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Abstract: The view of data provenance in scientific workflow provides an approach of data abstraction and
encapsulation by partitioning tasks in the data provenance graph (DPG) into a set of composite modules due to the
data flow relations among them, so as to efficiently decrease the workload consumed by researchers making analysis
on the data provenance and the time needed in doing data querying. Nevertheless, developing and applying the
scientific workflow systems in cloud computing environments suffers the problem of uncertainty brought by the
inaccuracy of data collection and unreliability of data servers distributed in the internet. Concentrating on this
scenario, the definitions of uncertain DPG and its sound view were presented firstly, and then a method for detecting
the unsound view of DPG was proposed. Also, a method for constructing sound and high-support view was presented,
which is based on the data flow relations among the tasks and their first-order preceding tasks in the graph, and the
local expected support of the composite modules. A polynomial-time algorithm was designed, and its maximal time
complexity was also analyzed. Additionally, an example and conduct comprehensive experiments were given to show
the feasibility and effectiveness of the method.
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HuvjeVp

EX 10 BHEEE 6 P HEEES P=(VaEs), N
MFPHNME—T G v eV,oilis, BE PPRATGE
A isdv)={vlv; € H(v) NIS(P)},

41 REEEEEEHRAN

R LR B S AT, A B IEE G
W={Vy,Epsmy,Lo) Jo & B E S HACYS Wb BT A 1 AE
FIPRA A BE LS PR &M (DRQ), TS hx

FERI M. Y Pe Vi, Yo e 0S(P), WA isv)=IS(P), TE1L
Jel BSOS TS AR

BN BHRIEE G A W={VyEy,my, L)l A B
FERLIEL, 4 BAUS W b 5 A 5 12 G T HA

()Y PeVy, Yv,e 0S(P), WA isdv)=IS(P);

(2)VPeVy %4 PeVy, H(P.P) e Ey 8(P.P) € Ey,
W PP &I G E A5 P=P@P o3k B I F
FIE,

« Yu,€ 0S(P), WA is,(v)=IS(P,) »

« eaup(P)>eaup(PIP) H. eaup(P,)>eaup(PIP,).

B bk AT X FAERE B PR Joe
OS(P), i isv) # IS(P), W 8% P = AGHE AL % ; BLoh,
P13 B S R Jey R B A BTG i B
B AT 55 A R T AR O 2 S A B A
55 MRE LA b 0T, S AN 4 T S A ) B R
4 (Check_ConstructSoundView , CCSV ) B o % F 4 A B9 5t
PRI, CCSV B3k 1 Jfe i & R &K Is Sound K ¥ P
RN E RS RS A A RIARS A EAf
H ConstructSoundView X I # 17 & i # & (0 & %
ConstructSoundView [958 K 7E 4.2 T H 4.3 T4,

5 3 5 AR I SR T

B i% 1: Check_ConstructSoundView (CCSV)

Input : W={Vy,Ey, my,Ly},G={V¢,Ec,me,Le)

Output: W' ={Vy,Ey,mry Ly" J*W' is sound and it is
reconstructed from W*/

for each P e Vy do

if(! IsSound (P))
ConstructSoundView (P,G); //by Algorithm 5
else
for each P e Vy do
(P.P) < By I (P.P) < By
if
eaup (PIP@P)<eaup (PAP) Neaup (P
P@P)<cap(PBP)
merge P, with P, and put P@P, into Vy;
endfor

return W;

Function: IsSound (P)

Calcultate IS(P) and OS(P);
for each v, € OS(P) do
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calculate isp(vy);
if isp(v) #IS(P)
return false;

endfor

return true;

42 EZEHEMEHAN

X F7E PR L IsSound BT R U B 1A £ BB A 1E %
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HTTE WEAES PIREABEATES.,

TR TARR R G T R b h T 52 20 R SR 1A
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oy WA IS S35 8 4R (ol € Qo NNV, #P), HH o
(V,V)<0, 0 v, 3035 88755 £ A0 SO ol B0 th T R 4%
Z RS /ME R BRI, X B0 T BUE 4 B B
{6, BT UL 207 A SCHL G Bt A5 0% 19 5 500
Wmr,

MW 3 T A Pe Ve, BIHP,1)I=IHo(P,1)I={v)
NQuVL)>1 FERAE TR T WA Ve Quonl) Ao #P, %
A X om(VV)<0, BA eaup (P.@v,)>eaup (PIP.Dv,) N eaup
(P@vy) > eaup (v P@vy), W P 7T 5 v, & IFBH T E A4
% XY o€ Qu(Po1) A v P, 1T B 5008 38 (04, )

EE2 RN 3 HINE S 2N,

ER AR 3,2 o, &R 2] PN o, £5 1
AR 55 9 /N BE S B A B B . R 0, BOFE P,
HOR 2338 IIAR A S, T o, 0% R R S A P
AT AT R, SRy PR A Y BT LU o, R 8 B
TAEENR PR A B A X eaup (P@vy)>eaup (P
P®v,) Neaup (P@v,) > eaup (| P@v,), BT Lk v, & 2 P,
G P@v =B HE AL .

PR DL L 3 RN, B3t 7 AR A A B O Bk
Merge_Single_Pre, 7E1%F %5, # HI W 41l 55 &L P A1— By
P15 s A A F

B I — BT 17 5 F (Merge_Single_Pre) 1T

ik 2: Merge_Single_Pre

Input:P, and v,;/* vy is the first-order preceding vertex
of P in the unsound composite task P */

Output:true or false;/* if P, can be merged with v,,return
true; otherwise, return false*/

if(H (P, 1)=HyP,1)={v,} A eaup(P@v,)>eaup(PIPDv,)

N eaup(P@v,)>eaup (vl P@v,) )

return true;

if(Qclv41)=Quv.1, 1)={P} N eaup(PDv,)>eaup (PIPDv,)

N eaup (P@wv,)>eaup (v,P@v,)

return true ;

X vmva)<8 11 vye Qolvg, 1), #P,

if eaup(P.@v,)>eaup (PIP.®v,) N\ eaup (P.Ev,)>eaup (v,]
P®u)

delete all the data flow edges out from v, except the
edge (v4,P);

return true;

endif
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return false;

J—J7 KT P AVE R R
W SR WA AR IO A A5

M4 XFWE PeVe, BATEALS vie HAP,1),
HX Yo e HP)~{oa}, A Qolvp )=, P), TE ISR A A
eaup (POHHP,1)>eaup (PIP.@HH(P,1)), H Xt Vv, € Hy(P,1),
eaup(POHAP,1))>eaup (v POHHP,1)), W P. 1] 5 H(P,1)H
AT 55 A OFBURT I & B A 15

TE3 RN 4HRME S A,

WEWI

(1) A Hp(P,1)=H(P,1), WIXF Hp(P,1) P15 45 0, T
BN HAP, 1) F i Al 5 R i B0 2 BE Bk vy, T
B HoP)AH B E BTS2 G 0 Vo, e HiP,1)~{v,),
M oy R R0 TR A R Y vy B3 PR R S A
B SURYE Qv 1)={v,PY, BB o) H B 1 55 — 2% BUH
WHRIRZBALS P MR NE S HAP, 1) T i 0 B
A7 B AR BB B R4 B R P AN eaup (P@HK(P,1))
>eaup (PIP@OHHP,1)), Xt Y v; € Hi(P, 1), eaup (POHHP,1))
Seaup(v|P@OHAP,1)). WL, &t T HAP.1) FIE G5 P,
FFERGME RS,

(2)4 HyP.,1) # Ho(P,1) (WA 1 Frow ), BRFFAE — A
vpe Ho(P,1)H vy & HAP,1), B vpg P A vy /2 P, A9 — BT B
FEA i, FTLA v 31 P, (0 ALK AR 1] P B3 A
BOXER P BE G S LN v, 3] P 5 A R ds
TR REEIA P B W AL, BT DL vy AR R 2352 T
P 5 HAP, )G I

e Z [ 2

/

XN %N
/\e2 v|

\

N
NGAAN

\ d s~

Vd
AN
~__Z%-

_—

P HL 4 o 1] 5 B

A UL A 4, it 7O R A K O
Merge_Multiple_Pre, 7355k v, 5 4 7 >4 i 5 a0 P, R
LA — B SRR A,

BIZA—Brif e R M EE T,

H £ 3: Merge_Multiple_Pre

Input:P. and HAP,1) ;

Output: true or false;

¥ if P; can be merged with vertexs in HyP,1),

return true; otherwise return false®/

canMerged=true; len= 0,

for each v, in Hy(P,1) do

canMerged < true;

len ++;

for each v; in HYP,1){v,} do

if Qe(v,1)={v4.P}

continue;

else

canMerged < false;

break;

endif

endfor;

if (canMerged)

if eaup(POHAP,1))>eaup (PIPOHAP, 1))

Y v € H{P,1).eaup(P@HAP,1))>eaup (v|POH,
(P,1))

return true;

endfor;

if (len>IHAP,1)l)

return false;

MTEAES PR SR PT=(v), - ) SV, il

B A ENTEA SR R R HAPT,1), B 2 I 56
Z s T LA IF BB R AR %5 . X B HYPT,1)=U Hv,,
1), Vv ePl,

MW S XF P AR R PT=(v), -

B A PT Y SR il 80 A

Yoy e PT,5H HAPT,1)=Hv;,1)=H(v},1);

* Y e Hew1),Qev;1)=PT; W4 P. 53 PT Fl He(v,,1)
OB Y B IR T A B AR, A R AR
v;€ PTUHAPT.1),eaup(vIP,)<eaup(P.),

WP RHERYEETSE.

R BRI AR E AL % Ph,0S (P)=PT

IS(P)=HAPT, 1), \ERAIFHFAXPTLIES M Vo, e
OS(P), 398 isp(v)=HAPT)=IS(P); X} Y v; e PTUHKPT,1),
eaup(v)P)<eaup(P), P, WA HINE G5,

A UL A5, it T R A A KA ﬁﬁ/ﬁ

Merge_Com_Pre, 7E %5 4 K W i 15 s A BB A5
AR — BT RS IR

,Ui}ngﬁrﬁ

)P#
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BIATE =BT SR EENT
Hik 4: Merge_Com_Pre
Input: PT and HAPT,1);
Output: true or false;
/*1if PT can be merged with its Hy(PT,1),
return true; otherwise return false®/
for each v; € HJ(PT,1) do
if (Qe(vi1) # PT)
return false;
P—d;
for each v;e PTUHKPT,1) do
P, —P®v;
for each v;e PTUHAPT,1) do
if eaup (v P,)>eaup(P,)
return false;
return true;
43 EMEREMBEERE
Zi i U R I R N O VR s T N e
e TR E A A B A & (ConstructSoundView , CSV ) &
BT,
i 5: ConstructSoundView
Input: unsound P and G;
Output: a set of sound nodes {v,,vy,"*,04};
Queue ¢«—NULL;Set s«
compute IS(P) and OS(P);
for each v, in P do
compute H(v;,1) and Qg(vy,1);
for each v, in OS(P) do
push v, into ¢;
while (¢! =NULL)
g
pop all the elements from q;
sort the elements {v,} due to the number of their
(B 1)
find those elements which share a common set of
parents:
OP) ={PT\,PTy, ,PT};
for each PT; in Q(P) do
if Merge_Com_Pre (PT,HAPT.1)
P+—;
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for each v;e PTUHKPT,1)do
P—P.®v;
push P, into ¢;
else
Set h<@;
for each v, in PT; do
h—h U Hyv,,1);
push all elements in PT; and h into ¢;
endif ;
endfor;
pop all elements from q and put them into s;
for each element v, in s do
if Merge_Muliple_Pre (vy, Hiv,1))
for each v, in Hpvy,1) do
(A O
put v, into ¢;
else
for each v, in Hpvy,1) do
if Merge_Single_Pre(v;,4)
v @y
put v, into ¢;
end for;
if q=q’
return ¢q;
end while;
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