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I ntroduction to make



Advantages of Make

Significantly reduces the amount of time spent compiling a
program.

| nsures that programs are compiled with correct options.

| nsuresthat programs are linked to the current version of
program modules and libraries

Freesthe user of having to remember all of the grungy
details each and every time



Example of Why Use M ake

e Scenario
* Program.cwasjust modified

* Desreto compileand link to the modulesinputs.c and
outputs.c

e Approach 1
e Qcc program.c inputs.c and ouputs.c

e Approach 2

e (CC program.cinputs.o outputs.o

e Takeslesstime
» Relieson programmer to assure timeliness of
inputs.o and outputs.o




What make does?

Deter mines whether the relevant object filesexist and are
current.

Performsthe smallest set of compilations necessary.

I ncreased efficiency and lessroom for error.



make Terminology

Target

» A task that needsto be performed. Often the name of a
filethat you wish to create.

Dependency

« A relationship between two targets. If changesin target
B produces changesin target A then A dependson B.

 Example
 vector.o dependson vector.c and vector.h

Up to date

A filethat ismorerecent than of the fileson which it
depends.

 Example

e vector.oismorerecent than vector.c and
vector.h then vector.o isup to date

makefile

 Thisisafilethat describeshow to creat one or more
targets. It lists dependencies and rules for compiling the
tar get.

* Onetypically wantsa sigle makefilein each directory
named makefile or Makefile.



Creating a makefile

# Example makefile number 1

#CSI 605 Fall 99

#Please note that tar gets begin in theleft column followed

#oy :

#Also note that shell command lines must begin with a tab.

myprogram:

# Herewe place the commandsto create myprogram
gcc -0 myprogram -O myprogram.c vector.c scaler.c

mypr ogram.db

# Herewe place the commandsto create myprogram.db

qgcc -DDEBUG -g -0 mypr gram.db mypr ogram.c vector.c
scaler.c

e Thisexample makefile merely contains the commandsto
create two different versions of myprogram

* |nvocation
e make myprogram
e make myprogram.db
« make




Extending Commands

e Use\toextend the command across several lines

o Scopeof UNIX characters
« cd../myprogrsource
e gCC Myprogrsource.c
« ThisisFOOBAR

e cd ../myprogrsource;gcc myprogsour ce



Dependencies

 Hereisthefirst part of our make file redonewith explicit
and implicit dependencies

Myprogram: myprogram.o vector.o scaler.o
gcc -0 Myprogram myprogram.o vector.o scaler.o

Myprogram.o: myprogram.c

gcc -c -O myprogram.c
vector.o: vector.c headerfile.c

dcc -c -O vector.c
scaler.o: scaler.c

gcc -c -O scaler.c




Reaursive Checking

» Change scaler.c then what happens?

Determines whether myprogram.o, vedor .o, and
scaler.o arethemselvestargets.

Onceit discoversthat they aretargetsthen it checksto
seeif they areup to daterelative to their sources.

Determinesthat scaler.oisolder than scaler.c and
compil es a new version.

Chedks myprogram’ s date relative to myprogram.o,
vedor.o, and the new version of scaler.o

Determines that myprogram is out of datewith regard
to scaler.o.

Createsa new version of myprogram by linking the
objed files.

« Wenotethat atarget if it does not exist asafileisout of
date.

« Maketask always exeautesthetask



make clean

 When we encounter make clean we want to delete everything

* Recall that thetarget namesthat are not files are always out
of date

clean:
rm *.0 *.do stimulate stimulate.db

* Another good use of thisapproach isthe creation of atarget
called install that movesthe final executableto an
appropriate home and sets the access modes appropriately



Abbreviations

We can use abbreviationsto help make writing make files
easier

* $@ standsfor thefull name of the target

« $* standsfor the name of the target with the suffix
deleted

Standard way
stimulate: stimulate.o inputs.o outputs.o
gcc -0 stimulate stimulate.o inputs.o outputs.o

inputs.o: inputs.c headerfile.c

gcc -¢ -O inputs.c

With abbreviations
stimulate: stimulate.o inputs.o outputs.o
gcc -0 $@ $*.0 inputs.o outputs.o

inputs.o: inputs.c headerfile.c

gcc -c -O $*.c




M acr os

macr o-name = macr o-body

make processes this by substituting macro-body for the
string $(macr o-name)

Considering our previous examplewewrite
DEPENDS = inputs.o outputs.o stimulate.o
stimulate: $(DEPENDS)

gcc -0 $@ $(DEPENDS)

M acr os may also be used to hold compilation options
CELAGS=-DDEBUG - g
gc -c $(CFLAGS) inputs.c




Search Diredories

make normally looks for filesin the current directory

We may modify this behavior with the use of VPATH

Not all versons of make support a robust version of VPATH

VPATH can be used to help one organize their work



Default Compilation Rules

We can actually allow maketo use default rulesto
automatically compile thingsfor us

Two rule sets
o Suffixrules
« Work on all versonsof UNIX and MS-DOS
o Patternrules
 Moreflexible and the method of choice under GNU

We will examine each separately



Suffix Rules

First step isto clear the suffixes
SUFFIXES

Next list suffixesinvolved in rules
SUFFIXES .c.o0.do

Specify suffix rule

o List the suffix of thefile that make should look for
» eg.cfile

* Followed by the suffix of thefile that make should build
« eg.ofile

* Follow with a colon then a semicolon

« End with a UNIX command stated in general terms
e .cO:gcc-c-03@-0O$*.c

« Wemay overridethisby including a standard entry that
buildsa particular .ofile

Alternateform
.C.0:; gcc -C -0 $@ -O $<

Debug form
« .cdo:;gcc-c-03@ $(CFLAGS) $<




Putting it All Together

#Clear Suffixes
SUFFIXES
#Spedafy suffix rulesfor .c, .0, and .do
SUFFIXES: .c.0.do
DEBUGFLAGS =-DDEBUG -g
PRODUCTFLAGS=-w -0
PRODUCTOBJS = program.o aher.o
DEBUGOBJS = program.do other.do
EXECNAME = product
#Suffix ruleto make a “production” .ofile
.C.0;; gcc-c -0 3@ $(PRODUCTFLAGS) $<
#A suffix ruleto make a .do file (debugging .0 module)
.c.do;; gcc-c -0 3@ $(DEBUGFLAGS) $<
#Generate executables:
production: $(PRODUCTOBJS)
gcc-0 $(EXECNAME) $(PRODUCTOBJS)
debug: $(DEBUGOBJS)
gcc-0 $(EXECNAME) $(DEBUGOBJYS)
#Target lineto make some objed modules
program.o program.c header.h
other.o other.c
#Target linesto make some debugging dbjed modules.
Program.do program.c header.h
other.do aher.c
clean:
rm*.o*.do*~
rm product



This makefile in action

make program.o

» Checksthedate of program.c and usesthe suffix rule
for creating a.ofileif necessary

» Resultant compilation
gcc -c program.o -w -O program.c

make other.o
» Resultant compilation
gcc -c other.o -w -O other.c

make other.do
« Createsadebugging version of thisprogram

make production
« Makes production by linking and if necessary compiling
the necessary files

make debug
 Makesdebug by linking and if necessary compiling the
necessary files

make clean
» Deletesall object modules and executables




Pattern Rules

Thislook like normal makefile entries except they contain %
signsaswildcards.

%.0:9%.C
gcec $(CELAGS) -¢ $<

« Thismeansthat any object file can be built by replacing
the .o in thefilename with the .c and compiling thefile
with theresulting name

makes default rules
program.o: program.c

* Resultant compilation
e CC-Cprogram.c -0 program.o

To forcethe previous default rule to use gcc instead of cc
mer ely set in the makefile

CC =qcc

 Thisworks because the default make rule usesthe
$(CC) macro

Extreme versions of default makefiles
make program.o
* Resultant compilation in the absence of a makefile
CC -C program.c -0 program.o




| nvoking make

* maketarget-name
 makereadsthe makefilein the current directory and
executes whatever commands ar e necessary to create
the target
« If notarget isgiven then make createsthefirst target in
the makefile

 Thereistypically one makefile per directory



Useful Flags

make -f mymakefile.mk tar get

make tar get using the file mymakefile.mk

make -n tar get

don't really makejust list the coommands that would be
exeauted if wewere making

make -i tar get

Ignore error codes

make -k tar get

Similar to -i option except make goes on to makethe
non-error producing objeds

make -q tar get

Don’'t exeaute any commands merely determineif the
target of the makeisup to date

make -s tar get

Suppressprinting of the exeauted commandsto the
screen

make -| tar get

Run multiple cmommands at once

make -t tar get

Don’t run any of the make file commands merely touch
all of thetarget filesbringing them up to date

make -d tar get

Print information on what targets are being created and
what commands are being run



Paralleism

make can run multiple commands at the same time using the
-] option

Theseis handy when your machine has multiple processor s

|f wethe program depends on 4 object filesthesewould be
compiled in parallel and the compiler would wait to link
until all are compiled



make and RCS

RCS allows a team of programmersto work on a set of
programs together

Programmer s can store and check out sourcecodein a
controlled way

Sour ce files must be checked out before they can be used

Thedatereflectsther check out time not their modification
time

GNU make can find RCSfiles assuming that they residein
the same directory asour sourcefilesor in a subdirectory

named RCS. Thesefiles are automatically checked out as

part of the build

Example
make program.o

co RCS/program.c,v progr am.c

RCS/program.c,v --> program.c,v

revison 1.1

done

CC-Cprogram.c -0 program.o

rmprogram.c

We note that make cleansthings up by removing the
program.c filethat it checked out



Error Messages

e Noruletomaketarqget ‘target’. Stop.

 Wehave provided no spedfic rulesin our makefileto
create thistarget.

» Posgble causes
 Typo on target name
» Perhapsweare in thewrong directory

e “target” isup to date
 Sdf evident.

e misdng separator
« Misgngtab at the beginning of a target line
 Misgng #in a comment statement




Error Messages - ||

Target target not remade because of errors
* Only occurswhen makeisinvoked with a -k
* Impliesthat make bailed on thistarget

command: Command not found
* Probably atypo on a command

« Command might be an alias known to the cdommand
prompt but not in the makefile

ill egal option -- option
* make hasbeea invoked with a bad command line option

 Wenotethat some make optionsthat support multiple
charactersrequirea- -

option regquires an argument -- option

* makeinvoked with an option without the necessary
parameter

e eg) make -f

Reaursivevariable ‘macro’ referencesitsalf (eventually).
Stop
e Rearsive macro references

« CFLAGS=$(CFLAGY)




Simple Example of a M ulti-file
Makefile

CC=gcc
CFLAGS=-¢
OBJ=triangle drive.o triangle.o
all: triangle _drive
triangle drive: $(0BJ)
$(CO $(CFLAGS) -o triangle drive $(0BJ)

triangle drive.o:triangle.h triangle drive.c

triangle.o:triangle.c



Additional References

 O’'Raelilly (Nutshell Handbook) “M anaging Projedswith
make.”

e GNU on-line documentation
e Wwww.gnu.ai.mit.edu



