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Programming Languagelmplementation

Translation

Source language programsaretranslatednto target language programs:

— Assembler:symbolicrepresentationf machinecode — machinecode

— Compiler: high(er)-level language — low(er)-level language

— Loader/ link editor translatesddresseference# objectcodeindicated
by addressablesto actualaddresses

— Macroprocessor preprocessomperformsmacroexpansiorandcode
fragmentselectiorby applyingrewriting rules

Software simulation — Virtual machines
Createa (low-level) progranthatactsasa“computerwhosemachindanguage
isthehigh-level language”.

Thisinterpreter alsoactsasavirtual machineimplementation.

Most“interpreters’first performcompilationinto somenternalrepresentation
(sometimesxportedashytecods.
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Stagesin Tranglating a Program

Lexical analysis (Scanner): Breakinga programinto primitive components,
calledtokens (identifiersnumberskeywords,...)

Syntactic analysis (Parsing): Creatinga syntaxtreeof theprogram.

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

Semantic analysis:. Understandingthe relationship among the tokens in
theprogram.

Optimization: Rewriting thesyntaxtreeto createa moreefficientprogram.

Codegeneration: Corvertingthe parsedorograminto anexecutableform.
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Syntax — Shape of PL constructs

Describing Programs
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» Whatarethetokensof thelanguage?— Lexical syntax,'word level”

* How areprogramdbuilt from tokens?— Mostly useContext-Free
Grammars (CFG)or Backus-NaurForm (BNF) to describesyntax atthe
“sentencdevel’

Semantics— Meaning of PL constructs
« Threemajorapproachet PL semantics:
— Axiomatic semantics: {p} Prog {q}

— Denotational semantics: Pr og denotes a mathematical function[[Pr og]|

— Operational semantics: statetransitionsequencef anabstracimachine

» “Static semantics”: aspect®f programstructurghatarechecledatcompile
time, but cannotbecapturecdby CFGs ( - contet-sensitve syntax):
— Scope®f names

— Typing
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Formal Languages, Grammars, Automata

A formal language over an alphabet A is a subsebf A",
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Formallanguagesanbe generated by grammar s, recognized by automata.

Phase |Input Output Grammar Recognising | Generators
Alphabet Type Automata
Lexing | CharactersToken Type3: Finite lex, flex
ocanl | ex
Sequence | Regular Automata |, o
Parsing| Tokens | Syntax Type?2: Pushdavn yace, bison
Tree Contet-Free| Automata ocamRyaci,va
happy

Two formallanguages:

» token language over characteflevel alphabet
« program language overtokenalphabet
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Token Example: Identifiers in Java Derivationsand Parse Trees

Java2 LanguageSpec3.8: Integer - Integer Digit - Integer Digit Digit

JavalLetter

IdentifierChars JavaLetterOrDigit
Integer - Integer Digit - Integer 2

CorventionalBNF: — Integer Digit 2 — Integer 52 _, Digit 52 -, 352
IdentifierChars ::= Javaletter
' | IdentifierChars JavalLetterODigit I nt eger
CornventionalCFG: o -
IdentifierChars - Javaletter I nt eger Digit
IdentifierChars - ldentifierChars JavalLetterODigit _— ~ /
“Railroaddiagram”: I nt eger Di git 2
/ /
IdentifierChas = ﬁJavaLette.ﬁ - -
— Digit
HJavaLetterOrDlgl*J ) g 5
RegularExpression: 3
IdentifierChars = Javaletter [JavaletterQDigit"”
BNF in the Textbook Read...
Integer - Digit | Integer Digit Chapter 2
Digit - 0] 1] 2| 3| 4| 5] 6] 7] 8] 9
ThiSiS anabbr@iationfor thefOIIOWing SetOf CFG I’uleSZ — ReadtheUNlX manualpagegor grep andegr ep; Compardheregular
Integer - Digit expressionsherewith thosein thetextbook.
Integer - Integer Digit
Di git -0 — Learnwhatawk andsed areusedfor (UNIX texts,manuapages)andwhat
Digit -1 thebasicstructureof awk andsed scriptsis. Have you ever encountered
D gi t E 9 ary problemshatyounow would solve usinggr ep awk, andsed?
gi -

Definition: A context-freegrammar (CFG)isatuple(Z,N, S, p) where
* Yisasetof terminal symbols

* Nisasetof nonterminal symbols

 SON isthestart symbol

« pO(N x (N O x)Yisasetof rules;

arule (A, w) isusuallywritten“A - «’



