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Tiscussion

This report presents a discussicn of an approach to tuildirnz and
studyiag multirle microcomputer systems. The report initially discusses
tha general problem area of multiple computer systems and indicates why
researcha and development studies need to be pursued in this area. This
report presants the current results of a prcject waich has beer studyinag
ore aspect 9f this laree problem, This varticular project has limited

itsel? te the study of local, special purpose, multiple, microcomputer

architectures. The vparticular aporosach taken has teea to use a :

generallized architecture taronomy presente? by Anderson ard Jensern
(And=2r76] to define the types of architectures »f interest. There are
ter architectures in this taxonomy. Tach architecture has distinzuishirnes
attritutes which will <characterize the <£functisnal and operaticnal

tehavior of the system, The taxonemy only ideatifies high level
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attritutes. Problems associated with real time performance, appropriate
methods to program these architectures, reliability issues, operating
systems questions, etc. still remain to be solved. It is felt that the
eristence of an experimental system whereby any of the (functionally
representative) Anderson and Jensen architecture types might te
conveniently ©built wonuld provide a powerful tool to study some of thkese
rrodlems. This report presents the currenrt results of the project which
has bteen concerned with designing and buildiag such an experimental
micraocomputer system. The philosophy followed was to base all systems on
2eneral pupose hardware primitives from which the various systems can te
built. It is critical to identify these general <concepts so that the
results of the -experimental work can bde exteaded to the general case
where different hardware and software implemerntations occur and to
oermit considering the newer VLSI devices which are tecomingz
commercially availa®le dut which are not included 1in the present

experimental system,

Present State of Xnowledze

Aivances in VLSI technology have bYeen respornsidble for the
propacsation of digital technioues for implemerting solutions to
engineerinz pratlems which ¢traditionally have teen solved by other
metkods. These advarnces have also made it possidble to cornsider buildinz
multicomputer systems where uatil gquite receatly digzital systems
utilizinz a sirgle computer (i.e. one processor in the system) were the
norm, These ¢tws trends are cnavergine so as to cause a growth of

activity in considerinz the application of systems of multiple computers
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in a variety of disciplirnes.

Unfortunately, although it now seems 2d0ssible to build a multiple
computer system, 1t 1s not clear how to bdbuild the best one in terms of
matching the desizn of ¢the computer system to the needs of the
application prodlem, Traditionally the hardware resource was a fixed
elemert and tke software structure was the major variable to consider.
New the form of the hardware resource i{s also a major variabdble. In fact
it {s noat even clear what types of multicomputers may be implemented let
alone makinz a rational choice among well understood alternatives. There
are a variety of sinzle computers with different attridutes. There are a
variety of methods and mechaaisms for 1interconrecting these single
computers 1into multiple computer systems. Fow does the desiegner choose
the "best” permutation of these possibilities as a solutior to a
rarticular application ©problem {if the permutations themselves are no?
well understood? It is felt that these permutations may be described in
a systematic manner if *the possible architectures are characterized dy
the attrivutes »f the individual c mputers comprising the nodes 2f the
multi computer system, the attridbutes of the hardware and software
mechanisms used to intercoanect the individnal nondes, and the atiridutes
of the total structure makinz up the 2'obal 1interconnection sudsystem.
with tals wunderstanding ¢f the tehavior and attridutes of the possitle
multicomputer a=chitectures availarle as an information base, it woulil
then ©be feasidle to progress to ;he next step of chcosing the tes:
architecture for a eiver oprodlem. With i{rnformation availadle waich
defines multicempuler rchitecture types, methods may be develozed to
2uide the generation of operation systems and avplication programs waich

can thea be matched to the underlying hardware stricture. Any desizn
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process involves makirg choices among alternatives. Information
describing alternative multicomputer structures 4is reouired so that
these cholces can be made ir a systematic fashion.

The potertial scope of the multiple computer architecture space is
large erough that a study c¢f an important subset cf the total space will
crovide an important cortribution. An area of curreat interest is
concerned with special purpose architectures which are based upon
microctrocessors ard compatible VILSI devices. For the intents of this
research project a “special purpose’ multiple computer architecture is
one whose charactsristics are fixed at desien time while a ’'zeneral
purpose’ architecture 1is one which may be dynamically recoafigured at
rur time accordinrz to the needs of the task(s) it is supportinz. The
sut ject of reliadility 4is of sufficient importance that it will de
considered as a normal, desirable attribute of special purposse systems.
If a hardware module failure occurs reconfiguration cf the system will
te necessary for the purvose of maintainine the system characteristics
which were specifiei at desigr time. Thus at least this aspect of
dynamic reconfizuration is of interest in special purpose systems. The
sgecial purpose systems will encompass the spectrum from tightly coupled
multiprocessors toc loosely coupled systems.

From a high level architecture viewpoint, a multiple computer system
may e described as a numder of irdevendent rvrocessinz rodes which are
cornnected together by an Interconrection Sudbsystem (ISS). Microcomputer
based processing nodes may te characterized as coaveational zeneral
purpose digital computers which evecute sequential programs. The
attritutes of these nodes may be described by existing aotations such as

the 2MS and ISP descriptive systers ([Rell?1,Bell?8]. What {s not
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presently urderstood is how to effectively describte any arbitrary
rultiple computer architecture. Even given the case where the same
processing ncdes are mnsed, a variety of different multicomputer
architectures are possidle whose characteristics are dependent upon the
structure of the ISS which is employed. An example of this is shown in
fisure 1. Further permutations are possible when it is considered that
for a wvarticular functioral ISS type there are a varietly of
implementaticns which are dependent wupon tae particular hardware
mecharisms, and the associated standards and protocols which are
employed. 4n exarple of this {s shown in figure 2. Cne must know the
implementation details for the ISS tefore the ovperational behaviaor of
the multi-coamputer system can %e definitively descrived.

The ©philosophy of the PMS avproach to descriting computer systems
{s %ased upon the idea that a fundamental set of functional ‘tuilding
blocks can be identified from which all digital systems are comprised.
Evidence indicates that this is valid for the uni-computer case and
studies such as that whicr developed the Cm* architecture [Swan77]
indicatas that the approach is als2 valid for the multi-computer . case.
Tach element in the PMS set is a furnctional osrimitive. Correspondiag
hardware primitives may be generated reflecting implementatiorn
considerations, Tris philosophy can apply to multiple computer

architectures., & set 0f hardware interconnecticn primitives (HIP), along

4

with recognrized standards and pratocols, can de identified. These 12s
will form a primitve set from which any ISS, within the context of
implementations bdased upon VLSI, are realized.

with a ccemplete set of hardware duilding ‘tlocks known for the

multi=-computer case, a need exists for an underlyina structure ugon




which to found the study of multiole computer architectures. Thus a
rationale exists for deriving a taxoncmy for multiple computer systems.
At present there are a small number of existing taxonomies ([Ander76!
(Free?9] [Kro72] (Fly?2) (Cren721. Of these taxoromies the one presented
by Anderson and Jensen appears to be a conceptually sound startirnz point
for identifyine BIP?s and ISSs. The nodes in the tree identify higzh level
architecture types and prcvide an initial classification of ISSs. From
this information a functionally complete set of ISSs and associated EIPs
may te defined.

It appears that a variety of multiple computer configurations are
kot technically ard economically feasible. However, detailed
informaticn needs to be developed which defines the total number of
distinguishatle architectures, and their oéerational characteristics

before design decisions can de made in a systematic manner.
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EE Tistributed system taxcnomies have been devised by other

researchers such as Freeman and Thurber [Free?8). Their work categorizes

local computer networks into four <classes: packet switched, circuit

switched, dus structure, andi [/0 chanpels. &nderson and Jensen [2nder7?6)
provide a more detailed taxonomy with ten architecture classifications.
The archkitecture taxomony 1is bYased upon functional attridutes of the

orocessing e2lements /‘the nodes), vaths or links, messazes, and switches.

Specifically not <considered are communication strategies, messaze
addressing, or deadlock situatiosns. The orimary shortcoming of this
taxoromy is that some actuval implermentations of distridbuted systems are
hybrids of the tasic taxonomy classes. Iz addition the communications
vrotocol remairs as ar importanrt unconsiderei attribute. Thus one
astridbute of the ISS which can zgreatly affect system performance is not
included in the taxenomy. It may De arzued that this is an
implementation <consideration rather than a general system atiritute., A
zraphical summary of the inderson and Jensen taxonsmy 1is presented in

figure 3.

D

Several research projects are underway oz iocal computer networks.
Cf particular interest are the definitions of various hardware
interconnecticn primitives (FIPs) and interconnection sudsystems (ISSs),
althruzh 1ot referred ¢to in those terms, Rennels [32an73] describes a

fault-tolerant distriduted system interded for stacecraf

'

. 4 numder of

modular tuildinz tlacxs are defined specifically for the interconnection

of off-the-sel® computer comporents. These are a memory interface

‘¥I-B3), a tus interface (3I-33), 21e for iaput-sutput (I10-23), aai a




so-called “core module” (CORE-33). Collectively these buildinz blocks
constitute a class »f ISSs, at least for the particular architecture
investizated by Fennels. His redundant 2lobal bus approach may be more
fault-tolerant than 1is reouired bty most earth ©bound networxs tut
self-checikking components are an important area of interest.

Powell et. al. [(Pow?8] descride a hydbrid architecture with
interesting ISSs. Thelir netwerk consists of twc leavels; the higher level
is an irregular network whose nodes are interfaced by an ISS composed of
orne or more four port HIPs that collectively make available an arbditrary
aumber of ports to the network. Only one of the ports may te active at
ary mnmoment in time, with contention control determining thae particular
port. The lower level consists of the node 1itself which implements a

urique form of a btus: a loossly coupled pulse transformer. The advantage

3

claimed for suca a HI? is its fault-toleraat progerties.

C

(S

in example of a ring topeclogy is the Distridutei Computer System
developed at UC Irvine [Loomis?3]. A control tnzea is osassed arouzd the

rire for control ourposes. Of special interest is their definition of an

522
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erconnection primitive called a “local networx interface” or INI.

-3

NI is irntended to alss work 1in networks using contention rinsz

&)

kis
control and in contention bus networks as well, Their LNI is composed of
two HIPs? a network irnterface HIP and a host-specific HIP. The first HIP
coatrols data traasmission and reception, recognizes addresses, ani
conditions signals. The host-specific FIP is desimned to exchange data
between the natwork and the host computer. A HIP for I[MA transfer to a
LSI-11 UNIEUS has been bduilt.

teresting variation on the ID2R architecture of Andersen arnd

An in
i

s the MICRONET system [wWit78], 1In *ris system each node is




connected to a horizontal and to a vertical bus throuzh a FEIP defined
for this system. ZTach ncde consists of a local computer (a C) and a EIP
which implements the tus connections and which interacts with the local
C. In a given configuration the local C can be eliminated and a given
noie may only consist of the special HAIP which maintains the ISS at a
given bdus Jurction. An 1interestinz facet of MICZONET is that it
resembtles the IDDR architecture but it has an important difference in
that ary MICRONET node can communicate with any other rode cornected to
2 bus while in the IDDR case a given node can only communicate with a
reizhhor ir the array. This difference affects the switchine complexity
of the system, its reliability, and other system attributes. Such
4differences must be resolved in a =zenerally complete taxonomy.

As mentioned earlier a communications protccol is an important
aspect of 2 distriduted system berause of its infuence upon the system’s

erformance. At the “commea carrier” network lavel much standardization

el

is wunderway by various international and national institutions. A local
computer networr may berefit by usinz standard components. Starndards are
heing 1iscuss=d at seven different levels, many or most of which may te
impcrtant to tne context considered here. It i{s hcoped that someday teth
hardware and s»Hftware modules may bde commercially availatle at

relatively lcw cost (compared to the cos® cof produciag “optimal” modules

o)

or a ovarticular application rroblem}, A recent t2chaical journal is

d

Network Protocels).

evcted to network protocols (September 1373 Cemputer, Special Issue on
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Current Fesults from Project : Modular Microcomputers

Ar example c¢f a modular microcomputer system is the Microprocessor
Independent Microcompnter (MIMIC) [Carey?7a, Var79]. This is bdased upon
a standardized microprocessor bus, and a set of modular hardware
primitives which are rcompatidle with any of the current generation of &
bit micreprecessors. These systems are being extended to the
rulticomouter case by defining hardiware primitives from which a variety
cf systems may be realized. A first set of hardware interconrsction
primitives (HIP) have been Adesigned ard implemented which include (1) a
shared merory, f2) multichanrel parallel and serial 1links, (3) a

multiport bus window, (S) an intellisent channel processor, and (5)

extensions of the MIMIC bdus standard to support shared dbus systems.

These TIPs are heirg installed in a three node MIMIC system so as to.

perferm experiments on a variety of interconnection subsystems (ISS) .
The selection of the varticular hariware interccnnection primitives was
dore by an analysis of @ high level taxonomy [8nder?€]. The desigas wers
a fuaction of the characteristics of the MIMIC tus and currently
available VILSI devices. It is felt that the experience gained with such
a system will orovide valuatle insights ianto understandinag more complex
systems dYased uvon future VLISI devices and more complex processinz nodes
and interconnections subsystems.

Where the MIMIC rmulticomputer system {is ‘tased upen internal
Uaiversity 02 Connecticut designs and 8 bit microprocessors, a second
multizle computer bdased upcr commercial modules, and the 16 bvit LSI 11
micronrocessor, has also been designed and implementei. The

irterconnection subsystem (IS3S) is entirely based upon serial 1links.

- sl Sl e
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Althougzh this is a very low performance environment the particular ISS
is very flexidle, permits a variety of architectures t¢c be implemented
yrder opro2ram control, and {s currently bdeinz used to explore prodblems

with distributed software systems.

Current Fesults : Hardware Interconnection Techniques and Primitives

There are a limited numbder of ways that digital hardware modules and
systems may be interconrected. This limitation is bdased urpor the nature
of dizital hardware {tsel?. Additicnal limitations occur 12 cnly certain
tyoes of dizital systems are considered such as those which are bdased
upon microprocessors and associated TVLSI devices. In additioa o ;
hardware limits functisnal aspects must bve considered. In the PMS system
{23e1171] thers are %two interconnection primitives: the link (L) azd the
switck (S). This 1is a functional definition and in practice otker
primitives such as the memory (™), the coatroller {K), e2tc. may serve to

implement an irnterconnection function. To say trhat somethinz is an

2]
(%4
1]

1

re
b >

o

anection mechanism reguires first statiag the level ¢f viewpoint
which is telng used. ¥sr this paper at least three viewpcint levels are

emplovei. These levels are the ‘1) electronic nhariware, (2) svstem

watlnatiel,

furctional, and (3) saftware functional. 1 |
4t the electronic hardware level 1ia microcomputer tas=ed systems

exly four jrimary mechanisms 2xist for interconnectinrz modules. These é

are (1) ©it serial transmission via a serial linx uader the control of a

processor, (2)word parallel transmission via a parallel linx wunder the

it A

cortrol of a processor, (3) word varallel <ransmission over a bus (i.e.

the internal microcomputer bus), and (4) word parallel transmission
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through storagze in a shared memory (I/0 devices may be viewed as a
shared memory). These are the basic pessibilities with hardware
mechansims of higher functionality being coastructed from this set of
techniques.

At the system functional 1level the PMS concepts appear to be
complete. Therefore a given approach will be characterized as a PMS
primitive. An {interconnection mecharism may have a completely
orogrammatle computer within it btut if the function it is performing is
that of a switch ther a switch it is.

At the software functional level the activities that the hardware
system is supportinz must be considered. McFayden (Mcfay?61 suzgests
such a functicnal viewpoint by proposirg the “functional layering’
concept for oreanizire software systems in multicomputer systems. In
this appreach the functicnal responsibilities of the network nodes are
divided 1irto tkree major layers which are (1) transmission manazement,
{2) node ¢unctional task marnagement, and (3) application operations.
This identifies at least three node tasks which will have a time ordered
relationship with resulting implications about the poteantial parallelism
{corcurrency) of <software operatiors associated with the rode. The
performarce cof the node can de immediately affected by the hardware
resources in the node which are available to support (exploit) this
potential parallelism,

A further classification of the interconnecticn mechanisms can bde
made if the system is divided into the two broad classes of iaternodal
and intranosdal cornections with internodal bYeinz those connections
tetween disjoint nrodes and iatranodal deing those connections withia a

distinct node iz the system. At first it mizht de temptinz to ecvision
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that fundamentally different hardware mechanisms are necessary to
realize internodal versus irtranodal connecfﬁons. Jowever this 1is not
true. As stated there are a severely limited numder of dasic digital
hardware possibilities for implemerting hardware connections and these
cover both the inter ard intra nodal cases. The same hardware mcdules
may be employed to realize bdoth. The distiction becomes' a matter of

functional defintion as is true with the PMS primitives.

With the adYove discussion as arn explanation let the followinz
hardiware interconnection primitives be defined for microccmzuter tased

systems. i

General microcomputer hardware interconnection primitives:
1.Microcomputer bus (M3) : primary irtranocdal cornecticrn between
the microprocessor and all other functiomal modules in the node.

2.Microcomputer bdus window {(M3W) : electronic marpinz “etweer M3s.

3.Shared Memory (SM) : a memory which may be accessed by mere then

one microccmputer or microprocessor.

4.Shared Microcomputer Zus (SM2) : an internal dus which may te

B T S T T T PRI TRp T s e SV

dyzamically time shared »y two or more microprocassors.
5. Snared Communication 2us := (SCE) := an extsrnal dus which i{s shareil
by two or more micrccemputars for internodal communication
€.Serial Link (Ls) : a bit serial interface whose cperations ere ;

contrclled by a microprocessor. Normally only used for traansmission

B e e oot oo nit cede et o 0 by o da

of iaformation.

7.Parallel Link (Lp) ¢ a word parallel interface woose ogerations ars
controlled dy a microvrocessor. May bte useil for simple message
transmission ar as part of a control mechanisnm.

£.Transmission Processor (P%) : a microprocessor whose purvose is to
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support the transmission layer within a node or between nodes. A
functional division into two sevarate types c¢f Pt may be necessary
if internodal and intranodal transmission operaticns prcve to be
fundamentally different.

©.DMA controller (¥dma) : implement dma intranodal transfers.

There are other possibilities such as an aliznment networ< but upon
examination these seem to be constructed from the above primitives.
Given these basic hardware technigues the next level is to ideatify
hardware intercoanecticn primitives which may be used to realize any
hardware architecture of interest. In this study the Andersorn and Jensen
taxonomy was employed to define such an architectire space. 2s mentiorned
in the intrcductory discussion other architectures seem t2 be passitle
but this taxonomy seems to de representative. Therefore the basic set ¢of

hardware techniques were nsed to define 9HIPs from which any of the

Andersorn ard Jensen architectures could de realized. What is of interest

is that onrnly a small set of ZIPs is reouired, These are as follows.

MIMIC hardware interconnection primitives :
1.Four channel <serial link (S7Lsj4) : dual mede to support iateraodal
o

intranodal information transfers.

2.Four channel parallel link (S3Lpi4' : 2val mode to support ianteraosdal

e

or intrarnodal infermation transfers.

3.Four channel Yus window /SiEW:4) : address mapping is programmadle to

T ey

support a variety of bus window base4d architacturses.

4.Transmission computer (Ctjdma) : a sevarate computer with a Ip

and a ¥dma to the MIMIC bus and which may control either the
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S3Ls?4 or the S;Lps4. This will support either interncdal or
intranodal software "transmission layers.” Ir this EIP tae Ctiima
will support either transmission throuzh a Sils’4¢, a Siipi4, or

{t provides a dma dlockx transfer capadility within a rnode. Cost
modularity considerations indicated the efficieacy of grouping these

functicns.

Zach of tbese modules has be2n designed and constructed fcr use in

the MIMIC systems. Since the MIMIC system is representative of systems

such as the S-132 vased microcomputers {[EIm?3) the results of this

{rmplerentation are applicadle to S-12¢ type systams alsc.

Curreat Results : MIMIC Multicomputer Architectures

The follewing figzures oresent the particular implementations of tre

MIMIC BIP?se d4eofined atove, some of the iaterconnection sutsystems f
possidlie with these HIPs, and scme of the resultaent multi microcomputer
architectures. Figure 4 preseats a bdlercr 4diagram of ¢he bdasic ‘four

~channel link FEIP. This Adiapgram represents bhoth ¢the SiLyi4é and ths

s

S3Lsi4. Figure &/%) and 4/c) show a PMS diagram version of hese SI3s,
The PMS represenrtation {s much clearer ard compact as a graphical
—~Rotation. Amn 1iaterestinz point is that although the functicnal

represenrtaticns of the the Sitpi4 and the S3Lsi4 modules are the same
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their effects on the operational characteristics of the system are
sigrificantly 1i{¢ferent. ts an example shysical A4istance and
traasmissinn speeds are ouvite different aad ths SiLlvid may also serva in

a variesty of control ocperaticns which are impossidle to the SiLsi4. This

e A S s e aitld o b Al b i wle
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is a vivid illustration of the need to examine the 1implementation
considerations beyond the functional definitiors to see the important
effects of usire different interconnection mechanisms.

Tigure 5 presents a PMS diagram of a tyoical microcomputer such as
a MIMIC or S-12¢ dased machine. Fizure 6 presents a PMS diazram of the
traasmission processor HI? with the various mcdule features defined.
Note that this is auite similar ia1 nature to the machine of Figure £ tut
the buffered bBus cornections ard the Lp ani trhe Xdma provide the
hardware means to realize the transmission functions.

Figure 7 comdbires the modules of fignres 4,5 erd € tc show a typical
node which consists of a node microcomputer and the FIPs recessary t2d
realize a variety of {interconnection operaticns. This 1is a gzeneral
purpose structure which will ©permit implementinz a naumber of the
architectures from the Arderson ar? Jensen taxonomy.

Fizure & presents a tlock diazram of the four channel btus window and
a corresponding PMS represntation. This HIF actually realizes four
independent btus window channels in a sinzle hardware module. This was
done for reasons of cost modularity as it was resascrable to multiplsx
the 34 coatrcl and timine functions amone sevarate tus windaw channels.

Fizure 9 preserts two possible architectures feasidls withr tha 3Wj4
BIP. In figure ¢ ‘a) i{s shown a three nnde configzuration which permiss
either a DDL type machine or a true IDS confisguration. The addrsss wmaps

in the ©Ytus window are prozrammabdle which permits i=2fining a mapping o

a3

tus window address spaces which functionally iefine giftse

-3

an

i

cr

architectures. As an example each node might rave to manaze the rine
messages through a store and forward mechanism if the 3BW address maps

only vermitted unidirec*ional in®ormation transfer. In another case the

ki » aaie i GG Ll U5 i A
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BW adress maps may be set to permit any C in the network to access any
other C indirectly throuzh ¢the BEws. Ir these cases the functioral
scftware cperations and system dbehavior will differ.

Figzure 12 presents a four rode rinz implemertation of the structure
orizinally shown in figure 2(bd). In this case the configuration of
figzure 7. which employed the Ct and S3Lss4 HIPs, is wused to ‘tuild g
higher performance DDL architecture. Other basic structures are also
possible frcm this fundamental node.

Preseat studies show that rine of the ten possidle Andersorn a&nd
Jensen architectures are pnssible from thes2 hardware orimitives. Cnly
the ICSB structure is rot pessidble using these mechanisms.

These systems reflect the possidble multicomputer hardwar2 structures
possible from a fundamental set of dnilding dlecks. The next phase of
the study will define system level <characteristics which a&re of

interest. These system attributes will then be examined in light of a

particular EIP/ISS implementation to draw conclusions atout the effects
¢f particular hardware techniques upo1 system level dbehavior. From this
information additional studies will explore 1av2lopine r~ethods for

ratching the Yest hardware architecture %o the reeds c¢f a given design

prodlem,
Curreat “esults : Cemmercial Multimicrocomputer systems

Where the MIVIC hardware orimitives reflect specialized design whos2
primary prupese is a consideration nf hardware architectures, ancther
facet of the prnject teinz oresented here is coancerned with distriduted

scftware issues. It 1is not presently clear what are the relationships

S ot b e i s
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between the structure of a distributed software system and the
underlying distridbuted hardware structure. To study this and to permit
focusiag upon the distriduted software 4issues an eight node LSIll
distridbuted microcomputer has ©been designed and is being constructed.
This system has a'general purpose ISS whose structure may be varied
urder program control. The ISS is constructed from serial link HI?s to
provide full point to peint communication detween any ncde in the system
or any permutatiorn of interest. The software system defines the
particular ISS structure which is to te used. This permits an easy and
flexible shifting tetween different fundamental architectures as tke
interests ~f the software research efforts specify a change.

Some examples of this system are shown in fizures 1€ throuzh 12. Tre

[

tasic system s shown in figure 19 (b) which consists of eight LSI1
nodes, as defired bdy fizvre 12 (a), a full point to point serial linx
Iss, and a P?CP 11/6Q0 for pvrogram developmeat support. An oxemple of a
full point to point ISS is shown in fizure 11 (c). Any rode can directly
comminicate with any other node through dedicated serial links. This is
a completely =2eneral scheme with some of the rossidle vermutations shown
ir fizures 11 ‘a), 11(®), 11(4}, 11{e), and 12. The software systam
defines the dedicated serial links whkich it chooses t5 use ard that
defines the ISS. As can be seen this permits DDL, ICDS, ICPTL, DDC, IDDR,
and IDDI architectures which are six of the ten bdasic 2ipderson ard
Jensen structures. This will orovide a &reat flexidility ¢to support
experimental work wit@)distributed software.

To show other features of this system figure 12 preseats a dual 2DL
system. Rasically this is a system with ar alternate patn to compensate

for a failure of a ziven dedicated link or the n0de which supports that

U IRy e e
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link. Such a system provides an experimental vehicle ¢for considering
reliadility and software recovery issues. In this system two DDL loops
are physically defired. During normal operations cnly ar active IPL path
will be employed. In case of a link failure an alternative link will be
activated. In case of a node failure the rode tasks need to de
tranferred to an active rode for a degraded mode of operation and
associated alterrative liaks will become active.

Additional system architectures are ©possible from this zereral

purpcse serial link ISS.

U=V —
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Conclusions

It seems to be possidle to identify a set of architecture types which

may be used to characterize and study multiple computer systems. It also

seems possible to identify the fundamental hardware techniques which are
employed in implementine hardware interconrection mecharisms. These two
results have been combined in this preoject to iderntify ar initial set of
rardware interconnection primitives (ZIPs) which may de wused to duild
furcticrnal representative interconnecticn subsystems (ISSs) which result
in a distinguishadle architecture type. An initial set of thes= IIPs
hare been designed ani censtructed to permit the convenient construction
of the various multiple microcomputer architectures of interest.

here are a aumter of major i{ssues which remair to bve studied jrior
to the development of well ordered desizn procedur2s corncerning multiple
microcomputer systems. Can the types of all possible arcaitectures te
identified and characterized in a meanirgful way? The ¢irndarson and
Jensen taxonomy indicates that this 1is possitle tut a msre complete
taxonomy is still necessary which will alse ¢
attritutes. Can an encompassiig set 9
identified wkich supvort the {implem
system? This oproject PEkas accomplished
context. This successful result {pdicates that such a=~ objective may ts
2enerally possibdle., The ?2?MS system coravidies a concsptual tas for
identifyinz primitives in uniecomrouters. I: remaias to be sesn whethrar
this can te done for multiple computers. Toes an appropriate description
larzuaze exist which can bde used to descride, simulate, and manipulats

the architectures of multiple computer systs~ms as a support far the

ba
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desizn process? In a nnicomputer the architecture is often characterized
by either the structure of the processoer (stack, register oriented,
etc.) or ty the prnacessor instructicn set itself [Amd64, Brown7&]. What
is the proper way to characterize the multiple computer architécture?
Perhaps *he bYest way is tn characterize such systems in terms of their
interccnnection sidbsystems which must eventually 2ncompass both the
hardware subsystem and the software sudsystsm. ahat are tahe important
attrivutes of this overall Jinterconnection sudbsystem? What are the
tradeoffs btetween hardware and scftware mechanisms? What is tha
relationship between the distributed hardware system and the distributad

sof?tware system? These and other such auestions remain to studied and 9o
d

be answered. It 1is felt that the identification of tke hardware
primitives nd the existence of the experimental system descritsd in
this report will provide an effective exverimental means tc examire some
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"store and forward" to pass messages, I ]

and IDS 1f window addresses are set 1/0 M
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space of any other C

Figure 9 (b) Three node system with
Bus window HIPs acting to establish a
DSM architecture. Window addresses are
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shared M.
(5 (3]
- e
*1,dna . L %1 dme
“s s j] !
Ct Ls Ts ct
C Ll
t s kg ey
g | L 1, — Kl
1;dma s > 1;dma
(2, 2]
n n

Figure 1C Four node DDL architecture with the two HIPs (1) Transmissicn
Processor, and (2) Four channel serial link being used tc implement
the ISS. This is a specific implementation of the general structure
shown in figure 2 (b). Note that each Ct/L HIP combination results
in two unused serial links permocde. S These may be used to

support octher system features or provide backup links for relisbilisy
purpcses.
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