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Why make? (1)

1 #i f n d e f MYLIB H
2 #de f i n e MYLIB H
3 i n t i s odd ( i n t x ) ;
4 f l o a t squa r e ( f l o a t x ) ;
5 #end i f

mylib.h

1 #i n c l u d e ”my l ib . h”
2 f l o a t squa r e ( f l o a t x ) {
3 r e t u r n x∗x ;
4 }
5

6 i n t i s odd ( i n t x ) {
7 i f ( x%2 != 0)
8 r e t u r n 1 ;
9 e l s e

10 r e t u r n 0 ;
11 }

mylib.c

1 #i n c l u d e ”my l ib . h”
2 #i n c l u d e <s t d i o . h>
3 i n t main ( ) {
4 f l o a t x = 3 . 4 ;
5 i n t a = 5 ;
6 f l o a t y = squa r e ( x ) ;
7 i f ( i s o dd ( a ) )
8 {
9 p r i n t f ( ”%d i s odd\n” , a ) ;

10 }
11 r e t u r n 0 ;
12 }

main.c

1 gcc myproj . c −o myproj . o −c
2 gcc my l ib . c −o my l i b . o −c
3

4 gcc −o myproj myproj . o my l i b . o

Build the project
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Why make? (2)

1 gcc myproj . c −o myproj . o −c
2 gcc my l i b . c −o my l i b . o −c
3

4 gcc −o myproj myproj . o my l i b . o

Listing 1: ”Build the project”

• In practice, we may have many libraries to compile and link

• gcc -o myproj myproj.o mylib.o

• If we do it manually, it is too laborious!!!

• This is where “Makefile” comes to fit in
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Makefile

• A script file organize all the compilation things together

• It is responsible for

1 Compiling the source files (compile from .c to .o)

2 Linking the files into the final executable software

3 Installing the software to target directory

• Command make will parse the script

• It fulfills the intructions in the script
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Prepare Environment (1)

• Define the variables

1 WORK DIR=.
2 CC=gcc
3 LD=gcc
4 OBJ DIR=$ (WORK DIR) / ob j
5 OBJ RELEASE=$ (OBJ DIR ) /myl ib . o $ (OBJ DIR ) /myproj . o
6 RELEASE=$ (WORK DIR) / b in /myproj

• command make supports environment variable definitions

VARIABLE NAME = value

• One can specify the file, directory, command, compilation parameters

• They may support the compilation of the project
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Prepare Environment (2)

1 WORK DIR=.
2 CC=gcc
3 LD=gcc

Makefile
• Command make supports environment variable definitions

WORK DIR = .

• Specify the project directory where “Makefile” and the project is
located

• The variable name is by convention CAPITALIZED
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Prepare Environment (3)

1 WORK DIR=.
2 CC=gcc
3 LD=gcc

Listing 2: Makefile
• Command make supports environment variable definitions

CC=gcc
LD=gcc

• “CC=gcc” specifies the compiler

• “LD=gcc” specifies the linker
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Prepare Environment (4)

1 OBJ DIR=$ (WORK DIR) / ob j
2 OBJ RELEASE=$ (OBJ DIR ) /myl ib . o $ (OBJ DIR ) /myproj . o
3 RELEASE=$ (WORK DIR) / b in /myproj

Listing 3: Makefile
• Command make supports environment variable definitions

$(WORK DIR)/obj
• $(VARIABLE) cite the value of the VARIABLE

• Here “$(WORK DIR)” is replaced by “./”
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Prepare Environment (5)

1 OBJ DIR=$ (WORK DIR) / ob j
2 OBJ RELEASE=$ (OBJ DIR ) /myl ib . o $ (OBJ DIR ) /myproj . o
3 RELEASE=$ (WORK DIR) / b in /myproj

Listing 4: Makefile

• The above instructions indicate

1 The object files will be put to ./obj/
2 “OBJ RELEASE” keeps the lists of all object files
3 The final target binary software name is “myproj”
4 It will be put to ./bin/
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Prepare Environment (6)

1 WORK DIR=.
2 CC=gcc
3 LD=gcc
4 OBJ DIR=$ (WORK DIR) / ob j
5 OBJ RELEASE=$ (OBJ DIR ) /myl ib . o $ (OBJ DIR ) /myproj . o
6 RELEASE=$ (WORK DIR) / b in /myproj

1 We know the working directory

2 We have the compiler and linker

3 We know where we should put the object files

4 We know where we should put the target binary file
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Prepare Environment (7)

1 WORK DIR=.
2 CC=gcc
3 LD=gcc
4 OBJ DIR=$ (WORK DIR) / ob j
5 OBJ RELEASE=$ (OBJ DIR ) /myl ib . o $ (OBJ DIR ) /myproj . o
6 RELEASE=$ (WORK DIR) / b in /myproj
7

8 b e f o r e r e l e a s e :
9 t e s t −d b in | | mkdir −p b in

10 t e s t −d $ (OBJ DIR ) | | mkdir −p $ (OBJ DIR )

1 However, “./obj/” and “./bin/” are not ready

2 We can test and make them if necessary

Wan-Lei Zhao C Programming 12 / 36



Compile the source file

1 $ (OBJ DIR ) /myl ib . o : myl ib . c
2 $ (CC) −c my l i b . c −o $ (OBJ DIR ) /myl ib . o

• Instruction “$(OBJ DIR)/mylib.o” compiles “mylib.c”

• The compilation relies on file “mylib.c”

• The indentation should be by “Tab”

• We can do so for all the source files

• The resulting file is put to “./obj/mylib.o”

1 $ (OBJ DIR ) /myl ib . o : myl ib . c
2 $ (CC) −c my l i b . c −o $ (OBJ DIR ) /myl ib . o
3

4 $ (OBJ DIR ) /myproj . o : myproj . c
5 $ (CC) −c myproj . c −o $ (OBJ DIR ) /myproj . o
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Link the source file

1 r e l e a s e : $ (OBJ RELEASE )
2 $ (LD) −o $ (RELEASE) $ (OBJ RELEASE )

• The project will be linked with mylib.o and myproj.o

• The list of object files are kept in “$(OBJ RELEASE)”

• $(LD) calls “gcc”
• The target is specified by “$(RELEASE)”
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Build the whole project

1 r e l e a s e : b e f o r e r e l e a s e $ (OBJ RELEASE )
2 $ (LD) −o $ (RELEASE) $ (OBJ RELEASE )

• The instruction “release” relies on another two intructions

• “before release” and “$(OBJ RELEASE)”
• “$(OBJ RELEASE)” are a list of instructions

1 Run instruction “before release”
2 Run list of instructions in “$(OBJ RELEASE)”
3 Run $(LD) -o $(RELEASE) $(OBJ RELEASE)
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Clean the object files

• In some cases, we may want to clean the object files

1 c l e a n :
2 rm − r f $ (OBJ DIR ) /∗ . o
3 rm − r f $ (RELEASE)

• We call command “rm”

• We label the instruction as “clean”
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A Complete Makefile

4 WORK DIR=.
5 CC=gcc
6 LD=gcc
7 OBJ DIR=$ (WORK DIR) / ob j
8 OBJ RELEASE=$ (OBJ DIR ) /myl ib . o $ (OBJ DIR ) /myproj . o
9 RELEASE=$ (WORK DIR) / b in /myproj

10

11 $ (OBJ DIR ) /myl ib . o : myl ib . c
12 $ (CC) −c my l i b . c −o $ (OBJ DIR ) /myl ib . o
13

14 $ (OBJ DIR ) /myproj . o : myproj . c
15 $ (CC) −c myproj . c −o $ (OBJ DIR ) /myproj . o
16

17 b e f o r e r e l e a s e :
18 t e s t −d b in | | mkdir −p b in
19 t e s t −d $ (OBJ DIR ) | | mkdir −p $ (OBJ DIR )
20

21 r e l e a s e : b e f o r e r e l e a s e $ (OBJ RELEASE )
22 $ (LD) −o $ (RELEASE) $ (OBJ RELEASE )

Makefile
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A Complete Makefile

23 c l e a n :
24 rm − r f $ (OBJ DIR ) /∗ . o
25 rm − r f $ (RELEASE)

Makefile

• Five major sections

1 Define the environment variables
2 Prepare directories
3 Instructions of compiling source files to object files
4 Link object files to target binary executable or library
5 Instructions to clean the object files
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Running Flow inside Makefile (1)

WORK_DIR=.
CC=gcc
LD=gcc
OBJ_DIR=$(WORK_DIR)/obj/
OBJ_RELEASE=$(OBJ_DIR)/mylib.o $(OBJ_DIR)/myproj.o
RELEASE_DIR=$(WORK_DIR)/bin/
RELEASE=$(RELEASE_DIR)/myproj

$(OBJ_DIR)/mylib.o: mylib.c
$(CC) –c mylib.c –o mylib.o

$(OBJ_DIR)/myproj.o: myproj.c
$(CC) –c myproj.c –o myproj.o

before_release:
test -d bin || mkdir -p bin
test -d $(OBJ_DIR) || mkdir -p $(OBJ_DIR)

release: before_release OBJ_RELEASE
$(LD) –o mylib.c

Instruction label

Instruction

Environment
variable definition

Enter point

• Run command “make release”
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Running Flow inside Makefile (2)

WORK_DIR=.
CC=gcc
LD=gcc
OBJ_DIR=$(WORK_DIR)/obj/
OBJ_RELEASE=$(OBJ_DIR)/mylib.o $(OBJ_DIR)/myproj.o
RELEASE_DIR=$(WORK_DIR)/bin/
RELEASE=$(RELEASE_DIR)/myproj

$(OBJ_DIR)/mylib.o: mylib.c
$(CC) –c mylib.c –o mylib.o

$(OBJ_DIR)/myproj.o: myproj.c
$(CC) –c myproj.c –o myproj.o

before_release:
test -d bin || mkdir -p bin
test -d $(OBJ_DIR) || mkdir -p $(OBJ_DIR)

release: before_release OBJ_RELEASE
$(LD) –o mylib.c

Instruction label

Instruction

Environment
variable definition

Step 1 Step 2 Step 3

Step 4

Step 3.1

Step 3.2

Step 2

Enter point

• Run command “make release”
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Add libraries in Makefile (1)

• We may need either static or dynamic libraries or both

1 #i n c l u d e <math . h>
2 #i n c l u d e ”my l ib . h”
3 #i n c l u d e <s t d i o . h>
4 i n t main ( ) {
5 f l o a t x = 3 . 4 ;
6 i n t a = 5 ;
7 f l o a t y = squa r e ( x ) ;
8 f l o a t z = s q r t ( x ) ;
9 r e t u r n 0 ;

10 }

myproj.c

• For this code, we should compile it by

1 gcc −o myproj myproj . o my l i b . o −lm
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1 WORK DIR=.
2 CC=gcc
3 LD=gcc
4 LDFLAGS= −lm
5 OBJ DIR=$ (WORK DIR) / ob j
6 OBJ RELEASE=$ (OBJ DIR ) /my l i b . o $ (OBJ DIR ) /myproj . o
7 RELEASE=$ (WORK DIR) / b in /myproj
8

9 $ (OBJ DIR ) /my l i b . o : my l i b . c
10 $ (CC) −c my l i b . c −o $ (OBJ DIR ) /my l i b . o
11

12 $ (OBJ DIR ) /myproj . o : myproj . c
13 $ (CC) −c myproj . c −o $ (OBJ DIR ) /myproj . o
14

15 b e f o r e r e l e a s e :
16 t e s t −d b in | | mkdir −p b in
17 t e s t −d $ (OBJ DIR ) | | mkdir −p $ (OBJ DIR )
18

19 r e l e a s e : b e f o r e r e l e a s e $ (OBJ RELEASE)
20 $ (LD) $ (LDFLAGS) −o $ (RELEASE) $ (OBJ RELEASE)

Makefile
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Outline

1 Build Project with Make

2 Build Project with CMake
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Why cmake?

• However, writing a Makefile line-by-line is still too sweaty
• There are several convenient ways

1 “cbp2make”1

• It works with CodeBlocks

• Command: cbp2make -in project.cbp -out Makefile

2 cmake2

• It is a powerful cross-platform tool for C/C++ project compilation,
test, and installation

• Based on a “CMakeLists.txt” input file, it produces “Makefile”

1https://sourceforge.net/projects/cbp2make/
2https://cmake.org/
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About cmake

• It is another useful tool

• It helps to produce the “Makefile”

• The cmake requires another simpler script “CMakeLists.txt”

• Compared to “Makefile”, it is a super script and easier to compose
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Compose a “CMakeLists.txt” (1)

1 cmake min imum requ i red (VERSION 2 . 8 )

CMakeLists.txt

1 This cmake setting is put in command(value) pattern

2 This is the way set values for environment variables supported by
cmake

3 Here we specify the minimum required cmake version is “VERSION
2.8”
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Compose a “CMakeLists.txt” (2)

1 cmake min imum requ i red (VERSION 2 . 8 )
2

3 p r o j e c t ( p r o j 1 )

CMakeLists.txt

1 Here we specify the target project name as “proj1”

2 After compilation, the name of our executable will be “proj1”
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Compose a “CMakeLists.txt” (3)

1 cmake min imum requ i red (VERSION 2 . 8 )
2

3 p r o j e c t ( p r o j 1 )
4

5 add e x e cu t ab l e ( p r o j 1 myproj . c my l i b . c )

CMakeLists.txt

1 “add executable” allows us to list out all C/C++ source files

2 The leading file name is the target file name “proj1”
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Compose a “CMakeLists.txt” (4)

1 cmake min imum requ i red (VERSION 2 . 8 )
2

3 p r o j e c t ( p r o j 1 )
4

5 add e x e cu t ab l e ( p r o j 1 myproj . c my l i b . c )

CMakeLists.txt

1 We name this text script file as “CMakeLists.txt”

2 Put it to the same folder as the source files

3 Using “mkdir” to make a sub folder “build” under the same folder

4 “cd build”

5 “cmake ../”

• After the above steps, one could see “Makefile” under build folder
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Compose a “CMakeLists.txt” (5)

1 cmake min imum requ i red (VERSION 2 . 8 )
2

3 p r o j e c t ( p r o j 1 )
4

5 add e x e cu t ab l e ( p r o j 1 myproj . c my l i b . c )

CMakeLists.txt

• Under the “build” folder, one will see “CMakeFiles” folder

• Where the object files will be saved

• Run command “make”, you get the file compiled
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More options in “CMakeLists.txt”

1 cmake min imum requ i red (VERSION 2 . 8 )
2

3 p r o j e c t ( p r o j 1 )
4

5 s e t (CMAKE BUILD TYPE ” Re l e a s e ” )
6 #se t (CMAKE BUILD TYPE ”Debug ”)
7 s e t (CMAKE C FLAGS RELEASE ”$ENV{CFLAGS} −O3 −Wall ” )
8 #se t (CMAKE C FLAGS DEBUG ”$ENV{CFLAGS} −O0 −Wall −g −ggdb ”)
9

10 add e x e cu t ab l e ( p r o j 1 myproj . c my l i b . c )

CMakeLists.txt

• Command “set” is comparable to “=” in a “Makefile”

• Here we set our build type is “Release”, otherwise could be “Debug”

• You can also specify the compilation flags

Wan-Lei Zhao C Programming 31 / 36



Add SHARED libraries in “CMakeLists.txt”

1 cmake min imum requ i red (VERSION 2 . 8 )
2

3 p r o j e c t ( p r o j 1 )
4

5 a d d l i b r a r y ( l i bm . so SHARED IMPORTED)
6

7 add e x e cu t ab l e ( p r o j 1 myproj . c my l i b . c )

CMakeLists.txt

• Command “set” is comparable to “=” in a “Makefile”

• Here we set our build type is “Release”, otherwise could be “Debug”

• You can also specify the compilation flags
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Build STATIC library (1)
1 #i f n d e f MYMATHH
2 #de f i n e MYMATHH
3 f l o a t sq r t nwton ( f l o a t a ) ;
4 #end i f

mymath.h
1 #i n c l u d e <s t d i o . h>
2 #i n c l u d e ”mymath . h”
3 f l o a t sq r t nwton ( f l o a t a ) {
4 f l o a t b = 1 . 2 , c = b , e r r = 1 . 0 ;
5 i f ( a < 0) {
6 p r i n t f ( ”The i npu t %f must be non−n e g a t i v e !\ n” , a ) ;
7 r e t u r n 0 ;
8 }
9 do{

10 c = b ; b = (b + a/b ) ∗ 0 . 5 ;
11 e r r = b > c ?( b−c ) : ( c−b ) ;
12 }wh i l e ( e r r > 0 .00001) ;
13 r e t u r n b ;
14 }

mymath.c
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Build STATIC library (2)

1 cmake min imum requ i red (VERSION 2 . 8 )
2 p r o j e c t (mymath )
3

4 s e t (CMAKE C FLAGS ”${CMAKE C FLAGS} −s t d=gnu17” )
5

6 s e t (SOURCE FILES mymath . c mymath . h )
7 a d d l i b r a r y (mymath STATIC ${SOURCE FILES})

CMakeLists.txt

• List out all the files to be compiled by “set”

• We actually define a variable “SOURCE FILES”

• The library name is specified by “add library”

• “STATIC” in command “add library” tells “static library”

• If we replace “STATIC” with “SHARED”, a dynamic/shared library is
built
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Link with your own STATIC library (1)

13 #i n c l u d e <s t d i o . h>
14 #i n c l u d e ”mymath . h”
15 i n t main ( ) {
16 f l o a t a = 4 . 5 ;
17 f l o a t b = sq r t nwton ( a ) ;
18 p r i n t f ( ” s q r t ( a ) = %.4 f \n” , b ) ;
19 r e t u r n 0 ;
20 }

main.c

• The library “libmymath.a” is copied to “libs” under source folder

• The header “mymath.h” is copied to “include” under source folder
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Link with your own STATIC library (2)

1 cmake min imum requ i red (VERSION 2 . 8 )
2 p r o j e c t ( p r o j 3 )
3

4 s e t (CMAKE C FLAGS ”${CMAKE C FLAGS} −s t d=gnu17” )
5 i n c l u d e d i r e c t o r i e s ( ${CMAKE SOURCE DIR}/ i n c l u d e )
6 l i n k d i r e c t o r i e s ( ${CMAKE SOURCE DIR}/ l i b s )
7 add e x e cu t ab l e ( p r o j 3 main . c )
8 t a r g e t l i n k l i b r a r i e s ( p r o j 3 l ibmymath . a )

CMakeLists.txt

• Specify the directory for header files “include directories”

• Specify the directory for header files “link directories”

• Perform linking by “target link libraries”

• This works for both static and dynamic library
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