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Overview

Background and purpose
— EDSO, Resource, knowledge support

A layered semantic infrastructure
— DL Ontology + Instance store, Ontoview, annotator and advisor

Life cycle of semantic web base KM
— Knowledge capture, binding and reuse

Demonstrations of various tools
— Ontoview, annotator, advisor, knowledge toolbox, etc.

e Summary and future work
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Background and purposes

e Grid based EDSO

— Engineering Design Search & Optimisation
— Resources of distributed computation, distributed storage and distributed knowledge
— Toolbox of Grid enabled Matlab functions

» Describe and share resources using Ontology and Semantic Grid
technologies
— Components: Matlab functions — the toolbox,
— Domain knowledge: optimisation methods, valid configurations, etc.

* Provide knowledge through reusing the semantics
— Retrieval of the semantics (direct use)

— Advice (more advanced usage)
O On function configuration
O On workflow composition

— Web services, distributed and service oriented architecture
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» GEODISE

Layered Semantic Web Infrastructure

EDSO Domain Ontology
— Concepts and relations in a domain
—  Obtained through KA
— Represented in DAML+OIL

Generic Ontology manipulation
and storing mechanism

— Ontoview API and editors

— Ontology further refined and populated in

Ontoview

Geodise knowledge
services/demonstrators

— Function Annotator

— Semantic Retrieval GUI

— Knowledge advisor service

Geodise Apps integrated with
knowledge

— Knowledge toolbox in Matlab

— WCE standalone tool

— DSE standalone tool

Applications

with intearated Knowledge Workflow Composition | | Domain Script
g Toolbox Environment (WCE) Editor (DSE)
Knowledge support ‘ ‘ ‘
[ ¢ | J

OntoView Function Semantic Knowledge

O_n .t°|°gy Annotator Retrieval Advisor
Editing GUI

Ontoview API

OilEd API (access to

“iS’ Instance Store

ontology)
I i
Domain ontology of EDSO
Keys Geodise Components Generic Components
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Knowledge Life cycle

Knowledge Capturing

— Knowledge Acquisition, building , : :
Ontologies OilEd Ontoview Function annotator
* Knowledge Binding ® >
— Annotation : Creating instances of Building enerating o
ontological concepts Ontologies instances =
— Ontoview editor, function annotator S
. i n
« Knowledge Modeling O”K’I‘D’;e"" @
— Specification of useful knowledge: c
Semantic retrieval, advice on function B
configuration and assembly Reuse £
« Knowledge Reusing ® <

— Semantic based function query and

Semantic matching

knowledge advisor
based knowledge advisor

Ontology driven
DL-based query

lllustration follows
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Knowledge Capturing

R s File
y KﬂOWlEdge ACqUISItlon [ wﬁlternatwe‘walue‘w’arm: 5§ Primary Is-A Links Query-Status: -
— From Domain experts and (R Doutiestemativg | | |Yes -
doma!n dc_)cuments. (R charstematveVy | | socondaryls-A Links Query-Status:
— Build in OIlEd and ¢ [ matiabProgram | [ves =
maintain in Ontoview) -z-mmnamgcnnn _ G econtany .4 Links Instance.Status.
i OntOIOQy m MatlakScript | | | compulsory -
{9 Maorithm _
o Concepts MSnﬁuﬁxarePackage I__mk TWES_' - a
U Node Type !s-a-Funmlunmgnature

m WatlabStructureField

- Re|at|0n3h|p5 m FunctionSignature

U Hierarchy
Q Link Type & Data Field

m FunctionArgument

o m FialdAlternativevalue signatureDescription el

® . signature ||
Resu |t i OMETHD_Altarativeff | lrumberofinputs 2l |
o DAM L+OI L fo rm at L | | mRSM_ME}hDd | [ |l 4 | :-:-:-:-:-:-:-:-:-:-:-:-:-:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.| | » |1

& Hode Types LSimpIe Link Types I Data Fields LHamespaces Iiv
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Function Annotation
(Knowledge Binding)

» Generating semantic instances
— Binding ontology with semantics content
— Populating the semantic web based knowledge base

e Supporting Tools

— Through Ontoview editor
U High flexibility (can generate instances of any ontology concept)
U sometimes tedious

— Through a customized function annotator

O Automatic parsing
O Lack of flexibility (only deal with functions at the moment)

— We use both
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Ontoview Editor

File View Classifier

] ) .. @ 2 Algorithm | @ computeToolbox [~| 7| -OptionsMatiab [description] =
° Crea‘“ng + ma|nta|n|ng the @ 4 FunctionArgument @ Candar Al ) ) e
& @ FunctionSighature @ Datatnalysis : Is-a-GeodiseFunction
Ont0|0gy @ @ MatlabDataType @ DatabaseToolbox §§ bptiunsMauahTuulhux
; © @ Array & DavidonFletcherP 3
o Generatlng Concrete @ @ MatlabProgram @ DaviesSwannCa |l invokesSoftwarePackage
. @ @ MatlabFunction @ DesignOfExperim : .
nodes (Semantlc % @ GeodiseFunction 9 DesignSearchand | Options
H = @ ComputeToolboy & DirectSearchOpting | & -
InStanceS) % @ DatabaseToolbox @ Double :|| [ signatures [each + only...]
— Instantiating abstract nodes ‘o [; ﬁd-aﬁhtirem | nt gﬂuh'?‘v’i{iﬁg:? ) Al |loptionsmatiab_1
. . plionstatiabToo @ DynarmicHiNClim : =
defined in ontology « OptionsMatisb || | < EDSO OptionsMatiab_2
— Filling ontology driven forms * beamobjcon || @ Elementaryblath

: . b bif 1o E tardMatri ~seefllso [each...]
with semantic content s Lo 15 Evotionamproar]

® createBeamStru :|& EvolutionaryProgr §§ kreateBeamStruct
* plotoptionsSurfs | 3|9 EvolutionaryStrate 1
@ @ H¥MLToolbox |9 FibonacciSearch |«
@ @ StandardMatiabFunctio | & i
@ @ ProblemRelatedFuncti §§ ol IE

-implementsalgorithm [ea
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& Geodise Function Annotator

Function Annotator

File Edit Tools Options Window About

Ontology Browser

Annotation Palette

Function Browser

Concept Hierarchy ~Function Profile Function as Priritive Function

T root (mlPrnperties | Panel 3 e %nctionExpression

@ Function function outarg = OptionsMatliabivara
@ variable Panel 1 Property | Type | values |

PerformanceRating

variahleDescription

FunctionProfile

@ variahleValueType

@ variahleUnitType

@ variahlePhysicalMeaning

PraklemDefinitian

B Functionhode!

ResourceProvider

9 EdsoAlgorithms
MeshGenerationAlgorithins

@ PenaltyFunctionAlgorithms

['v]

functionDescription  string Thiz is OPTIONS. .

functionVersion string 1.0
functionMame string OptiansMatiab
I} string

contactinfarmation  ResourceProvider Graeme Pound

usehlethod EdsoAlgarithms  Genetic_algarith...

performanceRating  PerfarmanceRati..

solveProblem FroblemDefinition

% O FunctionMarne
() optionsMatiab
& Cinputs
D warargin
% O outputs
[ outarg

% [ FunctionLacation

D CADilEdwontologies\Optionshatiabhio

Panel 5

(B

Function Hierarchy ||/ Function Model ~OptionsMatlab
Function . (n“prnpenies | Panel 4 function outarg = CptionsMatlabivarargin)
FenaltyFunction %OPTIONSMATLAE Options optimisation |25
wigyalisationFunction Property | Type | Walues | and design search package
Workfloweript . functionExpression  string function outarg = 0., % OptionsMatiab makes the Options
PUStDTFCESSIUgFunCtIDn B " optimisation and design search
AnalysisFunction Pl 2 Sl % package available to Matlab, calling
OptiondabFunction functionMame string OptiansMatlah user-defined constraint and
ConstraintFunction . : i i % objective functions defined as Matlab
@ [OptimisationFunction functionLocatar string CAdilEdiontalogies... functions. OptionsMatiab also
o SearchOptimizationFunction inputarguments string warargin % supports a number of Response
DoEQptimisationFunction Surface Madel algarithms that allow
FSMOptimisationFunction outputdrguments string autarg % optimisation to be carried out cheaply
@ GeometryGenerationFunction using approximations ofthe
OptimisationinputFunction % values ofthe objective function andfar
MeshGenerationFunction i
: ' constraints. Panel 6
FreprocessingFunction OK | | Cancel %

OhiectiveFunction

% Nintinnshatlah renuires & walid

L]
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Customised for
Matlab functions

— Automatic parsing
Matlab function
source

Instantiating abstract
nodes defined in
ontology

Semi-automatic
filling of the ontology
driven forms



Knowledge Reuse

* Function Query

— ldentify functions based on their semantics criteria (Semantics -
Functions)

e Advice

— Retrieve semantics (Entity = Semantics)
— Function assembly (Service composition)
— Function configuration

e Service Oriented Architecture
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Service-oriented Semantics Application Scenario

Engineering Design Community

-

S , Geodise

The Proposed
Browser-based

. Other L

________________ \

' applications ! WCE J Matlab Env

AN

Function/workflow
Explorer

If we want to leverage and harvest

X

the maximum benefit of Semantic | samantic/K nowledge support middleware

Ontology Instance Advisor
Services Services Services .

web, i.e. effective discovery,
machine-enabled (processible,
understandable) interoperability
and automation, and the Grid, i.e.

resource sharing, thisis one of the

Geodise Functions
Function Annotator '

Y | Function Ontology

Scodise Projec

N
realisations.

|

Function/workflow
Repository (Archive)
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Towards Service Oriented Paradigm

o Server (in the middle)
— Semantic layer

— Interfaces at different level
O Web service
O Java APIs

Migrate to

Other java applications that Server side Knowledge Service Light weight clieni side
consumes the knowledge {Applications]

Web service

Workflow Composition
Envirenment (WCE]

Matiab

Semantic Matching
\—> Engine and Knowledge

Advisor API inys
v
| GD API

¢ Knowledge
Dl-based Function ! Tooibox

Quaery GU > Ontoview AP

I

Semantic instance store

Denmain Scripd Editor

Function Annolator
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Towards Service Orientated Paradigm

« Other java applications (to
the left)

— Consume the service via
Knowledge service APIs
— WOCE, DSE, FA, DL-FQ
— To be moved to client side in
the right?
Migrate to

Other java applications that Berver side Knowledge Service Light welght cliend side
consume the knowledge {Applications]
Web service
Workflow Composition
Environment (WCE! T
Bemantic Matehing Matlab
J o Engine and Knowledge
Domain Script Editor Advisar APl Java Virus! Machine
Gh AP
Knowledge
Toolbox

DL-based Function
Query GUI j Ontoview AP

Function Annotator J

Bemantic instance store
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Towards Service Orientated Paradigm

o Client (to the right)
— Matlab PSE

— Knowledge Toolbox
d Matlab = Java
1 Web service consumer

e |llustrations follows ... Migrate to

Gther fava applications thad Berver side Knowledge Service Light weight client side

consume the knowledgs (Applications]
Web service
Workflow Composition
Environment {(WGE)
Semantic Matching Matlab
Engine and Knowledge
Domain Script Bditor Advisor AP Java Virtual Machine
GO AP
Knowledge
Di-based Function Toolbox
Luery GUI B Ontoview AP
Funciion Annolaior
Semantic Instance store
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Advice on Function Assembly
(Integrated in Matlab — Knowledge Toolbox)

Goal

Function assembly

What can be deploy
next and before?

Mechanism

Matlab = Java =
WSDL = Web service

Function semantic
interface

Semantic matching

Pre-requirements

Function has been
annotated

Semantics available in
the instance store

- B

File Edit “iew wWeb wWindow Help

N = 2! W | 7 | Current Directory: | C'Documents a v

*r gdk next('OptionsMatlahb')
Yo can deploy the following functions after "OptionsMatlab™

plotiptionsiurfaces

'plotOptionsiurfaces!

#» gdk_before'OptionsMatlab')
¥ou can deploy the following functions before "OptionsMatlah™

OptionsMatlab
createBeanltruct

"OptionsMatlah! 'createBeamdtruct!
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Advice on Function Configuration

=} MATLAB
File Edit “iew Web ‘Window Help

O ]

u

(=

A=

ﬁ 2 | Current Directm:[:]

ERROR: 0
OPTFUN: 'beamohjfun'
OPTCON: 'beamohjcon'
OPTJOE: 'optjob!'
G4 NPOF: 50
4 ALPHA: 0.2000
Gi DMAX: 0,2000

Gi_DMIN: 0.0500
Gi NEIN: 12
GA_NEREED: 0.1000
GA_NCLUST: 0.2000
GA_NRANDM:
Gh_PEEST:
GA_PCROSS:

. 5000
. 5000

A

i PENAL:
4 PINVET:
4 PMUTHT:

. 2000
. 0050

G4 PRPTHL:
Gk PEEED:
advice:

1]
1]
1]
1]
1]
1.0000e+020
1]
1]
1
]
[

1x291 char]

»» beancontrol.advice

You are using #genetic algorithm search#.

Additional control parameters have been added.

You may need still to configure the following control
parameters:.

GA_NPOP GA_ALPHA GA_DMAX GA_DMIN GA_NBIN
GA_NBREED GA_NCLUST

GA_NRANDM GA_PBEST GA_PCROSS GA_PENAL
GA_PINVRT GA_PMUTNT

GA_PRPTNL GA_PSEED

b L4

<) MATLAB =53
I — : EER % get the default beam structure
File Edit Wiew ‘Wweb ‘Window Help
M@ 5 2 CurrerrtDirectDrY:DQ beam = createBeamStruct (4)
bean= Feans 4 .
7> branscrearebraniticr(dl % analyze the OMETH and advice on
bean = 1 its additional control parameter (with
default value)
DNULL: -777
U8R beamcontrol = gdk_options(beam)
MAXTOBS: 10
LLEE % check semantics
YNAM: {'EREADTH' 'HEIGHT')
BELEE gdk_semantics('GD_NPOP’)
UVARS: [50 25]
N;‘E: 53“ 20] % further confi( Jre these control
DVARS: [2xl double] parameters
NCONS: 5
CHAM: {'SIGMA-E' 'TAW' 'DEFLN' 'H-ON-B' 'F-CRI | =+ -
LCONS: [-777 =777 =777 =777 5000] 0 .
UCONS: [200 100 5 10 777] Yo run option
CONS: [-777 -777 -777 -777 -777] .
A s = Option| Matlab (beamcontrol)
PNAM: {'LENGTH' 'FORCE' 'FACTOR' 'EE' 'GG' 'F
PARAMS: [1500 5000 2 216620 G6650 0,2700 200 —
ONAM: 'AREA’ +) MATLAB =13
OMETHD: 4 Flle Edit ¥iew Web Window Help
Eﬁ;;’g ;;U 0 = B ﬁ Currert Directary: E]
FEROR: 0 > gdk_semantics('Ga_NPOP') 3 R
OPTFUN: 'beamobifun’ _
OPTCON: 'beamobicon' s =
< DRI ontiohy iz_a MatlabStructureField: [1xl struct]
| alternativeFieldValue: "'
_ fieldName; 'Gi NPOP'
H isRequired: 'false!
A fieldDiescription: 'Population size each gene A
' GEODISE default walue: '50° w 1! 200
{ b3
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Advice on Function Assembly
(Integrated in WCE — workflow advisor)

2 Workflow Editor = |[E]X
File Tools Visualisation Help

[plsle=j6 OEDO G [#vm~

@ [CJTasks E =
©- 7 ObjectiveFunction i .
& Bl st compile_executables
©- [ ProblemSetup
@ 3 optimisers JL
[ fmincon ‘ 2
[ fminuncon

generate_input file

©- [ Testfunctions
©- [ GeodiseTools ‘
¢ Ooa ;
¢ CJBeam
[ compile_executables | -
[ generate_input_file removeHsubdirectories

[ remove_subdirectories, -
O ganerate _sample—noil_=

=

|postprocess_data | || |58 I J [

_l

) . m—
check_jobs localhost |CWMATL . [Edtmp | =
collect_data Y artemis.... fustoc... thomeff.| 359 2110 2016lok =
arz 0
[al

I -ﬁesclenc lfusniloc... .fhumeJ‘ﬂ..f |

{a s (uerilae  (harmaffe | !
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Advi

ce on Function Assembly

(Integrated in Domain Script Editor)

File  Miew Help

E|B €

& .\matlab_script_samples\itemp.m

Function_Ontology

- Function

El @ OptionzMatlabFunction

i @} optionzMatlab

EI @ ApplicationRelatedFunction
=2 O Hakki_prob_function

'\ ----- @) generate_sample_m

----- @) generate_input_file

> ----- @) postprocess_data

----- @) check_jobs

| - <I> collect_data
----- @
----- compile_executable:
----- @) removye_zubdirector
El@ Wb_prob_function
E-(C) GdFunction
@ gd_databage
@ gd_computation
@ VariableType
@ Workflow
[#-(C) Problem_related_workflow
@ Optimization_workflow
EI@ Parameter
E|® Problem
“--¢I> problem_001

| |

ntj

o/

m-&

Context commands ] Command histroy ]
& Oenerate_sample_points
hi postprocess_data
hi check_jobs
¥ collect_data

| seripts | annctstion |
zerver (1) .flag = 'on'; ﬂ

server (2) .hostname =

'panda. sesnet.soton.ac.uk';

server (2} .rdirectory = '/home/eres/Soton/Eean';

server (2) .flag = 'on';
nurber of servers = I;
ldirectory = pwd;
path;

which classpath.txt;
gd_proxyinfo;

compile executables| 'blueli.iridis.soton.ac.uk’,

server, number of servers, ldirec
generate input file[ server, nuwber of servers, ldirectory |

remove subdirectories| server, nuber of servers |

grids 1 = generate samnle wointsi 2.5, 3
parameter _search

[ sample points, nuwber of points, bounds.
sample points=sample point;

% pumber 0f_p0:i.nts=n 1 er string server, integer num... integer nunt... ¥ector samp... string Idirect...

point

,[:Lég Hon.goofi lgwaknom ad

ameter seaxrch| server, nurkber of servers, nwibe

| iLabel

Hakki_prob_function
Hakki_prob_function
Problem
RSLstructDataEntry

~|® postprocess_data
@ problem_001




DL-Based Function Query GUI

~is-a-GeodiseFunction

|»

| ["GeodiseFunction™

-imrokesSoftwarePackage gd_getfile
[*JavaCcoG™ [ I gd_jobkill
AND [POSSIBLY OTHERS E°3 M=l E3
_ : L X watiabFunction o
-signatures . @ X GeodiseFunction
hm type.of. X DatabaseToolbox
“ Finter I‘ X 0L Toolbox
-implementsAlgorithm— | spnatures ¥ ComputeTaolhox
X OptionsMatlabToolbox
Ny ”L“N"' |!ﬂ‘ @ X StandardMatiabFunction
|-impl itsAlgorithm X SpecializedMath
-imrokesFunction———— | "SecondOrderPok ialRegression+" X GraphzD
|OR_|FulFactorial : X sraphap
hm |OR _|FLatinHypercubes” Gt X Datasnalysis
_ IﬂND POSSIBLY OTHERS X Fileln
~matlabFileName | imvokesE X rumericalLineartigebra
) X ElementaryMatrices
hm ”IMN “ﬂ‘ X rudioSupport
~author S X Language Constructs
HY ||M X ODESolvers
lGraeme Pound author X Interpolation
- X GeneralPurpose
~dateWritten ’V N llﬂ X Elementaryhiath
authorinstitution x Operators
hm " HY |!ﬂ‘ X CharacterStrings
- - rsion x Graphics
~authorinstitution FN‘( “ﬂ‘ X cparsedatrices
University of Southampton ¥ TimeAndatos
@ X ProblemRelatedFunction
“version B X BearmProblem
Clear X pirfoilPrablem =
ANy
Run Guery
—
Clear -

Run Query

http://www.geodise.org/
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Summary & Conclusions

* Purpose and background of KM in EDSO

» A layered semantic infrastructure
— DL Ontology + Instance store, Ontoview, annotator and advisor

» Life cycle of semantic web base KM
— Knowledge capture, binding and reuse

e Demonstrations of various tools

 Long process

* Preparation of ontologies and semantics instances are important

e Integration is not easy

* Reusing in a smart way is the key (reuse in engineer’s favorite PSE)
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Future Work

« Allow engineers to curate knowledge themselves in their favorite

PSE (more integration)

a WSE,
d Matlab

e Synchronization

U Engineers’ need to Maintain local knowledge of their own
U Selectively synchronize local knowledge with centralized knowledge

o Target more resources
— Workflow
— Grid fabrics

 More interfaces to the knowledge repository

— More advanced advice on OptionsMatlab in Matlab
— Function Browser
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