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SUMMARY

This report Wwricfly describes an epprozch to the job of writing a2 compltor

progrem whioh might lead to more efficient working both on and off tho
Gﬁf‘l_llﬁutcr. Rofercnce is mado to various programmed and cngincerced facilitics
which arc availablc to thosc writing progrems for DEUCE,
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FRINCIPLES OF PROGRAVMMING

1., INTRODUCTION

4 good :rogram will be able to satisfy criteria beyond that of "working,
The four most important are that it is a) simple to write,
b) simple to test,
e) simple to use,
d) simple to understand and alter.

Baginners often undcrestimate the importance of simplicity and method in
vrogram writing; these two ere as important as optimal coding and "tricks"
which frequently have more atiention then they deserve, This note frames
some questions which will help to achieve a good style, if they are answercd
at a sufficicntly early stage in plsnning snd writing the progrem, and gives
advice on finding the answeors,  Answers will often need to be found before any
actual programming is attempted and in all cases before the progrom reaches
the computer for its first tost. Complexitics in programming usually arisc
because 2 problem has been teckled too lote, or in tho wrong wey.

Oucshticons.,

1) Is tho program methodicslly orgoniscd?

2) Heve checks been progremmed for comvutations whorcever possiblc?

3) Docs tho program start by esteblishing uniform conditions in the eomplittcr?
4) Has ths programaing boen roduced to & minimum by using library subroutines?
5) Gan the program be rosterted without rcoading in the vards again?

6) Have you the following writien informotion?

a) Logical flow diagrems?

») Flow disgrams?

¢) Coding shoets?

d) List of subroutincs uscd with their requircmoents, rosults
anéd failurc indicctions? e

e% List of all the cards going into the computer?

f) Informetion on data, and rosults cxpoctod?

7. Has tho date becn propsred for tost cascs?
8) Heve you tho two types of practical knowledge for testing your program;

8) Usc of koys and switches?
b) Use of precgremmed aids, notably POSY QTR ZP299

2., FROGRLIT ASSH BLY

2,1, Introduction.

& wrogrem is usuelly stored on the drum as i1t is rcad into the computer,
brought dovm into the high=speod stors in usnsgesblc chunks eoclled

m
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2.2, Storing Programs on Drum

Programs oxist which will rcad trisds continuously and store them on trocks
of the drum,
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8) Road to Drum ZPly - is a two cerd program vy
triads; cach triad must have P15 + T x F17 on
cxcopt that if the triad is to go to the next g
loft blank, The last tried elso has a F31 on ¢

ich is placed in front of the
the Y-row of its first card,

rack (T+1), the Y-row may bo

his row,

b) Track hsscmbly ZFOL - is 2 3 0srd Progroa which needs & parsmoter card
for cach group of triads going to conscoutive tpqqs The parsmoter cerd hes

TO x P5 on the Y-row whore Tg is the f‘:.rth track of the block to bo filled, end
I x P5 on X~-row whero N is tho number of trecks in this block Desiow &5 vobe
zero if the block is not the last, ST *

g) Adventages of ZPlL and ZFOL - both t: csc Program
normal hoadings for NIS DLs on triads, which ig 4,
making zlte:ations, ete.

s make it possible to put
ful for identification whon

The Humby Card (doscribed on pags 58 of the rpg siaing Ry SRR b
rocommended for this reason, et )
d) Misusc of ZFlh snd ZFOh - thosc progrfeis srs not intended to bo used for
storing data on the drum, Data is wauslly in oy ynguitablo form for tham, c.g,
in docimal or in standard wotrix fomm, or in the vyons order. It will Wy -

necessary to write a scetion of your program to peag the dsts wad shore 1t on
the drum,

2.3. Bringing Down the Scciions

Control Routines heve boon made thet cal be epyepag
catc which scction of Jrogrem is noxt roquired, they bring down this scotion and
entor it, Two arc described in DREUCE News 12’ paras 9-11, Esch is pert of an
Asssambly Scheme which lays downm rules for using g.ts Foubine to bring down tho
progrem most simply and powerfully, It Will theoperore usually be Tost 1o adopt
cne of these schemes; e bricf comparisol ey shoy which is the morc suitable
for your program,

with a paramcter to indi-

e) The R.A.E, Schome - is the more genoersl. Mhe sootions it controls nocd

not specify their successors; so any sccbion csp pe used as & oloscd subroutine
with oentry end exit spoecificd by & master routing compiled by the programamcr,
This mocans thet ¢ scction can bo used insoversl oopntexts. snd so oxisting
sections mzy bc oble to be incorporated Wnaliopeq ints tf’lﬁ progren,

b) Tho English Blectric Schome - is simpler {o g
its succcssor, This mesns, however, tha
in anothor context,

£ ¢; each section spocifics
& Suction cannot bo used unaltercd

¢) Rostrictions - both schomes impose a fow rustrictions on the leyout of
tnstruchd ; ahe i he high-goeed gtone i :

ins ..J_.uu{.z.ons anrl‘ date in tl.c_a hlg}} spucd storg, cte., and should therefore be
studiecd bofore tie progren is writion.

2.4, G.I.F.

The Generel Intorprotive Frogrom (G.IWP.5) 45 T R T P
incorporates seversl uscful features et the oxpenge of spocd, and this sots it
apart from the two routincs mentioned above. It ig used ma;_nly for oompiling
prograns from rcady-modc programs called "brickst op whinl thers s fircaty &
lorge number in the DEUCE library, This is Pully dosoribed in DEUCE Nows ?LO.

2.5, Rostorting,
h) o o £ ing & - e . . .
An sdvantege of using an osscably SChouC is hay  should the program

‘j_ncxplical‘bly go "frong, it '\.‘fill Dfﬁcn "D\j lJOSSiblO t’o E"O 'bac}‘ and I*GI)‘JD.{Z rore
cautiously that pert of the program which 1s troup)osemc The proccdure is
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o restore Gontll'ol to the orgenising routine, and then te bring down frem the
c“lru;t and cntor l’-l:lﬁ &bproariate scetion of the prograa, Rostoring control is
&ohicved by rsading in the Schomo's ovm small Restore Control progrem (thero
is elso & rethor slow manuel mothod of rostoring control to G.I.P,)

3. PROGRAM DRSTCN

3.1, Block Dia gromn

4n overall disgram should be writton in which the "units" are blocks which
cach contain suffielicnt action for ome section of tho final program. This
action will usually omploy most of the high-specd store, EBxperience will show
how much ground & block csn cover, and at first it is botter to meke blocks too
small rother then oo large, Block divisions should not cut seross itorstive
loops unless the 83Z¢ of the loop malkes this unaveidsble.,

gice ) i
3.2, Logical Flov Dicpran

The action of o2¢h scction must be broken dovn into small snd simple steps,
and a diagrem made in which aa

ach step is roprescnted by &arhrasc or 2 question,
This is the logleal flow diagrem, The construction of the logiczl flow diagrom
is tho "ameat" of progrem writing, snd if it is done with carc and imagination

1ts transletion into computer language and the subshquent tosting and operation
of tho program will be achicved without eny great mental effort.

3.3. Usc of Store,
a) Usc of Drum within Section - it should not be necossary to fetch instruct-
ions from tho drum within e scction, However, datc and results will ofton nood
to bo fotehed or stored, and some of the subroutines classificd under B (in
porbicular BO6) oon be rocomonded for fotching and stering conbtinuously words

in S;onsecutivc mes Oof the drum (where troek T, me 31 is followed by treck T+l,
mch) «

b) Uso of H.S.Store Within Scotion - a gonecral layout of the high-speed store
CRFR e r it e 50 g
within cach scetlon, taking into account volume of data to bo procossoed and
subroutines to bo Bsod, should bo mede.
Do not mix data With instructions; koop instructions in lover DLs and
dota in highor DLs,

DLs 9 and 10 2rc ofton uscful as = consceutive store for working duta, end
DL11 is uscd by megnotic oporstions, so it is bost to arrenge thet peramctors,
countors and reriols, sspocialiy thosc which have to bo proserved from soction
to scetion, arc stored in DL12,

3.4, Instruction Flow Discren,

Tho :Ln;s-i;mot:‘_:n flow diogren con bo atteapted whon the bleek diagrsm, layout
of storc and logical diagren have nll been writton,

3.5 Ooc‘-._’j.pg v:=.nrc1 Pwlching

Coding ond punching should be thoroughly chockod boefore tho progrom is put
on the computer for its first test; the progrem ZPOE/1 is oftoen used for
ehacking,  Alternedively, coding shects cen be checked by calculsiting and
writing on the sheets the mo of trunsfer and of next instruction from the Weit
end Timing nmbers, and henoe reconstructing the flow diagram,
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3.6. Frogrem Testing

4 manusl on program tusting is being prepered,

L, UNIFOR* COHDITIONS

Before o now program is read into it, the computer will have scraps of
dute and instructions left by the last uscr's pregrom, snd will have drum heodsg
end possibly cxtornal keys end switchos in undefinced positions,  The progran
being read in may not be indenendent of the state of the machine, and while
this may be intentionsl, c.g. a progrei may usc data loft on the drum by the
lost progrom, it is sometimes unintentional, so that the machine =zpiears to |
becheve inconsistently; this is somoctimes wrongly attributed to ¢ machine faulg,
Therefors, whon the progren is the first of 2 sclf-containced sequencc, the
computor should be in a standerd state,

4,1, A Stendard State

A. ID lemps clecarcd
A1l kcys lovel, except stop key
Stop key at NORMAL
Punch run out, slcercd and Ready.
Reader run out and any oards removed from stacksr before psck is put in
hopper.

B T8 COUWNT cleared
Eigh-speecd store clcarcd,

@ TCB off and parity cestablishoed. 3

s |

Drum oleared.
Drun heads at zero,

E TCL off

L.2. How to ichicve a2 Standerd State

4. Bverything under heeding L should be chocked first,.slthough it is
considerced good manners for the person handing over the machine to
do this,

B is achigved by using Initiasl Input koy.

€ is achicved by making first card an Initisl Card,
D is achicved by using Clesr Drum progrem - ZP13/1,
E is achieved by nover assuming that TCL is off!

It is ofton-uscful to be 2ble to put the computer into @ state for resding
in merce program in phesc with that alrcady there, This is most conveonicntly
achicved by using onc track of the drum as 2 "Clock Track", A4 "Synchronise
Clock Track" progran can cxoniinc the clock treck end thus put the computer
into this statc, The throo-card program "Sct or Synchronise Clock Trock™
(zP34) will, if placcd eftor the Clecr Drum program, put on Treck 15/15 e
clock track which is chersctoriscd by a P31 in mc 16. If ZP34 is subscquontly
put at the beginning of another progrem this will be read in in phasc with
the cno slrecady therce, provided, .of coursc, that the clock trock has not boen
ovorwritten., Incidentally, ZP3L closrs TCi. 4lso the program Poust Mortonm
(zP29) will synchronisc with this clock track,
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To sum up, & program pack normelly sterts with:
1) Initial Cerd;
2) Clecar Drwna - ZP13/1,
3) Sct Clock Track - ZP3k;

and is run in on Initial Input koy after keys and switohes on Control Fanol
and Hollerith equipment have beoen chocked,

5. DiTL FOR TESTING THE FPRCGRAM

It is wisc to tost tho program first with data that is slight in volumc
and compleXity so that results can be chackod with the minimum of offort.
Usually not mercly final rosults but slso partisl results arc recovered from
the computer, thc latter at froquent intcrvals throughout tho progranm,  Thesec
are comparcd with hand caleulotions. The object of this is to localisc
programaing crrors where they oxist,

The output of thc intecramediate results can be progrommed (punched card
output is morc valuable then OS lamps output) and this part of the program
short-circuited whon the results are correct, Llternatively, where the tester
is preparcd to sacorifice the facility of continuing without resterting the
progrom, the Post Mortom program (ZP29) can be used to punch out relevent
perts of the computer stere., Usually only trivial verifications, such as
tho statc of a counter, can econcmically be mede from the menitor display.

Data for later tests should strain the program by its volume or complexity,
When a program has been altered to cope with an oxtrome case, it is importent
to check thet it still works for the normal easc,




