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Decentralized Service Request Dispatching for Edge Computing Systems
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Abstract Edge computing paradigm enables software services to be deployed on edge servers that are close to
users, thereby reducing the data transmission costs produced during service invocation processes and improving
the quality of services. However, due to the limited computing and storage resources, individual edge servers can
typically be deployed with only a limited number of service instances and thus cannot satisfy diverse service
requests. Moreover, service requests are distributed unevenly in edge computing systems, which leads to an
imbalance in the load of edge servers. To solve these problems, a collaboration mechanism has been proposed to
bring neighboring edge servers together as a cohort to provide services for their users collaboratively. In this
mechanism, on receiving service requests, edge servers re-dispatch them to appropriate servers with the objective

AVRAAF B[ 5K 1 SRR 22 5L 4 1 i 5445 (61832014, 62032016). 5K H AR} 5 42(61972276, 62102281, U20A20173, 62125206). HZK & s & 114
(2021YFF0900800). 111 444 % A £ HUHAR 44 5206 2 £ 42 (SDIBT202001) . #i¥T 4 5 A5 A & 37 H (2022C01145) %t b Ry, 1 & Bl i, h B - Sh L2
£x(CCR)£x 7, X R T7 16 AR5 . 14t 5 . #3515 . E-mail: hongyue.wu@tju.edu.cn &, i 01 75 48, SR 7 6 RS 55, 14%%
T A ST W AR, B 7 O RS TH JAZrt S RRAKO, o B, R R AT AR T AT R R, KEUE R R (R
EEE), W+ B 02, £ BT ARG A RS2 5 /001 E-mail: shizhan@tju.edu.cn BEE, 1 4, 2042, £ BHF 77 MM ARSS HHEL . BEA
BEE THESI SRR R, FEO T RO AR TR RS TREALIA D,



2 it Bl R

to satisfy these diverse service requests and to optimize their quality. Thus, how to reasonably dispatch service
requests to appropriate edge servers to optimize the load balancing among edge computing systems as well as to
improve the quality of services has become a key problem to be solved. Existing research methods usually adopt
centralized methods to solve this problem, which assume that there is a central node in each edge computing
system that can get the global information of the system such as the available resources of all edge servers,
service execution status, arriving service requests and network conditions between edge servers, and use this
information to calculate the optimal request dispatching strategy. However, centralized methods rely heavily on
central nodes and thus have serious defects including single point of failure, etc. Therefore, this paper utilizes
decentralized mechanism for service request dispatching in edge computing systems. In decentralized
frameworks, due to the lack of central nodes, it is hard to get the global real-time information of the system.
Hence, centralized methods are not available for decentralized systems, and edge servers can only obtain the
status and request information of each other through continuous communication. In this paper, we propose a
game theory-based method to solve this problem. Service request dispatching among edge servers is modeled as
a distributed non-cooperative game, where edge servers, as the game participants, iteratively communicate with
each other and make their own decisions for their received requests according to the status and decisions of each
other, with the aim to minimize the average response time of their received service requests. Through multiple
rounds of mutual game and competition, these edge servers can finally achieve the Nash equilibrium state,
thereby obtaining the optimal service request dispatching strategies. We present the game model and theoretically
prove that it can achieve the Nash equilibrium. Moreover, we split service response time to data transmission
time and service execution time and give the calculation method of them based on Shannon's Theorem and
Queuing Theory, respectively. The experimental results show that compared with benchmark methods, the
proposed method can greatly reduce the response time of services, effectively optimize the load balancing
between edge servers and perform good scalability as the scale of the system increases.
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i sum B HILEIL R 0CF 4 1T), 8N L IR 5 4% T
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Background

Service computing is an advanced research direction of
software engineering and distributed computing. It takes
software services as the research object and supports the
construction, operation and management of large-scale Internet
service systems. Services are defined as software artifacts that
are autonomous, self-described, reusable and highly portable.
By using services as the basic units to build rapid, low-cost,
secure and reliable applications, service computing saves the
development costs that would otherwise be spent on creating
new software components.

The emergence of edge computing paradigm has further
promoted the development and application of service
computing. By catching cloud services on edge servers, it
migrates services from remote cloud servers to close proximity
to users. This can greatly reduce the time and energy
consumption on service data transmission, improve the quality
of services and relieve the traffic load on the core network.
However, due to the limitation of physical resources of edge
servers, one key problem of edge computing is dispatching
service requests to appropriate edge servers with the objective
of optimizing the load balancing between edge servers and
improving the quality of services.

Existing methods usually adopt centralized methods to
solve this problem by assuming that there is a control center in

each edge computing system that can acquire the real-time

information of all edge servers and makes decisions on global
request dispatching based on this information. However, it is
hard to find a control center in real edge computing systems
and updating the state of an entire edge computing system in
real-time is costly and hard to achieve. Moreover, these
methods suffer from the serious problem of single point of
failure. Besides, due to the centralized architecture, these
methods are error-prone, difficult to expand and of low
robustness.

In this paper, we propose a novel game-theoretic method
to solve the problem in a decentralized manner. It allows edge
servers to communicate and negotiate with each other to
determine the dispatching of their received service requests
collaboratively. Benefiting from its decentralized structure, this
method can avoid the real-time information update on edge
servers, alleviate the single point of failure, and achieve high
flexibility, scalability and reliability.
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