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Abstract  The scale of Modern Internet Data Centers (IDCs) is increasing with the growth of

application service demand, but the low resources utilization has gradually become a constraint
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factor for the further development of cloud computing, which leads to higher operating costs and
power consumption. To improve resources utilization in the data center, cloud service providers
co-locate online services and offline batch jobs in the same production cluster. However, co-located
deployment increases the complexity of data center management system and challenges the ability
of data center system scheduling and workload distribution. Mutual interference, including
performance degradation, resource allocation, between online services and offline batch jobs
becomes the key concern in workload co-located clusters. To improve IDCs resource utilization
with QoS (Quality of Service) guaranteed for online services, it is necessary to coordinate the two
different type of workload scheduling and resource allocation more efficiently. Therefore, analysis of
workload characteristics, resources utilization, container performance, etc. is crucial to design a
better collaboration mechanism between online service and offline batch jobs. This paper, from
the perspective of resource utilization, statistically analyzes the newly co-located cluster trace
released by Alibaba, which contains various information of 4034 machines for 8 days. And we
describe the resources allocation strategy of offline batch jobs and online services and the interaction
between them. To better understand the workload characteristics in co-located cluster, machines
are classified according to different workload, and resources usage of each type of machine is
analyzed in detail. Finally, we explored the impact of the co-locating of offline batch jobs on the
performance of online services, as well as some existing problems, by counting three performance
indicators of container CPI, MPKI, and memory bandwidth. Through the analysis of Alibaba
cluster trace, we found the following: (1) The CPU cores of 43. 271 % machines in the cluster are
“over reserved” by containers, while the memory is not “over reserved”; (2) There are “standby
nodes” in the cluster to ensure that tasks can be transferred to “standby nodes” to continue execution
in time in case of cluster failure; (3) Latency sensitive online services have low CPU utilization
and high memory demands, while offline batch jobs have high CPU utilization. Online services
and offline jobs occupy complementary resources; (4) Co-located deployments significantly
improve CPU utilization, while memory might be the primary factor limiting cluster performance;
(5) Imbalance phenomenon of container distribution is still existing in the Alibaba co-located
cluster, which may cause degradation of fault tolerance and workload balancing; (6) The co-located
deployment of offline jobs resulted in a decrease in memory utilization of the container and the
scheduler lacks some robustness when the demand for online service resources surged; (7) How to
deploy offline jobs is closely related to the current performance of the container, especially the
container CPI indicator that can reflect the system delay, significantly related to the deployment
of offline jobs. We studied cluster workload characteristics, resource utilization and mutual
interference, which are helpful for researchers to analyze and optimize cluster scheduling and

workloads distribution, so as to improve the resource utilization of IDCs.

Keywords  co-located cluster; resource utilization; workload characterization; online services;

batch jobs; scheduling; quality of service; data center

I 5 IO R A 1) B 28 g . L, 7 P b 3 o g 3

2 1A MR 55 i A3 FR S A HLASE DA T i/ 97 2801 0 19 77

X251 B i 5 A S i T e, N 7E =3
UTAEAR S R R AN A = TR BT T B SE A AN Y A K e AR R AR B T

T3 BEE A BEE AL 2 X T 20 IR iR R A% 2 S5 PR B R A I 1 ) AL

JFEIM R Mo 2 358 R 55 5 il S50t 114 i 55 45 2 A T SR A B mT DLRT B0 R P2, — SR S I

T

1 5]



6 B W AR A R T AR A BT IR 23 B 1105

TR TE LR 55 s — FLR S5 97 15t sl 3 B B 5l K 8 S 3K
PP S AN T B B A 2 1 B R A o DAV R 5%
KA K 0 s ) — R B LA AL FRAE L B AR B
THFE R S {H 2 X6 JE B A 6 AN 0%, AT LA 22—
B AP T BsF ] ) 90 3

YT — AT Z A RO SR 2 A AR LR 55 5 B
LA AL FRAE L 19 22 S0 8 — TR A 38 B O SCRTR
TR TER] — A~ 2k 7= AL T v 3l o By o8 — 35 ) B OR
WS o B v B DRI 232 SR T S BT S TR A A Ak
B 55 LR IR 55 14 5 U5 23 T YR 350 K 14 ) B 5k
TR B 52 2% BE . Gn AT v 8 i 9 P A £ 285 7E PR HIE QoS
(Quality of Service, IR 45 i &) i FL Al |12 & %W IR
FI AR T 2 B 55 52 A48 7R T T I 17 e At

H I 3200 09 R AR 2= ik 55 S I iy BB OT 46 1 IR
FRALH 223, IFRAF T — s W St L
E U 7 VR P 4R T v U ) X6 1 L R U 3 e g Y
TELR 07 2 m 0e  TEY 1 0 TR BB PL ) AR 52 PR A 7 A B
RGPS G Oy TP e IR AL L 3R
TR B R R Bl HL B L F 2018 SRR AFF Tl AR —1r
HTIR TR AR B AY B R B 4E (Cluster-Trace-v2018,
Ja SCHRAR D CT18) BB W 40k 5 2 AR L ik
AL CTI8 ik T 8 KEF AN 4034 HHLEF1IE 1T
15 00 » FLAT B T TS 1A

AR IR R TR A A A 1 U A I O 38 4 K
CT18 BT AR & K s 00 70 A 1 B AT 55 S AE 4K
AT 45 % 0 U B4 I O LA T 3 B A B S T B AR
AN R AF A7 B4 4R (B) B 5 M T IR 4 (AT 55 3T % U
SR T SE PR BB K BN [ Ay 42 1 R 32 SR
R T R AR S8 FE B A A ESE T LA
Gy LG VAT B SR BT ML 1 98 R %
UL IR T 2 AT A0 AR TE I 3 . TR L AR 48 7
ARV HLAR 7025 AR W S AR IR ARG B0 T iz
A1 DU » 35 H TR 750 4 A0 A 0 T 4% S A TR vk 4 A 9T R
s I RSCR R ME R T 53 4b il i PR 24T 55 FBg £k
1T 55 VR BB IS Z 18] A AH B 52 ), & B B8 2R AT 55 B TR 3
SEEE AR AR T A R B HL S A 2R 55 B R
o SRV I A B A D — 1R A I R L
LAT S A IH A WP & 2 17, [ B a3 i 7 B 4 AE
55 RICEE BB WAL T Ah B R B AT
TEA MR A SCHE R 38 K BB AT 55 R 5 4
ar AT PERE B AH G, U H 2 A Ay CPL A5 45, 51T
Egt EEE R TR P

ARSCE 2 WA AP B E R A CMS (Cluster

Management System,EREE B R 5 4885 CT18
B 4 b BRI A DG A T H 5 25 3 71 45 R B
PR ARFAE 5B TT 7 LG 43 5 5 4 1 A T AN TR 26
AL g B B 47 B A T AR AIE 5 56 5 TR DT TE AT 55
F B ERAT: 55 Z 18] 4 AH EL B2 M) 5 26 6 739 J2 A OC AR 5 5
T ARG AR SO AR ISR R R OR W5 S R

B B L 2015 4R JT 4R TR SR AL AE I 3L, OF 2 4R
& TR A AR AR Y LG ) AR i B R A R L R
A8 CMS 3 A W7 52 36 DL IS I 58 8 ™ 5F (19 66 ]
S AT R 4 BT L ELIR AR CMS B9 4 2R A
JEE AU CT18 Bl £ N4 . G Se it — L o0 i
BETE S
2.1 MEBBRSE CMS

B B2 R CMS 1 Sigma #1 Fuxi ] B #%
I 1] 8 B A e R B ZRAT 55

(1) Sigma ¥ F #5 H SigmaMaster,SigmaAgent
Fil PouchContainer =>4 1441 i

SigmaMaster: 2 £ H¥ H ) BEAL 1Y 25 4 38 & i
A 9 U5 BE 4y e AR TE P Ak

SigmaAgent: 5 5P L 217 —4> SigmaAgent
PERE . 1] SigmaMaster 4t & ¥ B ALK AE B . LK
PRUEIZ T 7E P 3L b ) 25 4% 1 M RE.

PouchContainer ;38 17 A [ 28 B i 7E £k Ik 55

(2) Fuxi 8 F 283806 = MZEH , i FuxiMaster,
FuxiAgent Fil ApplicationMaster 2 fi%.

FuxiMaster: W& £ B F & ) B9 PR A8 A5
S PRFHCZN - U B T A AR S R O A

FuxiAgent: & & YL #1217 — 1 FuxiAgent
HAE, FE T ] FuxiMaster it 5 P FALIR S B
A R A B B 0 TR AT

ApplicationMaster: 3 75 AN [7) #1235 =5 Cn
MapReduce, Spark 8§ # Storm %).

TES M55 i T A i Jo 3 A I U AT 55 T
BIRAT 55 E R TR A T A i R A EL A AE AN
BB AT 55 AEZRAT: 55 18 SR I AE I, B kAT 55
R B R R O R A k3 B X A AT 55 AN TR
AR 3K FETR PR ARG E N T ol BE R AT AL B B — &
YL EREA Sigma I A4 XA Fuxi 9B 4% A
& BB, Sigma 4 2 1 5 3 Pouch %5 4% 12
TTTEL M55 Fuxi P4 fe )8 sh g R RAE 55 5



1106 it <A

e i 2020 4

o & Y IAL bAY as A BT IR DU B 4R v ) B L Y
JEF =8, Level 0 4F Jy 5 il 2% U3 4 Sigma I Fuxi
R 8 A B U 0 IC R) R BT L O YR CMIS i 42
FEIE 1 iR,

Machine

**********

Batc‘h Jobs

Online Service

BT BT R CMS 224y

NRUEFE LRSS 1) QoS — Fiviy UL ) J i & N
TELR MR 55 TUBH 78 2 19 % U, Sigma 1 BE 4% 70 1 25 4
AR A 0 B MAE 52 BRis A7 PR FE LR R 95 K
43 B[R] TG 125 78 43 R FH T 43 BE B 8 I IE Fuxi 8 2 %
F T2 i o 25 TR 0 9059 8 g e A Ak AR . T 2
25 i DTS AR T R L U B AR AR R A B ORAE IR
TEIBAT I B AT 55 Wi Bl 9% R 25 25 e 5 1 DA A2
TEZ R 55 QoS.

TELL MR 55 A B AT 55 IR & F 0 & . AR 2 BOR
PR TE— R R BE b 23 52 W A5 2R IR 55 1) wie) iz B (1]
JIT AR G o] YR B TR S L ) [e) A i — 2P
it
2.2 BREHEEMSR

Fif BLELELF 2017 AR R0 2018 4FFHEE & AT T IR
2B IR B A dE & cluster-trace-v2017 Fi cluster-
trace-v2018. A [m] FFf HL B B 2017 4 23 A i TR &6
SRR 5, CT18 iy L A% 76 BC B b 3 AR 2 W] 4
0. B E AL I A AH R CPU U (96 £ F1 N A7
7tk (PR B L P 1 7 T R 8 o 8 IR b S IR A
BRAE AT T IH —fb 4 B . 38 3 K Br B B 7
2017 4FE 5 2018 4F & A (4 R R KA 4 i A7 X T (A
KD ERAELZAWRAR: (D BFEWHILLEN
CPU BBk A T84k s (2) NAF 28 & il JROR Y R
INAS—7 Sy e 4 — B

X1 200 E5208EAFHHTECD RS &ER

ERER R A S5 B B RO 3T EE
PYEITE S lasfiid CPURLE(EBS) AR EES)
cluster-trace-v2017 1313 64 57.5%~100%
cluster-trace-v2018 4034 96 100%

AR LL & B . (D) cluster-trace-v2017 Fil cluster-
trace-v2018 ¥dli R4 A A [FHLIK P HAHLLS 5 (2) ¥
FRAIL A By 68 1 BT A A A8 Ak, S B R pL g I B
H S5 4 B A Sy () A BT EEL B LT 4 AT 55 0 R
BEUR 3 Ty FE VT RE A A AR AL B LA i — AL BESE Y
DAL

o T DAL 2 35 AR 55 4 4t g AR 20K 52 B
A 7 AR TR B B A N A Dl B A 2 R A
8. AT 2012 4E 0 A T LS B R i 12500 K
&5 29 KA 54 I e B 4E (clusterdata-2011-2) , H
K I H Rk A S5 S B R DR R AR TR BB B T2
Borg fE MR TR S8 7 2017 45, W A A0 T
BRI Azure =°F- & 1 200 277 G UMLK X
— I AR 5 B RO 4R . AH LU AR IR Borg 46 R
EH ARG RN cell 1 [a] 2 244 & BALRE, b
L OV S A SR FHOBLIE B i W )y O oA AR
BEAERBEA AL B — & X ). HA 3 A %L
P 4R T AT A JE T RE TG 125 B e X4 i AR R A LR
ORI R Y WM TR /N IR €7 S s V)
PLE T 25 B R BEIR G 7E 278 B UR K.

AR SCHR O T At 5 A B R OO . 0K
CT18 v 5% P AH 5C i B4 I B gl ) 2 L JF A58 2
J&R. CT18 [l iR 2 A HLa 75 & AL AL BEAE AL
Horh B IR £ 248 CPU AT 2% A i 10 256 1F
BEUR.

F 2 CI18 EFFEHEXBIER

Fehs B A 004 FR B X
bi . cpu_num HLAS Y CPU #%.0 %L
machine_meta.csv
- mem_size HLAS A7 25 B

cpu_util_percent  HLESHY CPU {ifi F &
mem_util_percent HL2% AN TR &R
machine_usage.csv mem_gps NS
- net_in WO 8
net_out R 1B A B

BAEES 10
#asit R CPU
ZER A H CPU [
25 A R AR 2

* 5 machine_usage 3038 W 25 01, AS 55 IR
plan_cpu 1% CPU #.0 %%
RIS B

disk_io_percent

cpu_request
container_meta.csv cpu_limit

mem_size

comainer_usage. csv

batch_task.csv
plan_mem

cpu_avg ;:quzﬂj CPU fﬁ)ﬂ%

batch_instance.csv chu-maz BRI CPU i i
- mem_avg Q—:fﬁﬂzﬂj Wﬁfﬁ)ﬂ%
mem_max S e KN AT

FER 2 PR T SR i A e 1R R R
T 3 LR IS 5T B 8 B 1 S e e AE [



6 B W AR A R T AR A BT IR 23 B 1107

— NS b 3 S R AR T A% KA I R T o s
ABA A A A TR B S WJW#LJ:?THT
BEUR G P 0 0 s T 7R R AP I LT AN TR R
U E] R BEAFTE R R 22 e
AN AETR TR CMS i, 25 25 5 4k Ak PR A M %R 1

6B B2 RN, HAEASEHNE T EA
(deploy group) , [a] — A~ & 41 F 09 25 2% 48k [/ —
AR MR 55 48 446 S R i 6 4k b BRAE M, T A AR
“job-task-instance”J& 2\ 1) = 2 4444, — R Gob)

2OAE—MMES (task) s T —MES T, 200 F
— 5L (instance) , {1 & 2 frs.

/ Job \

Task 1

instance 1 Task 2

instance 2

Ku

2 A FRAE L 14 “job-task-instance” |2 ¥ 42 H4)

FE T cluster-trace-v2017,CT18 fEHL 28 ¥
S B TR R 1 — U8 FR 1 DAG
(Directed Acyclic Graph, 5 [/ T KD Mgk 5] A
FAAZRIRAT 55 Z M AR s 25 0 e B 2 R LR
i Sk R AT 55 0 AR5 1 AR W AT 55 58 UG A g

8

10

7

10"
10°4
10"

i

=104

®10*]

\Fj 5
10°4
10'4
10°4
- T T T T T T T T T T T T

1
0 o1 2 3 4 5 6 7 8 9 10 11
(E5 HRIIICPUR L

(a) CPURJRETIT

AT AR B R R B 98 N B AT AE 9 S A
I8 P AT 55 [ AR OGS B T8 43 e 502 86 1) 5%

FE J T 5 o FRATTRE W 5 AR 4R IR 55 S AL
FRAE Y B4 9% 43 e AL X T B2 S B B IR 3 R e A
AR

3 RIEWIT

ARTX CT18 v gs LR AT: 55 FIAE LR 25 A X BT 5 13
VAT T geit ot JF IR T BT EIT R R
3.1 BESHEEMIT

batch_task & F B plan_cpu. plan_mem F£
TRIZAT S5 N BEANSEB ) CPU/ N AE 58 UR 19 1 R 75 5k
I L AT BT 55 1 CPU/ A7 B8 IR BUIT 1
BLEATGETT gl S 0L 3, A bR A AN AT 45 3T R
CPU .0 sl N A7 0 0 A8 Bk O A 55 18 2
O TR B EWE L FRATUAK S 1y IX ] 23R
HAT 5 A B iR 2508 B A A JF X JR)L ]
e 3Ca) H, THRIFET 0. 05 A A AT 55 9 )% 1l 3
HAELOL D XA E Ry I s i RIT 5 A% AT 55
IR PRGAELS, 6) KH AL . 18] 3 (h) A7
T DL AAE IR J7 05 () P45 — 2L

ML 3Ca) v, AT AT LA A 45 11 &) CPU #
BRI o 4 T AE AR X R]. (b) v i A7 BT 15
L5 () iy CPU A% 8O L . 23 A1 4 b 7 SR Y X
[T % ¢ 5= B I O VAR 2 Fl
X [a] () EAEL9.10) |, (b)Y RAE[13,15) |, kg
Ut AT 55 T A S A TR BE IR T R R
1), H CPU B IR 3R F T B AR T N A7 B K.

8

10

1077 —

" H Hﬂﬂﬂﬂ il

0 2 10 12 14 16 18
11%1[%”&)33%%17(? srtt

(b) WAFBIETIT

B3 ARSI BT IRGE T A ST IRE A 22 AT A5 T 210 B8 9 A BBl G SR AR 5



1108 it <A

Hl

Y,
&

i 2020 4F

CT18 H [al — AT 45 F B 92 1 2 A A1 [ 3 &1
YE R L BT LA AE SR R LA AR 2R R
Sk, it it 20 90 % M AT 5 h o A 1 52 4
BOR /N T % F 10 1. 78 3% B0 90 2B s
IR A0 R B 9 TR R 43 B . T RE T AS 2 KO 3
TN J3E 1 O 2% M HL R R R S IR 43 TG R I ORS Af
A

10° 4

0246 81012141618202224 2628303234
AR PUE MCPURZ L
(a) CPURJETIT

3.2 EZEZHEWIT

R R, AR IE 3R container_meta X} &5 %5 1
BIRBOTHE OE T g it 20 #r - LUAH ] i 3R 5 O =UAF
4 A B A AR TLT RN B0 - A A B Sk 25 A K
i G EAAT S I BUT S TELAT 55 IR HT 1Y
IR AT P AEAR X W) 5 AN ] B, A e X CPU A0 Bt
TG D, HA 7 #fiiT CPU 2L B L.

10° 3

L —

10" 3

1035
o]
2104
SO

1

10" 4

N WH
10"

0 2 4 6 8 1012 14 16 18 20 22 24 26
HaTUENAFE I

(b) WABHETNT

Bl 4 AR IR BT O

T A S fENL & B FFELs T/, AR 25 2%
() DR TT A% O 2R & B W AL L — 20 R SE AL
ar BRI A AR W R D0, LI 5L B AR AR O L
Pl FBEIRBE TG &0 A b Bl B A1 E
A B LA R CPU LB 96, WAL R 5 (a) i) &
W—FR Pl BT Ry CPU #.0BUE i 1 Ly
) BRAZ OB FRATTFRZ A “ 1T (Over Reserved)”.
i BRI RE TR CPU OB B 1T L 25 %L
BIRFIHL A AR 43.271% (1733/4005). AT
FEEC B 5 Ch) HpLas A B BT i 00 . k B —

1

10

10" 4

110" 5

=10'4

Il

107 A
HLBE Ml 2 88 T A CPUAZ O 3L
(a) CPUBEHTIT

FEARESTE 100 20 B2, BENAF I R A T4
34 .CTI8 iy #1178l 4 5 Liu % AP 1E cluster-
trace-v2017 Hr JT 4 3R (19 15 47 A S A8 Lio (9 3C &
o BLAR A YA SRR B T AR B A AT IS
TR FIT i CPU A% B I A 8 1k AL 2% b Ay 4 1
BB 80X — B4 0 R AT fE & CPU 35k
IR JEHREE RS TR =W, NF
AL g A B BE R 250 X 9 A W R BT ok
R AT E P, i CPU B IR A 4 &, % CPU
BEUR LT B T IR R R

L 1]

0 10 20 30 40 50 60 70 80 90 100
MBS 25 2 TE AT B o Ll
(b) WABIETILT

5 G RIEGCA SR PUT R O



6 B W AR A R T AR A BT IR 23 B 1109

SBARIAIE 5 I BE AL A 2R T — R A2 E L (H
TR AMIRAEAE. T — R B Y B
R A T YRR R B A BRI 1L — B LA R
B A A RO R 2, 4R R BT IR R AR (A2
“REITT 2 RN BE L A AERE L 2 — B HLE LA AR AR AR
Ik 21 A 52 B B R SRR A T LA ) B Y
TS B I AE LR 55 1 QoS R K. FAT IS A Jim £k
BN AR R E AT R AR A S B R S R AT 0 A

4 RIFEEM

AT B R AR As AT IR A N OO i AT S0t
GY AT FE S LR AL Ak BE A Y 32 17 I A R AE R 5 K
AR B & HLE b S 081 98 32 0 H500T VR 308 4 1 v 1Y
BLER HEAT 43 25 R AR 3% 8 RN A 28 ML A% 1 CPU AN
PN BT A P 8 22 1 AR T TR U 5% B AT 55 B AR
FRAE. AT G AR AL 88 0 B /R 51817 5 &
WOLE oy o R TE LA 55 Ris 1T B & AT 55 . )
W32 17 78 28 85 £R AT 55 R A 38 AT AT il 4T 55 4 2%, 9F
XFRERHLAS 1 CPU L A R 2 1O F R 25 1O % U4
AT 53 Hr
4.1 BEHMLBEELESITHOFERR

B R A A AR M 0 R B R AR T 1R E At
SR B S A 6 bl K B LA R
S A5 BE B OB I HE Y . AR T CT8
JIT A AL 2 52 S A R B R B 4 A

(EARTE R KB 6 #- A7 R R AT & B
Gy A MR TE— 2 0 N B A Bk s ot 455 A
PRBSCH o A Al S 061 8 B TR O LA AT W 28 4 2L 3R
iR T RBOZA LR R, W3R 3.

&3 RE\ELGHHERENNSFHRITEE

25 A 167 0 0
%5 B 16 6 26400
He 5] C 76 57778 87323
5 D 3775 140461 493865

it WA R 3 AT LA K B AN [ S 0] Y B s 2
A B B 5 K 1) B CRID T — 4> 2 551 B L 4% 4%
52 PR BRI BB 5 05 — A 2R 5 3 R B
TR ZEBA R AL 6 A B B A X
1) Hh 22

T A 7 TR AR AL b ) S 4 98 38 U R BRAY AN
AR FA TR B3R 2607 T ALAR i CPU

5
LA
=
X
=3 3 X 10’
kS, :
g
i 2 2r
=
= 1r
,[,-Kl ‘ ‘
0 100168 300 400 500
0 1000 2000 3000 4034
LA

Bl 6 Scfl 7E 2 di i FRAIL & LAY R B2k B A

A7 98 VR R AE ST B A HEATHR 5T, LI 7 (fff %
IS 25 R A TR A 00 I 3 8 0 4% 1o XA 36
B 23 B 8 A bR Sy BsF TR 3B SRSy s o B T X[ A
[0.691200]. £/R% 1 KELH 8 K.

WS 7, 0] LR LR B E S 2 Ry #a —
A rp T O Lo e 22 A O S R 2. AT
VRS 8 B OIS RES Y L &
B 1 R XS 8 B e SR B R B £ W B FRATTAN
REARMLE b RO R — B HL g & L CPU
WA ALl & WA 8. &5 A - 7 FnlE 8, 3KAT
A LLE AR B CPU 55 oy 47 %8 I 8 F IS 0
B Y 22 5

o A Bl i CPU il HT 34w A% {5 2 5 3L LA
K F A B By o oA A e P R 00 5 e s AT A
WA ZEHLAR B AT 1 748 F 8RR 55 FE AT
2616 B4y B[] o Xt CPU %8 5 1 714 #E 5% 2 . A 2
Xt N A B 5 T RE B K. O HL L R R AT S5 6 B dE o
T e B — o SR Y T XA e T
AL FEARIAE CPU [ R . X — B8 HL#% 58
3Rk TR 2R L A B AR L 8 E L BT LA F CPU
A T A PR IEAE 2R IR S5 TE W (E I AR TH AR 4
R 55 o 1=

J0 B M5 C AL CPU 1P 7 i F 4
AR AEZR 5] B ML, CPU 5 Py £7 il F 2R 8 i
A AR AE B 5 2 KA T I . 7E28050 C i pLas
B 6 KL L T2 56,58 7 R K &l sg s ik, A
B8 RIFMGMEHRELIRA T LR AR 8
HR BN AL B A C HLERFERT 7 K il 4 ik
F 0. FEfc )G — Kl 26 0 4R TE. FRATT A T, SRR
FEAETR T HLARAE D “ 2 I 27 TE R RS A7 1B W 1%
B A F 25 PRAR S PR T B 14 S 491 3 3 TR B



1110 it 23 2% 17 2020 4
167 100 100
157

. so\\
D\ I=)
3 604¢
% 50E =
= = =
=) 40
Ay
250 =
20
0 700 000 0 0 700 000
IR TR I K
() KRIA
16 ] 100 16 j | 100
I 0
| 75\: 75 S
. 1 - | - o
% | o % il 50 o
= I e = 1 %
o]
1N Ms =
< 5
2 rn i ﬂ 2
| 0
0 \ 700 000 0 ‘ 700000
B VR B K
(b) ZHIB
76 ; 100 76 100
i R . 75
40 N NS
% ! 505 i 50E
= i = = ﬁ
! 25 © 25%
0 N— 700 000 0 700 OOO
)[R o [Tk
(c) ZKHIC
37757 100 3775 100
75 %
x x
= 202 02
lang
2 £
25~ 25
0 N ‘ 700 000 0 700 00()O
I ) 38K sy Tk
(d) ZHID

7 AR S B S A5 2R LA Y CPU 5 A (T 1

PRAETE b Hh B B i AN BE 4K 22 A i1y o L i AT
55 RENG 5 75 21 45 FI A 507 Ak 21 T AT . b 4 iz 55 Jo

YR R B R S Y T SR

Fh D ALE T B R 93. 580 LA, %K
Bl 19 BT JEAE PR AR QR 1 1R IS R A0 o AL AL 45 1) %

PR3 - CPU fiff 1 32 52 81 T2 49 AR O Jl 300 14
ARAR o YA (0 P 30 0 e 2 O o e Al B3OIR 5. 251 D
Pl CPU 5 A7 R B A BLC e i
> ELAL e 2000 o TG TS 8 R A5 80 L o T LA DAy YR
HETHEUA B2 M A0 AL ) B S B AR A



6 B W AR A R T AR A BT IR 23 B 1111

(ZHA) m_2763

S0
*g; (FEHIB) m_2369
100 0
2 T—Ccpru
50— T
) P

(FHC) m_3907

100 v

TESE 4 L RATX 4034 G HLES 4 18 4T 1E 55
K3 RIBITE &AL 55 - R s AT 8 & AT 55 . [F] i
BITAELR 5 8 & AT 5 MR s TR0 4F 45 X P 2,
geit T AR A . H R E e s
TELAMB LISl RERmL. b EHD
95.612%.

R4 NBETELES . BLESBERALH

BLEE 2 ok /% i i
2# 1(M_Container) 148 3.669  HIE{I{ELRAT 4
% # 2(M_Batch) 10 0.248  HiB{IBLITL5%5
2 3(M_CB) 3857 95.612  EfTIELRFBLILS
2K 4(M_Idle) 19 0.471  ANBATAEMAE S

0 100 000 200000 300000 400 000 500 000 600 000 700 000
CEHID) m_744

PE 8 AR AR S0 R B U B O 2 Y A5 e ML
i REBIY CPU 5 9 476 A
4.2 HBRFEEARIT
b /NIRRT R A AL B AL A I
JE AT AT TR ST KB P A 167 BHLA A iz
Fres et ab PR . TRt — 2P i T HLAS Bisdy
TELAT 55 FIES AL 55 O 16 L.

FERR R 19 3% machine_usage Hid 5k T4 B 1L
o ARV 20 R i BT BRI R AT TR 4
4 JEHLAS B9 BT IR TG O, dr T ER 20 AL A% 8 K
[F] B P9 B A SIS T DL % O 1 RO 8 K I (]
P IL i 9 BT PR A OO FRATDRE B 5 20 b X TR] P Y
BRI FH R O B 2R 5 A1 T 9 (BRI o] A 0 19
JREE ). WAL FATIE STt T 4 F & RIHL A4 1) B%
PR RGO - S5 R 3K 5 P,

RS MERBTETELX/BLESSILNIMABNIHNF ARSI

5/ % TR/ %
CPU WAE Wi 10 net_in net_out CPU  WTE ##% 10 net_in net_out
A4 1(M_Container) 4.66~18.17 72.83~97.0 1.28~5.49 18.25~31.55 15.34~29.63 7.51 81.48 1.97 21.55 18.38

2 2(M_Batch)
2W 3(M_CB)
21 4(M_Idle)

1.91~77.6 19.77~95.65 0.43~33.1

0.02~1. 41 3.27~9.16  0.01~2.42

1.99~39.12 0.01~26.56 26.68 77.36 4.92 29.10 19.81
16.97~81.42 78.07~95.09 3.62~27.15 35.45~48.54 28.03~38.57 39.28 88.56 7.98 41.92 33.19
0.01~0.08

0.01~0.1 0.89 6.57 0.16 0.05  0.06

9 FRRE AR AR Sy N ) K CHSE ] (X ] €0, 691 200,
BTN s) s GhAR B Ol 45 2 R BIL R 16 SF 2 8 IR 4
L, TR (b, (o) (D4R CPUL NI 7
10, M4 10 By FI T2 Bk 7 B o BiIE T 4 F
FERIHL A 1 75 054 il 4% . 1 F machine_usage
Fe it 2k B ) 876 141 160, 160 370 X [A] P 9 i
5365 BT LS 2 e I] B 25 2 B 1 IR R R R

B 0.
4.2.1 CPU FIH %

WL 9 () itz CPU Fi] T 2645 B0 . AT A K«
(D BRT M_Idle #L#% CR B AT AR ] 45 55 1 AL 1
CPU FI R B4 WL AR SN L 55 Sh = Fh BB A%
() CPU | % 5 80 B 8 19 DL K S 8 B 1 O 3 s
(2) M_Batch( Iz 17 B &AL 55 1L &%) F1 M_CB (]
W IZ T 7E 28 M B AR AT 55 B HLAR) 19 CPU A & 12
TEAH G, HoAH O R %0h 0. 877,17 M_Container (G5 47
TELRAT 55 ML E8) Fl M_CB HLES iy CPU FI| ] R 52

55 TR G, HAH G R ECh —0. 095.

TELR R 55 1 e e 7 A R B IS R AT 55 T
e S A RS UR , B SRR E L PR B
HBITHELRIT SR CPU MR 5 HiB 1782k
5 HLER 1) CPU Fi| 28 I 06 2 45 JF 1. i LAAE AS
HIMTELRAE S ERE B O T s BT 5 SR L AT
FARTAE [ — G HLas . ol U m LA 0 B ik CPU
FIH 2.

MG 5 o LA K B, Hs 47 38R AT 55 i HL s H
CPU F| F 2 1 48 fk 785 Bl tb H I8 47 78 kAT 55 1 DL A%
KiGZ . H HIs 17 8 44T 5 i HL#% 1) 7 3 CPU A
FH B85 OB TR SR AT 55 M HILAS 3 & BT LAFRATT 4
B AESXF CPU 7 SR T8 K, CPU FI| F 2 32 B 4%
55 5% A8 A 4K L 1 5 M_Batch #2885 M_CB #lL
#a i) CPU F) F 6 52 5 A OGP, A6 B B [ 1 V3 4
B CPU R FH 3242 fh v, 88 28 4T 55 19 52 W AH A 7E
AT H T



1112 it " . 2% i 2020 4
100
101 50
0+ ‘ : ‘ ‘ 0L ‘ ‘ ‘ ‘
150000 300000 450000 600 000 0 150000 300000 450000 600 000
FRIEN (RIBITIELAT ) HARCPURIH 2 FIN (HIBITIELATRS ) WA AR 2R
100 W
50 501
té 150000 300000 450000 600 000 N 0 150000 300000 450000 600 000
= HI2( RIBIT B LRAT SO HARCPURI I 2 % HH2 (LI ITELRATS ) WLAs AFFIH 2
E flen
O z e T At
50 1 50
04 ‘ ‘ ‘ ‘ 0L ‘ ‘ ‘ ‘
150000 300000 450000 600 000 0 150000 300000 450000 600 000
RIS (RN IBTIERAES AT 45 ) HLasCPUR F % I3 (AR IS AT RN ES ZRAT-55 ) ML AR FH 2
1,
5,
04 : ‘ ‘ ‘ oL : ‘ ‘ ‘
150000 300000 450000 600 000 0 150000 300000 450000 600 000
RAUCRIBITTSH HLACPUFIH % FIACARIBITAESS ) WA AR 2
(a) CPUFIH % (b) WAFRI %
5.01
201
2.5 —— net_in
——— net_out
0 ‘ ‘ ‘ ‘ 01, ‘ ‘ ‘ .
150000 300000 450000 600 000 0 150 000 300000 450 000 600 000
FIN(RIBITIELRAT S ) WL LS R 2R FIRIBITIELRAT S ) WLER I 45 TOF FH 2R
40+
201
x 20-
.-
= 150000 300000 450 000 600 000 = 0 150000 300000 450 000 600 000
= A2 (HIBAT B ERAT 55 ) DL L AL R % S 2 (BT RAT S ) HLA 45 TOF) I %
2] SN
:‘)QE{ 207 g 40,
107 20 —— net_in
— net_out
0 ‘ ‘ ‘ ‘ 0, ‘ ‘ ‘ -
150000 300000 450000 600 000 0 150 000 300000 450000 600 000
I3 (RN IEATAE LA S AT 55 ) HLAS A R i 26 A3 (R IEATAE LR AN B AT 55 ) HLAS M 45 TOFI I 22
0.101
2,
L
14 0.057 | T
| A . — =
150000 300000 450000 600 000 0 150000 300000 450000 600 000
RIIACRIBITATE ) W2 HERE R I 2R FHINCABAITATSS ) WL 4 TOFI I 22
(¢) B IOF % (d) MLIOF =
9 MMI|ETBITHEL/ BTSN 4 FhERIPLES 8 K P i ¥ V5 I 2 Bl i 1] 28 Ak 15 10
4.2.2 WHFHR Al L& B H B 17 78 R AT 55 B HL 2% A0 0 4 A A

WLEEIEL 9 () B /s A ARG B0 AR B R 2R 45 e i 9700 3K o (I Ji) B8 A
5 CPU M SRAH S 4 Bl BUBLAR A A7 AR AT [141160,160370 JIX [a] o B4 ik 2% i S 4K 52 ) i
BoA BB 1 Wk s M_Container LAz 9N A7 [AE7E[160380,160530 | A m_2178 — G Hldr A
A A AAEAR N AR L 1T M_Batch HLE B NAFFIAT g5k B G HLAS 09 A A7 R T B0s - 3 B0 A %
AT RE H T A FEATE 55 09 A ) i AR AL UK A BLGR , Bir 25 bR i il BB O B S R 2 38 17 78 RAT 55



6 B W AR A R T AR A BT IR 23 B 1113

HLES B PO AE A8 P B A AR 50 ) JEL PO A7 ) L 356 A0 3
b 72.83% ~85.27% . b HE 1T B R AT 55 ML 4 A8
(19, 77% ~95. 65 %) B /NfE £, H M_Container
HLAS B2 A7 F Rl 81. 48 % . . M_Batch #l
BRI $5 AEFIF 2E (77,036 %) 5. U8 B AE 2R AT 55 %
A 9 75 5K B B 2T 55 e HL AR S A 0 A
JIT LA N A7 7T RE 2 B 1 7 26 4T 55 1k B 110 = 22 s I

P FAT T A, 7E BT B R IR 5 KR A
Java B2JF , i {TiX 2 Java FR)P TR E B 3h 2
[y Java EAIHL(JVMD. JVM (5 F] T — 26y 7 m] B fif
T A R R 114 235 TR PN A7 4 [ i FL 224> TVML ) iz
I IR A BT — 2 B AR T A AL E
BT B 25 o N A S SLAIL A I 1 A A Il i 9 A R
X AT BB S BT L R AR AR T A IR TR )
JE PR BT DL R T B R AORS 4 Ak 1) P A7 A AL
N R 1 PR A7 35 05 v s 4 s TP ) U
4.2.3  RES 1O R

WLEE R 9 Co) i 4% TO FI F 218 B, 7] DL & R
1O 1 (5 G B0 52— 2 1 B, Bis 1T R AT
F5 ALER 5817 B Z- AT 55 I MILE8 1) A 30 528 4 A G
P BV 2R AT 55 w45 TO I FH 38 8 14 1) 46 85 26 AT 55
(4 RG 25 TO FI) 241K,

A 5 7T LRI ST T TR L AT 55 I L2 1)
8 10 ) B A X A HLAR A0 B /N L A X e TR
TE. A IUHLEE XS B 1O B9 F) R H A B AT AT
DA 2 i 45 1O R R S AS J2 5 e PR e Y 2 2R K.

4.2.4 M TO R H#
MBS 9 () W45 1O T 46 B, JR 2 3Rm 2

WA IR 288 K080 £, Cnet _inD) 5 R (8 36 78 % 2% 10 28 K038 4
(net_out), Al A K BLEA 1.,2.3 Ml &8 ) M 4% 10
FIFH 2R X A, H net_in WA R & T
net_out. A 15 1 & 19 /2, B & B[] 19 35 K W 2% 1O
FI I3 2 g 4G <, Hoh M_Container #L & 19 [ 45 10
I R 18 4 A 6 /0 L T M_Batch HL#§ 19 9 2% 10
NGRS BN H) R

MG 5, s 1T AT 55 W HLE A R is 1715
RAT 55 Y HL A% 19 M 2% 1O F- 29 F) I A0 22 8 KL 3
B AT 55 10 W 25 TO R R (9 98 [ AR XA R, HLAT
PLBH L% 3] H i 17 B R AT 55 B9 HL A% B 1A e
150000 s Z Hi B M 2% 10 F 28 sl bR . AL
1 1230005 (1. 42 KO Ze 45 HisdT B 4LAT 55 i HLas 1Y
W 2% 10 FI| 2R 5 SR REAR 5 X b F+ [0 U5 E %, Al fg
A T 3 B sF i) P A 2 2 I Ak BEA L B A2, 5 BN
2 10 W ah K.

MG 1R X 2% 2 BB A% 19 CPU . P AF | G £k AN

P 2 B DAL S B0 A9 23 o AT AR H 2598« S AR AU
MTELAT 55 19 CPU FI T S B2 AR 10 X% P9 A7 BT IR
e oK LUECH . T4 R R R AR A BT R LA
N TESAT 55 PR BE A AT 32 T . T LAfE s AT 7R 4 AT
5 WML 10 B LA 55 o AT S BRAE AR AT 55 AR
LA 5 I BT IR i LR 5 2 B 4R v BT R R T A AL
R BUAR S FELRAT 55 X P9 A7 L 55k, B LU AL B
P TELAT 55 RO PEBE . AT RE TG 2 52 it B 2 i N A7 T
BSARALTE P B, AR5 CPU RN A HIL2S 1 i 4%
1O H1 R 2 1O F) 3R R 21 26 00 390 2 1k al RUAS F 2%
JEALAE. W2k M_Container HL# i F- 23 B A
PR D AR TR 0 4R 1 (P R A7 2R IR 55 ) 1) BT 50
A M_CB L 147 29 58 I50R] 340 Sy 1R AR 4 2 14
BRI R AT 55 6.

Fo6 RGEERMBERSRBERTEMNAXRLER
CPU/% WNTE/ % W10/ % net_in/%  net_out/ %

JERIERE 7.51  81.48 .97 21.55 18. 38
TR 39.28  88.56 7.98  41.92 33.19
BEWRA AR -
A 423.04  8.69  305.08  94.52 80. 58
e e ’ ’

MFE 6 T LA B G R A LT 55 R B AT 55
TR A58 1 07 = B0 vh oo B8 R A8 5615 2] B g 4
Tt L H R CPU Fifg £ 10 9 93 U8 1 FH 245 31 $2 75
T 423.04% 1 305.08% . B 2% 10 32 E T AH Y &
(R B2 R 2 T AR TR B TR IR A R, K
PR T 8. 6900 IXWALTE T P9 A7 9% U5 2 R il £E 7 %
RERY —PHZERE.

5 RBEB#m

AR K AR TR T SR W S it J L AR 2T 55 T B £k
55 Z 18] 9 RH B 0, 0 HG 2 B 2 Atk A B L /Y An
AMTELAL 55 QoS WY R M.

501 REEXERFEREAZM

TE b — 2 & B 1711 55 K ALK DL o
h R TELAE 55 - Ris 17T B &AL 55 L R s A7 1
LB KAT 55 A BATAL AT 55 10 28, W AL 4% E
AT AR 0] o O W2, BITR BB ML 2% B A e
(container_mixed) FIAE IR FRHLAF L 1Y 25 %% (container_
unmixed). Bl BB B & A5 A9 EX 4R 4 P 3% container _
usage o T W28 25 4 dz A7 I B A T A0 Pk pe s
fb. 3R 7 AEA R SEHE B R R 2
% container_usage ' cpi mem_gps.mpki 57 Bk
C SR AFTE R B2k



1114 12 S/ R S 2020 4
*x7 BB|EASKIT
ot CPU MR/ WAFFI R/ % CPI  Mem_GPS  MPKI  net_in/% net_out/% Rfi#k 10/%
Container_mixed 65945 10. 953 80. 307 1.616 0.119 1.075 0.215 0.215 9. 096
Container_unmixed 1831 10. 061 80.911 1.573 0. 707 1. 057 0.243 0.262 2. 380

AR FRATGE 1T 17 28 28 76 8 K [A] Py 1Y) % U4
i SO0, [ 10 g 25 4% CPU/ A7 5% IR A FH A% 0
B TaX 8 K o 1y 25 — K CHf ] X ] [0, 86 400 1)
RAHIBATIC S, I LA s5 st [] 8 7 16 76 [ 86 400,
691200 ]. Wl R FR TR AL &R A 725 4, SRk &R
RARTRE AL i 248 v DL R BRI A4 A A
() CPU Fi) F 2 AR TR 38 HL 2% P 10 45 48 35 —

40+

30

CPU

NNV

0100000 200000 300000 400000 500 000 600 000 700 000
N )7
(a) CPUR IR

T TR PR AL A o 225 i 19 A ) 38 T R TR AR AL 4 v
(2545 . TR RS XT3 K AN K, Sigma I B
s A an CPURBEAREZ SN (EHRAR
i 1026 CPU B L BT h B 2R AT 55 1 TR 38 X 75 74
() CPU F] 52wl A K. (B AE 48k 55 %0 9 A7 T FE R
KBRS MIRT —ERE LS TAESHNE

TR A A AR TR T B

100+

L

0 100 000 200 000 300 000 400 000 500 000 600 000 700 000
N )7
(b) WAFZEIRAE

P10 7 IR T 1% 20

(AT R A 2 o I AR FE [ 141 610, 154 630 Bt
IR HLE th 2 g CPU HN A7 B8 0 A ] A8 5 1
CPU FI A 1L 406 » A AF LT 1 288 - 1 ) 1R A L
fr A AR CPU M A A RIC 3 0. Rt T
P A R AR B R TR SR L A i B
(L AT BE H AL 4% B A A= 7= S B (EL R | AT L ]
I 2 LA 55 1A T 0 68 A 4R A O R G AR A B
SZ2% . P EUETE N HLE R AT 55 20 A Hh B A

7001
600-
5001

LEVI

ﬁ400

1300

2004

1004

0<

0 100000 200000 300000 400 000 500 000 600 000 700 000
i TR
(a) fE55E0E

A 11

S Ak B () P 4 A AT B B R AL S B H AR R
S ICHE AR X R T 78 9 ARl R AR AR
Y S5

N T RGTIX B I 1] A AR AT RE A SR S R AT
F5 IR AR Z B 5C 2 AL IR 11 A B AT 55 B[R]
TRE /R MU A i Ze. B 11 Ca) AT L& B AT 55 18
SRR TR LW H R AL A . B R AT 55 AR R
TAEH R B4R BIEE . RN TR LR 55

w e
S <)
n T

RS R

—_
f=]
!

0 100000 200000 300000 400 000 500 000 600 000 700 000
R TR
(b) 55K Ai

VLR AT 55 Bt I 18] 990 5%/ 9% W% Al il 26



6 B W AR A R T AR A BT IR 23 B 1115

oK HR B B AT 55 b, BRARGE DL 2 IR S
H A (FELR 45O % CPU . PN 77 45 9% R 75 R i 4
If Faxi 8] B2 4% W 2R 46— 72 10 5 % o 20 B 2 155
1155 By BB 5 . 2 A 06 BT R A 1 38 4 IE AE 2R AT
9T 55 URE I H 7 A B3 905 DA T A 26 ORI 7R
2 M 55 1Y BT A T AR (8] Be (141 610,154 630 14 L AT
55 W HR B R IR BCA B T &R 4 B GR AR AL 4
A A% IR = B0 far 8 D I A8 AE D O L HOA
11(b) A & H 78 0 B[R] AT 55 2k MO8 e A BT
HEn o U5 Y 2 A 1 S U R A R 1T 55 R
BRCE Y HG . ] D 2 TR AR AR A L I [ R L 2 R
BE T v A R B i a5 2D — 8 2 A R R L T
TE G0 BLIR] RIS B AR DAL 3. BRI 5k
W >4 i T A 4 T AT 55 BRI AL Ak 475 A — 2 1) el 3 2
(). e Xsf 33k A [R) AL, 77 S 0T 4 b Mp R Sigma A1 Fuxi
P BE g% TAF L Sigma P8 BE A4 52 I W 15 B A A 4% 7Y
BATIRAS Y B H ), i E A Level 0 J2 ) 38
1 Fuxi 5 BE g5 40 AH R %
5.2 AREMEATEHH

BT E A6 R FE 5 HTEL RS
BT Y T PR R L TE R S ARk S R 55 )
G800 BER B w  AS [F] 8 AE 2 ik 55 % 1 AN [R] FY
41 ¢H (Application Group) , £ ${ 3 % cluster-trace-
v2018 I Bt app_du INLLIX I3 i — A E LR 55
PIRBLEZ NS A — DN HP SR ZA
s LA SR TEZR IR 55 HIX 28 25 4% 20 A T A 6] 1Y
PrEipL . fE CT18 v, M4 9790 A BE A 4 4,
S A A IR Z N A 629 DA SR D)
HA 1A 7356, — A0 o 4 d5c 2 W0 & AE
444 EW LA b ESRRE AR RN 23 41 TP Y 2 AR
Gy AT FAS A Py ERAL b, AT BE 23 ok B A% i L R
SRR R TT A L EX B AT 50 Sy T LS BL A
R BOE AN TEL R 55 AT W] I A — &
FREE EARUE 160 2304, DA T sk A 1 B R SE L 30
T RGN

S % A PE CAnti- Affinity) 7] DL T 4 i[5 — 4~
I JH 3 AT 5 s 1) B TR B — > i R R
IR 55+ 23 Tl — > 0 T 40 2 1Y 25 4 43 BCFE AN ()
R ) BRI b LA B i A S S IR 55 56 4 i 0t L[] A
o SOGERPEARE T IR 45 W IE A7 1 T — 55 &
O 25 e 23 22 PR R T SR AR ) Y B2 UL 25 2R X T )

TR A A R B L U A T 4 1O 58 )
FEJLAGBAR. O T RAL RORAE L BATE LT —D 2
XTI SRR

n,
anti_affinity = ,
n

container

Horp,n,, J&— & W BEAL 882 09 N BB neonine
R — G YL A Bk

SR TG BT B L T VR B AR ZRAT 55 1 SR AN
PG B0 KA 2 AR A ) 4005 S LR B9 I E A4
gL rh ezl T CDF B (B 12), i LLK B, S8
(] — R FH 4 21 25 e B 2 SR FVEATS A AR R ) 42 7
73 [H). AEAN T8 R B A R e i BRARIE L L B B LA
(4 B FAME N S 1o RS2 7 S BRe g 0 T . 90 20 B BL 2%
SR APEAE 0. 57 LA .99 % ML I 7E 0.9 LR, i
&R 43 AH ) 02 0 21 W A 48 IR 58 200 T
ANFE R FRAL b X AE — TR B R AR T 7R R 55
A RE ) 00 3 S Ak

1.0

0.8

0.6

CDF

0.4+

0.2

0 0.2 04 0.6
SRR

& 12 BERELE R Rk CDF &

[, FATWR ST T IR S AL a8 AR IR A AL 45
B A g oL, R RE b B LB T 71476 4%
AR LA A 69645 AL AR TR FRALAS R
H 1831 4.

13 Ca) F (b)) 43 53 Sy 16 ¥ AL 4 0 IR TR A AL 4%
WA g o A DL (2 R PL a8 13 B A A B0 4
P GREPLESE TP R EILASE AR E N 36 1
DO 1A R 18,057 A, Jr 2208 7. 171, Tk
RGBS LT E R R EZ R 32 1~ DR
248 12,371 AN, 0525k 5. 731, Al KL kTR
SRR A AR 0 A AR A . BB AR AL T 2
i 0 AT SIS 33 AT B A 2504 B BT IR 4 T AN
-1



1116 it <A

e i 2020 4

O_
0 500 1000 1500 2000 2500 3000 3500 4000
HLE

(a) IRFIHLEE N A

0 20 40 60 8 100 120 140
HLEk

(b) ARREBHLES T 2280 A

K13 AR oA

NI FATGE I TR AL Y CPU B 5 Al
B0 18 14 iR ARHL AR B 8 KN 2 CPU Bt L fi
SO 5 . R As bR o Bl 8 KAF- ¥ CPU Al A
YA AR NP2 CPU TR X)L g k. AT
PLR BB 2 WL A% 9 CPU 8 4l 3 78 40% /2
i BRI A, LA S I D 0. 969. HZA A
—ik Al CPU AR AR AIR. X L e e 1T 5 Ry 4
HES R A A2 .

1+=39.926, 6=5.6119

3004

0 20 40 60 80 100
CPUFIZ

14 HLdy CPU B R 7 Aii

5.3 REpExEEMEeERm

TR IR TG B R AT 55 X A5 AR PR R B R
RG34 7 & 2% f CP1, Mem_GPS #il MPKI
EVERETE bR Y A2 Ak . 3R 8 AR AR MR REFE AR O i iR th
F 3% container_usage H1 X = > F B 1910 % 17 16 Gkt
Je B S RO Cln MPKT (98 5 % . 11 MPKI

® 8 AHMREERAR

i ik
CPI 345 A WP B # (Cycles Per Instructions, CPI)
Mem_GPS PAEA 98, [0, 100 JIH — L 4k 21
MPKI BT 548 2 G A7 A fir vh 8 (Cache Miss Per Kilo

Instructions, MPKD

B 1736 102) o T LAFRATTHE Ge 11 B B 25 BR T 3%
LIRS

HETRATIE TR AL FAR R AL T 45 4
() CPI,Mem_GPS F1 MPKI {645 1k, & 15 K
P LL AR T 15 A g 2R 3RR B R TR AL A% th 2
ar Y PERE S AL B AR I 25 a5 B 4R AT 55 A =y B
Bl » LR FR AR R B LS h A g i Mg 28 1k
R 3R 43 75 # By {4 BRLAL 2% . B A8 B 6 7R N i)
[E#. #1 T CPI,Mem_GPS,MPKI = B £f 7£ it 2% |
ST LA A B 3 B DA 553 010,691 200 ], A AL b5 Ok 5
ARG TR S A A 8 A i M. S Ah
iy £ BB T ST Ah B DL G 1 R B 45 F A B S ]
A,

CPIEN R G — A EEA W PERE 4 br . HT DL FRoR
F G0 Ry 5 ) e i B AL, CPT (B R 5 . =R B R
i FE B . T LA B 15 Ca) & B AR TR B AL 25 v
Faw CPTAEH RRE - R A 5 1Y & 45 19 CPT i 3) 248
AR S BIE FB J5 25 4 1Y 22 GE I 48 A2 AR R, IX ] /g
U ;AR AE 2R 55 B 7 B [ A A8 A5 S R
. R G AER 15 (o) F I, AR IR I AL 2%
1945 2% MPKI 28 fb 383 H MPKI B AH X 48 /0N 1
TR AR B v i 25 g% MPKT R 3h 80K B IR A TR &
BILAS o 25 45 AT R i v 5678 5 o 0K 38 0 R e A
DA R FE T 2 1) R GE BT

M AE & 15(h) i TR FRHL 4% H 45 28 19 Mem_GPS
WY S AT IR TR AR AL 4% A 45 2. 7E B R 620 000
BiF 3T, TR AR AL A5 v 25 2 1 N A7 S A BB I AR L 45
A B 11O AF: 55 22 W 43 A o 75 B[R] 600 000 Z Hif AT
55 O WO QR B T AT B AT S IR G R &
500 B AT R AR TR AL A% b 2 A8 i MR RE L Sl TR
PR —E WM E T E—/N



6 WA A - R R AR R BT IR 3 M 1117

560000 580000 600000 620000 640000 660000 680000
I

(a) CPI

560000 580000 600000 620000 640000 660000 630000
I R

(b) Mem_GPS

1.1754

1.1507

1.1254

1.1004

MPKI

1.0751
10501 |

1.0257

1.000+

560000 580000 600000 620000 640000 660000 680000

I
(c) MPKI

Bl 15 R ESAIAR AL T 4 A% PE B L

Bl 10(b) 75 25 N A7 R F 8 R B TR )5 25 48 W A7
FIHRT R R LAT 540 5 TR IR, mAE L
— P HEWRT N AR R R R R RE R AR,
TR R JG 25 2% B A1 98 28T B AT BRSO LRI
55 B RE A 2 B RS2 .l B LIRS B LR AT
55 R FAEL R S5 1Y IR 55 o 2 52 ) 50K, 36t J 2 4 1Y
IBATARBEATR RE 3 I H FT BT 5L 2 TR ¥ 4 1 o 7 2
fiff LR 1 ) R 22— A X 33K A () R Y P A A e 1 9
i ] DL iR A I s PN AE R/ DR 22 0 I A8 25 2 7
JE AR A 03 AN 6] S 9 L e s AT TE 2 Mk 5%
AT R A /INFT R 8 I S 25 PR R I 5 o 5 S &
T 45 TR 3K » AR IE7E £ Il 55 1) QoS.

TR EBHL &8 A 25 1 CP1, Mem_GPS F1 MPKI
PEREFE AR I B AL JE 1 T B AT 55 IR & 3 & 3 3K
(93 0 T 3 — B R GEAE AT 55 R0 B AT 55 22 [a) anf]
FHESZ L FRATo AT TIREBHL A8 h B R AE 55388 5
2548 CP1,Mem_GPS #l MPKI 2 [d] i % % . &l 16
RIS E N AR

Kl 16 (a) ~ (o) ZE I YA R Ry 45 48 b P B8 A7

MY R A B LRAT: 55 3 B, B IR K 8 5 2
TR EBALAS 28 48 45 16 b B I 1) 425 1k iy 28, 7ROk 8
28 R B R AT 55308 2B 00 Tt e ) A £k iy 2k L B R 5
2 Mg 2o AR X AU G il 2. & 16 (d) AT 55 3
BRCR 5 A4 CPLLGPS,MPKI #l & ih £k, i it &
TAE 55 3B 58 S i 5 4 2% CPLL GPS, MPKI 1 4 %
B H RS ESE S CPL M X E RS F N
—0. 499, M{F % %% 5 GPS,MPKI 141 3¢ & 43 51
S —0.200 F1 0. 160. Ffi Wy 5 5 ) 35 5 AR 908 25 9% 10
T PE R E B LR AT 5 RS L B A B AT SR g
e EF s R 23 1 T 6 % 2 i T TE W BRI S kAT
55 B B L T R AT 55 (30 8 R A R T4
BIPATIEfE. LA 2560 CPL 4545 M 1. 24 CPI &
LT B R, R G A5 A% BT A7 1 BR R A R
Uk A o I 55 7 I SE 9 /) I o Y S 9 R g 0 ) T
BIRAT S5 IR IR BN A A8 s A7 W BEAL I DR o
TR I 2565 17 Bt 2 50 28 1 ST 45 5 I AS W 384 o, 2%
PR G AEFE UG - FF (CPI 36k, BL i i B 22 77 1
REL i B9 26 AT 553 B o, DA DRI 25 28 7K 38010 78 26 IR 55



1118 it <A

2020 4

——CPI AR R it 2R

209 —— CPU A HiLh — — (E55 M AR & 26 | 800

CPI

560000 580000 600000 6201%0&640‘000 660000 680000
o T

|
(a) CPI
1.200 900
— MPKI ARG IE Mg
Ll MK — — eSS A i g
11501 | 700
| F600
11257 | ‘
= t500
£1.1001 fé
= 400 (&
10751
£300
=04 K L
1.050 . N 200
1.0251 * ‘ L 100
1000 ————— : : : : :
560000 580000 600 000 620 000 640 000 660000 680 000
IS A%
(¢) MPKI

K16 AR5 % 5 A APk AED

QoS. BELAT 55 T & Huit 5 7 4% CPT Ry AH Gk, 3R
BB AT 55 AR B AR KR 132 28 s CPI 52, mf
DK 754 CPLAE A Sigma o B 48 A1 Fuxi )8 &
an TELR IR 55 F B 2R AT 55 10 H AR A,

IR 75 A PR RE AR R S BT E B LA 5.
AE 20 25 4 8% 1 AT 55 R0 AR AT 55 TR T L ] L HL X A
23 T B AT 55 A W g B D 5 B M AR AR
Ui TEZR IR 55 QoS s A M AN RE ¢ £ Bt , Tt 125 DR IE iR
55 FR R I o T L3t — o AR R T U e Y
RGETHH. DG LWL 5 E LA 51
TR b B8] 2 22 i B L 2 Y 50 0 AR T I 1) — > R 2 ]
RO T 3 Ao B R PT R TG 125 AR B A TR 2 A A
REPR Y 0], H AT A3 0 29 0 B R T 2 AR A
FERART TR AR SR S R B R s L R
5 b S0 R B8 SR 5 Bl T A e B T R A R R
RIS SO AT+ 232 o & By VA AT <1 IUN
AR I, 22 81 B2 48 1 P 9 g SR 1 BT R U T
PE. HLaR 2 2] BOR 2 i e BT S e e i) — Iy

0.30 900

—GPS

— GPS#l £ ik 1800
e ARSI AR 2

— — (ESBERENA L

560000 580000 600000 620000 640000 660000 680 000
I K

(b) GPS
1.0 . CPIL5 2k
' s — — - GPSHl & 2% g
-------- MPK T2 il 2 /
O Sl 5 1 (e b
0.8 // \ N et
ﬂg0.6<
=
|
o
0.21
0<

560000 580000 600000 620000 640000 660000 680000
i I
(d) 1155 #8 5CP1. GPS. MPK U4 it 2k

A HH A

5 AR HERA R B S0 T DU i R LB A
8 VI 25 2 0 AR AL 15 £ S 56 o DA T S 7 5 Ay e A8 ) 9
JEE S

6 MHXIE

HOHE o0 S F P B AR R R BRI Y 2 A R
55 o AHJ 25 B0 O AT SR A7 78 B2 U5 R R 41K L A8
PR A ) . B N A AR 22 5 N A G R T T
HISEBF5E TAE. Chen % AV Al Chong 48 A M RE
FE (14 1 B 43 A A S 2R R AE L D8 B 3R R AE X T 42
5 B0HE 0 BE R R R BRAIRRERE B OCTE L JRAR
R LU 9 UR A . Mazumdar 28 AN A
G- b oA 5040 o TR ) T AR AT sk A
RGUGTUR L REAR AR IS LA, T LA AT ) B AR
B IURRRE TR Z R G T O e B s iR
[l if 8] RUBE b 19 CPU N A | 9 2% 55 B2 IR 0E 47 23
AR i B U8 08 . Jiang S AWML Qiu BB



6 B W AR A R T AR A BT IR 23 B 1119

A BEFE T RE P55 % A BE o ok M 0 B R fe
DU o XA [A] A B 3808 B AT 1 3R o S 48t RH L 1) A
55 VA JBE SR o LA AT A4 o B AR A v W R4 )
R Xu AV T PR ) i UL R S
AV /I8 IR 55 45 1 BB 52 ) R REAE T 8. Y1 S AN R
AR P i SR A R VR SRAT RO AR = IR g E
BB iy PR . 2 e 55 5 43 s e DR Tk FH 7 B 4 0 ARl
TR 1L 52 U 1] 2 Fi PAT 58 B9, ) R T i A 4 it
25 TP A B BT 4 e Vol B e L DB v SRR R
PR, Z IR BIE = 55 b L RS R 2 R i
/N HAs 47 B ) R AT 55 3 IR TR R D B IR %5
P (4L TR T kA L 1 R U TG 3 BT R 2
Yi S AR T AL S ML K 2 AR R
M ZA/IMESS s = s it DL T Ui it =
JI 55 B¢ 5L [l — /N 2H op (AT 55 AT 52 0 b 4k 5 20 vh B
U A3 e B U R

SR, T2 R E R, & IR R IR AR A4
SERET Y H R B A A6 R, Google T 2012 4R 24
TE T 0 A R O B O T B R T
12500 RS 48 29 R H HEHE. F 25K A
SRR SRR AR AR L 6 R AR AR R A B AR AE L A R AL
il 25 B AL S5 AH OC O 1] HEAT T IR AR ST U T —
SE MW FE BRY BT HLE EF 2017 AR IR A T
5 1313 B AL TR AR R HE 24 /D ik iy H &8s
VFZ 2B R TF T 05T, Lu % A5 % 5o 4
S i T N I EN G G = e 161 o RN
I3 SR AR IR SR AN A A 22 A O T ST i
TR N TR Hy T3 0 A b B AN S48 1 AR K 5 o) £
TR, Tiang % N5 BRGTZEE 56 2 SRR
i Xof 2R W AT: 55 0 S 481 15 A7 4 A F AR 4l CPUL A
FF B B G R P 1 DORF TR 2R IR 55 23 i 25 > 2801,
Chen 8 A\ X6 2 04 48 Fr AF 42 BUZE BRR AF /) 3
IR AR AL 15 B0 S0 2R IE AT 2028 R B A At Ak B
YEL -2 CPU ) F 6 52 Ui 43 A o &8 3k 5024 1)
PLas a7 1 At ab BEAE L . HAE b 435 22 ik [R) 5 4
BEVRAE AL s X T AL 2B, 5% I A 8k WA
HEZ 1A 6 BIELAL S TEM— 6Pl Lizf7. Liu
S NPV 9 (plasticity) 138 PR Celasticity) P~
FRAE IR AT 5T B £k S 491 1) P 225 5 TOTT(H R fdE i
BEVR LA SRR B PR A T R O B A DA ORAIE T
R 55 Pk BE. Deng 25 A", Cheng % AP Sun
Zie \ES o BT BB B fY cluster-trace-v2017 3
LT T O

FEAS SC R FR AT B S ok BT L E YR R A 4
cluster-trace-v2018 #E47 #E & , I M 35 £ 4~ A [6] 11
BURFIE X B 2 AT 55 MV ML B U A7 43 28 R A [
BRI ML FE AL & B Y 20 A B H 30 I8 2 Y AH G
PE I3 A Z A5 Ry ¥ 5 433 FRAT TN B IR T 0T 49 10
TTRSE RIS B X SR BT A A BT " 4. IR
I AN TR 1 53 2 b o X B BE b i AL A AT 2 2L XS
[ 7 2 MLEs M S IR AT G0t R AR h A E - %
T AL R AR R AL L B R R AL A
AT 55 VR R AR A T R s R I R R Y T £
1155 19 CPU H| F 3 8K 107X A A7 98 95 A9 5 5K L

i B ERAT 55 1) CPU I 2B 18 AN 52 W 7E 28
155 PERE AU HT 52 T o 7T LUK FEZRAT: 55 i AT 55 1R
R EN A — S AL b DLIS S48 w9 IR 2R A RUR.
G FRAT AT TAELAT 55 5 B &AL 55 Z A BT
P E IR SE T OB L AT 55 XA AR 1k R A R L
BT R GE A AR B ), 4R TR A Ak
L.

AL FEMGE T DA A B LAt A FEAE L
BT IRA R MERE BT REFIERE R A Bl
o =R B NP IRRA B SO R I I A
B I 2Z 8] 8 R S R SR PR 58 B R AT 55 MR ZR AT 55 12 T
P AE FHANPERE AR BT 40 & B 1 H b i 1R A8 Ok
5] R, I 42t A A L

F FRFIRIPLRERMENG S A B AT

e Fe 3R

B O BRMTEZEAAEARABRE.THEE,
-4

<

& % x #

[1] Verma A, Pedrosa L., Korupolu M, et al. Large-scale cluster
management at Google with Borg//Proceedings of the 10th
European Conference on Computer Systems. Bordeaux, France,
2015, 1-17

[2] Hazelwood K, Bird S, Brooks D, et al. Applied machine
learning at Facebook: A datacenter infrastructure perspective
//Proceedings of the 2018 IEEE International Symposium on
High Performance Computer Architecture (HPCA). Vienna,
Austria, 2018 620-629

[3] Torgulescu C, Azimi R, Kwon Y, et al. Perfiso: Performance



1120

it "

i 2020 4F

[4]

(5]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

isolation for commercial latency-sensitive services//Proceedings
of the 2018 USENIX Annual Technical Conference. Boston,
USA, 2018 519-532

Tian H, Zheng Y, Wang W. Characterizing and synthesizing
task dependencies of data-parallel jobs in alibaba cloud//
Proceedings of the ACM Symposium on Cloud Computing.
Santa Cruz, USA, 2019. 139-151

Liu Q. Yu Z. The elasticity and plasticity in semi-containerized
co-locating cloud workload: A view from Alibaba trace//
Proceedings of the ACM Symposium on Cloud Computing.
Carlsbad, USA, 2018, 347-360

Guo J, Chang Z. Wang S, et al. Who limits the resource
efficiency of my datacenter: An analysis of Alibaba datacenter
traces/ /Proceedings of the International Symposium on Quality
of Service. Phoenix, USA, 2019. 1-10

Xu F, Liu F, Jin H. Heterogeneity and interference-aware
virtual machine provisioning for predictable performance in
the cloud. IEEE Transactions on Computers, 2015, 65(8):
2470-2483

Xu F, Liu F, Jin H, et al. Managing performance overhead
of virtual machines in cloud computing: A survey, state of
the art, and future directions. Proceedings of the IEEE,
2013, 102(1). 11-31

Li F, Hu B. Deep]S: Job scheduling based on deep reinforcement
learning in cloud data center//Proceedings of the 2019 4th
International Conference on Big Data and Computing.
Guangzhou, China, 2019: 48-53

Chen T, Wang X, Giannakis G B. Cooling-aware energy and
workload management in data centers via stochastic optimization.
IEEE Journal of Selected Topics in Signal Processing, 2015,
10(2): 402-415

Chong F T, Heck M J R, Ranganathan P, et al. Data center
energy elficiency: Improving energy efficiency in data centers
beyond technology scaling. IEEE Design & Test, 2013,
31(1): 93-104

Mazumdar S, Kumar A S. Statistical analysis of a data centre
resource usage patterns; A case study//Proceedings of the
International Conference on Computing and Communication
Systems. Shillong, India, 2018. 767-779

Jiang C, Wang Y, Ou D, et al. Energy efficiency comparison
of hypervisors. Sustainable Computing: Informatics and
Systems, 2019, 22 311-321

Jiang C, Fan T, Qiu Y, et al. Interdomain I/O optimization
in virtualized sensor networks. Sensors, 2018, 18(12): 4395
Qiu Y. Jiang C, Wang Y, et al. Energy aware virtual
machine scheduling in data centers. Energies, 2019, 12(4) . 646
Xu F, Liu F, Liu L, et al. iAware: Making live migration of
IEEE

virtual machines interference-aware in the cloud.

Transactions on Computers, 2013, 63(12): 3012-3025

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Yi X, Liu F, LiZ, et al. Flexible instance; Meeting deadlines
of delay tolerant jobs in the cloud with dynamic pricing//
Proceedings of the 2016 IEEE 36th International Conference
on Distributed Computing Systems (ICDCS). Nara, Japan,
2016 415-424

Yi X, Liu F, Niu D, et al. Cocoa: Dynamic container-based
group buying strategies for cloud computing. ACM Transactions
on Modeling and Performance Evaluation of Computing
Systems, 2017, 2(2). 1-31

Reiss C, Wilkes J, Hellerstein J L. Google cluster-usage
traces: Format-+schema. Google Inc. , White Paper, 2011
1-14

Jassas M, Mahmoud Q H. Failure analysis and characterization
of scheduling jobs in Google cluster trace//Proceedings of the
IECON 2018-44th Annual Conference of the IEEE Industrial
Electronics Society. Washington, USA, 2018: 3102-3107
Reiss C, Tumanov A, Ganger G R, et al. Heterogeneity and
dynamicity of clouds at scale: Google trace analysis//
Proceedings of the 3rd ACM Symposium on Cloud Computing.
San Jose, USA, 2012: 1-13

Reiss C, Tumanov A, Ganger G R, et al. Towards under-
scale: Google trace

standing heterogeneous clouds at

analysis. Intel Science and Technology Center for Cloud
Computing, Tech. Rep, 2012, 84

Di S, Cappello F. GloudSim: Google trace based cloud
simulator with virtual machines. Software: Practice and
Experience, 2015, 45(11): 1571-1590

Alam M, Shakil K A, Sethi S. Analysis and clustering of
workload in Google cluster trace based on resource usage//
Proceedings of the 2016 IEEE International Conference on
Computational Science and Engineering (CSE) and IEEE
International Conference on Embedded and Ubiquitous
Computing (EUC) and 15th International Symposium on
Distributed Computing and Applications for Business
Engineering (DCABES). Paris, France, 2016. 740-747
Rasheduzzaman M, Islam M A, Islam T, et al. Task shape
classification and workload characterization of Google cluster
trace//Proceedings of the 2014 TEEE International Advance
Computing Conference (IACC). Gurgaon, India, 2014 893-
898

Amvrosiadis G, Park ] W, Ganger G R, et al. On the diversity
of cluster workloads and its impact on research results//
Proceedings of the 2018 USENIX Annual Technical Conference.
Boston, USA., 2018. 533-546

Alnooh A H A, Abdullah D B. Investigation and analysis of
Google cluster usage traces: Facts and real-time issues//
Proceedings of the 2018 International Conference on Engineering
Technology and Their Applications (IICETA). Al-Najaf,

Iraq, 2018: 60-65



6 FWi AR IR A T IR 4 M 1121

[28] Islam T, Manivannan D. Predicting application failure in
cloud: A machine learning approach//Proceedings of the
2017 1IEEE International Conference on Cognitive Computing
(ICCC). Honolulu, USA, 2017: 24-31

[29] Han R, Zong Z, Zhang F, et al. CloudMix: Generating diverse
and reducible workloads for cloud systems//Proceedings of the
2017 TEEE 10th International Conference on Cloud Computing
(CLOUD). Honolulu, USA, 2017 496-503

[30] Xu C, Wang K, Guo M. Intelligent resource management in
blockchain-based cloud datacenters. IEEE Cloud Computing,
2017, 4(6): 50-59

[31] Dabbagh M, Hamdaoui B, Guizani M, et al. An energy-efficient
VM prediction and migration framework for overcommitted
clouds. IEEE Transactions on Cloud Computing, 2016,
6(4): 955-966

[32] LuC, YeK, XuG, etal. Imbalance in the cloud: An analysis
on alibaba cluster trace//Proceedings of the 2017 IEEE
International Conference on Big Data (Big Data). Boston,
USA., 2017, 2884-2892

[33] Jiang C, Han G, Lin J, et al. Characteristics of co-allocated

online services and batch jobs in Internet data centers: A case

GE Zhe-Feng, M. S. His research
interests include cloud computing and

data analysis.

WANG Ji-Wei, M.S. His research interests include
cloud computing and data analysis.

JIANG Cong-Feng., Ph. D. His research interests include
cloud computing, system optimization and performance

evaluation.

ZHANG Ji-Lin, Ph.D. His research interests include

Background

Modern Internet Data Centers ( IDCs) provide the
convenience of various computing service in our daily life.
And the scale of IDCs is increasing with the growth of
application service demand, but high energy consumption and
electric cost have become a tough problem to cloud service
providers because of low resources utilization, which hampers
the further development of cloud computing. To handle such
inefficiencies and improve the resources utilization in IDCs, a

worked strategy has been applied that cloud service providers

study from alibaba cloud. IEEE Access, 2019, 7: 22495-22508

[34] Chen W, Ye K, Wang Y, et al. How does the workload look
like in production cloud? Analysis and clustering of workloads
on Alibaba cluster trace//Proceedings of the 2018 IEEE 24th
International Conference on Parallel and Distributed Systems
(ICPADS). Singapore, 2018: 102-109

[35] Deng L, Ren Y L, Xu F, et al. Resource utilization analysis
of Alibaba cloud//Proceedings of the International Conference
on Intelligent Computing. Wuhan, China, 2018: 183-194

[36] Cheng Y, Anwar A, Duan X. Analyzing Alibaba’s co-located
datacenter workloads//Proceedings of the 2018 IEEE Inter-
national Conference on Big Data (Big Data). Seattle, USA,
2018: 292-297

[37] Cheng Y., Chai Z, Anwar A. Characterizing co-located
datacenter workloads: An Alibaba case study//Proceedings
of the 9th Asia-Pacific Workshop on Systems. Jeju Island,
South Korea, 2018 1-3

[38] Sun Q. Wu C, Li Z, et al. Colocation demand response:
Joint online mechanisms for individual utility and social
welfare maximization. IEEE Journal on Selected Areas in

Communications, 2016, 34(12); 3978-3992

high-performance computing and distributed system.

YU Jun, Ph. D. His research interests include machine
learning, multimedia analysis and image processing.

LIN Jiang-Bin, M. S. His research interests include
distributed storage systems, system benchmarking and reliability
optimization.

YAN Long-Chuan, M. S. His research interests include
data center energy efficiency optimization and system virtual-
ization.

REN Zu-Jie, Ph.D. His research interests include
distributed system and cloud computing.

WAN Jian, Ph. D. His research interests include cloud

computing and big data analytics.

co-locate the online services and offline batch jobs in the same
production cluster. However, co-located deployment increases
the complexity of online/offline tasks scheduling system,
which may cause an imbalance in the distribution of workload
and decrease the robustness of the whole cluster. Many works
have studied the co-located cluster through the published
Google cluster trace and Alibaba cluster trace etc. ,» and found
the problems and given the corresponding suggestions.

The Alibaba Cluster Trace Program helps the researchers,
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students and people who are interested in the field to get
better understanding of the characteristics of IDCs and the
workloads. From Alibaba perspective, the main purpose of
publishing the trace dataset is to explore the interaction
between online services and offline batch jobs in the co-located
cluster and get the feedback about how to adjust resource
allocation between online service and batch jobs to improve
throughput of batch jobs while maintain acceptable QoS,
which helps design a better collaboration mechanism between
online service scheduler (Sigma) and batch jobs scheduler
(Fuxi).

This paper, from the perspective of resource utilization.,
statistically analyzes the newly co-located cluster trace
released by Alibaba, which contains 4034 machines for
8 days. We gathered the statistics of cluster resources

utilization and found the resources utilization has been

improved after co-locating, especially the CPU utilization.
And we describe the resources allocation strategy of offline
batch jobs and online services and the interference between
offline batch tasks and online services. In the meantime,
some current problems about deployment and schedule
were revealed, and we analyzed the problems and present
recommendations. Our findings and insights raised in this
paper can help the industrial and academia communities better
understand the workload characteristics and scheduling
strategy in co-located IDCs.
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