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Abstract - Asynchnonous Transfer Mode 
( ATM) networks will transfer inany different 
traffic classes with different service and perfor- 
mance requirements. There will be different 
users and network managers, each one with dif- 
ferent control rights and power. For example, a 
single chief administrator may control the ATM 
network, but the users may try to exploit it for 
their satisfaction ignoring the smooth operation 
of the network. If the network management ig- 
nores this egoistic behavior of the users, inany 
problems may arise in the network operation. 

This paper provides the framework for for- 
iiiulatiiig such sceriaria using game theory, op- 
timal control theory and queueing theory. The 
chief administrator knows the strategies of the 
users aiid acts first. Then the users choose their 
strategies trying to improve their own perfor- 
mance. 

1. INTRODUCTION 

Previous studies on networks assume tha t  there is a 
single main administrator who takes all decisions for 
the control and managernent of the network. However, 
iii a network there are many dif'Eerent decision-makers, 
each one with different 'power, requirements and con- 
trol. For example, even if there is a single network 
manager, there are still many different users and each 
one tries to exploit the network for his exclusive ben- 
efit. The network management fails if it ignores the 
existence of all t,liese different decision-makers. In this 
paper, we consider this reality and define the network 
maiiageiiient as a hierarchical game between a leader 
aiid liis followers. T h e  leader minimizes his cost taking 
in mind the reactions of the followers to  his decisions. 
He knows the strategy of his followers and acts first. 
Then, the followers act  trying to  minimize their costs 
011 the limits imposed by the leader. 

We have introduced a similar approach for quasi- 
static (not dynamic) network problems in [3,4]. A 
diffei-ent appi-oach for quasi-static network problems 
where the decision makers have equal power uses the 
Nash game theory [l,a,5,6,9,l0,11,12,13,14]. In this pa- 
per, we formulate dynamic hierarchical network prob- 
leins a dynamic St,ackelberg gaines. 

I n  ATM networks t,liere will be various multimedia 
traffic that  require transfer and even processing in a 
cornputer system. If some newly arriving traffic requires 
processing, then the decision-maker who controls this 
traffic must decide where he will process i t .  This is the 

load sharing problem. However, he accepts new traf- 
fic into the network only if there are free available re- 
sources to  satisfy the requirements of this new traffic 
and simultaneously continue to  provide t,he agreed qual- 
ity of service level for his traffic that is already in the 
network. 'rlie problem of controlling the newly incom- 
ing traffic is the admission control problem. For liis 
traffic that  is accepted into the network, the next prob- 
lem is to determine the route tha t  it will follow to its 
destination so that the desired requirements of quality 
of service are satisfied. This is the routing problem. 
Previous studies ignore the interaction of these t.liree 
prolileins and examine each one stand alone or only the 
admission control and routing problem [7].  In this pa- 
per, we examine the joint dynamic admission control, 
routing and load sharing problem in ATM net.works. 

In section 11, we provide the dynamic model for ATM 
networks and formulate the joint problem on the state 
space using queueing theory and optimal control theory. 
I11 section 111, we formulate the hierarchical problem as 
a dynamic Stacltel.berg game and provide the conditions 
in 3 theorems for open-loop and closed-loop Stackelberg 
equilibrium. Finaliy, in section IV, we conclude on the 
proposed approach for dynamic hierarchical manage- 
ment of ATM networks. 

11. DYNAMIC MODEL OF ATM NETWORKS 

We consider that the network state continuously 
changes due to the dynamic traffic flcc,tuations. We de- 
scribe this dynamic traffic flow using nonlinear dynamic 
models on the state space. Other dynamic flow mod- 
els have been also used for the routing problem with a 
single decision-maker [7,8]. We consider that  the traffic 
is ATM cells of 53 Bytes (424 bits) and arrive at the 
network links and nodes with Poisson distribution. 

Let traffic of decision-maker c tha t  requires process- 
ing arrive a t  node [s.] with arrival rate ] ( t )  > 0 a t  
inst,ant t .  Fraction $rsdl(t)  2 0 of this traffic is assigned 
for processing at  computer system [ . d ] .  Of course, tlie 
sum of these fractions t o  all candidate computer sys- 
tems must be equal to  1: C$r5dl(t) = 1. 

I dl 
So, the c traffic from node [s.] to computer system [ .d ]  

is $ , ( t )d [  s dl ( t ) .  In addition to node [s . ] .  ot.lier nodes 
send traffic for processing to computer system [.d. 
Thus, the total c traffic t h a t  arrives to  computer sysbeni 
[.dl for processing is: ~ f , ~ ~ ( t )  = l ( t ) ~ ~ 3 d l ( t ) .  

[s I 
The inran number of c cells a t  the computer systeni 

[ . d ] ,  N f d 1 ( t ) ,  increases during a time period by tlie nieati 

0-7803-31-09-5/96/$5.00 @ 1996 IEEE 

1702 

Φιλίπ
Text Box
Economides, A.A.: Dynamic hierarchical management of ATM networks. Proceedings Melecon ’96, pp. 1702-1706, IEEE 1996.



iiumber of c cells tha.t. arrive diiriiig this period, while 
it decreases by the mean nuinher of c cells t,hat depart 
(after being processed at r<ite C'[ d] cells/sec) during this 
period. Consequently, ~ v c  write the differential equation 
for t,lie mean nuinher of ( cells tha t  describes the state of 
tlic co11iIlL1ter svst,e1li [.dl [14]: dV[dl(2) = A f d l ( t )  -c'[ d]* 

destination pai 

=>: c 
[ s d] 7r[ s d] ,i E 7r [ s d]  

Similarly, we describe the dynamic state of node 
i (which has speed (2; cells/sec) with the fol- 
lowing differential equation for the mean nuiii- 
bci of c cells [1.4]: l"J,"(t) = AF(t )  ~ - Cy;* 

I \ 

I s  dl [ dl 

IJcrice, the cost fuiiction for decision-maker c is com-- 
posed from tlir dela:y cost, at e 
node i. ininus the inconic from t,raific admission t ) e  

soiirce-dmtiri;tt ion [ sd ]  aiid the iiico'iiie fro111 
I rnffic processiiig at computer systems [ . d ] .  

Let, also define his Haniiltoiiiaii: 



where Q'' = [... QtFdl ... Qfs ...I is the vector of the dH0 

[Gi niultipliers that are rela.ted with the constraints of the 
control variables for decision-maker c. 

8HP Qcdl(4 L 0 ti 7iW1, [sdl _ _ _  
111. HIERARCHICAL MANAGEMENT a& d] 

( @ " ( t )  Q ' l ( f ) )  E so.  ( @ O ( t ) .  Q c ' ( f ) )  E Si' [ dl 

I"(/) = - C N H  ' ( 1  N @ ( t ) ,  Qjt),P'(t)) 
P i ( t j )  = 0 
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IV. C'ONCLIJSIONS 

In this i);tper< we csamiiie lhr= dyiiaiiiic joiiit. atliiiis- 

sion coiif.,rol. routing aiic load sharing prohleni iii 
iictworlts n i L h  two hie hiral decision-iiialteis. 
leadcr acbs first iiiiiiirniciiig his cost and ltnowiiig tlie 
st rat,egy of' the follower. 'rlleo the follolvcr reacts t,ry- 
iiig to  mininiize his cos1 in tlie limits iniposcd lby t,he 
leader, First, we introdlice, a state space inodel of non- 
l i r i i w  differential equations that describe the d y i a m i c  
t raf ic  flow in ATM netlnTorlrs. Then we forniulnte tlie 
liietarcliical dynamic joint  problem using game theory. 
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