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EDITOH'S P}.GE 

Severnl Llonths ~lbO n cccpar:Ltive org:lniz[t tiun of 1103A usors \..rns 
fonned under the llClue of USE - Univllc .sCiufltific E..-...::chango. The 8eJ.l'-ly 110.3A 
pl.lrcha~ers desired to go beyond the Central l~cLD.rlge '·li th its vcluntary ex
change of ccrrlpleted routines ,-~l1d nctively cecperato in the aLlr:!.) stages of 
program rlurming and 3.s[;l[nment of r·rcgrm::lTI L ng F.~-:nI_,e"Jer. A description of 
this or5anizuticD is enc1os3d. 

Abstr~tct cards [lTd now ~:lvail~.·ble fer ell C3ntral &chu..n{)3 };utines. 
Sets of thece are builed DntC) L~. tical' y to nIl lIe] installatis:ls. Addi tional 
sets ltdll be sup!Jlied upon rSr1uest. 

'ilia tl~letes on the T -m:n;; of the Con ... relled ~er:,roducerll l,'lilich Here 
cr.i tted from the last ~Je1-fslett3r are enclosed \Iith th:'o CU:: o 

PegbY Johnsen ! 

Systems !.naly sis Departr~ent 

1 



REPORTS 

NEWSIETTER NUMBER 8 
February 1956 

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 comrnands and the constant pool 
is being prepared for use at Convair. A reasonable number 
of these will be ~upplied to others upon request. 

A recent addition to FLIP is a package consisting of an 
alarm routine, an octal print routine, and a Flexprint 
routi~. 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 tapeo 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 connnand. 

Edi torial Comment: To illustrate, assume the trace 
routine is at add~sses w through w+n and the program 
which is to be traced is stored beginning at address Vo 
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1· Routine to be traced 

Traoing would operate as :('clllovs: Start the oomputer at address 
w+n-l. The "delayed interrupt" is set up and oontrol is trans
ferred to address v by the jump in w+n. During exeoution of the 
instruction at the v the interrupt oocurs and· control is returned 
to the, trace. routine by means of the Return'Jumpin F3• 

This method of achieving a ·'hottraoe tI provides an exoeedingly' 
simple means of traoing jump instructions. However, since neither 
the Repeat instruotion nor a repeated instruction oan be interrupted, 
they will not be traced. The jump in Fl which terminates the 
repeat sequenoe is traced so that the end result of the repeat 
is reoorded. In many oases this will have the advantage of 
eliminating copious and unnecessary output (such as during block 
transfers and table look-up). 
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~ 1 :..,_ .. • _ .. _.l:.~~~ ':': I ~ l~ c.(~_,_ .. ~~.:..~ I·t'':';.t'L •. !..ll,j 117 ... 0 h·::.' .,;11 ·~~~"Ii t~~Dllo 
,:U (,,::.. ~ . .LC"J.IJ 1,,.;.p;::' tl":te:~ of tL.~ rc:..:i tioa 

c< 'L:~,_ :.:.. .. ~,.'~.:.r;g 1l::'::· .. ~1 ci c~:,ch. 0';: tLij lL::.tU/2.tic t.~J.;8 u::LitB 
p_'cv':':J_J.:'J. r..:·~.I':;U: . ."l1 J\'~,"p to t:'13 blcck C0Ulrt.:-;r rcutino 
l:~ 1;I·i·~·~':';.i.l ,ift.er OUCll 1;.Jlgn0tlc tepa. ordero 

" .I.". C''' ~::':~ 'itt'.;::; ~;"L·~~C'T'..;i!,:; 11:':3 a1eo bo en f..lLl.LI .. i t tsc1 for 
c:iG':~i~~Ltl ~J.c.n. :'~L~;] l'c~-1tin() 1!;~; dOGienc:1 to all,?',: tha 
l'l'oLr,:; .. :or uL.::.I.l.inG t8.b:J.l' .. ~r output to :t':.J.1:c lU~G of punched 
c:Jrd Oc:.l.liP:l811t to proch::.ce c;uicl:ly u noD. t printcut of 
flccc.blo iOT"j'!c..t. T~10 routine converts D..lph~-i1Ul __ Jric 
in.rOl'l~l:; ~':'cn in Floxmrri ter code into ILil code on cn.rds 
for USG Q;J y.<J.;:,.e h(;,~,di{lj:::, celUtLll hOEciings, f.nd lin3 ti tlcs o 

Th0Ge c:.:'.rds, tc:,;othcr ~d th datu CD.rd~, c:;.n Le listod 
to produce t.a.bul:::..r fon;1a.t3, for exa.r:<r.le, on the ruB 4070 
In~'ut is the Flexouri t'~r cedes p.J.c}::::d b to t..n 1103 lIord 0 

Outrut is c.2rds punched on the Controlled Reproducer. 

n:,:x' -'. ~C:CT!~':'.lI'~~ A chc1ng8 h::1,s bo,::n insti. tut3d '.1i ttl r0Lard to l:.ost 
~Q:i."vlce routines. The ,,0000 entries to service routines 
~'[3r3 previded for fleyJ.bili ty in l~oving routines c.:.bout 
on th.e drurn. HO'Hovor, the progrDlll entry depenc1.3d OD 
the lOc:ltion of the rout.ine ~nc1 hence inva.lidated this 
fncili ty.. Therofore cell 40020 it:: nO~l recorved as a 
CCUf;on proGr~lil ox.i to Since the bc.sic cede is ur:.chnngcd 
excopt fer allc;;ing for this procedure, cnly the rovised 
de.scrir,tic1l3 arG published herein and not the codings. 
The ccdirlg ll::y be cbtainad upon request. ·The follo'.rlng 
service routinos have been a1;Jl;~enJGd: mJ-73, 7he Flex
ouritsr Ibuol'Y DullP; 1;;,:-90, The Bioctul llelllor;r .Du.t!p; 
~_T!_lOC, 7113 Cctnl Card DtiIHlJ; TIll-l02, Ch:J.ngcd Hord 
Post-l:ort2lil; Il'r .... 92, Stornes to !:Clbl:otic T,-'.pe Tro.ns.fer; 
I!::-93, l:;)gnotic l'2:tpa to 8torng3 Tre.n::.f3r; R,l,!-103» 
Bil."lE,ry c~~: rd ncc.d-In; rt:-63, Ferr::tl1ti Input. r.eutil.i.e~ 

. ..: In c,ddi tien to Eo.intainiug the library for current 
0rerE ticn t.hought is being directed to the Hnticil~ated 
instullut.ien of the model Il03Ao This includes the 
preparuticn of a tHO pnC0 El,SSGl.lbly progr':-il,l and further 
116ch::-mizc.. ticn, of the pr0t;rmll checkout procedure. SOrH7.} 
Ch!ilnt;es li'i:ly also be Ir1L..dG in the Routine Library structureo 

A Tlltrb0r of e~"::'.l:.,plos h:l ve boef! run to tost the nou Lin3:".r 
~1atrb'.: r.('l~'.:.ticn ~clv3r. l::ttrices of ordGr up to 16 have 
Loe:l invJ:i. .... t:d. ."..ccurt,oy for the l~r~est Inatrix (si~e 16) 
'\-JUS n9I·roJtiJ:'iLt~ly 7 to n plnc83. '1'11i5 routine is non 
being pr2['r.rcd for distribution. 

An 1ntegr:ll root routine is checkod out as is a ttHat 
Trncc ll for !::n~po Tho fOl'1t1er is enclosed ,,11th this 
IJG'I.J!::lettGr. 
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Anothor fixed point ~f!nite Int~Rral EvaluatloA 
Rnut .. t."o is now avail.'3.ble. The difference between 
ru~_89°-;r..d this routine 1s that the error terms are 
or fourth and rUth order respect! vely. 1.bere 1s alao 
a floating point veraion of this routine. Fixed point 
lognrithm and exponential routines are also enclosed. 

The revisod write-up ot the Ramo-Wooldridge One Pass 
Assembly Routine (ml~72) which is in Nswaletter 7 
should be corrected to read ..... the routine prints 
GMP-Olt in the last sentence of paragraph 2 page 9. 

A routine has been coded which reads fixed pOint dectmal 
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. 

Copies of' IIAn Integrated Computation Sy-stem tor the . 
ERA-llO)- are available upon direct request to Dr. 
Walter Bauer. This 1s the text ot a talk presented 
to the Association tor· Computing Machinery National 
Meeting at Philadelphia in SoptGmber1955. 

A complex arithmetic version ot SNAP "(the Floating 
point arltbmetic packago) has been checked out. Also, 
a Fixod Point Card Output routine has beeu prepared. 
Work is now. progrossing on an algobric equation solver 
which will tind all real and complex roots~ 

RDfINGTON Rb.IDlJJ'NIVA~ For several months now we have been op
era tin~ tha Serial 9 110) computer hero in St. Paul. 
One of the principle uses of tho computer is tor mec~ 
ized cC7:'!lputer dosiCno The '·"·.~lgn procoss conalsts ot 

tor~ttlat1n~ e~ro~sions for the logic ot a computer 
system, simulating this logic wi th an 110) program, and 
ass1cning physical specifications· of the designed 
SySt;:~lJ alGO by means ot an 110.3 progrz..m. A number 
ot pro~Tams have beon prepared to facilitate the auto
matic processing of equations expressing the logic 
ot a canputor system. Such t:lcks are performed 8S 

veritying the aqua tion atruetur. with regard to rules 
regulating the lor~ulntion (such as t1ming restrictions, 
nunmer ot inputs to a core, etc.) and sorting equations 
wi th respect to va.rious crlteri8.~ . The prOcesses ot 
simulation and preparation 'of manuf'acturillg andmaiaton
ance aida are all ~st entirely mechanized. nO.3 pro
grams simulate whichever logical opera. tiona have been 
selected to be checltcd by choosing the equations involved 
in the 'operation and etrecting the aotual function of 
the app~opriat. components in the equations. Manufaoturing 
aids which are produced bY' the 110.3 programs are parte 
lists, wiring tabulation torms, assignment ot unit 
assembly positions to type cards, and aS$lgnment or 
relative positions in the completed system to the unit 
assemblies. The programs are coded to etfect the most 
elfiOient but realistic aolution to a manufacturing 
problem which allows several solutions. 

v 



NEHSLZTTER NUEBER 8 
February 1956 

A description of this mechanized design process i8 
available upon request. / 

I 

Enclosed with the last Newsletter was a description 
of the use ot the "dead Space" on the magnetic drum 
for storage of loading routines for the Model 11031 
computer. A routine has been coded for storage in 
the dead space which simulates the MTSTART ot the 
Model 1103. Tha t is, ono block ot 120 lIOrds 1s read 
from tape unit I to core storage starting with address 
00001. The computer stops following the transfer 
to perm! t switching fran ABNORMAL DRUM to NORMAL DRUM. 

The following 1s extracted· trom a report from Leon 
Dominick ot the Convair maintenance crew: 

"A table or failures bas been compiled concerning the 
reliab1l!t1 or the non-d1agnostic test at the Convair 
1nstall.ation~ The period of time covered by thisi table 
is 15 December 55 thru ,15 February 56.- ' 

"lbe non-diagnostic test was run with' reduced heaters . 
and margins after every prevents. ti va maintenance period 
and betore Convair went on the machine. At no tim~ 
did failures occur during these tests when run ldtb 
margins and reduced heaters as appropriate., to each 
part ot the test.-

"Convair has been nmning the non-diagnostlc teat, 
on their time, on an average or twice per 24 hour period, 
whenever they suspected machine trouble without def1n1 te 
evidenco to support their suspicions.- ' 

nThe table lists 18 times when the non-diagnostic test 
tailed for Convairo With two exceptions, a maltunction 
or the canputor 'Wqa located \Shieh, caused the test tailure. 
In those two ill8tances where failures ot the test occured 
wi th no trouble tound, 1 t 1s believed. the faUures 
were of a very random nature, and that they were caused 
by arcing otthe 300 volt generator. On only one occasion 
did the non-diagnostic test faU, to show an error when 
the error was obvious through examination of the indica
tor8 on the maintenance console. 'lh1s error was a raUure 
to wr1 te in one digit OD drum •• 

·Convair has gained enough confidence 1n the rellabill ty 
of the non;.;diagnostic test to usually agree to its use 
as a check 'on the reliable operation ot the machine.-
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The following question was raised hera concerning 
the conversion of floating binary numbers to floating 
decimal for output on the High Speed Printer attached to 
the 110)A: is there actually sufficient time avail-
able within the print cycle for the 110JA to convert 
these numbers when the printer is operating at the 
rate of 600 lines per minute? A conversion routine 
has been written 'Which prints eight numbers per line. 
Each number consists of an eight dig! t mantissa with 
sign and a two digit characteristic with sign. The 
average time to convert and set upa +ine or blockette 
is ig.3 ms. (For decimal numbers between 10 -10 and 
10 ). The maximum time to convert and setup a 1~~~ 
or blockette is 54.4 ms. (For decimal numbers 10 ). 
Since 90 milliseconds are available" for cempu ta tion 
during the print cycle, the ou~put rate is definitely 
printer-limited. In fact the rate of output is at least 
doubled by recording on magnetic tape for off-line prlntingo 

The methog of conversion is as follows& the mantissa is 
scaled 23 while the binary charact~risticis reduced 
to zero. A count of the dacimul characteristic is retained 
while the binary characteristic is reduced. By using a 
split positive entry 'With a shift of tva. followed by a 
split. add,~ with a shift c:£ one, tha mantissa is multiplied 
by ten, A repeat of these instructions seven mora times 
yields an eight digit deciInal 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 1s also completed. 

A short routine has b~en devised for cheqklng 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 incorrect words. 
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ENCLOSU,S 
. 'CV-109 

OR-lIO 
RW-lll 
RlJ-lI2 
RW-ll3 
RW-I14 
CV-l15 
RW-ll6 
RW-ll7 

REVISIONS 
RW-73 
RW-90 
RW-lOO 
RVl-102 
RW-'92 

RW- 93 
RvI-I03 
RW-63 
aV-lI 
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MOCK VllI-a magnetic tape corrector routine 
Magnetic Tape Block Counter Routine 
Fixed Point Definite Integral Evaluation 
Floating Point Definite Integral Evaluation 
Fixed Point Natural Logarithm 
Fixed Point Exponential (eX) 
Alarm, Octal, and Flexprint Package 
Nth Root Routine 
Fixed Point Decimal Card Read-In Routine 

Flexowri tar Memory Dump 
Bioctal Memory Dump 
Octal Card Dtunp 
Changed Word Post-l-1ortem 
Storage to Hagnetic· 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) 
Ac-ti va tor (revised) 
Complex·· Ari tbmetic 
Inspect and Change (OV-l2) 
Bioctal Paper Tape (OV-8l) 
Oharactron. Trace, Procasser (CV-??) 
Magnetic Tape storage 
Differential Equations (CV-97) 
Card to Paper Tape (CV-94) 
Bessel Functions 
Charactron Ou~put (CV-98) 
Card Output _ 

Card Input 
Alarm Routine (FLIP I) 
Arctangent and Arccotangent (FLIP I) 
Exponential (FLIP I) 
Input Sum Check (revised) 
Logari thm(FLIP I) 
Square Root (FLIP I) 
Loader (FLIP I) 
Loader Parameters (FLIP I) 
Basic FLIP (revised) 
Print and Punch (FLIP I) 
Flexovriter 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 (OV-IlS) 

l' 
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CV-52 Flexprint Subroutine 

ENCLOSURES 
O~118 Card Title Subroutine- a routine For Formating 

card output 
WS-1l9 Octal Card Read 
WS-120 Octal Card Dump 
W5-121 Ghack on High Spe~l1ln:Qh Wh(;!tl J>up.ching Bioctal Tapes 
OV-.l22 4 Point Lagrange Interpolation Subrout~n8 
CV-123 Determinant Evaluation Package-Real 

3:21 Notes on the timing of tne Controlled Reproduoer 
8:22 Formationol USE- a Cooperative Organization of 

1103 A Users 
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ANAt,l'c.:!O PAGE 6T 001 ... 1 
REPORT NO. Z.U 1-,91 

MOCEL. All 
F'::~;F,\nC:O C3V R. U. Prio() 
CH'C:Ci\~::O LY 

SAN DIEGO 

DATE. 12/12/55 ftm:VISEO BY 

f 

MOCK VIII 

The MOCK VIII i8 a mnr.;netic tape corrector routine 'designed to 
facilItate ohange.s in the increasing number of progr8.D'lB stored on mag!letio 
tape. . .. 

Changes are read trom pwcbed cards a.nd ha.ve the following format •• 

FORUAT I OLD WORD BLOCX WORD NEW WORD 
Col. 1 4 7 13 20 25 29 ;2 

cc uuuuu VVVVV BBBB! W\'{ CC UUUUU 

FORMAT II OLD WffiO BLOCK Wffin WE\f WORD 
Col .. 1 4 9 14 20. 25 29 34 

F ecce xxxx YYYT BBBB mr ecce XXIX 

>;;il!C~ first card must haTe -the M! number punched in eolmXl1 one (it does 
not'~va any thing else punched in it) and it Is follow~d by any nULmer of 
change cards Whb88 block numbere are in ascending sequence. A blank card 
signals the end o'r the changes. 

The bluek'sof the magnetlctapG are considered 8. 8 being numbered from 
0000 thru 3m and the 'Words of each b lock from 00 thru ;7. The tap. 
should be rewound when starting. BBB:B and tf.1 are ootal numbers. 

It the old word i. not ·known .,imply leave that part of the e~rd blank • 

1. 

2. 

. ;-0 

. . 
OPERATING INSTRUCTIONS 

;. ..... , 

LOAD SRmc LOAD CHANGE CARDS Wll"H TAPE INDICATOR CARD Ill. FRONT. 
(no prime) 

lID START PAX 70377. 

ERROR STOPS. 

38 
VVVVV 

39 
yyyy 

1. "WRD" will'pritl'b and the l'I1I1chine will stnp withQ cCl'.ltainlng 1 
the old word from the tape, the biock nusn.ber in U 'or R, 
and the word ourr.ber in v of R, -when t he old word on the 
taP4 i.- not tho indioated one. 

2. QaLI" will print if the block number is out of awquenee 
and the block .nd word numbera will appear in R .s above. 

IN EItHER CASE. PRESS' ST.AItf TO IGNORE TRIS CHA,N'ag AWD CONTINUE TO 
THE llEXT OUE. . 

"--.--. 

Drum Allooation 70114 ... 70377. Thin routil1~ 10 not in attlndard fohu 
'j 

c.nd 18 not to bo l~-;odlriad. All oonntanta and t6mpor~:r1ea are inc luded in the 
routinG. It dOvIl not save 'or r~etol'e ES. 

L_~ ____________ ~ ___________ --
,,,WN I.' ...... 



CONVAIR - DIVISION OF GEf.Jc!ML DYNAMICS CORP. 
5AN OIEGO. CALIFORNIA PAGE STOOl-2 

. .Bys R. l~. Prioo C'J-IC9 
REPORT ZM 491 
MODEL All 
DATE la-12-55 

MOCK V I I J 5T (lOl 

10114 00000 45 00000 00001 

70115 00001 11 00000 00106 PICK 1ST CARD 

70116 00002 37 00205 00121 READ 1ST CARD 

70117 . 00003 55 00334 00036 MT# ~Qt 00334 

70120 00004 11 00117 10000 MASK -+ Q 

70121 00005 53 00334 00043 SET WRITe; 

70122 00006 S~ 00334 00050 sET ADVANCE 

70123 00007 53 00"334 00051 SET READ 

70124 00010 53 OO~34 00052 SET BACK 

70125 00011 . 5~ 00334 00102 SET WRITE FINAL 
70126 00012 53 00334 00106 SET REWIND 
70127 0OOl~ 23 00:320 00320 ZERO TO CURRENT BLK.NO. 

701~0 00014 16 00244 00042 SET 5A 

701~1 00015 16 OOO~2 001.11 SEi 9A 

10132 00016 2~ 00321 00321 CLEAR TALLY 

701~3 '00017 37 00017 00020 

70114 00020 16 00245 0OO2! SET PARAM. STORE 

-10115 00021 ~1 00205 00121 READ ONE CARD 

70136 00022 '75 !OOO3 00024 . STORE. 

7.0137 00023 11 00230 30400 DATA I 

I 
I 

'70140 00024 11 
I 

00333 20000 

70141 00025 47 00026 002!51 (LANK CARD 1 
10142 00026 21 00023 00246 NO. UP STORE 

0' 70143 00027 21 00321 002~6 UP'TALLY 
u 

10144 42 rl 00030 00245 00021 TALLV FULLr 
I v\s. TALL.Y.! --+ TALLY 

to 
70145 d 000"31 23 00321 002'36 

0 
0" 70146 00032 '15 00244 00034 SET STORE "l r-f 
t'-

~ 
'70147 00033 75 30003 00035 }STORE 
70150 00034 11 30400 003~O Ft 
70151 00035 11 00226 10000 MASK ---t Q 

'0152 000:36 51 OO~30 00322 00 OBBBS 00000 ~TEMP. A 

701'53 00037 4~ 00226 00102 

.-.-

n-:-l a 



'RM NO.1:. T .. , (I~ • 

70154 

70155 

70156 

10151 

10160 

'.10161 

10.162 

·70163 

10164 

70165 

10166 

'70161 

10170 
701'11 

70172 

7017' 
70114 

10175 

10116 

10177 

70200 

10201 
m. 70202 0 
r-f 

J 70203 
I 

(,) 70204 0 a-
t:! 70205 

t! 70206 

70201 

10210 

70211 

10212 

10213 

CONVAIR - DIVISION OF GENERAL DYNAMICS -CORP. 
SAN DIEGO C .... LIf'OfII ... IA 

MOCK VIII ST 001 

00040 42 00320 00115 

00041 43 00320 00110 

00042 37 00042 00044 

0004' 65 00001 00340 

00044 2~ 20000 00320 

00045 2! 20000 002'6 

00046 11 00226 10000 

00047 53 20000 00050 

00050 66 00000 00043 

00051 64 00001 00340 

00052 67 00001 00113 

00053 11 00322 00:320 

00054 11 00254 20000 

00055 11 00230 10000 

00056 52 00330 00075 

00057 55 20000 00017 

00060 1~ 10000 0006:3 

00061 1-1 003~O 10000 

00062 44 00075 00063 

0006~ 11 30060 20000 

00064 4; 00331 00075 

OOO;6!5 11 20000 10000 

00066 31 00255 00052 

000,61 37 00074 00072 

00010 11 00330 20000 

00071 56 00000 00076 

00012 6.1 00000 20000 

00013 !4 20000 00006 

00074 47 00072 ~OO74 

00075 11 OO~32 300$6 

00076 37 00076 00077 

00077 21 00034 00247 

PAGE 
REPORT 
MODEL 
DATE 

8TOOl-, 
ZII 491 
All 
12-12-55 

C.B.N.> BBBB~ VES-.ALARM 

C.8.N. = BBBB----'YES 

~O 
WRITE PREVlOUS BLOC~ 
SET 

ADVANCE 

TAPE 
ORDER 

ADVANCE MT 
READ MT 
BACK MT 
BLOCK NO~~C.B.N. 

SET 

TRANSFER OF 
NEW WORD TO OLD 

SET "OLD WORD 
TO fJll TRANSFER 

SKIP 
foCOMPARJSONl • 
0, OLD WORD TO A 

OLD wORD CORRECT] 
NO. 

ERROR 

PR'INT 

AND 

HALT 
F~t!X 

PRINT 
ROUTINE 

NEW WORD TO OLD WORD 

8-1 b 



FORM NO. E. T .. 1 .'J' , 

0' 
0 ,.... 
J 

I 
0 
u 
0'" 
,-t 
I:"--

><l p.... 

· . 
CO:"VAIR - DIVISION OF G(NEnAL DYNAMICS CORP. 

S"'N DIEGO. CALlFOflNIA 

Bye R. M. Prio~ 

MOCK VIII 51 001 

,0214 00100 41 00321 OOO~~ 

10215 00101 45 00000 00016 

10216 00102 65 00001 00340 

10217 0010~ 11 00226 10000 

10220 00104 53 OO~20 00106 

7°221 001 0 5 21 00106"00231 

10222 00106 67 00000 00114 

70223' 00107 57 00000 00000 

70224 00110 41 00053 00111 

70225 00111 37 00111 70154 

10226 00112 . 45 00000 00053 

70227 00113 16 00050 00042 

702'30 00114 45 00000 00051 

70231 00115 31 00256 00052 

70232 00116 45 00000 00067 

702~:3 00117 00 70000 00000 

70234 00120 on 00000 00 * 
70235 00121 17 00000 00231 

70236 00122 75 30005 00124 

70237 00123 23 00333 OO~33 

70240 00124 11 002~2 00325 

10241 00125 31 0Ol~5 00127 

70 242 00126 37 0013!3 00127 

70243 00127 76 00000 00327 

70244 00130 76 10000 10000 

70245 00131 76 10000 00326 

70246 0.0132 55 10000 OOOO~ 

10247 00133 44 00240 00241 

10250 00134 21 00333 10000 

70251 00135 37 00135 00136 

70252 00136 11 002'33 00146 

70253 001'37 11 002~4 00321 

PAGE BTOOl-4 
REPORT Ztf 491 
MODEL All 
DATE 12-1~-5~ 

USED ALL PARAMS. 7 JNo 
vts READ NEXT SE; 
WRITE FINAL BLOCK 

SET 

CURRENT BlK. NO. + 1 
TO REWIND ORDER 

REWIND MT 
FINAL STOP 
(BLOCK/I EQUAL.S DOES BLKfJ = C 
YES 

SET. WRITE. 

TO READ 

ALARM. BlK. NO. 
OUT OF SEQUENCE· 

PICK READ CARD AND READ 

CLEAR 

TEMP, STG. 

READ ROW 9 

READ ROW 8 
RE·AD 

ONE 

ROW 
TEST FOR 

BIT IN 

COLUMN FOUR 

SET "INDEX FOR "ONE FIELD" 

3-1 c 
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HIM NO. It T ., (i~ ~ 

Bys 

'" 0 
rl. 

I -co 
I 

0 
u 
0"-
rl r .... 

t! 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN OIl.;~O. CALIFORNIA 

R. 1.1. Priuo C ,.! -··1.C ,-; 

... 
MOCK VIII 5T 001 

10254 00140 31 00227 00014 

70255 00141 ~2 20000 00002 

70256 00142 44 00143 00144 

10257 00143 32 00325 00000 

10260 00144 ,46 00145 00141 

'0261 00145 31 20000 00000 

10262 00146 35 30136 30320 

70263 00147 21. 00146 002~5 

10264 00150 41 00127 00140 

70265 00151 37 00151 00152 

70266 00152 55 00326 00000 

70267 00153 37 00151 00140 

70270 00154 41 00325 00127 

10211 00155 37 00135 00127 

70272 00156 12 00'334 20000 

70273 00157 42 00121 00206 

70 274 00160 55 00334 tOO11 

70275 00161 51 00223 20000 

70276 00162 55 10000 00003 

70277 0016:3 52 00224 20000 

70300 00164 55 00335 10011 

70301 00165 52 00225 00331 

10302 00166 55 00336 10014 

1030~ 00167 51 00223 20000 

70304 00170 55 10000 00003 

70309 00171 52 00250 20000 

70306 00172 55 OO~37 10017 

70301 00173 52 0024:3 20000 

70310 00174 55 10000 00003 

70311 00175 52 00225 003~2 

70312 00176 55 00335 10014 
70313 001-:"7 .51 00226 20000 

PAGE STOOl-5 
REPORT Z11 491 
MODEL .111 
DATE 12-12-55 

SET SENTINEL 
SHIFT LEFT: A1t (3) A ... (~ 

~IT IN THIS COL.?-r0 

V s: "-.... ROW NO. 

SrTINEL? 
y S RE~OVE SENTINEL 

T, T At. --...,. T 

FINISHED ONE 

v"Es 
FIEL.D r 

F;L ~ Q. 

SET JUMP 
READ ALL ROWS? (THRU ROW 0) 

YES: READ ROW 11 

FLIP OR NORMAL 7 
FL.IP, EXTRACT 
OLD 

WORD 
FROM 

CARD 

IMAGE 
EXTRACT 

NEW . 
WORD 

'FROM 

CARD 

IMAGE 

SET "SBBS 'I 



1" 

R. lJ. t'rico 

10314 

70315 

70316 

70317 

70320 

70321 

70322 

70~23 

70324 

70325 

10326 

70327 

70330 

,O3~1 

70332 

70333 

703:34 

70335 

70336 

10337 

·70:340 

70341 

70:342 

1034'3 
c' 70344 Cl 
r-f 

J 70345 
• (J 

70346 0 
0" 
r-f 70347 ('-

~ 70350 

70351 

70352 

70353 

CONVAIR .- OIVI::ION OF C;,i'!::~:AL DYNAJ,UeS ,eCH? 
SAN DIEGO, CALIFORNIA 

fv10CK VIII 5T 001 

00200 55 00336 10006 

00201 52 00230 00330 

00202 37 00135 00127 

00203 37 00203 00204 

00204 21 OO~30 00227 

00205 45 00000 30000 

00206 55 00334· 10011 

00207 51 00227 00331 

00210 55 10000 OOOO~ 

00211 15 10000 00331 

00212 55 00335 10017 

,00213 16 10000 003~1 

00214 55 00336 10014 

0021' 51 00221 OO~'2 

00216 55 10000 00003 

00217 15 10000 00332 

00220 55 003~7 10022 

00221 16 10000 00332 

00222 45 00000 00176 

00223 77 71000 00000 

00224 00 00777 70000 

0022!5 00 00000 07777 

00226 00 07777' 00000 

00227 77 00000 00000 

00230 00 00000 00077 

00231 00 00000 00105 

00232 00 00000 00*01 

00233 :35 00334 00334 

00234 00,000(')0 00002 

00235 00 00001 00001 

00236 00 00000 OOOOl 

00237 00 00001 00000 

SET "W~/») 

READ RO\4/ 12 

PAG~ 

REPORT 

MODEL 

DATE 

STOOI-6 
ZLI 491 
All 
12 .... 12-55 

SET NO "OLD WOROIJ INDICATOR 

EXIT 
NORMAL. EXTRACT 

OLD 
WORD 

FROM 
,CARD 

IMAGE 
'EXTRACT 

NEW 
WORD 

FROM 
CARD 

IMAGE 

CONSTANTS 

8-1 e 
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CY1 R. U. Price 

70354 

70;55 
10~,56 

70357 

70360 

70361 
10362 

70~63 

70364 

10365 
70366 

• 70367 

10370 

'0'71 
70372 

70373 

70374 

70375 

70316 

70~77 

" . 
CONVl\la - OlVi~ilCN Of Gn~(t?l\l ;DynAMICS CORP. 

~10CK VIII 5T 001 

00240 16 00205 0020~ 

00241 55 10000 000/.0 

00242 4S 00000 00134 

0024' 00 00000 70000 

00244 '00 00400 00044 

002.45 00 00000 00400 

00246 00 00000 00003 

00247 00 00003 00000 

00250 00 00777 00000 

00251 16 00023 002~2 

00252 11 00226 30251 
00253 45 00000 OOOl2 

00254 11 0Ol~2 00:340 

00255 45 47311 22257 
00256 45 41231 13657 

00 00* 

00 00-

75 30257 00001 

11 70114 00000 

45 00000 70375 

PAGE S'iO!)l;"'" 
REPORT Ztf 491 
MODEL All 
DATE 12-12-55 

BLANK CARO. SET 
SENTINEl. 

FLEX' CODE FOR *WRD* 
FLEX CODE FOR *BLK* 

BL.ANK 

CELL.S 

PROGRAM. 

TRANSFER TO ES 
ENTRY TO ROUTINE 

r-l r 



0 
P"'4 .... 
cb 
6 
0 

'" .... 
a-
x 
c.. 

OR-lID 

Page 1 of 5 
15 December 1955 

Title: 

Format: 

Storage: 
a) Total: 
b) Instructions: 
c) Constants: 
d) Constant PQol: 
e) Temporary Pool: 

Alarm Conditions: 
a) Alarm 1: 

b) Alarm 2: 

OPERAT IONS RESEARCH OFFICE 
Chevy Chase, Md.! 

Magnetic Tape Block Counter Routine 

Standard Form 

01000 - 01011, 100 octal 
01000 - 01063, 64 octal 
01064 - 01077, 14 octal 
40, 41, 73, 74 
11, 12 

The operation part of the MT order 
does not equal 64, 65, 66, or 67. 
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 cumulative number of blocks whic'h the reading head bas advanced 
is stored in the registers whose addresses are '.!!, a+~, a+2, and a+3, for 
the Oth, 1st, 2nd, and 3rd tape unit, respectively. Thus (a) is the block 
count of. ~b6 Oth tape Mit, where the concept of "block count" is further 
di,scussed in the following. 

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

Order 

fir j n v 

31 01001 01002 

00 a 00000 

- ~ - - ~ ~ - ~ ~ 

(Fig. 1. See next page) 

Function of Order 

One of the·four magnetic 
tape orders. . 
Ret urn j lIDp to block coun ter 
routine. 
Parameter word for selection 
and clearing of counters. 
Next order executed after 
block counter routine. 

8-2 
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Page 2 of 5 

Fig. 1. Sequence of orders which first selects ~ 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 ease 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 

MTj n v 

31 '01001 01002 

One of the four 
magnetic tape orders. 
Return jump to block 
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 MTjnv 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 magnetic 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. 

8 ... 3 
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Block Counter Routine 

Storage Order Function of Order 
Address 

01000 37 16000 16002 Alarm exit 

01001 45 00000 30000 Normal exit 

01002 23 00011 00011 Clear (11) 

01003 16 01001 00011 y+2~ (11). where (y) = MTjnv. 

01004 55 -00011 00017 [Y+2J .215-;.(11) • 

01005 15 00011 01007 y+2~u (1001) 

01006 55 00011 00025 y+2--+(11) 

01001 11 @ooooJ 00012 (y+2)--+ (12) ; written by (1005) 

01010 11 01064 10000 op extractor to (Q) 

01011 51 00012 20000 o -+- (L); op (y+ 2) • 230.....;. (R) 

01012 43 00040 01055 If (A) = 0 _, jump to extract A, where.! = 
address of block count of Oth tape unit. 

01013 23 00011 00041 y--+(11) 

01014 55 00011 00011 y.215~(11) 

01015 IS 00011 01016 y-+- u(1016) 

01016 II eOO~ 00011 MTjnv--+(11); written by (1015) 

01017 11 01064 10000 op extractor to (Q). 

01020 51 00011 20000 O~{L); op(y) • 230 -+(R) 
-0 

01021 11 20000 op(y) • 230~(A) .... 20000 .... 
I 

co 
01022 6 43 01065 01030 op(y) = 8M ? Yes, to 1030 

0 
0-

01023 43 01066 01032 op(y) = AM ? to 1032 ...... Yes, t-

i>< 
01024 43 01061 01032 op(y) to 1032-~ =WM? Yes, 

01025 43 01010 01032 op(y) = IUd ? Yes, to 1032 

01026 11 00074 20000 1:---+ (A) 

01027 45 00000 01000 I-alarm, no MT order detected. 

8-4 
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Page 4 of 5 

Storage Order Function of Order 
Address 

01030 II 01071 01053 Prepare to decrease block-count. 

01031 45 00000 01033 Jump over increase-case. 

01032 11 01072 01053 Prepare to in~rease block-count 

01033 11 01073 10000 Put j extractor in <Q) • 

01034 51 00011 20000 j (y) .227~ (A). 

01035 43 ·00040 01051 j = 0 ? Yes, to 1051. No, continue. 

01036 21 01053 00073 a+1-+ u(1053) • 

01037 51 00011 20000 j (y).227--+(4). 

01040 43 01074 01051 j = 1 ? Yes. to 1051. No, continue. 

01041 2l 01053 00013 a+2~ u(1053) • 

01042 51 00011 20000 j (y) .227~ (A). 

01043 43 01075 01051 j = 2 ? Yes, to 1051. No, continue. 

01044 21 01053 00013 a+3--;.. u( 1053} • 

01045 51 00011 20000 j (y) .227--+ (A) • 

01046 43 01016 01051 j ;:: 3 ? 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> • 
0 

n(y) .215-+(12) •. ..... 01052 51 00011 00012 ..... 
. I 
co @o 3000~ 6 01053 30000 Modify block-count; written by 1030, 
0 1032. 1036, 1041, 1044. 0"-..... 01054 45 00000 01001 Jum~ to normal exit • ...... 
>< 
Cl.. 01055 15 00012 01011 Set u(1071) = a 

01056 15 00012 01072 Set u(1072) = a 

01057 55 00012 00025 a ~ (12). 
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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) , (a+ 1), (a+2), & (a+3) & return 

01063 11 00040 @ooo~ . to continue MT block-count routine. 

01064 77 00000 00000 op extractor. 

01065 67 ' 00000 00000 op (BI~jn-) • 

01,066 66 00000 00000 op (AMjn-) • 

01067 65 00000 00000 op (WMjnv) • 

01070 64 00000 00000 op (RMjnv) • 

01071 23 @ooooJ 00012 Order which decreases block-count. , 

01072 21 ~ooooJ 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 3.227 • 

01071 00 (J7771 00000 n extractor. 

0 
~ 

~ 

I 
a:> 
6 
0 

'" ~ t-

>< 
0.. 
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Identification Tag: 

Type: 

Assembly Routine Spec: 

Storage: 

Program Entrances: 

Program Exit: 

Alarm Exit: 

Drum Assignment: 

1-1achine Time: 

Mode of Operation: 

Coded by: 

Code Checked by: 

Machine Checked by: 

Approved by: 

RW-lil 
DIE-l 
Pg. 1 of 6 

THE RAI,~O-WOOLDRIDGE CORPORATION 
10s Angeles 45, California 

Fixed Point Definite Integral Evaluation 

Specifications 

DIE ... 1 

Subroutine 

SUB 51236 03506 

29 instructions, addresses 
100 thru 128 

6 constants in program, addresses 
COl thru' c06 

35 words total program storage, addresses 
LOOtbru 128 
Cal thru C05 

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

The constant pool is used by this routine. 

Addresses 102, 103, 104 

Address 101 

The alarm exit is not used by this routine. 

Addresses 65744b thru 66006b 

(4.432 + .032n) mill~conds for Entrance #1 
(4.184 + .032h) '.,... for Entrance #2 
(4.416 + .032n) . II for Entrance #3 

Fixed point 

C. JvIiller 

C. l-liller 

C. Niller 

w. F. Bauer 

November, '1955 

November, 1955 

November, 1955' 

November 25, 1955 
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RW-lll 

Descr_ption 

This routine computes an approximation to the integral mean 

1 

xn J ydt 

x 
o 

DIE-l 
Pg. 2 of 6 

for given tabular data y. = y(x.) , 
~ ~ 

(i = O, ••• ,n) stored at consecutive cells 

and scaled at 2s • The arguments are equally spaced and given by 

x. = x + ih 
~ '0 

(i = O, ••• ,n) 

The routine requires the address where Yo _2 s is stored and either the address 

of y _2 s or the value of n. The result is left in both A and Q at the end of 
n 

the routine and scaled by the same factor as were the y1s. 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 respectively_ 

Programming Instructions 

Three entrances are available depending on which combinations of the parameters 

are given. We define a i as the address where y i ·2s is stored. See below 

for limitations on the parcuneters. 

1. Entrance #1 

a. Place ao in Q and n (scaled at 2°) in A. 

...... b. Execute RJ 00101 00102 if the subroutine begins ·at cell 00100. 
1"""4 
1"""4 

cb c. Control is returned to the word follOwing the RJ instruction. 
6 o 
0' 2. Entrance #2 
1"""4 
r-
>< a. Place in A the double extension of the parameter word 
0.. 

00 uuuuu vvvvv 

where uuuuu = a and vvvvv = a o n 

b. Execute RJ 00101 00103 if the subroutine begins at cell 00100. 

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

8-8 



RW-lll 

DIE-l 
Pg. 3 of 6 

3. Entrance 113 

a. Enter with 

RJ OOLOI 00L04 

00 uuuuu vvvvv 

assuming that the subroutine begins at cell 00100 and where 

uuuuu == ao and vvvvv == ~. 

b. Control is returned to the cell following the parameter word. 

For all three cases the calculation is identical, with the result (scaled 26 ) 

left in ~ and Q upon exit from the subroutine. 

Range of Parameters 

The rou.tine requires that 8 L n £:: 4095 and that ao and an 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 (ao and an)' n too large or operation c~ 

non zero in the parameter word, the routine l4ill either pr.~ce an incorrect 

answer or halt on an overflow fault or an sec fault. 

Execu tion Tiale 

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

4.432 + .032n 

4.184 + .032n 

4.416 +. .032n 

(Entrance #1) 

(Entrance #2) 

(Entrance #3) 

1'1", however, the data are in MD one must add to these figures the time for 

five and a fraction drum revolutions assuming a 4 interlace. This is an amount 

of time var.ying from 170 to 204 milliseconds. 
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RW-lll 
DIE-l 
Pg. 4 of 6 

r-:athematical Analysis 

According to techniques of l'lilne~;-, quadrature formulas ll8re derived as follows: 

and the dual 

x J n y dx = T [ 9 Yn '+ 19 Yn-1 - 5 Yn-2 + Yn-3J - 7~~ y(4) t? 
x

n
_
1 

These expressions were substituted in the following identity for the integration 

over the intervals [x 0 ' ~ ] and [xn_1 , xn]. 

[

Xl fX2 IX3 
n-2 fX i 

+2 JXn-1 
{Xn ixn . 

2 + + + L, + + +2 

x x xl . 2 x. 2 x 3 x 2 1 o 0 . ~ = ~ - n- n- n-

In the remaining integrals use was made of Milne I s formula (4), page 123 for the 

integration over the interval [ x i _2 ' Xi +2] while Simpson I s rule was employed 

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

fornru.1a 

! 
i=O 

with 

do = 13/48 + 7/90 = .3486 llllll 

d
1 = 39/48 + 39/90 = 1.2 458 333333 

J 2 
= 15/48 + 51/90 = .8791666667 

$3 ::;: 5/48 + 83/90 = 1.0263 888889 

d. = 
~ 

1 4 L i L n-4 

cfn- i 
= [i 

* . I-alne, W. E., Nwnerical Calculus, Princet~n University Press, Princeton, New ,Jersey, 
1949, Chapter IV. 8-10 

(1) 

(I' ) 

(3) 
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nW-lll 

DIE-1 
Pl}. 5 of 6 

and E is the error term 

where L = nh = x - x is the length of the interval of integration. n 0 

Dividing formula (3) by L = nh = x - x gives the approximation to the n 0 

integral mean: 

1-
Men 

The routine calculates 

Error Analysis 

1 
n 

Z 
i=O 

i: 
1=0 

The truncation error in the quadrature formula used is as indicated in the 

analysis above. The total round-off error in the routine I s calculation of 

M.2s does not exceed 1 + 4/n. 

That is, 
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DIE-l 
Pg. 6 of 6 

n Rweoo 00000 R W CONSTANTS 00 00000 00000 
0 RWTOO 00023 R W TEMPS 27 00 00000 00000 
0 OOLOO 01024 2000 00 00000 00000 
n ooeoo 01052 2034 00 00000 00000 
0 OSLOO 51236 65744 00 00000 00000 
0 OSCOO 51264 66000 00 00000 00000 

S L 00 o V RwTOO AOOOO ANS TO Q Ace 65744 73 00027 20000 
S L 0 l' MJ 00000 AOOOO EXIT 65745 45 00000 20000 
SL02 MA QOOOO RWCl7 EN T NO 1 65746 72 10000 00021 
S l a 3 MJ 00000 00107 ENT NO 2 65747 45 00000 02007 
SL04 TV OOLOl 00L06 EN T. NO 3 65750 16 02001 02006 
SL05 RA OOLOl RWC16 SET UP E X I T 65751 21 02001 00020 
SL06 MP RWC16 00000 PAR TO Ace 65752 71 00020 00000 
SL07 T U AOOOO OOL28 65753 1·5 2000e 02034 
SL08 T P AOOOO RWTOO PAR TO RWTOO 65754 11 20000 00027 
SL09 L Q RWTOO 10015 65755 55 00027 10017 
SLI0 T U QOOOO 00L19 STASH ADO YN 65756 15 10000 02023 
SL11 L Q QOOOO 00006 65757 55 10000 00006 
SL12 T V QOOOO RWTOO 65760 16 10000 00027 
SL13 T V QOOOO OOL25 STASH AOO YO 65761 16 10000 02031 
SL14 S T RwTOO RWTOO N TO RWTOO 65762 36 00027 00027 
S L 1 5 S A 00L28 00015 SET UP 65763 32 02034 00017 
SL16 Tll AOOOO 00L27 RP COUNT 65764 15 20000 02033 
SL17 RS 00L19 OOCOl BLOCK T R F 65765 23 02023 02035 
SL18 RP 30004 00 L 20 YN MIN US 3 65766 75 30004 02024 
SL19 TP 00000 RWTOl TO RWTOl 65767 11 00000 00030 
SL20 MP 00C02 RWT04 65770 71 02036 00033 
Sl21 MA 00C04 RWT03 65771 72 02040 00032 
Sl22 MA 00C05 RWT02 65772 72 02041 00031 
S l 2 3 MA 00e06 RWTOl 65773 72 02042 00030 
SL24 RP 30004 a a L 26 65774 75 30004 02032 
SL25 MA 00e03 00000 65775 72 02037 00000 
SL26 T P BOOOO AOOOO 65776 11 30000 20000 
SL27 RP 00000 OOLOO 65777 75 00000 02000 
SL28 A T 00000 AOOOO 66000 35 00000 20000 
seOl 00 00003 00000 66001 00 00003 00000, 
seD:? 03 48611 11111-0 1 35 DO PLUS 1 66002 13 11751 17512 
SC03- 06 51388 H8889-0 1 35 00 66003 53 11751 17511 
se04 02 45833 33333-0 1 35 01 66004 07 67356 73567 
se05- 01 20833 33333-0 1 35 02 66005 74 10421 04210 .... SC06 02 63888 88889-0 2 35 03 66006 00 66026 60266 .... .... 

I co 
6 
0 

'" .... 
r-
>< "". 
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THE R.AKO-WOOLDRIDGE CORPORATION 
10s Angeles 45, California 

DIE-2 
Pg. 1 of 4 

Floating Point Definite Integral Evaluation 

Identification Tag: 

Type: 

Assembly Routine Spec: 

Storage: 

Program Entrances: 

Program :Exit: 

Alprm Exit: 

Drum Assignment: 

l-fuch:ine Time: 

Node of Operation: 

Coded by: 

Code Checked by: 

Machine Checked by: 

Approved by: 

Specifications 

DIE-2 

Subroutine 

SUB 51271 04504 

41 instructions, addresses 
LOa thru 101 
HOO thru H38 

4 constants in program, addresses 
100 thru L03 

45 words total program storage, ad~esses 
100 thru 101 
HOO thru H38 
COO thru C03· 

1 word temporar,y storage pool used, 
address 00027b 

The constant pool is used by this routine. 

Addresses 102, L03, L04 

Address 101 

The alarm exit is not used by this routine. 

Address 66007b thru 66063b 

(8074 + 1.55n) milliseconds for Entrance #1 
(8049 + lo55n) It for Entrance #2 
(8.72 + 1.55n) It for Entrance #3 

Floating point, requiring SNAP to be in m,emory. 

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-I evaluating the integral 

mean 

I 
x - x n 0 

Y dt 

DIE-2 
Pg. 2 of 4 

The data rust be presented in flqating point and the computation will place 

a floating point result in both the A and Q registers at the end of the 

routine. Th,is routine requires that SNAP be in the memory. 

Programwing Instructions 

There are three possible entries to this routine. These are identical to 

those used in DIE-I. 

Range of Parameters 

See DIE-I 

Execution Time 

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

8.74 + 1.55n 

, 8.49 + 1.55n 

8.72 + 1.55n 

(Entrance #1) 

(Entrance #2) 

(Entrance. #3) 

If, however, the data are in MD the t:iJne is n plus a fraction drum revolution, 

or an amount of time varying from 34n to 34 (n + 1) milliseconds. 

r.:athematical Analysis 

See DIE-I. 

For coding convenience, this routine computes M as follows: 

M 
n 
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DIE-2 
Pg. 3 of h 

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

Error Analysis 

The truncation error in the quadrature formula is described in DIE-I. The 

round-off error in this routine is approxilnately equal to - i\/h Y ( r ) 
where i\. is a pseudo' random variable in the interval 0 b l\ L 2-26 , h is the 

step size (h ::: xi+1 - xi)' and 

y (x) = ~ y (t) dt 

x 
o 

while f is some point in the interval I Xo' Xn J 

If }r} is the machine approxiroa tion to N then 

Since }1 is the di~crete approximation to the integral mean 

1 ydx , 

it is necessary to multiply M by the interval L a nh • Xn - Xo in order to 

C\I 
:: obtain the integral of y. This gives the relation 

rb 6 L I.f~ #: L 1-1 - n f\ y (1.) 
~ 
~ and hence the error in the integral due to round-off within the routine is a-

~ -n A Y (f) 

8-15 
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DIE-2 
Pg. 4 of 4 

U RWCOO 00000 R W CONSTANTS 00 00000 00000 
0 RWTOO 00023 RW TEMPS 27 0.0 00000 00000 
U OOLOO 01024 2000 00 00000 00000 
0 OOHOO 01026 2002 00 00000 00000 
0 OOCOO 01065 2051 00 00000 00000 
U OSLOO 51271 66007 00 00000 00000 
0 OSHOO 51273 66011 00 00000 00000 
0 OSCOO 51312 66060 00 00000 00000 

S LOa T P 00C04 QOOOO DUMMY 66007 11 02055 10000 
SL01 MJ 00000 BOOOO EXIT 66010 45 00000 30000 
S H 00 MA QOOOO RWC17 EN T NO 1 66011 72 10000 00021 
S Hal MJ 00000 00H05 ENT NO 2 66012 45 00000 02007 
S HO a T v OOLOl 00H04 ENT NO 3 66013 16 02001 02006 
s H 03 RA OOLOl RWC16 SET UP EXI T 66014 21 02001 00020 
SH04 MP RWC16 00000 PAR TO Ace 66015 71 00020 00000 
S H a 5 T P 00002 RWTOO SAVE F 66016 11 00002 0.0027 
SH06 T U AOOOO OOH16 SET IN YO 66017 15 20000 02022 
SH07 L A AOOOO 00015 66020 54 20000 00017 
SH08 T lJ AOOOO OOH18 SET IN YN 66021 15 20000 02024 
SH09 TP 00Hl8 AOOOO 66022 11 020'24 20000 
S H 10' S T ()OHl6 00002 N GOES TO f 66023 36 02022 00002 
S H 11 fLNO 00015 00000 fLOATING 66024 14 44017 00000 
SH12 11 OOHOl 01362 BRB BLOCK S NAP 66025 11 02003 01362 
l:> H 1 3 23 01325 20000 B C LEA R 66026 23 01325 20000 
S H 1 4 23 01326 20000 a E 66027 23 01326 20000 
SH15 T lJ 00H38 00H20 SE T IN ALPHA 66030 15 02050 02026 
SH16 T P 00000 QOOOO E PLUS YO 66031 11 00000. 10000 
SH17 37 0136G 01416 a GOES TO E 66032 37 01362 01416 
SH18 TP 00000 QOOOO E PLUS YN 66033 11 00000 10000 
SH19 37 01362 01416 B . TO E 66034 37 01362 01416 
SH20 T P 00000 QOOOO E TIMES ALPH 66035 11 00000 10000 
SH21 37 01362 014"57 B TO E 66036 37 01362 01457 
SH22 RA 00H16 RWC15 66037 21 02022 00017 
SH23 RS 00Hl8 RWC15 66040 23 02024 00017 
S H 2 4 RA 00H20 RWC15 66041 21 02026 00017 
SH25 T J OOLOO 00H16 66042 42 02000 02022 
SH26 RA 00Hl8 R W C 1 5 USE H180llMMY 66043 21 02024 00017 
8H27 T P 00H16 OOH28 66044 11 02022 02036 
SH28 00 0 E PLUS Y I 66045 00 00000 00000 
SH29 37 01362 01416 a TO E 66046 37 01362 01416 
SH30 RA OOH28 RWC15 66047 21 02036 00017 
SH31 T J 00Hl8 00H28 66050 42 02024 02036 
SH32 TP 00002 Q 000-0 o I V IDE E 66051 11 00002 10000 
SH3j 37 01362 01507 B a Y N 66052 37 01362 01507 
SH34 27 01325 01326 B PACK 66053 27 01325 01326 

/ SH35 L Q AOOOO 000 AN S TO Q Ace 66054 55 20000 00000 
~H36 1 1 01557 01362 B REVIVE SNAP 66055 11 01557 01362 
SH37 TP RWTOO 00002 RESTORE F 66056 11 00027 00002 
SH38 45 OOCOO OOLOl aRR 66057 45 02051 02001 
SCOO 02 79821 62760-0 1 f A a 66060 17 74364 23076' 
seal 01 41706 16114 0 F L 1 66061 20 15526 11062 
scoa OR 56562 92290-0 1 f P 2 66062 20 06664 36651 
S C 03 01 02638 88889 a f H 3 66063 20 14066 02660 

C'\J ...... 
...... 

I co 
6 
0 
0"-...... 
t-

>< a.. 
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Identification Tae: 

Type: 

As sembly ROll tine Spe c : 

Storage: 

Program Entrance: 

Program ;Exit: 

A1arn: En t: 

Drum Assignment: 

}Iachine Tine: 

Lode of Operation: 

Coded by: 

Cede Checked by: 

Eachine Checked by: 

Approved by: 

U'J-ll:~ 

frIlE HArO";1.rJOOLDHIDGE C OIl POHA'.r ICJl: 
Los AnGeles h5, California 

Fi.xed Point Natural Logarithm 

Specific.:ltions 

LOG-l 

Subroutine 

SUB 51201 03517 

Ie instructions, addresses 
}lOa tbru KL 7 

ID1-l 
Pc. 1 of L 

17 constants in program, addresses 
COO thru C16 

35 1vords total proeram storaee.t addresses 
!-lOO thru lU7 
COO thru c16 

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

The constant pool is used by this routine. 

Address N02 

Address NOI 

The alarm exit is used by this routine. 

Address 6570lb thru 65743b 

2.63 milliseconds (minimum) 
4.51 II (average) 
6.39 II (maxirrn.lm) 

Fixed point 

c. l~iller November, 1955 

c. Nil1er November, 1955 

c. Hiller November, 1955 

VI. I' I. Dauer Nove~ber 22, 1955 



RW-113 

LOG-l 
Pg. 2 of 4 

Description 

This subroutine con,putos a sinGle precision apl?rox~ation to Jln x for any 

positive x which can be accon~odated in the double length accumulator scaled at 
, c 

235 
0 :~(:o L. x ~ 23:» 

235
0 Since 

!~lln xl L In 235 = 24.2 

we see that me resu1..t~may Hell extend into At, '" but will never overfl~wlA. 

Programming Instructions 

1. Place x o 235 in A 

2. Enter the subroutine with RJ OONOI OOM02~~(asSl1lI1;iJ1g the tU::rt,;,,~iord of 

this subroutine is stored at 00l{OO). 

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

TI1e accumulator will contain (In x) .235• 

Alarm Conditions 

1. If x L 0 then the alarm routine ALR-l is entered. This initiates the 

printing of the word "alarmll on the f1exowriter, followed by the octal 

address of the RJ instruction used to enter LOG-l and the contents of A 

and Q. 

20 If x ~ 23.5 then a multiply-add overflow may occur in line OOM05 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 belou. 

llathernatical l:ethod 

Assuming that x is strictly positive, i.e. x o 23.5..:::::.. 1, then the routine scale 

factors x in order to obtain 

where s is integral and t L. u L. 1. 

a-i8 
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IJY:':-l 
1. '. 3 of )~ 

Scttin:3 v h/3 u - 1 

one obtains (3/h) (v + 1) 

ldth ... 1/3 L v L 1/3 

Hence In x = 8(ln 2) + In 3/1, + In (v + 1) 

The r01ltine eva11wtcs an eleventh (lr(!er p()lynonia1 apr roxirl.aticJI] to In (v + 1) 

over V:o interval - 1/3 L v L 1/3 4 1~Lis polynoIl.ial vIaS obtDined l.Ji t!~ the aid 

of CV~:'-O an:1 ll.::~s ':'1. na~=irr.11.r orre1' of J~(:; x 2-3~;. The tueJ.vc c0ci'.i.'icients cf this 

rcs~'cctively .. 

T~l.e erru' ir~ t>~. J ~c· inc's (lPI:rOzir.;o.ticn to In x Hill not e:::cecf;, in c.bsc.lnte 

( .72 . , In x + ( (,1') 2-35 
t ~ .J\.). • 

ICr)l' - (In x) _235 / L + e.60 

1 cst c.~ t>c or:.'cr 5.0 :.1.:'.(; to TOllnr!.-off 1Jithin the rontine. The [l.ct1.''::ll errcr 

is 1'.Sl~[l.11:.r less t:-.~n tl:c 1~~ ~er ·'.)ollnd stated here. 
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LOG-l 
Pg. 4 of 4 

II R 1'1 coo 00000 R W CON S TAN T S 00 00000 00000 
II RwTOO 00023 R W T f M P S 27 00 00000 00000 
D OOMOn 01024 2000 00 00000 00000 
11 OOCOO 0104? 2022 00 00000 00000 
Ll OSMOO 51201 6 5701 00 00000 00000 
n oscoo 51219 65723 00 00000 000 " 0 

SMOO 37 75701 7·5703 B " L ARM 6 5701 37 75701 757 3 
S 'i 0 1 MJ 00000 AOOOO E X I T 65702 45 00000 20 0 I) 0 
SM02 T J RWC16 OOMOO OK I F X P 0 S 65703 42 00020 o 2 0 ,) 0 
SM03 S F AOOOO OOCOO K T 0 COO 65704 74 20000 02022 
SM04 S S OOCOl 00035 65705 34 02023 00043 
S M 0 5 ~! A BOOOO OOCO? V T , ME S ~ T 0 6570fi 7? 30000 020~4 
SM06 T P BOOOO R W TOO 35 T 0 R W T 0 65707 1 1 30000 00027 
SM07 L A OOCO~ 20036 H o F V TIM E S 65710 54 02027 20044 
SM08 PP 20011 00MI0 2 T 0 35 657 1 1 75 20013 02012 
:-;M09 PM OOC06 R Vi TOO T 0 R W T 0 1 65712 24 02030 00027 
S 'i 1 0 T P BOOOO RWT01 6 571 3 1 1 30000 00030 
S M 1 1 T P OOcOO AOOOO S S K OR 7 ? 65714 1 1 02022 20000 
SM1:? T J 00C03 OOM14 MIN US K 65715 42 0202t> 02016 
S M 1 j S T R W C 1 B AOOOO 6 57 1 fi 36 00022 20000 
S M 1 4 MP AOOOO 00C04 65717 71 20000 02026 
:) M 1 5 A T RwTOO AOOOO 65720 35 00027 20000 
o M 1 6 A T R IV TO 1 AOOOO A N S IN A 35 65721 35 00030 20000 
SM17 MJ 00000 00M01 65722 45 00000 02001 
S COO PR I VATE T EM P 65723 00 00000 00000 
seOl 30 00000 00000 B 3/4 T H S 35 ~5724 30 00000 00000 
s CO2 1 2 52525 25253 B 1/3 R" 3 5 65725 1 2 5252t> 25253 
S C 0 J 00 00000 00 37 65726 00 00000 00045 
S C 0 4 06 Y3147 18056-0 1 35 L N 2 65727 26 1 34 41 37676 
S C 0 5 o 1 28251 H4Y68-0 1 34 COEF OF 11 65730 O? 03250 71760 
SC06- C 1 33649 76676-0 1 34 1 1 T H OR 010 6 573 1 75 fi7111 01772 
:-;C07 o 1 05077 09477-0 1 34 APPROX 9 65732 01 53462 52166 
SC08- o 1 20530 66482-0 1 34 T 0 L N H 65733 76 04447 16001 
SC09 o 1 4 331 3 41362-0 1 34 OF 1 PLUS7 65734 02 22601 40142 
SC10- o 1 66932 02409-0 1 34 V OVER 6 65735 75 25037 42576 
SCI 1 o 1 99983 25744-0 1 34 NEG 1/3 R 05 6 5736 03 14620 64472 
SC12- 02 49992 96484-0 1 34 T 0 4 65737 74 00003 54036 
SCI j o 3 3333 3 59896-0 1 34 P 0 S 1/3 R 03 65740 05 25?52 63451 
~C14- o 5 00000 06781-0 1 34 MIN U S V ? 65741 67 77777 75562 
SC15- o 1 24000 00000-0 9 34 II 65742 77 77777 77752 
SCI6- 02 876n~ 07245-0 1 34 

;vj 
l N 3/4 T H S 0 65743 73 31323 57354 

... ... 
I 

:0 

~ 
::> 

" ... 
~ 
l.. 
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Identification Tag: 

Type: 

Assembly Routine Spec: 

Storage: 

Program Entranoe: 

Program E:xi t: 

Alarm Exit: 

Drum Assigmnent: 

J1achine Tirr.e: 

Mode of Operation: 

Coded by: 

Code Checked by: 

Machine Checked by: 

Approved by: 

1M-114 

EXP-2 
Pg. 1 of 4 

THE RANO"WOOIDRIDGE CORPORATION 
Los Angeles 45, California 

Fixed Point Exponential Routine (eX) 

Specifications 

EXP-2 

Subroutine 

SUB 50916 03713 

24 instructions, addresses 
LLOO thru LL04 
104 thru L22 

13 constants in program, addresses 
COO thru 012 

37 words total program storage ,addressee 
LLOO thru LL04 

L04 thru L22 
COO thru C12 

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

The constant pool is used by this routine. 

Address 1102 

Addre ss 1101 

The alarm exit is used by this rou tine. 

Address 509l6b thru 50952b 

2.3 milliseconds (mininmm) 
3.3 II (average) 
4.3 II (maximum) 

Fixed point 

C. l1i11er 

C. Miller 

C. Ni11er 

W. F. Bauer 

October, 1955 

October, 1955 

October, 1955 

November 15, 1955 
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Description 

EXP-2 
Pg.2of4 

This subroutine computes eX vlhen entered with x· 235 in the accumulator where 

X has the domain 

-(ln2) (235 + 2-1 ) .L x L 34.5 (ln2) . 

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 Jvlllltiply (PM) instruction. 

Programming Instructions 

1. Place x.235 in A •. 

2. Enter the routine with RJ OOKOI OOK02, 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 eX .235 in A. 

Alarm Conditions 

1. If x falls in the interval 

34.5 (ln2) L x L.. (1n2) (235 - 2-1 ) 

i;.hen the alarm routine AIR-I 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. 

This alarm condition is equivalent to 

eX ~ 234•5 

1I:jt and, hence, in terms of the scaled result ..... ..... 
J eX. 235 ~ 269•5 
<& o 
~ This value will nearly overflow in A and therefore becomes an upper limit. 
t-

~ 2. For x ~ - (ln2) (235 + 2-1 ) 
Q., 

or x~ 

a divide overflow will occur at cell OOK03 of the subroutine. 
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EXP-2 
Pg. 3 of 4 

3. If ALR-l was entered (or at the end of the routine) one can obtain the 

quantities 

where 

z.235 = (00030b) 

s = (00027b) 

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

Nathematical Method 

The routine finds q, an integer such that 

where 

x = q (In2) + r 

L. In2 
-2 

This gives eX = (eln2 )q • er = 2q. ar 
81 (2 q +1)_ ( ar ) 

-r 
Since the factor 2 q + 1 is easily applied b,y shifting, it is only necessary to 

calculate the quantity er /2. This is accomplished by a 7th order approximating 

polynomial where the domain of r is 

-ln2~r~~ 
-r 2 

This polynomial was obtained with the aid of routine CVF-O. 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 2-35• 

Error Analysis 

The error in the machine's approximation to eX is bounded in all cases b,y 

~11.3 +.1 Ixi ) eX + U.2-35 

That is 

. (11.3 + • 7 J x, ) eX + I 

Most of the error is due to round-off within the routine. The actual error is 

usualiy less than the bound stated here. 



RW-114 

EXE-2:: 
Pg •. I{ Of' 4: 

0 RWCOO 00000 RW CONSTANTS 00 00000 00000 
0 RWTOO 00023 R W TEMPS 27 00 00000 00000 
0 OllOO 01024 2000 00 00000 00000 
n OOlOO 01025 2001 00 00000 00000 
0 OOCOO 01048 2030 00 00000 00000 
0 SllOO 50916 65244 00 00000 00000 
0 OSLOO 50917 65245 00 00000 00000 
0 oseoo 50940 65274 00 00000 00000 
SLLOO 37 75701 75702 B ALARM 65244 37 75701 75702 
SlLOl MJ 00000 11.0000 E X I T 65245 45 00000 20000 
SLL02 A T 00C12 11.0000 65246 35 02044 20000 
SLL03 DV OOCOO RWTOO Q TO RWTOO 65247 73 02030 00027 
SLl04 S T 00Cl2 RWT01 R TO RWTOl 65250 36 02044 00030 

Sl04 LA 00C04 20036 65251 54 02034 20044 
SL05 RP 20007 OOL07 65252 75 20007 02010 : . 
SL06 PM 00C05 RWTOl 65253 24 02035 00030 
SL07 T P BOOOO RWTOl EXP R TO TOl 65254 11 30000 00030 
SL08 RA RWTOO RWC16 S I S Q PLUS1 65255 21 00027 00020 
SL09 S J 00LI0 00L17 65256 46 02013 02022 
SLIO T V 00C02 00L14 65257 16 02032 02017 
SLll A T ooeOl AOOOO S NEG 65260 35 02031 20000 
SL12 T J 00C02 00L14 T EST FOHZERO 65261 42 O.~ 032 02017 
SL13 T V 11.0000 00L14 65262 16 20000 02017 
SL14 LA RWTOl 00000 SHIFT RIGHT 65263 54 00030 00000 
SL15 TP 11.0000 11.0000 65264 11 20000 20000 
SL16 MJ 00000 OLlOl 65265 45 00000 02001 
SL17 A T 00C03 11.0000 S POS 65266 35 02033 20000 
SL18 T J 00C02 00L20 EMMINENT 65267 42 02032 02025 
SL19 MJ 00000 OLLOO 65270 45 00000 02000 
SL20 TV 11.0000 OOL21 65271 16 20000 02026 
SL21 L A RWTOl 00000 SHIFT L EFT. 65272 54 00030 00000 
SL22 MJ 00000 OLlOl 65273 45 00000 02001 
SCOO 06 ·93147 18056-0 1 35 NATLOG OF 2 65274 26 13441 37676 
SCOl 00 00000 20110 B CON 65275 00 00000 20110 
S e 02 00 00000 20044 B S T A 65276 00 00000 20044 
S CO 3 00 00000 20000 B NTS 65277 au 00000 20000 
se04 01 9924 3 65600-0 4 33 65300 00 00064 16602 

"1:2' SC05 01 39485 76760-0 3 33 C S B 34 .65301 00 00555 51650 
..... se06 08 33324 84740-0 3 . 3 3 0 C Y 65302 00 04210 40553 ..... se07 04 16662 18354-0 2 33 E A 65303 00 25252 43112 
cb se08 01 66666 66994-0 1 33 F l 65304 01 25252 52561 

6 SC09 05 00000 01077-0 1 33 F E 65305 04 00000 00135 
0 SCIO 09 99999 99997-0 1 33 0 65306 10 00000 00000 
C1' SC11 09 99999 99996-0 1 33 65307 10 00000 00000 ..... SC12 06 93147 18056-0 1 34 HALF IN OF 2 65310 13 05620 57737 
t-

>< 
Il.. 
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CONVAIR - DIVISION Of GENERAL DYNAMICS CORP. 
PAGE IE 002-1 fH.f ~o E r 1 'Ito, f" S"'N OIEGO CALIFOHNIA 

D:n,: B. Gorl:in 
CV-115 

REPOR'T ZU 491 
MODEL All 
DATE 12-27-55 

ALAr~;I, OCTAL AlID FLEXPRIliI' PA.CKA.ClE II 002 

( revi!Sed 12 - 27 - 5' ) 
The Alarm, Octal and Flexpr1nt Package consists of an alarm routIne, 

an octal print subrout1no, and a fle.xprint subroutine. 
,J 

The alarm routine 18 used-to W3ve a flag whenover a test shows that 
an undesired. event ha.s occurred. There are two entr1es to the alarm 
routine for this purpose ••• 

(1) 31 76000 16001 (ma.1n routine ) 

(2) '1 76000 16002 (subroutine) 

Entry (1) i8 used to :1nd1cate an alarm condition 1n the main routs.n., 
entry (2). 1s uoed tor an alArm conditIon in a standard coded sub
routine. ~ ei thllr case the main routine address i8' printed ou~. 

Entry to the alarm routine causes the tollov1ng infonation to be 
pr1nt~ out ••• 

T·I.1 11 .1.1 IJ.TJI. 1UUtRRRRR1UUUI alarm DXXX 

T·TJ.IJJ'JJ.TIJ,J, 18 (L) 1n octal' 

RRRRRRRIUUlRR 18 (I) in octal 

xxxxx i8 the main routine address. 

/Regi8ters A and Q and location 00000. eu-e used tor temporary storage. 
Uter an ,alarm" location 00000 contains. 4' 00000 xxxxx+1. After the 

. !~r1ntout, the computer. stopa with the instruction 56 ~ 00000 8et· .I up. '1'0 continue troa line x.xxxX+1, push tho start button. 

The location ot the ~ routine 18 8uch that references to it 
~ not modified by 'tho· assembly mod1tlcatlonrout1ne ( se 001 ). 
Thus all subroutines may-reter directly to the entry and, exit ot 
the alarm routine. 

f 

I; , 

'!'bie teV1sed alarm routine' does not use tlut eonatantpoOl or the 
te~rI:\ry pool. 

~exc~e8 for the oetal dig! t. 0 .. 7 are stored in locations 
76C)!J1 i - 76046 res:pect1vely. . 

, The' alam routine reoets 1 taol! completely.- 1 ts sum remains 
eons~ant with use. 

I 

The al.arm routine baa built into it, octol and flexprlnt subroutines 
.,' 'Wh1ehllll.!l1 be Wled D.S such by the prograr;:rmer. These port1ol1S ot the \ 

alarm.\rdut1ne are also self ~ocett1na-- the use ot these subrout1ne., 
doe,. not alter the 8Ut1 ot the Alarm, Octal and Flexprint Package. 

" 'Thea" octal and nexpr1nt subroutines are described 011 the tollov1ng 
, ,'i,7page. 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
FORM NO. E T BY'I r Gerkin SIilN DIEGO CIII\..IFORNIIil 

1. To print octal In:t'o:nn:ltlon •.• 
CV-ll5 

entry result 

PAGE 
REPORT 

MODEL 

OATE 

37 76022 76002 C.R., (t), space, (R), sJlace- typewriter. 

'7 760161~ 

3716016 7~ 

.\ 

. ~ 

/..;" \ 

'/ . , 

" ~ 

flnal 8tate... (Q). 00 00000 00001 
(L) Q (R)lnItla1 
( R) a 00 00000 00000' 

( 00000) • It.5 00000 76000 
. "" .. 

C.R., (t), space -typewriter. 

final .tate... ( Q) 1:1 00 00000 00001· 
(L) • 00 00000 00000 
(R) • a print order 

(00000)1. not altered. 

( L), . space ----- typevr1 ter. 

f1na.! stat.,... (Q) = 00 00000 00001 
(L) • 00 00000 00000 
(R) • a prInt order 

(00000) 1s not altered •. 

le1"tmost five octal dIgit. o't (L) U4 
space --+- typevri ter • 

tinal state... (Q). 00 00000 00001 
(L) 0= (L)inlt1al *216 

(R) .. a print order . 
( 00(00) not altered. 

) . 

leftmost two octal d1gi ta ot (L) and 
epaee ~ typewr1ter. 

final state •• * (Q). 00 00000 00001 
(L) a (L)lnIt1al -2· 
(R) CI a print order 

( 000(0) not. al1;ered. 

( 00000 ), space _______ typevr1 ter.~ 

f1nal .tate. ~ 0 (Q) ca 00 00000 00001. 
(L) 1:1·00 00000 00000 
(R) lit a prlnt order 

( 00000) • 45 00000 16000 

2. 1'0 p~nt nex 1nformat:f.on ••• 

'7 16016'1~7 au tlexcode character. 1n (t) and. 
apace ---- typevr1 ter. 

fInal atate... (Q) not al.tereci 
( L) • 00 00000 00000 
(R) - 00 00000 00000 

( 00000) not altered. 

IE 002-2 . 
. Zll 491 
All 
12-27~55 
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S,.N DIE:GO. C,.UFOltNt,. 

CONVAIR - DIVISION of GENERAL DYNAMICS CORP. 
)ltM NO I[ T.· I 11\ .. 

By. Gerkin 
CV-115 

P.4,GE IEOO2.~ 
REPORT %11 491 .' 
MODEL . All . 
DATE 12~-55 

A~ARM PRINT ROUTINE IE 002 

76000 45 00000 76000 

·76001 16 76026 76022 

16002 11 20000 QOOOO 

16003 61 00000 76047 

76004' 5S 76012 00005 

76005 ' , ~ 55 76012 00011 

76006 55 76012 00012 

76007 34 2000000(0) 

76010 ]2 76037 00000 

7601-1 11 20000 7601'2 

16012 00 01000 10001 

76013 44 76014 76007 

T601~ 11 10000 76012 

76015 61 00000 760?1 
·76016 37.' 76016 76()17 

,76017 . ~l 00000 00044 

76020 ' 11 76000 00600 

']6021 . ~ '7 76Q16 76004, 

" '16022 '7 1602~ '6023 
. 76023 3·1 .76000 00011 
'16024 15 ,20000 16025' 
·76025 It.. . 76000 00000 

l() 

15 7602~7602J ...-I ··76026 Il"'f . 

cb ."16027 16 76021 76000 
6 
0 7603Q 31 76042 00047 0" 
...-I 

37 76016 76041 t- 76031 
~ 

,76032 0.. ' 41 00000 7603J 

16033 11 20000 00011 
76034 37 76016 7600S 

760" 56 00000 00000 

76036 00 00000 00000 

,; 

STORE (R) 
CARR lAGE'Re;T'URN ' 

SET FOR 12 ~IGITS 
SET 'FOR , DIGITS 
SE.TFOR 2 ·QIGITS 

OCTAL PRINT LOOP 

RESTORE FLAG 
SPACE 

SWITCH 

" ".~:' , 

., ., ," 

I ' 

. , 

(000.00)--....(1.) ,:, of • 

STORE JUMP "1 N CELl. 00000' " . 

PRINT' '(00000) I ,.::,"'; ,,::.~ ," I 

SWITCH' 
.. 

SET TO' OBTAIN I," 
... ," 

MAlt('ROUTINE AOI)Rlisa : ': " 

, JUMP TO MAiN RciUTJ~~--- (O()OQO): , . 

RESTORE" " .. 
'I, 

RE'STOR! . 4 

. ' . 

PRINT "AL.ARM· ' . 

. AOJUS.r)' AbORES$" FOR PRINT tNG 

PRINT 5 DIGI T' ADDRESS' ' 

STOP 

AVAILABLE 
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FORM NO, £, T .. , 'J~ ~ 

l.() ..... ..... 
I co 

6 
o 
0>-....... 
r-
>< 
a.. 

By: Gerkin 

76037 

76040 

76041 

76042 

76043 

16044 

76045 

76046 

"76047 ' 

76050 

76051 

CONV~\IR - DIVISION OF GENERAL DYNAMICS CORP. 
S"N DIEOO, CALIFO,.NIA PA~E IE 002-4 

CV-115 REPORT ZM 491 
. MODEL All 

OATE 12-27 -55 

61 OO(lOO 76037 PRINT ORDER,' FLEX 0 ' 
00 00000 0OO5~ ,FI.'EX 1 

00 00000 00074 2 
43 01130 12070 'ALARM-

~ 
:3 

00 000('0 00064 4 

00 OOOCIO 00062 5 

00-00000 00066 6 

00 00000 00072 7 
61 00000 200"+.5 1 FLE~PRINTI.~~P ... 34 20000 00006 

47 76047.76015 
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Identification TaG: 

Type: 

Assembly Routine Spec: 

Storage: 

Program Entrance: 

Program Exit: 

Alarm Exit: 

Drwn Assigmnent: 

Yl8.chine Time: 

Mode of Operation: 

Coded by: 

Code Checked by: 

Nachine Checked by: 

Approved by: 

JiW-t16 

NRT-O 
p[~. 1 of 4 

THE RAl'.O-WOOLDRIDGE CORPORATION 
Los Angeles 45, California 

Nth Root Routine 

Specifications 

NRT-O 

Subroutine 

SUB 51316 03701 

36 instructions, addresses 
lOFOO thru lOF35 

1 constqnt in program, address 
10F36 

37 words total program storage, addresses 
lOFOO thru lOF36 

4 words temporary storage pool used, 
addresses 00021b thru 00033b 

The constant pool i~ used b.Y this routine. 

Addre~s 10F02 

Addre ss 10FOI 

The alarm exit is used by this routine. 

Addre~s 66064b thru 66130b 

Average execution time 
2(n-2) + 5 milliseconds for n L 50 

Fixed point 

w. Frank . November 25, 1955 

w. Frank ~mber 28, 1955 

w. Frank ~f3inber )0, 1?55 

w. F. Bauer D@pemb~! 1, 1955 
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NRT-O 
Pg. 2 of 4 

Description 

This subroutine extracts the nth root of any number 11, scaled at 235, and 

such that 

n must be an integer in the range 

2 ~ n L 216 

The routine must be entered with M_235 in A and n.2° in Q_ The result will 

be left in A, ~ca1ed at- 235, at the conclusion of the routine. 

Programming 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 OOFOI 00F02, where OOFOO is the location 

of the first word of NRT-O • 

. 4- The subroutine returns control to the cell follo\iing the RJ instruction 

with ( nJM) _235 in A_ 

Alarm Conditions 

The subroutine enters the alarm routine AlJt-l if n is negative or M is 

negative for n even. In either case, the word ualarmu is printed on the 

fleXOliriter, followed by the octal address of the RJ instruction used to 

enter NRT-O .. 

Execu tion Time 

The tirre taken to find the nth root of a number is inversely proportional to 

the magnitude of the number and directly proportional to the size of n. An 

average estimate, for n ~4. 50, is approximately 3(n-2) + 5 milliseconds. 
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Mathematical Nethod 
i 
I 

An iterative procedure, employing the Newton-Raphson method1r
, is used to 

solve the equation 

xn = M 

The process is of second order and is defined by 

1 r INt 
xi+l == xi + nl(xi) n-l 

where Xo '235 :: 235 - 1 

The iteration is terminated when 

A secondar.y test is H~e to insure 

11-1 I L (Xi)n-l 

- x~ 

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

NRT-O 
Pg. 3 of tf 

possible that truncation of the result of mltiplicatlon and division can 

violate this property. In that event, xi _l is taken as the solution. 

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

Accuracy 

The error in the re sul t of this routine was found to be le ss than 10-10 J 

that is, for an input ar~nt, which is oorrect to 35 bits, one can expeot 

~ an answer whioh m~ be inoorreot at most in the right ootal digit • .... 
:b 
3 ,. 
.... .... 

* Scarborough, J .B., Numerioal Mathematioal Analysis, seoond edi'tion, The 

John Hopkins Press, Baltimore, Md., 1950, p. 192. 
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NRr-o 
Pe. 4 of 4 

0 OOFOO 0,;."Z,':.f!.J 2000 00 '00000 00000 
0 10FOO 5 i~3 ~:~' 66064 00 00000 00000 
0 OCPOO o lill') 15 00 00000 00000 
10FOO 37 75701 7 __ 19~ B- A LA R M 66064 37 75701 75702 
10FOl MJ 00000 ~~ :;b 1 

EXIT 66065 45 00000 00000 
10F02 Z J 00F03, 

d~i~l 
ARG ZERO 66066 47 02003 02001 

1 OF 03 T P AOOOD 66067 11 20000 00030 
10F04 TP QOOOO d 'p d 66070 11 10000 00027 
1 OF 05 QT 00016 A 000-0 N EVEN OR 66071 51 00020 20000 
10F06 Z J 00r09 00F'07 00 66072 47 02011 02007 
10F07 TP OCP1! AOOOO 66073 11 00030 2000 0, 
10F06 S J OOFOO o,9"F. P-g A LA R M 6.6074 46 02000 02011 
10F09' TM 0'ePl1 

O"~r 
66075 12 00030 00033 

1 OF 1 0 TP 00F36 ~;'t)' ~ SET XO VALUE 66076 11 02044 00031 
10Fl1 54 OCP1P BRB 66077 54 00027 20017 
10F12 S J OOFOb 0,1:, J ft NEGATIVE 66100 46 02000 02015 
ItlF13 TU AOOOO o I)t '~7 66101 15 20000 02021 
10F14 RS 00F17 00"01'5 66102 23 02021 00017 
10F15 RS 00F17 00015 66103 23 02021 00017 
10F16 SP OCP12 00035 SE T UP a 66104 31 00031 00043 

) 10f17 RP 00000 00F19 66105 75 00000 02023 
10F16 MP 80000 OCP12 X I T H TO N-l 66106 71 30000 00031 
10F19 TP BOOOO OCP13 66107 ;1.1 30000 00032 
10F20 T P OCP!4 AOOOO 66110 11 00033 20000 
10F21 TJ OCP13 00F23 66111 42 00032 02027 
10F22 MJ 00000 00F30 66112 45 00000 02036 
10F23 LA AOOOO 00035 66113 54 20000 00043 
10F24 OV OCP1) AOOOO 66114 73 00032 20000 
10F25 ST OCP12 AOOOO 66115 36 00031 20000 
10F26 SJ 00F27 00F30 CONVfRGENCE 66116 46 02033 02036 
10F27 ov OCP10 1\0000 66117 73 00027 20000 
10f26 A T OCP12 OCP12 X I T H PLUS 1 66120 35 00031 00031 
10F29 MJ 00000 00F16 66121 45 00000 02020 
10F30 TP o CP 11 AOOOO 66122 11 00030 20000 
10f31 S J 00f32 00F34 66123 46 02040 02042 
10f32 TN OCP12 AOOOO 66124 13 00031 20000 
10F33 MJ 00000 OOFOl 66125 45 00000 02001 
10f34 T P oep12 AOOOO 66'126 11 00031 20000 
10F35 MJ 00000 OOrOl 66127 45 00000 02001 
10f36 37 77777 77777 B 66130 37 77777 77777 
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CRI-2 
Pg. 1 ,r~f 7 
revise4 12-9-55 

-THE.: RAMO-WOOLDRIDGE CORPORATION 
Los Angeles 45, California 

Fixed Point Deo ima 1 Card Read-In Routine (reyi~ 

Speoifioations. 

Identifioation Tag: 

Type I 

Assembly Routine Speol 

Sto,ragel 

Rrogram Entranoel 

PrograM Exit I 

Alarm Exitl 

Drum Assignmentc 

Machine Time t 

MOde ot Operationc 

Coded by, 

Oode Checked by I 

Machine Checked by. 

Revised by: 

Approved bYI 

CRI-2 

Subroutine 

SUB 51353 25039 (See special assembly instruc
tions) 

201 instructions, addresses 
("\f '('oomo- thfur

, 0413 5 

49 cons~nts in program, addresses 
OONOO thru OOIDS 

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

250 words total program storage, addresses 
OOECO thru OOIDS 

10 words temporary storage pool used, 
addresses 00027b tlpu OOQ40b 

The oonstant pool 1s u.,d by this rout~e 

Address OOE02 

Address OOED! 

The alarm exit is used 'b, this routine. 

Address 6613lb thru 66522b 

.5 seoonds per oard 

Fixed point 

C. Koos November 9,' 1955 

c. Koos November 11, 1955 

o. loos November 14, 1955 

o. KOOB December 1, 1955 

w. F. Bauer Deoember 9, 1955 
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Description 

CRI-2 
Pg. 2 of 7 
revised 12-9-55 / 

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

I 

The input cards are divided into four fields, bccupying columns 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 parameter word and which positions the 
number in the p~oper cello 

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 mantisss 
or the scaling factors indicates a n~gative 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 8 

12 punch in column 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. 

Pro~rammin~ Instructions 

1. The first time the routine is entered, inolude the instruotion 
EF 00000 OOA15 (assuming that the routine was assigned to region 
OOAOO for assembly)o This instruction picks the first card, and is 
not used except when the read station is empty. Do ~ inolude this 
step if you have previously used the routine and have not emptied the 
read hopper. 

2. ~ ~ routine l:lith LID. RJ instruction. Assuming that the routine 
was assigned to the region indicated in step 1, use the instruotion 
RJ OOAOI OOA02. 

3. Eu.:t&l:.:till! parameter~.. 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 oonsist of zeros. This base address 
is added to the relative location numbers from the cards in order to 
find the correct addresses for storingo 

8-34 



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 oolunm 80. 

5. At the 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 than 

35 bits. 

3. If an attempt is made to load a number into an 11legal address. 

In all cases the tag word "CRI-2", along with the address of the cell from 
which the subroutine ~B entered, will be printed on the flexowr1ter. 
Starting at this time will cause a fault, due to an attempt to execute 
the parameter word. Inoreasing PAK by one, and then st.arting, will result 
in re-entering this routine. 
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0 OOAOO 00013 15 00 00000 00000 
0 OOBOO 51353 66131 00 00000 00000 
0 01800 51378 66162 00 00000 00000 
0 02BOO 51423 66237 00 00000 00000 
0 03800 51467 66313 00 00000 00000 
0 04800 51518 66376 00 00000 00000 
0 OOCOO 51564 66454 00 00000 00000 
0 OOEOO 01024 2000 00 00000 00000 
0 01EOO 01049 2031 00 00000 00000 
0 02EOO 01094 2106 00 00000 00000 
0 03EOO 01138 2162 00 00000 00000 
0 04EOO 01189 2245 00 00000 00000 
0 OOFOO 01274 2372 00 00000 00000 
0 OOHOO 01235 2323 00 00000 00000 
O. OOMOO 51554 66442 00 00000 00000 
0 OONOO 01225 2311 00 00000 00000 
0 OOTOO 00023 27 00 00000 00000 

BOO 37 75701 75702 B ALARM E X I T 66131 37 75701 75702 
801 MJ 00000 NORMAL E X I T 66132 45 00000 00000 i' 

802 E F 00F20 00E19 ENTRANCE 66133 17 02416 02023 
803 SP OOEOl 00015 66134 31 02001 00017 
B04 TU AOOOO 00E05 66135 15 20 a 0'0 02005 
805 T P 00000 OOTOO STORE ADD R 66136 11 00000 00027 . 
806 TP OOAOO 00T01 66137 11 00015 00030 
B07 T P 00H05 00T04 SET COUNTER 66140 11 02330 00033 
B08 TV OONOO 00E24 66141 16 02311 02030 
B09 RP 10016 ODEll CLEAR 6614.2 75 10020 02013 
810 TP OOAOO OOFOO STORAGE 66143 11 00015 02372 
Bl1 RJ 00 NO 9 00N09 66144 37 02322 02322 
B12 L Q 00T03 00006 66145 55 00032 00006 
813 QT OOAOl 00T05 66146 51 00016 00034 
B14 L Q QOOOO 00002 66147 55 10000 00002 
B.15 11 00T01 20104 B R B 66150 11 00030 20104 
816 QA 00H01 00T09 STORE IV 0 R 0 4 66151 52 02324 00040 
817 LQ 00000 00017 66152 55 10000 00021 
81B QT 00H02 OOTOB STORE W 0 R 0 3 66153 51 02325 00037 
B19 11 00T05 20105 B R 8 66154 11 00034 20105 
B20 LQ 00T02 00006 66155 55 00031 00006 
B21 QA 00 H 03 00T07 STORE W 0 R 0 2 66156 52 02326 00036 
B22 LQ QOOOO 00017 66157 55 10000 00021 
82) QT 00H02 00T06 STORE W 0 R 0 1 66160 51 02325 00035 
824 MJ 00000 01EOO 66161 45 00000 02031 

1800 RS 00T04 00A03 66162 23 00033 00020 
1801 ZJ 01E02 01E44 66163 47 02033 02105 
1802 TV OONOl 01E15 66164 16 02312 02050. " 

1 B 03 TP OON02 01El1 66165 11 02313 02044 
IB04 T P 00N03 01E07 66166 11 02314 02040 
1805 T P 00H18 OOT02 SET COUNTER 66167 11 02345 00031 
1806 TP 00N04 AOOOO 66170 11 02315 20000 

r- 1607 11 00T06 10002 BR8 66171 11 00035 10002 
...... 1808 QA 00H18 01EI0 EXTRACT EXP 66172 52 02345 02043 ...... lB09 E J 00N04 01E12 66173 43 02315 02045 

t IBI0 MP 00T04 00H15 66174 71 00033 02342 co 1811 A T OOFOO OOFOO STORE 66175 35 02372 02372 I 
0 1812 RA 01E07 00A02 66176 21 02040 00017 o· 1813 RA 01El1 00A04 66177 21 02044 00021 Ci' 1814 I J 00T02 01£06 I J ON 3 66200 41 00031 02037 ...... 
r- 1815 MJ 00000 01E16 66201 45 00000 02051 
:>< 1816 T P 00N05 01E07 66202 11 02316 02040 
c.. 1817 RJ 01E15 OlEOS 66203 37 02050 02036 

lB18 T P 01El1 01E36 66204 11 02044 02075 
1819 TV 00N06 01E39 66205 16 02317 02100 
1820 TU OONOO 01E24 66206 15 02311 02061 
1821 TV 00N03 OlE 27 66207 16 02314 02064 
182a TP 00H18 00T02 SET COUNTER 66210 11 02345 00031 
1823 TU 001'103 01£28 66211 15 02314 02065 
1824 T P 00H19 00T03 SET COUNTER 66212 11 02346 00032 
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1825 TV 04E19 0.1E30 66213 16 02270 02067 
IB26 TP OOAOO 00T05 66214 11 00015 00034 
1827 LQ OOA03 10002 EXTR TO Q 66215 55 00020 10002 
IB28 QT 00T06 AOOOO 66216 51 00035 20000 
1829 ZJ 01E30 OlE 31 66217 47 02067 02070 
1830 RA 00T05 OOH04 60220 21 00034 02327 
1831 RA 01E30 00A03 66221 21 02067 00020 
IB32 lQ QOOOO 00001 S H t f T EXTR 66222 55 10000 00001 
1833 I J 00T03 01E28 66223 41 00032 02065 
1834 RA 01E28 00A02 66224 21 02065 00017 
1835 UP 00T04 00T05 66225 71 00033 00034 
IB36 A T OOF08 OOFoe STORE 66226 35 02402 02402 
1837 RA 01E36 00A04 66227 21 02075 00021 
1838 I J 00T02 01E24 I J ON 3 66230 41 00031 02061 
1839 MJ 00000 01E40 66231 45 00000 02101 

'1840 TU DONOl 01E24 66232 15 02312 02061 
1841 RA 01E27 00H05 ·66233 21 02064 02330 
1842 RJ 01£39 01E22 GE T REL AOOR 66234 37 02100 02057 
1843 MJ 00000 00N09 66235 45 00000 02322 
1844 RP 30004 o 2EO 1 66236 75 30004 02107 
2BOO TP 00T06 00F20 66237 11 00035 02416 
2BOl TP 00H18 00T02 SET COUNTER 66240 11 02345 00031 
2802 TU 04E15 02E05 66241 15 02264 02113 
2803 TV 04E15 02E30 66242 16 02264 02144 
2804 TV 03E07 02(34 66243 16 02171 02150 
2BO 5 T P OOf04 00T03 GET DEC EXP 66244 11 02376 00032 
2806 TV 00N07 o 2E 21 66245 16 02320 02133 
2B07 TU OON06 o 2E 22 66246 15 02317 02134 
2808 TU 00N07 02E23 66247 15 02320 02135 
2B09 TU 02E29 02E26 66250 15 02143 02140 
2810 TP 00T03 AOOOO 66251 11 00032 20000 
2811 RP 20004 02E13 T EST EXP 66252 75 20004 02123 
2812 TJ 00H25 02E16 66253 42 02354 02126 
2813 RJ 00E24 00N09 66254 37 02030 02322 
2814 RJ 00E24 00N09 66255 37 02030 02322 
2815 MJ 00000 04E05 TO· ALARM 66256 45 00000 02252 
2816 QT OOAOl 00T04 66257 51 00016 00033 
2B17 RS 02E21 00T04 66260 23 02133 00033 
2BIB LQ 00T04 00015 66261 55 00033 00017 
2B19 RS 02E22 00T04 66262 23 02134 00033 
2B20 RA 02E23 00T04 66263 21 02135 00033 
2821 RS 00T03 00H27 66264 23 00032 02356 
2B22 TP 00H32 00T04 66265 11 02363 00033 
2823 TP 00H21 OOT05 66266 11 02350 00034 
2824 lQ 00T03 00015 66267 55 000.32 00017 
2825 RA 02E26 00T03 66270 21 02140 00032 
2B26 UP 00H04 00T04 66271 71 02327 00033 
2B27 SF AOOOO OOTOl 66272 74 20000 00030 
282e SJ 02E29 02E30 66273 46 02143 02144 
2829 A T 00H04 AOOOO ROUNU 66274- 35 02327 20000 
2B30 TP AOOOO 00F04 STORE 66275 11 20000 02376 
2831 TP OOTOl AOOOO 66276 11 00030 20000 
2832 TJ 00H33 o 2E 34 TJ ON 37 66277 42 02364 02150 
2833 S T 00A05 AOOOO 66300 36 00022 20000 
2834 A T 00T05 00F16 STORE 68301 35 00034 02412 
2835 RA 02E05 00A02 66302 21 02113 00017 
2836 RA 02£30 00A03 66303 21 02144 00020 
2837 RA 02E34 00A03 66304 2:1 02150 00020 
2B36 I J 00T02 02E05 I J ON 3 66305 41 00031 02113 
2B39 TU 03E21 03E04 66306 15 02207 02166 
2B40 TU 00N02 03E05 66307 15 02313 02167 
2B41 TU 03E13 03E06 66310 15 02177 02170 
2842 TU 04E15 03E07 66311 15 02264 02171 
2B43 TU 00N03 03E08 66312 15 02314 02172 
3800 TV 04E15 03E33 66313 16 02264 02223 
l801 TV 00N02 a 3E 35 66314 16 02313 02225 
3Boa RJ 00E24 00N09 READ 11 ROW 66315 37 02030 02322 
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3803 T P 00H18 00T02 SET CO,UHTER 66316 11 02345 00031 
3804 T P 00F08 OOF08 66317 11 02402 02402 
3 B 05 T P ooroo 00T04 66320 11 02372 00033 
3806 T P 00F16 00T05 66321 11 02412 00034 
3807 T P 00F04 00F16 66322 11 02376 02412 
3B08 LQ 00T06 100 35 66323 55 00035 10043 
3809 QJ 03£10 03E11 T EST B 66324 44 02174 02175 
3810 TN OOT04 OOT04 66325 13 00033 00033 
3811 L Q QOOOO 00033 66326 55 10000 00041 
3812 QJ Q3E15 03E13 TE S T 0 66327 44 02201 02177 
3813 MP 00F16 00F08 66330 71 02412 02402 
3814 MJ 00000 03E23 66331 45 00000 02211 
3815 T P 00H28 AOOOO 66332 11 02357 20000 

,3816 TJ 00F08 03 E 19 66333 42 02402 02205 
3817 RS 00T04 00H19 66334 23 00033 02346 
3818 LA 00F08 00009 66335 54 02402 00011 
3819 TN 00T05 00T05 66336 13 00034 00034 
3820 RS 00T04 OOH38 66337 23 00033 02371 
3821 LA OOFoe 00033 56340 54 02402 00041 
3822 RJ 03E30 o 3E 25 66341 37 02220 02213 
3823 TV 00N08 03E30 66342 16 0232-1 02220 
3824 TP 00H14 00F16 66343 11 02341 02412 
3B25 OV 00F16 00T03 66344 73 02412 00032 
3826 LA AOOOO 00035 66345 54 20000 00043 
3827 OV 00F16 00F16 66346 73 02412 02412 
3828 SP 00T03 00035 66347 31 00032 00043 
3829 SA 00F16 00000 66350 32 02412 00000 
3830 MJ 00000 03 E 31 66351 45 00000 02221 
3831 SF AOOOO OOTOl 66352 74 20000 00030 
3832 LA AOOOO 00001 66353 54 20000 00001 
3833 TP AOOOO 00F04 STORE 66354 11 20000 02376 
3834 RA 00T04 OOTOl 66355 21 00033 00030 
3835 A T 00T05 OOFOO STORE 66356 35 00034 02372 
3836 RP 20005 03E38 66357 75 20005 02230 
3837 RA 03E04 00A02 66360 21 02166 00017 
3838 RA 03 E 3,3 00A03 66361 21 02223 00020 
3839 RA 03E35 00A03 66362 21 02225 00020 
3840 I J 00T02 03E04 lJ ON 3 66363 41 00031 02166 
3841 RJ 00N09 00N09 REAO 12 R9W 66364 37 02322 02322 
3842 TU 00N08 03E49 66365 15 02321 02243 
3843 TU 00E02 04EOO '66366 15 02002 02245 
3844 TU 00N02 04E10 66367 15 02313 02257 
3845 TU 00N03 04E22 66370 15 02314 02273 
3846 TU 04E15 03[48 66371 15 02264 02242 
3847 TP 00H18 00T02 SET COUNTER 66372 11 02345 00031 
3848 TP 00F04 00F04 66373 11 02376 02376 
3849 T P 00F12 AOOOO 66374 11 02406 20000 
3850 ZJ 04£01 04EOO 66375 47 02246 02245 
4BOO .EJ 00F20 04E26 66376 43 02416 02277 
4BOl A T OOTOO AOOOO 66377 35 00027 20000 

t- 4802 TJ 00 H 3'5 04E07 66400' 42 02366 02254 ..... 4803 TJ 00H36 04EO,5 TO ALARM 66401 42 02367 02252 ..... 
I 4804 T J 00A02 04E07 66402 42 00017 02254 co 4805 11 00H37 75756 8 R 8 TAG TO ALARM 66403 11 02370 75756 

6 4806 MJ 00000 OOEOO TO ALARM 66404 45 00000 02000 
0 4807 TV AOOOO 04E25 (;;6405 16 20000 02276 
a- 4B08 TP 00F04 AOOOO 66406 11 02376 20000 ..... 4809 Z J 04El0 04E25 66407 47 02257 02276 t- 4810 RS OOFOO 00H34 66410 23 02372 02365 
>< 4811 SJ 04£12 04E05 66411 46 02261 02252 CL. 4812 RA AOOOO 00A05 66412 21 20000 00022 

4813 TJ 00H34 04E15 66413 42 02365 02264 
4B14 MJ 00000 04E16 66414 45 00000 02265 
4B15 RS 00F04 00F04 C LEA R 66415 23 02376 02376 
4816 TV AOOOO 04E17 66416 16 20000 02266 
4817 SP 00F04 00000 66417 31 02376 00000 
4818 SJ 04E19 04£22 66420 46 02?70 02273 
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4B19 RA AOOOO OOH04 ROUNU 66421 21 20000 02327 
4B20 TP AOOOO AOOOO 66422 11 20000 20000 
4B21 S J 04E05 04E22 66423 46 02252 02273 
4B22 lQ 00T06 00031 66424 55 00035 00037 
4B23 QJ 04E24 04E25 66425 44 02275 02276 
4B24 TN AOOOO AOOOO 66426 13 20000 20000 
4B25 TP AOOOO 00 66427 11 20000 00000 
4826 RA 03 E 49 00A02 66430 21 02243 00017 
4827 RA 04EOO OOA02 66431 21 02245 00017 
4B28 RA 04£10 00A02 66432 21 02257 00017 
4B29 RA 03£48 00A02 66"433 21 02242 00017 
4830 RA 04E22 00A02 66434 21 02273 00017 
4831 I J 00T02 03E48 1J ON 3 66435 41 00031 02242 
4832 T P OOTOl AOOOO 66436 11 00030 20000 

'4833 Z J 04£34 00E02 66437 47 02307 02002 
4B34 RA OOEOl OOA03 66440 21 02001 00020 
4 B 35 UJ 00000 OOEOl TO EXIT 66441 45 00000 02001 

MO 0 00 00H19 01EOO 66442 00 02346 0-2031 
MO 1 00 00H20 01E16 66443 00 02347 02051 
U02 A T OOFOO OOFOO 66444 35 02372 02372 
"Q 3 11 00 TO 6 10002 8 R B 66445 11 00035 10002 
MO 4 UP 00T04 OOH14 66446 71 00033 02341 
MOS lQ 00T06 00034 66447 55 00035 00042 
M06 00 00H32 01E40 66450 00 02363 02101 
u07 00 00H21 00H27 66451 00 02350 02356 
MO.B 00 00f12 03 E 31 66452 00 02406 02221 
M09 RP 30003 00E12 READ 66453 75 30003 02014 
COO 76 47777 00030 B ONE ROW 66454 76 47777 00030 
COl 00 00017 77400 B 66455 00 00017 77400 
CO2 00 00017 77'777 B 66456 00 00017 77777 
CO 3 00 00017 77700 B 66457 00 00017 77700 
C04 00 00000 00 1 B 10 To 0 66460 00 00000 00001 
C05 00 00000 00012 B 1 66461 00 00000 00012 
C06 00 00000 00144 B 2 66462. 00 00000 00144 
C07 00 00000 01750 B 3 66463 00 00000 01750 
coe 00 00000 23420 B 4 66464 00 00000 23420 
C09 00 00003 03240 B 5 66465 00 00003 03240 
CI0 00 00036 41100 B 6 66466 00 00036 41100 
Cll 00 00461 13200 B 7 66467 00 00461 13200 
CI2 00 05753 60400 B e 66470 00 05753 60400 
C13 00 73465 45000 B 9 66471 00 73465 45000 
C14 11 24027 62000 B 10 TO 10 66472 11 240 27 62000 
C 1 S 00 00000 00 1 B 66473 00 00000 00001 
C16 00 00000 00 12 B 66474 00 00000 00012 
C17 00 00000 00 13 B 66475 00 00000 00013, 
C18 00 00000 3 B 66476 00 00000 00003 
C19 00 00000 00011 B 66477 00 00000 00011 
C20 00 00000 4 B 66500 00 00000 00004 
C21 00 00000 00101 B 65 DECIMAL 66501 ,00 00000 00101 
C22 00 00000 00 40 B 32 DECIMAL 66502 00 00000 00040 
C23 00 00000 B 66503 00 00000 00000 r- C24 00 00 B 66504 00 00000 00000 ..-4 

..-4 C2S 00 00000 00 12 B 66505 00 00000 00012 
I C26 00 00000 00024 B 66506 00 00000 00024 co C27 00 00000 00 36 B 66507 00 00000 00036 

6 C2e 00 00000 00 51 B 66510 00 00000 00051 
0 C29 00 00000 00 1 B 10 TO a 66511 00 00000 00001 
0' C30 11 24027 62000 B 10 66512 11 24027 62000 .-4 C31 25 53616 57055 B 20 032 66513 25 53616 57055 t-

C32 31 17454 47150 B 10 TO 30 065 66514 31 17454 47150 
M C33 00 00000 00 45 B 37 DECIMAL 66515 00 00000 00045 c.. C34 00 00000 00044 B 36 DECIMAL 66516 00 00000 00044 

C35 00 00000 02000 B 66517 00 00000 02000 
C36 00 00000 40000 B 66520 00 00000 40000 
C37 16 12145 67404 B TAG C R 10 2 66521 16 12145 67404 
C38 00 00000 00104 B 68 ,)ECIMAl 66522 00 00000 00104 
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THE RAMO-WOOLDRIDGE CORPORATION 
Los Angeles 45, California 

The Flexowi ter MemQry Dump (Reyi sed) 

Identifica tion Tag ~. 

Type: 

Special Storage:' 

Service Entrance~ 

Program Entrance: 

Program E:xit: 

Alarm Exit: 

Machine Time: 

Coded by~ 

Code Checked by: 

Machine Checked by ~ 

Revised by~ 

Approved by: 

Specifications 

MDP-O 

Service Routine (with subroutine entrance) 

The constant pool and temporary storage 
pool are not used by this routineo 

Address 40004b 

40004b 

40020b 

The alarm exit is not used by this routine 

Approximately 27 sec/IOO words on 
paper tape 

Approximately 207 min/IOO words'on 
typewriter 

Ro Beach October 27, 

Ro Beach October 27, 

Ro Beach OCtober 28, 

Co Koos December 1, 

Wo Fo Bauer . December 9, 

1955 

1955 

1955 

1955 

1955 

/ 
I 
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Description 

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 ~nto 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 is zero, modulo eight.. 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 legible. 

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

Operating lnstructiona 

1.. Wh~n rOll'tlneis used as a service rQutine start at 40004b. Machine halts 
on an'MS- stop with Q clear. 

Insert the parameter word in Q (see 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 following that one in which the par?meter 
word is looated. 

30 The ~ar:a.~ has the form 

AB 'uuuuu vvvvv 

"/here uuuuu and vvvvv are the first and last words to be dumped respecti
velyo 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. 

40 RMtQre 
To restore ES 9 A and Q at any time a,ftar the parameter word has been 
given 1 set PAK to 40040b and start. 
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THE RAMO-WOOLDRIDGE CORPORATION 
Los Angeles 45, California 

The Bioctal Memory Dump (reyised) 

Identification Tag: 

Type~ 

Special Storage~ 

Service Entrances: 

Program Entranceg 

Program Exitg 

Alarm Exit~ 

Coded by: 

Oode checked by: 

Machine Cheeked by~ 

Revised by~ 

Approved by: 

Specifications 

MOP-l 

Service Routine (with subroutine entrance) 

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

Bioc tal Tape: 
Binary·Cardsg 

Bioctal Tape: 
Binary Cards: 

40020b 

40005b 
400l6b 

40005b 
400l6b 

The alarm exit is not used by this routineo 

Ro Beach October 25, 1955 
C. Koos 

Ro Beach October 28, 1955 

Ro Beach . October 28, 1955 

Co Roos December 1, 1955 

w. Fo Bauer December 9, 1955 
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This routine dumpsiJ in binary!.' the contents of consecutive sto~age 
cells onto paper tape or cards-for later read in by FRI-O or eRI-lo 
The routine stores ES Sl A and Q and bootstraps itself into ES for 
execution. At its conclusion~ 'it restores ES~ A and Qo The type of 
dump is determined by the entrance used~ and the range of,the dump is 
given by a parameter wordo 

20 Binary Ta~ 

Binary (or bi~octal) tape is punched as specified by the parameter word. 
The routine punches leader, insert and check addresses, check sums, stop 

, code for FRI-O and a trailer. The leader and initial seventh level punch 
may be suppressed if desiradjt as maY9 also, the stop code ond trailero 
A check sum will be punched for eaoh. dump. If a dump of more than 808 
words is specified f the routine treats this problem as more than one 
dump and executes as mBny separate dumps as there are multiples of 8080 

30 ill.nPry Cards 

Because the Bull Reproducer is limited to 160 punches per card, with no 
more than 60 punches in anyone row, binary cards a re dumped in groups 
of three cards for later merging on off-line equipment into one cardo 
Each card contains up to eight wordso 

Card No, 1: 

Row 9 

Row 8 

Row 6~ 7 

Card No., 2: 

Address of first word in group 
Number of words in t.'1e group of 
three cards 
Sum of all words in t.he group 
of three carda 

First word (field one) 
Second word (field two) 

Contains 4 more words as in Ro~ 80 
In addition, Row 7 has a punch in 
~olumn 80 to identify it as the first 
card in the groupo 

(Col .. 1 - 15) 

(Col .. 17 21) 

(Colo 32 - 72) 

(Colo 1 - 36) 
(Colo 37 - 72) 

Contains 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., 

Contains up to 8 words in the remaining four 
rows and an identification punch in row 
eleven~ column 800 

If a stop code is specifi.ed, a punch is pIeced in row twelve J colunm 80 of 
the second celrd of the last group of three cards dumpodo Tho dump is accom
plished at full card punch ::speed .. 
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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 eighteenQ 
In this event a punch is placed in colunm 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 basiso Each group of three cards is merged into one binary card contain
ing up to twenty-two words of informa tion 0 !hi s merging may be accomplished 
by two passes on the sorter followed by two passes on the reproducer, or by 
one pass on the reproducer (gang punch operation), followed by one pass on 
the sortef p . 

Operating Instructions 

10 Binary Tape 

a 0 Servir. e lioutin!1 
I.. Start at 40005b.. Computer halts on an MS ordero 
2. Insert parameter word (see below) in Q and start . 
30 At conclusion of dump, computer will halt on 56 00000 40005b 

b.. Subrou tine 
1. Enter with 37 40020 40005b followed by parameter word 

(.see below) 
20 At and end of dump, control is transferred to the cell 

following the one containing the parameter wordo 

110 Binary Cards 

1110 

a. Service Routine 
10 Start at 400l6b.. Computer halts on an MS order. 
20 Insert parameter word (see below) in Q and start. 
3e At conclusion of dump, computer halts qn 56 00000 400l6bo 

bo Subroutine 
10 Enter with 37 40020 40016b followed by parameter word 

(see below) . 
20 At concJusion of dump, control is transferred to the 

cell fO:llowing the one containing the parameter wordo 

Parameter Worc~ 

The parameter 'lord is 

AB uuuuu vvvvv 

where uuuuu an:' vvvvv are the first and last words to be dumped respe~
tively~. The s~cond octal digit, B, sp3cifies a stop code if non-zero, 
no stop code it zero. 

For binary tap'! dumps, setting the first octal digit, A, of the para
meter word dif!3rent from zero suppre3ses a leader and initial seventh 
level puncho 

IVo Resto:re 

At any time dIking a dump, ESt A and Q mav be restored bv st~~tina At 
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THE RAMO-WOOIDRIDGE CORPORATIQN 

Identification Tag: 

Type: 

Special Storage:' 

Service Entrance: 

Program Entrance: 

Program Exit: 

Alarm Exit: 

Machine Time 8 

Coded by: 

Machine Checked by: 

Revised byg 

Approved by~ 

los Angeles 45, Cal ifornia / 
/ 
I 
I 

OCTAL CARD DUMP (revi,i~ed) 

Specifications I 

i 

MDP-2 

Service routine (with subroutine entranoe) 

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

Address 40015b 

.Address·40015b 

Address 40020b 

The alarm exit is not used by this routine. 

2.7 seoonds plus 0.5 seconds per oard max:lnrum 
machine time. 

C. Koos 

c. Koos 

c. Koos 

w. F. Bauer 

July 21, 1955 

August 5, 1955 

December 1, 1955 

. December 9, 1955 

8-45 
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QQ se rJD.:tJ,.Q.ll 

This routIne \JIll du.mp the contents of a group of consecutive (either ES or 
MD) storage celIs onto cards.. Each card will contain (in octal) four conse
cutive words and the address of the cell containing the first word on the 
card.. The followIng card columns are used~ 

Columns 1 thru 5 
Columns 13 thru 24 
Columns 25. thru 36 
Columns 37 thru 48 
Columns 49 thru 60 

Address of the first word 
First word 
Second word 
Third word 
Fourth word 

Any card for which a11. four words are equal to zero is omitted and the next 
card produced carries a punch in the 12 roy of column 90 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 IDe In addition, each 
card contains an identifying 12 punch in column 80 

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

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

I.. Pyt th~_c:o'ffiljute:r. in test modea high S!2eed (this step is unnecessary 
for a dump of all ES only) c 

2. Set P~K to 40Q15band start" 

3. QQill~ian will halt with an Jl30 ins true tion and Q will contain all 
zeros .. 

40 VJ8nually insert the :Q8r:arr,&ter word in~ 

5. 

6 0 

7 .. 

ao a parameter word of all zeros will dump ES 

b.. in all other cases, 'place the first address in Q and the last 
address in Q u 

v 

CG the range of the dump maY not extend from ES to drum addresses 

The ma~hin!Ll:lill htalt with an MSO instruction when the dump is com
pleted and the machine has been restored to its original state. 

If anothe.c.-ful.m.p is reguired~ it is necessary only to press the start 
button e.f~ain to return to stop 3 aboveo 

l!_tt~~LatQr Hia~Q 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 sec fault occurs 
after entering an illegal parameter wor~ in Q .. 
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Programmin~ Instructions (to be followed when the routine is used as a sub
routine) 

1. Enter the routine with an RJ instruction 

Use the instruction 37 40020 400l5bo The word in your program 
immediately following the RJ instruction must contain the parameter 
word (as described in step 4 of tlOperating 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 YlQfiILEQST-MORTEM ROUTINE (revised) 

Identifiea tion Tag ~ 

Typeg 

Special Storage ~ 

Service Entrance~ 

Program Entrance~ 

Program Exit; 

Alarm Exit~ 

Machine Time~ 

-Coded by~ 

Code Checked by~ 

Maohine Checked byg 

Revised by~ 

Approved by ~ , 

S:gecifications 

Service Toutine (with subroutine entrance) 

The constant pool and temporary storage pool 
are not used by this routineo 

Address 40037b 

40037b 

40020b 

The alarm exit is not used by this routine. 

(1401 + o5n) seconds where n=number of oards 
punched 0 

R. Beach October 26, 1955 

Ro Beach October 26, 1955 

Ro Beaoh October 26, 1955, 

Co Koos December 1~ 1955 

w. Fe Bauer December 9, 1955 
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This, routine compares ES with the MD image of ES and prints out those 
words of ES which are not the same as their correspondent in the-imageo 
ES is not altered by the routine, and the MD image is up-dated to be 
identical with ES ·...Then 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 (76oo0b - 77777b) into ES and com
pares words., 

If the corresponding words are the same, they a re replaced by zero, unless 
the new value is Zero., In the latter case the word is replaced by 45 40037 
40020bo The changed words and zeros are then read into ES o ES is then 
dumped on the line printero (Noteg Until the line printer is in use, 
this dump will be made onto cards by employing MDP~2)o ES and the 7600Gb 
image are then restored from the 66oo0b imageo 

Each card contains four wordso If anyone word is zero, it should be ig
nored as it is not a changed wordo A word which has been changed to zero 
has been given the arbitrary tag 45 40037 40020b and will be punched as 
such 0 Also" a 'Word that was changed to this tag will be identified in the 
same mannero The programmer must therefore distinguish between these 
two caSeso 

Qgerating Instructions 

10 When routine .is used as a service routine set PAX to 40037bo 
Routine will find changed words, print them out,and stop 
on 56 00000 40037-b 0 ' 

2.. When routine i§ uped as a subroutine. enter routine with 37 40020 
40037bo Operation of routine is the same except that routine 
exits to address y+1 if y is the address of the RJ instruction 
used to enter the routine .. 

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

There are no alarm conditions in this routine.. However~ if the routine 
hangs up during punching!J or if the machine is halted during punching, 
a start at 400J .. Ob will clear the punch!, restore ES, and up-date the 
76000b image., 
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THE RAMO-WOOLDRIDGE CORPORATION 
Los Angeles 45, California 

STORAGE TO MAGNETIC TAPE TRANSFER ROUTINE (re1i~ 

Identification Tagl 

Type I 

Speoia1 Storage I 

Servioe Entranoel 

Program Entranoes 

Program Exitl 

Alarm Exit. 

Maohine Time I 

Ooded byl 

Oode Checked by. 

Maohine Checked bya 

Revised by. 

Approved bys 

Specifications 

STT-O 

Servioe routine (with a program entr,y 
available) 

The oonstant and temporar.y storage pools 
are not used by this routine 

Address 40006b 

Address 40006b 

Address 40020b 

The alarm exit is not used by this routine 

5.6 seoonds for transfer of (ES) 

R. Beach May 11, 1955 

C. Kool August 14, 1955 

C. Kool August 20. 1955 

C. Koos Deoember 1. 19;5 

W. F. Bauer Deoember 9, 1955 
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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-O. 

A parameter word is used to specify 

1. The location of data to be stored 

2. The MT unti to be used for storage 

3. Whether or not MT is to be rewound to its original position after storage 

4. The address to which control is to be transferred when the data is read 
back by TST-O. 

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

At the time, of. entry the,. routine. stor.e,s (ES) on the drum, bootstraps, itself 
into ES, stores (A) and (Q) and obt~ina the parameter word.. At the oonclu
sian the routine restores (ES), (A) and (Q) and transfers control to the 
ex! t instruction. 

The routine stores one block of infor.mation in addition to the number of 
blocks necessary for storing the data, as fo+lows: 

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

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

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

Parameter HQr,d 

This parameter word is of the form BC DEEFF GGGGG, where B, 0, D, E, F, and 
G are all octal digits. 

B. The octal digit B determines whether (ES) is to be stored on MT. If 
B = 0, (ES) w1~1 be stored; if,' :e iO)(ES) will not be. eto:red. . 

C. The octal digit 0 determines whether MT is to be rewound to its original 
position after the data has been transferred. If 0 = 0 the rewind will 
be executed, if 0 ~ 0 it 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 COIJlJllBnds, 
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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 tap~. This number is the 
integer part of the first address divided by SJ. That is, (EE)(5l2) 
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) is 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 JIlemory by TST-O. 

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 OOOl7b by TST-O when the routine 
is read back to internal memory. 

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

1. Set PAK to 40006b and start. 

2. Computation halts with an MS instruction. 

3. Enter the p§rameter word in Q and start. 

4. Computation baIts when the transfer is completed, setting PAK to the 
address specified in the parameter word. 

Programming Instructions (to be followed when the routine is to be used as 
a subroutine) 

1. Enter the routine with the RJ instrnction 37 40020 40oo6b. 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 t~nsfer control 
to the instruction in address n + 2. 

Restore 

/ 

To restore (ES), (A), and (Q) at any time before normal completion set PAK 
to 4oo40b and start. 

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

Magnetig Tape to Stora~e Transfer Routine (revised) 

Identification Tag: 

Special Storage: 

Service Entrance: 

Program Entrance: 

Program Exit: 

Alarm Exit: 

Machine Time: 

Coded by: 

Code Che?ked by: 

Machine Cheeked by: 

Revised by: 

Approved by: 

Specifications 

TST-O 

Service routine (with a program entry available) 

The constant· and temporary storage pools are not 
used by this routine 

Address 40007b 

Addre ss 40007b 

Address 4oo20b 

The alarm exit is used by this routine 

5~6 seconds for transfer of (ES) 

R. Beaoh May 11, 1955 

c. Koos August 13, 1955 

o. Koos August 21, 1955 

c. Koos December 1, 1955 

w. F. Bauer Deoember 9, 1955 
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This routine has been designed to read back into the internal computer 
memory the information transferred to MT by STT=Oo 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 operatingo 

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

The routine stores (Ji:S) on the drum9 bootstraps' itself, into FS and reads in 
one block from magnet.ic tapeo It examines the parameter word used by STT-O 
and loads the specified portions 'of memory while computing the sum as the data 
i~ transferredo The sum is checked against the sum placed on MT by STT-Oo 

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 instructiono The parameter word from 8TT-0 is checked to determine 
whether or not the MT is to be rewound after the transfer and a reldnd 
command given if rewind was specified when STT-O was used to store the datao 
(A) and (Q) are then set from values stored on MT, (ES) is restored, and 
control is transferred to the exit instructionc 

Paramete::- Vlnnl 

The form of the parameter word is OX YOOOO ZZZZZ, where X, Y, and ~ are 
octal dig! ts ~ 

Xc The octal digit X determines the cell to which control will be trans
ferredto' at the conclusion of the routineo 

If X = 0 control will be transferred to the address specified in the 
parameter word used for 8TT-0 when the data was transferred to magne
tic tape 0 If X ~ 0 control will be transferred to ZZZZZo 

Yo The octal digit Y determines which MT unit will be selected 0 MT units 
are specified by the same digits used in the. standard 1103 MT commands. 

Zo The V-address of the parameter word (ZZZZZ) specifies the address to 
which control will be transferred at the conclusion of the routine 
(see X above) 0 

~eratlng InstryctiQUs (to be followed when TST-O is used as 8, service 
routine) 

10 Manually enter the paraw§ter word in Qo 

20 Set PAK to 4ooo7b and s:Wrto 

30 ComputatiQn will baIt after a succeesfUl transfer with PAK set as 
specified (see "Parameter Word" above) o. 
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PrQ~r8mmin~ Instructions 

TST-O 
Pg. 3 of 3 
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I. Use the RJ instr:llc.:tiro 37 40020 40007b to enter TST-O.. The cell immedia
tely following the RJ instruction must contain the parameter word. 

2.. After ~uccessfu] transfer control will be transferred to the cell speci
fied by the parameter word .. 

Alarm Conditions 

If the sum test fails ALR-l is entered and tlTST-O XXXXX" is 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 .. 

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

I. Rewind MT (if this had been specified) 

2. Restore (Es), (Al, and (Q) 

3.. Transfer control to the TST-Q exit instruction .. 
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THE RAMO-WOOLDRIDGE CORPORATION 
Los Angeles 45, California 

CRI-l 
Pg. 1 of 2 

revised 12-9-55 

Binary Gird Bead-In Routine (revised) 

Identification Tag: 

Type: 

Special Storage: 

Service Entranoe: 

Program Entrance: 

Program Exit: 

Alarm Exit: 

Coded by: 

Code Checked by: 

Machine Checked by: 

Revised by: 

Approved by: 

Spec ifics tj,ons 

CRI-l 

Service Routine (with subroutine entrance) 

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

400l7b 

40017b 

40020b 

The alarm exit is used by this routine 

R. Beach . October 26, 1955 

R. Beaoh October 26, 1955 

R. Beach October 26, 1955 

C. Koos December 1, 1955 

w. F. Bauer December 9, 1955 

8-56 

. i 

,l 

·r 



CRI-l 
Pg. 2 of 2 
revised 12-9-55 

Description 

This input routine reads binsry punched cards produced by the binary card 
dump (MDP-l: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 800 The routine loads the memOry as directed by the 
address appearing on the card, and checks the sum or the data read in against 
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 Q 

Operating Instnlctions 

1. When routine is used as a service routine set PAK to 40017b and start. 

2. When routine is used as a subroutine, enter routine with 37 40020 40017b 

3. Car<! positionine-

A card must be positioned on the read side of the Bull or a tlno inrorma
tion " fault will occur on the rirst cycle 0 The raul t, however J positions 
the,'card so one may simply start at OOl03b. 

4. To restore ES at any time, start at 4oo40b. This start IIl8y also be used 
to end a read in for which the 12 punch in column 80 of the last card was 

.. Omitted. 

Al§rm CpuditioD§ 

It the sum of data read in fails to cheek against the sum appearing on the 
card, ALR-l is activated to print. 

alarm 00102 000000000000 1100l23vvvvv xxxxxxxxxxxx 

vhere vvvvv is the address on the card. Q 1s not significant. 

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

The Ferranti Input Routine (revised) 

Id~ntification Tag: 

Type: 

Special Storage: 

Service Entrance: 

Program Entrance: 

Program Exit: 

Alarm Exit: 

Coded by: , 

Code Cheeked by: 

Machine Checked by: 

Revised by: 

Approved by: 

Specifications 

FRI-O 

Service routipe (with subroutine entrance) 

The constant and temporary storage pools 
are not used by this routine 

Address 40001b 

Address 40001b 

Address 40020b 

The alarm exit is used by this routine 

R .. Beach May 18, 1955 

R. Summers May 19. 1955 

R. Beach August 4. 1955 

c. Koos December I, 1955 

w. Bauer December 9, 1955 
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I. General 

JM-63 
FRIeDO 
Pgo 2 of 4 
Revised 12-9-55 

This routine 1s designed to read, by means of the Ferranti reader, seven-level 
bioetsl tape prepared 8S described belowo The routine reads in paper tape at 
the full speed of the Ferranti with only short hesitation when a check or 
insert address is encounteredo 

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 information into certain drum cells (as described 
in detail below) will result in abnormal operationo 

The routine stores the contents of ES on t-m at addresses 76oo0b through 7777?b 
and tllen transfers itself .to ESo It sums itself (in ES) and checks the sum 
against the correct sum (stored on MD) 0 

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 same manner 
as does the ERA photoelectric reader (for exceptions, see II. 3 and 4). 

Each word to be transferred to memory is summed es it is road in from tape. 
Words which are to be read "into ES are first stored in the l{Dimage 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 data (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 making the transfer and is started again after the 
transfer has been completed in the first two cases; Inthe last case, the reader 
is stopped, ES is restored from the MD image and control is transferred to the 
exit. 

The reader is also halted when a check address appears on the tape. If no check 
sum test (see II .. 3) is to be made after a successful check address test the 
reader is started immediately; if t.hecheck sum t.est is specified the reader is 
started after the test is made and the sum determined to ~ 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. ReQulrements fQrTape Prepar~t1Qn 

1. The first word on a tape must be an insert address. 

2. Check addresses should be used, although FRI-O will operate "dthout 
them. A check address immediately fallowing an insert address must 
be the 8ame as the insert addresso 
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3. For a check sum test the following four words ~ust appear on the tape 
at the point where the sum is to be tested~ 

ao Insert address 75202b 

be High order 36 bits of check sum 

Co Low order 36 bits of check sum 

do Check address 75204b 

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

1. ~AK to 40QQlb Bnd start, 

2. Computation will halt Hi th the tiS instruction 56 00000 40001b at the com-
pletion of the read in. 

Proirammin~ Instructions (to be followed when the routine is used as a sub
routine) 

1. Enter the routine wittL.:tlw RJ instruction 37 40020 4000lb 

2. ContrQl is returned to the cell irrunediately..following the RJ instrnct1Qn 
as soon as an "end of block" punch is reached on the tape. 

Alarm Conditions 

1. No "end of tape" puncho This condition is indicated tby the tape running 
completely out of the Ferranti reader. When such a condition occurs the 
operator should. 

2. 

a. Jll§ ster .Q~ 

b. Set PAR to QQ074b ~nd start 

c. When cOmputation hal:.t& (when a service entry was i~sed) with the XS 
instruction 56 00000 4000Ththe machine will be r~turned to its 
original state and the data read from the tape ~~l be properly 
stored. 

If a program entry was used control will be tran$'erred to the proper 
cell in the main prQp.r~m. 

FRI-O not transferred to ES cQrrectly. If ALR-l prints "FRI-O xxxxx and 
(A) and (Q), the sum of the program transferred to ES has failed to check. 
Starting at this point transfers FRI-O to ES again. 

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

3. Check address failure. If l\LH-l prints "ALAR C" and (1\) 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 addre~s that was read in from 
I 

paper tape .• 
i 
I 

Starting at this time will Obuse the machine to ignore the failure and 
operation will continue normally • 

. 4. Check sY..DLfi~o If ALR-l prints "ALAR Mil and (1\) 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 failure and 
to begin to read in the tape again. 

If at any time (ES) need to be restored from its image, starting at 
40Q40b will transfer the image to ES and transfer control to the FRI-O 
exit. 

5. . And "end of tape at (or "end of block") punch must be present on the tape 
to halt read in. This consists of seventh level punches in two consecu
tive frames on the tape at the point where the read in is to be stopped. 
This sev~nth level combination aots as a signal to FRI-O to restore (ES) 
snd stop the Ferranti reader. It is compatible with the ERA photoelectric 
reader in that it is an illegal combination which halts the ERA reader. 
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Preface to Revised Report 

Flip III ie faster than Flip 1. Several restrintions 

in Flip I whioh were discovered over a period of time were 

removed. These' oocurred in Commands 40, 42, 4h and 51. 

Division by zero\causea an alarm halt in Flip III, but 

division by an unnormalized number may still causo'. computer 

fault a8 in Flip I. 

The ma~etio tape readin haa been chan~ed in two respects. 

The sum check print 1a DOW -FLIP 0111. If the 1103 18 reatarted 

at this point the entire JIl8mory except that part already sum 

oheoked is cleared to lero and ·olearll i8 printed out. Except 

when other information is already in the memory, this Itep 

should always be. included. 

A new method of loading or "ACTIVATING" Flip i8 avail-

able in Flip III. 

1 

A great deal of thi8 report haa been oompletely rewritten to 

render it more oomprehensible on firlt reading. Many member. ot 

the Digital Computin~ Laboratory have assisted 10 thi.. All 

cod1n~ has been relegated,~o Part II ot this report whioh will 

be issued shortly. 

'lip 1. the result ot suggestions, coding and checking by 

10 many individuale that it il unfortunately impossible to give 

.pecifio credit. for the various contribution •• 
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P.LIP III ., 

I DESCR IPTI Oll, 
I r: 
; Il 

Flip III is an interpretive system tor the illO'-_,uld 1103&. useful 
\1, 

~ tor a large 01as8 ot prob1eDl8. Uflinr.; the InterJret \ ~.ommand, the machine 
I '\ \, , 

oODlDAnds are augmented by 58 "pseudo oommands" ~io~ ~an be used as though 
\ 

they were regular machine oommands. These enable ~h~ ~no~uaion of tloating 
I J I,', 

point arithmetio, complex arithmetio, and IIpe~1.al ~c'io:qs which inolude aD 
i " I 1 I i 
, - "I 

Jntegration step for differential equation •• ; ~lso:certain;teatures, such 

as index registers and tracing (to be descri~ed\lnlde~a~l ~a.ter), are 
. i \ I :. " '1\ .. 

, "., 
built into these pseudo commands. COD'YerSiora ~o andlfr~m·tloating poi~ 

;! I 

representation enable the programmer to use ,the ponverlienp8 of the Flip 
\ ! I 

input a.nd output while doing the "core" of ~e proble. in', tixed point for 
I • 

I I \ 
I speed. 
I I, 

Sinee this system augments the basio c~mman~8, kn~le~ge ot most 
, 

of them is necessarv. I 
I I 

, I 

The speed ot operation ranr.es tram 3.~ mill~~econ~s t.r a floating 
I ' I : 

point multiplioation to 4.3 milll~econds f~r flo.ating point addition. 

Transcendental tunctions compare closely to fixed poinf op~ratlon8 in 

regards to timing. 

II HUMBER REPRES~TATION. 

~ I 

\ 

'" , , 
All input .and output occurs in a floa tin, ,polntde~i~l form. , HOWfrf'er, 

coders probably should know the internal repl;'eB.ntatio~~', ~t a number I b. 
,! ii' j 

given by I = , .... ." · Ii' .r,~'< .1. ' . ' 0'" J I) q: f) ) -/1.'1'6 -p. ~ 11"7 , \' 

The number q oooupies the first 28 bit. of the; cell and!the\.number p the 
I j\ ;", 

last eight, each beginning with a lign bit! N,gatlve q's ~nd'~'. are 
~; \ 

represented by complements. Zero i8 represented by a trUe ~b~ne lero. 
\ I 

&-.65 
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An.unnormalized two cell representation occurs in the "floating 

to fixed" and "fixed to floating" commands. Detailed description ot 

it occurs under those coimnands. 

III COMMAND STRUCTURES c 

A. One address commands, octal forml (Commands 55, 56, 57) • 

. G } Interpret cOIIIIIIIU1d code 

g } Pe8udo command code 

J Command Parameter 

: }command COlmter 

~ }RegUlar machine address. not to be index modified 

B. Two address Commands, octal form. (All other c~mmand8) 

G} Interpret command code 

g Ipseudo cO!mlftnd c0de 

! } Jndex oounter tags and first address, x. 

~} Index counter tags and aec7d address. :. 

The first ootal digit of these addr~ss8' con.iats of three Binary 
, .~. 

11/30/55 

bit.. The first of the 88 bi to. it a one, oauses the first \ index counter, 

b
" 

tobe added to the address during conimand exeoutio~. (lot in ita , 
memory position). The second bit does likewise with the seoond index 

*RESTRICTIOYh See page 56-2. 
8-66 
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counter, b ~ • Both btu may be one. in _feh O&S& both. counter. are 

added. I 

( 
j 

I Binoe there are only ten remainin~ &ddres8 bits, only 1024 cel18 can 

,... I.i. '6 bedireotly addressed. If • however, b l , '1 ; and b· 2. ,all cel18 in the, 0 

11031 high speed store may be properly addressed. b l ooouppiea oell 

01776 and ~occupple8 oel1 01777. 

IV REGISTERS 

Flip oommands refer only to the right 36 bits of the aocumulator, 

the other bits of A and all of Q being lost. These 36'bite torm a register 

called R which is restored by all Flip index or threshold jump oommand •• 

It' R i8 to be used as an operand, it may be addressed" using 1774 as the 

address, instead ot 20000 a8 used in regular machine commands. 

V COUMAHD LIST 

A. Floating Point Arithmetic Command •• 

The two octal digits of thea. oommands perform separate 

funotions. Recognizing this t'act will facilitate learning thea. 

Code 

00 

01 

02 

05 

06 

07 

10 

(FLIP) 

Symb0lio Operation 

y+ X ....,. y, R 

R of" X .... y, R 

'1 - X ~ y. R 

R - X ~ '1. R 

y. x ..... R 

R .... y-x ... R 

'1+ R • x ~Y. R 

Replace Add 

Add and transmit, 

Add 

AccUIlUlate Add 

Replace 8ubtract 

Subtract and transmit 

Subtraot 

Aoqumulate add and subtract 

Roplaoe add a p~oduot 

...... 8-61 
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:J 
14 

15 

16J 
17 

. 20 

21 

22 

23 
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, (1 +x· ) • R -1JI' y, R 

y -- R.' x ~ '1, R 

(1 - x) • R -+ y, R 

y .. R .. x....,. R 

y·.~·~y,R 

R • x ..,.1. R 

R +y •• x..,.R 

DATE 11/30/55 

Inorement and Multiply 

Positiv~ Polynomlal 
I 
1\ 
:~:i. 

~eplace add a negative product_I 
I 

Decrement and Negative Multiply:., \ 
\. 

, Alternating Polynomial 

Replaoe multiply 

Multiply and Transmit 

Multiply 

Accumulate Vultiply 

2h . -r. x .. 1, R 
\ 

~ f\ 
j . 

Negative replace Multiply 

, 

25 Negative multiply and transmit 

26 Negative Multiply 

"'~' 27 
R -y.,x'~R 

y :, ~.~ y, R 

Acoumulate negative Multiply \ 

~ 

'-. 

" 30'<" . 

31 

32 

33 

?A 

35 

37 

~. 

'" ", R T x . ...,. y, R 

-""<0. Y ;. x·~ R 
'" 

, 
-It it ,.:.. y~ .. R 
I 

;'-7 -( X ~\ ,R 
j I 

iR. · 1·(7 + x) ~ R 

B. other ~~ •• ~ t 

Replaoe ·Divide 

Divide and! transmit 

Divide 

Accumulat .. Divide. 

Negative replace Divide 

Negative Divide and transmit 

Negative Divide 

Acoumulate negatiTe" divide 

I· .\ 
This; list t. designed for qUick reference. For det'ailed 

~ 
. i 

descript!9na ot mo~t, lot thes6 cOJlmBllds se6 aublequent pages. Some ot 
~ 

these commands, normally operated in high speed etorage, are not 
I 

J 

. , 
-~ 

'\ 
~ 

\ 

,'r 
I 
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DATE 
11 1'7Jl /C;r:: 

needed in many progrruns. The8e are not included in high 8peed storage 

unless speoified and then require extra storage. See s8ction(V1I)for 

details ot Assigning storage. 

COMMAND 
CODE . 

40 

41 
42, 

43, 

. ~ 
44;:\ 

I . 

45 
\.,..... .. 

EXTRA CELLS 
(DECniAL) 

lORE 

HOlE 

57 

NONE 

DESCRIPTION 

. I 

/ 
I 

\ Index jump, coun~r b,. 
Jump if . ~x)l) kR)I 
N (x,y)..".R 

Flexo writer ~nput ~onver8ion 

Index jump, oounter ba • 

I! 46 31 Integrate Differential equation. 

47 

?O 

51 

52 

53 

/54 
\ 
55 

56 

57 
~. '60 , 
~ 
t 61 ! 

62 

63 

t4 

65 

I', 

17 

HOllE 

31 

RONE 

WOD 

Non 

49 

HOll 

Hot used 

.yi .. y 

R~N (x,y) 

Typewriter output 

Paper tape data output 

LoSe x~y 

Charaotron output 
/ 

punched card output 

punohed card input 

s1n x.,.y 

C08 x..."y 
,..., 

tan x..,y 

oot'" x7Y 

Jo (x}.." Y 

Jo (x) of y, Yo (x) ,",,00037 

8-69 
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:n' . 
.12·' 

.'iigJ:;", 
:.': .' 

,:~:,' 

,C," 
;;', 

16: 
TI 

BONE 

BOlE 

26 

J. (x)""" 

J, (x)..,y 

eX-ty 

Not used 

Y-X~S 

Not used 

DATE 11/30/55 

Y I (x) ...,0~037 

Traoe (Magnetic tape version) 

.For these coumiuldsc',ee', .. ,restriotions under detailed descriptions that tollow. 
'. ',"t, 

VI STORAGE 

USE 

00001 

.,014 77,,:;to: l<frri:\, 
: .:.,,), :,:1 " ROU'l'IIE 

70000.tQ -7:"f./77'· , , :'.~, ~ 

PERMANENT COVSfAUTS 

..... ~ at, Convair, ,Flip is stored permanently ~n 

magnetlc tape. i, ....... llj:lnitiated operation tranafers it to magnetio 

drum looattone. th.-'trrm.ter to high speed 8torage i. oalled "aQtlvating. 

and i. progr8.Jlll&.d~: " 

(See next .8otlon)~ 

8-70 
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The permanent oonstant pool 18 available to;the programmer, of couree, 

and should never be changed. It i8 given below. 

CONSTAH'1' POOr.. 

oodJo 00 00000 00000 Zero 

Oextl 00 00000 00002 2 

ooct2 61 00000 ~5 and Flex Code Carriage Return 

ooct,.3 00 00000 00003 3. 

ooda4 00 00000 oooa... 4. and t1ex code apaoe 

~5 00· ooood 00037 'Flex code o dec. 31. 

ood.&.6 00 00000 00052 Flex oode 1 dec. 42. 
OOa.7 00 00000 00074 Flex code 2 dee. 60. 

00050 00 00000 00070 Flex code 3 deo. 56. 

00051 00 00000 00064 Flex code 4 dec. 52. 

00052 00 00000 00062 Flex oode 5 dee. 50. 

00053 00 00000 00066 Flex code 6 dec. 54. 
00054 00 00000 00072 Flex eode . 7 dee. 58. 
00055 00 00000 00060 Flex oode 1a dec. 4a. 
00056 00 00000 00033 Flex code 9'deo. 27. 
00057 00 00000 00013 11. 

00060 00 00000 00012 10. 

00061 00 00000 00056 Flex oode .-inua " •• 

00062- 31 10375 52421 1Tfl,. <9 
00063 31 46314 63146 10-1 @> 
oooC:4 00 00000 OOon 8ix-bitextractor 

00065 21 67t1J.3 24. In degree to radian @ 
00066 20 00000 00000 .5 decimal ® 

8-71 
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00067 00 00000 00007 7. 
6 

@ 00070 37 77177 77777 .9 

00071 00 77777 00000 Extractor u 

00072 00 00000 77777 Extractor ,. 

00073 00 00001 00000 Advance ot u 

00074 00 00000 00001 Advanoe of T 

00075 00 00001 ·00001 Advance of u and 'Y 

00076 00 07777 07717 u and 'Y 4-ootal-d1git extractor 

00017 00 00000 00110 72. 

ACTIVATING: 

Flip 1,s readied for use in high speed storage by "activating" it. 

A return jump followed by parameters accomplishes this. The parameters 

speoify the extra 8tora~e spaoe for all extra storage commands to be 

used. A zero follows the parameters, followed by the next command. 

The return jump is 37 70160 70140 

The parameters are. 

g1 Flip pseudo command code for an extra storage command 

a 
o 
o Must be zeroes 
o 
o 

~ }~ation (usually high speed stora~e) for the extra 
storage required. 

The parameters must be followed by a lero cell as a flag. -
BOTE, Previous methods used to activate Flip are now obsolete 

but will still work. 

I ,~, •• ,. I •. , .~, 

8-72 
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VIII OVERFLOW AND OTrIER SPECIAL NOTES. 

If overflow of the exponent; or other impossible conditions. 

arise. an alann print occurs. tl'he command address and the content 

of the two operand eells ia printed. 

All ope~ations inour the possibility ot round off error. 

Beoause of this, exact eqUality of two floating point numbers 

will seldom oocur no matter how simple a calculation was used to 

obtain them. Therefor'e, equality tosts sh,'uld not be used and 

threshold jumps should always provide a tolerance. 

For all commands wllioh store the result in R and not ellJewhere,' the 

accumulator cODtai~. D (R). For all other cases. the left side of the 

accumulator contains the sign of the exponent (characteristic) of the 

numbere 

For debugging, cells 01136. 01776, Olm and 00002 to 00014 usually 

contain all the information required to, tell what Flip is cb ing. 

The "Alnrm, ectal :'-ind Fl<3xf'rintll rontine .(CV-l15) is included in 

Flip. An alarm in Flip r:riHts out the in~truction, . (R), (x), (y), b1 

and b
2 

in t\IO lines, r·receded by the "lord IIA Lli. ill<1I 0 

8-73 
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INSPECT AND CHANGE Rf)UTlNE 

I. Operating Instructions 

1. Set PAX to 70700. Start. The 1103 clears A 

and Q and halts. 

2. Set ¢ (Q) to a desired address and (optional) 

set (R) to the new content desired for that 

addrees. Start. The 1103 prints chan~6, the 

address, and'the present content. It halts with 

the old content in Q and the new content in R. 

;a. Set or chanr,e (R) if desired. Start. The 1103 

stores (R) in the cell, prints out thiE new 

content, and halts at the same,point as step 1. 

OPTI0R 

;b. If, after step 2, it is desired not to chanee 

the cell content, send control to 40000. The 

1103 prints out no change and halts at the same 

point as step 1. (At this point, (400oo) has 

its ori~lnal value, unless it was the cell changed.) 

II. Speeifloation. 

Drum address 70700 throur;h 7077; (60) 

Humber of commands to be modified - 60 

No etandard constants or temporariel are used. 

Entrance 10.700 (or 01000). This routine 1a 

available eIther with addrelsel .tarting in 
\ 

70700 or ,OlpOO. It oan be u8ed to modify oe11 

00000, prov(.dine; no other oe11 1s subsequently 

modified. ! 8-74 
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FLIP CARD TO PAPER TAPE ROUTDfZ 

DESCRIPTIOlI. 

!hi. routine read. block. ot numbers tram Flip Card. and punches thea 1n 

binary form on a biootal, tape. Each blook of • numbers i. placed 1n Gon--
Beautl •• oelle startlng.~th addross A. The first card of eaoh block has 

. -. . 

A (octal) in columna one to five and • (deoimal) in columns lix and eeyen. - . -
The last card of eaoh block is tilled out with I.r~.. A blank card 

following any block causea all lnputoarde to advanoe into the recelylng 

hopper and hal t8 the progr8lll. 

DSTRUCfIOIS. 

1. Read Flip onto th~ magnetio drum. 

2. Start at 71724. 

LOCA'lIOI. 

71724 to 71715 

8-15 
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FLIP MAGNETIC TAPE STORAGE R~TlNE 

Location 71500 to 71565 

This Routine stores a region of the interno.111!;mQry 8f magnetic 

tape in a self-reloading form. It' can be used aut9PlB.ticaJ,ly or 

manually. Cells 00000 to 00037 and part of basic flip are used 

a8 temporaries, the latter being restored. No check sum is pro-

vided. These instructions' assume a locater block and a normally 

rewound tape. 

A-Transfer to Magnetio Tape. 

1. Manual Operation 

a. Place an advance tape commnnd, 66j n in Q. 

b. Plaoe the first address F and the last address L 

in u and v of A. 

c. Start at 71500. The tape will advanco },fi' n+,l 

* blocks, store information on M blocks, rewind the 

tape and final stop_ 

2. Automatic Operation 

a & b. Same as manual. 

c. Execute the command 37 71562 11501. Results are 

the same as manual except that no stop occurs, 

control returnin~ to the next .line. 

*' N(YJ'E f ... In te grill part of (L. -;./' ... '1. ) 

B-Trana fer from llI'. 

Use the locator block with n in A. If the tran8f~r to 

magnetio tape was manual, a final atop occurs. If not. 

control ie transfared to the point at which the dump 

Be made. 

12 
ZM 491 

11/22/55 
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DOUBLE ENTRY TABLE INTERPOLATIOlf AID LOOlWP 
(DETAIL) / 

! Using Plip 
I 

I SPECIFICATIOIS. 

II 

Storage. The sub-routine i8 stored in cell_ 01300 to 01476. Flip 

and all Flip temporaries are needed in ES. Tables ot any aise are 

normally on MD. 

Timet Roughly., seoonda plus .3 seoonds for eaoh t\m.otion evaluated. 
t 

Scheme used, 'J. f\motion r (S,y)= i 1" ell X"A/J i_ pa •• ed thrq_ 
~ .... "0 ,. , 

• 9 point .quare arrAY of po1n~ .~"hhosen from the gi'Yen pointe in the 

x"'Y plau. . t ( 
DISCi IPTIOI t \ 

". 
It trom one tc) tive qU8lltiti •• Z\l are eaoh functions ot two varla.blAl 

!. and I and are gi'Yen in the ~ona o't ~bl.cl valUe ..... ~ '(~ot neoessarily .. " 

equal distant pointe). then this sub-routine evaluates these tuncticma 

by interpol.a.tlOJ1. The near •• t tabled value. ot x and y (designated' 

~~,ancl YJt) are first found by the 8ub-routine. _ Then tho •• point. and 

their nearest neipmors on each side are used to give a nine point inter

polation in eaoh table of oorresponding ZVvalues. It x and/or y lie . 

nearest ~o or beyond an endpoint, the three endpQinte are used. Surfacea 

ot the fOnAr Z" = -t ~ Ci.J ""X' 1 ; are passed through the nine tabular 
c..: .. ,j,t , 

, ~ 

points and evaluated at the given point (x,y) tor each Z. ' 

III LOCATIO! AID STORAGI, 

-, 

Thl. routine operate. in cells 01300 to o~66.' It us.. colls 01300 

to 01307 tor parameters, and cella 00002 to 00037 tor temporari... It i. 

entered by the command 37 O~71 013100 

J..' .'.i 

• .. :1 
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IV STORAGE. 

A. Arguments. 

(00036). X 

(00037) -Y 

B. Parameters.~ 

Cell' 

01300 

01301 

01302 

01303 

Ol3~ 

01305 

01306 

01307 

co (u) 

00 DJ( 

00 i 

00 )It-

00 D. 

00 DL 

40 Ds 

D~ ~ looation of table of X valu ••• 

DJ ~ location of table ot Y V8l. ues ~ 

(V) 

D~ 

-j 

D\( 

L, 

Ls. 

L~ 

1 .. Index of ourrent location in X table. (Start at aero) 

j ': index ot ourrent looation in Y tab1.. (Start at zero) 

n.: number ot Tel ues in X t • .f~l, ... 

~ s number ot value. in Y table. 

D., ~ location ot table ot Z" 

L)'.. Itorag. location tor Z>l (X. T) 

~t The ·laet parLlJllf)ter 1s indioated by a 40 in tM first 

two ootal dig! t.. (Cell 01305 in above aample ) 
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MODEL 

REVISED BY 

ROUTINE TO LOAD FLIP ON MAGNETIC TAPE 

INSTRUCTIONS 

1. Rewind tape 

2. Place 66 jn - in Q. ('J\. is the number used in A ... to 
locate Flip). - . 

\ 
3. Start 40000 and restart until dump is made. 

NOTES. 

1. If Flip has just been read fromMT or paper tape 

"NO GO'S" should not be printed. If changes have 

been mada they will be. This routine correct. the 

.sum adjueter after two RNO GO" prints. 

2. To dump a new paper tape stop at 56 10000 00100. 

Use the Flip bioctal tape dump and dump cells 00000 

to 00277. 40000 to 40037. 70000 to 73777 and 76000 

to 17m. 

DATE 12/13/55 
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DATE 6/27/'35 

Fl1p Bioctal Tnpe Dump 

Loc~tlon. 71000 to 71105 

Permanent Constants used. (0007!t):: 1, (OOOT;) __ 215 (O~O)s 0 

Temporiea (~restored). 00000, 00002 to 00037. A and Q. 

Manual Operation 

. 1_ Start t\ t PAl c 71000 with Parametor word in Q I 

00 fffff 11111 

\There rrfff i8 the address ot the first word, 
11111 is the address of the last word. 

2. Arter operation. the routine stops with PAX Ii. 71000. 

Automatio Operation 

1. Enter with command I 37 71007 71003. followed by 
parameter words. The last parameter word 11 followed 
by the next instruotion. 

Reatrlctlon. and Detaill 

I. The first and last addres86s oannot be identical. (If 
80, that complete storage o1asB 11 dumped as a cloaed 
set). 

2. A check address. loadsr and insert address ar6 automatically 
punched after every 400 (octal) word •• 

,. Colls 00001 and ooOLO to 01777 are not disturbed at any time. 

L. ES and VD are troated as closed seta. 
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MODEL 

DATE 12/13/55 

IN DE}( JUMPS 

COMMAND CODES 

40 Indl'\x COtmter b I cond'l tional jump 

44 Index counter b,.. oone.i tional jump 

The firet addr~8BreferB to a fixed point Integer. m. 

If b, is greater than or equal to m, b, is cleared to zero. If 

not, b~ is increased by one and a jump is rr~de to the second 

address. If b[ is ori~inally zero and this jump command returna 

control t:o BOrne previous point, the intervening commands will 

be executed m+ltimea with tag~~d addr~sses properly modified. 

b , is in cell 01776 and b.z. is in cell 01771. Both are fixed 

point integers and are initially zero. 

8-81 



ANALYSIS 

CV-ll 
CONVAIR 

,.REPAR£'O 8Y C. J. Swift 
CHECKED BY 

SAN OliGO 

PAGE 42-1 
REPORT NO. 

MODEL 

REVISED' BY DATI: 12/13/55 

FIXED POINT CONVERSION CO!AfANOO 

COMMAND CODES 

42 N (x,y) ~ R 

51 R.-II) I (y, x) 

In order to convert a number • trom fixed point 

to floating point, or vice verea, ita ticale faotor .!. must 

be specified. The notation I (y,x) means that a fixed 

point number i8 stored in the first cell and the quantlt,y 

-35-1 1s stored in the laat eight bit. ot the second cell. • 

Command 42 produce. the Flip tloating point form in R. 

Command 51 take8th. Flip floating point form trom R aQd 

produce. the fixed point form in y. The quantity 35--

must be given in both easel. 

RESTRICTIOI. 
\ 

the cell containing 35-8 in the lalt e1ght bits may 

not be leTO even though 3,-a may be aero • 

.. orl, The.e eOJll1D4nds ulJe the quantity 35-s because 'that 1e 

more oOD.enlent to compute if 1t 1. to be computed instead 

of pra.tored. It oan he seen that I (x,y) i, similar to the 

Flip tloating point form except that the number i. not 

normalized and the exponent of 2 1, .tored 1n a sepa.rate cell, 
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FLIP 

Flexowriter Input Conversion Routine 

Command Code I 43 

Number or Ce lIs I 58 

I Desoription 

PAGE 43-1 
REPORT NO ZM-490 
MODEL All 
DATE 11/15/54 

This oommand oonverts a two-word input representation of a number to 1he 

norma1iled FLIP form and stores t he reaul t in y, !ll!:E not in R. The two 

worda are (x) and ~1- 1). When taken 6 bits at a time they are 12 tlexowrlter 

character codas. It the number represented is. -

H & qt. lOP' J 0.1 " q' < 1 

these tlexowriter characters are. -

1 2 3 4 5 6 7 8 9 10 11 12 
.;t: q q q q q q q ± P P 

The deoimal point (not present) precedes charaoter number 2. The sign positions 

are considered plus unless oocuppied by a minus sign '(octal 56). The twelfth 

digit is immaterial and will usually be a carriage return. 

It the number represented exceeds 2127 in absolute magnitude, or it any 

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

8-83 
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INTEGttATIOH SUBROUTm 

Command Code I 46 

DrUlll Locat ion I 71600 to 7172' 

lumber ot Cella in ES. 31 (decimal)' 

Temporarie8 Ueed, 00002 to 00037 

I. II'TRODUCTIOK. 

!biB oommand i8 a revision ot Gulp (Z~91-C!iOO3). It uaes the 
Gill~unge-Iutte Method- to inte~rate a set of first order ditterential 
equational 

trom 

II. SPECIFICATIOIS • 

III. 

.A. aubroutine to oampute' thesetunctione must be supplied starting 
in a oell speoified by the address y. The number ot equations ~uua 
one (n-l),the inor8ment~x. and the quantities Y, ••• y~ • 1~ ••• ,~ • 
'/1 ... ~.'''' are .:bOred 1l'1oOlUl.out1 V8 "oe11. atarting 1rl. th the a4dr'eal s. 0 
All the. numbers are 1D Flip tona exoept 11-1 which 18 in tixed tora at 2 ./ 
The q' eare lero or 1Dt1nl,,8mala exoept wi thiD the oOllllllnd .. 

RESftlICTIO!lB OD IOTES, 
/ 

,I 

1. The Flip oounter. 1n 01776 and 01177 .re used but re.tored tor 
the main routae. It used. by the derivative" 8ubroutiu, theY' ' 
auat be restored betoro ita exit. 

2. The numbe!" ot ftriablea, II, aUlt be, at leut two. 

3. It the tn4ependent Tarlabl. x oocura on the right Ild. ot 
any ot equatlona (1), it muat be treated aa a dependent 
yar1able with a der1vatlye ot unity. 

4. The aubrout1u.. to compute the tunationl .'WIt b. entered 
in ita third cell and must exit by a jump trom ita •• oond 
oe11. (-Standard FormW) 
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5. It any derivative is zero, most of the integration 
ayol. i8 skipped, henoe dummy variables may eoonomioally 
be inoluded for later use. 

6. The quanti tios n-l and ~x may be varied at any tiD!" 
HOYrover, the loOtitlons 01 the derivatives, q's. and the 
derivative subroutine are determined by the values that 
the parameters have tho first time the subroutine is 
used. They remain fixed thereafter. 

7. The Gill Method will only integrate smooth funotions. 
If inequalities oause ohanges (breaks) in the funotions. 
these must be taken care ot between integration cyoles. 
Wow derivatives muat be oomputed before the next inter
grat10n oommand 1s given whenever the funotion. are 80 

altered. 

8. The trunoation error i. proportional to the fifth power 
of AX. A test integration of the lino and COline tunctione 
using A x ~ 22!0 oaused a total error ot approximately.l5%, 
after sixty integration oycle8. Due to the \lee of an 
unrounded floating point system. the double preoision 
effeot of the Gill Method does not work here, and round
ott error may build up. 

*Gill, S •• Cambridge Philosophical Society Proceedings 41, 96-108 (1950) 
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Command Code I 50 

Nvmber of Cells I 17 
1 Desorivtion 

SAN DIEGO DIVISION 

Squar~ Root Suhroutine 

PAGE 50-1 
REPORT NO. ZM ... ll'90 
MODEL All 
DATE ll/15/51.~ 

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

with full acouraoy. An Alarm Halt occurs for negative arguments. 

II Flow Chart 

FORM '.11 
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FLIP 

Print and Punch Subroutine 

Print Command Codes 52 

Punoh Cormnand Code, 53 

Number of Cells I .58 

I Description 

PAGE 52-1 
REPORT NO ZM-L9) 
MODEL All 
DATE 11/15/54 

These two commands oonvert (x) to a floating deoimal form and print it 

FORM 1111 

on the flexawri ter or punch a flexowri ter tape. For theae oommands 1 i8 

immaterial. If the Print subroutine i8 used, the Punch subroutine must be 

also specified to the loader. If the loca,tion of the first cell of t he print 

subroutine i8 y, that of t be punch subroutine must be y + 2. 

Fifteen digits are printed or punched as foliowsl 

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

.:l: q • q q q q q q Bp j: P p sp sp 

Where the number (in floating decimal form) i8 

n :. q • lOP 

Ho carriage return is included. 
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FLIP 

Logarithm Subroutine 

Command Codet 54 

Number of Cells. 31 

I Description 

This command cOl1'Putel l0@;e (x) and stores the result in y and R. A 

1 m1 1 1 ti is U8ed~'l) hi h 1 .1-. t th d po yno a approx ma on w c g vea a max~um error 0 e or er 

-e-
ot 3 • 10 • 

II F1" Chart 

L. ... ...,. • t. II "-__ --+ 0 1 
')., 0 

, ~..,.' 

6c) .. g.,. -fo 

X :. ",~ .. , 

L '" (,,);: (fJ"') L ~ 1- t L ~ ()( + /) 
'2 I ,.1 

~ • '1 1- i l' ~ 7 

L,. (Xtl) c: ,ct,)( -t~.X\"". 4.a)(6 

(1) See aheet 56, Approximations in Numerloal Analysis, a publica.tion of the 
Rand Corporation 

FORM IItt 

i 
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CI'I~:C:~L,:;) L:.Y 

RJ.:::VI::;£D (lY 

ev .... l1 ' 
. r·j 'V,,' .. 

~AN DIfGO 

PAC;! 55 ... ·1 
Ri:IPOi',T NO, Zl1'490 

'r..: ... :;ol'~1£a U::.d. I 00002 to 000'1 or..4 7~d.OO to 75m 

no n::>t Oliccity thi8 to tho ltl:ldcr 

I. GErw1AL tcJCflIPTIOD 

Th1. c"".-·:::1!d. eonvorts a 8p~Q1t1ed blo<tk of n~jor. trc:a nip tom to a tlont1n.J 
f,:c1:::ll fora c..nd p~1nt3 th::.:l on film vi th t."te ch~otron. Up to 992 nu::oera cc..n bo 
hn:!lled vi th on~ co: .. ..:~nd at ep,!lodtJ up to 66 nu;::;.b.;)rl per ceeol"..d. It 1. 1nundc4 to 
cover both ~~ output c.nd coda eh~cldll3 output r9quirc=.ontIJ. 

5ho cctleral fo1"t!!lt ot en.ch ~o hal a hoMiJl.l, a ~o ftl.t.I:;bor at the bottom, and 
pos1t1or'..3 tor 128 n\l.1nbora in tour ooluwrus, ,~ in each coltt:'!ll. ~t) 1.~ 112 l."'h1cb 
thozo t';)91 tiOnJJ are tilled 18 dotlaribe4 und,r tha vari0U8 option.- belov. 

II. co:·:·wm FOrJ.{ 

1""~ JD 

J specifies vo.r1oWJ optiona. Let tho lut tiTe bits ot rm torm a nwtiber 
" '.': (06 JIl , ~) a.n4 lot the tirDt bit ot lJl! bo the nu.rJbor,i were ,f 1, z~ro or one. 

1bcn the mt:lber ot wrds converted and printed 10 

• • m (1 + ~-f) 

III. BADIC omOK (J. 0) 

l!:u!h p~8 18 titled FUp Output and page. are numbered conxe~t1TOly trom 
001 1;0 m. ColUloouUve mmibcra tol.lov each otb.Gr vertically c10wthllt tour columna. 
!boh nev w::e ot the output ccr*'''''Q.l'ld cnuc(t8 .. new colU!'!tQ to .tert, Il'l4 leave. &n1' 
ro;:l1n.!.:r 01" tho prov1oua colutlIl blc.nk. It the block opoc1ficd by 8.1V aC"n!Dll4 v.Ul 
DOt £0 onto the rt::l1'l1Qd$r ot the current page, a nov PftG8 1s started. 

IV. J omora 

1. J odd. 
2. J • 2 or ,. ,. J • ~ or ,. 

.... J • 6 or 7. 

ru. cOWles a D8V page to be etarted with· thi. 1nfo~t1on. 
!hie causos the nuz:bare to tollow 'r::~"'d1nt!UY' attar the 
precod1n,a l\\lt.:bora 1t:Jltood of atart1ng a n:lV colu::tll. 
rue Cauc38 the nt.t::l>or8 to follow e~b other in hor1tontal. 
row 8OroS8 tho pnze. lr~h nt'!v cc~-"!"';::j, cc.ua;)s the 
retlMr~r ot the lo.st 11~ ad on, blc.nk l1na to be clt1pped • 
!hie 1. sWlar to .. or , oxcapt that DO bl.&lk. Una 18 lett 
before this 1nt01T".Jltioll. 

'______________________________________ _ _ __ _ _______ fl::ll'1 __ 
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V. SPECIAL JlC)JJ.!IJ 

a. Bor1SOl'1tal u4 vert1c<u tQrmat cOB-ilnds C&Ullot be 1nter31'!t'tl"CuJd 'Wi tbout 
~ ot print1ns on top ot o~'lar intor~t.1oll. 

b. !he title consists ot 48 charaQtroQ chAraoterl oec'llp11ns con~~o:ut1ve 
. I poe1 tiona tx-~ lett to rl.cJlt in eolle 1274.6 to 127"- 'IhC~t1) It,q be 

~4 vith enother tiUe it cku~1r\l4. Us. octal 17 tor bU:l~ po.1t1ona. 
; 

c. !he position on tllo ~a of th:. lut I1'f.lmbcr printed 18 ~tlcr1bad bY' a 
JnlCber If Ito-re4 in cell 72702 ecal~d at 2°. I ate.r"'d at 1 in the \1liP,a-r 
lett hana. co~r CL1ld eoea to 128 1D the loworer right hand COri1er. It 
can b'8 CZJl1pulatad to siTe Gpec1al tOl'tlatA. 

4. 'lb. page number ot the preoe4iD.(j pee" 18 always store4 1D. cell 1270,. 
It 1, eto:red :vi th a scale tactor of 10-$·2" and wi tho\tt & .ip b1 t. 
~. COZ13tant 10-9 ·tJ8 18 stored in cell 72716. 

e. III or4e:r·to pr1Jlt • number otwrda sreater thaA 3t lNt DOt • ault1plAt 
of !)2, t\lIO CQ!I!ADtJ8 auat be uae4. 1be ncon4 ODe will have 1... thaD 
32 vorU ad UN J • 2 or 6. 

Yl. 't.DClJIQ 

It the obU-lctroll t1De 4el..ay1Ji do aot boll up the 1103 ( ... below), the 
total t:I.IIe. coMU1ll4 \)7 each Flip cba:ractron output ClOWMQ41. 

'I' •• ~ Me. + l\.' .01!J MO • 

... D 1. the IIU1Iber of output vor4a. bn are two oharaoUoD. t1M 4alaya 

~t . 0a&'l .0CCNr .bef0re HINDle p.tlH. an aent back tra ~ oharaotzoa. 'lb ... 
MlqI etfeOt the output .. tollO .. : 

1. It at 1"" ti+ • MOOa4a of other oc.putattOil 000111' tor MG)) Jqt u4 
DOt J!!O:re tb.Ul one pt.,. (128 l'lUI'.Iben) 11 prlDte4 Y1 til eeeb CC1D18D4, DO 
"lap ooov. 

I. .~a\ leUt 41. + 4:t MOOD ot otbtr cCllJUiatiou occur. tor -.b pap ; .... DO' aon tbaD. two papa (I~ maben) are· prlatelV1th ~h 0<1*1,,,,,,, . 
... 4J. to the aeeutloD t!llll tor·.-,h CO'IIMft4. . . 

,. For aU other cue., the ettect ot fQ aterl. !he _a ••. CODtil1UOU 
outpu., raM 1. 41, + Ie MCOA4a per pip. . 

-.. lor the DOn-4o'Ye1o:p11l& oaera, .. i. IVO .... 4, M:f w:q. 

rorl, RESTRICtIOI. See page 56-2 for a restriction on this command. 
8-90 
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P'LIP CARD ROUTINES 

Punch Command Cone, 56 

Read Command Codel57 

Storage Looations 73000 to 73312 ino. 

I. Desoription, 

73400 to 73657 ino. 

73771 to 73771 ino. 

PAGE 

REPORT NO. 

MODEL 

DATE 

56-1 
ZM 490 
All 
1-26-56 

Th~Be commands read or punoh oards Which oontain numbers in a floating 

deoilnal poi.nt form. Conversions from or to the Flip floating point form are 

performed durinr: each card cynl.,. Either of two standard oard forme can be 

used a8 described under the options below. TheB~ commands are one-address. 

non-indexable commands of the forms 

14 CC J NN VVVVV 

Where V is the first storage address (1), and N is the ootal number of cards, 

N oan vary from 00 to 77 octal. A 12 punch in the first column of any oard 

being read will override N a.nd tfl!rminate readi.np: with that card. Whether this 

has occurred can be t~sted with the sign of (00004). This will be minus 1 

1.f the last card to be read hl\d a 12 punch in colunm 1. otherwise it will be 

zero. J controls the card form ac indioated below. 

~ .(1). RESTRICTI0N. (Not applicable to th~ 1103A). Flip treats all commands 
) 

as two adt:'ro88 commands prior to inspectinF.: the command cod". If the index 

counter modifi~e.tjon which occure here lea.ds to an ill0r-al address, a r .. \.llt will 

ensue. 

EXAMPLE! Thf'l co,rmand 11.66 001 47770 ha8 a "yaddr"fto·" of 1770 with ta~s 

If eitht'll,r oount~r 1s 10 (octal) or mOTe, 

an address wi 11 occur whi.ch io il1e!~al on the 1103. H-~iO ~~\. 
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The numbers ;,4. 5. 6. u.nd 7 are Te~~rved for futUTf' p068ibl~ chan~es.and 

should not be \tsed for J. Aftt'tr any read command, 9. "ohftok 8um" of the input 

is in Cell 00005. When quite a lew carrll5 are read. 1.t 18 recommended that 

this awn be printed out 80 that readin dlff..,rencos can be Bpotted betw"on 

repeatt'd runa. 

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

A. (For j:O,) the card number columna are ignored on reading. On punching, 

coneeeutive numbers are punohed here. The number for the last oard punohed 18 

kept in cell 73254. This numb~r i8 reset to zero (i.e. first card numbered 

will be one) when Flip is reloaded from M1 or· PT. It can, of oourse, be set 

at will by the main program. Six consecutive 8i;orage cells are used by each 

card. 

B. For j. I, the card number is read and punched. On the card a seven 

di~lt decimal integer i"'ollow~d by aign 18 used, In the memory a binary integer 

ia stored. If the binary intefer exoeeds 9,999,999 when punohing, 9.m.999 1. 

punched. Seven consecutive storage cells are u.ed by each ca~d lri. th the ce.rd 

number in the first of the Beven. 

III. Eight field card. (For j =2) •. 

This card form has ei~ht 81m-ilar fields of 10 oolumna eaoh. These 

consiat of (in consecutive order). 

1'0" ... I"'.-~ 

f 

7 columns of decimal dip;its for the fIIactlonal part of the representation. 

1 column for the si~ of this part. 

1 ao1'~ for the dir,its of the exponent (ohara~tere8tlc) of the 

repreoentatjon. Exponents ~eater than nln~ are indioated by double or 

triple punohin~,. For 8 pun~h 1n thf'l 12 row add 10 and for a punoh in the 

11 row add 20. The maximum deci.mal expon~nt porJlstble i.e 37. Rir.:her 

expon~nte will he reRri in~orrertly. 

1 column for th~ 8im of' this part. 
LLnl 
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IV. U~e of th~ reproducer. 

1. Prior to roading or punchine-any cards. execute .the command 

17 00000 73376, which picke one card in each channel. Do th~e 

only once, since Flip read and punoh c0mrnnnde pick the next oard 

each time. The extra station on the punch side 1e taken care of 

by the flip punoh command and causee one extra cycle of the 

reproducer. 

2C1 If improper functioninr; of the reprpducer occurs _ restore the ! 

reproducer with at least two cards pioked, if punching, and the 

first to be read picked, it reading. Then 8tar~ at 73771. This 

reetorea ES and stops. Press start t~ repeat that Flip read or 

ptmoh command. 

3b;:. The command 37 73374 73,74 will advance all cards processed into 

the reoeiving hoppers without disturbing further Flip read or 

punoh oommands. It takes an average of' 41 oard cycles. 

4. The command 17 00000 00077 v(1ll pllloe a blank oard in the output. 

This command 'consumes only a few micro seconds of time. 

• 



CV-ll 
ANALYSIS 

PREPARED BY 

CHECKED BY 

REVISED BY 

C. J. S.,d. f't 
s. L. Poll~ck 

CONSOLIDATED VUL TEE AHlCHAFT CORPORATION 
SAN DIEGO DIVH .. ;rON 

PAGE 60-1 
REPORT NO ZM-l~¥o 
MODEL All 
DATE 11/15/;4 

FLIP 

Sine and Cosine Subroutine 

I 
! 

c (; Sine ommand ode. 60 

61 Cosine Command Codel 

Number of Cells. 51 

I Description 

These two commands compute the sine or ooaine of (x) and store it 1n 

y and R. A. polynomial approximation i8 usod(l) which gives a maxlmwa error 

ot the order ot -5· 10-9. For arguments 80 large that the roundoff error 

ot the argument obscure. the 'rosult, an alarm halt OQours. It the oosine 

subroutine ia uled, tho aine subroutine )Dust a180 b .. specified toihe loader. 

and it the looation ot the first cell ot the cosine 8Ubroutine i. y,that of the 

line eqbroutine must be y~ 2. 

(1) See Iheet 14. "ApproximAtions in Numerioal Analysis", a publioation of th6 
Rand Corporation 8-92 
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CV-ll 
I\NALYSIS CON!::,OLlDi\TEO VULTEE AInCHAFT CORPORATION PAGE 62-1 
PREPAHED iJ,( C. J. :'::'.:i it SAN DIEGO DIVISION REPORT NO 'i'F_I n , 

, LJ •• I 4::iv 

C H E eKE D BY S. L • r 0 11 il C i: 
REVISED BY 

FLIP 

Aro Tangent and Aro Cotangent Subroutine 

Arc Tangent Command Codet 62 

Aro Cotangent COlTL'l1!l.nd Code I 63 

Number of Cellsi 47 

I Desoription 

MODEL All 
DATE 11/15/54 

These two commands oompute tan-IX or oot-lX and store the result in y and 

R. A polynomial approximation isused.(l) The error i8 of the order of 

'1/2 • 10-7• It the arc ootangent subroutine 18 used, 'the arctangent subroutine 

must als~ be epeclfied to t he loader J and if the location of the first cell 

of the arctangent subroutine is y" that of the arc ootangent subroutine must 

be y.J,- 2. 

All results lie between -1~ and +311'1-1-. 

(1) See sheet I;, "Approximations in Numerical Analysis", a pUblioation of the 
Rand Corporation 

fORM "'1 
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CV .... ll 

ANALY:;;jj CONVA R PAGt: 
.. 0 '10 ., C> .... (., ':.,"11 .... " (lo ~ ....... r,. . (I .... ( ...... , ,., .. 

pn;:':PAt(~O!:lY Cha.rloJ S'.d£-(; SAN OlfGO REPORT NO. 

tL".,·l 
Zl: LS~ 

Rt:yltH!O nY 

FLIP BESSEL FUNCTIOllS SUB RC1JTIliE 

COJ.tlWJD CODES 

(4 Jo (x)~ y 

65 Jo{x).., Y J Yo(x) ~ 00037 

66 J. (x)~ y 

67 J I (x) ...:, y J YI(x)~OOO37 

IDCA'!' 101 I 72000 to 72443 

TEMPORARIES. 75110 to 75777 

,,' 

Do not specify to the Flip loader. 

MOO~L.. 

CATI 11/23/,5 

These 1'uncti ona are oomputed by numerical approximation. {I} 

and are beli~edeorreet to seven deoimal digits. Commands 

a. and 66 are much fao ter than 65 and 61. 

(1) II T It. C, October 1954. pp 240-241 
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ANALYDIS 

pnr~tJAm:O Oy 

CH:::Ct'aro DY 
RE.V'CJt:.:O OY 

c. J. Swift 

CV-li 

CONVAIR 

S,J,N DIEGO 

FLIP 

Exponential Subroutine 

PAGE 70-1 
REPORT NO. ZU-490 

MOOEL. All 
OATE 11/15/9.+ 

COmD18nd Code. 70 

Number of Ceilsi 27 

I Description 

--This command computes the exponential of (x) and stores it in 

y and R. Full accuracy i. obtained by a power series. For value. 

of (x) ? ~, an a,larm halt oocurs. • -x 1. obtained by computing 

e x and reciprocating. 

I 
8··96 I 
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,it; I!. ,t"."t,. 
rJ v J.\ I 

SM~ OIEGO 

FLIP COMPLEX ARITTfl.mTIC SUDROUTlNE 

Conur~nd Codes 

72 Y+-X -)" S 

73 y-X .... S 

74 Y I( X -i'" B 

.75 Y .: 1'-" S 

lumber ot Cella, Uf.. (deoiml) 

Temporaries Used, 00002 to 00037 

Use oommand code 72 to speoify this to"the loader. 

PAGl! 72-1 
REPonT NO. z::h90 

MODCL A.ll 
DATE 11-7-55 

Tho!e commands treat (x) +i (x +1) 8,19 X, {y) ... i (y+-I ) as Y, and 

(00036) + 1 (00037) as S, where i -=-0 • x or y or both can be 0036 

and can be modified by counters b , and b 1. Both oomponents ot I, ot y. 

and ot S are paoked floating point numbers. 

, ". 

8-97 
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r\NALY:;I~ CON!JUl.It)AYU) VLJLlL:; l\liiCHAFT COHPOBAT1(.>N 

PlL:::'l,R~:O UY C. J. Svd.ft 
C1H:CJH::O OY S. Pollack 
(~CVI~,I£O £IY 

t:AN UH.GO OIV/UIOH 

PAGC 77-1 
REPor:rr NO. ZM-l,c;:' ", 

t '/ oJ 

MOOf::L All " 
DATE 11/12/~ 

FLIP 

Trace Subroutln" 

Command Codes 71 

Number of Ceilsi 26 

I Description 

The trace routine operates in two phases. Phase I operates concurrently 

wi th the runninp; of the routine 'being tested f1l1:d 8 tores inforn.ation on 'flagnetic 

Tape 2 (MT2). Phase II operates sepa.rately from the routine being test"d. It 

reads the information wh1.ch was stor"d by Phase I on UT2, ~rocesBes it and 

punches a paper tape output. The content of ES willl:e automatioally restored 

art~r this phase. 

II Phase I 

The trace subroutine must be specified to the loader. Its "command code" 

for this purpose is 77. It requires 26 cells. When loaded, it will operate 

whenever MJ1 is on. The MJinstructlon is in cell 01735. This subroutine uses 

cells 14000 to 74041 as temporaries. 

III Phase 2 

This operation uses the ES a nd cell 40000 but will restore toth when 

completed. Its operating instructions are. -

1. Set PAX to 77600. Press Start. Tho 1103 prints out "Rewind 

MT2" and halts. 

2. After rewinding MT2, ft __ rt .. (if PAl{ WaS disturbed, set it to 40000). 

The routine will search t he tape for t he data .. t ben' process it one 

block at a time. The output i8 punched on paper tape. The end or 

data will be apparent when t he routine searohes liT2 without punch-

lng paper tape. Halt. 

3. To continue the problem, set PAX to 40000 and start. The 110; will 

reutore ES and 40 00 and halt wit~ a 56 00000 40000 oOlnmand. 

8-98 J 



elf···ll 

", .. 1,\"'" 
f ~ , •• ! "\",, ~ , 

c; () r"" \/ /\ ,-! PAC~ 77-1 
p;., .'. ",'::::D ;',y m.::porrT NO. ZU 490 

MODEl. All 
DATE Rev. 5-27-55 

FLIP Direot Charnotron Traoe 

(711ho to 711,00 lind 77570 to 716;0) 

1. Activating the trace. 

Start at 77600. Cells 00002 to 00014 and 74340 to 75777 
will be disturbed by a6t:J.vating. 

2. Tracing' 

Start your routine at any desired point. Tracing will be 
prlntedon the Charactron. 

3. Fault in any Flip commands 

Start at 01735. This in8ures t.hat this command e.ppeare on 
the trace. 

4. Deactivating. 

Start at 77600. This is necessary 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 cella 
are diaturbed as in actlvatin~. 

,. Continuing runa 

Start at any deBired point. Flip will run normally. 

Traoing epeedl- About 8 commands a second. 

Restriotions- After traein~J Flip on MD must be restored before 
it can be loaded into ES a€ain. 

1 _________________________ . ____________________ 8_-9_4~ 
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REPOl\T NO. Z1'!-49: 

CJL-:'::~::D i:'( S. Poll:\(;k MODEl. All 
DATE 11/12/;4 ---------_._---------_.--------.--.--_._-------------

tv ~.r.u.t 

'0 ..... ,., .... ~ 

The trnco routine output prints a 32 dirdt line for each FLIP instruction. 

If a jump occurs, either an erroneous line appears or no line at all. 

FLIP subroutine oOlmnands include FLIP ba8ic oommands. These will appear as 

extra lines before t he FLIP subroutine command line. The lines have the forms 

AAAA OP xxxx yyyy :t. q.qqqqqq :t pp 

where AAAA is the last four digits of the address of the instruotion. 
; 

OP is tho command code. 

xxxx is tho basic x adpro8s. 

yyyy is the basic y address. 

The result of the operation, in floating decimal form, is q • lOP where 

1 < q < 10Q Some of the FLIP subroutine co:nmanda do not leave their reaul t 

in R. For thelJo. the result, q • lOP will be erroneous. 

In order to avoid confusion. when several problems are traced using the' 

same magnetio tape, Phase II overwrites the trace information as it 1s 

proce8sed. 

i 
/ 

r 

I " 
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; \, cv -1~ - Doptcr.:.b.Jr I 1954 Rov o 6/20/54 

. I~;:;;:mbl:r Proeru:n - SC 001 

: . 
Beoll., f:\~bl:ou.tino to bo assembled by tho a:;scmbly proGrc.rn must be codod 

in t.b~olut~ !or.n as it its initial inotruotion were to be located at ad
dress OlOCOo In nctunl foct, hOl:lOVDr, tho Dubroutine io placed in eloctro-

.' statio ator:':~Q at an alr::OfJt arbitrary location salected by the oodero It i8 
the function of. tho ns~ombly routino to ~~dlty all addresses in the sub
routino COt:i2c.ndD that are dcpand::Jnt on too location .of the initial cornmtmdo 
In ordar to perform this f'Wlotion correctly, tho assembly routine must be in
ton:lod of tho actu81 electrostatic address 8 of' the initial oommand or each , 

. subroutino and of' tho number n' ot sucocDsivo con'Jnands to be modified in eaoh 
Ct1S0 o It vi 11 then soan (8 + j-l) 3. 1,2,0. on for eaoh subroutine altering 
tho pi and QaddroDsas by adding 8-01000 to them whenover necGssa.ryo .A par
ticular address v ill be modified it ~ only; g:. the 10th bit from the right 
'in its 1, bit arraY' 1s a ono ioe.U it is ot the torm xxx 'XXl xxx xxx XXXo 

For eleotrostatio addrossos this menns that all addresses ot the torm OlXXI 
(I an ar'bitr.ary oo~al digit} and only suoh addresses will be modi!'ted. Hence,. 
all electrostatic addresses which are to b3 absolute 1.e. independent or the 
lOcation ot tho initial instruotion must have the form ooXXX. The addressee 
of the accum.ulator tnd Q-register should be given as 2OO00and 10000 N- . 
spcot1velyin ordor to avoid assembly modification. . Since tha assembly routine 
mod1tioa n success!n comrn!mds of thesubroutil19 starting from soma initial: . 
one, subroutine collstants shou.ldcommence in address 10000 + no 

Tho assembly subroutine is coded as .it Its initial command. were stored 
at address 00100 *and its final. o::>mrr:lnd. at address 00121 and must be so 

. ·looated in electrostatic m.omory to be properly used." It 1s permanently 
stored at drum locations 77756-17777(18)0 .'. 

.. B~tora, entering the assembly' subroutine the coder mUBt set the exit - . 
, . add'resD _ (00101). This oan bo done ·expeditiously by entering the subroutine, 

With tr.a instruotion 37 00101 001000 This stores the return add~S8 into 
~. (OOlOl)~etore entering, so that oontrol will be returnod to the next ad .... 
dreas tollotd.ng tho return j'U.tlpo ' , 

. The coder must provide the aBsom1:il.y routine \lith the varioUs numbers 
'. Ii nWiob it naeds o If there are k subroutines to be assomli ed, this in
formation must bo [, .. ,. <1 at addresses 00121 + 1, i - 1,2, ••• ,k, where op 

.(00121 + 1) -00, & (00121 + i) • no fA (00121+ i) - 8. The (00121 + k + 1) 
l1l\1St' always be sot l~ontloally equal to zero. Thus tor example, U' k • )' . -
(i.eo thra8 eubroutines are assemblr modified) andnl • l3,·n,. ·S} :)n3';"'~J21,," I, '; 

: ·~l ~ O~05h~ s~ :ur:_oogoo~ r,tV1d: 8.3""-! O~700,~, (~.~~tt":J)yr •. '15~ing:~oetn) .. the.aata,for 
~h~.s:~a,on91:r.J:rn'lt.1;tlj'~Q~q"b.a as tollows. ,,: .: ' .: 

'. 

Addross 
-60'i22 

0012) 
00124 
0012, 

Contents .. 
00 00013 6iCj~ .. ~ 
00 00005 00200 
00 00021 017QO ' 
00 00000 00000 

The coder ehould bear in mind that the··tissembly routine ltself-usas as 
~mporllrzr otornGO the locations 00005, 00006, and 000070 

Sll;,;:!.n~1 tJuttl!bl..,oodod subroutines rooy be assembled. A subl'ouUne ts oon-. 
81dered to u~ba ~f.j·ui t{j)ly'''coded if 1 t 8 atls.fies the tollol-liri'k· Clond! tlonso .. 

(1) it i5 uritton in abnolute form as it 1tn initial instru~+.~" 
vera to be 10 C.1tDd at uJdrc!Js 01000 0 . 

8-99 a 
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(2) all nd.1raosoD' ino:.p:::md:m'c, or the location ot'. tho ini t1al 1l' ... 
structicm 'lrJ of th2 ror~i1 x;=, x;C) :uac ~:::x }:xx. ' " 

, (3) all addressos to be modified are of the form xXx xx! xxx.xxx xxxo 
(4) all subroutino oon:;Ulnts are located irn.-ncd1ately tollc'~1ng tho 

last subroutine instruction. " 
Tho coder Mu.st lond all EJubrout'ine8 to b.f) modIfied into the looations 

in eleotrostatio storage which he has ohosen. ' 
Th3 c9dsr MU5t block transfor th~ assembly program from drum addresses 

77156-11777 to eleotrostatio addrosses 00100-00121. '. 
The·ooder must load the numbors n ·ani 8 tor each, tJubroutine to be modified 

into addressos 00121 ... 1, i -1,2, •• 0 k" where k is the number ot subroutin,e 
to be modifiedo " ' , 

The coder must load zero into the address 00121 + k .. l~ 
The codor must set 'yj, (00101) before entering the 8t!1sembly' program, and 

must provide tor entry to the c'mb1y' program. . 

. Extract (00121 + i) 
(initially i • 1) 

.... 
no' 'I) 

+ 
\t\ 

r-& 
0 

'.".j' • 

.' 

exit . 
! ' 

all SR'a modified 

--J"' 
• set the address "8 n 

,-.. .... 
. '. 
~ 

·S 
'-' .. 
J 
~( 

to be 81 

.. ..---+ 

form'C. b26 ,· 21' + b9 
(where bj, ~ jth b1t 
from t,hd" right of' (.) 

, add C ct to ee) .and 
store back at ,8' 

, ~oreas. 
,; , 
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CV-ll 
CON V A R PAGf: 

REPOHT NO. 

MODEL 

DATE 1-12 ... '-

Sllbroutin ... Sr\er:~ 1. f),("n tionf! ----------------------------- --- --Po.r~e 1 

Flow Cho.rtB------------------------------------------------ }·'s.re 3 

Codin~-----------------------------------------------------p~~~ A 

'M. T. Rout"in!"! for Con"Vnir Servi ('~ ROll U.:"!.e ~--------70r;.OO 

15. r. Houtine for FLIP----------------------------?C100 

Ac ttV'I. tor -------------------------------- ---- - ----7011. .. 0 

Comp 1 .... x Ar~,thm~t 10 --------------------------------70620 

InRpf'l'ct and Chl'ln~..,--------------------------------70700 

B10ctnl Pap~r TaD~--------------------------------71000 

Charactron Tr~c~, Proc~s8~r-----------------------71]1~O 

Ma~netic Tap~ StoraF:~-----------------------------71500 

Differ~n ti 9.1 Eqt1a tJ on~------------:_---------------?1600 

Card to Pnp~r Tape---------------------:---------717~~ 

R~ S Be 1 };'un(l ti OUR ----- - ---------- ------ -------- - ---72000 

Charactron 0utpnt---------------------------------721A!t 

Card n\'tnut---------------.. --------------.;.--------'7~OOO 

CArd Inpu:t----..... ---------------------~------------7:~OO 

Alarm Routine-------------------------------------7~)OO 

Arc Tan~~nt---------------------------------------76~oo 

Exponential---------------------------------------7f..·3(·0 

Ulput Sum Ch~ck-----------------------------------?a~v! 

LO:':Elr 1. thm-------·-------------------.,;,--------------7~ 62. , ' 

Sq\lOre Root---------------------------------------7t.~~3 

Loader--------~-----------------------------------1u575 
~arl~r Pa.ranlf'ltt"rft __________________ ... __ .... ___________ 7 (.l.,()l 
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ANALYSIS 

PREPAR£D BY 

CHECKED BY 

REVISED BY 

c. t1. fly;; ft 

CV-11 
CON V A 

SAN ll,ft.O 

R 

I 
! 

I 
TAl1LE OF C(;NTIDITS (C6n tt) 

PAGE 

REPORT NO. 

MODEL 

DATE 

nasio FLIP---------.-----------------~-------------16756 

Print ruln Punch---@--------------------------------?7262 

Flexo\vri ter Input ... ---------------------------------77352 
Sine Cos i nf' - - - ----- - - - - - ------- - - - - - - - - - - --- ------ -17J !·52 

r.h9.ractronTrao~, ActlvRtor------------------------?7570 

Charactron Trace, Concurrent-----------------------77610 

Permanent ConstqntA---.-----------------------------77716 

ABs~mbly Routine-----------------------------------77756 

1-12-56 
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1 of 100 
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All 
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FLIP GubroutincnJ nl'(l) codc:d to otart in c:.:>11 01000 and are modified by th~ 

r.sDcmbly routino under control of tho FLIP loa.der routino. E:\oh subroutine 1e 

aDoi r;Jlod 0. cornm~..nd coda n1..lJ.'"1'lbor. 

If the subroutino 10 asoi~n()d command nunibor OP (ootal), It po.rMlOter is 

plnced in drum loc~tlon 76555 ..Ir 2 • OF. It haD the formt-

n 

xxxxx xxx o x 

'Whero D.A. -:. DftUn e.ddrooB of tho flubroutine 

n :' nmnoor of co 110 modifiod 

II Input Inforr;Jtion 
i 

A t tho entry to the subroutine, tho tcnpol"uriea contain this infonnn t10ltt 

00005 

00006 

00007 

(017:;4) 

00004 

00010 

00011 

00013 

n 

10000 

Notess 

SOC01!d O"to.l Digit of CO:'::":'!J.nd Code 

0 1 ~ ; 4 5, 
(x) (x) (x) (x) -(x) -(x) 

(y) (n) (y) (y) (y) (R) 

0 0 0 ,CR) 0 0 

y y 20000 20000 Y Y 

COltlIl'!n,nd ood" in 1st v.:O octn1 di g1 ts • 

36 bit ex·t(;~lo1oa of exponont from (00005) 

';6 bit extonoion of or.pcncnt from (00006) 

6 
-(x) 

(y) 

0 

20000 

Execu~1on addresaoo.x and y in tho u and v positions. 

36 bit oxtension of exponont from (00005) 

COmmAnd oode in last ~/O octal digits. 

" 

7 
-(x) 

(y) 

(R) 

20000 

I f any ar gtl11:~nt Will zero _ it has boon tro.ns tormod to 000000000200 

(oct~l) vdth th3 oxponent 777777777600 (ootal). ·--------------------______ ~~ __________________________ ~~~3-
'0 ...... a.a-.. 

,t 

.' 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

SAN DIEGO OIVISION 
PAGF 2 of 100 
REPORT NO ZM-h90 
MODEL All 
DATE 8/11/~ 

FLIP (revised 12/9/54) 
; I 

III Exit Informa"ti.on 

Subrouti ne ~xi ts arc to 01607, 01721, 017?J..;, 01735 or 7601.f5. 

0.. Exi t at 01(,,07. Place zero in A and r:o to 0173lt (see below) 

b. Exit at 01721. Nor:naliz6, ter:;t, pack fl!1.d [;toro. In this case tl-Ie 8ubroutine 

should leave: 

q @ in OC005 

p @ in OC~110 

Where the dos ired result tD q • 2P • .9. and .r. nay be any possible 36 bit 

numberfv. The routine ,;,.:111 n,"'>r.·nlize, test, pa.ck int·) R, and ~ro to 01731u 

c. Exi t at 01131.;, 01735 or 01137 

0173L(see table above) 11 20000 [OOOOOJ ST('RE RESTTLT 

01135 (exits to trace if used) I, c::; 10000 [01736] trRACE11 
".I 

01736 

01137 

.... Notes J 

45 00000 [OOOOc:] Exit 

37 00000 76045 AI..AR'!'!J1 EXIT 

1. All references to exi ts above mus t be in unmodified orders. 

2. Double duty subroutines (e.~. sine and cosine) are assigned two 

oomm.and oodes end tr~ated us two overla;.)pi.ng: subroutines. 

IV "()own Code" Subroutines 

Frequently occurrinp; gUbrOtlti"lCS ean be coded as FLIP subroutines. Before 

ueing other FLIP eonmnnds i!.l !Such !Subroutines, it is necessary to transfer 

~ (1736) and such other jnfor~Ation ~s mU8~ be saved to new.locations. 

FLIP basic ·"rders do not use cells 00015 to 00037 or cell 00002. If the 

subroutine needs no modification or 'cha.nge of location. use 00 0(;001 00000 

for its con~and code p~rameter. 
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~M NO E. T . I 'I'; ,. 

MAGNETIC TAPE 

70000 70000 11 

70001 70001 11 

70002 70002 75 

70003 70003 11 

TOO04 70004 16 

70005 70005 15 

70Q06 70006 16 

70007 10007 11 
70010 10'010 16 

70Q.11 70011 15 

70012 ' 70012 16 

10013 70013 11 

70014 70014 16 

70015 70015 11' 

70016 70016 11 

70017 , 70017 16 

70020 10020 11 

70021 70021 11 

70022 10022 23 

70023 70023 75 

70024 70024 32 

70025 10025 75 

70026 70026 32 

70027 70027 11 

..-j 70030 70030 47 

.-I 
I 70031 70031 75 0::> 

c! 
700;32 70032 61 0 

0-
..-j 

10033 70D.p3 75 f-

>< 70034 10034 11 ~ 

70015 70035 11 

70036 700S6 57 
70037 10037 61 

, 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

SAN 0lE60 CALIFORNIIII 

CV-ll 

ROUTINE FOR SERVICE ROUTINES, 

00000 74000 

70043 00000 

:;0037 70004 

00001 74001 

70045 76000 

70045 76005 

70045 76030 

70044 760)7 

70045 16041 

70045 71027 

10045 17030 

71037 77011 

70045 77234 

10044 77241 

70044 77242 

70045 77255 

70044 77275 

70044 77300 

10000 10000 

24000 70025, 

70000 00000 

2~OOO 70027 

76000 00000 

20000 20000 

70037 7003J. 

10007 70031 

00000 70047 

aOO37 70035 

74001 00001 

74000 00000 

00000 00000 

00000 10047 

PAGE 8 of 100 
REPORT Z:r.490 
MODEL All 
DATE 1-12-% 

8-1~O 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
..... N DlfGO. CAL.IFOANIA PAGE 9 of lOu 

REPORT ZM 490 
,.MODEL ,All ' CV-II 

DATE 1-12-56 

~1 A G NET leT APE ROUTINE FOR SERV 

70040 70040 61 00000 70046 

70041 70041 56 10000 70042 

70042 70042 64 30001 00000 

10043 70043 .45 00000 00001 

70044 10044 00 00000 00 * 
, ..... " .. , .. , ........ 

70045 70045 00 30000 30000 

70046 70046 00 00900 00026 

10047 10047 00 00000 00045 

70050 70050 00 00000 00 24 

70051 . 70051 00 ·00000 00004 

70052 70052 00 00000 00012 

70053 70053 00 00000 00004 

70054 70054 00 00000 00003 

70o,5 70055 00 00000 00036 

70056 70056 11 06724 56451 ' 

'" , : 

o 1.1 1 



. . 
)HM NO. e: T.·' 1'1 , CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

SAN OII!.GO. CAUFOI'tNIA PAGE 10 of 100 

CV-ll 
REPORT ZM 490 
MODEL All 
DATE 1-12-56 

MAGNETIC TAPE ROUTINE FOR F~IP 

70100 70100 11 70112 00000 SET Fl 
70101 70101 75 30036 7010l SAVE ES 
10102 70102 11 00002 71742 .WORKING SPACE 

70103 70103 64 00001 00000 READ ONE BLOCK OF MT 
10104 10104 11 00000 20000 LOCATER 

70105 70105 43 70lla 70110 BLOCK" 

70106 70106 . 35 70107 70107 BACK UP MT 
70101 70107 22 00001 00000 TO CORRECT PLACE 
10110 70110 66 00000 00000 ADVANCe: TO FLIP III 
70111 70111 64 00001 00000 REAO IN FIRST BLOCK MT 
10112 10112 45 00000 00002 JUMP 

70113 70113 45 07777 oooo~ 

8 ... 112 



" .... .' ,Y . • • 1 - • ," >f ••• ,. ': .......... 'I .,. "" .. ' , ....... - - "" ... ~ ... te _ ... .".' .,. ...... ""'- .... ... "" ..... 
CONVAIR .- DIVISION ~F GENERAL DYt4AMICS CORP. 

' . 

FORM NO, E. T, ,I ~. F 
SAN Ol£GO CALIFORNIA PAGE 11' of' 100 

CV-II REPORT b490 
MODEL All 
DATE 1-12-56 

ACTIVATOR 
•• " _'_00' J.' 

70140 00074 75 30070 70142 SAVE CELLS 

70141 . 00075 11 00100 1'4100 TO BE USED 

70142: 00076 31 70160 00017 SET COMMAND TO 

70143 '.00077 15 ~OOOO 70145 PICKUP PARAMETERS 

70144 00100 15 lOO40 70146 PICKUP 

70145 00101 11 ~oooo 7'~200 PARAMETERS 

70146 00102 .' 75 30016 OG~120 LOAD ROUTINE 

70147 00103 11 70150 00104 TO ES 

70150 - 00104 21 00105 00116 LOCATE 

70151 00105 . 11 00121 20000 ZERQ' 

70152 0010b 47 00104 00107 FLAG 

70153 00107 31 00105 00071 SET . 
70154 00110 23 20000 00111 EXIT 
10155 00111 35 00114 70160 COMMAND 

70156 00112 16 00111 16645 ENTER OLD . I 

70157 00113 45 00000 7657~ . LOADER ROUT INE· 

10160 00114 75 3001Q 30000 -RESTORE ES 

70161 00115 11 74100 00100 AND EXIT 
70162 00116 00 00001 00000 CONSTANTS t 

70163 .00117 00 00011 00121 

70164 00120 75 30040 00104 LOAD PARAMETERS 
70165 00121 11 14200 00122 TO ES 

'I" , 

8-113 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
'RM NO. E. T .. t (1',." 

S"N DIEGO. C"LIFORNIA PAGE 12 
REPORT ZM 490 

CV-ll MODEL All, 
DATE 3-15-56 

COMPLEX ARITH FLIP 

70620 01000 15 0001' 01006 SET X PICKUP 

70621 01001 31 0001' 00017 SET Y 
10622 01002 15 20000 01024 PICKUP 

10623 01003 75 30020 00032 LOAD ROUTINE 

70624 01004 11 01005 00015 TO TEMPORARtES 
70625 00015 75 30002 00017 PICKUP 
7062·6 00016 11 30000 00032 )( 

70627 00017. 55 00004 10004 TEST 
10630 00020 44 00021 00023 COMMAND CODE 
106:31 . 00021 75 30007 00021 LOAD ADO 
706'2 00022 11 01025 00021 AND SUBTRACT 
70633 00023 75 30011 00025 LOAD COMMON PART 
10634 00024 11 01034 00013 MULTIPLY AND OlVIDE 
10&35 00025 44 00026 00015 TEST COMMAND CODE 
10616 00026 75 3000f) 00013 LOAD 

10631 00027 11 01045 00023 DIVIDE 
70640 00030 16 00002 01736 RESTORE FLIP EXIT 
70641 00031 45 06003 01735 EXtT 
10642 00032 16 01736 00002 SAVE FLIP EXIT 
10643 00033 75 30002 00015 PICKUP 
70644 00034 11 30000 00034 V 

10649 00021 44 00022 00024 ADO OR SUBTRACT 
70646 00022 15 00031 00024 CHANGE COMMANDS TO 
70641 00023 15 00031 00026 SUBTRACT X 
70650 00024 1402 0032 0034 AOD 

! 
70651 00025 11 20000 00036 REAL PARTS 
70652 00026 1402 0033 0035 ADO IMAGINARY 
70653 00021 11 20000 OOO~1 PARTS 

004 70654 00013 15 00016 00021 CHANGE COMMANDS TO ... 
~ 
~ 

70655 00014 15 00024 00016 REVERSE SIGN OF IMAG )( 

70656 00015 1422 0012 OO~4 REAL 
70657 00016 1427 0033 0035 PART OF 



f'ORM NO. E. T .. 1 <r~ ~ 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

PAGE )'3 SAN DIEGO. CALIF:>RNIA 

REPORT ZM 4?O 

'aV-Il 
MODEL All 
DATE 3-15-56 

CO~1PLEX ARtTH FLIP 

70660 00011 11 20000 OOO~6 PRODUCT 
70661 00020 1422 0032 0035 IMAGINARV 
70662 00021 1423 003~ 00'4 PART OF 
7066:3 00022 11 20000 00037 PRODUCT 
70664- 00023 45 00000 00030 .. JUMP TO EXIT 

70665 00023 1422 0032 0032 (OMPUTE 
70666 00024 1423 0033 0033 DENOMINATOR 
70667 00025 11 20000 00032 FOR QUOTIENT 
10670 00026 1430 0032 0036 FINISH 
10671 ' 00027 1430 0032 0037 DIVISION 



cor .. JVAI~ - DIVISION Or- GENERAL DYNAMICS COPP. 
PAGE lLI of J 

CV-ll REF'OFn' 2,~,:; 

MODU," /,.11 
DAn: 1-1;~-:;16 

INSPECT AND CHANGE 

10700 70700 11 10727 00000 SET FI 

70701 70701 23 10000 10000 CLEAR A AND Q 

70702 70702 56 00000 10703 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 VARIABL.E 

70707 70707 15 10000 70716 COMMANDS 

70710 70710 61 00000 70773 PRINT 
70711 70111 75 .10007 70713 OUT 

70712 70112 61 00000 70152 CHANGE 

10713 70713 55 10000 00006 PRINT 

70714 70714 11 70741 10746 OUT 
70115 70715 37 70743 70135 ADDRESS 

10116 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 

10722 70722 56 00000 70723 HAL.T 

70723 70723 11 20000 10000 PRINT 

lO724 70724 ~7 10743 70714 NEW 
70725 70725 11 70744 40000 RESTORE 40000 

70126 70726 11 10000 30000 STORE NEW 
70127 70727 45 00000 70701 JUMP 

70730 . 70730 45 00000 70731 JUMP 

70731 70131 11 70744 40000 RESTORE 40000 
1""'1 
1""'1 

70732 70132 75 10012 70700 PRINT cb 
d 70733· 70733 61 
0 

00000 70147 NO CHANGE 
0"- 10734 707'34 11 70757 70746 OCTAL. 1""'1 
r-
>< 10735 70735 61 00000 70747 vJORD 
~ 

70736 10736 5S 10000 00003 PRINT 

'\ 70737 70737 51 70761 20000 SUB 

8-116 
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CONVAIR - DIVISION Of GENERAL DYNAMICS CORP. 
'.:lAM NO E T ,I ,Pt ~ 

SAN DIEGO CALI,F0R .... IA PAGE 15 of 100 

CV~ll 
REPORT Zll 490 
MODEL All 
DATE 1-12-56 

INSPECT AND CHANGE 

10740 70740 35 70762 70741 ROUT lt~E 

70741 70741 00 00000 00 * 
70742 70742 41 70746 70736> 

10743 70743 45' 00000 30000 'I' 

70744 70744 00 00000 00 0 

70745 ' 70745 00 00000 00' 0 

,70746 70746 00 00000 (i)Oi:-O 

70747 70747 00 00000 0'0'004 

70750 70750 00 00000 00 *6 

7.0751 70751 00 00000 00003 

70752 '70752 00 00000 00004 

70753 70153 00 00000 00016 

70754 70754 00 00000 00005 

70155 70755 00 00000 00030 

70756 70756 00 00000 00006 

70757 70757 00 00000 00013 

70160· 70760 00 00000 00 20 

70761 70761 00 00000 00007 

10762 10762 61 00000 7076"j 

70763 70163 00 00000 00031 

70764 70764 00 00000 0OO5~ 

70765 70765 -00 00000 00074 

70766 70766 00 00000 00070.-

70767 70761**00*00000 00061t·, 
..... 70770, -10770 00 00000 00 62 ..... 
cb 70771 70771 00 00000 00066 
6 
0 70772 70772 00 00000 00072 0"-..... 

70173 70773 t- OO 00000 OOP45 
~ 
c.. 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP, 
~IO. E T . I I' ... 

CV-ll 

BIOCTAL TAPE DUMP 

11000 71000 37 71052 71014 MANUAL PRESET 

71001 71001 23 10000 10000 CL.EAR A AND Q 

11002 11002 56.00000 7100.0 HAL.T 

11003 71003 31 71001 00017 PICKUP 

71004 11004 15 20000 710QS NEXT 

71005 71005 31 01004 00005 PARAMETER 

71006 71006 43 20000 71010 DONE ~ 

71007 11007 45 00000 01005 EXIT 

71010 71010 55 20000 00037 PARAMETER IN A AND Q 

11011 71011 21 71007 00074 STEP EXIT 

71012 71012 37 71052 71014 AUTOMAT·le PRESET 

71013 71013 45 00000 71003 RETURN 

71014 71014 75 30030 71016 LOAD ROUTINE 
~71015 71015 11 71053 00010 IN TEMPORARIES 

71016 71016 31 10000 00011 SET FINAL 

71017 71017 15 20000 000:04 ADDRESS 

11020 71020 15 10000'00010 SET PICKUP 

11021 71021 31 10000 00071 TEST STORAGE 
71022 71022 46 7102] 71024- CLASS 

7102' 71023 54 00036 00004 SET EXTRACTOR FOR MO 

71024 71024 37 71046 7102' SET SWITCH 
71C25 71025 -75 00260 71103 PUNCH 
71026 71026 63 00000 00040 LEADER 
71Q27 71027 31 00071 00010 'SET UP 

71030 71030 35 00010 00035 INTERIM 

71031 71031 11 00036 1'0000 CHECK 
71032 71032 53 00034 00035' ADDRESS 

71033 11033 15 00010 01775 INSERT ADDRESS 

71034 110:34 55 01115 10021 TO Q 

11035 11035 15 00023 00020 SET TO PUNCH 
71036 71036 15 00022 00021 INSERT ADDR!SS 
71037 71037 31 00024 00011 PUNCH INSERT ADDRESS 

PAGe: 16 of 100 
REPORT Z'I 490 
MODEL All 
OATE 1-12-56 

8-118 



CONVAIR - DIVIS!ON OF CeNl:RAl DYNAMICS CORP. 
M NO E 1 - I J' • 

CV-ll 

BIOCTAL TAPE DUMP 

71040 11040 15 00022 00020 SET TO PUNCH 

71041 11041 45 00000 00010 DA TA ~JORDS 

71042 71042 15 00010 01715 CHECK ADDRESS 

71043 71043 55 01175 10025 TO Q 

71044 71044 15 00023 00021 PUNCH CHECK 

71045 /71045 37 00024 00011 ADDRESS 

71046 71046 75 00100 71025 PUNCH 

71047 71047 63 00000 00040 T~AILER 

71050 71050 37 00030 00010 PUNCH LAST FRAME 

71051 11051 31 71046 7104~ PUNCH CHECK ADDRESS 

71052 11052 45 00000 71001 RETURN 
71053 00010 11 34000 10000 PIC/<UP 

71054 00011 16 00016 00013 PRESET 
71055 00012 55 10000 00006 ASSEMBl.E 

71056 00013 11 10000 34000 

71057 00014 2'1 OOOlJl 00074 BIOC'rAl. 

71060 00015 42 00031 00012 DIGITS 
71061 . '00016 63 00000 00002 PUNCH 
71062 00017 63 00000 00003 

71063 00020 63 00000 00004 

71064 ·00021 63 10000 00005 

71065 00022 .63 00000 00006 

71066 00023 63 10000 00007 DIGITS 
71067 00024 37 00024 34000 SWITCH 

- 71070 00025 21 00010 00073 STEP .... 
I 

71071 00026 11 00036 10000 PICKUP co 
6 

71072 00027 5;? 00034 00010 COMi~AND 0 
0- . .... 
t- 71073 00030 31 00030 00031 SWITCH 
>< 71074 00031 '.3 00034 ~ 71050 ·FINAL END 

71075 00032 43 0003.5 7104J INTERIM END 
71076 00033 45 00000 00010 

71077 00034 11 34000 10000 fINAL ADDRESS 

PAGE 

REPORT 

MODEL 

DATE 

1'7qf 100 
ZIJ: 490 
All. 
1-15-56 
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(>tIM NO E T ., ·1", • 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

S"N OltGoO CAUFORNIA 

CV-Jl 

PAGE 18 
REPORT ZI! 490 
MODEL All 
DATE 1-15"'56 

BIOCTAL TAPE DUMP 

71100 00035 11 34000 10000 INTERIM CH~CK ADDRESS 

71101 00036 00 36000 00000 XTRACTOR TO PREVENT CARRY 
71102 00037 11 10000 00010 COMPARATOR 

71103 71103 63 10000 00040 PUNCH INITIAL FRAME 

71104 71104 23 01175 01775 CLEAR TEMPORARY 

: 71105 71105 45 00000 71027 RETURN 

8-120 



• , - , .• ~ - - ... ,. ... - - . - .... '. ~ '" .. , .. . - •. ... . f;"' .. ... .:,;". • "'If ,.., • - ,... ..' - _, ~" 

CONVAIR - DIVI::IC.+J OF Gt:NERAl DYNAMICS CORP. " , ' '., 
/. ';Y,M NO E T ' 1 .I~" 

!>ANll1C<lOCAl.IFORNIA' PA.GE ";"> I, ",19 of 100 
CV-l L ,REPORT . ZU 45'0 ' \ \. 

Bya C. J. S.,ift MODEl. All' 

FLIP CHARACTRON TRACE 
DATE Auguit 9, 1955 

PROCESSING SUBROUTINE 

71140 434 75 ~1340 71142 . SAV~ 

71141 435 11 00440 74440 ES IN MD 

11142 4'6 1!5 30240 00675 -LOAD ' INTO 

71141 437 11 71144 00440 ' ES 
____ 21144 440 16 01600 15506 RESTORE"TAt.L. Y'- CO~MAN-O 

71.1,.5 ' , 441 ,., 30140 00443 LOAD TRACE 
! 

71146 442 11 11631 01"0 INFORMATION TO ES 
; 

11147 443 16 00411 01135 ' R!MOVE TRAC!! JUMP 
.. 

11150 444 17 00000 '00610 START CHARACtRON " 

11151 445 7S 10011'004'0 PRINT 

71152 446 17 10000 00637 HEADING 

71153 447 00 00000 0000 

71~54 450 r7s 10003 004S2 PICKUP 

71155 45.1 11 @1330J00640 , INFORMATION 

11156 452 54 0064~ 20052 TEST 

71157 453 11, 20000, 2000~ FOR' 

,'1160 454 43 0061' 00414 14 COMMAND 

..... 71161 455 21 00451 00616 STEP COMMAND 

..... 
I 

71162 456 42 0047) 00561 DONE BtN ? co 
6 
0 

71163 451 . 21 '1116 00614 STEP PAGE NO 0"-..... 
t-

>< 11164 460 11 20000 10000 PLACE IN ,Q ...... , ~ 

71165 461 11 00615 00621 SET POSITION 
• 

11166 462 '37 00604 00512 PRINT DECtMAl DIGtT 
\ , 

71167 463 1'7 00604 0051'2 PRINT OECtMAL DIO.T 

71170 46.4 17 00000 00611 STOP CHARACTRON 
; . 

11171 465 17 00000 00612 TURN PAGE 
8-121 · 



CONVAIR - DIVISION OF GENERAL DYNAMICS· CORP. 
.. 

M NO. E T I .,' r 
PAGE 20 of 100 SAN DltGoO CALI"·OflNI .. 

CV-ll REPORT ZM 490 

By. C. J. Swttt MODEL All 
DATE J 

Augu8t 9, 1955 FLIP CHARACTRON TRAct 

.\: 

71172 466 23'00521 00470 TES1' WHETHER 

71173 467 47 00410 00521 ACTIVATING 

71174 470 75 31340 @lS6~ RESTORf! 

71175 411 11 74440 00440 ES 

71176 472 76 56043 71777 PAGE NUMBER 

71171 47'3 11 01461 017)6 

11200 474 21 00451 00616 STEP COMMAND 

71201 475 15 00632 00627 PRESET VERTICAL POSITION 

71202 476 5S 00640 10006 PICKUP ADDRESS TO Q LEFT 

7120'3 477 11 00617 00644 5 TO TALLY 

71204 j 500 37 00604 00501 PRINT FtV! 

71205 501 41 00644 00570 OCTAL DIGITS 

11206 502 21 00621 00620 STEP HORIZONTALLY 

71207 503 11 00044 00644 4 TO TALLY 

71210 504 11 00641 10000 COMMAND TO Q 

71211 505 37 00604 00506 PRINT FOUR 

71212 506 41 00644 00510 OCTAL DIGITS 

71213 507 21 00621 00607 ~TEP HORIZONTAL~V 

11214 510 11 00044 00644 '+ TO TALLV 
.. 71215 511 37 00604 00512 PRINT FOU~ ... ... 

~ 71216 512 41 00644 OO~70 OCTAL DIGITS ~ 
;) 
r.. 

00621 00601 STEP HORIZONTALLY ... 71217 513 21 .. 
< 71220 514 11 00044 00644 4 TO TALLV lot 

71221 515 37 00604 00516 PRINT FOUR 

71222 516 41 00644 0o,70 OCTAL DIGITS 

7122! 511 21 00627 00621 ST!P HORtZONTAL~V 

71224 520 45 00000 00524 JUMP. 

71225 521 75 10140 00470 CLEAR 'TRACE 8-122 



CV-ll 

TIV\CE 

71226 522 11 000 /.0 77631 
" 

11227 523 75 11~'.O 01566 

71230 524 11 O~,$,ltO 00645 
~ ~r~ 
} f 

[21 
' !} 

7,231 p'25 00645 00074 
~ I 

,!1:2 :32 526 14 30062 40642 

71233 527 14 45062 20521.,J 

112'34 ~:30 tt4 45062 !:-lO540, 
. ~"'''. '-"'. 

7~235 531 23 0064S 00074 
s, 

11236 532 14 20062 40642 

71237 533 47 Q05'9J. 00540 

71240 5'34 13 J6007 10000 

71241 535 75 10116 0024' 

11242 S36 12 10000 01601 

71~43 537 21 10000 01176 

71244 540 14 51062 20642' 

,,:,71245 541' 
I i-, 

54 00642 20001 
I 

il71246 542 46 0054~ 00545 

11247 543 77 10000 00626 

,71250 544 33 20000 00000 
I ' .. 

i ~" ,,"1 

11251 545 3~ 00631 10000 
,', ..... i ; , , 

.-t ):,; I 

I . ~1252 546 71 10000 00625 <J:) 

'r! t 
I fl.- t ':: ; i .. : . 

0 11253 547 11 00067 00644 0' ..... 
t-

5S0
il 

37 >< 71254- 00604 00551 
a.. 

71255 551 ' 41;00644, 00572 

71256 552 ' ·1!l·QQ~'t5, 00614 
,.,. . 

71i257 ,553; 46.00554 00555 
,', 

71260 554 77 10000 006'0 

71261 .5 55 12 20000 10000 

BIN 

CO;·1PAR A Tal< 

ZERO TO DECtMAL 

PAGE' 2:. of 100 
HEPonT za 490 
MODEL All 
DATEAuguat 9, 1955 

EXPONENT 

STEP. DECIMAL EXPONENT 
I 

OtvtOE ~:~; ~Y:1.j fo 
,', f ;.i;t 

. ,CO~,P ~~~.~, 'Wfl~# OM1! 
• ... ~ ; , \' ,!'.: 

~OM~iARt!' \tilTH ONE TI:NTH 

STEP DECIMAL EXPONf:NT 

MULTIP1.Y X BY TEN 

CONVERT 

TO PY-XEO 

stGN 

TEST 

"AND' PRINT 
t..: 

f~ , ;r UND 
, 

PRINT DECIMAL POINT 

seVEN ,TO TALLY 

; ARINT SEVEN 
" 1 

, ,DECIMAL 
~ '. i; DIGITS 

, 'SHtFT EXPONENT 
I ( 

SIGN 

TEST 

AND PRINT 8-123 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
HM NO E T 1 )" • 

Bye C. J. Swift CV-ll 

FLIP CHARACTRO~ TRACE 

71262 556 21 00621 00620 

71263 557 37 00604 00572 

71264 560 37 00604 00512 

71265 561 75 20004 004W 

71266 562 21 0062~ 00606 

71267 563 00 00000 0000 

71270 564 00 00000 0000 

71;211 565 00 00000 0000 

71272 566 00 00000 0000 

71273 567 00 00000 0000 

71274 510 ,:al 10000 00003 ' 

11275 571 45 00000 00574 

71276 512 31 10000 ()OOO2 

71277 573 32 10000 00001 

71300 574 11 20,000 10000 

71301 515 34 20000 00061 

71302 516 35 00605 00577 

71303 571 11 "@o6scDoo017 

71304 600 15 00621 00447 

.... 71305 601 16 00627 00447 .... 
I ro 

77' 10000 ~ 71306 602 00441 
0 
0"-.... 71307 603 21 00627 00607 t-

>< 
00000 [200001 ~ 71310 604- 4S 

71311 605 11 006S0 00447 

71312 606 00 Ol)OOO 00036 

71313 607 00 00024 00000 

71314 610 00 00000 05000 

71315 611 00'00000 04400 

STEP HORIZONTALLV 

'P!RINf TWO 

DECIMAl ,DIGITS 

STEP 

VERTICALlV 

PAGF . 22 of 100 
REPORT zu 490 ' 
MODEL All 
DATEAuguat 9. 1955 

OCTAL DIGIT ENTRANCE 

DECIMAl. DIGIT ENTRANC! 

REMAINDER TO Q 

CLEAR ACe AND SHtFT DIGIT 

SET COMMAND 

Pt.ACE DIGIT 

SET 

POSITION, 

PRINT DIGIT 

STEP HORIZONTALLY 

EXIT 

PROTOTYPE 

VERTtCAL 5fEP 

HORIZONTAl. STEP 

CHARACTRON 

OPERATING 
8-124 



. - .. .. ~ .. ~ ...... . - . -.,. .. ~ ".. 

CONVA": - DIVISION OF GENERAL DYNAMICS CORP. 
FUt<"" NO E T 1'1' • 

PAGE Ti2j of 100 SA'" OIEGU CIIUF"ORN,II 

By, C. J. Swift CV-ll REPORT, zu 490 . . . , 
MODEL All 

FLIP .CHARACTRON TRACE 
OATEAugust 9. 1955 

, 
71316 612 00 00000 06000 CODES 

11317 613 00 00000 00014 12 

71320 614 00 50756 00000 10-Z TIMES 2 
a, 

11321 615 00 00153. 01771 POSITION FOR PAGE NUMe!R 

71322 616 00 00003 00000 INCREMENT 

11323 617 00 00000 00005 , 
71324 620 00 t'0050 00000 INCREMENTS 

71:325 621 00 0OO7~ 00000 

71326 622 '7 71717 30000 ONE ROUNDED OOWN 

71327· 623 31 46314 13374 ONE TENTH ROUNDED DOWN 

719:30 624 24 00000 00004 10 

713'31 625 :;0 01150 00106 DEC PT 

·71332 626 40 01120 00014 MINUS 

71333 627 00 {)O230 00074 LOCATION 

71'34 630 40 01424 00074 MINUS 

113:35 631 00 OO()~O 12000 ROUND 

71336 632 00 00230 00000 HORIZONTAL PRES!T 

71331 633 00 00000 00000 

71340 634 00 00000 00000 

71341 6~5 00' 00000 00000 T 
~ 

-ot 
I 71342 636 00 00000 00000 ! CD 

d . 
0 71343 637 23 00620 00000 M 
0-
~ 

r- 71344 640 33 00644 .00000 P >< 
Cl.i 

71345 641 01 00666 00000 0 

71:346 642 41 00712 00000 R 

71341 643 45 00'62 onooo A 

71350 644 43 01006 00000 R 

71351 645 14 010~2 00000 t 8-125 



• - 4 - ... .. ~ 

CONV/\IR -, OI\.'l~;ICN Or: GENrI . t:ORP, 
)'1" '.0 ..: 1 1 'III' '" tt.J..f" (),. GO, ('ALIt ',; PAGE "; ',"6't of 1 00 

CV-ll REPORT, zu'490' " Byt C. J It Grdf'i; MODEL All 

CHM~ACTROjl TRACE 
DATE August 9, 1955 

FLIP 

,. ,~ , 
71352 646 20 010~6 00000 E 

.' .. 11:3 53 647 22 01102 00000 5 

71354 650 00 00000 00 0 I) 

71355 6;1 01 00000 00000 t 

71356 6'2 02 00000 00000 G 

11357 653 03 00000 00000 t 

71360 654 04 00000 00000 T 

71361 655 05 00000 00000 T 

71362 656 10 00000 00000 A,. 

7~36' 657 11 00000 00000 B 

71364 660' 12 00000 00000 L. 

71365 661 13 00000 .00000 g 

71366 66.2 00.00000 00000 
, . 

71367 66~ 11 01101 20000 

'71 '370 .664 36 20000 12612 C~!AR PAGE NUMB~R ,. 

'11371 ·665 . i7 00000 11'16 . HOVE;A PAGE 

11312 6<-6· 2~ 00614 1~'OO TEST 'O~ OUTPU" 

71313 661 4' 00440 00610 SUBROUTtN! ,:~' ;' r . 

..... 

...-t 71374 610 11 12612 20000 . TIS" FOR . 1'~ I· • 

I 
CO 

0 71375 671 43 0061' 00664 NEW ::> 
::J' 
-I 

71376 . 672 47 
~ 

00665 00440 PAGE 

71377 671 00 00000 00200 CONSTANT' 

71400 674 7S 30274 01100 TEST COMMAND 

71401 675 7S 30021 00666 RESTORE. 

11402 676 11 71027 01551 FLf'" IN e:S 

8-126 



f.OIlM NO. E. T ·1 'J' • 

• 'f , ' .. - " .. .. .. • ... .. .., ... ... • ',.. _. .. .. lit ~ ... 'I" 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
5 .... '" DIEGO. CALIFORNIA 

CV-II 

PAGE 
REPORT 

MODEL. 

DATE 

25 of 100 
ZK 490 
.All 
1~15-56 

MAGNETIC TAPE ~TORAGE 

71500 71500 16 71543 71562 SET MANUAL EXIT 

71501 71501 11 71560 00000 SET Fl 

71502 71502 75 30006 71504 LOAD 

71503 71503 11 71506 00001 ES PART I 

11504 71504 75 30030 00004 LOAD 
71505 71505 11 .71541 015'1 ES PART I I 

71506 00001 64 00001 00000 ROUTINE 
71507 00002 75 ~OO34 00001 FOR 

71510 00003 11 00004 30000 RELOADING 

71511 00004 11 20000 00031 SAVE F AND L 

71512 00005 21 00006 10000 ADVANCE 
71513 00006 00 00001 00000 TAPE 
71514 00007 11 01571 10000 EXTRACTOR TO Q 

71515 00010 53 00006 00001 SET 

71516 00011 53 20000 01555 TAPE 
71517 00012 53 20000 0156S COMMANDS 

V1520 00013 15 00037 01553 SET 

71521 00014 54 00037 10025 COMMANDS 
71522 00015 54 OQQ;37 00071 FOR PICKUPS 

.·?'~f~\~,; .. ~ 

71523 00016 16 ZOOOCt 00001 AND STORE 
, . 

71524 00017 31 lOOOq" 00063 COMPUTE 
71525 00020 11 200Q~' 00004 TAL.LY 

71526 00021 2:; 00004 000'2 FOR 

...... 71.521 00022 36 00031 00004 TAPE. 

...... 
I 71530 00023 73 OlS15 01577 BLOCKS co 
6 71531 00024 34 01575 00017 COMPUTE REMAINDER 0 
0-...... 71532 00025 13 20000 01576 STORED FROM LAST BL.OCK· r-
>< 71533 00026 21 10000 00033 SET ~ Sf 

71534 . 00027 31 20000 00017 BACKUP 

71535 00030 35 00006 Ol~71 COMMAND 

71536 00031 45 00000 01552 JUMP 
71537 00032 00 00000 00033 27 

8-127 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

CV ... ll 
PAGE 26 of 100 
REPORT Zl.{490 
MODEL All 
OATE 1-15-56 

8-128 



.. 1.( NO L T 1 l~ • 
PAGe 27 of 100 

CV-ll REPOHT Z!..! 490 
MODEL All, 
DATE 1-15-56 

INTEGRATE DIFF[RENTIAL EQUATIONS 

71600 01000 37 00000 71601 . BAS I C SUBROUTINE 

71601 71601 11 00040 00002 SAVE 

71602 71602 . 16 00000 00002 LOCATION 

71603 71603 11 00013 00003 SAVE X AND Y ADDRESSES 

71604 71604 75 30025 71606 LOAD SUBROUTINE 

71605 71605 11 71646 0001,3 INTO TEMPORARIES 
i 

.11606 71606 75 20004 71610 MODIFY V 

i 71607 71607 21 00014 00002 ADDRESSES 
71610 71610 21 00024 00002 WITH LOCATION 

:71611 71611 21 00026 00002 MODIFY 

71612 71612 21 00027 00002 y 

71613 71613 21 00032 00002 ADDRESSES 

71614 71614 21 00035 00002 WITH 
71615 11615 21 00037 00002 LOCATION 

71616 71616 31 00002 00017 MODIFY U 

71617 71611 35 00024 00024 ADDRESS WITH LOCATION 

71620 71620 16 00003 00002 MODIFY SUBROUTINE 

71621 71621 71 00015 00002 REFERENCES WITH 

71622 11622 35 00036 00036 Y ADDRESS 

71623 71623 54 00003 00071 MODIFY SUBROUTINE 
71624 71624 21 00023 00002 ADDRESSES 
71625 11625 ~l 00033 00003 WITH 
71626 71626 21 00034 00003. X ADDRESS 

71627 71627 54 00003 00014 MODIFY SUBROUTINE, 

71630 71630 21 00023 00003 ADDRESSES 
..... 716'31 71631 21 00027 00003 WITH ..... 

I 
co 71632 71632 21 00035 00003 X ADDRESS 
~ 
0 71633 71633 31 00003 00003 PICK 0"-..... 
r- 71634 71634 15 20000 71635 UP 
~ 

71635 71635 31 00000 00000 N-l 

71636 71636 35 00014 00002 N 
~ ... 

'71637 71631 3~ 00023 00023 MODIFY 

8-129 



I' t. (,; i :.0 n f 1 ;" : ) 

~,; V'- I. L f{[PI_1I1 r l': J;, l: 
MODLL l~ ,r:. 
D /\ 1 L ] ." Vi ~.:; ", 

I NT::: G 1< ATE [) I F r: [ f~ L N T I ;\ LEO U /\ T 1 0 

i 16 l ,,0 716''1' 0 31 00002 00001 COHt1AN DS 

71641 716 l r 1 :35 00033 00033 ~~ I T~i 

71642 71642 31 00002 00015 QUANTITY 

71643 716'+ J 35 00027 00027 N 

7164'1' 71644 75 30002 00013 S~HFT 

71645 716'~5 11 00015 71714 CO~1MANDS 

71646 71646 75 30021 71711 LOAD PART OF 

71647 71647 11 00016 77777 SUBROUTINE INTO PLACE 

71650 71650 75 30016 00001 lOAD REMAINDER OF 

71651 71651 -11 71673 00020 SUBROUTINE INTO PLACE 

71652 71652 75 30042 00001 SAVE EX1T , 
71653 00000 11 01736 .71716 AND COUNTERS 

7165.~ 00001 11 00040 01716 CLEAR 

71655 00002 11 00040 01777 COUNTERS 

71656 00003 14 22000 14002 DELTA X TIMES VI EQUALS K 

71657 00004 47 00005 00015 ZERO ~ 

71660 00005 11 20000 00036 STORE K 
71661 00006 Ii. 22003 62022 K TIMES BJ 
71662 00007 14 23400 22026 PLUS Q2 TIMES CJ 

71663 00010 11 20000 00037, STORE INCREMENT' 

71664 00011 14 03003 70027 THREE TIMES INCREMENT 
71665 00012 14 23003 62032 PLUS K TIMES AJ 

:[1666 00013 14 00177 44002 ADDED TO QI 

- 71667 00014 14 00003 74002 ADD INCREMENT TO VI -I 71670 00015 14 40000 00003 INDEX N-l co 
6 

71671 00016 37 00001 00002 EXECUTE SUBROUTINE 0 
0--t- 71672 00017 14 44004 30003 INDEX :3 
~ 

71672 00020 75 30042 01135 RESTORE AND 0.. 

71674 00021 11 71716 01736 EXIT 
71675 00022 20 00000 00000 C 

71676 00023 2? L. 575'+1 /.~6 37 (;; 0 

'r 16 ., 7 00024 33 2/.0'+ "/ '.6001 N 



INTEGRATE 

71700 00025 

·71701 00026 

71102 00027 

71703 00030 

717Q4 00031 

71705 00032 

71706 00033 

71707 00034 

11710 00035 

71711 11111 

71712 71712 
71713 71713 

11714 71714 

71715 71715 

COf'NAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN OlltGO CALI"-O~NIA 

CV-ll 

DIFFERENTIAL EQUATIO 

25 25252 52775 S 

40 00000 00000 T 

55 20236 31376 A 

44 53730 32001 N 

52 52525 25376 T 

60 00000 00000 S 

55 20~36 ~la76 

44 53730 32001 

60 00000 00000 

11 00036 71713 SHIFT COMMAND 

37' 00011 00017 EXECUTE, SUBROUTINE 
00 00000 00*0 TEMPORARIES, 
00 00000 00*0 FOR 
00 00000 0000 COMMANDS 

PAGE 29 of 100 
RE~ORT ZJi h90 
MODEL All 
DATE 1-15-,6 
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.., •• "" # ... -; 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
~M NO i;, t "",,> .. 

SAN 011:(.0 C ... LIFORNI ..... 

CV-ll . 

CARD TO PAPER TAPE 
';l. " 

*, 

71724 11724 17 00000 73j76 PICK 'FIRST':CARD 
~ , -1 

23 00122 oo'ti2> 71725 7:17,(.5" LrOAO: 
, ,~ 

7~64S 76'75 
' i; 

71126 1'1726 a.1 ,. FLIP 

71727 ·"'1727; 1:4 57101 70S'30 READ FIRSt" CARD 
to" ..• 

71730 11130 23 70J~lO 00074 N ... l 
4'6 " 11731 71731 71732 71734 DONE ~ 

71732 71732 31 133,7-\ 733T~ fINISH 
1113~' ,i733 57 00000' 'OOOPO OFF 

71734 71734 75 30006 111'6 SEPARATE ADDRESS 
'~ 

7173S 11735 73 11765 00002 DIGITS AND N-1 
,1736 71736 75 20001t 71740 ASSEMBLE 
'J', 

1t737 ~1737 32 00002 0000) ADDRESS 

11740 11140 )5 00006 71760 IN CELL 
71741 : ."l141 16 20000 717S6 SET STORE 
71142 11742 31 20000 00017 COMPUTE 
71743 i~\'+'S i~ 20000 71760 LAST 
71744, '';li144 21 71160 00007 ADDRES~ 

.. , 
11745 71145 54 00007 10011 ~ET BL.OCK 

11746 11146 35 71763 71755 TRANSFER FOR STORE 

00007 
, 

71741 71747 11 20000, COMPUTE NUMBER 
71750 '111!50 73 71765 00010 OF REMAINING CARDS 

71751 71751 47 717f>a 7~77a NONE ~ 
..... 71752 71152 31 00010 00011 READ ..... 
I 

71753 11753 3S 71162 11754 REMAINING co 
6 
0 71154 71754 14 57000 70537 CARDS :::r-
~ 

r-. 71755 71755 75 JOOOl 71757 STORE 
I>< 
~ 71756 71756 11 70511 JOOOO RESUL.TS 

71757 71751 31 71007 71003 PUNCH OUT 
71760 71760 00 30000 10000 TAPE 
71761 71761 45 00000 71127 RETURN 
71162 71762 14 51000 10537 PROTOTYPE 
71763 71763 75 30001 71757 COMMANDS 

PAGE 30 of 100 
REPORT Z1I 490 
MODEL All 
DATE 1-1;-56 



f'ORM NO E. T .. I ~. F 

CARD TO PAPER 

...... 
. ,.... 
cb 
6 o 
Cl' ..... 
...... 

..... >or:: 
a.. 

71764 
71765 

71766 

71~67 

"71170 

71771 

71772 

71764 00 

71765 00 

71766 00 

71767 00 

71710 00 

71711 00 
71772 00 

CUNVAIR - UIVI)IUN Uf" UtNtKAL UTNAMI(';) (.;UKP. 
SAN OIF.:a~, CALIFORNIA 

CV-II 

TAPE 

I 

00000 00*06 . 6 ! 
I 

00036 41100 10 TO THE StXTH 

OOOO:D 03240 10 TO THE FIFTH 
00000 23420 10 TO THE FOURTH 
00000 01750 '10 T~ THE THIRD 
00000 00144 10 TO THE SECCOND 
00000 00001 10 TO THE ZERO 

PAGE 31 of 100 . 
REPORT ZJl 1.t.90 
MODEL All 
DATE 1-15-56 
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CONVAIR - DIVISION oF' GENERAL DYNAMICS ·CORr. 
~ .' < - :. .'''' ~.. .. '"", • 

tORM NO. IE T· I 1" r 
SAN DIEGO. CALlf'ORNIA PAGE 32 of 100 

CV-ll REPORT. ZJi 490 
MODEL All 
DATE 1-1;-56 

r 
I, 

:~ 

BESSEL FUNCTIONS 
... -- ......... 

72000 01110 16 01122 01735 STOP TRACE 

72001 01111 11 00004 000'7 SHIFT 
72002 01112 ' 55 00037 00006 COMMAND COOE . 

72003 01113 45 00000 01120 JUMP 
'. 

12004 01114 75 30670 7a006 SAVE 

72005 01115 11 01110 75'110 !5 
72006 01116 . 75 30441 01110 LOAD 

72007 01117 11 72000 01110 THIS 
72010 011'20 55 00031 10042 TEST 
72011 01121 ' 1t4 01210 01123 ORDER 
72012 01122 00 00000 01736: 

72013 01123 45 00000 0.1124 

72014 01124 16 00013 75734 SET sTORE 
12015 01125 27 00005 01772 RESTOR! SIGN 
7201~ 01126 11 oooos 01111 OF X 

72011 01121 ' 11 00005 20000 TEST 
72020 ' 01130 14 45123 01151 RANGE 

, 

72021 01131 11 01776 01110 SAVE AND CL£AR 
,72022 01132 11 00040 01776 IND~X COUNTER 
72023 01133 14' 21177 41116 'COMPUTE 

72024 01134 14 i012) 21116 POLYNOMIAL 

72025 01135 11 00040 20000 FOR 
72026 01136 14 12111 6521t0 FUNCTION.OF 
72027 01137 14 40123 11136 FIRST 

.... (J) .... 72030 01140 11 20000 01115 KIND 
cb 

~ 
72031 01141 55 000:37 1004' TEST FOR 
72032 01142 44 01141 01,204 OTHER FUNCTION .... 

t- 72033 0114) 14 22111 7123» COMPUTE 
~ 
~ 72034 01144 14 54177 41774 LOG 1/2 J (X) 

72035 01145 14 ~1111 51114 OVER 
72036 01146 14 30123 41114 1/2 PI 
72037 01147 11 00040 20000 COMPUTE 

a... 134 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
FOA ....... O itT. 1:1" F 

5AN OIEGO CALIFORNIA' 

CV-ll 

BESSEL. FUNCTIONS 

72040 01150 14 12111 65247 POLYNOMIAL 

72041 01151 14 40123 11150 

72042 01152 11 20000 00037 STORE Y 

72043 01153 14 00111 40027 FUNCTION 

72044 01154 45 00000 01204 

72045 01155 00 00000 00 0 

12046 01156 00 00000 00 0 

12047 01157 11 00037 01111 SET INDICATOR . 
72050 01160 14 ~2111 712:30 3 DIVIDED 

72051 01161 11 20000 01116 BY X 

72052 01162 11 00040 20000' COMPUTE FIRST 

72053 01163 14 12111 ~5256 POLYNOMIAL. 

12054 01164 14 40123 11163 IN 
72055 01165 11 200QO 01112 XI! 

12056 01166 11 '00040 20000 COMPUTE SECOND 

12057. 01167 14 12111 65265 POLYNOMIAL 

72060 01170 14 40123 11167 IN 
72061 01171 ,11 20000 01114 X/3 

72062 01172 14 50111 71113 SQUARE ROOT OF X 

72063 01173 14 30111 31112. COMPUTE 

72064 01174 14 04111 41117 FUNCTION 
72065 01175 14 61111 71115 OF FIRST 

72066 01176 14 20111 21115 KIND J , 72067 01177 55 01111 10043 TEST FOR 

72070 01200 44 01201 01204 OTHER FUNCT ION' 
.. (COS) -72071 01201 14 60111 700i7 SIN 

..... ..... 72072 01202 14 20111- '20037 TIMES POLYNOMIAL 
cb 72073 01203 45 00000 01204 (REVERSE SIGN) 

~ 72074 01204 11 01115 20000 STORE J 
0-..... 

7207' 01205 11 01110 01176 RESTORE COUNTER t'- INDEX 
>< 72076 01206 75 30670 017i4 RESTORE ES Q,. 

72077 01201 .11 75110 01110 AND EXIT 

PAGE 

REPORT 

MODEL 

DATE 

;3 of 100 
ZII 490 
All 
1-15-56 

8-135 



11'1104 NO E T .. I ,. , 
. CONVAIt..,"': DIVISION OF GENEI:Al DYNAMICS CORP. 

SAN Olf-GO CALII'C·RNIA 

CV-ll 

,,-
BESSEL. FUNCTIONS 

72100 01210 11 01217 01140 CHANGES 
72101 01211 11 01220 01152 FOR 

72102 01212 11 01221 01175 ~.ECONO 

72103 01213 11 01222 01201 ORDER 

72104 01214 11 01223 01203 

72105 01215 75 30036 01123 

72106 01216 11 01276 01240 

72107 01217 14 21111 1111'5 PROTOTYPE 
72110 01220 14 31111 70017 COMMANDS 

72111 01221 14 60111 71115 

72112 01222 14 61111 70037 . 

72113 01223 21 00037 01172 

12114 01224 00 00000 00*0 

72115 01225 00 00000 00*0 

72116 01226 00 00000 00*0 

12117 01227 00 00000 00*0 

72120 0-1230 30 00000 00002 

72121 01231 00 00000 00006 

72122 01232 22 00000 00004 
, . 

721Z3 01233 20 00000 00000 

72124 01234 31 10375 52401 

72125' 01235 00 00000 0000 

72126 01236 00 00000 0000* 

72127 01237 00 00000 0000 
-t 72130 01240 
-t 

33 lt1467 10]61 P 
=b 12131 01241 57 65777 45770 0 
~ 
::> 7Z132 01242 . 26 60360 0137) I.. 
" .... 

.72133 53 60051 15316 ... 01243 V 
-< 

, 
~ 72124 01244 24 17775 63001 N 

721l5~ ·01245 56 00000 50002 0 

72136 01246 37 77777 71777 M 

72137 01247 57 5.5704 1~~64 1 

PAGE ~~ of 100 
REPORT Z!4 490 
MODEL All 
DATE 1-15-56 

8-136 



CONVAIR - DIVISION Of GENERAL DYNAMICS CORP. 
FOR'" NO £. T .. I (I~ • 

SAN OtEGO, <;"LII'ORNIA 

By C. J. Bwitt CV-ll 

BESSEL FUNCTIONS 

72140 01250 21 41603 10370 A 

72141 01251 52 13536 72773 l 

72142 01252 20 .14225 11776 

12143 01253 50 15233 55777 C 

72144 01254 23 3020:l 76400 0 

72145 01255 27 41111 7~776 E 

12146 '01256 22 7625:l :a~76l F 

72147 01257 50 11126 20765 F 

72150 01260 26 ~7021 41766 I 

72151 01261 47 04115 l2762 C 

72152 01262 51 21014- 73370 ( E 

72153 01.263 46 12340 0275a N 

72154 01264 31 42042 46400 T 

72155 01265 56 16530 2536] S 

72156 01266 23 16241 27764 

72157 01267 21 51052 60765 

12160 01270 52 37270 751(;)7 

72161 01211 24 56574 01761 

72162 01272 . 25 2517~ l277a 

72163 01273 31 10375 52400. 
• 
12164 01274 00 00000 00 0 

72165· 01273 00 00000 00-0 

12166 01276 27 20362 77751 
72167 01277 53 13Q~1 5~764 

12170 01300 22 12104 53770 
..... 72171 01301 53 60204 30773 ..... 
cb 72172 01302 32 77770 44775 6 
0 72173 01303 56 00000 12000 a-

-.- ........ 
t-

>< 
72174 01304 37 71777 77176 

Ilo& 72115 01305 26 65262 11367 

72116 01306 53 36051 7171) 

72177 01301 23 77444 00376 

PAGE 35 of 100 
REPORT ZJl 490 
MODEL All ,: 
DATE 1-18-56 
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RM NO E. T . I .,..,.. 

By. C. J. Swift 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

CV-ll 
!SAN OIF-GO. CALIFORNIA 

BESSEL FUNCTIONS 

72200 01310 52 73727 13001 

72201 .01311 21 26117 15402 

12202 01312 34 24112 15375 

72203 01:313 53 50141 60400 

72204 01314 45 5740S Ij76) 

72205 01315 22 47$11 71366 

72206 01316 53 43660 00'67 

72.207 01317 26 a2616 1176) 

12210 01320 20 77533 65312 

72211 01321 32 13023 04354 

72212 01322 31 42042 46400' 

7221~ 01323 23 07237 04764 

72214 01:624 45 65760 24765 

12215 01,25 47 50Q~6 3336S 

72216 01326 :32 10122 54770 

72217, 01327 42 JOll1 lS0761 

72220 01330 40 0.0040 42774 

72221 01331 31 lOi75 52400 

12222 01332 00 00000 00*0 

72223 01333 00 00000 0000 

72221t 01334 ·11' 00005 20000 F 

72225 01335 46 76045 alai' L , 
72226 01336 42 00071 01354 I 

72227 01337 54 00010 00107 P 

72230 . 01340 43 20000 01344 5 

72231 01341 46 Oli42 Oli4~ U 

72232 01342 35 00074 00010 B 

72233 01343 54 00005 00107 R 

72234 01344 11 00005 00006 0 

72235 01345 11 00010 00005 U 

72236 01346 31 00006 00042 T 
72237 01347 73 00005 00004 1 

PAGE 36 of 100 
REPORT ZK 490 
MODEL All 
DATE 1-18-,6 
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~ , - . . ... 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
FORMNO.E.T.·I "".F 

SAN OI£GO. C",LII'"ORNIA 

CV-Il 

BESSEL FUNCTIONS 

12240 01350 54 00005 00107 N 

12241 01351 23 10000 OOOOs E 

12242 01352 21 00005 00001t S 

72243 01'353 44 01346 01354 

72244 01354 45 00000 01121 

72245 01355 36 00074 00010 

72246 01356 1:3 00005 20000 

72247 01357 42 00066 01402 

72250 01360 36 00066 00006 

72251 01361 !)4 00006 00001 

72252 01362 11 01377 01364 

72253 01363 11 00040 00005 

12254 01364 21 00005 30000 

72255 01365 11 20000 00006 

72256 01366 54 20000 00045 
• 12257 01367 11 20000 00005 

72260 01370 21 01364 00074 

72261 01371 42 OlltOO 01364 

72262 01372 54 00005 00101 

72263 01313 71 00010 01403. 

72264 01374 3S 00005 00005 

122b5 01375 11 00067 00010 

72266 01376 45 00000 01401 

72267 01317 21 00005 01404 

72270 01400 21 00005 01414 
~ 

12271 01401 45 00000 01721 ..... 
I co 72272 01402 45 00000 01737 6 

0 
72273 01403 00 13056 20577 0"-..... 

t- 72274 01404 77 62620 75765 
>< • a.. 72275 01405 01 11721 41642 

12276 01406 74 14607 10746 

72277 01407 OS 27266 02203 

PAGE 37 of 100 
REPORT ZM 49J 
MODEL All 
DATE ·1-16-56 

8-139 



CONVAIR - DIVISION. OF GENERAL DYNAMICS CORP. 
,RM NO. I[ T. , .)~ ~ 

S.'\N OIEGO CALIFORNIA 

CV-ll 

BESSEL FUNCTIONS 

72300 01410 70 22764 23456 

72301 01411 12 47414 )754!) 

12302 01412 60 00203 77~20 

72303 01413 37 77774 20006 

12304 01414 11 01410 00001t-

72305 01415 45 00000 01417 

72306 01416 11 00040 00004 

72.307 01417 23 00010 00056 

72310 01420 46 01421 76045 

12311 01421 lS 00053 20000 

72312 01422 46 01424 O142~ 

12313 01423 00 00000 00036 
" 

72314 01424 11 00040 00005 

12315 01425 36 01423 10000 

72316 01426 35 01466 01427 

12317 01427 11 00010 10000 

72320 01430 44 01431 O14iZ 

72321 01431 11 20000 20000 

72322 01432 73 01476 10000 

12323 01433 35 00004 20000 

72324 01434 11 00066 oooo~ 

7'2325"-- 01435 42 01470 01441 

723,6 01436 55 00004 00001 

72327 01437 36 01467 20000 

..... 72330 01440 45 01475 014'5 

..... 
72331 54 20000 00043 I 01441 co 

6 12332 01442 73 01470 OOOOS 
0 
0' 

72333 01443 71 00005 10000 ..... ..... 
>< 12334 01444 54 20000 00045 
~ 

72335 01445 11 20000 00006 

72336 01446 11 00040 00007 

72'i37 01447 15 01440 0145:3 

PAGE 38 of 100 
REPORT ZII 490 
MODEL . All 
DATE 1-10-56 
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CONVAIit - DIVISION OF GENERAL DYNAMICS CORP, 
fQflM NO I', T , I' • 

5"'" DII.(oO, C ... I.I1"OIlNIA 

CV-li . 

BESSEl. FUNCTIONS 

72340 01450 11 00044 00010 

12341 01451 71 00007 00006 

72342 01452 54 20000 00045 

72343 014'3 35 01416 00007 

72344 01454 23-014S3 0007) 

'72345 01455 41 00010 C'1451 

72346 01456 71 00007 00005 

72341 01457 54 20000 00045 

72350 01460 11 20000 00005 

12351 01461 11 00004 10000 

12352 /01462 44 0146» 01464 

72353 01463 13 00005 00005 

72354 01464 11 00074 00010 

72355 '01465 45 00000 01721 

72356 01466 54 00005 24110 

~2357 01461 14 44176 65200 

72360 01470 06 22011 a2504 

72361 01471 31 10315 52202 

72362 01412 6$ 524~0 76452 

12363 01473 01 21464 25731-
72364 01474 11 7i15S 46346 

72365 01475 00 00117 32757 

72366 01416 ~l 10375 52421 

12367 01477 44 0160.5 01334 

72370 01500 21 00005 01712 ..... ..... 
72371 01501 44 01502 01675 cb 

6 72372 01502 16 01112 01734 
0 a- 72373 01503 44 01504 01657 ...-4 
t-

-,.. >< 
0... 

12374 01504 11 '01774 00007· 

72315 01505 45 00000 01657 

72376 01506 33 00051 00107 

72377 01507 35 00012 00012 

PAGE 39 of 100 
REPORT ZM 490 
MODEL All 
DATE 1--1D-56 

8-141 



CONVAIR -: DIVISION OF GENERAL DYNAMICS conp. 
PAG~ ho of 100 !:>AN lJIH:>O. c.ALIf·onN'" 

CV-ll REPORT ZM 49:) 
MODEL A:Jrl',·.~,.~ 

DATE 1-le-56 

BESSEL FUNCTIONS 

72400 01510 4·2·00057 01726 

72401 01511 4S 00000 01607 

72402 01512 44 01514 01513 

72403 01513 44 01516 01515 

12404 01514 44 01520 01517 

72405 Ol515 44 01.522 01521 

7;:406 01516 44 01524 01523 

72407 01517 44 01526 01525 

72410 01.'520 44 01530 01527 

12411 01521 44 01414 01416 

72412 01522 44 01737 01737 

72'1-13 01523 44 01137 01737 

72414 01524 44 01137 01737 

72413 O~525 44 01737 01737 

72416 01526 44 017]1 O17:a1 

72417 01521 44 0.1737 01737 

12.420 01530 44 01737 017a7 

72421 01531 44 01731 01137 

72422 - 01532 44 01535 01534 . 
72423 01533 44 00100 01737 

72424 01534 44 O17'P7 01355 

12425 01535 44 73400 7~OOO 

72426 01536 44 OlS12 01531 

72427 01537 44 01546 01540 

72430 01540 4'1 01542 01541 ..... ..... 72431 01541 44 01545 01541 I 
0:> 

6 72432 01542 44 OlSll 01S4~ 
0 
0- 72433 . 01543 44 01571 01556 ..... ,.... 
>< 12434 01544 44 01574 01561 
c... 

72435 01545 44 01737 015S2 

72436 01546 44 01532 01'47 
72431 01547 44 01533 01477 

8-142 



FOfH-I NO E T , ), , 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

CV-ll 

BESSEl. FUNCTIONS 

72440 01550 54 00005 00013 

72441 01551 23 00011 00057 

72442 01552 54 00005 20013 

12443 01553 43 20002 01550 

PAGE Ll of 100 
REPORT 'l¥ 490 
MODEL All 
DATE I-lf~-56 



ORM NO 1:. T .. I (J')." 

CHARACTRON 

7244~ 00774 

72445 00715 

72446 00176 

72447 00777 

72450 01000 

12451 01001 

12452 01002 

7245' 01003 

72454 01004 

12455 01005 

72456 01006 

12451 01007 
.J... - - •• -

12460 01010 

72461 01011 

72462 01012 

72463 01013 

12lf.64 01014 

72465 01015 
72466 . 01016 

72461 01017 
72470 01020 

7.2471 01021 

72472 01022 

72473 01023 

72474 01024 

..... 72475 01025 

..... 
cb 72476 01026 
O. 72477 01027 0 
0-

72500 ..... 01030 t-

>< 72501 01031 a.. 

12502 01032 

72503 01033 

, • • • ~. "". "'... .. "II • .. .. ",. ~. lilt .. ,... ~ .... 

CONVAIR - DIVISION OF GENERAl DYNAMICS CORP. 
S~N OIEGO. C~LI"O"NIA PAGE lJ.2 of 100 

OUTPUT 

15 31700 72446 

11 00100 74100 

75 30330 01000 

11 72450 01000 

31 01736 00017 

15 20000 01306 

21 01306 01227 

42' 012:30 01005 

- 2S 01306 01231 

1~ 20000 OlOOQ 

11 '0000 OOOOl 

31 00002 00011 

15 20000 01306 

21 01306 012»1 

42 01230 01014 

23 01306 012)1 

15 20000 01125 

55 00002 10025 

51 00045 00003 

55 10000 00036 

44 01021 01022 

S4 00003 00005 

11 01232 20000 

47 01110 01042 

00 00000 00*0 
44 01030 01026 

32 01235 00103 

31 20000 00005 

45 00000 01035 

32 00043 00106 

31 20000 00002 

44 01035 01034 

CV-ll REPORT ZU: 490 
MODEL All' 
DATE 1~le-56: 

SAVE 

ES 

L.OAD 

THIS 
PICK 

UP 

COMMAND 

FROM 
P~OPER 

P,.ACE 
ON MO 

SET DATA 

PICKUP 
COMMAND 

FROM 
PROPER PLACE 

ON MO 

EXTRAcT 
M 

TEST 

1. 

32 TIMES M TO N 

TEST 

L. 

TEST TO SKIP COL.UMN REMAINDER 
MOVE TO 

NEXT CO·I.Ut-1N 

JUMP 
MOVE TO 

NEXT ROW 
TEST TO SKIP ROW 

8-144 



"ORM NO. E T . 1 ..1" ~ 

CHARACTRON 

72504 01034 

72505 01035 

72506 01036 

72507 01037 

72510 01040 

72511 01041 

72512 01042 

72513 01043 

72514 01044 

72515 01045 

72516 01046 

72517 01047 

72520 01050 

72521 01051 

72522 01052 

72523 01053 

72524 01054 

72525 01055 

12526 01056 
~ 72527 01057 

725:30 01060 

72531 01061 

72532 01062 

12533 01063 

72534 01064 

~ 72535 01065 
~ 

cb 72536 01066 
<! 72537 01067 0 

'" ~ 72540 01070 ..... 
>< 72541 01071 e.. 

72542 01072 

72543 01073 

CONVAIR - DIVISION OF GENEItAL DYNAMICS CORP. 
SAN Dlf:GO CAI.IF(,RNIA 

CV-ll 

OUTPUT 

32 00044 00000 SKIP ROW 

11 20000 01232 STO(1,E L 

44 01041 01037 TEST FOR NEW PAGE 
3S {)OOO3 20000 TEST WHETHER DATA 

,42 01245 01042 WILL FIT PAGE 
37 01075 01052 TURN PAGE 

.11 01232 20000 DONE 

42 01234 01045 PAGE~ 
37 01015 01052 TURN PAGE 

41 .00003 01017 DONE DATA ~ 

45 00000 01312 JUMP 
00 00000 00140 CONSTANT 
7S 31100 01735 RESTORE ES 
11 74100 00100 AND EXIT 

17 00000 012~6 START CHARACTRON l PAGE 
15 01226 01055 PRESET PICKUP 

11 00040 00017 SET POSITION 
11 30000 10000 PICKUP TIT~E CHARACTERS 
11 01242 00004 SET TALl.V 
51 0124:3 20000. ~TRACT CHARACTER' 
55 10000 00006 SHIFT CHARACTERS 
35 00017 20000 ADD POsITION 
77 10000 20000 PRINT 
21 000),7 01244 STEP POSITION 
41 00004 01057 INDEX TALLY 

21 01055 0OO7~ STEP PICKUP 
42 Ol~41 0105S DONE 
21 01233 01246 STEP PAGE NO. 
35 01247 10000 . ROUND PAGE NO • 

11 01250 00005 LOCATE PAGE NO •. 

11 00041 00004 PRINT THREE 
37 01226 01214 CHARACTERS 

PAGE 4~ of 100 
REPORT EM 490 
MODEL All' 
DATE 1-18-56 



::JRM NO. E. T .. 1 ,., .• 
CONVAIR - DIVISION OF GENERAL, DYNAMICS CORP. 

i!j"N OI£GO. CALIFORNIA 

CV-ll 

CHARACTRON OUTPUT ,. 
72544 01074 11 00040 01232 CLEAR L. 

7254-5 01075 75 lOQ02 30000 STOP AND 

72546 01076 17. 00000 01237 MOVE F lLt-1 

72541 01071 11 00000 01236 START.CHARACTRON ~ORD 
72550 01100 55 00002 10014 TEST 

72561 01101 44 01102 01111 FORMAT 

72552 01102 54 01232 20106 COMPUTE 

12553 01103 71 20000 01235 HORIZONTAL 

12554 01104 ~S 01251 00005 FORMAT 

72555 01105 31 01232 0OO4~ WORD 

7~'~6 01106 31 2.0000 00075 POSITION 

72557 01107 :as OOOOs 00005 

72560 01110 45 00020 01120 JUMP 

72561 01111 54 01212 a010) COMPUTE 

72562 01112 31 20000 0002-1 VERTIClE 
12563 01113 3S 01251 00005 FORMAT 
72564 01114 55 01212 100)7 WORD 

72565 01115 il 10000 00005 POSITION 
72566 0111E. 34 10000 00051 

72567 01117 . 35 00005 00005 

72570 01120 75 30003 01122 POSITION SIGNS 

12511 '01121 35 01252 00006 AND DECIMAL PT. . 
71.572 01122' 21 01110 0007J STEP PICKUP FROM BIN 
72573 01123 42 01255 01121 DONE BIN 
72574 01124 75 30020 01126 PICKUP DATA 

..... 
12575 01125 11 30000 00020 , INTO BIN ".... 

I 
CX) 

, 
g 12516 01126 1S 0.110 011'0 RESET PICKUP FROM BIN 
0" 72577 01127 21 011a5 00013 STEP PICKUP • 
..... 
t- 72600 01130 11 30000 00011 PICKUP FROM BIN 
~ 

'0.. 12601 01131 S4 00011 10034- SEPARATE 

72602 01132 S,. 10000 00054 EXPONENT 
72603 01133 23 20000 01256 S ... 120 TO Sl 

PAGE 4l~of 100 
REPORT ZM J-I-90 
MODEL All 
DATE 1 ... 18-56 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
FORM NO. E T. I J> • 

!oAN DIf:GO. CALIFORNIA PAGE 1~5 of 100 
CV-II REPORT ZM 490 

MODEL All ~ 

DATE. 1~18-56 

CHARACTRON OUTPUT 

72604 01134 13 01257, 00012 DIVIDED BY 10 TO 52 

72605 01135 35 01260 01154 SET SHIFT OF T PLUS 3 

72606 01136 71 00043 00012 1)CS2 PLUS 

72607 01137 35 01261 00013 36 TO P 

72610 01140 15 Ollg4 01147 PRESET MULTIPL.V 

72611 01141 55 00012. 00036 SET 52 TO TEST DIGITS " 

72612 01142 71 00011 01262 N TIMES 
72613 01143 54 20000 00045 

-no -] 
R ~ 2 

72614 Oi144 11 20000 00011 TO N1 

726'15 01145 55 00012 00001 MUL.TIPl.Y 

72616 01146 44 01152 01147 Nl 
72611 01147 71~ 30000 00011 BY R TO 

72620 01150 54 20000 00045 THE MINUS 52 

72621 01151 11 20000 00011 AND 

72622 01152 21 01147 00071 STORE 
72623 01153 42, 01261 01145 AS N2 

12624 . 01154 54 00011 20003 2t-lJ )( N2 TO N2 

12625 01155 47 01156 01176 ZERO' 

12626 01156 43 20000 01167 OVERFLOW l 
72627 01157 21 0001;3 00074. STEP P 

72630 01160 54 00011 20003 DIVIDE N2 
12631 01161 73 01257 00011 BY 10 ' 

72632 01162 23 01154 0004) COMPENSAtE SHIFT 
12633 01163 42 01301 01165 RIGHT SHIFT 
72634 01164 45 01264 01154 JUMP _ 
72635 01165 35 00077 01166 MAKE PROPER 

..... ..... 72636 01166 00 00000 00*0 RIGHT SHIFT I co 
6 72637 01167 21 20000 20000 SHIFT LEFT AND REMOVE SIGN 
0 c- 72640 01110 46 01171 01173 TEST SIGN ..... 
r-
>< 72641 01111 13 20000 20000 COMPLEMENT N2 
Cl.. 

72642 01112 77 10000 00006 PRINT MINUS 
72643 01113 35 01241 10000 ROUND 

fL1A7 



FORM NO. IE. T .. I (\I) ~ 

I 

~ • .. .. .. • .. .. • .,. ... ... ~ ,·1 :'- .. .... .. '" .• ......... ~ • .... .. ,. ... tfi 

CONVAJI .... AlVISION .OF;GENERAl. DYNAMICS CORP. 
SAN OIEGO C .... LIFORNI .... PAGE 

REPORT 
MODEL 
DATE 

'L.6 of .fll 

ZM 490( 
All 
1-18-,6 

CHARAC1RON ,OUTPUT 

72644 Ol171t 31 lOOo.» 00010 OVE,R 

,12645 01175 43 2()OQO 01151 ,FL.OW 1 
.7 2646 01176 11 012:111 00004 PR-U'4T 6 
72647 01171 37 O12~ 01214 DJSiLJ.TS 

7Z650 01200 77 10000 00010 PRit4~r iDE.CJ~.t}f\L PT. 

72651 0120;1 ~l 000:13 O121~ SCA~E P l;"W,,'!-
72652 01202 46 01203 01205 TEST SIGN 
72&53 01203 13 20000 20000 CHANGE SIGN 

726:.54 01204 77 10000 00007 PRINT MINUS . 

.72AS5 01205 3S 01247 10000 ROUND TO Q 

726;50 01206 21 00005 01213 STf;P POSITION 
72;657 01.207 37 01226 01214 PRINT 2 

726.60 01210 37 01226 01214 DIGITS 
72.61 01211 17 00000 01237 STOP CHARACTRON 

12:66, 01212 21. 01212 00074 STEP L. 

12663 01213 45 00000 01042 EX}T 

72664 01214 31 10000 00002 10 Q .. ID IG IT 

72665 01215 32 10000 00001 TO A 
72666 01216 11' 20000 10000 REPLACE 
72667 01217 34 20000 00102 REMAINDER 

12670 01220 42 01274 01222 SHIFT 
.72671 01221 32 0127S 00000 CORRECT 

72672 01222 32 00005 00000 CHARACTRQN COOE 

7267~ 01223 '71 10000 20000 PRINT DIGIT 
72674 01224 21 OOOO~ 01244 STEP POSITION 
72675 01225 41 00004 

1""1 
01214 DONE ALL. -"Z 

• 
r-4 

72676 01226 0\276 EXlT cb 45 iOOOO 
6 12677 01227 00 73717 00000 
0 
0-

72700 01230 00 76000 00000 1""1 
t'-o 

>< 72701 01231 00 74000 00000 
~ 

72702 01232 00 00000 00200 L. . POSITION INDEX OF WORDS 
72703 01233 77 7~716 6(1217 PAGE NO. 

8-148 



FORMNOE T .. l'~ .. 

CHARACTRON 

72704 01234 

72705 01235 

72106 01236 

72707 01237 

72710 01240 

72711 01241 

12712 01242 

72713 ,01243 

72714 01244 

72115 01245 

72716 01246 

72717 01247 

12720 01250 

72721 01251 

72722 01252 

72723 01253 

72724 01254 

72725 01255 

12726 01256 

72127 01257 

72130 01260 

72131 01261 

72732 '01262 
• 
·1273~ 01263 

72734 01264 .... ..... 
72735 01265 I co 

d 72736 01266 0 
C'-

72737 01267 .... 
t-

>< 
Il.. 

72740 01270 

72741 01271 

72742 01272 

72743 01273 

t • 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP: 
!.AN DIEGO. C"LIFORNIA 

CV-ll 

OUTPUT 

00 00000 00200 

00 00000 00037 

00 00000 05000 CHARACTRON 

00 00000 04400 OPERATE 

00 00000' 06000 CODES 
11 01306 00000 . 
00 00000 00005 

71 00000 00000 

00 00024 00000 

00 00000 00201 

00 04061 11560 10 .... 3 • 2'3' 

00 00000 065~4 

00 '00764 01777 

00 00040 00040 ( 

40 01750 00000 

00 00264 00000 

70 01530 00000 

11 00040 . 00000 

00 00000 00170 

00 00000 00012. 

54 00011 10003 

00 00000 00044 

05 24220 44463 R-I'l, 2-J 

71 01271 00000 

25 71230 64027 R" 
12 36041 57154 R8 

35 06512 24172 R'1 
36 41100 00000 Rl. 

37 20000 00000 R' 

00 00000 00006 

00 50153 41100 

00 00050 00000 

PAGE 

REPORT 

MODEL 

DATE 

. " 

47 of 100 
ZM 490 
All 
1-:-18-:-56 

8-149 



, - ' 

FOR'" NO I T I 1~ F 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

SA.N DIEGO, CALIFORNIA PAGE 48 of 100 

CV-ll REPORT ZM 490 
MODEL All 
DATE 1 .. 1n-~(1 

CHARACTRON OUTPUT 

72744 01274 06 00000 00000 

12745 01275 02 00000 OpOOO 

72746 01276 77 77777'77777 TITLE 
72747 01277 71 77177 71717 
72750 01300 77 77177 77777 

72751 01301 23 33014- 17777 CHARAC-
72752 01302 00 50454 15045 

12753 01303 77 77777 77711 

.72754 01304 77 77777 77171 

72155 01305 77 77777 77177 TERS 
72756 01306 00 00000 00*0 

72757 01307 54 00011 10000 

72160 01310 55 00002 10014 TeST FOR HORIZONTAL 
72,761 01311 44 01031 01025 OR VERTICAL FORMAT 
72762 01312 11 012'2 20~OO 
12763 01313 55 00002 10014 

72764 01314 44 01)15 O131~ 

72765 01315 36 0132) aoooo 
72766 01316 42 010,.7 01321 

72761 01317 44 01121 01320 

72770 01320 37 01075 01052 
72771 01121 75 30002 01050 

72772 01322 11 01232 7270a 

72773 01323 -00 00000 00020 ...... 
...... 72774 01324 00 00000 0000 c:A 
g 72175 01325 00 00000 0000 . 
0>- 1217fl . Ql326 00 00000 0000* ...... .... 
~ 12777 01'27 00 00000 0000 
Il.. 

8-150 



f'OR'" NO. E. T .. I (i~ ~ 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

SAN DIEGO. CALIFORNIA PAGE 49 
CV-ll REPORT Z.14 490-II 

MODEL 

DATE 2-22-56 

FLIP C'\:~D \,..'~ I T F 

730()0 75 317()0 7300? ST()PF 

71()('l1 , 1 00100 7 It 1 0 Ii r.c; 

7300? 75 10307 001no LOA!') 

73003 11 7?()OL; ()(110() T Lj I ~; 

73004 00100 17 000(\() (\(1077 PR H1r-

73005 00101 11 003 r.,;> Q()(l;'>t:; PRFSr:T TO 

73006 00107 11 000t;7 Oil()?(-, r. I r; ~I T FIFLnS 
73007 00103 75 1000'" OOlns CLEAR 

73010 00104 11 n('l040 nil()n? CF.LLS 

73011 00105 16 017'~r) ('none::: prC'('~D 

73012 00106 '1 (i0()(l5 ('Iil40~ 

73013 ()0107 4? 0040S ()()111 THI~ 

73014 r0110 23 ooonS (HI J;.nIt 

73015 00111 16 00005 0011? FLIP 

73016 00112 71 onOO4 lil('lflO (" () M r.'~ f.. r'" I) 

73017 00113 16 (HI 0 () L+ OOIl(1!:) .cr- T 

73020 00 11 L~ 21 00005 00404 

73021 ()0115 't? O(l4()t:, {"I0117 

73022 00116 73 ('Iroos ,.H)!+ () 4 PIer.UP 

73023 00117 31 noon5 '()OO17 

73024 ()Ol?O 15 20000 00137 /\DDRESS 

r-i 
73025 00121 55 00004 10015 iEST 

r-I 
73026 ~ 00122 44 OOl~l (lOl?~ OPTION 

8 73027 00123 11 00074 0000'3 SET 
0'-
r-I 73030 00124 23 000!6 OOO/~ 1 FOR t---

fl! 
73031 00125 23 O()O?5 00073 SIX 

73032 00126 If 4 ()Ol~l ()01.?7 Tr" S T 

73033 00127 /.3 00025 nn07'l, <:'FT TO 
73034 00130 11 00041 00003 Cj\lI T NU~'RER 

73035 00131 5'5 OO() O'~ ()()o,e; ~FT CARr') 

73036 00132 51 0006't 0000') COUNT 
73037 00133 l~ 7 003lt ~ 00 3/~ '3 TEST NO CA~f)S 

>L 1 t;1 



FORM NO. E. T .• I ~ ... 

FLIP 

73040 

73041 

73042 

73043 

73044 

73045 

73046 

73047 

73050 

73051 

73052 

73053 

73054 

73055 

73056 

73057 

73060 

73061 

73062 

73063 

73064 

73065 

73066 

73067 

r-t 
73070 

r-t 
73071 ~ 

i 73072 
~ 
t:! 73073 

~, 

~ 73074 

73075 

73076 

73077 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

CV-ll 

CARD ~'IR rTF 

00134 47 00135 00302 TE$T LA~T CJ\RD 

00135 17 00000 ()O406 PUNCH AND PICK 

00136 75 30010 00140 PICKUP 

00137 11 30000 00011 DATA 

00140 ?1 00137 or02~ ~TF:P 

00141 75 10()t~1~ () 0 1/+ 1 CL~AR 

00142 11 00040 00407 r ~~AGE 
00143 11 00026 00010 PRE~r:TS 

00144 11 00364 00023 FO'i 

00145 11 00365 00024 EACH 

00146 15 00353 0016A CARD 

00147 31 00003 QO()OO TEST 
00150 47 00151 00166 FOR 

00151 43 00041 00346 OPTION 

00152 21 00166 00073 SEVEN FIELDS 

00153 11 ann11 /00no TEST 

00154 46 0Olli~ nnl1!)1 CARn 
00155 13 00011 nOO1]' NU~··H1ER 

00156 11 00074 (H'IOn? SIGN 

00157 31 ()()Oll ('In(i()() TF.~T 

00160 42 00374 0016? FOR 
00161 11 0037L~ 200()('l ~,I 7 F 

00162 32 O()O40 00043 CONVFRT 

73067 73 00375 ?OOOO NlH-1P ER 

00164 37 00?60 002'33 PLACF TN H~AC: F 

00165 11 00377 OOO?~ SFT PIT 
00166 11 30000 00006 PICKUP 

00167 21 00166 00073 STEP 
00170 54· 00006 10034 CONVF:RT 

00171 54 10000 00054 NEGI\TIVE 
00172 23 20000 00354 f1INl\RY F.XPO~'FNT 

00173 73 00060 00021 AND BASE 

PAGE 5<> 
REPORT Z»490-I1 
MODEL 
DATE 2-22 .. 56 

8-152 



, FORM NO. E. T .. I Ci? F 

..... 
rl 

• 00 

·8 
0'-
rl 
l:-

~ 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

FLIP eli '::: [) \'! i: I T F. 

73100 00174 35 

73101 00175 71 

73102 00176 35 

73103 00177 16 

73104 00200 55 

73105 OO?()l 71 
73106 00202 54 

73107 00203 11 

731'10 00204 11 

73111 00205 4l~ 

73112 00206 11 

73113 00207 13 

73114 00210 S5 

73115 00211 44 

73116 00212 71 

73117 00213 5/t 

73120 0021 l t 11 

73121 OO?IS ?l 
73122 ,00216 41 

73123 00217 30 
I 

73124 00220 '.7 
73125 00221 42 

, \ 

73125 00222 21 
: I 

73121. . 00223 54 

7313b
i 

00224 73 
' I 

7313;1 1
, 002?') ?3 

j ; 

7313'2 00226 42 

73133 00227 45 
I 

73134 00230 37 

73135 : 00231 35 
1 

73136 II 00232 30 

73137 :, "02"33 31 

00372 

00043 

00362 

00353 

00021 

00006 

20000 

20000 

00044 

00/06 

00074 

00006 

00021 

00215 

00006 

20000 

20000 

00/1? 

00022 

SAN DIEGO. CALIFORNIA 

l~ 

CV-ll 

00217 

00021 

00007 

Oo21~ 

00036 

003151 

0004· 5 

00006 

00022 

00210 . 

00002 

00006 

00001 

00212 

jOOOO 

0004') 

00006 

;00074 

00210 

0000n 1000p 

00221 00225 

00230 0023~ 

00007 00074 

00006 20002 

00060 00006 

Oo~17 000/.~ 

00373 00231 

00000 00217 

77777 7451~ 

TO :'. 
EXP 10 

PRES!::T 

FOR LOOP 

CONVrRT 
FRACTION 

ALSO 

SET INDEX 
TEST AND 

SET FOR 

SIGN 
MUlTIPLV 

8Y 

REXP P 

SHIFT 

TEST ZERO 
TEST NORt-1AL I lED 

NORrv1AL rZE 

IF 

NECESSARY 

TFST RIGHT SHIFT 
RETURN 

UNITY LESS ROUNDING 
00077 0023' . RIGHT 

00000. 0000 SHIFT 
20000 00001 SCALE 2 EXP 36 

PAGE 51 
REPORT ZM 490-11 
MODEL 

DATE 

8-153 



FORM NO, E. T .• 1 ~. ~ 
CONVAIR - DIVISION OF GENERAL OYNI~MICS CORP. 

SAN OIEG,O, CALIFORNIA PAGE 52 
CV-ll REPORT ZM 490-I1 

MODEL 

DATE 2-22-,6 

I 

'~LtP C'ARD \'JR IT E 

731flO 00234 35 00371 00006 ROUND 
i \ 

73141-· 00235. 11 00363 00022 SET INDEX 
i \ :\', 

73~42' 00236 .. 31 00006 00002 PLACE 
73143 00237, 32 00906 00001 BIT 
73144 

.. 
00240 , ; 11 tOOOO 00006 IN 

i 

/3145 00241 j34 20000 00063 IMAGE 
1'73146 00242 25 00024 00243 FOR 
/':73147 00243 " :3 0 00000 0000 DIGIT 

\ , 

73150 00244 137 00244 00245 S\~I t TCH 
73151 00245 i 55 0002:3 0OO4~ SHIFT BIT 

~ 
73152 00246 44 00247 00250 TEST FIELD 
73153 00247 21 OOOt:4 nO'366 ADVANCE FltlfJ 
73154 00250 ';37 00250 00251 S~JrTCH 

73155 00251 41 00022 00236 TEST END WORD 
73156 00252 '31 00002 ooooe TE5T 

73157 00253 47 00254 00256 SIGN 
73160 00254 ~l 00400 20000 AND 

73161 00255 37 00244 00242 SET SIGN 
73162 00256 5'~' 00023 00043 SHIFT BtT 
73163 00257 II 09040 00002 CLEAR 
73164 00260 37 00260 00261 S~/l TCH 

73165 00261 1'1 
1'1 

00007 20000 TEST 
I 

73166 00262 4,~ 00263 00265, SIGN 
I, 

73167 00263 13 00007 00001 AND 

73170 00264 11 \00074 00002 SET SIGN 
73171 00265 /31 ~OOQ7 nocoo EXP 
13172 00265 (7'! ~OO60 10000 OVE~ 

73173 00261 ,i 11 ~oooo 00007 NINE 
73174 00270 I 31 <l0003 00000 Tf!ST 

00271.1 
I \ 

73175 47 00272 00215 OPTION , I 

73176 00272: 31 liO OOO 00011 SET EXP , 
I I 

73177 002131 37 
i 

oo:?,r;o 00242 'FOR SIX 

8-154 



FORM NO. E. T. - 1 '.1,. I' 

r.'L!P 

73?OO 

73201 

73202 

73203 

73204 

73205 

73206 

73207 

73210 

73?11 

73212 

73213 

73214 

73215 

73216 

73217 

73220 

73221 

73222 

73223 

73224 

73225 

73226 

73227 

73230 

,-t 73231 
r-f 

J 73232 
• 0 

~ 
73233 

r-f 73234 t'-

~ 73 2-35 

)73236 

73237 

CONVAI~~ - DIVISION OF GENERAL DYNAMICS CORP. 

r M" f1 \.'.' r: T T r: 

(':O?71~ LL 5 

00275 55 

00276 L~ 4 

00277 11 

00300 37 

00301 44 

00302 17 
00303 45 

00304 00 

OO~O5 11 

00306 37 

00307 31 
00310 37 

00311 37 

C0312 31 

00313 ' .. 7 
00314 55 

00315 41 
00316 11 

00317 31 

00320 47 

00321 21 
00322 21 

00323 21 

00324 21 

00325 21 

00326 ?] 

00327 16 

00330 16 

00331 15 
0033~ 55 
00333 77 

ooono 
10000 

00277 

00400 

00244 

00305 

SAN DIEGO. CALIFORNIA 
I.JV 

C~I-ll 

('l()?O7 

00042 

00301 

20000 

00242 

00307 

OPTION 

TEST FOR 
12 RO~I BIT 

AND 

PLACE tN 
TEST FOR 11 

1'·1 AG r: 
RO\iJ A I T 

PAGE 53 
REPORT ZM 490-II 
MODEL 

DATE 2-22-56 

onooo 00304 PUNCH ~J I THOUT PICKING 
00000 00136 RETURN 
00000 00102 CONSTANT 

00401 ?OOOO PLACE" BfT 

0024l. 0024~ IN IMAGE 
00007 00017 PLACE LAST 
00250 00242 DIGIT EXP IN IMAGE 
00260 00252 DC SIGN 
00003 00000 TEST 

OO~ lit . ()031e; OPT!ON 
00023 00043 SKIP PERIOD POSITrON 
00010 00166 INDEX 
000S7 00022 

00003 '00000 TEST 
00321 00327 OPTION 
00407 00376 PLACE 
00421 00376 

0041 It 00376 PERtOrJ5 

00423 00376 

00435 00316 tN 
OO/f ~O 00376 IMAGE 
00367 003'34 PRESET 
00402 00335 cO~\,n~AND~ 

00367 0033'- TO PUNCH 
30000 00010 PICKUP 
00000 10000 AND 

8-155 



FORM NO. E. T.· I (f,." 

FLIP 

73240 

73241 

I '73242 

f 73243 

73244 
, 

73245 
\ 

7';>246 

73247 

732'50 

73251 

7~252 

73253 

I 73254 
j , 

/ fr3~'55 
r,73?56 

(7325.7 
; I 
·73260 
, I 

i73?61 
I II 

/73 f 62 

/73263 
, I 

!! 73f64 
I ' 

: 73~65 
I 

73266 
". j 
J 73267 

I 
1 

, 

I 73270 
..... i I ..... : 73271 J.i 
• 73272 0 

0 , 

"" J 732'73 ;! 
I, 

i, 73274 
,~ '. I 

73275 

73276 

73277 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

(,;'1-11 

CA1'-<D ~!f~ I T E 

00334 77 10000 30000 

00335 77 10000 30000 

00336 :'3 00332 0OO7j 

00337 23 0033 t• 00074 

003t~~O 23 C0335 00074 

00341 Ai 00022 00331 

00342 41 00005 OO13 l • 

00343 11 00350 72254 

00344 75 31100 01735 

00345 11 74100 00100 

00346 21 00350 00074 

00347 45 00000 00160 

00350 00 ooobo 
003'51 05 24220 4446~ 

00352 00 00010 00000 

00353 00 00011 00355 

00354 00 00000 t'H1110 

00355 25 71230 '64027 

00356 32 26041 57154 

00357 35 06512 24172 
00360 36 41100 00000 

00361 '37 20000 00000 

00362 no O()OOO (H)044 

00363 00·00000 00*06 

00364 40 00000 00000 

00365 21 00411 00023 

00366 00 00014 noono 
00361 00 0045'- 004" 
00370 00 00000 00*11 
00'.371 00 00000 06554 

00372 54 00006 10003 

00373 54 00006 looon 

PUNCH 

DATA 

STEP 
ALL 
CO~1MAND5 

INDEX CARD 

PAGE :4 
REPORT ZM 490-I1 . 
MODEL 

DATE 2-22-56 

INDEX GROUP C;\RDS 

RESTORE CARD NUMBER 

RESTORE 
. ES 

STEP CARD 

NU~1BER 

CARD NUMBER 
R EXP-12 TIMES 2 EXP-! 

R EXP 16 TIMES 2 EXP :35 

R EXP e TIMES 2 EXP 35 

R EXP 4 TU .. 1ES 2 EXP 3S 

R EXP 2 TIMES 2 EXP 35 

R EXP 1 TH~E$ 2 EXP 35 

PROTOTYPE COM~~AND 

8-156 



FORM NO. E. T.·\ M·" 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

SAN DIEGO. C .... LIFORNIA ·PAGE 55 
CV-ll REPORT ZM 490-1I 

MODEL 2-22-,6 
OATE 

FLIP C.~,R n \'}RITF 

73300 00374 00 OOI~ 61 13177 9999999 

73301 00375 no 00461 13200 U')()OOOOn 

73302 00376 00 10001 00010 PERIOD CONSTANT' 
733(13 00377 00 04000 ()I')()(')() 

73304 OOltOO 77 77776 17777 11 RO~J 

73305 00401 77 77775 77777 12 ROW 
73306 0040.2 00 00000 00436 

73301 ,00403 00 00000 13777 

73310 00404 00 00000 74000 

13311 00405 00 00000 76000 . 

73312 00406 00 00000 00112 

8-157 



FORM NO. E. T .. I (f,. I' 

73400 

73401 . 

73402 

73403 

73404 00100 

73405 00101 

13406 00102 

73401 00103 . 
73410 00104 

73411 00105 

73412 00T06 

73413 00107 

73414 00110 

73415 00111 

73416 00112 

73417 00113 

7 3l. 20 00114 

73421 00115 

73422 00116 

73423 00111 

73424 00120 

73425 00121 

73426 00122 

73427 00123 

~ 
73430 0012 If 

1, 73431 00125 
~ 73432 001:'.6 0 
~ 
-f 734:33 00127 :---
>4 73434 00130 ~ 

73435 00131 

73/.36 00132. 

73437 00133 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
PAGE 56 SAN OIEGO. CAl.IFORNIA 

I.:V-ll 

F L If' C A h' n . R F 1\ I') 

75 31700 7:Jt~-()? 

11 00100 74100 

75 30254 00100 

11. 73404 00100 

75 10004 00102 

11 ODOlf 0 00002 

16 01736 00004 

21 00004 00327 

42 00325 00106 

23 00004 00324 

16 00004 00107 

21 00003 30000 

16 20000 00004 

21 00004 00324 

42 003:?.5 00 11'~ 

23 00004 00324 

16 00004 00311 

55 00003 10015 

11 00334 00360 

11 00067 00351 

44 00131 00121 

11 00074 OOOO? 
23 00:357 0004l. 

23 00360 00074 

2j OO~16 00073 

37 00125 00126 

44 0Ol~1 001'7 

11 00041 00002 

37 00125 00123 

55 00003 00025 

51 00064 20000 

43 00040 00322 

S TOfU: 

ES 

ROUT rr'!E 

TO ES 

CLEA:~ 

TEt4P 

FLIP 

COMMAND 

.TO 

ACCU~·tULATOR 

SET 
STORAGE 

ORDER 

REPORT ZM 490-1I 
MODEL 

DATE 2-22-56 

NUMBER \*JORDS 5TORAGF. 

NUMBER-l 
TEST OPTION 
6 OPTION 

WITH 
CARD 

NUMRER 

TF.~T (,,)PT!ON 
~I I THOUT 

CARD NUMRE'R 

EXIT IF N IS 0 

£-158 \ 



FORM NO. E. T .. I (\') F 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

SAN DIEGO. CALIFORNIA 

G,/*ll 
PAGE 57 
REPORT ZM 490-11 
MODEL 

DATE 2-22-56 

FLIP CARD 1<1.:: /\ D 

7 3 l t '-I. (1 O()l~~I.~ ",6 0(l()74 0 n ()rl/~ N-l 
73t,·l~1 OO13~ 17 00000 0035~3 REt..D tIN!) PTCK q f: ,A,r) C/\Rn 

73442 00136 11 00357 ()0361 SET !NDEX 

73443 00137 11 00330 00006 9 TO LINE DIGIT 

73444 00140. 16 00337 00313 SET TEfv1PORARY STORAGE 

73445 001'+1 75 10016 0Ol!,~ CL.EAr<, 

73446 00142 '11 00040 00021 ~,1A Tr~ I X 

73447 001. Ij. 3 76 00000 00363 READ 

73450 0Ol/~4 76 10000 ·10000 RO I
,'/ 

73451 001 If 5 76 10000 00362 

73452 001/;.6 54 00363 00034 

73453 00 ll~ 7 37 001'+ 7 00150 

73454 00150 11 00331 00160 SET INITIAL STORAGE 

73455 00151 11 00333 00017 SET I Nf')FX 5 

73/~56 00152 31 00066 00001 2 EXP 35 TO A 

73457 00153 32 aOOAO 00006 SHIFT 6 

73460 00154 44 00155 00156 BIT ZERO TEST 

73461 00155 3? 00006 00000 ADD LINE DIGTT 

73462 00156 46 00157 00153 . DONE 6 D!GrTS TEST 

73463 00157 11 ~()OOO '20000 CLEAR A LF.FT 
73464 00160 30 00000 0000 STORE f.1ATRIX WORD 
73465 00161 21 00160 00075 ADVANCE 
73l~66 OO16? 41 00017 001t;? 6 TIMFS 
73467 00163 37 00163 00164 

73470 00164 11 00362 10000 

~: 73471 00165 
I 

'7 0016~ OOlf11 
to 73472 00166 11 00363 10000 J 
0 73473 00161 11 00074 00017 0'-
H 
t- 73474 00170 37 00163 00152 
~ 73475 00171 37 00171 00172 

73476 0017? 23 00006 00074 REDUCt LINE DIGIT 
~(3477 00173 46 0017 f 't 0Oll~3 TEST FOR 11 RO',1 

8-159 



FORM NO. E. T .. , ,J'!.' 

73500 00174 

735('11 00175 

73502 00176 

73503 00177 

73504 00200 

73505 00201 

73506 00202 

73507 00203 

73510 00204 

73511 00205 

73512 00206 

73513 00207 

73514 00210 

73515 00211 

73516 00212 

73517 00213 

73520 00214 

73521 00215 

73522 00216 

73523 00217 

73524 00220 

73525 00221 

73526 00222 

73527 00223 

~ 
73530 00224 

J, 73531 00225 

6 73532 OO~26 0 
0" 

00227 M 735~3 t-

~ 73534 00230 

73535 00231 

73536 0023~ 

73537 00233 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

ell-II 

FLIP Cl\Rfl QFAr" 

11 00336 000()6 

37 00171 00143 

11 00060 00006 

37 00147 0Oll~3 

31 10000 00001 

44 0020?. 00203 

13 00014 00004 

55 20000 00043 

37 00171 00150 

11 00004 20000 

L~2 00014 00210 

11 00000 00353 

11 00332 00355 

15 003~1 00231 

11 00002 20000 

47 00214 00224 

37 00244 00224 

11 00002 :'0000 

43 00041 00221 

11 00017 00007 

21 00313 00074 

31 00002 00000 

47 00223 00224 

~7 OO,~, 002'6 

11 00332 00354 

11 00040 00017 

41 OOj~5 OO,j, 

'1 00?31 (')OO7~ 

11 00333 00355 

55 30000 ()OOO6 

37 00232 0023'3 

31 00017 00002 

2() TO LINE DIGIT 

11 ROi'} 

10 To LINE DIGIT 
START 12 RO~J 

TEST FOR 
FLAG 

OVERRIDE INDE'X 

FINISH 12 ROW 
TE.~T FOR 

LAST CARD 

SET FOR \OJORD CHANGE 

SET FOR EXTRACTION 
TEST 

OPTION 

PAGE 
REPORT 
MODEL 
DATE 

CARD NUt~BER COMPUTED 

TEST 
OPTION 

IDENT NUMBER USED 

ADVANCE 
TE5T 

OPTION 

PF.RtOD 

INDEX 6 

CLt::AR 

TF.ST TO 

CHANGE 
MATR I X 

I.~!ORD 

POSITION DIGIT 

XIO 

8-160 

58 . 
ZM 490-1'1 

2-22-56 



FORM NO. E. T. - 1 (I~· F 

735!~O f,O?3.'+ 

735ft·l C0235 

73542 00236 

73543 OO?37 

73544 002 /,0 

7 3 5'~5 00 2l~ 1 

735l~6 002'+2 

73547 00243 

735'50 00244 

73551 00245 

73552 00?46 

73553 00247 

73554 00250 

73555 00251 

73556 00252 

73557 00253 

73560 0025'+ 

73561 00255 

73562 00256 

73563 00257 

13564 (')0260 

13565 00261 

13566 001'62 

73567 00263 

73570 OO~64 

~ 
73571 00265 I 

l.O 
I 

73572 00266 0 
0 
0"-

73573 00267 M 
t--

~. 73574 00270 

73575 00271 

73576 nO~7? 

73517 00273 

CONVAIR - I:).IVISION OF GENEllAL DYNAMICS CORP. 
SAN DIEGO. CALIF'I)RNIA 

G 1~·11 

FLIP (/\p.r'J rZEAf"i 

32 00017 (jOOOl Af)D 

52 00064 00017 DIGIT 

l~ 1 003:;4 00226 

37 OO!~7 Of' 711.0 

37 00232 00226 TEST 

51 00064 ('0000 FO~ 

(~ 7 00243 002'1-4 SIGN 

13 00017 00017 

37 00244 ()O24~ 

11 00017 00020 STORE N 

11 OOO/~O 00017 

11 00002 20000 TEST 

47 00251 00252 OPTION 

37 00;37 00'-26 EXP 6 OPTION 

37 002L~l .. 00226 BOTH OPTIONS 

71 OOO~O 00340 CONVFRT 

11 00040 ()O356 TO 

43 OOOt~o 00.313 POSITIVE 
54 20000 00060 DEC It~AL 

11 20000 '00020 EXPONeNT 
21 00017 00341 

73 000'13 00017 CHANG!: 

31 20000 00017 TO BASE 
35 00342 00301 10 EXP 3 

71 00060 00017 CHANGE 
36 003'+3 OOjt)i; 

16 003/,1; C0273 TO 
11 OOO't'. 003t)6 

55 00011 00036 

S5 00017 00001 RASE 

'~4 OOi73 OO?.7" 

71 00020 30000 

PAGE 59' 
REPORT zu. 490-I1 
MODEL 

DATE 2-22-56 

8-161 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
FORM NO. E. T .. I 0,· F 

SAN DIEGO. CALIFORNIA PAGE 60 
;:.; ~J-ll REPORT ZM L()O-:CJ 

MODEL 

DATE 2-22-56 

FLIP CARn '?EAO 

73600 00274 '5 '+ /.10000 O~'\045 

73601 00275 11 20000 O(lO20 2 EXP 10 

73602 00276 21 00273 00074· 

73603 00217 41 00356 00271 

73604 00300 11 00074 20000 

73605 . 00301 75 00000 00303 

73606 00302 71 200r'lO 00060 

73607 00303 71 20000 0()O20 

73610 00304 S4 20000 0001n 

73611 003o.C; 74 ?OOOO n0356 NORt'<1AL I ZE 

73612 00306 11 20000 00020 

73613 00307 11 OO~5?' 10000 

73614 00310 21 00':; 56 00354 

73615 00311 53 OOOcO 00356 PACK 

73616 OOjl? 35 onno~ noooc; ~UM 

73617 00313 11 OOjt)6 ~oooo TEMPOI{A~Y ~T('lRAr;F.: 

73620 00314 21 00313 00074 ADVANCE 
73621 00315 41 00361 00221 END OF CARD 

73622 00316 75 30010 00320 FINAL 
73623 00317 11 00007 30000 STORAGE 

73624 00;20 1.1 OO~17 00360 ADVANCE 

73625 00321 41 00004 00136 END TEST 

73626 00322 75 31700 Ol735 RESTORE 

73627 00323 11 74100 COlaO ES 

~ 73630 00324 00 00000 74000 

~ 
73631 00325 00 00000 76000 

73632 00326 00 00000 00777 
0' 
F! 73633 00327 .100 00000 73777 
t: 73634 00330 00 00000 00 11 

73635 0033J. 35 00021 00021 

73636 00332 00 ooono . ti CHf'06 

13637 C03~3 00 coooo no 05 

8-162 



FORM NO. E. T. - 1 (i? F 

73640 

736'1-1 

73642 

73643 

73644 

73645 

73646 

73647 

736'50 

73651 

73652 

73653 

73654 

73655 

73656 

73657 

CARD 

73771 

73772 

73773 

73774 

73775 

73776 
r'i 
r-1 

t 
'0) 

I 
0 

~ 
rl 
c:-

~ 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
S"N DIEGO. CALIFOANI" 

eV-ll 

FLIP (/\J~f) REAl) 

00334 00 00000 (·0 10 

00335 1~ O()O?O ()(~ 0 2 () 

00336 00 00000 00024 . 

00337 00 onOGO no 07 

00340 22 21147 04'+13 R EXP-13Xl(') EXP-7X2 
003 /f 1 00 00000 ()01~4 7 

00342 75 00000 00303 

00343 00 00000 00210 

00344 00 00000 00345 

00345 25 71230 64050 R EXP 16 X 2 EXP 35 

00346 32 36041 57166 R EXP 8 X 2 EXP 3S 

00347 35 06512 24200 R EXP 4X 2 EXP 35· 

00350 36 41100 00000 R EXP 2 X 2EXP 35 

00351 37 20000 00000 R EXP 1 X 2 EXP 35 
00352 77 77.777 77400 . EXTRACTION 
00353 00 00000 ODI0S 

INSTRUCTION REPEAT 

16 757'36. '00002 RESTART 

23 00002 00074 

16 20000 73776 \,/ITH 

75 31700 73716 LAST 
11 74100 00100 FLIP 

56 00000 30000 CO~1MAND 

PAGE 
REPORT 

MODEL 
DATE 

EXP 57 

61 
ZM 490-11 

2-22-,6 



. \, ... " . . . 

FORM NO II: T .. I ," ~ 
. CONVAIR - OfvtStON OF GENERAL DYNAMICS CORP. 

.... N outGO. e .... \..IP'ORNI ... PAGE 65 
Z)( 490-11 REPORT 

CV-II MODEL 

DATE 2-20-56 

ALARM. OCTAL AND F LEX P R I ~.~ T ~U"f'r.UTTN~ • 

760nO , 76000 45 00000 76()On' 

76001 76001 16 76026 7602' 

7bon:? 76002 11 ,"o('l()n nonon 
16003 76003 61 00000 76041 

76004 76004 55 76012 noo(); 
16005 76005 55 "6r.12 on()11 

'76006 76006 55 76012 ('\('H)1 , 

76007 76007 34 20000 00003 

76010 7,6010 32 76017 00000 

76011 76011 11 '0000 7';Ol? 

16012 16012 00 01000 10001 

76013 It;Ol'' 44 1~n1A "~C'n7 

16014 76014 1 \ ' 1 0000 16012 

, 76015 76015 61 00000 16021 

76016 16016 31 16(\16 16017 

76017 76017 31 00000 00044 

16020 "602(,) 11 76 (H"In nool'}n 
, 76021 7601!1 ., .. 76016 "~{\O4 

16022 16022 31 760'2 760~~ 

16023 7602~ 31 76000 00017 

760?4 760'4 l~ ?nooo "'~O''1 

76025 76025 16 76000 00000 

160::»6 . 760?6 t e; '6(1'~ 7~O,q 

76027 76027 16 760'7 76000 

l 
76030 76030 31 76042 00047 

76031 76031 37 76016. 76047 

~ 760~2 7603~ 41 00000 760~~ 

~ ,,' 160~3 76033 !l 20000 nOO71 

~ 760~4 760'" ~'7 7f)(\16 '~on~ 

. ·7603'1 160:l'\ ~6 ('\on('o nnoon 
16036 7,6036 00 vOOOO 00 

76037 160'31' 61 00000 760~7 

*S •• wrl teup 1. 1M 491 

8-167 



'OItM NO Ii T I )t , 

76040 76040 

76041 76041 

76042 76042 

76043 76043 

76044 16044 

76045 76045 

76046 76046 

76041 76047 

16050 160S0 

76051 .. 76051 

76052 76052 

76053 76053 

76054 76054 

76055 76055 

16056 76056 

76057 76057 

76060 76060 

16061 76061 

1606'- 7606? 

76063 76063 

76064 16064-

;::jl 76065 76065 

~ 
76066 76066 

760f,7 16067 
Q'\ 76070 76010 
~ 
~ 76071 76071 

76072 76072 

76013 76073 

76074 76074 

CONY AIR - DIViSION Of GENERAL DYNAMICS CORP. 

. CV-Il 

ALA~MY O(T~l AN~ t:'l' 

00 onooo (')0 5' 

00 00000 00*74 

43 011~O 1207() 

("\('\ oonne 00 64 

00 ,00000 00 62 
\ 

00 00000 00*66 . 
00 00000 00*72 

61 00000 7004.5 

34 20000 00006 

47 76041, 1601~ 

FLIP ALAR'" ROUTtNF. 

6} 00000 76041 PRINT 
:tl 16C42 00047 OUT 
~7 ·76016 16047 ALARM 

~l 017~6 00017 . SET 

34 00073 00000 PfCI(UP 

15 20000 76062 COMMAND 

31 2'0000 0005? PRINT 
37 76016 16005 ' ADDREss 

~1 ~n()oo ()n044 PPTNT 
31 760\6 16004 , COMMAND 

~l 01774 00044 PRfNT 

37 76016 16n04 R 

15 00013 76010 SET PICKUP' 

16 ~ont~ 1r'J011 COMMA~H')~ , 

31 30000 00044 . P rCK UP )( 

'7 ,.ooon ':\oo('\n PICKUP V 
37 76022 7600" PRINT X ANO 

31 7610lt 00044 PRINT 
37 16016 76041 OUT 

y': 

PAGE 66 
REPORT Z1( 490-11 
MODEL. 

DATE 2-20-56' ~ 

8-168 



., ~ ..... • ~ f,! ,," , 

,.0"", ... 0 f: T,· 1 \h." , 
CONVAIR -- DIVISION 'Of GEJltERAL DYNAMICS (oap, 

."N 011:00. CAlL,,.Ol'tNIA PAGE 66 A 
REPORT ZlI 490 -II 
MODEL 

DATE 2-20-56 
OV-11 

FLIP ALARM ROUTINE 

76075 7607~ 31 01776 00011 FtR~T 

;607,6 16n16 ~7 76nl~ "600~ t NO'E' X 

76077 76077 ~1 7610') -n0044 PRJ"4T 

761()O 76100 37 76016 76041 OUT 
16101 16101 ~1 01777 nOO1' SF.CONO 

76102 76102 37 76016 16005 INDEX . 
1610~ 76103 56 O~OOO 017~~ HALT 
76104 76104 1406 2227 0452 CONSTANTS 

. ·76105 76105 \406 '227 04',. 

REFP.RENCES·TO AI-ARM ROUTINE 

72225 12"5 46 ~60~' 01"6 
72212 7227'2 45 00000 160'2 
72310 12'10 46 n1421 ?60~' 

76406 76406 46 01607 76052 

76507 ,7'6~O7 45 n(')oon 16052 
76554- 16554 46 760r;, 010,0' 
71215 17215 45 00000 760~2 

71366 71'366 75 '0013 16()52 

17456 714~6 46 01001 't10'i:? 

-; f.:: (~ I"· ·r ~ .'il·~' ~t'I .~ f::",\ f ") ,t.,:1 r 7~, 

I 

~7 71~/V) 1'. €-I {'jf'J ".. '1 (' f'l1", .,., ~" f.) 1 

7 ('6 /, r., 7 f (,.'1 r: "'Ir:. '1"",7": (") 1 '?.., I.. 

,. 
8-16& 



FORM NO E T t ~F 

16300 

16301 

76302 

76303 

16304 

16305 

16306 

76307 

16310, 

76311 

16312 

76313 

76314 

7631' 

76316 

76317' 

76320 

76321 

.... 76322 ...... 
cb 16323 6 
0 
0- 16324 .... ..... 
>C 16'25 Po. 

16'26 

76Je7 

76,,° 
76331 

7631i2' 

01000 

01001 

01002 

01003 

()10014-

01005 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
SAN DIEGO OJVISION 

CV-II 

62 Arc, Tan~nt Subr~ut1ne, 

11 ~o tOO12 o ~ e 1 

23 00010 00074 Sex-l ~ Sox 

46 01007 0100, O.sox 

l' 00010 00010 -Sox ---7' Sex 
\ 

31 00066 00042 }h- ~ X. 
73 0000, ()()()()5 

i' 

01006 21 00012 00062 revera. e I (!?2 @or' zero) 

01001 21 00010 01043 Sex ..... 27 ~ Sex 

01010 46 01011 01012 OaSex 

01011 11 ()()()40 20000 o ~ Sex 

01012 }5 0i()51. Oiot) } 

01013 [54 00005 5005~ 
x. 2Scx-27 

-? xl @ 
'. 

01014 
71 ()()()()5 10000 } (x'2 .@ 

0101, ,a. 20000 00046 

'01016 11 20000 00006 .,' 

01011 11 00040 00010 0 ~ P 

01020 1, 01033 01023 15 ~ i 

Oi~ ffi ~ 00006 } 
01022 ,.. 20000 00046 p. (x~ + 01 -----=?' P ® 
0102' " [0104~ OOOio " 

0102~ 21 01023 00073 1 .. 2 ~1 

' Or025 42 O1.o~ 01~ don.' • 

01026 
71 ()()()()5 00010} 

@ 51120000 oooIl, p·x1 ' 01027 ~ x 

: 01030 11 2()()00 ()()()()5 
~ 

010,1 11 ()()(b2 20000 1 
010}2 41 010" ~,O ., 

0, e1 

PAGf - _ 61 of 100' 
Rf;PORT NO, ZK-4.90 ' 
MODEL All 
DATE . 12/14/54 

I j 

t: 

'II 

f • 

8-169 



:"-: '-,' . ~ -: .' ~. 

, ' , 
'< 

........ - ... - ........... ~ ;Jt~ .. - .. "'"':"'"" ~'-~ ...... '"; - ........ ~ ... -r ow ,. ........... - ............... ., .., .., .. - .... l' - '-. ... - - - .- .,. ...... ~ ... - - ..... --,.. - -- ... ., - " .. - ... - .................... ,~~~ -'i;~~"~ ....... -- .... .,.. - ~~ 

FORM,..O E T ,'~F 
CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGe "G8 of' 109 

SAN OIEGO OIVISION 

CV-ll 
REPORT,NO zu--490' 
MOD£L' \ ~ll . 
DA,TE 12/1454 

I, ., 

'~'~, . . 

76"3 00 01044 00000 } 
~\, 

010" 
oorU1t.fJrpts 

76~~ 01034 3' 0105lt- 00000 

7633' oto" 44 010;6 01037 01%1 

76}36 01036 l' 20000, 20000 _ 91 -7 a 1 

'16'37 01037 36 00005 0000, e-l-:~/2 ~rJ 
" 

76340 . 01040 U 00014 00010 1 ~ sex 

76341 01041 16 00013 01134 set order 

16342 01042 .. , 00000 01121 exit 

76}43 01043 00 00000 000" 27. 

76}44 . 01044 77 61545 00613 °15 

76345 0104, 00 ~6131216, °13 
76346 01~6 16 15'16 110" °11 

76341 01041 0, a,357 51500 ,°9 

76350 01050 13 It. 3116 35123 °7 
76"1 01051 06 ,a4oe 4555' °5 
76352 010,2 65 25317 10166 °3 

7635' 01053 '1 77111 23166 01 

76354 01~ 54 00005 00055 prototype order 

. 76121 16721 " 76'00 03600 loader pararne ter 

63 ARC C0TAfrOENT SUBROUTINE 

..... 76'56 01000 11 00062 00012 11/2 09--1 a 1 ..... 
cb 

I 16"1 01001 45 00000 0100, jump 8, 
0' ..... 

. "" 
~ 
Clot 1612' 76123 02 16356 00200 l .... ader parameter 

6-170 



· -
FOAM NO I. T.· 1 (" , 

C0t1VAIR - DIVISION OF GENERAL DYNAMICS CORP. 
PAGE (I} of 100 SAN 01&:00. CALI,-ORNIA 

CV-II REPORT III 490 
MODEL .111 
DATE 1-18-56' 

EXPONENTIAL .' 

23 20000 00067 
. 

SCX-7 TO A C 76360 01000 

76361 01001 46 0100i 0102S OUT OF RAN,GE 1 
76362 01002 23 OOOOS 00005 CLEAR X AND Ace 

76363 01003 42 OlOlO 01002 TOO SMALL ~ • 
76364 01004 35 01032 01005 SET COMMAND 

76365 01005 54 OOOOS 00111 X SCALED 2~r 

76366 01006 71 20000 01031 X 

16367 01001 S4 20000 00045 TIMES 
, - '- ~ 

76370 01010 1.1 20000 20000 t.N 2 

76311 01011 73 01027 00010 INTEGER PART TO 00010 
16372 01012 31 20000 00042 FRACTIONAL PART DIVIDED 
16373 01013 13 01031 00011 BY LN 2 TO 00011 

76314 01014 21 00010 00061 STORE EXPONENT OF. RESULT 
16375 01015 75 1000] OlO~2 SET Tt Nt P 
76376 01016 11 01027 00005 TO UNITY 
16377 01017 73 00006 00007 DIVJ.DE BY N, STORE IN TERM. T· 
76400 01020 21 OOOOs 00007 ADD TO TO POLONOMIA1.. P 

-, 

76401' 01021 21 00006 01027 STEP N 

76402 01022 71 00011 00007 X TIMES TERM, T 
76403 01023 47 01011 .01024 TERM ZERO YET t • 
16.404 01024- 45. 00000 0,1721 EXIT TO NORMA~IZE 
76405 01025 11 00005 20000 NUMBER NEGATIVE 
76406 01026 46 01607 76045 OR POSITIV~ '2 

• 
76401 01021 00 20000 00000 UNITY SCAlED 2 

.... 76410 01030 77·71177 777)4 -35 .... 
cb • 
c!> 

76411 01031 27 05243 54513 LN 2 SCALED 2 
'f> 

0 76412 01032 54 00005 00111 PROTO TYPE COMMAND C1' ..... ..... 
lI< 
c.. 

8-171 



FOftM NO E T. - I ,., • 
CONVAIR - DIVISION Of GENERAL DYNAMICS CORP. 

.... N ClrGO CAI-IP'ORNIA PAGE l~t~l°O CV-Il REPORT 

MODEL. Al1/. 
DATE 1-18-56 . 

, 

INPUT SUM CHECK 

76414 76414 45 00000 76575 EMPTY 
76415 7641$ 53 1604S 0741~ __ ":,\ SUM ADJUSTER 

76416 76416 11 16~14 00000 SET Fl 
76417 76417 23 10000 10000 CLEAR A AND Q 

16420 76420 1S 30040 7642~ LOAD PERMANENT 
76421 76421 11 77716 00040 CONSTANTS TO ES 

76422 16422 75 l~OOO 76424 CLEAR TEMPORARY 
76423 76423" 11 10000 74000 STORAGES 
76424 16424 7S 21777 16426 SUM 

76425 76425 12- 70001 00000 . FLIP 
76426 16426 S5 20000 00000 SUM TO Q AND A RIGHT 
76421 76427 47 76440 76~30 TEST SUM· 

16430 76·430 31 76453 00052 PRINT 
76.431 76431 37 764Sa 76450 

-7,6432 76432 a1 16454 00012 Fl.IP 
... -

76433 7643l 37 76452 76450 

76434 76434 Jl l64S5 00012 

76435 76435 .7 704~2 764'0 OK 

76436 76436 S6 00000 10400 HALT 
76431 76431 ~6 00000 40000. OBSOL.ETE 

76440 76440 )1 76456 00052 PRINT 
76441 16441 37 1Q·4~2 70450 

76442 76442 )1 764'7 000'2 NO . 
76~43 76443 ~7 76452 164iO GO 

..... 76444 76444 56 10000 70103 HALT 
\ 

,.... 
·cb 76445 76445 00 00000 764J6 CONSTANf 

6 
76446 76446 00 00000 00-0 0 

0"-...... 
76447. 76447 00 00000 00*0 

;. 

...... 
>4 76450 764~O 61 00000 20000 PRINT A.. 

76451 76451 i4 20000 00006 SUS 

76452 76452 47 76450 764)6 ROUTINE 
76~53 . 7645.3 45 47261 11415 FLIP 

8-172 



. 
FOR ... "'0 It. T .. I ~ r 

INPUT SUM 

76454 76454 

764:55 76455 

16456 76456 

76457 76457 

CONVAIR.- DIVISION OF GENERAL DYNAMICS CORP • 
SAN OIi:GO. CAL.IPOANi" 

CV-II 

CHECK 

·04 0336' 14500 .OK 

00 00000 00*0 EMPTY 
45 47020 60304 NO 
11 O:aO~S 70000 GO 

. . 
I 
I 

PAGE 71 of 100 
REPORT Zll 490 
MODEL 111 
DATE 1-18-56 . 

8-113 



- ....... - ... - ... - " .. # .. , .. ., ............................... - ... - ..... "" ..... - .............. - jIoo ... -4 ... - ....... - ............ - ... - .............. ,.. .................. 1 - ............. ''* .-. .".. ....... - - .. - - .~ 

~ORM NO E T • JIo F 

/ 

16462 

1646; 

16464-

1646; 

76466 

76467 

16410 

76471 

76412 

1~1} 

'..,6474-

76475 

76416 

16\17 

16500 

76501 

76'02 

7650' 

16504 

-- 76505 .... 
cb 

'0 16506 0 
Q'Io ..... 

16m ,.... 
~ 
Cot 16'10 

76,U 

01000 

01001 

01002 

01003 

01004 

0100, 

01006 

CONSOLIDATED VULTEE AIRCR,4.FT CORPORATION 
SAN DIEGO DIVISION 

CV-ll 

, 54 Lf'GARITHM SUBROUTINE 

36 00074 00010 p-l --:::, p 

13 0006, 20000 } qeD 
42 00066 01025 

36 00066 00006 } ® 2q-l -=,x 
54 00006 00001 

U 01022 01001 • 8 ~ i 

U 00040 00005 o -7 L 

01007 f21 00005 ~OOOO J L1" &i ..., L 

01010 11 20000 00006 

} 01011 54 20000 ()()()4.5 ,,-L -?L@ 
01012 11 20000 00005 

01.013 21 01001 00014 1 .. 1 --. 1 

01014 42 01023 01~ O,i 

01~ 54 00005 00101 L@ 
01016 71 00010 01026 p.ln 2 ~ R @ 
01011 35 0000, 00005 Li- p.ln 2 -.., q1 

01020 11 00061 00010 7 --,. pl 

01021 45 00000 01024 exit 

01022 21 0000, 01027 

J 21 0000, 01031 
prototypes 

01023 

01024 45 00000 01121 normal exit 

01025 4, 00000 011'7 alarm exit 

01026 00 13056 20577 In 2 ® 
01021 17 62620 1576, 1.8 

~Avt. . 7~ of 100 
REPORT NO Zl~-490 

, MODEL' A}..l. 
DA TE 12/14/54 

.' 

8-174 



.. 
. _ €Oi"e;.t~~ E T .• <PJ-F 

76512 010,0 

76513 01031 

76,14 01032 

16515 0103' 

76516 01034-

16517 01035 

76520 01036 

76105 16705 

. . 

CONSOLIDATED VUL -ritE AIRCR"FT CORPORATION 
SAN "IEGO DIVISION 

CV-ll 

01 U 721 4-1642 ~ 
14 74607 70146 &6 

05 21266 02203 &5 

70 22164 2""~ &4 
12 a. 7414 3754' &3 
60 00203 m20 ~ 
'1 77TI4 20006 . &1 

, 
'7 76462 02400 loader parameter 

""~_#.". ';'.'!', ·1t.,,·t ...• ~.~~.~,.<;1'~ ... """.-.'" :~"'.~-

PAG: .. :' '. 73 of 10 
REPORT NO. ZM-49O 
MODEL . :. AJ,l 
DATE. 12/14/54 

8-175 
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~ ". _ •. _ "" '" .. . _ . . ""'.... ... .... .. . • r,. _ ..... _ • ~ .. ,. .. ... _ ." _ - ..... . ... __ .... ,. ... "" ........ '" . -. . .,. ..... ~ .............. _ ....... _ .. ..,.. ...... <III' __ .. ...... • .... ". _ ....... _....,. _ .... , ... ,,.. ..... _ ..... ,_ ~ ~.......... ' 

<ORM NO E T " , 'l'l.F 

n 

~'" 

765~' 01000 

76,54: 01001 

76", 01002 

76556 0100' 

16"7 01004 

16560 01005 

76~1' 01006 

76~ 01007 

76563 01010 

"'- 76~·" 01011 

7656~ "01012 

76566 01013 

16567 01014 

76'70 01015 
./ 

I 
/ 76'71 01016 

76572 01017 

16513 01020 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
SAN DIEGO DIVISION 

CV-II 

5<> SQUARE R"0! SUBROUTINE 

11 <>0005 20000 X .-..,. A 

1&.6 76045 01002 x,o 

42 00073 01020 2-155,x (ie is (x) c: Of) 

54 00010 00107 ! 8~d{g\ -... 80X 

... , 20000 01010 8ex odd? 

46 01006 01007 acxaO 

3' 00074 00010 sex .... 1 ~ sex 

54 00005 00101 !x ---"> x 

U 00005 00006 x ---,. N 

11 00070 00005 1 _ 2-35 
~ xi 

f31 00006 00042 ~®--"A 
73 00005 ()()0()4 Mf":' Xi .... . ---..,. ~. t4 @) 
54 00005 00107 ! Xi --J A. t5 ® 
23 10000 00005 #f ;'Xi-ftXi ~ Q ':l6 Xi 

21 00005 ()()()()4 ~ -: Xi -4- tiXi ~ X1+ 1 

44 0101gj 01020 ,c. Xi cO 

45 00000 01721 exit 

loader parameter" 

PA' 71-4- of 100 
REPORT NO zu-490 I 
MODEL A).l 
DA TE 12/14/:h 



~ _: ~- .... - ~ .. '"'" ":' ,! .. - ............... ., - ,- "" .... - ... - .. - ... ",'" ~ .. - ... -... - - ..... ~ ... - ... -- ... ..,. ... .., ........ - ! -..,.. ............. ,...- ~'"". T ':" ,- - .,.- i - ~ .... ~ ...... --........ ~ ."-'7".f! ........ ,. ....... - ... : ..... ~.-~~' ..... ~' ... :'f".~ 

. -f'ORM NO (' 'T . '~.F 

76575 01537 

76576 01540 

76577 01541 

76600 01542 

76601 01543 

76602 01544 

76603 01545 

76604 · 01546 

76605 01547 

76606 01550 

76607 01551 

16610 01552 

76611 01553 

76612 01554 

76613 0155~ 

76614 01556 

76615 01557 

76616 01560 

76617 01561 

76620 01562 ..... ..... 
rb ·76621 01563 
.~ 

76622 01564 a-..... 
t-
>.: 76623 01565 
A.. 

76624 01566 

76625 ' 01561 

76626 01570 

76627 01571 

CONSOLIDATED VUL TEE AIRCRAFT CORPORATION 
SAN DIEGO DIVISION 

CV-ll 

PAGE 75 of l~ 
REPORT NO. ZM.q90 ' 
MODEL All 
DATE 10/15/54 

Loader 

11 76655 00000 

75 30061 01615 

11 76600 '01542 

Preset Fl 

Transfer loader to ES 

75 30062 01544 } 
Transfer Constants and Assembly to ES 

11 77716 00040 

11 00122 00003. Requlsl tion parameter Pi 

11 00003 00004 

31 00004 000171 nI 
rp (Pi) -7 e (t5) 

11 20000 00005 ~. 

55 00003 00026 2 • OP --" e~ (t3) . 

Maa k ---". q 11 01621 10000 

53 00003 01554 

75 30002 01555 } 

11 Oif.5og 00006 

Set order. "requisition subroutine parameters· 

15 00006 01576 l 
16 00004 01576 J 
55 00006 00011 } 

31 00005 00071 

52 01621 00122 

47 01563 01601 

55 00006 00014 } 

11 01577 20000 

52 01621 01575 

16 00007 01571 

55 00007 00025 

16 10000 01572 

16 00004 [3000<U 

Requisition Subrouti~e Paramete~ PI' P2 

Set order, "Transfer subroutine to ESu 

Place parameter for assembly routine 

Is this thp termination fla~? 

Set repeat order: -Transfer subroutine to ES· 

, 

Set subroutine references in Basic Code 

8-177 



- - ........... ,. ........ - .. ... .. - .. .. ~ - . .. . . , I "-
FORM NO E T . '.~.F CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

I 760f 1001 PAGE: 
SAN DIEGO D.V.sION ZM-490 I REPORT NO 

CV-ll MODEL All 
DATE lo/15/~ 

76630 01572 15 00~05 ~ooog J 
76631 01573 21 01?44 00073 ~ 

Step to next subroutine 
76632 01574 21 01561 00074 

76633 01575 [77 i7777 77777 J } 
Transfer Subroutine to ES 

16634 01576 11 @OOOO 00000] 

76635 01577 75 30000 01544 Prototype order for 01575 

76636 01600 00 00000 00000 n Parameter for zero subroutine" ,. 

76637 01601 11 01620 01774 Preset exit of Loader, 

76640 01602 11 01617 00001 Preset F2 

76641 01603 11 .O~6~2 00002 ob~oleto ord~r 

76642 01604 37 00101 00100 Modify subroutines 

76643 01605 75 10003 01607 } Clear FLIP temporaries 
76644 01606 11 00040 01775 

76645 01607 75 30275 01774 J 
Transfer in Basic }<'LIP 

76646 01610 11 76755 01471 

16647 01611 1530222 01776 

76650 01612 11 77027 01551 
Obsolete 

76651 01613 75 30236 01776 

76652 ~ 01614 11 77014 01536 

76653 01615 75 30014 01542 } 76654 01616 11 76661 01704 
Tr~n8fer Subroutine parameters to ES 

..... ..... 
J, 

, 
6 76655 0!617 "5 00000 01624 (F

2
) 

0 
0-

76656' 01620 56 00000 00010 ..... Exit order for Loader 
to-
>4 

76657 01621 Q.. 00 00177 00000 Extractor 

766Qo 01622 45 00000 76761 obsolete order 

8-178 
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, , 

FOHM NO E T . , ~·F 
CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

SA.N DIEGO, DIVISION ) PAGE 770f lO( 

CV-II 
REPORT NO ZM--490 
MODEL / ~ll 
DATE 12/14 54 

COMMAND CODE PARAMETlm.S 

76661 01104 01 01731 00000 42 

16662 01105 00 0000, 00003 

1666, 01706 · 72 17,,2 05000 43 
76664 01707 00 17023 00003 

7666, 01710 01 01731 00000 L4 
76666 ' 01711 00 00003 00003 

76667 01712 01 01'131 00000 45 

76610 01713 00 00003 00003 

16671 01714 01 01 T~1 00000 46 

76672 01715 00 00003 77007 

76613 01716 01 017:~1 00000 47 
16674 01717 00 71007 00003 

76675 01120 21 76553 02000 

76676 01721 00 00003 71026 

76677 01122 24 76360 00500 51 

16700 0112' 00 00003 00003 

76101 '01724 02 TI450 00200 52 

16702 01725 00 0000; 77011 

76703 01126 70 77262 o~oo 53 

76704 01727 00 17011 00003 
..... 

7670; \ ..... 01130 31 16462 02400 54 cA 
6' 76706 01131 00 00003 77012 0 
0-..... 
...... 76107 01132 01 0173100000 55 >< 
At 

76710 017" 00 17012 00003 

'16111 011~ 01 01131 00000 

76712 0173' 00 0000, 11013 

76713 " 01736 01 Ot731 00000 57 
16714 01737 00 170U 00003 

76'7~1Ij 01140 6~ 7741)4 04 700 LA (.\-179 



\ . 
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I \ \ 

FORM NO E T ' I ~F ;,'! (:ONSOL.'O.t.rED VUL.TEE AIRCRAFT CORPORATION 
, SAN OIEGO DIVISION 

\ 

16116 

.~ CV-ll 

01741 00 0000, 76771 

'Cc"~C-:-;'''[=_,-;~~' "', •..•.. 

PAGE'; 78 of 100 
REPORT No.zY~90 

'-MOPEL All 
DATE 12/11 .. ~ 

·16717 01?a.2 02 m~ 00200 61 

76720 01-p., 00 76TI1 00003 

76721 0174- " 76'00 0,600 

,76722 ,: 01-,4, 00 0000' 77000 

1672" 01746 02 76'56 ~ 

16724' 01~7 00 77000 0000' 

7672' 01750 01 011'1 00000 

76726 01151 00 0000' TrOO1 
, ~ 

767?7 01752 01 011'1 00000 

76-,.,0 01753 00 71001 0000' 

16U1 0l1~ 01 01731 00000 66 

76732 017" 00 0000, 77002 

7673' 01756 01 017:51 00000 

161}4 01751 00 11002 0000, 

16.", 01160 '1 76360 01200 70 

76736 01761 00 0000, 7700, 

761'1 01162 01 01131 00000 71 

16740 0176, 00 7100, 0000, 

76141 01764 01 01731 00000 
...... 

161'+2 ..... 
J, 

0116, 00 0000, 11004 

c:! 7614, 0 01166 01 O11:~1 00000 13 
0-...... 

76144 ..... 01161 .00 11004 0000, 
;.c 
c:Lt 

767#5 01T10 01 01131 00000 74 

767~6 01771 00 00003 '1100, 

16141 O1n2 01 017:'1 00000 75 

761'0 O1TI' 00 77005 00003 . 
161'1 01114- 01 017:51 00000 76 

767'2 0117' 00 0000' 17006 

761" 01176 32 16521 0'100 T7 a.... 160 
, c· 76154 , QiTI7 .. QQ .QQQQ' .~_,~.~. 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
f-OftM NO, € T I ':l~ , 

SAN OI!:GO, CAL.tl'ORNI.t. PAGE 79 of 100 

CV-li REPORT Dt490 
MODEL All 
DATE 1-18-56 

BASIC Fl.IP 

76755' 01477 44 01605 01737 SORT 

76756 01500 27 00005 01772 REVERSE SIGN mF X 

76757 01501 44 01502 01675 STORE IN Y 
76160 01502 16 01712 01734 OR R 2 . 
76761 01503 44 01504 01657 DECIDE TO 

76762 01504 11 01774 00007 ACCUMUL.ATE 

76763 01505 . 45 OOP90 01657 JUMP 

76764 01506 33 00051 00107 -28 TO A 

76765 01507 35 00012 00012 -p TO T12 
76766 01510 42 00057 01726 11 : ..;p 

76767 01511 45 00000 01607 JUMP TO'ZERO OUT 

76770 01512 44 01514 0-1513 S 

76711 01513 44 01516 01515 W 

76772 01514 44 01S20 01517 I 

76773 01515 44 01522 01541 T 

76774 01516 44 01524 01523 C 

76775 01511 44 Q1S26 01!>2i H 

76176 01520 44- 01530 01527 I 

76777 01521 44 01737 01737 N 

77000 01522 44 01737 01737, G 

77001 '01523 45 00000 72004 W 

77002 01524 45 00000' 72004 H 

77003 01525 44 01737 017:37 

77004 01526 45 00000 01737 F .... ..... 77005 01527 45 00000 01526 F I co 
6 77006 01530 44 01737 Ol7~7 L 
0 
0- 77007 01531 4'4 01737 01737 E ..... 
..... 
~ 77010 01532 44 OlS35 OlS34 T 
Q,. 

77011 01533 44 01737 017]'7 R 

77012 01534 44 72444 017:12 E 

77013 01535 44 73400 73000 E 
77014 01536 44 0151 •. 01'37 

8-181 
") "': .... ~ 



CONVAIR - DIVISION, OF GENERAL DYNAMICS CORP. 
,,.. NO I[ 1 . " , PAGE 80" or lN~ .... IH~Lo(> CA~ If 0'fNIA 

CV-ll REPORT ZM 490 .. n 
MODEL All 
OATE 1-1f'-56 

\ 
\ 

BASIC FLIP 
.... 

77015 01537 44 01546 01540 

11016 01540 44 01542 01541 

17017 01541 44 01545 0 1543 

11020 01542 44 01531 0,1544 

7'1021 01543 44 01571 01?56 
\ 

77022 01544, 44 01514 OlS6i 

77023 01545 44 01737 01550 

77024 01546 44 01532 '01547 

77025 01547 44 01533 01477 

77026 01550 11 00011 20000 SCY MINUS (TALLV FOR TRACE) 

71021 01551 36 00060 00010 10 TO SC X 

77030 01552 54 00005 20044 SHIFT X IN A 
17031 01553 45 00000 01722 JUMP 
77032 01554 11 00005 20000 IS X 

71033 01555 47 01500 01501 ZERO 1-
77034 01556 21 01776 00014 STEP B1 

71035 01551 36 00005 20000 e1·X 
77036 01560 42 00074 01602 TEST 
77031 01561 11 00040 01176 CLEAR 61 " 
77040 01562 45 00000 01603 EXIT 
77041 01563 27 00005 01772 ,RESTORE SIGN X 
71042 01564 21 01177 00074 STEP 62 

77043 01565 36 oooos· 20000 B2-X 

J 
17Q44 01566 42 00074 01602 TEST 
77045 01567 11 00040 01711 CLEAR 82 

8 77046 01510 45 '00000 01603 EXIT 
(t;. 

fj 71047 01511 16 01734 00012 INTERCHANGE 

li! 77050 01572 16 01736 01734 Y AND EXIT 
77051 01513 16 00012 01736 ADDRESSEs 
17052 01574 23 20000 00011 sex-scv 
77053 01575 46 01602 01576 TEST 

77054- 01516 41 01603 01577 TEST 



". -
CONVAIR - DIVISION OF GENER4l DYNAMICS CORP. 

f"ORM NO. E: T "I .)~ ~ 
SAN DIEGO .,CALIFOIfNIA PAGE 8l of lOL 

CV-II REPORT ZM 490 
MODEL All 
DATE 1.18-56 

BASIC FLIP 

77055 01577 12 00005 00005 I XI 
77056 01600 12 00006 20000 I YI 
77057 01601 42 00005 01603 TEST 

77060 01602 16 01734 0'1736 CHANGE EXIT 
77061 01603 11 01774 20000 RESTORE R 

77062 01604 45 00000 01735 EXIT 
17063 01605 23 20000 00011 SCX-SCY 

77064 01606 42 01165 01610 TEST SHIFT 

77065 01'607 23 00006 00006 CLEAR Y 

77066 01610 46 01737 01611 L.EFT SHIFT 1-
77067 01611 13 20000 20000 SCX-SXV 
77070' 01612 35 01773 01613 SHIFT 
77011 01613 ~4 00006 OOll~ y 

. 77072 01614 4S 00000 01734 EXIT 
71013 01615 11 00006 00007 Y TO B 

..... ;--
77074 01616 31 01774 000)4 SCR TO A 

71075 01617 47 01620 01612 ZERO ~ 

77076 01620 11 20000 00011 SCR TO 

77077 01621 S4 00011 00054 'SCy 

17100 01622 11 01774 00006 R TO Y 

77.101 ' 01623 45 00000 01744 EXIT TO MULTIPLY 
71102 01624 16 00000 01736 STORE EXIT 
77103 01625 11 20000 0177'+ STORE R 
71104 01626 31 ,00000 00011 PICKUP 

..... 17105 01627 3S -01766 01630 COMMAND 

..... 
11 ~OOOO] 10000 J 77106 01630 IN Q 

6 17107 01631 75 30005 01632 DIVIDE tjOMMAND 0 
a-...... 77110 01632 51 01760 00004 IN PARTS to-
>c: 17111 01633 47 01634 01640 INDEX MODIFICATION REQUIRED 1 c.. 

77112 01634 71 00005 01771 PRODUCE 

71113 01635 3l 20000 00001 INDEX 
77114 01636 72 00006 01776 MODIFICATIONS 

", 

" \ 

\ 



• .... ''0 .. 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
0 .... NO £. T .• I " , 

SAN 015:00. CAt.lI'"O"NIA PAGE 82'01 100 
CV-ll REPORT ZM 490 

MODEL All 
DATE 1-18-56 

BASIC FL.IP 

77115 01637 55 ?OOOO OOO;Jl REQUIRED 

77116 01640 :i2 00007 Ooooa PRODUCE 

77117 . 01641 11 20000 0001·] PROPER 
77120 01642 54 00013 10025 ADDRESSES 

77121 01643 55 10000 00014 IN 
77122 01644 16 10000 01134 CELL. 

17123 01645 16 10000 00013 00013 

71124 01646 55 10000 00011 

77125 01647 15 10000 01653 SET Y PICKUP 

71126 01650 15 00013 01652 SET X PICKUP 

17127 01651 11 00040 00007 CL.EAR B 

77130 01652 11 ~oooQJ 00005 PICKUP 

77131 01653 11 ~ooocD 00006 OPERANDS 

71132 01654 55 00004 00011 DECIDE ON 
71133 01655 4-4 01554 01501 SIGN FOR X 

77134 01656 11 01174 00006 R TO Y 

77135 01657 i1 00006 00014 UNPACK 

71136 01660 47 01662 01661 AND 
• 
17137 01661 31 00066 00001 TEST 
77140 01662 11 20000 00011 Y FOR 

71141 0166] 54 00011 00054 ZERO 

77~42 01664 31 00005 OOO~4 UNPACK 

17143 01665 lt7 01661 01666 AND 

77144 01666 31 00066 00001 TEST 
77145 01667 11 20000 00010 X FOR ..... ..... 71146 01670 ·'4 00010 00054 ZERO cb 

~ 77147 01611 S5 00004 00041 IS THIS AN· 

7'150 01672 44 01536 01676 ARITHMETIC COMMAN01 ..... ...., 
>II 71151 0167J a.. , 11 00005 20000 DIVIDING BY 

77152 ·01674 47 01140 01137· ZERO '!-
171S3· 01675 44 01656 016'7 . IS R AN OPERAND 1 
77154 01676 44 01617 01100 DECIDE 

8-184 



FORM NO, E T " r~ ~ 

BASIC FLIP 

77155 01677 

77156 01700 

77157 01101 

77160 01102 

77161 01703 

77162 01704 

77163 01105 

77164 01706 

71165 .01707 

77166 01710 

77167 01711 

77170 01112 

77171 01713 

77172' 01714 

71113 01715 
77174 01716 

77175 01717 
77176' 01720 

77177 01121 

77200 01722 

77201 01723 

, 7720-2. '01724 

77203 01725 

77204 01726 

77205 01727 

17206 01730 .... .... 77207 01731 
cb 
6 77210 01732 
0 

77211 a- 01733 ..... 
t--

17212 >C 01734 
Co. 

77213 01735 
-71214 01736 

CONVAIR -DIVISION OF GENERAL DYNAMICS CORP. /. 
SAN DIEGO CALIFORNIA 

CV-ll 

44 0167] 01744 WHAT OPERATION ,. 
44 01615' 01701 TO PERFORM . 
23 20000 00011 SCX-SCY TO Tl1 
46.01103 01710 WHICH TO BE SHIFTED ~ 

11 00005 10000 INTERCHANGE 

11 00006 00005 THE 

11 10000 00006 ARGUMENTS 

11 00011 00010 SCY TO sex 
13 20000 20000 SHIFT TOO 

42 00045· 01712 L.ARGE ~ 
11 0004$ 20000 SET MAX'SHIFT 
13 20000 20000 SHIFT 
35 01767 01714 Y CORRECT 

54 00006 00101 AMOUNT 

54 00005 00107 SHIFT X 
3; 00006 00005 ADO 

21 00010 00014 CORRECT sex 
45 00000 01150 JUMP 

. 54 00005 00032 SHIFT X IN A . 

11 00040 00012 CLEAR l 12 

74 20000 00012 X TIMES 2 TO THE P 

11 20000 00005 18-? TO T12 .'. 

47 01506 01714 IS ANSWER ZERO '2 
I 

21 00010 00012 sex -P TO sex 
42 01771 01601 CHECK 
42 01770 01732 SIZE OF 
45 00000 01737 sex 
11 01772 10000 PACt( 

53 OOOQ!j 00010 ANSWER 

20000 f~OOOQJ 11 STORE 
I 

4$ 10000 017)61 TRACE SWITCH 
4S 00000 f.Qooo~J EXIT 

PAGE 83 of 100 
REPORT ZlI 490 
MODEL .A11 
DATE 1-18-56 

JL lJl~ 



\ , 
)IIIN NO.1:. T .. I ~ , 

• CON~AI~ - DIVlS'ON 'OF 'oENERAL' DYNAMICS coo·, . ~ ',' . .. .... "Mi, -.~,.": ~".~.. .• .• ", 

.AN DIEGO. CA~I"O"NI'" PAGE 84 of 10(, 
CV .. lI REPORT . ZM 490. 

MODEL All 
OATE 1-18-;6 

,I 

feAstc FLIP 
, 
I 

71215. 01137 45 00000 76045 ALARM EXIT 
; 

1,1216 01740 11 00041 20000 RECIPROCAl. 

71217 01741 36 00010 00010 .X 

:'17220 01742 31 00066 00042 FOR 
171221 01143 73 00005 00005 DIVISION 

! 17222 01144 71 00006 00005 MUl.lIPLY 
i 71223 01745 54 20000 0004$ X TIMES Y , 

I 

i 
-71224 01146 11 20000 0000; AND STORE 

77225 Oi747 21 00010 00011 AS X 

71226 01750 54 00007 looa4 TEST WHETHER 
'.1722'7 017S1 47 01152 01721 TO ACCUMULATE 

77230 01152 11 00001 00006 SHIFT 
71231 01753 54 10000 00054 B TO 

77232 01754 11 20000 00011 Y STORAGI! 
71233 01755 11 00010 20000 sex TO A 

....... 
71234 01156 ' 11 00040 00007 CLEAR e 
77235 011,51 41 00000 01701 JUMP 

/ 11236 01760 00 77000 00000 EX 
I 17237 01761 00 00200 02000 TR I 

77240 01162 00 00400 04,000 AC 

77241 01163 00 00177 71717 TO 
71242 01164 00 00600 06000 RS 

7724' 01765 00 00000 0004' '5 
77244 01766 10 77717 10000 . PROTOTYPE 
77245 ' 01767 54 00006 00107 COMMANDS 
77246 '01710 00 00000 00200 128 

..... ,... 17241 01771 77 17777 77600 EXTRACTOR 
cb 
cb 77250 01772 77 71777 77400 
Q, 
0- 17251 01773 54 00006 00110 PROTOTYPE COMMAND ..... 
t--

>< ~ .. , 
Q.. 

8-186 



~ I, 
PM 1'10 E T ., <p'!.F 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
PAGE ~·85.!if IO( . SAN DIEGO DIVISION 

. CV-II 53 PUNCH SUBROUTINE REPORT NO z.y ,90 
MODEL 'All 17262 .01000 11· 01067 ()()()OO prototype ......" t2 
DA TE. 12/14/54 ' 

I 

77~63 01001 11 00005 00035 x --T t35 

77264 01002 11 00040 OOO~ o ~ decimal exponent (d.e.) 

7126, 0100, 75 30016 01005 } -load temporary orders 
77266 01004 11 01051 00015 

71261 01005 54 .00005 20015 1 test X 
17270 01006 43 20000 01010 

71271 01001 37 00021 00015 enter temporaries 

17272 01010 15 ,10020 01012 1 put wspaoeW'to all d1sitl 
71273 01011 1300074 00015 

17274 . 01012 71' 000" 01~1 X-107 

77215 01013 46 01014 01015 1 adjust sign digit 
71276 01014 11 01037 0001; 

77277 01015 54 20000 00051 X·lo7 88 integer 

71;00 01016 12 20000 20000 ~t 
7~ 01017 35 01050 20000' Round '. 

17302 01020 n 01041 00016 1st digit 

77303 01021 13 01040 00017 decimal point 
" 

17304 01022 75 30006 01024 } 0102:5 73 01042 00020 
Remaining digits 

17305 

7r;06 0102~ '11 010:56 000'1 set deoimal point 

17307 01025 U 00036 20000 

f 17310 01026 46 01021 010;0 
adjust sign digit of d.e. 

,.... ,.... 
cb 77311 01021 11 010'1 00021 
6 

ld_e·t : 0 77'12 010,0 12 20000 20000 0"-..... 
a-
M 

"'" 
17313 01031 ." 01047 000,0 lit dig! t d.~. 

m1a.. 01032 11 20000 000'1 2nd digit d.e. 

71315 01o" 11 0106, ooo,a.. jump order \ 

77;16 010~ 75 20011 00015 } convert to ordera 
Tf}17 010" 21 OOO~ 00002 

77320 01036 00 00000 ~2 decimal poi.at 8.187 



CONSOLIDATE'O VLJL TEE AIRCRAFT CORPORATION 
PAGE ·86>f 100 SAN OI •. GO DIVISION CV-II 
REPonT NO Z~l-l.~90 77321 01031 O<i 00000 00014 12. MODEL All 

17322 01040 00 00000 00006 6. DA TE 12/11~/54 

Tl32' 01041 00 00461 13200 107 

17'24- 01042 00 00036 41100 106 

71325 01043 00 0000, 0'240 105 

n326 01044 00 00000 23420 104 
77321 01045 00 00000 01750 10; 

17330 01046 00 00000 00144 102 
77,;1 01041 00 00000 00012 10 

Tr,}2 01050 00 00000 00005 5 

17'" 00015 16 01736 00015 save exit address 

77'~ 00016r 21 00036 00014 d.e -+ 1 7 d.e. 

77335 00017 14. ;0003 200'5 N~10~ H 

17;36 00020 14 4500; 1001~ 10.1 

77337 00021 (14 45003 00025 111 

Tf}40 00022 23 00036 00074- d.e.-l ~ d.e. 

77341 0002' 14 2000, 2003' lOll -) H 

71342 00024 45 00000 0002!J jump 

77343 0002' 111- 51003 200', FLOA1'ING ---Jt- FlIED 

17344 00026 16 00015 017:~6 restore exit 

1m5 00027 45 00000 01735 exit 

7734-6 00030 31 77771 ~ 1 (adjusted for rounding) 

11347 00031 23 11777 15404 10 (adj~tedfor rounding) 

17350 00032 24 00000 ()()()04 '0 
~ 
~ 

cb 1D51 01067 63 00000 00045 prototype order 
6 
0 
0"-,..... 

76103 76103 70 77262 0;400 loader paraJlloter ...... 

~ . 52 PRINT SUBROUTINE 

77450 01000 11 00042 00002 Bet prototype 

174.51 01001 45 00000 OiOO} jump 

16701 76101 02 77450 00200 loader par&.mete~ 

8 .... 188 



7T552 

TI", 
11354 

71'55 

77356 

77351 

77360 

17361 

77362 

7736, 

CONSOLIDATI:::D VUL TEE AIRCRAFT CORPORATION 
SAN DI£GO DIVISION 

lf 3 INPnT conVEHSlnN SUBR"'lUTINE 
CV-II 

01000 16 01042 01025 set switch Xa 

01001 1,'OOO1} 0100, 

01002 16 00013 01064 

01003 11 '0000 00004 

01004 11 01051 00012 

0100, 11 01051 00003 

01006 11 01046 01024 

01007 37 01041 010;2 

01010 4:; 00061 01012 

01011 23 01024 01050 

} set orders 

(x) -,- x 

6 ~ tally 2 

6 ~ tallY,l 

set order J. - '>t...::p N 

1st FLEX digit (sign) 

Test for minus sign 

TI364 . 01012 23 00005 00005 

chargll order. + ~...., [r~ I 
o --'> A, ~ 

71565 01013 31 01041 01032 one digit ~ A 

,'1,66 01014 75 20013 16045 

77361 01015 4, 00045 01016 

77'70 01016 51 00064 00006 binary ,dl ~i t -71 ol • 
17311 01011 11 00060 00007 

11312 01020 23 00007 00006 

71"13 

11374 

77~15 

71316 

11371 

17400 

77401 

77402 

17403 

17404 

1740, 

T7406 

11401 

, 10 ~ t-el • -7 'h. 
01021 71 00060 ~ } 

01022 35 00001 00005 

01023 41 00003 01013 Index tally 2 

01024 [13 00005 30000] 1: ~'~ { .. ~ 1 
, 4.~\~ 

01025 31 01025 30000 Ib 

01026 54 00032 00031 N -231 ~ A 

01021 13 01010 00032 AI -231';' 107 .." II 

01030 7' ,0016 OO,.O:L 41 
ent~r unnporary orders 

01031 11 01052.00014 

010;2 41 00012 01031 Index tally 2 'Digi t Subroutl,!!_ 

01033 11 01003 20000 } 

010~ "000", 010" - (x +1) ~ x , 

010'~ 11 30000 00004 

~.AGE ' .- 57 of .1 00 
REPORT iL' ZM-490 
MODEL All 

i DATE 12/14/54 

8-189 



_ '&, ~.,. ....... .",., ...... - t ...... ..,. ...... - ....... - .. ,. ,.. .. ... .. ...... - - "II .. - - -' •• - ... ~ •• ... , .' ~ 

'" )~M NO E T . 1 ?,.tr 
CONSOLIl)ATEO VULTEE AIRCRAFT CORPORATION PAGE - 68 oJ IOQ SAN DIEGO DIVISION 

REPORJ NO .Zll-490 CV-ll 
17410 01036 11 00067 00012 7 --;.. tally 2 MODEL All 

DATE 12/14/54 
77411 01037 " 00004 00006 ehitt one tlex dir,l t p 

11412 01040 51 00064 20000 x traot to! 

7740 01041 45 00000 ,0000 exit 

17414 01042 ,00 00000 OiOl.} constant 

7741' 0104~ 11 00014 OOOO} 1 ~tally 1 

71416 01044 U 01047 01024 set order - ?L.....,.. d.e. 

77417 01045 45 00000 01001 jump 

17420 01046 13 00005 OOO}2 

77421 01047 13 00005 00033 
constanta 

71422 .01050 02 00000 QOOOO 

1742, 01051 00 00000 00006 

m24 00014 16 017~ 00002 store exit a~dre8. 

1742' 0001, 14 42003 20031 } rUED ~ FLOATING 
77426 00016 11 20000 00032 

77421 00017 (i4 ,0003 10032 NT /D ~N , 
774'0 00020 21 000" 00074 d.e. +-1 ~d.e. 

~'1 00021 46 000:1.JJ 00022 Old.e. 

774'2 ()()()22 m 00040 00026 O.d.e. 
l 

174" 00023 14 20003 10032 10N ~ I 

.. .. 77434 00024 2' 000;3 00074 d.e. -1 ~ d.e • 
I 
0 TI4'5 00025 4; 00000 00022 jump ~ 
:> 
'" 77436 00026 11 000,2 00000 a tore -t -
~ 

Tf4'7 00027 16 00002 01736 } ~ 

exit 
11440 000,0 45 00000 011" 

77441 00031 24 00000 00004 10 

77442' 01070 00 00461 13200 107 

loader parL~ter8 

8-190 



FORM NO E T . 1 !':-.F 
CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

SAN OIEGQ. QIVISION 
CV-ll 

61 COSINE SUBROUTINE 

77452 01000 11 01054 00004 , 

17453 01001 45 00000 01003 

76117 76711 02 17452 00200 loa.der parameter, 

1714-54 

77455 

TI456 

17451 

17460 

77461· 

17462 

7746; 

774614-

77465 

77466 

77461 

if1+10 

77471 

17472 

60 SINE SUDROUTINE 

01000 11 00040 00004 0 --? t4 

01001 23 00010 00056 8cx-27 ~ sox 

01002 46 01003 76045 ALAl'tM? 

01003 " 00053 20000 8ox-27 + 54 ~ A 

01004 46 01006 01001 Zero Result? 

01005 00 00000 000;6 30. 

01006 U 00040 00005 0 --31' ~ 

01007 36 01005 10000 8cx-27 +:4-30 ~ Q~ 

01010 35 01050 01011 } 

01011 [U 00010 10000] 
x-28CX ~ X 

01012 44 01013 01014 left shift? 

01013 11 20000 20000 0 ~ L 

01014 73 01060 10000 x-n -2 1r -> A'-:, I - @s 
01~ 35 00004 20000 'f + f~; f ..;.. y 
01016 11 00066 00004 

774 T' . 01011 42 01052 01023 "X. ~ y 
77474 01020 55 00004 00001 oha.nge sign ~ 

77415 01021;6 01051 20000 Y - ~ .-cp ..,. 

·77476 

TI417 

77500 

77501 

77502 

11503 

77504 

01022 45 01057- 01011 

0102} 54 20000.0004' 

01024 13 01052 00005 

01025 71 00005 10000 

01026 54 20000 00045 

01027 11 20000 00006 

010}O 11 00040 00007 

jump 

J ~~ ~ x ® 

} x2 ~ '0 ® 

o~p 
\.1 

, 
PAGE "- 89 of 100 I 
REPORT NO ZM-L90 
MODEL A1J. 
DATE 12/14/54 

8-191 
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FORM NO I!.T ., ~F CONSOLIDATED VULTEE AIRCRAFT CORPORAT'ON PAGt' ._.. 90 of H ,\ 
SAN ~;:i ~'VIS.ON REPORT NO. ZtA-490 

1150, 

11506 

17507 

17510 

71511 

77512 

77'13 

77514 

17515 

m16 

01031 15 01022 0103' 

010}2 U QOO4.4 00010 

010'3 171 00001 00006.) 
OiO'" 54 20000 00045 

010" 35 01060 00001 . 

01036 2' 010" OOOn 

01037 41 00010 010'~ 

O~O 71 00007 OOOO'} 
01041 54 20000 oocL 5 

01042 11 20000 0000, 

Tl517 . 01043 11 00004 10000 1. 
71520 01044 lJ.4 01045 01046 . S 
~- - 01045 " ~ 0000, 
77522 

71523 

m2~ 

77525 

Tf~ 

!71521 

.. Tf5'O 

775'1 

Tl532 

01046 11 00074 0001.0 

0104 7 45 00000 01721 

01050 ~ ~ 24110 

010,1 14 "116 65200 

01052 06 220;r 32504 

010" '1 10375 52202 

010,.. 6, ~20 764,2 

01055 01 2111-64 ~731 

01056 T1 73~5 ~~6 

175" 01057 00 00111 52157 

m~ 01060 31 1031' 52421 

MODEL. ' ,411 
9 ~ i DATE 12/14/54 . 

4 ~ tally' 

atep 1 

done? 

-x -,x 
1 ~ .ex 

exit 

prototype 

loader parameter 

8-192 



f'OHM NO. E T I I, Po 
'\ 

. \ 

BYI o. J ..... GV11:ft' 

~ " : ,. "~. 

CONVAIR:"'" DIVISION OF GENERAL lIYNAMICSCORP. 
S,a.N lJil.GO CALIFORNIA 

CV-II 

, ... ... ~ 

. "/ . . ~ 

. /PA~i --n.a."· 91 0f 10 
R~PORT ... ,Zlt 490 \" 
MODEL All 
DATE August 9. 1955 

FLIP CHARACTRON TRACE 

ACTIVATING SUBROUTINE 

77570 77570 45 26111 41901 FL IPT ' 

71511 11571 45 26110 11501 FLOPT 

77512 77572 16 11517 011'" S~T E'S JUMP TO'NOT TRAct 
77573 77573 161 00000 20000 PRINT 

.. 

71514 71514 34 2000000006 sue 
77315 77575 4T, 115n.J 115~6, . ROtJ1'JNE 

711j76 1'7576 11017" 1121' PLAce JUMP IN MO 

71571 77577 56 00000 01TI6 STOP· 

11600 176,00 11 17214 017'5 PI..AC£. . JUMP IN ES '. ,. 
" 

71601 n601 37 11114 71140 PROeES$ TWO 

77602 11602 37 lI1'. 11140 PAGES OF TRA« . ': 

·17601 n603 31 11!'11 OOO~2 . t'LOPT ,TO Aee . ~", ~ ."" -' 

77604 77604 " 11604 rr76o!l TWO WAY, 

17605 1160S '1 1'604 71572 SWITQf 

17606 116Q6 31 71'10 00052 FLfPT· TO AeC 

T'l607 71601 37 01T36 71571 SET r~ JUMP TO TRACE' 

root 
root 

cb· ~ " 

6' 
. , 

0 

'" root 
t-
~ 
g,.. 

, ,. 

A_1Q~ 



• '-I' , • t 

FOAM NO. E. T_ . 11~ ,. 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

.AN QIF;GO CALIf"ORNIA 

CV-ll 

FLIP CHARACTRON TRACE 

CONCURRENT SUBROUTINE 

77610 01551 75 30017 01553 LOAD THIS 
77611 01552 11 71612 ·0"1553 INTO ES 
17612 01553 11 20000 01553 STORE Ace 

77613 01554 21 01562 01550 SET COMMAND WITH TALLY 
77614 01555 31 01726 00017 STORE TRACED COMMAND 

77615 01556 36 00073 01551 ADDRESS 

77616 01557 1.5 20000 01560 STORE TRACED 
71617 01560 11 30000 0.15.52 COMMAND 
77620 01561 15 30003 01563 STORE INFORMATION 
11621 01562 00 01540 57637 IN BIN 
77622 01563 21 01550 00043 STEP TALLY (JNUSED BITS 
\'17623 01564 42 01571 01566 BIN FULL? 

77624 01565 37 71174 71140 
! 

PROCESS INFORMATION 
11625 01566 11 01553 20000 RESTORE Ace 
71626 01567 75 300411 01716 RESTORE BASIC 
77627 01510 11 77027 01551 Fl.IP IN ES 

77630 01571 11 00011 20130 PROTOTYPE FOR TEST 

PAGE 92 of 100 
~REPORT ZJl 490 

MODEL All 
DATE 1-18-56 

IN e~:s J C F LIP) 
'" 

8-194 



fORM NO E. T. I ~ , 

77716 

77717 
77720 

77721 
77722 

11723 

77724 

77725 

177Z6 

77127 
77730 

71131 

17732 
17733 

77734 

71735 
77136 

77737 
71740 

77141 

77742 

77743 

·71744 

77745 

77746 
,.... 77147 ..... 
I 

a:> 77750 6 
0 77751 0-..... 
t- 71752 
>4, 
ra.. J775! 

',77754 

77755 

• I .. " .', , .. ... f • .. • ,. , , ... ~ 

CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN OII!:GO". CALIFORNIA 

CV-ll 

PER~1ANENT CONSTANTS 

00040 00 00000 0 * 
00041 00 00000 00002 

00042 61 00000 00045 

00043 00 00000 00003 

. 00044 00 00000,00004 . 

0004' . 00 00000 00037 

00046 0000000 000'52 

00047 00 00000 00074 

00050 00 00000 00070 

00051 00 00000 00064 

00052 00 00000 00062 

00053 00 00000 00066 . 

00054 00 00000 00072 

000.55 00 60000 00060 

00056 00 00000 0.0033 

00057 00 00000 00013 

00060 "00 00000 00*12 
00061 00 00000 0005Q 

00062 31 10375 52421. 

00063 31·46314 63146 

0,0064 00 00000 00077 

00065 21 67643 Z4171 

00066 20 00000 00000 

00067 00 00000 00007 

00070 37 77777 77777 

00071 00 71177 00000 

00012 00 00000 77711 

00073 00 00001 00000 

00074 00 00000 00001 

00075 00 00001 00001 
J 

00076 00 07777 07777 

00077 00 00000 00110 

", '" ~ .... t· ~" ' ••• ~~.~ .... , ,.".,. .." 

PAGE 
REPORT 
MODEL 

DATE 

93 of IDe 
%»490 
Al1/ 
1-18-56 

.. 



\ . 
CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 

94 of 100 FORM NO E T t ." F 
SA ... OI£GO CALIFOANIA PAGE 

CV-ll REPORT ZII 490 
I MODEL All 
I DATE 1-18-56 
/ 

ASSENBLY ROUTINE I 
77756 00100 11 00122 20000 PARAMETER TO A 

71757 0010.1 41 00102 00000 DONE I 
I 

11760 OOlO~ 7' 00073 00005 N TO TEMP 
17761 00103 16 20000 00112 SET PICKUP 
77762 00104 36 00121 00006 COMPUTE AOJUSTER 
77763 00105 41 00005 00110 DONE ~ 
77764 00106 21 00100 00073 STEP PARAMETER PICKUP 
71765 00101 45 00000 00100 RETURN 
'77766 00110 16 90112 00116 SET STORE 

.17761 . 00111 11 00040 00007 PICKUP 
77170 00112 21 00007 00000 NEXT CELL 
77171 oOlf3 5i 20000 00033 SHIFT IN Q 

71772 00114 51 00075 10000 ADJUST AND 
77713 00115 71 10000 00006 STORE 

\ 77'74 00116 :is d0007 00000 COMMAND 
77775 00117 21 00112 00074 STEP PICK.UP 
77776 00120 45 00000 00105 

77777 00121 00 00000 '01000 . CONSTANT 

8 .... 196 



ANALYSIS CONSOLIDATED VUL TEE AIRCRAFT CORPORATION PAGf.' ~-- 95 of lOL 
REPORT NO ZM 490 
MODEL All 

PREPARED BY C. J" S'wift SAN DIEGO DIVISION 

CHECKED BY S. Pol1nck CV-II 
REVISED BY 

E~,.r A((a""s~ 'f's.. ~ ..-,A 
(A) ~.t: 

A, I J'" ..., ~i t $'; ... , ~.t"~ 
J t \ ... j 

i 
i 
I 
f 

"? , •• 
;;) • J 

~_ ....... o..,.i 
, ~t(Jf'C lyo.,e Ro",t'T1C-'tJ{\ 

S ..... S, ...... t:.c;., 
P .. ;"r ~., .. ~" -'11111. 
R .. s+oyc t""" • .., e,r. 

DATE 11/12/51+' 

~ ~ V(\t' ,. kbl '(. ,e, it f .... c::sto~'('cl 
til 1 b Y I (),. " tV' 

A"- o.ddyt'ss of ,o"'V\'\~"nA 

c,: , , )1'\ "''' "h c:t , . 

'1"':. 'fe~(,\ft 

j ~ .~ e lC Q f ~\ov't' 'C. 

J1;. Lo, .. -4-, 0""' \7\1N60()tIop 7577 
\ 

<: .. u·e~pol'\" t',1 i' 1 ras:.e 
14)'It-;'.~ , h. c ~ 

t....-.-~ ..... ! ______ , ____ --f 

o 8-197 
foaM 1111 



ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

PREPARED BY C. J. Swii't SAN DIEGO DIVISION 

CHECKED BY S. L. Pollack CV-II 
REVISED BY 

VI Flow Chart. Phase II 

fOIM ",. 

si",c,. "'100011 

.. ttJrc... Sos. 
h,t t'" lOt 1)1 LOIAd~"'" 

l-" ... 4 +11., W"ht.,.C ..,ES 
PriNt" o'R~'N'Nr> /1"')". 
~~J "'I6~Qo 

It ___ ... 

Sct- -III..," I. r fr .... .:1 
of ,. "liif. c Tr 

~J liT"" R, .... (\a.s. 
jlc"c~~ AI 1'1. 

I ..... " 

,+ ~ .., " 
P,lht A, C 1")-1 Dcf,.1 

r '1\ f/oCft J ..... , P('o .......... 1 

F-cfCCA.c.C ES 

R fl,t~(. c .., """0 
U ,,' t, 

PAGE 96 of 100 
REPORT NOZrt.--ltlj;:.; 

MODEL All 
DATE a. 1/15/51 t 

8 ... 198 
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CONSOLIDATED VUL TEE AIR':::(~AFT CORPORAl'ION 
SAN DIEGO DI\'ISION 

CV-II 

77 PHASE I o:~ 'rRACE 

76521 

16522 

1652} 

76524 

76525 

16526 

76521 

76530 

76531 , 

01000 '7 01000 ~102'J 

01001 

01002 

01003 

01004 

01005 

01006 

01007 

01010 

U 20000 01025 

'1 §.113§J 00011 J 
23 20000 00013 r 
11 20000 0102} J 
15 20000 01006 } 

11{10000] 0102~ 

15 30003 01011 } 

11 01023 [14OOY 
76532 ; 01011 21 01010 00043 

1653' 01012 42 01026 01030 

76534 01013 16 01021 01010 

16535 01014 75 30036 01016 }. 

76536 " 01015 11 01000 15000 

16537 

16541 

76542 

16543' 

76544 

16545 

16546 

76547 

76550 

16551 
, 

76'52 

} 01016 75 30036 75020 

01017 11 7400101000 

01020 65 20001 01000 

0102:1 15 30036 010'0 } 

01022 11 75000 01000 

01023 15 DiO}1 01002 

01024 75 10040 01001 } 

0102, 11 00040 74001 

01026 11 0102374037 

01027· 00 00000 14001 

01030 11 0102, 20000 

01031 45 01736 01736 

} 

I 2·~ i 

str.re R 

exit address ---:> A 

, 

(A) ---jP I 

store A, I, R on drum 

step 

done? 

restore 

place 8S on MD 

place informs. tion in ES 

print on MT 2 

restore ES 

set order 

olear t~mporaries 

constanta 

restore R 

exit 

loader parameter 

PAC", ~ 97 of 100 
REPORT NO Zll-J-490 
MODEL A1J. 
DATE 12/1h/54 

t:L100 



.. ... "'·-~r."·'" '.'" -.. ~ _ " •• ·'.'·._; ...... , ..... · __ r~. ""t- ... ,~ .... ~~ 

FO~M 1'10 E T . , ~F 
CONSOLIDATED VULTEE AIRCRAFT CORPORATION 980/ lOO S"N DIEGO DIVISION PAC' -

CV-II REPun. I I~U ZM-490 
MODEL All 

PHASE II of TRACE 
OA TE 12/1h/5l.~ 

77600 OOU7. 11 40000 14000 store 40,,000 

Tl601 00120 75 '1717 77613 } TI602 
store E.S. 

00121 11 00001 74001 

7760, 00122 " 00000 ()jJOO } Loader parameters 
77604 0012' 00 00000 00000 

71605 00124 45 00000 00215 return from loader 

17606 ~ 37 00000 00201 print flex charaoter. 

77601 00126 4, 12203 11406 I 
77610 00121 22 041t. 70 70151 

I "Flex charao ter. 
71611 00130 74 45000 00000 

71612 001}1 00 oooao 00000 

17613 00132 11 00124 40000 preset 40,~ 

11614 0013' 4, 00000 76575 en ter loader 

1761' 00134 f67 20010 00000 back tape 

77616 0013' ~ 00112 ~7 pre.et order 

77617 oo~ l' ,OOO~ 001~ ] 
piokup A.I,. 

116eo 001'1 ~f§()"700)0020 . .. 

77621 001.40 U~~j 
17622 P01~1 42 00170 C>01J4.' !ost I 

77623 00142 42 00171 00146 

..... 77624 00143 21 00137 0007' Stop by one 

..... 
J:, 1762-J 0014# 42 00173 00136 done? 
6 
0 

Tf6e6 00145 4, 00000 ,00222 jvrtq) 0-..... 
...... 
~. 71617 001~ a1 OOU1 00114 Ste, ~y .thrM a.. 

116,0 00147 63 00000 00042 punoh carrlay,e return 

Tr6,1 00150 " 00020 00011 .hilt , by ~ octal 

T(632 001"- '1 00166 00151 puach A 

716" 001,. " or~21 00006 _hitt c 

8-200 



,-OHM NO £ T 1 ,j~.F 
CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

P,lI,.;[ . 990f 100 SAN DIEGO DIVISION, 

REPOr-.:: NO ZM ... Lt90 CV-ll ,. 

MODEL All 

/ DA TE 12/1h/5h 

77634 0015' 11 00074 00006 1 -:, tally 

776}5 00154 '7 00166 00160 punoh operatl~ 

77636 00155 '7 00166 00157 punch x 

77631 00156 45 00000 00115 jump 
I 

77640 00157 U 00043 00006 :3 -? tally 
I 

SUBROUTINE FOR 

00160 (55 10000 0000, 
OCTAL PUNCH 

77641 SnIFT 

11642 00161 51 00067 20000 X TRACT DIGIT 

77643 00162 '5 00167 00163 set order 

71644 00163 [00 00000 00000 J punch digit 

77645 . 00164 41 00006 0016~ Index 
" 

77fA6 .' 00165 63 00000 00041t. punch spaoe 

77641 00166 45 00000 00000 exit 

77650 00167 63 00000 00045 pro totype order 

77651 00110 '13 7m1 71777 

77652 00171 1q. 17771 17711 

77653 00112 00 00700 00000 constants 

TI6~ 00113 11 0127' 00000 

77655 00174 

)1656 00175 37 00166 00157 punch y 

, 716'7. 00176 ~4 ,'002 aoooo p\mch r 

1766Q 00171 4, 00000 00136 jump 

.-I 77661 00200 4, OOOOO.f§OOOO J exit SUBROUTINE FOR .-I 

FLEX PRINT I 

. 00201 r; 00200 00017 } 
co 77662 6 
0 set order 0"- TT663 00202 15 20000 00204 ..... 
t-
I>oC 77664 0020, .210020000074 step a.. 

n665 00204 }1 00000 00044- Word ~ L 

17666. 00205 47 00206 00200 done? 
i 

f r; 20000 00006 7766J 00206 shift next d~glt 
./ 

77610 00207 61 00000 20000 punoh 
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MODEL All 
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11671 00210 27 00040 OOOhO cloa.r R 

77672 00211 41 0020~ 002~ done? 

11673 00212 11 7160, 00010 eet exi t of loader 

n674 00213 75 ,0200 0012' } put phase II into E.S. 
11675 00214 11 1760,} 00122 

17676 00215 '7 40000 00223 aet 40.000 for restoration 

77617 00216 75 '1717 77701 ] tnoo 
restore ES 

00217 11 14001 00001 

77101 00220 11 74000 40000 restore 40.000 

17102 00221 56 00000 40000 halt 

7770., 00222 65 20010 00,00 print over old date 

71104 00223 64 20010 00700 read new data 

1Tl05 00224 15 10400 ()()jJ4 }" 
17106 11 00040 00,00 

store zeros for pr in ting 
00225 
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PREPAR£O BY 

CHECKED BY 

REVISEO BY 

,.0 .......... ... 

c 0 N V A R Page 1 of 2 
~ ,- . " t ... , .. ... I" ' •• "'~ ... , "-0_.' .0 ... 

PAGE IEOOl-l 
c. J. Svrif't SAN 01[;;0 REPORT NO. ZM 491 
c. H. Richards CV-52 MODEL All. 
w. G. Gerkin DATE 2-27-56 

FtEXPRINt SUBROUTINE IEOOl (Revised) 

This short subroutine 1s used to print (or punch) a 8~rles of 

f1exowriter characters from oonl8cutiY8 six bit positions within 

words whioh are stored in oonseoutive memory locations. 

A code delete (oota1 77) is used to signal the end of printing 

(or punch~ng)J any remaining digit positionQ in the same word are 

tilled with leroso 

This . subroutine' is entered by a 37 order, the flexowri ter 

oharacters to be printed (or punohed) follow immediately after this 

37 order. 

The routine operates from a fixed un location, reaets itself 

completely, does not require the constant' pool, and uses no t&mporarie •• 

ENTRIES, 

Punoh (P.T.) 37 17215 77216' 

Print 37 77215 77217 

Drum Allocation 77213-77233 

(lot 8tandard) 

(17) 
10 

(21) 
8 



7121~ 

77?14 

71215 
77c16 

77217 

77220 

77221 

77222 

77223 

77224 

77225 

77226 
77227 

772~O 

77231 

772:32 

77233 

(C ,'!VI\!ii -- i,j\:I'j!);"J OF GfnnU\l [jYI~/l,j,UCS COI~P'l,r.m;\ ? of 2 ' i 
Ci J ,_ 

~',N t'I!(,() ,:AlIfU.1·/I,l. • PAGE I£' 00 I •• ;~ 

FLt'XPf{IN r IPUNCH 

le; 7i~'7 77", 
11 77'??O 77"'\ 

,};7 17/1? [7721. ~ 
11 71231 172?5 

11 77232 10000 

31 77215 00017 

15 '20000 772'~ 

?l 77?15 77?~~ 

31 (772~?] 00052 

43 10000 7721~ 

~ 1 00000 2,OOO~ 
34 2(1000 O(l~06 

47 77224 17220 

61 0000.0 ,-OI'}(10 

63 00000 20000 

00 000<'0 na071 
00 00000 00001 

} qrS"'TS 

EXyT 

. PUNCH ENTRY 

PRINT ENTRY 
( SET, 

) P tCKUP 

5TFP EXIT 
PICK UP FLEX WORD 
FINISHED 7 

• 
PRfNT/PUNCH CHA~ACTFR 

SHtFT NF.~r CHARArrrR 
\'JORD USED Up? 

1 PF!"'~FTS 
Fl.AG 

AODRESS STEP 

'. 

REP 0 n T i!))'1 - •. ; ? I 
MODEL AJ..1.. 
DATE ~712./s(". 
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Coded by 

OR-lI8 

OPERATIONS RESEARCH OFFICE 
7100 Connecticut Avenue 
Chevy Chase, Maryland 

Complab 

James Chappell Page 1 of 21 

Cheeked by J, Chappell 

Machine checked by J. Chappell 

Date 13 February 1956 

U~e: 

Range: . 

Storage: 

Title Card Title Subroutine 

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. 

A maximum of 72 letters or digits- may be punched in columns 1-
72, plus a 4-digitcard number in columns 76-79, a 3-digit 
alpha-numeric deck number in columns 73-75, and a I-column line 
space code in column 80. 

156 instructions, OlOOlb - 01232b 
51 constants in program, 01233b - 01315b 
36 words temporary storage in program, Ol316b - 01361b 
19 words temporary storage not in program, OOOlOb - oo032b 

262 words total storage 
./ , 

,I 

The Convair constant storage pool is not used by this routine, 

Format: 

Parameter 
words: 

Modification: 

Timing: 

I 

The routine is coded in standard form and is self-resettin~. 

Two types of parameter words are used by this routine, See 
description of parameter words, page 3, 

See Modification, page 7. 

1 second per card average, (See Timing,. pa.ge 7,)-
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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 401 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 12 
characters or spaces in columns 1 - 12 of the card. 

The line space code, provided in colum'n 60, 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. Althoughtthis 
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 16 - 79. For 
distinguishing ,sets of cards belonging to different tables, a 3-digi t 
alpha-numeric deck number is provided in columns 13 .. -,.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 12 columns of alpha-numeric punching. These may be used at 
the programmer's option. (See Use of Routine, page 3.> 
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N 
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Use of Routine 

this subroutine is coded in standard form and is entered in 
the usual manner: 

RJ 01001 01002 . 
Parameter words . . . . . . . . . . . . 

NI (I.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 p~nehed. 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 wor~s 
alone. or groups of p,rimary' and secondary parameter wo-rds 
may follow the RJ entry to the routine, and the routine 
will exit to the NIt 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 whe·re no card nor deck number, Dor line space code is 
us'ed. The format of the two types of parameter words is as 
follows: 

Primary parameter word 00 XXNNZAMAA 

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 lOb since 
the routine determines the end of the parameter word list 
by testing for this conditionl 

= number of cards to be punched under control of this parti
cular parameter word; I < X ~ 17b 

= number of coded words to be used per card; thus 6N letters 
or digits of information will be placed on each cardi 
I ~ N ~ 14b. 



A 

z 

D 

OR-118 (Page 4 of 21 

= address of first coded 1103 word, A may be either a drum 
or AK.: 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 posi~ion produces a card number, and 
a I_in the third binary position produces a line space code. 
A 0 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: 

Z = 0; no deck number, no card number, no line space code 
1 i no deck number, no card number, a line space code 
2; no deck nuJllber. a card number, no line space code 
3; no deck number, a card number, a line space code 

'. 4; a deck number, no card'numher. no line space code 
5; a deck number, no card number, a line space code 
6; a deck number, a card number, no line space code 
7; a deck number, a card number, a line space code 

If Z = 0, a Type B Parameter word should not be used. 
If Z = O,and a Type B parameter is used, it will Jbe 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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= 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 number 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 
(Line space-code) 

12 
11 
o 
9 
8 
1 
6 
5 
4 
3 
2 
I 

Value of K 
~taI)-

14 
,13 

o 
11 
10 
1 
6 
5 
4 
3 
2 
I 
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Code 2: 
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The 0 RO 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-I 
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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Timing 

I Several timed runs made on the oro 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 l~ 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. 

Modification 

. 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 (CIOO 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 l'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 
numbe,r. If the first card to be printed is an alp~a
numeric card, it should be preceded by a blank card. 

2. The carriagetape is punched to space a fixed amount at 
the top and bot tom of each page." 

3. Spacing in excess of 3 lines between printed lines will be 
takenc~re of by the use of cards which are blank in 
columns 1 - 72. 

4. Wiring for listing the numeric data cards will be d~ne 
separately for each table. The wiring for the a~pha
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, 1953. 

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 tbe 
column is to print. If only numbers are to be printed wi th n"o 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 filter.s, which are standard on the mach
ine, are needed, eo-selectors 13 and 14 can be used. In this ease the 
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information to be fi 1 tered can bE! taken into the C (i. e.. common) hub of 
the selector and out of the corrE!sponding 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 cajrd 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 1C ransfer 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' Ent ry for the 
printing of the alpha-num,eric cards. It will be noted that a set of numer
ic cards which are blank in column 80 will list with single spacing. 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 Subrout ine 

Letters Octal Code Numbers Octal Code 

A 30 0 03 
8 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 07 
N 06 
0 03 Special Symbols 
p 15 
Q 35 • (period) 42 
R 12 t (comma) 46 
S 24 0 63 
T 01 $ (dollar sign) 65 
U 34 III (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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DICTIG. .. iRY I 

RAWOOP OCTAL CARD 
CODING CODING ROW T 0 SpH N M%L R G I P C V EZD B S Y F X A W J 9 U Q K o #: @ . 

OCDOO 01262 12 010 010 000 011 010 101 100 101 000 000 006 1 1 1 
OCDOI 01263 11 011 001 1 0 1 100 100 000 000 000 010 0. 1 1 000 o 1 1 
OCD02 01264 0 1 1 0 000 010 000 001 010 011 010 100 100 100 o 1 1 
OCD03 01265 1 010 000 000 000 000 000 000 001 010 000 000 o 1 1 
OCD04 01266 2 010 000 000 000 000 000 1 1 0 000 o 00- 001 000 o 1 1 
OCDOS 01267 3 1 1 0 000 001 000 010 000 000 000 000 000 010 1 1 1 
OCD06 01270 4 010 000 110 000 000 001 o 0,0 000 0. 0 0 100 001 0. 1 1 
OCD07 01271 5 010 001 000 000 001 10 0 000 000 000. 000. 000. o 1 1 
OCDD8 01272 6 011 000 00.0. 000. 0. 0 0 000 000 100 100 000 0. 0 0. 0. 1 1 
OCD09 01273 7 010. 000 000 0. 1 0. 100 000 000 010 000 00.0 000 o 1 1 
OCDI0 01274 8 010 010 010 000 000 000 001 000 00.0. 010 011 1 1 1 
{)cDll 01275 9 010 000 000 101 000 010 000 000 001 000. 000 0. 1 1 

DICTIONARY II 
0' 

/ 4 $ 6 4& 3 7 
1 8 50 7 2 I-J 

I-J 
cc 

OCD12 0.1276 12 1 0. 1 010. 1 1 1 1 1 0. 101 0. 0. 0. 001 0. 1 0 1 1 1 1 1 1 1 1 1 1 1. 1 
()CD 13 01277 11 1 o 1 0. 1 0. 1 1 1 1 1 0 100. 0. 1 0. 101 010 1 1 1 1 1 1 1 1 1 1 1 1 
OCD14 01300 0 1 1 1 1 1 0. 1 1 1 1 1 0 100 000 001 010 1 1 1 1 1 1 1 1 1 1 1 1 
OCDIS 01301 1 1 o 1 111 1 1 1 1 1 0 100 000 001 010. 1 1 1 1 1 1 1 1 1 1 1 1 
OCD16 01302 2 - ~ 1 o 1 010 1 1 1 1 1 0 100 000 001 011 1 1 1 1 1 1 1 1 1 1 1 1 
OCD17 01303 3 III .0 1 0 1 1 1 1 1 0 100 010 011 010 1 1 1 1 1 1 1 1 1 1 1 1 
OCDI8 01304 4 1 0 1 010 1 1 1 I 1 0 1 0 1 100 101 010 1 1 1 1 1 1 1 1 1 1 1 1 
OCD19 01305 5 101 o 1-0 1 1 1 1 1 0 1 1 0 000 001 010 1 1 1 1 1 1 -- 1 1 1 1 1 1 
OCD20 01306 , 6 1 0 1 0. 1 0. 1 1 1 1 1 0. 100 00.1 0. 0 1 010 1 1 1 1 1 1 1 1 1 1 1 1 
OCD21 0130.7 7 r 101 010 1 1 1 1 1 0. 100 0. 0 0. 0. 0 1 - I 1 0 i 1 '1 1 1 1 1 1 1 1 1 1 f OCD22 01310 8 III 010 1 1 1 1 1 1 101 010 101 010 1 1 1 1 1 1 1 1 1 1 1 1 

~ OCD23 01311 9 1 0. 1 0. 1 0 1 1 1 1 1 0 100 000 001 010 1 1 1 1 1 1 1 1 1 1 1 1 Vt 

""C 
Q) 

co 
('!) 

I-' 
I-' . 

FIGURE I 0 
~ 

l\:) 
I-' 
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CAlID TITLE SUBROUTINE 

RAWOOP CODING OCTAL CODING EXPLANATION 

D 01AOO·00512 01000 00 00000 00000 DISSECTION OF PARAMETER WORDS 

D 02AOO. 00544 01040 00 00000 00000 FORMULATION OF CAII) IMAGE 

D 03AOO 00600 01130 00 00000 00000 FO RMULATION ·OF DECK NUAI3ER 
\ 

D 04AOO 00611 01143 00 00000 00000 FORMULATION OF CAli) NUUJER 

D 05A00 00629 01165 GO 00000 00000 FORMULATION OF SPACE CODE 

D 06AOO 00642 01202 00 00000 00000 PUNCHING OF CARD 

D OAPOO 00659 01223 00 00000 00000. ALARM PRINT ROUTINE 

D OOKOO 00667 01233 00 00000 00000 CONSTANTS 

D orooo 00690 01262 00 00000 00000 CARD DICTIONARY 

D OPTOO 00712 01310 00 00000 00000 POWERS, OF TEN 

D OC1OO 00718 01316 00 00000 00000 CARD IMAGE 

D ooTOO 00008 00010 00· 00000 00000 TEMPORARY STORAGE 

OIAOO 00 00000 00000 01000 00 00000 00000 NOT USED 

OIAOI MJ 00000 J 00000 I 01001 45 000001000001 NORMAL EXIT 

01A02 SP 01AOI 00015 01002 31 01001 00011 ENTRANCE 
to 

i 01A03 TU A 01A04 01003 15 20000 01004 } PRIMARY PARAMETER WOW 

OlA04 TP~OOTOO 01004 11130000100010 ~10b 

r-f 
t'- OlA05 SP OOIOO 00015 01005 31 00010 00011 STORE ADDRESS OF FIRST 
t! 

OlA06 TU A 00K14 01006 15 20000 01251 CODED WORD 

OIA07 LQ OOTOO 10012 01007 55 00010 10014 

.0lAoa QT OOKOO A 01010 51 01233 20000 X - 1~12b 

01A09 ST OPT05 00T02 01011 36 01315 00012 
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l 
OIAIO LQ OOTOO 10018 01012 55 00010 10022 / 

N i 1--13b OIAII QT OOKOO A ' 01013 51 01233 20000 
I 

0lA12 S1 OPT05 00T03 01014 36 01315 00013 I 
01A13 QJ 01AI6 0lA14 01015 44 01020 01016 DECK NUMBER? 

i 

0lA14 QJ 01A16 01A15 01016 44 01020 01017 ..' CAID NUMBER? TEST Z 

01A15 QJ 01A16 0lA31 01017 44 01020 01037 SPACE CODE? , 

01AI6 TP OPT05 A 01020 II 01315 20000 

01A17 SA OIAOI 00015 01021 32 01001 00017 ADDRESS OF 

01A18 Tll A 01A21 , 01022 IS 20000 01025 SECONDARY PARAMETER 

01AI9 TU A 01A22 01023 15 20000 01026 WORD DETERMINED 

01A20 TO A 01A28 01024 15 20000 01034 

01A21 TU~ 06AOO 01025 15130000101202 ADDRESS OF DECK NUmER STO lED 

01A22 SP~ 00015 01026 31130000 100017} ADDRESS OF CAli) 

01A23 Tll A 0lA24 01027 15 20000 01030 NUMBER DETERMINED 

01A24 SP~00042 01030 31130000 10005) 
H~11b 

01A25 TP A OOTOI 01031 II 20000 00011 

01A26 SS A 00030 01032 34 20000 00036~ 
CARD NUMBER~14b 

01A27 TP A OOT04 01033 11 20000 00014 

'CO 01A28 LQ~lOO06 01034 55 130000 1100) 

~ 
K~32b 

OIA29 QT OOKOO OOTI8 01035 51 01233 00032 
) 

I " " 

8 
<l' OIA30 RA 01AOI OPT05 01036 21 01001 01315~ 
~ INCREASE EXIT 

t! 0lA31 RA OIAOI OPT05 01037 21 01001 01315 

02AOO TP OPTOS OOT05 01040 11 01315 00015 1~15b 

02AOI RP 30036 02A03 01041 75 30044 01043} 
CLEAR CARD IMAGE 

02A02 HS OCIOO OClOO 01042 23 01316 01316 
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02A03 TV 02A02 02A34 01043 16 01042 01102 

02A04 TO 00[(14 02AIO 01044 15 01251 01052 

02A05 TU 02A03 02A12 01045 15 01043 01054 SETUP FOR FIELD I 

02A06 TU 02A02 02A21 , 01046 15 01042 01065 

02A07 TU 02A02 02A36 

02A08 TP 00T03 00'£06 01050 11 00013 00016 N - 1---:716b. 

02A09 RS 00T07 00T07 01051 23 00017 00017 CLEAR 17b 

02A10 TPIQ OOT08 01052 111~00ooloOO20 CODED WOID~20b 

02Al1 TP OOK03 00T09 01053 11 01236 00021 5~21b 

02A12,-!-,V\02A02102A25 01054 16101042101071 SETUP v OF 1071b 

02A13 LQ ooT08 OQ006 01055. 55 00020 00006~ 
MASK LETTER INTO A 

02A14 QT OOKOO A 01056 51 01233 20000 

02A15 TJ OOK04 02A17 01057 42 01237 01061 TEST FOR APPOOPRIATE DICTIONARY 

02A16 RA A 001(05 01060 21 20000 01240~ SETUP SHIFT 

02A17 AT OOK06 02A23 01061 35 01241 01067 DICTIONA RY COMr\1AND 

02AIB TP 00K01 00T10 01062 11 01242 00022 13-722b 

02A19 RS 00T11 OOTll 01063 23 00023 00023 CLEAR BIT COUNTER 

02A20 RP 20012 02A22 01064 75 20014 01066~ SHIFT CARD IMAGE 

02A21 LQ I o:a 00 10000 1 01065 55[01316100001 1 PLACE LEFT 
I' 

02A22 RA 00T07 OPT05 01066 21 00L17 01315 INCREASE COLUMN COUNTER 

02A23 LQIOCDOOJA 01067 55101262120000 SHIFf APPROPRIATE DICTIONARY AND 
00 LEAVE IN A 
::1 
J 
• 

02A24 TP OPT05 Q 01070 11 01315 10000 1 BIT MASK-?--Q 

8 02A25 QS A locl001 01071 53 200001013161 MASK FINAL BIT OF ROW OF a. 
(::! DICTlpNARY INTO ROW. OF IMAGE 

t! 02A26 QT A A 01072 51 20000 20000 ISOLATE FINAL BIT OF IMAGE ROW 

02A27 AT OOTll OOTII 01073 35 00023 00023 SUM BITS OF COLUMN 

02A28 RA 02A23 00K02 01074 21 01067 01235 INCREASE DICTIONARY ROW 
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02A29 RA 02A25 OPT05 01075 21 01071 01315 INCREASE IMAGE ROW 

02A30 IJ OOTI0 02A23 01076 41 00022 01067 12 ROWS? 

02A31 TB' 001'11 A 01077 11 00023 20000;:} TEST FOR ILLEGAL CODE, 

02A32 TJ OOK03 02A38 01100 42 01236 01106 IF LEGAL, GO TO 1106b 

02A33 RP 10012 02A35 01101 75 10014 01103\} 

02A34 QS 00K02[ociooi 01102 53 01235[ 013161 
MASK our ILLEGAL BITS 

02A35 RP 20012 02A37 01103 75 20014 01105} 

02A36 LQ I O(a 00 J00035 01104 55101316100043 
MOVE IMAGE 1 PLACE RIGHT 

02A37 RS 00T07 OPT05 . 01105 23 00017 01315 DECREASE 'COLUMN COUNTER 

02A38 TP ooT07 A 01106 11 00017 20000} TEST FO R COMPLETION 

02A39 &J OOK18 02A46 01107 42 01255 01116 , OF FIELD 

02A40 TU 02A41 02A12 01110 15 01111 01054 

02A41 TU 00K17 02A21 01111 15 01254 01065 , 

02A42 TU OOK17 02A36 01112 15 01254 01104 
SETUP FOR FIELD II 

02A43 TV OOK17 02A34 01113 16 01254 01102 

02A44 RS 00T07 OOT07 01114 23 00017 00017 

02A45 RS 00T05 00T05 01115 23 00015 00015 
'CQ 

::1 02A46 IJ OOT09 02A12 01116 41 00021 01054 CODED WORD COMPLETED? 
tA 
I 

02A47 RJ 02A47 02A48 8 01117 37 01117 01120 OPTIONAL EXIT 
0' 

~ 02A48 RA 02AIO OOK02 01120 21 01052 01235 INCREASE ADDRESS OF CODED WO II) 
t< 
~ 

02A49 IJ OOT06 02AIO 01121 41 00016 01052 N WORDS COMPLETED? 

02A50 IJ 00T05 02A52 01122 41 00015 00124 ONE 0 R TWO FIELDS USED? 

02A51 TP OOK05 A 01123 11 01240 20000 

02A52 AT OOK09 A 01124 35 01244 20000 SETUP SHIrl COMMAND 

02A53 ST OOT07 02A55 01125 36 00011 01121 

02A54 RP 20012 03AOO 01126 75 20014 01130;} 

02A55 LQIOClOO 10000 01127 55101316100000 
WVE CAm IMAGE TO LEFT 
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03AOO LQ OOTOO 10018 

03AOl QJ 03A02 04AOO 

03A02 TU 03A03 02A12 

03A03 TU OOK16 02A21 

03A04 TO OOK16 02A36 

03A05 TO 02AI0 OU(14 

03A06 TU ObAOO 02AI0 

03A07 TV 00K16 02A34 

03A08 RJ 02A4702A09' 

03A09 RP 20012 04AOO 

03A10 LQ OC124 00005 

04AOO LQ OOTOO 10019 

04AO 1 QJ 04A02 05AOO 

04A02 TP OOT04 A 

04A03 TJ OOKOI 04A06 

04A04 SP 00K21 00042 

04A05 MJ 00000 OAPOO 

04A06 RP 30004 04AOO 

04A07 DV OPT02 00T12 

04A08 TV 04A07 04A12 

04A09 TP OOK08 OOT05 

Oft-llH 

01130 55 00010 10022} 

01131 44 01132 01143 

01132 15 01133 01054 

01133 15 01253 01065 

01134 15 01253 01104 

01135 15 01052 01251 

01136 15 01202 01052 

01137 16 01253 01102 

01140 37 01117 01051 

01141 75 20014 011431. 

01142 55 01346 00005~ 

01143 55 00010 10023) 

01144 44 01145 01165 

01145 11 00014 20000 

01146 42 01245 01151 

01147 31 01260 00052 

01150 45 00000 01223 

01151 75 30004 01153} 

01152 73 01312 00024 

011.53 16 01152 01157 

01154 11 01243 00015 

04AI0 LQ OPT05 10005 01155 55 01315 10005 

04Al1 TV OOKOI O4A14 

04A12 RA 04A14 '00T121 

04A13 LQ Q 35 01160 55 10000 00043 

04A14 QS Q 

04A15 RA 04A12 OPT05 

04A16 IJ 00T05 04Al1 

04A17 RA OOT04 OOTOI 

01161 53 10000 101350 I 
01162 21 01157 01315 

01163 41 00015 01156 

01164 21 00014 00011 

Page 16 of 21 

DECK NU~IDER USED? 

IF NOT, GO TO 1143b 

SETUP FOR FIELD III 

FORM DECK NUMBER IN IMAGE 

POSITION DECK NU~EER 

IN FIELD III 

CARD NUMBER USED? 

IF NOT t GO TO 1165b 

CARD NUMBER~A 

ALARM IF CAm NUMBER 
4 DIGITS 

CONVERT TO DECIMAL AND 

STORE DIGITS IN 24b - 27b 

SETUP v OF 1157b 

3~15b 

FLOATING I~Q 

SETUP v OF 1161b 

SHIvr FLOATING 1 

MASK BIT INTO IMAGE 

4 DIGITS FOhMED? 

INCREASE CARD NUMBER 
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05AOO LQ OOTOO 10020 01165 5500010 lO024 } CODE PUNCH USED? 

05A01 QJ 05A02 06AOO 01166 44 01167 01202 IF NOT, GO TO 1202b 

05A02 TP 00T18 A 01167 11 00032 20000 K~A 

05A03 TJ 00K19 0~A06 01170 42 012S6 01173 

05A04 SP 00K20 00042 01171 31 012S7 00052 ALARM IF K~14b 

05AOS MJ 00000 OAPOO 01172 4S 00000 01223 

OSA06 TJ OOK22 OSA09 01173 42 01261 01176 

OSA07 ST 00K22 A 01174 36 01261 20000 DETERMINE ROW OF CAID 

OSA08 TN A A 0117S 13 20000 20000 IMAGE IN WHICH CODE 

OSA09 RA A OOKOI 01176 21 20000 01234 PUNCH IS TO BE PLACED 

OSA10 TV A OSA12 01177 16 20000 01201 

OSA1l 'IP OPTOS Q 01200 11 0131S 10000 1 BIT MASK~Q 

OSA12 QS OPTOSIOC126} 01,201 53 0131SI013S0 I MASK BIT INTO ROW OF IMAGE , 

06AOO EF 00000 OOKll 01202 17 00000 01246 CYCLE REPRODOCER 

06AOl TP 00K0700TOI 01203 11 01242 00022 ROW COUNTER = 12 

06A02 RP 30003 06A04 01204 75 30003 01206 } 
SETUP. v OF EW OIDERS 

06A03 TV 00K12 06A04 0120S 16 01247 01206 

06A04 EW 00000lOC13s1 01206 77 000001013611 

06AOS EW looooloclliI 01207 77 100001013311 EW ORDERS· 

06A06 EW 10000loc1231 01210 77 10000 [Ol34S1 

06A07 RP 20003 06A09 01211 75 20003 01213} 
DECREASE v OF EW OIDERS 

06A08 RS 06A04 OPTOS 0.1212 23 01206 0131S 

to 06A09 IJ OOTIO 06A04 01213 41 00022 01206 12 ROWS? r-t 
r-t 

~ 06AI0 IJ OOT02 02AOO 01214 41 00012 01040 X CARDS COMPLETED? 

'" 06All SP OIAOI 0001S 01215 31 01001 00017 
f:! CONTENTS OF EXIT 
>4 06A12 TU A 06A13 01216 IS 20000 01217 ~ 

ADDRESS~Q " 

06A13 LQ~IOO06 01217 55130000110006 
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06Al4 QT OOKOO A 

06A15 iJ 00K15 01A02 

06A16 MJ 00000 OIAOI 

OAPOO PR 00000. 'A 

OAPOl SS A 00006 

OAP02 ZJ OAPOO OAP03 

OAP03 TN OPT05 A 

OAP04 SA OIAOI 00015 

OAP05 TU A OAP06' 

OAP06 ~P~Q 
OAP07 MS 00000 06All 

OR-lIS 

01220 51 01233 20000 

01221 42 01252 01002} 

01222 45 00000 01001 

01223 61 00000 20000 

01224 34 20000 00006 

01225 47 01223 01226 

01226 13 01315 20000 

01227 32 01001 00017 

01230 15 20000 01231 

01231 11 130000 110000 ' 

01232 5600000 01215 

001(00 00 00000 00071 B 01233 00 00000 00071 

001(01 00 00000 OC126 01234 00 00000 01350 

OOK02 00 00001 00000 B 01235 00 00001 00000 

00K03 00 00000 00005 B 01236 OQ 00000 00005 

OOK04 00' 00000 00045 B 01231 00 00000 00045 

00K05 00 00014 00000 B 01240 00 00014 00000 

OOK06 LQ OCDOO A 01241 5501262 20000 

00K01 00 00000 00013 B 01242 00 00000 00013 

OOK08 00 00000 00003 B 01243 00 00000 00003 

00K09 LQ OCIOD 00036 01244 5501316 00044 

OOKIO 00 00000 23411 B 01245 00 00000 23411 

OOKII 00 00000 00112 B 01246 00 00000 00112 

OOK12 00 00000 OC135 

00K13 00 00000 OClll 

OOK1400100000loc123 

0124700 00000 01361 

01250 00 00000 01331 

01251 00 1,00000101345 

00Kl5 00 00000 00010 B 01252 00 00000 00010 

Page 18 of 21 

OPERATION PORTION OF EXIT~A 

TEST FOR NI OR PARAMETER 
WORD. IF PARAMETER WOID, 
GO TO 1002b. IF NI, GO TO 
EXIT AT 100lh 

ALARM PRINT ROUTINE 

CONSTANTS 
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00K16 00 OC124 OC124 01253 00 01346 01346 

00K17 00 OCl12 OCl12 01254 00 01332 01332 
CONSTANTS 

00K18 00 00000 00044 B 01255 00 00000 00044 

00K19 00 00000 00015 B 01256 00 00000 00015 

00K20 16 03222 00452 B 01257 16 03222 00452 

00K21 16 03222 00474 B 01260 16 03222 00474 

00K22 00 00000 00012 B 01261 00 00000 00012 

OCDOO 22 03254 50007 B 01262 22 03254 50007 

oeDOI 31 54400 02306 B 01263 31 54400 02306 

OCD02 60 20123 24446 B 01264 60 20123 24446 

OCD03 20 00000 12006 B 01265 20 00000 12006 

OCD04 20 00006 00106 B 01266 20 00006 00106 

OCD05 60 10200 00027 B 01267 60 10200 00027 
DICTIONARY I 

OCD06 20 60010 00416 B 01270 20 60010 00416 

OCD07 21 00140 00006 B 01271 21 00140 00006 

0c008 30 00000 44006-B 01272 30 00000 44006 

OCD09 20 02400 20006 B 01273 20 02400 20006 

OCDI0 22 20001 00237 B 01274 22 20001 00237 

OCDll 20 05020 01006 B 01275 20 05020 01006 
I 

OCD12 52 76501 27777 B 01276 52 76501 27777 / 
.I 

OCD13 52 76425 27777 B 01277 52 76425 27777 

OCD14 76 76401 27777 B 01300 76 76401 27777 

OCD15 57 76401 37777 B 01301 57 76401 37777 

OCD16 52 76401 37777 B 01302 52 76401 37777 
to DICTIONARY II 
r-i OCD17 72 76423 27117 B 01303 72 76423 27177 r-I 

J 
I OCD18 52 76545 27777 B 01304 52 76545 27777 0 

~ 
r-I OCD19 52 76601 27777 B 01305 52 76601 27771 t"--

.. A! 
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OC020 52 76411 27777 B 01306 52 76411 27777 

OC021 52 76401 67777 B 01307 52 76401 67777 

OC022 72 77525 27777 B 01310 72 77525 27777 

OCD23 52 76401 27777 B 01311 52 76401 27777 

OPT02 00 00000 01750 B 01312 00 00000 01750 103 

OPT03 00 00000 00144 B 01313 00 00000 00144 102 

OPT04 00 00000 00012 B 01314 00 00000 00012 101 

OPTOS 00 00000 00001 B 01315 00 00000 00001 100 

OCIOOOO 00000 00000, 01316 00 00000 00000 

CARD IMAGE FORMED HERE 

1316b - 1361b 

OC136 00 00000 00000 01361 00 00000 00000 

START xxxxx 00000 45 00000 XXXXX START CABO 

40000 45 00000 XXXXX 

MEMORY SUM 75202 00 00000 00123 

MEMORY SUM 15203 17 64233 15420 
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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 firs,t 
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, cQ-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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Q 0 

Figure 2. Wiring for line spacing and picking up Transfer Print Entry on 
alpha-numeric cards. 

I. 

2. 

3. 

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. 

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 
w~eela '13-120 when these selectors are picked Up. 

Theae co-selectors are picked up whenever Transfer Print Entry fa 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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U:>·119 

Coraputln[; Branch. FDL 

Prepared bY.)~_!-I1 ... ~._l~c'.l:.=~t:cr Date 26 Jan 1956 
l!;1U\ ELGlL~~()r 

Uses 

Initial State: 

Title Ootal C~rd Read 

Rend into CO!:1puter cards punched in octal form. cards can 
hJ.ve any number of t'10rua from 1 to 6. Cards used for this 
procr~~ cn~ also be liotcd on tabulator as well aD read 
into m~chlne. If no.: ot words on card are 6, columns 1 
thl"U 72 must have one punoh in eaoh column and columns 73 
to 77'must have ona punch. If a column 1s missed, the 

. programwl1l como to a 0 stop indicat1ng an error on the 
ca.rd. Thts doc:;'J not npply if all the words in a field 
aro o •. Thon that f1eld can be blank. Program wl11 atop 
after one blank card i8 rend. For no. ot worda less than 
6, only tho columns needed have to be puncbed.. Program 
requires 1 blank card at bottom ot deok ot carda and ,sev
eral blanks on top. Innert for words 1s punched in col
umna 7} thru 77 and number ~t words 1n oolumn 80. 

1. F.l Switoh'in 00000 Pooition 

2. Set '. PAl{ to 45200 

;. It operation a card at a time 1s desired select ~m 1. 
Words will not be placed 1n storage until next card 1s run. 

Temporary storage:OOOOO to 00202 

Entranoe Addressl 45200 

Restrictions I Will not load into ES from 00000 to 00202. 

.' 



45200 75 3~203 00062 

1&.5201 ·11 45202 00000 

COOOOO 1;.5202 45 COOOO 00062 

00001 452O; 00 0000000105 

00002 45204- 00 00000 00104-

00003 45205 00 00000 00100 

00004 45206 00 00000 ·00000 

00005 45207 00 00000 00000 

00006 45210 70 00000 00000 

00007 45211 60 00000 00000 

00010 45212 50 00000 00000 

00011 45213 40 00000 00000 

00012 45214 ;0 00000 00000 

00013 45215 20 00000 00000 

00014 45216 10 00000 00000 

00015 45217 00 00000 00000 

00016 45220 00 00000 00004 

00017 45221 00 00000 00013 

00020 45222 00 00000 00012 

00021 45223 00 00000 00001 

'" 00022 45224-,....., 
,....., 
I 

ro 
0002:; 45225 00 ooalt.1f. 00000 I 

8 
'" g 

00024 45226 00 00045 00000 
~ 

00025 45227 00 00046 00000 

\-13-119 
-1-

block transfer 

jump to start 

EF constanta 

row 9 constant 

row 8 constant 

row 7 constant 

row 6 constant 

row 5 constant 

rON 4 oonstant 

row :; constant 

row 2 constant 

row 1 constant 

row o constant 

insert index 

digit index 

row index· 

field index 

to ES 

oard image constants 

temp storage constant 
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1-lS-119 
-2-

(,-00026 452,0 00 00000 00002 word index 

00027 45231 00 00004 00000 start of row constants 

00030 45232 00 00001 00000 constant for advancing addresses 

00031 45233 00 :;0000 00000 constant for repeat 

00032 452:;4 00 00000 00371 field III constant 

00033 452;5 00 30006 00000 constant 

00034 45236 00 00000 00000 conversion constant 
~ 

00035 45237 00 00000 00000 j----n for, repeat 

00036 45240 00 00000 00000 row index 

OOO}7 45241 00 00000 00000 digit index 

00040 45242 00 00000 00000 field index 

00041 45243 00 00000 00000 word index 

00042 45244- 00 00000 00000 insert tndex 

00043 45245 ca;rd image III 

00044 45246 00 00000 00000 II 

00045 45247 00 00000 00000 II 

00046 45250 00 00000 00000 

00047 45251 00 00000 00000 

00050 45252 00 00000 00000 Temp atorage for oonverted words 

00051 ~5253 00 00000 00000 

00052 45254- 00 00000,00000 

0' 
r-I 

00053 45255 00 00000 00000 r-I 

J 
I 

00054 4525' 00 00000 00000 0 1nsert address 0 
0"-

~ 

~ 00055 45257 00 00000 00000 no. ot worda on card 
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\·JS·.119 
-3-

00056 45200 00 00000 000(;0 field I addition 

00057 45261 00 00000 OCODO fiel<l II add1t1on 

00060 45262 co 00000 COOOO field. III addit10n 

00061 45263 00 00000 00000 blank 

00062 45261+ 11 00000 00002 J 
45265 

posit1on carda 
00063 17 00000 00002 

00064 45266' 17 OCOOO 00001 read 

00065 45267 15 00035 00067 set up repeat instruct10n 

00066 45270 16 00054 00070 set up transfer 1hstruct1on 

00067 45271 15 00000 00011 } 

45272 11 00046 00000 
store converted words away 

00070 

00071 45273 15 1001, 0001' ~ 
clear temporary storage 

00072 45274 11 00004 00046 

00073 45275 11 00020 000;6 set row .index ,( 

00074 45216 15 00021 00141 set up row constant field I 

00075 45277 15 00021 00152 set up row constant f1eld II 

00076 45300 15 00027 00160 set up row constant for 2nd and 3rd words 

00077 45301 15 00027 00112 set up for no. of ,words 

00100 45302 31 00133 00125 jump to read subroutine 

00101 45303 37 00202 00136 jump to conversion subroutine 

0" /00102 45304 45 00000 00100 jump to read subrOutine 
,"'" I r-i 

J ! 00103 45305 11 00031 00035 ( 

d I 

~, 00104 45306 ' 11 00055 20000 puts no. ot worda in A . 
,.... 
r:-.. 

00105 45301 
~ 

47 00106 00122 tests for 0 words \ 
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D" 
rl 

7 
to 

d 
0 

'" rl 
l:' 

~ p.. 

00106 45310 :>l~ 000)5 00017 

00107 45311 21 CC035 00055 . 
00110 45312 43 00033 00112 

00111 45313 45 00000 00121 

00112 45314 11 00056 20000 

00113 45315 47 00120 00114 

00114 45316 11 00057 20000 

00115 45317 47 00120 00116 

00116 45320 II 00060 20000 

00117 45.321 43 00032 00121 

00120 45322 56 00000 00062 

00121:,,45323 45 00000 00064 

00122 45324 75 OQOO!i- OQ124} 

00123 45325 17 00000 0000:; 

00124 45326 45 00000 00120 

00125 45321 76 00000 0004} 

00126 453,0 76'10000 00044 

00127 45331 76 10000 00045 

00130 45332 21 00056 00044 

00131 45333 21 00057 00045 

00132 45334 21 00060 0004:; 

00133 45335 41 00036 30000 

00134 453;6 56 10000 00103 

1-13-119 
~lt-

shift to U portion 

forms j-----n 

testa for less than 6 words 

jump to. next card 

field I. addition -?A 

Test for 0 

field II addition -7 A 

Test for 0 

field TIl addition -7' A 

test f"()r proper addition 

stop for error or end ot oards 

back' to next. card 

clear read side 

jump to stop 

read subroutine 

field addition I 

f'1eld addition II 

r.te1d addition ITI 

row index 

optional stop after every card 

00135 45337 45 00000 00103 superfluous 
oonversion subroutine 
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00136 45340 15 00023 00142 

U»-119 
-5-

puts field I in transfer 
/ 

/ 

00137 45341 15 00025 00146 

00140 45342 II 00021 ooello 

00141 45:;J+:; 11 02000 00034 

00142 45}44 II 30000 10000 

00143 45345 11 00026 00041 

00144 45346 1100017 00037 

00145 45347 44 00146 00147 

puts 1st conversion address in place 

sets field index 
i 

puts conversion oonstant 1n temp storage 

puts field I 1n Q 

sets word oounter 

sets digit counter 

check for 1 

00146 45350 21 02000 00034 adds converted digit to cell 

00147 45351 31000;4 OOl05} 
posltlrins' conversion constant 

00150 45352 U. 20000 00034-
. . 

00151 45353 41 00037 00145 digit index 

00152 453514. 11 02000 ooo}4. seta conversion cell for 2nd word 

00153 45355 21 00146 00030 adds 1 to temp storage address 

00154 45356 41 00041 001" woro index 

00155 45351 15 00024 00114.2 puts fie 1d II word in plaoe 

00156 45360 4-1 00040 00141 field index 

00.157 45361 55 00043 ooo~ shifts field III word 

00160 45362 II 02000 00034 conversion word to temp storage 

00161 45;63 31 000:;4 0. 0063) 
pos1tIons converB~on constant 

00162 q.536lt. 11 20000 ooo}4. 

00163 .45365 11 00016 00042 sets 1nsert index 

00164 45366 4-4 00165 00166 che ck tor 1 

00165 45367 21 00054 000;4 adds converted digit to temp storage 

8-232 



00166 1~5.:rlO 31 000 .51~ 00105 } 

11 20000 00034 

\-13-119 
-6-

shifts constant and puts it away 
00167 45311 

00170 45312 41 00042 00164 insert index 

00171 45313 55 10000 00002 shift pattern for no. of words 

00172 4531la. 31 00000 0004.1 ~ 

00173453"75 11 20000 0003la. 
positions conversion constant 

00174 45316 4~ 00175 00116 check for 1 

00175 45371 21 00055 ooo;la. adds to temp storage 

00176 45400 21 00141 OOO}O 

00177 45401 21 00152 00030 adds 1 to change conversion oonstant 

00200 45402 21 00160 OOO}O 

00201 45403 21 00112 00030 

00202 la.5404 45 00000 30000 jump back to main routine 

8-2.3.3 



Us-120 

lJIIITE SANDS PROVING GROUND 

Computln~ Branch, FDL 

Prepared by L. Orahum Date 20 Jan 1926 
Checked by _______ _ 

Computer 
Checked by L. Graham 

Uses 

Initial Statel 

Rangel 

Limitation: 

Title Octal Card Dump 

Dumpo 3, octal words on each Field I and F1eld II, and the 

inDort address tor ~He card 18 puncbed in cola. 13-77 1no. ' 

Set IA 1n v'or Q, and No. worda Bet in V ot Q. PAK at· 

5Y500 Y-l or2 

Set not to read row 12. 

W111 druap Drum from 40000 - 77777. 

It Yal, w1ll dump ES trom 00000-00471 and 00110-01777. 

It Y=2, w11l dump ES from 00000-01477 and 01710-01777. 

Program must operate from ES. 
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US-120 

Drum ES 

5Y502 OX500 17 00000 ox60:; Plcl<: punoh card 

5Y503 OX501 17 00000 QX6o:; Plck punch card 

5Y504 OX502 11 10000 ox605 (Q) = (lA)215 + N ~ox605 

5Y5050X503· 11 OX6l7 OX606~ clear both cells 

5Y506 OX504 11 OX617 OX607 

5Y507 OX505 16 QX605 ox606 N -7V ot ox606 

5Y510 OX506 15 ox605 OX607 I"A -? Uof OX607 

5Y511 OXS01 11 ox606 20000 N-?A 

5Y512 OX510 1?> OX610 OX612 N/6 .. n-l ~ ox615 

5Y513 OX511' 47 OX512 OX513 Test remainder for zero 

5Y514 OX512 11 20000 OX707 No. words on last card 

5Y515 OX51} 21 ox612 OX614 counter =- n for No. ot cards. 

5Y516 OX514 15 OX605 OX516 

5Y517 OX515 75 Jooo6 OX5l 7J ox6oo 
5Y520 OX516 ll[30000]OX631 Transfer 6 words to be punched OX514 

5Y521 OX517 15 OX516 ox637 

5Y522 OX520 17 00000 OX()O!i: Pick punch card, and puncb 

5Y523 OX521 is OX627 OX532 I 

5Y524 OX522 15 OX624 OX526 

5Y525 OX523 11 OX614 ox640 1 -> ox640. counter tor Fields 

5Y526 OX524 75 10041 OX527J 

0 5Y527 OX525 11 ox6l1 ox646 clear card image 
N 

7 5Y530 OX526 21 [OX675]Ox644 oonstant tor forming oard image OX522 to 

~ 5Y531 OX527 11 OX61} ox645 OX546 
~ 

235 ~Floatlng 1 
OX524 

ii! 5Y532 OX530 11 OX622 ox644 ; 

1 



Drtun ES 

5Y533 OX531 11 oxG15 OX642 countorfor end of word OX544 

5Y534 OX532 11 OX637 OX643 OX521 

5Y5'5 OX5:;3 11 OX526 OX51tO OX542 

5Y536 OX534 55 QX643 00003 Shift No. to be punched 

5Y537 OX535 51 OX620 20000 

5Y540 OX536 54 20000 00017 

5YS41 OX537 35 OX5J~O OX540 

5YS42 OX540 21 OX665 Qx644 

5Y543 OX541 55 OX644 0004:; Shift tloat1ng 1 

5Y544 OX542 41 ox642 OX533 ' ~ 1t \-IOrd 1s not oomplete, jump 

5Y545 OX543 21 OX532 OX621 

5Y546 OX544 41 OX645 OX5:;1 It ~1e1d 1S completed, proceed 

57547 OX545 15 OX625 OX526 

5Y550 OX546 41 ox640 9X527 Jump to OX527 unless fIelds I and II ~..-~ 
c..o fw\. "p Itt (, 

5Y551 OX541 15 OX626 OX526 

5Y552 OX550 11 OX623 ox642 counter • 4 to punoh IA 

5Y55' OX551 11 OX622 OX644 Floa.ting 1 

5Y554 OX552 55 ox644 00010 sh1ft Floating 1 

5Y555 OX553 11 OX637 OX643 

5Y556 OX554 55 OX64:; 00006 (IA)221 

5Y557 OX555 11 OX526 OX562 OX564 :. 

5YS60 OX556 55 Ox643 00003 

5Y561 OX557 51 OX620 20000 
0 5YS62 OX560 54 20000 00011 N 

7 
5YS63 OX561 35 OX562 OXS62 .~ 

0' 

F! 
>4 
Pot 

2 



:Oru.:t ES 

5YS64 OX562 21 OX"i03 OX644 

5Y565 oX56:; 55 ox644 00043 Shift FIQat1ng 1 

5Y566 oxS64 41 OXf'42 OX555 Test tor- counter or 4. 

5Y567.0X565 21 aX703 ox614 Add 1nto 6 ro\'t, last column. 

SY570 OX566 11 OX616 ox641 counter - 10 tor 11.~ows. 

5Y571 oxS67 75 30003 OX570 5Y572 OX570 16 OX624 OX571 fix milS tor 9 row 

5Y573 OX571 77 00000 30000 OX576; 

5Y574 OX572 77 10000 30000 

5Y575 OX573 77 10000 30000 

5Y576 OX574 75 20003 OXS76 

5Y571 OX575 23 OXS71 OX614 

5y600 OX576 41 OX641 OXS7l Row counter 

5Y601 OX577 21 OX516 Dx6l1 Increase next rA br 00006 

5y602 ox60o 41 OX612 OX51S Jump baole to punch another oard. 

5y6o:; ox601 56 00000 OX500 Stop. 

5y604 OX602 00 00000 00000 

5y605 ox60:; 00 00000 00110 

5y606 OX604 00 00000 00112 
0 5Y607 ox605 00 30000 30000 (Q) N OX502 
J 
I 5y610 ox606 00 00000 00000 Temp. Storage ·N 
~ 5y611 ax607 00 00000 00000 Temp. Storage (tA) 215 t:! 
1>-4 5Y612 QX610 00 00000 00006 ~ 

5Y613 OX611 00 00006 00000 

5y614 ox612 00 00000 00000 

5Y615 OX613 00 00000 00002 

5y616 OX614 00 00000 00001 
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5::617 0::G15 co oce-OO 00013 

51:'620 oxG16 00 cecoo 00012 

5y621 OX617 00 OOCOO OOOCO 

5:£622 OX620 00 ceooo 00007 Q e ;rff CA c"to 1 

5yG23 Ox621 00 00001 00000 

57624 OX622 40 00000 OOCOO F'o~t,~q 1 ~ 

5y625 OX623 00 00000 00004 

57626 OX624 00 ox6J~7 OX706 

5y627 OX625 00 ox662 ox660 

5y630 OX626 , 00 ox675 OX67} 

~i631 OX627 00 ox631 00000 

4 8-238 



· ... 

\J.J-121 

\IlII'}.lE SlUJD3 PROVInG a·ROUND 

CC:Jput1ng Branch 

Prepared by !!,. nl1t\~J!\n. Page __ l~ ____ _ 

Checked by ____________ _ Date 18 Janua~ 1956 

Computor 
Checked bY' ..&!..J1RAHAM 

Title Chock on Hi~h Speed Punch 
fihen i'uncl1iii!2-B1Octal 'l'aEes 

1. Read 1n check tape to 52100. 

2. ~unoh blootal tape. 

,. Set PAK at 52700. 
Set Q at (IA) 215 + n * 
Place new bloctal tape 1n Reader. 
Start. 

4. As Boon as New Tape 1s read 1n set PAK at 52113. 
Turn printer on. 
Runs until 56 stop. 

Results Obtalned, 

Any error in new punched tape wl11 cause Printer to print 
correct word (an ES address) and incorrect word. 

* It n '71737, change V or 52710 and U or 52723 toa oom
mon }wID addrea a • 
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HG-121 

J2,"{CI 11 10000 52'(12 

52701 75 50013 00005 

52,"{02 11 52703 00003 

52703 11 00011 10000 00003 

52704 15 00012 00010 00004 

52705 54 00012 00017 00005 

52706 53 20000 00007 00006 

52701 75 30000 45000 00007 

52710 11 00000 60000 00010 

52711 00 07777 00000 00011 

52712 00 70000 01520 00012 

52713 75 30030 00001 

52714 11 52'""{15 OOOOl 

52715 11 52712 10000 00001 

52716 11 10000 00027 00002 

52717 15 10000 00010 00003 

52720 23 00030 00030 00004 

52721 16 10000 00030 00005 
..... 
C\l 52722 23 00030 00026 00006 r-i 

J 
I 

52723 11 60000 20000 00007 8 
0"-

~ 52124 4.3 00000 00021 00010 

~ 52725 11 00026 00032 00011 

52726 15 00007 00032 00012 

52727 11 00032 10000 00013 



H$r-121 
-.c...-

52'[30 ;/{ :jOJ)~I .. 50:;00 00014 

52'131 11 00026 00032 00015 

52732 15 00010 00032 00016 

52133 11 00032 10000 00017 

52134 '31 50G4J4- 50500 00020 

52135 21 00007 00025 00021 

52136 21 00010 00025 00022 

52731 41 00030 00001 00023 

52'l4o 56 00000 70000 00024 

52141 00 00001 00000 00025 

52742 00 00000 00001 00026 

52743 00 00000 00000 00027 

'8-241 



ANALYSIS 

PREPAR£D BY 

CHECKED BY 

REVISED BY 

CONVAIR 
...: 

w. G. Gerkht SAN DIEGO 

CV-122 

PU[,8 1 of 5 
PAGE 

REPORT NO. 

MODEL 

DATE 

4 POIBT LAGRANGE IllTERPOLATIOll SUBROUTllE C1f 002 

ell 002-1 
ZU 491 
All 
'-5-56 

Thi. subroutine may be used to interpolate ill .. tabulated funotion or one 

or two nriabl,. (one way or two way interpolation, r •• peoti'Yely). There are 

two entranaes to this subroutine, one for one way interpolation, the other tor 

two Way interpolation. 

Third order interpolation il etfected by the us. ot the Lagrange inter

polatloa tormula tor tour pointe. The four points are found by ~ble lookup 

.. d. where the table permita, theBe points are ohosen auch that two potntl 11. 

01\ either aide ot the interpolated value. In the case ot .two WCly :1nterpolatiOJL. 

16 talJular valu •• are seleoted such that the interpolated point (x,,,) ia .1 

0108. to the oeDter ot the array piotured bel" as the table permlta. 

o o o 

~1.. 0 0 0 0 

*cJ. --------- -Q----
• • 

'J. 0 0 , 0 0 

• , 
~ 

d- O 0 ~ 0 0 

• 
f, 

~o ~i ~I.. 1'3 

POUl" 1rlterp~latlO11' are .. de 1a the x dlreotlon iJl ord.e .. to find ,(x,,, 0)' F{t,!'j.) 
.; 

r(X.7
2
), r(x,r,). U.in, thos. tour point_, • t1nal interpolation 11 mad. 

la the J direotioa to find '(x,,). 



ANALYSIS 

CV-122 

CONVAIR 

PREPARED BY W.~ G. ~rkin ~AU DlfGO 

PAGE eN 002-2 
- REPORT NO. ZM 491 

MODEL All CHECKED BY '. ...:' .:' j 

REVISED BY DATI: 3-5-56 

The four point Lagrange formula. 

F(~) :; (~-~)('\l-~) (1c:-I';U F ('¥.,) 
('Lr-t.)(Ya -):1.) lx, - 1Cl) 

18 used tor two rea.sons. 

1. U91torm internl ot tabulation is not neceeaary-tbus, where the 

funotion behaves badly the points of tabulation may be taken 

olose together, and conveMiely, where the funotion 11 smooth 

telfttr points need be tabulated.. 

2. Four pOints appear to be reasonable compromise between. speed ot 

computation and aocuraoy. 

!hi. aUbroutine require. the following informations 

1. Table oftunotiOft values! F(x) or F(k,y). 

2. Table of values of x. 

3. Table of value. ot y (tor two way interpolation). 

It these numbers are atored on 1m 1 t i. sugge.ted that they be atored 

t. the following sequenoe in order to minimise aoce •• time. 

F(x,y) stored •• tollowa. 
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PREPAR£D BY 11. G. Gctrkin 
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CV -122 

PAGE eN' 002-3 
REPORT NO. Z!l 491 

MODEL All 
REVISED BY DATE 3-,-56 

If 1at.rpolation outside the tabular valutut-(e:x;.trapolation}!,l& ,attempted. 

thi' eubroutlne prints out axtrap" and exits to the alarm routine withy in 

(L) and x in (R). 

Itt oaaeot a divide fault, set (p A 1)=0 and starts Tho eubroutine 

prtftta out ·orlo· and axite to the alarm routin~ with y in (L) and x in (n) • 

.1 dlT1.de fault .. 111 oocur if tho tabular values of F(x,y) are sealed too 

larp with respeot to ratios of differencee in the 1ndepend-ent variable. 

One can estimate an optimum sealing for F{x) by takln~ into acoount the 

order of computation of intermediate results: 

( (F(~t~~J A~3 ) 
+ .. '. ETc... 

~ '£ .. 

It , repre.ents the maximum Talue of F(x) in 80me region of tour 

A~· 
cca •• outlTe tabulated pointe, and Av..~ repreaent_ the -.xiJllUtll ratio ot 

ditterencel in the independent -nabl/ in thia region. theD. F t' 1~~ <:. 1..~ 
8bould be a ro.aonabla •• tlmat10B o~ the condition for no OTertlowe The 

val. ue of • (Ioale tactor ot ,(x»ie then eBtimated by the tollowia&. 

& I... ~-~<L(F ~) 
Relcali., .1 rex) and/or retabulation or point. would b. neo.8lary to 

eliminate ... y OTertlaw that does oocur. 

t 

'lb- lubrout1ne 1s entered by 'Ileana or a return j'UmJ) oommand whioh prec •• da I 

Q.2l,.4 , 
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MODEL .1.11 
DATE 3-5-56 

two parameter words. The 'Yalues ot x and 'Yare plaoed in (I.) and (Q). 

reGpeotiTely. before entry. The subroutb18 exit. to the command tollowin~ 

the •• opnd parameter word. F(x.y) 18 in (A) upon exit. 

1. 

2. 

One war interpolation 

Inital. xin (A) 

Exeoute, c) 37 01001 01002 

o .... 1) 00 XXXIX tlftt 

0 .... 2) 01' mrooo 00000 

0+3) lext instruotion 

Finals F{x) ill (A) 

two .... y interpolation 

Inital. x in (A) 

yin (ta) 

Execute. c) 37 01000 01001 

o .... 1) 00 xxxxx ffftt 

c t-2) OW NNlUUt YTn'Y 

0+--3) Wext inltruotlaa 

Flllal, F(x,y) in (A) 

XXXJ:'X address of first x 't'.alue 

ftttt .ddr.~. of first tunotloa value 

III number of x value. 

ana number ot y value. 

7YY17 addre.. of tire t y Ta lue 
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CV -122 
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REPORT NO. 

MODEL 

DATI: 

rhi. .ubrouttne doe. not u.e the oonstant pool or temporary pool. 

Bubroutl:ne lellgth------------------------------------(207) 1: (135) 
(lftoludtas oo •• taat.) 8 10 

Temporari •• re'ulred-----------------------------------(35) z (29) 
. 8 W 

Total working .paoe---.:..--------------------(2L4) = (1f4) 
8 10 

_umber ot worda tor .... ab1y modiflcatloa--------------(173) -= (123) 
8 10 

Clf.OO2-5 
~491' 
All 
3-5-56 

.~--__ --____________ ------------__________ ~_2_4_6 ________ ~1 
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PAGE 

REPORT NO. 

MODEL 

DATE 

DETEIU4INANT EVALUATION PACKAGE-REAL-CA 010 

This is a package including Floattn~ Point Real Arithmetio, CA 001 an 

interpretiv~ routine fo~ the real arithmetio and the real" determinant 

CA-olO-l 
ZK 49f 

evaluation routine. It is coded in 8t~~dard form ond can be aSBembly modified. 

If this paoka(l:e 1s assembled a:tOlOO, it wi 11 evaluate an WX N determinant 

for N= (22)8=(18)10. Eaoh element of the determinant tues two (2) cells, and 

the entire determinant must be in ES.This routine requires a cetting up for 

partioular W, looation of determinant in ES, ana the location of the result in 

ES, and oan not be ueed for any other I, determinant location, or result location 

unless the routine i8 restored to its original form and set up again. Any 

number of determin-mts may be evaluated for a ~iven set-up'. The deterr:dnant 

is destroyed during the evaluation. The elimination method is used. 

Steps of Eliminationt 

1. l~(Det. value location). 

2. :ij j-2, 3, ••• , II (if all1& 0 exchange rOw 1 wi th a row which 
11 

has a non-zero first element, and change the sign of (net. 

value location). 

30< Aij-Al1 ~~i j, 1-2, 3, ••• , H. 

4. (net. v&lue location) All.-.{De~. value looation) 

5. Reduoe the order ot the resulttn~ matrix by one by removing 

fr~m consideration row ono, and col. 1. 

6. Repeat steps 2-5 until order of the matrix is reduced to one. 

This routine uses 2 I cells (one row) immediately rollowin~ the 

determinant aB temporary Itoraroe. After it 1s Bet up, the last (46)1~56)6 

oelll of the routine are no lon~er used (trom l340~1416). The amount of 

.tora~e needed tor the determinant,is given by 2(N~). The elements ot 

the matrix mU8t be stored by rowl. tt"h.7 
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The real arithmetio, or the re/11 arithmetiC) 'iTld inte:-pretlvf" routine T!W.y 

t", 

bfll used i~p~ndfmt of the determinnnt rOlJti \1~ by ch~os i n~' th~ proper entra.nCt"l6. 

For instructions on th{'l use of rl"lll !lrithm~tic ~('l~ CA 001. The interp!"et1ve 

routine p~rformB the renl artthmetic op~rationrJ rt"!f'I~rrinp: to 8. parameter word 

for thflt locations of thf" menti~o'1a ofth~ operonds and result. 

REAL AR ITHMET Ie ENTRANCE 

Co 37 01001 01002 Add Ent 

Co "37 01001 01003 Vult Ent 

Co 31 01001 OloaJ Oiv Ent 

INTERPRETIVE ROUTINE ENTRANCE 

Co 37 01001 PPPPP 

C AAAA r.l\R~.) ecce 1 .... - - . 

l&~re op~rattonB perfo~~ are, 

Add (A)f(Q)~(C) P::II06 

Sul)t (A)-(B)~(C) P::ll10 

Vult (A)X(R~(C) P~1112 

D1v (A)+(h)~C) psIllL 

Whl'Jr~ AAA.A-location of mantissf\ of 1fJt operand 

BBBB-1ocation of mantiss'I or 2nd or>ernnd 

CCCe-location of mantissa of rf'lfmlt 

DETERMINANT SF.T-UP ENTRANCE 

Co ~1 01001 01153 

C 1 DODD RRRR N'NNN 

Where DODD-loeftt1on of Det. in ES 

RRRR-locat1on or result 1.n ES 

NNNH order of the detormin&nt (octal) 

8 ... 248 
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PREPARED BY J. N. Ellis 
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SAN DIEGO REPORT NO. 

MODEL 
CV -12} DATE 

DETERMINANT E\TALUATION ENTRANCE 

Co 37 01001 01153 

Permanent con8t. used 40. 74. 77. 43. 66. 44. 

Temp. 8tora~e 00003-00032. (A). (Q) 

Commands for acsembly modification 4078 (263)10 

Drum Address-70723-71;4o 

CA-oIO·, 
Z)( 491 .. 

~2'!"21 .. 56 



I'O"'M NO IE T 
CONVAIR - DIVISION Of GENERAL DYNAMICS CORP. 

CA-010-4 
ZM 491 

I ,,. ~ 

Byt J. fl. Ellie S"N OlEGO. CAl.IP"O"NI" 

Checked by. Donn B. Parker 

70723 01000 

70724 OlOOl 

10725 01002 

7(i726~1003 

70727 01004 

7'1730 OlOO,} 

CV -12; 

17 76000 76007 

45 00000 3(,\tlOO 

45 onoco 01027 

45 ,"0000 {"I 1 073 

11 00027 ?OOOO 

47 Olnn6 nloon 
7073' OlO{"lA "00(i~~ /~O()O 

70732 01007 47 01014 010'0 

10733 01010, 11 O()(,4n ()fj031 

10734 

70735 

70736 

10737 

70740 

'-"'741 

70742 

70743 

70744 

'70745 

70746 
7()747 

70750 

70751 

70752 

70753 

70754 

70755 

10756 

70757 

70760 

70761 

01011 

01012 

01013 

01014 

01015 

""1016 

01017 

01020 

01021 

010;>2 

01023 
01 0 ?l~ 

01025 

01026 

01027 

010:;0 

01031 

01032 

01033 

0103'+ 

01035 

o 1 O~, 6 

11 00040 00032 

37 01012 CI01'? 

45 00000 01001 

54 20000 00042 

73 00C?1 10000 

1.1 t>("!"'tb,(,! I"\nt').,~ 

74 10000 0:)025 

11 20('00 00031 

23 00026 (\("!{)~() 

11. O/H,),?') ;>000(\ 

47 01025 01024 
?1 O()O~6 (\0074 

11 00026 00032 

45 00000 01012 

11 (i()O~5 ?0000 

47 01031 OloSt 
11 00021 20000 

47 01036 n103; 

11 000?5 00031 

11 000/.6 0003? 

45 00000 01012 

11 O()O~A int')oo 

ALA~~ EXIT 
~XIT 

ADD ENTPANCE 

PAGE 

REPORT 

MODEL 

DATE 2-27-56 

MULTIPLV FNT~A~(r 

DlVJDC E",TRArlCF tJ (00 2)~.A) 
f) TV r D r ~'lr; ~v n 7 ' 

Nr1: "~I H"Fr":1.A ""R -?(") 
~IUMff1l~ TOP = a? 
YES: 0 

--7" ANSWER 

s.~. EXIT 

JUMP TO EXIT 
r~0: ~ (~IUt4ERAT()P)X 231/--7 (A) 

JUOTIE~!T X 2~f---? to) 

'" ---7 ,c:; 
NOR"~AL I Z ~ I F (~()02;) =- 0 O~ 71 

NORMtLJ~~O ~~NTI5SA sTOD~n 

DIFF OF FXP.~(~0026) 

H~A 

H - 01 
H - () CORRE('Tr:'f) 

H = 71 EXP~ 00032 

JlH.1P TO EX r T 

Af)I)IT ION M (f)pro:AN~ 1) ~ (r\) 
M (OPf!'PAND 1) - (j? 
NO: M (OPERAND 2) -7(A) 
M rp~R "J,ID ~) =:: or 
y E~: ~ \0" ~~ AND 1) ~ f'.4 ( ,,~ 5 \t.1 ~ P ) 

F (f)PFqAt,![,) 1 \ -7 ~ (~t'!5~IF'<) 
JUMP TO EXIT 

NO·. E (OP~~A~If") l)-7(A) 
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,.,' <!'ONVAIR· ..... DIVISION OF GENERAL DYNAMICS' CORP. 

BYI J. 11. Ellie 
Che~ked bya D. B. Parker 

70762 01037 36 

70763 01040 46 

70764 01041 11 

70765 01042 11 

70766 01043 11 

70767 01044 11 

70770 '01045 11 

70771 01046 11 

7d772 01047 12 

10713 01050 42 

70774 01051 11 

70175 01057. 11 

70176 01053 45 

70777 01054 16 

71000 01055 54 

71001 01056 35 

71002 01057 11 

71003 01060 74 

71004 01061 11 

71005 01062 47 

71006 01063 13 

71007 01064 11 
r 

11010 OlO6!l 42 

71011 . 01066 23 

11012 01067 21 

-71013 01070 45 

71014 01071 00 
, 

71015 01072 00 

71016 01073 71 
71017 01074 11 

00030 
01047 

00025 

00027 

20000 

00026 

00030 

20000 

00032 

01072 

00027 

OOO~O 

00000 

20000 

()('1027 

00025 

00040 

20000 

20000 

01064 

00032 

00032 

01071 

00026 

00032 

00000 

00000 

00000 

00025 

S"IoN pl£GO. CALI,"Ol'tNIA 
~ PAGE CA-oIO-5 

REPORT ZJ4 491 
MODEL 

DATE 2-27-56 

cv -123 

00032 E (op 1) MINUS E(OP2) = K ~ (00032) 
01041 K > 01 
20000 YES: EXCHANGE 
00025 OPERAND 

00027 ONE 
20000 AND 

00260 

00030 TWO 

20000 NO; IKl ~(A) 
01.(">54· I~I < 3$! 
00031 , KJ >- 3 5 OR. t·1( 0 pI 1 - 0 

OOO~'- (Op ')~AN~WER 

01012 JUt-4P TO EXIT 
01055 I~ < 35? SET SH}FT OF 5 ~tT5 

jonoo M (OP'-) X ~) ~ (AJ 
20000 M tOP2 \ X 2

Jt + M (OP1) ~lA) 
00032 o ---;)0 (oeo~ 2) 
(')OO~2 NORMAL IZE ~~ (ANS)=: H~(~O~32) 
OOO~l M (ANS) ~ (00031) 

0106:; M (ANS) = O? 
00026 YES: -'H ~~OO026) 

20.000 NO: H~lA) 
n1067 H < 38? 

00077 NO', E (OP1)-~2 -?t (00026) 

00026 YES: E (OPl) PLUS H \OR H"12) 

01012 JUMP TO EXIT 
00*46 DEC ~8 

OO*4~ DEC 35 

00027 MUL T M (OP1)X M (op 2)~{A) 
00040 00025 0. ~ lOO.2~ 1 

n ... _ ... 

.' 
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CV-123 / DATE 2-27-56 

/ 
! 

71020 01075 74 20000 00025 NORMALIZE ~~(AN5)='4 OR '5~ H 

71021 01076 11 20000 00031 M (ANS)---)"(0003 V 
'71022 01077 47 01102 01100 M (ANS) = 07 

710?3 01100 11 00040 ("003'- YES~ f\ = F. tANS) 

71024 .01101 45 00000 01012 JUMP TO EXIT 

71025 01102 2~ OOO~5 0107' NO: H-'5 ~ (Ot'l()2~) = () o~ -1 

71026 01103 21 00026 000:30 E (OP1) PLUS E ~OP 2) ~\AP(00026 J 

71021 01104 35 00025 00032 E (ANS) -7(00032) 

71030 01105 45 00000 01012 JUMP TO EXIT 

71031 01106 16 01147 01l~~ ADO 

71032 01107 45 00000 01115 ENTRANCE 
71033 01110 16 01151 01132 SUBTRACT 

71034 01111 45 00000 01115 f:NT~ANCE 

71035 01112 16 01150 01l:'l~ MULTIPLV 

71036 0111'3 45 00000 Ol11~ F.:NTRANCE 

71037 .01114 16 01146 011~4 DIVrnr:- F:NTP.ANC~ 

71040 01115 31 01001 00017 SET 

71041 . 01116 1'5 ?OOOO 01117 PAqAM~Trp 

71042 01117 11 00000 01152 LOCATION 

11043 01120 55 01144 1000' 5ET 

71044 01121 5~ 011112 01116 l ( 7.) 

71045 0112j! 55 011'52 OOO~~ 5F.T 

71046 0112'3 S~ 0114~ 1000~ L ( X) 

71047 01124 5~ 01152 011~1 

71050 01125 54 01152 00014 ~f!T 

71051 01126 53 0115'- 01t~~ L(V) 

.~ 
71052 01127 21 01001 00074 UP tXJT LOe. 
71053 01130 75 30002 01i32 X~ 

J 710S4 01131 11 00000 00025 (op 1 \ 

~ 71055 O11~2 75 30002 011'34 V7 
E::! 

.t! 
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71056 01133 

71051- 01134 

71060 01135 

11061 - 01136 

71062 01137 

11063 01140 

71064 01141 
71065 01142 

71066 01143 

71067 01144 

71070 01145 

71071 01146 

71072 01147 

71071 01150 

71074 01151 

71075 011t;? 

71076 01153 

71077 01154 

71100 01155 

71101 01156 

71102 01157 

71101 01160 

11104 01161 

71105 01162 

71106 01163 

71107 01164 

71110 01165 

71111 01166 

~ 
11112 01167 

1111' 01170 

~ 
t! 

• '~;.-i1I'~' ~'" 
!:if"f' . 

11 00000 

37 01012 

75 30002 

11 00031 

37 011~1 

45 00000 

13 00027 

37.01012 

45 00000 

10 oo~oo 

00 00717 

00 00000 

00 OOCCO 

00 ('10000 

00 00000 

00 O()('IOO 

45 00000 

15 01405 

15 01323 

15 01323 

11 01.~:>2 

11 01106 

11 01307 

11 01~21 

11 0(')066 

11 00074 

11 Ol~O2 

11 01314 

75 30006 

11 nl~02 

SAN DIEGO CAI..I .. ORNIA 

REPORT Z)( 491 
MODEL 

DATE 2-27-56 
CV-123 

00027 (Op ') 

00000 REAL ARITH. JUMP 
01137 ANS~/ER 

00000 -7'- (Z) 

01140 S.~. f:XIT 

01001 JU~1P TO EX t T 

000;27 (~O~27)~ (O~O'-1) 
01002 JU~~P TO SUB 
0113~ JU~1P TO STORE (AN!) po tXTT 

00'77 MA~K --
70000 MASK 

01(\04 

(')100'-

nl0o~ 

01141 

()1~O3 SET UP ~. R. ENTRY 

01115 SET PARAM~TER LO( 
01174 SET L (All) X 2/~ (01174) 

01171 SET L(Al11)"2'~(01117) 
O12'-'J SET L(Al' Alt 1412) 

01'-4' ~ET L(Al' A'-l . T2) 

01244 SET L(A'- '- T~ A22) 

01'-5~ SF.t L(Ta. All .4.22) 

00003 l~ 

00004 (Tl ) 

01~37 gTORE 2X2J..l1-r 4 

01336 STORE 2 (N-l) · 2 a.y 

01171 STORE COPYS 

nt3'~ 2N )( '?,r 
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711\4 n1111 

71115 01172 

71116 0117:3 

71117 01174 

71120 01175 

71121 01176 

11122 01177 

71123 01200 

71124 01201 

7112~ 0120~ 

71126 01203 

71127 01204 

711'30 01205 

71131 01206 

71132 01207 

71113 ·01210 

111~4 01211 

11135 01212 

71l~6 01~11 

71131 01214 

71140 01215 

71141 01216 

71142 01217 

7114~ 012'-0 
71144 01221 

7114~ 01222 

71146 0122! 

11147 01224 

El 71150 01225 

.~ 
11151 01226 

F! 
~ 

SAN DIEGO. CALIFORNIA 

CV-12J· 

'.\ nl~,e; n1 ~'.1 

11 01"305 Ol~~~ 

11 01327 01334 

~1-1 

INDEX = 
INDEX .= 

N-2 
N-t 

PAGE CA-ol0-.8 
REPORT ZJ( 491 . 
MODEL 

OATE 2-27-56 

11 00000 20000 (All)~A 

41 01217 01166 A = o? 
75 '0000 01200 YES', ROW 1 

11 00000 nooon ~ tTEMP POW) 

15 01177 01205 STORE 
21 0120S 01326 L (ROW 2) 

5~ 01177 ,-00"-; 5iO~E 

16 10000 Ol~O~ L (ROW 1) 

75 30000 01206 ROW 2 

11 onono " 1")(') on --? ROW 1 
55 01?05 ?'OO2~ srnRE 
16 10000 01211 L(~O\" 2) 

7~ ~oooo t'1212 ROW 1 (Tt!MP pow) 
' 11 onooo 00000 ~ ~ow 2 

13 00003 00001 '-T1J~ (Tl1 

?1 Ot~'-6 Ot30~ 2NX""'- -r "NX?o 

41 O13~4 011"14 TEST NEW All / 

7«; 1000? 01,71 COL 1 = '0 

11 00040 oooo~ o -? 'DE~ JUMP TO £XIT 
11 01303 01326 COLl = 0 ItfSTOR! CONSTANT 
?~ 013?7 00014 'Nr)f~X - 1 
?1 01117 01301 SF.:T FOR 

21 01174 01312 NEXT ROW 
11 01310 013'34 SFT tNf')E)( N-l . 
31 011" 01114 
00 00000 A12/All ~ ( A J 

?1 01'2' 01302 SET FOR Alt 

.~~,.-;tS" 
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Checked by. D. B. Parker MODEL 

Cv-123 DATE 2-27-56 

11152 01221 41 O13~4 01~24 RIAll 

7115~ 01'-30 11 01~'O 01~34 5FT INDtX=N -2 
71154 O12~1 11 01330 013;5 SET INOEX:N-2 

71155 0121' 31 01'4~ 0000~ SET 

71156 01233 11 Ol~?4 10000 L ( A'l ) 
11157 01234 53 20000 01235 

11160 012;5 11 ("lOO~() '0000 tA'l)~{A ) 
71161 01236 41 01'41 01'-~1 (A21) = 0 ~ 

71162 01237 21 01244 01311 YE5~SET FOR NEXT ROW 

11163 01240 45 00000 01252 . JUMP TO SKIP ROW 

71164 01241 ?/l 01131 01112 NO', X 

11165 01242 00 nonoo 00 * A12 X A21~ T 

71166 01'4~ ~7 011~7 01110 

71161 01244 00 00000 00 * A2?'-(A22 A21)~ A22 
71170 01245 21 01242 01201 SET FOR A13 . 
71171 01246 21 01244 01302 SET FOR A23 

11172 01247 41 01~~5 01241 0-71 COL 

71173 01250 . ?~ 01'4' 01:.\~6 

71174 01251 21 01:!44. 01~~7 

11175 01252 21 01242 01310 

71176 01253 41 01334 01231 1ST COL 1. OtO 

71177 01254 ~7 011~7 0111' X 

11200 01255 00 00000 OOO()() (T ) ( Al1l-7 T 

71201 01256 2~ 013~O 00014 INOEX -1 
11202 01251 23 nl~~6 01~(')1 4(N+l)xt~ 4 X 2'14. 

71203 . 01260 21 013~7 C1302 4 · 2 --It, 4 I 21.~-r 4 

71204 01261 21 012~5 01~11 SET FOR A22 
71205 01262 21 01331 01~15 SET 

71206 01263 11 01~~1 01242 PAPAM~Tr:R~ 

~ 71207 01264 ,.1 013~~ 011'0 
.~ 

8 
<l' 

~ 
t! 
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11210 01265 

71211 01?6fl 
11212 01267 

71213 01270 

71214 (')1271 

71215 01272 

1~1216 01'-7~ 

71217 01274 

71220 Ol?75 

71221 01276 

71222 01277 

11223 ()1300 

'71224 Ol~O1 

7122~ 0130? 

11226 01303 

71227 01304 

71230 01305 

71231 01~O6 

71232 01307 

71233 01~10 

71234 01311 

11235 01~12 

71236 01313 

71237 01314 

71240 01315 

71241 01316 

71242 01317 

7124~ 01320 

71244 01321 

7124'5 01~22 

SAN DIEGO CAL.IFO"NIA 

CV-123 

11. 013'2 01244 
-, 

'1 Ol~'5 ot~o' 
21 01225 01325 

41 01333 01173 DE T R fOUCEO ~ 
11 01255 0127~ YE~: 

31 01137 01112 X 

00 00000 T-"7IOE l1 
15 01406 01115 RESET INT.5:R~ 

15 01406 01127 

75 30002 01001 STORE 

11 00003 00000 IOI:~ J- EX JT 

00 oooCt() 200t)O 

00 02000 (\0000 

on o,o00 0000' 

31 01001 00011 5 R SET UP ENT 

15 20000 01305 SET (L 1 PA~A~F.TtR 
11 00000 01416 PARA~ETER-7(Tl 

21 01001 00074 EXtT PllJ~ 1 

1.1 01410 l(')oon. MASK~ (r.,) . 

51 01416 011r;'3 5Tnr:u: N 
11 011~~ 01~O4 STOR~ 

~3 0130'" 00074 N-l 
~6 OO~74 013C5 STORE N-2 
71 01300 01153 STORE 

11 20000 01310 'N " '2"~ 

55 01110 10003 STORE 

11 10000 0110~ 2N . 2,r 

35 01300 Oll11 STORF 2(N+l) • 2~ 
54 20000 OO()O~ ~TOR(! 

11 '0000 01'91' 2 (N'" 1) . 2 I .>-

PAGE CA-oIO.10 
REPORT ZU 491 
MODEL 

DATE 2-27-56 

,---



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
FO"'''' NO II: T I .I' " 

BY1 J. N. Ellis 
Checked bys D. B. Parker 

71246 01323 11 01153 

71247 01~24 ~1 01!13 

71250 013?'i 71 0110] 

71?51 Ol~?~ 11 iOO00 

71252 01127 l~ 01/-t()~ 

71253 01330 35 01301 

71254 01331 11 01311 

71255 01312 '1 "()1316 

11256 01333 ?1 01;1~ 

71257 01334 71 00041 

11260 01'335 3~ 01314 

71261 01336 1S 01302 

11262 01337 23 01314 

7126~ Ol~40 11 0141? 

71264 01341 11 01414 

71265 01342 11 01414 

71266 01343 ~~ 01416 

71261 01344 53 01416 

71270 ()134~ 55 0141" 

71271 01146 11 01411 

71272 01~47 5~ 01/.16 

71273 01350 11 01415 

71274 01351 53 01416 

71215 01352 11 01410 

71276 01353 f)~ 01416 

71277 01354 5'1 01416 

71300 01355 11 01410 

71301 0135A 11 01~O6 

"'" 71302 01357 51 01416 

~ 71303 01360 '51 01416 

~ 
E:! 
~ 

SAN DIEGO C"lI~O"'NIA 

CV-123 

01313 

()OO74 

011~" 

()1~14 

011?7 

0131«'; 

01316 

01~()' 

01~11 

01153 

01311 

STORE 

~! + 1 

~TOR~ 

'''·1 X 
-')~.y 

~tT S r)" 

STORE 2 

STORE 

( N+l) . 214 

PAGE CA-D10-ll" 
REPORT Zll 491 
MODEL 

DATE 2-27-56 

;J.~ 
2)C~ "1- '(N r 1) .- " ,-/~T- 2 
~T()PF: 

~ .. ~ 2(N t 12 ," 2lN+-l) . 2J~ 

STORE 

2NX 2';).42N 

Ol~2("! . 5T(,)RF.: '2 (~H·1J ~+ '- (N t U 
01301 STORE 2( N-l) . 21}' 

1coon ~1A~I(~(f:) ) 

01206 5TOR~ l (T2) 
01307 STORE L (T2 J 
01306 STORE 

01307 All 

000':\0 

lonoo MASK--? n 
01~O6 STORr: l (All) 'J( '2',rJ.. 

013'.1 STORE" l ;l~ ( (Tl)'~ + L T1) 
01321 STORE l (A 11 ) · 2 IJ.. 

lOOCO MA~K~(O) 

01277 STORE L (If'>P rl ) 
00030 

10000 MAS~~ (oj 
01'3" 

01322 STORF. 

01307 l lA 1 t \ 
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71·304 01361 '55 

713,05 01362 11 

11306 ('l1~63 ~1 

71207 01364 21 

71310 01365 21 

71311 01366 21 

11312 01367 21 

71~13 01~10 "11 

71314 01~71 5~ 

713l~ 01:372 53 

71316 ~L~73 ~1 

71317 01374 15 

71320 01375 71 
71321 01376 35 

71322 01'377 55 

11323 (J1400 16 

71324 01401 11 

71325 0140? 11 
71326 01403 45 

71327 01404 4') 

71330 01405 00 

71331 01406 00 

71332 (\1407 00 

71333 01410 00 

11334 0141.1 00 

71335 01412 77 

713~6 01413 00 

71337 01414 00 

71340 01415 ('10 

SAN OI£GO. CALII'"ORNIA PAGE CA-Q10-12 

CV-123 
REPORT ZM 491 
MODEL 

DATE 2 ... 27-56 

C11416' 00017 

01407 10000 ~1ASK ~ (01 

01416 Ol:\?~ ~TrH~F. L \All) . 'J,r' 

01322 01302 STORE L (Al.2 All A12) 
01306 01310 

01306 01301 STOR!: l t:{A12 A21 T'2 J 
0'1307 01320 STORE L (A 2 2 T 2. A 22 ) 

0\4''3 '.0000 MA SK---7 (0) 

Ol~O3 01176 SET 

01303 01204 REPEAT 

Ol~O~ 01~1(,) COMMANDS 

01321 01211 STORE L ,A'11) 

01303 0115~ 2N a.----? A 
:r 

01111 01211 STORE L ~T RO~/)' 2' 

Ol"lJ 200'~ 
10000 ()1177 

01404 0115'; SET ENT JUMf' 

014.01 01324 STORE MA~K 
00000 01001 JUMP TO EX1'T 

onooo n.l1~4 

01137 00000 

01001 (')(\000 

07777 00000 

Or')OOO 01717 

00717 '00("0 

77000 00000 

00711 00('00 

('10000 70007 

01000 nooo~ 
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Notes on Timing of the.Controlled Reproducer 

The controlled Reproducer punches or reads cards at a maxirrrwl1 rate 
of 120 cards per minute or 500 milliseconds per card. When the Reproducer 
is started, 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 tt~e first f1 va 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 finnl point before 
starting the next card cycle. 

The theoretical execmtion time for one point of this 18 point cycle is 
27.8 or~ milliseconds. Because of the mechanical nature of the equipr.;ent 
the theor€tical time of 27.8 m.s. may not be realized for every point of a 
500 ros; cycle. 

Pi: study 0'1 the comput.ing times actually available duri~g various portions 
of a card oycle has been made. Tests were run on four Reproducers. The tiK~ 
available for' computat ion "fas Iteasured by deterrrdning the number of tirees an 
Index Jump instruction could be perfoned without an 10 fault occuring. Eaoh 
of the Reproducers was adjusted to lRi~ daros at the rate of l20/min. 

Theore:ti.cal dd.tflJ?t!tation . Times 
punching consecutive cards: 

Comsidar a sequence for reading and 

EF - V 
Other instrtictions 
EW - OV 
ml - IV 
EW-IV 
ER - OV 
ER - IV 
ER - IV 
Other instructions 

Select Reproducer 
(interval 6) 

Write Field III 
.. /fi te Fi~d I 
tlri te Field Ii 
Read Field III 
Read Field I 
Read Field II 

(interval A) 
Row 8 

- - - ~ - - - ~ - - - - - - - - - - - - -

Other instructions 
EF - V or EW, Field III 

RoW' 12 

(interval B) 
Select Reproducer for next card if 
"single card" mode or process Row 9 
if "free runn mode 
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Three intervals are available for oomputation: 

(A) 
(B) 
{e} 

The time between card rows (or clutoh seleotion) 
The time from row 12 to the next External Function Instruction 
The time from the External Function instruction to row 9 

{or clutch 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 14. 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, 8, 
7, 6, 5, 4, 3, 3, 0, 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 pumchin~, if information is not loaded into lOB within 16 ms. 
a NO INFORMATION fault results. In the case of reading, if inforIT'ation is 
not rC'ad out of lOB within 10 rns. a NO INFORI-,ATION fault results. 

The NO INFOR}jATION 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 either 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 rns. 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 ·unormal 
read" is meant an External Read executed at the beginning of a cycle point. 
It is also possible to execute a "delayed read". After information has been 
loaded in the lOA or lOB registers it is possible to delay reading it out 
for 10 ms. after the cycle point. It is thus possible to program around 
36 ms. of computation between reading two successive rows. However, the 
interval available for computation 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 Irs. 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 INFOR}:ATION 
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 ro\.[ 12 the interval from 
row 12 to the clutch selection (EF instruction) must be decreased by 10 ms; 
if a delayed read is used on row 9 the interval fron the clutch selection to 
row 9 may be increased Qy 10 ms. 

v. ?{.D , -. .....-
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(B) The time from the execution of the Exterr.al Function instruction which 
selects the Controlled Reproducer to the clutch latch up :is known as the 
clutch access time. Sinc~ there are two points at which the clutch may be 
latched, the access time way vary from 0 to 250 ms.* In case consecutive 
card cycles are programmed, if the clutcb 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 fpr the next card cycle. However, if more than 10 ms. 
of computation takes place a delay of from 0 to 250 ms. will be incurred in 
latching the clutch. 

(C) The t~e 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 a ctually latch up. 

/tctual Computation Times Because of the corr.·plex mechanical nature of the 
Gontrolled 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 recOlnrr;endations: 
( A ) that no more than 24 ms. be programmed be tween card rows; 
(B) that no more than 170 ma. be programmed between the External Function 

instruction andthefint External Read or External Hri te for row 9; and. 
(G) that if it is desired not to lOBe time while the clutch is latched up 

for the next cycle no more than 10 ms. be programmed between row 12 and 
the External Function instruction for the following c3rd cycle. 

A program whose timing is within these limits .is guaranteed to run. 
~ 

Single Field Reading and Writing It is possible, but not advisable, 
to exeoute a single BternalRead anq/or a single External Write to process 
one field of 1nforffiation from a card row. In the case of reading, Field I 
only rr'ay be read provided nothing is punched in Field II. Wi th the Reproducer 
set for two-field operation, the first External Read will read from rOB infor
mation punched in Field I of row 9. The information from Field II will then 
be placed in lOB. If this informatioh is not read out during the row 9 point. 
when row 8 is enabled the inforwation from Field I of roY 8 will be placed in 
lOB. The contents of lOB are now (Field II, row 9)G)(Field I, row~) 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 rOB and punch in Field II the zeros resulting from 
clearing lOB. To program tile 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 Rend or External Write instruc
tions is not sufficiently long the information for a row may be punched in Field 
II of the preceeding row or read from Field II of the preceding row. Programmers 
should always code at least two External Read or External ~~ite 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 fray be latched at six points; in this 
case the aocess time is 0 to 84 ms. x..=1J, I 
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Progranmling Rules The following rules are set forth to define normal 
progranuning of the Controlled Reproducer. Al though methods of abnormally 
programming the Reproducer have been mentioned, 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 progran~er 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 complete discussion of normal programrrdng of the Controlled Reproducer 
1s included in the publioations (A) The ERA 1103 Controlled Reproducer,
PX71778 , A and (B) The ERA 1103 Computer System, Section 6: - Programn:ing, 
PX 71209. The following list of rules for prograrmling 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 Progranrrning the Controlled- Reproducer 

(1) All 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 ndlliseconds of computation should be progr~med between 
card rows. If the Reproducer is FREE RUNIJIKG at most 180 milliseconds 
should be programmed between cards. At If.Ost 170 milliseconds should 
be programmed between. the External Function instruction which selects 
the Reproducer and the External Read anq/or EXternal Write instructions 
for rov9. 

~3) 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 purcbasers 
to form a cooperative organization of 110M users. Accordingly t a meeting was 
held at the Ramo-Wooldridge Corporation on December 19 and 20 to form sucb 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. 

1. Exchange of programming techniques and ideas. 
2. Exchange of programs and subroutines. 
3. Exchange of information on computing organizations, operating 

. proced'ures, ete. 
4. Adoption of a common programming language for exchanged programs .. 
5. Adoption of a standard format for program write-ups. 
6. Adoption of standard subroutine conventions. 
7. Setting up of a cooperative manpower effort. 
8. Cooperation at the program planning stage. 
9. Achievement of a uniform general purpose system for the operation 

of all 110M' s. 

It was pointed out that Remington Rand is continuing the Central Exehange 
for 1103 and 1103A information. However, material in the Central Exchange is 
oosolicl ted and un-edited. The philosophy has been to require no special language 
or fonnat for Central Exchange material; this makes it easy to contribute I18t
erial and to distributeccit quickly. 

Membership in USE is open to any organization which is renting or has 
purchased or has a firm order for one or more Model 1103A computers. USE p.ubli
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 aCOD\l1l0n 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 cOJJlDOn 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 
110M. 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. Tile gpa.1is of sucba 
a compiler were listed as: 

Translation: Symbolic to octal 
Subroutine referencing 
Preparation for input and output formats 
Algebraic coding 
Storage- assignment 
Automatic identification 
Scaling 
Automatic post-mortem and diag~is 

Arrangements were made for meeting~ ~ St. Paul on February 16 and 17 as 
guests of Remington Rand Univac Divisio~. 
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