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Reading Material

1) Everything in these slides + everything | say

2) Mustafa Jarrar:_Towards methodological principles for ontology
engineering. PhD Thesis. Vrije Universiteit Brussel. (May 2005)
(Only chapter 2 and chapter 3)

3) Mustafa Jarrar: Towards The Notion Of Gloss, And The Adoption Of
Linguistic Resources In Formal Ontology Engineering. In
proceedings of the 15th International World Wide Web Conference
(WWW2006). Edinburgh, Scotland. Pages 497-503. ACM Press. ISBN:
1595933239. May 2006.http://www.|arrar.info/publications/J06.pdf.htm
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~ Ontology Engineering Challenges

* Ontology Double-Articulation
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Ontology Engineering Challenges

¢ Ontology Usability verses Ontology Reusability

> Ontology Application Dependence

* Only these challenges will be discussed, but there are many other
challenges that may face an ontology engineer.

» Discussing such challenges will help improve the modeling skills of
an ontology engineer.
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Ontology Reusability vs Usability

Given 4 different LegalPerson ontologies (which is more usable/reusable?)

Ol ~ - o |
o Used by Appl, 9000 times/day.
" < Used by Appl, 1000 times/day.
Ve = Used by App2, 1000 times/day.
Used by Appl, 100 times/day.
O3

/,,}\ == Used by App2, 100 times/day.
8 Used by App3, 100 times/day.

Used by Appl, 10 times/day.

. = Used by App2, 10 times/day:.

e 8 Used by App3, 10 times/day.
f Used by App4, 10000 times/day.

Appl: Ministries’ Web Service to exchange companies’ profiles is based on this ontology.

App2: Champers of commerce’s Web Service to exchange companies’ profiles, based on this ontology.

App3: Banks designed their “new account” form, based on the company properties in this ontology (off time use).
App4: Lawyers refer to the definition of “company”, as stated in this ontology (off time use).
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Ontology Reusability vs Usability

Given 4 different LegalPerson ontologies (which is more usable/reusable?)

Usability: maximizing the number of different applications using
an ontology for the same kind of task.

Reusability: maximizing the number of different applications using
an ontology over different kind of tasks.

Why Reusability:
1) Saving time, cost, and efforts...
2) Increasing reliability: the more reused the more tested.

3) An important quality factor: a highly reusable ontology is an
iIndication that it is a good ontology.

How to increase Usability?
by Dbeing closer to the application specifications and
requirements at hand.
How to increase Reusability?
Appl: Mil by taking into account different usages/applications, i.e. be more

App2: C
App3: B general.
App4|_ 2Ter 10 2 Jde Oonao ompany 0 oNntoioqgy (o e use).
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Ontology Reusability vs Usability

Given 4 different LegalPerson ontologies (which is more usable/reusable?)

Usability: maximizing the number of different applications using

an nntnlanr fnr tho camao LinA Af facl

Reusability ><Jsability

Tradeoff between usability and reusabllity

» The more an ontology is usable the less reusable it will be,
and vice versa.

» A good ontology engineer knows how/where to compromise
this tradeoff.

by being closes to the application specifics and requirements at
hand.
How to increase Reusability?

Appl: Mil by taking into account different usages/applications, i.e. be more

App2: C
App3: B general.

App4|_a 2Ter 10 2 Jde Oonao ompany-, c aled oNntoioqgy (o e use).
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Ontology Application Dependence

Ontologies are supposed to capture knowledge at the domain level
Independently of application requirements [G97] [GB99] [CJB99].

The problem is that when building an ontology, there will always be
Intended or expected usability requirements -“at hand”- which influence
the independency level of ontology axioms.

This problem is as the Interaction Problem:

‘Representing knowledge for the purpose of solving some
problem is strongly affected by the nature of the problem and
the inference strategy to be applied to the problem.”

Bylander and Chandrasekaran in [BC88]
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Ontology Application Dependence

" What is the meaning of a “book™ here?

[
Amounted-To amazoncom

|

Bookstores
Applications

Measured-n
4TA
[lhnukstrcﬂ,nhm]

www.bn.com

F t ' Bibliotheek
Ty

uuuuuu

Hasf l5-0f
Wiritten-By Anirites BIBLIOTHECA ALEXANDRINA

Has /|5-0f )

Library
Applications

» Usability perspectives lead to different (and sometimes conflicting)

axiomatizations although these axiomatizations might agree at the domain level.
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Ontology Application Dependence

‘y What is the meaning of a “book™ here?

[ [ Cvaue D
@ | m Amounted-To
Valuated-By

Measured-in

—— _rﬁ
| [II_'HZ_I u-k{t!i:l.u_uml
oo fle o

|
/ Both are not ontologies, they are data schemes.

damazoncaom

istores
ications

? »Can you build a useful and an application-independent ontology?

\ T —C e

Hasf|5-0Of -H
Hasfls-Df Y

Wiritten-By Anirites BIBLIOTHECA ALEXANDRINA

Has/|5-0f IRl i 5ot isita

Library
Applicatiofrs

"

» Usability perspectives lead to different (and sometimes conflicting)

axiomatizations although these axiomatizations might agree at the domain level.
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Ontology Engineering Challenges

» Ontology Double-Articulation
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Knowledge Double-Articulation

A methodology to engineer ontologies

ay

Ontolo
A

Commitment
\ Layer

B £ A -

pllly - WP

The meaning of a vocabulary should be doubly-articulated into domain

axiomatization and application axiomatization(s).

« Domain axiomatization (or a linguistic resource) is mainly concerned with
characterizing the “intended meaning/models” of a vocabulary at the

community/domain level.

» Application axiomatization is more concerned with the utility of these vocabularies

according to certain application/usability perspectives.

« Ontologies built in this way are easier to build, highly reusable and usable, easier

Domain
Axiomatization

Application-kind
Axiomatizations

Particular
Application

to integrate with other ontologies, and smoother to maintain.
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Knowledge Double-Articulation

V4

¥

Highly reusable (domain/community level) Highly usable (application level)

Domain axiomatization Application-kind axiomatizations Particular Applications

B Bibligray Ontology Base amazon.com
Context Term1 Role InvRaole Term2 &

Bibligray  |Wiritten Material 1s-A Has-Type Product

Bibligray  Book |5-A Has-Type Written Material

Bibligray | Book Has |s-0f ISBM m

Bibligray  Book Has |5-0f Title

Bibligray | Book |ssued-By lssues FPublisher

Bibligray  Book Has-Part |s-Par-0f Chapter Ty 07

Bibligray  |Wiritten Material Written-By Witites Authar

Bibligray  Author Has |5-0f First Mame

Bibligray | Author Has |5-00f Last Mame Written-By Atvrites “bn.com

Bibligray  Product Waluat W Price

Bibligray | Price Amnaur Ta Walue

Bibligray | Price MeasL In Currency

Bibligray | Book Has |s-0f Farmat

Bibligray  Book Discussed In Topic

Bib-Tapics | Topic SuperTopicOf  SubTopicCf  Computers

Bib-Topics Topic SuperTopicOf | SubTopicOf | Sports

El!h—Tnp!cs Tapic SuperTop!cOf Suthp!cOf Arts _ -- T,

Bib-Topics  Computers SuperTopicOf | SubTopicOf | Computers Sci Has/|5-0f éé‘w > % Bibliotheek

Bib-Tapics | Computers SuperTopicOf  SubTopicCf | Programiming ‘"@Z ‘f

Bib-Topics  Computers SuperTopicOf | SubTopicOf | Product \ / EE

Bib-Tapics | Product SuperTopicOf  SubTopicOf  CASE Tools Hasz/|s-0Of

Bib-Topics  Product SuperTopicOf | SubTopicOf  Word Processo 7 PE—

Rikh-Trwirs  Pracoet SimarTanicf | SohTanic™f | DIRMS H&S“S—Of -

Wiritten-By Airites
BIBLIOTHECA ALEXANDRINA

&y ymidan Yl dyia

Has/|5-0f
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Highly reusable (domain/community level)

Domain axiomatization

Knowledge Double-Articulation

B Bibligray Ontology Base

Context

Term1

Role

InvRaole

Term2

Bibligray
Bibligray
Bibligray
Bibligray
Ribliciran

[
Bib-Tapics
Bib-Topics
Bib-Tapics
Bib-Topics
Bib-Tapics
Bib-Topics
Rikh_-Trwirc

Witten Material 1s-A

Book
Boak
Book
Bonk

Tapic
Computers
Computers
Computers
Product

Product
Erociet

|5-A
Has
Has
lssued-By

[T

SuperTopicOf
SuperTopicOf
SuperTopicOf
SuperTopicOf
SuperTopicOf

SuperTopicOf
SinarTonictif

g

Has-Type
Has-Type
|5-0f
|s-0f
lssues

OntologyBase, holding
linguistic knowledge, such as

WordNet

[

SubTapicof
SubTopicOf
SubTapicof
SubTopicOf
SubTapicof

SubTopicOf
SihTanirmf

Product
Written Material
ISBM

Title

Fuhlisher

e e

Arts
Computers Sci
Programrming
Product

CASE Taools

Word Processn
W

MBS

Highly usable (application level)

Application-kind axiomatizations particular Applications

dmazoncom

.

Has/|s-0f

Wiritten-By Avirites

e
&
tO/ Has/|5-0f .; Hei/ ; Bibliotheek
Ih og/c / e ®
m;
ng Has/ 15-0f

—

Has/15-0Of

Wiritten-By Airites

BIBLIOTHECA ALEXANDRINA

iy ymidan Yl A3

Has/|5-0f
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Knowledge Double-Articulation
&

Highly reusable (domain/community level) Highly usable (application level)

Domain axiomatization Application-kind axiomatizations Particular Applications

accounts for the T ] amazoncom
intended meaning of

domain vocabularies;

rooted at a human
language/community
conceptualization.

Wiritten-By Avirites

interpreted -
intensionally; Jics T

Has/1s-0f

—

Has/15-0Of

BIBLIOTHECA ALEXANDRINA

iy ymidan Yl A3

Wiritten-By Airites

a shared vocabulary
space for application

Has/|5-0f

axiomatizations;
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Knowledge Double-Articulation Theory

® A concept is a set of rules in our mind about a certain thing in reality.

®For concept C, the set | of “all possible” instances that comply with these rules

are called the /ntended models of the concept C. :
Domain/Language Level

® An application A that is interested -according to its usability perspectives- in a
subset | ,; of the set I, is supposed to provide some rules to specialize I, 1,; is

called /egal models. S
I e | Application Level

|: The set of the intended models for concept C

e.g. “Book™ at the a human language conceptualization level

| .- The set of the legal models (/possible extensions) of application C,

e.g. “Book” for museum applications

| ,,: The set of the legal models (/possible extensions) of application Cg
e.g. “Book” for public/university libraries

| ,5: The set of the legal models(/possible extensions) of application C
e.g. “Book™ for bogkstaregy o911 16




Applying the Double-Articulation Theory

’ To apply the Double-Articulation Theory in practice you may assure that
your ontology is engineering in this way:

(1 Rooting vocabulary: all vocabulary used in an application
axiomatization is linked with a vocabulary in the domain
axiomatization (which can be linguistic resources, e.g.,

WordNet). e.g., each concept in an ORM model/OWL file is linked with
a concept WordNet/ArabicOntology.

® Glosses: If a certain vocabulary does not exist in the domain
axiomatization, then it must define entroduced with gloss.

© Context: Each application axiomatization must have a context,
as its scope of interpretation.

O Modularize application axiomatization into several modules.

Jarrar © 2011 11y



O Rooting vocabulary

Each vocabulary in your ontology can be linked (e.g. though a

namespace) with a concept in a linguistic resource (e.g. a synset in
WordNet).

Ontology-1

/@ Application 1
;1.:1\-1.-1: Class rdf resources"hittp: sy princeton eduf~ani 061"

=rdfssubClassCf pf resouce="¢municipality"= h“‘@ Application n

Linguistic
Resource WN

» / Dntology-z ,/El Application 1
(City) G1061: || =owlDataProperty rof:ID="Has Name"=
=L s | ErdtE eI o ettty My princeton eduani 061"
City).G1062.___ ' ' ' ' el
EC'rtzg —— \ ardizrange rofresource="http: Swand org/2001 HMLSchemag string @ Application n
"""-;_-\_\_\_h‘-

T~

\} ntology-n | 2 pplication 1
=il Clazs rof resource="http: fAesnan princeton . edui-enig 061"
=], onecT rof parzeType="Collection=

=yl Thing rof: about="#Brussek" 1= B & pplication n
=] Thing rolf: sbout="¢Rame" r=
=t Thing rof sbout="¢London" f=
=il oneCr=
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Example (Customer Complaint Ontology)

Central complaining portal

/= CCForm - Windows Internet Explorer @3EE3] CC Ontology
Complaint Mumber#1 23456784 Complaint Date: 501 202006, 11:
Complainer: Against Company: [
Marme Narme: ] ‘ux '.
emai CC Portal ema ‘ ‘ ‘
Address. Address:
Country: Country: [ ]
Wehsite: ;1
Problem Reported: S
4 j;@jr’
Done / j My Computet \ R 100% -~ @
£ /!
i L ¢
&5
Customers Companies
e hotels, shops, banks ..

See http://www.jarrar.info/publications/mjarrar-CCFORM-chapter.pdf.htm

Jarrar © 2011
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Complaint
Resolution

Contact
L__ |

Lnsolicited commercial communication

(Unsolicited merchandise

Evidence < Unsolicited service —
Sales Methods e sam_i\
High pressure selling__

Psychological damage

5 nvironmental damag
amage ~ Reputation damag

Property damage

_Incorrect assessment of a damage =
n <__Untruthfulness

" Conduct —_—

Rudeness

Copyright Lewd or Immoral conduc]

m
lllegal Content

Offer Problem

MNon-Contract Problem

Problem

dnformation Prablery
Hefusal Problem
Advertisin

Pre-purchase Phase Probl.

See http:/lwww.jarrar.info/publications/mjarrar-CCFORM-chapter.pdﬁ";{tn

Privacy Problem

-

Product Problem

(Documentation Problery

20



CC Ontology (Example)

CC Ontology base: 300 lexons

B DogmaModeler CCOntology lexon EIE]E]

ContextlD InvFale Term? A
s Customer Compl Templainant Types subtype-Of  Man-Matural Persan
Customer Compl Complainant Types subtype-Of  Matural Person Com
Customer Campl Complaint  Has Is-of Complaint Date

‘ Customer Compl Complaint  Has 1g-of Complaint Mumber
CC Glossary: 220 alosses | issue;i_hg,r issue; Complainant

Ml DogmaModeler - CCForm Glossary ustomer Compl Complaint  describes |described by Problem

Conceptll) _Context | __Term WSES Customer Compl Complaint  against  receives Complaint Recipient

102176 Complaining Complainant
coued by 2 comel @ Oy stppmer Compl Complaint requests  reguested by Complaint Resolutio 3

102178 Cormplaining
102182  Complaining Problem A state of difficulty or dissatisf
TS TSN P NEERTY R R PRTY JUrYee S

102198  Complaining Legal Person Legal entity with legal rights a

CCcontext

[M pogmaModeler - Context
Context [D |

Abackground ledge {i.e. explicit, implici
ustome Tans, feelings, institutions, peop
Complai consumer-provider relationships, regarding d

assumptions can be understood (.. can he

Domain Axiomatization \

(et Tals Xad Omuremmt Tameidarest

- ' '\I \‘\‘. / (& = = r /
il enes ‘ﬂ.mr-d :-r Compla'nt IL_; v (:_'. = n i -
i Recipient <= Complianant Resoiution =
Contract - Address
7 axiomatization Modules Problem

CCAppIi%ion1 CCAppIEcation2 CCApplication,
Jarrar © 2011 2l



® Defining Glosses

An auxiliary /informal (but controlled) account of the intended meaning of a
linguistic term, for the commonsense perception of humans.

ConceptlD|  Context | Term |

(8 DogmaModeler E]E]E]

<owl :class rdf:Ip="g
<owl:Class rdf:ID -
{r"l:ﬁ:S :SL,ItIC-| -ElSSO'F 154002  Bibliography MName

rdf:resource="#product" /> TSt —Bheiacuaply Titic
< fowliClasss

~

Gloss
154001  Bibliography ISBN  The acronym for International Standard Book Number & unigue waorldwide
T

identifier of boak, to identify publisher, title, edition, and volume number,
assigned by standard book numbering agencies

A language unit by which a person ar thing is known
A name heading a written work or a composition.

154004  Bibliograplly Book — Awritten Material that vields knowledge or understanding, composed as pages
ound together and shielded by two covers and offered for distribution. For

example, Booklets, Manuals, e-Books, Cyclopedias, etc. are all types of boaks.
154005  Bibliography |Author A person or a corporate body (e.0. a group of persons, or an institution) who
originates and writes a book, article, essay, novel, poem or the like

A gloss is supposed to render factual knowledge that is critical to understand a

concept, but that e.g. is implausible, unreasonable, or very difficult to formalize
and/or articulate explicitly

(NOT) to catalogue general information and comments, as e.g. conventional
dictionaries and encyclopedias usually do, or as <rdfs:comment>.
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The ontological notion of Gloss

I What should and what should not be provided in a gloss:

1. Start with the principal/super type of the concept being defined.

w0 LT

E.g. ‘Search engine’: “A computer program that ...”, ‘Invoice’: “A business document that...”,

1. G

‘University’: “An institution of ...”.

2. Written in a form of propositions, offering the reader /nferential knowledge
that help him to construct the image of the concepit.

E.g. Compare ‘Search engine’:

“A computer program for searching the internet, it can be defined as one of the most useful aspects
of the World Wide Web. Some of the major ones are Google, ....”;

A computer program that enables users to search and retrieves documents or data from a database
or from a computer network...”.

3. Focus on distinguishing characteristics and intrinsic prosperities that
differentiate the concept out of other concepts.
E.g. Compare, ‘Laptop computer’:
“A computer that is designed to do pretty much anything a desktop computer can do, it runs for a

short time (usually two to five hours) on batteries”.
“A portable computer small enough to use in your lap...".
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2 supportive examples

~ To clarify cases that are commonly known to be false but they are true, or that are known to
~ be true but they are false;

To strengthen and illustrate distinguishing characteristics (e.g. define by examples, counter-
examples).

Examples can be types and/or instances of the concept being defined.

5. Be consistent with formal definitions/axioms.

6. Be sufficient, clear, and easy to understand.

Jarrar © 2011 24



© Specifying a Context

,’ » Context: A scope of Interpretation
» Thatis. An abstract identifier that refers to implicit (or maybe tacit)
assumptions, in which the interpretation of a term is bounded to a
concept

B DogmaModeler CCOntology lexon

ContextlD InvFale Termz A
Customer Compl Complainant Types Subtype-Of | Mon-Matural Person
Customer Compl Complainant Types subtype-Of | Matural Persan Com

gt Compl Complaint Has i5-of Camplaint Date
amplaint  |Has i5-of Complaint Mumber
ef Compl Complaint issued by issues Complainant
Customer Compl Complaint describes  described by Problem
Customer Compl Complaint  against  receives Complaint Recipient

Customer Compl Complaint  [requests  requested by Complaint Resaolutio 3
Mot e me T aeanl | T amteset i

[ Dogmamodeler - Context
Caontext ID |

Description

A background knowledge (i.e. explicit, implicit, or tacit assumptions) about all (3
g elings, institutions, penple places, objects, ete.) that are invg
Dnsumerprnwderrelanonsmps yectal
assumptions can be understood (i.e. camMsadn

[ Custamer
Camplaint

el taladal S FE TR

In In practice, we define context by referring to a source (e.g. a set of
documents, laws and regulations, informal description of “best practice”, etc.),
which, by Auman understanding, is assumed to “contain” those assumptions.
Concepts, relations and rules are assumed (by human understanding) to be

“true within their context’s source”’.
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Complair
Fesolutic

Contac
L__

solicited commercial communicatio

solicited merchandis

Evidence

Customer complaining Context

nsolicited service

m— ———

Problem

[

Privacy Problem

Background Imowledge (ie. explicit, implicit, or tacit assumptions) about all (activities,
communications, institutions, people, places, ohbjects, efc.) that arve involved in consumer-
provider relationships, regarding contractual and non-contractual complaining issues.

These assumptions can be understood (i.e. can be found explicitly or intuitively) in the following
sSources:

* (i
Contract Frobl

European Distance Selling Directive (97/7/EC), on the promofion of consumers in respect
of distance confracts.

European e-Commerce Directive (2000/31/EC) on certain legal aspecis of information
society services, in particular, electronic commerce, in the Internal Marker.

European Data Protection Directives (95/46/EC and 97/66/EC) on the protection of
individuals with regards to the processing of personal data and on the free movement of
such data.

European Directive (99/44/EC) on aspecis of the sale of consumer goods and associated
guarantees.

European Directive (98/27EC) on Injunctions for the Protection of Consumers’ Inferests.

CEN/TC331 Postal Services EN 14012:2002 Quality of Service — Measurement af
complamts and redress procedures.

“Best practice” guidelines, The Nordic Consumer Ombudsmen’s position paper en trading
and  marketing on  the Intermet and  other  similar  commumnication

systems(hitp:/feconfidence.jre.it, June 2002)
CFORM Annex 1, (IST-2001-34908. 5" framework).

am
Product Problem

(Documentation Probler
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O Ontology Meodularization

» Develop an application
axiomatization as a set of
modules and later compose
to form one module.

RequestOf] |

_—

SetttedVial |

{WISA,

American Express
MasterCard }

Card-Compan
Card Mumber

—

e .
Card Haolder Credit Card
e —a

Expiring Date

[sOf |Has

Book

Payment Method ~
" ’
@/
hMoney Qrder
Fayment Card

{WISA

American Express
MasterCard }

AuthorizeWith

©riving Licenss

Rental

Tesues [TsouedBy

SetﬂedVi Payment Method

{WISA

American Express
MasterCard }

Card-Compan
Card Number

—

—
e —a)
1:Of [Has

Endsit

Statsad |

RequestOﬁ

Credit Card

o-r’
g2
7

Q%

suoea|ddy Buiddoyg-yoog

suoneonddy [ejuay-ien



Ontology Modularization (why? How?)

/_M/hy to modularize?
Because Modules are:
1. Easier to reuse
2. Easier to build,

maintain, and replace
3. Enable distributed
development of
modules
4. Enable the effective
management and
browsing

When to modularize?
Modularity criteria:
1. Subject-oriented

Library of application-kind axiomatizations

osl
)
2
x
: 2]
=
. 2
2
< =
2 3
™ 4 h »
]
. =
E-Commerce é
Onlolgibase ’ =
: #o  3
— jr_l -If?,
C {VISA
1
-g P American Express g
cU -~ MasterCard }
N
C ©
e
é o
O '

2. Purpose/Task-oriented

3. Stability

7 —Q;‘ _ﬂ:r
e e B
suoleolddy |ejuay-1en

Jarrar © 2011 28



