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ABSTRACT  In this paper, we analyze the performance, particularly the flow control mechanism, of the CCITT
X.25 protocol in a packet-switched network. In this analysis, we consider the link and packet layers separately, and
investigate the performance in three measures; normalized channel throughput, mean transmission time, and transmi-
ssion efficiency. Each of these measures is formulated in terms of given protocol parameters such as window size,
T, and T, values, message length, and so forth. We model the service procedure of the input traffic based on the
flow control mechanism of the X.25 protocol, and investigate the mechanism of the sliding window flow control with
the piggybacked acknowledgment scheme using a discrete-time Markov chain model. With this model, we study the
effect of variation of the protocol parameters on the performance of the X. 25 protocol. From the numerical results
of this analysis one can select the optimal values of the protocol parameters for different channel environments. It
has been found that to maintain the transmission capacity satisfactorily, the window size must be greater than  or
equal to 7 in a high-speed channel. The time-out value, T,, must carefully be selected in a noisy channel. In a nor-
mal condition, it should be in the order of 1s. The value of T: has some effect on the transmission efficiency, but

is not critical,

INTRODUCTION

(International Telegraph and Telephone Consulta-
The X.25 protocol recommended by CCITT  tive Committee) is being widely used as one of the
most important protocols for synchronous data
transmission in public packet-switched networks.
BTEY 86— 03 S 1985 11 22) It is a standard device-independent interface be-

(Communications Research Laboratory. KAIST)
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tween packet networks and user devices operating
in the packet mode.[!]

The X.25 interface between the data terminal
equipment (DTE) and the data circuit-terminat-
ing equipment (DCE) consists of three distinct
layers of control procedure; the physical layer,
the link layer (or the frame layer), and the packet
layer.[']  Each of those layers functions indepen-
dently of the other layers, but a failure at a lower
layer may affect the operation of higher layers.
The physical layer specifies the use of a duplex,
point-to-point synchronous circuit, thus providing
a physical transmission path between the DTE
The link layer specifies the
data link control procedure that is compatible
with the high-level data link control (HDLC)
procedures specified by the international standard
organization (ISO).[21 In the X.25, these pro-
cedures are referred to as the balanced link access
procedure (LAPB).I!]
link layer is that it provides the packet layer
with an error-free link between the DTE and
The packet layer is the highest
layer of the X.25 interface. It specifies the man-

and the network.

The significance of the

the network.

ner in which control information and user data
are structured into packets. It also allows a single
physical circuit to support communications to
other DTE’s concurrently.

So far, the performance of the control pro-
cedure of the X.25 protocol has been studied
through the analysis of the HDLC procedure,
which is similar to that of the link layer proto-
col. The performance of the HDLC was analyzed
extensively by Bux et al.®l It was also investi-
gated in different conditions by Wang {41 and
Labetoulle et al.I5! The effect of the window
size for an error-free link was studied by Yu and
Majithia.[6]

In this paper, we analyze the flow control
mechanism of the X.25 protocol.
we are concerned with the selection of the pro-

Particularly,

tocol parameter values that optimize the per-
26

formance. In this work, we consider two layers
of the protocol (that is, the link and packet
layers) separately, and use three performance
measures, that is, normalized channel through-
put, mean transmission time, and channel ef-
ficiency. Each of these measures is represented
as a function of protocol parameters such as
window size, data length, T, and T, timers, and
so forth. We first obtain the service procedure
of the input traffic operating in X.25, and also
investigate the mechanism of the sliding window
flow control with the piggybacked acknowledg-
ment scheme using a discrete-time Markov chain
model. Then, the three performance measures
will be formulated in terms of the given protocol
parameters. The normalized channel throughput
is first determined as a function of the proba-
bility of blocking transmission due to the window
flow control. The mean transmission time is then
investigated by using the window control mecha-
nism and the concept of virtual transmission time
suggested by Bux et al.31 In addition, the trans-
mission efficiency is formulated as a function of
the protocol parameters such as data length and
T, values.

Following this introduction, in Section II
we obtain the service characteristics of the control
procedure, and also investigate the window me-
chanism of the X.25 protocol. In Section III,
we describe the three performance measures in
terms of the given protocol parameters. In Section
IV we present and discuss the numerical results.
Finally, we make conclusions in Section V.

II. SERVICE PROCEDURE AND WINDOW
MODEL OF THE X.25 PROTOCOL

In this section, we model the service proce-
dure of the input traffic based on the flow control
mechanism of the X.25 protocol, and investigate
the sliding window mechanism of each layer.

To analyze the flow control mechanism of
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the X.25 protocol, we make the following assump-
tions:

The communication link is full-duplex.
The buffer storage is infinite.
The operating condition of the protocol
is normally in a data transfer phase.
The data stream is mutually independent

and exponentially distributed.

A. Service Procedure of the Link Layer

The stations at both ends of a link have vari-
ous characteristic patterns of operation for infor-
mation transmission. The link service procedure
can be characterized by the flow control mechan-
ism and also by the error recovery procedure.
In this section, we are particularly concerned
with the flow control mechanism which is a slid-
ing window protocol with the piggybacked ac-
knowledgment scheme. When an information
frame is ready for transmission, it can be used
to piggyback the window information of the
incoming frame. In the case where a station has
no more information frame to send, an incoming
frame is acknowledged by a receive ready (RR)
frame. The outgoing acknowledgment can tem-
porarily be delayed for a better use of piggyback-
ing, and the maximum limit of the acknowledg-
ment delay is specified by a value of T, as a
system parameter. (1]

For modeling the service procedure we make
The arrival of
messages is assumed to be a Poisson process
with the rate A, and the service time is assumed

the following basic assumptions.

to be exponentially distributed. Then, the inter-
departure process is also Poisson by Burke’s
theorem.!?]  Here, although the inter-departure
process of the link layer is not Poisson due to the
additional control frame, we can assume that
under the appropriate conditions, the inter-depar-
ture process is Poisson at the rate of A’. Fig. 1
shows the two cases of acknowledging the in-
coming information frames. In this figure, r is the

acknolwedgment delay time of the link layer
at the node B, and r’ is the residual life time
of the incoming information frame.8) It can
be shown that the upper bound of the acknow-
ledgment delay time r is given by T, value.

R 100 /“2
- lno
A =r— f A
A

:> :ﬁ\\\* ) r’<::']

NODE A NODE B
(a)
Loo O
= Too
—N
W“\ Iy
AA [ :"v-\ I, T, : AB
RR, !
e
NODE A NODE B

(b)

Fig.1 Acknowledgment procedure of the link layer
(a) The case of using the piggybacked acknow ledgment
(b) The case of being acknowledged by an RR-frame.

The Laplace transform Fr'(s) of the residual
life time r’is given by [9]
. - F(s)
F T’ (S) :"L__.,_f‘)_g (1)

sm

where F(s) is the Laplace transform of the inter-
arrival time distribution (assumed to be expo-
nentially distributed) at the node B, and m is the
mean interarrival time. Thus, the probability
density fr(t) of the acknowledgement delay
time r is given by

l?f:ikﬂt o AB¢0. T, =0,
frith= 1 | —e-2sm 01T,
0, otherwise, (2)
27
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We now consider the probability that the
control frames (i.e., RR, REJ frames, etc.) are
generated. In general, control frames are generat-
ed in one of the following three cases; the case
that the piggybacked information frame to be
sent does not exist during T, time after receiving
an information frame, the case that the receive
window is on the lower window edge, and the
case that there occur channel errors. If we assume
that the channel error probability Pg is much less
than one, the acknowledgment probability
Pp [ack] of the incoming information frames at
the node B can be represented as

(44 AT,

Pylack]= AT
Adas

1 Pl Py b Py,
(3

In (3) the factor( ,1A’112¢ 1 ,)is the ratio of the
number of the acknowledgment frame and the
number of the incoming information frames
during T, time. It indicates the efficiency of the
acknowledgment frame by the piggybacking
Pr+ is the probability that the
receive window width is zero (This will be con-
sidered in Section II-C.). Similarly, the acknow-
ledgment probability P, [ack] at the node A is
given by

scheme. Also,

e AATZ

Pulack) =g (1 Pr )i Pr + Py
BL2

M

Now, if we model the link layer handling an
additional control frame in addition to informa-
tion frames as an M/M/1 queueing system, the
inter-departure rates 4, and A;- can be repre-
sented, respectively, as

A = AL L AgPlack) (5
Ag= Az A, Pyiack ], (61

28

Note that in (5) and (6) we have used the super-
position theorem of Poisson process.[®]

B. Service Procedure of the Packet Layer

For convenience of analysis, we assume the
following in the packet layer. First, every logical
channel of multiple virtual circuits is assumed to
be mutually independent. Second, it is assumed
that the function of the link layer for data trans-
mission is solely to offer a transmission channel
for the packet layer.

In this section, we consider a single error-
free logical channel. The flow control mechanism
of the packet layer is the sliding window flow
control with the piggybacked acknowledgment
scheme. It is similar to that of the link layer
except that there is no acknowledgment due to
the time-out of the T, time. In the packet layer,
acknowledgment is made using the piggybacked
information packet and an RR-packet. Without
the piggybacked information packet, the sliding
window of the packet layer becomes a fixed one.
The probability that the acknowledgment packet
(that is, the RR packet) is generated is determined
by the receive window process, and is equal to
the probability Pvrs  that the receive window
is on the lower window edge (see Section II-D).

C. Window Model of the Link Layer

In this section, we consider the mechanism
of sliding window flow control at the link layer.
An important parameter under consideration is
the window width which is the number of out-
standing (unacknowledged) information frames.
In operation of the protocol, the window width
is represented as the difference between V(S)
(which is a send-state variable) and the last value
of N(R) (which is the receive sequence number)
received.!'!  Fig. 2 shows the mechanism of the
window process of the iink layer. Here, we con-
sider two kinds of the window process; the receive
window process and the send window process.

www.dbpia.co.kr
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w-3 | L

Fig 2 Window process of the link layer.

First, let us consider the mechanism of the
receive window process. Initially, the receive
window width is equal to the window size W.
Whenever receiving an information frmae, the
receive window width decrements by one; and
whenever sending the acknowledgment, the re-
ceive window width returns to the initial state
W. The operation of the receive window process
can be modeled as a discrete-time Markov chain.

a1 phlpa

Fig. 3 A discrete-time Markov chain model of the receive
window process of the link layer.

This is shown in Fig. 3. In this figure, p. is
the utilization of an information frame in the
direction from the node A to B, and ps s
the total link utilization including the acknow-
ledgment frame in the direction from the node B
to A. The receive window decrements by one
with the probability (1 - phipa with which the
incoming link is active and there is no acknow-
ledgment traffic. When there exists an acknow-
ledgment with the probability ps.
window returns to the initial state W. When an

the receive

information frame is received, the receive window
In this
case, an acknowledgr.ent is immediately returned

whose width has been 1 becomes zero.

and the receive window returns to the initial
state. From the state-transition diagram of Fig.
3, we can obtain a solution for this process in the
steady state. From the conservation of flow, the
state probability of the receive window process

in equilibrium is given by

Ioé B Ioé _ } i-1
p, o \Lopslen  (opwles
41 - .,_fi,/,,“_ W
1 {)g )p A
1=i =W (7

where P, is the probability that the receive win-
dow width is in the i-th state. The probability
P+ (see Section II-A) is given by

(1-p4)pa

P, = 7 B P,
01 i) patpn
Pn -
1 —pa)patps _ 8!
11+ (1”/);’)/“( 1

Next, we consider the mechanism of the
send window process. Whenever an information
frame is sent, the send window width decrements

by one; and whenever an acknowledgment is

29
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received, the send window width increments
by the number of information frames correctly
received at the other node, which is equal to the
difference between the receive sequence number
N(R) of the acknowledgment and the last value
of N(R) received.
Markov chain model of the send window process

Fig. 4 shows a discrete-time

at the node A. One may note that this is similar
to a G/M/1 Markov chain.[?]
it is seen that the send window width decrements

In this figure,

by one with the probability (1 - pgip, that the
outgoing link is active and there is no acknowledg-
ment. When an acknowledgment is received with
Pa.
increments by the number of information frames
correctly received at the other node. In Fig. 4,
q;(k) is the probability that when the send window

the probability the send window width

width is in the i-th state and an acknowledgment
is received, the number of information frame
correctly received at the other node is k+1. It
is represented as

ql(k)ﬁg fw=1=i7 (1 e At Fre Aujwvis
[ k )
~frttdt 9
0= i =W 1,
= 1
1 1 1
n!
po > qulk) 0* 0--
k-0
, ) w2
Q qol01p} P* 4 ps k)::)ql(l\) p*
qu(f“v 7'%){)1,1 q. (w 1}‘"“ ................
L qolw - 2)ph qulw djpg e
where P*= (1 py)p,and B=[ 1, 0, -, 0

,,,,,, 1 1 1 |
...... 0 ( 0
...... 0 () 0

p* 0 0
..... P* 1 ph k‘zl‘_]oqwz(k) p* 0
~~~~~ qw 2/0ipg P* w1 [0iph Pa |

a!
b 1(a bt f(t)isthe probability
density of acknowledgment delay time r given by

(2). e % s the probability that the frame to

a
{ i
where* |,

be sent is not yet received at the other node
within time t.! In the steady state, the proba-
bility p; that the send window width is in the

i-th state satisfies the following balanced flow

equations:

W1l i
| {)Ll/),‘ ! pf, > qilkit Ps;

k0

i )
] ()Ilir“lhl')siw ‘{);z g_:.) g1 1 k) Psg,
{1
, W1 X
PP ph g W1 k)P 1
LR} N .

p;l}):w'? )‘Z—:o (]o(k\ (1 /)é L pPa })51 \ (12\»
W
2 P 1. 13
k =0

In a matrix form, the above equations may be

written as
QP B 14
where P Py, Pa., -, Pswl !, Qis a (W1

x W 1/ matrix represented by

1It is noted the inter-departure process of the link is equal to the arrival process of the station by Burke’s theorem

30
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Fig. 4 A discrete-time Markov chain model of the send
window process of the link layer.

D. Window Model of the Packet Layer

In this section, we consider the window
mechanism of the packet layer. As mentioned
previously, the packet layer has a sliding window
protocol with the piggybacked acknowledgment
scheme. A discrete-time Markov chain model
of the receive window process is shown in Fig.
5. Here, P»» and Pes are the channel utilization
of the information packet in the forward and
reverse directions from the node A to B, respec-
tively. Since the acknowledgment of the packet
layer is generated only by the receive window
process, the increase of the channel utilization
due to the acknowledgment packet is negligible
and therefore ignored. From the state-transi-
tion diagram of Fig. S, there exists a solution
satisfying the conservation law of flow. It may
be shown that in the equilibrium state, the pro-
bability Ppn' that the receive window width is
in the i-th state is given by

{Jpn*'r (1*PPA) i1- Pra” (0

(1~ PPB)PPA

(1- PPB)PPA

(1~ pead (1~ ppa) ‘o

{1 peB) Pea

PFB"" (1 ’PPB)/)PA

Fig 5 A discrete-time Markov chain model of the receive
window process of the packet layer.

R /. N . Prs =
ot pwipen T {1 7pe)Pea
1= We g
(1 ’”PPB)pPA

1§ 1 éWp, ‘DPB# 0

1
:WP, 1§ 1§\NP, Ppa: O (16)
where W_ is the window size of the packet layer.
The probability  P,-+ (see Section II-B) is given

by
Y /. S
(1~ pps) +
Pp” _ pPB Apa T e ‘ PPB:*: 0
{14 —— e W g
(1-- pPB> PPA
1
:WP, 143 : 0 (17)

A discrete-time Markov chain model of the
send window process of the packet layer is shown
in Fig. 6. One can see that the model is similar
to that of the link layer. In this figure, qi(k)
is the probability that when the send window

31
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width is in the i-th state and the acknowledgment
is received, the number of information packets
correctly received at the other node is k+1, which
is equal to the difference between the receive
sequence number P(R) of iacknowledgment and
the last value of P(R) received. It is represented

as
S P P T T AR
q:(k) Yo 'k ) 1
(e Amt )W 1ok g (b dt i
where  A,,  is the inter-departure rate in the

direction from the node A to B, and f,,” {t)is the
probability density of the residual life time at the
node B. From the balanced flow equations of
the send window process, the following equation
is satisfied in equilibrium:

Q/ P -B %
where }y iPPSﬂ. PPSly oy
[ 1 1
weor o
pes kZO Qo(k) P;’f ()
wp 2

~qs (()\"mm

q(; (WP‘ 3)PPB q§ (W, 4)PPB

“qo (W qy (We

2) prs 3 peR

where p¥f — (1 -pp) peaand B'= (1, 0, -+, 0",

III. THROUGHPUT AND DELAY ANALYSIS
OF THE X.25 PROTOCOL

In the previous section, we have investigated
the acknowledgment procedure and the window

32

PP*'l'pPa k):ﬂ q:(k) Pr

‘()‘prng
il ()n:‘(] PP!]
1 Pralpea,
q wp -2 i )pes
4 pralpn Glwel ipe
1 pead 1L prsi
Qo iWp- 2'\()m
qi i Bﬁf)n ,
Qo Wp l>p,,
1 ped 1 pm
qol0)P p
] (’PBV‘

Fig. 6 A discrete-time Markov chain model of the send
window process of the packet laver.

Ppsw}}‘, Q is a (W, 1)x(W; i 1) matrix represented by

1 1 1]
0 0 0
0 0
- ) 0
P e 5y (k) - 0
qw, , () pes P¥*4 s qwy [0) pra |
(20

mechanism of the X.25. We now consider the
following three performance measures at each
layer; the normalized channel throughput which
shows the effective transmission capacity due
to the window protocol, the mean transmission
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time which indicates the time to send an informa-
tion data correctly, and the transmission effici-
ency which reflects the packetization overhead
and the burden of the flow control procedure.

A. Performance at the Link Layer

When the transmission capacity of the link
layer is Cp bits/s, the effective link capacity
Cy is given by

Cy=Cp(1—Ps, ). @U

That is, the effective link capacity is reduced by
the probability that the transmission is suspended
due to the window process. Also, the normalized
link throughput Ty is represented by

Ti=1-Ps,. (22)

Note that Ty reflects the effect of transmission
blocking by the sliding window mechanism of the
link layer.

To obtain the mean frame transmission time,
we can use the concept of the virtual transmission
time suggested by Bux et al.[3] For this per-
formance measure, we perform the mean value
analysis on the virtual transmission time. In doing
so, we assume that the inter-departure process
is Poisson, and that the data length is exponential-
ly distributed.

The mean acknowledgment time wack between
the end of the successful transmission of an
information frame and the receipt of an acknow-
ledgment is given by!®!

- — E(Z?)
Tack™ 2 e
X te+ T +ps 2E(0)Ch
+posti+ (1 —pp) ts 23

where t_ is the link processing time, T is the mean
acknowledgment delay which is calculated from
(2). E(£) is the mean frame length, T} is the mean

transmission time of an information frame, and
t¢ is the transmission time of a supervisory frame.
To determine the mean transmission time, we
must distinguish between two cases in relation
to window blocking. In one case, the acknow-
ledgment time Tack is greater than the time to
transmit W-1 information frames (we denote T
(W-1)). In this case, the effect of window block-
ing appears. In the other case, the time —fack is
not greater than T(W-1), and window blocking
does not occur in the normal condition. Let
T(n) be the time required for transmission of n
information frames. Since the inter-departure
time is assumed to be exponentially distributed,

T(n) obeys the Erlangian distribution ast1ol

(A t) n-1
frin (t) = Are ”‘“"'"(';*:*1)'!’» @9

and its mean is given by

n

E(T(n) -] 29

We now consider each of the two cases.
Case 1) taex >T(W—1)

In this case, the mean frame transmission
time t,, is given byl(3]

P;

v 40 ’ )
b =Eta) + PyE L)+ 5

ts, (26

In (26) E[tO] is the mean transmission time of
an information frame when the information
frame considered is not disturbed, and is represent-
ed by the mean value analysis as

E [to J :—EI +—€dPS¢ (27)

where Yd is the mean delay time suffered from
window blocking and is given by
E(TW— 1)L (28

?dzzTack o

33
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Also, E[t,] in (26) is the mean time interval
between the transmission of disturbed information
frames and the first retransmission of this frame.
It is obtained as

Elt )= S {E[T(x+ 1))+ gzdpsn

=0

>

( 1 *PB) Pg + Pg‘l (tout 'Jf ts) '4"€ack + II (2Q)

where tout 18 a time-out time, that is, the T,
time of the X.25 protocol VI addition, t,
in (26) is the mean time interval between the
retransmission time and the next retransmission
time of this frame. It is given by

ty=tour ttst tack +1;. (30

Case 2) Eack =T(W-— 1)

In this case, the effect of window blocking
does not occur in a normal data transfer condi-
tion, but it occurs in erroneous situations. The
mean transmission time t.. in analogy to (26)
is given by

- , P .
te =t t PaElt ] 45— ts 3D
where E[t;] and t, may be obtained by the
method of Bux et al. [3] and the method of mean

value analysis.

With the results of cases (1) and (2), we can
determine the mean frame transmission time t. .
It is given by

ty=ty - P [_track >T (W' 1 )J

ity + Pltask=T (W~ 1)) (32
where
PRack >T (W— 1))

w_2 AL, n
=1— et 2 Artead) T

n=o  n!

34

— e Adack wif ,&Q?ﬁl,w. 34
n=o n!

The transmission efficiency of the link layer
may be determined by considering the total
for transmitting
an information frame correctly. For the link
layer data transmission, there are additional con-

transmitted frame length ¢,

trol frames and retransmitted information frames
for flow control and error recovery. The same
procedure with the analysis of the mean transmis-
sion time can be applied to the transmission
efficiency. The transmission efficiency T, of the
link layer is given by

Te=0,/4, (35

where ¢, is the length of an information frame.

B. Performance at the Packet layer

At the packet’ layer, the normalized packet
throughput Tp may be obtained by the same
method as used for the link layer.

by

It is given

'rp 1 I)psg * (36)

That is, Tp is reduced by the probability Pess due
to the send window process.

Also, the mean transmission time tps  of
an information packet is increased by the suspen-
sion time due to the window process. It is re-
presented as

thj‘EPl J!‘Tpa Pps; (37)

where t,, is the mean transmission time of an
information packet, Epd is the mean delay time
suffered from window blocking, which is given

by
Tra™ Max {traex— ELt (We- 1)), 0+ (38
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where —t_pack is the mean acknowledgment time

and is calculated in the same way as for(23).

Note that E[t(Wp-l)] in (38) is the mean trans-
mission time of W_-1 information packets.

In addition, since the transmission efficiency
Tpe of the packet layer is reduced by the packet
header and the acknowledgment packet being
generated, it may be expressed as

E4])

3
E[BP]+EN:' PP?‘i (9)

Tee=

where E (£ ¢] is the mean packet length, E (£ ] is
the mean length of an information field, and
£ en is the packet header length (i.e., E (£ )=
o TELw])). It is noted that T givesa
measure of degradation of channel efficiency from
the variations of packet length and probability
that an acknowledgment is generated.

IV. NUMERICAL RESULTS AND DISCUSSION

In this section we obtain and discuss the
numerical results of the performance measures
(i.e., normalized channel throughput, mean trans-
mission time, and transmission efficiency) using
the analysis results of Sections II and III. The
numerical results are obtained under the condi-
tions that the line speed is 64 kbps and the mean
data length is about 1000 bits, and that the traffic
has a Poisson process in a full-duplex channel.
The simulation model considered is a network
having two stations or models operated sym-
metrically under the X.25 protocol. Each station
is represented by four process models; message-
generate process, message-send process, message-
receive process, and timer process. Each process
functions individually with the queue-server sys-
tem according to the X.25 protocol. The simula-
tion results have been obtained using the SIMULA
language.[11]

A. The Link Layer

In this subsection, the effects of link layer
protocol parameters on the system performance
are discussed. Here, the traffic model under
consideration is assumed to be symmetric so that
the forward and reverse channels are equally
utilized.

Fig. 7 shows the normalized link throughput
versus the link utilization with the link window

0.6F

NORMALIZED LINK THROUGHPUT

0.5 1 { i
0 0.2 0.4 0.6 0.8 1

LINK UTILIZATION

Fig. 7 Normalized link throughput versus link utilization
for different window sizes.( T,=1 s and P,=10""%)

NORMALIZED LINK THROUGHPUT

0.8 L L " -
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LLINK UTLIZATION

Fig.8 Normalized link throughput versus link utilization
for different values of T,. (W=7 and P,=10"")
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size W as a parameter, and Fig. 8 shows the same
with the acknowledgment delay T, as a para-
meter. In Fig. 7, the degradation effect of the
effective link capacity is seen due to the window
mechanism when the value of T, is 1 s which
is rather large. As the channel utilization gets
lower, the effective link capacity decreases because
of window blocking, eventually becoming the
same as the case of the fixed window mechanism.
But, when the window size is relatively large,
the impact of transmission blocking on the effec-
tive link capacity is negligible. In Fig. 8 which
shows the effect of T, on the normalized link
throughput, one can see that when the value of
T, is nearly zero (at this value of T,, the ac-
knowledgment is immediately returned), the
degradation of the throughput is rather negligible.
However, when the value of T, is large, the ef-
fective link capacity reaches a lower bound of the
window mechanism of the X.25 protocol.

The behavior of the mean frame transmis-
sion time for different values of T, is shown in
Fig. 9. With the window size of 7, the mean frame
transmission time is little affected by the varia-
tion of T,. It is seen that even for the window
size of 2, the increase of the mean frame transmis-

! /"‘——‘J
. Bt
g 01 W=2
o 30k
:
=
e
S
9
= ZOL
= 1
] £ 3 —%
z [k = 1 H
P 7
&
;/é
o 10
s

~— CALCULATION
I siMUraTION
0 I L

10 10 10" !
T, TIME(s)

Fig. 9 Mean frame transmission time versus T, time for
different window sizes, (tp=-50ms, £=0.5, T,=3s,
Pn: 10_’ B
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frame length=1096 bits, and C,= 64kbps).
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Fig. 10 Transmission efficiency of the link layer versus T,

time for differnent window sizes. (tp=50ms, £=0.5,

T,-3s, Pg=10"°, frame length~ 1096 bits, and
C, - 64 kbps) .

sion time is not very significant with the increase
of T,. It is also seen in this figure that the in-
crease of T, makes the mean frame transmission
time saturated to the upper bound which becomes
the same as the case of the fixed window mecha-
nism at low channel utilization.

Fig. 10 shows the transmission efficiency
of the link layer as a function of the T, value

with the window size as a parameter. It is seen
500,
¢
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Fig. 11 Mean frame transmission time versus T, time for

different channel error probabilities. (T, =0 s, W=7
frame length= 1096 bits, C,=64 kbps, and t,=50ms)
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that the increase of T, improves the link effi-
ciency by about 4%. This improvement results
from the use of the piggybacked acknowledgment
scheme using an information frame.

In Fig. 11, it is shown that the mean frame
transmission time increases monotonically as the
value of T, increases. Also, it is seen that when
the channel error probability Pp is low, variation
of T; has a negligible effect on the increase of
mean transmission time. When the mean frame
length is 1096 bits and the link capacity is 64
kbps, the variation of T is less than 5 s, especially
in a highly noisy channel. In general, the lower
bound of T, is given by 2 (t,+t,) ,wheret
is the nodal processing time and T, is the mean
transmission time of an information frame 02
but at this value of T,, transmission may become

unstable in a noisy channel.

B. The Packet Layer

The normalized packet throughput versus
packet utilization is shown in Fig. 12. One can
see from this figure the degradation of the effec-
tive packet service capacity due to the windowing
process. At the default window size of 2 recom-
mended by the CCITT, the effective service capa-
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Fig. 12 Normalized packet throughput versus packet
utilization for different window size.
(packet length= 1024 bits, Cp,—9600bps).

city of the packet layer decreases by about 30%
in the worst case as compared to the subscription
service rate. Fig. 13 shows the#hean transmission
time of an information packet versus packet
length for different window sizes. It is seen
that the mean transmission time increases mono-
tonically with the increase of packet length, and
the effect of the window size on this performance
is rather small. Fig. 14 shows the behavior of the

transmission effeciency caused by the overhead
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Fig.13 Mean packet transmission time versus packet length
for different window sizes.(pr=0.7, c»=9600bps,
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of the packetization and the window flow control.
From Figs. 13 and 14, one can conclude that the
effect of the window size on the mean transmis-
sion time and the transmission efficiency of
the packet layer is negligible.

V. CONCLUSIONS

In this study, we have investigated the per-
formance of the X.25 protocol and the selection
of optimal protocol parameter values. To study
the flow control mechanism of the X.25 protocol,
we have used a discrete-time Markov chain model.
This model can easily be applied for the analysis
of various service environments, and it can also
be used for the study of the protocol serving
different types of data, such as voice, facsimile,
video as well as data.

From the analysis of protocols of the two
layers, we can make the following conclusions.
In the link layer of the X.25 protocol, the window
size must be greater than or equal to 7 to main-
tain the transmission capacity satisfactorily. The
time duration of the acknowledgment delay timer,
T,, should be about 100 ms when the channel
capacity is 64 kbps and the mean frame length
is about 1000 bits, and the upper bound of T,
must be determined in relation to the T; value.
Nevertheless, the effect of T, is not critical (i.e.,
it results in only about 4% of variation in the tran-
smission efficiency). Also, it has been found that
the proper range of the time-out value, T,, is in
the order of 1 s. Ina channel with low error rate,
the variation of T; in this range has been found
out to be not critical for the satisfactory per-
formance.

In the packet layer of the X.25 praqgocol,
it is desirable to have a window size that is greater
than the default value to maintain the appropriate

38

service rate at each virtual circuit. But, an increase
of the window size requires an additional amount
of nodal buffer storage. The packet length, which
is an important parameter for the satisfactory
performance of the packet layer, must be deter-
mined in relation to the performance of the link
layer. It appears to be acceptable to have the

default value recommended by the CCITT! ]3]
but in a channel with low error-rate it is de-
sirable to have a larger value.
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