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ABSTRACT

In this thesis, three interconnection networks (ring,

binary cube and +tree) for nmulti-microcomputer systess

studied. They are modeled as networks of queues

are

and

analvtical results are oktained for performance measures such

as mean gquene length and mean time spent in the systen

nessage., These results are verified through simulation.

by a

The

analysis provides a way to understand such interconnection

structures and leads to tetter design of these systens.
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CHAPTER 1

INTRODDCTION

The obiective of this work is to analvze the performance
of three common tyves of interconnection schemes nsed in
large multi-microcomnuter systems, namely rina, binary cube
anil tree networks. Closed-form resunlts obtained -hrough
mathematical analysis are extremely valuable tools in +the
design and operation of such networks. (Qnce thevy have heen
validated throuah computer simulation of the networks, the
various network parameters can te varied and verformancH
measures can be obhtained directly from the analytical results
without the need for expensive sipulations everv time. Tt
also heacomes possibkle to compare the interconnection schemes
in a useful way, in order to choose one of them for a

specific application.
1-1 Rationale RehinAd “icrocomputer Networks

There are hasically three rTeasons that we are interestefd
in a 1local network of .microcompu+ers. One reasor 1is *to
connect together a collection of personal computers and
peripherals located close to each other, so that they are
allowed to intercommunicate and share resources [13]. The

shared resources would he in ¢the form of hardware orv
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software, such as printers, disk Arives, compilers, etc.

The second reason 1is to exploit the advantages of
functionally distributed computing. Some of +the wmachines
could be dedicated to perforre specific functions, such as
file storage, data base management, terminal handling, and so
on. This also 1leads to simpler software desian Ltecause
dedicated processors can reduce or eliminate multiorogrammina
[133.

The third reason, which is the motivation for this work,
is that, with the cost of bot+h powerful microcomputers and
communication links decreasing, it 1is possible to hnild a
network of microcomputers comparabhle in computing nower to a
main-frame coaputer but at a lover cost and higher

reliability.
1-2 Multi-microcomputer Systems

The rTapid advances in YLSI technoloay have alreadv
vielded single-chip nmicrocomputers with a hiah rTatio of
computing power to cost. At npresent, indications are that
this will continue to improve in the next few years. Device
dansities gquadruple every three vyears ani a detaileqd
projection for 1985 Adescrihes a 32-bit comnuter chio of about
1,000,000 gates, including 200,00C;300,000 for logic and

microinstructions, and the rest for a read-write memory [14].
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There has been c¢onnsiderable interest in buildinn
rowerful computer systems hy interconnectina hundreds or
thousands of such VLSI chins. The primarv advantages [15] of
such systens will le reliahility and cost effectiveness. The
secondary advantaoces will be ease of ~Aarowth, ease of
interface apn? low maintenance cost.

A mnlti-picrocomputer svster d2as not have anv shared
m2mory. It is a loosely acoupled svstenm which bnrovides for
distributed rprocessing. System resources Aare Aistrihnted
over the system nodes (microcomnuters).

A tvypical functiounal organization <for sach network node
{141 is shown in Tie, 1,1, Fach node is a complete
aicrocomputer whkich might he fahricated on a sinale chir. I+
kas two processors, omne For contrcl and. T/0 operatinns, anAd
the other for arithmetic tas%s., Thev share a large bloct of
nrenory for arithmetic tasts, input/cutgut onmrations and Aazta
huffers, The I/0 proressnr ~an handle netwar¥ communication
functions, such as pracket relayina, witbnnt Aaara‘ing tho
local task performance significantlv. The node alsn has norts
connected to thighk-speed buses for communication an? one oort
for direct memory access bv peripherals and other pnrocessars.

The systen nodes c¢ould be 1interconnected hy  onc nf
several interconnection structures., The interconnection
structure of a system mavy be Aefined as a qgraph whose nodes

represent components (micracnmputers) and whnse edaes (lirks)
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represent physical comnunication paths such as buses [6]. The
links could ke either dedicated to a pair »of devices or
time-shared by more than two devices.

Figure 1.2 illustrates +tvo nodes connected by a system
arbitration and communication bus, which is a geheralized
interconnection scheme [11]. This hus could he as simnle as a
hasic master—-slave control bus of ahout bhalf-dczen lines, or
as complex as a network of bhuses (lin¥ks) ani intermediate
[rocessors.

In a network with hundreds of wmicrocomputers, it is
clear that the nodes should he similarlvy constructed,

rticularly with respect to the number and +vpe of hus
connections, to reduce cost and complexity. Such a netvork or
gqraph having the same numher cf ccnnectionns (dearee) at each
node is called reaular [1]. This, 1incident+ally, simnlifies
the mathematical analysis considerablv. The network shonld
also be easily extensitle by one or a small aroup of nodes at
a time, This lenqgthens the system life-cvele by allowing for
easy expansion when future applications demand it.

Anotker <characteristic of a retwork is the dJdiameter,
defined as the maximum of +the minimum distance tetween all
pairs of nodes measured in number of links [1].

A go00d interconnection structure in qJeneral should have
a swmall degree, a small diameter and a large number of

alternate vaths hetween a pair of nodes for fault tolerance
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[2]. In Section 1-4, we will consider the Adeqree and Aiameter
of the networks under study. The analysié in Chapter 2 anil
the simunlations in cChapter 2 (for the performance measures)
assume that the shortest route is always used. However, we
will briefly consider the question of alternate paths in
Section 1-4,

Communication throuah the links could he either
svnchronous or asynchronous [A]. Synchronous communication
has the disadvantage that the time slots‘used for informa{ion
transfer are determined bv the slowest devices in the svystem.
A popular choice for local bus commuﬁication is asynchronous
~ormunication, in which each item bheinag transferred is
precede? by a control signal to the next node on the nath and
the receiving node responds with an acknowledagment after
receipt of the item, Thus each device‘in the system can
operate at its own speed, This flexihility is achieved at the
cost of more complex hus control logic., We will assume such
asynchronous communication in onr analysis, hecause longer
nessaqges take more time for transmission.

Pach computer din the rnetwork conld have its own
operating system or a netvwork operating svystem coul?d he uéed
with a portion of the operating svstem executing on each
computer.

All the interconnection networks work in the following

wav: When a node creates a message, it inclules the address

H




of the destination node in the message header. Tt then looks
into its routing tabktle which indicates the next mnode on the
shortest route to the destination., The message is then added
to the end of the appropriate queue (at the source) to reach
the next node. A control signal precedes the actual
transmission of the message. If a positive acknowledaoment is
not received within a certairn time after transmission, the
me ssage is retranswmitted. The 1intermediate nodes store tha
message in their queue bhuffers and fecrwari it to the next
node on the shortest path to the destination. The message
need not enter a queue at the destination but instead is
written into the localvmemorv of that node.

In the event that there are several eauallv short paths,
one of them is chosen with equal proktability. T€ a node nr

link¥ fails, the best alternate nath would be used to reach

the destinaticn.
1-3 Survey of Published %ork

In this section we survevy the published material
dqocumenting research on mul*i-microcomputer systems in the

past few vyears, and point out how this work fits into that

scenario.

Most of the work done in the 197)1's involved

multiprocessor systems with shared mérorv. The 1late 1970'sg,
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however, witnessed the beginning of a new era as
microprocessors became more powerful and inexpensive. This
led to the 1idea of building a network of microcomputers for
distribunted processing, One of the first papers published was
by Spetz [11]. He described in a qualitative manner how
hierarchical, ring, star and Aistrihuted systems perform in
comparison to each other.

Sullivan and Pashkow [12] described tha Columhia
lomogenous Parallel DProcessor, an MIMD machine =supporting a
fully distributed hostless overating system. They considere?
various interconnection s*ructures such as rinas, crosshars
and hierarchies briefly and modeled the hoolean n-cube as a
queneing network with each node as an 'M/D/1 model. Thev
showed how the maximum throuakrut conld he estimated assumina
large guene lenqgths.

Finkel and Solomon [#] 1investigated _the bus 1load,
routing algorithms and the relation tetween averaqe
internrocessor distance ani the size of the network, for four
families of topologies: hinary cube, snowfla%¥e, Adense
snowflake ani1 star. They developed a technime for
recursively constructing larage networks from smaller ones,
and used the recursive structure to calculate the properties
cf various torologies.

Wu and Liu [15] vpresented three - cluster structures -

hypercuke, hierarchy and tree - as interconnection schemes
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for larqge multi-microcomputer svstenms. Thev analyzed
communication problems such as traffic congestion and messagé
delay in these networks, as well as structural properties
suck as complexity, capacity and limitation. They showed how
interconnection limitation could he minimized by topological
optimization.

Wittie [14] 1introdnced a dual-bus hypercunhe as a
cost-effective metho? of cornecting thousands of dual-port
single-chip microcompnters. This structure has only two bus
connections per node.

Chu, Fayolle and Hibhits {3] apalyzed flow control in a
tandem queueina system to reduce traffic congestion 1in
comoputer networks. In such a svystem, whenever +he gueue
length or the traffic intensity rteaches a threshold level,
input arrivals are temporarilv redected +to avoid further
congestion.

Lam anad Tien [9] nused simulation to investigate
conditions for packet netwcrks to operate at a high
throuahout rate, They studied the impact of network rrotocols
for flow control, congestion control and routing on the
network throughput rate., Cne of +heir results was that a
nniform assignment strategy fcr inpot buffer 1limits 1is
significantly better than designing them ©bproportional to
nodal traffic levels.

Arden and lLee [1}] proposed a familv of araphs called
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multitree structured, which has the desirtabhle oroperties of
short internoie distance, low decree anAi systematic
structure, and is incrementallv extensihla.

Very recently, Rhuyan and 2agrawal [2] pronosed a qgeneral
class of hypercube structures where the 1interconnection is
based on a mixed-radix numher svystem, The tochnigue resnlt=
in a variety of hvnercube structures £for a given numher of
rrocessors, depending on the Aesired Adiameter,

The present study belongs to the same ageneral catedorv
that the papers described ahove belony to. More soecifically,
it is an extension of the work Aone by <Sullivan and Rashlow
[12], and Wu and Lin [18]. Sullivan and RBashkow modeoled each
node of a hinary cube as an v/n/1 queuneina svstem. Thev
assumed a Poisson arrival rate and a Aeterministic serviae
rite. However, it seems easier to model earh no=a as saveral
1/%/1 queues, one for eack out-going lin¥, trecanse the links
are the rescurces for contenticn., 2Alsn, Aan =xronential
sarvirce rate is a more reasnnakle assumn*inn, aiven the
varving lengths nf message rackets, This simplifies +the
analysis to some extent, ¥u and Lia Aerived analvtical
rasults for message delav ard btus 1loal for hvnercutes,
hierarchies and trees. In this work, +he analvsis Ffor the
tree is expanded and it is modeled as a netwonr¥ of guenes, In
addition, the ring structnre is investigated and modeled alsn

as a network of gueues,
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1-4 Interconnection Structures

Fxamples of the interconnection structures chosen for
analysis and@ comparison are shown in Pig. 1.3 (ring), Figqg.
1.4 (hinéty cube) and Fig. 1.5 (tree).

let us npov examine each of the three interconnection
schemes that are bheing analvzed, and ohtain some comnarative
parformance measures in a gualitative manner.

The ring structure is easy to implement, particularly
for larae systems. Each node has only two hidirectional links
connected to it. Thus the degree is only 2. Since the
shortest route is alwayvs taken, the diameter is Aapproximately
N/2 for N noles. This could hecome quite large as N
increases. Hence, the time spent in the system by a randon
messadge is lively to be rather high. Also, since 2ach node is
likely to use many other nodes on the path to a destination,
the 3veraqe gueue lenagths would he considerahle. The fault
*vlerance is low hecause if one noile or lin¥ fails, twe nodes
cn eilther side of the failure wmust go aronnd almost the
antire networ% t5 communicate with each otther. This wonld
increase traffic congestion. Tf there are two failures, the
ring is divided into two parts with no connection Letween
then.

The hinary cube 1is a more complicated structure hut

nffers more flexibilitv. The Adegree is 4, which 1is also the
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