IEEE COMMUNICATIONS LETTERS, VOL. 11, NO. 6, JUNE 2007 1

Enhanced Blocking Probability Evaluation Method for
Circuit-Switched Trunk Reservation Networks

Garvesh Raskutti, Andrew Zalesky, Eric W. M. Worgnior Member, IEEE,
and Moshe Zukermarkellow, IEEE

Abstract—We consider the problem of estimating steady-state capture correlation between links. These are the two distinct
blocking probability for circuit-switched networks that allow  \ways that the basic version of EFPA has been refined over the
alternate routing with particular emphasis on networks protected years [9]. The novelty of OPCA lies in the fact that a fictitious

by trunk reservation. We use a recently proposed blocking ti iority struct o di der to i
probability estimate, the Overflow Priority Classification Ap- Pr€-€mptive priority structure is imposed in order to improve

proximation (OPCA) as an alternative to the currently used the blocking estimate [5].
Erlang’s Fixed-Point Approximation (EFPA). We demonstrate In [5], it was demonstrated in a hand-made example that

empirically that OPCA provides a better blocking estimate than  OQPCA yielded a superior estimate to EFPA and other methods
EFPA for circuit-switched networks with alternate routing, that based on EFPA. Here we demonstrate that OPCA vyields a

are reasonably protected by trunk reservation. superior estimate to EFPA for the more practical case of CS
Index Terms—Erlang’s Fixed Point Approximation, blocking  networks with trunk reservation (TR).
probability, circuit switching, network design.

II. CS NETWORKS WITHALTERNATE ROUTING

|. INTRODUCTION CS networks consist of switches (nodes) and server groups
IRCUIT-SWITCHED (CS) networks have been perva(links) between certain pairs of switches. Each server group
sive in telephony and it is envisaged that they will haveonsists ofC' independent cooperative servers (channels). Let
a renewed role in future optical networks [1]. CS networké denote the set of all origin-destination (O-D) pairs and let
with alternate routingare examples ofverflow loss networks J denote the set of all links. Call inter-arrival times at O-
which form an important class of network models. OverfloW pair 7 € 7 are independent and exponentially distributed
loss networks allow calls that have been blocked by one servéth parameter, > 0. Call holding times are exponentially
group to overflow to a different server group under certaidistributed with unit mean.
circumstances. The blocking probability is the probability that The primary route for O-D pair is the path with the least
a call is blocked and not admitted to the network. Accuraféimber of links. LetU;(0) denote the set of links traversed
techniques for blocking probability estimation are crucial iRy the primary route for O-D pair. The alternate routes
for performance evaluation and network design, and enalf@ O-D pair 7 are all the other paths from the origin node
efficient network resource allocation. to the destination node with the condition that no two routes
The simplest and currently most used technique for esfprimary or alternate) traverse a common link. Lgt(n), n =
mating blocking in networks is Erlang’s Fixed-Point Approxd, - - -, V-, denote the set of links traversed by tité alternate
imation (EFPA) [2], [3], [4]. EFPA makes reasonable send@ute for O-D pairr, whereN; is the total number of alternate
intuitively, but yields a poor estimate in many overflow losgoutes for O-D pairr.
networks due to the crude assumptions it is based on, e.g. th¥ a call arrives to O-D pair, it first seeks an idle channel in
assumption that the overflow streams behave as independ&h of the links along the primary routg (0). If unsuccess-
Poisson processes when in reality they are not. In fact, tfud, the call seeks an idle channel in each of the links along the
variance is much greater than the mean and these streamdiggealternate routé/. (1), etc. Denote a call that successfully
highly correlated [5]. In an attempt to improve the estimat@ngages its primary route primary call and a call that
a novel method known as overflow priority classificatiofloes not, arverflowed call The alternate routes are ordered
approximation (OPCA) was proposed [5], [6]. based on least number of links, i.€lJ;(n1)| < [Ur(n2)] for
Other extensions of EFPA for blocking probability estimaz: < n2. If two routes contain the same number of links,
tion of CS networks have been proposed [7], [8] where [#e routes are ordered randomly. If a call is unsuccessful in
representg a h|gher order approximation while [8] seeks $geklng all routes, it is blocked and cleared from the network,
signifying a blocking event.
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busy channels in a trunk group, an overflowed call is rejectedistributed with parametei(n, 7, j), we can superpose each
The trunk threshold will be referred to as a percentage. Fof the a(n, 7, j) streams originating from different O-D pairs
instance,C' = 10 and M = 9 means a threshold of 10%. 7 € 7. In particular, these inter-arrival times (originating from
any O-D pair) are independent and exponentially distributed
IV. OPCA with parameter denoted ag(n) = > . a(n,T,j).

Finally, we determiné;(n) in terms ofa(n, 7, j) by taking

.O.PCA imposes a pre-empti've priority, structure on to account that arin, ; )-call can preempt afim, 72)-call,
original system and then applies Erlang’s Fixed-Point AR/\'/heren < m and 7, may be equal ta,. We have for all
proximation to the new system. Henceforth, we refer to the

ol . 7€ J andn > 0,
original CS model as theue modeland the new system with . ,
priority structure applied as tifietitious model The ideaisto () _ a;(0)Q;(n) + R;(n) 24 a; (i) —v;(n) 3)
apply EFPA to the fictitious model to achieve better blocking a;(n) ’
probability estimate rather than applying EFPA directly to th\?/here vi(n) = E@:Ol a;(i)b; (i) and b;(0) is given by the

true model. . . . . Erlang B formula with offered load,(0) andC' servers. Eq.
The pre-emptive priority structure gives priority to calls th ) follows since the probability an-call is blocked at link

nrou e?/v(rleere?rz?cjlss an_cei )2a I?S:reabgiril esegr?/gz whuereca”S along linkj. @;(n) and R;(n) are functions of the
group i b= 5L A 9 steady-state probabilities of a one-dimensional birth-and-death
n<m <me<...<mg, then-call replaces amng-call,

. ! . r har rizin h li . Forj we hav
forcing themg-call to find another route, or if all alternategF)((;Le)sicﬁg1 (?z(;tim d }g (e%cz Zlﬁ (‘Z) +O7TAJ4§1 EZL) +e' ) .a+e
routes have been tried, the call is blocked. e S J 7. J
The key reason for the success of OPCA is that it i (n). For a givenn, we numerically compute the steady-

SN : o
creases the proportion of O-calls, i.e., primary calls, by givinsgtate probabilitieg ; (n) }i—, via the following recursion: for

them highest priority. This reduces the error associated with L,..., M, we have ‘
assuming that all streams follow a Poisson process dince i [a;(0) + a;(1) + - - - + a;(n)]'79(n)
calls do not violate the Poisson assumption. Further, having mj(n) = il )
the fictitious model discriminates between different streamhile fori = M +1,...,C, we have

of calls helps reduce the error caused by the independence

assumption [5], [6]. The success of OPCA relies on the fact thei (,,) —

fictitious model and true model have similar overall blocking ’ il

probabilities, allowing the advantages described above to takee normalization constant;?(n) is determined by solving

effect. Zic:(, 7(n) = 1. The case of routing without TR occurs when
To derive equations required to apply OPCA to arbitrarys — ¢ resulting iNQ;(n) = R;(n) = 7er(n).

CS networks with TR, we define e(m,r)-call as ann-call Equations (1)’ (2) and (3) give rise to a Coup|ed set of

pertaining to O-D paitr and assume that the inter-arrival timeyonlinear equations, which may be solved using successive

of an (n, 7)-call process at linkj € U (n) is independent and supstitution. The probability that a call originating from O-D

exponentially distributed with parametefn, 7, j). (This is pair 7 is blocked is given by:(N, +1,7)/a.

analogous to the Poisson assumption inherent in EFPA.) Also

let bj(n) be the blocking probability perceived by anycall V. EMPIRICAL RESULTS AND DISCUSSION

offered _to Ilnk]_e *7'_ . The performance of OPCA compared to EFPA is tested
The inter-arrival time of t,he(,”’T)'C&” process is inde- ¢ 5 proad range of networks with different topologies,
pen.dent and exponentially distributed with parameder, 7). number of trunks and trunk thresholds. Since exact blocking
Noting that(n, 7)-calls occur only wher{n — 1, 7)-calls are probabilities are not tractable except for very small networks,
blocked for O-D pairr andn =1,2,..., N- +1, we have simulation results are used as a benchmark. The results are
subtly different depending on the various network parameters,
a(n,7)=a(n—1,7) [ 1— H (1 —b;(n— 1)) , (1) butthe general trends are consistent. Other results are available
JjEU-(n—1) in [11]1 [12]
. . In Fig. 1, results for the NSF network with topology shown
anda(0,7) = a,. We determineu(nr, j) in terms ofa(n,7) 5 Fig. 10(c) of [5], 20 channels per link and a threshold
by using the reduced load EFPA [2], [4]. Further, calls aigs 1004 are presented. Fig. 2 displays results for a fully-

carried only if they are accepted by all links along the routg,eshed 6-node network with 10 channels and threshold of
In particular, for O-D pairr and link j € Ur(n), we have 2094 Blocking in the range oft0~?,10~!] is considered.

icv. ) (1 —bi(n)) The results demonstrate that OPCA yields a superior es.timate
71 () , (2) to EFPA for these two networks. In general, OPCA yields

J an accurate estimate for networks with trunk threshold over

forn = 0,1,..., N,. While forn > N, or j ¢ U.(n), we 10%. OPCA is not as accurate when the threshold is less than
havea(n,,j) = 0. 10%. Fig. 3 presents blocking probabilities obtained by OPCA,
Since we assume that inter-arrival times of ther)-calls EFPA and simulation for an 6-node fully-meshed network
process atlinkj € U, (n) are is independent and exponentiallyvith 10 channels without TR (0% threshold). Although the

a;(0)""M[a; (0) +a;(1) + - + aj(ﬂ)]MW?(n).

a’(na T, ]) - a(n, T)
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Fig. 1.  Blocking probability comparison of OPCA vs EFPA for an NSFrig. 3. Blocking probability comparison of OPCA vs EFPA for an 6-node
network with 20 channels and 10% threshold. fully meshed network with 10 channels and alternate routing without TR.

10" probabilities. This offsets the advantages described in section
IV causing OPCA to be less accurate than EFPA.

TR closes the gap between the true model and the fictitious
model. Under TR, the true model gives priority to primary
calls over overflowed calls which more closely mirrors the
fictitious model than in the case of routing without TR. Hence,
OPCA blocking probability prediction improves with TR.

Simulation

0 v VI. CONCLUSION

p For circuit-switched networks with reasonable trunk reser-
L OPCA vation threshold of over 10% or more, OPCA yields a better
0°F \ ] blocking probability estimate than EFPA while if the threshold
EFPA is less than 10% it is not always the case.

Blocking Probability

10 I I I I

2.2 2.4 2 6 2 8 3.2 3.4 3.6
Offered Traffic (Erlangs per O-D pair) REFERENCES

[1] C. Bohmet al, “Fast circuit switching for the next generation of high
Fig. 2. Blocking probability comparison of OPCA vs EFPA for an 6-node  performance networksfEEE J. Sel. Areas Commuyrvol. 14, no. 2, pp.

fully meshed network with 10 channels and 20% threshold. 298-305, Feb. 1996.
[2] S. P. Chung, A. Kashper, and K. W. Ross, “Computing approximate

blocking probabilities for large loss networks with state-dependent rout-
performance of OPCA may still be perceived as superior ing,’ IEEE/ACM Trans. Networkingvol. 1, no. 1, pp. 105-115, Feb.

. 1993.
to EFPA for low traffic, the OPCA curve does not fOIIOWS] R. B. Cooper and S. Katz, “Analysis of alternate routing networks with

the simulation curve as closely as when TR is employed. In account taken of nonrandomness of overflow traffic.” Technical Report,

particular, OPCA underestimates blocking for high traffic. Bell Telephone Lab. Memo, 1964. o
. 4] F. P. Kelly, “Blocking probabilities in large circuit-switched networks,”
To explain the poor performance of OPCA for networks" agvances in Applied Probabilitwol. 18, pp. 473-505, 1986.

without TR at high traffic, we contrast the behavior of thé] E. W. M. Wonget al, “A new method for estimating blocking probability
true and the fictitious models. At high traffic, since the networ[tlél n overflow loss networks,” to appear fbomputer Networks

. . W. M. Wonget al,, “A novel method for modeling and analysis of
becomes congested and the true model imposes no priority, thegistributed video-on-demand systems,” Rroc. ICC'05 vol. 1, Seoul,

chance of a call being serviced along its primary route is small. Korea, May 2005, pp. 88-92.

Therefore, since most if not all calls overflow and overfloweld! L. E. N- Delbrouck, “The uses of Kosten's systems in the provisioning
f alternate trunk groups carrying heterogeneous traff€EE Trans.

calls use more resources (channels), fewer calls are servicedcommunyol. 31, pp. 741-749, June 1983,

than if alternate routing were not permitted. The fictitiougs] A.J. Coyle, W. Henderson, and P. G. Taylor, “Reduced load approxima-
i tions for loss networks,Telecommun. Systwol. 2, pp. 21-50, 1993.

model places priority on calls that have not averfiowed, %8] A. Girard, Routing and Dimensioning in Circuit-Switched Networks.

a primary call will never be blocked by an overflowed call.” ggsion, MA: Addison-Wesley Longman Publishing Co., Inc., 1990.

Therefore, at high traffic the fictitious model carrying morgo] J. M. Akinpelu, “The overload performance of engineered networks

; i with nonhierarchical and hierarchical routingT&T Tech. J. vol. 63,
primary calls is much less congested than the true model op. 12611281, 1084,

since Pfima_W_ 93”5 consume fewer network resources. A§1d] G. Raskuttiet al, “Blocking probability estimation for trunk reservation
result, the fictitious structure significantly changes the overall networks,” to appear ifProc. ICC'07, Glasgow, Scotland, June 2007.

blocking behavior of the original system, causing the trdézlci'f-uvg’au"’r'{wv"zwogﬁ }QGC/OPC Web site, available at: http:/www.ee.
and fictitious models to have significantly different blocking yu-edu- gropet.



