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Separ at ely Compiled Modules

Benef it s

Ð split t ing lar ge pr ogr am int o mult iple f iles

Ð using common (libr ar y) f unct ions
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St eps in Compiling

Modules can be compiled at  same t ime, or  at
dif f er ent  t imes and t hen linked lat er

Pre-
processing

Scan, Parse, 
Code Generation

Link

Source code files More object
code files

Object
code files

Executable
file

.obj (win)
or .o (unix)

.exe (win)
or - (unix)
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Funct ions of  Linking

I nt egr at e separ at ely compiled modules int o a
single pr ogr am

Tasks

Ð unif y t he addr ess space (memor y layout ) of  t he
modules

Ð cr eat e a single symbol t able

Ð r esolve ext er nal r ef er ences bet ween modules
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Dynamic Linking

At  r unt ime, link t o a pr ocedur e t he f ir st  t ime it  is
called by t he pr ogr am

Common OS f unct ions (API )

Ð placed int o DLL or  shar ed libr ar y

Ð loaded int o memor y at  syst em boot  t ime

Benef it s

Ð memor y size of  applicat ions is r educed

Ð changes t o DLL do not  r equir e r ecompilat ion /
r elinking wit h applicat ions
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Ext er nal Var iables in C

Global var iables (not  def ined in a block) can be
linked t o by ot her  modules

I f  you want  t o pr event  t his: use s t at i c keywor d

Ð says ext er nal var iable (or  f unct ion) is only visible
wit hin t his sour ce f ile

#i nc l ude <s t di o. h>

i nt  a;
st at i c  i nt  b = 25;
i nt  c ;
f l oat  f ( f l oat  ,  f l oat ) ;

File f1.c
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Ref er encing Var iables in Ot her  Files

Link t o a var iable declar ed in anot her  f ile wit h
keywor d ext er n

Ext er n declar at ions commonly collect ed in . h f iles,
and #i ncl udeÕd at  st ar t  of  each . c  f ile

#i nc l ude <s t di o. h>

ext er n i nt  a;
i nt  b = 50;
ext er n i nt  c ;
ext er n f l oat  f ( f l oat  ,  f l oat ) ;

File f2.c
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The Ar chive Ut ilit y ar

Ar chive = a libr ar y of  common f unct ions

Ð in Unix/ Linux, usually f ound in
/ usr / l i b/ l i bl i bname. a

Ð ex.: t he mat h libr ar y is in / usr / l i b/ l i bm. a

Ex.: Cr eat ing a libr ar y l i bsubs. a wit h t he obj ect
f iles sub1. o and sub2. oÉ

> gcc - c sub1. c
> gcc - c sub2. c
> ar  - s  - q l i bsubs. a sub1. 0 sub2. 0
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The Ar chive Ut ilit y ar

> gcc pr og. c - L.  - l subs - o f 1

Pr ogr am pr og. c:

look in the current
directory for the library

the name of the library is l i bsubs. a

The or der  of  t he opt ions is impor t ant !

Ð - l subs must  come af t er  t he sour ce code f iles
(f 1. c ) ar e list ed

Using t he libr ar y

i nt  sub1( voi d) ,  sub2( voi d) ;
i nt  mai n( voi d)  {
    É
    x  = sub1( ) ;
    y  = sub2( ) ;
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Ot her  Unix/ Linux Pr ogr ams For
Manipulat ing Obj ect  Files

UseCommand

Display complet e st r uct ur e of  obj ect  f iler eadel f

Display all inf o in binar y f ile, including
disassembly of  binar y

obj dump

List  names and sizes of  sect ions in obj ect  f iles i ze

List s symbols in symbol t ablenm

Remove symbol t able inf o f r om obj ect  f ilest r i p

List s all pr int able st r ings in obj ect  f ilest r i ngs

WeÕr e not  going t o (at  t his t ime) st udy obj ect  f ile
f or mat s /  linking  in det ail - see CSC246
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Dependency Checking wit h make

Most  pr ogr amming t oolsuit es (I DEs)É

Ð keep t r ack of  what  f iles ar e par t  of  a Òpr oj ect Ó (may
be 100s of  f iles)

Ð aut omat e cr eat ion of  a new r un-t ime execut able af t er
you make changes t o pr oj ect  f iles

make does t he same t hing, but  under  manual
cont r ol by t he pr ogr ammer

Ð t hr ough a makef i l e (or  Makef i l e)

Ð Òcr eat ing a new buildÓ
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Running make

Fir st , wr it e a Makef i l e

Af t er  t hat , any t ime par t  of  t he sour ce code
changes, t o r egener at e execut able, r un make

$ make [ - f  makef i l ename]  [ opt i ons]  [ t ar get ]
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Makef iles

Helpf ul t ips

Ð blank lines help r eadabilit y

Ð lines st ar t ing wit h Ô# Õ ar e comment s (ignor ed)

Ð lines can be cont inued wit h Ô\ Õ immediat ely bef or e
newline

Consist  of  r ules of  f or m:
Tar get - l i s t :  l i s t - of - dependenci es

l i s t - of - commands

There is a tab character here Ð Required! WonÕt work otherwise!
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Or der  of  Rules I mpor t ant

By def ault , make accomplishes t he f ir st  t hing
list ed in t he Makef ile

To accomplish somet hing else: make t ar get

Ð wher e t ar get  is what  you want  t o accomplish inst ead
of  t he f ir st  t hing in t he f ile
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l i s t - of - commands

Can be

Ð any execut able commands (pr ogr ams)

Ð ÒshellÓ commands

Example shell commands (scr ipt s)
Ð I / O r edir ect ion, connect ing pr ogr ams wit h pipes

Ð f ilename pat t er n mat ching

Ð condit ional execut ion (if -t hen-else)

Ð looping (f or , while)
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Example Makef i l e

Means:
Òif  p1. c has changed mor e r ecent ly t han t he
last  t ime t he execut able p1 was gener at ed, t hen
r un gcc p1. cÉÓ

Ð Òmor e r ecent Ó as det er mined by f ile modif icat ion
t imes

# sampl e Makef i l e f or  pr ogr am p1,  whi ch
# consi st s  of  j ust  t he f i l e p1. c
# Remember :  command l i ne * must *  s t ar t  wi t h TAB

p1:  p1. c
gcc p1. c Ðo p1 - l m
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Example (cont Õd)

I f  p1. c is less r ecent  t han p1, not hing happens

$ make p1
make:  Ôp1Õ i s  up t o dat e.
$

$ t ouch p1. c      set s modi f i cat i on t i me t o now
$ make
gcc p1. c Ðo p1 Ðl m
$

To f or ce r emake, use t ouch command

$ make p1
gcc p1. c Ðo p1 Ðl m
$
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Dependency ÒTr eesÓ

p1:  p1a. o p1b. o
gcc p1a. o p1b. o Ðo p1 Ðl m

p1a. o:  p1a. c
gcc Ðc  p1a. c  - o p1a. o

p1b. o:  p1b. c s t uf f . h
gcc Ðc  p1b. c  - o p1b. o

Makef ile

p1

p1b. op1a. o

st uf f . hp1b. cp1a. c
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Dependency Tr ees (cont Õd)

$ make
gcc Ðc  p1a. c
gcc Ðc  p1b. c
gcc p1a. o p1b. o Ðo p1 Ðl m
$
$ v i  p1b. c
 - - - make some changes t o p1b. c- - -
$ make
gcc Ðc  p1b. c
gcc p1a. o p1b. o Ðo p1 Ðl m
$
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Dependency Tr ees (cont Õd)

The f ollowing def eat s par t  of  t he pur pose of  make

Ð what Õs wr ong wit h t his, vs. t he pr evious?

p1:  p1a. c p1b. c s t uf f . h
gcc p1a. c p1b. c Ðo p1 Ðl m
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Aut omat ing: Def ault  Rules

Lar ge set  of  def ault  (built -in, aut omat ic)
dependencies t hat  make knows about

Examples:

Ð Ò<f i l ename>. o depends on <f i l ename>���DÓ

Ð ÒTo r egener at e <f i l ename>. o f ile, r un
$( CC)  <f i l ename>. c ÐcÓ

So, f or  example pr eviously given, almost  all t hat Õs
needed is

p1:  p1a. o p1b. o
p1b. o:  s t uf f . h

What Õs missing?
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Def ault  Rules (cont Õd)

To see what  t he complet e set  of  def ault s ar e:

(war ning: > 500 r ules on my syst em)

$ make Ðp Ðf / dev/ nul l
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Macr os (make Var iables)
Way t o assign symbolic names t o commands,

f ilenames, and ar gument s

Ð you only need t o updat e Makef i l e in one place

Some def ault  macr os you can def ine

Ð CC (compiler )

Ð CFLAGS (compilat ion f lags)

Ð LDFLAGS (linking f lags)

Ð TARGET_ARCH (t ar get  ar chit ect ur e)
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Macr os É (cont Õd)
Example

CC = gcc
CFLAGS = - Wal l  - s t d=c99
LDFLAGS = - l m
OBJECTS = p2a. o p2b. o p2c. o
SOURCES = p2a. c p2b. c p2c. c
HEADERS = h1. h h2. h

p2:  $( OBJECTS)
p2a. o:   $( HEADERS)
p2b. o:  h2. h
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Some ÒBuilt- In Ó Macros
(Besides Defa ult  Rules)

The Òst emÓ of  f ilenames t hat  mat ch a pat t er n$*

The list  of  dependencies$^

The list  of  dependencies (f iles t he t ar get
depends on) t hat  have changed mor e r ecent ly
t han cur r ent  t ar get

$?

The cur r ent  t ar get$@
MeaningMacr o

p2:  $( OBJECTS)
$( CC)  $( OPTI ONS)  $^  Ðo $@ - l m
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ÒDummyÓ Tar get s

Tar get  names t hat  ar e convenient  labels t o t ell
make what  you want  t o do (i.e., not  names of
f iles you want  t o gener at e)

É
p2. t ar :  Makef i l e $( HDRS)  $( SOURCES)

t ar  Ðc f  $@ Makef i l e $( HDRS)  $( SOURCES)

cl ean:
r m * . o

Not e t hat  make under st ands t he shell f ilename
pat t er ns, like Ò* . oÓ

copyr ight  2007 Douglas S. Reeves 28

ÒDummyÓ Tar get s (cont Õd)

Then you  can accomplish t hat  t ar get , e.g.,

$ make p2. t ar
t ar  Ðc f  p2. t ar  Makef i l e p2a. c p2b. c p2c. c
h1. h h2. h
Ét ar  out put  appear s her eÉ
$ make c l ean
r m * . o
$
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Some Command-Line Opt ions

Silent  mode; do not  pr int  commands, j ust
execut e t hem

- s

Pr int  t he commands t hat  would be execut ed, but
donÕt  execut e t hem

- n

I gnor e all er r or s (i.e., keep going)- i

Use f i l e inst ead of  Makef i l e- f  f i l e
Pr int  debugging inf or mat ion- d

MeaningOpt ion
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Passing Par amet er s t o make

We can pass par amet er s t o a makef ile by
specif ying t hem along wit h t heir  values in t he
command line, e.g.

Pr ocesses t he makef ile wit h CCFLAGS assigned
t he value - Wal l , PAR2 assigned t he value sw

Same names should be used wit hin t he makef ile
t o access t hese var iables (e.g., $( CCFLAGS) ,
$( PAR2) )

$ make CCFLAGS=Ò- Wal l Ó PAR2=sw
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make I ncludes

One Makef i l e can call anot her  using t he synt ax

Allows enf or cement  of  ver y complex dependencies
(makeÕing one pr ogr am r equir es ot her  pr ogr ams
also t o be makeÕd)

i ncl ude Makef i l e2
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Some Example Makef iles

# Makef i l e t o compar e sor t i ng r out i nes

BASE    =  / home/ bar ney/ pr ogs
CC      =  gcc
CFLAGS  =  - O ÐWal l
EFI LE   =  $( BASE) / bi n/ compar e_sor t s
I NCLS   =  - I $( LOC) / i nc l ude
LI BS    =  $( LOC) / l i b/ g_l i b. a \
             $( LOC) / l i b/ h_l i b. a
LOC     =   / usr / l ocal

OBJS    = mai n. o anot her _qsor t . o chk_or der . o \
             compar e. o qui cksor t . o
É

copyr ight  2007 Douglas S. Reeves 33

É
$( EFI LE) :  $( OBJS)

@echo Òl i nk i ng ÉÓ
@$( CC)  $( CFLAGS)  Ðo $@ $( OBJS)  $( LI BS)

$( OBJS) :  compar e_sor t s. h
$( CC)  $( CFLAGS)  $( I NCLS)  Ðc $* . c

# Cl ean i nt er medi at e f i l es
c l ean:

r m * ~ $( OBJS)

ExampleÉ (cont Õd)

The Òst emÓ of  f ilenames t hat  mat ch a pat t er n$*

The list  of  dependencies$^

The list  of  dependencies (f iles t he t ar get
depends on) t hat  have changed mor e r ecent ly
t han cur r ent  t ar get

$?

The cur r ent  t ar get$@

MeaningMacr o
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Anot her  Example: makeÕing vi

PROG= ex
XPG4PROG= ex
XPG6PROG= ex
LI BPROGS= expr eser ve exr ecover
XD4= exobj s . xpg4
XD6= exobj s . xpg6

EXOBJS= bcopy. o ex. o ex_addr . o ex_cmds. o ex_cmds2. o \
ex_cmdsub. o ex_dat a. o ex_ext er n. o ex_get . o \
ex_i o. o ex_put . o ex_r e. o ex_set . o ex_subr . o \
ex_t emp. o ex_t t y . o ex_uni x . o ex_v. o ex_vadj . o \
ex_vget . o ex_vmai n. o ex_voper . o ex_vops. o \
ex_vops2. o ex_vops3. o ex_vput . o ex_vwi nd. o \
pr i nt f . o

EXOBJS_XPG4= $( EXOBJS)  compi l e. o val ues- xpg4. o
EXOBJS_XPG6= $( EXOBJS)  compi l e. o val ues- xpg6. o
XPG4EXOBJS= ${ EXOBJS_XPG4: %=$( XD4) / %}
XPG6EXOBJS= ${ EXOBJS_XPG6: %=$( XD6) / %}
EXRECOVEROBJS= exr ecover . o ex_ext er n. o
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Anot her  ExampleÉ(cont Õd)
OBJS= $( EXOBJS)  $( XPG4EXOBJS)  $( XPG6EXOBJS)  \
      expr eser ve. o exr ecover . o
SRCS= $( EXOBJS: %. o=%. c)  expr eser ve. c exr ecover . c
TXTS = READ_ME makeopt i ons asf i x . c70 ex. news \
       por t . mk. 370 por t . mk. 70 por t . mk. c70 por t . mk. usg \
       ovdopr nt . s ovpr i nt f . c r of i x

i nc l ude . . / . . / Makef i l e. cmd
#
# For  message cat al ogue f i l es
#
POFI LES= $( EXOBJS: %. o=%. po)  expr eser ve. po exr ecover . po
POFI LE= por t . po

# I nc l ude al l  XPG4 and XPG4ONLY changes i n t he XPG4 ver s i on
$( XPG4)  : = CFLAGS += - DXPG4 - DXPG4ONLY

# I nc l ude al l  XPG4 changes,  but  don' t  i nc l ude XPG4ONLY i n t he
XPG6 ver s i on
$( XPG6)  : = CFLAGS += - DXPG4 - DXPG6 - I $( SRC) / l i b/ l i bc / i nc
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Anot her  ExampleÉ (cont Õd)

CPPFLAGS +=  - DUSG - DSTDI O - DVMUNI X - DTABS=8 \
             - DSI NGLE - DTAG_STACK
CLOBBERFI LES += $( LI BPROGS)
ex : = LDLI BS += - l mapmal l oc  - l cur ses \

$( ZLAZYLOAD)  - l gen - l c r ypt _i  $( ZNOLAZYLOAD)
$( XPG4)  : = LDLI BS += - l mapmal l oc  - l cur ses \

$( ZLAZYLOAD)  - l gen - l c r ypt _i  $( ZNOLAZYLOAD)
$( XPG6)  : = LDLI BS += - l mapmal l oc  - l cur ses \

$( ZLAZYLOAD)  - l gen - l c r ypt _i  $( ZNOLAZYLOAD)
exr ecover  : = LDLI BS += - l mapmal l oc  - l c r ypt _i
l i nt  : = LDLI BS += - l mapmal l oc  - l cur ses - l gen - l c r ypt

ROOTLI BPROGS= $( LI BPROGS: %=$( ROOTLI B) / %)
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Anot her  ExampleÉ (cont Õd)

# har d l i nks t o ex
ROOTLI NKS= $( ROOTBI N) / v i  $( ROOTBI N) / v i ew $( ROOTBI N) / edi t v  \
           $( ROOTBI N) / v edi t
ROOTXPG4LI NKS= $( ROOTXPG4BI N) / v i  $( ROOTXPG4BI N) / v i ew \
               $( ROOTXPG4BI N) / edi t  $( ROOTXPG4BI N) / vedi t
ROOTXPG6LI NKS= $( ROOTXPG6BI N) / v i  $( ROOTXPG6BI N) / v i ew \
               $( ROOTXPG6BI N) / edi t  $( ROOTXPG6BI N) / vedi t
. KEEP_STATE:

. PARALLEL:  $( OBJS)

al l :  $( PROG)  $( XPG4)  $( XPG6)  $( LI BPROGS)

$( PROG) :  $( EXOBJS)
$( LI NK. c )  $( EXOBJS)  - o $@ $( LDLI BS)
$( POST_PROCESS)
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Anot her  ExampleÉ (cont Õd)
É

$( XD4) / compi l e. o $( XD6) / compi l e. o:  . . / . . / expr / compi l e. c
$( COMPI LE. c)  - o $@ . . / . . / expr / compi l e. c

É

$( XD4) :
- @mkdi r  - p $@

É

i nst al l :  al l  $( ROOTPROG)  $( ROOTLI BPROGS)  $( ROOTLI NKS)  \
$( ROOTXPG4PROG)  $( ROOTXPG4LI NKS)  $( ROOTXPG6PROG)  \

       $( ROOTXPG6LI NKS)

É

cl ean:
$( RM)  $( OBJS)

l i nt :  l i nt _SRCS
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Aut oconf  and Aut omake

aut oconf  aut omat es t he set t ing of  opt ions which
ar e syst em conf igur at ion-dependent

aut omake aut omat es t he gener at ion of  lar ge
Makef i l es
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Exer cise


