Anatomy of a Compiler

Program (character stream)
Taoken Siream

Parze Tree

Intermediate Fepresentation

Optmized Intermediste Reprecentation

Assembly codea

1. Reading-in the Program: Lexing, Parsing, & Analysis

- Regular expressions, scanrsr gersrators.

- Jwntox aralyziz, bottom-up parsing.
LE[T), LR[1) & LALR{]] parsing algarithm & parsing tables.
Clssification of comtewt Fribk grammars o langlages
Errar handling

- Semontic arclysis and Type checking.

2. Executing the Program: Code Generation
- Berergtion of intermediche code
- ensration of unopfimized code
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3. Making the Program Run Fast: Code Optimization

- Control-flow analysis
- Dato-flow analysis

- Traditional Optimizations

- Redundancy Elimination Optimizations
- Loop Optimizations

- Procedure Optimizations

- Register Allocation

- Instruction Scheduling

- Instruction Optimizations
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Overview of Semantic Analysis

Adaptad from Lectures by

'.:5'-'::"'1 A& Tiken and Goemge Neeule MLIOE]

zn 'I'r:rl'i Serirn Fined oud Lemen Armarasagphe (THIT)

C57EL P L1554 d

The Compiler So Far

* Lexical anahysis
- Detects inputs with illegal tokens

* Parsing
- Detects inputs with ill-formed parse frees

+ Semantic analysis
- Last "front end" phose

- Catches all remaining errors
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Why a Separate Semantic Analysiz?

* Parsing cannot catch some errors.
- Some language constructs are not context-free.
» Static Check:
- Identifier decloration and use
* An dbstroct wersion of the problam iz
{ wew | we (a+b) }

* The 1l w represents a decloration; the 2nd o represents
a usa.

» Dynamic Check
- Array bounds check
- Mull pointer dereference check
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What Doez Semantic Analysis Do?

Checks of marmy kinds . . .

coole checks:

1. All identifiers are declared,

Type compatibility.

Inheritance relationships (e.g.. acyclic).
Closses defined only once.

Methods in a class defined only once.
Reserved identifiers are not misused.

2ok
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More on Semantic Checks

Establish that a program conforms to language

definition. (Reguirement= longuoge dependent)
* Flow of comtrol checks

- Decloration of a variable should be fefore use.

* {Jowa) Locol voriables initiclized before first use.

- Each exit path returns a value of the correct type.
* (Java) Statement recchabilify dheck (Deod-code).
* Uniqueness Checks
- Mo identifier can be used for two different
definitions in the some scope.
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(cont'd)

* Type checks

- Number of arguments (in call) motches the rumber
of formals (in declaration) and the corresponding

types are aqufvcllant

- Each acecess of a variable should match the
declaration (orrays, structures etc.).

- Ldentifiers in on expression should be

"evaluatable”.
- LH5 of an assignment should be "assignable®.

- Inan expression, all the types of variobles, method
return types and operators should be “compatible®
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Scope

* Matching identifier declarations with uses.

- Important static analysis step in most languoges.
- Including COOL

* What's Wrong?
- Example 1
Let y: String « "abc” iny + 3

- Example 2
Lety: It inx+ 3
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Scope (Cont.)

* A declaration introduces an enfity into a
program and includes an identifier,

* The scope of a declaration is the portion of
the ram text in which the declared entity
can be referred to using the identifier.

- The same identifier may refer to different things
in different parts of the program.

- Anidertifier may hove restricted scope.
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Static vs. Dynamic Scope

» Most languages have static scope.

- Scope depends only an the program text, not run-
time behavior.

- Cool has static scope.

» A Tew languoges are dymamically scoped
- LISP, SNOBOL.
* LLISP hos changed to mosthy shatic scoping.

- 5Scope depends on execution of the program.
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Static Scoping Example

let(x¢ Int« Qin

{
(¢
let xt Int< lin
a
(3¢

} o

Uses of x refer to closest enclosing definition.
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Cynamic Scope

» A dynamically scoped variable refers to the
closest enclosing binding in the execution of
the program

» Example
gly) = let a « 4 in f{3);
H{x)-a
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Scope in Cool

* Cool identifier bindings are introduced by

- Class declarations {introduce class names)
Method definitions (irtroduce method names)
Let expressions (introduce ob ject id's)
Formal parameters (introduce object id's)
Attribute definitions in a closs (introduce ob ject
id's)
- Cose expressions (introduce object id's)
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Scope in Cool (Cont.)

» Mot all kinds of identifiers follow the most-
closely nested rule.
- Cf. static vs lexical scoping

* For example. class definitions in Cool
- Cannot be nested.
- Are globally visible throughout the program.

» In other words, a class name con be used
before it is defined.
- Mo explicit forward declarations necessary.

C5TE L LLFSA -E

Example: Use Before Definition

Class Foo { ...lety:Barin...}
Class Bar {... }:

+ Attribute names are "global” within the class

in which they are defined.
Class Foo {

f(): Int{a )

a: Int « O;
}
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More Scope (Cont.)

* Method and attribute naomes have complex

rules.

» A method need not be defined in the class in
which it is used, but may be defined in some
parent class. (inheritance)

» Methods may also be redefined (overridden).
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