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D i scuss i on

This report presents a diseussicn of an approach to building and.

studying ~~lt1ple m~croco mvu ter systems. The report initiall y discusses

th~ gen e ra l  p r ob l e m  a res  of m u l t i p l e  c o m p u t e r  s y s t e m s  and i n d i c a t e s  why

research and develop m ent stt :dleS r.e~ d t o  be pi r s ’~ed in this area. ThIs

rep~ r t  ~r e sent s  the c u r r e n t  r e s u l t s  of a prc~ ect  w a i c h  h~ s been st u d y in g

or.e aspect of this large  ~rob le~~. This  ~ar t i c ’~lar  p r o t e c t  has l~ r n 1 t e~
itsel f t~ the study of local, special purpose, mul tiple , microcor~u ter

architectures. The particular apnroach taken has been to use a

general i?ed. architecture tax onorny presen te~ by A nd erson and Jense n

-

. E~nder761 t o  d e f in e  the  types of architectures of interest. There are

ter. architectures in this taxonomy . Each areh~ tecture has dtst 1n~ ujshic~
attri bu tes which will characterize the funct~ ,nal and operational

behavior of the system . The taxon omy only identifies high level

-
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attributes. Proble’r s associated with rca]. time performance, appropriat e

methods to program these architectures , reliabilit y issues, operating

sys tems auestions , etc. still remain to be solved . It is felt tha t th~ ~~~

e is tenc~ of an experimenta l system whereby any of the (functionally

representative ) Anderson and Jensen architecture types might be

conveniently built woul d  provide a powerful tool to stud y some of these

problems. This report presents the current ~esults of the pro ,~ect which

has been concer ne d w i t h  d e s i g n i n g  a~ d b u i l d in g  su ch an exp e r im en ta l

microcomputer system . The philosop hy followed was to base all systems on

general pupose hardware prim itives from which the various systems can be

ht~ilt. I t  is c r i tI c a l  to  i d e n t i fy  these zeneral concepts so that the

r e su l t s  of the exper imenta l  work  can be exten ded t o  the general  case

whe re d i f f e r e n t  h a rd w are  and s o f t w a r e  I m o l em e r .t a t i o n s  occur and . t o

p e rmi t  c o n s i d e r i n g  the  n ew er  VLS I dev ices  which  are becomin g

co mmer c~ a 1ly a v a i l ab l e  bi~t wh ich  are r o t  ir .clud .ed In the p r e s e n t

exp e r im e n t a l  system .

Present State of ~ncwledge

Advances in VLSI t e c h n o l o g y  have  been responsible for the

propagation of dizitel techniaues for irnplem erting solutions to

engineertn2 problem s which traditionall y have been solved by o ther

me thods. These advances have also made it possible to consider buildinz ‘

mult icomputer systems where until guite recently digital system s

utili!Inz a sirgle computer (i.e. one processor in the system ) were the

norm . These t w o  trends are cinvergi~R so as to  cause a growth of

activit y in considering the appl icatio n of systems of multiple computers 

_  
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in a variety of disci plines .

• Unfortunately , although it now seems possible to build a multiple

computer system , it is not clear how to build the best one in term s of

ma t ch~g~g the design of the computer system to the needs of the

application problem . Traditionally the hardware resource was a fired

element and the software structure was the ‘~ajor variable to consider.

Now the form of the hardware resource is also a major variable. In fact

it is not even clear what types of muitteomputers may be Implemented let 
-

alone making a rational choice among well understood alternatives. There

are a variety of sinzle com’outers with different attributes. There are a

v arI~ ty of methods and mechanism s for intercon nectin g these single

com ptters Into mu1tt~ 1a comDuter systems . ~ow does the destzner cb.oose

the “best ” permutation of these possibilities as a solution to a

particular application problem if the permutatior.s themselves are not

well understood? In is felt that these permutatio ns may be described in

a system atic man ner if ‘he possible architectures are characterized. by

the attributes of the individual c~mputers compris ing the nodes of the

rnul ti compute r system , the attr Ibutes of t h e  h a r d w a r e  and, software

mechanisms used to interc onnect the individual nodes, and. the attributes

of the total structure ~a~ tn~ up the g’..obal interconn ection subsystem .

With thi s understanding of the behavior and attributes of the possible

m’~lticomptt er a~ chttectures available as an inform ation base , it would

then be feasible to progress to the n e x t  step of choosing th e  b es t

architecture for a etver nroblem . W1t~ inf orm at ion available which

defines mult iccmpu ter architecture types, method s may be develope d to

zu ide the generation of oneratton systems and an~lIcatton programs which

cart then be matched to the under lying hardware structure. Any design

___________ 
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process involves making - choices amoni alternatives . Information

describing alternative vnulticomp uter structures is reonired so tha t

those choices can be made jr a systematic fashion.

The potent ial scope of the multiple computer architecture space is

large enough that a study of an important subset of the total space will

rrovlde an important contribut ion. An area of current interest is

concerned with special purpos e architectures which are based upon

microtrocessors and compatible VLSI devices. For the intents of this

research project a “special purpose ” multiple computer architecture is

one whose characteristics are fixed at des1~ n t ime while a ~genera l

pur pose ’ architecture is one which may be dynamically reconfigured at

run time accordinz to the need s of the task(s) it is supporting . The

subject of reliabilit y is of sufficient importance that it will be

considered as a norma l, desirable attribute of s~ectal nurpose systems.

If a hardware module failure occurs reconfiguration of the sys tem will

be necessary for the pur~ose of malntatn tr .t the system characterist ics

which were specified at design time. Thus at least this aspect of

r~yflamIc reconfI~urat Ion is of i n t e r e s t  in special purpose systems. The

• special purpose systems will encompass th e s p e c t r um  f r o m  t i gh t l y  coupled

• mul tinrocessor s to loosely coupled systems.

From a high level architecture viewpoi nt , a multiple computer system

may be described as a number of indevendent trocessinz nodes which are

connected together by an Interconnection Subsystem (ISS). ~t c roc om puter ‘

based processing nodes may be characterize d as conventional zeneral

purpose digital computers which e~ecu te sequential programs. The

attri butes of these nodes may be described by existing notat ions such as

the ?MS and IS? •d~~crIptive system s f~ell?l ,Bell?81 . Whet Is not

_ _  
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presentl y understood is how to  effectively describe any arbitrar y

multiple computer architecture . eve” given the case where the same

processing nedes are used , a variety of different multicomputer

architectures are possible whose characteristics are dependent upon the

• structure of the ISS which is employed . An example of this is shown in -

figure 1. Further permutations are possible when it is considered that

for  a n a r t i cu l a r  f un c t i o n a l  155 tyne there are a variety of

tmpl emer ttaticr .s which are dependent upon the particular hardware

• mechanism s , and  the associate d standards and protocols which are

empl oyed . ~n exa~~p le cf this is shown in figure 2. Cne mus t know the

i~ plementatior. details for the ISS before the operational behavior of

the mul tI—c~mpute r sys em can be definitively described .

The philos ophy of the ~~M5 anproach to describin g compute r system s

is based upon the idea that a fundamental set of functional building

blocks can be td.enttfied from which all digital systems are  co’npri sed.

~vid.ence in1t~ ates that this is valid for the uni—comput er case and

studies such as that which developed the Cm~ architect ure ~Swan~~)

indicates that the approach is also valid f o r  th e  m ulti—computer - case.

!ach elemen t in the  ?MS set Is a fun ctional prim itive. Correspondtn~
hardware prim itives may be generated reflecting Implertentatior.

considerations. This phIlosoph y can apply to multiple computer

architectures. A set of hardwa re inter cornection primittiss ~HI?). along

with recognized standards an d prot ocol s, can be i.~ entifted . These ~I?s

w i l l  form a priml tv e se t  from which any 155 , within the context of

i~p emer.t at1ons based upon VLSI , are realized .

‘~ith a ccmp lete set of hardware building blocks known for the

lti—c omp~.ter case , a need exIsts for an underlying structure u;o:

-
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which to found the study of multi ol e computer architectures. Thu s a

rationale exists for deriving a taxon omy for multiple computer systems .

~t present there are a small number of existing taxonom ies (And.e r76) -

[Tree79l tEro?21 rply”2’ (C ren72 l . Of these t a x o r .o m ie s  the one p r e sen t ed

by Anderson and Jensen a~ pears to be a conceptua lly sound starting point

for identIfying ~I?s and ISSs. The nodes in the tree identify high level

arc hitecture type s and provide an initial classification of ISSs. Prom

this information a functionally complete set of ISSs a~d associated ~I?s

may be defined .

It appears that a ‘rariety of multiple computer configuratio ns are

both technically aM economically feasible. However , de taIled

inform ation needs to be developed which defines the total number of

dIstinguishable architectures, and their operational characteristics

before design decisions can be made In a systematic ma nner.

- —
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Pelated ~esearch

ristrib uted system taxonomles have been devised by other

res ear chers suc h as Fre~man and Thurber fPree?9~ . Their work categorizes

local computer networks into four classes: packet switched , circu it

switrhed , bus structure , and I/O channels. !nder~ on and Jensen fknder?6J

provi de a more detaile d taxonomy with ten architecture classificatio ns.

The arc~ite~ ture taxomo ry is based unon func ional att’~ibu es o’ tne

pr ccessing el~ m e n t s  ‘the nodes ), Daths or lt r i ~~s , m essages, and switches.

Sp ecificall y not consIdered are co~muni caticn strategies, message

ad~.ressing, or deadlo c~ situati ons . The p r i m a ry  s h or t c o m 1 n ~ of t h i s

tax onom y is tha t some actual imp lem entat Ions of Iistri b~ ted system s are

• h y b r i d s  of th e  b a s i c  t a x o n o m y  c l a s s e s .  In a d d i t i o n  the  c o m m u n i c a t i o n s

:rotocol renairs as an . importa nt ‘~rcon sidered attri but e . Thus one

attrib ute of the ISS which can greatly affect systen performance :s not

I n c l u d e d  In th e  t a x c n o — y .  I t  ~ay be a r gu e d  t h a t  t h i s  i s  an

• i m p l e m e n t a t I o n  c o n s i d e r a t i o n  r a t h e r  th a n a g e n e r a l  s y s t em  a t t r l : u t e .  A

~raphIcal summary of the ?nderson and Jerser . t axon om y is pre sented in

f igu re 3.

S~ ver a1 r e sea rch  p r o j e c t s  a r e  u n d e r w a y  on loca l  c o m p u t e r  n e t w o r k s .

Cf ~a r t l c u l a r  i n t e r e s t  a r e  the  d e f i n i t i o n s  of v a r i o u s  h a r d w a r e

l n t e r n o n n e c t i c n  p r i m i t i v e s  ( F I Ps ) and I n t e r c o n n e c t i o n  sub sys te r - s ( I S S s ) .

a l t h o u g h  no t  r e f er r e d  to in those te r m s . ~enne l s  [Hen n7 ~~ d e s cr i b e s  a

f e u l t — t o l e r a n t  d i s t r I b u t e d  sy s t e m  1r.te~ ded f o r  s p a c e c r a f t .  A r u ~ ber of

m o d u l a r  b u i l d in g  b l o c ~ s are  d e f in e d  s p e c i f i c a l ly  f o r  the  i n t e r c o n n e c t i o n

of o f f ~ th e_ s e l D  co~ p u f e r  comporents. These are a m e m o r y  i n t e r f a c e

• ~ ‘I — ? 3 ) .  a b u s  I n t e r f a c e  (~~i— ~ 3 ) ,  one for inpu t— -~ut~ut ~IO—B3 ), and a 

•
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so—called “core mo d ule ” (COR!—B3). Collectivel y these buildin g bl ocks

constitute a class of ISSs , at least for the particular architecture

tnvest1~ated by Fennels. His redun dant global bus approach may be more

fault—tolerant than is r e ou i re d  by mos t  e a r th  bound n e t w o r k s  but

self—chec king components are an I m p o r t a n t  area of Interest.

P owel l  e t .  a l .  ~Pow?9] describe a hybrid a r c h i t e c t u r e  w i t h

interesting ISSs. Thei r  n e t w or k  c o n s i s t s  of t w o  l eve l s;  the  higher  level

is an irregular networ k whose nodes are interfaced by an ISS composed of

one or mo r  f o u r  p o r t  HI P s  tha t c o l l e c t i v e ly  make a v a i l a b l e  an a r b i t r a ry

number  of p o r t s  to the  n e t w o r k . Cnl y  on e of  the  po r t s  may be a c t i v e  a t

any  m o m e n t  in. t ime , w I t h  c o n t e n t i o n  c o n t r o l  d e t e r m i n i n g  the  p a r t i cu l a r

p o r t .  The lower  level c o n s i s t s  of the node i t s e l f  wh ich  impl em en t s  a

tinique form of a bus: a loosely coupled pulse transformer. The advantage

cla imed for such a HI? is its fault—tolerant ~ropertIes .

~n example of a rIng topology is the Distr Ibute d Computer System

developed at UC Irvine ELoomis73~ . ~A control token is passed around the

nin e  F or c o n t r o l  n u r p o s e s .  Of spec ia l  I n t e r e s t  is t h e i r  d e f i n . i t i o n  ~f an

i n t e r c o n n e c t i o n  p r i m i t i v e  called a “ local  n e t w o r k  interface ” or L~4 I .

T h I s  L N I  Is i r . t e n d e d  to  a l s o  w o r k  in  n e t w o r k s  u s I n g  c o n t e n t i o n  n i c z

c o n t r o l  and in c o n t e n t i o n  bus n e t w o r k s  as w e l l .  ~~eir LM I is c om p o sed  of

two H I P s ;  a n e t w o r k  in t e r f a c e  H IP an d a host—specific HI?. The first HIP

c o n t r o l s  d a t a  t r a n s m i s s i o n  and r e c e p t i o n , r e c o gn i z e s  add re s se s , an d

c o n d I t i o n s  s ign a l s .  The h o s t — s o e c l f i c  ~IP is des i gned  to exchange da ta

be tween  the  n e t w o r k  and t he  h o s t  c o m p u t e r .  A H I P  f o r  t ’~A t r a n s f e r  to a

L S I — t l  U N I P ~ S has bee n b u i l t .

An i n t e r e s t i n g  v a r i a t i o n .  on t he  ID T~ a r c h i t e c t u r e  of Andersen  an d

Jensen is the M I C R O ~~ T sys tem t W i t 7 ~~1 . I n .  this  sy s t em each n o d e  is

L_____________ 
- 
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connected to a h o r i z o n t a l  and. to a vertical bus through a HIP defined

fo r  t h i s  sy s t em.  Each ncde  c o n s i s t s  of a local  computer (a C) and a HI?

whIch  imo le m en t s  the  bus c o n n e c t i o n s  ari d which  i n t e r a c t s  w i t h  the  local

C. In  a g i v e n  c o n f i g u r a t i o n  t he  loca l C can be e l i m i n a t e d  and a g iven

no de m ay on ly  c o n s i s t  of the special  H IP wh ich  maintai ns the ISS at a

given bus ~ure tion . ~n l f l t Qr e s t I n 2  f ace t  of MI C H OMET is tha t it

rese m bl es th e IDD~ architecture but it has an important differen ce in

t h a t  any F~ICHONET node can communicate w i t h  any other node connected to

a bus w h i l e  in the tD~~ case a g iven  n od e can o n l y  c o m m u n i c a t e  w i t h  a

r e lzhb or  in.  the  ar r a y .  This difference affects the  s w i t c h i n g  c o m p l e x i t y

of the  sys tem , i t s  r e l i a b i l i ty , and o the r sys t em a t t r i b u t e s .  Su ch

d i f f e r e n c e s  m u s t  be reso lved  in  a ~en e r a l ly  comple t e  t a x o n o m y .

As m e n t i o n e d  e a r l i e r  a c o m m u n i c a t i o n s  p r o t o c o l  is an i m p o r t a n t

aspect  of a d i s t r i b u t e d  sy s tem because of i t s  i n f u e n c e  upon the sy s t em ’s

p e r f o r m a n c e .  At the  “ c om mc n c a r r i e r ” n e t w o r k  evel  mu ch s t a n d a r d i z a t i o n

is u n d e r w a y  by v a r i o u s  i n t e r n a t I o n a l  an d  n a t i o n a l  i n s t i t u t I o n s .  A lo ca l

c o m p u t e r  n e t w c r ~’ m ay b e n e f i t  by u s i n g  s t a n d a r d  c o m p o n e n t s .  S t a n d a r d s  are

be in g  d i scuss ed  at  seven d i f f e r e n t  l e v e l s ,  m a n y  or m o s t  of w h i c h  may be

I m p o r t a n t  to  t h e  c o n t e x t  c o n s i d e r e d  here .  I t  is h cp ed t h a t  someday b o t h

h a r d w a r e  and s o f t w a r e  modu le s  may be c o m m e r c i a l l y  av a i l a b l e  a t
• r e l a t i v e ly  l o w cos t  ( c o mp a r e d  to the  cos t  of p r o d u c i n g  “ op t i m a l ” m o d u l e s

f or  a o a r t i c u l a r  a~ p l i c a t i c n  p rob l em ’ . A r e c e n t  t e c h n i c a l  ~ourna l is

devo ted  t o  n e t w o r k  p r ot o c o l s  ( S ep t e m b e r  l9~ 9 C o m p u t e r , Sp ecia l  Issue on

N e t w o r k  P r o t o c o l s ) .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • -
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Curre nt Fesu lt s from Pro~eet : Modular Microcomputers

~n exam ple Cf a modular microcomputer system is the Microprocessor - ;

Independent Microco mputer (MIMIc ) fCarey~?a, Var7Sl . This is based upon

a standardized micropr ocessor bus, and a set of modular hardware

pri”itives whIch are compatible with any of the current generation of e
b it micropr ocessors . Th~se systems are being extended to the

.rulttcom ~uter case by definine ham-iware primit Ives f r o m  which a variety

of systems may be realized . A first set of hardware interco nnection

prim itives ~!IP) have been . test~ ne4 and impl emented which include (1) a

stared memory, ‘2~ i ru l t i c h a nn e l  para l le l  and ser ia l  l i n k s ,  ( 3 )  a

mtl tiport bus window , (~~) an intelligent channel processor, and ( 5 )

extensions of the M IMIC bus standard to support shared bus systems .

These HIPs are being installed in a three node MIMIC system so as to

perform experiment s on. a variet y of inter connection subsystems (ISS)

The se lec t ion  of  the p a r t i c u l a r h a r d w a r e  i n t e r c o n n e c t i o n  p r i m i t i v e s  was

done  by an a n a l y s i s  of a h igh level t axonom y ~~nder7 6) . The designs were

a function of the characteristics of the MIMIC bus and  c u r r e n t l y

av8ilable ‘iLSI devices. It is f e l t  tha t  the experience gained with such

a sy s tem w i l l  ~r ov ide  v a l u a b l e  I n s i zh t s  I n t o  u n d e r s t a n d i n g  more  com plex

sy stems based u~ on future VLSI d evi ces an d more  co~’plex p r oce ss in z  no des

and interco nnecti ons subsystems.

wh ere  the M I M I C  m u l t i c o m p u t e r  sy s t e m is based upon internal

University of C o nn e c t i c u t  de signs  an d ~ bit microproces sors , a second

multiple computer based upon. commercial modules, and the 16 bit LSI 11

m icroor,cessor , has also been designed and implem ented . The

interc onn ectio n. subsystem (ISS) is entirely based upon serial li-n.~ s.

~~~ _ _ _ _ _ _ _ _
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Although this is a very low pe’formance environment the particular ISS

is very flexible, permits a variety of architectures to be implemented .

under program control , and is currently being used. to explore problems

with distribute d software systems.

Current ?esults : Hardware Interconnect Ion Technicues and Primitives

There are a limited number of ways that digi tal hardware modules and

sys tems may be i n t e r c on r e c~ ed . This  limitation. is based upon the nature

of digItal hard ware itself. Addi tIn.n al limitations occur if cnly certain

tyDes of diiltal syste~s are considered such as those whIch are based

up on microprocessors and. associated VLSI devices. In addition to

h a r d w a r e  l im i t s  f un c t i o n a l  aspects  mus t  be cons id e red . In the ?MS sy s tem

[~ell~~~ there  are two i n t e r c o n n e c t i o n  p r i m i t i v e s ;  the  l i nt  C L )  and the

s w i t c h  15 ) .  Th I s  is a f u n c t i o n a l  d e f i n I t i o n  and in p r a c t i c e  ot h e r

p r I m i t i v e s  su ch as the  me~ or y  ( u ) ,  t he  c o n t r o l l e r  & ) ,  e t c .  may serve t o

i~~~le~ en t  an Irte rcon. nect~ on funoY.on . To say t h a t  s om e t h i n i  is an

i n t e r c o n n e c t I o n  m e c h a n I s~ r e c u i r e ~ f i r s t  s t a t i n g  the level  of viewpoint

w hI ch Is b e i n g  used . !~ r this paper at l ea s t  thre~ vle wpcln t levels are

emp loy e d . Thes e levels are the ~~ e l e c t r o n i c  h a r d w a r e , ( 2 )  sy s t em

f u n c t i o n a l ,  and ~3) s o f t w a r e  f u n c t I o n a l .

the e l e c t r o n i c  h a r d w a r e  level in n i c r c c o m ~ u te r  tased sy st em s

only  f ou r  p r i m a r y  m e c h a n i sm s  e x i s t  f o r  i n t e r c o n n e c t i n g  m o d u l e s .  These

are  ( 1)  b i t  se r ia l  t r a n s m i s s i o n  ‘r t a a se r ia l  l in t  under the control of a

proces so r , ~2 ) w c r d  p a r a l l e l  t r a n s m I s s i o n  via a parallel line u n d e r  the

c o n t r o l  of a p rocessor , (3) word  n a ral le l  t r a n s m l s s i o n .  over  a bus ( i . e .

the  in t er n a l  m i c r o c o m p u t e r  h u s ) ,  8nd (4~ w ord p ara l le l  t r a n s m i s s i o n

I 

- 

-
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through storage in a shared memory (I/O devices may be vIewed as a

shared memory) . These are the basic possibilities with hardware

mechansims of higher functIonalit y being constructed from this set of

technt~ues.

At the system functional level the PMS concepts appear to be

complete. Therefore a given approach will be characterized as a PMS

prim itive . An interconnection “echar.ism may have a completely

programmable -c omputer within it but if the function it is performing ts

that of a switch then a switch it is.

At the software functional level the activities tha t the hardware

system is supporting must be considered. McPayd~en fMcfayiel suggests

such a functicnal vi ewpoint by proposing the “functional layering ”

conce pt for organizing software system s in multicomputer systems . In

this approach the functiona l res ponsibili ties of the network nodes are

dIvided irto three major layers which are (1) transmissIon manaeement ,

(2) node functional task ma nagement , and (3) application operations .

This identifies at least three node tasks wh ich wiil have a time ordered

relationship with resulting implicat ions about the potential parallelism

(concurrency ) ~f softwa re operations associated with the node. The

performance of the node can be immediately a f f e c t e d  by the ha rdwar e

resources in the nod e which are available to support (exploit) this

potential parallelism.

! further classIfication. of the i n t e r c o n n e c t i o n  mechan i sms  can be

ma de if the sy stem Is div ided  I n t o  the  two broad classes of in t e r n o d a l

and t r i t r a n o d a l  c o n n e c t i o n s  w i t h  i n t e r n o d a l  being those connection s

b etween d i s j o i n t  nodes  and intranodal being those connection s within a

d i s t in c t  nod e in the sys ’en . At f i r s t  I t  mtzh t be temptin g to envIsion

_ _  

_ _  -
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tha t fundamentally different hardware mechani sms are necessary to

realize interr.odal versus intranodal connections. However this is not

true. As stated thpre are a severely limited number of basic digital

hardware possibilities for 1m~lemer ttng hardware connections and these

cover both the inter and intra nodal cases. The same hard ware modules

may be employed , to realize both. The dtsttctton becomes a matter of

functiona l deflntlon as is true with the ?MS pr Imitives.

‘11th the above discussion as an. expla nation let the following

hardware inter connectinn prim itives be defined for m icroc cmpi ter based —

systems.

~enera l  m i c r o c o m p u t e r  ha r dware  I n t e r c o n n e c t i o n  p r i m i t i v e s :

1 .M i c r o c omp u t e r  bus ~M H ) : p r i m a r y  i r t r a n o d a l  c o r n e c t i c n .  between

the  m i c r o p r o c e s s o r  and al l  o t h e r  fu n c t I o n a l  m odu le s  in the n o de .

2 . M i e r o c o m p u t e r  bus  w i n d o w  ( M E W ) e l e c t r o n i c  ~a pp i n z  b e twee n  MBs .

3 .Share d Me m or y  ~SM ) : a me m or y  which  ~ay be accessed by more  tha n

one m I c r o c o m p u t e r  or m i c r o p r o c e s s o r .

4 .Shar e d  M i c r o c o m p u t e r  2us ( 5~~~) ~ an in t e r n a l  b~s wh i ch  m ay be

dy n a m i c a l l y  t i~ e shared  by two  or ~‘re m i c r o p r o c e s s o r s .

5. Snared C o m m u n i c a t i o n  This := ( S C ~~) := an ex t erna l bus w h i c h  IS s h a r e d

by two or more m i c r o c o m p u t e r s  fo r  i n t e r n o I a l  c o m m u f l i c a t i o n

6 .Ser Ia l  L ink ( I s )  : a b i t  ser ia l  i n t e r f a c e  wh ose  o p e r a t i o n s  a r e

c on t r o l l e d  by a m i c r o p r o c e s s o r .  ~~r m a l l y  o n y  ~sed f o r  t r a n s m i s s i o n

of i n f o r m a t i o n .

7.P a r a l l e l  L i n k  ( L p ~ : a word  p a r a l l e l  i n t e r f a c e  w h o s e  o . ?er at io ns  are

c on t r o l l e d .  by a m I c r o p r o c e s s o r .  Ma y be use d  for simple message

t r a n s m i s s i o n  or as par t  of a c o n t r o l  -‘~ chan i sm .

~ .T r a n sm i s s i o n  P rocesso r  ( P t )  : a m i c r o p r o c e s s o r  wh ose  pur p ose  is t o

- ~~-- -- -‘ -‘
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support the transmission layer within a node or between nodes. A

functional division into two senarate types of Pt may be necessary

if internodal and intranodal transmissi on operations prove to be

fundamentally different.

g .DMA con troller ~!ima ) : implement dma intranodal transfers.

There are other possibilities such as an a l i gn m en t  n e t w o r <  but  upon

ex am i n a t I o n  these seem to  be c o n s t r u c t e d .  f r o m  the above  p r i m i t i v e s .

~iven these basic hardware t~ chni~ues the  nex t  level is to I d e n t i fy

hardware interco nne ctIcn pricitives whi ch may be used to realize any

hardware architecture of interest. Zr. this study the  Anderso n and Jensen

taxonomy was employed to define such an arch ite ct-ire space . ~s mentione d

in the i n t r o d u c t o r y  d i s c u s s i o n  o t h e r  a r c h i t e c tu r e s  seem to  be p o ss tb l e

but t h i s  t a x o n o m y  seems to  be r e p r e s e n t a t i v ~~. T h e r e f o r e  the bas ic  set of

ha rdware  t e c h n i au e s  were  used. to def ine  H IP s  - f rom which  any of the

~n derso n  and Jen sen a r c h i t e c t u r e s  coul d be r e a l i z e d . What  is ~f In t e res t

is tha t only  a sma l l  set of HIPs Is reo ’iired . These are as f o l l~ ’a s.

M I M I C  ha rdware  i r . t er c o r . ne c t i o n  p r i m i t l i e s

l . F o u r  channel  s e r i a l  l in k  ~S L s 4 )  : -du al mod e  t o  su p p o r t  i n t e r n o d a l

Cr

in t r a n o d a l  i n f o r m a t i o n  t r a n 3 f e r s .

2 . Tou r  channel  pa ra l l e l  l ink  ( S ;Ip ;4 ’ : dua l  m od e  t o  su ppo r t  in t e r n o d a l

or intranodal in form atio n transfers.

3.Po’ir channel bus w i n d o w  ‘ s ;~~W ; 4 ~ : a dd ress m a o p i n g  is p r o g r a m m a b l e  t o

-t support  a v a r i e ty  of bus window based archit ectures.

4 . Tr a n sm i s s t o n  c o m p u t e r  ( C t ; d m a ) : a s ep ar a t e  c o m p u t e r  w i t h  a :~
and a ~dma t o  the ~I M T C bus and which may c c n t r o l  e i th e r  the

-- ~~~~~~~~~~~~~~ —-
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S ;L s ;4  or the  S ;L p 4 . This w i l l  supp or t  e i t h e r  ~n t e rnod . a l  or

In t r a r .od a l  s o f t w a r e  “ t r a n s m i s s i o n  layers .” Zr. th is  H I P the C t ; d m a

w i l l  suppor t  e i t he r  t r a n s mi s s i on  throu gh a S ;L s 4 , a S ;Lp ;4 , or

It provides a dma block transfer capabilit y wi thin a node . Cost

m o d u l a r i ty  c o n s i d e r a t I o n s  in d ica ted  the e f f i c i en c y  of group ing  these

fu n c t i o n s .

Hach of these modules has been des igned  and c o n s t r u c t e d .  f o r  use in

the MIMIC systems. Since the MIM IC syStem is representati ve of s/Stems

such as the S—tø~ based micro computers E~lm7~~ the results of this

i~ ple~ en t a t I o n  are a p p l i c a b l e  to S—l~~ typ e sy s t e m s  a lsc .

C u r r e n t  R e s u l t s  : M I M I C  M u l t l c o m p u t e r  A r c h i t e c t u r e s

The f o l l o w l n z  f igu r e s  o r e sen t  the  p a r t i c u l a r  t~ p le~ er . t a t i 3 n s  of the

M I M I C  H IPs  d e f i n e d  above , some of the  I n t e r c o n n e c t i o n  s u b s y s t e m s

pos~ tb le  w I t h  these HI P s , and some of th e  res~ lt ~ r .t  m u l t i  m i c r o c o m p u t e r

a r c h i t e c t u r es .  P igure 4 p r e sen t s  a bl~’c” d i a g r a m  of the  b a s i c  f o u r

channe l  l ink  H I P .  This  -d i ag r am r ep r e s e r . t s  ‘b o t h  the S L ~~ 4 and the

s;i.s ;4 . ~‘igur e  4~ b )  and 4 c )  show a PM S -d i a g ram v e r s i o n  of th ese ~ t ? s .

The PM S r e p r e s e n t a t I o n  is mu eh c leare r  an d c o m p a c t  as a g~ ap h i c a i

~

-

~

i o n .  An i n t e r e s t t n z  p o i n t  is tha t a l t h o u gh  the f u n e t ~ cual

r ep r , s e r t a t i c n s  of the  th e  S t p 4 an d the 3 ;L s ;4  m o dules  are the same

their effects on the  op e r a t i o n a l c h a r a c t e r i s t i cs  of the  sy s t e m  ar e

significant ly dIfferent. ~s an ex am pl e ~ahysic~ l dista nce and

transmission speeds are outte different and t h e  S : Lp ;4  m ay a l s o  se rv e  in

a v a r i e ty  of c o n t r o l  op ,r a t i c n s  w h i c h  a re  im p o s s i b l e  t o  t h e  s~~s ;4 .  Thi s 
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is a vivid illustration of the need - to exam i ne the i mp l e m e n t a t i o n

c o n s id e r a t i on s  beyond the f u n c t i o n a l  d~ f i n i t i o n s  to  see the i mp o r t a n t

e f f e c t s  of u s i rg  d i f f e r e n t  t n t e r~ on n e c t i o n  m e c h a n i s m s .

Figure 5 p re se n t s  a PMS d ia gr am of a typ ica l m i c r o c o m p u t e r  such as

a M IMIC or S—l ’~ø based machine . Figure  6 p r e s e n t s  a PMS d ia gram of the

t r a n s m i s s i o n  p rocesso r  HI? w i t h  the va r ious  m o du le  f ea tu res  de f i n e d .

N o t e  t ha t  th i s  is a u l t e  s i m i l a r  In n a t u r e  to the  mach Ine of Figure 5 but

the b u f f e r e d .  bus c on n e c t i o n s  an d the  Lp an d  the ~dma ~r o v t d e  the

hardware means to realize the transmission functions.

Figure 7 combine s the modules of fIgures 4,5 ard. 6 to show a typical

node which consists of a node mi crocomputer and the HI?s necessary t o

realize a variety of interconnection operations . This is a general

purpose structure which will perm it implementing a number of the

architectures from the kr.d.erson a~~ Jen sen taxonomy.

Fizure  E p re sen t s  a b lock  d iaz ram of the f o u r  channe l  bu s  w i n d o w  an d

a corresponding PMS represntati on . ThIs HIP actually realizes four

independent bus window channels in a single hardware mo~ u l e .  Th i s  was

done for reasons of cost  modularit y as It  was rea sc r . ab le  to r n u l t j~~le~
the ~~ control and ttm in~ functions ~~~~~~~~~~ separat e bus wind ow channels.

Figure 9 presents two possible architenture s feasible w i t h  the  3W ;4

HIP. In figure 9 ~a) is shown a three node configuration which ~ermtts

eithe r a DDL type machine or a true IDS confi guration. The address m~~s

in the bus window are prozranmable which perm its definin g a mappin g of

bus win dow address spaces which functionally define ~ifferent

architectures. As an example each node night have to ma~age the r i n g

messages through a store and forward mechanism t±~ the  3~ add ress ma p s
0fl17 nermitted unidirectional info rm ation transfer . In another case th~

_ _ _ _   ~~~~~______________________ ~~~~~~~~_~__J_ _~~ ‘~
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31 adress maps may be set to permit any C in the network to access anj

other C indirectl y through the ~~s. In these cases the functional

softwa re operation s and sys tem behavio r will differ.

Figure 1~ presents a four nod e ring implementation of the structure

originally shown in figure 2(b). In this case the configuration of

figure 7. which em ployed the Ct and S ts;4 HIPs, is used to build :

higher  p e r f o r m a n c e  DDL architec ture. Other basic structures are also

po ss ib le  f ro m t h i s  f u n d a m e n t a l  n o d e .

Present  s t ud i e s  show t h a t  n i n e  of the ten  poss ib l e  r .de rsor .  and.

Jensen arc hitectures are p~ssttle from these  h a r d w a r e  p r i m i t I v e s .  Onl y

the ICSB structure is not possible using these mechanisms.

These system s reflect the possi bl e multIcom ~utem hardware structure s

possible from a fundamental set of bu ildin g blocks. The next phase of

the stud y wIll define system level characteri stics which are of

i n t e r e s t .  Th ese sy s t e m  a t t r i b u t e s  w i l l  then be e x a m i n e d  in l igh t of a

p a r t i c u l a r  H I P / I S S  i m p l e m e n t a t i o n  to d raw n o n c l u s i o n s  ab ou t  the e f f e c t s

Cf particular hardware techniques upon sy st e ~ level  b e h a v i o r .  F ro m t h i s

Information additional studIes will ex~lore 1evelooin~ —ethods for

m a t c h i n g  the b es t  h a r d w a r e  a r c h i t e c t u r e  to  the  r eeds ef  a g iven design

problem .

Current ~.esults : Co~mercIal Multi~ icr ocomputer system s

Where the MIMIC hardware ~rtmi tives reflect soectalized. design whose

~ri~ ary prupcse is a eor.si~ eration ~f hardwar e architectures , ar.cther

facet of the prn~ect betni presented here is concerned with dis tr~buted

scftwa re issues. It is nct presentl y dlear what are the relat ionships 
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between the structure of a distributed. software system and the

underlying distributed hardware structure. To study this and to permi t

focusing upon the distributed software issues an eight node 1.5111

distributed microcomputer has been designed and Is being constructed .

This system has a general purpose ISS whose structure may be varied

under program control. The ISS is constructed. from serial link HIPs to

provide full point to point communication between any node in the system

or any permutation of interest. The software system d.efin~s the

particular ISS structure which Is to be used . This permits an easy and.

flexible shifting between different fundamental architectures as the

interests cf the s o f t w a r e  research  e f f o r t s  sp e c i fy  a change .

Some examples of this system are shown. in fizures i.e t h r ou gh  12. The

basic system is shown In figure 10 (b) whIch consists of eight LS 11

nodes , as defined by ft~ ure 10 (a). a full po Int to p oint serial link

• 155 , and a P~P 11/60 for program development support. An example of a

full point to poin.t 133 is shown in figure 11 (c). Any role can dIrectly

c o m m u n i c a t e  with any other node through dedicated serial links . This is

a c ompletel y general scheme with some of the :os~ Ible ~ermu :atIons shown

in fizures 11 ‘a) , 11 (b), 1L~d), 11 e), and ~.2. The software system

defines the ded i cated serial lin ks which it chooses to use ar.d that

defines the ISS . As can be seen this pe rmits DEL , ICDS , ICTL , DDC , ITD~ ,

and IDDI architectures which are six of the ten bas~ - ~nde rson an d
Jensen structures. This will nrovtde a great flexibtli ty to support

experimental wcrk with distributed software.

To show other features of this sys tem figure 12 presents a dual ~D

system . ~asically this is a system with an alternate path t~ com pensa te
for a failure of a given dedicated link or the node which supports that

_ _ _ _ _

_ _ _ _ _  --  ~i iiii i~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - 
~~~~~~~~~~~~~~~~~~~~~~~~ 

—

1~

link. Such a system provides an experimental vehicle for considerin g

reliability ar. d software recovery issues. In this system two DDL loops

are physically defined . During normal r~perations only an . active ~DL path

will be empl oyed. In case of a link failure an alternatIve link will be

activated . In case of a node failure the rode tasks need to be

tranferred to an active rod e for a degraded mod e of operation an -I

• associated alternativ e links will become active.

A d d i t i o n a l  sy s tem a r ch i t e c t u r e s  a r e  p o s s ib l e  f r o m  th i S  general

purpose ser ial  l ink ISS

T _________- ~~~~~~
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1
Conclus ions

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

may be used to character ize and study multiple romvuter systems. It also

seems possible to identify the fundamental hardware techniques which are

employed in implementing hardware Intercon nect Ion mechar .isms. These two

results have been combined in this proJect to identify an initial set of

hardware Intercon nection primitives (HIPs) which may be used to build

functiona l representative ir.ter connecticn subsystems (ISSs) which resu t

in a distinguishable architectu~e typ e . An I n i t i a l  set  of thes e  HI Ps

ha7e been designed and constructed to permit the convenie nt construct Ion

of the various multIple m icrocomp uter archite ctires of interest.

There are a number of major issues which rema in to be studied p ri or

to the development of well ordered destzn pro ced~;res concerning mu ltiple

m icrocomputer systems. Can the types of all poss Ible architec t-ires b e

~d~ntified and characteri zed in a meaningful way? The ~nderson and

Jensen taxo nom y indicates tha t this Is pOSStti ! but a mo re com~lete

taxon -o~y is StIll necessary whi ch w ill also consi der I~ ;le—enta tion

attr ibutes. Can a: e:comuassi~g set of functi onal , mo d u l a r  ori~ itive s be

ident ifie d. which supvort the tm p leme rtat ion of any ~~~tIp e c o m p u t e r

system? This project has accomplIshed. this goal w i t h i n  a limi te l

con text - . This successful result indi cat es that s’io~- a~ objectIve ~ay ce

nnerally possible. The ?~S system troviles a conce;tual base for

Identif ying pr imI t I~res in ur .ioomuuters. It re~ a L n s  t o  be seen whe t~’er

t h i s  can be done for multiple computers . roes an approp riate descri?tio :

larguage exist whI ch car. be used t o  describe , sI~ ’;late , and nari~ u 1ate

the architectures of multiple computer systs~ s as a su pport for the

_ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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design ~r o cess ~ I: a ~~~~~~~~~~~~ t h e  a r c h i t e c t u r e  ts often characterized

by either the structure of the proce ssor (stack , reg ister oriented ,

etc.) or by t~ e pr~cess or inst ru ct lor. set itself [Amd 64 , ~rown76] . wha t

is the ‘prope r way to characterize the mult Iple computer architecture?

Perhaps the best way is to characterIze such systems in term s of their

interccr .:ection sub systems whi ch r~ust eventually encon~ass both the

hardwa re s u b sy s t e m  and the software sib~ yst~ ’~. Aha t are the importa nt

attri butes -o f t h i s  o v e r a l l  i n t ~~r o o : ne c t i o :  s~ bsystem? ~hat are th e

t r a d e o f f s  b e t w e e n  h a r d w a r e  e n d  s o f t w a r e  m e c h a n i s m s ?  W h a t  is  th e

r e l a t l o n s h i n  b e t w e e n  th e  d i s t r I b u t e d  h a r d w a r e  sy st em  a n d  t h e  d i s t r i b u t e d

softwar e system? These and . other s’~ch au e s t i o : s  r e m a i n  to s tud ied  and t o

be answered. It is felt th~ t the ide n ti ficati on of the hard ware

pr~nitIves and the exi stence of the ex perim ental system descni ’ ed ~n

t~ ts report w i l l  tr ovide .~.n effec tive ex~ert~ ental means to exam Ine some

of thes e 1~ sues
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~~~~~~~ BW 

_ Mhigh speed ; L5communication

— 

— K M
~ 

Mdj~

o n

Figure 1 (a) An example of a hIgh speed FIgure 1(b) An examp .e cf a low speed
interconnection subsystem using interconnection subsystem. using
bus windcws and a shared memory serial links.

System characteristIcs System characteristics
1. ~.ghtly couple 1. Locsely coup .ed
2. High performance 153 2 . Low performance ISS
3. Nodes are physically close 3. Nodes may be -JSI~~~~~’ far
Z4. • Expensive ISS 4 .  Inexpensive 33
5. Higher reliability 5. Low reliabfllty
6. Good modularity 6. Good modularIty
7. Central OS kernel 7. Distributed OS
8. etc ? S. etc . ?

2 ( a~ ~ L archloecture (A nder76) ~igure 2 ‘b)  mDL architec~~~ rd ~ ”7~in whIch ncde P must suc~ crt  bo th ring with switch S supp ortIng rIng
message transmission -and o~oa. tasks message transmission and node P

• supporting lccal tasks .

- 
_ _ _ _ _ _
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a) DDL Direct b) DDC Direct c) DSM Direct d) DSB : Direct
Dedicated Loop Dedicated Complete Shared Memory Shared Bus

Ø~~~~~~~ c 

~ ?~~~~~~~~~~~~~~ BUS

e) ICDS : Indirect f) ICDL : Indirect g) ICSB Indirect
Centralized Dedicated Star Centralized Dedicated Loop Centralized Shared Pus

_ _ __  

_ _ _ _

BTJS

~~~~~~~~~~~~~~~~ df~~~\j .~~~~~~~~~~~~t 

- 

1 
~r~2~~2ti 

_ _ _ _ _  ~~~~~~~
‘

h) IDDR Indirect i) IDDI Indirect j) IDS Indirect
Decentralized Dedicated Decentralized Dedicated Decentralized Shared 3us
Regular Irregular -Bu s Windcw

Pigt&.re 3 Graphical su ary of the ten architecture types of the Anderson and
Jensen taxonomy Ander76
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Four Channel
Link Switch

Two channel 
1

L~~ Bus Switch _j

- i t  
_ _ _ _ _ _

I MIMI C Bus Interface Transmission. ?rocesScr

L Bus Interface

MIMIC Bus Transmission Processor Bus

Figure ~ ( a )  Block dIagram of two mode , fo ur channe l link , hardware
Interconnection pr Imitive. Above diagram descrIbes both serla .
and parallel lInk RIPs .

- — T T 
~
‘ —

_ _ _ _ _ _ _ _ _ _  1 1  _ _ _ _ _

where

~a11

~‘bus bus

I I 
_ _

~ ~~ BUS BUSt

Figure ~ ( b )  ?MS dIagram o:’ Figure ~( c )  Reduced ?MS diagram of
twc mo de , four cha nnel lI~~ HIP two mode , four cnar~r•el Ir~c HI?
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T Mvideo terminal dual floppy disc

S I
L 11 ~z8c 

Mrom ;21C Mram; 62K Kdisc

microcomputer
bus

Connections to external
systems

FIgure 5 PMS diagram of a typical microcomputer system

~deb ug —

~ 

~8~O35 Mrcm;2k

K bu_ fered connectIon tooara~le1 dma• transmiss.~.or. processor

Figure 6 PMS diagram of Transmission. Processor HI?

F
where K1. L

~8c35 M 

- 

_ ; dma =:  par

FIgure 7 ?M3 diagram showing the interconnect ion of a node microcomputer ,
a transmission processor HIP. and a ~ channel link HI?.

p1-p.---- 
. •.zi~.; . . .- - 
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RBW1 R3W2 RBW3 
RBW1~

II ii ii 11
Remote TRemote Remote Remote
Bus Window Bus Window Bus Window J B~s Window
Interface #1 Interface #2 Interface #3 Interface :

. 11  II II[ t~ cha~me1 bus window switch 
-

Bus Window Controller
1. Address Mapping
2. Synchronization
3. Timing

Local
Bus Window
Interf ace

l i t
LBW to MIMIC Bus

FIgure Sa Block diagram of four channel Bus ‘iindow HI?

i ~BW , BBW3 RBWa ~w ?~PW~ PBW

3bw;l~ where

~kbw 
kbw

• I
?Igure 3b ?MS diagram of Figure Sc Red’~ced ?MS diagram

L~. channel bus window HI? of L. char~nel bus window HI?
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C C C C C C

_ _ _  1 _ _  I I 
_ _ _I I ISkbw S~bw S~bw 3kbt~i 

Skbv
• I I I I 

__________ _______________

I I  i i  I I  I I I
F3’W RBW R~W REV REV RBW RBW RBW RBW

I L  I I  I I  I I I
I -I REV RBW REV

i i  I_
Figure 9(a) Three node system with I
Bus Window HIP implementing ISS. s5 buPossible architectures are DDL if
window addresses are set so must do
“store and forward ” to pass messages, I
and IDS if window addresses are set I/O N
so ary C may access part of address shared shared
space of any other C

Figure 9 (b) Three node system with
Bus window HIPs acting to establish a
DSM architecture . Window addresses are
set so each C can access any part of the
shared M.

~1;dma
I 

1—•— L~~___. L5.....7

I I
C L I C

~~: 
IL 

~~: 
:

~~_j_ I I I
I —L —J I

1;dma

C Cn

Figure 10 Pour node DDL architecture with the two HIPS ~l) Transmission
Processor, and ( 2 ) Four channe l serIal link beIng used to implement
the ISS. This is a specIfic implementation of the general st~~cture

- shown in figure 2 (b). Note that each C.~ 15 MI? combination results
in two unused serial links pex’node. These may be used to
support other system features or provide backup links for reliability
purposes.
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(PD? 11~ 6o ‘~_—~1

L~ ~~ ~ i~ ‘L~ ~ 
I r

~~~:i
.

FIgure 10 (a) Typical LS!il Node ; Figure~~o (c) Distributed :3111
serial links (L _ ) used for full System with ful point to ~ :Int
point to point ~ Interconnection interconnection, as per fIgure
In 3 node system 10 ( c )

-~~~~ 
_s ~~~~ 

—
~~

-
~_j  s ~~~~~~ ~~~~~~~~ s —

Il ~a ~~ L or IC~ L FIgure 11(b) ICDS F Igu re I l  C c )  D0
from 3Il system from 3I1l system from 3I1l system
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— : :
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?Igure~j. (d) IDDR from .,SI11 system Figurell (e) IDDI from 15111 system
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Figure 12 Dual DDL architecture with LSI11 system. Each connection In the ring
- has an alternate path In case of a node failure. Simple extension of basIc
- DDL architecture to improve reliability sensitivity .
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