Design
Lexer && parser




Grammar

program => decls stmts

block =-> {decls stmts}

decls => decls decl | €

decl => type *id*;

type =-> type [*num*] | *basic* | *record*
{decls}

stmts => stmts stmt | ¢

stmt -> assign;
| *if*(assign) stmt
| *if*( assign ) stmt *else* stmt
| *while*( assign ) stmt
| *do* stmt *while* ( assign );
| *break*;
| *return*;
| *return* loc;
| *print* loc;
| block
loc => loc [assign] | *id* | loc.*id*

assign =-> loc=assign | bool

bool -> bool| |join | join

join => join&&equality | equality

equality => equality==rel | equalityl=rel | rel

rel => expr<expr | expr<=expr | expr>=expr |
expr>expr | expr

expr => expr+term | expr-term | term

term -> term*unary | term/unary | unary

unary => lunary | =unary | factor

factor => (assign) | loc | *num* | *real* | *true¥* |

*false* | *string*



Grammar
Terminals

digit -> [0-9]

digits -> digit+

integralDigits -> -? digits

exponent -> ((e | E) integralDigits)
num -> digits exponent?

real -> digits . digits exponent?

basic -> (long | double | string | bool)
alpha -> [a-zA-Z]

alphaNumeric -> [a-zA-Z0-9]

id -> alpha alphaNumeric*



The structure of a compiler
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Lexer

. Process of converting a sequence of
characters into a sequence of tokens

. Called by a parser
. Usually based on a finite-state machine

. May involve backtracking



Lexer and parser
Some interface discussions

There are various options with pros and cons
e.g. Fortran 90




Lexer
Interface

Token

-value: String
-type: TokenType
-loc: Integer
-coc: Integer

+getValue(): string
+getTokenType () : TokenType
+getLoc(): Integer
+getCoc(): Integer

A

RealToken

NumToken

BoolToken




Lexer
Interface

+getNextToken () : Token
+getTokenl.ist () : List<Token>
+setSymbolTable (st:SymbolTable) : SymbolTable




Lexer

Interface

<<enumeration>> gggA;gUALS
TokenType R

NUM LESS OR EQUAL
REAL GREATER

TRUE GREATE R_E QUAL
FALSE PLUS

STRING MINUS

ID TIMES

IF DIVIDE

ELSE NOT

WHILE NEGATE

DO LEFT PARAN
BREAK RIGHT PARAN
RETURN LE FI'_B RACKET
PRINT RIGHT BRACKET

ASSIGENCPE LE FI'_B RACE

AND RIGHT BRACE
CR SIMICOLCN




Parser
Overview

ID, "mylnt" ———> [AR OP, "Plus" | ——>[ LOG, false

Arith. Operation
Result Type: Int
left expression right expression <::|
Identifier, Constant

[Declared Type: J Result Type:
Int Bool
Value= false




Parser
Tasks

Parse

e convert sequence of tokens to a sequence of
derivations

e deal with ambiguousness
o dangling else



Parser
Tasks

Analyze

e semantic analysis
o Convert parse tree to AST
o assign attributes
o deal with circular dependencies



Parser
Implementation

<Stmts >
<Stmts>

® parse

CFGExperimenter ( http://www.curtclifton.net/cfg-experimenter )



Parser
Implementation

myInt + false : [

Arith. Operation
Result Type: Int

® pa rse left expression right expression
o to AST

Identifier, KC tant R
Declared Type: onstarn

- Result Type:

Bool
Value= false

\_ J




Parser
Implementation

Arith_Operation

e parse —
eft expression
o to AST
e analyze -
. Identifier,
semantic [Ifr)]?clared Type: J
Value= false

&




Parser
To be more precise...

ASTNodeType

ArithnetichinaryExpression
[+Ari thnets cunaryExpression
[+Asssgnnenthiode

[+asThode

-inrayExpression

+Literatnode
[+LogicainaryExpression
LogicUnaryExpression

[+uniteNode

<<interface=>

ASTNode

<<interfaces

[~getRoothode(): Astiode

ASTodeType
+gettunberohiodes (): Integer
+gethodeList(): List<ASTHode>

L (): Tterator<ASTHode>

<<interfaces

Declarat

<interfaces

nNode

[+getToentitier(): &

+setType (type:Type)

tring

pe
+setidentitier (1dentifier:String)

[+gethunberofiodes (): Int

+ge tDFSLTRIterator () : Iterator<ASTNode>

+getRootsymbolTable(): SymbolTable
Table(symbol Tabte)

intertace T — e Frprere— intertaces
BranchNode ReturnNode Loop! | | BlockNode
Toentitier TaentiTieriose) etioopBody (block BLocklode eetRigntVatus (aentirier Taentitierone) N [~adabectaration(sectaration:Dectarat iomiode)
“getCondstion(): Expressiontiode getRigntvatue ) : Taents tierhode P e e e adustatenant (statenent :statenentHose)
- etBlocklioseonT rue(block: Blocktiode) Getoectarationtist(): List<bectarat onodes
- getBUockoseonTrue(): BlockNode S o LetstatenentList (): ListeStatenentioder
- SetBlocklioseonFatse (btock:8lockiode) L Jetoeciarationtterator(): Lterator<bectarationtodes
- getBockliogeonFatse (): Blockiose
- getiunber0Dectarations () : Integer
gethumberorstatenents() : Integer
[getsynvotTabte) : SympotTante
SetsymporTape(sympotTate symvot Tabte)
interraces —ntertaces
interrace —intertace
o LiteralNode
WhileLoop DoWhileNode e
oetiiteral(): String
getLiteralType( A
etliterat (iteratisrin
ssettiteraType(iteratrype: Type)
interraces
AssignmentNode - P P
e E ArrayldentifierNode StructidentifierNode
LantRiontvotoc ) Statenentiode toertirier (1 St ] eetrietaare (frewaraertirier strivg)
ent1fiar:String) [etindex(): Tnteger getrielanane): String
et Laenti tierhode)

—<interfaces>

PrE
Pof etiorvatie s Exprossiontode
e

~<Interface>
~<interface- UnaryExpression s
BinaryExpression
Ceetletivatue

):
+setoperator(operator :Unaryoperator)
) P

|+logicat negate

):
+setoperator(Binaryoperator :operator)
+getoperator(): Binaryoperator

<<enun>>

<<interfaces>

RelationExpression

ArithmeticBinaryExpression

+Lessthan

<<interfaces

+greatertnan

terfaces +inequal
[+togical and
[+togicat or

~<interfacess
LogicUnaryExpression

https://github.com/swp-uebersetzerbau-ss13/common/blob/master/doc/ast.jpeg

|+ get1a

entifierNode(): IdentifierNode




Parser
To be more precise...

e two design approaches
o free structure
m ASTNode::GetNodelList()
m reflects grammar
m supports visualisation
o interface only design
m ASTNode::GetNodeType()/SetNodeType(n)

m implementation can use an arbitrary inheritance
hierarchy

m maximum degree of freedom




Parser
Recap the situation...

- @ ArithmeticBinaryExpression
o extends ExpressionNode

L m extends StatementNode

e extends ASTNode

e Basicldentifier
o extends IdentifierNode
m extends ExpressionNode

e LiteralNode
o extends ExpressionNode
H ...



Parser

Recap the situation...

Ar|th Operation
Result Type: Int

left expression / Wpressmn

|dentifier,
Declared Type:
Int

Constant

Result Type:

Bool
Value= false

\§

~

Realisation

ArithmeticBinaryExpression
- Op: ADD (+)

getLeftValue()

getRightValue()

Basicldentifier LiteralNode

- id: "myInt" - Type: Boolean
- type: Boolean - literal:"false"

J




Parser

Recap the situation...

Ar|th Operation
Result Type: Int

left expression / Wpressmn

Identifier, Constant \
E]?Clared Type: Result Type:
Bool
Value= false
\_ J

Realisation

Aithmetici
- Op: ADD (

getLeftValue()

rithmeticBinaryExpression

:

Basicldenti
id: "myInt

ifier J

- literal:"false"




Sources

® hitp://cq.scs.carleton.ca/~morin/teaching/3002/notes/lex.pdf

® Frau Prof. Fehr

® Aaaand special thanks go to ...

O Florian
O Frank


http://cg.scs.carleton.ca/~morin/teaching/3002/notes/lex.pdf
http://cg.scs.carleton.ca/~morin/teaching/3002/notes/lex.pdf

