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Abstract— In this paper, we attempt to understand the bene-
fits of MPLS traffic engineering through a case study. Specifi-
cally, we do a comparative study of MPLS traffic engineering in
the presence of dynamic constraint-based routing compared to
destination-based routing. For this case study, we use a model
derived from an actual service provider network. Different con-
trol schemes that can be deployable for MPLS traffic engineer-
ing are also considered. This case study shows that services can
indeed obtain benefits from constraint-based routing and traffic
engineering controls.

I. INTRODUCTION

In the last couple of years, multi-protocol label switching
(MPLS) has emerged as a viable technology for the Internet
backbone. An important feature of MPLS is the ability to
set up label switched paths for different services to reserve
bandwidth, if and when needed. Furthermore, the possibility
of doing constraint based routing in general, and for specific
services, if needed, is another attractive feature.

The IETF literature (both RFCs and Internet drafts) has
been deluged recently with various aspects and capabilities
of MPLS [1] and the use of various features that allow de-
ployment of controls and architectures such as virtual private
networks. While most of these works describe the benefits
in a qualitative manner (sometimes, from the point of view
of "good features”), very few discusses the actual quantita-
tive benefit.  For example, it had been believed for many
years that the current best-effort routing (rather destination
based routing) is good enough if enough bandwidth is avail-
able in the network. Further, there is very limited work that
discuss whether different controls that can be deployed in a
MPLS environment for traffic engineering are actually bene-
ficial from the network performance standpoint.

Given this debate, we have set out to study these trade-offs.
Our approach is basically simple. The team of authors for this
paper, consisting of members from both academia and indus-
try, have worked together closely to create a realistic network
topology where the traffic is comprised of multiple service
classes. The question we posed is: "How would different ser-
vices receive grade-of-service depending on a combination of
routing possibilities and various network controls that may be
placed (if MPLS is used) for traffic engineering, especially
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when a particular service class is required to receive better
grade-of-service compared to others?” In this sense, our work
is a case study. Through this case study, we attempt to gain
some insight into the tradeoffs. By no means, do we address
all the possible issues regarding deployment or capabilities of
MPLS, such as signaling exchanges.

The rest of the paper is organized as follows. First, we
discuss the different scenarios considered in our study such
as destination-based routing, and different constraint-based
routing schemes (with path caching). We then discuss dif-
ferent logical and partial sharing of link bandwidth concepts
that can be deployed in a MPLS-based network for traffic en-
gineering (note that how the actual labels may be used to de-
ploy these concepts is outside the scope of the present paper.)
In the section 111, we discuss the network topology and data,
and the performance metrics. The results are presented in
section IV. We close with a summary of our observations for
the case study in section V.

Il. VARIOUS SCHEMES

In this section, we will discuss the various traffic engineer-
ing schemes used to manage networks and bring out the dif-
ferences and similarities between these methods.

A. Destination Based Routing (DBR)

Destination-Based Routing uses shortest path routing
based on hop count as the cost metric. This means, for a
source-destination pair connected by a direct link, alternate
paths will never be used to carry the traffic unless the direct
link fails.

B. Constraint Based Routing (CR)

Constraint-based routing schemes attempt to find a path
that satisfies one or more constraints of interest like band-
width, delay, jitter, etc., and that is optimal with respect to
some scalar metric. While a feasible path can be selected
using a simple hop-count based algorithm, additional con-
straints can be considered to improve the resource utilization
by load balancing to a certain extent. By imposing state vary-
ing constraints like bandwidth, updates are necessary for all
nodes in the network in order to route incoming flows effec-
tively. One of the major factors affecting the performance
is the periodicity of these updates. If the period between



successive updates is too long, the state information is no
longer valid. So, the flows can get blocked even if the best
path (according to the last update) is chosen. As an offset,
a crankback mechanism (used in telephone networks) can be
supported by the routing mechanism to improve the perfor-
mance. Since crankback involves signalling overhead, the
maximum number of crankbacks should be limited to one or
two.

The constraint routing schemes that we used in this study
are Dynamic Random Routing (DRR), Maximum Avail-
able Capacity Routing with Periodic updates and Crankback
(MACRPC), Maximum Available Capacity Routing with Pe-
riodic updates and No Crankback (MACRPNC), and Maxi-
mum Available Capacity Routing with Instantaneous Compu-
tation (MACRIC). All of these routing schemes are based on
the routing computation framework discussed in [2]. DRR
routes the flow by choosing a path randomly and is based on
Dynamic Alternate Routing [3]. MACRPC routes the flow by
hunting for a best path in terms of available bandwidth and
facilitates crankback. MACRPNC is similar to MACRPC in
terms of choosing a path but, doesn’t allow crankback. Both
MACRPC and MACRPNC use the link state information
from the last updates. MACRIC uses instantaneous updates
to route an incoming flow. By virtue of its nature, MACRIC
is of theoretical interest. A more detailed discussion of these
routing schemes can be found in [2], [4].

C. Traffic Control

1) Trunk Reservation (TR): Trunk reservation [5] is a
simple call admission control scheme that favors direct traf-
fic. When the available bandwidth on a link falls below a
particular threshold value, the alternately routed flows will
be blocked even if the flow can be accommodated. The
threshold is set as a percentage of link bandwidth.

2) Service Class based Trunk Reservation (SCTR): In the
previous case, all the direct flows are treated equally in ac-
cessing the TR area. In the SCTR approach, only flows of
the GoS stringent service class have access to the link once
the threshold is reached. This means, the non-GoS stringent
class flows will be blocked similar to alternately routed flows,
even if they are direct flows.

3) Service Class based Multi-Link Trunk Reservation
(SMTR): SMTR extends the SCTR approach by allowing
both direct and overflow traffic of the GoS stringent service
class to access the TR area. This means, alternately routed
flows of a GoS stringent class still can access the TR area in
addition to the direct flows of a GoS stringent class.

4) Pseudo Partition (PP): Every link has a reserved area
of bandwidth as a percentage of total link bandwidth for the
GosS stringent service class. The arriving flows of the GoS
stringent class access the reserved area first. If the reserved
area cannot accommodate the new flow, the new flow is al-
lowed to try the common area. It is a minor variant of the
SMTR scheme in the order in which a flow from a GoS strin-
gent class tries various regions for available bandwidth.

5) Partitioning (P): Due to different characteristics like
delay requirements, loss requirements, different classes of
service need to be treated differently by the network. The
links are partitioned to construct many overlay networks
based on the ratio of service class rates and their respective
requirements. Each service class has its own partitioned area.

I1l. SIMULATION ENVIRONMENT AND NETWORK SETUP

To conduct our study, we have used the Multi-Service Dy-
namic Routing Simulator (MuSDyR) [7] where new control
schemes such as SCTR, SMTR etc have been recently added.
There is no packet level detail in this simulator which allows
us to simulate thousands of simultaneous flows in an efficient
manner. This allowed simulation times to be sufficiently long
to produce low variance in the results over multiple simula-
tion runs with carefully chosen seeds. The simulator supports
many service models from which service classes can be con-
structed. The models differ in the parameters that character-
ize their bandwidth requirement. Some of the implemented
models include Fixed Rate (FR), Uniform Fixed Rate (UFR)
and Variable Bit Rate On-Off model (VBR).

The network we considered comprised of 15 nodes inter-
connected by 58 links. The chosen traffic can be considered
as a snap-shot of traffic at one particular point in time and
hence it is not representative of the performance of the net-
work at all times. The most important aspect of the traffic
model is the distribution of the load throughout the network,
not necessarily the actual loading levels of the network as
a whole. Among all of the source-destination pairs, 37 of
them have traffic between them. Moreover, each of those se-
lected source-destination pair has a direct link between them,
although link speed might not be comparable to the offered
traffic. The traffic flows are assumed to follow Poisson arrival
processes with exponential holding times.

A. Traffic Classes

The traffic for the network model studied here comprised
of four service classes namely CBR, VBR-NRT, VBR-RT
and UBR with each node pair having a different paramet-
ric values for each of the service classes. Each class has its
own routing table and makes its decision based on the sta-
tus of the paths and the GoS requirement. The ratio between
the bandwidth load product of service classes is CBR:VBR-
NRT:VBR-RT:UBR:4.9:90.6:0.008:4.5. The service models
used to construct these four classes are explained below:

« Constant Bit Rate (CBR) CBR is constructed using the
UFR traffic model. The traffic model specifies a single
bandwidth for a CBR flow, when the expectation is that
flows have some variation in their bandwidth require-
ments. Therefore, the bandwidth of a particular CBR
flow is determined from a uniformly distributed sample
between 75% and 100% of the specified bandwidth. The
sampling is done every time a new CBR flow arrives
for a nodepair. The average flow duration is assumed
as 300 secs. The mean inter arrival time is calculated
based on the Erlang load and mean flow duration. Since



the bandwidth is obtained by averaging over multiple
connections between the given nodepair, we account for
variability in the bandwidth of connections by uniformly
distributing the badwidth per flow.

« Unspecified Bit Rate (UBR): UBR is implemented to
have a small guaranteed bit rate, plus unspecified re-
quirements above that. UBR is constructed from the
FR traffic model. It comes as a request with a mini-
mum CBR which is allocated to the connection and a
variable rate part, for which there are no guarantees and,
hence, no reservation of resources. Every active source-
destination pair generates UBR traffic with a CBR part
that has an inter arrival time of 10 secs and flow duration
of 180 secs.

« Variable Bit Rate-non Real Time (VBR-nRT): VBR-
NRT is constructed from the VBR traffic model. Sus-
tained Cell Rates and Peak Cell Rates are provided with
other parameters such as Active Burst Length assumed
as 1 sec, Buffer Size taken as PCR and Cell Loss Ra-
tio taken as 0.1%. The same bandwidth is used for all
the flows for a nodepair, since all are assumed to have
the same traffic parameters. The average flow duration
is assumed as 600 secs. The mean inter arrival time is
calculated based on the Erlang load and mean flow du-
ration.

« Variable Bit Rate-Real Time (VBR-RT): VBR-RT is im-
plemented the same as VBR-nRT with Cell Loss Ratio
as 0.01% and flow duration as 180 secs.

B. Performance Metric

« Bandwidth Denial Ratio: It reflects the fraction of band-
width requests that were blocked by the network of a
specific service class or the overall network. Let V be
the set of flows that arrive to a network and let the band-
width requirement of flow j be given by w;. Let Np
be the set of flows which were denied service to the net-
work. BDR is then given by

BDR:M (1)
chN w;

« K% Capacity: It signifies the percentage of the baseline
network capacity (100%) used in the simulation. Unless
otherwise stated, it increases each link bandwidth in the
same ratio.

1V. RESULTS AND DISCUSSION

We have attempted to compare routing along with traffic
control mechanisms in terms of their capability to guarantee
a 1% BDR for the Constant Bit Rate service class. The class
of such mechanisms have been broadly classified into GoS
passive mechanisms and GoS proactive mechanisms based
on their fundamental approach. We discuss them as two sce-
narios here. These mechanisms facilitate a network designer
to provide GoS guarantees in an effective way without having
to do massive upgrades.

A. Scenario |

In this section, we experiment with the GoS passive ap-
proaches which are not biased towards any service class but
intend to improve the overall network level performance.
These methods have been popular in the class-less internet
and the performance of a service class depends on its own
traffic characterization and the overall network load. Observe
that the approach is optimal co-existence rather than to reduce
coupling between the classes. We want the service classes to
compete with each other and help the system perform at its
best.

For DBR, since many of the links have no traffic, we add
capacity to the relevant links while keeping the overall addi-
tion the same as in other cases. So for an addition of K% on
each link (in other cases), we do a K pgr% addition on the
links with direct traffic between them. Let L be the set of all
the links in the network, with capacity of each link j being
denoted by ¢;. Let L4 be the set of links with direct traffic
between them. K pgg is then given by

K*chLcj

chLA ¢j

O]

Kppr=

For the Constraint Based Routing schemes, we add capacity
to every link since the routing scheme itself is supposed to
move the traffic around. We present results for the DBR and
for all the four routing schemes, the BDR as seen by the CBR
service class in figure 1 and by the entire network in figure 2
for increasing network capacity. Observe that the BDR of
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the CBR service class falls dramatically since the bandwidth
of active links increases by Kppgr. With almost twice the
present capacity in the network, the objective of providing
1% blocking can be achieved with the DBR scheme. No up-
grade in the routers is needed but, the network capacity has
to be nearly doubled. Moreover, it is observed that if traf-
fic shifts with the time of day, adding selectively to specific
active links will not suffice: add capacity to every link. To
bring down the BDR of the entire network to 1%, the net-
work capacity has to be increased to more than 2.6 times of
its original capacity. The network requires heavy upgrade in
terms of bandwidth in case an upgrade of the routers is to be
avoided.

The Constraint Based Routing schemes bring down the
network denial drastically from 0.35 at 100% capacity for
DBR to about 0.28 at the same capacity. The benefits are
reaped from the capability of the routing schemes to utilize
the indirect links and help flows go across on multi-hop paths.
The performance of various routing schemes does not seem to
vary much and the BDR is reasonably steady for changes in
routing schemes. However, the network BDR for best routing
schemes does switch around 140% capacity. Hence depend-
ing upon the operating point we might choose different rout-
ing schemes. We may observe that the BDR with most rout-
ing schemes are almost equal; the one which requires mini-
mal upgrade in the routers could be chosen. Since the routing
schemes are not giving much differing performance, for here
on we give the results for only two routing schemes, namely
MACRPC and DRR, representatives of classes of schemes
with and without periodic updates respectively.

In order to judge the impact of trunk reservation, it is incor-
porated on each link which is shared between multiple classes
of service. Trunk reservation prevents the network from go-
ing into overloaded steady state and keeps the path lengths as
small as possible. This makes the network less loaded and
thereby brings down the overall bandwidth denial ratio of the
network as well as that of the CBR service class. The results
in terms of BDR for CBR service class are given in figure 3
and for the overall network in figure 4 with 5% and 10% trunk
reservation on each link and for the above observed routing
schemes. Observe that the BDR of the CBR class and the

0.25

DRR-5% ——
MACRPC-5% --------
DRR-10% -

0.2 MACRPC-10%

0.15

0.1 [

Bandwidth Denial Ratio

0.05

0

1 1.2 1.4 1.6 1.8 2
100 * K % of Original Capacity

Fig. 3. BDR of CBR service class with increasing capacity for 5% and 10%
trunk reservation

overall network remains the same as that of the Constraint
Based Routing scheme implying that trunk reservation does

05

DRR-5%6 ——
0.45 MACRPC-5% s .
DRR-10% =
g 04 MACRPC-10%
g o035
5
e 03g
8 025 [
S o
g 02 S
o
£ 0.15 L
0.1 S
0.05 B
o -
1 12 14 16 18 2

100 * K % of Original Capacity

Fig. 4. BDR of network with increasing capacity for 5% and 10% trunk
reservation

not significantly impact the given network. We conjecture
that, in a network where only a subset of all pairs have traf-
fic between them, and the network is fully connected for this
subset with additional links, lack of benefit of TR may be
possible.

B. Scenario Il

In the previous section, we tried to minimize the overall
network BDR without providing any exclusive treatment for
any particular service class and the performance of each ser-
vice class depends on their traffic characteristics. The only
way a provider can achieve 1% BDR for the CBR service
class is by reprovisioning the entire network and bringing the
overall network BDR low enough to provide the CBR service
class its desired performance. In this section, we are attempt-
ing to provide special treatment to the CBR service class.
There might be scenarios where the service provider intends
to avoid upgrades but still aims to provide acceptable GoS to
a specific service class. These approaches are very helpful in
those scenarios. Of course, the network as a whole suffers
more compared to GoS passive mechanisms. The fundamen-
tal idea is to weaken the coupling between the CBR and other
service classes and let CBR have enough bandwidth to get its
own GoS while letting other classes have relatively degraded
service. We have chosen 5% and 10% (in addition, 15%, 20%
in case of partitioning) bandwidth of each link and tried vari-
ous techniques to see the impact on the network BDR and on
the BDR of the CBR service class.

Each active source-destination pair has a direct link be-
tween them and hence we attempt to give priority to the CBR
service class on the direct link which helps the network pro-
vide better performance for the CBR service class. Since the
overflow from the common area flows to the trunk reserved
area, the CBR service class gets direct priority over other
classes. Observe that, as compared to the previous section,
the coupling between the performance of the CBR service
class and the other classes is weakened by reserving a sec-
tion of the direct link exclusively for it and letting the flow
first compete with other service classes before using the trunk
reserved area. So except for the direct link, all the service
classes receive the same treatment. Using this approach, the
service class performance still depends upon the load offered



by other classes. Hence, the CBR service class is still vul-
nerable to performance deterioration. We present results of
BDR of the CBR service class in figure 5 and that of network
in figure 6, both having a Service Class based Trunk Reser-
vation of 5% and 10%. With 5% SCTR, the BDR of CBR
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Fig. 5. BDR of CBR service class with increasing capacity for 5% and 10%
service class based trunk reservation
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Fig. 6. BDR of Network with increasing capacity for 5% and 10% service
class based trunk reservation

service class is 5% at 100% capacity while the network de-
nial rate is at 30%. For 10% SCTR, these numbers are 2%
and 33% respectively. Hence, when bringing the BDR of the
CBR service down from 5% to 2%, the network performance
degrades from 30% to 33%. If the BDR of the CBR service
class is to decrease to 1% using the SCTR mechanism, the
returns are diminishing. To ensure 1% BDR for CBR ser-
vice class, we might have to resort to partial upgrade of the
link capacities and suffer a partial degrading of the overall
network denial by increasing the percentage of reservation.
In the case of Service Class based Multi-Link Trunk Reser-
vation, we let the CBR service class have a reserved area in
every link which can only be used by the CBR service class
either direct or overflow traffic. In this way, the CBR service
class is given prioritized handling even on the indirect links.
This ensures that the overflow from the direct link first tries
the common area of indirect links where it competes with
other service classes and if blocked, it still has a reserved
area to rely on. We present results of BDR of the CBR ser-
vice class in figure 7 and that of network in figure 8 for Multi-
Link Service Class based Trunk Reservation of 5% and 10%.
Observe that even for 5% SMTR, the BDR of the CBR ser-
vice class is nearly 1% and the overall network BDR is little
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Fig. 7. BDR of CBR service class with increasing capacity for 5% and 10%
multi link service class based exclusive trunk reservation
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link service class based exclusive trunk reservation

less than 30% for 100% capacity. The BDR of the CBR ser-
vice class can be brought into the acceptable region without
any degradation in network performance. However, it may
be worth observing that still the performance of the CBR ser-
vice class depends on the load of other service classes. As
the flows of the CBR service class always try the common
area first in both direct as well as indirect paths, a fraction of
flows that were accepted have taken the bandwidth from the
common area. The availability of bandwidth in the common
area depends on the load and BDR of other service classes.
In the case of 10% reservation, the BDR of CBR service class
is essentially 0% but the overall network level BDR is 33%
for the same 100% capacity.

In the case of Pseudo Partitioning, the CBR service class
has a reserved area in every link which can only be used by
the CBR service class either direct or overflow traffic. The
only difference between SMTR and pseudo partitioning is
that in this case a flow of the CBR service class first tries
its reserved area on the direct link and then if blocked, tries
the common area of the direct link, and behaves the same way
on the alternate path too. We present results of BDR of the
CBR service class in figure 9 and that of network in figure 10
for pseudo partitioning with 5% and 10% reservation. As
compared to SMTR, pseudo partitioning gives inferior per-
formance for the CBR service class whereas it performs bet-
ter at the overall network level. CBR service class has a min-
imum guaranteed throughput in both SMTR and PP mecha-
nisms, but with PP, the CBR service class may not be able
to get much more when it is ramping up due to a heavy load
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from some other class. So, indeed, in SMTR, the reserved
space is held in reserve to handle the CBR service class’ peak
behaviour, whereas in PP, the common area is shielded from
occasional activity in the CBR service class.

In the case of partitioning, we split the network into two
overlay networks; one for the CBR service class and the other
one for the remaining service classes. Partitioning ensures
complete immunity for GoS stringent CBR service classes
from the other service classes and makes place for hard guar-
antees for the CBR service class. As long as the character-
istics and the load of the CBR service class do not change,
the performance of the CBR service class is independent of
changes in the loads of other service classes. We did exten-
sive simulation with 5%, 10%, 15%, 20% partition for CBR
service class. We found that the performance is inferior com-
pared to other controls at the same level of reservation. Hence
to obtain the 1% GoS by partitioning, we need to reserve
significantly more than what we need for other controls like
SCTR, SMTR, etc. Also, by reserving more bandwidth, over-
all network performance degrades to a greater extent.

V. CONCLUSION

In this paper, we have discussed various routing and traffic
engineering mechanisms which can be deployed in a MPLS
based network. The MPLS framework provides the capa-
bility to have a better control of network traffic. However,
the idea of best control is quite subjective and strongly de-
pends on the network topology and the traffic characteristics.

Through this case study, we have tried to answer this ques-
tion for the chosen network with the considered traffic load
by expressing GoS in terms of bandwidth denial ratio.

GoS passive techniques try to improve the overall network
performance and in the process, give better performance to
the GoS stringent service classes. In the chosen network, CR
schemes provide a 5% improvement for the overall network
BDR as compared to the DBR scheme. Trunk Reservation
however, fails to improve upon the performance of the net-
work provided by CR schemes.

GoS proactive approaches intend to give better perfor-
mance for the GoS stringent service class at the cost of de-
grading the network performance. SCTR with 5% reserva-
tion decreases the BDR of CBR service class to almost half
(5%), of that achievable by GoS passive schemes with 2%
increase in the overall network BDR. SMTR with 5% reser-
vation takes the gain further to 1% BDR for the CBR service
class with the same 30% overall network level BDR achiev-
able by SCTR. PP leads to slight increase in the BDR for the
CBR service class while bringing down the overall network
BDR as compared to SMTR. As compared to SMTR and PP,
Partitioning provides degraded performance for the benefit of
complete immunity. It is worthwhile to observe that provid-
ing GosS for a traffic class hinges on the degree of dependency
it has with other traffic classes.

From the results we believe that for the network under
study with the chosen traffic load, 5% SMTR can be con-
sidered as one of the best ways of doing traffic engineering.

We would like to draw the reader’s attention towards the
fact that these conclusions are only applicable and make
sense with regard to the network under study. Would our re-
sults hold for other networks too? This remains to be seen
as we are investigating further in this area. In fact, we don’t
make any such claim based on our current study. Our attempt
here is primarily to report and provide some insights into the
benefits and tradeoffs through a specific case study. They
don’t indicate in general superiority or inferiority of routing
and control mechanisms with respect to one another.
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