






































1..5 Objective of this Thesis 

':::-' e goals were to be achieved throughout this project are as follows -

• Learn the basic of Alternate Routing for a overflow traffic exchange 

• To implement the Markov Chain in Alternate Routing Traffic 

• To convert the Markov Chain to the 2-State Markov Modulated Poisson Process 

• To determine the under-loaded & overloaded condition of a super node with the 

condition state transition of nodes 

• Also to determine performance of the network in terms of MMPP traffic parameters 

1.6 Introduction to this Dissertation 

Chapter one is the introductory chapter where project overview and benefits of Alternative 

Routing. The objectives of thesis are also described. 

Chapter two includes a small introduction on traffic model of alternate route network. 

Followed by, a brief description of State Transition chain of Alternate route traffic total with 

the model of packetizing process. 

Chapter three is the result analysis of under-loaded & overloaded condition of a super node 

with the condition state transition of nodes using MMPP traffic parameters. 

Chapter four is discussed all about the future works based on this project with limitations & 

conclusion. 
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Chapter 2 
Traffic model of alternate route network 

1.1 Alternate Route through Tandem 

T a multi-exchange area, adjacent nodes are connected directly by high capacity links. To 

enhance reliability, all the nodes of the exchange are connected through a Tandem Exchange. 

direct link fails to carry the offered traffic, the Tandem Exchange is used as an alternate 

route to carry overflow traffic. 

T 

M 

A(t) 

Fig.2.t Alternate Route through Tandem Exchange 

Let, Poisson's traffic ACt) is offered at node X destined for the node Y. The overflow traffic 

M is routed through the Tandem Exchange T in the Fig.t. Here, the both X and T has some 

overflow traffic. 

The offered traffic ACt) at node X is a random variable which follows negative exponential 

(e -x) probability density function (pdf). The node X remains in under-loaded condition 

when A(t) :$; Ath , where Ath is a threshold value of the offered traffic ACt), determined from 

long term observation of the network. From Wilkinson formula, the mean and variance of 

overflow traffic of link XY are 
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M = ABn(A) , 

V=M I-M+ , ( A ) 
n+l-A+M 

Where n is the number of trunks between node X and Y, B n (A) is the blocking probability of 

the link. 

The overflow traffic M is carried by the link XT . The mean and variance of the overflow 

traffic oflink XT is the lost traffic whose mean and variance are m and v respectively. 

The condition of the node X, at time instant n = k , can be expressed as 

{
G, if A ~ Ath 

X(k) = B, if A> A
th

. 

Since the offered traffic of the tandem exchange is M, therefore, condition of the node T, at 

time instant n = k can be expressed as, 

{
G, if M~Mth 

T(k) = B, if M M 
> th' 

Where Mth is the threshold value of the overflow traffic of link XY. Mth can also be 

determined from long term observation of the network. 

2.2 State Transition chain of Alternate route traffic 

Let us consider that the call arrival rate of node X during under-loaded and over-loaded 

conditions be AXU and AXorespectively. The rate of transition from under-load to over-load 

is 'IX and that of overload to underload is'2X. The identical parameters are used for 

tandem node T but subscript is used 'T instead of 'X'. Now the state transition diagram of 

node X and T are shown in Fig. 2.2 and Fig. 2.3. 
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Fig.2.2 Transition from underload to overload for destined node X 

Fig.2.3 Transition from underload to overload for Tandem node Y 

The combined state transition diagram of alternate path traffic model will take the form of 

fig.2.4 

Fig.2.4 Combined State Transition Diagram 
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- --- -- - - - ----------

Let us convert the state transition diagram of Fig. 2.4 of 4-states to an equivalent state 

;:ransition model of 2-states, like Fig. 2.5 by superposing all 3 nodes related to overload state. 

Fig.2.5 Equivalent State transition diagram 

Where Au = A Xu ATu 
Ao = AxoAru + AxuAro + AxoAro + r' Xr2T + r2Xr'T + r,xAro + r2X Aro + Axor'T + Axor2T 

r1 = AXu r1T +r1Xr1T +r1XAru 

r2 = AXur2T +r2X r2T +r2xATu 

From the 2-state MMPP ofFig.2.5, Let us determine transition probability matrix, 

Let, here p be the steady state vector ofT, where both C & D are M x M matrices, C has 

negative diagonal elements and non-negative off-diagonal elements and D has non-negative 

elements. C & D can be represented as follows: 

where Au > Ao and the state transition diagram including arrivals for the MMPP (2) in the Fig. 
2.5. 

Therefore, 
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'ch implies 

="et us, determine Eigenvalues 0"1 and 0"2 of T matrix are 

a l =1, 
:md 

=..et us, determine auto-covariance function 

,,-here 

(AuAo + Au'2 + Ao'l) 
-(Au +'l)Ao 

C[ k] = pC-2 D(T k
-

l 
- ep )C-2 De 

~odulation of MMPP introduces correlations between successive inter-arrival times. Now, 

the mean inter arrival time m of MMPP parameters, for J(h moment in generalized form, 

The arrival rate is the number of calls that will arrive at a facility during a finite time period. 

The Greek letter lambda (A) is generally used to represent arrival rate. The arrival rate under 

overload condition can be determined using, 

o 
L k· g[k] 

Au = ~k_=w;;...o---

L g[k] 
k=w 

Where g[k] = Pr {N = k}, k=O, 1, 2 .. ..... 
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~e J(h moment, mk , & auto-covariance function, C[k] are all known statistical parameter of a 

~.3tem from its long term observation. From above relations r/,r2, Au, Ao can be determined. 

:Iere, for steady state vector p, we know 

_T=p 
Je = 1 

?rom these to equations, the steady state vector can be determined by following 

For k = 1 , the value of mk should be as follows, 

~A~ ~J(l+l) .[~ ~H:] 

~A~ ~rJ .[~:] 

2 
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.[~:] 
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So the 15t inter arrival time from the above equation is 
(r\ + r2 ) => m \ = ----'---'--------=-":"'-

AJ2 + AOr\ 

2.3 MMPP traffic parameter using Modeling of Packetized Process 

As we know the multi-media inputs like voice, data, image, etc are integrated in the form of 

packets in ISDN. And the packet is in general of variable length, in the standard packet 

switching system. On the other hand, it becomes a fixed length cell in the ATM for 

broadband ISDN. In such systems, real-time voice or video is delay-sensitive; whereas data is 

lo-sensitive and their performance evaluation is an important problem. Since the packetized 

process has a bursty nature, the superposed process from multiple sources becomes non­

renewal and analyses using the MMPP have been widely applied. 

A model for packetized voice is shown in figure 2.6 which is often referred to as the ON-OFF 

model. In a single voice source, it is assumed that voice spurt and silence periods are 

exponentially distributed with mean a-I and fJI, respectively, and packets (cells) are 

originated in a fixed period T during the voice spurt. 

-, ~ T 

~-".l4-I"---rrl ) 

n 

Figure: 2.6 ON-OFF model for packetized traffic 
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For the arrival process of the single source, the arrival rate ).a, SCV (varianc/mean2) C/ and 

skewness (third central moment/variance 3/2) Sk are given by 

A = {3 
a r(a+{3) 

c2 = l-(l-arf 
a r2(a+pf 

Sk = 2aT(a
2
T2 - 3a~ + 3) 

aT(2-aT)z 

We can determine the parameters in terms of Ao ' C~ and Sk 

C == (S2 + 18\r.6 -12S C5 -18C4 +8S C3 +6C2 -2 k !--,o k 0 0 k 0 0 

The arrival rate for single source, An = nAa 

Let, 

1 1 
T=16, a= 352 ' {3= 650 & n=120 

Sk =9.838 C~ = 18.0950 

Now, Co = ~c~ :. Co = 4.254 

So, 

C == (S2 + 18\r.6 -12S C5 -18C4 +8S C3 +6C2 -2 k !--,o k 0 0 k 0 0 

Croat = rc 
:. Croot = 718.28 
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:.AHl =1.528x10-3 

:.k
H 

= 0.046 

AH2 = [AaAHI (k H -1)] 
[kHAa -AHl ] 

:.AH2 = 0.061 

:. kH . AHI = 6.978 x 10-5 

:. QO = 0.058 

I _ primeO = Qo - Aa 

Aa =0.022 

=> I . = 0 036 _ prIme 0 . 

I inf " = C 2 
_ mite a 

~ I _ infinite = 18.095 

~ S _ inf inite = 225.035 

D = I primeO 

I . -I 
_ inf inile 

~D=2.12x10-3 
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F = [D. (S _inf inite- 3 • I _inf inite 2 )] 

3· I _inf inite -1 

E = I primeO 

F2 
=> E = 710.799 

An = 2.635 

a =An·E 

=> a = 1.873 x 103 

=> '2 = 2.071 x 10-3 

Au =An +F+(F.~) 
=> Au = 2.951 

Ao =An +F-(F.~) 
=> Ao =2.333 
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Chapter 3 
Result 

3.1 Result of interarrival time distribution function 

Analysis of under-loaded and over-loaded condition of Super node 

t = 0,0.2, ... 5 

'1 = 2.169x 10-3 

Au = 2.951 

(
-A -r C= u , 

'2 " J -A -r. a 2 

eigenvals(C) = (- 2.953J 
-2.335 

eigenvecs(C) = 
( 

1 3.509

1

XIO-
3J 

-3.351xlO-3 

U1 =1.228 

U2 = 2.272 
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e -Ull _ e -U21 

aj(t)=---
U 2 -Uj 

Now, the probability matrix, 

F{t} = {! -W{t}}.{-Ct·D 

• .1 .. 
1 r-------~--------~------~ 

0.5 

W(t)o,O 

o 

... - 0.049 7 0.5 
o 1 2 3 

... 0 .. t ..3 • 

1048 1.5 . . ~ 

F( t)o ,0 

F(t)O,l 

F( th ,0 
0.5 

/ 

F( th ,1 

0 

- 0.5-0 5 . 0 3 

Figure3.1 Interarrival time distribution functions 
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3.2 Analysis of time dependant state probabilities for finite-state 
systems: The classical eigensystem analysis 

For the finite Markov Chain, the infinitesimal generator matrix, 

Now, eigen vector of matrix Q, M = eigenvecs(Q) 

And eigen value of matrix Q, Y = eigenva!s(Q) 

t = 0,0.2, .. 3 

DiaV) = (e:-' .?_,] 
The row vector of state probabilities, 
p(t)=(O l)·M . Dia(t).M-1 

1 

S(t) = IP(t)Oi 
i=O ' 

R(t) = p(t) 
S(t) 

For some discrete values of time, we get the graph for the under-loaded & over-loaded 
conditions of the super node. 

2 
10.-----~----~----~------r-----,------, 

0.1 

R{ t)o .0 

R{t)o .1 
0.01 

1 ,10-3 

,2.011 x 10- tlO -.s 
o 3 

,0. 

Figure3.2 Time dependant state probabilities 
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3.3 Determining the results with different parameter values 

By considering different sampling period, ON-OFF parameters and same number of voice 
circuits we have assumed the MMPP traffic parameters below: 

A} =1.2 1...2 =1.3 f}=O.3 f2=O.7 

.1 ... 
1 r-------.--------.------~ 

W (t>o,o 0.5 

t 

.0.859 ~ 
l.-------.-------.-------.-------r-------, 

0.8 

F(t)~,~ 

F(t) 0.6 
~,I 

0.4 
F(t)I,1 

.o~ 

---~---

4 5 

_5. 

,I~ 
I ~~----.-------.-------.-------.-----~ 

- .... - ................................ . 

0.1 

R(t)o II 

R(t)o I 

ODI 

.6 965x I~ .10 -3 
o 3 4 

.o~ t 

Figure3.3 Interarrival time distribution functions and time dependant 
state probabilities for different set of parameter values 
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4.1 Conclusion: 

Chapter 4 
Conclusion 

We have used MMPP(2) alternative routing traffic model as MMPP is widely used for 
analyzing bursty nature of packetized process. Bursty traffic has packets of variable lengths 
in standard packet switching system where data is loss sensitive and delay sensitive. 

We can say from figure3.1 that interarrival time distribution functions that represent state 
transitions from underload to overload and from overload to underload has same 
probabilities, which is zero, from the beginning of the network's functionality. On the 
contrary interarrival time distribution functions that represent self transition have slightly 
different probabilities at the beginning of time but as time approaches forward the functions 
converge. These two functions also represent different slopes of probability increments at the 
beginning where underload-underload reaches to probability one faster than that of overload­
overload. 

Moreover from figure3.2 we've drawn our conclusion that time dependant state probabilities 
for underload-overload state remains one from starting of the network and the same function 
for underload-underload state slowly reaches to 1 as time increases. 
Similarly from figure3.3 we've got different performance curves for different voice circuit. 

4.2 Future Work 

Our future target is to apply another method to analyze time 
dependant state probabilities using "RANDOMISATION" approach 
Which is also called "Jensen 's Method" 
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ARQ 
ATM 
BISDN 
BMAP 
CTMC 
ERT 
ISDN 
MMPP 
MMPP/G/I 
MAP 
PH-MRP 
VMR 

Abbreviations 

Automatic Repeat Request 
Asynchronous Transfer Mode 
Broadband Integrated Services for Digital Network 
Batch Markovian Arrival Process 
Continuous Time Markov Chain 
Equivalent Random Theory 
Integrated Services for Digital Network 
Markov Modulated Poisson Process 
Markov Modulated Poisson Processl Generall 1 
Markovian Arrival Process 
Phase Type- Markovian Renewal Process 
Variance to Mean Ratio 
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