Automated Generation of Semantic Service
Descriptions by Leveraging on Service
Governance Models

René Fleischhauer, Michael Stollberg
SAP Research Dresden
Software Engineering & Tools

August 2011




Agenda

01 Introduction

02 Related Work

03 Conceptual Design
04 Implementation

05 Evaluation

06 Conclusion

© 2011 SAP AG. All rights reserved. 2




O1 Introduction



01 Introduction
Problem Statement

Current service management support is insufficient
A lot of services in modern service-based business systems
Applied service description models are insufficient (syntactic focus)

® Additional information is needed
® Presented in an informal and not machine processable manner

Service search & consumption requires a lot of manual intervene

Existing research and development efforts are not applied in industrial practice

Provide sophisticated frameworks for semantic service description
BUT: Do not consider the cost-effective creation of semantically enabled service descriptions

Unaffordable to migrate existing service infrastructures to proposed frameworks
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01 Introduction
Motivating Example

Service Search via Enterprise Service Workplace

—
Features

E The Creste Sales Orderrequest message reguires the following data a3 input:
[ ]
i

At header level: l
@ Customer number (zold-to party in the back-end system) (BuyverParty -= InternalD element)

At e level:
& Material number of product (Product node -= InternallD element)
@ Reqguested delivery date for the product (Scheduleling -= DeliveryPeriod = StartDateTime element)
@ Reqguested delivery guantity for the product (ScheduleLine -= Quartity element)

Error Handling

Fc

E Mote: The back-end system checks that the data for the CashDizcountTerms element in the request message matches the settings of the
A Forward Error Handling

il

The Confirm Sales Order outhound operation supports Forvard Error Handling (FEH). The following error categories are used:
Bl & DCE Determination and conversion error
@ FRE: Processing error
S @ PRE.ICEKEY: Wey error
@ FRE.TEE: Temnporary error

R For maore information skbout individusl ereor categories, see the code list for the global data type LoghemCategoryCode
Integration
Ci This operation belongs to the Ordering In inbound service interface.

Hotes on SAP Implementation
Enhancements

The follosying Buziness Add-Ins (Badis) are available for this operation:
® SLS_APPL_SE_POCRTRG
& BADI_PUR_SALESCORDER

ES Bundies

Thiz operation iz contained in the following ES Bundles:
& ftem Unigue Identification
& Oroer To Cash
® Order to Cash for Fashion

e e
® For schemefgencylD = 3 (EAN), the data inthe eternaliD-= Coptexifield iz interpreted as an EAN number (scheme & gencyIly -
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Necessary: Manual
consideration of
provided information
A lot of manual
intervene

Require expert
knowledge

Hampers effective
use of services

Need for more
sophisticated service
descriptions which
enables automated
processing and more
precise query
languages
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Solution Approach (1)

Leverage (SOA) Governance Models Componer
[] p—
Governance models are organizational 7 ™~ Services
structures common in industrial service T S | o T
infrastructures: ke ?S‘mffemface,
= Definition of patterns and guidelines o ?} ~~~~~~~~~ »nf -
m Ensure compatibility and interoperation ESnlesOrderItanE‘l;;?:;;;mJ il ; Operation
Quality management process enforce [ | ranenva——
model compliance (governance ‘*‘.\. esesenee) |
process) paer
Provide a lot of implicit knowledge __
about organized services [ Pattern

Enforced compliance enable automated

‘i
aC C e S S Communication E
Pattern

Request - Couﬁrmation)

Figure: SOA Governance Model for Enterprise
Services
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Solution Approach (2)

Explication of implicit knowledge

Transfer implicit knowledge of Governance Models into explicit representation

Definition of an appropriate metamodel
Access and transformation via automated process

Use of appropriate storage and querying technologies to enable better service management

Improved Service|[lmproved Service||lmproved Service
Discovery Consumption Composition

enabled
i

[ More Structured Service Search j

uses

Storing and Querying

new infrastructure
-

r
derived from . . o ses
Enriched Service Description Metamodel J(L

store generated

# Automated}

.

Technology “ervice oﬂ Process
E descriptions A + process
| uses =y
&0 .
g { Go;/lerga{lce RESTful
@ ode fetermines . s
2 J determines Service Artifacts
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01 Introduction
Outline

The presented work provides
® An infrastructure to create richer service descriptions at minimal costs
® A proof-of-concept implementation for RESTful services using the OData protocol

Outline of remaining presentation

" Discussion of related work

" Detailed introduction into conceptual design
® Short overview about implementation details
" Presentation of Evaluation results

® Summary and Conclusion
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02 Related Work

Requirement Candidates Used Technologies
Semantic Web Frameworks ]
Enriched Service (OWL-S, WSMO, SAWSDL) SAWSDL
Description Technical Description Models | 5
Model (WSDL, WADL, OData) Obata
Business Description Models USDL
(USDL, WS-*) i
| XML N
Eaer?rizer;tatlon RDF | RDF
guag OWL
Relational Data Bases & ,
Storage and soL Trlplz Store
S“e_lr}’_'ng Triple Stores & SPAROL
acilities SPARQL
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03 Conceptual Design
Top-Level Application Design

defined / Enriched Service
Governance above /° Assignment targets Description <
Model Rules / Metamodel ®
_—— A - o
3
(2]
0 = 2
E defined above = % RDF(S) _
S g S Transformation
= 9] @
© 5 <) A
s
2
A I | A 4 éh
- operates _ z
RESTiul Web LL on Extraction creates | Enriched Service _
) M Process i ipti D :
Services RIS Triple
- Store
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03 Conceptual Design
Assignment Rules

Two types of roles:
For structured information

Source Artifact Target Concept
ar(EntityType) = { EntityType}
ai( EntityType.Name) = { EntityType.hasName}
am ( EntityType. Property) = { EntityType.has Property}
For structured information

...................................................

Eir Technical Information ‘i E Protocol Information | i Business Object i !
i explicit | | i implicit 5 i Assignment i Available
I o o o o e N g I . . . . ]
| 7 7 \ RN L impli i ' Description;
I [ / Ny . g 1
| ! A ) ~ \ Artifacts !
R 7 —— oo PR ’
I"_ __________ lr ________________ ;I-’-’ ___________________ "'- ___________ 1 _____________________ '_ ___________________ 1
i I . rs i
i V / v" ! Service Capability !
; EntitySet / ! Handle Sales Order |
| Y / >[ POSTMethod ] I ‘ |
: Sales Order Iy . H A i
. e [ 1 I 1
: 8 i \ CreateFuncti ]_ / Generated |
: l —~~__>| reateFunction f--- ; |
: \\\ \ & - Enriched |
| ““*-y[ C ollcctiochsourcc] Desc. Model
! Elements |
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03 Conceptual Design
Enriched Service Description Model

, !

Functional Technical
Description Description
What does the service How to use the service?

do?
e Functionalities
e (Capabilities

e Service resources
e Data types

e Based on OData and

e Based on USDL USDL (Technical
(Functional Module) Module)

© 2011 SAP AG. All rights reserved.

—& Enriched Service Description Metamodel ¢—

v

Search
Optimization

How can the service
search be facilitated?

e Resource types

e Applicable (HTTP)
methods

e Externalize protocol
knowledge
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04 Implementation
Technical Architecture

Frontend

Governance
Model ,

g 2
\_(— Assignment Extractor

/

RESTful ‘ Rules Impl. | Enriched
/XML %/ >l Description

controls

Web Service / Documents XML Techn.
e Separated
\_ Thread Y,
4 Il Java / Transformer |
Trarlljsformation Reflection /" rpE
rocess Triples Separated
\ Thread )

Jy stores
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Scenario-based Evaluation (1)

Services for Customer

Shop A  ShopB  Shop C Mgt?
O == Services for Sales Order
n 0E O0Om Mgt?

Are the services
combinable?

orders
-
'«
ojur
orders
-—
i i
D Se—
ojul
orders
-—
-
‘oJul
y

i

Developer

select ?

!
1
1
!
1
I
1
1
I
1
]

Z
o)
f 1
5 : of Web Service |
S \ ! !
S |72} \ 1 1
L \ 1 1
177] \ 1 !
2 \ i /
gg \‘ [} ’l
\ . .
CRD | uses Enterprise | based | Business
uses e S I Service on | Object

Wholesaler
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05 Evaluation
Scenario-based Evaluation (2)

[ .| SAP Data Service RDF Repository =HACHL X
File
75 (5] QuenyPerspective | (5 Service Process Rep Listing 5.1 SPARQL implementation of Queryl

Search Parameters

Select Query Type:  Structural Query 1 PREFIX rdf:<http:/ www.w3. org/ 19.99 J02/22 -1 df—s:.'ntax. —nszE>
2 PREFIX esdm:<http://www.sap.com/sapdataprotocol/rdf—s#>
Business Object Structure 3 SELECT 7service 7servicelUri WHERE '{
Customer Name 4 7service rdf:type esdm:Service
Customer 5 7service esdm:hasUri 7servicelUri
Add 6 7service esdm:hasTechnicallnterface Tinterface
|ﬁ| 7 Tinterface rdf:type esdm:Hesourceﬁasedlnteri'ace
8 Tinterface esdm: haslmplementationSpecification 7spec
Supported Functions 9 ?7spec rdf:type esdm:ODataArtifactExtension
/IRead [V|Create [|Update [IDelete 1y ?gpec esdm: hasEntityType ZentityType
Properties 11 TentityType esdm:hasName "Customer”
Firstname | Name Lastname 12 TentityType esdm:isTopLevelType "true”
Lastname Type  String 13 TentityType esdm: hasProperty 7propl
@ [Delete] 1-:1 :propl ,E:\sdm:has_‘{ame "Firstname”
15 TentityType esdm: hasProperty 7prop2
Additional Parameters 16 Tprop2 esdm:hasName "Lastname”
Request Type 17 TentityType esdm:hasProperty 7prop3
Response Type 18 7prop3 esdm:hasName "Supplierld”

19 TentityType esdm:hasNavigationProperty ?navPropl
Search 20 TnavPropl esdm:hasName "Addressinformation”
21 TentityType esdm:hasNavigationProperty ?navProp2

22 TnavProp2 esdm:hasName "CommunicationData”

23 TentityType esdm:hasNavigationProperty ?navProp3
24  TnavProp3 esdm:hasName "MarketingAttribute”

25 }
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05 Evaluation
Scenario-based Evaluation (3)

Results

Solution approach provides substantial benefits in comparison to existing
technologies

Precise selection of appropriate service
No manual inspection of informal descriptions needed

Complexity of the provided Enriched Service Description Metamodel allows
different query types:

Search for structural and functional features
Search for semantic service behavior
Support for service composition
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Performance and Scalability

Test Data Set

Service Number | Generated Triples | Elapsed Time
SAP Test Services 105 417 175 4h 21s
Scenario Test Services 7 17513 12 min 44 s
Total 112 434 688 4 h 13 min 5s
Single Service 3882 Imin 16s
Results

Scalable processing (overall mean: 85.69 ms)
High performance (highest execution time: 239.5 ms)

Reliable results (low standard deviation)
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Summary and Future Work

Conclusion

Governance information can be used to achieve richer and more structured
service descriptions

Automated extraction for concrete service allows the creation at minimal costs

Significantly improved service search and consumption techniques can be
supported

Possibilities for Future Work:

Performance improvements (other triple store, query optimization, SPARQL-to-
SQL rewriting)

Sophisticated frontends

Framework to integrate other types of governance information and services
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Links

Presentation online

PDE and PPT (with animations)


http://www.igelundbaer.de/files/ISWC11_Draft_Automated_Generation_of_Semantic_Service_Descriptions_by_Leveraging_on_Service_Governance_Models.pdf
http://www.igelundbaer.de/files/ISWC11_Draft_Automated_Generation_of_Semantic_Service_Descriptions_by_Leveraging_on_Service_Governance_Models.zip
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Usage Study RESTful Web Services

2008 2010
XML-RPC AtomPub XML-R]?C AtomPub
; i 5% . 3% Y
. 5% JavaScript L S e/
JavaScript™ " % = - .

6%

79"
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Service Search via ProgrammableWeb.com

Search: Storage

|St0rage

Yoursearch returned 28 mashl

#hlue
Adobe share

Amazon 53
AnyHub
AudioBox.frm

Baconfile

Beanstalk

Box.net

Burstn
Cloudapp
CloudCache

CrashPlan
PRO

CigitalBucket
DivShare

Docverify

DriveCast

Crop.io
Cropbos

edocr

Estate++

Text messaging storage service

Service for publishing and sharing

documents

Online storage services
File sharing service
Cloud-based audio mana

Webh based file storage ir
Amazon 53

Hosted subwersion and st
Service

Onling file storage

Instant photo sharing am
Service

File sharing and cloud-ba:
storage service

Cache in the cloud

Onling Backup Service

Onling storage service

Media hosting service

E-signature and secure fil
service

Web based media manag

Content sharing service
Onling storage provider

Online document collabor
storage, and publishing

Yirtual safe deposit box

Messaging

Storage

2011-04-23
2007-10-07 |

Amazon S3 How-to's

Cevelopers (46) Comments (1)

Summary Mashups (73
Name
ActionScript Library for
Amazon 53

AVWSCS3 for Ruby

Java Library for Amazon 53
REST APl

Jdava Wirappear for Amazon
53 SOAP AFI

FPerlWrapper for Amazon
S3 AP

FHP Wrapper for Amazon
33 API

Pythan Interface for Amazan

Wieb Services

Buby Library for Atmazon 53
AP1

Fuby Library for Armazon
Weh Services

Jszing Silvetlicht with
Amazon 53 AFI

© 2011 SAP AG. All rights reserved.

Description

An AS3 library for accessing Amazon's 53 semice.

A Ruby library for Amazon's Simple Storage Service, 53, REST AP,
Alibrary in Java for working with the Amazon 53 REST interface.

Alikrary in Java far warking with the Amazon 53 S0AP interface.

Alibrary in Perl for working with the Amazon 33 REST interface.

From the site: This class is a standalone 53 REST implementation for PHP 5 using
CURLA PHF implementation with suppar for readingfwriting large objects and
streams, access contral lists and bucket logging.

Frarm the site: An integrated intarface to current and future infrastructural services
offered by Amazon Weh Services. Currently, this includes:Simple Storage Service
(83),5imple Gueue Service (SQS5),Elastic Compute Cloud (ECEH Mechanical Turk,
and SimpleDB

A Ruby Library for Amazon's Simple Storage Service's (53) REST APL

RightScale's AWS gems provide Ruby interfaces to four key Amazon \Weh Services:
ECZ, 53,525 and SDB. The gems use Amazon's REST and query interfaces to
provide full programmatic control. An optional HTTF layer retries and clears transient
arror

Cwerview and source code for using Amazon 53 storage with Microsaoft Silverlight.
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Enriched Service Description Metamodel
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Detailed Technical Architecture

{ Presentation Tier ,
Frontend

(Eclipse RCP)

- Backend

H Backend Interface ]
i (Eclipse Plugin) ]
H Enriched ServiceDescription

i Metamodel

i T (EMF Ecore)

E CICEC‘H]]]I]C‘SE

: o % Extractor RDF Transformer

i ]

H =5 Service

H ~ 0 |l o— — » - i
| € o 2 Service Description » [ Description ]
: E ;—i Documents = Model

| =< (XML) £

i = )

! 3 Java Java

i W3C DOM g Reflection Reflection

i XPath 2

i Y ;
i i : RDF RDF/S

. EI]I‘lCth» S%‘r\‘lcc | Triple Triple
Description [ pop

. Model

' ¢ push

Description Model Cache

(Java Thread Pool) +

H Sesame

| API

i\ Data Tier
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RDF Transformation

( Property ) '
' eionely Name = "scheme _agency id" ( Sl - ].
Nullable = "false" hasDataType l Name= "Sing’ l
: hasKey| MaxLength ="16" 3
E : Objects of an |
E( EntityType ] Enriched Serviceg
-L ¥\Jame = "Customer ' J ( Propeity N Description ;
' .'i ,:f/ thasKey [ Name = "scheme_id"~}, (DataType 1 '
' i' 5‘ Nullable = "false" -W Name = "String" J
H Ma‘x\l:ength = "16" | o N — .
I‘ __";:::::::::::::::::::::::::::\:i‘"'::::::“_":::::::):::::\_:T\:::}\_""::::::"\ff\':::::i'\l“::::}\S;::::::::::::::::::’:
E’ ; ‘\L A<ODataArt1factExtens?‘qn l>‘esdm hasEni\nyType <E)qt1ty ¥pe l“‘? i
Py “% A EntityType 1> rdf:type ‘esdm ‘EnntyType - “‘. \ 4 i
. ’," ‘ ‘<Ent1tyType 1> esdm: hasName Custome}"' i ,5 :: i i
L <EntityType_1> esdm: hasPré,pertyKPlopérty 15> 7 | ! '
P <Property_1> rdf:type esdm:Pkoperty K ’,/ A Vi i
. ".‘ <Property 1> esdm:hasName "Schen\a id& /’l /" :
E '\‘ <Property 1> esdm: hasDataTyﬁe <DataType # ,,,,, ’ //' :
' i\ <DataType 1> rdfitype esdm: EIE)MDataType > :
‘\ <Data_Type 1> esdm:hasNam "Strnig"A """""" :
\\ <Property 1> esdm:isNullable "falsev' :
' ‘\A<Property_l> esdm:hasMaxLength "16" Resulting .
5 <EntityType 1> esdm:hasKey <Property 1> RDF Triples|
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Frontend

5| SAP Data Service RDF Repesitory

= B ]

File

Repository Adapters

Available Adapters: Pseudo Repository Adapter

Repsitory Adapter Details
URI

Added Services | hitps://a8t-cust004.dev.saphosting.de/sa p;

I} [ QueryPerspective [EI Service Process Repositor}rl [

.| SAP Data Service RDF Repository

|| R |

File

| Bl QueryPerspective | & Service Process Repository

Search Parameters

Select Query Type:  Structural Query -

Business Object Structure

SalesOrder Name
https://a8t-custl04.dev.saphosting.de/sap/ Ttem Hemn
| Add |
| Delete|
Supperted Functions
| Read |V|Create Update Delete
Properties
ProcessingType) Mame ProcessingTypeCode
Type  String
[Add| | Delete |
Additional Parameters
— Request Type -
Response Type -
Search

Search Results

servicelrn

http:/ /www.sap.com/RDFRepos...
http:/ /www.sap.com/RDFRepos...
http://www.sap.com/RDFRepos...

[

service

httpe/fwww.sap.com/RDFReposity
httpe/fwww.sap.com/RDFReposity
http:/ fwww sap.com/RDFReposity
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Quantitative Evaluation

Results
, Std. Std.
i )\ ot )\ (11 o TV .
(3}1:31} fean Ieinn Deviation ('2\:,[;‘1} Mean Median | Deviation
No. J7 T No. —
o & £ T
] . 7 59.1 56.9
L] s8rd 36-L 1 (730 %) ' (18.84 %)
| N . 10.18 ] aq = o - 21.36
2 122.: 120.0 > , 239.5 233.3 o
’ 833%) || ° (8.92%)
\ | | 3.49 o . 11,24
3 (1 10.5 9.7 DR ( 12.8 11.2 PR
3 (1) : o (33,18 %) ) (87.94 %)
= | 5.32 | ..... . 10.12
2 59.0 57.5 )98 10 66.0 63.3 5
3(2) | 79 (9.02 %) (15.33 %)
_ o 13.67 - i 12.75
4 0.6 76,7 » 11 17.3 14.8 R
9.6 6.1 (17.11 %) (73.60 %)
] ] 10.43 | | | 16.40
5 7.6 e : 219.1 214.4 AU
’ 376 359 (1190 %) || ** (7.49 %)
g . 12.68 . o 2.87
' 106.1 102.6 e 13 33.3 34.6 "
0 ’ » (1196 %) | (8.38 %)
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|

Overall mean: 85.69 ms
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Test Data Set (Quantitative Evaluation)

Seasame Server
__
(VM) HTTP;

Physical Server

© 2011 SAP AG. All rights reserved.

-
-

Connection _ Test
(100 Mbits/s Client
Ethernet)

Service Number | Generated Triples | Elapsed Time
SAP Test Services 105 417 175 4h 21s
Scenario Test Services 7 17 513 12 min 44 s
Total 112 434 688 4 h 13 min 5s
Single Service 3882 Imin 16s
Tests

Client-Server setupt (real-

world aligned)

Use of 13 Queries from
gualitative evaluation

Each query repeated 100-
times for statistically valid

results
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Interaction Backend Components

/ExtractionExecutor

loop J new Extractor() > /ExtractionRunnable

[for ever
service]

extract() {>

new RDFTranformer() [TransformerRunnable

< _______________________

< submitTransformerThread()

"X
Ioop J generateTriples() {>

< ___________________________________________

[for every
RDFTransformer]
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Example SPARQL Query

Listing 5.1 SPARQL implementation of Queryl

1 PREFIX rdf:<http://www.w3.0rg/1999/02/22—rdf—syntax—ns#
2 PREFIX esdm:<http://www.sap.com/sapdataprotocol/rdf—sz>
3 SELECT 7service 7serviceUri WHERE {

4 7service rdf:tvpe esdm:Service

5 7service esdm:hasUri 7serviceUri

6 7service esdm:hasTechnicallnterface 7interface

7 7Tinterface rdf:type esdm:ResourceBasedInterface

8 Tinterface esdm:haslmplementationSpecification 7spec

9 7spec rdf:tyvpe esdm:ODataArtifactExtension

10 7spec esdm: hasEntityvType 7entityType

11 TentityType esdm:hasName "Customer”

12 ?entityType esdm:isTopLevelType "true”

13 7entityType esdm:hasProperty 7propl

14 7propl esdm:hasName "Firstname”

15 ?entityType esdm:hasProperty ?prop2

16 7prop2 esdm:hasName "Lastname”

17 TentityType esdm:hasProperty 7prop3

18 7?propd esdm:hasName "Supplierld”

19 7entityType esdm:hasNavigationProperty 7navPropl
20 7navPropl esdm:hasName "Addresslnformation”

21 TentityType esdm:hasNavigationProperty 7navProp2
22 7TnavProp2 esdm:hasName "CommunicationData”

23 TentityType esdm:hasNavigationProperty TnavProp3
24 TnavProp3 esdm:hasName "MarketingAttribute”

25}
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