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M
acro

 E
xam

p
le

 

•

 

int m
ax (int c, int a, int b) {

vs .

 

#d
efi

n
e 

 

m
ax(c,a,b) (c =

 ((a>
b) ? a:b))

 

c =
 (a>

b) ? return a : return b;
}

 

•

 

int m
ain () {

 int x=
3,y=

5,z=
0;

 m
ax (z,x+

+
,y+

+
); 

printf (“m
ax of x=

%
d and y=

%
d is %

d\n”, x,y,z);
}
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M
ake

 

•

 

Typical program
 developm

ent cycle

 

•

 

P
otential problem

s

edit a file, but forget to com
pile it

 

edit an interface, but forget to com
pile 

 

all

 

 the files that 

 

d
ep

en
d

 

 on it

do m
ore com

pilation than is necessary

 

•

 

m
a
k
e
 

 

au
to

m
ates

 

 com
piling and building a program
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D
ep

en
d

en
cy G

rap
h

s

 

•

 

m
ake processes a 

 

d
ep

en
d

en
cy g

rap
h

 

each node represents a 

 

fi
le

 

each node is annotated w
ith the 

 

co
m

m
an

d

 

 that “m
akes” the file

 

•

 

To m
ake node 

 

X

 

m
ake all dependents of 

 

X
 

 

(those 

 

m
o

d
ifi

ed
 m

o
re recen

tly

 

 than 

 

X
)

 

update 

 

X

 

 using the associated com
m

and

if

 

 
s
t
r
s
e
t
.
h
 

 

or

 

 
m
a
i
n
.
c
 

 

is new
er than

 

 
m
a
i
n
.
o

 

re-m
ake

 

 
m
a
i
n
.
o
 

 

w
ith “

 

l
c
c
 
-
c
 
m
a
i
n
.
c

 

”

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: M
akefiles

Page 41

 

Septem
ber 28, 1998

 

M
akefi

les

 

•

 

m
a
k
e
f
i
l
e
 

 

or

 

 
M
a
k
e
f
i
l
e
 

 

sp
ecifies th

e d
ep

en
d

en
cy g

rap
h

 o
f m

ake

 

targ
ets:

d
ep

en
d

en
ts

co
m

m
an

d
s

 

u
n
i
q
u
e
:

m
a
i
n
.
o
 
s
t
r
s
e
t
.
o

l
c
c
 
-
o
 
u
n
i
q
u
e
 
m
a
i
n
.
o
 
s
t
r
s
e
t
.
o

m
a
i
n
.
o
:

m
a
i
n
.
c
 
s
t
r
s
e
t
.
h

l
c
c
 
-
c
 
m
a
i
n
.
c

s
t
r
s
e
t
.
o
:

s
t
r
s
e
t
.
c
 
s
t
r
s
e
t
.
h

l
c
c
 
-
c
 
s
t
r
s
e
t
.
c

 

•

 

To invoke

 

 
m
a
k
e

 

m
a
k
e
 

 

targ
ets

 

 ...

 

m
a
k
e
 
s
t
r
s
e
t
.
o

m
a
k
e
 
u
n
i
q
u
e

 

•

 

W
ith no argum

ents,

 

 
m
a
k
e
 

 

m
akes the 

 

fi
rst

 

 target listed in

 

 
m
a
k
e
f
i
l
e

 

%
 
m
a
k
e

l
c
c
 
-
c
 
m
a
i
n
.
c

l
c
c
 
-
c
 
s
t
r
s
e
t
.
c

l
c
c
 
-
o
 
u
n
i
q
u
e
 
m
a
i
n
.
o
 
s
t
r
s
e
t
.
o
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B
u

ilt-in
s an

d
 M

acro
s

 

•

 

m
a
k
e
 

 

contains 

 

bu
ilt-in

 

 dependencies and com
m

ands

 

 a “

 

.
o

 

” file is assum
ed from

 a “

 

.
c

 

” file by the C
 com

piler

 

u
n
i
q
u
e
:

m
a
i
n
.
o
 
s
t
r
s
e
t
.
o

l
c
c
 
-
o
 
u
n
i
q
u
e
 
m
a
i
n
.
o
 
s
t
r
s
e
t
.
o

 

m
a
i
n
.
o
 
s
t
r
s
e
t
.
o

 

:
s
t
r
s
e
t
.
h

 

•

 

m
a
k
e
 

 

has a sim
ple 

 

m
acro

 

 facility; m
acros com

m
unicate w

ith built-in 
com

m
ands and sim

plify

 

 
m
a
k
e
f
i
l
e

 

s

 

C
C
=
l
c
c
 
-
A

C
F
L
A
G
S
=
-
g

L
D
F
L
A
G
S
=
-
g

S
T
R
S
E
T
=
s
t
r
s
e
t
0

O
B
J
S
=
m
a
i
n
.
o
 
$
(
S
T
R
S
E
T
)
.
o

 

a
.
o
u
t

 

:
$
(
O
B
J
S
)

$
(
C
C
)
 
$
(
L
D
F
L
A
G
S
)
 
$
(
O
B
J
S
)

$
(
O
B
J
S
)
:

s
t
r
s
e
t
.
h
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D
u

m
m

y Targ
ets, P

refi
xes, an

d
 B

u
ilt-in

 M
acro

s

 

•

 

“D
um

m
y” targets for com

m
on com

m
and sequences

 

i
n
s
t
a
l
l
:
a
.
o
u
t

c
p
 
a
.
o
u
t
 
u
n
i
q
u
e

s
t
r
i
p
 
u
n
i
q
u
e

c
l
e
a
n
:

-
r
m
 
*
.
o
 
c
o
r
e

c
l
o
b
b
e
r
:

 

c
l
e
a
n

 

r
m
 
-
f
 
a
.
o
u
t
 
u
n
i
q
u
e

 

m
a
k
e
 
c
l
e
a
n
 

 

rem
oves “

 

.
o

 

” and

 

 
c
o
r
e
 

 

files

 

•

 

D
um

m
y targets can be created if only for their m

odification tim
e

 

F
I
L
E
S
=
m
a
i
n
.
c
 
s
t
r
s
e
t
.
h
 
s
t
r
s
e
t
0
 
s
t
r
s
e
t
1
.
c

.
.
.

p
r
i
n
t
:

$
(
F
I
L
E
S
)

@
e
n
s
c
r
i
p
t
 
$
?

@
t
o
u
c
h
 
p
r
i
n
t

 

•

 

U
se dum

m
y targets for all “program

 m
aintenance” tasks

 

c
l
e
a
n

i
n
s
t
a
l
l

p
r
i
n
t

r
e
l
e
a
s
e

s
u
b
m
i
t

t
e
s
t

 

•

 

D
o

n
’t 

 

overu
se

 

 d
u

m
m

y targ
ets an

d
 m

acro
s
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V
ersio

n
-C

o
n

tro
l To

o
ls

 

•

 

S
oftw

are system
s 

 

evo
lve

 

 —
 they advance in steps or 

 

versio
n

s

 

•  

 

repair bugs

 

•  

 

add perform
ance im

provem
ents and new

 features

 

•  

 

add versions for other platform
s (S

PA
R

C
, A

LP
H

A
, x86, ...)

 

•

 

M
ight have to retrieve 

 

o
ld

 

 versions

 

•

 

V
ersio

n
-co

n
tro

l

 

 tools help m
aintain versions of program

s, or any files

 

•

 

R
evisio

n
 trees
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W
hy R

evisio
n

 C
o

n
tro

l

 

•

 

S
tore and retrieve m

ultiple versions of a file

 

•

 

M
aintain a history and log of changes

 

•

 

R
esolve access conflicts

 

•

 

M
aintain a tree w

ith separate paths

 

•  

 

can m
erge paths as w

ell

 

•

 

C
ontrol releases and their status

 

•

 

R
educe storage
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R
evisio

n
 C

o
n

tro
l S

ystem

 

•

 

“C
hecking in” a file creates a new

 version, including the initial version

 

c
i
 
m
a
i
n
.
c

 

creates the version file

 

 
m
a
i
n
.
c
,
v
 

 

that

 

 

 

holds

 

 
m
a
i
n
.
c
 

 

as version 1.1

deletes

 

 
m
a
i
n
.
c

 

•

 

“C
hecking out” a file retrieves a copy of the latest version

 

c
o
 
m
a
i
n
.
c

 

checks out a 

 

read
-o

n
ly

 

 copy

 

l
c
c
 
-
c
 
m
a
i
n
.
c

c
o
 
-
l
 
m
a
i
n
.
c

 

checks out a 

 

read
/w

rite

 

 copy, 

 

lo
cks

 

 
m
a
i
n
.
c
,
v

e
m
a
c
s
 
m
a
i
n
.
c

l
c
c
 
-
c
 
m
a
i
n
.
c

c
i
 
m
a
i
n
.
c

 

checks in new

 

 
m
a
i
n
.
c
 

 

as version 1.2

 

•

 

O
ptions specify explicit versions for

 

 
c
o
 

 

and

 

 
c
i

c
o
 
-
r
1
.
2
 
m
a
i
n
.
c

 

checks out a read-only copy of version 1.2

 

 
m
a
i
n
.
c

c
o
 
-
l
1
.
2
 
m
a
i
n
.
c

 

checks out a read/w
rite copy of version 1.2

 

 
m
a
i
n
.
c

c
i
 
-
r
2
 
m
a
i
n
.
c

 

checks in a new
 “release” of

 

 
m
a
i
n
.
c
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B
ran

ch
in

g

 

•

 

B
ranching occurs to fix bugs, enhance old versions, ...

 

•

 

c
i
 
m
a
i
n
.
c

c
o
 
-
l
 
m
a
i
n
.
c
;
 
e
m
a
c
s
;
 
.
.
.
 
;
 
c
i
 
m
a
i
n
.
c

c
o
 
-
l
 
m
a
i
n
.
c
;
 
e
m
a
c
s
;
 
.
.
.
 
;
 
c
i
 
m
a
i
n
.
c

c
o
 
-
l
 
m
a
i
n
.
c
;
 
e
m
a
c
s
;
 
.
.
.
 
;
 
c
i
 
-
r
2
 
m
a
i
n
.
c

c
o
 
-
l
 
m
a
i
n
.
c
;
 
e
m
a
c
s
;
 
.
.
.
 
;
 
c
i
 
m
a
i
n
.
c

 

•

 

W
hat if you w

ould like to fix and enhance version 1.3?
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B
ran

ch
in

g
, co

n
t’d

 

•

 

C
reate a 

 

b
ran

ch

 

 at version 1.3

 

c
o
 
-
l
1
.
3
 
m
a
i
n
.
c
;
 
e
m
a
c
s
;
 
.
.
.
 
;
 
c
i
 
-
r
1
.
3
.
1
 
m
a
i
n
.
c

 

•

 

E
xtra revision num

ber in 1.3.1.

 

1

 

 allow
s for subsequent revisions

 

c
o
 
-
l
1
.
3
.
1
 
m
a
i
n
.
c
;
 
e
m
a
c
s
;
 
.
.
.
 
;
 
c
i
 
-
r
1
.
3
.
1
 
m
a
i
n
.
c

 

•

 

S
ee R

C
S

 m
an pages for inform

ation on m
ore options, com

m
ands, ...
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U
sin

g
 R

C
S

 w
ith

 M
ake

 

•

 

U
sing R

C
S

 w
ith

 

 
m
a
k
e

 

*
.
c
 

 

depends on

 

 
*
.
c
,
v

m
a
i
n
.
c
:

m
a
i
n
.
c
,
v

c
o
 
m
a
i
n
.
c

 

R
C

S
 autom

atically looks in the directory

 

 
R
C
S
 

 

for

 

 
,
v
 

 

files

 

m
a
i
n
.
c
:

R
C
S
/
m
a
i
n
.
c
,
v

c
o
 
m
a
i
n
.
c

 

“

 

m
a
k
e
 
c
l
o
b
b
e
r

 

” should rem
ove

 

 
.
c
 

 

files

 

c
l
o
b
b
e
r
:

c
l
e
a
n

r
m
 
-
f
 
w
f
 
m
a
i
n
.
c
 
p
a
r
s
e
.
c
 
t
a
b
l
e
.
c

 

or, if

 

 
r
c
s
c
l
e
a
n
 

 

is available

 

c
l
o
b
b
e
r
:

c
l
e
a
n

r
m
 
-
f
 
w
f
;
 
r
c
s
c
l
e
a
n
 
*
.
[
c
h
]

 

•

 

R
evised

 p
ro

g
ram

 d
evelo

p
m

en
t cycle
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R
C

S
 Im

p
lem

en
tatio

n

 

•

 

R
evisions are stored in the version file in 

 

d
ifferen

tial fo
rm

 

if

 

 
m
a
i
n
.
c
 

 

has the revision tree

 

m
a
i
n
.
c
,
v
 

 

holds
all of version 1.3

 

ed
it scrip

t

 

 to convert 1.3 to 1.2

 

ed
it scrip

t

 

 to convert 1.2 to 1.1

 

•

 

R
C

S
 revisions are 

 

b
ackw

ard
 d

eltas

 

 . W
hy?

 

•

 

O
ther system

s,such as S
C

C
S

 use 

 

fo
rw

ard
 d

eltas

 

version file holds
all of version 1.1
edit script to convert 1.1 to 1.2
edit script to convert 1.2 to 1.3

 

•

 

D
eltas are com

puted w
ith 

 

“d
iff”

 

d
i
f
f
 
-
e
 
m
a
i
n
.
o
l
d
 
m
a
i
n
.
c

 

generates

 

 
e
d
 

 

com
m

ands to edit

 

 
m
a
i
n
.
o
l
d
 

 

into

 

 
m
a
i
n
.
c

 

see S
ection 5.9 in K

ernighan and P
ike, T

he U
N

IX
 P

rogram
m

ing E
nvironm

ent


