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Web Service Workflow Composition Issues
ῆ Weď seƌǀiĐes aƌe deǀeloped ďǇ diffeƌeŶt ĐoŶtƌiďutoƌs
ῆ Not deǀeloped to ǁoƌk ǁith oŶe aŶotheƌ

Weď seƌǀiĐes aƌe desĐƌiďed usiŶg eitheƌ a WSDL ;Weď seƌǀiĐe 
DesĐƌiptioŶ LaŶguageͿ doĐuŵeŶt oƌ a WADL ;Weď AppliĐatioŶ 
DeǀelopŵeŶt LaŶguageͿ doĐuŵeŶt. 
ῆ No staŶdaƌd ŶaŵiŶg ĐoŶǀeŶtioŶs, e.g., operatioŶ, iŶput
ῆ Teǆt desĐƌiptioŶs aƌe iŶheƌeŶtlǇ aŵďiguous

Haƌd to ideŶtifǇ ǁhetheƌ iŶputs/outputs aƌe Đoŵpatiďle



Semantic Web Service frameworks
ῆ OWL-S

ῆ Uppeƌ leǀel oŶtologǇ foƌ Weď seƌǀiĐes
ῆ Top-doǁŶ appƌoaĐh
ῆ DiffiĐult to ŵodel the laƌge Ŷuŵďeƌ of eǆistiŶg Weď seƌǀiĐes

ῆ SAWSDL
ῆ Bottoŵ-up appƌoaĐh
ῆ Pƌoǀides eǆteŶsioŶ attƌiďutes foƌ addiŶg seŵaŶtiĐs to Weď 

seƌǀiĐes: saǁsdl:ŵodelRefeƌeŶĐe
ῆ EasǇ to seŵaŶtiĐallǇ ŵodel eǆistiŶg Weď seƌǀiĐes
ῆ No speĐifiĐ seŵaŶtiĐ ŵodel oƌ oŶtologǇ laŶguage ƌeƋuiƌed to use
ῆ WϯC ƌeĐoŵŵeŶded ǁeď seƌǀiĐes seŵaŶtiĐ aŶŶotatioŶ 

ŵeĐhaŶisŵ
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Bioinformatics Web Service Ontology ȋOBI-WSȌ
ῆ OBI WS ǀ ϭ.Ϭ ƌeleased

ῆ http://puƌl.oďoliďƌaƌǇ.oƌg/oďo/oďi/ǁeďSeƌǀiĐe.oǁl
ῆ Biopoƌtal: http://ďiopoƌtal.ďiooŶtologǇ.oƌg/oŶtologies/ϯϭϭ9

ῆ Suppoƌts aŶŶotatioŶ of ~ϭϬϬ opeƌatioŶs fƌoŵ ϭ9 diffeƌeŶt 
ǁeď seƌǀiĐes iŶĐludiŶg seƋueŶĐe aŶalǇsis aŶd utilitǇ ǁeď 
seƌǀiĐes

ῆ SeƋueŶĐe SiŵilaƌitǇ Weď SeƌǀiĐes
ῆ WU-BLAST, NCBI-BLAST

ῆ Multiple SeƋueŶĐe AligŶŵeŶt Weď seƌǀiĐes
ῆ Clustal W, T-Đoffee

ῆ PƌoteiŶ FuŶĐtioŶal AŶalǇsis  Weď seƌǀiĐes
ῆ SigŶalP

ῆ PhǇlogeŶetiĐ AŶalǇsis Weď seƌǀiĐes
ῆ PhǇlip

http://purl.obolibrary.org/obo/obi/webService.owl


Service Suggestion Engine
ῆ The SeƌǀiĐe SuggestioŶ EŶgiŶe ;SSEͿ is a seŵi-autoŵatiĐ 

ǁoƌkfloǁ ĐoŵpositioŶ sǇsteŵ.
ῆ What it does: 

ῆ FaĐilitates the ĐoŶstƌuĐtioŶ aŶd eǆteŶsioŶ of ǁoƌkfloǁs ďǇ 
pƌoǀidiŶg suggestioŶs to the useƌ foƌ the Ŷeǆt step.

ῆ It is Đapaďle of doiŶg 
Foƌǁaƌd SuggestioŶs,
BaĐkǁaƌd SuggestioŶs aŶd
Bi-diƌeĐtioŶal SuggestioŶs.

ῆ SSE ƌetuƌŶs a ƌaŶked list of ǁeď seƌǀiĐe opeƌatioŶs ;fƌoŵ a 
ĐaŶdidate list of aǀailaďle opeƌatioŶsͿ that Đould ďe used foƌ the 
Ŷeǆt, previous oƌ iŶterŵediate step.

ῆ SSE ƌaŶkiŶg is ďased oŶ Coŵpatiďle sĐoƌe

ϭ Ϯ ?
? ϭ Ϯ
ϭ ? Ϯ



ῆ The SSE sĐoƌes the ĐaŶdidate 
opeƌatioŶs depeŶdiŶg oŶ
ῆ Hoǁ ǁell the iŶputs of the ĐaŶdidate 

opeƌatioŶ ĐaŶ ďe fed usiŶg the 
outputs of the opeƌatioŶ;sͿ iŶ the 
ǁoƌkfloǁ. 

ῆ IŶput-Output CoŵpatiďilitǇ SĐoƌe Sio

ῆ Hoǁ ǁell the desiƌed fuŶĐtioŶalitǇ if 
supplied ďǇ the useƌ aligŶs ǁith the 
ૅ OďjeĐtiǀe speĐifiĐatioŶ  of the 
opeƌatioŶ. 

ῆ OďjeĐtiǀe SpeĐifiĐatioŶ CoŵpliaŶĐe 
SĐoƌe Soďj

<SAWSDL
>
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SeƌǀiĐe 
SuggestioŶ 

EŶgiŶe

Workflow

ws

 ??
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Web Service OperationsCompatible Scores Calculation



SSE Sub-scores

ῆ WheŶ ĐalĐulatiŶg these suď-sĐoƌes, the sǇsteŵ Đalls 
a ૅ Concept similarityૅ  ŵodule to fiŶd out 
hoǁ siŵilaƌ tǁo ĐoŶĐepts aƌe.

R. WaŶg, et al.RaŶkiŶg-Based SuggestioŶ Algoƌithŵs foƌ SeŵaŶtiĐ Weď 
SeƌǀiĐe CoŵpositioŶ, ICWS ϮϬϭϬ, pp. 6Ϭ6-6ϭ3

 : weight of objective specification 
(1- ); weight of input-output
 : weight of semantic
(1- ): weight of syntactic Sum of 
weights = 1



Input-Output Compatibility
ῆ Model iŶputs/outputs usiŶg a DiƌeĐted AĐǇĐliĐ Gƌaph ;DAGͿ
ῆ TƌaŶsfoƌŵs the I-O ŵatĐhiŶg pƌoďleŵ iŶto a gƌaph patteƌŶ 

ŵatĐhiŶg pƌoďleŵ
ῆ SSE suppoƌts tǁo algoƌithŵs to ĐalĐulate sio suď-sĐoƌe 

ῆ path ďased ŵappiŶg algoƌithŵ
ῆ p-Hoŵoŵoƌphisŵ ŵatĐhiŶg algoƌithŵ
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Output of Web service 1 Input to Web service 2

Identify Paths Identify Paths

1.    A ᾶ B ᾶ D 

2.    A ᾶ B ᾶ E

3.    A ᾶ C

1ᾼ     P ᾶ Q

2ᾼ   P ᾶ R ᾶ S

Path Based Mapping Algorithm
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Finding best matching path for 
2ᾼ   P ṷ R ṷ S 

WSDL EleŵeŶt   + 
OŶtologǇ CoŶĐept

P SR

A DB

Leaf Nodes

Score for 
MatchPath 
(2ᾼ ᾶ 1)

Matching 2ᾼ ᾶ 1  P ṷ R ṷ S 
          A ṷ B ṷ D  

Path Based Mapping Algorithm



Path Based Mapping Algorithm



P-Homomorphism Input-Output Matching
ῆ Path-Based ŵatĐhiŶg deĐoŵposes the iŶput-output DAGs iŶto 

iŶdiǀidual paths thus losiŶg soŵe stƌuĐtuƌal IŶfoƌŵatioŶ.

ῆ A hoŵoŵoƌphisŵ is a stƌuĐtuƌe-pƌeseƌǀiŶg ŵap ďetǁeeŶ tǁo 
algeďƌaiĐ stƌuĐtuƌes ;suĐh as gƌoups, ƌiŶgs, oƌ ǀeĐtoƌ spaĐesͿ

ῆ FiŶdiŶg aŶ eǆaĐt Hoŵoŵoƌphisŵ ŵappiŶg ďetǁeeŶ iŶputs 
aŶd output DAGs is ƌeŵote
ῆ IŵpoƌtaŶt to ĐoŶsideƌ siŵilaƌitǇ ďetǁeeŶ the ǀeƌtiĐes ǁheŶ 

ĐoŶsideƌiŶg the ŵappiŶg



P-Homomorphism Input-Output Matching
A

D

CB

E

P

S

RQ

       P     Q    R     
S
A   0.8   0.2   0.1  
0.5
B   0.4   0.4   0.7  
0.3 
C  0.2   0.1   0.3  
0.5
D   0.4   0.7   0.5  
0.1
E  0.3   0.5   0.4  
0.8

Threshold 
0.7Good Matches

A -> P
B -> R
C -> 
D -> Q
E -> S

Input DAG Output  DAG



Objective Specification Compliance
ῆ Useƌ ĐaŶ pƌoǀide the desiƌed fuŶĐtioŶalitǇ as: 

ῆ keǇǁoƌds oƌ 
ῆ a ĐoŶĐept iŶ the oŶtologǇ that he feels ĐloselǇ desĐƌiďes the 

fuŶĐtioŶalitǇ desiƌed

ῆ If seŵaŶtiĐs aƌe aǀailaďle fƌoŵ the useƌ as ǁell as AŶŶotatioŶ: 
ῆ CoŶceptSiŵilaritǇ; OďjeĐtiǀeSpeĐifiĐatioŶ, DesiredFuŶĐtioŶality Ϳ

ῆ IŶ aďseŶĐe of seŵaŶtiĐs fƌoŵ the useƌ:
ῆ SǇŶtacticSiŵilaritǇ ;CoŶĐeptDefiŶitioŶ, Keyǁords Ϳ

ῆ IŶ aďseŶĐe of seŵaŶtiĐs fƌoŵ the useƌ as ǁell as aŶŶotatioŶ
ῆ SǇŶtacticSiŵilaritǇ ;OperatioŶNaŵe, Keyǁords Ϳ



Workflow Management System
Tǁo populaƌ tools that pƌoǀide a GUI foƌ ĐƌeatiŶg ǁoƌkfloǁs
ῆ GalaǆǇ

ῆ easǇ to use, opeŶ-souƌĐe, Weď-ďased platfoƌŵ that pƌoǀides 
ŵultiple tools foƌ ďioiŶfoƌŵatiĐs data aŶalǇsis. 

ῆ pƌoǀides aŶ easǇ ǁaǇ to ĐoŶstƌuĐt ǁoƌkfloǁs usiŶg eǆistiŶg tools 
iŶ a ǀeƌǇ siŵple fashioŶ usiŶg a Yahoo pipes-ďased gƌaphiĐal 
desigŶeƌ

ῆ Pƌeǀious ǁoƌk alloǁs addiŶg WeďSeƌǀiĐes as tools to GalaǆǇ
ῆ TaǀeƌŶa

ῆ opeŶ souƌĐe 
ῆ is iŶtegƌated ǁith BioCatalogue, aŶd suppoƌts the iŶǀoĐatioŶ of 

ǁeď seƌǀiĐes aŶd theiƌ use iŶ ǁoƌkfloǁs.
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ǁeď seƌǀiĐes aŶd theiƌ use iŶ ǁoƌkfloǁs.



Evaluation Scenario
ῆ FiŶd out ŵoƌe iŶfoƌŵatioŶ aďout a pƌoteiŶ seƋueŶĐe aŶd its 

eǀolutioŶaƌǇ ƌelatioŶships to otheƌ pƌoteiŶ seƋueŶĐes.

ῆ The useƌ ŵight ďe aǁaƌe that he ǁaŶts to 
ῆfiƌst seaƌĐh a dataďase foƌ siŵilaƌ seƋueŶĐes, 
ῆtheŶ peƌfoƌŵ ŵultiple seƋueŶĐe aligŶŵeŶt aŶd
ῆfiŶallǇ peƌfoƌŵ phǇlogeŶetiĐ aŶalǇsis to ĐoŶstƌuĐt 
    phǇlogeŶetiĐ tƌees.

ῆ Weď seƌǀiĐes alƌeadǇ eǆist foƌ eaĐh of the aďoǀe.

ῆ We utilize seŵaŶtiĐallǇ aŶŶotated ǀeƌsioŶs of theiƌ 
desĐƌiptioŶs foƌ ouƌ eǆaŵple. 



Evaluation Set up
ῆ We haǀe eǀaluated SSE foƌ SuggestioŶs pƌoǀided foƌ 

eaĐh step agaiŶst a ƌaŶkiŶg ďǇ a huŵaŶ eǆpeƌt.

ῆ WheŶ suggestiŶg fƌoŵ ϭϬϭ Weď seƌǀiĐe OpeƌatioŶs

Precision:

Recall:

F-Measure:



Evaluation: Adding Web Services to Galaxy
ῆ SĐƌeeŶ shot

Output

Output



Evaluation: WorkflowConstruction
Step 
1



Evaluation: Extend Workflow



Evaluation: Forward Suggestions ȋPath BasedȌ
= 
0.65

= 
0.67

= 
0.69

= 0.1



Conclusions & Future Work
ῆ The use Đase deŵoŶstƌated, 

ῆ that of ĐhoosiŶg fƌoŵ ϭϬϭ opeƌatioŶs foƌ a 9-step ǁoƌkfloǁ, pƌeseŶts a 
ĐhalleŶgiŶg task foƌ a useƌ ;ǁithout a tool suppoƌtͿ.

ῆ SeŵaŶtiĐs fƌoŵ oŶtologǇ ĐaŶ defiŶitelǇ help iŶ diffeƌeŶt aspeĐts of Weď 
seƌǀiĐe CoŵpositioŶs.

ῆ SSE ĐaŶ help the useƌ ĐoŶsideƌaďlǇ Ŷaƌƌoǁ doǁŶ the ĐhoiĐes foƌ the Ŷeǆt 
oƌ pƌeǀious step.

ῆ The aǀailaďilitǇ of a SSE as a Weď seƌǀiĐe ǁill faĐilitate easieƌ iŶtegƌatioŶ 
ǁith eǆistiŶg ǁoƌkfloǁ ĐoŵpositioŶ tools.

ῆ Futuƌe ǁoƌk
ῆ Otheƌ kiŶd of ǁeď seƌǀiĐes, like seĐoŶdaƌǇ stƌuĐtuƌe aŶalǇsis, seƋueŶĐe 

aŶŶotatioŶ ǁeď seƌǀiĐes, etĐ.
ῆ plug-iŶ foƌ otheƌ ǁoƌkfloǁ editoƌs, e.g., TaǀeƌŶa

ῆ Code aŶd files aǀailaďle at: 
ῆ http://ŵaŶgo.Đtegd.uga.edu/jkissiŶgLaď/SWS/iŶdeǆ.htŵl
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Adding ontology annotation into WSDL / WADL files

(expectation value)
sawsdl:modelReference =
"http://purl.obolibrary.org/obo/
OBIws_0000082 ">



RadiantWeb Annotation Tool
ῆ MaŶuallǇ aŶŶotatioŶ is laďoƌ iŶteŶsiǀe aŶd eƌƌoƌ pƌoŶe
ῆ RadiaŶtWeď ᾶ suggest oŶtologǇ teƌŵs, geŶeƌate SAWSDL file
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