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The unprecedented growth of network traffic has brought excessive challenges
to network operators. To prevent network congestion, network operators conduct
traffic engineering (TE) for their routing optimization. In addition, network
operators are motivated to optimize their resource utilization by the highly
competitive nature of communication network industries and also paramount
costs of operating a sheer volume of network resources. However, it is not trivial
to perform traffic engineering in dynamic systems since there are many involved
processes (e.g. traffic monitoring and traffic approximation) and also
requirements (e.g. computation interval for TE),

In recent years, segment routing traffic engineering (SRTE) has emerged as one
of the promising approaches for traffic engineering because of its high
scalability and low control overheads. By leveraging the source routing
paradigm, SRTE embeds routing paths into packet headers in which simplifying
the control plane of TE. However, many studies have shown that conventional
SRTE approaches in large-scale networks are computationally prohibitive, which
may lead to delayed system operations and unsatisfactory service qualities. This
contradicts the practice that, generally, network operators require to recompute
their TE program within a predefined time limit (e.g. 5-10 minutes). Many
studies have tried to find solutions to meet this time requirement but at the
expense of sacrificing network link utilization.

To make the SRTE problem practical, we first consider an approach to reduce
the problem size of SRTE based on bounding the routing stretch. Even though
the stretch bounding approaches have been studied in wireless sensor networks
as an approach to restricting routing length, it remains unknown how the stretch
bounding approach can be applied to SRTE. We formulate an SRTE problem
based on stretch bounding with an objective to minimize network congestion (i.e.
minimize the maximum link utilization). Since optimization is usually done
systematically in general SRTE approaches, this motivated us to approach the
problem differently. In other words, in the general SRTE, the same set of
intermediate node is used for every flows in the network, which results in poor
link utilization. In our scheme, we look into the details of the problem and cut
the search space of the problem by means of stretch bounding. This allows us to
construct different candidate intermediate node set for each source-destination



pair by which help to balance the congestion efficiently.

The stretch bounding approach helps limit the number of candidate for
intermediate nodes; the intermediate node that is ;too far away---if the
intermediate node is used, it will occupy the link capacity along with every link
on the path---will not be selected since they are not very useful for the solution.
We then proposed an algorithm design for the problem in which candidate
intermediate nodes sets can be selected efficiently, thus reducing the problem
size. As a result, the computation time is significantly reduced as compared to
the State-of-the-Art approach. Simulation results show that the computation time
can be reduced significantly, while maximum link utilization can be kept near-
optimal.

.However, if network operators desire to control the computation time further,
the problem will become more complicéted. To this end, we proposed to study a
trade-off relationship between computation time and link utilization in SRTE.
As for SRTE problem, one can reduce the problem size by mean of reducing
candidate intermediate nodes at the cost of higher link utilization. On the other
hand, the link utilization can be reduced by means of having more nodes as
candidate intermediate nodes sets. These two objectives can be seen as
conflicting objective functions. Thus, we are motivated to formulate SRTE
problem to characterize this trade-off relationship as a bi-objective mixed-
integer nonlinear program (BOMINLP),

Due to the hardness of the BOMINLP (i.e. conflicting objective function, mixed
decision variables, and nonlinear constraints), there is no solution approach to
solve the problem directly. To this end, we are motivated to decompose the
problem into two sequential sub-problems. The first sub-problem is to minimize
computation time through node selection, and the second one is to minimize
maximum link utilization via flow assignment.

For node selection, we leverage the monotonically increasing relationship of the
number of candidate intermediate node and computation time in general SRTE
to model the problem. Then, we solve the problem with randomized sampling
based on the stretch bounding approach in which we leverage partial information
regarding the relationship of the number of candidate intermediate node and
computation time through the regulatory coefficient. Next, we eliminate
candidate intermediate node based on the result of the node selection problem,
and we solve a linear program (LP) using existing software tools for the sub-
problems, respectively. _

We then evaluate the proposed approach based on real traffic matrices and real
network topologies from publicly available datasets. The simulation results
show that our proposed approach help balance the two performance metrics
effectively and efficiently as compared with several comparison approaches. In



addition, the results show that the computation time on all tested network
topologies can be kept within network operators' predefined time limit. In brief,
we formulate traffic engineering problems under two different objectives in
SRTE, and we give practical and efficient solutions. From a theoretical
standpoint, we leverage linear programming and problem decomposition to keep
the solution space of the decomposed sub-problems intact after problem
decomposition. Simulation results show that our approaches outperform other
comparison approaches and have abilities to provide better performance and also
shorter computation intervals for SRTE problem.
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