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Abstract  Cloud workflow system is a workflow management system deployed in cloud computing
environment. A large number of tenants can design, configure and run their business processes
on it. With the development of cloud computing, cloud service platforms are widely adopted by
more and more enterprises and individuals. The underlying cloud workflow systems accumulate
large numbers of business process data. Retrieving and recommending the most similar process
models according to the tenant’s requirements become extremely important, because it is not only
beneficial to promote the reuse of the existing model assets, but also helpful to reduce the error
rate of the modeling process. However, in cloud service platforms there exist a large number of
tenant service systems with the same or similar business background and application scenarios.
Consequently, cloud workflow model repositories always have many process models whose

process nodes are always having the same or similar labels, and a lot of process fragments with
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the same substructure or similar behavior. Therefore, traditional retrieval technology is unable to
retrieve the most similar processes efficiently. How to efficiently query large process model
repositories in a cloud workflow system is challenging. In order to improve the efficiency of the
process model retrieval, the filtering-verification framework is often adopted to reduce the number
of process models needed to refined. Generally, in the filtering stage, various indexes are built to
locate candidate process models that satisfy the given retrieval conditions; in the verification
stage, only the candidate models need to be checked by some refining algorithms. Among the
existing process model retrieval approaches based on behavior adopt the index based on process
execution path/task executing order relation to filter large-scale process repositories to reduce the
number of candidate models. Due to that the construction and maintenance of the index based on
process execution path is difficult, and the filtering ability of the index based on task executing
order relation that does not consider the constraint attributes (e. g. , time constraints) is poor in
the cloud workflow model repositories including many process fragments with the same or similar
behavior, these approaches are not suitable for the efficient retrieval based on behavior of large-
scale cloud workflow model repositories. Therefore, according to the characteristics of cloud
workflow model repositories, this paper proposes an improved two-phase process retrieval
approach based on behavior. In the filtering stage, by considering the time constraints of process
nodes (tasks), the index based on task executing order relation with time constraints is adopted
to greatly reduce the number of candidate model in large-scale cloud workflow model repositories
and to improve the filtering ability of the index. In the refining phase, based on the ordering
relations with time constraints between tasks, a process behavior exactly matching algorithm with
time constraints is proposed to improve the efficiency of refining the candidate model set. Finally,
to demonstrate the effectiveness and efficiency of the improved two-phase process retrieval approach,
based on the large-scale simulation process model library and the actual cloud workflow model
repository, extensive experiments are conducted. The valuation experiment results show that the
proposed approach can reduce the query response time and significantly improve the retrieval
efficiency based on behavior of large-scale cloud workflow model repositories.

Keywords cloud workflow; management of large process repositories; process retrieval; time

constraints; cloud computing
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TCoin(xsy,0)=

k—1
JZtmm(tf(ti)) [} %U%ﬁj/@r>yvﬂ_tj =X, tk:yv
T’ 1<j<k<n

0,

75 )
TCouw(xsy:0) =

@)

Jztmax(z‘,f(l,)) o >y, Bt =x,4,=y,
17 1<j<k<n
7

Bl 4. TEK 2 PR B R TN, HAF7E— 158 42
B TF D 01 = (L sty ols olo sls sls st slis s Ly s 11y ). FETEAS
fik 5 5 o0 HR L AR TE s 1 PRAT R B /0N T o I T) K% A
F BT ] 43 5 4 s TCoin 2y s 1 501 ) = g C2f (25)) +
Loin (L)) Ftoin (0 f (1)) =14+1+1=3 K& TC,. (45,
Z5 501 ) = lax (0 (13)) e (0 (20)) Tt (1 f (15)) =2+
2+3="7.

TE X LG I R 2R AT P K 5.

2552 —4 Timed WF-net %] TN=(P, T, F,L,
LEVaf) M xoy€ T RRBERL TN P42 1T (fF:
%) .S FoRBAL TN (58 2 ik ¥ 918 e € {—. ||, &)
FIR 2.y BIRIT KRB EAL, v IR o Pk & 1 B 21
B Blefih A i) I 22 22 18] 4 (] B P 8] AT 55 o,y [ 307
[ 29 R AT K FR BIE XA e AT

(D IR e My iR ooy =) A sy [T IR
] 29 SR AT IR Y R R AT R IR R orte(as yartav) =

(2)

0,

(233> s L tCuin s 1 1) s FH 1€ s 1000 BT 5
A3 LD R, (s ys = [t s tomn 1) TR
55 « Ay J& ™ A& T 56 R 91 H o 5 fil & 1 if
Z0E) y il K ) 20 22 18] 1 e /0N 18] B B R] K 45 K
(i) 7 B 1800 53 530 R 2 i B 2o =

tepn =min{ TC,y, (x4 y40) ) (3
sES

tcmax:max{’rcmax(l’y?d)} (4)
sES

(2) Q2R x F oy W2 (s ys (DB 4 sy )4
B[] 29 309 AT IR Y 56 & ] R R Ol orte (x.
rts0) =(x,y,[,0). (xsy, [ OO FTRES = Fly &
IAT IR F o Bl Mk 2 00 Bt 20 By B Mk 2 4 B 21 22 T
(1% [¥) o EsF i) TT EA Ry A2 005

G IR = My W ey, )42,y [
BF ] 29 B 0 AT P 6 R A R O orte (o, s
rtsv) = (x,y, #,00) FKRES « fl y B RMAT
KR ENATRETE R — 56 2 fil & e 41 b s 30 ok
S T ATT A i 2 1 s 220 22 ) ) BRG ESE J) SRy TG 5 K

Sk T b g IR ) 24 SR A TR R R Y
FE SCAPF— AR Bk Ui B dn s 5 R

B5.  FEE 2 FiR R R TN, th ik 3 X 48
Tt 5t 655 tosts 5 0 AFE R 7R 612K 36 B E AT 1)
B F] 29 R PATIRT KRR T B R B4 3, 7] LA
AT 65 6 2 A I AT R R AR 5
Lo WIHATHAT R R BT 5 0, i RPIT LR AR
P SC 11 AT =2 ) e IR) 24 SR BT IR 5 56 &R T
IR IN A by s tg s> [3.3,6.5]), (1551105 1,0

(Zg oLy s # ,OO)'
4.2 THEARMESHITRAFXENITEREZ
B [

MR b3 e SR Sl R, o T O AR
154575 RURIA TR T G & 5 AT LA S W] 2 5 0 2o A
f# Timed WE-nets #1781 i 5¢ 4 filt & )7 5 45 . SR )5
FEF 132000 58 4 fil & 7 548 o] 11 A5 2 AR
A5 AT 5710 A BT B 1) 24 o ) BT 7 6 &R BRI
SRR 1 R,

Bk 1 AFRTEI AR AL S AT IRIF R R
L () ORTC-CFS %75).

A :TN=(P,T,F,L,(f,V.tf)

//Timed WF-nets Jit F2 88 (JG )
S //TN #5842 fil & 7 51 46

Hith : ORTC_Set / /45 B[] £ SR AT 55 PUATIR P K R 4

/ /PG

1. WR_Set={ ;

2. OR_Set={ ;

[ /AR 55 7 )58 R G AR
/AR 55 T R IRAT IR R AR 4R
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3. ORTC_Set=J; //AF55 715 si [ B (] 24 5 04 S04 T
VGESE S

/AR AE S8 A5 B AT 55 1 e [ 1 585 U O R

4. FOR EACH ¢ .t;€ TAt;#t; DO

5. {IF do=1{t1 425,

t,=t;, 1=<<{<k<n THEN

r=t; >t

ELSE

r=10t;>>1,);

add » to WR_Set;

10. }

/AR AE 39 A5 B AT 55 1 ] I AT IR T R

11. FOR EACH ¢ ,; €T At;7t; DO

12. {IF ,>>¢; €EWR_Ser and |(¢;>>1;) € WR_Set THEN

13. add (z; 52, ,—>) to OR_Set;

14. TF 1 (>, )EWR_Set and !(¢;>>1,)€ WR_Set THEN

15. add (¢ ¢, #) to OR_Set;

16. IF t;>>t; € WR_Set and t; >t, € WR_Set THEN

17. add (¢ ,¢;,]|) to OR_Set;

18. }

/7R E S 10 Fog SC 11 A5 3 AT 5571 L A A I ) 29

AT T K 5

19. FOR EACH ¢ ,t; € T A t,7t; DO

20. {IF (z; +t; »—>) € OR_Ser THEN

21, {TCS=TZ; TCS' =T

22. FOR EACH s€ S DO

,t,> €S, such that t, =t and

© o0 N O

23. { set the value of z¢ according to Eq. (1)
24. set the value of t¢’ according to Eq. (2);
25. add tc to TCS; add t¢’ to TCS';

26. }

27. te; =min(TCS); tc, =max(TCS’);
28. add (t;,t;,—>,[te) ste; 1) to ORTC_Set;

29. )

30.  IF (4 .¢; »#) € OR_Set THEN

31.  { add (¢ .t . # ,o0) to ORTC_Set;
32,

33. IF (t+t;,]|) €OR_Set THEN

34, { add (¢ ,.¢,—>,0) to ORTC_Set;

35. }

36. )

37. return ORTC_Set;

TEF W 1, A B IR 558 4% WR _Ser,
OR_Set ,ORTC_Set W1tk WA= £ (55 1~3 17) . 8K
Joi AR E S8 A5 B B Hh A 55 1Y A TR Y 55 )T R
F A WR_Ser (5 4~10 17) 5 4% T K M4l & L 9 15
FNSAT S5 A A HATIRF R REE OR_Ser (55 11~
18 47) s dieJa - M4 a2 3 10 Koo X 11 3RS B B AT 55
g [R)HT B 1) 29 SR AT IR )T S R 5 ORTC_Ser s

R 2GR B ORTC_Ser (55 19~37 7).

MR E AT AT e 5 1 T, SCRRC 19 & XA 55
W AT T 56 FR HE AT R A 0 o — B 5 A
W s AR SORE SCHRCL9 48 09 K A6 AT 55 15 s [l AT Ik
J¥ R R WA ( ORU-CPU R3O E R 55 1
P A 3 v B k. 5 URHT 45 BAT IR 56 & e 1k
SrAT SRR 5L ORU-CPU A e, 78 3Cr 48 19 53
2% 1UH ORTC-CFS % R) & XHT 45 04T IR P 56 &
HEAT I8 REAGTT S, W] LA RO R4S AT 55 19 s () 47
B 1) 24 o1 AT IR 6 &R Ah . B ORU-CPU
SR 58 4 28 R P B R 253 AT 45 40 A A T Ik
PR Z BRI R 22 R Ot ) Hid,n R
Y AR ST AN H 3R ORTC-CFS 158 2 il & Jr
FURTTF 5845 AT 55 19 A (B0 B 18] 249 3208 A A T IR 56
AL H A LG IRy BB 19~36 17) df FZE AL
BFIE]. o8 4 il & 3 9 4R 1 RN O28) HAR
T T A AR X ECZ S O W 3 ORTC-CES
I ] 52 R B0 OC2 ™) s Hovp s ke KRB AL Hh Ak T
9 6 72 1Y 728 S XTI, FROR AT v A S AN B AR S
PRy B A Gl R <72 X logyn WED 28 <Tn®,
AR 02" ) <O"). H ik, 553 ORU-CPU
FH LG 3L ORTC-CFS fE 11545 4T 45 17 s R 3T IR
FXRRTH MR EL. 5 2,8 % ORTC-CFS
RE A 501 RS TR 54T 5519 A Il B I 249 ) A T

5 ETITAHANREZEATRE

T ER BT AT B R = AR B AL PR Y
R A 3 U8 B B i a8 2ok U8 B Ty R % A B[R]
LIRS PATF KRR G I E L ilE XM
B AR AR A 2 5 DR R el 20 36 A5 78 4 1) FLAE
RS AL B B L A R A B 8] 24 3P AE 55 S04 T IRF R &R
A8 AR — P TR B A AR AR AT O DT C AR L O
I FH 2 B R e 328 A A 48 T A7 A AR B8 k. T TEDDRE 3
YA 28 47 I TR) 29 o B AT 55 AT R R R R 51
ORTClIndex 7R ) i #4) 8 Ko 5 F 4 B 18] 29 58 4F: 55
PATUT & R W AR AT A DE B3 k.

501 HEHHEARNESHITRAFEXRRES

7 3¢ . 1T ORTClIndex 32 75 47 W] [A] 29 38 /Y
55 AT IR P K R & 51 ORTCIndex F 5| J& il i
(orte,model list) o2 i IE Ak v i BB AL 5
Tt R A A 55 18] B () 249 5 ) R T UK 6 &R 6T
G F S HoH orte R AT 55 ] 47 B 1) 24 3 1) 4
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TR 56 22 CELPR4I AR W22 3 11 F %) » model list
TR EIZK R orte WA MARBRES.

N T K B ) 2R AT S AT IR P R R R
gl E e A 1 iR — B (e S TND
B AR 55 R R () 20 SR BT IRT e R AR e A
Wrdg— & & orte 2 fE ORTClndex R FE P A il
SR WR orte AAE ORTClndex F 5| & Hr, LK 4 i
K FR orte L YMETHELE TN #Hh1%] ORTClndex &R 5|
Ferf 2R orte 78 ORTClIndex &R 51 3, WPKE 24 i
R 1610 5] 24 B 6 & orte X Y I 31 22 (model
list) /. AR 58 4R . 2 — /> 7 It A 55 750 398 o 3] 455 R
B s ORTCIndex % 5| 2%t v LA P o B 8. i F —
ALY ORTClndex 14 g 3 B8 B #ERT, I H =
TAE ALY rh BRI R B O, = TAE A
RIFER) ORTCIndex & 5] # & 356 DL 85 & 7 X 78
Apache Lucene 1 #EATH # 5 4E 4 1.

5.2 WHEBEARNREBITALEEE

ST UE— A AR R Y AT Ay e A R 1
—FURFRAT A — B, T B DL A IR R O S R
T i e A TR 5 AR TR 4 A R AT 45 AT IR T %
FOVCELEE. S 7 547 4 34 i e 455 70 15 2 g A 4 (1) £ 7
iy VG E 32 R 56 S, T 4 DA A S8 A 7R o 75 381 ) 4%
1 55 117 Bsf [1) 240 SR 08 P07 KT 56 R (R FR R A 36 5%
2 (B DA TS 780 v 45 31 1) 45 AT 55 i) A7 1 i) 24 5
AIPATIR Y R R (O RO A 6 R (BB, N # 4
H A 3 A TR 5 A 9SSR ) A Sy DG ) A 6 S

S H I A s T X TA] ) s o) B B R Ak g e O &R
) I [B] 24 o 5 2 9] 56 28 14 s ) &4 o ] (%) DC g B2 LA
o Y08 4 AT BE S T AR A R DG ZR TR IO B I 24 R 4k 3

TE X 12 CHf 1] X 1] f 48 %5 15 25

25 58 WA ] XA 0= [ i s L ] 0" =000 5
L ) FEH 0 IR 38 5 28 R A BsF I X i) T AR % 2k
X J]) o' 7 25 1) 9% F AP A0 I i) X 0] i A 2 i) X
51D 7 1 N 1 T A S G - I N ]
ADist (v,v) , HEARITFA KWK B FroR.
ADist(v,v) =

0,
[ Zoin = inin | | Zinas = Lo |

‘ tr’nax o t:nin ‘
h ,

T / ’
s 5 Lnax 7 Loin H. Lin L inin

HT Lnin = i HL Linas = Lo l

and £yl
750
(5)

FRAE 25D T 5840 28 X 8] 5 A5 36 X a] 4 266 %o
FEES Iy, SUR T LASY N 3 RS IE « fg 0t IX 8] 5 45 3] [X.
[F) 25 A ) X A] 5 ok 0 IXC ) Al A 2. 1 1
g k3 R IR B3 SRR .

(1) A5 36 DX ] 5 fie i X ) 2 5

g 38 DX 6] 5 A ) DX 8] B2 5 i) s i a0 3 s
Y o=[1,1],o'=[1.1]8 v=[1.3].o"=[1,3]1,
*E?Eﬁ(f)),m‘Uﬁ%?U:ADixl(v,v/):O.

v

I I
1 2 3 4 5
B3 ][] DX 5 A 0 4 ) B B R 4

(2) A ) IX [ 5 ¢ 3 [XC [i]

A 1 X 8] A 25 e i X (8] B 7S 40 AN BT 4 fi s L 24
v=[2.3],0 =[1. 4]0, IR (5. 7] L5 F].
ADist(v, ) =(l4—3|+[2—1])/[4—1|=2/3~
0. 67.

v

e dl ] 2 ]

| ! | i |

| | | | |

1 2 3 4 5
B4 i) XA 73 i 326 DX TA] ) 466 3ot B B8 1 30 s 491
(3) HAh KB

i T b i 3k X (] 5 A 9] X () B A A0 X (]
i, B 3 DX TA) 22 A0 ) A A O L B 4n s an &L 5 R
1 o fi 32 X TR) 4, 55 5 3 X ] (o=[1,2], 0" =[2,3]),
i 328 X ] 5 2 30 X ) AH 28 (o=1[1,3], 0" =[2,4] 8
v=[2.47].0'=[1.3DHAME (v=[1.1].v'=[2.2]
w o="[1,31,0"=[3.5]) B . ZEFE47 5 B i) 24 o 1 9
FRAT R VCHEC R Ry 1 HEBR A7 7L T BEAS 1 A2 A5 360 X [1) 1)
i 3 DX T] A 1 00 » SC HPORe 30 265 0 T B i3 IX ] 5
V) DX [0 1 46 % B B T 5 A 1, B ADist (v, ') =1.

TE X 13 (f 38 56 22 5 A 1h) ¢ R UL FCAED .

i 7 i e 15 Y 5 A i A B 73 1]y TN, = (P s
T ,F ,Li,lfi,Vi,tfi)f TNy =Py, Ty, Fy, Ly,
LfssVastfo)s Hl ory = orte(xy s yi s 17ty s 01 ) s 01y =
orte( @y » ys o7ty s v2) 43 F 7R TN H 2y, oy [8] 7 B (6]
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v
T
| |
| v’ |
I |—|I !
i i i |
| | | |
[ [ | [ [
1 2 3] 4 5
v
I |
I L
| U |
I i I |
I I I I
| I | |
| | | | |
[ [ [ [ [
1 2 3 4 5|
v
N l
v !
T | 1
i i
I : I |
| | | | |
| | | | |
1 2 &) 4 5
v
]
I '
v
{ -
i I
| [
| | | | |
| | | | |
1 2 %) 4 5
v
i i
[} |
| | z'
| I i
:
I H \
| | | | |
| l | | [
1 2 3 4 5

5 HAUWAEIE T 4 X B g nY 1 FR B

S BBV 5 R K 50 B TN sy, ]
IRl 2 R AT IRT KRR (B R R M4 KR
or1 sor, VG ECAE Al B8 i MV ory sor, ) s HoiTHE Y
A= C6) FrR.
MV or, sor,) =
1—ADistCor svs) s 8 Grty =711, = “—")

B D) =1 () Lf1 (y) =1 ()
L == )

B a)=1f () s L () =1f2 ()

B Lf () =1f(y) o Lf s (y)=1f(2))) +
1, # Gti=rt,="%")

S GO =1f2 () L ) =12 (32))

UL =1 () LA () =1L ()
0.

(6)

RE 14 (i K AR A 5 AT IR OC R AR AL PO AR (ED.
B ok 26 45 1R 5 8 ) A58 4 5 Oy TN, = (P
T, FioLyslfy Vit fO)F TN, = (P, T, Fy Ly
Lf2sVostf2) s il ORS, Fil ORS, 43 5 7% TN, I 15
WR ALK TN (&S R4, KA ORS,

%% ORS, [} VLt 4 {5 %675 ) MSV(ORS, .ORS,) . H:
AR MR D PR,
MSV(ORS,,ORS,))= > >} MV(or ,or,)(7)

or; €ORS, or, € ORS,

TEX (D H om0 43 B8 TN, B — A ik
KR TN, ) — AN KR MV ory s o) KR
KR ory sor, 1 VC L AH.

MR X 12 B 5 X 14, R 45 7 v 4
55 A R AR TR (] Y A (1) 24 B SRR AT G BE B 1) 2 X
Je AT AL g 15 FiR.

TE S 15 Gy Bif ) 29 5 i AR AT i DR RC DD

1 A 2 A5 TR 5 A ) AR 4 53] kg TN, = (P
Ty Fy Ly Lfy Vit f))F TN, = (P, , T, F, . L, ,
Lfy Vastfy) s Jl ORS, Fl ORS, 43 1 £ 7% TN, f 5
PER R TN, & R L IF 4 B A TN,
TN, [8] 5 B 8] 24 3/ o A% 47 Oy DC JC BE A 3R OR R
BMD (TN, , TN,) , H B 15324 040 5K (8) i .

MSV(ORS, ,ORS,
BMD (TN, ,TN,) = (|()RSI | .
2

e (8) 1, MSV(ORS, , ORS,) 43 M F 7% TN,
A48 1E G 7R AR K TN, 1 25 i 56 28 4R 1Y D8 e AR M
|ORS, | #7x TN, 128 1 & R4 ORS, 19 K/, #i 4
#(8),MSV(ORS, ,ORS,) 5 | ORS, | ¥ ki (BUE
JE DR 0 2] DR e BER TN, 5 A MR TN,
(AT Ay DG PC B R K 5 2 TN i 8 56 R4 I TN,
10 A5 1) 5C R AR 1Y VT B 48y 25 i AT T RE AT O DL
BCEES 0. fHY TN, i ¢ RAE P i — TR
e VR TN, 953 5¢ RN TR R 217y L
BCRE R 1.

SR Y T G b, B i 2 AR TR 5 A A AR TR (] A7 B[]
LS T ARAT by U E 0 AH SCME & S AR T
T8 25— A AR R ], i) 6 B .

Bl 6. R —MHARE R RS E 64
3 4 Timed WE-net #2751 45 i g7, TN, , TN, ,
TN, 75 EAR R A ALY ¢, 7E ¢ AL & FR &4y
HIH“B” . “C” . “D” iy 3 MMES W AL HENZER
KA. (“B”,“C”—>.[2,3]),(“B”,“D”, —,
[2,4]D,*C”.“D”, . #4E & X 12 g L 15, 1]
PI4% %], BMD (TN, ,q) ~0.51, BMD (TN, , ¢) &~
0.33,BMD(TN;,q) =0. 8%, TN, 5 ¢ f K 17
S VG E BE d5e R R T 45 5 /94T DR TRC B A 0. 4).
IEEE TR TN 5 g BIAT R i PR T » TN, 2 1 /2 2
TR g IR R 2

(8
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Bl 6 G ARAT R T EOR B

T A AR L 5 A AR (1 I ) 2 R Y
TREAT DL W] DS PR 1 TG B A A
T e AT 55 719 T A I T) 24 B BT OO R R AR
SRJG AR A8 SC 12~ 15, 5t AT LAAG 3] fi B 45 A0 5 £
TRV TR f 5 N [R] 24 A U0 AR AT Oy DG G BE L R R S
B A AL 2 .

Bk 2. VA2 S g AR AT O T e B i ()
AMPB_ORTC #£/mR).

BN TN= (P Ty Fy o Loy L f Vit fo) /AR ERERY

q= (P, Ty, Fy s Ly s Ufy,Vostfy) )/ REE

ORS / /g i A TN (145 B ] 24 B 19 48 55 BAT IR 56

F4
ORS’//# R g 175 I ] 2 52 14 45 55 04T T 6
Y S
it : BMD(TN.q) //f R A TN 5 & ##LE g [
H e 1) 24 SR (¥ A AR AT o DG BT
1. MSV=0;
2. FOR EACH o7’ € ORS’ DO
3. { FOR EACH or€e ORS DO
4 MSV+=MV(or,or');
5.}
/AR E XL 12~15 # BMR A A TN 5 & A g 1)
Hr e 1) 24 SR (¥ AR AT S DG T B
6. BMD(TN,¢) =MSV/|ORS'|;
7. return BMD (TN,q);

FERL 2 750 AT IR S R R S AR &
AV ARG 2 2 2~5 A7 TR e e X 12~
14 K5 s 3k 56 R 55 ORS FI#E i) 56 R 4 ORS' 1Y)
VCPC A AR 5 55 6 47 0 T AR 4 2 S 15 Sk i 53 e e 4
BTN 5 A B g 194 I 8] 29 5 /4 30 B2 47 O Dt
B 2.
5.3 MHBEMETITANTRMRAEREAER

BT 5. 19 K52 R FRATR Y T —4
A PR 2 AT D 0 1 o B A ) Bk IR iR
RS ) T AR 2 AR S < 1 D8 B BEORS AR B B
TE SR — A~ B B » A1 I 1) 249 3B A 55 S0 AT I 56 &
K5 ORTCIndex 2 id 38 KRR = T AR 68 2 )2
B /N R A Ao 1B R 2 s AR L RS A B B
A P T 249 S0 A) 30 A8 A S G ) DIC PG 580 0% 25 6 T ok e A
G E B RAT NICRE R B R TH THERH
{E. TS T AEA 25 I8 AR A ORI PR D0 T 2
TAT B W B B AR A A L G R s B B
2 3 iR,

Bk 3. b AT P B B R A
KR
WA :q //H Timed WFE-nets 75 ¥ £ ] 1Y

R //Timed WF-nets f& #l %
Wit Ry /254 9B
/ /1L DB B
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1. S"=GetCFS(q) 5/ /JRIAIERL ¢ 1956 S fih % ST 514

2. ORS’=ORTC_CFS(q,S"); //3RBUA R AL ¢ flaly
I ] 249 B AT 55 AT UT K R 2R

3. FOR EACH o/ € ORS’ DO

4. { model_set= getModelListByORTCIndex(or’ ,R) ;

5. add model_set to model_set_lists;

6. )

7.  Rqg=Getlntersection(model_set_lists) ;

/KA B B

8. FOR EACH c€ Rq DO

9. { S=GetCFS(c);

10. ORS=O0ORTC_CFS(c,S );

11. IF AMPB_ORTC(¢,q,0ORS,ORS")<<¢ THEN

12. delete ¢ from Rg;

13. )

14.  return Rg;

TERE 3 W8 1~ 7 47 3Rn T RS Y A 9 1) 5k
UE BB 55 8~ 13 47 3R/ it R A5 TR A5 3 1) K Ak 35 I
BB 76 U B B B e AR B A AR ¢ (9 58 4 fin
RIFHEES" G 141 IR S S 1 884
TR g /A7 I E] 2 o B AT 55 AT IR P R R &R
ORS’ (545 2 41) s8R . 4b T ORS" i — K & or
% FH B % getModelListByORTClndex Cor” s R) 4 4
6] LIS B0 9 M 5756 & or 1Y T A5 1 3 A R
AF Tl B e e A5 Y £ v (2 3~6 47) 5 e g » XF
X B gk I fi 1 A 28 4 SR A2 B T A B 4 5 AR g
JFA AT 55 AT IR T R R W A 8 (58 7 17). 1E
i AT AE B B Xof T 068 e 455 A8 4R 1 B — e E AR AL o
559 AT T AR B A R o Y SE A il R PSS,
5510 A7 A 1 ORI LB RS ¢ 1717 I (] 2 3
(AT 55 AT IR P L R4 ORS, 58 11 17 B % 2.
AMPB_ ORTC(c.q,ORS,ORS") 2= B3I 5 e 5 . ¢
SEMBIR g AT ORISR R &R T8 T4 & M 3
{H 0. W0 S, A5 {8 E LT ¢ b DA i 3E 5 B 4E Ry
O ER (55 12 15). )5 . B AE B AL EE Rq i FE 48
TR 5 A AT g O DL E A 2 SR AR A,

TE 52 B 19 Ml 55 U AR A R o R B TR T A bR A
(T8 SCARARLBE. TR UtL, oy 1 (3303 3 T 45 SR N
FH S FRATTAR Al SCHR 21 52 21 9 A 28 AH AL BE 11 55 bR 5K
labelsim X} 5% 3 =X (6) AT & 0, HAB S 11
= (O R,

|

|

MV Cory sor,) =
1—ADist(vy sv,) s 5ty =rt,=—")
H. labelsim(Lf, (x,)=0"
H labelsim(Lf (y) o Lf2(y:)) =0
1, HGti=rt,="1")
H abelsim(1f, (x)) s Lf5(2,))=0"
H labelsim(Lf, (y) 215 (3:))=0")
5 (Labelsim(Lfy (x1) o Lfy (y,)) =0
H labelsim(Lf, (y) 21 f5 (2,))=0"))
1, HGti=rt,=%2")
H (abelsim(1f, (x,) o Lf> (2 =0
H labelsim(Lf) (y) 1 f2 (3:0)=0")
5 (Labelsim(Lfy (x1) o Lfy (y,)) =0
H labelsim(Lf, (y) 2 1f (2,))=0"))
0., &0
TE D L bREL Labelsim Tl THHE PR
B SCARBLEE L0 Fm i 2518 SCHIULE {8

- (D)

6 SLIGIGUF

TR RS AT SR R R AT R T —
N B TAE W E B P A (http://
platform. pasp. cn). % & O JF & L4 D) RE AL 45
= TAE R AT 4k % i1 %8 (http://cbpm. pasp. cn/),
DR A RO AR R L ARG R T SR A5 R
EIE AL B 7n TTH. 5L T 80400 AR 10 R A I e
R S B 92 9 2 A O R B 2 A T R R G IR S
B, AE X S S8 of, i A R 51 (i ORTClIndex &
51 TARIndex & 5| M 5% & 51) #f J& i i Apache
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Background

Cloud workflow is a workflow management system
deployed in cloud computing environment. A large number of
tenants can design, configure and run their business processes
on it. With the increase of tenants’ applications, the underlying
cloud workflow systems accumulate huge amount of process
descriptions (i. e. , business process models). For example,
there are more than 2000 enterprise users (namely tenants)
and 100000 business processes (roughly 50 business processes
per tenant) in the cloud workflow management system of
Ceramic Cloud Service Platform (CCSP for short, http://
www. pasp. cn). So how to efficiently query large process
model repositories in cloud computing environment is
challenging®.

To improve the efficiency of the process model retrieval,
the existing process model retrieval approaches based on
behavior adopt the index based on process execution path/
task executing order relation to filter large-scale process
repositories to reduce the number of candidate models. Due
to that the construction and maintenance of the index based

on process execution path is difficult, and the filtering ability

of the index based on task executing order relation that does
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FENG Zai-Wen, born in 1980, Ph.D., lecturer. His
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not consider the constraint attributes (e. g. » time constraints)
is poor in the cloud workflow model repositories including
many process fragments with the same or similar behavior,
these approaches are not suitable for the efficient retrieval
based on behavior of large-scale cloud workflow model
repositories. Thus, this paper proposes an improved two-phase
process retrieval approach based on behavior to improve the
retrieval efficiency based on behavior of large-scale cloud
workflow model repositories.
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