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, SU.8JT.~~T : l-1ETHOD OF PREPARIl'TG SUBROUTINES FOR THE SUBROUTINE LIBRARY 

'110: Applications Group , 

From: John Carr and John T. Gilmore, err,. 
Date = September 24, 1951 

.A.be tract: Tho form in \,thioh a programmer aubm1 ts a. Bubroutine for the 
library" as well an the procedure and conventions ,for wri t1ng 
these subroutines, is described below. (This memorandum is 
presented for immediate use, and will be later superseded 
by a more thorough Engineering Noteo Criticisms and 
correc~ionB ~ill be appreciatedo) 

~1.h1rlw1nd is completely dependent on its library of subroutines 
fOT efficient uSe of the machtneo So far most coding has Qf necessity 
been from the beginning for each indiv1dual'problemo ,Use of the subroutines, 
pretes'bed p "lil1 enable a. programmer to eave ma.n.v hourn of worko Building 
e library of subroutines must be a cooperative task, with the writing 
sha.red by'everyonc g just as its use will be.' " 

'·1h.at subroutines should be included in the library? A elance 
at the J:.~)'~i:..G proerarns Will show that the Cambridge Universi ty group has 
asoembled a very complete set of subroutines covering many different 
e'ventualitieso If a programmer should happen to hf.l.ve a portion of a main 
program that he thinks might later on be useful, it probRbly shoUld be in 
the subroutine libra:rYII If" in doubt p he should consult one of the, editors; 
but it will usuaJ.ly -pRy to err on the side_Of more Bubroutineso 

From time to time 1ndiv1due.ls, may be asked to ,.jri te a. pa.rticular 
Dubroutine not then in the library. Such ,.,ork v111 ,be distributed ~s 
evenly as possible among all programmers. 

Tho Bubrouti-ne library \1111 be catalogued and filed in fO'l.tr forms: 

l.~ Table of Oonten ts 

20 Subro';ttine Spe~if1cnt1ona 

3,,, 'Complete Program 

40 Paper Tape 
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The Table of Contents 'iill be fUed on single· sileets by categories 
1'01· insertion in a. loose-leaf binder. Each programmer \'1111 have a complete 
.')nt of thes60 Subroutines will be: filed under different categorlcc as 
J.1.~~'~od in Ta.ble I. The Table of Contents \fill attenrptto give all tho 
subroutines catalogued under Matrices, for example, on one or two sheets, 
listing the subroutine and the· specifica.tions that must be kno,~ in order 
to use it in a main program. A programmer may thus look under Matrices 
and select the subroutine most nearly fitting his requirements. 

The Subroutine S~ec1ficat1on9 sheets will be kept by. the programmer 
in a separate loooe-leaf folder or in a separate section of the same foldero 
These contain ·a somewhat more thorough set of specifications than in the 
Table of Contents. Programmers should be able to' code USing these sheets 
without the necessity of referring to the actual coded subroutine. Copies 
of the subrouttne~ in coded form vlth detailed deocription. vill be issued 
on request. 

The· paper tape conta1nlJig the subroutine \1111· be available only 
to workers in the tape preparation'roomo . 

In preparing a subroutine for the libr&r1, the programmer should 
obtain one of the blank SUbroutine· Specifications forms (similar to the 
form attached) and fill it out e01lTDle.tely.The box marked. . "Classification" . 

. 1s to be filled in using one of the catep,or1eo: closed, open, interpretive 
~r special 0 . 

tfe follow the l:!DSAC . notation hereo A "closed" subroutine is 
one called in by the orde~ ~.tmere n is. the first address of the 
subrou tine in the memory 0 This· order is one of the ordera·.in the main 
program 0 The subroutine is designed so that after this it returnS con
trol to the register immediately ·follotnng the .!l2.A order,· or if any 
program parameters are present. ·to the regiS ter after the las t program 
paremetero . . . 

An· Hopann subroutine .is similar to a "closed" subroutine 
but does not return control to the reglstersafter the entry order. 
It instead delivers oontrol to··the ord"er following the last order of 
the subroutine • 

.An flinterpretive" subroutine. although its form is similar to 
that of a .l1closedH subroutine, has. a different purpose. These subroutines 
interpret a series of program parameters following the entry o:rd,er as 
clorders" on a. higher level. instructinp, the machine to perform a different 
combination of operations t1henevera different norder~ appears 0 " Examples 
of interpretive subroutines now being coded are subroutines for floating 
point and double-precision arithmetico . 

A "special" subroutine is one that is not:necessarily open or 
closed. but is used for ~ertain special p~rposes and ~sua11y not included 
in main programs. ~n example is the,npost mortem" routine, which prints 
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Ol).t va.rious contento of storage after a. program has: been completed ,(for 
the purpose of finding a programming error)~ 

The "lToo of Registers in the Subroutlne tl w11l be the total . 
Inumber of registers, other than temporary storage, occupied by the aub
routine 0 The "Temporary Registers Used" viIl be the numbers (cogo. d. It - 5t 
or ItQSt) of temporary registers used during a reference to the subroutine 
but free for any other use between references.' ' 

The "average time" may be a judicious guess as to the mean length 
, of the path of,the control of the program considering all cycles. 'The 

"maximum timan 'aga.in may be difficult to determine exactly, 'but an approxi
mation should at least be giveno If either value 1s in doubt or needs . 
further explanation, the progr~er should elaborate tn the "Descrlption~o 
Time is mea.sured in terms of the number of orders, which 'will provide a ' 
reasonably accurate indication, even though different orders ~equire 
different amounts of ,time. 

TWo types of parameters will generally be encountered1n the 
uee of subroutineso '!PresettJ parameters will be those parameters which 
are fixed once and for all at the s tart of a main program, and l1hich \lil1 ' 
be fixed in ,the subroutine at' the time of inputo An example is the 
"digit length constant", vhich for most I)utput pr~nt routines usually 
mu.s t be decided by the progra.mrile~ once aJo.d for al10 '.' This \fill be placea 
in the proper'position in the subroutine upon conversion of the Flexo-
wr1 ter standard tape 0 

"Program" parameters·, are par,ameten which'may have different 
values at different pOints along the cont:ro~ path of a main programo 
Progra.m parameters a.re norznallyplaced aft~er the ent17 order!lUlt t1here 
n is the address of the first order of the,subroutineo An example i8 the 

. number 'to, be printed in ~omeof the short (.lUtPUt prfnt routines, which is 
stored immediately follo,.,1ng the' entry order.. Sometimes :more than one 
program parameter is used; sometimes a program parameter 1s placed 1n the 
accumulator, rather than the registers following the entr,y order, vhich 
are kno\'ID. as ul e u2 11 etco 

The form, range of values. and significance of any preset 
parameters should· be inserted in the space provided :to the'right of the 
preset parameter register numbers "vl". ,"va". etc. -4nY program parameters 
contained in any of -the registers'of the aritluileticelement, in temporary 
storage registers or the regis'ters 'follot'1ing the in 'order\lhich enters 
the subroutine (these registers, are designated as "ul", "u2R , etc.) 
should be entered in the proper spaceo Any results whiCh upon leaving 
the subroutine a.re ava.ilable in, the r·egisters. of the' ari thmet1c element. 
in temPorary stora.ge registers', . or, ·in regist~rs ul, u2~ etc. ~ should be 
listedo Note that'in closed subroutines, the contents of the A-Register 
will al\ofays be the address ul on:entering the subroutineo This wUl 
consequently be innnater1al p and· need not be specified. 
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Tho "Description" of the ,subroutine is' important for several 
reasons 0 It should give a description of what the machine does in this 
subroutine, as cleal9ly and concisely as poas1bleo It alao should detail 
~ the machine does thiS so that without the program an intercst3d reader 
maY u.nderntand the general idea. of the method. It should be explained 
thoroughly enough a~ that any reasonably experienced programmer can 
follow the 'argument. , 

The description should also contain if possible the kind of 
alarms that a,ould occ~ during the subroutine, where they might occur, 
andvhyo 

A statement of ~ov the subroutine was tested is ~so important. 
so that failures at a later date due to lack of sufficient testing ~ be 
avoided 0 This should be -'iri tten up on a Subroutine Test· Report form and 
given g a.long with any outpu~ results in the form of photographs or printed 
data~ to the editorso ~his report 'will be filed by the editors of the program 
library for reference in case of lat'er subroutine fai~ure9 0 

I 

The Gubrouti'ne itself, in coded form. should bepreced~d by a 
, short abstract. which may be a duplicate of that part of the description 
stat:1.~g ~ the8ubrout',ne doeso 

For use with the present Conversion Program (T 464-5). the 
follo~~ing rules must be adhered ,to in order for a proera~ to be converted 
correctly: ' , 

10 All subroutines will be \iritteu with zero as the locati(\n 
of the first ttOrd. Address seetions of instructions 'will 
be expres sed to t,he 'base ten. 

20 All instructions Whose address sections are relative to 
the position of the;subrout1ne in storage will be folJ.oJlfed 
by the letter II r ". 

3 0 All instructions requirinp, the addition ofa praset 
paramater ~111 bo' fcllot1ed "'yo th~ lett'er "an with any 
digit 1 through 7. the digit being chosen to corre
spond with the desired one o~ the seven' possible 
preset parameters. All instructions requiring the 
nub traction of a preset parameter will,' be 'followed 
by the letter n~n and ally digit' 1 through ,7,. 

40 If the programmer 'using the subroutinedoeanot assign 
a value to a given preset parameter its value will 
automatically be zeroo Consequently. uhen a subroutine 
is written, all parameters should be ,so chosen that 
zero is the most l1kely value of each .. , so that values 
of parameters 'fill frequently not nee'd;~to be specified 
by a programmer 0 :.: ' 
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50 A block ofregiG tera 'is to 'be. set aside' by the programmer 
for use as temporaryatorage'by all subroutinos and by 
the main program'as needed. These temporary registers 
ldll be designated in the following manner and assigned 
consecutiv,ely: 

d ,= address of a regis ~er of l"hich only- the 
addres 8 section 1s: tempora.rY~ dig 1 tal 
positions 0-4 being alwa.ys'zero. 

lt = address ot first regular temporary 
register. 

2t = address of'aecond'regular temporary 
~egister. ' 

3t = address of third regular temporary 
register. 

nt = address ofn-th regular temporary 
registero' 

Registers to be used as temporary storage b~ interpretive 
subroutines and by no' other subroutines' or the main 
program \1i11 be dfjs1gilated as follow 9.iid aSsigned 
consecutively: " . , 

1 tx addresses of the sections ot the mul tip1.e 
2tx register accumulator used by the, inter-
3tx pret1:ve subroutine, followed; by';other 
etc. registers used for special purposes by 

the 1n~erpret1ve subrou~ine~~ 

The parameter d. 'th8.t: is the' address of the zero-th temporary 
register, is to be assigned by 'the programmer and indicated in the title 
of the programo It re~1ns constant :throup'~9ut the programo Thls:wl11 
also be the case for dx if (and:,only if) an 1nterpret~ve. subroutine is 
usedo The programmer must examine the specificationo ~'of all of' his sub
routines to determine the number 'of temporary registers used b~ each one. 
and provide as many consecutive ,~emporary registers as. needed to include 
all registers that are used by;"l:it least one subrout1rie~ The initial values 
of the contents of the registers 'assigned as temporary need not be speci
fied except that the zero:'th r~g~ster' must be set to cC)nta1n riO (or pO) 
during input 0' The regist~rs as'signed' as ~ and tx registers can never be 
the seme as those aSSigned as d and t regi~terso If :ilCj)ne:ot the ~ubroutines 
rE1fer to the d (temporary address) regiS te~. it mayor.: course JJe ~sed for 
some other purpogeo This is true also for~register dXo' 
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Should.the following sitUations arise, the conversion program 
h'ill be able to take ca,l-e of them·: 

10 A relative instruction which requires the addition of. one 
lor more preset parameters as vell as the relati va factor. 

20 A preset parameter t"lhich re1luires the add! tlon of a preset 
parameter (only if th~ second parameter has preceded it 
numerically in the series vl. - vB) 0 Thus parameter v2 
may be added to v3 • for exanl!>le. but not vice verano 

30 A preset parameter whiCh is relative itself. 

40 A gap in the sequence of a oubroutinoo 

The following convent lons should allf8.ys be follow~d in ac tually 
writing ,the subroutines. The same conventions may also be convenient in 
main programso 

10 A brief description of th~: action of every' order should be 
glveno. Orders may, howeve~'be de~cribed singly or in blocl~. 

20 Horizontal: dotted lines shollld be drawn after orders where 
changes of cont~ol are condItional, 1.eo, cp orderso 

30 Horizontal solld 11rieBshov~d be drawn after orders w.nere 
.definite ohanges of control occur, 1.eo. sp.orderso 

40 Arro\1s 'tIith heads po1nii1ng right should_indicate points of 
entry in the program·!l;-Onl other positions.· ioc. t from. cp . 
8nd Bp orderso These· shoul,l be at the left of the register 
number t.,here entry OCCl1rs 0 At the left .. of the arro~. the 
order or orders from·~lich control is transferred should 
be vritten.· . . 

50 Orders used .only as· constanta •. i.e. t' so-·called"pseudo-orders fl 

should have·doublevert1cal bare:at the left. 

60' Orders used for control purpose::. and. also as "pseudo-orders" 
should have single v8l"'t,icalbara: a.t the lefto· 

,'. . ." , 

70 Orders t'1h1ch may. be . changed· durli'lg the oourse of. control 
should be encloBed~in parentheses. 

These convent ions are 111tlD trateQl. b~ included exampleo 0 . Tho ttrs t; 
is a. subroutine for print ing out thEI value n. when a regis ter contains 
n'x 2-15 • ioe0 8 for printing out "integers". Thin routine suppresses first 
zeroes in the number. restoring zero p~int after the first non-zero digit 
is printed.·· . 
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The second io a subroutine for printing out "ShOl·t" docimala 
in the, range .... ,,99999 !S d :fJ +099999. A variable preset -parameter allo\\T'Q 
IJ!tly the first n decimal dig! ts to be printed if so \mnted. "Thel·e 
1 .1~ n~ 

Since all subroutines Rre intended for use later when electro
static storage may replace the present test storage, thefollo~ing rules 
must be obeyed: . 

10 Register zero will always contain zero" Thus"caO" ~il1 
indicate that the accumulator is now to contain zeroo 

. 20 No transfers to or exchanges with test storage aa a 
"waa.te store" shall be made. Temporary storage must 
be used for this 0, 

, . 
Tho lZU')op..ar..ios of', putting a subroutine into the library is 

as follows:: subroutines, after thorough t8stinr; on the maohine" should 
be propared in the proper form and r,iVen to Dorothy Lenihano She will 
aBs~gn a nunber, oatalogue the routine in the Tabla of' Contents, edit 
the Mnglish» and check the description of the oode for thoroughness and 
ability to be understood o' .. tmothor editor will t}:len check the acouraoy 
of tho pror,rnmmingo The pro~ramminr, will also be examined in an attempt 
to reduce tho number of registerso The subroutine will then be typed and 
e'l;ored intne library" ' 

The fol1oviing 
Pro~ram (T 464~5)o 

is the vooabulary of the present Conversion 

ORDEHS 
Orders Deoimal Value Orders neoirnal Value O~der8, necimal Value 

ri 0 ck 11 a.o 22 
rs 1 qs 12 qf 2~ 
rf 2 qe 13 mr 24 
rb 3 -cp 14 mh 26 
rd '4 sp 15 dv 26 
rc 5 oa 16" sl 27 
qh 6 os 17 sr 28 
qd 7 a.d 18 sf 29 
ts 8 au 19 q~ 30 
td 9 om 20 qp 31 
ta 10 so. 21 

cr 
01 
qm 
qo 
ai 
dIn 
1m 
ql ~_ 

possible,new orders not yet available 
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(~·l).l ord<3rs are made up or one of these latter pairs» i'ollowed by an 
addr<sa(J~ f)ollm1ed by a.ny number of suffixes (see below) i'ollo't'lsd by a 
torminal ohare-o"bal" 0 ) 

NTJHRERS 

Four=dif~i t deoimal oonstants 

-c-~nln2n3n4 

=on1n2DSn4 

(06 n1 6..9) 

(negative of abaoluto marnitude) 

Fi.ve=diE~it ootal oonstants 

Oonln2n3n4nS 

lot;.n2n3n~n5 

(o~ n
i 

=.:= 7) 

(700 oomplement or aboolute ma,~itude) 

=15 POsitivo deoimal integers x 2 

P ~ J) 0< oontai ninr; any number of' dir,i ts pO' = c::;;<. '32768 

~15 
Ne~ati~l deoimal inter,ers x 2 

no(..!) ~oontaining any nwnber of dieitss) O'~~·32768 

(All numberfi arc follo119d by any s~t1lteB dea1rGd and by a torm1Dal 
Charactor uh1ch instruct the conversion program and do not Appear 
axplici tly in the resul to) - . 

'~NYERSION CONTROL COMBINATIONS 

1. ~ ~=«> indica.teD that Q(.io tho add,:reoo of the register containing tho 
t1rot u@:rd of the program (requirea te~:iJlal character) 0 

goc... eo_= indicatoD that ""-10 the addreoB of the register containing tha 
first ~ord a.fter an interruption in the sequence of a program. 
(raqu1rall termina.l character) 0 '.', . . 

f ~ __ co indicateD that c;C-io the address of tho reg1Qte~ containing the 
ata.:ftlDg instruction of a program (requires term1nal character) 0 

'VIJ/ 

indicaiio3 the and of So block o·t voma (requires terminal 
character) 0 , . 

\fl1l pl"ooeda the first wora. of EJ. subroutine (I terminates) 0 

\1111 precede a. subrout ina ina truct10n (~the address of the 
9'ltbrou'liine relative to t.he bag1nning) 0 (/ tenn1Dateo) 0 

'~ill indica'te tho number of the preset param.e ter (!1 == 0 t 1. 0 0 7. x) 0 

(I ta~inataQ) 0 : ' 

/ 
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8 Ol" 10 

an (sn) 

t or d 

. tx or dx 

r 

~ or 

(npecial terminal character)' terminates a tJord and indica.'tes 
that \{ord is a preset parameter. 

(occurs only at beginning of each program)1ndicates that address 
sections of all orders and. control combinations, except those 
preceded by 01 or a/. are to be converted octally (B) ·or 
decimally (10) 0 

(ouffix) will follo\,a word requiring the ad41tlon (subtraction) 
of the n-th preset parameter (O:::n <-7) 0'·. ' ' 

(suffix) will follow an instruction requiring· the· addition of 
the address assigned to the d register. which address io 
stored aa the zero-th preset parameter (see Page 5). 

(auffix) will follow an instruction requiring the addition of' 
the address assigned to the dx register, which address 1s 
stored as the x-th (9th) preset parameter (see Page 6). 

(suffix) will follov an instruction whose' address is relative 
to the beginning of the subroutine. 

(prefix) will be ignored· by the conversion .:program. 
I 

(termlnaJ. character) will terminate an instruction.- number, 
or control combination. . 

NullifYt stop and space characters will always be ignored by the 
conversion programo 

(The symbols ~ and ~ used here sign1fy"spa.cC!" and ncarri~e: return".) 

,HIe :JTG/cm 

Att~ched: OL 291 
OL 292 

UL 293 
DL 294 

Signed 9rt.w w,. WW-rrr: 
(j : ,JOhn ~/o / Carr III 

Signed~U ___ : _Tr...-t _A_· ~_~k_· '_ 
V J ohri T ,;: Gilmore. J~ 0 

.; Approved ____ ~_=____f1:to..;:, ..... · _'_. ____ _ 
Charl~s \~ 0 Adams 
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DIG I TAL COMPUTER LABORATORY' 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

l'IHIRLl'lIND SUBROUTINE 'SPECIFICATION 

Page 10 

-" .... --.---------------~-__=~----__r----_:_---.;..--_y 
Print Positive Decimal Intoger ~ 215. 
Ifo Pag'e Layout. Zel~os Appear as Spaces. 

TI'!ILi1: LsR1f OT 2.1 

Classf'icat1on 
CLOSED 

Noo of Regs. 
in Subroutine 

46 

Temp. Regso used 
by Subroutine -

Average "Time, Ms.xo Time 
(operations) (operatlona) 

Preset Parameters 
Nona 

Program Parameters 
on entering Subroutine 
ul: Noo to be printed 

Results 
on leaving Subroutine. 
00: +1 x 2-15 

ul: Noo to be printed 

Description :_ 

1t - 3t ~~OO ,_ 106 

I.' 

This subroutine prints out the contento '01' ul.' considered as an 
integer 0 If uJ. contains D x 2 ~"': O'~ n ~ 32767. then n 1ta.elf io printed .' 
out in decimal form. The first zeros ot an integer appear (lO spaceo. 
'!hun 00326 "'ill ,be printedaa -~-+326. Zero itself 'lil1 be printod as 
five spaceso OnlY' positive numbers can be pr~ntedo ' 

Th1s::conversion and printing 10 accomplished bY' multiplying the 
contents of'ul bY' 2/~,ll t and using the resulting tour most significant 
binary digits of value ":ll. to enter the. ~ -th member of a decimal table 
(0 ~ n1 ~ 9) 0 'lhe remaiiider after sub trac tion of ~ x 2-4 10 oh1fte~ 
left four. places. multiplied b~ lollS, and the process repeated to 
obtain. ~o -After 5 digits ~he operation ceases 0 Th~~ process ,may be 
written ar;l.thmetically=· '.' 

lux ,fl0,,r-X Q/ ~ .,. ~ )... x ~ $ 'I .,. ')..It )(.:I-~+ ~j.x.,I0~1I 0 ~ ~ ~ t 

~h~ x%,= .-1.1;1 x..tfl~'#(),J ~. }J~x ;(-1 +f1.x .:l0~f>\J 0 6"",.2 ~z. . 
. ..'. . '-:.' '., . . ' 

../U-/o'l l( I~ ,. AJ" X .;I.. -%0- .'!'. ),v of ~.:l-'/ +- ( ;j":~ .t-4~ c) 0 ~N/-1.. 
No alarms sho~d occur 0 

JW~ III 
Se~t. ~ •. :~~51·.:, 
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TITIJJ; P;,,"lnt POHiti~ Dooimal 1.ntoger «~215 0 NUMBER OT 201 
" TIo Pago Layout, Ze~o3 Appoar as Spaces 

A·u'ctI'act: This subroutine prints out the CO!!iBnts of ul, considered as 
'an, integer. If ul contains n, x 2 • 0 !S.n~32768t then n 
itself is printed out in decimal form. The first zeros of 
an integer ara suppressed. Thus 00326 will be printed aa 
-> ~326o Zero itself will be printed ,a.s five spaces D 

Only positive numbers can be printed. 
I 

lt digit counter 
2t temp. storage for number 
3t suppressor 

00' 
01 
l;2 
03 
04 
05 
06 
07 
08 

28- ~09 
10 
11 
12 
13 
14 
15 

14-, ~16 
,17 
18 
19 
20 
21 
22 
23 

Plantul addreaa 
Set return 
address 
Sat suppressor to 
print spaces 

ta 7r 
ta 15r 
ao 15r 
(OB. 0) 
qe 3t 
cs 32r 

, ts 1 t Set countex: 
l.fult1ply c (~) by 
2/¢1)~ " 
Store digit to 
be printed 

(oe. 0) 
mh 33r 
sr*ll 
ts 22 
91*151 
ts' 2tJ Store remainder 

'ao lt Count and' 
cp 16r check counter 
a- (5 Link 

cs. 22rl Check 
au 3t I aigit for 
cp 29r zero 
oa-22

1 
Ga, t,P, rinter 

ad 34r ready for 
ts 22r printing 
(OB. 0 Print 
qp 0 digit 

JtlC III I 

t'opt ~ 24, 1951 

24 ,oa 3Gj 
26 qe 3t 

31~G os. 2t 
27 mh 36r 
28 sp 9r 

18-'> 29 ca 30r 
301 qp ~ 
31 0 26r 
32 p5': 
33 0.15067 
34 Ilea 37r 
35 "ta. 0 
36 1.77776 
37 p45 
38 p36 
39 p39 
40 p3 
41' p3l 
42 p33 
43 p43 
44 p16 
4~ p13 
46' p49 

Eliminate 
suppression 
Multiply remainder 
by 10/16 

Print space 

Digit length oonstant 
~ "l %0'1 , 
Gives ta.ble ent~ 
10/16 I 

Suppression eliminator 

Decimal 
Digit 
Table 
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Subroutine Test Report Form 

~::;·J .. :)a.flG gi va a thorough explanation, for the bene!1 t of the edi tors C?f the 
S'i"b:;."oni;ine Libra.ry, of just exactly how the submitted subroutine lias tested. 
Include any output resv~ts (Flexowr1ter output, photographs, etco) by 
sta.pl~.ng to this sheet.) 

TITLE: Print Positive Decimal Integer ~21Qt 
No Page Layout, Zeros Appear as Spaces 

NUMBER OT ~ 0 1 

This subroutine was tested by first printing out 0 - 100, 
16 p OOO ~ 16.100. and 32,000 - ·32,7670· Then it t18S tested throughout 
ita enti~e range by comparing the last digits of the number to be printed 
t/ith a s,imi1a.r digit derived by a simple counting process· (modulo 10)., 
If the digits were not the same, the number .w8;~ printed outi' if the Game, 

~ nothing was printedo The value 0015066 for 2//~1fY'1e1dedseveral hUD4red 
81"rors in the final digit; the value ot 0015067 yield no errors, and 
thus gave correct values throughout the entire rangeo _ 

JWC III 
Septo 24 p 1951 

..J 



DIGITAL COHPUTER LADQR("TORY 

MASSACHUBETrrS IHSTITUTE OF TECffi'!OLOGY 

'~IIRLY1IND SUBROUTINE SPECIFICATION 

Pa~e 13. 

~-.---------------------------------------------------~~--------------~ 

~~int. Deci~21 Fraction, Single Column. 
\rlith Sign and POint t No Roundoff 

Nelo of Regs 0 

in Subroutine 
S? 

Temp. Regs. used 
by Subroutine 

It - 2t 

Preset Parameters 

\"1 (Digit 1eng~h -5) 

Program Para.meters 
on entering Subroutine 

a.c: Number to be printed 

Results 
on l,eaving Subroutine 

~'l.C: 0 

Derlcrlptl0,n: 

Average Time 
(operations) 

26105 

LsR/fo OT 101 

Classification 
CLOSED 

Max 0 Time 
(operations) 

262 

As control is transferred to this routine. it is assumed that ·the 
!ltl.mber to be printed is in the accumulator. The normal proce,iul."e will be to 
aS8i.gn vI = 0 and. cause a five=digit decimal. constant print-outo The sign 
m'tel decimal point will be printed also. J\fter' the word is printed a 
ca:t'riage return· \'Ii11 be produced so· that continual use of this routine will 
produce a col~ of numberso ~e last .printed digit does not include 
c-oundoff of a.dditional digits. 

: 0." 

JlJ:C· 
S€'pto 24 e 1951 

i-__ . ________ -.J 



Enter 

17-

G3~~5 
~~moraudunl M-1284 Page 14 

~~ITlaE: . Pr:ln't, Decimal Fraction, Single Column, 
wi'~h Sign and Point, Uo Roundoff 

NUMBER OT 101 

00 

This oubroutine.prints the decimal equivalent of a. l'1ord 'With 
sign and decimal point and then a carriage returnD . 

Upon entering the subroutine: 

80 = vord to be print~~ 

• ' I • 

. It = register used to store the remaindor of the word 
2t = regioter used to store counter 

"11 =. (digit length counter) This. value 1s set "at 0 for a 
flve-dig1 t decimal constant, 1.eD v1 = dig! t length -5. 

tn. 20r . Set return addreso 18 os 19r Yeso Cause a . 
01 to 1t S.tore value 19 Iqp l~ carriage return 
02 ep 2lr Is word negative.? 2.0 {on :~-l· Go back to main 
03 ca-25r- No: print +. 2~21 0: 26r} program 
00 qp e J Printing 22 s 4r Pr~t -. 
05 '~qp 27r instructions 23 . P 10 10 x 2--15 
06 cs 24rl Set 24 p4al Initial value ot 
07 . to :at counter 25 0007143 cOWltor 

\ 08 ern It /Valuel ~ in ac -15 26 0007107 
09 mh 23r /Vt¥~lel 0 10 % 2 '. 27 0000055 
10 ad 5r Add start of \ 28 0000044 
11 td l4r Number Table 29 0000047 
12 81 .15 J' Store remainder 30 p3 Number Table 13 ts It 

.{n~i~l~;0a8ode r'or' 
31 0000025 

14 (ca --) 32 0000041 
15 qpO 'Print digit 33 0000053 
16 eo 2tJ Have all diB1ts been 34 0000017 . 

'17 cp 8r. printed? No. 35 0000015 
36 0000061 

JTG 
Sap-to 24, 1951 



6345 
Mernol"andum M.,.,1284 , Page 16 

Subroutine Test Report Form 

(Please give a thorough erpla.na.tion. for the benefit of the editors of the 
Subroutine Library, of just exactly how the submitted subroutine was tested. 
Include any output results (Flexowriter output, photographs, etc.) by . 
stapling to this sheet.) 

TITLE: Print, Decimal Fraction, Single Column, 
wi th Sign and Point, No Roundoff . 

NUMB};R OT 1 01 

This routine was tested by printing·out a series of words whose 
decimal equlruents ~ere already lmowo The la.st digit is not rounded 
off: iDeo, +0602367321 becomes +0602360 

JTG 
Sept .. 24 ~ 195:~ 



63L.1:5 
l.remOl·andwn r~'=1284 

AD OnO 

, AI 000 

CA 000 

DE 000 

ED 000 

EX 000 

HE' 000 

IH 000 

IN 000 

IP 000 

IT 000 

'LG 000 

MI 000 

lID 000 

NI 000 

NIl 000 

OC 000 

OF 000 

OTOoO 

PA 000 

PM 000 

PS 000 

SF 000 

'1!F 000 

'nl 000 

CATEGORIES FOR SUBROUTINES 

(Tentative) 

Algebraic Differentiation 

Algebraic Integration 

Complex 4rithmetic 

Differential Equations 

Error Diagnosis 

Exponents 

Hyperbolic Functions 

Inverse Hyperbolic .Functions 

Interpolation 

Input Programs 

Inverse Tr1gnometrlc Functions 

Logari thms 

. Miscellaneous 
Numerical Differentiation 

Numerical Integration 

n-th Root 

Ou.tput Ca.mera 

Ou tput Punch 

Output Typ8wri~er 

Programmed.Arithmetic 

. Post Mortem 

Power Series 

Special Functions 

Tr1gnometrlc Functions 
. . I 

V~ctors and Matrices 

Table I 

Page 16 



DIGITAL'COMPUTER LABORATORY, 
. ' .. 

,MASSACHUSETTS INSTITUTE OF TECHNOLOGY .... ..,' . '. , 

WHIRLWIND SUBROUTINE SPE~I~ICATtON 

:TITLE: 

No 0 of Rega 0 Tempo Regs 0 ' 

in Subroutine ,'\lsed by Sub 0 

Preset Parameters , vl 
v2 
.v3 
v4 
v5 
v6 
:v7 

Program Pal'ameter's 
on ,-ent'ering', Subroutine 
ac': 
br: 
ar: 
ul: 
u2: 

" u3: 

Results -
on l~avlng Subroutine 
ac: ' 
br: 
ar: " 
u1: 
u2: 
u3: 

Descript,:J.0n : 

FORM DL .... 291 

Average Time 
(operations) 

LSR 

Tape 

Classification 

Max 0 Time 
(operation~) 



TI~ ___________________________________ mThmER __________________ _ 

~~------------------------------------ DA~ __________ ~ ________ __ 

00 __ _ 

01------
02._ 

03_ 

04 ___ _ 

05 __ _ 

06. __ _ 

07 

08 

09._ 

10 __ 

11 
12 __ 

13._ 

14 

15 
16 ______ _ 

17 .. __ 

18. __ 

19_ 

20 ___ _ 

2l __ 

22 ___ _ 

23 - -----

24 
25 ___ _ 

26 
27_ 

28 

29 _ 

~--. ------- -- ---
t 
I 
i 
~-. - -
i 
I 
1 

r 
I 
1 
1 
I 

1 
I 
! 
I 

I 
~--.------------~--------------------------------~----------------~ 



TI~ ___________________________________ ~ER------------------

~~ ___________________________________ DAT.E __________________ __ 

30 _'" . 

31 __ .... __ .... ._ .... "_' ____ .. _ ........... . 

32 
33 _ ... _ 

34 __ .. . 

35 

36 

37._._ .. 

38 

39 . . 

40 

41 
42_ . .. _ .... 

I r'-" 
" 

\ 

r 
1 
! . 1 
I 
i 
j-'-~"" 

45. . L. __ .. 
I 

46 W • I'" ... . .... - _ .. -. 

=------------- --=--------
49 . 

50_ .. _._ .... 

51 

62. 

53 

64 

55_ .... " 

66_ .. _ .. 

57 

S8 ........... . 

59 ... _ ............. . 

60 

61 
62 

63 ...... . 

64 

j 

t··-· .
j 
r~--···· 
r-' . 
; r' -" .. , 
,-
-.--

1--,--", . 

65 

66 __ . 

67 _ 

68. 

69 _ ... __ . ___ ... 

70 ... _. 

71 

72 

73 

74 

75 

76 

77 

78 

79 

eo _" 
81 ... . 

S2 . . . 

: 
r 
t..----.--... 

83 . __ ....,. _ .... ____ ..... _ ..... ~ .. 

S4 
85 

86 

87 

8a 
89 
90 

91 

92 

93 

94 _ ... _ .. ___ ._ ... 

95_ ........... . 

96 

97 

98._._., .. 

< 

.1. 
I ," I 

t 
~. 
j 

-_ ... ". j 

.. r········· 
r-"'-' -... --- -............... -... """' .. 
1---- --- --

99. ___ ... .. ____ " . ". . 



TI~ ___________________________________ .m»mER ______________ _ 

IDU~_' ___________________________________ DA~ ______________ __ 

100 

101 __ .. _ ...... __ .... ____ . 

102 _____ . __ ... ___ ._ ..... ____ ... 

103 ____ .. __ .. ... . ...... .. 

104 

105 ____ .... __ ... ___ ... __ ........ . 

106 ........ . 

107 __ ................... _ .. . 

10a. ____ . 

109 r . 

110 

111_ .. 

112 '. 
113 ___ .. . .. 

114 .. 

115 .. 

lI6 ..... 

117. 

UB .... 

119 

120 

121 ... , 
122 

123 .. 

124 
125 

126 

127 

128. 

129. 

130 ... ___ . 

131 

132 

133· 

134 

135 _. ___ . __ . ... . ..... 

136... .... .. ........ ___ ..... _ 

137 _ ............ _ .......... _. __ . .... __ . . 

138 

139_ ...... _ .. 

140 ____ .·. 

141 .... _ ......... . 

142. 

143 

144 
145 

146 ..... 

147 

148 

149 

150 . 

151 .. 

152._ ._. 

153 

154 . 

155 

156 

157 

158 

159. 

180 

161 

162. 

163 

164 

165 

166 

167 . 

168 

169 
~ ______ ------~ _________ ._.p--I.-_W.-.-. _. ______________ F _____ ~~_,_u~~ ____ 1 


