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Lecture 24: Overview

• Course Administration
– Reminder: Final course evaluation

• Translation Units
– Introduction
– Compiler components
– Modules
– Program example Phot oLab2

• Module Fi l eI O

• Module Scal e

• Module Mai n
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Course Administration

• Final Course Evaluation
– Open until end of 10th week
– Nov. 26, 2007, 12pm - Dec. 9, 2007, 11:45pm
– Online via EEE Evaluation application

• Mandatory Evaluation of Course and Instructor
– Voluntary
– Anonymous
– Very valuable

• Help to improve this class!

• Please spend 5 minutes!
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Translation Units

• Introduction
– C compilation process is a sequence of phases

• Preprocessing (handle # directives)

• Scanning and parsing (generate internal data structure)
• Instruction generation (emit stream of CPU instructions)

• Assembly (generate binary object file)

• Linking (combine objects into executable file)

– C compiler consists of separate components
• Preprocessor (processes # directives)

• Compiler (compiles and assembles code)

• Linker (processes object files and libraries)
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Translation Units

• Compilation Phases
– Source code

• Program file
• Header file(s)

– Preprocessed file

– Object file
– Library file(s)

– Executable file
Prg

Prg.c Prg.h

Preprocessor

Prg.i

Compiler

Prg.o

Linker

libc.a libm.a

stdio.h math.h
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Translation Units

• Source files
– Header files: Pr ogr am. h

• Inclusion of required header files

• Definitions of exported constants
• Declarations of exported global variables

• Declarations of exported functions

– Program files: Pr ogr am. c
• Inclusion of required header files
• Declaration and definition of local variables

• Declaration and definition of local functions

• Definitions of exported global variables

• Definitions of exported functions
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Translation Units

• C Preprocessor
– preprocesses source files
– handles # directives

• Preprocessing Directives
– Constant definition
– Macro definition
– Header file inclusion
– Conditional compilation

#def i ne WI DTH  800

#def i ne ABS( x)  ( x>0 ? x  :  - x)

#def i ne DEBUG / *  comment  out  t o t ur n debuggi ng of f  * /

. . .

#i f def DEBUG
pr i nt f ( “ val ue of  x i s now %d\ n” ,  x) ;
#endi f

#i ncl ude <st di o. h>
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Translation Units

• Object files
– Pr ogr am. o

• Compiled object code of source file Pr ogr am. c

• Use option –c in GNU compiler call to create object files
gcc –c Pr ogr am. c –o Pr ogr am. o –Wal l  - ansi

– Li br ar y. a
• Archive of compiled object files

• Executable file
– Pr ogr am

• Object files and libraries linked together
into a complete file ready for execution

• GNU compiler recognizes object files by .o suffix,
so object files and libraries require no special option
gcc Pr ogr am. o –l c –l m –o Pr ogr am



EECS10: Computational Methods in ECE Lecture 24

(c) 2007 R. Doemer 5

EECS10: Computational Methods in ECE, Lecture 24 (c) 2007 R. Doemer 9

Translation Units

• Multiple Translation Units
– C programs can be partitioned into multiple 

translation units, aka. modules
– Modules typically consist of

• Module header file (file suffix . h)

• Module program file (file suffix . c )

• Module object file (file suffix . o)

– Modules are linked together
• Linker combines object files and required libraries

into an executable file
• gcc Pr ogr am. o Mod1. o Mod2. o –l c –l m

–o Pr ogr am
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Translation Units

• Multiple Translation Units

Linker

Prg

libc.a libm.a

Prg.c Prg.h

Preprocessor

Prg.i

Compiler

Prg.o

stdio.hM1.c M1.h

Preprocessor

M1.i

Compiler

M1.o

math.hM2.c M2.h

Preprocessor

M2.i

Compiler

M2.o
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Translation Units

• Example: Phot oLab2

Constants.h

Scale.c

Scale.h

Compiler

Scale.o

Main.c

Compiler

Main.o

FileIO.c

FileIO.h

Compiler

FileIO.o

stdio.h

Linker

PhotoLab2

libc.a
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Translation Units

• Example: Header file Const ant s. h
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *  Const ant s. h:  header  f i l e f or  const ant  def i ni t i ons     * /
/ *  aut hor :  Rai ner  Doemer                                  * /
/ *  modi f i cat i ons:  ( most  r ecent  f i r st )                     * /
/ *  12/ 02/ 07 RD  ver si on f or  Fal l  2007                    * /
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

#i f ndef CONSTANTS_H
#def i ne CONSTANTS_H

/ * * *  gl obal  def i ni t i ons * * * /

#def i ne WI DTH  800      / *  i mage wi dt h * /
#def i ne HEI GHT 450      / *  i mage hei ght  * /
#def i ne SLEN    80      / *  max.  st r i ng l engt h * /

#endi f / *  CONSTANTS_H * /

/ *  EOF Const ant s. h * /
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Translation Units

• Example: Header file Fi l eI O. h
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *  Fi l eI O. h:  header  f i l e f or  I / O modul e                  * /
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
#i f ndef FI LE_I O_H
#def i ne FI LE_I O_H

#i ncl ude " Const ant s. h"

i nt ReadI mage(        / *  r ead i mage f r om f i l e * /
char  Fi l ename[ SLEN] ,
unsi gned char  R[ WI DTH] [ HEI GHT] ,
unsi gned char  G[ WI DTH] [ HEI GHT] ,
unsi gned char  B[ WI DTH] [ HEI GHT] ) ;

i nt SaveI mage(        / *  wr i t e i mage t o f i l e * /
char  Fi l ename[ SLEN] ,
unsi gned char  R[ WI DTH] [ HEI GHT] ,
unsi gned char  G[ WI DTH] [ HEI GHT] ,
unsi gned char  B[ WI DTH] [ HEI GHT] ) ;

#endi f / *  FI LE_I O_H * /
/ *  EOF Fi l eI O. h * /
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Translation Units

• Example: Program file Fi l eI O. c
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *  Fi l eI O. c:  pr ogr am f i l e f or  I / O modul e                 * /
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

#i ncl ude <st di o. h>
#i ncl ude " Fi l eI O. h"

/ * * *  f unct i on def i ni t i ons * * * /

i nt ReadI mage( char Fi l ename[ SLEN] ,
unsi gned char  R[ WI DTH] [ HEI GHT] ,
unsi gned char  G[ WI DTH] [ HEI GHT] ,
unsi gned char  B[ WI DTH] [ HEI GHT] )

{    / *  . . .  f unct i on body . . .  * /
}
i nt SaveI mage( char Fi l ename[ SLEN] ,

unsi gned char  R[ WI DTH] [ HEI GHT] ,
unsi gned char  G[ WI DTH] [ HEI GHT] ,
unsi gned char  B[ WI DTH] [ HEI GHT] )

{    / *  . . .  f unct i on body . . .  * /
}
/ *  EOF Fi l eI O. c * /
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Translation Units

• Example: Header file Scal e. h
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *  Scal e. h:  header  f i l e f or  scal i ng oper at i on            * /
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

#i f ndef SCALE_H
#def i ne SCALE_H

/ * * *  header  f i l es * * * /

#i ncl ude " Const ant s. h"

/ * * *  f unct i on decl ar at i ons * * * /

voi d Scal e(      / *  scal e t he i mage * /
unsi gned char  R[ WI DTH] [ HEI GHT] ,
unsi gned char  G[ WI DTH] [ HEI GHT] ,
unsi gned char  B[ WI DTH] [ HEI GHT] ,
doubl e        Scal eFact or ) ;

#endi f / *  SCALE_H * /

/ *  EOF Scal e. h * /
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Translation Units

• Example: Program file Scal e. c
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *  Scal e. c:  pr ogr am f i l e f or  scal i ng oper at i on           * /
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

#i ncl ude “ Scal e. h"

/ * * *  f unct i on def i ni t i ons * * * /

/ *  scal e t he i mage ver t i cal l y * /

voi d Scal e(
unsi gned char  R[ WI DTH] [ HEI GHT] ,
unsi gned char  G[ WI DTH] [ HEI GHT] ,
unsi gned char  B[ WI DTH] [ HEI GHT] ,
doubl e        Scal eFact or )

{
/ *  . . .  f unct i on body . . .  * /

}

/ *  EOF Scal e. c * /
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Translation Units

• Example: Program file Mai n. c
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *  Mai n. c:  mai n pr ogr am f i l e                             * /
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
#i ncl ude " Const ant s. h"
#i ncl ude " Fi l eI O. h"
#i ncl ude “ Scal e. h"

i nt mai n( voi d)
{    unsi gned char  R[ WI DTH] [ HEI GHT] ;

unsi gned char  G[ WI DTH] [ HEI GHT] ;
unsi gned char  B[ WI DTH] [ HEI GHT] ;

i f ( ReadI mage( “ I nput . ppm" ,  R,  G,  B)  ! = 0)
{  exi t ( 10) ;  }
Scal e( R,  G,  B,  2. 0) ;
i f  ( SaveI mage( " Out put . ppm" ,  R,  G,  B)  ! = 0)
{  exi t ( 10) ;  }

r et ur n 0;
}  / *  end of  mai n * /
/ *  EOF Mai n. c * /
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Translation Units

• Example session:
% vi  Const ant s . h
% vi  Fi l eI O. h
% vi  Fi l eI O. c
% vi  Scal e. h
% vi  Scal e. c
% vi  Mai n. c

% gcc - c Fi l eI O. c - o Fi l eI O. o - Wal l  –ansi
% gcc - c Scal e. c - o Scal e. o - Wal l  –ansi
% gcc - c Mai n. c - o Mai n. o - Wal l  –ansi
% gcc Fi l eI O. o Scal e. o Mai n. o - o Phot oLab2
% Phot oLab2
%

Input.ppm Output.ppm


