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ECaU5& th ooerticn af the can?uter s determined by

requests for output: rather than by the structure of the

r ra he a r ductio rachine is onerating, all

a a i a idle state u I a answer i

equested. Than, the softx*are operation which controls

autput looks to see what input it requires, and that

input is denanded from he previous operation Each

o t n demardc iput da until eventually al

eq.ste data are tracked to their sources, and the

orogram begins to execute. The data flow through the

machine all the while being modified by the operations

ng Ic way Eventually the answer is supplied. The

demand driven concept sounds as if it would be

Inefficient, but it can be made efficient, and it is very

similar to the operation of a modern JustInTime

factory

Combining elements of control flow and demand driven, the

thxrd concept aata flow computing is the most

ntc e i g of tIe hr e. With data flow computing the

rc ram compr see a rnmber of independent p ocesses which

are able to pass parameters to each other. Each process

Is idle unti1 all its 1nput requirements are satisfied,

is a ,t a cc-s aLa codaces otput As sad

rocs. CYCO cc U ata r pp a ir gI t p og ax

untIl an answer’ is generated.

t f w omut g or p v beer er irpor ant ir

he d e pment of para Ic mputi g act inas and

saftuare, although no really successful pure data flow

computer has ever been built. (Gottlieb et al, 1983,

34 ha Ma chest r Urivers ty data flow c mputer is

ro b he most uccessfu £ perimenta machine ir

exrstence, (Watson and Gurd, 1982) (Gurd et al, 1985)

o war nc data flow more closely consider the example

Ic F gure I , a p ogram to calculate

z ( x ± y ) ( x y

Dennis 1980) Ihere is both parallelism and

sequenta1sm in this calculation. (x+y) may be

calculated before (xy) or after it; the order of
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flSPA1JCI r n e sc.lex as a compicc software

pacc.a’a a’c parie’ ‘ajutfig ons:sts of one ob or

nrc Ia € rj r rito irc of r poeose

whiah ar executed in some predetermsned parallel7

g e t a r e I h€ jab oa”t tored ‘nto a large

“inuer cC son I trocesoco th raralleli3m is a led FlNE

bRAINED and at C to nartitioned into a small number of

nolx poes 1 7 s 0rbd a° ORFGRAINED It

used to be thought that it WaS desrable to have as tine

a grain aa possbTh (Dc n’s 1980 p 48) but experience

wita simulation ha sb ‘a Un U sot ware overhead

expands alarmtngl’. with the fineness of grain, and this

to bee ustoie o h ros frtie lack f success

of data flow cori’putera. It Is row accepted that course

grained paraCelism vcfls Well (Kruatrachue & Lewis,

1388)

If procea es r g an re ‘ormed into groups which

are data andependunt, than thee are several jobs running

concurrently, and tcC a’ puter is then multitasking.

Mu ita kin , o ult a o p t rg s merely a subset

of the widr picture of parable: computing A parallel

program may be exeut ng n cever’l PROCESSORS and the

.aumbe of roresses mia ba geate rot less) than the

number of processors So parallel computing implies

orurrny 0vrl rces rnig r idling

simulraneousC on each processor

flu lata o t ta cC ict e a tic waic ta e

beer deseboped oy a nunber of researchers ‘Ackerman,

98 ( r i d & C s e o I fi Pie ‘n n i s datermine

o as tirIng ru We i a ess cxccue it is said to

FIPU The f’r’na ru’ea arm racessary for an ordered

ojr ssi n .h or g a c r r i s o dfla flow

are unimportant tere, Yr siapiif led terms, the useful

Cr rg ules are’
1 A process ma ori’ tire C. cCat a araters are

availaicle
2 or cess ay ot f r f ary o ts o tput parameters

have not oeen absorbed by succeeding processes.

PkRAL’E 1aM 4111 F R H

I order to make a c n a r aC/paralle computer in the

data flow style, rork for FORTH, some other components

are necessary to prevent the program HANGING UP it is
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Vi ned %o he used. ?or sayr

- 666 -
tnaV os required i

.‘-l -ionng pr’cjram which las
t’d O.-5 ‘et -r or the Fcrh programs operdtird

Vr.wr ly. hs t owl ‘her id & e pa amete
ci. o or c or i ef.

sk or ono r nt tne M tot
6 r0 sa srt en in assemb y iang’age. or ea h Forti
u OOC5 onl two parameters are passed: the return stack
pointer and the user stack pointer. Naturally, each
idLviduai torth process has its own pair of stacks, All
ther u r var ables have been specified as global ard

no oh aed b iy one Forti process For example
- ble hay one process operating i

ma id he hexadecimal beca cc BASE i
.al iabl n th implementation.

Tue stack pointers are kept in a queue and the executive
c,perates as follows:

top cxecutior of FORTH.
ore return stack pointer and user stack pointer

on end of the queue, using queue tail pointer
heck f at the end of queue memory space.

II so, index queue tail pointer to top of memory
space

Pse queue head pointer to obtain new return stack
pointer and user stack pointer.

6 eck if queue head p inter at end f q’ueu
m i y s ac
0 C t 1

tir nti RTH

a task switcher is inserted into the NEXT routine which
a part of SEMIS (:5), so that the task is switched

wncr.ever a high level Forth word terminates, but not on
ermination of a primitive. t is necessary to rewrite

hig lovel I rth ny orimitives whici may contai

es ps oh d ig t ba Mltm and KEY This is
reethar up

A concurrent Forth like this i5 now successfully
executng process control programs at a number of
installations in Queensland. These programs are
dedicated, and only permit connection of one terminal, so
they are multitasking, single user. The programs are also
programmed into Read Only Memory and do not use disk
drives

comp x parameter passing and concurrenoy between one
or more Forths and other processes written in other
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Fied iF tric at ctur.
32 -t DATUM Ito t

0
16 it 5 Oil

32 bits as abovt

any other data
utp t jcstnatconc

4 it MS e na or
32 it Cot do ir tao

ciher dest:atons

Vor fads arrangement sara saci datum is fitted with a

last at r di i 63 t P CKET The packets

a cij cie ia ci aC n same say as was

descra.bed pretiously Whea a packet is popped from the

queue the executive reads its destination address and

looks at the empty’f-all bad if the slot is empty the

tun is ins tad ci tic fi ci is incremented The

cc iv b ci Ic a Yteidmatchesthex

field, and, if it loan ad ciecutes the program pointed

to by the switch fielad The switch field is found from

tne pointer after tne F:F bit If the destination is full

re y, he ack a re rn tohe nd F equeue

01cc a pro ss has ox tad, he output data are

transmitted to the end Ice gueu° and the executive is

invoked again in the case of muititasking Forths, only

o ra te t e ur an ti us rs tack po nters,
sdae ci t u t yoth parameterst

be passed bet cci the For s ay the b passed in the

cime way, (safe method), or a.aa a known memory address

(hazardous method). If other variables such as BASE,

ONTE T, ‘Uk FNT are var ed or different tasks, they
I old o t he paraneters o be

passa Oily ie opy f e F rth ernel s used,

A problem arises, wrth this arrangement, if data are

being input o the program faster than they are being

absorbed, in which ace the queue will expand and

oventuall overflow ‘be reason for this is that only the

first of the two fi ring rules mentioned earlier is

invoked The seoonc firing rule prevents conjestion of

packets between proce ses
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:r .c n ig ir L, oss e )ha one
.c’ e ozths w..th passably, varyiag degrees of autononj,

lviter@ctfl.ig in an orderly way with other processes,
“urrin; o’i the same or other processors. One way cf

o’gar sing uch a scneme is shown in F gure

‘tE 110 lIT4 RAN I TER

The Transputer is a British made processor specifically
aesa.gned to execute parallel programs very efficiently.
-t i a 2 bit Reduced-Instruction-Set processor and the

tecrc v rnor the T414 - runs at 10 MIPs (million
stru ti per eec.ond). The floating point version

he 1800 executes floating point instructions faster
than integer instructions. The Transputer is normally
programmed in OCCAN (May & Shepherd, 1985), a special
parallel language, but compilers for C, Fortran and
asca are btainable

ar sp er comur tcat directly s th o ie anothe through
INKS which are ba-directional 10 MHz serial connections,

ts½ich transmit 8 bits at a time. By constructing a
printed circait card with link chips on it, it is an easy
atter to comnuilicata between a Forth machine and a

ar ter ogr ‘ied OC PM.

a ne of prz ,ts ofl ru rang ar MC. 680
tasod ..ompu%.er have been accepting data from comp.tations
crecuting on Transputers, and driving hardware interface
zirvuits. This arrangement is part of a simulation
‘-inpcer, vhich solves difeerential equat ons at high

cc nd ov . putdat o a]. ue e rdr
t n 1’. br opter .a iso been usad r

iOta ion at’ troub eshooting the Iransputers, as he
Worth interpreter allows a simple method of writing test
uboqrams. In addition the Forth has been used for
eapturingi data passed between two Transputers, by
nteroosing the Forth machine between the Transputers
y b e arriving over a ink is passed on, but is also

opied ut through an RS 232 port to a personal computer
hich stores the data on a disk file. This was necessary

o examine the information being passed through the
links. Figure 3 shows the connection diagram of this
arrangement.
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FIGURE 1. Data flow Graph for

Z Cx + y)(x - y)
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I—STRUCTURES PRIMITIVES

FIGURE 2. Method of Mu1titas4flS Forth
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TRANSPUTER NETWORIC

FIGURE 3. Forth in a Parallel Gomputer

BAGKFLANE BUS
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-SYS is a ommorc ally a ailabl software de elopment
?rv:ronment for PCcompatib1e machines which is tailored to

carentific and engineering applications. Like FORTH, it uses

threaded code, offers both interactive and compiled modes of

operation, relies heavily on LIFO stack structures, and allows
the orogram-aer to be very productive. In this paper I will

au inc the particular features of ASYST (most of them common to

wh -t accunt for this high productivity.

he armilarrty to FORTH, which extends to the colon definition

ayntax for coding subroutanes, to stack manipulation commands, to

The nostrcx notation, and many other features, arises because

LaM S ac itself implemontaM aM FORTH, Tt may be helpful to think

aM ST a lib y of Rn’ tensio and nhancrents n

Ia as er i de

Oat quac n r ware lye or de et
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To tnvoke a WORD, either interactively or within another colon
definrtion, it is only necessary to give its name, If arguments
to the WORDS are desired, the values may be left on the number
stack just prior to invoking the WORD. However, if arguments are
sot required, the subroutine call can be accomplished with great
c’nvenience as well as brevity.

software syste
a fundamor a

WORD, a t
the c
cc
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S the r
iled be

etc (up t
ftructure di g

a created in t p down fashion by
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The advantages or this approach to system design are many.
Perhaps the most salient ones are that the process is fast
because SM is not burdened by awkward syntax in the subroutine
a..ls, vOt. create an out re q5 you go, and ft is not necessary
tc. trar te your pseud ode into valid tatements. The poeado
rode c the actua ‘ code. Gen executaole ‘d
£ r: ennx 0 ; tie c
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tecond great strength of tie flVsT sand FOPTHI programming
e.-rcnonments.

Zr stark cntrast to languages such as PCRTRAN. Pascdl, and C, it
s5 possible .Ln ASYST (and in FORTH) to execute subroutines
Lndividually an interactive mode. The convenience this offers the
programmer car. hardly be emphasized strongly enough. To exercise
a subroutine ±ndivduall:’ n FOflRAN, it might be necessary to
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anc

ur5entatIOn, Peripheral devices generate data which holds many

nues to where malfunctions have occurred. Fortunately, ASYST has

cone oarfui inbuilt data diagnostic aids. As with the devico

ve abo £ ii e f ature forn art f the app cato

w n sec YS fo FRT

Lrdys are t e most prevalent scientific and engineering data

structures, Vectors, time series, power spectra, and

distributions of all kinds are naturafly expressed as arrays. In

‘extbook formulae arrays are treated as single entities. The

tb k says “AtE C” and, as long as A B, and C are arrays of

r pa±. le ype and like dimension, the meaning is clear The

re.p ndi g FORTRAN code is not so simple. Loops are necess y

to perform array cperatons. Worse still, it is necessary to

soecify the array bounds in tne FORTRAN code, The same code will

rt worcc on arrays with different dimensionality.

tm cf ay en m a yo at

h 0 mc Tci aert u g h To p rt tur

e f r adding o multiplyir am ys h the same mpl city

code for addirgor multiplyang scalars. An array as a sing_Ic
soiry on the stacx. Even more sophisticated array operations

as LamInatIng vectors, taking crossaections, or locatang

ira eI ts n b cco lash I wit sir a cc 3and rat a

5

rxamanara the co’c_nts c an array 3raph calls 15 accmplrshed

th the WORD ‘Y.AUTO.PLOT’. This ASyST WORD will autoscale and

riot any onedimensional real or integer array using default
e’tn”c for all the troublesome details which plotting

ro as genera.Jiy equire the programmer o specify rn°
aul can be overridden, b t ninety per cent of the ime r

nts get a quick look at the data with mirimum fuss and

bother. The plotting takes seconds. This powerful feature cpens

a new world of possibility for the programmer and the user.
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