
fl i~~
16

6, A hierarchical isultiptacussor
r ~~r r LJ1~~~~~~~ ~~~ ~~~~

Far rsal~t~me applications that require mare than 10
processors me propose a block-atzuctured programming language

in which subsets of processes and monitors can be grouped into
a hierarchy af subsystems .

A concurrent progra m now consists of nested subsystems (Fig. 4~.
each subsystem in turn conta ins a set of monitors and processes .
A process can us. only those monitors tha t an, within its
own subsyste. and within the subsystems that enclose it. In
figure 4 the outer subsystem consists of the set of monitors ~O.
Th. first inner subsystem consists of the set of monitors ~i
and the processes Pa? , P2, .. , Pm . These processes can use t~ie
local monitors lIP? and the globa l monitors 110. Similarly, a
process Qi in the other inner subsystem can use its local
monitors M2 and the global monitors MO. But a process within
one of the inner - subsystems cannot use a monitor within the
other inner subsystem.

I~?0

Ml
P1.. .

• Pm

an

Fig. 4, A hierarchy of subsystems
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U~. assume that each subsystem uses its own monitors an order of
magnitude sore fre quently than it uses the globa l monit ors ,

Programs written in such a language can be executed by a
multipracassar sith.s hierarchy of common stares (Fig. 5).

I “°I common store

F- I
111 1 ~ f M2 common stores

I I
F~I1 ~~

“ I~1 [
~ I ••

~~~ 
[]
~ 

local stares

a processors

Fig . 5, A hierarchical multiprocessor

Although the horizontal lines can be interpreted as bus lines,
fig. 5 is ~~~ a dia gram of the connections of Pm r dmar e modules to
bus lines. It is a diagram at the access rights of processors to
stare modules,
The virtual star. of each processor consists of its local stare

and all, the common stores that Lie on a path from the procssaar
to the root of the storag. tree. Far process P1 the common stores
are Ml and MO. Mhen P1 refers to MO it has exclus ive access to
bath MI and MO . The hierarchical usage of arbiters prevents same
deadlocks [5].
Although the multiprocessor in Fig. 5 seems to be tailored to

the program sketched in Fig . 4, it should really be viewe d as a
general-purpose machine that can execute any concurrent program
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with one or tea subsystems which in turn are divided into no more
than 10 processes each.

Fo~ a 16 bit processor it seems reasonable to have a three~ leve l
• machine where the common stares contain 8 K words each and the

local stares conta in 16 K wards each. Such a machine could
include a total of 100 processors and 1.6 III words. A 32 bit
processor system could have ware processors and more store levels.
It seems likely, however , that special-purpose machines are
needed to utilize a such higher degree of concurrenc y
efficiently.

7. Final remarks -
• LrL Lr- .

The recent reduction of hardware costs f or microprocessors twill
scan put great pressure an software designers to reduce their costs
as well . Th. only way to do that is to writs all software in
abstract programming languages that hide the irrelevant details of
computers. Ta make an abstract language effLcient enough for
real—time applications one must design a computer architecture that
supports the language features directly.

Ten years ago this approach led to the development of stack
machines f or sequentia l programming languages. This paper suggests
tha t a multiprocessor system with hierarchical storage will
support a concurrent programming language with processes and
monitors efficiently, Machines with stacks and tree—structured
storage exploit the scope rules of the programming language to
share storage efficiently among program modules .
The paper describes a reasonably simple way of limiting the

reevaluation of synchronizing expressions within monitc~s. It
also proposes a black~etructured language concept (caLled a
subsystem) which enables the programmer to partition the data
structures of a concurrent program hierarchically among
asynchronous processes.

It needs to be stressed aga in tha t this paper is only a
proposal f or a multiprocessor system that has not been built
yet.
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Appen dix, Lanpuage syntax
- 

~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~

This is an outline of the syntax of a concurrent progra mming
languag. with nested subsysteme containing monitors and processes,

prapram

~~L systam ~~

-

~~~~~ system -

~ ~~~~,. _ 
~~~~L_

- —e” canat m” id ’..’m. z —,i canstant

~~~~~~ypa —~ Id ~~ type

—~~manitar -
~~~~~ Id —

~~~~~ block

—~~ praces s -~~id— ~~black

-
~~~ ~~g—~ —~~systasw

block

1 ~~ !3 A
T

~~crocedure 
-

~~~~~~~~ Id —mi’ parameters —~~~~ block
—u” etatament —~~~~
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