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Abstract. Targeting the redundancy filtering problem of Web service automatic composition, this
paper proposes a novel approach to find the solutions with logic formula. For an original service
composition getting by the parallel layered planning graph, it constructs composite services with a
backward method according to the source services of parameters starting from the user request
outputs. The combination process of the source services is treated as a process of converting a
conjunctive normal to a disjunctive normal form, which can filter all the redundant services and
reduce the combination scale rapidly. Experiments with large service repository illustrate that the
approach is correct and can improve the efficiency of service composition.

Introduction

Web Services are self-describing and platform-agnostic computational elements, and are
advocated to support service oriented architecture, distributed computing and software reuse ™.
With the popularity of Web service application, service composition has become the hot spot of

current research.

The parallel layered composition approach based on planning graph > is a frequently-used

approach of Web service composition based on artificial intelligence. It separates the process of
service composition into two stages of forward searching and backward combining. It constructs a
parallel layered service composition at the stage of forward searching. And then, at the backward
stage, it constructs composite services according to the source services of parameters starting from
the user request outputs.

In large scale service repository, for the inflating of search space, efficiency has become a
problem to most of the method of service composition. Some researchers "% give out service
discovery methods based on service clustering to reduce search space and other researchers propose
QoS-aware methods to reduce the scale of composition **'"'?. These methods are helpful to
improve the efficiency of service composition in large scale service repository, but there is lack of
efficient method for filtering redundancy in service composition. This paper proposes a novel
approach based on logic formula which treats the process of combining services as converting a
conjunctive normal form to a disjunctive normal form. It can filter all the redundant services and
reduce the composition scale rapidly and thus improve the efficiency of service composition.

Problem definition

Service composition is to find a group of services which can execute in a certain order with
some given inputs and the final outputs of the services can meet the user request. This group of
services can be called as a composite service and its formal definition is as follows.

Definition 1 (Composite Service) A composite service is a triple S={1,0,G}, where
(1) I is the input parameter set of S;
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(2) O is the output parameter set of S;
(3) G=(V, E) 1s a directed acyclic graph, where
a) V={s;, s1, $2, ..., Su, So} 18 a vertex set and each vertex represents a service in the composition,

where s; is a virtual service using S./ as outputs but no inputs and s, is a virtual service using S.0 as
inputs but no outputs.

b) E is the set of edges of the graph. The outgoing and incoming edges of a vertex represent the
output and input parameters of the service, respectively.

¢) For vs eV, let v, ={s, ,s, ,...s, } be the source service set of s, which contains all the
vertices having directed edges to s; and Vk,OZCn) s, .0, then s, IcV,.0; for vV, =V, —{s, }
j=1 J J

(1<j<m), s,.1aV,0;if sits,, then Is, eV and 5,.0Ns, [#D.

The diagram of a composite service is shown as Fig.1.

O o
o @va

Fig.1. A composite service diagram

The parallel layered composition approach based on planning graph does service composition
according to definition 1, but it can not solve the redundancy problem effectively. For example,
there is an original service composition created in the forward stage of the parallel layered
composition approach shown as Fig.2. There are two kinds of redundant services: (1) According to
definition 1, service s, is redundant because it is not s, and has no post service. (2) The virtual
service s, has 3 input parameters po, pio and p;; and their source service set are {s3}, {s3, s4} and {ss,
s¢} respectively. By selecting one service from each set, we can get 4 kinds of combination — {s3, s3,
S5y, {83, 83, S}, {53, S4, S5} and {s3, s4, S¢} and any of them can provide all the input parameters for S,
Easy to know that, service s3 is duplicated in the first two combinations and service s4 is redundant
in the last two combinations. The backward stage can remove the first kind of redundancy like s,
easily but it should find an effective method to solve the second kind of redundancy like s3 and sa.

Fig.2. An original service composition

Annotation: Fig.2 is a detailed form of directed acyclic graph which can easily denote the
parameter dependency among services. Actually, it is the famous Petri net ['*!. In Fig.2, a rectangle
denotes a service, a circle denotes a parameter and directed arcs denote the input or output relations
between service and parameter.

Analyzing the combination process, we can know that, the source service set of a parameter can
be denoted as a logic disjunctive form because any service of it can output this parameter, and
simultaneously, all the source service sets of a service’s input parameters can be denoted as a
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conjunctive normal form because a combination must select one service from each source set to
output all the inputs for the service. Analogously, a combination can be denoted as a logic
conjunctive form and all the combinations can be denoted as a disjunctive normal form. So the
process of combing the source services of a service can be regard as converting a conjunctive
normal form to a disjunctive normal form and we can construct service compositions by filtering
redundant service with logic formula.

Construct Service Compositions with Logic Formula

The logic formulas used in this paper are shown as follows.

Absorptive law: AA(AVB)=A Av(AAB)=A (1)
Commutative law: AAB=BAA  AvB=BVA (2)
Associative law:  (AAB)AC =AA(BAC)  (AvB)vC =Av(BVvC) 3)

Definition 2 (Minimal Cover) " For a given family of sets F={Fy, F»,..., F,,}, H is called a
minimal cover set of F, and set M (F)={H | H is a minimal cover set of F' } is called a family of
minimal cover sets of F, if

(1) VFeF,HNF, #J
(2) VH cH,3F, e F,H N"F, =2

According to definition 2, combing the source services of a service is to find the family of
minimal cover sets of its parameters’ source sets, and if treating a family of sets as a conjunctive
normal form, the family of minimal cover sets can be treat as the equivalent disjunctive normal
form of it.

Theorem 1 For a given family of sets F={F\, F,..., F,}, if 3F, cF,(i# ), then M(F)=
M(F-{F}}).

Proof: Treat F' as a conjunctive normal form of FiAFoA...AF,, because of F,CFj, there must
exist a set G and F;=F;UG. According to absorptive law (formula 1), FiAF=FA(FivG)= F;. That

means the two conjunctive normal forms of F' and F-{F;} are equivalent, then the disjunctive
normal forms of then are equivalent. According to definition 2, M (F)= M(F-{F;}). m

According to theorem 1, before combing the source services of a service, we can check the
source service sets. If one set contains another, it can be removed and the combing result is the
same as the original one. For example, service s has 3 input parameters pi, p» and p3 and their
source service set are {s;}, {s1, s2} and {s3, s4} respectively. Because {si}c{si,s2}, set {si,s2} can
be removed and the result can be got by combing {s;} and {s3,ss}. This method can filter
redundancy and improve the efficiency by reducing the scale of combinations.

Nevertheless, it can not remove all the redundant services only using theorem 1. There is a
service s with 4 input parameters and the source sets are {si, s2}, {s3}, {s1, s4} and {s3, sa}.
According theorem 1, the set {s3, s4} can be removed because it contains {s3}. Then, we can get
four combinations - {s;, s3, $1}, {s1, 53, Sa}, {s2, 53, s1} and {s, s3, s4}. Because service s; is
duplicated, the first combination will become {s;, s3}. Further, service s4 is redundant in the second
combination and service s, is redundant in the third one. Thus, there are only two combinations -
{s1, s3} and {s2, s3, 54} on the source services of s. To this problem, we can also use logic formula to
filter redundant service in the combing process.

Theorem 2 Let F={F, F»,..., F,.1} be a given family of sets, the family of minimal cover sets
of Fbe M(F)={H\, H,,..., Hy}, Fy+1 be a set and G=FU{F,.,} ,if 3H,e Hand U=H,NF,, #J,

n+l

then H,eM (G) andfor Vf, eU,if 3H, eH and H,-{f,}cH , then (H,u{f,})gM (G).

Proof: First, because the minimal cover set H; can be treat as a conjunctive form and the set F),+
can be treat as a disjunctive form, all the minimal cover sets of G extended from H; can be denote as
H, AF,,.Suppose f, eU, A= H; -{fs}, B= F,1-{fi}, then, H; can be denoted as H,=AA f, and
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Fu1 can be denoted as F, =Bvf, . According to formula 3 and formula 1,
H, AF,

A =(AANFIANBAL)=AN(f, A(BA f))=ANA f, =H,, so that, H; is a minimal cover of G,
that is H, e M (G). Second, because of H, —{f,} c H , there will beH, c H, U{f,}, according to
definition 2, H, U{f,} isnota minimal cover set of G, thatis(#, U{f,})¢ M (G).

Using theorem 1 and 2, this paper gives out an incremental algorithm to filter the redundant
service in the process of service combination. The general steps are as follows.

Step 1: Reduce the family of source service sets H={H,, H,..., Hn} according theorem 1;

Step 2: Choose the first source set H;, make each service of H; as a combination and put it into
a list rstL;

Step 3: Choose next source set H,, for each combination F; in rstL, if F; NH=setU#J, then
move F; into a temporary list 7s¢LT from rstL; For each service s in setU, put Xijs=F; -{s} into a hash
map mapX (the key is s, the value is a family of sets,, Xjs is an element of it).

Step 4: For each combination F; in rstL, for each service s in Hj, if there is no set Xjs in mapX
where Xj,c F}, then combine F; with s and put F; into rstLT;

Step 5: Let rstL=rstLT and rstLT=0, then redo the steps of 3, 4 and 5, till all the sets in H are
checked.

To the above service s and the family of source service sets H={{s1, 52}, {s3}, {s1, S4}, {53, S4} },
do step 1, then H={{s1, s2},{s3},{s1, s4} }; do step 2, then rstL={{s1},{s2}}; do step 3, 4 and 5, then
rstL={{s1,s3},{s2,53} }; redo step 3, because of {si, s3}MN{ 51, sa}={s1}, move {s1, s3} to rstLT and
put {s3} into mapX ; do step 4, for the rest combination {s,,s3} in rstL, check the last source service
set {s1,54}, because s 1s in mapX and {s3}{s2,53}, then {s,53} will not combine with s;; because s4
is not in mapX, add  {s2,53,54} into rstLT; do step 5, get the final combination list rstL={{si, s3},
{Sz,S3,S4}}.

Combing source services in the process of constructing composite services is a geometric series
problem. Too many compositions take much execution time and it is difficult to select a suitable
composite service for users. Suppose a service has m parameters and each parameter has k source
services, there will be £” combinations. Using the method of this paper, in the best situation, all the

source service sets are same and there are only k£ combinations, then the execution time is only

L to the simple method; in the worst situation, every set has no intersection with others, the

km—l

number of combinations is the same as the simple method; in other situations, because a service
usually has more than one parameter and there are many similar services in mass service repository,
it is probable that two source service has intersection or one includes another, thus the method of
this paper can reduce the scale of combinations drastically.

Experiments

Experiments in this paper use the parallel layered composition approach based on planning
graph. In the forward stage, we use web service cluster to improve the search efficiency. In the
backward stage, three methods are used to compare the average execution time and service filtration
efficiency. The first one is from literature [5] which uses Qos-based method (QM) to filter
redundant services, the second one uses the logic-based method (LM) of this paper to filter
redundant services, and the third method uses the first two methods (QLM). The programs are
coded by Java language and the hardware environment is ThinkPad R61 (CPU dual core 2.10GHz,
2.97GB RAM).

Analog data is used in the experiments. For each method, five tests are done with the number
of services from 50,000 to 250,000. With randomly created 100 user requests in each test, the
average execution time is recorded and shown in Figure 3. The average execution time of LM is
more than that of QLM and but much less than QM. This illustrates that the runtime efficiency of
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LM is higher than QM and using both QM and LM can have higher runtime efficiency than any of
them alone.
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Fig.3. Service composition efficiency

With the repository of 250,000 services, the filtration efficiency of the three methods is shown
in Table 1. With the same 100 user requests, the three methods construct composite services with
the original compositions getting by the same forward method. In Table 1, the column of Services
denotes the average total number of the services in the parameter source sets of the end virtual
service before filtration. The column of Service sets denotes the average number of input parameter
source sets of the end virtual service before filtration. The column of combinations is the number of
source service combinations of the end virtual service. From the service number after filtration it
seems that QM has higher filtration efficiency than LM, but the execution time of LM is much less
than QM. That is because LM can filter redundant service in the combination process. The LM
method can not get the composite service with optimal QoS, so we use the QLM method of both
QM and LM to filter redundancy and it can have higher efficiency than those two.

Table 1. Filtration efficiency of the three algorithms

. . Services Service sets . . .
filter method Services | service sets after filtration | after filtration Combinations execution time
QM 1609.08 9.24 23.58 9.24 498 2.22
LM 1609.08 9.24 509.36 3.73 36.18 0.689
QLM 1609.08 9.24 5.73 2.46 3.21 0.445
Conclusions

This paper proposes a novel approach for filtering redundancy in the process of Web service
automatic composition. It constructs composite services with a backward method according to the
source services of parameters starting from the user request outputs. The combination process of the
source services is treated as a process of converting a conjunctive normal to a disjunctive normal
form, which can filter all the redundant services and reduce the combination scale rapidly.
Experiments with large service repository illustrate that the approach is correct and can improve the
efficiency of service composition.

Acknowledgements

This work is supported by the National Basic Research Program of China under grant
2010CB328101; the National Natural Science Foundation of China under grants 61170078 and
61173042; the doctoral program of higher education of the specialized research fund of China under
grant 20113718110004; and the Science and Technology Development Program of Weifang City of
China under grant 2010rkx011.

1012



References

[1] D. Berardi, F. Cheikh, et al. Automatic service composition via simulation [J]. Int. J. Found.
Comput. S. 2008, 19(2): 429-452.

[2] M. Naseri and A. Tomhidi. QoS-Aware Automatic Composition of Web Services using Al
planners[C]. Proceedings of Internet and Web Applications and Service(ICIW’07): IEEE
Computer Society, 2007: 29-35

[3] Z.Q. Huang, J. Wei, et al. Effective pruning algorithm for QoS-aware service composition [C].
Proceedings of IEEE Conference on Commerce and Enterprise Computing: IEEE Computer
Society, 2009:519-522

[4] J. Wei, C. Zhang, et al. QSynth: A Tool for QoS-Aware Automatic Service Composition [C].
Proceedings of International Conference of Web Services(ICWS2010): IEEE Computer Society,
2010: 42-49

[5] S.G. Deng, B. Wu, et al. QoS Optimal Automatic Composition of Semantic Web Services [J].
Chinese Journal of Computers, 2013, 36(5): 1015-1030.

[6] H. Liu, Z.B. Zheng, et al. A global graph-based approach for transaction and QoS-aware service
composition [J]. KSII Transactions on Internet and Information Systems, 2011, 5(7): 1252-1273

[7] P. Sun and C.J. Jiang, Using service clustering to facilitate process-oriented semantic web
service discovery. Chinese Journal of Computers, 31 (2008) 1340-1353.

[8] X.Z. Liu, G. Huang, H. Mei. Consumer-Centric Service Aggregation: Method and Its
Supporting Framework [J], Chinese Journal of Software, 2007, 18(8): 1883-1895.

[9] S. Han, H.Y. Wang, L.Z. Cui. A user experience-oriented service discovery method with
clustering technology[C]. Second International Symposium on Computational Intelligence and
Design, 2009: 64-67

[10] R. Sudha and S. S. Thamarai. Semantic grid service discovery approach using clustering of
service ontologies [C]. In: Proceedings of IEEE TENCON 2006, Nov. 14-17, pp. 1-4.

[11] EI Haddad J, M. Manouvrier, M. Rukoz. TQoS: Transactional and QoS-aware selection
algorithm for automatic Web service composition. [IEEE Transactions on Services Computing,
2010, 39(1), 73-85

[12] L. Wang, Y.X. He. A Web service composition algorithm based on global QoS optimizing with
MOCACO [C]//Proceedings of International Conference on Informatics, Cybernetics, and
Computer Engineering. Melbourne, Australia, 2012:79-86

[13] T. Murata. Petri Nets: Properties, Analysis and Applications. Proceedings of the IEEE, 1989,
77(4), 541-580.

[14] H. Zhang, L.F. Wu, et al. An Algorithm of r-Adjustable Negative Selection Algorithm and Its
Simulation Analysis [J]. Chinese Journal of Computers, 2005, 28(10): 1614-1619

1013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




