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ABSTRACT

This paperpresentghe suite of principles,designscriteria andverification procesausedin

the knowledge conceptualization process of a consensuated domain ontology in theolomain
chemicals. To achieve agreement between diffefevelopmenteamswe proposehe useof

a common and shared conceptumaidelasstartingpoint. To capturedomainknowledgeof a

given domain and organize it irsharedandconsensuatedonceptuamodel,we recommend

an approachthat integratesthe following intermediaterepresentationtechniques:Data
Dictionary, ConceptsClassificationTrees, Tablesof InstanceAttributes, Table of Class
Attributes, Table of Constants,Tablesof Formulas,Attributes ClassificationTrees, and
Tablesof Instances. We also provide a setof guidelinesto verify the knowledgegathered
inside each intermediate representations and between intermediate representations.

1. INTRODUCTION.

Ontologicalengineerings a craft ratherthan a science.The cause[3] is that there is no

definition and standardization of a life cycle and methodologies and techniques that drive
the development of ontologies. Usually, eachdevelopmenteamfollows a suit of principles,
designcriteria, and phasesdn the ontology developmenprocess.The absencef articulated
guidelines and methods make difficult the developmentof consensuatedand non-
consensuatedntologiesinside and betweenteams,the extensionof a given ontology by
others,andits reusein otherontologiesandfinal applicationsWe claim that the sourceof

the mentionedproblemsis the absence of an explicit and totally documented conceptual

model upon which the ontology is built.

Conceptualization is important in any software engineering development. The
conceptualizatiorphase [8] includesthe objectspresumedor hypothesizedo existin the
word andits relationshipslits goal[2] is to structurethe domainknowledgein a conceptual
modelthat describeghe problemand its solutionin termsof the domainvocabulary.The
IDEAL Methodology[5] proposeswo simultaneousctivities called analysisand synthesis
in the conceptualizationphase. The analysis detects the factual, tactual, strategical
knowledgeand the meta-knowledgeof the domain. The synthesisusesthis knowledgeto
build a static and dynamic model which leadsthe conceptualmodel of the system.Both
modeling activities use a set of intermediate representationgIRs) to summarizethe
knowledge.

The following sectionsdescribeour approachto solve some of the problemsthat the
ontology development process have. In section Two, we propose the first draft of a tmethod
build ontologies. Sections Three to Ten describe a set of knowledge intermediate
representatiotechniqueghat allow expressknowledgein a structuredand organizedway.
Someof them are partially basedon IDEAL [9] intermediaterepresentationsOthersare
specificallycreatedto conceptualizentologies. For eachone,we provideits definition and


https://core.ac.uk/display/148657298?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

utility, followed of how to usethem,how to verify the knowledgegatheredn them,andhow
to perform crossedverification betweenlRs. We have conceptualizeda domain ontology
focusedin objects[7] in the domainof chemicalsto prove the viability of the ideaswe
propose in this paper.

2. TOWARDS A METHOD TO BUILD ONTOLOGIES.

Ontological engneaing reguires the definition and stancerdization of a life cycle that goes from
requirement definitions to maintenance of the finished product, as wel as methoddoges and
techniques that drive their devdopment. Our experience in the chemicals ontology development
processall ows us to distinguish four stepsin the development of any ortology*:

Step #1.To capture knowledge of a givelomainandto developa requiremenspecification
document.

Step#2. To conceptualizét in a setof IRs. The activitieswe haveidentified for a domain
ontology about objects [7] are:

1. To identify concepts, their instances, attributes and their value@ateaDictionary.

2. To classify groups of concepts@oncepts Classification Trees.

3. To describe constants ifTable of Constants.

4. To describeinstanceattributesand classattributesin Tables of Instance Attributes
andTables of Class Attributes.

5. To describeformulasusedto infer numericalvaluesof attributesby using Tables of
Formulas.

6. To gather the inference sequence of the attributdtirbutes Classification Trees.

7. To describe instances Trables of Instances.

Adtivities 1 to 7 are nat sscuendid in the sense of a Watefdl lifecyde modd [10], but a kind of
secuencidlity of any nature must be foll owed to asaure that the first two steps lead us to awel defined
modd withaut any redundancies, omissors and incorsgencies. At this phass the documentation
generated dlow: () to figure out if an ortdogy is ussful and usable for a given appication withaut
ingpect its source code and (b) to compare the scope and compleeness of sevard ontdoges, thar
reusabili ty, and sharegbili ty by analyzingtheknomMedge expressdin each IR.

Step #3. To implement the conceptualmodel in a formal languagelike: Ontolingua,
description logic, etc.

Step #4.To evaluate the ontology with respect to a frame of referemdieg eachphaseand
between phases of their life-cycle [4].

We think that this approactreally improvesthe shareabilityand reusability of an ontology
sincebeforecodingthe ontologyin a formal language agreementén the conceptuaimodel
between all the development teams are required.

3. DATA DICTIONARY.

Definition and Utility. Thefirst thing to do when the ortology buil der tries to capture knovledge
of a given damain is to buld a Data Dictionary (DD). The DD identifies and gathers all the
useful and potentiall y usable damain concepts, their meanings, attributes, instances, €c.

How to build a Data Dictionary. For eachidentified conceptin the domain,the ontology
builder should fill in the following fields of the dictionary:

» Concept Name;

! See the ontology at http://delicias.dia.fi.upm.es:5915/ontologias/chemicals.html



» Synonyms andacronyms of the concept hame;

» Description, which provides the meaning of the concept name;

» Instances, which includes the instances of the concept;

» Class Attributes, or relevant properties of the concept that describe the concept itself;
» Instance Attributes or relevant properties that describe the instances of a concept.

Table1 summarizesomeconceptqAl kal i ne, Hal ogens, El enent s) identifiedin
the domain of chemicals, aswel as informeation about their meaning, attributes, instances, etc.

Knowledge Verification inside the DD.If the DD is almost built, a few checks will allaw
detect omissions of some pieces of knowledge. The aims are:

a) To guaranteghe completenessf the knowledgeattachedto eachconcept.That is, the
conceptdescriptionis conciseandall the relevantinstanceattributes classattributesand
instances have been identified.

b) To determine the granularity or level of detail of the concepts covered by the ontology.

c) Consistencyof the instanceattributesand classattributes.That is, they make sensefor
the concept.

d) Corcept names and descriptions. To asaure absence of redundancies andto kego concision

4. CONCEPTS CLASSIFICATION TREES.

Definition and Utility. The ConceptsClassification Trees organize domain conceptsin
taxonomies.They are used not only to know how conceptsrelate each other, but to
modularize the domain knowledge in independent ontologies.

How to build a ConceptsClassification Tree. Once the ontology buil der has almost dore the
DD, the next step is to develop Concepts Classfication Trees. Given dl the concepts of the DD, a
concepts clasdfication treeusudly organizes the domain concepts in a dasgsubclasstaxonamy in
which corcepts are linked by mutually-disioint subclassof® rdations, exhaustive-subclass
partitior? and subclassof* reatiors. The ortology builder should be able to dassfy them in
mutually digoint sgts. In fact, for each digoint sat a concepts dassfication treeis built. Each tree
leads to build an indgpendent and modularized ortologes in the application damain. Figure 1
shows a concepts classfication treeattached to the DD givenin Table 1.

Knowledge Verification inside a Concepts Classification Tree. This IR is useful to
graphically display the hierarchyof conceptsof the DD. Its aims are to assure:(a) non
repetition of concepts, to prevent redundancies in the conceptual moddiséncef cycles
between concepts; (c) there are not isolated subtrees about related concepts.

Crossed Verification betweenlIRs. All conceptswhich are displayedin the tree mustbe
defined in the DD. If not, must be added to the DD or removed in the tree.

Before going sraightforward, it is suitable that al teams invdved agreewith the definitions of the
DD and the concepts classfication trees generated. If they are, they might distribute the effort of
capturing knowledge in other IRs speading up the orntologies devd opment process

5. TABLES OF INSTANCE ATTRIBUTES.

Definition and Utility. A table of an instanceattribute provides information about the

? It is a set of subclasses of a class C whose objects have no member which belong to differents sets.
% A subrelation-partition of a class C is a set of mutually-disjoint classes (a subclass partition)

which covers C. Every instance of C is is an instance of exactly one of the subclasses in the
partition.

4 Class C is a subclass of parent class P if and only if every instance of C is also an instance of P.



attributeor aboutits valuesat the instance For each instanceattributeincludedat the field
Instance Attribute of the DD, a table must be created.

How to build a Table of an Instance Attribute.Each table includes:

» Instance Attribute Name;

» Description, which provides the meaning of the instance attribute;

» Value Type refersto the classof values(natural,real, booleanstring, ...) with which the
attribute could be filled in;

» Unit of Measure for numerical values.If the valueis not numerical,we introducethe

symbol "__". This symbol will be used, throughout other IB&xpresghata givenfield
hasno values.If we wonderto showthat the valueis unknown,we will usethe symbol
"unknown.";

» Precision of the numerical value;

» Range of Values, which specifies a list or set of possible values of the attribute;

» Default Value, if they are known;

» Cardinality, which specifies the number of values of the attribute;

» Inferred from instance attributes, inferred from class attributes and Inferred from-
constants which include the name of those instance attributes, class attributes and
constants that allow to infer the value of this attribute;

» Formula, which includes crossedreferencesto the tables of formulas that allow to
calculate the numerical value of the attribute (it might be more than one formula);

» To infer, which containsthe nameof thoseinstanceattributeswhosevaluescould be
inferred using the instance attribute;

» References, to record the source of the information (a book, expert, etc.).

Tables 2, 3 and 4 show definitiors of the instance attributes: At omi c- Vol une- At - 20-
Cel si us- Degr ees, At om c- Wi ght and Density-At-20-Cel sius-
Degr ees.

Knowledge Verification inside a Table of Instance Attributes. The ontology builder
would need to use common senseknowledge to guaranteethat these tables lack of
mistakes/omissions. Next points must be satisfied:

a) If an instanceattribute (Densi t y- At - 20- Cel si us- Degr ees) is inferred using
instance attributes (At omi c- Vol une- At - 20- Cel si us- Degr ees and
At om c- Wi ght), its field Inferred from Instance Attributes is filled in with the
names of the instance attributes used to infer its value. At the talifessanfceattributes,

the fieldTo infer is filled in with the name of the instance attribute that can be inferred.

b) Default values must be fitted with the value type of their attribute.

Knowledge Verification betweenlRs. To guaranteeonsistencyandcompleteneswith the
knowledge captured in previous IRs, the ontology builder should check:

a) For all the instanceattributesidentified in the Instance Attribute field of the DD, there
existsa table of instanceattribute,and that for eachtable of instanceattribute, there
exists an instance attribute in the DD.

b) If aninganceattribueisinferred using dassattributes and cordants, its fidds Inferred from Class
Attributes and Inferred from Congtants are filled in with the names of the dass attributes and
corgantsusedtoinfer itsvaue At thetableof dlassattributes and at thetable of corgants, thefidd
Toinfer isfilled inwith the name of theingance attributethat can beinferred.

c) If aningance attributeisinferred from other ingtance attributes, dassattributes and constants using
a formula, then it must possbly to deduce the Unit of Measure of the inferred ingtance attribute
usingthe compogtionof unit of messures of each instance attribute, dassattribute and congtart.



6. TABLES OF CLASS ATTRIBUTES.

Definition and Utility. Classattributesdescribethe conceptitself, not its instancesSo, a
table of a classattributesprovidesinformationaboutthemandabouttheir values.For each
concept included at the field, a table of class attributes must be created.

How to build a Table of Class Attributes.Specifying the following fields:

» Class Attribute Name;

» Relation Attribute Name; it is the name of the attribute which participesin the
relationship.

» Logic Relationship, attaches two concepts across logic operators;

» Value of the class attribute;

» Unit of Measure for numerical values;

» To infer, which containsthe nameof thoseinstanceattributeswhosevaluescould be
inferred using the value of the class attributes;

» References, to record the source of knowledge.

Table 5 shows the definitions of the class attributes attached to the ddategiens.

Knowledge Verification inside a Table of a Class Attributes. To guarantedhe lack of
mistakes/omissionghe ontology builder would needto use commonsenseknowledge.In

Table 5, we checked that M ni mum Mel ti ng- O - Hal ogens is lower than
Maxi mum Mel ti ng- Poi nt - O - Hal ogens.

Knowledge Verification between IRsThe checks to be done are:

a) For all the conceptghat havedefinedclassattributesin the DD, thereexistsa table of

class attributes, and for each table of class attributes, there exists a concept in the DD.
b) For all the classattributesspecifiedat the field Class Attributes of the DD, thereis an

entry at a table of class attributes, and viceversa.

7. TABLE OF CONSTANTS.

Definition and Utility. Constantsare usedto specify information relatedto the domainof
knowledge,they take alwaysthe samevalue, and they are usually usedin formulas. For
example gravity acceleratioris 9.8, the water melting point is 100 Celsiusdegreesand so
on. A few constants in the domain of chemicals appear in Table 6.

How to build a Table of Constants. For eachconceptclassificationtree, the ontology
builder should identify a set of constants and describe them following the pattern:

» Constant Name;

» Description, which contains the meaning of the constant name;

» Value of the constant;

* Unit of Measure for numerical values;

» Toinfer, with thenameof the instanceattributeswhosevaluescould beinferredusingthe
value of the constant;

» References, which refersthe source of knowledge from which the constant was ducidated.

Knowledge Verification inside a Table of ConstantsChecks to be done are:

a) For any constantwhich appearsn thetableof attributesor in the formulasone,mustbe
also listed in a table of constants.

A table of constantsmay contain someitems that won't be usedby any formula or for
inferring any value of an attribute. Theseconstantsare kept for maintainingthe reuseof



knowledge by other applications.

Knowledge Verification betweenlIRs. The only checksto be doneare specifiedin section
five, when constants are used to infer values of instance attributes.

8. TABLES OF FORMULAS.

Definition and Utility. In many domains,numericalvaluesof instanceattributesmight be
derived from numerical values of other attributes and constants by using formulas.

How to build a Table of Formula. The standard definition of formulas includes:

e Formula Name
» Inferred Attribute, which identifies the instance attribute that is calculated with the formula;

e Formula includes the mathematical formula to be used to calculate the inferred attribute;

» Description, which includes the theoretical foundations of the formula;

» Basic Instance Attributes which refer to thdist of instanceattributesusedby the formula
to calculate the inferred attribute;

» Basic Class Attributes cortain thelist of classattributes used calculate the inferred attribute;

» Constants, which include the list of constantsusedby the formula to get theinferred
attribute;

» Precision with which the number should be calculated (i.e., two decimal numbers);

» Constrains, if the formula is appropriate under specific values of basic instance
attributesit is necessaryo specifysomeconditions(i.e., the formula mustnot be usedif
the value of a basic instance attribute used as divisor is zero);

» References, which refers the source of knowledge from which the formula was elucidated.

Table 7 showsthe definitions of the formula that calculatesa value of the at t ri but e
Densi ty- At - 20- Cel si us- Degr ees. Note that to infer its value, only values of
instance attributes (Atonic-Vol ume-At-20-Cel sius-Degrees and
At om c- Wi ght ) are used.

Knowledge Verification inside a Table of FormulasWe must guarantee:

a) All the attributeswhich appearin the right-sideof a formula mustappear in the Basic
Instance Attributes, Basic Class Attributes or in theBasic Constants fields.

b) Givenaninstanceattribute(Densi t y- At - 20- Cel si us- Degr ees) whosevalueis
inferredby usinga formula, the fields Inferred From Instance Attributes, Inferred From
Class Attributes, andInferred From Constants, at its table of attributesmust be filled
with the names of the involved instance attributes (At omi c- Vol une- At - 20-
Cel si us- Degr ees and At oni c- Wi ght ), classattributesand constantsusedin
the formula.

c) If the definition specifies some corstrains, other formulas shauld cover alternative Situatiors.

d) We must re-readthe descriptionsof the formulasin order to assurethe absenceof
redundancies and to keep the concision.

Knowledge Verification betweenIRs. To guaranteethat the information gathered in the table
of a formula is complete and consistent with those gathered in tables of instance attributes, in
tables of classattributes, andin tables of corstants, the fall owing checking should be dore:

a) For all the formulasidentifiedin the Formula field of the tablesof instanceattributes,
thereexistsa table of formula. In the tablesof formulas,the field Inferred Attribute is
filled in with the name of the instance attribute inferred by using the formula.

b) Analyzethe useof the formulato detectif someinstanceattributesneeddefaultvalues.
For examplejf a formulaaddsvaluesof two instanceattributes someof themcould be



optional. Then,thefield Default Value of the optionalattribute shouldhavebeenfilled
with a default value (i.e., zero).

9. ATTRIBUTES CLASSIFICATION TREES.

Definition and Utility. Once the Ontology builder has verified the completenessand
consistencyof tablesof instanceattributes,classattributes,constantsand formulas, the
nextstepis to developAttributes ClassificationTrees.They display graphically attributes
andconstantsthatarerelatedin the inferencesequenc®f theroot attributes,aswell asthe
sequence of formulas to be executed to infer the root attributes.

How to build an Attributes Classification Tree. Using the fields Inferred from Instance
Attributes, Inferred from Class Attributes, Inferred from Constants, To infer andFormula
defined at each table of instance attributes. The result will be satteitaltesclassification
trees. Figure 2 shows one of these trees and the formula that make it possible.

Knowledge Verification inside an Attributes Classification Tree We must check:

a) If someattributesand constantaised in the sequencef inferenceof the root attribute
are missed,or they are wrong, or they are not usefulto infer valuesof otherinstance
attributes or even the root attribute.

b) If some formulas are missing or if they are used wrongly.

c) There are no cycles in the tree, that is, from an instance attribute wat aldeto infer
itself.

Knowledge Verification betweenIRs. To preventinconsistenciedetweenan attributes
classificationtree and tablesof attributes,constants and formulas usedto build it, any
modification(addition/removal)n the treeforcesto modify the involvedtablesof attributes,
constants and formulas, and the DD. For example:

a) If anyattributeis includedinto the tree andeitherit is not definedin the DD or doesn't
existits tableof attributes thenwe shouldincludeit atthe DD and/orcreateits attached
table of attribute.

b) If any attribute is removed in the tree the builder shauld analyze whether or nat the attribute
shauld be ddeted from the DD and/or if its table of attribute should be also removed.

¢) The same checks must be done for formulas than for attributes.

10. TABLES OF INSTANCES.

Definition and Utility. If the ontologybuilderis surethatall the instancesnentionedat the
Instance field of theDD existin the domain,the nextstepis to createa tableof instancefor
each instance identified in the DD. An example of a tablastance is Table 8.

How to build a Table of an InstancesWe propose the following fields:

* [nstance Name;

» Description, which provides the meaning of the instance name;

» Attributes. Allowed attributesfilled in at the instanceare definedinto the classeswith
which the instance is linked and into their superclasses;

» Values of these attributes, could be: a number, a string, a s&t of values, "unknown®, or *__".

Knowledge Verification inside a Table of InstancesNVe should guarantee:

a) Absence of redundancies between instances. We must carefudiine descriptionof the
instances to guarantee this point.
b) Consistency between attributes and their values.

Knowledge Verification between IRsThefollowing checks should be done:



a) For all the instanceddentified in the Instance field of the DD thereexistsa table of
instance, and that for each table of instance, there existstamce in the DD.

b) Propagationof attributesusing inheritance.All the attributesidentified in classesand
superclasse® which the instancds attachedo shouldbefilled in with concretevalues.
In other words, there are not attributes in the instance that airethefpathbetweerthe
instance and the root concept of its concepts classification tree.

c) Maintenanceof consistencybetweenthe valuesof the attribute at the instanceand the
Value Type field definedat its table of instanceattributes.That is, the valueis a legal
value for the attribute.

d) Maintenance of consistency between the number of values asserted in an attribute and the
Cardinality field defined at its table of instance attribute.

CONCLUSION.

We providethefirst draft of a method to build domainontologies.The methoddistinguish
four steps in any ontology development process: the capture of knowledge, its
conceptualizatioin a setof IRs, its implementatiorin a formal languageandits evaluation
during eachphaseandbetweenphasef its life cycle. The methodusesa setof IRs at the
conceptuaphasehatallow to identify conceptsaandtheir attributesandvalues, aswell as
relationships between them. These IRs allow to specify a set of ontological commitments.

For eachiR, we haveidentifieda setof checksoutto be donewith independencef whether
or not the ontology is beendevelopingby different teams. These checkshelp to detect
inconsistenciegedundancieandlacksof knowledgeinsidean IR and betweenthem,at the
earlieststagesof the ontology developmenprocessThe useof the IRs allows generatean
explicit and totally documented conceptual model upon which the ontology is built.
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Concept Name Synonyms Acronyms Description Instances Class Attributes Instance Attributes
Alkalines la Group AIK. Their valencelayer electronic-structurés | Lithium. Group-Of-Alkalines List-Of-Bases
ns.. The Alkalines aresoft; whentheyare| Sodium. Low-Electronegativity-Of-Alkalines
cut, they have a white silvered colour.| Potassium. | Oxidation-States-Of-Alkalines
When they are exposedto air, they are| Rubidium. Minimum-Of-Electronic-Affinity-Of-Alkalines
cloudedbecauseof the oxidation,dueto | Cesium. Maximum-Of-Electronic-Affinity-Of-Alkalines
this, they are kept iniaert atmospherer | Francium.
submergedn mineral oil. The melting-
point, the boil-point and the specific-heat
decrease when the atomic-numbel
increasesThey reactwith the hydrogen.
[1].
Halogens Vlla Group Hig. They havesevenelectronsat the valence| Fluorine. Group-Of-Halogens List-Of-Salts
Halogenous layer, two of which arein as orbital and| Chlorine. Minimum-Of-Electronic-Affinity-Of-Halogens
the restof themin ap one. They easily| Bromine. Maximum-Of-Electronic-Affinity-Of-Halogens
react becauseof they only need one| lodine. Minimum-Melting-Point-Of-Halogens
electron for obtaining eight in their| Astatine. Maximums-Melting-Point-Of-Halogens
valence layer. [1].
Their melting-point, boil-point and
density increase with the atomic-numbg
Element Elmts. It is a substancehat are madeup only by Atomic-Number.

atoms with the same number of protong

Atomic-Volume-At-20-Degrees-Celsius.
Atomic-Weight.

Boil-Point.

Crystalline-Structure.
Density-At-20-Degrees-Celsius
Electronegativity

Electronic-Affinity

Electronic-Structure

Group

half-life

Hardness-Scale

lonisation-Energy

Melting-Point

Oxidation-States

Period

Radioactivity-Constant
Resistivity-At-20-Degrees-Celsius
Resistivity-Temperature-Coefficient-Per-Degree-Celsius
Semidisintegration-Period
Specific-Heat-At-Standard-Temperature
Symbol
Thermal-Conductivity-At-Standard-Temperature

Table 1: Data Dictionary in the domain of chemicals.




Instance Attribute Name

Atomic-Volume-At-20-Celsius-Degrees

Description It is the volume occupied by 1 atom-gram of a element at 20 Celsius degrees.
The atom-gram is the mass corresponding to atomic weight expressed in grams. [6]

Value type real

Unit of Measure pot(Centimeter, 3) / Atom-Gram

Precision e

Range of values (0, 100)

Defaultvalue | e

Cardinality 1

Inferred from instance attribute | unknown

Inferred from class attribute unknown

Inferred from constants unknown

Formula unknown

To infer Density-at-20-degrees-Celsius

References [1] [6]

Table 2. Tab

le of Instance Attribute: Atomic-Volume-At-20-Celsius-Degrees.

Instance Attribute Name

Atomic-Weight

Description The atomic-weight is the relative mass that a atom of the considered element has in a scale in the which it is
unit the twelfth part of the carbon 12 isotope.[6].

Value type real

Unit of Measure AMU®

Precision | e

Range of values (1, 257)

Defaultvalue | e

Cardinality 1

Inferred from instance attribute | unknown

Inferred from class attribute unknown

Inferred from constants unknown

Formula unknown

To infer Density-at-20-degrees-Celsius

References [1]

Table 3. Table of Instance Attribute: Atomic-Weight.

Instance Attribute Name

Density-At-20-Celsius-Degrees

Description Density of a body is the mass of a volume unit [1].
Value type real

Unit of Measure Gram / pot(Centimeter, 3)

Precision | e

Range of values (0, 25)

Defaultvalue | e

Cardinality 1

Inferred from instance attribute

Atomi c-Weight andAtomi c-Volume-At-20-Celsius-Degrees

Inferred from class attributes

unknown

Inferred from constants

unknown

Formula DENSITY = ATOMIC-WEIGHT /ATOMIC-VOLUME-AT-20-CELSIUS-DEGREES
To infer unknown
References a) First acquisition session with the expert in 1995 Springtime.
b) [1]
Table 4. Table of Instance Attribute: Density-At-20-Celsius-Degrees.

Class Attribute Name Relation-Attribute-Name | Logic Relationship | Value Unit of Measure Toinfer | References
Minimum-Of-Electronic-Affinity-Of-Halogens Electronic-Affinity > 25 Electronvolt | -------em | oo
Maximum-Of-Electronic-Affinity-Of-Halogens Electronic-Affinity < 4 Electronvolt
Minimum-Melting-Point-Of-Halogens Electronic-Affinity > -219.62 Degree-Celsius
Maximums-Melting-Point-Of-Halogens Electronic-Affinity < 302 Degree-Celsius | - | -

Table 5: Table of class attributesof the concept Hal ogens.

Constant Name

Description Value

Unit of Measure

To Infer References

Standard-Temperature It is tl

he temperatureat which | 25

Celsius-Degree

[Candel. 87]

many processesare observed
and many measures are takel

Standard-Pressure It is the pressureat which| 1
many processesare observed

and many measures are take

Atmosphere

[Candel, 87]

Table 6: Table of Constantsn the domain of chemicals.

° It is the weight of a proton. An atom-gram of an element is the weight of 1/Avogadro’s # atoms of

this element.




Formula Name Density

Inferred Attribute Density-At-20-Celsius-Degrees

Formula

Density-At-20-Celsius-Degrees -Atomic-Weight / Atomic-Volume-At-20-Degrees-Celsius

Description It is necessaryo notethatthe Atomic-Weightis givenin AMU's, andthe Atomic-Volumein cm® / atom-gram Thereis

not problem,1 atom-granof a elementmapswith the Atomic-Weightin gramsfor instance,1 atom-gram of oxygen is
15.999 grams, therefore, when the units transformation is done, the things left like they were.

Basic Instance Attributes Atomic-Weight

Atomic-Volume-At-20-Degrees-Celsius

Basic Class Attributes | -

Constants | emeeeeeee
Precision | e
Constrains Atomic-Volume-At-20-Degrees-Celsius > 0
References a) First acquisition interview in 1995 Springtime.
b) Characteristic tables of elements [1]
Table 7: Table of a FormulaDensity-At-20-Celsius-Degrees
Instance Name Description Attributes Values
Chlorine (Gr. Chloros, greenish,yellow). Discoveredin 1774 by Scheelewho | Atomic-Number. 17
thought it contained oxygen; named in 1810 by Davy, who indisteal| Atomic-Volume-At-20-Degrees-Celsius.| unknown
anelementIn natureit is foundin the combinedstateonly, chiefly with | Atomic-Weight. 35.453
sodium as commonsalt (NaCl), carnallite KMgCl36(H.0), and sylvite | Boil-Point. -34.6
(KCI). Crystalline-Structure. | ——eeeeee
It is memberof the halogens(salt-forming) group of elements;it is a| Density-At-20-Degrees-Celsius. unknown
greenish-yellow gas, combining directly with nearly all elements| Electronegativity. 3.0
Chlorine is widely used in making many everygagducts.t is usedfor | Electronic-Affinity. 3.614
productingsafedrinking water the world over. Eventhe smallestwater| Electronic-Structure. 353p°
suppliesare now usually chlorinated.lt is also extensivelyusedin the | Group. Vila
production of paper products,dyestuffs, textiles, petroleum products,| half-ife. | seeeeeeen
medicines antisepticsjnsecticidesfoodstuffs,solvents paints,plastics,| Hardness-Scale. | s=eeeee-
and many other consumerproducts.Most of the chlorine producedis | lonisation-Energy. 12.967
usedin the manufactureof chlorinatescompoundsof = sanitation,pulp | Melting-Point. -100.98
blanching, disinfectants,and textile processing.Further useis in the | Oxidation-States. [1,3,5,7]
manufactureof chlorates,chloroform, carbon tetrachlorideand in the | Period. 3
extraction of bromine.Organicchemistrydemandsnuchfrom chlorine,| Radioactivity-Constant. 0
for example in the elaboration of synthetic rubber. Chlorine is a| Resistivity-At-20-Degrees-Celsius. unknown
respiratory irritant. It was used as war gas in 1915. [11] Resistivity-Temperature-Coefficient-per:
Degree-Celsius. unknown
Semidisintegration-Period. | -----e-
Specific-Heat-At-Standard. unknown
Symbol. Cl
Thermal-Conductivity-At-Standard-
Temperature. unknown
List-Of-Salts ["'common-salt,
"carnallite”,
"sylvite"]
Table 8: Table of InstancesChlorine.
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