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Programming LanguageImplementation

Translation
Source language programsaretranslatedinto target language programs:
– Assembler:symbolicrepresentationof machinecode → machinecode

– Compiler: high(er)-level language→ low(er)-level language

– Loader / link editor translatesaddressreferencesin objectcodeindicated
by addresstablesto actualaddresses

– Macroprocessor/ preprocessorperformsmacroexpansionandcode
fragmentselectionby applyingrewriting rules

Softwaresimulation — Virtual machines
Createa(low-level)programthatactsasa“computerwhosemachinelanguage
is thehigh-level language”.

This interpreter alsoactsasavirtual machineimplementation.

Most“interpreters”first performcompilationintosomeinternalrepresentation
(sometimesexportedasbytecode).

SE3E03,20032.5 174

Stages in Translating a Program

Lexical analysis (Scanner): Breakinga programinto primitive components,
calledtokens (identifiers,numbers,keywords,…)

Syntactic analysis (Parsing): Creatingasyntaxtreeof theprogram.

Symbol table: Storing information about declaredobjects (identifiers,
procedurenames,…)

Semantic analysis: Understandingthe relationship among the tokens in
theprogram.

Optimization: Rewriting thesyntaxtreeto createamoreefficientprogram.

Code generation: Convertingtheparsedprograminto anexecutableform.
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DescribingPrograms

Syntax — Shape of PL constructs
• Whatarethetokensof thelanguage?— Lexical syntax,“word level”

• How areprogramsbuilt from tokens?— Mostly useContext-Free
Grammars (CFG)or Backus-Naur-Form (BNF) to describesyntaxat the
“sentencelevel”

Semantics— Meaning of PL constructs
• Threemajorapproachesto PL semantics:

– Axiomatic semantics: {p} Prog {q}
– Denotationalsemantics:Prog denotes a mathematical function[[Prog]]
– Operational semantics:statetransitionsequenceof anabstractmachine

• “Static semantics”: aspectsof programstructurethatarecheckedatcompile
time,but cannotbecapturedby CFGs ( → context-sensitivesyntax):
– Scopesof names

– Typing
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Formal Languages, Grammars, Automata

A formal language over an alphabet A is asubsetof ∗A .

Formallanguagescanbegenerated by grammars, recognized by automata.

Phase Input
Alphabet

Output Grammar
Type

Recognising
Automata

Generators

Lexing CharactersToken
Sequence

Type3:
Regular

Finite
Automata

lex, flex
ocamllex
alex

Parsing Tokens Syntax
Tree

Type2:
Context-Free

Pushdown
Automata

yacc, bison
ANTLR, JavaCC
ocamlyacc,
happy

Two formal languages:

• token language overcharacter-level alphabet

• program language over tokenalphabet
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TokenExample: Identifiers in Java

Java2 LanguageSpec.3.8:

IdentifierChars:
        JavaLetter
        IdentifierChars JavaLetterOrDigit

ConventionalBNF:

IdentifierChars ::=  JavaLetter
                  |  IdentifierChars JavaLetterOrDigit

ConventionalCFG:

IdentifierChars → JavaLetter
IdentifierChars → IdentifierChars JavaLetterOrDigit

“Railroaddiagram”:

IdentifierChars = JavaLetter
JavaLetterOrDigit

RegularExpression:

IdentifierChars = JavaLetter ⋅ JavaLetterOrDigit∗
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BNF in the Textbook

Integer → Digit | Integer Digit
Digit → 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9

Thisis anabbreviation for thefollowing setof CFGrules:

Integer → Digit
Integer → Integer Digit
Digit → 0
Digit → 1

⋅⋅⋅
Digit → 9

Definition: A context-free grammar (CFG) is a tuple(Σ, N , S, ρ) where

• Σ is asetof terminal symbols

• N is asetof nonterminal symbols

• S ∈ N is thestart symbol

• ρ ⊆ (N × (N ∪ ∗Σ) ) is asetof rules;

a rule (A, ω) is usuallywritten“A → ω”
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Derivations and Parse Trees

Integer → Integer Digit → Integer Digit Digit

→ Digit Digit Digit → 3 Digit Digit → 35 Digit → 352

Integer → Integer Digit → Integer 2

→ Integer Digit 2 → Integer 52 → Digit 52 → 352

Integer

Digit

3

Integer

Digit

5

Integer

Digit

2
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Read…

Chapter 2

– ReadtheUNIX manualpagesfor grep andegrep; comparetheregular
expressionstherewith thosein thetextbook.

– Learnwhatawk andsed areusedfor (UNIX texts,manualpages),andwhat
thebasicstructureof awk andsed scriptsis. Haveyoueverencountered
any problemsthatyounow wouldsolveusinggrep awk, andsed?


