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V\‘j‘ From Source Code to Executable Code

//;;ogram gcd (input, output); <\\\

var i, j: integer;
begin
read (i, j):
while i <> j do
if 1 > j then i =1 - 3;

else j = j - 1i;

Compilation

writeln (i)

\ew Y

27bdffd0 afbf0014 0ci00Za8 00000000 OclO0Za8 afal00lc 8fadl0lc
00401825 10820008 0064082a 10200003 00000000 10000002 00832023
00841823 1483fffa 0064082a 0c1002b2 00000000 8fbf0014 27bd0020
03200008 00001025
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| “;‘ Compilation and Interpretation

* A compiler is a program that translates high-level
source programs into target program

Source program ———- ( Compiler )—h-TargeI program

Input _;p.( Target program )_p. Output

* An interpreter is a program that executes another
program

Source program

H‘( Interpreter ) = Cutput
'—_-____,..y

Input
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V\‘j" Mixing Compilation and Interpretation

* Fuzzy difference:
— A language is interpreted when the initial translation is
simple
— A language is compiled when the translation process is
complicated

Source program —— ( Translator )—l— Intermediate program

Intermediate program
'-.--‘_-‘

- Virtual machine )—I Output
Input

COMP 144 Programming Language Concepts
Felix Hernandez-Campos

Felix Hernandez-Campos



COMP 144 January 11, 2002
Programming Language Concepts
Lecture 2: Compilation and Interpretation

| W\ Preprocessing

Source program — — Mudified souree program
Maodified source program ——s — Assermnbly language

* Macros
— #define <macro> <replacement name>
-#define FALSE O
-#define max(A,B) ( (A) > (B) ? (A):(B))
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. Linking

e Libraries of subroutines

Fortran program ——» —— Incomplete machine language

Incomplete machine

language ~ =

— Machine language program
_...-""".'

Library routines
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L Portability

» Assembly language instead of machine language

Source prograrmn ———w — Assembly language
Assembly language——s — Machine language

* Intermediate source code

Source program —— —— Muaodified source program
Maodified source program —— — C code
C code — — Assembly language
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| W\‘j* Programming Environments

* Much more than compilers and interpreters
— Assemblers, debuggers, preprocessors and linkers
— Editors
— Pretty printers
— Style Checkers
— Version management
— Profilers

* Integrated environments
— Beyond a simple bus error
— Emacs
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My Overview of Compilation

ﬁfogram gcd (input, output); \

var i, Jj: integer;
begin
read (i, 3j):
while i <> j do
if i > j then i =1 - j;

else j = 3 - 1i;

writeln (i)

\ew Y

Compilation

27Tbdffd0 afbf0014 0c1002a8 00000000 Ocl002a8 afaz?00ic 8fad001c
00401825 10820008 0064082a 10200003 00000000 10000002 00832023
00641823 1483fffa 0064082a 0c10Q0Zb2 00000000 8fbf0014 27bd0020
03200008 00001025
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T Phases of Compilation

N
/

Character stream

\\ Scanner (lexical analysis) )
— (
\* Parser (syntax analysis) )
.r-""d'.l (

Semantic analysis and

*___.,-*' (inrermed.iate code generation

Token stream

Parse tree

Abstract syntax tree or
other intermediate form \\__‘ Machine-independent

— code improvement (opticmal))

Modified intermediate form

\‘ Target code generation

Assernbly or machine language, " (

or other target language "“\__* (
C

( Symbol table )

Machine-specific
ode improvement (optional )

Modified target language
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T\ Example

* From Scott’s class notes
* Desk calculator language
* Example program:
read A
read B
sum := A + B
write sum

write sum / 2
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L Lexical Analysis

» Tokens:
id = letter ( letter | digit ) * [ except "read" and "write" ]
literal = digit digit *
B A G

$$8 [end of file]
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by, Syntax Analysis

<pgm>

<stmt>
<expr>
<term>
<factor>
<add op>

<mult op>

<stmt list>

->

e Grammar in EBNF

<statement list> $$$

<stmt list> <stmt> | E

id := <expr> | read <id> | write <expr>
<term> | <expr> <add op> <term>

<factor | <term> <mult op> <factor

( <expr> ) | id | literal

+ ] -

s/

COMP 144 Programming Language Concepts
Felix Hernandez-Campos

4

Ny,

Code Generation

read

pop A
read

pop B
push A
push B
add

pop sum
push sum
write
push sum
push 2
div

write

* Intermediate code:
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| w Code Generation

* Target code:

.data

A: .long 0

B: .long 0

sum: .long O
.text

main: jsr read
movl do,dl
movl dl,A
jsr read
movl d0,dl
movl dl,B
movl A,dl
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Ny,

Code Generation

movl B,d2
addl dil,d2
movl dl, sum
movl sum, dl
movl dl,do
jsr write

movl sum, dl
movl #2,d2
divsl dil,d2
movl dl,do

jsr write
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