



























































Chapter 2
Traffic model of alternate route network

2.1 Alternate Route through Tandem

In 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.

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

route to carry overflow traffic.
M,
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A(t) X 4, ;'§

Fig.2.1 Alternate Route through Tandem Exchange

Let, Poisson’s traffic 4(¢) is offered at node X destined for the node Y. The overflow traffic

M is routed through the Tandem Exchange T in the Fig.1. Here, the both X and T has some

overflow traffic.

The offered traffic A(f)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(¢) < At , Where Athis a threshold value of the offered traffic 4(r), 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 = AB,(4),

o M1 — e e ,
n+l—A+M

Where 7 is the number of trunks between node X and Y, B, (4) is the blocking probability of
the link.

The overflow traffic M is carried by the link X7 . The mean and variance of the overflow

traffic of link X7 is the lost traffic whose mean and variance are m and v respectively.

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

G, if As4,
XK= B, if A>4,.

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

time instant » = k can be expressed as,

o {G, if M<M,

B, if M>M,,

Where M h is the threshold value of the overflow traffic of link XY. M i 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 4 ¥y ad 4 o respectively. The rate of transition from under-load to over-load

is "x and that of overload to underload is Ty x - The identical parameters are used for

tandem node 7 but subscript is used ‘7" instead of ‘X°. Now the state transition diagram of
node X and 7 are shown in Fig. 2.2 and Fig. 2.3.

13



"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

AxoTar A X020

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

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

H
A, //__\A A,
r

Fig.2.5 Equivalent State transition diagram

Where A’u - ﬂ’Xuﬂ’Tu

Ao = Aoy + A Ay + AgoApy + 1y Top + oy lip F g Ag, + 1o x Ag, + Agolip + AgoFor
1 =41 txr Yrix A

ry =Axyurar troxrar trax Aty
From the 2-state MMPP of Fig.2.5, Let us determine transition probability matrix,
T =1

Let, here p be the steady state vector of T, 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:

e e B
o —/Io—r2 ’

5 2l
0 4

where 1, > 4, and the state transition diagram including arrivals for the MMPP (2) in the Fig.
2.5.

Therefore,

T(Ay1is 20:72) = ~ClAystis Aoy ) D(As ),
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which implies
|

_(/q’o+r2)/1u _rlllo
B AA,+AL+An) (LA, +An+41n)
| T(Ario o) = —r 4, —(A, +1) 4,

AA +An+A4n) (A4, +An+A4n)

Let us, determine Eigenvalues o, and o, of 7 matrix are
o, =1,
and
j"0 ﬂ’u
o, =
(;{’uﬂ’o + A‘urZ ¢ ﬂ’orl)

Let us, determine auto-covariance function
clk]=clip*, k=12, ,
where

C[k]=pCD(T*" —ep)C?De

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

the mean inter arrival time m of MMPP parameters, for K" moment in generalized form,

m, = E{X*}=kip(-C)*"' De, k=1,2...
The arrival rate is the number of calls that will arrive at a facility during a finite time period.

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

overload condition can be determined using,

ék-g[k]

g, = 0
> g[k]

u

Where g[k]=P{N =k},k=0,1,2.......
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The K" moment, m, , & auto-covariance function, C[k] are all known statistical parameter of a
system from its long term observation. From above relations 7,7, 44, 4, can be determined.

Here, for steady state vector p, we know

From these to equations, the steady state vector can be determined by following
p = [ A«u r 2 io r 1 }
ﬂurz"'ﬂgrl lur2+/10r1

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

m _{ ATy A7 }. —4,-1 h .[2'" O],I:lil
=
ﬂur2+/10rl Artir % —A -, 0 4| |1

w2 o'l

-2
=>m= ﬂ”rz lorl ° _iu _rl r] - Au
A+ A A +Ar 3 e Ao

19



|:/"LO =P 7 }
7, A, 5

lu
®
(’?'u’lo +A,n +nd, +nr, _’Hrz)z |:’10:|

—m = /114"2 ﬂ'url ®
. A B+ Bty Aghs + A,

— P

[/10 + ) :l
/I{‘urZ /’i’url r /q’u + n

A,
—=m, = . .
1 [ﬂurz + A1 Aot +/10r1} (4,4, + 4,1, +n,) [ﬂj

B 2
.. - 1 APy An 1.[10 +7, 7 :I .I:/Iu}

(A, A, + A0, + 1AV | Al +Agry Aoty + Ao |

=5 1 ]’ur2 /?'url
(A, A, + A, +74,) | Aty + A0ty Aoty + Aoy

2 2

(’10'”'2) +nr, A+ A4,r, +0r +h } .[’?’ui|
2 2

Aoty + A1, + 11, +1, (Zu-i-rl) +rr, s

o

=m

1 AT An
=>m = = ®
(A4, + 4,1, +14,) [ Aty + Aoy Aghy + Agn;

r 2 2
liﬂm +r2) +Er, }ﬂu -+ {Aorl +Ar,+nr, +r; s/lo}

2) 2
oly + A0 ¥ +75 (A, + ﬂ,u+r1) +rr; (A

[

___lurz_[{(% +r,) +nr, }lu & {iorl +Ar, +1 T }/10]+
E 1 3 Ay + 4,1
L 5
A
(A4, + 4,1, +1,4,) ﬁ[{ﬂorz sdapamonilh o s sxfonnit]
=m = 1 ° (’1:"'2 +/1u/10 +/10r1)2(r1 +I‘2)
Y (A, + A 1A, ) Aty + Aol
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So the 1* inter arrival time from the above equation is

sy e ("1‘”"2)
. A + 41

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 &’ and g, respectively, and packets (cells) are

originated in a fixed period T during the voice spurt.

( ™ T

ATTIN AN

T ey ——

a hm /TN
AN (TTITIN

Figure: 2.6 ON-OFF model for packetized traffic
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For the arrival process of the single source, the arrival rate 4,, SCV (varianc/mean2) C,? and

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

___ B
Aﬂ*T(a+ﬁ)

C2=1—(1-—aT)2
- T2(a+,6')2
_2aT(a’T* ~3aT +3)

S, -
al(2-aT):

We can determine the parameters in terms of A, C. and S,

C=(S?+18)Ct ~128,C5 —18C* +85,C +6C> -2

The arrival rate for single source, /1,, == n/la
Let,

T =16, a=L, ,B=L & n=120
352 650

S, =9.838 C> =18.0950

Now, C, =./C? ..C,=4.254
So,
C=lS? +1R)E 128,07 —18C" +85,C° +6C° ~32

- C, =5159x10°

Croot = J—E

“C,.=718.28

k- root
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|axl-sci+c,,)
" (3ct-25,C3 +1)

5 Ay, =1.528x107

I.(Cj - 1)’%’1]

2 e 108, -2 B3, i

a

-k, =0.046

Ay = [A'aﬂ’Hl(kH _1)]
[kHj’a "’1;11]
s An2=0.061
coky Ay =6.978 x10°

ay =ky - Ay + (1 —ky )’1112
(1-k,)A,, =0.058
" a,=0.058

I_primeO =da, — A
A, =0.022
-

a

= 0.036

_ prime 0

— 2
I_infini!e =C

a

=1 e =18.095

S inf inite — 3'C3 —SkC3

= S_infim'te = 225.035

1

_ _ primeQ
D= 3 e
_inf inite

= D=2.12x10"°

)
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F= [D s (S_infinite_ *. IAinfinitez )]

3 ' I_infinite_l
= F=7.14x10""

I rimeQ
E==me
= E =710.799

A, =2.635

a=}-E
=a=1.873x10°

ol

=7, =2.169x10"

-0z

=7,=2.071x10"

A, =/1n+F+(F-«/E)
= A, =2.951

Ay =4 +F-(F-Vi+a)
= 4, =2.333

24



Chapter 3
Result

3.1 Result of interarrival time distribution function
Analysis of under-loaded and over-loaded condition of Super node
t=002..5

r=2.169x10

A.=2.951
r,=2071x107°

A, =2333
oA 0
0 A

(—lu—rl r j
C=
7 ~ A, — 1

—-2.953
eigenvals(C ) = [ 5 335]
-3
eigenvecs(C ): 1 3.509x10
-3.351x10°° 1

u, =1.228

U, =2.272
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ao(t)z . U, —u
2 1

~uyt

—ut
a, (t): e_{{_%
1 Y

W(t)=a,(t) I+a,() C

Now, the probability matrix,
Fle)=(-w()-(-C)"-D

1
Lo

B\

W (t)g g %

F(tlo o

F(t)o 1
- A& £
F( t:l 1,0 ' -

F(thi. 4

-05-g5 '

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,

—-h nh
hR B
Now, eigen vector of matrix Q, M = eigenvecs(Q)

And eigen value of matrix Q, Y = eigenvals(Q)

t=0,02,.3

’ eYo—’ 0
Dza(t) = 0 gt
e

The row vector of state probabilities,
P(t)=(0 1)-M-Diar)-M™

50)=3.P0),

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

5 10 T T T T

01l —
R{t)o o
—  om |- ]
R(t)g 1 -

1 'ID—-B L L e —

107t H =

201 %1071 l | | | |
L 05 1 1.5 2 25

0, t

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:

m=l2 Jl=13 1=03 r,=0.7

1 LF T | T
O \
|
Witlaa 05 - —
1597 x107%, e | I
0 2 4 6
0_ t B
0859, 1 | I | I
08 e ~
Fith,a T s e e i e e
Fith, e ‘ 7
Fitha o
S 04 l,:ﬂ S
Fit), I SR I R
02 |/ - -
,:. B
j
0. ¢ | I ] |
0 1 2 3 ' 5
0. t 5.
15 1 _.I ﬁlm_v*__l e R |
01/ -
J
Ri{thaao !
R{tda f
- .- |
001 |- —
69651 .Jp % L L L L
0 1 2 3 4 5
0 t 5

Figure3.3 Interarrival time distribution functions and time dependant
state probabilities for different set of parameter values
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Chapter 4
Conclusion

4.1 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/1
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 Process/ General/ 1
Markovian Arrival Process

Phase Type- Markovian Renewal Process
Variance to Mean Ratio
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