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. For the last decade,’ one of.the most active and excit-
iné areas in computer arch;teéture is.the interconnection
of multipfe pfocessors. Muitiprocéséors SYStemg may range
in organization from processors sha;ing;a-common memory to

‘geographically isolated computer insﬁallation"conpected as

.

a network. Present advances -in semi-conductor technology used
N . / w

to implement the majority of micropfocessofs, limit the .,

instruction execution rates'gucn that many applications'

— -

are computé bound rather than limited by other system band-

B

widths. One way to overcome the problem is to intercopnect

a number of processors together such that the overall per-

. °

formance of the system improves. In order for the processors

of the system to communicate wigh each other, an interface

[

circuit would be required. o

This thesis is primarily concerned with the design |

and#implementation of & simple and efficient muléi-
, P

.
“

microprocesspr interface. It is shown that tﬁz intexface .
incré§sgs the general system performance by speeding up ihe'
data transfer hetween the processors. A simulatioh model 6f’

the interfQce is presented and’ the validity of the model is
’ [

.

o
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discussed based on the simulation results using i;P'SS'V .

. - .
(General Purpose Simulation System V). The interface is built

using TTL, MOS technol.égy SéI and MSI integrated circuit;;s

and tested with two Intel 8085-A microcomputer (SDK-85).
v q . -
Ce,ré?in applications of the interface in the,areas of digital

signal proceséing and disti‘il?uted processing are discussed.

L
Finally some suggestions for further investigation. are pre-.

¢

sented which will enhance the pé}.'foz‘mance of the interface.
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: o AN CHAPTER 1 R
INTRODUCTION

1.1 MULTIPROCESSOR SYSTEMS , _
Many problems such as on-board’ proceSSLng on satellites,

P
intersatellite llnklng, low—frequency sonar signal analy51s,

- -

dlgltal signal proce551ng for speech and 1mage analysls etc.
N .
[1 2] requlre computatlonal soeed faster than what is attalnw

-able by using a uniprocessor sys;em. The speed of:a,unlpro-

.
‘ - »

cessor_systén is llmlted by phy51cal laws. In recent years, +

advances in 1ntergrated c1rcu1t technology have made multi-

PR}

processor systems to experlence dramstlc grpwth-and 1ncreas—‘”

ingly widespread applicability.” This has ihcreésed the pro-

cessinq speed of systeﬁs by several orders of -magnitude. -
Multlprocessor archltectures are grossly characterlzed

. by two attributes: flrst, they 1nclude multlple, autonomous‘~

.o -

- ﬁrocessors, an& second, all pProcessors share most, and.often

. . )
all, of primary memory (3]. 'Fig. 1.1 shows the basic struc-
1 . , . . . @
_ ture of a multiprocessér system. It consists of P irocessors,

M nemory modules and an interconnection network. _ghe systeﬁf‘

»'. ) - ’/ - . P - . -
mdy perform functiaqns ln'blther a loah sharing or.a resource.

’c, 4 3
- I3

-sharing mode or p0551bly in a mode which 19 a comblnatlon-of

‘

the two [4]. The Lnterconnectrgn network requires some

mechanism for, lnter processor exchange of 1nformatlons. dné,_,
of the most challenglng problems 1n designing and lmplement- ‘
- ing the hardware'of a multlprocessor system, is the switch-

i~

ing structure‘[SJ.‘ A multiprocessor interface),’ allows

\’ )
o .
.
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o

the elements are loéically equal implying master-master re- .

. tical structure and is capable of dynamic load

\ : A
-3 - :
.

processors of varied capabilities to .communicate with each .

other. ' The degree of complexity of such an interface depends

" on the tyre of interprocessor communication desired and on

the desired interconnection topology [6].

N

1.2 LOGICAL STRUCTURE OF A MULTIPROCESSOR SYSTEM

Logical structure refers to the way the control respon-
sibility is distributed among the system processing elements.

From the logital struéture point of view, tﬁere are two typés

of organization - vertical and horizontal. 1In a vertical
.structure, elements are hierarchically structured. There is

a.éloba; processor with multiple local processors, implying

“

a master-slave relation. Logically all the élements are not .,
. ’ . 1 . .
equal. I/O processing is done by local processors, thus =»

achieving high.throughpﬁt. In a horizontal structure, all

4
lation [6]. In general, horizontal structure is more flex-
. . . \

'ible ahq requires more sophisticatedfcoordinaEi:n than ver-
haring. -~

— N ’ '

1.3 PHYS1CAL STRUCTURE OF A MULTIPROCESSOR SYSTEM

~ » ’ [

éhysicairstructuré of a multiprocessor s?stem refers to

‘

the method of informatlon exchange’between processbrs-and ig

.

9 . N . .
a function of interprocessor communication arxangements and -

interconnection topology..

-
B

E N
& -




o

" 33
' ' O
, - 4 - . .

1.3.1 Interconnection Topology

) Physicéllyﬁthere are many ways of interconnecting P pro--

cessing elements in.F*system. Reliability and expandability
- \

are the two most important factors, establishing the inter-

¢
<

' . C ‘ .
connection scheéme. The four most basic interconnection

‘ A ’

) Coe . . ) ) ’
schemes are bus, :star, ring, and fully connected structures as

shown in Fig.,1.2. Other topologies'are combination of these’

schemes [6,5]. Each of these interconnection schemes has its
- .

merits depending on the application. o . .

!

1.3.2 Task Allocation r

1

Overall system speed can be improved based on task ai—‘

4

., Location and partitioning in a computer network. For example,

a multiprocéésor system can be fmplemented in sﬁchwa‘ﬁay as to
support a pipeiine o; paréllel/partitioning as illust;ateé in
Fig. 1.3 [1]. In pipeliné partitioning, system functions @taské)
ate divided among several processors such that each processor
performs a speciffic task, and pass on ﬁhe result to another
précessor, whereas, a parallel partitionin% gllows eacﬂ pfocesf

E)

so} to perform its task independently .in parallel with.others,V

1.3.3 Interpfocessor Communication Arrangements

)

Speed, respansiveness, and thréughpﬁt capacity of a
multiprocessor system can be improved by' proper balance

. * t d 4 .
b&tween processing and interprocessor communications.

Data %fansfer between the proceséérs can be carried out y ‘-

either via a common memory structure referred to as )
.o ' ) . . &" . ’

c -

| .
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// T.- nection schemes are ST

* i .
‘ ceéiralized structure or .a bus structure known as distribut-

.
/ N ¢

/ed structure [4]. ! '

]

/ b
’ ’ v @

//< Shared'Memory

In this class of systems, the principal means of inter-

action between processors is provided by a common memory.

~

Mutlprocessor systems whlch employ this ' 1nterconnect10n are

‘*~—ealled as tlghtly coupled stricture. A schematic of a tight— .

.

ly coupled structure is shown in Fig. 1.4 {4,6].

All the processors in the tightly coupled syetem can
1 . . A )
get access to all the memoridgpand I/Os, and other system

respurces that are shared among processors. 'The major limit-

~

‘dation of this system is the possibility of common meMmory-ac-

v

cess conflicts. In contrast # tightly coupled systems,

e
-

loosely coug}ed system as shown in Fig..l.4 do not share

.

memory. , At the hardware level there has to be an explicit

“ .

communication interface between the processors. Combina-

‘tions of these two extreme’ structures form a structure call-
. N ' ) . )
.. ed moderately coupled structure.

¢ The three‘importabr prooeséorwmemory physical intercon-

i) Time shared/common bus~shered memory,

o

ii)' Cross bar sw1tch shared memory, and f,‘ :,_' . :
111) Multlbus/multlp;gt shared. memory
Each of these types of the shared memory organizatlons has,

v

certain attrlbutes that affect‘Lts sultablllty for a;
. r] » » * M . \
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3

" .'scheme shown in Fig. 1.7°is redundant and expensive for a

rS

|
-9 %

t

L

i

a s . . ‘
. ticular application. These attributes are related to cost,
reliabiligy, speéd, throughput éépacity,'modularitf,‘logical
. : - ,
complexity, and physical dispersibility, etc.

o

(i) * Time Shared/Common Bus, Shared Memory

. . . - t *
_The simplest interconnection system for a multiproces-

sor is a common communication path connecting all the func-

a

tional units as shown in Fig. 1.5. . Common bus consists of'//

a memory arbitration logic, some shared memory, shared I/O,

and a bus switch interface. The obvious drawback of this”

organization is low bus data transfer .rate due to both 'bus
: \ A : . ;

\r

contention and memorY‘contentﬁon [8-10]. For this reason
private memory aﬁd'private I/O'are highly desirahle:[ll].
Dedicated bus structuré (one per'prqcessory as desqrib—'
ed in'Fig. 1.6 is a solution to the above problen [10].
Multibus interconnectiﬁn‘&hich connects all processors and
all memory modules éo all buses as shown in Fig. l.f, is
anothef solution. This interconneétion network proQides

v

+throughput ﬁhicﬁ_is‘intefmediate between the single bus énd‘i
‘the cross b;r, with a cor;espondong intermediate cost (12].

'Multiplg bus network is less‘expensive‘than ﬁﬂé:cross bari

. To reduce the cost further the ;etwqu with partial buses
has been‘aescribed in [12] yhiqh is fault tolerant~bedgusé

it can operéte in a degraded mode- after the failure of a

subset'bf the blises. The stpndard mult@bué connection °

e o s e 2

p. -

T

e b et o T Y
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',(ii)‘ Crossbar Switch Shared Memory

- 12°=

-

for'relativeiv 1arge number of buses [13]. Rhombic,

balanqed, cyclle, staircase, and trapeZOLdal networks dlscus-

’sed in [13] are the reduced connection schemes that produce

‘the same throughput as the standard lnterconnectlon. The

schemes are’ optlmal w1th respect to number of connectlons,

»

. easy to arbitrate, reliable when a bus fails and expandable

‘The reduction is specially significant when the number of '

buses is relatively large.

This is‘relatiuely complexlend most expensive scheme

which supports simultaneous transfers between all the pro;

-

céssofs’aﬁd memory units. Bus interface logic functions are

done by matrlx sw1tch Wthh is complex, costly to control,

[y

and~phy51cally large. Flg 1.8 is a croSsbarvbased multl-

processor system._‘if there are P processors and M:memory

‘madules, the crossbar réquires PxM'SWitches. The crossbar

provxdes the largest potentlal bandw1dth because there are

LY

no confllcts in the network But it is less fault tolerant

than the multiple bus structure,

since a failure in one of

~

‘the buses disconnects completely one hemory module [12]. - A

way to reduce the wiring between processors and memory mod-

4

‘ule-is by u51ng serial transm1351on of partlal words at a
]
frequency hlgher than that of processors, but this technigue

increases the cost of the system [9]

s

* s -
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(iii)"Multi;ES/Multigort Shared Memory . : Lo

1)

ERL TR IS Y o A
. :

; ' A multlport memory system, as depicted in Fig. 1. 9,,

4 . employs multiple’ dedicated buses connecting processors and

‘

memories, and acceSSLng memoxy %onfllcts are resolved through

R
)
‘.
]

N
R

. . hardwired fixed prlorltles. A 1arge number of cables’ and

z e S

b -~ ) .y . « .
connectors are requlred. Control and sw1tch1ng Cchultry

PR

‘ L

» réquired by a memory unit 1ncreases the cost of the system . ’%

But very Righ total transfer rates may be achleved (14, 15] . i

".

There generally is no speed differential between multiport

-

and matrixrarrangementg g9]. But thehdifference is the wir-

et Fagvensd, -,

B ) » ) ‘
J ! ing complexity. The DPS-l (Distributeduprocessing system)

—_g

vt multiprocessor described in [10], uses a comblnatlon of time

o shared/copmon bus and a dual port memory. ’ o L

i
i

Two important processor-memory loglcal Lnterconnectlon
' . R ’
‘ schemes are virtual shared: memory and mallbox shared memory

- \ - . . ‘
‘ Y . : f‘ : L
. : - .

\ 'as described below. - k& T ’ : i
: . . . ‘?
(1) > ¥irtual Shared Memory i °

K Virtmal shared memory systems allows the use gf the ' K Lt
- . shared memory into v?rtﬁal memory environment. It requires ' ‘lf
’ address translator hardware and variocus segmentation technl-
/ gques to proélde addressing capability for a larger memory ".':- . .
Jaipace beyond the size of any processor's real memory. All . T
the processors in the: system are equal and can access any k I
-~ ’memory. This schiéme is id&al for low speed applications.’
[ . -
ol 9;;\6f the disadvantages of this system is fiked memory .

r

'

. .
e e ORI TP = e -
)




A

[N

.’

N

¢

L ] . . ’ L ]
‘er systems are concerned, the primary use of a common memory

(ii) Mailbox Shared Memory o

mapagement policy. ¢M* is a 'more sophlstlcated shared memory

v

with v1rtual memory environment whlch can ac00mmodate unllmlt-?~

ed number of processors [16] This is an example pf-h;erar—,

oh}al shared path networks [17]. , K

. "

.

This logical interconnection scheme ‘uses shared memory -
[ N 1

' K
. R

.in a mailbox fashion. 1In fact, insofar as multi-miéroéomput-

“

would be to.act as a message center,, where each processor ‘

L oo,

can leave messages for other processors and pick up messages

intended for it. Such an organlzatlon is lllustrated in =

0

Fig. 1.10. If there*are P processing systems, P mailboxes, .,
each containing P-1 compartments,are required. Any proceSH‘
. . . . “ *

sor.can scan its mailbox to establish if there are any mes-

sages for it. This scheme- is more advantegous than vertical
", . . T roo. L.
memory environment since there is no extra overhead in ‘ad-

. ¢

,dress translation associated with ‘each memory reference. ¢

* . «

v ‘ . .
~ » » . o

I.4 TWO EXISTING IN'I:ERFACE.SCHEMES " . S

- [y
»

The ba51c élemerit 6f communlcatlon between processors

lS a message to be transferred between processors.. No dis-

4

- ’ \ *

S ‘b .
tinction ;s made between dlfferent ‘types. of messages such as“
request for-servmce, data’ blocks, etc [10] For multlprocesh

. \ v 5

sor system to operate and functlon properly, it is necessary

)
-

that each processor in the system be able to communlcate with

e
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Jrhus ‘an interface known as multiprocessor interface,

§

[y

processors of varied capabilities. . . . : »

The IEEE 488 standard defines an Instrumentation bus

[18]. There aré€ potential problems that could be encountered
. A N . t :

by attempting'to use this bus for high speed interprocessor

N - . ~

message communication. Each processor has one interface, net-

work. whlch connects the processor to the bus and. has the

capablllty to assume one Or more of three modes of operatlons—-~'

llstener, talker or controller. A controller 'is an lnterface
R s

'.of.the processor that controls the bus and has the ability °

to put any processor interface in either a listener or a’ .
talker mode [19]. , / : ‘ : A
In .[20] another multipnrocessor ‘interface circuit has

been described. This interface scheme accomodates only two *

1

processors. Each processor in the systen uses an MC 68230
Parallel Interface/Tlmer Pl/T). The direction‘of data .
transfer between the. processors is establlshed by a TTL con—
-troller. A processor wall initate and malntaln data trans-

fers in one directien, unless a request for data transmls—

; - .
sion from the hlgher prrorlty processor is receaved by the’
9

‘controller. If such a,request is recelved the transmls—

sions with ,lower prlorlty processor will be suspended untll
the transmlss1on w1&h hrgher priority processor is completed
‘
ln the above examples of the interface schemes each .
processor has it‘s own interface circuit; Conseéuently,

wiring complexity and cost of implementation increases as

%




.

- 18 - ' .

the number of processors in the system increases. In addi-

tion, speed of data transfer is reduced. Foriexamp*e, when

.

processor i wants to communicate with any of the processors

. in° the system, at the time when processors jJ and.k are com-

v

municating, the processor' i keeps on testing the status of

=]

. [

" the 51tuatlon tlll current communlcatlon between processors
"3 and k is completed.. During this period processors i's

request is not recognlsed by the controller. If the con-

1
troller dld have the faclllty to recognlze processor i's
request, it.WOuld immediately establish tﬁg communication

path between processor i and it's needed processor, once the

current communication between processors j and k is over.

Slmllarly,‘lf a processor wants to send data to another pro-
cessor, 1t must, wait till the \urrent communlcatlon is com-

pleted. This wastes the proce531ng tlme of the proc¢cessor in

~

gquegtion.

»

1.5 PROPOSED MPLTIPROCﬂSSOR INTERFACE

'
k)

Multiprocessing experiments have shown that becanse of

‘contention on shared resources, speed increases equal to the

_increase in processors are achieved only over a limited -

*

range,‘thereafter‘performanoe will gcthally decrease if ad-

dltlonal processors are added to the'system. "Heﬁbe a pri-

 mary concern in- a. multlprocessor system is how to use large
- ¢ .

number of processors ef&ectlvely for a given appllcatlon.

An outstandlng generlc research questlon is how to determlne

.
' .

. . . PR
~ TITETICETEMRTT T e

N .
N b rinm S = n
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M . ’ .
N :

)

.the amount of performance speedup (or parallelism) possible

in an application and how to achieve that speed effectively.
.The purpose.of this investfzation is to design, build,

and test a general purpose multiprocessor interface. ,The

interface. schemelgresented in this the51s is simple, flexible,

nd it can accomodate a large number of processors. of varled
capabllltles. The lnter%ace ba51cally functlonlng on flrst—
cofe first- served basis, ! can at any instant receiwve the data

from one processor and send the data to another processor

)
‘sfmﬁltaneously or‘recelve the request for data from one pro-

cessor and send the data to another processor 51multaneously

1.6 THESIS ORGANIZATION

l

/ Chapter II descrlbes the archltecture of the oroposed'
?

lnterface in a detalled manner., A simulation model of the .

interface is presented in order to predict the behaviour of

the interface, this model is then simulated using GPSS

(General‘Purpose Simulation System) language.

- : . -
' In Chapter III design and lmplementatlon of the three

modules of the 1nterface are discussed.

. In Chapter IV some appllcatlons of the lnterface in

ca5cade, parallel, and dlstrlbuted multiprocessing environ-

ments are discussed. In addition, some extensions to the

research work in this thesis and suggestions for further study

are also discussed. - . oyl

13

Flnally thapter V summarlzes ‘the 1nvest1gatxon carried

out in this the51s.

W'W"‘mn- [ — o -
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2.2 THE ARCHITECTURE OF THE MULTIPROCESSOR INTERFACE

CHAPTER II

(_INTERFACE ARCHITECTURE AND ITS SIMULATION
: USING GPSS

——

2.1 INTRODUCTION
, '

N - ’ ’ '
Architecture of a simple, general purpose multipngresé
sor interface'system;‘consisting of three logic modules, is

described in this Chapter. As it would be useful to predict

" the Yehaviour of the proposed system, before it is built, the

interface is modelled and simulated by using GPSS language.‘
Discussion on the results obtained by computer simulations

are also presented. ‘ ﬁ

The primary ‘goal of the interface is to interact with

“two different processors simultaneously by accepting the1data

from one processor and sending the data to another processor or

accepting request for 'data from a prbcessor. The accepéed

. requests will be serviced one-by one on first-come first-

serviced basis. The block diagram of the multiprocessor in-

. A
terface is shown in Fig. 2.1. ‘ , . N

)

The interface can pe divided into'thrée logic modules.

Each module has- fun 1ops~as described below. Design and

1

’implépentation of each module will be discussed in Chapter IIT.

‘
’5 S\
.
'
,
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o ' (i) The Main Module

Main module pldys a major role in transferring and r&- Con
cei&ing data from prgcessbré. It contains P .data registers
each of which is dedicated to a processor in order té store ~ .
_daﬁe to be transferred to other processoré_on request. There
jdre 2K-bit (ZKzf) n control registers to store a reque;t
for ‘data from a processor on first-come first-served baeis.:
Controller and handshake control logic are to control the

! o
transfer of data between processors and interface and co-

ordinate various' functions of the interface.

a

. 1
(ii) The Priority Encdder Decoder Control Logic Module TPED;l///_\\\j'

The PEDC logic module containing .encoders -and decoders |

provides information on the status of the interface to an
agcessing processor. ' It also assigns priority to each pfo- ..‘>
" cessor in the system, when more than one processor is try-

o ) ing to Access the interface at a time. -

+

(1ii) THe Processor Select Logic Module (PS)

. The processor select logic module is controlled by the
5 | ’ ) -

main'modu}e. The PS module routes the data and a handshake .

; . signal to the right processor and accepts a handshéke_signal

from the processor for main module.
Each processor s address, data, and control bus is con-
nected to the PFDC logic module and the main module There are two

‘

-
N . klnds of operatlon in which a proceSsor would interact with

-
PSR
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processor i’'wants the data from processor 'j, processor i

the“interface; ) . . /.

—

. } !
(a). A processor has data to be stored in it's data register ['

in the interface for use by other processors. . /

(b) A processor makes a request for data from another pro-

- ' cessor. ’ ' ‘ - .

. ® ' ’ x.
In the former case, the processor first tests the avail- : /
ability of the address bus to the interface (main module) .

If thé bus is free, the processor transfers the gatg to its

data register in the main module: A successful data trans-

..
v

1. : .
fer is then acknowledged to the processor by a handshake

,‘signal (data accepted) from the controller”and. handshake con-

" trol logic. - The sequence of. events which take place ‘for the

data transfer is shown in Fig; 2.2. In the latter case, if

¢

first tests tie status of the.interface (SI) by checking

the availability of a control register and the availability

of the address bus to the main moduie, If both conditions

.

are'met then the request.is recorded.by storing the addres-

e

ses of processors i and ] in a control reglster Once the

.stored request 1s ready for executxon by the controller

' and handsha%é/control logic, hlqher- and lower-order K blts o

of the con?@ol reglsters are decoded respectlvely, as

source an?ldestlnatlon of the data. Actual data transfer

to the pfocessor takes place on first-come flrst served

basis. Ehe maih module sends a handshakeé signal (data ready)

i
;

and datd from processor j's data register to processor i

through the PS logic module. Upon the receipt of this

. B . . »
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: handshéke signal, proceSsor‘i'iatches'tﬂg data ahd sends
M -back another handshake éignal (data received) tdﬁfhe'main'
module Fhrough the PS ibgié module. The controller and
handshake conﬁrol~logié are then ready 'to take another pro-
. cessot's iequest fo£ execution.' Fig. 2.3 delineates hhe)
o

sequence of events which take place for the data transfer

) from the interface.

) ) The three types of conflicts that. may arise during the

interaction between the interface and processors are as follows:
(i) TWwOo Or more Qrocesso:s'may inigate'fhe seguence of ‘
operations to- store the request for data in a con-

' trol register simultaneously.

W .

(ii) - fwo or more proceséors.méy initate the seqtiency of

o . operations to store the data fé its data register
. 2 o - - simultaneouslyf* ' .' .

. ;o (iidi) piffé;en; progsssprs may simultaneously in;taté .

. E ,: the sequence of operations to store the.data to its

C . . 'data_registér and to store the request for data to
;;S . ' a control register. ‘

N
’
1

L . oo N
In the first two cases, the priority is pre-assigned to °

7" the priority is given by the PEDC logic module to the pro-

- .cessor which has the highest-griority among the set of pro-

v

cessors trying to store:data to it's data register. Fig.: ~

v . 2.4 depicts which -processor has the eligibility to ipteract .

. with the interface when such conflitts arise.

[}

R



eontrol register
: vailable

Re uest is
i‘ego.rded in a

control regigterf
by a’ processor

infomgtions in
the control N
registers are |’
decoded

-

Data and a hand-shake
signal "Data ready"

are sent to the pro-
cessor by the interface

" Jrecéived" to the hterface

Processor latches the
data and sends a hand-
shake signal "Data * .

v

Figure 2.3

Squuence of Events for Data Transfer to

a Processor ~by the Int:erface.
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2.3 °"SIMULATION ‘MODEL o ' \ .

In most Analytical mddels used to evaluate thelpérforJ

mance of Ynterleaved memories in multiprocessor systens,

- memory request arrivals -are assumed to be independent of
- , ’ . - o

each other aﬁd rejected requests are dé;carded. ,But in pra-
tice the above assumotlon cannot be justified. However, ah—
, alytical. models for practlcal cases w1thout this assumptlon
. are very dlﬂffcult to obtlaln [21] Thus Ehe gerformance
evaluation in this the51s w1ll be carried out thrpugh simula-

o

tion. In order to proceed ‘with compute:bsimulation of the
. ‘ M

inﬁerfacé, a suitable mbdgi-of tpe architecture would be re-- '

quired. Our.obﬁective'in simuLapion are twofold. .

( 2 . s ®
1) . 'To study the effect of storing o ocessors' requésts

1* _ in the control register. .
. % .

2) To find optimum number of control registers in the

interface.
. ) -
t " - M . . i
A simulation model of the interface described in Section 2.2

'is shown in Fig.'2.5, where circles represeht read requests
and trianq%es répresent write requegts“from different'pro—
cessors...As discussed earlier write reguests have higher
pg}o;ity t?an read requesté. Squares represen? server. There
are three different servers. Circle or triangle inside a
équare signifies the request currently in service. The bus
'server, depe&ding on the type of reqﬁesty_sendé theﬂrequest
to the appropriate server. Tﬁe dotted line indicates the

rejected.rgquest path.

. There are two kinds of requests issued by a processor —

¢
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ple requests from processors, one of the requests 1s accepted

read and write. We will'eséﬁme in the simulation model that

the ratio of read request to write request is 7:3- The in-

_terface accepts one request at a:time. When there are multi-~

by the interface and others aré rejected. Further we will

assume that ih the simulation model the rejected requeétsj

rare discarded so that independence and randomness assumption

can be justified. In practice, however, processors resub-
N L]

v

_ mit the request to the interface. . Exactly one request is

-

1ssued at a tlme by a processor and the processor whose re-

quest 1s belng serviced must not issue a new request. In the

-

case df-simultaneous read and write requests from processors
3, ° .

to the interface, the interface accepts the write request.

, Since we are interested mainly in the overall'performaﬁce

~

of the interface and not in the relative performance

of one processor over another, the service discipline he-

comes irrelevent. However, for practical situations a sim-

~

' ple priority scheme .is devised in ‘the design’ of the inter-

face Gor service discipline. This scheme assigns priorities

te dlfferent processors such that one processor takes prlor-

ity over another. ’
An acceptea write.fequést takes one write memory cycle
\ . ' ;

.or write I/O cycle time unit to complete it's service in the

interface. Subsequently, the écéepted read requests are
stored in control registers in the order of their arrival

akd will have to wait for servicde for a duration of time

3 EN

"
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1

called'wa;ting time. This waiting timé aependS'on the total
‘number of control registers inlthe iﬁterface. We will also
aéshme-the total number if control registers is four and

each processor, takes its own Eimehunits to test the cohditio;

to interact with interface as explained in the preyvious sec-:

- .

tion.

*

2.4 SIMULATION USING GPSS

Once a simulation model has‘been developed, next we
+

have to consider the feasibility df prbgramming the simula-

tion model and to establish'a‘data structure, that forﬁs the
system image. Therefore a general purpose simulation lan-
guage with powerful statements and facilities would be de-

sirable." General Purpose Simulation System (QPSS) is one

":,\
PSS

such higher level language suitable for the simulation of

PR

the model that @as beeh developed in Section 2.3. As a sim-

ulation programming language, GPSS V contains special fea-

;
tures - for reproducing the dynamic behaviour of systems which

operate in time and in which changes of state occur at de-
sirable points in time. It offers programming convenience,
and at the same time serves as a vehicle for concept artri-

lation [22]. Now we will describe how the simulation des-

cribed in the previous section can'be expressed as a GPSS

program.

The model tp be simulated in GPSS is representéd as a

block diagram, shown in Fig. 2.6. Each processor's request \

&
T

-

S — TN T Pt o .~ .
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“is represented by one tranSaction. The unit of time chosen

is one micro second. The mean lnter arrival time varies

with re§§ect to total number of prqcessors linked with the
. [] . .
interface. Each new request can come from any of the pro-

cessors which are uot’busy with interface, with equal prob—\’

ability and that its destination is equally Iikely to be any

processor other than itself.

A GENERATE block is uséd tq create a series of transac-

'tions by usihg the function EXPON and V2 (VARIABLE 2).

These functions are used to control the generatlon of trans-
~actlons. Next the transaction is sent to ASSIGN block to
the selected processor has already sent 'a request to the in-

terfaceﬁor-not. If the processor has not 'sent a request al-

*
I

ready, the transaction moves to the next block otherwise the:

o

transaction is sent back to ASSIGN block to select another

processor. The logic block acts as a switch and sets the

status of selected processor in ON mode (busy). Next it is

decided whether the request is read or write. Source of the

ASSIGN block, FN2, picks a number from function 2 which is

defined as a discrete function. It sets the ratio ég Read

to Write request as 7:3. TEST and TRANSFER blocks are used
to send the rransaction to Read and Write group respectively,

after establlshlng the request as being Read or Write. K Once

£

a ‘transaction arrives at ASSIGN block of the Read group, it

picks a-destination processor.' TEST block prevepts the - 7

4

\
select and record a processor. gATL block determlnes whether

v N ”
- . L et e -
b gt g N Hr T S sl et 3 .
S e é X

2
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transaction from pickihg tine same processof'as the one the
t;ansactién already picked. The transaction is then

sent to two GATE blocks where the availability of the bus
and control register in the interface are checked. If

they are not available the flow of transactién is branched
to BNAR or SINA where it resets the status 5f ;he pfpcessor to
OFF mode (not busy). TFinally, thé TERMINATE block removes
t@é transaction from the simulat}on. The key variables
used in the siﬁulatidn progfam are listed in Table 2.1l.
Oncenthe bus.and-a control register are available, the
transaction is eligible to move to SEIZE biéck and rake thé
bus busy. The transactioﬁ holds ;he'bus with the help of

2

ADVANCE block till it tests the status of the. interface and

places its read request in a con egister. It has been

assumed that the slowést processor in \the multiprocessor sysﬁem'

is Intel 8085A functioning with 0.5 MHz \clock frequency
ahd the fastest processor ié MC 68000. with 10 MHz clock

frequency. Execution timesof Read, Write, Test énd'othef

© instructions vary according to the speed of a processor.

The RELEASE block makes the bus free. ENTER block keeps
track of control register with the help of STORAGE statement.

The second.ADVANCE block makes the transaction tg-wait ac-

»

cording to their order of arrival and total number of control

statistics of the transactions and maximum entries in the QUEUE

during simulation. After successful completion of data

i

transfer to the processor, the transaction feséts the 'status

L

r

registers in the interface. QUEUE and DFFART are. used to gather .
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TABLE 2.1 _ Variables Used in GPSS V Program for the
Simulation of the Interface

5

VARIABLES

OPRO

DPRO

STNA

BNAW

SIF

WRQ

REQ

DESCRIPTION

. Origin processor.
Destination Processor..

Bus not available to read’
the data.

Status of the interface
‘(control register) is not
available to réad the data.

Bus not available to write
the data.

“
Status of the interface
" (control register).

Read queue‘which is used
‘.in read group to collect
- the statlstlcs..

Write queué which is used
in write group ‘to collect
’ the tatlstlcs. A

-~




)

|

o ot . Ml A e . et

- 36 -

of the processor in OFF mode and get$ terminated from thé
simulatioﬂ. The main dif?g{gpc?«between Read ahd Write gréup 
is that the Write gr6up has a priority block. Once thié
trénsactioq arri%es to this block, it h#s got highe;'priority
than the read request. transaction. When there is a tié be-
tween read request'transaction and write request transaction

to enter into SEIZE'block, the SEIZE block allows the write

‘request transaction.

_The GPSS V program listings and outputs are found in

Appendices 2 and B. : . ke

: /
2.5 PERFORMANCE RESULTS

‘Simulation program has been fun fo? different séps of
processors. A computér output is included in Appgndiées A and
B.‘We observe that, for six procéssors, maximum queue length
for read request is 2. Thereafﬁer, even through the total
nurber of control' registers were set to four during the sim-

ulation run, the maximum gqueue length was threel It is be-

. cause the bus gets .saturated before the control registers

are-exhausted.  Hence the optimum number of control regist-
ers in the interface is a function of total number of pro-

cessérs,.the frequency of interprocessor,data transfers

N

required, and speed of the processors in the system. Fig.

2.7 and Fig. 2.8 are respectively, graphs 6f percent of total

requests rejected vergug numbetr of processors and percent

]

$ted versus number ' 60f processors.

Ww‘:‘ -
| S
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.

:efection of requests is increased as the number of
processors increases. It is also clear that the re- -

jection rate is more when the interface has one control

recgister than when it has four control ‘régisters.

-

. The processors of the-rejected request cannot make

a retrial in less than an instruction cycle length. But the
processors of the stotred request does not have to make a
retrial as it gets the data vefy quickly. Hence an inc;eased
number of control registers can be more'effectively'usgd‘to'
improve'ﬁhe total performance of a multiprocessor.system.

Fig. 2.9 is the graph of-percent‘of rejected write request
versus nﬂmber of processors. From Fig. 2.9;‘it is seen that
the use of an éptimum number of éontrol registers in the in-
terface reduces the rejection 6f write reéuést. "It is be-
caﬁge’the stored réquésté don't have a chance to compéte with'

write requests to ‘access the interface. It is clear that the

interface can handle up to seven processors effectively in

" this case. In the main module, if the total number of con-

trol registers exceedé the opfimum number of control regis-
térs, then these extra registers and a few of the logi; de;
yices in the controllerarﬁ;handshake control logic will remain
idlé. To avoid this situation it is desirable to design the
main'module with optimum pumﬁér of control fegisters. "How-
ever, it is observed from the simulation resultd that, for a
fixed number of control registers, the rejection rate in-
creases linearly aé the number of processors increases up to
afoﬁnd 18. There a{ter the rejeétion rate is expecfed.to be

, \ - ‘ -
increased linearly with a different slope.:

. - ~a
R — -y
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. into three logic modules. This chapter deals w1gb,the

‘e

“3,1 . INTRODUCTION

SN

)

?

AN

TN
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CHAPTER III

DESIGN AND IMPLEMENTATION . .

a

B
”

Design specification of the interface would involve

tpe analysrs of the requlrements and description of the .
N\
modules in de®ail. In Chapter I1 the 1nterface was divided

design and implementation of ‘each- of the modules.

1

3.2 CONTROL SIGNALS

“The physical strucsure prev1ously dlscussee:prouides

u

the basis for communlcatlon between processors. In add-

ltlon, a loglcal structure must be developed to allow

meanlngful communlcatlon. This structure consists of

b

various signals. These signals allow two communicating

i
¥
[
g
1
‘¢
i
4+

entities to cooperate. Before one can d}souss the design
, , ,

philosophy of each logic module, it is necessary to get

familiar with different control signals generatgd by the

interface and'processors while interacting with ed

Interfacevissues the handshake signals Hy (data ‘accepteg)

3

and H2 (request reCEIVEd), respectlvely, after accepting

data from a prooessor and after storlng the request for

.Jdata by a processor. Interface sends a handshake signal Hq

(data ready) to the processor in order to indicate to the
processor’ to latch the data on the data bus. A successful

dath transfer is acknowledged to the.interface by the hand-
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shake signaz\gg (data received) from’éﬁeggkgcessor.‘ .
. . Des&ription of various dbnﬁrol signals are stmmarized in
o e ' o \ - N
.Table.3.1. » ! ; .
D o . Lo

i

" o ‘ B . TN .
P ‘3.3 . THE PEDC LOGIC MODULE : :

a . -

L)

.

<

The main funstions of the PEDC logié¢ module are,

~ (1) to resolve the’'tie-between the pfoéessors when
— ’ : they all simultaneously try to interact with

the»interfadeu .

8 v ‘ S
o K (ii)to 1ndaca§e the processors about the currént
e . T .‘status of the control- reglstersaln ‘the lnter-

T C . ~ fﬁce and the avallablllty o% the bug to the
‘ ~ interface. R ‘
R . : ..

A state diagram aescribing the réquirements of the

ot .
-

1
>3

* PEDC logié‘module is shown in Fig. 3.1. It consists of a

ﬁk\;" set—of states with a deSLgnated lnltlal state and a set of -

~

" transitions among the states. Control passes from one state
to another when external events stlmulate the module.

. Associated w1th each of these tran51tlons is an action

! . which the module must perform. Descrlptlon of the state

diagram’ is given in Appendix C. I

c

- . , Fié: 3.2 delinea}es the block diagram of the PEDC
logic module. It consists of three pairs of prierity en~
. cojer-decoder devices. We will call one pair of priority ’

- encoder-decoder device as Read PED and another pair as "

”~ . : .
L {
¢

-

i, s
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| ‘ T%PLé.3:1 ) ﬁsignaIS'Geheratéd Duriné‘the Interaction
. Between a'Processoa and the Interface.
‘. Siénéls ' L Descriptioﬁ
\ . ' \ e . —7' .
Hl, -~ Data accepted ;nterfacélissues thi§ hand-
» ‘ shake signa} after accepting
o dataiérom a processor.r
'H2 - Reqqe;t rec?ived Xfter sto;ing ghe request )
! " for data by a processor,
“ . ':‘ interface issues this hand-
" shake sigﬁal. |
H3 - Data fe&dQ"- ; Interfage indicates the
> processér by.using‘this

-

» SI

- Data réceived

- “Status of the

handshake signal to latch

the data on the data bus.
x> " ,
A successful data transfer

4

s

r

from the processor.

)

interface ‘ availébility of a control

[3

register.

is acknowledged to the inter-

face by'this~handshake signal

This signal signifies the N

Lo

RN ey ]
-
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Write PED, deditated for read request and write request,

respectively. The third pair, which is accessible to both
'read and write requests 1is calléd Commcn PED. ,Read PEb

and Write PED, each hés a set of.logic devices consistihq

of an OR gate and an AND gate and a T-flip-flop.

Priority encoder assigns a priority among the process-

ors. Enable input (EI) te?minal of each priority encoder
of this logic module is initially set to be active (high).
Logic level of the EI terminal of read priority encoder

depends on the availability of a control regis;er which is

sighified by SI line from the ﬁain module, and also on the

availability of the -bus to the interface which is reflectéd

by state of T-flip-flops with the help of Common PED. On
the other hand, for write priority encoder, logic level of
EI terminal depends only on the avgilabilify of bus:‘\When
the EI terminal of the decoders islﬂot active (low), all

A}
the output terminals will be disabled. When none of the

[

. decoders input lines iséctive, the enable output (E0) will

pe disabled, even thoughtthe EI terminal is active.

When there are simultaneous read request from the pro-
£

cessors, the output logic signal of the Read PED will cor-

respond to active input with the hiéﬁest priority. This

'sﬁﬁnal indicates the processor to proceed further. Since

this signal is available only for about 10n sec, it is-nec-

~

essary to latch this signai'until the processor in question
reads it. It can be done by using D-lacches or monostable

N1 s , o
mult1v1brq§br. The RT-flip-flop gets affected through the

.Common PED and the EI terminal of both encoders

.

TR e s gveme s

1

F{u DU ORSTE
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k] ' o

will be disabled. Once the request ie stored.in a conttol
reglster, the main module sends a handshake signal H§
\yquuest recelved) and !urns the affected T-flip-£flop to
its original state. The above is also‘ttue in the case of .
simultaneous write requests from the-précessoxe except that
instead of R-T-flip-flop W-T-flip-flop gets affected. The
Mmain module sends bfck a hendshake signal Hy
after accepting the data_from the processor and turns the

. affected T-flip-flop to its original state. When thére are

A
simultaneous read requests and write requests from the
processors, the ‘Common PED’and the Write PED allows the
write request processor which has the hlghest prlorlty at

tﬁat time to ‘proceed further.

N -

)

3.4 THE MAIN MODULE

A3

Thelbrimary functions of the main module are

(i- to generate signals as described in.Table
.3.1 to control and coordinate the various
functions of the'fnterfacé, and

A

“(ii)«to acéépt:the deta from one‘brOCessor and .
to send the data to another processor
simultaneousf?'or to accept the reguest
for data from .One processor aﬁd to send

the data to another processor simultaneously

- 4

through the processor select logic module.

.
-
~ e -
.o A o . TN« T b e

(data accepted)

b Sn
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The main module consists of data registers, control
vregisters, contraller, and handshake control logic. First
we wili describe how a data is to be stored in a data

register and then- how a request is to be stored in a control

’reglster for execution. 2 state dlagram descrlblnq the re—

quirements of the main module is shown in Fig. 3.3. Description

of the state . diagram 'is given'in Appenddx C.

3.4.1 Write Request

There are P data register pairs for P processors,
one dedicated to each processor.Registers in each pair

are called primary data fegister (PDR) and secondary data reg-

ister(SDRYasshown in Fig. 3.4. After checﬁing'the avail-

ability of the}address bus to the interface, a processor‘.
through triestate buffers sends the address of its déta
re%ister and data‘to the\interface. This process can take
place even during the time the interface is transfering a
data to ‘a processor. Fig. 3.4 depicts the various logic
dev1ces involved durlng the wrlte operation.’ The decoder

~

which is enabled with the help of W signal of the processor,

decodes the address and activates the strobe terminal of the

!

.available to its SDR. Generated output signal of the OR °

processor's PDR. The decoder does not -require all the
address lines of the processor. A word is stored in the

PDR as soon as its strobe terminal is active. At the same

‘time its EO terminal becomes active which helps to .acknow-

ledge the Successful regelpt of the word to the processor

through an OR gate. ' The stored data in .the PDR is always

‘ F,;, et e = 8
N

Ty
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°

» : gafe becomes handshake signal ﬁl (data accepted)’. This

handshake signal is available only for a duration of the

order of 10 nsec, thus minimizing bus contention.problem

Hy removing the processors‘gata‘bus, address HPSr and

A

f\&\<control bus signals with-the help of tri-state buffers and

\Faking the interface bus free for use by othef processors. | '

3

: . N . : '
3.4\2 Read Request -

There are n control registers in the main module to

store a request for data from a processor. Requests are

stored in the control registers on a first-come first-served

basis even during the transfer of a data to a processor by
. _ ,the interface. As-'discussed in Chapter II, optimum
number of control registers depends upon the multiprocessing - :

environment.  Each control register contains 2K bits where

ZKZP (P = total number of processors). These bits are

m T gt -

' f' . used to iéentify ;11 tﬁe processors in the multiprocegsor
system. We will call the highwqrder'K bitsandtﬁe]pw—orde;Kbits,
respectively, as source bits and destination bits of a con--
trol ;egiéter. gunptions of these bits will be discussed in
the<next seéﬁion. Fig. 3.5 deiinéates the various logic
devices‘involved during a fead-requést by a processor and
‘during the excution of the fequest.: The ‘processor, after

' B ‘cheéking the availability ofhavcéntrol register 'and the bus
‘to the interface, Eénds a request for data to the interface.

This request is nothing but an address generated by the -

processor. Oniy»QK of the.genefated address line
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- l

need to be stored in the next avaiiable control register.
Since there are n controi registers, a modulo n uﬁ—EEEﬁEEE*‘
is used. We will call it as CR modulo n up counter, since

it keeps track of contrél registers according to first-come
first-serve basis through -a decoder. One of the input of

Ehe AND gate of a control register is a;ways made acfive by
the decoder. 1Initially all the counters are set to be.zero:
For'example'aS‘soon as the 2K address lipe; and R iine aré N
made active by a processor throuéh the tri-staté buffers,

the top AND gate activates the strobe terminal CRo" The

request then is stored in the CR

. The CR_ acknowledges
~ B o o .

the successful receipt of the request to the PEDC logic

module and to other counters through an OR gate Oﬁl with

the help of-its EQ terminal as shown in Fig. 3.5. The. out-

put signal of this ORl gate is used as handshake signal H2

ﬂrequest received). This handshake siqnal.helps to ihcrease
the CR modulo n up couﬂter, and modulo n+l up and down |

counter through the combinational -logic circuit by one.“At
‘the saﬁe time the processor's bus signals are isola£ed ?rom.
the interface with the help\dﬁ tri-state buffers. Fig. 3.6

describes timing relations between various signals.

3.4.3 Execution of a Request

Al

Th%;controller coordinates and controls the various

functioﬁg of the interface. It mainly <consists of modulo

‘n° up cSﬁnter, a modulo n+l up and down counter, decoders

and multiélexers as shown in Figs. 3.4 and 3.5. The state

—
1

-

J
|
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diagraq of the controller is shown in Fig. 3.7. Description

2

.,
e
7

of the state diagram is Q}ven in Appendix C.

N Each control register has 2K bits., So there are 2K

multiplexers with n inputs and x select inputs, where
2x2n. A modulo n up counter is used to keep track of
execution of requests one by one. Modulo n+f up and down

counterracts as & supervisor and.gives infofmations about.

“the current status of the module to various™logic devices.

When this counter's output is lJlBCD 0, this means there is
W ' :

no more request waiting for service and all the multiplexers
are disabled throughA;he OR2 logic gate. When all the CR are

full, the count beches n+l which, forces the:SI line to be in

low logic level thrqeg&/ﬁhe,NAND logic gate. The modul® n
- up counter and modulo n+l up and down counter select a CR and
output the contents of the CR through ell‘the multiplexers.
The source bits help to flnd wanted processor's,data and-
destination bits are used to find the destination proéessor
of the dats. Source bits/are“éecoded‘ty a decoder as shown

in Fig: 3.4 and theocofissponding SDR is selected. The SDR

o o TN

I'atches the input‘signals and outputs ituon the data bus.

o -
-

.
’ . o ‘o

3.5 THE PROCESSORS SELECT LOGIC MODULE

Processors select IGgic module mainly consists of a

Y

decoder and P sets of tri- state buffers or drlvers with three
“~

states, each set dedicated to one processor as shown in

Fig. 3.8. In Fig. 3.5, even though all the multiplexers are
»
not- enabled thelr‘putputs 3re either in logic 1' or loglc

1

0 state. Since a processor doesn t’ need the Mta from its

2 .
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'

own data registér, a combinational logic.circuit is required
. to sélect'tpe decoder only when the outputs of the multi-

plexers are combinations of low and high i'gic levels. The -

1
©

output’ signal of the combinational logic circuits is also
"used to genérate -the handshake signal H3 (data ready). With
the help .of- the destination bits, a set of tri-state buffers

is :selected through the decoder and the data’ and handshake

o #

signal H3 are sent to the processor simultaneously. Upon

the receipt of this hghdshake'signal by the processor,

“prqéessor latches the data and acknowledges the successful

H

réceipt;tothe interface by the handshake signal H, (data
received). ,ThiS‘handshéke signal increments the modulo n
up counter @nd .decrements modulo n+l up and down counter’

by one. 1In Fig. 3.5, the modulo n+l up and down couhter

" can simultaneously receive: H handshake signals. s

2 4
In.such a case, the combinationalt circuit allows none of

and H

" 'the above'signals to the counter. Truth table and the

- . . . i} . N .
circuit of the combinational logic are shown in Fig. 3.9,

S

‘When modulo n up counter is updated thé‘;nterface starts to
. Y f

execute the next request which is stored ‘in the next CR.

3.6 IMPLEMENTATION OF THE INTERFACE _ \
r ‘ . ' , ‘
The recent advances in semi-conductor technology have res-

ulted in cheaper, faster, and easier-to-use digital componenté
for a wide range 'of applicatioﬁs.‘ After analyzing various
) ' . v
trade offs for the construction of the interface, decision

was made to implement each module by using TTL and MOS§ /

family ICs.

] \

v .
Y TR T < o - . .o —r e
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X 0
Truth Table
Inputs Outputs ’
' Hz H4 U D | A
o o™ o o
0 1 0 1
1 0 .1 0
® 1 1 0 0 -
/ T +
, UThH ‘
D= Hz H4 .
\
‘HZ
.- r
H, .
* ’

U

Figure 3.9 Combinational Logic Circuit
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"L MSI priority:encode;s>and decoders are available
with sﬁort propagation delay times (in the'range of 8 to
20 ns) which'perform:the same runctions as encpders.aod
decoders in the'REDC,logic module described in the érevious ‘
séctionu. Cascad1ngiﬁc1llty hes also been prov1ded to allow
expan51on w1thout the need for external c1rcu1try
Each procesSor s address, data and control buses~are con-
. nected to the interface dYnamlcally only when a processor
requests for data or write a data through tr1 state buffers
or receivers Vlth tri-state butputs. Thls device, in gen-
eral, allows data transmission froh processor to interfaoe‘
es shown in.Fig. 3.10(a), or‘from interface ro processor
"~ through tri state.buﬁfers or ariVers Qith three states, as,
shown in Fig. 3.10(b). Enhable input can be used to disable '
theldevice sofrhat buses‘are effectively isolated wi}h the helpl
of'T—flip—flop. In fig. 3.10(a) processor enables .the
receivers or tri-state buffers whilé it sends the data or
reguesgénfor deta to the interface. The ioterface~disab1es
it after accepting the data or request. But in Fig. 3.10(b),
‘interface_enables the drivers or tri state buffers while it
sends the data to the processor and:then processor disablés[
iﬁ after latching thefdata. Progremmable.codnters,~ﬁhere
Ithe outputs ma& oe preset to either levelfare also available.
_These counters are easily cascadable for'expansion without
requiring\external circuitrx.'_MOS technology ahd TTL compa-~

table parallel«in, pareliel—out data registers which do‘

,
o f P

.
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the same functions as data register and control register- as

described in the previous section, ‘are available,

Figs. 3.11 and 3.12.show -the phdtographs of the

*

built interface connected with 2 Intel 8085-A microcomputer

(SDK~-85) 3 - -
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CHAPTER IV
APPLICATIONS AND EXTENSIONS

4.1 INTRODUCTION

Multiproceesing offers attractive computational gains
along the dimensions of re%iability, flexibility, cost/per-’
formance _etc. This chapter discusses the application of
the interface in the area of digital signal processing and
distributed proceséing. POSSlble exten51ons of the research

work undertaken in this thesis are also explored.

4.2 APPLICATION OF.THE INTERFACE‘IN DiGITAL'SIGNAL .
| PROCESSING- g ) |
Capabilities of multiprocessioé systems are useful
;n signal procéssing system design where:iMproved
'aperformaﬁCe is maﬁdatory." In [23] it has been shown’
that the caecade and pafallel cluster stfhétures could
be used to lmplement the DFT, and FIR and IIR filters.
Different types of algorlthms for computing DFT and the
de51gn of different types of filters will not be. dlscussed
here as it is beyond the scope of this thesis. Flgsm 4.1
arid 4.2 show the cascade processor clustetr and parallei
processor‘ cluster, respectively, for implementing FFT;
lFor an N-point FFT, eaoh'processor.in‘tﬁe cascade cluster
structure performs a given piece of the FFT'in some fixed,
sequence. and ‘outputs en N-point array. It is bpe respons-

ibility of the data passer (DP) to collect the data, from

RO A CIPIEY W N
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“the data to its data register, in the interface for its

interface increases the: speed of the data transfer. In

- - 68 -
the processor preceding it and to pass the data to the
processor succeeding it in cascade. As .noted in

[ 23], since each processor in the cascade structure must have

a DP, the cost of providing even simple external DPs may be

“higﬁ?“"ﬁlso, the data corresponding to the transform of each

stage;mﬁst be input ;nd output to the respegtivé processors,
no ma;ter how smgll is the processing{load of that processor:
Each stage in the structure requires 5% of total time to #
input andﬁoutput the data. IH the parallel processor cluste;
strucgure, data distributorb(DD) transfers the data to a pro-
cessor in some Eixed sequence. After completion of the trans+
form, thevoutput data is collected by the data collector (DC)
and reformated as necessary. bDénd DC have complica?ed job,
since they must perform reordering of data to dispatch in-

o

put points to the .processors.

e

Fig. 4.3 shows a processor cluster structure uéeg:to
implement FFT.  Without altering this structure it is .
possiﬁle tb make the strucﬁure to éct ag“a cascédg process=-
or 'clustér structure or parallel procéssor cluster
structure. The communication between the processors is

established through the interface. When the structure has

to behav% as a cascade structure, processor Pi will send

, : i .
- P, . is successor pr sso make a
successor i+l C. Th processor CQ&\

request for this data immediately after the interface

°

accepts the data from the predecessor processor. Thus the”

1

v

t
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Figg}4¢f'a successor can make the request for data only

aftér its predecessor completes its write cycle. When the

~

structure behaves like the one shown.in-Fig. 4.2, each
v .o, .

processor sehds the requést for data oneé’jfter another in
. 4, -

*

to its daﬁg\register.

As discussed above these data . are available for next pro-

some fixed sequence w@nd sends the data

]

cessing even before the processors write cycle is completed.

-

4.3 APPLICATION OF THE INTERFACE IN DISTRIBUTED
PROCE$SING - ’ ,

3

Another application of.the interface is in distributed
computing system as ¢ghown in Fig. 4.4. Distributed computing
can. be considéred as the physical separation of intelligence

i

,oi the system. Any prolessor imthe system can communicate
P
with another processor on first-come first-served basis as
des§ribed earlier._ Iﬁ case pfqgeséor Pi wants to gpow
‘whether a new data has arrived to tﬁe ihte:face from proJ -

cessor Pj or net, a semaphore technique can be used as

@ 7

illustrated in Fig.. 4.5. When the semaphore is at logic 0,

P sends ‘the data for P; to the interface and sets the

semaphoreoto logic 1. P,

4 Dow can take the ,data a,nd clear

the semaphore to logic 0.

In [24] a:distributed processing system (DPS) which'is‘
geographically separéfed,‘functionally organized, task
oriented, and connected 6n an ?fficient high speed serial '
data bus, as shown in Fig. 4.6 has' be®n described. 'Ehe

purpose of this DPS is to sat{sfy military requirements.

b
PR e L
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Processinq is diStfibuted among several proceseingJelements.
These elements may be found in different perts of the

system such as transm1551on, receptlon,and dlsplay suﬁsyst—
ems, each with its own processing capabllltles as shown in
Fig. 4.7. . All CPUs.memories and 1/0 lnterface cards are
conneexed to interface with intra-element bus (IEB) as shown -
in Fig. 4. 7. The memory may be acceseible by all\the

CPUs or may be dedicated to support a single Cﬁu.,‘The con-
figuraeion is totally up to the designer. If the memory is
accessibile by all the éPUs, the transfer of date between the
pﬂ'!eseing elementstakes place through the memory. If the
memory is to be a prlvate memory, the processing element
requlres lnteSEace to communicate with other elements.
Fig. 4.8 shows that éhe proposed interface makes the Q
communications between the processing element easier whether
the memory module is a dedicated one or not. The a}rangement
also reducee the IEB coneention problem. Since the systeﬁ

is mainly used in processing of radar signals, the speed of §

data transfer between the processors is of pr{mary importance..

-
The interface helps to speed up the.data transfer. .
’ L ]
—4
4.4 SUGGES?IONS FOR EXTENSIONS
In this section some possible modifications and exten- ‘

sions of the investigation carried out in this thesis,
which may result in a more efficient performance of. the ;

‘. :
interface:and hence an improved multiprocessing, will be 1
discussed. .

. -
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'level“at EI termlnal of read prlorxty encoder becomes a fuﬁ*

4.4.1 Dedicated Bus ) JEEPT

Dedicated bus can be effectively used to minimize, the
single bus contention problem. However, it was seen in the

previous Chapger that there is only one address bus to. the

interface. It was also found through the computer simulat-

ion feéults that the rejection of read requests is-also due

oo‘Writ% requests and vioe-versa, and the bus gets saturated
before the control registers .do. If we introduce another ad-
dress bus to the: interface, so that cne is dedicated to read
requesté and'the(other to write requests,_rea% rejection and

write rejection‘rate will be redo&pd considerably. Thus a

-larger number of control reglsters can be used in-the main

~

module. Thls way the 1ntérface will be able to coﬁmunlcate
with three processors at any one time. It can ta@e the data
from one prpcessor, take the reqoest for data from another
processor, and send the data to some othef processor simul-

AN

taneously. If processor P wants the data from processor

processor PJ sends the data to the interface and pro-

" cessor P, can send the request for this data to the interface

simulianeously. Thus the speed of data transfer can be

increased further. Introduction of an additional address

"bus in the existing interface structure requires very little

w +

changes. In PEDC logic module now, the logic level at EI
- . ‘ . R >

terminal of the write-priorify encoder becomes a function of

h ] . 1.'

avallabxllty of wrlte address bus to the interface and logic

It

7

‘ction of avallabllity of a control‘register\andthe ead

L . ' '

b

a , . )
e - e . -
: - AR e et




with dedicated buses as discussed in Section 4.4.1 has to be

- destination memory module where the data has to be stored,

- ' - 76 -
s‘ L ' 3

‘address 'bus to tﬁe intgrface” Fig. 4.9 illustrates thé

modified PEDC logic module. Both address buses will be

connected to the main module separgtely.

A _ *
7 ‘ noo
5 )

~ 4.4.2 Block of Data Transfer

Y
In orderxto‘ﬁeduce the common resource contention in i\

a multiprocessor system, technigue of block of data transfer

from one memory module to another memory module can be used.

'To transfer a block of data by the interface, "the main module

v

modified. It is possible to.achieve this goal by introduciﬁg

clusters of registers along with the existing gluster of

PO

control registers. These clusters of registers can be used‘
to store the starting address of the source memory module

from whére the data has to be taken, sfarting address of the ‘ :

. ‘ L]
word count to identify the total number of data to be trans-.

" , ' ‘ )
ferred. Cluster of control registers, as before, will be . ]

used to identify the address of source and destination pro-

~

cessors. A dedicated data bus will be required which will
help to store the above information for block data trans;
fer in the clusters of registers sequehtially. Fig. 4.10

shows the block diagram of the modified main module. Re- :

quest for data or request for block of data transfer will
be stored on .first-come first-served ggsis.' Two outgoing.

address buses from the interface' will be needed, so that | .

4
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v

each address bus can be connected to source memory module's{
address bus and destination memory module's address bus
respectively. When the reqhest for block data transfer is

ready foréxecution; the interface will send a signal called
& - .

Bus Request to the intended processors and in turn process-

- ors will send back signal Bus Grant to the interface.. .The

interface &ill then put the. destination starting address on
the address bus and source starting'address on the other bus

and connect the two corresponding memory module data buses.

' The processor select logic module also will need some alt-

rations. Once the data transfer is completed, the interface
y :

M

will give Bus Grant acknowledge signal to both the processors
3

and startexecuting the next request. This way, the interface

' will be able to take the data from one. processor, take the

request - for data or block of data transfer from. another pro-
. .
cessor -and send the dg;a to some other processor‘or transfer

.a block of data betweenzthé'memory modules simyltaneously.

- [

ot - ' . R .. f;@i ‘
. \ s ' . ' -
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CHAPTER V

CONCLUSIONS -

Wi

A general purpése multimicroprocessor interface'whicﬁ
speeds up data transfer bétween processors has been designed,

built, and tested. The design method adopted in this in-

L]

; . . B 4 .
vestigation has been simple and adaptable to an evnironment

where a large number of processors are to be used. Due to
the cost consideration, however the interface has been built~
and tested using only two Intel 8085-A (SDK 85) microcompu-

ters. The computer simulation studies*have demonstrated N

‘that for an efficient use of the interface an optimum number

. -

of control registers to store the request for data by pro-~
&

. cessors 1is required in the main module.

The interface designed has several features. The
gystem where éﬁe interface ga to be qsed does not require an
overall synchronization, that is, each processor in the
system can operate  asynchronously with different clock rates,v
Without altering hysical structure of the multi-

procéssor system, the iystem can easily be made to act as

a cascade or parallel ¥jtructure. In a particular application,

if the data exchange between the processors takes plaée in ,

" some,fixed sequence and there is no simultaneous requests

from the processors, the processors do not have to test the
conditions for the availability‘of the interface. Two

. \ . X
suggestions have been made to speed up data transfer between

the processors even further. They are‘throuqh'the‘qsé of the
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dedicated buses for read and write requests and blocks of

81 -

.data transfer between the processors. Dedicated bus tech-

nique is easy to implement. An address bus to the inter-'

face consists of a few address lines .which are connected to

a processor’s address lines dynamically only at the timel of

\

interaction between the pEocessor and the interface. Block

of data transfer

memory modules which cah be implemented by cycle stealing

technique.

e

involves

PO

data transfers between the
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DESCRIPTION™OF THE STATE DIAGRA% OF THE PEDC LOGIC MODULE

&

-

(1)'rFr‘om, State Idle - > . .

v

(a) when ghe module’receives.rééd reqqgstfs), it allows

‘the, highest priog&ty read request'processors to

’ ?;Sﬂks the interface afid goes to the state BR
) ) ’ ) -
Mpdule\is busy because of read regquést).

(b) whéh the module receives write §equest(s) or fead

and write requ@ests, it allows the highest priority

: o
write request processor . to access the interface

and éoes to the state BW (Module:is busy because \

L

of write request).

] 1

(c) when SI line;chomes low, the mggule goes to the

- state BRO (Module's read part onlyibusy).

.ﬁé,, N L B - g -
) (2) From .State BR o .
r‘" N » ' L , ‘ ‘-
P ‘ ‘« (a) when the module rﬁﬁéives handsjidke signal H,, -it’
, 1 ot . N . .
d / goes to the state Idle,
‘.‘ 1 - * v, s
e (3) From State BW Vo=
A . (a) whén the module receive§ handsHake signal H;, it -,
. - : RN\ : .
. » ’ o ‘'goes to the state Idle.: ' ) o .
. (b): when the Fodule receives hahdshake signal Hi and
- ] . ) o, . , l
i at the same time the 18Yyic leyel of SI line is
i \
.. - low, it goes to the styte BR
b, L :
i Yo ! e ‘) o LN !
{ !
- - ‘
i v > : t 3
: i ~ , ! ’ ' . T
2 N - ]

S Wy e em

ok E s Rl Ao
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: ; ) ' ; - -4 .
3 B - - ‘ L NN ) - . ]

.4 _ (4) From State BRO e o
CF . (a) when SI lJ.ne befcomes hlgh the module goes to the
! "': o ) . e “
TR . o . state Idle. ‘ -\

;e
B

A A N (b) whén the module receives 'read énd write .requests
i . Mo
8L v © or write request(s) , J.t allows the hlghest

.

Y. - - prlorlty write request process‘a'r to- accegs "the

» . ‘ : . o
» . ‘
~ . interface and goes. to the state ,BW.~ o
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DESCRIPTION OF JHE STATE DIAGRAM OF THE MAIN MODULE

(1) From State Idle, - S ' .

(a) when the modu&e recelversR(Read) 51gna1 fnom a

o

proéessog, 1t goes to the state Read and accepts :

[

. issues. a handshake 51gnal H2 B

/

a request

LY

+ (b)" when the module receiVes'W(Write) signal from a

-

processor, it.geoes to Write state and accepts a
‘data- and issues’ a’handshake signal H -

(c) when SI llne becomés low, e mbdule goes to RF
7

Lt ’ 1 state (al1l’ the control reglsters are full) '
A " o " b . T ) .- ’ _‘ -
(2)‘From,State Read . R ‘ .

(a). when R signal becomes active low) the module.goes‘

.r " - -
to the state Idle. ' v

2
4 -

. 3 . .t -

(3) From State Write ' I'- _ o -

(a) when W becdmes actlve low, the module goes to the -,

N . ¥
» - “ w
s

. . state Tdle. _ ' S ! .

¥ .
» . 4 !

(b) when W becomes active low and at the same .time ‘the ,

“ \
. [N 2 s - .(‘

floglc level SI line is low, the module goes to ..

» ~  the state RF. . ‘ ) ) .

(4) From State. RF o I

(a) when SI. llne becomes hlgh, it goes to the state

Idle. o o

(b) When W becOmes 7btive it goes to the state-wflte '

.
1

\'_ " and lssues a handshake 51gna1 R

' et Xl B s
~

.
-~



{ . DESCRIPTION OF THE STATE DIAGRAM OF Tﬁﬁ,CO?TROiLER

c (1) From State Idle. ' | ' )
| SN ’
« - (a) when the controller recelves’handshake 51gnal H2, . '

-

‘CR modulo n up counter and n+l up and down counter

. o ~ gets 1ncrementated and goes to the state Execution

(where the request are-reqeived one' by one).

. : . ' . v .
. . - . . .
. . \ i ' . . ®

(2) From State EXE S L S .

ot

{a) when the modulo n+l up and down'counter‘are equal to

‘one and the controller recelves the handshake sxgnal e

. 4, it goes to the state Idle and the modulo n+l up Py
) g)@ . ' and down counter gets decrementeda - : "
‘ . 4 v o . . 5 - P

(bf when the controller recelves H4 51gnal the up

. SR counter gets 1ncremented and the modulo n+l up and

-

s d "down counter gets decremented and stays 1n the same
. 7 state. '
;A - K - ’ - , \\ » ! -
- (c) when the~controller receives H‘ signal} the CR mbdulo

. o ’ _ n up counter and the modulo n+l up and down counter

gets lncremented and stays in the same state.’

-
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