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ABSTRACT 

In this paper, two types of new prioritized 
token ring access protoco 1 s in local area net
works called R-PTR and WR-PTR are proposed, and 
their throughput-delay performance is evaluated 
through the theoretical analysis and simulation 
experiments. Our protocols are based on the 
standardizing protocol by IEEE 802.5 Project 
(denoted by IEEE-PTR), however, the stack mecha
nisms used in the IEEE-PTR are not employed and 
the schemes are rather simpler than the IEEE-PTR. 
In the R-PTR, the token is reserved for the next 
circulation by the highest prioritized packets 
waiting for transmission during the ongoing cir
culation of the token, and in the WR-PTR, such 
reservation scheme is not used and the priority 
level of the token is decided before the next 
circulation. The obtained resul ts are compared 
with that of the IEEE-PTR, and it is shown that 
the performance of our proposed protocols is not 
inferior to that of the IEEE-PTR under almost all 
traffic load types. 

1. INTRODUCTION 

As the channel speed of local area networks 
(abbreviated LAN's) becomes higher and higher due 
to the use of optical fiber cables and the re
markable improvement of hardware integration, the 
development of technology of token ring access 
schemes has been prompted, and many token ring 
access protocols have already been proposed (see, 
e.g., [1], [3], [5], [8], [10]). Especially, for 
local area networks with integrated services 
where multifarious traffic (e.g., voice, data, 
image) is generated from various kinds of sub
scribers in the systems, several ~rioritized 
~oken Ling access schemes (abbreviated PTR's) 
have been proposed up to the present (e.g., [5], 
[7], [8]). 

In investigating the PTR's presented in [5] 
and [8] (note that both PTR's are considered to 
be the same protocol in principle, thus we re
ferred to these two protocols as the IEEE-PTR), 
we face to the following two problems which moti
vate our studies of this paper: 

(1) The IEEE-PTR is rather complex, and this 
would not be advantageous to implement the PTR 
scheme. As the access protocols of LAN's, simpler 
schemes are desired even if the performance is 
somewhat deteriorated comparing to the. complex 
one with high performance. 

(2) The IEEE-PTR uses two stacks at each sta
tion to control the priority level of the token, 
and the space consumed by these stacks becomes 
large in an unsound situation. This is also un-

desirable for implementation of the scheme. Espe
cially, in a LAN with high channel speed, it 
would be necessary to realize the controller at 
each station as much compact as possible. 

Based on these observations, we propose in 
section 2 two new PTR's without stacks. One is 
the PTR with reservation (called R-PTR) and the 
other is the PTR without reservation (called WR
PTR). For these two protocols, we further con
sider two variations according to the prin
ciple of packet transmission at each station 
i.e., gating and exhaustive transmission (see, 
e.g., [2], [4]). 

Although token ring access protocols without 
priority have been analyzed (e.g., [1]) by apply
ing the analysis methods of polling systems 
(e.g., [6], [9]), only a few attempts have been 
made so far to analyze PTR's (see, e.g., [7], 
[10]). The analysis by Nishida et al. [7] is for 
their proposed protocol whose scheme is fully 
different from the R-PTR or the IEEE-PTR. Al
though Yamamoto et al. [10] analyzed PTR's under 
a rather general framework, the model of their 
analysis doesn't directly treat the token prior
ity determination mechanism of PTR's like the R
PTR. Thus, in section 3, we approximately ana
lyze the average throughput-delay performance of 
the R-PTR by a gueueing model with continuous
time and one-message buffer at each station, in 
which the decision mechanism of token priority of 
the R-PTR is explicitly reflected. 

In section 4, we examine the accuracy of our 
approximation analysis of the R-PTR by simulation 
studies. Further, by the numerical resul ts for 
the performance of the R-PTR and the extensive 
simulation studies on the IEEE-PTR and the WR
PTR, we evaluate their performance and prove 
that, compared with the IEEE-PTR, the performance 
of our proposed PTR' s is not inferior to that of 
the IEEE-PTR under almost all traffic load envi
ronments. 

Finally, we conclude this paper in section 5 
with suggestions of some future research topics. 

2. PROTOCOLS 

2.1 R-PTR 
In token ring access protocols, a particular 

short frame, i.e., a token circulates around the 
ring, and gives each station the right of data 
transmission if a free token is captured by the 
station. If a free token is captured by a sta
tion, say, station S, for data transmission, it 
becomes a busy token and is appended to the 
header part of the transmitted data packets, and 
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the busy token is changed to a free token at 
station S after accomplishing the data transmis
sion. In the R-PTR (also in the WR-PTR and the 
IEEE-PTR), the prioritized schemes are realized 
by assigning a priority to the free token, and a 
station can send the access waiting packets only 
if it captures a free - token and the waiting 
packets have a priority not lower than that of 
the captured free token. 

The basic idea behind the reservation of the 
R-PTR is that the circulating busy token picks up 
the information of the highest priority of all 
access waiting packets at each station when it 
visits the station, and gets the highest priority 
level p among the access waiting packets of all 
stations. When the new free token is created 
after the circulation of this busy token, the 
priori ty of the free token is set to be p. Prin
cipally, this scheme is achieved by just ap
pending reservation bits to the busy token. How
ever, we use a gimmick, i.e., the priority field 
of the busy t -oken is also used to keep the high
est priority level of the access waiting packets 
during a circulation. Consequently, the token 
size of the R-PTR become smaller than that of the 
IEEE-PTR. 

Now, we describe the R-PTR protocol in de
tails by using the token bit pattern. The con
figuration of the token bit pattern of R-PTR 
protocol is illustrated in Fig.1, where each 
component is as follows: 

T is the token bit, where token is free if 
T=O, and token is busy if T=l; 

M is the monitor bit, where the system is 
normal if M=O, and the system is abnormal if 
M=l; 

PPP is the value of the current ring service 
priority level. 

In the IEEE-PTR, another component RRR which 
is for the value of the reservation bits of busy 
token is provided. However, the component RRR is 
eliminated from the token of the R-PTR because of 
the above reason, and the component PPP is also 
used on behalf of the RRR when the token is busy. 

Let Pm be the register to store the highest 
priority level of the packets of a station 
(say, S), where the packets with larger level 
numbers have higher priority, i.e., level 1 pack
ets are the lowest prioritized packets. Then the 
protocol of R-PTR at the station S is described 
as follows: 

(1) If station S captures the token satisfying 
T=O, i.e., free token, the values of PPP and Pm 
are compared. Then, 

if PPP)Pm, station S sends the free token to 
the next station without updating the values 
of T and PPP; 

otherwise, - station S changes the captured 
free token to the busy token, i.e., T=l, and 
sets the value of PPP to be 0, then starts 
the transmission of the packet. 

(2) If station S captures the busy token, it 
compares the value of PPP of the token with Pm to 
reserve the token. Then, 

If PPP<Pm, set the value of PPP to be Pm; 
otherwise; don't update the value of PPP. 

(3) Assume that station S had generated the 
busy token and transmitted the packets, and the 
generated busy token has just returned to station 
S. Then, station S records the value of PPP of 
the token in register Rr, and the new free token 
with the following bit pattern is generated: 

Fi g.l 

PPP T R 

The bit pattern -of the token of the R-PTR 
and the WR-PTR. 

T := 1 

PPP := 0 
Append the token to the header of 
the data frame, and transmit the data 
frame. (The transmitted packets are 
chosen according to some data trans
mission principle.) 

Rr := PPP 
T:=O 

PP P : = ma x {P , R } m _ r 

Fig.2 Behavior of a station under the R-PTR. 

PPP=max(Pm,Rr), T=O, and M=O. 

Note that the station transmitted the pack
ets takes the responsibility to remove the trans-
mitted packets from the ring. The algorithm of R
PI'R is illustrated in Fig.2. 
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2.2 The Difference between R-PTR and IEEE-PTR 

We would like to describe two essential 
differences between the R-PTR and the IEEE-PTR. 

First, in the R-PTR, all the information 
gathered during a circulation of the busy token 
is fully utilized, while in the IEEE-PTR this 
information is partially utilized as explained in 
the following. In the IEEE-PTR [5], [8], the 
priority of a new free token is given by the 
maximum of the current token priority and the 
highest priority of access waiting packets known 
to the busy token during its one-round circula
tion. 

Second, in the IEEE-PTR, two types of stacks 
are used in order to reduce the priority of the 
free token to the previous priority level in the 
case where no packet with the priority higher 
than or equal to that of the free token is found 
by the free token during its one-round circula
tion. The mechanism of manipulating these stacks 
makes the IEEE-PTR rather complex. On the con
trary, in the R-PTR, such stacks are not used. In 
the IEEE-PTR, the priority level of the busy 
token is preserved even after its one-round 
circulation unless it is decreased by the stack 
manuplating mechanism, which may be beneficial to 
the packets with higher priority level as exam
plified in the following situation: Assume that a 
packet with the highest priority level arrives at 
station S just after the busy token with the 
highest priority is transferred to the next sta
tion from station S. Thus, the station S cannot 
reserve the highest priority level in the busy 
token for the next circulation of the token. In 
such a case, the possibility that station Swill 
be ab le to transmit the packet wi th the highest 
priority in the next circulation in the IEEE-PTR 
is higher than that in the R-PTR, since the 
priority level of the token of the going circula
tion may be preserved in the next circulation in 
the IEEE-PTR. Including the above case, the 
fairness concerning an opportunity of trans
mission of each prioritized packet in both proto
cols should be taken into consideration. We exam
ined many situations with respect to priority 
level of the packets waiting for tratismission at 
each station, and concluded that there is nothing 
to choose between them about the fairness of 
transmission of each prioritized packet. Thus, it 
is considered that the R-PTR is rather advanta
geous comparing to the IEEE-PTR because of the 
simpler mechanism of each station as well as the 
smaller size of the memory for achieving almost 
the same performance as will be shown in sec
tion 4. 

2.3 WR-PrR 

In this subsection, we describe the protocol 
WR-PTR as well as the motivation of introducing 
this protocol. In a LAN in which very long pack
ets like data files are mainly transmitted, a 
certain station may occupy the right of trans
mission of the packets for a long time if the 
channel speed is not so large comparing to the 
packet length. Then, the information on which the 
reservation schemes such as explained above are 
based is too old to utilize, and it becomes 
useless. Thus, it is useful to consider a priori
tized scheme without reservation in such circum
stances. 

In the WR-PTR, whenever a new free token is 
created, its priority, i.e., the value of PPP, is 
always set to be the highest one. Thus the regis-

ter Rr is also not necessary. If a station S 
recognizes that the free token created at station 
S retur~s without being captured by any other 
station (Le., idle run), then station S de
creases the priority level of the free token by 
one. Each station can recognize this situation 
idle run by its register Rt (this is not used in 
the IEEE-PTR). 

It is considered that the WR-PTR makes good 
use of the priority mechanism in the LAN with 
properties explained above. 

2.4 Several Variations of R-PTR 

The protocols mentioned above are classified 
into several variations according to the princi
ple of packet transmission at each station; name
ly, decision on which packets are transmitted 
among the packets with the same priority. We 
consider the following two popular principles: 

(a) Gating principle [2] 
The station transmits the packets in its 

queue with the priority relevant to be transmit
ted at the instance that the free token is cap
tured. 

(b) Exhaustive principle [2] 
The station which captures the free token 

continues to transmit packets which have the 
priority high enough to be transmitted until the 
queue for this priority level packets becomes 
idle. 

3. PERFORMANCE ANALYSIS OF THE R-PTR 

In this section, we analyze the performance 
(i.e., average throughput and average transmis
sion delay) of the R-PTR with gating transmission 
principle. ' The results for the exhaustive trans
mission principle have already been obtained. 
However, we only discuss on the gating model. 

First, we introduce the following six as
sumptions (A1)-(A6) for simplicity of analysis. 

(AI) The number of stations is N and two prio
rity levels of packets are considered, i.e., 
level 2 (higher priority) packet and level 1 
(lower priority) packet. Each station has two 
buffers with size 1 (packet) each of which is 
for level 1 packet or level 2 packet. 

(A2) The state of the network is represented 
by a tuple (i,j,f), where i is the number of 
stations with a level 2 packet, j is the number 
of stations with a level 1 packet, and f is the 
level of a free token. It obviously holds that 
O~i,j~N and f=1,2. 

(A3) The size of a packet (both level 2 and 1) 
transmitted in the system is 1 (unit time), i.e., 
the channel time is normalized by the packet 
transmission time of a packet. 

(A4) The level 2 (level 1) packets arrive at 
the system according to Poisson process with mean 
value s2 (sI) (packets per 1 (unit time», re
spectively. The arrival of the level 2 packets 
and the level 1 packets are mutually independent. 

(AS) The propagation delay between the nearest 
two stations is constant and is given by r (unit 
time). Further, the overhead for the free token 
to pass through a station without packet trans
mission is neglected. 

(A6) Let us consider the following four time 
instants, where we assume that the free . token 
visits station B next to station A. 
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tA: the instant that station A captures a 
free token, 

tA' : the instant that station A generates a 
free token, 

tB: the instant that station B captures the 
free token generated by station A. 

tB' : the instant that station B generates a 
new free token. 

The system state at instant tA' is determined by 
the system state at instant tA as well as the 
number of packets of each priority level arrived 
at the system between tA and tA' and the system 
state at tB is determined by the system state at 
tA' as well as the number of packets of each 
priority level arrived at the system between tA 
and tA'. Consequently, each instant when the sta
tion captures or generates a free token becomes 
the Markov renewal point. 

Under these six assumptions, we analyze the 
delay and throughput of the R-PTR by means of 
usual Markovian model. 

State Transition Probability 
First, we obtain the state transition proba

bility of two neighbouring Markov renewal points. 
Assume that the system state at tA' (tB) is given 
by (i,j,f) «i' ,j' , g», respectively. Let us 
denote the state transition probability from tA' 
to tB by P(i' ,j' ,g/i,j,f). Since the level of a 
free token is not changed during the time inter
val between tA' to tB, g=f is satisfied. From the 
above assumptions, P(i' ,j' ,f/i,j,f) is given as 
follows: 

P(i' ,j' ,f/i,j,f)=N .C., . (l-exP(-s2r »i'-i 
-1 1 -1 

N- i' j'-j 
.(exp(-s2r » N .,C., .(l-exp(-slr» 

-J J-J 
N ., 

'(exp(-slr» -J (i~i'~N, j~'~N, f=1,2). 

Next, we consider the following three proba
bilities at time instant tB with system state 
(i' ,j' , f ) : (Case 1) station B has only level 1 
packet; (Case 2) stati on B has only level 2 pack
et; (Case 3) station B has both l evel 1 and level 
2 packets. Let us denote these three probabili
ties by Pl(i',j') , P2(i ',j'), and P3(i',j'), 
respectively. Then Pl( i ' ,j'), P2(i, ',j'), and 
P3(i',j') are given as follows: 

{

(N_lC, , . N_lC ., -1) / (NC, " NC .,) (j' yfO) 
Pl(i' ,j')= 1 J 1 J 

o (j'=O), 

. {(N_lC, '-1 'N_lC .,) / (NC, " NC .,) (i' yfO) 
P2(i',j')= 1 J 1 J 

o (i '=0), 

{

(N_lCi'_l'N_lCj'_l)/(NCi"NCj') 
P3(i',j')= (i',j'yfO) 

o (i '=0 or j' =0) • 

Now, we consider the state transition proba
bility from instant tB to instant tB'. When the 
level of a free token is 2, each station sends a 
level 2 packet if it has a level 2 packet. On 
the other hand, when the level of a free token is 
I, each station sends any level packets Ca level 
1 packet, a level 2 packet, or both level 1 and 
level 2 packets) if it has. Thus, there are three 

cases concerning the packet transmission from 
station B; namely, no packet transmission, one 
packet transmission, and two packets transmis
sion. If no packet is transmitted, then tB'-tB is 
equal to 0 by assumption AS. If a packet is 
transmitted, then tB'-tB is given by Nr+l (we 
shall denote this value q), and if two packets 
are transmitted, then tB'-tB becomes q+l. The 
state transition probability from tB to tB' is 
given as follows: 

Case l. (f=2) 

P(O,j' ,2/0!j' ,2)=1 (by (AS», 

P(i',j',2/i',j' ,2)=1-P2(i' ,j')-P3(i' ,j') 

+(P2(i' ,j')+P3(i' ,j'»N_.,Cl (1-exp(-s2q» 
N-i'-l 1 N-" 

'(exp(-s2q» (exp(-slq» J Res(2) (i'yfO), 

P(n,m,g/i' ,j' ,2)=N .,C ., 1(1-exP(-s2q»n-i'+1 
-1 n-1 + 

N-n-l . (exp(-s2q» N .,C ., -J m-J 
m-j' N-m 

' ,(l-exp(-slq» (exp(-slq» 

'(P2(i' ,j')+P3(i' ,j'»Res(g) 

(i'yfO, g=1,2, i'-l~n~N-l, j'~m~N, 
and (n,m,g)yf(i',j' ,2», (1) 

where in eq. (1) 

{

I 
Res(2)= 

l-exp(-s2rN (N+l)/2) 

Res(l)= fO 
LexP(-s2rN (N+l)/2) 

Case .IT. (f=l) 

(i '2.2) 

(i'=O,l), 

(i '2.2) 

(i'=O,l). 

P(O,O,l/O,O,l)=l (by (AS», 

P(O,j',l/O,j',l)=l-Pl(O,j')+Pl(O,j')Res(l) 

N 
. (exp(-s2q» N_j,Cl(l-exp(-slq» 

N- "-1 . (exp(-slq» J (j'yfO), 

P(i' ,O,l/i' ,0,1)=1-P2(i' ,0)+P2(i' ,0) 

N 
. (exp(-slq» N_i,Cl (1-exp(-s2q» 

N-i'-l . (exp(-s2q» Res(l) (i'yfO), 

P(i',j',l/i',j',l)=l-Pl(i' ,j')-P2(i' ,j') 

-P3(i',j')+{P2(i' ,j')N_i,Cl (1-exp(-s2q» 

N-i'-l N-" . (exp(-s2q» (exp(-slq» J 

+Pl(i' ,j')(exP(-s2q»N-i'N_j,Cl (1-exP(-slq» 

N- "-1 
. (exp(-slq» J 

+P3(i' ,j')N_i,Cl (1-exp(-s2(q+l») 

( N-i'-l 
. exp(-s2(q+l») N_j,C1(1-exP(-sl(q+l») 

N . , 1 
. (exp(-sl(qtl))) -J - }Res(l) (i' ,j'#O), 
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P(n,m,g/i',j' ,1)={N .,C "+I(I-exP(-s2q))n-i'+1 
-l. n-l. 

.(exP(-s2q))N-n-l
N 

.,C .,(I-exP(-slq))m- j ' 
-J m-J 

. (exP(-sIQ))N-mp2(i',j') 

n-i' N-n 
+N_i,Cn_i ,(I-exp(-s2Q)) (exp(-s2Q)) 

( )m-j'+1 
'N .,C "+1 l-exp(-sIQ) -J m-J 

N-m-l . (exp(-sIQ)) Pl(i' ,j') 

+P3(i',j')N . ,C . '+I(I-exP(-s2(Q+l)))n-i'+1 
-l. n-l. 

N-n-l . (exp( -s2( Q+l))) 

( ( ( ))m-j'+1 
N .,C "+1 l-exp -sI Q+l) -J m-J 

( N-m-l . exp(-sl(Q+l))) }Res(g) 

(i',j'#O, g=I,2, i'-I<n<N, j'-I<m<N, 
and (n,m~g)#(i',j'~I)). 

Steady State Probability 
Here, we consider the steady state probabil

ity n(n,m,g) of system state (n,m,g). n(n,m,g) 
is given as follows: 

n(n,m,g)= ~ P(n,m,g/i' ,j',f) 
0~i+j<2N, 0~i'+j'<2N, f=I,2 

'P(i' ,j' ,f/i,j,f)n (i,j,f). 

Next, let Pt(k/i,j,f) denote the probability 
that the transmission time (i.e., tA'-tA) is k 
when the system state (at instant tA) is (i,j,k). 
Pt(k/i,j,k) is given as follows: . 

(f=2) 
Pt(O/i,j,f)= 

{

1-P2(i,j)-P3(i,j) 

I-Pl(i,j)-P2(i,j)-P3(i,j) (f=I), 

rp2(i,j)+P3(i,Oj) 
Pt(Nr+l/i,j,f)= ~ 

Pl(i,j)+P2(i,j) 

Pt(Nr+2/i,j,f)= ;-0 
LP3(i,j) 

Pt(k/i,j,f)=O (k#O, Nr+l, Nr+2). 

(f=2) 

(f=I) , 

(f=2) 

(f=I) , 

Further, let us denote the probability generating 
function of Pt(k/i,j,f) by G(z/i,j,f). Then the 
average transmission time F(i,j,f) is given by 

F(i,j,f)=dG(z/i,j,f)/dz lz=l· 

Average Throughput 
Now, the average throughput SI (S2) of level 

1 packet (level 2 packet) is given by the fol
lowing equation: 

Su= ~ n (i,j,f)Ru(i,j,f)/ 
0~i+j<2N, f=I,2 

~ rr (i,j,f)F(i,j,f) (u=1,2), (2) 
0~i+j<2N, f=1,2 

where in eq. (2) Ru is the probability that a 
level u packet is transmitted when the state is 
(i,j,f) and is given as follows: 

R2(i,j,f)=P2(i,j)+P3(i,j), 

Rl(i,j,f)=(Pl(i,j)+P3(i,j))Res(I). 

Average Transmission Delay 
Next, we consider the average number of 

packets in the system at arbitrary time. Let us 
denote the probability that the number of sta
tions which has a level 2 packet (level 1 pack
et)) at the instant that k (unit time) has been 
elapsed after a free token was generated at the 
system state (i,j,f) is n (m) by Pa2(n/i,j,f,k) 
(Pal(m/i,j,f,k)), respectively. These two proba
bilities are given as follows: 

Pa2(n/i,j,f,k)=N_iCn_i 

n-i N-n 
. (l-exp(-s2k») (exp(-s2k») , 

Pal(m/i,j,f,k)=N'C . -J m-J 
m-j N-m .(I-exp(-slk)) (exp(-slk) • 

Then, the average number of level 1 packets 
(level 2 packets) in the system at the instant 
that k (unit time) has been elapsed after a free 
token was generated at the system state (i,j,f) 
(denoted Al(i,j,f,k) (A2(i,j,f,k», is respec
tively given by 

N 
A2(i,j,f,k)= L nPa2(n/i,j,f,k) 

n=i 

=N-(N-i)exp(-s2k), 

N 
Al(i,j,f,k)= L mPal(m/i,j,f,k) 

m=j 

=N-(N-j)exp(-slk). 

Further, the accumulated average number of level 
1 packets (level 2 packets) in the system from 
the generation of a free token at the system 
state (i,j,f) to the next generation of a free 
token (denoted T2(i,j,f) (Tl(i,j,f)) is respec
tively given by 

k 
T2(i,j,f)= L { L A2(i,j,f,x)}Pt(k/i,j,f) 

k=1 x=1 

=N.F(i,j,f)-(N-i)exp(-s2) 

. {1-G(exp(-s2)/i,j,f)}/(I-exp(-s2) 

(i+j#O), 
00 k 

T1(i,j,f)= L { L A1(i,j,f,x)}Pt(k/i,j,f) 
k=1 x=1 

=N.F(i,j,f)-(N-j)exp(-sl) 

. {1-G(exp(-sl)/i,j,f)}/(I-exp(-sl) 

(i+j~O), 
k 

Tu(O,O,l)=(l- E exp(-s2x»Tu(l,O,f) 
x=l 

k 
+(1- L exp(-slx»Tu(O,I,f) 

x=l 
(u=I,2, i=O, j=O). (3) 
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Consequently, from eq. (3) the average number of 
level 2 packets (level 1 packets) in the system 
(denoted M2 (M1)) is respectively given as fol
lows: 

Mu= ~ n (i,j,f)Tu(i,j,f)/ 
0<i+j<2N, f=1,2 

~ n(i,j,f)F(i,j,f) (u=1,2). (4) 
0<i+j<2N, f=1,2 

Finally, from eqs. (2), (4) and Little's formula, 
the average packet transmission delay Du (u=1,2) 
is given by 

Du=Mu/Su (u=1,2). (5) 

4. TIlE RESULTS OF ANALYSIS AND SIMULATION 

In this section, we first examine the accu
racy of the approximate analysis in section 3. 
Then, we compare the performance of the R-PTR 
and the IEEE-PTR. Throughout this section we will 
adopt the following system parameters of a LAN. 

Channel speed: 32 (Mbits/sec.) 
2 (micro sec.) 
la 

Delay between two stations: 
Number of stations: 
Highest priority level: 2 

In Fig.3, we show the performance of the 
packet transmission delay time versus average 
packet interarrival time for the R-PTR with 
gating transmission principle, where the packet 
length is 1000 (bits). The solid (broken) lines 
show the numerical results obtained from the 
approxi mation analysis of section 3 (the results 
from simulation experiments), respectively. Al-
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priority 1 
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I 
I 

5.0 4.0 3.0 2.0 1 .. 0 0.5 0.0 
Average interarrival time (ms) 
of level 1 packets 

Fig.3 Comparison of the analysis and simulation 
results of the R-PTR (gating model) 
(packet length: 1000 (bits),averageinter
arrival time of level 2 packets: 1 (ms)). 

though the difference between the results of 
approximation analysis and the simulation experi
ments is observed to some extent (i.e., at most 
200 (micro sec.)), the results of the analysis 
well reflect the behavior obtained from the simu
lation experiments. 
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Comparison of the R-PTR and the WR-PTR 
by simulation experiments 
(packet length: 8000 (bits), average 
interarrival time of level 2 packets: 
la (ms)). 

R-PTR 
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priority 

priority 2 
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Fig.S Comparison of the R-PTR and the WR-PTR 
by simulation experiments 
(~acket 17ngth: 16000 (bits), average 
lnterarrlval time of level 2 packets' 
la (ms)). . 
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Comparison of the R-PTR and the IEEE-PTR 
by simulation experiments 
{packet length: 1000 (bits), average inter
arrival time of level 2 packets: 1 (ms)). 

In Fig.4 and Fig.5, the packet transmission 
delay of the R-PTR and WR-PTR for different of
fered loads of lower priority packets is illus
trated, where the exhaustive transmission prin
ciple is assumed and in Fig.4 (Fig.5) the length 
is 8000 (bits) (16000 (bits)), respectively. From 
these two 1igures, we can observe the following 
concerning the packet transmission delay in the 
case that the channel speed is 32 (Mbi ts/ sec.): 
If the packet length is not so large (i.e., less 
than 10000 (bits)), the packet transmission delay 
of the R-PTR is smaller than that of the WR-PTR, 
while the WR-PTR has better transmission delay 
performance if the packet length becomes larger 
than 16000 (bits). 

In Fig.6, we plot the simulation results of 
transmission delay of the R-PTR and IEEE-PTR 
under different offered loads of lower priority 
packets, where the exhaustive transmission.is 
adopted since the IEEE-PTR employs the exh~ustl~e 
principle with time-out mechanism. From Flg.6, lt 
becomes clear that the packet transmission delay 
performance of the R-PTR is not inferior to that 
of the IEEE-PTR in almost all traffic load envi
ronments. 

Consequently, it is conclusive that the R
'PTR has simpler mechanism and better transmission 
delay performance as compared with the IEEE-PTR. 
Furthermore, the WR-PTR has also simple mechanism 
and shows good performance in a restricted traf
fic condition. 

s. CONCLUSIONS 

Based on the IEEE-PTR (prioritized token 
ring protocols standardized br ~he IEEE 80?5 
Project), we proposed two priorltlzed token rlng 

protocols; namely, the R-PTR and WR-PTR. Our 
proposed protocols are rather simpler than the 
IEEE-PTR. From our performance evaluation of the 
R-PTR and WR-PTR under the comparison with the 
IEEE-PTR, it is conclusive that, due to their 
simplicity and good performance, our proposed R
PTR and WR-PTR would be invaluable varieties of 
the prioritized token ring access protocols in 
LAN's. 

To remedy the discrepancy observed between 
the result of analysis and that of the simulation 
experiments for the R-PTR, improvement of the 
approximation analysis will be required. The 
analysis of the IEEE-PTR by extending our approx
imation method is also one of the future research 
topics. 
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