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1 SUMMARY.

EASICODE is a translatlnn progranme intended for use in
most cases where a normal fixed-poimt D,E.U.C.E, progromme
. 1 could be written, It adopts the convention that all numbers
[ . have modulus less than one. When greater accurcoy is required,
' : the programmer nust resort to other techniques such as floati: g-
. polnt arithnetic ( which is used in most Interpretive Sohemes.,)
[- Experience gained at Whetstone shows that such accuracy is seldom
| regzired ond so BASTCODE Mark I is designed to work in fixed-
. PO .
Barly tests indicate that an Easicode programme is two or
three times slower than o conventional D.E.U.C.E.programme but
| several times faster than floating~point interpretive schenmes, -
¥ ‘ Sencegueortly Mt AL frncuontlys Te worth while 4o uec RASTCODR
' Jnvpielﬁxeuca AP ngl&ﬁwritinﬁ' & programins in view ot the speoud
of preparation obtoind with EASIC(TE,
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INTRODUSTION.

This is a preliminary report on a translatbi

| s Limine a translation programme for
D.E.U.C.E., onlled BASICODE, which is being developed at A.P.D
Whetstone. Y

There iz o large olass of problems, which, 1f program ing
exlsting floating point interpretive scimmes, ;fouldpusz a gighzgilgve
anount of nachine time, yet which do mot justify the writing of a con-
ventional D.E.U.C.H. programme, EASICODE is a progromme which can be
used by programmers or others in order to produce a fixed point
D.E.U,C.E. progranme, without the usual time end effort this would take
if progroammed conventionally.

 BASICODE is a translation programme that produces a D.E.U.C.E,
}:::rogramme fron o set of deocimal multi-address orders. I is not an
:!_ntcrpretivo schene as the transloted prograomme contains only D,E.U.C.E,
instruotions. The decimal orders arc semi-symbolic in forn as & nixture

o:t;‘ renl and symbolic addresses is employed in order %o simplify progrem-
ning to the extreme.

Phore are two main types of ovder ; mathemotical and orgenisational.
Tho lotter are awbtonatically inoluded in the progromne, &s are the
arithmetic functions, and are elways inmediately available due to thelr
being retained in the fost access gtore. Orders whioh require functions
other than those reforred to above use subroutines from the D.E.U.C.E.
librery. Thus the input to EASICODE consists of the decinal oxders and
any subroutines required hy the progroumers The resulting fixed point
D.E.U.C,E, programne 18 inevitably slower than a hand~written progranné,
as little attempt is made during translation to obiain the gtondard of
optilmisation such as ig norrally achieved by 2 N.E.U,C.E. progromuist.
Howevor, it is worthy of note here thot M.E.L. Whetstone are preporing
o programme oalled AUTOCODE, whioh will optinunly ocode any progromme.
Thus it will be possible to convert & togted EASICODE programme to on
optimised D.E.U.C.E. programic.

As speed is the nain objeot fixed point working is8 naintained in
preference to floating point, and o1l purbers used rnust be scaled fo
have nodulus less than one. This introduces s0MO inconvenience during
progronming, bub by use of the sooling faoilities provided this has been
minimised. The diversity of orders pernissible gives greot soope Lo the
ingenuity of the programmer without destroying the csgential baslc
gimplilcity of tho schenc.

Great oonsideration has been given to the question of input and
output of data end consequently it hos been deoided that & wide range of
punching srrongenents should be included. Thus, problens of o data
processing nature ore also suitable for EASICODE progrommncs.,

To enoble physioists and engineers to use EASTCODE with o mininun of
agsistonoe during programne testing it was deoided that none of the

testing faoilitles ghould require any knowledge of binary. This principle

has beon extended to oover the entire use of BASTCODE,

STORAGE in DB U CoEe

D.E.U.C,E. has two moin storage levels; tho high speed (which is
the notual working store) and the backing store. To attain reaso'nableb
speed on the naohine some control of the use of the former is v st il
the progrommer. This allows subroutines and date whioh are frequently
required to be petained in the high speed store for os long o8 Ne0GISLTY.
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This fnoility results in the need for fetoh and store orders connecting
the two levels of storoge. These orders, though simple to write, are
ful}y comprehensive and consequently great saving in mochine time is
gchleved ot the low cost of a few oadditionel ourders. The itranslator
1ncorp9rates a large cheoking routinc to ensure that the fast store
qges, in frot, contain the correot subroutines and dota ot cach stege
in the programme. This check, when perforined witheut failure, will
guarantee that the resulting progromma contains no continulty errors
which might arise from faulty logic on the part of the user, or just
from mispunched order cords. Henoe it is imposgible for data to be
obeyed as instruotions or conversely for imstructions to bo used as
dato os oon happen in conventional D.E,U.C.E, programmes.

Storage is required for the following three purposes :-

1. D.E.U.C.E. instructions -~ used in aubroutines.
2, Numbers (modulus £1).

3, Inbegers (modulus < 32768) = uaed in counting.

Bach number, integer, or D.E.U.C.E. instruction ocoupies one word-spooe
and the moohine stores these in groups of 32, which cre defined asg
BLOCKS. The user of BASICODE is allocated 6 blooks in the high speed
store (A, B, G, D, B and F) and 192 in the backing store, numbered
soquentially from 1. The 32 spaces in each blook are numbered from

01 to 32, Thus 415 designotes the 15th word space in block A of the high
speed sbtore. AQO is token to mean the whole block A. Eonch bloock of
nurbers 1s oyolio in that just as position 1 is followed by 2, so 32 is
followed by 1. OFf the 6 fast blooks only 4 can be uged to held subrout~
ines but all 6 are available for deta storage. Note, however, that only
the library subroutines introduced by the programmer need gpace in the
four blocks possible as the standard funotions as 1isted in Appendix I
are permonently retalned elsewhere. This menns thot the 6 blocks ove
used to stors data and special subroutines which are in opurrent and
sontinuous use. The backing store contains permanent coples of all the
librory stubroutines needed, so actually less thon 192 blocks are avail-
able for dato storcge., It is reasonable to ossume that the data storage
comprises ot least 160 blocks (i.e. ovexr 5000 numbers) «

ORDERS,
(1) Bosic Form,

An order is basically of the form £(x,y )2, 1.0, quoantities
denoted by x and y are operated on by funotion f, and the result
placed in z. (In some cases tho funotion dis not mathematicol in
noture; for oxample - housekeeping ordsrs like “"Fetch Subroutine”
which mersly positions a subroutine in the fast store ready for usG) .

Dopending on the funoticn speoifiod some of X, ¥y ond z may be
unneoossary, in which case they are onitted from the order. The
tronsaltor automatically checks for oompatibility of £ with x, ¥
and z, Thig provides some check that £ hos not been mispunched.

An example of o sinple order is ‘chot of multiplication. This
is spooified by £ = 1

i x v £
1 203 ‘BOB C17

This oouses the number in position 3 of blook A to be multi-
plied by the number jn position 5 of block B and the result to be

placed in blook O, position 17.
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ginilerly, for non~arithmetic functions.

Gsfo = 2R will reod one decimol number from o card.
Thus i b s y 7
25 - - BO2

vill reod one number and place it in position 2 of block B.
To punch one result on a cord the function No. 26 is used.

i X ¥ Z
26 B19 - -

will punch the number in block B positien 19. '
%

Po read three numbers, multiply them together, and punch the
repult; the following orders could be used.

25 - - AO%  Rood No. to AO1.

25 - - AO2 ReoRom p02,
25 - - A0% oo A3,
1 AOA A2 MOk AQTxAQ2 placed in AOL.,
1 A0k 403 405 AONxAO3 placed in AOS,
26 AOB - - Punoh No. in 408§

Tf +the numbors orc not required after their product is punched out,
then the partisl products can be placed in the positlons oocupied
originally by the nuthers.

Thus 1 pilexl A2 HO4.
ocould be rewrltten as

1 AOH A2 201

and 8o on.

(i) Jump Fooilities.

Orders ere normally oboyed in the sequence in which they
aro given, ond hence do not need to spoocify the next order. However,
provision is mode for brecking this naturel sequenoce by the inclusion
of conditional and unconditional Junp faoilities. In such cases tho
out of sequence order to whioh the jump is made muat bo specificd
symbolically by o number between 1 and 96, oalled its symbolio
Toontdon (S.L.). Obviously no two orders con have the some
symbolio looation bub ony number of jumps oan be made to any ono

order.
For exomple, f = 8 is the conditional juap for x = 2 or nob.

Tf x = » then tho next order in sequence is obeyed, otherwise, the
progrois  tokes ad its next order the one specified by the symbolio

next nddress (S.N.A.) clement of the ordexr.
This is boest 111ustrated by demonstwoting how this order would
be used in praoctice.

Suppose it is required to punch the number in A13 if it de

non-zero ond thon +o veod in onother nurber to A3,
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A programme to do this 1s as follows :»

Cord No. o o hd 2 sL SIA
21 8 A3 - 000 - 1 Is M3 = 09
22 25 - . L3 10 17 Road ton13.
23 26 A3 - ~ i 10 Punch A3,

The card numbors hava beca ecbiteorily nssigned. Owder 21
checoks if A13 ds =mero. (This funstiion usunlly conalders whether
X = % or nobt. The above ig o special foru.)

a) If it is woero thon the noxt order in natural scquoncoe is
obeyod - i.e. No.22, and thls recds e fresh number into A13 as
required, As this oxder has a S.N.i. punched, tho progronte now
Jumpa to the order (not in tho ahove thres), which hos o S.L. of 17,

b) If Al% is non-zero the notural sequence is brokon and the
order with 8.L. of 11 is Lteken as next, i.c. No.23. This order
punches A13 and due to the S.N.A. of 10 juaps to order 22 which
has a 8.5, of 10. The progrome then oontinues as dn the first case.

(311) Soaling.

Due to the limits imposed on the size of numbors (i.e0s modulus
41) it mey prove nocossory ot certain points in the progromme to
sonle the numbers in ordox thot thoy should remain valid ond also
that full accuracy can be meintoined.

The result of any mathomnatioal operation can be sonled by ‘the
inclusion in the order of o peoramotor S. This perametor is punohed
immediately after z, the rosult address.

There are four soaling factors avodloble :-
%, 2, 1/10, and 10,
which correspond to paremeters 1, 2, 3, ond 4, reapeobively. -
Thus, to wultiply the nuubor in A29 by the number in F02 and to

place the result, after hoving beon soaled Aown by 10, in G135, tho
following order is sufficient -~

f x y 4 3]
1 AP9 T02 13 3

Sealing cannot bo used o roduce a number which has already
oxoeeded the prosoribed limits. Should scnling up, by 2 or by 10,
couse & number to exoeed oapaoity, o foilure indiection is given
(sec Appondix II).
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(iv) Complete Order Form,

At this stage 1t 1s necessary to desoribe the complete layout cf an

order,
Col, Nos,
12 £ The function MNo., between 1 and 96
3m5 od The Tirst data address e.g. AtB,
6-8 s The second data eddéress.,
911 E The result address,
12 ] parametcr - for scaling,eto,
1 3=k 3.5, Symbolic Looation, hetwecn 1 and 96,
165=16 S.M.A. Symbol ic Next Address. between 1 and 96
17-19 M’l ' .
2022 M See M ification of Qrders.
23-25 M3
26 P Optional punch digit,
27 @ Stop digit.

Normally only £ ond such of %, y and z as are nécessary necd be punched,

5 is punched Lf the function nceds o parancter, 8.0, need only be punched
ift the order is a join point ; whilat S.l.a. is punched for conditional
and unconditional jumps, The elements M,! - Mg, N 5 of the order are connected
with order meodification.

The final two elements l.¢. Optional punch, and Stop digits are used
mainly for programme testing (q.v.).

The elements %, ¥ and z (and also Mys Mp, ¥z - see order modification)
are sauch of 3 digits, usually a block letter foilowed by a two~digit
position number. However when using any of these elements to specify a
drun block all three digits are uscd numcrically,

3 MODIFTICATTION OF ORDERS.

It is frequently vequired to obey one or more orders repeatedly but
with different date locations ecach time. This is made possible by employing
onc of the two methods of modification of orders which are incorporated in
the Mark I version of Baslcode, For cases where onc coeration is to be
opplied 4o a set of consecutive numbers forming part or vhole of a black
tabular modification is most suitable. If the modifigations hich must be
made to the address specified in the order are not just of a simple tabular
form the second system, ocalled modify is uscd,.

These facilitics are called by speeifying suitable parometers in the
orders

(i) Tebular
Tabular modification is best illustroted by an example:-

Suppose we have a sct of numbers in consecutive positions of a block - then
this 18 defined as a columm of mumbers.

To multiply each number of a oolumn, of length 10, starting at AO4 by the
corresponding numbers of a similar column, starting at BO1 and place the
resulting colunn of numbers in block A starting at position 19, the following
order 1s sufficlent:-

T % ¥y 2 ) My Mo MB
1 AOh. BO4 A9 - 010 010 010

The paremeters M,, M, and Mz, corresponding to x, y, 2 respcotively,
indicate the colunn 1ongtﬁ of the tabular working, by o two digit number,
which must be &€ 32, The szero preceoding this column length is to distinguish
tabular working from the gencral modification of orders (q. Vo)o
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In orc}er to perform some operation on a constant and a column the M element
corresponding to the data position of the constant is ignored.

Thust -
f X ¥ % 8 M4 Mo M3
1 AQL. BN A - o0 - Mo

would causc cach number in the column starting at AOL to be multiplied
by ‘thc:) number in BO1, with the resulting ocolunn of nunbers being placcd in A
starting at position 19.

As has beon proviously stated each block is cyclic - hencc a column of
length 3 starting in 431 would consist of the numbers in A, A2 and AY

The data address quoted in the x, y and z positions do mot have to be
different, TFor cxample to find the product of the 10 numbdrs in the oolumn
starting at 021 the following order will suffices-

T X ‘ '

v % 8 M ’ M2 M5

1 c21 c22 G2 - - 00% -

The result is gilven in G21.

(14) Modify

At times it iz required to vary some or all of the addresscs specificd
in an order, This can be donc using Modify.

Suppose a programmer finds ho needs to use onc number in block A for
o coaloulation, whosc position in A depends on a parancter N (i.e, an integer) .
To engble him to usc the number in A, positicr N diroctly without extracting
it separately 'Modify' is uscd by punching, in the rcquired M golumns of an
order, the address in the high apcod store where the paramcter is storecd.

Cefe T X v % 8 IVLl M2 M_,)
1 A32 D29 32 - cot - cOo14
The basic ordcr reads:- A32 x D29 goos to T32.

Now by storing the parametex W in €01 and punching COY in columns
M, and M5 the actual order obcyed is

ﬂ
A'NY x D29 pgoes to F'N'

This is bocausc the integer storcd in CO1 is added (modulo 32) to the
position numbers of x and 7 before the order is obeyed, Obviously any or all
of x, ¥ and z can he modified quite independently by using diffcrent parametors.

Although this system is more flexible than'Tobular' it must be emphosised

that the latter is very much faster in operation, 1Modify! may ncarly double

the time of an order 1n some CLROS but 'Tabular'! results in nearly orthodox-
Douce timing, so wherever possible imnbular! should be used in profercnce to
"Modify's, Naturally "Modify' and 'Tobular' cannot be used togethor but by
alweys using the most suitable one a balance botwoen case of programmning ond
economy of machine time is reached. 'Modify' is ofiten very uscful when uscd

in conjunction with a 'Subroutine of Orders' (q.v.

}  SUBROUTINES OF ORDERS.

Any set of orders which performs o coloulation which is frequen‘ti!,y rcq_uire'd movy
be used as o subroutine by adding an extra order ot the end. This order 1

f= 16 'End of gubroutine' and its. funotion is to re-enter ‘the main programme
ot the correct point, To use such o subroutine there is anothor order 'Enter
subroutine' which is an wnconditional jump instruction: -

g x ¥ A 5 sL SNA 1‘4,1 MZ M 3
15 - - - - - R - - =
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This order enters the subroutine whose first order has a symbolic location
R, Provision is made for re-cnboring the programne, aftor obeying subroutine

"R", at the order following 'Entcr subroutine', This join point docs not need
& Sale

» DEUCE SUBROUTINGES

When any mothemetical function ds required which is not in the standard .
pack the appropriate IEUCHsubroutine nay be uscd. There are however certain
restrlotions which must be obeyed.

(i) The translator must be given deteails of the subroutine in a standard
form,

(1i) In the Mark T version of Basicode subroutines must be of no higher
than sccond ordar,

(1ii)No links (BExccpt internal oncs ) arc uscd, as subroutincs have
fixcd exit points,

(iv) The contents of 171 5 must always be preservcd, and also 18 if
the subroutine is Lo be dséa with tobular modification,

(v) In gencral only delay lincs 514 (i.c. blocks A-F) are available.
(vi) Input doto sustc Lo in 15,14,45,16 or 213

(vii)Results must be either in 13,16 or o delay line.

It is recommended that subroutines be modificd to use the arithmelic
functions in control which arc normally in delay lines 3 and 4. For subroutincs
vwhich cannot conform to thesc rules it is nccessary to add the extra D.E.U.C.E.
programme to make them do so. There are some subroutines (c.g. Bessel Functions)
whioh require more of the high speed store than is available by the above rules,
In this case Delay lincs 2-4 may be overwritlen, and then roplaced af'tcrwards.

J. TRANSFER FUNCTIONS
(i) Betwoon High-Specd Stores.

Transfers betwoen high speed stores are accomplished using the order

£f =17 - Transfer!
Sa e f X,y %
17 A3 B20

will copy oontents of AO3 into position B20 . To effect a transier of a
golunn of numbers the tabular facility is used by specifying the column length
in positions M, and M,. If only M, is punched then £03 is oopied into the column
starting at 826. For tlearing stoées 000 is punched for X,

(i1) Botweon High-Speed and the Backing Store.

Transfors to ond from the backing store (Drum) must be donc in complete
blocks, using £ = 19 for fetohing date from the drum and I = 18 for storing data
on the drum. Normally these transfers concern only onc block but up to 6
succcssive blocks can bo transferred between high speed store and the drum, by
specifying the number of blooks to be transferrcd in the paraneter 5.

Thust -
f x hg 2 5

18 ACO " 127 =
Tyansfcras block A to block 127, +hilst
18 AOOD - 127 b
transfers blocks A~E to blooks 127-131 on the drum.
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‘ Nornally tho high-speed bloek to be transferred is speeified by ite block
ietter‘followod by two zeros but hy speeifying instond a position in the bloeck
o cyclic rotation can be made on a block as it is bronsforrode
this is illustrated by:-
f % v z ]

18 . A2 - 1279 =
This %ransfcrs block A %o block 127 aftcr rotating it so thot A12 is

stored in position 1 in block 127, A13 in position 2 ete, The contents of A
remain in their original positions,

(iii) Between Backing Stores,

This order £ = 20 is included for the sake .of completencss and copics
bloclk x into block z, Here the 8 parsmeter may be used to effect the copying
of up to 9 consecutive blocks, .

(iv) Fetch Subroutine,

f = 21 places o copy of (D,E.U.C.B.) subroutinec x in it8 corrcct
position in tho high specd store,

4., INPUT AND OUTPUT OI' DATA,
The facilitles for reading and punching singlc numbers have alrcady
been described. A similar function (f = 24) , can be used for reading an integer
to a position in the high speed store, Vhen it is required to read or punch
a set of numbers the orders 'General Read' and 'General Punch' should be uscd,

(1) General Read to Hizh Speecd Store.

This function is used for reading a colunmn of numbers into o bloek
in the high spced store starting at the position specificed in 2, The column
length ( § 32) is given in M,. The numbers mey be punched 1,2,3,4,5 or 6

per card., The number per cird must be speoified by the S varameter,

Thuss
£ x v ;] 5 M M

27 - - AO2 L - - 60°]
will causc 9 numbers to be read, L per card, into block 4 starting ot A2,

If necessary the lost card must be completed with zeros which will be
ignored during the storage of the data,

(ii) Gencral Punch from High Specd Storc.

This is exactly similar to gencral read,
f X N % a M1 M M
28 AQ2 b Q009
will punch, 4 per card the column of 9 numbers starting at AO2,
(1ii) Gencral Read to Drum.

Numbers may be read to the drum, in blocks of 32, using f = 29,

For cxemple:- f X ¥y g . 8 M1 Mz M3

29 113 & 010

will rcad mumbers, 4 per card, to 10 consccutive blocks on the drum, starting
at biock 113«
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(iv) General Punch from Drum,

This 1s exactly sinilar to geoneral read to drum,
Thuss -~

i X hs % 8 M1 M2 M3

30 113 b 10
wlll punch, 4 per cord, thc contents of 10 bloecks sterting ot block 113,
(v} Progremme Constants.

Progromme constonts i.e. numbers and integers which are permancnily
required may be incorporated, during the translation stage, into a progromme,
by use of the order f = 23,

r x y Z 5
23 M2 AOB A

will ploce the 12th constant in position AO03. These constonts are assembled
in order immediately after the decimal orders.

s = 1 means the constant is a number (i.e. dotum) and s = 2 means it is
a porameter. (i.e. integer)

If any other value 1s glven for s the translotor indlicates a failure,
MACHINE OPERATTION
(1) Use of the Translator.

The translobor takes its dnput in the followling oriler.

1. Subroutines.
2, Decimal ordcrs,
3 Program constants.

After these have beon read in the programme is translated into D.E.U.C.E,
instructions, ond carcful checking is carried out on compatibility of orders
ond use of the high speed store, Should the programme pass these checks the
resulting D.E.U.C.E, programme will be punched out, followed hy a sct of
decinally punchod cards which is basically o flow diagram of orders but which
inoludes the additional information roquired to make proginmme besting possible.
If however, the checking routines disclose any ervors o list of these is punched
out in decimal,

(1i) Failures_in Completed Programme.

A failure stimulates the alarm, illuminatcs one or more of the 0.P.S.
lights and cnters the display routinc, This routine shers in arablo numerals
in D.L.11 a code numbor which, hy reoference. to the tobulated flow diagram, is
used to find tho order being dealt with.

TESTING FACILITTIES,
(1) Stopping the Programme.

A P32 on the I.D. will causc the programme to stop and display the code
nunber in D L11,

A single shot will causc the programme to procced. When the progromme
has entered this disploy routine the facilities of request step , Jump and
pre~ and post-mortcm are available to the oporator.

(41) Request Stop,

This facility enables the operntor to request stop on any code number by
sctting this number in docimal on the I.D. keys. Request Stop does not have
any effect on the speed of operation of the programme.

(iii) Jump.

The operator oan jump to a code number by setting this number in desimnl
on the I.D. keys.
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(iv) Ere-_snd Post-Mortem

By Jjumping,in cfifect,to (e Numher 0000, the operator can cause tho
contents of any or all thz high speed blocks to be punched out in decimal.
This facility docs not dntoerfere in any way with the storage at tho disposal
of the programner, and when the punching hos Tinished a single shot causes
the programne to carry on (without any Lll-effects) where it left off,

(v) Optional Punch Digit,

On any order which performs n mathomatical function it is possible
to use the optionnl punch digit facility to punch the result, This facility
is dntended for the punching of intermediate results whilst progromme testing,
as rcsults should be punched out using one of the special punch facilities
avoilable, The optional punch digits are oporative only if the resulting
EASICODE programic 1s read in with o P32 on the I.D. Henoe therc is no need
to retranslate the orders once propremme testing is complete,
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AFPENDIX T

FTunction nmumbers 1-31 arc reserved for routines permanently included in
Easicode, D.E,U,C,E. subroutines introduced by the progroammer ore numbercd
in order 32, 33 etn, This is the number used in the 'Feteh Subroutine' order.

Functions alrendy in Bagsicode arc listed below wilh thelr function numbers,

1 Multiply | 17 Transfer fost to foast store,
2 Divide 18 Trensfer fast to slow storc,
3 hdd 19 Transfcer slow to fast store.
4 Subtract 20 Treonsfer slow to slow store.
5 Modulus 24  Petch Subroutine.

6 Count Integers 3

7  Count Up To 2% Programme Constant.

8 Equal 2} Read One Parameter.

9 DBig As 25 Read One Number.

10 Exceeds 26 Punch One Number.

11  Unequal 27 General Read to TFast 3tore,
12 28 Gencral Punch from Fost Store, ;
13 29 Ceneral Read to Slow Store.
14 Buzz nnd Helt, 30 General Punch from Slow Store,
45 Enter Subroutine (Of orders) ¥  Pinish,

End of Subroutine (of orders)

-~
(02N
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ACERNDIX LI

YWhen a failure ocours the current Code number is displayed in the
Monitor tuhe and an indie~t’on of the type of failure is givon on the 0.P.8.
Lanps.. ' : ' ; ‘ '

The following configurations have so far been fizeds-
P Scale Up,

P2 Square Root,

P3 Division,

B Linear Intcrpolation,
P5.

Pé.



