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���makefile�����Winodws	
��������������Windows	IDE
���������� !"#�$�%	& professional	
���makefile'�#
()�*%+,-.���	 HTML	/01��23�45�$�6789��'�#�:
HTML	;<	=>)?@- UnixA	BC/D��*�E�FGH makefile��I�IH
makefile�J$�KLMN�$�8�OPQR5ST�
	EU)

���makefileVWX�Y��
	/DZ[)$��
\	]^C�_`�abcTde
Edfgh@i-jk�lm\�makefilen>�$Wo	Z[pqn�r�^Cs#t/
D�r�^Cs#u/D�r�^Cs#vw/D�xyz{|}~�	eE�����

makefile*+$� Shell��$��a\����|��W�	��)

makefile�p	%�*�——“F��/D”�$�H%��s#$� make���Y��
R
�F�/D��S	���BC��	��)make�$����P��$�:� makefile\
q�	���P�$�pM�S�`	 IDE.������2�Delphi	 make�Visual C++
	 nmake�LinuxA GNU	 make)���makefile5��$�-�
�L	/D� )

,-¡¢2£H makefile	^¤�¥¦��� 4H�§^¤	¨�)©ª��«¬	 make
®�¯«��.�«	° ��a�±�-“^C²³´”µ�^¤��¶� ·¸ GNU	 make
{|¡¢� 	¹º� RedHat Linux 8.0�make	»�� 3.80)¼½��� make�¾
¿À�ÁÂ	���¿"À�	)ÃÄa'�ÀÅÆz IEEE 1003.2-1992 ;Ç	
ÈPOSIX.2É)

-�§^Ê\�Ë� C/C++	]Ì�� ÍÎÏ�Ð�¼ªÑÒ$�Vz C/C++	/D	�<�
¯Vz��L	ÓÔ�'Õ®Ö×Ø¯V	/D1	^Ê)�¶ÐÙÚ	/D1� UNIXA	
GCC& CC)
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-Û� 4�MVz
�/D	$�ZÜ&� �$�pM�ÝÞ� CdC++d'� pas�ßt
#à]^C/D5\áâÌ^C�- WindowsA�*� .obj ̂ C�UNIXA� .o ̂ C�ã 
Object File�����ä�/DÈcompileÉ)ªuåàSæ	 Object Fileç5�|^
C�����ä�èéÈlinkÉ)

/Dê�/D1s#	�° 	ëì�í`îïæ	ðN	ëì)¸zuñ�òó��s#ôõ

/D1ö^C	Ð-Ö÷Èö^C\¾ø��ðN�Ãn>¾øi- C/C++^C\É��#Ð



.	° ëì�/D1*��/Dù\ál;^C)$�pM�ú�]^C¾ø¸¾z$�\

ál;^CÈO^C�� OBJ^CÉ)

èéê�û#�èéí`&�üïæ�Ð�� Í��ý¿��\ál;^CÈO^C�� OBJ
^CÉpèé Í	¾¿
�)èé1þ��í`Ð-	]^C���í`	\ál;^C

ÈObject FileÉ�-S�`ê���z]^C���/D�5	\ál;^C���Ã-è
éês#N��qù\ál;^C���¸z/D���	�Ð�� Í#
\ál;^C��

��- WindowsA���ä“^C”ÈLibrary File)��*� .lib ̂ C�- UNIXA�
� Archive File��*� .a ̂ C)

��$A�]^CßtI�5\ál;^C�å�\ál;^C�5�|^C)-/Dê�/D

1���
�° �&í`dïæ�O�ðN)23í`��ðN�/D1I
ù$��ô��

���5 Object File)Ã-èé
�ê�èé1I-Ð.	 Object File\��í`	�
,�23��X��X*I�èé��ÌÈLinker ErrorÉ�- VCA�����$���Link 
2001�����M�M�èé1�E�Xí`	�,)�s#qní`	 Object File.

%���ë��GNU	 make.��	ÓÔ� �¦!�'�" Í�#$)

Makefile ��
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make���|ê�s#$� Makefile ̂ C��ôõ make��s#%��	&/D&èé

�)

ßt� Í¿$�'(pMN Makefile	)HZ[)�	
S*$�+,Ú<)��'(p
]z GNU	 makeý¿-.�-��'(\� Í	�
. 8� C^C�& 3�ö^C� Í
#H$� Makefilepôõ make��2£/D&èé�/�^C) Í	Z[��

 1É23���
0./D1��� Í	Ð. C^C#/Dþ�èé)
 2É23���
	2/� C^C�34��� Í�/D�34	 C^C�þèél;


�)

 3É23���
	ö^C�4ï���� Ís#/D5¿��/�ö^C	 C^C�þ
èél;
�)

�# Í	 MakefileH"6%�Ð.	�$7� Í�¿$� make��*��R5�make
��IF�8E�9:©;	^C34	<=pìnr�^Cs#v/D�JÃFG/DÐs#

	^C&èél;
�)





�

��

�Makefile���
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-¡¢�� Makefile>;�'�" Ítp?@�Ø$Ø Makefile	Z[)

 target ... : prerequisites ...
 command
 ...
 ...

 target�*�$�l;^C���� Object File������|^C)'���$�
;AÈLabelÉ�¸z;A��?´�-uB	“Cl;”¤D\I.!¢) 



 prerequisites*��#�5�� targetÐs#	^C��l;)

 command�*� makes#�|	��)ÈE�	 Shell��É

��$�^C	²³VW��*�M�target�$����	l;^C²³z
prerequisites\	^C�a�5Z[n>- command\)MF$G*�M�
prerequisites\23.$��µ	^C� target^C#w	H�commandÐn>	��
*I��|)�*� Makefile	Z[)�*� Makefile\ÀIJ	ÓÔ)

MXK�Makefile	��*���$G�%+ 	�§^Ê�ø�L�)MM)'�Nª�
�� Makefile	ûO&IJ��#H%$� Makefile'�6� I�uL$G$G��ç
 	��PQ
�RRXp)ÓÔ'�ST)�É
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����

������

���

ë2;LÐM	�23$��
. 3�ö^C�& 8� C^C� Í��R5;LÐ¢	�U
�Z[� Í	 Makefile¾ø�AL	���V	) 

 edit : main.o kbd.o command.o display.o \
 insert.o search.o files.o utils.o
 cc -o edit main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

 main.o : main.c defs.h
 cc -c main.c

 kbd.o : kbd.c defs.h command.h
 cc -c kbd.c

 command.o : command.c defs.h command.h
 cc -c command.c

 display.o : display.c defs.h buffer.h
 cc -c display.c

 insert.o : insert.c defs.h buffer.h
 cc -c insert.c

 search.o : search.c defs.h buffer.h
 cc -c search.c

 files.o : files.c defs.h buffer.h command.h
 cc -c files.c

 utils.o : utils.c defs.h
 cc -c utils.c

 clean :
 rm edit main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

WXYÈ\É�Z|[	��)���¥	z Makefile	\]) Í��à��ÓÔ^_-^
C�“Makefile”�“makefile”	^C\�ªu-ølmA`éab��“make”*���5
�|^C edit)23#cd�|^C&Ð.	\ál;^C�����#ef��|$A“make 
clean”*���)



-�� makefile\�l;^CÈtargetÉ�=��|^C edit&\ál;^CÈ*.oÉ�
²³^CÈprerequisitesÉ*�ghuL	�� .c ̂ C& .h^C)ú$� .o ̂ C

.$i²³^C�Ã�� .o ̂ Cj��|^C edit 	²³^C)²³VW	�±µ*�M
N�l;^C��r�^C�5	�Z�>�l;^C�r�^C}w	)

-n>%²³VWu�uB	�$|n>�2£�5l;^C	��W����$n#�$�

Tabk���ö)lm�makeþ�����%���	�n���|Ðn>	��)makeI
�¥ targets^C& prerequisites^C	34op�23 prerequisites^C	op
#� targets^C	op#w��ñ target�_-	H����make*I�|uBn>	
��)

�¶#MN$G	��clean��$�^C�q��1�$����r�.G+ C°�\	
lable$��aghu���0.����make*�IF�&�^C	²³´��*�IF�
�|auÐn>	��)#�|au	���*#- make��uN�"qù�� lable	�
r)��	� só.¿� Í��-$� makefile\n>�¿	/D��&/DÝV	�
���2
�	���
�	Qt�uu)

�
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�make������
������������

������

��������	
����� make������

 1�make�����������“Makefile” “makefile”�!"�

 2�#$�%�&��!"'�()*�+!",target-��./�01'�2��%“edit”3

*!"�453*!"6789��+!"�

 3�#$ edit!":;�� � edit<=>�?/� .o !"�!"@ABCDE edit3*!

"F����2
�GH?/<IJ���KLM edit3*!"�

 4�#$ edit<=>�.o!"	;���� make����!"'��+7.o!"�=>N�#$

�%OPQR�)*SOLM.o!"�,3TUV)*WX�YZ-

 5��[�\� C!"] H!"�;��^�_� make�LM .o !"�[?P` .o !"L�

make�9abc�	
�GH!" editd� 

3
�e* make�=>N�make�)fg)fhi�!"�=>jk�l%89mno()*�+!"�

��p�YZ'�#$oqrs�E#8?t=>�!"�:%��� make
�luvo�4wr�x

y_<IJ����rs� �mn:Mz�makeQ{:|�make�}!"�=>N�~�#$���

d=>jk�?���?/�!"��:����y:���
:�6^�



�Y.��������V clean3���Tt()*�+!"lu Cuj����&?/<IJ�

���:�t��GH�:Y������D makeGH�~��——“make clean”���K��<T

��+!"����mn�

_���mZ'�#$3*�Z�tmnYd���@Ad�')*�!"�E# file.c���Q

R��=>N����+ file.o�t�mn,	
��3*=Njk?/<IJ���-�_�

file.o�!"	�8F�^�_� file.o�!"@ABCDE editDF�<� edit	�t�F�

ud,�� edit�+!"?IJ���-�

x#$�A d“command.h”����kdb.o�command.o] files.o¡�t�mn�4¢�edit

�t��u�
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�./�01'�£¤�¥¥ edit�SO¦

 edit : main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

 cc -o edit main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

���¥%[.o]!"��§¨t�©dª«�#$���Z¬D�)*F�[.o]!"����

¬D�ª*h�,®¯�°*h���T)*h�� clean'-��[��� makefile4:©±�

<��ª*h�	:²�³#$ makefile ´©±����
T�µ�¶·)*¬D��h��

x¸¹mnº»�<��7d makefile�¼½¾�� makefile'���¿` À�makefile�

 À	
�)*�§¨�|ÁM CÂÃ'�Ä�µ�ÅÆ�

E#��ÇÈ)* À�� objects, OBJECTS, objs, OBJS, obj,  � OBJ�ÉÊ:}Ë�^�

�DµÌÍ� obj!"
Hd��� makefile)ÎÏ
3ÐIJ¦

 objects = main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o



_���
��Ñ��h��� makefile'�“$(objects)”���K¿`3* Àd�_��

�AÒÓ makefile
 M�/3*Ð1¦

 objects = main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

 edit : $(objects)

 cc -o edit $(objects)

 main.o : main.c defs.h

 cc -c main.c

 kbd.o : kbd.c defs.h command.h

 cc -c kbd.c

command.o : command.c defs.h command.h

 cc -c command.c

 display.o : display.c defs.h buffer.h

 cc -c display.c

 insert.o : insert.c defs.h buffer.h

 cc -c insert.c

 search.o : search.c defs.h buffer.h

cc -c search.c

 files.o : files.c defs.h buffer.h command.h

 cc -c files.c

 utils.o : utils.c defs.h

 cc -c utils.c

 clean :

 rm edit $(objects)

_�#$TF� .o !"����¬ÔÕh@A)� objects  À
��d�

j_ ÀÅÖ�×Ø����?ÙÚ\))�K�
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� make����
��������

����

GNU� makeÑÛÜ�&����Ý¸!"�Þ!"=>jk?/����_��
�ßDi�à)*

[.o]!"?¡á.âã����ä7��� make���åæ�4�çÝ¸���

�D make¥%)*[.o]!"�&
����5[.c]!"�=>jk'�#$ make�%)*

whatever.o��� whatever.c�
�� whatever.o�=>!"�4¢ cc -c whatever.c 	�

tÝ¸oK�_���� makefileP	:`á´3�©±����F� makefilegoèd�

 objects = main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

 edit : $(objects)

 cc -o edit $(objects)

 main.o : defs.h

 kbd.o : defs.h command.h

 command.o : defs.h command.h

 display.o : defs.h buffer.h

 insert.o : defs.h buffer.h

 search.o : defs.h buffer.h

 files.o : defs.h buffer.h command.h

 utils.o : defs.h

 .PHONY : clean

 clean :

 rm edit $(objects)

3��é�	
� make�“êëSO”�./!"ìí'�“.PHONY”Í��clean�*î�+!"� 

j_Å7�ï�“êëSO”]“î�+!"”����?ÙÚ\))�K�
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����� makefile

~[�� make����Ý¸������¥%�W[.o]][.h]�=>
TU:ð���Ö��©�

[.h]�µ:µ5�ñò�K�Æó��TôØ�3*y_ makeKõÑí¼�ö�&÷ød��Ý¸��

]!"�zµùúK¥¥8Fûü� makefileó� 

 objects = main.o kbd.o command.o display.o \

 insert.o search.o files.o utils.o

 edit : $(objects)

 cc -o edit $(objects)

 $(objects) : defs.h

 kbd.o command.o files.o : command.h

 display.o insert.o search.o files.o : buffer.h

 .PHONY : clean

 clean :

 rm edit $(objects)

3�ûü�¤�� makefile ´ÑÔÕ�³��!"=>jk
�´TUýþd��]��:��

´��¥\��Æd���:��3�ûü��)�!"�=>jk¥:�����#$!")Ö�D

�	*F�.o!"��
|:��d� 

�

��

��

��

������ �!"

����� �!"����� �!"

����� �!"

à* Makefile'¡®¯á)*�
�+!",.o]GH!"-�SO�3:��_�mn�	Ñ�_

�!"����3�)*“@�”,�����´���mZ@���-�)��ûü¡�¦

 clean:

 rm edit $(objects)



Å7����é�¦

 .PHONY : clean

 clean :

-rm edit $(objects)

�/õY�.PHONY��Í� clean�)*“î�+”��x� rm���/d)*������
��

	�� !"oqôØ�³:D}�!Ù�?/�"��[�clean�SO:D#�!"�Î$�:[�

3
� M make����+�%&ö	:'�3Ð�:M!�S(�——“clean)K¡�#�!"�8

?”�

./
�)* makefile�*+�	� makefile�,-��/�TÑÖ makefile�%jï.�/0

Æd�ú/0Æd
K�

Makefile ��

����

��

———————

#

##

#�

��

�Makefile$%&'
$%&'$%&'

$%&'(

((

(

Makefile12D34d5*67¦��SO�êëSO� ÀIJ�!"8�]9:�

1���SO���SOõÈd�#;LM)* Ö���+!"�3�< Makefile�=á>È�8o�

DLM�!"�!"�=>!"�LM����

2�êëSO�<_�� makeT��Ý¸�zµ�<�êë�SO��¤�E?@AhÔBh=á

Makefile�3�< make<C��� 

3� À�IJ�� Makefile'�DIJ)kD� À� À)�¡��§¨�3*TU\ CÂÃ'

�Ä�� MakefiletGHB��'� À¡�tEF%%®�G`HI.� 



4�!"8���3Jd°*K��)*��)* Makefile'G`L)* Makefile�
V CÂÃ'�

include)ÐML)*�8QR� NO8I Makefile'�TPK��
V CÂÃ'�Qmn#if)

ÐM�T
�IJ)*ÖH����Tj3)K��ìí����?Ù�K�'R�� 

5�9:�Makefile'�TH9:�] UNIX� ShellS{)Ð��9:�`“#”�§�3*
V C/C++

'�“//”)Ð�#$\D�\� Makefile'¿`“#”�§���`ÉTUVHWJ�#¦“\#”�

8?��X´)÷���� Makefile'����ßYD�[Tab]ZÎÏ�

)

))

)�

��

�Makefile�� *
�� *�� *

�� *

���NO��make���������[\]�p!"�7“GNUmakefile”�“makefile”�

“Makefile”�!"��%dÁ:3*!"��3°*!"�'�8Æ¿`“Makefile”3*!"��ä

7�3*!"�()*�§7Üá�3ÐT)����^_�8Æ:D`“GNUmakefile”�3*!"�

GNU� makeåæ��TL`) make�ya�á�“makefile”!"�b^�³�,{.Kõ�ÜÖ

c� make¡C�“makefile”]“Makefile”3ª���!"��

�[�\��¿`æ�!"�K=á Makefile�E#¦“Make.Linux”�“Make.Solaris”�“Make.AIX”

d�#$D8IeI� Makefile�\��¿` make�“-f”]“--file”fc�#¦make -f Make.Linux

 make --file Make.AIX�

�

��

��

��

�+�,-�

+�,-�+�,-�

+�,-� Makefile

� Makefile¿` includejZ���5æ� Makefile34VK�3ÑV CÂÃ�#include�t3

4�!"�ghgÐ�#���!"�34HI�include�Âé�¦

 include <filename>

 filename�����i6kj Shell�!"h�,��4kl]�m§- 



� include�/��T) 
�§�³�n:µ�[Tab]ZÎÏ�include]<filename>��`)*

 Ö*
üoÎ�p*01�\T3Ð	* Makefile¦a.mk�b.mk�c.mk��T)*!"� foo.make�

�Þ)* À$(bar)��34d e.mk] f.mk�����/�Âq¦

 include foo.make *.mk $(bar)

dr_¦ 

 include foo.make a.mk b.mk c.mk e.mk f.mk

make��ÎÏB��5�p include<8o��& Makefile�45�ìísI����HI�
ÆV

C/C++�#include8�)Ð�#$!"¡�T8Inykl �%ykl�×�make�������

t£p��#$������T�%����make����/�	*����¦

 1�#$ makeGHB�T“-I” “--include-dir”fc��� make
��3*fc<8I��

��ip��

 2�#$��<prefix>/include,)��¦/usr/local/bin /usr/include-;��×�make

	�i��

#$T!"�T�%�×�make�LM)uvw&x�³:�y.oq¹�rs�&�!Ùz��&�

!"�){|M makefile�}~�make�P��3 �T�%� �:µ}~�!"�#$��:H�

make��oq)u¹�&x�#$\�¤make:|� �é}~�!"�x!ÙGH�\���include

�)*��“-”�#¦ 

-include <filename>

�Í���� includeYZ'oqË�rs�¡:Dwr!ÙGH�]�&Ó{ make�í�%j

��� sinclude��6`]3)*�)Ð��

	

		

	�

��

�./�

./�./�

./� MAKEFILES

#$\�����'IJd�� À MAKEFILES����make�53* À'�X�)*âã_

include��6�3* À'�X��&� Makefile�`
ü�o����&] include:����



)3*�� 'G�� Makefile�“�+”:��6`�#$�� À'IJ�!"�qrs�make	

�:|�

³��31�����:D¿`3*�� À�ä7�D3* À)tIJ����\¿` makeB�<

T� Makefile¡��%&����3n:�\�¥%���31÷3*"���7dw�Ü��	�T

B�\� Makefileoqd�"���\��¥¥����'T�TIJ3* À�

�

��

��

��

�make���01
���01���01

���01

GNU� make�6B�GH����¦,�K�&� make	�âã-

 1�}�<T� Makefile�

 2�}�t include��& Makefile�

 3��Ï�!"'� À�

 4�Ý¸êëSO�4��<TSO�

 5�7<T��+!"��=>jk��

 6�QR=>jk��I� �+D�FLM�

 7�GHLM���

1-5�7()*���6-77(�*���()*��'�#$IJ� Àt¿`d����make�5

�FÎ�¿`�HI�³ make4:�|ay.FÎ�make¿`�������#$ Àoq�=>jk

�SO'�����3u=>t�ID¿`d� À����ìKFÎ� 

�[�3*�6��\:)ID���³���3*��\	�y makeÅ7���Td3*,-�?Ù

K�	
í¼¥ d� 

���	

���	���	

���	

————

SO34ª*K��)*�=>jk�)*�LM�+��é�



� Makefile'�SO�\]�Ñ�D��ä7�Makefile'�®¯T)*89�+��&��+¡�

t3*�+<¡¢oK��<�)ID¤ make��\�89�+�Ë��)�Kõ�IJ� Makefile

'��+�µ�TÑÖ�³�()uSO'��+�t£¤789��+�#$()uSO'��+TÑ

Ö*����()*�+�M789��+�make<|M�	
�3*�+�

Æd���¤�K¥)¥#;=áSO�

#

##

#�

��

�!"23

!"23!"23

!"23

 foo.o : foo.c defs.h  # fooh¥

 cc -c -g foo.c

¥%3*01�¦H®¯:�Ñ§Ld��/	�õY�foo.o����+�foo.c] defs.h��+

<=>��!"�x�T)*��“cc -c -g foo.c”,� TabZÎ$-�3*SOw��ª""¦

 1�!"�=>jk�foo.o=>_ foo.c] defs.h�!"�#$ foo.c] defs.h�!"¨©

DE foo.o!"¨©DF� � foo.o:;����=>jk�L� 

 2�#$LM, ÅF-foo.o!"�	
��* cc����õÈd�#;LM foo.o3*!"�

,�[ foo.c!" included defs.h!"-

)

))

)�

��

�!"�45

!"�45!"�45

!"�45

 targets : prerequisites

 command

 ...

 �3Ð¦

 targets : prerequisites ; command

 command

 ...



targets�!"���
ü�Î���¿`�m§�)�Kõ����+,{.�)*!"�³	T�

µ�Ö*!"�

command���H�#$�:ª“target:prerequisites”�)H����ßY�[TabZ]Î$�#

$] prerequisites�)H�����`���7�o�,�.-

prerequisites	
��+<=>�!", =>�+-�#$�'��*!"DE�+!"DF��

���+
t�7�“YB�”�t�7�¬D�LM��3*��/�«RYd�

#$��¬�\��¿`ÉTU,‘\’-67®H§�makey)H.TÖ¯*�§�T°±�SOw�

makeª""�!"�=>jk]#;MM�+!"�

)�Kõ�make�� UNIX�+/ Shell�	
�/bin/shKGH���

�

��

��

��

�6!"
��789

6!"
��7896!"
��789

6!"
��789

#$��IJ)kDE?âã�!"��Ñ�[h
��¿`�m§�makeC�°¦�m§¦“*”�

“?”]“[...]”�3�] Unix� B-Shell�%��� 

²³�,“~”-�§�!"�'	TE?e´�`µ�#$�“~/test”�3
Í���`¶�$HOME�

��� test���x“~hchen/test”OÍ�`¶ hchen�·2���� test���,3 ¡� Unix

����åd�make	C�-x� Windows � MS-DOS��`¶�T·2�����²³�<8��

�OQR�� À“HOME”xI�

�m§¸¹d\)kD�!"�#“*.c”Í�<�?º7 c�!"�)*¬D�9����#$��

!"�'T�m§�#¦“*”�����`WJ�§“\”�#“\*”KÍ�»¼�“*”�§�x:�b�

½��§¨�

Æó���£K¥	*01ó¦

 clean:

 rm -f *.o



./3*01�::Öõd�3�i6kj Shell<C���m§�3����'��m§� 

 print: *.c

 lpr -p $?

 touch print

./3*01õÈd�m§	�����SO'��+ print=>_<T�[.c]!"��'�

“$?”�)*��� À����?/Ú\R�� 

 objects = *.o

./3*01�Í�d��§�Ð��`� À'�4:�õ[*.o]�FÎ�:¾objects�X


�“*.o”�Makefile'� À�¼
� C/C++'�Ä�#$\D¤�m§� À'FÎ�	
�¤

objects�X�<T[.o]�!"��¿À����\��3Ð¦

 objects := $(wildcard *.o)

3�`é<jZ�“wildcard”8o�j_ Makefile�jZ�����?/Á��

	

		

	�

��

�� :;

� :;� :;

� :;

�) Ü��Z'�TÜÀ��!"���Â��é�53�Ö��!"�â�4;#�:����'�

<��� make¬Di�p!"�=>jkB�\���!"�.kl�³8Æ��é�5)*klw

� make�¤ make���i��

Makefile!"'�e´ À“VPATH”
�|M3*zµ��#$�T8È3* À�make�����

���'i�p=>!"]�+!"�#$IJd3* À����make
��������:%�N

O��%<8I���'i�p!"d�

 VPATH = src:../headers

./��IJ8Iª*���“src”]“../headers”�make�[Ã3*\]VHÄÅ���<“��”

�o�,�[�����ÆÇ�8ÈÉ£ÄÅ�h�-



L)*ÊI!"ÄÅkl��é�¿` make�“vpath”jZ�,9��&�a�á�-�3:� À�

3�)* make�jZ��3]./÷%��* VPATH ÀÑâã�³�&Å7ËÌ�&��8I:��

!"�:��ÄÅ��'�3�)*ÑËÌ�zµ�&�¿`�éT°�¦

 1�vpath <pattern> <directories>

7§Àh�<pattern>�!"8IÄÅ��<directories>�

 2�vpath <pattern>

��§Àh�<pattern>�!"�ÄÅ���

 3�vpath

��<T�tÊIÆd�!"ÄÅ���

vapth¿`�é'�<pattern>¬D34“%”�§�“%”����ÍmÎ ÏÐ�§�0#�“%.h”Í�

<T�“.h”ÑÒ�!"�<pattern>8IdDÄÅ�!"¿�x<directories>O8Id<pattern>

�!"¿�ÄÅ����0#¦

 vpath %.h ../headers

¯ÂqÍ��DÓ make�“../headers”���ÄÅ<T�“.h”ÑÒ�!"�,#$�!"�����

�T�%�×-

���¡Ùh¿` vpathÂq��8I:�ÄÅÔB�#$¡Ù� vpathÂq'oqd%��

<pattern>� �t�©d�<pattern>����make�[Ã vpathÂq�£?\]KGHÄÅ�#¦ 

 vpath %.c foo

 vpath %  blish

 vpath %.c bar

�Í�“.c”ÑÒ�!"�£�“foo”���[?�“blish”�8?�“bar”���



 vpath %.c foo:bar

 vpath %  blish

x./�ÂqOÍ�“.c”ÑÒ�!"�£�“foo”���[?�“bar”���8?��“blish”���

�

��

��

��

�<��

<��<��

<��

8Õ£�)*01'��÷%Y)*“clean”��+�3�)*“î�+”�

 clean:

 rm *.o temp

ÊV��/01'�“clean”)Ð�~[�LMd�Ö!"mn!"��	®¯÷ø)*��&

�“�+”�0|eh�mnx`� ,�“make clean”K¿`¯�+-

ä7��4:LM“clean”3*!"�“î�+”4:�)*!"���)*+Ö�<_“î�+”:�!

"�<� make�éLM&�=>jk]�I&�×DGH���T�Y��h8È3*“�+”�µ¤

�LP��[�“î�+”�~�:µ]!"����:[�
ºid“î�+”��Jd�

�[�7dØÙ]!"���3�NO����¿`)*e´�+�“.PHONY”K��h8È)*�+

�“î�+”�Ú makeõÈ�:}�×T3*!"�3*�+
�“î�+”�

 .PHONY : clean

�DT3*ÇÈ�:}�×T“clean”!"�DÛH“clean”3*�+��T“make clean”3Ð�_�

e*YZ��3Ðá¦

 .PHONY: clean

 clean:

 rm *.o temp

î�+)��T=>�!"�³���	��7î�+8I<=>�!"�î�+�Ð��67“���

+”��D��#�()*�)*�0
��#$\� Makefile¬D)ÜÝLMÏÐ*�GH!"�³



\��ÔÕhÞ)* make|"�4¢�<T��+!"¡á�)* Makefile'���\��¿`“î

�+”3*eN¦ 

 all : prog1 prog2 prog3

 .PHONY : all

 prog1 : prog1.o utils.o

 cc -o prog1 prog1.o utils.o

 prog2 : prog2.o

 cc -o prog2 prog2.o

 prog3 : prog3.o sort.o utils.o

 cc -o prog3 prog3.o sort.o utils.o

����Makefile'�()*�+�t67����+��ÇÈd)*“all”�î�+��=>_

�&°*�+�<_î�+�eN��ß�tGH��<��=>��°*�+
ß�:#“all”3*�

+F�<���&°*�+�SOß��t���	
à%d�)ÜÝLMÖ*�+����“.PHONY : 

all”ÇÈd“all”3*�+7“î�+”�

á�÷)q�)./�01���¥o��+	��M7=>�<��î�+�Ð	�M7=>�¥�

/�01¦

 .PHONY: cleanall cleanobj cleandiff

 cleanall : cleanobj cleandiff

 rm program

 cleanobj :

 rm *.o

 cleandiff :

 rm *.diff



“make clean”���<TDt���!"�“cleanobj”]“cleandiff”3ª*î�+TUV“1Z

]”���������“make cleanall”]“make cleanobj”]“make cleandiff”��Kà%

��:��â!"����

�

��

��

��

�=��

=��=��

=��

Makefile�SO'��+��:â)*��C�Ö�+�T�µ��Ö*�+�B=>_)*!"�

4¢�LM���Üãâã�_��
µ5�À4�K��[�Ö*�+�LMSO�GH����)

*�3�µ���¢Käå�:YÆ�����¿`)*��� À“$@”,j_��� À���?

/R�-�3* ÀÍ�æ��SO'<T��+�¿À�3Ðõ�µÑçè���¥)*01ó�

 bigoutput littleoutput : text.g

 generate text.g -$(subst output,,$@) > $@

.�SOdr_¦ 

 bigoutput : text.g

 generate text.g -big > bigoutput

 littleoutput : text.g

 generate text.g -little > littleoutput

�'�-$(subst output,,$@)'�“$”Í�GH)* Makefile�éc�éc�7 subst�?

/�7fc�j_éc���?/R��31�3*éc�ê~�§¨����“$@”Í��+�¿À�


V)*cë�“$@”=«~o�+�4G_���

�

��

��

��

�>?@1

>?@1>?@1

>?@1

ìíh���Åí¼hIJÖ�+�SO���¤��SO ´Å�TîN]ËÌ����£K

¥)�Âé¦



 <targets ...>: <target-pattern>: <prereq-patterns ...>

 <commands>

 ...

 targetsIJd)kD��+!"���T�m§���+�)*¿À�

 target-parrtern�8Èd targets�h��	
���+¿h�� 

 prereq-parrterns��+�=>h��&y target-parrternïM�h�PVH)«=>�

+�IJ�

3Ðð�3°*67��µ���Tõ�����p*01KõÈ)�ó�#$��

<target-parrtern>IJM“%.o”������<target>¿À'¡��“.o”ÑÒ��x#$��

<prereq-parrterns>IJM“%.c”����y<target-parrtern><ïM��+¿VH�«IJ�

�ñò�é��~<target-parrtern>h�'�“%”,	
�i·d[.o]3*ÑÒ-�47�.[.c]

3*ÑÒ�ïM�F¿À�

<����“�+h�” �“=>h�”'¡®¯T“%”3*�§�#$\�!"�'T“%”��\��

¿`ÉTó“\”VHWJ�K+È»¼�“%”�§�

¥)*01¦

 objects = foo.o bar.o

 all: $(objects)

 $(objects): %.o: %.c

 $(CC) -c $(CFLAGS) $< -o $@

./�01'�8Èd���+)$object'ô~�“%.o”ÍÈD<T�“.o”ÑÒ��+�	
�

“foo.o bar.o”�	
� À$object¿À�h��x=>h�“%.c”O~h�“%.o”�“%”�	
�

“foo bar”�47��“.c”�?º�_����=>�+
�“foo.c bar.c”�x��'�“$<”



]“$@”O���� À�“$<”Í�<T�=>�+¿,	
�“foo.c bar.c”-�“$@”Í��+¿,	


�“foo.o bar.o”-�_��./�SOFÎ?dr_�/�SO¦

 foo.o : foo.c

 $(CC) -c $(CFLAGS) foo.c -o foo.o

 bar.o : bar.c

 $(CC) -c $(CFLAGS) bar.c -o bar.o

���#$��“%.o”T	õ*�����D`3�ÑÔÕ�“ìíh�SO”
��á|)WSO�

¼��¬TPöd�“ìíh�SO”�`éÑËÌ�#$`´Æ���)*ÑÛÜ�zµ�P¥)*01¦

 files = foo.elc bar.o lose.o

 $(filter %.o,$(files)): %.o: %.c

 $(CC) -c $(CFLAGS) $< -o $@

 $(filter %.elc,$(files)): %.elc: %.el

 emacs -f batch-byte-compile $<

$(filter %.o,$(files))Í�÷` Makefile� filteréc�Yø“$filter”¿��D�'h�

7“%.o”�ìí���&ìí��
:`Öõdó�3*0�F�d Makefile'ÅÜ�îN� 

A

AA

A�

��

���BCDEF

��BCDEF��BCDEF

��BCDEF

� Makefile'���=>jk�µ�¬D34)kD�$!"�E#�#$�� main.c'T)q

“#include "defs.h"”�����=>jk®¯�¦

 main.o : main.c defs.h

³��#$�)*E?Üù��Z�\ß¬��� C!"34d� $!"�4¢�\�� ú�$

!"B�	¬D�ûh@A Makefile�3�)*Ñ�T½¾N��6�7dØÙ3�ü�xgí¼or



�"N����¿` C/C++mn�)*zµ�ÜÖc� C/C++mný¡C�)*“-M”�þ��~��

�p�!"'34�$!"�4LM)*=>jk�0#�#$�GH�/���¦

 cc -M main.c

��o�¦

 main.o : main.c defs.h

_�<mný��LM�=>jk�3Ð)K�\
:ßP��=áÏÐ!"�=>jk�x<mný�

�LMd�¬D÷�)q���#$\¿` GNU� C/C++mný�\´`“-MM”fc�:[�“-M”fc

�5) +/��$!"	34VK� 

 gcc -M main.c��o�¦

 main.o: main.c defs.h /usr/include/stdio.h /usr/include/features.h \

 /usr/include/sys/cdefs.h /usr/include/gnu/stubs.h \

 /usr/lib/gcc-lib/i486-suse-linux/2.95.3/include/stddef.h \

 /usr/include/bits/types.h /usr/include/bits/pthreadtypes.h \

 /usr/include/bits/sched.h /usr/include/libio.h \

 /usr/include/_G_config.h /usr/include/wchar.h \

 /usr/include/bits/wchar.h /usr/include/gconv.h \

 /usr/lib/gcc-lib/i486-suse-linux/2.95.3/include/stdarg.h \

 /usr/include/bits/stdio_lim.h

 gcc -MM main.c��oO�¦

 main.o: main.c defs.h

���mný�3*zµ#;ª�� Makefile�k�)�ù�ä73Ð)K��� Makefile	D

QR3 �!"�FLM�¤ Makefile��=>_�!"ú3*zµ4:q¼�:Y���T�&�

�K��h¼q3)zµ�GNUë���5mný7à)*�!"���LM�=>jk#%)*!"'�



7à)*“name.c”�!"¡LM)*“name.d”� Makefile!"�[.d]!"'
;#y®[.c]!"

�=>jk�

_�����áo[.c]!"][.d]!"�=>jk�4¤ make��ÅF �M[.d]!"�45�3

4���2 Makefile'�3Ð��
�����hLMà*!"�=>jkd�

31��Úod)*h�SOK�L[.d]!"¦

 %.d: %.c

 @set -e; rm -f $@; \

 $(CC) -M $(CPPFLAGS) $< > $@.$$$$; \

 sed 's,\($*\)\.o[ :]*,\1.o $@ : ,g' < $@.$$$$ > $@; \

 rm -f $@.$$$$

3*SO�����<T�[.d]!"=>_[.c]!"�“rm -f $@”����ú�<T��+�	
�

[.d]!"�(�H�����7à*=>!"“$<”�	
�[.c]!"LM=>!"�“$@”Í�h�“%.d”

!"�#$T)* C!"� name.c���“%”
�“name”�“$$$$”�7)*á	m��(�HLM�

!"T�µ�“name.d.12345”�(°H¿` sed���d)*¹®�j_ sed���`é
f¥%j

�¿`!��(�H
�ú�B!"�

ßxÃ��3*h�D��"
��mnýLM�=>jk'�[.d]!"�=>�~5=>jk¦

 main.o : main.c defs.h

WM¦ 

 main.o main.d : main.c defs.h

_����[.d]!"	���ÅFd�4���LMd��[�\����3*[.d]!"'��:

��=>jk�3JLM���	�)4��¤à*[.d]!"¡34)*|>�SO�){�|M3

*�6�u�K��
D53 ��LM�SO#V��2 Makefile'����¿` Makefile

�“include”���KG�æ� Makefile!",�/RY-�0#¦



 sources = foo.c bar.c

 include $(sources:.c=.d)

.�Âq'�“$(sources:.c=.d)”'�“.c=.d”�����)*¹®�5 À$(sources)<T[.c]

��¨¡¹®M[.d]�j_3*“¹®”�ìí��?/��TÅ7�ï�R���[�\´9�«]�ä

7 include�[«Kz�!"�8£z��[.d]!"'��+�M7���+�

��
�

��
���
�

��
�

————

àuSO'���]i6kj Shell���H�)¹��make�)[\])u)u�GH���àu�

��Î$ßY�[Tab]ZÎ$����������=>SO?/���?�����H�C'�
ü 

�
H�t�B�³�#$¯
ü 
H�� TabZÎ$���� make��7��)*
���

�� UNIX��µ�¿`:�� Shell�³� make������t“/bin/sh”——UNIX�+/ Shell

Á:GH����\eæ8I)*�&� Shell�Makefile'�“#”�9:§�ÑV C/C++'�“//”�

�?�{H�§¡t9:�

#

##

#�

��

�GHIJ

GHIJGHIJ

GHIJ

�Â�make�5�DGH���H���GH��o%��.���`“@”�§���H�����3

*���:t make��oK�8�¸ÍN�01���`3*zµKV����) &x�#¦ 

 @echo Ê�mn XXXh¥......

� makeGHB���o“Ê�mn XXXh¥......”�¨�³:��o���#$�T“@”����make

��o¦

 echo Ê�mn XXXh¥......

Ê�mn XXXh¥......



#$ makeGHB�¢� makefc“-n” “--just-print”�����������³:�GH���

3*zµÑT�_�÷��� Makefile�¥¥�=á����GH�K�Ë�Ð1� �Ë�\

]�� 

x makefc“-s” “--slient”O�a/�â������ 

)

))

)�

��

�IJKL

IJKLIJKL

IJKL

�=>�+F_�+B�	
��SO��+¬DtÅFB�make�)u)u�GH�?����¬D

9����#$\D¤.)u���Ñ$®`��)u��B�\®¯¿`���o3ªu���E#\

�()u��� cd���\��(�u��´� cd�?�,-.ÛH���\
:µ53ªu��á�

ªH.�x®¯53ªu��á�)H.�`���o�#¦ 

�0)¦

 exec:

 cd /home/hchen

 pwd

�0�¦

 exec:

 cd /home/hchen; pwd

��GH“make exec”B�()*01'� cd�T6`�pwd���o��� Makefile���x

(�*01'�cd
�6`d�pwd���o“/home/hchen”�

make)��¿`�� À SHELL'<IJ�kj ShellKGH�����NO�¿` UNIX�+/

Shell——/bin/shKGH���³� MS-DOS�TUe´�ä7 MS-DOS��T SHELL�� À��[

\	��8I�#$\8Id UNIXûü���ï��t£�make�� SHELL<8I�kl'�p��

Á:ý�#$�:%�������§'�����'p��#$P�:%���� PATH�� À'<

IJ�<Tkl'p��MS-DOS'�#$\IJ���Á:ý�T�%���Ú\���Á:ý.�

#“.exe”�“.com”�“.bat”�“.sh”d?º�



�

��

��

��

�IJMN

IJMNIJMN

IJMN

à���ÛH|?�make���à*�������#$����Mz��� make�GH�)u���

�SO'<T���Mz��?�3*SO
ò�Mz|Md�#$)*SO'��*��ord,��

vo��Î-��� make
�9âGH��SO�3�T�µ9â<TSO�GH�

T B�����or4:Í�
�rs��0# mkdir����)I¬D�¤)*���#$��:

;���� mkdir
MzGH� "Ü!�#$��;����
ord���<�¿` mkdir��

�
�)IDT3Ð�)*���_��
:�� mkdirorx9âSO�ÛH� 

7d�%3)U��B���or����� Makefile���H�)*��“-”,� TabZ�?-�

+�7:}��o:or¡�7�Mz��#¦ 

 clean:

-rm -f *.o

�T)*a"�#é��Ú make.“-i” �“--ignore-errors”fc����Makefile'<T�

�¡��Brs�x#$)*SO��“.IGNORE”67�+����3*SO'�<T�����Brs�

3 �:�$æ�%â��or��é�\��QR\�:���ÊI�

�T)*D÷)�� make�fc��“-k” �“--keep-going”�3*fc�����#$�SO'

���ord���
9�¯SO�GH�³!ÙGH�&SO�

	

		

	�

��

�OPKL

OPKLOPKL

OPKL make

�) Ü��Z'���5�:�h¥ �:�zµ��!"#�:����'�����à*�

�'¡=á)*¯��� Makefile�3T�_¤�� Makefile ´ÅhÔ��x:&_5<T�

67aKá�)* Makefile'�3Ð�Ñ'½¾�� Makefile�3*(�y_�h¥mn]��

mnTæ�ÂÜ�Æ)�



0#��T)*1��� subdir�3*���T* Makefile!"�K8Èd3*���!"�mn

SO����ß*� Makefile��3Ð=á¦ 

 subsystem:

 cd subdir && $(MAKE)

�dr_¦ 

 subsystem:

 $(MAKE) -C subdir

IJ$(MAKE)Ä À�����	��� make¬D) fc�<�IJM)* ÀE?�_½¾�3

ª*01���¡�£V�“subdir”���[?GH make���

�53* Makefile��“ß* Makefile”�ß* Makefile� À��+,%�$� Makefile'

,#$\���ÇÈ-�³�:�-.�f� Makefile'<IJ� À���8Id“-e”fc�

#$\D+, À%�$ Makefile'���\��¿`3Ð�ÇÈ¦

 export <variable ...>

#$\:�¤�  À+,%�$ Makefile'���\��3ÐÇÈ¦

 unexport <variable ...>

#¦ 

�0)¦

 export variable = value

�dr_¦ 

 variable = value

 export variable



�dr_¦ 

 export variable := value

�dr_¦ 

 variable := value

 export variable

�0�¦

 export variable += value

�dr_¦ 

 variable += value

 export variable

#$\D+,<T� À�����D)* export
Hd�?/Ë�	:`��Í�+,<T� À�

¬D9����Tª* À�)*� SHELL�)*� MAKEFLAGS�3ª* À:}\�× export��

ß�D+,%�f Makefile'�eæ� MAKEFILES À��'34d make�fc&x�#$�G

H“ß* Makefile”BT makefc ��.f Makefile'IJd3* À��� MAKEFILES À�

��3 fc�4�+,%�f Makefile'�3�)*kj$��� À�

³� make��'�T	*fc4:/�+,�&�“-C”,“-f”,“-h”“-o”]“-W”,Tj Makefile

fc�ï.��?/õÈ-�#$\:�/�f+,fc����\��3ÐK¦

 subsystem:

 cd subdir && $(MAKE) MAKEFLAGS=

#$\IJd�� À MAKEFLAGS���\´£&�'�þ��Ü�¡�`%��#$�'T“-t”,“-n”,

]“-q”fc�����T¤\��:%�Ñ$� ��¤\0Âh12�



�T)*�“34GH”'E?T`�fc�“-w” �“--print-directory”�� make�YZ'�o

) &x�¤\¥%����6���E#�#$���$ make���“/home/hchen/gnu/make”�

#$�¿`“make -w”KGH����V�¯��B���¥%¦

 make: Entering directory `/home/hchen/gnu/make'.

x�|M�f make?5Î��B���¥%¦

 make: Leaving directory `/home/hchen/gnu/make'

�\¿`“-C”fcK8I make�f MakefileB�“-w”�t���Î��#$fc'T“-s”

,“--slient”- �“--no-print-directory”����“-w”ß�ºP�� 

�

��

��

��

�QRIJS

QRIJSQRIJS

QRIJS

#$ Makefile'oq) %���]D������73 %����]DIJ)* À�IJ3�

��]D�Âé�“define”ÎÏ��“endef”Ñ6�#¦ 

 define run-yacc

 yacc $(firstword $^)

 mv y.tab.c $@

 endef

31�“run-yacc”�3*��3�����:D] Makefile'� À����“define”]“endef”

'�ªH
���]D�3*��3'�()*���ÛH YaccZ]�ä7 YaccZ]ß�LM

“y.tab.c”�!"�<�(�H���
�53*!"AA�����53*��3#%)*�0'K¥

¥ó�

 foo.c : foo.y

 $(run-yacc)



���¥��D¿`3*��3��
ÆV¿` À)Ð��3*��3�¿`'���3“run-yacc”

'�“$^”
�“foo.y”�“$@”
�“foo.c”,Tj3��“$”Î$�e´ À����?/78-�

make�GH��3B���3'�à*���t=«9¤GH�

���

������

���

————

� Makefile'�IJ� À�
V� C/C++ÂÃ'�Ä)Ð�2¸Íd)*!{�¨�� Makefile

'GH�B�����ghgÐhFÎ�<¿`�h���ª C/C++<:����\��� Makefile'

A �X�� Makefile'� À��¿`�“�+”�“=>�+”�“��” � Makefile��&K�

'� 

 À������34�§�c���:;,���c�Î$-�³:®¯4T“:”�“#”�“=” �
�

§,
ü��<d-� À�Ü�áb^��“foo”�“Foo”]“FOO”�°*:�� À��+j� Makefile

� À��aÜá������³�Ý=¿`Ü�á>m� À��#¦MakeFlags�3Ð��ØÙ]k

j� À?@�x�L�`�"N�

T)  À�ÑA��¨�#“$<”�“$@”d�3 ���� À����?/78�

#

##

#�

��

���TU

��TU��TU

��TU

 À�ÇÈB¬DÚB�X�x�¿`B�¬DÚ� À��.“$”§��³8Æ`�J�“,-” �

ÜJ�“{}”5 ÀÚ3J�K�#$\D¿`»¼�“$”�§���\¬D`“$$”KÍ��

 À��¿`��Öh��#SO'�“�+”�“=>”�“��”�ÞF� À'�£¥)*01¦

 objects = program.o foo.o utils.o

 program : $(objects)

 cc -o program $(objects)

 $(objects) : defs.h

 À��¿`&�h�C£hFÎ�
V C/C++'�Ä)Ð�0#¦



 foo = c

 prog.o : prog.$(foo)

 $(foo)$(foo) -$(foo) prog.$(foo)

FÎ?´%¦

 prog.o : prog.c

 cc -c prog.c

�[�D :D�\� Makefile'3ÐÐ�31��p*01KÍÈ Makefile'� À�¿`)FÎ

�»¼Ð1����
�)*“¹¸”�g|� 

L`�Ú À.J�|a�7dÅsah¿`3* À��./�01'�#$\:�Ú À.J

���	���³���ÛE��\Ú À.J�� 

)

))

)�

��

��
��

�
���
��

�
��

�IJ À�XB����¿`�& ÀKFG À�X�� Makefile'Tª���K�` ÀIJ

 À�X�

£¥()����	
�ÔÕ�¿`“=”���“=”HI� À�JI� À�X�JI À�X��IJ

�!"�b;))�	
�õ�JI'� À:)I�D��IJÆ�X��	��¿`?/IJ�X�

#¦ 

 foo = $(bar)

 bar = $(ugh)

 ugh = Huh?

 all:

 echo $(foo)

�GH“make all”���o À$(foo)�X�“Huh?”, $(foo)�X�$(bar)�$(bar)�X�

$(ugh)�$(ugh)�X�“Huh?”-��� À���¿`?/� ÀKIJ��



3*zµTÆ�h��	T:Æ�h��Æ�h������5 À�»¼XÝ%?/KIJ�#¦ 

 CFLAGS = $(include_dirs) -O 

  include_dirs = -Ifoo -Ibar

�“CFLAGS”���'tFÎB���“-Ifoo -Ibar -O”�³3�ï�	T:Æ�h���
�,KI

J�#¦ 

 CFLAGS = $(CFLAGS) -O 

 ¦ 

 A = $(B)

 B = $(A)

3�¤ makeL��°� ÀFÎYZ'i��[��� make�TµM��3Ð�IJ�4�wr�

�T
�#$� À'¿`éc����3����¤�� makeÛHB�ÂN�ÅOP���2�¿

`´ª* make�éc“wildcard”]“shell”�L:�Q��rs�ä7\:���3ª*éc�t÷

`Ö¯«� 

7dØÙ./�3��é����¿` make'�L)�` ÀKIJ À��é�3��é¿`��

“:=”i6§�#¦ 

 x := foo

 y := $(x) bar

 x := later

�dr_¦ 

 y := foo bar

 x := later

X´)÷���3��é��/� À:µ¿`?/� À��µ¿`�/�IJÆd� À�#$�3

Ð¦ 



 y := $(x) bar

 x := foo

���y�X�“bar”�x:�“foo bar”�

./¡�) E?ÔÕ� À¿`d�¤�K¥)*©±�01��'3Jd make�éc�u"Íà

�])*kj À“MAKELEVEL”�¿`¦

 ifeq (0,${MAKELEVEL})

 cur-dir  := $(shell pwd)

 whoami  := $(shell whoami)

 host-type := $(shell arch)

 MAKE := ${MAKE} host-type=${host-type} whoami=${whoami}

 endif

j_u"Íà�]éc���?/Põ�y_kj À“MAKELEVEL”������#$�� makeT

)*34GH��6,f��/�“34¿` make”-����3* À���d���� Makefile

�÷`fc�

�/P78ª*IJ ÀB�¬D����
£¥)*01�#$�DIJ)* À��X�)*


ü������3ÐK¦

 nullstring :=

 space := $(nullstring) # end of the line

nullstring�)* Empty À��'Ë�	�T�x�� space�X�)*
ü�ä7�i6§�

JQ�Ñ'ð�)*
ü��31R`�(�Ñ}`�£`)* Empty ÀK+È À�XÎÏd�x?

/R`“#”9:§KÍ� ÀIJ�9â�3Ð����IJo�X�)*
ü� À�
9�31j

_“#”�¿`�9:§“#”�3�eNX´�9��#$�3ÐIJ)* À¦

 dir := /foo/bar  # directory to put the frobs in



dir3* À�X�“/foo/bar”�?/��d 4*
ü�#$�3Ð¿`3Ð ÀK8Iæ���

——“$(dir)/file”��
|Sd� 

�T)*E?T`�i6§�“?=”�£¥�0¦

 FOO ?= bar

�4J��#$ FOO�TtIJY��� À FOO�X
�“bar”�#$ FOO£�tIJY���3u

Â�Ë�	:���dr_¦ 

 ifeq ($(origin FOO), undefined)

 FOO = bar

 endif

�

��

��

��

��VW�5

�VW�5�VW�5

�VW�5

3178ª� À�È$¿`�é�()�� ÀX�¹®�

���¹® À'�TT�K���ü��“$(var:a=b)” �“${var:a=b}”������5 À

“var”'<T�“a”�¨“ÑÒ”�“a”¹®M“b”�¨�31�“ÑÒ”���“
ü” �“Ñ6§”�

��¥)*�0ó¦

 foo := a.o b.o c.o

 bar := $(foo:.o=.c)

3*�0'��£IJd)*“$(foo)” À�x(�H����5“$(foo)”'<T�“.o”�¨“Ñ

Ò”aK¹®M“.c”�<���“$(bar)”�X
�“a.c b.c c.c”�

L`)� À¹®�(���“ìíh�”,f��/U.-IJ��#¦ 

 foo := a.o b.o c.o

 bar := $(foo:%.o=%.c)



3=>_t¹®�¨'�T%��h��h�'ßY34)*“%”�§�3*01�Ð¤$(bar) À�X

7“a.c b.c c.c”�

(��È$`é�——“5 À�XP�M À”�£¥)*01¦

 x = y

 y = z

 a := $($(x))

�3*01'�$(x)�X�“y”�<�$($(x))
�$(y)�_�$(a)�X
�“z”�,9���“x=y”�

x:�“x=$(y)”-

����¿`ÅÖ�f«¦

 x = y

 y = z

 z = u

 a := $($($(x)))

31�$(a)�X�“u”�%j�Ý¸VÚ}>�çi�ó� 

¤�P©±)U�¿`.“� ÀIJ'¿` À”�()*���K¥)*01¦

 x = $(y)

 y = z

 z = Hello

 a := $($(x))

31�$($(x))t¹®Md$($(y))�ä7$(y)X�“z”�<��89Ñ$�¦a:=$(z)�	
�“Hello”�

P©±)U��P.éc¦

 x = variable1

 variable2 := Hello



 y = $(subst 1,2,$(x))

 z = y

 a := $($($(z)))

3*01'�“$($($(z)))”EF7“$($(y))”�x�P«tEF7“$($(subst 1,2,$(x)))”�$(x)

�X�“variable1”�substéc5“variable1”'�<T“1”�¨¹®M“2”�¨�_��

“variable1” M“variable2”�P~�X�<��89�$(a)�X
�$(variable2)�X

——“Hello”�,W�Æ:í¼-

�3���'� D��¿`Ö* ÀKëM)* À����[?P~�X¦

 first_second = Hello

 a = first

 b = second

 all = $($a_$b)

31�“$a_$b”ëMd“first_second”�_��$(all)�X
�“Hello”�

PK¥¥ÑÀ()�(��01¦ 

 a_objects := a.o b.o c.o

 1_objects := 1.o 2.o 3.o

 sources := $($(a1)_objects:.o=.c)

3*01'�#$$(a1)�X�“a”�×����$(sources)�X
�“a.c b.c c.c”M#$$(a1)

�X�“1”���$(sources)�X�“1.c 2.c 3.c”�

PK¥)*3�(�]“éc”ª“u"Âq”)�¿`�01¦

 ifdef do_sort

 func := sort

 else



 func := strip

 endif

 bar := a d b g q c

 foo := $($(func) $(bar))

3*�0'�#$IJd“do_sort”���¦foo := $(sort a d b g q c)�_�$(foo)�X
�

“a b c d g q”�x#$�TIJ“do_sort”���¦foo := $(sort a d b g q c)�÷`�


� stripéc�

�[�“5 À�XP�M À”3�(���Ð��`�i6§�HQ¦

 dir = foo

 $(dir)_sources := $(wildcard $(dir)/*.c)

 define $(dir)_print

 lpr $($(dir)_sources)

 endef

3*01'IJd°* À¦“dir”�“foo_sources”]“foo_print”�

	

		

	�

��

�XY�Z

XY�ZXY�Z

XY�Z

���¿`“+=”i6§Ú ÀXX�#¦ 

 objects = main.o foo.o bar.o utils.o

 objects += another.o

_����$(objects)X M¦“main.o foo.o bar.o utils.o another.o”,another.ot

XVid-

¿`“+=”i6§���hY7�/�3�01¦



 objects = main.o foo.o bar.o utils.o

 objects := $(objects) another.o

<:����`“+=”Å7Ô��

#$ À���TIJY����“+=”��� M“=”�#$�/T ÀIJ���“+=”�!Z_�«i

6�[X§�#$�)«��“:=”���“+=”��“:=”67�[X§�#¦ 

 variable := value

 variable += more

dr_¦ 

 variable := value

 variable := $(variable) more

³#$�3�NO¦

 variable = value

 variable += more

<_�«�[X§�“=”�<�“+=”	��“=”K�7[X���\:��L À�,]KIJ�3�Ñ

:Æ��<� make���7�Á�3*ôØ��:ß^û3*ôØ�

�

��

��

��

�override [H9
[H9[H9

[H9

#$T À��Â make���HfcÊI���� Makefile'y3* À�[X�t�B�#$\�

� Makefile'ÊI3âfc�X����\��¿`“override”8�§��Âé�¦

 override <variable> = <value>

 override <variable> := <value>

�[�\���X¦ 



 override <variable> += <more text>

y_ÖH� ÀIJ��` define8�§�� define8�§��	�Ð��¿` ovveride8�§�

#¦ 

 override define foo

 bar

 endef

�

��

��

��

�=L�

=L�=L�

=L�

�T)�ÊI ÀX��é�¿` definejZ��¿` definejZ�ÊI À�X��T®H�3T

�_IJ)kD���,�/�RY“��3”�(�
��`3*jZ�-�

define8�§?/��� À����x��)HIJ À�X�IJ�� endefjZ�Ñ6���6

��]“=”i6§)Ð� À�X��34éc����!�� ��& À�ä7��¬D�[Tab]Z

Î$�<�#$\` defineIJ��� À'�T�[Tab]ZÎ$��� make
:�5��7����

�/�3*�0F�d define�`é¦

 define two-lines

 echo foo

 echo $(bar)

 endef

�

��

��

��

�./�

./�./�

./�

makeÛHB�kj�� À��� makeÎÏÛHBtz�% Makefile!"'�³�#$ Makefile

'�IJd3* À� �3* À< make��H¢����kj��� À�X�t-.�,#$ make

8Id“-e”fc����kj�� À�-. Makefile'IJ� À-



ä��#$���� À'ÊId“CFLAGS”�� À����
���<T� Makefile'¿`3

* Àd�3y_�¿`j)�mnfcTE?Ü�Æ)�#$ Makefile'IJd CFLAGS���O

�¿` Makefile'�3* À�#$�TIJO¿`kj�� À�X�)*TN]*N�j)�ÑV

“a" À”]“"K À”�eN� 

� make34÷`B,f��/�“34÷`”U.-�.f Makefile'IJ� À��kj�� À�

��+,%�f� Makefile'��[���NO���T�Y��HÊI� À�t+,�xIJ�!

"'� À�#$DÚ�f Makefile+,�O¬D¿` exprotjZ�KÇÈ�,f��/U.-

�[��4:Ý=5�Ö� À¡IJ�kj��'�3Ð���GH:`� MakefileB�_T��

�)4kj À�3�µ�¢KÅÖ�äå�

A

AA

A�

��

����

������

���

�/�<R�� Makefile'IJ� À¡�“a" À”��e*!"��¡��`ô3  À��

[�“��� À”�`�#“$<”d3�âÀ���� À
a_“SOù À”�3� À�X=>_S

O��+]=>�+�IJ�

�[��Ð�Ð��7�*�+ÊI"K À�3� Àtb7“Target-specific Variable”�&�

�]“a" À”���ä7&�6`cd��3uSO�Þ¡¢SO'�<��X	��6`cdìTP�

x:���SO��`�a" À�X�

�Âé�¦

 <target ...> : <variable-assignment>

 <target ...> : overide <variable-assignment>

<variable-assignment>����/RY�¦�[XÍà��#“=”�“:=”�“+=” �“ú=”�(�

*Âé�ey_ make��H¢�� À� �kj�� À�

3*eN�Â�T`���ÊId3Ð)* À�3* À�6`%<3*�+<G��<T�SO'

i�#¦ 



 prog : CFLAGS = -g 

  prog : prog.o foo.o bar.o

 $(CC) $(CFLAGS) prog.o foo.o bar.o

 prog.o : prog.c

 $(CC) $(CFLAGS) prog.c

 foo.o : foo.c

 $(CC) $(CFLAGS) foo.c

 bar.o : bar.c

 $(CC) $(CFLAGS) bar.c

�3*�0'�:}a"�$(CFLAGS)�X�Ë��� prog�+��Þ�<G��<TSO',prog.o 

foo.o bar.o�SO-�$(CFLAGS)�X¡�“-g”

\

\\

\�

��

�@1�

@1�@1�

@1�

� GNU� make'��C�h� À,Pattern-specific Variable-��Y./��+ À'��

��� À��IJ��*�+.�h� À�Æ)
�����ÚI)�“h�”���5 ÀIJ

�§À3�h��<T�+.�

����make�“h�”)��&¯4T)*“%”��<������#���Ú<T�[.o]ÑÒ�

�+IJ�+ À¦

 %.o : CFLAGS = -O 

�Ð�h� À�Âé]“�+ À”)Ð¦

 <pattern ...> : <variable-assignment>

 <pattern ...> : override <variable-assignment>



override�Ð�ey_kj��+�� À� � make��H8I� À�

�����

����������

�����

——————

¿`u"fg���¤ makeQRÛHB�:�NOþh:��GH�C�u"Íà����E? À�

X� �E? À]ÂÀ�X�

#

##

#�

��

�H3

H3H3

H3

�/�01�fg$(CC) À�×“gcc”�#$��×�O¿` GNUécmn�+�

 libs_for_gcc = -lgnu

 normal_libs =

 foo: $(objects)

 ifeq ($(CC),gcc)

 $(CC) -o foo $(objects) $(libs_for_gcc)

 else

 $(CC) -o foo $(objects) $(normal_libs)

 endif

����./�0�3*SO'��+“foo”��QR À“$(CC)”XKþ~:��éc�KmnZ]�

���)./��0'¥%°*jZ�¦ifeq�else] endif�ifeq���Í�u"Âq�ÎÏ�

48I)*u"Íà��Íà�34ª*fc��i��o�Íà��jJ�J��elseÍ�u"Íà

�7k�NO�endifÍ�)*u"Âq�Ñ6�b;)*u"Íà�¡®¯� endifÑ6�

��� À$(CC)X�“gcc”B��+ foo�SO�¦



 foo: $(objects)

 $(CC) -o foo $(objects) $(libs_for_gcc)

x��� À$(CC)X:�“gcc”B,E#“cc”-��+ foo�SO�¦

 foo: $(objects)

 $(CC) -o foo $(objects) $(normal_libs)

�[�����5./��*01á´ÅÔ�) ¦

 libs_for_gcc = -lgnu

 normal_libs =

 ifeq ($(CC),gcc)

 libs=$(libs_for_gcc)

 else

 libs=$(normal_libs)

endif

 foo: $(objects)

 $(CC) -o foo $(objects) $(libs)

)

))

)�

��

�45

4545

45

u"Íà��Âé7¦

 <conditional-directive>

 <text-if-true>

 endif

�Þ¦



 <conditional-directive>

 <text-if-true>

 else

 <text-if-false>

 endif

�'<conditional-directive>Í�u"jZ��#“ifeq”�3*jZ�T�*� 

()*���/<�Y�“ifeq”

 ifeq (<arg1>, <arg2>) 

 ifeq '<arg1>' '<arg2>' 

 ifeq "<arg1>" "<arg2>" 

 ifeq "<arg1>" '<arg2>' 

 ifeq '<arg1>' "<arg2>" 

E?fc“arg1”]“arg2”�X�×%���[�fc'����¿` make�éc�#¦ 

 ifeq ($(strip $(foo)),)

 <text-if-empty>

 endif

3*�0'¿`d“strip”éc�#$3*éc���X�
,Empty-���<text-if-empty>
L

P�

(�*u"jZ��“ifneq”�Âé�¦

 ifneq (<arg1>, <arg2>) 

 ifneq '<arg1>' '<arg2>' 

 ifneq "<arg1>" "<arg2>" 

 ifneq "<arg1>" '<arg2>' 

 ifneq '<arg1>' "<arg2>" 



�E?fc“arg1”]“arg2”�X�×%��#$:��O7»�]“ifeq”âã�

(°*u"jZ��“ifdef”�Âé�¦

 ifdef <variable-name> 

#$ À<variable-name>�X�
��%Íà�7»�×O�Íà�7k��[�<variable-name>

�Ð���)*éc���X�9��ifdef����)* À�×TX��4:�5 ÀEF%��H

I���K¥ª*01¦

�0)¦

 bar =

 foo = $(bar)

 ifdef foo

 frobozz = yes

 else

 frobozz = no

 endif

�0�¦

 foo =

 ifdef foo

 frobozz = yes

 else

 frobozz = no

 endif

()*01'�“$(frobozz)”X�“yes”�(�*O�“no”�

(�*u"jZ��“ifndef”��Âé�¦

 ifndef <variable-name>



3*�
:Öõd�]“ifdef”�%É����

�<conditional-directive>3)H.�Öl�
ü�tm���³�:µ�[Tab]Z�7ÎÏ,:

[
t�7���-�x9:§“#”�Ð	�sa��“else”]“endif”	)Ð��D:��[Tab]ZÎ

Ï
Hd�

eæ9����make��}~ MakefileB
ñòu"Íà��X�4QRu"Íà��XKþhÂq�

<��\8Æ:D5��� À,#“$@”d-#�u"Íà�'�ä7��� À��ÛHB�T��

x¢�7dØÙnþ�make:m�5e*u"Âq�MªK�#�:��!"'�

����

��������

����

————

� Makefile'��¿`écK)| À�)x¤���� �SOÅ7�ËÌ]�Toµ�make<

C��éc	:òÑÖ�:Y�«pÌ��i6d�éc÷`?�éc���X���� ÀK¿`�

#

##

#�

��

�]^�_�45

]^�_�45]^�_�45

]^�_�45

éc÷`�ÑV À�¿`�	��“$”K+å���Âé#�¦

 $(<function> <arguments>)

 �

 ${<function> <arguments>}

31�<function>
�éc��makeC��éc:Ö�<arguments>�éc�fc�fcC�i�“,”

�o�xéc�]fc�C�“
ü”�o�éc÷`�“$”Î$��jJ� qJ�5éc�]fcJ��

^_ÑV)* À��:�úéc'�fc��¿` À�7dûü�j)�éc] À�J�8Æ)Ð�

#¿`“$(subst a,b,$(x))”3Ð�ï��x:�“$(subst a,b,${x})”�ï��ä7j)�Å�

��	��¯) :ßD�äå�



��K¥)*�0¦

 comma:= ,

 empty:=

 space:= $(empty) $(empty)

 foo:= a b c

 bar:= $(subst $(space),$(comma),$(foo))

�3*�0'�$(comma)�X�)*i��$(space)¿`d$(empty)IJd)*
ü�$(foo)�X

�“a b c”�$(bar)�IJ`�÷`déc“subst”�3�)*¹®éc�3*écT°*fc�()

*fc�t¹®�¨�(�*fc�¹®�¨�(°*fc�¹®i66`��¨�3*éc	
�5

$(foo)'�
ü¹®Mi��<�$(bar)�X�“a,b,c”�

)

))

)�

��

�`9abc]^

`9abc]^`9abc]^

`9abc]^

$(subst <from>,<to>,<text>)

�b¦�§¨¹®éc——subst�

zµ¦5�¨<text>'�<from>�§¨¹®M<to>�

��¦éc��t¹®Y?��§¨�

�0¦

 $(subst ee,EE,feet on the street)�

5“feet on the street”'�“ee”¹®M“EE”���Ñ$�“fEEt on the strEEt”�

$(patsubst <pattern>,<replacement>,<text>)

�b¦h��§¨¹®éc——patsubst�

zµ¦r�<text>'�Õs,Õs�“
ü”�“Tab” “�<”“®H”�o-�×§Àh�



<pattern>�#$Ím�×�O�<replacement>¹®�31�<pattern>��3J�m§“%”�Í�

b�½��¨�#$<replacement>'	34“%”����<replacement>'�3*“%”��

<pattern>'��*“%”<¸Í��¨�,��`“\”KWJ��“\%”KÍ�»¼4J�“%”�§-

��¦éc��t¹®Y?��§¨�

�0¦

 $(patsubst %.c,%.o,x.c.c bar.c)

5�¨“x.c.c bar.c”§Àh�[%.c]�Õs¹®M[%.o]���Ñ$�“x.c.o bar.o”

09¦

3]��/“ ÀU.”õY�%j�åTU%ã�#¦ 

 “$(var:<pattern>=<replacement>)”

%�_

 “$(patsubst <pattern>,<replacement>,$(var))”�

x“$(var: <suffix>=<replacement>)”

O%�_

 “$(patsubst %<suffix>,%<replacement>,$(var))”�

0#T¦objects = foo.o bar.o baz.o�

���“$(objects:.o=.c)”]“$(patsubst %.o,%.c,$(objects))”�)Ð��

$(strip <string>)

�b¦i
üéc——strip�

zµ¦i·<string>�¨'Î$]ÑÒ�
�§�

��¦��ti·
ü��§¨X�

�0¦



 $(strip a b c )

5�¨“a b c ”i%Î$]ÑÒ�
ü�Ñ$�“a b c”�

$(findstring <find>,<in>)

�b¦r��§¨éc——findstring�

zµ¦��¨<in>'r�<find>�¨�

��¦#$�%�����<find>�×O��
�§¨�

�0¦

 $(findstring a,a b c)

 $(findstring a,b c)

()*éc��“a”�§¨�(�*��“”�§¨,
�§¨-

$(filter <pattern...>,<text>)

�b¦Yøéc——filter�

zµ¦�<pattern>h�Yø<text>�§¨'�Õs�V§Àh�<pattern>�Õs���T

Ö*h�� 

��¦��§Àh�<pattern>��¨�

�0¦

 sources := foo.c bar.c baz.s ugh.h

 foo: $(sources)

 cc $(filter %.c %.s,$(sources)) -o foo

 $(filter %.c %.s,$(sources))���X�“foo.c bar.c baz.s”�

$(filter-out <pattern...>,<text>)



�b¦ÉYøéc——filter-out�

zµ¦�<pattern>h�Yø<text>�§¨'�Õs�i�§Àh�<pattern>�Õs���T

Ö*h�� 

��¦��:§Àh�<pattern>��¨�

�0¦

 objects=main1.o foo.o main2.o bar.o

 mains=main1.o main2.o

 $(filter-out $(mains),$(objects)) ��X�“foo.o bar.o”�

$(sort <list>)

�b¦t]éc——sort�

zµ¦Ú�§¨<list>'�Õst],u]-�

��¦��t]?��§¨�

�0¦$(sort foo bar lose)��“bar foo lose” �

09¦sortéc�i·<list>'%��Õs�

$(word <n>,<text>)

�b¦~Õséc——word�

zµ¦~�§¨<text>'(<n>*Õs�,))ÎÏ-

��¦���§¨<text>'(<n>*Õs�#$<n>E<text>'�ÕscDÜ�����
�§¨�

�0¦$(word 2, foo bar baz)��X�“bar”�

$(wordlist <s>,<e>,<text>)

�b¦~Õs¨éc——wordlist�

zµ¦)�§¨<text>'~)<s>ÎÏ%<e>�Õs¨�<s>]<e>�)*c�� 

��¦���§¨<text>')<s>%<e>�Õs�¨�#$<s>E<text>'�ÕscDÜ����



�
�§¨�#$<e>Ü_<text>�Õsc�����)<s>ÎÏ�%<text>Ñ6�Õs¨� 

�0¦ $(wordlist 2, 3, foo bar baz)��X�“bar baz”�

$(words <text>)

�b¦Õs*cjñéc——words�

zµ¦jñ<text>'�§¨'�Õs*c�

��¦��<text>'�Õsc�

�0¦$(words, foo bar baz)��X�“3”�

09¦#$�D~<text>'8?�)*Õs����3Ð¦$(word $(words 

<text>),<text>)�

$(firstword <text>)

�b¦tÕséc——firstword�

zµ¦~�§¨<text>'�()*Õs�

��¦���§¨<text>�()*Õs�

�0¦$(firstword foo bar)��X�“foo”�

09¦3*éc��` wordécK¼q¦$(word 1,<text>)�

�.��<T��§¨i6éc�#$>mnÀ¿`���|ME?©±�zµ�31�p)*q¼'®

`�01�����make¿`“VPATH” ÀK8I“=>!"”�ÄÅkl�_������`3*

ÄÅklK8Imnýy$!"�ÄÅklfc CFLAGS�#¦ 

 override CFLAGS += $(patsubst %,-I%,$(subst :, ,$(VPATH)))

#$��“$(VPATH)”X�“src:../headers”���“$(patsubst 

%,-I%,$(subst :, ,$(VPATH)))”���“-Isrc -I../headers”�3Ê� cc gccÄÅ$!"

kl�fc�

�

��

��

��

�� *d�]^

� *d�]^� *d�]^

� *d�]^



�/�D78�éc2D�)|!"���à*éc�fc�§¨¡�t��)* �)kD�!"�

Kyv�

$(dir <names...>)

�b¦~��éc——dir�

zµ¦)!"�]D<names>'~o��K����K��88?)*ÉTó,“/”-���K��

#$�TÉTó�����“./”�

��¦��!"�]D<names>���K�� 

�0¦ $(dir src/foo.c hacks)��X�“src/ ./”�

$(notdir <names...>)

�b¦~!"éc——notdir�

zµ¦)!"�]D<names>'~o���K�����K��88?)*ÉTó,“/”-�?�K

�� 

��¦��!"�]D<names>����K�� 

�0¦ $(notdir src/foo.c hacks)��X�“foo.c hacks”�

$(suffix <names...>)

�b¦~?ºéc——suffix�

zµ¦)!"�]D<names>'~o¦*!"��?º�

��¦��!"�]D<names>�?º]D�#$!"�T?º�O��
�¨�

�0¦$(suffix src/foo.c src-1.0/bar.c hacks)��X�“.c .c”�

$(basename <names...>)

�b¦~�ºéc——basename�

zµ¦)!"�]D<names>'~o¦*!"���ºK�� 

��¦��!"�]D<names>��º]D�#$!"�T�º�O��
�¨�



�0¦$(basename src/foo.c src-1.0/bar.c hacks)��X�“src/foo src-1.0/bar 

hacks”�

$(addsuffix <suffix>,<names...>)

�b¦?ºéc——addsuffix�

zµ¦5?º<suffix>%<names>'�à*Õs?/�

��¦��Y?º�!"�]D�

�0¦$(addsuffix .c,foo bar)��X�“foo.c bar.c”�

$(addprefix <prefix>,<names...>)

�b¦�ºéc——addprefix�

zµ¦5�º<prefix>%<names>'�à*Õs?/�

��¦��Y�º�!"�]D�

�0¦$(addprefix src/,foo bar)��X�“src/foo src/bar”�

$(join <list1>,<list2>)

�b¦¡uéc——join�

zµ¦5<list2>'�Õsy®h%<list1>�Õs?/�#$<list1>�Õs*cDE<list2>

�Ö����<list1>'�ÖoK�Õs��gÐ�#$<list2>�Õs*cDE<list1>Ö����

<list2>ÖoK�Õs�t©±%<list2>'� 

��¦��¡uY?��§¨�

�0¦$(join aaa bbb , 111 222 333)��X�“aaa111 bbb222 333”�

�

��

��

��

�foreach ��

����

��



foreachéc]æ�éc�Â�:)Ð�ä73*éc�`K�w�`��Makefile'� foreaché

c	x�yÃ_ Unix+/ Shell,/bin/sh-'� forÂq� � C-Shell,/bin/csh-'� foreach

ÂqxF���&�Âé�¦

$(foreach <var>,<list>,<text>)

3*éc�����5fc<list>'�Õsz)~o#%fc<var><8I� À'�[?PGH

<text><34�Íà��à)«<text>���)*�§¨�w�YZ'�<text>�<���à*�§

¨��
ü�o�8?�e*w�Ñ6B�<text><���à*�§¨<ëM�e*�§ ,̈�
ü�o-

��� foreachéc���X�

<��<var>8Æ�)* À��<list>���)*Íà��x<text>')��¿`<var>3*fcK

=«{p<list>'�Õs�p*01¦

    names := a b c d

    files := $(foreach n,$(names),$(n).o)

./�01'�$(name)'�Õs�t|*~o�4;% À}n~'�}$(n).o~à«QR}$(n)~

ñòo)*X�3 X�
ü�o�8?67 foreachéc����<��$(files)�X�}a.o b.o 

c.o d.o~�

9��foreach'�<var>fc�)*B�"K À�foreachécGH|?�fc<var>� À�

:�6`��6`��� foreachéc�'�

�

��

��

��

�if ��

����

��

ifécÑV GNU� make<C��u"Âq��ifeq,f��/<��U.-�iféc�Âé�¦



    $(if <condition>,<then-part>) 

 �

    $(if <condition>,<then-part>,<else-part>)

���iféc��34}else~K�� �:4�~ iféc�fc���ª*�	���°*�

<condition>fc� if�Íà��#$����7�
�§¨���3*Íà�
%�_��»�_��

<then-part>�tñò�×O<else-part>�tñò�

x iféc���X��#$<condition>7»,�
�§¨-��*<then-part>��e*éc��

�X�#$<condition>7k,
�§¨-���<else-part>��e*éc���X��B#$

<else-part>�TtIJ����e*éc��
�¨�

<��<then-part>]<else-part>��T)*tñò�

�

��

��

��

�call��

����

��

calléc��))*��`K��F�fc��éc�\��á)*�Â©±�Íà��3*Íà�'�

\��IJ�Öfc�[?\��` callécKÚ3*Íà�+,fc��Âé�¦

    $(call <expression>,<parm1>,<parm2>,<parm3>...)

� makeGH3*écB�<expression>fc'� À�#$(1)�$(2)�$(3)d��tfc<parm1>�

<parm2>�<parm3>=«~¸�x<expression>���X
� calléc���X�0#¦



    reverse =  $(1) $(2)

    foo = $(call reverse,a,b)

���foo�X
�}a b~��[�fc�«]����IJ��:)I�\]��#¦ 

    reverse =  $(2) $(1)

    foo = $(call reverse,a,b)

�B� foo�X
�}b a~�

�

��

��

��

�origin��

����

��

originéc:V�&�éc�24:i6 À�X�2��w�\\�3* À��1K�ú�Âé�¦

    $(origin <variable>)

9��<variable>� À����:®¯�G`�<�\8Æ:D�<variable>'¿`}$~�§�

Originéc�����XKw�\3* À�}oLNO~��/�� originéc���X:

}undefined~

#$<variable>)K�TIJY�originéc��3*X}undefined~�

}default~

#$<variable>�)*���IJ�E#}CC~3* À�3� À���?/R�� 



}environment~

#$<variable>�)*�� À�4¢� MakefiletGHB�}-e~fc�Tt�Î� 

}file~

#$<variable>3* ÀtIJ� Makefile'� 

}command line~

#$<variable>3* À�t��HIJ��

}override~

#$<variable>�t override8�§�FIJ��

}automatic~

#$<variable>�)*��ÛH'���� À�j_��� À��?/R�� 

3 &xy_�má Makefile��ÂT`��0#�kÊ�T)* Makefile�3d)*IJ!"

Make.def�� Make.def'IJd)* À}bletch~�x����'	T)*�� À

}bletch~��B���fg)��#$ ÀK�_������
5��IJd�#$K�_

Make.def ���Hd��������
:�FIJ&�_����� Makefile'����

3Ðá¦

    ifdef bletch

    ifeq "$(origin bletch)" "environment"

    bletch = barf, gag, etc.

    endif

    endif

�[�\	��õ�¿` overridejZ�:
���FIJ��'� Àd�ú7Ë�¬D¿`3Ð�

��ú����` override���à%3Ð�P$��� overrideY_@��&�B�5)��H

IJ� À	-.d�x����FIJ��+K��x:��FIJ��H+K��



�

��

��

��

�shell��

����

��

shelléc	:V�&�éc����J�&�fc®¯
�i6kj Shell����&]ÉG�}`~

�%��zµ�3
�õ�shelléc5GHi6kj��?��o67éc���_�����`i

6kj���Þ�§¨)|�� awk�seddd��KLM)* À�#¦ 

    contents := $(shell cat foo)

    files := $(shell echo *.c)

9��3*éc�FLM)* ShellZ]KGH���<�\D9��ÛHNµ�#$\� Makefile

'T) E?©±�SO�4ÜÀ¿`d3*éc���y_\�kjNµ�T���eæ� Makefile

�êë�SO�µ�¤\� shellécGH�«cE\�V�Ö´Ö�

�

��

��

��

���

����

��make���

������

���

make÷ød) écK*± make�ÛH��Â�\¬D��) ÛH MakefileB�ÛHB&x�4

¢QR3 &xK�I�\�¤ make!ÙGH����â�

$(error <text ...>)

�L)*¹��rs�<text ...>�rs&x�9��erroréc:��)t¿`
��Lrs&

x�<�#$\5�IJ��* À'�4�?Ù�S{'¿`3* À���	�����0#¦



�0)¦

    ifdef ERROR_001

    $(error error is $(ERROR_001))

    endif

�0�¦

    ERR = $(error found an error!)

    .PHONY: err

    err: ; $(ERR)

�0)�� À ERROR_001IJd?GHB�L error÷`�x�0�O��� errtGHB�

�L error÷`� 

$(warning <text ...>)

3*écÑV erroréc���&4:�¤ makevo����o)�vw&x�x make!ÙG

H� 

make ���

������

���

——————

)�Kõ�8ÔÕ�
�lu���H��� make���make��������� makefileKGH�

)�¡�����³	TB\	���¤ make�mn� !"�x:�e*�Z�xgT�B�\T	

4mnSO�\��:��B�¿`:��mnSO�dd�{U.
�R�#;¿` make����

#

##

#�

��

�make�eMf
�eMf�eMf

�eMf

make��GH?T°*vo�¦



 0 —— Í�MzGH�

 1 —— #$ makeÛHBoqb;rs���� 1�

 2 —— #$\¿`d make�“-q”þ��4¢ make¿´) �+:¬DÅF����� 2�

Make�%jfc���?ÙU.'R�� 

)

))

)�

��

�[Q

[Q[Q

[Q Makefile

�/�õY�GNU make�p��� Makefile�SO�������=«�°*!"

——“GNUmakefile”�“makefile”]“Makefile”��[\]�3°*!"�){�%�
ÎÏ}~3

*!"4GH�

����	��Úmake��8I)*e´���Makefile�Dà%3*zµ��D¿`make�“-f”

 �“--file”fc,“--makefile”fc	H-�0#��T* makefile����“hchen.mk”�

������3ÐK¤ makeKGH3*!"¦

 make –f hchen.mk

#$� make���H��\:�)«h¿`d“-f”fc����<T8I� makefile��t¡�)�

+,Ú makeGH�

�

��

��

��

�[Q��

[Q��[Q��

[Q��

)�Kõ�make�89�+� makefile'�()*�+�x�&�+)��<3*�+¡¢oK��

3� make���H7��[�)�Kõ�\� makefile'�()*�+�<�Ö*�+ëM�\��

8� make�¤�|M\<8I��+�Dà%3)��ÑÔÕ�¬� make��?lu��+���
�

�|M,#�/÷%�“make clean”ï�- 

b;� makefile'��+¡��t8IM9a�+�³��d�“-”�$� �34d“=”��+�ä

7T3 �§��+��tÁ�M��Hfc � À��&�Tt�È£áoK��+	��M7



make�9a�+�	
�õ��D make���%�ê4SOÝ¸SO���3*ê4�+�Ð��t8

IM9a�+�

T)* make��� À�“MAKECMDGOALS”�3* À'�;#\<8I�9a�+�DÍ�#$��

�H.�\�T8I�+����3* À�
X�3* À��¤\¿`�) E?e´�Nï��E

#�/�01¦

 sources = foo.c bar.c

 ifneq ( $(MAKECMDGOALS),clean)

 include $(sources:.c=.d)

 endif

,_./�3*01��D������:�“make clean”��� makefile���34“foo.d”

]“bar.d”3ª* makefile�

¿`8I9a�+��é��Ñ��h¤�mn��Z]�0#�/3*01¦

 .PHONY: all

 all: prog1 prog2 prog3 prog4

)3*01'����¥%�3* makefile'T�*¬Dmn�Z]——“prog1”� “prog2”�

“prog3”] “prog4”����¿`“make all”��Kmn<T��+,#$5 allIM()*�+�

���¬GH“make”-��	��¿`“make prog2”KÕ9mn�+“prog2”�

~[ make��8I<T makefile'��+���	3J“î�+”�_����QR3�N�K¤�

� makefileQR8I�:���+K|M:��"�� Unix��'��"��B�eæ� GNU3�

Î��"���B�� makefile¡34dmn�s���3dzµ����fÃ3�SOK=á�

� makefile'��+�

 “all”

3*î�+�<T�+��+��zµ)��mn<T��+�

 “clean”

3*î�+zµ�ú�<Tt make���!"�



 “install”

3*î�+zµ�s��mnÆ�Z]��¼
�5�+GH!"��%8I��+'i�

 “print”

3*î�+�zµ�0oA Y��!"�

 “tar”

3*î�+zµ�5�Z]�30��	
�)* tar!"�

 “dist”

3*î�+zµ���)*��!"�)��5 tar!"�M Z!"� � gz!"�

 “TAGS”

3*î�+zµ�ÅF<T��+��0|eh�mn¿`�

 “check”]“test”

3ª*î�+)�`K�� makefile��Z� 

�[)*��� makefile'	:)ID=á3Ð��+�3 67¡� GNU�67�³����GNU

�o3 67)IT��~�),d\� UNIX��Z]!")ÖB\
��q3 zµÑT`d-�3

1�:Y�õÈd�#$\D=á3�zµ�8Æ¿`3�����\��+�3ÐSc) �Sc�Æ

)
�——:`Á:�Ü�¡È��x¢#$\� makefile'T3 zµ�)�Ñ¼`������´\

� makefileÑ��,:�����>�6�-�

	

		

	�

��

�gh!"

gh!"gh!"

gh!"

TB���:�¤�� makefile'�SOGH�K�����r)������ �GH�]

D�_����¿` make�����fc¦

 “-n”

 “--just-print”

 “--dry-run”

 “--recon”

:GHfc�3 fc�������:}�+�×ÅF�5SO]¡¢SO������oK�³

:GH�3 fcy_�÷� makefileÑT`)�



 “-t”

 “--touch”

3*fc���
�5�+!"�BCÅF�³:ÅA�+!"�	
�õ�makek�mn�+�

³:�»Ê�mn�+���5�+ M�mnY��í�

 “-q”

 “--question”

3*fc�H7���+����	
�õ�#$�+;�����Ë�	:��o��[	:�G

Hmn�#$�+:;������o)uor&x�

 “-W <file>”

 “--what-if=<file>”

 “--assume-new=<file>”

 “--new-file=<file>”

3*fc¬D8I)*!"�)����!", =>!"-�Make�QRSOÝ¸KÛH=>_

3*!"����)�Kõ���]“-n”fc)�¿`�Kr¥3*=>!"<�L�SO���

L`)*ÑT���`é�ÑÀ“-p”]“-v”K�o makefiletGHB�&x,3*��?/R�-�

�

��

��

��

�make�i^
�i^�i^

�i^

�/Dpd<T GNU make 3.80Ó�fcIJ��&Ó{]��� makeÜ��0�:Y�&��� make

��ãfc��
f�¦����!��

“-b”

“-m”

3ª*fc�6`��B]�&Ó{ make��íN�

“-B”

“--always-make”

�7<T��+¡¬DÅF,�mn-�



“-C <dir>”

“--directory=<dir>”

8I}~ makefile����#$TÖ*“-C”fc�make�Á:�?/�kl��/�67%ykl�

4�8?���67t8I���#¦“make –C ~hchen/test –C prog”dr_“make –C 

~hchen/test/prog”�

“—debug[=<options>]”

�o make�÷�&x�&T	�:��$æ�øþh�#$�Tfc��
��o8ÔÕ�÷�&x�

�/�<options>�~X¦

 a —— 	
� all��o<T�÷�&x�,��Â�Ö-

 b —— 	
� basic���oÔÕ�÷�&x�~�o:¬D�mn��+�

 v —— 	
� verbose�� bþ��$æ�.��o�&x3J�* makefiletÁ��:¬Dt

�mn�=>!", �=>�+-d�

 i —— 	
� implicit��o<��ê4SO�

 j —— 	
� jobs��oGHSO'����ï&x�#��� PID����d�

 m —— 	
� makefile��o make}~ makefile�ÅF makefile�GH makefile�&x�

“-d”

%�_“--debug=a”�

“-e”

“--environment-overrides”

8È�� À�X-. makefile'IJ� À�X�

“-f=<file>”

“--file=<file>”

“--makefile=<file>”

8I¬DGH� makefile�

“-h”

“--help”

����&x�



“-i”

“--ignore-errors”

�GHB�B<T�rs�

“-I <dir>”

“--include-dir=<dir>”

8I)*t34 makefile�ÄÅ�+���¿`Ö*“-I”fcK8IÖ*���

“-j [<jobsnum>]”

“--jobs[=<jobsnum>]”

8�BÛH���*c�#$�T3*fc�makeÛH��BµÛHÖ¯
ÛHÖ¯�#$T)*�.

�“-j”fc����8?)*“-j”��TP��,9�3*fc� MS-DOS'��`�-

“-k”

“--keep-going”

or	:�âÛH�#$LM)*�+º»d���=>_�.��+
:�tGHd�

“-l <load>”

“--load-average[=<load]”

“—max-load[=<load>]”

8I makeÛH����z�

“-n”

“--just-print”

“--dry-run”

“--recon”

��oGHYZ'���]D�³4:GH�

“-o <file>”

“--old-file=<file>”

“--assume-old=<file>”

:�FLM�8I�<file>�~¿3*�+�=>!"F_&�



“-p”

“--print-data-base”

�o makefile'�<TcR�3J<T�SO] À�3*fc�¤)*ÔÕ� makefile¡��o)

W&x�#$\����o&xx:�GH makefile�\��¿`“make -qp”���#$\�r¥G

H makefile��QÊ À]SO�\��¿`“make –p –f /dev/null”�3*fc�o�&x�3

4æ\� makefile!"�!"�]H��<��̀ 3*fcK÷�\� makefile��ÑT`��eæ

��\��� ÀÑ©±�B��

“-q”

“--question”

:ÛH���	:�o�����r<8I��+�×¬DÅF�#$� 0OõÈDÅF�#$� 2Oõ

ÈTrs�L� 

“-r”

“--no-builtin-rules”

�â make¿`b;ê4SO�

“-R”

“--no-builtin-variabes”

�â make¿`b;6`_ À.�ê4SO�

“-s”

“--silent”

“--quiet”

���ÛHB:�o����o�

“-S”

“--no-keep-going”

“--stop”

~ “-k”þ��6`�ä7T B��make�þ��)�� À“MAKEFLAGS”'!Z�K��<�\

�����H'¿`3*fcK¤�� À'�“-k”þ�ºP�



“-t”

“--touch”

%�_ UNIX� touch�����5�+�@A¨© M8F��	
�¡âLM�+���ÛH� 

“-v”

“--version”

�o makeZ]�Ó{�Ó¢dj_ make�&x�

“-w”

“--print-directory”

�oÛH makefile��]�?�&x�3*fcy_�£34�÷` makeBÑT`�

“--no-print-directory”

�â“-w”þ��

“-W <file>”

“--what-if=<file>”

“--new-file=<file>”

“--assume-file=<file>”

kI�+<file>¬DÅF�#$]“-n”þ�¿`���3*fc��o¯�+ÅFB�ÛH�6�#$

�T“-n”��
VÛH UNIX�“touch”��)Ð�¿´<file>�@ABC7��BC�

“--warn-undefined-variables”

�D make�qT¤IJ� À���
�ovw&x�
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“ê4SO”	
�)�§0�make�[Ã3�“§0”ûÃ:¨hKÛH��©�� Makefile'�T

=á3Ð�SO�0#�5[.c]!"mnM[.o]!"3)SO�\Q{
:`áoK�make���Ý¸

o3�SO�4LM�¬D�[.o]!"�

“ê4SO”�¿`) �kj À����A 3 kj À�XKI±ê4SO�ÛHB�fc�

#kj À“CFLAGS”��*±mnB�mnýfc�

�����Y“h�SO”���á��ç�ê4SO�`“?ºSO”KIJê4SO�T�Ö�°±�

¿`“h�SO”�Å�´oµ]���³“?ºSO”��`Kª� Makefile��íN�

�dÁd“ê4SO”���¤�7�ÅÆ�«c�	�¤���) “¦I¬M”d�67�x:&

_¿´��ÛH MakefileBoq) �_´��®�67��[�b;"¯¡�°±��²µz
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#

##

#�
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���jk!"

��jk!"��jk!"

��jk!"

#$D¿`ê4SOLM\¬D��+�\<¬D��
�:Dáo3*�+�SO����make��

µi��Ý¸�L3*�+�SO]���#$ make����Ý¸LM3*�+�SO]�����3

*H7
�ê4SO���Ý¸��[�ê4SO� make"£¦IÆ�) 67�0#��T�/�

)* Makefile¦

 foo : foo.o bar.o

 cc –o foo foo.o bar.o $(CFLAGS) $(LDFLAGS)

���9�%�3* Makefile'4�Tá�#;LM foo.o] bar.o3ª�+�SO]���ä7

make�“ê4SO”zµ���7���iÝ¸3ª*�+�=>�+]LM���

make���ç�“ê4SO”�'p���`�SO�#$�%���
�¿`�#$�:%���
�

wr��./��*01'�make÷`�ê4SO��5[.o]��+�=>!"IM[.c]�4¿` C�

mn��“cc –c $(CFLAGS) [.c]”KLM[.o]��+�	
�õ��|a�TßDá��/�ªu

SO¦



 foo.o : foo.c

 cc –c foo.c $(CFLAGS)

 bar.o : bar.c

 cc –c bar.c $(CFLAGS)

ä7�3�«�“¦I”Æd�"d�make]�¦IÆd` Cmný“cc”LM[.o]!"�SO�3


�ê4SO�

�[�#$�7[.o]!"=ád�ç�SO��� make
:���Ý¸4÷`ê4SO�&�[Ã�

áÆ�SO¶¼hGH�

�T�� make�“ê4SO�”'�à)uê4SO¡��'T�\]�·¸��O�·t«Â¿`��

<��3�¸¹�T B�~¿���h8Id�+=>�make	:�}�#�/3uSO,�T

��-¦

 foo.o : foo.p

=>!"“foo.p”,PascalZ]��!"-T�µ ´�T�J�#$���;�d“foo.c”!"��

���ê4SO)Ð�LP�4��Y“foo.c”÷` C�mnýLM foo.o!"�ä7��ê4SO

'�Pascal�SOoq� C�SO�?�<��make�%��LM foo.o� C�SO
:Pp��)

uSOd�#$\£¼:��b;ê4SOÝ¸����\
:D�áo“=>SO”�x:á���

)

))

)�

��

�jk!"#l

jk!"#ljk!"#l

jk!"#l

31��R�<TQ£ÊI,	
� makeì�-�ê4SO�#$�:È£há�SO����make


��3 SO'p�<¬DSO]����[��	��¿` make�fc“-r” 

“--no-builtin-rules”þ�K~ <T�QÊI�ê4SO�

�[�~¿��8Id“-r”fc�� ê4SO���LP�ä7T�Ö�ê4SO¡�¿`d“?º

SO”KIJ��<���Dê4SO'T“?ºDÍ”,	
)kjIJ��+.SUFFIXES�=>�+-�

��ê4SO
�LP����?ºDÍ



�¦.out, .a, .ln, .o, .c, .cc, .C, .p, .f, .F, .r, .y, .l, .s, .S, .mod, .sy

m, .def, .h, .info, .dvi, .tex, .texinfo, .texi, .txinfo, .w, .ch .web, .sh,

 .elc, .el��ã�ï.����?/R�� 

��£K¥)¥Â`�ê4SOó�

1�
��

�mn

mnmn

mn Cop�jk!"
op�jk!"op�jk!"

op�jk!"q

qq

q

“<n>.o”��+�=>�+���Ý¸7“<n>.c”�4¢�LM���“$(CC) –c $(CPPFLAGS) 

$(CFLAGS)”

2�
��

�mn

mnmn

mn C++op�jk!"
op�jk!"op�jk!"

op�jk!"q

qq

q

“<n>.o”��+�=>�+���Ý¸7“<n>.cc” �“<n>.C”�4¢�LM���“$(CXX) –c 

$(CPPFLAGS) $(CFLAGS)”�,��¿`“.cc”67 C++�!"�?º�x:�“.C”-

3�
��

�mn

mnmn

mn Pascalop�jk!"
op�jk!"op�jk!"

op�jk!"q

qq

q

“<n>.o”��+�=>�+���Ý¸7“<n>.p”�4¢�LM���“$(PC) –c  $(PFLAGS)”�

4�
��

�mn

mnmn

mn Fortran/Ratforop�jk!"
op�jk!"op�jk!"

op�jk!"q

qq

q

“<n>.o”��+�=>�+���Ý¸7“<n>.r” “<n>.F” “<n>.f”�4¢�LM���:

 “.f”  “$(FC) –c  $(FFLAGS)”

 “.F”  “$(FC) –c  $(FFLAGS) $(CPPFLAGS)”

 “.f”  “$(FC) –c  $(FFLAGS) $(RFLAGS)”

5�
��

�rbc

rbcrbc

rbc Fortran/Ratforop�jk!"
op�jk!"op�jk!"

op�jk!"q

qq

q

“<n>.f”��+�=>�+���Ý¸7“<n>.r” “<n>.F”�3*SO��W® Ratfor TQ)|

� FortranZ]%)*+/� FortranZ]��¿`����¦

 “.F”  “$(FC) –F $(CPPFLAGS) $(FFLAGS)”

 “.r”  “$(FC) –F $(FFLAGS) $(RFLAGS)”

6�
��

�mn

mnmn

mn Modula-2op�jk!"
op�jk!"op�jk!"

op�jk!"q

qq

q

“<n>.sym”��+�=>�+���Ý¸7“<n>.def”�4¢�LM���¦“$(M2C) $(M2FLAGS) 



$(DEFFLAGS)”�“<n.o>” ��+�=>�+���Ý¸7“<n>.mod”�4¢�LM���¦“$(M2C) 

$(M2FLAGS) $(MODFLAGS)”�

7�
��

�s

ss

smtsmrbc�jk!"

mtsmrbc�jk!"mtsmrbc�jk!"

mtsmrbc�jk!"q

qq

q

“<n>.o” ��+�=>�+���Ý¸7“<n>.s”���¿`mn�“as”�4¢�LM���¦“$(AS) 

$(ASFLAGS)”�“<n>.s” ��+�=>�+���Ý¸7“<n>.S”���¿` CQmný“cpp”�4¢

�LM���¦“$(AS) $(ASFLAGS)”�

8�
��

�uv

uvuv

uv Object� �jk!"
� �jk!"� �jk!"

� �jk!"q

qq

q

“<n>”�+=>_“<n>.o”��YÛH C�mnýKÛH�uZ]LM,)��“ld”-��LM���¦

“$(CC) $(LDFLAGS) <n>.o $(LOADLIBES) $(LDLIBS)”�3*SOy_�T)*�!"��ZT

P��B	yÖ* Object!",<:���!"LM-�	TP�0##�SO¦

 x : y.o z.o

4¢“x.c”�“y.c”]“z.c”¡;�B�ê4SO�GH#���¦

 cc -c x.c -o x.o

 cc -c y.c -o y.o

 cc -c z.c -o z.o

 cc x.o y.o z.o -o x

 rm -f x.o

 rm -f y.o

 rm -f z.o

#$�T)*�!",#.0'� x.c-]\��+��,#.0'� x-%j�����\8Æáo�

ç�LMSO�:[�ê4SO�wr��

9�
��

�Yacc Copw�jk!"
opw�jk!"opw�jk!"

opw�jk!"q

qq

q

“<n>.c”�=>!"t��Ý¸7“n.y”,YaccLM�!"-��LM���¦“$(YACC) $(YFALGS)”�

,“Yacc”�)*Âé��ý�j_�ï.
r¥%j¹º-



10�
��

�Lex Copw�jk!"
opw�jk!"opw�jk!"

opw�jk!"q

qq

q

“<n>.c”�=>!"t��Ý¸7“n.l”,LexLM�!"-��LM���¦“$(LEX) $(LFALGS)”�

,j_“Lex”�ï.
r¥%j¹º-

11�
��

�Lex Ratforopw�jk!"
opw�jk!"opw�jk!"

opw�jk!"q

qq

q

“<n>.r”�=>!"t��Ý¸7“n.l”,LexLM�!"-��LM���¦“$(LEX) $(LFALGS)”�

12�
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�x

xx

x Cop
opop

op�

��

�Yacc� y
� y� y

� y Lex� z{
� z{� z{

� z{ Lint|�jk!"
|�jk!"|�jk!"

|�jk!"q

qq

q

“<n>.ln” ,lintLM�!"-�=>!"t��Ý¸7“n.c”��LM���¦“$(LINT) 

$(LINTFALGS) $(CPPFLAGS) -i”�y_“<n>.y”]“<n>.l”	��Ð�SO�

�

��

��

��

�jk!

jk!jk!

jk!"����

"����"����

"����

�ê4SO'���'�,{.¡�¿`d) Q£ÊI� À�\���\� makefile'A 3  

À�X� �� make���H'+�3 X� ��\��� À'ÊI3 X���»�Ð��DÊ

Id3 eI� À����
�yê4SO�6`��[�\	���` make�“-R” 

“--no–builtin-variables”fcK~ \<IJ� Àyê4SO�6`�

0#�()uê4SO——mn CZ]�ê4SO����“$(CC) –c $(CFLAGS) $(CPPFLAGS)”�Make

���mn���“cc”�#$\5 À“$(CC)”�IJM“gcc”�5 À“$(CFLAGS)”�IJM“-g”�

���ê4SO'���aK��“gcc –c -g $(CPPFLAGS)”�Ð1KGHd�

���5ê4SO'¿`� À�Mª�¦)����%j��#“CC”M)��fc%�j�#

“CFLAGS”��/�<Tê4SO'�`%� À¦

1�
��

�}~IJ��

}~IJ��}~IJ��

}~IJ��q

qq

q

AR 

éc��3Z]������“ar”�

AS 

¼mÂÃmnZ]������“as”�

CC 



 CÂÃmnZ]������“cc”�

CXX 

 C++ÂÃmnZ]������“g++”�

CO 

) RCS!"'EF!"Z]������“co”�

CPP 

 CZ]�Q)|ý,�o�+/�oÊ0-������“$(CC) –E”�

FC 

 Fortran ] Ratfor �mný]Q)|Z]������“f77”�

GET 

) SCCS!"'EF!"�Z]������“get”�

LEX 

 Lex�é��ýZ],ey_ C Ratfor-������“lex”�

PC 

 PascalÂÃmnZ]������“pc”�

YACC 

 Yacc!é��ý,ey_ CZ]-������“yacc”�

YACCR 

 Yacc!é��ý,ey_ RatforZ]-������“yacc –r”�

MAKEINFO 

W® Texinfo�!",.texi-% Info!"Z]������“makeinfo”�

TEX 

) TeX�!"�� TeX DVI!"�Z]������“tex”�

TEXI2DVI 

) Texinfo�!"��½ TeX DVI !"�Z]������“texi2dvi”�

WEAVE 

W® Web% TeX�Z]������“weave”�

CWEAVE 

W® C Web % TeX�Z]������“cweave”�

TANGLE 



W® Web% PascalÂÃ�Z]������“tangle”�

CTANGLE 

W® C Web % C������“ctangle”�

RM 

ú�!"��������“rm –f”�

2�
��

�}~IJi^��

}~IJi^��}~IJi^��

}~IJi^��

�/�3  À¡�%j./����fc�#$�T8È���X������X¡�
�

ARFLAGS 

éc��3Z] AR���fc���X�“rv”�

ASFLAGS 

¼mÂÃmnýfc�,�È�h÷`“.s” “.S”!"B-�

CFLAGS 

 CÂÃmnýfc�

CXXFLAGS 

 C++ÂÃmnýfc�

COFLAGS 

 RCS��fc�

CPPFLAGS 

 CQ)|ýfc�, C ] Fortran mný	�`%-�

FFLAGS 

 FortranÂÃmnýfc�

GFLAGS 

 SCCS “get”Z]fc�

LDFLAGS 

�uýfc�,#¦“ld”-

LFLAGS 

 Lex!é��ýfc�



PFLAGS 

 PascalÂÃmnýfc�

RFLAGS 

 Ratfor Z]� Fortran mnýfc�

YFLAGS 

 Yacc!é��ýfc�
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�jk!"u

jk!"ujk!"u

jk!"u

T B��)*�+�µt)kD�ê4SO<6`�0#�)*[.o]�!"LM��µ��£t Yacc

�[.y]!"£M[.c]�[?Pt C�mnýLM��53)kD�ê4SO��“ê4SO�”�

�./�01'�#$!"[.c];����
lu÷` C�mný�ê4SO�#$�T[.c]!"�³

T)*[.y]!"��� Yacc�ê4SO�t÷`�LM[.c]!"�[?�P÷` Cmn�ê4SO8

9<[.c]LM[.o]!"�à%�+�

�53�[.c]�!", ��+-���'C�+�:}»�Ð�make�¾M��Ý¸LM�+�)

��é�:}'C�+TÖ¯��¡�Gæh5<T�ê4SO]\=á�SOaKÀ�K���¾Mà

%�+�<��T B���µ�¤\_´A��»����+�3ÐLMú»��� makefile�¿dú 

���NO��y_'C�+�&])���+Tª*h�<:�¦()*:����'C��+:;��

��G�'CSO�(�*:�����D�+Mz�L�����L89�+YZ'�<�L�'C�

+!"�t�“rm -f”ú�� 

�Â�)*t makefile8IM�+ �=>�+�!":µt�6'7�[x�\��È�hõÈ)*

!" ��+�'7�+�\��¿`î�+“.INTERMEDIATE”KÛ±ÇÈ�,#¦.INTERMEDIATE ¦

mid -

\	��¡â make��ú�'C�+�D�%3)U�\��¿`î�+“.SECONDARY”KÛ±ÇÈ

,#¦.SECONDARY : sec-�\���5\��+��h����K8I,#¦%.o-Mî�+“.PRECIOUS”

�=>�+��;tê4SO<LM�'C!"�



�“ê4SO�”'��â�)*�+oqª« ª«�.�3Ð)K�
�%â� make��Ý¸Boq

�°,K�NO�

Make�É�) e´�ê4SO�x:LM'C!"�#�)!"“foo.c”LM�+Z]“foo”�[�

|�make�mnLM'C!"“foo.o”�[?�uM“foo”�³�¼ÀNO��3)�6��t)u“cc”

���|M,cc –o foo foo.c-�_�É�Y�SO
:�LM'C!"�

�

��

��

��

�QR@1!"

QR@1!"QR@1!"

QR@1!"

\��¿`h�SOKIJ)*ê4SO�)*h�SO
ÆV)*)��SO����SO'��+�

IJ¬DT"%"�§�"%"����Í�)* Ö*b��§��=>�+'�Ð��¿`"%"���=>

�+'�"%"�~X�~�_��+�

T)U¬D9����"%"�FÎ�L� À]éc�FÎ�?� À]éc�FÎ�L� makez�

MakefileB�xh�SO'�"%"O�L�ÛHB�

1�
��

�@1!"��

@1!"��@1!"��

@1!"��

h�SO'�&¯�SO��+IJ'D34"%"�×O�
�)��SO��+'�"%"IJÍ�y!"

��Ím�"%"Í�½b���
�§¨�0#¦"%.c"Í��".c"ÑÒ�!"�,!"��½&¯

7 3-�x"s.%.c"OÍ��"s."Î$�".c"ÑÒ�!"�,!"��½&¯7 5-�

#$"%"IJ��+'�����+'�"%"�X�Id=>�+'�"%"�X�	
�õ��+'�h�

�"%"�Id=>�+'"%"�Ð1�0#T)*h�SO#�¦

 %.o : %.c ; <command ......>

�4J��8od»�)<T�[.c]!"LM%®�[.o]!"�SO�#$DLM��+�"a.o b.o"�

��"%c"
�"a.c b.c"�

){=>�+'�"%"h�t£I����make�tDÓiÍm�����<T�!"��){�%�make


�SO�����<���h�SO'��+�µ��Ö*��#$Th�ÍmoÖ*�+�make


��L<T�h��+��B�makejû��=>�!"�]LM�+���3ª""�
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�@1!"H3

@1!"H3@1!"H3

@1!"H3

�/3*01Í�d,5<T�[.c]!"¡mnM[.o]!".

 %.o : %.c

 $(CC) -c $(CFLAGS) $(CPPFLAGS) $< -o $@

�'�"$@"Í�<T��+�|*X�"$<"Í�d<T=>�+�|*X�3 A�� À��"��

� À"�?/��ïR�� 

�/�3*01'Tª*�+�h��¦

 %.tab.c %.tab.h: %.y

 bison -d $<

3uSOw� make5<T�[.y]!"¡�"bison -d <n>.y"GH�[?LM"<n>.tab.c"]

"<n>.tab.h"!"�,�'�"<n>"Í�)*b��§¨-�#$��GHZ]"foo"=>_!"

"parse.tab.o"]"scan.o"�4¢!""scan.o"=>_!""parse.tab.h"�#$"parse.y"!"

tÅFd���QR.��SO�"bison -d parse.y"
�tGH)«�_��"parse.tab.o"]

"scan.o"�=>!"
Ád�,kÊ�"parse.tab.o"<"parse.tab.c"LM�]"scan.o"<

"scan.c"LM�x"foo"<"parse.tab.o"]"scan.o"�uLM�x¢ foo]�[.o]!"�=>j

k	áÆ����<T��+¡�´%Âp-
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�����

��������

����

�.��h�SO'��+]=>!"¡�)k0�!"����#;=á)*��K|M):��=

>!"LM%®��+úä7�à)«�yh�SO�Á�B�¡��:���+]=>!"�

��� À
�|M3*zµ����/���«y��� ÀT<÷Ã�%&\¥%31�y&T)

*^N�åd�<Ä��� À�
�3� À�5h�'<IJ�)kD�!"��h|*~o�l&

<T�§Àh��!"¡~|d�3���� À�®oq�SO���'�



�/�<T���� ÀÞ�õÈ¦

$@

Í�SO'��+!"¿��h�SO'�#$TÖ*�+����"$@"
�Ím_�+'h�I

J�¿À�

$%

���+�éc�!"'�Í�SO'��+MÅ��0#�#$)*�+�"foo.a(bar.o)"�

���"$%"
�"bar.o"�"$@"
�"foo.a"�#$�+:�éc�!",Unix��[.a]�Windows

��[.lib]-�����X7
�

$<

=>�+'�()*�+���#$=>�+��h�,~"%"-IJ����"$<"��§Àh��

)kD�!"¿�9����)*)*~oK��

$?

<TE�+F�=>�+�¿À��
ü�o�

$^

<T�=>�+�¿À��
ü�o�#$�=>�+'TÖ*�©���*3* À�i��©�

=>�+��V)��

$+

3* ÀÑV"$^"�	�<T=>�+�¿À���&:i��©�=>�+�

$*

3* ÀÍ��+h�'"%"Þ����K��#$�+�"dir/a.foo.b"�4¢�+�h��

"a.%.b"����"$*"�X
�"dir/a.foo"�3* Ày_FGTj��!"��E?T?�#$�

+'�Th��IJ���"$*"	
:µtÝ¸o�³��#$�+!"�?º� make<åæ����

"$*"
��d?º��)K��0#¦#$�+�"foo.c"�ä7".c"� make<µåæ�?º��<

��"$*"�X
�"foo"�3*eN� GNU make��ÑT�µ:�í_�&Ó{� make�<��\®



¯ÆÀØÙ¿`"$*"�����ê4SO �ìíh�'�#$�+'�?º� make<:µåæ���

�"$*"
�
X�

�\���yÅFY�=>!"VHi6B�"$?"���SO'ÑT`�0#�kÊT)*éc�!"�
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 lib : foo.o bar.o lose.o win.o

 ar r lib $?
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 %.o : %.c

 $(CC) -c $(CPPFLAGS) $(CFLAGS) -D$(date)
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 .c.o:

 $(CC) -c $(CFLAGS) $(CPPFLAGS) -o $@ $<
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 .c.o: foo.h

 $(CC) -c $(CFLAGS) $(CPPFLAGS) -o $@ $<
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 %.o: %.c foo.h

 $(CC) -c $(CFLAGS) $(CPPFLAGS) -o $@ $<
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 .SUFFIXES: .hack .win
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 .SUFFIXES:  # ú����?º

 .SUFFIXES: .c .o .h  # IJ�ç�?º
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 archive(member)
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 foolib(hack.o) : hack.o

 ar cr foolib hack.o
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 foolib(hack.o kludge.o)
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 foolib(hack.o) foolib(kludge.o)
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 cc -c bar.c -o bar.o

 ar r foo.a bar.o

 rm -f bar.o
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 .c.a:

 $(CC) $(CFLAGS) $(CPPFLAGS) -c $< -o $*.o

 $(AR) r $@ $*.o

 $(RM) $*.o
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 (%.o) : %.c

 $(CC) $(CFLAGS) $(CPPFLAGS) -c $< -o $*.o

 $(AR) r $@ $*.o

 $(RM) $*.o
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