Journal of the CSI

Vol. 32 No.3, March 2002

A note on token based control in
rings and linear arrays”

P Thangavel” & R Rajendra Prasath®

Department of Computer Science, University of Madras,
Chepauk, Chennai - 600 005, India

In this paper, we describe token based message routing strategy for the allocation of a single shared resource
among n processing entities that are arranged in the variant of a ring network and a linear array. First we
present an algorithm for single shared resource allocation in a bidirectional ring network in which token and
requests can pass through in opposite directions. Then we propose a new algorithm for a linear array (a ring
with a faulty node) in which requests are allowed to pass through the processors according to the direction of
the token movement. These protocols are built on request based token control strategy in which token moves
only after the initialization of a request. We ensure that the proposed algorithms prevent starvation of requests
which are served within a maximum delay.
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Introduction

Consider the allocation problem of a single shared
resource among a set of n processors that are arranged
in the variants of a ring network. We provide the solution
by means of a request based token passing strategy in
which token is used to control the allocation of the
shared resource. At first, the token is informed by the
request sent by processors which are in need of the
shared resource. Then the free token is converted into
a busy token. After servicing the processors with a
pending request, the busy token is destroyed and a new
free token is again circulated in the network. This type
of control mechanism is used in various communication
problems such as election problem [9], mutual exclusion
problem[10,12,13,17], etc. Data transmission [1,14,15]
using ring networks and access to the transmission
medium in bus networks [3,7] were solved by
constructing ring networks.

These problems use the same procedure: an entity
holding token will pass it along the ring as soon as it no
longer needs it. In this case, the number of requests
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exchanged may be unbounded even for a finite number
of requests. Feuerstein et al.[6] has overcome this
problem by implementing request based token passing
technique that allows the token to move only if it is
informed of a processor asking the shared resource.
They have described this strategy for an unidirectional
fault free ring network in which token as well as requests
are allowed to pass through in a single direction.
Feuerstein et al.[6] have proposed two protocols Q and
D using request message based token control strategy
in which requests and token move in single direction
only. Algorithm Q) requires n messages per request and
service traffic 3n%/2 . Algorithm D requires 2n messages
per request and service traffic (3n - 3).

Although a vast amount of literature exists on the token
based control strategy, but little is known about the use
of circular token based control mechanism. In the
context of distributed computing, the research has been
mainly focused on the detection of token loss and on
self-stabilizing aspects[2,4,9]. They have assumed that
the request message carries routing information about
the source-destination identities. Using these details,
there are numerous message routing techniques that
make use the shortest paths on which routing from
source to destination node is made [5,11].

The analysis of the proposed algorithms uses two
distinct measures as in Feuerstein et al.[6,16]. The first
measure is the average number of messages per request
necessary to satisfy a sequence of requests, that is, the
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worst case ratio between total number of (token and
request) messages and the number of requests in the
sequence. The second measure is the service traffic,
defined as the worst case ratio between the time in
which a processor sends a request and the time in which
the token reaches the processor.

In this paper, we assume that requests and token can
move in opposite directions. Such a ring is referred to a
bidirectional ring. First we present an improved
algorithm D’ of Feuerstein et al. algorithm D. In D’, the
additional check tour is not required as in Feuerstein et
al [6]. It requires 2(n - 1) messages per request and
service traffic (3n - 3). Here an additional service traffic
of (n - 1) is due to requests which may be initiated by
the processors after it has been served by the token.
Then we propose an algorithm L1 for a linear array with
a single shared resource. It requires 2(n - 1) messages
per request and service traffic is bounded by (3n - 3).

Algorithm D’ allocates a single shared resource in a bi-
directional ring network which is a stable network
structure suitable for high speed LANs. The message
routing is reliable because of bi-directional movements
over the processors. The second algorithm L1 proposed
for a linear array provides better performance and
improved service reliability for the processors to access
the single shared resource. Also this algorithm provides
a better lower bound with bi-directional message
movements.

In the next section, we present a controlling algorithm
for a bidirectional ring network. In section 3, we describe
an algorithm for a linear array. Finally, section 4
concludes the paper.

Allocation of a shared resource in rings

Let us consider n processors P, P,,..., P_that are
arranged in a logically structured ring in which the
communications can be in either direction, clockwise
or anticlockwise direction. Fori = 1, 2, ..., n processor,
P.is connected to P, and P, and P, is connected to P,.
The requests are not related with the information about
the processors that generate them. Without loss of
generality, we can assume that a processor can ask the
resource again only after the previous request has been
satisfied. The processors have neither a shared memory
nor a common clock and speeds are not related.

First we present the modified algorithm D’ of Feuerstein
et al. algorithm D. Here we assume that token is allowed
to pass through only in anticlockwise direction and
requests are allowed to pass through clockwise
direction. Also assume that each processor has a local
variable M such that M = 1, if either a request has
P P ;
passed through the processor P, or P, has a pending

request of its own and Mp = 0, otherwise. Processor PI,,
willing the token, sends a request that passes through
atmost (n - 1) processors to each the token. Token may
also be moving atmost (n - 1) processors to serve a
request. The behaviour of a processor P, is formally
described as follows:

Algorithm - D’

/* This algorithm describes the single shared resource
allocation in a bi-directional ring network. In this
network, token moves in anticlockwise direction and

requests move in clockwise direction */
int 1 // 1<i< n;the index of processor P,
M,; /| takes value 0 or 1

(1) When P, needs resource then

boolean

Begin
If P, has token then it enters critical section;
Otherwise

if M, = 0 then it sets M = 1 and sends the
request in clockwise direction to the next
processor

else (Mp = 1) no message is sent
End

(2) When P, receives a request then

Begin
If P, has token then it sets M =0 and sends token
to the next processor in anticlockwise direction

If P, does not have token then

if M = 0 then it sets M = 1 and sends the
request in clockwise direction
else (Mp = 1) no message is sent

End
(3) When P, receives token then
Begin

If P, has a pending request then it enters critical
section in which it sets M = 0.

At the end of critical section, pass token to the
next processor in anticlockwise direction

If P, has no pending request then

if M, = 1 then it sets M, = 0 and sends token to
the next processor

else (Mp = 0) token stops at P..
End

This algorithm D’ does not require an additional check
tour as in algorithm D of Feuerstein et al.[6].
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Theorem : 2.1

Algorithm D’ satisfies all requirements of processors. It
needs atmost 2(n - 1) messages per request and its
service traffic is (3n - 3).

Proof:

In this algorithm D’, requests are allowed to travel in
clockwise direction and token T is allowed to move in
anticlockwise direction. Assume that initially T is at P..
Then requests coming from P, to P, will be received by
token. Each processor receives a request will check its
M value, if it is zero then that request will be forwarded;
otflerwise, it will be stopped, as this processor would
have sent or forwarded a request signal. Movement of
the token is controlled by M value. The requests are
passed as long as no request has been forwarded from
that processor by setting M =1. This will be carried out
until the request reaches the processor which has the
token. The token is moving along anticlockwise
direction. Along the way it serves all pending requests
and stops at the processor at which M =0. Thus the
algorithm D’ serves all the requests.

Now to prove the first measure, we see that the processor
which has token T need not send any request. So when
token receives request from remaining (n - 1) processors,
the token may have to move all processors upto its
previous processor to satisfy its requests. Thus (n - 1)
processors are eligible to send requests at every
movement. But a processor can ask the resource only
after that the previous request has been satisfied. Thus
atmost (n - 1) messages are needed to inform the token.
In addition, token may be moved over (n - 1) processors
to satisfy the pending requests in the worst case. Thus
the number of message exchanges per request is atmost
2(n - 1).

The service traffic scales the total number of message
exchanges per request between the time in which a
processor P, sends a request and the time in which it
gets served. Also we assume that all other requests are
generated only after P’s request. Here two different types
of messages may be sent between the processor P, and
the time at which it receives the token. The first type is
the request from P, which requires atmost (n - 1)
movements to reach the token in the clockwise
direction. In order to serve the request of P, token may
have to pass atmost (n - 1) processors. While passing
each processor, it serves all pending (or waiting)
requests. Further it is possible that the processors along
the path may generate new requests after the token has
passed that processor. In this process, additional (n - 1)
messages may be generated in the worst case before
token reaches the requested processor. Thus the service
traffic in the worst case amounts to (3n - 3). [ ]

3. Token-based Control in Linear Arrays

Consider n processing elements arranged in the form
of a linear array, which might result in from a ring with
single faulty node. Here also we use similar settings as
above, except that tokens move along one direction
serving all pending requests until there is a pending
request; otherwise, the token changes its direction if
there is pending request in the other direction. Request
messages are sent using M value as above, by keeping
track of the movement of token using direction bit d.
Token has two flag bits T)and T, which will be modified
inside the critical section to record pending requests
from left or right respectively. The behaviour of a
processor P, that executes algorithm L1 as follows:

Algorithm : L1
/* This algorithm allocates the single shared resource in a
linear array — a ring with a faulty node */
int i // 1<i< n;the index of processor P,
boolean M, d, T,T; /| each takes value 0 or 1
(1) When P, needs resource then
Begin
If P, has token then it enters critical section
If P, has no token then
if M, = 0 then it sends a request along left port
if d = 0; otherwise
through right port by setting M =1
if Mp = 1 then no message is sent.
End

(2) When P, receives request then
Begin
If P, has token then
Ifi =1 (ori=n)thensetd = 0(1); T,=1 Mp
= 0 and pass token along right (left) port of P,.
If 1 < i< nthen
If request is from left port then set T, = 1;
otherwise set T, = 1;
If d = 0 then
if T = 1thensetd = 1; send token along
right port;
if T,= 0 then set M, =0
else(T,= 0 and T,= 1) set M_ = 0 and
pass token along left port of ﬁ’i.
else (d = 1)
if T,=1thensetd =0(@{fT = O];MP=
0 and pass token along left port
else set M = 0 and pass token along

p
right port of P.
else (if P, has no token)
if M = 0 then

set }}VIP = 1 and pass request to next
processor in the same direction otherwise

nothing is done.
End
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(3) When P, receives token then

Begin
If P has a pending request then it enters critical section;
at the end of critical section, pass token as follows:
if i = 1(or n) then set T, =1 M =0and
if T, = 1 then set d = 1(0) and pass token along
right(left) port otherwise token stays at P (P, ).
else(1 < i< n)
ifd = 0thensetd =1
if T,= 0 then set M_ = 0 and pass token along
right port
elsesetd = 0if T = 0 then set Mp = 0 and pass
token along left port.
else (if P, has no pending request then)
if M, = 0 then
ifd=0thensetT =0
if T,= 1 then pass token along left port
else token stays at P,
else (d =1)setT,=0
if T = 1 then pass token along right port;
else token stays at P,
else (M = 1) if d = OJor 1] then
if Tz[or =0 then set MP = 0; d = 1 and pass
token along right [or left] port

End

Theorem : 3.1
Algorithm L1 serves all requests and requires 2 (n - 1)
messages per request and service traffic is 3 (n - 1).

Proof :
Proof is similar to theorem 2.1. [ |
Example:
(n - 1) movements
T —— — request
= P = m = m = P
R ARNYARNIAS
1/5 1/5 1/5 1/5
Fig. 1

To illustrate the performance of the proposed algorithm
L1, consider a linear array of n = 5 processors as shown
in fig. 1. We assume that token resides at P, and
processor P_ generates a request to access the single
shared resource. The generated request advances over
the processors only if M, value of that processor is zero;
otherwise the request would be stopped as already a
request had been sent. So the generated request from
processor P_ requires (n - 1) = 4 movements to inform
the token in the worst case. Similarly as token moves
from processor P, to P, it serves all the pending requests
in its way if any request is generated in the mean time.
This type of movements require (n - 1) = 4 movements.

Finally additional (n - 1) message movements are
required as processors may generate request messages
after the token had left that processor. Hence the
algorithm serves the request of processor P, and requires
8 message exchanges. In this case, the service traffic
amounts to 12 message exchanges.

Conclusion

In this paper, we have proposed two protocols in a
bidirectional ring network and a linear array using token
based message passing technique. The algorithm D’ for
a bidirectional ring network does not require an
additional check tour as we require in the algorithm D
of Feuerstein et al.[6]. Also we have generalized an
algorithm, namely L1 for a linear array, which efficiently
describes bidirectional message as well as token passing
strategy. A skewed tree [8], it may be skewed to left or
right, is similar to a linear array structure and thus the
algorithm L1 could be applicable to a binary tree skewed
to either left or right regardless of its degree. Our future
work includes this problem with various unexplained
measures to have a deep insight, for example, fault-
tolerance aspects like node faults or link faults during
transmission in higher dimensional topologies like k-
ary n-cubes, butterfly networks and permutation
networks.
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