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§, A hisrarchical multiprocsssor

-

For real-time applications that require more than 10
processors we proposs a block-structursd programming language
in mhich subsets of procssses and monitors can be groupsed into
a hierarchy of subsystams,

A concurrent program now consists of nestad subsystems (Fig. 4).
Each subsystem in turn contains a sst of monitors and procsssss,
A procsss can use only those monitors that ars within its
own subsystam and within the subsystems that senclasa it, In
figure 4 the gutar subsystam consists of the set of monitors mQ,
The first inner subsystam consists of the sst af monitars M1
and the prucessses 81, 2, .. , °m, Thess procsssas can uyse the
local monitors Mt and the global monitors MO, Similarly, a
procass Ji in the gther inner subsystam can use its local
monitors M2 and the global monitors MO, Sut a process within
ane af the inner subsystems cannat yss a monitor within ths
gther inner subsystem.

ma

m
P1

Pm

"2
al

an

, Fig, 4, A hisrarchy cf subsystams

———
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e assume that each subsystam uses its cwun monitors an order of
magnituds more frequently than it uses the global monitors.,

Programs writtan in such a language can bs exscutad by a
myltiprocsssor with.a hisrarchy of common storss (Fig. S).

mg common store
mq m2 common stcres
p1 eee fm Q1 see Qn lccal stgres

I B

Fig. S. A hisrarchical multipraocessar

Althaugh the horizontal lines can be intarprstad as bus lines,
Fig. S is not a diagram of the connections of hardwars modulss ta
bus lines. It is a diagram of the accsss rights of procsssors to
store madulss,

The virtual stars of each processcr consists of its local store
and all the common storss that lis on a path from the procasssor
ta the roct of the storage tree. For procsss Pt ths comman storss
are M and MO, When P1 rsfers to MO it has exclusive accesss ta
Both M1 and MO0, The hisrarchical usage of arbitars prevents some
deadlocks [5].

Although the multiprocasscr in Fig, S sesms to be tailored ta
the program sketched in Fig, 4, it should really be viswed as a
general-purpcse machins that can executs any cancurrent program
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with one or two subsystams mhich in turn ars divided ints no mors
than 10 procssses sach. '

For a 16 bit processor it sseems reasonabls to have a thrse-lasvel
machine whers the common stores contain 8 K words each and the
local staores caontain 16 K wards each, Such a machine could
include a tagtal of 100 processors and 1.6 M words, A 32 bit
processcr systsm could have more procssscors and mors stors lesvels,
It seems likely, howsver, that special-purpose machinss are
needed to utilizs a much higher degrse of concurrsncy
efficiantly.

7. Fimal remarks

F ot

The recant resduction of hardware caosts for microprocasscors will
scon put grsat pressurs on scoftuare dssigners to resducs their costs
as well, The only way ta do that is to urite all scftware in
abstract programming languages that hide the irrelsvant details af
computars., Ta maks an abstract languags efficiant encugh for
real-time applications one must design a computar architescturs that
supports the langquags fesaturss dirsctly.

Ten years ago this approach led to the development of stack
machines for ssqusntial programming languages. This papgsr suggests
that a multiprocsssor systam with hisrarchical storage will
support a concurrsnt programming languags with processaes and
monitors efficisntly., Machines with stacks and tree-structured
storage exploit the scope rules of the programming languags to
share storage ef'ficisntly among program mcdulss.

The papgsr describes a reasonably simple way of limiting the
reevaluation of synchronizing exprsssions within monitcrs. It
alsc propgoses a block-structured language concapt (called a
subszstam) which enablas the programmer to partition the cata
structurss of a concurrsnt program higrarchically ameng
asynchronous procsssas.

It needs tg be strasssed again that this paper is cnly a
propesal for a multiprocesscr systam that has not been built
yst,

T —
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Appendix: Languags syntax

This is an cutline of the syntax of a cancurrsnt programming
lanquage with nestsd subsystams cantaining monitasrs and procasses.

' O m
——in SYSLEM

systsm
—— S YSLAM P

s CONSE == {d «=pn = —.ccnstantJ |

7
|

Lyps —s=id —e s-.-typ-_[ |

'

'

monitor—o= {d—0shlocik — '

FEEERSCECT —— !

1

PrOCeSS —p» id —peblock |

SRS

!
STEM comed 1

var ~—{—'-id—-: i LYDE — |
Enucndvr- o= id —s= parametars —s= block —-l

PR

statament —e»

i
|
i
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