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The value of timeout has a great impact on the performance of the lSO/CCITT 
class 4 transport protocol. A simple method of calculation of the optimal 
timeout is presented. We mean by the term "optimal" such a value of timeout 
that minimizes a number of performance measures such as e . g. the averages of 
the TSOU and OT TPOU transit delays, TSOU reassembly time or their variances . 
The analysis has been carried out under the assumption that the network 
service is of a virtual-circuit type in a store-and-forward packet-switched 
network. The validity of the proposed method has been examined by simulation. 

1. I NTRODtK:l'I ON 

The key impact on the performance of the 
I SO/CC I TT class 4 transort protocol [1] has the 
value of timeout [4]. If this value is too 
small, then there is many unnecessary OT TPOU 
(Qa,ia Iransport ~otoco 1 Qa,ta !,lni t ) retransmi
ssions; many of DT TPOUs is duplicated at the 
receiving transport entity, what in a result 
overloads the network connection and degrades 
the quality of transport service. On the other 
hand, if the value of timeout is too large, 
then the sending transport entity reacts to a 
OT TPOU loss with large delay what manifests 
itself in increasing of the queue of OT TPOU 
copies at the sending transport entity. Thus, 
we conclude that there is an optimum value of 
timeout which minimizes some performance 
measures of the transport service. It has been 
observed during simulation [2] that a number of 
performance measures such as the averages and 
variances of DT TPOU delay, TSOU (Iransport 
§.ervice Qa,ta !,lni t) transfer de lay or TSOU 
reassembly time, have minima at the same value 
of timeout. This observation is the ground for 
the analysis presented in this paper. From that 
it follows that in order to find the optimal 
timeout, we may focus ourselves on the analysis 
of one chosen performance measure. Since the 
average DT TPOU delay seems to be the simplest 
to derive for, therefore we shall be concerned 
with it in the following. 

Host o~ the results presented in the literature 
predicts the behaviour of transport protocols 
through simulation e.g. [3], [6], [8], however, 
the analytic results concern generally the 
specific conditions or networks, e.g. [2], [1], 
or specific problems [8]. 

The main objective of this paper is to propose 
a simple method which enables us to compute the 
optimal timeout. Since the tractable analysis 
of such a problem is not possible hence we use 
heuristics to tackle with it. We shall 
demonstrate that employing the classical MlMIl 
and MlMI1/K modelling, we are able to compute 
the optimal timeout with satisfactory level of 
acuracy for a wide range of transport and 
network layer parameters. 

2. ASSUMPTIONS AND ANALYSIS 

For simplicity we have assumed what follows. 
1. The data transfer between a pair of 

transport entities is established on a single 
and simplex transport connection 

2. Data in any arriving TSOU are divided in 
the same number of OT TPOUs and TSOU arrivals 
form a Poisson point process. 

3. The NS(Network §.ervice)-provider provides 
a virtual-circuit-type service in a store-and
forward packet-switched network. We take that 
any OT TPOU corresponds to one packet in the 
network layer . Due to the possibility of 
filling up the buffers in the network, the 
NS-provider may block occasionally the data 
flow from the transport layer. In the case of 
filling up the buffers at transit nodes in the 
network, packets and consequently TPDUs may be 
lost. 

4 . The number o~ nodes visiting by packets 
Is the same on both dlrectlons of a network 
connection. 

S. The receiving transport entity issues the 
positive acknowledgement (AK TPOU) for each 
OT TPOU received in sequence with random delay 
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modelled by a MlMI1 queue. 
6. The transfer of packets between pairs of 

adjacent nodes is carried out by a HDLe-type 
protocol, and therefore the service times are 
modelled rather as virtual service times that 
concept has been introduced in [5]. 

We classically model a virtual circuit as a 
tandem of queues with background arrivals and 
service times that corresponds to the ealier 
mentioned so-called virtual service times. Each 
packet after completing his service time is 
fully received at the next node after elapsing 
the propagation delay, however its copy is 
retained in the buffer until receiving the 
proper acknowledgement from the destination 
node. After completing the service of a given 
packet, the next packet may be served. At each 
node packets of a given virtual circuit may mix 
with background packets that belong to other 
network connections. If the buffer is filled up 
of copies of transmitted packets, incoming 
packets are lost except the first buffer of a 
given network connection where the virtual
circu~t packets are rather blocked than lost. 
Let ~ be the arrival rate of packets to node 
1, then we have that 

~1 ~t+~1,. 

~2 ~t + ~2,. 

~3 ~t _ X,2 + ~3,. 

1-1 
~1 = ~t _ I x,j + ~1,. (1) 

j=2 

N-1 
~N = ~t _ I x,j + ~N,. 

j=2 

where ~t is the arrival rate of packets 
(containing OT TPOU of the considerf~ transport 
connection) to the first node, ~' is the 
intensity of background arrivals to node 1, and 
~r,j is the rejecting rate of packets at node 
1. A similar set of equations can be written 
for the reverse network connection when ~t is 
replaced by the issueing rate of AK TPOUs. 

Let us assume that the system under considera
tion is in steady state. Then, taking the 
independence between packet losses and 
duplications, we have 

(2) 

DT where ~ is the new OT TPOU arrivrl rate at 
the sending transport entity, p is the 
probability that da packet is lost in the 
NS-provider, and p is the probability that a 
correctly received DT TPDU is a duplicate of 
the previously accepted one by the receiving 
transport entity. Eq. (2) has been verified by 
simulation and one has recognized that it is 
almost exact in all cases. This allows us to 

find ~ t given the probabili ties pi and p ~ We 
shall derive these probabilities later. 

The next problem that arises, is to compute the 
intensi ty of AK TPOU issued by the rem~ie 
transport entity, which will be denoted by ~ . 
In order to estimate it, we note that when the 
transport protocol operates "smoothly", i.e. 
TPDU losses are rather rare, then almost each 
OT TPOU received is acknowledged, hence 

N-1 
I ~r,j _ ~ OT)pd (3) 

J=2 

The validity of this equation has been verified 
by simulation and we have observed that it 
constitutes a good approximation. Eqs. (1),(2), 
and (3) fully describe the flow intensitiys in 
t~e system given that the probabilities p and 
p are known. 

As we have already stated, in order to find the 
optimal timeout, it is sufficient to find the 
relationship between any performance measure 
and the timeout. Thus, for our investigations 
w5T choose the average OT TPOU transit delay, 
D , that seems to be the simplest to derive. 
It is composed of the time spent by a OT TPOU 
in the transpor\ 1 ent i ty before its correct 
transmission, If, , and the average time 
necessary M> 2convey it successfully through the 
network, D ' : 

DDT = D OT,1 + D DT,2 (4) 

Let us assume that the arrival rate ~t is 
ky¥wn. We proceed first to derivation for 
D ,2. It consists of the average transfer 
times, d ,between consecutive nodes: 

N-1 
IfT,2 = I d 1, 1=1,2, .. , N-1 (5) 

1=1 

Let us evaluate first d
1

, i. e. the transfer 
time between node 1 and node 2. Packets 
containing OT TPOUs are not lost in the first 
node (if the buffer is full the data flow from 
the transport entity is blocked), however, 
incoming background packets may be lost. This 
is depicted in Fig. 1. 

To make the problem mathematically tractable, 
we assume that packets enter the NS-provider 
afcording to a Poisson process with intensi ty 
~ and background arrivals collectively form a 
Polsson process also. The

1
nl!, the Intensl ty of 

packets entering node 1, ~' , is as follows 

(6) 

where 3{ is a random variable representing the 
npmber of packets waiting at node 1 buffer and 
K is the buffer capacity. The problem of 
obtaining the probability Pr(3{<K1

), 

1=1,2, ... ,N-1, is of the greatest importance. 



Packet service times are given by the Bwe et 
al's formula [5]. and after the completing of a 
gi ven service time the next packet is served. 
however. the copy of the previous one is kept 
in the buffer until the proper acknowledgement 
is received. For simplicity we assume that the 
acknowledgement is received after elapsing the 
constant time: 

2rpr •l + rA.l. 1=2.3 •...• N-l (7) 

pr 1 
where r' is the propagation delar between 
node 1 and node (1+1) whereas r' is the 
constant transmission time of an ACK packet 
issued by node (1+1) to node 1. 

Let us consider the node queue behaviour. When 
an incoming packet finds the system empty its 
sojourn time is equal to the sum of the virtual 
service time and the time of obtaining an 
acknowledgement. On the other hand. if a packet 
finds the system busy (while transmitting any 
previous packet). the service time is equal to 
the virtual service time. The problem becomes 
difficul t when a packet finds some copies of 
the transmitted packets. In this case we are 
not able to find the service time. In order to 
overcome this difficulty. we neglect this case 
(what is reasonable when the acknowledging time 
is substantially less than the average virtual 
service time) and then the average packet 
service time can be approximated as follows 

r 8•1 = (r 1+ r Ack•l ) Pr(;K=O) + rl Pr(O<3{<Kl ) (8) 

where rl is the average virtual service time 
(for simplicity we assume that it is identical 
for background and virtual-circuit packets). In 
order to find the probability arising in (8)1 
we use the well-known formula for the M/M/l/K 
queue. It has turned out that this model is 
adequate particulary when the bit error rate on 
the outgoing link is not to be neglected. but 
even when the bit error rate is ~ 0 this model 
works well as observed during simulations. Then 

(1 _ 8.1)( 8.1)k 
Pr(3{=k) = PP. 1=1.2 •... • N-l (9) 

1 _ (p8
• 1 ) K 1+1 

where p •• l =X r·· l (~l is given by (1 ». 
Therefore. the probability of packet rejecting 
at node 1 may be estimated as follows 

1 

Pr(3{=Kl ) = (1 - p •• l )(p 8.1)K (10) 

Having determined the buffer overflow 
probablli ty. we return to calculation of the 
transfer time between node 1 and node 2. Since 
in the first node we have no losses o~ packets. 
thus intensity ;\1,0 (given by (6)) can be 
expressed in the following ~orm 
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Arrivals of OT TPOUs at the sending transport 
entity ares in bulks of L units and with 
intensity ~ • thus the intensity of OT TPOUs 
arrivals to the transport entity is 

(12) 

It is to be noted also that retransmissions of 
OT TPOUs may be in bulks. but we neglect such 
cases since in a well-suited transport protocol 
these situations are rather rare. The average 
waiting time at the first node can be [ffmputed 
by using the result the for the M +MlMll 
queue in which the input is composed 0' two 
processes. The former is with intensity ~ and 
each arrival carries L units whereas the latter 
is with intensity ~ 1.e -~ sL and consists of 
single units. Then. the average waiting time in 
the first queue can be found in the following 
form: 

[L(L - l)~s + 2~1.e Hr1)2 

2(1 - ~1.e r 1) 
(13) 

where r1 is the average virtual service time. 
Finally. the desired average packet transfer 
time between node 1 and node 2 can be expressed 
as follows 

d1 = W 1 + r 1 + r pr. 1 (14) 

where r pr •1 is the propagation delay between 
node 1 and node 2. In a similar way one may 
calculatel the remaining average transfer 
delays. d • 1=2.3 •...• N-l. using (1) to obtain 
the intensities of offered traffic to each 
node. in which we put 

~r.l = (~l_ ~ 1 •• ) Pr(3{=K 1). 1=2.3 •...• N-l (15) 

where ~l is the intensity of traffic offered to 
node 1. ~l •• is the intensity of backfI:0und 
packets arrivals to node 1 and Pr(3{=K) fS 
given by (10). Average waiting times W. 
1=2.3 •...• N-l. can be computed using the result 
for the M/M/l queue since in the remaining 
nodes we have no bulk arrivals. 

Let us turn now to consider the remaining 
component of the OT TPOU average transfer time. 
namely the average delay incurred P¥.1a OT TPOU 
in the sending transport entity. Lf' . We note 
that the OT TPOU loss probability in the 
NS-provider can be expressed as 

1 
P 

M-1 
I ~r.l 

1=2 (16) 

where ~r.l is given by (15) and * is the total 
intensity o~ OT TPOU trans~erred to the 
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NS-provider. Each DT TPDU authorized for 
transmission is put in the window buffer and 
the timer starts to count down the timeout. If 
a DT TPDU has not been acknowledged by the 
receipt of the pr~r AK TPDU within the 
timeout interval. TO • then immediately after 
the timer expiration the DT TPDU is 
retransmitted. ~ssuming that the probability of 
DT TPDU loss. P • is the same on any try and 
consecutive retransmissions are independent. 
a DT TPDU waits. on average. in the transport 
entity for the time 

r/' = 
1 

P TOut (17) 

until it will be successfully transmitted to 
the remote transport entity. Beside this. DT 
TPDUs may be sporadically blocked by the 
NS-provider or by the window buffer what is 
illustrated in Fig. 2. 

Let us evaluate now the average delay per 
single DT TPDU ~Jsing f{om both blocking 
times. denoted by Br' and B • respectively. In 
order to do it. we use the following heuristic 
argument. realizing that it may be far from the 
reality due to the strong correlations among 
the transmi t ted DT TPDUs. Observe the system 
for the

1
time interval T. then for the time 

TPr(X=K ) blocking between the NS-provider and 
the window buffer holds. where Pr(X=K1

) is 
given by (10). In the same time the average 
number of pac~ets transferred to the 
NS-provider is ~ T. Thus. each DT TPDU is 
delayed on average by 

(18) 

due to the blocking between the NS-provider and 
the window buffer. In a similar way we may 
estimate the average blocking per DT TPDU 
between the window buffer and the transmit 
buffer. It is to be noted that this blocking 
arises from the fact that copies of the DT 
TPDUs are removed after elapsing random 
roundtrip delays (DT TPDU delay + time for 
issueing the proper AK TPDU + AK TPDU delay). 
We assume that the transmi t buffer is enough 
ample so that an arriving new DT TPDU always 
finds a free place. We observe that immediately 
after placing a DT TPDU in the window buffer 
the DT TPDU service is started and it ends whe~ 
the OT TPOU is acknowledged. ~e denote the 
average acknowledging time by ~ . The window 
buffer may be viewed as a buffer with W (W is 
the window size) parrallel servers. Assuming 
that the input traffic to the window buffer is 
Poissonian. we may compute the blocking 
probability using the Erlang formula for the 
WGIWIW queue: 

(19) 
W! ~i 

j=O J! 

where p=~ t. D AC~. We note also that only new 
arriving packets are blocked since 
retransmitted packets always find a free place 
in the window buffer. Therefore. we have 

b b 

BW = Um :...!:... = p (20) 

T~OO~DTT fT 

But in order to find ll'. we have to know the 
average roudtrip delay. It can be expressed as 
follows: 

DT.2 0 NS where D • W • and B are given by (5). 
(17). and (18). respectively. and ~l is the 
average transfer delay of an AK TPDU from the 
received transport entity to sendi~ one. It 
can be calculated identically to Lr' assuming 
that the inputAintensity of AK TPDUs to the 
NS-provider. ~ • is given by (3) and the 
window buffer is of infinite capacity. In order 
to keep the paper consise. we do not write the 
appriopriate formulae. Because the receiving 
transport entity may issue AK TPDUs with random 
delays. hence thlr fact we take into account by 
including to rr the average waiting time 
computed asAlor the M/M/l queue with inrut 
intensity ~ and average service time ~ro 
Finally. the first term DDT.l of (5) has the 
form: 

DDT.l = WO + B NS + B W 

• .D NS W where w • B • and B are given by (17). 
and (20). respectively. Therefore. the DT 
average-!ransit deiaj can be expressed by 
where if" 1 and DD. are gi ven by (22) and 
respectively. 

(22) 

(18). 
TPDU 
(4). 
(5). 

Throughout the presented analysis one has 
assumed that the intensi ty ~ t. of or TPDUs 
transferred to the network is known and is 
given by (2). We note. however. that we do not 

d know the probability p • i.e. the probability 
that a received DT TPDU at the transport entity 
is duplicate. We note that if the proper AK 
TPDU is lost in the NS-provider then the DT 
TPOU may be acknowledged by one of the next AK 
TPOUs. The simulations results. however. 
indicate that it is reasonable to assume that 
the acknowledgement delay. 7) Cl. of a given OT 
TPOU i~clx~nentially distributed with mean 
equal II -W. The derivation for the exact 

ACl distribution of 7) is not mathematically 
possible. Using the gathered simulation 
results, we have recognized that when the 
system operates close to the optimal timeout. a 
single AK TPDU acknowledges on average one DT 



TPDU, and hence it is reasonable write that 

pd ~ Pr{2) ACl i!::T°ut ) = 1 _ Pr{2) ACl<T 0") = 

exp[ _(r/Cl _ WO)T°ut ] (23) 

where r/Cl is given by (21) and TOut is the 
value of the assumed timeout. Approximation 
(23)0~y be heuris~ically Justified as follows. 
If T ~~, then p ~ ~ since in this case DT 
TPDU dupli~~tions are very rare. On the other 
hand, if T ~ 0, then almost every DT TPDU 
received at the remote transport entity is a 
duplicate. 

We may nBfe that the average DT TPDU transit 
delay, D ,gtven by (4) depends on the timeout 
value since A (glven by (2» depends on it by 
the probabUity p as well as WO (given by 
(22» depends on the timeout. Thus, we are 
faced with the following optimization problem: 

Find T°ut,o : DDT (T out,o) = min D DT(T°ut ) 

given that the transport protocol and NS
provider parameters are fixed. Unfortunately, 
this task can be solved only numerically since 
the equations are non-linear. 

3. RESULTS 

In this section we compare the characteristics 
timeout - average DT TPDU transit delay with 
those obtained via the detailed simulation of 
the class 4 transport protocol. In order to 
discuss some results, a number of parameters 
has to be reduced. Thus, the network nodes are 
assumed to be homogeneous, namely T1=1 T pr,1 

=0.25, TA
,1 =0.5, the nodes have the sam~ buffer 

capacities and there are no errors in the links 
between nodes (the virtual service time is 
constant) . 

In Figs. 3a+c, the window size iss W=10, the 
intensity of TSDU arrivals is A =0.02, the 
length of TSDU is L=5, the number of network 
nodes is N=4, each node is visited by the 
background traffic with intensity Ab =0.5. The 
various DT TPDU loss conditions in the network 
are modelled by the different sizes of node 
buffers, K: (a) - K=3, (b) - K=5, (c) - K=7. We 
oberve that when the loss probability 
decreases, then the curves are "flater" and the 
optimal timeout increases, however, the 
knowledge of its exact value is of minor 
importance. As we note, the proposed method 
allow us to compute the optimal timeout with a 
satisfactory level of accuracy. On the other 
hand, we observe that our method gives worse 
results when the DT TPDU loss probablllty 
increases. 

The presented method has been derived under the 
strong assumption of the arrival independence 
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of packets carring DT TPDUs to the nodes of a 
given virtual circuit. Such a situation is 
Justified particulary in the case when the 
background traffic is large since then the 
packet arrivals are 11 decorrelated" by the 
background arrivals. In order to verify the 
acuracy of the proposed method when the 
intensity of background arrivals is modest, we 
compare in Figs. 4a, b the curves obtained for 
the same parameters as those in Figs. 3a+c, but 
with the background intensity reduced by half. 
We observe that in this case the method gives 
very good results also. 

Next we proceed to examine the influence of the 
increasing number of nodes on the acuracy of 
the method. Figs. 5a, b show the curves 
obtained for the same parameters as those 
presented in Figs. 4a,b but when the number of 
nodes increased to 8. We note that the method 
gives good results for K=5 but unaceeptable for 
K=3. However, in the latter case we have the 
very high packet error rate, equal 0.18, near 
the optimal timeout. In the normal network 
operation conditions we are rather not faced 
with such a high probability error. 

4. CONCLUSIONS 

A simple method is presented for the derivation 
of the approximate optimal timeout for the 
class 4 transport protocol. Basing ourselves on 
the simulation results, we conclude that the 
method presented here appriopriate incorporates 
many issues concerned with the protocol 
operation (DT TPDU losses, duplications, 
blockings, etc.) and allows us to compute the 
optimal timeout for the wide range of network 
and transport layer parameters. However, we 
note that in some cases, e.g. high DT TPDU loss 
probability or short window compared to the 
TSDU length, the method provides us with poor 
results. 
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Fig. 1. Queueing model for node 1. 

TRANSPORT : NETWORK 
LAYER LAYER 

). DT Iill""~~~~~~~.. W 
Blocking 

~S 
--.111 -Ill r-

Ret.ransmi t.t.ed 
DT TPDUs 

Fig. 2. Queueing model of the sending transport 
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