
1

Larsson and Arvidsson, Performance Evaluation of a Distributed Approach for VPC Network Management

1. Introduction

To accept a new call a check must be made to ensure
there is enough capacity left to establish the call
through a series of links between the end nodes. When
a route is found capacity is reserved for the call. The
established call uses this logical connection which is
called a virtual channel connection (VCC). A virtual
path connection (VPC) groups VCCs together to be
handled as an entity. The VPCs can be seen as reserved
capacity between two nodes. By using VPCs the ac-
ceptance of a new call is simplified because the routing
and reservation of capacity has already been done.
A VPC network constitutes a higher layer which is log-
ically independent of an underlying physical network.
Having several VPC networks each supporting one
type of traffic simplifies statistical multiplexing and
handling of quality-of-service (QoS) parameters. This
is also called virtual subnetworking, which subdivides
the traffic into more homogeneous groups.
There are always variations in the telecommunications
traffics. Traditional networks have been dimensioned
for the so called busy hour to cope with the maximum
traffics. In our study the traffic variations are met by re-
shaping the VPCs in order to match the current de-
mands. The concept of VPCs and VCCs is supported in
the asynchronous transfer mode (ATM) and in the syn-
chronous digital hierarchy (SDH/SONET).
There are different ways of managing VPCs. One way
is to calculate routes and reserve capacities which will
be kept fixed for a long time. Other ones cope with
shorter traffic fluctuations which makes the network

self-sizing. The management of the VPCs can be cen-
tralized, distributed or local. In this paper we describe a
distributed approach to VPC management. The idea of
local and distributed approaches is to increase the ro-
bustness and improve performance as in [6] compared
to a central approach, which is depending on a central
computer [1,2,9].
The VPC with the shortest physical length is preferred
and will be labelled PVPC and the optional VPCs as
OVPCs. Section 2 describes control messages used and
their functions. In section 3 we show simulation results
and discuss the strategy of traffic distribution among
distinct paths and amount of signaling needed to im-
prove the total network performance. Our goal is to de-
crease the total network blocking and thus increase
utilization without using an excessive number of con-
trol messages.

2. Control Messages

The management is done with help of control messag-
es. In our evaluation they do not interfere with the traf-
fic and the messages have no delay, which means that
the implementation of a VP reconfiguration takes no
time. The following sections will describe the func-
tions of four types of messages:

• Broadcast (BROAD) + Answer
• VPC Establishment
• Traffic bid (BID)
• MaxMin (MAXMIN) + Answer
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2.1 Broadcast Message (BROAD)

This message is used for path identification by broad-
casting it from all nodes to all other nodes. The broad-
casting can be done from time to time or at command
to recover from faulty links as in [10,11]. In our evalu-
ation we have only used it once to initiate the manage-
ment system.

When a BROAD is received, the node checks that the
message has not already been received or traversed
more than a maximal number of links, if so, the
BROAD is dropped, otherwise the node adds its own
node number into the message’s data field and forward
it to all links expect the link on which it came. When a
BROAD arrives at the destination an answer message
will be sent back to the originating node, the same way
the actual BROAD has travelled. This message con-
tains a route to the destination.

2.2 VPC Establishment Message

The origin node puts the received routes in a table, in
an order that keeps the shortest path first. Paths are or-
dered by number of links and the total distances. Dif-
ferent selection criteria of the received routes have
been evaluated. When a set of VPCs have been select-
ed the VPCs are established by sending source routed
messages along the paths enabling the intermediate
nodes to set up their routing tables.

2.3 Traffic Bid Message (BID)

The BIDs convey originating traffic intensities to desti-
nation nodes on the different paths. We have named
this traffic bidding. The traffic information sent can be
viewed as a bid for capacity. This will also inform the
intermediate nodes about the traffic demands for partic-
ular VPCs.
When new information has been received for all VPCs
on a link, the link capacity is divided in units between
the VPCs in a way that optimize utilization. (In our
study the capacity unit can accomodate ten connec-
tions). This is done by calculating the marginal utiliza-
tion (MU) based on the ErlangB formula. The MU is
the number of extra calls the VPC can accept if allocat-
ed an extra capacity unit. Capacity units are distributed
one at a time until the whole links’ capacity has been
used. BIDs are always followed by a determination of
allowable capacity with MAXMINs.

2.4 MaxMin Message (MAXMIN)

MAXMIN messages are sent on each VP to detect the
maximum capacity allowed for the whole path. This
means that VPs get the minimum allowed capacity on
the series of links. The amount of available capacity is
stored in the MAXMIN on successive links. When it
reaches the end node, indicating the available capacity
an answer message is sent back to the originating node.

3. The Distributed Method

The VPC capacity reallocation is done periodically.
The period is optimized for the particular traffic pat-
terns to give a good measure of the offered traffics by
arrival counting [1,2]. Each reallocation is divided into
three parts: first traffic bid, subsequent bids, and a
maxmin allocation part.

The first traffic bid  is trigged by one of the nodes
making all nodes transmitting BIDs. The measured of-
fered traffics are sent on the shortest paths. The OVPCs
are tested for available capacity by transmitting BIDs
which are fractions of the offered traffics according to a
set of evaluated strategies.

The subsequent bids are based on the allowable ca-
pacities as received by the MAXMIN answer messag-
es. The next traffic bids are based on throughputs
calculated with the ErlangB formula. The throughput

 is chosen to give 1% loss probability for new calls in
the equation  wherem is equal to the
allowed capacity. If the total amount of allowed capac-
ity is greater than the needed one (giving 1% loss), the
traffic bids are set to the calculated throughputs, other-
wise the traffic bids are set proportionally to the
throughputs. (Only the first paths whose allowed ca-
pacities sum up to the needed one, will be used). After
each new bid cycle the network gradually tunes into a
better state of capacity allocation. Different number of
bids per VPC have been simulated.

When all bid cycles are done the process ofmaxmin
allocation is carried out to decrease the maximal VPC
blocking and to distribute any unused capacity. This
part is also divided into cycles. When a VPC can not
use the maximum allowed link capacity on all of the
traversed links, the surplus is moved to those VPCs
which need it the most as indicated by a bottleneck
flag. (Answer messages to the MAXMINs contain in-
formation to mark the links that are bottlenecks). This
is repeated a few times to enable more unused capacity
to be distributed to VPCs that can use it [3,12]. The last
cycle will allocate unused capacity to one hop VPCs.

4. Results

4.1 Simulation

We have used ten non-hierarchical networks (in the VC
sense) each having ten nodes. For each different net-
work a set of VPCs have been established (1 PVPC + 4
OVPCs). The evaluation has been done with homoge-
nous traffics with the same QoS demands and having
Poissonian traffic arrivals. Multiplexing in burst scale
is hidden in the use of equivalent bandwidth [7,8], as
for instance when traffics like VBR is being used. To
simulate the traffic variations ten different busy hour
patterns were generated for each network by randomly
selecting a busy centre. See appendix A for details.

ρ
Em ρ( ) 0.01=
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4.2 Finding the OVPCs

When using broadcast it seems to be better to choose
link disjoint or node disjoint paths. The following table
shows the results when having different selection crite-
ria, 3 OVPCs, no MAXMIN iterations, 3 BIDs, and
first bid strategy E (see section 4.5).

Criterion Mean bl. Max bl.
Shortest paths 1.038 (5.30) 3.112 (25.8)
Link disjoint 1.024 (5.22) 3.096 (25.1)
Node disjoint 1.022 (5.23) 3.090 (25.4)

In this paper values within brackets show results when
the traffic variation is increased from 30% to 80%.

4.3 Ordering of OVPCs

When the allowed capacities are received after the first
traffic bids, the paths are ordered by the allowable ca-
pacity. This will be fully utilized only if the first traffic
bids are the same (as in strategy E).

4.4 Cost of OVPCs

When distributing the capacity of one link the effects

on the other links should be taken into account. The
benefit of having one two-hop VPC is less than two
one-hop VPCs. This means that the OVPCs must have
less priority in the distribution process than PVPCs af-
ter the first traffic bid. This has been implemented by
dividing the MU by a cost parameter. (PVPCs have not
been penalized).

To better understand the problem and to get the value
of the cost parameter, we have done an analytical study
of a path with direct link PVPCs and one OVPC tra-
versing all links as in figure 1. The optimal capacity
distribution can easily be found by changing the capac-
ity on VPC A until the optimum of (1) is found.

Figure 2 shows the absolute value of the difference be-
tween the optimal capacity and the allowed capacity
from our approach with different cost parameters. The
results shown are averages over a set of traffic mixes
for VPC A and B.

It is seen that the cost parameter appears to be the in-
verted value of the number of traversed links and we
have seen that the optimal OVPC cost does not depend
on the traffic variations nor on the link capacity.

If we let the traffic on all direct link VPCs be the same it is possible to give the following expres-
sion of the total traffic handled by the network:

(1)

TA = Traffic on VPC A, C, D..., TB = Traffic on VPC B.
CA = Capacity on VPC A, CB = Capacity on VPC B.
ECA(TA) = Blocking probability for VPC A. ECB(TB) = Blocking probability for VPC B.
K = Number of hops for VPC B.

VPC A VPC C

VPC B

VPC D

Figure 1:Test model

K TA 1 ECA TA 
 – 

  TB 1 ECB TB 
 – 

 ⋅+⋅ ⋅

Figure 2:OVPC cost
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Figure 3 shows the MU for each VPC on the first link
and the total number of blocked calls. (The curve for
VPC B starts from the right side of the diagram). The
number of hops is 2, TA=TC=140, and TB=220 Er-
langs. The optimal solution can be found by minimiz-
ing the total number of blocked calls derived from (1):

(2)

The right part shows an enlarged figure of the cross-
point area. One can see that the same solution is found
by maximizing the utilization as when minimizing (2).

We have also evaluated more complex networks than
the one in figure 1, and seen that the choice of cost pa-
rameter gets the same.

4.5 Bidding Strategy

Up to five paths have been used. These paths are found
by using broadcast signals.
The different strategies named A-E use the following
bids, given as percentage of the offered traffic, on the
paths 1-5:

A B C D E
1 100, 100, 100, 100, 100
2 100, 80, 50, 10, 10
3 100, 60, 25, 3, 10
4 100, 40, 12, 0, 10
5 100, 20, 6, 0, 10

Figure 4 shows how the number of VPCs and number
of bidding cycles change network performance for dif-
ferent first traffic bids. The diagrams show the mean
blocking value averaged over ten networks.
As can be seen in the figure the type E distribution is
preferable. This shows that over-bidding should not be
used. The traffic bid should be as near as possible to the
optimal distribution which of course can not be known

2 ECA TA( )⋅ TA⋅ ECB TB( ) TB⋅+

until the traffic bids are finished. However, it is possi-
ble to determine the amount of traffic on the different
paths in the long run. This distribution looks like the
type D distribution for our networks. However, when
using ordering of OVPCs, to improve the performance
further, the first BIDs should be of the same amount, as
in E.

4.6 Fairness

We have seen that the maximal VP blocking will de-
crease more than the mean network blocking probabili-
ty when limiting the cost parameter. We have seen that
by subtracting the number of hops for an OVPC with
the number of hops for the PVPC, the VPs are treated
more equally.

The iterations of MAXMINs are used to allow multi-
hop paths to get extra capacity. (VPs traversing more
links are more likely to traverse a bottleneck link).
When using node disjoint paths and MAXMIN itera-
tions the results are:

Iterations Mean bl. Max bl.
1 iteration 1.016 (5.36) 3.090 (25.3)
3 iterations 1.012 (5.25) 3.090 (25.2)
5 iterations 1.005 (5.20) 3.087 (25.3)

4.7 Concluding Example

To see the relevance of the parameters found, table 1
shows results from a detailed call-by-call simulation
with online traffic estimations, node disjoint paths,
three traffic biddings, three maxmin iterations, and dif-
ferent number of VPCs.

14 15 16 17 18
0

0.5

1

1.5

2

2.5

3

3.5

4

0 5 10 15 20 25 30 35 40
0

1

2

3

4

5

6

7

8

9

10

Link capacity = 400
Opt.Cap. VPC A Opt.Cap. VPC B

MU(VPC B)

MU(VPC A)

2

Figure 3:Analysis

Total number of
blocked calls



5

Larsson and Arvidsson, Performance Evaluation of a Distributed Approach for VPC Network Management

Table 1:Main characteristics for different strategies.

Strategy Total blocking [%] Max VP blocking [%] Total Signaling [/ t.u.]

One path, no VPNM 1.66 (17.6) 5.80 (52.2) 0

One path only 1.25 4.14 147.0

2 paths 1.19 3.81 556.2

3 paths 1.18 3.57 737.0

5 paths 1.18 (7.5) 3.67 (26.6) 793.5 (802.5)

5. Conclusions

This paper has described a type of distributed VP man-
agement policy. We have evaluated different strategies
to distribute the traffic over a set of VPCs.

The method can use many iteration cycles to increase
the network performance, but the number of control
messages will increase correspondingly.

The use of optional VPCs shows that unexpected traffic
variations can be handled by the distributed approach.
The control messages can be considered as an accepta-
ble overhead caused by the management function.

6. Further Work

It is expected that further development of the bidding
strategy will increase the amount of handled traffic.

There are still many ways to decrease the number of
management messages further.

The amount of handled traffic will increase if the
number of VPs on a link decreases (the bigger the bet-
ter) and a trade-off between VP and VC routing should
be considered [4].

By using cost optimization the distributed strategy will
also be compared to a centralised one [1] and a local
strategy like the one described in [5].
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7. Appendix A

The networks have been made with a program that gen-
erated networks with ten nodes. The total arrival rate of
calls is about 6000 calls per time unit and each call
holding time is assumed to be negative exponentially
distributed with a mean holding time of 1 time unit. For
each origin-destination pair an offered traffic was as-
signed to give 1% expected loss for the given transmis-
sion capacity. This basic traffic was modified to give a
busy centre as seen in figure 5. Traffic between busy
center nodes where increased randomly between 10-
30%. Traffic between nodes outside the busy region
were decreased randomly between 10-30%, and the
traffic between a busy center node and a node outside
the center was modified randomly between -10% and
+10%.
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