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Introduction 

Last decades are characteristic in telecommunications 
for the rise of new services. Big part in them is taken by 
services associated with the use of supplementary 
information – Value Added Services VAS. They are 
specific for having different signaling realization 
algorithms used in creating messages for a network. 

In the qualitative analysis of network nodes which give 
VAS they are presented as a system made of queues and 
processors responsible for servicing queues [1,2]. Different 
types of messages arrive to queues, and are serviced with 
different servicing times. 

Either analytical [3] or simulation [1, 2] models are 
used in the analysis of probabilistic characteristics of such 
systems. 

Markov chains is one of analytical methods, but if the 
system has many feedback connections or queues store a 
lot of different types of messages Markov chain analysis 
becomes inappropriate because of large number of states 
and transitions between them [4]. 
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Fig. 1. System servicing different types of messages with 
different servicing times  

 
Node simulation model 

Analysis of network servicing complementary services 
behavior needs to take into account different interaction 
between many nodes. Firstly, to analyze such servicing, 
analytical or simulation models of individual VAS nodes 
needs to be done. Later they can be connected to a 
network. VAS node model is composed of one or several 
interconnected systems, which have a processor and a 
queue for message storage. Different type of messages 
arrives to such system and their servicing time depends on 
message type (Fig. 1). 

That is why it is important to make a model of such 
system first, which later can be used to model a network 
composed of many nodes [1, 2]. In this paper simulation 

model of a system servicing different types of messages 
with different servicing times is presented (Fig. 2). 

Model is built in OMNeT++ [5] environment, by 
defining distinct components and their interactions. It is 
made of the following components: 
• Message generators „source1“, „source2“,  „source3“, 
generate messages of corresponding type. Message 
interarrival times are distributed exponentially. 
Distribution parameters 1λ , 2λ , 3λ are entered to each 
node. Messages are stored in a single queue. 
• Element “queue” queues arriving messages while 
they wait for service. FIFO discipline is used in queue. 
When the message comes “queue” sends a query to the 
processor. If it is free message is sent to it for servicing, if 
it is busy message is put in queue. Queue size is entered 
before modeling. If newly arrived message sees “queue” 
full it is sent to element “losses”. Statistics about queue 
length, waiting time in queue are collected. 
• Element “losses” destroys received messages and 
counts losses. 
• Element “processor” serves received messages. 
Service time is distributed exponentially with mean  
based on message type. Serviced message is sent to 
element “sink”. Statistics about number of messages in 
system are collected. 
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• Element “sink” calculates number of serviced 
messages and message time in system. 

 
Sample size calculation based on desired simulation 
accuracy 

 
When simulating a system it is important to determine 

simulation length or the sample size of generated messages 
which gives model characteristics with desired accuracy. 

Fig. 3 shows mean time in systems dependance on 
sample size. Simulation was done with servicing times 

0,0391 =T s, 0,0032 =T s, s and arrival 
intensities 

0,0343 =T
91,61 =λ messages/s, 72 =λ  messages/s, 

33 =λ  messages/s. 
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Using methodology presented in [6] i‘th message type 
relative error of time in system dependence on sample size 
with confidence level . k‘th simulation i‘th type 
message absolute error of delay is determined by 
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where ikD ,  is k‘th simulation i‘th message type mean time 
in system. 

 
Fig. 2. Simulation model of the servicing system  

Fig. 4  shows the dependence of relative error of 
message mean time in system on the number of generated 
messages. To achieve that the accuracy of empirical 
sample mean would be in 1% range of the theoretical mean 
with probability of 99% we need to generate at least 
300000 messages of corresponding type. If such condition 
is applied mean time in system of all messages then model 
has to service more than 300000 messages all types 
combined. 
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Fig. 3. Mean delay dependence on the number of serviced 
messages 

System investigation using Markov chain method 

Application of Markov chain method to complex 
systems is limited, but it can be used to test analytical or 

simulation models adequacy by applying some limitations 
(small queue size, few types of messages). 

Results achieved in simulation will be compared ones 
calculated using Markov chain method, when there are 
only three types of messages, each with different 
exponential arrival and service distributions. Queue can 
store no more than five messages (Fig. 5). Messages are 
served using FIFO (First In, First Out) discipline. 
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Fig. 4. Dependence of relative error of message mean time 
in system on the number of generated messages 
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Fig. 5. Model of a system with queue length five and three types 
of messages 
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Fig. 6. Fragment of system states transition graph 

Such system can be described using steady state 
distribution of the corresponding continuous time Markov 
chain. Each state is described with six parameters: A, B, C, 
D, E, F. Where A – state of processor, B – state of first 
place in queue, C – state of second place in queue, D – 
state of third place in queue, E – state of fourth place in 
queue, F – state of fifth place in queue. State parameter A 
can acquire values: 0 then the processor is idle, 1 then the 
processor is servicing message of first type, 2 then the 
processor is servicing message of second type, 3 then the 
processor is servicing message of third type. State 

ikN ,
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parameters B, C, D, E, F can acquire values: 0 then the 
corresponding place in queue is empty, 1 then it stores 
message of first type, 2 then it stores message of second 
type, 3 then it stores message of third type. Name of each 
steady state is written as . At the beginning time 

 system is in  state. System has 1093 steady 
states and 2184 transition between them. Fig. 6 shows a 
fraction of the Markov chain state transition graph. 
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Based on state transition graph presented in Fig. 6 we 
can write a balance equation for every state. Equation 
system is obtained 
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here A can be 0, 1, 2, 3; B equals 0 then A equals 0 and 
can aquire values 0, 1, 2, 3 then A is more then 0; C equals 
0 then B equals 0 and can be 0, 1, 2, 3 then B is more then 
0; D equals 0 then C equals 0 and can acquire values 0, 1, 
2, 3 then C is more then 0; E equals 0 then D equals 0 and 
can acquire values 0, 1, 2, 3 then D is more then 0; F 
equals 0 then E equals 0 and can acquire values 0, 1, 2, 3 
then E is more then 0.  

Values of steady state probabilities  are 
found then equation system (2). They are used to calculate 
probabilistic characteristics. 

ABCDEFP

Probability that the message will not be serviced 
equals probability that the queue is full  

  (4)  ,, ∑= ABCDEFBM PP

here A, B, C, D, E, F  values are more than  0. 
Mean number of messages in queue 

 , ∑ ⋅= ABCDEFMM PNN  (5) 

here A can be 1, 2, 3; B can be 1, 2, 3; C, D, E can get 
values 0, 1, 2, 3; N equals 1, then A, B are more then 0, but 
C, D and E equals 0; acquires value 2, then A, B and C are 
more than 0, but D and E equals 0; gets value 3,  then A, B, 
C, D are more than 0, but E equals 0;  acquires value 4, 
then A, B, C, D, E are more then 0, but F equals 0; gets 
value 5, then A, B, C, D, E, F are more then 0.  

Mean waiting time of messages in queue can be found 
using Little‘s formula 
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Mean i‘th type message delays equals to the sum of 
mean message time in queue and i‘th message type service 
time 
 MiMiM WTD += ,, . (7) 

Processor load equals to the sum of state probabilities 
showing that it is busy 

 ,∑= ABCDEFM Pρ  (8) 

where A can be 1, 2, 3; B, C, D, E, F  can be 0, 1, 2, 3. 
Probability, that the system is idle  

 000000, PPM = . (9) 

Evaluation of simulation model performance 

Fig. 7 shows mean delay of messages obtained in both 
simulation model and Markov chain method dependence 
on processor load, when maximum queue length is five. 
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Fig. 7. Mean delay of messages obtained in both simulation 
model and Markov chain method dependence on processor load 

 
In the simulation arrival intensities of second and third 

message types and all service types remain constant 
( 72 =λ messages/s, 33 =λ messages/s, 0,0391 =T s, 

0,0032 =T s, 0,0343 =T s). Only the first message type 
arrival intensity changes ( [ 22;5,01∈ ]λ messages/s). 

For the comparison of results obtained in both models 
we used Kolmogorov-Smirnov 2-sample goodness of fit 
test. Hypothesis  „results obtained with simulation 
model and Markov chain model are identical“. So theirs 
function have to be close to each other. Maximal distance 
between each sample‘s empirical distribution function is 
found [

0H

6]: 

 ( ) ( )xFxFR 21max −= . (10) 

Based on Kolmogorov-Smirnov test it can be stated 
that: 

• if KR∈ , then hypothesis  contradicts 
observation (is incorrect); 

0H

• if KR∉ , then hypothesis is correct; 0H
here  K is critical region. 

Table 1. Tests results 

Characteristic R  0H  

Mean delay 0.0178571 correct 
Mean first type message delay 0.0178571 correct 
Mean second type message delay 0.0178571 correct 
Mean third type message delay 0.0267857 correct 
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For result comparison sample of 112 elements of each 
characteristic was used, significance level 05,0=α . 
Critical region [ ]+∞= ;1141195,0K  is obtained.  

Kolmogorov-Smirnov test confirms hypothesis that 
results obtained with simulation model and Markov chain 
model are identical. 

Using expression (12), calculate relative error of delay 
in simulation model, can be  
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here  i‘th message type mean delay obtained in 
simulation with 5 places in queue. 
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Fig. 8. Dependence of relative error of delay in simulation model, 
on processor load  

Relative error of delay values are shown in Fig. 8. 
Most of the relative error is less 1%.  

Conclusion 

Simulation model results differ from corresponding 
Markovian model results less than 1% lets us conclude that 

simulation model correctly describes the system being 
modeled. 

Sample size needed for desired simulation accuracy 
was calculated. For empirical mean delay of i‘th type 
message to be within 1% of the real mean with probability 
99%, at least 300000 i‘th type messages needs to be 
generated 

Suggested simulation model is more universal than 
Markov chain method used to find characteristics of VAS 
networks. It can be used to take into account different 
message processing algorithms, different service times, 
while changing system configuration. 
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