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Workflow Activity Recommendation by Collaborative Filtering

CHEN Guang-zhi,HE Wen, LI Lei
(School of Data and Computer Science ,Sun Yat-sen University , Guangzhou , Guangdong 510006 , China)

Abstract: To address the problem of changes of business processes for an enterprise or organization,we utilize the nor-
mal and exceptional instances to recommend the next possible activity for the current incomplete workflow instance. Since ev-
ery workflow instance is a sequence of activity names,it cannot be calculated numerically. we firstly extract the order of each
activity in the sequence as a number value,and then get a matrix which is similar to User-Item matrix in traditional recommen-
dation systems. This matrix can facilitate the calculation of similarity between two workflow instances. Finally , we choose these
complete instances which are most similar to the current incomplete instance,construct the activity list as the recommendation

result by these instances. Experimental results show that the proposed algorithm is effective and efficient.

Key words: collaborative filtering; activity recommendation; recommendation system; workflow activity;

workflow instance

1 5|8

TAERE AR © S — 43 8] T R, B
AT BB, 0 YR RS e TR s R
PP TS A B A T S 4 T B b R K
B AR AR 3 B, A s 20 4 R R RS B H
25 2 H 1) . SR PR B A AR 3 7 AL S B0
X TR AR — AR BRI AS 34 N Wl
— SRR AR By, 5 — AR S AR . BRI AR
— 297y ) P ST R A B R X 214 i AR A6
AT AT 45 4 4 , AT T FH S8 BT A L, LA e
A A T S0 Bl F T A R T S A SC i 3

WK H 3B :2015-11-26 5 & (8] H 1] :2016-03-28 5 53 AR 2 i - P BE

eS8 TAR A B AR G fBUE AR TR B =5 5 58 2 il
SE LSRR KA AR RIS DL R B A AT Y. S
L EE AR B g WERY. {5 B B RGN B A
AL AT AR A5 B, A BE DA R A 4 B 7 TG S AR5 A ol
MR B e, EaR PR R GE 0 i I el A7 A
KRR ARG, Hol SRR, (X e i A 5 AN K
B SR AE Bl s B UG, PR TG SO R B 2 BT 5
TRGERB I S, H 52 25 Pl Dl 1) 52 W) 25 HH B
FRI). X R R GEANR AL G 07 W68 PR, 2 B A
“URFRAZSN” YRR HL. T iR PR IX 6 AR 4 T Y 9L A
ARSI, AR SC LR AT AR GEBUZR T SR 10 1E 3 52 451 A

HeGTH - ERK QAR RS (No. 61300095) 57 A4 [ KR 2 2k 4 (No. S2012040011123 ) 5 J7 A48 B H T R KL F5 B AR Q1B A A 35 & (No.

2012LYM _0065)



o4 M Wy R D R] e DB H AR AT AR IS Sh e 891

RER S S, 10 /AN S S B HE R T — A n] RE S
By, Al R . X BRI TR B, RS T R
S R B T T AR RS A BT

YR, HEE R T AT Y BT
Pyt A D T L AR ) TR, B AR R T
ARG 2h 4 72 FRATTHE 2 T I AR AT 1 A O S )
PR ARGERE S, ) 28 P AT 485 3R B0 SE Bk A 58 5
1], Ay DI el 2o SR A H R AL T S ), AR SOk
TS WK S0 5 A BB M 285 SRS, 78 Bk B e
I St I 205 AN 5 e S 081 R 5 2 S 051 17 FE AL JE T 5
I G, W T A TAE RIS sh 2 B 7% flowRec
Al flowRecK. 5256 45 5 K %k Fb A3 B 2 B, A SCHR A #
FEA PSR AT BT R

2 EXIE

Agnes Koschmider 25 A" F FHl ST 50 A5 S vt 15
4 TR R L B o 45 46 750 Bl 45 5 780 e, ik T P i
FH. %07 B R B R, A b e, LA B
BRI, SR8 138 T el T 4 b ) 3 b R 45 41
19T B AL Y S5 AL L R P S ) i A
KFEYFTR TR S LA T — IR % A SRR
7 S A5 B, (R S ) B R SO OR
5] F9 R AR SO S T P IRk e AR R 3 T 1A
S TSSO Y 55 090 Sh . SCHk[ 10,11
55 P e/ VTR AT 26 B 067 L TG 3 7% 0065 780 2 A J 2 4
H 32 49 B3 UG I 16) R 5 B RS A % T — 4T 455 T
AR SCRAE B R R B A R AL R B B AR
TP R v 7 B .

SCHRL22 ] 358 1 7 sh S 4643 8 1) A 52 5 52 491 4
T, TR = Tl 7 [ 14 5 126 05 6 15 7R 5 2 S A o) F)
SERST] TR R AR S B AT TSR ER K
HF 2 ELYA % 5 Y B 20 =2 100 3 5 S R i
SEL M T IE ST S A TR ER TR,
ARSI EAAL % T A 58 8 S i B 5 — M35 30, T
LA 18 T %05 30 2 BT I 30 5 B A TG (5
3 R

B X Sl 55 R U, BT A T REFRAT I 3 i 4R
BH A= ta, a0, ,—A TR E XA T
MG SNITA 0 H e = <a,,a,,,a, >, Hha, e 4,j
=1,2, -k, [i—{% 30 RVFTE L0 b Z2 0 B ot — 2
B T AT REBAT TG SR B E 1, B =1 W
f49 , T A S0 T s S 20l 5 R AL, X — A 52 e 5
KA, & B T I R 3 34 SRR Sk T 4R 3 20 g
HIESh. AR E et m A 5848 A U S (9 4 B ey 55 4]
PEAOHE = {e ey, e, | ERSEES, AT

LHIRTLIAE E P Z W e = <a,,a,, 0, > H—A
SERES], HorP T Bl o, ANl R BERIZEHOT B E X ,6 42 e
A L. FRATTRTRIREE S < 45 E R e, Q0] [n] e HERF
HF— A RESRAT IS a7

4 HFETIE

4.1 HFEHXHEL

SR M FH DI TR) aed i  A rh (B 2 AR L 3 5
5 T Jeks E o B S5 B A UOBE I 5, A
SR HF AL B B IE 3 AT XD E v — A S8 B 5
B FEREFIR NG < P — NG 30, MR R R
SE S P A 2l BEAYIDUR (. i T A Y
FIRERLEIRER 2 30, UG B vpoiR 46 58 8 S2 50 R 19 1
Zy P A R L85 Sl Al BE EE AT M B, o T S B T R
ATE—ABE, TR 2 N BE R S A T R
ifs E S AL R FEIE (0 M.

ESCH BB P a] RE R 3 344 AR 0 I
SeZFRHEY AL BN M SR, B AR HEF T
IV AR RHESE. TR 8E TSRS R,
R E PR SE RSB E M AT IR K S b %
AN Bl BB e 5 PP (AL D 14T X BTG 3l 81 Y 0 3R
(L5 R 30 1 B 220, WD 32385 2l Jor A s B ) Iy
{EARYE N Mrbo G 3R B (E. — > Rodlats 2% 1L o i
TZHRE 1L BPESG <= la a0, a; ) I
aysay,,a, ME MBS R, 163 a, o, 73502 TFR |
RGN T 0, TEH — A SE B SLHI R 2 B LLER 2.6
Py B, TR I 5 — A7 50 8 D0 R & A B 2
Fn6.

AR SE %

a,,a,, a,, a,, 4, a,,4,, 4,4, d,;

AR R

, 4y 4, ds dg 4,

5
a.
2 4 5
6
2

w | o
| O

Pl — s A 5

Fie PR BRI 15 3 M. ST, MO SR
ROCT BAERE R T R AT R 28Ul B2 178,
ASCANFRZ AR B 1 R 1 8ol ag X5 (5 ik
dataTransfer(E).

Bk 1 HIEKRREELE % dataTransfer (E)

Input : TAEJR S E.
Output : 5 [F M.



892 B *

¥ W 2017 4

L 33 B, € 45
2 X o4 PGS BT A = <ap,a5,00 0, >
3 fori1to | E|do

4 for j«—1 to n do

5 if 353 a; 18 E W95 i ADSEEH A I then

6 M; «0;

7 else

8 FGUE BN a; FEE @ AL v B B U (8 42 B /N 3]

KIGIF IR TR M, ;5
9 Return M;

B LM FOR M i AT SO0 E, |E| %
NE AT B R MR E = el AR
dataTransfer( {ef ) iR [ M gt HA —17. JeEOLT o7
{6, AW dataTransfer( { e} ) faj’5 & dataTransfer(e). &
FENE[=m, | 4] =n, 2 MEERN:

M1,1 Ml,z Ml,n
M= 2,1 2,2 2.n (1)
Mm,l Mm,Z e M/n n

Horb M, W] RE Dy — 3F B R, T RE O R R R
5.
4.2 HEHE

MRYEA SO 5 PO B4R 5. 1 e i) TAE AR,
AT dataTransfer (E) 77 £ 1 MOAS & #i i 19. [A 24 4
o TAEGIE SHERE , A IE T S5 451 47 38 D ] — A5 A,
13 Bl e 51 b A& I TR Bl 22 A 2K R 73 A% 5. 1 Y
T B A B S E S, B B R D, B T B
KEES 4, RAX M E GG EHBAR. T4 M
AHi g, FATAI LAH] Pearson AH 56 28 8055 P A 52 431
e, e, HYARMBLRE , T AN SR FH A i 4 4 15 Cosine 23 203}
SR M R OGE M, AT RS AN EUE, SRR B
Pearson A5, IG5 X M 5S40 e, e, XN PIAT
Bop AL, BlEAT R & ST RS — A BE. TR
PR R T e P AR B X Mo —17, A
S AELLRE B AT HR I 7€ I, A BE i 1.

& e, Flle, NP TAEGIH] A, A, 703505 EAT]
F AU TTES ARG, TR A NA, R e, Mle, I
[F] H4 B A 3% 3 44 R4 fr 5 F dataTransfer (e,) |, 0 75
M e, FAQ)E BOARAT R U A, NA, TR LS X I A AR
{1 B AR A A T H0 4, [R] B dataTransfer (e, ) | o IR
PR JE BIATEUE T 0 R ATH AT RE & 2 A HE, B
AL BE -

dataTransfer(e, ) ‘A,ﬁAz =(X,,X,, X, X,) (2)

dataTransfer(e, ) ‘A,ﬂAz =(Y,,Y,,Y, ,--Y,)
Hop X, F0Y, 53050002 e, e, F Ak 5 B4 TR H [H]— 1%
IR TER i =1,2, -,k

T 1 BT el e -1 (2) s -

(1) 2R X, AL E —DBUE o, LY, WAL — D3
fE iy, ) ARAHL X, =x,,Y,=y,.

()R X, S E2ME 2y 00,2, 1L Y AL —A
B Ly b X, Ry, B IR PR X,
et ¥ AC W MR Yo A R AL, BT = arg min
‘xi,j —Ya ‘;EX XiExi]” Y=y,

VIR Y, EZMME x50,y X AE—
EREFRINIUE /S B - ol sy P LELIR

(HWRX, S ME 2y 0,000, 1Y, WEZAD
By yas oy, b AR AR t<min(p,q) , i1 V1
<j<t, A=yl Ay WX =, Y =y, 500
BT FRE ¢ AV 1<j<min(p,q) , A x,, =y, 0
WX =% 00 5 Y =Y iwint-

XA AR RS (X, X, -, X, X)) TS
flat( (X, , X, , -, X, 0+, X,) ) o I PAL RO 2R. i -1
S Pearson AHCRBITH e, Fl e, MUAHBLUEE Q3G 1 4%
F, ZE AR R (3) 5

flat ( dataTransfer(e, ) | non) s

sim (e, ,e,) = Pearson
flat ( dataTransfer(e, ) | And)

(3)
FHx = (a0, ) Ry = (7,00, 0, 00) FRBA
i VAR IR 45K (3) Hf Pearson pRATNT »

§<x{—’f’><yf‘—5/>

S [y
(4)

i, 1 A A S R R T e AR ) g3
Mmig#E(1,2,3,7,4,5,10) f1(1,2,3,4,5,6,7), T &%
A (3) HWIAIRUE M 0. 8458.

e FR LR b el a] — R SE L SE ] e =
<a,,a, 0, >HEFEF — AT GG Z i 4 kNN &
1Y F IR (3) M E Hk 5 & AU kA5
FES L0 R kNN (e) s8R, X S6 5L 5] Fp 48 A XS T e
BT —G 8. SRR ST R4S e, € KNN (e) , 4l
RHKERT 8, MMHIE ST H B HE TP AE S +1 1
IBAS TG Bh, BTG sh & e W N — Al RE AT G 3, iE N
na(e;,e) ;XA e, e kNN (e) B4 na(e, ) 155 e
B R —nlBEG s I SE G, 10 8 na (kNN (e) ,e). Miz%E
AR S BATCR d K ABAN1E B B HHE R 2 e Xt
a, ena(kNN(e) ,e) , W H Freq(a,) Fm BRI E, IR
2 E ) e HEFERY T —ATRETG 8h P (e) A

Pr(&) = argmax, Frea(a;) (5)

B 2R T AL, T e E A & AT

Pearson(x,y) =




o4 M Wy R D R] e DB H AR AT AR IS Sh e 893

Bl e s AR5 0 x m 5 M (0=1,2,-- ,m) ik
WR s 8 BUB BT LG sh 51 X6 1 1 70 R A, Fax 2
(B SR A8 R 7 AT 508 , 7 -4k, SR R TR B AT
i) Pearson AHC R ps )5t p £ 5 M, XN e, —
RAE R TN E] S . ¥ p e, —EME] S
AT A na(kNN(e) ,e). Qi m Hl n 53500 M
FFT ARG, B M PR TTRE S & EAEUE, B4
B2 ERORIE L N BRI 420 O(mo - no - k).

k2 WEEEE flowRec(E,e)

Input: SLBPE E, R85 e.
Output: [i] ¢ #EFZ MG Py (e).
1 M = dataTransfer(E) ;

2 m = dataTransfer(e) ;

34 8=11;

4 for i«—1 to m do

50 WU M RYE L ATROE M

6 M| aif ] s

T B M = flat( M, |0 0) B = flat(m ] n0) s
8 4 p = Pearson(M[ i) ;

9 K(p,e) BINE S;

10 FIH S HiE A kNN (e) 5

11 1% na(kNN(e) ,e) ;

12 1+ Py (e) =algfilr§ﬁ§r§?§),é)Freq(a;) ;
13 Return Pg(e);

T2 IR A R A — A iR R G 2
2 DGRBS, FDRE S 2 958 12
Frga e iR EME K na (KNN(e) ,e) , 7R B35 51
(] & AN Bl XA E RS C N flowRecK(E,e).

5 XRERKRSH

5.1 SLIGHEUE

EMwE T —4 C+ + BJF DataGen, | Ty 45
B BT O AR A S E. AR BRI R T
T RIS R A0 TAERBR (S LK 2) s R 5 &
B BENLAE G m — r AN IER SEE], Hod m o E g s
SR  r & E P SR S RO B AL AR
r S S E O 2 TAERA R AR R, I
BEiX r ASEBIREHLIE A 2] Eid m - r AN IEH 526 h. f%
LA E & om A8 AT AT m =
3000 ,5000 ,7000 .9000 ,11000 13000 f %5k 4= 4 , H &R
WHE r=mx5%, 4y Wi N DS3.DS5,DS7.DS9 .
DS11 .DS13.

2 BRI FHSCHR 25,26 | 13R85 =X, 14 DataGen
%A ;s DataGen FRYEZ B TE S)5E [0], BEALEA & T — &
], B FALE oRIG 5 al8 Xtk i 17— B S .

B2 — AT AT AR S BiE S A TAR A Y

5.2 ZWAERERDW

J B AESA T flowRec I flowRecK [ A R01E FPE 4
TEBHERERCR AT Python 15 S L TEA]. M A
SIS IFE AT R 2G Intel BUZ ESH 2. 8G ) CPU  #
YEZ 52/ Ubuntu Kylin 14. 04 {95 Fiz47.

P& IR A i8R 19 30 53 B SRR ORI
PP INSEBIEE E R BEHLIE m/3 A~ 525 4E R i 5 s
E R NERIIGEHE. B E,, o8 8524, el
AT, T UAFRA 75 B MG A SRS ). & 6 3%
AR AN B S 1 I Bl SIS BE Oy R S HE TE 1V
J& Bl 17) 51 ( Cold-Start Problem) ™™™ A ¥l 8 > 3. i
E, JHREACEE Ry 6 W 58 B S B 7 1k AR UROAL B
Ey PRI, R BE R T 6, B B I 4R 1 3l
FEURF P BB BE R 8 T IF 8, % T 7 9 E R —
ARG SBNFIEIES . 3 —A i 52 4 52 0
A3 A e R S A ) 451 1, HG v o R S B TR L
{18 T A 0 5 S AB1 FR BE 43 kg © R 4. Dy B4 TG i D
T AR T 6 ] 4,5,6, 17 B 5E 4 S
g £

SV AR AR R I AE R G Y hit ratio ™. HL
REIA R, A & N —KIEN 6 AR TER LS, e 2
A e (I SERE S AR 1 iR 7 D i, T LA AL e
SE e IHIE N —153h, id = tma(e’). XF e Sdeiff, ik
Po(&) =na(2) JUFK Py (8%) H1il & 4191 hit
TR B flowRec 11 hiAt ratio 4
| e EE'[VCSJPEEE,{M) =tna(e’) || 6)

B T Ak flowRecK HEF Y& — MG sh & &, I
H hit ratio B35 U7 5 550 (6) MO AL an 2R flow-
RecK jR I 4L na(KNN(e’) ,e”) i e FLIE BT
N —153h ta(e”) IEAMPRIZER T & HEFEM —
R hit, T2 PEM 51 flowRecK [ hit ratio A ;

RES eEAies' ltna(e”) e na(kKNN(e’) ,e*) | |
., |

hr e (k,8) =

e (K ,8) =

(7)

’e:al a2 a3 a5 a6 a2 a4 a5 a6 a7‘

’é: al a2 a3 a5 a6 aZ‘

K3 A — e TARIR L] e A2l 58 5 T AR L2 41

’2:'«11 a2 a3 aS‘




894 TR

2y EHS’( 2017 4F

NIE 5 flowRee Fil flowRecK 78 AS [R5 45 52 T
MEAEROR , [ 58 k =20, oA T — & A8 4 DS3,
DS5 .DS7 .DS9 .DS11 .DS13 | #4211 hit ratio, Y& 4. )\
EIFP AT Y, 2 8 < 11, 35 A HE 7 80 R 0 3080 B AN i
JEOTM Y4 8=11, 47 hit ratio A5, 24 6 > 11, flowRec
A HETE RO Bt 2 50 B (0% 38 KT 2403 5 11 flowRecK
AR, HEAHERERSOR Bl 6 B FUASE 1 1 T A48 22, 31X
K2 flowRecK 52 k (52 M A, TG & 5, DA
ESCIEI TN NN I W DR 8 5 3 NI e o £ e Rl v £ 4
MARFFAN RS  HEAFROR AL 22, i T B R RUCR %
BB AR Ty ] B 50, AT HEAT IR, AR S5
SEg R s S DST.

FREH B flowRee FlI flowRecK fEAN[R] & {H T B
hit ratio XF 6, 1P 5. SRTIARZEMRL, 2 8 < 11, —F A hit
ratio ANl & 284k ;24 6=11, B 119 hit ratio A f# k 25 4k.
A R AT I S 1] 1 : flowRec [ hit ratio [ & 3 i v [
1, 11 flowRecK [ b6 & 3% 0 i3 . A flowRec JH4E 4
na(kNN(e”) ,e”) vty BUI 3 05 K1 6 S 4, 24 & 3%
Jet A A B AR B IR SEPRAT IR — 1% 2l i 45 A 5 ]
REM I BOE ST IR — TG SR, g im s = (6) 41
TAEN, B LA flowRece | hit ratio Bifi & 380 i Fae . &0k
flowRecK [ hit ratio [ 25 b % 25 5 ¥ i, k ¥ K,
na(kNN(e®) ,e’) 240 & 0 £ 1 B OE BAT I F — i
Bl AL HE hie 5.

18 A flowRec il flowRecK fyiz 17 B[R], 7]
FE[EE k=20,%4 8 IR G 14,5, 17| PIYMH. K6
Gl T R AEA RV EUE S BT AR I TR Fe. 2k b
A AR  flowRec SR FIBE AR R B R EHR 4R LB 47 5¢
PR 52 ) B3, (8 = 4,5, -, 17) GRS 6] 3k 2
flowRecK 1E [F]1i§ B0 & iy #& i (8] 75 2 1Y 22. Al &
H ,flowRec {XFE DS7 .DS13 | B4 [A] B flowRecK 71>
HAHB L flowRecK £, |y b 6 B KB 43 15 BL T flowRec
JRFERT ] Z T flowRecK , 3X & [F 4 flowRec £ | — 1t
5 na(kNN(e’) ,e”) Hi Sl (4R .

fJa X LB flowRec | flowRecK 5 3CHK [ 8 | 55k
FlowRecommender FHEZFR R , TEUY $8 AR 4T3 & hit ratio.
FETHIE 18, 2086 5 H DST, B3k flowRec | flowRecK
MIZECk B E Ry 100, R RAEXT 2, 5% FlowRec-
ommender | Python 155 L8, F7E R & FizdfT. T
SCHRL8 ] B 45t 55 FlowRecommender (1 5 ft 2 41k
B AT IRA DN IZ A R LR T 2R AR
HARRCSHBCE AN « & {7 B ( Confidence threshold )
O oo =0. 7, FFFFNUEHL A9 B K5 170 B ( Maximum back-
ward location) K = 3, ifi &5 & {H ( Distance threshold) o, =
0. 3. [l FlowRecommender F#E 15 , B K HEAF 45
IR ITCRBEREAE , TV EARZASCE L SE R MR

flowRec with /=20

1.0

¢ DS3 a4 DS7T < <DSI
v DS5 »»>DS9 e PDSI3

0.8

o
=

Hit ratio

o
~

02F

0.0 1 1 1 1 1 1

()

10 flowRecK with £=20

¢ DS3  a—a DS7 <+—< DS11
vv DS5 > DS9 e—o DS13

0.8

0.6

Hit ratio

0.4+

02F

00 2 6 8 10 12 14 16
d
(b)
El4  [FEk=20, HEflowRecHIflowRecK
TEA R EELE T hit ratioX Hr
M. PR HERE 2 SR R 2 A4, B DL hit ratio #25(7)
.

AN, by S A B A 50 AR SCAR R I HE R ASCR , FRATT
NAZEE T BENLHERE B L ranRec : N E HBEALIE— 5888 5L
Bl e; AN e MK EERT & MK EE 8, WK e (1435 ST 51
55 & + 1 MIESIEINBNES na(e’) Py ERE Bk,
HE na(e’) FEA kAT R IR RGN na () i
BLEE—16 2l ¥ HAHEFE S, ¢, Sk ranRec IS4 k R #F
WE A 100. [H] ranRec IHEFESS SR LA —A>, iir LA hit
ratio #52X(6) . P IBHLYE  FEMCRT AR B}, 17
100 Yk, hit ratio BSEIME. B 7 450 T X Y
AR hit ratio %] Fe.

MIE 7 7T F B, B flowRec  flowRecK Fi1 FlowRec-
ommender [{{] hit ratio B i #F T B 1 ranRec. X4 6 < 11,
flowRec Fil flowRecK FHEFE R FE A —FE, ULHH & /)N
FF SR FHAS SCARARLBE T332 05 ¥R AN BB IX 4 =3 M HEAE 3L
B HHABTE L7 5 3o BT T — 2 TAE; 6=
11, flowRecK f#E 58 SR T flowRec, Ui B 24 6 %Kk,
IS BIVAS 58 % 524 5 56 e S 451 14 2 3% 3 A 22 IR A




% o4 M BT SR MR B R AR AT TA RIS Sh 7 895
flowRec with DS7 10 DS7 with /=100
1.0 .
¢—¢ flowRec a—a ranRec
¢ k=20 &4 k=100 v—v flowRecK e—e FlowRecommender
v k=50 > k=150 0.8-
0.8F .
o 06F P 0.6r
E s
Z ol = 04f
02r 0.2
O 0 1 1 1 1 1 1 1 0 . L . . . L .
! 6 8 10 12 14 16 4 6 8 1{;) 1z 1 16
0
(@ €7 HikflowRec, flowRecK ., ranRec} FlowRecommender
flowRecK with DS7 TEBIRAEDSTF . k=1000F fHEFACR AT 1
1.0

¢ =20 A4 k=100
v k=50

Hit ratio

00 1 1 1 1 1 1 1
4 6 8 10 12 14 16

(b)
5 #dEtEDST T 5 flowRecHlflowRecK A A [f]k T hit ratioX Lt

k=20

¢—¢ flowRec-flowRecK

Time (in Sec.)
S
T

20k

30+

-40

1 1 1 1 1 1
DS3 DS5 DS7 DS9 DS11 DS13
DataSet

€6 FAikflowRec 5 flowRecKAEA [F A A T s AT HF I L1

SCHALRE P15 J7 B BE X 0> — 38 ORI flowRecK
5 FlowRecommender f{H#EFFES R [W] h 24, fE LR &
M ROCR AT 70 A Nl B, 2 8 =4.5.6.9,
13 .17 i flowRecK [ #E #5234 SR 47 T FlowRecommender.
SR 5 =4.5.6, 11 DST ke £, BAE L
T —HATIE SR AT R, 1T FlowRecommender 52 fR - H
NEAEIEHERE G S T — R R 2 6=9.13.17,

By AR SE RS T — S T R T B)
JF 51, 3X X1 FlowRecommender 3y HEA B X 3 7
AR L flowRecK N3z 1 W 1% B0 1 52 1, e
¢ BN ST AR B BLAh, NI 7 S0/, 8
=7 .8.10.12 14 i} flowRecK fyH#EFFERR 22 T FlowRec-
ommender. 33 NI F ES ARG 4 S
AT —PATIE 319 7] GEE , FlowRecommender 7]
MG IR B R LR HER. 25 6 =7 8, A5
BB 1 B 3%, flowRecK 4 hit ratio 55 FlowRecom-
mender (%2251 LK {H > 6 = 10,1214, flowRecK |
T A S T 205 25 2, HE e v i b =
P, I HE hit ratio 5 FlowRecommender ff) 22 HI %5 /)N,
AR — 5

", B flowRecK 5 FlowRecommender £ 44 1
2, H flowRecK #H It F FlowRecommender 45 3 [ 1 J7
F hit ratio AUUIK— &, ASHE 1 0. 04, X156 W 4% SCAR %
SEARFITTAT . ERA SRR S HR AT —
A% ek A4 7 T

6 ZRiE

ARSCE T — R 2001 P B Al R I Y O 125,
WO TN TEEE S 5 B S B AR RLRE T R AR T
HEF B flowRec F1 flowRecK, % F 20 Hr T B AT THE DT
BRI HERROR. SRR 25 R R R s 0L N
2 flowRecK fHEFE R 4T T FlowRecommender, H #fi 4
RN FlowRecommender [14 #1177, £ hit ratio {{ K —
R AN 0. 04, DT HIE 56 A SCHR 72 Al A7 1Y FiLA 8%
F18). 3 3o S A R 22 A S e S 5] ) A R A N, AR SR
LT IEAE 2,5 i — 2D Uk B 47 2R 48 U
8 IR ) 98 T 2 T AR A sh A S AR SCH B

AR TAEALAE - Bt 2 A 58 #& S A A Sl I B 4
FRVREARLBE T35 5 3 5 W0 Y S S 8 52 461] T 5 % 52 451 44



896 i, F

¥ W 2017 4

BT HETE D vk 1 AT R S A
FOMAE ZBE B, W E R IR R B S il
5 SAE DU S AT A 2P

S 3k

[1] MARLON D,WIL M P Aalst, ARTHUR H. Process-Aware
Information Systems: Bridging People and Software
Through Process Technology [ M ]. New Jersey, NJ, USA ;
John Wiley & Sons,2005.21 —-34.

[2] DOMINIC M,JOACHIM H,MARKUS H, et al. IT support
for release management processes in the automotive indus-
try[ A ]. Business Process Management [ C ]. Heidelberg:
Springer Verlag,2006. 368 —377.

[3] JAAP G,J M AKKERMANS. Value-based requirements

engineering ; exploring innovative E-commerce ideas [ J ].

Requirements Engineering,2003,8(2) ;114 — 134.

RICHARD L, MANFRED R. IT support for healthcare

processes-premises , challenges, perspectives [ J |. Data &

Knowledge Engineering,2007,61(1) :39 —58.

GIANNIS V, DIMITRIS G, GREGORIS M. Modeling e-

government service workflows through recurring patterns

[4

[

[5

[

[A]. Electronic Government [ C ]. Heidelberg: Springer
Verlag,2004. 483 —488.
JOSEFELIX M, CARLOS B, FRANCISCO S. Modeling

administrative procedures to improve information to the

[6

[

public[ A]. Advancing Democracy , Government and Gov-
ernance [ C ]. Heidelberg: Springer Verlag, 2012. 155
-169.

[7] BELA M, MANFRED R, JOHANNES B. Unleashing the
effectiveness of process-oriented information systems ; prob-
lem analysis, critical success factors,and implications[ J ].
IEEE Transactions on Systems, Man, and Cybernetics, Part
C: Applications and Reviews,2008,38(3) :280 - 291.

[8] JI Z,QING L,KAI X. Flowrecommender: a workflow rec-
ommendation technique for process provenance[ A ]. Pro-
ceedings of the 8th Australasian Data Mining Conference
[ C]. Melbourne , Australia;: ACS,2009. 55 - 61.

[9] AGNES K, THOMAS H, ANDREAS O. Recommendation-
based editor for business process modeling [ J ]. Data &
Knowledge Engineering,2011,70(6) ;483 —503.

[10] ¥k, FHafs , XK, . — Rk T30 i B ok 7 AR
SeL S AR ERER AR T ] 3L 41, 2013,36(2)
263 —-274.

CAO Bin, YIN Jian-wei, DENG Yong-guang,et al. A near
neighbour and maximal subgraph first based business
process recommendation technique[ J]. Chinese Journal of
Computers,2013,36(2) :263 —274. (in Chinese)

[11] YING L,BIN C,LIDA X, et al. An efficient reccommenda-

tion method for improving business process modeling[ J].

IEEE Transactions on Industrial Informatics,2014,10(1) .
502 -513.

[12] KUANG M, LIDAN S, JU F, et al. Competence-based
song recommendation ; matching songs to one’ s singing
skill [ J]. IEEE Transactions on Multimedia, 2015, 17
(3) :396 —408.

[13] AMOS A,AVINATAN H, SARIT K, et al. Movie recom-
mender system for profit maximization [ A ]. Proceedings
of the 7th ACM Conference on Recommender Systems
[C].New York,NY,USA:ACM,2013. 121 - 128.

[14] RAYMOND J M, LORIENE R. Content-based book rec-
ommending using learning for text categorization [ A ].
Proceedings of the Sth ACM Conference on Digital Librar-
ies[ C]. New York,NY,USA:ACM,2000. 195 —204.

[15] Bt RFREET top-n HEFFSE L[ T]. T4, 2015,
43(1) .54 -61.

HUANG Zhen-hua. Top-n recommendation algorithms for
cloud data[ J]. Acta Electronica Sinica,2015,43(1) :54 —
61. (in Chinese)

[16] BRRe, dki, ok, 55, —Fiak 32 I 2% 20 () 5 A 7
MAROTELT]. 270 ,2015,43(6) 11090 - 1093.
HUANG Zhen-hua, ZHANG Bo, FANG Qiang, et al. An
efficient algorithm of information recommendation be-
tween groups in social networks[ J]. Acta Electronica Sin-
ica,2015,43(6) :1090 — 1093. (in Chinese)

[17] MUKUND D, GEORGE K. Item-based top-n recommen-
dation algorithms[ J]. ACM Transactions on Information
Systems,2004,22(1) .143 - 177.

[ 18] Greg L,BRENT S,JEREMY Y. Amazon. com recommen-
dations ; item-to-item collaborative filtering[ J |. IEEE In-
ternet Computing,2003,7(1) ;76 —80.

[19] BADRUL S, GEORGE K, JOSEPH K, et al. Item-based
collaborative filtering recommendation algorithms [ A ].
Proceedings of the 10th International Conference on World
Wide Web[ C]. New York, NY, USA: ACM, 2001. 285
-295.

[20] JOSEPH A K,BRADLEY N M, DAVID M, et al. Grou-
plens : applying collaborative filtering to usenet news[ J].
ACM Communications, 1997 ,40(3) .77 - 87.

[21] CHRISTIAN D,GEORGE K. A comprehensive survey of
neighborhood-based recommendation methods [ A ]. Rec-
ommender Systems Handbook [ C]. USA; Springer US,
2011.207 - 144.

[22] HELEN S, BARBARA W, BOUDEWIIN D, et al. Sup-
porting flexible processes through recommendations based
on history[ A ]. Business Process Management[ C]. Hei-
delberg : Springer Verlag,2008. 51 —66.

[23] RON Z. A programmer’ s guide to Data Mining: The
Ancient Art of the Numerati [ OL ]. http://guidetodata-



%4 W) R D Rl e AR AT ARG Sh s 897

mining. com,2016 —03 - 10.

[24] KOEN V ,BART G. Unifying nearest neighbors collabora-
tive filtering[ A ]. Proceedings of the 8th ACM Conference
on Recommender Systems[ C]. New York, USA: ACM,
2014. 177 - 184.

[25] JAMES C, YIPING K, WILFRED N. Graphgen: A Graph
Synthetic Generator [ OL ]. http;//www. cse. ust. hk/
graphgen,2016 - 03 -10.

[26] WOOK-SHIN H, JINSOO L, MINH-DUC P, et al.
iGraph: a framework for comparisions of disk-based
graph indexing techniques| J]. Proceedings of the VLDB
Endowment,2010,3( 1) ;449 —459.

(27] ENRAE, REAH, 38 Tk, 45 2R T2 IREE G R A

YRR ROHERE [T ] fE 72740, 2014,42(5) 1904 - 911.
YIN Gui-sheng,ZHANG Ya-nan, DONG Yu-xin,et al. A
constrained trust recommendation using probabilistic ma-
trix faccctorization[ J]. Acta Electronica Sinica,2014,42
(5):904 -911. (in Chinese)

[28] JINGWEI X,YUAN Y,HANGHANG T, et al. Ice-break-
ing . mitigating cold-start recommendation problem by rat-
ing comparison[ A ]. Proceedings of the 24th International
Conference on Artificail Intelligence [ C]. USA: AAAI
Press,2015.3981 —3987.

[29] GEORGE K. Evaluation of item-based top-n recommenda-
tion algorithms[ A ]. Proceedings of the 10th International
Conference on Information and Knowledge Management
[C].New York,NY,USA:ACM,2001.247 - 254.

[30] HORATIU D,MAREK G,NEGAR H,et al. On-demand
feature recommendations derived from mining public
product descriptions[ A ]. Proceedings of the 33rd Interna-
tional Conference on Software Engineering [ C]. New
York,NY,USA:ACM,2011. 181 - 190.

EE BT

BRIE U3, 1981 4 10 F th A, Tl g KRR
N B F LR A I P A S AR AR
R LUHERL KT R 2 ) J7 T A SRk
E-mail ; chgzhi@ mail2. sysu. edu. cn

il 3 55,1990 458 H A, ) AREA A
T 2014 ARG Il R FE TR &b 2 22
BT A AR R 5 T S L2 g A A 1
AL BESETT T B AR R L.



