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Separ at ely Compiled Modules

Benefits
D splitting large program into multiple files
B using common (library) functions

Steps in Compiling

More object
code files

Source code files

Pre- —_ Bcan, Parse, >
processing Cgde Generatipn
Executable

_ file
Object )
code files -exe (w!n)
.obj (win) or - (unix)
or .o (unix)

Modules can be compiled at same time, or at
different times and then linked lat er

Dynamic Linking

At runtime, link to a procedure the first time it is
called by the program

Common OS functions (AP})
D placed into DLL or shared library
D loaded into memory at system boot time

Benefits
D memory size of applications is reduced

B changes to DLL do not require recompilation /
relinking with applications

Functions of Linking

I ntegrate separately compiled modules into a
single program

Tasks

D unify the address space (memory layout) of the
modules

D create a single symbol table
Dresolve external references between modules

External Variables in C

Global variables (not defined in a block) can be
linked to by other modules

I f youwant to prevent this: use st ati c keyword

D says external variable (or function) is only visible
within this source file

File f1.c
#i ncl ude <stdio. h>

int a;

static int b = 25;

int c;

float f(float , float);




Ref erencing Variables in Ot her Files
Link to a variable declared in another file with
keyword ext ern

File f2.c
#i ncl ude <stdio. h>

extern int a;

int b = 50;

extern int c;

extern float f(float , float);

Extern declarations commonly collected in . h files,
and #i ncl ude@ at start of each . c file

The Archive Utility ar

Archive = alibrary of common functions

B in Unix/ Linux, usually found in
fusr/lib/liblibnane.a

Dex.:the math libraryisin/usr/lib/libma

Ex.: Creating alibrary | i bsubs. a with the object
files subl. o and sub2. oE

> gcc -c subl.c
> gcc -c sub2.c

> ar -s -q |ibsubs.a subl.0 sub2.0

The Archive Utility ar

Program prog. c: |int subi(void), sub2(void);
int main(void) {
E
X

y

subl();
sub2();

Using the library

> gcc prog.c -L. -lsubs -0 f1
the name of the library is | i bsubs. a

look in the current
directory for the library

The order of the options is important!

D -1 subs must come after the source code files
(f1l.c) arelisted

Other Unix/ Linux Programs For
Manipulating Object Files

We®e not going to (at this time) study object file
formats/ linking in detail - see CSC246

Command Use

strings |Lists all printable strings in object file

strip Remove symbol table info from object file
nm Lists symbols in symbol table
si ze List names and sizes of sections in object file

readel f |Display complete structure of object file

obj dunp |Display all info in binary file, including
disassembly of binary

Dependency Checking with nmake

Most programming t oolsuit es (I DES)E

b keep track of what files are part of a (project O(may
be 100s of files)

D automate creation of a new run-time execut able after
you make changes to project files

nmake does the same thing, but under manual
control by the programmer

Dthrough a makefil e (or Makefil e)
b @reating a new buildO

Running make

First, write a Makefil e

After that, any time part of the source code
changes, to regenerat e executable, run make

$ make [-f nekefil enanme] [options] [target]




Makef iles

Helpf ul tips
D blank lines help readability
Plines starting with & Gare comment s (ignored)

P lines can be continued with ®@mmediately before
newline

Consist of rules of form:

Target-list: |ist-of-dependencies
N | i st-of-commands

There is a tab character here  Required! Won®work otherwise!
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| i st-of-comuands

Can be
b any execut able commands (programs)
B GhellGcommands

Example shell commands (scripts)
D 1/0 redirection, connecting programs wit h pipes
b filename pattern mat ching
b conditional execution (if -t hen-else)

D looping (f or, while)

Order of Rules | mportant

By def ault, make accomplishes the first thing
listed in the Makefile

To accomplish somet hing else: make t ar get

DPwheret ar get is what you want to accomplish inst ead
of the first thinginthe file

Example Makefi |l e

# sanpl e Makefile for program pl, which
# consists of just the file pl.c
# Remenber: command line *nust* start with TAB

pl: pl.c
gcc pl.c Bo pl -Im

Means:
Of pl. c has changed more recently than the
last time the exgcutable pl was generated, then
rungcc pl.ckEO
B Gnor e recent Oas det ermined by file modification

Example (cont @)

$ meke pl
gcc pl.c bo pl Bl m

$

If pl.cislessrecent than pl, nothing happens

$ meke pl
make: p1d is up to date.
$

To f orce remake, use t ouch command

$ touch pl.c sets nodification time to now
$ nmeke

gcc pl.c bo pl Bl m
$

times
Dependency O'reesO
(oo ] [switn ]
Makefile

pl: pla.o plb.o

gcc pla.o plb.o BPo pl1 Bl m
pla.o: pla.c

gcc Bc pla.c -o pla.o
plb.o: pilb.c stuff.h

gcc Bc plb.c -o plb.o




Dependency Trees (cont @)

$ make

gcc bc pla.c

gcc Bc plb.c

gcc pla.o plb.o bo pl BIm
$

$ vi plb.c

---make some changes to plb.c---
$ nmeke

gcc Bc plb.c

gcc pla.o plb.o bo pl B m

$
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Dependency Trees (cont @)

The following def eat s part of the purpose of make
B what @ wrong wit h this, vs. the previous?

pl: pla.c plb.c stuff.h
gcc pla.c plb.c Po pl1 BIm
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Automating: Def ault Rules

Large set of default (built-in, automatic)
dependencies that make knows about

Examples:
P &fil enane>. o depends on <f i | ename> M

P Joregenerate <fil enane>. o file, run
$(CC) <filenanme>.c BcO

So, for example previously given, aimost all that®

needed is
pl: pla.o plb.o
plb.o: stuff.h

What & missing?

Def ault Rules (cont @)

To see what the complete set of defaults are:

$ meke bp Bf/dev/null

(warning: >500 rules on my system)
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Macros (make Variables)
Way to assign symbolic hames t 0 commands,
filenames, and argument s

D you only need to update Makefi |l e in one place

Some def ault macros you can define
B CC (compiler)
B CFLAGS (compilation flags)
B LDFLAGS (linking f lags)
D TARGET_ARCH (target architecture)
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Macr os E (cont @)

Example
CC = gcc
CFLAGS = -Wall -std=c99
LDFLAGS = -Im
OBJECTS = p2a.0 p2b.o p2c.o
SOURCES = p2a.c p2b.c p2c.c
HEADERS = hl.h h2.h

p2: $( OBJECTS)
p2a.0: $(HEADERS)
p2b.o: h2.h
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Some @uilt- In OMacros
(Besides.Default _Rules)

Macro Meaning

$@ |The current target

$? The list of dependencies (files the target
depends on) that have changed more recently
than current target

$* The GtemOof filenames that match a pattern

" The list of dependencies

p2: $( OBJECTS)
$(CC) $(OPTIONS) $" bo $@-1m
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@ummyOTargets (cont @)

Thenyou can accomplish that target, e.g.,

$ meke p2.tar
tar bcf p2.tar Makefile p2a.c p2b.c p2c.c
hl.h h2.h

Etar output appears hereE
$ meke cl ean
rm*.o

$

@ummyOTargets

Target names that are convenient labels totell
make what you want to do (i.e., not names of
files you want to generate)

E
p2.tar: Makefile $(HDRS) $(SOURCES)
tar Bcf $@ Makefile $(HDRS) $( SOURCES)

rm*.o

Note that nmake understands t he shell filename
patterns, like @. 00
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Some Command-Line Options

Option Meaning

-d Print debugging inf or mation

-f file |Usefile instead of Makefil e

- I gnore all errors (i.e., keep going)

-n Print the commands that would be execut ed, but
don® execute them
-s Silent mode; do not print commands, j ust

execute them
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Passing Parameters to nake

We can pass parameters to a makefile by
specif ying them along wit h t heir values in the
command line, e.g.

$ make CCFLAGS=0O Wl | O PAR2=sw

Processes t he makefile with CCFLAGS assigned
the value - Vil | , PAR2 assigned t he value sw

Same names should be used wit hin the makefile
to access these variables (e.g., $( CCFLAGS) ,
$(PAR2))
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make | ncludes

One Makef i | e can call another using the synt ax

\i ncl ude Makefil e2 \

Allows enf orcement of very complex dependencies
(makeng one program requires ot her programs
also to be make®@)
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Some Example Makefiles

# Makefile to conpare sorting routines

BASE = /[ hone/ bar ney/ progs

cC = gcc

CFLAGS = -0 bwall

EFILE = $(BASE)/bin/conpare_sorts

INCLS = -1$(LCC)/include

LI BS = $(LOO)/liblg_lib.a\
$(LOO)/lib/h_lib.a

LoC = [usr/local

OBJS = mai n.o another_qgsort.o chk_order.o \
conpare. o quicksort.o

E

ExampleE (cont @)

E
$(EFILE): $(0BJS)
@cho Qinking EO
@(CO) $(CFLAGS) Do $@$(0BJS) $(LIBS)

$(OBJS): conpare_sorts.h
$(CC) $(CFLAGS) $(INCLS) Bec $*.c

# Clean internediate files [vo Weaning
CI ean: $@ | Thecurrent target
rm*~ $(0BJS)

$? | Thelist of dependencies (files the target

depends on) that have changed more recently
than current target

% | The GtemOof filenames that match apattern

s | Thelist of dependencies
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Anot her Example: makedng vi

PROG= ex

XPGAPROG= ex

XPGEPROG= ex

LI BPROGS= expreserve exrecover
XD4= exobj s. xpg4

XD6= exobj s. xpg6

EXOBJS= bcopy.o ex.o ex_addr.o ex_cnds. o ex_cnus2.0 \
ex_cndsub. o ex_data.o ex_extern.o ex_get.o \
ex_i 0.0 ex_put.o ex_re.o ex_set.o ex_subr.o \
ex_tenp.o ex_tty.o ex_unix.o ex_v.o ex_vadj.o \
ex_vget.o ex_vmain.o ex_voper.o ex_vops.o \
ex_vops2.0 ex_vops3.0 ex_vput.o ex_vwind.o \
printf.o

EXOBJS_XPGA= $( EXOBJS) conpile.o val ues-xpg4.o

EXOBJS_XPG6= $( EXOBJS) conpile.o val ues-xpg6. o

XPGAEXOBIS= ${ EXOBIS_XPGA: %=$( XD4) / %

XPGBEXOBIS= ${ EXOBIS_XPGB: %=$( XD6) / %

EXRECOVEROBJ S= exrecover.o ex_extern.o

Anot her ExampleE(cont @)

0BJS= $(EXOBJS) $(XPGAEXOBIS) $( XPGEEXOBIS) \
eXpreserve. o exrecover. o
SRCS= $( EXOBJS: % 0=% C) expreserve.C exrecover.c
TXTS = READ_ME nmkeoptions asfix.c70 ex.news \
port.nk.370 port.nk.70 port.mnmk.c70 port.nk.usg \
ovdoprnt.s ovprintf.c rofix

include ../../Makefile.cnd

#

# For message catal ogue files

#

POFI LES= $( EXOBJS: % 0=% p0o) expreserve.po exrecover.po
POFI LE= port. po

# Include all XP&XA and XPGAONLY changes in the XP&G4 version
$(XPG4) := CFLAGS += - DXPG4 - DXPAONLY

# Include all XP& changes, but don't include XPGAONLY in the
XPG6 ver sion
$(XPGE) := CFLAGS += - DXPGA - DXPGS -1 $(SRC)/1ib/libc/inc
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Anot her ExampleE (cont @)

CPPFLAGS += -DUSG -DSTDI O - DVMUNI X - DTABS=8 \
- DSI NGLE - DTAG_STACK
CLOBBERFI LES += $( LI BPROGS)

ex := LDLI BS += -| mapnmal | oc -1 curses \

$(ZLAZYLOAD) -1gen -lcrypt_i $(ZNOLAZYLOAD)
$(XP&4) = LDLI BS += -| mapnal | oc - curses \

$(ZLAZYLOAD) -1gen -lcrypt_i $(ZNOLAZYLOAD)
$(XPGB) : = LDLI BS += -| mapnal | oc - curses \

$(ZLAZYLOAD) -1gen -lcrypt_i $(ZNOLAZYLOAD)
exrecover := LDLIBS += -|mapmalloc -Icrypt_i
lint := LDLI BS += -| mapnmalloc -1 curses -1gen -lcrypt

ROOTLI BPROGS= $( LI BPROGS: %$( ROOTLI B) / %
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Anot her ExampleE (cont @)

# hard links to ex
ROOTLI NKS= $(ROOTBI N) / vi $(ROOTBI N)/ vi ew $( ROOTBI N)/ edi tv \
$(ROOTBI N) / vedi t
ROOTXPGALI NKS= $( ROOTXPG4BI N) / vi $( ROOTXPG4BI N) / vi ew \
$( ROOTXPGABI N) / edi t  $( ROOTXPGABI N) / vedi t
ROOTXPGGLI NKS= $( ROOTXPGBBI N) / vi $( ROOTXPGGBI N) / vi ew \
$( ROOTXPGBBI N) / edi t $( ROOTXPGBBI N) / vedi t
. KEEP_STATE:

. PARALLEL: $(0BJS)
all: $(PROG) $(XPG4) $(XPGB) $(LI BPROGS)
$(PROG) : $( EXOBIS)

$(LINK. c) $(EXOBIS) -0 $@ $(LDLIBS)
$( POST_PROCESS)




Anot her ExampleE (cont @)

E

$(XD4)/ conpi l e. o $(XD6)/conpile.o: ../../expr/conpile.c
$(COWPILE.c) -0 $@../../expr/conpile.c

E

$(XD4) :
-@kdir -p $@

E

install: all $(ROOTPROG) $(ROOTLIBPROGS) $( ROOTLINKS) \
$( ROOTXPGAPROG) $( ROOTXPGALI NKS) $( ROOTXPGSPROG) \
$( ROOTXPGELI NKS)

E

cl ean:
$(RV $(0BIS)

lint: lint_SRCS

Exercise
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Aut oconf and Aut omake

aut oconf automates the setting of options which

ar e system conf igur ation-dependent

aut onmake automat es the generation of large
Makefil es
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