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We consider a multi-access communication channel such as a centrally-controlled 
polling system, a distributed token-based ring, or a bus network. A message priority- 
based polling procedure is used to control the access to the channel. This procedure 
requires the server to have no advance information concerning the number of messages 
resident at a station prior to its visit to the station. Messages arriving at each station 
belong to one of two priority classes: class-1 (high priority) and class-2 (low priority). 
Class-1 messages are served under an exhaustive service discipline, while class-2 messages 
are served under a limited service discipline. Class-1 messages have non-preemptive 
priority over class-2 messages resident at the same station. Using a fully symmetric 
system model, an exact expression for the sum of the mean waiting times of class-1 and 
class-2 messages is first derived. Upper and lower bounds for the mean message waiting 
times for each individual message class are then obtained. 

Keywords: Polling, priority, local area networks, access control, multiple-access algorithms. 

1. Introduct ion  

Polling schemes have been widely used in multiple-access communications, 
time-sharing computers, robotics, manufacturing systems, etc. (see Levy [8]), providing 
a resource-control mechanism for a large variety of applications. Under a centralized 
polling implementation in communication networks, a central controller polls the 
system stations in a prescribed order. A polled station can then be permitted to 
transmit a certain number of its queued messages. Under a distributed polling 
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implementation, a polling message (also termed a token) circulates among stations. 
A summary of different polling schemes can be found in Takagi [9, 10]. 

Under a multi-access communication environment, once a terminal is polled 
and allowed to access the channel, the period of time that it is permitted to occupy 
the channel is termed its dwell time. Three key dwell time disciplines are common: 
exhaustive, gated, and limited. Under an exhaustive discipline, the polled station is 
allowed to keep transmitting until its queue is empty. Under a gated discipline, only 
those messages waiting at the station buffer at polling time are allowed to be 
transmitted. Under a limited service discipline, at most a fixed number (K) of 
messages are served during each visit by the server; typically (as assumed here), 
K =  1. For symmetric polling systems, it is well-known (see, for example, 
Takagi [9, 11]) that the mean message waiting times depend upon the dwell time 
discipline in the following manner: 

Most of  the previous work carrying out message delay analysis for polling 
systems assumes messages to belong to a single priority class. Polling protocols for 
communication systems which serve several message priority classes have not been 
extensively studied. In this paper, we present a polling procedure for a multi-access 
communication system which accommodates messages belonging to two different 
priority classes: class-1 (high priority) and class-2 (low priority). Class-1 messages 
are assumed to have a more restrictive delay constraint than class-2 messages. 
Furthermore, the server (or token) is assumed to have no advance knowledge of  the 
number or priority of waiting messages at a station prior to its visit to the station. 
An exhaustive service discipline is employed for class-1 messages to provide them 
with superior delay performance. In turn, class-2 messages are served under a 
limited dwell time discipline, so that the server serves at most one class-2 message 
at a station during each visit to the station. In this manner, class-2 messages are 
provided continuous but limited access into the channel. 

This access-control strategy is especially of interest for distributed systems 
in which the server is not informed, in advance or continuously, about the number 
or priority of waiting messages (or equivalent jobs) in a queue prior to its visit to 
the station. Such systems can be, but are not limited to, token bus or ring networks 
in which an explicit (or implicit) token circulates among stations in a cyclic order. 
Another example is a computer with multidrop terminals. Since the transmission 
from a terminal is allowed only when it is polled, no advance queue-size information 
is available to the computer. Other similar applications might be found in areas like 
robotics or manufacturing systems (see Levy [8]), where a moving server may not 
be able to communicate with a remote station. In order to reduce implementation 
complexity and control overhead, no token reservation procedure is established 
under such an environment. Therefore, a station may not have a chance to request 
the token even when a high priority message is waiting in its buffer. In this case, 
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a polling scheme as introduced above, which employs different dwell-time disciplines 
for different message classes, can lead to an efficient priority-based operation, as 
shown in this paper. 

Such an access scheme is of particular utility for access control of high-speed 
local and metropolitan broadcast communication networks. For such networks, high 
ratios of  propagation delay to packet transmission time causes a reservation scheme 
to be inefficient. The FDDI fiber local area network serves as an example of such 
a priority-based distributed polling mechanism under which messages of different 
priorities are served through the use of  different dwell-time limits. 

We analyze this polling scheme using a fully symmetric system model under 
a non-preemptive service discipline. An exact expression for the weighted sum of 
class-1 and class-2 message mean waiting times is obtained. Upper and lower bound 
expressions for the message delay for each individual class are then derived. We 
note that these bounds coincide, yielding exact message delay expressions, when 
Pl = 0 or P2 = 0, as well as when the class-2 message traffic is sufficiently high. 
These bounds are less tight under medium class-2 message traffic conditions. 

Our numerical results indicate that the class- 1 message delay remains relatively 
low under a wide range of traffic load values, provided that the class-2 message 
length is not too high. A reduction in the class-2 message length leads to reduced 
class-1 message delays. Our scheme provides also a fair service for class-2 messages, 
in that each station is permitted to transmit a single such message during each cycle. 

In case the system cycle time needs to be limited, this scheme can be modified 
so that each station can transmit at most K1 class-1 messages during a single dwell 
period, K1 > K2 = 1. (This is actually the scheme used by the FDDI network to 
provide synchronous services.) Note that the scheme analyzed here also reflects on 
the performance of a token polling scheme under which class-2 messages are provided 
a limited dwell time window of K2 = 1, while class-1 messages are served in accordance 
with a mugh higher window level, K 1 >> K2. The latter are particularly readily- 
implementable useful access mechanisms. 

The remainder of this paper is organized as follows. The system model and 
protocol are described in section 2. Message delay analysis is carried out in sections 
3 - 5 .  Numerical examples, including a performance comparison with a different 
priority-based polling scheme, are given in section 6. 

2. System model and protocol 

A system with M stations is considered. Messages are categorized into two 
classes: class-1 and class-2. When a class-/message arrives at a station, it joins a 
queue, caned Q-i, involving an unlimited buffer capacity. The class-i message 
arrival stream at a station is assumed to be modeled as a Poisson process with rate 
Ai [mess./unit time]. A class-i message is characterized by its transmission time 
which follows a general distribution whose Laplace-Stieltjes Transform (LST) is 
given by B i (s).  The first two moments of the message transmission time are given 
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by B/ and B/2. The switching time, or walk time, which is the time needed by the 
polling controller to switch from station-j to station-(j + 1), is a random variable 
whose distribution has the LST R*(s). The first two moments of the walk time are 
given by R and R 2. The processes of message transmission times and walk times 
are assumed to be statistically independent, each consisting of a sequence of independent 
identically distributed random variables. The considered system is assumed to be 
symmetric in the sense that the message arrival processes (for each message class), 
the switching time distributions, and the message length distributions are assumed 
to be identical for each station. The service discipline, which will be described later, 
defines the order in which the server selects, at a polled station, messages for 
transmission across the channel. The same service discipline is assumed at each 
station. The following notations are used to describe the system traffic loads: 

A A ~,1~1, f2 AZ2~2 ' 

Pl ~MA, P2 ~MA, P =pl+P2. 

In the following, a polling scheme with a non-preemptive priority service 
discipline, called the NP scheme, is presented. The central controller polls the 
stations cyclically. When a station is polled, class-1 messages are served until Q-1 
becomes empty. Then, if Q-2 is non-empty, a single class-2 message is served 
without interruptions. After finishing the service of a class-2 message, the server 
checks Q-1 again and serves any class-1 message resident at this polled station until 
it becomes empty. 

The server switches to the next station when Q-1 becomes empty and the 
queue size of Q-2 is reduced by 1, or when both queues are empty, whichever 
occurs first. 

The switch-over time between the Q-1 and Q-2 buffers located at the same 
station is assumed to be zero. Since all queues are assumed to have infinite capacities, 
no arriving messages are blocked, and all waiting messages will eventually be 
served, under stable operating conditions. 

The model reduces to an exhaustive polling model when P2 = 0, and to a 
limited polling model if Pl = 0. At M = 1, without a switching period (R = 0), the 
model reduces to an M/G/1 queue, under a non-preemptive service discipline, in 
Cohen [2]. 

3. General analysis 

In this section, we derive expressions for key parameters involved in the 
subsequent message delay analysis under different traffic conditions. 

The system's traffic intensity is assumed to satisfy the following condition: 

Pl + M}t2(B'2 + R') < 1. (1) 
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The mean cycle time C is readily shown to be given by (see Takagi [9]) 

MR MR 
c - - ( 2 )  

1 -- p 1 - M(/I,1B1 + ~2B2)" 

Since class-1 messages are served under an exhaustive discipline, the average 
number of class-1 messages waiting at a station when it is polled, denoted as Y1, 
is given by 

Y1 = ;L1H, (3) 

where H denotes the vacation time, which is the period elapsed from the instant the 
server completes service at a station to the time it subsequently again polls this 
station. 

By symmetry, the average vacation time is given by 

~ - _  _ _ M - 1  ~ - + ~ - .  ( 4 )  

M 

Using eqs. (2)-(4), we then obtain 

--  M Z l R (  1 - 3'i - f2) 
= (5)  

1 - p  

Next, we examine the station dwell time period. This period can be divided 
into two separate busy period components: G1 and G2 periods. A G1 period starts 
from the instant the station is polled and ends when Q-1 becomes empty (for the 
first time after it is polled). A G2 period starts at the termination of the previous 
G1 period, i.e. at the instant that the server is ready to serve Q-2, and ends at the 
beginning of the next switching period (see fig. 1). 

For simplicity of notation, the duration of a Gi period is denoted as Gi. By 
the M/G/1 busy-period analysis in Cohen [2], the means of GI and G2 are given by 

a l -  Y1B1 (6) 
1 - ] i  

and 

G---2 - (1 - P~ (7) 
l - / i  

respectively, where p~2) is defined below. The above two equations are useful in the 
subsequent mean delay analysis. 

Another variable of interest is p~2/, the steady-state probability that no 
class-2 messages are waiting in Q-2 when the server is ready to provide service to 
a class-2 message residing at the polled station. Using eqs. (2), (6)-(7) and the 
following equality 
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Switching 
Period 

Fig. 1. A typical time diagram for the NP model. 

C = M(G1 + G2 + R), (8) 

we obtain 

Po (2) = 1 - ~2C = 1 - m(J~ + f2) - M~2R (9) 
1 - p  

Note that the left-hand equation in (9) also simply follows from the equality at 
equilibrium of the class-2 per cycle message arrival rate and departure rate. The 
traffic condition assumed by eq. (1) implies that Po (2) > 0. 

Under traffic conditions 

Pl < 1 and /91 + M~,2(B" 2 + e ' )  _> 1, (10) 

class-1 queues are stationary, while class-2 queueing processes are non-stationary 
(and do not reach steady state). The mean cycle time is still finite, given by (through 
busy-period analysis considerations) 

-ff _ M ( R  + B2)  
, (11)  

1 - P l  
while now 

Po (2)= 0. (12) 

Under the traffic condition Pl -> 1, both class-1 and class-2 queueing processes 
do not reach steady state. 
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4. The weighted sum of the mean message waiting times 

A pseudo-conservation law for the mean message waiting time for a general 
polling system model has been derived in Boxma [1]. This pseudo-conservation law 
is based on a decomposition property which is a generalization of the stochastic 
decomposition property on the M/G/1 queue with vacations in Fuhrmann [4]. We 
note that the model described in section 2 complies with a similar pseudo-conservation 
law, leading to a formula for the weighted sum of  the mean message waiting times, 
since our polling scheme also involves a work-conserving service policy. 

Suppose the system described in section 2 to be ergodic and stationary. 
Denote the unfinished load (work) at an arbitrary epoch as Vc, the amount of work 
in the "corresponding" M/G/1 queue at an arbitrary epoch as V, and the amount of 
work in the polling system at an arbitrary epoch in the switching period as Vs. 
According to the stochastic decomposition result presented in Boxma [1], which has 
been used for deriving the above-mentioned pseudo-conservation law, these three 
variables are related by 

Vc ~ V + Vs, (13) 

where ~ stands for equality in distribution. Furthermore, V and Vs are statistically 
independent. The associated means are related by 

E[Vc] = E[V] + E[Vs]. (14) 

First we examine the three terms in eq. (14) for our NP scheme. Since the 
system is symmetric, the expected message waiting time for a class-/ message 
resident at any of the M stations, denoted as E[Wi], i = 1, 2, can be used to express 
E[Vc] as follows: 

2 2 (15) 

i=1 i=1 

The first sum on the fight-hand side represents the amount of work required 
to serve the waiting messages and is derived using Little's formula and the fact that 
each message requires a mean service time B/. The second sum is the expected 
residual service time of the message in service, noting that with probability Pi, a 
class-/message is in service. 

The "corresponding" M/G/1 system for the current application is a single- 
server queue with two Poisson arrival streams, with arrival rates M,~. i and a 
service time LST B~(s)for the class-/ message stream, i =  1,2. The average 
amount of unfinished work in such an M/G/1 queue is well known to be given by 
(see Gross [6]) 

E [ V ] =  MZ~=I'~i-~'21 (16) 
2(1 - p) 
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It remains to calculate E[Vs], the expected amount of work in the system at 
an arbitrary epoch during a switching period. Such work consists of two components: 
the work left in the system at the beginning of the switching period and the work 
generated by arrivals during the switching period. The latter two components are 
statistically independent, due to the statistical independence of each switching period 
duration on previous service periods. The expected amount of work generated by 
arrivals within the residual switching time (from the start of t___his period to the 
random observation time) is readily obtained to be equal to pR 2/(2R'). We then 
observe the following relationship 

2 2 
= 

E[Vs] P 2~  i=l i=1 (17) 

where V~,p is the amount of unfinished work required for the service of class-i 
messages residing at the polled station, prior to the underlying observation time and 
left by a departing server, and V/,q is the total amount of work required for the 
service of class-i messages waiting in all other stations at the start of the underlying 
switching period. 

Class-1 messages are served under an exhaustive discipline, so that we have 

E[VI,p] = 0. (18) 

To compute E[V2.e], we note that the mean number of class-2 messages left 
behind after the transmission of a class-2 message is equal to X2E[D2], which 
represents the average number of class-2 message arrivals during the mean class-2 
message delay time. A message delay time is the period of time elapsed between 
the message arrival and the end of its transmission; it is given by 

E[D2] = E[W2] + B2. (19) 

Between the start of a class-2 message transmission and the subsequent 
server departure, a class-2 service busy period occurs. Therefore, we conclude that 
the average unfinished work left behind by a departing server is given by 

E[V2,p] = ( 1 -  Po(Z))f2(E[W2] + B2/(1- 3'])). (20) 

Since the system is assumed to be symmetric, E[Vi, q] c a n  be computed as 
follows (see Fuhrmann [3] for a similar calculation): 

n-1 i]iC- (M - 1)3]C 
E[Wl,q ] = E - ; 

i=1 M 2 
(21) 

M-l( if2"~) (M - 1)f2~ 
E[V2,q ]= E E[V2p ]+ =(M-1)E[V2p ]+ 

i=1 " M ' 2 
(22) 
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Combining the results in eqs. (14)-(22), after some manipulations, we obtain 
the weighted sum of mean message waiting times to be given by 

piE[W1] + p2(1 - ~2ff )E[W2] 

M~/2. ltl, i~/2 (M - 1)ff R "-'~ f2ff 
= = + p + p - -  (23) 

P 2 ( 1 - p )  2M ~ +p2  1 - 3 ]  

Equation (23) yields the mean waiting time formulas for exhaustive polling systems 
(when P2 = 0) and limited service polling systems (when Pl = 0), as special cases. 

5. The mean message waiting time 

Consider the NP model. In relation to delays experienced by class-1 messages, 
the system can be modeled as an M/G/1 queue affected by two vacation types. 
During a type-1 vacation, a switching process takes place. A type-2 vacation occurs 
when a class-2 message is transmitted (by any station). In the following, we derive 
expressions for the mean queue sizes for our system, using similar approaches to 
those used in deriving the stochastic decomposition property for an M/G/1 queue 
under a single vacation type, as in Fuhrmann [4]. 

The mean system queue size left behind a departing class-1 message, denoted 
as E[X1], in an NP model is now derived. For this purpose, we define a Modified 
NP (MNP) model as follows (see also Boxma [1] for the utilization of a similar 
model). It is an M/G/1 queue with arrival processes and vacation periods which 
have the same characteristics as the original NP model. Furthermore, the starts and 
terminations of type-1 and type-2 vacations under the MNP model are set to occur 
exactly at the same times as those occurring under the original NP model. The 
difference is that for the MNP model we tag a class-1 message arriving during a 
vacation, and subsequently change the service ordering as follows. 

Following this tagged message arrival, all class-1 messages are served in 
accordance with an LCFS non-preemptive discipline. Class-2 message services take 
place in the same periods that they occur in the NP model, since they represent 
type-2 vacation periods. Due to the change of the order of class-1 message services 
under the MNP model (without a corresponding modification in the occurrence 
times of the vacation periods), certain class-1 message service periods may be 
interrupted by a vacation period. When this occurs, we resume the interrupted 
service at a time when no class-1 messages, which have arrived following this 
interruption, reside in the system. The same service discipline used for the original 
model is assumed for services that took place prior to the arrival of the tagged 
message. 

As in Fuhrmann [4], the concepts of ancestor and offspring are used. Messages 
arriving during the service time of a tagged message are termed as its first-generation 
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offspring, and those arriving during the service times of the first-generation off- 
springs constitute the second generation, etc. Any tagged message is called the 
ancestor of all of its offsprings. 

Consider now the MNP model, with its tagged message. As noted above, the 
latter is a class-1 message which arrived during a vacation period. The probability 
that it arrives during a switching period (type-1 vacation) is given by 

R P2 
PV1 = ~- + [,1 P~JB2--2)'-- = 1 -  ~ . ,  (24) 

- 1 - Pl 

while it arrives during a class-2 message service time with probability 

PV2 -- 192 . (25) 
1 - Pl 

Consider next a class- 1 message which is the offspring of the tagged message. 
Let X o denote the steady-state queue size following the departure of this offspring 
message, under the MNP model. Since the unfinished work distribution at message 
departures is independent of the service order, the unfinished work left behind this 
offspring under the MNP model has the same distribution as observed by a departing 
message under the NP model. In addition, the corresponding queue-size processes 
are also governed by the same distributions, so that E[XD] = E[X1]. This is observed 
by noting that at a departure time of an offspring message under the MNP model, 
none of the waiting messages have already been provided with part service (i.e. 
previously preempted). 

Conditioning on the type of vacation during which the tagged message has 
arrived, one can write 

2 
E[Xo] = ~ E[Xo Ithe tagged message arrived during a type-i vacation]Pvi. (26) 

i=1 

In the following, we compute each conditional mean component of eq. (26) by 
invoking the M/G/1 stochastic decomposition property in Fuhrmann [4]. 

For a class-1 message whose ancestor arrived during a switching period, one 
can write, using the M/G~1 stochastic decomposition property in Fuhrmann [4], 
considering an M/G/1 system with type-1 vacations only; 

E[XD Ithe tagged message arrived during a type- 1 vacation] 

= Xl q- ZI,1 q- M/I,1.____~ 
2R 

where X1 is the mean queue size for a "corresponding" M/G/1 queue serving 
class-1 messages only, with arrival rate MA, 1 and mean service time B1, and is equal 
to 
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m X~- 

while Z1,1 is the 
switching period 

M-1 
= Z - -  

i=1 

+ Pl, (28) 
2(1 - Pl) 

average system queue size of class-1 messages at the start of a 
and is given by 

iAlff = ~l(M - 1)ff (29) 
M 2 

Note that in eq. (27) the last two components represent the average number of 
messages in the system at the arrival time of the tagged message, while the first 
term accounts for the average number of messages in the system, at the underlying 
departure time, which have arrived following the arrival of the tagged message. 

Similarly, for a class-1 message whose ancestor arrived during a class-2 
message service time, we have 

E[XD Ithe tagged message arrived during a type -2 vacation] 

M Xl'~2 2 
= X l + Z l , 2 +  _ , ( 3 0 )  

2B2 

where Z-I,z is the mean system queue size (of class-1 messages) at the start of a 
type-2 vacation. 

In the following, we derive upper and lower bounds for Z1,2. We start with 
the derivation of a lower bound. The mean system queue size (of class-1 messages 
only) at the end of a G1 period, denoted as E[Xm], is obtained to be given by 

M-2 i ~ , l f f  
E[XG1] = JI, I(M - 1)(G1 + R) + ~ M 

i=1 
(31) 

The first component is the expected number of class-1 messages arriving between 
the start of the last switching period and the end of the G1 period, and remaining 
in the system at the termination of the G1 period. The second component is equal 
to the average number of messages which are currently in the system and have 
arrived before the start of the last switching period. 

In the above computations of Z1,1 and E[Xm], we have used the symmetry 
property of the system and the Poisson arrival assumption. See Fuhrmann [3] for 
a similar treatment. 

A G1 period is followed by either a switching period or a class-2 message 
service period. We can then write 

E[XG1 ]=  eo(Z)Zl,3 + (1 - eo (2))Zl,z , (32) 
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where Z1,3 is the mean class-1 queue size at the end of a G1 period which is not 
followed by a class-2 message service period. Obviously, the value of  E[X~I] is 
between Z1,2 and Z1,3. Since the presence of a class-2 message implies longer 
previous cycles, Z1,2 is larger than or equal to E[Xc1]. Thus, E[Xc1] serves as a 
lower bound for Z1,2, i.e. 

E[XG1] -< Zl,2. (33) 

Using now eqs. (24)-(33),  we obtain a lower bound for E[Xo] (=E[X1]) as follows: 

F-,[XD] >- ZI + Z ,I 

1 - Pl - P2 M Z l  -~-Z P2 MZl-~2 + + p 2 ( M  - 1)~1 f2C- 
_ _  m 

( 1  - p~) 2R (1 - Pl) 2B2 (1 - pl)(1 - .fi) 
(34) 

By the application of a Little's formula type result to the global queueing system, 
we obtain 

M)LI(E[W1] + B1) = E[X1] = E[XD]. (35) 

A lower bound for the mean message waiting time under the NP scheme, using eqs. 
(34), (35), is given by 

MZlB12 (M - 1)C" 1 - Pl - P2 R-'~" 
E[W1 ] >- + + 

2 ( 1 - p l )  2M 2 ( 1 - p l )  R 

P2 B2 (M - 1)(f2)2C - + 
2(1 - Pl) B2 (1 - Pl) (1 - j]) 

(36) 

Equation (36) reduces to the well-known mean waiting time formula for an exhaustive 
polling system if we set/92 = 0. 

Using the weighted sum of mean message waiting times in eq. (23), we can 
now obtain an upper bound for E[W2]. After some algebra, we derive the following 
expression: 

{ M22__1~,i~i 2 R-'~" 
E[W2] -< (1 - s -1 2(1 - p)(1 - Pl) + 2R(1 - Pl) 

( M - 1  f2 ) ( M - 1 ) 3 ' i f 2 C - }  + C  + + (37) 

In the following, an upper bound for ZI.E, the average total number of 
class-1 messages residing in the system when a non-empty class-2 queue is polled, 
is derived. An upper bound for E[W1] and a lower bound for E[Wa] are then obtained. 
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Consider cycles that start at consecutive visits of  the token to a given station's 
Q-2 buffer. Set C,, to denote the length of  such a cycle which occurs prior to the nth 
polling time of this queue. We set In to be the indicator function for the state of the 
underlying class-2 queue, so that In = 1 if the considered class-2 queue is not 
empty when it is polled for the nth time; I" = 0 otherwise. First, an upper bound 
for the conditional expected value of E[C'II"  = 1] is derived as follows. It is easy 
to see that 

E[C,, 11" = 1] _< E[C" II" = 1, 1,,_1 = 1] < E[C" Ill = 1, 1 < i < n]. (38) 

At steady state, as n---> 0% we can show that 

lim E[Cn [Ii = 1, i > 1] = MR" + B'2 ~ C-u. (39) 
n - - ~  1 - M A , I ~  - ( M  - 1 ) / I , 2 B  2 

The above expected cycle time is obtained by assuming that for a single station the 
class-2 queue is always overloaded, while all other queues operate in a stable mode. 
Therefore, we can use Cu as an upper bound for E[C'I I"  = 1]. 

In addition, Cu can also be shown (using the same approach) to serve as an 
upper bound on the mean cycle time for any station, with respect to server visits 
at the Q-1 or Q-2 buffers. Given the polled station contains a class-2 message ready 
for transmission, the expected dwell time at any other station is upper bounded by 
(fl + f2)Cu. We t hen  ob t a in  

M-2 

Zl,2 < / I , I ( M  - 1)(~,u + R) + E i ~ l [ ( 3 ~  + f2)Cu + R ] ,  (40)  
i=1 

where Gl,u is an upper bound for the expected G1 period length at a station which 
contains a ready class-2 message. Using the upper bound on the corresponding 
expected dwell time noted above, we obtain 

Gl,u - f l  [(M - 1)(]i + fE)C-u + M'R]. (41) 
1-] i  

In eq. (40), the first component represents an upper bound on the mean number of  
class-1 arrivals between the start of the last switching period and the termination 
of  the current G1 period, considering only messages that remain in the system at 
the latter time. The second component is an upper bound on the average number 
of  class-1 messages currently in the system which have arrived prior to the start of  
the most recent switching period. 

Using eqs. (24)-(30) ,  (35), and (40), we obtain 

M;IqB-lffl 2 1 -- Pl  -- P2 ( M  - 1)C- 
E[W1 ] -< + 

2(1 - Pl) 1 - Pl 2M 
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1 - Pl - P2 R'--~ P2 ~2 P2 + + - - + ~  
1 - p l  2R l - p 1  2B2 1 -  pl 

f f M ~ 1 ~ 

�9 '~-":7- .  (Gl,u + R)  + 
k M  

(M - 1)(M2M - 2) [(j] + J~)Cu + R']}. (42) 

A lower bound for E[W2] can be readily obtained by eqs. (23) and (42). After 
some algebra, we conclude 

E[W2] >__ (p(2) ) -1 { M()l,l~2"l 2 + ~2 B2) 1 [ 

m 

f2C Pl ~ M - 1 -- (M - 1)(M - 2) 
+ - -  + ~ .  ~. (Gl,u+ R) + 

1 -  Ji 1 - p l  

-j (M - 1)ff R 2 

2M + 2"~ 

2M [(J1 + f2)~'u + R']}}" 

(43) 

The above upper and lower bounds hold when the traffic conditions described 
in eq. (1) are satisfied (so that the system class-1 and class-2 queueing processes 
are stable). However, under the traffic conditions described in eq. (10), P0 (2) = 0 for 
all A2 greater than or equal to (1 - pl)/M(B 2 + R). The mean class-1 message waiting 
time under the NP scheme, when class-2 queues are overloaded, is obtained simply 
by setting ~ equal to (1 -Pl)/M(-g2 + "R) in eq. (36) (or eq. (42)), noting that at 
this operating point our derived upper and lower bounds coincide, leading to the 
exact result 

M,~IB-~ ( M -  1)C- R 2 + B~ ( M -  1)B-f 
E[W1] = + + , (44) 

2(1 - Pl) 2M 2(R + B2) M(R + B2)(1 - 3~) 
m 

where C is given by eq. (11). 
If we set Pl = 0 in eqs. (37) or (43), the upper and lower bounds also coincide, 

yielding the well-known mean waiting-time result for a limited service polling 
system. 

6. Numerical examples 

In previous sections, we have presented and analyzed a token polling scheme 
used to serve messages belonging to two priority classes. Under such a scheme, the 
server is not required to have advance knowledge of the number of high-priority 
messages resident at a station before its visit to the station. The proposed scheme 
is designed to provide class-1 messages with relatively low mean delay. As an 
example, two symmetric polling systems under the NP scheme with M = 10, 20, 
respectively, are considered. Lengths for class-1 messages are assumed to be 
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exponentially distributed with mean B1 = 10, while class-2 messages are___.assumed 
to be of  fixed length with ~ = 10. Switching times are fixed with R = R 2 = 1. We 
set the high-priority traffic load at Pl = 0.2 and increase the low-priority traffic load 
92 from 0 to 1.0. The upper and lower bounds for mean waiting time versus offered 
traffic load curves for class-1 and class-2 messages in both systems are illustrated 
in fig. 2. It can be observed that the upper and lower bounds are relatively tight 

,0o q il 
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350 -I I/ 

~'~ I/ 

// 
'~~ : I 
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Total Offered Traffic Load 
Fig. 2. Mean waiting time-throughput performance 
for the NP scheme under different class-2 traffic loads. 

(over the whole traffic intensity range) and class-1 message delays are not affected 
significantly by the increase in class-2 traffic load, when the total throughput is not 
too high. It is noted that these bounds are somewhat less tight (but still pretty close) 
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under medium traffic loads, especially for class-1 messages. As the offered traffic 
load increases beyond the level bounded by eq. (1) (corresponding to P2 = 8/11 or 
p = 0.9272), class-2 message delays become exceedingly high, while the class-1 
message delay approaches a constant level and the upper and lower bounds coincide. 
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Fig. 3. Mean waiting time-throughput performance for 
the NP scheme under different class-2 message lengths. 

The effect of  class-2 message lengths on system performance is also examined. 
System parameters are set to be M = 10, a fixed switching time R" = 2, fixed message 
lengths B2 = 10, B2 = 5, 10, and /91 = 0.4p. In fig. 3, we observe that the class-1 
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Fig. 4. Mean waiting time-throughput for the NP and G-M schemes. 

mean message waiting times increase as class-2 messages become longer. Thus, 
class-1 mean message delay can be reduced through limitation of  the length of  
class-2 messages. 

We next compare the performance results obtained under the NP scheme with 
those exhibited by a different polling scheme used to provide service to messages 
belonging to multiple priority classes, that analyzed by Gianini and Manfield [5]. 
Under the latter scheme, the server is assumed to be informed immediately conceming 
any arrival of  high-priority class message at any station in the system. With the 
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presence of  high-priority messages, the server which still continues to cyclically 
poll all stations, provides transmission service (in an exhaustive manner) only to 
stations which have high-priority messages in their queues. When all high-priority 
queues become empty, the server then starts transmitting (in an exhaustive manner) 
low-priority messages. If at the latter time a high-priority message arrival (at any 
terminal) is sensed, the on-going service of  low-priority messages continues to the 
end of  the station's dwell time, and subsequently no low-priority messages are 
served until the service of  all high-priority messages in the system is exhausted. We 
refer t..._o this scheme as the G - M  scheme. Under the system parameters M - - 2 0 ,  
R" = R 2 = 1, a high-priority traffic load of  Pl = 0.6p and message lengths for both 
classes assumed to be exponentially distributed with mean equal to 10, the performance 
curves for both message classes are compared. From fig. 4, we note that the average 
waiting time (approximations used for performance calculations for the G - M  scheme) 
for high-priority messages under the G - M  scheme is close to that obtained by our 
NP scheme under light or medium traffic load. Since low-priority messages are 
more fairly served under our NP scheme, their mean waiting times are much lower 
than those obtained under the G - M  scheme. 
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