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SIDJl~~~

This report triofly describes an approach to the job of writing a oompUtor
progr::<m ";rhioh might lead to marc efficient working 'both on and oft tho
co:~putor. Reference is made to various programmed a.nd engineered facilitic3 "

I

whJ.oh aro availe.ble to those writing programs for DEUCE.
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FP.INCIPLES OF PHOGRAHf"iING

1. INTRODUCTION

A good )rogram 'will be able to satisfy

The four most im@ortent ore that it is :;

a)

criteria beyond that of "working.
simple to write,
simple to 'l;ast,
simple to use,
simple to understand and alter.

Beginn'.3rsoften ul1Clcrest:i.matethe importance ef simplicity and method in
progl~ah1writing; these '1.,70£'.reas important o.soptima.lcoding and "tricks"
which frequently have more at:;entionthan they deserve. This note frames
sofiequestions ~hich will help to achieve a good style, if they are an~verod
at a sl~ficicntly early stage in planning and writing the progTam, and gives
advice on finding the answers. Answers vdll often nood to bo found before any

actual progral1'.mingis attemptedand in all cases before the progl"'Dt:l reaches
the co~putcr for its first test. Complexities in programming usually arise
because a problem has been tackled too IGte, or in the wrong way.

,,!ucstic.n.s.

1) Is the program ~othoQically organised?

2) H~vo checks been programnwd for computations whercevor possible?

3) Does tho program start by establi'shing uniform conditions in the 80mpUter?

4) Hr\s th'J prograDiuing been rc(1uccd to a minimum by using library subroutines?

5) Can tho program bo rost~rted without reading in the ~ards again?

6) Have ;you. the follovring "'ll~5.tten inform~tion?

a) Logical flow diagr~ms?
i) Flow di0gr~ns?
0) Coding crheots?
a) L:i.st of subroutines useo. with tileir requiremonts I results

and failure indic~tions?
0) List of all the card.s goj.ng into tho oomputer?
f) Information on data, and results e;.-pectod?

7. Has the:ctate beon prej?cred for test cases?

8) HDVO you.tho ~70 typos of practic~l knowledge for testing your program:

a) Use of keys and switches?
b) Usc of prce.rsl1'.mec1aids) notably P()S~: j~"~'.'i."E;A:ZP29?

2.1. Introduction.

A ?rosr~m is usuclly stored.on the drQ~ as it is road into thG com~uter,
and is brought dO»TIinto the high-speod. storo in iJanagcDblc chunks o~llcd
sections.

;2.2. Storing :Progr[~ms on Drum

Progr"r.1s exist which willrea~ trieds continuously and store thor:l on tr~lcks
of the drum.
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a) Read to Drum ZP14 - is a tvlO card program ~hich is pl~ced in frontof the
triads; enoh triad must have P15 + T x PI? on the Y-row of its first card,
except tlwt if the tri£ld is to go to the ne:ct track (T+l) the Y-row may be
left bl~nk. The last triad &150 has a P31 on this row. '

b) Track l.ssombly ZF04 - is Cl 3 cr..rd progr:'tQ Which needs a parameter card
for each group of triads going to consocut1~c tracks. The p~ramet0r card has
TO x P5 on thc Y-roYIwhure To is the first tJ:'ack of the block to be filled, and

N x PS on X-row where N is the number of traoks in this block. O-row is non-
zero if the block is not the last.

0) Advantages of ZP14 and zro4 - ~oth t:. c~c prog1;!amsmake it possible to put
normal headings for NIS DLs on tr1adsj wh1ch is Usefulfor identifioationwhen
nl$ldng e.ltc2ations, etc.

The HUI!lbyOard (describ0d on page 58 of the }):oogr:lr.'lmingMtmual) .annot be
recommended for this ro~son. .

d) Misuse of ZP14 &nd ZF04 - theso programs arc not intended to be used for

storing data on the drum. Dc.ta is uauall? in Conunsuitab:J,c form for thOOl, c.S?
in decimal or in standarel. 1i18trix fow, or 1n the '7!'ong order. It willbe
necessary to write ~ section of your program to read the data and store it on
the drum.

2.3. Brin12;inl';Down the Sections

Control Routines have boen mad~ that ca~ be entered with a param0tor to indi-
cate which section of )rogram is next requ~rcd; they bring down this soction and
enter it. T':"-{o arc described in DEUCENews 12, 'Oaras 9-11. ~ch is pert of an
Assembly Scheme which lays dO<7nrules for ~sing its routine to bring down tho
procrram L"lOst simply and powerfully. It '\Vl.ll therefore usually be best to adopt
one c:.of these schemes; a brief' comp.'Jrison may show \7hich is the more suitDble
for your program.

a.) The R.A.E. Scheme - is tho more general: Tho soctions it controls need
not specify their successors; so any soct1on can be used as c closed subroutino

with entry and exit specif'iedby a mas~er routine eompilod by the pr ograminor .
This means th~t c:. section canbe used :Lnrover::.l contexts and so existing
sections m~y be able to be incorporatod una.ltel~d into the progr"m.

b) The English Electric Scheme - is s~plcr to Usc'
its successor. This means, however, that n Socti~n
in another context.

each s~ction specifics
cannot be uscd unaltered

.'
c) Restrictions - both sohancs impose a few r~strictions on the layoutof
inscruct;ionsand dat~ in the high-spuvG.store, etc., Cind should therofore be
stuC'Li0d bl)fore tic progrBLl is written.

2.4. QdJ:.

The General Interprctivo T-'1.'ogrt1ffi(G.I::P.5) is c.nother control routino which
incorpor~tes several useful features at the expanso of speed and this sotsit
apart from the two routines mentioned above. It is used matnly for compiling
programs from rea.dy-made pr?grams callo~ "~ricks" of Ylhich th.:;ro arc; Dlrcady a
lcrge number in the DEUCEhbr8~J. Th~sloB fUlly described in DEUCE N<...'UB10.

2.5. Rostarting.

.An advantD.ge of using an D.ssorably schenlC is 'Ghat should thc program
inexplio8bly go wrong, it will often b? po~siblc to'go b~ck and rcpoct more
cautiously that 1=art of th(; program 7h~ch ~B trollblesomc. The prooedure is
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'GOrestora cOIltrol to the: or~t.nisinbi routine, and then to bring dovm f'rem the
C~U8 and ontox the a~prol~iat0 section of th0 program. Rostoring control is
",chio'1o(l by r::>aain,g in the Scheme's olm smallRestore Control program (thero
is also a r;:d:;hor slow nwnual i"tlcthod of restoring control to G.I.P.)

3. FECGRA11: D"RSIGN

3 .1. 131..9gJc _Pia grtLnJ

..\n ovcl'all di~graln should be written in vrhich the lIunitsll arc blocks which
each contain suffi~icnt action for onc section of the finnl program. This
action will usually OITlploymost of the high-spce;d store. Exporit:mcu will show
how much groLmd a block C0n cover, and at first it is better to ~wko blocks too
smell ratherthan .too large. Block divisions should not cut a~ross iterative
locps unloss the si~o of the loop makes this unavoidhble.

3.2. LogicL\l 13'1.011D~

Theactionof C6ch section must be broken dovm into small and s~~plo steps,
and D diagrAm mado in which e~ch step is represented cy&Ibraeoor ~ question.
This is the logic/:Il flovr diagram. The construction of the 10gicDI flow diE'.gr!lm
is the "mcDtlt of progl'3m writing, and if it is done w).th care and ime.gination
its trD.ns18tion into computer language and the subs'1quent testing and opcr~tion
of the progrm~1iTillbe achieved w:.thout any great mental effort.

3.3. Usc of store,

a) Use of Drum within Section- it should not be necossary to fetoh instruct-
ions I'rom tho drWTl within e. section. How-ove:.:', date. and results Vlill of ton n0'Jd
to be fotoh0d or s'i;;or-Od, Dnd SooC of the subroutines classified under B (in
pc,rticular B(6) (}t\.r.P,) recomnendvd for f0tching and storing oontinuously vrords
in consecutive moa of tho drur,1 (vrhorc Jtjra.k T, me 31 is followed by tre-ck T-I'l,
mcO).

b) Use of H.S.Sto1"G Within Section - a genJral layout of tho high-speod
within c.!\ch S.:;ctiOIl, taking into aocount voluT!loof data to bo prooossed
subroutines to DO asod, 'shoLtld be !:Wele.

store
and

Do not oix dD.ta w:.i.th instructions; keep instructions in lO'~7cr :;)Ls and
cb to in hi ghor DIas.

)f

TIts 9 and 10 arc of ton usoful as ~ consecutive s~orc for working duta, e.nd
DLll is usccl by aagnutic opor!;tions, so it is bost ';;0 arrange that pal1.£11I1oters,
ooun tors e,",)Q~'ls:rl~ors, oSj?ociL\r.y those whichha vc to bc; pros0rvcd from section
to sootion, arc storod in DL12.

3.4. Instruotion FLow Di~g~.m.
~ ~

The :tnstruction flow d:i.agt'st1 c~'.nbo o.ttoi:1ptudwhen the block diDgram, layout
of store and. logic~l d~agram hav0 gll boen \vrittcn.

Cod:i.ngDna punching should. bo thoroughly chockod bofure the progroffi is put
on th0 com}?u.tcr for its first test; the progro.n1 Zro6/1 is often usocl for
.hecking. tltcrn~tivcly,coding shouts C8n bo checked by oalculLting and
Yl"ri"i:;ingon Jchc sheots the me of trrc,nsfcr £\nd of next instruction from the We.it

and T;ming n~~bcrs, and honoe reoonstructing tho flow diagram.
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11n},')nuc.l on progr£.m t0sting is being pre~red.

./ 4. UNIFOkFi CONDITIONS

Before a no~ prograo is read into it, the computor will huvc scraps of
&~tcand instructions left ,by the lest user's prcgrom, ~ndwill have drm~ h~\ds
and possibly ext. 'mal keys an," snitches in undefined positions. The p:t'ograt:l
being read in may not be independent of the stato of the machine, and while
this twy be intentional, o.g~ a progr~m may use data left on tho drum by the
lest progrmn, it is sometimos unintentional, so that the Dlaohino D.pl:Cars to
b~~vc inconsistontly; this is sometimes wrongly nttributed to Dmachine faUlt.
Th0refor0, when the pro~a is the first of D self-contained sequence, the
computer should be in lis standard state.

4.1. A Stanlli~rd state

A. ID lamps cleared
1.11 keys lovel, oxcept stop key
stop key at NORHAL
:Punch run out, .1Cllred and. ReC\dy.
RaaCiar run out and any oards removed from stackJr before pack is put in

hopper.

B TS COUNTcleared
High-spoed store cleared.

8: TCB off and parity established.

~ Drum 'cleared.
Drua heads at zero.

E Tal. off

4.2. How to Lchieve a Stanc12rd state

&.. Every-ching under heading 1. should be check0d first, ..81though it is
considered goodmanners for th0 person handing over the machine to
do this.

B is achieved by using Initial Input key.

C is achieved by making first csrd an Initi~l Card.

D is achieved. by using Clear Drum progrm<l - zp13/l.

E is aohieved by never assuming th..."lt TCL is off!

It is often: useful to be ablo to put the computer into a state for roading

in more progr::un in phase with tbJ.-.t already there. This is I:l;)st con'Tonicntly
achieved by usingono trackof thedrumas a "Clock Track". .A "Synchronise

Clock Track" progrDrJ. can c~c.~rti..nethe clock track and. thus put the ocmpu"Gcr
into this state. The thro0-cerd program nSet or Synchroniso Oloc!<: Trc.ck"
(ZP34) will, if placed after the C}.m:.r Dr1Jr.1program, put on Track 1.5115 a
clock track which is charactoriseG. by a P3l in mc 16. If ZP34 is sUbsequently
put at the beginning of another progr31~l this will be readin in phasewith
the one a.lro:'1dythere, providod, ,of course, toot the,clock track h~s not boen
ovorwritten. Incidentally, ZP34 clears TCb. l.lso the }?l"':)gram Pest lfurtctl
(ZP29) will synchronise viith this clock traok.



"...t.,."",,-,,, .,..."" , _._._......._...__

STAFFORD E. E. CO. LTD.
H Tb'Elf:..TICS DEP1.RI'HEN'!.

Sheet No.: :J.

To s~ up, Il program pDck normally stDrts with:

1) Initial Card;
2) Clear Drlin - ZP1;5/1.

3) Set Clock Traok - ZP34;

and is run in on Initilll Input koy aftel" keys :md switohcs on Oont1.~o+ :Panol
[lnd Hollorith equipment have boen checked.

5. Di.Tf~FOR TESTING THE mCGRlJiI

It is wise to t0St tho program first with data that is slight'in volume
and oomplc~ty so that results can bo ch~ckod with tho min~lum of effort.
Usually not meroly final rosults but also partiel results arc recovcrod from
the computer, tho latter at frequent intervals throughout the progran. Those
are compared ,rith hand calculGtions. The object of t~is is to localise
progral!Jl:1ing OI':!:orswhore they exist.

Tho output of the intori!lediato results can be progr~mmod (punched card
output is more valuablo t~~n OS lamps output) and this part of the program
short-oircuited whon the rosults are correot. Alternatively,whore tho tester
is p~opared to saorificothe facility of continuingwithout restarting tha
program, the Post Uorteli1 program (ZP29) can be usod to punch out relevant
parts of tho computer stc''1;'e. Usually only trivial vcrifications, such as
the state of a counter, can economicallybo made from the monitor display.

Dat~ for later tests should strain the program by its volume or complexi~i.

jVhen a program has boen altered to oope with an oxtreme case, it is important
to check that it still works for the normal ease.


