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Abstract  SaaS model has become a popular form of software services. In order to meet personal-
ized business service needs of tenants, SaaS model must provide flexible business process custom-
ization mechanism. This paper proposes a modeling and verification framework for business
process customization. Following the guidance of Hierarchical Customized Behavior and Depend-
ency Graph, the framework models the atomic customization action based on TLLA (Temporal
Logic of Actions), constructs the global customization behavior and designs the verification algo-
rithm for tenants’ global customization based on business rule constraints. Based on multi-ten-
ants’ feature and historical verified customization, this framework also constructs a customization
recommendation algorithms to improve the efficiency of customization for tenants. Experiments

demonstrate the efficiency and reliability of this customization and verification mechanism.
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s 7 BB C R G M Depend _EAL R
Depend EALA N\ Depend EAL-Ce;).
i=1

(4 I B3 2% ) 5= Be At EL ™ I B3k 3 [m] <7 B AR
#5953 Fl Delete_EDep o .

(Dinn =

=Dcip) A

Delete EDep(Depend E(e; d; e, d,)) L
(d;€e) N(d,€e) N(Din=Den) N
(Dégp = D) N (Efgp = Epgp —{d;— d i }).
(5) MW R 22 I B 2 15 2l 5 I B 2% 36 b B9 BT A
Bodli 7 B MR RIS Delete _E i
Delete_E(e) 5CA di€ ) s C A\ Delete_d(d)).
EX 4. BAFIERZWNTE S EA Ak
WM
EAA(Add E — Config E)V Config EV
Delete E\ Depend EAL\ Delete_ EDep.
4.3.2 Hdln T Bz A
(D @ B ML ml DA B8 =6 vh s in 48 €
PR 7 B WG s Add_D os . . di oA
IR FB  da R8T INF B R AL, Dy KR
Hiz 55 BT A B 7 BER TR,
Add_D(d;,d )L
(ds; € D) NDiw = Den U {d; 1) AN(Diey = Degn)
(2) fic & 7 B, 7 AT DA & 2008 2= b 2 A7 7
R A E R BE B 1 S Config D3RR
Config D(d; d,) L
(dry €D NDln = Dey —{d: ) N Dy = DegnU{di D).
(3) 78 LT BAR M. B 2 iy 7 B
Bz Bl A RIOC &R . X R OC R e T 7 BLg At 2
8 58 J5 R ) b s B A A 38 . L i SR B
HAFK R WY B Depend _D I -
Depend_D(d, »d;) 2> (d, »d; €Dcpn) N Dy = Den) A
(D{xp=Deen) N(Dige = Dge U {di = d ;).
FTF Depend_D W48 s i Depend_ DAL iR
JIT A B - BOAR IO A
Depend DALA
Depend_D, \ Depend_D, N\ *++ A Depend_D,,.
(4 W B 22 3 7 B . AH P I BR 26 9 7 B
Wi K AR M5 B Delete_DDep 3R -
Delete_DDep(Depend_D(d,,d;)) A
(Dey=Den) A (Dégp = Degp) A
(Digp = Dpgp —{di—d; }).
(5) M B3 5 B AP W BR IR 55 v A s SO By
G 8 Delete_D IR -
Delete_ D(d,) A (d; € Degn) A (Dig =
(D{gp=Degp—{d; }).
BABHE 7 B2 E i 15 3h o DA,

Denod) A

EXS.
HAti R r
DAA (Add_D +— Config_D)\ Config_DV
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Delete_D\ Depend DAL\ Delete_DDep.
4.4 HMMEEE
RO 27T DL F TLA TR AL ik, 3 1.
e 2 02 S5 A A P DU A B R A TLA H
TR 3K S R U 6F T S0 4k ok 15 R A

F1 HMNBEFEX-FEEAN
A7 PR
ManS(sx) (sx € Scep)=True
Inc(sy s sy) (sx € Scep) — (sy € Scep)
Exc(sy,sy)  (sx € Scep A sy & Scep) V (sx & Scep A sy € Scep)

(sx € Scep A sy € Scep) V (sx & Scep A sy & Scen)

Cor(sy ssy)

x2 HMUNEREX-FHEERM

I EE

ManD(sy) ((sx € Scep) =True) A Csgare 55 )

Bef(sx ssy) O sy sy)

Mee(sy s sy) Sx Sy

Ind(sysyssy)  ((s = sx)N (s = sy DV = sy) N =(s = 5¢))
Par(s,sxssy) (s —>sy)V(s —sy)

EX 6. FHP B E TAT BN o, H

AR K

o=Init, N\(J[A ], NSF,(A),

Horp s Indt, 2R G S TGRS L AL PANSA N
EANDA Rl P AES AR FSRAT 19 5E il 1 3h.

fA f{Pens Seivs Devs Peen s Scen s Deep s Soep »
Evep s Dogp ) 2278 R 25 08 80 F AR 2 48 7 45 IR
B HRE . SF, (A) FoR e Ja — A& 1l 3l 1 45
b i B AR E HAT O 1 45 . X T IR 55 7 R E /Y
HPER LSRRI Rule, tna] U ] B T RGNS A2
0 RREL SR KRS WU E T 2 4000, I AH
J B E il 1 2l 26 250 R BT 2 E
4.5 EHWIEEZE

T TLA XA P 69 & il 3% 2 @RS 7 2
THAH I, A9 95 TR 53 LA DR AL AT A B G A
TEAT AT Je s SCANT & BRAE Dy #L P A 1 A €

) 36 31 14 44
EFE1L XNTHUWMAERZEREES ¢ (¢ HEHA

EMTE S A MRGEERESES  GLq[A]A
Rules) Jy ¥, W E i 5 2 A & B Hoh A gL P E
il 2l s Rules Sy Wk 55 T B9 29 o) 1 B0 00 4 5, LA ik
N Rules/N{Rule; N\ Rule, N -+ A\ Rule, } » U0 iR 55
BB A HLE LY AR I Rules = true.

A GIENE R 1 IE R FATE e X IT
KR8 E LR HLN Rules % FIR 55 2 508 3%
2 BT B S AR 2 IR 2 )R 43 RS.RE,
RD 325,80 Rules RSAREARD, J6if, i1 F AL

PANSANEANDA I 2FATA LIFFEIA0H A5
q [AJARutes £(q [PA]Aq [SA]Ag [EA]Ag [DADA
(RSAREARD)
AN HPAH/\((] HSAH/\RS)/\
(g HEAH/\RE)/\(Q HDAH/\RD).

WRRESES ¢ WE B4 g [A]ARules ¥ 1 3
xEWH ¢ | PAl.q[SA]JARS.q [ EA] ARE L) K
q [ DA RD 33k SR 75ty 2L 35 A I EL P o s
R HEAT A 5 0 Sh ARl 2 1 AP 2 G AR

P M, AT AT DL 18 g [ PATL
q[SA].q [EA].q [ DA% SR 35t 0 3T 3k Rk % #L
FIE S PA.SAEA DA #4425 Z Hi B R G0IRE
PR TP I S YA R I Bl 5 N TR 2 ROC &

L5 EBTA IFRRES ¢ Lg [A]A Rules 9 2036 4
G2 PASAEA DA ¥ 3, B A1 2 R8O
PR Z SN ERAR B R & th ALPA N SAN
EANDA A 1336 3 A 45 Bl UEHE.

ARG E B 1L BT BB .

For each p, in A //{&&h A@H T m R

t,ANInit, [ PA,]
For cach s in p,, //Wi#E pa A DS
t. A Init, | SA] 5
For each ¢; in s; //M% i j DR
t. & nit, [ EA [ 5
For cach d, in ¢, //MUili# o 47 k A HCH B
ta, & Init, [DA ] ADA: A Dygp 5
end For
t, & {\th At.) A CEA; A Epg) s
end For
1, A( /\t(,J At ) N (SA; A Spep) s
end For ]
t, DNt Neys

end For ’

AN {’\tpm H

If 7, = false /A W A T M 24 R

then return A is not valid;

Result={Pcgp » Scen » Deen » Spep s Evep » Dogp | 5

/ /5 JE PR BTS2 TR 1 A T 45 R AT R U 56 T

Rules A ExistingRule \ SchedulingRule;

/7K 53 Ay AT RO U A 908 A 0 7 2

For each Rule in Rules

For each Rule€ ExistingRule
if {Pcgp s Scep s Depn } A Rule=false
then return A is not meet ExistingRule;
end For
For each Rule& SchedulingRule
if {Spep » Epep » Doep b A\ Rule= false
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then return A is not meet SchedulingRule;
end For
end For

return A is valid.

SRR 2% BE AT AT < R AL B B — A iR T A
N RS R m T B e ) A E RGO A
MRS B A State= { Pe s Serv s Doy s Pegn s Scen »
Deen s Svep s Evee s Dogp o PR B A T 5 il 482 4 (4 1)
()52 2% BE SR O Gy TR P (9 8 il 1% 8 A 2 B R .
MR 55 B 2% Bl - B 4 20 R T 0 sh AL A
B BT LA A WIS [E] 2 28 B2 Oy O(n') . iR 55 R $2 4tk 1
A BRI X R GRS A WO T 290 8 Rules
{14 R TF0) 42 2% B2 R O (o) o PR IR o 20 B 15 P ) (1) 42 2%
BE R O(n').

4.6 MREEEFEEHEE

T AL AR T A e S AT E Y TR
AN TR REL P 22 1) 7 i 1) R 55 o A AR SCHE Y, RIAFTE 2
BOHL P S [ 5 ] — 2R 55 % I L HE R 3R It T 4 R A
B, fff B SO FL A R P 9 A R O Y AR Y
FE Tl 4 A A T R 55

e AP T 50 A7 i A P 2 ) 58
HEF7 P2 ALV L B e b e 5 s B A AR AR PR Y IR
SHES (S, ,S,).(S,.S) . ZESEWAEA
—EHEMH P EEER T HP DR IRS
A Hep SRS arfl &g Hl RS .S M S,
VIR m LY R MR R — 20 i 1 IR 55

A SR A HE A 0 B8 02 B ER A2 i 22 i
Bk Apriori gt Ok HARR AR UT .

list 4y 44y 4155 Siem

[/ RA LA N S EOR IR 4

[/EA LRFUYATRS D E RS KBS,

/B LA /N SRR B TSR A IR S AR AL
//S A RS A

for each service s; in S
for each Tenant ¢; in Scgp
if ¢; customized s; then //FH /" ¢, EHl T s,
s,.c‘r)unt++;
if s;.count=min_sup then //R% s BT /D LFHE
li.add(s,) s /¥ s LA
for(i=0; i<l,.length; i++)
if ;[ 7] is not current service then
/ /BRI IR 55 HEAT R
continue; / /T LA 258 E 2 i A 55
else
for(;=0; j<<l,.length; j++)
if(i##j) then
byadd(L ], L0510
/1B AL s o5 RS HEE A L

for(k=0; k<l,.length; k++)
for each Tenant t;
if ¢; customized 1,[i] then
SR ¢ R B E T A Csiasy)
b Lilcount+ =+ //FAd & MBI IS5
if (L,[i].count=min_sup N\, 1] Spgp) then
[ MG Csivs)) KT

ly.add(l,[i]); /e /DR

for each (s;,5;) in /s

o f (siss;) .count
nt("fi

s;.count

>min_con ) then

S/ G KT B /N {E B

Stem-add(s;) ; /AR BT IR 55 SR Seem

return S,

TEB LA, min_sup.min_con 43 3 5& 5 /MR 55
SCRF B R /NI 55 AT A BE e AT 2 AT e AR P B H
W min_sup Fon EEEHERE IS A G WAL ANBOR
AE/N T 98 € 19— A~ BB s min_con 3R P BEHETE I
55 A R R B IR] R R B G T — IR 55 i R
FUNE B 5 AN RE /N T98 2 19— .

Bl RS ES S P s ~ss 5 Mgk
MR 55 A 6 AFHFT wr ~u B8 T Z5 AN

Ui {S1+82085 03 Up s {S1+S29850985 73
Uy s {S3950555) 3 Uys {51955 953 ) 3

Us: {S1+855+85 )3 Us: 1S1sS1sS2985).

HEAE R b R € SCRY IR 55 die /N SCHFE R 3,
/NS R 0. 5 ABEM P w, C @ W IR S 51
T2 S R X HE AR IR 55 B S SR AR

(1) B Fe X A MR 55 T ) 0 SR

s .count=>5,

sy.count=>5, sy.count=2,

ss.count=3.

AL s AN R B /N SCRFRE 3 B BRI AR
MRS L= {51:5+51 55 ).

(2) PUIRSS s R B R R A B4R &

Ly ={(s1+55) s Csy 05005 (510850

G M ER RS HGHHE LhEANHE
B8 S R O 3 AR 55 A 45 K08 % S X L E
AT HIE.
(515 82).count=4, (51 55, .count=23, (s, +55).count=4.

3L G By R B/ SRR 3 R BRIk
Soee FER AR SS 55 A 51 2 J5 BT 3% 32 10 I 55 - 7= 2k
L L ={(s1550) s (s1s50) ).

O BRGNS TR A FR T

(Sl 252 ).L‘Ou?’ll’

s,.count=+4,

—0.38, (s, ,«u).c'ounz‘:O. 6.

Sp.count

P 1A LA EE 4 06 A e/ T AR 0.5 By R

Sp.count
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A, APAASANEANDA
AConfig P(pexam) A Con fig SCsgpaistrarion) N
Config E(Info) N (Add_D(dk »dxom) —
Config D(dace sdxum))
tr At [A ] A CPeen = { prxan 1) A Scen A Soee A
(Degp = {E1so »dvon sdace }) N\ (Dpgp = ).

2. HLPFE sgpaistramion IR T E LT — PN FBARBI R R
Wi AXBIE P MALAE R FRE. RES A A
FBYAT IS B R Y 8 TG B A KR R RS FOoR I F -

A, APANSANEANDA

AConfig PCpoont) A Con fig SCspmosmmamon) A
Config_ ECInfo) A Depend D(duyy sdrcs) »

AL [A ] A (Pegn = { prxam}) A Scen A Spee A
(Deen ={Eny +dvor +dace }) N\
(Dper = {dnon ’—’dA(}E } ).

3. L AE srecistration R 55 HYOMM BR T 5 B doos - BT T
doos g dace Z 8] BRI OC 2R 4 R I, BRI GG S R BUR
GEREAME B R AN A a2 K 7 IR e
L L e S B Ay R ARRRS T

A;APANSANEANDA
AConfig P(ppxam) N Config SCsgecistration) A
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ts 1, JA3 ] & (Peen = { prxan 1) A Scen A Soee A
(Depp ={Ens sdace 1) N (Dpgp = {dpos —d ace } ).

M 2 W o] LB B s Degp M1 Dige 2 [8] 4776 7 I 5
PR o5 A RO X R E TR ) As & — D AGH
18 ] o 7E B I B 7 BOAR 8 OC 28 Z 015 - A REFEAT X
FE il 1 3.
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A (Pepn =1 pexam ) ) ACSesn = Scep U {suer »Sqen 1A
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Background

With the rapid development of Internet and the gradual
maturity of SOA, SaaS has become a popular software servi-
ce mode. SaaS model has several unique technique features,
such as single-instance multi-tenancy and customization. The
single-instance multi-tenancy refers to enabling single soft-
ware instance to server multiple tenants. In order to meet
personalized business service needs of tenants, SaaS model
must provide flexible business process customization mecha-
nism, including process customization, service customization
and data customization. Process customization permits ten-
ants to organize their own business process according to their
specific business requirements. Service customization permits
tenants to select and configure services provided and add
them to the process. Data customization permits tenants to
add, delete and modify data or data table in data table and
process respectively.

Customization support of SaaS gives convenience to ten-
ants for personalization, but it also brings new challenges.
Firstly, tenants may ignore internal association of customiza-
tions between process, service and data when customization,
which cause unpredictable effects. Secondly, tenants may ig-

nore external constraint rule designed by service providers,
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which makes customization incorrect.

This paper proposes a modeling and verification frame-
work for business process customization. Following the guid-
ance of Hierarchical Customized Behavior Constraint Graph,
the framework models the atomic customization action based
on TLA (Temporal Logic of Actions), constructs the global
customization behavior and designs the verification algorithm
for tenant’s global customization based on business rule con-
straints. Based on multi-tenants’ feature and historical veri-
fied customization, this framework also constructs a customi-
zation recommendation algorithms to improve the efficiency
of customization for tenants. Experiments demonstrate the
efficiency and reliability of this customization and verification
mechanism.
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