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Abstract 
We study admission control as a congestion avoidance 

acceptable grade of service can be provided to the new call 
while maintaining the level of service required by ongoing 
calls. 

mechanism in the management of high-speedpacket-switched 
networks under imperfect information. A multi-layer model 
which can be usedfor the analysis of ISDNand B-ISDN - type 
networks is presented. In this model, traflc requirements at 
the lower layers result in constraints on the admission policies 
at the call layer. Using such a model, we examine the effects 
of noisy estimates (due to uncertainties in measured state 
information, or due to the use of realistic limited state 
distribution mechanisms) on the performance of networks 
managed via f i e d  threshold call admission policies. The 
standard-deviation of the collected information concerning 
the network status serves as a key parameter in representing 
the complexity, coverage, extensiveness, and cost of the 
implemented network management and information collecting 
procedure. For a singledomain network the effects of 
Gaussian noise on call blocking, call throughput. packet 
throughput, and the probability of excess calls are examined 
in detail. The throughput capacity trajectory is described for 
fixed packet blocking, packet delay, and probability of excess 
call constraints. Similar analysis can be carried out for 
multi-domain networks in which uncertainty is introduced 
through the management domain structure. 

1. Introduction 
In future generation high-speed networks such as ATM 
networks, congestion control will be essential in allowing for 
the efficient use of network resources while providing cus- 
tomers with a high grade of service. A general description of 
the congestion control problem in broadband networks is 
provided by [1]-[3]. 

We study admission control as a congestion avoidance 
mechanism in the management of high-speed packet-switched 
networks. Call admission is critical to ATM networks (noting 
them to be connection-oriented) because high volumes of 
time-critical traffic require the minimization of per-packet 
processing at the switches, thus shifting the primary burden 
for congestion control to the periphery. Parameters such as 
average packet generation rate and maximum burst, as well as 
grade of service requirements such as maximum delay and 
packet loss probability, will be negotiated before calls are 
admitted into the network. Calls will only be admitted if an 

Several call admission or bandwidth allocation schemes 
are discussed in [4]-[8]. These studies focus on the difficulties 
inherent in performing resource allocation for networks with 
heterogenous and/or bursty traffic. One problem that we have 
not seen addressed in the literature is how to implement call 
admission under noisy conditions or with incomplete state 
information. For example, to attain consistently accurate state 
estimates (which we characterize by low standard deviations 
on the estimation error), the network management scheme may 
have to gather extensive network state data at relatively high 
observation rates, resulting in high bandwidth and processing 
requirements for the implementation of the underlying net- 
work management system. 

In this paper we illustrate the effects of noise on a class of 
fmed threshold call admission policies and examine several 
approaches for choosing suitable threshold values. First, a 
model that can be used to study the approximate performance 
of networks under a variety of admission control policies and 
noisy estimation conditions is presented. Modeling the 
observed state information as a noisy variable serves to 
represent the uncertainties embedded in the measured and 
distributed information resulting from sampling rate, accuracy 
of the sampling technique, and the exchange of partial sub- 
network state information between network managers. Under 
this model, traffic requirements at the lower layers result in 
constraints on the admission policies at the call level. For a 
single management domain example, the effects of Gaussian 
estimation noise on call blocking, call throughput, packet 
throughput, and probability of excess calls are examined in 
detail, using basic queueing models which are representative 
of congestion behavior at the packet and call layers. 

2. Multi-Layer Model 
In our study, we consider two layers: the packet layer and the 
call layer. To make the analysis computationally tractable, we 
introduce the quasi-stationary assumption: changes in the call 
process occur slowly relative to those in the packet process, 
so that the time required for the packet process to reach steady 
state after achange in call state is short compared to the interval 
between call state transitions. The instantaneous packet 
blocking probabilities given the call process is in a particular 

1 This work was supported by NSF Grant NCR-8914690, Pacific Bell and MICRO Grant 90-135, US WEST Contract D890701, 
and a UCLA Academic Senate grant. 
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state x can then be approximated by the steady state values 
induced by the call state x. The quasi-stationary assumption 
is discussed in [9] where it was found to be accurate for the 
conditions of interest. 

Using the quasi-static assumption, we separate the call 
layer from the packet layer and treat each one independently. 
The call process provides the offered packet arrival rates as 
input to the packet process. In return, results from the packet 
process reflect as constraints on the admission policies at the 
call layer. 

Consider a network of LANs interconnected via other 
high-speed LANs and/or MANS. In such a network, man- 
agement duties including surveillance and congestion control 
may beshared by several networkmanagers. Assumethateach 
network manager has a region (one or more subnetworks) for 
which it performs some management duties, and that each 
subnetwork is associated with at least one manager. We denote 
each such region a management domain. Within a multi- 
domain network, managers can exchange information about 
the state of their domains. Some decisions such as admitting 
long distance traffic can be made jointly as well. 

Traffic classes are characterized by resourcerequirements, 
such as average offered traffic intensity, bandwidth, bursti- 
ness, and mean connection time, and performance require- 
ments, such as maximum end-to-end delay and packet 
blocking. Voice, video, and data are examples of possible 
traffic classes. A distinct call type is defined for each possible 
route between an origin-destination pair and each traffic class 
which may be carried between that origin-destination pair. Let 
Lbe the set of call types, indexed by I = 0, 1, . . .,L - 1. The call 
space (representing the number of calls of each call type) is 
given by: R = J~ where 3 represents the set of non-negative 
integers. 
2.1. Packet Layer 
The object of our packet or cell level analysis is to determine 
the subspace of calls, c R, which can be carried while 
meeting the packet performance requirements. These results 
can be obtained via queueing network analysis, simulation, or 
even data gathered from an existing network. 

Each call type 1 generates packets at a rate &(l).  The 
system packet rate vector is 

The call state is denoted as X = ( ~ , , X ~ , . . . , X ~ - ~ )  where xi 
represents the number of currently carried type i calls. The 
offered load into the packet process is then given by 

(1) 

Packet performance requirements are given for each call 
type. Possible requirements include: 

= (PBy(0), P,Y( 1). . . ., PBY(L - l)), the maximum end- 
to-end probability of packet blocking, or packet loss, and 
dmx=(d"(0),d-(l), ..., d"(L- l)), the maximum 
end-to-end delay. Let PB,p(yp(~)) be the vector of packet 
blocking probabilities given that the offered packet arrival 

~ p = ~ ~ p ~ ~ ~ , ~ p ~ ~ ~ , ~ ~ ~ , h p ~ ~ - l ~ ~ .  

YJX) = ( ~ p ~ o b o 7 ~ p ( ~ ~ l ~  ...,hp (L - 1bL-J. 

rates are given by yp(x). Similarly, d(yp(x)) are the end-to-end 
packet delays. The subspace of calls that can be carried by the 
network while satisfying the packet blocking and delay 
requirements is given by R such that 

Pe,p(r,(x)) q and d(yp(x)) 2 d- V X  E fi. (2) 

2.2. Call Layer 

The state of the system for the call process represents the 
number of each type of call that is currently being carried. 
Assume that basic system parameters such as node, line, and 
network capacities and the service requirements of various 
traffic types are known by the appropriate network managers. 
Network managers may not have information about the 
complete state of the network, or they may have inaccurate 
information. The information they have is defined via obser- 
vation functions which are functions of the system state. For 
example, one possible observation function is an aggregation 
function such that the network manager knows the total 
number of calls being carried but not the call types. Obser- 
vation functions may have several components: the local 
component that is comprised of information on the local 
network which may be directly observed by the manager, and 
reported information which is obtained from other managers. 
A distinction is made between the local component of the 
observation function which consists of all the available 
informationaboutagivenregion and thesummary information 
obtained from other domain managers which may be less 
complete or less accurate. Call admission decisions are made 
on the basis of these observation functions. Each domain 
manager has an associated observation function and decision 
function. The decision on whether or not to admit a given call 
can be made by one manager based on its observation function, 
or it can be made jointly by several managers. A call which is 
not admitted is blocked. 

2.2.1. Notation 

Call parameters are defined by the vectors: 
h, = (h,(O), hc(l), . . ., h,(L - 1)) where &(l )  is the arrival rate of 
type 1 calls, and pc = (~(0)~ pc(l), ... ,PAL - 1)) where 1 M O  
is the average holding time for type I calls. 

The state of the call process is given by x = (x, x,, . . ., xL - l ) r  

where x, is the number of currently carried type I calls. The 
state of the system at time r is denoted as x(r) .  We also define 
the following notation: 

x; = (xo. X I ,  . . . , x, - 1' xi + 1, XI + 1' . . . t XL - 1) 

xi = (xg, X I ,  . . .,xi - 1'Xi - 19 xi + 1, *. . I  XL - 1). 

From the packet layer analysis, we have a subspace fi of 
the call process space for which the packet performance 
requirements are met. One possible objective of the network 
managers is to constrain the call state to R to guarantee meeting 
the packet requirements. 
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2.2.2. Decision and Observation Functions 
Define the set of management domains !a4 to be indexed by 
m = 0,1,. . .,M - 1. Each domain manager has an associated 
observation function O,(x) and decision function Dm(O,(x). I). 
The decision function yields a value in the range [0,11, 
providing the probability that an arriving type I call will be 
accepted under state estimates given by Om@). Decisions 
which affect several domains may be made by a central 
authority or by committee with input from all the managers 
involved. Associated with each call type is a set of network 
managers who are responsible for making the admission 
decision. For call type 1,  denote this set %. For example, the 
decision whether to admit a type I call can be given by 

(3) DIb)  = jFI q q x ) ,  0. 

2.2.3. Solution Technique 
Assume that arrivals of type I calls form independent Poisson 
arrival streams, and that the holding times are exponential, 
thenX = {x(t), t 2 0) formsacontinuoustimeMarkovprocess. 
Let 8' be the set of allowable states determined by the 
combination of observation functions and decision policies in 
effect. Given the system parameters, the observation functions 
and the decision functions, we can calculate the nonzero 
elements of the infinitesimal generator (or transition rate) 
matrix Q for the Markov process to be given by 

Q(x,x3 = D , ( x ) W  

Q(x, XJ = x i ~ ~ ( O  (4) 
Q(KxJ 

X,En',x,#x 
Q(x, X) = - 

for I = 0, 1, . . . ,L - 1 andx, xl, x; E R'. Note that Q(x, y) = 0 for 

y f x;,x;,x for I = O , l ,  ..., L - 1. 

Under typical decision functions, we obtain a homoge- 
neous, irreducible, non-null Markov process, so we are 
guaranteed of the existence of a unique equilibrium 
distribution which satisfies: 

(5) 
x Q = O  
In= 1 

where 1 is the appropriately sized vector of ones. A variety of 
algorithms can be used to solve this set of linear equations. 

A variety of network performance measures can be cal- 
culated using x. For example, since IC, gives the steady-state 
probability that the call process will be in state x, 

p,= c rc, (6) 
~~t n 

gives the probability of excess calls, or the probability that the 
call process will be in a state for which the packet requirements 
are not met. Several other performance measures will be 
discussed later. 

To illustrate the use of our model, and to proceed with the 
analysis of call admission under noise, we consider several 
examples in the following sections. 

3. Performance of a Single-Domain Network 
with Noisy State Estimates 

3.1. Model 

To isolate the effects of noisy state estimates on network 
performance, we study the simplest possible case: a single 
domain, single traffic-type model. Each ongoing call generates 
packets at the rate A.,.. The average service time per packet is 
Vp,. Call requests arrive at rate A,, and last for an average 
l/pc. Calls which are not admitted are blocked. 

3.1.1. Packet Layer 

The packet layer activities are illumated by the behavior of 
an W l I r  queue with service rate p, and buffer size r. Each 
call generates packets at a rate 5. Packets have maximum 
average delay and maximum probability of blocking con- 
straints. Denote these values d- and P B y  respectively. Other 
queueing and network models can be similarly employed, 
exhibiting analogous behavioral trends. 

Letqj(k) be the steady-state probability of having j packets 
in the system given that there are currently k calls being 
carried. Using M/M/l/r steady-state equations, and noting that 
the packet arrival rate is now given by kh,, we have: 

0 otherwise. 

The probability of packet blocking is given by 
P,,,(k) = q,(k). Average delay d ( k )  (for an admitted packet) 
can be calculated via Little's result by first computing the 
average number of packets in the system pp(k) where 

and then using d ( k )  = p p ( k ) / ( k h p ) .  A simple check can be 
performed to see whether the delay constraint is likely to be 
binding: if r / y  I d", then we know that the delay constraint 
will be satisfied without having to compute the steady-state 
distribution, so that the binding packet performance measure 
is the packet blocking probability. The packet delay distri- 
bution can be calculated and used to bound the 95 percentile 
delay, as well. 

2 Although these equations are conceptually easy to solve, the state space grows rapidly with the size of the network. Considerations 
on solving larger systems are discussed in [lo] where an iterative algorithm is presented. 
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The decision threshold for the perfect information Case. 
denoted as m, represents the maximum number of allowable 
admitted calls when no observation noise in incuned. The 
valuem is selected toguarantee theprescribedmaximum mean 
packet delay and packet blocking probability levels (even 
when the number of admitted calls equals m): 

d(m) S d- and d(m + 1) > d- 

or (8) 

PB,,(m> and PB,,(m + 1) >PE. 
3.1.2. Call Layer 
In the singledomain single traffic-type model, the call process 
X = {x( t ) ,  t 10) is a one-dimensional birth-death Markov 
chain. Under perfect information, an admission policy that 
satisfies packet performance requirements would simply 
compare the current state, x ,  to m and accept an arriving call 
if x c m. In this case the call process X follows the behavior 
of an M/M/m/m queue with arrival intensities 

x < m  
x 2 m  

and service rates 

Hence, the equilibrium dismbution for the number of system 
carried calls is given by 

Pk = 

where 
0 k > m  

1 

(9) 

Suppose, however, that we have state estimates which are 
corrupted by noise: for example, R = x +e  where R is the 
observed state, x is the true state. and e is the estimation error. 
For a fiid threshold admission scheme with threshold level 
m', a call will be accepted only if 1 < m'. which occurs with 
probability P ( e  c m ' - x ) .  Thus, the resulting intensity of 
admitted calls. when the true state of the system is x ,  is equal 
to 14, = k p ( e  e m'-x). The resulting call state process X is 
now a continuous-time birth-death Markov chain with arrival 
intensity 14, and departure rate xpc, when X = x .  Substituting 
into the general birth-death equations, we have 

where 

3.2. Measures of Performance 
The measures of performance which we consider are: call 
blocking probability (Pi ) ,  probability of excess calls (P,,), call 
throughput (s,), and packet throughput (s,). From the packet 
layer analysis, we calculate a threshold m, which is the 
maximum number of calls which can be carried while satis- 
fying the packet blocking and delay constraints as discussed 
in Section 3.1.1. The probability of excess calls gives the 
probability that there are greater than m calls in the system. 
Under imperfect information, however, m may not be a 
desirable decision threshold, so we distinguish between m', 
the selected decision threshold under observation noise con- 
ditions. and m. The performance measures are calculated by: 

P i  = c pkP(e 1 m'-k) 
- 

k = O  - 
pk 

k = m + l  

s, = A,( 1 - P i )  

3.2.1. Perfect Information 
With perfect information, several of the formulas for the 
system performance measures can be simplified to yield: 

pi = P ,  

P,, = 0 

s, = U 1  - P,) (12) 

m 

3.3. Performance Results for a Single Domain 
Example 
The default parameters for the single domain example are 
listed in Table 1. 

3.3.1. Effects of Gaussian Noise 
We consider network performance when the call admission 
decision is made on the basis of information which is corrupted 
by zero-mean Gaussian noise. The various performance 
measures are calculated as a function of the standard deviation 
of the noise for several possible thresholds around the noiseless 
state threshold, m = 15, which was determined by the packet 
process. As Figure 1 illustrates, there is a sharp increase or 
decrease from 0 to CJ+ in each of the curves, except for the 
probability of excess calls curves form' = 14. After the initial 
jump, increasing CT results in increased call blocking, reduced 
call throughput, and reduced packet throughput. The behavior 
of the probability of excess calls depends on the threshold 
value. 
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Define the network utilization to be 
X C  p, =-. 

W C  

Curves are shown for pc = 1.067. 

10 packetdms 

60 packets 

(a) Packet parameters 

calldmin I 1 OScalls/min I 
15 calls 

(b) Call parameters 

Table 1. Parameters for the Single-Domain Example 

0' Effects: Consider the m'=m case. The call blocking 
probability for o=O is simply p,,,. For o = ~ ,  E>O, 

P(e2-1)=1 and P ( e > l ) = O  while P(e>O)=; .  h t  {pk} 

denote the steady state carried call level probabilities for the 
perfect information case (a = 0) and pk' denote the corre- 
sponding probabilities for the case with ~ = E , E > O .  For 
0 I k I m, pk' = pk. Substituting into the call blocking 
equations we see that 

Pi' = p,'P(e 2 0) = -pm' = -p ,  < p ,  =Pi. 

Actually, Pi' includes a P,,,+~' term which is very small for 

small 6, SO typically f Pi < Pi' < Pi. The probability of excess 

calls is then expreswxl as: 

1 1  
2 2  

Call throughput sc is a linear function of the call blocking 
probability, so the decrease in P i  reflects an increase in sc. As 
apparent from the definition, packet throughput depends on 
two effects: the 1 - P,&) term which decreases for high k 

values, and the packet arrival rate, kh, which increases with 
k. In our example, P,,,(k) does not increase dramatically as k 
changes from m to m + 1, SO the effect of a positive probability 
of an increased arrival rate dominates, resulting in a higher 
packet throughput. Theincreases in call throughput and packet 
throughput represent the performance benefits which can be 
achieved in return for the willingness to tolerate a small 
probability that the packet requirements will not be met (i.e. 
the probability of excess calls). 
Long-Term Effects: Noisy estimates affect the call process 
in two ways: 1) calls which should be accepted are rejected, 
and 2) calls which should be rejected are accepted. The 0' 
effects described above are the result of accepting calls which 
would have been rejected under perfect information. As o 
increases. however, calls which should be accepted are 
rejected due to overestimating the number of calls in the 
system. The consequence is that the probability of having a 
high number of calls (near m )  is reduced, since the relative 
transition rates of the birth-death process have shifted towards 
"deaths". The process is slowly choked off, resulting in 
increased call blocking. Since the probability of being in the 
high tail of the distribution is reduced (even though the tail 
may be longer), the probability of excess calls is reduced. Call 
throughput and packet throughput are also reduced. The level 
of reduction is one measure of the cost of noisy information. 
These effects are illustrated in Figure 1. 

Threshold Value Effects: If m' < m and Q = 0, calls which 
would have been accepted if m' had been equal to m are 
rejected. Call blocking is higher while call and packet 
throughput are lower. The probability of excess calls is the 
same, remaining at 0. As Q increases, the 0' effects described 
above hold, with the exception of the probability of excess 
calls curves. Since m' < m,  it will take a greater error for the 
system to reach k > m. This is not likely to occur until the 
standard deviation of the noise distribution reaches the point 
where P(e  < m ' - ( m  +1))%0. Hence, in Figure lb, the 
probabilityofexcesscallsform'= 14remainsatOuntilo = 0.4 
and then increases gradually before tapering off due to the 
"choking off' effect. 

If m' > m and o = 0, the probability of excess calls is 
greater than zero since more than m calls will be accepted into 
the system. 
Network Loading Effects: Increased loading of the network 
results in increased call blocking, probability of excess calls, 
call throughput, and packet throughput as expected. For a 
lightly loaded network, for instance pE = 0.433, and at low Q 

values, the call blocking values are very close for the various 
decision thresholds because the probability of being in, or near, 
the blocking states is low. As the load increases, the probability 
of being in the blocking states increases, and there is a greater 
spread between the curves for the various threshold values. 
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Figure 1. Various performance measures versus ounderzero-mean Gaussian noise forp, = 1.067: (a)Call blocking. 
(b)Probability of excess calls. (c)Call throughput. (d)Packet throughput. 

3.3.2. Sensitivity to noise distribution-type 
To test whether our results are sensitive to the particular noise 
distribution. we ran several additional cases. One case 
involved a zero-mean uniform distribution with varying range 
values. Another case involved a zero-mean two-sided expo- 
nential dismbution with a varying intensity parameter which 
we refer to as o. The performance curves for these noise 
distributions show Uends that are similar to those shown for 
the Gaussian distribution. 

3.3.3. Throughput Capacity Trajectory 
Once the packet delay and blocking probability levels have 
been prescribed, the probability of excess calls determines the 
likelihood that the network will fail to meet these performance 
levels. Suppose that we fm the maximum probability of excess 
calls value and determine the maximum achievable call 
throughput and packet throughput combinations which we 
refer to as the throughput capacity trajectory. This process is 
illustrated in Figure 2. For t h i s  example, to better illustrate the 
form of the capacity trajectory, we increase the prescribed 
packet blocking probability from 0.001 to P B y  = 0.2 which 
in turn yields an increased threshold of m = 20. We assume 

A, =8.0, giving a pc = 1.067. To calculate the feasible 
throughput capacity pairs, we fix the maximum probability of 
excess calls to be 0.05. Figures 2a-2c show a family of curves 
exhibiting the probability of excess calls, call throughput, and 
packet throughput versus Q for m' ranging from 17 to 24. For 
each decision threshold m', we use Figures 2a-2c to find the 
maximumcall throughput and packet throughput values which 
satisfy the excess call constraint. These values are used in 
Figure 2d where the corresponding maximum packet 
throughput is plotted against the maximum call throughput for 
the various "levels (as well as form' = 25). For this example 
there is an optimal m' that maximizes both throughput values. 
The existence of a single optimal point is not guaranteed, 
however, as other examples have shown. 

For small packet blocking probabilities, the throughput 
capacity trajectory can be approximated by a line. Figure 3 
shows the packet throughput versus call throughput curve for 
a range of decision thresholds for hc=5.0, 
P B y  = 0.001, m = 15, and P e y  = .005. Notice that the points 
fall on a line (approximately), with maximum throughput 
valuesachievedform'= 14.Tounderstandwhy thisisso,note 
that for P,,Jk) 8: 1, we have: 
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Figure 2. Procedure for calculating throughput capacity trajectory (p, = 1.067, m = U), P B y  = 0.2): (a)Set P, = 0.05, 
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versus call throughput values. 

s p  = c Ptkhp(l -~B,p(kN 

= hp p P t  

= hPW 
where represents the average number of calls. From Little's 
result we know that the average number of customers in a 
queueing system is equal to the average arrival rate of cus- 
tomers to that system, times the average time spent in the 
system [l  11. In our system, the arrival rate of calls into the 
system is given by h,(l -Pi). Thus, for small packet blocking 
values we observe the linear relationship 

% sp =-s,, Pc 
as noted in Figure 3. 

If the decision threshold is too low, too many calls are 
rejected, and the throughput is lower than necessary. On the 
other hand, if the decision threshold is too high, the only way 
to meet the excess call constraint is for o to be large. As we 

0576 

have seen, for large o, call throughput and packet throughput 
are decreasing functions of o. The decision threshold value 
which maximizes throughput depends on the probability of 
excess call constraint. For a high constraint value, the 
throughput is maximized by a decision threshold m' which is 
greater than m and by observation noise conditions which 
involve higher o > 0 levels. In other words, higher noise levels 
can be sustained (and thus a possibly lower cost network 
management scheme) with no penalty incurred on the call and 
packet throughput levels. For low probability of excess calls 
constraints, on the other hand, the effect of throughput being 
a decreasing function of o dominates for large decision 
threshold values. In these cases, as in Figure 3, the optimal m' 
may be less than m . 

3.3.4. Admission Policies 

A natural question to ask is how best to manage a network in 
the face of incomplete or inaccurate information. We evaluate 
the fixed threshold and the fixed probability of blocking 
policies under various traffic loads and noise conditions. 
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Figure 3. Throughput capacity trajectory for param- 
eters: P B y  = 0.001, P,, = 0.005, and pc = 0.667. 

Fixed Threshold: Several approaches can be taken in deter- 
mining a desirable decision threshold, depending on which 
values are fiied. One natural possibility is to use the 
throughput capacity trajectory described in Section 3.3.3 to 
determine an m‘ which maximizes call and packet throughput 
for a f i e d  P,,. Another approach is to f i  the o and examine 
the achievable performance measures for each decision 
threshold. 
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Sigma 
Figure 4. Call throughput and packet throughput 
versus o for pc= 1.067, m =20, PBy=0.2, and 

Figure 4 provides another view of the information dis- 
played in Figure 2. Here. for various values of 6, we see 
decision thresholds that maximize call throughput and packet 
throughput while meeting the probability of excess call con- 
straint. Ag,ain we see that the maximum throughput values 
occur at m‘= 21 and a= 1.2134. 
Fmed Probability of Blocking: The fixed probability of 
blocking policy makes no use of state information. Instead, 
each incoming call is accepted or rejected with a fixed 
probability P i .  This policy is included to provide a compar- 
ative measure for the value of information in the implemen- 
tation of call admission control. As the estimates become less 

P,, = 0.05. 

and less accurate, it may be better to use no information at all 
than to use the inaccurate state estimates. To test this 
hypothesis, we calculate the probability of call blocking, 
probability of excess calls, call throughput, and packet 
throughput for a range of fiied blocking probabilities. 

Substituting h, = &,Pi into the birth and death equations, 
we obtain 

where 

As in the cases described above, the trade-off is between 
the probability of excess calls and the other performance 
measures: call blocking, call throughput, and packet 
throughput. Since the fixed blocking policy is not adaptive, it 
cannot trade-off intelligently. To meet a given probability of 
excess call constraint, the call blocking probability must be 
relatively high compared to those policies that are able to 
distinguish between high and low levels of traffic. 

Figure 5 shows the probability of excess calls plotted 
against the call blocking probabilities. Similar curves are 
shown for several f i e d  threshold policies. Each point on these 
fiied threshold curves has an implicit o associated with it. 
From this chart it is clear that even for very large o’s, it is 
better to use the information available, although, eventually 
the cost of gathering the information may outweigh the 
benefits. In the reasonable range of 0’s. however, we observe 
the threshold policy to be superior. 
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Figure 5. Probability of excess calls versus call 
blocking probability for fixed threshold policies m‘ = 
14, 15, and 16, and a fixed blocking policy. 

4. Conclusion 
Using a fairly general model, we have illustrated the effects 
of observation noise on a class of fned threshold call admis- 
sion policies. Under certain conditions, it appears that low 
levels of noise can improve system call and packet throughput 
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performance, as long as a small excess-call probability can be 
tolerated. The singledomain example demonslrates that 
decision thresholds can be tailored to specific conditions to 
improve network performance. In addition, analysis of the 
throughput capacity trajectories demonstrates the relation- 
ships between noise levels, decision thresholds, and various 
network performance measures. 
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