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SUMMARY By reserving transmission capacity on s logically independent of an underlying physical
series of links from one node to another, making a vipretwork. Having several VPC networks each sup-
tual path connection (VPC) between these nodes, Sgysiting one type of traffic simplifies statistical

eral benefits are obtained. VPCs will simplify routin : - ) .
at transit nodes, connection admission control, a ultiplexing and quality-of-service (Qo0S) man-

QoS management by traffic segregation. As teleco@@ement.

munications traffics experience variations in the There are always variations in telecommunica-
number of calls per time unit due to office hours, inations traffics. Traditional telephone networks have
curate forecasting, quick changes in traffic loads, aen dimensioned for the so called busy hour to
changes in the types of traffic (as in introduction oéope with the maximum traffics. This means that

new services), there is a need to cope for this by ada] h of th . i df f
tive capacity reallocation between different VPCs., WRIUCh Of the capacity will stay unused for most o

have developed a type of local VPC capacity managée time. By using VPCs, the capacity allocation
ment policy that uses an allocation function to detecan be altered dynamically. This allows us to meet

mine the needed capacity for the coming updatingaffic variations by reshaping the VPCs in order

interval, based on the current number of active conngg; match the current demands. This means savings
tions but independently of the offered traffic. We deter- . - .
mine its optimal parameters, and the optimal updatir] the amount of capacity required in a network,

interval for different overhead costs. Our policy idf We can utilize non-coincidental busy hours to
shown to be able to combine benefits from both VP arigallocate the capacity. The concept of VPCs and
VC routing by fast capacity reallocations. The methodCCs is supported in the asynchronous transfer

of signaling is easy to implement and our evaluationgode (ATM) and in the synchronous digital hier-
indicate that the method is robust. This paper is basgpchy (SDH/SONET).

on our earlier work, described in [19]. The calculations

are simplified and the methodology is changed. We have grouped VPC capacity management

approaches into groups which are fundamentally
_ different. This definition is based on the amount
1. Introduction of information used in the calculation of the VPC
To accept a new call a check must be made to efapacity reallocation. We have found that the cal-
sure that there is enough capacity left to establighlation can be centralized e.g. [3]-[5], distributed
the call through a series of links between the engg. [6], or local e.g. [7]. (A lot of papers describ-
nodes. When a route is found, the requireilg distributed approaches fall into our definition
amount of capacity is reserved for the call. (By caf a local approach.) The central approach has the
pacity we mean equivalent bandwidth [1], [2] oability to make VPC capacity reallocation based
transmission capacity needed for a certain traffioh global information. The idea of the local and
The established call uses this logical connectioglistributed approaches is to increase the robust-
which is called a virtual channel connectiomess and improve performance compared to a cen-
(VCC). A virtual path connection (VPC) groupsgral approach, which is depending on a central
VCCs together to be handled as an entity. A VP€bmputer. By assigning costs for rejected calls
can be seen as reserved bulk capacity between tsyal overhead such as control messages, the per-
nodes. By using VPCs the acceptance of a néarmance of the various approaches can be evalu-
call is simplified because the routing and reservated and compared to each other.
tion of capacity has already been done. Section 2 describes our proposal for a local ap-
A VPC network constitutes a higher layer whiclproach for VPC capacity management. In section
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Fig. 1L An example of a reallocation sequence..

3 we describe the evaluation of the approach and < Path finding (PTH) + Answer
give the results in section 4. Finally, we conclude < VPC Establishment (EST)
the paper in section 5 and discuss further work in  * Increment request (INC) + Answer
section 6. » Decrement (DEC)

2.  The Local Approach 2.1 Control Messages

Each node periodically makes a decision abopiry is ysed for path identification by broadcast-
whether to seize or release capacity on the VPG, it from all nodes to all other nodes. The broad-
originating from that node (Fig. 2). The decision&asting can be done from time to time or at
i_s based on the actual number of occupied connNegmmand to recover from faulty links [8], [9]. In
tions on each VPC. our evaluation we have only used it once to initi-
D : ate the management system. When a PTH arrives
3 etermine . .
needed capacity at the destlnafuqn, an answer message will be sent
back to the originating node, the same way the ac-
v tual PTH has travelled. This message contains a
route to the destination.

The node of origin selects some routes re-
ceived as answers to PTH and puts them in a table.
_ We have selected node disjoint paths (shortest and
Decrease Trytoincrease iy gisjoint paths give almost the same perform-
VPC capacity OK VPC capacity. ance [10]). The paths are ordered by the number

of links and the total physical distances. The

Fig. 2The principle of the local approach.  vPCs are finally established by sendifgfT,

which is a source routed message along the path

Figure 1 shows a reallocation sequence in pring@nabling the intermediate nodes to set up their

ple, when having four VPCs on a link. The probrouting tables. _
lem is how to decrease the amount of unused When the VPCs have been established the pe-

capacity in the best way. riodic management starts in each node. When

In our study we have used two VPCs betwedhore capacity is needed dNC message is sent
each node pair (though the method supports an @p the VPC to find out the capacity allowed for
bitrary number of VPCs). The VPC with thethe whole path. This means that a VPC get the
smallest number of hops is preferred and is I&inimum allowed capacity on the series of links.
belledPVPC, while the other one is referred to ad he amount of available capacity is stored in the
an optional VPC and labell€@VPC. INC on successive links. When it reaches the end

The VPC capacity management is done withode, indicating the available capacity, an answer

help of signaling. The following four control mesmessage is sent back to the originating node.
sages are used: An increment request message is first sent on

Too little
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the PVPC. If the request cannot be satisfied, ti®) in a way that, in a given range, makilsa
OVPC is tried. When trying to get capacity on théunction ofn only [13].

links a temporary reservation must be made. This yowever. this approach does not take into ac-
makes interference from other requests iMposgisynt the interaction between several VPCs on a
ble, but can result in deadlock. To avoid deadloclﬁ]ysicm link of fixed capacity. For example, al-
the following procedure is applied. If a requesf,oughks computed for 1% target blocking will

message reaches a node where the next link is @s it in this value (as long as the physical link
ready reserved, a message will be sent back to figmits) . the result will be under utilization of the

node of origin _rgleasing its_current reservationgn if not all capacity is seized. If, however, a
The nod_e_ of origin tries again after a random d?argerK is used, the blocking will actually de-
lay (sufficiently long). _ crease and the link will be fully utilized. In this
When an originating node determines that cgse a highek will thus better exploit the traffic
pacity should be released DEC is sent. The ca- fctyations, i.e. when some VPCs temporary in-

pacity reservation is decreased on each traversgdase their number of allocations, others decrease
link. No answer message has been used for this,; s

message. Capacity on the OVPC is released first. o
Another complication isK’s dependence on

the updating interval. The optimal choice of up-
_dating interval is determined by the trade off be-
The developed approach for local VPC capacifyeen increased traffic (which partly depends on
management is inspired by the one developed Ry and the overhead associated with updating. Ca-
Mocci et al.[7]. This method allocates jushacity should be allocated only when actually
enough VPC capacity to meet a predefined limleeded:; allocating too much will lead to under uti-
of call blocking (target blocking) [11]. lization and allocating too little will lead to exces-
The idea of this approach is to handle traffisive blocking. The updating interva), determine
variations in a short time scale, i.e. larger than ttibe rate at which new decisions regarding alloca-
mean interarrival time but smaller than the avetions can be made. Clearly, frequent possibilities
age call holding time. At regular intervals (withto change allocations (smdll,) will permit small-
lengthT,) the needed VPC capacity for the comer capacity margins without risking excessive
ing interval is determined. This is done by calcuslocking during the interval andce versaTo op-
lating the expected blocking probability over thémize total performance, an optimal allocation
interval for various capacities given the offeredtrategy in terms df andT, must thus be found.

traffic and present occupation state. The capacity The |ocal approach multiplexes VPCs in a spe-
that meets the target blocking is the needed ong;a| way. Considering a deterministic multiplexing
The calculation is quite complex, hence it iof the VPCs, i.e. each VPC gets a fair portion of
suggested to use precalculated table to achidhe capacity over a long time, the call blocking
real time applicability. Another approach is to aperobability can be calculated using the Erlang’s
ply simplifications along the line of Virtamo andB-formula for each VPC. When having full statis-
Aalto [12]. In [13] an allocation function is devel-tical multiplexing of all VPCs, the blocking prob-
oped which does not depend on the actual offeradiility can be calculated from the same formula
traffic. It is based on the formula by adding all traffics together. Since the local ap-
- proach reallocates the capacity on a rather fre-
N(r_]) =[n+ K 5/ o @ qguent basis, the blocking probability gets lower
whereN is the required capacity is the number han, for the deterministic multiplexing, but higher
of currently active calls, anl depends on the of-ihap for the full multiplexing. (When using a suffi-

fered traffic, target blocking probability, and Upgiently shortT,, the blocking reaches the same lev-
dating interval. The idea behind this function ig| a5 for full multiplexing over one link.)

that for a specified traffic intensity the mean occu-
pation state is equal to the intensity (if the blocks 3 The Allocation Function

ing probability is low).K can be seen as a safet ] ) ) ] ]
factor which adds extra capacity in units of thﬁo obtain an optimal allocation function we first

standard deviation of the occupation state. By iftudy the effect oK when having many VPCs on

troducing some constants, it is possible to rewrif8€ same link. We label th (for a specific traffic
intensity, T, and traffic load situation) that mini-

2.2 Calculation of Needed Capacity
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Fig. 3 Multiplexing gain for 5 VPCs on a link. Fig. 4 Multiplexing gain for 10 VPCs on a link.

mizes the total number of blocked calls (for a spaverage a capacity of 171. Figure 5 shows the av-
cific link) as Ky (for that link). Figures 3 and 4 erage distribution of PVPCs per link for our test
show the impact the number of VPCs havekoy; networks. Similarly, calculating the average traffic
for T,=0.01 andr,= 0.1. The lines are interpolat-demands over all node pairs results in 152 Er-
ed between evaluatels (circles). The dashedlangs. With this in mind, our average link consists
lines show the 95% confidence intervals. of 4 VPCs as background traffics each carrying
The curves in Fig. 3 show the mean blocking52 Erlangs.
when having 5 VPCs each carrying 152 Erlangs (a It should be noted that PVPC-traffics in reality
value was chosen in accordance with our test natteract with OVPCs. The requests for bandwidth
works, see below) and Fig. 4 refers to 10 VPCs. bin the OVPCs form some kind of overflow proc-
both figures, the total bandwidth available is diess since requests only are made when requests on
mensioned so that each VPC can expect 1% los$ti€ PVPC are rejected. It is also difficult to esti-
deterministic multiplexing was used. It is seemate the average behaviour of these VPCs with-
thatK,,t is more sensitive to the traffic for a shorbut simulating the complete network. It is for this
updating interval than for a long one, and that, asason that we have decided to ignore them in our
expected, a lower blocking is noted for 10 VPCaverage link.
than for 5. Table 1 shows th&,s found for our average
We also note that the resulting, optimal blockink for various updating intervals. The exact val-
ing fall between the full sharing (1.94-P0and ues are not critical because the optima are flat as
1.8-108 for 5 and 10 VPCs respectively) and fulindicated in Figs. 3 and 4.
partitioning (1-1(?). It is also interesting to note
that theK,,; obtained differ from theX that meets Table 1K, for the background VPCs.
the flxed target of 1% call blocking [13], vyhlch T, | 0.01 0.04 0.07 0.10 0.13 0.16 0]19
e.g.is 0.74 forT, = 0.1 and one VPC carrying a
traffic of 152 Erlangs. It is concluded that there is Kgpe| 0.50 0.82 1.03 1.15 1.28 1.31 1}40
a potentially beskK which appears to depend more
onT,= 0.1 than on the actual traffic.
A re_al network With _traffics of vari_ous_ magni-o 4 Optimizing the Allocation Function
tudes interacting in different combinations and _
numbers on link of different capacities poses ldaving found thekyps for the background traffic,
very complex problem. To simplify the problenive now add another VPC and stullyys for dif-
for an inhomogeneous network we consider tHerent traffic intensities and different updating in-
situation on an average link in the network undégrvals on this VPC. (Additional capacity on the
study. On this link we put a mean traffic consistink is added so that, as before, deterministic mul-
ing a couple of “background-VPCs.” tiplexing would result in 1% loss.)
In our test networks the mean number of The resultis displayed in Fig. 6 whekgy is
PVPCs on a link is about 4 and each have on tg&/en over a range of different traffics and =
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0.01 andT, = 0.1. The values are given as interever a selected transit node is tried. If this does
vals because there is no particukarfor which not succeed, the call is rejected and a new transit
there is a distinct minimum of the total number ofiode is chosen (at random) for the next time a call
lost calls. As a comparison, thévalues calculat- needs to be rerouted. Two control messages are
ed for only one VPC and a fixed target of 1% callised to determine the status of the transit nodes
blocking, as described in [13], are also showfguestion + answer). To ensure stability, we have
(solid lines). The straight lines obtained in the diapplied a trunk reservation parameter of ten con-
grams lead to the conclusion that a fix€g; can nections for direct traffic on all VPCs.

preferably be used for the different traffics, and a Our test networks have the capacity to handle
comparison between the figures and Table 1 sube mean traffics with 1% call blocking probabili-
gests that we may use the values given in the t& To simulate actual traffic variations, ten differ-
ble. ent traffic patterns were generated for each
network by randomly selecting a busy center.
Nodes inside the center increase their traffics

above the average and those outside the center de-

For the sake of simplicity we limit the numericakrease theirs. Further details are described in ap-
examples of this study to the case of a single, uBizandix A.

form service class. Multiplexing in the burst scale

(e.g. for VBR services) is hidden in the use of

equivalent bandwidth [1], [2] hence extensions tb-  Results

bursty traffics is straight forward. Requests fdDur aim is now to apply the results for an average

connections arrive according to independent Poigik summarised in Table 1 to find the optimBg|

son processes for each node pair. The connectfonvarious overhead costs. We also wish to study

holding time is assumed to be negative exponetiie actual optimality of thé<, obtained above.

tially distributed with unit mean. The evaluation is based on the reached profitabili-
As indicated before, we have used ten non-Hhiy (2). Profitability is a normalized measure where

erarchical networks with ten nodes each (whictD0% profitability means that all calls are handled

can be seen as core ATM networks). The nodesthout any overhead costs. (100% is infeasible

have both VP and VC routing capabilities and #or high traffic load situations.)

fully meshed network of VPCs is formed so that

all nodes have direct VPCs (PVPCS and possiblerofitability = )]

OVPCs) to all other nodes. A VCC between two Callsoffered

nodes is normally routed over the correspondin@he profit of handling one call is set to one unit.

direct VPC. However, we have also used dynamitowever, to be able to handle calls, several con-

alternative routing (DAR) [14] on the call scaletrol messages (by means of signals or RM-cells

i.e. if the direct VPC does not have room for ansing some of the bandwidth) have to be used and

arriving call, rerouting with two VPCs in tandemthese affect the total profit. The messages includ-

3. The Evaluation

Callsyandied- (Messages-Cost)
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Fig. 7 Profit. for differentT;s and message costs. Fig. 8 Profitability for differentks, T, = 0.10.

ed in our evaluation are INC, DEC, and the status Figure 7 shows profitability as a function of the
messages for DAR. If a control message is seenwgslating interval for different message costs. The
an RM cell, the cost can be related to an averagpper line is the result when having a message
phone call. Suppose that a phone call uses 16dst of 0.01, the lower line when having a mes-
cells/second, then the RM cell could be given sage cost of 0.09, and the step between the mes-
cost of 1/(167-seconds per mean holding timeage costs is 0.02. The dotted lines are inter-
which is ~10% This cost might be too optimisticpolated between evaluat&s (circles).
because there are also costs other than the ones rekt is immediately seen that the higher the cost,
lated to bandwidth, e.g. processing. These are difie lower the profitability. Moreover, it can be
ficult to estimate. By using a higher message cosgen that the optimum is further right the higher
the messages can be seen as having an overh#zal updating cost. For example, for a cost of 0.01
The profitability is used to enable a reasonab{eop curve) we findT, 5= 0.07 while for a cost
evaluation of the overall performance by combiref 0.05 (middle curve) we find, o= 0.14. This
ing gains and costs. observation is in perfect agreement with the as-
An interesting aspect is the occasionally occusumption that more frequent reallocations are
ring capacity violations. These are caused by egreferable when the message cost is small.
cess calls on links which have been granted less Finally we wish to investigate the actual opti-
capacity and that are not disconnected in time beality of ourK-value. We consider a message cost
fore new calls arrive on VPCs which have beeof 0.03 where, according to Fig. 7, the optinTg|
granted more capacity as a result of the realloca- 0.1. The correspondingl-value (which was
tion. There are three ways to deal with this. Ongsed in Fig. 7) is, according to Table 1, about
way is to move ongoing surplus connections toa15.
path that can accommodate them. Another way is Figure 8 shows the resulting profitability as a
to wait for the connections to finish until capacityunction of K averaged on the ten test networks.
is released. The third way is to use “guard bandsThe figure suggests that the actually optinkal
which will not be allocated to any particular VPClies between 1.3 and 1.4, i.e. somewhat higher
By this one hopes that there will be enough capaittan our model predicts. On the other hand, the re-
ity to deal with over allocations. The amount o$ulting difference in performance between the two
capacity violations depends not only on the guaxdlues is small. (It is noted that the alternative to
band but also on the actual network and traffics. rsing our model with averages is to conduct full
general, the impact of a capacity violation descale simulations of a network over a rangekof
pends on the degree of violation and the time duandT,-values.)
ing which it persists. In this evaluation a guard Comparing the results to a fixed allocation
band is not needed to cope with link violationsscheme where the VPCs are engineered according
Instead, a decrease of capacity for a particular the basic traffics, the results are better. (Both
VPC is simply not allowed if some of this capacischemes use DAR.) For our example with a mes-
ty is in use. sage cost of 0.03, the profitability for the fixed al-
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location is 92.2%, while our method reachesther than a global one. Evaluating the gains of
93.5%. This may seem a small difference, but such a finer allocation scheme and relating them
should be remembered that the span between attuthe additional complexity also remains an issue
al and full profitability represents a potential opeffor further study.
ator profit increase. The fact that this has dropp@dhother issue refers to the grouping of VPCs. Us-
from 7.8% with fixed allocation to 6.5% with ouring the local approach there might be no need for
method, means a significant step towards profitoup VPCs [16] and it could simplify the trade-
maximization. off between VP and VC routing [17]. Finally, the

We have earlier studied a central approach [18pect of deploying the OVPCs as backup-VPCs
which in this case gives higher profitability, buteads into the issue of self-healing networks [8],
this approach tends to give a lot of link violation§9], [18]. The issues that arise when integrating
which were not accounted for. Furthermore, fdault management into the capacity management
high traffic loads, the local approach reaches b&wnstitute an interesting area to explore.
ter profitability than the central one.
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