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A.bstra~t i Standard automatic subrout ines are p rograms fo r the evaluation 
of freauently needed functions o r fo r the performance of routine 
computati~nal chore8 ~ Such subroutines , which are int~nded 
primarily for use as a part of a larger mai n p rogram, will be 
kept on permanent fi le in the slow- speed memory of a computer 
and will be inserted i nto high- speed memory along wi'th any 
program of which t hay are to be a par t " A subroutine ~ if it 
i s to be referred to from several different parts of a main 
program~ must be prepared fo r each use by tba i nsertiQn of 
new addre8les into some i f 1 t s orderB " 

I n the present note , various preparation t echni ques are dis
cussed . Most promi sing 1s a deferred pl'eparation, in which the 
only preparatory order needed i n the main program is a transfer 
of control order, a l l of t he necessary changes in the subrout i ne 
being performed by orders in the subroutine . 

I n the Whirlwind computer the address of the r'egi s t.er nex t. aftar 
the regieter containing a transfer of control i s s t ored automa
tical l y in the A register by the t r ansf er of control (~) ord~r o 
Xhl s register , next after the one containing the ~ order, 1& 
a prearranged location characteri stic of one and only one .!XL. o,rder, 
and as such this regi ster and t he ones following it can be used 
to store any addressee which must be available to the subroutine 
i n making the necessarY 'pr epa rat i ons " That is , the corr ec t 
r eturn address and t he address es of r egisters which are to con
t ain al~ necessary extra addr esses can all be deduced within the 
su'broutine with no assistance from the main program , 

IntroductiOE, 

The simplest computer imaginabl e 'iould need to have only a few 
basic abil i ties - - in fact) the abil ity t o (1) sense and (2) complement 
a selected binary digi t would be suffici ent , Unfortunately, many repeated 
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ap~l cations of these basi c op er a t ions would be required to perform a 
single complete addit :i.on ei nce the addit i on of each :pair of dig! ta and 
each carry would have to be or dered separately: 80 t he program fof. any 
sizable problem would be unwieldy at bes t . In designing a computer , 
therefore, one bui lds a cont rol and an a ri t hmeti c element of a t least 
enough complexi ty to be able to perform many of the el ementary arithmet i c 
operations in response to single orders i n the p r ogramo The number of 
elementary operati ons so built i n may inf luence the speed, effective 
memory capacity and conveni ence in use of the computer, but it in no way 
limits the capability of the machine . For just as addition can be p ro
grammed using only a s i ngle- di gi t senae-end-complement order , any of t he 
more compl icated numeri cal operat i ons can be programmed using the s i mplsr 
built-in operations . 

The Whi r lwind computer has- bui l t int o it the abiliti es t o 
add. Bubt ract, nt"lltiply. di vide, find megni tude, and po i nt off (fi nd 
the characteristi c of the log2x for any given x), usi ng numbers within 
the prescribid range . Ot her operations, such as t he evel uation of 
~, log x, 8 • si n x , etc . , are riot buil t in . The l i ne between included 
and exclud~d opera tions i s drawn, as it i s i n all such casec , by a 
compromise baled on sucb considerations a s t he fl exibility, convenl enc~J 
speed, economy · of constructi on, 81mpli c i t y, and ease of maintenanoe 
desired; t hese considera t ion. hinge i n t u rn on the i ntended purpose of 
the machine . The decision i s made les8 difficult by the comparative 
ease wi th which the non- automati zed opera tions can be synthesi zed from 
the elementary ones and made to 8eem almost automati c" 

The intention of this report i s to combine an brIng up to dat e 
under one cover t he pertinent information on t he means of accomplishing 
programmed automati zati on of the non- elementary but nonet heless common 
numerical operations " In the present report J a working .kno",ledge of 
coding for the Whi rlwind computer 1s presupposed . The Appendix contains 
a ~ry gu1de t o coding and a brief but exact descript ion of the Whirl 
wind order code a s of J anuary 1950 . 

Programs that are commonly used as part of a larger prograru are 
called subroutines . Because the subroutines described in this report 
vill be eo arranged that they seem to be built in, these subroutines are 
called automati o . Only one or at most a few of the many possible variants 
of the subrou~ines for each function wil l be kept pennan~ntly avai lable 
(in the case of si n x . for example, different routines ~uld be p rovided 
at least for (1) x 1n revoluti ons , (2) x in radians, (~ ) x 1n radians 
times some scale f actor , ) Such subroutines will then be ' called s tandard 



( 

( 

6345 
Engineering No te E-329 Page 3 

a.utomatic subroutines for t he eVlil uatioIl f ·t he Given functions " In this 
ote ~ techniques f or preparln~ t o u se t he subroutin.e a r e discussed at 
length~ 

Standard automat i c eub t"outines will be kept on uermMent file 
on t he slow- speed f i l m s to r86e of t he iihl r l wi nd computer and e~ch ~ll be 
i nsert ed i nt o hi~h- speed s t ora.ge a l ong wi t h any pro~rnm in which the pa.rti 
cular subroutine i 8 needed. Some i ndicat i on of the necessary subroutines 
and of t he addr esses of the sta r ge regi s t er s t o be occupied by each Bub
rou t i ne will be &l ven a s par t of each mai n progrnm. That is, i n wri t ing 
each proGram, the programmer w11 ~ be able to select fo r u se i n his pl'ogram 
any of the standard aut omatic su rout i nes end he will be able to des i gnate 
the 8to~e re&iet ers .in .which each of t he selected subrout ines is to be 
stored , subject onl y to t he cond:lt i on that hi s assignments are compatible 
with the lenGt h of each Bubroutl e eo that there are enou~h consecutive 
8to~e registers avail able f or .ach of t he subrout i nes . 

AcCording to t he present plAnS f or Whirl wind I , al l of t he stan
dard automat ic subroutines wi ll have been wri tten ~ converted to bin~ry 
f orm, and stored i n aome order on one (or mo re i f necessary ) roll of fil.m 
called a libra ry fil1l1 .. ]t~ach subr out i ne will have been wri t t en under t he 
Assumption tha t 1 t 18 to be s t or ed beginnln~ at regis t er 1I'l024,. Al l t he 
neceBsAry constant s, except pass bly some uni versal const ant s like l!2 i 

w1ll be included as a part of the subrou.tine, stor ed i n regi s t ers i mmed1ately . 
followiP.t; the last order of t he uubroutlne The purpose of lil'i ting each 
subroutine .tartin~ at re~i st er 1024 i s t o permit easy discr iminat ion by 
the computer between thoae order whose addr ess sections r ef er to other 
narte of the subroutine and t hoe orders whose addresses are i r relevant 
~r ref er to 8Omethi n6 elee (such AS a number of shift s, an address of an 
external device, or an address of. some Ulli versal constant ./ all of which 
would norma.lly be l ees than 1024 ~\ . 

The actual i nsertion o. a program int o the computer will probably 
be done with the a i d of three pr~liminary routines ~ al l of which will 
preaWDAbly be stored at the beginnin& of t he library film and wil l be put 
i nto the h16h- speed s tor~e of t he computer by means of t he r i operat ion" 
'fhe main pro~8J1l t o be ~)erfo rmed will have been t yped ou t insome normal 
fashion on an automati c typewri t er which at t he eame time pr epares a 
perfo rated t ape . (Flexowri ter equipment wi l l be used f or this purpose . ) . 
Each character (i ne" each of the 50 keys and controle on the t ypewri ter) 
has a six-di git b1nary represent ation on t he t ape and t his binary-coded 
i nformation can be translated 1n the comput er to the proper binary form 
and stored i n the proper re&i ste r s by means of a suitable conversion 
pro~ram" The typewrit ten fo rm of each new pro6ram will also have . probably 
at the end , 8o~e i ndication of t he 8ubroutln~s needed and the addr esses 
ae,signed to each. 'l'he cOl\ver ei o routine , the first of t he t hree pr elimillA.ry 
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routine., will then turn this informati on, properly treA.lated , over to ~ 
the second preliminary r outine, a library 'selection r utina, which wi ll ~ 
r,elect the desi red subroutines from the library film ; The third Bubr outine J 
{the adap t ation routine) Wil l take eaoh Bubroutine and change the addresses 
~s necessary to adapt t he subrout ine to its assigned place in storage . 
These preliminary rout i nes will be discussed in a subsequent note . 

A l1brary of subroutines 1s actually being built up, starting 
with the common function evaluations, most of which have already been 
prepared in preliminary form and~ubli shed (cf . E-l?O, C_70 ) C~?? for . 

eX and log x, sin x and C08 x, and JX r espectively) . A note which will 
contain re~i8ed and "final" f orm of these and other subroutines is al su 
forthcoming . 

QlaBsiflcAtlQB of _Subroutine~ 

Standard automati c subroutines can be class1fi ed aecording to 
the amount of information which MUst be exchanged between the subroutine 
and .the main program each t i me the subroutine 1s ueed . Obviously, every 
Bubroutine must be supplied wi th the proper return addres8 -- the s torage 
address of the next order in the main program to which control is to be 
returned at the completion of the subr outine , Aaida from the return 
address, many subroutines such a those for the evaluation of x, log x, 

x e , ain x, etc o, need only to be given the value of x and need only t o 
supply the value of the desired function . Since the quantity x and t he 
resulting function df x will i n most caees occupy only a singl e register 
each, the s1mplest procedure, apparently, is for the main program to put 
the quantity x into the Accumulator (AC) Just before transferr ing control 
to the subroutine and for t he lubroutine to put the resulting funct ion of 
x into AC Just before returni ng control to the main program. Thus 1n thi s 
case no storage address, other than the return address, needs to be exchanged . 
Subroutines of this type, requiring the exchange of no add reeses ~ wi l l be 
said to be zero - address subroutines . 

Some subroutines requi r e the exchange of Bome number other than 
the quantity x and the resul t . For example, t he quantity x or its result 
may be double-lenGth - - i . e . , require two registers to accommodate it 
because of its magnitude or i tl precision or both. (Frequently, however , 
8 two-reGister result such a s a umber and a scBle factor will be obt ained 
from a zero- address subroutine since the result can easily be stored with 
the number in AC and the scale factor 1n some predetermined register, chosen 
once and for a~l . ) Or, as another example , a subroutine intended to shift 
the cont~nts o~ AC and BR left without roundoff must be suppli ed .with the 
number of shifts to be performed~ In such cases it 1s necessary fo r t he 
main pr06ram tQ supply an address , over and above the return address, to 
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the ubrout 1ne - - that address beinG either the andress at which some 
neC'e8 ~A.ry quant i t y will be found or a t lIhi ch some re 'uIt is to be eto red~ 
Subroutines of this type, r equiring that one address be exchanged~ will be 
called one- addr ess subroutines ., 

SimilarlY j other subroutines require the exchange of two ~ three 
or more orde r s . Thus , f1ndin~ a quot i ent plus a remai nder requires two 
addressee, one at wh1ch t he di visor is s to red ann one at which the remain
der 18 to be s t ored, with t he dividend bei nG put into AC and the quotient 
&ppeari~ in ACn 'rhe doubl e- length arithmet ic o~erat ions (addition, sub
traction, mult i plication, divis i on) General l y r equi re three addresses, one 
for each of two operands and one f or t he r esult, since the t hree qUAntities 
involved are each double-length and canno t be s to r ed i n AC . In the case 
of' double-len~th numbers , t hree pai rs of addresses, s i x in ell , are actually 
required, but 1t1s aS8UJl1ed that the t wo halves of a double lenGth number 
are stored in consecutive registers 80 t hat the second address of a pair 
can al~s be deduced from t he first ad.-dress and is not therefore a separate 
piece of information. As bef ore , the number of addresses , exclusive of the 
return addreee , characterize the subroutine BO that t he quotient - and- remain
der proGram 1s two ~addres~ while t he doubl e length ~perations are three
addreaa subroutines,. 

Automatization of Zero -Addres s SUbrout i nes 

Fund8Jllent &l!y a 8ubroutine 1. a set of orders which is used in 
several different parts of a main program but which i s only t o be nut in 
one place 1n storage. The problem of automat i zi ng the subroutine is Just 
the problem of how to permi t the .ubrout 1ne to be effect ively inserted 
into the main pro~ram by unconditional t ransfe rs of control from the mnin 
pro~arn to the subroutine and back egai . By definiti on, the zero - address 
8ubrout1nes require the exchan~ of no address exceEt the return addreee ~ · 

~ppose , fo r exampl e » t hat t he proGrammer hAS requested t hat a 
subroutine for the calculation of t he square root of a number be stored 
.tartln~ in reGister 938. Suppose furt her that , a t t he completion of the 
main pro&ram order stored in regi,ter 619, the quant ity x 1s in AC and that 
the square roo t of x i 8 wanted . Then t he order s t ored in register 620 
mi6ht be BE 936 which would t ransfer control to t h8 s tar t of t he square root 
subroutine . At t he end of t he square root subroutine i s another !2 order~ 
which in t hie caee should be BE 021, to r e turn control t o t he proper point 
in the main . program. This address 621 , the r e turn address, must be supplied 
from somewhereo It obvi ously cannot be s i mply written i n once and for all» 
for the subrout1ne wil l probably be r ef erred t o f r om several different 
places in t he main program and the return addr ess will differ in each case ~ 
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One way to supply th'1 return address wotlld be t o sto re t he 
return address» which is known in each case , in s me :predeterm1n'3d ngi at e::,., 
Then i n the main pro~ramj before t he Bp 938 order one could clear ruld 
add that address and transf er i t , usi ng the td operat ion , to the reGister 
containln~ the !2 order at the end of the 8ubroutine~ This procedure 
requires at least two e~t ra ordere and one e~trn re~ie ter of constant storage 
for each place 1~ which the subroutine is to be i nsert ed int o the program. 
In addIt ion i t p re~ppo 8e8 ant icipation by t he progrAmmer who mus t be sur e 
that the ca aud td aequence i 8 i nserted i n t he main progr am before t he 
quantity X-l s formed in AC, i t being assumed tha t ~ is to be i n AC when 
control 1s transfe r red to the subrout ine , 

Re, . £ont ent 

" 
ell g3)~ 606) 

main 601) t d 96~ 
program 

". 
938l 620) 8p 

J 

(.lon,taut , 

938) ~ If 9651 
lubroutine. .. i 

964) Ip -- -
965) 

-

ant i cipated 
preparation 

transf er of ~ontrol. 

sto red oon.tant 
(operat i on r 1 18 ueed becBUse i ts 
~oded r epresent ation i s 00000) 

dee1red 
lIubroutine 

return of cont ra l 

AHTICIPATl!ID PBKPARATIOll FOR 
A Z~BO-ADDIU:SS SUBBOU'l' I :tm 
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This anticipat ed preparation of the return add ress 16 poa i bla 
1n almost any computer. But i n t.fui l wind I, tha add! t i on of one simple 
f eatur6 to tne ~ operat i on and the addit ion of one new operat1on ~ ~7 
has removed the need fo r the clumsy procedure just described. The ft'.nction 
of these two orders is as fo llows ; 

.!E....! - 'rransfer control unconditionally to r egister x. Assuming 
t hat the !E-! order is stor ed in reGiater y, st ore t he 
quantity y+l (which 1s obtained from the progr am counter 
before control i8 transfe rred) in the lAst 11 di git p081 ~ 
tiona of A.a .. 

~ - Transfer the last 11 di~lts from AR t o the l ast 11 digit 
positions of re~18ter x, leaving the firs t 5 digits 
unchanged . 

Thua in the example of the previoue p8r~rAph J the r eturn address 621 would 
be .tored i n AR, withoutaffectin& the contents of AC t by the BE 9~ order 
which wa. stored' in register 6?o. Then t he firet order in the subrout ine 
VQuld be a ta order which would t ransfer the return address to t he la.st 
order, the !2 order~ at the end of t he subroutine . The interveni ng order s 
of the subroutine vould d.,termine th., square root of the number in AC end 
leave the re sult in AC v In this W$Y thft red tape involved in using t he 
zero - addrese subroutine. is reduced to practically nothing ., The equare 
root of the number is f ound by simply insertin~ the order Bp 935 into the 
program whenever the square root of the contents of AC is want ed n Using 
the zero-address subroutines r equires no more thou6ht or effo r t t han 
u.1~ a lingle operation buil t into the comput er 

main 
proe;r8Jll 

constants 

938 ) 
939 ) 

Content 

~ <:: no ant1cipation necessary 
" ...., 
ep 938J transfer of cont ro l 

~ < no cons tant needed 

defe r red preparat ion 

subroutines <l 
desired 
subrout ine 
return of control 

DEFERIUm PREPARATION FOR 
A ZlllRO- ADDRE5S SUBROUTI NE 
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Automatizat ion of One~Addres s Subroutines 

A one- address sub routine can be automat ized in much the $5me 
w~ as a zero- addres s subrout in~ . The only difference is, of course, 
tha t aome 8to ra~e address in additi on t o the r eturn addres s must be mad e 
available t o t he subroutine f rom the mai n program" Consider , for example , 
the subrout ine for Bhiftl~ l ef t wi t hout roundin5 off . It is as~umed th~t 
the number to be shift ed i 8 i n AC and BR when cont rol is trAnsferred to the 
lubroutine and that the shift ed result 18 to be l eft in AC and BR at the 
end of the 8ubroutine. 

'rhe subroutine itself could be 

aeA::. Cont ent 

7lS ) t. 751 } store cont ent of AC 
719) III 15 } .tore content of BR 
720) t . 152 
721) ca 751 } , hUt And .tor. t ho 722) d n original content 'of AC 
723) tl 751 
124) ca 752 1 
725) mh 153~n l shift content of BR 
726 ) ad 751 ) add i n shi fted content 
727) sp } return of control 

751 ) 
752) 
753 ) 2 .. 15 

EXAMPLE l A SUB- ROUTI NE TO SHIFT 
J.,l!:FT WITHOUT BDUNDOJ'F 

of AC 

Actually . such a sub~out 1ne woul d be valid only fo r n i n t he 
ren~ 0 ~ n ~ 14 and conaequent;l.;v t he s t andard autOmAti c subroutine might 
well be .ll~htly more compli cated and more general . The 8ubrout ine Just 
,iven i. , however , 8atl sfactor,y a8 an example of various preparation 
t.echnlquee . 
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'!'he moat obvious techniq'll.a is ant 1ci'Pat~d preparat i pn of the 
extra address , using deferred pre~Aratlon of the r aturn addres s . In the 
eT-ample ~iven , the number of shift J n J must be i nserted in the 81 n 
order in re~i8ter 122 and t he address 7 53~n must be inserted in th~-
mh I2.3.:!.!! order in register 725 . !-lO,te t ha.t althoUGh two d:lffArent addre s ses 
~re needed, one may readily be deduced f rom the other and consequently the 
subroutine 11 cl~s 8ed as " one- address Bubroutine ., Th e return address 
must be i nsert ed i n re~ister 727. but thi s can be handled as i n t he zero 
addre88 t echni que. The resul t 18 

main 
program 

COllstAnta 

eubrout1.n •• 

He~,. Cont ent 

223 ) 
224) 
225) 
226) 

~ 

ca 690-~ 
td 722 
ad 728 
td 725J 

ant i Cipat ed p repar~tion 
of the ext ra address (es) 

240) 'P 7li} transf er of control 

-r .. 
<: 690) r1 n } .to red oons t 8.Ilt addr e81 

L 
Ill) 
71S) 
719) 
720 ) 
72l ) 
722 ) 
723) 
7a4) 
725) 
726) 
727) 
728) 

ta 727f 
ta 151 
81 15 
te 752 1 
oa' 751 
81 - - '? 

t. 751J ca 752 
mh - 
ad 751 

:i 753} 

defe r red pre,,!>ara t i on of return 8ddr ees 

deaired shift- left subrout i ne 

return of cont r ol 
constant addres8 needed t o pr epare 
add.rftss for the mh order 

ANTICIPATED PREPARATI ON or 
A. OJm-ADDRNSS .WBROU'l'IHE 
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A second techni.que 1e t ?'le use of a deferred preparation of the 
extra address as well a s of the rtlt urn addres s" Thi~ can be accompl- shed 
by 8tor1~ the extra addres s in some prearranged lo cation ao tha t t he 
prepar at ion ordera can be put into the subroutine, thereby obviat i ng the 
dupli cation of the preparat i on order s in t he m~ln program. It is not 
sa t isfactory t o s i mply deci de that the address should be stored in some 
OAe re~ieter, such as i n 690 AS i t was in the exampl e; f or since the 
addres s will pre sumably be different each t i me the subroutine is used, 
the main pro~ram would st1l l be re~ired t o transfer the address to some 
given location ~ch as 690Q (Altho~h in t he case at hand, in which the 
quant ity n 1. needed i n two diffe rent orders, some economy of orders could 
indeed be made by lett ing t he main program put only t he f irst address i nt o 
the .abrcutine and le t t i~ orders i n the subroutine fo rm the second address 
from the .fir.to) 

I n the deferred pra~arat10n techni que to be described, the ext ra 
address is Itored in a lo cation 10 cho sen that each reference to t he sub
routine from the 1D8:1n program deaignat ell uniquely Ita own prearre.n~ed 

. location. Thul far in thia diacuasion, the return addrees has been t he 
Addre8s of the re~1 ster next after the reg1ster whi oh contains the trans
fer of control (the ~ order ) . However, thl. r~1eter , next after the 
one conta1n1~ the !2 order , 18 a prearrAn~ed locat i on charact eri atic of 
one and only one t ransfer of control point ~ and as IUch this register could 
be uaed to store the neoessary extra addrees " '!'he correct retum address 
would then be the addrese of t he register second after the transfer of 
contro l point . 

~~o Content 

Jll8.1n 
. pro~ram 

constants { 

240) 
241) 

717) 

716) 

719) 
720 ) 

lubrout 10.88 721 ) 
722) 

72)) 
124) 
725) 
"( 26) 

:: "no antICi pation necessary 

• ap 71"1 ~ t ransfer of control 
r 1 n ~ t he necessary addrees , 

a dummy 0 rder 
sto red in 

: c::: DO constants needed , except tho se directly 
asso ciated wi t h the subroutine 

t a 723 -J preparation f or defe r red preparation 
of extra addresses 

ta 733} uar tial deferred pr tmliration of the 
~ retu~ addrea. 

t. 751 I 

81 15 L sto rIng the contents of AC and BR 
ts 752 J (y t art of the shift - left subroutine ) 
80 733 } cOJIlPletion of defe n ed preparation 

. of t he r~turn addrees . 
c~ -
td 126 
ad 734 
td 731 

deferred preparation of the ext ra 
addreaa (es) 

(continued on next pQ5e ) 
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8ubrotlt.inos 
(con t i 'f11:1ed) 

L 

ell. -[51 
eJ 
tf' '51 
en '/52 
nih 
ad 751 
ep - - :r 
rl 7531 

: .l 

CO!L;>lotion uf tho d.cs I red &11' ft. ·· 
lef t slf\Ji.'Olltlne 

r e turn of con t,roJ. 
c;onst Fmt address n. f.~d ed to l'repl'lre 
A.ddre 9~ fo r the roh 0 rde r 

DI~l"i;lli ~D J:'m;,PAH.ATlON UF 
A ONg~·AD.Dit};gS SUBRoU'rnU!! 

AutomAtization of SeverAl- Addr ess SUbroutines 
---- -----. 

The gene ralization to se oral addresses of -the prenars·to ry tech
niques jns t described for one --add r ess sub rnutinea 19 a l mo nt trivial rmd 
lit t le neud be said . The anUci-pAted p re,:)8.ration \rorKS in eXActly t he 
GAme fa.sh i on e;rcept t hat. more than one ruid r ess must be stored . i n cons tant 
storage and must then be transferr d by orders in t h6 mAin pr ot) Mlll to the 
subroutin.e . 'fhe deferred prepAr tion is like"'/ise nlmost unchanged, t he 
several add.ressea are s1my>ly stored I'l.Il dumny orders in coneecut ve regi s
ters immediat ely followi ng the .!'e order in the mai n nro6l't~m , and the 
re turn address is simply the addres s of the regist er n~xt afte r all f 
~he Qp.ye r al dummy o rderl5 , 

Hlsto ry of the Discontinued lI";'utomatic SUbprogre.m1l 0..E2ratione 

One of the most i mportant set of three~addre8e subrout i nes f o r 
a compu.ter with comparaUTely short re~1ater len~th is the double-length 
opera Hon subroutines . Some time Ago (cf. I>-1-l11, 'Pps S- lO , da eel 
October 6, 1947) it vas proposed t hat a act of f ive spaci al op ratione be 
incorporat ed into the design of the Whirlwind comnuter primarily to f a c l1i-
at e work 'Wi t h dOllble- 1e1l&t h numbers,. The first of these operv.tiona~ 

deet6Ilated by a8 ~ yould (1) transfer the contents of AC bodily into DB. and 
(2) trtmsfex' the as o rder 1 taelf i n to AC . '.."hr ee of the opera.tions ye re 
lOGically identical ; these operat iona ~ designated by ~~ &' ~> would 
(1) t ransfer the!! ( r ~ or ~) order itself into Ali, (2) trfmsfe r the 
return addrp- ss from th~ proGram counter to regist er 2047 , and (3) t r ansf er 
control unconditionally to some preselected .~ ~ 1. e ., wired in . r_ sto rR-ge 
address, three different addressee bein~ selected) one by ~, one by ~} 
one by~. A fifth o~erat ion , lOGically almo at equi Talent to the pr esent 
t~ operation but designa ted by ~, nermitted thp. cont ent~ o f AR t o bread 
into AC . 
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The i ntended funct!.Oll o f t hese operations is b~st ' l lcatxrlted 
by an eXB.lllple . Sup.oose B. double- length addition eu routine is t o be 
u sed and t hat t he augend is s tored in r egi s ters 61g 'and 619 , t :1P. ' lchEl:ld 
in r e&1ste rs 712 and 113, and thfl sum is to be stored i n re~iBte :~E! 532 
tUld g33" Then t he prepArat.ory order s would be 

as 615 
as 712 
ax 832 

The first order would put the address 618 into AC : the second order wo~ld 
ehift thfl Address 618 i nto BR and put the address 71 2 i nto AC ~ t he t hird 
order would put the a.d.dl'ess 832 into AR, would transf er cont rol t o a. 
preselected position (x), and would store the re turn address i n reGister 
2047 .. Then the subroutine fo r douple lenGth addition, s t ored beGinning 
1n re~ister x , would proceed to unst ack the various addresses s t o r ed i n 
AC , AR and DR and suP91y them where needed in the subroutine , ould deduce 
from the Given addresses t he second addres~ of each pa.ir (e , g . , 619 = 618 ~ l ) ~ 
would transfer the return addresR from register 2047 to t he r et urn of 
control (!E order) at the end of the subroutine, and woul d t hen perfo r m 
the double- length addit ion . 

The so - called. "automa.tic subprogram" operations were elimina t ed 
from the Whirlw1nd I order code (cf. ~-235, M~ 6, 1949) . The r eason 
for mentionill6 them here is threefold . First , these 'Jperations ware 
referred to in a number of notes on pro~rAmming techniques written i n 
1948 and it seems advisable to take co&n1zBnce of them for the benefit 
of anyone who hELS already or mAY yet encounter references to t hem i n 
the literature of ~roJect ~lliirlwlnd . Second , these operations po int out 
at least one wa.y in which special operations can be built into the machine 
to facilitate particular ap~11cBtions . Third , the method used is fun~a
mentally a good one and provides a stAndard f or comparison ",1 t h other 
techniques. The reason that the automatic subprogrAm operat i ons wer e 
dropped was simply that their value did not justify their existence when 
com"9ared to the possible value of other special built -in operat i ons " 
It should be noticed that there would be Almost no ~ain , in fact less 
than none in some cases , in u8in~ the automatic subprogram oper ations 
in pre:parln~ for 2ero- or one - add.rees subroutine! because (1) only three 
locations (x, y and z) and collsequently only three different subrout i ne s 
can be used and (2) the use of the a rithmetic element in stor i ng add r esses 
is obviated by the fact that in many cases the numbers themselves can 
be stored in AC even mo re effectively t han their addressee . 
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Bval untlo .1 of the PreuA.::'ntio f ecnniouc u 
--"'---

'fhere are seve1'8.1 c ri ter1a. by which a nrog 'R . .'nmin,,; teciml quc 
s hould be evaluA.t ed_ The most irnoortAnt of these crite r ia. om t e summed 
u.~) in t he f o rm of fo u.r que utiona. 

( 1 ) I a the t echnique ea:ay to learn and t o 'us (-)i' 
( 2) 
~3 ) 

( 4) 

Doe a the t echnique 
Doea the technique 
solve t he problemY 
Does the technique 
sol ve t he probleml 

reduce (;.oding and mrulual pIep ' :r l:' .. :, ion t il.1e7 
r educe . the s t orAGe capacity needed. t o 

reduce the computin5 t i me needed t o 

I n eval uating t he three methods discussed in this r e!,ort, one mi ght pre~ 
pa.re a t a.ble of comment s on their r el a tive mer i t e . Of course~ the use 
of epeci al o rde r s is not a t echnj.que of any pract ical importance 1. the 

' Whi rlwind or any other computer a.t . present , s ince the orders do not exi s t : 
bu t it i 6 wel l t o keep the possibili t y in mind I t hnuld also be noted 
that dp,fe r red prepArat ion ~f a re turn addres s 1a only possible i n a com
puter 8uch as Whi r lvind havin~ t he· appropriate orders (!p and ta) i n i t a 
code . But deferred preparation of extra. addresses is po eaibl e in 8111 
digi t al comput e!» even i f the order code requires use of ant iCipated 
prepara.tion of the r et urn address " fo r once the r eturn addres8 is avail 
able t o the 6ubroutine , the addresses of registers conta.ining 'the ext. r a 
addresses A re also availa.bl e ., ' 

c ri t eri on 

ease i n learn-
106 and apply
i~ 

reduction in 
cod ing and man
ual preparat ion 
time 
reduction in 
requi r ed stor 
aGe capacity 

antiCi pated 
p_reparation 

quite easy t o 
l ea rn since no 
epecial t ech
n1que of codlng 
i e needed . cum·· 
beraome i n uee 
vast efu! and 
cumbersome 

deferred 
·preparat i on 

r equi ree epecial 
knowl ed5e , but 
once l earned j 8 

elley t o use 

qui t e eff i cient 
since only the 
essent i al 
add r esses need 
be i nsert ed 
( i ncl uding- the 
A.ddres e of t he 
desi red 8UO-

u se of special "a.ut omat i c 
lSubprogr am" orde rs 

requires 80me spec i al 
knowl ed~e , but once learned 
1s probably the easiest t o 
u se . Lacks gene r Bli ty s ince 
it cannot be applied t o 
many subroutines .. 
mos t effici ent f or doubl e
l engt h numbers , s ince the 
address of commonly used sub 
routines doee not need t o be 
snecifi ed 'by the ma.in pro graIn. 
bu t ha no advantase over 
def erred preparation l n many 
apol i cat i ons 

rout1ne) 
--~~~--~--~H-----~----~---4~~~~~~~--'--'-----~----'~------------------reduct ion 1n u ses t wo orders u see one orde r us ee two orders to pr epare 
the required t o pre::>a.re t he to p repare t he t he r eturn add r ess , ,,,hl eh i s 
comput ln~ t ime return address r e t u r n addres s , poo r ; ueee t wo, plue ( t o ge 
(actually, use which is po~ r ; which is t,?.::IQd: ~ add:resa out of BR) , orders 
of subroutines uses t wo o rders uses four urde r s t o p r epare each di s tinct ext r 
necessarily to p repar e each to prepar~ each addree e ~ whi ch i s ~, 
i flc r ea,ees '-iom- distinct ex ra di etinct extra , 
p~ting time addr ess » which addreas 1 which 
compared to is ~" is p OO I . 

not u s ing sub ... 
rout ines at all) - - .----- ......... -------.-'- ------~~.-----
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Conclua:i.ons 

'Phe defe rred. pre!-larE-ltion technique will be used j n ccrm·ect:l.::m 
",,1 th all standard automatic subroutines for \fuirl ind I, By this f,J ~thod ~ 

only one order is needed to brin~ about the evaluation of a common func
tio n, and only one ext ra. r egis ter is needed for each extra address which 
is to be supplied .. 

Use of the various preparation techniques i s sho\V'U in. the 
fol10wind example 1 where t h e pro(;rA1ll 18 not an exam:ole of efficient 
codin6 but merely illust rates the thoughtles s p brute fo r ce way in which 
results can be obtained. 

Requi r ed to evaluat.e (exein y - -eY s10 1H~g 

where 1.t ia known t ha.t 0> x> -1 
0> y;> -·1 

- 8 x 
2 :> e sin Y -

Suppose the followiOG subroutines are available , 

Evalua.tion of eX for - 1<. X ~ 0 , f1rst order stored in r egister A 

Evaluation of sin % for - ·1 <::. x < l p fi r st order stored in register .B 

Double- length subtraction, f1rlt order stored 1n register C 

.A. aubroutine to tAke a doublew'len~th number , shi ft it left n 'imes 
and put it back in t~e same pair of reg'etere~ firs t order stored 
in register D 

Othe!' registers are assigned as followe ~ 

register X contains x 

re~1ster Y containe S 

r egisters Tl ) T2, etc" are consecutive registers avai lable for 
temporary storage 

The program then is. (asterisks indicate use of a s tandard subroutine) 

· ~;! } find and store eX 

ts 'Ill 

CB. Y } find sin y 
• ep B 
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rub '1'1 
ts TJ. 
81 15 
ts T2 
ca Y 

0) ap A 

ts T3 
ca. X 

0) ep 13 

mh T3 
ta '1'3 
81 15 
te '1'4 

., ep C 
ri Tl 
ri T3 
ri Tl 

• ep D 
ri S 
ri '1'1 

form and store 30- digi t product. 13x Bin : .. 

f ind ann s tore eY 

find dn X 

form and s tore 30-d1 ~1t product Ii' Bi n x 

subtrac t the second product f rom the fi rst 

f address of minuend 
address ~f subtranend 
address of difference 

- ahift the result left 8 t imes 

{ 
nwnber of aM f t s required 
address of operand 

ThU$ it is seen that such opera.tions as t he evaluation of ",x 
or ain x and subtracting or shift1n~ double- l ength numbers can be pro
brammed almost as ea.sily as if they were built in t o the com9utery s i ng 
deferred preparation ~ f standard eutomatj c subrout i nes 

c'd'/~_ 
C \i , Ad81llB 

Appro '\'ed ~ ~2t2&.:s ____ I --iIP ~ __ .. ,. 
. R, R Everett 

CWA/lfu/aec 

Attached ~ A Short Gui de t o Coding . 


