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n ����� st r uct  !#"�$ !#%&�(')!* +(,-+/.103254 06!*!87
4  9:�<;=06>?0<!8>')@=25>?@=')�
n A st r uct B�C6DFE3GIH5JKH3LFH/M1ENH�LPO#H3Q R JFB=S:T
MKE�MVUIE�W J
n X�Y Z�[]\^?[_Y `a\	bc`d�[]e�b:f�Y bcgih [Ia=jIkcb]lmbFe�b]dnh bFa�a

n o6H/LpH�Q Q ScqPH5B�EVrnH/WmR H�U:Q E5J#sIJcR LPtuB�GPE st r uct
B�C6DPEcv*wisIJFB/HcJKxKEyOzR OuxyR B�GuD&WmR MNR B�R rnENB{C6DIE5J

n |}e�bch ~?[]jik5b_�bcf \Y d8~Ph bcf st r uct \	�5�?[1\	b5Z�[PaK~i�[:`j&~��^=ai�bFd�[1\ jV^mj�h �1bch hiY \	aK�([&�]g?[cf a
n �&j�f []j&�\Y j&`a=\^?b:`=lmbFe�bF� a new ��� �P��(j��m[:f bF\Y j&`
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 �� ����� � � ���{� � ��� � � � ���

st r uct S { ����o��]��JFB{C6Q EVJPB�WmsIqPB�J
i nt  i ;

f l oat  f ;

char *  s;

} ;

S s;   ���H/Q Q S:qPH5B�E5J�J5DIH5qIEVT{S/W�H�L#R LIB�v(T�Q ScHcB{v���DIB�W
S*  ps;  ���H�Q Q S:qPHcB{EcJ�JcDIHcqFENT�S=W�H�DPB�W
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n ��,�"}�y�1� st r uct  S {  … }  ,/>�'�+�;=@=2*�6!
0�,��(��>?�&�/�<,/06 ��6; S

n ��,�"¡�]>?�/�<>��:�/�<�=0¢!u>?+¤£/��')�(.m��'�')�6;�>+¤06!¥
st r uct  S

¥ ��,=+�> ¥ S¥

n ¦/§z¨
st r uct  S {  … } ;

st r uct  S s;

st r uct  S*  ps;
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n �z�/�< 30( ,�>�� ,/©�>?+¤;/+<�N >?��0�!8>�'�@=2c>1%�0¢4 @/�
 !#')�(06;¤0(,/;¤@/�=;/06>�� >?!u 3�� 3£=�('�!

n ª�!8��«i06%�067)4  9&��;/+/>?7�,=+(>�06>? +/,¤>+¤06252*�(!*!
 3�( �£��('�!8��+�,-�( >�/�('�!8 ;/��+/.]06!8!8 ©=,= 3�(,=>

n ¦�§z¬
S s;
s. i  = 5;
s. f  = s. i  + 3. 1415927;
s. s = NULL;
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n "¡06,-;/�6')�(.m�('���,=2*�<03�/+( ,=>?�('�>+¤0�!*>?'�@/25>
06,�;�>����,-062*25�(!8!# >!# ��( 3£/��'�!

S*  ps = &s;

( * ps) . i  = 5;

( * ps) . f  = ( * ps) . i  + 3. 1415927;

n /��,/>0(2*> 2®!8@/©=0('n¨¢¯1° - > ±³² ( * ¯1° ) . ±
S* ps = &s;

ps- >i  = 5;

ps- >f  = ps- >i  + 3. 1415927;
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n µ:�(>?$ !#;/��.m ,��<034  ,=9&�(;¤4  !*>1+�.] ,=>?�6©/�6'�!
n ¶·�=06>1;/+��6!# >14 +/+(9�4  9:�(��06£/!*>?'�0¢2c>?4 ��¸
n ¹K+��º;�+���!#>�/06>14 +/+(9»�=�=�&!8 250¢4 4 �&�� ,-"�¸

n ¶·�=06>1+��/�6'�06> +/,/!#+/,¤4  ,/9:�(;�4  !*>?!8�
0¢£/!*>')062c>?4 �:¸
n E/¼ tz¼ addFi r st v addLast v f i ndI t em

n ¹K+��º;�+->?�/���»4 +/+�9½�=�=�&!8 25064 4 �&�] ,-"�¸
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st r uct Li nk {

i nt dat a;      / /  �������
	��� i nt * ���
Li nk*  next ;    / / �������
	��� Li nk ���

} ;

Li nk* empt yLi s t = NULL;
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Li nk* addFi r st ( Li nk*  l i st , i nt dat a)  {
Li nk* newLi nk = new Li nk;
/ /  C:  … = ( Li nk* ) mal l oc( si zeof ( Li nk) )
newLi nk- >dat a = dat a;
newLi nk- >next  = l i s t ;
r et ur n newLi nk;

}
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Li nk* addFi r st ( Li nk*  l i st , i nt dat a)  {

Li nk newLi nk;    / /  � �F��� ������� �"!#���%$��P� � �'&)(
newLi nk. dat a = dat a;
newLi nk. next  = l i s t ;
r et ur n &newLi nk;

}
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Li nk* addLast ( Li nk*  l i s t , i nt dat a)  {
Li nk* l ast Li nk = f i ndLast Li nk( l i st ) ;

i f  ( l ast Li nk == NULL)  {   / /  ��*+$'� ,¡� - ���
r et ur n addBef or e( l i st ,  dat a) ;

}  el se {   / /  �.���#/0��*+$#� ,�� - ���
addAf t er Last Li nk( l ast Li nk,  dat a) ;
r et ur n l i s t ;

}
}
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voi d addAf t er Last Li nk( Li nk* l ast Li nk,

i nt dat a)  {

Li nk* newLi nk = new Li nk;

newLi nk- >dat a = dat a;

newLi nk- >next  = NULL;

asser t ( l ast Li nk- >next  == NULL) ;

l ast Li nk- >next  = newLi nk;

}
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Li nk* f i ndLast Li nk( Li nk*  l i st )  {

i f  ( l i s t  == NULL)  {   / /  �1*+$#� ,�� - ���
r et ur n NULL;

}  el se i f  ( l i s t - >next  == NULL)  {
/ / � �P���P� - ��2
r et ur n l i s t ;

}  el se {
r et ur n f i ndLast Li nk( l i s t - >next ) ;

}
}
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Li nk* f i ndLast Li nk( Li nk*  l i st )  {

i f  ( l i s t  == NULL)  {   / /  ��*+$'� ,�� - ���
r et ur n NULL;

}  el se {
whi l e ( l i s t - >next  ! = NULL)  {

l i s t = l i st - >next ;
}
r et ur n l i s t ;

}
}
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Li nk* f i ndI t em( Li nk* l i st , i nt dat a)  {
i f  ( l i s t  == NULL)  {

r et ur n NULL;   / /  ���������	� ���#� � ��
 ��
}  el se i f  ( l i s t - >dat a == dat a)  {

r et ur n l i s t ;   / /  � ��
 ��� - �
}  el se {   / /  2��%��$K� �m�%��& !�- ���

r et ur n f i ndI t em( l i st - >next ,  dat a) ;
}

}
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Li nk* f i ndI t em( Li nk* l i st , i nt dat a)  {
f or  ( ; ; )  {

i f  ( l i s t  == NULL)  {
r et ur n NULL;   / /  ����������� �.�'�.� ��
1��

}  el se i f  ( l i s t - >dat a == dat a)  {
r et ur n l i st ;    / /  � ��
 ��"-��

}  el se {
l i s t = l i st - >next ;  / /  2��%��$1���m�%��& !�- ���

}
}

}
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n ��;/;�0¢,-�6§�>�'�0<!8>')@=25>?@=')��>���0(>1�=+� ,=>?!®>?+
>?�/��.? '�!*>10¢,=;-4 06!*> Li nk !u ,�>�=��4  !*>��.m+/'
.m06!8>?��' addLast £/�(�=0¢%� +/'

st r uct Li st  {
Li nk*  f i r st ;

Li nk*  l ast ;

} ;
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 �� ����� � � ����� � ��� � � � ���

Li st * addLast ( Li st *  l i s t , i nt dat a)  {

i f  ( l i s t  == NULL)  {   / /  ��*+$'� ,�� - ���
r et ur n addFi r st ( l i s t ,  dat a) ;

}  el se {   / /  �.���#/0��*+$ � ,�� - ���
addAf t er Last Li nk( l i st - >l ast ,  dat a) ;
l i s t - >l ast  = l i s t - >l ast - >next ;

/ / ��� !�,�� �
r et ur n l i s t ;

}
}
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Li st * addFi r st ( Li st *  l i st , i nt dat a)  {
Li nk* newLi nk = new Li nk;
newLi nk- >dat a = dat a;

i f  ( l i s t  == NULL)  {   / /  & �)�m� ���+� !#��� - ���
l i s t  = new Li st ;
l i s t - >f i r st  = NULL;
l i s t - >l ast  = newLi nk;

}
newLi nk- >next  = l i s t - >f i r st ;
l i s t - >f i r st  = newLi nk;
r et ur n l i s t ;

}
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n ¦/§�>?�(,/;¤�# >�-03�=')��%: +/@/!#4  ,=9
st r uct  DLi nk {

i nt dat a;
DLi nk* pr ev;

DLi nk*  next ;
} ;

n �¡,-�(§&�6'�2* !8�<.m+�'�>�/�<'���0¢;/�6'��
n �)S:B{J�ScT/T�s:L#DIS=R LIB{E/W�Jcs&W t&E�W Cy�¤J5D&Q R q&R LIt��
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 �� ����� � � ���{� � ��� � � � �	�

n �¢R t&t&E�WzD&W S:t=W H�M�J#LPE5E5O#B�S�UPE�U&W S���E�Lus&D#R LIB�S
MVs&Q B�R D&Q ENT)R Q E5J
n 	nj�
»�PjP[Ia=j&`[]k?Y h [1�I[P\&bFd�d�[Fa�az\ j�\^IY `�ia=�I[IkmY `?[P�VY `ji\^?[:fnk?Y h [Fa�

n �IL���H5r8H��
n �Ia[&f���~a\�
�f�Y \ [Pa . j ava a?j&~if d�[1kmY h [Pa
n �*j��]�iY h [cfnb:~?\	j���bF\Y d�bch h �}h jIj&Z{aKY `/ji\^m[&f . c l ass kmY h [Fa\	jKa?[F[�
�^bF\&\^?[I�}�i~igPh Y dih �¡[��5�mj�f \

n �ILpo��
n �Ia[&f�`?[P[P�iaz\ j�
1f�Y \ [ygmji\^ . c a?j�~if d[�k�Y h [Pabc`� . h !#�?� �#��� � - ���m�
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 �� ����� � � ����� � ��� � � � ´ 


n �¢E5HcOcE/W�T)R Q E5J��iW E5Ozs:LIO:H/LIB�Q C���O&E5q:Q H�W E! �"$#&% ')(
T�s&LPqIB�R S/LIJ�H�LIO#B{C6DIEcJ�B�GPHcB=xVR Q Q:UPEVH5qPqPEcJFJFEcO�UPC
S:B�GPE/W�(*% ')+-,�. . c T�R Q E5J
n |(`��\^IY `�V`jI\&�I[Pdih bcf [P�VY aKY �]�Ph Y diY \h �}�If{Y e�bF\	[1\	j�\^?[

. c k?Y h [
n /IHcq:G . c T�R Q E #i ncl ude0 J�B�GIE . h T)R Q E5J�ScT/B�GPE
B�G&R LIt&JNR B=HcqPqFEcJFJFEcJ
n 16^bF\&
=bF� Y \:a[P[Pa=\^[]�I[Idih bcf bP\Y j�`?a=jik:\^mjia?[1\^iY `�ia

n A�LIC8B�G&R LIt�LIScB=O:E5q&Q H�W E5O<R L . h T�R Q E5JKqPH�L�0 B�UPE
HcqPqIE5JFJFEcO�UIC ScB�GIE�W . c T)R Q EcJ2�ns:L&Q EcJFJKB�GIE5Cyq:GIE*H5B3�
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 �� ����� � � ���{� � ��� � � � ´��

n �IL l i nk. h �
st r uct Li nk;  / /  !�- � � - � ��4.���,-5:�P� � ��� Li nk* � �i� ,
Li nk* addFi r st ( Li nk*  l i st ,  i nt dat a) ;

/ /  ��� { …} (F�76�8*9�: 97: ;<6�=
… / /  �'� !'��� � 
1�'&�� - ���I� !'��� �

n �IL l i nk. c �
#i ncl ude " l i nk. h"    / /  � �?> ���0- � , &����i� - ��� ���'& ,
… / /  � 
� ���#��� � � � st r uct  Li nk@ addFi r st @ � � &BA

n �IL cl i ent . c �
#i ncl ude " l i nk. h"    / /  � &�& �?���$�
*4i� -�& � � &	� �
… / /  
?� �?� � � Li nk* @ &��P� � � ��� addFi r st @��%��&BA
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 �� ����� � � ����� � ��� � � � ´ �

n . c T)R Q EcJKO&E(DIE�LPOuS=L�B�GIE . h T)R Q E5J�B�GIE5C
#i ncl ude

n A(O&O#B{S Makef i l e
# st andar d dependency and act i on:
%. o:  %. c

gcc ${ CFLAGS}  –c $^
# addi t i onal  dependenci es:
l i nk. o:  l i nk. h …
cl i ent . o:  l i nk. h …

n �¢H5r8ENB�SC�EcE(DpB�GIE5JFEVH5O:OzR B�R S/LIH�QFO&E(DIE�LIOcE/LIq:R EcJs&D�DmB�SEDmO&H5B�ENH5JKJFS/s&W qIEVT�R Q E5J�H�W EVE5O=R B�E5O�F
�������	� 
 �� ����� � � ���{� � ��� � � � ´ �

n makedepend �&HNB�ScS=QFB�S#qPS=LIJFB�WmsPqIB/B�GIE5JPEVEHG8B�W H
O:E/DFE/LIOcE/LPq&R E5JKH�sIB�S/M�H5B�R qPH/Q Q CyT)W S�M B�GIENJFS/s&W qIE
T)R Q EcJ
n makedepend � - � � . c I

n J-KLKM)N O PRQ�S T*U3P*MEP<VRW O TXKPRQLP*YKP*YLU3P*MET<W$P*YK[Z\]P*V_^ M)W ^ YL`
Makef i l e

n A6O&O#H depend B{H/W t&E5B=B�S Makef i l e �
depend:

makedepend ${ SRCS}

n A�Q JFS�U&s:R Q B�R LIB�S gcc H5J gcc –MM a)' %)+ . c F


