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Multicast network model

e Setup:

Unique service center offers a variety of channels

Each channel i [I | is delivered by a multicast connection  with
dynamic membership

Each multicast connection uses the same multicast tree
[l fixed routing of these multicast connections

Symmetric connections belong to the same class k [ K
Service center located at the root node of the multicast tree

Users U [] U located at the leaf nodes of the multicast tree
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Multicast connections with dynamic membership

U = new user of channel ‘red’
A = connection point for user U /A
SC = (unique) service centre
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Link states

Consider first a network with infinite link capacities
Let

Yji =¥ connection activeonlink j}

Detailed link state (for any link | L1 J)

Y =(Y;;i01)0S={03'

Classwise link state (for any link | [1 J)

Nj :(DZI in;kDK)DS::{O,].,...,|]}X...X{O,1,...,|K}
1L
Link state (for any link | L] J)

Nj = Zin D{O,l,...,|}
1n]




Stationary state probabilities in a network
with infinite link capacities

Assume that the probabilities of the detailed leaf link states

(which depend on the user population model adopted) are
known, and denote them by

Tu(y) =P{Yy =y}

— where y 0{0,1}'

Due to infinite link capacities and independent behaviour of the

user populations, it follows that the probabilities of the detailed
network states are also known:

() =FX=xt=T1P{Yu=Yu} = [17%Yu)
utiJ utiJ

— where x = (y,; udU) 0{0,1}Y = Q




Stationary state probabilities in a network
with finite link capacities

» If the Truncation Principle applies (which depends on the user
population model adopted), then

7(x) =2

Y (%)

X[IQ
— where x=(y,u0U)0Q and

Q =setof allowednetworkstates




Blocking probability

Btui = time blocking for user population U and connection |
= stationary probability of such network states in which

a new request originating from user population U to join
connection | would be rejected due to lack of link capacity

How to calculate Btui’?




Calculation of blocking probabilities (1)

o 1st possibility: closed form expression

S
i=1- YA =1
& XD%;T 0 > 7(X)

XLQ

— where
ﬁui =setof nonblockigy networkstategor (u,li)

—~

Q =setof allowednetworkstates

* Problem : computationally extremely complex
— exponential growth both in U and |




Calculation of blocking probabilities (2)

« 2nd possibility: recursive algorithm exact

T QY (y)

_._YydIS

L=l
R > Qi(y)

yS

— where probabilities Qj“i(y) and Q (y) can be calculated recursively
(from the common link J back to leaf links U)

* Problem : computationally complex
— linear growth in U but (still) exponential growth in |




Calculation of blocking probabilities (3)

3rd possibility: new recursive algorithm combi

5 QY (n)
Bli.:ll —_ 1_ n1S

| > Qz(n)

ntsS

— where probabilities Qj“i(n) and Q (n) can be calculated recursively

(from the common link J back to leaf links U)

Remark : computationally reasonable if ...
... only few connection classes
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Basic results (1)

« Connections symmetric among a class LI

— Whenever there are n connections (belonging to class k [ K)
active on any leaf link u L1 U, each possible index combination
{ig,....1} (whereiy,...,I, U 1,) is equally probable

« This and the independence of the user populations L[]

— Whenever there are n connections (belonging to class k [ K)
active on any link j 1 J, each possible index combination
{ig,...dp} (wherely,....i, O 1)) is equally probable
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Basic results (2)

« Iflink | has two downstream neighbouring links (S,t), then
max{Ng, Nt} < Nj =min{Ng + Ny, I }

« Assume (here only) that all connections belong to the same
class and that N, =1 = m= N,. Then

| —|
P{N;j =n|Ng =I,N; = m} = "= aNI0
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Algorithm (1)

« Define (for all | [1 J):
Qj(n):P{Nj :n;Nj-st-,Dj'DMj}

Q'(n)=P(NY) =n;NW <Cj-10/0M | n R;;
Nj-SCj-, Dj'DMj\RJ}

« Then time blocking probability for pair (U,1) is

_ QY (n)
Bl =1- PUXD2yi} _q n%S ’
! P{X0OQ} S Qz(n)
nLIS
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Algorithm (2)

» Recursion 1 to calculate Q; (n):

Tlzln),  j0U
Q(M)=0r[ O Q;In), jou
= JUN;

— where q(n) = P{ Nj =n} depend on the chosen user population
model

e Truncation operator 1.

— Let f be any real-valued function defined on S
— Then define

Tj[f](n): f(n)EI{n1++nK SCJ}
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Algorithm (3)

« Definition of operator [I:
— Let f and g be any real-valued function defined on S Then define

[ 001)=3 %03 oy =ny -ty 21l My).

ZIK OZmK =Nk — |KSK(nK|IK’mK)
x1(1)g(m)
Hnax{l ,m} [T | - max{l ,m}H

0 l+m-n mn—max{l,m} ]

H 'k {

rmin{l,m} ¢

e where

s (n]l,m) =
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Algorithm (4)

Key result: _J

— If link | has two downstream neighbouring links (S;t), then

PNj=n} =3 o>y, Sl my)...

ZIK OZmK =Nk — |KSK(nK||K’mK)
x P{Ng = }P{N; =m}

— In other words,
7 (n) =[75 O 7)(n)

— Proved by a “sampling without replacement” argument!
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Algorithm (5)

Recursion 2 to calculate Q) ui(n) -

5[y 1(n), j=u

Qﬂwﬁmem@ 0 Qpln), jUR,\u)
- j'ONj\R,

— where 1,(n) = P{N_,® = n} depend on the chosen user
population model

Truncation operator 2:

— Let f be any real-valued defined on {0,1,...,I}
— Then define

T fln)= f(n) X +...+ng <C; -1
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Algorithm (6)

 Definition of operator @i
— Let f and g be any real-valued function defined on S Then define

[fdig]( ) Z|1 OZml = |1 (I)(n1||1,ml)...

(1)
ZIK Ome =Nk — |KSK

<O~ 7 gm) + O Zg(m +ey )

(nk [Tk .Mk )

* where |
Bﬂaxﬂ ,m} S) —max{l,m} H
S1(<i)(nll,m):D'+'m"” n-maxfl,m [

5o
“ninl,my [ e




Algorithm (7)

» Key result: —

— If link | has two downstream neighbouring links (S;t), and
link s belongs to the mterestlng route l.e. s=D(]), then

PINj =n} =3 Lo i =, - |1Sl Yy [y, my)...
> lik=02 m = ~li sk (N 1Mk )

_ M (i) _ My (i) +1 _
XP{NS_I}[(l_ﬁ)P{Nt =mj + ,k'(i) P{N{ =m +eyj)}]

— |In other words,

|
~L

73 (n) =[nd) @ )(n)

— Proved by a “sampling without replacement” argument!
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THE END
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