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Abstract

In this paper, the timely-token protocol is studied under non-uniformly heavy load of

asynchronous traffic and problems were identified.

The problems are due to

inappropriate definition of heavily loaded networks. Specifically, the paper presented a

more comprehensive definition of a system t

hat is heavily loaded with asynchronous

traffic. Furthermore, the performance analysis is conducted to account for the two

extreme cases; where every node is heavily loaded and another case,

where only few

nodes are heavily loaded while the rest are not loaded at all. The disgovery i-n this paper
is very essential to network designers and researcher as they strive to improve the
performance of the timed token protocols under various network traffic configurations.

Kevywards: Timely-Token Protocol,

Best-Effort Service,

Bandwidth Reclaiming

Mechanism, Asynchronous Traffic, Synchronous Traffic.

1.0 Introduction

More accurately. it has been stated that the
most promising solutions to support real-
time services in communication networks
are those that allow the coexistence of both
real-time and non-real-time stations in the
same communication domain [1], [2]. For
non real-time domain, maximizing the
throughput or minimizing the average
message delay is the most important
performance criteria. In the hard real-time
domain, however, concern focuses on
satisfying the time constraints of
individual messages [3-5]. Hence, for hard
real-time system, predictability is favoured
against maximizing throughput. The
situation placed a demand for effective and
efficient integrated services Local Area
Network (LAN). Such networks’ Media
Access Control (MAC) protocols must
deal with different traffic patterns and
must provide not only bounded message
transmission time, as required by the hard
real-time and soft real-time tasks, but also
high throughput, as demanded by non-real-
time tasks [6]. An attractive MAC
approach for integrating such traffic in
multi-access networks is the timed-token
protocol. Consequently, the timed-token
protocol has been incorporated into several

high-bandwidth network standards [7].
such as, IEEE802.4 Token Bus [8] . Fiber
Distributed Data Interface (FDDI) [9-13].
SAFENET [14] ,  Manufacturing
Automation Protocol (MAP) [15] ., High-
Speed Ring Bus [16], and in PROFIBUS
which is a Fieldbus network standard [ 17}].
Several implementations of token passing
strategies in wireless networks have also
been proposed in [18-20].

Despite the wide applications of timed-
token protocols, poor management of
unused (spare) channel capacity during
network operations continue to pose
performance problems like token lateness,
starvation of the asynchronous traffic,
inefficient capacity utilizations [21]. The
timely-token protocol is a version of the
timed-token protocol developed by Cobb
and Lin to improve the communication
services provided by the existing timed-
token protocols [21]. 1t solved the
problems of token-lateness in FDDI
[9](Biao and Wei 1992) and starvation of
asynchronous traffic in FDDI-M [10].
However, the timely-token protocol still
suffers inefficient management of the
available bandwidth. One of such
situations where the inefficient
management of the available bandwidth is




evident is the occasions where the network
is non-uniformly heavily loaded. In this
paper. the timely token protocol is studied
under nonuniform heavy load situations
and mathematical  expressions were
derived to determine the exact amount of
drop in throughput of the system in
nonuniform heavy load situations.

The rest of the paper is organized as
follows. The network and message models
are presented in Section 2 along with the
timely-token  protocol  Media  Access
Control (MAC) algorithm and flowcharts.
Analysis of the timely-token protocol
MAC algorithm for a non-uniformly
heavily loaded system is presented in
Section 3. Section 4 contains numerical
example for the performance of the timely-
token protocol when it is non-uniformly
heavily —loaded. Finally, concluding
remarks and recommendations for further
studies are stated in Section 5.

2.0 Network Characteristics

2.1 Network Model

The study considered a token ring or
logical ring network consisting of N nodes
(or stations). Each node has a unique
number in the range 0, 1, 2...N-1. In
addition, each node is connected to two
other neighbouring nodes by unidirectional
point-to-point media that form a single
closed path. For each node i, the next node
along the unidirectional medium is station
(i+1) or more appropriately node (i+1)
mod N.

A special bit pattern called the token
circulates around the ring (logical ring or
token ring) from node i tonodes i + 1, 1+
2. ... until node 1 + (N-1), then to nodes 1,
i+ 1, i4+2,..., helping to determine which
node should send a frame of message
among the contending nodes. Let w;
denote the latency or walk-time between a
node i and its upstream neighbor node (i +
). Then,

N—=1
W:Zm (1)
!

W denotes the token walk timesaround the
ring when none of the nodes in the
network disturb it [9], [22].

2.1.1 Message Model

Messages generated in the network at run
time may be classified as either
synchronous messages or asynchronous
messages. In the following discussion it is
assumed that there is one stream of
synchronous messages on each node [23],
[9). It is also assumed that the network is
free from hardware or software failures.
Hence, in the N-node ring, the
synchronous message set, M, consist of N
streams of synchronous messages; So, Si,
$2... Sn.1 where, M = {sq, 81, S2... SN-1}

The synchronous message stream, s; at
node i is given as si = {P;, G, Di}
where, c; is the maximum amount of time
needed to transmit a message in the stream
atnode i; P; is the period length of stream
s; i.e. the minimum inter-arrival period for
the message stream at node i; D is the
relative deadline for the message stream s;
at node.

2.2 The Timed-Token Medium Access
Control (MAC) Protocol Parameters
The timed-token protocol uses the
following parameters for its operation

[24].

a) Target Token Rotation Time,
(TTRT). Let T denote the value of
TTRT [25], [24], [26].

b) Synchronous Capacity of Node i
(Hj). H; is the maximum time units
allocated to node i to transmit its
synchronous messages in each token
receipt [25], [24], [26]. Then, the other
related parameters are [25], [24], [26].

-1
H=Hp+H, +... Hn, =r:\:l'ii wil(2)
]

Hi+wi= o ciod)

N-
O+ 0y +...04Nyy = T= W+H=Z o
.(4)



Let A be defined as the towl time units

available to the asynchronous traffic in
every cycle, where
A=1-T ...(8)

Constraints:

The Protocol Constraint requires that [25].
[24]. [26]:

H+W<1t ..(0)
The Deadline Constraint in the Timely-

Token protocol requires that
..M

Combining Equations (6) and (7) gives

T <t=< Min (Di) -(8)
1=0.0._.N-1

c) Token Rotation Timer of Node i
(TRT; ) [26], [24]

d) Token Holding Timer of Node i (
THT) ) [26] .

2.3 Meaning of Heavily Loaded Nodes

and Network

i. Heavily Loaded Node: a node is
heavily loaded with asynchronous
traffic, if within the period considered,
in every token receipt with THT; > 0,
node i has as much asynchronous
frames as will enable it to use up all
the THT; time units available to it to

deliver  asynchronous  frames.
simplify the analysis, 1015 assumed 1y
a node is either heavily loaded or 4
not loaded at all.

ii. Number of Heavily Loaded Nodeg
(n): n s the number of nodes that yye
heavily loaded  with  asynchronoys
traffic out of the N nodes in (he
network.

iii. Uniform Heavy Loaded Network ; ig
a network in which n = N; that means |
if all the nodes are heavily loaded with
asynchronous traffic.

iv. Non-Uniform Heavy Loaded
Network: is a network in which | < g
< N ; that means, one or more of its
nodes is not heavily loaded and at least
one of its nodes is heavily loaded.

2.4 The Timely-Token Media Access
Control (MAC) Protocol

The timely-token media access control
(MAC) algorithm developed by Cobb and
Lin,[21] is also presented in flowchart by
Ozuomba et. el,[25]. The timely-token
MAC algorithm is modified here to
account for the number of heavily loaded
nodes in the system; the modified timely-
token MAC algorithm is presented as
MAC Algorithm Q.

Algorithm Q: The Modified Timely-Token MAC Algorithm: ALGORITHM Q

INITIALIZATION CYCLE
Q1.1 Define TTRT (thatis ) and N

Q1.3 Define H;fori=0,1,...N-1

-]
QL5 Compute e =| 3 (&)

i=0
Q1.7 Initialise B;= 1 fori=0,1,... N-1
Q1.9 Initialise Timer QI.10.1 i=0
Q1.10.3 Start TRTi; TRTi Counts up
Q1.10.5 Pass the Token to Node i + |

QL.2 Define wifori=0,1,........... N-1
Q1.4 Inmitialise ;= H; fori=0,1,..N-1
imV-1

= (Hi+ wi)
i=0

Q1.6 Compute T =

Ql.8 Letn=N

QI1.10.2 TRTi=0

QL.104 i=i+1

Q1.10.6 IF (i <N) Then Goto Step Q1.10.2
Else Goto Step Q2.1 End if.

DATA TRANSMITION CYCLE PART I :TRANSMISSION OF SYNCHRONOUS

FRAMES
Q2.1 Check Frames that arrives at Node |

)
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Q28 TWE = TIRY . g :j:: ok Hiup G| .
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=g =) p o Step Q2 8
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DATA TRANSMITION CYCLL PART 11 /IRANSMISSION OF ASYNCHRONOUS
JRAMLS
QYL a1 2 Qraet TH THT

o i i ()3, ! : s 5 de
O3 IE (THT, > ) Then ' 232 Stuet THL,  THT, counts down
y IHI ]{Awncluunum Frames are Available) Then (1 (i = 0) Then (Bi = 1, n=n + |}
ndi

Else (1P (31w 1) Then (81 - ;00w 1) Endif | Endit | Endif
Qi4 Ir !llll. >0 Then  Goto Step 3.5 Else Goto Step Q3.0 Sindif
()'H IF (Asynchronous Frames are Available) Then
( Transmit Asynchronous Frame  Goto Step Q3.4 Endif

Q36 a=a - THT, Q3.7 =i+l

Q3R 1= (1modN) 3.9 Pass the Token to Node i

3.0 Performance Analysis of the Timely- According 10 the protocol operations in Q
Token Protocol Media Access Control 2.5, Q3.1 to Q3.6, when the token arrives
(MAC) Algorithm at node i,

Let to, tyy .ooynegy be the time at which the then THT; = TIRT-£-TRT;  for
token reaches station 0,1,...N-1 for some TTRT - £> TRT, .(12)
piven cycle. Also, let Iy knetyy  seelane Otherwise, THT; =0 for TTRT - £ = TRT,
be the time at which the token reaches ..(13)
station 0,1,...N-1 in the next cycle and so Hence, THT; < max(®,TTRT -£- TRT;)
forth. Let tay LNy «oobiN-1)-N be the for all TRT; ..(14)
tnme at which the token reaches station According to the protocol operations in
0,1,...N-1 in the previous cycle to the Q3.1, Q3.5 and Q3.6;

given cycle. Now, if the token reaches a, < THT, ...(15)
node | 1 a given cycle at time 4, then the For a system that is heavily loaded with
time at which the token had reached asynchronous traffic, it is assumed that
station i, in the previous cycle to the given there is always sufficient asynchronous
cycle 1s .. Hence, the eycle length or the traffic in every cycle to use all the time
time between  two  consecutive  token available to the asynchronous traffic.

receipts at node 1 1s given as; Recall that TRT, is the same thing as t ¢ -

Cycle length fornode i = G- v ...(9) t N ,thus,
For any given value of i, the node denoted a < max(0,7-¢ - (- t.n) forall (8-
by j (where j = 0.1.2,... N-1) and the cycle tin ) _(16)

If the token reaches node 1 at time, §

then the token will reach node 1 +1 att

1= (I mod N) L (10) i1 after transmitting h; time units of

- |_'l. | (1) synchronous traffic and @ time units of
N

denoted by k can be computed as follows:
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asynchronous traffic along with a token
walk-time . w; . Thus

tin< ti+a;+h; +w (I
tiet <max(t;. tin+7T-£8)+(0i -g)
foralli=>0 . (18)

where ©; - & =0 (imodN) - &imod N)

To properly address the peculiar nature Qf
the initialization cycle. a special case 1S
considered where by = 0 forall  i20.
that means & =H; forall i>0: let T
be t and ' be & for the special case
[24]. [22]. The initial condition for Eql8
and for the special case is assumed to be to
= to’ =0 [24]. [22]. Then. for the special

case U and are  defined as

follows:

v =1-(T-%) ...(19)
J=i—1

t.-’=t.-+w-z (—¢5)  ...20)
;=0

Equation (20) differs slightly from the
concept used in [24], [22] where ' = t; -

J=1-1
Y (g-¢)-Recall that in the
7=0
initialization cycle no data is transmitted,
however. the cycle time is equal to the
total walk-time or propagation delay per
cycle,. W which is given as W =

J=1=1
Z (w,). The addition of W to ¢ in

J=0
Eq20 is to account for the propagation
delay in the initialization cycle, since by
(24]. [22). tp = t = 0 whereas
transmission of data in the protocol begins
at an assumed time, ty , after the
initialization cycle which is after, at least,
W time units. Alternatively, the initial
conditions can be restated as follows ty =
W, t" = 0 if the approach employed in
[24], [22] is to used. From equation (20) ,
t; can be expressed as

J=i=:
t;:t.-'-W+Z c (0,-¢) .(21)
=0

Eq18 for the special case is
t'e1 Smax(t’, t;'.n) + 7 - £) where hj= 0
forall 1=0 ... (22)
The initial condition for equation (18) and
(22) is given as; [24], [22]

t; =t =0 where ;< 0, ' <o
foralli<O s+ (23)
Iterating equation (18) from 1 =0 to i =N-|

gives

Jet=1
0< t;f‘r-a+z (0,—¢,) for1

j=0

<i< N .(24)

Substituting t; from equation (24) into (20)
gives

0< < T-8+W forl< i< N

..-(25)

Using T as the upper bound on t and H
as the upper bound on € for 0 < | < N,
induction over 1 can be applied to Eq22 1o
give

1

t’'<t-H+
n+l

](1:’-5) ...(26)

The assumption that T is the upper bound
ont/ in Eq(26) is valid if Eq(26), T’ =1 -
(T-¢)=t-T+candthat T=W + H are
considered, thus ¥ =t -W - H + &. Since
H>g and W >0, then T’ <1.

Similarly, in the special case h; = 0 for all
i > 0, that means & = H

JEN-1 J=N-1
w) e)=) (H)=H.
j=e j=0

so the upper bound on £ is H. Substituting
t{" from Eq26 into Eq21 gives

t, < t-H-W + l‘— (U - €) +

- n+l

(Z::_ﬂ(“f ) ] @D

e e S :
where Z (0-5)= li:]'-l- l('l‘ - £)

J=0

J=(i-1)med N
+(Z G j)) . (28)
J=0

Substituting 7’ from Eql9 into Eq27 and
also applying Eq28 into Eq27 gives
T < 7-(H + WHl_IT (T-(T- ¢£)- €)-

n+

-1 | J2(-1)mod N
— |(T-0) + (Z (0-5)
1 }:Q 4

n+

«+(29)

If H+ W is replaced with T and (t - (T-
g)-ewitht-T, Eq29 can then give




< 1 + - ll
. ( N+l )(t T)+[l't+l'(

(ZJ':".:-I'-qod N
T- ) +
: j=0 (a N gf) )

(30

The time, l‘}“ at - which station zero
receives its K

token (that is i = Nk in
Eg30 is given as
_ K

e < (1 + l:l-i_i )J(T-T) +k(T-0)

w31
Note that Eq31 for tyy s different from
e given i 24 and 22) where thyk 18
expressed in terms of

NK ; NK
N+ Y e T ey kT
o). The use of nK instead of NK is
because: 1t is only the n heavily loaded
nodes that transmit asynchronous frames
whenever they receive the token. As such,
nK rather than Nk is more appropriate for
capturing the actual asynchronous frames
that are delivered in any given cycle.

Upper Bound On Cycle Length, max(t;
- tin)
If k=1, Eq(3]) gives ty <

T-T+T-¢

P (19
Thus: max(ti- tin) =tn-tp =T -€ =T
foralliz0ande=0 +:.(33)

Average Cycle Length (C)

Let C be the average cycle length, then
from Eq31, C is given as

H(f-—DJ-i-(T-E)
n+l

..(34)

C<limy ., (Ine/k )=

vk )

J + (T-g)

C < n(t-T)
B n+!

Average Time (Bandwidth) Used By

The Asvuchronous Traffic Per Cycle
(Avy)

Let Ay denote the average (Channel
Capacity) time used by the asynchronous
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traffic per cycle. From Eq35 ,Av « =
n(z-T) (36)
n+l T

where | <n <N

4.0 Comparison Of Performance of The
Timely-Token Protocols Under
Nonuniform Heavy Load of
Asynchronous Traffic

The Average Asynchronous Traffic

Time Units Per Cycle (Av)

On the other hand. it has been shown in

[21] that for the Timely-Token protocol.

the average Asynchronous  Traffic

(Capacity) Time Units Per Cycle for the

Timely-Token protocol under uniform

heavy load is given as;

Nz -T)
Mo+ 1
Thus, the average Asynchronous Traffic
derived by Cobb and Lin [21] is a special

case of Eq30, that occurs when n=N.

a)  The Average Cycle Length

It has been shown in [25], [21] that for the

Timely-Token protocol, the Average

Cycle Length for the Timely-Token

protocol under uniform heavy load is

given as;

C< N(z'n]+(T-a);whenn=N
N+l

Ay < swhenn=N ...(37)

...(38)
Thus, the Average Cycle Length derived
by Cobb and Lin [21] is a special case of
Eq35, that occurs when n = N.

4.1 Simulation of Protocol Q and
Protocol P

The simulation of the MAC algorithms for
the Timely-Token protocol was conducted
with a program written with Visual Basic
for Applications (VBA). The program runs
in  Microsoft  Office  Excel 2007
environment. The following mathematical
expressions will be used to compare the
simulation results with the results obtained
from the analytical computations. For the
simulation results, if the values of Ny n. T,
1 and ¢ remain constant for at least M
consecutive cycles where M >> N, then
MEAN(TRT;) approaches € obtained



from the analytical computations where,
MEAN( RT ") is given as
fisiren

HEAN[TRW:&;}II}( Z [TRT"]) forx>N (39)

The average values are considered as from
cycle N + 1 and the average values are
taken for every setof n+ 1 cycles.

values
the

Note that 1Ry and @, @re
obtained from the simulation of

algorithm. Similarly.

{=(r4n)

MEAN(Q:J=(E;:_—I';) Z {ag]) forx>N (40)

The

Maximum

Cycle

MAX(TRTS) foralli =z 0]

4.2 Numerical Examples
Consider 2 ring network with four

stations  (

-

N

Length

15

4). The ring uscs the

Timely-Token protocol for its MAC where
the timed-token parameters are given s
follows: TTRT =1 = 100, w; =1 for all the
ht Th e

ot

-y =

a0 .

il e

veu b synchituaous traffic in

every node, a constant value of & = 101
not used by the synchronous traffic in cach
node in every token receipt. With these

of n are shown in Table la to Table Id

given parameters H = 4(10) = 40.  The
simulation results for Protocol Q
Timely-Token protocol) for various values

(

Table 1a: The simulation results of the Timely-Token protocol (Protocol Q) forn=1; =0,
h =H = 40.
0 T (v .I_ 3 MEAN ME;\N M.[;'AN ME{\_-"\’

k | TRTi | ai | TRTi | Ai | TRTi [ai | TRTi [ai |0 S e =Y __(_TRI” B
00 0 (0 |0 |0 olo lo|4| [4000 [000 |000  }000
14 s6/70 |0 |80 |0 ]9 |o]1 20.00 20.00 28.00 | 2.00
2110 |0 |4 Jo |4 |ola lo|1] 000  |4000 |2800 |5200
3044 |56[100 |O 100 |O 100 O J1]| |0.00 40.00 28.00 72.00
sl100 o s |o s [0 ol1] lom  |4000 2800 | 7200
5lae [s6]100 [0 {100 [0 100 [0 |1] |000 40.00 2800|7200
6l1oo [0 |4 |0 (44 |0 |44 (01 0.00 40.00 28.00 72.00
70144 |56[100 [0 (100 |0 100 |0 |1 0.00 40.00 28.00 72.00
18/100 [0 [44 |0 |44 |0 |44 |0 |1 0.00 40.00 28.00 72.00
9|44 |56]100 |0 [100 [0 100 |0 |1 0.00 40.00 ]2306 ] 7200

Table 1b: The simulation results of the Timely-Token protocol (Protocol Q) for n=2; .=

0, h =H = 40.
B ] 2 3 MEAN | MEAN | MEAN | MEAN
v [ TRTs Lai | TRT: | ai | TRTS | @i | TRTi Lai |a] | & G a3 e
olo lolo Jolo lolo lolal|l 4000 |ooo 0.00 0.00
1] 4 |56 70 0O | 80 0 |9 0|2 20.00 20.00 28.00 2.00
51100 lo laa |selwo [o]wo [o]2] | 1333 [2067 3733 | 3467
310 o (100 [0 |44 Jof4a Jo]2] |00 4000 3733 | 68.00
4)44 |S6|100 |0 100 |0 100 |0[2] |000 40.00 37.33 81.33
sl |o |44 |s56)100 [o0]100 [0 2] [000 000 |33 | 813
6l100 [0 [100 [0 |ss |olas o2 looo |40 |3733 8133
|7]#4 561100 {0 |100 |0 100 |0 |2 0.00 40.00 '. 37A33 31"33
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0 1€ 0 [11{] 0

Table Te: The simulagion

It sittung Journnl af Vlerteie

100
A4

100)
a4

0
()

esults of (e

]

().0K)
(1.0

A6 110
A0.00

ol & CEolecmnnsintontion System Henenrch

il
V18

LA R]
#1393

: h =11 = 40 Timely Tokey protacol (Protocol Q) lorn = 3,1 =10,
{) | 3
L :RT' :;' ;:Ilﬂ'i MR [ i ':'I{'h | ?‘J-!:,-'!.AN :::;AN ?::;I‘N n’l-l/::
T 4 s6 1 :: .::n :: ::n :: - 40.00 (.00 (.00 \f.l\fll
1 M Tnn IH L
f4e_ 120 10 10 fw00 (o baeo |o B e S
6| 100 [0 Ju [So[100 (o [0 [0 : n.:m 4000 | 42.00 :?Zf ,
oo el [Lfim jefoHon —fam jom Jun
81100 |0 1100 10 1100 0 |44 o3| looo  |ao00  |ez00  |seo0 |
plad 1200000 10 J1oo o Jwo o3| [oo0 |a00 |a200 |s600 |
Table 1d h T_‘l';;: fig:;l!alinn results of the Timely-Token protocol (Protocol Q) forn=4; =0,
I (MEAN [ MEAN | MEAN “&iﬁ?zhﬁi
] a | TRTI | m A_I_R_—'T_“: TR | ai | n (&) (hi) (ai) (TRTi)
ojo [0 |0 0 1o (o fo |o |4 [4000 o000 0.00 0.00
[1]4 5670 10 |80 Jo [0 [0 |4 [2000 2000 [2800 |200
f.ﬁ_ 00 J0 J44 156100 |0 100 [0 |4 | 1333 26.67 3733 | 34.67
3100 [0 jmo 0 [44 (56100 |0 {4 | 1000 |3000 |4200 |51.00
[4]100 [0 [100 [0 [100 |0 |44 [56]4]| |800 200 | 4480 | 60.80
s[100 [o [100 o J100 Jo [100 [0 [4] |000 4000 | 4480 | 8080
__cLJ 44 [s6]100 [0 [100 |0 [100 [0 4| [000  |4000 4480 | 8880
70100 [0 |44 [56]100 [0 [100 [0 [4]| |0.00 40.00 | 44.80 | 88.80
/10 [0 w0 |0 |44 [56[100 |0 |4 |0.00 4000 | 4480 | 88.80
9 Lg@_ ___U—TIOU 0 lwo o |4 |s6]4] |000 4000 | 4480 | 88.80

Table 2:The Result of the Analytical Computations

for the Timely-Token Protocol Q for n

=0,1.2.34

e
MEAN () | MEAN (h) | N | MEAN (&) Percentage increase in Ay | € Percentage increase in ¢
00 a0 0.0 | 00 00% oo {00 |
m 1 40 o280 [ KO% 72.0 | 1.0%

ha |40 |20] 313 33.3% | 813 | 13.0%

) lan 10 420 | S0.0% 86.0 | 19.4%

T a0 | 448 [ 600% | 888 | 233%
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Fig 2b Graph of Average Cycle Length(C)
Versus Number of nodes with heavy load of

asynchronous traffic (n)

The items in Table la to Table 1d are :
TRT; is the token rotation time of node 0.
MEAN(TRT;) is the mean of ) TRT;.
Y h; is the total time units used by the
synchronous traffic per cycle. MEAN(Y
hi) is the mean of ) h;.
Y& is the total of the time units reserved
for the synchronous traffic per cycle but
are not used by the synchronous traffic.
MEAN(} & ) is the mean of ) &
Ya; is the total time units used by the
asynchronous  traffic per cycle
MEAN(Y a;) is the mean of Y a, .
Note that all the MEANs are taken over
n + 1 cycle, except for row 1 to row n in
Table 1a to Table 1d.
4.3 Discussion of Results
4.3.1 Validating the analytical results
with the simulation results
At this point, it is worthy to note that the
simulation results corresponds with the
results obtained from the analytical
computations based on the analytical
expressions derived in this paper. Notably:
e Forn=1.in Table la row 6 to row
I1: MEAN (a) = Ay = 28.0 and
MEAN (TRT,) = C = 72.0 . This
corresponds with the analytical result
forn=1in Table 2 row 3,
* Forn=2in Table 1b row 6 to row
I1; MEAN (1) = Av = 37.33 and
MEAN (TRT,) = C = 81.33 . This

asynchronous traffic (n)
corresponds with the analytical result
for n =2 in Table 2 row 4.

e Forn=3,in Table lc row 6 1o row
11: MEAN (a) = Av = 420 and
MEAN (TRT) = C = 860 . This
corresponds with the analytical result
for n = 3 in Table 2 row 5.

e Forn=4,in Table Id row 6 (o row
11: MEAN (a) = Av = 448 and
MEAN (TRT;) = C = 88.80 . This
corresponds with the analytical result
forn =4 in Table 2 row 6.

4.3.2 Comparison Of The Performance

Of The Timely-Token Protocol

For Various Values Of n
From Table 2, it can be seen that, as n
increases from 1 to N (where N = 4) | the
Ay and € increases. Specifically, from
row 3 and row 4 of Table 2, Ay
increased by 33.3% as n increase from | to
2. Similarly, from row 3 and row 5 of
Table 2, Ay increased by 50% as n
increase from 1 to 3 and from row 3 and
row 6 of Table 2, Ay increased by 60%
as n increase from 1 to 4.

The same results are captured in Fig 2a.

In the same way, from row 3 and
row 4 of Table 2, ¢ increased by 13.0% as
n increase from 1 to 2. Similarly. from row
3 and row 5 of Table 2. & increased by
19.4% as n increase {rom | to 3 and from



row 3 and row 6 of Tabje 2 &
23.3% as nincrease from | % anreased by

The same results are Captured in Fig 2b

5.0 Conclusion and Recom
5.1 Conclusion

In this paper, the effect of |og
of asynchronous traffic on the
of the Timely-Token protocol  was
presented. It was discovered that cveﬁ
when the network is heavily loaded with
asynchronous traffic, the distribution of
the asynchronous frames within  the
petwork can  significanily affect the
performance of the umely-token protocol.
Furthermore, it was discovered that 2
network can still be considered 10 be
heavily loaded. even when some nodes in
the network do mot have asynchronous
frames to transmit. In such situation, the
average throughput for the synchrenous
traffic decreases as the number of nodes
without asynchronous frames increases.

mendations

d distribution
performance

5.1 Recommendations

Given the shortcomings of the timely-
token protocol. further studies are required
to improve the best-effort mechanism in
the timely-token protocol. Such protocol
should strive to attain an average of A time
units of asynchronous traffic in every
cycle.
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