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Abstract: Data center is not only an important IT infrastructure, but also a key support for enterprise Internet application. However, the
resource utilization of data center is pretty low (only 10%~20%), which leads to a large amount of waste of resources, brings a huge extra
operation and maintenance cost, and becomes a key problem restricting enterprises to improve the computing efficiency. By colocating
online services and offline tasks, colocation can effectively improve the resource utilization rate of data center, which has become a
research hotspot in academia and industry. This paper analyzes the characteristics of online services and offline tasks, and discusses the
technical challenges faced by the performance interference between services and jobs. This paper summarizes the key technologies from
the aspects of performance interference model, job scheduling, resource isolation and dynamic resource allocation, and discusses the
application and effect of colocation systems in the industry with four typical colocation system. At the end of this paper, the future
research direction is presented.
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Fig.1 Static software defect prediction research framework using defect-proneness as prediction target
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Fig.2 Research framework
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Table 3 Comparisons of hybrid job scheduling algorithms
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Fig.4 Taxonomy of dynamic resource management algorithms
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Table 4 Comparisons of resource dynamic allocation algorithm
x4 BB SRCH

MEAL M rERe i 4 ) B U5

o e

A TR TR ek oPU R R % mAN W CPUBE B
Heracles'"”) R/ SE RN ot Latency v v O] v x v v v
PARTIES!" B g Latency v ¥ x x x v v v
cpr’”? iR e T3k fot CPI v ox x x x x x M
PerfIso!™ TS T4 A _ v x x x x v x x
DeepDivel™ My fITH T48  #d% PMC x  ox x x x x x x
BubbleFlux!**! Wi T _ IPC v x x x x x x x
Ginseng!”™! T T4 RE LML Latency X x x x x x x v
Twigl® B T4 pas Latency v x x x x x v x
AGILE"” R MMl Latency X x x x v x x %

SCHR[13]3&H T Heracles, FEA% /0o SRR b N7 b 428 1) 22 A2 52 1) B8 080, 0 22 A VT 8 38 AT B A 45 g o 0 I
1) 4 F N 3ok 48 52 0 . Heracles i /| CGroups $2 i) CPU Set & 5 CPU %% ¥, {f FH Intel ZbBE 2R $2 (1) CAT
FOAR SLIGEAT B AR 5, W A7 55 00 T30 A 88 4 B, DU Jod £ FH o . CPU C A3 77 2K ] 42 42 361 P A7
ifr 96 Heracles i DVFS B)A& A CPU IS ATHIR, W 45417 96 WA H] Linux R G 4E1 traffic control HEAT/E
b7 B8 BRI Heracles SREL T 4 J2 45440, T2 42 1 2% K T SLO M 7 Bl gt 728 1) 25 28 1 Mt 75 T AR K JiC 2 95 9
2 2% AR A LA (10 % A P 2 1 00 B U D 1 b ) B O AL S 50 v Heracles $& 7 T LS (¥ 98 U5 R 2, AR
LELAENL I PERE PR T 20%~30%, {EAT19RH 99%I7] tail latency i A& SLO 3K Heracles [ Jaj KR P 76 T4 4N 15 55
LU S —ANTE 2R AR MV R 22 A B 2 A I PR VR 738, T A [ — 3 B AS ) 7 28 4 b 2 1] 4 15 8 Ut

AR 48 A H b 1R 06 8 80 25 43 T B2 B8R mT A /b sl 3 30 B Ve Tl (0 o e T4 E & B TR O
2 e AL R PE fi L4852 SIS A 6 [0 02 8, v ot 1 4 G T B A1) o 4 A I 2 T T 32 1) DR I T 5
N G T AT T4k 10 1 % 5 50 25 20 B B2, 3K 2R S AR A NIz A7 B RR 8 11 b 14 1 e A A e 3 33k 7 A
O PR 5 543 B 33K b 7 92 R FAAE T T e KA b 5 A M (0 7 i 0 Gt A et 22 4 T 8 AN T 5 50 o B £ %
PSR S AT B AR DG T AR AT

SCHR[10]32 H QoS & AN ¥ 5 45 BEAE S PARTIES, 3 FF 2 ANE £R A b R 22 A 58 25 11 Ml YR 38, 76 1 Ml J2 A7 1
RSN IHARAE FT A 7R 2 VBN ) QoS.PARTIES B AP KK %R (1) vHAE %I, fL45:CPU. LLC. CPU 4 Z;(2)
ARG, A2 ) o AL 58 AE AR VA AT i Bt th PARITES $5# 22 W 12 41 b (1335 sk i 2 I 1) R, K 5 408 FH 785
SRR AR E 2 A P12 19 0 sl ek 2> 0 5, 15 20395 2 A (19 QoS.7E PARTIES [F45 B T VR sl R AH LG
Heracles #2711 61%, ) FL1T LA RF 5L £US AT 5E 2 1RSSR ILRBRMEAE T:(1) Fh T 3L vR B Bl (0 1
IR TR R 5 I Al 4, T 6 2 X R R0 TR A S, L el B 0 G N A4S — N s SR R () T AR 2%
SR RT,EAAT 2 IREE b MV 3E i L A7 28 A, JE VR I RT.

SCHR[3514% Y 3 T S i Lo 1 %8 U545 3 38 BubbleFlux, 7E/F W Ig 4T I 5 42 W 4 /R (6 TPC AR 35 78 2 /5 k.



3112 Journal of Software 53 Vol.31, No.10, October 2020

IPC FK/NENZSELEL AR RIS 26 4E ) CPU I ] L], LA 2] LC 1k QoS Fi#& 44 ¥t Y 1) H 2 dpt K AL 1K)
FI ). SE 3 45 52 25 9, BubbleFlux 45 I T (1% V5 A T % L Bubble Upl"4271 T 2.2 f%.1H /&, BubbleFlux {{ A4 H
CPU Y5, JG2: Ak 30 I Ath 98 951 1) 08 5 5%

SCHR[74]42 H T Perflso %% B AR 45 Perflso & B T W S8 B U5 LAYy T#8:CPU Ffi 4 1/O. 78 CPU M3h%&
SrlcHh,Perflso i {45 28 48 f 5 S A7 0 2% DR (K% LU AR B A0 28 4l 1) 58 K e AE TGS 1/0 IR B 5 L Perflso K
FH K SR % /2 4l ] Defict-weighted round-robin 5575 2l 25 3840 56 20, 12 FVE IR SE AR JBARUE W 4 /0 il £ I VE LA
SO AL S P R 8 Bing 8R4 RS ARV HEAT T R, 76 Perflso [T EE R CPU {ii I K fr 2 42 71 3
47%2E A7 AHJEZ T VE R BRYEAE T A8 FHBR B CPU RN BY %5 0 7 vk 2 1 R 4 T K A2 7E 5 IRDIR A (9 CPU,
BETT PR T CPU A H 2 1 L BR.

B A SR A0 2% T I R R AR TN DR R A A% S N T BRI B A 4 E SV SCHR [ 76148 FH a4k & 5] 5323 )
AL E) CPU FLAUFN CPU B 55 Ak 5 3] A IATE T T0 5 N b il e J ), B0 2 AR B 115 Fi 72 1) reward
PR B ) A S A T SRS, 45 TR BE AT 28 I 29 e K IR &% ) R ) LR BRPEAE T:(1) SR E R I 2R T4 5(2)
PR Y 285 11 B Bt S B VE A B A (3) A BRI Action 25 [a) i LA 4 57 2% 22 48 1) = TF LR 5%

3 Rl

HE TR H 24 F) T FRARA Jb o Pt 1) TCO(total cost of ownership,EVk%ﬁﬁﬁﬂi),)\‘mﬁﬁsﬂﬁﬁ
PO R A R TR I A 25 4 VR AR T A B R G o Tl SRy 1) T 55 AU B 41 J5 T, Google (6 FLAE T 45 2
RY: Borg W E SR T R MBI B2k VLS Py T LG A T B RE L W TR B R A VR A R A B R A
A TS R R TR T AR I () B SR TS TR A 4 AR R GG S AT X L A AT

X 5 5N EE T Google(Borg)« Fil HL (Fuxi&Sigma). /¥ (Matrix). FETH(YARD) KA 55 45 9k 5 Vb 5 72
R < FOR A A JF R A O IR AT LUE B

FEVERE T PR TT 1,4 > 28 G0 S48 249 A K A B8 T ORI I Y 7 DRI S5 B AR SN O 3 0 — IR )
PR Bk 4 AN 2R G SN Y BEAT T RS 38 384T T ¥ 8 (R A A MV R 9 e A b, Ay T 6 A L g 2 s 4 1)
PERE TP T vH FIF A . AR TR BB T PR E Borg 12 FF SCRS b I A48 B (H AR Ml W 3 24 555
SCHET Z2 A PERE TP (AT ST, I SCHR[14,35].

Table 5 Comparisons of co-location systems
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