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The need for priority functions in Multiaccess Computer Communication
Networks arises from applications with restrictions on packet delay. One
alternative is to have a dedicated channel supporting very low loads to insure
small delays; another alternative is to provide some priority mechanism by
which packets that are time constrained can have priority over those which
are not.

One such mechanism, called Prioritized Carrier Sense Multiple Access
(P-CSMA), recently proposed and analyzed by Tobagi [10-12], is studied here
using simulation. The objective of this work is to extend the results
obtained by the stochastic analysis and evaluate more completely the per-
formance of P-CSMA. Three variations of the operation of the protocol are
investigated, namely: nonpreemptive, semipreemptive and preemptive disci-
plines. In particular, we study the effect on average packet delay, packet
loss and the variance of delay of several system parameters that prove to
be interesting, such as: the number of statijons, the number of buffers, the
preemption discipline, etc.

[t is shown that priority functions indeed reduce packet delay,
delay variance and packet loss for the high priority class.

In addition, we investigate the problem of transmitting packetized
voice on CSMA-CD local networks. Assuming P-CSMA and only voice traffic on
the channel, we define network performance a< the maximum number of voice
sources accommodated for a given maximum delay requirement and a tolerable
loss rate. We study the effect on this performance of various system parameters
such as channel bandwidth, vocoder rate, delay requirement and packet loss rate.
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§1 Introduction

The low cost of computing systems have given rise to environments where, within
a building or a sinall group of buildings, many different computers, minicompnters nd
intelligent microprocessor driven devices are used, The need to interconneet them in a
uniform and reliable manner has led to the desipn of loeal arec networks of dilferent types.
Packet radio technology adso has advanced to the point where it is feasible (o interconnect,
several computers through o radio channel. A loeal arca network, or loeal network, s
composed of two basie elements: (i) the teansmission medium, generally twisted prie or
coaninl cable, and (i) the interface to the network from the computers or other deviees,
called the nodes of the nefwork. This interthce controls the mechanisue for aecessing the

transmission medimm as well as other levels of protocol.

The physical interconnection of the nodes in the network determine its topolopy.
Several topologies exist for loeal area networks: (i) an unconstrained topolog i) the star
I " i Y.

topology., {i11) the ring topology, {iv) the bus topology.

(1) Tn an unconsteained topology a node can be conneeted to an arhitrry number
of different nodes in the network. This topoloey presents the problem that there can be
several paths, of different lengths, between any two nodes. A node receiving o packet that
must be forwarded (o its intended destination must make o decision regarding the finks

over which to retransmit it and this may place o heavy computational burdew on the node,

(1) The star topology consists of having each node conneeted to a central node
through a unique link. The central node either has the capability to handle transmissions
from ail nodes simultancously, or polls them one by one giviag transmission right to only
one of them at any one time. This topology is suitable Tor distributed computing systems,
where adarge mainlerame computer talks to a large number of terminals, bt s acrelinbility

problem because the system depends on the correct operation of the central node.

(ii1) In the ring topology, each node is conneeted o its two adjacent nodes only,
in such a way that all nodes Torm a ring. Communication is achieved by sending packets

unidirectionally through the ring and the computational burden placed on o node is that




I. Introduction
it be able to recognize messages intended for it

(iv) In the bus topology all nodes are connected to acommon transmission medium
and send their packets bidirectionally through the bus. Again a node mnst be able to

recognize packels intended Tor it

The bus is a passive clement that poses no practical relinbility problems. The
problem introduced by the ring and bus topologies as well as with Packet Radio environ-
ments, is that of controling the flow of messages and the aceess to the channel in an
organized and reliable manner. o these topologies there is no central node so they nse

distributed mechanisms to control the How of information.

Several aceess control mechanisms have been developed aod we disenss here sawme

of them:

One such mechanisin, used in ring networks, is the control token (bl where the
systemn nses a predelined control token that is passed around the ring. A station wishing
to send o packet waits for this contol token and when it sees it no by it retrieves it from
the network and inserts its own message, after which it reinserts the control token apain.
Several provisions luve been developed to deal with the loss or duplication ol the control
token. Another technigue is the use of message slats {7], which are sequences ol bits tong
cnoush to hold a full message. A message slot can be either Tull or cipty. .\ station
wishing to transmit waits until an empty stot comes by, marks it Toll and inserts its
messave. Of course, one node must initiate the slot pattern, so the system is not completely

decentralized.

Bus topologies and radio environments also require a decendralized control stratepy;
we will disenss some of the teehaiguen ased shortly but first fet s disenss two of the major
types of control stratesies that ean be used in this kind of environment: fixed assignment

and random aeeess, with some techniques incorporating a little of each type]2,9].

T Bved assipnment, encl user is alloeated a fraction of the total available bandwidth
to be aceessed exelusively by him when it wishes to transmit, elearty i0is wasted when this
nser s idles One njor advantage of these types of schemes is that they are free ol confliets,

2
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1. Introduction

as each user holds exclusive aceess to a fraction of the available bandwidth; one major dis-
advantage, on the other hand, is that wouser which requires more bandwitdth can not use

it even i other users are idle, therefore wisting channel eapacity,

In random aceess technigoes there isovery litde control and in some mechanisms
ased, there is no control at ol In the NLOFEN system [1] Tor example, which operates i
a radio environrent, a station with o messagee to teansimit <imply tronanies i there is
the possibility that o station transmits while another one is also transmit g, producine o
conllict on the channel, we call such acontlicr o collision. After o packet has collided, which
ix detected by the absence of o acknowledacment from the destinarion i i setranstni ted
avain after o random retransmission defay. Collisions fead to o acrtons devrnlation of the
channel whea 3t is heavily Toaded placing o Biont of IS0 on the choned eapaciny For this
syatem. One way to tprove this perfornumnee s to consider the e =lorred, with the slot
size equal to the packet lenpth, Stations wishina to transiit do oot b becinnine of o
slot, therefore, i packets collide, they collide completely, caasine the channel capaeins 1o
inerease to 3690,

In doeal environments swhere the traovanission o is connidbesble or hwistad
pair, for example, the featore of collisvion dotection i~ available, fed o sbation can deteet
when there = acconllict on the chianmel and abort T oncoing transmission ronediagely and
reschedule s teapsmission Yar o later tine, based on o random retrane it <ton deday s This

feature preatly improves the channel capacity.

Oue other feature that i incorporated in hroadeast networks i that of wonsing
the channel belore teansmittine, A station can deteer the presenee of carrier on the
channel and relrain from sbarting a transission ax long as this enrrier s prowent, thas
avoiding a collision, which can only oceur now at The beeinnine ol @t mission, e radio
civironments only earrier sensing is available, collision deteerion can not he incorporated in
these environments. These fwo Teatures are incorporated o the TR NP6 o Toead
cormmunication network which nses earrier sensine, a s topoloey and coanial eable s the

transmission medinm, This packet broadeaat netwaork haes proved very cueccsll,

3




1. Introduction

Control techniques which sense the channel before transmitting are ealled Carrier
Sense Mualtiple Access -CSMA- techniques[3], and two very imporlant versions of il are
the nonpersistent. and p-persitent. CSAMA protocols. They both present the advintage of
reducing the chance of o collision at the beginning of a transmission by having stations
i schedule the beginning of its transmissions acording to some scheduling poliey, trying to

spread in time these starting points.
In nonpersistent CSMA astation with oo message ready for transmition operates as follows:
a. il the channel is sensed idle the station transimits its packet.

b. il the ehannel is sensed busy astation reschedules ils transmission to some later point
in time according to o retransmission delay distribution, at which point repeats the

eorithm,
In the p-persistent protocol a station with o ready message operates as follows: ]
a. if the ehannel is sensed idle the station transmits its packet.

b. if the chanpel is sensed busy, the station waits until it becomes idle and then with
probability p transmits the packet, and with probability | — p delays the transmission
by 7 seconds, where 7 s the end to end propagation delay of the channel. 1F at
this new point in time the channel is sensed idle, the stalion repeals the process, It
another station started transmitting, the station may operate in one of two fashions:

i oanay reschedale the transmission of the packet according to a retransmission delay

1
distribution or repeats step b
If collision detection is available we call the protocol Carrier Sense NMualtiple Access
with Cullision Detection, CSNA-CD [8].
One advantage of using CSMA is the high channel utilization that ean be achieved,
|
which can be further increased if collision detection is available; the delay, on the other
hand, is by no means lixed due to the random nature of the aceess algorithm and it has
been shown to grow anbonnded as the total channel throughput aproaches chanuel capacity
[8]. The protocol is independent of the packet size, therelore packets of different lengths
3
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L. Introduction

can be sent through the aetwork. I we are maltiplexine several applividions on the samne
channel it is not anusual to find lony packets and short ones sharing, the sane channel, Lony
packets are typical of file translers, for example, while shiort paekers are cenerally usad in
interactive applications, voiee Irapsmission, process control, sensors data, fow regqulating
control packets, ctes While 10 is troe that those applications topieally do ot place o heavy
foad on the chagmel 10 Gs also trae that ey of theee applications honve o conmon Yine
constraint,  On the other hand, typicadly the transmission of fone packets can tolerate
Farge, vet reasouable, delays, Unfortanately T OSNEN the deoradation of e el as
it aproaches its eapueity nuihes oo diseritnination aonone prechets of diterent applicaoions,

and we cannot veliably suarantee wosmadl delas 0 the total ond placcd o the channed s

high. The introduction ol priority functions into the protocol will Al poa Dot wathe e
constraints to have l\Fil\Fil_\ over those thar Jor’t Linve <ueh contraiats, _1‘1(1\‘..'l|j“ <t
[

delays for high priority elasses as ong as e toad placod on the channcd by these cliasses is

isell smallyindependently of the Towd exereiacd By Tow priority classes.

One such seheme, ealled Prioritizod Coreior Sense Nuabiiple Necose, POSNIAL has

been proposed by Pobagift2], and wnaly tieal work has shown some very promisineg rosalis,

The system proposed incorporates priovity funetions in the p-persistent O3\
protocol. The diticulty of the anadytie work however, has prevented the evadaation of the
effeet of several svstem pararneters that prove 1o be interesting, as well oo variations of
the operation of the protocal. The present work attempts to overcone, via simulaton,
the timitations of the analysix in evaluating the effect that several parameters have on the
system's performance. At the same time it verities the resalts obtained in the analysis,

which further validates the simulation model itself.

In Section 2 we deseribe the protocol as orizinally proposed by Tobavilt2]l a
Section 3 we deseribe the abstract model used 1o represent the eovironment and deline the
performance measures. Tn Seetion 1 we present the simalation program. In Section b we
dizeuss the mumerieal resalts obtained from the simulation. In Section 6 we study voiee
transmission on loeal networks and finally in Section 7 we present some conelusions and we

supgest some ideas for future work,
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§2 The p-persistent P-CSMA Protocol

If we are going to introduce priority functions in a Computer Comunication
Network, we require that the performance of the scheme as seen by messapes of o given
priority class be insensitive to the load exercised on the channel by Tower priority elasses.
[nereasing Toads from lower elassex should not degrade the performanee of hivher priority
classes. Also, several messaves of the samce priority class oy be simltancousdy prosent
in the system and ~should be able to contend for the ehamnel with vquad rivht (fairness
within each priority class). Obviously the scheme st be robust, fe., its proper operation
and performance shonld be fnsensitive to errors in status information. 1t s also desirable
that the overhead requiired 1o fmplement the priority sehee snd e canonnt of control
infermation exchanged amony the contending users, o required by the sehere, be kept

minimal,

Several sespects ol the operation of a protocol muast be addressod o order to

extablish priority funetions ina disteibuted emviroment:

Fven thon b this protocol does not require sy nehronization among, all yrers, there
has to he a consensns on the fime cpoek at whicl priaritieos shonld be assessedoa mechani=m
For reaching a consensus rewarding the hivhest priority elass present in the system. s
well s provide the means to assion, inoa aie o manner, the chiannel to the vigious ready
users within aoelas<e The P2OSNA protorol resolves the first two problems by the use
of reservation bursts and carrier sense and the third one by using the p-peesistent CSNA

protocol.

We present here adetatled deseription ol the pporastent P2OSNLN protocol G proposed

by Tobapi[12]:

2.1 Bazie Mechanizm for Priority Assessment (anonpreemptive diveipline)

With the broadeast nature of transmission, users can monitor the activity on the

channel ot all tinves, The assessment of the highest priovity elass with ready messages is




20 Wi Mechansin for Priority Nssessinent (ononprecinptive discipline)

done at the end of each teansmission period, whether sneecssful or nots e, every time the
carrier on the channel voes e, When detected o aouser, end of earrior 2OC) ¢otablishes
Aatime relerence for that users Followine FOC, the channd Ve b con<idored to be ~lottod
with the size of oot (reforred 1o s rescrection ot cgnad bo 2o

where i th [ riond

i i

ol tine ol the ~hortest besr ol snoodaberod Carvter whbich can be v b decerad, The

priovity of ooy wlaey et the T Lt prtority vhees with o oo o et i i G,

Fet o devote soe aebivearey sers and £l denote the ime oF cad of carrior
heer bl o ok derale 1 ;-:';‘\"i'.\. bl ol oee Boar oo f0y E‘IZAhl‘A‘", re ol tion

abrorithim consinte ol Lnin o or Aoape e e Fatlan s

Y I followie 00 e o s v erad T re s s o ot dL st g
meanine that corne usert= Y b ity s B Bor nhoan D0 cnd oee o 0 Bt b arnn o
toclass o then veer bovade o v folloain vnet a enrrior fa thee cond oF the s ot T e ~ion

wertod) at which e i recnluno e s peiosity and repe da the el b,
| i A i

(g o earrier odorcated prior ta vl /”' resersotonstotn o i then e
user b teansmits oo short hoaest oF anaoda! dted earrier of daration oot the b tnning of
reservation-slot y (thus reserving chonoel dovoas ta priceisy el i ad, nanading Iy
following this reservation-slot operates necordios to the o peristont CsVEY rotaeol. T
is, it senses thicelennel ands a) W the ehanael oensed ddle thon with womee probabilitg it
transmits the messieye, and with probability U - p it delias aetion by o o~ooonds and repeats
the CSMA procedurer bY 0 the chiannel is sensed bosy han the nser saniis the et 1200
and reevaduates its priority Tevel and repesns the entive aloorithie o) it daring, the tine
that channel aceess is pranted 1o elass o0, sore aser B cnerates o {zen) nnssaee ol the
same priority level, then A transnits its messaee with probability one, provided that the
channel is sensed ddles I, however, the ehannel is sensed busy at the message seneration
time, then B awaits FOC, reevaluates its priority level and exeentes the algorithion, (Thus
when a message is penerated, the user undertakes imoncdiate first transmission provided
that the channel is idle and channel access is gwranted to the priority class corresponding to

the newly generated message.)




2. The ppersistent 1 CSMA Protocol

(i) I following BOC, no reservation burst is deteeted for IS conseeutive reservation-
slots, where Kois the total nuaber of priority elasses available in the sysiem, then the
channel hecomes free to be aceessed by all users regardless ol their priocity, antil o new

FOC is deteeted,

Thus, by the means of shart burst reservations lotlowing 1OC, the hivhest gon-
cipty priority class s granted exelusive necess right, and messoees within that elass
can aceess the channel according to p-persistent CSMAL Note that the above algorithm
corresponds to anonprecmptive diseipline, sinee aonser which hias heen deniod aecess does
ot recvaduate s priocity aotil the next FOC However, note that by aeeessing the hiphest
priovity level at the end of cach tranmission period, whethier suceessful or not, the seheme
allows hizher priority messnoes 1o resain the aceess right without ineureine substantial

delays.

The scheme s robust sinee no preeise information recarding the demand placed
ot the channel is exchanped amony, the users, Tonformation regardine the existing classes of
priorify nmplied fromg the position of the burst of unmodulated carrier following 150,
Note alzo that there is no need to synehironize all users to o universal time reference. By
choosing the reservation-slot size to be 27 4 5 we gnarantee that o burst citted by a
transceiver inits &™ reservation=stot is received within the & reservation-slot of all other

hosts,

2.2 Preemptive P-CSMA

Consider that after the reservation process has taken place, the channel has been
assigned 1o elass J. Assume that before a transmission takes place o message of fevel 1,1 <
7, s generated al some host b, The nonpreemptive sehieme dictates that host b awaits the
next titne reference before it ean ascertain its (higher) level 70 The semi preemptive scheme
is one which allows host b to precmpt access right to class 7, as long as no transmission
From elass J has yet taken place, by siniply transmitting the messape (the transmission
starting daring the idle time representing CAP). 1T the generation of the message of level

8
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2.2 Precmptive P CSMA

7 takes place after a transmission period is itiated, then host b waits until end of earrier
is detected. Both nonprecmptive and semi-precmptive sehemes are applicable whether

collision detection is in effect or not.

A fully precmptive P-CSNA sehieme is alzo defined inowhich o host with a newly
penerated packet may also precmpt oo onocotny cransndsston ol o lower priority level
by intertionadly causing a collision. Clearly this scheme s only appropriate if collision
deteetion is in effeet! 1t ean offer some benelit i lower priority elasses have long messapes,

One may also envision o partial precimption seheme whereby an on-poiny transmission is

precmpted only it the already clapsed transmission time has not execeded some Fraetion of

the total transimission e, where the packet transmission time iz assumed to be Known

as s the case with fined size packets,




§3 The Model

We deseribe i this seetion the model used in the study of the P-CSMA protocol.

The protocol does not require that all stations be synehronized to acommon elock,
butl rather that all statious operate according to the time epoch of the system, which is
determined by the events on the chiaanel, Inother words, we require only that all stations be
awiare that the systemisin the priority assesment period, Tor example, which s aehieved by
the selection of the reservation slot size, but we do not require that this period start at the
sane time for all stations. This approach ereatly siplities the problem of synehronization
among all users as no universal eloek is required. \lthoueh the protocol does not require it,
For performance evaluidion we consider the system synchronized to oo universal Gime elock.
The time axis s then considered to he slotted and the slot size to be cqanl to 7, the end to
cnd propagation delay; the reservation slol s of sjze 250 negleeting 5 (the time needed to

reliably deteet o short burst ol unmuodulated earricer),

We consider oo broadeast network with A/ stations, all ol which monitor the
activity on the channel and can detect two events: an ongoing transiission and the end
of carrier. To asystem with collision detection, when astation s involved in a collision, it

will abort its transimission after o recovery time 75,

A station has a fixed mnmber of buffers per eliss annd only packets of o piven
priority class ean oceupy the bhuffers assigned to that elass. A packet that s eonerated by
a station is placed on the bulfer, or one of the balfers, assipned to that priority elass. It
when o packet is generated there are no buffers available for it purticolar priority elass

then this packet is considered lost.

In the nonprecmptive discipline, only those messcees already in s station bufTer
when the Priority Assessment Period (PAPY begins will be able to place oo rcervation for
their corresponding priority class. Onee the channel has been pranted 1o a piven priority
class, all messages that arrive during the contention period that correspond to difterent
priority classes than the one with the current aceess right, will e to wait until aonew PAP

for o chance to ascertain their presence. Those packets of the current aceess class arriving,

10




3.2 Deseriplion of Variables

during the channel aceess period will transmit immedintely, e, undertake imoedinde
first transmission as mentioned in the deseription of the protocoll I o transmission on
the channel is free of contlict, then Hois ssumed that the teansmitted packet will arrive
successfully at s destination and thus s deleted from the buller; i o collision does oeene
the packet remains in the buller and the <tation repeats the alearithon ddier the end of

carrier detected when the cotlision was aborted (after arecovery time 7°).

3.1 Uhe Packet Goneration Progess

So Farowe honve mientioned how poackhets cordend Tor and aain aeeess to the chiandd

but we have not deseribed how they arerive at the system,

Neither the protocol nor the simalator restrict the type of arrival process that can
be used in the network, For consisteney with the analysis of the sebonac 020050 this work
we consider that wl any given station, packets of priocity class £are conerated acecording:
to o geometrie distribution with parameter a, and placed o the <raions hutler Tor thiat
particular class i there i room for it (otherwise it 1 cansidered Taays 1S e sned that
the arrival of packets coineides with the end ol the <lot in which 5 aceurs thorelore o
defay is incurred daring the Tirst slot, AU any rate, this does got boove o Seadticant eloet in

the overall system performancee,

3.2 Deseription of Variables
The system has severad parnmeters that iallucnee its performancee, many of them
have already been mentioned earlier; these are:

M the number of stations in the syatem that penerate packets of priority eluss

o, the packet peneration rate for priority elass &

I$,: the number of buffers per station for priority elass €

11




3. The Model

pe the p-persistent parameter used in the contention period by stations with

messages of priority class ¢
r: the end to end propagation delay.

Ty: the packet length for packets of priorily elass £ Notice that a transmission
period is one stot Larger than the fransmission tine beeause 1t s assumed that it takes one
slot for an OC to propagate through the network and this stot is considered part of the
transmission period; the unmodulated earrier during the PAP, however, does not need an

extra slot beeause this slolis considered in the delinition of the reservation slot.

ot the collision recovery time,

Tp: the time since the begining of a transmission in which preemplion is allowed,

3.3 Measures of System Performance

There are basically four performance aspeets of the system thal we consider in

this work:

(i) The average delay per packet Dy, defined as the time (in slots) spent in the
system by apacket from the moment it arrives al the system antil it is successfully reccived
al its destination. Notice that this ineludes the transmission time oft a packet, this places

alower bound on the packet delay of al least one transmission time,

(i1) The channel throughput S, which is the fraction of time that the channel
carries suecessful transmissions. Channel throughput and packet delay are two closely
related measures. The hicher the throughput the Lirger the packet delay. This relationship
between average packet delay and total channel throughput is referred 1o here as the
throughput delay characteristic of the system,

(1i1) The variance of delay Var(D,), which is self-explanatory, and

(iv) Packel loss defined as the probability that a packet generated at any given slot
will be lost beeanse there is no place for it in the station’s bulfers, 1 is also the ditference

between the channel throughput and the total load exereised on the channel.

12




§4 The Simulator

The simulator used in this work was written in PASCAL Tor o0 DEC20 oy <tem,

running under the TOPS-20 operating system.

The simulation combines both event and thne deiven shulation teehinbgues and
consists ol three major parts, cach of which simulates one ol the thece period of ihe
protocol, namely: the priority assessment period, the channel aceess poried el the e
mission period. This modular orcanization of the proceany permadts obonocto b nde g

the mechanisms used in each period without alleetine sienificantls the vo v oD vhe procenan.
! ! A }

One of the initial objeclives of this work wis to verify the aoadoreal o e
had beenobtained so certain restrictions’, not inhierent o the sional ot sere o paos ot d
to follow as closely as possible the model considered o the wnds o 120 s agptes oo
restrictions are: considering the time axis slotted aed corciderine pocber apric b o b

coincident with the end of a slot.

4.1 Dala Structures

The program comprises two data strocturess a biny trec and aotheco divaer Tonal
array (LALVUK L) where Mis the number of statione IV is thie o e ol prioriy clas s
and B s the number of bullers per station and priority clases The Geran holds packets
queved at cach station along, with the information regardine the Gme ot sohaeh the oot s
supposed to have arrived or 1o he generated at thal station. We heep ihicarray alwas - fally
that is, at initialization packets are generated according to the aeomorricadly disteibigted
interarrival times with parancter g, for elass O Tor adl stations and all oller poaition s
al these stations. Furthermore, during execution of the simulation, whenover o poackot s
stuccessfully transmitted and therelore removed from the system, aonew packet s eoneratod
immediately, again osing the geometrie distribution of interareival times Phie By tree
holds the information of all the packets that are condidored rendy Tor transiission Ty the
corresponding stations, .., the lirst packet of every gnene o the sytom, The pode Chald

information regarding the penceation time of the packet, the station and the prioriny class




1. The Simuatator

and arc ordered in the tree acceording to their generation time in such a way that aninorder
traversal of the tree (1] will visit the nodes in aseending order of generation time. This
particutar ordering ol the data permits all searches for packets that mipht be transmitted
fo be ol dogarithmic order. When a packet s successfully transmitted the node which
represents it is removed from the tree and anew vode is inserted obtainiog the appropriate
peneralion time from the corresponding queae, and 2 new generation tine inserted in the
matrix ol quenes. Note that it is oot equivadent to say that in the real system the quenes
are all full. Indeed, i the generation time of a packet in the array or in the messaee tree
is higher than the carrent siinulation time, then the packet is not yet prescat in the real
svstem: therefore a station ean hoave no messages Lo transmit, even thoueh there is o node

representing each ol its priority slasses in the free.

4.2 "acket Generation and Transmission

When o paeket is transmitted the node representing it is deleted from the messape
trecand anew packet of the same priority elassis penerated Tor the station which succeeded
in the transmission. A peneradtion Thime is obtained by taking as a refercnee time the Tast
geneeation of a packet for that priority class and that station and adding to it o random
winber drawn from a geometrie distribution with parameter o0 Notice that the relerence
tite corresponds to the generation time of the packet just transmitted only in the ease of
one buller systems, For systems with more than one buller it is the generadion time of the
Iast packet in the corresponding quene, 10 the areival time thus obtained is smaller than
the current system cloek the packet is considered lost and this new time reference is used
to penerate another packel, This process is repeated untid a suceesstful packet is generated
and placed on the stations quede, The first packet in the quege is then inserted into the

message lree.

4.3 System States and mmediate First Transmission

The system ean be in cither of two stites: Fmpty or nonermpty. The system is

14




4.4 The Pricority Assessinent Period
¥

empty when there are no messages present in the systemn Inoaoreal system this witl he
the case when no station has a packet to transtnty o the content of the Shmmbation this
is the case when the generation times of all the packets i the s tem e vreater tan
the current simufation time, A nonempty systers correspands to one oo which oo o more
stations have packets ready for transmission: avain o the contont of the ol on, this
corresponds to the existence of packets with peneration thnes saadloe oo e Sradaion
time. During, the simulation, when there nre no tnessases prosons on the o sten, the elock
is advaneced to the pencration Hime of The Teftmost node o the troe whieh corecpands U
the first packet that will aerive, and an immedind e fiest teansnai- conc o ondestabon findoed

according to the protocol, the channel wounld be sensed Sdle ac dhat tie).

The tree s then seavehed Tor packets withoaerival tne Gy d o thar o ihe ioltimas
node, indicating that i, o, will be transmated at the enrrent D g will o coadhicion,
If no suelt paeket exists then the elock s advanced by aperiod of e ool ro th o et ol
the transmission period of the packet heing transmdtted ar which point the corre ot
node is deleted from the messape trees Upon completion of sucecs il teaned o or of o

collision, a Priority Assessmient Period hepins,

4.4 The Priortty Assessment Period

We consider now the code corresponding ta the prioritny asw caneny period This
part. of the simalation is time driven. We besin by settine the prioeit s bovel to the Biohest
and we examine the message tree searching for packors of the current prioeity that ean
ascertain thelr presence. Ax mentioned cartier, onfy those packet covorated before the
beginoing of the PAP can do so. Woany packets are Tonnd ol of the o pach et i formed.,
The list ix i linked List of pointers to the actual nodo s ol the troe o packots ol the
current access prionity are present in the system, the priorits ool b deoronented, ihe
clock advaineed two slots and the alporithm repeated ontif o nonempee cby i Foand o all

priority rlasses have been examined,

Il priorities have been examined and no poeket= hone Loon Fannd the oy om s

15




4. The Sumulator

returned to the empty stale and the simulation proceeds as we have already deseribed.

If during the seareh ol the message tree we find some packets of the carrent aceess
class, then the channel is granted to this priority class and the cloek is advaneed two slots,
In o real system packets would aseertain their presence by transmitting o short burst ol
unmoedualated carrier in the slot corresponding to their priority elasss Onee the ehzaned has
been granted to a particular elass no more searches are done and the system enters the

channel aceess period.

4.5 The Channel Aecess Pertod

The part of the simulation that corresponds to the contention period is tmple-
mented asoa time dreiven simuadation. Let 7 he the priority ehass for which o list of messages
has heen formed, then for every packet in the Bist aounitormly distributed enodom number
ix drawn W this number is ess than pe, the packet is marked Tor transmission in the next
slot and o count is hept of the number of messases that will be transmitted. At this point
we st seareh the message tree for any messaves of the corrent aceess elass arriving during,
theidle slotin which stations are sensing (he channel, 160 one or more such packets are found
i undertakes an immedinte first transmission as deseribed above (i more than one such
new packel exists, then o collision will certainly resalt), [F o incomine packet preciapts
the messages that are on the list the cloek is advaneed one slot and the count of the nume-
ber of packets marked for transmission is examined, 5 this nataber s 0 the aleorithng is
repeated sinee no station deeided to transmit, I the count is equal to 1, the marked packet
is transmilted and the corresponding node deleted from the tree in the manner previously

deseribed. I there is more than one marked packet 4 collision will oceur.

A collision s stmulated by advancing the cloek by the recovery time T, aller

which the system is returned 1o the Priority Mwsessment Period.
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4.6 Statistics Collected

4.6 Statisties Collected

ln order to eviduate system performancee according to the eritorina we linve wpecilied,
A o |

several statisties are collected.

Pachet delay s obviously an fmportant guantita . b is caleatared ot rthe ond ol
each transmission and is the ditference between the carrent cloch cond the conerition thine
of the packet. We neenmudate this delay for ench priority clase and oorbe andd the ratio of
the total delay per elass to the number of packets ol thar s vhot were transiin o s

the averane delay per packet for cach priority elass,

\We compuyte the spunare ol the ded Y and cecona e a bt thie e of

delay for cach class,

To obtain the chiannel atilization per preiociiy e we sood oty connt the pmber

of sucerssful teansmizsions Tor each el Thic mumbhe eciop e e e ko teasenis

ston time for that partienlar ehans divided l)_\ Phe st dion thne cive cthe o praniily

Another paie ol statistios collected Tor thin work wos the ronebor o0 b

generated and the number of packets fost This s fmportant in severad fyposof e o

such as real time voice transmission and provess control, where o poachot cannat b roconcered

or generated asain, 1t also gives aomeasure ol the dilferenee hetweon the chiomned “heaebipat

and the load exercised by the stations.

Some other statisties were colleeted that were pot aetucdhy need b v reanbisg
presented here but helped in determining iF the performmnee of the <o we within
reasonable Tioits; i1 this was oot the ease, Then these =tatities onve an b vion of the
parameter that was most likely to be cansing the unexpected perforsmee Noovaaple of
such numbers s the reservation and collision overhead which «ive an indication of the Teved
of contention present in the sy e W the number of collisions s very Lieh ot ikl the
scleetion of p, s not appropriste and asndler valoe oy be pecdads T on the arhe s boad
the lenpth of the channel decess period, which is aloo collected, bovery Lirce the poronncter
P may beinereased to improve svstem perlformanee.
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1. The Simulator

A word must be said about the seleetion of po o general we wish to select p
such that it minimizes the length of the contention period but maximizes the probability
of suceess, Fdeally, it we had 4 way to estimade the number of users with ready messages
ot the system, say N, a good seleetion could be 1/ Nyin practice, however, N s dillicalt to
estimate so we use aixed number which depends on the number of users in the system, Af,
amd the load they place on the ehiannel, We hiave used for mose of this work the parameter
pe = 1/ M, which, i1 not optimum, keeps the number of eollisions low and the ehannel

access period small so that the resalts were elose Lo optimum,

4.7 Other Diseiplines Considered

Lo addition to the nonprecmptive diseipline, we investivate here two other modes
of operation nol included i The ansds tieal work, namely s semipreemptive and precmplise

I'-CSNAL

The only difference hetween these modos and the one already deseribed 15 in terms
of the protocol they perform alter the end of Priority Assessment Period: the generation

process and system configuration are the same.

In the semipreemptive mode, onee the PAR has lnished and o civen priority elass
has acquired the right to aceess the channel, any message of higher priority that arrives
to the systemn during the chanoel access period ean preempt the current elass when the
channel is sensed idle, this is achieved by searching the message tree for packets that ean
preempt the current elass, Ley, new arrivals of the same elass or one of higher priority. All
messages wailing will see a carrier on the channel and will back off untit the next 15OC

when anew PAP will begin.

[n the precmplive mode, we considered a fraction of the messape, ealled Ty, in
which precmption is allowed. Onee agiven elass has been granted aeeess to the echannel and
as long as the transmission time has not exceeded T, the speeified limit, any message of a
higher elass can preempt the current priority class, Notice that if this precmption occurs
during the channel access period the transmission of the hioh priority elass will probably

18




1.7 Other Disciplines Considered

be successful (unless another station has also decided to begin its transmission in the ~ame
slot). On the other hand, if the transmission of the low priority eliss has already started
when the preemption oceurs, the preempting packet will eause a0 collision whose 120C will

cause o new DAL to begin, thus allowing the high priority messape to pain aeeess 1o the
channel faster than in the other two modes of operation,
Several versions of the simulator are available that allow the stady of systems

with or witheut collision detection and with or without priority funetions to cvaluate the

performance of the P-CSNEN protocol in comparison with nonprioritized scheues,
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§5 Numerical Results

We discuss in this seetion the numerical results obtained with the siimulation and
evaluate the performance of the scheme. Sinee the objective of this work is to study
the elfeet of priority functions in multiaceess networks we shall in many cases compare
the performance of prioritized systems to nonprioritized <y stems in odor to determine the
overall effeet prodoced by the priority Danetions. Sinee the approaeh taken will be that of
cotmparing the three modes of operation cavony, themaelves, naomelys the nonprecmptive, the
semiprecmptive and the precmptive mode, we divide this scefion into several suhsections,
one lor cach ol the Tollowing axpectss Throushput-Delay Charaeteristies, Packot Loss,
Viarianee of Delayve Finally we consider o special applicanion ease in o ahich we shnalate
fnved packet interarsival Gmess We nze this aproach to foens our attcation on the hasie
differences between the modes ol operation rather than consider AU eliraetoristios for ane

mode and then make a final overall conpariaon of the syvstems deseribiod.

-

Throuphiont this scetion we consider the godt ol tinee 1o he 10gi=ee.

5.1 Throushput-Delay Characteristies

fdeally in o prioritized coviroment, the delay characteristies

P siven priorily
class should be tnsensitive to the lowd exercised on the channel by all Tower priority classes;
in practice this is not exactly the case, due to the overhead inenrred o the reservation
vrocess and the amount of time that a pachet must wait antil an onsoing transnission
finishes, following which 1t can ascertain its presenee in the system, We wish, however, to
minimize the cifeet that the load of Tower classes has on higher priority elass and, more
important, insure that the delay Tor high priority elasses is kept within tolerable Timits
repardbess of That Toad. This is in contrast to other nonprioritized random aeeess sehemes
in whieh the delay grows unboupded Tor all messapes as the total throushput approaches
channel eapaeity. We begin our dizcussion by considering a nonpreciptive system with
fwo priority classes, Cpoand Cy0 Mo b stations, B I bulfer per station and packet

lenpths of 770 = 10 and 1 100 for the hioh and fow priorities, respectively. The system
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S0 Throughput Debay Charaeleristies

under considerition has collision detection and recovers from o collision with o recovery

.

titme 1. 2 slots,

In Fieore 1 owe present the throushput-delay curves for suel a system, inowhich
the parameters po 120 ased in the chonnel aecess period take on the ifferent values
m Iy 0.1, 02,000, We obiserve that the defay for € i dependent o the total ehiaannel
throughpurt, qdthouph the throughpa! Tor (7 ds hept copstant ot N, 0.1 but we ean
also note the Fact that the delay Tor Sioh priority messaves s oot crowing unbounded ax
the total throuehput S 1 Sy inercaxes to reach saturation, eontrary to the nonprioritized
seheme, secitowillh be shiown Taters o et the delay Tor class ¢ will tend 1o <1a0bilize as
the Toad Tor €0 inereases amd more eollisions start to occar within € thas adlowing €74
messages o eain aceess to the channel Faster, given that the collision deteetion =i effect,
Note that the parameter p,, in the ease when A is smadl has v her Tiede effect oo the
delay . In the sequel, Tor M Howe shall use the values pyoo po o 0020 which pives near
oplitnn resabts over the entire ranee ol theouphput (Note that this value i< procisely 1/

as commented upon in the previons seetion),

T Figure 2 we exaanine o similae system, except that the nurber of stations hias

been nereased to A/ H500 It s easter here to observe the olfect of saturation on the
chanoel aad the Faet that the delay for the hich priority elass remains finite if not deereases
as Noonercases. Morceover, note that the oflect of p, is maore fportant, and the chaice of
optitnm pe beeomes more eritical when A s Targers Here pao2= 000 s the value Tor pg
which gives us near optitium results. The load of Oy on the channel is small and so is
the probability of a collision; therefore the results are not too sensitive to py in this ease
(sl Sy} and we ase peoo 000 which still gives good performance o We have, in effeet,
achicved aseparation of the loads on the channel that allows ns to obtain hnite delays for

Cyi-essages as long as the load of this class stavs below channel eapaeity.

In Figure 3, throughput-delay curves are shown for a live station system (herealter
refered o as small system) operating in the nonprecmptive mode, for Sp - 0.1 and Sy =
0.2. Por camparizon we include in Figoee 3, the throughput-delay performance of CSAMA-
D without priority fuonections. We notice that there is o dilference in delay for the two
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. Numerical Results

different vadues of S in the prioritized system, In the tollow g we vive an ovpbanation tor

this difference and its behavior.

When & - Sy S i sondl the Breer value of Sy 0002y vive 0 catler volane
of traflic Tar €75 (S - 8 S and low- € ek o ooy oo 0t G b el
over s brger wamber of subscguent eonteniion periodgs thas with N, O i realbs
in a smaller packhet delay for S, 0.2 than for N, O Jrec Cor i o Nt e

Fewer Co-packets which may eause jone deference doban b thi vanper oo e tnonde, As
2 A ! ! } ]

Sy No e reases, this Jillorenoe deercaae~ antil S e oo g Tl S (R
predorinant trathie in the chommel, and v roat Feon i o0 ¢ ot t Pl pla
during vhe traoeamisalon periods of clase O 0 Tt e 2o it the e e vada ol N
Lareer number of Cppackers acenmualoe ot the oo ol co e v b sion e cd e ta cont il
on the channel, With the <o valuce of pyoaecd Tor bath b o S0 S, 0.2 vrovides
higher defays than SN 0.1.

The chamnel eapaeity s somewhot bichor Tor the cae ol s~ Ol b o of the

effect that packet Teneth has on channel capacin '\';' the e the nbe e ol e 0 prachois
transmitted o a nelwork (which ocenrs when 8§y Oy b B hor thie capaciiy wial be o
fess e s spent v overhiead (priority as<esmenty ol ceces o oot o T we caap e
the prioritized sy<tem to the nonpriocitizod syvatens we sco than by erne o dobay for O we
have reduaced vhe averase deliy sipnilicantiy . copeciadly when S o bae o o e oo of

laeper delay For fow priority packefs. This s o desirable cleor Gnee we wooe Bich priorin

messaes to hove aclinite delay and we dont reatriet the dobon ol €7,

In s semiprecmptive systenn O poeleb s can procmpt 0 pocckor when the e low
wiority messapes are in the channel aeeess period (e Sre of Cn cantor o pe riod 1 we
) Y | .

cotmpare the nonpreciptive and semipreemptive mode, i

sty oo weenpeor nallor
delays for the semipreemptive case due to e precmption dlowed, 20 oxpen e o Lareer
delays of Cy-messapess o Figare 1 we show this comparion for o oedb o tom V]

H). o this case semipreemption does not iaprove sboniticacdly the by b e e tes
of the system Tor Cyp this is o beeanse the channel aece o periad ot very Troowethy
Py 020 1,20 This s not the ease Tor Taree wvaeme We pote that the improvenent
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S50 Thronghpot Delay Characteristies
obtined in Laege svstems is more important as will be shown later.

We now explore the effeet of different levels of precmption on the thronsbput:
delay characteristios. o Figure O, we show, Jor diltorent Traeton (1,0 ol Cpteapes
which precmption is allowed, how the packer delay Tor b sodaecd, Tl Trprocement
is not without its cost howeverdndecd with Tneveasine Towe caon oo thiat the doday o
(s inercases and the channel eapacity decreases Senificanty o Nare rhar 77 0 cleardy

2 3 A } 3

corresponds 1o asemiprecmptive system.

With tall precomption {1, 100) we notice sodeorcs oont delay For ¢ o the
thronehpnt aproache s elimnnel capaeity . Normadly one woakd ovpecr v bl omption
s in elloet, the delay will remain Paivly constant oo O poa ket oo cndo con o o ollindon
when the chammnel icoceapiod by o fow priorite e e Howavor, we aee oo bt e
variation of delay as the Toad dnerca es Gan ez fotlowed by oo 0 deeve o TS
is explained by the foflowine: when the Toad S2bs tows o 4 pachars vive when
the ehamnel s idle and underso bmedinne e traraniosion, thesciore Tacareie very
stnall delay s As S2 s inereased snd ore Coopaehets arrive, more O pac ket D ccaanter

transmissions from Cand are foreed to cause aoeollindon to dart cnev PPV D cinenrein,

hivher delavss A the load of Cuis Paether ineren ol to reach s avnention more €7 e s

will criconnter collisions in Co-tranamissions, Nscumine that € e ot v 1o the
system ean detect oneoing collisions, €’ packets wait for the AP Lo booi e Toedine 1o
inenr the debay of cansing the collision themselvess Norc fraportantiy s thoe oo arrive
during, the channel aeeess period o Cy preciptine the elass aod sncecdine, womctines in
their first transmission, contributing to o smaller avernee delav, Overaddbs we hoave o

achieved o reduction of the sensitivity of Cp-delay to the fond overeioed o the o el by

Co which is a highly desirnble effeet,

Another elfect of preemption is areduction of the torabchannel eagroe s s eaored by
the theashing that oceurs in the echannel ax more e b wieted when oteoin rao missions
are precmpted, In Figure § we show this reduetion in ehanncd eapaeity o S8y is kept
constant ad Ny 0.1, and the preciption fraction ovaricds Poacbor dolay Tor €7 meeaoes
s preathy redaced {and delay for € inereased) o we increase the precmption oo tion as
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5. Numerical Results

can be seen in Figure 7, where we plot the average delay per packet vs. the preerr “ion
fraction. Note the improvement achicved when Ml precmption is in ofleet ( T, -~ 1ud)
as compared to semiprecmptive systems (T, =2 0). Finally note that these overall offeets
caused by precmption, namely: a reduction of the delay for € messages, inereased delay
for "2 messapes and areduetion of channel eapacity constitute o tradeoll hetween €7 delays
on the one hand and total throughput and Cy delays on the other band. But s we haoe
mentioned earlier, the need for priority funetions arises when we have achannel inowhich
we desite to multiplex an application with very tight delay constraints with anothor one
that can tolerate Large delays. T this ease we are more interested in mecting the dolag
conztraints than maxindzing channel eapacity or minimizin,

Co delay as Tone as teaflie can

>

be supported by the system. Onr results are consistent with these objeefives.
3 J

Fo summarize the results discussed so far we present in Figure 8 o compart-on of
all three modes of operation of P-CSMA-CD, and also ineladed are the chegmeleristios ol

nonprioritized {obviously nonprecmptive) system.

In Figures 9-11 we present the throughpot-dely eharaeteristios of systens with

Al =2 50 stations, packet lengths of 77 = 10, 7% = 100 slots, collision recovery time of
T, = 2 slols, pyo== 0.1 and Jdillerent valoes of py. In These systems we observe the same
trends asin the small systems {(when AL = b). The differenee hetween wonprecniptive ond

semipreemplive, however, is more significant in this ease where the choiee of near optimun
piis more eritieal. Note how this dilference decreases from Figure 9 to Fipure T as the
choice of p, pets better, IUis very interesting to note the small sensitivity of € delay to the
choice of pyin the case of a semiprecmptive system.We ean explain this sl sensiivity
by the following: il the choiee of py s sueh that the channel aceess period is small, the
time between the end of o transmission and the next Cy-arrival will be faree. 1f), on the
other hand, the channel access period for €y is Lirge, the time until the neat € arrival
will be small. Both, the Cy-channel aceess period and the idle thine before o €y arrival, are
times when (Cp-packets can be transmitted, and this total time is the same, reeardless of
the choice of py. For nonprecmptive systems the choiee of near oplimunm p, becomes more

eritical as €'y packets must wait the Tall leneth of the contention period Tor Oy onee the
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S Throughput Deby Characteristies

channel has been wranted 1o the low priority elisa, The diference botween nonprecnptive
and semiprecmptive systems deercases as the load Tnercases beeainse the channel aeeess
period ol €70 becones <horter ot high loadse As rmore stations try 1o acee ~ the channed,

vither o transtaission or a collision witl oecur sooper.

Sotar we hoanve considerad anly the cllect o precmption an v onn peorlorgned
another portant sspeet of perfornamee that we now disen < 5 the choet of ek
leneth, We oxcumine these in soaly systerns o Fiures 12211 s onmine the thpon Loput

delay characteriztios of gonprecmptive and precmptive aall wossone Wil dicborent packaot

lensthae T Piaree 12 both elasces teansmit Tone e < (7 It fon b he
differenee botween nonprecmptive aad precimptive systems o nb opifiennt oo e fond
sets b The porfornumee Tor (4 b vreately improved duc to il ol wember of ¢
(fone ) packets transmitted e order to mmintain the thranelipt S canst it 108, 0.1).
Note also thar the channel capaeity s not severely redaecd by precrption. A i, the
sttlor number ol 7y -[)Zli"\lhi, cantses less thrashine i the channcb o foeor O ko
et precimptod l)}' meoming (T -mesanees, l"i;“lll'n' 15 showe s the charaetoristion of o svstern
in which borh ebvees teansmit short packers{ 1 T. PO o) T torm o packe
defay the performanec is similar to the cose when b the packets are Jona 1 note the
reduction in chinnnel capacity Tor this ease due to the soadier paeker ferat e Siaee o daeper
minber of packets have to be transmitted in order to maintain aocertain heannlput, more
time is spent in overhead sueh as reservation and cliannel aeeess periods, Conscquently the

channel eapacity deerenses signifieantly.

In Figure 11 we consider the performanee charneteristios of acsystemsin whieh high
priority messapes are long and {ow prioeity messaees are short (7] 1007 10 <ots),
Notice the simibarity between the performanee of nonprecmptive and procmptive sy detns,
both in packet deday and channel capacity. The similarity in packet delay is caised by the
Fact that precmption does nol save aogreat deal of Hine, beeanse an oncoine fransmission
that can be preempted is ashort one. Faven i a packet waits nntil an onvoine Censmission
is finished, as it is the ease in the nonpreemptive system, such o packet wonld only have
In wait o few extra slots before the nest priority ascessment period heeine, By cansing a
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Ho Numeriead Resolts

collision snd wasting the recovery time not too much time is <aved, benee the simitarity
in delay Tor the two modes, The reduction in channel capaeity s duae to vhe paekes Jeneth
ol Co (T - 10 slots) [8L The majority of the packets that are transmited are short
preketss s we saw o Figore B3 this eanses oo reduetion ol the total channel eapaeity.
The stnilareity between the performance of the nonprecmptive and the precimptive syatem
in termes o channel eapaeity is due to the smadl aanount of thrashine sl ocenrs, o this
ciane dang pachetso which are ol hinh priority, cannot bhe precmpted. 10 preamption does
oceur, the preempled packet s ccshort one, eausing o relatively st sount o Uieashing,
Foarthiermore, sinee S = fow, aovery sl nomber of O oot s trananitted i the
channels oo the Tone period of time between two con~eentive € arriy s o bree number
ol baehloeeed Cu-packets ean he snecestully trasmited. The ao<tern then, bl very

siilar to anonpreciptive vstem siinply becise precmption i not overeised very olten,

Precinption, therdfore, is valunble only when thie fime we sane by precinpting
an oneaine transmission s sinnilicantly creater thas the thime wated by eansine o colli-
sion Wlhat s considered Sanificantly crearer Wil of conrses depend on the application

constraints,

Auother aspect considered hereswhich was not included i the analy=isli2]is the

cllect thet bailler size has on the overall pesformanee ol the system.

We considered in this work systems with one and two bhuflers per station ooly.

The results obtained elearly show the effects of this feature,

In Fligure I we present the resnlts obtained for a nonprecmptive system with
Vo= Dostalions,py - po 0.2,7 10,75 OO slots and T, 2 Alotss Two eases are
presented: I3, Iand I3, 22 hullers per station, § 20 The delay Tor €7y packets s not
significantly different in the fwo cases heeanse Cpopackets do oot tncar very larne delays
and very seldam will o station have its two Cp-bullers [l T the eae of €75 however,
the dillerence in delay is muoeh more sipnilicant as nany of the packets that are Tost when
1. Foare now aceepted into the syatem to ocenpy the weand o buller, These packets
incur Larpe delays before they are transanitted whereas in sinede hotfer aoatems they were
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5.1 Fhroughput-Delay Characteristios
simply lostnot contributing to the average packet delay.

Figure 16 shows the charaeteristios of a precmptive system with the sane conlig-
aration speeilied above, Note here that the difference inodela for € o the two cases
shown s even smaller sinee the second Cpbutfer is practically never ased by the ctations,
Again Co-packets in two baller systems experienee farper delis o for She e reons than

in nonpreemplive systems.

We commpare nonpreemptive CSNIA-CD apd nenprioritized OSSN OD bar thee taao
cases: 4, 1 oand 11, -2 4 20 in Figare 170 Lo nonprioniizod <o v o dely
for short packets prows very rapidhve The dillerenee oo this dotn botwoon the one o
two butler syaters shown isoalso sipnilicant. Thisis in contrast to the doban o hioved wity
the introduction of vhe ponprecimptive priority Tanetion, swhich i sindlae o the Do enos
shown. The advantaee of adding s extra buller in the syt s o torme of pocked Toss,

which s disenssed in the next subsection,

The finad cspect o system performanee that we conider o the elfeet ot collision
detection. We cannot ake the sehieme dependent on callision doteerion i we want 1o e

it radio environments where this featare is not avaitable.

We show o comparison of the perlformance of sy aromns with dnd wirbiogt collh dan
deteetion in Figore 180 The systems shown without collision detoetion are nonprecmptive
and semipreemptive; o preemplive systern was nol considered s it i< not aoplome nzdle
in systems withont colliston deteetion. “The systens considered hunve Af S tartons,
Ty - 10T - 100 slots, gy 0.0, 0.2 snd where applicable 7, 2oy seem
surpriging that the most sianilicant difference inwaten performanec is el el capuaity
and not in packet delay. We must remember that the onby oportnsithe . for colli don in a
nonpreemptive system are during the channel aeeess period, when tao packot ol the sane
priority class transmit at the sane tiine, With o pood wolection of g, the probability of
such o collision ix prently reduecd. o the comiprocmplive sy em anather opportanity for
collision is during, the channel aecess period of Tow priority elo-w o \podn acood coleetion
of p,oeoupled with the faer that the probahility of o packert arrivad dorine ach a0 <hort
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5. Numerical Resalts

period is veey small reduce the likelihood of o collision. 1t s the Fact that not too many
collisions ocenr which reduces the difference in perlormanee tor systems with and without
collision detection, This s an encouraging result tor the application of the selicine in radio

cmvironments,

5.2 Packet Loss

Packor Toss was considered nomajor aspeet of sy<teun performzmes hoemnae of the

tportanee it has in ~ome applications that reguire hivh priority o nelt i ecess ehannels,

Packet foss con be due to the Timited napmer of ballees oo the av=tome T some read time
applications, such as voice fravstnisstan, the peneration process ivindependent of note
resporse and p.'u‘l\rl loss can also be due 1o p;l('|.v| Alll:n_\‘.\ arcater than the maxdmum
allowable, We study in this subseetion the eatio of packets Tost to the toral mnmber of
packets sencerateds We hogin our disenssicn by considering o nonprecinntive system with
\ AN AT 0.7, 100 dots cand diflerent salues of po oy Do

0,102,005, We show the packer Toss for thie systen o Fioare 190 Note that, asin paeke
debay s the Toss i this systom ol smadl Size is not too sensitive to variations in the ehojee

of pyo The Toss of € s sionificantdy hoelow that of ¢ and, i the coses shown, tever

exceeds 167 0 As the channel approsches cdnration, the Jos for €L appronchos 10070 0s
doconsequopes of the larepe delays incureed by 0 packets i this ranoe of hich channel

thronghput S.

I we inercase the number of stations to A/ 50, packet Toss s sianifieantly
reduced. We observe this elfeet i Figare 200 This reduetion in packet losdis due to the
higher number of holfers available in the system. Inoe ler to o maintain o oiven o orepade
foad, stations mnst penerate packets at o smaller rate than in the case VS O ostations,
The average interarrival time of packets at any aiven <tation becones bireer and the ctation
can tolerte larger delays before Tooing packetss A the ehianne! approacthio  watnration,
the packet fosc for € st approaches 0 Cleaely thiso will alwayvs be the eaee Tor oy linite
number of stations. The reduction in paelot lows Tor ¢ aver the thrau-hpat raee <hown
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5. Numericad Resuolts

factor of 3 (Trom 165 cta D7 Trom o semiprecmptive to oo Full preemptive diceipline). Apain,
aremarhable improverent b obtained by ceddine one oextra bufler to caeh startion, This
pimprovement is shown o Fioare 25, where we ean see thad, Tor precmptive systons with

two bullers per station, Cppaehet loss s practiendly neslicible over the entive ranee ol S,

Onee apain, the nprovernent =hown iz not restricted o syatems with callision
detection. tniocure 26 we show the pael ot fosc ol o nonpreciptive 2 OSANEA Tres < stem
{ M =50 ) with and without collision dotection, and B3 P hotler por aation. Pl mall
loss expericneed by Cpan the cases shown s maindy dae to the Beee nnmber of ballorcin the
system and the Toncor erarrivad thne s of paehets to any aiven stedion, Fhere i praectienlly
no differcnec o pockot oo Dwith e witchout coldorn detectio n Vhin b cnconra i Tos radio

applications where the eallidon daroction Feature bnonot inpternontable,

Finallo, ro <tady the otlecr that poehet Teneth B o sy tom Tos we show wome
results T Fionre 270 The corves ~shown are thowe ol o<y stem with A/ O, 18, 1. 1,
T on. 7. 1O ~lots, P 0.2 aned T 20 The o oe nel e ety o O eiases
a stoaller vaidber of packats o b grso mitted for the eonaant ronchpat S 0.1.
As dess Cpopaekets are transmitted, o ey namber o paekot b o The bty

betwern the tuo modes of proamption b doe to the e reasons osplained o the previons

subaceetion Toe this combinaaion of paclet fenpths,

5.3 Varianee of Delay

We wish to evaliate the varvianee ol doday becana, namons, ather rea-ons:
a. Tehves anindication of the Bdrnce ol the protocal,
b, Wisvery important that the varianee of debiy be bept fow i a network s to capport
real tirme applications,

Ao owith s civeraee, the yarianee of paeh ot :h-l‘a.\ inercae o oo the thpa hipat
inereases and, under aopandan aeces seheme, bocomesvery tavee o the totad thiroa s hpat
approaches channcl capaeity . We bnguire w1 hiow petarity T tion can alloviaoe this
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9.3 Varianee of Ded

problew or high priocity traflic despive the presence of hinh losd in fower priority Tevels.
Obvieusly oo prioritized environment we wish to minimize the varinnee of delay for the

high priority class,

In Fionre 2% we compare the varianee of delay of O packels in a nonprecmptive
systern to that of o nonprioritized syteme The systom under constdoration has ! b
stations, I 1., 1,1 10,7 OO <ot o 0.2 and 7 20 We Show the
carves for Ny Bt and S 020 We note that She varianee inothe nonprocinptive coase
i~ smadters ot hich threoushput, than the vartance Jiown for the nonprioritizad eree, NMace
Haportanthy, Cpavarinnee docs not crove unbonsded D rhos crearing . sood deba porformnnee
For ¢y pachets onvor the sntire rooe of thron Liper o, Phe T e ol o cvory varnve
corresponds to the cone when no Co poel et e proaent. Norothie shinrn oneee e o variane
AN xoon oS some ILH‘\("\ arrive ot the BRI This e oo g t\[’f:v't'nt! e Tollow
when Cu-prekets ctart arrivine ot the systern, sorae O pel el will v oy otor vneoino (s
transmi-~tons upon vreeival, oovine to wadt For the noxt P o odn control o the chanodl
These Cp-prekets i) inenr dodas s mueh Toeaee than the cverne doban anread by all
other € packets Thic difTerence cnses the iep inerense inovarizaees frane She el point
i the enrves To the et The varianee for € poeker<s o the ather hand i e in

nonprecmplive sy-teme than in vonprioritized aostene, qeowe shoa o bFooare 20,

Asit wa the cane with prcker dolay and poackot Toee the vavianee o delia, Tor

aostredl system, s nol Too ensitihve to vartations in g o2 i we Show o Fiearee 30,
Inthe ease of alaroe system however, the cholee of wear optiam o 20 b aonore

sienilicant effeets This is shown in Foocee 31 Far g nanprecmptive diseipline. Ta facr the
sensitinvity to the cholee ol pyor o2 For ¢ s bareer when thie Toad s tower heeoara the
contention period Tor Cyobs then expeeted to be Lieeer Thic eooees Lareer dolan Tar ¢

packets that arrive after the beeining, of the €72 cantention period,

Just s with averape packet delay inceres ine the b ol Batiers i the sy otem
docsnat allect the varianee of delay for € pockot s we Sl o Livore 320 The varanee
ol Cu however, inerceacssharephy whon the soterc b two batle e cdoe to b boeer quencine
‘|<|:|.\‘~ im'urrul 'v_\ ;v,n'lx"| N \\Ml'h Oeeipy ”ll' ‘J‘('lll!t‘ lmlT('r.
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5. Numerical Resalts

We now turn oar attention to the ollect thd pree ,:l]un brog oy thie o i of

delay. This elfeet is shown o Fieure 33 Yor ¢ and Fivaaee 3 Tor €L for cnaldl <0 o We
lirst note the similaeity between syatem o the nonprecmptive mode sod copidn oot
mode (77, O Nsowe inerense Do the varinnee of € kot deere e 1D e g the
Fact that o Brreer fraction of Cpaekar whieh creive 1o b cve e didine noane ane (0

transtission van prectnpt that tronaedssdon, Tha s hoiborbe averc doln soad thae eianee

are deereaseas Coy however, shows the apposite et Vo dnerce o 10 e prodoiiting

that o tramsnisslon s procmpted inerenses, thus poekers Goar e er
t

S ieos,

The totad clleet of precueption on te veriznee ol b T oo d b0 b e G where
we plob the vorianee s he draction of 70 i which procinpiion oo owed e e dheore
Che effevis Jost describods Note than close 1o Dall prrecption tha vorad € pvnrinne s G s

than 60 (Sor=)1" makineg it vers relinble Yor aopplicantion with delan conn tradnd s,

Collidon deteetion does not have aosienticont elfeer an the vorbanee of delay, In
IFignre 36 we compare the varinnec of defay T Liree sisterms with and withour eollizon
detection in the nonprecmplive and somdpreciptive todes A Tully preciptive ss-tea awith
collision detection is ineluded in the e Tor compari-on purposss We can obooree thd
systen operatine in conal modes dow vers adtee bohavior e aedlbe ~ ol whoi Y rhe
colli~ton Dteetion Yoature s ellect o not, Note obaa that i Yo Lo NIRRT e
ditfercnce in the varianee ol delay hotseen cemiproenptive and conprecmptive ddes s

sipnificant.,

4 A Npeeinl Cases Geaeration at Fived Intervals

[

So Far all the resnlts presented are Tor <y <teo i which the vencration process
for both priovity clasaes has o vcaneeteie distribation of fnterarenal thines. One of the
applications that toeal networks may sapport is dicitizcd valee tran anicion, whiich prosonts
teaflic characteristios thet are dilferont from the oncs considered wo fars While the wtudy
of voice teansmission is presented in the nost seetion, we preant hore, aeoan appdic dtion
exercise, n specinl ence ol oeneration proceseof hich priority mes coess A e ennnder thi
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5.4 A Special Cases Generadion at Fised Tateevals

these messages are generated at each station ab the rate of 64000 bit/zce, as it could be the
case in putse code modulation for voice transmission (PCN)L The teansinission medium is
a coaxial cable 1000 m long, in which the propasation delay s ns/m, pivine an cwd to-end
propagation delay ol v = 10gs; the channe!l bandwidth is 10 Nb/<ee and the packet size
for €'y messages is 1000 bits (the Cransmission time is, therefore, 10 slots). The system hos
AL 50 stations and cach station pencrates packets every Q010625 soc or cvery 1H520
slols, cansing the throunhput of ¢ to be S - 0232, which s o hesvy dand for the hiph
priority class. Low priority messaoes aee generated as hefore, fron o geomerrio dvaribintion

with parmmceter oo and e 10O Sfots long.

Severab interesting resubis were obtained by simulating this caser We considered
that the areivad of the liest packer senerated st cach station (for system startup) ocenrred
at o point in e anilormly distribated in the erval [0 1562.5) slot< From there o,
a station cenerales one packet cvery 16205 slofsc Fipure 37 shiows the paebet delay for
hish priovily inessapes; the delay Tor low priority messaces ronocd from 1019 ot~ to 250040
stols and thus is not showo in the Beares 1 s important to note that Tor different vilaes
ol as (and thus Su) the startine point of cach sation ds aeain ~clected Trone o aniform
dictriboition in the interval {00 156200 this canexplain e frreaiar belinvior that the
curve s exhibitine, Indeed i the pattern - el that theve are many arrivals wranped o
sl pertod of thne then the vontention canacd and the cesolution requircd inerease tie

detay evon i the load s not inercased.

It may be worthwhile to point ot here that inan application of this tape, foll
preciaption may be aomi<takes For the example under constdoration, one € packet arives
to the system on the mverave every 30 slotse With procmption o Cymesaace of 100 oty
has o hish probability of beine preciaptod cand thos no €4 packet will cver be alde to
got throush. N inbdion of soch o case was performed and the toral thranepat delay
characteristic of the system ans o ~eries of points elostered towethor aronnd S Ny 0.3
The throuphput for €y wasindecd S, O indicating qovery baree canonnt of thrahine on
the channel, Thercbore in thin application, aovery itmporfant Laetor o dotoemnnine < otern

pecformanee is the diribution of arrivals within a eyvele,
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aooNumerieal Resulis

In contrast with the above results, nonprioritized systens exhibit aoneeh oother
response, reeardless of the pattern ol first arrivods from the independent doterministic
process s s shown o Fionre 350 Note however, the beee tnercase tn packer delay Jor hor
messaces in the nonprioritized systene Tnothis fore we also inelade the throushipat delay
charneteriatios of priovitized systerm<in the tonprecomptive mode with and without callision
deteetion,

The best performanee ol priovitizcd sy e o thin specinl coses bowith repoet to
packet loa T all the simulations performoed not o osinede € packet was losts So boweyer,

wis very sall (0 165 i the best ciee 1 T nonprioritizod svstone poaeker o vwag ata

Tow as done o S -0 (07 (e, S. QU0N) oot e <how o Fievre 39 Dat elearly i Dhis ease
tha averaee deliay and the varianee o debin imerceasc a0 S nereiea s frong S S 0.3
5 A A |

to S 0.7, The variance ol delay s shown o Fienree 10,
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§6 Voice Transmission in P-CSMA Networks

Recently, the desire to inteprate voice commnunication on local dati networks has
been apparent. In this section we investipate the performance ol our systems when support-
ing voice conmunication. In parcticular we study the offeet on perfornimee of variows system
parancters, such as channel bandwidth, vocoder rate, defay requirement. allowable preket
loss rate, ete. For coraparizon purposes, we also consider an ideal coalliet free THNTA ease
which is undoubtedly the most sitable for voice trattic exhibiting o deterministic peneration

process, and thus provides the ultimate performance one ean achieve,

6.1 PPacket Generalion Process

In most of the previous sections 1t was assumed that Tor eneh user the packet
intergeneration time is a random variable with o memoryless distribuition {(diserete time
geomelrie, with the time unit cqual to 7 seel). When dealing, with voiee applications, sueh
an assumplion is not adequate as the packel peneration proccas ix to atirst approximation
deterministic {see below), Morcaver, due to the real thne constraints encountered in voice
cotmmmunicalion, average performanee is not sullicient, and one has to derive the distribuition
ol delay or delay pereentilese Typieally, il the intent is to inteprate voiee and data ou the
same network, then, due to the steiet end-to-end delay requircment in volee applications,
one suspeets that the prioritized scheme would be more appropriate. Indeed by giving,
priority Lo voice packets over data packets, the seheme will help puarantee 10 a0 certain
extent the delay consteaintl for voiee packets even on the presence of data tratlicc Note,
however, that in the present section, we consider that there exists andy one elass of tratlic,

namely voice, and that it is given the highest priority.

6.2 Characteristies of Voice Trallic and Volee Sources

I s assumed that vocoders dipitize voice at some consdant rate of Vo bits per

second., Bits are grouped o form packets which are then teanamitted vin the network to
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6. Vorce Transmission in POSMA Networks

the destination voeoder, Let 138 denore the number of bits per packet. [320s the sum ol two
cotponents: By which cncompases afl overhead bits comprising, the presmble, the pucket
header and the cheeksm, and By the infarnidion bitse The tiime to form s packet, s
piven by

i,

1 v

Teis aleo the paeket interecneeation e Tor sovocodor, To aehiove tnteraetive spocel and
f : |

stnooth playback operation, it s trportant to beep the end-toend delay Tor ot bits of

voice tnformation withie tight bound<. Fad-toond delin is detined s bee vie fromg whon
the Bt = conerated at the oricinatine vocoder watih i s reeeivisd o the detination vorodor,
Two camponents ol delay are identiticd:s the poebor Tornation delas 0 el vhe pacha
netwark debiy 7,0 The net Lork deday o delined - the thne <inee the pocl of G formoed
until it s sineeesstally received o vl destination, Denotine by 70 vhe mandmnnn clowadilde
deday Tor voiee bits, oovoiee paeket s aeeeptablo anly 307y 5 O, <o D0 Packots whinh
do ot satialy this dequality are sesumed to he ot Vsonadly speceh ean be cliceting gy
symthetized s the deaination i the rate of ot pochets does ot oxeced aomaxinm o In
voice applications, the perfornmmnec mensure is delined as the masdnsn mber of vocoders

that can be ~tipportod by the network andee the 1}(‘]:'} con=traant D, and ctolerabie Toss

rade [

Wesranme that caeh voler wonree possesses< o tramsmit hufteor with rocem for exactly
one packet. Whenevor this hutler is nonempty, the <tation attampts transini-sion ol the
packet on the channod cevordine to P-OSNIA We Birthiermore soeanme that i the bifler is
noncrmpty when oo now packet is seneeatod, then th former s ot and the latter ocenpies
the buller (e the oeder of serviee is Tast comefint worved ) Mthoaeh thin modadd appears
Lo be rextrictive i priori, we shall show o the Tollowine, subacction thoat thisc i not col T Gt
for o piven delay requirernent £, the optitnn packet size which ranimize~ the nuymber
of voice wourees is sach that D0 Tar all values of L0 That das at optinna we b
Do 2T, and therelove there is o need for actran aft budler of Size Treaor Yo one, andd
LOVS s the appropriscde quencing, di cipline. XCoptinme, pacekor Tocoonptnbnitine 1o s
only due to exeossodelny and nat (o fack of bullers,
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6.2 Characteristios of Voicee Trallic and Voice Sources

Before we proceed with the discussion of the numerieal results obtuiced from the
simulation of P-CSMA, we undertake here an idealized analysis which provides an upper
bound on the performance. In essence it consists of assuming that network delay 1), s
ideally deterministic and equal to only the transmission ticne on the channel of bandwidth

WoOWith this assamption, D, = /W and the condition 7 ¢ D, < D, leads to

B, Byt I3,
+

i 1 ‘_\_: I)m (”

and thus

B < (Wh, )
(V1)

Given that M ovolee sources are aetive, the handwidth const=ant s then written as

(13, + 13)

W Ay
= 1,

(3)

Fas. (2) and (3) Tead to a maximinm vatue ol M given by

. WD, B
AT = t
VD, b By (1)

This ideal analysis in fact corresponds 1o TDMA in which perfect synehironization is
achieved; i, the voiee packet for a user is ready Tor transmission exactly ot the beginning
ol Lhe slot assigned to that user. This is siteply achieved by having the vocoder synchronize
the formation time of the packet with the boundary of its assigned slot, Therefore with M
users and TDMA frames of M slots, D00 equal to one slol (el (B v 1)/W) while Ty

is cqual to A slots; henee equations (1) and (3).

Equation (1) illustrates the effect of the overhead By on M7 00 8, =2 0, then
MT = W/V, independent of Do In that ease however the optimnm packet size is a
function of D, given by
I)",‘ R
| (v +w)

The smaller D, is, the smaller the packet size is. With 13, 4 0, M7 s a funetion of Dy,

I, =

and deereases ns Dy decreases, Indeed, with By, # 0, the packet size cannot be arbitrarily

decreased, as the effeet of overhead beeomes more severe, In Figures 13 and 11 the dashed

77




6. Vorce Transmission in I COSMA Networks

curves represent M oas a function of Vo Tor W= [ MBPS and B0 - 10 MBPS respiectiveldy,
13, == 200 bi's and various vidues o D, D, - 200 msec. corresponds roushly to the
case 4y, Oor 12, oo, For D, = 2 msee., the elfect of 1 is o important that Af7 Qs

litnited to very small values and is rather insensitive to V.,

6.3 Di~cvssion ol Numerieal Results

We consider a1 OSNA network, T Ko onsg swith an end to cond propowation
delay 7ol approvinedely 10psces We nssime 3, 200 bits which aeconnt~ for o 61 b
preammble, 032 Hit CRC and 101 bits Tor addresdnes and other contral dalormation. We
consider vartous values Tor the vocodor bandwidih: b 16,21, 32 and 6E Fhps and v

vitddues for the channel bandwidib: 1 1o 1O NIRES,

The delay constraint an voice hits depends an the Type ol volce comannication
being considered, Phe first 1y pe we identify is that of real thine voice cotmanivation within
the Toeal cavironment (e odl paretios are on the Joead network ) o this cose fnteraetive
conrnunication ean be elfectively aecomplished i D, s o the order of 200 peee. {or cven
Bigher), The sceond tyvpeis that of real time volee communication via the Public Switched
Telephone Network (e, where all parties are norwithin the loeal network); b this case 1,
must be restricted o aovalue on the order of 20 msees Finatly we distinguish oo thied G pe
wich arises when four wire terminations nd ceho cancelling procadures are not available;
in this ense the ceho problem can be so severe as to require 1, to be finitad to very small
values, on the order of 2 msee. As previously mentioned sith voice communication, packet
loss s tolerable as long, as the loss rate Lo limited to acsnadl value, Tnothis stady we shall

assume that Lo 0,02 1s adequide,

We lirst examine the offeet of packet size 1354 HByoon the delay performanee,
Consider W,V oand M to be fixed. Let ] denote the nymber of packets ampled in
the simulation, and let Dy Do, Dy be the delay incurred by the A packets respee-
tively. Let D 7 D <0 0 -2 D, be the ordered sequence ol delay samples. We et
max{D[L}> D

Yo ooyt e DILY s the value of packet deliy which s exeeeded by exaetly
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6.3 Discussion of Numerical Results

afraction Loob adl samples. We can similarly define max {0, [L}. Clearly max{D|L} =
Tp + max {05 W0 13, i arbitrarily large, then Ty s the predominant term, tndeed, the
number of packets contending is soall and with the packet size being Large, the performmnee
of P-CSMA (which ix a function of 73/ 8 is relatively good. Tn this case max{ DL} is also
larger, on the same order of magnitade as B, /V 4 B/W. As B, decreases, Ty decrenses
and so does max{DLY until 14, is soadl enouph as to eanse o hich depree of contention and
an important decrease of max{ DL}, Clearly, further decrense in f4, causes The I-OSNA
channel to saturate and max{D]L} — oo with probability one. Thus there exists an op-
timum value for I3, which minimizes |||:1\{I)|/,}. We llustrate these cifect<in Freare 11 in
which we plotmax{D|L} versus 13, Tor the ease Vo= 210 KRPS NIBES, VY 10 and
various values of Lo 1L is interesting to note that siven A/ the optinimn packet Size [1) is
roughly the sanse Tor all values of Lo Setting L 0,020 we show in Fieare B2 oo {11,002}
versus Hf, for varions vadues of ML This Fiare shows that Tor o viven value of 1, and
acgiven value of L) there exists a unique optimum value of 12, and a0 nnsvdimuam value of
M owhich satisfy the constraint wax{D|L} <2 D, This menimum aalue of ML AL

represents the performance ol P-CSAMA when supporting voice eommunieation.

From Figures 41 and 12 as well o the results obtained for all other cases studied,
we note that nus{D, L} at optitnnm is wdways inferior to 750 and therclore nun D)L} -
2Ty, regardless of D, and Lo This elearly justilies that the modet adopted Tor the vocader's
transmil bufler (single packet butler and LOEFS) s not restrictive, bn Fioure 13 we plot
Moaz 25 2 function of the vocoder rate Vo lor 1, 20 and 1y L NBES and the three

values of Dpr 2 nsec, 20 misees and 200 msee, The dashed curves correspond (o the

ideal TDMA ease. Figure 11 displays similar results for the ease 1O NIRPS. We
note that whene 1,0 — 200 asee, both A7 and M, deercase rapidhy as Voinerenses;
while i D, - 2 msee., then A7 and AL, are rather insensitive to V. This is due

to the existence of a nonzero overhead By, whose eflect i mnore inporiant as the delay
regirement is more eritical. To best compare the performanee of PLCSNA 1o that of the

ideal THNMA, we consider the ratio AY AL Phis ratio has the praperty of aolating the

elfeel of contention as opposed to that of U oand M, and theeefore allows us ta evaliate
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6. Voice Transmission in ’-CSMA Networks

the relative perlformance of P-CSMA when supporting voice. We plot in IFigures 45 and 46

Moo /AT versus Vo Tor W= 1 and 10 MBPS respectively. We note that the depradation

in performance due to contention is more significant as the delay requircment is more severe
i and/or as the ehannel bandwidth is darger. Both these trends are doe to the higher degree
' ol contention caused by a larger ratio tW/ B Tudeed, with simaller D, 13, i= bound (o he

| staller and therefore s W/ 8 0 dargers Finally in Fipure 17 we display the optimum packe

size 3, as o function of Vo for £, 0,02 and D, = 2, 20 and 200 msee.
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§7 Conclusions and Suggestions for Future Work

The need for priority Tunctions in Multiaceess Computer Comunication Networks

arises rom applications in which we have restrictions on the delay that packets ean ineur.,
Oue alternative is Lo have a dedicated chanonel supporting very low loads to insure small
delays; another alternative is Lo provide some priority mechanism by which packets thal

are time consteained can have priority over those which are not.,

One such seheme, ealled P-CSNEA was studied here using simalation, Three modes
of operation were evalunted, namely: nonprecmptive, semipreemptive and precinplive,
Generally, it was considered that the load placed on the channel by high priority packets was
small (87 = 0.0). [ was shown that priority Tunetions indecd reduee packet delay white not
reducing dreastically the channel capacity 1o nonprecmptive and semipreemptive diseiplines
while the preemptive diseipline offers excoliont delay cliaraeteristies at the expense of
reduced channel capaceity duc to thrashing on the chanmoll Bowas also shown that 17-OSNEA
ts not too sensitive To the collision detection feature offering similay podormance even il

this feature does not exist, makineg it naetut for radio covironments,

Prackel Toss for the hish priority classissnaller tenn that o nonprioritized sy stemes.
More importantly, the results obtained show that € loss docs not prow toward one as the
throughput approaches channel capacity. The addition of one extra baller in the system
does not alleet averape Cp-paekel delay greatly nor s varinnee o Bat the read advantage

is the reduction of packet Toss in the system for ot priority elasses,

The varianee of delay, o very important aspeet inoapplications with real time
constraints, was shown to be boundea and very stable for € -messapess preemption achieves

a substantiad reduction of varianee as the load inereases. This resalt fnaures simall delays

for (" -messages reoardless of Sy,

The performance of CSANIA-CD locad networks when supporting voice applications
was examined and compared o an adeal TN svstemns which provides the ultimate best
achievable performance. The results show that for o oiven delay contraint D, and a

given Tolerable toss rate Ly there b optinmm packet <ize B, which pravides amasimum




py=p7

7. Conclusions and Suggestions for 'uture Work

number of voice sources. As long as the delay requirciment is not too =evere [0 200 misees.)
and the channel bandwidth is not too Lirge (= 1 MBS then the performanee of P-OSNA
is compuarable to that of ideal TDNAL However i cither D s <ol (7 20 msees.) or Wois
Large (2 10 MBPS)), or both then IP-CSMA becomes inferior to the ideal eanse repardless of
the vocoder rate. This is basically due to the refatively stiall transmission tine of i packet
for which P-CSNA is known to have i@ poor perforninee. As o resulto we note thiat, when
the delay requirement is low, an inerense in chanoel bandwidith witho the expoetation Lo
increase the maximio number of volee sources is rewarded by smadler than o proportional

improvement.

Generally, priority Functions are seen to accomplish the Teatures they were de-
signed for, namely: oo redoction of paeket delay, varinoee aoad Joss for the hisk priority
class. At the same fime they offer an alternntive do applications where time constraints
foree us 1o have a dedieated ehannel to insure <madl delayss Flvine o dedicated channel
generally means o significant wiste of channel capacity. Priority Pinetions allow us to
recover some of the wasted capaceity without too much detritnent to the performanee of
high priority classes. The seheme was shown to he very robust, as very litte information is
neceded to perform the protocol. The separation of priority elasses provents the desradation
of the performace of high priority elasses as long as their load s hept helow the channel

capacity, independent of the load excereised by fower elasses,

Throughout the course ol this work a maxiimum off twa priorily classes were
considered. There is st work to be done in evaduating the performanee of P OSNA with
alarger number of classes and in the study of different mechanicne for priority nsscsstment,
With a Larger nuber of classes, the priority ascessment poriod of the protocol il play o

more signtlicant role in the averape packet delay.

To the aren of voice transmission there s alzo more work th o0 o0 b done, linding
models that incorporate silent periods, talkspurtaates Thea modet o on thea b applied

to the sinmdator on which (his work is based,

Another intere ting aspect eonld he the stady of wave o dvaanaeally enlimate
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7. Conclusions and Sugpestions for Future Work

the number ol users of a piven priority elass and adjust poaceordingly to reduce the fenpth

of the contention period and inerease the probability of asuceesstul fransmission.
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