-
O 0oLy

University of Essex

Computing Centre
Wivenhoe Park
Colchester CO4 3SQ

Tel: Colchester 44144 (STD Code 020 6)
Telegraphic address: University Colchester
Telex: 98440 (UNILIB COLCHSTR)

From Professor R.A. Brooker

RAB/JMW 19th August, 1976

Professor D.E. Knuth,
Computer Science Department,
Stanford University,

Stanford, California 94305. .o
’ Is7 ediban is URTSO

2nA 4}4"’!4«, uz%
Dear Donald,

I enclose a photo copy of chapter 3 of the 3rd edition of the
Programmers' Handbook For The Manchester Electronic Computer Mart I
(September 1953). I think you will find that this explains the
techniques of routine organisation developed at that time for a
machine with a very small working store. Indeed, you can appreciate
that the adroutine virtually invented itself.

If you think it would be useful I could loan you or send you a
photo copy of the whole manual but I only have the one copy which I
am hanging on to for historical reasons.

With best wishes,

Yours sincerely,

o
T 5

R.A. Brooker
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Chapter 3

The coding of a complete problem, » programme, is aormally
achievedby working up from relatively simple requirements to more
complex ones., An exaule will be used to illustrate the ideas
involved, namely, the calculation of the period of a simple pendulum
sﬁinging through a finite angle.

Let a be the length of tre radius vector from the centre of the
circle to the particle andex = 27 R the maxisum “nele which it makes
with the downward vertical. It can be shown (U7, Lamb, Dynamics, p.107,

2nd edition, Camb. Univ. Press, 194%) trat +he period of the motion is

",
)
-y de
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The rstio which this bears to the period of an infinitely swmall erc is
thus 2 X/x.

The programme is arranged to read values of R from yhe input
tape, calculate anc print the corresponding values ot' 2K/m. The
complete eliiptic intrgral K is computed by repctitive method based
on the Gauvssian form of Landen's tran: formowion (Yhiteager sand Watson,

Modern Analysis, p. 533, 4th ¢dition, Camb., Uuiver. Press, 1950),

.o m
H E n 1 ) -é. I») 1
; (32 cosr + bo sin2¢)-§ dé = i (a2 cos‘h & b2 sin?«ﬁ)"3 de
S~ 2 2 . 1 1
0 e
, = 1 (e - e B
where a, = 4 (al + bl), by = /8y b, .

. - L — e . 4 s .
Thus if a . =4#(a, + b)) and b1 =/°, b, and \ is the common limit of

v

a and b _, then
n n

(5

2 o) 2 -1 = '
i (a? cos® + b° sin“g Y2 d¢ * “/ZX.
io 1 1

The reouired ratio of tle periods is thus simply the reciprocal of the

limit of the sequence with initial values

licos
a = 1 and bl = e
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3.3,

Some of the steps represented are triviecl necding only 2 or 3 instructions
which can be written down at once in the main progromme. For others
one constiucts a rouline, a self contained sequence of instructions
and constants for carrying out the process in question. A routine may
extend to one or two nrges of material. Arrangements are made for
calling it in at the appropriate point or points 1n the calculation.

Using the above flow diagram as a basis one would start to make
routiners for

1, calculating cos 2xx, given x

2, caloulation of JX

3, reading a number punched on the iuput tape 1n decimal

characters,
L, printing a number in decimal form. ‘ '

Several questions immediately arise when derigning such routines.

" For example: 1in which storage location will the cosine routine find

the argument x and where will it place the result? What scale factor
should be associated with the rezult.

What is normally required of a routine of this tyoe is that a certain
function of the content of one or more lines shall be calculatec and stored
in a given place, the rest of the content of the store being unaffected
by the process, except certain named lines (which should be kept as few
ag possible) called the working spnce of the routine. Thus, e.g.,
the specification of the cosine routine &ight reac am follows

Name : COSINE

Storage Sp e Occupied: Tube 1.

Effects. Replaces L by Jecs 2nf1,] .

Lines Altered: 4, D, and B7, but no store lines outside tube 1.

Library routines

It is clear that certain processes will he common to slmost oll '
Jjobs, e.g., reading, printing, ond division. Qther processez for

which it would be useful to have ready mesde routines are the following.
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Functions{ division, squere root, cube root, nth root, trigonometrical,
exponential, and logarithm.
Frocesses ! linear algebrs, intepratioa.

If a.library routine can be used then one is saved the tesk of

coding an original routine snc the subsequent business ~f eliminating

errors.  Moreover one can be sure thot it is reagonably economical both
in time of operation and storsge space, If library voutines are selcdom
uzed it i= because, being built to meer general requirements, they are
efficient for none,

The Waster Routine

Consider the example already given. When the routines for the
basic processes have been coded, or selected frow the library, then it is
necessary to arrange thet they are called in in the correct sequence
and that any intermediste bits of arithmetic or shunting operations
that may be necessary are carried out.
This is the task of the magter routine, The master routine is then
8 routine for calculating 1/\ and is saié to use the basic routines as
Bub-routines.  The master routine may itself be & sub-routine in a larger
problen. And so on. Likewize the sub-routiones of any routine may
themselves have sub-routines. Eventuully one errives at a routine without
sub-routines. These notions can be der'ined more precisely as f'ollows.
A routine A is said to use a routine B as a sub-iqutine if 2t some point
the sequence of instructions of 4 rre interrupted in order to carry
out the instructions of .

In order to return to routi.e & when B has completed its task it
is necessary to preserve a record of the point o7 Jdeparture from A,
This record is known as the link, " If B itself uses a further sub-
routine C then two links have to be preserved, And so on. At any
stage in the programme the lict of links forms a chain of control
extending bsck to the master routine A. The link from B to A is said
to occupy the first levely that from C to B, the second levely aud 80 on,

It is very seldom that more then two nr three levels are invplved.
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Storage of routines

In‘the following conventional scheme for organising a complete
programme the routines are kept on & half track or full track of the
magnetic store, and transferred to the working (electronic) store when
used. With each routine is assbciated a cue, a 4O digit line pair
made up as follows,

Digits 0-9 give the control nunbcr, i.e., one less than the name
of the line in which the routine starts.

Digits 10-19 are irrelevant.

Digits 20-39 give the magnetic half cue, the magnetic instruction

which transfers the routine to the electronic store.

Example: SO//E€/@ is the cue of a routine which is transferred
from the left half of track 65 to tube 1 and which starts with the
instruction in line I&,

4 page of material may oontain more than one routine. In such
cases the cues of these routines have the magnetic half cue in coumon.
When calling in a sub-routine the main routine, A, must give
the cue of fhe new routine, B. The link, already definéd, is the cue

for the return from B to A.

The following outline gives the simplést form which the conventional
scheme takes. Several refinements are possible in the interesus of
time economy but these will be described later.

1. All the routines are stored in the magnetic store on half
tracks or full tracks according to.their size.

2. Each routine is transferred to the electronic store when
required; to tube O or tube 1, or tubes O aud 1 in the case of two
page routiﬂes.

3. To replace one routine by another and to‘manage the list
of links is the purpose of a special sequence of instructiuns standiné

in lines JS to WS inclusive of tube 2. This is the routine changing

sequence (R.0.S.). Each new routine is entered through this sequence

and control returns to this sequence when the routine has comvleted its task.
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3.6.

The list of links (the cueue) is kept in line pairs HS, FS, etc.
L. The rest of tube 2 is occupied by the (now familiar) powers of
2 (lines /1 to RS inclusive).  All this materi-l is called PERM. Tt

is transferred from the mognetic store Lo tube 2 at the beginning of a

programme and, as its name implies, remains there throughout the programme.

5.  The rest of the working store, tubes 3,4,5,6, and 7, is avail-

able as numerical working sperce for the routines.

Cailing in routines: the routine changing sequenne

Bach routine must call in the next.which m3y Ye a zub-routine on the
next level or a main routine on the previous level. 4 further relation-
ship is possible however =and is a conscquence of limiting routines to
two pages. (Vost routines are less than one or iwo nages if only
because they correspond to the "relatively.simpler requirements").
Occasionally however, and this applies mainly to master routines,
routines do extend to 3 or mere papes. In such cascs they are broken
dowvn into two (or possibly even aore) routines, A and B, such that when

4 has completed its bask it calls in R on the came level. In this

relationship no link is involved: the new routine gimply replaces the

old. B is called an ad-routine of A.

Two further terms will now be deined. A elosed routine is one which

ultimately terminates by returning to » routine on the previous level.

4n open routine i one which terminates by calling in an ed-routine.

The prefixes sub- «nd ed- descrite 2 rele Sionghip between two routines
wheieaz the terms open and closed describe u property of a particular
routine, Tt is possible to use c¢ither an open or clored routirc as a
sub- or ad-routine,

The purpore of ihe routine changing sequence is to enable routines
to be changed without too much preparatory bother in the routine being left.
Thus to call in a sub-routine the following instrucsions are inserted in

the main routine.



(1=0) : S

n~l{s, /J l M' = cue of new routine
nin, Q O; copies itself into B7
ntl|{ ¥ S / P| enters R.C.S.

; N n+2 i&-re-entry.
|

The line pair s contains the cue of the new routine. When the sub-

routine has completed its task the main routine is re-entered at line n+2.

To call in an ad-routine the instructions are

(M:O)
n-1 s, /J } replaces cue of current routine
n / / E &by cue of new routine
n+l t, / P| enters R.C.S., where t contains

the control number TS.

A closed routine is terminated simply by giving the instruction LS/P.
The significence of there instructions is revealed when the mechanism

L of the routine changing sequence is understood. This is:-

entry for = |Jl@/E A adds new cue to list
sub-routines NIM&LE £ £ = =4
FIRS ¢ G forms and plants control N
cl/ / i % number part of the link
Y ) from closed KINS Z G +y) .
. = routines = |T|A P 2 G -2 +2 adjusts Bl.
e entry for -~ |Z|E/ E : transfers new routine
T ad-routines Lixks /@G dumny stop, control number -
" w//EF enters new routine
; H|lst lev
' ‘' f-el cue |{ CUEUZ, or chain of
o P{2nd lev cues and links
Ql-el cue |
The chein of links is kept in l'ne pairs HS, PS, S, corresponding
{’ to the first, second, and third levels, etc. The nunber of levels
3
i involved is recorded in Bl. Initially the (original) cue to the master
- routine stands in ES and Bl contains HSI/. When a sub-routine is
" called in the cue of the new ro.tine is placed in PS. From n,QQ,
' held in B7, the control line (n+l),Q0 is formed and copied into H3
o - thus converting the original cue to a link. Bl is adjusted to read
l‘ R FSI/. Finally the magnetic instruction and the control number of the
-’ new cue are used to bring down and enter the new routine. Similariy

at higher levels:; whenever a sub-routine is called in [Bl] is increased

by 23 and subsequently decreased by 2 on exit from a closed routine.
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In the case of an ad-routine the link is omitted and [BL] remnine wnsltored.
Bl can only be used by & voutine if this perametoer 18 tegdorsrily stored
clsewhere anC replaced before re-entering the R.C.S. |
The /0 stop was inserted Lo facilitate "pecring” (sece Chepter 8): it
_cnables one to make & visual vhaminotion of the routine transferred before
’its instructions are obeyed.

Further conventions

Design of closed sub-routincs:

Tt is now possible to iuswer some of the questions roiscd cerlier
about the design of sub-routines.
Lines altercd by the routine gshouvld os for ae posn-ibls be nonTined
~ to the tube or tutes occupied by the routaine itself. To nehilove bShaa
use can be mede of the lincs ceocupicd by instructions - after these hove
been used - as they will be refreshed when- the routine is recnlled {rom
the magnetic store. Unless this is necessary however routizes should be
made self resctting so that they csn be used as ¢lectronic routines(see below),
If in spite of these deviccs specicl working lincs in other tubes
are necded then use cen be made of some of the iocations dy J+2, j+b,
ete., wgerw J, I/ is the qu%ntity recorded in N,
ALl routines will make use of some intarmation handed on by the
routine it repleccs. Thus function routines ruquire an argument.  Vhere
should such parancters be located during the trausition from onu tvouvine
to snother?  The important cascs arc dealt. with separetely,
(a) A single L0 digit line is involver, Thig shoule be focated
in the lesser sipgnificant b 1f of the aceumuls cor, Thus if the quentity
gtands originelly in U (say) then the sub-routine can be entered with the
seguence
n-2j{vouor
n-l} s,

2 on,
n+l: T Q

NN
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(b) Two L0 digit lines sore involved. The sccond line can be

D. Lltirnately one may wish to presorve both L aud i during tronsition,

™

Two cases arise,
| = (1) bs, T /f} + plants cue directly

FEEt AT

n n, ¢ 0,
n+l 1K 2/ Pi enters R.C.8. at line PS.

(i1) The sccond case ariascs where 4 is set by a previous sub-routine.
(There is no difficulty in this beccuse A is aot altered when returning
from a closed routine).

Fewer instructions are needed if the first sub-routine is arranged
to dump the sccowd result in (scy) j+2 2nd the second sub-rout:ne to
recover it from this dumpj or altern~tively to use the dump dir=ctly
ag a working line. This suggests the convention that sub-routines
should terminate with I, ss one result, M = 0, and the second result,

if =uy, in the dump given by [Bl] + 2, that is by [BL] + 4 in the main

‘ routine.
& ~ -
. (¢) If mony lines are involved then these should be located entirely
' . within @ 'single tube, or tube psir, rather than overlap differcnt tubes.

()  Twenty digit perameters, c.g., names of lines, countcrs,
can be located in R lincs. (gee convention below regarding the usze
of B lines in guneral.)

Electronic routines

C No conventions bhave yet been given about the use of the tuwes, 3,

h,5,6, and 7, bevond saying thot they are available as working space for

e routines, If ithey are not nceded in this role, then they wey, w9 a
b

. ‘ time economy measure, be used for the (more or less) vpermsnent storage
o of frequently used routines.

o A

Y X : These electronic routines can be used 1n the usual way simply

S by inserting a dummy magnetic instruction (..£. see fig 1.2) in place of
the magnetic h-1f cue. Tt is neceszery that such routines sholl be self-

resetting and designed for the tube in which they are to be =tored.
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In this comnection it would be helpful if several versions of each iibrary
routine existed, one for each tube (othe than tube 2).

¥ The electironic routines must of course be transferred from the
magnetic store initially. This can be arranged by the master routine.
bThe quesiion of how the magier routine and PERM are initially transferred
will be answered in the next chapter.

} tube conventions

These are:
(L) At the end of a routine RO = //// unless othcrwise stated,
_f - Indeed any alteration of BO should be mentioned in the account of a
routine,
(2) Alterations of' B lines other than R7 nmust also be mentioned.
(3) Where a choice of B lines is availsble, B7 and the higher numbered
B lines are to be preferred.
Cues
Cues are normally located in the rnutines in which they are used.
FE hlternatively they cen be assembled as an ordered list - a_directory - in
one of the tubes 3,4,5,6 or 7.

Replaceabiliﬁy conventions

Certain features of the machine are regarded as disadvaniageous
end it is desirable to leave opeﬁ the possibiiity that these features
might at some time be removed. This suggests the convention that no
disadvantapeous feature of the machine ghould be used in a library routine,
The features in question sre mainly the function codes which are

not defined in the table fig 1.3. By trial one can find out what

; } ‘ their effects are but the maintenance staff sare not responsibie for the

7; | reliability of these functions. The cxceptional nature of the line

‘& pairs at the end of an electronic pair 1s disadvantagsous. rozsible

o modification would consist in bringing these into line with the other line .

pairs,
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The officinl account of a routine

The official szccount of a routine is designed to provide the user
with all the information he necds to incorporate the routine into his
pregramme. This inform: tion is divided in to the following sections.
3ee, e.g., the routince of Chapter 5.

Name of routine Needed for identificstion purposes in verbal or written

discussion. It should give some idea of the purpose of the routine.
Purpose 4 short description of the object of the roucine.

Cue The information needed to form n cue “or ealling in the routine
is given.

iognetic storapes half crack or full tracky excegt for routines stored

permanently on isolated tracks (sce page 4.1) the word variable is also

entered,

Electronic storage: the name of the tube or tubes in which the rouvtine

operates,

control numbers: one .less than the neme of the line in which the routine

starte.  (There mny be alternative cntries). | .

Sclf-resetting or non—resetting: cross out which does not zpply.

Link Describes how the routine is Left, nawely, whether it is closed
or npen, or whethur further sub-routines are called in. Details of
any ad-routines or sub-routincs involved are given,

Input details  See next chapter.

Effects

4 complete account of th: c¢fvects of the routine would omount to
a set of equations giving the new conlent of sny line sltered.  This
might be tedious to compile but the conventions enable certein items fo
be omitted. No statement necd be made zbout the new content of lines
altered in the tube(s) contoining the routine itself, or of B7 which is

uged by the R.C.S. Otherwise the information is given in o table

supplemented by notes.
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The Instruction Sheet

In additién to the officinl account the list of inscructions is
given, Explanntory notes are included where these are thought to have
some ecucotional value. The following ¢ mveuntions arc observed when
drawing up the list of instructions.

Lines or characters left blenk indicste thot they are neither
relevent to, or altered by, the operation of the routine.

Lines altered are 1indicated thus: if the initisl content of a
line is irrelevant, then it is filleC with the four characters Usin g
other lines zltered are filled in with the initial esnvent and the
nomes of such lines are hoted at the f'oot of the instruction sheet.

Control transfers are ruled in. "neonditional tranefers of
control 2re underlined.

o
Wurther conventions sre introduced in the next chanter.

£n example of a moster routine

As an illustration of the conventions introduced so ¢sr the master
routine for the problem given st ths beginning of this chapter will be
coded, The flow diagram, fip.3.1. is followed very closcly. Routines
for the basiec processes =re zclected Prom the library routines described
in Chapter 5. These rouvines are nllocntec magnetic storage az follows.

DCINPGT 20 R
preogteur o 21
cosmE 22

SOUARER~OT 23
DIVTISIrN 24

j=oJi= > v B

(There is no particulsr significsnce in the choice of right half trrcks
for the storage of these routines. hny half tracks, left or right could
be used),

SCUAREROOT is used os an electronie routine being troansferred to
tube 1 by o separate instruvotion in ‘he F8TTR routine.

The question "how is the master routine started?" is postponed for

the next chapter. -

—
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MAS TR ROUTING

/v /T o |/ B/ Tjjealls in PIVISTON
! o v
EDST/:"‘; sets n = 1 SERQO|IM + L. =1
; ) : (I -
D@1l @pa g/ pl
sy m /g W calls in EA vE/ A‘iplants cue for
i |
i/ a0 ! DECTVPUT & read R LHo T/ JiIDTeonTein s a further
: i
Si™ S/ P ‘Si@/ B A|lalternative to those given
I{¥ % / & rejects ¥, if any ;T W w / J|lon page 3,16,
UlBE /.l ealls in crgrive s ‘uln T P oof setting for 12 digits
F5/ 001 Lp = L oos 2mm 115 0 9l calls in DECOULTUT
DiRS / PAJ D*K 3/ 7 Jto print or punch
RIT ST I| L& = %(lecos2nR) [pii /7 Lt stop
. |
JIW 2/ Al rejects cerry (if any) {J{D 3/ P' return to read new value of
I T/ 1 transfers SQUAYE ROOT e/ // .
Yl s routine to tybe 1 4
R17 / /Pl Sump to set 6. ¥
“Melrs e/ e
Kt e /oty K
T/ T/ V™ ¥ Np = g(an'+ bn) Ti -
art ! -
2@ 1 /! =01 A
L@®T/C L
Y@ 1/ & plants a U S ® D[, dustbin -
l n+l ! L
Y/ T/ WL oM o_oa oy KU S § oDy
| n on !
ltwe /Ul L' =2 b vie -
by lf " "non o lcue to miCINEUL
Yelre/ g ®E/E
nic /00 B8 =/ % b = ale w -
' Ry “r =/ "n Pn = oy QT fcue to MRCOTTENT
0lF s/ P- O 8 u @
BRI/ TT 4] plants b B|s i
;/ - n+l > @ ;cue to COSINE
G®TT l! . cip/ 3 @
"i/ T T N}4 0n+l T Pnel "IE R ](blectronic\ cue for
S s N| oA L - - ; > HaousmERoe
Rwo Pon N+l bn+1 37 ) L NUAREROCT
—_— XQR E / H| tests for convergence *Y 0/ % @ mag-instr, for transferring
? WAL ; N vie . SOUARYRAOT
v/ 1T / ] setting for finding VLT ‘
: ! ! i
£D S / Ci~ reciprocal (see account i£{0 / E @ﬂjcue to DIVISION
of DIVISION).
Strategical considerations
Conventions

The whole of what has teen ssid about programming is on

¢laborate convention regarding the use of the machine and the user can

ignore it altogether if he considers it desirable.
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The conventions should not be regarded ss absolute commands or
prohibitions but rather as.normél procedure any deviation from which must
be noted in the descriptions of programmes 2nd routines. Indecd they
enable one to reduce considerably the lengths of official accounts since
they allow a great deal to be t:ken for granted.

The basic plan

If the problem is e genuine numcrical computation one must decide
what methematical formulae ere to be used. For example if onc were
calculating the Bessel function Jo(x) one would have, amongst others,
the altcrnatives of using the power séries in X, various other power series
with other origins, intcrpolation from a table, various definite integrals,
integretion of the differentinl equation by small sres, and asymptotic
formulae, It may be necessary to give some consideration to a number

of these taking into account the supply anc cemand of the economic factors

‘involved. Thus a balance must be struck between the following incom-

patible desires,

To carry through the process ns fast ss possible on the machine.

To use as little storsge space ns possible.

To finish the programming us quickly as possible,
The =scate of the warket for these economic factors will vary greatly from
problem to problem. For instmmce tlere will be en enormous proportion
of problems where there is no question of using the whole storage copacity
of the machine, so that space is almost frec. With other types of
problem one can casily use ten million digits of gtorage and still not
be satisfied. The spacc shortage applies mainly to working space
rather than to syace occupied by the routines, Since theae usually
have to be written down by some one this in itsel® has a limiting effect.
Speed will usually be & factor worth considering, althéﬁgh there are
many 'fidéling' jobs where it is zlmost irrelevant. For instance the
c:leulutidn of tsobul'r velues for functions which sre to be staree in

the m2chine and later uso? for intorpolction, would be in this clacs

e
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Programmers' time will usually be the main factor in special jobs, but
it is relatively unimportant in fundamental (library) routines vhich
are used in most jobs. Accuracy may compete with machine time, c.g.,
over such questicns ag the number of terms to be laken in a series,

and with space over tle question as to whether 20 or LO digits of

.a number should be stored.

The available storage space must be allocated to various duties.
This applied both to magnetic and electrunic storage. It shoulc be
possible to estimate the spsce occupied by instructions to within (say)
two tracks, for a large part will probably be previously ccnstructed
programme occcupying a known number of tracks, The quantities to be
held in the working space should, if possible, be arranged 1in
packets which it is convenient to use at once, and which can be
packed into a track or half track with the minimum waste of space.

For instance when multiplying matrices it may be convenient to partitien
the matrices into four rowed or eight rowed square matrices and keep
e¢ither two of the former kind in a half track or each of the latter kind
in a full track. The duties of the electronic store are partly ruled
by the conventions already introduced but there in still a grest deal of
freedom, e.g., tubes 3, 4, 5, 6, and 7 are available for working space
or electronic routines.

If questions of time are at all critical the plan should inelude

a little detailed coding of the imnnear loops because these are likely to

consume most of the time.

The beginner will do well co ask {or edvice coneerning plans.
Bad plans lead to programues being thrown away.

Coding the individual routines.

As with programming a wholec problem a plan is needed for o roubtine.
A convenient aid in this is a detailed flow diagram. ~The operations
appearing as blocks may soon be replaced by actual instructions.
It is not usuelly worth while at first to wribé down more than the last
two characters of the presumptive instruction, i.e;, the B-line and

function parts.
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These are ouite enough to remind one of what was the nurpose of the
ingtruction. Cne m2y then write the instructions inco a page deciding
at the ceme time what sre to be the addresscs involved.  Some of the
finer points of this have boon dusccibed in the lest chapter.

lienoeuvring space [t is s-ldom that onc writes down a page of

instructions for the first time without heving forgotten one or two

vital instructiona. It is thereforce eomsidsred desirable to 2im not

at prgcs which are chock-full, but ones which are (say) five-sixths full.
The cxtre spece is best left between gequences of consecutive instructions
so thot one sequence may be cxtended without interfering with another,

Alternative entries Tt is often nccessary to have a nusber of

routines divfering in certain minor prrticulars. tne conveniont ne thod
is to use one ascembly of instiuctions with different points o® cntry.
The cucs of these rcutines will then differ in their Tirst <en digits.
.The-routine DECOUTPUL provides an example of this. There is one
altefnative entry by which the carrisge return and liue feed operations
are omitted, causing the nwsber to be printed on the current line of

the popge.

SpAceE economy measures

“Ome £pace Cconomy moasurcs were deseribed in the last chapter,
Their usc may be Jjustiticd for gime ecanomy reasgsons, By cowpressing
the instructions ihto two pages moans that they can be called in by =
single magnetic transfer, Otterwize they must be srranged as two ad-
routines involving extra mognetic transfers =nd congequent loss of time,
Furthermore the fewcr the instructicns then the better chonce there is

of being able to use them as an elcctronie routine.
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