Ingpopmauninni cucmemu ma mexnonozii

UDC 004.72:519.21

DOI: 10.33042/2522-1809-2023-6-180-27-32

A. Litvinov

O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

PROBABILISTIC ANALYSIS OF MULTICHANNEL BUS ARBITRATORS OF
COMPUTER NETWORK INTERFACES

Probabilistic analysis was conducted on the functioning algorithms of bus arbiters within the ‘Common Bus’
interface of computer networks. The research employed the theory of random impulse flows as its apparatus.
Analytical dependencies were derived to calculate the average waiting time for service requests from network
subscribers. The first-come-first-serve and round-robin service algorithms provided better service uniformity than

priority algorithms.
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Introduction

One of the interface types used in computer
networks is the ‘Common Bus’ (Unibus) interface.
When transmitting information over such an interface,
the problem of conflict resolution arises due to the
simultaneous access of several subscribers to the
communication channel and the need to service only
one of them. To ensure high speed, these conflicts are
mainly resolved in hardware according to a specific
algorithm that uses bus arbiters or multi-channel priority
devices. The bus arbiter, operating under conditions of
random flows of events, significantly influences the
characteristics of the information transfer process. In
this regard, choosing the most rational scheme for
constructing and operating a bus arbiter and its
development are essential tasks when designing a
computer network that must be solved, accounting for
all factors affecting the information transfer processes.
It is possible to analyse various schemes for
constructing bus arbiters and algorithms for their
functioning at the logical level only through simulation.
The research aims to develop and analyse bus arbiter
models considering the specifics of the ‘Common Bus’
interface.

Literature Review

In the study [1], the authors propose a high-level
formal model of multiple-bus multiprocessor architecture
seen as a component-based system. The proposed model
offers a way to implement, analyse, and compare
different arbitration protocols using a rich concept of
connectors between components. There are no completed
analytical dependencies in the study. The paper [2] is
devoted to developing a model that provides a way to
describe several existing arbitration protocols in a
distributed and abstract manner so that their properties
and performance can be easily compared and analysed.
In [3, 4], the authors developed mathematical models that

make it possible to assess the quality of modern computer
networks functioning, considering the number of
channels, waiting places in network nodes, and the
number of network nodes. The research does not account
for the spatial nature of the receipt of service requests. In
articles [5, 6], analysis of the functioning and efficiency
of different bus arbitration schemes is also carried out,
but they only focused on a centralised approach.

The paper [7] analyses analytical solutions for
traffic prioritisation in packet communication networks.
A comparative analysis of known solutions for traffic
prioritisation is conducted. The advantages and
disadvantages of the described solutions, their impact on
the quality of service characteristics in packet
communication networks, application features, and
general recommendations for using particular solutions
are considered. The study [8] proposes a method for
calculating the average waiting times and stay times of
applications in n-channel systems with relative, absolute,
and mixed priorities with arbitrary and different
distributions of pure service durations depending on the
type of request. The accuracy of the calculations is
illustrated by comparison with the results of simulation
modelling and recalculations based on ‘relational
invariants’.

Discussion of Results

Information is transferred through the ‘Common
Bus® interface based on requests from network
subscribers, and the main task of the bus arbiter is to
select only one request to use a communication channel
from several received from individual computers or
network subscribers. In the simplest case, a bus arbiter is
built as a ‘daisy chain’ where subscribers are implicitly
assigned relative priorities that depend on the location of
the connection to the interface and are higher the closer
the connection to the network server. Fig. 1 shows a
logical scheme of such a bus arbiter, developed by the
author and protected by the copyright certificate [9].
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Fig. 1. Logical scheme of a bus arbiter with the ‘daisy
chain’ algorithm

When service requests are received, the network
server sends a specific polling signal that sequentially
passes through the network subscribers and, having
found the first subscriber who submitted the request,
connects it to the interface. With this algorithm, there is
a danger of malfunction of subscribers connected to the
interface at the end of the polling line. Therefore, there
is a need to use a bus arbiter with a more complex
operating algorithm. To date, many bus arbiters have
been developed with various operating algorithms:
cyclic service, ‘first come, first served’, with arbitrary
priority. In this regard, the problem arises of choosing
the most rational algorithm for the operation of the bus
arbiter and its implementation according to selected
efficiency criteria, considering limitations, which are
ease of implementation, speed, and a minimum of
interface lines used for the operation of the bus arbiter.

To mathematically formalise the processes
associated with the functioning of bus arbiters, we will
assume that requests for the transmission of information
arrays in the form of frames form a Poisson flow with the
average value of the time interval between adjacent
requests T, the duration of information transmission r.
The coefficient of variation of the transmission time of
one frame is small (0.25 [10]), and, in this case, for
analysis purposes, the transmission time can be considered
constant. Thus, incoming requests and the time interval for
their service form a rectangular-pulse Poisson random
flow. The consequence is the non-Markovian nature of
random processes in bus arbiters. Using classical queuing
theory to study such processes concerning various service
disciplines is extremely difficult. Since we will be mainly
interested in the characteristics of the delay in the
information frames’ transmission over the interface, the
theory of pulsed random flows will be used as a
mathematical research tool [11].

Let the number of subscribers served by the
communication channel with the MPU be n. Intensity
of requests received from the i-th subscriber is
A (i=12,..,n) . Information transfer time for any request

is 7. For a stationary state to exist, the following
condition must be met:

28

Y4 <. ()

For analysis, we will assume that 4, # 4, #...# 4,
butz,=7z,=..=7,=7.

Let us conduct a study for the first-in, first-out
algorithm — FIFO. After fixing the beginning of the i-th
request—-impulse, the following combinations are then
possible in matching impulse requests:

1. The i-th request matches only one of the
requests in the flow: either the 1st, the 2nd, or the k-th
(k #1i) (Fig. 2).

Fig. 2. Coincidence of requests—impulses in time

The probability of this based on [11] will be:
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where p,=Ar is the probability that the request-—

impulse will fall into the base of the s-th request-—
impulse, and ¢, =1—-p, =1- Az is the probability that
the request—impulse will not fall into the base of the s-th
request—impulse. In this case, the i-th request receives
an average delay of 0,57 .

2. The i-th request matches with two of (n — 1)
requests of the flows: either the 1st and 2nd, or the 1st
and 3rd, and so on. In this case, the request receives a

delay of 05z+7=157 units of time, and the
probability of this equals:
i 1 d2 n
p; = Adre ] (qs + rps)lr:o : 3)

s#i

Let us introduce the notation:



Lo 1de P
R(klnil) = Ewn(qs + rps)|r:0 . (4)
- s=1
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Then p}=R(2,n,i).

Continuing in the same way, we can derive all
other expressions for the probability of coincidence of
the i-th request-impulse with three, four, and all
request—impulse. Accordingly, the i-th request-impulse
will receive a delay of 257, 357, (n—-15)r.

The average delay W; that the i-th request will
receive is determined by the expression:

(s—0,5)R(s,n,i) . (5)

(g
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It should be noted that if A =4, =..=4,

(subscribers are homogeneous, which most often happens
in practice), then expression (5) will be simplified:

e n-1
W, =7 (s—o,s)[ S j(/”tr)s(l—/lr)n_l_s . (6)
s=1
For convenience, we will number the bus arbiter
operating algorithms under study: FIFO — number 1,
with relative priority — 2, with cyclic service discipline —
3, and the superscript in the expression for the delay

timeWikwiII indicate belonging to one or another bus

arbiter algorithm.

Next, we will study the functioning of a bus arbiter
with an algorithm for servicing requests via the ‘daisy
chain’. For this algorithm, each request from the i-th
subscriber is associated with the i-th relative priority
determined by the connection to the interface location.
The lower the number of the subscriber from whom the
application was received, the higher the priority. We
will study this mode of operation of the bus arbiter
under the same premises as the FIFO algorithm.

Let us denote by p;, the probability that the

moment of receipt of the request—impulse from the i-th
subscriber will be at the base of the request—impulse
from the k-th subscriber. From the properties of Poisson
flows: p;, =47 [12]. Respectively, g, =1-Az is
the probability that the i-th request-impulse will not
overlap the k-th impulse. For a request-impulse from
the first subscriber, the average delay in service is 0.5¢
due to the possibility of its beginning hitting the base of
any request-impulse from the j-th subscriber (j=2,n).

The probability of this is equal to rZij . The average

=2

delay time in servicing requests from the first subscriber
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n
equals W, =0,57%)" 4, .

j=2

For a request-impulse from a second subscriber,
two types of service delays are possible:

1) the first type with an average delay time of
0.5z, caused by a single superposition of the beginning
of the request—impulse from the second subscriber on
any request—impulse from the j-th subscriber
(j=134,...,n); the likelihood of this s

oA+ (A + A, +. 4]

2) the second type with an average delay time of
1.5z due to the double overlap of the beginning of the
second subscriber’s request—impulse into the base of the
j-th subscriber’s request—impulse (j=3,4,...,n) and
simultaneous application of the request—impulse from
the first subscriber to the basis of the j-th request—

impulse. The probability of this, taking into account
[11] after appropriate transformations, is equal to

0,5(Py3Py5 + PaaPrs+ PonPin) = 0’572 l? .

j=3

As a result, the average delay time in servicing
requests from the second subscriber is determined by
the expression:

W7 =0,57°[ 4 +(1—r21)_zn:,1]]+0,75r3_zn:/1§ . (M

Having made similar calculations
requests from the third subscriber, we get:

regarding

Wy = 01572[/11(:]2,1 + 4,05, + %,1%,22 41+
i—a
n J 2 5 4 n (8)
+0,757°| A, + 7% (2 Ay7)Y 22 |+ ,3'1 A
i b

In the same way, we can obtain an expression for
the delay time of servicing requests for the fourth, fifth,
and n-th subscribers.

In general, the probability that a request—impulse
from the i-th subscriber will wait in the first, second, or
k-th queue is determined by the following expression:

j=1 j=i+l

©)

r=0

The average delay time in servicing a request from
this subscriber, taking into account (9), will be equal to:

W2 =7>"(k-05)8,, -

i
k=1

(10)
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In cases that are important for practice when
A, = A, expression (9) will be simplified:

_ (-1

K i1k k(n—i)
gi,k_mp q [1“‘ ik q] (11)

and the expression for the average delay time in
servicing requests from the i-th subscriber will have the
form:

W2 =05(n-1)Ar,;

i _ K(q_ 7.yi-k-1
Wi2=ka_;(' Ik ()(,isz(fi)l)!(l R
X(H"(”—_i)(l—’“)j,i:g,—n,

i—k

We can see that the duration of request—-impulses
significantly affects the delay time in service.

Let us analyse the work of a bus arbiter with a
cyclic servicing algorithm. A specific feature of this
algorithm is the order in which requests are served in
the bus arbiter. At the initial moment, all requests are
serviced along a daisy chain, i.e., they are initially
assigned priorities: first — first, second — second, and so
on. However, the priorities of requests and subscribers,
accordingly, change after servicing the current request.
If a request from the k-th subscriber was serviced, then
the highest priority will be assigned to the subscriber
with the number k+1. Thus, it is necessary to know the
distribution of priorities for requests from subscribers,
that is, to know with what probability a request from the
i-th subscriber has priority k (k =1,n) . Let us denote this

probability at time t by R¥(t).

To determine the probabilities R¥(t), we will take
advantage of the fact that requests are generated by
subscribers according to the Poisson law and that the
request’s service time z<<1/4 . Therefore, we can
consider that the source’s priority changes immediately
after the request arrives from it. Using these properties,
we can create a system of equations for R¥(t), which at
t—>o will go over to a system of linear equations

concerning Rf (Rik =limRf (t)j :
t—

(LA A+ A+t Ay, + A — AR+ AR =0,
Ay + A+ A+t Ay + A, — )RE+ AR =0,
Uy + A+ et Ay + Ay — A)RP+A,R2=0, (13)
- (ﬂ’n—l + ﬂ’n + /11 t..t+ /?’n—A + ﬂ’n—3 7ﬂ'n—2)Rim1 + ﬁ'n—zl:\)im2 = 0'
(A A4+ A oA g+ A~ A DR+ A LR =0.

This system is complemented by the usual
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normalisation condition:

R +R/+..+R™+R =1. (14)

By replacing one of the system (13) equations with
the normalisation condition (14), we can determine all the
probabilities of states Rik. For small values of n, this is

easy to do analytically; for large values of n, we can use
standard routines for solving systems of linear equations
included in computer software. Knowing all the

probabilities Rik and using the average waiting time for

each priority obtained for the priority algorithm, the
average waiting time for a request from the i-th subscriber
during cyclic service can be finally determined:

WS =Y RIW?. (15)
k=1

Let us consider the most significant case for
practice when all subscribers connected to the interface
are homogeneous. In this case, the solution to the
system of equations (13) and (14) has a simple form
R¥ =1/n, and expression (15) will look like:

s T (K=D(k—A)(j—05)4 (- A7)
W22 o . (16)

Fig. 3 shows graphs of the dependence of the
waiting time for requests on the intensity of requests
received from one source and the type of algorithm.
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Fig. 3. Dependence of the waiting time for requests on

the intensity of requests received from one source and
the type of algorithm

With an algorithm with relative priority, there is a
spread in the waiting time for requests from different
sources, and this spread is greater the greater the
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difference in the numbers of subscribers from whom the
requests are received and the higher the intensity of
requests received. FIFO and round-robin service
algorithms ensure complete uniformity in service delay
time for all subscribers. From this point of view, they are
preferable to the priority algorithm on the ‘daisy chain’.

Conclusions

An analysis of specific implementation schemes
for bus arbiters [9, 13, 14] shows that the hardware
implementation of the ‘daisy chain’ algorithm (with
relative priority) is the simplest of the three considered.
The most difficult one is based on the FIFO algorithm.
From the analysis of dependencies in Fig. 3, we can
draw conclusions as follows. If the intensity of requests
from their sources is low, preference should be given to
implementing a bus arbiter according to the ‘daisy
chain’ scheme. With a high intensity of requests from
subscribers and the requirement for uniformity in their
service, preference to implement should be given to a
more complex FIFO scheme.
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IMOBIPHICHU AHAJI3 BATATOKAHAJIbHUX IIMHHUX APBITPIB IHTEP®EVCIB
OBYUCJIOBAJIBHUX MEPEXK
AL JIuTBUHOB
XapkiBChbKHH HallIOHAJILHUI YHIBEPCUTET MichbKkoro rocnoaapcrsa imeni O.M. bekeroBa, Ykpaina

ITi0 uac nepeoaui ingopmayii 3 inmepgeiicy sunuxac npooaema SUPIULeHHsT KOHQIIKMIE uepe3 0OHOHACHe
36EPHEHHS KITbKOX AOOHEeHmi8 00 00HO20 KAHANLY 38 A3KYy ma HeoOXiOHOCmI 00Cy208Y8anHs Aule 00H020 3 HUX. 3
Memow 3abe3neuents GUCOKOT WBUOKOCMI Yi KOH@IIKMU NepesadcHO SUPIULYIOMbCsa anapamio 3a NesHUM
AnCOPUMMOM HA OCHOBI GUKOPUCMAHMS WUHHUX apOimpie. [Llunnuti apbimp, QyHKyioHyouUu 3a yMO8 GUNAOKOBUX
nomokie nooiil, ICMOMHO NIUBAE HA XAPAKMEPUCTNUKU npoyecy nepedayi iHgopmayii. Y 363Ky 3 yum eudip
Haubinb payioHanbHol cxemu nody00su ma QyHKYIOHYB8AKHS WUHHO20 apbimpa ma 11020 po3podKa € 8aANCIUBUM
3A680AHHAM NPU NPOEKMYBAHHI KOMN TOMEPHOI Mepedici, sIKY He0OXIOHO 8Upiuy8amu 3 ypaxyearHam ycix ¢pakxmopis,
wo enausaomev Ha npoyecu nepeoayi ingopmayii. Ha eubip cxemu nobyoosu wiunno2o apbimpa ma ancopummy
11020 QyHKyioHysanus enausae bacamo gaxkmopis. Ilpoananizyeamu pisHi cxemu noOy008U WUHHUX apOImpié ma
anzopummu ix QYHKYIOHYBAHHA HA JIO2TYHOMY DI6HI MOXMCHA JAuwe 3a OO0NOMO2010 Modenosanusa. Memoto
00CiOMHCeHb € PO3POOKA Ma aAHANi3 MOOeLel WUHHUX apOimpié 3 ypaxysanHsm cneyu@ixu inmepgeiicy «3azanvha
wunay. Hlunnutl apoimp Gynkyionye 3a ymos unaoxkosux nomoxie nodit. Ax anapam 0ocaiodiceHvb 00pamno meopiio
BUNAOKOBUX IMNYILCHUX NOMOKIG, WO 00360JA¢ 6paxysamu cneyudixy nepedaui ingopmayii kKomn romepHoio
Mepedicelo — nepedava no xaopam. Ananiz QyuKyionyeamHs WUHHUX apOimpie npoeedeHull y NPUnYueHHi, ujo
3anUmu Ha nepeoavy Macusie iHopmayii ymeoprowms NYACOHIECLKUL NOMIK NOOI, a 3anumu, Wo HA0X00amy, i
inmepean uyacy ix 00CHY208Y8aHHA YMEOPIOIOMb NPAMOKYMHO-IMIYIbCHULL NYACOHIBCLKULL GUNAOKOBULL NOMIK.
Tlpogedeno docniodcentss mpvbox OCHOBHUX ANOPUMMIS, 5KI SUKOPUCMOBYIOMbCSA Npu apoimpaici 6 iHmepgelici:
«nepwuli npuiiwios — nepuum oocaycenuity (FIFO), 3 ionocHum npiopumemom ma 3 YUKIYHUM AICOPUTIMOM
obcnyeosysanns. Busedeno eupasu ons uacy sampumku 3as6Ku 6i0 0dicepena 3anumis 3a1edCHO 8I0 IHMEeHCUBHOCMI
HAaoX00dCceHHs: ma yacy nepedaui iHghopmayii.

Kniouogi cnosa: ancopumm, o6cny2o8y8ants, 3aa6Ka-iMnyanc, inmepeiic, wunnull apoimp, 3a2aibHa WuHa.
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