
1

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

���makefileVWX�Y��
	/DZ[)$��
\	]^C�_`�abcTdeEdfgh@i-j
k�lm\�makefilen>�$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�$�pM�S�
`	 IDE.������2�Delphi	make�Visual C++	 nmake�LinuxA GNU	make)� �makefile
5��$¡-�
¢L	/D¢£)

,-¤¥2¦Hmakefile	^§�¨©��� 4H�ª^§	«�)¬��®¯°	make±�²®��.
�®	³£��a�´�-�^Cµ¶·�̧ �^§��¹� º» GNU	make{|¤¥� 	¼½� RedHat
Linux 8.0�make	¾�� 3.80)¿À���make�ÁÂÃ�ÄÅ	���Â"Ã�	)ÆÇa'�ÃÈÉz
IEEE 1003.2-1992 ;Ê	ËPOSIX.2Ì)

-�ª^Í\�Î� C/C++	]Ï�� ÐÑÒ�Ó�¿ÔÕ$�Vz C/C++	/D	�<�²Vz�¢L
	Ö×�'Ø±ÙÚÛ²V	/D1	^Í)�¹ÓÜÝ	/D1� UNIXA	 GCC& CC)

Vz
�	/D&Þß

——————————

-à� 4�MVz
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ËcompileÌ)uêåSë	 Object Fileì5�|^C�����é�ÞßËlinkÌ)
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Ó-ÙúËù^C\Áû��óN�Æn>Áûi- C/C++^C\Ì��#Ó.	³£îï�/D1*��/
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C�- UNIXA�� Archive File��*� .a ^C)
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Makefile ()
———————

make���|í�s#$� Makefile ^C��÷ømake��s#*��	+/D&Þß
�)

ät� ÐÂ$�,-pMN Makefile	.HZ[)��S/$�01Ý<)��,-p]z GNU	make
�Â23�-��,-\� Ð	�
. 8� C^C�& 3�ù^C� Ð#H$� Makefilep÷ømake�
�2¦/D&Þß�4�^C) Ð	Z[��

1Ì23���
5./D6��� Ð	Ó. C^C#/D��Þß)
2Ì23���
	74� C^C�89��� Ð�/D�89	 C^C��Þßl;
�)
3Ì23���
	ù^C�9ò���� Ðs#/D:Â��4�ù^C	 C^C��Þßl;
�)

�# Ð	 MakefileH";%�Ó.	�$<� Ð�Â$�make��*��R5�make��IF�=E

>?¬@	^C89	ABpïnr�^Cs#v/D�JÆFG/DÓs#	^C&Þßl;
�)

$dMakefile	Z[

-¤¥�� MakefileC@�'�% ÐtpDE
Û$Û Makefile	Z[)

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

target�*�$�l;^C���� Object File������|^C)'���$�;FËLabelÌ�»z;F
�¡?·�-uG	�Hl;�§I\I.$¥)

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

command�*�makes#�|	��)ËJ�	 Shell��Ì

��$�^C	µ¶VW��*�M�target�$����	l;^Cµ¶z prerequisites\	^C�a�5Z
[n>- command\)MK$L*�M�prerequisites\23.$��¸	^C� target^C#w	M�
commandÓn>	��*I��|)�*� Makefile	Z[)�*� Makefile\ÃNO	Ö×)

MXP�Makefile	��*���$L�%+ 	�ª^Í�û�Q�)RR)'�S��� Makefile	þT
&NO��#H%$� Makefile'�;� I�uL$L$L
�ì 	��UV�WWXp)Ö×'�X
Y)�Ì

Zd$�,-

î2@LÓM	�23$��
. 3�ù^C�& 8� C^C� Ð��R5@LÓ¥	�[�Z[� Ð	
MakefileÁû�AL	���\	)

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

]^_Ë\Ì�`|a	��)���¨�z Makefile	bc) Ð��å��Ö×de-^C��Makefile�
��makefile�	^C\�u-ûlmAfßgh���make�*���5�|^C edit)23#ij�|^
C&Ó.	\æl;^C�����#kl
�|$A�make clean�*���)

-��makefile\�l;^CËtargetÌ�=��|^C edit&\æl;^CË*.oÌ�µ¶^CËprerequisitesÌ
*�mnuL	�� .c ^C& .h^C)ý$� .o ^C.$oµ¶^C�Æ�� .o ^Cp��|^C edit
	µ¶^C)µ¶VW	�´¸*�MN�l;^C��r�^C�5	�̀  C�l;^C�r�^C}w	)

-n>%µ¶VWu�uG	�$|n>�2¦�5l;^C	��W����$n#�$� Tabq���ù)
rs�make������*���	�t���|Ón>	��)makeI�¨ targets^C& prerequisites
^C	89uv�23 prerequisites^C	uv#� targets^C	uv#w��ô target�e-	M����
make*I�|uGn>	��)

�¹#MN$L	��clean��$�^C�w��6�$����x�.L+ C³ \	 lable$��amn
u���5.����make*�IF�+�^C	µ¶·��*�IF��|auÓn>	��)#�|au
	���*#-make��uN	"qü�� lable	�x)��	¢£yö.Â� Ð��-$�makefile\
n>�Â	/D��&/DâV	����2
�	���
�	Qz�{{)

[dmake�2¦��	

-ÜÝ	¢|A��*� Ð�ghmake��)���

1dmakeI-¬@lmA��xé�Makefile���makefile�	^C)
2d23�X�wI�^C\	}$�l;^CËtargetÌ�-¸L	-\\�tI�X�edit���^C��å
��^C��Ã~	l;^C)

3d23 edit^C�e-��� editÓµ¶	uL	 .o ^C	^C89íæ#� edit��^Cw����t*
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I�|uLÓn>	��p�5 edit��^C)
4d23 editÓµ¶	.o^C�e-���makeI-¬@^C\�l;�.o^C	µ¶·�23�X[ê>?
�$�Z[�5.o^C)Ë�.L+$���	6
Ì
5d¬��	 C^C& H^C�e-	��z�makeI�5 .o ^C�uêÂ .o ^C��make	~�
J���*��|^C edit�)

�*�Y�make	µ¶·�makeI$�p$�
+�^C	µ¶VW�fXÃ~/Dü}$�l;^C)-
��	6
\�23ü,����2Ãu�µ¶	^C��X���make*Ifß�ü�����Æ»zÓn
>	��	�����/D�5e�make>���)make��^C	µ¶·�è�23- ��µ¶VWC
u�mnuL	^C'��-���»��� *����)

õ6¸¥h�� Ð���+ clean�¡�5.�}$�l;^Cfß�æßV����wuLÓn>	��Î
�I�F��|��6� Ð��	,#make�|)è�����make clean���àp�jÓ.	l;^C�
��v/D)

z�- Ð/
\�23���
��/D6��¬ Ð89�a\$�]^C��2 file.c���>? Ð	
µ¶·� Ð	l; file.oI�v/DË�*�-��µ·VWuLÓn>	��Ì�z� file.o	^C��Ã
w	��z� file.o	^C89íæ#� edit#w�Ó� edit�I�vwÞß�Ë�  editl;^Cun>	�
�Ì)

Æ23 Ð9ò��command.h�����kdb.odcommand.o& files.oI�v/D��Ç�editI�vÞß)

�dmakefile\�Âòë

-¸L	-\\�t% ÐÛÛ edit	Z[�

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

 Ð��ÛX[.o]^C	xa��v~����23 Ð	�
s#�h$�w	[.o]^C��� Ðs#-�
�
¢�ËÁû�[�
¢�'.$�
¢- clean\Ì)¬� Ð	makefile ��~��Ó�-��
¢�
�����23makefileò"~���� Ð*.�EI��$�s#�h	
¢�Æ��/D��)Ó��
��makefile	b���-makefile\ Ð���Âòë)makefile	òë�*�$�xa���:5 C³ 
\	��EI}%)

�2� ÐóN$�òë�é objects, OBJECTS, objs, OBJS, obj, �� OBJ�]î�������#E;�,
obj^C*|�) Ð-makefile$�&*��n>�

objects = main.o kbd.o command.o display.o \
insert.o search.o files.o utils.o

z�� Ð*���¢�
- Ð	makefile\��$(objects)�	¢|p�Â��òë��z� Ð	9�¾
makefile*ò5AL���\�

objects = main.o kbd.o command.o display.o \
insert.o search.o files.o utils.o
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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)

z�23.w	 .o ^C�h� Ð�skl
89$A objects òë*���)

Vzòë}�	M�� I-uG�$$�p)

�d%makeF���

GNU	make� S�w��F���^C�Õ^Cµ¶VWuL	���z� Ð*5¿#+-ý$�[.o]^
CuH¸c¡	������ Ð	makeIF�<@��FG����)

�#makeÛX$�[.o]^C�w*IF�	å[.c]^C�-µ¶VW\�23make�X$� whatever.o���
whatever.c�*I� whatever.o	µ¶^C)�Ç cc -c whatever.c �I���üp�z�� Ð	makefile
ê��ÂH"��~�) Ð	�w	makefilepü¢�)

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

.PHONY : clean
clean :
rm edit $(objects)

�¡¢£��*�make	�£¤Z[�)¸L^CÖ×\��.PHONY��,�clean��Hl;^C)

Vz}��¥	�£¤Z[�&�Hl;^C�� I-uG�$$�p)

¦d§c¨©	makefile

è Ð	make��F�������� ÛX��[.o]&[.h]	µ¶*.L�ª����	v~	[.h]�E�
Eåa«¬�p�%'�5.����»zmakepM�×b�®éw�¯�F�����&^C	eEY�
pÛÛÃw¨©	makefile')

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)

�¡¨©�% Ð	makefileò"�kl�� Ð	^Cµ¶VW*	".L°±�)²&³´��µ")'
Û�	¶%�) ��¶·�¡¨©	�$�^C	µ¶VWÛ��¸�Z�23^C$��#�h4�w	.o
^C��*���¸�)

¹d�ºl;^C	Z[

ý� Makefile\ÁûH$��ºl;^CË.o&�|^CÌ	Z[���º�zv/D���»zd¼^C
	�½)��$��8¾�ËRR�'r" 	¿/
8¾ÀÁÌ)$�	¨©��

clean:
rm edit $(objects)

}�ÂÃ	�£��
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.PHONY : clean
clean :
-rm edit $(objects)

@LM6�.PHONY���, clean�$��Hl;��)Æ- rm��@L��$�ÄÅn	��*����
7�^Cü,����#��ÆG�uL	Ç)¬�clean	Z[�#i-^C	�ù����*Iò5
make	ÜÝl;�²È®��É���)�5^	ZÊ����cleanJp�i-^C	Ãu�)

¸L*�$�makefile	ËÌ���makefile	ÑÒ�AL'.��makefile	²V¥I�ÊQ%�Á�ÊQ
%�*p)

Makefile �¥
———————

$dMakefile¹.���

Makefile¹þ#�=������	|Z[d£¤Z[dòën>d^Cq,&Í�)

1d	|Z[)	|Z[MN��2¦�5$���		l;^C)��� Makefile	.HôN	qü�#�5
	^C�^C	µ¶^C��5	��)

2d£¤Z[)�z Ð	make.F���	eE�Ó�£¤	Z[��% Ð�¨DÎ
kE
.H Makefile�
���makeÓÏ¼	)

3dòë	n>)- Makefile\ Ð#n>$Wo	òë�òë$��xa����.L� C³ \	��¬
Makefile��|í�a\	òëI�ÐÑX²Á	:ÂÙú¸)

4d^Cq,)a�Ò�[�Óh�$��-$� Makefile\:Â§$� Makefile�*+ C³ \	 include$
�Ô§$��q>?7�ABqn Makefile\	.�Óh�*+ C³ \	Õ/D#if$�Ô'.*�n>$�
�|	��).V�$Óh	Ö×� I-uG	Óh\¤¥)

5dÍ�)Makefile\�.|Í��& UNIX	 Shell��$��aÍ��Â�#�xa���*+ C/C++\	�//�
$�)23�#-�	 Makefile\�Â�#�xa���Â]^Ö{|×>�2��\#�)

Ãu�'Ø"$�	��- Makefile\	���¿Ù#�[Tab]q�&)

ZdMakefile	^C�

ÜÝ	ABA�make��I-¬@lmAbÚ���^C���GNUmakefile�d�makefile�d�Makefile�
	^C��X�:���^C)-�[�^C�\�Ã%�Â�Makefile���^C�������^C�}$
�xa�SH���.$¡	l	0!)Ã%�#Â�GNUmakefile����^C� GNU	make<@	).§
Û$�make�»�ÄH	�makefile�^C�Ü0���Ñ�¸pM�S�`	makeÏ¼�makefile�&
�Makefile���¡ÜÝ^C�)

¬�����Â@	^C�p.H Makefile��2��Make.Linux���Make.Solaris���Make.AIX�{�
23#qn?n	 Makefile�����Âmake	�-f�&�--file�Ý`�2�make -f Make.Linux�make --file 
Make.AIX)
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[d:Âaw	 Makefile

- Makefile�Â includeVqx��å@	 Makefile�={p���+ C³ 	#include���=	^CI«f
«�	i-¬@^C	�=Ùú)include	³£��

include <filename>

filename���¬@��W� Shell	^Cf|Ë��d=Þß&õàaÌ

- include@L��.$�ºxa���á�E�[Tab]q�&)include&<filename>��Â$����º©â
�)ã�-\��.��4� Makefile�a.mkdb.mkdc.mk�'.$�^Cé foo.make��Õ$�òë$(bar)�
a�=� e.mk& f.mk����AL	³ä�

include foo.make *.mk $(bar)

{åz�

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

make���&í�Iå�� includeÓqü	aw Makefile��åaÖ×æú-¬@	Ùú)*%+ C/C++	
#includeq�$�)23^C5.qná»Þß��²»Þß	M�makeI-¬@lmAät���23¬
@lmA5.�X����make'I-AL	4�lmA��

1d23make�|í�.�-I���--include-dir�Ý`���make*I-��Ý`Óqn	lmA+��)
2d23lm<prefix>/includeË$���/usr/local/bin�/usr/includeÌe-	M�make�I+�)

23.^C5.�X	M�makeI�5$ç�÷Èè���Ié¸ü,����)wIÆGêhaw	^C�
$�R5makefile	cë�makeIêvì��5.�X����Ecë	^C�23'��|�makeíIü
,$ç��Èè)23�4%make����â£cë	^C�ÆÆG�|����- include@�$�Ån�-�)
2�

-include <filename>
a�,�âã include6
\ü,������#��ÆG�|)&aw¾�makeµ×	²V��� sinclude�
a�Â&�$��$�	)

�d¼½òë MAKEFILES

23�	¬@¼½\n>�¼½òë MAKEFILES����makeIå��òë\	Ø�$�c¡z include	�
�)��òë\	Ø�aw	Makefile�Âº©hâ)���w& include�®	��J��¼½ò\:h	Makefile
	�l;��I��Â�23¼½òë\n>	^C�,���make�I��)

��-�¹ '�îï�#�Â��¼½òë����#��òë$�n>���¬��Âmakeí�Ó.	
MakefileIðXw	ñò��á���4ÛX	)-�¹���Ç�����÷øS/���.í��	Makefile
ü,�óÇ������ÛÛ¬@¼½\.5.n>��òë)

�dmake	��¢|
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GNU	make��í	�|ôõhA�Ë4paw	make��c¡Ì

1dchÓ.	 Makefile)
2dch� include	aw Makefile)
3dö&�^C\	òë)
4d��£¤Z[��h�Ó.Z[)
5d�Ó.	l;^C÷îµ¶VWÞ)
6d>?µ¶VW�ønr�l;#vw�5)
7d�|�5��)

1-5ô�}$�ùú�6-7�}Z�ùú)}$�ùú\�23n>	òë��Â�����makeIåaÑ�-
�Â	Ùú)�make��IR�é¸Ñ��make�Â	�ûüýþ�23òëü,-µ¶VW	Z[\��
�º¬�çµ¶�øn#�Â��òëíI-aÖÓÑ�)

¬�����¢|��$n#�¸�������¢|��I»make}���).���ÑÒ�uGÓh�
*×bÛ(�)

.HZ[

————

Z[�=��Óh�$��µ¶VW�$���5l;	¢£)

- Makefile\�Z[	Ú���v#	����Makefile\�Áû.$�Ã~l;�aw	l;����l;
Ó��üp	�Ó�$n#%make���	Ã~l;���)$�pM�n>- Makefile\	l;�EI.�
����}$çZ[\	l;Î�ï��Ã~	l;)23}$çZ[\	l;.�������}$�l;I

5�Ã~	l;)makeÓR5	�*���l;)

%��'�% ÐpÛ$Û2¦.HZ[)

$dZ[ã-

foo.o : foo.c defs.h # foofg
cc -c -g foo.c

ÛX��-\�±ÙÁû�������@L��M6�foo.o� Ð	l;�foo.c& defs.h�l;Óµ¶	
]^C�Æ�.$����cc -c -g foo.c�Ë� Tabq�ùÌ)��Z[÷ø Ð�CÇ�

1d^C	µ¶VW�foo.oµ¶z foo.c& defs.h	^C�23 foo.c& defs.h	^Cuv#� foo.o^Cuv
#w��� foo.o�e-���µ¶VW��)
2d23�5Ë�}wÌfoo.o^C)�*��� cc���aMN��2¦�5 foo.o��^C)Ë¬ foo.c^
C include� defs.h^CÌ

ZdZ[	³£

targets : prerequisites
command
...
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�����

targets : prerequisites ; command
command
...

targets�^C���º©h�����Âõàa)$�pM� Ð	l;Ñ�¸�$�^C���.�E��
�^C)

command���|�23a�ñ�target:prerequisites�-$|����¿Ù�[Tabq]�ù�23& prerequisites
-$|�����Âhn��hâ)Ë ¸Ì

prerequisites�*�l;Óµ¶	^CË�µ¶l;Ì)23a\	7�^C#�l;^C#w����l;*
�Ý���6í	���Ý��s#v�5	)��-@L�U¤6�)

23���������Â]^ÖË�\�Ì��`|a)make»$|¸.�©�xa5.	
)Z[÷ømake
�CÇ�^C	µ¶VW&2¦55l;^C)

$�pM�makeI� UNIX	;Ê Shell��*�/bin/shp�|��)

[d-Z[\�Âõàa

23 Ð4n>$Wo�¨c¡	^C� Ð�F
*4��Âõàa)makeÏ¼[±õàa��*���?�
&�[...]�)��& Unix	 B-Shell�²®	)

��nË�~�Ìxa-^C�\�.�¨?	Â�)23��~/test���*�,¬@Â�	$HOMElmA
	 testlm)Æ�~hchen/test�[�,Â� hchen	�þlmA	 testlm)Ë��� UnixA	Ä�<��
make�Ï¼ÌÆ-Windows�� MS-DOSA�Â�5.�þlm�����nÓq	lm[>?¼½òë
�HOME�Æn)

õàaç���$Wo	^C�2�*.c��,Ó�u�� c	^C)$�s# ÐÍ�	��23 Ð	^C
�\.õàa�2��*������Â×>xa�\��2�\*�p�,��	�*�xa�Æ��J���	
xa�)

%'�'�tpÛ4�-\'�

clean:
rm -f *.o

¸L��-\ ���M������W� ShellÓÏ¼	õàa)��-��\	õàa)

print: *.c
lpr -p $?
touch print

¸L��-\MN�õàa���- Ð	Z[\�l; printµ¶zÓ.	[.c]^C)a\	�$?��$�F�
�òë� I-uL�¤¥)

objects = *.o
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¸L��-\��,��õa®���Â-òë\)���M[*.o]IÑ����objects	Ø*��*.o�)Makefile
\	òëa�*� C/C++\	�)23�#%õàa-òë\Ñ���*�% objects	Ø�Ó.[.o]	^C�
	�ì����������

objects := $(wildcard *.o)

�¡Â£�Vqx�wildcard�qü�Vz Makefile	Vqx� ÐÎ-uL�ã)

�d^C��

-$�S	�
\�.Së	]^C� Ðõö	�£�å���	]^Chc��ei-�®	lm\)Ó��

¬makes#+��^C	µ¶VWí����-^C@�¸Þß��Ã%	¢£�å$�Þß÷ømake�%
make-F�+�)

Makefile^C\	?òë�VPATH�*�R5��eE	�235.qN��òë�make�I-¬@	lm
\+��µ¶^C&l;^C)23n>���òë����make*I-¬¬@lm��X	ABA�XÓq
n	lm\+��^C�)

VPATH = src:../headers

¸L		n>qn��lm��src�&�../headers��makeIb���Ú�{|��)lm��mn�hâ)
Ë¬�¬@lm���Ã��t��	
¢Ì

§$��ú^C��Þß	¢£��Âmake	�vpath�VqxËÍ��w��ÄH	Ì����òë���
$�make	Vqx��&¸L�X	�� VPATHòë�c¡���w}�� )w��qn�®	^C-�
®	��lm\)��$��� 	eE)w	�Â¢£.[¡�

1dvpath <pattern> <directories>

�aìf|<pattern>	^Cqn��lm<directories>)

2dvpath <pattern>

�jaìf|<pattern>	^C	��lm)

3dvpath

�jÓ.���ú%�	^C��lm)

vapth�Â¢£\	<pattern>s#�=�%�xa)�%�	���!à"�jkxa�-2��%.h��,
Ó.��.h��#	^C)<pattern>qn�#��	^C��Æ<directories>[qn�<pattern>	^C�	
��	lm)-2�

vpath %.h ../headers

û³ä�,�#$make-�../headers�lmA��Ó.��.h��#	^C)Ë237^C-¬@lm5.
�X	MÌ
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 Ð���G
�Â vpath³ä��qn�®��%E)23�G	 vpath³ä\ü,�²®	<pattern>��
��v~�	<pattern>����makeIb� vpath³ä	tuÚ�p�|��)2�

vpath %.c foo
vpath % blish
vpath %.c bar

a�,�.c��#	^C�t-�foo�lm�u��blish��Ãu��bar�lm)

vpath %.c foo:bar
vpath % blish

Æ¸L	³ä[�,�.c��#	^C�t-�foo�lm�u��bar�lm�Ãuí��blish�lm)

�dHl;

Ã&t	$�-\\� Ð�X6$��clean�	l;���$��Hl;��

clean:
rm *.o temp

î+ Ð@L-\\	�clean�$��è Ð�5���^C/D^C� Ð�Áû�¯$��jwÐ	�l
;��QRY
v/DÆÂ) Ë��make clean�p�Âûl;Ì

��� Ð���5�clean���^C)�Hl;����$�^C���$�;F��z�Hl;���^
C�Ó�makeâ£�5w	µ¶VW&ønw�O#�|) Ð�.õ6	,
qN���l;�íE%a�
�)¬��Hl;�	ë��E&^C�v���a*�+��Hl;�	�>�)

¬���'(&^Cv�	�¡AB� Ð���Â$�?	;r�.PHONY�p	,
qN$�l;��H
l;��)makeMN����O.��^C���l;*��Hl;�)

.PHONY : clean

�#.��óN����O.�clean�^C�#*|�clean���l;��.�make clean���)z�Y�
6
����H�

.PHONY: clean
clean:
rm *.o temp

Hl;$�5.µ¶	^C)��� Ð����Hl;qnÓµ¶	^C)Hl;®������ÜÝl;��

�#Îai-}$�)$�,-*��23�	 Makefiles#$+,�5jk���|^C����4kl

-$�makeRÇ��Ç�Ó.	l;^CH-$� Makefile\�������Â�Hl;���?·�

all : prog1 prog2 prog3
.PHONY : all

prog1 : prog1.o utils.o
cc -o prog1 prog1.o utils.o



13

prog2 : prog2.o
cc -o prog2 prog2.o

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

 Ð���Makefile\	}$�l;I���aÜÝl;) ÐóN�$��all�	Hl;�aµ¶zaw[�
l;)�zHl;	?·������|	�Ó�aµ¶	�[�l;*���2�all���l;w)Ó��a
w[�l;	Z[��I�øï)�*.X� Ð$+,�5��l;	l	)�.PHONY : all�óN��all�
��l;��Hl;�)

/��$ä�J¸L	-\ Ð��Ûü�l;���5�µ¶)Ó��Hl;®���5�µ¶)ÛAL	-

\�

.PHONY: cleanall cleanobj cleandiff

cleanall : cleanobj cleandiff
rm program

cleanobj :
rm *.o

cleandiff :
rm *.diff

�make clean�Î�jÓ.#��j	^C)�cleanobj�&�cleandiff����Hl;.L+�\
��	�
�) Ð��gh�make cleanall�&�make cleanobj�&�make cleandiff���p.X�j�®¡c^C	
l	)

¦d�l;

Makefile	Z[\	l;���0$��aÏ¼�l;�.�E Ð	��l;®íµ¶z$�^C��Ça�
5	��S1c¡)z� Ð*Eåaì��p)¬���l;	�5Z[	�|���®$����EI�

 Ð�p23��6%- Ð	���Â$�F��òë�$@�ËVzF��òë�Î-uL¤¥Ì���ò
ë�,Xl@Z[\Ó.	l;	�ì���M�E�45�'�Û$�-\')

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

¸¥Z[{åz�

bigoutput : text.g
generate text.g -big > bigoutput
littleoutput : text.g
generate text.g -little > littleoutput

a\�-$(subst output,,$@)\	�$��,�|$� Makefile	ð`�ð`�� subst�uL	�Ý`)Vzð
`�Î-uL¤¥)�¹	��ð`�6ëxa�	����$@��,l;	�ì�*+$�`o��$@�µ
�ëül;���z��)
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¹d78f|

78f|��}�×b
n>�l;	Z[���% Ð	Z[ò"}�	.9·&� ) Ð'�tpÛ$A

³£�

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

targetsn>�$Wo	l;^C���.õàa)�l;	$��ì)

target-parrtern�qN� targets	f|��*�	l;�f|)

prereq-parrterns�l;	µ¶f|�w» target-parrtern:5	f|ê{|$�µ¶l;	n>)

��;¥�[�����E'�5.M�¸�'�ã�-\pMN$A')23 Ð	<target-parrtern>n>5
�%.o����� Ð	<target>�ì\���.o��#	�Æ23 Ð	<prereq-parrterns>n>5�%.c��
���»<target-parrtern>Ó:5	l;�{|Z�n>�a_<¢£��ë<target-parrtern>f|\	�%�
Ë�*�+��[.o]���#Ì���a�¸[.c]���#�:5	w�ì)

Ó�� Ð	�l;f|����µ¶f|�\Áû.�%���xa�23�	^C�\.�%�����
��Â]^_�\�{|×>�p;N��	�%�xa)

Û$�-\�

objects = foo.o bar.o

all: $(objects)

$(objects): %.o: %.c
$(CC) -c $(CFLAGS) $< -o $@

¸L	-\\�qN� Ð	l;J$object\=ë��%.o��N#Ó.��.o��#	l;��*��foo.o bar.o��
�*�òë$object�ì	f|�Æµ¶f|�%.c�[ëf|�%.o�	�%���*��foo bar����a
�A�.c�	u��z�� Ð	µ¶l;*��foo.c bar.c�)Æ��\	�$<�&�$@�[�F��òë�
�$<��,Ó.	µ¶l;�Ë�*��foo.c bar.c�Ì��$@��,l;�Ë�*��foo.o bar.o�Ì)z
��¸L	Z[Ñ�u{åzAL	Z[�

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

ì4�23 Ð	�%.o�.4>���¡ Ð�#Â�¡�kl	�78f|Z[�*��HR$�Z[��
-��.���)�78f|Z[�	Â£�� �23Â"%��I$�� S	eE)êÛ$�-\�
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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))�,?Â Makefile	 filterð`�6@�$filter����#a\f|��%.o�	Ö×)a	
wÖ×� *�Â�M�')��-xÑ,� Makefile\}S	9·)

AdF��5µ¶·

- Makefile\� Ð	µ¶VW�EIs#�=$Wo	ù^C��2�23 Ð	main.c\.$ä�#include
"defs.h"���� Ð	µ¶VWÁû��

main.o : main.c defs.h

���23�$��¨ST	�
��¿s�¸r� C^C�=�r�ù^C��Ç��-�h�ijù^C
í��s#ÄO
89 Makefile���$��5.��·	��)��'(�¡BvÆp×bü�	ÇA� Ð
���Â C/C++/D	$�eE)S�`	 C/C++/D1Ï¼$��-M�	CD�èF���]^C\�=
	ù^C���5$�µ¶VW)-2�23 Ð�|AL	���

cc -M main.c

agü��

main.o : main.c defs.h

z��/D1F��5	µ¶VW���$p��*�¿ê2�.Hjk^C	µ¶VW�Æ�/D1F��5

�)s#�E$ä	��23��Â GNU	 C/C++/D1��"Â�-MM�Ý`����-M�Ý`Iå$�
;Ê�	ù^C��={p)

gcc -M main.c	gü��

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	gü[��
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main.o: main.c defs.h

���/D1	��eE2¦ñ Ð	 Makefile�W-$�Y)����$p� Ð	 Makefile�#>?��
]^Cvw�5�% MakefileF�µ¶z]^C���eE��,���6 Ð��.aw2úpFG
�,
�$eE)GNUoHîïå/D1�ý$�]^C	F��5	µ¶VWiX$�^C\��ý$��name.c�
	^C�5$��name.d�	 Makefile^C�[.d]^C\*ei»Á[.c]^C	µ¶VW)

z�� Ð��Hü[.c]^C&[.d]^C	µ¶VW��%makeF�}w�F5[.d]^C��åa�=- Ð	
þ Makefile\���� Ð*��F��
�5ý�^C	µ¶VW�)

�¹� Ðü�$�f|Z[p¯�[.d]^C�

%.d: %.c
@set -e; rm -f $@; \
$(CC) -M $(CPPFLAGS) $< > $@.$$$$; \
sed 's,\($*\)\.o[ :]*,\1.o $@ : ,g' < $@.$$$$ > $@; \
rm -f $@.$$$$

��Z[	����Ó.	[.d]^Cµ¶z[.c]^C��rm -f $@�	���ijÓ.	l;��*�[.d]^C�
}Z|	�����ý�µ¶^C�$<���*�[.c]^C�5µ¶^C��$@��,f|�%.d�^C�23
.$� C^C� name.c����%�*��name���$$$$���$�/I/n�}Z|�5	^C.�E
��name.d.12345��}[|�Â sed����$��`�Vz sed��	Â£ØÝÛ²V	�Â^Í)}�
|*�ijJí^C)

�Æ C���f|#�	Ç*�-/D1�5	µ¶VW\�h[.d]^C	µ¶�èåµ¶VW�

main.o : main.c defs.h

×5�

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

z�� Ð	[.d]^C�IF�}w���IF��5��¬��'��-��[.d]^C\�h	���µ¶
VW��Ò�5	����$��h�%ý�[.d]^C�=$�R¶	Z[)$� ÐR5�����ßAp�
 Ð*#å��F��5	Z[i{ Ð	þ Makefile\) Ð���Â Makefile	�include����p:h
@	 Makefile^CË@L¤6Ì�-2�

sources = foo.c bar.c

include $(sources:.c=.d)

¸¥³ä\	�$(sources:.c=.d)�\	�.c=.d�	����$��`�åòë$(sources)Ó.[.c]	x��`
5[.d]�Vz����`�	Ö×�-uL I.}��¥	¤¥)¬��"Í������ include�b�
pêh^C�Ãtêh	[.d]^C\	l;I5�ÜÝl;)

.H��

————
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ýçZ[\	��&��W� Shell	��|�$�	)makeI$bÚ�$ç$ç	�|���ýç��	�
ù¿Ù�[Tab]q�ù�jy����KL-µ¶Z[uL	hnu	)-��|Cæ\	º©��º|I�M
E���23ûº©�º|�� Tabq�ù	���makeIÝ�a�$�º��)

 Ð- UNIXA�EI�Â�®	 Shell���make	��ÜÝ���/bin/sh���UNIX	;Ê Shell:��
|	)jy�?@qn$�aw	 Shell)Makefile\��#��Í�a��+ C/C++\	�//��au	�|x
a�Í�)

$d	,��

õö�makeIåa#�|	��|-���|@güXNO¸)¬ ÐÂ�@�xa-��|@������
��Î��make	,üp�ÃPç�·	-\�� ÐÂ��eEp+NO	,$�Èè)2�

@echo î-/D XXXfg......

¬make�|í�Igü�î-/D XXXfg......�x����Igü���235.�@�����makeÎ
gü�

echo î-/D XXXfg......
î-/D XXXfg......

23make�|í��hmakeÝ`�-n���--just-print����a�� 	,�����I�|�����e
E�.»z Ð?ì Ð	 Makefile�ÛÛ Ð.H	����|�p����\	����Ú�	)

ÆmakeÝ`�-s���--slient�[��LP0��		,)

Zd���|

¬µ¶l;wzl;í��*�¬Z[	l;s#�}wí�makeI$ç$ç	�|au	��)s#Í�	
��23�#%¸$ç��	�3ÁÂ-A$ç��í��Áû�Âhnhâ��ç��)�2�	}$ç��

� cd����QR}Zç��"- cdCu	ÑÒ¸*|����*�Eå��ç��H-�|¸�ÆÁûå�
�ç��H-$|¸�Âhnhâ)2�

,-$�

exec:
cd /home/hchen
pwd

,-Z�

exec:
cd /home/hchen; pwd

¬ Ð�|�make exec�í�}$�-\\	 cd5.�Â�pwdI�Sü¬@	 Makefilelm�Æ}Z�-
\\�cd*��Â��pwdI�Sü�/home/hchen�)

make$���Â¼½òë SHELL\Ón>	W� Shellp�|���ÜÝABA�Â UNIX	;Ê Shell��
/bin/shp�|��)�- MS-DOSA.L?��� MS-DOSA5. SHELL¼½òë�¬����qn)2
3�qn� UNIX¨©	lm:|�ät�makeI- SHELLÓqn	Þß\����:�1�23��X�a
I-¬@Ta\	¬@lm\���23ê��X�aI- PATH¼½òë\Ón>	Ó.Þß\��)MS-DOS
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\�23�n>	��:�15.�X�aI�	��:�1�¸U2�.exe�d�.com�d�.bat�d�.sh�
{u�)

[d��ü�

ý¬��*|Ru�makeI��ý���	VGÏ�23��VG5e���makeI�|A$ç���¬Z
[\Ó.	��5eVGu���Z[*<�5eR5�)23$�Z[\	7���ü��Ë���üÏy"Ì�

��make*I~0�|¬@Z[��Î.�E~0Ó.Z[	�|)

.�í����	ü����,*���	)-2mkdir��� Ð$ns#î�$�lm�23lm�e-�
��mkdir*5e�|�WÇSX�23lme-���*ü��) ÐCÓ��Âmkdir	��*�$n#.
��	$�lm�z� Ð*�QRmkdirü�Æ~0Z[	*|)

���X�$L�ME��	ü�� Ð��- Makefile	��|@�$�Ån�-�Ë- TabqCuÌ�;r
�����ü�ü�Ý��5e	)2�

clean:
-rm -f *.o

'.$���	Y£��make�¸�-i����--ignore-errors�Ý`����Makefile\Ó.��IME
��)Æ23$�Z[���.IGNORE���l;	�����Z[\	Ó.��ÎIME��)����®Z
@	[0��ü�	¢£����>?�	�®¶·�ú)

'.$�#�$A	make	Ý`	��-k����--keep-going����Ý`	����237Z[\	��
ü�����*~lûZ[	�|��ÆG�|awZ[)

�d\]�|make

-$�S	�
\� ÐIå Ð�®fg���®eE	]^Ci-�®	lm\� Ð��-ý�lm\

.H$�ûlm	 Makefile��.»z% Ð	 Makefileò"}�
k½�Æ�yzåÓ.	���ÓH-$�
Makefile\���I�^�� Ð	 Makefile���_þ»z Ðfg/D&hú/D.XyöS	%�)

-2� Ð.$�\lmé subdir���lmA.� Makefile^C�pqN���lmA^C	/DZ[)��
 Ð�`	 Makefile����.H�

subsystem:
cd subdir && $(MAKE)

a{åz�

subsystem:
$(MAKE) -C subdir

n>$(MAKE)�òë	������ Ð	makes#$�Ý`�Ó�n>5$�òë�¨»z��)���-
\	���t{h�subdir�lm�u�|make��)

 Ðå�� Makefileé���` Makefile���` Makefile	òë��"aXAZ	 Makefile\Ë23�	,
	óNÌ����IbcA�	 Makefile\Ón>	òë�jyqn��-e�Ý`)

23�#"aòëXAZ Makefile\�������Â��	óN�
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export <variable ...>

23��4%7�òë"aXAZ Makefile\��������óN�

unexport <variable ...>

2�

,-$�

export variable = value

a{åz�

variable = value
export variable

a{åz�

export variable := value

a{åz�

variable := value
export variable

,-Z�

export variable += value

a{åz�

variable += value
export variable

23�#"aÓ.	òë�����#$� export*|�)uL����ÂL��,"aÓ.	òë)

s#Í�	��.��òë�$�� SHELL�$�� MAKEFLAGS����òë����O export�a��#"
aXA� Makefile\�?@� MAKEFILESòë�a\�=�make	Ý`Èè�23 Ð�|��` Makefile�
í.makeÝ`��-¸� Makefile\n>���òë��� MAKEFILESòëÎI���Ý`��I"aXA
� Makefile\���$�W�Z	¼½òë)

��make��\	.4�Ý`��dA"a�wÐ��-C�,�-f�,�-h��-o�&�-W�Ë.V MakefileÝ
`	¥IÎ-uLMNÌ�23��4dA�"aÝ`���������p�

subsystem:
cd subdir && $(MAKE) MAKEFLAGS=

23�n>�¼½òë MAKEFLAGS����"ïÈa\	CD�S/IÂX	�23a\.�-t�,�-n�,
&�-q�Ý`���ÎI.%��4�X	�3���I%�eö
fg)
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'.$�-�\]�|�\�¨.Â	Ý`��-w����--print-directory�I-make	6
\gü$�Èè�
%�ÛXl@	��lm)�2�23 Ð	AZmakelm��/home/hchen/gnu/make��23 Ð�Â�make
-w�p�|���¬{hûlmí� ÐIÛX�

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

Æ-R5A�makeuh�lmí� ÐIÛX�

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

¬��Â�-C�Ý`pqnmakeA� Makefileí��-w�I�F���	)23Ý`\.�-s�Ë�--slient�Ì
���--no-print- directory������-w�����	)

�dn>���

23 Makefile\ü,$�²®���o��� Ð�����²®	���on>$�òë)n>�¡���
o	³£��define��&���endef��Q�2�

define run-yacc
yacc $(firstword $^)
mv y.tab.c $@
endef

�¹��run-yacc�������	�x�a�#& Makefile\	òëv�)-�define�&�endef�\	�
|*����o)�����\	}$����*| Yacc
���� Yacc
����5�y.tab.c�	^C�Ó
�}Z|	��*�å��^C99�x)'�å�����iX$�,-\pÛÛ')

foo.c : foo.y
$(run-yacc)

 Ð��Û �#�Â������ Ð*%+�Âòë$�)-�����	�Â\�����run-yacc�\
	�$^�*��foo.y���$@�*��foo.c�Ë.V�¡��$��ù	?òë� ÐI-uL()Ì�make
-�|���í����\	ý���I�µ�i��|)

�Âòë

————

- Makefile\	n>	òë�*+� C/C++³ \	�$��tç��$�^�x��- Makefile\�|	í
�aIF�«f«�
Ñ�-Ó�Â	
¢)añ C/C++Ó�®	�����-Makefile\9òaØ)-Makefile
\�òë���Â-�l;���µ¶l;�������� Makefile	awÓh\)

òë	��x���=xad`x�AjTË���`x�ùÌ���Áû=.�:�d�#�d�=���ºx
aËº©dGk{Ì)òë�SÄHÜ0	��foo�d�Foo�&�FOO��[��®	òë�)"�	 Makefile
	òë���SH	��¢|�� �l�ÂSÄHmà	òë��2�MakeFlags)����'(&W�	ò
ëno�Æ���Û	ÇA)

.$�òë��póx��2�$<�d�$@�{����F��òë� I-uL())

$dòë	ÑÒ
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òë-óNís#qöØ�Æ-�Âí�s#-òë�@�¸�$�an��Ã%ÂÄÒn�ËÌ���S
Òn�{}�åòë�Ò�p)23�#�Â��	�$�xa����s#Â�$$�p�,)

òë���Â-��
¢�2Z[\	�l;�d�µ¶�d�����Õw	òë\)tÛ$�-\�

objects = program.o foo.o utils.o
program : $(objects)
cc -o program $(objects)

$(objects) : defs.h

òëI-�Âw	
¢rï
Ñ��*+ C/C++\	�$��-2�

foo = c
prog.o : prog.$(foo)
$(foo)$(foo) -$(foo) prog.$(foo)

Ñ�u"X�

prog.o : prog.c
cc -c prog.c

¬�sW�#-�	 Makefile\��k��¹��ã�-\p�N Makefile\	òë-�Â�Ñ�	���
\)� a*�$���ç�	«�)

§Û�òë�¸ÒnR����}�æ�
�Â��òë�-¸L	-\\�23��4òë�¸Òn��

����� '� tîï�òë�¸Òn)

Zdòë\	òë

-n>òë	Øí� Ð���Âawòëpuvòë	Ø�- Makefile\.�¡¢|p-Âòën>òë	
Ø)

tÛ}$¡¢|��*�kl	�Â�=�n�-�=�wK�òë�xK�òë	Ø�xKòë	Ø��n>
-^C	J¦$���*�M�xK\	òë�$ny#��n>%	Ø�a����ÂuLn>	Ø)2�

foo = $(bar)
bar = $(ugh)
ugh = Huh?

all:
echo $(foo)

 Ð�|�make all�ÎI�üòë$(foo)	Ø��Huh?�Ë $(foo)	Ø�$(bar)�$(bar)	Ø�$(ugh)�$(ugh)
	Ø��Huh?�Ì� �òë����ÂuL	òëpn>	)

��eE.%	
¢��.�%	
¢�%	
¢�� Ð��åòë	��Ø�XuLpn>�2�
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CFLAGS = $(include_dirs) -O 
include_dirs = -Ifoo -Ibar

¬�CFLAGS�-��\�Ñ�í�I��-Ifoo -Ibar -O�)��¡:|�.�%	
¢��*�a!n>�2�

CFLAGS = $(CFLAGS) -O 

��

A = $(B)
B = $(A)

�I%makeyhâ		òëÑ�6
\+�¬� Ð	make�.EU����	n>��I��)'.*
�23-òë\�Âð`�����¡¢|I% Ð	make*|íyöW�}z{	��tI�Â"��make
	ð`�wildcard�&�shell�����Õ�	��)����I�����ð`I�?Â�©�)

��'(¸L	�¡¢£� Ð���Âmake\	§$¡Âòëpn>òë	¢£)�¡¢£�Â	��:=�
��a�2�

x := foo
y := $(x) bar
x := later

a{åz�

y := foo bar
x := later

Ø"$�	���¡¢£�@L	òë�E�ÂuL	òë��E�Â@L�n>%�	òë)23����

y := $(x) bar
x := foo

���y	Ø��bar��Æ���foo bar�)

¸L�$��¨kl	òë�Â��% ÐpÛ$�~�	-\�a\�Ò�make	ð`dçC�.|&$
�W�òë�MAKELEVEL�	�Â�

ifeq (0,${MAKELEVEL})
cur-dir := $(shell pwd)
whoami := $(shell whoami)
host-type := $(shell arch)
MAKE := ${MAKE} host-type=${host-type} whoami=${whoami}
endif

VzçC�.|&ð`� Ð-uLêM�»zW�òë�MAKELEVEL��a����23 Ð	make.$
�\]�|	��ËÝ @L	�\]�Âmake�Ì������òëIrm� Ð	¬@ Makefile	?Â�
`)
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ALê()��n>òëí Ðs#��	�ØtÛ$�-\�23 Ð#n>$�òë�aØ�$�º©��

� Ð����p�

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

nullstring�$� Emptyòë�a\���5.�Æ Ð	 space	Ø�$�º©)��-��a	x|��^
;¥$�º©	��¹}Â	_þ��Â�tÂ$� Emptyòëp;Nòë	Ø�&��ÆuL}Â�#�Í�
ap�,òën>	~0���� Ð��n>üaØ�$�º©	òë)ØÍ��¹Vz�#�	�Â�Í�
a�#�	�¡?·Ø" ÐÍ��23 Ð��n>$�òë�

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

dir��òë	Ø��/foo/bar��uL'L� 4�º©�23 Ð���Â��òëpqn@	lm��
�$(dir)/file���*R~�)

'.$��¨.Â	��a��?=��tÛ,-�

FOO ?= bar

a=>��23 FOO5.�n>6���òë FOO	Ø*��bar��23 FOOt@�n>6����ç³Î
������a{åz�

ifeq ($(origin FOO), undefined)
FOO = bar
endif

[dòë�ZÂ£

�¹()�¡òë	�Z�Â¢£�}$¡�òëØ	�`)

 Ð���`òë\	�.	Óh�a©|��$(var:a=b)����${var:a=b}��a����åòë�var�
\Ó.��a�x���#�	�a��`5�b�x�)�¹	��#�����º©�����Qa�)

'�Û$�,-'�

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

��,-\� Ðtn>�$��$(foo)�òë�Æ}Z|	���å�$(foo)�\Ó.��.o�x���#�
�Ó�`5�.c��Ó� Ð	�$(bar)�	Ø*��a.c b.c c.c�)

§Û$¡òë�`	_þ���78f|�ËÝ @L§IÌn>	�2�

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

�µ¶z��`x�\	.²®	f|�f|\¿Ù�=$��%�xa���-\®�%$(bar)òë	Ø��a.c 
b.c c.c�)
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}Z¡�ZÂ£����åòë	Øê¬5òë�)tÛ$�-\�

x = y
y = z
a := $($(x))

-��-\\�$(x)	Ø��y��Ó�$($(x))*�$(y)�z�$(a)	Ø*��z�)ËÍ����x=y��Æ�
��x=$(y)�Ì

 Ð'���Â}�	���

x = y
y = z
z = u
a := $($($(x)))

�¹	$(a)	Ø��u��²V	���côFG+�')

% Ðê~�$L��Â¸�-òën>\�Âòë�	}$�¢|�pÛ$�-\�

x = $(y)
y = z
z = Hello
a := $($(x))

�¹	$($(x))��`5�$($(y))���$(y)Ø��z��Ó��Ã~�3��a:=$(z)��*��Hello�)

ê~�$L� Ðê�¸ð`�

x = variable1
variable2 := Hello
y = $(subst 1,2,$(x))
z = y
a := $($($(z)))

��-\\��$($($(z)))�ÐÑ��$($(y))��Æaê��ÐÑ��$($(subst 1,2,$(x)))�)$(x)	Ø��variable1��
substð`å�variable1�\	Ó.�1�x��`5�2�x��z���variable1�ò5�variable2��êë
aØ�Ó��Ã~�$(a)	Ø*�$(variable2)	Ø���Hello�)Ë��%�×bÌ

-�¡¢|\��#���Â��òëpo5$�òë	�x�uêëaØ�

first_second = Hello
a = first
b = second
all = $($a_$b)

�¹	�$a_$b�o5��first_second��z��$(all)	Ø*�� Hello�)

êpÛÛ�ì}$¡_þ	-\�
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a_objects := a.o b.o c.o
1_objects := 1.o 2.o 3.o

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

��-\\�23$(a1)	Ø��a�	M����$(sources)	Ø*��a.c b.c c.c�Ô23$(a1)	Ø��1��
��$(sources)	Ø��1.c 2.c 3.c�)

êpÛ$��¡_þ&�ð`�ñ�çC³ä�$®�Â	-\�

ifdef do_sort
func := sort
else
func := strip
endif

bar := a d b g q c

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

��,-\�23n>��do_sort�����foo := $(sort a d b g q c)�z�$(foo)	Ø*��a b c d g q��
Æ235.n>�do_sort�����foo := $(sort a d b g q c)�?Â	*� stripð`)

¬��åòë	Øê¬5òë��¡_þ�®���Â-��a	w|�

dir = foo
$(dir)_sources := $(wildcard $(dir)/*.c)
define $(dir)_print
lpr $($(dir)_sources)
endef

��-\\n>�[�òë��dir���foo_sources�&�foo_print�)

�d��òëØ

 Ð���Â�+=���aòë��Ø�2�

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

z�� Ð	$(objects)Øò5��main.o foo.o bar.o utils.o another.o�Ëanother.o���{+�Ì

�Â�+=���a���f��AL	�¡-\�

objects = main.o foo.o bar.o utils.o
objects := $(objects) another.o

Ó�®	��Â�+=�}�k½)
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23òëC@5.n>6�����+=�IF�ò5�=��23@L.òën>����+=�IÆ�z@�
��	�Øa)23@$�	��:=�����+=�I��:=���a�Øa�2�

variable := value
variable += more

{åz�

variable := value
variable := $(variable) more

�23��¡AB�

variable = value
variable += more

�z@�	�Øa��=��Ó��+=��I��=�p���Ø�����I��òë	a�!n>����
�%	�Ó�makeIF�� Ð:ø���� Ð�¿�O���)

�doverride q,a

23.òë�õömake	��|Ý`�ú	���Makefile\»��òë	�ØI�ME)23�4-Makefile
\�ú�cÝ`	Ø��������Â�override�q,a)a³£��

override <variable> = <value>

override <variable> := <value>

¬��'�����

override <variable> += <more text>

»z�|	òën>� ÐÂ defineq,a�- defineq,a@��®����Â ovverideq,a�2�

override define foo
bar
endef

¦d�|òë

'.$¡�úòëØ	¢£��Â defineVqx)�Â defineVqx�úòë	Ø��.`|��.»zn>
$Wo	��Ë@L Ð¤6�����	_þ*�»Â��VqxÌ)

defineq,auLL	�òë	�x�Æv�$|n>òë	Ø�n>�� endefVqx�Q)a��¢|&�=�
��a$�)òë	Ø���=ð`d��d^x���awòë)����s#�[Tab]q�ù�Ó�23�
Â definen>	��òë\5.�[Tab]q�ù���make*�IåaÝ����)

AL	��,-Ñ,� define	Â£�
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define two-lines
echo foo
echo $(bar)
endef

¹d¼½òë

make*|í	W�¼½òë��-make�&*|í�êhX Makefile^C\���23 Makefile\�n>�
��òë�����òë�make��|�h���W�	¼½òë	ØÎ�bc)Ë23makeqn��-e�
Ý`����W�¼½òëÎbc Makefile\n>	òëÌ

�à�23 Ð-¼½òë\�ú��CFLAGS�¼½òë��� Ð*��-Ó.	 Makefile\�Â��òë
�)�»z Ð�Â�$	/DÝ`.�¨S	%�)23 Makefile\n>� CFLAGS���[I�Â Makefile
\	��òë�235.n>[�ÂW�¼½òë	Ø�$��·&�·	�$��+���òë�&��Óò

ë�	?·)

¬make\]?ÂíËÝ @L	�\]?Â�§IÌ�¸� Makefile\n>	òëI�W�¼½òë	¢|"
aXA�	 Makefile\)¬�ÜÝABA��.õ6��|�ú	òëI�"a)Æn>-^C\	òë�
23#)A� Makefile"a�[s#�Â exprotVqxpóN)ËÝ @L§IÌ

¬� ���lå��	òën>-W�¼½\����- Ð�|�Â	 Makefileí��.	�®$]
W�òë���EI�p}�	23)

Adl;òë

@L ÐÓ¤	- Makefile\n>	òë����òë��-Y�^C� Ð�����òë)¬�
�F��òë�jÛ�2�$<�{�¡cë	F��òë*�z�Z[Tòë���¡òë	Øµ¶zZ[	
l;&µ¶l;	n>)

¬� �®����7�l;�ú�Óòë��¡òë����Target-specific Variable��w��&���
òë�®����w	�Âá��-�çZ[�Õ��Z[\�Ó�aØ��-�Âá�Ö.�)Æ�IñòZ

[Þ�Û	��òë	Ø)

a³£��

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

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

<variable-assignment>���@L¤6	±¡�Ø�.|�2�=�d�:=�d�+=�����=�)}Z�
³£��»zmake��|�h	òë���W�¼½òë)

��?·yö	.Â�¬ Ð�ú���$�òë���òëI�ÂX���l;Ó:�	Ó.	Z[\+)2�

prog : CFLAGS = -g 
prog : prog.o foo.o bar.o
$(CC) $(CFLAGS) prog.o foo.o bar.o
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prog.o : prog.c
$(CC) $(CFLAGS) prog.c

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

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

-��,-\�����	$(CFLAGS)	Ø����- progl;��ÕaÓ:�	Ó.Z[\Ëprog.o foo.o bar.o
	Z[Ì�$(CFLAGS)	Ø��-g�

�df|òë

- GNU	make\�'Ï¼f|òëËPattern-specific VariableÌ�õ6¸L	l;òë\� Ð���òë�
�n>-7�l;¸)f|òë	%�*�� Ð��n$¡�f|����åòën>-aì�¡f|	Ó

.l;¸)

 Ð���make	�f|�$��y©=.$��%�	�Ó�� Ð���2A¢|Ó.�[.o]�#	l
;n>l;òë�

%.o : CFLAGS = -O 

®��f|òë	³£&�l;òë�$��

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

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

override®���»zW�¼½"h	òë���make��|qn	òë)

�ÂçC��

——————

�ÂçC�����%make>?*|í	�®ABC��®	�|hÏ)çC�.|����¨òë	Ø��
��¨òë&öë	Ø)

$d,-

AL	-\���$(CC)òë�O�gcc��23�	M�[�Â GNUð`/Dl;)

libs_for_gcc = -lgnu
normal_libs =

foo: $(objects)
ifeq ($(CC),gcc)
$(CC) -o foo $(objects) $(libs_for_gcc)
else
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$(CC) -o foo $(objects) $(normal_libs)
endif

� �-¸L,-	��Z[\�l;�foo���>?òë�$(CC)�ØpCë�®	ð`�p/D
�)

 Ð��J¸L	,-\ÛX[�Vqx�ifeqdelse& endif)ifeq	���,çC³ä	�&��qn$�ç
C�.|��.|�=��Ý`���nhâ��.|��ÒnÒ�)else�,çC�.|��	AB)endif
�,$�çC³ä	�Q�J¦$�çC�.|Áû� endif�Q)

¬ Ð	òë$(CC)Ø��gcc�í�l; foo	Z[��

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

Æ¬ Ð	òë$(CC)Ø���gcc�íË�2�cc�Ì�l; foo	Z[��

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

¬� Ð'��å¸L	��-\H"}k½$��

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)

Zd³£

çC�.|	³£��

<conditional-directive>
<text-if-true>
endif

�Õ�

<conditional-directive>
<text-if-true>
else
<text-if-false>
endif
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a\<conditional-directive>�,çCVqx�2�ifeq�)��Vqx.��)

}$�� Ð@LÓ 6	�ifeq�

ifeq (<arg1>, <arg2>) 
ifeq '<arg1>' '<arg2>' 
ifeq "<arg1>" "<arg2>" 
ifeq "<arg1>" '<arg2>' 
ifeq '<arg1>' "<arg2>" 

�¨Ý`�arg1�&�arg2�	Ø�O²®)¬�Ý`\ Ð'���Âmake	ð`)2�

ifeq ($(strip $(foo)),)
<text-if-empty>
endif

��,-\�Â��strip�ð`�23��ð`	VGØ�ºËEmptyÌ���<text-if-empty>*��)

}Z�çCVqx��ifneq�)³£��

ifneq (<arg1>, <arg2>) 
ifneq '<arg1>' '<arg2>' 
ifneq "<arg1>" "<arg2>" 
ifneq "<arg1>" '<arg2>' 
ifneq '<arg1>' "<arg2>" 

a�¨Ý`�arg1�&�arg2�	Ø�O²®�23�®�[��)&�ifeq�c¡)

}[�çCVqx��ifdef�)³£��

ifdef <variable-name> 

23òë<variable-name>	Øyº��X�.|��)O[��.|��)¬�<variable-name>®���
�$�ð`	VGØ)Í��ifdef���ì$�òë�O.Ø�a��IåòëÐÑX¬@Ùú)'�pÛ�
�-\�

,-$�

bar =
foo = $(bar)
ifdef foo
frobozz = yes
else
frobozz = no
endif

,-Z�

foo =
ifdef foo
frobozz = yes
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else
frobozz = no
endif

}$�-\\��$(frobozz)�Ø��yes��}Z�[��no�)

}��çCVqx��ifndef�)a³£��

ifndef <variable-name>

�� *��M��&�ifdef��²]	��)

-<conditional-directive>�$|¸���	º©����	����E�[Tab]q���&Ë�*�Ý���
�Ì)ÆÍ�a�#�®���æ�	)�else�&�endif��$���#���[Tab]q�&*|�)

?@Í�	��make�-cë Makefileí*_<çC�.|	Ø��>?çC�.|	ØpC�³ä�Ó��
�Ã%�#åF��òëË2�$@�{ÌihçC�.|\���F��òë�-*|íí.	)

ÆÇ���'(�±�make���åY�çC³äh5�Óhi-�®	^C\)

�Âð`

————

- Makefile\���Âð`p��òë�JÆ% Ð	����Z[}�	� &P.=E)makeÓÏ¼	ð
`��<����6�U�; Ð	���)ð`?Âu�ð`	VGØ��¬�òëp�Â)

$dð`	?Â³£

ð`?Â��+òë	�Â�����$�p;<	�a³£2A�

$(<function> <arguments>)

��

${<function> <arguments>}

�¹�<function>*�ð`��makeÏ¼	ð`��)<arguments>�ð`	Ý`�Ý`æ��n�,�hâ�
Æð`�&Ý`Cæ��º©�hâ)ð`?Â��$��ù���Òn��Ònåð`�&Ý`Ò�)0!�
+$�òë�����ð`\	Ý`���Âòë���¨©	�$�ð`&òë	ÒnÃ%$��2�Â

�$(subst a,b,$(x))���	:|�Æ���$(subst a,b,${x})�	:|)���$I}�¸��IÅ©$��
¿#	23)

'�pÛ$�,-�

comma:= ,
empty:=
space:= $(empty) $(empty)
foo:= a b c
bar:= $(subst $(space),$(comma),$(foo))
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-��,-\�$(comma)	Ø�$��n)$(space)�Â�$(empty)n>�$�º©�$(foo)	Ø��a b c��
$(bar)	n>Â�?Â�ð`�subst����$��`ð`���ð`.[�Ý`�}$�Ý`���`x��
}Z�Ý`��`x��}[�Ý`��`���Â	x�)��ð`�*�å$(foo)\	º©�`5�n�Ó
�$(bar)	Ø��a,b,c�)

Zdxa���ð`

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

���xa��`ð`��subst)
eE�åx�<text>\	<from>xa��`5<to>)
VG�ð`VG��`6u	xa�)

,-�

$(subst ee,EE,feet on the street)�

å�feet on the street�\	�ee��`5�EE��VG�3��fEEt on the strEEt�)

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

���f|xa��`ð`��patsubst)
eE�Ú�<text>\	l�Ël���º©�d�Tab���Gk��`|�hâÌ�Oaìf|<pattern>�
23!à	M�[�<replacement>�`)�¹�<pattern>���Òõàa�%���,J���	x�)2
3<replacement>\��=�%�����<replacement>\	���%�Î�<pattern>\	���%�Óç
�	x�)Ë��Â�\�p×>���\%�p�,��=>	�%�xaÌ
VG�ð`VG��`6u	xa�)

,-�

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

åx��x.c.c bar.c�aìf|[%.c]	l��`5[%.o]�VG�3��x.c.o bar.o�

QÍ�

�& Ð@L�òë§I�M6	²V�<.L²¡)2�

“$(var:<pattern>=<replacement>)”
²¬z

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

Æ�$(var: <suffix>=<replacement>)”
[²¬z

“$(patsubst %<suffix>,%<replacement>,$(var))�)
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-2.�objects = foo.o bar.o baz.o�
����$(objects:.o=.c)�&�$(patsubst %.o,%.c,$(objects))��$�	)

$(strip <string>)

���+º©ð`��strip)
eE�+�<string>x�\�ù&�#	ºxa)
VG�VG�+�º©	xa�Ø)

,-�

$(strip a b c )

åx��a b c �+X�ù&�#	º©��3��a b c�)

$(findstring <find>,<in>)

���Ú�xa�ð`��findstring)
eE�-x�<in>\Ú�<find>x�)
VG�23�X���VG<find>�O[VGºxa�)
,-�

$(findstring a,a b c)
$(findstring a,b c)

}$�ð`VG�a�xa��}Z�VG��xa�Ëºxa�Ì

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

���6@ð`��filter)
eE��<pattern>f|6@<text>xa�\	l��d�aìf|<pattern>	l�)��.��f|)
VG�VGaìf|<pattern>	x�)
,-�

sources := foo.c bar.c baz.s ugh.h
foo: $(sources)
cc $(filter %.c %.s,$(sources)) -o foo

$(filter %.c %.s,$(sources))VG	Ø��foo.c bar.c baz.s�)

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

���]6@ð`��filter-out)
eE��<pattern>f|6@<text>xa�\	l��+jaìf|<pattern>	l�)��.��f|)
VG�VG�aìf|<pattern>	x�)
,-�

objects=main1.o foo.o main2.o bar.o
mains=main1.o main2.o
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$(filter-out $(mains),$(objects)) VGØ��foo.o bar.o�)

$(sort <list>)

�����ð`��sort)
eE�xa�<list>\	l���Ë��Ì)
VG�VG��u	xa�)

,-�$(sort foo bar lose)VG�bar foo lose� )

QÍ�sortð`I+�<list>\²®	l�)

$(word <n>,<text>)

���ël�ð`��word)
eE�ëxa�<text>\}<n>�l�)ËJ$�&Ì
VG�VGxa�<text>\}<n>�l�)23<n>�<text>\	l�`#S���VGºxa�)
,-�$(word 2, foo bar baz)VGØ��bar�)

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

���ël��ð`��wordlist)
eE�Jxa�<text>\ëJ<s>�&X<e>	l��)<s>&<e>�$�`x)
VG�VGxa�<text>\J<s>X<e>	l�x�)23<s>�<text>\	l�`#S���VGºxa�)
23<e>Sz<text>	l�`���VGJ<s>�&�X<text>�Q	l��)
,-� $(wordlist 2, 3, foo bar baz)VGØ��bar baz�)

$(words <text>)

���l��`�_ð`��words)
eE��_<text>\xa�\	l��`)
VG�VG<text>\	l�`)
,-�$(words, foo bar baz)VGØ��3�)
QÍ�23 Ð#ë<text>\Ãu	$�l�� Ð�����$(word $(words <text>),<text>))

$(firstword <text>)

���äl�ð`��firstword)
eE�ëxa�<text>\	}$�l�)
VG�VGxa�<text>	}$�l�)
,-�$(firstword foo bar)VGØ��foo�)
QÍ���ð`��Â wordð`p�,�$(word 1,<text>))

�¸��Ó.	xa���ð`�23mà�ì�Â���R5�¨~�	eE)�¹�ã$�,�\ÁÂ	-

\) Ð���make�Â�VPATH�òëpqn�µ¶^C�	��Þß)z�� Ð��»Â����Þß
pqn/D1»ù^C	��ÞßÝ` CFLAGS�2�

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

23 Ð	�$(VPATH)�Ø��src:../headers�����$(patsubst %,-I%,$(subst :, ,$(VPATH)))�ÎVG�-Isrc 
-I../headers���î� cc� gcc��ù^CÞß	Ý`)
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[d^C���ð`

AL Ð#()	ð`þ#���^C�	)ý�ð`	Ý`xa�I�¬�$���$Wo	^C�p»

�)

$(dir <names...>) 

���ëlmð`��dir)
eE�J^C��o<names>\ëülmÓh)lmÓh�qÃu$�]^_Ë�/�ÌC@	Óh)235.
]^_���VG�./�)
VG�VG^C��o<names>	lmÓh)
,-� $(dir src/foo.c hacks)VGØ��src/ ./�)

$(notdir <names...>) 

���ë^Cð`��notdir)
eE�J^C��o<names>\ëüylmÓh)ylmÓh�qÃu$�]^_Ë�/�ÌCu	Óh)
VG�VG^C��o<names>	ylmÓh)
,-� $(notdir src/foo.c hacks)VGØ��foo.c hacks�)

$(suffix <names...>) 

���ëu�ð`��suffix)
eE�J^C��o<names>\ëü±�^C�	u�)
VG�VG^C��o<names>	u��o�23^C5.u��[VGºx�)
,-�$(suffix src/foo.c src-1.0/bar.c hacks)VGØ��.c .c�)

$(basename <names...>)

���ë@�ð`��basename)
eE�J^C��o<names>\ëü±�^C�	@�Óh)
VG�VG^C��o<names>	@��o�23^C5.@��[VGºx�)
,-�$(basename src/foo.c src-1.0/bar.c hacks)VGØ��src/foo src-1.0/bar hacks�)

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

����u�ð`��addsuffix)
eE�åu�<suffix>�X<names>\	ý�l�uL)
VG�VG�6u�	^C��o)

,-�$(addsuffix .c,foo bar)VGØ��foo.c bar.c�)

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

����@�ð`��addprefix)
eE�å@�<prefix>�X<names>\	ý�l�uL)
VG�VG�6@�	^C��o)

,-�$(addprefix src/,foo bar)VGØ��src/foo src/bar�)
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$(join <list1>,<list2>)

����ßð`��join)
eE�å<list2>\	l�»Á
�X<list1>	l�uL)23<list1>	l��`#�<list2>	�����<list1>
\	�üp	l�Îd¼«�)23<list2>	l��`#�<list1>�����<list2>�üp	l�Î�~
X
<list2>\)
VG�VG�ß6u	xa�)

,-�$(join aaa bbb , 111 222 333)VGØ��aaa111 bbb222 333�)

�dforeach ð`

foreachð`&@	ð`yö	�$�)����ð`�Âp�É¼Â	�Makefile\	 foreachð`4�� 
�z Unix;Ê ShellË/bin/shÌ\	 for³ä��� C-ShellË/bin/cshÌ\	 foreach³äÆuî	)w	³£
��

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

��ð`	����åÝ`<list>\	l�¡$ëüiXÝ`<var>Óqn	òë\�uê�|<text>Ó�=
	�.|)ý$�<text>IVG$�xa��É¼6
\�<text>	ÓVG	ý�xa�I�º©hâ�Ãu
¬Y�É¼�Qí�<text>ÓVG	ý�xa�Óo5	Y�xa�Ë�º©hâÌÎI� foreachð`	VG
Ø)

Ó��<var>Ã%�$�òë��<list>���$��.|�Æ<text>\$�I�Â<var>��Ý`pµ�¢ã
<list>\	l�)ã�-\�

names := a b c d

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

¸L	-\\�$(name)\	l�I�£�ëü��eXòë�n�\��$(n).o�ý�>?�$(n)�_<ü$�
Ø���Ø�º©hâ�Ãu�� foreachð`	VG�Ó��$(files)	Ø��a.o b.o c.o d.o�)

Í��foreach\	<var>Ý`�$�Jí	�Óòë�foreachð`�|Ru�Ý`<var>	òëÎ�-�Â�
a�Â¤�- foreachð`¬\)

�dif ð`

ifð`�+ GNU	makeÓÏ¼	çC³ä��ifeqËÝ @LÓ¥	§IÌ�ifð`	³£��

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

��

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

� �ifð`���=�else�Óh����=)è ifð`	Ý`����������[�)<condition>Ý`
� if	�.|�23aVG	�yºxa�������.|*²¬zVG��z��<then-part>I�_<�
O[<else-part>I�_ <)
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Æ ifð`	VGØ��23<condition>��Ëyºxa�Ì���<then-part>I�Y�ð`	VGØ�23
<condition>��Ëºxa�Ì���<else-part>I�Y�ð`	 VGØ�àí23<else-part>5.�n>�
���Y�ð`VGºx�)

Ó��<then-part>&<else -part>�I.$� �_<)

¦dcallð`

callð`�¥$$���Âp÷îw	Ý`�	ð`)���H$�yö~�	�.|����.|\����
n>��Ý`�u���Â callð`p)���.|"aÝ`)a³£��

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

¬make�|��ð`í�<expression>Ý`\	òë�2$(1)�$(2)�$(3){�I�Ý`<parm1>�<parm2>�
<parm3>µ�ëç)Æ<expression>	VGØ*� callð`	VGØ)-2�

reverse = $(1) $(2)

foo = $(call reverse,a,b)

���foo	Ø*��a b�)¬�Ý`	�����Fn>	��$n�Ú�	�2�

reverse = $(2) $(1)

foo = $(call reverse,a,b)

àí	 foo	Ø*��b a�)

¹doriginð`
originð`�+aw	ð`�t����òë	Ø�t��÷ø��	��òë�r¹p	�a³£��

$(origin <variable>)

Í��<variable>�òë	�x��Áû�:Â)Ó��Ã%�#-<variable>\�Â�$�xa)Originð`
I�aVGØp÷ø���òë	�ü�AB��AL�� originð`	VGØ:

“undefined”

23<variable>Jp5.n>6�originð`VG��Ø�undefined�)

“default”

23<variable>�$�ÜÝ	n>��2�CC���òë��¡òë ÐÎ-uL¤¥)

“environment”

23<variable>�$�¼½òë��Ç¬ Makefile��|í��-e�Ý`5.���)

“file”
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23<variable>��òë�n>- Makefile\)

“command line”

23<variable>��òë����|n>	)

“override”

23<variable>�� overrideq,avwn>	)

“automatic”

23<variable>�$���*|\	F��òë)VzF��òëÎ-uL¤¥)

��Èè»z Ð/H Makefile�yö.Â	�-2��� Ð.$� Makefilea��$�n>^C Make.def�
- Make.def\n>�$�òë�bletch��Æ Ð	¼½\�.$�¼½òë�bletch��àí� Ð4��$
A�23òëp]z¼½��� Ð*åCvn>��23p]z Make.def����|{y¼½	��� Ð
*�vwn>w)z��- Ð	 Makefile\� Ð����H�

ifdef bletch

ifeq "$(origin bletch)" "environment"

bletch = barf, gag, etc.

endif

endif

¬����IM��Â overrideVqx�*��vwn>¼½\	òë�Á����s#�Â��	ôõ�
�	� ÐÂ override���.X��	�3��� override6zD¦�w®íIåJ��|n>	òë�b
c��Æ Ð�4vwn>¼½"p	�Æ�4vwn>��|"p	)

Adshellð`

shellð`��+aw	ð`)§��>�w	Ý`Áû*���W� Shell	��)w&]:n�`��²®	
eE)�*�M�shellð`å�|��W���u	gü��ð`VG)z�� Ð��Â��W����Õ
xa����� awk�sed{{��p�5$�òë�2�

contents := $(shell cat foo)

files := $(shell echo *.c)

Í����ð`Iw�5$� Shell
�p�|���Ó��#Í�a*|·E�23�	 Makefile\.$��
¨~�	Z[��Së�Â���ð`���»z�	W�·E�.¨	)?@� Makefile	£¤	Z[�E
I%�	 shellð`�|	�`��4+	�"�)

�d`
make	ð`
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make�¯�$�ð`p`
make	*|)õö��s#��$�*| Makefileí	*|íÈè��Ç>?�
�Èèpøn���%makeÆG�|�'�©0)

$(error <text ...>)

¯�$���	���<text ...>���Èè)Í��errorð`�I-$��Â*I¯���Èè�Ó�23�
åan>-7�òë\��-uG	��\�Â��òë�������	)-2�

,-$�

ifdef ERROR_001

$(error error is $(ERROR_001))

endif

,-Z�

ERR = $(error found an error!)

.PHONY: err

err: ; $(ERR)

,-$I-òë ERROR_001n>�u�|í¯� error?Â�Æ,-Z[-lm err��|íí�� error?Â)

$(warning <text ...>)

��ð`�+ errorð`���w��I%make�ü���gü$ú�÷Èè�ÆmakeÆG�|)

make 	*|
——————

$�pM�Ãkl	*�fß-��|Aghmake���make��I�¬@lm	makefilep�|�$<
�F�	)��.í����4%makev/D7�^C�Æ��Y��
�Æp.	í��.4]/DZ[�
�4-�®	í��Â�®	/DZ[�{{)�§I*�¤¥2¦�Âmake��	)

$dmake	�üÏ

make���|u.[��üÏ�

0 �� �,5e�|)
1 �� 23make*|íü,J¦���aVG 1)
2 —— 23��Â�make	�-q�CD��Çmake�"$�l;�s#}w���VG 2)

Make	²VÝ` ÐI-uG§I\¤¥)

Zdqn Makefile
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@L ÐM6�GNU make��ÜÝ	 Makefile	Z[�-¬@lmAµ��[�^C���GNUmakefile�d
�makefile�&�Makefile�)abÚ���[�^C�$��X�*�&cë��^C��|)

¬@� Ð���make��qn$�?�x	 Makefile)#.X��eE� Ð#�Âmake	�-f��
��--file�Ý`Ë�--makefile�Ý`�|Ì)-2� Ð.�makefile	�x��hchen.mk����� Ð�
���p%makep�|��^C�

make –f hchen.mk

23-make	��|�����$�
�Â��-f�Ý`����Ó.qn	makefileÎI��-$�"a
make�|)

[dqnl;

$�pM�make	Ã~l;�makefile\	}$�l;�Æawl;$�����l;��üp	)��make
	ÜÝ|�)¬�$�pM��	makefile\	}$�l;�����l;o5����q,make�%aR
5�Óqn	l;)#.X�$l	�kl�s-make��ufßLl;	�x*��R5Ë2@L�X	
�make clean�:|Ì

J¦-makefile\	l;���qn5~�l;���j���-��ù����=��=�	l;���.
��xa	l;�I�:�5��|Ý`��òë)xy5.� ÐNïHüp	l;���5�make	~�
l;��*�M��#make���Xa£=Z[��Z[�����£=l;®����qn5~�l;)

.$�make	¼½òëé�MAKECMDGOALS����òë\Iei�Óqn	~�l;	o��23-��
|¸��5.qnl;������òë�ºØ)��òë��%��Â-$��¨?	A:A)�2AL	

-\�

sources = foo.c bar.c
ifneq ( $(MAKECMDGOALS),clean)
include $(sources:.c=.d)
endif

Ñz¸L	��-\��# Ðgh	�����make clean����makefileIF��=�foo.d�&�bar.d�
���makefile)

�Âqn~�l;	¢£���¢�
% Ð/D Ð	
��-2AL��-\�

.PHONY: all
all: prog1 prog2 prog3 prog4

J��-\\� Ð��ÛX���makefile\.��s#/D	
����prog1�� �prog2�� �prog3�
& �prog4�� Ð���Â�make all���p/DÓ.	l;Ë23å allú5}$�l;����s�|
�make�Ì� Ð����Â�make prog2�pli/Dl;�prog2�)

èmake��qnÓ.makefile\	l;�����Ò�Hl;��z� Ð��>?�¡·´p% Ð	
makefile>?qn	�®	l;pR5�®	Ç)- Unixª«\�BC�¬í�?@� GNU�¡�]BC	�
¬í�amakefile�=�/Ddæd��{eE) Ð��Ý��¡Z[p.H Ð	makefile\	l;)
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“all”
��Hl;�Ó.l;	l;�aeE$��/DÓ.	l;)

“clean”
��Hl;eE�ijÓ.�make÷î	^C)
“install”
��Hl;eE�æ�/D%	
��a�*�ål;�|^C®¯Xqn	l;\+)

“print”
��Hl;	eE�-ü9ò6	]^C)

“tar”
��Hl;eE�å]
���Qz)�*�$� tar^C)
“dist”
��Hl;eE�÷î$�°±^C�$��å tar^C°5 Z^C)�� gz^C)
“TAGS”
��Hl;eE�}wÓ.	l;��QRY
v/D�Â)

�check�&�test�
���Hl;$�Âp�ìmakefile	²
)

¬$�Dl	makefile\��$n#.H��	l;������ GNU	����� 4�GNU³ü��
��$n.a�ëC�Ë{�	 UNIXA	
�^C$�í�*I�,��eE�.Â�Ì��¹��6�MN
��23�#.H�¡eE�Ã%�Â�¡�x���	l;���Zá$��Zá	%�*����Â:��

S/NK)ÆÇ23�	makefile\.��eE�$���Â�Z���	"�	makefile�67Ë���
¡ö´ô	�µÌ)

�d�ÚZ[

.í�� Ð�4% Ð	makefile\	Z[�|�p� Ð�4�Ú$A Ð	������|	�o)z
� Ð���Âmake��	A¥Ý`�

“-n”
“--just-print”
“--dry-run”
“--recon”
��|Ý`���Ý`���S�����l;�O}w�åZ[&��Z[A	���Süp����|��

�Ý`»z Ð?ìmakefile�.Â�)

“-t”
“--touch”
��Ý`	��*�ål;^C	íæ}w���}9l;^C)�*�M�make�/Dl;�����î
	/Dl;���ål;ò5�/D6	¶8)

“-q”
“--question”
��Ý`	|���l;	����*�M�23l;e-���a����Igü�¬��I�|/D�2

3l;�e-�aI�Sü$çü�Èè)

“-W <file>”
“--what-if=<file>”
“--assume-new=<file>”
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“--new-file=<file>”
��Ý`s#qn$�^C)$���]^CË�µ¶^CÌ�MakeI>?Z[��p*|µ¶z��^C	
���$�pM���&�-n�Ý`$®�Â�pÚÛ��µ¶^CÓ��	Z[��)

§Û$��.��	Â£��ì�-p�&�-v�pgümakefile��|í	ÈèË��Î-uL¤¥Ì)

�dmake	Ý`

ALoã�Ó. GNU make 3.80¾	Ý`n>)aw¾�&¯°	makeS®Äe��6aw¯°	make	
P1Ý`'�ØÝ·±F	¯µ^Í)

“-b”
“-m”
���Ý`	�Â�ME&aw¾�make	µ×·)

“-B”
“--always-make”
Ý�Ó.	l;s#}wËv/DÌ)

“-C <dir>”
“--directory=<dir>”
qncëmakefile	lm)23.���-C�Ý`�make	:��uL	Þß�@L	��²»Þß���Ã
u	lm���qnlm)2��make ¸C ~hchen/test ¸C prog�{åz�make ¸C ~hchen/test/prog�)

“—debug[=<options>]”
gümake	?ìÈè)w.4¡�®	Z@�¯C��235.Ý`��*�güÃkl	?ìÈè)AL�
<options>	ëØ�
a �� �*� all�güÓ.	?ìÈè)ËIyö	�Ì
b �� �*� basic��gükl	?ìÈè)ègü�s#v/D	l;)
v —— �*� verbose�- bCD	Z@C¸)gü	Èè�Òr�makefile�:���s#�v/D	µ¶^
CË��µ¶l;Ì{)

i —— �*� implicit�güÓ�	£=Z[)
j �� �*� jobs�gü�|Z[\��	�¥Èè�2��	 PIDdVGÏ{)
m —— �*�makefile�gümakecëmakefile�}wmakefile��|makefile	Èè)

“-d”
²¬z�--debug=a�)

“-e”
“--environment-overrides”
qN¼½òë	Øbcmakefile\n>	òë	Ø)

“-f=<file>”
“--file=<file>”
“--makefile=<file>”
qns#�|	makefile)
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“-h”
“--help”
	,¹ºÈè)

“-i”
“--ignore-errors”
-�|íMEÓ.	��)

“-I <dir>”
“--include-dir=<dir>”
qn$���=makefile	��l;)���Â���-I�Ý`pqn��lm)

“-j [<jobsnum>]”
“--jobs[=<jobsnum>]”
q®í*|��	�`)235.��Ý`�make*|��íE*|�©**|�©)23.$��¸	�-j�
Ý`���ºÃu$��-j�í�.�	)ËÍ���Ý`- MS-DOS\�âÂ	Ì

“-k”
“--keep-going”
ü���©0*|)23�5$�l;������µ¶za¸	l;*�I��|�)

“-l <load>”
“--load-average[=<load]”
“—max-load[=<load>]”
qnmake*|��	»ê)

“-n”
“--just-print”
“--dry-run”
“--recon”
ºgü�|6
\	���o�����|)

“-o <file>”
“--old-file=<file>”
“--assume-old=<file>”
�vw�5	qn	<file>�è���l;	µ¶^Cwzw)

“-p”
“--print- data-base”
gümakefile\	Ó.`?��ÒÓ.	Z[&òë)��Ý`I%$�kl	makefileIgü$�Èè)
23���4güÈèÆ�4�|makefile�����Â�make -qp���)23�4ÚÛ�|makefile@	
Õ�òë&Z[�����Â�make ¸p ¸f /dev/null�)��Ý`gü	ÈèI�=X�	makefile^C	
^C�&|n�Ó��Â��Ý`p?ì�	makefileI��.Â	�?@�¬�	¼½òë�~�	í�)

“-q”
“--question”
�*|�����gü)ºº��ÚÓqn	l;�Os#}w)23� 0[MN#}w�23� 2[MN.�
���)
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“-r”
“--no-builtin-rules”
P0make�ÂJ¦£=Z[)

“-R”
“--no-builtin-variabes”
P0make�ÂJ¦�Âzòë¸	£=Z[)

“-s”
“--silent”
“--quiet”
-��*|í�gü��	gü)

“-S”
“--no-keep-going”
“--stop”
ë¼�-k�CD	�Â)��.�í��make	CD�J¼½òë�MAKEFLAGS�\Æ�Ap	)Ó����
-��|\�Â��Ý`p%¼½òë\	�-k�CD��)

“-t”
“--touch”
²¬z UNIX	 touch�����ål;	89uvò5Ãw	��*�½0�5l;	��*|)

“-v”
“--version”
gümake
�	¾�d¾¾{Vzmake	Èè)

“-w”
“--print- directory”
gü*|makefileC@&Cu	Èè)��Ý`»zL¿\]|?Âmakeí�.Â)

“--no-print- directory”
P0�-w�CD)

“-W <file>”
“--what-if=<file>”
“--new-file=<file>”
“--assume-file=<file>”
�nl;<file>s#}w�23&�-n�CD�Â�����Ý`Igüûl;}wí	*|��)235.�-n�
��*+*| UNIX	�touch���$���"<file>	89íæ�¬@íæ)

“--warn-undefined-variables”
�#make�,.�n>	òë���*gü�÷Èè)

£=Z[

————
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- Ð�Â Makefileí�.$� ÐIUö�Â�ÆÇ�ÂÀ�yö�	����2� Ð/D C/C++	]

��\æl;^CËUnixA�[.o]^C�WindowsA�[.obj]^CÌ)�§¤¥	*�$�- Makefile\	�£
=	��&tÁn�	��s# ÐêHüp	Z[)

�£=Z[��*�$¡Â-�makeIb��¡�Â-�O��Ã
p*|��Ä Ð	 Makefile\5..H
��	Z[)-2�å[.c]^C/D5[.o]^C�$Z[��>�*�ÂHüp�makeIF���ü�¡Z[�
��5 Ðs#	[.o]^C)

�£=Z[�I�Â$� ÐW�òë� Ð��9ò��W�òë	Øpn
£=Z[	*|í	Ý`)2W

�òë�CFLAGS���`
/Dí	/D1Ý`)

 Ð'��õ6�f|Z[�	¢|HAFG	£=Z[)Â�u�Z[�pn>£=Z[I.��		
)�

Â�f|Z[�I}G"=E&�¸���u�Z[���ÂpdÅ Ð Makefile	µ×·)
 Ð�:��£=Z[����%a� Ð}%	Æ���I% Ð��$��ÁnÇ5��	���Æ�yz

�" Ð-*| Makefileíü,$� Ð!"È�aÉ	��)¬�J¦ÇÊ�ËÌ	�ÍEêÎ�Ï�
bÎ�Ó��.í��£=Z[��I Ðv5�Ä	23)�.�:�w� ÐíE}%
�Âw)

$d�Â£=Z[

23#�Â£=Z[�5�s#	l;��Ós#�	*��#Hü��l;	Z[)���makeIìÐ+F
���¯���l;	Z[&���23make��F����5��l;	Z[&�������|�*�£
=Z[	F���)¬�£=Z[�makeÇtÁn%	$���)-2� Ð.AL	$� Makefile�

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

 Ð��Í�X��� Makefile\�5.HA2¦�5 foo.o& bar.o��l;	Z[&��)��make	�£
=Z[�eEIF�� ÐF�+�����l;	µ¶l;&�5��)

makeI-FG	�£=Z[��\����Â	Z[�23�X���*I�Â)23��X���*I��)
-¸L	��-\\�make?Â	£=Z[��å[.o]	l;	µ¶^Cú5[.c]���Â C	/D���cc ¸
c $(CFLAGS) [.c]�p�5[.o]	l;)�*�M� ÐR�5.¿#HAAL	�çZ[�

foo.o : foo.c
cc –c foo.c $(CFLAGS)
bar.o : bar.c
cc –c bar.c $(CFLAGS)

�����U��Án�%�	Ç��make& ÐÁn%�Â C/D1�cc��5[.o]^C	Z[��*�£
=Z[)

¬�23 Ð�[.o]^C.H�FG	Z[���make*�IF����?Â£=Z[�wIb� ÐH%
	Z[Ñ�
�|)

'.�-make	�£=Z[��\�ý$ç£=Z[-�\.aÚ��ÒÓ@	[�Ò�Uö�Â	�Ó��
�I�� Ð.�í�è� Ð	,
qn�l;µ¶�make��I�)2AL�çZ[Ë5.��Ì�

foo.o : foo.p
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µ¶^C�foo.p�ËPascal
�	]^CÌ.�Eò"5.�>)23lmAe-��foo.c�^C��� Ð
	£=Z[$�I����Iõ6�foo.c�?Â C	/D1�5 foo.o^C)���-£=Z[\�Pascal	Z
[ü,- C	Z[Cu�Ó��make�X���5 foo.o	 C	Z[*�ê��A$çZ[�)23�ï��
QRJ¦£=Z[�������*�#�Hü�µ¶Z[��Æ�H��)

Zd£=Z[$Ô

�¹ ÐÎ¤¥Ó.Õt�úË�*�makeÖîÌ	£=Z[�23 Ð�Nï
HAZ[����make*
I-��Z[\��Ós#Z[&��)¬� Ð����Âmake	Ý`�-r���--no-builtin-rules�CD
pë¼Ó.	Õ�ú	£=Z[)

¬�è�� Ðqn��-r�Ý`�7�£=Z['�I�����.��	£=Z[��Â��u�Z[�
pn>	�Ó���#£=Z[\.�u�o��Ë�*$W�n>-l;.SUFFIXES	µ¶l;Ì���£=
Z[*I��)ÜÝ	u�o�

��.out, .a, .ln, .o, .c, .cc, .C, .p, .f, .F, .r, .y, .l, .s, .S, .mod, .sym, .def, .h, .info, .dvi, .tex, .texinfo, .texi, .tx
info, .w, .ch .web, .sh, .elc, .el)P1	¥I� ÐI-uL¤¥)

'�tpÛ$ÛöÂ	£=Z[')

1d/D C
�	£=Z[)
“<n>.o�	l;	µ¶l;IF�����<n>.c���Ça�5����$(CC) ¸c $(CPPFLAGS) $(CFLAGS)”

2d/D C++
�	£=Z[)
“<n>.o�	l;	µ¶l;IF�����<n>.cc����<n>.C���Ça�5����$(CXX) ¸c $(CPPFLAGS) 
$(CFLAGS)�)Ëîï�Â�.cc��� C++]^C	u��Æ���.C�Ì

3d/D Pascal
�	£=Z[)
“<n>.o�	l;	µ¶l;IF�����<n>.p���Ça�5����$(PC) ¸c $(PFLAGS)�)

4d/D Fortran/Ratfor
�	£=Z[)
“<n>.o�	l;	µ¶l;IF�����<n>.r���<n>.F���<n>.f���Ça�5���:
“.f” “$(FC) –c $(FFLAGS)”
“.F” “$(FC) –c $(FFLAGS) $(CPPFLAGS)”
“.f” “$(FC) –c $(FFLAGS) $(RFLAGS)”

5dÕ�� Fortran/Ratfor
�	£=Z[)
“<n>.f�	l;	µ¶l;IF�����<n>.r���<n>.F�)��Z[��×` Ratfor�.Õ��	 Fortran

�X$�;Ê	 Fortran
�)a�Â	����
“.F” “$(FC) –F $(CPPFLAGS) $(FFLAGS)”
“.r” “$(FC) –F $(FFLAGS) $(RFLAGS)”

6d/D Modula-2
�	£=Z[)
“<n>.sym�	l;	µ¶l;IF�����<n>.def���Ça�5�����$(M2C) $(M2FLAGS) 
$(DEFFLAGS)�)�<n.o>” 	l;	µ¶l;IF�����<n>.mod���Ça�5�����$(M2C) $(M2FLAGS) 
$(MODFLAGS)�)

7dÕ/&Õ/Õ��	£=Z[)
“<n>.o” 	l;	µ¶l;IF�����<n>.s��ÜÝ�Â/Dµ�as���Ça�5�����$(AS)
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$(ASFLAGS)�)�<n>.s” 	l;	µ¶l;IF�����<n>.S��ÜÝ�Â CÕ/D1�cpp���Ça
�5�����$(AS) $(ASFLAGS)�)

8dÞß Object^C	£=Z[)
“<n>�l;µ¶z�<n>.o��õ6*| C	/D1p*|Þß
��5Ë$���ld�Ì�a�5����
�$(CC) $(LDFLAGS) <n>.o $(LOADLIBES) $(LDLIBS)�)��Z[»z�.$�]^C	�
.��®í�»
�� Object^CË��®	]^C�5Ì	�.�)-22AZ[�

x : y.o z.o

�Ç�x.c�d�y.c�&�z.c�e-í�£=Z[Î�|2A���

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

235.$�]^CË2¸-\	 x.cÌ&�	l;�xË2¸-\	 xÌ²V������Ã%HüFG	�
5Z[���£=Z[I��	)

9dYacc C
�í	£=Z[)
“<n>.c�	µ¶^C�F�����n.y�ËYacc�5	^CÌ�a�5�����$(YACC) $(YFALGS)�)Ë�Yacc�
�$�³£h�1�Vza¥IØÚÛ²VÖ×Ì

10dLex C
�í	£=Z[)
“<n>.c�	µ¶^C�F�����n.l�ËLex�5	^CÌ�a�5�����$(LEX) $(LFALGS)�)ËVz
�Lex�	¥IØÚÛ²VÖ×Ì

11dLex Ratfor
�í	£=Z[)
“<n>.r�	µ¶^C�F�����n.l�ËLex�5	^CÌ�a�5�����$(LEX) $(LFALGS)�)

12dJ C
�dYacc^C� Lex^C÷î Lint�	£=Z[)
“<n>.ln” Ëlint�5	^CÌ	µ¶^C�F�����n.c��a�5�����$(LINT) $(LINTFALGS) $(CPPFLAGS)
-i�)»z�<n>.y�&�<n>.l���®�	Z[)

[d£=Z[�Â	òë

-£=Z[\	��\�Ñ�¸��Â�$�Õt�ú	òë)���-�	makefile\9ò��òë	Ø�
��-make	��|\"h��Ø���-�	¼½òë\�ú��Ø�âã*����#�ú���?n	
òë���a*I»£=Z[��Â)¬�����»Âmake	�-R���--no¸builtin-variables�Ý`p
ë¼�Ón>	òë»£=Z[	�Â)

-2�}$ç£=Z[��/D C
�	£=Z[	����$(CC) ¸c $(CFLAGS) $(CPPFLAGS)�)MakeÜ
Ý	/D����cc��23�åòë�$(CC)�vn>5�gcc��åòë�$(CFLAGS)�vn>5�-g���
��£=Z[\	���ÓI��gcc ¸c -g $(CPPFLAGS)�	�\p�|�)
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 Ð��å£=Z[\�Â	òëh5�¡�$¡���²V	�2�CC�Ô$¡�Ý`²	V�2�CFLAGS�)
AL�Ó.£=Z[\IÂX	òë�

1dVz��	òë)

AR 
ð`���
�)ÜÝ����ar�)
AS 
Õ/³ /D
�)ÜÝ����as�)
CC 
C³ /D
�)ÜÝ����cc�)
CXX 
C++³ /D
�)ÜÝ����g++�)
CO 
J RCS^C\ÐÑ^C
�)ÜÝ����co�)
CPP 
C
�	Õ��1Ëgü�;Êgü�QÌ)ÜÝ����$(CC) ¸E�)
FC 
Fortran & Ratfor 	/D1&Õ��
�)ÜÝ����f77�)
GET 
J SCCS^C\ÐÑ^C	
�)ÜÝ����get�)
LEX 
Lex¢£h�1
�Ë�»z C� RatforÌ)ÜÝ����lex�)
PC 
Pascal³ /D
�)ÜÝ����pc�)
YACC 
Yacc^£h�1Ë�»z C
�Ì)ÜÝ����yacc�)
YACCR 
Yacc^£h�1Ë�»z Ratfor
�Ì)ÜÝ����yacc ¸r�)
MAKEINFO 
×` Texinfo]^CË.texiÌX Info^C
�)ÜÝ����makeinfo�)
TEX 
J TeX]^C÷î TeX DVI^C	
�)ÜÝ����tex�)
TEXI2DVI 
J Texinfo]^C÷îØ TeX DVI ^C	
�)ÜÝ����texi2dvi�)
WEAVE 
×`WebX TeX	
�)ÜÝ����weave�)
CWEAVE 
×` C Web X TeX	
�)ÜÝ����cweave�)
TANGLE 
×`WebX Pascal³ 	
�)ÜÝ����tangle�)
CTANGLE 
×` C Web X C)ÜÝ����ctangle�)
RM 
ij^C��)ÜÝ����rm ¸f�)

2dVz��Ý`	òë
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AL	��òë�²V¸L	��	Ý`)235.qNaÜÝØ���aÜÝØ�º)

ARFLAGS 
ð`���
� AR��	Ý`)ÜÝØ��rv�)
ASFLAGS 
Õ/³ /D1Ý`)Ë¬N	
?Â�.s���.S�^CíÌ)
CFLAGS 
C³ /D1Ý`)
CXXFLAGS 
C++³ /D1Ý`)
COFLAGS 
RCS��Ý`)
CPPFLAGS 
CÕ��1Ý`)Ë C & Fortran /D1�IÂXÌ)
FFLAGS 
Fortran³ /D1Ý`)
GFLAGS 
SCCS �get�
�Ý`)
LDFLAGS 
Þß1Ý`)Ë2��ld�Ì
LFLAGS 
Lex^£h�1Ý`)
PFLAGS 
Pascal³ /D1Ý`)
RFLAGS 
Ratfor 
�	 Fortran /D1Ý`)
YFLAGS 
Yacc^£h�1Ý`)

�d£=Z[Þ

.�í��$�l;�E�$Wo	£=Z[Ó�Â)-2�$�[.o]	^C�5��EI�t� Yacc	[.y]^
Ct5[.c]�uê� C	/D1�5) Ðå�$Wo	£=Z[é��£=Z[Þ�)

-¸L	-\\�23^C[.c]e-���*fß?Â C	/D1	£=Z[�235.[.c]^C��.$�[.y]
^C��� Yacc	£=Z[I�?Â��5[.c]^C�u�ê?Â C/D	£=Z[Ã~�[.c]�5[.o]^C�
.Xl;)

 Ðå�¡[.c]	^CË��l;Ì�é�\æl;)��*���makeIÙUF����5l;	$<¢£�
��\æl;.�©�aI�X
åÓ.	£=Z[&�.H	Z[�Óì�ph��ÙU.Xl;�Ó��

.�í���EI%�!"pó�*� 	l;I���5�*� 	makefile�Ú��

-ÜÝABA�»z\æl;�w&$�	l;.��
¢Ó�®�}$��®�jy\æ	l;�e-�íI

:�\æZ[)}Z��®	���#l;5e¯�����¯�Ã~l;6
\�Ó¯�	\æl;^CI�

��rm -f�ij)

õö�$��makefileqn5l;��µ¶l;	^C�E�¬�\()Æ����N	
MN$�^C�
�l;�\(l;�����ÂHl;�.INTERMEDIATE�p 
óN)Ë2�.INTERMEDIATE � mid Ì
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����½0makeF�ij\æl;�#�X�$L�����ÂHl;�.SECONDARY�p 
óN
Ë2�.SECONDARY : secÌ)�'��å�	l;��f|	¢|pqnË2�%.oÌ5Hl;�.PRECIOUS�
	µ¶l;��de�£=Z[Ó�5	\æ^C)

-�£=Z[Þ�\�P0®$�l;ü,������¸���$p�*�[0-makeF���íü,â	
a!	AB)

MakeI��$�?	£=Z[�Æ��5\æ^C)2�J^C�foo.c��5l;
��foo��b���
makeI/D�5\æ^C�foo.o��uÞß5�foo���-�ÛABA��$�����$ç�cc�	�
�R5Ëcc ¸o foo foo.cÌ�z���6	Z[*�I�5\æ^C)

�dn>f|Z[

����Âf|Z[pn>$�£=Z[)$�f|Z[*%+$�$�	Z[���-Z[\�l;	n>s

#."%"xa)"%"	����,$����J�xa)-µ¶l;\®����Â"%"���µ¶l;\	"%"
	ëØ�ëøzal;)

.$Ls#Í�	��"%"	Ñ���-òë&ð`	Ñ�Cu�òë&ð`	Ñ���-makeêh Makefile
í�Æf|Z[\	"%"[��-*|í)

1df|Z[()

f|Z[\�y©-Z[	l;n>\#�="%"�O[�*�$�	Z[)l;\	"%"n>�,»^C�	
!à�"%"�,��J�	yºxa�)-2�"%.c"�,�".c"�#	^C�Ë^C�	��y©� 3Ì�Æ"s.%.c"
[�,�"s."�ù�".c"�#	^C�Ë^C�	��y©� 5Ì)

23"%"n>-l;\����l;\	"%"	Øøn�µ¶l;\	"%"	Ø��*�M�l;\	f|	"%"
øn�µ¶l;\"%"	�\)-2.$�f|Z[2A�

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

a=>��qü�*�JÓ.	[.c]^C�5²Á	[.o]^C	Z[)23#�5	l;�"a.o b.o"���"%c"
*�"a.c b.c")

$�µ¶l;\	"%"f|�ïn����makeI�#$+!à¬@lmAÓ.	^C��$��X�make
*IZ[A	���Ó��-f|Z[\�l;�EI���	�23.f|!àü��l;�make*I¯�
Ó.	f|l;�àí�makeVO	�µ¶	^C�&�5l;	����CÇ)

2df|Z[,-

AL��-\�,�,åÓ.	[.c]^C/D5[.o]^C.

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

a\�"$@"�,Ó.	l;	£�Ø�"$<"�,�Ó.µ¶l;	£�Ø)��pó	òë Ðé"F��òë
"�uLI�¥¤¥)
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AL	��-\\.��l;�f|	�

%.tab.c %.tab.h: %.y
bison -d $<

�çZ[÷ømakeåÓ.	[.y]^C�"bison -d <n>.y"�|�u�5"<n>.tab.c"&"<n>.tab.h"^C)Ëa
\�"<n>"�,$�J�xa�Ì)23 Ð	�|
�"foo"µ¶z^C"parse.tab.o"&"scan.o"��Ç^C
"scan.o"µ¶z^C"parse.tab.h"�23"parse.y"^C�}w����>?¸¥	Z[�"bison -d parse.y"*I
��|$��z��"parse.tab.o"&"scan.o"	µ¶^C*Ü�)Ë���"parse.tab.o"�"parse.tab.c"�5�&
"scan.o"�"scan.c"�5�Æ"foo"�"parse.tab.o"&"scan.o"Þß�5�ÆÇ foo&a[.o]^C	µ¶VW�H%�
���Ó.	l;I"XÝ�Ì

3dF��òë

-¸¥	f|Z[\�l;&µ¶^C�$W-	^C��� Ð2¦.H$���pR5J�®	µ¶^C

�5²Á	l;���-ý$�	»f|Z[	:�í�I��®	l;&µ¶^C)

F��òë*�R5��eE	)-@L� Ð�U»F��òë.Ó�Ô�²È�ÛX�¹�»w.$�0·

Ý<�)ÓÞF��òë�*��¡òëIåf|\Ón>	$Wo	^CF�
£�ëü�fyÓ.	aìf

|	^CëR�)�¡F��òë�Áü,-Z[	��\)

AL�Ó.	F��òëÕaMN�

$@
�,Z[\	l;^C�)-f|Z[\�23.��l;����"$@"*�!àzl;\f|n>	�ì)

$%
º¬l;�ð`�^C\��,Z[\	l;5��)-2�23$�l;�"foo.a(bar.o)"����"$%"*�
"bar.o"�"$@"*�"foo.a")23l;��ð`�^CËUnixA�[.a]�WindowsA�[.lib]Ì����aØ�º)

$<
µ¶l;\	}$�l;�x)23µ¶l;��f|Ëè"%"Ìn>	���"$<"Î�aìf|	$Wo	^
C�)Í��a�$�$�ëüp	)

$?
Ó.�l;w	µ¶l;	�ì)�º©hâ)

$^
Ó.	µ¶l;	�ì)�º©hâ)23-µ¶l;\.��v~	�����òëI+jv~	µ¶l;�

�d�$z)

$+
��òë�+"$^"���Ó.µ¶l;	�ì)��w�+jv~	µ¶l;)

$* 
��òë�,l;f|\"%"ÕaC@	Óh)23l;�"dir/a.foo.b"��Çl;	f|�"a.%.b"����"$*"
	Ø*�"dir/a.foo")��òë»zuv.V�	^C���¨.¨)23l;\5.f|	n>���"$*"�
*�E���ü����23l;^C	u��makeÓ<@	���"$*"*�j�u�	�$Óh)-2�2
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3l;�"foo.c"���".c"�makeÓE<@	u���Ó��"$*"	Ø*�"foo")��?·� GNU make	�
�.�E�µ×zaw¾�	make�Ó���ÁûSë'(�Â"$*"�jy�-£=Z[��78f|\)2
3l;\	u��makeÓ�E<@	���"$*"*�ºØ)

¬�QR�»}w6	µ¶^C{|��í�"$?"-	|Z[\�.Â�-2���.$�ð`�^Cé"lib"�
a�aw4� object^C}w)��å object^C��	�¨.��	 MakefileZ[��

lib : foo.o bar.o lose.o win.o
ar r lib $?

-¸¥Óoüp	F�ëòë\)��òëË$@d$<d$%d$*Ì-ÐÑí�I.$�^C�Æ§[�	Ø�
$�^Co�)�¹�F��òë'��ë"^C	lm���-¬@lmA	aìf|	^C���s#mà

¸"D"�"F"x�)�� GNU make\ß¾�	?·�-w¾�\� Ð�Âð`"dir"�"notdir"*���X�)
"D"	=>*� Directory�*�lm�"F"	=>*� File�*�^C)

AL�»z¸L	¹�òëh@�¸"D"��"F"	=>�

$(@D)
�,"$@"	lmÓhË��^_���#Ì�23"$@"Ø�"dir/foo.o"���"$(@D)"*�"dir"�Æ23"$@"
\5.�=^_	M�aØ*�"."Ë¬@lmÌ)

$(@F)
�,"$@"	^CÓh�23"$@"Ø�"dir/foo.o"���"$(@F)"*�"foo.o"�"$(@F)"²¬zð`"$(notdir $@)")

"$(*D)"
"$(*F)"
&¸LÓ¥	®����ë^C	lmÓh&^CÓh)»z¸L	��-\�"$(*D)"VG"dir"�Æ"$(*F)"V
G"foo"

"$(%D)"
"$(%F)"
h@�,�ð`�^C5�	lmÓh&^CÓh)�»z:®"archive(member)":|	l;\	"member"
\�=��®	lm�.Â)

"$(<D)"
"$(<F)"
h@�,µ¶^C	lmÓh&^CÓh)

"$(^D)"
"$(^F)"
h@�,Ó.µ¶^C	lmÓh&^CÓh)Ëâ²®	Ì

"$(+D)"
"$(+F)"
h@�,Ó.µ¶^C	lmÓh&^CÓh)Ë��.²®	Ì

"$(?D)"
"$(?F)"
h@�,�}w	µ¶^C	lmÓh&^CÓh)
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Ãu4�E$A	��»z"$<"���'(¯��¿#	23� ÐÃ%$uL	��?nxa�¸�Òn�
�2�"$(<)"*#�"$ <"#%$�)

'"#Í�	����òë��Â-Z[	��\�ÆÇ$��"	|Z["&"78f|Z["ËÝ @L".H
Z["$§Ì)a-£=Z[\�5.�>)

4df|	!à

$�pM�$�l;	f|.$�.@���u�	"%"���5.@u��fß*�$�"%")��"%"ç�
$����xa�Ó�-n>%�	f|\� Ðå"%"Ó!à	Ö×é�"à"�-2"%.c"Ó!à	^C"test.c"
\"test"*�"à")��-l;&µ¶l;\®í."%"í�µ¶l;	"à"I"l;�¬�l;\	"à")

¬$�f|!à�=.^_Ë�Û��Uö�=Ì	^Cí���-{|f|!àí�lmÓhIät�á��

u{|!à�5eu�êålm�G+)-{|"à"	"aí� Ðs#����ôõ)-2.$�f|"e%t"�
^C"src/eat"!àzûf|�z�"src/a"*�a"à"�23��f|n>-µ¶l;\�Æ�µ¶z��f|	
l;\p.�f|"c%r"����l;*�"src/car")Ë"à"�"aÌ

5dvêÖî£=Z[

���vêÖî	£=Z[Ë��n>$��w	Ì�-2���vwuv&Öî£=Z[�®	���2�

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

���ë¼Öî	£=Z[��#�-uLH��*|)2�

%.o : %.s

®������vwn>$��w	£=Z[�a-£=Z[\	Ùúëøz�-r¹HA��Z[)â@	Ù

ú*Ó@)

¦dß|¨©	"u�Z["

u�Z[�$��¨ß|	n>£=Z[	¢£)u�Z[I�f|Z[¡ô
ëç)��f|Z[} }�ã)

��&ß¾�	 Makefileµ×�GNU make®�µ×z����)u�Z[.�¡¢|�"äu�"&"lu�")

äu�Z[n>�$»u��l;^C	u�&µ¶l;Ë]^CÌ	u�)2".c.o"²¬z"%o : %c")lu
�Z[�n>$�u���*�]^C	u�)2".c"²¬z"% : %.c")

u�Z[\Ón>	u�Áû�makeÓÝ<	�23$�u��makeÓÝ<	�����Z[*�lu�Z
[�Æ23���-$�	u��makeÓÝ<��*�äu�Z[)-2�".c"&".o"�makeÓ��)�
Æ�23�n>�$�Z[�".c.o"��a*�äu�Z[��>*�".c"�]^C	u��".o"�l;^C	u
�)2A,-�

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

u�Z[���J¦	µ¶^C�23.µ¶^C	M��*��u�Z[���u����Ý��^C��2�
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.c.o: foo.h
$(CC) -c $(CFLAGS) $(CPPFLAGS) -o $@ $<

��-\�*�M�^C".c.o"µ¶z^C"foo.h"�Æ�� Ð4#	���

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

u�Z[\�235.�����åâ�>	)��t��Iá+Öî	£=Z[)

Æ#%make��$�?n	u�� Ð���ÂHl;".SUFFIXES"pn>��ij�2�

.SUFFIXES: .hack .win

åu�.hack&.win�hu�o�\	æ#)

.SUFFIXES: # ijÜÝ	u�

.SUFFIXES: .c .o .h # n>FG	u�

t�¸ÜÝu��un>FG	u�o�)

make	Ý`"-r"�"- no-builtin-rules"�I�Â"ÜÝ	u�o��º)Æòë"SUFFIXE"�Âpn>ÜÝ	u�
o�����Â".SUFFIXES"p9òu�o���Ø�#9òòë"SUFFIXE"	Ø)

¹d£=Z[��<£

�2 Ð.$�l;é T)AL���l; T	Z[	<£)ØÍ��-AL� Ð5.�Xu�Z[�«�
��Ó.	u�Z[- Makefile�êhÖeí�I�×`5f|Z[)23l;�"archive(member)"	ð`�
^Cf|�����<£I�*|���}$���l; T�235.�X	M���{h}Z��}Z�Iå
"member"¬� Tp��)

1då T	lmÓhhhüp)é D�Æç�Óhé N)Ë2�23 T�"src/foo.o"����D*�"src/"�N*
�"foo.o"Ì

2d÷îÓ.!àz T�� N	f|Z[o�)

3d23-f|Z[o�\.!àÓ.^C	f|�2"%"���Jo�\ájaw	f|)

4dájo�\5.��	Z[)

5d»z}$�-o�\	f|Z[�
1Ì��a"à"S�SÁû� T�� N!àzf|\"%"yº	Óh)
2Ì_<µ¶^C)åµ¶^C\	"%"�`5"à"S)23l;f|\5.�=^Öxa�Æå D�-}$�
µ¶^C	�ù)

3Ì�ì�OÓ.	µ¶^Ce-���¬e-)Ë23.$�^C�n>5§Û$�Z[	l;^C��ô
�$�	|Z[	µ¶^C�����^C*é"�¬e-"Ì
4Ì23Ó.	µ¶^Ce-���¬e-���*5.µ¶^C)���çZ[Î�}Â��üû<£)
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6d23U6} 5ô�5.f|Z[��X���*�}{$ô	��)»ze-zo�\	}$�f|Z[�
1Ì23Z[�~0Z[��*MEw�ÆGA$çf|Z[)
2Ì_<µ¶^C)Ë®} 5ôÌ
3Ì�ìÓ.	µ¶^C�Oe-���¬e-)
4Ì»z�e-	µ¶^C�a!?Â��<£Ú�t�O���£=Z[�X)
5Ì23Ó.	µ¶^Ce-���¬e-���*>�5.µ¶^C)���çZ[�}Â��üû<£)

7d235.£=Z[���Â�ÚÛ".DEFAULT"Z[�23.�}Â�å".DEFAULT"	�� T�Â)

$�Z[��X�*I�|a²¬	���Æàí� Ð	F��òë	ØíI�5)

�Âmake}wð`�^C
———————————

ð`�^C�*�» Object^CË
�/D	\æ^CÌ	��^C)- UnixA�$�����"ar"pR5�
���)

$dð`�^C	5�

$�ð`�^C���^Co5)����2A©|qnð`�^CÕao5�

archive(member)

����$����Æ$�l;&µ¶	n>)$�pM��¡Â£Ñ�¸*���"ar"��pÆ�	)2�

foolib(hack.o) : hack.o
ar cr foolib hack.o

23#qn��member��*�º©h��2�

foolib(hack.o kludge.o)

a{åz�

foolib(hack.o) foolib(kludge.o)

�'���Â Shell	^Cõàapn>�2�

foolib(*.o)

Zdð`�5�	£=Z[

¬make��$�l;	£=Z[í�$�?	?·��23��l;�"a(m)":|	�aIål;ò5"(m)")
z��23 Ð	5��"%.o"	f|n>��Ç23 Ð�Â"make foo.a(bar.o)"	:|?Â Makefileí�£
=Z[I+�"bar.o"	Z[�235.n> bar.o	Z[���Öî£=Z[���makeI+� bar.c^Cp
�5 bar.o�23�"X	M�make�|	��S�2A�
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cc -c bar.c -o bar.o
ar r foo.a bar.o
rm -f bar.o

'.$�òë#Í�	�"$%"���6�ð`�^C	F��òë�.VaMNØÝ "F��òë"$I)

[dð`�^C	u�Z[

����Â"u�Z["&"£=Z["p�5ð`���^C�2�

.c.a:
$(CC) $(CFLAGS) $(CPPFLAGS) -c $< -o $*.o
$(AR) r $@ $*.o
$(RM) $*.o

a{�z�

(%.o) : %.c
$(CC) $(CFLAGS) $(CPPFLAGS) -c $< -o $*.o
$(AR) r $@ $*.o
$(RM) $*.o

�dÍ�ÇD

-{|ð`���^C�5í�ØÄO�Âmake	�|I
Ë"-j"Ý`Ì)23�� ar��-®$íæ*|-
®$�ð`���^C¸�*�.��èé��ð`�^C)Ó��-make�p	¾�\�Áû�¯$¡I

p'(�|����-ð`��^C¸)

�*l@Æ ��'�Áû�#Së�#�Â"-j"Ý`)

u�

——

~zXH�Q³	í����¸Ñ�¸*� GNU make	 Makefile	Ó.¥I�)aw	¯°	makeÑ�¸
�*���	�âã���	make���^C	µ¶·�ÑÒ	�aÑ���ÈÉ$�;Ê	)�ª^Í
\ 80%	_þ¥IêÂzJ¦	make� ë�"ð`"�$§	Ö×�E��awmakeÓÏ¼	�Æ£=Z
[¢L� 4�®	makeI.�®	�,� 5.rUpÚÛ GNU	make& VC	 nmakedBCB	make�
��@	 UNIXA	make.����	ì@�$�íærU�;�Z��� Ñ�¸�- UnixA�Âmake�
�@- SCO Unix& IBM	 AIX�,-- LinuxdSolarisdHP-UXdAIX& AlphaA�Â�Linux& SolarisA}�
$L)�6� ��ín	��- UnixA	make�âã�r¡îï�4��Â� Richard Stallman��	
make& cc/gcc	/D1�ÆÇ�Ñ�¸� GNU	makeËðñ¹Ó.	 UNIXI1¸�¸� GNU	�
��Ó���Â GNU	
��*��$�Ì)GNU	��'����	�?@��Â"ò��u�ÒpÒ!"
GNU	BC	 S��ÒpÒ!" GNU	-��W�\Ëþ#� Unix�xyWindowsÌ"óôU")

»z¸¥Ó.	make	¥I� Ð����»Âmake���Pp/D Ð	
��'��»ÂmakepR5
aw	�����Z[\	�����J¦ ShellCA	���Ó��- UnixA���$n���Â
�³ 	
/D1��'��- Makefile\.Haw	���2�tardawkdmaildseddcvsdcompressdlsdrmdyaccd
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rpmdftpõõ{{�{{�pR5U2"
���"d"
�Qz"d"
�
�æ�"d"�öçÏ"d"�Â
�f
÷"d"ì�^C"{{��Aø	eE�^C���^C���/
���_���aw$�e4ù�	��)
�2��@-.Hú|öb
�í��zú|	öb
�Ñ�$��* X.8.H�$�öb	õÂ
�f÷�

-ûf÷\å$�ûüõýd`?���	d7����·	��H-$�^C\�-��^C\Â�U2

"@@@Nd###N"póx�;Í$�Ùú�u.Höbí��sb�$¡?n	Z[.H?n	���Ãu-
makeí��Â awk& sed�åf÷\	"@@@Nd###N"{x��ç5?n	
��:5 C^C�uê/D)
�����+`?�	"ÐÑ C"³ Ëè- C³ \Â"EXEC SQL"	�\�| SQL³ä�-Â cc/gcc/DC
@�s#�Â"ÐÑ C"	�D
��2 cpre�åa�D5;Ê CÌ)23�-�Âmakeí.$�}�áÉ	¢
£�Ør"÷ø �)

GùÛÛYª^Í��!r�4�@���&- UnixA���	í��.8 I�IH Makefileí� ��
�f�>����-M��)$�&ÛX@8- vi\HR
�ugh"!make"í�'��� vi	eE�upí�
�.$� Makefile-�ó�z�¸ûÚ�Ú��íp�É�Û�^��,*>�5.\^	^Í() Makefile�
�"Û@8H	 Makefile�FG���³í	��$L�<��-��
¢R���a��Ó�)up�&
JÇ UNIXA¯µBC	���ÛX$� 4008��
 200W|çÏ	S�
��,#/D��$��SÊ�
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��,l@û¸» Makefile()	^§'�©"��	���Ó�4H��$ª^§���S/�QRE»
±Ù.Ó¹º)
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