WAs 1M it =1 Bl 2 B Vol. 45 No. 1
2022 4F 1 H CHINESE JOURNAL OF COMPUTERS Jan. 2022

HEZHBEHAEAGRSEF LA
KRR WAL REE FHEHE

GHRTL R RPR = S AR HUIN 310027

B E B EAERRR TRE S BRI 4 AR | e B B A TR 0 UK. O L B s R E )
UL M4 30 2 A4S P RS K T AT S 1R 4 B A B T 09 30 R M 45 4 AT . AT I 48 8 Hh A% 0 I Y I SE
SREAETTHH. AR, T 8 3l 10 St S B GE o 32 BT BB U I AL el O A R A TR R o 2 AT T A R
149 B R H R Bz R 098 ) D 24 i Ay R A SR R R R G A S 2% 1 090 2 IR 45 T LA R g h A T A T IR S R B
P HD S5 AR 4R 20 5 IR 55, SR T ZE AL 2278 19 7% 2l 19 25 B35 S TP SRS KT 17 I 2 ke 1 L DR B 3L T R S A LA
Tt i 2 i e A5 E 4 9 3T QoS(Quality of Service) A A& M. ACd T Bl S L&
BEMCAT e 1 AR AL 19 78 S B A AL 7 B30 5 R 40 Bk T A % v R AL DL S 5 AR B i AL 2 1l — Fh 2 i 3
BERER S AARELEEHE CSS(Composite Service Selection) fE4E , B 7E BEA A0 AR 55 & 8 5 0% L) K B 1 77 6 oK
g LA i /N A (R 2 IR 5590 SR A8 4 Iy 7 R ] O 4 35 4% Pl o R TE — A T 019 KT AR S T o s o B
2, LI A5 AR R W] CSS HESR o BN RLAT (Y M fe 7RI IE AR T H M 5535 7. 76 %6 ~ 28. 8806, I RE 6 dc e 92 B vy, 4
T . B A 5 S5 AR B4 R, CSS B 1k 38 5 0 1) g

X B GITE RS A S RS R M R DR B R
hEESES TP301 DOI & 10.11897/SP.J. 1016. 2022. 00082

Composite Service Selection and Optimization for Mobile Edge Systems

CHEN Hao-Wei DENG Shui-Guang ZHAO Hai-Liang YIN Jian-Wei
(College of Computer Science and Technology s Zhejiang University s Hangzhou 310027)

Abstract  Mobile edge computing has emerged as the promising paradigm, devoted to provide
innovative ideas in reducing latency and saving energy consumption. It enables users to offload
computation tasks to edge servers in the proximity by pushing powerful functionalities of central
cloud to network edge, so as to reduce overhead spent on transmission via core network, in terms
of latency and energy. However, due to real-life restrictions, such as computing resources, cac-
hing capabilities and network transmission bandwidth of edge servers, edge nodes could only pro-
vision stringent-limited services for users. Moreover, battery capability of user equipment is
hardware-constrained. It is crucial to explore the potential of obtaining full utility under insuffi-
cient resources with mobile edge computing technology. With the concept of microservice pro-
posed, polybasic network services can be abstracted as composite services consist of multiple sub-
services with complex structure. As mobile devices evolved to be capable of processing more di-
versified mobile services, people tend to exploit it to handle daily business. On the other hand,
network state in mobile environment is volatile and location-based which endows spatial and tem-
poral properties on users’ service-oriented strategies, making traditional QoS-aware algorithm is

not applicable any more. Addressing this problem faces challenges of decision coupling, edge
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node heterogeneity and high computation complexity. Most existing work does not take into con-
sideration all of the above factors. To bridge this gap, in this paper, we consider a mobile edge
system composed of heterogenous edge nodes and mobile users who generate composite services
requests randomly at the begin of each time slot and are equipped with energy harvest components
for sustainable computing with external energy conversion. To optimize latency and guarantee
that battery power is maintained at a stable and reliable level, we have to determine the selection
and offloading strategies of composite service requests and energy harvesting policies for mobile
devices in each time slot, which has non-polynomial complexity. We formulate it as a stochastic
optimization problem and proposes a new framework named CSS (Composite Service Selection)
aiming at minimizing the overall response time of composite service requests generated by users in
a mobile community and stabilizing battery energy in a reliable level, with the above constraints
considered. First, it transforms the stochastic optimization problem over time slots into normal
optimization problem in a given time slot, by introducing Lyapunov optimization. Then this
problem could be decoupled into two subproblems as energy harvest problem and service selection
problem. The closed-form expression of the energy harvest problem can be derived directly and
next we develop a distributed method to solve the service selection problem, based on Markov ap-
proximation which has polynomial computation complexity. We take four baseline algorithms as
benchmarks which are adapted from previous works. The experimental results demonstrate the
superiority of our proposed framework compared with other baseline algorithms based on real-
world dataset. It can obtain asymptotic optimality with low complexity and outperform other al-
gorithms from 7. 76 % to 28.88% in term of latency. Moreover, mobile devices utilizing CSS are
the fastest to reach stability. As problem scales, CSS outperforms other algorithms from 3.7 %
to 55. 24 %.
Keywords mobile edge computing; service composition; service selection; Lyapunov optimiza-

tion; Markov approximation
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promising paradigm. Compared with mobile cloud compu-

ting, it offloads computing tasks generated by mobile devices
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to edge servers in the vicinity of users to obtain lower data-
transmission latency, instead of dispatching them all to re-
mote cloud server. However, there are some restrictions in
mobile edge computing scenarios, in practice, such as
battery, computing resources and capabilities of edge serv-
ers, network transmission bandwidth and so on. The above
limitations provide a challenge for users to obtain the best
QoS (Quality of Service) due to different selection strategy
resulting in different latency. As mobile devices evolved to be
capable of processing more diversified mobile services, peo-
ple tend to exploit smart phones or some other mobile de-
vices, to handle daily business. It’s notable that network in
mobile environment is volatile and location-based which en-
dows spatial and temporal properties on users’ service- orien-
ted strategies, and traditional QoS-aware algorithm is not ap-
plicable any more. This paper aims to minimize the overall
response time of composite service requests generated by us-
ers in a mobile community, while the above constraints con-
sidered. We propose a probabilistic pattern to model user’s
mobility as an alternating renewal process. To be more real-
life, this paper adopts energy harvest model based on EH
(Energy Harvest) components to simulate how battery chan-
ges in successive time slots. We formulate it as a stochastic
optimization problem and proposes a new framework named

CSS (Composite Service Selection) aiming at minimizing the

overall response time of composite service requests generated
by users in a mobile community and stabilizing battery ener-
gy in a reliable level, with the above constraints considered.
First, it transforms the stochastic optimization problem over
time slots into normal optimization problem in a given time
slot, by introducing Lyapunov optimization. Then this prob-
lem could be decoupled into two subproblems as energy har-
vest problem and service selection problem. The closed-form
expression of the energy harvest problem can be derived di-
rectly and next we develop a distributed method to solve the
service selection problem, based on Markov approximation
which has polynomial computation complexity. We take four
baseline algorithms as benchmarks which are adapted from
previous works. The experimental results demonstrate the
superiority of our proposed framework compared with other
baseline algorithms based on real-world dataset. It can obtain
asymptotic optimality with low complexity and outperform
other algorithms from 7. 76 % to 28. 88% in term of latency.
Moreover, mobile devices utilizing CSS are the fastest to
reach stability. As problem scales, CSS outperforms other
algorithms from 3. 7% to 55.24%.
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