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Abstract Z

As a common delivery model in cloud computing\t@% applicdt] are becoming
increasingly popular. Multi-tenancy is a key charact f SaaS applications. Service
composition plays a main role in SaaS applicatio se of fre composability and
reusability of software services. With the developm@ clou ing, one side, there are
an increasing number of available services, er side, ten individual and diverse
requirement become more intense, WhICh servi mposition tend to be more
complex. This paper proposes an e infrastrustlre for service composition,
MultiGranular, which provides a sem asis hgh It| tenant service composition. The
MultiGranular supports the char, c ic of y, uncertain correlation, inheritance
and versioning, effectively m@a g to the quwements of complexity of service
composition for cloud computing S&aS apphc ns. The computing process of MultiGranular
includes three steps: basic

vice cl correlatlon mining and hierarchy building.
MultiGranular makes it e to ch |sorder services into the hierarchy and ordered
clustering services, akes i to develop multi-tenant SaaS applications. The
experimental resul ons ﬁgt by utilizing the proposed method, complexity of
multi-tenant s@ ompositionnare“solved and the efficiency of service composition has
been improved ‘yeeatly. @

Keywords: cloud uting, multi-tenant, service composition, hierarchy, uncertain
correlation, inheritanc®and versioning

1. Introd \%n

As th lopment of cloud computing and service computing, SaaS (Software as a
Se idely used for bringing benefits to both software service providers and tenants.
Servigg.composition has become the dominant paradigm that utilizes services as fundamental
elements for developing SaaS applications efficiently. However, one side, there is an
increasing number of available services in large enterprise or domain, other side, tenant’s
individual and diverse requirement become more intense, which makes service composition
tend to be more complex. In cloud computing, the complexity of multi-tenant service
composition reflects in the following four aspects:

Multi-granularity. Business requirements are variant, and some are abstract and some are
specific. Requirements show characteristic of multi-granularity. For example, someone
submits his requirement as “travel plan” while others may say they want “book flight”. How
to satisfy different users’ multi-granularity requirements is always an urgently solved
problem.
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Complexity of correlation. In the cloud SaaS model, services are sharing and isolation.
Correlation relationships between services are more complex. In addition, the uncertainty of
correlation relationships between services tends to be significantly increased.

Massive individuation. In the cloud environment, almost every tenant has special
requirements for services in terms of Ul, business process, data and so on. It indicates
characteristic of individuation which varies a lot.

Frequency of evolution. Services always frequently evolve from one version to another
version due to the change in business requirements. So it is necessary to effectively manage
these services before and after evolution. x) .

2. Related work

Over the last several years, different composition str e ies hav oposed [1]
proposed an automated service composition approach ba n S I‘VI mmunlty Task
i mun facilitate service
discovery and composition. However, it is not possjble to e all the templates.
[2] proposed an uncertain QoS-aware skyline_serv x ethod based on cloud
model. With this method, the reliability a -time p formance of service selection
have been guaranteed. [3] proposed a ne \A@ -aware s composmon method which
considers the QoS of the network ex the e service itself. It efficiently

%E?

computes compositions W|th mu Iat built an extended quick service
query list using WordNet | Ie het ous ontologies to record service
information and their asso semqnt co cepts towards more realistic service
composition. The method Iewates us r developers from the burden of using
complicated semantlc S com@ and can select and compose services to
construct plans aut y. [5] ed a multiobjective optimization framework for
SLA-aware servic posmo veraglng a multiobjective genetic algorithm. [6]
proposed an e graph- g based Top-K service composition method. By
using servic exes auxmary nodes in extended planning graph, Top-K
composition service ca found through one search.[7] put forward a matching
algorithm SMA (Seryi tchmg Algorithm) between cloud computing services of
multiple input/out ameters, which considers the semantic similarity of concepts in
parameters base ordNet. [8] proposed a framework of service composition in
multi-cloud\%sﬁ environments and three different cloud combination methods
considerin ing feasible composition sequence that contains minimum clouds. [9]
proposeﬁ?ﬁ—based selection of multi-granularity web services for the composition,
whi s services of multi-granularity available for selection. [10] proposed a
servige composition optimizing method which was user-oriented and based on the QoS
value. Based on the fact that users usually put forth a coarse-granularity request. [11]
proposed an on-demand service organization and recommendation method based on
role, goal, process and service model for a domain problem to satisfy user’s
personalized and diverse requirements. [12] proposed an event-based web service
composition in order to satisfy user’s multiple requirements and be realized easily.
Though these methods above can achieve good results to some extent, they have not
taken multi-tenant into consideration. Multi-tenancy is a key characteristics of SaaS
applications, and there are some issues that traditional service composition approaches
have not yet well addressed like multi-granularity requirements, complexity of
correlation, massive individuation and frequency of evolution. With the lessons and
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experiences from the traditional service composition approaches, we present an
effective infrastructure for multi-tenant service composition.

@ - Matched composed service
(5 | <):|
requirements O<'S>O
Submit
requirements Return results
MultiGranular
/\/N/O
Web services
A O asic service clusterin
%0 O

Correlation mining

%000 O MultiGranlar computing
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77 4 Evolve
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Figure 1. The kct@ ulthranuIar

() Abstract service

The architecture of MU'tI% is sho Figure 1. In order to respond to the
complexity of multi-tenant serVice c tlon in cloud computing, we give the
corresponding solving stra@es

Hierarchy. Consj %,C rom 5|mlwrrelation and aggregation relationships of the
granularity among\ es, th ocess of MultiGranular computing is introduced,
which includes<hasit serw@@s ring, correlation mining and hierarchy building,
which makes mes of er services into the hierarchy and ordered clustering

services, effectiVely res ing to multi-granularity service composition requirements.
Uncertain correla Uncertain of correlation relationships are measured from the
aspect of correlatl ree between services. The computing of correlation degree is based

on matching beiwe oncepts of services message and similarity measurement.

Inherlta ey Tenants can firstly build sub service reflecting their individual requirement
» on the mostly similar service with their requirements with least inheritance
opegatio hen corresponding concrete service will be got from which the inherited service
map ‘@ or customization. Inheritance is realized by modifying attributes of services, such as
Ul, business process, descriptive definition and data schema to satisfy tenants’ individual
requirements. In section 5 we will introduce some inheritance operations.

Versioning. The frequent evolution of services to meet business requirements changed
always leads to many versions of the same original service. Therefore, it is necessary to
realize version management mechanism.
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4. MultiGranular Computing

As Figure 1 shows, MultiGranular includes two hierarchical models, in which
abstract services maps to concrete services mutually. Formally, it is represented as a
quintuple, (S, Rs ,R., R4 R;, De), where:

Definition 1. Service S™= (UI, Business process, descriptive definition, data)

Ul provides the uniform entrance for accessing service and describes the functional
module and layout. Business process is the specific process for realizing particular goal
and includes atomic process and composite process. It is consisted of services and flow
relationships between them. Descriptive definition mainly declares the functignalijties,
such as input and output message and their data types. Data schema is consisted ®f a set
of data items. v is the version number. %

Definition 2. Similar relationship Rs. Services that can realize 5|m|I allty because
of similar semantic concepts are similar. Similar relatlon tween iges is defined as

S =S, mnmw x)

There are many methods to compute similarity e bet ices. In this paper, we
compute the similarity degree based on their diW in the onto y.

Zm: _na%rm'%ilar(ini,inj) ZMmaXSimnar(inj,ini)
= +J:l i=1 )

. ﬁ;xsmna;(o -, Out; ZMaXslmllar(Out ,out;)
Similar (Output,, Output, )—?h&'l = TR n )

Similar(Si,Sj) )\ ar(l " )+w x Similar (Output;, Output; )
In the Mult r, we&w ivide service set into several groups, services in
each of WhIC relativ, h similarity in functionality while services between
different of W vary fter basic services clustering, each service cluster can be

represented as an abs ervice through extracting the same concept respectively in
the input and outpu age of services in the same cluster.

Definition 3. elation relationship R.. Correlation relationship is the basis of
service coWn. According to the matching relationship between concepts of input
and outpu sage in the ontology, two forms of correlation relationships between
servi es@ efined as follows:

- 1
Similar(Si,Sj)=W1 Slmllar(ln@):

Re i P,
Si——>S;, if S,.Output o S;.Input, Similar (S, Output, S;.Input) > &

(2) S, US, U US —E 58, if S,.0utput U S, Output U---U'§, Output o S;.Input,
n 1'
vS;,CD(S;, S;) = Similar(S; Output, S;.Input) > &

i’ ]

In the second step of building MultiGranular, the two forms of correlation relationship will
be mined among abstract services according to semantic matching.

Definition 4. Aggregation relationship R,. As coarse-grained services can hierarchically
decompose to fine-grained services that have correlation relationship, we measure the two
forms of aggregation relationship in the aspect that one service can realize composition
function of services correlated.
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S —& S

S,,S, —>S, ;

(D SS—7=Sf o : .
) S,.Input = S, Input namely VS, Similar S, {(nput S, Input >6 )

S;.Output = S, Output namely VS, Similar S, Qutput S, Qutput >¢
R .
(2) Sl,Sz, ,Sn,SJ—ﬁSk’ |f
S,US,U-US —Fs S,

S,.Input US,.Input U---U S .Input = S,.Input, namely : VS, Similar(S,.Input U S,.Inputu---U S_.Input, S, .Input) > &
S;.Output ~ S, .Output, namely : VS;, Similar(S; .Output, S, .Output) > &

After the first two steps in MultiGranular building, correlation relationships a ytract
services are mined. For correlated services, check whether there are coar@ services

that can complete the composition functionality of th nce aggregation
relationships among them are built hierarchically. As ea act S S mapped to the
|I

concrete service cluster, hierarchy building of serV| s rs correspondingly

called parent services; services that refle ividual ement through inherited
operations without changing logic realiZi& are calle d services.

Definition 6. De:S -G representi@eco p\%on of service seS to a set of dags
Si, Sj

G. De(s) = (V, E) V=S, Ec{ReR{F ) €Ra(sis) <R..

finished. @
Definition 5. Inheritance relationship R;. $ es thm& general attributes are

5. Implementation of Ind ivi atloh.@ Evolution
5.1. Inheritance

Inheritance can ta N; ce in ral aspects of service, such as Ul, business process,
descriptive def initi data Below is the corresponding inheritance operation for
each attrlbute

(1)For UI mhentance re two kinds of inheritance operation:
Change contents: ample, add new module or adjust font size.
Change structufe; For example, adjust the layout of some modules or change the position

of some imagesland menus.
(2)Fo§@ess process inheritance, there are six kinds of inheritance operation:

ness process: assume the original business process is BP,= (i;, S;, 04, F1) and
BP,=Niz S,, 05, Fy) is the business process to be added to. Each business is represented as a
quadruple: input, service set, output, and data flow relationship. Assume i and o are separately
start service and end service in the business process. There are three kinds of inheritance
operation:

Sequence adding: We call BP=(i, S, o, F) as the business process got through sequence
adding BP, to BPy,in which, S={S;\0.} U S;, F={(si, Sj) € F1|s;# 01} w {(Si,i2)|(Si,01) e F1i} U F2.

Parallel adding: We call BP=(i, S, o, F) as the business process got through parallel adding
BP2 to BP]_, in which stl USZ u{l, 0}, FzFlu F2 u{(i,il),(i,ig),(ol,O),(Oz,O)}.
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Choice adding: We call BP=(i, S, o, F) as the business process got through choice adding
BP, to BP4, in which S=Slu{Sz\{iz,Oz}},F=Flu{(il,Si)|(i2,Si)e Fz}u{(si, Sj) EF NS £ IrA Sj
# 021 U {(Si,01)|(Si,02) € F2}.

Delete business process: assume the original business process is BP= (i, S, o, F), BP; is the
business process to be deleted; BP, is the business process that has parallel or choice
relationship with BP, in BP. There are three kinds of inheritance operation:

Sequence deleting: We call BP’= (i’, S°, o’, F’) is the business process got through
sequence deleting BP; from BP, in which, S’=S\ {S;}, i’=i, o’=iy, F’=F\ {(s;, i1) }\F1.

Parallel deleting: We call BP’=(i’,S’, o’, F’) is the business process got throuwgllel
deleting BP; from BP, in which, S’=S\{S;}, i’=i, 0’=0,,F’=F\{(i,iy), (01,0) }\F1.

Choice deleting: We call BP’=(i",S’, o’, F’) is the busmess process gpt gh choice
deleting BP; from BP, in which, S’ S\{Sl} i’=i, 0’=0,, F )%sl)(sl,o%

(4)For descriptive definition inheritance, there are tw e operation:

Add parameter i;or o;: I=1 U {ij} or O=Ou{oJ n thexltl the added parameter

does not affect the functionality.

Delete i; or o;: I=I\ {ij} or O=0\ {o,}.gl\@'% condu& he added parameter does not
affect the functionality.

(5) For data schema inheritance t}ép thre mheritance operation:
Add data item d;;: DS=DS )@e S= (n rthdate) For example, add a data item
named affiliation in a registry service table®

Delete data item di: DS {di}, dg@he attribute description of d; and the dependency

between data items.
Change data %m@or exa@yu can rename or change the type of the data item.

5.2. Versmnln

Service versmnmg i to identify different versions of the same service. The way how
a version is deter nd which characteristics included in the service of the version is
defined by the ser eveloper. Particularly, attributes about the version such as the number,
difference frb%r;e service of original version and the description must be recorded so that
users are p d many choices when selecting versions. Once the logic realization of the
service i ged, a new version of the same service is generated. By applying versioning
services, different users can have different versions of the same service, in which
some'aye the latest available version of the service while a limited number of users lag one or
more versions behind. Once the new version of the service is released, some users may
migrate to the new version while some users may stay on the original version for

incompatibility.

6. Experimentation

The approach proposed in the paper is applied to the social security service system
development based on SaaS. Developers develop services according to the service
specification and publish them in the system. Those massive disorderly services are then
organized by the approach as an orderly structure. When developers or tenants need to
develop new social security application, it can be achieved quickly through service
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composition using the approach. The experiment system contains thousands of services
and runs on a computer running win 7 with a 2.33 GHz Dual Core processor and 2 GB
memory. From the point of view of functions needed to achieve, this system can be
divided into two main modules: (1) the building of MultiGranular; (2) the service
composition system. As the first module has been previously shown, we focus on
introducing the service composition system here.

6.1. Service Composition System

MultiGranular
[ ]

1

Search services with name An application process 6
£ 2| | — Y

|search services with input and output|

mat ]
OrsorDasar A7 V

R —

Search 4
A-serivceNa o TRt
Choose services you need
459 sz
st
O & 0
4s
4s

Figure om 9\ Enwronment
m&

As shown in Figure 2, whe ts login iftto the system, MultiGranular will be displayed
to them in graphical form ( In the | of the interface, there are different categories
of services, which coyer siness nality scope. Tenants can select services they
need through clickin 0Xes a ide By the abstract services or get services they need by
clicking the search aft ing the input parameters(@) of services they need as
shown in the g grvice(®). e Submit button is clicked, service composition plans
will be shown rightaréa. Each abstract service in the plan is represented as a table, and
each row is associated ember service (@). The specified information of concrete

services it maps can be@e ed by clicking Detail button (®).

7 ur o DS
Service cluster {
N Data objects displayed Dataifems in the data schema
Version 10 Version 1.0
Version 1.1 Version 1.1
Datacbject  Dataobject  Dataobject atatem  Data item Data item

Version12 | Dataobiect  Dataobject  Data object Version12| pataitem  Data item

@ me Ihput Type Output Type

6 ®

Price

— BP AD
Response time
ServiceName Price Response time Version UL
P Version 10 Version 1.0
() C) Input. Output
8 Version 1.1 * 2 d
Version 1.1 Complex type CT float
b
Version 12 boolean
een ss (oot s6 [oemal) Version 12 Jint
String

As shown in Figure 3, each concrete service with a set of attributes can be seen in the
Service cluster interface (®). To submit the preferences, users can tune up the bar (@) to
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select services that satisfy QoS requirements (®). As shown in Figure 4, a set of attributes
(Ul, BP, AD, DS) can be checked (®~@). Then concrete services can be determined to be
mapped after users checking attributes of services of different versions (0~@).

As shown in Figure 5, when all the concrete services of the abstract services are
determined, the concrete services can be displayed when clicking the Map button (©@~@).
Then users can customize services they need by modifying attributes (©~@).Then the
customization information and the services will be updated in the model. The frequent
evolution of services to meet business requirements changed always leads to many versions
of the same original service stored in the system ().

ur

CustomizationOrEvolution
Data objects displayed

S V| Data object | Data object

| Dataobject (/] Data object

MapSerfviceName Operation

16

59.1 15/0) Customization
54.2 Customization
58.2 Customization

57.3 Customization

Evolution
Evolution

Evolution

Evolution

e

N
stingg]
Coran
L
Submit Tt ourpar
eboolean gboslean
i wistring

Adding or Deleting parameters

‘ r Deleting Services|

Q@QGFVICG & omization

6.2. Service Granularity Ar@sm
To test the effe |°v

f or n on the performance of multi-tenant service

composition, we firs severa a sets to do the experiment. For each data set, we have
manually createey % reqw which can be achieved by services of different
granularities ra rom2t e take the average response time of those requirements as

the final composition tim
o\

MultiGranular

Graph planning

100 300 500 1000 2000
Services

Composition time(ms) q

Figure 6. Service Composition Time

Figure 6 shows the results about the composition time for the specified service
requirements in services ranged from 100 to 2000. It can be easily concluded that when the
number of services is limited to be small, the time taken by the graph planning approach is
nearly the same with the MultiGranular-based approach. However, as the number of services
grows, graph planning approach takes far more time to find out the composition plans than
the MultiGranular-based approach because it involved much semantic-related computing and
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backtracking. On the contrary, the response time trend for MultiGranular-based approach is
stable and does not increase much.

Secondly, we use 1000 services and manually created 5 requirements which can be
achieved by services of different granularities ranged from10 to 14. Thus, we take the average
response time of those requirements as the final composition time. Besides, because of the
similarity of semantic concept, users can be provided with many service composition plans.
Though those plans can satisfy functionalities needed, the correlation degree will be different.
In order to test if our approach can achieve those plans on the basic of graph planning
approach as we know it is sure to get suitable ones, we take the correlation degree of service
composition plans as a measurement of accuracy. So we test the effectiveness in VI w of
correlation degree of service composition plans (SCPCD). The formula pute

correlation degree is as follows:
n-1
SCPCD=SimiIar(Req.Input,Sl.lnput)XHCD(Sj,SJ+1)xS|m| r(S .Output e@gt)

=

25000 +

20000 -
15000 -? Q

® MultiGranular

10000 Graph °

Composition time(ms)

5000 planning %Ny ) Graph
planning
0 y T T T L al

10 11 12 13 14 @ %y\l 1011121314 .

Request(Services=1000) % Request(Services=1000)
[ ]
Figure 7.Service Cq&émon Figure 8. Correlation Degree of
Service Composition Plans
it the composition time for the specified service

Figure 7 '/ e result
requirements i ices 1000, It can be easily concluded that the response time trend for
MultiGranular-based approagi is stable and does not increase much while the response time
trend for the graph planiing approach increases rapidly. As is shown in Figure 8, the
MultiGranular-based, approach can achieve service composition plans of similar correlation
degree with the ghgph planning approach, which indicates that the MultiGranular-based
approach carﬁ%wve correct service composition plans but in a short time.

al@@y Testing

ove experiment results of Figure 6, 7 and 8 were conducted under a small service
number of services. To illustrate the scalability, we also devised 5 requirements which can be
achieved by services of different granularities ranged from 2 to 10 in the service ranged from
3000 to 5000. As we can see in Table 1, when the service number becomes large, it is very
hard for graph planning approach to retrieve the composition plans because the searching
time blows up exponentially and memories quickly run out. On the contrary, the response
time trend for MultiGranular-based approach does not increase much.

Copyright © 2014 SERSC 179



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.6 (2014)

Table 1. Service Composition Time

MultiGranular Graph planning
3000 | 264ms 153340.7

4000 | 297.6ms -

5000 | 310.2ms -

7.4. Analysis of Basic Service Clustering and Correlation Mining

In order to illustrate the effectiveness of mining correlation relationship in the situation of
clustering, we demonstrate the number of mined correlation relationships and the time for that
with different service number ranged from 100 to 2000. Figure 9 shows that time
consumed after clustering is much less than that without clustering, and Figure %ﬂows that
the number of mined correlation relationships is almost the same compar@ at without

clustering. As many services are similar in functionality reo not ¢ they can be
filtered through clustering for preprocessing. \

1600000 @0
£ 1400000 - c
£ 1200000 | - AN 200000 1
= 1000000 f——— - o C> 2 oo
g A £
800000 - _ N 8 |
E 00 - m Clustering
= 600000 - N
£ 1 Not Clustering
£ 400000 % -
S 200000
S 0 c 0.

100 300 500 10002000 A\\D 100 300 500 10002000

Services 9 Services

Figure 9. Cor;@ n Mp@;’ Figure 10. Number of Correlation

7. Conclusi

Traditional semanti
challenging issues f ti-tenant service composition in cloud computing. In this paper, we

compositio ed on MultiGranular, the computational efficiency can be significantly
improve e guaranteeing the individual and diverse requirement. And frequent service
ev s been also taken into consideration. Besides, our approach can be more scalable

complicated semantic knowledge for service composition; thus make service composition
toward more realistic and easier. An experiment and evaluation has been conducted to
demonstrate the effectiveness of our proposed approaches. In future, we will turn our
approach to the standardized ontologies on Internet to build more comprehensive
MultiGranular. In addition, we will further improve the efficiency of the process of basic
services clustering and correlation mining.
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