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Edge Server Placement Algorithm Based on Spectral Clustering
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2 Fujian Key Laboratory of Network Computing and Intelligent Information Processing, Fuzhou University, Fuzhou 350108, China

3 School of Automation and Software Engineering, Shanxi University, Taiyuan 030006, China

Abstract With the rapid development of the Internet of Things(IoT) and 5G networks, mobile edge computing has attracted
widespread attention from industry and academia for its low access latency,low bandwidth costs,and low energy consumption. In
mobile edge computing,edge servers provide services for mobile user requests,and the placement of edge servers has an important
impact on edge computing performance and user experience. At present,the placement algorithm of edge servers only considers
the geographical location of server placement,and lacks the consideration of the number of users connected to the base station.
Therefore,in the case of uneven distribution of actual users,the average user access delay caused by the server placement position
obtained by the existing algorithm is large. In order to better solve the above problems, this paper proposes a latency minimization
edge server placement algorithm based on spectral clustering. When solving the problem of edge server placement, the algorithm
not only considers the geographical location of the base station, but also takes into account the important parameter of the number
of users connected to different base stations, which can effectively reduce the average access latency of users and make the work-
load of each edge server more balanced at the same time. In the simulation experiment. this paper uses the real base station dataset
of Shanghai Telecom to test the performance of the proposed server placement algorithm. Simulation experiment results show that
the user-distributed access delay minimization edge server placement algorithm has significant advantages in solving the edge
server placement problem. In terms of access latency,the performance of LAMP algorithm is increased by 37. 9% compared with
K-means algorithm. Compared with the K-means algorithm, the performance of the LAMP algorithm can be improved by up to

82.85% in terms of load balancing. The LAMP algorithm exhibits superior performance in reducing access latency and balancing
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Fig. 2 Schematic diagram of dataset preprocessing

4.2 AEEBENERE

Xof TAL R T A B3 R IEAT 4 AR B, AR e B
46 SR M B 0 7 SR B G S A L A — A ks 1 ARk
BN RS R G 1A 2 4T . B SR A v A
FEUEERAE S — A B A SR HE L AR K IR R KRR R 2K
T, G5 2R B B R R N E . T
IR 55 8% B A BOR B AR e IR AR A KN a IR K P 3 0
EAGTHE k—n DUEIRS M CEE LE 447, MR
FOEX D B AT R, R T SR b R B
B 3 TR 28T BR 1 e R B PL 1 R A1 K-means YR & 1%
RMER BRI p PO A BRI 250 11D . Hik,
KA K-means 8353013 p MR IR p DMEREM R P
OAERBIIR D . p DRI PO SR T R EERG,
ryaryseesr,) (B 255 247 AN 3(2) TR, i i TR A ik 4R
SR TERE AR 2 [ A3 B T MGG b A, TR A K-
means 5 KRR S E R R 8 =« MR EE RCOrey s
rey srey st are,) (BB 258 3 47), A 3(h) FFoR, A K-
means SRR AL R PRGOS BRI 5l 2 A5
B X« MERSERIA R TARERC, A5 HHENAELERC
A ERE AR Gk 2 55 4 15) . B 3Co) TR B AR
I B R A T TSR P . RE IR A 3
SEREA S SER PO S MIE R, WE 3D FiR . A &
JINBE B 1Y 4 B b0 5T AR G AR BE AR S kb o 1Y 0RO 4B 4R
RCB, G 2 55 5 47) Al 3Ce) s . Hobh . Bt 4848 RCB,
PIERETR DN vy RYE » RATAT LS B IEDE 0,5 r B B
A 2 1A B B R . B R RN B AR B FE S 0, 1 K-
Fm AR R CBYL 245 6 41, W 3CD iR . Bl A8 1 b 4
TRECPS SMRBEE RMWHBHFEMTHIE AL 2587
) I R R i B G(CPS,R,A) (1% 2 45 8
O 4 PR, Hob,CPS FIR & 3 G YT & 5,
B AT A DA AR WA B R E . M

o dreh sk
DILEHNE-3

B3O UES, BMHEALA KA L4 E, BITE
&l 4, CPS A~ Fkih o, SHFSER T K DM0E T 0
R, B A transfer cat F AN Y)E B GUAE % 2
9 94T) . Ho Bl HAR R Tl 4 — A0 ah ol mUAL Y
NGRS B o P e 249 3 rpl Bl B B ARG R (B 2
%1047,

EiE2 EREHESC

M RICHH p R B E 5 B

fi i < label / * bR« /

1. SR FABEDLE R A1 K-means WA 55 50 0ok s B 25 p AN e ik op

s

2. i K-means B0 p AL o0 S50 0 p A ERE S BE R0 R
MRS 4E RCry vy rg s oeehr,) p' = 10p;

DRSS p AL AR R S E R R4k 2 SRR SE RC(rey s rey
ressereare,) 2= [3/p s

SRR RC A EREAERE DL

CHRGE ) M ()5 — A FE ok SR PO IR R BE B /N
B BEAE g FE 3 by B T A8 SERCB, =r¢; . b; € B;

CIRIEABERCB, = ro; IR 0 IC R AR ) (1Y 5T 4B R )
i by 1 KI5 40 ) 5

7. B 5K SR R Z 056 R KR W R AT RE A

8. 4 F i R AT HEBE A R I G(B.R.A);

9. FIH transfer cut F AR A R 43 —FE G;

10. B i B A el Ha 5 AR AUE R o — A TS0 AR % . DT 75 3]

FLIG I AR5 label;

11. iR B 24545 label,

w

SIS

o

RC = {reyreyres, - rc-}

R = {r,ryrs, 1}

Ca) W 5 AR 3 4R

Co s WAL

e %e ° b4
o .o I'lo
. " o
(]
. /Q
° o ° ° ® o °
e e o © ° ..o e e o ° L4 '.o
L] L]

Ce) Tl 5 FE 3 b (14 45 30 4B 8 COfy 52 3 ;14 452 300 48 &

Pl 3 e Bl Y K-t 1T 4B

Fig. 3 Determine the K-nearest neighbors of base station
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Fig. 6 Access latency of edge servers with different numbers of edge servers
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Table I  Workload standard deviation of edge servers with different

number of edge servers(2014-06-01—2014-06-15)

Algorithm MIP Random K-means LAMP
N=2000,k=200 14.55 16.02 90. 47 16. 92
N=2000,£=300 14.55 12.17 71.57 12.62
N=2000,k=400 9.38 9.71 60.67 9.48
N=2000,k=500 8.56 8.47 53.40 8.55
N=2000,k=600 8.56 7.57 45.47 7.58
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Table 2 Workload standard deviation of edge servers with different

number of edge servers(2014-06-16—2014-06-30)

Algorithm MIP Random K-means LAMP
N=2000,k=300 13.05 11.33 54.93 11.67
N=2000,£=400 8.82 9.44 46. 28 9.46
N=2000,,k=500 8.05 8.06 42.12 7.79
N=2000,k=600 8.05 7.45 34.22 7.31
N=2000,£=700 8.05 6.71 35.21 6.69
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Fig. 7 Access latency of edge servers with different numbers of

base stations

MG 4 T EE 3 FIAIEE 4 F1 4R T 5315 H K-means 5
PR LAMP 5535 ) 0 #obn o 22 00 P 398 AR Q) 15T
L, TAE G307 1 LAMP 835 09 M 68 b K-means 5% 73
5T 82.29% . HHAMA LM L, LAMP BB ARNIH T
G A BB AR DT B AE O HLAR A s S T B IR 55 2R (Y
A 7 R 35 4, HL T LA S 3 S T R 1 A 8 30 % ) 4% v of

e 55 i #1828 TE e £ B9 o7 B SO P T SR AR 9 R AR AR Y ) 2%

Y%,
3 AR R R A 5 R 55 4% 1Y B Bob o 22
(2014-06-01—2014-06-15)
Table 3 Workload standard deviation of edge servers with different
number of base stations(2014-06-01—2014-06-15)
Parameters MmIpP Random K-means LAMP
N=1600,k=400 5.09 6. 86 51.19 30.59
N=1800.k=400 6.68 9.38 56.33 15.98
N=2000,k=400 9.38 9.85 60.01 15.54
N=2200,k=400 9.71 10. 38 61.48 15.11
N=2400,k=400 10. 33 11.45 68.03 15. 39
N=2600,k=400 10. 48 11.69 79.07 15.52
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Table 4 Workload standard deviation of edge servers with different

number of base stations(2014-06-16—2014-06-30)

Algorithm MIP Random K-means LAMP
N=1600,£=400 4.81 6.58 35.94 4. 86
N=1800.k=400 4.81 6.63 42.62 5.17
N=2000,k=400 8.82 9.42 44. 80 9.43
N=2200,k=400 9.65 9. 94 52.38 10. 97
N=2400,k=400 9.99 10. 15 54.67 10.22
N= 2600,k=400 9.78 10. 98 60. 50 10. 87
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Table 5 Average access delay of algorithms with different number of edge servers
(2014-06-01—2014-06-15) (2014-06-16—2014-06-30) (2014-06-01—2014-06-15) (2014-06-16—2014-06-30)
Algorithm 33 1A B JE P IS F ¥ it PR I B 2E P I FHE Bt ZE P
i % W%/ % i3 W%/ % Bt % &/ % Bt #E %/ %
MIP 21.23 77.1 16. 16 71.1 19. 96 72.9 14.59 63.7
Random 9.74 49.9 9.36 50.1 8. 81 38.6 7.85 32.5
K-means 7.86 37.9 6.87 32.1 6.00 9.8 6.05 14.2
LAMP 4. 88 — 4.66 — 5.41 — 5. 30 —
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