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Service Deployment and Resource Allocation in Distributed Computing Networks
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Today's constantly evolving real-world networks are characterized by their dynamic and
large-scale nature. Distributed computing networks have been widely adopted in various real-
world infrastructures as a flexible and scalable solution in response to the changing demands
of real-time users, such as edge computing, cloud computing, and network function
virtualization (NFV). NFV is a promising paradigm that virtualizes network functions, such as
firewalls or load balancers, by decoupling them from dedicated hardware. NFV allows network
functions to be implemented as software instances, referred to as virtual network functions
(VNFs). Under NFV architecture, a network service can be provided by a service function
chain (SFC), which consists of a chain of VNFs within a specific order, to enable flexible and
agile network management. The distributed nature of NFV allows systems to handle dynamic
conditions with high-quality performance, providing lower latency, higher scalability, and
more flexible resource allocation. To fully leverage the benefits of distributed architectures,
efficient service deployment and resource allocation strategies must be considered.

This thesis studies three specific problems about service deployment and resource allocation
in distributed networks. The first and second problems focus on parallelized service
deployment in NFV, considering both computing and transmission resource allocation. The
third problem examines the distributed server selection problem under a general distributed
network, with particular attention to server resource allocation.

This thesis is organized as follows.

Chapter 1 introduces the background of service deployment and resource allocation in
distributed computing infrastructures.

Chapter 2 investigates the related work in literature.

Chapter 3 proposes a parallelized service deployment model that handles the imbalance
issue with considering that the delay of each VNF in the SFC depends on both arriving traffic
and allocated computing resources. The proposed model determines the placement and routing
of the given parallelized SFCs and minimizes the deployment cost with satisfying the end-to-
end delay constraints. The technique of VNF sharing is applied to improve the efficiency of
resource allocation. The cost-saving effect of applying adjustable sojourn time and VNF
sharing for a parallelized SFC deployment problem is explicitly analyzed. A mixed integer
second-order cone programming (MISOCP) problem is formulated to minimize the
deployment cost. A heuristic algorithm is also introduced to solve larger-size problems with
less computation time, where the MISOCP approach is intractable to handle. The performance
of the proposed model is evaluated by comparing it with three baseline models in different
experiments. The numerical results observe that the proposed model outperforms the baseline
models in terms of deployment cost.

Chapter 4 proposes a robust deployment model for parallelized SFCs against traffic
uncertainty. The uncertain traffic is described by an uncertainty set that considers two aspects,
including the variation of service traffic arrival rates and the fluctuation of parallel structures.
M/M/1 queueing systems are applied to estimate the average sojourn time experienced by each
VNF instance. The proposed model is formulated as an MISOCP problem with the objective of
minimizing the total deployment cost, which consists of the initial cost to activate VNF
instances and the proportional cost to allocate computing capacity on substrate nodes. A




simulated annealing (SA) algorithm is introduced to obtain the solution with less computation
time compared to the MISOCP approach. The numerical results show the advantages of the
proposed model with its uncertainty set over the baseline models.

Chapter 5 proposes a robust distributed server selection model for multiple users in real-
time applications against delay uncertainty. Both user-server and server-server link delays are
considered uncertain due to the varying network conditions, which are defined by two
uncertainty sets, respectively. An MISOCP problem is formulated to minimize the weighted
sum of data synchronization delay and total interaction delay over the network, which
represents the overall delay performance. A heuristic algorithm based on the SA algorithm is
introduced to solve larger-size problems with less computation time, where the MISOCP
approach becomes intractable to handle. The numerical results show that the proposed model
outperforms the baseline models in terms of suppressing the delay.

Finally, Chapter 6 concludes this thesis and discusses the future works to extend this work.
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