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Abstract　 In this paper , th e tra ffic model and the pe rfo rmance analy sis fo r m ulti-po int and multi-

class teleconferencing netw o rk a re studied. The knapsack model is used to analyze the blocking proba-

bility pe rfo rmance o f th e t eleconfer encing netw o rks. In the teleconfer encing traffic model, an a rr ay o f

v ideo serv ices rang ing from lowe r to high er quality is assumed. The star netw ork topolog y is considered

in this paper. An illustr ativ e example is prov ided.
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Among the many potential bro adband video services fo r business applications, teleconferen-

cing has been rega rded as one of the most w elcomed service. In teleconferencing system , g ood

quality compressed video requires much larg er bandwidth than audio and thus ca reful a lloca tion of

bandwidth resources to the video st reams in the netw o rk is essential.

There a re various way s to present the video images o f the sites a t di fferent locations and

there are also many teleconferencing netw ork design approaches proposed. The sing le camera sys-

tem
[1 ] , split screen sy stem , v oice swi tched system , and continuous presence system are other possi-

ble types. Virtual space teleconference[2 ] is designed to connect multiple conference si tes to pro-

vide continuous v isual presence o f all si tes and conveys the spatial rela tionship betw een partici-

pants. J. Ferguson and L. Mason
[3 ]

studied a video conference netw ork design problem fo r multi-

point conferences. The t raf fic engineering aspects o f teleconferencing were studied in Ref. [4] , as-

suming all conferences invo lv e only tw o studio s. In addi tion, there a re many o ther rela ted w o rks

focusing on the va riable bi t rate ( VBR) video source t ra ffic model and sta ti stic multiplexing
[8 ]
。

The fi rst resea rch conclusions o f Ref. [4] suggest that the most economical structure might

be a simple star netw ork w here all studios a re connected directly to a central switch faci li ty. In ad-

di tion, ITU H. 320 /T. 120 defines a centralized multipoint cont ro l uni t ( M CU) fo r mul tipa rty

teleconferencing over ISDN. This paper focuses on the t raffic model and analysis of multi-point

teleconferencing wi th sta r netw o rk topo logy. Section 1 presents the teleconferencing t raf fic as-

pects including descriptions of netw o rk st ructure, class of serv ice, quality of service, etc. In section

2, w e make use of the stochastic knapsack model to study the performance of teleconferencing

t raf fic. As a main measure of quality of service ( QoS) , the call blocking probability is deriv ed in



Section 3. An i llust rativ e example is prov ided in Section 4.

1　 Traffic Characteristics and Network Structure
1. 1　 Teleconferencing Service

The netw o rk under consideration connects a moderately larg e number of studios. The tele-

conferencing service is prov ided based on priv ately ow ned o r rented studios located on user

premises. The studios can be g rouped acco rding to thei r loca tion in a number of g eog raphical

zones. A transi t facility is needed fo r the concentra tion and concentra tion and swi tch fo r v ideos in

every zone.

We suppose the area covered by the teleconferencing netw o rk to be div ided into N zones w ith

Mi studios located in zone i , 1≤ i≤N .

1. 2　Network Configuration

There is a t ransit faci li ty ( TF) called conference node in every serv ice zone. Every conference

node is connected to a centra l serv er ( M CU) using one link. All conference v ideo st reams are

t ransmi t ted to M CU, w hich then dist ributes composed and /o r selectable st reams to the va rious

participants.

In the netw o rk, let S1 , S2 ,… SN be the to tal number of conference subscribers a t node 1, 2,… ,

N . Let there be one video in a zone to be t ransmi t ted fo r the same conference. Define the confer-

ence size W as the to tal number o f conferees in a conference and let the distribution o f W be de-

noted as wi= Pr [W= i ] , i= 2, 3,… , M , w here M i s the maximum number of conferees allowed in

a conferencing.

1. 3　 Class of Service

Among the key developments expected in the near future is the demand for a v ariety of com-

munications serv ices w ith wide range of video quali ty
[ 7]

. It i s therefo re possible to provide a mix of

services such as ex tended qua li ty ( EQTV) , high defini tio n ( HDTV) and super HDTV as w el l as

existing a N TSC, to meet va rious need. In this paper, w e will study the teleconferencing traf fic

model wi th mul t-class service, each requires a di fferent bandwidth.

Let bk be the equivalent capacity uni t required by class k service and K is the number of ser-

vice classes in the teleconferencing under consideration. In addi tion, let qk ,k= 1, 2,… , K be the

probabili ty that a new conference cal l request is class k.

1. 4　Quality of Service

We assume that a teleconferencing netw o rk w ould be dimensioned wi th the objectiv e to o ffer

a “ good” g rade o f service ( QoS) to the subscribers. In this paper, the probabi li ty of the conference

call being blocked is chosen as a measure o f the QoS. This probabi li ty should be small , say less

than 10- 2 .

2　 Traffic Model and Traffic Decomposition
For a star w o rk, w e call t ransmission f rom TFs to the M CU as “ inbound” transmission and

from M CU to TFs as“ outbound” t ransmission. The bandwidth requirements on a involved link of

common media teleconferencing of class k a re the same bk fo r bo th inbound and outbound trans-

mission. Obv iously, w e need only to consider the inbound transmission in the following analysis. It
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is simi lar for the outbound transmission.

2. 1　 Traffic Decomposition Principle

Like tho se in Refs. [10, 12 ], we assume that the number o f conference subscribers is la rg e e-

nough, and w e can model the class k conference call as a Poisson process wi th arriv al rateλk (k= 1,

2,… ,K ) . Let 1 /_k be the mean holding time for the class k conference.

A properly designed teleconferencing service should have a low blocking probabi li ty( fo r ex-

ample < 10- 2 ) . Under this condi tion, the link occupancies can be approximated to be indepen-

dent
[11 ]

. As di fferent numbers of channels are required on di fferent links fo r a conference, w e can

decompose a conference call into a number of channel requests on di fferent links.

Letap (s ) be the probability tha t a s-conferee conference has a conferee at tach ed to node p.

Under the assumption that all conferees have equal communi ty interest on al l the others, the

probabili tyap (s ) is

ap (s ) = 1 - 　 1 -
Sp

∑
N

i= 1
Si

　
s

( 1)

w here N is the number of nodes o f the conferee netw ork, p∈ [1,N ]. By t raf fic decomposi tion, the

a rriva l rate of class k t raffic on link lp f rom node p to the M CU, deno ted asλp (k ) , i s giv en by

λp (k ) = ∑
N

Y= 2

λk* ap (Y)* wY ( 2)

w here K is the number of classes o f teleconferencing service.

2. 2　 Stochastic Knapsack Model

By decomposing the teleconferencing t raf fic onto every link, w e can model the bandwidth of a

link as the capaci ty of a“ Stochastic Knapsack” , as show n in Fig. 1. A class-k conference using this

link wi ll o ccupy bk space of this Knapsack. Futhermore, let b= (b1 ,b2 ,… ,bK ) be th e size vecto r and

let n= ( n1 ,n2 ,… ,nK ) be the sta te v ecto r fo r the Knapsack, where nk i s the number of ongoing

class-k conferences occupying the link under consideration.

Fig. 1　 The stochastic knapsack

model o f the link

capacity space

Since the total number of o ccupied equiv alent bandwidth uni ts

on link lp can not be larger than the link capaci ty Lp , the setKp of

all admissible states on link lp is

Kp = n ∑
K

k= 1

bk* nk≤ Lp ( 3)

w here n= (n1 ,n2 ,… ,nk ) .

Based upon the principle of stochastic knapsack
[8 ] , the equilib-

rium dist ribution for the link occupancy sta te, deno ted asc(n ) , is

giv en by a product form so lution

c[n ] =
1
G

d
n
1

1

n1!

d
n
2

2

n2!
…
d
n
K
K

nK!
　　　　n∈ Kp

0　　　　　　　　　　 o therwise

( 4)

w here th e dependency o f ni on p is dropped fo r simplici ty , and

dk = λp (k ) /_ k ( 5)
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G= ∑
n∈ K

p

∏
K

k= 1

d
n
k
k

nk! ( 6)

Define

H(c) = n∈ Kp ∑
K

i= 1
bini = c ( 7)

With that , the link channel occupancy , deno ted as N p , has dist ribution

P ( N p = c) = ∑
n∈ H(c)

c(n) =

∑
∑
K

i= 1

b
k
* n

k
= c

∏
K

i= 1

dnii /ni!

∑
L
p

c= 0
∑

∑
K

j= 1

b
j
* n

j
= c

∏
K

i= 1
d
n
i
i /ni!

( 8)

Then, the probabi li ty Bp (k ) that link lp cannot accommoda te a class-k video is giv en by

Bp (k ) = 1 - ∑
Lp - bk- 1

c= 0
P ( N p = c) ( 9)

3　 Call Blocking Probability
Let K~ 1 , K~ 2 ,… , K~ N ) be random variables representing the number of si tes located at node 1,

2,… , N . For a s-si te conference, let K~ (s )≡ ( K~ 1 , K~ 2 ,… , K~ N with K
~

1+ K
~

2+ …+ K
~

N = s . Let k=

(k1 ,k 2 ,… , kN ) w here the k
’
i s a re non-negativ e integ ers. Under the assumption tha t all conferees

have equal communtiy interest on all the o thers, w e have

P [K~ (s ) = k ] =

　　 s

k1 ,k2 ,… ,kN ∏
N

i= 1

[ai , (s ) ]ki　　 fo r all k w ith∑
N

j= 1

kj = s

　　 0　　　　　　　　　　　　 o therwise

( 10)

　　 A teleconferencing ca ll wi ll be blocked if any involv ed link does no t have the requested band-

w idth. Giv en that a conference cal l requests class-k service and has s conferees, the blocking prob-

abi li ty B (k , s ) can be found as

B (k , s ) = 1 - ∑
k∈ A
　∏

N

p= 1

( 1 - Bp (k )* e(kp ) )* P ( K~ (s ) = k )　 ( 11)

w here Bp (k ) is giv en by Eq. ( 9) and the state spaceA is defined as

A= k|∑
N

i= 1

ki = s ( 12)

and

e(kp ) =
1　　 fo r kp > 0

0　　 else
( 13)

　　 Finally , remov ing the condi tioning on s , w e can obtain the blocking probabi li ty for class k

teleconferencing call

Bk = ∑
N

s= 2
B (k , s )* ws ( 14)

Removing the conditioning k , the call blocking probability is obtained as

B = ∑
K

k= 1
(λk* Bk ) ∑

K

k= 1
λk ( 15)
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4　 Illustrative Example
To demonst ra te the valida tion of the propo sed traffic model, w e giv e an example to the per-

formances obtanied f rom the ana lysis. Consider a star-shaped netw ork w ith 5 zones ( N= 5) , w ith

subscribers Si ( i= 1, 2,… , 5)= 1 000, 1 000, 2 000, 1 500, 3 000 respectiv ely. Tw o classes of video

a re provided, each wi th 2 and 1 equivalent bandw idth uni ts respectiv ely. The one-direction capaci-

ties o f these five links are L1= 25, L2= 25,L 3= 40,L 4= 35 and L5= 50 respectively. Two types of

teleconferencing size dist ributions a re assumed. One is of uni fo rm dist ribution w ith E (w )= 3. 5

and the o ther is o f t runcated geometric distribution w ith E (w )= 3. 0.

Table 1 and 3 show s the class 1 cal l blocking probabi li tes w hen the conference size is uniform

dist ribution ( wi th mean 3. 5) and truncated geometric dist ribution ( wi th mean 3) respectiv ely.

Table 2 and 4 show s the resul ts fo r class 2 call. Whered1= λ1 /_ 1 andd2= λ2 /_ 2 i s the class 1 and 2

o ffered load respectiv ely. Without the loss o f generality, in this ex ample,_ 1= _ 2 is assumed.

Table 1　 Call blocking probability for class 1 (Uniform distribution with mean= 3. 5)

d2 ( Er lang )

5. 0 7. 0 9. 0 11. 0 13. 0 15. 0

d1

5. 0 2. 91 e- 4 2. 04 e- 3 7. 90 e- 2 1. 86 e- 2 3. 47 e- 2 5. 58 e- 2

7. 0 4. 97 e- 4 3. 63 e- 3 1. 14 e- 2 2. 64 e- 2 4. 39 e- 2 6. 35 e- 2

9. 0 1. 44 e- 3 6. 19 e- 3 1. 72 e- 2 3. 52 e- 2 5. 35 e- 2 7. 66 e- 2

11. 0 2. 76 e- 3 1. 06 e- 2 2. 41 e- 2 4. 31 e- 2 6. 44 e- 2 9. 03 e- 2

13. 0 5. 64 e- 3 1. 64 e- 2 3. 25 e- 2 5. 56 e- 2 7. 80 e- 2 1. 03 e- 1

15. 0 9. 13 e- 3 2. 43 e- 3 7. 90 e- 3 6. 63 e- 2 9. 09 e- 2 1. 14 e- 1

Table 2　Call blocking probability for class 2 (Uniform distribution with mean= 3. 5)

d2 ( Er lang )

5. 0 7. 0 9. 0 11. 0 13. 0 15. 0

d1

5. 0 6. 27 e- 4 4. 36 e- 3 1. 79 e- 2 4. 05 e- 2 7. 43 e- 3 1. 13 e- 1

7. 0 1. 48 e- 3 8. 28 e- 3 2. 62 e- 2 5. 79 e- 2 9. 22 e- 2 1. 32 e- 1

9. 0 3. 43 e- 3 1. 56 e- 2 4. 00 e- 2 7. 26 e- 2 1. 13 e- 1 1. 51 e- 1

11. 0 7. 45 e- 3 2. 40 e- 2 5. 30 e- 2 9. 29 e- 2 1. 34 e- 1 1. 74 e- 1

13. 0 1. 36 e- 2 3. 65 e- 2 7. 05 e- 2 1. 16 e- 1 1. 57 e- 1 1. 99 e- 1

15. 0 2. 13 e- 2 5. 24 e- 2 9. 06 e- 2 1. 32 e- 1 1. 79 e- 1 2. 22 e- 1
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Table 3　 Call blocking probability for class 1 (Truncated geometric distribution with mean= 3)

d2 ( Er lang )

5. 0 7. 0 9. 0 11. 0 13. 0 15. 0

d1

5. 0 3. 30 e- 5 2. 41 e- 4 1. 59 e- 3 5. 13 e- 3 1. 14 e- 2 2. 07 e- 2

7. 0 6. 20 e- 5 5. 93 e- 4 2. 99 e- 3 7. 85 e- 3 1. 54 e- 2 2. 64 e- 2

9. 0 2. 02 e- 4 1. 13 e- 3 4. 17 e- 3 1. 12 e- 2 2. 01 e- 2 3. 40 e- 2

11. 0 4. 21 e- 4 2. 19 e- 3 6. 68 e- 3 1. 48 e- 2 2. 668 e- 2 4. 04 e- 2

13. 0 7. 81 e- 4 3. 29 e- 3 9. 52 e- 3 1. 89 e- 2 3. 23 e- 2 4. 87 e- 2

15. 0 1. 53 e- 3 5. 26 e- 3 1. 45 e- 2 2. 55 e- 2 4. 02 e- 2 5. 73 e- 2

Table 4　 Call blocking probability for class 2 (Truncated geometric distribution with mean= 3)

d2 ( Er lang )

5. 0 7. 0 9. 0 11. 0 13. 0 15. 0

d1

5. 0 6. 81 e-5 6. 53 e- 4 3. 93 e- 3 1. 14 e- 2 2. 58 e- 2 4. 52 e- 2

7. 0 2. 14 e- 4 1. 63 e- 3 6. 56 e- 3 1. 68 e- 2 3. 49 e- 2 5. 67 e- 2

9. 0 4. 99 e- 4 3. 16 e- 3 1. 02 e- 2 2. 39 e- 2 4. 49 e- 2 7. 09 e- 2

11. 0 1. 05 e- 3 5. 66 e- 3 1. 56 e- 2 3. 28 e- 2 5. 73 e- 2 8. 52 e- 2

13. 0 2. 05 e- 3 8. 15 e- 3 2. 26 e- 2 4. 23 e- 2 7. 01 e- 2 1. 01 e- 1

15. 0 4. 02 e- 3 1. 33 e- 2 3. 27 e- 2 5. 56 e- 2 8. 56 e- 2 1. 21 e- 1

　　 It is interesting to note that fo r both teleconferencing size dist ribution, the call blocking prob-

abi li ty of class 2 is approximately 2 times as tha t of class 1.

5　 Conclusion
Netw ork planning should be based on the know ledge of the t raf fic model and analy sis. In the

design of v ideo conferencing netw ork, it i s important to relate netw o rk capaci ties to the traf fic and

the QoS quanti ta tiv ely. The object of this paper is to present a t raffic model and eng ineering too l

fo r multipoint and multiclass teleconferencing. Using t raf fic decomposi tion and stochastic knap-

sack principle, w e deriv e the call probabi li ty of the star-shaped communication netw o rks. An il lus-

trativ e example o f 5 nodes netw o rk and 2 class services is giv en.
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多点多业务等级电视会议网模型与性能分析

冯　钢* 　　　　　　刘　英　　
(香港中文大学信息工程系　香港 )　 (深圳华强集团有限公司　深圳　 518042)

【摘要】　研究多点多级电视会议网络的业务模型及性能分析。采用 knapsack模型分析网络的呼叫

阻塞概率。在此模型中 ,假设网络能提供多级视频信号质量。业务模型用于研究网络结构及线路规模要

求。 主要考虑了星型网。 给出了一个分析实例。
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