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,&bstract

We moclel ¿1, clata acquisition system as a cyclic polling system with two priority

levels. Two types of service clisciplines are stucliecl, exhanstive ancl time limitecl, with

application to automatic metel reaciing. In the case of the exhaustive service clisci-

pline, stations are servecl exiraustively for botir pliorities, with higlt priolity rnessages

servecl first on a non-preemptive basis. Irr the case of the time limiiecl service clisci-

pline, each station is served for not more than rn o, bttt, not less lhan rrr¡r, with the

high priority messages served first.

Apploximate results are obtainecl for the high ancl low priolity rrrean ,,vait-

ing time for cyclic polling systems with the exhaustive ser.vice cliscipline, constant

srvitchover times, /V stations, general service times clistribntions, ancl inclepenclent

Poisson alrival for each pliority level. The performance of the exhanstive ser-vice

cliscipline is studiecl uncler clifferent service clistributions, traffi.c intensities, connect

time, ancl loacl combinations.

Also, the uppet' bouncl of the mean waiting time for symmetdc cyclic poiling

systems with tirne limitecl service cliscipline is obtained. The performance of the time

limited polling algorithm is stucliecl uncler clifferent arrival rates, r^¿, pãràrreter, r,nn,

parametel, mean service time, connect time, ancl numbel of stations.

The resuits are then applied to stucly the performance of a data acquisition system,

System 2020, under the exhaustive and the time limitecl service clisciplines.

Keywords: Polling Systems, Mean Wa'iting Ti,me, Non-preempti,ue Exhaustiue

Seruice Di,sci.pli,ne, T'inte Li,m,i,ted, Vacation Models, Sllstem 2020.
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lrutroduction

l-.l- General

A polling moclel is a system of multic¡reLles accessecl in cyclic ol lanclom olcler

by a single server. In a polling system the central controller (server') interrogates

each queue to find whether it has customels to serve. The aclclressecl clneue receives

selvices, and tire selveÌ then intelrogates the next queue. Polling schemes have beerr

usecl in the ¿r.rea of computer communication networks, clistributecl systerns, Local

Area Networhs (token ling, token bus), clata acquisition systems, patrolling rnachine

repair person, vehicle actuatecl tr-affic signal control (alternating clueues), ancl moving

customers on circular or back-ancl-forth routes (elevator-s). The wiclespreercl use of

poliing in any fielcl of engineering is because polling is a goocl way of ensuring fair

and gualanteecl ¿ìccess to the server. P¡evious worlis have focusecl on polling slrstems

with one priority at each station. However, in real life applications, more than one

priority at each station often exists. For example, in the area of clistributed system

where fault lecovery and/or routing traffic upclate neecl to be transmittecl rvith priority

over reguiar messages. Another application is in the area of clata acc¡risition system,

suclr as System 2020, ',vhere alarm messàges neeci to be transmittecl r,vith priority ovel

regular messages.



Figule 1.1: Systeni 2020

L"2 Systern 2O2O

System 2020 is a clata accluisition system clesignecl by IRIS Systems Inc. to

support automatic meter reading ancl distribution automation rvith application to

gas, water, ancl electric utilities. In addition to the communication links, the system

consists of Networlc Service Modules (NSIvIs), lst Levei Repeaters (RPT1s), 2ncl Level

Repeaters (RPT2s), anci a Central Server (CS). NSVIs are installed in the electric

meters to carry out the reacling. In the case of a po\Mer outage or a meter-cover

removal the NSIVI enters an alalm mocle. The NSìvIs transmit meter reaclings ancl

alalm messages to the RPT1s. The RPT2s poll the RPTIs for these messages, stote

them, ancl then forwarcl them after being pollecl to the CS. A schematic cliagr-am of

System 2020 is shown in Fig. 1.1. Our interest is in the last stage of the netrvoric i.e.



the RPT2s to CS poltion.

l-"3 Scope and tbjective

The objective of this thesis is to rnoclel the clat¿¿ acqLrisition System 2020 ¿rs ¿

polling system where each station has trvo queues: one for lolv priority rnessages ancl

one for high priority messages. Each station holds messages and waits for the server

to start transmission. Once the station seizes the servel it transmits messages in

accorcl¿rnce lvith the selvice cliscipline. The perfolmance of the polling system wiil be

stuciiecl using an approximate approach. The apploximation is basecl on the lesnlts

of the ùI/G11 queueing system with vacation (intervisit) peliocls ancl occupation

(service) periocls. Trvo moclels ale consiclerecl, an exhaustive service cliscipline ancl

a time limitecl service discipline. The propose<i models will approximate the rnean

waiting tirne of the exhaustive service cliscipline ancl the uppel bouncl of the me¿n

waiting time of the tirne limited ser-vice cliscipline. The effect of system parameters on

the network performance uncler the exhaustive ancl the time limitecl service discipiines

are stucliecl.

3,"4 Thesis Outline

Chapter 2 is a literature review of polling systems and the lvIlGlI queueing sys-

tem. Chapter 3 is a brief clescription of System 2020, its components, and the polling

algorithms for the exhaustive ancl the time limitecl selvice clisciplines. The analysis

ancl effect of systern palameters on the netwollc perfolmance for the exha,ustive service

discipline is presentecl in Chapter 4 and that of the time limitecl service discipline in



Chapier 5. In Chapter 6, a compalative stucly of the

application to lvlanitoba Hyclro is perfolnrecl. Chapter

suggests some work for the future.

trvo poliing aigorithms rvith

7 conclucles this thesis anci
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2"L lntroduction

Tliere is extensive literature in the are¿r. of polling systems. Work in this alea can

be ciassifiecl into two categories, exzrct analysis ancl approximate analysis. The exact

analysis is basecl on the moment genelating function zrncl Laplace Steiljtes tr¿r,nsform

(LST) of the busy peliocl ancl the numbel of messages present at a station at polling

instant. Tire apploximate a,nalysis is basecl on consiclering each station as a one nocle

single sel'ver queue with occupation ancl vacation periocls. In this chaptel we review

polling systems ancl the class of the A'IlG11 queueing system, which is frequently

usecl to obtain approximate results fol polling systems.

Fig. 2.1 shows a mLrlticlueue polling system. Each station holcls messages ancl

waits fol the serveÌ to st¿rt transmission. In genelal, thele is an ovelheacl time -R¿

associated with each station i ancl is equai to the time it takes the server to switch

from station i to station ¿ * 1. This overhead time is known as the walli time, connect

time, or-switchover time. The over-heacl time is usually modelecl as a random variable

,R¿ with mean 7'; ancl seconcl moment rf2).

The polling system shown in Fig. 2.1 consists of N stations (0 < iV < co) and n

priority levels. Hence, each station has n queues where the lowest priority is n ancl

the highest priority is 1. Arrival of custolners type j at station z (z :7,2,...1V;j :

7,2,...n) are inclepenclent Poisson processes with parameters À¡.;; service times (trans-



Figule 2.1: Nlultiple Priorities Polling System

mission times) are generally clistributecl ranclom variables ll,,¡ with mean h¿,y ancl sec-

ond mome nt hl2] . Thus, p¿,j : À¿,jh¿,j represents the utilization at station i for priority

j; p¿ : Ð¡ p;,¡ is tire station utilization, and p : Ð¿ p¿ is the system utilization. To

ensure stability, the system utilization p must be less than one.

Several service disciplines exist. The most fi'equently nsecl are the exhaustive,

gatecl, ancl limitecl.

Erhaustiue; For the exh¿rustive service policy, r,vhen station i is pollecl for service, the



service continues until the station is empty. Hence, all messages founcl in the stertion,

and those rvhich arlivecl cluling the service period, are tr¿rnsmittecl cluring the current

service periocl.

Gatetl: For the gatecl service policy, when a station is polleci for service only those

mess¿ìges plesent at the beginning of the service periocl ar-e transmittecl. Thus, cluling

a service per-iocl, the arriving messages are tr-ansmittecl cluring the next selvice periocl.

Li,mi.ted: For the limitecl service policy, the servel polls a station ancl transmits at

most Æ (0 < Å, < oo) messâges, given that at least one message is waiting.

The service titne, fol queue z, is the periocl beginning ,,vhen the selvel becornes

available fol queue 'i in cycle j ancl encling when the servel leaves queue e in cycle j.

The irrtervisii time, for qnene z, is the peliocl beginning when the selver' leaves

queue i in cycle 7 ancl encling when queue z, is pollecl in cycle J + 1.

The cycle time, for queue 'i, is the periocl beginning when queue z is pollecl in

cycle T ancl encling when queue z is polled in cycle j + 1. A schem¿tic cliz'r,glam of the

relation between the cycle tirne, intelvisit time, ancl selvice time is shorvn in Fig. 2.2.

Service time T

t2

Cycle time C

(t 
', 

tr)

Figule 2.2: Cycle, Service, ancl Intervisit time

2.2 Polling Systems

tr/ost of the wolk clone in the area of

case of single priority at each station with

polling s5rstems has been limitecl to the

cyclic or ranclom polling cliscipiine. Few

Intervisit time A
(t ., tr)



arithors have attemptecl to solve the multi-priorities polling systems. A typical single

priority polling system, as sholvn in Fig. 2.3, consists of N stations ancl ¿ single servet'.

The alrival at station ¿ is a Poisson process with parameter À¡ (note that the seconcl

subscript is clroppecl because each station has only one priority level); service times ale

albitrarily clistributecl r¿rnclom variables l/, with me¿ìr å¿ ancl seconcl moment /zl2).

Hence, the station utilization i, pu - ,\¿lz¿ ancl the system utilization i" p - L¿ p;.

Tlre overheacl time is moclelecl by a random variable R;. In general, the ranclom

variables Rt,Rz,...-R1y are assnmecl to be inclepenclent ranclom valiables with mean

?"; ancl seconcl moment ,?) ¿ - I,2,..., N.

^'t
r' 

¿ 
t'ü ^-l

Stations

\-----r'
Iñ-r

Communication links

Figure 2.3: Single Pliority Polling System

Polling systems are stucliecl in continuous and cliscrete time. A continuons time

polling moclel is a process in which transitions betr,veen states may taiie place at

any instant in time. A cliscrete time polling model is a process in which transitions



between states may take place only at cliscrete points in time. ln ihe case of clisclete

time moclels, time is slottecl lvith the slot size equai to the service of a cnstomer, ancl

all time nnits ¿r,re normalizecl to this sloi size.

2.2.L Continuous time models

Among the firsi attempts to solve multiclueue system is the wollç of Eisenberg [i].

He consiclerecl a continuous time polling system similar to Fig. 2.3 with exhaustive

service discipline. He obiainecl the (LST) of the intervisit time ancl the LST of the

waiting time at queue i. He consiclerecl embeclclecl Nlarhov chains at the instant of

service beginning, service completion, beginning of qneue visit, ancl the encl of queue

visit. His solution relies on the relationship between the probabiiities of the embeclcleci

lvlarlçov chains mentionecl above. For instance, the beginning of a clueue visit must

coincicle with ¿r, service beginning.

Talragi [2] consiclerecl a cyciic polling system as shorvn in Fig. 2.3 ri'ith infinite

buffers ancl exh¿ustive ol gatecl service ciisciplines. His solLrtion is basecl on clefining

the joint marginal generating function 4 of the numbel of messages at station z at

polling instants. He then relatecl F; to F¡¡1 anci obtainecl analytical expressions for

the first ancl seconcl moments of the queue length. For- symmetlic systems (arlival

tate, connect time and service time are independent of the station's number) a closecl

form solution was obtained for the first and seconcl moments of the queue length.

Fol asymmetric systems (arrival rate, connect time, and service time clepencl on the

station's number) the seconcl mornents of the queues' length are obtaineci by solving

numerically a set of O(lV3) ecluations. Takagi [2] obtained the LST of queue length

clistlibution by clefining legeneration points as the points when statiou one is pollecl

and ali the queues are empty. The LST of the waiting time clistribution .,vas obtaineci

from the relationship between the LST of the queue length and busy peliocl clistribu-



tions. Fol the limitecl service policy, Takzrgi [2] consiclerecl a symmetric cyclic polling

system. Follolving the sarne ploceclur-e as for the exhaustive ancl gatecl service clisci-

plines, he obtaineci the mean number of rnessages at station ¿' ¿ncl the mean waiting

time. Fol symmeilic cyclic polling systems (coniinuous tirne)

E (lV)l",n"t,s tiue 1 E (W)|s"t"a < E (lV)lu-irca

This rel¿tionship states that fol symmetric cyclic polling systems the exhaustive

service cliscipline has the least mean r,vaiting time.

Leung [3] analyzecl an asymmetric polling system r,vith a plobabilisticzrlly lirnitecl

service policy. In ihis selvice policy, the maximum numbel of custorners at a qì-leue

servecl clLrring ¿ì selvel' visit is cleterminecl by a ploba,biliiy. The quelre length clistli-

bution is obtainecl via the cliscrete Fonrier tr¿r,nsfornrs. From the mean queue length,

Leung [3] obtained the mean waiting time using Little's lar,v. Since the solution is

basecl on a numelical apploach, the memory anci CPLT time are exponential functions

of the number of queues. Hence, uncler' lr.eavy loacls only relatively small systems can

be solvecl.

I(uehn [4] consicterecl a cyclic polling system '\¡/ith batch Poisson arrivals. He

obtainecl the LST of the i,vaiting time clistlil¡ution using the embeclclecl Àdarhov ch¿r,in

approach.

ivlanfield [5] considered a polling system with two way data traffi.c. In this polling

system, priority is given to messages going from the central controller. (server) to the

stations. The system is analyzecl by consiclering (lV*1) stations, where /V stations are

cledicatecl to the incoming messages (messages going from the station to the server),

ancl the (iV+ t)st station is cieclicated for the oritgoing mess¿ìges (messages going fi'om

the server to the stations). The mean cieiay for the outgoing messages is exact ancl

for the incoming messages is an approximation.

l0



Gianini and lvlanfield [6] consiclerecl a polling system where e¿rch station in the

system has two priority levels. They considerecl the case of exhaustive ancl ga,tecl (at

the priolity level) service ciisciplines. In these service cliscipiines, a station is pollccl at

lo,,v priority level only if there are no high priolity messages anywhere in the system.

Their- methoci of solution is basecl on clefining a lorv priolity poll busy periocl, zr, high

priolity poll busy periocl, ancl ihe moment genelzr,ting function of the qrlerle length at

polling instants. They clerived the first and second moment of the queue length ancl

the waiting iinre for the high ancl lor,v pliority messages. Horvever, their numerical

results fol the nìe¿ìil. rvzriting tirne of the high plior-ity messages cio not seem to nr¿l,tclr

their equaiion.

Tsai ancl Rubin [7] obtainecl exact lesults for a polling system rvith trvo pliority

levels with exhanstive or limitecl service disciplines. Their system is clifferent fronl

that of Gianini ancl lvl¿r,nfielcl [6] since they consicleled the case rvhere each station has

a single buffer higli priority cluerie ancl an infinite buffer lor,v priority c¡rerle. A station

can seize the server at low priority only if all high priority buffels ar-e empty. During

a low prioriiy poll with exhaustive service policy, the server continues to transmit

messages until both queues are empty. Thus, in a low pliolity poll, all nlessàges

founcl in the clueue ancl those that arrive (high or lolv) cluring the selvice periocl a,r't:

transmittecl in the current cycle. If a station seizes the server at a high priority level,

then only the high priority message is transmittecl. For the limited service policy,

ch:ring a high (low) priolity poll the server transmits one high (Iow) priority rnessage.

Several attempts have been macle to approximate the performance of cyclic polling

systems. Pseucloconservation laws have been used by Boxma ancl NleisteL [8] to

approxinate the mean waiting time of non-exhaustive c¡iclic polling systems. Chang

ancl Sanclhu [9] useci the pseudoconservation laws to approximate the rnean i,vaiiing

time for limitecl service policy (the server will switch from ciueue ¿ to clLreue 'i * 1

11



if the clueue becomes enrpiy or kr messages are transrnittecl, whichever comes first).

Everitt [10] summalizecl the pseucloconserv¿tion l¿rws for-cyclic selvice sysiems rvith

exhaustive, gatecl, ¿rncl limitecl selvice clisciplines. He ¿r,lso clerivecl A new lesult for

the exh¿urstive linriteci selvice poiicy.

For as5,-nmetlic polling systerns with ¿rn exhaustive service policy, to get a,r'ouncl

the nnmelical complexity in solving a system of O(;V3) ecluations, Bux ¿rnd Truong [11]

considerecl the system as a lutlGll queue with occupation ancl vacation periocls. The

mean waiting time of a lullGll queue with vacation periocls clepencls on the rnean

anci valiarrce of the vacation peliocl. The me¿rn of ihe vacation periocl rvas obt¿¿inecl

from the mean of the cycle tirne ancl service periocl. The variance of the vacatiorr

peliocl r,vas obtainecl by using ¿r henristic extrapolation from the case of lV : 2.

2.2.2 Discrete time models

Taliagi [2] considerecl a cyclic polling system with infinite buffers ancl exhanstive,

gated, or limited service clisciplines. In the case of the exhatistive service policy, the

nunr.ber of messages at albitrary times ancl the waiting times were obtained using the

same techniclue as in the case of continuous time models. His results sholv that, fol

the same iotal utilization, the mean waiting time at station one, in the case ,,vhere

all utilization is concentratecl at station one, is smailer than the mean waiiing time

in the symmetric polling system.

For- the gatecl service policy, the number of messages and waiting time were

obtainecl using the same iechnique as in the case of continnous time models. Also,

Taliagi [2] provecl th¿r,t for the same total utilization, the mean waiting tirne ¿r,t station

one, in the case where ¿r,ll utilization is concentratecl at station orle, is ialger than the

mean waiting tirne in the symmetlic polling system.

For the limitecl service policy, only the symmetric limitecl (cliscrete tinre) moclcl
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is considelecl ancl il is shown that the conclition for stability is N,\(r¿ ¡h;) < 1. The

nurnbet- of messages ancl the rvaiting time wer-e obtainecl. As in the case of continuous

time, for symmetric cyclic polling systems the exhaustive se¡vice cliscipline has the

least mean wzr,iting time ancl the limited service policy has the largest mean waiting

time.

E (W)l",n"ustiue 1 E(W)ls"t"a < E(lV)lu^tt"a

Similar results for the exhaustive, gated, ol limitecl service clisciplines were

obt¿r,inecl by l(leinrolc ancl Levy [i2] for the case of lanclom polling systems using the

s¿me analysis as Taliagi [2]. For symmetric random polling systems the exhaustive

service cliscipline has the least mean waiting time ancl the limitecl selvice cliscipline

has the largest mean r,vaiting time.

E(lV)l",n"ustiue 1 E(lV)ls"t*L 1 E(W)ln tt"a

I(leinrocli ancl Levy [12] showed that for the same system parametels, cyciic

polling systems (uncler any service cliscipline) have a lower rnean waiting time than

ranclom polling systems.

2"3 Variation of M /G lI Model

Each station in a polling system can be represented by a single server queue with

vacation periocis and occnpation periods which corresponcl to the intervisit periocl

ancl tire service periocl in a polling system, respectively. ilIany authors have usecl the

lestrlts of the NIIGII queueing system to approximate the pelformance of polling

systems. In this section we revier,v the luIlGll queueing moclel.

Several authors have stucliecl the lvIlGlI queue with occupation ancl vacatiorr

periocls. Doshi [13] stucliecl the stochastic decompositionof th.e GIlGll queue with
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vacation periocls. Fuhrmann ancl Cooper' [14] shorvecl that the stationary number of

customer-s plesent in the systenr is clistr-ibutecl as the suur of two or mole ranclom

variables, one of which is the stzrtionzr,ry number of customers preserrt in the st¿nclalcl

Ì/tlGlL c¡reue. They showecl tha,t this propelty holcls for a general ciass of lvtlGlL

queueing sysiem such as the N-policy, in which the selver rvaits until N customeLs ¿r.re

rvaiting to start service, ancl the linriied service clueueing moclel, in rvhich the numbel

of customers servecl cluring an occupation periocl is limited to k. Doshi [15] stuclieci

the stochastic clecomposition of the lvllGlL queue with single ancl multiple vacation

periocls. He showecl that the results obt¿inecl by Frrhlmann ancl Coopel c¿l,n be provecl

by three arguments. 1) Embeclclecl ìvlarliov chain in wiricir transition occuls at selvice

completion or vac¿rtion termination. 2) Level crossing argurnents in rvhich the rate

at rvhich the functions of the pÌocess ciowncr-oss a level ¿ ) 0 shoulcl equa.l the r-¿r,te

at which it jumps from belor,v z to above r. 3) Sample path argnments in rvhich the

vacation periocl is treatecl as adclitional worh ancl that the worlç in the system seen

by an ar-rival is its rvaiting time fol the FIFO cliscipline.

Levy ancl Yechiali [16] consiclelecl a ÀIlGlI queue with single pliority r,vith sin-

gle ancl muitiple vacations. They usecl an embedcleci ìvlarliov chain r,vith tr-ansition

occurring at service completion or vacation telmination. They obtainecl the LST of

the queue length and the LST of the waiiing time for single ancl multiple vacations

models. Shanthikumar [17] studied the multiple priorities non-preemptive ìIlGll
queue i,vith single ancl multiple vacations moclels. He usecl the methocl of level cross-

ing to obtain the LST and the r,vaiting tirne for priority fr. Kella ancl Yechiali [18]

extencleci the r,vorl< of Shanthilcurnat [17] to the c¿lse of a multiple priorities pleemptive

ìI I G l1 qrreue with single ancl multiple v¿rcations moclels.

For a I/ilGll clueue with linear holding cost ¿r,nci fixecl chalge for- activating the

server, Heyman [19] shor,vecl that the optimal lV policy (the server vacation terminates
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when thele are lV customers in the queue) is bettel' than the opiimzr,l T policy (the

ser-vel will take a vacation of length T).

Leung ancl Eisenberg [20] ancl [2i] stucliecl tire gatecl ancl non-gatecl tirne linritecl

^I 
lG ll queue. For- each moclel they cierivecl a functional ec¡ration which ch¿r,racterizes

the arnonnt of 
"vork 

at polling instant. These equa,tions wele thcn solvecl usirig a

numerical techniclue basecl on Laguerre functions. Using the stochastic clecomposition

and because Poisson arrival see time average (PASTA), the average waiting time is

lelatecl to the amount of worlc founcl by an arlival.

Lee lZZl analyzecl the lvI l G ll quene i,vith vacatiorr ¿ncl finite capacity querle using

embeclclecl N,iarliov chain. His results w'ele used to stucly the perfolmarrce of a cyciic

polling systenr with an exhaustive service policy, r,vÌrele e¿rch station has a finite

capaciiy. He also consiclerecl a ltllGll queue with finite capacity ancl exhanstive

limitecl service cliscipline. For this service policy, the server ivill talce ¿r vacation of

ranclom length if the queue is empty or fuI customers are ser-vecl. The LST of the

busy periocl ¿ncl cycle time r,vere obtainecl using an embecldecl lvlaliçov chain. The

waiting time clistlibntion, blocking probability, ancl clueue length wele obtainecl by

the methocl of supplenrentaly valiables ancl sarnple biasing technic¡res.

Lee ancl Sengupta [23] consiclerecl a polling system r,vith limitecl service ancl reser-

vation. For this service policy, each station mahes a reservation for the number of

services required for cycle j + 1 after receiving service in cycle j. However, the mini-

mum numbel of services must be at least one ancl at most M. Their solution is basecl

on the concept of a single queue with occupation ancl vacation peliocls. Their iterative

procecìure assumes that the vacation periocl of clueue 1 in iteration (,t+1)is given by

the snn of the follorving two terms: Ðj.I, SÍ'') with probabitity (1 - P), r,vhele SÍ'') it

the service periocl for clueue ¿ in iteration Æ, SiÍ/"') are inclepenclently iclerrtically lanclom

variables (surn of inclepenclent service periocls), ancl (lV - 1)S(I') with plobabitity P,

15



where ,9(ß) is a genelic service peliocl (sum of clependent service periocls). The results

obtainecl consist of the quelle length anci sojourn-time distributions.
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CFd,qPg.ÐR, 3

RPTZ-CS Networl<

3"n- Systern ?OZt

The rnain components of System 2020 are Network Selvice lvloclLrles (NSNIs), ist

Level Repeerters (RPTls), 2ncl Level Repeatels (RPT2s), a Ceniral Selver (CS), ancl

communication links.

Automa,tic meter reacling is carriecl out by the NSVIs which can be installecl in

the electric metels. Nlessages, which can lange from meter- reacling to alarrns, ale

transmittecl at random intervals by the NSlvfs, thlough the RPTIs to the RPT2s.

lVhen a RPT2 r'eceives a message, it stores it, ancl waits to be pollecl by the CS.

fuIanitoba Hyclro ancl IRIS Systems Inc. have cliviclecl th.e messages into five

priority levels, PL 1 through PL 5, with PL 1 being the highest pliolity:

(a) Load Survey ìvlocle (PL 5): Loacl survey messages ar-e transmittecl at ranclom

intervals.

(b) Normal N4ocle (PL a): il4eter readings are genelatecl by NSNds ancl are trans-

mitted at ranclom intervals.

(c) Status Nlessages (PL 3): These messages are tlansmittecl clirectiy to the RPT2s.

(cl) Test À4essages (PL 2): These are test messages anci are generatecl oniy upon

installation of the network.
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Figure 3.1: RPT2-CS Netwolli À¿Iodel

(e) Alalm Xzlocle (PL 1): Nlessages that coulcl lesult from, among other things,

meter cover removals oÌ power outages.

3"2 RFT2-CS N4odel

The RPT2s-CS network r,vill generally consist of N (1 < N < oo) stations ancl

one server. Each station will represent a RPT2 with five priority queues, one for

each priority level. In this thesis we focus on trvo pliorities only, priority level four

ancl priority level five. Fig. 3.1 shorvs the RPT2s-CS networlc rvith the CS polling

the RPT2s in a cyclic orcler, accorcling to the polling aigorithm, for PL 5 ancl PL 4

messages.
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Two clifferent types of polling discipiines will be considereci: Time limitecl selvice

cliscipline ancl exh¿ustive service discipline. Several hey parametet's of the RPT2s-CS

netlvorlc will now be expiainecl, inclucling the two poliing algorithms.

3.2.L RPT2 switchover time

For the RPT2s-CS netrvor'h lve assrime lhat the connect time between tlvo consecutive

RPT2s is cleterministic ¿r,ncl denotecl by ,R. lVe also assume that the connect time

clistribLrtion between (i,i + 1) ancl (? + i,'¿ + 2) is the same. These assr.tmptions

are basecl on the fact that lvlanitob¿r, Hyclro intencls to use telecommrurication linlts

betrveen the CS ancl RPT2s, rvhich yielci a connect time betlveen trvo stations of

apploximaieiy 20 seconcls. Aiso, it is assrimecl that ìvl¿rnitoba Hych'o uses the s¿r,rne

kincl of moclems throughout the netlvorlc.

3.2.2 Message arrival process

fuIesszr,ges alriving at each RPT2 are eithel of priolity level PL 5 (low prioiity) or PL

a (high prior-ity). Since the statistical clistributions of the arrival plocesses of PL 5

ancl PL 4 messages are not avaiìable, \Me assume that the arrivals of PL 5 ancl PL 4

follorv a Poisson clistlibution (this assumption will ease the mathematical deriv¿¡tion

of the waiting time distribution) ancl have arrival rates of À5 ancl Àa, respectively.

3.2.3 CS service rate

In genelal, the service time clepencls on the message length. Hor,veveL, accorcling to

Iris Systems Inc., for the RiTP2s-CS polling system the message length is constant.

Therefore, the CS will transmit messages with a cleterministic service times clistribu-

tion ancl we denote the transmission time ranclom variable by H.
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New Station

Figure 3.2: Polling Algolithm: Exhaustive Service Discipline

3.2.4 RFT2 buffers

In real life the buffer-size is finite. However, fol the RPT2s-CS netwollç each pliority

queue h¿ls a large capacity. Therefore, for e¿rse of analysis the buffer size is assumed

to be infinite, ancl arriving messages cannot b¿lli or switch to anothel RPT2.

3.2.5 CS polling disciplines

(a) Exiraustive Service Discipline: The CS will poll the RPT2s sec¡rentially a,ncl

service will continue at the polled station until all messages of both priority

levels are transmittecl. Fig. 3.2 is the algorithm for this polling cliscipline.

Service continues until all enqueuecl messages of both priority levels have been

transmittecl. The length of an occupation periocl, l, is the time it takes to

transmit all enqueuecl messages of both priority levels.

(b) Time Limitecl Selvice Discipiine: The algolithm fol the tirne iimitecl polling

cliscipline is shown in Fig. 3.3 ancl is ciesclibecl as follows:
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Busy Period > t*

Figure 3.3: Polling Algorithm: Time Limited Service Discipline
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RPT2s are pollecl secluentially by the

senci a high pliolity message, a lolv

tr¿nsmit.

CS. E¿rch time a station is pollecl it may

priority m.essage) ol have no message to

During a poll, the servel tencls to a clueue until one of the follorving two concli-

tions is violatecl:

The station occupation periocl4 ( z stzr.ncls for the RPT2 number) reaches

its maximum length r*o,, whích is the time set fol one service periocl. In

this case the CS will swiich to the next RPT2 ¿rncl the lemaining rness¿ìges

r,vill be transmittecl cluring a subsequent cycle.

Boih ihe PL 4 ancl PL 5 cpreues are empty, ancl the occnpation peliocl has

exceeclecl the minimum occupation peliocl lequirecl, r-;,.

The exhaustive ancl time limited polling clisciplines are chosen because the connect

time is relatively high comparecl to the rnean selvice time (an initial estimate of the

mean service time is IfI2 sec. ancl that of the connect time is 20 sec.). Also, it

is slrown in Section 2.2.I that the exhaustive service cliscipline gives the least mearì

waiting time for symmetric polling systems. The time limitecl service cliscipline is

chosen to give lvlanitoba Hyclro the opiion of synchronizing the polling time.

1.

2.
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Cä{,EPT'ÐR, 4

Ðxkraustíve Service Ðiscípline

4"L lntroduction

in this chapter the polling algorithm of the exhaustive selvice cliscipline shown in

Fig. 3.2 is analyzecl using an appr-oximate apploach. Each station is consiclei-ecl to be

a luIlGlI queue with two pliolities, ân occup<r,tion or service periocl, and a v¿rc¿rtion

periocl, which is lcnor,vn as the intervisit periocl in polling systems telminology. After

the mean waiting tirne analysis, several exarnples ar-e consiclered in olcler to stucly

the effect of high priority alrival rate, lor,v priority alrival rate, nnmbel of stations,

connect tirne, mean service time, selvice time clistribution, high priority pelcentage,

ancl asymmetric system on the mean waiting time of high ancl low priority messages.

4"2 VÍean \Maiting Time Analysis

The polling system shown in Fig. 3.1 consists of lV (0 < ;V < oo) stations. Each

station in the system has two priority levels, a high priority level ancl a low priority

level. Becanse only two priorities are consiclerecl, the high priority is labeiecl priority

1 ancl the low pliority is labelecl priority 2. The arr-ivals ai station z, priority j (i :

!,2,...,N;i :1,2) are inclepenclent Poisson processes with palameters À¿.¡, let À¿:

,\;,1 * À¿,2. Tlie mess¿ìge transmission times (service times) are arbitrarily rlistlibutecl
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ranclom variables -F1;.; with mean h¡,¡ and,seconcl moment n5?ì t¿: I,2,...1V;.¡ : I,2).

Consiclel an arbitrar-y message ai nocle i,Iet H; be the weighted service times of this

message at station i for i : I,2,...N, H¡ is given by

u': *'',' + \u','
Let the trtiiization at station i:7,2,...,N for- priority j :1,2be p¡,¡: Àt,ih,,i.

The station total utilization p¿ = p¿,t t p¿,2, i : 7,2,...N.

The system total utilizzr,tion p : Ð; p¿

The first monrent (h;) ancl the seconcl moment (nÍ')) of the selvice times of this

message are

(4 1)

(4.2)

(4.3)

ancl

n, - Sn,,, + S/,,,, ,

hlÐ :rþl,nÍ11 * (*1,¡,Í') +z\$h;,th¿,2 ,

respectively.

This aggregation procedure is ltey to our approximation because then lve are able

to use liella ancl Yechiali's [18] results for the vac¿tion model.

Let r¿ be ihe overhead time associatecl with station i. The overheacl time.is the

time tal<en by the server to clisconnect from station i ancl connect to station t + 1.

Let Ê be the sum of all overhead times Ã = I; r¿.

The service cliscipline at each station is non-preemptive exhaustive. lVhen a

station is polled, the server wiil continue to transmit until both queues become empty.

Thns, all customers of both priority levels founcl in the station at polling instant, ancl

those which arrivecl cluring the service periocl, ale transmitted cluring the current

station visit. Lei -4¿, the time interval from tlte server's depalture from station z untii

it returns to the same station e', denote the vacation periocl or the intelvisit time for
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station z. This leacls to the mean waiting iime for the high

i (see l(ella ancl Yechiali [18] or Shanthikumar [17]).

À,ñÍ')+(1 -,)+w
À,ål') + (1- p)+

ancl low priority in st¿tion

W¿,¡-

W;p - 2(I-p;,t)(l-p;)
The only unlcnowns in equations Eq. 4 and Eq. 5 of the meâ.n waiting times are the

first ancl second moment of the vacation peliocl for- station i. If i,ve assume that the

arrival rate for station z' is ,\; ancl the service time clistribriiion is I/¿ with mean h¿ zìncl

seconcl moment h!2), then the fir'st moment ancl the variance of the vacation perioci

are given in Bux ¿r.nd Tnrong [11] as

(4.4)

(4.5)

(4.6)

(4 7)

A¿:

R¡¿
uar(A¿) : ;+ t\r - P)" u=,

1 _ ^.t IrL r>

-rL

I- p

,lon[.'Z)1r - po)' r ),¿trl2) p2u

r-p,-Pnr2p¿pt
k+i

The seconcl moment of the vacation period can be obtainecl by

A\'):uar(A¡)+Al (4 8)

For d:1,2,...,JV.

4"3 Effect of Systern Farameters on the l\dean Waiting T'irne

In this section, we present some numerical exampies for the exhaustive service

cliscipline. The accuracy of this apploximation is discrissecl in a paper by Frigui,

Stone ancl Alfa [24].
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4.3.1 Effect of high priority arrival rate

This section cliscusses the effect of changirrg the arrival rate of the high pliolity

messages, for a symmetlic cyclic polling system with a cleterministic sei-vice times

clistribution having a me¿ìn of ten units of time for both priority levels, a connect

time of one unit of time, an arrival rate fol the lolv priolity messages Àz : 0.003

messages pel unit of time, and ten stations.

Fig. 4.1 shows that as the arrival rate of the high pliority messages increases,

the mean waiting tirnes of the lolv ancl high priolity messages increase exponentially.

This is because as the arlival rate of the high priority ûressages increases the vacation

peliod incr-eases, hence the increase in the mean waiting times. Also, note that the

clifference between the mean waiting times of the lor,v ancl high pliority nressages

increases as the alrival late of the high pliority messages increases. This is bec¿r.nse

as mole high priolity messages arrive to the system, the servel spencls mole time

serving these messages ancl hence the increase in the cliffelence betr,veen the mean

waiting times of the lor,v ancl high priolity messages. However, the relative clifference,

Rel. Ditr. : W#, is not affectecl by the change of the arrir,'al rate of ihe high

priority messages (Tzr,ble 4.1).

4.3.2 Effect of low priority arrival rate

This section discusses the effect of changing the arrival rate of the low priority

messages, fol a symmetric cyclic polling system with a cletel'ministic service times

ciistribution having a mean of ten units of time for both priority levels, a connect

time of one unit of time, an arrival rate for the high priority Àr : 0.003 ntessages per

unit of time, ancl ten st¿r,tions.

Fig. 4.2 shows that as the alrival rate of the lolv priority messages increases, the
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mean waiting times of the low ancl high priority messages increase exponentially. This

is because as the arlival rate of the lorv priolity increases, the v¿cation ¡rer-iocl increases

ancl hence the increase in the mean waiting times. Noie that in this case (Tabie 4.2),

the clifference between the mean rvaiting times of the lorv ancl high priolity messages

increases faster th¿rn that of the plevious case (Table A.1). This is bec¿rtise as more

low priority mess¿ìges arrive at each station, the va.cation periocl increases. This le¿-r,cls

to an inclease of the number of both the high ancl lolv priority messages, but the

increase of the low priority messages is fastel than that of the high priority messages.

Thelefole, the incre¿rse in the nr.ean waiting tirne of the high priolity messages is

smallel than that of the lolv priority. Hence, the inclease in the relative cliffelence

between the mean waiting times.

4.3.3 Effect of number of stations

Fig. 4.3 is for a symmetric cyclic polling system with a cleterministic selvice times

clistribution having a mean of ten units of time for both priolity levels, ¿n arrival

rate for the low priority Àz : 0.002 messages pel unit of time, an arrival late for

the high priority ,\1 - g.g¡91 messages per unit of time, ancl a connect time of one

unit of time. Fig. 4.3 shows that as the systen utilization incleases from incleasing

the number of stations the mean waiting times of ihe low ancl high pliority messages

increase exponentially. However, the relative difference stays constant as the number

of stations increases. This fact can be velifi.ed fi-om ecluations Eq. 4.4 ancl Eq. 4.5.

4"3.4 Effect of connect time

For a symmetric cyclic polling system with a cleterministic service times ciistribution

having a mean of ten units for both priority levels, an arrival rate for the high pliority

Àr : 0.0001 messages per unit of time, an arlival rate fol the low priority Àz = 0.002
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messages per unit of time, ancl ten stations. Table 4.4 shows that as the connect

time increases the mean rvaiting times of the low ancl high pliolity messages increase.

Fig. 4.4 sltorvs th¿r,t for both tlie lorv ancl high priority messages, the mean waiting

time is a linear function of the conneci time.

As the connect time increases, thele is an increase in the number of messages

alriving at each station. Because the high priority messages are selvecl filst, theil

mean lvaiting time incleases less than that of the low priority messages. Hence, the

increase in the clifference between the mean rvaiiing times of the low ancl high priority

messages) ¿rs shown in Table 4.4. Ho,,vever', the rel¿r,tive cliÍÌèrence between the mean

waiting time of the high ancl low priority messages is not affectecl by the change in

the connect time.

4.3.5 Effect of mean service time

This section cliscrtsses the effect of changing the mear. service time (both priorities

have the same mean ser-vice time) fot' a symmetric cyclic polling system i,vith a connect

time of one unit of time, an arrival rate for the low priority Àz : 0.002 messages per*

unit of titne, an arlival r¿rte for the high priority Àr : 0.0001 messages per unit of

time, ancl ten stations.

Fig. 4.5 shows that as the mean ser-vice time increases, system utilization

approaches one, the mean waiting times of the low anci high priority messages increase

exponentially. This is an expectecl behaviol of many clueueing systems, since it is weil

lçnolvn that as the mean service time increases, the system utilization approaches one

which is the satur-ation point.
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4.3.6 Effect of service times distribution

This section cliscusses the effect of the service times clistlibution for* a symmetr.ic

poliing system having a mean of ten uniis of time for both plioriiy levels, a connect

time of one unit of time, 10% high priolitv messages, 90% lorv priority messages, ancl

five st¿r,tious. T¿r.ble 4.6 sholvs the effect of the service tirnes clisilibution on the mean

waiiing tirnes for clifferent utilizations. For any utiiization the cleterministic service

times clistribution yields the smallest mean waiting times. The difference can be

attributecl to the fact that the valiance of the cleterministic service times clistlibution

is zero.

4.3.7 Effect of high priority percentage

This section cliscusses the effect of the high priolity messages percentage fol a sym-

metr-ic system witli the same cletelministic service tirnes distribution having à mean

of ten units of tinre for both priority levels, a connect time of one unit of time, a traffic

intensity p:0.5, ancl five stations. It can be seen from Table 4.7 that the 
"veightecl

mean waiting time is constant. Note that as the percentage of the high priority mes-

sages increases the mean waiting time of the iow prior-ity messages converges towarcl

the mean waiting time of the high pliolity messages.

4.3.8 Asymmetric polling system

This set of clata is for an asymmetric cyclic polling system with the same cleterministic

service times clistribution having a mean of ten units of time for both priority levels,

a connect time of one unit of time, five stations in the netlvork where station one

trtilization h : 0.3, anci stations trvo thr-ough five uiilization is p¿ :0.1 (¿ : 2,3,4,5),

10% high priority messâ,ges, ancl 90% low priority messâ,ges. Table 4.8 shor,vs th¿t

,.1J'*



the station with the heaviest traffic has the least mean waiting tirne. This can be

explainecl by the fact that messages ai-riving to station one h¿rve a bettel chance of

finding the ser-ver available. lVhen lve reverse the case (i.e. station one is lighily

loacled ancl" stations 2,3,4,5 are heavily loacled, T¿r,ble 4.9), we confirm oul reasoning

ancl see that nressages arriving at station one expelience the longest mean rvaiting

time.
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CE{APg'Ðffi, 5

T'irne l,irnited Ðiscïptrine

5.1- lntroduction

In this cha,pter the polling algorithm of the time lirnitecl service cliscipline shorvn

in Fig. 3.3 is stucliecl. In this polling algorithm each time a station is pollecl, the

server will serve the c¡rene for zr. peliocl of noi less than r*;, ãlrd not greater than

r^o,. Tlte analysis yielcls an uppel bouncl fol the me¿ìn r,vaiting tirne. Each st¿rtion

is consiclelecl to be a luIlG/1 cpreue with an exhaustive limitecl selvice policy, an

occripation ol service peliocl, ancl a vacation periocl which is knoq'n as the intervisit

periocl in polling systems terminology. Aftel the mean waiting time analysis, sevelzrl

examples are consiclerecl in olclel to stucly the effect of message arrival rate, parametel

T^¡n, pã"ràmeter rmax:j mean service time, connect time, ancl nutnber of stations on

the upper bouncl of the rnean lvaiting tirne.

5"2 Ðelay.A.nalysis

Let C clenote the cycle time which is the time betlveen subsec¡rent visits to a

qtleue, 7 the service periocl rvhich is the tilne the server spencls to serve a clneue, aucl

A the intelvisit peliocl lvhich is the time from the server's clepaltule frorn a c¡rcrì.re

until it retulns to the s¿rne cltteue.
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The stability conclition for cyclic multicluer"re systems with time limitecl service

policy is given as p = Ðj.1, åÀu ( 1 ancl 
^ihc 

< 7 for' ¿ : 1 ,2, ...N , where p is the

system utilization, /z is the mean service time, À; is the arrival r¿te for station l, ancl

N is the number of stations. This inec¡rality states that the tot¿l selvice time of

customels that allive cluring one cycle must be less tlt¿rn one service pelioci (À;C' is

the avelage nurnbel of customers that alrive cluling one cycie to queue z). Hence,

for this queueing system to be stable, the total service time of cnstomer alriving

during one cycle must be less ihan r-o,. The stability conclitions for ihe time limitecl

service cliscipline are given by p < 1 ancl À;hC < r,no,. The fir'st conclition, p < I,

ensrrres that the whole queueing system is stable. The seconcl conclition, À¡lrC < T,,,,,,,

for all 'i, ensures that each incliviclual quer.re is stable. To use the servel effectively

tlre time spent at each c¡reue mnst be greater than r-;,r, thelefole rrnin 1 ),¿lzC fot

i : 7,2,...N. These two conclitions yielcl a, maximum arrival rate À¿,r,,,r, above rvhich

the poìling system becomes unstable, ancl a minimnrn at'r'ival I'ate À¿,,,,;n, belorv wirich

some allocated resources are wasteci. If the number of customers that arrive at clueue

z' during each cycle is larger than the number of customers that can be serviced cluring

T,,o,, ã queue builclup will result. This is because at each cycle some messages ar-e

not tr¿r,nsmittecl, therefore the queue will glow bouncllessly . Wiren the numbel of

customers that arrive at queue i during one cycle is less than the number that can be

servicecl cluring r^;n, the server will stay idle while some other messages at another

queue are waiting fol tlansmission. This is an unacceptable situation and thelefore

\i,,ni, must be smaller than the arrival rate.

For a symmetlic polling system with iV stations the cycle time is given by:

C_NT+R (Ð.1)

where R - Nr ancl r is the connect time betlveen two st¿l,tions. Using the stzrbility

,=J¡



Ài,"'o'' - 
T''"' 

'- 
h(R t Nr^n,)

Using the st¿rbilityconclition À;âC ) rn¿in ancl 8q.5.1 À;,u,;,, is given by:

conclition )¡hC <rmat ald Ec1. 5.1 \,,*n, is given by:

C:T + A.

From equations Ec1. 5.1 arrcl Ec1. 5.6, T is obtainecl as:

7-p ((N-t¡,',r'(2) \
vv < r-:p-î1k tæ; + 2r +I'I'o)' (5'+)

where I,l/¡ is the average waiting time fol the stanclarcl ArIlGlT clueue given by:

s.¡Q)I,I,;:;;---;rlz.
¿\r - p)

(5 2)

(5 5)

,\i,min -
Tn¿in

(5 3)
h(A + Nr,,;,)

In orcler to cletermine the uppeÌ bound of the waiting iime of messâ,ges in a given

clueue, it is convenient to considel each quene as a ltI I G l1 queue with server vacatiotr

times ancl an exhaustive limitecl selvice policy. In this service policy, during a clueue

visit the seÌver will tr¿¡,nsmit messages untii either the clueue is empty ot' fr messages

are transmittecl. The upper bouncl for the mean rver,iting timeW of a symmetlic cyclic

polling system with an exhaustive limitecl selvice policy is given in Fnhrmann [25] as

Therefore, the upper bouncl of the waiting time for each station can be knolvn if

the maximum expectecl nnmbel of messages, k, served cluring one service period can

be founcl. The number of messages transmittecl can be obtainecl frorn the length of

the service periocl. We lçnow that the following relation betrveen the cycle tíme C,

the service periocl T, ancl the vacation periocl A holcls
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r11 _I- N-1
The naximum expectecl nnmbel of messages selvicecl clrrring one queue visit is given

by Æ : Tf lt,. Hence lb is given by

A_ R

t..- A-R
'-å(,ri-Ð'

The only unlçnown in Ec1. 5.8 is the vacation periocl A.

To cletermine the length of the vacation periocl A rve clefirre A.,,,,,, ¿rs the

vacation peliod. This maximum vacation periocl is obtainecl if, at a given

server spends exactiy 1-o, nnits of time at each queue. Therefore,

(5 7)

An,o*: r^nr(N - 1) + Ã. (5.e)

Also, we clefine A¡,1¿n â,s the minimum vaca.tion periocl. The minimum vacation

periocl is ol¡taineci if, ai a given cycle, the servel spencls exactly lmi?¿ nnits of time at

each queue. Therefore,

A*¿n: r*;n(N - 1) + Ã. (5.10)

The vacabion perioci can l¡e obtainecl by a lineal combination of the m¿rximnm

vacation period, An o, ancl the minimum vacation periocl, A*irr, subject to the

followingtwo conclitions: If the arrival rate is equal to À¿,*¿n then the vacation period

is eqnzr,l to A*¿n. On the other' hand, if the arrival rate is equal to À;,,,,n, then the

vacation periocl is equal to A^n,. The following equation satisfies the above tlvo

conclitions:

(5.8)

m¿ìxltnunt

cycle, the

A*o, * o' (
P;.nrzn \
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Note that this ecluation satisfies the condition th¿t the vacation periocl A must

clepenci on the tot¿rl connect time. Now thaL all the vari¿rbles ¿rle lçnown) one can use

Ec1. 5.4 to obt¿r,in the uppel bouncl of the nle¿ìn waiting time.

5.3 Effect of Systern Fararrxeters on the Mean Waiting Time

In this section, \Me present some numerical results fol the time limitecl service

policy. The accur-acy of this approximation procedure is cliscussecl in a paper by

Frigui, Stone ancl Alfa [24]. Because on]y the uppel bouncl of the mean waiting time

is obtainecl, the ratio of the high prior-ity to the low priolity messages is noI important

in this section.

5.3.1 Effect of messages arrival rate

The first set of clzr,ta, Table 8.1, is for-a syntmetric polling systen r,vith cleterministic

service times distribution having a mean of one unit of time, a connect time of one

unit of time, 10 stations ¡ Tmin - 0.5 units of time, ancl Tma, :45 units of time. As

expectecl, Fig. 5.1 shows that as the arrival rate increases the uppeÌ bottncl of the mean

waiting time increases exponentially. Note that the system may beconte unstabie

before the utilization reaches one. This depencls on whether p < I or ,\¿hC 1 r^o,

controls the stability of the polling system.

á.3.2 Effect of T*¿,, parameter

This section cliscusses the effect of changin B r,,i,, on the mean u'aiting timt:. Tabl e B .2

is for a polling system rvith cleterministic service times having a rtean of one unit of

time, a connect time of one unit of time, 50 stations, a utilization of 60Ù/0, ancl n o,
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eclual to ten units of time. Note that for very small T^¡,, the system behaves ahnost

lilie ¿r, l<-limiied exhaustive service policy. HoweveL, âß T*;,, incr-eases the selvel is

mole likely to star,y iclle fol a longer peliocl at er, clueue. Because this icllen time is not

acconntecl for in orlr apploximation, âs r,¡¿j¿ becomes large (a large r,r,;,, is clefineci

suclr that Ài,,,,i,,I.t ;' À;), our ¿ìpproxim¿rte apploach rvill unclerestim¿rte the mean

wer,iiing tirne.

5.3.3 Effect of T,,o, parameter

T¿¡ble 8.3 is fol a symmetlic polling systern with cletelnrinistic service tirne hzrving

a mean of one unit of time, a connect time of one unit of time, 60Ù/o utllization, 50

stzrtions, a.rcl Tn,¿n: 0.5 units of time. In this exarmple r,r,'e test the effect of 1-.,, olt

the apploximation r-esults. Fol small T*n, (À¡^n < 1.2Àr) the approximate methocl

gives a goocl result for the low priolity level but it fails to approxim¿r,te the high

priority mean waiting tiure (see Frigui, Stone, ancl Alf¿r. [24] for er, comparison l"retr,veen

the simulation ancl the approximate approach). This is bec¿r,use our solntion is baseci

on the total average nurnbel of messages selvecl rather than the incliviclual average

number of messages servecl in e¿r,ch cycle. Hor,vever, as expectecl as 1-.,, incleases

the time limitecl service policy behaves more lilçe an exhaustive h-limitecl selvice

policy. Note that to obtain a good apploximation one shoulcl pick r^o, such that

À0,*o, > 1.5Ài.

5.3.4 Effect of mean service time

This section cliscnsses the eft'ect of changing the mean seLvice iime (cleter-ministic

clistlibution) while lieeping rtnin = 0.5 units of tine, Tnto, : 45 ¡nits of time, ten

stations, connect time is 5 units of time, ancl an alrival rate of 0.05 messages per

station per unit of time. Fig. 5.a shows that as the mean sen'ice time increases, the
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upper bouncl of the mean waiting time increâses exponentially. Becanse r,.o, is the

upper bouncl for the time the server can spencl at a station in a given cycle, the qneue

length ,,vill grow bouncllessly as the number of messages in neecl of service becomes

larger th¿rn À' given by ecluation 5.8.

5.3.5 Effect of connect time

For a symmetlic polling system with ten stations, Tmin :0.5 units of time, T*n, : 45

units of time, a deterministic service time having a mean of one unit of time, ancl

an arrival rate of 0.05 messages per st¿tion pel unit of time, we valy the connect

time betr,veen 4 ancl 25 units of time. Fig. 5.5 shows ihe iine¿r,r relationship between

the upper bouncl of the me¿ìn waiting tine ancl the connect time. This is clue to the

linear reiationsirip between the vacation peliod ancl the connect time (ec¡rations 5.9

ancl 5.10).

5.3.6 Effect of number of stations

The iast set of data, Table 8.6, is for a symmetric polling system with cleterministic

service iimes having a mean of one unit of time, a connect time of five units of time,

Tmin:0.5unitsof time, Tmar:4Sunitsof time,anclanarrivailateof 0.05messages

per station per unit of time. Fig. 5.6 shows that as the number of messages increases,

the upper bouncl of the mean waiting time increases exponentially. Note that for a

given rm.r1 as the number of stations increases the maximum allowable arrival rate

clecreases (see ec¡ration 5.2).
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CF{,&PTEffi, 6

Application of Polling -&Ïgoríthvms to the

RPT'Zs-CS Network

6.1- Introduction

This chapter is inienclecl to cliscnss the performance of the RPT2s-CS networ'li

uncler the exhaustive a,ncl tirne iimitecl selvice clisciplines. The analyses ¿r,le basecl on

fuIaniioba Hyclro irnplernentation of the clata acquisition System 2020 fol the City of

Winnipeg. The alrival rate per RPT2, nìean selvice time, connect time, percentage

of high pliority messages, ancl nurnber of stations al'e basecl on the clata proviclecl

either by N4anitoba Hyclro or h'is Systems Inc..

6,2 Systern Farameters

As cliscussecl in Chapter 3, since lvlanitoba Hyclro intencls to use a teiecommuni-

cation basecl system, the connect time is approximately 20 seconds. This will take

into account the clisconnect/cliai/reconnect process from one RPT2 to the next in the

cycle. The numbei' of RPT2s recluirecl to cover the city of lVinnipeg is apploximately

25. This is basecl on the assumption th¿t each RPT2 h¿rs an effective coverage are¿ì

of 4 scluare miles (clensely populatecl ar-eas may require more than one RPT2 per' 4

sciuare miles).
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Nlessages priority, type, and frecprency of transmission by ¿n NSlvl elr-e given in

Table 6.1. However, in this study the main concern is priority levels 4 ancl 5.

Table 6.1: System 2020 Nlessage Types.

Prioritv Typ" Frec¡tency Distribution

(% of metels)

PL5

PL4

PL3

PL2

PL1

Loacl Survey

Reacling

St¿tus

Test

Alalnr

48f clay f neter

3/clay/meter

1/clay/meter'

Uporr Installation

Outzrges/Tzr,mpers

0.ït/o

700ù/o

I0jc/o

L00ù/o

100%

N4¿rnitoba Hydlo services approximately 150,000 customers. Basecl on the number

of cnstomels ancl due to message reclunclancy that exists at the RPT2 level of System

2020 (accolcling to h'is Systerns each message will be sent approximately 1.988 times)

the alrival r-ates r,veLe calculatecl. The low pliolity messages, PL 5, alrival r-ate is

given by:

150,000 * * " 1.988 x 0.5%,,
24

and the high priority messages, PL 4, arrival rate is given by:

150,000 * 3 " 1.988 x 100%.
24

These arrival rates are snmmarizecl in Table 6.2

Iris Systems Inc. has clesigned the data acquisition system such that each message

has a length of 200 bits. Because connect tirnes rvill clecrease the availability of the

CS, a 9600 baucl moclem is recommenclecl. Basecl on a message length of 200 bits ancl

the 9600 baud mociem, the mean service time is Il48 of a seconcls.



Table 6.2: ìvlessage Arlivai Rates for Winnipeg.

Priority I Arlival Rate | % of Tot¿l

(N,Iessages/hour')

PL5 I ZgS2 I 7.1rÙ/o

PL4 I 3ZZAO I SZ.SS%

6.3 Exhaustive Service Ðiscipline FerforÍrance

The results of Chapter 4 were usecl to evaln¿rte the performance of the Winnipeg

City opelation of System 2020 unclel the exha,ustive service cliscipline. The perrame-

ters nsecl r,vere those given in Section 6.2.

Table 6.3 shows the mean r,vaiting time of the high ancl lorv priority messages.

As expectecl, the high prior-ity messages have a lower mean waiting time than the

low priority messages. The clifference between the mean waiting times is not that

noticeable because the system is heavily loaclecl with the high pliority messzrges. Note

th.at uncier the conclitions specifiecl in Section 6.2 the mean r,vaiting times for both

priority levels are uncler- 6 minutes.

Table 6.3: lvlessages lvlean lVaiting Time

Pliority lvlean Waiting Time

seconds

PL4

PL5

322.63

323.08
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6"4 T'ime l,imited Servi.ce Ðiscipline FenforrnaÏ-rce

The results of Chapter' 5 lvere usecl to evaluate the performance of the Winnipeg

Ciiy operation of System 2020 uncier the time limitecl service discipiine. The pararn-

eters usecl wer-e those given in Section 6.2.

An r"rppel bouncl for the ûr.ean wzriting time of 339.87 seconcls was obtainecl by

consiclering the case when t-;,. : 1 second and T*o, = 20 seconcls. Again the mean

waiting time is nncler 6 minutes for the conclitions specifiecl in section 6.2.

Note that for both selvice clisciplines the waiting time is mainly clue to the connect

time. On the average, the CS spencls

zo x 2j: 
250 sec.

on connect iirne to leach a sta.tion. This is because on the aver.age the CS is Nl2

stations ar,vay from a statiorr requiring selvice in any given cycle.

KÐ



cg{AP?'Ðffi. 7

S¡-¡.rr¡.r¡lary ar¡d Conclusíons

7 "L Sumrnary

The ovelall objective of this research was to stucly the perf'or'ûr.ânce of a rrulti-

priorities polling system uncler the exhaustive ¿ncl the time limited service clisciplines.

The lesults wele then usecl to stucly the pelforrn¿r.nce of a cl¿ta acclLrisition, System

2020. These objectives were âccornplishecl ìty the folloi,ving steps:

1) For the exhaustive service discipline, the me¿ì,n waiting time rvas obtainecl by

appr-oximating each station by a single nocle cltieue ivith v¿rcation peliocls arrcl

occupzt,iion peliocl. By using àn agglegation proceciuLe, ancl b¿rsecl on the lesults

of Iiella ¿r,ncl Yechiali, ancl those of Bnx ancl Tmong [11], the mean ivaiting tirnes

of the high ancl low pliority messages \,vele obtainecl in this thesis.

2) For the time limitecl service cliscipline, the upper bouncl of the mean waiting

time was obtained by considering each station as a single c¡reue with vacation

periocls ancl occupation (service) periocl. IJsing the existing relationship among

the mean vacation periocl, the mean service periocl ancl the me¿rn cycle tirne, the

numbel of rnessages served cluring one selvice periocl w¿rs obtainecl. Basecl on

the nitmber of messages the upper bouucl of the mean lvaiting time ivas obt¿rinecl

using Frihrmann's [25] ripper borincl for the mean waiting iime of ihe Æ lirnitecl

exhaustive service cliscipline.



For the exha,ustive ser-vice cliscipline, the mean rvaiting times of the high and low

priority nr.essages wele plottecl against the high pliority messages eln'ival rate,

the lolv priolity messages arriv¿rl rate, the numbei- of stations, ancl the mean

service time. The plots shorv the mean ivaiting times as a ftinction of system

utiiization. Also, the mean rvaiting times of tire high zr,ncl lor,v pliolity messages

were plotteci against the connect time. The plots show the rne¿ìrì waiting times

as a function of tinre.

For the exhaustive selvice ciiscipline ancl asymmetric polling systern, the mean

waiting times of the high ancl low priolity mess¿ìges were obtainecl fol tr,vo c¿rses.

In the first case sta.tion one lvas hezr,vily loaclecl ancl in the seconcl case station

orìe rvas lightly lo¿rclecl (in cornparison with the oihel stations in the netwolli).

Aiso, the effect of the service times clistlibutiorr ancl the pelcentage of high

priority messages lvere consiclelecl.

For the time limitecl service cliscipline, the uppel bouncl of the nr.ean r,vaiting

time was plottecl a,gainst messages arrival ra,te, the mean service time, and the

nnmber of stations. The plots show the Lrpper bouncl of the me¿n waiting time

as ¿r. function of systen utilization. Also, the upper bound of the me¿ìn waiting

time was plottecl against the connect time, parameter r^¿n, âlld parameteL r-n".

The plots show the upper bouncl of the mean waiting time as a function of time.

7 "2 Conclusrons

In this thesis, trvo service clisciplines \Mere consiclerecl an exhanstive ancl a time

limitecl. A stucly of the effect of ihe sysiem parameiels on ihe me¿ul waiiing time

was performecl. The conclusions of this stucly zrre given in the following two sections.

3)

4)

5)
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7.2.7 Exhaustive service discipline

The stucly of the exh¿rustive service cliscipline yielclecl the following conclusions:

ø The rnean waiiing times of the high priority ancl low pliolity mess¿ìges inclease

exponentially as a function of any of tire follou'ing pa.r'aureter-s: high pliolitl'

mess¿ìges alrival rate, low priority nìessages ¿l,rrival late, nurnber- of stations,

ancl mean service tirne.

ø The rne¿ìn r,vzr,iting times of the high ancl lolv priolity messages incr-ease lineally

as the connect time incr-eases.

ø The relative clifference between the mean waiting times of the high ancl low

priority mess¿ìges is not affectecl by the higir pliolity allival late, the nnmlter

of stations, or the connect tirre. HoweverT âs the arlival late of the low priority

messages or the mean service time increases, the relative clifference betr,veen the

mean lvaiting times increases.

ø For asymmetlic polling systems, messages arriving to a heavily loaclecl station(s)

have the lowest meàn waiting times.

ø The mean waiting tirnes ¿re lower"when the selvice times distribution is of the

deterministic type.

ø The increase in the high prioriiy pelcentage increases the mean wzr,iting time

of the high priority messages ancl clecreases the mean rvaiting time of the lor,v

priority mess¿ìges.

7.2.2 Time limited service discipline

The stucly of the tinre limited service cliscipline yielciecl the following conclusions:
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The upper bouncl of the me¿n lvaiting time increases exponentially as a function

of any of the follo,,ving pzrr-zrmeters: messages arriv¿rl rate, mean selvice tirne,

ancl number of st¿tions.

The upper bouncl of the m.ean rvaiting time incre¿rses linezr.r'ly as a function of

connect time.

As the pzr,lameter 1,r,o, increases the upper bouncl of the mean waiting time

ciecteases exponentizrlly. As rmoc goes to infinity the mean waiiing time con-

verges to that of the exhaustive service cliscipline.

Tlre pzrlam'àter r*¡,, cloes not have a significzrnt effect on the upper bouncl of

the mean waiting tirne.

7.2.3 Limitations of this study

This stucly is basecl on an apploximate apploach ancl it has the following limitations:

ø In real life the buffer captr,city is finite. The assumption of infinite capacity

woulcl affect the results if the buffel capacity is very- close to the mean queue

length. This woulcl t'esnlt in messages being lost ancl not servicecl. The buffer

capacity shoulcl be set lalge enough to ensule that no rness¿ìges get lost.

ø This stucly considers only the mean waiting time as a performance measure. In

many situations it is mole :r,pplopriate to consicier what the plobability is of a

customer having to wait longer than ú. This ploblem is not solvecl for many

aclvancecl c¡reueing systerns.

ø The anzriysis of the mean 
"vaiting 

time is basecl on the steacly state conclitions.

The transient portion of the .,vaiting time is not stucliecl. The obtainecl results

are intenclecl fol the steacly staie region oniy.
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ø For System 2020, the effect of messages r-eclundancy is not consiclelecl. The

arrival rates may have to be acljustecl in orcler to consicler messages r-eclunclancy.

An internal mechanism must l¡e set to avoicl m.essages reclnnclancy.

7 "3 ll.ecornrnendations for F'urther R esearch

Becanse of the limitations stateci in Section 7.2.3, future worl< shoulcl attempt to:

ø Extencl this analysis to finite czrpacity buffer'. Care shoulcl be talçerr to ¿rccount

for each pliority buffer''s capacity.

ø Extencl this analysis to consicler the clistribution of the wzr,iting tirne inste¿cl of

just the mean waiting time.

ø Consicler the waiting time in the transient region.

ø Consicler- the case of gatecl service cliscipline.
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APPENÐäX .&

Ðata for the Exk¿austive Service Ðïsciplíne

This appenclix contains the daba of tire nr.rmerical exampies of Chapter 4.

Table 4.1: Effect of High Pliority Arlival Rate

Rei. Diff.

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

0.0045

0.0050

0.0055

0.0060

0.0065

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

9.81

10.99

12.38

14.06

16.10

18.65

27.94

26.32

32.45

4r.64

56.97

87.62

179.55

10.43

11.68

T3.L7

14.95

17.T2

19.84

.'lt t I¿¿..)+

28.00

34.54

44.44

60.65

93.30

79L.24

5.9%

5.9%

6.0%

6.0%

6.0ù/o

6.0%

6.0ù/o

6.0%

6.r%

63%

6.\%

6.r%

6.r%
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Rel. Diff.

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

0.0045

0.0050

0.0055

0.0060

0.0065

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

10.06

17.22

12.58

L4.20

16.18

i8.65

21.83

26.04

31.95

40.78

55.50

84.90

173.07

10.17

11.45

72.97

14.80

t7.04

19.84

23.46

28.30

35.08

45.26

62.26

96.28

198.40

LL%

2.0%

3.0%

4.1%

5.0%

6.0ù/o

7.0%

8.0%

8.9ù/o

9.9%

10.9%

17.8%

L2.B%

Table 4.2: Effect of Low Priolity Alr-ival Rate

Table 4.3: Effect of Number of Stations

¡/ 5 10 15 20 25 30 35 40

p

W1

W

Rel. Diff.

0.105

3.25

3.38

3.9%

0.2I0

¡.J I

7.68

4.0%

0.315

12.76

13.28

3.s%

0.420

20.09

20.91

3.9%

0.525

30.66

31.93

4.0%

0.630

47.24

49.I7

3.e%

0.735

76.95

80.12

4.0%

0.840

145.65

15i.66

4.0y
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Table 4.4: Effect of Connect Time

Table A.5: Effect of tr,Iean Service Time

Table 4.6: Effect of Service Tirnes Distributiorr

Table 4.7: Effect of High Priority Percentage

R 1.0 5.0 14.0 18.0 22.0 25.0

Wt

þVz

Rel. Diff.

Èf Ð,
f ..J I

7.68

3.9%

31.66

32.97

4.0ù/o

86.31

89.87

4.0%

110.60

1 15.16

4.0ù/o

134.89

140.45

4.0ù/o

153.10

t59.42

4.07

h 2 5 7 10 15 20 25 30 tt

p

W1

Wz

Rel. Diff.

0.042

5.22

Ð.¿D

0.8%

0.105

ð.it)

5.88

2.0%

0.747

6.29

6.45

qtú
á.¿ /o

0.210

t.,71

7.68

4.0%

0.315

10.20

10.84

5.9%

0.420

i4.88

1 6.15

7.e%

0.525

22.60

25.00

9.6ù/o

0.630

35.90

40.64

L7.7%

0.735

61.38

70.99

13.5ù/o

Distribution p 0.40 0.50 0.60 0.70 0.80

Exponentizr,l

Deterministic

Exponential

Deterministic

Wt

Wt

W2

Wz

9.18

6.65

10.67

7.72

12.36

8.64

14.95

10.44

17.05

11.58

27.47

L4.57

24.77

16.43

32.49

2r.55

40.04

26.04

54.79

35.63

Per.of H P t(V
¿ /t) 20% 35% 50% 65% 80% 95%

W¡ anùy.

W2 analy.

8.59

10.50

8.72

IU.JJ

8.86

10.16

9.00

10.00

f .i4

9.84

9.29

9.69

9.44

9.55
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Station High pliolity waiting time Low

Analy.

Analy.

1

2,3,4,5

LL.T7

1B.BO

21.20

22.73

T¿r,ble 4.8: Asyrnmetlic Polling Systern

Table 4.9: Asymmeiric Polling Sysiern I

Station High priority waiting time Low priority waiting time

Analy.

Analy.

1

2,3,4,5

27.5r

r5.52

22.32

2r.87
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,&trPÐNÐgK B

Ðata f,or tlee ?'isrle ï,ir¡-rited Service Ðisciplia're

This appenclix contains the data of the mrrnerical examples of Chapter. 5.

Table 8.1: Effect of lVlessages Arrival Rate

0.01 0.03 0.04 0.05 0.06 0.07

W 28.85 36.49 42.36 50.84 64.36 90.31

Table 8.2: Effect of r,,;n Parameter

I llt¿n 0.5 0.7 0.9 1.1 1.5

W I J.O.1 74.71 74.71 74.77 73.53
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Table 8.3: Effect of r*n, Par¿meter

Table 8.4: Effect of Nilean Selvice Time (Deterministic Dist.)

Table 8.5: Effect of Conncect Time

Table 8.6: Effect of Number of Stations

Tznax 2 , 5 7 r0

W 254.00 127.00 90.71 80.81 t.t.Ðz

l¿ 1 1.5 2 2.5 Ð
r) 4 5 6

W 29.5 32.0 34.9 38.4 42.4 53.4 7L.8 tr2.7

T 4 B t2 i5 20 oÐ¿.) 25

W 40.9 80.7 120.6 150.7 201.4 232.2 253.4

¡r .>
ù 5 7 I 11 13 15

W 9.6 t7.3 27.4 4i.5 62.5 98.2 178.5
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