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ABSTRACT.

The successful implementation of generalized multiple computer systems will require attention both to
the form of physical architecture and to the choice and implementation of a suitable systems environment in
which to construct and run applications. This paper argues for the use of a multi~computer physical arch-—
itecture in preference to a multi~processor architecture,and for dynamic distribution of functions and con—
trol as opposed to static allocation of functions and hierarchical control. A systems environment which is
based on a domain structure is then described. The domain structure restricts sharing of items. This
alleviates the main problem in implementing a capability mechanism to support domains in a system without
shared memory, which is that a central table of capabilities 1is required. It also makes the management of
the non shared items easier since they can be required only at one computer at a time, Essential sharing
is also handled without central control but at the cost of some complexity. Considerable attention is paid
to the handling of interdomain jumps as they provide the opportunity for the dynamic allocation of functions.
It is conjectured that the resulting system would be capable of smooth expansion in size from one to twenty
five computers. In operation it would exhibit dynamic load balancing as well as having the protection
advantages of domain structure.

1. INTRODUCTION processors is connected directly to its own private
memory forming multiple computers which are then
inter—-connected by some form of inter—connection
medium (figure 2). It is of course possible to
build hybrids of these two forms. Each of the two
forms introduces a separate set of problems and
overheads. Hybrid forms tend to possess both sets
of problems and overheads.

Though it is fast becoming a cliche in papers
such as this, developments in LSI technology have
changed and are continuing to change the basic econ-—
omic assumptions and framework in which computing
systems are designed, constructed and sold. These
changes are twofold. Firstly, a massive increase
in component density has freed a number of cheap
levels of component inter—connection, namely the
printed circuit component carrier and the printed
circuit mother board, or backplane, for use in the
inter—connection of multiple processors and memor—
ies rather than the intra-connection of a single
Processor Or memory. Secondly, the extremely low
cost of mass produced LSI components may make econ—
omic the construction of a range of computing sys—
tems by combining a variable number (on the order
of from one to twenty five) of identical process—
ors and memories, rather than requiring the con-
struction of a number of different processors and
memories in different component technologies as
has been the case historically. There are also ,M M M
potential advantages of reliability and incremen-—
tal growth in this approach.

If we are to construct systems containing
from one to twenty five processors, there are two
basic architectural forms that we can employ. We
can construct multi-processor systems in which
multiple processors are coupled to a logically
common memory by some form of inter-connection
medium (figure 1), or we can construct multi-com—
puter systems in which each of the multiple

Figure 1
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Figure 2

In multi-processor systems, each of the
processors is contending for access to a single
common mMemory . While it is likely that sufficient
memory bandwidth can be achieved through interleav—
ing (incorporating a number of autonomous memories
capable of parallel operation), this merely trans-—
fers contention from the memory itself to the inter-—
connection medium. This bottleneck can only be
overcome by the inclusion of additional paths
between processors and memories. This will tend
to take one of two forms: porting in which
processors and memories are fully inter—connected
or some form of crossbar switch., Porting is just
not viable, even with the modest number of process—
ors and memories envisaged. E.g. twenty process-—
ors and twenty memories would require the provision
of four hundred address and data highways., Neither
do we believe that a crossbar switch would be
viable. For in the case of twenty processors and
twenty memories, we would still require twenty
processor highways and twenty memory highways and
a switch with bBOO switching elements. Even with
LSI technology, such a switch is unlikely to be
either small or cheap because of the large number
of external cinnections it would require.

It is this problem of contention that
mitigates against the construction of cheap and
simple multi-processor systems, that has caused
us to turn our attention to multi-computer arch—
itectures. In multi-computer system, memory
contention has been eliminated but at the cost of
introducing a number of other problems of which
the most fundamental is assignment of function.

In a multi~processor system, code can be exec-
uted or data accessed from any location in the
logically common memory. In a multi-computer
system, the code and data required by a comput-—
ation must reside in the memory of the computer on
which the computation is being performed. There-
fore when we assign a function to a particular
computer we also place the code and data required
by the function in the computer's memory. There
are two forms that function assignment may take.
It may be static with functions and hence code and
data assigned permanently to a particular computer
or it may be dynamic with functions and hence code
and data migrating between computers. The former
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approach has tended to be employed in systems
employing hierarchical clusters of function specific
computers. For example in a large main-frame, a
number of specialized computers perform tape, disc
and communications control on behalf of the CPU,

A similar approach, though involving many more
computers, is employed in a distributed, process
plant control system. Such systems can in no
sense be considered general. They are tailored,
at great expense, for a single un-altering applic-
ation. It is difficult to see how to apply static
function assignment in more general systems, nor is
it clear that it would be desirable.

It is an absolute requirement, if we are
producing a range of systems, that software be
constructed independent of the number of computers,
so as to be able to exploit the entire range of
system configurations, It is possible, at least
in theory, to achieve static assignment through
compiling or linkage—editing the software for each
configuration, but this still leaves us with an
inability to exploit the inherent redundancy of the
system in case of failure except through re-compil-
ing or re-linking., In addition unless we have an
extremely stable temporal relationship between
functions, some computers will be overloaded at
times that others are idle. As our reasons for
rejecting a multi-processor system were essentially
those of poor performance, we would not be willing
to accept poor performance in a multi-—computer
system due to poor load distribution.

For all of these reasons we have attempted to
design a system environment which is independent of
the number of computers in a particular configur-—
ation and which allows for dynamic function assign-—
ment under de—centralized control, This system
environment is the distributed domain structure.
Its features and the means by which it is mapped
onto the physical hardware are now described.

2. THE SYSTEMS ENVIRONMENT.

Interest in domains as a basis for the struc-
turing of systems is growing [LIND76] and a number
of domain structure proposals have appeared in the
literature, Of these, several [SPIEYB, SPIETL,
COSSTL, WULFTL] relate in important aspects to the
domain structure we are proposing in this paper.

2,1 The components.

The components of our systems environment are
domains, segments and virtual processors. A
domain consists of a group of segments. A segment
is a vector of information items with identical
access characteristics. An important property of
a segment 1s the degree to which it may be shared.
A segment may be part of many domains at any one
time (shared simultaneously), it may be restricted
to being part of one domain at a time (shared
serially) or it may be only ever part of a single
domain (unshared).

A virtual processor is that entity which, when
multiplexed onto a physical processor executes
instructions and accesses data from segments in a
domalin, The information required_to represent and
manage a virtual processor [DENN76] is kept in a
special segment called the virtual processor segment.

A virtual processor segment can only be part of one
domain at a time. It is not directly accessible



in that domain, But apart from this special
segment all the segments in the domain can be
accessed. These are the only segments that can be
accessed while the virtual processor is executing
in the domain (that is while the virtual processor
is part of the domain). These segments
constitute the virtual memory of the virtual
processor while it is in the domain. (Note that
we are being slightly peculiar in our use of the
term 'domain'. For us it denotes all the compon—
ents of a calculation at a particular instant.
The more usual definition is to denote all the
segments directly accessible to a computation at a
given instant. This is the same as is denoted by
(segmented) virtual memory).

A computation is effected by the progress of a
virtual processor through a number of domains. As
a computation proceeds, different resources and
services are required. The virtual processor
transfers to other domains by invoking an inter-
domain jump so as to be able to access the approp-
riate code and data.

There is a philosophical question concerning
the nature of an interdomain jump. This question
arises when some of the segments that constitute
the new domain were also part of the old domain,

In these circumstances a processor could be said
merely to be altering the segments that make up its
current domain rather than transferring to a new
domain, We have adopted the philosophy of Needham
who states that a change of domain is associated
with a change of segment from which instructions
are being executed [NEED?Z] . This approach puts
an emphasis on code segments as identifying domains
and leads to the following prescription for the
contents of a domain, c.f. Spier [SPIETL] .

A domain consists of a
public data segment, local
code from the code segment
virtual processor segment. The code segment will
consist of one or a number of related routines.

It is simultaneously shareable by any number of
virtual processors. The public data segment is
accessible by all virtual processors that execute
the code segment of the domain. The public data
structure is never accessible from another domain.
When the public data structure exists we can view
the routines of the code segment as managing the
data structure. All access to the data structure
is mediated by the routines of the domain. The
code segment and public data segment are the only
segments that can be simultaneously part of many
domains. We call this simultaneously shareable
part of a domain the generic domein. (It is
called a procedure in Hydra terminology [WULFTA4].)

code segment, an optional
data segments and, when
is being executed, a

If the generic domain does not have any (write)
shared data then we call the domains it belongs to
pure code domains. Because of their affinity to
the monitors introduced by Hoare and Brinch Hansen
[HOARTL .HANST3] , domains that have a public data
segment are called monitors.

Local data segments are segments private to a
virtual processor. They may be accessible to that
virtual processor only when it is executing in a
particular domain or they may be passed as param-—
eters between domains so that the virtual processor
can access them in a number of domains. Thus
local data segments are either unshared or shared
serially.

103

2.2 Summary of systems environment.

We can summarise the type of systems environ-
ment we think sultable for a distributed system as
follows. The basic unit of storage organisation
and access is the segment and segments are organ-—
ised into domains. Figure 3 depicts, the compon-—
ents of a domain. A domain derives its identity
from its generic domain which defines the services
it provides {(by the nature of its code segment) and,
if it is a monitor, the resources that it controls.
There may exist many domains that share a generic
domain but the remaining segments of these domains
are, at any particular instant, unique. A domain
may be looked upon as the incarnation of a generic
domain by the addition of segments for the storage
of data related to a particular virtual processor.

3. THE KERNEL

The function of a kernel is to map the systems
environment onto the physical architecture. For a
distributed system we speak of there being a kernel
at each site (computer) and it is the combined
actions of these kernels that map the systems en-—
vironment onto the physical architecture. The
kernels of a distributed system have the obvious
functions of managing memory and handling interr-—
upts and driving devices. They have also, in our
system, to maintain the domain structure and trans-
mit segments between sites. The kernels commun-—
icate with each other to perform these functions.

3.1 The implementation of domains.

The generally accepted method of implementing
domains is to use capabilities [LIND76]. The
capabilities for each segment that constitutes a
domain are kept in a list unique to each domain,
called the c-1list. The current c-list of a
virtual processor is the c-list of the domain in
which it is executing. Addresses within the
virtual memory of the virtual processor are spec-—
ified as an offset into the current c-list to point
to a segment followed by an offset within the seg-—
ment. An interdomain jump causes the current
c-list of the virtual processor to be altered to
the c~list of the new domain.

3.2 Capability organization.

In a system that has common primary memory
the capability mechanism is almost always implem-—
ented using indirection via a central table. This
facilitates the handling of multiple capabilities
for a segment. The central table holds the actual
addresses of segments; capabilities in c-lists
are pointers or hash keys into this table. Ir
the location of a segment is changed then only the
entry in the central table need be altered, rather
than every capability for that segment.

In a distributed system it is not practical to
use a single central table (nor indeed to split the
table statically over all sites) as every use of a
capability would involve a message tO the site
holding the address of the segment and a return
message with the address. However multiple cap—
abilities for a segment are only a necessity for
segments that are simultaneously shareable. For
the rest a single transfer only capability [GRAHTZ]
can be used. The use of transfer only capabilities
simplifies domain management in a distributed
system,
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Figure 4 gives the form of a c-list for a
domain. Local segments are either unique to a
particular domain or, if they are passed as
parameters, shared serially between domains.
Therefore local segments are named by transfer
only capabilities so that there exists exactly
one capability for each segment. This capab-—
ility is a type of pointer specifying, inter alia,
the site where the segment resides. Virtual
processor segments are shared serially between all
domains of the virtual processor and so likewise
can be named by a single transfer only capability.
However as generic domains are (potentially)
simultaneously shareable between all incarnations
of the domain, a capability for a generic domain
must be of a more general type. There can be
many of these capabilities in existence for a
single generic domain and they cannot specify
directly which site the generic domain resides at
because of the difficulty of updating them all
should the generic domain change site. In our
distributed system these capabilities, which we
call global object capabilities, are interpreted by
kernels which cooperate together to locate the
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generic domain.

3.3 Locating generic domain

The exact method of locating generic domains
in a distributed system depends very much on the
properties of the communication subsystem connect-
ing the sites. For example, one could use some
sort of broadcast or loop system that has assoc-—
iative recognition of addresses similar to that in
DCs [FARBTZa] . Each kernel would load the assoc-
iative memory of the message reception unit with
the names of all generic domains at its site. In
this way the kernel would receive all control
messages addressed to the generic domains resident
at its site. We have surveyed the types of comm-—
unication subsystem available and have developed
alternative global object management mechanisms
when associative recognition of addresses is not
employed [CASETT]

. THE INTERDOMATN JUMP.

Just as the key to distributing processes in a
system such as DCS lies in distributing the passing
of interprocess messages [FARB72b], the key to
distributing a domain based system lies in distrib-
uting the interdomain jump. Our approach to the
mechanization of the distributed interdomain jump
is as follows.

When a virtual processor initiates an inter-
domain jump it forces a trap to the kernel at the
site at which it is currently executing.  This
kernel starts to build a c-list for the new domain.
It enters the name of the new generic domain into



the c-1list and transfers from the 0ld to the new
c-1list the capabilities for the virtual processor
segment and any local segments being passed as
parameters. A1l the capabilities required for
the new domain may be known (as in the case of a
interdomain return jump) or specifications for new
temporary segments may have to be extracted from a
template [WULF74] associated with the generic
domain. In either case the new c-list is trans-
ferred to the kernel of the site at which the
generic domain resides (located by the global
object management mechanism). At this site the
decision is made as to where the new domain should
be located. (We call this decision process the
'best' site calculation and describe it in more
detail in section 4.2). The c-1ist is transmitted
to this 'best' site whereupon the kernel there
gathers to its site all the segments that make up
the domain. Since it has the c-list it knows the
location of the requisite local segments and the
virtual processor segment from their transfer only
capabilities. It therefore sends control messages
to the kernels at these sites to transmit the
segments to it. As the segments arrive the ker-
nel alters their capabilities to reflect their new
location. The fetching of the generic domain is
more complex and is described below. When all
the segments have arrived and any temporary ones,
if required, have been created, the c-list is
marked as being a valid c-list and the domain is
queued for execution.

4.1 Movement of generic domains.

When a kernel receives a request to send off
a local segment or virtual processor segment that
is resident at its site, it can comply immediately
because the segment cannot possibly be in use at
its site. This is not the case with segments of
a generic domain. The generic domain may be in
use, or it may form part of a domain that is
ready to run or is awalting the arrival of other
segments in order to run. Further there can be
more than one outstanding request for a generic
domain. Correct management of generic domains
requires that they are not removed prematurely
from a site and that all sites that have request-
ed them will get access to them within a reason-
able period of time. The strategies employed
to ensure this goal depend on whether the domain
is a monitor or a pure code domain.

4.,1.1 Pure code domains.

In the case of a pure code domain a kernel
can dispatch immediately the code segment that
constitutes the generic domain and retain & copy
at its own site. If space 1s tight the copy
can be deleted as soon as it 1s no longer needed,
otherwise 1t can be kept till another incarn-
ation of the generic domain is required at that
site. In this case there are no problems with
premature removal of the generic domain. A
scheme whereby each kernel accepts just one
request for each generic domain and passes any
other subsequent requests on to the site that
made the original request can result in a chain
of waiting sites being bulilt up when demand for
the generic domain is heavy. It can be shown
that under certain general conditions the generic
domain gets t0 every site in the chain, These
conditions relate to the repeating of request for
generic domains, the way global object management
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is performed, and the relative speed of movement
of segments and request for segments. They are
discussed further in [CASEYT] .

h.1.2 Monitors

For monitors a similar chain of.sites waiting
for the generic domain can be built up. But
since copying of monitors 1s not practical each
site must keep the monitor until it has finished
using it. The problem is to make sure that a
site does actually finish with a monitor and does
not keep it in use indefinitely, thereby locking
out all other sites. To this end we make a rule
that & kernel ceases to perform the 'best' site
calculation for a domain once it (the kernel) has
been requested to send the generic domain to an-
other site. Instead the kernel sends the c-list
for the domain to the site on whose behalf it has
reserved the generic domain. At this site the
c-list is queued to await the arrival of the
generic domain. Since part of the validation
procedure of all new c-lists is the 'best' site
calculation and since this can only be done by the
kernel at the site where the generic domain
resides, eventually there will be no more valid
c-lists for the domain (assuming that a domain's
execution is of finite duration) and the generic
domain can be shifted safely to the next site in
the chain of waiting sites.

4.2 The 'best' site calculation.

The optimum time to shift a computation to
another site is at the time of an interdomain
jump. It is optimum in the sense that a minimum
context is involved; only the virtual processor
segment and parameter segments form part of both
the 0ld and the new domain. Some or all of the
remaining segments required for the new domain
may already be at the new site. The efficacy of
our distributed system lies in the determination
of where the new domain will be located, that is,
in the 'best' site calculation. If domains are
moved around the system too freguently then comp-
utations will be subject to extra transmission
time delays and the communication subsystem may
become overloaded. If the movement is too in-
frequent then the loading at different sites can
become seriously unbalanced; some sites idle
while others are choked with work.

To make sensible decisions about where to
send a domain,a kernel needs information about
the status of other sites. There are a number
of ways this information can be obtained: by a
bidding procedure [FARB72b] , by exchanging status
at regular intervals, or by appending status
information to every message sent between kernels.

We describe a two stage procedure which is
successfully employed to perform the 'best' site
calculation in a simulation of a distributed sys-
tem based on our model (See section 6.1). The
similated system exhibits stable behaviour over
a range of system sizes varying from one to nine
sites (the largest system we can simulate). 1In
this simulated system status information is prop-
agated by adding it to each message. Each kernel
maintains a table of free memory and outstanding
work at every site. Given suitable hardware
this function could be performed by the communic—
ation interface units and not by the kernel.



4,2.1 The initial calculation.

The initial calculation at the generic domain
site considers (normally) only three possible
sites as candidates for 'best' site:

1) the site of the generic domain segments

2) the site of the virtual processor segment
and any local segments that are parameters
(since they were part of the domain being
left, the parameters will be at the same
site as the virtual processor segment)

3) the site of any other local segments which,
since they were all last used in the
previous incarnation of the domain being
entered, will all be at one site.

If the generic domaln cannot move because it
is 'tied down' to drive a peripheral attached to a
particular site then that site is chosen as 'best'
site. Otherwise the basic policy is for the
kernel at the site of the generic domain to consid-
er the total size, at each distinct site, of seg-
ments for the domain. The site with the largest
aggregate size is chosen as the 'best' site.
Hence, when all the segments are at the same site,
that site is chosen, and otherwise transmission
on the communication links is minimized (assuming
a homogeneous communication subsystem).

However minimization of communication band-
width requirements to set up the domain is only
one of a number of criteria that are considered.
Before the aggregate sizes are compared there are
a number of bilases that are applied to them.

1) Since the calculation takes place at the gener-
ic domain site it is possible to know how many
other virtual processors have incarnations of
the same generic domain. If the generic
domain were to go to another site then either
these other domain incarnations might have to
follow (if they are re—entered again) or the
generic domain might have to return to the
original site. Hence the size of the generic
domain (the code and possible public segments)
is biased upwards by a factor representing
its outstanding work, favouring the generic
domain site as the choice of 'best' site when
the comparison of aggregate segment sizes is
done. This encourages domains with a common
generic domain to be all at the same site.

2) The load, that is the number of ready to run
domains, at each of the three possible sites
is taken into account. If the domain is
sent to a lightly loaded site it will be exec-
uted quicker than at a heavily loaded site.
And if transmission times are less than aver-—
age execution times, substantial advantages
accrue by choosing an idle site rather than a
site with even one other domain to run.

Thus sizes are biased downwards by a factor
representing the overall load at a site.
This encourages load balancing.

3} A kernel is likely to spend a lot of its time
on memory management if it has very little free
memory left. Not only should an attempt be
made to balance loads at sites but also an
attempt should be made to ensure that a site
does not run out of memory space when other
sites have plenty available. So the sizes of
segments are biased upwards proportional to the
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amount of free memory at their site. This will
encourage migration away from sites with little
free space.

L) A good part of a computation may consist of
repeated calls between the same pair of domains,
or, more generally, a repeated sequence of
calls, If the domains reside at different
sites and are all larger in size than the vir-
tual processor segment then the virtual proc-
essor segment could continually travel between
the sites concerned. Obviously the computation
would proceed faster if all the domains were at
one site. If a history stack is kept with the
virtual processor segment it is easy to deter-
mine if interdomain jumps are limited to a tight
cluster of domains. If the size of the virtual
processor segment is biased upwards when this
clustering occurs then eventually all the dom-
ains involved will come to the same site. In
particular, a domain that calls a 'tied down'’
peripheral handler domain will tend to migrate
to the site of the handler domsin. (of
course, 1f a computation uses two or more per-—
ipherals controlled from different sites then
the virtual processor segment, together with
parameter segments, is doomed to traverse back
and forward between sites).

The effects of the first stage calculation can
be summarized as follows:

It effects at most three sites and it tends to
balance the load and free memory of these sites.

It tends to aggregate all incarnations of a
generic domain at one site,

It tends to localize domains that are used
together to one site.

Other things being equal, it minimizes the load
on the communication subsystem.

4.2,2 The second stage calculation:

The first stage calculation we have described
above only takes into consideration a maximum of
three sites, and nominates one of them 'best' site.
If just this calculation were used a site that was
completely idle would have no way of breaking into
the circle of the elect. However we make it a
rule that each 'best' site can decide whether or
not it wants to run the domain. The criteria we
use for accepting or rejecting the c-list at the
'best' site helps spread the load over all sites
in the system.

Assuming that the generic domein is not 'tied
down' at its site, the 'best' site kernel scans
the table it has of the loads at other sites, It
some other site is substantially less busy than
itself (and, according to the free space table, has
the space to accommodate the domain) then that site
will be nominated as 'best' site. If the kernel
does not find a substantially less busy site then
it checks to see if its own site has enough space
not only for the incoming segments but also for any
temporary local segments that have to be created.
If it does have the space it accepts the c-list,
requests any segments not already at its site to be
sent to it, creates any temporary segments, and
eventually schedules the domain ready to run.

If the kernel does not have enough space then
a second, less critical, scan of the load and free



memory tables is made to find a site that does have
enough space. If no such site can be found, or the
domain is 'tied down' to the present site, then the
c-list is placed in a gqueue of c-lists waiting for
space. Should sites in the distributed system
reach this stage there is a danger of deadlock
occurring., Some overall control on the number of
tactive'! virtual processors is required. This
need not be a kernel function; for example it
could be delegated to the command interpreter mon-
itor domain.

The effects of the second stage calculation
can be summerized as follows:

At low loading of the system it has little
effect, there is no point in moving computations
to idle sites if they leave an idle site behind.

At moderate loading of the system the policy
is to try to keep all sites busy.

At heavy loading of the system the concern is
more with finding space for domains.

5. FUNCTIONAL SPECIALIZATION

Frequently multiple computer systems are prop—
osed where each computer carries out a specific
function [FOSTT2,C0L076]. In contrast, except
for the limitations imposed by specific peripherals
being attached to specific sites, all functions can
be carried out at all sites in our system. The
distribution of functions is determined dynamically
by the domain management mechanism in response to
the applied load. Because functions are not tied
to specific computers, down time in the event of a
computer failure is minimized. The faulty site
need only be isolated, not repaired or replaced,
before the (less powerful) system is operational
again.

However in our distributed system any site may
be made into a functionally specialized site by
having it contain a single generic domain that
never moves from the site, The kernel at such a
site need not be of the same form as that at a
general site, so long as it presents the same
external appearance to the rest of the system. We
envisage this feature being useful for handling
front end processors and back end processors, and
for large systems where the failure of one special-
ized processor does not mean the failure of the
whole system because there is more than one of each
type of specialized processor.

6. RESEARCH

6.1 Simulation studies.

To help establish the viability of our model
we have performed some computer simulation studies.
The simulation program is written in Simula and
allows us to simulate distributed systems with up
to 9 sites before the 128K addressing limit of the
DEC System 10 on which it is run, is reached. The
characteristics of the applied workload were
derived from those of our local time sharing system,
suitably modified to reflect the lower power assumed
of each site, The control mechanisms described
before are fully detailed in the simulation and, as
mentioned before stable behaviour was achieved
(though not before a mechanism was added to avert
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deadlock if the system became overloaded). A
simulation run produces a wealth of statistics
including the average response time to a terminal
command. For a constant load per site this
response time decreases slightly as the number of
sites in the simulated system goes up (provided no
resource goes into saturation). This is in acc-
ordance with queueing theory predictions of the
effect of multiple servers.

Perhaps the most significant result, after the
demonstration of stable behaviour, of the simulation
studies is the indication they give that a bandwidth
of around 3MH_for the communication subsystem 1is
adequate to support upto 9 sites without the comm—
unication subsystem becoming saturated. Thus we
conjecture that the available or imminent communic-—
ation subsystems should be able to support systems
with upto about 25 sites. More detalls of the
simulation program and results are given in [CASETT].

Work is continuing on the simulation program
to evaluate the effects of different types of comm—
unication subsystem, of refinements to the domain
management strategy and of alterations in the status
information content and handling. Further we would
like to quantify the benefits of the very dynamic
load balancing we allow compared with more static
schemes,

6.2 Construction of a prototype.

We are also undertaking the construction of a
three site prototype. Each site will consist of
a minicomputer with another attached cpu to act as
inter—site interface unit. The power of this
interface unit will allow us to experiment with
different kinds of communication subsystem as well
as with moving some of the kernel functions to the
interface unit. For example we hope that low
level storage management might be performed by the
interface unit so that transmission and reception
of segments can be affected without interrupting
the main processor too often.

Operation of the prototype will involve us
writing domain structured software. We have not
considered in this paper the question of domain
sizes or how a programmer might go about construct-
ing a program for execution in our system. We
have ad hoc ideas on making domains large enough
(and domain switching overheads small enough) so
that interdomain jumps do not predominate over the
performance of useful work. But obviously wide-
spread adoption of the sort of architectural dev—
elopments we are proposing is predicated on there
being matching high level language developments.
We hope to do some investigation of suitable
language constructs.

To CONCLUSION,

To achieve a domain orientated distributed
system we proceeded in two stages. First we
examined the infra-structure of domains to deter—
mine what components are not shared. These can
be easily managed by the use of transfer only
capabilities, Then we detailed how the remaining
shared items, the generic domains, can be managed
without the use of shared memory.

"With these management schemes we can achieve
the protection associated with domains [LINDT76]
in a distributed system. In the resulting domain



based system, fine grain load balancing is possible
because a load balancing decision is taken at every
interdomain jump. Load balancing at the time of
interdomain jumps involves minimum context being
shifted between sites. Our distributed system
automatically shares code when primary memory space
is short but otherwise multiple copies (of pure
code domains) can exist so as to make the best use
of available processing power. It could be
employed in an interactive system for students and
in many turn-key systems where there is not a
requirement for a computation to be able to access
a large amount of memory at once, It would be
expandible without reprogramming as the requirements
of its users grew.
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