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ABSTRACT — Anelysis of efficiency two or mors buses linked withebus linker is shown in this ar-
ticla, A queueing theory is used, Analyeis exactly velid oaly for exponential distributions for

botk A andAs, It is ghown how the

lirking of two buses influences the mean bus response

time in comparision with the architecture with coneista of one bus end the aame number of com~

puters that are connected to two buaeas,

INTRODUCTION

Anelyaig of efficlency of multicomputer ar-
chitectures with a common bus ia well kmow in
literature /1/, /2/, /3/, /4/. A model of these
architectures is derived. An anlyticel treat-
ment of thig model is beged on & queueing the-
ory or better on already derived equations for
mean time exsistence in the syatem which is
degoribed by the queue M/G/1/N, With the eid
of introduced approximations is shown that Tre-
sults obtained without major tolerance are va—
1id also in casea where dligtributions are un-
exponential i. e. in such cages which can be
treated by a queue, For this queuwe an exact
mathematical soclution is not known. Thia sta-
tement is also velid for the calculation of
throughput /but not for the mean bus response
time WHJ in the cases where the arbiter is not
FCPS, But in all these ocases, individual pro-
ceagors which are connected on e common bua
perforn a statistically equal work. In litera-
ture /3/ is shown the epproximation which
tranaforms a model with a statiatically unequal
work into a model with a statisticelly equal
work,

The problem of conneting two or more buses
where compuiers are connected to each bus atill
remains an open guestion., The most important
problem is how the linking of two duses in-
fluences the mean bus regponce time in com-
parision with the arhiteocture which consista
of one bug and of the game number of compu=-
tera that are connected to two buses.

DESCRIPTION COF ARCHITECTURE

The linking of two buses to each other 1s made

for the following reammons:

~ the increame of the throughput of the whole
architecture ig greater if we add ane more

bus with connected computers;

- the realization price for a bus linker is
low in coparison with the price of the wheole
gyatem;

= the fault %tolerance is existing,
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Pioture 1l: Two-DBus-Linking

Bus linker 18 an active interface which en-

mbleg two-direction commnication between twe
bugesa. I[n its inherent structure, it muat con-
tain e memory with enough capacity. Into tlis
memory computers write messages for the compu-
ters which are located on the other bus. A too



small memory causmes an increase of the respon-
se time beacuse the messages have to walt to
obtain bus end also have to walt that the me-
mory is empty. Therefore it is convenient that
the memory ia great enough for a two-gide
trangmisgion in order to permit the transmi-
gsion of all computers from one bus to the
computers in the other bus in the seme moment,
The bus linker alsc packs mésseges into a
block, "hen the bug lirker obitairs another bus,
it permits the transmission of ell existing
negaages In the block to the computers to
which the measages ere addreased.

THE MODEL

Searching for the guitable model the following

suppoaliiona are made:

- bua linker acts undependently for each dire-
rection of transmisgsion;

- the time which is neceasary for the trans-
miggion of messgage through the bus linker is
ghort in compariescn with the bus occupation
time, Therefaore it can be neglected;

- the arbiter at each bus ies FCFS;

- the bua linker acta in the sense of bua
oocupation always then when the message en-
ters its empiy memory. In ceses there are
8t111l measages in the memory {the bus linker
is waiting for bug occupationg), the new
message ig loaded into the memory.

On the baasisg of the above mentioned supposi-
tions and the queueing theory the model is
formed.
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" Picture 2(a): The model for transmission of
megsages in the following
directions: bus 1 - bug 2
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Picture 2(b): The model for tranamission of

mesgages in the opposite directi-
on

In the model shown on picture 2 the bus linker
is devided into two parts - aeparately for
each direction., The 1lnfluence of one bus upon
the other is expresmged by the source which ge-
nerates the bua occupations A’BLI or h—BL2
according te the direction of transmiasion.
Myqasees jkln are processors which generate
bus ocoupations for bus 1 with the mean time
between busg occupations . AL preaents a
bus with the mean bus ocoupstion time —}—. The
game impretertation is velid also for bus 2.

THE ANALYSIS

In the analysis of the model only exponential
distributions are taken inte account for both
A and i, Other diastributiona canriot be taken
into mccount exactly. In such cames some appro—
ximation methods should be applied, The expo-
nential distribution leads to the solution of
the quene VA /ML/A/N,

The mean time of retardence in the gyotem ias
solved by Ferdinend /5/,/6/.
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The calculation Wi according to the equation
{4) 1a difficult, When the value N i{s high,
the caloulation of ZN ia not simple., In the
caleulation Wi the derivetion anN is nece-
sgary to be calculeted which additionely com-
plicates the whole procedure,

Perdinend /S/, /6/ presenta the efficiency of
sach element U t) ms a probability that i*"
element is not waiting for or being gerviced:
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UN(1) can be expressed with the following ex-
presston:
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from whi¢h the mean bus réaponcs time Wi for
the element i can bde derived (7),
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If we wont to calculate the throughput of the
whole architecture according to the equation
(8),
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the correct result will not be obtained, The
equation (8) is valid only in such cases in
wnich each task obtaing the bus. In our oasge
a part of taaks 18 concluded on the level of
one bua, The equation (8) involver only those
tagks whlch occupy another bus but does not
inelude the locel ouea,

THE NUMERICAL RESITLTS

In the presentation of & numerical calculation
two examples aye shown (picture 3), They clew
arly present all features which are typicel
for a link with two buses, In the first exam-
ple two computers are connected to each bua,
In the second example four computers are con-
nected to each bus,

The parameters Uy, i=1..., 4 are egual in
the first example,

The parameterg B 1 =1... 8 in the second
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sxanmple are equal, too.
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Picture 3: Vr va. % A

Wr is normative value of the mean bug responce
time of the buam:

W
r

= . 'w'i (9

7. presents the mean arrivel of demandas in
one bus:

7—\ ‘A (N - L) (10)

In the equation (10), L stands for %the mean
time of retardance in the system for the queue
M/M/1/N, This parameter can he aimply c¢alcula-
ted,

From the plcture 3 we can see that the Increase
of traffic through the buas linker approximately
parabolically prolongs Wi, The parabolicity
becomes more sharp with the saturation,

If we compare Vi for one processor in the two-
bus architecture with that in one bus archi-
tecture with that in one bug architecture, un-—
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der the game conditions, we noilce that Wi is
alweys smaller in the two-bus erchitecture,

In the firat cese, in the two bus aerchitecture,
whern ug, i2l.,.,4n 0,1, \ = 0,1 1s W =
1,090 while o al,320 in one bus arhitecture,

In the second case we can notice a similaer
difference in favour of two-bus architecture,
This difference becomes more siressed in
higher density of traffic (higher ui). This
difference is caused by the pecking of messa-
ges into = block.

COIICLUSION

Prom the results obtamined we can conclude that
the 1ink of two or more huses is egpecially
effective in such cases where one bus becomes
saturated, Alao the price for the bua linker
18 not so high that it cennot justify the re
alization of the linker, The price is appro-
ximately 5 % of the price of the whole archi-
tecture, When we deal with a very highly
coupled system, one bus can be devided into
several buses which are connected by bus lin-~
kera, "his leads to the so called cluster
architecture,
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