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Abstract: As one of the most popular platforms in big data stream computing, Storm is suffering from the problem of high energy
consumption and low energy efficiency due to the lack of consideration for energy saving strategy in the design process. Without taking
the performance constraint of Storm into consideration, the traditional energy-efficient strategies may affect the real-time performance of

cluster. Aiming at this issue, models of the resource constraint, the optimal executor reallocation, and the data migration are set up, and
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the energy-efficient strategy based on executor reallocation and data migration in Storm (ERDM) is further proposed, while ERDM is
composed of resource constraint algorithm and data migration algorithm. The resource constraint algorithm estimates whether the cluster
is appropriate for data migration according to the utilization of CPU, memory, and network bandwidth in each work node. The data
migration algorithm designs optimal method to migrate data according to the resource constraint model and the optimal executor
reallocation model. Moreover, the ERDM allocates the executors so as to reduce communication cost between nodes. The ERDM is
evaluated by measuring the cluster performance as well as energy consumption efficiency in big data stream computing environment. The
experimental results show that the proposed strategy can reduce communication cost and energy consequence efficiently while the cluster
performance is improved compared with existing researches.

Key words: big data; stream computing; real-time; resource constraint; data migration; energy consumption
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Fig.2 Data processing and transmission in Storm cluster
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Fig.3 Allocation of data in executor
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Fig.4 Topology execution of critical path data transmission and processing
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I B ] A5 35 A2 P A I D ) B
ey 0,’1‘i”<rn?";

n
Vi, Ry

[ri) B AT A3 A2 9 2217 0 Ll 7 Js D), B

B’ B B
e+ Y o <rp.
Vr"iERN

T A AL 3 4% S, Fe VR 1Y s AN B RIS 215 B 1. O
23 RINKREENIEE

MRAEEE 2.1 555 2.2 WL R R T 7 BOARE A i A T e 5 S 3 558 S 4 1 8 AR R RE ) 7 BE A 2,
I BOBT I 4R $h A5, Db 3 ST S T A A TR AR

AR E S 3 AT AR AR A Y A S B R AR DR BT T I AR N I R AR R B e R S R
R L R P SIS, T AR A0 1 A AR A5 0 o3 e TR TP 1 s PAY S B 1) O A5 8 9 3 oA P e R ) 0 B £
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TR 3 50 2 .

EX S(EMLIZESE). B0k ARG L LD AT F 70 B, 15 56 75 225 IE AL 9 A 9 i B o ) 3, A0
A GRIRLY A 2 AE 1, Dby e/ D 4w 18] PR A5 T4, T 20K A DG B 2 R T 70 e 238 47 JEACZRE I B 1Y ol b= ok
A AR BEAT A 5% B 2 R T 7 FE N, R T S0 A B YR 2 RO Y R 5 I 1k AR OB SR 23t L AL HE L S I
JEL IR g R REAE REAT L 73 LI, — R i A S8 A T 5/ IR R 2 . e Bl Al SR B 2 A L 4R R AT 20 15, )
AR S BR L REAI S 18 23 0 B U AR OC B e R T AE 1) OB Y AR b O e S B R U0 MO G B R L
LM RR 5 CPU ALSEZ(TAR Y sl CPU R HI 2 5 () P A B 4 1F.

SR AN AR T AR OUAFAE A OSSR, W AR S B 1 e R TR 70 e 213 A7 L O S e e (1 0K B
T b R AN AR T R AT AE A B A OGBS R, W B 1B AL HEBL B 0 B, B SR EE G B8 RR (R
A& RR JAE R AR SSRE A G812 R T 7 BC S CPU I A e I SC B S e RE I A ¥ G B 1 i b SRz 47
SCE TR ) SR BT R FR) B USRI FH 338 B R D [ D4 977 b L HE B S ) B AE 3 2 RR 4 0F R 0SB K AR S i
TERFEEF MR E] CPU M A e IR 10 G B 19 i b

LAIEL 4 Jgl,ny 5 ony by OGBS Rns ARG A5, HL ny £R0E 3 DML, A7 4 AR A GHE 7 42 2 e
eI BEE] o, 17 AR T 2R & H o BC 2 ny, B

ec communication cost between nodes n] ( 1 3)
ei communication fgzt between nodes nl (1 4)

W n 5 ny, WZREEGEASE, H ny 19 CPU (5 2 =T ny, ARG B+ 26 F2 e #43 FL 2 ny, B
g —— X _,p (15)

i CPU priority 2
ISR ng BB T AR Ik S R U SGBE T EFE eo 7ET L RR 5 CPU ALSEZR A HT$2 1 20 Be BI5GB 47 1
n;, Bl
8, ——_5n (16)

c CPU priority 1
UEAR S CPU IR SE H A VEAIFE R, 2 B T CPU IR H 2 0 SR 1 10 1k i 5 vl 3 K
2.4 BIRTHER
RS 2.3 15 nJ 50, S O AR BOHT IR P 0 5 A% 0 T8 a0 2 2 2 P AR 20 St S MR AT R AT 0 Ji A O
LR RIBE TR B0 Y S B LA
A AL TE eqp TR AR B 1 LR e B 0 K/ o 7 58 AR S B 1 R RE 20 C T, SR 2R 1 2 R 1 4K
da;

gG——> D € a7
f())= F(m)

=

AR 38 S 4 R J1, 280308 T A7 AR DR YR L9 SR ) 7, o 25 A e A\ S ) e, B

. +0, <t (18)

sbn, SRR AR 15 ST V6 U L o, T 15 A S 0, 1, 2 TR
S o 2 AR L D 17 2 B A TS e B 81 FLA 85 S50 4.2 % AL
I 2. KA S 3 T JESRE I H Wioone MO E £ 52 PR S 1 B 2 A o W,
W, <W_ (19)
SO HUAR S S 3 T, S B P E A A A TR P PR A TE Y . N R R
FRUSTL 135 TP 5 R M S PR 4 A0 e S e, 0 A 5 T 690 WSS 5 ) 0 5 7T 50
WSS R I SRR WS AN S B AR U P 0 L A TR .
oot IR 2R 5,1 0 BRI A7 m 4% B S B H MRS 52 R SO s 417 4 I B A 22
g ST 5 T A S TR B, T T A Al 01 ) A ) 1Y 0
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TEARH BAS T W sgse LB
" " sWedee oWl S C) e
redge _ edge node cost node cost __ edge —
Wnode cost _Wnode cost + =l l-—+= Wnode cost
n n n n
N AT L8 T N d
2R P TS A ) AR A A W et ot o B
edge
redge _ edge dchcculor cost edge

executor cost — " " executor cost

{5

m

executor cost

n-d W edge
n node cost

T BT 58 O SRR A B R AN o 2 A D 22 i R R PR VT T8 Sl W e cost 5 B

W rexecutor
computation cost

BRI, B0 3T 56 1 S S B R AR AR W,
n-d m+d

o[ et

SHEAT, AR [ A 35 P 2R ) F) 3 A5 O ] 220 AN o B

=\ cxecutor
— "Ycomputation cost

W/ _W rexecutor
cost — ' "computation cost node cost

jW edge +

e’xe:cguewr cost X}
7 1
(Mjwneo%g:cost < Wneotf:lg:cost
n
B RAG(19).

W edge
executor cost
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(20

€2y

(22)

(23)

24

(25)

O

VAT AR S B 2 vl S0, AR AT S 18] AR E A5 T P AL o B A BT A ) e R 1 o it A A L SR BB T
AR S0 B 2 AR 0 BT 20 I, U AE #0040 S5 K b AL T AR SCBE LR Rl I A AR (3 A T OGB4 B 2R ) f ool
A 4 AT 235 DN S AR VA A B A G U B S SR AL, 2 7 0 B B s SRR BE 1 H .

= Lk A

3 TIREREEIR
UL PR 3R Storm PG R LA 2 0 -5 B AR 1 RE SR, 1% 1Y RE SRS A 3 SRR AR Bk
55 BT RS Sk, AR D AR TT B I AR T 3 T AR R RE T T 40 T AR BB IET 5 0 Y RE SRR A R .

REFHIN
Hifhirie

AT
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Bkt
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Rt
il

AR ALY

R T E

Fig.5 Flowchart of energy-efficient strategy
Kl 5 W& AL I
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U 3 RIE R L R . WG A . RR 5 CPU 50 2%, i JE S BE 2 5 1 40 e A5 0.

S A KRR R YR L AR T 5 I I 4 R TR A3 TRC A TR A o B B PN s (S A S

PR SRR AR SR M U AR I B AR AR S R REFE.
31 BRAREL

JIR R AT N AR S I IR L R SR IR L R vk LR TR S IR T AR 0N CPUL AT 5 M 4471 5 1)
TR H R AZSLORIE AR OB T AU IR U RIS R AT AR R Ak, 2 S B T SRR
FH 2K IR BRI, D) 12205 R s oA BB YT 0, 3R s TGV TR B 3 N A% s, TR I RS S R R OC R 1 0L A
PRI S VE R AR 5000 1 R RIR.

B 1 BWIRL R

0 K R 1, < (e r) S S ORI YU 0, < (0F 0 0F ) S AUIE A KU I
SIS AR (AN AN A B

S SRV ORBETY MU AR R OR .

¥IEGAE: N"(C) « {n/,ns,..,n"% . PR RRAT RERS/
1. if of =r7oro) =n orof =17 then
2. N"(C)en;;

3. else

4 while n;=tr do

5. if o +of <r° then

6 n.put(ry,"CPU") ;

7 else

8 ni#tr;

9 end if

10. if 1" +o)<n' then

11. n,.put(r,","DRAM") ;

12. else

13. ni#tr;

14. end if

15. if r¥+o?<r> then

16. n;. put(rn?',"Network Bandwidth") ;
17. else

18. nj#tr;

19. end if

20. end while

21. end if

SR 1IN S BN DN IO B BRI DB e R 0 4 B 0 DB 1Y i N B i 8 ) 5 s e
SRR VPSRBT FOT ANEI A A A A RS AR & SA A 1 AT B8 2 AT R0 R B A ny i AR
T RLHEAT W5 D W RS 5, DU 1Y AN BE AP A B 5 U, g AT AR S AR AL 3 AU
I 5 AT~H0 9 AT R0 SRBESY UL TR 2 CPU % Y F S5 IR A7 40 - ik X, DU S W 2 ) 7P 4% T )
700,75 S BT AN AL tr SAI SR 10 A7~35 14 A7 8RoRAER L CPU BRI A 5 U 4 S B 1 e 77 3 A2
PN T 58 e 57 D U R A 0 < 0 A WA A 8 I R S D, BN — AT A D, I AN tr BRI AR
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15 AT ~58 19 4T R IRTEIH AL Z 0 1R 4% Jir DU 5, % D B 75 5 705 9 A TP 48 15 8 W VR0 I 7 Dt DU B AT BT < ks A2, T
R 6 75 A8 AV I I, O 3T AN AN AL tr

Storm  HE 4T §E SEME 1 56 75 2 75 18 S0 SR TP B 1V 5 W), S SR TRE P 4 B AT 55 D %6 D i R ARk LI
[ 522 B g O(n). BVE | 1 2 75 BN O BRTY AU 10 D W PR 45 A b AT W, I ) 52 2 B O(1), F R BV 1 I AR
T A A 2 W AR T N T R A 0 A 3 4% T DU, ISP ) 5 2% S 3O(1) 585 i, H Tt i g AN T L 3 4% I
DU PR DB 7T A0, BN T 1 U 8 A5, DR G I ) 2 % B8 0 O(n). U BREVE 1 IR INF ) 52 2% T(A) A

T(A)=0(1)+30(1)+O(n)=0(n) (26)

32 BRERES

R I S B FE PT J0 H l H— D B AT R T N WU 2 WA L T O B 10 R
S AT e 0 2 A T 0 . % U 2 BV ) LU TS Storm YT 43 ) IScheduler 42 PR SZBL B4R 1 STV L 8 A0 57
%2 TR

BiE 2. BT EL.

M\ A ILR IO R 2 E/(C): e 1S 1 CPU AR SE%m,

i 2B R 2O R 9 4 A T B 0 A i 5 Ak B
Lo if R EE 1 RVFBHET A CHEST 53 then
2. while E'(C)=¢} do
3 if A ERBELRAAE DML then
4 e < €5
5. end if
6 if —MNERBEARRAF AN KL ERLRE then
7 e H AR 4 L T B % 18 RR;
8 TSR FR TA AR
9

€ < €3
10. end if
11. if JEAT AL FE I G BT s RIS B FR then
12. R LR E ) I T 2% & RR;
13. FEXRMAR BB LS E,
14. €mn < € 5
15. end if
16. master.remappingState(Zookeeper);

17. AR 1 Bl (1 7) AT
18. ORI AR P AR G BT A

19.  end while
20.  Zookeeper.update(“configuration file”);
21.end if

Bk 2 BN SHONE S BLG RSG5 OB &L CPU MALZE GG S 500 B s — 48 3R 4h Bk 14
FH T 50t 00 A i 5 A0 BB IR 2R 1 AT SRR FIWT ST ORI TR A S R B 3 47~58 10 ATR0R
e BRI YT TR PR S TR, R TS DG B 2R R T A e R AL HE IR 5 S0V E T 38 11 AT~58 15 47 RoR it
SRBHET 25 HH L U5 e IR B, TS ) B e R T A W0 H IRFLME I G SEVL 0 S 16 AT RN BT 51 Zookeeper
PR 25 A5 B B0 A WS 00 R, O AR E B 3 A% 5 B AL B ) — BOPE U B AR AR 19 AT SRR TR
Zookeeper [IHC B SCAF:, By 1k R F0 0 A2 Tl BE T 52 e 21 42 35 $5000 4% i S5 AL 2.
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S ARAE ECH T 5 B0 Ak BRI — BOE 5 E A 1, 70 R s A B AR AT N B — R A E R
T S DG R R B T I G B R R I S AR AR A B (R N ST RN 4 3 ) R R A TR R R 5
P D Sl S B 2 o 4 Al A B A S i P A AT G RO R K A B ) S B LR R B = K AR BRI I N RS B AT
fifi 2 HDFS; 28 19, 1& 5 Zookeeper PR 2S5 S5 2115 IR BR SR ¢ 28, TR] I, BH 7 386 1) DG 8 28 78 DL S 282 1) J =C A HDF'S
FRRL IO I (RPIR A5 R, FE AT IRAS 19 G 9 30 0, 20 I = DG B 0 2 110 S e o AR A B (100 50008 126 20 i 1 1) O
ERTE T, F BT I 1) DG B SR AR PAAT B AL BRI 1) R Ui e R it vE A 4 R, DA SR CRAIE B 1T S e A BRI — 3
5 I

h 5 B B SRV I D) A 5 SR 1A R ), RV 2 B S R IRT T OGEETT AR TR L LI R A 2R
O(1); FL R B39 2 3 Jok 3 7 A ST 7 R 5 360 10 BT 0RO 7 2 R 1) 2 40 o 0, S [V 52 2% P2 Ay
O(n); b Ah, 55092 2 7k [y A SR R v 38 5 A (] 10 BIR A 4% feh A 58 e 5 TG P D B 1 SR AT A G B P R R 1
H I, H I RV 28 BE D 30(1); 8% 5, 5% 2 TR E B S RE 40 TiC 58 B 4 50008 30 N SR IV 190 G B e 2, 9 T
Zookeeper [FJHE & SO, FL N [] 5 2% 224 O(L). W EEE 2 1R I [R) S5 2% 5 T(B) A

T(B)=0(n)+30(1)+0(1)=0(n) 27
AN ERDM 8 1 55E 7% 2 418, ERDM I Rl 2 2% T(C) N
T(C)=0(n)+O(n)=0(n) (28)

3.3 FIREMREY
7 Storm STt FE— K545 4y Tk 5 20 A R B 3G o 4 UL 0 4 LR R, — Bk i,
2K TR LI BB 2 — N e 52 2 PR 54T I e 2= 1 R R S AR AT 55 . o 1
o ) 7 70,7 2 20 25 RS [, R B 7 R A — 8 J & MR I ) ts) PO SR EHE o EP 325 RERE Y
B S BEH 34 HERE B,
E = Elbase + Etdynamic (29)
BT EP L s R O R T ES™ 1 — A A B N 2R B 2 X e i, B
Emam L7y (7), L YA I 1) € g4 0 BT AT AU LR ST A Y
g — [ pommi g (30)
o P 3 37 (W), 2675 6 ] B U AL T B8 4 T AL 2 A5 R RE g B smsmis g 545 g 5
W 5 T2 25 AR g EROM S U074 B S 15 I B s g

Etsavc dynamic — Etoriginal dynamic __ EtERDM dynamic (3 1)
e G A (B0), WA TE T 20 9 REFE T 1L 50 (32) & .
Etsavc dynamic — WCOst M denamic _ WC!O . M denamic ( 3 2)

oM H047 2k (tuple), R 7 S A7 I [R] € N AR B ) i & IR 2R () A X (23) i A 2(32), 4k i 345 X (33):

Esave dynamic — executor +W edge )Mdenamic - ( executor v ( n-— d jW edge ] Mdenamic
t cost
n

computation cost node computation cost node cost
. n—-d .
_ edge dynamic edge dynamic
- Wnodc cost MP - ( n Wnodc cost MP (3 3)
_ QW edge M Pd)mamic
- n node cost

o, 33 AR 2 505 20(4) 5 3 (23) A ] X (33) /s SR TF 0 M AT 15 RE SR I J5 1 20 11 BEAE
34 EEMEESEH

AR Storm FERF R EFEN AL LDAED RS ORI AUIX 3 2 AU I, Y SR BA24T Nimbus
Ja 6 MRS, 2& Storm RBEI L, 59T F P S AC I 40 IF by AR Y S BOAE 5% AR 19 55 _BIZAT Supervisor
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Ji 6 s, 5 58 BRWT 32 4% 795 f020 e BB T J8 CAEUERR I T AR 22, 0B 1Y 5 _HIZ4T Zookeeper Jib & k%5, 11t
TR SR AR AU T ORI A A A SR IR S B S8R 7 Bl 5 B o8 H83E 5523 Storm -
BN E DI S BT RSSO, 5 B S Storm V45 org.apache.storm.scheduler.IScheduler % 1791
schedule 77 7%, H: Ji 2 5 public void schedule(topologies topologies, cluster cluster). 4 SC{E Storm £ 7 A5 HE 22 /)
LA LTI T 6 AMEEHL WA 6 iR,

— Hith i SR i
— > Sl S &
------ > Bl !
|
|
f
LAt !
|

__________________________________

Fig.6 Improved architecture of Storm
6 Uil Storm HE4E

BRI Th RN B R,

(1) SRR IS A — 8 I TR 5T 0P B 526 FE CPUL A7 I 285 a7 5 1) 08 I o A 8 D B 4% 2 R i)
B GRS BTN TAE Y S o Be— N HERE, DR AT P 2R R 1 0 1 7 VT 45 18 4T I 1 %280
BT KA S 00T A0 CPU Y8 & K/, il it Java APT PRE(H ThreadMXBean J5[¥)
getThreadCpuTime(long id) /7 A3k A4 5 CPU (1) v FH I 18], 31 5 H 4 TAE™Y fi% CPU = MAH R34S
H AR BN AE R b7 FH O/, Tl jmap -heap $8-2 HEAT A I 25 2 12 1 9 2% 4 5 o A% 6L, P ol s
I 00 3 117) &8 2 ) 0 0 A e 26 5 S 3 v i 1 G AL /N HEAT BB 0, I p R B B SR AR R R (R A i
) S U K /S T A T 8 AR B G v 25 SRR R B 1) b Ui e R ik ) e A B O 5 N TR A
HH R 343 O A A i o 26 55 ,CPU 1Y oy 3 5 S A i o 6 T3 nmonP8 K131, 3 1 Excel %
K B AR SEIL TR IR 3R $h 414 %% Spout 1 open(-) Al nextTuple(-) /7 ¥ LA & & Bolt [f) prepare(-)
F execute(-) Sy & .

(2) B A7 A A% SR ) B 2 TC AT JS R 2 M 4 B A% SR 1) 25 2 B U o A R DA R AR AR M
L, FE S g

(3) T SCAF T T B X B2 2 3 ) B B AR T AR, 512 I BB Zookeeper HTE B S4B 1B Zookeeper
F)ACZ Dy R HE E A A% i % 1) ) .

(4) BT S 1 5 EE 2,5 DT i O e b ) #2805 R TR AT B i R S AR AR A
SO B A% D ER T I SR AP 1Y i S 1) A,

(5) A AR AR D P RS B R 2 $UT I R v, USR8 19 77 X HDFS Hr Ry HOGE
HRZS AR L CRAIE T B8 3T 7% 5 £0a Ak 3 1 — BOPE R0 1 #f F

(6) HE XA 35 Nimbus 15 BRUK T 8 SR, S BB 3T A AR B P 1) e 3 - P0AT . e A0 AR08 G 138
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SERUE KT jar A% E#595 A Nimbus ) STORM._HOME/lib H 3 F,37/conf/storm.yaml 1A &
UM RS RS IZAT.

B M A [ 5 3 M 45 28 5 AT A RIBAT 0T 55 43 B T[] — & A BT 25 00 A A S TR R b b A
TR 2 10 (1 P A7 DX 30 AR R 25, 670 280 M 4 200 2 O AN 3 68 A R 190 PA) A7 DX 30, O 05 R I A7 R DR T T RS W
R S s 2% T U A R AR IR 00 A R R A I 4 0 1 TR S s e e R AR R BT
FI6) CPU R AR b, PRk X 5 21 CPU e FF84 X 5% i m] 2 AT S8 I 44 2 CSE 5 B 2 Ak B 4000 122, AL
G35 0 4% 2% 5 B AT T AR R A 00 A MO AE — 5 R %7 58 1) TS, 12 D0 448 i 5 1) 44 5 I T 8 10 8
R/NFE G, HAR G, AR5 4.1 AT AT,

ASCHE T HVE L 55E 2, IFSEIL T Storm T & R (LR R 5 43 il 5 RO A 1 Bk S D T AR
(T8 A5 TR, B i T AR TEIERE, T T REF
4 TWERKREBIESR

VL AR FERAT ERDM Mk RE S RERE, A1 i 26 T8 T AR BER S 00 IR 855 55 2 008 R o S0 45 SRt AT 1
w5,

41 TWINE

S 4F ERDM A i, Sz #4 6 1) Storm AEBEALFE 19 & PC WL, H 1 & PCHL L1247 1 4> Nimbus #EFE .
1A~ UL 3R 5804 PE.16 & PC MlL_i84T Supervisor ##E,3 5 PC Hl_iZ1T Zookeeper #EFE. ML 4h, 4 & PC HLHY
W44 100Mb/s LAN, FLN /248 — J SGBARYEAS F T 5 IS 1R 0, B AR IR B e B L3 1 fik 2.

Table 1 Hardware configuration of Storm cluster

%= 1 Storm FERE A E

19 A CPU WA EEZEN

Nimbus Intel core i7 4790 8GB DDR3 100Mb/s
ZooKeeper 1(leader) 3.6 GHz Quad Core 1 066MHz LAN

Supervisor Intel core i7 4790 8GB DDR3 100Mb/s
1~16 3.6 GHz Quad Core 1 066MHz LAN

ZooKeeper 2, 3 Intel core i7 4790 8GB DDR3 100Mb/s
(follower) 3.6 GHz Quad Core 1 066MHz LAN

Table 2 Software configuration of Storm cluster

% 2 Storm BRI AL B

ZH HfE
[N CentOS 6.8
Storm 1.0.3
Hadoop 2.7.4
JDK 1.8.0_121
Zookeeper 3.4.6
Python 2.6.6
MySQL 5.7.18
VMware 12.1.1

PR AR, g 75 25 AR R R U5 T4 R 461 ERDM (1043 21, 9256 2 X Intel 23 W] Zhang 25 A"V 47 48 GitHub |
I 4 20 3EHENR, 2 99 4 CPU MUK 2 (CPU-sensitive) ] WordCount. 4 4% 47 % 85U B (network-sensitive) ] Sol.
P A7 UK A (memory-sensitive) /Y RollingSort PL A& Storm 7E B 52375t T BN ] RollingCount. >4 i B 5 4 P 3 3F
T V) PR T A5 T4, AT 45 M AR 75 0 2 A i b AR R ) 0 PR RF — B (B — A AR s A i — A
TAERERE), AR Z 400k B H BN, R AR 1 S 30 1 K 3.

F 3 HH component.xxx_num A FEHEIK 1414 AT BE,Sol H I topology.level Jhdi 1 JEIR, T E S
component.xxx_num 45 & 15— #2871, 1 TR M F7E Spout 5 Bolt BiFf & 4F, H. 1 4> Spout X} ¥ 2 4™ Bolt, Kl itk

YR RBEE A 338,14 Spout 41247 A 50 5L 41,2 A Bolt 41112474 100 4> %15 .topology.works £t —
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WHEHA 16,8 7R & FEUENRIZAT B, — A TAE T 2 WAL 2 B — A LAF 3E 72 ;topology. acker.executors 48 — i &
h 16,3 7 R UF S 1 A 00 WAL (%) ] 5 A% din s b A, O 97 1 B0 A i DXL I T R AR TR AR T B O 2 RS
UF 45 2,506 45 L 4 topology.max.spout.pending 48— i ¥ 4 2005 J5 48 — & & &1~ message.size T —/
tuple B K/,

Table 3 Configuration of benchmarks

F3 AL HE

SEHE i ZH Al
component.spout_num 50
component.split_bolt_num 100
WordCount component.count_bolt_num 100
topology.works 16
topology.acker.executors 16
topology.max.spout.pending 200
component.spout_num 50
component.sort_bolt num 100
RollingSort emit.frequency 10
chunk.size 2000 000
message.size 100 000
topology.level 3
message.size 2 000
Sol
component.spout_num 50
component.bolt num 100
component.spout_num 50
component.split_bolt_num 100
RollingCount | component.rolling_count_bolt_num 100
window.length 150
emit.frequency 30

J9 T 3 3iF ERDM FI30SE 45 0% 5 TMSH-Storm! ", LEEDSPP*IH WNDVR-StormP7E4T T %6F br sz i Hivh,

e TMSH-Storm [ 4% 0o AR S 3o SE T AT 55 1 5 R AT DAk, 4 T ok 2 v SE R MR RE IO H 9.
e LEEDSP A% 0o AR PR 0 19 G2 31T oS0 I R U8, 8 3 DVFS HiAR B AW 1515 55 CPU [ HE [, LAk

TR R RE A AR . HoAZ S i 2 Ak B RE SR g 1) 1 EARER G T R 2 0 U B 5 (W) Storm
Flink!" P, % Spark Streaming!''12%).
e WNDVR-Storm ) 4%0 AR Ay 308 3 ) 25 1 7 AR S50 N A7 L IR T 31075 Be IR &R H. WNDVR-
Storm H JF <8 #4% PN 47 H1 s 14 15 (DRAM voltage regulation on non-critical path, fij#X DVRNP)L 54
4% P9 17 1 1K 1/ 15 (DRAM voltage regulation on critical path, fij #X DVRCP) P Fh 57k 20 .
RO, Ay DRAIE 7 [7) 585 4 A1 56 UE AR SCHEms (120 R, TMSH-Storm LEEDSP L &2 WNDVR-Storm [#14H ¢ 2 #(
55 ERDM fi#F—%L.
Jhy 3% A T 1IN ] B 1 T MR AR AR T N % 7 R B IR ) B R A SC B WordCount A 45, 78 2R 48 BR A R
THEME T R 20051 1 I P 0 26 T4 15 ZR G AL AR Ry 4% A1 8- [ I ) 7 1 L, R AA 1 &5 SR L 3K 4.

Table 4 Choose of time windows
F 4 KRIE ORISR
I 8] 7 1 ELAEL(s) BIUAI 34 I 1 99 45 T 45 (%) HAL I R GE AL B (ms)

10 17.4 75
20 10.3 133
30 6.1 27.1
40 46 51.8
50 3.2 94.7
MG 4 W52 N ) 124 10s 55 20s I ARRE P9 ARSI 00 PR 199 268 4 480K D ERL A < I ) i 11 ERCAF A5G

055 S5O 0 PN B0 22 1152 55 3o A 352 5 5, T 7 A T T 4% T S0 A R, A TG S W SR R b A 45 R E
HAT, 3% Gk %2 ERDM [F) [R]85 24 I [6) % 1124 40s F11 50s ISF, S5 8 P 451 71 388 0 (1) 22 48 98 3R B8 v, © 5 ) 1) 4 1
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Fig.8 Resources utilization of 16 work nodes in the original cluster
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Fig.9 Resources utilization of 16 work nodes after the cluster data migration
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Fig.10 Comparison of system latency under different benchmarks
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Fig.11 Comparison of data processing and transmission rate under different benchmarks
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