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| ConcreteTerminal Symbol

042 0000000000000

gboboodboobbboggboboooooo

13



Parser

googoogooobooogon

ParserContext
OO00o00oo0oooooocoooououoooo
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00000000 [Gamma94] O Interpreter 00000 000000000000
gt oooooougon
0 [Gamma94|0

Interpreter UU U OUOUO0O0O0OO 430000000000

AbstractExpression |t

Interpret(Context)

Terminal Expression NonTerminal Expression K>—

Interpret(Context) Interpret(Context)

0 4.3: Interpreter U U U U

Interpreter U U OO OOOOOOOOOOOOOOOOOOOOOAbstractExpres-
sion 000000 0OOOO Interpret OO0 0D0O0OO0OODO0OOOOOOOOOOO
googoogoooo

430000000000 0O0LO0OOO0O0O

o AbstractExpression [ [ [J

—pbbobbobbbobobbdduuududgd Interpret OO O
uon

e TerminalExpression [0 [

- 000000000000 Interpret OO0 ODOOOOO
e NonTerminalExpression [ [ [

- 0000000000000 Interpret DO OO OOODOO0O
e Context 00

- giogdbbobuoobobbobobobuboubooboo
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— Interpret O OO OOOOOOOON

Interpreter 0 00000000000 0O0O0OOOOOODOOOOOOOONODO OTermi-
nalExpression 0 0O OO OO NonTerminalExpression OO0 OO0 OOOOOOOO0O
000o00oooooooooon

043 0000000000000 0O0OO0OOO0O0OOOO0OO0OObLbObOOoOOn
ooo
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Interpreter U 0 [ [ HENRN

Abstract Expression GrammarSymbol
TerminalExpression TerminalSymbol

NonTerminalExpression | NonTerminalSymbol
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Context ParserContext
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goouooodgobogn
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class Node : public Object

{
protected:
Node *_father; J/ 000 0gd
NodeList *_sons; // O0O000n
int _attr; // 0000000000
const char *_nodename; // OOOOO0O OOO)
NodeIterator *_nodeiter; // OUOOOOOO
ValuelList *_in_vlist; // OO
Valuelist *_out_vlist; // OOOOOOO0O
public:
virtual NodeIlterator* Createlterator(){} // iterator O 0[O
virtual void Evaluate(ValueList *, ValueList *){} // ODUOUOO0OOOO
Node* GetFather(); J/ OO0 odoood
Node* GetSon(int); J/ OO0 odoood
virtual const char* GetNodeName () ; J/ 000 odoood (ggg)
}s;

Evaluate 0 000000000000 0OO0O (4.3000)0

00O Createlterator OO0 D 0000000 OOOOODOOODO iterator U OO U
gogobobdd

iterator U UUOUOOODOOOOODOOOOLDOOLOOOLOLOOOOO0OO0oOOn
0000000000000 [Gamma94]Oiterator 00O O0O0ODOOOO0OOOOOO0O
gguodoobobdbobouououbdououobobobouobooboobo
gogooubobobobobddbdgbobdi Oiterator U U O U O Ulterator U
godbbdbodUterator HUDUOODOOO 440000000

4.2.3 UUOOOOOOOOOOOO

GrammarSymbol [ [ []

00000000 ooooooooooon
ooobbdboooooobooddd GrammarSymbol OO OO OO O OO NonTer-
minalSymbol, TerminalSymbol OO 0 0O 0O [

GrammarSymbol 0000 0OODOOO0O0OOOOOOParse OO0 OOOOODOONO
gooooooo
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NodeL ist |<> ‘l Node

Createlterator()

Grammar Symbol |

ASTNode

—<>| NonTerminal Symbol |

<>| NonTerminal ASTNode |

| Terminal Symbol |

| Terminal ASTNode |

0 Vaue [~ "| ValueListl terator

Createlterator() First()
Last()
Next()
Prev()
Lookup(Value *)

ValueListRevOrdl terator

Next()
Prev()

044 0000O0OD0O0OOO0OOOOOO0OOOOnOd

class GrammarSymbol : public Node

{
public:
// 00oogooo
virtual GrammarSymbolsx Parse(){};
// iterator OO
virtual GrammarSymbolIlterator* Createlterator(){};
s
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NonTerminalSymbol [0 [

00000 (nonterminal symbol) D00 000000000000 DOOOOOODODOO
goodbdbooboooboobobooboubobooboubboubobboog
oo oobooobobobo
goooboodoouooooboooobon

oo booobboooobooooooog
Joogbooubobbod GrammarSymbol DUOOUOUOOOUOUOOOUOOOOOO
GrammarSymbolList OO0 0O0OO0O0OOOOO

NonTerminalSymbol U U OOOOOOOOOODOON

class NonTerminalSymbol : public GrammarSymbol

{
public:
GrammarSymbolx* Parse(){};
GrammarSymbolIterator* Createlterator();
¥

TerminalSymbol [ [ [

O0000ooobooboooboooboooooboobobooobooooooa
0000000 (sentence) 00 O0D0DODOOOOO0OOODODDODOODOOODODODOOO
00000ooooobooboooooooboooboooooooooooooooDoon
goodoo

TerminalSymbol U U UUOODOUDUOUOODOOULOODOLDOOOLODODLODOOO
googon

class TerminalSymbol : public GrammarSymbol

{

public:
GrammarSymbolx Parse(){};
GrammarSymbolIterator* Createlterator();
b
Parser I U

budbubdubbddbdtbdParse U0 oo oobooon
Parser UU DO OUOOUOOUODOOOOOOOOOOOOOOODO
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class Parser
{
protected:
ParserContext *_context; /
GrammarSymbol *_start; /
GrammarSymbol *_gs; /
public:
Parser(TokenList *);
virtual GrammarSymbol* Parse(); // UUUOUOUOOON

/000 oguoguoagn
/Uoonoggogun
/000

};

Parser: :Parser(TokenList *tl)

{
// 0000000000000 ognpguoonoono
// ParserContext OO OOOODOOOONO
_context = new ParserContext(tl);

}

Parser DO O O0O0OO0O0OOO0OOO0O0OOOODOO0O0O0OOODOOO0O0O Parser-
Context U UUUOUOODUOUOUOODOUOOOParser HOUOUOOO OO ConcreteParser U
0000000000000 000000000000D000000004000 *_start
UO00dogboood Parser UOOUDOOOOUOOOOOOOO UParserContext [ [
Jodddbodobodbooooooobooobouboobbobooo
Joooobooobooobboboonbobbobbobooo

Parser UU OO Parse U0 OO ODOOOOOOOOO

GrammarSymbol* Parser::Parse()

{
// 00000000
// start symbol [0 Parse IO OOUOOON
_gs = _start->Parse();
// 0000000000000 0O0@Ooooooooo)d
_ast = _start->GetAST();
// 0000000
return (_gs);
}

goobobouboodbdd parse UOUOOOLOOODOOODOOODODODODOONO
odboooboubooboddibibdd GetASTUOODODODOODOODOOOOODO
godbogubobbodbbogbgbobonbubonobnbobboobooogn
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J0000000000D0D0000dConcreteParser U0 OO0 OParse O OO O OO
0000 ooooooooooog

ParserContext 00O O
Oo00dooUooobooooouooouoouooouoog
ParserContext O OO 0O0OOO0OOOOOOOO

class ParserContext
{
protected:
pToken *_token;
pTokenIterator *_next;
int _attr;
public:
ParserContext (pTokenList *);
pToken* GetToken() ;
int GetAttr();

~~~
~~
oo™
Oodod
Oodod
Oodod
Oodd
Oodod
Oodod

OO

Ood

};

ParserContext 10O O0O0OOOOOOOO0OOOOOOOOOOOODOQO OParserCon-
text OO 0O0O0OQOO0OO0DOOODOOOOOOO0O0O0O Paser OODOOOOOOOO
Ofdo00o00Ooooooobooocoououooooo

ParserContext: :ParserContext(pTokenList *tl)

{
_next = new Iter(tl->MakelIterator());
GetToken() ;

}

pToken* ParserContext::GetToken()

{
_token = (pToken*) ((*_next)());
_attr = _token->GetAttr();

}

int ParserContext::GetAttr()

{
return (_attr);

}

UOO0DO00od pTokenList DO OUDOUOOOODOOOOOODOOOOOOOOO
iterator U U O OO U GetToken U UL UOUOOOULOUODOLDOLNOUGetToken U
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00000000 oobonbouooln attr 0
UUO0O0OGetAttr OO0 U UODOO0O0OUOO0OOOOOO

U0 OGrammarSymbol DO O O0OO0OOOOOO ConcreteNonTerminalSymbol U [
ConcreteTerminalSymbol U U U D Parse U OO O UOOUOOOOOOOOOOOON
oo boobbobbooboobooboooo

4.2.4 0UOUOUOODOOOOO

goodgbogbboooobooobodbo4sbbbbogd

ASTNode ; <>| NodeL ist

|TerminalASTNode| | NonTerminalAST Node IO—'i

' '
A A A 4

| ConcreteTerminal ASTNode | | ConcreteNonTerminalASTNode |

U 45 000000000

U450000000000000000000000000O00O00O

ASTNode
oo oooooooooooooouoo

NodelList
Node OOODOOOOOO0OODOOOOODOOUOOOOOO

NonTerminal ASTNode
0000000 o0oboOooooooogooogoooooo

Terminal ASTNode
OOd0o00o0ooooOooDooooooooooooooo
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ConcreteNonTerminal ASTNode
oo ooooooogog

ConcreteTerminal ASTNode
OO0o00oooooooooocooooood

ASTNode DO OOOOOUODOODOOOOOUO
class ASTNode : public Object

{
protected:
Node *_father; // 00000
NodeList *_SOons; // 00000
const char *_nodename; // OO OO0 (UOO)
int _attr; // 0000000000
NodeIterator *_nodeiter; // OO0 OOO0O
public:
virtual NodeIlterator* Createlterator();
}s

NonTerminalASTNode UU OO UOOUOOOOOOOODODOOOOOOOOOOOOO
goougoogd

class NonTerminalNode : public ASTNode
{

public:
NodeIterator* Createlterator();
+;
Terminal ASTNode OO O0O0O0O00000O0OOOOOOOOOOOOOOOO0O0O
googooo

class TerminalNode : public ASTNode

{
public:
NodeIterator* Createlterator();

};

4.2,5 UOUOOOOOOO

U0ooodobil Buildee UODODUOOUDOOBuilder OO OO OOOOOOOO
goubgbugtobbotooboobbobbooouboobbobboobuoonoo
O000000000000D00000D0000000000000D000 [Gamma%4]0
Builder UOOOOOOOO 460000
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Director

Construct() Q

............................

! for all objectsin structure {

builder->BuildPart()

Builder

BuildPart()

i

ConcreteBuilder

BuildPart()
GetResult()

O 4.6: Builder DO QOO

460000000000 0O00O0OO0OOO0O0

e Builder OO0

---------

— Product O OO UOUODOOOOOODOODOOOOOODLDOODDOOOOOOOO
ggoggon

e ConcreteBuilder OO O

— Builder DOUODOO0O0O0OO0OO0O0O0OOOOOOProduct DO OOOOU
gboouobubogbogoogood

- ggdboggboboboobdodgao

e Director U [

— Builder DO OO OOOOOOLOOOOLUooonoooooog

e Product OO 0O

- oooooooog

0000 OProduc

goooooog
- ggogoaoon
gbooooood

t

O
U
U

au
ug
gd
gd
0

Ood

0O

U0 OO0 0O0OConcreteBuilder
opogo

goooogoogy

Product OO O OO0

4600000000000 OO0OOOOOO0OOOOLO0OOODO0OO0O0DOOn

googon

24



gooogoogn (guoggo
Builder 0000 guobggoao

Builder ASTBuilder
ConcreteBuilder ConcreteASTBuilder
Director ConcreteNonTerminalSymbol

ConcreteTerminalSymbol

Product ASTNode

gbggbutbboogougoouboobbobnbouoooooou 470bon

Grammar Symbol g ASTBuilder

|
Hﬁ NonTerminal Symbol ‘

Terminal Symbol

Joooooooo
oo

AppNonTerminal Symbol b ‘

’AppTerminal&lmbol b—{ ConcreteAST Builder

ConcreteNonTer minal Symbol ‘

’ ConcreteT erminal Symbol ‘

U 47 00000000000 0O000O0O0O0O0O00O0

Buider 00O 0O0O0OO0O0OODO0OO0OOODOODOOODOOOOOOODO ASTBuilder
000000000000 ConcreteASTBuilder OO0 (O 4700)00000000
O0D00D000D0DOO (ConcreteNonTerminalSymbol, ConcreteTerminalSymbol O 0 0)
0oodoooogd

O000000ogbddldGrammarSymbol DOOOOOO0OOOOOOOOOO
000000 oooooooon

25



ASTNode *_ast; // 000

goog
ASTBuilder *_astbuilder; // OU0OOOO0O0O0O

ASTNode* GetAST() { return _ast; }
void SetAST(ASTNode *node) { _ast=node; }

0000000000000 (ConcreteASTBuilder OO0 0)000000O0ODODODO
J00000 ASTBuilder 0000000 0O0O0D0OOOOOODOOONO ConcreteAST-
Builder 000000000000 OOOOONO OAppNonTerminalSymbol U0 0O O[O
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class ASTBuilder

{
public:

// 000000000000
virtual Node* BuildNode(int, Value *)=0;
// 200000 (BuildTree DO OO ODOODOO)
virtual Node* BuildBinaryTree(int, Node *, Node *);
// 00
virtual Node* BuildTree(int, NodeList *)=0;

}s

goooogooobo2bobooboooobooboz2bbooboooonoo
0000l ddd BuildBinaryTree U0 U0 OO O U O O BuildBinaryTree 0 U L0
0 OBuildTree 000 0O OO OO
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Node* ASTBuilder::BuildBinaryTree(int op, Node *nl, Node *n2)

{
NodeList *sons = new NodeList();
sons->Add(n1); // 00000 OOOOO0O
sons->Add(n2); // 00000 OOOOO0O
return ( BuildTree(op,sons) );

}
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class CalcParser : public Parser

{
public:
CalcParser::CalcParser(TokenList *tl) : Parser(tl)
{
// 0000000000000000O000000
// 000000000000
_start = new ESymbol();
}
}s;

O0000o00dobodn ConcreteNonTerminalSymbol [ [ ConcreteTerminalSym-
bol DU OO Parser O OO OOOOOOOONO TSymbol, FSymbol U U Parse U
O0000ddoddboooboooooooooooog
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GrammarSymbol* TSymbol::Parse(ParserContext *context)

{
// FSymbol UUODOOUOOUODOOOODOODLODONOO

// 0000o0ood
_gslist->Add( ( new FSymbol() )->Parse(context) );

while ( (_attr == ’%’) | (_attr == ’/’) )
{
_gslist->Add( new OPSymbol(_attr) ); // > OO0 °/° [
// 00o0oooggo
GetToken(); // O0O0O0OOO0OOOOOOOO
_gslist->Add( ( new FSymbol() )->Parse(context) );
¥
return (this);

¥

GrammarSymbol* FSymbol::Parse(ParserContext *context)

{
switch (_attr) // 00000000000

{
case *(7:
_gslist->Add( new OPSymbol(_attr) );
GetToken();
_gslist->Add( ( new ESymbol() )->Parse(context) );
_gslist->Add( new OPSymbol(_attr) ); // _attr==’)’
GetToken();
case eID: // 00o0ogo
_gslist->Add( new IDSymbol( (IDToken *)_token) );
GetToken(); // O0O0O0OOO0OOOOOOOO
break;
case eCONST: // 00000
_gslist->Add( new ConstSymbol( (ConstToken *)_token ) );
GetToken(); // O0O0O0OOO0OOOOOOOO
break;
}

return (this);

gouoooooo 30000

5.4.2 UJ0UOUO0OOO0OOODOOOOOOO0O0

ConcreteNonTerminalNode, ConcreteTerminalNode D00 (O 4.5000)000000
Doooobooooooooboooon
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god
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GrammarSymbol* TSymbol::Parse(ParserContext* context)

{
FSymbol *f; // 0000 FSymbol DUOODOOO
Node *n1,*n2; // 0000000 (ooooo)
f = new FSymbol(); // FSymbol 0 OUODOOOOOOO
_gslist->Add( f->Parse(context) ); // U0OUDODOOOOOOODOOO
nl = £->GetAST(); //0o00oooooooogbood
while ( _attr == ’x’ || _attr == ’/’ )
{
_gslist->Add( new OPSymbol(_attr) ); // ’x> 0000 ’/> 00U
GetToken(); /J/ 00000000000000
f =_new FSymbol();
_gslist->Add( f->Parse(context) );
n2 = £->GetAST();
nl = _astbuilder->BuildTree(_attr,nl,n2);
¥
SetAST(n1); // n1 00000000000
return (this);
¥

CalcASTBuilder 00O OO BuildNode, BuildTree 00 OO0 000 O00OOOOOOOO
O0o0dooooodooono eopbbObodoooooooooobooooog

Node* CalcASTBuilder::BuildNode(int op, Value *value)

{
switch (op)
{
case eCONST:
return ( new ConstNode( (IntValue *)value ) );
case eVAR:
return ( new VarNode( (VarValue *)value ) );
t
}
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Node* CalcASTBuilder::BuildTree(int op, NodeList *sons)

{
switch(op)
{
case eLET: // 00000 ’let’ OOO
return ( new LetNode(sons) );
case eDECLLIST: // DECLLIST OJU[
return ( new DeclListNode(sons) );
case eDECL: // DECL OO
return ( new DeclNode(sons) );
default:
lf ( iSOp(Op) ) // )+:’7_),)*),:/) DD
return ( new ExpNode(sons,op) );
}
}
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e ExpNode
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{
for(i = 1;i < nyi ++) { newblock(Decl;.defs, Decli1).env);}
newblock(Decl,.defs, Decl,.env);
}
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Exp{ in env, out env }
Var{ in env, out env }

Const{ in env, out env }
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