01135
01136
01137
01140
01141
01142

01143

01144
01145
01146
01147

16
11
55
45
75
11
75

11

55
44
00
45
16
27
11

11

14
11
11

14

14
11
14
14
11
55
44
14
14
14
14
11

CONVAIR — DIVISION OF GENERAL DYNAMICS COR:.

BAN DIEGO. CALIFORNIA

Ccv-11
01122 01735 STOP TRACE
00004 00037  SHIFT -
00037 00006  COMMAND CODE
00000 01120 JUMP o
30670 72006

SAVE
01110 75110 ES
30441 01110 LOAD
72000 01110 THIS

00037 10042  TEST

01210 01123 ORDER
00000 01736 , |

00000 01124

00013 75734 SET STORE
00005 01772 RESTORE SIGN -
00005 01117 oF X

00005 20000 TEST

45123 01157 RANGE

01776 01110 SAVE AND CLEAR
00040 01776 INDEX COUNTER

21177 41116 COMPUTE

30123 21116 POLYNOMIAL
00040 20000 FOR o
12111 65240 FUNCTION OF
40123 11136 FIRST

20000 01115 KIND (@) -
00037 10043 TEST FOR

01143 01204 OTHER FUNCTION
22111 71233 COMPUTE

54177 41774 Lo6 172 4 (x)
21111 51114 OVER

30123 41114 1/2 Pl
00040 20000

COMPUTE

PAGE 32 of 100
REPORT ZY 1,90

MODEL A1l

. DATE 1-15-56

8-134



FORM NO. E.T.-t " ¥

" PX 71900-8-11

BESSEL FUNCTIONS

72040
72041
72042
72043
72044
72045
72046
72047

72050
- 72051

72052
72053
72054
72055
72056

72057.

72060
72061
72062
72063
72064
72065

- 12066

72067
72070

72071

72072
72073
72074
72075
72076
72077

01150
01151
01152
01153
01154
01155
01158
01157
01160
01161
01162
01163
01164
01165
01166
01167
01170
01171

01172

01173
01174
01175
01176
01177

01200

01201
01202
01203
01204
01205
01206
01207

14
14
11
14
45
Q0

00

11
14
11
11
14
14
11
11
14
14

11

14
14
14
14
14
55
44
14
14
45
11
11
75

RY)

12111
40123
20000
00111
00000
00000
00000
00037
32111
20000
00040
12111
40123
20000

‘00040

12131
40123
20000
50111
30111
04111
61111
20111
01111
01201
60111
20111
00000
01115
01110
30670
75110

" CONVAIR — DIVISION OF GENERAL DYNAMICS. CORP.

SAN DIEGO. CALIFORNIA : PAGE of 100

65247
11150
00037
40037
01204
00 O

00 0

01111
71230
01116

20000

65256
11163
01112
20000
65265
11167
01114
71113

31112,

41117
71115

21115
10043

01204

70037

20037

01204
20000
01776
01734
01110

‘ CV"ll ’ REPQRT 2K hgo

MODEL 411
DATE 1_15_56

POLYNOMIAL

STORE Y
FUNCTION

SET INDICATOR
3 DIVIDED
BY X
COMPUTE FIRST
POLYNOMIAL
IN
X/3
COMPUTE SECOND
POLYNOMIAL
IN
x/3
SQUARE ROOT OF X
COMPUTE
FUNCTION
OF FIRST
KIND  J
TEST FOR
OTHER FUNCTION
sin  (cos)

TIMES POLYNOMIAL
(REVERSE SIGN)
STORE J
RESTORE INDEX COUNTER
RESTORE ES

AND EXIT

8-135



‘ &()‘NVAIH-; DlVISiON OF GENESAL DYNAMICS CORP. » .
N SAN DIEGO. CALIFCRNIA . RPAGE 5}4 of 100
Cv-11 REPORT ZM L490
MODEL  All

 DATE 1-15-56

AMNO E.T.-V P r

BESSEL FUNCTIONS

72100 01210 11 01217 01140 CHANGES
72101 01211 11 01220 01152 FCR
72102 01212 11 01221 01175 SECOND
72103 01213 11 01222 01201 ORDER

72104 01214 11 01223 01203
72108 01215 75 30036 01123
72106 01216 11 01276 01240
72107 01217 14 21111 T111% PROTOTYPE
72110 01220 14 31111 70037 COMMANDS
72111 01221 14 60111 71113
72112 01222 14 61111 70037
72113 01223 27 00037 01772
72114 01224 00 00000 00%0
72115 01225 00 00000 00%0
72116 01226 00 00000 00®0
72117 01227 00 00000 00#0
72120 01230 30 00000 00002
72121 01231 00 00000 00006
72122 01232 22 00000 00004
72123 01233 20 00000 00000
72124 01234 31 10375 52401
72125 01235 00 00000 0000
72126 01236 00 00000 00003
72127 01237 00 00000 0000
72130 01240 33 41467 10363 p
72131 01241 57 65777 45770 O
72132 01242 " 26 60360 01373 N
72133 01243 53 60051 15376 Y
72134 01244 24 17775 63001 N
72135. 01245 56 00000 50002 0
72136 01246 37 77777 11177 M
‘ 72137 01247 57 55704 15364 I

rx (19uU-g-11

8-136



FORMNO. €. T, -1 (% r

PX 71900-8~11

By C. Jo Swift

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP; ‘

SAN DIEGO, CALIFORNIA

BESSEL FUNCTIONS

72140
72141
72142
72143
72144
72145
72146
72147
72150

72151

72152
72153
72154

- 72155

72156
72157
72160
72161
72162
32163
72164

72165

72166
72167
72170
72171
72172
72173
72174
72175
72176
72177

01250

01251
01252

101253

01254
01255

01256

01257
01260
01261
01262
01263
01264
01265
01266
01267
01270
01271
01272

01273

01274
01278
01276
01277
01300
01301
01302
01303
01304
01305
01306
01307

21
52

41603
13536

20 14225

20
23

27

22
50
26

47

51
46
31
56
23
21
52
24

.25

31

co

00
27
53
22
53
32
56
37
26
53

23

15233
30202
431111
76253
11126
37021
04115
27014
12340
42042
16530
16241
57052
37270
56574
25175
10378
00000
00000
20362
13661
12104
60204
77770
00000
77777
65262
36051

17444

10370

72773
71776
55777
76400
75776
35763
20765
41766
32762

73370

02753
46400
25363
27764
60765
15767
01761
32772

52400.

00 0
00=0
17757
55764
537170
30773
447178
12000
77776
11367
71773
00376

Ccv-11

PAGE

35 Qfldo

REPORT ZM 1,90
MODEL AYl 7

DATE

1-18-56

8-137



CONVAIR — DIVISION 6F GENERAL DYNAMICS CORP.

RMNO E. T -1 F.r .
SAN DIEGO. CALIFORNIA

Bys C. J. Bwift pace 26 of 100

CVv-11 REPORT ZM bgo
. MODEL 211

OATE  1-18-56

BESSEL FUNCTIONS - |

72200 01310 52 73727 73001
72201 01311 21 26117 15402

72202 01312 34 26112 15375 ,
72203 01313 53 50147 60400

72204 01314 45 57405 13763

72205 01315 22 47571 71366

72206 01316 53 43660 00367

72207 01317 26 32676 11763

72210 01320 20 77533 65372

72211 01321 32 13023 04354

72212 01322 31 42042 46400

72213 01323 23 Q7237 04764

72214 01324 45 65760 24765

72215 01325 47 50636 33365

72216 01326 32 10122 54770

72217. 01327 42 30131 30761

72220 01330 40 00040 42774

72221 01331 31 10375 52400

72222 01332 00 00000 00%0

72223 013332 00 00000 0000

72224 01334 -11 00005 20000 F _
72225 01335 46 76045 01336 L )
72226 01336 42 00073 01354 1
72227 01337 54 00010 00107 P e
72230 01340 43 20000 01344 5 -
72231 01341 46 01342 01343 u

72232 01342 35 00074 00010 B

72233 01343 54 00005 00107 R

72234 01344 11 00005 00006 o}

72235 01345 11 00070 00005 - u

72236 (01346 31 00006 00042 T

72237 01347 732 00005 00004 1

FA VWU L L

-5

8-138



FORMNO. E.Y.-V . r

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

BESSEL FUNCTIONS

72240
72241
72242
72243
72244
72245
72246
12247
72250

72251

72252
72253
72254
72255
12256
“2257
72260
72261
72262
72263
72264
72265
72266
72267
72270
72271
72272
72273

12274

72275
72278
72277

01350
01351
01352
01353
01354
01355
01356
01357
01360
01361
01362
01363
01364
01365
01366
01367
01370
01371
01372
01373
01374
01375
01376
01377
01400
01401
01402
01403
01404
01405
01406
01407

54
23
21
44

45
36

13
42
36
54
11
11
21
71
54
11
21
42
54
71
35

11

45
21
21
45
45
00

77

01
T4
05

00005
10000
00005
01346
00000
00074
00005
00066
00066

00006

01377
00040
00005
20000
20000
20000
01364
01400
00005
00010
00005
00067
00000
00005
00005
00000
00000
13056
62620
11721
74607
27266

00107
00005
00004
01354
01721
00010
20000
01402
00006

00001

01364
00005
30000
00006
00045

00005

00074
01364
00101

01403.

00005
00010
01401
01404
0l4lh
01721
01737
20577

75765

41642
70746
02203

Cv-11

PAGE
REPORT
MODEL
DATE

370f 100
Zy 4,90
All
1-18-56

8-139



IRM NG E.T.-Y 1. r

PX 71900-8-11

BESSEL FUNCTIONS

72300
72301
72302
72303
72304

- 72305

72306
72307
72310
72311
72312
72313
72314
72315
72316
72317
72320
12321
72322
72323
72324

723257

72326
72327
72330
72331
72332
72333
72334
72335
72336
72337

0l4lo0

01411

01412
01413
01414
01415
01416
01417
01420
01421
01422
01423
01424
01425
01426
01427
01430
01431
01432
01433
01434
D1435
01436
01437
01440
01441
01442

01443

01444
01445
01446
01447

70
12
60
37

11

45
11
23
46
35
46
00
11
36
35
11
44
11
73
35
11
42
55
36
45
54
73
71
54
11
11
15

22764
47414
00203
11774
01470
00000
00040
00010
01421
000532
01424
00000
00040
01423
01466
00010
01431

20000

01476
00004
00066
01470
00004
01467
01475
20000
01470
00005

20000

20000
00040
01440

23456
37545
77320
20006
00004
01417

00004

00056
76045
20000
01429
00036
00005
10000
01427
10000
01432
20000
10000

20000

00004
01441
00001
20000
01435
00043
00005
10000
00045
00006
00007
01453

lCONVAlR - DIV.ISiON. OF GENERAL DYNAMICS CORP,

SAN DIEGO. CALIFORNIA

Cv-11

PAGE |

B REE o LT

%8 of 100

REPORT 7y hgo

MODEL
DATE

All
1-18-56

8-140



FORMNO &. 7 LI L ]

PX 71900-8-11

CONVAIR — DIVISIOM OF GENERAL DYNAMICS CORP.

SAN HEGO, CALIFONNIA

BESSEL FUNCTIONS

72340
72341
72342
72343
72344

<72345

72346
72347
72350
72351
72352
72353
72354
72355
72356

72357
72360
72361
72362
72363
72364
72365
72366
72367
72370
72371

72372

72373
12374

72375

72376
72377

01450
01451
01452
01453
01454
01455
01456
01457
01460
01461

‘01462

01463
01464

01465

01466
01467
01470
01471
01472
01473
01474
01475
01476
01477
01500
01501
01502
01503
01504
01505
01506
01507

11
71
54
35
23
41
71
54
11
11
44
13
11
45
54
14
06

31

65
01
77
00
31
44
27
44
16
44
11
45
33
35

00044
00007
20000
01476

01453

00010
00007
20000
20000
00004
01463
00005
00074
00000
00005
44176
22077
10375
52420
21664
73155
00117
10375
01605
00005
01502
01712
01504

01774

00000
00051
00012

00010
00006
00045
00007
00073
01451
00005
00045
00005
10000
01464
00005
00010
01721
24110
65200

32504

52202
76452

25731,

46346
32757
52421
01334
01772

01675

01734
01657

00007

01657
00107
00012

Cv-11 .

PAGE

39 of 100

rRePORT 24 1190

MODEL
DATE

All
1-18-56

8-141



CHEHMKNO E T -8t F

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO, CALIFORNIA

BESSEL FUNCTIONS

72400
72401

72402
72403
72404
72405
72406
72407
72410
12411

72412

72413
72414
72415
12416

72417

72420
72421

72422 -

72423
72424
T2425
72426
724217
72430

72431

72432
72433
72434
72438
72436
72437

01510
01511
01512
01513
01514
01515
01516
01517
01520
01521
01522
01523
01524
01525
01526
01527
01530
01531
01532
01533
01534
01535
01536
01537
01540
01541
01542

. Q1543

01544
01545
01546
01547

42 .
45
44
44
44
44
44
44
44
44
44
44
44
44
44

44

44
44
44
44
A
44
44
44
44
44
44
L
4y
44
44
44

00057
00000
01514
01516
01520
01522
01524
01526
01530
01414
01737
01737
01737
01737

01737

01737
01737
01737
01535
00700
01737
73400
01812
01546
01542
01545
01531
01571
01574
01737
01532
01533

01726
01607
01513
01515
01517
01521
01523
01525
01527
01416
01737
01737
01737
01737

01737

01737
01737
01737
01534
01737
Q1385
73000
01537
01540
01541
01543
01544
01556
01563
01552
01547

01477

Ccv-11

PAGE
REPORT
MODEL
DATE

l,nof 100

v Lo
Al 1"L .’
1-18-56

8-142



FORM NO E T. 1 04 ¢

PX 71900-8-11

CONVAIR — DIVISION OF (ASENERAI." DYNAMICS CORP.

BESSEL FUNCTIONS

72440
72441
72442
T2443

01550
01551
01552
Q1553

54 00005 00013
23 00011 00057
54 00005 20013
43 20002 01550

SAN DIEGO. CALIFORNIA

Cv-11

PAGE
REPORT
MODEL
DATE

L1 of 100
7yv Lon
Al
1-18-564

a-143



ORM NO. E.T .1 P.r

PX 71900-8-11

CHARACTRON

12444
12445
72446
72447
72450
72451
72452
72453
72454
72455
72456

12457

72460
72461
72462
72463
72464
72465

72466

72467
72470

- 72471

72472
72473
12474
72475
72476
72477
72500
72501
72502
72503

00774

00775
00776
00777
01000
01001

01002

01003

01004 -

01005
01006
01007
01010
01011
01012
01013
01014
01015
01016
01017
01020
01021
01022
01023
01024
01025
01026
01027
01030
01031
01032
01033

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP,

oUTPUT

75

11
75

At

31
15
21

42

238
15
1

31

15
21
42
23
15
55
51
55
44
54
11
47
00
44
32
31
45
32
31
44

31700
00100
30330
72450
01736
20000
01306
01230
01306
20000
30000
00002
20000
012306
01230
01306
20000
00002
00045
10000
01021
00003
01232
01310
00000
01030
01238
20000
00000
00043
20000
01035

..............

| SAN DIEGO. CALIFORNIA PAGE sz of 100

T2446
T4100
01000
01000

00017

01306
01227
01005
01231
01006
00002
00037
01306
01231
01014
01231
01125
10028
00003
00036
01022
00005
20000
01042
00#0

01026
00103
00005
01035
00106
00002
01034

Cy-11 REPORT 7y 1190
MODEL 11 -

.  DATE  1.18-56 .

SAVE
ES
LOAD
THIS
PICK
up
COMMAND
FROM
PROPER
PLACE
ON MD
SET DATA
PICKUP
COMMAND
FROM
PROPER PLACE
ON MD
EXTRACT
M
TEST
L
32 TIMES M TO N
TEST |
L

TEST TO SKIP COLUMN REMAINDER

MOVE TO - ‘
NEXT COLUMN

JUMP

MOVE TO

NEXT ROW

TEST TO SKIP ROW

8-144



FORMNO.E T -1 0% r

PX 71900-8-11

CHARACTRON

72504
72505
72506
72507
72510
72511
72512
72513
12514
72515
72516
72517
72520
72521
72522
72523
72524
72525
72526
72527
72530
72531
72532
72533
72534
72538
72536
72537
72540
72541
72542
72543

01034
01033
01036
01037
01040

01041.

01042
01043
01044
01045
01046
01047
01050
01051
01052
01053
01054
01055
01056
01057
01060

0lo061l

01062
01063
01064
01065
01066
01067
01070
01071
01072
01073

 CONVAIR — DIVISION OF GENEIAL DYNAMICS CORP.

SAN DIEGO CALIFOANIA ' PAGE
Cv-11 REPORT
. MODEL
DATE
OUTPUT
32 00044 00000 SKIP ROW
11 20000 01232 STORE L
44 01041 01037 TEST FOR NEW PAGE
35 00003 20000 TEST WHETHER DATA
42 01245 01042  WILL FIT PAGE
37 01075 01052 TURN PAGE
11 01232 20000 DONE
42 01234 01045 PAGE?
37 01075 01052 TURN PAGE
41 00003 01077 DONE DATA T
45 00000 01312 JuMP
00 00000 00140 CONSTANT
75 31700 01735 RESTORE ES
11 74100 00100 AND EXIT
17 00000 01236 START CHARACTRON 'PAGE
15 01226 01055 PRESET PICKUP
11 00040 00017 SET POSITION
11 30000 10000 PICKUP TITLE CHARACTERS
11 01242 00004 SET TALLY
51 01243 20000 XTRACT CHARACTER
55 10000 00006 SHIFT CHARACTERS
35 00017 20000 ADD POSITION
77 10000 20000 PRINT
21 00017 01244 STEP POSITION
41 00004 01057 INDEX TALLY
21 01055 00073 STEP PICKUP
42 01241 01055 DONE
21 01233 01246 STEP PAGE NO.
35 01247 10000 - ROUND PAGE NOs
11 01250 00005 LOCATE PAGE NOa.
11 00041 00004 PRINT THREE

37 01226 01214 CHARACTERS

L7of 100
£ 1190

Al
1-18-56

A wal



JRM NO.E.T..V B.r

PX 71900-8-11

CHARACTRON

72544
72545
72546
72547

© 72550

725561
72552
72553

72554

12555
72556
72557
72560
72561
72562
72563
12564
72565
72566
72567
72570
72571
72572

72573

12574
72575
12576
72577
72600
72601
72602
72603

01074

01075

01076
01077
01100
01101
01102
01103
01104
01105
01106
01107
01110
01111
01112

01113

01114
01115
01116
01117
01120

‘p1121
01122

01123
0llz24
01125
01126
01127
01130
01131
01132
01133

' CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

_ SAN DIEGO. CALIFORNIA

QUTPUTY

11
75

17

17
55
44
54
71
35

31

A
35
45
54
31
35
55
31
34

35

15
35
2)
42
75
il
15
21
11
54
54
23

00040
10002
00000
00000
00002
01102
01232
20000
01251
01232
20000
00005
00020
01232
20000
01251
01232
10000
10000
00005
30003
01252
01130
01255
30020
30000
03110
03125
30000
00011
10000
20000

01232
30000
01237
01236
10014
01111
20106
01235
00005
00042
00075
00005
01120
20103
00027
00008
10037
00005
00051
00005
01122
00006

00073

01127
01126
00020
01130
00073
00011
10034
00054
01256

pace  Lhof 100

cv-11 REPORT ZY [;90

MODEL All
DATE 1-15=55

CLEAR L
STOP AND
MOVE FILM
START CHARACTRON |woro
TEST
FORMAT
COMPUTE
HORTZONTAL
FORMAT
WORD
POSITION

JUMP
COMPUTE
VERT1CLE
FORMAT
WORD
POSITION

POSITION SIGNS
AND DECIMAL PTe
STEP PICKUP FROM BIN
DONE BIN
PICKUP DATA
'INTO BIN
RESET PICKUP FROM BIN
STEP PICKUP °
PICKUP FROM BIN
SEPARATE
EXPONENT
S=120 T0 S1

8-146



FORMNO.E T -t i" ¥

PX 71900-8-11

CHARACTRON

72604
72605
72606
72607
72610
72611
72612
72613
72614
72615
72616
72617
72620
72621
72622
72623

72624 .

72625
72626
72627
72630
72631
72632
72633
72634
72635
72636
72637
72640
72641
72642
72643

01134
01135
01136
01137
01140
01141
01142
01143
01144
01145
01146
01147
01150

01151

01152
01153
01154
01155
01156
01157
01160
01161
01162
01163
01164
01165
01166
01167
01170
01171
01172
01173

OUTPUT

73
35
71
35
15
58
71
54

11

55
44

71

54
11
21
42
54
47
43
21
54
73

23

42
45
35
00
21
46
13
77
35

01257,

01260
00043
01261
01164

00012

00011
20000
20000
00012
01152
30000
20000
20000
01147
01263
00011
01156
20000

00013

00011
01257

01154

01307
01264
00077
00000
20000
01171
20000
10000
01247

' CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA : PAGE ’45 of 100 .

00012
01154
00012
00013
01147
00036
01262
00045
00011
00001
01147
00011
00045

00011

00073
01145
20003
01176

01167
00074.

20003

00011 -

00043
01165
01154
01166
00%0

20000
01173
20000
00006
10000

cv-11 REPORT ZH'h9O
~MODEL All X

DATE, ‘1_18,56

DIVIDED BY 10 TO S2
SET SHIFT OF T PLUS 3
3xS2 PLUS
36 TO P
PRESET MULTIPLY
SET S2 TO TEST DIGITS
N TIMES
R'“)\ 2"3
- TO N1
MULTIPLY
N1 '
BY R TO
THE MINUS S2
AND
STORE
AS N2
2% xn2 TO N2
zero ¥
. QVERFLOw ?
STEP P
DIVIDE N2
BY 10
COMPENSATE SHIFT
RIGHT SHIFT
JUMP
MAKE PROPER
RIGHT SHIFT
SHIFT LEFT AND REMOVE SIGN
TEST SIGN ’
COMPLEMENT N2
PRINT MINUS
ROUND

A_147



FORMNO. E T -1t B r

PX 71900-8-11

<

CHARACTRON .

T2644

72645
12646

72647
72650
72651
72652
72653
72654
72655
72656
72657
72660
12661
72662
72663
72664

72665
72666

72667
72670
72671
72672
72673
72674
12675
72676

72677

72700
72701
72702
72703

01174
01175
01176
01177
01200
01201
01202
01203
01204
01205
01206
01207
01210
01211
01212
01213
01214
01215

01216

01217

01220

01221
01222
01223
01224
01225
01226
01227
01230
01231
01232
01233

T T T T S

CONVAJR — DJVISION OF GENERAL DYNAMICS CORP, -

SAN DIEGO CALIFORNIA PAGE
cv-11 REPORT
MODEL
DATE
outPUT
31 10000 00010 'OVER
43 20000 01157 FLOW Y
11 01271 00004 PRINT 6
37 01226 01214 DIGITS
77 10000 00010  PREMT DECIMAL PTs
71 00013 01272 SCALE P INFD A
46 01203 01205 TEST SIGN
13 20000 20000  CHANGE SIGN
77 10000 00007 PRINT MINUS -
35 01247 10000 ROUND TO Q@
21 00005 01273 STEP POSITION
37 01226 01214 PRINT 2
37 01226 01214 DIGITS
17 00000 01237 STOP CHARACTRON
21 01232 00074 STEP L
45 00000 01042 EXIT .
31 10000 00002 10 Q - |orerrt
32 10000 00001 TO A
11 20000 10000 REPLACE
34 20000 00102 REMA INDER
42 01274 01222 SHIFT ‘
32 01275 00000 CORRECT
32 00005 00000 " CHARACTRON CODE
77 10000 20000 PRINT DIGIT
21 00005 01244 STEP POSITION
41 00004 01214 'DONE ALL 2
45 01276 30000 EXIT
00 73777 00000 :
00 76000 00000
00 74000 00000 |
00 00000 00200 L . POSITION INDEX OF WORDS
77 13716 66217 PAGE NO» | |

h6 of | }w

ZM L4190
A1l
1-18-56

6-148



FORMNO. E T -1 1 =

PX 71900-8-11

CHARACTRON

72704
72705
72706
72707
72710
72711
72712
72713
72714
72715
72716

C 72717

72720
72721
72722
72723
72724
72725
72726
12727
72730
72731

72732
72733

72734
72735
72736
72737
72740
72741
72742
72743

01234
01235
01236
01237
01240

01241

01242

01243
01244

01245
01246
01247
01250
01251

01252

01253
01254

01255

0l256
01257
01260
01261

01262

01263
01264
01265
01266
01267
01270
01271
01272
01273

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

QUTPUTY

00
00
00
00
00
11
00
77
00
00
00
00
00

00

40
00
70
11
00
00
54

- 00

05
71
25
32
35
36
37
00
00
00

00000
00000
00000
00000
00000
01306
00000
00000
00024
00000
04061
00000

00764

00040
01750
00264
01530
00040
00000
00000
00011
00000
264220
01271
71230
36041
06512
41100
20000
00000
50753
00050

SAN DIEGO. CALIFORNIA

00200
00037
05000
04400
06000
00000
00005
00000
00000
00201
11560

06554

01717
00040
00000
00000
00000

00000

00170

00012.
10003

00044
44463
00000
64027
57154
24172
00000
00000
00006
41100
00000

Cv-11

CHARACTRON

OPERATE
CODES

PAGE
REPORT
MODEL

DATE

L7 of 100
M 190
A1l
1-18-56

8-149



FORMNO £ T -+ B ¥

PX 71900-8-11

CHARACTRON

72744
72745
72746
72747
72750
72751
12752
72753
12754
72755
72756
12757
72760
72761
12762
72763
72764
72765
72766
72767
72710
72171
72772
72773
72774
72775
72716
72777

01274
01275
01276
01277
01300
01301
Q1302
01303
01304
01303
01306
01307
01310
01311
01312
01313
01314
01315
01316
01317
01320
01321
01322
01323

01324

01325

. 01326

01327

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

OUTPUT

06
02
77
77
77
23
00
17
77

77

00
54
55
44
11
55
44
36
42
44
37
15
11

<00

00
00
00
00

00000
00000

T

777717
7717117
33014
50454
17177
17777
777117
00000
00011
00002
01021
01232
00002
01315
01323
01047
01321
01075
30002
01232
00000
00000
00000
00000
00000

SAN DIEGO. CALIFORNIA o PAGE

00000
00000
17777
11711
71117
17777
15045
77771
77717
771777
00%0

10000
10014
01028
20000
10014
01316
20000
01321
01320
01052
01050
72702
00020
0000

0000 |
0000%
0000

Cv-11 REPORT
MODEL.
DATE

TITLE

CHARAC=

TERS

TEST FOR HORIZONTAL
OR VERTICAL FORMAT

L8 of 100
Z 190
All

1-10-54

8-150



FORMNOQ.E.T.-1 . r -

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

Ccv-11

FLIP CARD WRITF

73000
73001

73002
73003
73004
73005
73006
73007
72010
73011

73012

73013

73014

73015
73016
73017
73020
73021
73022
73023
73024
73025
73026
73027
73020
73031
72032
73033

73034

73035
73036
73037

00100
00101

00102
20103
00104
N0105
00106
00107
no110
00111
00112
00112
00114
ne115
00116
00117
00120
00121
00122
00123
00124
00125
00126
00127
00130
00131

00132
00133

75 31700 72007 STHRF

11 00100 74100 Fq

75 307307 00100 LOAD

11 73004 00100 THTS
17 cooco 00077 PRIMF

11 00362 Q0025 PRESET TO

11 0C0A7 NOVA:

75 10004 00105 CLEAR
11 ONN40 nneno CELLSE
16 01736 O00ONE PICKI!®
21 0NONS AN4QO7

42 00408 AN111 THT®

21 00005 00404
16 060005 00117 FLIP

21 00004 200NN COMMAND
16 0N0O04 00N08 SFT

21 00005 00404

472 0N&L0R AOIT

23 00005 NNA04 pICrup

21 00005 00017

15 20000 006137 ADDRESS
55 00004 10015 TEST

44 00131 00123 OPTION

11 00074 00003 SET

23 00026 00041 FOR

23 00025 00073 SIX

44 00121 00127 TEST

23 00025 000772 SET TO

11 00041 00003 CMIT MNUMBER
56 00004 NNDOPE SFT CARD

51 00064 00005 COUNMT

47 003472 00343 TEST MO CARDS

FIGHT FIFLPS

PAGE Lo
reporT ZM L90-II
MODEL

DATE = 2=22=56

181



FORMNO.QY.-! ™.

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

FLIP CARD WRITE

73040 00134 47
73041 00135 17
73042 00136 75
73043 00137 11
73044 00140 21
73045 00141 75
73046 00142 11
73047 00143 11
73050 00144 11
73051 00145 11
73052 00146 15
73053 00147 31
73054 00150 47
73055 00151 43
73056 00152 21
73057 00153 11
73060 00154 46
73061 00155 13
73062 00156 11
73063 00157 31
73064 00160 42
73065 00161 11
73066 00162 37
73067 73067 73
73070 00164 37
73071 00165 11
73072 00166 11
73073 00167 21
73074 00170 54
73075 00171 54
73076 00172 23
73077 00173 73

00135
a0000
30010
30000
00137
10044
00040
00026
00364
00365
00353
00003
00151
00041
00166
0nol11l
n01s8%
00011
noo74
nnoll
00374
00374
00040
00375
00260
00377
30000
00166
00006
10000
20000
00060

SAN DIEGO. CALIFORNIA

CV-~11

00202
NO4LOE
00140
00011
00025
001413
00407
00010
00023
00024
00166
00000
00166
00346
00073
20000
an1sa?
noo11l
nnooz
nooon
00162
20000
000473
20000
002133
00023
00006
00073
10034
00054
00354
00021

. PAGE .
REPORT
MODEL
DATE

TEST LAST CARD
PUNCH AND PICK
PICKUP
DATA
STEP
CLEAR
IMAGE
PRESETS
FOR
EACH
CARD
TEST
'FOR
OPTION
SEVEN FIELDS
TEST
CARD
NUMRER
S TGN
TEST
FOR
S17F
CONVERT
NUMRER
PLACE IN IMAGE
SFT RIT
PICKUP
STEP
CONVERT
NEGATIVE
RINARY EXPOMEMT
AND BASE

8-152

50
ZM 490-11

2-22.56



FORMNO.E.T.-t () F

PX 71900-8-11

FLIP CARD MR
73100 00174
73101 00175

73102 00176
73103 00177
73104 00200
73105 00201
73106 00202
73107 00203
73110 00204
73111 00205
73112 00206
73113 00207
73114 00210
73115 00211
73116 00212
73117 00213
73120 00214
73121 00715
73122 00216
73123 00217
73124 00220
73125 00221
73125 00222
73127 00223
73130 00224
73131, 00225
73132 00226
731%33 00227
73134 00230
73135 00231
73136 § 00232
73137 © nn233

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

ITE

35
71
35
16
55
71
54
11
11
44
11
13
56
44
71
54

11
21

41

30
47
42
21
54
" 73
23
42
45
37
35
30
31

00372
00043
0n362
00353
00021
00006
20000
20000

00044

00206

00074

00006
00021
00215
00006
20000
20000

00212

00022

00000
00221

00230
00007
00006
00060

00217

00373
00000
77777
00077
00000
20000

SAN DIEGO. CALIFORNIA

V11

00217
00021

00007
00212
00036
00351
00045
00006
00022
00210 .
00002
00006
00001
00212
30000
00045
00006
00074
00210
‘0000
00225
00233
00074
20003
00006
00043
00231
00217
74512
00232
0000
00001

L

PAGE 51
REPORT  ZM 1;90-1T
MODEL

DATE

TO 2
EXP 10

PRESET
FOR LOOP
CONVERT
FRACTION
ALSO
SET IMNDEX
TEST AND
SET FOR
SIGN
MULTIPLY

RY

R EXP P
SHIFT
TEST ZERO
TEST NORMALIZED
NORMALIZE
IF
NECE SSARY

TEST RIGHT SHIFT

RETURN
UNITY LESS ROUNDING

"RIGHT

SHIFT
SCALE 2 EXP 36

8-153



¢

FORMNO.E.T.-1 ®-r

73146
73147

A

73176

CONVAlR ~ DIVISION OF GENERAI. DYNAMICS CORP.

i
it

T N

H
y \

FLIP ChrD “RITE _

35 00371
11 00363
31 00006
32 00006
11 20000
134 20000
35 00024
.30 00000
'37 00244
i55 00023
44 00247
221 00024
37 00250
41 00022
31 00002
47 00254
11 00400
37 00244
£5 00023
11 00040
37 00260
11 00007
46 00263
13 00007
11\00074
91 00007
00265 ,73 ?oeeo
00267 11 20000
007701 31 onooa
00271/ 47 00?72
00272, 31 10000
00273 37 00250

00234
00235,
00236,
00237 -
00240
00241
00242
00243
00244
00245
00246
00247
00250
00251
00252
00253
00254
00255
00256
00257
00260
00261
00262
00263
00264

00265

731go
73141,
73142
73143
73144
73145

73150
73151
73152
73153
73154
73155
73156
73157
73160
73161
73162
73163
73164
73165
73166
73167
73170
73171
73172
73173
73174
73175

73177

SAN DIEGO. CALIFORNIA

lel

00006
00022
00002
00001
00006
00063
00243
0000
00245
00043
00250
00366
00251
00236
00000
00256
20000
00242
00043
00002
00261
20000
00265,
00007
00002
00000
10000
00007
00000
00275
00017
00242

PAGE
REPORT
MODEL
DATE

ROUND
SET INDEX
PLACE
BIT
IN
IMAGE
FOR
DIGIT
SWITCH
SHIFT BIT
TEST FIELD
ADVANCE FIFLD
SWITCH |
TEST END WORD
TEST
SIGN
AND
 SET SIGN
SHIFT BIT
CLEAR
SWITCH
TEST
'S1GN
AND
SET SIGN
EXP
OVER
NINE
TEST
OPTION
SET EXP
‘FOR SIX

8-154,

52
ZM L,90=-11
22256



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

FORM NO.E T.-1 0% F

SAN DIEGO. CALIFORNIA PAG‘E 53
C-11 ‘ REPORT ZN L,90-II
MQODEL

DATE 2-22-56

ELTD (-'\r"[\ “fr‘TTr’

73200 00274 4& Q0000 N020T OPTIOMv
73201 00275 55 10000 00042 TEST FOR
73202 00276 44 00277 00301 12 ROW BIT
73203 00277 11 00400 20000 AND
73204 00300 37 00244 00242 PLACE IN IMAGE
73205 00301 44 00305 00307 TEST FOR 11 ROW RIT
73206 00302 17 00000 00304 PUNCH WITHOUT PICKING
'73207 00303 45 00000 00136 RETURM
73210 00304 00 00000 00102 CONSTANT
73211 00305 11 00401 20000 PLACF RIT
73212 00306 37 00244 00242 IN IMAGE
73213 00307 31 00007 00017 PLACE LAST
73214 00310 37 00250 00242 DIGIT EXP IN IMAGE
73215 00311 37 00260 00252 DO SIGN
73216 0312 31 00003 00000 TEST '
73217 00313 47 00314 00315 OPTION
73220 00314 55 00023 00043 SKIP PERIOD POSITION
73221 00315 41 00010 00166 INDEX
73222 00316 11 00057 00022
73223 00317 31 00003 00000 TEST
73224 00320 47 00321 00327 OPTION
73225 00321 21 00407 00376 PLACE
73226 00322 21 00421 00376 | ‘
73227 00323 21 00414 00376 " PERIODS
73230 00324 21 00423 00376
S 73231 00325 21 00435 00376 IN
% 73232 00326 21 00430 00376 IMAGE
§. 73233 00327 16 00367 00334 PRESET
sl 73234 00330 16 00402 00335 COMMANDS
> 73235 00331 15 00367 00337 TO PUNCH
73236 00332 55 30000 00010 PICKUP

73237 00333 77 00000 10000 AND

8-155



FORM NO.E.T.-1 (- F

73240
L 13241
I 73242
i 73243
P 73244
P 73245
| 73246
i 73247
| 74250
5 73251
73252
73253
73254
! 73255

73256

73257

73260

173261

|73p62

| 73263
{ 73264
j 73265
| 73266
73267
73270
| 13271
73272
[ 73273
I 73274
| 73275
73276
73277

““Px3919oo-8—;1

00334
00335
00335
00337
00340
00341
00342
00343
00344
00345
00346
00347
00350
00351
00352
00353
00354
00355
00356
00357
00360
00361
00362
00363
00364
00365
00366
00367
00370
00371
00372
00373

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

FLIP CARD WRITE

77
77
"3
23
23
41
41
11
75
11
21
45
00
05
00
00
00
25
32
35
36
37
00
00
40
21
00
00
00
00
54
54

10000
10000
00322
00334
00335
00022
00005
00350
31700
74,100
00350
00000
00000
24220
00010
00011
00000
712130
36041
06512
41100
20000
00000

- 00000

00000
00411
00014
00452
00000
00000
00006
00006

SAN DIEGO, CALIFORN‘A

CY-11

30000
30000
00073
00074
00074
00332
00134
73254
01738
00100
00074
00160

44463
00000
00355
00170
64027
57154
24172
00000
00000
00044
00#06
00000
00023
00000
00427
00%11
06554
10003
10000

PAGE
REPORT
MODEL
DATE

PUNCH
DATA

STEP

ALL |

COMMAND
INDEX CARD |
INDEX GROUP CARDS
RESTORE CARD NUMBER
RESTORE

ES
STEP CARD
~ NUMBER
CARD NUMBER
R EXP=12 TIMES 2 EXP-3

R EXP 16 TIMES 2 EXP 35
R EXP 8 TIMES 2 EXP 35
R EXP & TIMES 2 EXP 35
R EXP 2 TIMES 2 EXP 35
R EXP 1 TIMES 2 EXP 35

PROTOTYPE COMMAND

8-156

g,
ZM 1490-I1
2-22x56



FORM NO.E.T.-V (- F

FX 7190C-8-11

FLIP

73300
73301
73302
73303
73304
73305
73306
73307
73310
73311
73312

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

CARD WRITF
00374 00
00375 00
00376 00
00377 00
00400 77
00401 77
00402 00
00403 00
00404 00
00405 - 00
00406 00

00461
00461
10001
n40nn
77776
77775
00000
00000
00000
00000
00000

SAN DIEGO. CALIFORNIA

Ccv-11

13177
13200
00010
annonn
77777
77777
00436
73777
74000
76000 -
00112

PAGE
REPORT
MODEL
DATE

9999999
10000000
PERIOD CONSTANT

11 ROW
12 ROW

8-157

55
ZM L90=-I1
2-22=56



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.
SAN DIEGO, CALIFORNIA ’ . : PAGE 56

FORMNO. E. T.-t ™ F
V=11 , REPORT ZM L90=-II
: MODEL

DATE 2-22-56

FLIP CARD READ

73400 75 31700 72402 STORE

73401 11 00100 74100 ES
73402 75 30254 00100 ROUT THE

73403 11 73404 00100 TO ES

73404 00100 75 10004 00102  CLEAR

73405 00101 11 00040 00002 TEMP

73406 00102 16 01736 00004 FL1P

73407 00103 21 00004 00327 COMMAND

73410 00104 42 00225 00106 |

73411 00105 23 00004 00324 70

73412 00106 16 00004 00107 . _

73413 00107 21 00003 30000 ACCUMULATOR
73414 00110 16 20000 00004 SET

73415 00111 21 00004 00324 STORAGE

73416 00112 42 00325 00114

73417 00113 23 00004 00324 ORDER

73420 00114 16 00004 00317
73421 00115 55 00003 10015

73422 00116 11 00334 00260 NUMBER WORDS STORAGF
73423 00117 11 00067 00357 NUMBER-1
73424 00120 44 00131 00121 TEST OPTION
73425 00121 11 00074 00002 6 OPTION
73426 00122 23 00357 00041 WITH
73427 00123 23 00360 00074 CARD

. 73430 00124 23 00316 00073 NUMBER

3 73431 00125 37 00125 00126

g 73432 00126 44 00131 00127 TEST OPTION

o 73433 00127 11 00041 00002 WITHOUT

23 73434 00130 37 00125 00123 CARD NUMRER

73435 00131 55 00003 00025
73436 00132 51 00064 20000
73437 00133 43 00040 00322 EXIT IF N 15 0

£-158 |



FORMNO. E.T.-t . r

PX 7190C-8-11

73440
73441
73447
73443
73444
73445
73445
73447
73450
73451
73452
73453
73454
73455
73456
73457
73460
73461
73462
73463
73464
73465
73466
73467
73470
73471
73472
73473
73474
73475
73476
73477

001%4
00135
00136
00137

00140

00141
00142
Q0143
00144
00145
00146
00147
00150
00151
00152
00153
00154

00155

00156
00157
00160
00161
00162
00163
00164
00165
00166
00167
00170
00171
00172
00173

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA
[

FLIP CARD RLEAD

26
17
11
11
16
75
‘11
76
76
76
54
27
11
11
31
22
44

bt
e

46
11
30
21
41
37
11
37
11
11
37
27
23
46

00074
00000
00357
00330
00337
10016

00040

00000
10000
IOQOO

00363

00147
00331
00333
00065
00040
00155
000606
00157
20000
00000
00160
00017
00163
00362

00163

00363
00074
00163
00171
00006
00174

0NoAL
00353
00261
00006
00312
00142
00021
00363
“10000
00262
00034
00150
00160
00017
00001
00006
00156
00000
00153
20000
0000
00075
00152
00164
10000
00151
10000
00017
00152
00172
00074
00143

PAGE 57
REPORT ZM },90-TI
MODEL  ~

oATE  2-22-56

N=1
READ AND PICK READ CARD
SET INDEX

9 TO LINE DIGIT

SET TEMPORARY STORAGE
CLEAR

MATRIX

READ

ROY

SET INITIAL STORAGE

SET INDFX 5

2 EXP 35 TO A
SHIFT 6

RIT ZERO TEST
ADD LINE DIGIT

"DONE 6 DIGITS TEST

CLEAR A LEFT
STORE MATRIX WORD
ADVANCE |
6 TIMES

REDUCE LINE DIGIT
TEST FOR 11 ROW

8-159



FORM NO. E.T.-V B0-F

FX 71900-8-11

73500
73501
73502
73503
73504
73505
73506
73507
73510
73511
73512

73513
73514

73515
73516
73517
73520
73521

73522

73523
73524
73525
73526
73527
73530
73531
73532
73533
73534
73535
73536

73537

" CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

00174
00175
00176
00177
00200
00201
00202
00203
00204
00205
00206
00207
00210
00211
00217
00213
00214
00215
00216
00217
00220
00221
00222
00223
00224

00225

00226
00227
00230
00231
00232
00223

SAN DIEGO, CALIFORNIA

CV-11

FLIP CARD REAN

11
37
11
37
31
44
13
55
37
11
42
17
11
15
11
47
37
11
43
11
21
31
47
327
11
11
41
21
11
55
37

31

00336
00171
00060
00147
10000
00202
00074
20000
00171
00004
00074
00000
00332
00331
00002
00214
00244
00002
00041
00017
00313
00002
00223
00222
00332
00040
00355
00231
00333
30000
00232
00017

00006
00143
00006
00143
00001
00203
00004
00043
00150
20000
00210
00353
00355
00231
20000
00224
00224
20000
00221
00007
00074
00000
00224
00226
00354
00017
007231
00073
00355
00006
00233
00002

. PAGE
REPORT
MODEL
DATE

20 TO LINE DIGIT
11 ROY
10 TO LINE DIGIT
START 12 ROV
TEST FOR

FLAG
OVERRIDE INDEX

FINISH 12 ROW
TEST FOR
LAST CARD

'SET FOR WORD CHANGE

SET FOR EXTRACTION
TEST
OPTION
CARD NUMBER COMPUTED
TEST
OPTION
IDENT NUMBER USED
ADVANCE
TEST
OPTION
PERIOD
INDEX 6
CLEAR
TEST 10
¢HANGE
MATR1X
WORD
POSITION DIGIT
X10

8-160

58 I
ZM 4901

2-22-56



FORM NO. E. T.-1 @ F

FX 71900~8-11

73540
73541
73542
73543
73544
73545
73546
73547
73550
73551
73552
73553
73554
73555
73556
73557
73560
73561
73562
73563
73564
73565
73566
73567

73570

73571
73572
73573
73574
73575
73576
73577

coR24
¢0235
00236
00237
00240
00241
00242
00243
00244
00245
00746
00247
00250
00251
00252

00253

00254

00255

00256
00257
00260
00261
00762
00263
00264
00265
00266
00267
00270
00271
n0272
00273

CONVAIR — DIVISION OF GENERAL

SAN DIEGO. CALIFIDRNIA

Ci--11

FLIP CARD READ

00001
00017
00226
On240
00226
20000
00244
00017
00245
00020
00017
20000
00252
00226
00226
00340
00356
00313
00060
00020
00341
00017
00017
00301
00017
00354
00273
00356
00036
00001
00278
30000

00017
00064
00354
00227
00222
00064
00243
00017
00244
00017
00040
00002
00251
37 00737
37 00244
71 00020
11 00040
43 00040
54 20000
11 20000
21 00017
73 00043
31 20000
35 00342
71 00060
36 00343
16 00344
11 00044
55 00017
55 00017
44 00273
71 00020

32
52
41
27
37
51
47
13
37
11
11
11
47

DYNAMICS CORP. )

PAGE
REPORT ZMY L90-IT
MODEL

DATE  2-22-56

ADD
DIGIT

TEST
FOR
SIGN

STORE N

TEST
OPTION
EXP & OPTION
BOTH OPTIONS
COMVERT
T0
POSITIVE
DECIMAL
EXPONENT

CHANGE
TO BASE

10 EXP 3
CHANGE

TO

RASE

8-161



¢

FORMNO. E. Y. -1 @) F

FX 71900-8-11

73600
73601
73602
73603
73604
73605
73606
73607
73610
73611
73612
73613
73614
73615
73616
73617
73620
73621

73622

73623
73624

73625

73626
73627

73630
73631

73632
73633
73634
73635

73636

73637

00274
00275
00276

00277

00300

00201

00302
00303
00204
00305
00306
00307
00310
00311
00312
00313
00314
00315
00316
00317
00320
00321

00322

00323
00324

Q0325
00326

00327
00330

00331
00332

00333

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP,

SAN DIEGO, CALIFORNIA

=11

FLIP CARD READ

84
11
21
41
11
75
71
71
54
74
11
11
21
513
35
11
21
4
75
11
21
41
75
11
00
00
00
.00
00
35
00
00

20000

20000

00273
00356
00074
00000
20000
20000
20000
20000
20000
00352
00356
00020
0000k
00356
00313
00361
30010
00007
00317

00004
317OQ

74100
00000
00000
00000
00000

100000

00021
00000
00000

00045
0t020
00074
00271
20000
00303
60060
60020
00010
N0356
00020
10000
00354
00356
00008
10000
00074
00221
00320
30000
00360
00136
01738
00100
74000
76000
00777
737717
00 11
00021
‘0008
00 05

- - PAGE
REPORT
MODEL
DATE

2 EXP 10

NORMALIZE

PACK

SUIM

TEMPORARY STORAGE
ADVANCE

END OF CARD

FINAL

STORAGE

ADVANCE

END TEST
RESTORE

ES

€
2N 190w
2=22-54

g.162



FORMNO. E.T.-1 ). F

-
12

PX 719CC-E-

73640
73641
73642
73643
73644
73645
73646
73647
73650
73651
73652
73653
73654
73655
73656

73657

00334
an32s5
00336
00337
00340
00341
00342
00343
00344
00345
00346
00347
00350
00351
00352
00353

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

Cv--11

FLIP CARD READ

00
13
no
00
22
00
75
00
00
25
32
'35
36
37
77
00

CARD INSTRUCTION

73771
73772
73773
73774
73775
73776

16
23

16 20000 73776

00000
00020
00000
00000
21147
00000
00000
00000
00000
71230
36041
06512
41100
20000
17717
00000

REPEAT

75736

00002

¢0 10
nro20
nND024 -
00 07
04413
003%47
00303
00210
00345
64050
57166
24200
00000
00000
717400 -
00105

00002
00074

75 31700 73776
11 74100 00100
56 00000 20000

PAGE
REPORT
MODEL

. DATE

R EXP=13X10 EXP-7X2

EXP 16 X 2 EXP 35

R
R EXP 8 X 2 EXP 35
R EXP 4X 2 EXP 35
R EXP 2 X 2EXP 35
R EXP 1 X 2 EXP 35
EXTRACTION |
RESTART

WITH

LAST

FLIP
COMMAND

EXP 57

8-163
3-166

61
ZM L90=-II

2-22-56



PX-T1900=-8-11

B TR T v o

" CONVAIR ~ DIVISION OF GENERAL DYNAMICS CORP.

FORMNO £ 7.1 W 7 . ‘\ SAN DIEGO. CALIFORNIA PAGE ' 65
ReporT ZM LS0-II
: GV-11 MODEL
\ ' DATE 2«20«56

i
|

i

ALARMs OCTAL AND FLEXPRINT SURPOUTINF #

76000 . 76000 45 00000 76000 f
76001 76001 16 76026 76022 f
760n2 76002 11 20000 060NON |
76003 76003 61 00000 78047
76004 76004 55 76012 00005

76005 76005 55 76012 00011

‘ 76006 76006 55 76012 00012
76007 76007 34 20000 00003
76010 . 76010 32 76037 00000
76011 76011 11 20000 7401?
76012 76012 00 01000 10001

76011 Y8013 44 76014 TAONT

. 76014 76014 11-10000 76012

76015 76015 61 00000 76021
76016 76016 37 76016 76017
76017 76017 31 00000 00044
76020 76020 11 76000 H00NN

76021 76021 *" 76016 74004
76022 76022 37 76022 76022
76023 76023 31 76000 00017
76024 76024 16 20000 TA0DS

76025 76025 16 76000 00000

76026 76026 15 76071 76025
76027 76027 16 76027 76000
76030 76030 31 76042 00047
76031 76031 37 76016 76047
76032 76032 41 D000O 76033

[ . ..76033 76033 21 20000 00071
. 750% 76074 37 76016 76004
" 7603%  7603% 6 00N0O NNOOO

76036 76036 00 V0000 0O
76037 76037 61 00000 76037

. #Sea writeup in IM L91

8167



- PE=T71900-8-11

FORM NO E T 1 W ¢

76040

76041

76042
76043
76044
76045
76046
76047
76050
76051

76052
76053
76054
76655
76056
76057
76060
76061

T6062

76063
T6064
T6065
76066
76067
76070
76071
76072
76073
76074

76040

76041

76042
76043
76044

76045

76046
76047
76050

» 76051

76052
76053
76054

76055

76056
76057
76060
76061
76067
76063
76064
76065
76066
76067
76070
76071
76072
76073
T6074

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO, CALIFOANIA

F V=11

ALARMY OCTAL AND FL 7

oo
00
43
60
00
00
00
61

34

47

FLIP ALARM ROUTINE

61
kB!
a?
31
34

15

31
37
31
37
11
37
15
16
31
27
37
31
37

00000
00000
01130
onono

100000

00000
00000
00000
20000

T6047.

060000

16042
76016

017136
00073
20000
20000
76016
1n000
76016
01774
76016
00013
00013
30000
20000
76022
76104
76016

00 52
00*74
12070

00 A4
00 62

00%66
00*72
720048
00006
76015

76047
00047
76047
00017
p0000
76062
00052
16005
00044
76004
00044
16004
76070
1607
00044

10000
76002

00044

76047

PRINT
ourT
ALARM

© SET

PICKUP
COMMAND

~ PRINT

" ADDRESS
PRINT

COMMAND
PRINT

"R

SET PICKUP

COMMANDS

CPICK up X

PICKUP ¥
PRINT X AND Y-
PRINT

ouT

PAGE

66

REPORT Z¥ }490-11'

MODEL

-DATE

8-168

22056 * °



- rem g - —

FORMNO € 7.1 {-#¢ ¢

76075
76076
76077
76100
76101
76102

76103

76104

76105

72228

C 722712

72310
16406
76507
76584
77215
77366
17456
HISL
71470

TEELT

76075
16078
76077
76100

74101

76102
76103
76104
76105

72275
12272
72310
76406

76807

T6554
77215
77366
77456
Tes 1S
7\65ﬂ

TE6HE

CONVAIR — DIVISION ‘OF GEMERAL DYNAMICS CORP,

BSAN DIEGO. CALIFORNIA .

FLIP ALARM ROQT!NE

N
37
N
37
31
37
56

01776
76016
76108

76016

01777
76016
00000

CV-11

00071
76005
00084
76047

00071
76005
0173%

1406 2227 0452
1406 2227 0474

FIRST
INDEX
PRINT
ouT
SECOND
INDEX

" HALT

CONSTANTS

REFFPRENCES  TO ALARM ROUTINE

46
45
46
46
45
hé
A5
78
46
10
27

v

T60%2
00000
01421
01607
00000
760%2
00000
20013
01001

TENED

EakYatats

kTa¥elrde

01398

16052
76082
76052
76052

01007

76052
16032
16082
AATTA

EARY)]

nLI7a

PAGE 66 A
REPORT ZM };90 ~1I

MODEL

DAYTE A , 2-20-56

8~168a

i



FORMNO ET 1 DF

" PX 71900-8-11

76300

76301

76302
76303

- T6304

76305

76306 .

76307
76310

- eu
- 76312

76313

- 7631k

76315

76316
76317 -

76320
76321
76322

76323

76324
76325
76326
76327

" 76330

76331

76332

01000

01001

01002
01003
01004
01005
02006
01007
01010
01011

01013
01014
01015
01016
01017
01020
01024
01022

01023

01024

- 0r02%5
' 01026
01027
© 01030

01031

01032 47 0103% 0d0k0 |

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

Cv-11

62 Aroc Tangent Subroutine .

11 oooko too12
23 00010 0007!4
46 01007 01003
13 00010 00010
31 00066 00042
T3 00005 00005
27 00012 00062
21 00010 01043
46 01011 01012
11 00040 20000
35 01054 01013
[5+ 00005 50055
71 00005 10000
Sh 20000 00046
11 20000 00006
11 00040 00010
15 01033 01023
T7i 00010 00006
Sk 20000 000B6
35 [01045] 00040
21 01023 00073
k2 01034 01021
71 00005 00020
S 20000 0003
11 20004 00005
11 00032 20000

0=+ !
Scx=1 —> Sox
03S0x

«-Sgx —5 Scx

1 . x ql
fo -

reverse G’ (_1772 @or' zero)
Sex + 27 —» 8ex

03Sox

. 0 - Scx

x.ascx'é7 > 2 @
F @

0 —>» P

15 —» i

| ?. (x’)? + €} ..l..-y‘P @

i-2 —31i ,

~ done? B .

pex! —D g (::)

o gl ) B

SN oy
pact - G of 100
REPORT NO. ZM-;90 '
MODEL A1l

DATE | 12/ /5,

8-169



. et A N raw e v s =

FORMNO ET -t PF

U

76333
7633k
76335
16336

16337
76340
76341

76342
76343
7634
76345
76346
6347

. 76350

76351
76352

76353
76354

76721

PX 71900-8-11

76356
76357

76723

01033
01034
01035
01036

01037

010L0
01041
010k2

01043
" 010k

01045
01046
01047
01050
01051
01052
01053
01054

76721

01000
01001

76723

I R

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

O T TR T I T Ty Gy ——

SAN DIEGO DIVISION

00 0104k 00000
3% 01054 00000
Lk 01036 01037
13 20000, 20000

36 00005 0000%

11 00074 00010
16 00013 0173k
4% 00000 01721
00 00000 00033
T7 67545 00613
00 54613 12165
76 15376 17033
03 03357 57500
73 b3116 35123
06 30402 45553
65 25317 10166
37 TTTTT 23166
54 00005 00055

55 76300 03600

Cv-11

|

constants

Osxl i

-6t = et

T =8

set order
exit

27.

15
013

¢11

L9

°7

°5

03

|

prototype order

loader parameter

6% ARC COTAMGENT SUBROUTINE

11 00062 00012
45 00000 01003

02 76356 00200

e (D -5 o

Jump

l~ader parameter

. - -

D e e O M R e I S
{‘\‘;s‘v’ R ' ot |

i

PAGE - (8of 100
REPORTNO. ZM=,90 !
MODEL 111

DAié 12/1L /sl

8-170



FORMNO E.T.-1 0% r

PX T1900-8-11

EXPONENTIAL

76360
76361

76362
76363
76364

76365
76366
76367
76370

76371
76372

16373
76374
763758

» 76376
76377

76400

76401

76402
76403
76404
76405
76406
76407

76410

76411
76412

01000
01001
01002
01003
01004
01003
01006
01007

01010

01011
01012
01013
01014
01015

01016

01017
01020
01021
01022
01023
01024
01025
01026
01027
01030
01031
01032

23

46
23

42
35
54
71
54
11

73

31
73
21
75
11
73
21
21
71

47
45

11
46

00

17

27
54

CONVAIR — DIVIS

20000
01003
00005
01030
01032
00003
20000
20000

20000

01027
20000
01031
00010
10003
01027

00006

00005
00006
00011
01017
00000
00005
01607
20000
77777
05243
00005

00067

01025
00005
01002
01005
00111
01031

0Q045

20000
00010
00042
00011
00067
01022
00005
00007
00007
01027
00007

01024

01721
20000
76045
00000
77734
54513
00111

ION OF GENERAL DYNAMICS CORP. ’
SAN DIEGO. CALIFORNIA PAGE 69 of 100
Cv-11 rReporT  IM 190

MODEL 411
DATE 1—18-56

SCX=~7 TO ACC
OQUT OF RANGE T
CLEAR X AND ACC
TOO SMALL 2

SET COMMAND

X SCALED 2%

X

TIMES

LN 2 |

INTEGER PART TO 00010
FRACTIONAL PART DIVIDED

BY LN 2 TO 00011
STORE EXPONENT OF RESULT
SET Te Ne P

TO UNITY

DIVIDE BY Ny STORE IN TERMs T
ADD TO TO POLONOMIALjg P
STEP N
X TIMES TERMy T
TERM ZERO YET 2

EXIT TO NORMALIZE

NUMBER NEGATIVE
OR POSITIVE 2
UNITY SCALED 2
~35 (
LN 2 SCALED 2
PROTO TYPE COMMAND

»

8-171



FORMNO E 7.-1 0%

PX 71900-8-11

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP,

SAN DIEGO. CALIFORNIA

INPUT SUM CHECK

L]

76414
16415
76416
16417
76420

76421

76422
76423
76424
76425
76426
76427
76430
76431

76432
76433

76434
76435
76436
76437
76440
76441
76442
76443
16444

76445

76446

76447

76450

- 76451

76452

76453

76414

76415
76416
76417
76420
76421
76422

76423

76424

76425

76426
76427
16430
76431
T6432

76433

76434
76435
76436
76437
76440
16441
76442
76443

To4tt

16445
76446
76447
76450
76451
76452
76453

45
53

11

23
75
11
15
11
75

32

55
47
31
a7
31
37
31
317
56
56
31
37

31

37
56
00
00
00
61
34
47
45

Cv-11
00000 76575 EMPTY
16045 07410  SUM ADJUSTER
76414 00000 SET F1

10000 10000
30040 76422
77716 00040
12000 76424

CLEAR A AND Q
LOAD PERMANENT

CLEAR TEMPORARY

10000 74000 STORAGES
27177 16426 SUM

70001 00000 FLIP
20000 00000 SUM TO Q AND A RIGHT
76440 76430 TEST SUM -
76453 00052 PRINT
76452 16450 :
76454 00052 FLIP
76452 76450

76455 00082

76452 76450 0K
00000 70400 HALT
00000 40000. OBSOLETE
76456 00052 PRINT
76452 76450

76457 00052 NO
76452 76450 GO
10000 70103 HALT
00000 76436 CONSTANT
00000 00~0

00000 00*0

00000 20000 PRINT
20000 00006 sUB
76450 T6436 ROUTINE
47261 11415 FLIP

CONSTANTS TO ES

PAGE

" REPORT

MODEL
DATE

75160
All ..
1-18-56

8-172



« ee e -

.
FORMNO E£.T..1 T ¢

PX 71900-8-11

- . - P F— . PR © o
- CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. b

SAN DIEGO. CALIFORNIA

Cv-11

INPUT SUM CHECK

76454
764535

16456
76457

76454
76455
76456

T6457

.04 03363 74500

00 00000 00*0
45 47020 60304
13 03025 70000

OK

EMPTY

NOQ

GO

PAGE
REPORT
MODEL
DATE

71 of 100
M 490 -
ALl

1-18-56

6-173



FORMNO EY

. PX T1900-8-11

T6k62
T6463
76464
761465
76466
6467
T6470
6471
764 T2
475
64T
76475
76476
6477
76500
76501

16502 .

76503
76504
76505
76506
76307
76510
76514

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

Cv-11

5l LOGARTTHM SUBROUTINE

01000 36 0007k 00010
ol001 13 oooés 20000
01002 L2 00066 01025
01003 36 00066 00006
01004 54 00006 00001
01005 11 01022 01007

" 01006 11 00040 00005

02007 {21 00005 [30000]
01010 71 20000 00006
01011 54 20000 00045
01012 11 20000 00005
01013 21 01007 000TH
0104k k2 01023 mo_cm
01015 54 00005 00101
01016‘ T1 00010 01026
01017 35 00005 00003
01020 11 00067 00010
01021 45 00000 0102k
01022 21 00005 01027
01023 21 00003 01037

01024 45 00000 01721

01025 15 00000 01737
01026 00 13056 20577
01027 7 62620 75765

s
)

}

p-1 — p

q:0

29-1 - x @

g8 —» 1
0 —» L

L.-rai » L

el ~—» 1

031

NE
p.ln 2 3R @

L+peln 2 —» ql

7 —» pl

exit

prototypes

normal oxit

alarm exit ‘
In 2 ( 28)
&5

brve 72 of 100
REPORT NO ZE<190

e 12/,

8-174



e
‘F,DﬂHNO ET 1\®F

PX 71900-8-11

76512
76513
76514
76515

76516

76517
76520

76705

01030

01031

01032

01033
01034
01035
01036

" 16705

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

SAN PIEGO DIVISION

01 11721 k1642
Th TH607 TOTUH6
05 27266 02203
70 22764 23456

12 k7hak 37549

60 00203 77320

37 TITTs 20006-

37 76462 02400

Cv-11

-y

loader parameter

B B et )

| . . 7% of 10
REPORT NO. zg

PAG:
MODEL
DATE 12/ 5h

8-175



SORM NO ET -V PF

PX 71900-8-11

--------

76553

7655

76555
76556
76557
76560

76561 °

76562
76563

1656k -

76563

16566

16567
16570
716511
76572
76573

76675

PP F e e w s xmr o ww LT T L I T T e Y e e e M e e e b m— . e wr oo e . s m A 4 e -

02000
01001
01002
01003
0100k
01005
01006
01007

01010
01011
01012
01013
o101k
01015
01016
01017
01020

76675

ey

CONSOLIDATED VULTEE AIRCRAFT CORPORATlON ,. :
SAN DIEGO DIVISION PA 7 of 100
REPORT NO
Cv-11 ! ZM-1190
MODEL A

paTe 12/1l, 5},

50 SQUARE RNOT SUBROUTINE

11 00005 20000
L6 76045 01002
k2 00073 01020
54 00010 00107
k3 20000 01010
46 01006 01007
35 00074 00010
5h 00005 00107
11 00005 00006
11 00070 00005
[31 00606 coOM2
T3 00005 0000k
54 00005 00107
2% 10000 00005
21 00005 00004
bk 01012]01020
45 00000 01721

21 76553 02000

X ow—n A

x30 |

2"10,x (10 18 (x)= oO1)
4 ac ’xi{g‘g -  gox
scx odd?

sexi0

scx +1 —» sex

+x x
-

IX1 —y A, tg @

Wixi-ixi —» Q=axXi
MiXi+ Xt —»Xiael
O Xis0

exit

loader parameter

8-~176



Ce

S FORM NG ET 1 PF

PX 71900-8-11

P IR I P

76575
76576
76577

76600

76601
76602
76603
f6604
76605
76606
76607
76610
76611
76612
76613
76614
76615

76616

76617
76620

76621

76622
76623
76624
76625
76626
76627

01537
01540
01541
01542
01543

01544

01545

© 01546

01547
01550
01551
01552
01553
01554
01555
01556
01557
01560
01561
01562
01563
01564
01565
01566

01567
01570

01571

CONSOLIDATED VULTEE AIRCRAFT CORPORATION . PAGE 75 of IOﬁ

-~ -

' .
AR R At i A R Ak R Sttt e th e feitds Jh At dh dhh ahl a Sl 1Y

SAN DIEGO DIVISION

- * REPORTNO. ZM«[j90 -
Cv-11 " ' MODEL All

DATE  10/15/5;

/

Loader
76655 00000 Preset F, ;
30061 01615 r
; ‘ Trensfer loader to ES
76600 01542 :
30062 01544 , ‘ ' :
Transfer Constants and Assembly to ES
77716 00040
00122 00003 Requisition parameter Py
000Q3 0000k ooy
00004 00017 ‘
Qf (py) — B (t5)
20000 00005 -4, - | -
00003 00026 2-0p — 85 (t3)
01621 10000 ‘Magk —p g
3 00003 01554 Set order: "requisition subroutine parameters"
30002 01555
Requisition Subroutine Parametes P,, P
otfod 00006 | 1r e
00006 01576
- Set order: "Transfer subroutine to ES"
00004 01576 ,
00006 00011 |
00005 00071 Place parameter for assembly routine
01624 00122 | | .
01563 01601 Is this the termination flag? _
00006 00014
01577 20000 Set repeat o}der: *Transfer subroutine to ES"
01621 01575
00007 01571 : |
- ’
00007 00025 . .
10000 01572 Sat subroutine references in Basic Code
0000% {30000

8-177



................................

FORMNO ET - LAF

PX 71900-8-11

76630
76631
76632
76633
76634
76635

76636

76637
76640
76641
76642
76643
76644
76645
76646
76647
76650
76651

76652

76653
76654

- 76655

76656
76657
76660

>

N 1

CONSOLIDATED VULTEE AIRCRAFT CORPORATION F;AGF
SAN DIEGO DIVISION : :

Cv-11

01572 15 00005 Eooog j
01573 21 O15h4
01574 21 01561
01575 [77 77777
01576 11 [00000

01577
01600

01601

01602
01603
01604
01605
01606
01607
01610
01611
01612
01613
01614
01615
01616
04617
01620
01621
01622

75
00
11
11
11
37
75
11
75
11
75
11
75
11
T5
11
45
56
00
45

30000
/00000
01620
01617
01622
00101
10003
00040
30275
76755
30222
77027
30236
77014
30074
76661
00000
00000
00177
00000

00073
00074

00000]
01544
00000
01774
00004
00002
00100
01607
01775
01774
01477
01776
01551
91776
01536
01542
01704
01624
00010
00000
76761

!

77777] ]

REPORT NO
" MODEL A41ll

760f 100}
ZN-L90

DATE  10/15/8)

Step to next subroutine

Transfer Subroutine to ES

Prototype order for 01575
"Parameter for zero subroutine”
Preset exit of Loader .
Preset Fz

obsolete order

Modify subroutines

Clear FLIP temporaries

Transfer in Basiec FLIP
Obsolete

Trans fer Subroutine parameters to ES

e
(F,)

Exit order for Loader
Extractor

obsolete order

8-178



FORMNO ET -t P.F

PX 71900-8-11

76661
76662
76663
76664
76665

76667
76670
71
76672
76673
76674

76675

76676
76677

'(5700 N
76701

76702

76703
76704

76703
7670'6
76707
76710

76711

76712
76713
7671k
1671%

- 0170k

01708
01706
01707
01710

101711

01712

01713

01714
04715
01716
01717
01720
01721
01722

01723
o172k

01725
01726
01727
01730
01731
01732
04733
04734

o735
L 01736

01737

o17k0

SAN DIEGQ DIVISION

Ccv-11

COMMAND CODE ARAMETERS

01 04731 00000
00 00003 00003

72 T1352 05000

00 77023 00003
01 04731 00000
00 00003 00003
01 01731 00000

00 00003 00003

04 01731 00000
00 00003 77007
01 01731 00000
00 77007 00003

21 76553 02000

00 00003 77026
24 76360 00500
00 00003 00003
02 TT450 00200
00 00003 77011
T0 T7262 03400
00 77011 00003
37 T6h62 02400
00 00003 77042
01 01731 00000
00 77012 00003
01 01731 00000
00 00003 77013
01 01731 00000
00 77013 00003
61 7748k OL700

L2

L3

L5

hé

)

51

52

53

55

57

£

- -

R A

CONSOLIDATED VULTEE AlRCRAFT CORPORATION

I A

R R ok Y P A

PAGE® - 7?01’ 10(
REPORT NO. ZX¥-1;90

MODEL
DATE 12/&;51;

8-179



>'vv’-ﬂ~¢-a~w-vi.m-qoan'.ﬁ;.-ﬁovqﬂﬂ’l‘wd’iﬂ—.tlvg"w«'-~Q,~T'~a..,.o-»’w-g-'v"in!’uw"rv»pr-'--f.n=-q-‘4,.,.‘. 2 e e e e ‘
bl " . £ 7 : Rt S R LA e
FORMNO ET -1 (PF R

, ¢o~gdu\anen::::g;g;.mﬁggzv CORPORATION PAGE *  TBof 1;)0
VL | C o1l T
7&716 01741 00 00003 76777 o 12/114@ :
T6TAT  0ATh2 02 TThS2 00200 61
76720 04743 00 TETTT 00003
| T6T2L o1y 35 76300 03600 g2
76722/ 01745 00 00003 T7000 i
| 76723 OITh6 02 763% 00200 g3
76725 OLTMT 00 TT000 00003
76725 01750 01 0473100000 g
76726 01751 00 00003 T7001
76727 01752 04 04731 00000 ¢5
76730 01753 00 TTOO1 00003
671 OATS 01 01731 00000 6
76732 01755 00 00003 T7002
76733 OAT56 01 01731 00000 67
7673 01757 00 77002 00003
76735 01760 31 76360 01200 70
76736 01761. 00 00003 TT003
- 76737 01762 01 0AT31 00000 7
“ T6740 01763 00 T7003 00003
76781 01764 01 01731 00000 72
i‘ 7642 01765 00 00003 7700k
§ T6TN3 01766 01 04731 00000 - 73
f:‘ T6Twh 01767 00 7700k 00003
™ 76745 01770 01 01731 00000 7h
76746  OL77TL 00 00003 77005 ‘
76747 01772 01 01731 00000 75
76750 01773 00 77005 00003
76751 01774 01 01731 00000 76
76752 04713 00 00003 77006
, 76753 01776 32 76521 03100 7

8-180
. T6TSh . OLTT7 0 00003 TT213. .



FORMNO. E. T -t 1 r

PX 71900-8-11

BASIC FLIP

76755
76756
76757
76760

76761

76762
76763
76764
7676%
76766
76767
76770
76771
767172
76773
76774
76775
76776
76777
77000
77001
77002
77003

17004

77005
77006
77007
77010
77011
77012
77013
77014

01477
01500
01501
01502
01503

01504
01505 -

01506
01507
01510
01511
01512
01513
01514
01515

01516

01517
01520
01521
01522

‘01523

01524
01525
01526
01527
01530
01531
01532
01533
01534
01535

01536

44
27
L4
16
44
11
45
33
35

45
44
44
44
44
44
44
44
44
44
45
45
44
45
45

44

44
44
44
44
44
L4

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO, CALIFORNIA

Cv-11

01605 01737  SORT
00005 01772
01502 01675 STORE IN Y
01712 01734 . ORRZ -
01504 01657 DECIDE TO
01774 00007 ACCUMULATE
00000 01657 JUMP

00051 00107  =~28 TQ A
00012 00012 -P TO T12
00057 01726 11 ; =P
00000 01607
01514 01513 s
01516 01515 W
01520 01517 1
01522 01521 T

01524 01523 e

01526 01525 H
01530 01527 I
01737 01737 N
01737 01737 G
00000 72004 W

00000 72004 H

01737 01737 I

00000 01737 . F

00000 01526 F

01737 01737 t
01737 01737 E
01535 01534 T
01737 01737 R
72444 01732 . E
73400 73000 E
01512 01537 '

REVERSE SIGN QF X

JUMP TO Z2ERO ouTt

PAGE 79 of 100
REPORT 2ZM 1,90
MODEL All

' DATE 1-18-56

g-101



MMNO ETY Vs

FX 71500-8-11

BASIC FLIP

77015
17016
17017
17020
17021
77022
77023
77024
77025
77026
77027
77030
77031
77032
17033
77034
77035
17036
77037
77040
77041
77042
77043

77044

77045
77046
77047
77050
77051
77052
77053

) 77054

01537
01540
0l541
01542
01543

01544,

01545
01546

01547

01550
01551
01552
01553
01554
01555
01556
01557

01560
01561

01562
01563
01564
01565
01566
01567
01570

01571

01572
01573
01574
01575
01576

44
44
44
44
44
44
44
44
44
11
36
54
45
11
47
21
36
42
11
45
27
21
36
42
11
45
16
16
16
23
46
47

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

Ar IMEGO CALIFORNIA

01603 01577 TEST

PAGE 80 of bLa%

CV-11 REPORT  ZM ;90w 11

MODEL  All
DATE  1-1R.56

01546 01540

01542 Q1541

01545 1543

01531 01544

01571 01556

01574 01563

01737 01550

01532 01547

01533 01477

00011 20000 SCY MINUS (aLLy FOR TRACE)

00060 0C0L0 - 10 T0 5C X

00005 20044 SHIFT X IN A

00000 01722 JUMP

00005 20000 1s X

01500 01501 ZERO 2

01776 00074 STEP Bl

00005 20000 Bl=X

00074 01602  TEST

00040 01776 CLEAR B1 .

00000 01603 EXIT

00005 01772 'RESTORE SIGN X

01777 00074 STEP B2

00005 20000 B2=X

00074 01602 TEST

00040 01777 CLEAR B2

00000 01603 EXIT

01734 00012 INTERCHANGE

01736 01734 Y AND EXIT

00012 01736 ADDRESSES

20000 00011 SCX=SCY

01602 01576 TEST

8-182



FORMNC. € T.:t % F

PX 71900-8-11

BASIC FLIP

77055
77056

77057

77060
77061
77062
T7063
77064
77065

77066

17067
77070
77071

" 77072

77073
17074
77075
77076
77077
77100
77101
77102
77103
77104
77105
77106
77107
77110
17111
77112
77113
77114

01577
01600
01601
01602
01603
01604
01605

01606

01607
01610
01611
01612
01613
01614
01615
01616
01617
01620
01621
01622

- 01623

01624
01625
01626
01627
01630

01631

01632

01633
01634

01635
0l636

12
12
42
16
11
45
23
42
23
46
13
35
L
48
11
31
47
11
34
11
45
16
11

31

35

 CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFOIINIA . PAGE

00005
00006
00005
01734
01774
00000
20000
01765
00006

01737
20000

01773
00006
00000
00006
01774
01620
20000
00011
01774
00000
00000
20000

00000

01766

00005
20000
01603
01736
20000
01735
00011
01610
00006
01611
20000
01613
00110}
01734
00007
00034
01612
00011
00054

00006

01744
01736
01774
00017
01630

11 [30000] 10000

75
51
47
71
31
72

30005
01760
01634
00005
20000
00006

01633
00004
01640
01777
00001
01776

MODEL
DATE

Cv__ 11 REPORT

|
1Y
TEST
CHANGE EXIT
RESTORE R
EXIT
SCX=SCY
TEST SHIFT ,
CLEAR Y .
LEFT SHIFT 2
SCX=SXY
SHIFT
Y
EXIT
Yy 10 B
SCR TO A
ZERO ?
SCR TO
SCY
R TO Y
EXIT TO MULTIPLY
STORE EXIT
STORE R
PICKUP
COMMAND
IN Q
DIVIDE GOMMAND
_ IN PARTS
INDEX MODIFICATION REQUIRED?
PRODUCE
INDEX
MODIF ICATIONS

BY of 10L
™ 1,50
All
1-18-56



ODRM NO. E.T.-1 P r

“PX 71900-8-11

BASIC FLIP

77115
77116
77117
77120

77121

77122
77123
71124
77125
77126

77127

77130
77131
77132
77133

T7134

77135
77136
17137
77140
77141
17142
77143
77144
17145
17146

17147

77150
77181
77152

77153,

77154

01637

01640

- 01641

01642
01643
0lo44
01645
01646
01647
01650
01651
01652
01653
01654
01655
01656
01657
0l660
01661
01662
01663
01664
01665
01666

01667

01670
01671
01672
01673

01674

01675
01676

55
32
11
54

55

16
16
55
15

15

11
11
11
55
44

1

31
47

31

11
54
31
47
31
11

54

5%
44
11
47
b4
44

" CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGD. CALIFORNIA

20000 00031
00007 00003
20000 00013
00013 10025
10000 00014
10000 01734
10000 00013

10000 00017

10000 01653
00013 01652
00040 00007
Boooq] 00005
Booog] 00006
00004 00011
01554 01501
01774 00006
00006 00034
01662 01661
00066 00001
20000 00011
00011 00054
00005 00034
01667 01666
00066 00001
20000 00010
00010 00054
00004 00041
01536 01676
00005 20000

01740 0737
01656 01657 .
01677 01700

Cv-11

REQUIRED
PRODUCE N
PROPER N
ADDRESSES

IN
CELL
00013

SET Y PICKUP

SET X PICKUP

CLEAR B
PICKUP
OPERANDS
DECIDE ON
SIGN FOR X
R TOY
UNPACK
AND
TEST
Y FOR
ZERO
UNPACK
AND
TEST
X FOR
ZERO
IS THIS AN

ARITHMETIC COMMAND ¥

DIVIDING BY
ZERO 1

IS R AN OPERAND 2

DECIDE

PAGE
REPORT
MODEL
DATE

82 of 100
ZM 490
a1l
1~18-56

8-164



FORMNO.E. T -\ $ r

- PX 71900-8~11

'

BASIC FLIP -

77155
77156

77157

77160
77161
77162
77163
77164
77165
77166
77167
77170
77171

77172

77173
17174
77175

77176

77177
77200
77201

- 77202

77203
77204
77205
77206
77207
77210
77211
77212
77213
17214

01677
01700
01701
01702
01703
01704
01708
01706
01707
01710
01711
01712
01713
01714
01715
01716
01717
01720
01721
01722

01723
Q1724

01725
01726
Q1727

01730

01731
01732
01733
01734
01735
01736

44
44
23

46 .

11
11
11
11
13
42
11
13
35

54

54
35
21
45

" 54

11
T4
11
47
21

42

42
45
11
53
11
45
45

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

01673 01744
01615 01701
20000 00011
01703 01710
00005 10000
00006 00005
10000 00006
00011 00010
20000 20000
00045 01712
00045 20000
20000 20000
01767 01714
00006 00107

00005 00107

00006 00005
00010 00074
00000 01750
00005 00032
00040 00012
20000 00012
20000 00005
01506 01734
00010 00012
01771 01607
01770 01732
00000 01737
03772 10000
00005 00010
20000 [00000)
10000%?1736]
00000000007

cv-11

WHAT OPERATION
TO PERFORM
SCX=SCY TO T11

"WHICH TO BE SHIFTED 2

INTERCHANGE
THE
ARGUMENTS

SCY TO SCX

SHIFT TOO
LARGE
SET MAX SHIFT

SHIFT
Y CORRECT
 AMOUNT -
SHIFT X
ADD
CORRECT 5CX
JUMP |
SHIFT X IN A~

. CLEAR i 12

X TIMES 2 TO THE P

Is=P TO T12 -
IS ANSWER ZERO 2
S5CX =P TO $CX
CHECK _

SIZE OF

SCX
PACK
ANSWER
STORE
TRACE SWITCH
EXIT

PAGE
REPORT
MODEL
DATE

83 of 10C
23 1,90

All

1-18-56

a_1ns



JRMNO. E.T. ..t B ¢

'BASIC FLIP

77215
17216

77217
77220

[ 71221
;11222
) 11223
L7224
77225
77226
Y1227
77230
77231
17232
77233
77234

S~

; 77235

| 77236
/ 17237
' 17240

77241

77242

77243

17244

77245

77246

17247

77250

77251

PX: 71900-8-11

01737
01740
01741
01742
01743
01744
01745
01746
01747
01750

01752

01752
01753

01754
01755
01756
01757
01760
01761
01762
01763
01764
01765
01766

- 01767
01770

01771

Q1772

01773

 \CONVAIR — DIVISION OF GENERAL DYNAMICS CORP
BSAN DIEGO. CALIFORNIA

CV-11 /

45

11

36
n
73
71
54
11

21

54
47

11
54
1]
11

11
4%

00
00
00
00
00
00
10
54
00
77
77
54

\

\

00000
00041

00010

00066
00005
00006
20000
20000
00010
00007
01752
00007
10000
20000
00010
00040
00000
77000
00200
00400
00177
00600
00000
117
00006
00000
77171
17177
00006

76045
20000
00010
00042
00005
00005
00045
00005
00031
10034
01721
00006
00054
00011
20000
00007
01701
00000
02000
04000
71777
06000
00043

10000 -

00107
00200
17600
77400
00110

ALARM EXIT
RECIPROCATE
x

FOR

- DIVISION
MULTIPLY

X TIMES Y

AND STORE
AS X

_ TEST WHETHER

TQ ACCUMULATE
SHIFT

8 70

Y STORAGE
SCX TO A
CLEAR B
JUMP

- EX

TR
AC
10

, RS
38
PROTOTYPE

COMMANDS
128
EXTRACTOR

PROTOTYPE COMMAND

;

.

o A R

PAGE

REPORT
MODEL All
DAYE

aly of 100
" Zu Lso.

1-18-56

8-186



.
mno ET AMF

PX T71900-8-11

]

1262
77263

TT264

T7265
77266

77267

77270

71271
77272
77273
TT27h
7275
77276
277
T7300
77301
77502

17303

T30k
71305

77306

T7307

P10

T

313
e
7315
7316
47

7320 -

01000

01001
01002
01003
0100k
01005
01006
02007
01010
ot011

oot

01013
01014
01015
01016
01017
01020
01021
04022
04023
01024
01025
01026
01027
01030
01Q31
04032
01033
0103k
01035
01036

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

21 00015 00002
00 00000 000k2

"SAN DIEGO DIVISION o © PAGE "85_31' 10¢

CV=11 3 puNCH SUBROUTINE REPORT NO ZM-1{90
1101067 00002 prototyps —»tz ‘ :fffig/mﬁgﬂ ,
1100005 00035 x _ gy | |
11 00040 00036 0 —» decimal exponent (d.e.)

T5 30016 02005 ) -
1 ‘01051 00015 } load temporary orders
Sk 00005 20015 |
43 20000 01010 ‘} fost
37 00027 00015 enter temporaries
75‘10020 01012 } , |
S put "space™ to all digits
13 0007k 00015 . '
T4 00035 01081 X107
46 0101k 01015 | | |
1 01037 00015 } adjus’é sign digit
?k 20000 00051 X+107 as 1uf.eger
220000 20000 o
35 01050 20000 * Round
75 01041 00016 18t digit
13 01040 00017 decimal point ‘
75 30006 0102k '
7'5 01042 '00020 } Rexmtining digits
11 01036 00037 ﬁot deoimal point
11 00036 20000
46 01027 01030 adjust sign digit of d.e.
11 01037 00027
12 20000 20000 la.e.|
T5 01087 00030 1st digit d.e.
11 20000 00031 2nd digit d.e. ‘r
11 01063 00034 Jump order E
75 20017 00045 -

convert to orders

decimal point : a-187



PX 71900-8-11

77321
77322
T1323
77324
71525
71326
17321
7330
77331
T332
11333
T334
11335
77336
T1337
T340
TT341

17342

T343
TT3hk
TT545
TT346
TN
71350
77351
76703

TT450
TTH51

76704

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIFGO DIVISION Cv-11

01037 0G 00000 00014
01040 00 00000 00006
01041 00 00461 13200
01042 00 00036 41100
01043 00 00003 03240
01044 00 00000 23420
01045 00 00000 01750
01046 00 00000 001k
01047 00 00000 00012

01050 00 00000 00005

00015 16 04736 00015

00016 124 00036 0007
00017 1k 30003 20035
00020 1k 45003 10016
00021 {14 15003 00025
00022 23 00036 000Th:
00023 1k 20003 20035
00024 45 00000 00021
00025 1k 51003 20035
00026 16 00015 01736
00027 L5 00000 01735
00030 37 TTTTT 30000
00031 23 TTT77 TSHOk
00032 24 00000 0000k
01067 63 00000 00045

76703 0 77262 03400

12.
6.
107

W ,

105
10k
103
102
10 .

5

save exit address

dee -+ 1 -?dyoaq

" NZ10—» N

104N

uN ‘

d.e.~1 —3 d.e.

108 =7 N

Jump

FLOATING —% FIXED
restore exit

exit

1 (adjusted for rounding)

10 (adjup ted for reunding)

)

prototyﬁe order

loader parameter

. 52 PRINT SUBROUTINE

01000 11 0002 00002
01001 &5 00000 01003

76704 02 77450 00200

set prototype

Jump

loader parameter

PAGE - 86ef 100
REPORT NO ZW-},90
MODEL All

pATe 12/11/¢l,

8-168



‘‘‘‘‘‘‘ B I
FORMNO ET 1P F

- 87 of 100

CONSOULIDATED VULTEE AIRCRAFT CORPORATION PAG‘E‘ *
SAN DIEGO DIVISION , e o ,
443 INPUT CONVERSION SUBROUTINE voner | pulis0
cv-11 | f | ~
77552 01000 16 010k2 01025 set switch Is (OATE 12/1,/5

4

77353 01001 15 00013 01003 -
Co seot ordarﬁ

77354 01002 16 00013 0106k

77555 01003 14 30000 00004 (x) — x

71357 01005 11 01031 00003 6 —> tally 1

77360 01006 11 01046 0102h4 set order § -N-¥ N

77361 01007 37 010b1 01032 1gt FLEX dipit (sign)
T7362 01010 143 00061 01012 Tost for minus sign “}‘;
77565 01011 23 01024 01050 charge order: +% -7 {.};.} : ‘i
TT364 101012 23 00005 00005 0— 4,%n ‘

TI365 01013 37 010ML 01032 ome digit —» A
TT366 0101k T3 20013 76045 o

TT367 01015 43 00045 01046

TT370 01046 51 0006k 00006 binary dicit —>d'
I 01017 14 00060 00007
77372 01020 23 00007 00006
77373 01021 71 00060 00005
T3 mmasswm7wm5}
TI375 01023 41 00003 01013 Index tally 2
376 o102k [13 00005 30000] £ h -2 {d':‘g

TI3T7 04025 37 0002530000 1

TIHOO 01026 5k 00032 00037 N3l —>
THOL 01027 T3 01070 00032 A/ .31 107 - N
T2 01030 T5 30016 000tk ")
703 01031 14 01052 0001k

10 hord' =N S )

PX 71900-8-11

A} enter temporary orders

TTh0k 01032 k1 00012 01037 Index tally 2 \Digit Subroutine
77405 01033 11 01003 20000

TIH06 0103k 35 00073 01035 > (x+1) —v x.
THOT 01033 11 30000 0000k
| 8189



................................................

JAMNO ET -1 BF
;

A L7V Qg~l11l1

TT410
11
T2
T3
TTh
T3
77416
Te17
TTh20
TTh21
a2

T3

TT424

THh25

26
et
T30
TH3L
32
33
TP
T35
36
TH3T

. 77“&0
T

77&&2'

76663

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

01036 11 00067 00012
01037 55 00004 00006
01040 51 0006h 20000
01041 145 00000 30000
01042 - 00 00000 01043
01043 11 00074 00003
010k4 11 01047 01024
01045 45 00000 01007
010k6 13 00005 00032
01047 13 00005 00033

,01050 02 00000 00000

01051 00 00000 00006
00014 16 01736 00002
00015 1k 42003 20031
00016 11 20000 00032
00047 [14 30003 10032
00020 21 00033 00OT:
00021 46 00017]00022
ooce2 [ 43 oooko 00026
00025 14 20003 10032
00024 23 00033 00OT:
00025 45 00000 00022
00026 11 00032 00000
00027 16 00002 01736
00030 45 00000 01735
00031 24 00000 0000k
01070 ©0 00461 13200

76663 T2 77352 05000

Cv-11
7 — tally 2

shift one flex diglit,
x traact to A .

exit

constant

1 —» tally 1

get order - ‘}L-,’d.e.v\

Jump

constants

store exit a-ddress

FIXED —2>» PFLOATING

N+ /c>-5;4f
dees +1 -2d.e.
Oid.e.

O:d.o.

N —> ¥
deey =1 —» d.e,

Junp

store
exit
10

107

loader parameters

»

PAGE "~ £8 of 100
REPORT NO  ZY-},90
MODEL All

paTe 12/1,/5,

8-190



FORMNO ET .1 PF

PX 71900-8-11

TTh92
17453

76747

T7h5h
TS5
TTh56
ST
TT460

TTh61.

T7h62
TT463
TT46
THES
766

TIHET

TTH70
THTA
T72

TS
 TT

TS

TG

THTT
77500
7501
77502
77503
TI50h

01000

01001

6717

01000
01001
01002

01003

01004
03005
01006
01007
01010

01011 [11 00010 10000]

01012
01013
01014
01015
01016
01017
01020
01021
ol022
01023
01024
01025
01026
01027
01030

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN CHE_G TIVISION

61 COSINF SU BROUTINE

11 04054 00004

L5 00000 01003

02 T7h52 00200

-89 of 1ooi

PAGE
REPORT NO zu.bgo
MODEL
DATE 12/1h gl
e — 4,
Jump

loader parameter,

60 SINE SUBROUTINE

11 00040 0000k
23 00010 00056
k6 01003 76045
35 00053 20000

46 01006 01007

00 00000 00036

11 00040 00005 -

36 01005 10000
35 01050 01011

k4 01013 0101k
11 20000 20000
73 01060 10000
35 0000l 20000
11 00066 0000k
k2 01052 01023
55 00004 00001
36 01051 20000
45 04057 04017
54 20000 00043

75 01052 00005

T4 00005 10000
5k 20000 OOOLS
11 20000 00006
11 00040 00007

‘i+{mz-—;~

0 —> 1,

8cx=27 —» vsox

ALARM?

‘ acx—27~+ g, =» 4

Zero Reaﬁlt?‘

30, . .
0 —>» x |

Bex=27 45430 -> Q,A

xe2BCX o

left shift?
0 —>1L
xne2 A —» A =Y @

t 590 5 1,

LA

change sign 4,

Y- =Y

8-191



= vy

PR I e ol R AL R L o
-

FORM NO ET .1 B-F

PX 71:900-8- 11

77503
1506
17507
77510
77511
7512
513
TSN
7515
77516
1547
77520
m& .
7523
775k
77525
T1526
771507
. TT530
7531
TI532
77533
TTSR

76743,

01031
01032

01033 [71 00007 00006

01034
01035
01036
01037
01040
01041
01042

- 01043

o104k
01045
01046
01047
01050
01051
od052
01053
01054
01055
01056
01057
01060

76715

.-

N e R W RN AR W W SR N R RSN F P P RORI T R W e W e e o e T S S o vy S M i s o o o 4

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

15 01022 01035
11 0004k 00010

5l 20000 00045
35 01060 00007
23 01035 00073

SAN DIEGO DIVISION

Cv-11
9 —» i

L — tally

x.P +01 -avp@ :

itap i

41 0000 01033 | '~ done?

74 00007 00005
54 20000 00CL5
11 20000 00005
11 00004 10000
4L 01045 01046
13 00003 00005
11 0007\ 00010
45 00000 01721
54 00005 24110
14 k4176 65200
06 22077 32504
31 10375 52202
65 52420 6452
o1 2ahkéh 25731
T7 T3155 b6346
00 00117 32757

31 10375 52kl

61 TSk OLTOO

XoP —» Xx (35)

7{ oheck sign ),

)l '-?x
1l <> sex
oxit

prototype
T 2

o ®

°1

°3

°5

%7

09 '
21 @

loader paraheter

PAGE - =" 90 of 1!
REPORT NO.  ZH«=;90
MODEL 11

DATE 12/&4»/

8-192



B N PV S PR
- -

CONVAIR — DIVISION OF GENERAL BYNAMICS CORP. IR s ¥
- SAN DILGO GALIFORNIA ) : . PAGE ’)’?.{‘! 91 of 10

FORM NO.E T\ n?.}

3 , cv-11 - B L REPORT , 2% Lso
Bys C. J¢ pwift o o . MEDEL A1l

DATE gugust 9, 1955

FLIP CHARACTRON TRACE
ACTIVATING SUBROUTINE

77570 77570 45 26111 41801  FLIPT'

7571 TTSTL 45 26110 31501  FLOPT 1
77572 77572 16 77577 01738 SET ES JUMP TO NOT TRACE
77573 77573 [61 00000 20000  PRINT | o

71574 77574 34 20000 00006  SUB

7875 77575 AT 77573) 77576 ROUTENE

77876 77576 11 01735 77213 PLACE JUMP IN MD

77577 TT5TT 56 00000 01726  STOP | E
77600 77600 11 77214 01735  PLACE. JUMP IN ES .

77601 77601 37 T11Th TAl4o  PROCESS TWO

77602 77602 37 71174 71140 PAGES OF TRACE -

77603 77603 31 Y871 00082.  FLOPT TO ACC
7604 77604 37 77604 [17606]  TWO waY
| 77608 17605 37 TT604 77572 SWITCH
17606 17606 31 77870 00032  FLIPT T0 ACC
T1607 T7607 37 01735 77573 SET €S JUMP TO TRACE

PX T1900-8-11

" A.193



FORMNO. E. T..t % r

PX 71900-8-11

. P . e e e .
CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. .
' $SAN DIEGD CALIFORNIA . : PAGE 92 of 100

FLIP CHARACTRON TRACE

77610_

77611
77612
71613
77614
77615
77616
77617

77620

77621
17622
a7623
71624
77625
77626
77627
77630

01551
01552
01553
01554

01555

01556
01557
01560
01561
01562
01563
01564
0156%
01566
01567
01570
01571

I
-

Cv-11 , ¢ REPORT ZM 1,90
. i MODEL . A1]

DATE 1-18-56

CONCURRENT SUBROUT INE

75
11
11

21

31
36
15
11
75
00
21
42
37
11
75
11
11

30017

77612

20000
01562
01726
00073
20000
30000
30003
01540
01550
01571
71174
01553
30021
77027
00011

01553
01553
01583

01550
00017
01551
01560
01552
01563
57637
00043
01566
71140
20000
01736
01551
20130

LOAD THIS -

INTO ES
STORE ACC
SET COMMAND WITH TALLY
STORE TRACED COMMAND

ADDRESS a
STORE TRACED

COMMAND _
STORE INFORMATION -

IN BIN

STEP TALLY (INUSED BITS 1IN BASIC FLIP)
BIN FULL
PROCESS INFORMATION
RESTORE ACC
RESTORE BASIC

FLIP IN ES

PROTOTYPE FOR TEST

8-194



FORMNO E.T..1 1 r

PX T1900-8-11

77716
77717
77720
17721
77722
77123
77724
77725
77726
77727
77730
77731
17732
77733
771734
77735
71136
77737
17740
77741
17742

77743

11744
77745
77746
77747
77750
77751
17752
y7753
77154
17755

PERMANENT

00040
00041

00042

00043

. Q0044

00043
00046
00047
00050
00051

00052

00053
00054
00055
00056
00057
00060
00061
00062
00063
00064

00065
00066

00067
00070

00071

00072
00073
90074
00075
00076
00077

00
0o
61

00

0o

00

00
00
00
00
00
00

co

00
00
0aG

‘00
00

31
31
00

21

20
00
37
00
00
00
00
00
00
00

CONSTANTS

00000
00000
00000
00000

00000,
00000
00000

00000
00000
00000
00000
00000
00000

60000
00000

00000
00000
00000
10375

46314

00000
67643

00000

00000

77777
77717
00000
00001
00000
00001
07777

00000

p

00002
00045
00003

00004

00037
00052

00074
00070

00064
00062

00066

00072
00060
00033
00013

Q0%*12

00056

52421 .

63146

00077
241717

00000
00007
17777
00000
17777
00000
00001
00001
07777
00110

cv-11

" CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

BAN HEGO. CALIFORNIA

1

PAGE
REPORT

" MODEL

DATE

e e

93 of 10C
ZM 1450
A1l
1-18-56



FORMNO E. T -t 1% r

PX 71900-8-11

i

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. -
SAN DIEGO. CALIFORNIA . PAGE % of 10C

ASSEMBLY ROUTINE

77756
77757
17760
17761
77762
17763

71764

71765

17766

17767
77770
7771711
11772
71773
77774
771715

77776

17717

0o0lo00

00101

00102
00103
00104
00105
00106
00107
00110

100111

00112
00113
00114
00115
00116
00117
00120
00121

11
47
73
16
36
41
21
45
16
11
21
55
51
11
35
21
45
00

00122
00102
00073
20000
00121
00005
00100
00000
00112
00040
00007
20000

00075

10000
00007

00112
00000

00000

cv-11 E reporT  ZM L9O

/ mopeL  All
/ DATE 1-18-56
/

20000 PARAMETER TO A

00000 DONE i

00005 N TO TEMP ’

00112 SET PICKUP

00006 COMPUTE ADJUSTER

00110 DONE 2

00073 STEP PARAMETER PCKUP

00100 RETURN

00116 SET STORE .

00007 PICKUP

00000 CNEXT CELL

00033 SHIFT IN Q

10000 ADJUST AND

00006 STORE

00000 COMMAND

00074 STEP PICKUP

00105

01000 -

CONSTANT

8-196



) PX T1900-8-11

r

ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE =7 O956f 10(

PREPARED B8Y C. J,. Swift SAN DIEGO DIVISION - REPORT NO  ZM Li90
CHECKED BY S. Pollack Cv-11 MODEL All
REVISED BY ) : pate 11/12/5)

V Flow Chart, Phase I

| ﬁ‘mcs ExiT |
b § i
J(RY > A : : .
e e I o= varibble enit P“Cst""’d
! ts 1 67 loadew
i' A= addyess of command
& » )C= Command
) - ".-.. I‘et‘.q“' )
[Szf ordevs retevmg : ' _
te basic code j= imdex of stovaqe
o 27¢ ‘
PR B Lacation n 2M00647 7577
b 1
EXIT Adavess less £ 2 A c;‘:reipmd;‘. :’ rae
CATION
(AT , NS
AT,r - $5,$0-,,, S;ea
Jt3a] ‘ ‘

o>y

store Trace Rvu""”t-”"\_
Sosvee S,‘ -» &S,

PeinT $,0 00 Sy, “2MT2
Restore Tvace —yE.$

’lFuPsnr

8-197

FORM 1913



PX 71900-8-11

-

ANALYSIS

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

PREPARED BY C., J. Swift
CHECKED BY. S. L. Pollack

REVISED BY

Ccv-1

1

PAGE - 96 of 1
REPORT NO ZM-iG0
MODEL All
oaTed1/15/¢,

[T
(923

V1l Flow Chart, Phase II

Store wooo¥

-‘fu't‘_ ES

Set ey it of Loadev
koad this voutine HES
Prinr tRewinp MTA
Sef wooan

FLiP
LoADER

P - - -

Set woece for €n
of phase I

R‘-‘aJ ATre R‘-n" Ru‘
Reversce 4T ’

s ac

Print 154
wde M1

5

—f

A?”g B a-A,c,A,

L{FAES ¥ N

J

Is C ol% commpd]

,1)“

Mo

IIE-X

c*z-ﬁ«:
Print A, ¢ in octal

r i.h f/aqfhni Decrmiql

Replace ES
Replace yoooo

Halt

Roooo

8-198

FORM w1y

i e g i 25




- e B e I il I T R U

FORMNHTD ET o1 ey CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

Cv-11

PAG. - 970f 100
© REPORT NO ZN =90
MODEL Al

77 PHASE I of TRACE oate 12/1,/5),

37 01000 E:Loe):[ '

76521 01000 RPN
76522 01001 11 20000 01025 stere R
76523 01002 31 [a736]ooot7 )
76524 01003 23 20000 000T3 exit addross —» A
76525 01004 11 20000 01023 ,
76526 01005 15 20000 01006
76527 01006 11[30000]0102% () —1
76530 01007 75 30003 01011
76531, 01010 11 ooe3[proog] J  *UOTCAe To foon drum
76532 01011 21 01010 00043 Bt;p
76553 01012 42 01026 01030 dene?
7653 01013 16 01027 01010 rentore
76535 0101k 75 30036 01016
76536 ' 01015 11 01000 75000 } place es on WD
76537 01016 75 30036 75020 |
765h6 01017 11 ThOOL 01000 } place 1nfqrmation in ES
76541 01020 65 20004 01000 print on MT 2
76562 01020 75 30036 01030
76 51&3 01022 11 T5000 02000 } restore ES
76584 01023 15 01031 01002 set order
. 76545 0102k 75 10040 01001
;; 76546 ) 01025 11 00040 ThoOL } olear temporaries
é 76547 01026 11 01023 74037
: 76350 01027 00 00000 4001 } oonstants
- 76551 © 01030 11 0102% 20000 restore R
76552 01031 L5 04736 04736 oxit
- 76753 32 76521 03100

76753

loader parﬁfmtor

A_100



)

FORMNO EY - TP F

PX 71900-8-11

77600
77601
7602
71603

760k

T1605
T7606

77607
TT1610 .

T7642
T7613
TI61%
TT615
17616
TT647
77680
7621
77622
T7623
77624

77607

77630
T7631
77632
77633

- oo117

00120

oot21
o012

00123
0012k
00125
00126
00127
00130

00134

00132
00133

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

SAN DIEGQ DIVISION

o Cv-l1
PHASE II of TRACE

11 %0000 74000
75 34777 17673
11 00001 4004
53 00000 01300
00 00000 00000
k5 00000 00215
37 00200 00201
45 12003 11406
22 oWk70 70157
T4 45000 00000
00 00000 00000
11 00124 40000
45 00000 6575

00134 (67 20010 00000

00135
00136
00137
00140
00141
00142
00143
004k
00145
00146
0tk
00150
00151
o015

15 oo172 00137
75 30005 00140
11{o0700 Joooeo
11 00021 20000
42 00170 001k3
42 00471 00146
21 00137 00073
k2 00173 00436
k% 00000 00222
21 00137 00174
63 00000 000L2
55 00020 00011
37 00166 00457
85 00921 00006

;
}

—

J

stora 0,000

store E.S.

return from loader

print flex characters

Flox characters

preset L0,000
enter loader
back tape

preset order

pickup A,IR

Test I

Step by one
done? |

Jump
Step by three

punch carriages return

shift A by 3 ootal

punch A
shift C

Loader parameters

i it Y At %8 | ey

pac. - 98of 100

REPURI WO Zya],90
MODEL All

DATE 12/ﬂgﬁﬂ;

8-200



TORMNG ET 1 0F CONSOLIDATED VULTEE AIRCRAFT CORPORATION

SAN DIEGO DIVISION g

PAL .. 99of 100

Ly 2rdoe
DATE 12/1L,/85l,
77634 00153 11 0007k 00006 1 —» tally
77635 0015k 37 00166 00160 punch operation
77636 00155 37 00166 00157 punch x
T1637 00156 45 00000 00175 Jump i
77640 00157 11 00043 00006 3 - tally SUBROUTINE FOR
7761 00160 [55 10000 00005 swrer OCTAL FONCH
77642 00161 51 00067 20000 X TRACT DIGIT
TT643 . 00162 35 00167 00163 set order
7644 00163 [00 00000 00000 | bpunch diptt
TT64S © 0016k k1 00006 00169_1 Index
T7646 00165 63 00000 0004k punch space
TT6HT 00166 45 00000 00000  exit
71650 00167 63 00000 000K5  prototype order
77651 00470 43 TTTIT TITTT |
T2 00ATL M TITIT TTTTT
77653 00472 00 00700 00000 \_ gonstants
65 00173 11 04275 00000
TI655 ~ 00AT:E 00 00003 00000
TI6%  00LTS 37 00166 00157  punch y
ﬁé}?. 00176 1k 53002 20000  punch r -
77660 00177 b5 00000 00136  jump
— 77661 00200 45 00000[00000) exit”  SUBROUTINE FOR
@ 77662 00201 f;1 00200 00017 ) | YL PRI
&
S set order
= TI663 00202 15 20000 0020k _
o T766% 00203 .21 00200 00OTH  gtep
T7665 < 0020k 31 00000 000Uk  Word - L
77666/,' 00205 47 00206 00200  done?
776§‘f 00206 [5k 20000 00006 gny gt next digit
./’{7/6,7(') 00207 64 00000 20000  punch
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T7671
71672
7673
TI6T

77675

77676
77677
17700
77701
7702
77708
TTT0h
77105
71706

00210
00211

00243
00214
00215
00246
00217
00220

00222
00223

00224

00225

CONUSOLIDATED VULTEE AIRCRAFT CbRPORATION

27 00040 00040
h? 00206) oo::gg
11 77605 00010
T5 30200 00125
11 77603 00122
37 L0000 00223
75 31777 77701
11 74001 00001
11 T4000 40000
56 00000 40000
65 20010 00300
64 20010 00700
75 10400 00134
11 0000 00300

.-

-

r

SAN DIEGO DIVISION PAGE P IQC‘ZI‘ e
~ REPORT NG M~/ 00
Cv-11 MODEL All
oATE 12/1,/5)
clear R .
done?

set exit of loader
put phase II into E.S.

set LO,000 for restoration

restore ES

restore 40,000
halt
print over old date

read new data

store zeros for printing
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‘ Page 1 of 2
F?A.c?. fq.“\(”w£§ ,l R 8 PAGE JE0O1-1

ANALYSIS o s _
PREPARED BY C. J. Swift ' SAN DIESO - ; ' REPORT NO. Z¥ ||91
cHeckep BY Ceo He Richarde CV=-52 ‘ 5 MODEL. A1}l .
REVISED BY W. G. Gerkin . : ' DATE 2a27-56

 FPLEXPRINT SUBROUTINE IEOOL (Revised)

‘Thia short subroutine is uszed to print (;r puﬁch) a sories of
_ flexoﬁriter ehardeters from éonuocutive six bit positions within
words whiéh are’stored in oonseoufive memory locat1§ns.

A code delete (ootal 77) is used to signal the end of printing
(or pumching); any remaining digif positions in the aame word are
filled with geros,

This subroutine is entered by & 37 order; the flexowriter
characters to be Prihted (or punched) follow 1mmediafely after this
37 orders : '

The routine operates from a fixed Mﬁ locatioﬁ, reséta itself
cbmplotoly, does not réquira the cénbtant'pooi,‘and uses no t&ﬁporariés.

VENTRIES;

Punch (P.T.) 37 77215 77216
Print 37 77215 77217
Drum Allocation 7721377233 (17)10 (21)3

(¥ot standard)

rORM 1318~A . (RIonn
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COMVALL ~ DIVISION OF GEHIRAL DYNARICS CORP . ry 2 of 2 ;
SAN DGO CALIFQAMA T i PAGE IE GO/ - 2

REPORT ZA)-«73/
CV-52 . MODEL A L4

DATE 29/2
FLEXPRINT/ZPUNCH ?/ /56

77213 18 77217 77221 RFSFTS

77214 11 77220 77778 }

77215 37 17215 [77214] EXTT

77216 11 77231 77225 . PUNCH ENTRY

77217 11 77232 10000 PRINT ENTRY

77220 31 77215 00017 :g SET

77221 15 20000 77223 PICKUP

77222 - 21 77218 77232 STFP EXIT

77223 31 [77237] 00052 PICK UP FLEX WORD

77224 43 10000 77213 FINISHED ?

77225 [61 00000 20000 PRINT/PUNCH CHARACTER |
77226 34 20000 00006 SHIFT NEXT CHARACTER |
77227 47 77224 77220  WORD USED UP?

77230 61 00000 20000 PRESETS

77231 63 00000 20000 .3

77232 00 00000 0007T FLAG

77233 00 00000 00001 ADDRESS STEP
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OR-118

OPERATIONS RESEARCH OFFICE
7100 Connecticut Avenue
Chevy Chase, Maryland

Complab

Coded by James Chappell ‘ ' Page 1 of 21

Checked by J, Chappell ' - Date _13 February 1956

Machine checked by J, Chappell

Title Card Title Subroutine

Use: ‘This routine converts alpha-numeric information coded in Flexo-
' writer code into IBM code on cards for use as page headings,
‘column headings, and line titles, These cards, together with
.data cards, can be listed to produce tabular formats, for
example, on the IBM 407,

Range: - A maximum of 72 letters or digits may be punched in columis 1-
72, plus a 4-digit card number in columns 76-79, a 3-digit
alpha—numerlc deck number in columns 73-75, and a l-column line
space code in column 80,

Storage: 156 instructions, 01001b - 01232b
51 constants in program, 01233b - 01315b
36 words temporary storage in program, 01316b - 01361b
19 words temporary storage not in program, 00010b - 00032b

262 words total storage

The Convair constant storage pool is not used by this routine,
/

Format: The routine is coded in standard form and is self—resettlné.
Parameter Two types of parameter words are used by this routine, See
words: description of parameter words, page 3,

Modification: See Modification, page 7,

Timing: '1 second per card average, (See Timing, page 7,)
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Page 2 of 2]

OR-118

Description of Service

This subroutine was designed to allow the programmer wishing
tabular output to make use of punched card equipment to produce quickly

a neat printout of flexible format, The routine uses the standard two-

digit octal Flexowriter codes, packed 6 to an 1103 word, as input for
setting up the appropriate IBM card code for punching by the 1103 Con-
trolled Reproducer, Since there is not an exact correspondence between
all the characters used on the IBM Type 407 Tabulator and the Flexo-
writer, it was necessary to add some codes and delete others, The codes
used are shown on page 10, Inapplicable Flexowriter codes are recog-
nized as illegal codes and are ignored by the routine, A maximum of 12
such coded 1103 words can be punched on one card, This produces 72

. characters or spaces in columns 1 - 72 of the card,

The line space code, provided in column 80, is used by the tabu-
lator to determine the number of lines there will be between the last
card printed and the card containing the line space code, Althoughzthis
particular routine is not set up to punch them, the line space code is
designed to include numeric data cards, Due to the peculiarities of the
tabulator, the dash and the ampersand will not print on alpha-numeric
cards, The complete spacing code is shown on page 10, (For 407 wiring,
see Listing the Cards, page 8,)

To facilitate the arrangement of the cards for a particular

‘table, a 4-digit card number can be punched in column 76 - 79, For

dlstlngulshlng sets of cards belonging to different tables, a 3-digit
alpha-numeric deck number is provided in columns 73--.75, These.features
are particularly helpful if the 1103 programming makes it inconvenient

to punch the cards for the lines of the table consecutively, After the
cards have been punched, a simple sort on card and deck number will put
them in order for listing, The deck number and card number are in addi-
tion to the 72 columps of alpha-numeric punching, These may be used at
the programmer's option, (See Use of Routine, page 3,)
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Entry:

Parameter Words:

?age 3 of 21
OR-118

Use of Routine

fhis subroutine is coded in standard form and is entered in
the usual manner:

RJ 01001 01002
Parameter words

e ¢ o 8 e o # o »
e e+ s e e 4 ¢ e+

e o o & & o o

NI (1 e., next instruction of the main routine. )

The number of parameter words used is flexible. depending
upon the needs of the programmer. See Parameter words,
below, .

Two types of parameter words are used by this routine which
may be designated as primary parameter words and secondary .
parameter words. A primary parameter word is necessary for
every group of cards punched. A secondary parameter word

is used only if a card number, a deck number, or a code
punch is desired. Any number of Primary parameter words
alone or groups of primary and secondary parameter words

may follow the RJ entry to the routine, and the routine

will exit to the NI, provided that in every case in which a
card number, deck number, or code punch is desired, a secon-
dary parameter word follows immediately the associated pri-
mary parameter word, and that no secondary parameter word is
used where no card nor deck number, nor line space code is
used. The format of the two types of parameter words is as
follows:

Primary parameter word | 00 XXNNZ AAAAA
Secondary parameter word ‘ KK DDDDD CCCCC

The first two octal digits of all primary parameter words
must be zeros and the NI must be a legitimate 1103 machine
instruction with an operation code greater than 10b since
the routine determines the end of the parameter word llst
by testing for this condition;

= number of cards to be punched under control of this partx—
cular parameter word; 1 < X <77

= number of coded words to be used per card; thus 6N letters
or digits of information will be placed on each card
1< N < 14b.
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- = address of first coded 1103 word, A may be either a drum

or MC address.

The desired letters or numbers are coded in Flexowriter
code, 6 to an 1103 word; for example, ABC 75 would be
coded as follows: 30 23160 47262

Therefore, NX consecutive coded words must be provided
beginning at location A.

= 1 octal digit which determines the use of deck numbers,
card numbers, and line space codes. A 1 in the first bin-
ary position causes the routine to punch a deck number, a

1 in the second binary position produces a card number, and
a 1 in the third binary position produces a line space code,
A O in any of the 3 positions causes the routine to bypass

" that portion of the routine controlled by that particular

bit,
Thus the values of Z produce the following results:

= 0; no deck number, no card number, no line space code
; no deck number, no card number, a line space code

; no deck number, a card number, no line space code

no deck number, a card number, a line space code

a deck number, no card number, no line space code

a deck number, no card number, a line space code

a deck number, a card number, no line space code

a deck number, a card number, a line space code

we ms ms =3

-y O Ol OO

-p

1

If Z = 0, a Type B Parameter word should not be used.
If Z = 0 and a Type B parameter is used, it will be used
by the routine as the NI.

If Z # 0, a secondary parameter word must be used,

If Z # 0, and no secondary parameter word is used, the
1103 word following the primary parameter word will be
used as the secondary parameter word.

= address of Deck number which may be either drum or MC
address. The deck number is a 3-digit alpha-numeric num-
ber coded in the same manner as the regular coded words
and stored in the last 6 octal positions of an 1103 word,
The same deck number will be placed on all cards punched
under control of a single parameter word. The address of
this word is D in the parameter word.
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3

= address of Card number which may be drum or MC address.

The card number must be coded in octal and will be punched
as a decimal pumber in columns 76 - 79 of the card, The
1103 word containing the card number is made up of two
parts, as follows:

HH 00000 BBBBB

- where B is the octal equivalent of the number to be punched
~in the first card and H is the increment by which the card

numbers are to be advanced, For example, if C contained
02 00000 00144

the card numbers would be 100, 102, 104, 106 . . .

The decimal value of the card number can never exceed 4

digits,

= the line space code (i.e., octal equivalent of card row
in which the column 80 punch is desired).

Card Row Value of K
(Line space code) (octal)
12 14
11 13
0 0
9 11
8 10
7 7
6 6
5 5
4 4
3 3
2 2
1 1.
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Code 1:

Code 2:

_ " Page 6 of 21
OR~118

The ORO IBM 407 has been wired to space on this code as
follows:

Single Suppress Double Quadruple
Spacing  Spacing Spacing Spacing

Numeric data cards no punch 3 6 9

Alpha-numeric cards )
(Print wheels 1-72) 1 4 7 11
(from card col, 1-72)

Alpha~numeric cards
(Print wheels 73-120) 2 5 8 12
(from card col, 1-48)

Since the spacing is done before printing the card, the
line space code must be placed in the card on which the
desired space or space suppression is wanted. Thus to
achieve quadruple spacing after a heading, a 9 punch would -
be placed in the first data card. To print more than -1
card per line, a space suppress code will be placed in all
but the first of the cards to be printed on that line.

Alarm Conditions

A value greater than 14b has been placed on K.
Decimal equivalent of card number exceeds 4 digits.

After typing out the appropriate code, the machine will
halt on a zero stop. At this time the secondary parameter
word upon which the routine is attempting to operate will
appear in Q and the address of this secondary parameter
word will appear in AR, The parameter word in Q will have
the normal secondary parameter word format: KK DDDDD CCCCC,
Starting the machine again will cause the subroutine to
exit either to the NI or return to process the next para-
meter word, whichever is applicable,
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Page 7 of 21

‘Timing

 Several timed runs made on the OR0 1103 produced the following
results: With the coded information stored in the magnetic core memory,
times varied from a minimum of 60 cards per minute with 11 coded words
per card, deck number, and line space code to a maximum of 79 cards
per minute with only 1 coded word per card and no deck number, card
number, or line space code. With the coded words stored in the drum,
the corresponding figures were a minimum of 40 cards per minute and a
maximum of 75 cards per minute,

. Since this routine was assembled with the Ramo-Wooldridge one-
pass assembly routine (RW-72), it can be modified by changing the direc-
tory cards. If this is done, the main program (the AOO regions) should
follow in consecutive order, If desired the card image (C100 region)
may be assembled elsewhere in the rapid-access memory. If it is desired
to modify the octal version of the program, only 254b words should be
modified. ” '

Explanation of Dictionaries

Figure I (page 11) shows a binary breakdown of the card diction-
aries. Dictionary I is used for all Flex codes < 45 and Dictionary II is
used for all Flex codes >45. It can be seen that if the appropriate dic-
tionary were shifted row by row, the number of places left corresponding
to the octal Flex code, the resulting configuration would be such that the
extreme right bits of the 12 words would correspond to the IBM code of the
letter, number, or symbol whose Flex code was used. In the routine, to
avoid destroying the dictionary, each row is shifted in the Accumulator

and handled independently. All unused or illegal codes have an entire

column of 1's as a signal to the routine to ignore that code.
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Listing the Cards

Several basic assumptions were made in wiring the 407 control
panel for listing these cards. These were:

1, The cards will be in order when fed into the 407. Either

: they were punched consecutively by the 1103 or they were
sorted into the correct order by use of the card and deck
number. If the first card to be printed is an alpha-
numeric card, it should be preceded by a blank card.

2. The cafriagetape is punched to space a fixed amount at
the top and bottom of each page.

3. Spacing in excess of 3 lines between printed lines will be
taken care of by the use of cards which are blank in
columns 1 - 72,

4, Wiring for listing the numeric data cards will be done

~ separately for each table. The wiring for the alpha-
numeric cards is the same for all tables and is perma-
nently wired into the control panel,

5. Zero print control will be wired only for numeric data
cards. It is this assumption which makes the dash and
the ampersand fail to print on alpha-numeric cards.

For purposes of explaining the ORO control panel used to list
these cards, one further assumption is made. This assumption is that
the reader is familiar with the operation of the IBM 407 tabulator and
understands how to wire it for listing. The basic principles for this
can be found in pages 5 - 16, 22 - 27, and 54 of IBM Accounting Machine
Type 407 Principles of Operation, Fifth Revision, International Business
Machines, New York, 1933.

Complete format flexibility is obtained by each person doing
the wiring necessary to list his specific numeric cards. This consists
of wiring from the second read outlet for impulses from each card column
to be printed into the normal print entry for the type wheel in which the
column is to print, If only numbers are to be printed with no zeros to
‘the left of the most significant digit, zero print control for all but
the type wheel for the most significant digit of the number should be
jack plugged. Zero print control for cases involving dollar signs,
decimal points, commas, etc. is as shown in the 407 Principles of Opera-~
tion Manual, When more than 10 filters, which are standard on the mach-
ine, are needed, co-selectors 13 and 14 can be used. In this case the
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information to be filtered can be taken into the C (i.e., common) hub of
the selector and out of the corresponding T (i.e., transferred) hub of
the selector.

For those who may need to set up a similar 407 control panel two

problems must be solved. One of these is finding a way to print in two

different type wheels from one card column. The second is to provide the
line spacing indicated by the column 80 code shown on page 6.

The first of these problems was solved on the ORO board by the
combined use of co-selectors and transfer print. Transfer print was picked
up on all the line space codes used by alpha-numeric cards. In addition
to this co~selectors 1-10 were picked up for those cards which were to
print in type wheels 73-120, This means that card columns 1-48 go into
the common of the.co-selectors and out of the normal side into type
wheels 1-48. When the co-selectors transfer because of a 2, 5, 8 or
12 punch in column 80, columns 1-48 will print in type wheels 73-120,

The wiring used to obtain the spacing is shown in Figure 2. This
figure also shows the wiring used to pick up Transfer Print Entry for the
printing of the alpha—numer1c cards, It will be noted that a set of numer-
ic cards which are blank in column 80 will list with single spac1ng If

these cards were to be double spaced, a 6 should be gang punched in
column 80,
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Octal Codes Used for this Subroutine

Letters Octal Code  Numbers Octal Code
A 30 0 03
B 23 1 52
c 16 2 74
D 22 3 70
E 20 4 64
F 26 5 62
G 13 6 66
H 05 7 72
I 14 8 60
J 32 9 33
K 36
L 11
M o7
N 06
0 03 Special Symbols
P 15
Q 35 . (period) 12
R 12 ", (comma) 46
S 24 o : .63
T 01 $ (dollar sign) 65
U 34 * (asterisk) 67
v 17 / (fraction bar) 50
W 31 % (per cent) 10
X 27 # (number sign) 40
Y 25 @ (At sign) 41
Z 21 Space 04

All other 2-digit octal combinations are recognized as illegal and are
ignored.
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RAWOOP CODING

0100 00512
02A00. 00544
03400 00600
04A00 00611
05A00 00629
06A00 00642
0APOO 00659
00K0O 00667
0CDOO 00690
OPTO0 00712

0C100 00718

(- — N T — N — A - 2~ -~ A - A~

00T00 00008

01A00 00 00000 00000

01A01 MJ 00000 |00000

01A02 SP 01A01 00015

01A03 TU A 01A04

01A04 TP(B 00T00

01A05 SP 00T00 00015

01A06 TU A 00K14
01A07 LQ 00T00 10012

01A08 QT 00KOO A

01A09 ST OPTO5 00TO2

OR-118

Page 12 of 21

CARD TITLE SUBROUTINE

OCTAL CODING

01000 00 00000 00000

01040 00 00000 00000

01130 00 00000 00000
01143 00 00000 00000
01165 00 00000 00000

01202 00 00000 00600

01223 00 00000 00000.

01233
01262 00 00000 00000

01316 00000 00000

00010

01000 00 00000 00000

00
00

01310 00 00000 00000
00
00

00000 00000

01001 45 00000]00000

01002 31 01001 00017

01003 15 20000 01004

01004 11| 30000{ 00010

01005 31 00010 00017

01006 15 20000 012351

01007 55 00010 10014

01010 51 01233 20000

01011 36 01315 00012

EXPLANATION
DISSECTION OF PARAMETER WORDS
FORMULATION OF CARD IMAGE

FORMULATION OF DECK NUMBER
FORMULATION OF CARD NUMBER

FORMULATION OF SPACE CODE

PUNCHING OF CARD

" ALARM PRINT ROUTINE
CONSTANTS '

CARD DICTIONARY
POWERS .OF TEN
CARD IMAGE
TEMPORARY STORAGE

NOT USED
NORMAL EXIT
ENTRANCE

PRIMARY PARAMETER WORD

—>10b

STORE ADDRESS OF FIRST
CODED WORD

X - 1—>12b
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i
i

01A10 LQ 00T00 10018 01012 55 00010 10022 /

01A11 QT OOKOO A - 01013 51 01233 20000 -/ 1—>13b

01A12 ST OPTO5 00T03 01014 36 01315 00013 /

01A13 QJ OIAL6 O1Al4 01015 44 01020 01016  DECK NUMBER?

O1A14 QJ O1AL6 OIALS 01016 44 01020 01017 | CARD NUMBER? » TEST Z
01A15 QJ O1Al6 O1A31 01017 44 01020 01037 SPACE CODE? |

01A16 TP OPTO5S A 01020 11 01315 20000

O1AL7 SA OLAOL 00015 01021 32 01001 00017 ADDRESS OF

01A18 TU A 01A21 - 01022 15 20000 01025 » SECONDARY PARAMETER

01A19 TU A O01A22 01023 15 20000 01026 WORD DETERMINED
0LA20 TUA 0128 01024 15 20000 01034 |
o121 To[B ]oeaoo 01025 15[30000]01202 ADDRESS OF DECK NUMBER STORED
01a22 splB |ooo15 01026 31 (30000 |00017 ADDRESS OF CARD
01A23 TU A O01A24 01027 15 20000 01030 NUMBER DETERMINED
o1a24 se[e loooa2 01030 31 (30000 |00052
| H—>11b
01A25 TP A 00TOL 01031 11 20000 00011
01A26 SS A 00030 01032 34 20000 00036 |
: CARD NUMBER—>14b ]
01A27 TP A 00TO4 01033 11 20000 00014
01a28 Lo[B 10006 01034 55[30000]10006
K—>32b
01429 QT 00KOO 0OT18 01035 51 01233 00032
01A30 RA O1AOL OPTO5 01036 21 01001 01315
INCREASE EXIT
01A3] RA O1AOL OPTO5 01037 21 01001 01315 -
02400 TP OPTO5 00TO5 01040 11 01315 00015  1—>15b

02A01 RP 30036 02A03 01041 75 30044 01043 ~
CLEAR CARD IMAGE

N —~

02A02 RS 0C100 OC100 01042 23 01316 01316
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02403
02404
0205
02406
02407
02408
02409
02410
02411
02412
02413
02A14
02415
02416
02A17
02418
02419
02420
02421
02422

02A23

02A24

02A25

02A26
02A27
02A28

TV 02402 02A34
TU 00K14 02A10

TU 02A03 02A12

TU 02402 02A21:

TU 02A02 02A36

TP 00T03 00106

RS 00TO7 00107

IP{B 00108

TP 00KO3 00T09

Tv| 02402 | 02425

LQ O0TO8 00006
QT 00KOO A

TJ 00KO4 02A17
BA A 00KOS
AT 00K0O6 02A23
TP 00KOT 00T10
RS 00T11 00T11

RP 20012 02422

LQ|0C100 00601

“w

RA 00TO7 OPTOS5

LQ| 0CDOO0]A

TP OPTOS Q

0S A 0C100

QT A A
AT 00T11 00T11

RA 02A23 00KO2

01043
01044
01045
01046
01047
01050
01051
01052
01053
01054

01055

01056

01057

16
15
15
15
15
11
23
11
11
16
55
51
42

01060 21

01061
01062
01063
01064
01065
01066

01067

01070

01071

01072
01073

01074

35
11
23
75
35
21
55

11
53

51
35
21

OR~118

01042
01251
01043
01042
01042
00013

00017

30000

01236

01042

00020
01233
01237
20000
01241
01242
00023

20014

01316

00017

01262

01315

20000

20000
00023

01067

01102)
01052
01054

01065

01104 )
00016
00017
00020
00021
01071
00006
20000:
01061
01240
01067
00022
00023
01066
00001
01315

20000

10000

01316

20000
00023

01235

Page 14 of 21

SETUP FOR FIELD I

N - 1—>16b,
CLEAR 17b

CODED WORD—>20b
5->21b

SETUP v OF 1071b
MASK LEITER INTO A

TEST FOR APPROPRIATE DICTIéNARY
SETUP SHIFT

DICTIONARY COMMAND

13—>22b

CLEAR BIT COUNTER

SHIFT CARD IMAGE

1 PLACE LEFT

INCREASE COLUMN COUNIER

SHIFT APPROPRIATE DICTIONARY AND
LEAVE IN A

1 BIT MASK—>(Q

" MASK FINAL BIT OF ROW OF

DICITONARY INIO HOW OF IMAGE
ISOLATE FINAL BIT OF IMAGE ROW
SUM BITS OF COLUMN

INCREASE DICTIONARY ROW
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02429
02430
02A31
02A32
02A33
02434
02A35
02436
02A37
02A38
02439
02740
0241
02442
02A43
02444
02445
02A46
0247
02A48
02A49
02A50

02451

02452

02453

02A54

02A55

RA

1J

02425 OPTOS

00T10 02A23

TP 00T11 A

TJ
RP
0S
RP
LQ
RS
e
RJ
TU
TU
TU
v
RS
RS

1J

1J
N
P
AT
ST
RP

LQ

00K03 02A38

10012 02A35

00K02 | 0C100

20012 02A37

0C100 )00035

00T07 OPTOS -

00TO7 A

00K18 02A46
02A41 02A12
00K17 02A21
00K17 02A36
00K17 02A34
00T07 00TO7
00TG5 00T05
00T09 02412
02A47 02A48
02A10 00KO2
00T06 02A10
00T05 02452
00KO5 A

00K09 A

00TO07 02A55

20012 03A00

0C100 {0000

01075
01076
01077
01100
01101
01102
01103
01104
01105
01106
01107
01110
01111
01112
01113
01114
01115
01116
01117
01120
01121
01122
01123
01124
01125
01126

01127

21
41
11
42
75
53
75
55
23
11
42
15
15
15
16
23
23
41
37
21
41
41
11
35
36
75

55

OR-118

01071 01315
00022 01067
00023 20000
01236 01106

10014 01103

——/

0123501316

20014 01105

01316100043

00617 01315
00017 20000
01255 01116
01111 01054
01254 01065
01234 01104
01254 01102

00017 00017

00015 00015‘)

00021 01054
01117 01120
01052 01235
00016 01052
00015 00124
01240 20000
01244 20000
00017 01127

20014 01130

0131600000

v ———

Page 15 of 21

INCREASE IMAGE ROW
12 ROWS?
TEST FOR ILLEGAL CODE,

IF LEGAL, GO TO 1106b

MASK OUT ILLEGAL BITS

'MOVE IMAGE 1 PLACE RIGHT

DECREASE COLUMN COUNTER
TEST FOR COMPLETION

OF FIELD

SETUP FOR FIELD II

CODED WORD COMPLETED?

OPTIONAL EXIT

INCREASE ADDRESS OF CODED WORD
N WORDS COMPLETED?

ONE OR TWO FIELDS USED?

SETUP SHIFT COMMAND

MOVE CARD IMAGE TO LEFT
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03A00 LQ 00T00 10018

03A01 QJ 03A02 04A00

03A02

03403

03A04

03405
03A06
03A07
03A08
03A09
03A10
04A00
04A01
04A02
04A03
04A04
04A05
04A06
04A07
04A08
04A09
04A10
04A11
04A12
04A13
04A14

04A15
04A16
04A17

TU
TU
TU
TU
TU
v
RJ
RP
Lo
Lo

TP
1

Sp

RP
DV
v
TP
LQ
TV
RA
LQ
oS
RA

1J
RA

03A03 02A12
00K16 02A21
00K16 02A36
02A10 00K14
06A00 02A10

00K16 02A34

02A47 02A09

20012 04A00
0C124 00005
00700 10019
04A02 05A00
00T04 A

00KO1 04A06
00K21 00042
00000 OAPOO
30004 04A08
OPTO2 00T12
04A07 04A12
00KO8 00T05
OPTO5 10005

00KO1 04A14

04A14 |00T12

Q 35

Q 0C126

04A12 OPTOS
00T05 04A11
00104 00101

01130
01131
01132
01133
01134
01135
01136
01137
01140
01141
01142
01143
01144
01145
01146
01147
01150
01151
01152
01153
01154
01155
01156
01157
01160
01161

01162

15
15
16
37
75
55
55
44
11
42
31
45
75
73
16
11
55
16
21
55
53
21

01163 41

01164

21

CR-11%

00010 10022
01132 01143
01133 01054
01253 01065
01253k01104
01052 01251

01202 01052

01253 0110%/
01117 01051

20014 01143

e

01346 00005
00010 10023

01145 01165

——

00014 20000
01245 01151
01260 00052
00000 01223

30004 01153

e

01312 00024
01152 01157
01243 00015
01315 10005
01234 01161

o1161] 00024

10000 00043

10000 [01350

01157 01315
00015 01156
00614 00011

\____N,_f__l

Page 16 of 21

DECK NUMBER USED?

IF NOT, GO T0 1143b

SETUP FOR FIELD III

FORM DECK NUMBER IN IMAGE
FOSITION DECK NUMBER
IN FIELD III

CARD NUMBER USED?

IF NOT, GO TO 1165b

CARD NUMBER—>A

ALARM IF CARD NUMBER
4 DIGITS

CONVERT TO DECIMAL AND
STORE DIGITS IN 24b - 27b
SETUP v OF 1157b

3—>15b

FLOATING 1—>(
SETUP v OF 1161b
SHIFT FLOATING 1

MASK BIT INTO IMAGE

4 DIGITS FORMED?
INCREASE CARD NUMBER

8220
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05400 LQ 00T00 10020 01165 55 00010 10024 CODE PUNCH USED?

05401 QJ 05A02 06A00 01166 44 01167 01202 IF NOT, GO T0 1202b
05A02 TP 00T18 A 01167 11 00032 20000 K—>A

05A03 TJ 00K19 0FA06 01170 42 01256 01173~\
05404 SP 00K20 00042 01171 31 01257 00052 & ALARM IF K~—>14b
05A05 MJ 00000 OAPOO 01172 45 00000 01223‘/

05A06 TJ 00K22 O5A09  OL173 42 01261 01176 )

05A07 ST 00K22 A 01174 36 01261 20000 DETERMINE ROW OF CARD

05408 TN A A . 01175 13 20000 20000 ~ IMAGE IN WHICH CODE

05A09 RA A 00KO1 01176 21 20000 01234 PUNCH IS TO BE PLACED

05410 TV A 05M12  OLITT 16 20000 01201 |

05A11 TP OPTO5 Q 01200 11 01315 10000 1 BIT MASK->(Q

05A12 QS OPT05:§§E§§] 01201 53 0131501350 MASK BIT INIO ROW OF TMAGE
06A00 EF 00000 00K11 01202 17 00000 01246 CYCLE REPRODUCER

06A01 TP O0KO7 00TO1 01203 11 01242 00022 ROW COUNTER = 12

06A02 RP 30003 06A04 01204 75 30003 01206 '
: SETUP v OF EW ORDERS
06A03 TV 00K12 06A04 01205 16 01247 01206

06A04 EW 0000G|0C135 01206 77 00000} 01361

06A05 EW 10000)0C111 01207 77 10000| 01331 EW ORDEBS

06A06 EW 10000|0C123 01210 77 10000{01345

06A07 RP 20003 06A09 01211 75 20003 01213
» : _ DECREASE v OF EW ORDERS

06A08 RS 06A04 OPTOS 01212 23 01206 01315 :

06A09 1IJ 00T10 06A04 01213 41 00022 01206 12 ROWS?

ObAlO 1J 00T02 02A00 01214 41 00012 01040 X CARDS COMPLETED?

06A11 SP 01A01 00615 01215 31 01001 00017
' CONTENTIS OF EXIT

PX 71900-8-118

06A12 TU A 06A13 01216 15 20000 01217
ADDRESS—>Q

06A13 LQ|B 10006 01217 5530000 [10006

8-221
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06A14 QT
06A15 TJ

06A16 MJ

OAPOO PR
0APO1 SS
0APO2 ZJ
0APO3 IN
0APO4 SA
0APOS TU
0APO6 TP
OAPOT MS
00K00 00
00KO1 00
00K02 00

00K03 00

00KO4 00

00K05 00
00K06 LQ
00K07 00
00K08 00
00K09 LQ
00K10 00
00K11 00
00K12 00
00K13 00
00K14 00

00K15 00

00K00

00K15

00000

00000.

A
0APOO
OPTO0S
01401

A

B

00000
00000
00000
00001
00000
00000
00014
0CDOO
00000
00000
0C100
00000
00000
00000
00000

00000

00000

A
01A02

01A01

‘A

00006
0APO3
A
00015
OAP06:
Q
06A11
00077 B
0C126
00000 B
00005 B
00045 B
00000 B
A

00013 B
00003 B
00036
23417 B
00112 B
0C135
0C111
0c123

00010 B

01220
01221

01222

01223
01224
01225
01226
01227

01230

01231

01232
01233
01234
01235
01236
01237
01240
01241
01242
01243
01244
oi245
01246
01247
01250
01251
01252

51
42

45

61
34
47
13
32
15
11

00
00
00
00
00
00
55
00

55
00
00

00

00

00

OR-118

01233
01252

00000

00000
20000
01223
01315
01001

20000

20000
01002

01001

20000 )

00006
01226
20000
00017

01231

30000

10000

"00000

00000
00000

00001

00014
01262
OOOdO
00000
01316
00000
00000

00000

00000

00000

00000

01215
_/
00077 )

01350
00000
00005
00045
00000
20000
00013
00003
00044
23417
00112
01361
01331
01345

00010

Page 18 of 21

OPERATION PORTION OF EXIT—>A
TEST FOR NI OR PARAMETER
WORD, IF PARAMETER WORD,

GO TO 1002b.  IF NI, GO TO
EXIT AT 1001b

ALARM PRINT ROUTINE

? CONSTANTS

8-222
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00K16
00K17
00K18
00K19
00K20
00K21
00K22
0CDOO
0CDO1
0CD02
0CDO3
0CD04
OCDOS
0CD06
0CDO7
0CDO8
0CDO9

0CD10

_0CD11

0Cb12
0CD13
0CD14
0cbls
0CD16
0CD17
0Ch18

0CD19

00

00

00
00
16
16
00
22
31
60
20
20
60
20
21
30
20
22
20
52

52

76
57
52
72
52
52

0c124
0Cc112
00000
00000
03222
03222
00000
03254
54400
20123
00000
00006
10200
60010
00140
00000
02400
20001
05020
76501
76425
76401
76401
76401
76423

0C124

0C112

00044 B
00015 B
00452 B
00474 B
00012 B
50007 B
02306 B
24446 B
12006 B
00106 B
00027 B
00416 B
00006 B
44006°B
20006 B
00237 B
01006 B
27777 B
27777 B
27777 B
37777 B
7777 B
27777 B

76545 27777 B

76601

27777 B

01253
01254
01255
01256
01257
01260
01261
01262
01263
01264
01265
01266
01267
01270
01271
01272
01273
01274
01275
01276
01277
01300
01301
01302
01303
01304

01305

00
00
00
16
16
00
22
31
60
20
20
60
20
21
30
20
22
20

52

76
57

52

OR~118

01346
01332
00000
00000
03222
03222
00000
03254
54400
20123
00000
00006
10200
60010
00140
00000
02400
20001
05020

76501

76425 27777

76401
76401
76401
76423
76545
76601

124446

01346 )

01332
00044
00015
00452
00474
00012
50007

02306

12006
00106
00027
00416
00006
44006
20006
00237
01006

/
27777 )

2777f
37777
3777
27777
27777
27777 |

CONSTANTS

DICTIONARY I

DICTIONARY II

8-223
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OR-118

0CD20 52 76411 27777 B 01306 52 76411

0CD21 52 76401 67777 B 01307 52 76401

0CD22 72 77325 27777 B 01310 72 77525

0CD23 52 76401 27777 B 01311 52 76401

OPTO2 00 00000 01750 B 01312 00 00000

OPTO3 00 00000 00144 B 01313 00 00000

0PTO4 00 00060 00012 B 01314 00 00000

OPTOS5 00 00000 00001 B 01315 00 00000

0C100° 00 00000 00000. 01316 00 00000

27717
67777
27777
27777
01750
00144
00012
00001

00000

CARD

IMAGE FORMED HERE

1316b - 1361b

0C136 00 00000 00000 01361 00 00000

START

XXXXX

MEMORY SUM

MEMORY SUM

00000 45 00000
40000 45 00000
75202 00 00000

75203 77 64233

00000

XXXXX
XXXXX
00123

75420

START CARD

8-22/
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Page 21 of 21

Figure 2: Wiring for line spacing and picking up Transfer Print Entry on
alpha~-numeric cards.

1. Numbers beside the pick up hubs of selectors are the digits from the first
read of column 80 which are wired into these hubs via digit selector A,

2. These co-selectors are used to print alpha-numeric columns 1-48 from
either type wheels 1-48 when the selectors are normal or from type
wheels 73-120 when these selectors are picked up.

3. These co-selectors are picked up whenever Transfer Print Entry‘is not

picked up., They, therefore, can be used as 10 extra positions for filter-
ing special symbols in zero print control.
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> 0 2z B = m =t -

C R B Kb b m[t s & o - a

th-gnnb‘——'

-]

(R-118
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Figure 2: Wiring for line spacing and picking up Transfer Print Entry on

alpha-numeric cards.

1. Numbers beside the pick up hubs of selectors are the digits from the first
: read of column 80 which are wired into these hubs via digit selector A.

2. These co-selectors are used

to print alpha-numeric columns 1-48 from

either type wheels 1-48 when the selectors are normal or from type
wheels 73-120 when these selectors are picked up.

3. These co-selectors are picked up whenever Transfer Print Entry is not

picked uwp. They, therefore,

can be used as 10 extra positions for filter-

ing special symbols in zero print control.
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13-119
VIUITE SAUDS PROVING GROUND

Computing Dranch, FDL

v ——

Prepared by X. R. U bater | - Date_26_Jan 1956

ErA Eigiteer

Uset

Initilal State:

Title Octal Card Read

Read into Conputer cards punched in octal form. Cards can
have any number of words from 1 to 6. Cards used for this
procram can also be listed on tabulator as well as read
into machine. If no. of words on card are 6, columns 1
thru 72 must have one punch in each column and c¢columns T3
to 77 must have one punch. If a column is missed, the

- program will comce to a O stop indicating an error on the

card. This does not apply 1f all the words in a field
are 0. Then that field can be blank. Program will stop
after one blank card 18 read. For no. of words less than
6, only the columns nceded have to be punched, Program
requires 1 blank card at bottom of deck of cards and sev-
eral blanks on top. Insert for words 1s punched in col-
umns 73 thru 77 and number of words in column 80.

l, F.l1 Switch in 00000 Position
2. Set PAK to 45200

3. If operation a card at a time is desired select MS 1.
Words will not be placed in storage until next card is run.

Temporary Storage:00000 to 00202

Entrance Address: 45200

Reétrictlonaz

Will not load into ES from 00000 to 00202,



- PX 71900-8-119

00000
00001
00002
00003
00004
00005

00006

00007

- 00010

00011
00012

- 00013

00014
00015
00016
00017
00020
00021

00022
00023

- 00024

00025

45200

L5201
k5202

45203

L5204
45205
45206
k5207
45210
45211
45212
k5213
5214
45215
45216
45217
45220
45201
k5202
45223

45224
45205

k5226
Y5027

15

11

45
Co
00
00
00
00
T0
60
50
40

30

20
10
00
00
00
00

00

00

00

Co
00

36203 00062

45202 00000
C00CO 00062
00000 00105
00000 0010k
00CO0 00100
00000 CO000
00000 ©0000
00000 00000
00000 00000
00000 00000
00000 00000
00000 00000
00C00 00000
00000 00000
00000 00000
00000 0000k
00000 00013
00000 00012
00000 00001

00043 00000

0004k 00000

00045 00000
00046 000CO

W3-119
-1-

block transfer to ES

Jump to start

EF constants

row 9 constant
row 8 constant
row T constant
row 6 constant
row 5 constant
row 4 constant
row 3 constant
row 2 constant
row 1 constant

row O constant
insert index
digit index
row index

fleld index

card image constants

temp storage constant

8228
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W5-119
-2

(00026 45230 00 00000 00002  word index

00027 k5231 00 0000k 00000  start of row constants
00030 45232 00 0000L 00000  constant for advancing addresses
00031 u5233 00 30000 00000  constant for repeat
00032 45234 00 00000 00371  field III constant
00033 45235 00 30006 G0000 conatanf;

00034 15236 00 00000 00000  conversion constant
00035 45237 00 00000 00000  j----n for repeat
00036 u45240 00 00000 00000 row index

00037 k45241 00 00000 00000  digilt index

00040 k5242 00 00000 00000 field index

00041 45243 00 00000 00000 word index

00042 k524 00 00000 00000  insert index

00043 145245 00 00000 00000 card image ITI

00044 5246 00 000CO 00000 I

00045 k5247 00 00C00 00000 II
- 00046 45250 00 00000 00000

00047 145251 00 00000 00000

00050 %5252 00 00000 00000 ) emp storage for conmverted words
00051 #5253 00 00000 CO000 ‘

00052 45254 00 0CO00 00000

00053 45255 00 00000 00000

00054 45256 00 00000 00000 4nsert address

00055 k5257 00 00000 00000 no. of words on card

8-229
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WS-119

-

00056 45260 00 00000 000CO  field I addition

00057 45261 00 00000 0Co00  fleld II addition
00060 45262 €O 000CO 00000  fleld III addition
00061 45263 00 00000 00000  blank
00062 45264 17 00000 00002}

position cards
00063 45265 17 00000 00002
00064 h5266{' 17 CCO00 00001  read
00065 45267 15 00035 00067 set up repeat instruction
00066 45270 16 0CO54 00070  set up transfer instruction
00067 45271 T5 000CO 00071
000701 k5272 'll 000k6 00000
00071 45273 75 10013 00073
00072 4527% 11 0000k 00046

} store converted words away

}clear temporary storage

00073 45275 11 00020 00036 set row index .

00074 45276 15 oco27 OOlhi - set up row constant fiéld I

00075 45277 15 00027 00152  set up row constant fleld IT

00076 45300 15 00027 00160 set up row constant for 2nd and 3rd words
O0OTT 4530L 15 00027 00172  set up for no. of words

00100 45302 37 00133 00125  jump to read subroutine

00101 45303 37 00202 00136  Jump to conversion subroutine

’/00102 45304 145 00000 00100 ‘Jump to read slglbrOutine
00103 45305 11 00031 00035 -

00104 45306 11 00055 20000 puts no. of words in A
00105 U5307 47 00106 00122 tests for O words \
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5-119

wlhe

00106 %5310 5% 00CHH OCCLT shift to U portion

00107 %5311 21 cCo35 0Co55  forms J----- n
001i0. 45312 k3 00033 €0112 tests for less than 6 words
00111 45313 L5 0CCOO 0012l Jump to next card
00112 45314 11 00056 20000  field I addition —A
00113 45315 47 00120 collk  Test for O
0011} 45316 11 00057 20000  fleld IT addition —> A
00115 45317 A7 00120 co116  Test for O
00116 45320 11 00060 20000  field TIII addition —> A
00117 k5321 43 00032 00121 test for proper additlon
00120 45322 56 00000 00062 Stop for error or eund of cards
0012145323 45 00000 00064  back to next card
00122 4532% 75 00CCH 0012%Y.

o clear read side
00123 45325 17 00000 00003}
00124 45326 ¥5 00000 00120 ,jump to stop
00125 145727 76 00000 0003 |

00126 45330 76 10000 00044  read subroutine
00127 L5331 76 10000 00045

00130 45332 21 00056 oOOMk  field addition I

00131 45333 21 00057 00045  field addition II

00132 Lu5334F 21 00060 00043  field addition ITI
00133 U5335 W1 00036 30000 row index

00134 k5336 56 10000 00103 optional stop after every card

00135 45337 U5 00000 00103  superfluous o
: conversion subroutine
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00136

00137
00140
00141
00142
00143
OOL4h
00145
00146
00147
00150
00151
00152
00153
00154
00155
00156
00157
00160

00161

00162
00163
00164
00165

45740

45341
L5342
45343
hs3ul
k5345

45346

k5347
k5350
45351
k5352
45353
k5354
45355
45356
45357
45360
L5361

45363

L5364
45365
15266

45367

15 0CO23 qolka

15 00025 00146
11 00021 00040
11 02000 00034
11 30000 10000
11 00026 00ChL
11 000LT 00037
L4 00146 00L4T
21 02000 0003k

31 00034 00105
11 20000 00034

41 00037 001&5’

11 02000 CO034

21 00145 00030

41 00OkL OOLhh
15 00024 00142

k1 00040 00141

55 00043 00034

11 02000 00034
31 0003% 00063
11 20000 00034

11 00016 00Ck2
N

=

00165 00166

=

2 00Q5h 00034

=119
..)-

puts field I 1§!tranafer

/

puts lst conversion address in place

gets field index

puts conversion constant in temp storage

puts field I In Q

sets word counter

sets digit counter

check for 1

adds converted digit to cell

pogitions conversion constant

digit index

sets converslon cell for 2nd word
adds 1 to temp storége address
word index

pubs fleld II word in place

fleld index

shifts fleld III word

conversion word to temp storage

positions conversion constant

gets insert index

check for 1

adds converted digit to temp storage
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00166

‘00167

00170
00171
00172
00173
00174
00175
00176
00177
00200
00201
00202

45570
45371
45372

45373
4537k

45375

45376
45377
45400
45401
4sho2
45403
h5hol

31 CO0Z% 00105

11 20000 00034
%1 oochk2 0016k
55 10000 00002
31 00000 COO4T
11 20000 0005‘!;}
4% 00175 00176
21 00055 CO034
21 00141 00030
21 00152 0030
21 00160 00030
21 00172 00030

k5 00000 30000 .

1/5=119

(e

shifts constant and puts 1t away

insert index

shift pattern for no. of words
positions counversion counstant
check for 1

adds to temp storage

adds 1 to change conversion constant

Jump back to main routine
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WHITE SANDS PROVING GROUND

Computing Branch, DL

Prepared by__L. Graham - Date_20 Jan 1956 -
Checked by | |

Computer
Checked by __ L. Graham

Title Octal Card Dump

Uset Dumpa 3 octal words on each Field I and Fileld II, and the
ingert address for Vhe card is punched 1in cols. T3-T7 ino.‘
Initial State:  Set IA in U of Q, and No. words set in V of Q. | PAK at
~ 5¥500 Y=1 or 2
Set not to read row 12,
Range W11l dump Drum from 40000 - TT777T.
If ¥=1, will dump ES from 00000-00477 and 00710-O1777.
If ¥=2, will dump ES from 00000-01477 and 01710-01T77T.

Limitation: Prozram must operate from ES,

PX 71900-8.120
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Drum

5Y502
5Y503
5Y504
5Y505
5Y506
5Y507
5Y510
5Y511
5Y512
5Y513
5Y514
5Y515
5Y516
5YS517
5Y520
5Y521
5Y522
5¥523
5Y524
5¥525
5Y526
5Y527
5¥530
5Y531
5Y532

ES

0X5C0
0X501
0X502

0X503 -

0X504
0X505
0X506
0X507
0X510

0X511-

0X512
0X513
OX514
0X515
0X516
0X517
0X520
0X521
oxsaé
0X523
0xX524
ox525
0X526
0X527
0X530

 WE-120

17 00000 0X603 Pick punch card
17 00000 0X603 Pick punch card

11 10000 0X605 (Q) = (1A)215 + N - 0X605

11 OX617 OX6067 clear both cells
11 0X617 0x6o7;} |

16 0X605 0X606 N -V of 0X606

15 0X605 OX607 TA - U of OX60T
11 0X606 20000 N -> A

73 0X610 0X612 N/6 = n-1 - 0X615

47 0x512 0X513 Test remainder for zero

11 20000 OX707 No. words on last card

21 0X612 0X61% counter = n for No. of cards.

15 0X605 0X516
75 30006 0X517

11[30000]03{631} Transfer 6 words to be punched O0X514%

15 0X516 0X637

17 00000 0XGO4 Pick punch card, and punch

15 0X627 0X532
15 0X62% 0X526

11 OX61% 0X640 1 —» 0X640. counter for Fields

75 10041 0X527"
11 0X617 0X646 ) clear card image

0X600 ‘

21[0X675]0X64% constant for formlng card image OX522

11 0X613 0X645
11 0X622 0X644 235 - Floating 1

8235

0X546
9X524

\
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Drum

57533
5Y5354
5Y535
5Y536
5Y537
5Y540
5Y541
Sysh2
5YS43
SY5hk
5Y545
5Y546
5Y547
5Y550
57551
5Y552
5Y553

" 5Y554

PX 71900-8-120

5¥555
5¥556
5Y55T
5¥560
5¥561
5¥562
5Y563

ES

0X531
0X532
0X533
0X534
0X535
0X536

0X537

0X540
0X541
oxs42
0X543
OX544
0X545
0X546
OX54T
0X550
0X551
0X552
0X553
0X554
0X555
0X556
0xX557
0X560
0X561

11
11
11
55
51
54
35
21

55

n

21
31
15
i
15
1
11
55
11
55
11
55
51
5l

25

0x615
0X63T
0X526
0X643
0X620
20000
0X540
0X665
OX64Y4
0x642
0X532
0X645
0X625
ox640
0X626
0X623
0x622
OX644
0X637
oX643
0X526
0X643
0X620
20000
0X562

0x642
0X643
oxs5ho
00003
20§OO
00017
0X540
oxXo644
00043

0X533 -
0X621

0X531
0X526
ox527
0X526
ox642
OX644
00010
0X643
00006
0X562

00003
20000

00017
0x562

W5~120

counter for end of word OX544
0X521
0x542
Shift No. to be punched

Shift floating 1

' 1f word 18 not complete, Jump
It %kield is completed, proceed

Jump to 0X62T7 unless flelds I and II are
complete

counter = 4 to punch TA
Floating 1
shift Floating 1

(1a)22l
OX564
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Drua  E3

5Y564
5Y565
5Y566

5Y56T.

5Y570
5Y571
5¥572
5Y573
5Y5T4
5Y575
5Y576
5¥577
5Y600
5Y601
5Y602
5Y603
5Y604
5Y605
5Y606
5Y607
5Y610
5Y611
5Y612
5Y613
5Y614
5Y615
5Y616

0x562
0X563
0X564
0X565
0X566
0X567
0X570
0X571
0x572

X573

0X574
0X575
0X576
OX577T
0X600
0X601
0X602
0X603
0X604
0X605
0X606
0X607
0X610
0X611
0X612
0X613
OX614

21
55
§1
2l
11

75
16

7

7
7
75
23
n
21
Ll
56
00
00
00
00
00
00
00
00
00
00
00

0X703
OXGH
oxX642
0XT703
0X616
30003
0xX624
00000
10000

10000

20003
0X571
0X641
0X516
0x612
00000
00000
00000
00000
30000
00000
00000
00000
00006
00000
00000
00000

OX644
00043
0X555
0X614
0X641
0X5T71
0X57;}
30000‘
30000
30000
0X576
0X61%
0X571
0X611
0X515
0X500
00000
00110
00112
30000
00000
oooob
00006
00000
00000
00002
00001

18120

Shift Floating 1
Test for counter of 4
Add into 6 row, last column.

counter = 10 for 1l rows.

fix EW'S for 9 row
0X576:

Row counter
Increase next TA by 00006
Jump back to punch another card.

Stop.

() ’ 0X502
Temp. Storage N _ ‘
Temp. Storage (IA) 215

> ‘ 8237
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C015

616

L 0X617

0X620
0x621
X622
0X623
0xX624
0x625

0X626°

ox627

O

CCC00
OV GLY
0662
0x675
0X631

0CC00
00C00
0000k
0X706
0X660
X673
00C00

10120

® cKTrectoc

Floating 1 o
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1.
2.

k.

Re

W2-121

VIITE SANDS PROVINIIG GROULD
Cc&puting Branch

Preparcd by L. GRAVAM Page 1
Chacked by , Date 18 January 1956
Computer

Checked by L. GRAIIAM

Title Check on Hirh Speed Punch
fihcn Punchiug Bioctal ‘rapes

Read 1in check tape to 52T700.
Punch bloctal tape.
Set PAK at 52700.
Set O at (IA) 2 15 ¢ n=
Place new bloctal tape in Reader.
Starto
As soon as New Tape 1svread in Bet PAK at 52713,
Tarn printer on.
Runs until 56 stop.
sults Obtained:

Any error in new punched tape will cause Printer to print

correct word (an ES address) and incorrect word.

*If n > 1737, change V of 52710 and U of 52723 to a com-

mon MD address.
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HS-121

S27CY 11 1CCO0 Hayl2

52701 75 30013 00003
52702 11 52703 0C003

52703 11 00011 10000 00003
5270k 15 00012 00010 OOOON
52705 54% 00012 00017 00005
52706 5% 20000 00007 00006
52707 75 20000 45000 00007
52710 11 00000 60000 00010
52711 00 07777 00000 00011
52712 00 70000 01520 00012
52713 5 30030 00001
5271 11 52715 00001

52715 11 52712 10000 00001
52716 11 10000 occ27 00002
52717 15 10000 00010 00003
52720 23 00030 oooso 00004
52721 16 10000 00030 00005
52722 23 00030 00026 00006
52723 11 60000 20000 00007
52724 43 00000 00021 00010
52725 11 00026 000%2 00011
| 52726 15 60007 00032 00012
52727 11 00032 10000 00013
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—aps

21

n

56

00

00

00

500k 50500
00026 000732
00010 0V032
00032 100C0
500k 50500
00007 00025
00010 00025
00030 0000T
00000 70000
00001 00000

00000 00001

00000 000CO

00014
00015
00016
00017
00020
00021
00022
00023
00024
00025
00026
00027

1, -
o

s

121
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Page 1 of 5

PREPARED BY W, Ge. Gorkin SAN DIEGO “ reporT No. ZHM 191
_CHECKED BY CV-122 mMopeL All
REVISED BY DATE 3-5-56

i POINT LAGRANGE INTERPOLATION SUBROUTINE CN 002

This subroutine may be used to interpolate in a tabulated funotion of one
or two variables (one way or two way interpolatiem, .re‘spsctivoly). There are

two entrances to this subroutine, one for one way interpolation, the other for

two way interpolation.

Third order interpolation is effected by the use of the Lagrange inters

‘polatien formula for four points. The four points are found by table lookup

and, where the table permits, these points are chosen such that two point’ 1ie
on either side of the intarpoiatod value. In the case of two way interpolatiom,
16 -t;a.bu_ltr values are selected such that the interpolated point (x,y) is as

. aldaa‘ te the osnter of the array piotured below as the table permitss

‘33 o © o ‘ o
Ye o ° : o o |
g 9---
O » N
4, o o ; o o
f
|
’ {
; ‘: B - | ] i © -
v * ]
N

Pour interpolations are made im the x direotion in order to find Fx,y,), F(x,4.)
. Fl

l_"(x‘ya), P(x,yB). Using these four points, a final interpolation is made

in the y direotion to find F(x,y).
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Cvo122

: C ONVAI R
ANALYSIS e e

: Farrn 9n wintmas fimamis oamomatinn = PAGE CN 002-2
PREPARED BY We Ga Gorkin SAM DIEGO : REPORY NO. gy |,01
CHECKEDBY . - .., MODEL 511

REVISED BY ' : DATE 3.5.56

The four point Lagrange formula,

. _ !Y""K!)‘t’!f J(ﬁ«- (X*%o)(\l-]ﬁ;)(t*"& F(x,
Fl) = (Yo~ ) (¥ —¥a){ %) Frg + (Yrrd(%-12) (% -%3) ()

, (r-‘ﬁé‘)(x-k.)(\cw;)_‘ (¥=3) (- 10){%-¥2) £ o,
Y Gty D Y T e | O

iz used for two reasons:

1, Upiform interval of tabulation is not necessary-thus, where the
function behaves badly the points of tebulation may be taken \
close togeth§r; and conversely, where the function is smooth -
fewer points need be tebulateds

2. Four points appear to be reasonable compromiss betwsen apéod of
computation and socuracy, |

This subroutine requires the following information:

1. Table of funotion values: F(x) or F(k,y).

2. Teble of values of x,

3+ Table of values of y (for two way interpolation).

If these numbers are 8tored on MD it is suggested that they be stored
in the following sequence in order to minimige mccess time,

A1l y values, all x values, all F(x,y) values.

’

y values end x values must be stored in u@nding orders xge 11""1!;'

: yoo':’u- oYy F(x,y) stored as follows:

f(ln. Y,.)o r(‘\l y‘)o"'v ?(I_, Y‘R)n F(‘-v y'l)a"'v r(‘-n Tn)u"'o P(x_,y.)
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ANALYS!S -~
PREPARED BY W, G. Cerkin SAN DILGO " REPORT NO. ZM¥ L91
CHECKED BY . CV =122 MODEL All

REVISED BY DATE 3-5~56

If interpolation outside the tabular values (extrapolation).is attempted,

this subroutine prints out "xtrap™ and exits to the alarm routine with y in

(L) and x 1n (R).

In case of a divide fault, set (P A K)=0 and starts The subroutine
printe out "oflo" and exits to the alarm routine with y in (L) ard x in (R).
A divide fault will occur if the tabular values of F(x,y) are scaled too

large with respect to ratios of differences in the independent variable,

One can estimate an optimum sealing for F(x) by taking into account the

order of computation of intermediate results:

(F(x‘) AX,

A )A\fs Axs
 AXa + .. €ETC.

BX.

If P represents the maximum value of F(x) in some region of four

L
AY J .
differences in the lndependent warieble:-in thisg region, then Fes -Ax&.b X (2.1"

should be a reasonable estimation of the condition for no overflow. The

omsoeoutive tabulated points, and represents the maximum ratio of

value of 8 (scale factor of F(x))ia then estimated by the following

S £ 35- Log, (F Q%%

Rescaling of F(x) and/or retabulation or points would be necessary to

eliminats any overflow that does occur.

The subroutine is entered by means of a return Jump command which presceeds

8244
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two parameter words. The values of x and y‘aro placed in (.],) snd (Q),
reapectively, before entry. The subroutine exits to the command following
' the ‘uo,ond parameter worde F(x,y) 1s in (A) upon exit.
le One way interpolation

Initaii x in (A)

Exeoute: ¢) 37 01001 01002
6 +l) 00 xxxxx fIffff
0; +2) ON NNOOO 00000
6 +3) Next instruction

Finaly P(x) in (A)
2. Two way interpolation
Initals x in (a)
y in (Q)

Executes ¢) 37 01000 01001
c+l) 00 xxox £PEPP
c+2) M XNinmn yyyyy‘
8+3) Next instructiom

Finaly F(x,y) in (a)

PARAMETZRS

xxxxx address of first x value

PX »T1900-8-122

£LI1rf addrezs of first fudotion value
NEY number of x values
mnn  number of y values

YYYYy address of first y value
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PREPARED By W. G. Gerkin SAN DIEGO
CHECKED BY cv 122

" REVISED BY

~ PAGK CH 002-5
-~ REPORT NO. ZM 491 -
MODEL All

DATE 3=5.56

Subroutine length

(Including oomstants)

This subroutine does not use the constant pool or temporary pool,

(207) = (139)
8 10

Temporaries reguired

(35) = (29)
- 8 10

Total working space

(2Lh) = (164)
8 10

Kumber of words for assembly modificatiom

(173) = (123)
8 10
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CONVAIR PAGE

ANALYSIS e rwean un .

PREPARED BY J, N. Ellis SAN DIEGO REPORT NO.
CHECKED 8Y D, B, Parker cv =123 MODEL
REVISED BY : DATE

DETERMINANT EVALUATION PACKAGE-REAL-CA 010

interpretive routine for the real arithmetls and the rsal determinant

unless the routine is restored to its original form and set up again.

This is a package including Floating Point Real Arithmetic, CA 00l en

If this package is assembled at 0100, it will evaluate an NX N determinant

CA-010-1
Z¥ 191

evaluation routine. It is coded in standard form and can be assembly modified.

for Ns= (22)8=(18)10‘ Each element of the determinent takes two (2) cells, and
the entire determinant must be in ES. This routine requires a setting up for
particuler N, location of determinant in ES, and the location of the result in

ES, and cen not be used for any other N, determinant location, or result lecation

number of determinante may be evaluated for a given set-up. The determinant

is destroyed during the evaluation., The elimination method is used.
Steps of Elimination:

1. 1—>(Det., value location).

2. ;%% 3*2, 3,000, ¥ (1f 8113 0 exchenge row 1 with a row which
has e non-gero first element, and change the sign of (Det.
value location).

3o- Agg=A)y ﬁ% 3, 1#2, 3,000, No

L. (Det. value location) 511-0(D0§. value looation)

.5« Reduce the order of the resulting matrix by one by removing
from consideration row one, and col. 1.

6. Repeat stops 2-5 until order of the matrix is reduced to one.

This routine uses 2 N cells (one row) immediately following the
determinant as temporary storage. After it is set up, the last (hé)ld-(sé)a
cells of the routine are no longer used (from 13,;0-1416). The amownt of
storage needed for the determinent is given by 2(N2). The elements of

the matrix must be stored by rows. 2 nkwy
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C,O NVA '__R PAGE CA~610-2

ANALYSIS » )
PREPARED BY J,. N, Ellie SAN BIE40 . REPORT NO. IM 491
CHECKED BY D. B. Parker MODEL ’
REVISED B8Y ' eV 423 DATE  2-27~56

The real arithmetio, or the renllarithmébio and interpretive routine may
be used lgggpendenf of the determinant routine by choosing the proper sntrances.
For instructions on the use of real arithmetic see CA 0Cl. The interpretive
routine perf‘ox;m the reanl arithmetic opsrations raferring to a parameter word
for the locations of the mentissas of the oparm\ds snd result.
REAL ARITIMETIC ENTRANCE
Co 37 01001 01002 Add Ent
Co 37 01001 01003 Mult Ent

Co %7 01001 0100 Div Ent

INTERPRETIVE ROUTINE ENTRANCE

Co 37 01001 PPPP? |

C, AAAA TRRE CCCC
Whare operations performsd arei
Add (A)#(R)—~—>(C) P=110%

Subt (A)=(B)—>»(C) P21110
Mult (A)X(R)—>/C) P>1112 |
Biv  (A)+(R)—{C) Ps111,

Where AAAA-location of mantissa of lst operand
BBBB-location of mantissa of 2nd operand
CCCC-location of mantissa of result
DETERMINANT SET-UP ENTRANCE
Co 27 01001 01153
Ci DDDD RRRR NNNN

Where DDDD~location of Det. in ES
RRRR~location of result in ES

NNNN order of the detorminant (octal)
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ANALYSIS
PREPARED BY
CHECKED BY
REVISED BY

J. N. Ellis
D« Be Parker

C ONVAIR
e e s

CV -123

PAGE ([A-010-3

" REPORT NO. ZM 1;91

MODEL

DATE :2+27~56

DETERMINANT EVALUATION ENTRANCE

Co 37 01001 01153

Permenent const. used L0, 7h, 77, L3, 66, LL.

Temp. storage 00003-000%2, (A), (Q)

Commands for assembly modification b,078 (263)10 )

Drum Address-70723-713L0
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

e T hve J. W. Ellis Sam DIEGO. CALIFORNIA PAGE  CA-010-4
Checked by: Donn B. Parker rRePORT ZH L91
MODEL
cv -123 DATE 2-27=~56
70723 01000 37 76000 76002 ALARM EXIT
70724 01001 45 00000 30000 EXTT
71725 01002 45 0DOCO 01027 ADD ENTRANCE
70726 71903 45 00000 01073 MULTIPLY FHTRANCF
79727 01004 11 00027 20000 DIVIDE EMTRANCE M (0o 2)-(a)
70730 01005 47 01006 n1000 DIVIDING RY 067
70731 01004 11 00N?% 21000 NOTNUHERATOR —5(4)
70732 01007 47 01014 01010 NUMERATOR = 07
70733 01010, 11 0004n 00031 YES. 0
70734 01011 11 00040 00032 - —> ANSHER
75735 01012 37 01012 01012 SeRe EXIT
70736 01013 45 00000 01001 CJUMP TO EXIT
70737 01014 54 20000 00042 ne; M (uuuénAro§fk 2> ()
70740 01015 73 00227 10000 OTIENT X 22— ()
TAT4Y  AINLE 11 AONAD ANNDR A —> 28 |
70742 01017 74 10000 00025 NORMALIZE 1F(00025)==0 OR 71
70743 01020 11 20000 00031 NORMALIZED MANTISSA STORED
70744 01021 23 00026 00030 DIFF OF FXPs—>(90026)
70745 01022 11 01025 20000 H —>A
7b746 01023 47 01025 01024 H = o7
70747 01024 21 00026 00074 M = 0 CORRECTFD
70750 01025 11 00026 00032 H= 71 EXP—> 00032
Q 70751 01026 45 00000 01012 JUMP TO EXIT
o 70752 01027 11 00025 20000 ADPITION M (9PERANN 1) > (4]
g’ 70753 01030 47 01031 01051 M(OPFRAND 1) = 07
d 70754 01031 11 00027 20000 NOT M (OPERAND 2) —>(A)
o 70755 01032 47 01035 01033 M (pPERAND 2) = oF
70756 01033 11 00025 00031 YES M (OPERAND 1] —> m(ANswER)
70757 01034 11 00026 00032 F (OPFRAND 1) > & (ANSWER)
70760 01035 45 00000 01012 JUMP TO EXIT
70761 0102& 11 00026 20000 NO. € (DPERAND 1)~5>(A)
§-252
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HORMNO. € T.-1 I SAN DIEGO. CALIFORNIA PAGE CA..()]_O-B

Cheoked bys D. B. Parkor o o 191
DATE 2-27-56
cv -123
70762 01037 36 00030 00032 E(opP g) MINUS E(OP2) = K —>> (00032)
70763 01040 46 01047 01041 K >or
70764 01041 11 00025 20000 YES: EXCHANGE
70765 01042 11 00027 00025 - OPERAND
70766 01043 11 20000 00027 ONE
70767 01044 11 00026 20000 AND
70770 01045 11 00030 00260 |
70771 01046 11 20000 00030 TWO
70772 01047 12 00032 20000 NO: I —>(A)
70773 01050 42 01072 01054 K| < 357
70774 01051 11 00027 0003} Ikl > 3% or nloPl1 = 0
7077% 01052 11 00030 00032 (0P 2)—>ANSWER
70776 01053 45 00000 01012 JUMP TO EXIT
70777 01054 16 20000 01055 [ < 357 SET SHIFT OF 8 RITS
71000 01055 54 00027 30000 M (0P2)x ! —3 ()
71001 01056 35 00025 20000 M{oP2)X 2° + mM(oP1) —(4)
71002 01057 11 00040 00032 0 —>(08032)
71003 01060 74 20000 00032 .~ NORMALIZE M (ANS)= H—>(00032)
71004 01061 11 20000 00031 M (aNS) > (00011
71005 01062 47 01064 01063 M(ANS) = 07
71006 01063 13 00032 00026 YES: —H->(0002¢)
“ 71007 01064 11 00032 20000 NO: H—>(A)
‘E? 71010 01065 42 01071 01067 H< 387
3 71011 01066 23 00026 00077 NO™E (OP1)-32 —> (00026)
K 71012 01067 21 00032 00026 YESI E(OP1) PLUS H (OR H=T2)
1 71013 01070 45 00000 01012 JUMP TO EXIT
71014 01071 00 00000 0046 DEC 38
71015 01072 00 00000 00*43 DEC 35
71016 01073 71 00025 00027 MULT M(oP1)x M (0P 2)—(A)

71017 01074 11 00040 00025 0 —>00025)

D -
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PX 71900-8-123

Bys J. ¥. Ellis

’ CONVAIR — DIVISION OF GENERAL DYNAMICS CORP,

Checked by D. B. Parker

71020
71021
71022
71023
71024
71025
71026
71027
71030
71031
71032
71033

71034

71035
71036
71037
71040

71041 -

71042
71043
71044
71045
71046
71047
71050

71051

71052
71053
© 71054
71055

01075
01076
01077
01100

01101

01102
01103
01104
01105
01106
01107
01110
01111
01112
01113

01114

01115

01116

01117
01120
01121
01122

01123

01124
011253
01126
01127
01130
01131
01132

74
11
47
11
45
23
21
35
45
16
45
16
45
16
45
16

31
15
11
55
53
58
58
53
54
53
21
75
11
75

20000
20000

01102

00040
00000
00025
00026
00025
00000
01147
00000
01151
00000
01150
00000
01144
01001
20000
00000
01144
01162
01152
01148
01152
01152
01152
01001
30002
00000
30002

BSAN DIEGO. CALIFORNIA

CV-123

00028
00031
01100
00032
01012
01072
00030
00032
01012

o113f€
01115
01134
o111$§
01134
0111;§
011%4
00017
01117
01182
10003
01118
00033
10003
01131
00014
01111
00074
01132

00025
01134

PAGE  CA-010-6
REPORT ZM 491
MODEL

DATE 2-27-56

NORMAL 1 2E M(ANS)=34 OR 35— H

M (ANS)—>(00031)
M(ANS) = 07
YES. 6 = E(ANS)
JuMP TO EXIT

NO: H=35 —> (0002%) = 0 oR =1
E (0P1) PLUS ELOP 2)—>(A}{00026)

E (ANS)->(00032)
JUMP TO EXIT
ADD
ENTRANCE
SUBTRACT
ENTRANCE
MULTIPLY
ENTRANCE
DIVIDF ENTRANCF
SET
PARAMETER
LOCATION
SET
L (2)
SET
L (x)

SET

L(y)

UP EXIT LOC
X —=>

(op 1)

Y >

§-25%

8.2580
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rx 7195008 123

" By: J. N. Ellis

CONVAIR — DIVISION OF GENEﬁAl DYNAMICS éORP.

SAN DIEGO. CALIFORNIA

Cheoked by: D. B. Parker

71056

71057

71060

71061 .

71062
71063
71064
71065
71066
71067
71070
71071
71072
71073
71074
71078
71076
71077
71100
71101
71102
71103
71104
71105
71106
71107
71110
71111
71112
71113

01133
01134
01135
01136
01137
01140
01141
01142
01143
01144
01145
01146
01147
01130
01151
01152
01153
01154
01155
01156
01157
01160
01161
01162
01163
01164
01165
01166
01167
01170

11
37
75
11
37
45
13
37
45
70
00
00
00
00
00
00
45
15
15
15
11
11
11
11
11
11
11
11
75
n

00000

01012
30002

00031
011137
00000
00027

01012

00000
00000
00777
00000
00000
00000
00000
00000
00000
01405
01323
01323
01172
01106
01307
01121
00066
00074
01302
01314
30006
01302

0¥-123

00027
00000
01137
00000
01140
01001
00027
01002
0113%

on7TY -

70000
01004
01002
01003
01141

01303
01115
01174
01177
01225
01242
01244
01258
00003
00004
01337
01336
01171
01328

~—

PAGE  CA-010-7
REPORT 2ZNM 191
MODEL

DATE 2-27-56'

(op 2)

REAL ARITH, JUMP

ANSWER

- (2)

SeRe EXIT

JUMP TO EXIT

- (00027)> (00027)
JUMP TO SUR

JUMP TO STORE (ANS) & EXTT
MASK — |
MASK

SET UP &, Re ENTRY
SET PARAMETER LOC
SET L (A11)X 2’1'-9(01174)
SET L(A111%23;>(o1177)
SET L{A12 A1l A12)
SET L(A12 A21 . T2)
SET L(A22 T2 A22)
SET LR A1l A22)
1> -

(t1)
STORE 2x2° '+ &
STORE 2(N=1) - 2%
STORE COPYS

an X 2
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FORMNO. E.T.-4 $. v

PX 71900-8-123

Bys J. N. Ellis

Chepk.d byi De Ba Parker

71114
71115
71116
71117
71120
71121

71122

71123

71124
T112%
71126
71127
71130
71131
71132
71133
1134
71135
71136
71137
71140
71141
71142
71143
71144
7114%
71146
71147
71150
71151

" CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

01171
01172
01173
01174
01175
01176

01177

01200
01201
01202
012013

01204

01205
01206
01207

01210
01211

01212

012113

01214

0121%

01216
01217
01220
01221
01222
01223
01224
01225
01226

23
11
1
11
87
75
11
15
21
59
16
75
11
56
16
78

11

13
21
41
75

11
11

21
21
11
37
00
21

01358
01305
01327
00000
01217
30000
00000
01177
01205
01177
10000
30000
00000
01205
10000
30000
onneo
00003
01126
01334
10002
00040
01203
01327
01177
01174
01330
01137
00000
01229

Cv-123 .

n1a1
01333
01334
20000
01166
01200
00000
01205
01326
20025
0120%
01206
nNNOOO
20025
01211
01212
00000
000013
01303
01174
01277
00001
01326
00074
01303
01312
01334
01114

01302

N=1
INDEX = Me2
INDEX = Ne1
(A11)—>A
A =07
YES. ROW 1
—> (TEMP RO
STORE
L{rROW 2)
STORE
L (rOW1)
ROW 2
—> ROW 1
STORE
L (Row 2)
Row 1 (rEMP R
—>  ROW 2
eT1—>(n1)
aNX2'T + AN
TEST NEW A1l
coL 1 =0
0—> [DET]
oLl = o0
INDEX -
SET FOR
NEXT ROW
SET INDEX =

A12/A11 —>
SET FOR Al3

PAGE CA=010<8
rePORT ZM L91 -

MODEL

DATE  2-27=56

v

ov)

x2°

JUMP TO EXIT
RESTORE CONSTANT

N~y -

(a)

§-25¢
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

FORMNO E.T -1 P r

- PX 71900-&~.123

Bys J. N. Ellis
Checked by: D. B. Parker

01227
01230
01231
01232
012313
01234
01235
01236
01237
01240
01241
01242
01943
01244
01245
01246
01247
01250
01251
01252
01253
01254
01255
01256
01257
01260
01261
01262
01263
01264

71182
71153
71184
71155
71156
71157
71160
71161

71162
71163
71164
71165
71166
71167
71170
71171
71172
71173
71174
71175
71176
71177
71200
71201
71202
71203
71204
71205
71206
71207

41
11
11
3
11
53
11
47
21
45
37
00
a7
no
21
21

41
.23

21
21
41
37
00
23
23
21
21
21
11
21

01334

01330
01330
01242
01324
20000
00000
01241
01244
00000
01137
00000
01137
00000
01242
01244
01335
01242
01244
01242
01334
01137
00000
01330
01336
01337
01255
01331
01331
01332

SAN DIEGO. CALIFORNIA

Cy-123

01224
N1334
01335
00002
10000
01235
20000
012137
01317

01252
01112

00 »

01110

00 %

01301

01302
01241

0133¢
01337
01310
01231
n0111?
Fo) 00006
00074
061301

061302
01311

01218
01242
01320

PAGE  CA-010-9
/ REFORT ZM 191
/ MODEL _
/ DATE 2.27-56
/‘)/
R/ALY
SET INDEXSMN «2

SET INDEXINe=2

SET
L (a21)
(A21)>(r)
(A21) = 03

YES:SET FOR NEXT ROW
JUMP TO SKIP ROW

NO. X '

A12 X A21—> T

A22<a22 A21)—> A22
SET FOR Al3
SET FOR A23

0—>1 CcoL

1ST COL 1+ 050

X
(r) (M7
INDEX =1
s F 4 x 27T
4 - 2% 4 2% s
SET FOR A22
SET

PARAME TERS



CdNVAIR — DIVISION O;‘ GﬁNElAL DYNAMICS CORP. '
SAN DIEGO CALIFORNIA PAGE CA#010«10

FORMNO. E. Y .1 P r
Bys J. N. ELLIS ’ REPORT ZM 1191
Checked bys D. B. Parker CV-123 MODEL
DATE 2=27-56

71210 01265 11 01332 01244
71211 01286 21 01328 0120
71212 01267 21 01225 01325

71213 01270 41 01333 01172 DET REDUCED ?
71214 01271 11 0125% 01273  YES:

71215 01272 37 01137 01112 X

71216 01273 00 00000 T—> |pETY

71217 01274 15 01406 01115 RESET INT.S R
71220 01275 15 01406 01127

71221 01276 75 30002 01001 STORE

71222 01277 11 00003 00000 |oed o+ ExIT

71223 01300 00 00000 20000
71224 01201 00 02000 00000
71228 013072 00 02000 000N

71226 01303 31 01001 00017 S R SET UP ENT
71227 01304 15 20000 01305 SET (L) PARAMFTER —
71230 01305 11 00000 01416 PARAMETER> (T )
71231 01306 21 01001 00074 EXTT PLUS 1
71232 01307 11 01410 19000, MASK—> (n)
71233 01210 5) 01416 01183 STORE N
71234 01311 11 01153 01204 STORF
71238 01312 23 01304 00074 N-1
71236 01313 36 00074 01305 STORE Ne2
71237 01314 71 01300 01153 STORE
71240 01315 11 20000 01310 oN - 2
71241 01316 55 01310 10003 STORE
‘ 71242 01317 11 10000 01303 2N - 27
] 71243 01320 35 01300 01311 STORF 2(N+1) - 242
§} 71244 01321 54 20000 00003 sTORE
5 71245 01322 11 20000 01217 a(n+ 1) 2’
"

§-25¢



FORM NO E T LI L

Px 7190F =123

By‘ Je No Ellis

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

Checked by: D. B. Parker

71246
71247
71250
71751
71252
71253
71254
71255
71256
71257
71260
71261

71262

71262
71264
71265
71266
71267
71270
71271
71272
71273
71274
71275
71276
71277
71300
71301
71302
71303

01323
01324
01325
01326
01327
01320
01321
01332
01333
01334
01335
01336
01337
01240
01341
01342
01343
01344
01345
01346
01347
01350
01351
01352
01353
01354
01355
01356
01357
01360

11

A

‘

7
11
1=
35
11

-~
(4R

21
71
34
25
23
11
11
11
53
53
55
11
512
11
53
11
59
56
11
11
59
51

01153
01313
01301
20000
01408
01301
01211
n1316
013138
00041
01314
01302
01314
01412
01414
01414
01416
01416
01416
01411
01416
01415
01416
01410
01416
01416
01410
01306
01416
01416

SAN DIEGO CALIFORNIA

CV-123

01312
00074
01153
01314
nN1127
0131
01316
01302
01711
01153
01317
01320
01301
1¢co00n
01306
01307
01306
01307
000130
10000
01308
01321
01321
10000
01277
00030
10000
01322
01322
01307

PAGE

CA-010-11

REPORT ZM };91

MODEL

DATE

STORE

M+ 1
STORE
oy »xY

SFT S ®

STORE 2 (N#1) - 2

STORE
2x2°% 2 (n + 1) - 272

sToRE o(vrf 2R 2(N+1) -

STORE
anx 2Lk o

sTore 2(N+1) 2% 2(N + )

STORE 2(N=1). 27
MASK—>(n)
STORE L (T2)
STORE L (T2
STORE

Al1

MASK—> Q

sTore L (A11) x 2/%

store L (11)-2°% L (1)
STORE L(A11)-2'%
MASK—> (0)

sTore L (|neTl)

MASK—> (@)

STORE
L (A1)

2-27-56

2/4—



=ORM NO

P, 71900-8-123

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

ET .1 . r

Bys J. N. Ellis
Checked by: De. Be. Parker

71304
71305
71306
71307
71310
71311
71312
71313
71314
71316
71316
71317
71320
71321
71322
71323
71324
71325
71326
71327
71330
71331
71332
713133
71334
71335
71336
71337
71340

01361
01362
01363
01364
01365
01266
01367
01370
01371
01372
01373
01374
01375
01376
01377
01400
01401
01402
01403
01404
01405
01406
01407
01410
01411
01412
01413
01414
01418

55
11
51
21
21
21
21
11
53
53
52
15
71
35
55
16
11
11
45
45
0o
00
00
00
0o
77
00
00
no

01416

01407
014616
01322
01306
01306
01307
01413
01303
01203
01303
01323
01303
01211
012131
10000
01404
01407
00000
00NQo
01137
01001
07777
0n000
00777
77000
00717
00000
03000

SAN DIEGO. CALIFORNIA PAGE CA~010-12
REPORT ZM 1,91

CV-123 | gfﬁfL 2e27-56

00017

10000 MASK —> (@)

01223 sTore L (a11) 2's

01302 STORE L {A12 A1) A12)

01310

01301 STORE L {A12 A21 T2)

01320 STORE L (A22 T2 A22)

10000 MASK—> (0)

01176 SET

01204 REPEAT

01210 COMMANDS

01211 STORE L (A11)

01153 NT—> A B

01211 STORE L (T Row)- 2”°

2002%

01177

01183 SET ENT Jump

01324 STORE MASK

01001 JUMP TO EX1T

n1154

00000

00000

00000

07777

10000

00000

00000

70007

nooo3s

§-25¥

A e
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8121

A

Notes on Timing of the Controlled Reproducer

The controlled Reproducer punches or reads cards at a maximum rate

of 120 cards per minute or 500 milliseconds per card. When the Reproducer
is staried, an electromagnetic clutch is energized and several shafts are
turned through one revolution. Each revolution operates cams and mechanisms
which execute an,18 point sequence of operations called the "card cycle".
During the first five points of a cycle a card is moved through the channel
and positioned for reading or punching. The next 12 points process 12 rows
of card information. Following the last row there is a final peint before

starting the next card cycle.

: The %)eoretical execution time for one point of this 18 point cycle is
27.8 orwﬁ milliseconds. Because of the mechanical nature of the equiprent
the theorétical time of 27.8 m.s. may not be realized for every point of a

500 mss cycle.

A study of the computing times actually available during various portions
of a card cycle has been made. Tests were run on four Reproducers. The time
available for ¢omputation was measured by determining the number of times an
Index Jump instruction could be performed without an IO fault occuring. FEach
of the Reproducers was adjusted to pass cards at the rate of 120/min.

Theoretisal édﬁputationgg§mes - Comsider a sequence for reading and
punching consectttive cards:

EF -V ' Select Reproducer
Other instruetions (interval C)
EW - OV Write Field IIX
EW - IV : _ Write Field I
EW - IV Write Field IF E
ER - OV Read Field III “Row 9
ER - IV Read Field I
ER - IV Read Field II
Other instructions (interval A) ,
Row 8
Row 12
Other instructions (interval B) :

EF - V or EW, Field III Select Reproducer for next card if
"single card" mode or process Row 9

if "free run® mode

o a3
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Three intervals are available for computation:

(A) The time between card rows (or clutch selection)
(B) The time from row 12 to the next External Function Instruction
(C) The time from the External Function instruction to row 9

(or cluteh selection)

The numbers used to designate the 18 points of the card cycle are not
sequential. At the start of a cycle when the cards are at rest the Reproducer
is at point l4. Points 14 through 18 occur as the card moves through the channel
to the next station. During each of the next 12 points a row of information
is processed; these points are numbered, corresponding to the card rows, 9, &,
7, 65 55 4y 3, 3, O, 11, 12. The final point of the cycle is 13. See Figure 1

for a diagram of the card cycle.

(A) At the beginning of each of the 12 cycle points during which row infor-
mation is processed, a row ENABLE occurs. This activates a timing device.

In the case of pumching, if information is not loaded into 1I0B within 1§ ms.
a NO INFORMATION fault results. In the case of reading, if informration is
not recad out of IOB within 10 ms. a NO INFORFMATION fault results.

The NO INFORMATION fault will result only from a failure to process
information for Field I in time. There is no fault to indicate a failure
to process information for elther Field III or Field II. Hence all External
Write and External Read instructions for a given row should be programmed
consecutively. (There is in fact a period of about 16 ms. following a cycle
point during which information may be transferred between the computer and
the Reproducer; thus there is time to process Field II following Field I.)

The time from one ROW ENABLE to the next is theoretically 27.8 ms. Thus
for programs which execute a punch and read, a punch, or a "normal read",
there is theoretically available between rows about 27.6 ms. By a "normal
read" is meant an External Read executed at the beginning of a cycle point.

It is also possible to execute a "delayed read". After inforration has been
loaded in the IOA or IOB registers it is possible to delay reading it out

for 10 ms. after the c¢cycle point. It is thus possible to program around

36 ms. of computation between reading two successive rows. However, the
interval available for computétion following such a delayed read is at most
27.6. Should the interval following a delayed read be shortened to 17.6 ms.
it is then possible to execute another delayed read 36 rs. later. See Figure
2. In performing a punch and read operation it is mandatory that the External
Reads follow immediately the External Writes since there is no NO INFORMATION
fault protection on other than the External Write, Field I. Thus a delayed
read should be used only in a reading operation and not in a reading and
punching operation. If a delayed read is executed on row 12 the interval from
row 12 to the clutch selection (EF instruction) must be decreased by 10 ms;

if a delayed read 1s used on row 9 the interval from the clutch selection to
row 9 may be increased by 10 ms.
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(B) The time from the execution of the Exterral Function irstruction wnich
selects the Controlled Reproducer to the clutch latch up 1s known as the
clutch access time. Since there are two points at which the clutch may be
latched, the access time may vary from O to 250 ms.* In case consecutlve
card cycles are programmed, if the clutch selection is made within 17.6 ms.
of the beginning of point 12 there will be no delay in latching the clutch.
Otherwise the clutch may not latch up for as much as a half revolution or
250 ms. If the Reproducer is programmed in the "single card" mode, one may
of course include any amount of computation between row 12 and the External
Function instruction for the next card cycle. However, if more than 10 ms.
of computation takes place a delay of from O to 250 ms. will be incurred in

latching the clutech. -

(C) The tire from the clutch selection to point 9 would appear to be 177
milliseconds or 10 ms. of point 12 plus 6 X 27.8 ms. for points 13 ‘through

18. This interval is in fact longer because of a small amount of time required
for the clutch to actually latch up.

Actual Computation Times Because of the corplex mechanical nature of the
Controlled Reproducer, it is to be expected that there will be considerable
rariation from the theoretical times stated above. Consideration of the .
tabulated results of the timing trials has led to the following recommendations:
(A) that no more than 24 ms. be programmed between card rows; A
(B) that no more than 170 ms. be programmed between the External Function
 instruction and the first External Read or External Write for row 9; and
(2) that if it is desired not to lose time while the clutch is latched up

for the next c¢ycle no more than 10 ms. be programmed between row 12 and

the External Function instruction for the following card cycle.

A program whose timing is within these limits .is guaranteed to run.
R

Single Fileld Reading and Writing It is possible, but not advisable,

to execute a single Bternal Read and/or a single External Write to process

one field of information from a card rowe. In the case of reading, Field I

only ray be read provided nothing is punched in Field II. With the Reproducer
set for two-field operation, the first External Read will read from IOB infor-
mation punched in Field I of row 9. The information from Field II will then

be placed in I0B. If this information is not read out during the row 9 point,
when row 8 1s enabled the information from Field I of row & will be placed in
I0B. The contents of IOB are now (Field II, row 9) &) (Field I, row 8) which
equals (Field I, row 8) provided nothing is punched in Field II. In the case

of writing, execution of a single External Write per row will punch in Field I
the information loaded in IOB and punch in Field II the zeros resulting from
clearing IOB. To program the Reproducer for either reading or writing with

a single External Read or External Write instruction per row is exceedingly
dangerous. For if the interval between External Read or External Write instruc-—
tlons is not sufficiently long the information for a row may be punched in Field
IT of the preceeding row or read from Field II of the preceding row. Programmers
should always code at least two External Read or External Write instruction per
row and dump irrelevant information into a one register garbage pit. It is

well worth squandering the small additional storage to retain the fault protection.

*Some Reproducers have a clutch which ray be latched at six points; in this
case the access time is 0 to 84 ms. 52U ]
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Programming Rules The following rules are set forth to define normal
programming of the Controlled Reproducer. Although methods of abnormally
prograrming the Reproducer have been mentloned, programmers are urged not

to code in these fashions. It must be emphasized that violation of any of
the rules is dangerous. At the very least a programmer must thoroughly un-
derstand the operation of the Reproducer. And it must not be assumed that
the operation is adequately described in these notes.

A corplete discussion of normal programming of the Controlled Reproducer
is included in the publications (A) The ERA 1103 Controlled Reproducer,
PX71778'A and (B) The ERA 1103 Computer System, Section 6: . Programming,

PX 71209. The followlng list of rules for programming the Reproducer is
not complete. It is designed to indicate the instances in which the coding
is most likely to be faulty.

Some Rules for Programming the Controlled Reproducer

(1) 411 External Read and External Write instructions processing infor-
mation for a given row should be consecutive. The External Write instruc-
tions should precede the External Read instructions.

(2) At most 24 milliseconds of computation should be prograrmed between
card rows. If the Reproducer is FREE RUNNIKNG at most 180 milliseconds
should be programmed between cards. At rmost 170 milliseconds shpuld
be programmed between. the External Function instruction which selects
the Reproducer and the External Read and/or External Write instructions
for row 9.

43) Either 3 or 2 External Read and/or External Write instructions should

be programmed per card row, depending on whether Field III is being
used or not.
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Formation of USE - a Cooperative Organization of 1103A Users

16 February 1956

In December of 1955 the desire was expressed by several 1103A purchasers
to form a cooperative organization of 1103A users, Accordingly, a meeting was
held at the Ramo-Wooldridge Corporation on December 19 and 20 to form such an
organization, Attending were representatives of Boeing Airplane Company,
Holloman Air Force Base, Lockheed Missile Systems Division, Ramo-Wooldridge
Corporation and Remington Rand Univac Division,

The name USE - Univac Scientific Exchange - was selected for the organi-
zation, A number of objectives for the group were listed,

Exchange of programming techniques and ideas,

Exchange of programs and subroutines,

Exchange of information on computlng organizations, operating
" procedures, etc,

Adoption of a common programming language for exchanged programs,
Adoption of a standard format for program write-ups,

Adoption of standard subroutine conventions,

Setting up of a cooperative manpower effort,

Cooperation at the program planning stage,

Achievement of a uniform general purpose system for the operation
of all 1103A°'s, ,

L] o -

~DCO~JO\.U'I~§ OB b

It was pointed out that Remington Rand is continuing the Central Exchange
for 1103 and 1103A information, However, material in the Central Exchange is
unsolicited and unedited, The philosophy has been to require no special language
or format for Central Exchange material; this makes it easy to contribute mat-
erial and to distribute-it quickly,

Membership in USE is open to any organization which is rentlng or has
purchased or has a firm order for one or more Model 1103A computers, USE publi-
cations will be available to 1103 and 1103A users only, These publications will
be distributed to all 1103 and 1103 A installations,

A structure of working committees was established, On January 9 and 10
the committees met as guests of the Boeing Airplane Company in Seattle, Wash~
ington,

Specifications for a common language for the exchange of library programs
were discussed, It was emphasized that a particular installation would in no
sense be bound to use this common language internally, The common language is
designed to be sufficiently general to include most other languages, A minimum
assembly program for translating common-language routines to octal programs was
described, Specifications were also proposed for subroutine format and standard
program write-ups,

Plans were made for immediate cooperation in achieving routines for the
1103A, Investigations of existing routines were initiated to determine the
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value of adapting such routines to the 1103A, In particular, common function
routines from the Central Exchange and general matrix routines were to be
surveyed, Assignments were made for the framing of specifications for minimum
and ultimate data input and output routines,

Discussions of a common compiling routine were begun, The goalis of such
a compiler were listed as:

Translation: Symbolic to octal
Subroutine referencing

Preparation for input and output formats
Algebraic coding

Sterage assignment

Automatic identification

Scaling

Automatic post-mortem and diagngﬁis

Arrangements were made for meetings: #s St, Paul on February 16 and 17 as
guests of Remington Rand Univac Division,
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