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Abstract:  Scientific workflow is a complicated data intensive application. How to achieve an effective data placement schema in hybrid
cloud environment has become a crucial issue nowadays, especially with the new challenges brought by the security issues. Traditional
data placement strategies usually adopt load balancing-based partition model to allocate datasets. Although these data placement schemas
can have good performance in load balancing, their data transfer time may not be optimal. In contrast to traditional strategies, this paper
focuses on the hybrid cloud environment and proposes a data dependency destruction-based partition model to achieve the minimal data

dependency destruction partition. In addition, it presents a novel datacenter-oriented data placement strategy. This strategy allocates high
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dependency datasets to one datacenter according to the new partition model and thus significantly reduces data transfer time between
datacenters. Experimental results show that the proposed strategy can effectively reduce data transfer time during workflow’s execution.

Key words: scientific workflow; cloud computing; hybrid cloud; data placement; transfer time
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Fig.7 Traditional data placement layout Fig.8 Optimal data placement layout
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FETZRN o B (R A BRI 2 i 2, 5 4% S i R Ay i R FURTE S 4 AP R L AR Ge Rl o B8 26 NPCM . I
53 BT A A o0 AR 2RI 7 R S PDM T B RA R 26 o, 1 FEAAE = B0 Hh 0 I AN IR A I
F| NPCM, BRI — AN 2 Bdls b b (TR d, 31 NPCM RS s S 11 S0 B AT 8 B XI5 88 5 86 5 d
MR = (1 AR B FA KR - AT R B o, BT ) B (1 800 v 0 PDML HP 1) B A B8R 43873 0 31 NPCM. =, T NPCM
P 6 % 1 B B RA B 4 A 3B AT R B A A 2 i ot 2 BT R I TAE SRR B AR HE B AL B4R ds BN do, FRAS Y
Bkl oy AR AR B4R d~d, (KRR, 73 50 9 RTEl 10 .

d, d d, d, d, d, d d, d, d,
d, d, dy d,
d, (200 1 1) d [2]o 0 11
d (2 2 11
d 1022 11| d |of2 2 11
d, 12 2 1 1|=> =3
d, 1022 11| 7d, [0]22 11
d, |11 32
dy |1 11 32| 4 |[1|11 32
d, (11 22
d, \1 11 22 4 Li|i1 22
(a) NPCM (b) CM (c) Partitioned CM
Fig.9 Process of NPCM partition based on ds
K9 ki ds X7 NPCM [
dg d, d, d, d, d, d, d, d, d,
d d, d d,
d, (1 000 0) d [r]o o o0
d (2 2 11
d |0 221 1| 4 Jol2 2 1 1
d 12 2 11]|> =
d |0 221 1] d |0]2 211
d, |11 32
d, [0 11 32 4 [0of11 32
dy \11 2 2
d, \0 11 2 2 d, \0[1 1 2 2
(a) NPCM (b) CM (c) Partitioned CM

Fig.10 Process of NPCM partition based on d;
Bl 10 HH de Xl 5> NPCM )i 2

BE TR AR A FE X 3 i AR 1] 2 BT s AR i 49 o (K 50 R X 4 B {d do, d,dg ), (s} BT {dlg 13X 3 A
oy, AT AR R

AR R R RO I A3 dok R AN T B AR VR AS AT R W0 4 B AR, B A AT R AR R SR A O R e
12 FH5E X 13 s,

TEX 12, A REIRE R 2 303 ho0 2 o) R AR L

5 d;eDS,epdc;e DC,,:, A BB 4R o FVRLF 22 B4 T 0 de; Z MRS 2 d B0 de; v BT A BR A 4K
W 2 AR R A

de .dsPrcCount

de;
dependency;’ = z dyede; dependency,,
k=1

o de,type=1,j=1,2,...,|DC,.
TEX 13, A SOEE S AL 2 508 O I i AR 2%
35 die DSgen,dc; € DCopi, WIHE AR A d; ATi Ja B SE S5 v I A 2 25008 TPl dey o7k BB R
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k= max{dependencyf’ }.
J

4 HEREIES OEIES B L DCO-K-means

T8I 1) 54 v B A R J7 1 DCO-K-means AL A B0 A0 = SR 3l 2 B A R S002  AS HUR A R
SEVETE T A A )R g B BB ok R O 1) 3 A 2R ) s A SR AT AT R, A A g B B B AT R T 5 3 A
A J SLIEAE AR SIS AT B BRI R A ) 5 70 o) A= il B0 a S AT A Je, 1 B A i e ) e R 1) A7 Jed T 2.

4.1 BERETREZE

2 B R — Tl I 2 T O 1 2R 2R R G H s AR AT SR SR A B RL A B A TR L A = 8
Pt rpr 6 T AR BB 1% 5 1k LA AN FATE 2 B0 v 0 v AZ O B RA B0 B 0y SRS v 15 R R B0 A4 it
ieis 14 A B FA B A1 J5) B RA AT 25 B33 v o, 5 Be RA BCHI 000 A1 1) A B RA BCHE A 5 B A 15 2 B304 v .

B3 1. MK B Datacenter Oriented K-means 5y2:.

WG DS, B0 oo DG

v - BBl AT R T % PML

1. for (every dc; in DC,,;)

2. add dc; to DC,,;_Queue;

3. initialize DM, NPDM;

4. NPCM=BEA(NPDM);

5. while (DC,,;_Queue#NULL) {

6. CM=NPCM

7. for (every dc; in DC,,;_Queue) {

8. for (j=1; j<||CM||; j++) { H|CMI|hy SRS (4T 4

9. CM'=CM,

10. add all private dataset d; to CM', where d, belongs to dc;;

11. transform CM', HELIEAREN CM e Ao B R A B e AT Rl AT T4k
12. partition CM’;

13. calculate z of CM" (& X 11);

14. }

15. Z'=min{z};

16. }

17.  select CM" with min{z'}; /B AL A 2 B0 Hp o Hp 5 S R RA B A R A e ) R S R
18.  allocate datasets in CL to dc;; /¥ CL i) T $i G241 JR 2 de;
19.  update dc; to PM;

20.  delete dc; from DC,,;,_Queue; A JR ok B FATE 2 B o
21. NPCM=CU;,

22.}

23. allocate datasets in NPCM to DC,,;

24. update DC,,;, to PM;

25. return PM;

WL DR 2 @A ZHE L A DC,, Queue. sV YR 3 WIUHA B KA RE DM Al NPDM. D BR 4
it BEA 525 NPDM #E4T 526,753 8] NPCM. P BR 5~ 48 22 i id 1] NPCM HR RS INREAS FAST 2 il o
ORI B FA B 0T B3R AF 1K CMYBEAT R 43, 044 5 FAAT B3 4R A0 P82 85 v 1) I B FA B8 A1 R B S IR AL = 3
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bt AP HR 23~ 5 25 44 NPCM H i 2R A B 1) i Be RA B33 8 42 00T R B A A 2 08 v 0 L N AT JR 50 B, 43 31
el A 57 2 PML
42 FBBEHRBEE

TAERAEIBAT B B 7 2 24 il i 4 . 50 2 B0 Ao Jay 55030 1 56 0 B A 00 24 B 4 BB 31 DML AR i oK
NPDM  H 3 [ FA Bt A1 A J 31 5 16 FA S50 0 0 MR e vt PO A A 2 0 oo A A1 Jmd PR e R v, R 00 4 3
TN AT 2 B O (R A A 7 8 T Ak 2, 30 2 Bl A1 J) S 3t 2 R B A R U S AT I A

H% 2. 1217Hr Bt Datacenter Oriented K-means 7%,

0 N AE R AR DS e B8 TR L DC

B B A1 )R T 5 PMY

1. addd;to DM;

2. for (every dc;in DC,,;) {

3 calculate dependencygc’ (EX 12);

4 select de; (E X 13);

5. if (d;.ds<dc-availSize) allocate d; to dcy;

6 else {

7 partition & allocate DM and get PM’, JRHEE 4.1 WTEESREEE 4 B~ 24 5

8 for (all d; in PM’)
9 if (PM'(d;)=PM(d;)) update d; to PM'(d;);

10. }

1.}

12. return PM’;

IR KA BRI INE] DM PR 30 IR 4 U5 d SRR 2 B0 o0 T A R AA KON S K
S AT HAGE d5e K FAAT =B bt dey PR 5~ B8 10 - R o, 19 R AIMIST dley R3804 A7k 25 ), U
B d A RAEEE oL dey by ez PGS 2T 0 42 )R Bl MO E DML 23R4T SR 280 3, 3R 45 R 20308 A )=
Ji % PMLPM' P d; WA AR 5 — AN L 08 25 B R o0 Bl TR RS B A R T & PMUFI R AT 1
PM A5 7 5, PR G 530k LR ASE P Aol A1 Jed 7 58, - T A B804 S 42 SR (0 2500 A1 )= 75 58 PMEAT T4 .

5 SLIaHh

51 XEIRE

AT R R A SO H B AT R 7 1 DCO-K-means 5 LA R %2 1) K-means®H1 CCDPAWF! 1% 45 #4541
Jal 5 AT X LS5 K-means J7 VER) T BEA S509%%, 76 F4 F8E B BOKE ) 86 B0 S5 R 2R AR e Rl K AN B5080E B, 5433
AR E] KA EE L AEIB AT M B, 20 25 H0KE BT A= 1 1) B B A7 TR L AROH I ot e 10 500 S i A 1R B v 0.
CCDPAWF 7 vAM e SCHR 8] IERE |-, 1 S 70 A4 B B o0 AT Ko 4 1) B R 45 00 s B30 S A7 I 38 2 o 2
Ui B AT I B MR 2E B B 5 ) s s B 2 TR) TR MK AR 2R, 20y 25 b R B B0 A1 R A SC 1) DCO-K-means
J5 A0 AR R B, DU mp o0 SRy ZRE I PO o 4 e B 4 EAT IR 28K, T AR AT A 5 B0 o0 R AR B RA B
It S R B RA B B 2 T A O R A e ) s BB A1 R IS AT B B ) 2% R 7 A e i 4 55 O 50 4R 2 Tl 17y
A G R RN ILA B 2 75 4 B AL B a4, 5 25 b v FL AT J) 314538 1 204 P o0 . DCO-K-means  J7 VA TE W AN BE Y %
JE B 4R 2 ) ) AR T IR B AR S A7 S 38 B R B /AN F 50 o, AT 7 5 R 4 T 000 £ 2 A B )

AR S I SR R 4 AR R S AR BRSNS B B PO A BB BRI 4 4 B DA B B AR K
4 PP S HURAG R, 3 FAT 5 7 VR A e TR 4 200, L A (455

(1) BAEHREE RN A S00MB, B FABIHE 22 1 4 Lb 2 10%, 8075 2 508 Bt 3 A, B S AN 10 3434 31
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90 AN, BEVGH IS 10,05 S0 11 iR,

(2)  HAREE 40 AN GAHARE RN SOOMB,BEFA B E 1 40 LE A 10%, 506 = Zdi o )\ 3 ANk s 7
AN AR UGG 1,405 30 12 fioR;

(3)  HIREE 40 AN A EARE RN S00MB,FATT = i 0 3 AN B AR EHR AL i 4 LE AN 0 T3 F] 70%,
BRI IS 10%, 41 )5 3CE 13 FiR;

4 HHE 40 N RBBIEET LA 10%, 8 =8l 3 A A EIEE KD 100MB 3 3E F|

80OMB, % /¢ ik 1 100MB, 15 32 18] 14 Fios.

Bt ol A 21 S 56 T S I AN TRV B SR, 1 S B AL AR A 8 B (0 B0 2, R ST AT 55 RS 2 2 I (R AR G R
A TAERII 10 AMT S BEHLALS TG B 4E . AT5FRT 1 AR5 2R =80 0 B 4R 178
G R B 0 2 T A 58 B O 10Mbps. (T BEATLAE 0 2o A2 SN T 1TTB, PR b e i AR % 14>
TEREFE RN 10TB IAFfif 2 AR A EAJEBR M A 2= B0 0 A 2 U h O W i A i - A X E:

dc;.size=|DS|xd;ds/(|DC|-1),
Frp j=1,2,..,|DC,| B 41 SE B0, AR B 0 SO 27 15 30 455 A4 [ 4 A R S 56 45 SR 1 ] 6 1k B 4 S 30 18 4T
100 VX J5 BT S548, 1 A e 44 FF0 A S ol ).
52 LRERSHR
52,1 BB A FOW A0 A5 B 0] (9 7

L1 R B A A B8 o Bk 50 A i e ) FR 788 A i 3 S0 AR SRR 2 K/ S00MB, Ba fb 548 4 o
JA AR 10%, i B BIREAA RS 1 ADAAH = 3 MR 2 508 o0 A IR & = IR .3 R A J5 7
5 IR A% A Is) ) 47 B 26 i S AN B 88 b iy _E TR, Hidr ,CCDPAWF Rl K-means 7 32 RIS 6 IR 17 b 1 8 ik A A
[/, DCO-K-means J7 ¥ i K #4345 /N T CCDPAWE Fll K-means J7 3% 76 B3 8N HOCh 90 IF, A% I Ta] o AN
J& 2 000s(1 815s).55 CCDP4WE(8 090s) K-means(8 680s) 77 A1 L, K2 B T 75%, JLAUAL 350 5 W 5.

~w CCDP4WF  —-H=-K-means —#—DCO-K-means

10000
8000
6000
4000
2000

0.

A 1) (s)

FEITE S

Fig.11 Comparison of transmission time with the number of datasets

BT RS R

CCDPAWF il K-means 77 13T 64540 5 J5 044 5030 A B [ MO o 8 7050 % 1 5 Wi P A B
SR 2 101 0 2, 5 e FE 4 4 B0 0 S 0 60 0 o DR, 5 040 S A S50 000 8, 45
I I ) TF 4 .5 SC 1) DCO-K-means 77 15 7840 % HE T $CH 4 2 0 ) R0 72, 1 040 1 e R e M
PR BB S A )/ 0 o, DR 155 7 AT 6 75 5 B4 B o 1 B A 4 9 L A B0 20 2 25
AT IR A 377 748 CCDPAWE Al K-means 77 26 5e H I )45 e HO AR AL HCR.

522 B Z MU A SO (L 9 1 S

L 12 45 A 2 B D 1AL AL R L B I SR £ 0 D P A R4 Gk A
BN 40 A BB SOOMB, KA KO &7 A SR A1 10%. 704 2550 ot 3 A HEIE] 7 /NIt 3
B AT o 7 1 B B T35 3K P42 b i 8h, H it DCO-K-means 77 42 B iz P 5 1, e 1 —
FUE T 10008, 12070 FI7E£3.6% 2 1], Ho fs 4 1 A A5 507, - 11 CCDPAWE A K-means 77 V& e T 24
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50%.K-means /75 AE WS ) AL IR 2 ,CCDPAWF S 22,3 P b J7 3 1) A i b 1) #6755 1 2 000s.
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Fig.12 Comparison of transmission time with the number of private datacenters

K12 AFRA = H OB & )

DCO-K-means {17 Ja 5 Z A 15 W A S50 (00 A7 TS0 15 R 500 G 5 RE 8 A <, 76 B FA B30 6 A S50 o2 195 ol
T AR 5 R B AR AT i £ AN [R5 R B B R O R AR P v 11 A S R B A R B
N TR RA AT 2 B v o0 00 36 82 K 1D =l B A B AR A A B A 2 B0 0 TR A A 2 AR o 1 B g
DCO-K-means /7 V5 I 80U A0 JR) A 25 38 0K 1 52 i, 2 R 4E KR 70 832s 7o A WS L AR T, 28 T 1 0 3 4 11
CCDP4WF 1 K-means J5 %23 A5 1) A Ba AL B8 48 35 50 AT Jm 3132 30 14 0 1 50808 v O R T 2508 4R 2 TR TR 4K
Wi R, T EEYE A ) AR T DCO-K-means J7 7%, 15 31 10 4 i ) 2 & 7 B L DCO-K-means 52,
523 BEAAKCH 4 T 20 b AR AL A% IS T8] 1) 5% i

P 13 o BRRA B0 B2 L 051 20 07 184 0 N 5000 4% i ) () AR A i 34 o TAR B 50 40 A f A B 46
S00MB, T H AR AT RS | MAH = 3 MRH =8 O A RIR A 2 W5 A B L E 4 Ll 0 5,3
Tl 7 v B AR B0 IR 1) 49 Os, KIS T A BB 08 4 35 40 J5) BIA 2 35005 o0 B B FA BN 4 v 43 Ll i 39 m,3 b vk
V1R) A B T 0] 38 39 488 0, 5 L 388 4K P s 508 T /> 78 B R B 4 70% I 8 T AH (4 950s). MKl 13 W LLE
HH:CCDP4WF #l K-means J7 % WALy (8] K B— 3 IR A B £ N 10%~40% B & & T A SCH DCO-
K-means J5 V%, V-3 2 34 FE 40% 1 i (1]

v CCDPAWF  —8—- K-means —=a— DCO-K-means

6000

Z 4500 R i
= 3000 v
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v
e
0 T T T T T T 1
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Fig.13 Comparison of transmission time with the rates of privacy datasets

K13 AN IR IR B 8 1 20 B RS A% Ay I ()

Hn BB 40 A Bl KR K 4R BB 8 0, 58 22 1) B R Bl R AT TRCAE AAAT = Bl o, BE /D IR AR BIRA
By 4w R A ), I HL AR 30 e A0 55 B0 SO 28 B0AT S50 DA, AR AR AT I 7 A B 22 1) ol 15
Hes LA i, T BRI ) S 2 18 . B RA B R AR LR D O I, 3 bl 5 J 80 SR AR 1) ER SR A S Bk,
K B A B BeoRS Bt AR A Jmy B [R) — A A 2 B0l oo, Bcdhs R A% g Tt 4 0.4 I A 00 4 LU 2 12 ¥ 484
Itf, CCOP4WF 1 K-means J5 ik LA G BT F b, ¥ A1 78 70 2% 18 AL B RA MBS RA B3040 £ 22 1) 10 (¢ 2R, S 508K
15 A i T 1) 2 3 384 0.7 DCO-K-means 7 V25 7F 3 [ FA I BEURA B0t £ A O0G 22 IR B it bl B0 8 A1 Jmy DAL b 4
T (AR A N TR B T T AR R PR T R0 24 B AL S LR BT T2 70% 2 41,3 Bl ik A A i 1) 2
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T A 170, TR S S B A B30 42 R 58 22 11 B RA BI04 42 17 A6 A 71 6 4000 B2, IF) — A Al B RA B8R 4R 22 /N A ) 8 R
[ A1 JR3 5 28, 31 L] A S 0 Al BRRA Bl SR AN Bt e /b X AN T2 IR 25 580 DCO-K-means Jj £ CCDP4WF
1 K-means J7 ¥ [ 35 AN 65 W S0 B3040 A2 i T 1) 328 7 76 T AH [+

5.2.4  FUHREE K /NS4 o A4 s T 19 52 i)

B 14 S REABUHE 4R K /N 2 M 0502 s A% i e I (R AR Akt 3 o, TAR RS 45 0 40 AN, R B R4 S ir
IR 10%, T B HIREARE 1| MAH =3 MR 2 5035 O AR A 2 B8 AR SO B SE 8 T i
B B2 /N ] A S0 e A DR /N T AS 508 T A 9 v AT 2% RV BOHR B 2 ) IR AR OGS BE 78 40 I
P A1 RS S5 ot AR AT A 3 1 5 M R 200 R ok, A S 30 7 00T 4 TR /N o5 B 4 T S A SRk BT AR BT A T
VEGL, FAEA R FRSE T 100 YRR [ S 56 BT 35948, o1 LG 30: B A5 B0 42 /N 38 i1 K, 3 Bl J5) 5 1 M s
AT I 7] 52 A 2 e 3 Kt A ZE R 4 K/ A 100MB~700MB I, CCDP4WF 77 V2 fI I ) 4R 4k £ 22, K -means
2., DCO-K-means 1,70 % CCDPAWF Al K-means J7 12235 4] 71%H1 67% /2 A7 K11 8]

CCDP4WF #l K-means J5 % 2L\ G4 (K0 A BEAT JRL A58 T 5 A 208 v Ba L A 6 FA B0H s 48 2 T) 1 ik
W, T B I AR 0. DCO-K-means J7i5 7043 75 18 T BeFA R Al B A 5040 4 (W AR 380 0C R A S I Rt
TR/ AT TR T ECH AR OC AR IR, B3R A% i T ) I 2 5 i P 184 DR /0 0 4, 7 A% i kT 1)1, B b 400 T e
A J53 75 v A 2 5 38 ¥ R AR R AL A R 2 B SR A S, R B AR R AR O R R A B S IRk Y
TEAE AT 8 M, 1] 6 5 B0 42 K /NE 800MB I ,CCDPAWEF 5 vE 43 2 141 7 7 R R T K-means J5 V.
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Fig.14 Comparison of transmission time with the size of datasets
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