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Analysis and Optimization of Microservice Container Resources in Cluster Environment

YAO Qing-An, LIU Li-Ming, ZHANG Xin, JIN Zhen-Jun, FENG Yun-Cong, ZHAO Jian
(School of Computer Science and Technology, Changchun University of Technology, Changchun 130102, China)

Abstract: Microservice deployment in a cluster environment has become an essential way. As diffe}enf kinds of services
have different demands on resources such as CPU, memory, and disk, it makes the nodes in the®cluster produce resource
fragments and become biased in resource consumption. How to enhance cluster resotirce utilization and reduce cluster
energy consumption has become a major challenge after the service l‘eyel agreement (SLA) is guaranteed. This study takes
the detailed tracking of nearly 20 000 microservices released by Alibaba Group in 2021 as data samples and analyzes their
cluster resource consumption characteristics from multiple dimensions, such as container resource utilization, node
deployment characteristies, aqd resource consumption preferences. As a result, the study finds that biased resource
consumption occurs in the cfustér. Further analysis of container deployment in the nodes reveals that this phenomenon is
exacerbated by the inappropriate allocation of container resources. In view of this, this study proposes a model based on a
deep dual-Q network to optimize container resource allocation according to the real-time changes of upstream service
resource demands. The experimental results are compared, and it is shown that the method can effectively increase
container resource utilization and ameliorate the bias of node resource consumption while serving SLA.

Key words: microservice; load characteristic; container schedule; cloud computing; deep reinforcement learning
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Ny -
BT mmsEasE | b s
e P BE VR M .= L -
F4 TR EEEFEHEN ELEES (target network) , i ] —1> DQN HI k4% il
i5hr Bl s JFISHE L (transit K FHoRHE gt
T agent 224§ (transitions) , target networ e T
CPU¥JH 0.6345 «0.1888
X A N 'S — N
s 1T maxQ. 2\ (4 & 7 DDQN HJ HArET
CPURRMEEI &> 0.0247 HriEftith maxQ. a1k (4) i 7 DDQN K H FpfE 5
¥ N (=
CPUM{E£) L 07951 0.3108 R
; ¥ ]
A HME S 0.7464 0.6559 - W)
i Vi = Trp1 + g X (Spq1,argmax q(sie1,a;we);wy) - (4)
W AR EZE S H 0.0033 0.0089 a
WA E S fE 0.7530 0.6695

3 Aa IR AT 7T
3.1 REX Q ML

Q-learning i1t % > S L NENE B EL O*(s, a),
e ERE s, TRBERMENE, HiZ0BEZEH
Q £ s AT A A& SMERIE, Hik £ (i i
E R BIERAT. RSB E 2 8] @ 4EIE LR Q 4%
BT ER, AT Q RAVLES M E WK AR N
A, DQN A F N T4 W 45 B dll Q &, nTBLA
&ﬁiﬂﬁi@@#ﬁ%ﬁ'ﬁﬁﬁ’fl"ﬂi&ﬁ’ﬁf?ﬁﬁsﬁi, TETHFE
Tﬁfuﬁﬁiﬁ)\%ﬁﬁfﬁﬁﬂﬁﬁﬁtﬂ, ik Q F iz e i
S8, P 4 0 MR RS M BB actor-critic 2 5%
FHECHAT S5 h ST B8 o SO B SR, TR I 2656
R R, SERFG A ST N A 5.

FEASC I [a) J e, IRZS P Z1 A5 SRR 5. A T
I/ X AR SC IR o I kst i i A F, FRATTAE A T AR
HoZ 56 R (prioritized experience replay) FiAR, FR4S
FF AU AT 6L, FHEOL 55 2] MR ZE A5 IREEX
Q M 4% (deep dual-Q network, DDQN) /&% T DQN
BT 3K, 8 T R TR AR SC DQN YITZR T B RS &)
e A AL 1) A, st — 0 R I % T AR S T e A

. B

o, y, o AR, y Fr AT R, w, F A 2
BHL, w, £ ERR 4 B AL T KB C, VA
LT 5 2 AR, BV =,

3.2 MDP FATHZ M LELEH#

A9 B TR — A U, 5 B A 3K
BB AR 25 S 0 s R 47 F B b,
350K ] ST DA 4 8T 55 R B (Markov decision
process, MDP) SR APRERE. 75 7%k ) MDP 1 b)
WSO ANPIIEAL, S, 4, P, R F5, S HIRER
B, eI KA RS R ORI S AL
3.2.1 HREFZEME

ARAS 2 5 XN — A= TR, FRATF:

5 = {ums Jeurrnts Tnode) 5)
orir, 7, 1R RIS P RE AR, Lomen 10E 2
9T IPARTS, oo TRFFTHDE O PE AR A5 81 8
Hidk TR LR, 5o AT, 25 WA
o JEDMER p ik sOFBATER IR s, 15 1L 5675,

(D=
— >
K8 IREHE

FERLTY (BN 2 60 35 P R ES I R REAAR T AR IR IR
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T B B IR SSRAS MR bR I &, W2 (6).
CPU,yg 9 CPUpax 9o MEM,yy g, MEM 0 o 73 HIARER
CPU F A7 A% B JE S P 8 A~ 35 48 A0 A s K
18, Gy 13 CPU MW AEFHFZE-F 1 (WX (3)),
Tp W52 b IR 55 A ik B ISR
Lum, =(CPUayg_p,CPUpax_gs MEMyyg .
MEMax_y,Gg,To) (6)

B, B9 frasiI%54s D A 3 AN B EiERS,
D FENLIN JE A i e ok H UM, UM, UM,
FOEFHIRESY WA a, b, . W ¢ I BEA =38 BT 5 ALE 4y
P
a b c

g, = p =
T a+b+c’ a+b+c’

(7

‘T a+b+c

FAFHOTEIR (8), 3ok N, K3 £ A B R

RIS AR, > N AR e .

== ®)

9 LA R R

322 EESH

TEARBLR ) B ek Y 42 N — B R BN, A a4
Y B YR A L PR AR A A B s 2 1A e S
X 9):

A ={add;,reduce j,keepy} %)

Ho, add; FRoR AR AR § > BEIRYERE Y ERREEAT Y
BN, reduce; 7[RI XPER 7 A8 IR ) _E IR 3
TTAEBENTE, keepy MARFE TR 5 & A GEIR4ERE ) -
BRANZE, 7R A MR SN E T, BARBAT HO3 45 RS
IRYE AT B E .

ARV CPU 5 P A7 1 b 5% 8 4 X2 155 0 O
LT EE. LA CPU W A% 73 BL B Repy N1, Repy € (0,n]
R T 98 2 75 e B K AT N AR B . K 2 A4
JEF) B Y R HOA i g ) R SR, 45 B 45 R 1)
BDRT AR s A 22 (6], IX 4 P DAPRIERE IR K s A e A
o3 VR 7 1a), (Rl A 22 I 2 A H R s, JRAT 1
KBS EJ (UCB) T2 PEHRZRAFIA, 4=k (10)
PR, g, EE a BIRIER VRS AME, n R PTA S ERAT X
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H, g, 2 a VESAT IIREL, ¢ 211 2% @i UCB
S, AT E R g s T IR R M REHIL M
k.

i
qQues = qa+texnZ xXng ! (10)

3.2.3  UME R EOR B SRR

TEAS ) Hp R 8 A G 22 06 25 s A B 110 B8 Y A
TEOLREAT 4E 4P, 10 B2 2T p BHURE AN BE IR AR 5
oL B REAAE SRE T « 3R, Kih R RIETE
Ak (11): B

@ XIn(K+1) Not overflo
, Y \
R(S,a) = { Reontainer + Rnode +Bo (1 1)
-C, Overflow

R TN 54 I H AT I, AR R (1) T
N B A A VR SR, S T B
ST RN EE HCS AT S IE A, TFaa i sh e . 728 2p,
K T4 Y B 7 B30 B keep Bh 1R 1) JE B R, FRATTRR
SRR FAT SR B R AT B B B A
R 25A7 9, T DR 7E T 080 B Fr 728 S 4 K 7 B
SR LR, XK TR0 T SR REITAY. SR
B ac(0,1), C. By 7 T H K.

Reontainer 7 ARAE A0 8318 T PR AR S5 A VA T 75, LA
W (12) . H, CPUg CPUpy IREH L 1 B B
W CPU -3 {E Al K AH. MEMagg s MEM o NAF
SPEBAE KAR. Goonainer 72X I IRREBEZS 2% A R FH ¢
FEEFIE, HEIERRG)T I Rognine B ¢ 1
BLA B 1R @, Rhacss AR R, AT TSR 2 d 1A A
RS B A 11 ) 2 0 I B T T 43 R WU B R,
I FLAA 2 ARAIE 5 550 1A B8 AT AR R P U A AIG. , 2
e S

Reontainer =

Y1IXCPUyuyg + 2 XCPUax +y3X MEMyg +y4 X MEMyax

Y5 X Geontainer

(12)

Ryoqe 7T 2545 FITER 2 (015 SIS AT T bR 25 & VR4 T

13, BRI (13). Dpoge 72 15 RLAEXT RS B P R BE Y54

F, HAb 55 LR (2). Groge /2T AUTEST RIS B A

) CPU FI A A7 FH 28 ZZ A P 0ME. T 145 A28 ATt

E T RS AR R D B B, BT UE T
FEMT-FHTPE. y, 2 P R AL

Rnode = ¥6 X Gnode +7¥7 X Dnode (13)
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R P et 2 BT sh fE AN B 20 Wnls 10 9 7
R BRI ZIAE A A 1975 18, BATEA 2K (14)
SRAFH ¢ W ZV2R il r, BT FOAELF, XS 22 m IREWEEAT
Pran s, b i ARBATNI 225,

1
p_ il i<t
r= { (14)
It, i=t
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K10 HOHSRIg RS

B 1T Ffross, X e X 2 B N DU SR 508 3858 %

BRAS LADIRES . WEAEPIRE . Lo RS IBCIR

A, £ 5 2 CNN MGBIRIUHES, A2 E4
BB, RS R AN E A M. BT, B A
[ 2 5 HL . ?yTFﬁWﬁ@‘H’\Ji’fm, AT e A e
AR T BT S B AT B MR R T R, A7 o8 At
% Wi 4 /> CPU %0 Al 4 GB I AE.

Vv
BRI
. z)
WERE T[T ERE P _.{;
B
EE RS
W

Bl11 MEERE

A48 i CloudSim GidHE 4L M Ry 5256 - £,
CloudSim & —NHFTAE =W @, BRI T
AL AT LIRSS ) B 280 10 R 2 B P R L
A% CloudSim HE4T T4 8, B'5 T Heh iy )y ik,
18000 A % BB AT BR R, T R AR AURA
AR BRI SS InAL A & 1 EE /7. FATLL JSON
% 307E Java JT K [ CloudSim 5 Python Il 25 % g 4
HEAT RS L, FE CPU I P A7 A V5 T4 P HEAT 556
1 5, WAE CloudSim Hhist & 7 WA ¥ IR 147
5, DL AR Hhy 8 VBRGS0 RE WA B . 1
TRETOAG 5 5 00 AT 15 B AR A 22 1A — 3843, A
AL R T H A E AT R SRV Rk T

2 P i FE S e BN e LR RS (FF) Fl i e B 7
W 575 (FFD). FD 2k B UM B R 2% 5 TR Fr
IR BT RUEAT VR R T P A A U R AR s ] —
R T A

K5 W R
CPU W17 (GB) o
641% 256 32
32#% 64 64

HATIRE CTM21 [ FH 5K A s R 2R 45 5,
CH A3 A 1 330 A AR VR 1 5 5 U PR
JEF 1722 2B BU S A AR R % 05 B
¥ty 1,440 /NS TR 01, 64 300 P 442 7 AR B
[ CRU 5 3K 58 P 77 75 3R B S8 01 OB 36 2 A0
il T 98 &8 B calltable.csv, H A 7B EF
7 timestamp. UM. DM %5, I XA B BITREM
containerState.csv, +H' 7 Bt 5 timestamp, containerID,
cpuNeed, memNeed, - # iR ¥E timestamp X} 5%, DM &
containerID 7. SEI6 R AT MySQL £7-if S 56
g, UMET7E CloudSim H s A IR S5 B A5 EE.
9T hn AR AU SO B, RATAEFF AR B BUE A T
FIRE B FE AR AT VIR0 I 2. 8 —A epoch K
FEFEHITE 64 20 2 P, did ki 30 A B AREMER
W BEECE, FRATTAE 11 AT A BEE T 225 N4,
S BEAHET T 100 SRR |

W 12(a) &R Tepoch=1000 Il 2R 1. T
K T AINBEASUIG WAL T T2 255, agent 75 1254
HAEIN L HeAR T 19K . Agent 283 650 #IZ),
WIHEG ST 91.5 43, 1ERT 200 56111 %51, agent %
I AR E 1 2R B T UCB Bt K sz
VEFIFRZR . 17 I, 156 W T 25 2 10 T9A) 8% A 75 S5 Wi S
BERL R IR AR .

eI R, RATRH R K HRES &, B
SR B A SR R T AE AT LA B AE 23 18]l A B OR 1 B
5o, AR R B IR R FH 2R AR, 0 KB 18 B U 2
HILALS QoS KT, & B CPU (5 A W E IR
HIME OL. Gt JLEC TR #1452 1) — AL BN I T S5, S
QoS FE L FE A IE LI K 12(b). Ferh A AR AR Ny
525 H I B TR SR HE 20 TC A7 011 R R A o A
HE AR LR, 15 epoch 15 % 800 J5, HILZ 48 7 Hid 5%
PR B T SR I B0 o5 2 3.32%, 254 [H-F 35 0]
THEHLIAE] T 96.68%.
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R B BRI DL, SRR — S BHEACE. b
BB (MN) , iR4E MS T8 47 /57 A O IC B 80

o

A RGEB LR, BrA SR IE R R E, MR |

SRR T BRI, 8 5K 5 VR AT P
RO FE ST T 4 A A2 BN U 6. um T
DA $AE 25 /N T 4 #10 CBU F/h T 4 GB I 1E, 1Y
TERERIE 2 1 GB. |

K6 X A AL

e I G UR A 43 (R B BORE 40 T 07 B, WOkt Ak s
B 25 ROANBR ELIEEI 58 3 1 I BZE o b 45 R B X L.
FA12% DDQN 5 MS. MN K45 R, i3 H T LA
THAE L.

1) AR SCHEH ) DDQN #2781, 3 CPU FIH R AN
R S v T A R & dL 5535, JRIR#E T DDQN
REBEARYEIRAS s B B RS R LIR, MR BLT
OB AT I, BB [ 43 B8 R LA B & A 3 18
ATHRFIE I R ﬁﬁﬁmﬂﬂdﬂﬁﬂm{wﬁ BURY R, WH
FHIR R T RE. . ¥
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CPq%Uﬂ%$mﬁ%?5ﬁtb%i§ MS 1 MN, T1fij P 77
FZDDOQN 5 MS FHZFH A &, T MN i [/ T4
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Xof 25 9% () R R B DDQN ZE 1 4k B (1 R B L e
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MS S B AR, DQN K5 s R R Z I E
HIFET 11%.
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[ CPU WAE (GB)
1 1# 2
2 21% 2
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4 4% 4

B 2R 0T /) DDQN A58 7Y 1 i 42 1 55y 4%
170 2025 28 B0E 3EAT IS, X EL &5 5 W3R 7. Rl CTM21
S ESEAEPEEEE, FAEREE T RIR LS R,
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fif B Y25 2 QoS A e (%) 91 66 78

\
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Tz v T A R O B RS, (BT IR 1
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AR (5 LA A 5 d e, AR TR R A b PR X
BEAAENT S0 B 7, 1K 8 ] U £ S SR
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