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Abstract Under the support of cloud computing ,more and more applications choose cloud platform as their deployment
platform. In order to respond to changing workloads, application scenarios,and user target, service providers need to dy-
namically adjust the existing resources in a scalable way, However, cloud platform resource management approach via
virtual machine has many drawbacks. Virtual machines are heavyweight, it is not suitable for fine-grained and flexible al-
location of resources. Meanwhile in the hybrid cloud background, the virtual machines can not migrate quickly. Container
technology, to some extent, can make up for the lack of a virtual machine. However, traditional resource management
method based on the virtual machine is not very suitable for container technology. To solve the above problems, this ap-
proach designed resources infrastructure solution and scheduling way which are more suitable to container. This ap-
proach models cloud resources precisely via nonlinear function, and could tune parameters using genetic algorithms, in
order to optimize the performance of adjustment. This approach also computed rational allocation of container deploy-
ment location to improve physical resource utilization, In addition to that, this approach combines many bottom charac-
teristics of container to adjust the procedure of load-balancing. We also conducted experiments to verify the effectiveness
of the method.
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Linux & #%(Linux Container, LXC) B&—# N E I
A, TRt B iy R 1ML A B AL R R Bl ],

Docker & Linux Z#$8— 4~ FIEIN H, © il A Linux £
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e,

3 HXIE

EMHBEREANE R FETE, RS TR S T2
BRWPHREE . FEWET A&, ScEkl(14]m
HTHEELL KRBT HA AR, XA FERE Oy Rt T EIE
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BWIRLH. Di—1 Web iR % A6, A BEHLFRE FHE
T Web iR 5% 2% ({0 Tomcat, Weblogic %) , (18 FE () tm
Mysgl, Oracle %) LA R M KB JE G BB T B, B2 R
B AR AR SR AMC 1R B/ MY BHIR ST, 7E—~ AMC 7]
LA BAI S B — A A e
4.1.2 FERREHA
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FE PM A VM BERE, SMEF 89 F P U5 [ R 5% DL IE 088
#1128 (Central Controller, CC) , Hr.CoH 45 £ AR IE A P BT i 0]
B EAR IR S A5 B R G R A FARIAY Web 253517403, T F
T PM R IR R B AR ) B HLA% ) &% (Physical Ma-
chine Controller, PMC) , LM #5 PM Z17#R &, F % CC B
PAEFR S HATIARL . FERERMIE 1R,
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B 1 EERBEEREN

ME 1 FA B AN E ZEH TS EE#E
F PM & VM, & PM 8 VM Hig17E# T AMC, i AMC
HERE & — AR N R — A, B4 AMC s
BT LA — A SE R AT R P RS ORI . T AR EOR
HRA S T ERBR T B4 HAMI SRR EEAT
HERRA T EEFREEENEEENER, Wb EE
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4.2 TEBIEMEHZEY
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B 8% , R DCIE B X R AT I 5B, P S MBI
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JU SR B

S 240 8 (Outer Load-balancing Module) , ¥ %
FAPEIER, 36 BT BRI M THE.

B T IR B (Inner Load-balancing Module) , %
[F— R AR A RIS, CC i e T/ EME AMC 2 (8 Bk A1
FRF, R 5 R AR A )45 R i 17 30, B 8 BT 2 (8] 64 H )
KR,

48 VB M H (Scale Module) , #R 48 SEBRIF % 5 18] B3R
BE VR RS LSS TURSIE R, XA § AMC $i&i#
TR, ERRERYELT.FERBARNHEY
W R BB, 3T PR AT A 24 A, LIS BRI 2 | oAk,

LR E ¥ (Resource Placement Module) , X - 4 26
HEMA CCHEEMERF MEREAHHX AMCEBE
S5RPRAEMBEREMNE P, BT8R %G8 AMC &,
CCHEERBE2MEAR, URAEMEW R BER, ZH
AMC BEH 2R =+,
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B 7 vk L B R

EAMCYHPM LR ERERA. HEETARZRE
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Status X re:te)
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Load Weight 7 Executor
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M\ AR R R ERAE 28 [ Fh AT LUE H IS A48 (Monitor) 71 5%
g Web IR 45 93/ H %5 (Access Log) #l AMC 5 PM #y3&
ATHFEEE (AMC & PM Running Data),

A3 8% (Analyzer) R 3E W ¥ 88 R £ R B, B &K
R FAVTRPIRZS (App Access Status) fl AMC 5 PM iz T4k
A (AMC & PM Status),

FR (Planner) #5436 25145 A B 58 1L, A1 43 R FE A 2R
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5 FameEEt
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XA BT HEAEERNEE T EEREY
BARZS ARIEAEAL B AR, 3 & R [R5 0L 1 & Dh BB Bt
) AMC B BT M4 R, BRI £ 2
BIFEU T I BENFE STERFENEES SR 2T
AN E TR,

511 #HERROEESLSHAT

B ECEERESEEGF R, FELIBEN—
AERAE R i 2 THRERTR A B, B T REHF R VIR R,
AR &AL AMC 5284 R — A~ R AR He o
AMP,

—A~ AMP H5F ¥ ma o7 B (8] 3 2 1 ST O SR H &
WHIEL S AMP SR8 AMC TR IR E (FF EERER
BRI . BRI ERT T R BEILE, 84 AMC h#
BRI A, I EHEARLRERINMER T, I
AMP R 1], SEER BB AN 3 FioR.
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07 . . . .

06

05

04

Response Time/s

03

02

01
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Number of Concurrent Users

B3 ma bt (R R F P R SE 2R

M 3 PA[LIF Y, #E AMC SE AR A E 50T o 0H B B
1] (Response Time, RT) B 3 K& 7 8] A $088 15 09 2 B el 18 38
. AR R, B A RIERMRR  EMEEUE K
B, A3fROEEELilE, 555 y=1029386""" K
EFREEAE. MEMRFZABOERLT, B AMC (&
LR PRI I , v 7 Bt ] AR S B Pl AR, th T (R B T
g, GBI KB REIE HATIG ST, 78 RT 53 & UiH
AHAMC B3R RIBCF R (D BN P SR,
RT()y=Y"77" % (1) ¢))
He, RT3 ¢ B %) AMP #9350 87 B+ [a], U () 247 ¢ B ZI Y
FPEE, N R B2 AMP & AMC B3R, 800 ¢ B
RO, « REERPNERSERUOMNRE. 7 2
NOWRE. FRFERAREEETER AR HTRE
BE.FEATREEEART B AHEABRORS RS
AT RS R R RIETT 8, B E AR,
FERBEEENRN(ONSEH TR E . T EQRES
BRI BRI 1L 38 IO B R e S (R R AR S LR R
T E I 3N BECH o B 7, BTB BT R EHIE I

B AEEH o8y ABTERE, A ER MBI . REAK
ME G A

A aiz*** Az az " *A;a3asz " Az, (2
H,i, gk 3B FR e, pr 7 3 D SHOEFEH B 4T
. AHERENSEER S NEFS iR RERRR
(i=8,j=8,k=8) , BMHEHEKEN 24,a, € (0,1},

FERBER IR AL R P, A T e e R LA TR A
FRARE B RN QAT PR A, FREA P HE
ASHCRBUGE S 5 BUE T F 78 16 B 3 59 A4 B
T U RN

EHEEEREZ MG E A RT 5 EEEZ
IF] iy 22 BE SR PP e AR B0 L . AT 10k 3R F BRI P e
BH

—1
F=\/+ 5RT: >’ (3

He,n H— P REERBI N ERERANE Gt srte s oeeort, HEEAR
B sEprm RE AT A RT RT: .+ RT, A 3 NS ECHYRTH
AR RT AT E T, Bt R D THE R B e R AT E, B A
ER BB AR, W Y i e 0 fR A0SE B BE AR B L SR AR

AT ERMEFERERMLAEEE T, 81 RAENE
kPR SRR EAGEN ERIE ., Rk sk

P,=F./%F, @
Hop M AFBERI A/, By SRR MR BE R R

PR X RER A E SN TR R &R A K
MEAGHEBENFRME, B TREEAS IR BREE
NP ERTHITRE X R WIPLE B I8 A R o6 $04
B30, 1FEEI BV IR S a.b,c B E 3 BRI BN,
A5 B P VE L ISR LB ok e e R MR R 2 —
PREHTERE Bd 02K 1,8h 18K 0,

ZRETRERBE o8y BBRE, e T 25
SRS BOAT THE, BRI B ARG i R
B MAT R AR
5.1.2 AFRAGTREES A%

HMARBERAREREEZRENEERE, T LE I
FRBORSERI . AT R B0k 25 oy Bk g v PR A1 g A0 A
FSITHISLA E, IREW R B SRR E TWREER. U
RTYeRREREBOEBIRAE, WH LA SLA FEFEUT X
.

Denac s O<RTr SRT oa
) RTw—RTw
D= Pmax RTowa _RTW s RTM <RT e <RTM 5
0, RT.i>RTu

Fort, Prnax R 9 B KB RT ey S22 SE B W R B[], RT o 2
SLA 2458 B35 B0 B B 18] » R T 2 SLA HP 24 8 I R T 2
W 7 BF (8T , SR BRAE 7R X I (E 2 (B Bt 35 2% PEFRAIK .
BAZENT R AMP B RHERA T EE TR SR
BB /0 AR SOR BT 5 IR ALy AMC Bk, R
EF . BAARR AMC B RHHERE T e & ARRE S EE
TR BIA— i B A 8% 5 48 CPU B8] B B &, 1 o5
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RBESARD)  (BRT SORN R B IR R R RS -& B4 BT
AMC FrEEf) PM, 3 AR 28R AMC BB 32 USR8
ZSIE B RA A X AR R H AMC 5 R 8B AR5
TR H BT AR %5 B AT LUK AMP BT o5 SRR i1k 8 AMC
.

X FRAZIEWN R T , £ LB A T B AMC #15
B3 S X2 B Xk G A Y 259 i g e 18] 77 A R » T R i 9 L
FETELEAX(OMEEBE. FaRROMRG), HEE
AMP ¥t a5 KRR A

AUX=U « (p(RT(N+AN))—p(RT(N)))—C + AN

(6)

Hep, U A Y R AWV AL AN 2 AMC 24L& ,.C &
A AMC BA, HARBRER (OGO BitEE.

AL BB, — B R B SRR
A+ TR e —A~FH P ) 5288 R 9518 5K By i O o 1] A«

N
RTa = 2R s + T )

b, N 8RR MRS KRB Ry R 56 | AR
LA f] , 40 SR AR E SR I YRR ¢ 2, B R 0, Touns A
o 48 15 F et ]

EETRCIR BE AN ZZ IR A8 B0, AN R BCHF R =22 18] A0 BE
TR AR = o, R IR A Rl 2, A AR U Bk
b, A SO B 1 X N 3R R i A AR B AMC S B
THBgE AR, BYE L n ORI LR T BB ek
B,

A7
1. Q={N;,Nz,**,Nao};

2. ®={RT.,RTz,+-,RT4};

3. 0={AUX;,AUX;z,---, AUX};

4. while(not both increase & decrease)

5. H(RT 0wl >>RTgood) then

6. calculate @(AN=1);

7. max(@®) =AUX;;

8. If(max(®)>>0)then

9. increase Nj;

10. update RT ™ =RTi(N;+AN) —RTI(ND ;
11. end if

12.  else

13. Calculate ®(AN=—1);

14. max(®) =AUX;;

15.  H(max(®)>0)then

16. decrease Nj;

17, update RTiow~ =RTj(N;+AN) —RT;(N;);
18. end if

19. endif

20. end while

21. return Q;

Bk 1 PRSP RS RAT T AN ORI RS PR
A4, K Ik S AT R SEAE SR, BB 1 AT RIS R
WREE R, HEA N RN AN S A HER. HEE
{GEATHRESHAZRAER.

MR BB ZRES, ARERIES HE P& A B A

R AR B B RACRS B RE B R EARA ERA
MR FEBEARUABRKL. BEREANTE LIIARK
PR R Z R
UXua = SUX, (8
Hef,m 6 BRGNS, HBEEOHM4RA 1
B AMC SR, BB R 2 i1 AMC 8, 18 AUX, +
AUX > ulu BB E R BE, w>0, EARBERSIBER — <
A S IR AKX R FTREFHE SN A ARE . B ERBEZR
HERL T R 2 ST IR SR & m Hy KA AP
&, ¢ HE MR AN=1 BB BINE, 0 K
AN=—10FBI{H. TEFF 6 I SRR B IS b B 3 BT IR
T RWAEEH R AUX, +AUX >u,
- 474
Lo={01,02°s Qs
2. $={AUXIL; , AUXIz ,+-, AUXIn }
3. 8= {AUXD1 , AUXID; s =+, AUXIDy, }
4. while(!no new suitable resource flow)
5. calculate ¢,0;
6. sort(decrease) ,0;
7. If(max(¢) t+max(8)>u) then
8. resource flow success;
9. update w3
10. else
11. no new suitable resource flow;
12. end if
13. end while
14, return w;
5.2 RRMEBEERGIT
HRHEREMNEFEGEFIE: DREEBRA ZRAR
MABZ L ORBESTEETE -6 PM L. HIMRE T
MRE REREFEEZLMNE, R2ERERRY, L
mE N AR E R AR, EEaREENA - L,
18R BRI 3k 4 R R AL e . BRI BT
FOR B V18] FLF 3R B AR A R0 B » Bl 4 R B P B A ), B
EARZ BTN ME, R MR P Ui g8k BRR
HEEIBES —MWB, R 42 18 13 ma b A 18] 85 A QoS
BIK.
St F =R App: EWBLEMBL Net; $IUEER -
P, :élw” . )
Heb K B 7R, o 58 & PRI T BRI
wy FEHIAUE , A SCRBEM B Net; 78 App: P A VA i L
B\ W Bt Net; §9 V-4t AR R 7, S seE R .
Pij = Wime * Ptime +Whatio * Pratio (10
E 9 ) 5t S BE B IE Hh, BN R App FRETE R B
Net; BIHAB (B j FORRIRED «
R, =P,/ Ps an
HAP it B e E LA THERRTIH AMC IR EH

HRE CLEPRECAE]S A LB 22 BB R , R AT R B R
B, H AR EREF A AMC #ERE M B, W — Lt £
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Ry R ERME.

SFREESFHEE PMAME, EBEXESAETY
MBRAA AR, PM Y EFREGE CPUNEEL. W
TEHNE, H— T H TR

Y=Ary 972" s 75 12
e, A FESS IR ER 2 AREREF, RHEFFHHERR
FEgk:D—& PM BIFEIRE BB Ve » T CPU 8L HFE B2
WRAER R DX EBERMERE D H Yedwo . XTT—1
AMC, FIREFE X X St AR AT H 3108 o (B B 3R s 2R 58
— R, BRI E . CPU MM F/EH B A 250 7T LT W) 45 PR
5 »CPU {d FIAR{H 4 (Docker A7, 76 R G5 == ARG AT LUAR I3 %
BUE (B RS E A2 SRR T RUER CPU BHED , NFFIR
il B A B KA, ARSI B AT LA Linux BARXE T A, 0
quota,cgroup HJ net_cls, .

R T AP PM WA HERE S, T EERERE
B S F— B EH Yot 19 PM, R IEHE Voot 75D FHIEL
BlEEHTN AMC HZEXE PM &, XHH M Tik PM
] B Hhsf A ) B R HE IR 8 I RE R 1T 55— e B R R 9 1E
O, KRB RSN M R X F— BB A Vo 8 PM, R
R B B 706 R R AN R AR R b (58 R AR I M 3B B U, LK
Rulge K R EFRE R AMCHEEX & PM 4,
RZ R8T LA S PR IR M .

T A TRGEIR L BB i Se i B ST AR ME BB AL IR R L 20 CUP
B3 core, AAFEAAL GB, REAL A7 TB, W RN MB/s, 23T
H—EFERBMNAERN, AAERE PM &I 5 IR E AR
RGO T LT R ESR — PR A SRR S A Heat, {0
ol FISE Ao Es .

5.3 SiFMEBEHIET

BEFELENINF R AT R B, SN2 Nginx R
FROENHAPUIRIMA O, R E5 EH T EN Web 525,
PR 2 oF P R B 2 [ £ 1R R R AT A, B A 2R R AT
REIE, AT S R AT, A H I8 Birish
¥ 1P it 53 05, T2 i) 7 I8 E R — ik,
¥ a8 R B E SR AT IR B AMP &4~ AMC fAUE
HFE— AMC @ TP Hihit Fivw O 56 2 B2 4535 K@ A8y
e,

FREFER AR TR E W R R 54 B 45 48
MY . BT RIEA RN AR B (L 5 T8
SYBEL, M RETRIEWIEESSHEERE.

AR T SCER16 ] By B BT AN BT IR B - 2
RSB SR B 2 2, e T AR &/ PR 5 3R L i
fEHE MRS FUR A, R B A B EN B K.

ATERETRAER W RBRYEER S, EETER
E-TEEARE. BTRENBEABE RE KR
] 22 [B] A E 2 AT AL O R A 9 R 100407, R Ot o IO i 1 % 8 A
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