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1. Introduction
The idea of using ontologies as a conceptual point of view on repositories of data is becoming increasingly popular 

These ontologies deal with large amounts of data, so the most important parameter to measure the computational complexity of reasoning, is the size this data, this is the reason becaouse we will want a polynomial reasoning in the data. 

The problem is that many DLS with polynomial reasoning have not a great expressive power (that is not capture some conceptual models such as UML). 

Besides reducing the complexity of the size of data must confront complex questions about them, unfortunatelym currently, there is only one available techonology to conduct such consultations; this technology is in the data management systems relational (RDBMS). 

In this document we presented two systems that have such technology to work with large amounts of data: Quonto, OWL-Gres, whose benefits will have to compare. 

Our first objective will be to get over what fragment DL-Lite is based OWL-Gres. 

Following this, we will denote the differences between these two systems and establish somehow what cases it is better either.

2. Quonto
This is a tool that implements the DL-Lite query answering algorithm and delegates to a RBDMS the storing of theABOX (ie the data reasoning) and the query evaluation:

[image: image1.emf]
Quonto is capable of answering questions about ABOXes wich containing millions of assertions by what their limitations will depend of the single engine DBM (now use MySQL).

2.1 Features
Quonto is based on DL-LiteA+, because it is the fragment DL-Lite largest known in order to obtain LOGSPACE data complexity. 

The features of DL-LiteA+ are the following: 

· It represents the domain in terms of concepts, sets of objects, and roles (that denote binary relations between objects), also enables: 
· Value-Domains: domains that denote specific sets of values (data).

· Concept attributes: binary relations between objects and values. 

· Role attributes: binary relations between pairs of objects and value.

· Restrictions and properties: 

· Enjoys FOL-rewritability, garLogSpace in data complexity.

· Allows for functionality assertions and role inclusion assertions, but restricts in a suitable way their interaction.

· Takes into account the distinction between objects and values:

· Objects: elements of an abstract interpretation domain.

· Values: elements of concrete data types, such as integers, strings... 

· They are connected to objects through attributes language

· No functional role or attribute can be specialized by using it in the right-hand side of a role or attribute inclusion assertions. Formally:
· For every atomic or inverse of an atomic role Q appearing in a concept of the form (Q.C, the assertions (funct Q) and (funct Q−) are not in T ;
· For every role inclusion assertion Q v R in T , where R is an atomic role or the inverse of an atomic role, the assertions (funct R) and (funct R−) are not in T ;
· For every concept attribute inclusion assertion UC ⊑ VC in T, where VC is an atomic concept attribute, the assertion (funct VC) is not in T ;
· For every role attribute inclusion assertion UR ⊑  VR in T , where VR is an atomic role attribute, the assertion (funct VR) is not in T
· The knowledge base (KB) is formed by: K = <T, A> 
·    A TBOX T,  to represent intensional knowledge, it’s assertions are: 
· Concept inclusion assertion: B ⊑ C 
B ( A | (Q | ((U)

C ( ТC | B | (B | (Q.C
· Role inclusion assertion: Q ⊑ R 

Q ( P | P-
R ( Q | (Q

· Value-domain inclusion assertion: E ⊑ F 

E ( ((U)

F ( ТD | Т1| ….| Тn
· Attribute inclusion assertion: U ⊑ V 
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· Role functionality assertion: funct Q 
· Attribute functionality assertion: funct U
·    An ABOX A,  to represent extensional knowledge, it’s assertions are:
· Las afirmaciones en dicha TBOX tienen la forma: 
· Member assertions: A(c), P(c; c0), U(c; d), 
· There is a constant for each object (ie there are standard names and do not distinguish between alphabets of constant)
· One or interpretation I = (∆, .I) consists of a structure of the first order in Δ with a function of interpretation .I wich: 

· A interpretation satisfies: 
· An inclusion assertion ( ⊑ (, if (( ( ((. 
· A functional assertion (funct (), where ( is either P, P−, or UC, if, for each e1, e2, e3, (e1, e2)((I and (e1, e3)((I implies e2 = e3.
· A functional assertion (funct UR), if for each e1, e2, e3, e4 (e1, e2, e3) (UIR and (e1, e2, e4) ( UIR implies e3 = e4.
· A membership assertion ((t), where ( is either A or D, if tI ( (I.
· A membership assertion ((t1, t2), where _ is either P or UC, if (tI1, tI2) ((I;
· A membership assertion UR(a, b, c), if (aI, bI, cI) ( UIR
· A model of a KB K is an interpretation I if it’s was a model of all assertions of  K. 

· A KB is satisfy if has least one model. 

· A KB K logically implies an affirmation α if all K models are also α models.

· A query q(x) ←(y. conj(x,y) is interpreted on I, such c ( ∆ x … x ∆ tuples set qI, that when we replace the variable x with constants, the formule (y. conj(x,y) is evaluated to true on I.

· The query extensional is more efficient than in DLS because it allows the use of conjunctive querys of arbitrary complexity: 

· A ‘q’ query conjunctivec in a KB K is an expression:



· Union of conjunctive queries (UCQ):  q(x) ←Vi(yi. conj(x,y) 
· A query q(x) ← φ(x) is interpreted in I as the set qI of tuples e ( ∆I×· · ·×∆I  such that, when we assign e to the variables x, the formula φ(x) evaluates to true in I.
· Query answering for CQs and UCQs: given a knowledge base K and a query q(x) over K, return the certain answers to q(x) over K, i.e., all tuples t of elements of  ГV ( ГO such that, when substituted to x in q(x), we have that K |= q(t), i.e., such that tI(qI for every model I of K


2.2 Reaoning
The basic task is the reasoning to access large data respositories (ie respond conjunctive query in a KB). 

The other forms of reasoning can be reduced to respond to the query. For example:

· To check if K is unsatisfy, we can add A1 П A2 ⊑ ( to the TBox and A1 (a) to the ABox (where A1 and A2 are new concepts and y is a new atomic constant), and to check whether is in the answer to q (x) ← A2 (x) query 
· To check if K implies an A ⊑ C, we can add the assertion A (a) to the Abox (where a is a new constant), and see if it is in the answer to q (x) ← C '( x) query where C 'is the conjunction of atoms for the concept C. 

For an efficient evaluation of the query and taking into account the size of the TBOX depends on the ABOX. This evaluation is done in 2 stages:

[image: image2.emf]
1. Perfect reformulation: taking into account the TBOX T, the q query is reformulated in a new query: rq,T
2. Query Evaluation: the new query rq,T is evaluated only in the ABox to produce the answer sought ans(q, <T,A>). To make it, we can use an engine using SQL drawing optimitation strategies.
This separation only makes sense in terms of computational without imposing any restrictions on the query language, so if we can reformulate the query, in other case we to introduce a Turing machine to make inferences about the TBOX and ABOX. 

But this is not the case of DL, in which, these two steps are meaningless and we can respond to queries with a efficient data complexity. 

The reformulation perfect ans (q, <T,A>) of a conjunctive query on a DL-Lite KB K= <T,A> can be expressed as a union of conjunctivel querys as far as the query evaluation can be in LOGSPACE size of the ABox A because the sizeof ans (q, <T,A>) does not depend on A. 

The ABox, is maintained through a RDBMS in the secondary storage, thereby allowing them to control a large data number, and evaluation of the query can be delegated to an engine SQL database building on their strategies optimization of querys.
2.3 Abox 
Knowing how is displayed the ABOX in each of these systems is a key concept to understand differences between them, that we will see later. 

In Quonto such ABOX is displayed with a table for each concept, role or attribute concept, where there are one or more fields (called term) wich contains all  possible individuals of a concept, role or attribute concept. 

For example, in our ontology for the BaseballFan concept we would have the following table: 
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In the case of roles, we have two fields term (one for each individual who establishes a relationship in the role). 

For example in the following figure we can see represented the table for the role iscrazyabout where we note that for example the number 7 woman student of the university 0 of college 3 is crazy about the Stamp Collectin. 
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Following this  representation of the ABOX, the attributes of concepts 
will also be formed by 2 columns fields term (the first contains the concept referred to the attribute and the second contains the attribute). 
For example as we can see in the following figure for the concept emailaddress we have that the student woman_student0 has the e-mail (attribute) woman_student0@College3.University0.edu:
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3. OWL-Gres
In order to improve some of the properties we have created quonto System OWL-Gres based on one of the fragment DL-Lite, the problem is that we still do not know on where fragment it’s based, so the first objective of this document will discover that fragment. 

To make this search process must be clear what are the differences between the various DL-Lite fragments (DL-LiteF, DL-LiteR, DL-LiteFR, y DL-LiteA), therefore the first step is to expose the characteristics of both languages and establish the differences between them. 


The second step is to verify through an ontology the characteristics wich recognizes OWL-Gres

3.1 DL-Lite fragments features
3.1.1 DL-LiteR
In this case are not used functional restrictions in exchange makes use of IS-A between roles: 

· The TBox may contain cyclic dependencies
· Enjoy the finite model property., so reasoning arbitrary models is different from reasoning
· With role inclusion assertions, we can simulate quali_ed existential quanti_cation in the rhs of an inclusion assertion A1 ⊑ (Q.A2
· To do so, we introduce a new role QA2: 

· Role inclusion assertion QA2 ⊑ Q
· Concept inclusion assertions: 
A1 ⊑ (QA2 

(Q-A2 ⊑ A2 
· In this way, we can consider 9Q.A in the right-hand side of an inclusion assertion as an abbreviation.
TBox assertions:
· Concept inclusion assertion: Cl ⊑ Cr: 
     Cl ( A | (Q


Cr ( A | (Q | (A | ((Q

Q ( P | P-
· Role inclusion assertion: Q  ⊑  R:: 


R ( Q | (Q
ABox assertions:
· A(c), P(c1; c2), where c1, c2 are constants
3.1.2 DL-LiteF
It captures all the basic construction of UML diagrams and ER, for this reason not enjoy the finite model property., so in this case, reasoning arbitrary models is different from reasoning.
TBox assertions:
· Concept inclusion assertion: Cl ⊑ Cr: 

     Cl ( A | (Q


Cr ( A | (Q | (A | ((Q

Q ( P | P-

· Funcionality assertion: (funct Q) 

ABox assertions:
· A(c)

· P(c1; c2)
3.1.3 DL-LiteFR
It combines the main features of F-Lite DL and DL-Lite L.
TBox assertions:
· Concept inclusion assertion:  B ⊑ C

B ( A | (Q | ((UC) 

C (  TC | B | (B | (Q.C | (F ( UC) | 
((F( UR) | ((F( UR)- 
· Rol inclusion assertion:  Q ⊑ R

Q ( P | P- | ((UR) | (( UR)- 
R (  Q | (Q | (F ( UR) | ((F( UR)- 
· Value-Domain inclusion assertion:  E ⊑ F

E ( D | ( (UC) | ((UR)

F (  TD | E | (E | rdfDataTyp

· Concept attribute inclusion assertion:  UC ⊑ UC
VC ( UC | ((UC)
· Rol attribute inclusion assertion:  UR ⊑ VR 
VR ( UR | ((UR)
· Role functionality assertion: (funct P)
· Inverse role functionality assertion: (funct P-)

· Concept attribute functionality assertion: (funct UC)

· Role attribute functionality assertion: (funct UR)
ABox assertions:
· A(a) 

· D(c)

· P(a, b)

· UC(a, c)
· UR(a, b, c)
3.1.4 DL-LiteA
It is designed to capture the characteristics that are found in data models and at the same time preserve good computational properties for query answering (ie have LOGSPACE in data complexity), this is the reason because TBOX will be the same as DL-LiteFR but with the following restrictions:

· Enjoys FOL-rewritability, garLogSpace in data complexity.
· Allows for functionality assertions and role inclusion assertions, but restricts in a suitable way their interaction.
· Takes into account the distinction between objects and values:
· Objects: elements of an abstract interpretation domain.
· Values: elements of concrete data types, such as integers, strings... 

· They are connected to objects through attributes language
· No functional role or attribute can be specialized by using it in the right-hand side of a role or attribute inclusion assertions. Formally:

· If (P.C or (P-.C appears in T, then (funct P) and (func P-) are not in T
· If Q ⊑ P or Q ⊑ P- are in T, then (funct P) and (func P-) are not in T
· If U1 ⊑ U2 is in T, then (funct U2) is not in T
TBox assertions:
· Concept inclusion assertion: B ⊑ C 
B ( A | (Q | ((U)

C ( ТC | B | (B | (Q.C


· Role inclusion assertion: Q ⊑ R 
Q ( P | P-
R ( Q | (Q
· Value-domain inclusion assertion: E ⊑ F 
E ( ((U)
F ( ТD | Т1| ….| Тn
· Attribute inclusion assertion: U ⊑ V 
V ( U | (U
· Role functionality assertion: funct Q 
· Attribute functionality assertion: funct U
ABox assertions: 
· A(c), P(c; c0), U(c; d), 

3.1.5 Differences
	Constructor
	Sintaxis
	Ejemplo

	Atomic conc
	A
	Doctor

	Exist. Restr
	(Q
	(child-

	At. conc. neg.
	(A
	(Doctor

	Conc. neg.
	((Q
	((child

	Atomic role
	P
	child

	Inverse role
	P-
	child-

	Role negation
	(Q
	(manages

	Conc. incl.
	Cl ⊑ Cr
	Father ⊑ (child

	Role incl.
	Q ⊑ R
	hasFather ⊑ child-

	Disjointness between roles
	Q ⊑ (Q
	child ⊑  ( child

	Top conc
	ТC
	

	Qualified exist. restriction
	(Q.C
	(child.Male

	Attribute domain
	((U)
	((salary)

	Top domain
	ТD
	

	Datatype
	Ti
	xsd: int

	Attribute range
	((U)
	((salary)

	Atomic attribute
	U
	Salary

	Attribute negation
	(U
	(salary

	Object constant
	C
	John

	Value constant
	V
	‘john’

	Mem. asser.
	A(c)
	Father(bob)

	Mem. asser.
	P (c1,c2)
	Child(bob, ann)

	Mem. asser.
	U (c,d)
	phone(bob, ‘2345’)

	Funct. asser.
	funct (Q)
	(funct father)

	Atr.funct asser.
	funct (U)
	(funct ssn)

	Role Incl. asser.
	Q ⊑ R
	Father ⊑ anc

	V.Dom Incl. asser.
	E ⊑ F
	((age) ⊑ xsd: int

	Atri. Incl asser.
	U ⊑ V
	offPhone ⊑ phone





3.2 OWL-Gres Features
To obtain the fragment DL-Lite, in which is based OWL-Gres we use a program created in Java that detects if a TBOX is supported by OWL-Gres. 

So simply, we have to introduce a TBOX which semantic belongs to each of the fragments DL-Lite show above. 

In our case, we used a TBOX based in the university hierarchy (universities, departments, courses, students….). That TBOX is the following:

T = {Publication ⊑  Thing, 
Book ⊑ Publication, 
Manual ⊑ Publication

Specification ⊑ Publication 
Software ⊑ Publication 
UnofficialPubblication ⊑ Publication 
Article ⊑ Publication 
TechnicalReport ⊑ Article 
JournalArticle ⊑ Article 
ConferencePaper ⊑ Article 
Person ⊑ Thing 
Woman ⊑ Person ; 

Man ⊑ Person
ResearchAssistant ⊑ Person 
ResearchAssistant ⊑ (worksFor.ResearchGroup 
TennisFan ⊑ Person; 
TennisFan ⊑ (isCrazyAbout.TennisClass 
BasketBallLover ⊑ Person ; 
BasketBallLover ⊑ (like.BasketBallClass 
PeopleWithHobby ⊑ Person

PeopleWithHobby ⊑ (like 
SwimmingFan ⊑ Person
SwimmingFan ⊑ (isCrazyAbout.SwimmingClass 
Employee ⊑ Person 
Employee ⊑ worksFor.Organization 
Faculty ⊑ Employee 
Professor ⊑ Faculty 
Dean ⊑(isHeadOf.College 
Dean ⊑ Professor 
VisitingProfessor ⊑ Professor 
AssistantProfessor ⊑ Professor 
AssociateProfessor ⊑ Professor 
FullProfessor ⊑ Professor 
Lecturer ⊑ Faculty 
PostDoc ⊑ Faculty 
SupportingStaff ⊑ Employee
SystemStaff ⊑ SupportingStaff 
ClericalStaff ⊑ SupportingStaff 
SportsLover ⊑ Person 
SportsLover ⊑ (like.Sports 
BasketBallFan ⊑ Person
BasketBallFan ⊑ (isCrazyAbout.BasketBallClass 
TeachingAssistant ⊑ Person
TeachingAssistant ⊑ (teachingAssistantOf.Course 
SwimmingLover ⊑ Person
SwimmingLover ⊑ (like.SwimmingClass
Student ⊑ Person
Student ⊑ (isStudentOf.Organization
ScienceStudent ⊑ Student 
ScienceStudent ⊑ hasMajor.Science
UndergraduateStudent ⊑ Student 
NonScienceStudent ⊑ ((hasMajor.Science 
NonScienceStudent ⊑ Student
NonScienceStudent ⊑ (ScienceStudent 
BaseballLover ⊑ Person  
BaseballLover ⊑ (like.BaseballClass
SportsFan ⊑ Person
SportsFan ⊑ (isCrazyAbout.Sports
Director ⊑ Person 
Director ⊑ (isHeadOf.Program
BaseballFan ⊑ Person  
BaseballFan ⊑ (isCrazyAbout.BaseballClass
Chair ⊑ Person  
Chair ⊑ (isHeadOf.Department
Chair ⊑ Professor

      

Interest ⊑ Thing 
Music ⊑ Interest 
Sports ⊑ Interest 
SwimmingClass ⊑ Sports 
BaseballClass ⊑ Sports 
BasketBallClass ⊑ Sports 
TennisClass ⊑ Sports 
Man ⊑ Thing 
Man ⊑  (Woman 
Woman ⊑ Thing 
Schedule ⊑ Thing 
PeopleWithManyHobbies ⊑ Thing 
Work ⊑ Thing 
Course ⊑ Work 
GraduateCourse ⊑ Course 
Research ⊑ Work 
Organization ⊑ Thing 

Program ⊑ Organization 

Department ⊑ Organization 
Institute ⊑ Organization 

University ⊑ Organization 

College ⊑ Organization 

WomanCollege ⊑ College 

ResearchGroup ⊑ Organization 

AcademicSubject ⊑ Thing 

FineArts ⊑ AcademicSubject 

Latin_ArtsClass ⊑ FineArts 
Performing_ArtsClass ⊑ FineArts 
Asian_ArtsClass ⊑ FineArts 
Media_Arts_And_Sciences_ArtsClass ⊑ FineArts 
Theatre_and_DanceClass ⊑ FineArts 
MusicClass ⊑ FineArts 
Modern_ArtsClass ⊑ FineArts 
Medieval_ArtsClass ⊑ FineArts 
Drama_ArtsClass ⊑ FineArts 
ArchitectureClass ⊑ FineArts 
Science ⊑ AcademicSubject

ChemistryClass ⊑ Science 
StatisticsClass ⊑ Science 
Material_ScienceClass ⊑ Science 
MathematicsClass ⊑ Science 
BiologyClass ⊑ Science 
AstronomyClass ⊑ Science 
GeosciencesClass ⊑ Science 
Marine_ScienceClass ⊑ Science 
PhysicsClass ⊑ Science 
Computer_ScienceClass ⊑ Science 
HumanitiesAndSocial ⊑ AcademicSubject 
EnglishClass ⊑ HumanitiesAndSocial 

AnthropologyClass ⊑ HumanitiesAndSocial 
PhilosophyClass ⊑ HumanitiesAndSocial 
EconomicsClass ⊑ HumanitiesAndSocial 
PsycologyClass ⊑ HumanitiesAndSocial 
Modern_LanguagesClass ⊑ HumanitiesAndSocial 
HistoryClass ⊑ HumanitiesAndSocial 
HumanitiesClass ⊑ HumanitiesAndSocial 
ReligionsClass ⊑ HumanitiesAndSocial 
LinguisticsClass ⊑ HumanitiesAndSocial 
Engineering ⊑ AcademicSubject 
Civil_Engineering ⊑ Engineering 
Computer_Engineering ⊑ Engineering 
Material_Science_Engineering ⊑ Engineering 
Mechanical_Engineering ⊑ Engineering 
Electrical_Engineering ⊑ Engineering 
Aeronautical_Engineering ⊑ Engineering 
Petroleuml_Engineering ⊑ Engineering 
Chemical_Engineering ⊑ Engineering 
Biomedical_Engineering ⊑ Engineering 
Industry_Engineering ⊑ Engineering 
LeisureStudent ⊑ Thing

LeisureStudent ⊑ Student 
GraduateStudent ⊑ Thing 
GraduateStudent ⊑ takesCourse}
To test if such TBOX is accepted or not by OWL-Gres, i.e. if this TBOX belongs to fragment in wich is based OWL-Gres, we just run a program conducted in Java, whose results for this initial TBOX is as follows:


To check on what DL-Lite piece is based OWL-Gres, we only have to enter in the TBOX the initial properties that are unique to each of the DL-Lite fragments. 

As we saw before, in DL-LiteF unlike DL-LiteR we can define funcionality of relations, so like it’s a owned property to DL-LiteF, we will introduce a funcionality of relations, to make it, we use Protects to open TBOX and do the changes: 
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As we can see from the example, we have decided that the relationship takesCourse is functional, ie we have introduced in our TBOX funct(takesCourse), now we are going to see the result obtained by our program:

The output tells us that OWL-Gres is not based on DL-LiteF since does not accept TBOX introduced. 

Like, not belongs to DL-LiteF is useless to see that belongs to DL-LiteFR, because this fragment includes DL-LiteF properties (one of this has ben tested ie functionality of relations), so if OWL-Gres does not accept DL-LiteF either will do it with DL-LiteFR.
In turn, is also useless to prove if OWL-Gres is based on DL-LiteA, since that DL-Lite fragment contains the same properties of DL-LiteFR with some restrictions, one of them is that only allows functionalities of roles if they are on the right, is simple to observe that in the first case have proved functionality to the right and was not recognized by OWL-Gres therefore such a system is not based on DL-LiteA
Instead DL-LiteR has unique properties to the DL-LiteF, so to see it we are going to see if OWL is based on DL-LiteR 

To this end, we introduce a relationship IS-A between roles, since this property is unique to DL-LiteR like the disjointness of roles. 

In order to introduce a relationship IS-A, we have added to the initial TBOX the following connection: softwareVersion1.1  ⊑ softwareVersion:
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In this case this is the result:
As we can see, the fragment is recognized by OWL-Gres, we still have to prove the disjointness but we can say that if we have a IS-A relationships between roles is obvious that we have it also in the opposite direction, so we not need to prove this property and we can say that OWL-Gres is based on DL-LiteR. 

But, we must tell the reader that this TBOX contains attributes (for example email of the person), so OWL-Gres is accepting it but accepts, we can not define values or restrictions for these attributes, hence we may say that is based on DL-LiteR and also accepts concept attributes, this is probably because OWL-Gres is evolving and its future deployments probably will aim to evolve from DL-LiteR to DL-LiteFR or DL-LiteA
3.3 Abox

Before talking about the representation of ABOX is appropriate to introduce the representation of TBOX. 

That TBOX consists of a main table (tbox_name) containing the names of the alphabet for each of the concepts, roles and concept attributes:
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As we see this chart is composed of several fields:

· Id: identifier for each concept, role and attribute of the concept which should be known within the inclusions. 
· Type SMALLINT: indicates whether the identifier refers to a concept (1), role (2) or attribute concept (3).
· Auxiliary: indicates whether there is more (false) attributes, concepts or roles or whether on the contrary there are more (true). 

· Frequency integer: indicates the number of times that is assigned an element. 

· Name text indicates a concept, role or attribute within the concept of the alphabet TBOX. 
Apart from this table for a TBOX, on Owl-Gres is saved a table for one of the possible inclusions: 

· Concept inclusion:
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As is shown in TBOX_name shown above parameters sub (book) and super (book)

are two concepts, and as indicated in the table of contents inclusions book is a guide book.

· Roles inclusion: 
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In correspondence, when the store ABOX, we have a table (individual_name), which has stored all individuals involved in such ABOX:
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As we can observed we have 2 parameters in this ABOX: 

· Id: to indicate an individual

· Name: name of this individual on that ABOX



After that we have a table for each of the assertions possible for elements of the ABOX:
· Concept assertions: 
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· Role assertions: 
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· Concept attribute assertions:
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In the latter case, we see that the attribute of 166 concept refers to individuals 7 and contains the value "woman.student7 @ College3.University0.edu"

4. Quonto vs OWL-Gres
After knowing the characteristics of OWL-Gres, we are able to compare the two systems, for this reason we test 15 querys, in a single database (ABOX) and compare the results for each of them, taking into account the entries for each query.
As a last step, we will see the differences encountered in the operation of the two systems. 
Between these two systems there is a clear difference, both use a different type of conjunctive query semantic as Quonto uses semantic standard, and yet OWL-Gres (like the rest of systems that are not Quonto) uses semantics ground. 
But what difference between these two semantic? Let's see with an example: 

· Immagine that we have the following TBOX: 

· (edgeR-⊑ Node
· (edgeR ⊑ Node
· (edgeB- ⊑ Node
· (edgeB ⊑ Node
· NodeRB ⊑ (edgeR
· NodeRB ⊑ (edgeB

· And the following ABOX: 

· edgeB(a,a)
· NodeRB(a)
· And we want to do the query: q(x) ← (y, z, w. edgeB(x,y) ( edgeR(x,z) ( edgeR(y,z)

· On standard (Quonto), we have:
·  edgeB(a,a). So
· x = a

· y = a 
· edgeB(a,a) ( edgeR(y,z). So
· x = x = a

· y /= z

· edgeB(a,a) ( edgeR(a,z) ( edgeR(a,z)
· y = a 
· z = z

· We can conclud x
· On ground, we have: 

· First, we do this query q(x,y,z) ← (y, z, w. edgeB(x,y) ( edgeR(x,z) ( edgeR(y,z)
· edgeB(a,a). So
· x = a 

· y = a 
· edgeB(a,a) ( edgeR(y,z). So

· x = x = a

· y /= z

· edgeB(a,a) ( edgeR(a,z) ( edgeR(a,z)
· y = a 

· z = z => Now i can’t say becouse we want z and x and y in the result, and i haven’t result to z so: 

· Answer is {}

· Then we project our query in this query so or answer is {}

This difference is not so great if we remove unification, namely the semantic standard without unification has a very similar behavior to the ground but something a little more "efficient" because the expansion is continuing to carry out consultation on and there is no a projection as in the semantic standard, therefore so we can say that: 

· Standard – Unification ( Ground 
· Ground + Unification ( Standard 
As we will see it, if we have unification, we could have different results, let’s see it with an example: 
· If we see the query 15:  Input: q(x) ← hasSameHomeTownWith(x,y) ( isMemberOf(y,z) ( hasMember(z,t) ( isCrazyAbout(t,w) ( isCrazyAbout(x,w)
· We hava a pattern, so we can draw: 
· Now if we see the answers for OWL-Gres and Quonto (with unification on Quonto), we will have: 


· Before, we can see that we have 5 answers of difference why? 
· It’s simple this 5 answers are empty answers on OWL-Gres becouse does projection on a answer with all parameters so we can not respond with anything. 
A part of this semantic differences between used and Quonto OWL-Gres do not implement the same optimizations regarding the expansion of querys so that the results will be various activities deactivation. These optimizations are as follows:
	
	QUONTO
	OWLGRES

	Semantic conjunctive query minimization
	Yes
	No

	Query containment
	Yes
	No

	In-expansion optimizations
	Yes
	No

	Auxiliar role optimization
	Yes
	Yes

	Selectivity optimization
	No
	Yes


Semantic conjunctive query minimization

Immagine that we have the query: q(x) :- PeopleWithHobby(x), like(x,y)

And we have: PeopleWithHobby ⊑ ( like 

In this case, quonto makes: q(x) :- PeopleWithHobby(x) Because if PeopleWithHobby(x)
is containing on like(x,y)  we only need PeopleWithHobby(x)

But OWL-Gres don’t make this, it expand all the querys.
Now immagine that we have: q(x) :- PeopleWithHobby(x), like(x,y)
And ( like ⊑ PeopleWithHobby
In this case the 2 sistems make the optimization an eliminate PeopleWithHobby(x) so the finally query will be: q(x) :- like(x,y)
Query containment

We considered:  q(x):- A(x) ( q(x) :- A(x),B(x).

In Quonto we only evaluate  q(x):- A(x) because answer of B(x) aren’t A(x) answer’s.
In-expansions optimizations


In Quonto if we have q(x):-Man(x),Woman(x)
And Man ⊑ ¬Woman
We not make the query because we know that the result is empty, on the contrary OWL-Gres makes all expansions to conclude the same (empty result).
Auxiliar role optimization
In Quonto and OWL-Gres if whe have A ⊑ (R.C this introduce an auxiliar role and it has no mem membership assertion so we delete all querys with an auxiliar role.
Selectivity optimization
We delete all the conjunctive queries with a concept, role or concept attribute wich has no membership assertions, because there aren’t answers for them.

Some authors argue the opinion that this is inconsistent with the pattern of reasoning presented to access large data ontologies (TBOX and ABOX separate), and that in order to perform this optimization in the perfect reformulation we must accede to the representation of ABOX But I think reading the ABOX has to be done anyway so do not waste time in making a statistic of all the elements in such statements without reading, to remove a potential querys.

Now, we are going to present the results for each of the querys in OWL-Gres and Quonto:
4.1 First comparison
In our first comparison, disable all optimizations to do a fair comparison: 
	
	QUONTO
	OWLGRES

	Semantic conjunctive query minimization
	Enabled
	Enabled

	query containment


	Disabled
	-

	In-expansion optimizations
	Disabled
	-

	Selectivity optimization
	-
	Disabled



We enabled semantic conjunctive query minimization on Quonto and OWLGRES

becouse althought OWLGres hasn’t this optimization always in our experiments the cases in

wich it can’t make are a few cases. 
4.1.1 Query 1



Input:  q(x) ← GraduateStudent(x) (
takesCourse(x,”Dep0.Univ0/GraduateCourse0”)


Results



Quonto


O

OWL-Gres






4.1.2 Query 2


Input: q(x,y,z) ← GraduateStudent(x) ( University(y) ( Department(z) ( subOrganizationOf(z,y) ( memberOf(x,z) ( undergraduateDegreeFrom(x,y)


Results
Quonto

OWL-Gres


4.1.3 Query 3


Input: q(x) ← Publication(x) ( publicationAuthor(x,”Dep0.Univ0/AssistantProfessor0”)


Results

Quonto


OWL-Gres


4.1.4 Query 4


Input:  q(x,y1,y2,y3) ← Professor(x) ( worksFor(x,”Dep0.Univ0”) ( name(x,y1) ( emailAddress(x,y2) ( telephone(x,y3)


Results

Quonto


OWL-Gres


4.1.5 Query 5



Input: q(x) ← Person(x) ( memberOf(x,”Dep0.Univ0”)


Results

Quonto


OWL-Gres


4.1.6 Query 6



Input: q(x) ← Student(x) 


Results

Quonto


OWL-Gres


4.1.7 Query 7



Input: q(x,y) ← Student(x) ( Course(y) ( takesCourse(x,y) ( 
teacherOf(“Dep0.Univ0/AssociateProfessor0”,y)


Results

Quonto


OWL-Gres


4.1.8 Query 8


Input: q(x,y,z) ← Student(x) ( Department(y) ( memberOf(x,y)  ( subOrganizationOf(y,”Univ0”) ( emailAddress(x,z)



Results

Quonto


OWL-Gres


4.1.9 Query 9


Input: q(x,y,z) ← Student(x) ( Faculty(y) ( Course(z) (  advisor(x,y) ( teacherOf(y,z) ( takesCourse(x,z)


Results

Quonto


OWL-Gres


4.1.10 Query 10


Input: q(x) ← Student(x) ( takesCourse(x,”Dep0.Univ0/GraduateCourse0”)



Results

Quonto


OWL-Gres


4.1.11 Query 11


Input: q(x) ← ResearchGroup(x) ( subOrganizationOf(x,”Univ0”)


Results

Quonto


OWL-Gres


4.1.12 Query 12


Input: q(x,y) ← Chair(x) ( Department(y) ( worksFor(x,y) ( 

 



     subOrganizationOf(y,”Univ0”)


Results

Quonto

OWL-Gres


4.1.13 Query 13



Input: q(x) ← Person(x) ( hasAlumnus(“Univ0”,x)




Results

Quonto

OWL-Gres


4.1.14 Query 14

Input: q(x) ← UndergraduateStudent(x)  

Results
Quonto


OWL-Gres


4.1.15 Query 15


Input: q(x) ← hasSameHomeTownWith(x,y) ( isMemberOf(y,z) ( hasMember(z,t) ( isCrazyAbout(t,w) ( isCrazyAbout(x,w)
Results
Quonto


OWL-Gres


4.1.16 Query 16


Input: q(x) ← hasSameHomeTownWith(x,y) ( isMemberOf(y,z) ( hasMember(z,t) ( isCrazyAbout(t,w) ( isCrazyAbout(x,w)

Results
Quonto

OWL-Gres


4.1.2 Results

	Query
	Expansion Time
	Evaluation Time
	Nº disjunctions
	Nº disjunctions 1ª optimitation
	Nº results

	
	Q
	O-G
	Q
	O-G
	Q
	O-G
	Q
	O-G
	Q
	O-G

	1. q(x) ← GraduateStudent(x)   takesCourse(x,”Dep0.Univ0/GraduateCourse0”)
	0
	16
	16
	31
	2
	2
	1
	1
	1
	1

	2. q(x,y,z) ← GraduateStudent(x)  University(y)  Department(z)  subOrganizationOf(z,y)  memberOf(x,z)  undergraduateDegreeFrom(x,y)
	63
	110
	2422
	7672
	37
	37
	13
	13
	13
	13

	3. q(x) ← Publication(x)  publicationAuthor(x,”Dep0.Univ0/AssistantProfessor0”)
	0
	16
	203
	125
	1
	1
	1
	1
	1
	1

	4. q(x,y1,y2,y3) ← Professor(x)  worksFor(x,”Dep0.Univ0”)  name(x,y1)  emailAddress(x,y2)  telephone(x,y3)
	47
	125
	1375
	859
	63
	63
	18
	18
	18
	18

	5. q(x) ← Person(x)  memberOf(x,”Dep0.Univ0”)
	0
	15
	141
	94
	14
	13
	8
	7
	8
	7

	6. q(x) ← Student(x)
	0
	31
	3516
	2875
	12
	12
	10
	10
	10
	10

	7. q(x,y) ← Student(x)  Course(y)  takesCourse(x,y)  teacherOf(“Dep0.Univ0/AssociateProfessor0”,y)
	0
	16
	188
	125
	4
	4
	2
	2
	2
	2

	8. q(x,y,z) ← Student(x)  Department(y)  memberOf(x,y)   subOrganizationOf(y,”Univ0”)  emailAddress(x,z)
	297
	750
	9687
	36390
	409
	435
	119
	126
	119
	126

	9. q(x,y,z) ← Student(x)  Faculty(y)  Course(z)   advisor(x,y)  teacherOf(y,z)  takesCourse(x,z)
	0
	31
	266
	2719
	4
	4
	2
	2
	2
	2

	10. q(x) ← Student(x)  takesCourse(x,”Dep0.Univ0/GraduateCourse0”)
	0
	0
	0
	16
	2
	2
	1
	1
	1
	1

	11. q(x) ← ResearchGroup(x)  subOrganizationOf(x,”Univ0”)
	0
	15
	125
	63
	3
	3
	2
	2
	2
	2

	12. q(x,y) ← Chair(x)  Department(y)  worksFor(x,y)  subOrganizationOf(y,”Univ0”)
	0
	62
	750
	2235
	20
	20
	4
	4
	4
	4

	13. q(x) ← Person(x)  hasAlumnus(“Univ0”,x)
	0
	16
	344
	31
	5
	5
	5
	5
	5
	5

	14. q(x) ← UndergraduateStudent(x)
	0
	16
	31
	500
	1
	1
	1
	1
	1
	1

	15. q(x) ← hasSameHomeTownWith(x,y)  isMemberOf(y,z)  hasMember(z,t)  isCrazyAbout(t,w)  isCrazyAbout(x,w)
	3187
	6219
	3953
	1265
	6084
	6084
	49
	49
	49
	49

	16. q(x) ← hasSameHomeTownWith(x,y)   isMemberOf(y,z)   hasMember(z,t)   isCrazyAbout(t,w)   isCrazyAbout(x,w) with unification
	7953
	10359
	6594
	2875
	6084
	10058
	602
	49
	94
	89


4.1.2.1 Results coments
As we see evaluation time  are much larger for OWL-Gres for Quonto that in most cases (8 of 14), this is because the representation of ABOX which is done by OWL-Gres is much more complicated than the by Quonto because for each join and we have to get the index of those involved and looking at their tables which means more time. Only on querys with less selectivity we have that Quonto has more evaluation time because on OWL-Gres ABOX we have to acceded to index to get a data but on Quonto we have to acceded to string so we spend more time, but if we have many joins this time is less that time of acceded to string.
In addition we can see that the number of expansions in OWL-Gres in the first case (ie without optimizations) is greater than the number of optimizations made in OWL-Gres but as we see after the second optimization eliminates all values and the two remain in hand, this is because all the expansions will be introduced to Aux Roles. 
As we shaw before, we have that if we make query 15 with unification we have different results for Quonto and OWL-Gres because in this case Quonto gives answer that OWL-Gres recognizes like empty.

Finally it must be said (although not on this chart showing the number of responses), that four query is the in which the number of results varies, this is because it recognizes the attributes of OWL concept but does not deal with them and why can not return answers, is likely to be a future optimization OWL-Gres since that system is evolving.
4.2 Second comparison
In this second encounter, unlike the first activate all optimizations:
	
	QUONTO
	OWLGRES

	Semantic conjunctive query minimization
	Enabled
	Enabled

	query containment


	Disabled
	-

	In-expansion optimizations
	Disabled
	-

	Selectivity optimization
	-
	Disabled


4.2.1 Query 1




Input:  q(x) ← GraduateStudent(x) (
takesCourse(x,”Dep0.Univ0/GraduateCourse0”)



Results




Quonto


O

OWL-Gres






4.2.2 Query 2



Input: q(x,y,z) ← GraduateStudent(x) ( University(y) ( Department(z) ( subOrganizationOf(z,y) ( memberOf(x,z) ( undergraduateDegreeFrom(x,y)


Results

Quonto


OWL-Gres


4.2.3 Query 3


Input: q(x) ← Publication(x) ( publicationAuthor(x,”Dep0.Univ0/AssistantProfessor0”)


Results

Quonto


OWL-Gres


4.2.4 Query 4


Input:  q(x,y1,y2,y3) ← Professor(x) ( worksFor(x,”Dep0.Univ0”) ( name(x,y1) ( emailAddress(x,y2) ( telephone(x,y3)


Results

Quonto


OWL-Gres


4.2.5 Query 5



Input: q(x) ← Person(x) ( memberOf(x,”Dep0.Univ0”)


Results

Quonto


OWL-Gres


4.2.6 Query 6



Input: q(x) ← Student(x) 


Results

Quonto


OWL-Gres


4.2.7 Query 7



Input: q(x,y) ← Student(x) ( Course(y) ( takesCourse(x,y) ( 
teacherOf(“Dep0.Univ0/AssociateProfessor0”,y)


Results

Quonto


OWL-Gres


4.2.8 Query 8


Input: q(x,y,z) ← Student(x) ( Department(y) ( memberOf(x,y)  ( subOrganizationOf(y,”Univ0”) ( emailAddress(x,z)



Results

Quonto


OWL-Gres


4.2.9 Query 9


Input: q(x,y,z) ← Student(x) ( Faculty(y) ( Course(z) (  advisor(x,y) ( teacherOf(y,z) ( takesCourse(x,z)


Results

Quonto


OWL-Gres


4.2.10 Query 10


Input: q(x) ← Student(x) ( takesCourse(x,”Dep0.Univ0/GraduateCourse0”)



Results

Quonto


OWL-Gres


4.2.11 Query 11


Input: q(x) ← ResearchGroup(x) ( subOrganizationOf(x,”Univ0”)


Results

Quonto


OWL-Gres


4.2.12 Query 12


Input: q(x,y) ← Chair(x) ( Department(y) ( worksFor(x,y) ( 

 



     subOrganizationOf(y,”Univ0”)


Results

Quonto

OWL-Gres


4.2.13 Query 13



Input: q(x) ← Person(x) ( hasAlumnus(“Univ0”,x)




Results

Quonto

OWL-Gres


4.2.14 Query 14

Input: q(x) ← UndergraduateStudent(x)  

Results
Quonto


OWL-Gres


4.2.15 Query 15


Input: q(x) ← hasSameHomeTownWith(x,y) ( isMemberOf(y,z) ( hasMember(z,t) ( isCrazyAbout(t,w) ( isCrazyAbout(x,w)

Results
Quonto


OWL-Gres


4.2.16 Query 16


Input: q(x) ← hasSameHomeTownWith(x,y) ( isMemberOf(y,z) ( hasMember(z,t) ( isCrazyAbout(t,w) ( isCrazyAbout(x,w)

Results
Quonto

OWL-Gres


4.2.2 Results

	Query
	Expansion Time
	Evaluation Time
	Number of disjunctions
	Number of disjunctions 1ª optimitation
	Number of disjunctions Selectivity
	Nº results

	 
	Q
	O-G
	Q
	O-G
	Q
	O-G
	Q
	O-G
	Q
	O-G
	Q
	O-G

	1. q(x) ← GraduateStudent(x) takesCourse(x,”Dep0.Univ0/GraduateCourse0”)
	16
	0
	78
	32
	2
	2
	1
	1
	 
	 
	1
	1

	2. q(x,y,z) ← GraduateStudent(x)  University(y)  Department(z)  subOrganizationOf(z,y)  memberOf(x,z)  undergraduateDegreeFrom(x,y)
	141
	94
	688
	203
	35
	37
	13
	13
	13
	9
	13
	13

	3. q(x) ← Publication(x)  publicationAuthor(x,”Dep0.Univ0/AssistantProfessor0”)
	0
	0
	16
	16
	1
	1
	1
	1
	1
	1
	1
	1

	4. q(x,y1,y2,y3) ← Professor(x)  worksFor(x,”Dep0.Univ0”)  name(x,y1)  emailAddress(x,y2)  telephone(x,y3)
	78
	125
	1375
	859
	63
	63
	18
	18
	18
	10
	18
	18

	5. q(x) ← Person(x)  memberOf(x,”Dep0.Univ0”)
	16
	15
	62
	63
	13
	13
	7
	7
	7
	5
	8
	7

	6. q(x) ← Student(x)
	0
	31
	1906
	703
	12
	12
	10
	10
	10
	5
	10
	10

	7. q(x,y) ← Student(x)  Course(y)  takesCourse(x,y)  teacherOf(“Dep0.Univ0/AssociateProfessor0”,y)
	0
	16
	16
	31
	4
	4
	2
	2
	2
	2
	2
	2

	8. q(x,y,z) ← Student(x)  Department(y)  memberOf(x,y)   subOrganizationOf(y,”Univ0”)  emailAddress(x,z)
	860
	766
	3031
	17438
	310
	435
	85
	126
	85
	45
	119
	126

	9. q(x,y,z) ← Student(x)  Faculty(y)  Course(z)   advisor(x,y)  teacherOf(y,z)  takesCourse(x,z)
	15
	31
	62
	188
	4
	4
	2
	2
	2
	2
	2
	2

	10. q(x) ← Student(x)  takesCourse(x,”Dep0.Univ0/GraduateCourse0”)
	0
	16
	0
	31
	2
	2
	1
	1
	1
	1
	1
	1

	11. q(x) ← ResearchGroup(x)  subOrganizationOf(x,”Univ0”)
	0
	15
	16
	31
	3
	3
	2
	2
	2
	1
	2
	2

	12. q(x,y) ← Chair(x)  Department(y)  worksFor(x,y)  subOrganizationOf(y,”Univ0”)
	0
	47
	672
	2172
	19
	20
	4
	4
	4
	4
	4
	4

	13. q(x) ← Person(x)  hasAlumnus(“Univ0”,x)
	0
	16
	16
	31
	5
	5
	5
	5
	5
	3
	5
	5

	14. q(x) ← UndergraduateStudent(x)
	0
	16
	63
	515
	1
	1
	1
	1
	1
	1
	1
	1

	15. q(x) ← hasSameHomeTownWith(x,y)  isMemberOf(y,z)  hasMember(z,t)  isCrazyAbout(t,w)  isCrazyAbout(x,w)
	123266


	6219
	672
	1469
	6084
	6084
	49
	49
	49
	25
	49
	49

	16. q(x) ← hasSameHomeTownWith(x,y)   isMemberOf(y,z)   hasMember(z,t)   isCrazyAbout(t,w)   isCrazyAbout(x,w) with unification
	339609
	10421
	5329
	10610
	8077
	6084
	456
	49
	456
	25
	94
	89


4.1.2.2 Results coments
In this case optimizations only going to vary the time of expansion as though the other parameters do not have the same values the relations between them remain the same. 
As we see the expansion of time to Quonto grown incredibly in some cases this is due to optimizations is also introduced as the optimization of OWL-Sandstone with selectivity ago to eliminate some expansions that are not removed in Quonto like to Question 15.
5. Conclusions
Finally we can conclude that, OWL-Gres only have better performances in the size of the ABOX, since the store indices and not for every element (concept, role, or concept attribuite) their tables occupy far less space than those of Quonto. 

However we have seen that while although this is very optimized in cases in which accesses a string, in cases where we have to make many joins in our TBOX OWL-Gres takes much more (with great differences of time) in evaluating a query, this is because for every one of these joins should get the index of each participant and look at the individual_name table what it takes much more, although it was therefore the objective of the authors of OWL - Gres reduce this time of evaluation in some cases (the majority) did not succeeded. 
In our comparison, we'll also see that OWL-Gres optimizations that performs less Quonto and that is why in the first expansion generates the same number or more of expansions that Quonto which makes the time of expansion increase. 

In terms of the number of responses, both generate the same, except in certain cases as in the query 4 where we had concept attributes, OWL-Gres not generated responses or on 15, that since we have a pattern triangolare if you activate the unification in Quonto have a number of different responses, as already indicated. 
For all that I have taken the liberty of making a table that generalizes all these characteristics: 
	
	QUONTO
	OWLGRES

	ABOX size
	Bad
	Good

	Evaluation Time
	Good
	Bad

	Expansion Time
	Good
	Bad

	Optimizations
	Good
	Bad


As we see broadly Quonto offers better benefits OWL-Gres.
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QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#UndergraduateStudent(?X)]


# QUERY ESPANSA:	1	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	515 milliseconds!


NUMBER OF ANSWERS:	10280





Where we have two alphabets Г0 y ГV: 


a and b are constants on Г0. 


c is a value on ГV.





q(x) ←(y. conj(x,y) 





x: Distinguished variables


y: Non-distinguished variables (existentially quantified variables)


conj (x, y): of atoms of the form A(xo), P(xo, yo), D(xv), UC(xo, xv), or UR(xo, yo, xv) where xo, yo are object variables (variables in x and y)or constants in ГO, whereas xv is either a variable in x and y (called a value variable) or a constant in ГV





For all a(Г0 , we have that aI(∆OI.


For all a,b(Г0, we have that a ≠ b implies aI ≠ bI.


For all c(ГV , we have that cI(∆VI.


For all c,d(ГV , we have that c ≠ d implies cI ≠ dI.


And the following conditions are satisfied (below o, d(∆OI and v(∆VI; moreover, we do not report cases for ((UC) and ((UR) since they can be seen as abbreviations for (ТD(UC) and (ТD(UR), respectively):


�








A: Atomic concept.. 


B: Basic concept. 


C: General concept.


D: Atomic value-domain.


E: Basic value-domain.


F: General value-domain.


P: Atomice role.


Q: Basic role.


R: General role.


UC: Atomic concept attribute.


VC: General concept attribute.


UR: Atomic role attribute.


VR: General role attribute.


ТC: Universal concept.


ТD: Universal value-domain. 





Where c, c1, c2 are constants





Where c, c0 are object constants and d is a value constant





C:\Documents and Settings\Propietario\workspace\OwlGres


21-jul-2008 12:54:42 org.coode.owl.rdfxml.parser.OWLRDFConsumer endModel


INFO: Total number of triples: 617


21-jul-2008 12:54:42 org.coode.owl.rdfxml.parser.OWLRDFConsumer endModel


INFO: Loaded http://semantics.crl.ibm.com/univ-bench-dl.owl


The TBox is compatible with DL-Lite





C:\Documents and Settings\Propietario\workspace\OwlGres


21-jul-2008 12:57:25 org.coode.owl.rdfxml.parser.OWLRDFConsumer endModel


INFO: Total number of triples: 618


21-jul-2008 12:57:25 org.coode.owl.rdfxml.parser.OWLRDFConsumer endModel


INFO: Loaded http://semantics.crl.ibm.com/univ-bench-dl.owl


FRAGMENT ERROR: No support for axiom OWLFunctionalObjectPropertyAxiom


	On OWL Axiom: FunctionalObjectProperty(takesCourse)


The TBox is not compatible with DL-Lite





C:\Documents and Settings\Propietario\workspace\OwlGres


21-jul-2008 12:58:45 org.coode.owl.rdfxml.parser.OWLRDFConsumer endModel


INFO: Total number of triples: 619


21-jul-2008 12:58:45 org.coode.owl.rdfxml.parser.OWLRDFConsumer endModel


INFO: Loaded http://semantics.crl.ibm.com/univ-bench-dl.owl


The TBox is compatible with DL-Lite





q(X) :- takesCourse(X,'http://www.Department0.University0.edu/GraduateCourse0'), GraduateStudent(X)


EXPANSION TIME: 0


#(expanded UCQ) = 2


EVALUATION TIME: 16


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


12 answers found in 94 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#GraduateStudent(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,http://www.Department0.University0.edu/GraduateCourse0)]


# QUERY ESPANSA:	2	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	31 milliseconds!


NUMBER OF ANSWERS:	12





q(X,Y,Z) :- University(Y), Department(Z), hasUndergraduateDegreeFrom(X,Y), subOrganizationOf(T,Y), GraduateStudent(X), isMemberOf(X,Z), subOrganizationOf(Z,T)


EXPANSION TIME: 63


#(expanded UCQ) = 38


EVALUATION TIME: 2422


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 14


103 answers found in 2485 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#telephone(?X,?Y3), http://semantics.crl.ibm.com/univ-bench-dl.owl#worksFor(?X,http://www.Department0.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#name(?X,?Y1), http://semantics.crl.ibm.com/univ-bench-dl.owl#emailAddress(?X,?Y2), http://semantics.crl.ibm.com/univ-bench-dl.owl#Professor(?X)]


# QUERY ESPANSA:	63	CALCOLATA IN: 125 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	18	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	18	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	859 milliseconds!


NUMBER OF ANSWERS:	0





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#GraduateStudent(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?T,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasUndergraduateDegreeFrom(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?X,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Department(?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#University(?Y)]


# QUERY ESPANSA:	37	CALCOLATA IN: 110 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	13	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	13	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	7672 milliseconds!


NUMBER OF ANSWERS:	103





q(X,Y,Z,T) :- worksFor(X,'http://www.Department0.University0.edu'), telephone(X,T), lastName(X,Y), emailAddress(X,Z), Professor(X)


EXPANSION TIME: 47


#(expanded UCQ) = 63


EVALUATION TIME: 1375


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 18


21 answers found in 1422 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?X,http://www.Department0.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#Person(?X)]


# QUERY ESPANSA:	13	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	7	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	7	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	94 milliseconds!


NUMBER OF ANSWERS:	739





q(X) :- isMemberOf(X,'http://www.Department0.University0.edu'), Person(X)


EXPANSION TIME: 0


#(expanded UCQ) = 14


EVALUATION TIME: 141


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 8


739 answers found in 141 milliseconds!





isCrazyAbout





isCrazyAbout





hasMember





isMemberOf





T





W





Z





Y





X





hasSameHomeTownWith





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?X,?W), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasMember(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasSameHomeTownWith(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?T,?W)]


# QUERY ESPANSA:	6084	CALCOLATA IN: 10359 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	49	CALCOLATA IN: 234 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	49	CALCOLATA IN: 204 millisecondi!


EVALUATION TIME:	2875 milliseconds!


NUMBER OF ANSWERS:	89





q(X) :- isMemberOf(Y,Z), hasMember(Z,T), hasSameHomeTownWith(X,Y), isCrazyAbout(T,W), isCrazyAbout(X,W)


EXPANSION TIME: 7953


#(expanded UCQ) = 10058


EVALUATION TIME: 6594


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 602


94 answers found in 14656 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?X,?W), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasMember(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasSameHomeTownWith(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?T,?W)]


# QUERY ESPANSA:	6084	CALCOLATA IN: 10421 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	49	CALCOLATA IN: 235 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	25	CALCOLATA IN: 203 millisecondi!


EVALUATION TIME:	10610 milliseconds!


NUMBER OF ANSWERS:	89





q(X) :- isMemberOf(Y,Z), hasMember(Z,T), hasSameHomeTownWith(X,Y), isCrazyAbout(T,W), isCrazyAbout(X,W)


DOPO MINIMIZZAZIONE: q(X) :- isMemberOf(Y,Z), hasMember(Z,T), hasSameHomeTownWith(X,Y), isCrazyAbout(T,W), isCrazyAbout(X,W)


EXPANSION TIME: 339609


#(expanded UCQ) = 8077


EVALUATION TIME: 5329


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 456


94 answers found in 345078 milliseconds!





In this case very similar to previous case we see the role 115 (corresponding to the table table_name) relates individuals 8 and 833 (corresponding to the table individual_name)





As we see from this figure, in this case our table indicates that the individual 2661 (whose id is the corresponding to the table Individual_name) belongs to the concept 2 (whose id is the one for Tbox_name).





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?X,?W), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasMember(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasSameHomeTownWith(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?T,?W)]


# QUERY ESPANSA:	6084	CALCOLATA IN: 6219 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	49	CALCOLATA IN: 141 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	25	CALCOLATA IN: 140 millisecondi!


EVALUATION TIME:	1469 milliseconds!


NUMBER OF ANSWERS:	89





DOPO MINIMIZZAZIONE: q(X) :- isMemberOf(Y,Z), hasMember(Z,T), hasSameHomeTownWith(X,Y), isCrazyAbout(T,W), isCrazyAbout(X,W)


EXPANSION TIME: 123266


#(expanded UCQ) = 6084


EVALUATION TIME: 672


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 49


89 answers found in 124016 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?X,?W), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasMember(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasSameHomeTownWith(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?T,?W)]


# QUERY ESPANSA:	6084	CALCOLATA IN: 6219 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	49	CALCOLATA IN: 156 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	49	CALCOLATA IN: 125 millisecondi!


EVALUATION TIME:	1265 milliseconds!


NUMBER OF ANSWERS:	89





q(X) :- isMemberOf(Y,Z), hasMember(Z,T), hasSameHomeTownWith(X,Y), isCrazyAbout(T,W), isCrazyAbout(X,W)


EXPANSION TIME: 3187


#(expanded UCQ) = 6084


EVALUATION TIME: 688


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 49


89 answers found in 3953 milliseconds!





DL-LiteFR =>     +    + 


DL-LiteA => DL-LiteFR with restrictions


DL-LiteR-> 


DL-LiteF-> 








Where c, c0 are object constants and d is a value constant





q(X) :- UndergraduateStudent(X)


DOPO MINIMIZZAZIONE: q(X) :- UndergraduateStudent(X)


EXPANSION TIME: 0


#(expanded UCQ) = 1


EVALUATION TIME: 63


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


10280 answers found in 63 milliseconds!








QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Person(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasAlumnus(http://www.University0.edu,?X)]


# QUERY ESPANSA:	5	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	5	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	3	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	31 milliseconds!


NUMBER OF ANSWERS:	161





q(X) :- hasAlumnus('http://www.University0.edu',X), Person(X)


DOPO MINIMIZZAZIONE: q(X) :- hasAlumnus('http://www.University0.edu',X)


EXPANSION TIME: 0


#(expanded UCQ) = 5


EVALUATION TIME: 16


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 5


161 answers found in 16 milliseconds!








QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#worksFor(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Chair(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Z,http://www.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#Department(?Y)]


# QUERY ESPANSA:	20	CALCOLATA IN: 47 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	4	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	4	CALCOLATA IN: 16 millisecondi!


EVALUATION TIME:	2172 milliseconds!


NUMBER OF ANSWERS:	20





q(X,Y) :- worksFor(X,Y), subOrganizationOf(Z,'http://www.University0.edu'), subOrganizationOf(Y,Z), Chair(X), Department(Y)


DOPO MINIMIZZAZIONE: q(X,Y) :- worksFor(X,Y), subOrganizationOf(Z,'http://www.University0.edu'), subOrganizationOf(Y,Z), Chair(X), Department(Y)


EXPANSION TIME: 0


#(expanded UCQ) = 19


EVALUATION TIME: 672


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 4


20 answers found in 672 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#ResearchGroup(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Z,http://www.University0.edu)]


# QUERY ESPANSA:	3	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	2	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 16 millisecondi!


EVALUATION TIME:	31 milliseconds!


NUMBER OF ANSWERS:	200





q(X) :- subOrganizationOf(X,Y), subOrganizationOf(Z,'http://www.University0.edu'), subOrganizationOf(Y,Z), ResearchGroup(X)


DOPO MINIMIZZAZIONE: q(X) :- subOrganizationOf(X,Y), subOrganizationOf(Z,'http://www.University0.edu'), subOrganizationOf(Y,Z), ResearchGroup(X)


EXPANSION TIME: 0


#(expanded UCQ) = 3


EVALUATION TIME: 16


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 2


200 answers found in 16 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,http://www.Department0.University0.edu/GraduateCourse0)]


# QUERY ESPANSA:	2	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	31 milliseconds!


NUMBER OF ANSWERS:	12





q(X) :- Student(X), takesCourse(X,'http://www.Department0.University0.edu/GraduateCourse0')


DOPO MINIMIZZAZIONE: q(X) :- takesCourse(X,'http://www.Department0.University0.edu/GraduateCourse0')


EXPANSION TIME: 0


#(expanded UCQ) = 2


EVALUATION TIME: 0


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


12 answers found in 0 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isAdvisedBy(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#teacherOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Course(?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#Faculty(?Y)]


# QUERY ESPANSA:	4	CALCOLATA IN: 31 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	2	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	2	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	188 milliseconds!


NUMBER OF ANSWERS:	184





q(X,Y,Z) :- Course(Z), takesCourse(X,Z), Student(X), isAdvisedBy(X,Y), Faculty(Y), teacherOf(Y,Z)


DOPO MINIMIZZAZIONE: q(X,Y,Z) :- takesCourse(X,Z), isAdvisedBy(X,Y), teacherOf(Y,Z)


EXPANSION TIME: 15


#(expanded UCQ) = 4


EVALUATION TIME: 47


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 2


184 answers found in 62 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?T,http://www.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#Department(?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Y,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#emailAddress(?X,?Z)]


# QUERY ESPANSA:	435	CALCOLATA IN: 766 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	126	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	45	CALCOLATA IN: 16 millisecondi!


EVALUATION TIME:	17438 milliseconds!


NUMBER OF ANSWERS:	13320





q(X,Y,Z) :- subOrganizationOf(T,'http://www.University0.edu'), Student(X), emailAddress(X,Z), isMemberOf(X,Y), subOrganizationOf(Y,T), Department(Y)


DOPO MINIMIZZAZIONE: q(X,Y,Z) :- subOrganizationOf(T,'http://www.University0.edu'), Student(X), emailAddress(X,Z), isMemberOf(X,Y), subOrganizationOf(Y,T), Department(Y)


EXPANSION TIME: 860


#(expanded UCQ) = 310


EVALUATION TIME: 3031


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 85


13320 answers found in 3891 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#teacherOf(http://www.Department0.University0.edu/AssociateProfessor0,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#Course(?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X)]


# QUERY ESPANSA:	4	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	2	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	2	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	31 milliseconds!


NUMBER OF ANSWERS:	45





q(X,Y) :- Student(X), Course(Y), takesCourse(X,Y), teacherOf('http://www.Department0.University0.edu/AssociateProfessor0',Y)


DOPO MINIMIZZAZIONE: q(X,Y) :- takesCourse(X,Y), teacherOf('http://www.Department0.University0.edu/AssociateProfessor0',Y)


EXPANSION TIME: 0


#(expanded UCQ) = 4


EVALUATION TIME: 16


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 2


45 answers found in 16 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X)]


# QUERY ESPANSA:	12	CALCOLATA IN: 31 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	10	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	5	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	703 milliseconds!


NUMBER OF ANSWERS:	13570





q(X) :- Student(X)


DOPO MINIMIZZAZIONE: q(X) :- Student(X)


EXPANSION TIME: 0


#(expanded UCQ) = 12


EVALUATION TIME: 1906


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 10


13570 answers found in 1906 milliseconds!








QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?X,http://www.Department0.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#Person(?X)]


# QUERY ESPANSA:	13	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	7	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	5	CALCOLATA IN: 16 millisecondi!


EVALUATION TIME:	63 milliseconds!


NUMBER OF ANSWERS:	739





q(X) :- isMemberOf(X,'http://www.Department0.University0.edu'), Person(X)


DOPO MINIMIZZAZIONE: q(X) :- isMemberOf(X,'http://www.Department0.University0.edu')


EXPANSION TIME: 16


#(expanded UCQ) = 13


EVALUATION TIME: 62


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 7


739 answers found in 78 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#telephone(?X,?Y3), http://semantics.crl.ibm.com/univ-bench-dl.owl#worksFor(?X,http://www.Department0.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#name(?X,?Y1), http://semantics.crl.ibm.com/univ-bench-dl.owl#emailAddress(?X,?Y2), http://semantics.crl.ibm.com/univ-bench-dl.owl#Professor(?X)]


# QUERY ESPANSA:	63	CALCOLATA IN: 125 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	18	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	10	CALCOLATA IN: 16 millisecondi!


EVALUATION TIME:	141 milliseconds!


NUMBER OF ANSWERS:	0





q(X,Y,Z,T) :- worksFor(X,'http://www.Department0.University0.edu'), telephone(X,T), lastName(X,Y), emailAddress(X,Z), Professor(X)


DOPO MINIMIZZAZIONE: q(X,Y,Z,T) :- worksFor(X,'http://www.Department0.University0.edu'), telephone(X,T), lastName(X,Y), emailAddress(X,Z), Professor(X)


EXPANSION TIME: 78


#(expanded UCQ) = 63


EVALUATION TIME: 109


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 18


21 answers found in 187 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Publication(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#publicationAuthor(?X,http://www.Department0.University0.edu/AssistantProfessor0)]


# QUERY ESPANSA:	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 15 millisecondi!


EVALUATION TIME:	16 milliseconds!


NUMBER OF ANSWERS:	7





q(X) :- publicationAuthor(X,'http://www.Department0.University0.edu/AssistantProfessor0'), Publication(X)


DOPO MINIMIZZAZIONE: q(X) :- publicationAuthor(X,'http://www.Department0.University0.edu/AssistantProfessor0')


EXPANSION TIME: 0


#(expanded UCQ) = 1


EVALUATION TIME: 16


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


7 answers found in 16 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#GraduateStudent(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?T,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasUndergraduateDegreeFrom(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?X,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Department(?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#University(?Y)]


# QUERY ESPANSA:	37	CALCOLATA IN: 94 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	13	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	9	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	203 milliseconds!


NUMBER OF ANSWERS:	103





q(X,Y,Z) :- University(Y), Department(Z), hasUndergraduateDegreeFrom(X,Y), subOrganizationOf(T,Y), GraduateStudent(X), isMemberOf(X,Z), subOrganizationOf(Z,T)


DOPO MINIMIZZAZIONE: q(X,Y,Z) :- Department(Z), hasUndergraduateDegreeFrom(X,Y), subOrganizationOf(T,Y), GraduateStudent(X), isMemberOf(X,Z), subOrganizationOf(Z,T)


EXPANSION TIME: 141


#(expanded UCQ) = 35


EVALUATION TIME: 547


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 13


103 answers found in 688 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#GraduateStudent(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,http://www.Department0.University0.edu/GraduateCourse0)]


# QUERY ESPANSA:	2	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	32 milliseconds!


NUMBER OF ANSWERS:	12





q(X) :- takesCourse(X,'http://www.Department0.University0.edu/GraduateCourse0'), GraduateStudent(X)


DOPO MINIMIZZAZIONE: q(X) :- takesCourse(X,'http://www.Department0.University0.edu/GraduateCourse0'), GraduateStudent(X)


EXPANSION TIME: 16


#(expanded UCQ) = 2


EVALUATION TIME: 0


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


12 answers found in 78 milliseconds!








q(X) :- publicationAuthor(X,'http://www.Department0.University0.edu/AssistantProfessor0'), Publication(X)


EXPANSION TIME: 0


#(expanded UCQ) = 1


EVALUATION TIME: 203


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


7 answers found in 203 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Publication(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#publicationAuthor(?X,http://www.Department0.University0.edu/AssistantProfessor0)]


# QUERY ESPANSA:	1	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	125 milliseconds!


NUMBER OF ANSWERS:	7





q(X) :- Student(X)


EXPANSION TIME: 0


#(expanded UCQ) = 12


EVALUATION TIME: 3516


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 10


13570 answers found in 3516 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X)]


# QUERY ESPANSA:	12	CALCOLATA IN: 31 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	10	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	10	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	2875 milliseconds!


NUMBER OF ANSWERS:	13570





q(X,Y) :- Student(X), Course(Y), takesCourse(X,Y), teacherOf('http://www.Department0.University0.edu/AssociateProfessor0',Y)


EXPANSION TIME: 0


#(expanded UCQ) = 5


EVALUATION TIME: 188


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 3


45 answers found in 188 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#teacherOf(http://www.Department0.University0.edu/AssociateProfessor0,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#Course(?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X)]


# QUERY ESPANSA:	4	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	2	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	2	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	125 milliseconds!


NUMBER OF ANSWERS:	45





q(X,Y,Z) :- subOrganizationOf(T,'http://www.University0.edu'), Student(X), emailAddress(X,Z), isMemberOf(X,Y), subOrganizationOf(Y,T), Department(Y)


EXPANSION TIME: 297


#(expanded UCQ) = 409


EVALUATION TIME: 9687


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 119


13320 answers found in 9984 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?T,http://www.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#Department(?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Y,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#emailAddress(?X,?Z)]


# QUERY ESPANSA:	435	CALCOLATA IN: 750 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	126	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	126	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	36390 milliseconds!


NUMBER OF ANSWERS:	13320





q(X,Y,Z) :- Course(Z), takesCourse(X,Z), Student(X), isAdvisedBy(X,Y), Faculty(Y), teacherOf(Y,Z)


EXPANSION TIME: 0


#(expanded UCQ) = 5


EVALUATION TIME: 250


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 3


184 answers found in 266 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isAdvisedBy(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#teacherOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Course(?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#Faculty(?Y)]


# QUERY ESPANSA:	4	CALCOLATA IN: 31 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	2	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	2	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	2719 milliseconds!


NUMBER OF ANSWERS:	184





q(X) :- Student(X), takesCourse(X,'http://www.Department0.University0.edu/GraduateCourse0')


EXPANSION TIME: 0


#(expanded UCQ) = 2


EVALUATION TIME: 0


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


12 answers found in 0 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Student(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#takesCourse(?X,http://www.Department0.University0.edu/GraduateCourse0)]


# QUERY ESPANSA:	2	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	16 milliseconds!


NUMBER OF ANSWERS:	12





q(X) :- subOrganizationOf(X,Y), subOrganizationOf(Z,'http://www.University0.edu'), subOrganizationOf(Y,Z), ResearchGroup(X)


EXPANSION TIME: 0


#(expanded UCQ) = 3


EVALUATION TIME: 125


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 2


200 answers found in 125 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#ResearchGroup(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Z,http://www.University0.edu)]


# QUERY ESPANSA:	3	CALCOLATA IN: 15 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	2	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	2	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	63 milliseconds!


NUMBER OF ANSWERS:	200





q(X,Y) :- worksFor(X,Y), subOrganizationOf(Z,'http://www.University0.edu'), subOrganizationOf(Y,Z), Chair(X), Department(Y)


EXPANSION TIME: 0


#(expanded UCQ) = 20


EVALUATION TIME: 750


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 4


20 answers found in 750 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#worksFor(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#Chair(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#subOrganizationOf(?Z,http://www.University0.edu), http://semantics.crl.ibm.com/univ-bench-dl.owl#Department(?Y)]


# QUERY ESPANSA:	20	CALCOLATA IN: 62 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	4	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	4	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	2235 milliseconds!


NUMBER OF ANSWERS:	20





q(X) :- hasAlumnus('http://www.University0.edu',X), Person(X)


EXPANSION TIME: 0


#(expanded UCQ) = 6


EVALUATION TIME: 328


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 6


161 answers found in 344 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#Person(?X), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasAlumnus(http://www.University0.edu,?X)]


# QUERY ESPANSA:	5	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	5	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	5	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	31 milliseconds!


NUMBER OF ANSWERS:	161





q(X) :- UndergraduateStudent(X)


EXPANSION TIME: 0


#(expanded UCQ) = 1


EVALUATION TIME: 31


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 1


10280 answers found in 31 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#UndergraduateStudent(?X)]


# QUERY ESPANSA:	1	CALCOLATA IN: 16 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	1	CALCOLATA IN: 0 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	1	CALCOLATA IN: 0 millisecondi!


EVALUATION TIME:	500 milliseconds!


NUMBER OF ANSWERS:	10280





q(X) :- isMemberOf(Y,Z), hasMember(Z,T), hasSameHomeTownWith(X,Y), isCrazyAbout(T,W), isCrazyAbout(X,W)


EXPANSION TIME: 7953


#(expanded UCQ) = 10058


EVALUATION TIME: 6594


EXPANDED WITHOUT AUX/PREDEFINED VALUE: 602


94 answers found in 14656 milliseconds!





QUERY IN INPUT: [http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?X,?W), http://semantics.crl.ibm.com/univ-bench-dl.owl#isMemberOf(?Y,?Z), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasMember(?Z,?T), http://semantics.crl.ibm.com/univ-bench-dl.owl#hasSameHomeTownWith(?X,?Y), http://semantics.crl.ibm.com/univ-bench-dl.owl#isCrazyAbout(?T,?W)]


# QUERY ESPANSA:	6084	CALCOLATA IN: 10359 millisecondi!


# QUERY OTTIMIZZATA (AUX_ROLES):	49	CALCOLATA IN: 234 millisecondi!


# QUERY OTTIMIZZATA (SELECTIVITY):	49	CALCOLATA IN: 204 millisecondi!


EVALUATION TIME:	2875 milliseconds!


NUMBER OF ANSWERS:	89
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