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Multicast connection with dynamic membership (1)

ke




Multicast connection with dynamic membership (2)
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Teletraffic study

Calculation of
the call blocking for the specified user
= probability that the user fails to join the multicast connection

Assumptions:

links j 1 J have finite capacities G
fixed routing tree for the multicast connection

when active on a link, the multicast connection takes capacity d
independent on-off type users u L1 U (cf. Engset model)
random background traffic independently on each link |




Infinite capacity system

Yu = connection state on leaf link U

— Y, UBernoulli(p,), Ti,(y) :==P{Y, =V}
Y; = connection state on link | OR-operation
'y

J
Yj:

ullJ J

Zj = capacity required by background traffic on link |

— Zj DPoisson(a]-), TliZ(Z) = P{ Zj =z
3 = total capacity requirement on link |




Steady state probabilities in an infinite capacity system

e X = network state (without capacity constraints) state space

X =(Y,Z2) :((Yu,uDU),(Zj,jDJ))DQ/

* Due to the independence assumptions, we have

700 = P{X =x} =71, (yo)[1 775 (2))
u j



Steady state probabilities in a finite capacity system

L]
e X = network state (with capacity constraints)

)?Dﬁ{z{xDQ|sj(x)st,jDJ}

allowed states

e It can be shown that, under the traffic assumptions made
(concerning both the user model and background traffic),
the Truncation Principle applies. Thus,

I:){X:Z(_},XDEZ
P{X Q}

P{X=x} =P{X =x|XOQ} =




Time blocking

Nonblocking states for user U:

Qu={x0Q|d+z; <Cj, ]ORy}

Btu = time blocking probability for user U

numerator

PIXOD}

t o
=1-P{X0OQ,}=1- al
By { ul P{XOQ}

AN

denominator

Note: Due to applicability of the Truncation Principle, we are
able to calculate the blocking probability in a finite capacity
system by analysing the (much easier) infinite capacity system!

Problem : computationally extremely complex
— exponential in U and J




Recursive algorithm for the denominator (1)

« Define for all links |
N.
Qj(Y) =P{Yj =y, & = Cy,LkUM j} -
Key observation: J
P(XOQ} =3 Qs (y) _
Yy "N root link M
Recursive Convolution-Truncation algorithm for Q's:
T L7 1(y), JOU
Qi(Y)=ml O Qd(y), jou
o kDNj
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Recursive algorithm for the denominator (2)

 Truncation Tj:
— Let f be a real-valued function defined on {0,1}. Define

T;[f1(y)= f(y)[P{Z; <C; - yd}
\

« OR-convolution [I: cdf of
— Let f and g be real-valued functions defined on {0,1}. Define

gf 19](0) = 1(0)g(0)
tOgl@=1(0)g@d)+ 1(1)g(0)+f(1)gd)

* Note: A similar recursive algorithm is valid for the numerator
— truncation modified along the route R,
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Call blocking

In this case,
call blocking (for user U) equals
time blocking in a modified network

where the user U is removed!

Thus,
a similar Convolution-Truncation algorithm

can be developed for the calculation of call blocking
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Generalizations

Several user population models : single / finite / infinite

Multiple parallel multicast connections 1=1,...
with dynamic membership (using the same routing tree)

— e.g. distribution of TV or radio channels

— link state: (le,...,YjI , ZJ-)

— convolution-truncation algorithm with a modified OR-convolution
— complexity: linear in U but exponential in |

Multiple groups Kk =1,... K of parallel multicast connections
with dynamic membership (using the same routing tree)

— within a group: connections symmetric
— link state: (NJ-l,...,NJ-K , ZJ-)

— convolution-truncation algorithm with a combinatorial convolution

— complexity: polynomial in | for any fixed K (e.g. O(13) for K =1) 13




Future work

Development of approximate algorithms for
large networks with multiple connections/classes

— Quick Simulation approach
— Reduced Load Approximation approach

Application of the Convolution-Truncation algorithm for
layered multicast connections
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THE END
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