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Semantic Lifting — A definition

—A knowledge engineering technigue that aims to annotate model
constructs with ontology concepts or instances. Semantic lifting
allows the formalization of the semantics of model constructs, thus
enabling reasoning on and automation of knowledge contained in
conceptual models.
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layer properties (schema)

Semantic Lifting /N

metamodel
layer

model
layer

linguistic metamodelling: syntax, structure, type semantics

U

ontological metamodelling (lifting): explication of type semantics

------ » ontological instantiation: instance-Of relationship
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Exercise 1:

— Given the below “Order Processing” process model, create a corresponding ontology in Protégé.

— incl. the ontology meta-model

™ o . o
= o f Update Generate billing Transmit billing
£ |C \%E } » database » data » data )
E -
- Order received
0o
@
=
£ s
e z Process Order
2 >
= [+]
=]
= End Event
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Semantic Lifting: Implementation Geanhos

Weno

Meta-Model

abstract syntax concrete syntax

: : J Class hierarchy and properties AI |gn m ent ‘u
ABOI |[E-
STARDOG

4 archi:Senvig€ s
[ ] . . . .
4 nrchl?nﬂllaﬂon‘iu’wce
® dsfiCloudService
EeDataBaseManagementSystem
:‘;:Documen‘kc reationTool
-.!o:Documen‘Wla nagementTool

Input

pyet
v sec:EnterpriseResourcePlanningSystem
,_,.) —- —c-o l:eo:lnfonﬁationManagementSymm
Our den R 4 #hi:BusineﬁSewice
clso:ConsultingService

& clso:SupportService
architInfrastructureService

Transform

Export Import

XSLT transformation
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Case:
Business Process as a Service

(BPaaS)

EU Research Project where Semantic Lifting was applied.
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BPaaS environment

human interpretation
informal and semi-formal

Meta model

Order

. Workflow

machine interpretation
formal

Classes/Rules

semantic

alignment

semantic
annotation

g . g
transformation

and mapping

Smart
Business and
IT Alignment in
the Cloud
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Smart Business IT Alignment in the Cloud

—Given a BPMN business process, retrieve all the Cloud
Services that satisfy the functional and non-functional

requirements.

Challenge: BPMN does not
accommodate functional
req. nor non-functional req.
for Cloud Services.
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Extend BPMN element «Group» with CS business requirements

I S

Flow Object predecssor
A SUCCESS0r
Gateway Activity Event
Task Subprocess

Functional Requirements

!:1 APQC
ij APQC Annotation:
l:, apqc:9 2 2 3 Transmit_billing_data_to_customers_10796)

= Set APQC

P Set APQC
=

=

=

Action Annotation:

=]
= fbpdo:Send

i

i

g

¥

x

u

[ 5
id Action
[

[

[l

[

i

[

H Set Action
:‘ Set Action
=

B

=]

=§ Object

ij Object Annotation:

!j I fbpdo:Invoice

i

K SetObject

| ]
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Description
V:Eun ctional
VDgta Security Infrastructure
. VEerfomance
7§upport Service

Payment

Core Set of BPMN Elements

Flow Connecting "
S G Swimlanes
Objects Object Wi
Events Flow —
o |
Activities Message Flow
O | o
(witnin & paol)
Gateways

", | Text annatation
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Artifacts

Data Object

[

Name:
[State]

Text
Annotations

provide sdditanal
infomaten

Non-Functional Requirements

'BEPR - 9.2.2.3 Transmit Billing Data to Customers (Business Process Requirement)

Availability

Downtime in min/month: Description

| E Functional
Capacity Data Security

‘What would you like to upload?:

Performance

| bpaas:pdf

| Support Service

Set Media Type Annotation
Set Media Type

MNumber of Process Execution per Year:

[ 500

Number of Simultaneous Users:

[s

Response Time

Response Time Level:

bpaas:iMedium

Set Response Time Level

Set Response Time Level
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Semantic Annotation

Annotate modeling elements with classes or
instances from the domain ontology.

Example: Functionality of a Service

Online Billing (Activity Specification)

General Functionality:

|Send

Service Requirement

Annoctation of Functional Requirement

Functional Description:

Access External Functional Ontology

Annotate with External Functional Ontelogy

External Functioms

Free Functional Keywords:

... free keyword if not appropriate concepts found ...

Comments on Functional Requirements:

Eunctional Description

Input Description

Output Description
H-Eunctlonal Description

Business Description Suay

Regulatory Description

Is annotated with category in APQIC| Process Framework

Domain Ontology:
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APQC Process Classification Framework

¥ 00 owlThing
American Productivity and Quality Center

v
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Acquire, Construct, and Manage Assets
Deliver Physical Products

Deliver Services

Develop and Manage Business Capabilities
Develop and Manage Human Capital
Develop and Manage Products and Services
Develop Vision and Strategy

Manage Customer Service
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Manage Enterprise Risk, Compliance, Remediation, and Resiliency

Manage External Relationships
Manage Financial Resources

Manage fixed-asset project accounting
Manage internal controls
Manage international funds/consolidation
Manage taxes
Manage treasury operations
Perform general accounting and reporting
Perform global trade services
Perform planning and management accounting
Perform revenue accounting
"ay
. it er files
Post receivable entries
Lo Resolve customer billing inquiries
P Transmit billing data to customers
l- Manage and process adjustments/deductions
l- Manage and process collections
l- Process accounts receivable (AR}
p-- 0 Process customer credit
Process accounts payable and expense reimbursements
Process payroll

Manage Information Technology {IT)
Market and Sell Products and Services

10



School of Business

nw

University of Applied Sciences and Arts Northwestern Switzerland

Transformation and Mapping

— The model elements are exported
as instances of ontology classes

Order Processing

Sales Agent

Back Office

=
@ —- Confirm order e

Order amived

!
[
1
/]
1
1
1

Process order

f 3

Send Invoice

)
)

—y
Sew
'
. b F
v-- 0 Swimlane

Pool

Direct instances: Back_Office
& X
For:

Back_Office

Lane

Flow Object

Activity

----- CallActivity
Task

Event

- Gateway

> FlowElementContainer
p- 0 Swimlane

Direct instances: Process_order
¢ X
For:

pall Process_order
a

SubProcess

—~
S
-~
-y,
-y,
L. h
~
-
-~
L

]
~~~
-~
-~
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BPMN Ontology

owl:Thing
v Artifact
Data Object
Data Input
Data Output
Data Store
Group
Text Annotation
Association
BusinessProcess
BusinessProcessEvent
= (00 EndEvent
- (0 IntermediateEvent
p-- ) StartEvent
- ConnectingObject
Association
DataAssociation
MessageFlow
Sequenceflow
r-- 0 Flow Object
v Activity
CallActivity
SubProcess
Task
- BusinessRuleTask
ManualTask
ReceiveTask
ScriptTask
SendTask
ServiceTask
UserTask

V-1 Event
- EndEvent

- IntermediateEvent

p-- 0 StartEvent

V10 Gateway

ExclusiveGateway

InclusiveGateway

ParallelGateway

»- ) FlowElementContainer

%L Swimlane
-~
> Lane
Pool
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Cloud Services Specifications
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—Enter the CS specifications to the triplestore via user interface

Functionality

u SemanticAnnotationCuestic = +

Non-functional requirements

Functional

« APQC category that reflect the functional requirement:

= Action that reflect the functional requirement:

+ Object that reflect the functional requirement:

Pavment

» Select your preferred payment plan:

|:| Prepaid Annual Plan
|:| Try Free First

|:| Customizable Plan
[ ] Montnly Fee

|:| MNone

Performance

« Monthly Availability in %:

Dr. Emanuele Laurenzi — Semantic Lifting
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355 Cloud Services

—355 CSs from 4 Marketplaces — with 13.098 specs values.

— (yellow: UK digital marketplace; green: Also marketplace; blue: IBM marketplace; rose: Ymens Marketplace)
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Machine Reasoning
to enable the retrieval of suitable Cloud Services

—Semantic rules (in SPARQL),
1. For Business-IT mapping
2. To make knowledge explicit

Dr. Emanuele Laurenzi — Semantic Lifting 14
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1. Semantic Rules for Business-IT Mapping paaa—a:

A SemanticAnnotationQuestion: X [ARNIENRTOEEEI ML
¢ o @ local s - @ Search + » =
f Most Visited (@) Erste Schritte £ Courses [ Google Docs £} Meistbesucht @) Erste Schritte »

Insert a new Cloud Service

—Semantic Rule to convert CS specs in

business req. e.g.
— monthly availability in % to monthly downtime in minutes:

Avzilability

SPA RQL ‘ « Enter the service availability in percent:
Insert your value here *

CONSTRUCT {

» Enter the offered access log availability in percentage:

2cs bpaas:cloudServiceHasMonthlyDowntimelnMinute ?downtimelnMinute .

} WHERE { = Enter the offered access log retention period in months:
2cs rdf:type bpaas:CloudService .
2cs bpaas:cloudServiceHasAvailabilitylnPercent 2availability . gnentheeleredaniniorlavab iy inlpeen aes
BIND ((100-?availability)/100*43800 AS ?downtimelnMinute)
« Enter the offered audit log retention period in months:
}

*43800 min is approx. equivalent to 1 month.

Dr. Emanuele Laurenzi — Semantic Lifting
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2. Semantic Rules to make knowledge explicit

— Example: If a CS offers a backup retention time up to one year, implies also

— Up to six months
— Up to one month
— Up to one week
— Up to one day

SPARQL
[CONSTRUCT {
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_6_months.
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_1_month.
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up to_1_week.
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up to 1 day.
}
WHERE{
?cservice rdf:type bpaas:CloudService .
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_1_year.
H
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Exercise 2: Semantic Lifting
Modelling, Automatic Transformation and Query
—Use the BeeUP modelling tool to model the model “Order

processing” and an “Organizational Chart” for the model Order
Processing.

—Add a responsible person for at least a BPMN task, through the
RACI attributes.

— Export the models into an RDF(S) ontology (.ttl format)

—Create queries to retrieve the responsible persons for the BPMN
tasks.

—SELECT
— Where { }

DICAMERINO
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The BeeUP modelling tool
/ FHNW
School of School of School of Life
Business Engineering Science
Inte ligent

g = Information
1E | o] Sz || Tt Sysems.
3 Center
a \\
: \ f
H Lox —_—
A g I Process Order _FO

S a

a \ R Smart FHNW

\ Supermarket
a0 S
connect tasks to responsible ~ _
. ~ ~ = N
performers (RACI attributes) ~ - T " @
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Discussion

What are the implications for...
..the change of the person responsible for the BPMN tasks?

...a new modelling element is added in the language? (see next slide)

Dr. Emanuele Laurenzi — Semantic Lifting 19
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Example: New Modelling Element

!

—New task type: Cloud Task

Change in the meta-model: Change in the ontology:

20_ADOxc13UL11-01 Dynamic Library - Edit class hicrarc ui ‘ ¥ owl:Thing

Class hierarchy: & — Artifact

T FUUT [CONEpSEa] L.

Lane . ; Association

B3 Task (=T .
@] _Conversion_ LONGSTRING (Long string) Copy BusinessProcess
#, Aggregated costs DOUBLE (Floating-point number) .
&, Aggregated execution time TIME (Time) Delete EUSIHESSPH:”:ESSEII"IE nt
@, Aggregated personnel costs DOUBLE (Floating-point number) - .
&, Aggregated resting time TIME (Time) Wiz < ED““ECt'"gDhJ ECt
%, Aggregated transport time TIME (Time) Flow Dh] E‘C-t
&, Aggregated waiting time TIME (Time) Close

03 AnimRep (Metamodel
&, Assignments (Metamo
A AttrRep (Metamnodel)

Task type - Edit facets x

v-- @ Activity
- CallActivity

=1 De
3 [Not specifiedgser: ve@User@Manual@Business rule@Script@Call activ Predefined value
. 2 — SubProcess
# Show name = ’
) = T
¥ SortAttr = Clgls
# Status (Metamodel) & | | e e

gyl bl

loudTask
PusinasallileTask
----- ManualTask
o el | /s ReceiveTask
Ql.Wa\tmghme(Metam% AttributeHelpText: Nl A R SCFIDtTﬂEH

S

= |A Script Task is executed by a business process engine. The modeler or implementer defines | || NNENNENEGNS = =02 o E o R SE" dTﬂ g H
) Sub-Precess ® |a script in a language that the engine can interprec. When the Task is ready to start, the
» Exclusive Gateway > |engine will execute the scripc. When the script is completed, the Task will also be

.
« )
9 Nomcechusive Gatenay 1 |comoiesed. ServiceTask
# 4 Non-exclusive Gateway (@ |call activicy: ||y e
+ - |A Call Activity identifies a point in the Process where (a global Process = use the class UEETTESH
+ acts as a ‘wrapper’ for the invecation of a (global Process or) Global Task within the Eve‘“t

The activation of a call Activity results in the transfer of control to the
11 Process or) Global Task. P. GﬂtEWﬂ‘f
FlowElementContainer
Swimlane

Group

“Teilprozess™ to reference a Global Process) or a Glocbal Task is used. The Call Activity
Text Annotation e ¥ & 5 ¥ P.

hat is executed by a cloud service| v
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Drawbacks of Semantic Lifting

— Separate Environments
— Modelling and Metamodelling
— Ontology

— Inconsistency

— Metamodel and ontology must represent the same semantics but are
maintained independently

— Each change in metamodel must be reproduced in the ontology and vice versa

— Effort

— After each change the models must be translated again into the ontology
instances

Dr. Emanuele Laurenzi — Semantic Lifting 21
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