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Abstract

Semantic Web will probably make important influence on web technologies. Description
logics is the fundamental mechanism for describing the semantics embedded in the web.
Therefore, processing description logics is attracting more and more attention of researchers.
Prof. Dr. Volker Haarslev, Kay Hidde, Prof. Dr. Ralf Mdller and Michael Wessel have
developed a description logic inference system, which accepts queries written in nRQL, a
query language specially designed for Description Logic. But the client side of this system
is not so complete as needed. Some preprocessing in the client on queries is expected,
before they are sent as requests.

This report describes a student project focusing on building a prototype for transforming an
EBNF grammar (e.g. that of nRQL) to an object-oriented metamodel, so that later parsing a
document conforming to that grammar (in the example, a document containing nRQL queries)
results in objects instantiated from the OO metamodel.

This report explains the approach for transformation, introduces two important tools used in
this project, and explains in detail how the prototype was built. When building the prototype,
comparison between two implementation means are involved, some complex problems
encountered are addressed with the solution finally given, and some important features of
certain parts of the prototype are clarified also. At the end, conclusions are given.



1 Introduction

1.1 Motivation

World Wide Web is developing very fast in recent years, mostly acting as a medium of
documents for people to publish and obtain data. But it almost does not provide information
that can be manipulated automatically. The need of machine-processable data embedded in
web pages made the technology Semantic Web come in, which is a mesh of information
linked up with each other to be easily processed by machines. This is an efficient way of
representing data on World Wide Web, just like a globally linked database.

To achieve this, schemas and ontologies were introduced to add semantics to URIs and data
which was hidden in the web pages, so that the semantic data could be retrieved by following
the rules for reasoning about data logically and the hyperlinks to definitions of key terms.

One of the ontology languages, Web Ontology Language (OWL), is a syntactic variant of a
well-known and very expressive description logic, which can be used to explicitly represent
the meaning of terms in vocabularies and the relationships between those terms.  This
representation of terms and their interrelationships is called an ontology. Then, we could get
the point that, a description logic that ontologies are based on is the essential in representing
data semantics.

Therefore, dealing with description logics has become an important task in the research and
development of Semantic Web technology. One of the efforts in front of our eyes is
RacerPro system, which is being developed by Prof. Dr. Volker Haarslev, Kay Hidde, Prof.
Dr. Ralf Mdéller and Michael Wessel. RacerPro system is a description logic inference
system, which implements a highly optimized tableau calculus for a very expressive
description logic SHIQ that is the base of OWL DL, and offers reasoning services as well. [1]

The standard RacerPro acts like a face-less back-end server, and is therefore sometimes
referred to as the "kernel application”. Correspondingly, RacerPro needs the client side, by
which humans can interact with RacerPro. Typically all interaction with RacerPro takes
place via network protocols like HTTP (DIG) or Racer native commands (over TCP/IP). We
also can implement our own client system using LRacer or JRacer as Lisp or Java libraries to
the Racer native command set, but we have to provide all necessary functionallity as well as
the user interface yourself. [1]

The existing client systems of RacerPro are RacerPorter using LRacer and RICE using
JRacer. (Fig 1.1) By the two client systems, the description logic queries can be built in
graphics, described in nRQL (new Racer Query Language, a high level query language
designed for Racer queries) and sent to RacerPro to process. (Fig 1.2) [1]

However, there is no syntax checking in the client systems for the grammar correctness of
queries in nRQL. It is a waste for RacerPro to reason grammatically wrong queries.
Furthermore, sometimes we do not need so complex client user interfaces as the two client
systems mentioned above, simple console for input and output is enough and would be better
if it is convenient to facilitate some other development, integrated in the Eclipse IDE.



Fig 1.1 Structure of RacerPro
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| 1.2 Obijectives and Goal of this project

What we want to achieve is to build a prototype that can analyze syntax of any queries
obeying the specification of a certain simple language or expression.  This prototype will be
enriched in the future to check queries against the grammar of nRQL before the queries are
sent to RacerPro. Moreover, this prototype without complex user interface is expected to be
integrated into the Eclipse IDE.

The objectives of this project are:

1.

2.

Investigate EBNF for describing grammars of any languages;

Investigate an important paper “A Metamodel for SDL-2000 in the Context of
Metamodelling ULF”, and summarize the approach addressed in it;

Get familiar with ANTLR and Octopus, learn to write a .g file and a .uml file for a
prototype;

Design and construct a workflow diagram for the prototype;
Implement the prototype;

Encapsulate the prototype as a plug-in of Eclipse.



2 Metamodelling of Syntax

Today, the syntax of many languages is defined using context-free grammars. But these
syntax definitions suffer from some drawback, therefore, metamodel is introduced to solve the
problem. In this chapter, we will focus on metamodelling of the syntax of the existing
languages. Firstly, EBNF is introduced simply in Section 2.1. Then in Section 2.2 to be
discussed is why metamodel should be used. Later comes the core of this chapter. Section
2.3 presents how meta-metamodels for EBNF grammars are built.  And how to transform
from EBNF grammars to metamodels automatically is explained in Section 2.4.  This is the
essential aspect of this student project.

2.1 What is EBNF?

EBNF is Extended Backus-Naur Form, which is a formal mathematical way to describe a
language. EBNF is used to formally define the grammar of languages. The grammar
defined using EBNF consists of a collection of grammatical rules, and each rule is devided by
“:=" into two parts, the left side is called NonTerminal, whereas the right side, which is going
to replace the left side, can be a collection or sequence of symbols, NonTerminals or
Terminals, in some relationships with the assistance of some special signs.

There is a real example, which defines a grammar for simple arithmetic calculations:

expr := proexpr ((PLUS | MINUS) proexpr)* SEMI
proexpr = powpr ((MUL | DIV) powpr)*
powpr := atom (POW atom)?

atom = INT

MUL =TT

DIV = /"

PLUS = T+T

MINUS = t-T

POW = T

SEMI = ;-

INT = ("0".."9")+



In this example, each line is a rule. The symbols on the left side of rules are NonTerminal,
because they must be replaced by the right side of rules, e.g. proexpr must be replaced by
powpr ((MUL | DIV) powpr)*,etc. And Terminals are the strings that are not replaced by
other Terminals or NonTerminals, and actually they terminate the replacement process, e.g.
‘7, ¢+, “* etc.  Intherule proexpr = powpr ((MUL | DIV) powpr)*, the ‘|” between
MUL and DIV is used to present that MUL and DIV are alternatives, either of which is
combined with powpr.

We may notice some special signs used in this example, such as * , ? and + (different from
“*7 *+’ which are Terminals). The three special signs (operators) are the difference between
EBNF and BNF.

e ?:which means that the symbol (or group of symbols in parenthesis) to the left of the
operator is optional (it can appear zero or one time);

e *:which means that something can be repeated any number of times (and possibly be
skipped altogether);

« + : which means that something can appear one or more times. [2]

Therefore, the rules with the operators above should be easily understood. For example, we
can give an instance for proexpr ((PLUS | MINUS) proexpr)*, 5 + 3 + 2, here PLUS proexpr
appears twice, this is what operator * allows for.

EBNF is widely used to define the formal grammar of languages, because it has two
advantages: there can be no ambiguity on the defined syntax of a target language, and it
makes it much easier to make compilers, because the parser for the compiler can be generated
automatically with a compiler-compiler like ANTLR, which we will introduce in a later
chapter.

By now, main concepts of EBNF have been introduced. It seems that EBNF is very
competent when defining the syntax of languages, why do we need metamodel, and what are
the benefits if using metamodel? It is better move to next section to find out the answers.

2.2 Why Metamodel?

A metamodel is a model that explains a set of linguistic models. [3] Metamodel and Context
free grammars are thought of as main methodologies to define coordinated syntax definitions.

As we mentioned in Section 2.1, EBNF syntax is developed to specify concrete language
syntax without ambiguity. However, EBNF grammars do not provide the means for rule
refinement or generalization, and also do not allow modularization. It is impossible in
EBNF grammars to refine rules to form generalization hierarchies or to set up logical
structures by using a namespace mechanism or something like that. [4]

Therefore, some benefits of object-oriented languages can not be taken from an EBNF
grammar based specification, which we can call syntax-oriented. For example,
generalization, and thus refinement and reuse, as well as logical structures through
mechanisms like namespaces and packages, are very important concepts in language
specifications and object-oriented development. (4] With these features, not only can the



words of a language be specified, but the internal structure of the described language can be
defined. This allows a natural evolution of language specifications and easy tool
development. Obviously, syntax-oriented method even is straightforward to describe a
language syntax definition, but it can not provide some useful and important features that
object-oriented method have, thus it is somehow not very suitable when we want to involve
language syntax manipulation in an object-oriented development environment.

In contrast, as object-oriented modelling platforms, metamodelling architectures provide a
generalization mechanism, so that metamodel can contain inheritance hierarchies of concepts.
And the metamodelling language is required to be object-oriented. Now, we know
object-oriented metamodels are fit for migrating manipulations on pure EBNF based language
syntax onto object-oriented platforms.

2.3 Building EBNF Metamodel

After clarifying the potential of metamodelling for language specification, we faced the
problem of providing this metamodelling features to already existing, grammar based
language specifications. Here a method is proposed to solve this problem.

In order to adopt the essence of model-driven software engineering, we need an source model,
a target model, and the rules for transforming from the origin model to the target model. In
this case, we already have the source model, which is the EBNF grammars defining the syntax
of computer languages. The target model is the metamodel for EBNF grammars. Then the
transformation rules are designed. With the three parts, the transformation is required to be
automatically carried out. That can avoid many errors due to human failure if it is executed
manually.

The resulting metamodel should only use the existing meta-concepts provided by EBNF, as
the automatic transformation is expected. Therefore, in order to easily understand the
concepts in EBNF grammars and their relationships, it would be better first depict clearly the
meta-concepts of EBNF and their relationships. Here a metamodel of EBNF, which is a
meta-metamodel of EBNF grammars, is presented in Fig 2.1. [4]

The target model to achieve, corresponding to the origin model ---- EBNF grammars, is a
metamodel, which should be object-oriented and can be represented in a UML diagram.

Thus it is a good way to modify the meta-metamodel in Fig 2.1 and make it become the one
that is easier for common metamodelling architectures and closer to the target object-oriented
model, which means the concepts used in the two models, meta-metamodel in Fig 2.1 and the
result of modification, would get related. Moreover, through the modification on the
meta-meta level, we can deduce a mapping from the meta-concepts of EBNF to the
object-oriented concepts used in object-oriented metamodels. Then the transformation rules
created through the mapping is for the meta-level of all EBNF grammars, so that it would be
the base of the automatic EBNF grammars to object-oriented metamodels conversion. [4]

The modification made to the model in Fig 2.1 should use concepts out of the concept space

of object-oriented metamodelling, as long those concepts can replace the respective grammar
concepts isomorphicly. In Fig 2.1, the grammar concepts Symbol, Terminal, NonTerminal,
Rule and Expression are all basic elements in EBNF and they represent atomic entities in



Symbol

Terminal NonTerminal

Rule 1 Expression Fsubexpression
1 1 1 1.n

+subexpression/\ /\

Optional AtlL eastOne Arbitrary

Alternative

Composition

Fig2.1 EBNF grammar meta-metamodel

EBNF grammars, so they could be regarded as concepts class. The grammar concepts
Composition and Alternative seem to be more difficult to handle. We can dig into the
semantics of the two concepts. Let’s think of a simple example of Composition:

A = BCDE;
A is the NonTerminal that is to be replaced by the sequence of B C D E. In fact, this reveals
the relationship between A and B, C, D and E.  See the simple diagram in Fig 2.2, a
NonTerminal A is related to a B, a C, a D and an E, with the multiplicity 1 to 1. Obviously,
Composition in EBNF can be represented by concept Association in object-oriented models.

C D

Fig 2.2 Composition of EBNF in object-oriented model

As to concept Alternative, we can also analyze an example:

A = BJ|C|D|E;
In this example, NonTerminal A can be replaced exclusively by B, C, D or E, which means,
when a replacement occurs, only one of B, C, D and E is chosen to replace A. Then the
selected one is regarded as a specialized A, or a variant of A. Therefore, Alternative is
mapping to concept Generalization in object-oriented models. And in this example, the
generalization is used instead of alternatives as shown in Fig 2.3.
Optional, AtLeastOne and Arbitrary in Fig 2.1 are similar to Composition in semantics, only
with the multiplicity different. We can therefore deal with them in the same way as
Composition ---- using Association to represent them in object-oriented models.
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C D

Fig 2.3 Alternative of EBNF in object-oriented model

After analyzing the semantics of the EBNF concepts in Fig 2.1, we have found their
representations in object-oriented models. Let’s put the representations together to form a
more common and object-oriented-closer meta-metamodel, as shown in Fig 2.4. [4]

Multiplicity 1 <<enumaration>>
kind: MultiplicityKind MultiplicityKind
Acrbitrary
Association AtLeastOne
1 Optional
1 One
Class
1 |
1 Generalization

Fig 2.4 A more common and object-oriented-closer meta-metamodel

2.4 Transformation rules

Through the analysis in Section 2.3, we are already ware of the mapping relationships
between EBNF concepts and object-oriented concepts, and a more common and
object-oriented-closer meta-metamodel has been built.  The rules for the transformation from
EBNF grammars to metamodel is extracted from the mapping relationships, because what we
want to achieve is that EBNF grammars are represented in object-oriented models.

The transformation rules as follows are cited from the paper “A Metamodel for SDL-2000 in
the Context of Metamodelling ULF”:

1. Every symbol is represented through a class.

2. Arule with a single symbol on the right is represented through an association that
associates the class representing the left hand symbol with the class representing the

11



right hand symbol.

A rule with a composition on the right is represented through an association for every
composed sub-expression.

A rule with an alternative on the right is represented through a generalization for every
alternated sub-expression.

A sub-expression consisting only of a single symbol is represented through that symbol’s
class.

A sub-expression that is a composition or an alternative is represented through a new
class, with a so-far unused name. The composition or alternative is transformed as in 2
or 3, but with the new class as the left hand representative.

A sub-expression of multiplicity kind, that is part of a composition, is transformed to an
equivalent multiplicity kind of the proper association end.

An expression of multiplicity kind or a sub-expression of multiplicity kind, that is part of
an alternative, is represented through a new class with a so far unused name. An
association is introduced between that new class and the class that represents the
multiplied sub-expression, with proper multiplicity. [4]

12



3 ANTLR and Octopus

In Chapter 2, we have discussed the approach to build EBNF metamodel and the
transformation rules were also created. We may find that all the building and transforming
activities are based on a precondition that EBNF grammars are parsed and their concept
constructs are all recognized. Parsing grammars and recognizing their concept constructs
can be considered as compiling. In the procedure of compiling, the codes written in a
programming language are taken as input, and all the grammar units are recognized as tokens,
then the token stream is parsed for its syntactic structure, finally the semantics of the codes’
syntactic structure are analyzed, and after optimizing, the target code is generated. Thisisa
general procedure of compiling, and we already find it too complicated to build a similar
compiler ourselves to compile the EBNF grammars and some languages abiding by certain
EBNF grammars. Fortunately, there is a ready-to-use tool to help us. In this chapter, this
tool, which is named ANTLR, is introduced and illustrated. ~And another tool to deal with
UML files is briefly introduced in the last part of this chapter.

3.1 ANTLR

ANTLR, ANother Tool for Language Recognition, is a tool that accepts grammatical
language descriptions and generates programs that recognize sentences in those languages.[s]
We can consider ANTLR as an automatic quasi-compiler generator. In Fig 3.1 is shown an
ANTLR plug-in for Eclipse.

TIUTET ML Ll E§) BEPOYT. . .

+-fH com. xa

+ Eﬂ- com. xa Qé‘h' Refresh F5

+- B com. xa

- expr Compile ANTLE Grammar

+-H genera Bun A= 4

+- 8 utilit Debuz A= r
antlr. Compare With +
antlr. Replace With L
antlr. Tean »
|=| ANTLET
|=| ANTLET Properties Alt+Enter
cale. g il

|Z| CaleTreefalkerTokenTypes. txt

Fig 3.1 ANTLR plug-in for Eclipse

3.1.1 ANTLR Grammar

ANTLR accepts grammatical language descriptions and generates quasi-compilers, so the
grammatical language descriptions are the base for the code generation and obviously
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important.  All the grammatical descriptions are stored as .g files only specified and
recognized by ANTLR, see calc.g in Fig 3.1.

ANTLR provides a special grammar for the grammatical language descriptions, the .g files.
This grammar is based on EBNF, which means a .g file is mainly composed of a grammatical
languages description that is using EBNF for the description. Furthermore, as part of a
translator, we may augment our grammars with simple operators and actions to tell ANTLR
how to build ASTs (Abstract Syntactic Tree) and how to generate output. ASTSs are
syntactic structures of codes presented in the form of trees, e.g. in Fig 3.2.

N
/N

Fig 3.2 AST of Expression 3+5*6

3+5*6

The following is a template of ANTLR grammar, with each structural section commented:

header {
// stuff that is placed at the top of <all> generated files

}

options { options for entire grammar file }

{ optional class preamble - output to generated classfile immediately before
the definition of the class }
class YourLexerClass extends Lexer;
// definition extends from here to next class definition
// (or EOF if no more class defs)
options { YourOptions }
tokens. ..
lexer rules...
myrule[args] returns [retval]
options { defaultErrorHandler=false; }
// body of rule...

{ optional class preamble - output to generated classfile immediately before
the definition of the class }

class YourParserClass extends Parser;

options { YourOptions }

tokens. ..

parser rules...

{ optional class preamble - output to generated classfile immediately before
the definition of the class }

class YourTreeParserClass extends TreeParser;

options { YourOptions }

tokens. ..

tree parser rules...

14



// arbitrary lexers, parsers and treeparsers may be included [6]

Getting familiar with the template above is best done via example. You may still remember
that in Section 2.1, an EBNF grammar for simple arithmetic calculation was given, and just as
we said that the grammar for .g files is based on EBNF and .g files mainly contain EBNF
grammars, we just use the simple arithmetic calculation grammar as the base of our simple
calc.g file example.

class CalcParser extends Parser:
options {

buildh3T = true; A4 uses CommondIT by default
H

expr : proexpr {(PLU3* | MINUZ*) proexpr)* 3IENI!

proexpr
powpr [ (MUL* | DIV") powpr)*®

powpr : atom [(POW* atom) ?

atom : INT

Fig 3.3 Part 1 of calc.g ---- CalcParser

In Fig 3.3, the grammar part was given before, but there is still some tiny differences. First,
each arithmetic operator, PLUS, MINUS, MUL, DIV and POW, is postfixed with a caret sign
‘A’ This is an ANTLR directive specific to the creation of ASTs, it specifies that the token
the caret postfixes should become the root of the current AST or AST subtree, just like ‘+’
and “*’ in Fig 3.2.  Second, an excalmatory mark is attached behind SEMI, which is also an
ANTLR directive for ASTs, it specifies that the tokens postfixed with “!” will not appear in
the resulting ASTs. Those special signs will be illustrated in Section 3.1.3.

Besides the carets and the excalmatory mark, we should pay attention to the part above expr.
There are two parts, one is the first line, and the other is the following block. The first line
declares what role this fragment of codes will act as in the later generated program. In
ANTLR, all ANTLR grammars are subclasses of Lexer, Parser, or TreeParser. Lexer is
taking the stream of codes in the target language as input and generates a corresponding token
stream; then Parser parses this token stream and generates a syntactic structure, such as AST;
TreeParser is a tree walker, which traverses the generated AST and does some further work.
In this example, we should think over at the syntactic level, therefore a Parser subclass should
be built. The first line is declaring which type of subclass should be built in the later
generated program.

The second part in Fig 3.3 is a block titled options. In this block, some optional attributes
can be set, just like bui IdAST = true;, which requires CommonAST be built by default.
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Besides setting some attributes, some our own created variables can be declared here, even
user created methods can be defined here.

In Fig 3.4 is shown Lexer definition part of calc.g file. That is almost the same as what we
have in Chapter 2. Only except for { _ttype = Token.SKIP; 3}, this line of codes is just
like a script embedded in the lexer grammatical definition.  All script-like codes in .g files
are marked with curly brackets, and the scripts would be directly used in the later generated
program without being modified, whereas the other grammar-like codes in .g files are
automatically translated to programming language codes, such as Java language. _ttype is
a variable that already exists or would be newly declared. Token.SKIP is a predefined
constant in ANTLR, which means that those characters would be ignored by when scanned by
the lexer. The other parts of this lexer definition are of no need to explain more.

class CalclLexer extends Lexer:

s . [

| |'-,It_|

| |'-,In|

I "hr'l

{ ttype = Token.3EIP: }

MUL . e
LIV . i
PLITS : P!
MINTS : r—t
POW : el
SEMI : e
INT . [('or.L.ren+

Fig 3.4 Part 2 of calc.g ---- CalcLexer

In this example, we don’t define a TreeParser, it is optional. ~ All the three types of classes
are optional and their relative sequence in a .g file is not fixed. .g files could be far more
complex, but here for this arithmetic grammar, a simple calc.g is enough for ANLTR to
generate a useable simple arithmetic calculation compiler. If you are interested in ANTLR
grammar or you need more details, further materials at www.antlr.org are waiting for you.

16



3.1.2 Compiler Generation by ANTLR

As we have talked, ANTLR accepts grammatical language descriptions, which are written
in .g files and based on EBNF grammars, and generates programs from .g files accordingly.
The generated programs are actually compilers for the codes in programming languages that
are grammatically described in the .g files.

Last section we got to know how a .g file is built, and a sample .g file calc.g was given, which
was using the simple arithmetic calculation’s EBNF grammar that was shown in Chapter 2.
So we already have a .g file now, and what we should do next is straightforward, to generate
the compiler for simple arithmetic calculation from calc.g file.

In Fig 3.1, a popup menu with a menu selection “Compile ANTLR Grammar” was shown,
this menu selection is from the integrated ANTLR plug-in for Eclipse. Obviously, clicking
this selection will make ANTLR execute ---- compiling .g files and generating a compiler
automatically.

Let’s try this operation on calc.g as what was displayed in Fig 3.1. Undoubtedly, a compiler
consisting of several Java files is generated, see Fig 3.5.

+ 'B CaleLexer. java <eoale. g
+ 'B CaleParser. jawa <eoale. g
+ CaleParserTokenTypes. jawa <eale. g
cale. g
|Z| CalcParserTokenTypes. txt  <ecale. g
+-2, JEE Swystem Library [jdk]
+-gg) antlr. jar — D:hantlr-2.7.3

Fig 3.5 Generated compiler files

By default, all resulting Java files are put in default package, which means the Java classes
defined in those files don’t have package declarations. There are three resulting Java files,
CalcLexer.java that is representing a lexer corresponding to the lexer part in calc.g file,
CalcParser.java that is representing a parser corresponding to the parser part in calc.g file,
and CalcParserTokenTypes.java that defines all token types recognized by the lexer.
Another CalcParserTokenTypes.txt also records all the token types.

One more point to mention is that we have to include the library antlr.jar which is contained
in the ANTLR tool package you can download from www.antlr.org. Otherwise, some
codes in the resulting Java files could not be resolved, because some classes in ANTLR are
used in the codes.

17



3.1.3 Build a Client of the Compiler

Now, we have a compiler to parse simple arithmetic calculations. But how can the compiler
be started? Therefore, we still need a client to build lexer and parser objects, then let them
accept simple arithmetic calculations as input and build resulting ASTs as output.

Here we build a client to run the compiler. The codes are as follows:

"import antlr.Coremond3T;
import antlr.debugy.misc.A3TFrame;
import Jjava.io.DatalnputItreamn;

‘public class CalcTest {

public static void main(3tring[] args) |
try §
Datalnput3tream input = new Datalnput3tresm (SysSten.in) ;
CalclLexer lexer = new CalclLexer (input);

CalcParser parser = new CalcParser (lexer):
parser.expril:

Commond3T parseTree = [(Comnohld3T) parser.getld3ITI() !
Jtring result = parseTlree.tol3tringList () ;
IJystem.out.println(result) ;

A3TFrame frawme = new AS3TFrame ("The tree™, parseTree);
framwme.setVisibhle (true) ;

+ catchi(Exception ) { 3yvstem.err.println("Exception: "+e); }

Fig 3.6 CalcTest.java ---- Client for Calc Compiler

In this client, the keyboard input in the console is taken from the system input stream, and
passed to build a CalcLexer instance. Generally, a CalcLexer instance requires input in the
form of an input stream or an array of characters.

An CalcParser instance is built with a CalcLexer object as an argument.  Here this
CalcLexer object represents a token stream. The CalcParser instance’s expr() method is
called to start parsing. It extracts tokens from the token stream, analyzes their syntactic
structure and then built an AST which is returned by calling getAST() method. The resulting
AST can be output to the console by method toStringList() of class CommonAST, which is
defined in ANTLR to represent an AST. ANTLR also provides a class ASTFrame, which is
a subclass of javax.swing.JFrame, to visualize ASTs.

Let’s run the client and type in the console an arithmetic expression “3+5*69;” as input.

18
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Fig 3.7 Console output for arithmetic expression “3+5*6/9;”

The resulting console output is displayed as Fig 3.7. The output String (+3 (*5(~69)))
is generated by the method toStringList() of class CommonAST. This string shows in text the
syntactic structure of the input arithmetic expression. 6”9 is a power expression and built as
a subtree first; then 679 is thought of as a single unit that is multiplied by 5, so that a product
expression 5*(6°9) is built as a subtree; finally, the product expression is thought of as a

single unit and added with 3, therefore a top tree is built, which is representing 3+(5*(6"9)).

Don’t forget we still have an ASTFrame instance to show the resulting AST, as shown in the
following picture:

|j+
3
¢
5
=
Y6
o

Fig 3.8 Visualized AST of arithmetic expression “3+5*6°9;”

Given in Section 3.1.1 that the token postfixed with a caret ‘*” would be set as the root of the
resulting AST or one of its sub ASTs, and the token postfixed with an excalmatory mark ‘!’
would not appear in the resulting AST, we might find in this visualized AST that ‘+°, “*’ and
‘A’ each of which is postfixed with a caret, all appears as the roots of ASTs, whereas the last
sign “;’, which is postfixed with an excalmatory mark, does not appear in this AST.

This visualized AST tells us that AST is a very straightforward syntactic structure for the
compiled codes. Thus, if we want to do some syntax related work, this tree structure would
be very helpful, because we can add codes that will be executed when the tree structure is
being traversed. In the next chapter, you will see how this tree structure is utilized.
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3.2  Octopus

Octopus, which stands for "OCL Tool for Precise UML Specifications", is a tool to support
the use of OCL. [7] Fig 3.9 and Fig 3.10 show the Octopus plug-in for Eclipse.

File Edit Source Refactor Ha

i | @ Vi

Fig 3.9 Octopus plug-in for Eclipse --- in Menu Bar

Compare With 4

Restore from Loecal History. ..

piy Inport XMI file

b
FIE Touls (@ Add Detopus Hature

Froperties #lt+Enter WJ| Generate Tawa Code for Octopus project

\:I' Show model

Fig 3.10 Octopus plug-in for Eclipse --- in Popup Menu

We do not involve OCL in this project, so the support to OCL seems useless to us. However,
Octopus has another feature that it is able to transform the UML model, including the OCL
expressions, into Java codes.

3.2.1 .uml files as UML model

In Octopus, UML models are represented by .uml files. .uml files are text representation of
UML diagrams. This text-based UML model will be used as our metamodel of EBNF
grammars. Here we will see how an .uml file is by an example.

You may still remember we have built EBNF grammar meta-metamodel in Fig 2.1, which is a
UML class diagram. It’s a good sample UML model for us to represent in an .uml file.

But considering the actual use of this meta-metamodel in this project, we need to modify it a
little. When we try to transform the EBNF grammars to object-oriented model, according to
the transformation rules given in Section 2.4, an EBNF rule is represented as an association
between a NonTerminal and a combination of other EBNF concept constructs. For example,
powpr : atom (POW~”atom)?; isarule, ina UML class diagram, it would be
represented by a class powpr, another class which stands for the composition of atom and

( POW” atom)?, and a one-to-one association between the two classes. Obviously, we
don’t use a class rule when we build this UML class diagram for an actual EBNF grammar.
Therefore, | decide to remove this rule from Fig 2.1. The resulting UML class diagram for
EBNF grammar meta-metamodel is as follows:
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Alternative [ |
Composition

Fig 3.11 Modified EBNF grammar meta-metamodel

Given this modified EBNF grammar meta-metamodel, we can translate it into an .uml file.
This BNF.uml could be created like follows:

<package> bnfmetamodel

<class> Expression
<endclass>

<class> Symbol <specializes> Expression
<endclass>

<class> Terminal <specializes> Symbol
<endclass>

<class> NonTerminal <specializes> Symbol
<endclass>

<class> Alternative <specializes> Expression
<endclass>

<class> Composition <specializes> Expression
<endclass>

<class> Optional <specializes> Expression
<endclass>

<class> AtLeastOne <specializes> Expression
<endclass>

<class> Arbitrary <specializes> Expression
<endclass>

<associations>

+NonTerminal .<noName>[1] <-> +Expression.<noName>[1];
+Expression.subexpression[1] <-> +Optional .<noName>[0..*];
+Expression.subexpression[1l..*] <-> +AtLeastOne.<noName>[0..*];
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+Expression.subexpression[1l..*] <-> +Arbitrary.<noName>[0..*];

+Expression.subexpression[1..*] <->
+Composition.<noName><ordered><composite>;

+Expression.subexpression[1l..*] <-> +Alternative.<noName>[0..*];

<endpackage>

In this BNF.uml, we use <class> and <endclass> tags to declare classes drawn in the UML
class diagram, and <specializes> tag is used to indicate that the declared class inherits from
the class specified after thistag. In <associations> section, ‘+’ is the public modifier; the
digits in square brackets ‘[]’ are the multiplicities of associations; <noName> is the default role
of an participant in an association; <ordered><composite> indicates that a Composition
should be a composite of Expressions which act as subexpressions and should be ordered, to
be more detailed, when Octopus automatically generates Java codes according to this .uml file,
this <ordered> tag will require that class Composition have a List instance, instead of a Set
instance, to hold all its subexpressions in order to keep some certain sequence; finally,
<package> and <endpackage> tags are used to specify the package name which would be
declared in each classes. [7]

3.2.2 Automatic Java codes generation from .uml files

After creating an .uml file, we can start generating Java codes from it. That’s very simple.
First, the Java project should be added with Octopus Nature, click the popup menu selection
“Add Octopus Nature” in Fig 3.10, so that two folders “expressions” and “model” are created,
“expressions” folder is for OCL, and “model” folder contains all .uml files; then we put
BNF.uml in a new folder “bnfmetamodel” corresponding to the package name specified in
this .uml file, and “bnfmetamodel” should be contained in “model” folder, see Fig 3.12;

L% cale
+ T sre
+-2=), JEE System Library [jdik]
+ g antlr. jar — D:hantlr-2. 7.3
=+ expressions
Ry modal
== bnfmetamodel
UL BHF. uml

Fig 3.12 BNF.uml in “model” folder

finally, just click the popup menu selection “Generate Java Code for Octopus project” as
shown in Fig 3.10. Then the Java code is generated as expected:

22



-} bofmetamodel

+

o [ e e B e P e

|J] IMternative. jawva
|J] Thrbitrary. java
|J] TAtLeastOne. java
4] IComposition. jawva
|J] IExpression. java
|J] IHonTerminal. java
|J] I0ptional. java

|4] ISymbol. jawa

4] ITerminal. java

--f} bofmetamodel. internal =

+

o [ e e B e P e

|J] Alternative java
|J] Arbitrary. java
|J] AtLeaztOne. java
|J] Composition jawa
|J] Expression. java
|J] HonTerminal. jawa
|J] Optional. java

|4] Symbol. java

|J] Terminal. java

H bofmetamodel. internal. genmerated

Ea N e B e e e R e S

WJ| MlternativeGEH. java
yJ| ArbitraryGEH. java
J| AtLeastOneGEN. java
J| CompositionGEN. jawa
J| ExpressionGEN. java
J| HonTerminalGEN. jawa
)| OptionalGER. java

WJ| SymbolGEN. java

oJ| TerminalGEH. java

Fig 3.13 Generated Java files from BNF.uml

In Fig 3.13, the generated Java code has three packages, package bnfmetamodel provides the
interfaces of the classes defined in BNF.uml; the classes in package bnfmetamodel.internal.
generated implement those interfaces, and in general, we do not directly create objects of the
classes in this package; instead, we define their subclasses in bnfmetamodel.internal package,

which we can instantiate.
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4 Building Prototype

4.1 A Short Review

After the explanation of building metamodel in Chapter 2 and the introduction of ANTLR and
Octopus in Chapter 3, we should make a short review of what we have done.

In Chapter 2, EBNF is first introduced with a sample given, which is the grammar for simple
arithmetic calculation expressions. Then we compared and discussed two main
methodologies for describing syntax definition, metamodel and context free grammars.
After we got the point that metamodel is more suitable in this project, we built an EBNF
grammar meta-metamodel, and modified it to an object-oriented-closer version, in which the
mapping between EBNF meta-concepts and object-oriented concepts were represented, and
we therefore summarized transformation rules from this mapping.

In Chapter 3, ANTLR appeared with a sample ANTLR grammar, calc.g, which was built on
base of the sample EBNF grammar for simple arithmetic calculation expressions.  Certainly,
we did not forget explaining every detail of calc.g. Furthermore, we used ANTLR to
compile calc.g and got some Java files that formed a simple compiler for simple arithmetic
calculation expressions, and then we built a client program to run this simple compiler.
Testing on an arithmetic expression, its resulting AST was exhibited. Another part of
Chapter 3 is about Octopus, where we modified a little the EBNF meta-metamodel (a UML
class diagram) and converted that class diagram to BNF.uml that could be recognized by
Octopus. Here an .uml represented an object-oriented metamodel.  Finally, we used
Octopus to generate Java classes declared in BNF.uml.

We can list all artifacts we finished and mentioned above as follows:

1. EBNF grammar for simple arithmetic calculation expressions;

2. EBNF grammar meta-meta model;

3. Transformation rules for converting common EBNF concepts to object-oriented
metamodels;

calc.g based on 1;

Generated compiler from 4 for simple arithmetic calculation expressions;
BNF.uml based on 2;

Generated classes from 6 corresponding to the classes in 2.

No ok

4.2  Move to Next Steps

In order to build a prototype, we need to keep the work not complex. A good point we can
catch to make it simple is the grammar to be handled in the prototype. In fact, on the way
leading to here, we already considered this matter. You must have found that we chose a
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simple instance EBNF grammar that is the EBNF grammar for simple arithmetic calculation
expressions.

With this simple grammar chosen, we should think over our tasks again. In the prototype we
are developing, syntax check functionality for simple arithmetic calculation expressions
should be provided behind a console as an Eclipse plug-in, where we can type in simple
arithmetic calculation expressions and obtain the syntax analysis information as result.
Moreover, maybe we would better make other syntax related operations easier.

Syntax check and other syntax related operations involve EBNF grammars handling. In
stead of directly dealing with context free grammars, we proposed to use metamodel.
Transformation from EBNF grammars to metamodels is the key point.  Through two
chapters’ discussion, we know .g files could be thought of as EBNF grammars, whereas .uml
files could be thought of as object-oriented metamodels. Obviously, transforming .g files
to .uml files is just transforming EBNF grammars to metamodels.

When the transformation functionality is available, given any .g files, we could get the
corresponding .uml files.  Of course, here we only want the .uml file for calc.g. And then
we could use Octopus to generate Java files, each of which should define a Java class and
stand for a grammar concept of EBNF grammar for simple arithmetic calculation expressions
that we have mentioned many times. In addition, the objects of each class should store some
important information, such as what grammar concept the objects of this class stand for and
some other instance information, e.g. an integer has value 5.

Meanwhile, we could use ANTLR to compile calc.g and get a generated compiler.  With this
compiler, any input simple arithmetic calculation expressions could be parsed and its AST
grammar tree could be built accordingly. At this moment, we should have the AST of the
input simple arithmetic expression, and Java classes for arithmetic grammar concepts in
calc.g. Therefore, while traversing the AST, we could instantiate objects of the Java classes
for any encountered grammatical tree nodes. Because each Java objects should get in
traversing and store some important grammatical and instance information, in the console
plug-in, we could easily get the syntax information of the input simple arithmetic calculation
expressions.

Until to now, | think the entire procedure of what we planned to do is clear and not intangible
any more. And it would be better if we could draw a big picture of the entire procedure.
Let’s have a look at Fig 4.1 in the next page.

In Fig 4.1, a clear working procedure of this prototype to be built is appearing in front of our
eyes. We can find in this figure some artifacts we have finished and listed in Section 4.1.
And also, we may notice the other parts we have not yet, such as Transformer, calc AST
Traverser, and other functional units.

From the next section on, we will go along the procedure depicted in Fig 4.1, and implement
each unfinished part, finally build up the target prototype.
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\ 4
calc objects

Output
Analysis

Fig4.1 Workflow of the Prototype

4.3  Implementing Transformer

The transformer is used to as a tool that takes .g files as input and generates .uml files as
output. In our imagination, in order to process a .qg file, this .g file should be first parsed and
its AST should be built, then during traversing its AST, we can generate UML concept objects
corresponding to the nodes of its AST. But in fact, it was not so easy as what we just
thought. It took a lot of time and effort.  Let’s now go along the way once | went along.

4.3.1 First Try for Transformer

How could we parse a .g file? Just think about the way we parse a simple arithmetic
calculation expression: we first created calc.g that was based on the EBNF grammar for
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simple arithmetic calculation expressions, then we used ANTLR to compile calc.g and
obtained a parser consisting of several Java files, and this parser is to some extent a compiler
for simple arithmetic calculation expressions.

Now, we want parse a .g file, therefore, we can go in the same way to build a parser for all .g
files. However, first of all, we need the EBNF grammar for all .g files that we can create an
ANTLR.g or something like that which is based on the .g files” EBNF grammar. It seems
not easy to summarize the EBNF grammar. Fortunately, the developer of ANTLR already
provided such an ANTLR-meta-grammar which consists of three .g files and some Java files
as follows:

] '_-E (default paclkage)
+l-y )| AHTLELexer. java
+l-y)| AHTLEPar=zer. java
+1-|J] AHTLET okenTypes. java
+ly)| AHTLRTreePrinter. java
+l-y)| AHTLRETreePrinterTokenTypes. java
+-|J] Edge. jawa

Hoqd] GrammarAST. jawa

+oyd] Main. jawa
JEE System Library [jdk]
antlyr. jar — I:hantlr-2.7.3
antlr. g

=

antlr. print. g

antlr. tree. g

ANTLET okenTypes. txt
AHTLETreefrinterTokenTypes. txt

0 & & M

Fig 4.2 ANTLR-meta-grammar

The three .g files seem very simple, but actually they contain the complex grammar of all .g
files. antlr.g consists of a lexer and a parser for .g files, whereas antlr.print.g and
antlr.tree.g are treeparsers, and they are only a little different, so we only need one treeparser
from either of them, here is ANTLRTreePrinter.java. The first five Java files were generated
from the three .g files. Edge.java and GrammarAST.java were provided by the developer.

This ANTLR-meta-grammar can parse any .g file. Do you remember we have generated
some Java classes standing for EBNF meta-concepts at the end of Chapter 3? Based on it,
we need to instantiate the objects from those classes for each node in the AST of a parsed .g
file.

However, the implementation of instantiating objects for the AST tree nodes is not so
straightforward. | tried with two different means, the effective method will be given in the
next section, and here | first document the failed one, which would help you get to
understanding the effective method.

At the beginning of the implementation, the existing treeparser, ANTLRTreePrinter.java,
easily came into my eyes, obviously, if | could add some code to it, it would instantiate the
objects we want. But the Java code of this treeparser is somehow complex, and the
following code fragment is taken from it:
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- public final woid rule(A3T t) throws FecognitionException {

L3T rule AST in = (A3T) t:

A3T r = null:;

try { ff for error handling
IST _ t13 = t;
ST twmp5 AST in = (LST) t:
match( t, RULE) ;
_t = t.getFirstChild():
r = [AST) t:
match( t,RULE REEF);
_t = t.getNext3ibling():
out (r+" : ") ;
AST 14 = t;
AST twmp6 AST in = (AST) t;
watch( t,BLOCK) ;
_t = t.getFirstChild();
block( t):
_L = _retTree;
_t = tl4;
_t = t.getNextSibling():
LST tmp7 AST in = (AST) t;
match( t,EOR);
_t = t.getNextSibling():
out ("'
IR = hiEo

t = t.getNext3iblingi):

+ catch (RecognitionException ex) |
reportError (ex)
if [ t!=nmll) { t = t.getMext3Iibling():}
'
_retTree = t;

Fig 4.3 Code fragment from ANTLRTreePrinter.java

Manually adding code to such a Java file is error-prone. Don’t forget this Java file was
generated from antlr.print.g, as we have known in Chapter 3, Java code could be inserted
into .g files as scripts. Moreover, the main grammar part of antlr.print.g is not so complex
as shown in Fig 4.4. Therefore, we can add Java code to antlr.print.g, and then use ANTLR
to compile this .g file and get a new ANTLRTreePrinter.java. And the Procedure of
instantiating EBNF meta-concept objects is accordingly drawn as Fig 4.5.

Unfortunately, maybe because the added code is incompatible with the automatically
generated code, or because it’s somehow error-prone to handle the recursive grammar
constructs, | had to make a lot of structural changes on antlr.print.g. Even though the new
treeparser generated from the modified antlr.print.g worked well on calc.g, but to complex .g
files, it might not work, | had to drop this method.
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grammar
( classDef ) // ignore 2nd (lexer) grammar for now

classDef
:  #( PARSER rules )
| #( TREE_PARSER rules )
| #(C LEXER rules )

rules
( rule )+
rule
#( RULE r:RULE_REF {out(r+" : ");} #(BLOCK block) EOR {out(;\n");} )
block
{out(" (");} alternative ( {out(" | ");} alternative)* {out(")");}
alternative
#( ALT (element)+ )
element
:  atom
| #NOT {out('~");} element)
| #(RANGE atom {out("..");} atom)
| #(CHAR_RANGE CHAR_LITERAL {out(''..");} CHAR_LITERAL)
| ebnf
| tree
| #(C SYNPRED block ) {out("=>");}
| ACTION
| SEMPRED
| EPSILON {out( epsilon ");:}
ebnf: #( BLOCK block ) {out(" "):}

#( OPTIONAL block ) {out("? ");}
#( CLOSURE block ) {out('* ');}
#( POSITIVE_CLOSURE block ) {out("+ ");}

U ———

tree: #(TREE_BEGIN {out(*" #(");} atom (element)* {out(") ");} )

Atom  {out(" "+#atom.toString(Q+" ");}
:  RULE_REF

TOKEN_REF

CHAR_LITERAL

STRING_LITERAL

WILD_CARD

Fig 4.4 The main grammar part of antlr.print.g
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A .gfile

ANTLR-meta-grammar

antlr.print.g ANTLR Parser
A 4

A\ 4

Modified AST of
antlr.print.g the g file
A 4 \ 4
ANTLR » ANTLR Treeparser

\ 4

EBNF
meta-concept
Classes

EBNF meta-concept
Objects mapping to
the AST tree nodes

Fig 4.5 Procedure of instantiating EBNF meta-concept Objects at first try

4.3.2 Implementing Traverser in another way

As we talked in the last section, either easily adding code to ANTLRTreePrinter.java or
modifying antlr.print.g to generate a new treeparser is error-prone, problematic and not
suitable.

If we could not use the existing treeparser, should we create our own treeparser? Yes, why
not? But it seems hard to start off. Don’t worry and you may remember the code fragment
of ANTLRTreePrinter.java in Fig 4.3, which is a method rule (AST _t). It has an argument
that is an AST object reference. In Section 3.1.3, we have known that a CommonAST object
is representing an AST.  After checking anltr.jar, we should find that class CommonAST is
a subclass of BaseAST, whose superclass is AST. So an AST object is undoubtedly
representing an AST. What an AST is has been given in Section 3.1.1, here we still need a
previous figure to show ASTs and how to traverse an AST.
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Fig 4.6 AST of arithmetic expression “3+5*6°9;” from Fig 3.8

An AST is composed of two ASTs (or more in other cases), each of which could be a simple
tree leaf or a complex subtree, e.g. “+” is the root of the top AST, it has two ASTs as children,
one is a tree leaf “3”, and the other is a subtree whose root is “*”.  Thus traversing an AST is
straightforward: when you get an AST, the root is available to be processed, you can
determine which type the AST is or which operator the root is; after processing the root, just
move to process the first child and then process the second child, which is the next sibling of
the first child of the root. ~ All the tree traversing actions are provided by class AST. We
can find those actions in Fig 4.3, such as getFirstChild(), getNextSibling().

Therefore, we get to understanding the main workflow of the code fragment in Fig 4.3. The
method rule (AST _t) takes an AST object reference as an argument, in the method body, this
AST is traversed. During the traversing, each tree leaf should be syntactically matched,
whereas each subtree should be determined for its type and delegated to another method to
process, e.g. when a block construct is determined, the processing of it is delegated to another
method block (AST _t), which is very similar to rule (AST _t) and only processes block
constructs.

With the code fragment in Fig 4.3 as an example, it is not so difficult for us to create a new
treeparser. In order to build a treeparser, we must to get familiar with the AST syntactic
structure for .g files. The picture in Fig 4.7 is the visualized AST of calc.g. This AST
picture clearly illustrates the syntactic structure of all .g files, and it also matches the main
grammar part of antlr.print.g in Fig 4.4.

| created a class GrammarAST Traverser as our new treeparser, and we can call it a traverser.
Besides its constructor, it only has one method traverseGrammarAST(GrammarAST ast).

In Fig 4.8, there is a little part of this method. Similarly, it takes an AST object reference as
the argument, because class GrammarAST is provided by ANTLR-meta-grammar and
inherits from class BaseAST. The type of an AST is the type of its root, so when an AST is
passed in, the type of its root should be first determined, here | used a group of if-else blocks,
in which the processing to the certain type of AST is provided. The tree node AST ROOT
was added manually to the AST that was generated by ANTLR but not original. When we
use the traverser, only the original ASTs would be passed in.  Furthermore, we are only
concerned about the syntactic structure of .g files, but not concerned about what the tokens are
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composed of, therefore, in this method we only process the AST parser and leave the AST
lexer.

= ENTLE" AST
] AST ROOT
9 [C] parser
o [ rule
[ expr
¢ =3
¢ CIALT
[} proexpr
¢
¢ CJALT
¢
¢ CIALT
[y PLUS
¢ CIALT
[y MiNUS
[} proexpr
[ SEMI
[} <end-of-rule>
o= [ rule
o= [ rule
o= [ rule
o ] lexer

Fig 4.7 Visualized AST of calc.g

Grammar ASTTr averser. java X

7 public GrammarlIT traverseGrarmarlAdT(Gratmmarl3T ast) throws Exceptiond

Grammar A3T tCemplst = ast;
if (temphst .getType () == DPARSER) {
templst = [(GrammarlIT) templhst.getFirstChild()
if (templist == mull) throw new Exception("MNo constructt™):
else {
while (templ=st !'= null £& tewmplst.getTypel(] == REULE){
templst = traverseGrammar AT (templst) !
H
H
H
else ifitemvlst.coetTwvonel) == RULE){

Fig 4.8 Part 1 of method traverseGrammarAST(GrammarAST ast)

Thus AST parser should appear first when starting the traversing. Class AST provides a
method getType() which can return the type of an AST’s root. Through it, AST’s type is
determined. Variable tempAst is acting as a cursor to point out the current processed AST.
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If the argument AST is of type parser, the cursor is moved to its first child. From Fig 4.4
and 4.7, we know that the children of an AST of parser type should be of type rule. So its
first child need be determined to be of rule type. Then there is a cycle block, but there seems
no iteration mechanism. In fact, the recursive method call itself is the iteration. Note that
the method traverseGrammarAST(GrammarAST ast) has a return value that is a class
GrammarAST object reference. Where does this returned AST come from? | did not show
the entire method here, so now | reveal that the returned AST is the next sibling of the current
processed AST. Then it is not confusing any more. An AST of parser type might have
many children of rule type. To process the first one, we call the recursive method and get
the second child as return value. In this way, all children can be traversed within the cycle
block.

else if [templat.getType(] == RULE){
templat = (Grammarl3T)templst.getFirstChild();
if (templst == null] throw new Exception("lo construct");
else{
if (temphst.getType() == RULE REF){
NonTerminal ntrml = null;
List ntrwllist = NonTerminal.allIznstances|():
for(int i=0; i<ntrmllist.sizel); 14414
3tring name = [ (NonTerminal)ntrmllist.get(i)).getName();
if (name.ecquals (templst.getText()))
ntrml = (NonTerminal)ntrmllist.get(i);
break;

!
if (ntrwl == mull) ntrml = NonTerminal.newNonTerminal (templst.getText());
templat = (GrammarA3T) templst.getNext3ibling():
if (tempist == null] throw new Exception{"lo construct");
else{
if (templst.getType() == BLOCK) !
Composition wainBlock = Composition.newComposition(ntrml.getName()+" wain®);
wainklock, setNonTerminal (ntrml) ;
blockStack. pushmainBlock)
temphat = traverseGramnarA3T (templat)
blockStack.popl):
}
else throw new Exception("Unexpected construct"y;
if (templat.getType (] '= EOR] throw new Exception("Unexpected construct");

}

else throw new Exception("Unexpected construct');

Fig 4.9 Part 2 of method traverseGrammarAST(GrammarAST ast)
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Fig 4.9 above shows another part of the method we are talking about. An AST of type rule
has three children, and the first is a rule reference AST that is mapping to a NonTerminal
symbol, because it would be replaced by the right side of a rule. At this moment, an object
of class NonTerminal should be created, but before we do this, we have to check whether
such a NonTerminal standing for this rule reference has already been created, and duplication
must be avoided. Why duplication is possible? Because in Fig 4.4, RULE_REF would be
processed as a kind of Atom. How could we check duplications? Class NonTerminal was
generated by Octopus, and Octopus equipped each class in package bnfmetamodel.internal.
generated with a static ArrayList variable, which holds all instances of the class. We only
need use a static variable alllnstances of anyone of the classes to get those instances. In Fig
4.9, we get all NonTerminal objects and use a for cycle block to check whether the rule
reference NonTerminal is existing. If this NonTerminal is not existing, a new NonTerminal
object standing for the current rule reference is created with the tree node text as its name. |
added a static method for creating new instances to each class that Octopus generated, e.g.
newNonTerminal(String name). In this method, the constructor of the class is called and
the argument name is set as the name of the new instance.

After processing the rule reference, the second child of the rule is coming, which must be a
block, according to Fig 4.4 and Fig 4.7. Here | must explain two important points.

First, Octopus generated classes such as NonTerminal from BNF.uml, and this .uml file was
base on EBNF grammar meta-metamodel in Fig 2.1. Thus all the associations depicted in
the figure should be implemented in all generated classes, e.g. setNonTerminal(NonTerminal
ntrml) of class Composition.  After processing the rule reference NonTerminal and creating
a Composition object as the block, it is important to set up the association between the two
components of a rule, where the transformation rules given in Chapter 2 applies and it also
complies with the EBNF grammar meta-metamodel in Fig 2.1. Transformation rules are
embodied not only by creating correct and suitable EBNF meta-concept objects, but also by
setting up exact associations between the objects.

Second, you might notice that the new Composition object as a block of the rule is pushed
into a stack before the AST of block is processed by calling the recursive method, and it is
popped up from the stack after processing. Recursion is very common in programming
languages and grammatical descriptions of programming languages, e.g. in Fig 4.4, you may
find that a block consists of alternatives, and an alternative consists of elements, then an
element could be an ebnf, which is definitely a block from four types. Recursion makes the
parsing of grammars more complex. In general, using a stack to hold all nested layers is an
effective method and widely adopted in compiling technologies. (8] In this way, a nested
layer can use the information of its nesting layer that is its parent. Therefore, a Stack object
blockStack is created. Every time a block is to be processed, the Composition object as the
block is pushed into blockStack, and after processing, it is popped up. With blockStack used,
the nested layer can easily obtain some necessary information of its nesting layer, such as the
name information, because the name of an EBNF meta-concept object is got from extending
its nesting layer object’s name and thus should reveal the layering status information.

After processing the block, an EOR is expected, which can be thought of as the third child of
the rule. EOR is the abbreviation of End Of Rule, which we can find in Fig 4.7. Reaching
this type of AST means the current rule is terminated, and the processing could turn to the
next one. All the code of class GrammarAST Traverser will be attached in Appendix | and
is not much more difficult to understand than the already explained two code fragments.
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4.3.3 Generating .uml File

After traversing the AST of a .g file, we have the EBNF meta-concepts objects mapping to
each tree node in the AST. All these objects are stored in a static ArrayL.ist instance of each
EBNF meta-concept class. In this section, we are using the information held in these objects
to build an .uml file.

In order to extract the information held in the objects, we have to traverse all these objects.
Similarly, | defined another class to do this work, which is called ConstructsTraverser. Its
mechanism is also similar to GrammarAST Traverser, and the difference is what is to be
traversed, tree nodes in an AST or objects in the static ArrayList instance of each EBNF
meta-concept class. Another difference is that GrammarAST Traverser creates objects and
sets up associations according to the grammar of .g files, whereas ConstructsTraverser
generates elements used in .uml files according to the objects and their associations, and also
the grammar of .g files. For example, expr : proexpr (PLUS™ | MINUS™  proexpr)*
SEMI!; this is a rule, expr is the rule reference NonTerminal object, which is associated with
a Composition object standing for the right side with the multiplicity 1:1, as we have talked,
what GrammarAST Traverser does is to create the objects and set up the association, whereas
ConstructsTraverser is to generate <class> expr <endclass> and <class> expr_main
<endclass>, and +expr.<noName>[1] <-> +expr_main.<noName>[1];. It seems not
very complex, but | must explain some points.

First, if we let ConstructsTraverser simply generate the .uml contents as strings, which means
the output is hardcoded, then the output content is mixed up with the output logic, so that the
programming is error-prone, it has bad scalability and the code is not clear enough to read.
Instead, | separated the traverser and the .uml contents to be output which were packed in
some classes, look at the following picture:

= H} com. liupao. util
+-4J| ConstructsTraverser. java
[J] MMLA==zociation. java
[J] MMLC1la==. java
[J] MIMultiplicity. java
[J] MLFackage. java

- [F-F-E

Fig 4.10 Some utility classes of Transformer

I defined classes for each of the main elements that are used in .uml files.  All output content
strings are packed in these classes. ConstructsTraverser, at the right moment, only create
objects for .uml elements with necessary information, such as class name to be inserted in
between <class> and <endclass>, and multiplicities for associations.  All these created
objects standing for classes or associations are stored in two ArrayList instances in
ConstructsTraverser. When the final .uml file is to be written to the file system, we can
simply call toString() method of each object.

Second, when ConstructsTraverser is traversing the EBNF meta-concepts objects, even each
EBNF meta-concept class provides an ArrayList instance, it is still not convenient to use the
variable alllnstances of each class separately. Do we have to do it like that? Of course not.
We need first explore the hierarchy of EBNF meta-concepts classes. Referring to Fig 2.1,
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we should notice that class Expression is the superclass of all the others.  This relationship
should be reflected in the corresponding generated Java files, which were shown in Fig 3.13.
The classes in package bnfmetamodel.internal.generated must implement the corresponding
interfaces in package bnfmetamodel; and the classes in package bnfmetamodel.internal must
inherit the corresponding classes in package bnfmetamodel.internal.generated. However,
there is a special fact that class Expression is the superclass of the classes in the package
bnfmetamodel.internal.generated only except class ExpressionGEN, which means that other
classes except class ExpressionGEN in package bnfmetamodel.internal.generated, not only
implement the interfaces in package bnfmetamodel, but also inherit class Expression.  So
we can draw the hierarchy of them in the following picture:

ExpressionGEN

T

Expression

T

Other classes in
bnfmetamodel.internal.generated

T

Other classes in
bnfmetamodel.internal

Fig 4.11 Hierarchy of EBNF meta-concepts classes

Besides this inheritance relationship, we would better also explore the constructors of these
classes, and the following picture shows the constructors of four classes as an example:

public ALlternative(] { protected ALlternativeGEN(] {

super () ; super () ;
' if | usesAllInstances ) |

gl TInstances.add( [ (Alternativelthis) ) ;
H
H

public Expressioni)l { protected ExpressionGEN ()] {

SuUperi() ; if [ usesAllTInstances | |
H gllTnstances.add ([ (Expression) this) ) ;

+

Fig 4.12 Constructors of four EBNF meta-concepts classes
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Therefore, when an Alternative object is created, the calling of constructors of superclasses is
cascading. Finally, this object could be added to the static variable allInstances of class
ExpressionGEN. Thus we can simply use the static variable of class ExpressionGEN to get
all EBNF meta-concepts objects, instead of using the static variable of each class in the same
package as ExpressionGEN.

Third, in traversing the EBNF meta-concepts objects, | involved a little optimization. In Fig
4.4, we can find some rules of .g files” grammar:
block : alternative ( alternative )* ;
ebnf : #(BLOCK block)
| #(OPTIONAL block)
| #( CLOSURE block)
| #(POSITIVE_CLOSURE block)

which means that block, optional, closure and positive_closure are all treated as block, and
each block at least has an alternative. Thus, when meeting a tree node, which can be treated
as a block, in an AST, an object of Composition, Optional, Arbitrary, or AtLeastOne, could
be created for the tree node, and at least one object of Alternative is created to represent at
least one alternative of the block. When generating the .uml file for the AST, the object of
Alternative should be translated to a class in the .uml file, which inherits the class translated
from that object which is standing for the block, Fig 4.13 gives an example, and expr.uml was
transformed from calc.g, see Appendix IV.

<clags> expr wain ALT 0 Arbitrary 0 ALT 0 Block 0 ALT O
<specializes> expr main ALT 0 Arhitrary 0 ALT 0O Elock O
<endclass-

<clags> expr wain ALT 0 Arbitrary 0 ALT 0 Block 0O ALT 1
<specializeg> expr main ALT 0 Arbhitrary 0 ALT 0O Elock 0O
<endclass-

Fig 4.13 A Fragment of expr.uml

However, if a tree node treated as a block only has one alternative, according to the .g files’
grammar, GrammarAST Traverser would still create an Alternative object. Actually, it is
meaningless and redundant to translate this Alternative object to a class which is specializing
the block, because the only one alternative shouldn’t be considered as an effective alternative.
In this case, the optimization is necessary and ConstructsTraverser should be responsible for
it. The procedure of it is not complex: every time before an block object of the four classes,
Composition, Optional, Arbitrary, or AtLeastOne, is processed, | defined a method, which is
named processAlternatives(Expression expr, List exprlist), to process its alternatives. This
method is first to check how many alternatives this block object has as its subexpressions, if it
has only one, all the subexpressions of this alternative are transferred into the block object as
its subexpressions, and then this alternative is deleted from the subexpressions of the block
object. Finally, appropriate associations between the class representing the block object and
the classes representing the new subexpressions of the block object are properly set up. The
code of class ConstructsTraverser is attached as Appendix Il.
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ANTLR-meta-grammar
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AST Traverser
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meta—concept
Classes

A 4

ConstructsTraverser

A 4

.uml
Elements

Fig 4.14 Workflow of Transformer

Fig 4.14 shows the entire workflow of our transformer, with the final result, .uml elements,
the .uml file is easily generated.  This transformer is language or grammar independent, so
that it could be used to process almost any realistic .g files to .uml files, in Appendix V and
Appendix VI are a realistic example ---- The grammar of micro-SQL in sqgl.g and its sgl.uml

generated by the transformer.
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4.4  Implementing calc AST Traverser

Referring to Fig 4.1, we still have calc AST Traverser to implement. From the picture, we
are clearly aware of its function: when a simple arithmetic calculation expression as input is
parsed into an AST, calc AST Traverser traverses this AST and creates, for tree nodes in the
AST, objects of the classes described in expr.uml. And these classes were generated by
Octopus from expr.uml.

I defined a class CalcASTTraverser. In fact, it is similar to GrammarASTTraverser. So it
is not necessary to explain every detail but some important points in the algorithm.  And the
code is available in Appendix I11.

First of all, because this CalcAST Traverser is to walk in a tree, we would better get familiar
with the structure features of calc AST trees. Here is a typical sample arithmetic expression:
3+2*4-6"7+5/9; . 1ts AST is as the following picture:

11E2

Fig 4.15 AST of 3+2*4-6"7+5/9;

In this picture, we can discover an interesting fact that, if a sum expression has several plus or
minus operators, the subtrees with these sum operators as roots are always acting as the first
child tree of their parent trees in the AST. For example, subtree (3+2*4) is the first child
tree of its parent tree (3+2*4-677). And this also applies to multiply and divide operators.
Moreover, the closer the numbers and operators appear to the beginning of an expression, the
more inside they appear in its AST. Subexpression (3+2*4) is the first sum expression and
appearing at the beginning of this expression, but in the AST, it is located at the core. Ina
sum subexpression, the closer the numbers and the multiply and divide operators appear to the
beginning of it, the more inside they appear in the AST of that sum subexpression.  After
exploring many examples, the facts could be summarized to be true.

These features bring us much convenience when design the algorithm:  plus and minus
operators always appear in the first subtrees, and in a sum subexpression, multiply and divide
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operators always appear in the first subtrees, too, therefore the first subtrees in calc ASTs are
playing a different role from the second subtrees and mostly more important to the structure
of the ASTs; and the operators in calc.g are all dual operators, so CalcAST Traverser can
separately process two subtrees of each AST or sub AST. The methods for the first subtrees
mainly focus on structural and procedural process, such as calling other methods, delegating
processing tasks, and returning results, etc., whereas the methods for the second subtrees
mainly focus on creating objects for tree nodes and adding identifying information.

Furthermore, the EBNF grammar in calc.g implies the priorities between the operators.
Based on the priorities, a method chain was set up, and each method in it is responsible for a
task. An AST tree node is passed from the top level to lower levels. And delegating tasks
of processing subtrees is also handled in relative higher levels to lower levels.

Another point to mention is the output information stored in the objects of classes which were
generated from calc.uml. | overwrote the method toString() in each of those classes. As
among those classes are the associations described in calc.uml, it is easy to use in toString()
the information from the objects of related classes. Fig 4.16 gives an example.

public class expr main {
private expr £ expr = null;
private Zet f expr wain ALT 0 Arbitrary 0 = new Hash3et():
prirvate proexpr f proexpr = null;
prirvate ZEMI £ sEMI = null;:

public 3tring tol3tringi()d
atring result;
resgult = "(" + L proexpr.toitringl();
Iterator iterator = £ expr wain ALT 0 Arbitrary 0.iterator(]:
while (iterator.hasNext ()] {
result += [(expr main ALT 0 Arbitrary 0)iterator.next()).to3tring();
}
result += ") ";
return result;

Fig 4.16 A Fragment of class expr_main

4.5  Packing in a Plug-in of Eclipse

All logics in Fig 4.1 have been implemented, so it’s time to pack them in a plug-in of Eclipse.
In fact, I built this prototype unit by unit. When implementing each functional unit, | created
a client for it. Now, we only need to build a simple plug-in to call those clients. It is much
straightforward.

But I have to say this was not as easy as | thought, mostly because of the inherence of

ANTLR-meta-grammar. You might have not understood why ANTLR-meta-grammar files
are in the default package of Eclipse, without a named package declared, referring to Fig 4.2.
Actually, I have tried to declare a package for it, but when it was executed, there was always
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ClassCastException thrown out. It said that casting an AST object to GrammarAST caused
this exception, but we have known that GrammarAST is a subclass of BaseAST that is just a
subclass of AST. 1 also checked the code that threw the exception, and | did not find that
casting was not suitable.  Furthermore, | tried in other ways, too, but finally, | had to leave it
without a named package.

However, having not declared a package incurred a problem: Java classes can not be imported
to other classes which has a package declared, simply by import statement. Even though |
created a client for ANTLR-meta-grammar also in the default package, this client had still to
be called in the plug-in when transforming a .g file to a .uml file. Therefore, this problem
caused by no package declaration had to be solved ultimately.

Besides, | declared a package calc for the classes of calc Parser, referring to Fig 3.5. And
we have built a client for calc Parser in Section 3.1.3, and its code is shown in Fig 3.6. This
client should be called when parsing an input simple arithmetic expression.  Unfortunately, it
seems that Eclipse plug-in platform is strict to outside classes and methods which are to be
called in a plug-in, so that a confusing event loop exception was always thrown out. It was
even difficult to find out where this exception was thrown.

In a word, some generic drawbacks of ANTLR-mete-grammar did not allow for putting its
classes under any packages, otherwise some error occurred; therefore, being in the default
packages, its classes could not be imported into any other classes that were in declared
packages; moreover, some incompatibilities between Eclipse plug-in platform and our own
developed classes also caused errors.

Fortunately, | found out a way to solve this annoying problem by chance after trying with
many different means. | found that Java reflection could bypass some incompatibilities and
Class.forName(String classname) method could at runtime obtain the class you did not
import, so that the classes in the default package could be used in any other classes in named
packages and the incompatibilities did not come out any more.

tryi
Class o = Class.forName("MainTran™)
Method[] ms = c.getMethods() !
SJystem. ort.printlnims[0] .getlame ()] ;

Chiject[] args = new Chiject[1]:
args[0] = path:
for(int i = 0; 1 < mws.length; i4++)4
if(w=[1i] .getName () .equals("transform™) )
wms[1i] . invoke (null, args):;

H

tcatch(Exception e){
Svstem.err.printlnie.getMessage (1) ;2
e.print3tackTrace () ;

H

Fig 4.17 Code Fragment for using Java Reflection to Call from outside a Plug-in

Fig 4.17 gives a code fragment of the plug-in for transformation. MainTran is the name of a
class that is the client | built for ANTLR-meta-grammar. transform is the name of a method
in that client. path is a string as an argument to be passed to transform.
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After solving this problem, two functionalities should be merged into one single plug-in.

This plug-in consists of a popup menu selection that only appears when right clicking a .g file
and a view like a console where simple arithmetic expressions can be typed in, referring Fig
4.18 and Fig 4.19.

antlr. tre Hew r
cale. g Open
cale?. g Open With ¥
= Copy
tline
line is not a 9% Delete
Mowe. ..
Eename
P‘g Import. ..
£ Bxport. ..
i | Refresh

Compile AHNTLE Grammar
Bun A= L4
Debug As L4
Generate UML L4

3

Camnara With

Generate ML

Fig 4.18 Popup Menu Selection for Transforming .g files

Fig 4.19 Console View for Parsing Simple Arithmetic Expressions
(This example was given in Section 4.4)
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5 Conclusions

After exploring metamodeling approach for processing EBNF grammars, investigating
ANTLR and Octopus with .g and .uml files” formats and grammars, and finally building the
prototype, this project is finished.

As mentioned in Chapter 1, this project would process nRQL queries and serve JRacer.

Now, a prototype is built and the entire workflow is successfully set up, which will definitely
make the future work for nRQL easier. As is known to us, prototyping and spiraling are
widely accepted and used in software development; therefore some further work should be
delayed to the next cycle. The next step to enrich this project is to replace all stuff about
simple arithmetic calculation expressions with nRQL, which means all calc in Fig 4.1 should
be replaced by nRQL.

Because metamodeling approach was used, simple but inconvenient syntax-oriented EBNF
grammars and the output simply generated by parsers can be changed to complex but
convenient, flexible, and scalable object-oriented metamodels. Object-oriented metamodels
are much more compatible with existing object-oriented frameworks, such as JRacer, etc.
Moreover, it is convenient and not difficult to extend this prototype with other functionalities
on handling nRQL syntax.

In the development, the idea of Model Driven Architecture was adopted. The fundamentals
for transformation from one model to another are clearly described. The metamodelling
approach and its transformation rules made it possible to use MDA as a reference. And it is
this idea that promotes the automatic transformation from .g files to .uml files.

ANTLR plays an important role in this project. It is a powerful recognizer generator, and it
can automatically generate a quasi-compiler, which can parse the original language and
generate intermediate result but not the target code, for any languages with the grammar
descriptions in .g files given. Besides, the developer also provides ANTLR-meta-grammar
to parse .g files, which was helpful to this project.

The transformer is independent to languages which are to be transformed to object-oriented
metamodels. This is the most important part in this prototype, and it also could be used
elsewhere as an independent tool. In the future improvement of the prototype, it needs some
optimizations, mainly on removing some unnecessary EBNF meta-concepts objects, which is
similar to the optimization | have mentioned in Section 4.3.3, when creating .uml elements
objects.

However, CalcAST Traverser is language independent.  Actually, it was designed based on
the EBNF grammar for simple arithmetic calculation expressions and their ASTs, thus such a
traverser is designed particularly for a language and only working for it.  This is, to some
extent, a disadvantage. In order to process nRQL queries, a traverser only for nRQL is
required to be newly designed and developed.

In conclusion, this prototype is completed and working well.  And it provides a considerable
start point and base for future work on nRQL.
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Appendix |

IMPOYT
import
import
import
import
import
import
import
import

public

GrammarAST Traverser.java

PNINECanode L. INTErE L. LITErat1ve !
bnfwetamodel. internal. Arbitrary:
bnfretawmodel. internal. AtLeastOne;
bnfmetamodel . internal. Composition:
bnfwetamodel.internal.Expression:
hnfwetamodel . internal .NonTerminal:
bnfwetamodel . internal . Optional;
bhnfmetamodel . internal . Terminal:;
java.util. *;

clasgs Grammarl3ITTraverser implements ANTLRTokenTypes|

private Stack block3tack:
private int blockCounter = 0;

private int sltnCounter = 0;

public GrammarAI3TTrawverser () 4§

this.blockStack = new Stacki():

public Grammmard3IT traverseGratar AST (GrammarA3T ast) throws Exceptiond

Gramnar AST templst = ast;
if (templst.getType () == PARSER){
templst = [(GrammomarA3T) templdst.getFirscChildl)
if (tempist == mull) throw new Exception("No construct™);
else {
while (templst !'= null && templst.getType()] == EIULE) {
CeEmplsSt = traverseGramnard3T (templstc) ;
H
H
H
el=se 1iFf (templdst.getType() == RULE){
templst = [(GramnariAIT) templdst.getFirstChildl()
if(tewmpli=st == null) throw new Excepticn("o construct'™);
elseq
if (templst.gecType (] == RULE RIF){
NonTerminal ntrml = null;
List ntrmllist = NonTerminal.allfnstances|():
for(int i=0; i<ntrwllist.=zize(); i+4+)1{
3tring name = [ (NonTerminal)ntrwllist.get (i) ) .getlame () ;
if (hatre.equals (Cemplst.getText (1))
ntrml = [(NonTerminallntrwllList.get(i):
break:;

}
ifintrml == null) {

ntrml = NonTerminal.newNonTerminal (templst.getText ()]
}
tewplhst = [(Gramward3IT) templst.getNextIibling()
if (templist == null) throw new Excepticn("Ho construct'™);
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else

if itewplhst.getType () == BLOCH){

Cowposition wainElock =
CDmstitiDn.newComposition[ntrml.getNamE[J+"_main"];

mainbBlock. setNonTerminal (ntrml) ;
block3tack.pushimainElock) ;
templst = traverseCGrammar ST (tewmplst)
block3tack.pop() !

i

else throw new Exception("Unexpected construct'™);

if (templst.getType () !'= EOR)
throw new Exception("Unexpected construct'™):

i
else throw new Exception("Unexpected construct™):

+

else if(templst.getType () == BLOCK || tewmplst.getType ()] == OPTTONAT |
templAst.getType (] == CLOSURE || templst.getType(] == POSITIVE CLOSURE){
Expression currentEBElock = [(Expression)block3tack.peek(]:
int altcounter = 0;
if itemphst.getType () == O0PTTONAL) {

String name = currentBlock.getlName (] +"_Optional "+altnCounter:
Optional optnl = Optional.zewdptional (name) :
currentBlock.addTo3ubexpression{optnl) ;
currentBlock = optnl:

telse if (temphst.getType (] == CLOSURE){
String name = currentBlock.getMame () +"_Arbitrary "+altnCounter;
Arbitrary abtr = Arhitrary.newdrbitirary(name) ;
currentBlock.addToSubexpression (abtr)
currentbBlock = ahtr;

telse if (templst.getType () == POSITIVE CLOSURE] {
Ftring name = currentBlock.getlName () +"_AtLeastOne "+altnCounter;
AtlLeastOne alo = AtleastOne.newdtleastOneiname) ;
currentBlock. addToSubexpressionialao) ;
currentBlock = alo:

telse if(temwplst.getType ()] == BLOCK && currentBlock instanceof Llternative) {
Ftring name = currentBlock.getlMName () +"_Elock "+altnCounter;
Cowposition cmpt = ComposSition.hewlomposition(name)

currentbBlock.addTo3uwbexpression(cmpt) ;
currentBlock = cmpt:
i
templst = (Gramnarl3IT) templst.getFirstChildl) !
if (tewplst == null)] throw new Exception("No construct™):
else]
while (tewplist !'= mull &£& tewmplst.getType()] == ALT){
Alternative alt = Alternative.newdlternative{currentBlock.getName() +
"_ALT " + altcounter++]:
currentBlock.addToSubexpressionialt) ;
blockStack.pushialt):
templst = traverseGrammar AST (templst) ;
blockStack.pop ()2

+

else if(templst.getType () == ALT){
int subAltCounter = 0O:
templst = [(Grawmard3T) temphst.getFirstChildl) ;
if (templst == null) throw new Exception|"No construct™):
else]
int type = temphst.getType () :;
while (tLype == BLOCK || type == OPTIONAL || type == CLOSURE |

46



type == POSITIVE CLOSURE || type == RULE REF || type == TOKEN REF ||

type == CHAR LITERAL || type == STRING LITERAL || type == WILDCARD)({
tcemplst = traverseGraranar AST (templst) ;
if (templist == null] bhreak:

type = templst.getTypel):
altnCounter = subbltCounter++:;

i

else if (templst.getType(] == RULE REF){
NonTerminal ntrml = null;
Lizt ntrmllist = NonTerminal. allInstances():
for(int i=0; i<ntrmllList.size(); i++){

String name = | (NonTerminal)ntrmlList.get (1)) .getlame i)
if (name.ecuals (cemplst.getTexc (1))
ntrml = [(NonTerminal)ntrmllist.get(i):
hreak:;
¥
}
if (ntrml == null){
ntrml = NonTerminal.newNonTerminagl (templst.getText ()] :
H
Alternative aln = [Alternativelblock3tack.peek(]:

aln.addToSubexpression (ntrml) 2
i
else if (templist.getType() == TOKEN REF){
Terminal trml = null:;
List trmwllist = Terminal.gllTnstances|():
for (int i=0; i<trwllist.size():; i++){
Jtring name = ((Terminal)trmllist.get(i)) .getWName ()
if (nawe.equals (templist.getText (1)1 §
trml = [(Terminal)trmllList.get (i) :

break:

H
if(trml == null){
trml = Terminal.rnewTerminal (templst.getText ()] :
H
Alternative aln = [Alternative)lblockItack.peek():
aln.addToS3ubexpression(trml) ;
H
else if (tewpist.getType() == CHAR LITERAL){
Terminal trml = null:
List trmllist = Termwminal.zllInstances():
for(int i=0; i<trmllist.size(); i++)4
String nawe = [ (Terminal)trmllList.get(i)) .getNamei) ;
if (nawe.equals(templst.getText (11 |
trml = [(Terminal)trmllList.get (i)
hreak:;

H
if (trml == null){
trml = Terminal.rnewTerminal (temphst.getText ()] :
H
Alternative aln = [Alternative)lblockItack.peek():
aln.addToS3ubexpression(trml) ;
H
else if (tewmplst.getTypel) == STRING LITERATL) {
Terminal trml = null;
List trmllist = Termwminal.allInstances():
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for (int i=0; i<trmllList.size(); i++)4
SJtring nawmwe = [ (Terminal)trmllList.get (1)) .getName () ;
if (name.equals (templst.getText (11 |
trml = [(Terminal)trmlList.get (1) !
break;

H
if(trml == null) {
triml = Terminal.newTerminal (templst.getText()):
H
Alternative aln = [(ALlternative)block3tack.peek():
aln.addToS3ubexpression(trml) ;
H
else if (tenplst.getType() == WILDCARDR) {
Terminal trmml = nuall;
Li=st trmllist = Terminal.zllInstances();
for (int i=0; i<trmwllList.size(); i++)1{
Jtring namwe = [ ([(Terminal)trmllist.get{i)) .getName () ;
if (nawe.equals (templst.getText (1))
trml = [(Terminal)trmllList.get (i)
break:;

H
if (trwml == null) {
trml = Terminal.znewTerminal (templst.getTexti]):
H
Alternative aln = [(ALlternative)block3tack.peek():
aln.addToS3ubexpression(trml) ;
H
return ([(Grarmmarl3IT)ast.getMNextIibling():
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Appendix 11

ConstructsTraverser.java

package com.liuyao.util;

import bnfrretamodel.internal. *;
import java.util.irravList;
import java.util.Collection;
import java.util.List;

import Jjava.util.let;

import Jjava.util.Iterator;

public class ConstructsTraverser |
private ArraylList classList = null:
private ArraylList asslList = null:
private S3tring packagelMNamwe = nuall;

public ConstructsTraverser () {
classlist = new ArrayListi():
asslist = new ArrayListi):

public static void cleardllConstructsi(){
Alternative.allInstances|() .clear():
Arhitrary.allInstances|().cleari):;
AtlLeastione. allInstances () .clear ()
Composition.allInstances() .clear():
Expression. allinstances () .clear ()
NonTerminal.allInstances() .clear():
Optional.allInstances|() .clear|():
Symbol. 2llInstances () .clear () :
Terminal.allInstances () .clear () :

public ArrayList getClassList(){
return classList;

puhlic Arrayli=st getlssociationlLis=ti)
return assList;

public String getPackagelame () {
return packageName:

private bhoolean processlblternatives (Expression expr, List exprlist){

Collection altnCaollection:
if (expr instanceof Comwposition)

altncollection = | (Composition)expr) .get3uvbexpression()
else if (expr instanceof Optional)
alcnCollection = [ (Optional)expr) .getiubexpression()

else 1if (expr instanceof Arbhitrary)
altnCollection = [ (Arbitrary)expr) .getiubexpression()



elze ifiexpr instanceof AtLeastoOne)
alcnCollection = [ [(AtLeastoOne) exXpr) .getiubexpression() ;
else return false;

if (altnCollection.size () > 1)1
Iterator iter = altnCollection.iterator():
while (iter.haslext ()] {
classlist.addinew UNLClass (| (ilternative)liter.next ()] . .getlame (] ,
expr.ogetNamwe () 1) !

}
return false:

} else if (altnCollection.size() == 114
Iterator iter = altnCollection.iterator():
Alternative toBeleleted = (Llternative)]iter.nexti);

3et subexprfet = toBeleleted.getSubexpression() !
eXpr.removell IFromSubexpression() !
exprlist.remove (toBeleleted)

Iterator sublter = subexpriet.iteratori();
while (subIter.hasMNext ()] {
expr.addToSubexpression( (Expression) subIter.nextc i) )

i
return true;
i
else return false:

private wvoid furtherProcessForlilternatives (Expression expr) {
Collection subexprCollection:
if (expr instanceof Composition)

subexprCollection = [ (Composition)expr).getiubexpressioni):

elze ifi(expr instanceof Optional)

subexprCollection = [ (Optionallexpr) .getiubexpression():
else if(expr instanceof Arbitrary)

subexprCollection = ([ [Arbhitrary)expr) ..getiubexpressioni)
else if(expr instanceof LtLeastOne)

subexprCollection = | [(AtLeastOne)expr) .get3ubexpressioni):;
else if(expr instanceof Llternatiwve)

subexprCollection = | (Alternative)expr).getiubexpression() !

else return;

Iterator iter = subexpricollection.iteratori):
while (iter.hasNext ()] {
Expression subexpr = [(Expression) iter.nexti):
TMLMultiplicity multi = UMLMultiplicity. getMuliz (subexpr);
azslist.addinew THMLAssociation(expr.getMName(), subexpr.getName (),
THLMultiplicity.SINGLE, wulti)):

public void traverseConstructs() throws Exception{
List exprList = Expression.allInstances|():
if(exXprlLisc.isEmpty ()] return;
Symbol classExtendsParser = [(Svwbol)exprlist.get(0):;
packagellame = classExtendsParser.getName ()
for{int i = 0; 1 < exprlList.sizel(); i++){
Expression expr = [(Expression)exprlList.get (i)
if (expr instanceof Alternative){
furtherProcessForlAlternatives (expr) ;
telge if (expr instanceof NonTerminal) {
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classlist.add (new UTHMLClass (exXpr.getiame ()]

telse if (expr instanceof Terwinal)

classlist.add (new UMLClass(expr.getMName (1)) :

telse if (expr instanceof 3Jymbol){
throw new Exception("Urong construct—--3vnbol encountered, ™)
telse {

classlist.add (new UMLClass(expr.getMame (1))
if (expr instanceof Composition){
ifjexpr.getNonTerminal () '=null) {

NonTerminal ntrml = (MonTerminal)lexpr.getMonTerminall();
azslist.add (new UMLAssociationintrml.getName (),
TMLMultiplicity.SINGLE, UMLMultiplicity.STINGLE)):

i
if iprocesshlternatives (expr, exprList)){
furtherProcessForllternatives (expr) ;
i
telse 1if (expr instanceof Optional)
if (processilternatives (expr, exprList)){
furtherProcessForilternatives (expr) ;
i
telse if (expr instanceof Arbitrary){
if iprocessbklternatives (expr, exprList)){
furtherProcessForlklternatives (expr) »
i
relsgse if(expr instanceof AtLeastOne) !
if iprocessllternatives (expr, exprListi){
furtherProcessForllternatives (expr) ;

expr.getilame () ,
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Appendix 111

CalcATSTraverser.java

package calc:
import expr.*;
import antlr.collections. A3T:

public class Calcl3TTraverser implements CalcTreeWalkerTokenTypesd

private hoolean has main expr = false;
private bhoolean haz mwain proexpr = false;
private expr wain = null;
private proexpr main proexpr = null;
private int exprCounter = 0;
private int proexprCounter = 0;
private 3tring output:
public Calchk3TTraverser (] {

output = "r;

public 2tring traverseCalclAIT(AST calcd3T) throws Exception{

AST tewpl3IT = calcld3T:

if (Lenmpd3T.getType () == PLUS || Cewmpl3T.getType() == MINUE){
traverseExpr (templd3T) ;

H

else if (templ3T.getType() == MIL || tenpl3T.getTypei) == IIV){
traverseProexpr (Cempld3T)

H

elsge if (templ3T.getType() == IDOW){
traversePowpr (Cempl3T)

H

el=ze if (templ3T.getType (] == INTI{
traverseltom(templdT) ;

H

else throw new Exception("Unexpected AST type™);

return output;

}
private expr traverseExpr (A3T exprldi3T) 4

expr temp = null;

AT firstProexpr = expriA3T.getFirscChild():

L3T secondProexpr = firstProexpr.getNextIiblingi():

if (firscProexpr.getType() == PLUS || firstProexpr.getType () == MINUS){
has main proexpr = false;
exprioounter+4;
temp = traverseExpr (firstProexpr):;
exproounter—-;
traversefecond3ubExpr (exprl3T, secondProexpr, temp):

if (exprCounter == 0]

output += "Expression: "+temp.tod3tring()4+Thnt:

return temp:
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if ('has_mwain expr){
main = new expri();
expr_mwain exprMain = new expr_main();
main.setExpr wainiexprMain) ;
has main proexpr = false;
expriain.setProexpr (traverseProexpr (firstProexpr) ) !
cewp = main:
has_main expr = true;
i
traverselecondiubExpr (exprA3T, secondProexpr, temp):
if (exprCounter == 0]
output += "Expression: "+temp.to3cring(l+"int:
return temp:

private void traverselecondIubExpr

[AST expri3IT, AST secondProexpr, expr parentffiecondiubExpr) {
expr_mwain ALT 0O Arbitrary 0 arbitrary 0 = new expr wain ALT 0 Arbitrary 0():
expr_main ALT O Arbitrary 0 _ALT 0O Block 0 alt bhlock = null;
if (expriST.gecType (] == PLIZ){

alt khlock = new expr main ALT 0 Arbitrary O ALT 0O Block O ALT O1():

[(expr main ALT 0 Arbitrary 0 ALT 0O_EBlock 0O_ALT O)alt_block] .setPLUS new PLUS(] ]!
i
else |

alt_block = new expr_main ALT 0O Arbitrary 0 ALT 0_FBlock 0O_ALT 1():

{({expr_main ALT O _Arbitrary 0 ALT 0 Block O_ALT 1)alt_block] .sectMINUS (new MINUS()):
i
arbitrary 0O.sectExpr main ALT 0O Arhitrary 0 ALT 0 Elock O{alt hlock):
has main proexpr = false:
arbitrary 0O.setProexpr (traverseFroexpr (secondProexpr) ) ;
parentofIecondIubExpr . getExpr wain() .addToExpr main ALT 0_Arbitrary Ofsarbitrary 0):

private proexpr traverseProexpr (L3T proexprd3T){

proexpr temp = null;

if (proexprAST.getType () == POW || proexpri3T.getType() == INTI{
tLEmMp = NEWw proexpr(]:
proexpr mwain proexpriain = new proexpr_maini):
temp.setProexpr_main(proexpriain) ;
proexprMain. setPowpr (traversePowpr (proexXpri3T) ) ;
return temp:

i

A3T firstPowexpr = proexpri3T.gecFirstChildi);

A3T secondPowexpr = firstPowexpr.getMext3Iiblingi():

if (firscPowexpr.getType () == MUL || firsctPowexpr.getType()] == DIV){
proexprioounter++;
temp = traverseProexpr (firstPowexpr) :

proexpriounter—-;
traverseSecondSubProexpr (proexprdST, secondPowexpr, tewp) !
if (proexprCounter == 0]
output += "ProductExpression: "+tewp.toString()+"hvnT:
return temp;
}
if ('has_main proexpr){
wmain proexpr = new proexpri);
proexpr mwain proexpriain = new proexpr main():
wain proexpr.setProexpr main(proexpriain) ;
proexprMain. setPowpr (traverseFowpr (firstPowexpr) ) ;
LEmp = main prosxpr;
has main proexpr = true;
}
traversedecond3ubProexpr (proexpriiT, secondPowexpr, temp):
if (proexprCounter == 0)
output += "ProductExpression: "+tewp.todtring()+"vn™:
return temp;

private void traverseSecondiubProexpr
[A3T proexpriA3T, AST secondPowexpr, proexpr parentOflecondubProexpr) {
proexpr main ALT 0 Arbitrary 0 arbitrary 0 = new proexpr main ALT 0 Arbitrary Of):
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proexpr_main ALT O_Arbitrary 0_ALT 0 Block 0 alt_block = null;
if (proexpri3T.getType (] == MUL){

alt block = new proexpr main ALT O Arkhitrary 0 ALT O Elock 0O ALT O():

[{proexpr mwain ALT O Arbitrary O ALT O Elock 0 ALT O)alt block).setHMUL inew MUL{)):
i
else {

alt block = new proexpr main ALT O Arkhitrary 0 ALT O Elock 0O ALT 1():

[{proexpr mwain ALT O Arbitrary O ALT O Elock 0 ALT 1)alt block) .setDIVinew DIV{)):
i
arbitrary_0.setProexpr_main ALT 0O_Arbitrary 0_ALT O_Elock O{alt_khlock):
arbitrary 0.setPowpr (traversePowpr (SecondFowexpr] ) ?
parent0fFeconddubProexpr. getProexpr wain () .addToFroexpr main ALT 0 Arbitrary O

arbitrary 0):

private powpr traversePowpr (A3T powprdST){

powpr temp = null:

if (powpri3T.gecType() == INTI{
TeWmp = New powpri);
powpr_main powexprMain = new powpr maini):
temp.setPoupr_main{powexprMain];
powexprMain.setitomi(traverseltcom (powprd3T)) 2
return temp;

}

3T firstidtom = powpri3T.getFirscChild():

3T secondlitom = firstlitow.getMextIibling():

Cemp = new powpr();

powpr main powexprMain = new powpr main();
temp.SetPowpr main{powexpriain) ;
powexprMain.setlitomitraverseldtom (firstitom) ) ;

powpr _main ALT O Optional 0 opticnal 0 = new powpr main ALT 0 Optional O[] ;
optional O.setPOW(new POW()]:

optional O.setitom(traverseltom(seconditom)):;
powexpriain.setPowpr_wain ALT 0 Optional Ofoptional 0):
output += "PowerExpression: "+temp.to3Stringil)+"hn";
return temp;

private atom traverseltom(AST stoml3T) {
atom temp = null:
temp = new atom();
ALOmW Wain atom Wain = new atom main();
temp.Setitom_mwain (atow_main] ;
INT num = nmew INT():

num. setValue (Integer . parselnt (atowd3ST.gecText (1)) 2
atom main. setINT (num) ;
output += "Atom|Integer): "+temp.toString(l+ThvnT:

return tewp;
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Appendix IV

expr.umil

<packagerexpr

<0lass> eXpr
<endclass>

<class> EXpr main
<endclass>

=class> proexpr
<endclass>

<class> expr_main ALT 0 Arhitrary O
<endclass>

<class> expr main ALT 0 Arhitrary 0 ALT 0 Block 0O
<endclass>

<class> expr main ALT 0 Arhitrary 0 ALT 0O Block 0O ALT 0O
<sgpecializes> expr main ALT 0 Arbitrary 0 ALT O BElock 0O
<endclass>

<classg> expr mwain ALT O Arbitrary 0 ALT 0 Block 0O ALT 1
<sgpecializes> expr main ALT 0 Arbitrary 0 ALT O Block O
<endclass>

<class> PLU3
<endclass>

<olass> MINTS
<endclass>

<class> JEMI
<endclass>

<classg> proexXpr_main
<endclass>

<class> powpr
<endclass-

<clasgg> proexXpr main ALT 0 Arhitrary O
<endclass>

<class> proexpr_mwain ALT 0 Arbitrary 0 ALT 0O BElock O
<endclass-

<clasgg> proexpr main ALT 0 Arbitrary 0 ALT 0 Block 0 ALT O
<specializes> proexpr_main ALT 0 Arbitrary 0 ALT O Block O
<endclass-

<clasgg> proexpr main ALT 0 Arbitrary 0 ALT 0 Block 0 ALT 1
<specializes> proexpr main ALT 0 Arbitrary 0 ALT 0O Block O
<endclass-
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<olass> MUOL
<endclass>

<olass> DIV
<endclass>

<clags> powpr_main
<endclass>

<class> atom
<endclass>

<olasg> powpr main ALT 0 Optional O
<endclass>

<olass= POW
<endclass>

<clasgs= atom main
<endclass>

<olass>= INT
<endclass>

<associations:-

+expr.«<nolame>=[1] <-> +expr mwain.<noWame-[1]:

+expr_main.<noWamex[1] <-> +expr mwain ALT 0 Arbitrary O0.<noWame>[0..%];
+expr_main.<noWamex[1] <-> +proexpr.<noHame>[1]:

+expr main.<noHame:-=[1] <-> +23EMI.<noMame>=[1]:
+expr _main ALT 0 Arbitrary O.<noHame>-[1] <->

+expr _main ALT 0 Arbitrary 0 ALT 0 Elock O.<noMame>=[1]
+expr main ALT 0 Arbitrary O.<noHame>[1] <-> +proexpr.<noHame>-[1]:
+expr_main ALT 0 Arbitrary 0 ALT 0 Elock 0 ALT O.<noHame>[1] <-> +PLUS.<noHame>[1]:
+expr main ALT 0 Arbitrary 0 ALT 0 Block 0 ALLT 1.<noMame>[1] <-> +MINU3.-noHame-[1]:;
+proexpr.<nolame>[1] <-> +proexpr main.<noHame>-[1]:
+proexpr _main.«<nolame>x[1] <-> +proexpr main ALT 0 Arbitrary 0O.<noHame>[0..%]:
+proexpr main.<nolame>[1] <-> +powpr.<noHame>[1];
+proexpr_mwain ALT 0 Arhitrary O.<noHame>[1] <->

+proexpr main ALT 0 Arhitrary 0 ALT 0 Block O.<noMame>[1]:
+proexpr main ALT 0 Arbitrary O.<noHame>[1] <-> +powpr.<noHame>-[1]:
+proexpr_mwain ALT 0O Arhitrary 0 ALT 0 Elock 0 ALT O.<noHamex[1] «-> +MUL.<noHame>-[1]:
+proexpr main ALT 0 Arbhitrary 0 ALT 0 Elock 0O ALT l.<noMame>[1] <-> +DIV.<noMame>[1]:
+powpr .<nolame>[1] <-> +powpr main.<noHame>-[1]:
+powpr_main.<noHame>[1] <-> +4powpr main ALT 0 Optional O.<noWame>-[0..1]:
+powpr_mwain.<noHame>[1] <-> +atom.<nolame>[1]:
+powpr mwain ALT 0 Optional O.<noHame>[1] <-> +POW.<noMame>=[1]:
+powpr_main ALT 0 Optional O.<noHame>[1] <-> +atom.<noHame>-[1]:
+atomw.<noMame>[1] <-> +atom mwain.<nolame>=[1] ;
+atow main.<noHame>-[1] <-> +INT.<noHame>-[1]:

<endpackage:-
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Appendix V

sql.g

class 3QLParser extends FParser:
=0l @ (command SEMI!'I+ ;

command @ create table
| drop table
| insert_row
| delete rows
|
|

query
hye

create tsbhle : "CREATE"™ "TAELE"™ tahle name "("

def coluwn list

"PRIMALRY™ "EEY" " (" key list ")"

e

def coluwn list : [ coluwn hame column type ", " 1+
key_list : coluwn name (7,7 column name ) ¥
drop table : "DROP™ "TAELE™ talile_nawe
tahle name : IDENTIFIER
column name : IDENTIFIER ;
column type : [ "INTEGER" | "VARCHAR™ ) ("™ NUMEER ""
insert_row : ["INSERT™ "INTO™) table nswe "VALUES" " (" constant { "," constant )% "'
delete rows : ("DELETE"™ "FROM™) table name | alias )7 [ "WHERE" compsarison )7
alias : IDENTIFIER :
comparison : value COHP_OPA values
value : [ alias "." ) ? column name | constant ;
constant : NUMEER | STRING !
query : "3IELECT™ { "DISTINCT"™ |2 query_column list

"FRON" table list
[ "WHERE" condition

query_column_list : ( alias "." ) ? column name | "," | alias "." }? column_nswme )% | "*"
table list : table nawe [ alias )7 ([ "," table nawme ( alias )7 1% ;

condition : and term { "OR" condition )2

and term : comparison [ "AND" and term )? ;

bye @ "QUIT"
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class SQLLexer extends Lexer:;

SEMI : ";" ;

COMP_OF @ "=' | /g | Mnro| rgs=mo| =
DIGIT : "om..ran

LETTER : "AM..TZ" | mar., mzv

STRING @ MU [ 0 fr_ g o Mo ko

NUMEER : { DIGIT j+ :

IDENTIFIER : LETTER ( LETTER | DIGIT |

ot
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Appendix VI

<packagersgl

=<oclass> =dql
<endclass>

<class> sgl_main
<endclasss

<class> sgl_main ALT_0O_AtLeastOne_0

<endclass-

<classx> command
<endclass-

<class> SEMI
<endclass>

<class> command main
<endclasss

<class> command main ALT O
<endclass-

<classk> cowmand main ALT 1
<endclass>=

<olass> command main ALT 2
<endclass>

<class> command main ALT 3
<endclassx

<class> command main ALT 4
<endclass>

<classk> comnand main ALT 5
<endclass-

<class> create table
<endclass-

<olass> drop_table
<endclass-

<class> insert row
<endclass>

<class> delete_rows
<endclass>

<class> query
<endclass>

=<class> bye
<endclass-

<class> create takble maln
<endclass>

<class> "CEELTE"
<endclass>

<class> "TALELE"™
<endclass-

<specializes>

<specializes

< gspecializes-

<specializes>

<specializes>

<gpecializes>

sql.uml

command main

commahd mwalin

command mwain

command main

command main

command main



<class> table nsne
<endclass-

<class>= " ("
<endclass>

<olass> def column list
<endclass-

<class> "PRIMARY™
<endclass>

<class> "EEY™
<endclass>

<olass> key listc
<endclass-

<class> ") "
<endclass>

<olasgsk> def column list main
<endclass-

<olass> def column list _main ALT 0O AtlLeastone 9
<endclass:>

<classk> column name
<endclass>

<olass> column type
<endclass-

<class>= ", "
<endclass>

<class> key_list main
<endclass:-

<clasgs> key list _main ALT 0 _Arbitrary 0O
“<endclass-

<class> drop_ table main
<endclassz

<class> "DROP™
<endclass-

<olasg> table nawe main
<endclass>

<olass> IDENTIFIER
<endclass:-

<class> column_ hame main
“<endclass-

<class> column type main
<endclass’

<class> column type main ALT 0 Block 1
<endclass-

<clasgsg> colun cype mwain ALT 0_Elock 1 ALT O <specializes> coluwn type_mwain ALT 0O Elock 1

<endclass>
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<olass> column type main ALT 0 Block 1 ALT 1 <specializes> column type main ALT 0 Elock 1
<endclass>

<class> "INTEGER™
<endclass>

<class> "VARCHAR™
<endclass-

<class> NUMEER
<enidclass

<clagg> insert row main
<endclass>

<class> insert_row_main ALT 0 Elock 2
<endclass-

<class> "INSERT™
<endclass:-

<class> "INTO™
<endclass>

<class> "VALUES™
<endclass>

<oclass> constant
<endclass-

<olass> insert row mwain ALT 0 Arhitrary 4
<endclass>

<class> delete rows main
<endclass:-

<class> delete_rows main ALT 0 _FBlock S
“<endclass-

<class> "DELETE™
<endclass>

<class> "FROM™
<endclass:-

<clagg> delete rows main ALT 0 Optional 1
<endclass>

“<class> alias
<endclasss-

<class> delete_rows_main ALT 0O_Optional 2
“<endclass-

<class> "WHERE™
<endclass>

<class> comparison
<endclass:-

<class> alias wain
“<endclass-

<class> comparison mwain
<endclasss-
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“<class> value
<endoclass-

<class> COMP_OF
“<endclass-

<class> valus_main
“<endclass>

<class> value_main ALT 0 <specializes> value_main
<endclass>

<classg> value_main ALT 1 <specializes> valus main
<endclass>

<clasgx value mwain ALT 0 Optional 1
<endclass>

“<class>= "."
<endclasss-

<classg> constant_main
<endclass-

<class> constant main ALT 0 «<specializes> constant_main
“<endclass>

<class> constant_main ALT_1 <specializes> constant_main
<endclass>

<olass> STRING
<endclass>

<classg> query_main
<endclass-

<class> "SELECT"
<endclass

<class> query main ALT 0 Optional O
<endclass’-

<class> "DISTINCT"
<endclass

<class> query column list
<endclass-

<class> table_list
<endclass

<class> query main ALT 0 Elock 4
<endclass>

<class> condition
<endclass:

<olassx guery column list main
<endclass-

<class> gquery column list main ALT 0 <specializes> gquery column list _main
“<endclass>

<clasgk cquery column list_main ALT_ 1 <specializesl> cquery column list_main
<endclass~



<class> guery column list main ALT 0 Optionsal O
“<endclass-

<class> guery column list main ALT 0 Arbitrary 1
<endclass>

<clasg> cquery column list main ALT O Arbicrary 1 ALT O Optional 0
<endclass>

<class> "*"
“<endclass-

<class> table list main
<endclass-

<class> table list wain ALT O Opticonal O
<endclass’-

<0lass> table_list_mwain ALT 0O Arhitrary 1
<endclass>

<class> table_ list main ALT 0 Arhitrary 1 ALT O Optional 1
“<endclass-

<class> condition main
<endclass’-

<oclassg> and term
<endclass>

<class> condition main ALT 0O Optional O
“<endclass>-

<class> "ORT
<endclass>

<class> and term main
<endclass>

<oclass> and_term main ALT 0_Optional_ 0O
“<endclass-

“<class> "AND'
<endclass>

<class> hye_main
<endclass-

<class> "QUIT™
<endclass>

<associations>

+3ql.<noWame>[1] <-> +3ql _wain.<noHame>[1]:

+2ql mwain.<noHame>[1] «-> +s3gl main ALT 0 AtLeastOne 0.<noHame>=[1..%];
+3qgl wain ALT 0O AtleastCne 0O.<noMame>-[1] <-> +conmand.<noHame=[1]:
+3gl main ALT 0 AtLeastOne 0O.<noHame>[1] <-> +3ENI.<noMame>x[1]:
+oontnand . <noHame-[1] <-> +command main.<noHame>-[1];
+oonmand wain ALT O.<noHame>[1] <-> +create table.<noHame>[1]:
+oontmand wain ALT 1.<noName>[1] <-> +drop_table.<noHame>-[1];
+oommand wain ALT Z.<noWamex[1] <-> +insert rov.<noHamex>[1]:
+oommand main ALT 3.<noWHame>[1] <-> +delete_rows.<noName>-[1];
+oommand wain ALT 4.<noWamex>[1] <-> +cquery.<nolHame>[1]:
+oommand main ALT S.<noWHame>[1] <-> +bye.<noHame>-[1];

+oreate table.<noName>[1] <-> +oreate_table mwain.<noName>-[1]:
+oreate table main.<noHame-=[1] <-> +table name.<noHame>-[1]:



+oreate table wain.<noName>[1] <-> +def column list.<noHame>[1]:
+oreate table wain.<noHame>[1] <-> +")".<noHame>[1]:

+oreate_table main.<noHame>[1] <-» +"CREATE".<noHame>-[1]:

toreate table main.<noWame>[1] <-> +"PRINARY".-noHame-[1]:

+oreate table wain.<noName>[1] <-> +"(".<noHame>[1]:

+oreate_table main.<noHame>[1] <-» +key list.<noHame>-[1]:

+oreate table wain.<noName>[1] <-> +"EEY".<noWame>[1]:

+oreate table wain.<noHame>[1] <-> +"TAELE".<noHame>[1];
+def_coluwnn list.<noName>[1] <-»> +def_column list_main.<noHame>[1];

+def column list mwain.<noMame>[1] <-> +def colwn list wain ALT 0 AtLesstOne 2.<nolame>[1.

+def column list_main ALT 0 Atlesstone 9.<noHame>[1] <-> +colwumn type.<noWame>-[1];
+def_coluwnn list_main ALT O AtLeastOne_ 2.<noWame>[1] <-»> +column name.<noHame>-[1];
+def coluwn list main ALT O AtLeastOne 9.<noMamex[1] <-> +",".<noHame>[1];
+key_list.<noWame-[1] <-> +key_list main.<noHame>[1] ;
+key_list_main.«<noWame>[1] <-> +key_list_main ALT 0 Arbictrary O.<noWName>-[0..%];
+key_list mwain.<noWame>[1] <-> +column namwe.<noHame>[1] ;

+key list mwain ALT 0 Arbitrary O.<noHame>x[1] <-> +column name.<noHame>-[1] ;
+key_list_main ALT O _Arbicrary O.<noMame>[1] <-> +",".<noWamex>[1]:

+drop table.<noHame>[1] <-> +drop table main.<noHame>[1]:

+drop table main.<noHame>[1] <-»> +table name.<noHame>-[1]:

+drop_table main.<noName>[1] <-> +"TAELE".<noHame>[1]:

+drop table wmain.<noName>[1] <-»> +"DROP".<noWame>[1];

+table namwe.<noHame-[1] <-> +table name main.<noHame>-[1]:

+table name_main.<noName>[1] <-»> +IDENTIFIER.<noHame>[1]:
+oolumn name . <nolame>[1] <-> +column nawe main.-<nolame>-[1] ;

+ocolumn name_main.<noMame>[1] <-> +IDENTIFIER.<noHame>-[1]:

+oolumn_ type.<nolHame>[1] <-»> +column type_main.<nolamex[1] ;

+oolunn type wain.<noMame>[1] <-> +NUMEER.<noWame>[1]:

+ocolumn type_main.<noMame>=[1] <-> +")".<noHame>-[1]:

+oolumn_ type_main.<noName>=[1] <-> +"(".<noHame>[1]:

+oolun type wain.<noWame-[1] <-> +columh type mwain ALT 0 Block 1.<noHame>-[1]:;

+oolumn type main ALT 0 Block 1 ALT O.<noHame>[1] <-> +"INTEGER".<noHame>-[1]:
+ocolwnn type _main ALT _O0_Block_1_ ALT 1.<noHame>-[1] <-> +"VARCHAR".<noHame>[1];

+insert_r0m.<nullame>-[1] <= +insert_row_main.<nollame>[1].:
+insert_row mwain.<noWame>-[1] <-> +"VALUES".<noName>-[1]:
+insert_row mwain.<noWame>-[1] <-> +table name.<noHame>-[1];

+insert_row mwain.<nolame>-[1] <-> +")".<noHame>-[1]:
+insert_rov_main.<noHame>[1] <-> +constant.<noName>-[1]:
+insert_row mwain.<nolame>-[1] <-> +"(".<noHame>-[1]:

+insert_row_mwain.<noHame>-[1] <-> +insert_row_main ALT 0 _Arbitrary 4.<noHame>[0..%]:
+insert_rov_main.<noHame>-[1] <-> +insert_row_twain ALT 0 EBlock Z.<noHame>-[1]:
+ingert_row mwain ALT 0 Block z.<noHame>[1] <-> +"INTO".<noHame>[1]:
+ingert_row _wain ALT 0O_Elock Z.<noMame>-[1] <-> +"INIERT".<noHame>-[1];

+ingert_row _wain ALT 0O_Arkbitrary 4.<nolame-[1] <-> +constant.<noHame>-[1]:

+insert row wain ALT O Arbitrary 4.<nolame>=[1] <-> +",".<noHame>[1];

+delete rows.<noHame-[1l] <-> +delete rows _main.<noFName>[1]:

+delete rows wainh.<noHame>[1] <-> +delete rows_mwain ALT 0 Opticnsal 1.<noHame>-[0..1]:
+delete rows mwain.<noHame:-[1] <-> +table nawe.<nolame>[1]:

+delete rows mwain.<noHame>[1] <-> +delete rows_wain ALT 0 Elock 5.<noHame>-[1]:
+delete rows mwain.<nolame>-[1] <-> +delete rows_wain ALT 0 Opticnal Z.<noHame>-[0..1]:
+delete rows mwain ALT 0 Elock 5.<noHame>[1] <-»> +"DELETE".<noWame>[1]:

+delete rows wain ALT O Block S.<noHame-[1] <-»> +"FROM".<noName:[1]:

+delete rows wain ALT O Optional l.<noMamex[1] <-> +alias.<noHamex[1]:

+delete rows mwain ALT O Optional 2.<noMame>[1] <-> +"WHERE".<noWame>[1]:

+delete rows mwain ALT O Optional Z2.<noMame>[1l] <-> +cowparison.<noWame>[1]:
+alias.<nolHamex[1] <-» +alias wain.<noHame:x[1]:

+alias wain.<noMamex-[1] <-» +IDENTIFIEE.<noWName>[1]:

+eonparison.<noMame-[1] <-» +comparison wain.<noHame:-[1]:

+oonparison wain.<noWamex[1] <-»> +value.<noFName>[1]:

+ecomparison wain.<noWame>[1] <-> +CONP OF.<noHamex[1]:

+value.<nolame>[1] <-» +value main.<noHame:[1]:

+walue_main ALT O.<noMamex>[1] <-»> +colwmn name.«<noName>[1]:
+walue_main ALT O.<noMame>[1] <-»> +value main ALT 0 Optional 1.<noWame>[0O..1]:
+walue main ALT O Optional l1.<noWame>[1] «<-> +".".<noWHame>[1]:
+value:main:ALT:D:OptiDnal:l.<nuHame>[1] <—> +alias.<noHame>-[1] ;
+value_mwain ALT 1.<noHame>[1] <-> +constant.<nolamex-[1]:

+oconstant .<nolame>[1] <-> +constant _main.<noHame>-[1];
+oconstant mwain ALT O.<noHamex[1] <-»> +NUNEER.<noName>[1]:
+constant_mwain ALT 1.<noHame>[1] <-> +3TRING.<noWame>[1]:
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+query.<noHame>[1] <-> +query main.<noHame>[1]:
+query main.<nofWame>[1] <-> +query main ALT 0 Block 4.<noWame>[1]:
+query main.<noWame>[1] <-> +"FRCOH".<noHame>-[1]:
+query_main,<noWame>[1] <-> +guery_main_ ALT 0 Cptional O.<noHame>-[0..1];
+query_main.<noWame>[1] <-> +tsble_list.<noWName>[1]:
+query main.<noWame>[1] <-> +"SELECT".<noName-[1]:
+query main.<nolHame>[1] <-> +query coluwn list.<noWame>[1];
+query main ALT 0 Optional O.<noHame>=[1] <-> +"DISTINCT".<noHame>[1] :
+query_main ALT 0 Elock 4.<noWame>[1] <-> +"WHERE".<noHame>-[1];
+ouery main ALT 0 EBlock 4.<noMame>[1] <-> +condition.<noMamex[1]:
+ouery columin list.<noName>=[1] <-> 4query column list mwain.-<noHame-[1];
+gquery coluwnn list main ALT O.<noHame>[1] <->

+query_coluwn_ list_main ALT_O_Optional O.<noWame>-[0..1]:;
+oquery_coluwn list _main ALT O.<noMame>[1] <-> +coluwmn_nsawe . <nolame>[1];
+ouery colwuwmn list main ALT O.<noHamex[1] <->

+query coluwn list wain ALT 0 Arbitrary l.<noHame:-[0..*];
+query_column list _main ALT 0 Optional O.<noWHame>[1] <-> +".".<noHame>[1]:
+query_colwnn_ list_main ALT O0_Optional_ 0O.<noWamex>[1] <-> +alias.<noHamex>[1]:
+ouery column list main ALT O Arbitrary l1.<noMame>[1] <->

+ouery coluwn list mwain ALT O Arbitrary 1 ALT O Optional O.<noHame>-[0O..1]:
+gquery colwnn list main ALT 0 Arbitrary l.<moHame>[1] <-> +colunn name.<noHame>-[1] ;
+query_colwnn_ list_main ALT O Arbitrary_1l.<noHame>[1] <-> +",".<noName>[1];

+oquery_coluwn list_main ALT O_Arbitrary_ 1 ALT O _Opticonal O.<noMame>[1] <-> +".".<noHame>[1]:
+ouery colwuwwn list main ALT O Arbitrary 1 ALT O Opticonsal O.<noMame-[1] <-> +alias.<noMame>-[1]:

+query coluwn list main ALT 1.<noHame>~[1] <-> +"*".<noHame>-[1]:
+table_list.<noHame>[1] <-> +tabhle list_main.<noHame>[1]:
+table_list_main.<noHame>[1] <-> +table_list_main ALT_0_Arbitrary 1.<noWame>[0..%];
ttable list wain.<noHame>[1] <-> +table nsame.<noHame>[1];
+teable list mwain.<noHame>[1] <-> +table list main ALT 0 Optional O.<nolame-[0..1]:
+table list _mwain ALT 0 Optional O.<noWame>[1l] <-> +alias.<noHame>[1]:;
+table_list_main ALT 0 Arbitrary_l.<noHame>[1] <-> +table_name.<noHame>[1];
+table list mwain ALT 0 Arkbitrary 1.<noHame>=[1] <->

T 7 Ftable list wainm ALT 0 Arbitrary 1 ALT O Optional 1.<noName>-[0..1];:
+table list main ALT O Arbitrary l.<noWame>[1] <-> +",".<noWame>[1]:
+table list main ALT 0O Arbitrary 1 ALT 0 Optional l.<noWamex>[1] <-> +alias.<noWNamex>[1]:;
+condition.<noName>[1] <-> +condition wain.<noWame>[1];
+oondition main.<nolame>[1] <-> +condition main ALT 0O Optional O.<noWame>-[0..1]:
+oondition main,<nolame>-[1] <-> +and term.<noHame>[1];
+ocondition wain ALT 0 Optional O.<noHame>[1] <-> +"OR".<noHame>[1]:
+oondition main ALT 0 Optional O.<noHame>[1] <-> +condition.<noWame>[1];
+and term.<noHame>[1] <-> +and term_mwain.<noHame>[1]:
+and term wain.<nolHame>[1] <-> +cowparison.<noName>[1];
+and_term main.<noHamex>[1] <-»> +and term main ALT 0 _Optional O.<noHame>[0..1]:
+and term main ALT 0 Optional O.<noHame>[1] <-> +"AND".<noHame>[1]:
+and termw wain ALT 0 Optional O.<noHamex[1] <-» +and term.<noHamex>[1]:
+hye.<noHame>[1] <-> +bye_main.<noHame>-[1];
+hye main.<nofame-[1] <-> +"QUIT".<noMame-[1]:

<endpackayge-
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