Chapter 4 Syntax


4.1 Lexical structure of a programming language
4.2 Context-free Grammars and BNFs
What constitute a (programming) language ?
·  Syntax
- 구문 구조
- 문법을 이용해서 기술
 BNF(Backus-Naur Form)
·  Semantics
- 프로그램의 의미
- 자연어를 이용해서 기술
· 수학적 기술

· operational semantics, denotational semantics

4.1 Lexical structure of a programming language


Lexical structure
· the structure of its words(tokens)
· tokens
- reserved words(keywords)

begin, if, while, …
- constants or literals  : 42, “hello”

- special symbols

“;”, “<=”, “+”

- identifiers

변수, 함수, 프로시져 등의 이름
4.2 Context-free Grammars and BNFs


BNF을 이용한 구문 구조 기술

·  Grammar

G = (N, T, P, S)

· P : production rules
<nonterminal> ::=  a sequence of  terminals and nonterminals

· N: nonterminal symbol
derived into further structure

· T: terminal symbol
no derivation from this symbol

· derivation

any legal sentence can be constructed by a derivation

Grammar for Statements in Pascal

<statement> ::= <expr> := < expr >

| <name>(< expr -list>)


| begin <statement -list> end       ... compound statement ....

| if < expr> then <statement> [else <statement> ]


| while <expr> do < statement >


| repeat <statement -list> until < expr>


| for <name> := < expr> to <expr> do <statement >


| for <name> := < expr> downto < expr> do < statement >


| case < expr> of <cases> end
<statement-list> ::= <empty>


| <statement>; <statement-list>

<cases> ::= <constant> : < statement >


| <constant> : < statement >; <cases>

Parse tree

· A tree to express the syntactic structure of a program as determined by a derivation
· Parse tree of
if  x>0  then  y:= y+1 else  begin y:=y-1; z:=z-1 end






Grammar for Pascal programs
<program> 


::= <program-heading> ‘;’ <program-block> ‘.’

<program-heading>
::= program <identifier>





|  program <identifier> ‘(‘ <program-paras> ‘)’

<program-block>

::= <block>

<program-paras> 
::= <identifier-list>

<block>



::= <label-declaration-part>






  <constant-definition-part>




   

  <type-definition-part>

<variable-declaration-part>

<procedure-and-function-declaration-part>

<statement-part>

Chapter 5 Basic Semantics



5.1 Attributes, Bindings, and Semantic Functions

5.1 Attributes, Bindings, and Semantic Functions



Fundamental abstraction
· 
Name(identifier)

variables, procedures, and constants
· 
Location

places where values can be stored like addresses in the memory
· 
Value


storable quantities, such as the integers,  the reals, or array values

Attributes

·  What are attributes of names ?
const n = 5;


var x: integer;


function f(n:integer): boolean


begin


  . . . 

end
- attributes of the names

n :

x :

f :

· The meaning of a name

- determined by attributes (properties)
· How can we associate attributes to names ?
· declarations
Binding

· What is binding ?
- the process of associating an attribute to a name
· When are  attributes associated to a name ?

· compile time or execution time

·  Static binding


- binding prior to execution (at compile-time)


- a static attribute



an attribute that is bound statically
const n=2

var x: integer;
· Dynamic binding


- binding during execution


- a dynamic  attribute



an attribute that is bound dynamically 

x := expr;


new(y);

·  Refined binding times

- language definition time



boolean, true, false, char, integer, maxint


- language implementation time



integer, maxint

- translation time

- link time



external definition


- load time



the location of a global variable

- runtime 
How to maintain the binding in a compiler ?

·  Symbol Table

· A data structure for the binding of attributes to names
name
attributes

n
constant, 2

x
variable, 

f
function : integer ( boolean

. . .


· mathematical meaning of symbol table

· SymbolTable : Names -> Attributes

·  management of symbol table

- compiler

- interpreter

- runtime system

Management of symbol table

·  Symbol table for a compiler


- management of  static attributes



the binding of static attributes to names

- mathematical meaning



SymbolTable : Names 
[image: image1.wmf]®

 Static Attributes
·  Symbol table for an interpreter or runtime systems 


-  management of  dynamic  attributes

the binding of dynamic attributes to names

- mathematical meaning

SymbolTable : Names 
[image: image2.wmf]®

 Dynamic Attributes

· What are dynamic attributes ?
- The memory allocation



the binding of names to storage locations



environment : Names 
[image: image3.wmf]®

 Locations

- What is a memory in mathematical meaning ?



memory : Locations 
[image: image4.wmf]®

 Values

5.2 Declarations, Blocks, and Scope


Declarations and Blocks
· Declarations
- a principal method for establishing bindings

- explict  declaration

Pascal

- implicit declaration

Lisp, partly in FORTRAN

· Blocks
· Pascal
procedures or functions 
· C
{   . . . }
· Ada
declare

. . .

begin

end
Declarations and Scope

· Global declaration
program ex;

global declarations

procedure p;

local declarations of p

begin

. . .

end;

. . .

begin (* main  *)

. . .

end. (* main *)

· Local declaration

· declarations in a block
·  Scope of declaration

· the region of the program over which the declaration is valid
Block structured language
· blocks can be nested




· Algol, Pascal, Modula, Ada, C, ...

Scope rules

·  Lexical scope (static scope)

· the scope of a declaration is limited to the block in which it appears
· the standard scope rule in most languages

· Pascal


- declaration before use

· the scope of declaration is the block from the point of  declaration
program ex;

var x : integer;

procedure p;

var y: boolean; 

begin

. . .

end;

procedure q;

var z: real; 

begin

. . .

end;

begin (* main  *)

. . .

end. (* main *)

· C

- scope of a local variable 
the function in which the variable is declared

- scope of an extern(global) variable

from the point at which it is declared to the end of the file

int sp = 0;

double val[MAXVAL];

double push(f) 

{ . . . }

double pop( ) 

{ . . . }

·  Algol, Ada
· the scope of declaration is the block from the beginning
· Declarations in nested blocks

· declarations in nested blocks take precedence over previous declarations
program ex;

var x : integer;

procedure p;

var x: boolean; 

begin

x := true;

. . .

end;

begin (* main  *)

x := 2; 

end. (* main *)

5.3 Symbol Tables


How to maintain a symbol table ?

·  A symbol table for a block-structured language ?


- process declarations in a stacklike fashion


- on entry into a block



process the declration in the block 



add the bindings to the symbol table


- on exit from the block



the bindings by the declaration in the block are removed

· Example
program symtabex;

var x: integer;

  y: integer;

procedure p;

var x: boolean;

procedure q;

var y: integer;

begin (* q *)

      . . .

end; (* q *)

begin (* p *)

. . .

end (* p *)

begin (* main *)

    . . .

end.

Dynamic binding (or scoping)

·  Declarions are processed as they are encountered along an execution path through the program


(assume that the symbol table is managed dynamically)

·  Dynamic scoped languages



APL, SNOBOL,  older versions of LISP


Partly in C++
program ex;

var x: integer;
procedure p;

begin 

writeln(x); 

end;
procedure q;

var x: integer;

begin 

x := 2;

p; (* call to p *) 

end;
begin (* main *)

x := 1;

q; 

end.

5.4 Allocation, Extent, and The Environment


Environment

· What is an envirionment ?

·  When is the environment  constructed ?       . . . Memory allocation . . .


- static allocation (at compile-time)


- dynamic allocation  (at runtime)


- a mixture of the two

· Examples


FORTRAN



all locations are bound statically


LISP



all locations are bound dynamically


Pascal, C, Modula-2



some allocation statically, others dynamically

· Allocation in block-structured languages 

· global variables  
· static allocation at compile-time
·  local variables   
· dynamic allocation on runtime stack when execution reaches the block
· memory allocation 
· malloc() in C, new() in Pascal
· dynamic allocation on heap when executing the function

Memory Management


· Example

program symtabex;

var x: integer;

  y: integer;

procedure p;

var x: boolean;

procedure q;

var y: integer;

begin (* q *)

      . . .

end; (* q *)

begin (* p *)

q;

end (* p *)

begin (* main *)

    p;

end
5.5 Variables, Constants, and Expression



Variables and Constants
·  A variable

· an object whose stored value can change during execution
· attributes of a variable



name, location, value, type, size and so on


- a schematic representation 



see page 139



binding of the name to the location by the environment

·  Value of variable

· usually changed by assignment statement
· consider the statement      x := y



r-value




the value stored in the location of a varible



l-value




the location of a variable


- How to get l-value in the right hand side of assignment statement in C ?

·  Constants

· a language entity that has a fixed value for the duration of the program
· may be stored in memory but cann't change


- static constants



value can be computed prior to execution


- dynamic constants



value can be computed only during execution

Expression and statement

· Expression

· Evaluation of an expression returns a value and produce no side effects (no change to memory)
· Statement

· Evaluation of a statement returns no value and produce side effects
· Assignment in C

x = (y = z) ;

x=y=z+w;

· Expression in LISP

-     ( plus 3  (times 4 5) )            ...  3 + 4 * 5 ...

- All operands are evaluated first

- An operator is applied to the operands
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static(global)


area





runtime stack





(unallocated)





heap

























































































































































































































































































<statement>





if < expression> then    <statement>    else      <statement>








begin <statement -list> end





y:= y+1





x>0





<statement>; <statement-list>





<statement>; <statement-list>





y:=y-1





<empty>





z:=z-1
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