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HHFRGFHEBRATEHCAE ZHBAEHTRANEKT EHTRABXEFAL, ATHAES SHLE R,
REEBTRABHHE.RET AL T GMM(Z A RASEA) 65 B T H 48 & K % (Customized Container Scheduling
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Customized Container Scheduling Strategy Based on GMM

ZHOU Kai, WANG Kai,ZHU Yuhang,PU Liming, LIU Shuxin and ZHOU Degiang

National Digital Switching System Engineering & Technological R&.D Center,Information Engineering University, Zhengzhou 450003, China

Abstract In cloud computing environments,as the number and types of containers continue to increase,resource management and
scheduling complexity are increased. How to effectively schedule containers and optimize resource utilization and cluster perfor-
mance has become an important research topic. The existing container cluster scheduling strategies do not fully consider the diverse
needs of containers,lack flexibility,and are difficult to customize scheduling for containers in different scenarios. This can easily
lead to problems such as low cluster resource utilization and imbalanced cluster resource load. In order to meet the diverse needs
of containers and improve the load balancing of cluster resources, this paper proposes a customized container scheduling strategy
based on GMM (Gaussian Mixture Model). Firstly,classify according to the resources and attribute requirements of the contain-
er.and divide it into different types. Secondly,for each type of container.different independent weights are calculated and assigned
separately,and the containers are scheduled to appropriate nodes according to their types in turn, thereby achieving customized
scheduling. In this way,the diverse needs of containers are met,so that different types of containers can get the optimal resource
allocation according to their specific needs,avoiding resource competition and conflicts, thereby improving the overall utilization
and load balancing of cluster resources. Experimental results show that compared with Kubernetes Scheduler, this scheduling
strategy has shown superior performance in various container scheduling scenarios, with the maximum resource utilization diffe-
rence between cluster nodes reduced by 17. 1% ,the container scheduling success rate increased by 19% ,and the cluster node load
balancing increased by 57.51%.

Keywords Cloud computing.Container scheduling, Diversification,Customization,Load balancing

FI B BTl ) 2R Al 55 R TR 5 B 24 485 % 98 0 A

PR EOR & 5. PN AER G ES R T IR RER

BEE iR S AN T I N AR AR ORI S O I TS B RN  HE w 5 00 A 2  E  OG
RN HRF B MM EL TRY . RHREARIHRER  EAMRELHTREES, R ARSI ZHEEEES

1 3l

ifl

F & H M .2024-09-25 3R {& H 1 .2024-12-06

HB T - A ECRHE L I1(221100210700-2)

This work was supported by the Major Science and Technology Program in Henan Province(221100210700-2).
HAEEH : LYl (wangkai0508@126. com)



J LA BT GMM Y 25 8 E il 4k IR B S g

347

BUT A8 R0 ZREAL . T 210 56 1 25 2% 8 B2 SR s 1 i o2 £
T F 5 TR UR BRI AT AR
BT R RBOCE A4 R A4 Z LT K R dsgm T
SERE BT IR A R, SRR IR A . B BB A
R SR W AR R T R R LA AT R I 2 2 R AR 1 7R SR
R0 U £ A 38 4 Y )

BT 45 i 2 B AL T SRR B B U IR 4 4 A 1) IR R, AR SC
T —FET GMM™ 1Y 4 3% 2 1L R CS-GMM,
CS-GMM # & 7 GMM #9508 58 28 F 43 A1 66 7, O % I il A7
P CRLES VA 3 32 SR P T AR o AR G5 1A A 450 s
M9 GMM R I F 25 25 1 BE 400k, 25 & 5 BB T 45 3 10 2 AR A ¢
5N JE M T 3R DL R A B B R O A0 B A L R R TR R A A
TR XRE S M AR B SR T AR 53 5T 2 A
W R VRN R A A AT A M Ak A R B R R, X
o 20 285 38 17 4 R B0 AR T 0 R A AR 2 R AR T oK L ) i B T
TEE TR T VR ] SRR S0 R B A b DA T 4 O S 0 O
PERE

A SCHY TR 2 B P AE LR LA A

1) R GE 40 T T 24 1 TF 9% 7 b B 25 2% 22 B A0 08 TR R R
K DA 52 B R 6 R 240 A T 0 R BR P

2) R T R AR B B R O 2 ER S R B ) Y A DG AR
BRI TR T GMM 19 4 4% € 46 B SR ik CS-GMM., &
T RS R 22 B A 2 2 R )

IMHEET I T CS-GMM (1 25 45 2 il 14 4 B AE 42 1 K¢
5 R M ARG HE RS Kubernetes #1454, St 45 R EW X
B 256 T LU R0 L 25 2% 2 B AL T SR L B8 T AR T 1 ¢ U5 R
FH S0 6 R 3 i e

2 MXIE

WFSE N UEE T 22 i 25 245 45 TF 081 B 5% W, 30 4 % WS 1) %
O bR 3 00 36 A 5 I - 1) W IR R R A O 4k 2) AR IR
R g 1k .

TEGHIE A R A T SCBRES 4R I T — R R T £ B Ax
I e & 20 B Ok I B o SR P i AR LA R B R T A
AN B AR Bk feg R, Sk 06 30 A B R e Ol 4 e Y IR
RIS I EACRERE AR T — R T AW e & Xk %
LA WG . SCHRL7 1R 22 B AR Ak IR 47 R0 T B B
BEAT 3 T 25 08 00 TR 55 98 B L 6T 190 45 42 i 5 % 9017 28 3% 4
it . SCHR[8JHE Hy T — Fl 3£ F Kubernetes 14k T B {1k
PR R BB 25 45 R B G0, LA R e 9 DR ) SR A A1 A e o
PR i ) A i 1) A, SCHk D104 X B AN 5 R B8 7845 R
ik GPU (35 B2 00 ] 0, 45t T — B GPU L2 i R
g5, CHRL11 3 T —Fh 5 F Docker Swarm F173 IR 55 22 #4
FA) R RO IO ) 25 4 T JEE AL L L 00 4 B A 7 AR AL R 8 o
55 G R AR A DG I AN W i i AR g, k(12 )
T W HE P R A T SR R A I [R] 3R R 4 i O B ROR T
R H AT B 2 A O S R K A PR Ak 2 v i O A R e
PRI, SCHRCISTHR M T —Fh &5 &k T BEAL AL 57 2 Fn R R 43
T R P U SO & SR A AR R A PR T REACR
HGE IR 3 T o M e T 03RS A4 ) A, SCER[14 48 1 T —A

G 2 A ) A S R R B, LU AL = B IR A R R OR
SCHRLISJ8F X A LR REAE S5 B A a B RE AR I T — R &4 &5
GEUR VR SR D T A5 SR I L B M T AR R IR gk
SCHRL16 T4 HH 1 X0 J 309 R B8 = ~J W R I3 a2 A7 0 1 1) 2 ¢
e R LA L DU A A R OR B A S TAR gk, SCRR(1710 T
Y407 5 A5 AR TR AT 3 a0 A A BE IR I B L B T
— 3T DQN R A SRR E AL B k. K8 ERTTRT
YR 18 T Z2 M BT I 2 B AR 0 A6 1R, B 2 2200 e A A AT
A v TR IS TR T B IR Y A1 R 4 o ORI R B 1 T
PEE W R 0T RO AT A R R N RO B B A H
L 3 5 IR A FL AR SR L 0k 4 DU THC 7 4 A A LA A T R Y A
BT Lo A ATF S 1) TR A A B B T A B R RO
AT b SR X T CPU B I SR 5 i 19 25 2% 4% LA
BEF] CPU B IRH 23 R T HAR B JRAF 6F B 3 A9 99 s SE B AT
ROF) BT v A 0 Ak BT IR O AR Uk B T U IR G A A 4 A
A, Jx SERIT 5T A AL A % AT 2 Y [5] IRF 5 A% SHe o3t 28 25 4% Xof
FERBEF RN G F =,

FEAR IR AR AL 5 T, SCHR L1837 — A28 2 25 4 78 &
R Y (045 0 2R 0T 58 AR GEAE 7 a0 A % W IR B8 e e B
TR R RN I RE SRR S AR S T TR A RE . X
BRL19 D8t XT = 7 H 37 PR BT T 1 B} o5 AR U AT 45 941 58 1) A, 2 1
T —RhZ BAR AL 7 i, H AR R B R Ml R b 5 T )
FEAR AT AT 45 IO BEAS o SCHRL 20 1% xoh 42 T 3R 85 v A1 2 B i B
(RO BT — AN A T S M U ST AR A 4 D
FARI ARG R, SCRRL21IBESE 1 2 I 55 4 22 8] B 2 4 1T 7%
SR B T — R TR AR BT B BEAE SR, DA e R
WL LA IAS o SCHR22 1) 5 I e T — 4> g JTT R 5 4 A 4k
PRI 9 22 H bR O A 1], 32 H AR 2 3 A 8 T 4 4 R A/
AR R B AR . SCHRL23 J48 i 1 — P 55 98 B2 O =0, 4
AR U e 2 5 B R T A A AR I L, SCER(24 142 T
— iz R R SR Y AR R T R BRAT I R, HLAR R R . X
HRC25 4 Hy T — Al i 7 % B 5k A 2 > B9 VR ol 18 R ke R 1
AR b B PRAT R A 2 0 e ], SCRRC26 T35 1 — Bl gt T
K ] 328 17 1o FH R P 288 45 i 1 O B2 506 i B I A AL TR
AL B bR, SCHRL27 15 XT et Sg i 1T —Fh 2 T 1R R 4R
G F B A A R B R, LLWUME 55 1Y B S ] BB OR
TR AT 2 A AR SR LA B B ST SR AR 3 0
A S T 2 A A JRE G RS R B ROR AR e AL T B
B AN T R AT AR RO SR A R OR L B2 A BRI
B X T 78 i B 2R o Bl AN (S B SR o 280 14 9 R R
PR, T 5 T R 25 4 9 J8E I 25 P9 A ) S P L AR 2 L A
JE A L LA T O 52 2 A 22 A A 19 S B B T 9 5

Lig BRI WE TS R WIS AT A F 58 TAF o oR A A8 55
SR AL A A R R —Fh BR A TG T 720 &% 105 5K SLRE AT B0k S 4
HEGEIRRE A7 A o B e B A R O BRI 1 1 R B SR W . BB
ASONF A 45 1R B2 R AT 5% DR B R ) B — Ak, TEE AR R AR 2
B SR HE AT BE IROAJR 1 B9 AL IR Jx — Jay BRI A5 0 T
AT 55 5 T P0A AN [ D AE 38 100 % 5% J50R1 )@ 1 A 5 R 4%
R TR 4 25 s X LA R A o HORS ME R R s . R 1B T
A SCHEME 5 B OC TARTELLT 4 A J7 T B9 %) Ho g 2 . B I



348

Computer Science THEHLEIZ  Vol. 52.No. 6,June 2025

FIH R JBPEIC1L  He T A 4% i SR 2 5 4 m Be 0, A e
WA Z AT RIS . BRmER 1 s,
BT ARG T AR % 1L

Table 1 Comparison of the proposed strategy with related work

v FHEMMA O BEAA  AHEE %HE K
XkR[11] J X N X
X w[12]
Xk [13]
X Hk[14]
X wk[15]
X #[16]
X [17]
X #[18]
Xme[19]
X #[20]
Xme[21]
X wk[22]
Xwe[23]
Xk [24]
LSS

LoX X Ll X X X Ll L L L L L
o4l LA X XX X XL
X X X X X X X 4 X &L
X X X X X X X X X X X X X

h i U b AR WE 5T A TP AR Y I, R SR T 2R T
GMM 75 2 5E i A6 V82 SR . 12 5 W A28 4 7 SR A A1 32 o
Bz o i GRE T A BE IR A Sy 35 A AR DA T DR 2D B R A
ik =i = I 0 W R W R i i i = PO
L ERA B R T A SHE R [k 55 37 5 R 0 £ ke AL B IR AR 1
B R R T A AR ST R

3 EERES

CS-GMM W i B b5 2 7645 2% 73 TS A S 288 9 A ] 1
R A B Z R TROR o T T4 iR AR T BT IR G0 ABOIR AS A A
22 A SR JE ] R A AR 56 RE L

EXVCERMTRAES) BFHES C={c,c.,
clo VRRPIAFREREZ AR oo FRE AR HHIC
NRGHEEWE., WHES N={nn, 0y RRERH
WA AT AR R R B R ROR  Aa IER
I N A 25 ST A

EX 20 BRAAEMERIAES) WREMES R=
{risrser VS TAEMS® Z B IREAL, I CPU BT,
AIRIFFIRHEA ., BUERMES A={aarsrap BT
TSN E B S m S B T R AR S L as SRR
P s VRS AL AT [ AR R PSSR .

BN 3CEMFEF KM D=[d;J€ R K
Hody R oo MBIy BOTOR B . AR BT IR SRR M
T 3R A A T A B IR A BT R

EX AW HRBERRERE)  S=[s;]€ RN o,
5y R R ny YA BOBTUR ;) B9 ECRE TR BT R A A P
TR AT A SRR

EXSCH SR ABMER) L=[1,]€ RN H,
LiFART Rin, ECRMEMMHE ;. 3 RGBT
TR AT R LA BT IR A O

X 6 (A BT R E=[e, JE R Hrp,
RS oo M RIRAE o MFTOREG . KA a8 M
RAFGHEAT I AL T IR 5 A AR X 2% AR AR g B 1

2

% =

ECIE=

EX7(HAIBESERER) P=[p, € RN H
HLpy R son, B e, LERM., KSR
JEE GG AT B A, TR AT S RS AR M H R
ERA

EX S(EM-TT DM Z=[z, 1€ (0,1} N,
Hrpey =1 BRBEES o DB E BN 2 =0, &
AT A AR B T RN A R AR R A R A e B AT A

EETE AU UR A0 B B A R . P e R o I P T R 2
RIFEA AT S LW 5 B, @i AT A xR
5B S B 0l 2R 5 92 0 IR A T T A D S 3 R 2 T i
FEI - B E CRI O 22) 4R Ja BOH S 5 AR CRIBR o 22) , 17
RO EC O B A PE . SR R T R R O

LB, = %\,“ﬁl(f—’—ﬁ lf—) (D
o,y FOREIRISAL, 1, KRS n, DO HMEE -,
s FORN M, PA MG -, BEE, REREE LB, (A
1% 2% BH 20 0% U AE B T wP 40 A A5 R X5 50 o DA T S T 2 A M BB R
BRI AR

LA TR IR A AR B B AT B T A 4
PR TR SR A4 H RIS % SR A & R IR A B
2, BVET A Sy BB 5 oy MRS o XFURUR » 19T SR EFN
AN AZ T SRR sy — Lo o W2 PR

I 1 M=

JIS

C|
zy o dy sy — Ly V€L, 2, NI}, YRE (L,
i=1

2,0 |RIY (2)
ZFEAG R PR 2 T i U7 25 2% HAR A 0 R B R L
KRBT BRS¢ SR a) BT R ey L FUNTF B F AT
Mon, TERIEME SR RAE po » 0 0% B A4S 25 25 09 JE M 75 SR AR
ARl . X OHPIR .
Gt en<pusilz; =1,Vi€{1,2,,|Cl}, V€1,
2,0, [N}, VRE (1,2, |A]} 3
R BE 2 o O A RS B 2 Bl B B — A L B — A
AAABE R A A B 2 AT AL WD R .

IN

Z

<1, Vi€{1.2,,[C|} 4
ji=1
[A I L 25 i 25 R A T SR 8 B2 [ 8 R L3RR
Min LB,
(5)

s.to i (2) —= )
4 EFGMM HBBREHFHNLEERE

TE DL b SR T 96 U S PR A R A ) A G S Sk b
11, CS-GMM LL%E #8535 5K g 9 B2 2 [0l L 68 68 0% 1 % AN W] 3
ST A A28 T R B R AT R AR P 0 A A5 B0 R R o
VE T 38 A AT ST IR o SO AN B0 2 T AR A I £ R
AT R I A B 43 0 TSR BRI 00 BE R AT R AR T
LB, fH . {45 T B2 U5 00 48 50 n 240 L BT T B AR B R



J o ELL A BT GMM Y 25 285 5 i £k IR 3R

349

CS-GMM 3 it %y A 7 52 48 AR 75 75 96 U5 A1 R 4 7% oR 09 15
BIFF % GMM #4725 9 A4 A 2 B 2K 45 8. GMM
FE 1% 483 H2 I ) FH 2 2% 22 100 76 95 UR AN B ME T oR B A 2 5
TN R S [R) 25 25 22 P A 0 1 0 2 S5 G of e 75 8 AR 4
B AR TR AT RIS, MR AR — 4 B A AL R
R 1Y 25 28 BF A L AS ) B AE 2 43 ) 3 A T AN T 9 9 U R i

FEBCIERE [ KRR B S R A GMM 3 A5 31 % iy
e, CS-GMM il — 25 1 55 i 288 28 %of g e 9% U8 A g
SR A = R 3 T = i i s A T e R DO
T ol RIS 04 7 38 (SR R R U R 1
JIT A R A 5 % 0 4 b U TR R A A SF 2 O AT L o BT A
A AR AR D ST X T R R B U N 8 M A S A . A
FHITAS R | R | | A | A 32 AT, 4501 % R — Fift 9% 958 A g
Mo BXEEATTE S B TR [R] 28 X AS [R] B R RN R o 0 AR O R
JE 5 3 5% W £ SRS 0 3R T 1 U R 3 I
I 5 A B R ] B AR AR X N S R A S A R, SRR A
S 45 VR R SRR A G R AT AT 4%, A9 0 R
BT A5 B A T AR R A e T . TR AR R 1 R T S A
FEA B 7 T o LIRS BT i B A B0 R L (A3 CS-GMML 7
Z G 43 25 T 8 05 R BT O Ak 4 26 45 S DA R A% 25 R Y ol ST
&

HF GMM 14 75 25 % i 4k 8 B2 5w (i LA S B an 151 1 B
M. FHASEGA T GMM 125 55 52 10 8 B S mg

[EES S
AL, GMM

O
0olo 2
_ f;, —H; PRl

X,

p(x)= 3 AN (x| 1. %4
1

L GMMil 4 A5 % %

T EA B JE A A R T AR E

>
IR+l

R4
l Score, = (qu xAvailable”)
=
i AT 5

- - - -
- - - -
- - - -

-3 T E2 T3 R4

Score; > Score, > Score; > Score,

B 1 T GMM B2 75 2 il A0 08 B 5w 11 st 3 [
Fig. 1 Schematic diagram of a customized container scheduling

strategy based on GMM

TG R T SRR A A 0 B IR R M T R A BT SR
RN B | o 25 45 5% IR 55 SR A [ R4 6 J 1 5 SR O B 5 O
BN AT R BRI F 4N Gl X (R TAD , Hop
|Gl FEAKR . R |+ [ A2 5805 A S P ok A 28 19 S8
F B8 .

F=[f,1]€[R“"‘X“R"““’ (6)

R T B [R) B EE A AN R RE o B U A R R, B O
BHRAE BT P A A A TR B R B F AT T
PRUEALEE 6 F h A TR B AR EMAN F %, E6
TR BRI F o i R~ Je R b AR AL SS9 {E ;N
KD PR

g =Lit (7

0j
Horr,py 255 FIMIIE o 25 7 PIRAREZ . FRiEfb)E 1
BARER X FR

X={xi x5 sx15 } (8)
o, x, = (oo s i s s i g 114 ) AR HEAL G 10 509 .

FCVR 8 0T IR A R IR (GMIMD S s Ak i R8s 48 ik A7
R, GMM J& —FilE A AL, AR 3 = ZAR B LR Py
T : T 58 . GMM BEH2 K B b A5 1 45 A~ 80008 5008 T 4 A 4 A 11
HE AP G A S A A T B R MR s KR T&
KT 45 5 R R R T R AR B 2R T LB AR RN
0235 T Y A GMML B 8 78 S 3000 2 A H o 230 35U S
[Fi) ¢ VRN P B T SR AR X F AR R R X ERE,

GMM B 355 HE Ak 5 5080 41 02 B K A8 40 A1 2 1 TR
G A E AR REE 0 — MR, AU K
BERE A 2RI IAT B4 VR R R M A T OR B 4 R
GO BEAT B, AT 2 7 0 288 25 45 75 SR 00 BT A R U R s ek 4
Bro 1IN (B AL 25 25 X A fifh BT U5 AN N A0 AT R AR A A 3R
IR R s T = 1 [ I W O N i =
Hby, AT SEME AR SR B 4 S B RIRE AT 1 R 0 KR, B4
X N2 A g LARI 4 oh 22 28, P 4 26:11,10,01,00, X hif
M, GMM BE %% BE R B3 =0

9lRI+1A

p(x, ‘0): /%11 Ty N(I,‘ |12 92&) 9
Horb AR AL S B x, BRI A SR e AT T

R AR HIBR S = 1N Gl Z0 R BAT 1
RPN J7 2 56 WE E0 10 % J0 1E 45 4% A (9 B R %5 B o 805 0 =
(o 02 R S il 3 K-means ™ 55259 4
1580 L LU GMM B 4 154 500

R R B 0 e A CEMD B 0 T 7 A B 4
EM B8 52— U300k . T 0 0 I ik 1 1 R 5 i
£ 5 A A8 R A T A KU 0 M A U R A A A 2
J% . Expection-Step #l Maximization-Step™"’ ,

Expection-Step il 14 24 {7 B9 S 8 % 0 = {«" . w”,
o2 R A B A TR T A 0040 A 9 B 4R
Y P EX N

Vo= Pk ) = e N B (10)

o Nx p50)

k=1




350

Computer Science THEHLEIZ  Vol. 52.No. 6,June 2025

i Maximization-Step AR 53 i 19 4 A4~ £ 98 45807 IR 9
TR BB 7 KL S T A O SR 0 B
—RWSHE T Hh  RENE ~ RERE L SRS
A AR A E T B R

i 7@1;17& an

YGME 1 B e 25 e AN O3 Y L iR T % A TE
AR 25 A o G A T U

|G

Zlyzer
=

W= a2

o7 225 0 X, WR T 5B b A B oA R AR R T 1)

FU I A= I
g}%k(x,*m)(x,*m)T
X, = - (13
27

EM &5 4 % & i & Expection-Step Ml Maximization-
Step, ELEIXT LR BREOISL, LI B IR 38 A S0 1 = iR A
KRS80, I 255 19 GMM ¥ 25 e R 28k 2/RIT 1AL ok
B, MBI X BT R B, CS-GMM 38 1 Il 4 )5
B GMM X H# AT R 26, H)g T B M AT M 5 31 MR il
KAD W H A B 5 KGR A28, Q% 45 48 19 2R
BKEER,

p(/elx,mdzz,\,‘fﬁ‘Nme\uw&) (1)

kEI T N (e | s )
SR B I Y 45 RS % 2 B O [R] B U AN R
MM E . BRI R AR R E M F i F
SRR QLS TR L % F T RE A 2 BRI A T R

SEHEAS .
|G|
f:‘—é‘;f, (15)

M T R b (h=1,2,3,, 28740 |, | KRE £
PR A2 TR TR AN A RN E S F KT
(B S LW TG 8 T IZ A £ e, 2R )5 B DL 2R A o
BN [k, | ABRZERWEHE AT R, HEXOT .

| &y

- 1 .

T o 2 5 2 R ) 4 W R R A B S B R BT R A
Xof 7 B R B P ) P 35 (B0 LU AL, AT A i 2 B Syl ) i e
B YA A 0 A AL oy TN

fi
Hooh, £y PR b R R D i AT 25 8 X4 b Y6 IR ol )
PE I TR i AR T AT R AR A R XA R Y R R
) - 2 5 5K
I bRy A5 B % B 2 S X T U N T
i 57 AT L 3 2 AT R W TR TS A 2 8 X AR [ U A
A E MR BE o U o R AR T 4 B IR 2 PR R

S O0AH LA K e V8 BE S 45 0 7 ACE SE AT IAET 43, 9 Y
393 Score; B R4 -

IRI+ Al

Score; = E

T oy AR E ISR £ XTEE AR U SR M 0 Ak Sr
W, Available; J& 19 55 1 FE5 j 2 BRI R 1 149 25 IR R R
PESFGAE . VPR I3 dme i W9 SR Dy T8 BE R A AR 0 H AR T
MLBAMERESER T WA EN AT RWEE, E
SRS B B 2 ST R A B R L B AR T R DR R 1k 40 BiC Y A A
Ak AT J 35 B T T U BE 3R G0 00 R A P R R B IR AROR il
LT AT R, BT GMM Y25 2% 22 il £k 18 BE 5 v
LB R 1R,
ik 1 AT GMM 19758 4% 52 il Ak 8 B 5 s 2 0 5 72
A BRI AT R F A7 98 25 48 Xoew
i 4 - 5 e 9 793 43 Max Score;
1. F trififb b 313 3 X fis A GMM;
2.3l 3 K-means B #4116 GMM 504k 0;
3. while X {8l 2% o KR e84
4, Expection-Step £ vix s
5
6

(wyy X Available; ) (18)

Maxi mization-Step ¥£18 0;
. end while
7.0 A Xnew TESAT B XS 1 HEAY
8. BN R A S AL
9. Xnew MA F3
10. while j<<C(|R[+ A

11. i 3 3 (18) T4 #4843 Score; 5
12. if Max Score;<<Score;

13. Max Score; = Score; ;

14. end if

15. ]+

16. end while
5 REMELIE

5.1 FEEG

A SCHE Kubernetes M 3L A _FdF A7 Rl & AP, 51T T 3%
T CS-GMM [ 25 i 2 il fL I BEHE 2L i HE 20 B2l 3 A
20 1 : Kube-Apiserver , CS-GMM-Scheduler I Monitor, 41 & 2
fis . Ho, Kube-Apiserver 1 Monitor £ J5 4 T g () 3t fil
b B RG0S 7 A BRI R 25 ) 2 8 s CS-GMM-Schedu-
ler fli 43 7 CS-GMM T B2 5 W6, (o 7o 75 48 B2 2o it B ol 42
DL BRI i Kubernetes $2 4 i AT 97 J& $2 1 Be 7, o AR 42
#] Kubernetes RGEH ARIE T HEZL 53 A Kubernetes £
WAL LBL T ET GMM 1 25 48 22 il 4k 74 B SR,

T 5 » Monitor 23t £x 52 B W ) A2 B b £ 30 sl 19 RIR
BARBAF B A VA, X S8R B 45 CPU . i & 55 97 I 4
FATEBL VL A pi i 25 Rl S B . BRI P R A f 0
PR AN R 1 3 oK 42 32 8] Kube-Apiserver, CS-GMM-Schedu-
ler 4% 45 22 Wi WF Kube-Apiserver, — EL K I 21 57 #8859/ & &
A AR 5 2 B AR L O I AR DT G A 0 R T A

R B R A3 S WS B B T8 B B A i B B



J LA BT GMM Y 25 8 E il 4k IR B S g 351
TG A UL B BE I U R AT A AR AT BIANCI A BT IR B ELRE R B B AT AR MR OR A T L A AR

SR PEAR L A AR T R MW A, HE ROk, AR B B, CS-
GMM-Scheduler £ £ & 4 11 19 75 £ 19 98 U6 A g MRS F
BB DU AR R AR 00 VR N R M 3 R 7 R B A S 8L, CS-
GMM-Scheduler b %5 #% 43 25 3 7 H B A1 2 0915 45, I v th
P53 B I PR A B H AR . X — W R, CS-
GMM-Scheduler K 4 it 76 52 T vh AT I8 J35 454

(0))
> ‘)
u*
/ i 3 CS-GMM#: 3% RE R P \
H AN RS HE LR
W A @ .
A AR i:(i o
=ik ok
CS-GMM-
Scheduler
A

I&j Sl

Monitor

Kube-Apiserver

2T GMM 8 2 2 52 46 B JZAE R

Bl 2 3T CS-GMM {25 & 5 il Ak 8 B2 HE 28
Fig.2 Customized container scheduling framework based on
CS-GMM

5.2 X

RICHEET — N 1 4 Master 17 18,3 4 Node 77 4%
) Kubernetes £ B0 731, Hort Master 9 5 R F 47 25 4% A
B AR S ER R A8 R R BT R R S A AN TR g e] 5
PEAE G BT BRI T AR MR R . SRR R TR A Y
PR B AE Bk 2 B,

£ ERRCERSE

Table 2 Cluster configuration information
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Table 3 Container pool

AEATABZEAFTR/GB  ABHE THEUHEFREXR
2 4 1,2,3,4
4 4 1,2.3,4
6 4 1,2,3,4
8 4 1,2,3.4
10 4 1.2.3.4
12 4 1,2,3.4
14 4 1.2.3.4
16 4 1,2.3,4
18 4 1.2.3.4
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