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ABSTRACT

A dynamic window model is developed which
provides admission coatral for circuit switched net-
works through the signalling network. This model
incorporates distributod processing while achieving
desired global congestion control effects. Rt
reflects the inteeaction between the circuit swiched
path in the selephone network and the packet
switched path in the signalling network. The model
iz solved by applying the concept of parametric
anslysis © study the whole circuit switching sub-
ework a8 & composite server. The varlam seevice
rato is derived for the composite server of the cir-
cuit swinch tronk in the consext of & closod chain
where the arrival of call services is finite. To avoid
the overflow and the combinatorial complex prob-
lenms, the computstion is reduced into the Erlang
recursive form. Mean value analysis formalac are
derived for the model. Examples are given
demonstrase the validation of the snalysis.

L. INTRODUCTION

The interaction between the telephone and the signalling
control networks has become sn important research topic in
recent years. One important festure of the signalling network
is that it is much faster than the telephone networks. Without
further control restriction, the current signalling networks can
scoept more call requests than the circuit switched telephone
networks can handle. This makes the admission control pro-
cedure necessary [4,9,10).

The networking environment under study is the circuit
switched telepbone network with separate signalling and con-
ool such as that specified by the OCTTT No.7 [5, 6). Itisa
known fact thas oaly the routing control is fully implemented
in practics {14]. The implementation of non-hiersrchical rous-
ing enables the new routing scheme w0 be adjusted to
dynamic traffic petierns 0 utilize the network rescurces
cfficiently [1,3). However, dynamic routing brings the danger
of congestion in heavy traffic as argued by Krupp (15].
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The admission control is achieved in & very limiwd
manner (14). One example of current limited control is to
recognixe the incoming source address whea the calling pro-
cess finds no remaining link capacity availsble. Then an indi-
cation signal is sent 10 the upward nodec ono bop shead.
Based on this indication, the previous node can block the
other call requests.

This kind of simple control solution is far from being
satisfactory due 10 the arising potential problems. Pirst look-
ing at one hop ahead does not provide enough informetion
slong the whole path. Thus 0o real end-w-cod control is
available, Second there is the unfairness problem, because
all call requests may be rejecied with the same probability
even if they are from a light traffic source which consumes
less resources.

Among other problems is the uamaiched timing scale of
the telephone networks and the control networks. Setting up
a virtual circuit may take seconds of time while the process-
ing of a call request is within milliseconds. Without proper
control, the signalling network may accept move calls than
the selephone network can deal with, thus congesting the cir-

All these problems sem from the Iack of enough
research on the interaction of the telephone and the coatrol
networks, We believe that the outband control network needs
o mwonitr, transfer, and supply more complete information
which is essential t0 the network management decisions.
With this in mind we are rying to propose a traffic control
model for the outband signalling eavironment. The main
charscterization of this enviroament inciudes seperaie signal-
ling and coatrol network, non-hierarchical alternative routing.

Here we propose a new admission control model whick
is specifically designed for the outband coatrol facility. The
main idea is to provide tho signalling and coatrol network
with & feedback mechanism. A traffic control model can
essentially be formulated by the following criteria and char-
acterizations:
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i) It should provide end-to-end control;

i) The signalling network should construct an infor-
mation foedback channel;

i) Processing and control should be distribased;

iv) It should b besed on the accurme informetion
sbout the cusrent performance of the destinaion;

v) § should have destnation rase orienwed dynamic
coatrol,

vi) Analytical solutions should be available for perfor-
mance evaluation of the model.

End-to-end control has been proved to be an effective
flow control technique in packet switched networks (23]
Traditional telephone networks do not provide this mechan-
ism becausc there is no enough control facility. Now with the
separate control network, we are able t0 investigas the possi-
bility of applying this sechnique to the welephone networks.

The CCTTT Common Channel Signalling System No. 7
18, 6] specifies the signalling network. The signalling net-
work provides call management capability for underlying
circuit-swiched tansport network and database transaction
processing capability. We realized thar its user-io-user infor-
mation carriage provides a feedback path 10 inform the call
processing source node sbout the status of the descination.
The end-10-end feodback enables different source-destination
pairs to be controlled independently; therefore, distribuced
processing and control can be achicved. However, this
aspect neods more research in order to understand the effect
of the signalling network on the distributed comtrol of the
selephone network.

The Inemational Standard Organization has proposed
performance management as one of the five functionsl areas
in network management model. CCYTT has a corresponding
TMN architecture [7] for selecommunication network
management. When the functional ares is implemeated, the
menagement network will be able to monitor the perfor-
mance of the current status of each destination node, which
in tum can be transferred back 10 the source aodes through
the signalling network. Based o the feodbeck performance
information the source node will automstically adjust the
incoming taffic of call requests in order to avoid the
congestion of the desination node. A main key rescarch
problom in this smdy is to define this dynamic adjust
mechanism which is based on the utilization, mean queue
length, and/or response time of the destination, and which
uses some kind of dynamic window cootrol facility. Another

koy tesearch problem is %0 associate the mochanism with an
analytical (or pumerical) model which aliows prediction of
system performance.

In summary, the proposed admission control model is 3
dynamic window control with innovative festures and analyt-
ical solutions. The control points are decoupied from the
ares to be protecied, while they are related o cach other by
an outband channel. It improves the traditional rase based
control by using global information instead of local one. The
connection fsilure in the telephone network is moved in
some extent to the extra processing of the control network.
The distributed control achicves global control effects while
reducing the complexity as well as meeting the features of
the tignalling oetwork, Finally, associated with the scheme
there is an analytical model with closed form solution.

The paper is organized as follows. In section 2 we
develop a queueing network model for the admission control
scheme. In scction 3 we analyze the model. In section 4 we
give a numerical exampie. Section 5 concludes the paper.

2, MODEL DESCRIPTION

We consider the admission control strategios in & circult
switched network with a separawe signalling netwock a8
shown in Figure 1.

Figure 1. Imeraction betwoen Signailing and Telophone Networks.

We then derive a queucing network model in Pigure 2.

The queueing network model has A+N+2 nodes:

i) Source node § inciuding the admission control mechan-
ism;

i) Destination node D monitoring the traffic in the deatina-
ton ares;

ii}) M nodes modeling the circuit swikched path with each
node Ci, for i=12..M, corresponding 10 the trunk group
connecting two exchanges;



iv) N nodes modeling a signalling peth, each node »i, for
i=12, N, corresponding 10 a Signalling Transport Point
(STP) in the signalling network working in & more-and-

Figare 2. A Quansing Network Model for Dynsmic Window Trafl Coroh,

Figure 2 is a mixed queveing network model. The path
in the circuit swiched network and that in the packet
swirched signalling network are connected as a cyclic closed
chain. There are ambitrary but fixed number X of call
requests in the closed chain. Since other paths may have
intersections with this path, cross taffic is added to each
aode. Each cross traffic formos an open chain. Furthermore, &
virtual path from node D 10 node § forms another open chain
which represents the mechanism to control the dynamic win-
dow size. This aspect will be described in detail in what fol-
lows.

Here we can define the window size of the mode! as the
outstanding selephone calls before disconnection. Thus the
dynamic window size is the initial maximum window size
minus the mean queve length of calls waiting for connection
in the source node. The initial maximum window size is
given by the system specification. The mean queue length of
the source node can be derived by the analysis in next sec-
don.

‘The source sode S admits incoming call requests which
pass through the circuit switched path during exponentially
distributed holding time period. After a call is released,
feedback information is wransferred throogh the separase sig-
nalling path. When the foedback information arrives at the
source node, 8 new call request may be admitied to enter the
network, depending on the waffic behavior as explained sub-
sequently. The number of calls in the closed chain deter-
mines the maximum window size. To guarantoe the success-
ful operation of the described scheme, we set up the initial
window size 83 the maximom number that will not excoed
the capacity of the destination area. Then the destination is

provented from being congested by a single source node at
the initial phase.

The virual scrvice roquests along the virtual path
corespond 10 the traffic stream going through D except those
adminted from $. Regarding the virwal raffic and the call
requests of the closed chain, two classes of service requests
are flowing through the source node $. We assume that the
roquests in the closed chain. As long as a virtual service
request is in S, the lower priority call request is blocked.
Here non-precmptive service is assumed. The source node §
rejects the admission of new calls as loag as the destination
node D is not available. By this scheme, dynamic window is
realized implicidy. The more incoming call requests are
blocked, the smaller will be the window size. Considering
the destination node D, no pricrity is distinguished between
the two classes of services. Only the call requests of the
closcd chain are relevant for the analysis. The virtual service
requests are counted 2s cross traffic.

Each node in the circuit switched path (C1, €2, ..., CM)
represeats the circuit trunks. A call coancction cannot be
completed unless all trunks have a spare tink. In the current
connection procedure, the connection is established hop-by-
bhop. Whea some i diste trunk is blocked, the previ
connection is aborted, resulting in & wase of resources due
to their semporary holding. Employing advanced sigmalling
tochnology, it is possible to predict shead that all links along
the path are svailable to the incoming call. In our model &
calt connection is either established through the network or it
is buffered at the source. No partial connection and abostion
is allowod. Keeping this in mind, the path connection has the
property of simultancous resource bolding. We assume the
trunk holding time of a call to be cxponentially distributed
with mean service rase ..

As we are considezing the path in a circuit swiched net-
work eavironment, there are other cross traffic streams com-
peting for the lines at some sopment of the path, We assume
the inerarrival time for the incoming traffic crossing the
trunk group ¢i o be exponeatially distribused with an arrival
aw A, fori=12,.M.

Node Pi in the packet switched signalling network is a
single server having exponentially distribued service with
mean service rate . The cross traffic is modeled by a Pois-
s0n stream with mean arrival ratos Ay, for i=12. N,

The jobs at the source node S is regarded as new arrival
call request traffic which are not Jost. Without the path of
virtal jobs, the uncontrollod model reproseats the fixed win-
dow mechanism. In this case, jobs entering the source node



are served immediacly ss long as the total number does not
exceed the fixed job number K. In our study, we further
control the admission of calls st § with another mechanism.
We assume that the virtual traffic departing from the destina-
tion node will eaforce the source node 10 ke an equivalent
distributed service time. However, in order to obtain analyti-
cal solution we assume Kleinrock's independent assumption.
The blocking of lower priority jobs at the source node
implics that the destination arca is going t0 be congested.
Thus, the sowce node restricts the incoming affic 1o prevent
further congestion. The rejecting of new call requests
corresponds 10 reduction of the window size. The heavier
the virual traffic bocomes, the more the window size will
shrink. In contrast to that, & gap in the intersrrival of virtual
service request allows the low priority call request 10 pass
through. Light virtual traffic has a longer idle period and pro-
vides more chances for the low priority call requests w go
through, thus incressing the window size sutomatically.

The global effect of this locally distributed control can
be characwrized by four properties of the model: fairmess,
sources interaction, load level, and surveillance. Any scheme
of priority may cause discrimisation. Therofore we need 0
investigate the faimess of the proposed acheme. Each source
sssumes that its waffic has lower priority. But from the glo-
bel point of view, all sources generase the ssme priority. In
other words, although the source discriminates itself, the glo-
bal view trosts each source equally fair. The source nodes
restrain each other to himit the maximum number of call
requests to be admitted. The rejection of call requests at the
source node avoids smporary partial resource possession and
prevents the destination from being overioaded. On the other
hand, the idle period of the source nodes with respect 10 the
the virtual jobs allows the low priority jobs 30 enter service
a8 s00n a8 possible, thus svoiding the situation of underiond
in the network.

Another feature of the scheme {s its sbility w0 cope with
imbajance incoming calls. Each source can generste its own
amount of tmffic. The traffic can change from time to time.
This is realistic and is superior to the model of Doshi and
Heffes (8] where all incoming et each source should be the
same 10 schisve optimal control, which is not the case in the
real worid. We can further exsend the concept of virtual job
by letting the virual jobs keep coming %0 the source nodes
when they accumulate st D. ¥ the destination fails, the vir-
wal job queue length will become 3o large tht the sousces
will be blocked completely. Another way of viewing the des-
tination node failure is 10 allow the virtusl job to bave
infinite service timo, thus complesely blocking the sources.
Therefore, this dynamic window coatrol schemme does not

aliow any call t be admitied to a failed destination node.

3. MODEL ANALYSIS

First we analyze the path of a circuit swisched network
by extending the classical analysis of an opem circuis
MM[IZLWeahhnhhwmdh
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switched path is then reduced w0 an equivalent composiss
(Row-equivaleat) smation with load-depondont scrvice mec
(Figure 3). Parameters for the composite station are obtained
for the analysis of the entire model. The cross trafiic in the
path of the packet swisched signalting network is eliminated
by flow balance considerstion for non-bottleneck nodes as
used by Mitra [17], The resulting cyclic queusing network i3
solved by & set of mean value analysis formulne.

The Friotity Queue

Figwe 3. Reduction of the Circuit Swisched Paabh Jat0 s Nuivalout Covptios Server.

3L Circuk Switching Path Analysls

We define some notations:
® There are M links along the circult switched path
from the source 10 the destination;
® Capecity of the circuit swikhed subnetwork is
defined by C » (C1,C2, ... CM), where Ci is  the
capacity of tink §;
® A is the wmival rme of the crossing Poisson
traffic stresm ot link C1;
* Wiy is the mean value of the sxponentially dis-
tribused holding time of the lines of link i; due
the requirement of simultaneous resource holding,
1/ax.Ci is the same as the call bolding cime
1w C, for all i=12. M
® System state is definod by & = (n), 83 0 my)
with &, denoting the number of calls in processing
of croas aaffic i;
® ¢ is a vector of all ones describing just one call
in each cross waffic.



The stationary distribution of 3 is given by {13}

» A"
%) = GEII+r )
- N
» AN
where G(C)= 2‘__ 7| 18 the oormalizazion constnt,
Ao
and 4; g

The probability that as least & calls of the main stream
can be carried along the whole circuit path is [13)

Prodb(p) = G(C) GGk ¢) @

If we assume that the curent dynamic window sizs is J
for 1</<K, where X is the maximom window siee defined
before, then the throughput of the main traffic stream, which
goes through all trunk circuits, is

4
Xu) [:-man gbaamam]}m ®

where ¢ is the mean servico raw of a call in the circuit
swiched path. Because oaly / calls are waiting for seevice,
Proby) is the probebility that / calls can go through.

(-Probi+1)] is the probability that exactly { calls can
find the idle links.

Note that in equation (3), the throughput X-(/) depends
on the number of call requests 7 which is limited 0 an arbi-
trary but fixed number. The lmitation arises from the
dynamic window introduced in the model.

If we denose the whole circuit swicched path by an
equivalent composite station, the mean service timo e of
the composite station is load-dependent

ucl) = Xc{) ®
where Xc(/) is obmined from equation (3).

In summary, equations (2), (3) and (4) provide the for-
mulse for analyzing the circuit switched path submodel.
However, the nomalization constant in (2) may have two
problems: combinatorial explosion of sate spece and
underfiow insccuracy. Fortunaxcly these problems can be
resolved by the independent assurnption of the cross traffic
and by using the recursive relation of the Eriang blocking
formuls, £(/, ¢), 88 we demonstra® in the following.

First from (2) we nowe that
Prob(1) = G(L)G*(C-2)
Prob(h) = G(C) G (C-M)= Prob(h-1) G(C—(h-1)¢) G (C-Ng)
for lAs)
Therefore we only noed %0 compute

GC~(h-1n) GHC ) for 1AST

which can be reduced into

GE~h-10) GG = I u——-q_‘;"z(c.-a.mr

]

where Z(Ci-h.A;) is the recursive Erlang blocking formula
[25] satisfying the rocursion as follows:

oAy =1
EU.A) = ;"-E"(I-I.A,)-c-l for 121,

Our experiment with the sbove recursive computation
indicates that it is more efficient than using (1) and (2)
divecly. The computation complexity is lincar and the
underflow problem is avoided.

3.2. Mean Value Analysis of the Control Model
First we define some notations:

® iy is the mean service rase of node Mi;
® )y is the mean arrival rase of the cross traffic at
node Pi;
¢ 1 is the mean response time of node #, for
i=12,.N; is, &, and § are the mean response time
of nodes 5, C, D;
e [k is the mean queue length of node {, for
i=12..N; &, k. and B are the mean queus length
of nodes §, C, D;
® X; is the throughput of node i, for {=12,.N; X;,
Xc, and Xp are the throughput of nodes S, C. P;
® Xy is the amrival rate of the virtual gaffic, which
is defincd as the waffic into node D that is not
from source node §; It is also called the virmal
load;
® py is the utilization of the virtual traffic.

We assume the network is balanced for the purpose of
equilibriom and stabllity. The belanced network can be
achieved by removing the bottleneck nodes. Since the clrcuit
switched network is slow it may become s posensial
bottlenack. Another possible bottleneck is the source node
S after introducing the viral jobs w0 be served by 5. From
the assumption of flow balance in the packet switched path,
it follows that {18)

Hei~Roy ™ Moa~dpa = - = Ypn —don [&)]
where g1, i3 the mean service rae of the packet switched

node Pi, and 2y, is the axvival rate of the cross traffic at node
Pi, fori=12..N.



To obtain the performance measures of the model given
in Figure 3, we extend the classical mean value analysis for-
mulae [22]. ‘The mean response time for the packet switched
node is

1

L) = e [ 1+ R E-1) ) fxiwl2..N. (6)

[
The mean response time of the destinaton is
- 1
oK) = T ‘Xv)[ 1+ BKx~1)) @)

where Xy is the arival rare of the virtual jobs. o is the
mean service rate in the destination node D for all jobs
@o-Xv) is the reduced service e for the porma) job
obtained from fiow belance consideration, sinco the virtual
service requests sre considered as cross traffic in the destina-
tion pode D.

The mean response time of the composite station is

eK) = ’}f:‘—;’a;ru-m—l) ®
where pc¢/) can be compused from (3) end (4) and the pro-
bability of conditiooal queue length distribution P¢-11K-1)
1 obained from {22}

X&)y ik
PUIKY= ST PVSLIE-D ®
and
£
POIX)= 1~ [
01X) EI’UK) (10)

with iaitial value P(010)=1.

For the source node S, we consider that the higher
mmmmummm(,:h
time. Then the normal call requests can be served under the
reduced service rame due tw the nsew taffic of the higher
priority service request. Thus

) o o g (1+lg (K ~1)}

Rl =S A (=) ab
which can be simplified as
B Walldex—t)
T * T e a%
where y, is the moan service rase of § for the call request.
The service rate for the virtual job is the same as its service
o at D. py is tho wilization of the virtual job and is
defined a3 py = XyAtp.

The netwark throughput for the mode) given in Figure 3

LK) -

is

R e — a3
‘}Eu(l)v«(th(l)vbw)

and the mesn queve length at each node is dertved from
Little's law.

E&) = XEW®K) fe a2 NSCD.  (14)

The above formulas, (6),(7),(8).(12)(13) and (14), yicld
the recursive scheme for computing the pesformance meas-
ures for the dynamic window model. The initial values for
the recursion are

Em =0 tor 1212 NSLD.

33, Differont Processing Rates for Source and Destioe-
tlon

The above amalysis describes the simation whea the
source pode and the destination node have spproximately
equal capacity, ie., wymp. Here we consider the casc when
the processing rates of the source and dostination differ. The
main concern is to vary the virtual job service ruis at the
source node. If the source node is too slow, we reduce the
busy period of the virtaal jobs. On the other hand if the
source node is to fast, we scale the busy period.

To refiect this behavior in our amalytical model, we
introduce & heuristic factor  for rescaling the oy of equation
(12). Thes

opy __, Wl ®-1)
Go—aXy) (1-apy)
Note that if a =1, equation (16) is equivalent to (12). Increas-
ing & will reduce the idle period while decreasing a will
speed up the admission. Thus cquations (6), (7). (8). (13),
(14), (15) constitute the mcan value analysis for more general
odels.
4 NUMERICAL EXAMPLES

We assume the following parameters for the model of
Figare 2 with three circuit trunks and throe packet switched
nodes.

LK) = as

Paramoter | Value
e 10
Ty ¥ 20 for iw1,23;
Yo 10
a 4 | fori=i23;
C; 50 | fori=}23;
e 1 | forisl23;
o 1

We ses the initial maximum window size to be X=45.
We vary the viraal load (Xy) of the destination 10 reflect the
dynamic raffic in the destination srca. The effect of changes
on the dynsmic window size, the throughpwt of the single
source destination pair, and the total throughput is demon-
strated in Figures 4, 5 and 6.
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Figure 4. Virtual Losd versus Dynamic Window Size.

In Figure 4 we soe that the window size decreases as
the destination node becomes mors and move congested.
When the virtal loasd achieves the processing capability, the
destination nods is complesely congesed and the dynamic
window size is reduced to 0. This means no calls will be
admited into the falled destination. If the loads (Xy) to the
destination decreascs, the window size will become larger.
When the window size increases, the throughput increascs
accordingly as shown in Figures 4 and 5.
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Figure 5. Vinual Load versus Throaghpat of the S Destination Pair.

Figure § shows that tho load increase in the destinaion
node will limit the throughput of a single source-destination
peir. However, increasing the load in the single source desti-
nation pair is equivalent o the reduction of the relstive vir-
wal load, which corresponds to the left-hand side of the
curve. In this case, the throughput of the single source-
destination pair increases accordingly.

Figures 5 and 6 show that slthough the throughput of
ummdmmwmmumw
toad increases, the total throughpus is still high. This demon-
strases that the simation of underioad does not occur 8¢ dis-
cussed before.
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Figure 6. Virtnal Load versus Total Theoughput

Our analytical results have been validared by simulation.
In Figure 7, there are deviations on the left-hand side of the
curve. This is doe to the fact that when the virmal load is
not heavy, the source and the destination nodes are not
bottlencck, thus the flow balance analysis techrique produces
certain deviation. The results become accuraie on the right-
hand side of the curve where the virtual traffic Joad has besn
increased. Note that we arc only interestod in tho situation
when the node P is congested which corresponds to the
right-hand side of Figure 7. The congested node D generates
heavy viral traffic and the sowrce node becomes a
bottleacck, In this case we observe that the results become
accurate.
In Figures 8 and 9, we observe that the results for the
throughputs are accurste for both the single source-
destination pair and for the total traffic, since the throughput
is pot sensitive to the imbslanced flow in the analytical
model.
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Figure 9. Virmal Load versus Total Throughput.

5. CONCLUSIONS

In this study we have proposed and snslyzed & new
maffic admission control model based on the new outband
signalling technology. In contrast to the cument opinion that
rate based control is superior to the window based controf,
we observed that the window scheme does Dot cause slower
acknowledgment in the closed loop feedback. With high
speed outband signalling network, we can route the choke
pocket through the outband signalling path. This acheme of
bypassing the congested srea cnables to adapt the window
size in real time.

The contribution of our study comes from the following
aspects.

& Considering the interaction of the selephone network

and the outbend signalling packet switched network is

novel. This study can be applied to the evolution of

ISDN network systoms.

® Our suggestion of using Network Management Sysem

o provide feedback information on performance for

congestion control is new. It may greatly simplify the

design and implementation of congestion coatrol proto-

col.

e The generic model and the analysis are novel.
Although dynamic window control mechanism is stu-
died by other rescarchers, simulation is the only
approach repaned up to dax 19, 21}

® This model can be further used to study the interac-
tdon berween differemt source destination pairs in the
foture, in covtrast to other studies where the traffic from
different souvces is not distinguished explicitly.

In this model the destination node represents the cong-
ested area subject to be controiled. It is not restricted 0 8
pacticular physical node and may dynamically be changed
depending on the curreat traffic. As mentioned earlier the
perfory can be collecwed by the o
maoagement systeen. The feedback can be associated with the
call release procedure or it can take place through a separsto
message transmission. Based on this information, the source
controller takes action o adjust the traffic. However, the con-
goller can be independently designed to apply any coatrol
algorithm, as Joog a1 it follows the admission constraint of
this model.
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