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(ABSTRACT) 

The purpose of this research is to improve the performance for the query 

processing of Cyrano, a prototype deductive object-oriented meta model for Fed- 

erated Database Systems (FDBSs). The hypothesis was that query optimization 

techniques such as Semi-Naive algorithm and Magic-Sets Rewrite algorithm could 

be used to improve the performance of Cyrano prototype query processing. Query 

optimization has not been used for an FDBS with a deductive object-oriented meta 

model. Most existing FDBS query optimization techniques are for FDBSs with re- 

lational meta models. 

This research involves two major stages. The first stage was to investigate 

the existing query processing methodologies and query optimization techniques for 

FDBSs, deductive databases, and object-oriented databases. The research ana- 

lyzed the methodologies and techniques of representative works. Two typical sys- 

tems, one from the object-oriented database family and the other from the deduc- 

tive object-oriented database family, were studied and analyzed in detail. The sur- 

vey showed that there had been no work reported on query optimization for FDBSs



with deductive object-oriented meta models. The analysis showed that the estab- 

lished query optimization techniques for deductive and object-oriented databases 

could be viable candidates for query optimization in the Cyrano prototype. 

The second stage was to develop a new query processing methodology for 

Cyrano based on the analytical results of the first stage. A new query processing 

methodology was proposed, and Semi-Naive and Magic-Sets Rewrite algorithms 

were employed. Experiments showed that the application of the new query pro- 

cessing methodology improved the performance of the Cyrano query processing 

up to several hundred percent. Furthermore, the new Cyrano query processing 

methodology is a general methodology for deductive object-oriented data models, 

and it can well be applied to other FDBSs with deductive object-oriented meta mod- 

els. 

In conclusion, the research proves that the performance of the Cyrano pro- 

totype query processing can be significantly improved with query optimization. It 

also suggests that query optimization will improve the performance of query pro- 

cessing of other FDBSs with deductive object-oriented meta models.
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1. Introduction 

The key concepts of this research are: query, query language, query pro- 

cessing, and query optimization. 

A query can be a question issued by some user to a database in order to 

find some answer from the database. An example might be: “Find all students with 

a GPA of 3.0.” Queries can also be used in transactions that may change the value 

of the data stored in the database. For example, “Raise the wage of Teaching As- 

sistant to $7 an hour.” Finally, queries can be used by Database Management Sys- 

tems (DBMS) for purposes such as verifying access rights and maintaining the in- 

tegrity of the database. 

A query is a language expression and is usually specified in some query lan- 

guage such as the Structured Query Language (SQL). SQL is the query language 

used in relational databases. Relational databases are based on the relational data 

model [Codd70, Date91]. Relational databases are the most widely used traditional 

database systems today. The query “Find all students with a GPA of 3.0” may be 

expressed in SQL as follows: 

SELECT Name 

FROM Student 

WHERE GPA = 3.0 

where Student is the table which contains the student information in the database.



Queries can also be expressed in calculus and algebra. The corresponding 

calculus and algebra for SQL are relational calculus and relational algebra 

[Codd72, Date91]. For databases based on newer data models such as deductive 

or object-oriented models, queries can be expressed in deductive rules, or object 

calculus and object algebra, respectively. 

Query processing, at minimum, consists of query evaluation. Query evalua- 

tion is some program which, given a query and a database, produces the answer 

to the query. 

Query processing may also include query optimization. Query optimization 

usually tries to minimize the response time for a given query. The optimization pro- 

cess may integrate a number of techniques including logical rewriting of the original 

query, efficient evaluation of the query, and physical manipulation of data access. 

Query, query language, query processing, and query optimization will be 

discussed in detail in later chapters. The following sections introduce the basics of 

the Federated Database Systems (FDBS) and focus on one architecture, namely, 

the one used in the Cyrano prototype [DE94, Dzik96]. The purpose of the research 

is to provide query optimization for the Cyrano FDBS prototype. 

Before the introduction of the Cyrano FDBS prototype, several data models 

will be introduced. The introduction of these data models is necessary because 

they are often referenced throughout this thesis.



1.1 Data Models 

A data model is a mathematical formalism with two parts: a notation for de- 

scribing data and a set of operations used to manipulate the data [Ullm88]. Each 

database management system (DBMS) implements at least one data model that 

allows the user to see information not as raw bits, but in an understandable format. 

A database whose DBMS implements a data model X is often classified as an X 

database. For example, a database whose DBMS implements the relational data 

model will be classified as a relational database. 

Traditional data models include hierarchical, network, and relational mod- 

els. The hierarchical and network data models are the two earliest data models. 

The basic structure of these two models is the record of atomic data items. Atomic 

data items are the most primitive data items, e.g., integers and characters. In the 

hierarchical model, relationships among data items are represented conceptually 

as trees, in which references from one record to another lead downward from the 

root to the leaves. 

In the network model, on the other hand, records are linked together as a 

network. Each node is a record and its edges are references to other records. 

The relational model is by far the most widely-implemented data model 

among the three. The mathematical concept underlying the relational model is the 

set-theoretic relation, or simply relation. The members of a relation are tuples. A 

tuple contains k-component of atomic data items. It helps to view a relation as a 

table in which each row is a tuple and each column corresponds to a component. 

The columns are often given names called attributes. A relational schema specifies 

the structure of the tables and assigns attribute names to the columns. Relational



query languages are based on first-order predicate calculus or its equivalent rela- 

tional algebra. SQL is the predominant query language for relational databases, 

and the SQL standards are universally accepted. A comprehensive introduction to 

SQL can be found in [MS93]. 

Newer data models include deductive models and object-oriented models. 

Deductive models are also referred to as logic-based or rule-based models. De- 

ductive models were born and evolved from the artificial intelligence community. 

The following introduces one of the deductive models - Datalog. Datalog is a de- 

ductive model specifically designed for databases. A comprehensive introduction 

to Datalog is presented in [CGT90]. 

The underlying mathematical model of Datalog is essentially the relational 

model. The organization of data in Datalog is similar to the relational model, where 

the basic structures are relations and tuples. However, relations in Datalog do not 

have named attributes, and references to a component of a tuple are by its position 

among the components of a given predicate. 

Predicate symbols are used to denote relations and are used for accessing 

data. There are two types of predicates - extensional and intensional. An exten- 

sional predicate is a predicate whose relation is stored as data in the database. An 

intensional predicate is a predicate whose relation is defined by logic rules. The 

part of the database defined by extensional predicates is referred to as the exten- 

sional database (EDB). The part of the database defined by logic rules is referred 

to as the intensional database (IDB). An example of an extensional predicate is:



parent (Amy, Mary); which states that Mary is a parent of Amy. An example of an 

intensional predicate is: ancestor (X, Y):- parent (Xx, Y); which states that Yis an 

ancestor of X if Yis a parent of X. 

It is assumed that each predicate symbol either denotes an EDB relation or 

an IDB relation, but not both. Queries are expressed as logic rules, and writing a 

query is thus equivalent to specifying an intensional predicate. A query asking for 

the parents of Amy may be expressed as: query (X):- parent (Amy, X). 

Object-oriented models are still evolving and there has not been a univer- 

sally accepted standard for them. However, certain features are widely accepted. 

A good introduction of these features appears in [Kim91], where Kim defines a core 

set of features for the object-oriented model. The following briefly introduces these 

features: 

¢ Object Identity (OID) - Each real-world entity is an object, with which is as- 

sociated a system-wide unique identifier. By providing the OID, the system 

can distinguish two objects that look the same. 

¢ Method - An object may have one or more attributes, and one or more meth- 

ods which operate on the values of the attributes such as read the value of 

an attribute or change the value of an attribute. 

¢ Encapsulation - The implementation details of the attributes and methods of 

an object are hidden from the outside world. The only way to access an ob- 

ject is via the public interface of the object.



¢ Complex objects - The support of nested structures. In [Kim91], this require- 

ment is not explicitly stated but is implied by the support of classes. Ullman 

stressed the importance of this requirement because support for complex 

objects is an important prerequisite for supporting classes [Ullm88]. 

¢ Class - A class is a definition of a structure together with definitions of the 

methods by which attribute values of that class can be manipulated. All ob- 

jects which share the same set of attributes and methods may be grouped 

into a class. A system that supports encapsulation, methods, and complex 

objects is said to support classes or abstract data types (ADTs). 

¢ Class Hierarchy - The classes in a system form a hierarchy called a class 

hierarchy. For a class C and a set of lower-level classes {Si} connected to 

C, the classes in {Si} are subclasses of the class C, and the class C is the 

superclass of the classes in {Si}. A class in {Si} is a specialization of class 

C, and the Class C is the generalization of the classes in the set {Si}. 

¢ In the ADT context, subclasses are called subtypes. “Abstract data type - 

subtype” and “class - subclass” will be used interchangeably in the rest of 

the thesis. 

e Inheritance - All attributes and methods defined for a class C are inherited 

by all of its subclasses recursively. An instance of a class S is also a logical 

instance of all superclasses of S. 

In an object-oriented model, queries are often expressed as classes, so that 

writing a query is the same as defining a class. The query “Find all students with a 

GPA of 3.0” may be expressed as:



QueryClass GoodStudent isA Student 

attribute STRING NAME; 

constraint GPA= 3.0; 

EndClass. 

Object Database Management Group (ODMG) has defined an Object Que- 

ry Language (OQL) in its published standard, ODMG-93[Catt95]. ODMG is the 

leading standards organization for the world of object database management sys- 

tems. OQL is essentially the SQL SELECT statement with enhancement support- 

ing ADTs and methods invocation. Since OQL is in reality only a subset of SQL 

(and thus less powerful than SQL), this research will adopt the approach of using 

classes or object calculus to express queries, in order to have greater expressive 

power. Object-oriented queries will be discussed in detail in later chapters. 

1.2 Federated Database Systems 

Database management systems (DBMSs) provide users with the ability to 

share effectively large amounts of data stored in multiple files. A DBMS shields its 

users from the details of file management of multiple files and provides users with 

a unified view of all data in a database. However, as businesses evolve and merge, 

as computing systems become more powerful and more accessible to individual 

users, the demand for accessing multiple databases also grows rapidly. Multiple 

databases are very likely to have different data models, different semantics in data, 

and different representations of the data. In many respects, the current accessing 

of multiple databases is not very different from the accessing of multiple files before 

the development of DBMSs [CWN94].



The needs and benefits of the integration of multiple databases are well un- 

derstood. However, it is not feasible to integrate these database systems physical- 

ly, because most existing database systems were not designed to facilitate such 

integration. In order to support unified access to different databases without phys- 

ically integrating those databases, the concept of the Federated Database System 

(FDBS), also referred to as the Heterogeneous Database System (HDBS) or Mul- 

tidatabase System (MDBS), has evolved. 

An FDBS is a collection of cooperating but autonomous component data- 

base systems (DBSs). Component DBSs are integrated to various degrees. The 

software that provides controlled and coordinated manipulation of the component 

DBSs is called a federated database management system (FDBMS) [SL90]. An 

FDBMS facilitates the inter-operation of multiple databases while preserving their 

autonomy, and allows users to access data transparently from multiple heteroge- 

neous databases with a single, relatively simple query. Figure 1 shows a generic 

FDBS architecture [SL90].
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Figure 1 A Federated Database System Architecture 

 



A large body of work has been done on federated database systems. The 

works are represented in many publications devoted to databases. Examples in- 

clude [ACM90] and [IEEE91]. In particular, Sheth and Larson provide an excellent 

introduction to FDBS/MDBS [SL90]. 

1.3. The Cyrano Federated Database System 

The reference architecture supporting the conceptualization of Cyrano is 

described in [Dzik96, DE94]. This architecture uses the Cyrano deductive object- 

oriented data model at its core. At the database level it supports the traditional net- 

work, hierarchical, and relational databases as well as the newer object-oriented 

and deductive database systems. Figure 2 shows the Cyrano FDBS reference ar- 

chitecture [Dzik96]. 
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Figure 2 Cyrano Federated Database System Architecture 

A member database is an autonomous member of the FDBS. It may use any 

data model supported by the FDBS. It accepts queries in its native language and 

returns results in its native format. 
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A gateway database is the gateway through which the global database can 

access the corresponding member database. There is one gateway database per 

member database. The gateway database translates the queries of the global da- 

tabase into the native language of the member database and translates the an- 

swers from the member database language into the global database language. 

A global database is the federation of one or more gateway databases. It 

accepts a query in the language of the global database, breaks the query into sub- 

queries, submits the sub-queries to the appropriate member databases, and merg- 

es the results from the member databases to form the result of the original query. 

A user database is a user view of the global database. The user database 

may limit a user’s access to a subset of the global database and present response 

data in a form more appropriate to the user. 

As can be seen from Figure 2, the Cyrano architecture is similar to that of 

the generic FDBS. In the Cyrano reference architecture, the global database con- 

tains the FDBMS, user databases are the interfaces to the users, and gateway da- 

tabases are the interfaces to the component (member) databases. What differs be- 

tween the Cyrano approach and all the other FDBS meta model research is that 

Cyrano uses deductive rules to resolve the heterogeneity problem among different 

database systems, while the others emphasize heterogeneity resolution via sche- 

mata integration. 

1.4 Query Optimization in Federated Database Systems 

The essence of query processing is similar in all FDBSs. A generic view of 

query processing in an FDBS is given in Figure 3. 
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As seen in Figure 3, the global user interface accepts a global query speci- 

fied in the global query language. The global query is parsed and broken down into 

sub-queries. The sub-queries are still specified in the global query language. Each 

sub-query is sent to the corresponding local node. The sub-query is translated into 

the local query language and sent to the corresponding local DBMS for processing. 

The response from the local DBMS is then translated back into the global data 

model format and sent back to the global database. The global database integrates 

the responses from the local databases into a single global response. 

Query optimization in FDBS is difficult mainly due to the autonomy of the lo- 

cal DBMS. It is very difficult, if not impossible, for the global database in an FDBS 

to obtain all information needed for query optimization. Because of the lack of glo- 

bal control, FDBS query processing can only optimize the path from the global user 

interface to the local DBMS interface. Actual data access is under the control of the 

local DBMS query processor. 

The distributed nature of FDBSs also complicates query optimization. The 

global query optimizer must consider communication costs as well, which could in- 

volve both the cost of the communication line and the speed of transmission. The 

global optimizer should so structure global query parsing, decomposition into sub- 

queries, and the subsequent recombination of sub-query results that the commu- 

nication costs are minimized. 

Finally, global query optimization must deal with the auxiliary information 

maintained by the global database as well as the local data that is the target of the 

query. The auxiliary information may include knowledge of replication of data, inter- 

database relationships, and constraints on inter-database relationships. For exam- 
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ple, an update transaction on one node may trigger a global transaction to propa- 

gate the update to the other sites. Another example might be that if the same data 

is duplicated in several local databases, a sub-query can be routed to the closest 

node or the node with best retrieval performance. 

As stated by [DKS92] and [LCL95], very few papers have been published 

on the problems of query processing and query optimization in the context of 

FDBS. Table 1 [HB96] shows that, of the 50 systems listed, only six systems pro- 

vide query optimization. All of the six are relational systems and none use a deduc- 

tive object-oriented meta model as the global model of the FDBS. 

Table 1 Federated Database Systems 
  

  

  

  

  

  

  

  

  

System Name Status Global Data Global Query 
Organization Model Optimization 

ADDS Prototype Extended Relational No 
Amoco Research Center 

ADMS Prototype Relational No 
U. of Maryland 

AIMS Prototype Termino-Logical No 
Consort of Datamot, Italy 

BLOOM Research Object-Oriented No 
U. of Politecnica de 
Catalunya, Spain 

Calida Prototype Relational Yes 
GTE Research Lab. 

CIS/TK Prototype Relational Yes 
M.I.T. 

COSMOS-COAX Prototype Object-Oriented No 
E.T.H. Zurich, Switzerland 

DATAPLEX Prototype Relational No 
G.E. Research           
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Table 1 Federated Database Systems 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

System Name Status Global Data Global Query 
Organization Model Optimization 

Davchev Research Relational No 
U. of Skopje, Yugoslav. 
Rep. of Macedonia 

DAVID Prototype Extended Relational Yes 
NASA 

DOM Research Active Objects No 
GTE Lab. 

DQS and NDMS Prototype Relational No 
CRAI, Italy 

EDDS Prototype Relational No 
U of Ulster 

Empress Commercial Relational No 
Rhodius Inc. 

FEMUS Research Entity-Relationship No 
E. Polytech. Fedrale with Complex 
Lausanne Switzerland Objects 

FINDIT Research Object-Oriented No 
U. of Colorado 

HD-DBMS Research Entity-relationship No 
UCLA 

Heimbigner Prototype Object-Oriented No 
U. of Colorado 

Hetro Prototype Extended Relational No 
NCR Teradata, California 

HYDRO Research Relational No 
North Dakota State U. 

HSS Prototype Entity Relationship No 
G.E. 

IMDAS Research Relational No 
NIST 

Ingress/Star Commercial Relational No 
Relational Tech., Inc. 

INTENT Research Object-Oriented No 
GMD, Germany       
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System Name Status Global Data Global Query 
Organization Model Optimization 

InterBase Prototype Relational No 
Purdue U. 

InterViso Commercial Relational Yes 
Dtat Integration, Inc. 

IRO-DB Research Object-Oriented No 
Consor. of EDS, France 

JDDBS Prototype Relational No 
Japan Inf. Proc. Dev. 
Center 

Jupiter Prototype Object-Oriented No 
Dublin City U. and Trinity 
College, Dubin, Ireland 

KODIM Prototype Object-Oriented No 
GMD-IPSI, Germany 

LINDA Prototype Relational No 
Technical Research 
Center, Finland 

MDAS Prototype Relational No 
Concordia U., Canada 

M(DM) Research Second Order Logic No 
IBM 

MRDSM Prototype Relational No 
INRIA, France 

Multi-Star Prototype Relational No 
Consor. of CRAI, Italy 

Multibase Prototype Functional No 
Comp. Co. of America 

Odu Prototype Entity-Relationship No 
U. of Wales 

ols Prototype Object-Oriented No 
CNUCE, Italy 

OMNIBASE Prototype Relational No 
U. of Houston 

Pegasus Research Object-Oriented No 
HP Labs       
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�t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� �i�s�s�u�e�s� �a�r�e� �o�u�t�s�i�d�e� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �S�e�c�o�n�d�,� 

�d�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �c�e�n�t�r�a�l� �c�o�n�t�r�o�l� �o�v�e�r� �t�h�e� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s�,� �t�h�e� �o�n�l�y� �p�o�s�s�i�b�l�e� 

�p�a�t�h� �t�o� �b�e� �o�p�t�i�m�i�z�e�d� �i�s� �t�h�e� �p�a�t�h� �f�r�o�m� �t�h�e� �g�l�o�b�a�l� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �t�o� �t�h�e� �l�o�c�a�l� �D�B�M�S� 

�i�n�t�e�r�f�a�c�e�s�,� �a�s� �s�t�a�t�e�d� �i�n� �S�e�c�t�i�o�n�1�.�4�.� 

�T�h�i�s� �t�h�e�s�i�s� �c�o�n�c�e�n�t�r�a�t�e�s� �o�n�l�y� �o�n� �t�h�e� �l�o�g�i�c�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �e�f�f�i�c�i�e�n�t� 

�e�v�a�l�u�a�t�i�o�n� �a�s�p�e�c�t�s� �o�f� �t�h�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�e� �p�h�y�s�i�c�a�l� �a�c�c�e�s�s� �p�l�a�n� �g�e�n�e�r�a�t�i�o�n� 

�m�a�y� �b�e� �m�e�n�t�i�o�n�e�d� �w�h�e�n� �n�e�c�e�s�s�a�r�y� �b�u�t� �w�i�l�l� �n�o�t� �b�e� �d�e�t�a�i�l�e�d�.� 

�T�h�e� �t�h�e�s�i�s� �c�o�n�s�i�s�t�s� �o�f� �t�w�o� �m�a�i�n� �p�a�r�t�s�:� �s�u�r�v�e�y�s� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �q�u�e�r�y� �p�r�o�c�e�s�s�-� 

�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �a�n�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s�;� �a�n�d� �d�e�s�i�g�n� �a�n�d� �d�e�v�e�l�o�p�-� 

�m�e�n�t� �o�f� �a� �n�e�w� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�o�r�.� 

�T�h�e� �s�u�r�v�e�y� �p�a�r�t� �i�n�v�o�l�v�e�s� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� 

�m�e�t�h�o�d�o�l�o�g�i�e�s� �a�n�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �F�D�B�S�s�,� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�-� 

�e�s�,� �a�n�d� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s�.� �S�i�n�c�e� �t�h�e�r�e� �h�a�s� �b�e�e�n� �n�o� �w�o�r�k� �r�e�p�o�r�t�e�d� �o�n� �q�u�e�-� 
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�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �F�D�B�S�s� �w�i�t�h� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�e�t�a� �m�o�d�e�l�s�,� �a�n�d� �C�y�r�a�n�o� 

�p�r�o�t�o�t�y�p�e� �i�s� �a�n� �F�D�B�S� �w�i�t�h� �a� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�e�t�a� �m�o�d�e�l�,� �t�h�e� �t�h�e�s�i�s� �p�r�e�-� 

�s�e�n�t�s� �a�n�d� �a�n�a�l�y�z�e�s� �t�h�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �a�n�d� �q�u�e�r�y� 

�o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�r�o�m� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�n�d� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�-� 

�b�a�s�e� �f�i�e�l�d�s�.� �C�h�a�l�l�e�n�g�e�s� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �a�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �I�n� 

�a�d�d�i�t�i�o�n�a�l� �t�o� �t�h�e� �d�i�s�c�u�s�s�i�o�n�s� �o�f� �t�h�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �w�o�r�k�s�,� �t�w�o� �t�y�p�i�c�a�l� �s�y�s�t�e�m�s�,� �o�n�e� 

�f�r�o�m� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e� �f�a�m�i�l�y� �a�n�d� �t�h�e� �o�t�h�e�r� �f�r�o�m� �t�h�e� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e� �f�a�m�i�l�y�,� �a�r�e� �s�t�u�d�i�e�d� �a�n�d� �a�n�a�l�y�z�e�d� �i�n� �d�e�t�a�i�l�.� �A�l�s�o�,� �t�h�e� �q�u�e�r�y� �p�r�o�-� 

�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �C�y�r�a�n�o� �i�s� �t�h�o�r�o�u�g�h�l�y� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�T�h�e� �s�e�c�o�n�d� �p�a�r�t� �i�s� �t�h�e� �d�e�s�i�g�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �n�e�w� �q�u�e�r�y� �p�r�o�c�e�s�s�o�r� 

�f�o�r� �t�h�e� �C�y�r�a�n�o� �p�r�o�t�o�t�y�p�e�.� �I�t� �i�n�c�l�u�d�e�s� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�-� 

�g�i�e�s� �a�n�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �b�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �s�u�r�v�e�y� �a�n�d� �a�n�-� 

�a�l�y�t�i�c�a�l� �w�o�r�k�;� �d�e�s�i�g�n� �o�f� �a�n�e�w� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�y�;� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �a� �n�e�w� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�o�r� �b�a�s�e�d� �o�n� �t�h�e� �n�e�w� �m�e�t�h�o�d�o�l�o�g�y�;� �a�n�d� �c�a�r�r�y�i�n�g� �o�u�t� 

�t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �c�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �o�r�i�g�i�n�a�l� �C�y�r�a�n�o� �a�n�d� �t�h�e� �n�e�w� �C�y�r�a�n�o�.� 

�C�o�n�c�l�u�s�i�o�n�s� �a�r�e� �d�r�a�w�n� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�e�s�t�i�n�g�,� �a�n�d� �f�u�r�t�h�e�r� �i�m�p�r�o�v�e�m�e�n�t� �a�r�-� 

�e�a�s� �a�r�e� �s�u�g�g�e�s�t�e�d�.� 

�1�.�7� �O�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �T�h�e�s�i�s� 

�T�h�e� �r�e�s�t� �o�f� �t�h�e� �t�h�e�s�i�s� �i�s� �o�r�g�a�n�i�z�e�d� �a�s� �f�o�l�l�o�w�s�.� �C�h�a�p�t�e�r� �2� �d�i�s�c�u�s�s�e�s� �q�u�e�r�i�e�s� 

�a�n�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s�.� �D�i�f�f�e�r�e�n�t� �v�i�e�w�s� �o�f� �q�u�e�r�i�e�s� �a�n�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �c�h�a�r�a�c�t�e�r�i�s�-� 

�t�i�c�s� �a�r�e� �p�r�o�v�i�d�e�d�.� 

�C�h�a�p�t�e�r� �3� �d�i�s�c�u�s�s�e�s� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�e� �c�h�a�p�t�e�r� 

�i�n�t�r�o�d�u�c�e�s� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �a�n�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� 
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�C�h�a�p�t�e�r� �4� �p�r�e�s�e�n�t�s� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �c�h�a�p�t�e�r� �d�e�t�a�i�l�s� �C�y�r�a�n�o� 

�q�u�e�r�y� �l�a�n�g�u�a�g�e� �a�n�d� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�y�.� 

�C�h�a�p�t�e�r� �5� �i�s� �t�h�e� �s�u�r�v�e�y� �o�f� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�-� 

�e�l�s�.� �C�h�a�l�l�e�n�g�e�s� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �a�n�d� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n�s� �a�r�e� 

�d�i�s�c�u�s�s�e�d�.� �S�o�m�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �w�o�r�k�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.� 

�C�h�a�p�t�e�r� �6� �i�s� �t�h�e� �s�u�r�v�e�y� �o�f� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�d�a�t�a� �m�o�d�e�l�s�.� �E�v�a�l�u�a�t�i�o�n� �a�n�d� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �d�e�d�u�c�t�i�v�e� �d�a�t�a� �m�o�d�e�l�s� 

�a�r�e� �p�r�o�v�i�d�e�d�,� �a�n�d� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �w�o�r�k�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.� 

�C�h�a�p�t�e�r� �7� �s�e�l�e�c�t�s� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �t�h�e� �C�y�a�n�o� �p�r�o�t�o�t�y�p�e�.� 

�D�i�f�f�e�r�e�n�t� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �c�o�m�p�a�r�e�d�,� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �C�y�r�a�n�o� �i�s� �p�r�e�s�e�n�t�e�d�,� 

�a�n�d� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �s�t�a�t�u�s� �i�s� �r�e�p�o�r�t�e�d�.� 

�C�h�a�p�t�e�r� �8� �c�o�n�c�l�u�d�e�s� �t�h�e� �t�h�e�s�i�s�.� �C�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�r�e� �p�r�e�s�e�n�t�-� 

�e�d�,� �a�n�d� �f�u�t�u�r�e� �r�e�s�e�a�r�c�h� �d�i�r�e�c�t�i�o�n�s� �a�r�e� �g�i�v�e�n�.� 
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�2�.� �Q�u�e�r�i�e�s� �a�n�d� �Q�u�e�r�y� �L�a�n�g�u�a�g�e�s� 

�A� �q�u�e�r�y� �i�s� �a� �h�i�g�h�-�l�e�v�e�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �a� �s�e�t� �o�f� �o�b�j�e�c�t�s� �o�f� �i�n�t�e�r�e�s�t� �i�n� �a� �d�a�t�a�-� 

�b�a�s�e�.� �I�t� �i�s� �u�s�u�a�l�l�y� �w�r�i�t�t�e�n� �i�n� �a� �l�a�n�g�u�a�g�e� �t�h�a�t� �s�p�e�c�i�f�i�e�s� �w�h�a�t� �m�u�s�t� �b�e� �r�e�t�r�i�e�v�e�d� �w�i�t�h�-� 

�o�u�t� �r�e�q�u�i�r�i�n�g� �a� �s�t�a�t�e�m�e�n�t� �o�f� �h�o�w� �t�o� �d�o� �i�t�.� �Q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �a�r�e� �t�h�e� �p�r�i�m�a�r�y� �m�e�a�n�s� 

�f�o�r� �d�e�f�i�n�i�n�g� �t�h�e� �d�e�c�l�a�r�a�t�i�v�e� �i�n�t�e�r�f�a�c�e� �o�f� �a� �d�a�t�a�b�a�s�e� �s�y�s�t�e�m� �[�Z�d�o�n�9�4�,� �B�e�e�r�9�4�]�.� 

�2�.�1� �T�h�r�e�e� �V�i�e�w�s� �o�f� �Q�u�e�r�i�e�s� 

�T�h�e� �b�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �w�h�a�t� �c�o�n�s�t�i�t�u�t�e�s� �a� �q�u�e�r�y� �s�t�r�o�n�g�l�y� �i�n�f�l�u�e�n�c�e�s� �t�h�e� 

�d�e�s�i�g�n� �o�f� �a� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �d�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �q�u�e�r�y� 

�p�r�o�c�e�s�s�o�r�.� �I�n� �g�e�n�e�r�a�l�,� �a� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �s�h�o�u�l�d� �b�e� �d�e�c�l�a�r�a�t�i�v�e� �a�n�d� �e�f�f�i�c�i�e�n�t�.� �T�o� �b�e� 

�d�e�c�l�a�r�a�t�i�v�e� �m�e�a�n�s� �t�h�a�t� �u�s�e�r�s� �o�n�l�y� �n�e�e�d� �t�o� �s�p�e�c�i�f�y� �w�h�a�t� �s�h�o�u�l�d� �b�e� �r�e�t�r�i�e�v�e�d� �w�i�t�h�o�u�t� 

�s�p�e�c�i�f�y�i�n�g� �h�o�w� �t�h�e� �r�e�t�r�i�e�v�a�l� �s�h�o�u�l�d� �b�e� �d�o�n�e�.� �T�o� �b�e� �e�f�f�i�c�i�e�n�t� �i�m�p�l�i�e�s� �t�h�e� �e�a�s�e� �o�f� �q�u�e�-� 

�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �w�h�i�c�h� �s�h�o�r�t�e�n�s� �t�h�e� �r�e�s�p�o�n�s�e� �t�i�m�e� �t�o� �a� �q�u�e�r�y�.� 

�R�e�l�a�t�i�o�n�a�l� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �h�a�v�e� �a�c�h�i�e�v�e�d� �t�h�e� �a�b�o�v�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e�r�e�-� 

�f�o�r�e�,� �a�d�v�a�n�c�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �s�u�c�h� �a�s� �t�h�o�s�e� �d�e�s�i�g�n�e�d� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�-� 

�b�a�s�e� �a�c�c�e�s�s� �m�u�s�t� �a�t� �l�e�a�s�t� �m�e�e�t� �t�h�e�s�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �S�t�a�u�d�t� �e�t� �a�l�.� 

�p�r�o�p�o�s�e�d� �a�n� �a�m�a�l�g�a�m�a�t�i�o�n� �o�f� �p�a�r�a�d�i�g�m�s� �f�r�o�m� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s� �(�q�u�e�r�y�-� 

�b�y�-�c�l�a�s�s�)�,� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s� �(�q�u�e�r�y�-�b�y�-�r�u�l�e�)�,� �a�n�d� �k�n�o�w�l�e�d�g�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �l�a�n�-� 

�g�u�a�g�e�s� �(�q�u�e�r�y�-�b�y�-�c�o�n�c�e�p�t�)�[�S�J�J�N�Q�3�]�.� 

�Q�u�e�r�y�-�b�y�-�c�l�a�s�s� �i�s� �t�h�e� �p�r�e�f�e�r�r�e�d� �a�p�p�r�o�a�c�h� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s�.� �O�b�-� 

�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s� �(�O�O�D�B�)� �c�o�m�b�i�n�e� �t�h�e� �p�a�r�a�d�i�g�m�s� �o�f� �o�b�j�e�c�t� �i�d�e�n�t�i�t�y�,� �c�l�a�s�s� �h�i�-� 

�e�r�a�r�c�h�i�e�s�,� �i�n�h�e�r�i�t�a�n�c�e�,� �m�e�t�h�o�d�s�,� �a�n�d� �e�n�c�a�p�s�u�l�a�t�i�o�n� �f�r�o�m� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�-� 

�m�i�n�g� �l�a�n�g�u�a�g�e�s� �w�i�t�h� �t�h�e� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �o�f� �p�e�r�s�i�s�t�e�n�c�y�,� �c�o�n�c�u�r�r�e�n�c�y�,� �s�e�c�u�r�i�t�y�,� �a�n�d� 

�d�e�c�l�a�r�a�t�i�v�e� �q�u�e�r�y�i�n�g� �t�y�p�i�c�a�l� �i�n� �D�B�M�S�s�.� 

�2�2



�Q�u�e�r�y�-�b�y�-�c�l�a�s�s� �o�f�f�e�r�s� �t�h�e� �s�a�m�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�t�r�u�c�t�u�r�e�s� �f�o�r� �b�o�t�h� �q�u�e�s�-� 

�t�i�o�n�s� �a�n�d� �a�n�s�w�e�r�s�.� �A� �g�e�n�e�r�a�l� �a�d�v�a�n�t�a�g�e� �o�f� �r�e�p�r�e�s�e�n�t�i�n�g� �q�u�e�r�i�e�s� �a�s� �c�l�a�s�s�e�s� �i�s� �t�h�a�t� 

�a�n�s�w�e�r�s� �c�a�n� �b�e� �m�a�n�a�g�e�d� �t�h�e� �s�a�m�e� �w�a�y� �a�s� �t�h�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �O�O�D�B�.� �I�n� �o�t�h�e�r� 

�w�o�r�d�s�,� �m�e�t�h�o�d�s� �f�o�r� �p�r�o�c�e�s�s�i�n�g� �a�n�s�w�e�r� �o�b�j�e�c�t�s� �c�a�n� �b�e� �i�n�c�l�u�d�e�d� �i�n� �q�u�e�r�y� �c�l�a�s�s�e�s�.� 

�T�h�e� �a�n�s�w�e�r� �o�b�j�e�c�t�s� �c�a�n� �b�e� �o�r�g�a�n�i�z�e�d� �i�n� �g�e�n�e�r�a�l�i�z�a�t�i�o�n� �/� �a�g�g�r�e�g�a�t�i�o�n� �h�i�e�r�a�r�c�h�i�e�s�,� 

�a�n�d� �t�h�e�r�e�b�y� �c�a�n� �r�e�u�s�e� �t�h�e� �m�e�t�h�o�d�s� �o�f� �O�O�D�B� �c�l�a�s�s�e�s�.� �A�l�s�o�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� 

�m�e�t�h�o�d�s� �i�n� �O�O�D�B� �s�u�g�g�e�s�t�s� �a�n� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�p�p�r�o�a�c�h� �t�o� �q�u�e�r�y� �e�v�a�l�u�a�t�i�o�n� 

�b�a�s�e�d� �o�n� �c�o�n�s�t�r�a�i�n�t�s� �a�t�t�a�c�h�e�d� �t�o� �s�p�e�c�i�f�i�c� �s�u�b�c�l�a�s�s�e�s� �o�f� �a� �q�u�e�r�y� �c�l�a�s�s�.� 

�Q�u�e�r�y�-�b�y�-�r�u�l�e� �i�s� �t�h�e� �d�e�d�u�c�t�i�v�e� �a�p�p�r�o�a�c�h�.� �A� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e� �c�o�n�s�i�s�t�s� �o�f� 

�a� �f�i�n�i�t�e� �s�e�t� �o�f� �f�a�c�t�s� �(�e�x�t�e�n�s�i�o�n�a�l� �d�a�t�a�b�a�s�e�)�,� �a�n�d� �a� �f�i�n�i�t�e� �s�e�t� �o�f� �r�u�l�e�s� �(�i�n�t�e�n�s�i�o�n�a�l� �d�a�-� 

�t�a�b�a�s�e�)�.� �Q�u�e�r�i�e�s� �i�n� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s� �l�o�o�k� �r�a�t�h�e�r� �s�i�m�p�l�e� �c�o�m�p�a�r�e�d� �t�o� �o�b�j�e�c�t�-�o�r�i�-� 

�e�n�t�e�d� �d�a�t�a�b�a�s�e�s�.� �O�n�e� �a�d�v�a�n�t�a�g�e� �o�f� �q�u�e�r�y�-�b�y�-�r�u�l�e� �i�s� �t�h�a�t� �t�h�e� �m�e�m�b�e�r�s�h�i�p� �c�o�n�d�i�-� 

�t�i�o�n� �i�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �r�u�l�e�s� �w�h�i�c�h� �h�a�v�e� �a� �m�a�t�c�h�i�n�g� �c�o�n�c�l�u�s�i�o�n� �l�i�t�e�r�a�l�.� �T�h�u�s�,� �i�t� �i�s� �v�e�r�y� 

�e�a�s�y� �t�o� �f�o�r�m�u�l�a�t�e� �a� �p�a�r�a�m�e�t�e�r�i�z�e�d� �q�u�e�r�y� �b�y� �r�e�p�l�a�c�i�n�g� �a� �r�u�l�e� �v�a�r�i�a�b�l�e� �b�y� �a� �c�o�n�s�t�a�n�t�.� 

�A�n�o�t�h�e�r� �a�d�v�a�n�t�a�g�e� �i�s� �t�h�a�t� �t�h�e� �m�e�t�h�o�d�s� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �/� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �d�e�-� 

�d�u�c�t�i�v�e� �q�u�e�r�i�e�s� �h�a�v�e� �b�e�e�n� �t�h�o�r�o�u�g�h�l�y� �i�n�v�e�s�t�i�g�a�t�e�d�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�c�o�u�l�d� �b�e� �b�a�s�e�d� �o�n� �e�x�i�s�t�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� 

�Q�u�e�r�y�-�b�y�-�c�o�n�c�e�p�t� �i�s� �a� �t�y�p�e� �i�n�f�e�r�e�n�c�e� �a�p�p�r�o�a�c�h�.� �C�o�n�c�e�p�t� �l�a�n�g�u�a�g�e�s� �i�n� �a�r�t�i�-� 

�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �h�a�v�e� �p�u�r�s�u�e�d� �t�h�e� �i�d�e�a� �o�f� �d�e�f�i�n�i�n�g� �k�n�o�w�l�e�d�g�e� �b�a�s�e�s� �a�s� �t�y�p�e� �l�a�t�t�i�c�-� 

�e�s� �o�f� �s�o�-�c�a�l�l�e�d� �c�o�n�c�e�p�t�s�.� �A� �c�o�n�c�e�p�t� �i�s� �c�o�m�p�r�i�s�e�d� �o�f� �a�x�i�o�m�s� �o�f� �t�h�e� �f�o�r�m�:� �C�C� �E� �(�n�e�c�-� 

�e�s�s�a�r�y� �c�o�n�d�i�t�i�o�n�)� �o�r� �C� �=� �E� �(�n�e�c�e�s�s�a�r�y� �a�n�d� �s�u�f�f�i�c�i�e�n�t� �c�o�n�d�i�t�i�o�n�)�,� �w�h�e�r�e� �E� �i�s� �c�o�n�-� 

�s�t�r�u�c�t�e�d� �f�r�o�m� �o�t�h�e�r� �d�e�f�i�n�e�d� �c�o�n�c�e�p�t�s� �a�n�d� �b�i�n�a�r�y� �p�r�e�d�i�c�a�t�e�s� �e�x�p�r�e�s�s�i�n�g� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �c�o�n�c�e�p�t�s�.� 

�2�3



�T�h�e� �m�a�i�n� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �t�o� �r�e�l�a�t�e� �c�o�n�c�e�p�t�s� �t�o� �e�a�c�h� �o�t�h�e�r�,� �i�.�e�.�,� 

�t�o� �d�e�r�i�v�e� �t�h�e� �s�u�b�s�u�m�p�t�i�o�n� �b�e�t�w�e�e�n� �t�w�o� �c�o�n�c�e�p�t�s�,� �C� �a�n�d� �D�.� �W�h�e�n� �u�s�i�n�g� �t�h�i�s� �a�p�-� 

�p�r�o�a�c�h�,� �a� �q�u�e�r�y� �i�s� �j�u�s�t� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �n�e�w� �c�o�n�c�e�p�t� �w�h�i�c�h� �i�s� �p�o�s�i�t�i�o�n�e�d� �i�n� �t�h�e� �c�o�n�-� 

�c�e�p�t� �l�a�t�t�i�c�e� �b�y� �s�u�b�s�u�m�p�t�i�o�n� �a�l�g�o�r�i�t�h�m�s�.� �A�n�s�w�e�r�s� �t�o� �t�h�e� �q�u�e�r�y� �a�r�e� �a�l�l� �i�n�s�t�a�n�c�e�s� �o�f� 

�a�l�l� �s�u�b�c�o�n�c�e�p�t�s� �a�n�d� �s�o�m�e� �i�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �d�i�r�e�c�t� �s�u�p�e�r� �c�o�n�c�e�p�t�s� �w�h�i�c�h� �s�a�t�i�s�f�y� �t�h�e� 

�a�d�d�i�t�i�o�n�a�l� �c�o�n�s�t�r�a�i�n�t�s� �o�f� �t�h�e� �n�e�w� �c�o�n�c�e�p�t�.� 

�T�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �u�s�i�n�g� �t�h�e� �c�o�n�c�e�p�t� �l�a�t�t�i�c�e�s� �i�s� �t�h�a�t� �t�h�e� �s�e�a�r�c�h� �s�p�a�c�e� �o�f� �a� 

�q�u�e�r�y� �(�a� �n�e�w� �c�o�n�c�e�p�t�)� �i�s� �g�r�e�a�t�l�y� �r�e�d�u�c�e�d�.� �T�h�e� �e�x�a�c�t� �p�l�a�c�e�m�e�n�t� �o�f� �a� �q�u�e�r�y� �i�n�t�o� �t�h�e� 

�l�a�t�t�i�c�e� �e�n�a�b�l�e�s� �i�n�t�e�n�s�i�o�n�a�l� �q�u�e�r�y� �a�n�s�w�e�r�i�n�g�,� �i�.�e�.�,� �i�n�s�t�e�a�d� �o�f� �e�n�u�m�e�r�a�t�i�n�g� �a�l�l� �i�n�-� 

�s�t�a�n�c�e�s� �o�f� �t�h�e� �q�u�e�r�y�,� �t�h�e� �s�y�s�t�e�m� �a�n�s�w�e�r�s� �w�i�t�h� �t�h�e� �n�a�m�e�s� �o�f� �t�h�e� �s�u�b�c�o�n�c�e�p�t�s� �o�f� �t�h�e� 

�q�u�e�r�y�.� 

�T�h�e� �q�u�e�r�y�-�b�y�-�c�o�n�c�e�p�t� �a�p�p�r�o�a�c�h� �r�e�m�a�i�n�s� �c�o�n�c�e�p�t�u�a�l� �a�n�d� �h�a�s� �n�o�t� �y�e�t� �b�e�e�n� 

�u�s�e�d�,� �e�v�e�n� �b�y� �i�t�s� �p�r�o�p�o�s�e�r�s� �[�J�G�J�S�9�5�]�.� 

�2�.�2� �T�w�o� �T�y�p�e�s� �o�f� �Q�u�e�r�i�e�s� 

�T�h�e�r�e� �a�r�e� �t�w�o� �b�a�s�i�c� �t�y�p�e�s� �o�f� �q�u�e�r�i�e�s�:� �r�e�c�u�r�s�i�v�e� �a�n�d� �n�o�n�-�r�e�c�u�r�s�i�v�e�.� �A� �r�e�c�u�r�-� 

�s�i�v�e� �q�u�e�r�y� �i�s� �a� �q�u�e�r�y� �w�h�i�c�h� �i�n�v�o�l�v�e�s� �s�o�m�e� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s�.� �A� �r�e�c�u�r�s�i�v�e� �r�u�l�e� �i�s� �a� �r�u�l�e� 

�i�n� �w�h�i�c�h� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� �r�e�f�e�r�s� �t�o� �t�h�e� �l�e�f�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e�,� �f�o�r� �e�x�a�m�p�l�e�:� 

�q� �(�x�)�:�-� �a�n�c�e�s�t�o�r� �(�x�,� �y�)� 

�a�n�c�e�s�t�o�r� �(�x�,� �y�)�:�-� �p�a�r�e�n�t� �(�x�,� �y�)� 
�a�n�c�e�s�t�o�r� �(�x�,� �y�)�:�-� �a�n�c�e�s�t�o�r� �(�x�,� �Z�)�,� �p�a�r�e�n�t� �(�z�,� �y�)� 

�w�h�e�r�e� �t�h�e� �s�e�c�o�n�d� �a�n�c�e�s�t�o�r� �r�u�l�e� �i�s� �a� �r�e�c�u�r�s�i�v�e� �r�u�l�e� �(�b�e�c�a�u�s�e� �a�n�c�e�s�t�o�r� �a�p�p�e�a�r�s� �o�n� 

�b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �r�u�l�e�)�,� �a�n�d� �t�h�e� �q�u�e�r�y� �q� �(�x�)� �i�s� �t�h�e�r�e�f�o�r�e� �a� �r�e�c�u�r�s�i�v�e� �q�u�e�r�y�.� �R�e�c�u�r�s�i�v�e� 

�q�u�e�r�i�e�s� �a�r�e� �c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �q�u�e�r�y�i�n�g� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s�.� 
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�R�e�c�u�r�s�i�v�e� �r�u�l�e�s� �c�a�n� �f�u�r�t�h�e�r� �b�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s� �o�r� �n�o�n�-�l�i�n�-� 

�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s�.� �A� �l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e� �i�s� �a� �r�e�c�u�r�s�i�v�e� �r�u�l�e� �w�h�e�r�e� �t�h�e� �r�i�g�h�t� �s�i�d�e� 

�o�f� �t�h�e� �r�u�l�e� �r�e�f�e�r�s� �t�o� �t�h�e� �l�e�f�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� �o�n�l�y� �o�n�c�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �t�h�e� �s�e�c�o�n�d� 

�r�u�l�e� �o�f� �t�h�e� �a�n�c�e�s�t�o�r�,� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� �r�e�f�e�r�s� �o�n�l�y� �o�n�c�e� �t�o� �a�n�c�e�s�t�o�r�.� 

�A� �n�o�n�-�l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e� �i�s� �a� �r�e�c�u�r�s�i�v�e� �r�u�l�e� �w�h�e�r�e� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� 

�r�e�f�e�r�s� �t�o� �t�h�e� �l�e�f�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� �m�o�r�e� �t�h�a�n� �o�n�c�e�.� �F�o�r� �e�x�a�m�p�l�e�:� 

�a�n�c�e�s�t�o�r� �(�x�,� �y�)�:�-� �a�n�c�e�s�t�o�r� �(�x�,� �Z�)�,� �a�n�c�e�s�t�o�r� �(�z�,� �y�)� 

�w�h�e�r�e� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� �r�e�f�e�r�s� �t�o� �t�h�e� �l�e�f�t� �s�i�d�e� �o�f� �t�h�e� �r�u�l�e� �t�w�i�c�e�.� �S�i�n�c�e� �t�h�e� �m�o�s�t� 

�c�o�m�m�o�n�l�y� �u�s�e�d� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s� �a�r�e� �l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s� �[�B�R�8�9�,� �C�G�T�9�0�]�,� �t�h�i�s� �r�e�-� 

�s�e�a�r�c�h� �w�i�l�l� �c�o�n�s�i�d�e�r� �o�n�l�y� �t�h�e� �l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s�.� 

�A�n�o�n�-�r�e�c�u�r�s�i�v�e� �q�u�e�r�y� �i�s� �a� �q�u�e�r�y� �w�h�i�c�h� �d�o�e�s� �n�o�t� �i�n�v�o�l�v�e� �a�n�y� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s�.� 

�N�o�n�-�r�e�c�u�r�s�i�v�e� �q�u�e�r�i�e�s� �a�r�e� �c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �q�u�e�r�y�i�n�g� �r�e�l�a�t�i�o�n�a�l� �d�a�t�a�b�a�s�e�s�,� �o�b�-� 

�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s�,� �a�n�d� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s�.� 

�2�.�3� �Q�u�e�r�y� �L�a�n�g�u�a�g�e� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�T�h�e�r�e� �a�r�e� �m�a�n�y� �i�s�s�u�e�s� �t�o� �c�o�n�s�i�d�e�r� �i�n� �d�e�s�i�g�n�i�n�g� �a� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� �T�h�e� �f�o�l�-� 

�l�o�w�i�n�g� �d�i�s�c�u�s�s�e�s� �a� �f�e�w� �k�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� �a�r�e� �n�o�t� �o�n�l�y� �i�m�p�o�r�t�a�n�t� �t�o� �t�h�e� �q�u�e�-� 

�r�y� �l�a�n�g�u�a�g�e� �i�t�s�e�l�f� �b�u�t� �a�l�s�o� �h�a�v�e� �m�a�j�o�r� �i�m�p�a�c�t� �o�n� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�e� �d�i�s�c�u�s�s�i�o�n� 

�i�s� �b�a�s�e�d� �o�n� �[�S�O�9�0�]� �a�n�d� �[�O�z�s�u�9�1�]�.� �T�h�e� �k�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e�:� 

�¢� �f�o�r�m�a�l� �v�s�.� �a�d� �h�o�c�;� 

�e� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� �o�n� �s�t�r�u�c�t�u�r�e� �v�s�.� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� �o�n� �b�e�h�a�v�i�o�r�;� �a�n�d� 

�¢� �o�b�j�e�c�t�-�p�r�e�s�e�r�v�i�n�g� �v�s�.� �o�b�j�e�c�t�-�g�e�n�e�r�a�t�i�n�g�.� 
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�2�.�3�.�1� �F�o�r�m�a�l� �v�e�r�s�u�s� �A�d� �H�o�c� 

�F�o�r�m�a�l� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �h�a�v�e� �s�e�v�e�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �n�o�t� �f�o�u�n�d� �i�n� �a�d� �h�o�c� 

�q�u�e�r�y� �l�a�n�g�u�a�g�e�s�.� �M�o�s�t� �i�m�p�o�r�t�a�n�t�l�y�,� �t�h�e�i�r� �s�e�m�a�n�t�i�c�s� �a�r�e� �w�e�l�l� �d�e�f�i�n�e�d�,� �w�h�i�c�h� �s�i�m�p�l�i�-� 

�f�i�e�s� �f�o�r�m�a�l� �p�r�o�o�f�s� �a�b�o�u�t� �t�h�e�i�r� �p�r�o�p�e�r�t�i�e�s�.� �C�o�m�m�o�n� �t�y�p�e�s� �o�f� �f�o�r�m�a�l� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� 

�a�r�e� �a� �c�a�l�c�u�l�u�s� �o�r� �a�n� �a�l�g�e�b�r�a�.� 

�A� �c�a�l�c�u�l�u�s� �a�l�l�o�w�s� �q�u�e�r�i�e�s� �t�o� �b�e� �s�p�e�c�i�f�i�e�d� �d�e�c�l�a�r�a�t�i�v�e�l�y� �w�i�t�h�o�u�t� �a�n�y� �c�o�n�c�e�r�n� 

�f�o�r� �p�r�o�c�e�s�s�i�n�g� �d�e�t�a�i�l�s�.� �Q�u�e�r�i�e�s� �e�x�p�r�e�s�s�e�d� �i�n� �a� �c�a�l�c�u�l�u�s� �m�a�y� �b�e� �s�i�m�p�l�i�f�i�e�d� �v�i�a� �c�e�r�-� 

�t�a�i�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�u�l�e�s�.� �O�z�s�u� �[�O�z�s�u�9�1�]� �a�r�g�u�e�s� �t�h�a�t� �a� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �f�o�r�m�a�l� �o�b�j�e�c�t� 

�c�a�l�c�u�l�u�s� �i�s� �n�e�e�d�e�d� �i�f� �d�e�c�l�a�r�a�t�i�v�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �t�o� �b�e� �p�r�o�v�i�d�e�d� �a�t� �t�h�e� �u�s�e�r� �i�n�t�e�r�f�a�c�e�.� 

�T�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �c�a�l�c�u�l�u�s� �r�e�q�u�i�r�e�s� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �s�e�v�e�r�a�l� �k�e�y� �i�s�s�u�e�s�.� �T�h�e� �f�i�r�s�t� 

�i�s� �t�h�e� �c�o�m�p�l�e�t�e�n�e�s�s� �o�f� �t�h�e� �c�a�l�c�u�l�u�s�.� �C�o�m�p�l�e�t�e�n�e�s�s� �r�e�q�u�i�r�e�s� �t�h�e� �c�a�l�c�u�l�u�s� �a�n�d� �t�h�e� 

�a�l�g�e�b�r�a� �t�o� �b�e� �e�q�u�i�v�a�l�e�n�t�.� �T�h�e� �s�e�c�o�n�d� �i�s� �t�h�e� �s�a�f�e�t�y� �o�f� �t�h�e� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n�.� �S�a�f�e� 

�e�x�p�r�e�s�s�i�o�n�s� �g�u�a�r�a�n�t�e�e� �t�h�a�t� �q�u�e�r�i�e�s� �r�e�t�r�i�e�v�e� �a� �f�i�n�i�t�e� �s�e�t� �o�f� �o�b�j�e�c�t�s� �i�n� �a� �f�i�n�i�t�e� �a�m�o�u�n�t� 

�o�f� �t�i�m�e�.� �F�i�n�a�l�l�y� �t�h�e�r�e� �i�s� �a� �n�e�e�d� �t�o� �d�e�v�e�l�o�p�e� �e�f�f�i�c�i�e�n�t� �a�l�g�o�r�i�t�h�m�s� �t�o� �t�r�a�n�s�l�a�t�e� �s�a�f�e� �c�a�l�-� 

�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n�s� �i�n�t�o� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�s�.� 

�Q�u�e�r�i�e�s� �e�x�p�r�e�s�s�e�d� �i�n� �a�n� �a�l�g�e�b�r�a� �a�r�e� �p�r�o�c�e�d�u�r�a�l� �i�n� �n�a�t�u�r�e�.� �A�l�g�e�b�r�a�s� �p�r�o�v�i�d�e� 

�a� �s�o�u�n�d� �f�o�u�n�d�a�t�i�o�n� �f�o�r� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �w�i�t�h� �v�a�r�i�o�u�s� �o�p�t�i�m�i�z�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s�.� �A�l�s�o�,� 

�a� �l�a�r�g�e� �b�o�d�y� �o�f� �w�o�r�k� �e�x�i�s�t�s� �o�n� �a�l�g�e�b�r�a� �o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �o�t�h�e�r� �d�a�t�a� �m�o�d�e�l�s�,� �e�s�p�e�c�i�a�l�-� 

�l�y� �f�o�r� �t�h�e� �r�e�l�a�t�i�o�n�a�l� �m�o�d�e�l�.� �D�e�f�i�n�i�n�g� �a� �f�o�r�m�a�l� �o�b�j�e�c�t� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �i�n� �t�e�r�m�s� �o�f� �a�l�-� 

�g�e�b�r�a� �f�a�c�i�l�i�t�a�t�e�s� �t�h�e� �c�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �o�b�j�e�c�t� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �a�n�d� �t�h�e� �q�u�e�-� 

�r�y� �l�a�n�g�u�a�g�e�s� �f�o�r� �t�h�e� �o�t�h�e�r� �d�a�t�a� �m�o�d�e�l�s�.� 
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�2�.�3�.�2� �P�r�e�d�i�c�a�t�e�s� �B�a�s�e�d� �o�n� �S�t�r�u�c�t�u�r�e� �v�e�r�s�u�s� �B�a�s�e�d� �o�n� �B�e�h�a�v�i�o�r� 

�I�n� �t�e�r�m�s� �o�f� �s�t�r�u�c�t�u�r�e�-�b�a�s�e�d� �o�r� �b�e�h�a�v�i�o�r�-�b�a�s�e�d� �p�r�e�d�i�c�a�t�e�s�,� �s�o�m�e� �l�a�n�g�u�a�g�e�s� 

�i�m�p�l�e�m�e�n�t� �c�o�m�p�l�e�x� �o�b�j�e�c�t�s� �w�h�o�s�e� �i�n�t�e�r�n�a�l� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �v�i�s�i�b�l�e�.� �P�r�e�d�i�c�a�t�e�s� �o�f� 

�t�h�e�s�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �s�t�r�u�c�t�u�r�e�-�b�a�s�e�d�.� �O�t�h�e�r� �l�a�n�g�u�a�g�e�s� �v�i�e�w� �o�b�j�e�c�t�s� �a�s� �i�n�s�t�a�n�c�e�s� 

�o�f� �a�n� �a�b�s�t�r�a�c�t� �d�a�t�a� �t�y�p�e� �(�A�D�T�)�.� �A�c�c�e�s�s� �t�o� �o�b�j�e�c�t�s� �t�h�a�t� �a�r�e� �i�n�s�t�a�n�c�e�s� �o�f� �a�n� �A�D�T� �i�s� 

�a�c�c�o�m�p�l�i�s�h�e�d� �t�h�r�o�u�g�h� �p�u�b�l�i�c� �i�n�t�e�r�f�a�c�e� �m�e�t�h�o�d�s�.� �M�e�t�h�o�d�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n� �o�b�-� 

�j�e�c�t� �d�e�f�i�n�e� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �o�b�j�e�c�t�.� �P�r�e�d�i�c�a�t�e�s� �o�f� �t�h�e�s�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �t�h�u�s� �b�e�-� 

�h�a�v�i�o�r�-�b�a�s�e�d�.� 

�T�h�e� �a�p�p�r�o�a�c�h� �o�f� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� �o�n� �s�t�r�u�c�t�u�r�e� �v�i�o�l�a�t�e�s� �t�h�e� �e�n�c�a�p�s�u�l�a�t�i�o�n� 

�p�r�o�p�e�r�t�y� �o�f� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�a�r�a�d�i�g�m�.� �B�u�t� �i�t� �h�a�s� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �p�r�o�v�i�d�i�n�g� �e�a�s�-� 

�i�e�r� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �f�o�r� �t�h�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� �[�Z�d�o�n�9�4�]�.� 

�T�h�e� �a�p�p�r�o�a�c�h� �o�f� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� �o�n� �b�e�h�a�v�i�o�r� �i�m�p�l�e�m�e�n�t�s� �t�h�e� �e�n�c�a�p�s�u�l�a�-� 

�t�i�o�n� �p�r�o�p�e�r�t�y� �o�f� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�a�r�a�d�i�g�m�,� �b�u�t� �i�t� �m�a�k�e�s� �t�h�e� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �d�i�f�-� 

�f�i�c�u�l�t�,� �i�f� �n�o�t� �i�m�p�o�s�s�i�b�l�e�.� �H�o�w�e�v�e�r�,� �S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �a�r�g�u�e�d� �t�h�a�t� �t�h�e� �b�e�h�a�v�i�o�r�-� 

�b�a�s�e�d� �a�p�p�r�o�a�c�h� �c�o�u�l�d� �i�n�c�l�u�d�e� �a� �g�e�t� �m�e�t�h�o�d� �f�o�r� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �i�n�t�e�r�n�a�l� 

�s�t�r�u�c�t�u�r�e� �o�f� �a� �c�o�m�p�l�e�x� �o�b�j�e�c�t�.� �T�h�u�s� �a� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �s�u�p�p�o�r�t�i�n�g� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� 

�o�n� �b�e�h�a�v�i�o�r� �i�s� �m�o�r�e� �g�e�n�e�r�a�l�.� �I�t� �n�o�t� �o�n�l�y� �p�r�e�s�e�r�v�e�s� �t�h�e� �i�m�p�o�r�t�a�n�t� �e�n�c�a�p�s�u�l�a�t�i�o�n� 

�p�r�o�p�e�r�t�y� �o�f� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�a�r�a�d�i�g�m�,� �b�u�t� �i�t� �a�l�s�o� �a�l�l�o�w�s� �o�b�j�e�c�t� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� 

�t�o� �b�e� �i�n�t�r�o�d�u�c�e�d� �f�o�r� �e�f�f�e�c�t�i�v�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� 

�2�.�3�.�3� �O�b�j�e�c�t�-�P�r�e�s�e�r�v�i�n�g� �v�e�r�s�u�s� �O�b�j�e�c�t�-�C�r�e�a�t�i�n�g� 

�O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �c�a�n� �a�l�s�o� �b�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �e�i�t�h�e�r� �o�b�j�e�c�t�-�p�r�e�-� 

�s�e�r�v�i�n�g� �o�r� �o�b�j�e�c�t�-�c�r�e�a�t�i�n�g�.� �O�b�j�e�c�t�-�p�r�e�s�e�r�v�i�n�g� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �r�e�t�u�r�n� �o�b�j�e�c�t�s� �t�h�a�t� 

�e�x�i�s�t� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �d�a�t�a�b�a�s�e�.� �O�b�j�e�c�t�-�c�r�e�a�t�i�n�g� �l�a�n�g�u�a�g�e�s� �a�n�s�w�e�r� �q�u�e�r�i�e�s� �b�y� �c�r�e�a�t�-� 
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�i�n�g� �n�e�w� �o�b�j�e�c�t�s� �f�r�o�m� �e�x�i�s�t�i�n�g� �o�b�j�e�c�t�s�.� �A� �c�r�e�a�t�e�d� �o�b�j�e�c�t� �s�h�o�u�l�d� �h�a�v�e� �a� �u�n�i�q�u�e� �o�b�j�e�c�t� 

�i�d�e�n�t�i�t�y�.� �T�h�e�r�e� �s�h�o�u�l�d� �b�e� �s�o�m�e� �c�r�i�t�e�r�i�a� �f�o�r� �p�l�a�c�i�n�g� �c�r�e�a�t�e�d� �o�b�j�e�c�t�s� �i�n�t�o� �t�h�e� �i�n�h�e�r�i�t�-� 

�a�n�c�e� �l�a�t�t�i�c�e�.� �I�n� �o�n�e� �s�e�n�s�e� �t�h�i�s� �v�i�o�l�a�t�e�s� �t�h�e� �i�n�t�e�g�r�i�t�y� �a�f�f�o�r�d�e�d� �b�y� �o�b�j�e�c�t�s� �w�i�t�h� �i�d�e�n�t�i�t�y�,� 

�s�i�n�c�e� �o�b�j�e�c�t�s� �w�i�t�h� �n�o� �a�p�p�a�r�e�n�t� �r�e�l�a�t�i�o�n� �t�o� �e�a�c�h� �o�t�h�e�r� �c�a�n� �b�e� �c�o�m�b�i�n�e�d� �a�n�d� �p�r�e�s�e�n�t�-� 

�e�d� �a�s� �a� �n�e�w� �o�b�j�e�c�t� �t�h�a�t� �e�n�c�a�p�s�u�l�a�t�e�s� �s�o�m�e� �w�e�l�l� �d�e�f�i�n�e�d� �b�e�h�a�v�i�o�r�.� �B�u�t� �t�h�e� �r�e�q�u�i�r�e�-� 

�m�e�n�t� �f�o�r� �c�o�m�b�i�n�i�n�g� �e�x�i�s�t�i�n�g� �o�b�j�e�c�t�s� �i�n�t�o� �n�e�w� �o�b�j�e�c�t�s� �d�o�e�s� �e�x�i�s�t�.� �O�n�e� �t�y�p�i�c�a�l� �e�x�a�m�-� 

�p�l�e� �i�s� �t�h�a�t� �i�n� �k�n�o�w�l�e�d�g�e� �b�a�s�e�s� �w�h�e�r�e� �n�e�w� �k�n�o�w�l�e�d�g�e� �i�s� �a�c�q�u�i�r�e�d� �b�y� �f�o�r�m�i�n�g� �n�e�w� 

�f�a�c�t�s� �f�r�o�m� �e�x�i�s�t�i�n�g� �f�a�c�t�s�.� �A�l�s�o�,� �n�e�w� �o�b�j�e�c�t�s� �m�a�y� �n�e�e�d� �t�o� �b�e� �c�r�e�a�t�e�d� �e�i�t�h�e�r� �f�o�r� �o�u�t�p�u�t� 

�p�u�r�p�o�s�e�s� �o�r� �f�o�r� �f�u�r�t�h�e�r� �p�r�o�c�e�s�s�i�n�g�.� 

�2�.�4� �S�a�m�p�l�e� �Q�u�e�r�y� �L�a�n�g�u�a�g�e�s� 

�T�h�i�s� �s�e�c�t�i�o�n� �p�r�e�s�e�n�t�s� �s�e�v�e�r�a�l� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� 

�m�o�d�e�l�s� �a�n�d� �f�o�r� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�s�.� 

�2�.�4�.�1�.� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �Q�u�e�r�y� �L�a�n�g�u�a�g�e�s� 

�S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �p�r�o�p�o�s�e�d� �a�n� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �a�n�d� �a�n� �o�b�j�e�c�t� �a�l�g�e�b�r�a� 

�[�S�O�9�0�,� �S�t�r�a�9�1�]� �a�s� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s�.� �T�h�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �f�o�r�m�a�l�,� �b�e�-� 

�h�a�v�i�o�r�-�b�a�s�e�d�,� �a�n�d� �o�b�j�e�c�t�-�p�r�e�s�e�r�v�i�n�g� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s�.� �T�h�e� �l�a�n�g�u�a�g�e�s� �t�a�k�e� �t�h�e� �o�b�-� 

�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�p�p�r�o�a�c�h� �a�n�d� �t�h�u�s� �v�i�e�w� �q�u�e�r�i�e�s� �a�s� �c�l�a�s�s�e�s�.� �A�m�o�n�g� �t�h�e� �m�a�n�y� �p�r�o�p�o�s�-� 

�a�l�s� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �a�n�d� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �p�r�o�c�e�s�s�e�s� �i�n�v�e�s�-� 

�t�i�g�a�t�e�d� �b�y� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� �p�r�o�p�o�s�a�l� �p�r�e�s�e�n�t�e�d� �b�y� �S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �i�s� �t�h�e� �o�n�l�y� 

�o�n�e� �t�h�a�t� �p�r�o�v�i�d�e�s� �b�o�t�h� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �a�n�d� �o�b�j�e�c�t� �a�l�g�e�b�r�a�,� �a�n�d� �t�h�e� �p�r�o�p�o�s�a�l� �c�o�n�-� 

�t�a�i�n�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �c�o�m�p�r�e�h�e�n�s�i�v�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s�.� �T�h�e� 

�S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �a�n�d� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �d�e�-� 

�t�a�i�l� �i�n� �S�e�c�t�i�o�n� �5�.�3�.�3�.� 
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�T�h�e�r�e� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�e�v�e�r�a�l� �o�t�h�e�r� �p�r�o�p�o�s�a�l�s� �f�o�r� �o�b�j�e�c�t� �a�l�g�e�b�r�a� �s�u�c�h� �a�s� 

�t�h�o�s�e� �p�r�e�s�e�n�t�e�d� �b�y� �B�e�e�r�i� �a�n�d� �K�o�r�n�a�t�z�k�y� �(�B�K�-�A�l�g�e�b�r�a�)� �[�B�K�9�3�]� �a�n�d� �b�y� �A�l�h�a�j�j� �a�n�d� 

�A�r�k�u�n� �(�A�A�-�A�l�g�e�b�r�a�)� �[�A�A�9�4�]�.� 

�B�K�-�A�l�g�e�b�r�a� �i�s� �a� �f�o�r�m�a�l�,� �b�e�h�a�v�i�o�r�-�b�a�s�e�d�,� �a�n�d� �o�b�j�e�c�t�-�p�r�e�s�e�r�v�i�n�g� �q�u�e�r�y� �l�a�n�-� 

�g�u�a�g�e�.� �B�K�-�A�l�g�e�b�r�a� �i�s� �a�n� �F�P�-�l�i�k�e� �l�a�n�g�u�a�g�e�.� �F�P� �i�s� �a� �f�u�n�c�t�i�o�n�a�l� �l�a�n�g�u�a�g�e� �[�B�a�c�k�7�8�]� �i�n� 

�w�h�i�c�h� �t�h�e� �o�n�l�y� �w�a�y� �t�o� �c�o�n�s�t�r�u�c�t� �n�e�w� �f�u�n�c�t�i�o�n�s� �i�s� �t�h�r�o�u�g�h� �a� �s�m�a�l�l� �a�n�d� �f�i�x�e�d� �s�e�t� �o�f� 

�f�u�n�c�t�i�o�n�a�l� �f�o�r�m�s�,� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �n�e�w� �f�u�n�c�t�i�o�n�s� �f�r�o�m� �g�i�v�e�n� �o�n�e�s�.� �B�y� �s�e�l�e�c�t�i�n�g� 

�f�u�n�c�t�i�o�n�a�l� �f�o�r�m�s� �t�o� �c�o�r�r�e�s�p�o�n�d� �t�o� �c�o�m�m�o�n� �d�a�t�a�b�a�s�e� �p�r�o�c�e�s�s�i�n�g� �a�b�s�t�r�a�c�t�i�o�n�s� �w�h�i�l�e� 

�a�l�l�o�w�i�n�g� �a�n� �o�p�e�n�-�e�n�d�e�d� �c�o�l�l�e�c�t�i�o�n� �o�f� �p�r�i�m�i�t�i�v�e� �f�u�n�c�t�i�o�n�s� �f�o�r� �a�t�o�m�i�c� �a�n�d� �c�o�m�p�o�s�i�t�e� 

�t�y�p�e�s�,� �u�s�e�r� �d�e�f�i�n�e�d� �m�e�t�h�o�d�s� �c�a�n� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �e�a�s�i�l�y� �i�n�t�o� �t�h�e� �l�a�n�g�u�a�g�e�.� �T�h�e� �a�l�-� 

�g�e�b�r�a� �t�h�u�s� �a�c�h�i�e�v�e�d� �a�s� �a�n� �e�x�t�e�n�s�i�b�l�e� �y�e�t� �s�t�r�u�c�t�u�r�e�d� �d�a�t�a�b�a�s�e� �l�a�n�g�u�a�g�e�.� �T�h�e� �l�a�n�-� 

�g�u�a�g�e� �p�r�o�v�i�d�e�s� �a�n� �a�b�s�t�r�a�c�t� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �c�o�n�s�t�r�u�c�t�o�r�.� �T�h�i�s� �c�o�n�s�t�r�u�c�t�o�r� 

�p�r�o�v�i�d�e�s� �a� �g�e�n�e�r�a�l� �a�p�p�r�o�a�c�h� �t�o� �o�p�t�i�m�i�z�e� �p�r�o�c�e�s�s�i�n�g� �o�v�e�r� �a�n�y� �k�i�n�d� �o�f� �b�u�l�k� �d�a�t�a�,� �i�n�-� 

�c�l�u�d�i�n�g� �n�o�n�t�r�a�d�i�t�i�o�n�a�l� �o�n�e�s�.� �T�h�e� �a�l�g�e�b�r�a� �t�r�e�a�t�s� �m�e�t�h�o�d�s� �a�s� �v�i�r�t�u�a�l� �(�p�a�r�a�m�e�t�e�r�i�z�e�d�)� 

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �t�y�p�e�s� �o�n� �w�h�i�c�h� �t�h�e�y� �a�r�e� �d�e�f�i�n�e�d�.� �M�e�t�h�o�d�s� �i�n� �t�h�e� �a�l�g�e�b�r�a� �a�r�e� �t�h�e�r�e�-� 

�f�o�r�e� �l�i�k�e� �p�a�r�a�m�e�t�e�r�i�z�e�d� �s�e�l�e�c�t�o�r�s� �f�o�r� �t�h�e� �o�b�j�e�c�t�s�.� �T�h�u�s� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�s� �i�n�-� 

�v�o�l�v�e� �m�e�t�h�o�d�s� �t�h�a�t� �c�a�n� �b�e� �o�p�t�i�m�i�z�e�d� �w�i�t�h�o�u�t� �s�p�e�c�i�a�l� �t�r�e�a�t�m�e�n�t� �f�o�r� �t�h�e� �m�e�t�h�o�d�s�.� 

�T�h�e� �l�a�n�g�u�a�g�e� �i�s� �a�l�s�o� �o�n�e� �o�f� �t�h�e� �f�e�w� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �w�h�i�c�h� �d�e�a�l� 

�w�i�t�h� �u�s�e�r�-�d�e�f�i�n�e�d� �m�e�t�h�o�d�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�e�t�h�o�d�s� �i�n� �t�h�e� �l�a�n�g�u�a�g�e� �a�r�e� �f�o�r� �r�e�t�r�i�e�v�a�l� 

�o�p�e�r�a�t�i�o�n�s� �o�n�l�y�.� �O�n�e� �o�f� �t�h�e� �o�t�h�e�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �w�h�i�c�h� �d�e�a�l� �w�i�t�h� 

�u�s�e�r�-�d�e�f�i�n�e�d� �m�e�t�h�o�d�s� �i�s� �[�S�O�9�0�]�.� 

�A�A�-�A�l�g�e�b�r�a� �v�i�e�w�s� �q�u�e�r�i�e�s� �a�s� �c�l�a�s�s�e�s�.� �T�h�e� �a�l�g�e�b�r�a� �i�s� �a� �f�o�r�m�a�l�,� �b�e�h�a�v�i�o�r�-� 

�b�a�s�e�d�,� �o�b�j�e�c�t�-�c�r�e�a�t�i�n�g� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� �A�l�h�a�j�j� �a�n�d� �A�r�k�u�n� �c�l�a�i�m� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e� �e�x�-� 

�i�s�t�i�n�g� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �a�r�e� �d�e�v�o�t�e�d� �t�o� �t�h�e� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �e�x�i�s�t�i�n�g� 

�o�b�j�e�c�t�s�.� �A�A�-�A�l�g�e�b�r�a� �s�u�p�p�o�r�t�s� �e�n�c�a�p�s�u�l�a�t�i�o�n� �b�y� �d�e�r�i�v�i�n�g� �a� �s�e�t� �o�f� �m�e�s�s�a�g�e� �e�x�p�r�e�s�-� 
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�s�i�o�n�s� �t�o� �h�a�n�d�l�e� �t�h�e� �s�e�t� �o�f� �o�b�j�e�c�t�s� �i�n� �a� �c�l�a�s�s�.� �T�h�a�t� �i�s�,� �t�h�e� �s�e�t� �o�f� �t�o�t�a�l� �i�n�s�t�a�n�c�e�s� �o�f� �a� 

�c�l�a�s�s� �o�r� �t�h�e� �o�u�t�p�u�t� �f�r�o�m� �a� �q�u�e�r�y� �i�s� �h�e�t�e�r�o�g�e�n�e�o�u�s� �i�n� �g�e�n�e�r�a�l�,� �a�n�d� �t�h�e� �o�n�l�y� �v�a�l�u�e�s� 

�r�e�a�c�h�a�b�l�e� �i�n�s�i�d�e� �t�h�o�s�e� �o�b�j�e�c�t�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�e�t� �o�f� �m�e�s�s�a�g�e� 

�e�x�p�r�e�s�s�i�o�n�s�.� �T�h�u�s� �t�h�e� �a�l�g�e�b�r�a� �d�e�a�l�s� �w�i�t�h� �h�e�t�e�r�o�g�e�n�e�o�u�s� �s�e�t�s� �r�a�t�h�e�r� �t�h�a�n� �b�e�i�n�g� �r�e�-� 

�s�t�r�i�c�t�e�d� �t�o� �h�o�m�o�g�e�n�e�o�u�s� �s�e�t�s�.� �T�h�e� �a�l�g�e�b�r�a� �h�a�n�d�l�e�s� �s�t�o�r�e�d� �a�s� �w�e�l�l� �a�s� �d�e�r�i�v�e�d� �v�a�l�-� 

�u�e�s� �a�n�d� �h�e�n�c�e� �s�a�t�i�s�f�i�e�s� �c�o�m�p�u�t�a�t�i�o�n�a�l� �c�o�m�p�l�e�t�e�n�e�s�s�.� �T�h�e� �a�l�g�e�b�r�a� �a�l�l�o�w�s� �f�o�r� �s�e�t� 

�b�a�s�e�d� �p�r�e�d�i�c�a�t�e�s� �a�n�d� �q�u�a�n�t�i�f�i�e�r�s�,� �a�s� �w�e�l�l� �a�s� �l�i�n�e�a�r� �r�e�c�u�r�s�i�o�n�.� �M�u�l�t�i�p�l�e� �i�n�h�e�r�i�t�a�n�c�e�s� 

�a�r�e� �s�u�p�p�o�r�t�e�d� �w�h�e�r�e� �c�l�a�s�s�e�s� �a�r�e� �a�r�r�a�n�g�e�d� �i�n� �a� �l�a�t�t�i�c�e�.� �T�h�i�s� �w�a�y�,� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� 

�c�l�a�s�s� �i�n�c�l�u�d�e�s� �t�h�e� �u�n�i�o�n� �o�f� �a�l�l� �i�t�s� �s�u�p�e�r�c�l�a�s�s�e�s�.� 

�2�.�4�.�2� �D�e�d�u�c�t�i�v�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �Q�u�e�r�y� �L�a�n�g�u�a�g�e�s� 

�F�o�r� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�s�,� �B�a�l� �a�n�d� �B�a�l�s�t�e�r�s� �p�r�o�p�o�s�e�d� �a� �l�a�n�-� 

�g�u�a�g�e� �c�a�l�l�e�d� �D�T�L� �(�D�a�t�a�T�y�p�e�L�o�g�)� �[�B�B�9�3�]�.� �T�h�e� �l�a�n�g�u�a�g�e� �v�i�e�w�s� �q�u�e�r�i�e�s� �a�s� �c�l�a�s�s�e�s� 

�a�n�d� �r�u�l�e�s�.� �T�h�e� �l�a�n�g�u�a�g�e� �i�s� �f�o�r�m�a�l�,� �b�e�h�a�v�i�o�r�-�b�a�s�e�d�,� �a�n�d� �o�b�j�e�c�t�-�c�r�e�a�t�i�n�g�.� �D�T�L� �c�a�n� 

�b�e� �s�e�e�n� �a�s� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� �D�a�t�a�l�o�g�,� �e�q�u�i�p�p�e�d� �w�i�t�h� �o�b�j�e�c�t� �i�d�e�n�t�i�t�i�e�s�,� �c�o�m�p�l�e�x� �o�b�-� 

�j�e�c�t�s�,� �a�n�d� �m�u�l�t�i�p�l�e� �i�n�h�e�r�i�t�a�n�c�e�.� �T�h�e� �l�a�n�g�u�a�g�e� �a�l�s�o� �i�n�c�o�r�p�o�r�a�t�e�s� �t�h�e� �v�e�r�y� �g�e�n�e�r�a�l� 

�n�o�t�i�o�n� �o�f� �s�e�t�s� �a�s� �f�i�r�s�t�-�c�l�a�s�s� �o�b�j�e�c�t�s�,� �i�.�e�.�,� �s�e�t�s� �a�r�e� �a�c�t�u�a�l� �t�e�r�m�s� �i�n� �t�h�e� �l�a�n�g�u�a�g�e�.� �D�T�L� 

�d�e�f�i�n�e�s� �a� �s�i�m�p�l�e� �y�e�t� �p�o�w�e�r�f�u�l� �w�a�y� �o�f� �c�o�m�b�i�n�i�n�g� �m�u�l�t�i�p�l�e� �i�n�h�e�r�i�t�a�n�c�e�s� �w�i�t�h� �p�r�e�d�i�-� 

�c�a�t�e�s� �i�n� �l�o�g�i�c� �p�r�o�g�r�a�m�s�.� �D�T�L� �h�a�s� �b�e�e�n� �p�r�o�v�e�n� �s�o�u�n�d� �a�n�d� �c�o�m�p�l�e�t�e�.� �T�h�e� �l�a�n�g�u�a�g�e� 

�w�a�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �u�s�e�d� �t�o� �q�u�e�r�y� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s� �s�p�e�c�i�f�i�e�d� �w�i�t�h� �t�h�e� �T�M� 

�d�a�t�a� �m�o�d�e�l� �[�B�B�V�9�0�]�.� �Q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �w�a�s� �n�o�t� �p�r�o�v�i�d�e�d� �i�n� �[�B�B�9�3�]�.� �T�h�e� �p�o�s�s�i�b�i�l�-� 

�i�t�y� �o�f� �i�m�p�l�e�m�e�n�t�i�n�g� �D�T�L� �w�a�s� �u�n�d�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �t�i�m�e� �o�f� �w�r�i�t�i�n�g� �[�B�B�9�3�]�.� 

�J�e�u�s�f�e�l�d� �a�n�d� �S�t�a�u�d�t� �p�r�e�s�e�n�t�e�d� �a� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�,� 

�O�-�T�e�l�o�s�.� �O�-�T�e�l�o�s� �q�u�e�r�i�e�s� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �b�o�t�h� �c�l�a�s�s�e�s� �a�n�d� �r�u�l�e�s� �b�e�c�a�u�s�e� 

�O�-�T�e�l�o�s� �v�i�e�w�s� �q�u�e�r�i�e�s� �a�s� �b�o�t�h� �c�l�a�s�s�e�s� �a�n�d� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s�.� �O�-�T�e�l�o�s� �i�s� �a� �f�o�r�m�a�l�,� 
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�b�e�h�a�v�i�o�r�-�b�a�s�e�d�,� �a�n�d� �o�b�j�e�c�t�-�c�r�e�a�t�i�n�g� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� �O�-�T�e�l�o�s� �h�a�s� �b�e�e�n� �i�m�p�l�e�-� 

�m�e�n�t�e�d� �i�n� �a� �p�r�o�t�o�t�y�p�e� �d�a�t�a�b�a�s�e�,� �C�o�n�c�e�p�t�B�a�s�e�[�J�S�9�4�]�.� �O�-�T�e�l�o�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� 

�d�e�t�a�i�l� �i�n� �S�e�c�t�i�o�n� �6�.�2�.�2�.� 
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�3�.� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �a�n�d� �Q�u�e�r� �t�i�m�i�z�a�t�i�o�n� 

�Q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �t�a�k�e�s� �a� �q�u�e�r�y� �a�s� �a�n� �i�n�p�u�t�,� �e�v�a�l�u�a�t�e�s� �t�h�e� �q�u�e�r�y�,� �a�n�d� �g�i�v�e�s� 

�a�n�s�w�e�r�s� �t�o� �t�h�e� �q�u�e�r�y�,� �i�f� �a�n�y�.� �Q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�a�y� �i�n�c�l�u�d�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s� �d�e�s�c�r�i�b�e� �p�o�s�s�i�b�l�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �t�h�a�t� 

�c�a�n� �b�e� �u�s�e�d� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s� �(�O�O�D�B�M�S�s�)� �a�n�d� 

�d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s� �(�D�O�O�D�B�M�S�s�)� �[�S�O�9�0�,� 

�C�G�T�9�0�]�.� 

�3�.�1�.� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �f�o�r� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�a�t�a�b�a�s�e�s� 

�M�a�n�y� �e�x�i�s�t�i�n�g� �a�p�p�r�o�a�c�h�e�s� �t�o� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �u�s�e� �e�s�t�a�b�-� 

�l�i�s�h�e�d� �r�e�l�a�t�i�o�n�a�l� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �w�i�t�h� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �e�x�t�e�n�s�i�o�n�s�.� 

�O�n�e� �r�e�a�s�o�n� �i�s� �t�h�a�t� �O�O�D�B�M�S�s� �h�a�v�e� �t�o� �s�h�o�w� �t�h�a�t� �t�h�e�y� �c�a�n� �b�e� �s�u�c�c�e�s�s�f�u�l�,� �w�h�i�c�h� 

�m�e�a�n�s� �t�h�a�t� �a�s� �a� �m�i�n�i�m�u�m� �t�h�e�y� �h�a�v�e� �t�o� �p�r�o�v�i�d�e� �a�l�l� �t�h�e� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �f�o�u�n�d� �i�n� �r�e�l�a�-� 

�t�i�o�n�a�l� �d�a�t�a�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s�.� �T�h�e� �o�t�h�e�r� �r�e�a�s�o�n� �i�s� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �l�a�r�g�e� 

�b�o�d�y� �o�f� �k�n�o�w�l�e�d�g�e� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �i�n� �r�e�l�a�t�i�o�n�a�l� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �r�e�l�a�-� 

�t�i�o�n�a�l� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �u�s�u�a�l�l�y� �d�o�e�s� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� �r�e�c�u�r�s�i�o�n� �o�r� �q�u�a�n�t�i�f�i�e�r�s� �c�o�m�-� 

�m�o�n�l�y� �f�o�u�n�d� �i�n� �d�e�d�u�c�t�i�v�e� �s�y�s�t�e�m�s�.� �F�i�g�u�r�e� �4� �d�e�p�i�c�t�s� �t�h�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�-� 

�o�l�o�g�y� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�s� �p�r�o�p�o�s�e�d� �b�y� �[�S�O�9�0�]�.� �A� �c�l�o�s�e� �e�x�a�m�i�n�a�t�i�o�n� �r�e�-� 

�v�e�a�l�s� �t�h�a�t� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �i�s� �a� �t�y�p�i�c�a�l� �r�e�l�a�t�i�o�n�a�l� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� 

�w�i�t�h� �t�y�p�e� �c�h�e�c�k�i�n�g� �a�d�d�e�d�.� 
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�F�i�g�u�r�e� �4� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �f�o�r� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�a�t�a� �M�o�d�e�l�s� 
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�T�h�e� �s�t�e�p�s� �o�f� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �a�r�e� �a�s� �f�o�l�l�o�w�s�.� �Q�u�e�r�i�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �a� �d�e�-� 

�c�l�a�r�a�t�i�v�e� �l�a�n�g�u�a�g�e� �s�u�c�h� �a�s� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s�.� �T�h�e� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �i�s� �f�i�r�s�t� �o�p�t�i�-� 

�m�i�z�e�d� �t�o� �a� �n�o�r�m�a�l� �f�o�r�m� �b�y� �e�l�i�m�i�n�a�t�i�n�g� �d�u�p�l�i�c�a�t�e�s�,� �a�p�p�l�y�i�n�g� �i�d�e�n�t�i�t�i�e�s�,� �a�n�d� �r�e�w�r�i�t�i�n�g�.� 

�T�h�e� �n�o�r�m�a�l�i�z�e�d� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �i�s� �t�h�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �a�n� �e�q�u�i�v�a�l�e�n�t� �o�b�j�e�c�t� �a�l�g�e�-� 

�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�.� 

�T�h�e� �a�l�g�e�b�r�a�i�c� �f�o�r�m� �o�f� �t�h�e� �q�u�e�r�y� �i�s� �a� �n�e�s�t�e�d� �e�x�p�r�e�s�s�i�o�n� �w�h�i�c�h� �c�a�n� �b�e� �v�i�e�w�e�d� 

�a�s� �a� �t�r�e�e� �w�h�o�s�e� �n�o�d�e�s� �a�r�e� �a�l�g�e�b�r�a� �o�p�e�r�a�t�o�r�s� �a�n�d� �w�h�o�s�e� �l�e�a�v�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �i�n�-� 

�s�t�a�n�c�e�s� �o�f� �t�y�p�e�s� �i�n� �t�h�e� �d�a�t�a�b�a�s�e�.� �T�h�e� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n� �i�s� �t�h�e�n� �c�h�e�c�k�e�d� �f�o�r� �t�y�p�e� 

�c�o�n�s�i�s�t�e�n�c�y� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �p�r�e�d�i�c�a�t�e�s� �a�n�d� �m�e�t�h�o�d�s� �a�r�e� �n�o�t� �a�p�p�l�i�e�d� �t�o� �o�b�j�e�c�t�s� 

�w�h�i�c�h� �d�o� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� �r�e�q�u�e�s�t�e�d� �f�u�n�c�t�i�o�n�.� �T�h�e� �n�e�x�t� �s�t�e�p� �i�s� �t�o� �a�p�p�l�y� �e�q�u�i�v�a�l�e�n�c�e� 

�p�r�e�s�e�r�v�i�n�g� �r�e�w�r�i�t�e� �r�u�l�e�s� �t�o� �t�h�e� �t�y�p�e�-�c�o�n�s�i�s�t�e�n�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�.� �T�h�i�s� �w�i�l�l� �u�s�u�-� 

�a�l�l�y� �g�e�n�e�r�a�t�e� �m�u�l�t�i�p�l�e� �e�q�u�i�v�a�l�e�n�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�s�.� 

�A�c�c�e�s�s� �p�l�a�n�s� �a�r�e� �t�h�e�n� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�s�.� �O�n�e� �o�f� �t�h�e� 

�p�l�a�n�s� �i�s� �s�e�l�e�c�t�e�d� �b�a�s�e�d� �o�n� �c�e�r�t�a�i�n� �c�o�s�t� �c�r�i�t�e�r�i�a�,� �a�n�d� �t�h�e� �q�u�e�r�y� �i�s� �e�v�a�l�u�a�t�e�d�.� 

�3�.�2� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �f�o�r� �D�e�d�u�c�t�i�v�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�a�t�a�b�a�s�e�s� 

�D�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s� �a�t�t�e�m�p�t� �t�o� �c�o�m�b�i�n�e� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� 

�d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s� �w�i�t�h� �t�h�o�s�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�s�.� �M�o�s�t� �e�x�i�s�t�i�n�g� �a�p�p�r�o�a�c�h�-� 

�e�s� �t�o� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �i�n�c�l�u�d�e� �a�n� �e�x�i�s�t�i�n�g� �d�e�d�u�c�t�i�v�e� 

�q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� �w�i�t�h� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �e�x�t�e�n�s�i�o�n�s�.� �T�h�e� �m�a�i�n� �r�e�a�s�o�n� 

�f�o�r� �u�s�i�n�g� �d�e�d�u�c�t�i�v�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �w�i�t�h� �e�x�t�e�n�s�i�o�n�s� �i�s� �t�h�a�t� �m�a�n�y� 

�d�e�d�u�c�t�i�v�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �c�a�n� �b�e� �a�p�p�l�i�e�d� �d�i�r�e�c�t�l�y� �t�o� �t�h�e� �d�e�d�u�c�t�i�v�e� 

�o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�.� �F�i�g�u�r�e� �5� �s�h�o�w�s� �f�o�u�r� �t�y�p�i�c�a�l� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�-� 
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�g�i�e�s� �f�o�r� �t�h�e� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�i�e�s� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� 

�a�s� �f�o�l�l�o�w�i�n�g� �e�i�t�h�e�r� �a� �l�o�g�i�c�a�l� �a�p�p�r�o�a�c�h�,� �a�n� �a�l�g�e�b�r�a�i�c� �a�p�p�r�o�a�c�h�,� �o�r� �a� �m�i�x�e�d� �l�o�g�i�c�a�l�-� 

�a�l�g�e�b�r�a�i�c� �a�p�p�r�o�a�c�h�.� 
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�F�i�g�u�r�e� �5� �(�a�)� �a�n�d� �F�i�g�u�r�e� �5� �(�b�)� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �l�o�g�i�c�a�l� �a�p�p�r�o�a�c�h�.� �F�i�g�u�r�e� �5� �(�a�)� 

�s�h�o�w�s� �t�h�e� �s�i�m�p�l�e�s�t� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �i�n� �w�h�i�c�h� �a� �l�o�g�i�c�a�l� �q�u�e�r�y� �i�s� �d�i�r�e�c�t�l�y� �e�v�a�l�u�a�t�e�d� 

�b�y� �a� �l�o�g�i�c�a�l� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d� �s�u�c�h� �a�s� �t�h�e� �l�o�g�i�c�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�e� �N�a�i�v�e� �o�r� �S�e�m�i�-� 

�N�a�i�v�e� �m�e�t�h�o�d�.� �F�i�g�u�r�e� �5� �(�b�)� �s�h�o�w�s� �t�h�e� �u�s�e� �o�f� �l�o�g�i�c� �r�e�w�r�i�t�e� �m�e�t�h�o�d�s� �a�n�d� �l�o�g�i�c� �e�v�a�l�-� 

�u�a�t�i�o�n� �m�e�t�h�o�d�s� �i�n� �s�e�q�u�e�n�c�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �M�a�g�i�c�-�S�e�t�s� �m�e�t�h�o�d� �c�a�n� �b�e� �u�s�e�d� �f�o�r� 

�l�o�g�i�c� �r�e�w�r�i�t�e� �a�n�d� �t�h�e� �l�o�g�i�c�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�e� �N�a�i�v�e� �o�r� �S�e�m�i�-�N�a�i�v�e� �m�e�t�h�o�d� �c�a�n� �b�e� 

�u�s�e�d� �a�s� �t�h�e� �l�o�g�i�c� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d� �[�C�G�T�9�0�]�.� 

�F�i�g�u�r�e� �5� �(�c�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �a�l�g�e�b�r�a�i�c� �a�p�p�r�o�a�c�h�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �(�1�)� �t�r�a�n�s�l�a�t�e�s� 

�t�h�e� �i�n�i�t�i�a�l� �q�u�e�r�y� �i�n�t�o� �a�n� �e�q�u�i�v�a�l�e�n�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�,� �(�2�)� �o�p�t�i�m�i�z�e�s� �t�h�e� �a�l�g�e�b�r�a�i�c� 

�q�u�e�r�y� �b�y� �u�s�i�n�g� �a�n� �a�l�g�e�b�r�a�i�c� �r�e�w�r�i�t�i�n�g� �m�e�t�h�o�d�,� �a�n�d� �(�8�)� �p�e�r�f�o�r�m�s� �a�n� �a�l�g�e�b�r�a�i�c� �e�v�a�l�-� 

�u�a�t�i�o�n�.� �I�n� �a� �p�u�r�e� �d�e�d�u�c�t�i�v�e� �m�o�d�e�l�,� �t�h�e�r�e� �i�s� �n�o� �t�y�p�e� �c�o�n�s�i�s�t�e�n�c�y� �i�s�s�u�e� �d�u�r�i�n�g� �t�h�e� 

�t�r�a�n�s�l�a�t�i�o�n� �f�r�o�m� �t�h�e� �l�o�g�i�c� �q�u�e�r�y� �t�o� �t�h�e� �a�l�g�e�b�r�a�i�c� �q�u�e�r�y�.� �I�n� �a� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�-� 

�e�d� �d�a�t�a� �m�o�d�e�l�,� �h�o�w�e�v�e�r�,� �t�h�e� �t�y�p�e� �c�o�n�s�i�s�t�e�n�c�y� �p�r�o�b�l�e�m� �h�a�s� �t�o� �b�e� �r�e�s�o�l�v�e�d� �d�u�r�i�n�g� 

�t�h�e� �t�r�a�n�s�l�a�t�i�o�n�.� �T�h�e�r�e� �a�r�e� �t�w�o� �b�a�s�i�c� �a�p�p�r�o�a�c�h�e�s� �t�o� �t�h�i�s� �p�r�o�b�l�e�m�.� �T�h�e� �f�i�r�s�t� �a�p�p�r�o�a�c�h� 

�i�s� �t�o� �u�s�e� �t�y�p�e� �a�x�i�o�m�s� �t�o� �g�u�a�r�a�n�t�e�e� �t�y�p�e� �c�o�n�s�i�s�t�e�n�c�y� �[�J�S�9�4�]�.� �T�h�e� �s�e�c�o�n�d� �a�p�p�r�o�a�c�h� 

�i�s� �t�o� �d�e�v�e�l�o�p� �a� �t�y�p�e�d� �a�l�g�e�b�r�a� �[�B�B�9�3�]�.� �T�y�p�e� �c�o�n�s�i�s�t�e�n�c�y� �i�s�s�u�e�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� 

�f�u�r�t�h�e�r� �w�h�e�n� �s�o�m�e� �o�f� �t�h�e� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.� 

�L�a�s�t�l�y�,� �F�i�g�u�r�e� �5� �(�d�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �m�i�x�e�d� �a�p�p�r�o�a�c�h�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �(�1�)� �u�s�e�s� 

�a� �l�o�g�i�c�a�l� �r�e�w�r�i�t�e� �m�e�t�h�o�d� �t�o� �o�p�t�i�m�i�z�e� �t�h�e� �l�o�g�i�c� �e�x�p�r�e�s�s�i�o�n�s�,� �(�2�)� �t�r�a�n�s�l�a�t�e�s� �t�h�e� �o�p�t�i�-� 

�m�i�z�e�d� �l�o�g�i�c� �e�x�p�r�e�s�s�i�o�n�s� �i�n�t�o� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�s�,� �a�n�d� �(�3�)� �p�e�r�f�o�r�m�s� �a�n� �a�l�g�e�b�r�a�i�c� 

�e�v�a�l�u�a�t�i�o�n� �t�h�a�t� �u�t�i�l�i�z�e�s� �a� �m�e�t�h�o�d� �s�u�c�h� �a�s� �t�h�e� �a�l�g�e�b�r�a�i�c� �v�e�r�s�i�o�n� �o�f� �t�h�e� �N�a�i�v�e� �o�r� 

�S�e�m�i�-�N�a�i�v�e� �m�e�t�h�o�d� �[�C�G�T�9�0�]�.� 
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�3�.�3� �R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �Q�u�e�r�y� �E�v�a�l�u�a�t�i�o�n� �a�n�d� �O�p�t�i�m�i�z�a�t�i�o�n� �M�e�t�h�o�d�s� 

�I�n� �o�r�d�e�r� �t�o� �p�r�o�d�u�c�e� �t�h�e� �c�o�r�r�e�c�t� �a�n�s�w�e�r� �i�n� �a� �f�i�n�i�t�e� �t�i�m�e� �p�e�r�i�o�d�,� �e�a�c�h� �e�v�a�l�u�a�-� 

�t�i�o�n� �a�n�d� �o�p�t�i�m�i�z�a�t�i�o�n� �m�e�t�h�o�d� �s�h�o�u�l�d� �s�a�t�i�s�f�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s�:� 

�¢� �A� �m�e�t�h�o�d� �m�u�s�t� �b�e� �s�o�u�n�d�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �r�e�s�p�o�n�s�e� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� 

�m�e�t�h�o�d� �s�h�o�u�l�d� �n�o�t� �i�n�c�l�u�d�e� �a�n�y� �o�b�j�e�c�t� �w�h�i�c�h� �i�s� �n�o�t� �a�n� �a�n�s�w�e�r� �t�o� �t�h�e� �q�u�e�r�y�.� 

�¢� �A� �m�e�t�h�o�d� �m�u�s�t� �b�e� �c�o�m�p�l�e�t�e�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �i�t� �s�h�o�u�l�d� �p�r�o�d�u�c�e� �a�l�l� �o�b�j�e�c�t�s� 

�w�h�i�c�h� �a�r�e� �t�h�e� �a�n�s�w�e�r�s� �t�o� �t�h�e� �q�u�e�r�y�.� 

�¢� �A� �m�e�t�h�o�d� �m�u�s�t� �t�e�r�m�i�n�a�t�e�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �p�e�r�-� 

�f�o�r�m�e�d� �i�n� �a� �f�i�n�i�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l�.� 
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�4�.� �C�y�r�a�n�o� �P�r�o�t�o�t�y�p�e� �Q�u�e�r�y� �L�a�n�g�u�a�g�e� �a�n�d� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� 

�4�.�1� �D�a�t�a� �M�o�d�e�l� 

�T�h�e� �C�y�r�a�n�o� �F�D�B�S� �g�l�o�b�a�l� �d�a�t�a� �m�o�d�e�l� �i�s� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l� �a�s� 

�w�e�l�l� �a�s� �a� �d�e�d�u�c�t�i�v�e� �d�a�t�a� �m�o�d�e�l�.� �T�h�e� �d�a�t�a� �m�o�d�e�l� �i�s� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �i�n� �t�h�a�t� �i�t� �s�u�p�p�o�r�t�s� 

�t�h�e� �c�o�r�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �f�e�a�t�u�r�e�s� �d�e�f�i�n�e�d� �i�n� �[�K�i�m�9�1�]� �s�u�c�h� �a�s� �o�b�j�e�c�t� �i�d�e�n�t�i�t�y�(�O�I�D�)�,� 

�m�e�t�h�o�d�s�,� �e�n�c�a�p�s�u�l�a�t�i�o�n�,� �c�l�a�s�s�e�s�,� �c�l�a�s�s� �h�i�e�r�a�r�c�h�y�,� �a�n�d� �c�l�a�s�s� �i�n�h�e�r�i�t�a�n�c�e�.� �H�o�w�e�v�e�r�,� 

�O�I�D�s� �a�r�e� �n�o�t� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �t�h�e� �C�y�r�a�n�o� �p�r�o�t�o�t�y�p�e�.� �I�n�s�t�e�a�d�,� �a�d�d�r�e�s�s�e�s� �a�r�e� �u�s�e�d� 

�t�o� �a�c�c�e�s�s� �t�h�e� �o�b�j�e�c�t�s�.� 

�E�n�c�a�p�s�u�l�a�t�i�o�n� �i�n� �C�y�r�a�n�o� �i�s� �a�c�h�i�e�v�e�d� �b�y� �h�i�d�i�n�g� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �o�f� 

�t�h�e� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �m�e�t�h�o�d�s�.� �E�n�c�a�p�s�u�l�a�t�i�o�n� �i�s� �s�t�r�i�c�t�l�y� �e�n�f�o�r�c�e�d�.� �E�v�e�r�y� �a�t�t�r�i�b�u�t�e� �o�f� �a� 

�C�y�r�a�n�o� �c�l�a�s�s� �i�s� �p�r�i�v�a�t�e�.� �T�h�e� �o�n�l�y� �w�a�y� �t�o� �a�c�c�e�s�s� �a�n� �a�t�t�r�i�b�u�t�e� �o�f� �a� �C�y�r�a�n�o� �c�l�a�s�s� �i�s� 

�v�i�a� �m�e�s�s�a�g�e�s� �t�o� �t�h�e� �p�u�b�l�i�c� �i�n�t�e�r�f�a�c�e�s� �d�e�f�i�n�e�d� �f�o�r� �t�h�a�t� �c�l�a�s�s�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �d�o�i�n�g� 

�s�o� �i�s� �d�u�e� �t�o� �t�h�e� �r�o�l�e� �t�h�a�t� �C�y�r�a�n�o� �p�l�a�y�s� �w�i�t�h�i�n� �a�n� �F�D�B�S�.� �F�o�r� �e�x�a�m�p�l�e�,� �a�n�y� �a�c�c�e�s�s� 

�t�o� �a�n�y� �d�a�t�a� �i�t�e�m� �w�i�l�l� �r�e�q�u�i�r�e� �s�o�m�e� �t�r�a�n�s�l�a�t�i�o�n� �b�e�t�w�e�e�n� �C�y�r�a�n�o� �a�n�d� �i�t�s� �m�e�m�b�e�r� �d�a�-� 

�t�a�b�a�s�e�s�.� �I�n� �o�r�d�e�r� �t�o� �p�r�o�v�i�d�e� �u�n�i�f�i�e�d� �a�n�d� �t�r�a�n�s�p�a�r�e�n�t� �a�c�c�e�s�s� �t�o� �t�h�e� �u�s�e�r�s� �o�f� �t�h�e� 

�F�D�B�S�,� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �o�f� �t�h�e� �t�r�a�n�s�l�a�t�i�o�n� �h�a�v�e� �t�o� �b�e� �h�i�d�d�e�n�.� �T�h�e�r�e�f�o�r�e�,� 

�d�i�r�e�c�t� �a�c�c�e�s�s� �t�o� �a�n�y� �a�t�t�r�i�b�u�t�e� �o�f� �a� �C�y�r�a�n�o� �c�l�a�s�s� �i�s� �f�o�r�b�i�d�d�e�n�.� 

�T�h�e� �C�y�r�a�n�o� �d�a�t�a� �m�o�d�e�l� �i�s� �a�l�s�o� �a� �d�e�d�u�c�t�i�v�e� �d�a�t�a� �m�o�d�e�l�.� �T�h�i�s� �a�l�l�o�w�s� �C�y�r�a�n�o� 

�t�o� �c�r�e�a�t�e� �n�e�w� �o�b�j�e�c�t�s� �f�r�o�m� �e�x�i�s�t�i�n�g� �o�b�j�e�c�t�s� �b�a�s�e�d� �o�n� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s�.� �C�y�r�a�n�o� �u�s�e�s� 

�d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �s�p�e�c�i�f�i�e�d� �f�o�r� �a� �c�l�a�s�s� �t�o� �c�l�a�s�s�i�f�y� �m�e�m�b�e�r�s�h�i�p�s� �f�o�r� �t�h�e� �c�l�a�s�s�.� �T�h�e� �d�e�-� 

�d�u�c�t�i�v�e� �a�p�p�r�o�a�c�h� �a�l�s�o� �a�l�l�o�w�s� �b�o�t�h� �q�u�a�n�t�i�f�i�e�d� �a�n�d� �r�e�c�u�r�s�i�v�e� �q�u�e�r�i�e�s�,� �w�h�i�c�h� �a�r�e� �u�s�u�-� 
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�a�l�l�y� �n�o�t� �s�u�p�p�o�r�t�e�d� �b�y� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�s�.� �T�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �u�s�a�g�e� �o�f� �t�h�e� �d�e�-� 

�d�u�c�t�i�v�e� �r�u�l�e�s� �i�n� �C�y�r�a�n�o� �i�s� �t�o� �r�e�s�o�l�v�e� �h�e�t�e�r�o�g�e�n�e�i�t�y� �p�r�o�b�l�e�m�s� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �m�e�m�-� 

�b�e�r� �d�a�t�a�b�a�s�e�s�.� 

�C�y�r�a�n�o� �d�e�f�i�n�e�s� �t�h�r�e�e� �s�y�s�t�e�m� �l�e�v�e�l� �c�l�a�s�s�e�s�:� �b�u�i�l�t�-�i�n�,� �g�a�t�e�w�a�y�,� �a�n�d� �d�e�r�i�v�e�d�.� 

�A�l�l� �o�t�h�e�r� �c�l�a�s�s�e�s�,� �i�n�c�l�u�d�i�n�g� �u�s�e�r� �d�e�f�i�n�e�d� �c�l�a�s�s�e�s�,� �a�r�e� �d�e�f�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e�s�e� 

�t�h�r�e�e� �c�l�a�s�s�e�s�.� �T�h�e� �B�N�F� �o�f� �C�y�r�a�n�o� �c�l�a�s�s�e�s� �i�s� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �A�.� �T�h�e�s�e� �C�y�r�a�n�o� 

�c�l�a�s�s�e�s� �a�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �C�y�r�a�n�o� �q�u�e�r�i�e�s� �a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �n�e�x�t�.� 

�4�.�1�.�1� �B�u�i�l�t�-�i�n� �C�l�a�s�s�e�s� 

�B�u�i�l�t�-�i�n� �c�l�a�s�s�e�s� �a�r�e� �a�t�o�m�i�c� �d�a�t�a� �t�y�p�e�s�.� �C�u�r�r�e�n�t�l�y� �t�h�e� �C�y�r�a�n�o� �p�r�o�t�o�t�y�p�e� �s�u�p�-� 

�p�o�r�t�s� �I�N�T�E�G�E�R�,� �B�O�O�L�E�A�N�,� �a�n�d� �S�T�R�I�N�G� �t�y�p�e�s�.� �T�h�e� �C�y�r�a�n�o� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �b�u�i�l�t�-� 

�i�n� �c�l�a�s�s� �i�n�c�l�u�d�e�s� �t�h�e� �o�p�e�r�a�t�i�o�n�s� �f�o�r� �p�r�o�c�e�s�s�i�n�g� �a�l�l� �m�e�s�s�a�g�e�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� 

�c�l�a�s�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �I�N�T�E�G�E�R� �c�l�a�s�s� �d�e�f�i�n�i�t�i�o�n� �i�n�c�l�u�d�e�s� �t�h�e� �a�d�d�i�t�i�o�n� �a�n�d� �s�u�b�-� 

�t�r�a�c�t�i�o�n� �o�p�e�r�a�t�i�o�n�s� �n�e�e�d�e�d� �f�o�r� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �i�n�t�e�g�e�r�s�.� �I�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �t�e�r�m�i�n�o�l�-� 

�o�g�y�,� �t�h�o�s�e� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �n�e�e�d�e�d� �f�o�r� �p�r�o�c�e�s�s�i�n�g� �t�h�e� �a�d�d�i�t�i�o�n� �a�n�d� �s�u�b�t�r�a�c�t�i�o�n� �m�e�s�-� 

�s�a�g�e�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �I�N�T�E�G�E�R� �c�l�a�s�s�.� 

�U�s�e�r� �d�e�f�i�n�e�d� �b�u�i�l�t�-�i�n� �c�l�a�s�s�e�s� �a�r�e� �n�o�t� �s�u�p�p�o�r�t�e�d� �b�y� �C�y�r�a�n�o�.� �A�l�s�o�,� �u�s�e�r�s� �m�a�y� 

�n�o�t� �r�e�q�u�e�s�t� �a�l�l� �m�e�m�b�e�r�s� �o�f� �a� �b�u�i�l�t�-�i�n� �c�l�a�s�s� �b�e�c�a�u�s�e� �s�o�m�e� �b�u�i�l�t�-�i�n� �c�l�a�s�s�e�s�,� �s�u�c�h� �a�s� 

�I�N�T�E�G�E�R�,� �a�r�e� �o�p�e�n�-�e�n�d�e�d�,� �i�.�e�.�,� �a� �q�u�e�r�y� �r�e�q�u�e�s�t�i�n�g� �a�l�l� �m�e�m�b�e�r�s� �o�f� �t�h�e� �I�N�T�E�G�E�R� 

�c�l�a�s�s� �w�i�l�l� �r�e�s�u�l�t� �i�n� �n�o�n�-�t�e�r�m�i�n�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g�,� �a�n�d� �t�h�u�s� �i�s� �n�o�t� �s�u�p�p�o�r�t�e�d� �b�y� �C�y�r�a�-� 

�n�o�.� 
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�4�.�1�.�2� �G�a�t�e�w�a�y� �C�l�a�s�s�e�s� 

�A� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e� �s�t�r�u�c�t�u�r�e� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� �t�h�e� �C�y�r�a�n�o� �d�a�t�a� �m�o�d�e�l� �i�s� �o�f� 

�t�h�e� �g�a�t�e�w�a�y� �c�l�a�s�s�.� �T�h�e�r�e� �i�s� �a� �o�n�e�-�t�o�-�o�n�e� �m�a�p�p�i�n�g� �b�e�t�w�e�e�n� �a� �g�a�t�e�w�a�y� �c�l�a�s�s� �a�n�d� 

�i�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�r�u�c�t�u�r�e� �i�n� �a� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�.� �G�a�t�e�w�a�y� �c�l�a�s�s�e�s� �a�r�e� �t�h�e�r�e�f�o�r�e� 

�t�h�e� �C�y�r�a�n�o� �d�a�t�a� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �s�c�h�e�m�a�t�a� �o�f� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s�.� 

�I�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �d�e�d�u�c�t�i�v�e� �m�o�d�e�l�s�,� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s� �a�r�e� �a�n�a�l�o�g�o�u�s� �t�o� �t�h�e� 

�e�x�t�e�n�s�i�o�n�a�l� �p�r�e�d�i�c�a�t�e�s�.� �F�i�n�d�i�n�g� �a�n�s�w�e�r�s� �t�o� �a�n� �e�x�t�e�n�s�i�o�n�a�l� �p�r�e�d�i�c�a�t�e� �r�e�q�u�i�r�e�s� �t�h�e� 

�r�e�t�r�i�e�v�a�l� �o�f� �d�a�t�a� �f�r�o�m� �t�h�e� �d�a�t�a�b�a�s�e� �v�i�a� �t�h�e� �p�r�e�d�i�c�a�t�e�.� �S�i�m�i�l�a�r�l�y�,� �f�i�n�d�i�n�g� �t�h�e� �m�e�m�b�e�r�s� 

�o�f� �a� �g�a�t�e�w�a�y� �c�l�a�s�s� �r�e�q�u�i�r�e�s� �t�h�e� �r�e�t�r�i�e�v�a�l� �o�f� �d�a�t�a� �f�r�o�m� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s� �v�i�a� �t�h�e� 

�g�a�t�e�w�a�y� �c�l�a�s�s�.� �G�a�t�e�w�a�y� �c�l�a�s�s�e�s� �a�r�e� �a�l�s�o� �u�s�e�d� �b�y� �m�o�r�e� �c�o�m�p�l�e�x� �c�l�a�s�s�e�s�,� �d�e�r�i�v�e�d� 

�c�l�a�s�s�e�s�,� �t�o� �c�o�m�p�u�t�e� �m�o�r�e� �c�o�m�p�l�e�x� �d�a�t�a� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �j�u�s�t� �a�s� �e�x�t�e�n�s�i�o�n�a�l� �p�r�e�d�i�-� 

�c�a�t�e�s� �a�r�e� �u�s�e�d� �b�y� �i�n�t�e�n�s�i�o�n�a�l� �p�r�e�d�i�c�a�t�e�s� �t�o� �c�o�m�p�u�t�e� �m�o�r�e� �c�o�m�p�l�e�x� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� 

�A� �g�a�t�e�w�a�y� �c�l�a�s�s� �d�e�f�i�n�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �t�h�e� �m�e�t�h�o�d�s� �o�f� �a� �c�l�a�s�s�.� �A� �g�a�t�e�-� 

�w�a�y� �o�b�j�e�c�t� �p�r�o�c�e�s�s�e�s� �a� �m�e�s�s�a�g�e� �b�y� �i�s�s�u�i�n�g� �a� �r�e�q�u�e�s�t� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �m�e�m�-� 

�b�e�r� �d�a�t�a�b�a�s�e�.� �M�e�t�h�o�d�s� �a�r�e� �n�o�t� �d�e�f�i�n�e�d� �f�o�r� �a� �C�y�r�a�n�o� �g�a�t�e�w�a�y� �c�l�a�s�s� �w�h�i�c�h� �r�e�p�r�e�-� 

�s�e�n�t�s� �a� �s�t�r�u�c�t�u�r�e� �i�n� �a� �n�o�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�,� �b�e�c�a�u�s�e� �t�h�e� �c�o�n�c�e�p�t� �o�f� �m�e�t�h�-� 

�o�d� �i�s� �n�o�t� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�i�s� �k�i�n�d� �o�f� �d�a�t�a�b�a�s�e�s�.� �T�h�e� �a�c�c�e�s�s� �t�o� �a�n� �a�t�t�r�i�b�u�t�e� �o�f� �s�u�c�h� 

�c�l�a�s�s�e�s� �i�s�,� �h�o�w�e�v�e�r�,� �s�t�i�l�l� �v�i�a� �m�e�s�s�a�g�e�s� �t�o� �t�h�e� �d�e�s�i�r�e�d� �o�b�j�e�c�t�.� �C�y�r�a�n�o� �i�m�p�l�e�m�e�n�t�s� 

�t�h�e�s�e� �c�l�a�s�s�e�s� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �a�n�y� �r�e�f�e�r�e�n�c�e� �t�o� �a�n�y� �a�t�t�r�i�b�u�t�e� �o�f� �t�h�e� �i�n�s�t�a�n�c�e�s� �o�f� 

�s�u�c�h� �c�l�a�s�s�e�s� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �s�e�n�d�i�n�g� �a� �m�e�s�s�a�g�e� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �o�b�j�e�c�t� �i�d�e�n�-� 

�t�i�f�i�e�d� �b�y� �a�n� �a�t�t�r�i�b�u�t�e� �n�a�m�e�.� �F�i�g�u�r�e� �6� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �g�a�t�e�w�a�y� �c�l�a�s�s�.� �T�h�e� 

�g�a�t�e�w�a�y� �c�l�a�s�s� �S�t�u�d�e�n�t� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a� �r�e�l�a�t�i�o�n�a�l� �t�a�b�l�e� �i�n� �w�h�i�c�h� �S�t�u�d�e�n�t� �i�s� �t�h�e� 

�n�a�m�e� �o�f� �t�h�e� �t�a�b�l�e�,� �a�n�d� �n�a�m�e�,� �s�s�_�n�u�m�,� �m�a�j�o�r�,� �g�p�a�,� �a�n�d� �s�e�x� �a�r�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� 

�t�a�b�l�e�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �c�l�a�s�s� �a�r�e� �a�l�l� �p�r�i�v�a�t�e�.� �T�h�e� �n�a�m�e�s� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �a�r�e� �a�l�s�o� 
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�u�s�e�d� �a�s� �t�h�e� �n�a�m�e�s� �o�f� �t�h�e� �m�e�t�h�o�d�s� �t�h�a�t� �a�c�c�e�s�s� �t�h�e� �a�t�t�r�i�b�u�t�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �S�i�s� 

�d�e�f�i�n�e�d� �t�o� �b�e� �a� �S�t�u�d�e�n�t�,� �t�h�e�n� �t�h�e� �r�e�f�e�r�e�n�c�e� �S�.�n�a�m�e� �i�s� �a� �m�e�s�s�a�g�e� �t�o� �S�i�n� �w�h�i�c�h� �t�h�e� 

�m�e�t�h�o�d� �n�a�m�e� �w�i�l�l� �r�e�t�r�i�e�v�e� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �o�b�j�e�c�t� �i�d�e�n�t�i�f�i�e�d� �b�y� �n�a�m�e�.� 

� � 

�C�L�A�S�S� �S�t�u�d�e�n�t� �I�S� �G�A�T�E�W�A�Y� 

�W�I�T�H� 

�S�T�R�I�N�G� �n�a�m�e�;� 

�S�T�R�I�N�G� �s�s�_�n�u�m�;� 

�S�T�R�I�N�G� �m�a�j�o�r�;� 

�R�E�A�L� �=� �g�p�a�;� 

�S�T�R�I�N�G� �s�e�x�;� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� � � � � � � 

�F�i�g�u�r�e�6� �E�x�a�m�p�l�e� �o�f� �A� �C�y�r�a�n�o� �G�a�t�e�w�a�y� �C�l�a�s�s� 

�4�.�1�.�3� �D�e�r�i�v�e�d� �C�l�a�s�s�e�s� 

�A� �d�e�r�i�v�e�d� �c�l�a�s�s� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �o�n�e� �o�r� �m�o�r�e� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s� �a�n�d�/�o�r� �o�n�e� �o�r� 

�m�o�r�e� �d�e�r�i�v�e�d� �c�l�a�s�s�e�s�.� �A� �d�e�r�i�v�e�d� �c�l�a�s�s� �c�o�n�t�a�i�n�s� �a� �s�e�t� �o�f� �d�e�r�i�v�a�t�i�o�n�s�.� �E�a�c�h� �d�e�r�i�v�a�-� 

�t�i�o�n� �d�e�f�i�n�e�s� �a� �l�i�s�t� �o�f� �t�h�e� �b�a�s�e� �c�l�a�s�s�e�s�.� �T�h�e�s�e� �b�a�s�e� �c�l�a�s�s�e�s� �c�o�u�l�d� �b�e� �e�i�t�h�e�r� �g�a�t�e�w�a�y� 

�c�l�a�s�s�e�s� �o�r� �d�e�r�i�v�e�d� �c�l�a�s�s�e�s�.� �E�a�c�h� �d�e�r�i�v�a�t�i�o�n� �a�l�s�o� �c�o�n�t�a�i�n�s� �a� �s�e�t� �o�f� �r�u�l�e�s� �c�a�l�l�e�d� �a� 

�g�u�a�r�d�.� �T�h�e� �r�u�l�e�s� �d�e�f�i�n�e� �t�h�e� �m�e�m�b�e�r�s�h�i�p� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �d�e�r�i�v�e�d� �c�l�a�s�s�.� 
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�A� �d�e�r�i�v�e�d� �c�l�a�s�s� �a�l�s�o� �d�e�f�i�n�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �m�e�t�h�o�d�s� �o�f� �t�h�e� �c�l�a�s�s�.� �A� �d�e�-� 

�r�i�v�e�d� �o�b�j�e�c�t� �p�r�o�c�e�s�s�e�s� �a� �m�e�s�s�a�g�e� �b�y� �r�u�n�n�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �m�e�t�h�o�d� �d�e�f�i�n�e�d� 

�f�o�r� �t�h�e� �d�e�r�i�v�e�d� �c�l�a�s�s�.� �F�i�g�u�r�e� �7� �s�h�o�w�s� �s�o�m�e� �e�x�a�m�p�l�e�s� �o�f� �d�e�r�i�v�e�d� �c�l�a�s�s�e�s�.� 
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� � 

� � 

�C�L�A�S�S� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �I�S� �D�E�R�I�V�E�D� �F�R�O�M� 

�S�t�u�d�e�n�t� �S�,� �E�m�p�l�o�y�e�e� �E�:� �(�S�.�n�a�m�e� �=� �(�E�.�f�i�r�s�t�_�n�a�m�e� �+� �E�.�l�a�s�t�_�n�a�m�e�)�)� 

�W�I�T�H� 

�S�T�R�I�N�G� �N�a�m�e� �=� �E�.�l�a�s�t�_�n�a�m�e� �+� �E�.�f�i�r�s�t�_�n�a�m�e�;� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� 

�(�a�)� 

�C�L�A�S�S� �G�o�o�d�S�t�u�d�e�n�t� �I�S� �D�E�R�I�V�E�D� �F�R�O�M� 

�S�t�u�d�e�n�t� �S�:� �(�S�.�g�p�a� �>� �3�.�0�)� 

�W�I�T�H� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� 

�(�b�)� 

�C�L�A�S�S� �S�t�u�d�e�n�t�P�a�r�i�s� �I�S� �D�E�R�I�V�E�D� �F�R�O�M� 

�S�t�u�d�e�n�t� �$�1�,� �S�t�u�d�e�n�t� �S�2�:� �(�(�S�1�.�m�a�j�o�r� �=� �S�2�.�m�a�j�o�r�)� �A�N�D� 

�(�S�1�.�n�a�m�e� �<�>� �S�2�.�n�a�m�e�)�)� 

�W�I�T�H� 

�S�t�u�d�e�n�t� �F�i�r�s�t�_�S�t�u�d�e�n�t�:� �$�1�;� 

�S�t�u�d�e�n�t� �S�e�c�o�n�d�_�S�t�u�d�e�n�t�:� �S�2�;� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� 

�(�c�)� 

� � 

�F�i�g�u�r�e� �7� �E�x�a�m�p�l�e�s� �o�f� �C�y�r�a�n�o� �D�e�r�i�v�e�d� �C�l�a�s�s�e�s� 
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�A� �d�e�r�i�v�e�d� �c�l�a�s�s� �c�a�n� �c�o�m�b�i�n�e� �t�w�o� �o�r� �m�o�r�e� �o�t�h�e�r� �c�l�a�s�s�e�s� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 

�7� �(�a�)�.� �T�h�e� �c�l�a�s�s� �m�e�m�b�e�r�s�h�i�p� �i�s� �s�p�e�c�i�f�i�e�d� �v�i�a� �t�h�e� �r�u�l�e� �S�.�n�a�m�e� �=� �E�.�f�i�r�s�t�_�n�a�m�e� �+� 

�E�.�l�a�s�t�_�n�a�m�e�.� �T�h�e� �r�u�l�e� �s�a�y�s� �t�h�a�t� �a�n� �i�n�s�t�a�n�c�e� �o�f� �S�t�u�d�e�n�t� �o�r� �a�n� �i�n�s�t�a�n�c�e� �o�f� �E�m�p�l�o�y�e�e� 

�b�e�l�o�n�g�s� �t�o� �c�l�a�s�s� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �i�f� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �s�t�u�d�e�n�t� �i�n�s�t�a�n�c�e� �i�s� �t�h�e� �s�a�m�e� 

�a�s� �t�h�e� �n�a�m�e� �o�f� �a�n� �e�m�p�l�o�y�e�e� �i�n�s�t�a�n�c�e�.� �H�e�r�e� �t�h�e� �n�a�m�e� �o�f� �a�n� �e�m�p�l�o�y�e�e� �i�s� �a�s�s�u�m�e�d� 

�t�o� �b�e� �s�t�o�r�e�d� �i�n� �t�w�o� �f�i�e�l�d�s� �-� �f�i�r�s�t� �n�a�m�e� �a�n�d� �l�a�s�t� �n�a�m�e�.� �T�h�e�r�e�f�o�r�e�,� �a� �c�o�n�c�a�t�e�n�a�t�i�o�n� 

�o�p�e�r�a�t�i�o�n� �i�s� �n�e�e�d�e�d� �i�n� �o�r�d�e�r� �t�o� �c�o�m�p�a�r�e� �a�n� �e�m�p�l�o�y�e�e� �n�a�m�e� �w�i�t�h� �a� �s�t�u�d�e�n�t� �n�a�m�e�.� 

�A� �d�e�r�i�v�e�d� �c�l�a�s�s� �c�a�n� �l�i�m�i�t� �o�t�h�e�r� �c�l�a�s�s�e�s� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �7� �(�b�)�.� �T�h�e� �G�o�o�a�-� 

�S�t�u�d�e�n�t� �c�l�a�s�s� �l�i�m�i�t�s� �i�t�s� �m�e�m�b�e�r�s�h�i�p� �t�o� �t�h�o�s�e� �s�t�u�d�e�n�t�s� �w�i�t�h� �a� �G�P�A� �g�r�e�a�t�e�r� �t�h�a�n� �3�.�0�.� 

�A� �d�e�r�i�v�e�d� �c�l�a�s�s� �c�a�n� �c�o�m�b�i�n�e� �o�b�j�e�c�t�s� �i�n�t�o� �c�o�m�p�o�s�i�t�e� �o�b�j�e�c�t�s� �a�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �7� �(�c�)�.� �T�h�i�s� �c�l�a�s�s� �c�o�m�b�i�n�e�s� �t�w�o� �s�t�u�d�e�n�t� �i�n�s�t�a�n�c�e�s� �i�n�t�o� �a� �c�o�m�p�o�s�i�t�e� �o�b�j�e�c�t�,� �i�f� 

�t�h�e� �m�a�j�o�r�s� �o�f� �t�h�e� �t�w�o� �s�t�u�d�e�n�t�s� �a�r�e� �t�h�e� �s�a�m�e�.� 

�D�e�r�i�v�e�d� �c�l�a�s�s�e�s� �a�r�e� �u�s�e�d� �b�y� �C�y�r�a�n�o� �t�o� �r�e�s�o�l�v�e� �d�a�t�a�b�a�s�e� �h�e�t�e�r�o�g�e�n�e�i�t�y�.� �A� 

�d�e�r�i�v�a�t�i�o�n� �c�a�n� �n�o�r�m�a�l�i�z�e� �t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� �d�a�t�a� �f�r�o�m� �t�h�e� �o�b�j�e�c�t�s� �o�f� �t�h�e� �b�a�s�e� �c�l�a�s�s�-� 

�e�s�.� �A� �d�e�r�i�v�e�d� �c�l�a�s�s� �c�a�n� �m�a�k�e� �d�a�t�a� �i�n� �d�i�f�f�e�r�e�n�t� �f�o�r�m�a�t�s� �a�p�p�e�a�r� �t�h�e� �s�a�m�e� �b�y� �u�s�i�n�g� 

�d�i�f�f�e�r�e�n�t� �d�e�r�i�v�a�t�i�o�n�s� �p�e�r�f�o�r�m�i�n�g� �d�i�f�f�e�r�e�n�t� �n�o�r�m�a�l�i�z�a�t�i�o�n�s�.� �O�n�e� �e�x�a�m�p�l�e� �o�f� �d�a�t�a� �r�e�p�-� 

�r�e�s�e�n�t�a�t�i�o�n� �h�e�t�e�r�o�g�e�n�e�i�t�y� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �7� �(�a�)�,� �w�h�e�r�e� �a� �s�t�u�d�e�n�t� �n�a�m�e� �i�s� �a�s�-� 

�s�u�m�e�d� �t�o� �b�e� �s�t�o�r�e�d� �i�n� �o�n�e� �f�i�e�l�d�,� �t�h�e� �n�a�m�e� �a�t�t�r�i�b�u�t�e�,� �i�n� �t�h�e� �f�o�r�m�a�t� �o�f� �f�i�r�s�t� �n�a�m�e� �p�l�u�s� 

�l�a�s�t� �n�a�m�e�.� �W�h�i�l�e� �a�n� �e�m�p�l�o�y�e�e� �n�a�m�e� �i�s� �s�t�o�r�e�d� �i�n� �t�w�o� �f�i�e�l�d�s�,� �t�h�e� �f�i�r�s�t�_�n�a�m�e� �a�t�t�r�i�b�u�t�e� 

�a�n�d� �t�h�e� �/�a�s�t�_�n�a�m�e� �a�t�t�r�i�b�u�t�e�.� �T�h�e� �n�o�r�m�a�l�i�z�e�d� �N�a�m�e� �f�i�e�l�d� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �i�n� �t�h�e� 

�f�o�r�m�a�t� �o�f� �l�a�s�t� �n�a�m�e� �p�l�u�s� �f�i�r�s�t� �n�a�m�e�.� �T�h�e� �N�a�m�e� �a�t�t�r�i�b�u�t�e� �g�i�v�e�s� �a� �u�n�i�f�i�e�d� �v�i�e�w� �o�f� �a� 

�n�a�m�e� �o�v�e�r� �t�w�o� �d�i�f�f�e�r�e�n�t� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �n�a�m�e�s� �s�u�c�h� �a�s� �t�h�o�s�e� �i�n� �t�h�e� �S�t�u�d�e�n�t� �a�n�d� 

�E�m�p�l�o�y�e�e� �c�l�a�s�s�e�s�.� 
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�4�.�2� �Q�u�e�r�i�e�s� �a�n�d� �Q�u�e�r�y� �L�a�n�g�u�a�g�e� 

�C�y�r�a�n�o� �t�a�k�e�s� �t�h�e� �q�u�e�r�y�-�b�y�-�c�l�a�s�s� �a�p�p�r�o�a�c�h�.� �I�s�s�u�i�n�g� �a� �q�u�e�r�y� �i�s� �t�h�u�s� �t�h�e� �s�a�m�e� 

�a�s� �d�e�f�i�n�i�n�g� �a� �c�l�a�s�s�.� �A� �q�u�e�r�y� �c�a�n� �e�i�t�h�e�r� �b�e� �w�r�i�t�t�e�n� �a�s� �a� �g�a�t�e�w�a�y� �c�l�a�s�s� �o�r� �a� �d�e�r�i�v�e�d� 

�c�l�a�s�s�.� �T�h�e� �q�u�e�r�y� �d�e�f�i�n�e�d� �a�s� �t�h�e� �g�a�t�e�w�a�y� �c�l�a�s�s� �i�n� �F�i�g�u�r�e� �6� �w�i�l�l� �r�e�t�u�r�n� �a�l�l� �s�t�u�d�e�n�t�s� �i�n� 

�t�h�e� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �g�a�t�e�w�a�y� �c�l�a�s�s� �S�t�u�d�e�n�t�.� �T�h�e� �q�u�e�r�y� �w�r�i�t�t�e�n� 

�a�s� �a� �d�e�r�i�v�e�d� �c�l�a�s�s� �i�n� �F�i�g�u�r�e� �7� �(�b�)� �w�i�l�l� �r�e�t�u�r�n� �a�l�l� �s�t�u�d�e�n�t�s� �w�i�t�h� �a� �G�P�A� �g�r�e�a�t�e�r� �t�h�a�n� 

�3�.�0�.� 

�T�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �i�s� �a� �f�o�r�m�a�l� �l�a�n�g�u�a�g�e� �b�a�s�e�d� �o�n� �D�o�m�a�i�n� �C�a�l�c�u�-� 

�l�u�s� �[�U�l�l�m�8�8�]�.� �A�l�t�h�o�u�g�h� �t�h�e� �C�y�r�a�n�o� �r�e�s�e�a�r�c�h� �[�D�z�i�k�9�6�]� �d�o�e�s� �n�o�t� �d�e�f�i�n�e� �a� �c�a�l�c�u�l�u�s� �o�r� 

�a�n� �a�l�g�e�b�r�a� �a�s� �t�h�e� �q�u�e�r�y� �l�a�n�g�u�a�g�e�,� �i�t� �d�o�e�s� �p�r�o�v�e� �t�h�a�t� �t�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �l�a�n�g�u�a�g�e� 

�f�u�l�l�y� �s�u�p�p�o�r�t�s� �t�h�e� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �o�f� �t�h�e� �r�e�l�a�t�i�o�n�a�l� �d�a�t�a� �m�o�d�e�l�,� �t�h�e� �D�a�t�a�l�o�g� �(�d�e�-� 

�d�u�c�t�i�v�e�)� �d�a�t�a� �m�o�d�e�l�,� �a�n�d� �t�h�e� �c�o�r�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l� �d�e�f�i�n�e�d� �i�n� �[�K�i�m�9�1�]�.� 

�T�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �i�s� �a� �l�a�n�g�u�a�g�e� �w�i�t�h� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� �o�n� �b�e�h�a�v�-� 

�i�o�r�.� �T�h�a�t� �i�s�,� �t�h�e� �l�a�n�g�u�a�g�e� �v�i�e�w�s� �o�b�j�e�c�t�s� �a�s� �i�n�s�t�a�n�c�e�s� �o�f� �a�b�s�t�r�a�c�t� �d�a�t�a� �t�y�p�e�s� �(�A�D�T�s�)�.� 

�A�c�c�e�s�s� �t�o� �o�b�j�e�c�t�s� �t�h�a�t� �a�r�e� �i�n�s�t�a�n�c�e�s� �o�f� �a�n� �A�D�T� �i�s� �t�h�r�o�u�g�h� �p�u�b�l�i�c� �i�n�t�e�r�f�a�c�e� �m�e�t�h�o�d�s� 

�d�e�f�i�n�e�d� �f�o�r� �t�h�a�t� �A�D�T�.� 

�T�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �a�l�l�o�w�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�j�e�c�t�s� �m�a�i�n�l�y� �d�u�e� 

�t�o� �i�t�s� �d�e�d�u�c�t�i�v�e� �n�a�t�u�r�e�.� �N�e�w� �o�b�j�e�c�t�s� �a�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �e�x�i�s�t�i�n�g� �o�b�j�e�c�t�s� �b�a�s�e�d� �o�n� 

�t�h�e� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s�.� 

�T�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �i�s� �a�n� �o�b�s�e�r�v�i�n�g� �l�a�n�g�u�a�g�e�.� �T�h�e� �l�a�n�g�u�a�g�e� �d�o�e�s� 

�n�o�t� �c�h�a�n�g�e� �t�h�e� �s�t�a�t�e�s� �o�f� �t�h�e� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s�.� �A�l�l� �n�e�w� �o�b�j�e�c�t�s� �c�r�e�a�t�e�d� �b�y� �t�h�e� �l�a�n�-� 

�g�u�a�g�e� �a�r�e� �n�o�n�-�p�e�r�m�a�n�e�r�t�,� �i�.�e�.�,� �t�h�e�y� �w�i�l�l� �n�o�t� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e� �a�s� 

�p�e�r�m�a�n�e�n�t� �d�a�t�a�.� 
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�T�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �i�s� �n�o�n�-�r�e�s�t�r�i�c�t�i�v�e�.� �T�h�e� �l�a�n�g�u�a�g�e� �s�u�p�p�o�r�t�s� �q�u�a�n�-� 

�t�i�f�i�e�r�s� �a�n�d� �r�e�c�u�r�s�i�v�e� �q�u�e�r�i�e�s�.� 

�4�.�3�.� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �M�e�t�h�o�d�o�l�o�g�y� 

�C�y�r�a�n�o� �u�s�e�s� �t�h�e� �m�o�s�t� �b�a�s�i�c� �m�o�d�e�l� �o�f� �t�h�e� �d�e�d�u�c�t�i�v�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�-� 

�o�d�o�l�o�g�y�,� �t�h�e� �L�o�g�i�c� �Q�u�e�r�y� �E�x�p�r�e�s�s�i�o�n� �-� �L�o�g�i�c� �Q�u�e�r�y� �E�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d�o�l�o�g�y�.� �T�h�i�s� 

�m�e�t�h�o�d�o�l�o�g�y� �i�s� �d�e�f�i�n�e�d� �i�n� �S�e�c�t�i�o�n� �3�.�2�.� �F�i�g�u�r�e� �8� �s�h�o�w�s� �t�h�e� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�-� 

�i�n�g� �m�e�t�h�o�d�o�l�o�g�y�.� �T�h�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �t�a�k�e�s� �a� �q�u�e�r�y�,� �w�h�i�c�h� �i�s� �a� �c�l�a�s�s�,� �a�n�d� �e�v�a�l�-� 

�u�a�t�e�s� �t�h�e� �q�u�e�r�y� �d�i�r�e�c�t�l�y�,� �w�i�t�h�o�u�t� �a�n�y� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�-� 

�r�i�t�h�m� �u�s�e�d� �b�y� �C�y�r�a�n�o� �i�s� �b�a�s�i�c�a�l�l�y� �t�h�e� �N�a�i�v�e� �E�v�a�l�u�a�t�i�o�n� �a�l�g�o�r�i�t�h�m� �w�h�i�c�h� �i�s� �t�h�e� �s�i�m�-� 

�p�l�e�s�t� �d�e�d�u�c�t�i�v�e� �q�u�e�r�y� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�r�i�t�h�m�.� �N�a�i�v�e� �E�v�a�l�u�a�t�i�o�n� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� 

�d�e�t�a�i�l� �i�n� �S�e�c�t�i�o�n� �6�.�1�.�2�.�1�.� 

� � 

�D�e�c�l�a�r�a�t�i�v�e� �Q�u�e�r�y� 

�!� 
�N�a�i�v�e� �E�v�a�l�u�a�t�i�o�n� 
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�F�i�g�u�r�e� �8� �C�y�r�a�n�o� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �M�e�t�h�o�d�o�l�o�g�y� 
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�F�i�g�u�r�e� �9� �b�r�e�a�k�s� �d�o�w�n� �t�h�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �i�n�t�o� �d�e�t�a�i�l�s�.� �T�h�e�r�e� �a�r�e� �t�w�o� �m�a�i�n� 

�s�t�a�g�e�s� �i�n� �C�y�r�a�n�o� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �t�w�o� �d�o�t�t�e�d� �b�o�x�e�s�.� �T�h�e� �f�i�r�s�t� 

�s�t�a�g�e� �i�s� �t�h�e� �c�o�m�p�i�l�a�t�i�o�n� �s�t�a�g�e�,� �a�n�d� �t�h�e� �s�e�c�o�n�d� �s�t�a�g�e� �i�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �s�t�a�g�e�.� �T�h�e� 

�f�o�l�l�o�w�i�n�g� �t�w�o� �s�u�b�s�e�c�t�i�o�n�s� �d�e�s�c�r�i�b�e� �t�h�e� �t�w�o� �s�t�a�g�e�s�.� 
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�4�.�3�.�1� �C�o�m�p�i�l�a�t�i�o�n� �S�t�a�g�e� 

�I�n� �t�h�e� �c�o�m�p�i�l�a�t�i�o�n� �s�t�a�g�e�,� �t�h�e� �q�u�e�r�y� �p�r�o�c�e�s�s�o�r� �l�o�a�d�s� �t�h�e� �q�u�e�r�y�,� �w�h�i�c�h� �i�s� �e�x�-� 

�p�r�e�s�s�e�d� �a�s� �a� �c�l�a�s�s�,� �p�a�r�s�e�s� �t�h�e� �q�u�e�r�y�,� �a�n�d� �b�r�e�a�k�s� �i�t� �i�n�t�o� �s�u�b�-�q�u�e�r�i�e�s�.� �T�h�e� �b�r�e�a�k�-� 

�d�o�w�n� �s�t�e�p� �i�s� �a�n� �i�t�e�r�a�t�i�o�n� �s�t�e�p� �w�h�i�c�h� �i�t�e�r�a�t�e�s� �t�h�r�o�u�g�h� �e�a�c�h� �b�a�s�e� �c�l�a�s�s� �u�n�t�i�l� �i�t� �r�e�a�c�h�-� 

�e�s� �t�h�e� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s�.� �T�h�e� �o�u�t�p�u�t� �o�f� �t�h�i�s� �s�t�a�g�e� �i�s� �a� �s�e�t� �o�f� �s�u�b�-�q�u�e�r�i�e�s�.� �T�h�e� �s�u�b�-� 

�q�u�e�r�i�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �a� �t�r�e�e� �o�f� �c�l�a�s�s�e�s�,� �i�n� �w�h�i�c�h� �e�a�c�h� �n�o�d�e� �r�e�p�r�e�s�e�n�t�s� �a� �c�l�a�s�s�.� 

�T�h�e� �r�o�o�t� �n�o�d�e� �i�s� �t�h�e� �o�r�i�g�i�n�a�l� �c�l�a�s�s�,� �t�h�e� �q�u�e�r�y�.� �E�v�e�r�y� �o�t�h�e�r� �n�o�d�e� �i�n� �t�h�e� �t�r�e�e� �r�e�p�r�e�-� 

�s�e�n�t�s� �a� �b�a�s�e� �c�l�a�s�s�.� �A� �c�h�i�l�d� �n�o�d�e� �a�t� �l�e�v�e�l� �n� �r�e�p�r�e�s�e�n�t�s� �a� �b�a�s�e� �c�l�a�s�s� �o�f� �i�t�s� �p�a�r�e�n�t� 

�n�o�d�e�s� �a�t� �l�e�v�e�l� �n�-�7�.� �L�e�a�f� �n�o�d�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s�.� �A�l�l� �n�o�d�e�s� �a�b�o�v�e� �t�h�e� 

�l�e�a�f� �n�o�d�e�s� �r�e�p�r�e�s�e�n�t� �d�e�r�i�v�e�d� �c�l�a�s�s�e�s�.� �F�i�g�u�r�e� �1�0� �i�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �q�u�e�r�y�,� �G�o�o�d�T�A�.� 

�T�h�e� �q�u�e�r�y� �f�i�n�d�s� �a�l�l� �t�e�a�c�h�i�n�g� �a�s�s�i�s�t�a�n�t�s� �w�i�t�h� �a� �G�P�A� �o�f� �3�.�5� �o�r� �g�r�e�a�t�e�r�.� 
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� � 

� � 

�C�L�A�S�S� �G�o�o�d�T�A� �I�S� �D�E�R�I�V�E�D� 

�G�o�o�d�S�t�u�d�e�n�t� �G�S�,� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �T�A�:� 

�W�I�T�H� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� 

�w�h�e�r�e� �G�o�o�d�S�t�u�d�e�n�t� �a�n�d� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �a�r�e� �b�o�t�h� �d�e�r�i�v�e�d� �c�l�a�s�s�e�s�.� 

�C�L�A�S�S� �G�o�o�d�S�t�u�d�e�n�t� �I�S� �D�E�R�I�V�E�D� 

�S�t�u�d�e�n�t� �S�:� �(�S�.�G�P�A� �>�=� �3�.�5�)� 

�W�I�T�H� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� 

�w�h�e�r�e� �S�t�u�d�e�n�t� �i�s� �a� �g�a�t�e�w�a�y� �c�l�a�s�s�.� 

�C�L�A�S�S� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �|�S� �D�E�R�I�V�E�D� 

�S�t�u�d�e�n�t� �S�,� �E�m�p�l�o�y�e�e� �E�:� �(�S�.�s�s�_�n�u�m� �=� �E�.�s�s�_�n�u�m�)� 

�W�I�T�H� 
�e�e�e� 

�E�N�D�;� 

�E�N�D� �C�L�A�S�S�.� 

�w�h�e�r�e� �b�o�t�h� �S�t�u�d�e�n�t� �a�n�d� �E�m�p�l�o�y�e�e� �a�r�e� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s�.� 

� � 

�F�i�g�u�r�e� �1�0� �A� �S�a�m�p�l�e� �C�y�r�a�n�o� �Q�u�e�r�y� 

�5�1� 

� 



�F�i�g�u�r�e� �1�1� �s�h�o�w�s� �t�h�e� �q�u�e�r�y� �t�r�e�e� �o�f� �t�h�e� �s�a�m�p�l�e� �q�u�e�r�y� �d�e�f�i�n�e�d� �i�n� �F�i�g�u�r�e� �1�0�.� 

�T�h�e� �t�r�e�e� �i�s� �t�h�e� �o�u�t�p�u�t� �o�f� �t�h�e� �c�o�m�p�i�l�a�t�i�o�n� �s�t�a�g�e�.� �T�h�e� �f�i�g�u�r�e� �s�h�o�w�s� �t�h�a�t� �t�h�e� �r�o�o�t�,� 

�G�o�o�a�T�A�,� �i�s� �t�h�e� �q�u�e�r�y�.� �G�o�o�d�S�t�u�d�e�n�t� �a�n�d� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �a�r�e� �t�h�e� �b�a�s�e� �c�l�a�s�s�e�s� 

�o�f� �G�o�o�d�T�A�.� �S�t�u�d�e�n�t� �i�s� �t�h�e� �b�a�s�e� �c�l�a�s�s� �o�f� �G�o�o�d�S�t�u�d�e�n�t�,� �a�n�d� �b�o�t�h� �S�t�u�d�e�n�t� �a�n�d� �E�m�-� 

�p�l�o�y�e�e� �a�r�e� �t�h�e� �b�a�s�e� �c�l�a�s�s�e�s� �o�f� �t�h�e� �c�l�a�s�s� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t�.� 

� � 

� � � � 

� � � � 

� � � � 

� � 

�T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t� �G�o�o�d�S�t�u�d�e�n�t� 

� � 
�E�m�p�l�o�y�e�e� 

� � � � 
� � 

�F�i�g�u�r�e� �1�1� �T�r�e�e� �f�o�r� �t�h�e� �S�a�m�p�l�e� �C�y�r�a�n�o� �Q�u�e�r�y� 

�5�2



�4�.�3�.�2� �E�x�e�c�u�t�i�o�n� �S�t�a�g�e� 

�I�n� �t�h�e� �e�x�e�c�u�t�i�o�n� �s�t�a�g�e�,� �e�v�e�r�y� �s�u�b�-�q�u�e�r�y� �i�s� �s�e�n�t� �t�o� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �g�a�t�e�w�a�y� 

�d�a�t�a�b�a�s�e�.� �T�h�e� �g�a�t�e�w�a�y� �d�a�t�a�b�a�s�e� �t�r�a�n�s�l�a�t�e�s� �t�h�e� �s�u�b�-�q�u�e�r�y� �i�n�t�o� �t�h�e� �l�a�n�g�u�a�g�e�s� �o�f� 

�t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s� �a�n�d� �s�e�n�d�s� �t�h�e� �t�r�a�n�s�l�a�t�e�d� �s�u�b�-�q�u�e�r�y� �t�o� �t�h�e� 

�m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s�.� �R�e�s�p�o�n�s�e�s� �f�r�o�m� �m�e�m�b�e�r� �d�a�t�a�b�a�s�e�s� �a�r�e� �t�r�a�n�s�l�a�t�e�d� �b�a�c�k� �t�o� 

�t�h�e� �g�l�o�b�a�l� �l�a�n�g�u�a�g�e� �a�n�d� �a�r�e� �f�o�r�w�a�r�d�e�d� �b�a�c�k� �t�o� �t�h�e� �g�l�o�b�a�l� �d�a�t�a�b�a�s�e� �b�y� �t�h�e� �g�a�t�e�w�a�y� 

�d�a�t�a�b�a�s�e�s�.� �T�h�e� �g�l�o�b�a�l� �d�a�t�a�b�a�s�e� �c�h�e�c�k�s� �t�h�e� �r�e�s�p�o�n�s�e� �o�b�j�e�c�t�s� �a�g�a�i�n�s�t� �t�h�e� �r�u�l�e�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �q�u�a�l�i�f�i�e�d� �a�n�s�w�e�r� �o�b�j�e�c�t�s�.� �T�h�e� �g�l�o�b�a�l� �d�a�t�a�b�a�s�e� �t�h�e�n� �c�o�m�p�o�s�e�s� �t�h�e� 

�q�u�a�l�i�f�i�e�d� �o�b�j�e�c�t�s� �i�n�t�o� �a� �g�l�o�b�a�l� �r�e�s�p�o�n�s�e� �a�n�d� �s�e�n�d�s� �t�h�e� �r�e�s�p�o�n�s�e� �b�a�c�k� �t�o� �t�h�e� �u�s�e�r�.� 

�C�y�r�a�n�o� �u�s�e�s� �t�h�e� �b�o�t�t�o�m�-�u�p� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d� �c�o�m�m�o�n�l�y� �s�e�e�n� �i�n� �t�h�e� �d�e�-� 

�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s�.� �C�y�r�a�n�o� �e�v�a�l�u�a�t�e�s� �a� �q�u�e�r�y� �b�y� �r�e�p�e�a�t�e�d�l�y� �c�y�c�l�i�n�g� �t�h�r�o�u�g�h� �a�l�l� 

�b�a�s�e� �c�l�a�s�s�e�s� �a�n�d� �t�h�e� �b�a�s�e� �c�l�a�s�s�e�s� �o�f� �t�h�e� �b�a�s�e� �c�l�a�s�s�e�s�.� �T�h�e� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s� �a�r�e� 

�c�o�m�p�u�t�e�d� �f�i�r�s�t�,� �c�l�a�s�s�e�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �g�a�t�e�w�a�y� �c�l�a�s�s�e�s� �a�r�e� �c�o�m�p�u�t�e�d� �i�n� �t�h�e� �n�e�x�t� 

�c�y�c�l�e�,� �a�n�d� �s�o� �o�n�.� �U�s�i�n�g� �t�h�e� �e�x�a�m�p�l�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�1�,� �t�h�e� �o�r�d�e�r� �o�f� �t�h�e� �e�v�a�l�u�a�t�i�o�n� 

�(�c�o�m�p�u�t�a�t�i�o�n�)� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�S�t�u�d�e�n�t�,� �E�m�p�l�o�y�e�e�,� �G�o�o�d�S�t�u�d�e�n�t�,� �T�e�a�c�h�i�n�g�A�s�s�i�s�t�a�n�t�,� �a�n�d� �G�o�o�d�T�A�.� 

�R�e�c�u�r�s�i�v�e� �q�u�e�r�i�e�s� �a�r�e� �h�a�n�d�l�e�d� �v�i�a� �r�e�p�e�a�t�e�d� �i�t�e�r�a�t�i�o�n�s�.� �R�e�c�u�r�s�i�v�e� �d�e�r�i�v�a�-� 

�t�i�o�n�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �r�e�p�e�a�t�e�d�l�y� �a�g�a�i�n�s�t� �t�h�e� �n�e�w� �a�n�d� �e�x�i�s�t�i�n�g� �o�b�j�e�c�t�s�.� �W�h�e�n� �n�o� �m�o�r�e� 

�n�e�w� �o�b�j�e�c�t�s� �a�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �a� �c�y�c�l�e�,� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �e�n�d�s�.� �T�h�i�s� �i�s� �b�a�s�i�c�a�l�l�y� �a� �N�a�i�v�e� 

�E�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d�.� �F�i�g�u�r�e� �1�2� �s�h�o�w�s� �t�h�e� �C�y�r�a�n�o� �p�r�o�t�o�t�y�p�e� �q�u�e�r�y� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�-� 

�r�i�t�h�m�.� 
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� � 

�D�o�n�e� �=� �F�A�L�S�E�;� 

�D�O� �U�N�T�I�L� �D�o�n�e� 

�D�o�n�e� �=� �T�R�U�E�;� 

�D�O� �f�o�r� �a�l�l� �c�l�a�s�s�e�s� �o�n� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� 

�I�F� �t�h�i�s� �i�s� �a� �g�a�t�e�w�a�y� �c�l�a�s�s� 

�I�F� �t�h�i�s� �i�s� �t�h�e� �f�i�r�s�t� �t�i�m�e� �i�n� �t�h�e� �l�o�o�p� �f�o�r� �t�h�i�s� �c�l�a�s�s� 

�E�v�a�l�u�a�t�e� �t�h�e� �c�l�a�s�s� 

�A�d�d� �t�h�e� �r�e�s�u�l�t� �t�o� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� 

�D�o�n�e� �=� �F�A�L�S�E� 

�E�N�D�I�F� 

�E�L�S�E� 

�D�O� �f�o�r� �a�l�l� �d�e�r�i�v�a�t�i�o�n�s� �o�f� �t�h�e� �c�l�a�s�s� 

�F�i�n�d� �a�l�l� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �b�a�s�e� �o�b�j�e�c�t�s� �o�f� �t�h�i�s� �c�l�a�s�s� 

�D�O� �f�o�r� �a�l�l� �s�u�c�h� �c�o�m�b�i�n�a�t�i�o�n�s� 

�I�F� �a� �c�o�m�b�i�n�a�t�i�o�n� �s�a�t�i�s�f�i�e�s� �t�h�e� �g�u�a�r�d� �o�f� �t�h�e� �d�e�r�i�v�a�t�i�o�n� 

�G�e�n�e�r�a�t�e� �a� �d�e�r�i�v�e�d� �o�b�j�e�c�t� �f�r�o�m� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� 

�A�d�d� �i�t� �t�o� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� 

�D�o�n�e� �=� �F�A�L�S�E� 

�E�N�D�I�F� 

�E�N�D�D�O� 

�E�N�D�D�O� 

�E�N�D�I�F� 

�E�N�D�D�O� 

�E�N�D�D�O� 

� � 

�F�i�g�u�r�e� �1�2� �C�y�r�a�n�o� �P�r�o�t�o�t�y�p�e� �Q�u�e�r�y� �E�v�a�l�u�a�t�i�o�n� �A�l�g�o�r�i�t�h�m� 
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� 



�O�n�e� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�i�s� �a�l�g�o�r�i�t�h�m� �i�s� �t�h�a�t� �i�t� �d�o�e�s� �n�o�t� �g�u�a�r�a�n�t�e�e� �t�e�r�m�i�n�a�t�i�o�n� �f�o�r� 

�r�e�c�u�r�s�i�v�e� �q�u�e�r�i�e�s�.� �F�o�r� �a� �r�e�c�u�r�s�i�v�e� �q�u�e�r�y�,� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �i�n� �t�h�e� �q�u�e�r�y� �w�i�l�l� �b�e� �r�e�c�u�r�-� 

�s�i�v�e�l�y� �u�s�e�d�,� �a�n�d� �t�h�e� �s�a�m�e� �o�b�j�e�c�t�s� �m�a�y� �b�e� �r�e�p�e�a�t�e�d�l�y� �g�e�n�e�r�a�t�e�d�.� �T�h�e� �r�e�a�s�o�n� �t�h�a�t� 

�t�h�e� �a�l�g�o�r�i�t�h�m� �m�a�y� �n�o�t� �t�e�r�m�i�n�a�t�e� �i�s� �t�h�a�t� �a�s� �l�o�n�g� �a�s� �a�n� �o�b�j�e�c�t� �i�s� �g�e�n�e�r�a�t�e�d�,� �i�t� �w�i�l�l� �b�e� 

�a�d�d�e�d� �t�o� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� �w�h�e�t�h�e�r� �t�h�e� �o�b�j�e�c�t� �i�s� �a�l�r�e�a�d�y� �o�n� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� �o�r� �n�o�t�.� 

�C�o�n�s�i�d�e�r� �a� �d�a�t�a�b�a�s�e� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�a�t�a� �a�n�d� �r�u�l�e�s�:� 

�p�a�r�e�n�t� �(�K�e�n�,� �J�i�m�)� 

�p�a�r�e�n�t� �(�A�m�y�,� �M�a�r�y�)� 

�p�a�r�e�n�t� �(�P�a�t�,� �J�o�h�n�)� 

�p�a�r�e�n�t� �(�F�r�a�n�k�,� �K�e�n�)� 

�R�u�l�e� �1�:� �a�n�c�e�s�t�o�r� �(�X�,� �Y�)�:�-� �p�a�r�e�n�t� �(�X�,� �Y�)� 

�R�u�l�e� �2�:� �a�n�c�e�s�t�o�r� �(�X�,� �Y�)�:�-� �a�n�c�e�s�t�o�r� �(�X�,� �Z�)�,� �p�a�r�e�n�t� �(�Z�,� �Y�)� 

�w�h�e�r�e� �p�a�r�e�n�t� �(�X�,� �Y�)� �m�e�a�n�s� �Y�i�s� �a� �p�a�r�e�n�t� �o�f� �X�.� �R�u�l�e� �1� �s�a�y�s� �t�h�a�t� �i�f� �Y�i�s� �a� �p�a�r�e�n�t� �o�f� �X�,� 

�t�h�e�n� �Y� �i�s� �a�n� �a�n�c�e�s�t�o�r� �o�f� �X�.� �R�u�l�e� �2� �s�a�y�s� �i�f� �Y�i�s� �a� �p�a�r�e�n�t� �o�f� �Z�,� �a�n�d� �Z� �i�s� �a�n� �a�n�c�e�s�t�o�r� 

�o�f� �X�,� �t�h�e�n� �Y�i�s� �a�n� �a�n�c�e�s�t�o�r� �o�f� �X�.� �T�h�e� �r�u�l�e�s� �a�r�e� �w�r�i�t�t�e�n� �i�n� �a� �l�o�g�i�c� �l�a�n�g�u�a�g�e� �f�o�r�m�.� 

�C�o�n�s�i�d�e�r� �a� �q�u�e�r�y� �f�o�r� �f�i�n�d�i�n�g� �a�l�l� �a�n�c�e�s�t�o�r�s� �o�f� �F�r�a�n�k�.� �T�h�e� �q�u�e�r�y� �i�s� �e�x�p�r�e�s�s�e�d�,� 

�q� �(�X�)�:�-� �a�n�c�e�s�t�o�r� �(�F�r�a�n�k�,� �X�)�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �t�e�x�t� �l�i�s�t�s� �t�h�e� �o�b�j�e�c�t�s� �i�n� �e�a�c�h� �i�t�e�r�a�t�i�o�n� �o�f� 

�t�h�e� �l�o�o�p� �a�n�d� �t�h�e� �c�o�n�t�a�i�n�s� �o�f� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� �a�f�t�e�r� �e�a�c�h� �i�t�e�r�a�t�i�o�n�.� 
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�I�t�e�r�a�t�i�o�n� �1�:� 

�O�b�j�e�c�t� �g�e�n�e�r�a�t�e�d�:� 

�(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)� 

�R�e�s�u�l�t�-�L�i�s�t�:� 

�(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)� 

�i�t�e�r�a�t�i�o�n� �2�:� 

�O�b�j�e�c�t� �g�e�n�e�r�a�t�e�d�:� 

�(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�F�r�a�n�k�,� �J�i�m�)� 

�R�e�s�u�l�t�-�L�i�s�t�:� 

�(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� 
�M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�F�r�a�n�k�,� �J�i�m�)� 

�I�t�e�r�a�t�i�o�n� �3�:� 

�O�b�j�e�c�t� �g�e�n�e�r�a�t�e�d�:� 

�(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�F�r�a�n�k�,� �J�i�m�)�,� �(�F�r�a�n�k�,� 
�J�i�m�)� 

�R�e�s�u�l�t�-�L�i�s�t�:� 

�(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� 
�M�a�r�y�)�,� �(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�F�r�a�n�k�,� �J�i�m�)�,� �(�K�e�n�,� �J�i�m�)�,� �(�A�m�y�,� �M�a�r�y�)�,� 
�(�P�a�t�,� �J�o�h�n�)�,� �(�F�r�a�n�k�,� �K�e�n�)�,� �(�F�r�a�n�k�,� �J�i�m�)�,� �(�F�r�a�n�k�,� �J�i�m�)� 

�A�s� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �t�h�e� �a�b�o�v�e� �e�x�a�m�p�l�e�,� �t�h�e� �a�l�g�o�r�i�t�h�m� �w�i�l�l� �n�o�t� �t�e�r�m�i�n�a�t�e�.� �A�s� 

�l�o�n�g� �a�s� �o�b�j�e�c�t�s� �c�a�n� �b�e� �g�e�n�e�r�a�t�e�d�,� �t�h�e�y� �w�i�l�l� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t� �w�h�e�t�h�e�r� �o�r� 

�n�o�t� �t�h�e� �o�b�j�e�c�t�s� �a�r�e� �a�l�r�e�a�d�y� �o�n� �t�h�e� �R�e�s�u�l�t�-�L�i�s�t�.� 
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�T�h�e� �o�t�h�e�r� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�e� �a�l�g�o�r�i�t�h�m� �i�s� �i�t�s� �i�n�e�f�f�i�c�i�e�n�c�y�.� �T�h�e� �i�n�e�f�f�i�c�i�e�n�c�y� �i�s� 

�m�a�i�n�l�y� �c�a�u�s�e�d� �b�y� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �N�a�i�v�e� �m�e�t�h�o�d�,� �w�h�i�c�h� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l� 

�i�n� �S�e�c�t�i�o�n� �6�.�1�.�2�.�1�.� 
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�5�.� �Q�u�e�r�y� �O�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �M�o�d�e�l�s� 

�5�.�1�.� �C�h�a�l�l�e�n�g�e�s� �f�o�r� �O�p�t�i�m�i�z�a�t�i�o�n� �o�f� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �Q�u�e�r�i�e�s� 

�A�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l� �c�a�n� �s�u�p�p�o�r�t� �f�e�a�t�u�r�e�s� �s�u�c�h� �a�s� �a�b�s�t�r�a�c�t� �d�a�t�a� �t�y�p�e�s� 

�(�A�D�T�)�,� �m�e�t�h�o�d�s�,� �e�n�c�a�p�s�u�l�a�t�i�o�n�,� �i�n�h�e�r�i�t�a�n�c�e�,� �c�o�m�p�l�e�x� �s�t�r�u�c�t�u�r�e�s�,� �a�n�d� �o�b�j�e�c�t� �i�d�e�n�-� 

�t�i�t�y�.� �W�h�i�l�e� �t�h�e�s�e� �f�e�a�t�u�r�e�s� �p�r�o�v�i�d�e� �p�o�w�e�r�f�u�l� �m�o�d�e�l�i�n�g� �c�a�p�a�b�i�l�i�t�i�e�s�,� �t�h�e�y� �c�r�e�a�t�e� �n�e�w� 

�c�h�a�l�l�e�n�g�e�s� �f�o�r� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �i�n� �g�e�n�e�r�a�l� �a�n�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �i�n� �p�a�r�t�i�c�u�l�a�r�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s� �d�i�s�c�u�s�s� �t�h�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s� �i�n�t�r�o�d�u�c�e�d� �b�y� 

�t�h�e�s�e� �f�e�a�t�u�r�e�s�.� �T�h�e� �d�i�s�c�u�s�s�i�o�n� �i�s� �b�a�s�e�d� �o�n� �[�M�Z�D�9�4�]� �a�n�d� �[�M�S�T�B�9�4�]�.� 

�5�.�1�.�1�.� �A�b�s�t�r�a�c�t� �D�a�t�a� �T�y�p�e�s� 

�R�e�g�a�r�d�i�n�g� �A�D�T�,� �[�M�Z�D�9�4�]� �c�o�n�s�i�d�e�r�s� �t�h�r�e�e� �i�s�s�u�e�s� �r�e�l�a�t�e�d� �t�o� �q�u�e�r�y� �o�p�t�i�m�i�z�a�-� 

�t�i�o�n�:� �n�a�m�e�l�y� �t�y�p�e� �s�p�e�c�i�f�i�c� �o�p�t�i�m�i�z�a�t�i�o�n�,� �s�u�b�t�y�p�e�/�s�u�b�s�e�t� �o�p�t�i�m�i�z�a�t�i�o�n�,� �a�n�d� �s�t�a�t�i�c� 

�t�y�p�e�-�c�h�e�c�k�i�n�g�.� 

�5�.�1�.�1�.�1� �T�y�p�e� �S�p�e�c�i�f�i�c� �O�p�t�i�m�i�z�a�t�i�o�n�s� 

�T�y�p�e� �s�p�e�c�i�f�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �m�e�a�n�s� �t�h�a�t� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �l�o�o�k�s� �a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� 

�b�e�t�w�e�e�n� �o�b�j�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s�,� �a�n�d� �t�r�i�e�s� �t�o� �s�i�m�p�l�i�f�y� �q�u�e�r�i�e�s� �b�a�s�e�d� �o�n� �s�u�c�h� �r�e�-� 

�l�a�t�i�o�n�s�h�i�p�s�.� �T�y�p�e� �s�p�e�c�i�f�i�c� �o�p�t�i�m�i�z�a�t�i�o�n�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �e�x�a�m�i�n�e�d� �i�n� �t�h�e� �a�r�e�a� 

�o�f� �s�e�m�a�n�t�i�c� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�i�s� �k�i�n�d� �o�f� �s�i�m�p�l�i�f�i�c�a�t�i�o�n� �(�t�r�a�n�s�f�o�r�m�a�t�i�o�n�)� �d�e�p�e�n�d�s� 

�s�o�l�e�l�y� �u�p�o�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �A�D�T�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �g�i�v�e�s� �a�n� �e�x�a�m�p�l�e� �f�o�r� �t�h�e� 

�t�y�p�e� �s�p�e�c�i�f�i�c� �o�p�t�i�m�i�z�a�t�i�o�n�.� 

�Q�u�e�r�y� �c�l�a�u�s�e�:� 

�e�.�e�m�p�l�o�y�e�r�.�n�a�m�e� �=� �v�.�m�a�n�u�f�a�c�t�o�r�y�.�n�a�m�e� 
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�w�h�e�r�e� �e� �i�s� �a�n� �o�b�j�e�c�t� �o�f� �t�y�p�e� �E�m�p�l�o�y�e�e� �a�n�d� �v� �i�s� �a�n� �o�b�j�e�c�t� �o�f� �t�y�p�e� �V�e�h�i�c�l�e�.� 

�A�x�i�o�m� �f�o�r� �A�D�T� �C�o�m�p�a�n�y�.� 

�V� �C�y� �C�o�:� �C�o�m�p�a�n�y� �c�;�.�n�a�m�e� �=� �c�o�.�n�a�m�e� �=�>� �c�y� �=� �C�o� 

�A� �t�y�p�e� �s�p�e�c�i�f�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �c�o�u�l�d� �n�o�t�e� �t�h�a�t� �e�.�e�m�p�l�o�y�e�r� �a�n�d� �v�.�m�a�n�u�f�a�c�t�o�r�y� 

�b�o�t�h� �r�e�f�e�r� �t�o� �t�h�e� �C�o�m�p�a�n�y� �o�b�j�e�c�t�s�.� �T�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �a�p�p�l�i�e�s� �t�h�e� �a�b�o�v�e� �a�x�i�o�m� �t�o� �t�h�e� 

�q�u�e�r�y� �a�n�d� �t�r�a�n�s�f�o�r�m�s� �t�h�e� �q�u�e�r�y� �t�o�:� 

�e�.�e�m�p�l�o�y�e�r� �=� �v�.�m�a�n�u�f�a�c�t�o�r�y� 

�T�h�e� �s�i�m�p�l�i�f�i�e�d� �e�x�p�r�e�s�s�i�o�n� �p�r�o�b�a�b�l�y� �r�e�q�u�i�r�e�s� �f�e�w�e�r� �o�b�j�e�c�t� �a�c�c�e�s�s�e�s� �s�i�n�c�e� 

�t�h�e� �n�a�m�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �C�o�m�p�a�n�y� �o�b�j�e�c�t�s� �n�o� �l�o�n�g�e�r� �n�e�e�d� �t�o� �b�e� �c�o�m�p�u�t�e�d�.� 

�5�.�1�.�1�.�2� �S�u�b�t�y�p�e� �a�n�d� �S�u�b�s�e�t� �O�p�t�i�m�i�z�a�t�i�o�n� 

�S�u�b�t�y�p�e� �a�n�d� �s�u�b�s�e�t� �o�p�t�i�m�i�z�a�t�i�o�n� �u�s�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� �t�h�e� �a�b�s�t�r�a�c�t� 

�d�a�t�a� �t�y�p�e� �c�o�n�s�t�r�u�c�t�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�i�s� �t�y�p�e� �o�f� �o�p�t�i�m�i�z�a�t�i�o�n� �l�o�o�k�s� �a�t� �t�h�e� �t�y�p�e� �-� �s�u�b�-� 

�t�y�p�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �c�a�l�l�e�d� �s�u�b�t�y�p�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� �S�u�b�t�y�p�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s� �g�i�v�e� �s�i�m�-� 

�i�l�a�r� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �s�e�t� �i�n�c�l�u�s�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �i�.�e�.�,� �a�l�l� �s�e�t�s� �w�i�t�h� �m�e�m�b�e�r�-�t�y�p�e� �T� 

�a�r�e� �s�u�b�s�e�t�s� �o�f� �t�h�e� �i�n�s�t�a�n�c�e�s� �o�f� �T�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �g�i�v�e�s� �a�n� �e�x�a�m�p�l�e� �o�f� �u�s�i�n�g� �t�h�e� �s�u�b�-� 

�t�y�p�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s� �t�o� �s�i�m�p�l�i�f�y� �a� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�:� 

�A�n�s�w�e�r�:�=� �S�e�l�e�c�t� �(�V�e�h�i�c�l�e�s�,� �0� �v�.�m�a�n�u�f�a�c�t�o�r�y�.�n�a�m�e� �=�  ��G�M �� 

�A�V�  ¬�e� �G�m�E�m�p�C�a�r�s�)� 

�w�h�e�r�e� �0� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �r�e�t�u�r�n� �o�b�j�e�c�t�(�s�)�.� 

�T�h�e� �s�e�l�e�c�t�i�o�n� �c�o�u�l�d� �b�e� �s�i�m�p�l�i�f�i�e�d� �t�o�:� 

�A�n�s�w�e�r� �:�=� �S�e�l�e�c�t� �(�G�m�E�m�p�C�a�r�s�,� �0� �v�.�m�a�n�u�f�a�c�t�o�r�y�.�n�a�m�e� �=�'�G�M ��)� 
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�T�h�i�s� �e�x�p�r�e�s�s�i�o�n� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �l�o�g�i�c�a�l� �A�N�D� �o�p�e�r�a�t�i�o�n�.� �T�h�e� �s�i�m�p�l�i�f�i�c�a�t�i�o�n� �i�s� 

�b�a�s�e�d� �o�n� �t�h�e� �k�n�o�w�l�e�d�g�e� �t�h�a�t� �a�l�l� �s�e�t�s� �w�i�t�h� �m�e�m�b�e�r�-�t�y�p�e� �T� �a�r�e� �s�u�b�s�e�t�s� �o�f� �t�h�e� �i�n�-� 

�s�t�a�n�c�e�s� �o�f� �T�,� �i�.�e�.�,� �G�m�E�m�p�C�a�r�s� �h�a�s� �t�y�p�e� �V�e�h�i�c�l�e�,� �s�o� �i�t� �m�u�s�t� �b�e� �a� �s�u�b�s�e�t� �o�f� �V�e�h�i�c�l�e�s�,� 

�a� �s�u�b�s�e�t� �o�f� �t�h�e� �i�n�s�t�a�n�c�e�s� �o�f� �t�y�p�e� �V�e�h�i�c�l�e�.� 

�5�.�1�.�1�.�3� �S�t�a�t�i�c� �T�y�p�e�-�C�h�e�c�k�i�n�g� �I�s�s�u�e�s� 

�S�u�b�-�t�y�p�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �c�o�u�l�d� �a�l�s�o� �a�f�f�e�c�t� �t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� 

�i�n� �a� �s�t�a�t�i�c�a�l� �t�y�p�e�-�c�h�e�c�k�i�n�g� �s�y�s�t�e�m�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �q�u�e�r�y� �o�p�e�r�a�t�i�o�n� �U�n�i�o�n� �(�S�t�u�-� 

�d�e�n�t�s�,� �E�m�p�l�o�y�e�e�s�)� �w�o�u�l�d� �n�o�r�m�a�l�l�y� �r�e�s�u�l�t� �i�n� �a� �s�e�t� �h�a�v�i�n�g� �t�y�p�e� �P�e�r�s�o�n�,� �w�h�e�r�e� �P�e�r�-� 

�s�o�n� �i�s� �d�e�f�i�n�e�d� �t�o� �b�e� �t�h�e� �c�l�o�s�e�s�t� �c�o�m�m�o�n� �s�u�p�e�r�-�t�y�p�e� �o�f� �t�y�p�e�s� �S�t�u�d�e�n�t� �a�n�d� �E�m�p�l�o�y�-� 

�e�e�.� �T�h�u�s�,� �a�s� �f�a�r� �a�s� �t�y�p�e�-�c�h�e�c�k�i�n�g� �i�s� �c�o�n�c�e�r�n�e�d�,� �o�n�l�y� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�y�p�e� �P�e�r�s�o�n� �a�r�e� 

�v�a�l�i�d� �i�n� �t�h�e� �r�e�s�u�l�t�i�n�g� �s�e�t�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �a� �q�u�e�r�y� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �d�i�s�t�r�i�b�u�t�e�s� 

�o�p�e�r�a�t�i�o�n� �U�n�i�o�n� �/� �I�n�t�e�r�s�e�c�t�i�o�n� �/� �D�i�f�f�e�r�e�n�c�e� �o�v�e�r� �o�t�h�e�r� �o�p�e�r�a�t�i�o�n�s�,� �s�u�c�h� �a�s� �a� �m�e�t�h�o�d� 

�m�,� �i�s� �n�o�t� �a�p�p�l�i�c�a�b�l�e� �i�f� �s�t�a�t�i�c� �t�y�p�e�-�c�h�e�c�k�i�n�g� �i�s� �e�n�f�o�r�c�e�d�,� �e�.�g�.�,� 

�U�n�i�o�n� �(�Q�u�e�r�y�O�p� �(�S�;�,� �m�)�,� �Q�u�e�r�y�O�p� �(�S�o�,� �m�)�)� �#� �Q�u�e�r�y�O�p� �(�U�n�i�o�n� �(�S�j�,� �S�o�)�,� �m�)� 

�s�i�n�c�e� �m� �m�a�y� �n�o�t� �b�e� �d�e�f�i�n�e�d� �f�o�r� �t�h�e� �t�y�p�e� �o�f� �U�n�i�o�n� �(�S�j�,� �S�o�)�.� 

�I�n� �o�r�d�e�r� �t�o� �a�l�l�o�w� �s�u�c�h� �a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �s�o�m�e� �t�y�p�e� �i�n�f�e�r�e�n�c�e� �m�e�c�h�a�n�i�s�m� �i�s� 

�n�e�e�d�e�d�.� �T�h�e� �t�y�p�e� �i�n�f�e�r�e�n�c�e� �m�e�c�h�a�n�i�s�m� �o�f� �[�S�t�r�a�9�1�]� �c�o�u�l�d� �b�e� �u�s�e�d� �t�o� �a�d�d�r�e�s�s� �t�h�i�s� 

�p�r�o�b�l�e�m�.� 
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�5�.�1�.�2� �C�o�m�p�l�e�x� �S�t�r�u�c�t�u�r�e�s� 

�T�h�e� �c�o�m�p�l�e�x� �s�t�r�u�c�t�u�r�e� �o�f� �o�b�j�e�c�t�s� �m�e�a�n�s� �t�h�a�t� �l�a�n�g�u�a�g�e�s� �w�h�i�c�h� �q�u�e�r�y� �t�h�e� �o�b�-� 

�j�e�c�t�s� �m�u�s�t� �h�a�v�e� �m�e�c�h�a�n�i�s�m�s� �f�o�r� �e�x�p�l�o�r�i�n�g� �t�h�e�i�r� �s�t�r�u�c�t�u�r�e�s�.� �A�l�s�o�,� �l�a�n�g�u�a�g�e�s� �t�h�a�t� 

�s�u�p�p�o�r�t� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �o�b�j�e�c�t�s� �n�e�e�d� �m�e�c�h�a�n�i�s�m�s� �f�o�r� �b�u�i�l�d�i�n�g� �n�e�w� �s�t�r�u�c�t�u�r�e�s�.� �S�u�p�-� 

�p�o�r�t�i�n�g� �t�h�e� �e�x�p�l�o�r�a�t�i�o�n� �a�n�d� �c�r�e�a�t�i�o�n� �o�f� �s�u�c�h� �s�t�r�u�c�t�u�r�e�s� �c�a�n� �l�e�a�d� �t�o� �t�h�e� �r�e�g�u�l�a�r� �u�s�e� 

�o�f� �p�a�t�h� �e�x�p�r�e�s�s�i�o�n�s� �f�o�r� �n�a�v�i�g�a�t�i�n�g� �t�h�r�o�u�g�h� �a� �s�t�r�u�c�t�u�r�e�.� 

�5�.�1�.�2�.�1�.� �P�a�t�h� �E�x�p�r�e�s�s�i�o�n�s� 

�O�n�e� �p�r�o�b�l�e�m� �i�n�t�r�o�d�u�c�e�d� �b�y� �p�a�t�h� �e�x�p�r�e�s�s�i�o�n�s� �i�s� �t�h�a�t� �o�f� �t�h�e� �i�m�p�l�i�e�d� �e�x�e�c�u�t�i�o�n� 

�o�r�d�e�r� �o�n� �t�h�e� �p�a�t�h�.� �T�h�i�s� �o�r�d�e�r�,� �h�o�w�e�v�e�r�,� �m�a�y� �n�o�t� �b�e� �t�h�e� �m�o�s�t� �e�f�f�i�c�i�e�n�t� �w�a�y� �t�o� �p�r�o�-� 

�c�e�s�s� �t�h�e� �q�u�e�r�y�.� �A� �p�a�t�h� �s�o�m�e�t�i�m�e� �c�a�n� �b�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y� �p�r�o�c�e�s�s�e�d� �b�y� �u�s�i�n�g� �a� �j�o�i�n�.� 

�T�h�e�r�e�f�o�r�e�,� �a�n� �o�p�t�i�m�i�z�e�r� �n�e�e�d�s� �t�o� �b�e� �a�b�l�e� �t�o� �m�a�k�e� �s�u�c�h� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �b�e�t�w�e�e�n� 

�p�a�t�h� �e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �e�x�p�l�i�c�i�t� �j�o�i�n�s�.� �F�o�r� �e�x�a�m�p�l�e�:� 

�Q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�:� 

�n�a�m�e� �(�c�o�m�p�a�n�y� �(�s�)�)�,� �w�h�e�r�e� �s� �i�s� �i�n� �S�t�u�d�e�n�t� �c�l�a�s�s�.� 

�C�o�r�r�e�s�p�o�n�d�i�n�g� �p�a�t�h� �e�x�p�r�e�s�s�i�o�n�:� 

�s�.�c�o�m�p�a�n�y�.�n�a�m�e� 

�T�h�e� �p�a�t�h� �h�a�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�e�c�u�t�i�o�n� �o�r�d�e�r�:� 

�¢� �a�p�p�l�y� �t�h�e� �c�o�m�p�a�n�y� �m�e�t�h�o�d� �t�o� �s�,� �a�n�d� 

�¢� �a�p�p�l�y� �t�h�e� �n�a�m�e� �m�e�t�h�o�d� �t�o� �t�h�e� �r�e�s�u�l�t� �(�f�r�o�m� �t�h�e� �p�r�e�c�e�d�i�n�g� �s�t�a�t�e�m�e�n�t�)�.� 

�6�1



�I�f� �t�h�e�r�e� �a�r�e� �v�e�r�y� �f�e�w� �c�o�m�p�a�n�i�e�s� �i�t� �m�i�g�h�t� �b�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �t�o� �f�i�r�s�t� �c�o�m�p�u�t�e� 

�t�h�e� �n�a�m�e� �p�r�o�p�e�r�t�y� �f�o�r� �e�a�c�h� �c�o�m�p�a�n�y�,� �s�t�o�r�e� �t�h�e� �r�e�s�u�l�t� �i�n� �a� �t�u�p�l�e�,� �t�h�e�n� �j�o�i�n� �t�h�e� �t�u�p�l�e� 

�w�i�t�h� �S�t�u�d�e�n�t�s� �b�y� �m�a�t�c�h�i�n�g� �t�h�e� �c�o�m�p�a�n�y� �p�r�o�p�e�r�t�y� �o�f� �a� �s�t�u�d�e�n�t� �w�i�t�h� �t�h�e� �c�o�m�p�a�n�y� �a�t�-� 

�t�r�i�b�u�t�e� �o�f� �t�h�e� �t�u�p�l�e�.� 

�5�.�1�.�2�.�2� �C�o�m�m�o�n� �S�u�b�e�x�p�r�e�s�s�i�o�n�s� 

�I�n� �g�e�n�e�r�a�l�,� �o�p�t�i�m�i�z�a�t�i�o�n� �w�o�u�l�d� �u�t�i�l�i�z�e� �t�h�e� �c�o�m�m�o�n� �s�u�b�e�x�p�r�e�s�s�i�o�n�s� �i�n� �a� �q�u�e�-� 

�r�y�.� �H�o�w�e�v�e�r�,� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s�,� �m�a�n�y� �e�x�p�r�e�s�s�i�o�n�s� �w�i�l�l� �b�e� �p�a�t�h� �e�x�p�r�e�s�-� 

�s�i�o�n�s�,� �w�h�i�c�h� �c�o�u�l�d� �c�o�m�p�l�i�c�a�t�e� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� �b�e�c�a�u�s�e� �a� �c�o�m�m�o�n� �s�u�b�e�x�-� 

�p�r�e�s�s�i�o�n� �c�o�u�l�d� �b�e� �o�p�t�i�m�i�z�e�d� �d�i�f�f�e�r�e�n�t�l�y� �o�v�e�r� �e�a�c�h� �i�n�s�t�a�n�t�i�a�t�i�o�n� �o�f� �a� �c�o�m�m�o�n� �p�a�t�h�.� 

�T�h�u�s�,� �a�n� �o�p�t�i�m�i�z�e�r� �m�u�s�t� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�s� �a�p�-� 

�p�l�i�c�a�b�l�e� �t�o� �a� �s�i�n�g�l�e� �p�a�t�h� �l�e�a�d�i�n�g� �t�o� �t�h�e� �s�u�b�e�x�p�r�e�s�s�i�o�n�,� �o�r� �t�o� �a�l�l� �p�a�t�h�s�.� �T�h�e� �a�u�t�h�o�r�s� 

�o�f� �[�M�Z�D�9�4�]� �s�t�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �r�e�s�e�a�r�c�h� �o�n� �d�e�c�i�d�i�n�g� �w�h�e�t�h�e�r� �o�p�t�i�m�i�z�a�t�i�o�n� �s�h�o�u�l�d� 

�b�e� �a�p�p�l�i�e�d� �t�o� �e�v�e�r�y� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� �c�o�m�m�o�n� �s�u�b�e�x�p�r�e�s�s�i�o�n�.� 

�5�.�1�.�3�.� �M�e�t�h�o�d�s� 

�I�n� �g�e�n�e�r�a�l�,� �t�h�e� �c�o�s�t� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �o�b�j�e�c�t�s� �i�s� �n�e�c�e�s�s�a�r�y� �i�n� �d�e�c�i�d�i�n�g� �a�b�o�u�t� 

�t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �a�n� �a�l�g�e�b�r�a�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �T�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �c�o�s�t� �i�s� 

�c�o�m�p�l�i�c�a�t�e�d� �b�y� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�e�t�h�o�d�s� �a�n�d� �e�n�c�a�p�s�u�l�a�t�i�o�n�.� �M�e�t�h�o�d�s� �c�o�u�l�d� �b�e� �i�m�-� 

�p�l�e�m�e�n�t�e�d� �b�y� �a�r�b�i�t�r�a�r�y� �c�o�m�p�u�t�a�t�i�o�n�s�,� �w�h�i�c�h� �m�a�k�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �e�x�p�r�e�s�s�i�o�n� �d�i�f�-� 

�f�i�c�u�l�t�;� �a�n�d� �e�n�c�a�p�s�u�l�a�t�i�o�n� �p�r�e�v�e�n�t�s� �a�n� �o�p�t�i�m�i�z�e�r� �f�r�o�m� �o�b�t�a�i�n�i�n�g� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�d�e�t�a�i�l�s� �o�f� �t�h�e� �m�e�t�h�o�d�s�.� 

�6�2



�5�.�1�.�3�.�1�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�A� �r�e�c�o�g�n�i�z�e�d� �d�i�f�f�i�c�u�l�t�y� �i�n� �a�p�p�l�y�i�n�g� �q�u�e�r�y� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �i�s� �t�h�e� �p�r�o�b�l�e�m� �o�f� 

�m�a�n�i�p�u�l�a�t�i�n�g� �e�x�p�r�e�s�s�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �r�e�f�e�r�e�n�c�e�s� �t�o� �a�r�b�i�t�r�a�r�y� �m�e�t�h�o�d�s�.� �S�y�s�t�e�m�s� �i�n� 

�w�h�i�c�h� �m�e�t�h�o�d�s� �a�r�e� �w�r�i�t�t�e�n� �i�n� �t�h�e� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �c�a�n� �o�p�t�i�m�i�z�e� �t�h�e� �m�e�t�h�o�d� �c�o�d�e� �a�s� 

�a� �n�e�s�t�e�d� �q�u�e�r�y�.� �H�o�w�e�v�e�r�,� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �i�n� �O�O�D�B�M�S�s� �c�a�n� �a�c�c�e�s�s� �a�r�b�i�t�r�a�r�y� 

�m�e�t�h�o�d�s� �d�e�f�i�n�e�d� �f�o�r� �a�b�s�t�r�a�c�t� �d�a�t�a� �t�y�p�e�s�,� �a�n�d� �t�h�e�s�e� �m�e�t�h�o�d�s� �m�a�y� �b�e� �w�r�i�t�t�e�n� �i�n� �l�a�n�-� 

�g�u�a�g�e�s� �n�o�t� �r�e�c�o�g�n�i�z�e�d� �b�y� �a� �q�u�e�r�y� �o�p�t�i�m�i�z�e�r�.� �R�e�s�e�a�r�c�h� �d�o�n�e� �i�n� �t�h�i�s� �a�r�e�a� �w�i�l�l� �b�e� �d�i�s�-� 

�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �5�.�2�.�2�.� 

�5�.�1�.�3�.�2� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� 

�O�n�e� �a�p�p�r�o�a�c�h� �i�s� �t�o� �l�e�t� �t�h�e� �o�p�t�i�m�i�z�e�r� �b�r�e�a�k� �t�h�e� �e�n�c�a�p�s�u�l�a�t�i�o�n� �a�n�d� �l�o�o�k� �i�n�t�o� 

�t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�e�t�h�o�d�s�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �r�e�q�u�i�r�e�s� �a� �m�e�t�h�o�d� �w�r�i�t�t�e�n� �i�n� �t�h�e� 

�q�u�e�r�y� �l�a�n�g�u�a�g�e� �t�h�a�t� �i�s� �u�n�d�e�r�s�t�o�o�d� �b�y� �t�h�e� �o�p�t�i�m�i�z�e�r�.� �T�h�e� �m�e�t�h�o�d� �c�o�d�e� �c�o�u�l�d� �t�h�e�n� 

�b�e� �m�e�r�g�e�d� �w�i�t�h� �t�h�e� �q�u�e�r�y� �a�n�d� �m�a�n�a�g�e�d� �b�y� �t�h�e� �o�p�t�i�m�i�z�e�r�.� �T�h�i�s� �a�p�p�r�o�a�c�h�,� �h�o�w�e�v�e�r�,� 

�l�i�m�i�t�s� �t�h�e� �e�x�p�r�e�s�s�i�v�e�n�e�s�s� �o�f� �m�e�t�h�o�d�s� �t�o� �t�h�a�t� �o�f� �t�h�e� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� 

�A�n�o�t�h�e�r� �a�p�p�r�o�a�c�h� �i�s� �t�o� �l�e�t� �t�h�e� �o�p�t�i�m�i�z�e�r� �q�u�e�r�y� �a� �m�e�t�h�o�d� �t�o� �o�b�t�a�i�n� �t�h�e� �c�o�s�t� 

�o�f� �t�h�e� �m�e�t�h�o�d�.� �T�h�i�s� �r�e�q�u�i�r�e�s� �t�h�a�t� �e�v�e�r�y� �m�e�t�h�o�d� �d�e�f�i�n�e� �a�n� �i�n�t�e�r�f�a�c�e� �t�h�a�t� �c�a�n� �p�r�o�v�i�d�e� 

�t�h�e� �r�e�q�u�i�r�e�d� �i�n�f�o�r�m�a�t�i�o�n�.� �A�n� �a�l�t�e�r�n�a�t�i�v�e� �w�a�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�s�t� �o�f� �a� �m�e�t�h�o�d� 

�w�o�u�l�d� �b�e� �t�o� �s�t�o�r�e� �p�r�e�c�o�m�p�u�t�e�d� �r�e�s�u�l�t�s�.� �T�h�e� �c�o�s�t�s� �o�f� �t�h�e� �m�e�t�h�o�d� �a�p�p�l�i�c�a�t�i�o�n� �a�r�e� 

�t�h�e�n� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �c�o�m�p�i�l�a�t�i�o�n� �t�i�m�e�.� 

�6�3



�5�.�1�.�4� �E�n�c�a�p�s�u�l�a�t�i�o�n� 

�E�n�c�a�p�s�u�l�a�t�i�o�n� �m�a�k�e�s� �i�t� �d�i�f�f�i�c�u�l�t� �f�o�r� �a�n� �o�p�t�i�m�i�z�e�r� �t�o� �g�e�t� �t�h�e�  ��b�i�g� �p�i�c�t�u�r�e�. �� �C�u�r�-� 

�r�e�n�t� �(�r�e�l�a�t�i�o�n�a�l�)� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �a�s�s�u�m�e�s� �t�h�a�t� �a� �c�o�m�p�l�e�t�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �q�u�e�-� 

�r�y� �i�s� �a�v�a�i�l�a�b�l�e�,� �i�n� �t�e�r�m�s� �o�f� �s�t�r�u�c�t�u�r�a�l� �o�p�e�r�a�t�o�r�s�.� �I�n� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�,� �a� 

�q�u�e�r�y� �m�a�y� �b�e� �a�s� �s�i�m�p�l�e� �a�s� �a� �s�i�n�g�l�e� �m�e�s�s�a�g�e� �t�o� �a� �s�i�n�g�l�e� �o�b�j�e�c�t�.� �I�n� �t�h�a�t� �c�a�s�e�,� �t�h�e� 

�r�a�n�g�e� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �t�h�e� �o�p�t�i�m�i�z�e�r� �c�a�n� �a�p�p�l�y� �i�s� �l�i�m�i�t�e�d� �b�e�c�a�u�s�e� �t�h�e� �e�x�p�r�e�s�-� 

�s�i�o�n�s� �t�o� �b�e� �o�p�t�i�m�i�z�e�d� �a�r�e� �v�e�r�y� �s�m�a�l�l�.� 

�A�n�o�t�h�e�r� �p�r�o�b�l�e�m� �w�i�t�h� �e�n�c�a�p�s�u�l�a�t�i�o�n� �i�s� �d�u�e� �t�o� �t�h�e� �m�u�l�t�i�p�l�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� 

�o�f� �a� �t�y�p�e�.� �R�e�l�a�t�i�o�n�a�l� �s�e�t� �p�r�o�c�e�s�s�i�n�g� �d�e�p�e�n�d�s� �a� �g�r�e�a�t� �d�e�a�l� �o�n� �t�h�e� �h�o�m�o�g�e�n�e�i�t�y� �o�f� 

�s�t�r�u�c�t�u�r�e�s�,� �a�s� �d�u�r�i�n�g� �t�h�e� �a�l�l�o�c�a�t�i�o�n� �o�f� �t�e�m�p�o�r�a�r�y� �s�t�o�r�a�g�e� �s�p�a�c�e� �o�f� �r�e�c�o�r�d�s� �i�n� �i�n�t�e�r�-� 

�m�e�d�i�a�t�e� �r�e�s�u�l�t�s� �o�r� �i�n� �t�h�e� �c�o�m�p�u�t�i�n�g� �o�f� �s�e�t�s� �f�o�r� �f�i�e�l�d�s� �i�n� �r�e�c�o�r�d�s�.� �H�o�w�e�v�e�r�,� �i�n� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s�,� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �e�l�e�m�e�n�t�s� �o�f� �t�y�p�e� �T� �c�o�u�l�d� �h�a�v�e� �h�e�t�e�r�o�g�e�n�e�o�u�s� 

�s�t�r�u�c�t�u�r�e�s�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �m�u�l�t�i�p�l�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �i�n� �t�h�e� �v�a�r�i�o�u�s� �i�m�-� 

�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �T�.� �T�h�u�s� �a�n� �o�p�t�i�m�i�z�e�r� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �a�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�p�-� 

�p�l�i�c�a�b�i�l�i�t�y� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �w�h�e�r�e�v�e�r� �t�h�e� �h�e�t�e�r�o�g�e�n�e�i�t�y� �p�r�o�b�l�e�m� �i�s� �i�n�v�o�l�v�e�d�.� 

�5�.�1�.�5� �O�b�j�e�c�t� �I�d�e�n�t�i�t�y� 

�O�b�j�e�c�t� �i�d�e�n�t�i�t�y� �(�O�I�D�)� �c�a�n� �a�f�f�e�c�t� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �q�u�e�r�i�e�s�.� �W�h�e�n� �o�b�j�e�c�t�s� 

�h�a�v�e� �i�d�e�n�t�i�t�i�e�s�,� �t�h�e�r�e� �i�s� �a� �q�u�e�s�t�i�o�n� �a�s� �t�o� �w�h�a�t� �c�o�n�s�t�i�t�u�t�e�s� �t�h�e� �e�q�u�a�l�i�t�y� �o�f� �t�w�o� �o�b�-� 

�j�e�c�t�s�.� �T�h�e� �i�s�s�u�e� �i�s� �f�u�r�t�h�e�r� �c�o�m�p�l�i�c�a�t�e�d� �b�y� �t�h�e� �n�e�w� �o�b�j�e�c�t�s�.� �T�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�-� 

�j�e�c�t�s� �c�a�n� �l�e�a�d� �t�o� �n�e�w� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �e�q�u�i�v�a�l�e�n�c�e� �o�f� �q�u�e�r�i�e�s� �t�h�a�t� �a�f�f�e�c�t� �t�r�a�n�s�f�o�r�m�a�-� 

�t�i�o�n�s� �a�v�a�i�l�a�b�l�e� �t�o� �a�n� �o�p�t�i�m�i�z�e�r�.� �T�h�u�s�,� �a�n� �o�p�t�i�m�i�z�e�r� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �m�u�s�t� 

�b�e� �a�b�l�e� �t�o� �d�e�a�l� �w�i�t�h� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�j�e�c�t�s� �a�n�d� �w�i�t�h� �a�l�t�e�r�n�a�t�i�v�e� �d�e�f�i�n�i�t�i�o�n�s� �f�o�r� 

�e�q�u�i�v�a�l�e�n�c�e�.� �T�h�e� �i�s�s�u�e�s� �a�r�e� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s�.� 
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�5�.�1�.�5�.�1� �O�b�j�e�c�t� �E�q�u�a�l�i�t�y� 

�E�q�u�a�l�i�t�y� �o�f� �o�b�j�e�c�t�s� �i�n� �a� �q�u�e�r�y� �c�a�n� �r�e�f�e�r� �t�o� �a�n�y� �d�e�f�i�n�i�t�i�o�n� �o�f� �e�q�u�a�l�i�t�y� �o�f� �t�y�p�e� 

�O�b�j�e�c�t� �(�e�.�g�.�,� �i�d�e�n�t�i�c�a�l�)�,� �o�r� �t�o� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�i�o�n�s� �d�e�f�i�n�e�d� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �a�b�s�t�r�a�c�t� 

�d�a�t�a� �t�y�p�e�.� �I�n� �a� �q�u�e�r�y� �l�a�n�g�u�a�g�e�,� �a� �v�a�r�i�e�t�y� �o�f� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�o�r�s� �m�a�y� �b�e� �p�e�r�m�i�t�t�e�d� �i�n� 

�p�r�e�d�i�c�a�t�e�s�.� �S�o�m�e� �e�x�a�m�p�l�e�s� �a�r�e� �t�h�e� �s�h�a�l�l�o�w� �a�n�d� �d�e�e�p� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�o�r�s�.� �T�w�o� �o�b�-� 

�j�e�c�t�s� �a�r�e� �s�a�i�d� �t�o� �b�e� �s�h�a�l�l�o�w�-�e�q�u�a�l� �i�f� �t�h�e�i�r� �v�a�l�u�e�s� �a�r�e� �i�d�e�n�t�i�c�a�l�.� �T�w�o� �o�b�j�e�c�t�s� �a�r�e� �s�a�i�d� 

�t�o� �b�e� �d�e�e�p�-�e�q�u�a�l� �i�f� �(�1�)� �t�h�e�y� �a�r�e� �a�t�o�m�i�c� �o�b�j�e�c�t�s� �a�n�d� �t�h�e�i�r� �v�a�l�u�e�s� �a�r�e� �e�q�u�a�l�;� �(�2�)� �t�h�e�y� 

�a�r�e� �s�e�t� �o�b�j�e�c�t�s� �a�n�d� �t�h�e�i�r� �e�l�e�m�e�n�t�s� �a�r�e� �p�a�i�r�-�w�i�s�e� �d�e�e�p�-�e�q�u�a�l�;� �o�r� �(�3�)� �t�h�e�y� �a�r�e� �t�u�p�l�e� 

�o�b�j�e�c�t�s� �a�n�d� �t�h�e� �v�a�l�u�e�s� �t�h�e�y� �t�a�k�e� �o�n� �t�h�e� �s�a�m�e� �a�t�t�r�i�b�u�t�e�s� �a�r�e� �d�e�e�p�-�e�q�u�a�l�.� 

�W�h�e�n� �a� �l�a�n�g�u�a�g�e� �a�l�l�o�w�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�j�e�c�t�s�,� �t�h�e�r�e� �a�r�e� �t�w�o� �p�o�s�s�i�b�i�l�-� 

�i�t�i�e�s� �r�e�g�a�r�d�i�n�g� �o�b�j�e�c�t� �i�d�e�n�t�i�t�y�:� �(�1�)� �t�h�e� �l�a�n�g�u�a�g�e� �c�r�e�a�t�e�s� �n�e�w� �o�b�j�e�c�t�s� �w�i�t�h�o�u�t� �n�e�w� 

�i�d�e�n�t�i�t�i�e�s�;� �o�r� �(�2�)� �t�h�e� �l�a�n�g�u�a�g�e� �c�r�e�a�t�e�s� �n�e�w� �o�b�j�e�c�t�s� �w�i�t�h� �i�d�e�n�t�i�t�i�e�s�.� �I�n� �t�h�e� �f�i�r�s�t� �c�a�s�e�,� 

�t�h�e� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�w�o� �n�e�w� �o�b�j�e�c�t�s� �a�n�d� �t�h�e� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�i�o�n�s� �b�e�-� 

�t�w�e�e�n� �a� �n�e�w� �o�b�j�e�c�t� �(�w�i�t�h�o�u�t� �O�I�D�)� �a�n�d� �a�n� �e�x�i�s�t�i�n�g� �o�b�j�e�c�t� �(�w�i�t�h� �O�I�D�)� �c�o�u�l�d� �b�e� �d�i�f�f�e�r�-� 

�e�n�t�.� �I�n� �t�h�e� �s�e�c�o�n�d� �c�a�s�e�,� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�j�e�c�t�s� �m�a�y� �r�e�s�u�l�t� �i�n� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� 

�n�e�w� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�i�o�n�s�.� 

�T�h�e�r�e�f�o�r�e�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �O�I�D�,� �a�n� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�i�o�n� �i�s� �a�c�t�u�a�l�l�y� �a� 

�m�e�t�h�o�d� �a�n�d� �s�h�o�u�l�d� �b�e� �t�r�e�a�t�e�d� �a�s� �s�u�c�h� �b�y� �t�h�e� �o�p�t�i�m�i�z�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �i�n� �a� �l�a�n�g�u�a�g�e� 

�w�h�i�c�h� �s�u�p�p�o�r�t�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�j�e�c�t�s�,� �t�h�e� �o�p�t�i�m�i�z�e�r� �m�a�y� �n�e�e�d� �a� �m�e�c�h�a�n�i�s�m� 

�f�o�r� �d�e�c�i�d�i�n�g� �w�h�e�t�h�e�r� �t�o� �c�r�e�a�t�e� �i�d�e�n�t�i�t�i�e�s� �f�o�r� �o�b�j�e�c�t�s� �i�n� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �s�t�a�g�e�s� �o�f� 

�q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g�.� 
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�5�.�1�.�5�.�2� �O�b�j�e�c�t� �E�q�u�i�v�a�l�e�n�c�e� 

�T�h�e� �c�r�e�a�t�i�o�n� �o�f� �o�b�j�e�c�t�s� �w�i�t�h� �i�d�e�n�t�i�t�y� �c�o�m�p�l�i�c�a�t�e�s� �t�h�e� �m�e�a�n�i�n�g� �o�f� �t�h�e� �e�q�u�i�v�a�-� 

�l�e�n�c�e� �o�f� �q�u�e�r�i�e�s�.� �T�h�e� �a�n�s�w�e�r� �t�o� �a� �q�u�e�r�y� �c�a�n� �b�e� �a� �n�e�w� �c�o�l�l�e�c�t�i�o�n� �o�f� �o�b�j�e�c�t�s� �w�i�t�h� �a� 

�u�n�i�q�u�e� �i�d�e�n�t�i�t�y�.� �A�s� �a� �r�e�s�u�l�t�,� �e�v�e�n� �t�w�o� �r�e�s�p�o�n�s�e�s� �t�o� �e�x�a�c�t�l�y� �t�h�e� �s�a�m�e� �q�u�e�r�y� �m�a�y� �n�o�t� 

�b�e� �i�d�e�n�t�i�c�a�l�.� �A� �w�e�a�k� �n�o�t�i�o�n� �o�f� �e�q�u�i�v�a�l�e�n�c�e� �s�t�a�t�e�s� �t�h�a�t� �t�w�o� �q�u�e�r�i�e�s� �a�r�e� �e�q�u�i�v�a�l�e�n�t� �i�f� 

�t�h�e�y� �r�e�s�p�o�n�d� �w�i�t�h� �t�h�e� �s�a�m�e� �d�a�t�a�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �l�o�g�i�c�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �o�b�j�e�c�t�s� 

�r�e�t�u�r�n�e�d�.� 

�T�h�e� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �o�b�j�e�c�t�s� �b�y� �a� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �m�e�a�n�s� �t�h�a�t� �t�h�e� �s�t�r�u�c�t�u�r�e� 

�o�f� �t�h�e� �r�e�s�u�l�t� �a�s� �w�e�l�l� �a�s� �t�h�e� �d�a�t�a� �r�e�t�r�i�e�v�e�d� �b�y� �a� �q�u�e�r�y� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �d�e�-� 

�f�i�n�i�n�g� �e�q�u�i�v�a�l�e�n�c�e�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�f�i�n�e� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �e�q�u�i�v�a�-� 

�l�e�n�c�e� �m�i�g�h�t� �a�l�l�o�w� �t�h�e� �o�p�t�i�m�i�z�e�r� �t�o� �c�h�o�o�s�e� �a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �m�e�t�h�o�d� �f�o�r� �s�o�l�v�i�n�g� �a� �q�u�e�-� 

�r�y�.� 

�5�.�1�.�5�.�3� �C�o�m�m�o�n� �S�u�b�e�x�p�r�e�s�s�i�o�n� �E�q�u�i�v�a�l�e�n�c�e� 

�T�h�e� �c�r�e�a�t�i�o�n� �o�f� �o�b�j�e�c�t�s� �b�y� �a� �q�u�e�r�y� �c�o�m�p�l�i�c�a�t�e�s� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �w�h�e�t�h�e�r� 

�t�w�o� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�s� �a�r�e� �t�h�e� �s�a�m�e�.� �I�f� �a� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n� �r�e�p�r�e�s�e�n�t�s� �a� �c�o�n�s�t�a�n�t� 

�o�r� �a� �v�a�r�i�a�b�l�e�,� �t�h�e�r�e� �i�s� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �w�a�y� �t�o� �d�e�t�e�r�m�i�n�e� �c�o�m�m�o�n� �s�u�b�e�x�p�r�e�s�s�i�o�n�s�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �i�n� �t�h�e� �q�u�e�r�y� 

�j�o�i�n� �(�P�e�o�p�l�e�,� �P�e�o�p�l�e�,� �e�t�c�.�)� 

�I�t� �i�s� �c�l�e�a�r� �t�h�a�t� �b�o�t�h� �r�e�f�e�r�e�n�c�e�s� �t�o� �P�e�o�p�l�e� �r�e�f�e�r� �t�o� �t�h�e� �s�a�m�e� �d�a�t�a�b�a�s�e� �s�e�t�.� 

�T�h�e� �e�q�u�i�v�a�l�e�n�c�e� �i�s�s�u�e� �i�s� �f�u�r�t�h�e�r� �c�o�m�p�l�i�c�a�t�e�d� �b�y� �q�u�e�r�i�e�s� �i�n�v�o�l�v�i�n�g� �m�e�t�h�o�d�s� 

�w�h�i�c�h� �c�r�e�a�t�e� �n�e�w� �o�b�j�e�c�t�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �t�h�e� �q�u�e�r�y� 

�j�o�i�n� �(�Q�,� �Q�,� �e�t�c�.�)� 
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�w�h�e�r�e� �Q�@� �h�a�s� �m�e�t�h�o�d�s� �w�h�i�c�h� �c�r�e�a�t�e� �n�e�w� �o�b�j�e�c�t�s�,� �t�h�e� �t�w�o� �e�x�e�c�u�t�i�o�n�s� �o�f� �t�h�e� �Q� �s�u�b�-� 

�q�u�e�r�y� �c�o�u�l�d� �c�r�e�a�t�e� �d�i�f�f�e�r�e�n�t� �o�b�j�e�c�t�s�,� �a�n�d� �t�h�u�s� �m�a�y� �n�o�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �c�o�m�-� 

�m�o�n� �s�u�b�e�x�p�r�e�s�s�i�o�n�s�.� 

�I�n� �g�e�n�e�r�a�l�,� �a�n� �o�p�t�i�m�i�z�e�r� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �i�g�n�o�r�e� �t�h�e� �d�i�f�f�e�r�e�n�t� �o�b�j�e�c�t�s� �g�e�n�-� 

�e�r�a�t�e�d� �b�y� �m�u�l�t�i�p�l�e� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �a� �s�u�b�-�q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�t� �i�s� 

�p�o�s�s�i�b�l�e� �t�h�a�t� �a�n� �o�p�t�i�m�i�z�e�r� �m�a�y� �m�a�k�e� �u�s�e� �o�f� �s�u�c�h� �o�c�c�u�r�r�e�n�c�e�s� �i�f� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �c�a�n� 

�l�e�a�d� �t�o� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �o�p�t�i�m�i�z�a�t�i�o�n�.� 
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�5�.�2� �O�p�t�i�m�i�z�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s� �f�o�r� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �M�o�d�e�l�s� 

�M�u�c�h� �o�f� �t�h�e� �w�o�r�k� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �i�s� �f�o�-� 

�c�u�s�e�d� �o�n� �t�h�e� �p�h�y�s�i�c�a�l� �l�e�v�e�l�,� �i�.�e�.�,� �t�o� �f�i�n�d� �e�f�f�i�c�i�e�n�t� �w�a�y�s� �t�o� �a�c�c�e�s�s� �i�n�f�o�r�m�a�t�i�o�n� �r�e�f�e�r�-� 

�e�n�c�e�d� �b�y� �a� �p�a�t�h� �e�x�p�r�e�s�s�i�o�n�.� �T�h�e� �m�a�i�n� �t�e�c�h�n�i�q�u�e�s� �u�s�e�d� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� 

�o�p�t�i�m�i�z�a�t�i�o�n� �a�r�e� �i�n�d�e�x�i�n�g� �[�B�K�8�9�,� �K�M�9�0�,� �B�e�r�t�9�4�]�,� �c�l�u�s�t�e�r�i�n�g� �[�B�D�9�0�,� �P�Z�9�1�,� �C�D�9�2�]�,� 

�a�n�d� �p�a�t�h� �e�x�p�r�e�s�s�i�o�n� �m�a�n�i�p�u�l�a�t�i�o�n� �[�J�W�K�L�9�0�,� �L�V�Z�9�2�]�.� 

�O�t�h�e�r� �w�o�r�k�s� �a�r�e� �f�o�c�u�s�e�d� �m�o�r�e� �o�n� �t�h�e� �l�o�g�i�c�a�l� �l�e�v�e�l� �i�n� �w�h�i�c�h� �t�h�e� �m�a�i�n� �t�e�c�h�-� 

�n�i�q�u�e� �i�s� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n� �r�e�w�r�i�t�i�n�g� �/� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �S�i�n�c�e� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �f�o�c�u�s�e�d� 

�o�n� �t�h�e� �l�o�g�i�c�a�l� �l�e�v�e�l� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�,� �l�o�g�i�c�a�l� �l�e�v�e�l� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �w�i�l�l� �b�e� 

�d�i�s�c�u�s�s�e�d�,� �a�n�d� �p�h�y�s�i�c�a�l� �l�e�v�e�l� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �w�i�l�l� �b�e� �m�e�n�t�i�o�n�e�d� �o�n�l�y� �w�h�e�n� 

�a�p�p�r�o�p�r�i�a�t�e�.� 

�5�.�2�.�1� �Q�u�e�r�y� �R�e�w�r�i�t�e� �/� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�A� �n�u�m�b�e�r� �o�f� �p�r�o�p�o�s�a�l�s� �h�a�v�e� �b�e�e�n� �m�a�d�e� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� 

�b�a�s�e�d� �o�n� �t�h�e� �a�l�g�e�b�r�a�i�c� �r�e�w�r�i�t�e� �o�f� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�s�.� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �w�o�r�k�s� �i�n� �t�h�i�s� 

�a�r�e�a� �a�r�e� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

�S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �[�S�O�9�0�]� �d�e�f�i�n�e� �b�o�t�h� �s�y�n�t�a�c�t�i�c� �a�n�d� �s�e�m�a�n�t�i�c� �r�e�w�r�i�t�e� �r�u�l�e�s� 

�f�o�r� �t�h�e� �o�b�j�e�c�t� �a�l�g�e�b�r�a�.� �T�h�e� �r�u�l�e�s� �c�a�n� �b�e� �a�p�p�l�i�e�d� �b�y� �a� �r�u�l�e�-�b�a�s�e�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�y�s�-� 

�t�e�m�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e� �r�u�l�e�s� �u�s�e�s� �h�e�u�r�i�s�t�i�c�s� �t�o� �p�r�o�d�u�c�e� �a� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n� 

�t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �a�n� �a�c�c�e�s�s� �p�l�a�n�.� �[�S�O�9�0�]� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l� �i�n� 

�S�e�c�t�i�o�n� �5�.�3�.�3�.� 
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�F�i�n�a�c�e� �a�n�d� �G�a�r�d�a�n� �[�F�G�9�1�]� �p�r�e�s�e�n�t� �a� �r�u�l�e� �l�a�n�g�u�a�g�e� �f�o�r� �s�p�e�c�i�f�y�i�n�g� �q�u�e�r�y� �r�e�-� 

�w�r�i�t�i�n�g�.� �T�h�e� �l�a�n�g�u�a�g�e� �a�l�l�o�w�s� �w�r�i�t�i�n�g� �r�u�l�e�s� �t�h�a�t� �d�e�s�c�r�i�b�e� �b�o�t�h� �s�y�n�t�a�c�t�i�c� �a�n�d� �s�e�m�a�n�-� 

�t�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s�.� �T�h�e� �a�u�t�h�o�r�s� �a�l�s�o� �p�r�o�v�i�d�e� �a� �m�e�t�a�-�r�u�l�e� �l�a�n�g�u�a�g�e� �t�h�a�t� �a�l�l�o�w�s� �a�n� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �t�o� �d�e�f�i�n�e� �b�l�o�c�k�s� �o�f� �r�u�l�e�s� �a�n�d� �s�e�q�u�e�n�c�e�s� �o�f� �r�u�l�e�s�.� �M�e�t�a�-�r�u�l�e�s� �h�e�l�p� 

�d�e�f�i�n�e� �w�h�i�c�h� �r�u�l�e�s� �s�h�o�u�l�d� �b�e� �a�p�p�l�i�e�d� �a�t� �w�h�i�c�h� �p�o�i�n�t�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �s�i�m�p�l�i�f�y� �t�h�e� �r�u�l�e� 

�s�e�a�r�c�h� �s�t�r�a�t�e�g�y� �[�M�Z�D�9�4�]�.� 

�B�e�e�r�i� �a�n�d� �K�o�r�n�a�t�z�k�y� �p�r�o�v�i�d�e� �s�o�m�e� �4�0� �r�u�l�e�s� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �t�h�e� �p�u�r�-� 

�p�o�s�e� �o�f� �r�e�w�r�i�t�i�n�g� �[�B�K�9�3�]�.� �S�o�m�e� �o�f� �t�h�e� �r�u�l�e�s� �a�r�e� �a�l�s�o� �e�x�t�e�n�d�e�d� �t�o� �d�e�a�l� �w�i�t�h� �r�e�c�u�r�-� 

�s�i�v�e�l�y� �d�e�f�i�n�e�d� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s�.� �[�B�K�9�3�]� �m�a�i�n�l�y� �f�o�c�u�s�e�s� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �e�f�f�o�r�t� �o�n� �i�m�-� 

�p�r�o�v�i�n�g� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �o�f� �i�t�e�r�a�t�i�o�n�s� �o�v�e�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� �w�h�i�c�h� �i�s� �a� �p�r�e�d�o�m�i�n�a�n�t� 

�f�a�c�t�o�r� �i�n� �b�u�l�k� �d�a�t�a� �p�r�o�c�e�s�s�i�n�g�.� �S�i�n�c�e� �[�B�K�9�3�]� �a�l�g�e�b�r�a� �i�s� �a�n� �F�P�-�l�i�k�e� �l�a�n�g�u�a�g�e�,� �a�l�l� 

�r�u�l�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �o�n� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �l�e�v�e�l� �w�i�t�h�o�u�t� �r�e�f�e�r�r�i�n�g� �t�o� �o�b�j�e�c�t�s�.� 

�5�.�2�.�2� �M�e�t�h�o�d� �O�p�t�i�m�i�z�a�t�i�o�n� 

�O�n�e� �a�r�e�a� �o�f� �r�e�s�e�a�r�c�h� �f�o�c�u�s�e�s� �o�n� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �m�e�t�h�o�d� �c�o�d�e�.� �T�h�e� �f�o�l�-� 

�l�o�w�i�n�g� �g�i�v�e� �s�o�m�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �w�o�r�k�s� �i�n� �t�h�i�s� �a�r�e�a�.� 

�G�r�a�e�f�e� �a�n�d� �W�a�r�d� �[�G�W�8�9�]� �p�r�e�s�e�n�t� �a� �s�y�s�t�e�m� �w�h�i�c�h� �s�t�a�t�i�c�a�l�l�y� �g�e�n�e�r�a�t�e�s� �q�u�e�r�y� 

�e�v�a�l�u�a�t�i�o�n� �p�l�a�n�s� �w�i�t�h� �a�l�t�e�r�n�a�t�i�v�e�s�.� �I�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �o�n� �m�e�t�h�o�d�s� �i�s� �u�s�e�d� �a�t� �e�x�-� 

�e�c�u�t�i�o�n� �t�i�m�e� �t�o� �c�h�o�o�s�e� �a�m�o�n�g� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s� �a�n�d� �g�e�n�e�r�a�t�e� �a� �f�i�n�a�l� �e�v�a�l�u�a�t�i�o�n� �p�l�a�n�.� 

�B�e�r�t�i�n�o� �p�r�o�p�o�s�e�s� �t�o� �p�r�e�c�o�m�p�u�t�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �m�e�t�h�o�d�s�,� �a�n�d� �s�t�o�r�e� �t�h�e�s�e� �r�e�-� 

�s�u�l�t�s� �u�s�i�n�g� �a�n� �i�n�d�e�x� �[�B�e�r�t�9�1�]�.� �I�n� �[�B�e�r�t�9�1�]� �a� �m�e�t�h�o�d� �o�v�e�r� �a�n� �o�b�j�e�c�t� �O� �c�a�n� �b�e� �w�r�i�t�t�e�n� 

�i�n� �a�n� �a�r�b�i�t�r�a�r�y� �l�a�n�g�u�a�g�e�,� �b�u�t� �c�a�n� �n�o�t� �h�a�v�e� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �o�t�h�e�r� �t�h�a�n� �O�.� �A�l�s�o�,� �t�h�e� 

�m�e�t�h�o�d� �c�a�n� �n�o�t� �h�a�v�e� �s�i�d�e� �e�f�f�e�c�t�s� �a�n�d� �m�u�s�t� �o�n�l�y� �u�s�e� �t�h�e� �p�r�i�m�i�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �O�,� 

�i�.�e�.�,� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �w�h�o�s�e� �v�a�l�u�e�s� �a�r�e� �s�t�o�r�e�d� �a�s� �p�a�r�t� �o�f� �O�.� �T�h�e�s�e� �r�e�q�u�i�r�e�m�e�n�t�s� �d�e�-� 
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�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �a� �p�r�e�c�o�m�p�u�t�e�d� �r�e�s�u�l�t� �o�f� �a� �m�e�t�h�o�d� �i�s� �v�a�l�i�d�.� �I�f� �t�h�e� �r�e�s�u�l�t� �i�s� �v�a�l�i�d�,� �t�h�e� 

�r�e�s�u�l�t� �c�a�n� �b�e� �r�e�t�r�i�e�v�e�d� �u�s�i�n�g� �t�h�e� �i�n�d�e�x�.� �I�f� �t�h�e� �r�e�s�u�l�t� �i�s� �i�n�v�a�l�i�d�,� �t�h�e� �m�e�t�h�o�d� �w�i�l�l� �n�e�e�d� 

�t�o� �b�e� �c�o�m�p�u�t�e�d� �a�t� �q�u�e�r�y� �e�x�e�c�u�t�i�o�n� �t�i�m�e�.� 

�D�a�n�i�e�l�s� �e�t� �a�l�.� �[�D�G�K�M�9�1�]� �p�r�e�s�e�n�t� �t�h�e� �R�E�V�E�L�A�T�I�O�N� �a�r�c�h�i�t�e�c�t�u�r�e�.� �T�h�i�s� �a�r�c�h�i�-� 

�t�e�c�t�u�r�e� �h�a�s� �a�n� �o�p�t�i�m�i�z�e�r� �i�n� �w�h�i�c�h� �m�e�t�h�o�d�s� �r�e�v�e�a�/� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e�i�r� �e�x�e�c�u�t�i�o�n�.� 

�T�h�e� �r�e�v�e�a�l�e�d� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �t�h�e�n� �u�s�e�d� �t�o� �e�x�p�a�n�d� �t�h�e� �n�o�d�e�s� �o�f� �a� �q�u�e�r�y� �t�r�e�e�.� �T�h�e� 

�q�u�e�r�y� �t�r�e�e�,� �w�h�e�n� �f�u�l�l�y� �e�x�p�a�n�d�e�d�,� �c�o�u�l�d� �b�e� �u�s�e�d� �a�s� �t�h�e� �i�n�p�u�t� �t�o� �a� �r�u�l�e�-�b�a�s�e�d� �o�p�t�i�-� 

�m�i�z�e�r� �s�u�c�h� �a�s� �t�h�e� �o�n�e� �g�e�n�e�r�a�t�e�d� �b�y� �V�o�l�c�a�n�o� �[�G�C�D�M�9�4�]�.� 

�5�.�3�.� �S�o�m�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �O�p�t�i�m�i�z�a�t�i�o�n� �S�y�s�t�e�m�s� 

�T�h�i�s� �s�e�c�t�i�o�n� �e�x�a�m�i�n�e�s� �s�o�m�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �s�y�s�t�e�m�s�,� �i�n� 

�p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �u�n�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �r�e�w�r�i�t�e�-�b�a�s�e�d� �a�n�d� �t�y�p�e�-�b�a�s�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�-� 

�n�i�q�u�e�s� �o�f� �C�l�u�e�t� �a�n�d� �D�e�l�o�b�e�l� �[�C�D�9�4�]�,� �t�h�e� �E�p�o�g�q� �a�r�c�h�i�t�e�c�t�u�r�e� �o�f� �M�i�t�c�h�e�l�l�,� �Z�d�o�n�i�k�,� �a�n�d� 

�D�a�y�a�l� �[�M�Z�D�9�4�]�,� �a�n�d� �t�h�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m� �o�f� �S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �[�S�O�9�0�,� 

�S�t�r�a�9�1�]�.� 

�T�h�e� �S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m� �(�S�O�S�Y�S�)� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� 

�i�n� �d�e�t�a�i�l� �b�e�c�a�u�s�e� �t�h�i�s� �s�y�s�t�e�m� �i�s� �r�i�c�h� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l� �c�o�n�c�e�p�t�s�,� �o�b�j�e�c�t� 

�c�a�l�c�u�l�u�s�,� �o�b�j�e�c�t� �a�l�g�e�b�r�a�,� �a�n�d� �i�n�c�l�u�d�e�s� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�-� 

�o�l�o�g�y� �t�h�a�t� �r�a�n�g�e�s� �f�r�o�m� �l�o�g�i�c�a�l� �q�u�e�r�y� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �t�o� �p�h�y�s�i�c�a�l� �p�l�a�n� �g�e�n�e�r�a�t�i�o�n�.� 

�5�.�3�.�1� �A� �U�n�i�f�i�e�d� �R�e�w�r�i�t�e�-�B�a�s�e�d� �a�n�d� �T�y�p�e�-�B�a�s�e�d� �S�y�s�t�e�m� 

�C�l�u�e�t� �a�n�d� �D�e�l�o�b�e�l� �p�r�o�p�o�s�e� �a� �f�o�r�m�a�l�i�s�m� �t�h�a�t� �p�r�o�v�i�d�e�s� �f�o�r� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� 

�t�y�p�e�-�b�a�s�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �w�i�t�h� �r�e�w�r�i�t�e�-�b�a�s�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s�.� �T�h�e�i�r� 

�a�p�p�r�o�a�c�h� �i�s� �t�o� �i�n�t�r�o�d�u�c�e� �t�y�p�e�s� �i�n� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �t�o� �r�e�d�u�c�e� �c�o�m�p�l�e�x� �e�x�-� 
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�p�r�e�s�s�i�o�n�s� �r�e�p�r�e�s�e�n�t�i�n�g� �s�e�l�e�c�t�i�o�n�,� �p�r�o�j�e�c�t�i�o�n�,� �a�n�d� �j�o�i�n� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �r�e�s�u�l�t� �i�s� �a� 

�m�o�d�e�l� �t�h�a�t� �i�n�t�e�g�r�a�t�e�s� �r�e�w�r�i�t�e� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �p�a�t�h�s�,� �a�l�g�e�b�r�a�i�c� �q�u�e�r�y� �r�e�w�r�i�t�e�,� �a�n�d� 

�c�o�m�m�o�n� �s�u�b�e�x�p�r�e�s�s�i�o�n� �f�a�c�t�o�r�i�z�a�t�i�o�n�.� 

�T�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�i�q�u�e�s� �c�a�u�s�e�s� �t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �a� 

�l�a�r�g�e� �n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �e�x�p�r�e�s�s�i�o�n�s� �f�r�o�m� �a� �s�i�m�p�l�e� �q�u�e�r�y�.� �I�n�d�e�x� �a�n�d� �c�l�u�s�t�e�r�i�n�g� �i�n�-� 

�f�o�r�m�a�t�i�o�n� �a�r�e� �n�o�r�m�a�l�l�y� �u�s�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �s�e�a�r�c�h� �s�p�a�c�e� �f�o�r� �e�q�u�i�v�a�l�e�n�t� �e�x�p�r�e�s�-� 

�s�i�o�n�s�.� 

�5�.�3�.�2� �E�p�o�q� �S�y�s�t�e�m� 

�T�h�e� �E�p�o�g� �s�y�s�t�e�m� �i�s� �m�o�t�i�v�a�t�e�d� �b�y� �t�h�e� �n�e�e�d� �t�o� �i�n�t�e�g�r�a�t�e� �a� �v�a�r�i�e�t�y� �o�f� �s�t�r�a�t�e�-� 

�g�i�e�s� �f�o�r� �s�o�l�v�i�n�g� �d�i�f�f�e�r�e�n�t� �p�r�o�b�l�e�m�s� �i�n� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �A�n� �E�p�o�g� �o�p�t�i�m�i�z�e�r� �i�s� �a� �c�o�l�-� 

�l�e�c�t�i�o�n� �o�f� �c�o�n�c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �r�e�g�i�o�n� �m�o�d�u�l�e�s�,� �e�a�c�h� �o�f� �w�h�i�c�h� �e�m�b�o�d�i�e�s� �o�n�e� 

�s�t�r�a�t�e�g�y� �o�f� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�s�.� �D�i�f�f�e�r�e�n�t� �r�e�g�i�o�n�s� �o�f�t�e�n� �a�c�c�o�m�-� 

�p�l�i�s�h� �d�i�f�f�e�r�e�n�t� �q�u�e�r�y� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �t�a�s�k�s�,� �b�u�t� �r�e�g�i�o�n�s� �m�a�y� �a�l�s�o� �r�e�p�r�e�s�e�n�t� �d�i�f�f�e�r�e�n�t� 

�s�t�r�a�t�e�g�i�e�s� �f�o�r� �a�c�c�o�m�p�l�i�s�h�i�n�g� �t�h�e� �s�a�m�e� �t�a�s�k� �i�n� �d�i�f�f�e�r�e�n�t� �w�a�y�s�.� �T�h�e� �E�p�o�g�q� �a�r�c�h�i�t�e�c�-� 

�t�u�r�e� �i�n�t�e�g�r�a�t�e�s� �t�h�e� �r�e�g�i�o�n�s� �t�h�r�o�u�g�h� �a� �c�o�m�m�o�n� �i�n�t�e�r�f�a�c�e� �f�o�r� �r�e�g�i�o�n� �m�o�d�u�l�e�s�,� �a�n�d� �a� 

�g�l�o�b�a�l� �c�o�n�t�r�o�l� �t�h�a�t� �c�o�m�b�i�n�e�s� �t�h�e� �a�c�t�i�o�n�s� �o�f� �s�u�b�o�r�d�i�n�a�t�e� �r�e�g�i�o�n�s� �t�o� �p�r�o�c�e�s�s� �a� �g�i�v�e�n� 

�q�u�e�r�y�.� 

�T�h�e� �r�e�g�i�o�n� �m�o�d�u�l�e�s� �a�r�e� �o�r�g�a�n�i�z�e�d� �h�i�e�r�a�r�c�h�i�c�a�l�l�y�,� �w�i�t�h� �a� �p�a�r�e�n�t� �r�e�g�i�o�n� �c�o�n�-� 

�t�r�o�l�l�i�n�g� �i�t�s� �s�u�b�o�r�d�i�n�a�t�e� �r�e�g�i�o�n�s� �a�s� �t�h�o�u�g�h� �t�h�e�y� �w�e�r�e� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s�.� 

�T�h�e� �r�e�g�i�o�n�s� �d�e�f�i�n�e�,� �t�h�r�o�u�g�h� �t�h�e�i�r� �i�n�t�e�r�f�a�c�e�,� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �q�u�e�r�i�e�s� �t�h�e�y� �c�a�n� 

�p�r�o�c�e�s�s�,� �g�o�a�l�s� �f�o�r� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �q�u�e�r�i�e�s�,� �a�n�d� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �r�e�s�u�l�t� 

�q�u�e�r�i�e�s�.� �A� �h�i�g�h�e�r�-�l�e�v�e�l� �c�o�n�t�r�o�l� �u�s�e�s� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �p�l�a�n� �a� �s�e�q�u�e�n�c�e� �o�f� �r�e�g�i�o�n� 

�e�x�e�c�u�t�i�o�n�s� �t�o� �p�r�o�c�e�s�s� �a� �g�i�v�e�n� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�.� �T�h�e� �c�o�n�t�r�o�l� �i�s� �a� �g�o�a�l�-�d�i�r�e�c�t�e�d� 
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�p�l�a�n�n�e�r� �t�h�a�t� �i�n�t�e�r�m�i�n�g�l�e�s� �t�h�e� �p�l�a�n�n�i�n�g� �o�f� �t�h�e� �o�p�t�i�m�i�z�e�r ��s� �p�r�o�c�e�s�s�i�n�g� �w�i�t�h� �t�h�e� �e�x�e�-� 

�c�u�t�i�o�n� �o�f� �r�e�g�i�o�n� �m�o�d�u�l�e�s�,� �a�n�d� �u�s�e�s� �e�x�e�c�u�t�i�o�n� �r�e�s�u�l�t�s� �t�o� �d�i�r�e�c�t� �f�u�r�t�h�e�r� �p�l�a�n�n�i�n�g� �o�f� 

�t�h�e� �o�p�t�i�m�i�z�e�r ��s� �p�r�o�c�e�s�s�i�n�g�.� 

�T�h�e� �E�p�o�q� �s�y�s�t�e�m� �i�n�t�e�g�r�a�t�e�s� �d�i�v�e�r�s�e� �s�t�r�a�t�e�g�i�e�s� �f�o�r� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �a�n�d� 

�a�l�l�o�w�s� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �n�e�w� �s�t�r�a�t�e�g�i�e�s�.� �E�p�o�g� �e�x�p�a�n�d�s� �t�h�e� �q�u�e�r�y� �o�p�t�i�m�i�z�e�r�s� �t�o� �i�n�c�l�u�d�e� 

�e�x�t�e�n�d�i�n�g� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �o�p�t�i�m�i�z�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �t�h�a�t� �c�a�n� �b�e� �a�p�p�l�i�e�d� �i�n� �t�h�e� �t�r�a�n�s�-� 

�f�o�r�m�a�t�i�o�n� �o�f� �a� �q�u�e�r�y� �e�x�p�r�e�s�s�i�o�n�.� �T�h�u�s� �a�n� �E�p�o�q� �o�p�t�i�m�i�z�e�r� �c�a�n� �i�n�c�o�r�p�o�r�a�t�e� �n�e�w� 

�s�t�r�a�t�e�g�i�e�s� �t�h�a�t� �a�r�e� �d�e�v�e�l�o�p�e�d� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�-� 

�t�i�o�n�.� 
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�5�.�3�.�3� �S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �S�y�s�t�e�m� 

�T�h�e� �S�t�r�a�u�b�e� �a�n�d� �O�z�s�u� �s�y�s�t�e�m� �(�S�O�S�Y�S�)� �[�S�O�9�0�,� �S�t�r�a�9�1�]� �d�e�f�i�n�e�s� �a�n� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�,� �a�n� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s�,� �a�n�d� �a�n� �o�b�j�e�c�t� �a�l�g�e�b�r�a�.� �T�h�e� �c�a�l�c�u�l�u�s� �a�n�d� 

�a�l�g�e�b�r�a� �a�r�e� �u�s�e�d� �a�s� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s�.� �T�h�e� �s�y�s�t�e�m� �p�r�o�v�i�d�e�s� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �q�u�e�-� 

�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� �b�y� �e�x�t�e�n�d�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�a�l� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�-� 

�o�l�o�g�i�e�s�.� 

�5�.�3�.�3�.�1� �D�a�t�a� �M�o�d�e�l� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�.� �A�l�l� �d�e�f�i�n�i�t�i�o�n�s� �i�n� �t�h�e� �m�o�d�e�l� 

�a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�t�s�:� 

�A� �f�i�n�i�t�e� �s�e�t� �S�D�o�f� �b�a�s�i�c� �d�o�m�a�i�n�s� �D�,�,�.�.�.�,�D�,� �w�h�e�r�e� �S�D� �=� �U�,� �n� �D�j�;�,� �a�n�d� �D�;� 

�i�s� �o�n�e� �o�f� �t�h�e� �b�a�s�i�c� �d�o�m�a�i�n�s� �s�u�c�h� �a�s� �i�n�t�e�g�e�r�,� �s�t�r�i�n�g�,� �e�t�c�.� 

�¢� �A� �c�o�u�n�t�a�b�l�y� �i�n�f�i�n�i�t�e� �s�e�t� �A� �o�f� �s�y�m�b�o�l�s� �c�a�l�l�e�d� �a�t�t�r�i�b�u�t�e�s�.� 

�¢� �A�c�o�u�n�t�a�b�l�y� �i�n�f�i�n�i�t�e� �s�e�t� �/�D� �o�f� �i�d�e�n�t�i�f�i�e�r�s�.� 

�e� �A� �f�i�n�i�t�e� �s�e�t� �C�N� �o�f� �c�l�a�s�s� �n�a�m�e�s�.� 

�e� �A� �f�i�n�i�t�e� �s�e�t� �M�N� �o�f� �m�e�t�h�o�d� �n�a�m�e�s�.� 

�S�O�S�Y�S� �s�u�p�p�o�r�t�s� �t�h�e� �b�a�s�i�c� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �f�e�a�t�u�r�e�s� �o�f� �o�b�j�e�c�t� �i�d�e�n�t�i�t�y�,� �c�l�a�s�s�,� 

�c�l�a�s�s� �h�i�e�r�a�r�c�h�y� �a�n�d� �i�n�h�e�r�i�t�a�n�c�e�,� �a�g�g�r�e�g�a�t�i�o�n� �a�n�d� �g�e�n�e�r�a�l�i�z�a�t�i�o�n�,� �a�n�d� �e�n�c�a�p�s�u�l�a�-� 

�t�i�o�n�.� 

�5�.�3�.�3�.�1�.�1� �V�a�l�u�e�s� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �t�h�r�e�e� �t�y�p�e�s� �o�f� �v�a�l�u�e�s�:� 
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�1�.� �E�v�e�r�y� �e�l�e�m�e�n�t� �i�n� �S�D� �i�s� �a�n� �a�t�o�m�i�c� �v�a�l�u�e�.� 

�2�.� �E�v�e�r�y� �f�i�n�i�t�e� �s�u�b�s�e�t� �o�f� �/�D� �i�s� �a� �s�e�t� �v�a�l�u�e�.� 

�3�.� �E�v�e�r�y� �e�l�e�m�e�n�t� �i�n� �I�P�(�A�)� �x� �I�P�(�S�D�)� �x� �I�P�(�I�D�)� �i�s� �a� �s�t�r�u�c�t�u�r�a�l� �v�a�l�u�e�,� �w�h�e�r�e� �/�P� �(�x�)� 

�d�e�n�o�t�e�s� �t�h�e� �p�o�w�e�r� �s�e�t� �o�f� �x�.� 

�T�h�e� �s�y�m�b�o�l� �V� �d�e�n�o�t�e�s� �t�h�e� �s�e�t� �o�f� �a�l�l� �v�a�l�u�e�s�.� 

�5�.�3�.�3�.�1�.�2� �O�b�j�e�c�t�s� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �a�n� �o�b�j�e�c�t� �o� �a�s� �a� �t�r�i�p�l�e�:� 

�o� �=� �(�i�d�,� �c�n�,� �v�a�l�)�,� �w�h�e�r�e� �i�d�  ¬� �I�D�,� �c�n�  ¬� �C�N�,� �a�n�d� �v�a�l�e� �V�.� 

�O� �=�I�D� �x� �C�N� �x� �V�i�s� �t�h�e� �s�e�t� �o�f� �a�l�l� �o�b�j�e�c�t�s�.� �N�o�t�a�t�i�o�n�s� �o�.�i�d�,� �o�.�c�n�,� �a�n�d� �o�.�v�a�/� �d�e�-� 

�n�o�t�e� �t�h�e� �i�d�e�n�t�i�f�i�e�r�,� �t�h�e� �c�l�a�s�s�,� �a�n�d� �t�h�e� �v�a�l�u�e� �o�f� �a�n� �o�b�j�e�c�t� �o�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �t�h�e� �n�o�t�i�o�n� �o�f� �c�o�n�s�i�s�t�e�n�t� �s�e�t�s� �o�f� �o�b�j�e�c�t�s�,� �w�h�i�c�h� �a�r�e� �b�a�s�i�c�a�l�l�y� 

�t�h�e� �c�o�n�c�e�p�t�s� �o�f� �u�n�i�q�u�e� �i�d�e�n�t�i�f�i�e�r� �a�n�d� �r�e�f�e�r�e�n�t�i�a�l� �i�n�t�e�g�r�i�t�y�.� �T�h�e� �d�e�f�i�n�i�t�i�o�n� �i�s� �a�s� �f�o�l�-� 

�l�o�w�s�:� 

�A� �s�e�t� �o�f� �o�b�j�e�c�t�s� �©� �i�s� �c�o�n�s�i�s�t�e�n�t� �i�f� �a�n�d� �o�n�l�y� �i�f�:� 

�¢� �V�o�,�p�e� �O�,� �0�.�i�d� �#� �p�.�i�d� �-� �N�o� �t�w�o� �o�b�j�e�c�t�s� �i�n� �©� �h�a�v�e� �t�h�e� �s�a�m�e� �i�d�e�n�t�i�f�i�e�r�.� 

�¢� �V�o�e� �6�,� �r�e�f� �(�0�)� �C�U�p�-�@�p�.�i�d� �-� �E�a�c�h� �i�d�e�n�t�i�f�i�e�r� �i�n� �r�e�f� �(�0�)� �i�s� �a�n� �o�b�j�e�c�t� �i�n� �©�,� 

�w�h�e�r�e� �r�e�f� �(�o�)� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �a�s�s�o�c�i�a�t�i�o�n� �t�o� �a�n� �o�b�j�e�c�t� �o� �w�i�t�h� �t�h�e� �s�e�t� �o�f� �a�l�l� 

�i�d�e�n�t�i�f�i�e�r�s� �r�e�f�e�r�e�n�c�e�d� �w�i�t�h�i�n� �t�h�e� �v�a�l�u�e� �p�a�r�t� �o�f� �t�h�e� �o�b�j�e�c�t�.� �I�t� �i�s� �a� �r�e�c�u�r�s�i�v�e� �f�u�n�c�t�i�o�n� 

�w�h�i�c�h� �i�n�c�l�u�d�e�s� �a�l�l� �r�e�f�e�r�e�n�c�e�s� �o�f� �o�b�j�e�c�t�s� �n�e�s�t�e�d� �w�i�t�h�i�n� �o�.� 

�7�4



�5�.�3�.�3�.�1�.�3� �M�e�t�h�o�d�s� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �a� �m�e�t�h�o�d� �m� �a�s� �a� �t�r�i�p�l�e�:� 

�m� �=� �(�m�n�,� �f�:� �S�  �� �T�,� �b�)� �w�h�e�r�e�:� 

�e� �m�n�e� �M�N� �i�s� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �m�e�t�h�o�d�.� 

�e� �f� �S �� �T�i�s� �a� �f�u�n�c�t�i�o�n� �m�a�p�p�i�n�g� �a� �p�r�o�d�u�c�t� �o�f� �s�o�u�r�c�e� �d�o�m�a�i�n�s� �t�o� �a� �t�a�r�g�e�t� 

�d�o�m�a�i�n� �i�n� �t�h�e� �f�o�r�m� �o�f�:� 

�f�£� �S�x� �S�o�x�.�.�.� �x� �S�,� �>� �T�,� �w�h�e�r�e� �S�j�,�.�.�.� �S�,� �a�n�d� �T� �a�r�e� �s�e�t�s� �o�f� �o�b�j�e�c�t�s�.� 

�e� �b�i�s� �t�h�e� �b�e�h�a�v�i�o�r� �(�s�e�m�a�n�t�i�c�s�)� �o�f� �f�u�n�c�t�i�o�n� �f�.� 

�F�u�n�c�t�i�o�n� �f�i�s� �n�-�a�r�y�,� �w�h�i�c�h� �a�l�l�o�w�s� �p�a�r�a�m�e�t�e�r�i�z�e�d� �m�e�t�h�o�d�s�.� �T�h�e� �g�e�n�e�r�a�l� �f�o�r�m� 

�o�f� �f�i�s� 

�f� �(�S�1�,�.�.�.�,� �S�a�)� �=� �t�,� �w�h�e�r�e� �S�s�;�  ¬� �S�j�,�.�.�.�,�5�,�  ¬� �S�,� �a�n�d�t�e�é� �T�.� 

�I�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �t�e�r�m�i�n�o�l�o�g�y�,� �t�h�e� �a�b�o�v�e� �s�t�a�t�e�s� �t�h�a�t� �f�u�n�c�t�i�o�n� �f�i�s� �a�p�p�l�i�e�d� �t�o� 

�o�b�j�e�c�t� �s�;� �u�s�i�n�g� �o�b�j�e�c�t�s� �S�o�,�.�.�.�,� �$�,� �a�s� �p�a�r�a�m�e�t�e�r�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �o�b�j�e�c�t� �t� �T�h�e� �m�e�t�h�o�d� 

�n�a�m�e�,� �t�h�e� �n�u�m�b�e�r� �a�n�d� �t�y�p�e� �o�f� �t�h�e� �a�r�g�u�m�e�n�t�s�,� �a�n�d� �t�h�e� �t�y�p�e� �o�f� �t�h�e� �r�e�s�u�l�t�,� �c�o�m�p�r�i�s�e� 

�t�h�e� �s�i�g�n�a�t�u�r�e� �o�f� �t�h�e� �m�e�t�h�o�d�.� 

�5�.�3�.�3�.�1�.�4� �C�l�a�s�s�e�s� 

�S�O�S�Y�S� �v�i�e�w�s� �c�l�a�s�s�e�s� �a�s� �a�b�s�t�r�a�c�t� �d�a�t�a� �t�y�p�e�s� �(�A�D�T�s�)� �w�h�o�s�e� �i�n�s�t�a�n�c�e�s� �a�r�e� 

�o�b�j�e�c�t�s�.� �I�n� �S�O�S�Y�S�,� �a� �c�l�a�s�s� �i�s� �a� �t�y�p�e� �d�e�f�i�n�i�t�i�o�n� �a�s� �w�e�l�l� �a�s� �a� �s�y�n�o�n�y�m� �f�o�r� �a�l�l� �o�b�j�e�c�t�s� 

�w�h�i�c�h� �a�r�e� �i�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �t�y�p�e�.� �S�O�S�Y�S� �d�e�f�i�n�e�s� �a� �c�l�a�s�s� �c�a�s� �a� �t�r�i�p�l�e�:� 

�c� �=�(�n�,� �p�,� �M�T�)�,� �w�h�e�r�e� 
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�e� �n�e� �C�N�i�s� �t�h�e� �c�l�a�s�s� �n�a�m�e�.� 

�e� �p�i�s� �a�s�e�q�u�e�n�c�e� �o�f� �p�a�r�e�n�t� �c�l�a�s�s�e�s� �o�f� �t�h�e� �f�o�r�m� �<�C�c�j�,�.�.�.�,� �C�y�>�.� 

�e� �M�T�i�s�a� �s�e�t� �o�f� �m�e�t�h�o�d�s�.� 

�A�c�l�a�s�s� �d�e�f�i�n�e�s� �t�h�e� �i�n�t�e�r�f�a�c�e� �a�n�d� �s�e�m�a�n�t�i�c�s� �o�f� �i�t�s� �i�n�s�t�a�n�c�e�s� �b�y� �m�a�k�i�n�g� �p�u�b�l�i�c� 

�a� �s�e�t� �o�f� �m�e�t�h�o�d�s� �a�n�d� �t�h�e�i�r� �s�i�g�n�a�t�u�r�e�s�.� 

�S�O�S�Y�S� �s�u�p�p�o�r�t�s� �c�l�a�s�s� �h�i�e�r�a�r�c�h�y� �a�n�d� �c�l�a�s�s� �i�n�h�e�r�i�t�a�n�c�e�.� �T�h�e� �i�n�h�e�r�i�t�a�n�c�e� �i�s� 

�b�e�h�a�v�i�o�r�a�l� �i�n�h�e�r�i�t�a�n�c�e�,� �i�.�e�.�,� �a� �s�u�b�c�l�a�s�s� �o�f� �a� �c�l�a�s�s� �b�e�h�a�v�e�s� �l�i�k�e� �i�t�s� �p�a�r�e�n�t� �c�l�a�s�s�.� �T�h�i�s� 

�i�s� �t�o� �e�n�s�u�r�e� �t�h�e� �c�o�n�f�o�r�m�i�t�y� �o�r� �s�u�b�s�t�i�t�u�t�a�b�i�l�i�t�y�.� �S�u�b�s�t�i�t�u�t�a�b�i�l�i�t�y� �e�n�s�u�r�e�s� �t�h�a�t� �a�n� �o�b�j�e�c�t� 

�o�f� �a� �c�l�a�s�s� �C� �c�a�n� �b�e� �u�s�e�d� �i�n� �a�n�y� �c�o�n�t�e�x�t� �s�p�e�c�i�f�y�i�n�g� �a� �s�u�p�e�r�c�l�a�s�s� �o�f� �C�.� 

�S�O�S�Y�S� �s�u�p�p�o�r�t�s� �m�u�l�t�i�p�l�e� �i�n�h�e�r�i�t�a�n�c�e�,� �b�u�t� �v�i�e�w�s� �t�h�e� �m�u�l�t�i�p�l�e� �i�n�h�e�r�i�t�a�n�c�e� 

�c�o�n�f�l�i�c�t� �r�e�s�o�l�u�t�i�o�n� �p�r�o�t�o�c�o�l� �a�s� �a�n� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s�s�u�e�.� �T�h�e� �a�u�t�h�o�r�s� �s�u�g�g�e�s�t� �t�h�e� 

�u�s�e� �o�f� �o�n�e� �o�f� �t�w�o� �a�l�t�e�r�n�a�t�i�v�e�s�:� �(�1�)� �r�e�q�u�i�r�i�n�g� �t�h�e� �u�s�e�r� �t�o� �s�p�e�c�i�f�y� �t�h�e� �m�u�l�t�i�p�l�e� �i�n�h�e�r�i�t�-� 

�a�n�c�e� �s�e�m�a�n�t�i�c�s�,� �o�r� �(�2�)� �r�e�s�o�l�v�i�n�g� �t�h�e� �c�o�n�f�l�i�c�t� �a�c�c�o�r�d�i�n�g� �t�o� �a� �p�r�e�d�e�t�e�r�m�i�n�e�d� �o�r�d�e�r�i�n�g� 

�o�f� �t�h�e� �c�l�a�s�s� �l�a�t�t�i�c�e�.� 

�5�.�3�.�3�.�1�.�5� �D�a�t�a�b�a�s�e�s� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �a� �d�a�t�a�b�a�s�e� �d�b� �a�s� �f�o�l�l�o�w�s�:� 

�d�b� �=� �(�C�,� �@�)� 

�w�h�e�r�e� �C�i�s� �a� �s�e�t� �o�f� �c�l�a�s�s�e�s� �d�e�n�o�t�i�n�g� �a� �c�l�a�s�s� �h�i�e�r�a�r�c�h�y�,� �a�n�d� �©� �i�s� �a� �c�o�n�s�i�s�t�e�n�t� 

�s�e�t� �o�f� �o�b�j�e�c�t�s� �m�e�e�t�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�s�t�r�a�i�n�t�s�:� 

�«� �W�c�e� �C�,� �t�h�e� �n�a�m�e� �o�f�c� �i�s� �u�n�i�q�u�e�.� 
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�¢�«� �Y�o�e ¬�O�,� �o�.�c�n� �i�s� �t�h�e� �n�a�m�e� �o�f� �a� �c�l�a�s�s� �i�n� �C�.� 

�¢� �T�h�e� �r�o�o�t� �o�f� �t�h�e� �c�l�a�s�s� �C�r�o�o�4�  ¬� �C�.� 

�¢� �V�c�e�E�C�,� �c�i�s�a� �s�u�b�c�l�a�s�s� �o�f� �C�o�o�t�-� 

�T�h�e� �f�i�r�s�t� �t�w�o� �c�o�n�s�t�r�a�i�n�t�s� �e�n�s�u�r�e� �t�h�a�t� �e�a�c�h� �o�b�j�e�c�t� �i�n� �t�h�e� �d�a�t�a�b�a�s�e� �b�e�l�o�n�g�s� �t�o� 

�o�n�l�y� �o�n�e� �c�l�a�s�s�,� �w�h�i�c�h� �i�s� �i�t�s�e�l�f� �i�n� �t�h�e� �d�a�t�a�b�a�s�e�.� �T�h�e� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �c�o�n�s�t�r�a�i�n�t�s� �e�n�-� 

�s�u�r�e� �t�h�a�t� �t�h�e� �r�e�c�u�r�s�i�v�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �i�n�h�e�r�i�t�a�n�c�e� �t�e�r�m�i�n�a�t�e�s� �f�o�r� �e�v�e�r�y� �c�l�a�s�s� �i�n� �t�h�e� �d�a�-� 

�t�a�b�a�s�e�.� 

�S�O�S�Y�S� �d�e�f�i�n�e�s� �a� �d�a�t�a�b�a�s�e� �o�p�e�r�a�t�i�o�n� �a�s� �a� �f�u�n�c�t�i�o�n�:� 

�o�p�:� �d�b� �x� �<�0�j�,�.�.�.�,� �O�n�>� �X� �m�n�  �� �r�,� �w�h�e�r�e� 

�e� �d�b�i�s� �a� �d�a�t�a�b�a�s�e�.� 

�*� �<�0�j�,�.�.�.�,� �O�,�>� �a�r�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �a�b�.� 

�¢� �m�n�i�s� �t�h�e� �n�a�m�e� �o�f� �a� �m�e�t�h�o�d� �d�e�f�i�n�e�d� �f�o�r� �t�h�e� �c�l�a�s�s� �o�f� �0�}�.� 

�e� �r�i�s� �t�h�e� �r�e�s�u�l�t�i�n�g� �o�b�j�e�c�t�.� 

�5�.�3�.�3�.�2� �Q�u�e�r�i�e�s� �a�n�d� �Q�u�e�r�y� �L�a�n�g�u�a�g�e�s� 

�S�O�S�Y�S� �f�o�c�u�s�e�s� �o�n� �f�o�r�m�a�l� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s�,� �s�u�c�h� �a�s� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �a�n�d� 

�o�b�j�e�c�t� �a�l�g�e�b�r�a�.� �T�h�e� �l�a�n�g�u�a�g�e�s� �s�u�p�p�o�r�t� �s�t�r�i�c�t� �e�n�c�a�p�s�u�l�a�t�i�o�n�,� �i�.�e�.�,� �o�p�e�r�a�t�o�r�s� �w�h�i�c�h� 

�m�a�n�i�p�u�l�a�t�e� �o�r� �d�e�p�e�n�d� �o�n� �t�h�e� �o�b�j�e�c�t� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �a�r�e� �n�o�t� �a�l�l�o�w�e�d�.� �T�h�e� �l�a�n�g�u�a�g�e�s� 

�t�a�k�e� �t�h�e� �a�p�p�r�o�a�c�h� �o�f� �p�r�e�d�i�c�a�t�e�s� �b�a�s�e�d� �u�p�o�n� �b�e�h�a�v�i�o�r�.� �T�h�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �o�b�j�e�c�t�-� 

�p�r�e�s�e�r�v�i�n�g� �l�a�n�g�u�a�g�e�s�.� 

�V�7



�5�.�3�.�3�.�2�.�1� �Q�u�e�r�y� �P�r�i�m�i�t�i�v�e�s� 

�S�O�S�Y�S� �t�a�k�e�s� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�p�p�r�o�a�c�h� �a�n�d� �v�i�e�w�s� �q�u�e�r�i�e�s� �a�s� �c�l�a�s�s�e�s�.� 

�H�o�w�e�v�e�r�,� �q�u�e�r�i�e�s� �i�n� �t�h�e� �S�O�S�Y�S� �a�r�e� �n�o�t� �d�e�f�i�n�e�d� �i�n� �t�h�e� �c�l�a�s�s� �f�o�r�m�a�t� �b�u�t� �r�a�t�h�e�r� �a�s� �a� 

�c�o�m�b�i�n�a�t�i�o�n� �o�f� �a�t�o�m�s� �a�n�d� �o�p�e�r�a�t�o�r�s�.� �T�h�e�s�e� �a�t�o�m�s� �a�n�d� �o�p�e�r�a�t�o�r�s� �a�r�e� �t�h�e� �b�u�i�l�d�i�n�g� 

�b�l�o�c�k�s� �o�f� �t�h�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s�.� 

�A�t�o�m�s� 

�A�t�o�m�s� �a�r�e� �t�h�e� �b�u�i�l�d�i�n�g� �b�l�o�c�k�s� �o�f� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �p�r�e�d�i�c�a�t�e�s� �f�o�r� 

�q�u�a�l�i�f�y�i�n�g� �a�l�g�e�b�r�a� �o�p�e�r�a�t�o�r�s�.� �T�h�e�y� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�r�i�m�i�t�i�v�e� �q�u�e�r�y� �o�p�e�r�a�t�i�o�n�s� �o�f� �t�h�e� 

�d�a�t�a� �m�o�d�e�l� �a�n�d� �r�e�t�u�r�n� �a� �b�o�o�l�e�a�n� �r�e�s�u�l�t�.� �T�h�r�e�e� �t�y�p�e�s� �o�f� �a�t�o�m�s� �a�r�e� �d�e�f�i�n�e�d� �i�n� �t�h�e� 

�S�O�S�Y�S�.� 

�1�.� �0�)� �O�p� �o�j�:� �w�h�e�r�e� �0�;� �a�n�d� �o�j� �a�r�e� �e�i�t�h�e�r� �o�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �o�r� �d�e�n�o�t�e� �a�n� �o�p�e�r�a�t�i�o�n� 

�o�f� �t�h�e� �f�o�r�m� �<�0�y�j�,�.�.�.�,�0�,�>�.�m�l�i�s�t� �w�h�e�r�e� �0�7�.�.�.�0�,� �a�r�e� �o�b�j�e�c�t� �v�a�r�i�a�b�l�e�s�,� �m�i�i�s�t� �i�s� �a� 

�l�i�s�t� �o�f� �m�e�t�h�o�d�s�,� �a�n�d� �O�p�i�s� �o�n�e� �o�f� �t�h�e� �o�p�e�r�a�t�o�r�s� �d�e�f�i�n�e�d� �u�n�d�e�r� �O�p�e�r�a�t�o�r�s�.� 

�2�.� �a� �O�p� �o�;�:� �w�h�e�r�e� �o�j� �a�r�e� �e�i�t�h�e�r� �o�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �o�r� �d�e�n�o�t�e� �a�n� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� 

�f�o�r�m� �<�0�4�,�.�.�.�,�0�,�>�.�m�l�i�s�t� �w�h�e�r�e� �0�7�.�.�.�0�,� �a�r�e� �o�b�j�e�c�t� �v�a�r�i�a�b�l�e�s�,� �m�i�i�s�t� �i�s� �a� �l�i�s�t� �o�f� 

�m�e�t�h�o�d�s�,� �a� �i�s� �t�h�e� �t�e�x�t�u�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a�n� �a�t�o�m�i�c� �v�a�l�u�e� �o�r� �a� �s�e�t� �o�f� 

�a�t�o�m�i�c� �v�a�l�u�e�s�,� �a�n�d� �O�p� �i�s� �o�n�e� �o�f� �t�h�e� �o�p�e�r�a�t�o�r�s� �d�e�f�i�n�e�d� �u�n�d�e�r� �O�p�e�r�a�t�o�r�s�.� 

�3�.� �R�a�n�g�e� �a�t�o�m�:� �C�(�o�)� �o�r� �C�*�(�o�)� �w�h�e�r�e� �C� �i�s� �t�h�e� �n�a�m�e� �o�f� �a� �c�l�a�s�s� �a�n�d� �o�i�s� �a�n� 

�o�b�j�e�c�t� �v�a�r�i�a�b�l�e� �r�a�n�g�i�n�g� �o�v�e�r� �t�h�e� �i�n�s�t�a�n�c�e�s� �o�f� �c�l�a�s�s� �C�.� �T�h�e�r�e� �a�r�e� �t�w�o� �c�a�s�e�s�:� 

�¢� �C�(�o�)�:� �r�e�f�e�r�s� �t�o� �t�h�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �e�x�t�e�n�t� �o�f� �C�.� 

�e� �C�*�(�o�)�:� �r�e�f�e�r�s� �t�o� �t�h�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �d�e�e�p� �e�x�t�e�n�t� �o�f� �C�.� 
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�w�h�e�r�e� �e�x�t�e�n�t� �o�f� �C� �s�p�e�c�i�f�i�e�s� �t�h�e� �i�n�s�t�a�n�c�e�s� �o�f� �C�,� �a�n�d� �d�e�e�p� �e�x�t�e�n�t� �o�f� �C� 

�r�e�f�e�r�s� �t�o� �a�l�l� �i�n�s�t�a�n�c�e�s� �i�n� �t�h�e� �e�x�t�e�n�t� �o�f� �a�l�l� �c�l�a�s�s�e�s� �r�o�o�t�e�d� �a�t� �C�.� 

�r�a�t�o�r�:� 

�T�h�e�r�e� �a�r�e� �f�o�u�r� �c�o�m�p�a�r�i�s�o�n� �o�p�e�r�a�t�o�r�s� �d�e�f�i�n�e�d�:� 

�1�.� �O�b�j�e�c�t� �i�d�e�n�t�i�t�y� �e�q�u�a�l�i�t�y�:� �=�=� 

�2�.� �S�e�t� �v�a�l�u�e� �i�n�c�l�u�s�i�o�n�:�  ¬� 

�3�.� �S�e�t� �v�a�l�u�e� �e�q�u�a�l�i�t�y�:� �=� 

�4�.� �A�t�o�m�i�c� �v�a�l�u�e� �e�q�u�a�l�i�t�y�:� �=� 

�T�h�e�s�e� �f�o�u�r� �o�p�e�r�a�t�o�r�s� �c�a�n� �b�e� �u�s�e�d� �d�i�r�e�c�t�l�y� �i�n� �q�u�e�r�i�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �l�o�g�i�c�a�l� �o�p�-� 

�e�r�a�t�o�r�s� �s�u�c�h� �a�s�  ��,� �A�,� �V�,� �a�n�d� �q�u�a�n�t�i�f�i�e�r�s� �s�u�c�h� �a�s� �J� �a�n�d� �V� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �d�i�r�e�c�t�l�y� 

�i�n� �q�u�e�r�i�e�s�.� �A�n�y� �o�t�h�e�r� �o�p�e�r�a�t�o�r�s� �m�u�s�t� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �a�s� �m�e�t�h�o�d�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� 

�a� �q�u�e�r�y� �f�o�r� �f�i�n�d�i�n�g� �e�v�e�r�y� �p�e�r�s�o�n� �p� �w�i�t�h� �a�n� �a�g�e� �g�r�e�a�t�e�r� �t�h�a�n� �6�5�.� 

 ��6�5 �� �=� �q� �A�  ��t�r�u�e �� �=� �<�p�,� �q�>�.�a�g�e�.�g�r�e�a�t�e�r�.� 

�w�h�e�r�e�  ��= �� �i�s� �t�h�e� �a�t�o�m�i�c� �v�a�l�u�e� �e�q�u�a�l�i�t�y� �o�p�e�r�a�t�o�r� �a�n�d� �g�r�e�a�t�e�r� �i�s� �i�m�p�l�e�m�e�n�t�e�d� �a�s� �a� 

�m�e�t�h�o�d�.� 

�5�.�3�.�3�.�2�.�2� �O�b�j�e�c�t� �C�a�l�c�u�l�u�s� 

�T�h�e� �S�O�S�Y�S� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �i�s� �a� �d�e�c�l�a�r�a�t�i�v�e� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� �T�h�e� �f�o�r�m�a�t� �o�f� 

�t�h�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �d�e�f�i�n�i�t�i�o�n� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �t�u�p�l�e� �r�e�l�a�t�i�o�n�a�l� �c�a�l�c�u�l�u�s� �d�e�f�i�n�i�t�i�o�n� �p�r�o�-� 

�v�i�d�e�d� �i�n� �[�U�l�l�m�8�8�]�.� �A� �q�u�e�r�y� �i�n� �t�h�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �i�s� �i�n� �t�h�e� �f�o�r�m� �o�f� 

�{�o�l� �w� �(�0�)�}�,� 
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�w�h�e�r�e� �o� �i�s� �a�n� �o�b�j�e�c�t� �v�a�r�i�a�b�l�e� �d�e�n�o�t�i�n�g� �s�o�m�e� �o�b�j�e�c�t� �i�n� �t�h�e� �d�a�t�a�b�a�s�e�,� �a�n�d� �y� �i�s� �a� �f�o�r�-� 

�m�u�l�a� �b�u�i�l�t� �f�r�o�m� �a�t�o�m�s�.� �T�h�e� �r�e�s�u�l�t� �o�f� �a� �q�u�e�r�y� �i�s� �a� �s�e�t� �o�f� �o�b�j�e�c�t�s� �o� �w�h�i�c�h� �s�a�t�i�s�f�y� �t�h�e� 

�p�r�e�d�i�c�a�t�e� �f�o�r�m�e�d� �b�y� �y�(�o�)�.� 

�B�e�f�o�r�e� �d�e�f�i�n�i�n�g� �f�o�r�m�u�l�a�s�,� �t�h�e� �n�o�t�i�o�n� �o�f� �f�r�e�e� �a�n�d� �b�o�u�n�d� �v�a�r�i�a�b�l�e�s� �n�e�e�d�s� �t�o� �b�e� 

�i�n�t�r�o�d�u�c�e�d�.� �A� �v�a�r�i�a�b�l�e� �i�s� �s�a�i�d� �t�o� �b�e� �b�o�u�n�d� �i�n� �a� �f�o�r�m�u�l�a� �i�f� �i�t� �h�a�s� �b�e�e�n� �q�u�a�n�t�i�f�i�e�d� �v�i�a� 

�q�u�a�n�t�i�f�i�e�r�s� �s�u�c�h� �a�s� �J� �o�r� �V�;� �o�t�h�e�r�w�i�s�e�,� �t�h�e� �v�a�r�i�a�b�l�e� �i�s� �f�r�e�e� �i�n� �t�h�e� �f�o�r�m�u�l�a�.� �T�h�e� �d�e�f�i�-� 

�n�i�t�i�o�n�s� �o�f� �t�h�e� �f�o�r�m�u�l�a�s� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�1�.� �E�v�e�r�y� �a�t�o�m� �i�s� �a� �f�o�r�m�u�l�a�.� �A�l�l� �o�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �a�t�o�m� �a�r�e� �f�r�e�e� �i�n� �t�h�e� 

�f�o�r�m�u�l�a�.� 

�2�.� �l�f� �W�y� �a�n�d� �W�o� �a�r�e� �f�o�r�m�u�l�a�s�,� �t�h�e�n� �W�y� �A� �W�o�,� �W�y� �V� �W�o�,� �a�n�d� �A�W�;� �a�r�e� �f�o�r�m�u�l�a�s�.� 

�O�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �a�r�e� �f�r�e�e� �o�r� �b�o�u�n�d� �i�n� �W�y� �A� �W�o�,� �W�y� �V� �W�o�,� �a�n�d� �A�y�;� �a�s� �t�h�e�y� 

�a�r�e� �f�r�e�e� �o�r� �b�o�u�n�d� �i�n� �W�y� �o�r� �W�o�.� 

�3�.� �I�f� �y� �i�s� �a� �f�o�r�m�u�l�a�,� �t�h�e�n� �J�o� �(�y�w�)� �i�s� �a� �f�o�r�m�u�l�a�.� �F�r�e�e� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �o�i�n� �w� �a�r�e� 

�b�o�u�n�d� �t�o� �d�o� �i�n� �S�o� �(�w�y�)�.� 

�4�.� �l�f� �w�i�s� �a� �f�o�r�m�u�l�a�,� �t�h�e�n� �V�o� �(�y�)� �i�s� �a� �f�o�r�m�u�l�a�.� �F�r�e�e� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �o� �i�n� �y� �a�r�e� 

�b�o�u�n�d� �t�o� �V�o�i�n� �V�o� �(�y�w�)�.� 

�5�.� �F�o�r�m�u�l�a�s� �m�a�y� �b�e� �e�n�c�l�o�s�e�d� �i�n� �p�a�r�e�n�t�h�e�s�e�s�.� �I�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �p�a�r�e�n�t�h�e�-� 

�s�e�s�,� �t�h�e� �o�r�d�e�r� �o�f� �p�r�e�c�e�d�e�n�c�e� �i�s�  ¬�,� �=�,� �=�y�,� �=�=�,� �4�,� �V�,�  ��,� �A�,� �V�,� �w�h�e�r�e�  ¬� �i�s� �t�h�e� 

�h�i�g�h�e�s�t� �i�n� �t�h�e� �o�r�d�e�r�.� 

�T�h�e� �f�o�r�m�a�l� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �q�u�e�r�y� �i�n� �t�h�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �i�s� �t�h�e�n�:� 

�{�o� �|� �w� �(�0�)�}�,� �w�h�e�r�e� �o�i�s� �t�h�e� �o�n�l�y� �f�r�e�e� �v�a�r�i�a�b�l�e� �i�n� �w�.� 
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�S�O�S�Y�S� �f�u�r�t�h�e�r� �p�r�o�v�i�d�e�s� �c�h�e�c�k�s� �f�o�r� �g�u�a�r�a�n�t�e�e�i�n�g� �t�h�e� �s�a�f�e�t�y� �o�f� �a� �q�u�e�r�y� �e�x�-� 

�p�r�e�s�s�e�d� �i�n� �t�h�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s�.� �T�h�e� �s�a�f�e�t�y� �o�f� �a� �q�u�e�r�y� �i�s� �d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�A�n� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �s�a�f�e� �i�f� �t�h�e� �e�x�p�r�e�s�s�i�o�n� 

�c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �i�n� �f�i�n�i�t�e� �t�i�m�e� �a�n�d� �p�r�o�d�u�c�e�s� �f�i�n�i�t�e� �o�u�t�p�u�t�.� 

�5�.�3�.�3�.�2�.�3� �O�b�j�e�c�t� �A�l�g�e�b�r�a� 

�T�h�e� �S�O�S�Y�S� �o�b�j�e�c�t� �a�l�g�e�b�r�a� �i�s� �a� �p�r�o�c�e�d�u�r�a�l� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� �T�h�e� �o�b�j�e�c�t� �a�l�-� 

�g�e�b�r�a� �i�m�p�l�e�m�e�n�t�s� �a� �s�u�b�s�e�t� �o�f� �t�h�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s�,� �n�a�m�e�l�y� �t�h�e� �r�e�s�t�r�i�c�t�e�d� �c�l�a�s�s� �o�f� �o�b�-� 

�j�e�c�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n�s�.� �T�h�e� �r�e�s�t�r�i�c�t�e�d� �c�l�a�s�s� �o�f� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n�s� �i�s� �d�e�-� 

�f�i�n�e�d� �a�s�:� 

�A�n�y� �s�a�f�e� �o�b�j�e�c�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �f�o�r�m� �{�o� �|� �d�p�a�a�d�r�.�.�.� �y� �(�0�,� �p�,� �q�,� 

�r�,�.�.�-�)�}�,� 

�w�h�e�r�e� �w� �d�o�e�s� �n�o�t� �c�o�n�t�a�i�n� �a�n�y� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �e�i�t�h�e�r� �5� �o�r� �V�.� 

�T�h�i�s� �c�l�a�s�s� �o�f� �q�u�e�r�i�e�s� �i�s� �s�i�m�i�l�a�r� �i�n� �p�o�w�e�r� �t�o� �t�h�e� �s�e�l�e�c�t�-�p�r�o�j�e�c�t�-�j�o�i�n� �c�l�a�s�s� �o�f� 

�q�u�e�r�i�e�s� �i�n� �t�h�e� �r�e�l�a�t�i�o�n�a�l� �m�o�d�e�l�.� �T�h�e� �m�a�i�n� �e�x�c�l�u�s�i�o�n�s� �f�r�o�m� �t�h�e� �c�l�a�s�s� �a�r�e� �t�h�e� �u�n�i�v�e�r�-� 

�s�a�l� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �r�e�c�u�r�s�i�o�n� �s�u�c�h� �a�s� �t�h�o�s�e� �o�f�t�e�n� �f�o�u�n�d� �i�n� �r�u�l�e� �b�a�s�e�d� �m�o�d�e�l�s�.� 

�T�h�e� �a�l�g�e�b�r�a� �d�e�f�i�n�e�s� �f�i�v�e� �o�p�e�r�a�t�o�r�s�:� 

�U�n�i�o�n� �(�P�U� �Q�)�:� 

�T�h�e� �u�n�i�o�n� �i�s� �t�h�e� �s�e�t� �o�f� �o�b�j�e�c�t�s� �w�h�i�c�h� �a�r�e� �e�i�t�h�e�r� �i�n� �P�,� �i�n� �Q�,� �o�r� �i�n� �b�o�t�h� �P� �a�n�d� 

�Q�.� �A�n� �e�q�u�i�v�a�l�e�n�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �u�n�i�o�n� �i�s� �{�0� �|� �P� �(�0�)� �v� �Q� �(�0�)�}�.� 

�D�i�f�f�e�r�e�n�c�e� �(�P� �-� �Q�)�:� 
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�T�h�e� �d�i�f�f�e�r�e�n�c�e� �o�p�e�r�a�t�i�o�n� �p�r�o�d�u�c�e�s� �a� �s�e�t� �o�f� �o�b�j�e�c�t�s� �w�h�i�c�h� �a�r�e� �i�n� �P� �b�u�t� �n�o�t� �i�n� 

�Q�.� �A�n� �e�q�u�i�v�a�l�e�n�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �o�f� �d�i�f�f�e�r�e�n�c�e� �i�s� �{�o� �|� �P� �(�0�)� �v�  ��Q� �(�0�)�}�.� 

�T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �o�p�e�r�a�t�o�r�,� �P� �~� �Q� �c�a�n� �b�e� �d�e�r�i�v�e�d� �b�y� �P� �-� �(�P� �-� �Q�)�.� 

�S�e�l�e�c�t� �(�P� �O�f� �<�Q�1�.�.�.�Q�k�>�)�:� 

�S�e�l�e�c�t� �r�e�t�u�r�n�s� �t�h�e� �o�b�j�e�c�t�s� �d�e�n�o�t�e�d� �b�y� �p� �f�o�r� �e�a�c�h� �v�e�c�t�o�r� �<�p�,� �q�j�y�,�.�.�.�,� �Q�,�>�  ¬� �P�x� 

�Q�,� �X�.�.�.�x� �Q�,� �w�h�i�c�h� �s�a�t�i�s�f�i�e�s� �t�h�e� �p�r�e�d�i�c�a�t�e� �F�.� �A�n� �e�q�u�i�v�a�l�e�n�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�-� 

�s�i�o�n� �o�f� �s�e�l�e�c�t� �i�s� �{�p� �|� �P�(�p�)� �A� �Q�y�(�q�4�)� �A�.�.�.� �A� �Q�x� �(�A�k�)� �A� �F� �(�P�p�,� �G�4�,�-�-�.�5� �A�k�)�}�-� 

�G�e�n�e�r�a�t�e� �(�Q�,� �¥�'�F� �<�Q�z�.�.�.� �Q�x�>�)�:� 

�T�h�i�s� �o�p�e�r�a�t�i�o�n� �r�e�t�u�r�n�s� �t�h�e� �o�b�j�e�c�t�s� �d�e�n�o�t�e�d� �b�y� �f�i�n� �F� �f�o�r� �e�a�c�h� �v�e�c�t�o�r� �<�q�j�,�.�.�.�,� 

�d�k�>�  ¬� �Q�,� �x�.�.�.� �X� �Q�,� �w�h�i�c�h� �s�a�t�i�s�f�i�e�s� �t�h�e� �p�r�e�d�i�c�a�t�e� �F�.� �F�i�s� �a� �p�r�e�d�i�c�a�t�e� �w�i�t�h� �t�h�e� 

�c�o�n�d�i�t�i�o�n� �t�h�a�t� �i�t� �m�u�s�t� �c�o�n�t�a�i�n� �o�n�e� �o�r� �m�o�r�e� �g�e�n�e�r�a�t�i�n�g� �a�t�o�m�s� �f�o�r� �t�h�e� �t�a�r�g�e�t� 

�v�a�r�i�a�b�l�e� �f�,� �a�n�d� �t�f� �d�o�e�s� �n�o�t� �r�a�n�g�e� �o�v�e�r� �a�n�y� �o�f� �t�h�e� �a�r�g�u�m�e�n�t� �s�e�t�s�.� 

�T�w�o� �c�o�m�m�o�n� �u�s�e�s� �o�f� �t�h�e� �g�e�n�e�r�a�t�e� �o�p�e�r�a�t�o�r� �a�r�e� �t�o� �c�o�l�l�e�c�t� �r�e�s�u�l�t�s� �o�f� �m�e�t�h�o�d� 

�a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �t�o� �i�t�e�r�a�t�e� �o�v�e�r� �t�h�e� �c�o�n�t�e�n�t� �o�f� �s�e�t� �v�a�l�u�e�d� �o�b�j�e�c�t�s�.� �A�n� �e�q�u�i�v�-� 

�a�l�e�n�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �o�f� �g�e�n�e�r�a�t�e� �i�s� �{�t� �|� �Q�y� �(�q�q�)� �A�.�.�.� �A� �Q�,� �(�Q�,�)� �A� �F� �(�t�,� 

�Q�4�5�-�+�+�»� �A�k�)� �}�-� 

�M�a�p� �(�Q�;�  �� �m�i�i�s�t� �<�Q�o�.�-�-� �Q�>�)�:� 

�M�a�p� �a�p�p�l�i�e�s� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �m�e�t�h�o�d�s� �i�n� �m�l�i�s�t�t�o� �e�a�c�h� �o�b�j�e�c�t� �q�,�  ¬� �Q�,� �u�s�i�n�g� 

�o�b�j�e�c�t�s� �i�n� �<�Q�s�.�.�.� �Q�,�>� �a�s� �p�a�r�a�m�e�t�e�r�s� �t�o� �m�e�t�h�o�d�s� �i�n� �m�i�i�s�t�,� �w�h�e�r�e� �m�i�i�s�t� �i�s� �a� 

�l�i�s�t� �o�f� �m�e�t�h�o�d� �n�a�m�e�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �m�j�,�.�.�.�,� �M�p�.� �T�h�e� �o�p�e�r�a�t�i�o�n� �r�e�t�u�r�n�s� �t�h�e� 

�s�e�t� �o�f� �o�b�j�e�c�t�s� �r�e�s�u�l�t�i�n�g� �f�o�r�m� �e�a�c�h� �s�e�q�u�e�n�c�e� �m�e�t�h�o�d� �a�p�p�l�i�c�a�t�i�o�n�.� �M�a�p� �i�s� �a� 
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�s�p�e�c�i�a�l� �c�a�s�e� �o�f� �t�h�e� �g�e�n�e�r�a�t�e� �o�p�e�r�a�t�o�r�.� �T�h�i�s� �f�o�r�m� �o�f� �t�h�e� �g�e�n�e�r�a�t�e� �o�p�e�r�a�t�i�o�n� 

�s�u�p�p�o�r�t�s� �s�e�v�e�r�a�l� �u�s�e�f�u�l� �r�u�l�e�s� �f�o�r� �o�p�t�i�m�i�z�a�t�i�o�n�.� �A�n� �e�q�u�i�v�a�l�e�n�t� �c�a�l�c�u�l�u�s� 

�e�x�p�r�e�s�s�i�o�n� �o�f� �m�a�p� �i�s� �{�t� �|� �Q�y� �(�q�q�)� �A�.�.�.� �A� �Q�k� �(�d�z�)� �A� �t� �=�=� �<�q�4�,�.�-�-�5� �G�,�>�-�m�l�i�s�t�}�.� 

�5�.�3�.�3�.�3�.� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �M�e�t�h�o�d�o�l�o�g�y� 

�S�O�S�Y�S� �a�p�p�l�i�e�s� �r�e�l�a�t�i�o�n�a�l� �t�e�c�h�n�i�q�u�e�s� �t�o� �p�r�o�d�u�c�e� �a� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �q�u�e�r�y� 

�p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�y� �i�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �p�r�o�p�o�s�e�d� �b�y� �J�a�r�k�e� �[�J�K�8�4�]�,� �w�i�t�h� 

�t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�y�p�e� �c�h�e�c�k�i�n�g�.� �F�i�g�u�r�e� �1�3� �s�h�o�w�s� �t�h�e� �S�O�S�Y�S� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�-� 

�o�d�o�l�o�g�y�.� 
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� � 

�D�e�c�l�a�r�a�t�i�v�e� �Q�u�e�r�y� 

�Y� 
�C�a�l�c�u�l�u�s� �O�p�t�i�m�i�z�a�t�i�o�n� 

� � 

� � � � � � 

�O�p�t�i�m�i�z�e�d� �C�a�l�c�u�l�u�s� 
�E�x�p�r�e�s�s�i�o�n� 

�4� 
�C�a�l�c�u�l�u�s�-�A�l�g�e�b�r�a� 
�T�r�a�n�s�f�o�r�m�a�t�i�o�n� 

� � 

� � � � � � 

�A�l�g�e�b�r�a�i�c� �Y� �e�s�s�i�o�n� 

�Y� 
�T�y�p�e� �C�h�e�c�k�i�n�g� 
� � 

� � � � � � 

�T�y�p�e� �C�o�n�s�i�s�t�e�n�t� 
�A�l�g�e�b�r�a�i�c� �E�x�p�r�e�s�s�i�o�n� 

�4� 
�A�l�g�e�b�r�a� �O�p�t�i�m�i�z�a�t�i�o�n� 
� � 

� � � � � � 

�O�p�t�i�m�i�z�e�d� 
�A�l�g�e�b�r�a�i�c� �E�x�p�r�e�s�s�i�o�n� 

�4� 
�A�c�c�e�s�s� �P�l�a�n� 

�G�e�n�e�r�a�t�i�o�n� �a�n�d� �S�e�l�e�c�t�i�o�n� 

�!� 
�Q�u�e�r�y� �E�v�a�l�u�a�t�i�o�n� 

� � 

� � � � � � 

� � 

� � � � � � 

� � 

�F�i�g�u�r�e� �1�3� �S�O�S�Y�S� �Q�u�e�r�y� �P�r�o�c�e�s�s�i�n�g� �M�e�t�h�o�d�o�l�o�g�y� 
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�T�h�e� �s�y�s�t�e�m� �t�a�k�e�s� �a� �d�e�c�l�a�r�a�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �e�x�p�r�e�s�s�e�d� �i�n� �o�b�j�e�c�t� 

�c�a�l�c�u�l�u�s� �a�s� �i�n�p�u�t� �a�n�d� �p�e�r�f�o�r�m�s� �c�a�l�c�u�l�u�s� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�e� �o�p�t�i�m�i�z�e�d� �c�a�l�c�u�l�u�s� �e�x�-� 

�p�r�e�s�s�i�o�n� �i�s� �t�h�e�n� �t�r�a�n�s�l�a�t�e�d� �t�o� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�.� �T�y�p�e� �c�h�e�c�k�i�n�g� 

�i�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n� �t�o� �g�u�a�r�a�n�t�e�e� �t�y�p�e� �c�o�n�s�i�s�t�e�n�c�y�.� �A�l�g�e�b�r�a� �o�p�t�i�-� 

�m�i�z�a�t�i�o�n� �i�s� �t�h�e�n� �a�p�p�l�i�e�d� �t�o� �t�h�e� �t�y�p�e�-�c�o�n�s�i�s�t�e�n�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�.� �F�i�n�a�l�l�y� �a�c�c�e�s�s� 

�p�l�a�n�s� �a�r�e� �g�e�n�e�r�a�t�e�d�,� �a�n�d� �t�h�e� �o�p�t�i�m�a�l� �p�l�a�n� �i�s� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �a�n� �a�n�s�w�e�r� �f�o�r� �t�h�e� 

�q�u�e�r�y�.� 

�§�.�3�.�3�.�3�.�1� �C�a�l�c�u�l�u�s� �O�p�t�i�m�i�z�a�t�i�o�n� 

�T�h�e�r�e� �a�r�e� �t�w�o� �m�a�i�n� �p�u�r�p�o�s�e�s� �o�f� �c�a�l�c�u�l�u�s� �o�p�t�i�m�i�z�a�t�i�o�n� �i�n� �t�h�e� �S�O�S�Y�S�.� �T�h�e� 

�f�i�r�s�t� �i�s� �t�o� �r�e�d�u�c�e� �t�h�e� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �t�o� �a� �n�o�r�m�a�l�i�z�e�d� �f�o�r�m� �i�n� �o�r�d�e�r� �t�o� �p�e�r�f�o�r�m� 

�t�h�e� �c�a�l�c�u�l�u�s�-�t�o�-�a�l�g�e�b�r�a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �a�n�d� �t�h�e� �s�e�c�o�n�d� �i�s� �t�o� �p�e�r�f�o�r�m� �a� �s�a�f�e�t�y� �c�h�e�c�k� 

�i�n� �o�r�d�e�r� �t�o� �g�u�a�r�a�n�t�e�e� �t�h�e� �s�a�f�e�t�i�e�s� �o�f� �t�h�e� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �b�e�f�o�r�e� �t�h�e� �c�a�l�c�u�l�u�s�-� 

�t�o�-�a�l�g�e�b�r�a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �T�h�e�s�e� �p�r�o�c�e�s�s�e�s�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �c�a�l�c�u�l�u�s�-�t�o�-�a�l�g�e�b�r�a� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �o�n�e� �a�l�g�o�r�i�t�h�m�.� �T�h�e� �a�l�g�o�r�i�t�h�m� �i�s� �c�a�l�l�e�d� �C�a�l�c�u�l�u�s�-�t�o�-� 

�A�l�g�e�b�r�a� �T�r�a�n�s�l�a�t�i�o�n�,� �a�n�d� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �1�4�.� 
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�I�n�p�u�t�:� �O�b�j�e�c�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n�:� �C�e�x�p� 

�O�u�t�p�u�t�:� �E�q�u�i�v�a�l�e�n�t� �o�b�j�e�c�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�.� 

�b�e�g�i�n� 

�c�o�n�v�e�r�t� �c�a�l�c�u�l�u�s� �e�x�p�r�e�s�s�i�o�n� �t�o� �p�r�e�n�e�x� �d�i�s�j�u�n�c�t�i�v�e� �n�o�r�m�a�l� �f�o�r�m� 

�f�o�r� �e�a�c�h� �d�i�s�j�u�n�c�t� �d�o� 

�f�o�r� �e�a�c�h� �c�o�n�s�t�a�n�t� �d�e�f�i�n�i�n�g� �a�t�o�m� �o�f� �t�h�e� �f�o�r�m� �v� �=� �c�o�n�s�t� �d�o� 

�d�e�l�e�t�e� �t�h�e� �a�t�o�m� �a�n�d� �r�e�p�l�a�c�e� �a�l�l� �o�t�h�e�r� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �v� �b�y� �c�o�n�s�t� 

�e�n�d�f�o�r� 

�r�e�w�r�i�t�e� �a�l�l� �a�t�o�m�s� �u�s�i�n�g� �t�h�e� �i�n�t�e�r�n�a�l� �n�o�t�a�t�i�o�n� 

�f�o�r� �e�a�c�h� �a�t�o�m� �a� �(�V�v� �|� �r�y�,�.�.�.�,� �f�,�)� �f�o�r� �w�h�i�c�h� �t�h�e�r�e� �e�x�i�s�t�s� �a� �r�a�n�g�e� �a�t�o�m� �f�o�r� �v� �o�f� �t�h�e� �f�o�r�m� 

�a�(�v�l�_�)�d�o� 

�m�o�v�e� �v� �t�o� �t�h�e� �r�i�g�h�t� �h�a�n�d� �s�i�d�e� �o�f� �t�h�e� �a�t�o�m� 

�e�n�d�f�o�r� 

�f�o�r� �e�a�c�h� �a�t�o�m� �o�f� �t�h�e� �f�o�r�m� �a� �(�g�|� �g�,� �r�4�,�.�.�.�,� �f�,�)� �d�o� 

�r�e�w�r�i�t�e� �t�h�e� �a�t�o�m� �a�s� �a�(�_� �|�g�,� �r�y�,�.�.�.�;� �t�y�)� 

�e�n�d�f�o�r� 

�c�a�l�l� �P�l�a�c�e� �(�t�)�,� �w�h�e�r�e� �t� �i�s� �t�h�e� �t�a�r�g�e�t� �v�a�r�i�a�b�l�e� �o�f� �C�e�x�p� �r�e�s�u�l�t�i�n�g� �i�n� �C�e�x�p �� 

�f�r�o�m� �i�n�n�e�r�m�o�s�t� �t�o� �o�u�t�e�r�m�o�s�t� �p�a�r�e�n�t�h�e�s�e�s� �n�e�s�t�i�n�g� �o�f� �C�e�x�p �� �d�o� 

�m�a�p� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �t�o� �e�q�u�i�v�a�l�e�n�t� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n� 

�e�n�d�f�r�o�m� 

�e�n�d�f�o�r� 

�c�o�m�b�i�n�e� �t�h�e� �a�l�g�e�b�r�a� �o�p�e�r�a�t�o�r� �t�r�e�e�s� �f�o�r� �e�a�c�h� �d�i�s�j�u�n�c�t� �u�s�i�n�g� �U�n�i�o�n� 

�e�n�d�.� 

�P�l�a�c�e� �(�t�)� 

�I�n�p�u�t�:� �t�a�r�g�e�t� �v�a�r�i�a�b�l�e� �t� 
�l�i�s�t� �o�f� �a�t�o�m�s� 

�O�u�t�p�u�t�:� �s�a�f�e�/�u�n�s�a�f�e� �q�u�e�r�y� �i�n�d�i�c�a�t�o�r� 
�n�e�s�t�e�d� �e�x�p�r�e�s�s�i�o�n� �o�f� �a�t�o�m�s� �w�h�i�c�h� �c�a�n� �b�e� �d�i�r�e�c�t�l�y� �m�a�p�p�e�d� �t�o� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n� 

�b�e�g�i�n� 

�T�h�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� �f�u�n�c�t�i�o�n� �a�r�e� �n�o�t� �g�i�v�e�n� �h�e�r�e� �f�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �s�i�m�p�l�i�c�i�t�y� 

�e�n�d�.� 
� � 

�F�i�g�u�r�e� �1�4� �S�O�S�Y�S� �-� �C�a�l�c�u�l�u�s�-�t�o�-�A�l�g�e�b�r�a� �T�r�a�n�s�l�a�t�i�o�n� �A�l�g�o�r�i�t�h�m� 
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�T�h�e� �a�l�g�o�r�i�t�h�m� �i�n�s�e�r�t�s� �m�a�t�c�h�e�d� �p�a�i�r�s� �o�f� �p�a�r�e�n�t�h�e�s�e�s� �i�n�t�o� �t�h�e� �d�i�s�j�u�n�c�t�s� �o�f� �t�h�e� 

�P�r�e�n�e�x� �D�i�s�j�u�n�c�t�i�v�e� �N�o�r�m�a�l� �F�o�r�m� �(�P�D�N�F�)� �o�f� �a� �q�u�e�r�y�.� �T�h�e� �a�l�g�o�r�i�t�h�m� �t�e�r�m�i�n�a�t�e�s� �s�u�c�-� 

�c�e�s�s�f�u�l�l�y� �w�h�e�n� �t�h�e� �i�n�n�e�r�m�o�s�t� �n�e�s�t�e�d� �e�x�p�r�e�s�s�i�o�n�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �r�a�n�g�e� �a�t�o�m�s� 

�o�f� �t�h�e� �q�u�e�r�y�.� �I�f� �t�h�i�s� �i�s� �n�o�t� �t�h�e� �c�a�s�e�,� �t�h�e�n� �t�h�e� �q�u�e�r�y� �i�s� �u�n�s�a�f�e�.� �A�f�t�e�r� �r�e�w�r�i�t�i�n�g�,� �n�e�s�t�e�d� 

�s�u�b�e�x�p�r�e�s�s�i�o�n�s� �a�r�e� �m�a�p�p�e�d� �d�i�r�e�c�t�l�y� �t�o� �t�h�e�i�r� �o�b�j�e�c�t� �a�l�g�e�b�r�a� �c�o�u�n�t�e�r�p�a�r�t�s�.� �A�n� �e�x�a�m�-� 

�p�l�e� �u�s�i�n�g� �t�h�e� �a�l�g�o�r�i�t�h�m� �i�s� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �B�.� 

�5�.�3�.�3�.�3�.�2� �T�y�p�e� �C�h�e�c�k�i�n�g� 

�S�O�S�Y�S� �i�n�t�r�o�d�u�c�e�s� �t�h�i�s� �n�e�w� �p�h�a�s�e� �i�n�t�o� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� 

�m�e�t�h�o�d�o�l�o�g�y�.� �T�r�a�d�i�t�i�o�n�a�l� �d�a�t�a�b�a�s�e� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �r�e�q�u�i�r�e� �m�i�n�i�m�a�l� �t�y�p�e� �c�h�e�c�k�i�n�g� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� �p�r�i�m�i�t�i�v�e� �d�o�m�a�i�n�s� �(�e�.�g�.�,� �i�n�t�e�g�e�r�,� �s�t�r�i�n�g�,� �b�o�o�l�e�a�n�)� 

�s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �d�a�t�a� �m�o�d�e�l�s�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �i�n�t�r�o�-� 

�d�u�c�e� �c�o�m�p�l�e�x�i�t�y� �i�n�t�o� �t�h�i�s� �p�r�o�c�e�s�s� �s�i�n�c�e� �q�u�e�r�y� �r�e�s�u�l�t�s� �m�a�y� �b�e� �n�o�n�-�h�o�m�o�g�e�n�e�o�u�s� 

�s�e�t�s� �o�f� �o�b�j�e�c�t�s�.� 

�S�O�S�Y�S� �d�e�v�e�l�o�p�e�d� �a� �r�a�t�h�e�r� �c�o�m�p�r�e�h�e�n�s�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �t�y�p�e� �c�h�e�c�k�i�n�g� 

�p�r�o�c�e�d�u�r�e�.� �T�h�e� �s�y�s�t�e�m� �p�r�o�v�i�d�e�s� �t�y�p�e� �c�o�n�f�o�r�m�a�n�c�e� �d�e�f�i�n�i�t�i�o�n�s�.� �T�h�i�s� �t�y�p�e� �o�f� �d�e�f�i�n�i�-� 

�t�i�o�n� �i�d�e�n�t�i�f�i�e�s� �t�h�o�s�e� �o�b�j�e�c�t�s� �w�h�i�c�h� �m�a�y� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �b�u�t� �n�e�v�e�r�t�h�e�l�e�s�s� �s�u�p�-� 

�p�o�r�t� �a� �c�o�m�m�o�n� �s�e�t� �o�f� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �s�y�s�t�e�m� �p�r�o�v�i�d�e�s� �a� �s�e�t� �o�f� �i�n�f�e�r�e�n�c�e� �r�u�l�e�s� 

�w�h�i�c�h� �u�t�i�l�i�z�e� �t�h�e� �d�e�f�i�n�i�t�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�n�f�o�r�m�i�t�y� �o�f� �t�h�e� �o�b�j�e�c�t�s�.� 

�§�.�3�.�3�.�3�.�3� �A�l�g�e�b�r�a� �O�p�t�i�m�i�z�a�t�i�o�n� 

�A�l�g�e�b�r�a� �o�p�t�i�m�i�z�a�t�i�o�n� �i�n� �S�O�S�Y�S� �i�s� �m�a�i�n�l�y� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� �q�u�e�r�y� �r�e�w�r�i�t�i�n�g�.� 

�S�O�S�Y�S� �p�r�o�v�i�d�e�s� �e�q�u�i�v�a�l�e�n�c�e�-�p�r�e�s�e�r�v�i�n�g� �r�e�w�r�i�t�i�n�g� �r�u�l�e�s� �f�o�r� �o�b�j�e�c�t� �a�l�g�e�b�r�a�i�c� �e�x�-� 

�p�r�e�s�s�i�o�n�s�.� �B�o�t�h� �s�t�r�u�c�t�u�r�a�l� �a�n�d� �s�e�m�a�n�t�i�c�s� �r�u�l�e�s� �a�r�e� �p�r�o�v�i�d�e�d�.� �S�t�r�u�c�t�u�r�a�l� �r�u�l�e�s� �c�r�e�a�t�e� 

�e�q�u�i�v�a�l�e�n�t� �e�x�p�r�e�s�s�i�o�n�s� �b�a�s�e�d� �o�n� �p�a�t�t�e�r�n� �m�a�t�c�h�i�n�g� �a�n�d� �t�e�x�t�u�a�l� �s�u�b�s�t�i�t�u�t�i�o�n�.� �S�e�-� 
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�m�a�n�t�i�c� �r�u�l�e�s� �a�r�e� �s�i�m�i�l�a�r�,� �b�u�t� �t�h�e�y� �a�r�e� �a�d�d�i�t�i�o�n�a�l�l�y� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �t�h�e� �s�e�m�a�n�t�i�c�s� �o�f� 

�t�h�e� �d�a�t�a�b�a�s�e� �s�c�h�e�m�a� �a�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �c�l�a�s�s� �d�e�f�i�n�i�t�i�o�n�s� �a�n�d� �i�n�h�e�r�i�t�a�n�c�e� �l�a�t�t�i�c�e�.� 

�T�h�e� �f�u�l�l� �s�e�t� �o�f� �r�u�l�e�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �C�.� 

�S�t�r�a�u�b�e� �g�i�v�e�s� �t�w�o� �h�e�u�r�i�s�t�i�c�s� �t�o� �b�e� �u�s�e�d� �t�o� �d�r�i�v�e� �t�h�e� �r�e�w�r�i�t�i�n�g� �p�r�o�c�e�s�s�.� �T�h�e� 

�f�i�r�s�t� �i�s� �t�o� �p�u�s�h� �o�p�e�r�a�t�i�o�n�s� �w�h�i�c�h� �r�e�d�u�c�e� �i�n�t�e�r�m�e�d�i�a�t�e� �r�e�s�u�l�t� �s�i�z�e�s� �a�s� �f�a�r� �d�o�w�n� �t�h�e� 

�t�r�e�e� �a�s� �p�o�s�s�i�b�l�e�.� �T�h�e� �r�e�s�u�l�t� �i�s� �t�h�a�t� �o�p�e�r�a�n�d� �s�e�t�s� �a�r�e� �r�e�d�u�c�e�d� �a�s� �e�a�r�l�y� �a�s� �p�o�s�s�i�b�l�e�,� 

�t�h�e�r�e�b�y� �m�i�n�i�m�i�z�i�n�g� �t�h�e� �i�n�p�u�t� �t�o� �o�p�e�r�a�t�i�o�n�s� �h�i�g�h�e�r� �u�p� �i�n� �t�h�e� �q�u�e�r�y� �t�r�e�e�.� 

�T�h�e� �o�t�h�e�r� �i�s� �t�o� �e�l�i�m�i�n�a�t�e� �r�e�d�u�n�d�a�n�t� �o�r� �u�s�e�l�e�s�s� �c�r�o�s�s� �p�r�o�d�u�c�t� �g�e�n�e�r�a�t�i�o�n�.� 

�T�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �s�e�l�e�c�t�,� �g�e�n�e�r�a�t�e�,� �a�n�d� �m�a�p� �o�p�e�r�a�t�i�o�n�s� �r�e�q�u�i�r�e� �t�h�a�t� �p�r�e�d�i�c�a�t�e� �o�r� 

�m�e�t�h�o�d� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �m�a�p� �b�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �e�a�c�h� �e�l�e�m�e�n�t� �i�n� �t�h�e� �c�r�o�s�s� �p�r�o�d�u�c�t� 

�o�f� �t�h�e� �a�r�g�u�m�e�n�t� �s�e�t�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �p�r�e�d�i�c�a�t�e� �F�i�n� �P� �6�-� �<�Q�s�e�t�,� �R�s�e�t�>� �i�s� �e�v�a�l�u�-� 

�a�t�e�d� �o�n�c�e� �f�o�r� �e�a�c�h� �v�e�c�t�o�r� �<�p�,� �q�j�.�.�.� �G�y�,� �4�.�.�.� �y�>� �E� �P� �x� �Q�y� �X�x�.�.�.� �X� �Q�,� �x� �R�y� �X�.�.�.� �x� �R�y�.� 

�I�f� �F�i�s� �b�r�o�k�e�n� �d�o�w�n� �i�n�t�o� �t�w�o� �s�u�b�-�f�o�r�m�u�l�a�s� �F�y� �(�p�,� �q�4�.�-�-� �q�x�)� �a�n�d� �F�o� �(�p�,� �r�y�.�.�.� �1�)�,� 

�t�h�e�n� �t�h�e� �r�e�l�e�m�e�n�t�s� �o�f� �t�h�e� �v�e�c�t�o�r� �a�r�e� �n�o�t� �u�s�e�d� �i�n� �e�v�a�l�u�a�t�i�n�g� �F�;�,� �a�n�d� �t�h�e� �q� �e�l�e�m�e�n�t�s� 

�a�r�e� �n�o�t� �u�s�e�d� �i�n� �e�v�a�l�u�a�t�i�n�g� �F�o�.� �A�s�s�u�m�i�n�g� �t�h�e� �c�o�s�t� �o�f� �g�e�n�e�r�a�t�i�n�g� �t�h�e� �c�r�o�s�s� �p�r�o�d�u�c�t� 

�g�r�o�w�s� �n�o�n�-�l�i�n�e�a�r�l�y� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �s�e�t�s�,� �w�h�e�r�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�e�t�s� �i�s� 

�k�+�/�+�1�,� �i�t� �w�i�l�l� �c�o�s�t� �l�e�s�s� �t�o� �g�e�n�e�r�a�t�e� �s�m�a�l�l�e�r� �c�r�o�s�s� �p�r�o�d�u�c�t�s� �P� �x� �Q�,� �x�.�.�.� �X� �Q�,� �a�n�d� �P� �x� 

�R�y� �x�.�.�.� �x� �R�;� �t�h�a�n� �t�o� �g�e�n�e�r�a�t�e� �P� �x� �Q�,� �x�.�.�.� �x� �Q�,� �x� �R�y� �X�.�.�.� �x� �R�j�.� �A�l�s�o�,� �t�h�e� �b�r�e�a�k�i�n�g� �d�o�w�n� 

�m�a�y� �m�a�k�e� �p�a�r�a�l�l�e�l� �p�r�o�c�e�s�s�i�n�g� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� �p�o�s�s�i�b�l�e� �w�h�e�n� �s�u�c�h� �f�a�c�i�l�i�t�y� �i�s� �p�r�o�v�i�d�-� 

�e�d�.� 
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�T�h�e� �r�e�w�r�i�t�i�n�g� �p�r�o�c�e�s�s� �m�a�y� �p�r�o�d�u�c�e� �m�o�r�e� �t�h�a�n� �o�n�e� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n� 

�f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n�.� �T�h�o�s�e� �n�e�w� �e�x�p�r�e�s�s�i�o�n�s� �w�i�l�l� �b�e� �p�r�o�c�e�s�s�e�d� 

�f�u�r�t�h�e�r� �b�y� �t�h�e� �a�c�c�e�s�s� �p�l�a�n� �g�e�n�e�r�a�t�o�r� �t�o� �g�e�n�e�r�a�t�e� �t�h�e� �l�e�a�s�t� �c�o�s�t� �a�c�c�e�s�s� �p�a�t�h�.� �T�h�e� 

�g�e�n�e�r�a�t�i�o�n� �o�f� �a�n� �a�c�c�e�s�s� �p�l�a�n� �i�s� �a� �p�h�y�s�i�c�a�l� �l�e�v�e�l� �p�r�o�c�e�s�s�i�n�g� �a�c�t�i�v�i�t�y� �a�n�d� �w�i�l�l� �n�o�t� �b�e� 

�d�i�s�c�u�s�s�e�d� �h�e�r�e�.� 
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�6�.� �Q�u�e�r�y� �O�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �D�e�d�u�c�t�i�v�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �M�o�d�e�l�s� 

�Q�u�e�r�y� �l�a�n�g�u�a�g�e�s� �i�n� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�s� �a�r�e� �u�s�u�a�l�l�y� �l�o�g�i�c� �l�a�n�-� 

�g�u�a�g�e�s� �(�e�.�g�.�,� �D�a�t�a�l�o�g�)� �w�i�t�h� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �e�x�t�e�n�s�i�o�n�s�.� �Q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �i�n� �d�e�-� 

�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�s� �u�s�u�a�l�l�y� �i�n�v�o�l�v�e�s� �s�o�l�v�i�n�g� �a� �g�o�a�/�,� �b�a�s�e�d� �o�n� �a� �s�e�t� �o�f� 

�r�u�l�e�s� �(�I�n�t�e�n�s�i�o�n�a�l� �d�a�t�a�b�a�s�e� �-� �I�D�B�)� �a�n�d� �a� �s�e�t� �o�f� �f�a�c�t�s� �(�e�x�t�e�n�s�i�o�n�a�l� �d�a�t�a�b�a�s�e�s� �-� �E�D�B�)�.� 

�A�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �q�u�e�r�y� �e�v�a�l�u�a�t�i�o�n� �a�n�d� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �d�e�v�e�l�o�p�e�d� �f�o�r� 

�t�h�e� �d�e�d�u�c�t�i�v�e� �d�a�t�a� �m�o�d�e�l�s� �a�r�e� �i�n� �g�e�n�e�r�a�l� �a�p�p�l�i�c�a�b�l�e� �t�o� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�d�a�t�a� �m�o�d�e�l�s�.� �S�i�n�c�e� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�s� �a�r�e� �a�l�s�o� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�d�a�t�a� �m�o�d�e�l�s�,� �t�h�e� �c�h�a�l�l�e�n�g�e�s� �i�n� �o�p�t�i�m�i�z�i�n�g� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�i�e�s�,� �a�s� �p�r�e�s�e�n�t�e�d� �i�n� 

�p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�s�,� �a�r�e� �a�l�s�o� �a�p�p�l�i�c�a�b�l�e� �t�o� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l�s�.� 

�S�i�n�c�e� �D�a�t�a�l�o�g� �i�s� �a� �w�i�d�e�l�y� �u�s�e�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e� �i�n� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s�,� �a�n�d� 

�s�i�n�c�e� �D�a�t�a�l�o�g�-�l�i�k�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �u�s�e�d� �f�o�r� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e�s� 

�(�e�.�g�.�,� �O�-�T�e�l�o�s� �f�o�r� �C�o�n�c�e�p�t�B�a�s�e� �[�J�G�J�S�9�5�]�)�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s� �w�i�l�l� �u�s�e� �D�a�t�a�-� 

�l�o�g� �t�o� �i�l�l�u�s�t�r�a�t�e� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s�.� 

�A� �g�e�n�e�r�a�l� �D�a�t�a�l�o�g� �s�t�a�t�e�m�e�n�t� �h�a�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m�a�t�:� 

�L�H�S�:�-� �R�H�S� 

�w�h�e�r�e� �L�H�S� �s�t�a�n�d�s� �f�o�r� �t�h�e� �l�e�f�t�-�h�a�n�d�-�s�i�d�e� �o�f� �t�h�e� �r�u�l�e�,� �a�n�d� �R�H�S� �s�t�a�n�d�s� �f�o�r� �t�h�e� �r�i�g�h�t�-� 

�h�a�n�d�-�s�i�d�e� �o�f� �t�h�e� �r�u�l�e�.� �L�H�S� �i�s� �a�l�s�o� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �h�e�a�d� �o�f� �t�h�e� �r�u�l�e�,� �a�n�d� �R�H�S� �i�s� 

�a�l�s�o� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �b�o�d�y� �o�f� �t�h�e� �r�u�l�e�.� �I�n� �g�e�n�e�r�a�l�,� �a�n� �I�D�B� �r�u�l�e� �h�a�s� �b�o�t�h� �t�h�e� �L�H�S� 

�a�n�d� �t�h�e� �R�H�S�,� �e�.�g�.�,� �a�n�c�e�s�t�o�r� �(�x�,� �y�)�:�-� �p�a�r�e�n�t� �(�x�,� �y�)�.� �A�n� �E�D�B� �r�u�l�e� �h�a�s� �o�n�e� �s�i�d�e� �o�n�l�y�,� 

�e�.�g�.�,� �p�a�r�e�n�t� �(�J�o�h�n�,� �J�a�m�e�s�)�.� 
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�A� �b�r�i�e�f� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �D�a�t�a�l�o�g� �l�a�n�g�u�a�g�e� �i�s� �p�r�o�v�i�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�.� �A� 

�c�o�m�p�r�e�h�e�n�s�i�v�e� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �l�a�n�g�u�a�g�e� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �[�C�G�T�9�0�]�.� 

�6�.�1�.� �O�p�t�i�m�i�z�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s� �f�o�r� �D�e�d�u�c�t�i�v�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �M�o�d�e�l�s� 

�T�h�e�r�e� �a�r�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s� �i�n� �s�o�l�v�i�n�g� �a� �D�a�t�a�l�o�g� �q�u�e�r�y�:� �t�o�p�-�d�o�w�n� �o�r� 

�b�o�t�t�o�m�-�u�p� �e�v�a�l�u�a�t�i�o�n�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �a� �D�a�t�a�l�o�g� �q�u�e�r�y� �i�n�v�o�l�v�e�s� �b�u�i�l�d�i�n�g� �a� �p�r�o�o�f� 

�t�r�e�e�.� �T�h�e� �c�o�n�c�e�p�t� �i�s� �t�o� �v�i�e�w� �t�h�e� �a�n�s�w�e�r�i�n�g� �o�f� �a� �q�u�e�r�y� �a�s� �a� �p�r�o�o�f� �i�n� �l�o�g�i�c�a�l� �t�h�e�o�r�y�.� 

�T�h�e� �t�r�e�e� �c�a�n� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �e�i�t�h�e�r� �f�r�o�m� �t�h�e� �g�o�a�l� �(�r�o�o�t�)� �o�r� �f�r�o�m� �t�h�e� �l�e�a�v�e�s�.� �T�o�p�-� 

�d�o�w�n� �e�v�a�l�u�a�t�i�o�n� �s�t�a�r�t�s� �f�r�o�m� �t�h�e� �g�o�a�l�,� �a�n�d� �t�r�i�e�s� �t�o� �v�e�r�i�f�y� �t�h�e� �p�r�e�m�i�s�e�s� �w�h�i�c�h� �a�r�e� 

�n�e�e�d�e�d� �f�o�r� �t�h�e� �g�o�a�l� �t�o� �h�o�l�d�.� �B�o�t�t�o�m�-�u�p� �e�v�a�l�u�a�t�i�o�n� �s�t�a�r�t�s� �f�r�o�m� �t�h�e� �e�x�i�s�t�i�n�g� �f�a�c�t�s� �a�n�d� 

�i�n�f�e�r�s� �n�e�w� �f�a�c�t�s�,� �t�h�u�s� �p�r�o�c�e�e�d�i�n�g� �t�o�w�a�r�d� �t�h�e� �g�o�a�l�.� �T�h�e�s�e� �e�v�a�l�u�a�t�i�o�n� �m�e�c�h�a�n�i�s�m�s� 

�a�r�e� �a�l�s�o� �c�a�l�l�e�d� �s�e�a�r�c�h� �s�t�r�a�t�e�g�i�e�s�,� �i�n� �t�h�a�t� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �a�r�e� �u�s�e�d� �t�o� �s�e�a�r�c�h� �f�o�r� �t�h�e� 

�s�o�l�u�t�i�o�n�s�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s� �b�r�i�e�f�l�y� �i�n�t�r�o�d�u�c�e� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �/� �o�p�t�i�m�i�z�a�t�i�o�n� �a�l�-� 

�g�o�r�i�t�h�m�s� �u�s�e�d� �i�n� �d�e�d�u�c�t�i�v�e� �d�a�t�a�b�a�s�e�s�.� 

�6�.�1�.�1�.� �T�o�p�-�D�o�w�n� �E�v�a�l�u�a�t�i�o�n� 

�I�n� �t�o�p�-�d�o�w�n� �e�v�a�l�u�a�t�i�o�n�,� �r�u�l�e�s� �a�r�e� �s�e�e�n� �a�s� �p�r�o�b�l�e�m� �g�e�n�e�r�a�t�o�r�s�.� �E�a�c�h� �g�o�a�l� �i�s� 

�t�r�e�a�t�e�d� �a�s� �a� �p�r�o�b�l�e�m� �t�h�a�t� �n�e�e�d�s� �t�o� �b�e� �s�o�l�v�e�d�.� �T�h�e� �i�n�i�t�i�a�l� �g�o�a�l� �i�s� �u�n�i�f�i�e�d� �w�i�t�h� �t�h�e� �l�e�f�t�-� 

�h�a�n�d�-�s�i�d�e� �o�f� �s�o�m�e� �r�u�l�e�,� �a�n�d� �o�t�h�e�r� �p�r�o�b�l�e�m�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� 

�r�i�g�h�t�-�h�a�n�d�-�s�i�d�e� �l�i�t�e�r�a�l�s� �o�f� �t�h�a�t� �r�u�l�e�.� �T�h�i�s� �p�r�o�c�e�s�s� �i�s� �c�o�n�t�i�n�u�e�d� �u�n�t�i�l� �t�h�e� �p�r�o�o�f� �t�r�e�e� �i�s� 

�c�o�m�p�l�e�t�e�d�.� �A�f�t�e�r� �t�h�e� �p�r�o�o�f� �t�r�e�e� �i�s� �c�o�m�p�l�e�t�e�d�,� �i�f� �t�h�e� �g�o�a�l� �c�o�n�t�a�i�n�s� �s�o�m�e� �b�o�u�n�d� �a�r�-� 

�g�u�m�e�n�t�,� �t�h�e�n� �o�n�l�y� �f�a�c�t�s� �t�h�a�t� �a�r�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �g�o�a�l� �c�o�n�s�t�a�n�t�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� 

�c�o�m�p�u�t�a�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�o�p�-�d�o�w�n� �e�v�a�l�u�a�t�i�o�n� �p�e�r�f�o�r�m�s� �a� �r�e�l�e�v�a�n�t� �o�p�t�i�m�i�z�a�t�i�o�n�,� �b�e�-� 
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�c�a�u�s�e� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �a�u�t�o�m�a�t�i�c�a�l�l�y� �d�i�s�r�e�g�a�r�d�s� �m�a�n�y� �o�f� �t�h�e� �f�a�c�t�s� �w�h�i�c�h� �a�r�e� �n�o�t� 

�u�s�e�f�u�l� �f�o�r� �p�r�o�d�u�c�i�n�g� �t�h�e� �r�e�s�u�l�t�.� �T�h�e� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�o�p�-�d�o�w�n� �e�v�a�l�u�a�t�i�o�n� �i�s� �t�h�a�t� �t�h�e� 

�m�e�t�h�o�d� �p�r�o�d�u�c�e�s� �t�h�e� �a�n�s�w�e�r� �o�n�e� �o�b�j�e�c�t� �a�t� �a� �t�i�m�e�,� �r�a�t�h�e�r� �t�h�a�n� �o�n�e� �s�e�t� �o�f� �o�b�j�e�c�t�s� �a�t� 

�a� �t�i�m�e�.� �A�n�s�w�e�r�i�n�g� �w�i�t�h� �o�n�e� �s�e�t� �a�t� �a� �t�i�m�e� �i�s� �u�s�u�a�l�l�y� �m�o�r�e� �d�e�s�i�r�a�b�l�e� �f�o�r� �q�u�e�r�y� �p�r�o�-� 

�c�e�s�s�i�n�g�,� �a�s� �i�n� �t�h�i�s� �e�x�a�m�p�l�e� �o�f� �a� �v�e�r�y� �c�o�m�m�o�n� �q�u�e�r�y�:� �f�i�n�d� �a�l�l� �s�t�u�d�e�n�t�s� �w�h�o� �w�o�r�k� �f�o�r� 

�I�B�M� �f�u�l�l� �t�i�m�e� �a�n�d� �a�t�t�e�n�d� �g�r�a�d�u�a�t�e� �s�c�h�o�o�l� �p�a�r�t� �t�i�m�e�.� 

�T�h�e� �t�o�p�-�d�o�w�n� �a�p�p�r�o�a�c�h� �c�a�n� �b�e� �f�u�r�t�h�e�r� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �s�e�a�r�c�h� �m�e�t�h�o�d�s�:� 

�d�e�p�t�h�-�f�i�r�s�t� �a�n�d� �b�r�e�a�d�t�h�-�f�i�r�s�t�.� 

�I�n� �t�h�e� �d�e�p�t�h�-�f�i�r�s�t� �s�e�a�r�c�h� �m�e�t�h�o�d�,� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d� �g�e�n�e�r�a�t�e�s� �s�u�b�p�r�o�b�-� 

�l�e�m�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �r�i�g�h�t�-�h�a�n�d�-�s�i�d�e� �o�f� �a� �r�u�l�e� �a�c�c�o�r�d�i�n�g� �t�o� �a� �c�e�r�t�a�i�n� �o�r�d�e�r� �o�f� 

�t�h�e� �r�i�g�h�t�-�h�a�n�d�-�s�i�d�e� �l�i�t�e�r�a�l�s�,� �e�.�g�.�,� �s�o�m�e� �a�l�g�o�r�i�t�h�m�s� �u�s�e� �a�n� �o�r�d�e�r� �w�h�i�c�h� �a�l�w�a�y�s� �s�e�-� 

�l�e�c�t�s� �t�h�e� �r�i�g�h�t� �m�o�s�t� �l�i�t�e�r�a�l�,� �w�h�i�l�e� �o�t�h�e�r� �a�l�g�o�r�i�t�h�m�s� �u�s�e� �a�n� �o�r�d�e�r� �w�h�i�c�h� �a�l�w�a�y�s� �s�e�l�e�c�t�s� 

�t�h�e� �l�e�f�t� �m�o�s�t� �l�i�t�e�r�a�l�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �o�r�d�e�r� �o�f� �s�e�l�e�c�t�i�o�n�,� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �w�i�l�l� �p�r�o�d�u�c�e� 

�t�r�e�e�s� �w�h�i�c�h� �g�r�o�w� �i�n� �d�e�p�t�h�.� �T�h�e� �p�r�o�b�l�e�m� �o�f� �t�h�e� �d�e�p�t�h�-�f�i�r�s�t� �a�p�p�r�o�a�c�h� �i�s� �t�h�a�t� �t�h�e� �c�h�o�-� 

�s�e�n� �o�r�d�e�r� �o�f� �p�r�o�c�e�s�s�i�n�g� �l�i�t�e�r�a�l�s� �i�n� �r�u�l�e� �b�o�d�i�e�s� �s�t�r�o�n�g�l�y� �a�f�f�e�c�t�s� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� 

�e�v�e�n� �t�h�e� �t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �e�v�a�l�u�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �P�r�o�l�o�g� �u�s�e�s� �t�h�e� �d�e�p�t�h�-�f�i�r�s�t� �a�p�-� 

�p�r�o�a�c�h� �w�i�t�h� �t�h�e� �l�e�f�t�-�t�o�-�r�i�g�h�t� �o�r�d�e�r� �o�f� �l�i�t�e�r�a�l� �s�e�l�e�c�t�i�o�n�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �P�r�o�l�o�g� �i�s� 

�t�h�e�r�e�f�o�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �h�o�w� �c�l�o�s�e� �t�h�e� �g�o�a�l� �i�s� �t�o� �t�h�e� �l�e�f�t�-�m�o�s�t� �l�i�t�e�r�a�l�s�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�P�r�o�l�o�g� �d�o�e�s� �n�o�t� �g�u�a�r�a�n�t�e�e� �t�h�e� �t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �e�v�a�l�u�a�t�i�o�n�.� �T�h�e� �t�e�r�m�i�n�a�t�i�o�n� �p�r�o�b�-� 

�l�e�m� �i�s� �l�e�f�t� �i�n� �t�h�e� �h�a�n�d�s� �o�f� �t�h�e� �p�r�o�g�r�a�m�m�e�r�s� �[�C�G�T�9�0�]�}�.� 

�W�i�t�h� �t�h�e� �b�r�e�a�d�t�h�-�f�i�r�s�t� �s�e�a�r�c�h�,� �t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �a�l�l� �s�u�b�p�r�o�b�l�e�m�s� �f�r�o�m� �t�h�e� 

�r�i�g�h�t�-�h�a�n�d�-�s�i�d�e� �o�f� �a� �r�u�l�e� �i�s� �d�o�n�e� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �t�h�u�s� �p�r�o�d�u�c�i�n�g� �a� �b�a�l�a�n�c�e�d� 

�g�r�o�w�t�h� �o�f� �t�h�e� �s�e�a�r�c�h� �t�r�e�e�.� �D�a�t�a�l�o�g� �g�o�a�l�s� �s�e�e�m� �t�o� �b�e� �m�o�r�e� �n�a�t�u�r�a�l�l�y� �e�x�e�c�u�t�e�d� 
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�t�h�r�o�u�g�h� �b�r�e�a�d�t�h�-�f�i�r�s�t� �t�e�c�h�n�i�q�u�e�s�,� �b�e�c�a�u�s�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �i�n� �t�h�i�s� 

�m�e�t�h�o�d� �a�r�e� �n�e�i�t�h�e�r� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �o�r�d�e�r� �o�f� �p�r�e�d�i�c�a�t�e�s� �i�n� �t�h�e� �r�i�g�h�t�-�h�a�n�d�-�s�i�d�e� �o�f� 

�r�u�l�e�s� �n�o�r� �b�y� �t�h�e� �o�r�d�e�r� �o�f� �r�u�l�e�s� �w�i�t�h�i�n� �t�h�e� �p�r�o�g�r�a�m�.� 

�T�h�e� �t�o�p�-�d�o�w�n� �a�p�p�r�o�a�c�h� �u�s�u�a�l�l�y� �u�s�e�s� �r�e�s�o�l�u�t�i�o�n� �r�e�f�u�t�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �t�o� 

�s�o�l�v�e� �a� �g�o�a�l�.� �N�i�l�l�s�o�n� �g�i�v�e�s� �a�n� �e�x�c�e�l�l�e�n�t� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �r�e�f�u�t�a�t�i�o�n� �t�e�c�h�-� 

�n�i�q�u�e� �[�N�i�l�s�8�0�]�.� �T�h�e� �s�p�e�c�i�f�i�c� �r�e�s�o�l�u�t�i�o�n� �t�e�c�h�n�i�q�u�e� �u�s�e�d� �i�n� �a�n�s�w�e�r�i�n�g� �D�a�t�a�l�o�g� �q�u�e�-� 

�r�i�e�s� �i�s� �c�a�l�l�e�d� �S�L�D�-�r�e�s�o�l�u�t�i�o�n�.� �S�L�D� �s�t�a�n�d�s� �f�o�r�  ��L�i�n�e�a�r� �R�e�s�o�l�u�t�i�o�n� �w�i�t�h� �S�e�l�e�c�t�i�o�n� 

�F�u�n�c�t�i�o�n� �f�o�r� �D�e�f�i�n�i�t�e� �C�l�a�u�s�e�s�. �� �S�L�D�-�r�e�s�o�l�u�t�i�o�n� �d�o�e�s� �n�o�t� �s�t�a�n�d� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �a�l�g�o�-� 

�r�i�t�h�m� �b�u�t� �f�o�r� �a�n� �e�n�t�i�r�e� �c�l�a�s�s� �o�f� �a�l�g�o�r�i�t�h�m�s�.� �[�C�G�T�9�0�]� �s�t�a�t�e�s� �t�h�a�t� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �r�e�s�-� 

�o�l�u�t�i�o�n� �m�e�t�h�o�d�s�,� �t�h�i�s� �c�l�a�s�s� �i�s� �t�h�e� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �a�n�s�w�e�r�i�n�g� �D�a�t�a�l�o�g� �q�u�e�r�i�e�s�.� 

�6�.�1�.�1�.�1� �S�L�D�-�R�e�s�o�l�u�t�i�o�n� 

�T�h�e� �b�a�s�i�c� �r�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d� �i�s� �t�o� �u�s�e� �c�o�u�n�t�e�r�-�e�x�a�m�p�l�e�s� �t�o� �d�i�s�p�r�o�v�e� �t�h�e� �n�e�-� 

�g�a�t�i�o�n� �o�f� �a� �t�h�e�o�r�y�,� �t�h�e�r�e�b�y� �p�r�o�v�i�n�g� �t�h�e� �t�h�e�o�r�y�.� �I�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �m�e�t�h�-� 

�o�d�,� �a� �g�o�a�l� �(�o�r� �q�u�e�r�y�)� �i�s� �a� �n�e�g�a�t�i�v�e� �c�l�a�u�s�e� �w�h�i�c�h� �n�e�e�d�s� �t�o� �b�e� �d�i�s�a�p�p�r�o�v�e�d� �b�y� �t�h�e� 

�m�e�t�h�o�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e�r�e� �a�r�e� �a� �s�e�t� �o�f� �D�a�t�a�l�o�g� �r�u�l�e�s� �R�,� �a�n� �E�D�B�,� �a�n�d� �a� �q�u�e�r�y� �Q� 

�(�X�)�:�-� �p� �(�a�,� �X�)�.� �T�h�e� �g�o�a�l� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �a�s�s�e�r�t�i�o�n� �V�X�:�  �� �p� �(�a�,� �X�)�.� �T�h�e� �r�e�s�o�l�u�t�i�o�n� 

�m�e�t�h�o�d� �t�r�i�e�s� �t�o� �d�i�s�p�r�o�v�e� �t�h�i�s� �a�s�s�e�r�t�i�o�n� �b�y� �g�e�n�e�r�a�t�i�n�g� �c�o�u�n�t�e�r�-�e�x�a�m�p�l�e�s� �b�y� �f�i�n�d�i�n�g� 

�c�o�n�s�t�a�n�t�s� �A� �v�i�a� �R� �a�n�d� �E�D�B� �s�u�c�h� �t�h�a�t� �p� �(�a�,� �A�)� �i�s� �t�r�u�e�.� �T�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �s�u�c�h� �A� �c�o�n�-� 

�t�r�a�d�i�c�t�s� �t�h�e� �a�s�s�e�r�t�i�o�n� �V�X�:�  �� �p� �(�a�,� �X�)�,� �a�n�d� �e�a�c�h� �o�b�j�e�c�t�  ¬� �A� �i�s� �t�h�e�r�e�f�o�r�e� �a� �c�o�u�n�t�e�r�-� 

�e�x�a�m�p�l�e� �o�f� �t�h�e� �g�o�a�l�.� �T�h�e� �s�e�t� �o�f� �o�b�j�e�c�t�s� �i�n� �A� �i�s� �t�h�u�s� �t�h�e� �s�o�l�u�t�i�o�n� �t�o� �t�h�e� �q�u�e�r�y�.� 
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�I�n� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d�,� �e�a�c�h� �d�i�f�f�e�r�e�n�t� �w�a�y� �o�f� �d�i�s�p�r�o�v�i�n�g� �t�h�e� �g�o�a�l� �g�i�v�e�s� �a� 

�o�n�e�-�o�b�j�e�c�t� �a�n�s�w�e�r� �t�o� �t�h�e� �q�u�e�r�y�.� �E�a�c�h� �d�i�s�p�r�o�v�i�n�g� �p�r�o�c�e�s�s� �i�s� �c�a�l�l�e�d� �a� �r�e�f�u�t�a�t�i�o�n� �o�f� 

�t�h�e� �g�o�a�l� �G� �f�r�o�m� �R� �U� �E�D�B�,� �a�n�d� �e�a�c�h� �s�u�c�h� �p�r�o�c�e�s�s� �g�e�n�e�r�a�t�e�s� �a� �l�i�n�e�a�r� �r�e�f�u�t�a�t�i�o�n� 

�t�r�e�e�.� �F�i�g�u�r�e� �1�5� �s�h�o�w�s� �a� �g�e�n�e�r�a�l� �l�i�n�e�a�r� �r�e�f�u�t�a�t�i�o�n� �t�r�e�e�.� 

� � 

�>� �a� 

�C� �e�e� �>� �C�o� �%� �>� �%� 

� � � � � � 
�F�i�g�u�r�e� �1�5� �G�e�n�e�r�a�l� �L�i�n�e�a�r� �R�e�f�u�t�a�t�i�o�n� �T�r�e�e� 
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�A� �l�i�n�e�a�r� �r�e�f�u�t�a�t�i�o�n� �t�r�e�e� �i�s� �b�u�i�l�t� �f�r�o�m� �t�h�e� �t�o�p� �n�o�d�e�,� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �g�o�a�l�,� 

�a�n�d� �f�i�n�i�s�h�i�n�g� �a�t� �t�h�e� �r�o�o�t� �n�o�d�e� �w�i�t�h� �a� �n�u�l�l� �s�y�m�b�o�l� �{�}� �s�i�g�n�i�f�y�i�n�g� �t�h�e� �d�i�s�p�r�o�v�i�n�g� �o�f� �t�h�e� 

�O�r�i�g�i�n�a�l� �a�s�s�e�r�t�i�o�n�.� �I�n� �t�h�e� �f�i�g�u�r�e�,� �T�h�e� �G�;� �c�o�n�s�i�s�t� �o�f� �n�e�g�a�t�e�d� �l�i�t�e�r�a�l�s� �o�n�l�y� �a�n�d� �r�e�p�r�e�-� 

�s�e�n�t� �d�e�r�i�v�e�d� �g�o�a�l�s� �o�r� �s�u�b�-�g�o�a�l�s�.� �T�h�e� �C�;� �a�r�e� �c�l�a�u�s�e�s� �f�r�o�m� �R� �U� �E�D�B� �o�r� �v�a�r�i�a�n�t�s� �o�f� 

�R� �U� �E�D�B�.� �T�h�e� �9�;� �a�r�e� �t�h�e� �s�u�b�s�t�i�t�u�t�i�o�n�s� �a�t� �e�a�c�h� �l�e�v�e�l� �o�f� �t�h�e� �t�r�e�e�.� 

�S�L�D�-�r�e�s�o�l�u�t�i�o�n� �u�s�e�s� �s�e�/�e�c�t�i�o�n� �f�u�n�c�t�i�o�n�s�.� �T�h�e� �m�o�s�t� �w�i�d�e�l�y� �u�s�e�d� �s�e�l�e�c�t�i�o�n� 

�f�u�n�c�t�i�o�n� �i�s� �t�h�e� �o�n�e� �w�h�i�c�h� �a�s�s�o�c�i�a�t�e�s� �e�a�c�h� �g�o�a�l� �w�i�t�h� �i�t�s� �l�e�f�t�-�m�o�s�t� �l�i�t�e�r�a�l�.� �A�n�o�t�h�e�r� �s�e�-� 

�l�e�c�t�i�o�n� �f�u�n�c�t�i�o�n� �i�s� �c�h�o�o�s�i�n�g� �t�h�e� �l�i�t�e�r�a�l� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �c�o�n�-� 

�s�t�a�n�t�s�.� �I�f� �t�h�e�r�e� �i�s� �a� �t�i�e�r�,� �t�h�e�n� �t�h�e� �s�e�l�e�c�t�i�o�n� �u�s�e�s� �t�h�e� �l�e�f�t�-�m�o�s�t� �l�i�t�e�r�a�l�.� 

�A� �r�e�s�o�l�v�e�n�t� �i�s� �p�r�o�d�u�c�e�d� �b�y� �a� �g�o�a�l� �(�o�r� �a� �g�r�o�u�p� �o�f� �g�o�a�l�s�)� �w�i�t�h� �e�i�t�h�e�r� �a� �r�u�l�e� �o�r� 

�a� �f�a�c�t�.� �T�h�e� �r�e�s�o�l�v�e�n�t� �i�t�s�e�l�f� �i�s� �a� �g�o�a�l� �(�p�o�s�s�i�b�l�y� �c�o�m�p�o�u�n�d�)� �o�r� �t�h�e� �n�u�l�l� �c�l�a�u�s�e�.� 

�S�L�D�-�r�e�s�o�l�u�t�i�o�n� 

�S�L�D�-�r�e�s�o�l�u�t�i�o�n� �i�s� �a� �m�e�t�h�o�d� �o�f� �r�e�s�o�l�u�t�i�o�n� �v�i�a� �r�e�f�u�t�a�t�i�o�n�.� �L�e�t� �S� �b�e� �a� �s�e�t� �o�f� 

�D�a�t�a�l�o�g� �c�l�a�u�s�e�s�,� �l�e�t� �G� �b�e� �a� �D�a�t�a�l�o�g� �g�o�a�l�,� �a�n�d� �l�e�t� �s� �b�e� �a� �s�e�l�e�c�t�i�o�n� �f�u�n�c�t�i�o�n�.� 

�A�n� �S�L�D�-�r�e�f�u�t�a�t�i�o�n� �o�f� �S� �U� �{�G�}� �v�i�a� �s� �c�o�n�s�i�s�t�s� �o�f� �a� �f�i�n�i�t�e� �s�e�q�u�e�n�c�e� �o�f� �g�o�a�l�s� �G� 

�=� �G�p�,�.�.�.�,� �G�n� �=� �G�y�,� �a� �s�e�q�u�e�n�c�e� �C�y�,�.�.�.�,� �C�,� �o�f� �c�l�a�u�s�e�s�,� �a�n�d� �a� �s�e�q�u�e�n�c�e� �o�f� �s�u�b�-� 

�s�t�i�t�u�t�i�o�n�s� �0�,�,�.�.�.�,�8�,�,� �s�u�c�h� �t�h�a�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �s�a�t�i�s�f�i�e�d�:� 

�e� �E�a�c�h� �c�l�a�u�s�e� �C�;�,� �f�o�r� �1� �<�i�<�n�i�s� �e�i�t�h�e�r� �a� �c�l�a�u�s�e� �o�f� �S� �o�r� �a� �v�a�r�i�a�n�t� �o�f� �a� �c�l�a�u�s�e� 

�o�f� �S�.� 

�¢� �E�a�c�h� �g�o�a�l� �G�;�,� �f�o�r� �1� �<�i� �<� �n�i�s� �a� �r�e�s�o�l�v�e�n�t� �o�f� �t�h�e� �c�l�a�u�s�e�s� �G�j�.�,� �a�n�d� �C�;� �a�c�-� 

�c�o�r�d�i�n�g� �t�o� �s�e�l�e�c�t�i�o�n� �f�u�n�c�t�i�o�n� �s�.� 
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�¢� �F�o�r� �1�<�i�<�n�,� �9�;� �i�s� �t�h�e� �s�u�b�s�t�i�t�u�t�i�o�n� �u�s�e�d� �i�n� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �G�4� �a�n�d� �C�;�.� 

�T�h�e� �f�o�r�m�a�l� �n�a�m�e� �o�f� �t�h�e� �s�u�b�s�t�i�t�u�t�i�o�n� �i�s� �M�o�s�t� �G�e�n�e�r�a�l� �U�n�i�f�i�e�r� �(�M�G�U�)� �i�n� �t�h�e� 

�c�o�n�t�e�x�t� �o�f� �l�o�g�i�c�a�l� �p�r�o�g�r�a�m�m�i�n�g� �[�N�i�l�s�8�0�]�.� 

�F�i�g�u�r�e� �1�6� �g�i�v�e�s� �a�n� �e�x�a�m�p�l�e� �o�f� �s�o�l�v�i�n�g� �a� �q�u�e�r�y� �v�i�a� �S�L�D�-�r�e�s�o�l�u�t�i�o�n�.� �T�h�e� �f�o�l�-� 

�l�o�w�i�n�g� �l�i�s�t�s� �t�h�e� �r�u�l�e�s� �i�n� �t�h�e� �I�D�B�,� �f�a�c�t�s� �i�n� �t�h�e� �E�D�B�,� �a�n�d� �t�h�e� �q�u�e�r�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�I�D�B� 

�R�i�:� �p�(�X�,� �Z�)�:�-� �p� �(�X�,� �Y�)�,� �p� �(�Y�,� �Z�)� 

�R�2�:� �p�(�X�,� �Y�)�:�-� �p� �(�Y�,� �X�)� 

�E�D�B� 

�p� �(�a�,� �b�)� 
�p� �(�b�,� �c�)� 
�p� �(�c�,� �d�)� 
�p� �(�d�,� �e�)� 

�u�e�r� 

�Q� �(�X�)�:�-� �p� �(�a�,� �X�)� �a�n�d� �t�h�u�s� �t�h�e� �g�o�a�l� �i�s�  �� �p� �(�a�,� �X�)� 
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� � 

� � 
� � � � � � � � 

�R�1�:� �p� �(�X�,� �Z�)�:�-� �p� �(�X�,� �Y�)�,� �p� �(�Y�,�Z�)� 

� � 

�0�5�:� �{�Y�/�b�}� 

� � 

�F�i�g�u�r�e� �1�6� �S�o�l�v�i�n�g� �a� �Q�u�e�r�y� �v�i�a� �S�L�D�-�R�e�s�o�l�u�t�i�o�n� 
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� 



�T�h�e� �e�x�a�m�p�l�e� �s�h�o�w�s� �t�h�a�t� �t�h�e� �r�e�f�u�t�a�t�i�o�n� �p�r�o�d�u�c�e�d� �a� �c�o�u�n�t�e�r�-�e�x�a�m�p�l�e� �t�o� �t�h�e� 

�g�o�a�l�.� �T�h�i�s� �c�o�u�n�t�e�r�-�e�x�a�m�p�l�e� �i�s� �p� �(�a�,� �c�)�,� �o�n�e� �o�f� �t�h�e� �s�o�l�u�t�i�o�n�s� �t�o� �t�h�e� �q�u�e�r�y�.� 

�6�.�1�.�2� �B�o�t�t�o�m�-�U�p� �E�v�a�l�u�a�t�i�o�n� 

�A� �b�o�t�t�o�m�-�u�p� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�r�i�t�h�m� �s�t�a�r�t�s� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �b�y� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� 

�f�a�c�t�s� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �p�r�o�o�f� �t�r�e�e�.� �T�h�e� �a�l�g�o�r�i�t�h�m� �t�h�e�n� �w�o�r�k�s� �u�p�w�a�r�d� �b�y� �f�i�r�s�t� �p�r�o�-� 

�d�u�c�i�n�g� �a�l�l� �f�a�c�t�s� �w�h�i�c�h� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �i�n� �o�n�e� �s�t�e�p� �f�r�o�m� �t�h�e� �b�o�t�t�o�m� �c�l�a�u�s�e�s�;� �n�e�x�t�,� 

�p�r�o�d�u�c�i�n�g� �a�l�l� �f�a�c�t�s� �w�h�i�c�h� �c�a�n� �b�e� �c�o�m�p�u�t�e�d� �i�n� �o�n�e� �s�t�e�p� �f�r�o�m� �t�h�e� �b�o�t�t�o�m� �c�l�a�u�s�e�s� �o�r� 

�f�r�o�m� �f�a�c�t�s� �w�h�i�c�h� �w�e�r�e� �i�n�f�e�r�r�e�d� �i�n� �o�n�e� �s�t�e�p� �f�r�o�m� �t�h�e� �c�u�r�r�e�n�t� �l�e�v�e�l� �o�f� �t�h�e� �t�r�e�e�;� �a�n�d� �s�o� 

�o�n�.� �E�v�e�n�t�u�a�l�l�y� �t�h�e� �a�l�g�o�r�i�t�h�m� �p�r�o�d�u�c�e�s� �a�l�l� �t�h�e� �f�a�c�t�s� �w�h�i�c�h� �c�a�n� �b�e� �c�o�m�p�u�t�e�d� �f�r�o�m� �t�h�e� 

�r�u�l�e�s� �a�n�d� �t�h�e� �n�e�w� �a�n�d� �e�x�i�s�t�i�n�g� �f�a�c�t�s�.� �T�h�e� �f�i�n�a�l� �s�t�e�p� �i�s� �t�o� �p�r�o�d�u�c�e� �t�h�e� �a�n�s�w�e�r� �t�o� �t�h�e� 

�q�u�e�r�y� �b�y� �d�i�s�c�a�r�d�i�n�g� �a�l�l� �g�e�n�e�r�a�t�e�d� �i�r�r�e�l�e�v�a�n�t� �f�a�c�t�s�.� 

�B�o�t�t�o�m�-�u�p� �a�l�g�o�r�i�t�h�m�s� �a�r�e� �u�s�u�a�l�l�y� �e�a�s�i�e�r� �t�o� �i�m�p�l�e�m�e�n�t� �t�h�a�n� �t�o�p�-�d�o�w�n� �a�l�g�o�-� 

�r�i�t�h�m�s�.� �H�o�w�e�v�e�r�,� �b�o�t�t�o�m�-�u�p� �a�l�g�o�r�i�t�h�m�s� �u�s�u�a�l�l�y� �c�o�m�p�u�t�e� �a� �l�o�t� �o�f� �u�s�e�l�e�s�s� �r�e�s�u�l�t�s� �b�e�-� 

�c�a�u�s�e� �t�h�e� �a�l�g�o�r�i�t�h�m�s� �d�o� �n�o�t� �h�a�v�e� �t�h�e� �k�n�o�w�l�e�d�g�e�,� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �q�u�e�r�y� �t�h�e�y� �a�r�e� 

�e�v�a�l�u�a�t�i�n�g�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �m�a�i�n� �a�l�g�o�r�i�t�h�m�s� �i�n� �t�h�e� �f�a�m�i�l�y� �o�f� �b�o�t�t�o�m�-�u�p� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�-� 

�o�d�s�.� �T�h�e�y� �a�r�e� �N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �a�n�d� �S�e�m�i�-�N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�r�i�t�h�m�s�.� �T�h�e�s�e� �t�w�o� 

�a�l�g�o�r�i�t�h�m�s� �a�r�e� �i�n�t�r�o�d�u�c�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s�.� 
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�6�.�1�.�2�.�1�.� �N�a�i�v�e� �A�l�g�o�r�i�t�h�m� 

�N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �i�s� �a� �p�r�o�c�e�s�s� �o�f� �i�n�f�e�r�e�n�c�e�,� �i�n�f�e�r�r�i�n�g� �n�e�w� �f�a�c�t�s� �b�a�s�e�d� �o�n� �d�e�-� 

�d�u�c�t�i�v�e� �r�u�l�e�s� �a�n�d� �d�a�t�a�b�a�s�e� �f�a�c�t�s�.� �N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �i�s� �n�o�t� �a� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�-� 

�n�i�q�u�e�,� �h�o�w�e�v�e�r�,� �i�t� �i�s� �a� �b�a�s�i�c� �b�o�t�t�o�m�-�u�p� �m�e�t�h�o�d� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �a� �q�u�e�r�y�.� �I�t� �i�s� �i�m�p�o�r�-� 

�t�a�n�t� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�i�s� �m�e�t�h�o�d� �i�n� �o�r�d�e�r� �t�o� �u�n�d�e�r�s�t�a�n�d� �s�o�m�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �e�v�a�l�u�a�-� 

�t�i�o�n� �m�e�t�h�o�d�s� �s�u�c�h� �a�s� �t�h�e� �S�e�m�i�-�N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d�.� 

�B�e�f�o�r�e� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �t�h�e� �N�a�i�v�e� �m�e�t�h�o�d�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �i�n�t�r�o�d�u�c�e� 

�b�r�i�e�f�l�y� �a� �g�e�n�e�r�a�l� �i�n�f�e�r�e�n�c�e� �r�u�l�e�.� �C�o�n�s�i�d�e�r� �a� �d�e�d�u�c�t�i�v�e� �r�u�l�e� �R� �o�f� �t�h�e� �f�o�r�m� �L�o�:�-� �L�4�.�.�.�.�,� 

�L�,� �a�n�d� �a� �s�e�t� �F� �o�f� �g�r�o�u�n�d� �f�a�c�t�s� �F�,�.�.�.�,� �F�,�.� �I�f� �a� �s�u�b�s�t�i�t�u�t�i�o�n� �8� �e�x�i�s�t�s� �s�u�c�h� �t�h�a�t�,� �f�o�r� �e�a�c�h� 

�1�<�i�<�n�,�L�,�@�=�F�,�,� �t�h�e�n� �f�r�o�m� �t�h�e� �r�u�l�e� �R� �a�n�d� �f�r�o�m� �t�h�e� �f�a�c�t�s� �F�,�,�.�.�.� �F�,�,� �t�h�e� �f�a�c�t� �L�p�8� �c�a�n� 

�b�e� �i�n�f�e�r�r�e�d� �i�n� �o�n�e� �s�t�e�p�.� �N�o�t�e� �t�h�a�t� �L�p�@� �c�o�u�l�d� �e�i�t�h�e�r� �b�e� �a� �n�e�w� �f�a�c�t� �o�r� �a�n� �e�x�i�s�t�i�n�g� �f�a�c�t�.� 

�F�o�r� �e�x�a�m�p�l�e�:� 

�f�r�o�m� �R�:� �p� �(�X�,� �Z�)�:�-� �p� �(�X�,� �Y�)�,� �p� �(�Y�,� �Z�)� �a�n�d� 

�F�:�  � �� �{�p� �(�a�,� �b�)�}� �a�n�d� �{�p� �(�b�,� �c�)�}� 

�a� �n�e�w� �f�a�c�t� �{�p� �(�a�,� �c�)�}� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �i�n� �o�n�e� �s�t�e�p�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�a�m�p�l�e�,� 

�t�h�e� �i�n�f�e�r�r�i�n�g� �p�r�o�c�e�s�s� �p�r�o�d�u�c�e�s� �a�n� �e�x�i�s�t�i�n�g� �f�a�c�t�:� 

�a�s�s�u�m�e� �R�:� �p� �(�X�,� �Y�)�:� �-� �p� �(�Y�,� �X�)� �a�n�d� 

�F�:� � �{�p� �(�a�,� �a�)�}� 

�t�h�e�n� �t�h�e� �i�n�f�e�r�r�i�n�g� �p�r�o�c�e�s�s� �w�i�l�l� �p�r�o�d�u�c�e� �{�p� �(�a�,� �a�)�}�,� �w�h�i�c�h� �i�s� �a�n� �e�x�i�s�t�i�n�g� �f�a�c�t�.� 
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�F�i�g�u�r�e� �1�7� �p�r�e�s�e�n�t�s� �t�h�e� �N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�r�i�t�h�m�.� �I�n� �t�h�e� �a�l�g�o�r�i�t�h�m�,� �t�h�e� 

�f�u�n�c�t�i�o�n� �i�n�f�e�r� �t�a�k�e�s� �a�s� �i�n�p�u�t� �a� �f�i�n�i�t�e� �s�e�t� �o�f� �f�a�c�t�s� �F� �a�n�d� �a� �f�i�n�i�t�e� �s�e�t� �o�f� �r�u�l�e�s� �R�,� �a�n�d� 

�p�r�o�d�u�c�e�s� �t�h�e� �s�e�t� �o�f� �a�l�l� �f�a�c�t�s� �w�h�i�c�h� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �i�n� �o�n�e� �s�t�e�p� �f�r�o�m� �F� �a�n�d� �R�.� �T�h�e� 

�a�l�g�o�r�i�t�h�m� �t�e�r�m�i�n�a�t�e�s� �w�h�e�n� �t�h�e� �i�n�f�e�r� �f�u�n�c�t�i�o�n� �n�o� �l�o�n�g�e�r� �p�r�o�d�u�c�e�s� �n�e�w� �f�a�c�t�s�.� �I�n� 

�[�C�G�T�9�0�]�,� �t�h�e�r�e� �i�s� �a� �p�r�o�o�f� �t�h�a�t� �t�h�e� �a�l�g�o�r�i�t�h�m� �g�u�a�r�a�n�t�e�e�s� �t�e�r�m�i�n�a�t�i�o�n�.� 

� � 

�I�n�p�u�t�:� �a� �f�i�n�i�t�e� �s�e�t� �F� �o�f� �D�a�t�a�l�o�g� �d�a�t�a�b�a�s�e� �f�a�c�t�s� 

�a� �f�i�n�i�t�e� �s�e�t� �R� �o�f� �D�a�t�a�l�o�g� �d�a�t�a�b�a�s�e� �r�u�l�e�s� 

�a� �q�u�e�r�y� 

�O�u�t�p�u�t�:� �a� �s�e�t� �o�f� �f�a�c�t�s� �w�h�i�c�h� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �f�r�o�m� �F� �a�n�d� �R� 

�b�e�g�i�n� 

�o�l�d� �=� �N�U�L�L�;� 

�n�e�w� �=� �N�U�L�L�;� 

�r�e�p�e�a�t� 

�o�l�d� �=� �n�e�w�;� 

�n�e�w� �=� �n�e�w� �U� �i�n�f�e�r� �(�R�,� �F�+� �n�e�w�)�;� 

�u�n�t�i�l� �n�e�w� �=� �o�l�d�;� 

�e�v�a�l�u�a�t�e� �t�h�e� �q�u�e�r�y� �b�y� �u�s�i�n�g� �t�h�e� �f�a�c�t�s� �i�n� �n�e�w�;� 

�e�n�d�.� � � � � 
� � 

�F�i�g�u�r�e� �1�7� �N�a�i�v�e� �E�v�a�l�u�a�t�i�o�n� �A�l�g�o�r�i�t�h�m� 
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�N�o�w� �l�e�t ��s� �u�s�e� �t�h�e� �f�a�m�o�u�s� �a�n�c�e�s�t�o�r� �q�u�e�r�y� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �h�o�w� �t�h�e� �N�a�i�v�e� �a�l�-� 

�g�o�r�i�t�h�m� �c�a�n� �b�e� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �a� �q�u�e�r�y�.� �C�o�n�s�i�d�e�r� �a� �d�a�t�a�b�a�s�e� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�r�u�l�e�s� �(�I�D�B�)� �a�n�d� �f�a�c�t�s� �(�E�D�B�)�:� 

�I�D�B� 
�R�1�:� �a�n�c�e�s�t�o�r� �(�X�,� �Y�)�:�-� �p�a�r�e�n�t� �(�X�,�Y�)�.� 

�R�2�:� �a�n�c�e�s�t�o�r� �(�X�,�Y�)�:�-� �a�n�c�e�s�t�o�r� �(�X�,� �Z�)�,� �p�a�r�e�n�t� �(�Z�,� �Y�)�.� 

�E�D�B� 

�p�a�r�e�n�t� �(�a�,� �a�a�)�.� 

�p�a�r�e�n�t� �(�a�,� �a�b�)�.� 

�p�a�r�e�n�t� �(�a�a�,� �a�a�a�)�.� 

�p�a�r�e�n�t� �(�a�a�,� �a�a�b�)�.� 

�p�a�r�e�n�t� �(�a�a�a�,� �a�a�a�a�)�.� 

�p�a�r�e�n�t� �(�c�,� �C�a�)�.� 

�T�h�e� �I�D�B� �s�t�a�t�e�s� �t�h�a�t� �i�f� �Y� �i�s� �a� �p�a�r�e�n�t� �o�f� �X�,� �t�h�e�n� �Y� �i�s� �a�n� �a�n�c�e�s�t�o�r� �o�f� �X�.� �A�l�s�o�,� �i�f� 

�Y� �i�s� �a� �p�a�r�e�n�t� �o�f� �Z�,� �a�n�d� �Z� �i�s� �a�n� �a�n�c�e�s�t�o�r� �o�f� �X�,� �t�h�e�n� �Y� �i�s� �a�n� �a�n�c�e�s�t�o�r� �o�f� �X�.� 

�T�h�e� �E�D�B� �s�t�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �e�x�i�s�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�a�c�t�s�:� �a�a� �i�s� �a� �p�a�r�e�n�t� �o�f� �a�,� �a�b�i�s� 

�a� �p�a�r�e�n�t� �o�f� �a�,�.�.�.�,� �a�n�d� �c�a� �i�s� �a� �p�a�r�e�n�t� �o�f� �c�.� 

�T�h�e� �q�u�e�r�y� �i�s� �Q� �(�a�a�,� �W�)� �-� �t�o� �f�i�n�d� �a�l�l� �a�n�c�e�s�t�o�r�s� �o�f� �a�a�.� �F�i�g�u�r�e� �1�8� �s�h�o�w�s� �t�h�e� �o�u�t�-� 

�p�u�t� �o�f� �e�a�c�h� �i�t�e�r�a�t�i�o�n� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �t�h�i�s� �q�u�e�r�y�.� 
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� � 

� � 

�I�t�e�r�a�t�i�o�n� �1�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}� 

�I�t�e�r�a�t�i�o�n� �2�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�C�c�,� �c�a�)�,� 
�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�}� 

�I�t�e�r�a�t�i�o�n� �3�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 

�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�,� �(�a�,� �a�a�a�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 

�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�,� �(�a�,� �a�a�a�a�)�}� 

�I�t�e�r�a�t�i�o�n� �4�:� 

�i�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�C�c�,� �c�a�)�,� 

�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�,� �(�a�,� �a�a�a�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�,� �(�a�,� �a�a�a�a�)�}� 

�S�i�n�c�e� �t�h�i�s� �i�t�e�r�a�t�i�o�n� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �a�n�y� �n�e�w� �f�a�c�t�,� �t�h�e� �a�l�g�o�r�i�t�h�m� �e�x�i�t�s� �t�h�e� 
�l�o�o�p�.� 

�N�o�w� �q�u�e�r�y� �Q� �(�a�a�,� �W�)� �i�s� �e�v�a�l�u�a�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �c�o�n�s�t�a�n�t� �a�a� �a�g�a�i�n�s�t� �t�h�e� 

�f�a�c�t�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �a�l�g�o�r�i�t�h�m�,� �a�n�d� �t�h�e� �a�n�s�w�e�r� �s�e�t� �i�s� �{�(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�a�a�)�,� 

�(�a�a�,� �a�a�b�)�}�,� �i�.�e�.�,� �t�h�e� �a�n�c�e�s�t�o�r�s� �o�f� �a�a� �a�r�e� �a�a�a�,� �a�a�a�a�,� �a�n�d� �a�a�b�.� 

� � 

�F�i�g�u�r�e� �1�8� �Q�u�e�r�y� �E�v�a�l�u�a�t�i�o�n� �v�i�a� �N�a�i�v�e� �A�l�g�o�r�i�t�h�m� 
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�N�o�t�e� �t�h�a�t� �t�h�e� �N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �i�s� �i�n�e�f�f�i�c�i�e�n�t�,� �p�r�i�m�a�r�i�l�y� �d�u�e� �t�o� �t�w�o� �r�e�a�s�o�n�s�:� 

�¢� �R�e�d�u�n�d�a�n�t� �w�o�r�k�:� 

�T�h�e� �i�n�p�u�t� �t�o� �t�h�e� �i�n�f�e�r�e�n�c�e� �p�r�o�c�e�s�s� �i�s� �t�h�e� �s�e�t� �F� �a�n�d� �t�h�e� �e�n�t�i�r�e� �s�e�t� �o�f� �f�a�c�t�s�,� 

�n�e�w�,� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �i�t�e�r�a�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �a�n�y� �i�n�f�e�r�e�n�c�e� �p�r�o�-� 

�c�e�s�s� �p�e�r�f�o�r�m�e�d� �a�t� �o�n�e� �i�t�e�r�a�t�i�o�n� �w�i�l�l� �a�l�s�o� �b�e� �p�e�r�f�o�r�m�e�d� �a�t� �e�a�c�h� �s�u�b�s�e�q�u�e�n�t� 

�i�t�e�r�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �e�n�t�i�r�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �/�t�e�r�a�t�i�o�n� �2� �i�s� �d�u�p�l�i�c�a�t�e�d� �i�n� 

�i�t�e�r�a�t�i�o�n� �3�.� 

�¢� �C�o�m�p�u�t�a�t�i�o�n� �o�f� �i�r�r�e�l�e�v�a�n�t� �f�a�c�t�s�:� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �d�o�e�s� �n�o�t� �u�s�e� �t�h�e� �c�o�n�s�t�a�n�t�s� �i�n� �t�h�e� �q�u�e�r�y�.� �A�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� 

�t�h�e� �e�n�t�i�r�e� �s�e�t� �o�f� �f�a�c�t�s� �i�s� �u�s�e�d� �f�o�r� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �w�h�e�t�h�e�r� �a� �f�a�c�t� �i�s� �r�e�l�e�v�a�n�t� 

�t�o� �t�h�e� �q�u�e�r�y� �o�r� �n�o�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �f�a�c�t� �a�n�c�e�s�t�o�r� �(�a�,� �a�a�)� �i�s� �i�r�r�e�l�e�v�a�n�t� �t�o� 

�t�h�e� �q�u�e�r�y�;� �n�e�v�e�r�t�h�e�l�e�s�s�,� �i�t� �i�s� �d�e�r�i�v�e�d� �a�n�d� �u�s�e�d� �i�n� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�.� 

�6�.�1�.�2�.�2� �S�e�m�i�-�N�a�i�v�e� �A�l�g�o�r�i�t�h�m� 

�T�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �o�n�e� �o�f� �t�h�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �i�n�e�f�f�i�c�i�e�n�c�y� 

�o�f� �t�h�e� �N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �w�a�s� �t�h�a�t� �t�h�e� �a�l�g�o�r�i�t�h�m� �p�e�r�f�o�r�m�e�d� �r�e�d�u�n�d�a�n�t� �c�o�m�p�u�t�a�t�i�o�n�s�,� 

�a�n�d� �t�h�e� �r�e�d�u�n�d�a�n�t� �c�o�m�p�u�t�a�t�i�o�n�s� �w�e�r�e� �c�a�u�s�e�d� �b�y� �t�h�e� �r�e�d�u�n�d�a�n�t� �i�n�p�u�t� �o�f� �t�h�e� �e�x�i�s�t�-� 

�i�n�g� �f�a�c�t�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �p�r�e�v�i�o�u�s� �i�t�e�r�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �F�i�g�u�r�e� �1�8�,� �/�t�e�r�a�t�i�o�n� �2� 

�g�e�n�e�r�a�t�e�d� �n�e�w� �f�a�c�t�s� �{�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�}� �a�n�d� �e�x�i�s�t�i�n�g� �f�a�c�t�s� �{�(�a�,� �a�a�)�,� �(�a�,� 

�a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}�.� �B�o�t�h� �n�e�w� �f�a�c�t�s� �a�s� �w�e�l�l� �a�s� �e�x�i�s�t�i�n�g� 

�f�a�c�t�s� �w�e�r�e� �u�s�e�d� �a�s� �i�n�p�u�t�,� �n�e�w�,� �t�o� �t�h�e� �i�t�e�r�a�t�i�o�n� �3�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� �e�x�i�s�t�i�n�g� �f�a�c�t�s�,� �t�h�e� 

�c�o�m�p�u�t�a�t�i�o�n� �d�o�n�e� �b�y� �i�t�e�r�a�t�i�o�n� �3� �w�a�s� �t�h�e� �s�a�m�e� �c�o�m�p�u�t�a�t�i�o�n� �d�o�n�e� �b�y� �/�t�e�r�a�t�i�o�n� �2� �o�n� 

�t�h�e� �s�a�m�e� �f�a�c�t�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�a�t� �p�o�r�t�i�o�n� �o�f� �t�h�e� �i�t�e�r�a�t�i�o�n� �3� �c�o�m�p�u�t�a�t�i�o�n� �w�a�s� �r�e�d�u�n�-� 

�d�a�n�t�.� 
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�T�h�e� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �u�s�e�s� �t�h�e� �s�a�m�e� �b�o�t�t�o�m�-�u�p� �a�p�p�r�o�a�c�h� �i�n� �i�t�s� �e�v�a�l�u�-� 

�a�t�i�o�n� �a�s� �t�h�e� �N�a�i�v�e� �a�l�g�o�r�i�t�h�m�.� �T�h�e� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �t�h�e� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �o�v�e�r� 

�t�h�e� �N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �i�s� �t�h�a�t� �t�h�e� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �r�e�d�u�n�d�a�n�t� �w�o�r�k� 

�o�f� �t�h�e� �N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �i�n� �p�r�o�c�e�s�s�i�n�g� �r�e�c�u�r�s�i�v�e� �q�u�e�r�i�e�s�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�r�o�v�e�-� 

�m�e�n�t� �o�f� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �o�v�e�r� �N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �i�s� �b�y� �o�r�d�e�r�s� �o�f� �m�a�g�n�i�t�u�d�e� 

�[�B�R�8�9�]�.� �T�h�e� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �a�c�h�i�e�v�e�s� �t�h�i�s� �i�m�p�r�o�v�e�m�e�n�t� �v�i�a� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�s�t�r�a�t�e�g�y�:� 

�A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �r�u�l�e�s� �a�r�e� �a�p�p�l�i�e�d� �o�n�l�y� �t�o� �t�h�e� �n�e�w� �f�a�c�t�s� �(�n�o�t� �t�h�e� �e�x�i�s�t�i�n�g� 

�f�a�c�t�s�)� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �p�r�e�v�i�o�u�s� �i�t�e�r�a�t�i�o�n�.� 

�F�i�g�u�r�e� �1�9� �p�r�e�s�e�n�t�s� �t�h�e� �S�e�m�i�-�N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �a�l�g�o�r�i�t�h�m�.� 
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� � 

�I�n�p�u�t�:� �a� �f�i�n�i�t�e� �s�e�t� �F� �o�f� �D�a�t�a�l�o�g� �d�a�t�a�b�a�s�e� �f�a�c�t�s� 

�a� �f�i�n�i�t�e� �s�e�t� �R� �o�f� �D�a�t�a�l�o�g� �d�a�t�a�b�a�s�e� �r�u�l�e�s� 

�t�h�e� �q�u�e�r�y� 

�O�u�t�p�u�t�:� �a� �s�e�t� �o�f� �f�a�c�t�s� �w�h�i�c�h� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �f�r�o�m� �F� �a�n�d�R� 

�b�e�g�i�n� 

�o�l�d� �=� �N�U�L�L�;� 

�n�e�w� �=� �N�U�L�L�;� 

�r�e�p�e�a�t� 

�n�e�w�,� �=� �n�e�w� �-� �o�l�d�;� 

�o�l�d� �=� �n�e�w�;� 

�n�e�w� �=� �n�e�w� �U� �i�n�f�e�r� �(�R�,� �F�+� �n�e�w�s�)�;� 

�u�n�t�i�l� �n�e�w� �=� �o�l�d�;� 

�e�v�a�l�u�a�t�e� �t�h�e� �q�u�e�r�y� �b�y� �u�s�i�n�g� �t�h�e� �f�a�c�t�s� �i�n� �n�e�w�;� 

�e�n�d�.� � � � � 
� � 

�F�i�g�u�r�e� �1�9� �S�e�m�i�-�N�a�i�v�e� �E�v�a�l�u�a�t�i�o�n� �A�l�g�o�r�i�t�h�m� 

�N�o�t�i�c�e� �t�h�a�t� �i�n� �t�h�e� �a�l�g�o�r�i�t�h�m�,� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �n�e�w�,� �i�s� �u�s�e�d� �i�n�s�t�e�a�d� �o�f� �n�e�w� �a�s� 

�t�h�e� �i�n�p�u�t� �t�o� �i�n�f�e�r�.� �T�h�e�r�e�f�o�r�e� �i�n�f�e�r� �w�i�l�l� �p�e�r�f�o�r�m� �i�t�s� �c�o�m�p�u�t�a�t�i�o�n�s� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�r� �s�e�t� 

�n�e�w�s�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �e�n�t�i�r�e� �s�e�t� �o�f� �n�e�w�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �a�l�g�o�r�i�t�h�m� �e�l�i�m�i�n�a�t�e�s� �r�e�d�u�n�-� 

�d�a�n�t� �c�o�m�p�u�t�a�t�i�o�n�.� �N�o�t�e� �t�h�a�t� �t�h�i�s� �a�l�g�o�r�i�t�h�m� �w�o�r�k�s� �f�o�r� �l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s� �o�n�l�y�,� �b�e�-� 

�c�a�u�s�e� �i�n� �t�h�e� �c�a�s�e� �o�f� �l�i�n�e�a�r� �r�e�c�u�r�s�i�v�e� �r�u�l�e�s�,� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �i�s� �s�i�m�p�l�y� �n�e�w� �-� �o�l�d� 

�[�B�R�8�9�]�.� �F�i�g�u�r�e� �2�0� �s�h�o�w�s� �t�h�e� �o�u�t�p�u�t� �o�f� �e�a�c�h� �i�t�e�r�a�t�i�o�n� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �s�a�m�e� �a�n�-� 

�c�e�s�t�o�r� �q�u�e�r�y� �o�f� �S�e�c�t�i�o�n� �6�.�1�.�2�.�1� �v�i�a� �t�h�e� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m�.� 
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� � 

� � 

�I�t�e�r�a�t�i�o�n� �1�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}� 

�I�t�e�r�a�t�i�o�n� �2�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�}� 

�I�t�e�r�a�t�i�o�n� �3�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�a�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�,� �(�a�,� �a�a�a�a�)�}� 

�I�t�e�r�a�t�i�o�n� �4�:� 

�I�n�f�e�r� �g�e�n�e�r�a�t�e�d�:� 

�N�U�L�L� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�,� �a�a�a�)�,� �(�a�,� �a�a�b�)�,� �(�a�a�,� �a�a�a�a�)�,� �(�a�,� �a�a�a�a�)�}� 

�S�i�n�c�e� �t�h�i�s� �i�t�e�r�a�t�i�o�n� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �a�n�y� �n�e�w� �f�a�c�t�,� �t�h�e� �a�l�g�o�r�i�t�h�m� �e�x�i�t�s� �t�h�e� 
�l�o�o�p�.� 

�N�o�w� �q�u�e�r�y� �Q� �(�a�a�,� �W�)� �i�s� �e�v�a�l�u�a�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �c�o�n�s�t�a�n�t� �a�a� �w�i�t�h� �t�h�e� 

�f�a�c�t�s� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �a�l�g�o�r�i�t�h�m�,� �a�n�d� �t�h�e� �a�n�s�w�e�r� �s�e�t� �i�s� �{�(�a�a�,� �a�a�a�)�,� �(�a�a�,� 

�a�a�a�a�)�,� �(�a�a�,� �a�a�b�)�}�,� �i�.�e�.�,� �t�h�e� �a�n�c�e�s�t�o�r�s� �o�f� �a�a� �a�r�e� �a�a�a�,� �a�a�a�a�,� �a�n�d� �a�a�b�.� 

� � 

�F�i�g�u�r�e� �2�0� �Q�u�e�r�y� �E�v�a�l�u�a�t�i�o�n� �v�i�a� �S�e�m�i�-�N�a�i�v�e� �A�l�g�o�r�i�t�h�m� 
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� 



�F�o�r� �n�o�n�-�l�i�n�e�a�r� �r�u�l�e�s�,� �d�i�f�f�e�r�e�n�t�i�a�l�s� �o�f� �h�i�g�h�e�r� �o�r�d�e�r� �c�a�n� �b�e� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� 

�n�e�w�,�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�x�p�r�e�s�s�i�o�n�s� �b�e�c�o�m�e� �q�u�i�t�e� �c�u�m�b�e�r�s�o�m�e� �[�C�G�T�9�0�]�.� �T�h�e� �a�l�t�e�r�-� 

�n�a�t�i�v�e� �i�s� �t�o� �t�r�a�n�s�l�a�t�e� �t�h�e� �n�o�n�-�l�i�n�e�a�r� �r�u�l�e� �i�n�t�o� �a� �s�e�t� �o�f� �l�i�n�e�a�r� �r�u�l�e�s�.� �B�u�t� �t�h�e� �S�e�m�i�-�N�a�i�v�e� 

�a�l�g�o�r�i�t�h�m� �f�o�r� �t�h�e� �t�r�a�n�s�l�a�t�e�d� �s�e�t� �o�f� �l�i�n�e�a�r� �r�u�l�e�s� �w�i�l�l� �p�r�o�d�u�c�e� �l�e�s�s� �c�o�m�p�u�t�a�t�i�o�n� �s�a�v�i�n�g�s� 

�t�h�a�n� �t�h�e� �l�i�n�e�a�r� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m�.� �S�i�n�c�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �c�a�s�e�s� �i�n�v�o�l�v�e� �o�n�l�y� 

�l�i�n�e�a�r� �r�u�l�e�s� �[�B�R�8�9�,� �C�G�T�9�0�]�,� �a�n�d� �s�i�n�c�e� �t�h�e� �n�o�n�-�l�i�n�e�a�r� �r�u�l�e�s� �a�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �b�y� 

�t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� �n�o�n�-�l�i�n�e�a�r� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �i�s� �n�o�t� �p�r�e�s�e�n�t�e�d� �h�e�r�e�.� 

�6�.�1�.�2�.�3�.� �M�a�g�i�c�-�S�e�t�s� �R�e�w�r�i�t�e� �A�l�g�o�r�i�t�h�m� 

�A�s� �n�o�t�e�d� �i�n� �S�e�c�t�i�o�n� �6�.�1�.�2�.�1� �t�h�e�r�e� �a�r�e� �t�w�o� �m�a�i�n� �r�e�a�s�o�n�s� �t�h�a�t� �c�a�u�s�e� �t�h�e� �i�n�e�f�-� 

�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n�:� �r�e�d�u�n�d�a�n�t� �c�o�m�p�u�t�a�t�i�o�n� �a�n�d� �i�r�r�e�l�e�v�a�n�t� �f�a�c�t�s� �c�o�m�-� 

�p�u�t�a�t�i�o�n�.� �T�h�e� �S�e�m�i�-�N�a�i�v�e� �a�l�g�o�r�i�t�h�m� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �d�u�p�l�i�c�a�t�e�d� �c�o�m�p�u�t�a�t�i�o�n�;� �h�o�w�e�v�-� 

�e�r�,� �i�t� �s�t�i�l�l� �u�s�e�s� �t�h�e� �e�n�t�i�r�e� �s�e�t� �o�f� �f�a�c�t�s� �i�n� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�.� �T�h�u�s� �t�h�e� �a�l�g�o�r�i�t�h�m� �p�r�o�d�u�c�-� 

�e�s� �f�a�c�t�s� �w�h�i�c�h� �a�r�e� �i�r�r�e�l�e�v�a�n�t� �t�o� �t�h�e� �q�u�e�r�y�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �f�a�c�t� �a�n�c�e�s�t�o�r� �(�a�,� �a�a�)� �i�s� 

�i�r�r�e�l�e�v�a�n�t� �t�o� �t�h�e� �q�u�e�r�y� �Q� �(�a�a�,� �W�)�;� �n�e�v�e�r�t�h�e�l�e�s�s�,� �i�t� �i�s� �g�e�n�e�r�a�t�e�d� �a�n�d� �u�s�e�d� �i�n� �t�h�e� �c�o�m�-� 

�p�u�t�a�t�i�o�n�.� �T�h�e� �f�a�c�t�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �a�r�e� �i�r�r�e�l�e�v�a�n�t� �t�o� �t�h�e� �q�u�e�r�y�,� �a�n�d� 

�t�h�u�s� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�s� �a�r�e� �w�a�s�t�e�d� �e�f�f�o�r�t�.� �A�c�c�o�r�d�i�n�g� �t�o� �[�B�R�8�9�]�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�-� 

�p�r�o�v�e�m�e�n�t� �o�f� �M�a�g�i�c�-�S�e�t�s� �r�e�w�r�i�t�i�n�g� �w�i�t�h� �S�e�m�i�-�N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �o�v�e�r� �p�u�r�e� �S�e�m�i�-�N�a�-� 

�i�v�e� �e�v�a�l�u�a�t�i�o�n� �i�s� �o�f� �o�r�d�e�r�s� �o�f� �m�a�g�n�i�t�u�d�e�.� 

�T�h�e� �M�a�g�i�c�-�S�e�t�s� �R�e�w�r�i�t�e� �a�l�g�o�r�i�t�h�m� �t�r�i�e�s� �t�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �i�r�r�e�l�e�v�a�n�t� 

�f�a�c�t�s� �b�y� �r�e�w�r�i�t�i�n�g� �t�h�e� �r�u�l�e�s� �b�a�s�e�d� �o�n� �t�h�e� �c�o�n�s�t�a�n�t�s� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �q�u�e�r�y�.� �A�s� �a� �r�e�-� 

�s�u�l�t�,� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �r�e�w�r�i�t�t�e�n� �r�u�l�e�s� �w�i�l�l� �g�r�e�a�t�l�y� �r�e�d�u�c�e� �t�h�e� �w�a�s�t�e�d� �e�f�f�o�r�t�.� 
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�B�e�f�o�r�e� �p�r�e�s�e�n�t�i�n�g� �t�h�e� �a�l�g�o�r�i�t�h�m�,� �s�o�m�e� �d�e�f�i�n�i�t�i�o�n�s� �m�u�s�t� �b�e� �i�n�t�r�o�d�u�c�e�d�.� �T�h�e� 

�t�w�o� �r�e�l�e�v�a�n�t� �d�e�f�i�n�i�t�i�o�n�s� �a�r�e�:� �D�i�s�t�i�n�g�u�i�s�h�e�d� �A�r�g�u�m�e�n�t� �a�n�d� �R�e�a�c�h�a�b�l�e� �a�d�o�r�n�e�d� 

�R�u�l�e�s�.� 

�D�i�s�t�i�n�g�u�i�s�h�e�d� �A�r�g�u�m�e�n�t� 

�A�n� �a�r�g�u�m�e�n�t� �o�f� �a� �s�u�b�-�g�o�a�l� �i�n� �r�u�l�e� �r� �i�s� �d�i�s�t�i�n�g�u�i�s�h�e�d� �i�f� �o�n�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �h�o�l�d�s�:� 

�e� �i�t�i�s� �a� �c�o�n�s�t�a�n�t�,� 

�*� �i�t� �i�s� �b�o�u�n�d� �b�y� �t�h�e� �a�d�o�r�n�m�e�n�t� �(�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �a� �b�o�u�n�d� �a�r�g�u�m�e�n�t� �i�n� �t�h�e� 

�h�e�a�d�)�,� �o�r� 

�¢� �i�t� �a�p�p�e�a�r�s� �i�n� �a�n� �E�D�B� �p�r�e�d�i�c�a�t�e� �o�c�c�u�r�r�e�n�c�e� �t�h�a�t� �h�a�s� �a� �d�i�s�t�i�n�g�u�i�s�h�e�d� �a�r�g�u�-� 

�m�e�n�t�.� 

�T�h�u�s�,� �a�r�g�u�m�e�n�t�s� �i�n� �a�n� �E�D�B� �p�r�e�d�i�c�a�t�e� �a�r�e� �e�i�t�h�e�r� �a�l�l� �d�i�s�t�i�n�g�u�i�s�h�e�d� �o�r� �a�l�l� �n�o�t� 

�d�i�s�t�i�n�g�u�i�s�h�e�d�.� 

�R�e�a�c�h�a�b�l�e� �A�d�o�r�n�e�d� �R�u�l�e�s� 

�A�n� �a�d�o�r�n�e�d� �r�u�l�e� �i�s� �r�e�a�c�h�a�b�l�e� �f�o�r� �t�h�e� �g�o�a�l� �i�f�f�:� 

�¢� �i�t� �i�s� �t�h�e� �a�d�o�r�n�e�d� �r�u�l�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �g�o�a�l� �r�u�l�e�,� �w�i�t�h� �a�l�l� �t�h�e� �/�e�f�t�-�h�a�n�d�-� 

�s�i�d�e� �p�r�e�d�i�c�a�t�e� �a�r�g�u�m�e�n�t�s� �f�r�e�e�,� �o�r� 

�¢� �i�t�s� �h�e�a�d� �p�r�e�d�i�c�a�t�e� �a�p�p�e�a�r�s�,� �w�i�t�h� �t�h�e� �s�a�m�e� �a�d�o�r�n�m�e�n�t�,� �i�n� �t�h�e� �r�i�g�h�t�-�h�a�n�a�-� 

�s�i�d�e� �o�f� �a� �r�e�a�c�h�a�b�l�e� �r�u�l�e�.� 

�F�i�g�u�r�e� �2�1� �p�r�e�s�e�n�t�s� �t�h�e� �M�a�g�i�c�-�S�e�t�s� �R�e�w�r�i�t�e� �a�l�g�o�r�i�t�h�m�.� 
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� � 

� � 

�p�m�a�g�i�c� �_� �p�A�,� �/� �P�4�i�s� �a� �s�e�t� �o�f� �a�d�o�m�e�d� �r�u�l�e�s�.� 

�F�O�R� �e�a�c�h� �a�d�o�m�e�d� �r�u�l�e� �r�,� �a�n�d� �F�O�R� �e�a�c�h� �o�c�c�u�r�r�e�n�c�e� �o�f� �a�n� �i�n�t�e�n�s�i�o�n�a�l� �p�r�e�d�i�c�a�t�e� �p� �i�n� �t�h�e� �R�H�S� �O�f� �r� �D�O� 

�B�E�G�I�N� �/�}� �l�o�o�p� �1� 

�G�e�n�e�r�a�t�e� �o�n� �m�a�g�i�c� �r�u�l�e� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�a�y�:� 

�a�)� �D�e�l�e�t�e� �a�l�l� �o�t�h�e�r� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �I�D�B� �p�r�e�d�i�c�a�t�e�s� �i�n� �t�h�e� �R�H�S�;� 

�b�)� �R�e�p�l�a�c�e� �t�h�e� �n�a�m�e� �o�f� �p� �i�n� �t�h�i�s� �o�c�c�u�r�r�e�n�c�e� �w�i�t�h� �m�a�g�i�c�_�r�_�p�?�_�i� �w�h�e�r�e� �a�i�s� �t�h�e� �a�d�o�m�m�e�n�t� �o�f� �p� �i�n� �t�h�a�t� �o�c�c�u�r�-� 
�r�e�n�c�e� �a�n�d� �i� �i�s� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �n�u�m�b�e�r�,� 

�c�)� �D�e�l�e�t�e� �a�l�l� �n�o�n�-�d�i�s�t�i�n�g�u�i�s�h�e�d� �v�a�r�i�a�b�l�e�s� �o�f� �t�h�i�s� �o�c�c�u�r�r�e�n�c�e� �o�f� �p�,� �t�h�u�s� �p�o�s�s�i�b�l�y� �o�b�t�a�i�n�i�n�g� �a� �p�r�e�d�i�c�a�t�e� �w�i�t�h� �f�e�w�-� 
�e�r� �a�r�g�u�m�e�n�t�s�;� 

�d�)� �D�e�l�e�t�e� �a�l�l� �n�o�n�-�d�i�s�t�i�n�g�u�i�s�h�e�d� �E�D�B� �p�r�e�d�i�c�a�t�e�s� �i�n� �r�,� 

�e�)� �R�e�p�l�a�c�e� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �h�e�a�d� �p�r�e�d�i�c�a�t�e� �p�'� �w�i�t�h� �m�a�g�i�c�_�p �� �*�,� �w�h�e�r�e� �a �� �i�s� �t�h�e� �a�d�o�m�m�e�n�t� �o�f� �p ��;� 

�f�)� �D�e�l�e�t�e� �a�l�l� �n�o�n�-�d�i�s�t�i�n�g�u�i�s�h�e�d� �v�a�r�i�a�b�l�e�s� �o�f� �p ��;� 

�g�)� �E�x�c�h�a�n�g�e� �t�h�e� �p�l�a�c�e�s� �o�f� �t�h�e� �h�e�a�d� �m�a�g�i�c� �p�r�e�d�i�c�a�t�e� �a�n�d� �t�h�e� �b�o�d�y� �m�a�g�i�c� �p�r�e�d�i�c�a�t�e�.� 

�A�d�d� �t�h�i�s� �r�u�l�e� �t�o� �P!"�s�!�¢�,� 
�E�N�D� 

�F�O�R� �e�a�c�h� �a�d�o�m�e�d� �r�u�l�e� �r� �i�n� �t�h�e� �o�r�g�i�n�a�l� �p�r�o�g�r�a�m� �D�O� 

�B�E�G�I�N� �/� �l�o�o�p� �2� 

�F�O�R� �e�a�c�h� �o�c�c�u�r�r�e�n�c�e� �o�f� �a�n� �i�n�t�e�n�s�i�o�n�a�l� �p�r�e�d�i�c�a�t�e� �p� �i�n� �t�h�e� �R�H�S� �o�f� �r� �D�O� 

�B�E�G�I�N� 

�A�d�d� �t�o� �t�h�e� �R�H�S� �t�h�e� �p�r�e�d�i�c�a�t�e� �m�a�g�i�c�_�r�_�p�*�_�i� �(�X�)� 

�w�h�e�r�e� �a� �i�s� �t�h�e� �a�d�o�m�m�e�n�t� �o�f� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �p�,� �i� �i�s� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �n�u�m�b�e�r�,� �X� �i�s� �t�h�e� �l�i�s�t� �o�f� �d�i�s�t�i�n�g�u�i�s�h�e�d� 
�a�r�g�u�m�e�n�t�s� �i�n� �t�h�i�s� �o�c�c�u�r�r�e�n�c�e�.� 

�I�F� �p� �i�s� �n�o�t� �t�h�e� �h�e�a�d� �p�r�e�d�i�c�a�t�e� �T�H�E�N� 

�i�n�s�e�r�t� �t�h�e� �m�a�g�i�c� �p�r�e�d�i�c�a�t�e� �j�u�s�t� �b�e�f�o�r�e� �t�h�a�t� �o�c�c�u�r�r�e�n�c�e�;� 

�E�L�S�E� 

�i�n�s�e�r�t� �t�h�e� �m�a�g�i�c� �p�r�e�d�i�c�a�t�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �r�u�l�e� �b�o�d�y� 

�E�N�D� 

�R�e�p�l�a�c�e� �r� �w�i�t�h� �i�t�s� �m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �i�n� �P� !"�9�*�.� 

�E�N�D� 

�F�O�R� �e�a�c�h� �I�D�B� �p�r�e�d�i�c�a�t�e� �p� �a�n�d� �F�O�R� �e�a�c�h� �a�d�o�m�m�e�n�t� �D�O� 

�B�E�G�I�N� �{�l�o�o�p� �3� 

�F�O�R� �e�a�c�h� �a�d�o�m�e�d� �r�u�l�e�r�,� �a�n�d� �F�O�R� �e�a�c�h� �o�c�c�u�r�r�e�n�c�e� �o�f� �p� �i�n� �t�h�e� �R�H�S� �O�f� �r�D�O� 

�B�E�G�I�N� 

�A�d�d� �t�h�e� �r�u�l�e�:� �m�a�g�i�c�_�p�?� �(�X�)�:�-� �m�a�g�i�c�_�r�_�p�*�_�i� �(�X�)�,� �w�h�e�r�e� �i� �i�s� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �p�,� �a�i�s� �i�t�s� �a�d�o�m�m�e�n�t�,� �a�n�d� �X� 
�i�s� �t�h�e� �l�i�s�t� �o�f� �i�t�s� �d�i�s�t�i�n�g�u�i�s�h�e�d� �a�r�g�u�m�e�n�t�s�.� 

�E�N�D� 

�A�d�d� �t�h�i�s� �r�u�l�e� �t�o� �p� �9�"�,� 
�E�N�D�.� 

� � 

�F�i�g�u�r�e� �2�1� �M�a�g�i�c�-�S�e�t�s� �R�e�w�r�i�t�e� �A�l�g�o�r�i�t�h�m� 
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�L�e�t ��s� �a�g�a�i�n� �c�o�n�s�i�d�e�r� �t�h�e� �a�n�c�e�s�t�o�r� �q�u�e�r�y� �a�n�d� �t�h�e� �d�a�t�a�b�a�s�e� �u�s�e�d� �i�n� �S�e�c�t�i�o�n� 

�6�.�1�.�2�.�1�.� �T�h�e� �r�u�l�e�s� �a�r�e�:� 

�R�i�:� �a�n�c�e�s�t�o�r� �(�X�,� �Y�)�:�-� �p�a�r�e�n�t� �(�X�,�Y�)�.� 

�R�2�:� �a�n�c�e�s�t�o�r� �(�X�,�Y�)�:�-� �a�n�c�e�s�t�o�r� �(�X�,� �Z�)�,� �p�a�r�e�n�t� �(�Z�,� �Y�)�.� 

�a�n�d� �t�h�e� �q�u�e�r�y� �i�s� �Q� �(�a�a�,� �W�)�.� 

�A�f�t�e�r� �t�h�e� �M�a�g�i�c�-�S�e�t�s� �r�e�w�r�i�t�i�n�g�,� �t�h�e� �r�u�l�e�s� �b�e�c�a�m�e�:� 

�R�i�:� �a�n�c�e�s�t�o�r� �(�X�,� �Y�)�:�-� �p�a�r�e�n�t� �(�X�,�Y�)�.� 

�R�2�:� �a�n�c�e�s�t�o�r� �(�a�a�,� �Y�)�:�-� �a�n�c�e�s�t�o�r� �(�a�a�,� �Z�)�,� �p�a�r�e�n�t� �(�Z�,� �Y�)�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n� �i�m�m�e�d�i�a�t�e�l�y�,� �o�n�l�y� �t�h�e� �f�a�c�t�s� �r�e�l�a�t�e�d� �t�o� �a�a� �i�n� �R�2� �w�i�l�l� �b�e� �c�o�m�-� 

�p�u�t�e�d�.� �T�h�u�s� �t�h�e� �M�a�g�i�c�-�S�e�t�s� �a�l�g�o�r�i�t�h�m� �a�c�h�i�e�v�e�s� �o�p�t�i�m�i�z�a�t�i�o�n� �b�y� �l�i�m�i�t�i�n�g� �t�h�e� �f�a�c�t�s� 

�u�s�e�d� �i�n� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�.� �A�l�l� �o�f� �t�h�e� �s�t�e�p�s� �i�n� �t�h�i�s� �r�e�w�r�i�t�i�n�g� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� 

�E�.� �F�i�g�u�r�e� �2�2� �s�h�o�w�s� �t�h�e� �i�t�e�r�a�t�i�o�n�s� �o�f� �S�e�m�i�-�N�a�i�v�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �q�u�e�r�y� �Q� �(�a�a�,� �W�)�,� 

�u�s�i�n�g� �t�h�e� �a�b�o�v�e� �r�e�w�r�i�t�t�e�n� �r�u�l�e�s�.� 

�1�1�0



� � 

�I�t�e�r�a�t�i�o�n� �1�:� 

�N�e�w� �f�a�c�t�s� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�}�.� 

�I�t�e�r�a�t�i�o�n� �2�:� 

�N�e�w� �f�a�c�t�s� �g�e�n�e�r�a�t�e�d�:� 

�{�(�a�a�,� �a�a�a�a�)�}� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�a�,� �a�a�a�a�)�}� 

�I�t�e�r�a�t�i�o�n� �3�:� 

�N�e�w� �f�a�c�t�s� �g�e�n�e�r�a�t�e�d�:� 

�N�U�L�L� 

�n�e�w� �=� �{�(�a�,� �a�a�)�,� �(�a�,� �a�b�)�,� �(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�b�)�,� �(�a�a�a�,� �a�a�a�a�)�,� �(�c�,� �c�a�)�,� 
�(�a�a�,� �a�a�a�a�)�}� 

�S�i�n�c�e� �t�h�i�s� �i�t�e�r�a�t�i�o�n� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �a�n�y� �n�e�w� �f�a�c�t�,� �t�h�e� �a�l�g�o�r�i�t�h�m� �e�x�i�t�s� �t�h�e� 
�l�o�o�p�.� 

�N�o�w� �q�u�e�r�y� �Q� �(�a�a�,� �W�)� �i�s� �e�v�a�l�u�a�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �c�o�n�s�t�a�n�t� �a�a� �w�i�t�h� �t�h�e� �f�a�c�t�s� 
�p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �a�l�g�o�r�i�t�h�m�,� �a�n�d� �t�h�e� �a�n�s�w�e�r� �s�e�t� �i�s� �{�(�a�a�,� �a�a�a�)�,� �(�a�a�,� �a�a�a�a�)�,� 
�(�a�a�,� �a�a�b�)�}�,� �i�.�e�,� �t�h�e� �a�n�c�e�s�t�o�r�s� �o�f� �a�a� �a�r�e� �a�a�a�,� �a�a�a�a�,� �a�n�d� �a�a�b�.� � � � � 
� � 

�F�i�g�u�r�e� �2�2� �M�a�g�i�c�-�S�e�t�s� �R�e�w�r�i�t�i�n�g� �w�i�t�h� �S�e�m�i�-�N�a�i�v�e� �E�v�a�l�u�a�t�i�o�n� 

�6�.�2� �S�o�m�e� �D�e�d�u�c�t�i�v�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �Q�u�e�r�y� �O�p�t�i�m�i�z�a�t�i�o�n� �S�y�s�t�e�m�s� 

�T�h�i�s� �s�e�c�t�i�o�n� �e�x�a�m�i�n�e�s� �s�o�m�e� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n� 

�s�y�s�t�e�m�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �O�O�A� �s�y�s�t�e�m� �[�G�a�r�d�9�4�]� �a�n�d� �t�h�e� �O�-�T�e�l�o�s� �s�y�s�t�e�m� �[�J�S�9�4�,� 

�J�G�J�S�9�5�]�.� �T�h�e� �O�-�T�e�l�o�s� �s�y�s�t�e�m� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l� �b�e�c�a�u�s�e� �i�t� �i�s� �o�n�e� �o�f� �t�h�e� 

�1�1�1



�m�o�s�t� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m�s� �i�n� �t�e�r�m�s� �o�f� �i�t�s� �d�a�t�a� �m�o�d�e�l� �a�n�d� �q�u�e�r�y� �l�a�n�g�u�a�g�e�.� �A�l�s�o� �i�t� �h�a�s� 

�b�e�e�n� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �a� �p�r�o�t�o�t�y�p�e� �c�a�l�l�e�d� �C�o�n�c�e�p�t�B�a�s�e�.� �V�e�r�s�i�o�n�s� �o�f� �C�o�n�c�e�p�t�B�a�s�e� 

�h�a�v�e� �b�e�e�n� �d�i�s�t�r�i�b�u�t�e�d� �f�o�r� �r�e�s�e�a�r�c�h� �e�x�p�e�r�i�m�e�n�t�s� �s�i�n�c�e� �e�a�r�l�y� �1�9�8�8�.� �T�h�e� �1�9�9�3� �C�o�n�-� 

�c�e�p�t�B�a�s�e� �V�3�.�2� �h�a�s� �b�e�e�n� �i�n�s�t�a�l�l�e�d� �a�t� �m�o�r�e� �t�h�a�n� �o�n�e� �h�u�n�d�r�e�d� �s�i�t�e�s� �w�o�r�l�d�w�i�d�e� 

�[�J�G�J�S�9�5�]�.� 

�6�.�2�.�1�.� �T�h�e� �O�O�A� �S�y�s�t�e�m� 

�G�a�r�d�a�r�i�n� �p�r�o�p�o�s�e�d� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�l�g�e�b�r�a�,� �O�O�A� �[�G�a�r�d�9�4�]�.� �O�O�A� �i�s� �a�n� 

�e�x�t�e�n�d�e�d� �r�e�l�a�t�i�o�n�a�l� �a�l�g�e�b�r�a� �d�e�s�i�g�n�e�d� �t�o� �s�u�p�p�o�r�t� �m�e�t�h�o�d�s� �a�n�d� �o�t�h�e�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�f�e�a�t�u�r�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �O�O�A� �s�u�p�p�o�r�t�s� �d�e�d�u�c�t�i�v�e� �m�o�d�e�l� �f�e�a�t�u�r�e�s� �s�u�c�h� �a�s� �r�e�c�u�r�s�i�o�n� 

�a�n�d� �q�u�a�n�t�i�f�i�e�r�.� �T�h�e� �a�l�g�e�b�r�a� �s�u�p�p�o�r�t�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�p�e�r�a�t�i�o�n�s�:� 

�1�.� �R�e�s�t�r�i�c�t�i�o�n�:� �R�e�s�t�r�i�c�t�i�o�n� �t�a�k�e�s� �a� �c�o�l�l�e�c�t�i�o�n� �a�s� �i�n�p�u�t� �a�n�d� �p�r�o�d�u�c�e�s� �a� �c�o�l�l�e�c�-� 

�t�i�o�n� �o�f� �t�h�e� �s�a�m�e� �t�y�p�e� �w�h�o�s�e� �o�b�j�e�c�t�s� �s�a�t�i�s�f�y� �a� �(�p�o�s�s�i�b�l�y� �c�o�m�p�l�e�x�)� �c�o�n�d�i�t�i�o�n�.� 

�2�.� �P�r�o�j�e�c�t�i�o�n�:� �P�r�o�j�e�c�t�i�o�n� �p�r�o�d�u�c�e�s� �a� �n�e�w� �c�o�l�l�e�c�t�i�o�n� �f�r�o�m� �a� �g�i�v�e�n� �o�n�e� �b�y� 

�c�o�m�p�u�t�i�n�g� �t�h�e� �e�x�p�r�e�s�s�i�o�n�s� �o�f� �s�o�u�r�c�e� �a�t�t�r�i�b�u�t�e�s� �a�s� �t�a�r�g�e�t� �a�t�t�r�i�b�u�t�e�s�.� 

�3�.� �J�o�i�n�:� �J�o�i�n� �i�s� �d�e�f�i�n�e�d� �a�s� �a� �C�a�r�t�e�s�i�a�n� �p�r�o�d�u�c�t� �o�f� �t�w�o� �c�o�l�l�e�c�t�i�o�n�s�,� �f�o�l�l�o�w�e�d� �b�y� 

�a� �r�e�s�t�r�i�c�t�i�o�n�.� 

�4�.� �S�e�t� �o�p�e�r�a�t�i�o�n�s�:� �u�n�i�o�n�,� �d�i�f�f�e�r�e�n�c�e�,� �a�n�d� �i�n�t�e�r�s�e�c�t�i�o�n�.� 

�C�o�l�l�e�c�t�i�o�n�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �s�e�t�,� �l�i�s�t�,� �b�a�g�,� �a�r�r�a�y�,� �e�t�c�.� �f�a�m�i�l�i�a�r� �g�r�o�u�p�s�.� 

�O�O�A� �i�m�p�l�e�m�e�n�t�s� �t�h�e� �r�e�c�u�r�s�i�v�e� �o�p�e�r�a�t�i�o�n�s� �v�i�a� �a�l�g�e�b�r�a�i�c� �i�t�e�r�a�t�i�o�n�.� �T�h�e� �a�l�g�e�-� 

�b�r�a� �i�m�p�l�e�m�e�n�t�s� �t�h�e� �f�i�x�p�o�i�n�t� �c�o�m�p�u�t�a�t�i�o�n�.� �T�h�e� �f�i�x�p�o�i�n�t� �c�o�m�p�u�t�a�t�i�o�n� �s�i�m�p�l�y� �p�r�o�d�u�c�e�s� 

�t�h�e� �s�a�t�u�r�a�t�i�o�n� �o�f� �a� �c�o�l�l�e�c�t�i�o�n� �c�o�m�p�u�t�e�d� �r�e�c�u�r�s�i�v�e�l�y� �b�y� �a�n� �a�l�g�e�b�r�a�i�c� �e�x�p�r�e�s�s�i�o�n� 

�[�U�l�i�m�s�s�]�.� 

�1�1�2



�T�h�e� �s�y�s�t�e�m� �s�u�p�p�o�r�t�s� �b�o�t�h� �s�y�n�t�a�c�t�i�c� �a�n�d� �s�e�m�a�n�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�e� �s�y�n�t�a�c�-� 

�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d� �v�i�a� �s�y�n�t�a�c�t�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s�,� �w�h�i�c�h� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�-� 

�l�o�w�i�n�g�:� 

�C�o�m�p�o�s�i�t�i�o�n� �a�n�d� �D�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �O�p�e�r�a�t�i�o�n�s�:� �A� �c�o�m�p�l�e�x� �o�p�e�r�a�t�i�o�n� 

�c�a�n� �b�e� �d�e�c�o�m�p�o�s�e�d� �i�n�t�o� �m�o�r�e� �b�a�s�i�c� �o�p�e�r�a�t�i�o�n�s� �s�u�c�h� �a�s� �r�e�s�t�r�i�c�t�i�o�n� �a�n�d� 

�p�r�o�j�e�c�t�i�o�n�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �s�i�m�p�l�e� �o�p�e�r�a�t�i�o�n�s� �c�a�n� �b�e� �c�o�m�p�o�s�e�d� �i�n�t�o� 

�a� �m�o�r�e� �c�o�m�p�l�e�x� �o�p�e�r�a�t�i�o�n�.� �C�o�m�p�o�s�i�t�i�o�n� �a�n�d� �D�e�c�o�m�p�o�s�i�t�i�o�n� �g�e�n�e�r�a�t�e� 

�v�a�r�i�o�u�s� �e�x�e�c�u�t�i�o�n� �p�l�a�n�s�.� �H�e�u�r�i�s�t�i�c�s� �s�u�c�h� �a�s� �g�r�o�u�p�i�n�g� �t�h�e� �o�p�e�r�a�t�i�o�n�s� 

�w�h�i�c�h� �o�p�e�r�a�t�e� �o�n� �t�h�e� �s�a�m�e� �c�l�a�s�s� �m�a�y� �b�e� �u�s�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� 

�p�l�a�n�s�.� 

�P�e�r�m�u�t�a�t�i�o�n� �o�f� �O�p�e�r�a�t�i�o�n�s�:� �P�e�r�m�u�t�a�t�i�o�n� �r�u�l�e�s� �u�s�e� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �t�h�e� 

�c�l�a�s�s�e�s� �t�o� �r�e�d�u�c�e� �t�h�e� �r�e�l�e�v�a�n�t� �f�a�c�t�s�.� �P�e�r�m�u�t�a�t�i�o�n� �r�u�l�e�s� �a�r�e� �h�e�u�r�i�s�t�i�c� �a�n�d� 

�d�o� �n�o�t� �g�u�a�r�a�n�t�e�e� �a� �b�e�t�t�e�r� �a�c�c�e�s�s� �p�l�a�n�.� �O�n�e� �e�x�a�m�p�l�e� �o�f� �p�e�r�m�u�t�a�t�i�o�n� 

�r�u�l�e�s� �i�s� �p�e�r�f�o�r�m�i�n�g� �s�e�l�e�c�t�i�o�n�s� �b�e�f�o�r�e� �j�o�i�n�s�.� 

�C�o�m�m�o�n� �S�u�b�-�Q�u�e�r�y� �I�s�o�l�a�t�i�o�n�:� �C�o�m�m�o�n� �s�u�b�-�q�u�e�r�i�e�s� �s�h�o�u�l�d� �b�e� �r�e�-� 

�p�l�a�c�e�d� �b�y� �a� �s�i�n�g�l�e� �s�u�b�-�q�u�e�r�y� �w�i�t�h� �a� �u�n�i�q�u�e� �o�u�t�p�u�t�.� �T�h�i�s� �a�v�o�i�d�s� �d�u�p�l�i�c�a�t�-� 

�e�d� �c�o�m�p�u�t�a�t�i�o�n� �o�n� �t�h�e� �s�a�m�e� �s�u�b�-�q�u�e�r�i�e�s�.� 

�F�i�x�p�o�i�n�t� �R�e�d�u�c�t�i�o�n�:� �I�n� �t�h�e� �c�a�s�e� �o�f� �r�e�c�u�r�s�i�v�e� �p�r�e�d�i�c�a�t�e�s�,� �t�h�e� �p�e�r�m�u�t�a�t�i�o�n� 

�b�e�t�w�e�e�n� �o�p�e�r�a�t�o�r�s� �c�a�n� �n�o�t� �b�e� �d�o�n�e� �e�a�s�i�l�y�.� �O�O�A� �p�r�o�p�o�s�e�s� �t�o� �u�s�e� �a�l�g�o�-� 

�r�i�t�h�m�s� �s�u�c�h� �a�s� �M�a�g�i�c�-�S�e�t�s� �r�e�w�r�i�t�i�n�g� �t�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�l�e�v�a�n�t� 

�f�a�c�t�s�.� 
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�T�h�e� �O�O�A� �s�y�s�t�e�m� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �u�s�e� �o�f� �s�e�m�a�n�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �i�n� �a�d�d�i�t�i�o�n� 

�t�o� �s�y�n�t�a�c�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n�.� �G�a�r�d�a�r�i�n� �n�o�t�e�s� �t�h�a�t� �t�h�e� �r�i�c�h� �s�e�m�a�n�t�i�c�s� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�d�a�t�a�b�a�s�e� �s�y�s�t�e�m�s� �m�a�d�e� �s�e�m�a�n�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �i�m�p�o�r�t�a�n�t�.� �S�e�m�a�n�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �i�s� 

�a�c�h�i�e�v�e�d� �v�i�a� �a� �s�e�m�a�n�t�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �T�h�e� �s�y�s�t�e�m� �p�r�o�p�o�s�e�s� �t�h�r�e�e� �m�a�i�n� �s�e�m�a�n�-� 

�t�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s�:� 

�A�b�s�t�r�a�c�t� �D�a�t�a� �T�y�p�e� �F�u�n�c�t�i�o�n� �R�e�w�r�i�t�i�n�g�:� �C�e�r�t�a�i�n� �q�u�e�r�i�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� 

�o�v�e�r� �w�e�l�l� �K�n�o�w�n� �a�b�s�t�r�a�c�t� �d�a�t�a� �t�y�p�e�s� �s�u�c�h� �a�s� �s�e�t�s�,� �l�i�s�t�s�,� �a�n�d� �a�r�r�a�y�s�.� 

�T�h�e�s�e� �s�t�r�u�c�t�u�r�e�s� �h�a�v�e� �b�a�s�i�c� �a�l�g�e�b�r�a�i�c� �o�p�e�r�a�t�i�o�n�s� �s�u�c�h� �a�s� �u�n�i�o�n�,� �i�n�t�e�r�-� 

�s�e�c�t�i�o�n�,� �e�t�c�.�,� �a�s� �w�e�l�l� �a�s� �p�r�i�v�i�l�e�g�e�d� �p�r�e�d�i�c�a�t�e�s� �s�u�c�h� �a�s� �e�q�u�a�l�i�t�y� �a�n�d� �m�e�m�-� 

�b�e�r�s�h�i�p� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�m�.� �T�h�e� �r�e�w�r�i�t�i�n�g� �c�a�n� �t�h�u�s� �b�e� �b�a�s�e�d� �o�n� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �a�n� �i�n�t�e�r�s�e�c�t�i�o�n� �o�p�e�r�a�t�i�o�n� 

�c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �v�i�a� �a� �d�i�f�f�e�r�e�n�c�e� �o�p�e�r�a�t�i�o�n�.� 

�S�i�m�p�l�i�f�i�c�a�t�i�o�n� �v�i�a� �I�n�t�e�g�r�i�t�y� �C�o�n�s�t�r�a�i�n�t�:� �T�h�e� �b�a�s�i�c� �i�d�e�a� �o�f� �u�s�i�n�g� �i�n�t�e�g�r�i�t�y� 

�c�o�n�s�t�r�a�i�n�t� �t�o� �o�p�t�i�m�i�z�e� �a� �q�u�e�r�y� �i�s� �w�e�l�l� �k�n�o�w�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �a� �c�o�n�s�t�r�a�i�n�t� 

�s�t�a�t�e�s� �t�h�a�t� �a�l�l� �c�a�r�s� �a�r�e� �m�a�d�e� �i�n� �t�h�e� �U�.�S�.�,� �t�h�e�n� �a� �q�u�e�r�y� �r�e�q�u�e�s�t�i�n�g� �i�n�f�o�r�-� 

�m�a�t�i�o�n� �a�b�o�u�t� �c�a�r�s� �m�a�d�e� �i�n� �J�a�p�a�n� �w�i�l�l� �b�e� �g�i�v�e�n� �a� �n�u�l�l� �a�n�s�w�e�r� �w�i�t�h�o�u�t� 

�e�v�e�n� �g�o�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �c�h�o�o�s�i�n�g� �a�p�p�r�o�p�r�i�a�t�e� �i�n�-� 

�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s� �t�h�a�t� �s�i�m�p�l�i�f�y� �q�u�e�r�y� �p�r�o�c�e�s�s�i�n�g� �i�s� �a� �d�i�f�f�i�c�u�l�t� �t�a�s�k�.� 

�[�G�a�r�d�9�4�]� �d�o�e�s� �n�o�t� �p�r�o�v�i�d�e� �a�n�y� �r�u�l�e� �w�h�i�c�h� �m�a�y� �b�e� �u�s�e�d� �t�o� �c�h�o�o�s�e� �t�h�e� �a�p�-� 

�p�r�o�p�r�i�a�t�e� �c�o�n�s�t�r�a�i�n�t�s�.� 

�O�p�e�r�a�t�o�r� �P�r�o�p�e�r�t�y� �B�a�s�e�d� �T�r�a�n�s�f�o�r�m�a�t�i�o�n�:� �T�h�i�s� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�s� 

�t�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �o�p�e�r�a�t�o�r�s�.� �I�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s�,� �o�p�e�r�a�t�o�r�s� �c�a�n� �b�e� 

�o�v�e�r�l�o�a�d�e�d�.� �T�h�u�s�,� �i�t� �i�s� �u�s�e�f�u�l� �t�o� �b�e� �a�b�l�e� �t�o� �d�e�f�i�n�e� �r�u�l�e�s� �u�s�i�n�g� �t�h�e� �p�r�o�p�e�r�-� 

�t�i�e�s� �o�f� �o�p�e�r�a�t�o�r�s� �i�n� �q�u�e�r�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �[�G�a�r�d�9�4�]� �u�s�e�s� �t�h�e� �t�r�a�n�s�i�t�i�v�i�t�y� �o�f� 
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�e�q�u�a�l�i�t�y� �a�s� �a�n� �e�x�a�m�p�l�e� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�i�s� �c�o�n�c�e�p�t�.� �O�n�e� �e�x�a�m�p�l�e� �i�s� �t�h�a�t� 

�t�h�e� �s�y�s�t�e�m� �c�a�n� �d�e�f�i�n�e� �a� �r�u�l�e� �s�u�c�h� �a�s�  ��a� �=� �b� �a�n�d� �b� �=� �C� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o�a� 

�=� �b� �a�n�d� �a� �=�c�. �� �T�h�i�s� �w�i�l�l� �e�n�a�b�l�e� �t�h�e� �o�p�t�i�m�i�z�e�r� �t�o� �g�e�n�e�r�a�t�e� �a�n� �a�l�t�e�r�n�a�t�i�v�e� 

�a�c�c�e�s�s� �p�l�a�n�.� 
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�6�.�2�.�2� �O�-�T�e�l�o�s� �a�n�d� �C�o�n�c�e�p�t�B�a�s�e� 

�O�-�T�e�l�o�s� �i�s� �a� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l� �u�s�e�d� �b�y� �C�o�n�c�e�p�t�B�a�s�e�.� 

�C�o�n�c�e�p�t�B�a�s�e� �i�s� �a� �p�r�o�t�o�t�y�p�e� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a�b�a�s�e� �d�e�v�e�l�o�p�e�d� �i�n� �G�e�r�-� 

�m�a�n�y� �[�J�G�J�S�9�5�]�.� �T�h�e� �i�n�t�e�n�d�e�d� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�a�t� �r�e�s�e�a�r�c�h� �r�a�n�g�e� �f�r�o�m�  ��u�n�i�f�o�r�m� �a�c�-� 

�c�e�s�s� �t�o� �h�e�t�e�r�o�g�e�n�e�o�u�s� �d�a�t�a� �s�o�u�r�c�e�s �� �t�o� �t�h�e�  ��i�n�t�e�g�r�a�t�i�o�n� �o�f� �h�e�t�e�r�o�g�e�n�e�o�u�s� �i�n�f�o�r�m�a�-� 

�t�i�o�n� �s�e�r�v�i�c�e�s� �i�n� �n�e�t�w�o�r�k�e�d� �e�n�t�e�r�p�r�i�s�e�s�. �� 

�6�.�2�.�2�.�1� �D�a�t�a� �M�o�d�e�l� 

�O�-�T�e�l�o�s� �i�s� �a� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�.� �T�h�e� �m�o�d�e�l� �d�e�f�i�n�e�s� �a�n� 

�e�x�t�e�n�s�i�o�n�a�l� �d�e�d�u�c�t�i�v�e� �o�b�j�e�c�t� �d�a�t�a�b�a�s�e� �(�D�O�B�)� �a�s� �a� �t�r�i�p�l�e�:� 

�D�O�B� �=� �(�O�B�,� �I�D�B�,� �I�C�)�,� �w�h�e�r�e� 

�O�B� �i�s� �t�h�e� �e�x�t�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �b�a�s�e� �t�r�a�d�i�t�i�o�n�a�l�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �E�D�B�,� �I�D�B� �i�s� �a� �s�e�t� �o�f� 

�r�u�l�e�s�,� �a�n�d� �I�C� �i�s� �a� �s�e�t� �o�f� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s�.� �I�t� �i�s� �r�e�q�u�i�r�e�d� �t�h�a�t� �(�O�B�,� �I�D�B�,� �I�C�)� �b�e� �c�o�n�-� 

�s�i�s�t�e�n�t�,� �i�.�e�.�,� �O�B� �U� �I�D�B� �|�=�I�C�.� �T�h�e� �f�o�r�m�u�l�a�s� �i�n� �I�D�B� �U� �I�C� �h�a�v�e� �t�o� �b�e� �r�a�n�g�e�-�r�e�s�t�r�i�c�t�e�d�,� 

�w�h�i�c�h� �i�s� �a� �w�i�d�e�l�y� �a�c�c�e�p�t�e�d� �s�u�f�f�i�c�i�e�n�t� �c�o�n�d�i�t�i�o�n� �f�o�r� �d�o�m�a�i�n� �i�n�d�e�p�e�n�d�e�n�c�e�.� �T�h�e� �s�e�t� 

�I�D�B� �i�s� �s�t�r�a�t�i�f�i�e�d� �t�o� �e�n�s�u�r�e� �t�h�e� �u�n�i�q�u�e� �p�e�r�f�e�c�t� �m�o�d�e�l� �d�e�f�i�n�e�d� �i�n� �[�C�G�T�9�0�]�.� �S�t�r�a�t�i�f�i�c�a�-� 

�t�i�o�n� �s�i�m�p�l�y� �m�e�a�n�s� �c�o�m�p�u�t�i�n�g� �a� �p�r�e�d�i�c�a�t�e� �b�e�f�o�r�e� �u�s�i�n�g� �i�t�s� �n�e�g�a�t�i�o�n�.� 

�T�h�e� �m�o�d�e�l� �i�s� �c�o�m�p�o�s�e�d� �o�f� �t�w�o� �m�a�j�o�r� �p�a�r�t�s�:� 

�¢� �o�b�j�e�c�t� �s�t�r�u�c�t�u�r�e�s� �(�O�B�)�,� �a�n�d� 

�¢� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �(�I�D�B�)� �a�n�d� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s� �(�I�C�)�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�u�b�s�e�c�t�i�o�n�s� �d�e�s�c�r�i�b�e� �t�h�e� �t�w�o� �p�a�r�t�s�.� 
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�6�.�2�.�2�.�1�.�1� �O�b�j�e�c�t� �S�t�r�u�c�t�u�r�e�s� 

�T�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �o�b�j�e�c�t� �s�t�r�u�c�t�u�r�e� �i�s� �d�e�f�i�n�e�d� �b�y� �s�p�e�c�i�f�y�i�n�g� �t�h�e� �e�x�t�e�n�s�i�o�n�-� 

�a�l� �d�a�t�a�b�a�s�e� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� �p�r�e�d�e�f�i�n�e�d� �a�x�i�o�m�s�.� �A�n� �e�x�t�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �b�a�s�e� 

�(�O�B�)� �i�s� �a� �f�i�n�i�t�e� �s�u�b�s�e�t� 

�O�B� �C� �{�P� �(�0�,� �x�,� �r�,� �y�)� �l�o�,� �x�,� �y�e� �I�D�,� �r�e� �L�A�B�}�,� �w�h�e�r�e� 

�P� �i�s� �t�h�e� �o�n�l�y� �b�a�s�e� �l�i�t�e�r�a�l� �i�n� �t�h�e� �O�B�,� �I�D� �i�s� �a� �s�e�t� �o�f� �i�d�e�n�t�i�f�i�e�r�s�,� �a�n�d� �L�A�B� �i�s� �a� �s�e�t� �o�f� �l�a�-� 

�b�e�l�s�.� �T�h�e� �e�l�e�m�e�n�t�s� �o�f� �O�B� �a�r�e� �c�a�l�l�e�d� �o�b�j�e�c�t�s� �w�i�t�h� �i�d�e�n�t�i�f�i�e�r� �0�,� �s�o�u�r�c�e� �c�o�m�p�o�n�e�n�t�s� 

�X�,� �d�e�s�t�i�n�a�t�i�o�n� �c�o�m�p�o�n�e�n�t�s� �y�,� �a�n�d� �l�a�b�e�l� �r�.� 

�T�h�e� �m�o�d�e�l� �c�a�p�t�u�r�e�s� �t�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�o�d�e�l� �a�s� �f�o�l�l�o�w�s�:� 

�e� �I�n�d�i�v�i�d�u�a�l�:� �P� �(�0�,� �0�,� �r�,� �0�)� �I�n�d�i�v�i�d�u�a�l� �o�b�j�e�c�t� 

�¢� �I�n�s�t�a�n�t�i�a�t�i�o�n�:� �P� �(�0�,� �x�,� �i�n�,� �C�c�)� �x� �i�s� �i�n� �c�l�a�s�s� �c� �-� �I�N� 

�¢� �S�p�e�c�i�a�l�i�z�a�t�i�o�n�:� �P� �(�0�,� �c�,� �i�s�a�,� �d�)� �c� �i�s� �a� �s�u�b�c�l�a�s�s� �o�f� �d�-� �I�S�A� 

�e� �A�t�t�r�i�b�u�t�i�o�n�:� �P� �(�0�,� �x�,� �f�r�,� �y�)� �r�e�l�a�t�i�o�n�s�h�i�p�s� �-� 

�a�g�g�r�e�g�a�t�i�o�n� �/� �a�s�s�o�c�i�a�t�i�o�n� 

�T�h�e� �s�e�m�a�n�t�i�c�s� �b�e�h�i�n�d� �a�n� �o�b�j�e�c�t� �P� �(�0�,� �x�,� �r�,� �y�)� �i�s� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �r�e�l�a�t�i�o�n� �r� �b�e�-� 

�t�w�e�e�n� �o�b�j�e�c�t�s� �x� �a�n�d� �y�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �i�s� �i�t�s�e�l�f� �a�n� �o�b�j�e�c�t� �w�i�t�h� �i�d�e�n�t�i�f�i�e�r� �o�.� �I�n�s�t�a�n�t�i�-� 

�a�t�i�o�n� �a�n�d� �s�p�e�c�i�a�l�i�z�a�t�i�o�n� �a�r�e� �a�c�t�u�a�l�l�y� �t�h�e� �t�w�o� �s�p�e�c�i�a�l� �c�a�s�e�s� �o�f� �P� �(�o�,� �x�,� �r�,� �y�)� �w�i�t�h� �r�b�e�-� 

�i�n�g� �r�e�p�l�a�c�e�d� �b�y� �i�n� �a�n�d� �i�s�a� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�-�T�e�l�o�s� �u�s�e�s� �t�h�e� �c�o�n�v�e�n�t�i�o�n� �t�h�a�t� �t�h�e� �o�b�j�e�c�t� 

�i�d�e�n�t�i�f�i�e�r� �(�O�I�D�)� �o�f� �a�n� �o�b�j�e�c�t� �w�i�t�h� �n�a�m�e� �n� �i�s� �w�r�i�t�t�e�n� �a�s� �#�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �O�I�D� �f�o�r� 

�J�o�h�n� �i�s� �w�r�i�t�t�e�n� �a�s� �#�J�o�h�n�.� 
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�A�n� �O�B� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �a� �s�t�r�u�c�t�u�r�e�d� �s�e�m�a�n�t�i�c� �n�e�t�.� �/�n�d�i�v�i�d�u�a�l�s� �a�r�e� �r�e�p�-� 

�r�e�s�e�n�t�e�d� �a�s� �n�o�d�e�s� �w�i�t�h� �n�a�m�e� �r�,� �i�n�s�t�a�n�t�i�a�t�i�o�n� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �d�o�t�t�e�d� �l�i�n�k�s�,� �a�n�d� 

�s�p�e�c�i�a�l�i�z�a�t�i�o�n� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �s�h�a�d�e�d� �l�i�n�k�s�.� �A�l�l� �o�t�h�e�r� �r�e�/�a�t�i�o�n�s�h�i�p�s� �a�r�e� �r�e�p�r�e�s�e�n�t�-� 

�e�d� �a�s� �d�i�r�e�c�t� �l�i�n�k�s�.� �F�i�g�u�r�e� �2�3� �s�h�o�w�s� �a� �s�a�m�p�l�e� �O�B� �a�n�d� �F�i�g�u�r�e� �2�4� �g�i�v�e�s� �o�b�j�e�c�t� �s�t�r�u�c�-� 

�t�u�r�e� �e�x�a�m�p�l�e�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �c�l�a�s�s� �a�n�d� �d�a�t�a� �d�e�f�i�n�i�t�i�o�n�s� �i�n� �F�i�g�u�r�e� �2�3�.� 
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�I�n� �F�i�g�u�r�e� �2�3� �t�h�e� �O�B� �h�a�s� �t�w�o� �l�a�y�e�r�s�.� �T�h�e� �t�o�p� �l�a�y�e�r� �i�s� �c�a�l�l�e�d� �t�h�e� �S�i�m�p�l�e�-�C�l�a�s�s� 

�l�a�y�e�r�,� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �s�c�h�e�m�a� �i�n� �t�r�a�d�i�t�i�o�n�a�l� �d�a�t�a�b�a�s�e�s�.� �E�m�p�l�o�y�e�e�,� �F�a�c�-� 

�u�l�t�y�,� �D�e�p�a�r�t�m�e�n�t�,� �I�n�t�e�g�e�r�,� �a�n�d� �S�t�r�i�n�g� �a�r�e� �a�l�l� �c�l�a�s�s�e�s�.� �A� �c�l�a�s�s� �i�s� �b�o�t�h� �a�n� �o�b�j�e�c�t� �(�I�S�A�)� 

�a�n�d� �a�n� �i�n�s�t�a�n�c�e� �o�f� �o�b�j�e�c�t� �(�I�N�)�.� �T�h�e�r�e� �i�s� �n�o� �r�e�s�t�r�i�c�t�i�o�n� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �l�a�y�e�r�s�.� �T�h�e� 

�s�c�h�e�m�a� �c�a�n� �b�e� �i�n�s�t�a�n�c�e�s� �o�f� �a� �s�e�t� �o�f� �m�e�t�a�c�l�a�s�s�e�s�,� �t�h�e� �s�e�t� �o�f� �m�e�t�a�c�l�a�s�s�e�s� �c�a�n� �b�e� 

�i�n�s�t�a�n�c�e�s� �o�f� �y�e�t� �a�n�o�t�h�e�r� �s�e�t� �o�f� �m�e�t�a�c�l�a�s�s�e�s�,� �a�n�d� �s�o� �o�n�.� �T�h�e� �t�o�p� �l�a�y�e�r� �o�f� �a�n� �o�b�j�e�c�t� 

�b�a�s�e� �i�s� �p�r�e�d�e�f�i�n�e�d� �b�y� �t�h�e� �O�b�j�e�c�t�,� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a�l�l� �o�b�j�e�c�t�s� �i�n� �t�h�e� �O�B�.� 

�T�h�e� �l�o�w�e�r� �l�a�y�e�r� �i�s� �c�a�l�l�e�d� �t�h�e� �T�o�k�e�n� �l�a�y�e�r� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a�l�l� �s�t�o�r�e�d� �o�b�j�e�c�t�s�,� 

�t�h�e� �a�c�t�u�a�l� �d�a�t�a� �i�n� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �d�a�t�a�b�a�s�e�s�.� �T�h�e� �t�o�k�e�n� �l�a�y�e�r� �o�f� �t�h�i�s� �O�B� �c�o�n�t�a�i�n�s� �a�n� 

�o�b�j�e�c�t� �w�i�t�h� �t�h�e� �l�a�b�e�l�,� �J�o�h�n�,� �w�h�i�c�h� �i�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �t�h�e� �o�b�j�e�c�t� �F�a�c�u�l�t�y�.� �J�o�h�n� �t�e�a�c�h�e�s� 

�i�n� �t�w�o� �d�e�p�a�r�t�m�e�n�t�s�,� �C�S� �a�n�d� �M�A�T�H�,� �w�h�i�c�h� �a�r�e� �i�n�s�t�a�n�c�e�s� �o�f� �D�e�p�a�r�t�m�e�n�t�.� �T�h�e� �o�b�j�e�c�t� 

�c�o�n�t�a�i�n�s�  ��J�o�h�n� �S�m�i�t�h �� �w�h�i�c�h� �i�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �S�t�r�i�n�g�,� �a�n�d� �7�0�0�0�0� �i�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� 

�I�n�t�e�g�e�r�.� 
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� � 

� � 

�S�i�m�p�l�e�-�C�l�a�s�s� �D�e�f�i�n�i�t�i�o�n�:� 

�P� �(�#�E�m�p�l�o�y�e�e�,� �#�E�m�p�l�o�y�e�e�,� �E�m�p�l�o�y�e�e�,� �#�E�m�p�l�o�y�e�e�)� 

�P� �(�#�n�a�m�e�,� �#�E�m�p�l�o�y�e�e�,� �n�a�m�e�,� �#�S�t�r�i�n�g�)� 

�P� �(�#�s�a�l�a�r�y�,� �#�E�m�p�l�o�y�e�e�,� �s�a�l�a�r�y�,� �#�I�n�t�e�g�e�r�)� 

�T�o�k�e�n� �D�e�f�i�n�i�t�i�o�n�:� 

�P� �(�#�J�o�h�n�,� �#�J�o�h�n�,� �J�o�h�n�,� �#�J�o�h�n�)� 

�P� �(�#�i�n�1�,� �#�J�o�h�n�,� �I�n�,� �#�F�a�c�u�l�t�y�)� 

�P� �(�#�e�n�a�m�e�,� �#�J�o�h�n�,� �e�n�a�m�e�,�  ��J�o�h�n� �S�m�i�t�h ��)� 

�P� �(�#�i�n�2�,� �#�e�n�a�m�e�,� �I�n�,� �#�n�a�m�e�)� 

�P� �(�#�e�s�a�l�a�r�y�,� �#�J�o�h�n�,� �e�s�a�l�a�r�y�,� �7�0�0�0�0�)� 

�P� �(�#�i�n�3�,� �#�e�s�a�l�a�r�y�,� �I�n�,� �#�s�a�l�a�r�y�)� 

�(�L�1�)� 
�(�L�2�)� 
�(�L�3�)� 

�(�L�4�)� 
�(�L�S�)� 
�(�L�6�)� 
�(�L�7�)� 
�(�L�8�)� 
�(�L�9�)� 

� � 

�F�i�g�u�r�e� �2�4� �O�-�T�e�l�o�s� �S�a�m�p�l�e� �O�b�j�e�c�t� �S�t�r�u�c�t�u�r�e�s� 

�F�i�g�u�r�e� �2�4� �s�h�o�w�s� �a� �s�c�h�e�m�a� �d�e�f�i�n�i�t�i�o�n� �a�n�d� �a� �t�o�k�e�n� �d�e�f�i�n�i�t�i�o�n� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�l�i�n�e�s� �i�n� �F�i�g�u�r�e� �2�4�.� 

�L�1� �d�e�f�i�n�e�s� �a�n� �o�b�j�e�c�t� �w�i�t�h� �l�a�b�e�l� �E�m�p�l�o�y�e�e� �a�n�d� �O�I�D� �#�E�m�p�l�o�y�e�e�.� �I�t� �i�s� �i�n� �t�h�e� 

�f�o�r�m�a�t� �o�f� �I�n�d�i�v�i�d�u�a�l�.� 

�L�2� �d�e�f�i�n�e�s� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �c�l�a�s�s� �#�E�m�p�l�o�y�e�e� �a�n�d� �c�l�a�s�s� �#�S�t�r�i�n�g�.� �T�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �i�s� �i�t�s�e�l�f� �a�n� �o�b�j�e�c�t� �w�i�t�h� �O�I�D� �#�n�a�m�e� �a�n�d� �l�a�b�e�l� �n�a�m�e�.� 

�1�2�1� 

�t�o� �t�h�e� �E�m�p�l�o�y�e�e� �c�l�a�s�s� �a�n�d� �e�m�p�l�o�y�e�e� �J�o�h�n� �i�n�s�t�a�n�c�e�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �e�x�p�l�a�i�n�s� �a� �f�e�w� 

� 



�L�4� �d�e�f�i�n�e�s� �a�n� �o�b�j�e�c�t� �w�i�t�h� �l�a�b�e�l� �J�o�h�n� �a�n�d� �O�I�D� �#�J�o�h�n�.� �I�t� �i�s� �i�n� �t�h�e� �f�o�r�m�a�t� �o�f� 

�I�n�d�i�v�i�d�u�a�l�.� 

�L�6� �d�e�f�i�n�e�s� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �o�b�j�e�c�t� �J�o�h�n� �a�n�d�  ��J�o�h�n� �S�m�i�t�h ��.� �T�h�e� �r�e�l�a�-� 

�t�i�o�n�s�h�i�p� �h�a�s� �a�n� �O�I�D� �o�f� �#�e�n�a�m�e� �a�n�d� �l�a�b�e�l� �e�n�a�m�e�.� 

�L�7� �s�t�a�t�e�s� �t�h�a�t� �#�e�n�a�m�e� �o�f� �L�6� �i�s� �a�n� �i�n�s�t�a�n�t�i�a�t�i�o�n� �o�f� �#�n�a�m�e�.� �T�h�e� �i�n�s�t�a�n�t�i�a�t�i�o�n� 

�h�a�s� �a� �l�a�b�e�l� �/�n� �a�n�d� �O�I�D� �#�i�n�2�.� �I�n� �i�s� �a� �s�p�e�c�i�a�l� �c�a�s�e� �o�f� �r�e�l�a�t�i�o�n�s�h�i�p�.� 

�A�n� �O�B� �c�a�n� �a�l�s�o� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �a� �f�r�a�m�e�-�b�a�s�e�d� �n�o�t�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �b�a�s�e�d� 

�s�o�l�e�l�y� �o�n� �o�b�j�e�c�t� �l�a�b�e�l�s�.� �T�h�i�s� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �r�e�g�u�l�a�r� �c�l�a�s�s� �r�e�p�r�e�s�e�n�-� 

�t�a�t�i�o�n�.� �F�i�g�u�r�e� �2�5� �s�h�o�w�s� �a� �f�e�w� �e�x�a�m�p�l�e�s� �o�f� �t�h�e� �c�l�a�s�s�e�s� �f�r�o�m� �F�i�g�u�r�e� �2�3�.� 
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� � 

�E�m�p�l�o�y�e�e� �I�n� �S�i�m�p�l�e�C�l�a�s�s� �w�i�t�h� 

�a�t�t�r�i�b�u�t�e� 

�n�a�m�e�:� �S�t�r�i�n�g�;� 

�s�a�l�a�r�y�:� �I�n�t�e�g�e�r�;� 

�e�n�d� �E�m�p�l�o�y�e�e�.� 

�F�a�c�u�l�t�y� �I�n� �S�i�m�p�l�e�C�l�a�s�s� �i�s�A� �E�m�p�l�o�y�e�e� �w�i�t�h� 

�a�t�t�r�i�b�u�t�e� 

�t�e�a�c�h�e�s�:� �D�e�p�a�r�t�m�e�n�t�;� 

�e�n�d� �F�a�c�u�l�t�y�.� 

�J�o�h�n� �I�n� �F�a�c�u�l�t�y� �w�i�t�h� 

�n�a�m�e� �e�n�a�m�e�:�  ��J�o�h�n� �S�m�i�t�h ��;� 

�s�a�l�a�r�y�  �� �e�s�a�l�a�r�y�:� �7�0�0�0�0�;� 

�t�e�a�c�h�e�s� �e�t�e�a�c�h�1�:� �C�S�;� 

�e�t�e�a�c�h�2�:� �M�A�T�H�;� 

�e�n�d� �J�o�h�n�.� � � � � 
� � 

�F�i�g�u�r�e� �2�5� �O�-�T�e�l�o�s� �S�a�m�p�l�e� �C�l�a�s�s� �D�e�f�i�n�i�t�i�o�n�s� 

�O�-�T�e�l�o�s� �u�s�e�s� �p�r�e�d�e�f�i�n�e�d� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �a�n�d� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �i�m�p�l�e�-� 

�m�e�n�t� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �f�e�a�t�u�r�e�s� �p�r�e�s�e�n�t� �i�n� �m�o�s�t� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�a�t�a� �m�o�d�e�l�s�.� �T�h�e�s�e� 

�r�u�l�e�s� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �a�x�i�o�m�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �p�r�e�s�e�n�t�s� �a� �f�e�w� �t�y�p�i�-� 

�c�a�l� �f�e�a�t�u�r�e�s� �s�u�c�h� �a�s� �o�b�j�e�c�t� �i�d�e�n�t�i�t�y�,� �i�n�s�t�a�n�t�i�a�t�i�o�n�,� �s�p�e�c�i�a�l�i�z�a�t�i�o�n�/�g�e�n�e�r�a�l�i�z�a�t�i�o�n�,� �a�g�-� 

�g�r�e�g�a�t�i�o�n� �a�n�d� �t�y�p�i�n�g�.� 

�O�b�j�e�c�t� �I�d�e�n�t�i�t�y�:� 

�V�0�,� �X�4�,� �0�4�,� �V�4�s� �X�o�,� �f�o�,� �Y�o�,� �P� �(�0�,� �X�4�,� �1�4�,� �¥�1�)� �A� �P� �(�0�,� �X�o�,� �f�o�,� �Y�o�)� �=�>� 
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�(�X�4� �=� �X�o�)� �A� �(�T�y� �=� �f�o�)� �A� �(�¥�1� �=� �Y�o�)� �(�A�y�)� 

�T�h�e� �a�x�i�o�m� �s�t�a�t�e�s� �t�h�a�t� �n�o� �t�w�o� �o�b�j�e�c�t�s� �i�n� �t�h�e� �O�B� �h�a�v�e� �t�h�e� �s�a�m�e� �i�d�e�n�t�i�f�i�e�r�s�.� 

�I�n�s�t�a�n�t�i�a�t�i�o�n�:� 

�Y�o�,� �x�,� �c� �P� �(�0�,� �x�,� �i�n�,� �c�)� �=�>� �I�n� �(�x�,� �c�)� �(�A�o�)� 

�T�h�i�s� �a�x�i�o�m� �i�n�d�u�c�e�s� �i�n�s�t�a�n�t�i�a�t�i�o�n� �-� �/�n� �(�x�,� �c�)�.� �I�n� �(�x�,� �c�)� �c�a�n� �t�h�e�n� �b�e� �u�s�e�d� �t�o� �f�o�r�m� 

�d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �a�n�d� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s�.� �T�h�e� �a�x�i�o�m� �s�t�a�t�e�s� �t�h�a�t� �i�f� �a�n�y� �o�b�j�e�c�t� �x� �(�w�i�t�h� 

�O�I�D� �o�)� �i�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �c�,� �t�h�e�n� �t�h�e� �s�a�m�e� �x� �(�w�i�t�h�o�u�t� �r�e�f�e�r�e�n�c�i�n�g� �t�o� �o�)� �i�s� �a�n� �i�n�s�t�a�n�c�e� 

�o�f� �c�.� 

�S�p�e�c�i�a�l�i�z�a�t�i�o�n�:� 

�V�o�,� �c�,� �d� �P� �(�0�,� �c�,� �i�s�a�,� �d�)� �=�>� �I�s�a� �(�c�,� �d�)� �(�A�g�)� 

�T�h�i�s� �a�x�i�o�m� �i�n�d�u�c�e�s� �s�p�e�c�i�a�l�i�z�a�t�i�o�n� �-� �f�s�a� �(�c�,� �d�)�.� �I�s�a� �(�c�,� �d�)� �c�a�n� �t�h�e�n� �b�e� �u�s�e�d� �t�o� 

�f�o�r�m� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �a�n�d� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s�.� �T�h�e� �a�x�i�o�m� �s�t�a�t�e�s� �t�h�a�t� �f�o�r� �a�n�y� �o�b�j�e�c�t� 

�c� �(�w�i�t�h� �O�I�D� �0�)� �/�s�a� �d�,� �t�h�e�n� �t�h�e� �s�a�m�e� �c� �(�w�i�t�h�o�u�t� �r�e�f�e�r�e�n�c�i�n�g� �t�o� �0�)� �/�s�a� �d�.� 

�A�g�g�r�e�g�a�t�i�o�n� �/� �A�t�t�r�i�b�u�t�i�o�n�:� 

�V�o�,� �x�X�,� �r�,� �y�,�;� �p�,� �c�,� �m�,� �d� �P� �(�0�,� �x�,� �r�,� �y�)� �A� �P� �(�p�,� �c�,� �m�,� �d�)� �A� �I�n� �(�0�,� �p�)� 
�=� �A�(�x�,� �m�,� �y�)� �(�A�q�)� 

�T�h�i�s� �a�x�i�o�m� �i�n�d�u�c�e�s� �a�g�g�r�e�g�a�t�i�o�n� �-� �A� �(�x�,� �m�,� �y�)�.� �A� �(�x�,� �m�,� �y�)� �c�a�n� �t�h�e�n� �b�e� �u�s�e�d� 

�t�o� �f�o�r�m� �d�e�d�u�c�t�i�v�e� �r�u�l�e�s� �a�n�d� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t�s�.� �T�h�e� �a�x�i�o�m� �s�t�a�t�e�s� �t�h�a�t� �i�f� �o� �i�s� �a�n� 

�i�n�s�t�a�n�c�e� �o�f� �p�,� �t�h�e�n� �r�m�u�s�t� �b�e� �a�n� �i�n�s�t�a�n�c�e� �o�f� �m�.� �T�h�u�s� �t�h�e� �a�t�t�r�i�b�u�t�e� �i�s� �a� �r�e�l�a�t�i�o�n� �b�e�-� 

�t�w�e�e�n� �x�a�n�d� �y�w�i�t�h� �a� �m�a�p�p�i�n�g� �m�.� �F�o�r� �e�x�a�m�p�l�e�,� �P� �(�#�e�s�a�l�a�r�y�,� �#�J�o�h�n�,� �e�s�a�l�a�r�y�,� �7�0�0�0�0�)� 

�A� �P� �(�#�s�a�l�a�r�y�,� �#�E�m�p�l�o�y�e�e�,� �s�a�l�a�r�y�,� �#�I�n�t�e�g�e�r�)� �i�n�d�u�c�e�s� �A� �(�#�J�o�h�n�,� �s�a�l�a�r�y�,� �7�0�0�0�0�)�.� �T�h�e� 

�a�x�i�o�m� �p�r�o�v�i�d�e�s� �a� �s�i�n�g�l�e� �l�i�t�e�r�a�l� �A� �(�x�,� �m�,� �y�)� �f�o�r� �a�l�l� �a�t�t�r�i�b�u�t�e� �a�c�c�e�s�s�e�s� �f�r�o�m� �a�n� �o�b�j�e�c�t� �x� 

�t�o� �i�t�s� �a�t�t�r�i�b�u�t�e� �v�a�l�u�e� �y�.� �I�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �n�o�t�a�t�i�o�n� �t�h�i�s� �i�s� �w�r�i�t�t�e�n� �a�s� �x�.�m� �=� �y�.� 
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