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Abstract SaaS(Software as a Service) appears with cloud computing. It is much different from traditional software.
Based on the characters of SaaS, a hierarchical meta-model of SaaS was proposed, which supports the SaaS maturity
model and describes every layer by formalization method. Inspired by object-oriented Petri nets (OOPN) and colored
Petri nets(CPN) , SOP(Service-Oriented Petri Nets) and CSOP(Colored Service-Oriented Petri Nets) were proposed.
On the one hand, encapsulated place is used to represent service, which reflects that services are invisible to outside and
inside influences running situation of system. On the other hand, different color sets represent the requests of different
tenements, which emphasizes multi-tenancy character of SaaS. The work of this paper not only provides a function for

modeling complex SaaS software, but also folds the transition of petri net and encapsulates state space of system. A

CRM(Customer Relationship Management) system of SaaS was illustrated to verify the feasibility in the end.
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Statistics

State Space
Nodes: 56
Arcs: 119
Secs: 0
Status: Full

Scc Graph
Nodes: 56
Arcs: 119
Secs: 0
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Statistics

State Space
Nodes: 48
Arcs: 88
Secs: 0
Status: Full

Sce Graph
Nodes: 48
Arcs: 88
Secs: 0
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ALl —

Boundedness Properties

Best Integer Bounds

Upper Lower
New_Page’ Clservice 1 1 0
New_Page’Cservice 1 2 0
New_Page’End 1 2 0
New_Page’LoginR1 1 1 0
New_Page’ LoginR2 1 1 0
New_Page’MlIservice R1 1 1 0
New_Page’MlIservice R2 1 1 0
New_Page’ Olservice 1 1 0
New_Page’ RFservice 1 1 1
New_Page’SNservice 1 1 1
New_Page’start 1 2 1
AL
Boundedness Properties
Best Integer Bounds
Upper Lower

New_Page’Clservice_R3 1 1 0
New_Page’Clservice_ R4 1 1 0
New_Page’Cservic 1 1 0
New_Page’End 1 2 0
New_Page’ LoginR3 1 1 0
New_Page’LoginR4 1 1 0
New_Page’MlIservice_ R3 1 1 0
New_Page’MlIservice R4 1 1 0
New_Page’ Olservice 1 1 1
New_Page’RFservice 1 1 1
New_Page’start 1 2 1

LA ERlR g T AR T B 2 A A Y token ¥
H. ATLUE MBS SE G B A PE BT P G token % H AN
il 24, R R G RA FH, A2 TOR G HaTT . BAsL 6l
— ISR EUT

Liveness Properties

Dead Markings
[56]

Dead Transition Instances
None

Live Transition Instances

None

AL RIS P ST IR A
Liveness Properties

Dead Markings
(48]
Dead Transition Instances
None
Live Transition Instances
None
MIE P ARG T LR Y P B S AU — N FE AR
PLIEN A B A SRS L XA RE M BT WAMF A S
B, X RINZ RGBT B, B R . SRS B)— R <2
B B AR ST

Fairness Properties

No infinite occurrence sequences
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[RIFE P 38K XA — B E LR T Petri FURASZS A
SR (Y ()R, [R] B SE 4 S0 T RGEAT R

ZRIE AR SaaS HATUHALN K SaaS B
FRAL THESRFN T 8, UK BL T SaaS B4 7T AL & 7T 4145 1)



114 z

Wi , 55 . — P[] SaaS S Y 2 2R 63

R B2 A AL R BE AL A5 T 2 SaaS BRI M. 7]
B, €T [ AR 55 IS5 R 1Y) SaaS FRAFSL Bl T £ HLP
FIXERE , (AL T SaaS B UBE R AL IR . £)Z SaaS
PREAIRR SaaS A ZEHE , Petri PIBIRIRIH SaaS A4
BATIEBL , AMUBESTHT Y SaaS B i R GAFTE IR IR, iR REMR
WRGIBITERIMRS ZRIMAZE KR, AT SaaS K
W AW AL E T A

A Ja W AR LIA TAE AL, B SaaS B £ )2
BERY RIS AR AT IR . — 7 T, AT S iR IR
%5 W4T R UL B 55 Z B 32 B R R B R IR 4547 A A DG4
F—Z0HE, PRIE SaaS B4 sh WAL ERSLHE. 55—,
SCHXt SaaS B4 L BEAT 3R Ry — 2L BF R S HL
[0 SaaS #R A ShATALIRAL T H:

2 % X M

[1] ALKALBANI A M,GHAMRY A M,HUSSAIN F K,et al
Sentiment Analysis and Classification for Software as a Service
Reviews [ C] // Proceedings of the IEEE International Confe-
rence on Advanced Information Networking and Applications.
2016:53-58.

[2] CHEN X B,WU Z X. Architecture of software services based on
SaaS model supporting multi-terminals and service customization
[J7. Journal of Computer Applications, 2010, 30 (10); 2754~
2757. (in Chinese)

W/, IR, STRF R A 5 IS5 E i 1 SaaS BRI 55 42
# (71, SHEALRIA, 2010,30(10) : 2754-2757.

[3] CHEN Q,DENG Q N. Cloud computing and its key techniques
[J7. Journal of Computer Applications,2009,29(9) :2562-2567.
(in Chinese)

Mrde, W1 Pe. =it B R HCEEA [T1 3HEHLRLH, 2009,
29(9) :2562-2567.

[4] CAO Y,LUNG C H, AJILA S A. Constraint-Based Multi-Te-
nant SaaS Deployment Using Feature Modeling and XML Filte-
ring Techniques[ C] // Proceedings of the International Work-
shop on Software Cybernetics. 2015 :454-459,

[5] HOUK J,BAI X Y,ZHOU L Z. A multi-tenant system based
on constraint combination configuration testing technology [J].
Journal of Computers,2016,39(2) ;:237-252. (in Chinese)
B, BBERT, FISAE. —Fh BT 2 ARE-S M ESH T RER
BRI AT]. HENLFR ,2016,39(2) : 237-252.

[6] CHONG F,CARRARO G. Architecture strategies for catching
the long tail [OL]. http://msdn. microsoft. com/en-us/library/
aa479069. aspx.

[7] RIBAS M,LIMA A S,SOUZA N,et al. Assessing cloud compu-
ting SaaS adoption for enterprise applications using a Petri net
MCDM framework[ C] // 2014 IEEE/IFIP Network Operations
and Management Symposium. IEEE, 2014.

[8] GONG Z,YING S, LI L, et al. Performance prediction for saas
deployment optimization based on colored petri nets[ C] // Pro-
ceedings of the International Conference on Mechatronic Scien-
ces, Electric Engineering and Computer. 2014:2689-2693.

[9] GEY F,LANDUYT D V,JOOSEN W,et al. Continuous Evolu-
tion of Multi-tenant SaaS Applications: A Customizable Dynamic
Adaptation Approach[C]// 2015 IEEE/ACM 7th International
Workshop on Principles of Engineering Service-Oriented and
Clould Systems. 2015:10-16.

[10] SU W,LIN C,MENG K, et al. Modeling and Analysis of Availa-
bility for SaaS Multi-tenant Architecture[ C] // Proceedings of
the IEEE International Symposium on Service Oriented System
Engineering. 2014 . 365-369.

[11] XIEZW,LI T,DAIF,et al. Modelling dynamic evolution-orien-
ted software architecture based on Petri net[J]. Computer Ap-
plications and Software, 2012,29(10) : 36-39. (in Chinese)
WS, 22 ARG, 45 ST Petri W A9 T 1) 345 AL A 20414
eGSR [T, HRHLNH 5% 44, 2012, 29(10) : 36-39.

[12] FAN Y S,ZHANG ]J. Object-oriented Petri net method and its
application in the software engineering [J]. Journal of Computer
Applications, 1998,18(5) : 15-18. (in Chinese)

T, 5K ZE. T [0 X 52 B Petri W77 3k R HLAE 4R 44 T2 i B L
F O30, B, 1998, 18(5) : 1518,

[13] XIEZ W,LI X Y,LI T,et al. A demand model into the method
of software architecture model [J]. Computer Science, 2014,
41(5) :196-203. (in Chinese)

WP, ZRBEE, Y, . — A T SRR O IR R R S5
BRI J7 LT ). BB, 2014, 41(5) : 196-203.

[14] PATERSON D,FOX,et al. SaaS software engineering: cloud
computing era of agile development [ M]. Tsinghua University
Press, 2015.

[15] MIETZNER R, METZGER A, LEYMANN F, et al. Variability
modeling to support customization and deployment of multi-te-
nant-aware Software as a Service applications[ C] // Proceedings
of the The Workshop on Principles of Engineering Service Orien-
ted Systems. 2009:18-25.

[16] PINCI V O,SHAPIRO R M. An integrated software develop-
ment methodology based on hierarchical colored Petri nets[]J].
Proceedings of the Advances in Petri Nets 1991, Papers From
the nternational Conference on Applications and Theory of Petri

Nets, 1990,524(10) ;: 227-252.



