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Ls INTRODUCTION

Much of the programmers' and computers' time spent in testing and
altering programs can be saved if more attention is paid to their detailed
design before writing them and to the detailed test requirements beforo
checking them on the computer.

This report records information that is at present meinly learned
by bitter experience, often seversl repctitions of the samo bitter exper-
ience, and finally accepted as so obvious as to be not worth telling new-
coners to the craft.

It displays the available alternatives in many of the decisions
facing the programmer with snccial emphesis on producing programs that
are casy to check, use and modify,
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Z WRITING & PROGRAM:

This chepter describes some of the decisions 2 programmer will
(despite himself) hsve made by the time his program is written.

The best time to make them is sometime after writing the first
draft of the logical flow dizgram and before writing the computer flow
diagram,

Most of the procedures suggested hcere are aimed at mzking a progren
easy to dizgnosc feults in, easy to modify and casy to use, Thesc aims
rarcly conflict with onc anothcr or with rapid preperation of a progron
sincc the cxtrz time spent in designing a program will be more then repaid
by avoiding the lengthy Jjob of salvaging a badly designed or undssigned
progrem,

Therc arc some applications of DEUCE to which thcsc recomicndntions
may not all apply in deteil, but it is intended to lay out an apuoroach to
programiiing thet will heve universal cpplication, and illustretc it with
rcferences to DEUCE  programs.

Bodl o Inputting and Obeying thc Instructions.

2,101 General Frochuro.

2,11.1, For a sclf-containcd progrem pack,

r———

Bech computcr operstion starts by estoblishing a stendard computer
statc. This is pertly schieved by the opcretor (scc "Standard Opcreting
Instructions" by A. Birchmorc) and partly by instruction cerds, in the
following way. A4 progrsm that docs not usc any computcr-storcd date starts
with the threce cerds:-

Tyne I Initial Cerd  (to csteblish corrcct mc numbor),

Clcar Drum ZP13/1 (to writc zcros in all drwn addresses snd loave
both scts ~f hcads 2t position z.ro),

Sct Clock Trock ZP 36 (to writc on 1515 a clock track with which
Sync Clock Treck ZP37 and Clock Traock Sct or
Sync ZP34 and Post Mortem ZP29 con all synchronisc).

These erce followed by cords contzining instructions to be storcd in
thc computer (together with instructions that will storc thea thore),
The cards to do this src eny or 211 of

(1) Rcad to Drun ZPLlLk,
Triads of informnation destincd for trocks of the drum oxcept
track 19/15,

(2) Bill Short Tenks cte., ZP35.
Triads of informmtion destinod for shert tanks, OFS, triggers
and hcad positions.,

(3) Trisds for DL's 12 to 1.

The sccond of tiwse items is too conpliceted to usc, cxecpt in en
cnaergency to rcconstruct a particuler computor statc. The third of them
can often be advantageously dispenscd wvith if onc of the schemes described
in 2L 2L to 2.55 is adepted,
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2,11.2 For 2 Progrem pock that uses computer-stored data,

& progrem poeck that uscs computer-storcd data will gencrally be rcad
tructions initisted by = irogron slready in the computer, in which cese
first thpeo csrds listed in 2,11.1 should be omitted,

In an cwreency it ey be nceessory to broak in on the currcnt
coiuter operstion ond the pock should then be preceded by Clock Track Sat
or Sync ZP34 instced of the three cerds listed in 2,11.1, (If mercury-
stored information is ruquircd then the oporator must cleer TS COUNT macn-

»1ly and usc thc run in key insteed of the initial input key.)

252 Dividin- » Prorrea into Scetions,

There sre 402 morcury adlrosscs in DZUCE of which 256 can bo uscd
es next instruction zddresses, end Leny progroms require 2 lot imorc than
LOO DEUCE instructions. It is thorcferc ofton nocesscry &9 overwrite
instructions by other oncs during the coursc of ¢ progrion, The over-
wriling progrem can be storod on cerds or on the drun, and tho instructions
tu tronsfer it to the morcury rust be elrerdy in the mercury,

Trensforring 32 instructicns -to ¢ delay linc tokes neoarly a sccord
from cerds and up to 50 ms from the drum, and 32 instructions ccn teke os
littlc as 2 ms to obey, so it con save & lot of time if the pregrom is
prriitioned in such 2 wey thot instructions cre oboycd os oftcn as possible
without becing overviritten; i.c. it is more cfficient tc overwritc progroms
in between loops then in the middle of them, It els: follows from these
firurcs thot if tincre is root on the drum to store all the progr:om there is
little to Yose by initislly trensfcerring the entire progrem from cerds to
Jrum (vie mercury) and then trrnsferring from drua to mercury as requircd,

The grins arc:-

() cven if somc instructions d heve to be trensforred to the
ricreury on severcl Aifferent occesions, they only have to De
reod from ccrds once and this is by far the longer trensfer;

(b) o card peck cen be made contrining all the instructions with
only onc cony of coch part of the orogrem and without the
nceeessity te interleove dote with instructions coch time the
orooectl 1s uscd., This simplifics the oper:ting instructions
ond rceduces the chence of operating crrors;

() the whole procren or cny pert of it cen be mede re-cntront or
oon cnsily be adeptes es part of an cven lerger progran if
later rogquired,

Bfficicnt pertitioning usually ricens thet cach item of the oversll
logical flew Crozrem is obeyed without intorrution from progrom treonsfers
end so the progren censists of several scetions ecoch with e specific function,
ecch workin:, on nuibcrs read from cerds, end/or lcft in the computer by
Provious scetions, end coch leaving results in the computer for succccding
sccticns end/or on cords,

If furthcrmore cach soction is as self-containcd as possible anl a
precise speeification of what it doecs is given then

(d) prozramning timo can often be saved by using cxisting progrenms,
c.g. for input end output of metrices, in computations to

which they arc not obviously rcleovant;

(c) it is emsicr to locelisc nistakes and to make alterctions thot
erc cnly local in cffect.
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25 Stonderd Progren Sections.

In 2,14 a stonderd furm for e progrem scetion is described that
h:s the fcllowing additional aivantacces:-—

(2) 411 the trensfor of orogran from cards to drun end frou drun to
nieireury can bo donce with contrel progrems thet arc olrendy
written,

(b) These conurol procrems have built-in propran testing facilitics
clfie for tracing the progress of a lerge srograin, restering
conir~l if the pirogrem runs amok, re-sterting et any required
scciirn, and re-writing o sincle trock during testing,

’

(c) The scetions con be written so thet they rnay be cobeycd indiff-
srently frem the arus or the readcr. 30 if for a particuler
use of’ the program therc is net ron on the drum for data and
instruotions, a smell rc-arrangcicent will oftcen permit the
instructions to be obeycd dircetly frou the rcader withcut
rcquiring any drun storegc.

2.14 The Rulcs for a Stiniard Fro-ram Scction,

The following conditions di not greatly raostrict the progremacr and
21low him tc usc any of the control programs deseribed belows -

(2) Brch scction of preqreia is trensferred to ccnsccutive DL's
including DL1 beinre it is oboyed. IERRERREISESEDRe AN GIG
run it is stored on consccutive tracks (lowest DL number in
lowest trnck number), It mey hsve up to 10 DL's(although
instructions in 9 and 10 will hove to be trensferred again be-
fore they con be cbeyed,) The cerds arc punched with normel
initicl instructicns .xccpt fer DL1 which has

blank
Ty vast ()26, 255X
1, O=1 30, 31 X
I,y ol 0] B¢

The instruction 9-24 x junched on the 4th row of the DL1 triad
is obeyced in ne 31 if the scetion is obeyed from the reader., The lest
rcw of the triad is unchod with the scetion number of the program ot P17,
This is only transforrod fron the cord to tho computer when the scetion is
na s cheyedidincetly fron thel neadenr, It scrves during testing to identify
cesily the scetien currcently being cbeyed from the Arum,

(b) Boeh scetion sterts

(l31 9-2L X) (only obeycd if the sceticn is cobeyed lircetly
l30 frem the resder,)

enl finds in the y3's (and in certein other sheort tenks
lepending on the c.nirol srogram usced) and DL's, cxcept DLLL
and t.c oncs it cceupics, whetever was loft therc by the last
scction,

(¢) B2ch scctinn e°n usc ony of the steres cxcopt l29q_31’ track 1515,

ani. the trecks ccnteining progron sections or the contrel prograon,
So thc copy of the yrusren on the Arum is left unchanged (unless
replonished frou the realer) and cach trensfer of & psrticulsr
progrsm sccticon to the mercury places on identicel set of
instructions thorc,
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(d) Eoch sccticn onds by placing e paramctor thet spocifics
whet havnpens next end lcads out with

2l (52)

l30
and leaves the contents of the @S's (and of ccrtain othoer short
tanks depending on the cratrol Jrcmram uscd) and DL's cxcopt
DL11l to be found by the next scetin (which will overvrite at
least DL1,)

The forma of the peramcter, and which of the shcrt tanks arc pre-
scrverdl,denends on ~hich control procrom is being used.,

Bt Fixing the Orler in which Sccticns are Obeysd.

The way in which thc oxrder of cbeyinsg the sceticns is spceeificd
deiends on the context and on the control progrem uscls

() The sinoplest is thet cach scetion onds by placing a prramcter
saying which scetion cuomes n.it, It night hove 2 choice of
cxit prints s ccifyins different succcss rs lepending on
liscrimins tions made whilc it is obeyed., (2C0V3 ZCll and
ZC1l3 all ollow this,) !

(b) One of the scctinns may usc cncther scction as 2 subrouting,
spcecifying not cnly which secticn is to be used next, but
2lso the re-entry peint to itsclf ofterwards (ZCll =ll-ws this,)

(¢) Thore mey be o mester routine which uscs 2ll the other
cetivns as subroutines and does nothing itsclf cxcept this
(ZCO@éand ZCll 2llow this, For ZC0l3this mester routince
is siiiply @ list of the scction numbirs in the orler of
cxceution with speeisl freilities fur lucps.)

If 211 the hosic pregrem scetions you requirc arc olready written
and £ll you went to 3o is tostring thaan toscthor then you should usc the
nastcr routinc mcthod,

If you erc writing ncerly all the procrem yoursclf anl the logicel
arranzoment of scetions is feirly sinplc, mcthod (o) is the best with [cr-
hans slicht modificetiom of the cnds ~f cxisting scctions to make thom lcad
corrcctly tc their succcessors,

If the lo-ic is morc complicrted, with scctions using other sccticns
2s subroutines end re-cnterins; themsclves, ZCLl1 must be usod,

It is possiblc appreoximately tc ranl the throc centrol progrems
mentioned in verious ways:
By pewer ond £loxibility ZCC@@(but rother inconvenient fer
usin; sccticns as subroutines)

ZCll
2013
By simplicity in usc Z00Y/3
Z013
zZC1ll
By cfficicncy in usc of Z2c13
compucer timc and storsge Cll
SRRt CEEREEra RS ZCON3( threshold time of approximctcly 1 s:c

pPreparned anfittestcd, Bl secticn).
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For furthcr informztion on ZCO0l3scc DEUCE News 10
on 2ZCll scc R.A.E. Tcchnical Note MS 31
"The Asscrmbly of Lerge rrocrans
for thc Automestic Computcr DEUCE",

on ZCl3 scec Librory Proprem Rcport.,

252, Input of Data

2 52k Punched Date.

Sonc progrems rcqguire that cech time they arc uscd certain pere-
rnetars are specificd. Ayen if only onc usc is to be made of it @ prosram
con often be testel meore effcctively by verying these, Neo prozram should
require poramcters to be puncheld smongs its instructions cach time it is uscd
sincc this complicatcs pock esscibly onl rovidcs opportunitics for mis-
tokes Auring both testing onl usc,

Nor shoull they be put into the computer viz the I.D. Lomps or any
oihcr menuel input since this is slow anl provides opportunitics for un-
recorded operatin: mistrkss,  Nor shoull they be real from cords punched
with "™initial inscructions" uscd for reseding instructions into DL's, sincc
this complicates dote preveration an’ compels the use of binery, Instcad
the cxtre instructions ncccessary to rea’ them fron cards (pre ferably

lceimelly punched) should be written and thesc cerds preparel with other
punched dete goch time the program is used,

A programacy nust progrem not only the computer, but also the
people whe will usc his work (incluling himsclf) and his job inclules
writins tihe instruciions for oprcporine data and asscmblins the card peck
(sce 3.1). This shoull be Gonc bef rce finalising the ferm of the progrem
It is frooucnitly wortch while to simplif’y ‘dote preperccicn ot the cxpense
f prosrom complicetion,  Docimel is gzenerclly boticr than binery and the
lo~ically siaplc arrenrcment of numbcrs with no unnceessory informetion
cxeent choeked relundancy checks (sce 2.42) mey be bottor than the arrance-
mont thet is cesicst to progran (os 2 trivial exsmple, do not require
Acta to be punched with T 54's).

The only cxception tc thesc rules is that somctiiies the operator
is required [to give the eemputern infeormation re suloln from dccisions
mede during the running of the progrem as a result - tho computer's
behs viour,  The usc of menual input end the clre wﬂstencus thet mcy moke
it unevoidable ere considcred in 2,22,

2,28 Menual Input

L procren should be sc written that the opsrating instructions arc
as simplc as pessiblc with nminimal opprrtunity for nlstakou,espc01ally
irrcvoceble mistakes, Complicatced inscructions rosult in computer tine
bceing wested while the czcerotor unravels snd obeys thon or, worse, in
‘cleys in gettins Jobs lonc becousce they cre disobeyed, Ml SIS chier even
morc importent metter oFf ioking them prceisc will be Aiscusscad,

The sorts of action riquired of on operater erc

(2) prossing keys and turning knobs

lcces in the veck of cerds to be

(b) inscrting at spccified p
B becn produccd by the computer

iy
read, cords thet h

(¢) punching corls and inscrting them in specificd placecs in the
peck of ceartls o be rcad
!
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(d) reeorling on peper informotion obtcined by obscrvotion during
the running of the progran,

These may be uncenlitionel instructions or conditional on ccrtain
bcheviour cf the computcr. They will new be discusscd cne scrt ¢t 2 time
to scc if they can be climinated,

(a) Obviously nct o1l Rey work (c.g. pressing the initiel input
key) can be aveoided. Complicatcd instructions such as sctting
up & large binary numbcr on the I.D, kcys can be rcesleced by
punching it on e card, whieh is prefersble since it is rocordcd.
A perticulsr sort cof kncb-turning thet coult clmo=t alweys be
climinetcd, but coften with great progremuing inconvenicnece is
the use of the punch numboring switches (4 counters, 8 fixed
switches and associnted keys). It can happen that the rulces
for operating them involve periods of idle computer time in
cxcess of actual computing time. This occurs cspceiclly when
2 preogrem originally intended for lerge values cof sore of its
parcmcters is uscd with smell valucs of tham,

(b) These instructions crn only be rsluccd to the cxtent thet
internal stcrage is aveaileble.

(c) If prseisc oporsting inscruciicns arc possible then this sort
can b¢ rcepl-ccd by computer instructiins and thus punching is
climinatedl, If not, then noet.

(1) igein if precisc opersatins instructicns are possible this sort
could be replsccd by punched output but possibly at the cxpensc
of complic-ting the subscquent cord processing to an unr-:ason-
able cxtent (c.g. if speeisl crrds hove te be removed from the
output peck bofore printing.)

Lny unpunchel informetion indiceted by the oporator t: the e mputer

or given by the computer to tht opcrator, should bo coded as simply as
possiblc, For cxamplc, if a choice from four sltcrnotives is to be indicated
they should b ecoded 0,1,2,3 or 1,2,3,4 rither than 5,17,18,31, Further-
morc, in the casc of sicals from the operctor to the computer it should be
made physically impossible to give an irrevoeably inoppropriate sirmel,
rarticular ecascs cof this src thet no program should rcly on the L.D. l-onps

¢ing the samo on two consccutive slesnces at them cr be effected by the I.D.
lcmps or (Juring cslculation) the T.I,L. koy cxccpt in ways thet sre knowm
anit declsred in the specification,

The opereting Jlcscribel above is the overating thot is planned
s port »f the program's sctual usc, not the operating that the prczremmer
docs during tcstince., For cexemple, a prosram thet & ¢s not usc menual
input (other then csscntials such os initisl input key) or visusl output
is casicr to eoporstc in usc ~nd consequently cesicr to test, but this does
not preclude the usc of thesc dlevices during testing (sce 5 and 6.)

s
5

205 c Intorncdisrte Results,

25 Computer-Storc: Intermodi-te Rosults

Boch scetion of program is siven numbors (including parsmcters,
triggers, cte.) cither by its predecossors «r by the opcrstor, onl produccs
rcsults cither for its successcrs or for the operrtor, All these nunbors
cxccpt what arc originclly given to the computer on cards an? what arc
finally taken eway for subscquent proccssing arc incermcldiate rosults of tlic
currcnt computer opcration,
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The timc taken to obey a section is made up of the time to trens-
Tfor the instructions to the murcury, the time to transfer its data and
rcsults to and from the morcury if this is nccessary, the access timc to
instructions and numbcr stores in the mercury and thc oroductive computing
ciae,

So other things beings coual it saves computer time to reduce the
nunbor of proorem transfers by operating on as many numbers as possiblc with
ons scction whilc it is in thc morcury. Also other thiness being cqual it
saves computer time to rcducc the amount of nuiber trensfcers by op:orating
with as many scctions as possiblc on the samc numbors kceping intermcdiate
rcsults in the mcrcury, Sincc thesc usually conflict, other things arc
rorcly cqual end thic decision is somctimes difficnlt, Threc cascs arc
viorth spccial attention;

(2) If the sizes of the bstches of intcrmcdiate results arc
varamctcrs of the calculation (as in matrix opcrations or
cvaluating formulac for scveral cascs) then using mercury
storege limits these paramecters much morc scverely than
using drum storage, cspeecislly if the drum addrcsscs arc
procranmed parsictrically and can bc casily fixed at a later
stagc or cvcen calculated by the progrem, This is uscful
if thc most cfficicnt usc of the storc depends on morc than
onc indcpcndent parancter,

(b) If the access to intermcdistc storepe is mainly consccutive
then nuch less time is lost on drun transfers than if it
is widcly scattcrced. Therce arc in the library subroutincs
for rcferring to onc or moro consccutive strings of drum
addrcsscs via buffcer DL's.

(¢) If thc computer flow diesram is logically simplc with only
very sinall end very lerge loops (if any) then by using very
small scctions most of the mercury storc can be rclcased
for intcrmcdiatc results., In this casc acccss to instruct-
ions on thc drum can bc consccutive and done dircctly with-
out rcfc cnce to @ drum-storcd control program, This caso
ususlly ariscs when a orcat dcal of rathor patternless
computing is being donc with a modcrate anount of unhomo-
genceus data (never cxcceding sey a fow hundred nunbers,)

252 Auxiliory Bxtc:nal Storcge for Intcrucdictc Results.

Incertacdiate results imcy be stored on punched cerds., This can
erisc in thrcc weys: -

(a) There is not room in the computer to storc all the inform-
ation it must ramcrmber at a certein stage of the ccleculation,
Altcermetavely, therc would not be in the lergest cascs the
progron can deal with, and so it uscs card storage indis-
crininetely in all cescs.

(b) Thc computer is rcquircd for quitc diffcrent work bhetween
producing and roquiring the intcrmediate results, The
timc lap might be imposcd by outsidc circumstances or might
bc to allow other (finel) rcsults to be cxemincd,

(¢) Thc program uscs previously written progrems whosc data or
final results arc punched but arc mercly intcrmecdizte date
in the currcnt opcration (c.g. card to card binary-dceimal cr
dceimal-binery conversion,)
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Couses (b) znd (c) mry force the usec of "operator storage" for
intermediatc results by outputting visually an item of information thot nust
be input menuelly ot 2 later time. (e.g. how far = job that is being
temporarily broken off has got.) This should be avoided wherever possible,

2ol Procromied Checks.

2508 Programmed Checks on the dpproprictencss of Doir .

liost procroms oare only intended to work on certein special coscs
of the date thot one misht conceivebly give them, For excmple a progsrem
may rced and store deecimally-punched data in batches of a size porcmet-
ricelly specifiod end then perf'ora an itcrative calculation on then, If
the cards are nonsensically punched, if a betch is too lerge to fit on the
drum, if some paramcters thet should be equel arc not, if the operator
lichts the P.32 lomp when tho propronm required P1, P2 or P3 to spacify o
three-way choice, if thc numbers arc such thet an intcrmudiate result
cxcceds copacity or the calculetion involves dividing by zcro, or if they
fall outside the roanze of convergence of the itcrotive procedurc then
somcthine will zo wrong. Eithcr the progrem will intcrpret insppropricte
date as best it con and unapoloretically produce imcaningless answers, or
it will misbcheve (by going into 2 loop or stopping) in e rethcr random
way, or it will givec somc result thet can be intorproted by refcronce to
its spccificrtion as mcaning "nondceimal punching®, "incompatible dimensions",
cte.

his last a2ltcrnative is nuch the most desirable of the three since
it helps tic operntor or user to trece the (possibly off-computer) error
that ccoused it, 3o & progrem specificotion should say what its oucscome
is for ony data whatsoever, however inappropriate,

Just as a progroen moy test the approprictencss of its deta, a pert
of 2 program or a single scction or subroutinc may do the same, In this
oase deta mey consist not only of ceards and nanual input but also of inter-
ncdizte computer~stored numbers. The cbove rcmarks apnly to these checks
as well except that the feult ebout which they can supply diasnostic cvid-
cnce may be in e previous part of the current computer run, rether than in
o preconputcr operotion like copying cor hend-punching,

The cutccnac of & progrem should be speeifisble not ncrcly for tho
casc of onc dote crror but forcembinations of then, All thcse eon be
dcduccd from the overnll and scction lopical flow diapgrams which should be
so designed th=t thc most uscful thing hapnens in each case., For cxomple
a storc chceck on on operand should if possiblc be tested beforce testing tho
erithnetic of the operation in question, sinece innppropriste duta might .
ccusc an arithmetic faddvmse tng vaes viga-versa, : Lo 0, 1S o clafe
Chachs L dﬂ'twt_ :w%—us ariflowalic s wcﬁw;" g::;“
22 Progrernins checks on the cff-computer snd computer opcr: tors,

The checks just described arc only possible where therc is ro-
dundent informetion in the data, The preventitive and dicenostic usc of
checks is so groct th-t rcedundancy is scmctiizes introduced into dsta just
sc that it can be checked. Whercver possible o enlculetion should be
checked by an independent coleulation and storsge checked by 2 sum check,
Lincer opcrations provide many opportunitics for distributive checks thet
takc a neglipiblc anount of oxtra time, but with somc calculations it is
difficult to dc more than M"sec if thec answers look sonsible",
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A cheeck sum is usually a nonscnsc sum of words (or smaller groups
of diaits) addcd toccther without regard for meanincfulness nmodulo the
range of the group of digits, It can be computed cach tine a batch of
nuibors is produccd and then chocked against a freshly computed sum when-
cver the beteh is used, ( The particular casc in which the group of digits
is enc bit is callcds parity chcek, )

A chcelr sun preparcd with the carlicst written copy of a sct of
numb.urs and carricd throuch and chicclicd at cach stacc of copying, punching
and transfcorring to thc computer storc can be uscd to detect crrors both
off and on the computer,

Whilc it is truc thet cvery rcdundancy check on eppropriatceness of
data could azlso be failed owinz to a computer frult, therc arc scme redund-
ancy checks thet can vnly be failed becsusc of @ Cuuyutcr fault, But this
is unly truc if previcus checks have prevent.d anything but epnropriate
data getting to this point. For cxample, a sun check mey be failed becausc
part of the batch of nuibers swiaed has since been overwritten owing to the
inappropricte length of ancther betch, But if thot and 21l things like
it were proviously guarded against the sum check would be entirely a check
cn the operatiocn of the computer,

2.43., Foilure Action,

The best thing for the computer to dc after failing a check is
autumatically repeat the flaulty operetion, but this is not possible if the
necessary intermediate results have been overwritten. At the worst the
conputer con loop back to the branch instruciien that caused the failure.
This has scveral adventages,

(2) it is quite deterninzie

(b) the operrtcr cen at lcast discover what is the direct couso
of failure (c.g. 14 2nd 15 being unequal)

4

(c) during testing it con be jesscd by menusl intcrvention,

In eny cosc sonc indication of whot has hepioencd should be made
and if this is visucl the opcerating instructions should say whot the
opcrator is to do abcout it, The stoanderd visual failurc indications are
described in 2,52,

2k The usc of Progrommed checks during tcsting.

Chuck frilurcs will be nmuch nicrc noticeable to the programmcr as

clucs tou pregremming crrors thin in their ultimete purposc, This alonc
Justifics s~ care in neking the checks comprchensive and mutually inde-
pcendent,

249 Qutput

2.51. Punched output,

Just as & progrommsr nust consider how tnc data is to be preparcd
so must hc consider whot subscquent processing is noccssary, dgcin morc
complicoted programming mey be justificd by loss complicetced off-computcr
cporations, In prrt‘culﬂr all the informetion to be produced by the
computer wiien the progrem is uscd should be punched on cards in & printable
Borm,
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2,52, Visucl (ond Aural) OQutput,

The only cxeccntion to this is informetion which the opcrator
nust act on while the progrom is still running,  This informetion must
be output distinctively and sinply via the IS end OPS 1lanps, the buzzer
end somctimes the scquence of reading and punching cerds,

The rost frecquent usc is for feilurc indientions. Despite the
Ailficulty muntioned in 2..2. of classifying checks ceccording to their
function ccrtein conventions cxist,

Visual failurs indicetions usc the IS lamps. The computer rcaches
soiic characteristic stoped instruction end efter a onc-shot deocs the nost
uscful thing poassiblc in the circumstences, c.g. rcpeating the incorrcct
opcration or at worst rcturning to thc brench instruction thet did the chock,
Aporoximztcly, the buzzer is sounded by coiputer feilurcs (i.c. computer
swa checks, arithmctic checks and other chccks on rcdundency artificislly
introduccd in the computer) and not for data frilurcs (i.c. on sum checks
and other checks on recdundesncy artificinlly introduced outsidce the computer
and. also on natural redundancy oarising from the possibility of providing
incoproprizte date),

The stopped instructions in common usc 2recs=

29-31 X for = computer sua check failure

24=-31 X for an arithactic feilurc

n-29 X for a ~unched sun check failurce (discrcpancy in n)

31-29 X for incompatiblc paramcters,
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8 DOCUMENTING A PROGRAM,

There is morc to producing a computer program thon writing and
coding a flow dicgrom of instructions thet works. It must bec rccorded
in a woy thet mekes it casy for anyonc (including the progremmer in six
months tinmc) to use or modify. Thc informstion nceded for this is
listcd bclow, There arc three rcasons why it should be written down
before rather than after sterting to test the progron,

(2) The act of documenting the srogram freguently drows
ottontion to unsatisfrctory or incorrcct foaturcs,

(b) It gives the progrouner a better overall picturc
of his own work,

(¢) The resulting documcnts arc extromcly uscful in check-
ing the program and lozalising and succcssfully
corrceting mistokes dctected during testing.

 odls Docuncnts rclating to thc Progrom os a wholc,

3.11. Spccificotion.

Given a porticular progren together with its opcrating insiructions
(ond previded thot they src both unciabizuous in outcome, which they rcy
not be) osnd & stopped computcr, the following things mey affcet the out-
comc when it is obeyed,

(a) The initicl stotc of thc computcr; that is the contents of
its 8595 stores (including TS GOUNT) the ID, OPS, triggers
head positions znd states of the reader and punch,

(b) The punching (in scnscd colusns) on sny cerds (oithcr than the
ropgroi: ecrds) that ~rc previously preporcd end asscmbled
ready for putting in the rcedcr hopper.

(c) The cxpressed intention of the uscr, if this is invoked by the
opcrating instructions (c.g. the oporetor mey be required to
: put on the PL ID lemp if intcrmediate results arc rcquired.)

Usuclly quitc e lot of (2) (end maybe of (b) ond (c)}is
irrelcvant to thc outcomc, :

Thc outcome consists ofs =

(a) The final stetc of the computer (including TS COUNT which
nay be important since it determines, with othor things, for
cxemple, whether tho progrem is re-cntrent.)

(¢) The punching on ocutput cards (including that produced by tho
punch switches.)

(f) &4ny information (such ©s the eppeercnce of lights on the
control pancl or the rote of junching cards) thot may be
collccted by the operator during the running of the irezrem
as a rcsult of following thc opcroting instructions,

Usually quitc & lot of (d) and (f) ( nd maybe of (e)) is not of
intcrest sincoe it does not affcect the course of subsequent cvents inside
or outsidec the computcer,
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The spscificrtion of o progrem defincs (the intcrcsting ports cof)
the outcome for certain particular forms cf initisl statc and/or input
end/or uscrs intentions, For exemplc a progrem for solving lincer
cqur tions by successive condensaticn cbout the lergest possible pivot
nisht produce the sclution, or a mcasurc of bud hcheviour of the given
nntrix, or dicgnostic indicstions of feultily punchod data, acccrding to
the data that it is given,

So thae specificaticon has twe parts, Hirsit the sort eff datarfior
which it will produce setisfactury rcsults and s ceifizble unsatisfactory
rosults (these shoul? together be as cxhoustive as possible, ) Sccond
the outecome for any such data,

Had2, Tho overall lo¢icnlrflow disgggm.

The overall logiesl flew diagren is a flow disgrsm in which each
iten is cither onc scctien of the program topether with the questions by
which it chooscs its successcr or clse o question askcd with the same
purposc in the mrstcr reutine if there is onc (soc 2,14),

It tics together the other inform:tion rclating to tho progrom as
a whole with that rcleting to ench scction (scc 3,2,) For cxanple any
two scctions that crc consccutive herc rust have prceiscly motching finel
and initial conlitions s stated in their individuzl specificotions,

3,13, Progcew Peck List.

The progron poack list is o complcte list of the cards to bo ut
intc the cemputer thot are nct spocially preparcd for cuch use, It
identifics in orlcr all thc cards by referring to card numbers and routinc
nunbars of which complcete deteils are given in the coding or in the
Aescription of previously written routines that arc being uscd, 10
spccifies any cerds (incluiing initial cards and progrem perancter cards),
net doscribil in tho coding sheets of the verious sections,

Initial Card

I mdolit siisaly Tu cord @, Tiroe 1

)
cords 1-15 (sce colding)

but could be loncer if meny librery routines, sonc cf them
slightly modificd, were uscd,

3.1k,  Pock Asscmbly Instructions,

The cards put inte the rcader hopper erc of the following kinds;:-

(2) prosrem pack cthor then cards roquiring special punching
for cech usc (2 requircnent te be sternly aveided,)

(b) A=ta cards and 2ll other cards in which punching is
specially done prepoeratory to cach use ¢f the program,

(c) cards produccd by the computer during the current operation,

(@) cards punched by the operstor as = rcsult of docisions bascd
vn the bchrviour of the computer during the current operaticn,

The pack of cards to be passcd throursh the realer is assembled
in trays so thet they cen be loaded into the hopper and rciioved from the
stocker preciscly in the asschbled crdor without regard to wheore the pack
is split. Thec position whorc cards of sort (c¢) and (d) might be inscrted
Aurine the coeration arc murked with identificetion of these cards (by
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referring to the operating instructions, which include some dcescription
cf what ths corputer dces; sce 3,15.)

Had5, Operating Instructions.

The instructions to thc operator arc about
(2) when to press und turn which keys and knobs which way.

(b) which output cards if ~ny to inscrt into tho rcader pack
at merkcd placcs,

(c) what to punch on what cerds Curing thc running of the progron
(to be inscrtcd into the rcader »nck ot marked places)

(a) what informntion obout the running of the pr grom to rccord.

It somctimes haoens that 2 progron is intended te do ong of
scveral thinsgs at the discretion of the uscr and indicated by manusl
control, Such 2 Jdevice shoull if possiblc be replaced by a2 punched indic-
ation thet can tc proviously preparci. If it is not then soiic opcroting
instructions will be crnditional on the uscr's precvicusly cxpresscd in-
tention e.g. "I intermcdiste results erc rcquired put Fl on the ID after
the 1lst sct of cards have been punched."  They mey 2lso be conliticncl
on thc cuteoinc of the progren, c.g. on feilure indicctions being given,

Just as it is possiblc to write a progrem thet has no deterninate
outeouac {c.g, by discbeying the reader timing rules) so it is possible to
writce inmprecisc operating instructions that hove no determinstc outcome,
Beth these should be aveided,  Opereting instructions can be writicen as
& flow diagrom in which cech item is cither 2 description of computer
bchaviour, a question on computer behevicur followed by a brench, a
question on user! intcntions followed by a branch, or an instruction to
tho operatcer of sorts (z)tc (d) above. All carls reforrcd to must be
precisely dcescribed,

Theu-h this flow Aiagram may not always bc thc most suitcblc woy
of prescenting the informotion to on opcrctor it is oxtremely velusble in
¢xposing wrone or inprecisc formuletion and should be written bofore the
instructions arc finelized,

In the final version, stetcements end questions rcferring tc the
conpuser's tchiviour can be uscfully be distincuished by insctting them
fron these referring to the cpercteor or uscr,

DB e Inforaaticn reloting to cach section,

3.21, Soceificotion,

The specificotion of cach scetion cxactly follows the pettern
escribe for the wholc progrem in 3.11, Computer-sterced informaticn is
morc usunlly rclcvant sincc the data end result of one scetion are oftcn
merely intermodieste results of the whole program, It is sufficicntly
orecisc for any nisteke in linking twe scctions together to be cvident
Jjust by lecking et the overall logicel flow diegram and the specificeticns
of the sccticns concerncd. In this way the cffcct of a medificaticn
within o scction ocn other scctions or on the whole progren cen rapiily
bc asscssed and idistakces arising from unforescen rcmotce ci'fects can be
avoided,

Continuaticn to : 115 y 8C
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The specific:tion states

(a) stores occupied, i,e, which "L's are overwritien with the
instructions before they arc obeyed.

(v) stores used, i.c. which stores (other than the ones
occupiced) either alfect by their initial contents the out-
cuinc or the scetion or arce themsclves affected by tho
scotion., (Note thet by rcmoving and rcplacing the contents
of & storc, a program cen rofer to it a2nd yet not usc it.)

(c) of thosc stores uscd, which aiffceet the uscful outcome and
whet thcy contain initislly,

(d) of thosc storcs uso3, which arc left conteining information
thet is rclevent to subscquent sceticns (i.c. uscful outcomc)
and what function of thc dszta thoy arc lalt containing,

(In 3.11. it wes pointed out thet the information stores of the
computer include S COUNT, TCA, ICB and hcad positions.)

his can convenicntly be ¢iven in columns with onc column for the
short tenks, trigvers, cte, end on: for coch DL occupicd or uscd, but long
strincs of homogcncous numbors can be morc cconomically specified.  &ny
storc not merkaed or rcferred to in the speeificetion is prescrved by the
scetion,

It is possiblc that somnc adircsscs uscd might ohly be specificd
poramctrically, c.g. some 1librery metrix routines usc drum addrcsscs thet
cre coleuleted frow other nwabirs found in cxplicitly given addresscs
(thot stote,in this case, ot what oddress the storced metrices start,)

3.22, Logical Flow Diacram .

The looicel flow dicgram of a scctilon consists of instructicns and
qucstions in IEnclish and algcbra. It is followed very closcly by the
computcr flow dragram,

5023 Computer Flow Diagcram,

The compute:: flow discram consists of instructions and subroutinces,
It is onunotated in English and alccbra to show in dctail the correspend-
cnce between it and the logical flow diagram, In particular cach branch
point is lebcllcd with the question it asits and the possible dircctions
labellod with the znswors to this question., (Thc branches of discrimination
instructions arc also labellced + and -, or 2 and NZ.)

If a2 subroutinc is paramctric thce valucs of the parsmctcrs arc
writicn beside it. If it is modificd it is marked M(D, Any subroutine
must in its turn bo scwarately docuncnitcd with spocificetion, flow
diasram and codin~ just as for wholc scctions. Agsin, rclevent inform-
ation about trig-crs cte. is included (for cxemplc sonc librory sub-
routincs assunc T,C.B. is off at cntry and somc lcave it off at cxit.)

In thc casc of librery subroutincs uscd unmodificd, the information in the
publishcd writc-up is itsclf zlmost adéquate,

ts instructions have the form 4,1-1,0,T (or 4,1-1 (2) 31, T

les
:1so required to waste time during say multiplicetionm,)

alie dlpeale) &
Destination zero instructions should be written

S_Om

0;,(T)
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wherc I is the 2ddress conteining the bhesic instruction of which a
possibly modificd version is being obeyod from S,

3.2k, Codingg

The coding specifies 2ll instructions, nuabors, subroutine para=-
meters, punching on first four rows of tricds, cerd nuabors, end cvery
other coniribution mede by the progrommer to thc cords of tho procram
scetion, Therc is onc column of coding for cach DL occupicd, whcther
or not it contzins instructicns written by the prozremncr. Stores
occupicd by a subroutinc arc oorked with ilcentificetion of that subroutinc
(the subroutinc codinz is vert of the subroutine's docunents.)

Occupicd stores rcgurrcd to be clear 2t the stert of ¢ scction
arc m;rkcd iz crolls Occupicd storcs whoerce initiel centents arc immat-
l tho useful outcomc of thc scetion but which arc affcected by the
icn arc merked "usod" eor possibly with sciae elgehralc symbol.

Destincticn zero instructions (oxcert possibly 17-0, 18-0) arc
ccded 0,5-0,T,T.

Delie Netatien,

-

The spccifications and flow diacrams described above of uocn usc
syabols te identify items of informaticn, It frccuently happens that a
perticular symabol is uscd to rofer o @ nuabor or instructicn thet verics
as thc progrem procceds, This con give risc to no ambiguity Jrovidced that
n_t acre then onc versicn of it cxistvs in the computer or input cords ot
timo; If this condition docs not hola, distinct symbols rust be uscd,
ey auly prefixes and suffixcs trat 1nuchtu the rclaticnship uutwoun
the various itcus cinccrned, In particuler this dimplics that any itom
punchcd on an 1nsuruct13n card must be distinpuished from modifications
iP5 It is a comaen mistake ©o forget that cech timec a scetion of
rrogram is trensferred to the morcury all the steres occupicd by it erc
put back into the samc state. Each refcerence to & number must spceify
the binery pcint since nuambers (including instruction m: difisrs and count-
ing numbors) mey occur in versicns with diffcrent numbors of Vinory
ol GoE

4 difficulty thet commonly arises is that the alzebreie ni tation
X alrecdy exidsting perts of the »rogram arc not in line with onc encther,
In thet cosc the symbolism of any sceticn or subroutine nmust be dofined
(in wriiing) in tcims of the symbolisia of the whele progrem or scetion of
¥ileatelol Bgt Gl Al orsiens

5.5.  Pzccision.

Onc purposc of this crrongeucnt of informaticn is to facilitate
the comprchensive checkineg not only of cading but cls: of lrpic that is
@ieryarpnibierdlydiiol iy It will He shown therc how all checkine cen bocrnie

rc or lcss cutomstic previded that thic informecion boing checked is
accuratc ond shsclutely orecissc, Absolutc preeisicn is quite possible
and the ecriteria for it arc:-

(9) Proomain succificotion. Could somecne write a progrenm
ind:istinguishable from this once in rcsipect L all input
and output (oxcept possibly for merginal cccurccy) if he
were given cnly the specificetion?
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Progrem scetion soccification, Could somcone write a
scction thrt could rcpl-.cc the oxisting cnc if he were given
only the sceticn's spccification?

(h) Ovor:ll losicel flow diasgrem. Could someone writo the
seecificotion cf eny scetion if he were given only the
progren specification, the overcll logical flew diegren
=nd the spu01flcat1un of nll thc other scoticns?

Programn S'ctlnn FPlow Diacraia, Could som.one writc tho
coding for the scetion (including punched perancters cte.
if hec werc riven only the computer flew dlﬁﬂrum?

(c) Prosrem Prck List ond Coding. Could scriegne prepere the pack
of progran cords if ho werce given only the progrem »eck 1list,
the ceding of £11 the prosremmer's centributions to the pro-
crom, ond access te 2 eatelosucd library of cards incluﬂing
21l othor routincs znd subroutines uscd by tle progreamer?

(a) Pock Asscibly Instructiens, Could suneonc prepere the cord
tr<ys (1nc1unLn~ dntz cords and merker cerds for inSUrtions)
siven only the prosran specificstion rclating to punched
input, the peck esscubly instructions, the progrem pack and
the written deta for onc applicetion of the progrem?

(o) Oporsting Instructions, Could scmconc cperate the preyram
miven only tho orepored card trzys and the operating in-
sitructions?

I thesc reconsiructicns zre possible then the collceted inform-—
ation ccntains sumce redundency., Just as rcdundency in the numbers oro-
cessed during o particulsr opereticn ean be uscd to detect processing
crrers (sce 2.42) so this rcdundency cen be uscd during progrem prepcr-
ation to ldectcet programming crrors,
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L. HOW_TO CHECK A PROGRAY,

Programiners of'ten say after finding a mistake by trial on the
computer that they didn't or couldn't check 'that sort of thing,' Below
is described a method of checking not merely that instructions arc obeyed
in the right order but that they do what the spccification of the program
says, This hinges on the documentetion described in 3,

bl Overall logical flow diagram,

A1l tho items of data and rcsult listed in the spccification should
occur as inputs to .or outputs from the overall logical flow diacran,

L.2, The Scction Spccif'ications.

The input to the wholc programn is the totality of inputs to cach
scction thet arc not intcrnally provided. So the¢ punched or manual input
of any scction must also be described cicher in the program specification
as data for thc wholc progran, or clsc in thc opcrating instructions as
card-storcd or "oporator-storcd" intcrmediate results.

Similsrly thc punchod or visual output of any scction must zlso be
dcecribed in cither the program spceification as results of the whole pro-
oram or clsc in thc opcreting instructions as card-storcd or "opcrator-
storcd" intcmediatc results, A psrticuler casc of this is that any
failurc indication of ony subroutine or routinc uscd is also a2 feilurc
indication of thc wholc program, slthough it may be possiblc to bo morc
informative about its significancc as a possible outcoric of the jrogran
than as a possiblc outcome of onc subroutinc, (c.g. 2 division failuro
might only havce one possiblc mcaning in a particular contcxt,) It may be
nccessary to add further descriptions to failurc indications in order to
distinguish thom frow onc anothcr. (Notc that indications on the IS
lamps given by subroutincs vary according to the position of thc subroutinc,)

In the samc way, the intcrmcdiatce rcsults provided as data for
subscquent scetions oon be checked against onc another. Any pair of
scctions that occur adjacently in the over2ll logical flow diagram should
match domino-wisc in their specificotions (A scction can have morc then onc
immedicte predecessor or successor.) If 2 section uscs stores not uscd
but preserved by an immcdiate predcecssor then all possible routcs con-
ncceting the rclcevent scctions on the flow diagram must be considercd,

LT The Scction Locical Flow Dicgran,

Cheek the logical flow diegrem of coch scection ageinst its spec-
ificction, Tt should only usc things that are part of its dota and should
lecvo cverything thet is part of its rcsult,

Choek that conditions arc being corrcctly sct for coch loop
cspcecially if there is a nest of loops of the form:
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shore will for exmmplc be somc operations, (such as modifying end rcplacing
instructions and storing and rostoerting sums) thet must be perforncd
before crch scquence of repetitions of the innormost loop and sone that
rmust bc obcyed afterwards, Thesc aro P2 and R2 rcespectively and must
¢ correctly composcd,

M oth Computer Flow Diagrens,

Bach scction of computer ©low diagrem nust bc checked ageinst its
losical Plow dicgren, cspeciclly the correspondence between caech brench of the
lorical flow flow diagram ond the cnnotations to the corrcsponding bronch of
the computcr flow diagran:, and also bitween these notes end tho computer
in-tructions used, The computcr flow dicgrem should then be checked
ageinst the scction specificction to scc thet it docs usc, prescrvo and
lcove informetion in stores aos specificd. If subroutincs or othcr blocks
arc uscd then rcfercnce to the speeifications for these will be nccessery,
includin~ their cntry end cxit points and ony parancters that must be pun-
ched on their errds or »rovided by the program,

This snccification also includcs initiazl and {inal states of
trig-crs (for cxomple decimel punching routinos requirce TCB to) be off
or they usually punch zoros,)  Romomber that 0-24 and 1-24 have two
cffects, not onc, sincc they #lso clccr TCB end call TCB rcspeectively,

Check thet deta (including links) arc scet for coch subroutine and
inner loop fron whoetcver dircction it is eporoached ond thet the sub-
routinc docs not usc storcs whosc prescrvoation is assumced,
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Ch.ck that coch of the counting devices uscd (especially
couniing by spilling) is corrcct ond not wrons by, say, onc., Work
out its effect for o simple case, Check that it is always cxactly right
for all uscs mede of it (if say it is =lso used for instruction modifi-
cnrtions) cspecially during the first and lest ropetitions,

The smallcst precticoble units on which such checking can be per-
formud arc thosc whosc internol orgenisition is tightly knit to achicve
fostust possible speced or othurvisc to cxploit most convenicently the
conputer's charocteristics, c¢,g. in subroutines, inncr loops, rcading
ond punchins routincs.

Then check the consistency between the annototions to the com-
puter flow dlazronm and the ccturl computer instructions, both thoso
associl:ting symbols with storcs and thosc associnting a question with a
discrinination instruction. Finelly chock that no impossible transfers
arc asked for »nd thot the timing rules of nultiplication, roading cerds
ctc. arc not disobcycd.,

s 55 ch Coq;nr;and:fTOﬁrsm Pfc@_Ligﬁ.

Chuck the coding ogeinst the stotement of stores occupicd in tho
specificotion,

Check the codinz zgeinst tho computer flow dicgrem in the order
in which the instructions occur on the flow disgrem noting cspeeially
thot bronch instructions and nodificd instructions corrcctly spceify their
succcessors cvery timne they erc obeyced. Chock 211 the coded informetion
including cntry-point, and instructions and numbers that ore rcferred to
by tho progran es wcll as the instructions that arc sctually obeyed.

Check the wvalucs of percmecters for parcmetic subroutines noted in
the flow diapram ~2peinst the ones coded. If thoy do not agrce thon make
surc thzt thc prosrem itsclf provides then, Chcek that subroutincs used
in modificd forizs have the modifications sntered on the coding sheet and
thet any resulting changes in the subroutinc spccification (o,.g. in
storcs occupied) is corrcctly rccorded,

Chock the program pock list azainst the coding (including card
nuzbers) and egrinst the spccifications of any programs uscd to scc thot
it rocords any tampering with the cerds thet might be nccessnry for cach
WIS~ Check any warancters requirced by a control program agsinst the
crack nunhers dte. concermed,

I The Pock Assembly Instructions and Qperating Instructions.

Chuck the pack assembly instructions ageinst the program spocific-
ation and overall losical fluw dieprair to cnsurc that there zrc ne cir-
cunstenees in which the given cerd order would be wrong, If intecrmecdiate
cord storage is uscd check agoinst the specifications of the sceticons
preiucing and consuming thesc cards.

Chock the opursting instructions zgeinst the menuzl input and
visuzl output stated in the speeificztions. Choeck thet the overall
logicel flow dicpgram can be tclescopel te corrosgond cxectly with the
flow diagrem of opcr:ting instructicns dcescribed in 3,15,
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disss The Frosram Paglk,

Check the cards of cach scction ageinst the coding sheets by read-
ing from the cards.

Check cverything referrcd to on the coding sheots including initial
instructions or porametcrs, subroutines uscd (identifiable by their punched
cateloguc numbor end position number), junched perametcrs or moiifications
to subroutines, I'S4's and cord numbers. Then check the whole pack ageinst
the progrom pack list,

2.8, The Pack asscubled for inpui to the computer.

thocks on date preparation prior to punching it crc usually peculicr
to perticular jobs.

Pre-computer chocking of dota punching ean be donc with an cloctric
cerd verificr provided that they crc deceimelly punched. This is on cox-
tremely g.od roason for prosramming to accent all data in decimel,

Purthemore, chock-suns cen somecimes be choecked with o tabulstor,

If ¢ procrammcr is in a position to ond docs deeide agpinst deeim-
elly punched input (to simplify programming, or to usc or be compatible
with cxisting progrems, or boecausc the data is genuincly binary - as for
cxomple in somc stoitisticol work) he nust choose a form chat facilitates
cheeking by ethor meens, He may doeide to rely entirely on progrommcd
chceks or to give the uscr a choice between off-computcr and computer
cheeking,

Lfter asscmbling cerds (end merker cards - scc 3,14) in treys
ready for inputting to the computer, chock them egeinst tho pack assenbly
instructicns,

Cheeking the data peck asscitbly is importont befeorc testing as well
es before cctusl use, since mistekes mey confusc tha diagnosis of preogram
faults,

4,999. Checking must be the lest thing that hoppens before running the
progren clther for testing or useful producticn, If & misteke is dis-
covered ond corrected then the revised prozram and/or pack must be re-
checked, 4nd so on,
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Drg i Prerequisites

It is time-wasting to try a program on the computer before
eliminating as meny mistakes as pessible by systemoatic checking.,  This
applies as much after the smsllest alteraoticn has been made as it dces to
a new wrogrcm. A method cf checking new orONrans was uescrlbcd in &4,

It is also time=wasting to esttempt unaided program testing unless
you are femiliar with all the facilities both engineered and programmed
that meke it easicr, These are:-

(2) verious menuel inputs to the computer on the reader, punch
end contrcl pancl; especially the REQUEST 3TOPX and IRCGRAM
DISYLLY keys.

(b) varicus visuol outputs from the computer on the reader,
punch and control penel; especially the IS lamps and the
monitors, including the use f the right hand one for
inspecting TS COUNT and (indirectly) the drunm,

(c) the facilities providel by the control program you are using
(if you are using one) for monitoring the procress of the
Drogram, restorine control, restarting, end chenging steored
progran,

(d) li~rery post mcrtem progrems, esoecially I0ST MORIEM (2i29).
Information on (2) and (b) is conteined in The Deuce Control
Pznel Menual and on (¢) and (d) in the individuel procrom reports (they

rmostly have the initials ZC and ZP respectively,)

5020 Operatins Instruciions for the ,rogrom Tester.

Irogram testing is usually morc offective if it is systematic,
Just as you can ask retrospectively "How could I have prevented that
misteke from getting as far as the computer", so you can ask "What eould
I have noticed or recordcd in the behaviour of the computcr that would
have put me on the right track sooner', Each time you try a program
on the computer you should heve decided what things you are going to
look for and in what order.

In 3.15 the operating instructions to the future user of the
prégran (possibly yourself) werc defincd, What appears to be needed now
is your oocratinr instructions to yourself for your program testing scssion,
This at first sight rather pointless requircment is aimed at meking the thin
you do to the coaputer as automctic as possible by doing as much as pos-
sible of the thinking beforc and after., The reason for this aim is that
most pcople do not scom to find computer operation conducive to lucid
thought,

These instructions will be of the four sorts listed in 3.15 but
will not usually bc conditional on the card output of the program
(which you can takc away and look at if thore is any), but on information
obscrved while it is running., So the things you particulsrly hope or
fear might happen should be listed together with the action to be taken
if they do not or do, Besides the failure indications, ctc. alrcady
specificd among the general documents of the program, this list will in-
clude the order and approximate extent of rcading, calculating and punch-
ing, and noticablc features on the IS and (S lamps and the monitors.



<

S.R. 14A.

NELSON RESEARCH LABORATORIES Cortinuation to : 113 y 50

STAFFORD - E. E. GO. LID. Sheet No.:25,
IIITHRLETICS DEPR:RTIENT,

Since therc arc not likely to be emough such landmarks to local-
ize a divergence from correct bchaviour, 5.32, describes ways in which
landmarks can be temporarily introduccd for testing purposes, and the
sorts of information that can bhe collected while at the computer.

4 general idea of how a program testing session can be used is
given in 6,

ks Informetion available from the Computer.

The program can be 2llowed to run normally, or it can be inter-
fered with by pravious tampering or manually while on the computer.

5.31. With normal running,

If a program is providcd with somc data and tried on the computer
two sorts of information may be obtained, visual and punched,

5.31.1, Visual Information.

The lamps and monitors only havc a complctely detcrminate appear-
ance if the computer is stopped (i.c., if the GO lamp is off)., This will
happen whenever the computer rcaches a stopped instruction, intended or
otherwise, In particular if it reaches the instruction 8,0-0 X with the
rcader uncalled and TS COUNT and the ID clear it is said to have "fallen
out". (This instruction should not occur in a progrem,) When the com-
puter is going, the general appearance of the lamps and monitors cen
convey uscful information to an experienced operator. In particular the
IS lamps should be watched while inputting the instructions and data of a
program under test, since most input routines produce a characteristic
patterm on them during correct running that will immecdiately respond to a
fault in pack assembly,

4 program proceeds so rapidly if allowed to that it is usually
difficult to be conclusive about where it first went wrong, so 5.32.1
and 5.,33,1 describe ways in which landmarks can be introduced by previous-
ly tampering with the cards or by interfering manually during opcrestion.

However, observing and recording visual information uses a great
deal of computer time and the selection from it made by an operstor work-
ing under pressurc rarcly turns out to be the most useful, so 5.32.2 and
5.33.2 describe how fairly large amounts of it can be punched and exam-
ined at leisure,

There is ncvertheless some informetion that can only be rccorded
by an operator writing it dovm, c¢.g. that cards were left unread in the
rcader or that they were read at 100 per minutoc rether than 200 per minutc,

5.21.2. runched Informetion,

The normal card output will be cnough to show whether the progzram
has operatcd corrcctly with the data provided, If wrong output or no
output is prcduced it may not be sufficient by itself to trace thc fault
(see 7.1 for ways in which the incorrcctness or abscnce of results can
be used), so 5.32.2 and 5.33.2 describe ways of punching morc cvidence,

a2 By Tempcring with the Cerds.

Trevious remarks suggest ways in which a program can be slizhtly
modified to provide morc informetion, both visual and punched, zbout its
behaviour,
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5.32.1, Visusl Informatipn.

Sonie instructions cen tempcrarily be made stopped by altering the
prosram cerds, These should be chosen so that as cach appcars on the IS
lamps, somec new informstion about what parts of the program are working is
obtained, Such places are, for cxample, (i) just after resding program
or duta from the rcader or from the drum (ii) just beforc or after entor-
ing a subroutine or a new scction of »rogram such as a repcated loop.

The computer stops every time it reaches a stopped instruction until it is
given a menual or autometic oneshot., This fact has two conscquences.

(2) a temporery stopp:r may be a2 nuisance if ti-cre ard many repct-
itions of it beforc the program rcaches a point to be investigated by the
test.

(b) a temporary stopper will not stop tie computer just before or in
the middle of a rceding or punching routine unless spcciel precautions are
taken, It will mercly aifect the result of the routine by taking up a
oncshot intended for somc other stoppcd instruction. Ways of examining
such routincs in action erc described in 5,33,

Thus st Recad
30-10X

1
o)

will call in & program 2nc out of phase, Such effects may bec more drastic
and obvious or mey be partly maskcd by lstcr perts of the program being
wrong in the samc way,

(c) a temperery stopocr can also affect the subsequent outcorc if
it provents synchronisation betwuen multiplication (or division) and
instructions obeyed whilc it is still zoing on.

5.32.2. Punchcd Information,

Some sort of "progress report' can be programmed that periodically
indicetes on the OIS lights or by punching a card how far the program has
got, with perhaps some other useful informstion, This bit or program can
be short-cirzuited oncc it has served its purposec. (Hewever, after doing
this further chccking and testing rust be donc,)

5.33. By Manuel Interfercnce,

The uscfulncss of a trial run can somctimes be further imprcved by
menuclly interfering with it. This should be planned in advence to producc
the visual and punched diagnostic cvidence that will detcct and locate a
SR -

5.53.1. Visual Informetion,

The "lendmarks"™ inserted prcviously cen be supplcmented by menually
slowing dowvn the procress of tio program so that significant features
on IS lamos and monitors can bc observed. There are scveral ways of
doing this.
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5.33.11.Requost Stop.

Request stops differ from temporary stoppcrs as follows:-

(2) Any selcction of specific instructions cen be mede tempor-
ary stoppers and the computer will stop bcfore every attempt
to obey one of them until it gets an automatic or manual
oneshot. A request stop on the other hand cen not be made
on a spceific instruction but only on a pattern comprising one
or morc of NIS, Source and Destination, and any instruction
conforming to the pattern will stop the computcr, Further-
more, only onc pattern can be specified at a time, though
this mlﬂht cause a stop at many instructions (p0551bly un-
expec tcd ones. )

(b) 4 recquest stop will frecze the computer during a reading or
punching routine with any card movement continuing indefinitely
without affcecting it (conscquently the subsequent outcome
after passing the request stop will be affected,)

17-0 oY 18-©

(e¢) & request stop on 0-24, 1-24, 2-2k, 10-24 or 12-2k jcan affact

the subsoqubnt outcone aﬂqi CorLae quon las

(d) A& rcquest stop cen only be introduccd or removed while oncr-
ating the computcer and so can for cxample be rcemoved after a
fcow repetitions of a suspcect loop.

(c) L request stop can be made on an instruction whose address
is not known, for cxamplc to detect unintentional trensfers to
a particular tank, Concomitantly it may confusc the opcrstor
by stopping on unsuspected instructions that are likc the
instruction that is intended, unless care is used in previously
sclecting the instruction,

Ha33.12.Have the computer at STOr, possibly with C(NTINUOUS SINGLE SHOTS,
This rroduccs a static or slow motion picture of the lamps, etc, However,
rcemcmber thet it docs not distinguish between stop instructions and go
instructions,

LS5 Huve the computer at AUG ENTED STOr with CONTINUQOUS SINGLE SHOTS
(or FRCGRAM DISILAY which is quicker and in every way prefcrable,)  This
has the same effect as the above but stops on stop instructions,

Ha33.14 . revent the normal flow of cards through thc reader with the
reader ST(P key or the SINGLE RE/D key or by splitting the input pack.
This may be a stratczic moment to obscrve the IS lamps or monitors.
For cxesmple the rcading of 2 card can be simulatcd by setting on the
ID lamps thc contents of consccutive rows and giving manual oncshots,

De33,15.srcvent the normel flow of cesrds through the punch with the punch
STOi° key. For exemple the punching of a2 csrd can be simulated by giving
manual onzshots and observing (and clcering) the successive contents of
the OrS lamps.
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5.33.2, Punched Information.
The following information can be punched by interfering manually:-

(a) the sequence of instructions actually obeyed (punched by
PROGR.LM DISPL.Y, an engineered device.)

(b) the actual state of the computer at any one time (punched by
POST MORTEM, a progremmed device,)

5.3k,

It nust be remembered that altering the opereting circumstences
to pr-duce useful evidence may not produce evidence about normal operation,
TFor example, instructions following multiplication or division might have
different outcomes when obeyed stopped, and PRCGR..M DISPLAY might supply a
TIL signal when its absence is expected in normal running,

Dis Test Data,
In deciding what data to use at cach test run the object is twofold:-

(a) to subject the program to slightly more severc testing then it
is known %o stand up to, so that one new feature is being
tested. If possible usc date such that hand checking of the
calculations is feasible if it becorics necessary.

(b) to cover in as short a time as possible all the limiting ocases
of the data, testing each parameter to the limits prescribed
for it by the program specification,

T'or exariple, the first run should be done with as few and as
simple numbers as will check that the overall logic is being followed,
Thercafter, if the program works with somne data and not with other, cases
that will isolate characteristics that might be relevant should be con-
structed.,

B.0919%

Checking must be the last thing that happens before testing tho
program, If any altcrations are madc during prepsrations for testing, then
the revised program and/or pack must be rcchecked, And so on,
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6. WHLT TO DO WHILE OPER,TING THE COMPUI'R.

Normally & trial run can be conducted according to opecrating
instructions previously preparcd. Howecver, these must allow for a
completely unforeseen cventuality.,

Gl Zncrgency Drill,

If somcthing happens that has not been specifically planned for,
restart the program, program display from the last correctly occurring
lendimmark up to the point when somcthing has gonc noticcably wrong and
then post mortem. If therc is no time to restart, program display a
fuw instructions if the computer is still going and post mortem in any case,

I, complcte post mortem may take up to eight minutes, but somc of
this time can be saved if it is known that only ccrtain arcas of the drum
storc arc likely to contain uscful evidence., The mercury store should
always bc punched complcte in tiicsc circumstanccs,

ol Further detail in dcalinz with unforcscen circumstances.

There follows imorc detail of a possible proccdure which can be
ignored or varicd in the light of cxperioncce,

Watch the IS lishts while the program is being rcad in.  They
may show that the input is not happening propcrly. If so, by splittiing
the pack find where it is woing wrong. (scc 5.31.1 for further rcmarks
on this), When the machine uncxpectedly appears inactive, i.c, when
neither the intcended thing nor anything in particular is happening, then
cither,

(2) the GO lamp is on and it is going, or

(b) the GO lamp is off and it has rcached a stopped instruction
indicated on the IS lights,

In casc (a) thc mechine may be in a fairly small loop.
Examination of the TS's and DL's with the monitor may suggest:
(1) that nothing is apparently changing
(ii) that something is changing with periodicity

(iii) that somcthing is chenging progressively, c.g. 2
counting number is counting a very large number of
iterations,

In case (iii) notc where the progressive change is, In any casc use

Y 'GR M DiSPLLY and vwhilc this is punching continue to watch the monitors
and also the IS lawps again for any obscrvable periodicity. If the
change is completcly periodic progrem displsy nced be run for onc period
only %o obtein full information. Howcver, whether this is so is not
alivays obvious from watching thc control pancl and when the punched
evidence is exenincd larger periodicity than the smallest onc might be
discovered,

ifter stopoing program display, usc POST 1iORTEH to recover as
much of the machinc as might be rclecvant,
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In casc (b) see if the reader or punch hes been called. If both
have, there is probebly something wrong (c.g. the rcader should have been
cleared.) If onc has and is not rceady, then the stopper is probably
the one that s waiting for the first row of a cerd. In thc casc of the
reader, run in the cards that the computer is expecting, If you do not
know what it is cxpeccting there is probably somcthing wrong, However, it
may be thet the readcr has been called, or mercly not clearcd, by mistake,
In the casc that the punch has becn called either therc are cards in the
punch hopper or it has run out of cards. In either casc run in cards.

If thc stopper is not explicable in this way, then it is

(1) a failure or othcr indicetion in a program or subroutinc
that you arc using. In this casc do as you have prcviously
plannead;

(ii) 2 temporary stopper that you have supplicd in which case you
will alrcedy have decided what action you intend to take on
reaching it;

(iii) a stopper you did not expect (you may recognisc or remcuber
that it is an instruction you did not intend to be a stopper
in which cese a oneshot will be suficient, or if it is very
frequently obeycd it might be neccessary to chenge it on the
cards and rcad thc program in again,);

(iv) an instruction you did not cxvcet, c.z. you imight be quite
ce'tain thet jour progran dcés not contain an instruction with
I3 7 say. Look at TS COUNT with thc right hand monitor in
order to scc the Pl and F15 digits (which arc not shown on the
IS 13 lemps.) You might now decide that a word that is not an
instruction is mistakenly in TS COUNT., Reccord as much of
TS COUNT as is possible. You can now cither

(2) use POST X7™TEM and discover at leisurc where the
spurious instruction was, or

(b) try to identify it in tho monitor and then by
stopping the machine and onc-shotting try to
rc-cnter the program albeit at random on the
chance of getting more informetion;

(v) probably thc commonest uncxpected thing to happen is that
the IS lamps (including the GO lamp) arc blank, The computer
is sa2id to havc fallen out, FProcecd as in (iv).

6.3. laking the Best of a Bsd Job.

iLTter finding a sympton at the computer it is scmctimes possible
to force the program to proceced, though incorrcctly, and collect more
information about thc first dstccted, or other, mistakes. It may be
useful to alter thc course of the program by manual interifercnce,
For cxample,

(a) 2 brench instruction can be forccd the wrong way with the
DISCRINI key;

(b) thc contents of a tank can be altcred with the EXTERN.L TRIE
key and the CONT TT kcy;

(¢) the NIS, Sourcc or Dcstination of an instruction can be altcred
as it is heing obeyod with the EXTERNLL TREE key and the
SINGLE SHOT koy.

The computer rnust be stoppcd to do any of these,
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6.k. Inconsistent Behaviour.

fLpparcntly inconsistent bcheviour can have sevcral causcs, depending
partly on how looscly you use the word., Inconsistent beheviour can only
be conlfidently deduced from the cvidence if identical operations that fulfil
the rules for using thce computer startcd from states of the computer that
werc identical in all rclevent resoccts and led teo differcnt results.

Apnarcent inconsistcneics may bc caused by:

(a) different initiel states, c.g. any of the following might
be rclevant; (i) the contents of the drum were dilferent,
(This can usually be avoided by using CL7.R DRUM ZP 13/1
after the initial card of a program); (ii) the drun hcad
positions were different (CLE.R DRU} ZP 131 slso lcaves
thesc in a constant stete); (iii) the punch wes in different
statc (RUN IN on onc occasion and not on thc other). TIor

complete informetion about the coricet initial state scc 2,11,

(b) using forbidden scquences of instructions or indcternminete
opcrating instructions, These are (i) sequences depending
on Hollerith times outside the prescribed limits (especially tho
time after reading program cerds during which it is not pos-
sible %o read the ID lamps); (ii) scquences depending on
magnetic drum times (in rclation(to Hollerith timcs) that arc
ouiside the orescribed limits; iii) unlisted instruciions -
with destination 24, (Iv) Cumldvalie  coumliveg e QS VY ov 1R (ol edullls
B e b
(¢) different operations being compared, c.g. (i) two runs during onc of
wvhich temporary stoppers, or controlled passage of cerds or pro-
gran display was uscd may produce Gilfercnt resulcs if the timc
teken by cards to go through the rcader or punch, or by the multi-
plicr or divider is relevent; (ii) tne use of PROGRZI DISPL.LY
mey interfere with a program using PiL; (iii) the INITI.L
INFUT and RUN IN keys are only inceirchangecable in certzin
contexts,
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/) WHLT T0 DO AFTIR USING THE COMEUTER.
¥ odbo The use of incorrect enswers.

The cards punched by the program being tested supply information of
two kinds:

(a2) thc nuiber and general layout of the cards, c.g. & systematic
displaccient of the rows of cards can bc caused (i) by having
cxtre stoppers ia the punching routinc that are being taken up
by oneshots from the punch, (ii) by instructions which should be
stoppcrs not being stoppers., Thesc two mistakes tend to causec
a sprecading out of rows and a telcscoping of rows respectively,

(b) the actuzl numbers. Most that could be said under this hcad-
ing must relate to particular calculations, but some general
obscrvations ere possible, TIrequently thc fact that numbers
which should bec the same are in fact different or the reversc,
is sufficient to point to a2 cause, Tor instance, a string of
nunbers that should be equel, hsving been produced by rcpetit-
ions o a loop on fixed data, might in fact have the first one

iffercent from the others, This sugrcests that the conditions
for the loop to wor“ are only being set correctly after the
first time round it or ere being destroyed after the first time
round it.

620 The use of PROGR.M DISFL.LY results.

PROGR.2 DISPLLY cerds cen be checked against the flow diagram of
eithor your orograix or the subroutines, cte., that you usc.

In the case thet they displey the mechine falling out or reaching
an iuprobable instruction, it is best to look right away at thc last card
nunched and trace back to the incorrect instruction,

In the case that an unknown scction of program has becn punched it
can best be identificed by finding distinctive instructions (e.g. a wait
number of 31) on the coding sheets. Note that

(2) the NIS of cach instruction specifies the DL in which its
successor is stored;

(b) tlicre may be more than once set o:i' instructions stored in a
particular delay linc at different times;

(c) the instructions in question might bc from a subroutine and
not on your coding shects,

L large nunber of cards can be rapidly cxamined if a periodicity of
say 25 instructions is prescent or if an instruction is repeatedly obeycd with
modificd wait numbers, or by merely looking for successive brench instructions
and checking that the right direction is wvaken each time., 4n crror can thus
be repidly located to a few dozen instructions.

Ln incorrect scquence of instructions may be explained by dissgrcc-
nent between flow diagram and coding or between coding end cards or both,
If it is not, the first incorrect instruction that way obeyed has somehow
wrongly occupied an address, Establish whether or not the sequence of
instructions had becn obeyed corrcctly before, Zither the PPCOGRAM DISILLY
cards or other evidence about how much of thc program must have previously
been completed mey do this., If it heas, then thc incorrcct instruction
has becen placed there since tne last time. The program display cards may
actually show this happening,
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Llternatively discover what the incorrcecet instruction is, It
may be an instruction or a number which should hc comewhcre clse, ¥ =er
scc whether it is in its right plece as well and if not what is.  POST
MORTEM results will be nccessary to do this,

T odc The use of POST IORTEH results.,

POST MCRTEM might have been used with a spccific purpose, c.g.
discovering whether certain data were storcd in the corrcct places, whether
certain numbers checked against each other or comparing the entire store
at the end of some scction with the written specification. When something
uncxpccted has been found further usce can sometiines be made of them to
cxplain it,

In this casc or if they have been produccd without a spccific
intention the following things can be examined:

(a) Counting numbers or programmcd triggers.
(b) Vodified instructions,

(c) Lddresses to which instructions are sent during the progrem,

especially 130, 131, etc, if subroutincs arc used (though

some subroutincs usc non-stendard link positions,)

(d) 4ddresses to which numbers ore moved consecutively during the
program, c¢.g. a DL which holds successive trascks of the drunm,
or a TS which holds successive words of 2 DL during the program,

(¢) Sums cumuleted during calculations.

(f) rddresses to which newly generated numbers arc sent,

Somc of these things may indicate how far thc program has progresscd,
411 of theci should be careiully exeminced since apparent contradictions

between them may shed 1light on the error.

Note that programs of subroutines that you do not write might
lecave unfemiliar stuff around,

7.4‘.

After finding a mistake as a result of cvidence collected from the
computcer, you should make sure just whet the mistake accounts for. It
may be that the cvidence already available will lecad to further mistakes
being found,
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8. ERRORS OTHER THAN PROGRLMNG ERRCRS,

Running a program may reveal programming mistakes, i,c, incon-
sistencices, ambiguitics or omissions in the documents listed in 3,
(4ny progremming mistake could have been discovered without resource to
the computer,) It may also rcveal non-programming mistakes of two sorts:-
unexpected or unplannced featurcs that call for modifications in the progran,
and mistakes in preparing for, opcrating and subsequently processing the
results of, thc current run,

During any investigation of a program these two additional
possibilities should always be bornc in mind, in crder %to avoid a
fruitless scarch for a programming mistake to account for what is inherent
in the design of program or peculiar to one run,

B e Pre-Programming Errors.

There are three sorts of pre-programming nistakes that cannot
be revealcd by checking a program off the computer: -

(2) a discrepsncy between the shecification and what was intended,
This usually ariscs as a misundcrstanding between the programmer
and the commissioning person or pcople and ccnsiderable cffort
should bec put into avoiding t''is by insisting on precise and
comprehensible exchanges of information at an carly stage.
This ecn be very irvitating to a commissioner, It is a phase
of programming when redundancy should be piled on, cspccially
by quoting simplc and extreme cxamples., Many commissioners
will agrce (pcrheps with some irritation) to four synonymous
formulations of their problem and then dcmur at a fifth, In
particular an unsuspccted absurdity is often rcvcaled if they
arc made to visualisc what numbers they will actually have to
providc or what their rcsults will look likc in print.

(b) an unsetisfactory implication of the spccification that is only
revealed by trying the program, For cxample, an itcrative
Proccdurc may not converge rapidly cnough or the calculation
may rcquire greater accuracy or thec ncecessary opcerating may
prove impracticebly difficult or delaying.  This usually
ariscs in cascs where the numcrical, statistical or arith-
mctical analysis to invcstigate the required accuracy or
amount of computation or thc opcrating implications was
too diifficult or was not undertakcn beccausc not considered.

(c¢) a mistake (possibly an ambicuity or omission) in thc inform-
ation about a part of the progsrem previously written (by the

programmcr or somcone clse,)

o2, Post-crosreuine JArrors,

Therc arc three kinds of post-progremuaing crrors that may occur
during a particuler run, Howcver, they may not be immediatly distinguish-
ablec by their symptoms from other sorts of mistakes., Furthcrmorc, though
they can be corrccted by rec-running the program they may suggest program
modifications and so fall into type (b) of 8.1,
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(a)

(b)

(c)

L mistake in preparing the data according to the program
svccification or in essembling the pack according to the pack
assembly instructions, i.e. cards in the wrong order or with
wrongly punched perameters, If the progrem has a specified
result for any data, correct or incorreet, then the latter will
be immediately identificd. The uscfulness of this is somewhat
rcduced by the fact that the sccond sort of mistake or esny other
input without a spcecificd outcoiie may producc & mislceading
outcome,

Ln operating mistake, The opportunities a programmer has for
cnecouraging thesc have alrcady been mentioned.

i mistake in thc subsequent proccsses.  Lfter the computer
hes produccd the right cerds, scrting, printing or copying
crrors may occur. The actual cerds produced by the computer
with sufficicent identification for their original order to

be reconstructed should be aveileble while investigating a
suszected fault.

Continuation to: IS y 8(



