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`ba1c�d$efa�gihZjlk1j1mZc�n�opc�j

q )�rA(s+ )%tvu -wryx�)%zstv-|{,rA-w}f+ ~�rZ+ ~�. -�rA-w+ r
� � �%� �Z� ����� �A�%�/���A� �w�%� �v�A� � ��� ��� �	� � ��� �A� � ��� �Z�|� �����/�����A�

t ypedef  enum { ACMS,  ECON,  EE,  MATH,  � � � }  dept ;

HashTabl e<dept > D;

��*�*,. ~�)%x�(	�%� {�rZ+�rZ+ ~v. -|+ (	-|},-w*�)%. + ��-wz	+ ry+ (	-w� rZ-wu ¡�-wr
¢ z�+ (	-�(	)%rA(s+ )%tvu -w�
£ � ���Z��������� ¤
��� �v�A� � �¥� ��� � i nser t ( ) � �
£ � �¦� �A��� ���1�%� �v�A� � �¥� ���%� �	� � ��� � � � ��� �Z��� f i nd( ) � �
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`ba1c�d$efa�gihZjlk1j1mZc�n�§%¨ª©ihZj1¨ªj1«imZa�mZ¬Z­|«

®y¯w° ¯�±/° ² ³w´ ° ³w² µ ¶
t empl at e <cl ass HashedObj >
cl ass HashTabl e {
  pr i vat e:
    i nt  t abl esi ze;
    HashedObj *  dat a;
} ;±w¯w·�¸w¹ µ�º�¸wµ ² ¯w° » ¼w½w¶
HashTabl e: : i nser t ( HashedObj & key)¾v¿ZÀ Á ¿

key Â Ã�ÄAÅ Â À Æ,Ç Æ�È Å É Ê Ë¾�Ì ¿ Å Ì Í�Î	¿ Å Â ¿ Å Ï È�À Â À Ð Ë Ñ Ç Á Å Ò,Ó�Â Ô�Õ Ã Ï À Ö Ï Å À È Ô Á Â Ã Ï Ç Æ Ä key ×¾�Ç ØAÁ Ã Ê Á Å Â È�À Â À Ð Ë ÑAÙ key¾ Ã Â ¿ Å Ï Î,Ç Á Å È Å À Ö Î,Ç Â ¿ Â ¿ Å Ì Ã Æ�Ø Ö Ç Ì Â
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`ba1c�di¬Z«iÚÜÛÝj�Þ�­|ß%àic

á�â�ãvä å rZ+ ~v. -|+ (	-|'|æ�ç è%é%è¥x�u )�rAr¦u ¢ rA+	)%ry) q )%rA(sê,)%tvu -
cl ass st udent  {
  name f i r st ,  l ast ;
  i nt  UWI D;
  name emai l ;
  dept  maj or ;
  i nt  year ;
} ;ë ì�í ä î ì î�ïvð ãvð ñ âvï�å

ò � ���,���A� ��� � ó�� ���/�%� � ô��%� ��� �	� �A� ���A�v� ��� ����� �v�A� � �¥� ��� � õ
HashTabl e<st udent > st udent Set ;
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`ba1c�di¬Z«iÚÜÛÝj�Þ�­|ß%àic�n�öbj1c�¬ZÚ|«lö÷j�Þ	¬Zc�¬Z­|«ic

ø î�ù�ñ ú1ï ø î�û�ñ ù�ñ â�ï�ùZå
ü ���A�%� �y���A� �|�/��ý

¾�Ö À Á Â ÆZÀ Ò�Å þ¾�Ø Ç Ï Á Â ÆZÀ Ò1Å þ¾�Á Â ÿ È Å Æ ÂAË ��þ¾ Å Ò À Ç Ö þ¾�Á Ã Ò1Å Ì Ã Ò�� Ç ÆZÀ Â Ç Ã Æ Â ¿ Å Ï Å Ã Ø þ� ��¤Ý� �y� �/���¦� �/���A������ô%�vý
¾�Á ÿAÓZÓ Ö Ô�Å Æ Â Ç Ï Å�Ï Å Ì Ã Ï È þ¾�Á ÿAÓZÓ Ö Ô�� ÿ Á Â À�Á Ç Æ Ä Ö Å Ø Ç Å Ö È þ
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�|­�­|à	��­|ß�efdi­�
iÚ|dim

��
vî�ù�ð ñ â�ïvå%q ~��l+ ~ ¢ ��*�u -w� -wz	+�)¥r ¢ � *,u -�},)%+ )%tv)%rZ-��
á�â�ãvä ù�å
£ � � �w� �,� ��� �/� ���	�A�	� ��� � �A� ��� � � �%�����A�¥��� �
£ ó���� ó�� ��� �¦� �Z�A� � ��ó��A� �Z�|�/��� ���¦� � �A� �
£ �¥� ��� �¥� �Z��� �v��� ��� ���/ô�� � �A�¥� ��� �
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�i­�a1à	��a1Þ�mZ­|ß

� âvã �"!vã�û�ð â # å $ -wz	r ¢ + %�~�&	(	)%rZ(�+ )�tvu -�'
λ

λ Ù)(vÃ ØAÁ Â Ã Ï Å È Å Ö Å Ò�Å Æ Â Á�* Â À � Ö Å Á Ç + Å

, }�-w)%u u % '-��-�. }fu ¢ / -
λ ≈0-1 2

354)6�78�8
4 9-3;:

λ = 3/7
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öbj1a�hZ¬Z«iÚ=<b¬ZmZd	>#­|hZhZ¬Zc�¬Z­|«�c

?p(	)%+	x�)%z@�s-|},~A�s(	-wz�+ �s~ / -�%vr¦(	)%rA(s+ ~i+ (	-�rA)%��-
rZu ~�+ �

D. i nser t ( EE)    D. i nser t ( ACMS)     D. i nser t ( SPAN)

B C D B E F F G HJI B C D B E KJL�MON G HJP8�8 8�8
4 9-3;:

Q Q Q Q
4 9-3;:

hash (SPAN)=2
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k1­�h�
imZ¬Z­|«#n�k1j1©�a1ß%a1mZjR>#dia�¬Z«i¬Z«iÚ

ë �vî�ã�å ��+	-/)�xZ(s*�~vr ¢ + ¢ ~vz)'%rZ+ ~v. -|)¥u ¢ rA+	~�&	+ (	- / -�%vry+ (	)%+
(	)%rZ(�+ ~�+ (�)�+�*�~vr ¢ + ¢ ~�z

: S�4�T

4 9-3;:

8�8
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k1j�©ia1ß%a�mZjU>#dia�¬Z«i¬Z«iÚsn�§%¨ ©ihZj�¨ j�«imZa1mZ¬Z­�«

t empl at e <cl ass HashedObj >
cl ass HashTabl e {
  pr i vat e:
    i nt  t abl esi ze;
    Li st <HashedObj >*  dat al i st ;
} ;

HashTabl e: : i nser t ( HashedObj & key)¾v¿ZÀ Á ¿�Í Å Ô�Õ i  = hash( key) ×¾�Á Å Å Ç ØZÍ Å Ô Ç ÁwÀ Ö Ï Å À È Ô Ç Æ�Ö Ç Á ÂZÕ dat al i st [ i ] . f i nd( key) ×¾�Ç Ø Æ Ã Â Ê Ç ÆZÁ Å Ï Â Ç Æ Â Ã�Â ¿ Å Ö Ç Á ÂZÕ dat al i st [ i ] . i nser t ( key) ×V W5X�Y � Y Z � Y�[ ��\ X ]-^ _a` � b ^ � \ � ^ c d Y d [ac Y Zfe�g�h�d i�Z � d Z;Y ��j ^ � d k
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k1­�h�
imZ¬Z­|«	l�n�Û#j�dia1c�di¬Z«iÚ

m�. ~��÷+ (	-�r ¢ n -|~�&	+ (	-|(	)%rZ(�+ )�tvu -|)%r ¢ + o�-w+ r5& {�u u
p {�+ �s(	-wz)�
£ ¤|��� ��� q%�A�v� ���A� �,� �	�f� �/� � � � � ����ý
£ ¤|��� ��� q%�A� λ � �Z��� ���A�Or�s tZý
£ ¤|��� ��� q%�A� λ � �Z��� ���A� uAý
£ ¤|��� ��� q%�A���-v#�/�%� ���,� � �/� �	�A� �,� ��ô�� �Zý

'�)�z@�s-|r ¢ � *,u %�. -wr ¢ n -�+ (�-�},)%+ )¥)%. . )-%�)%z	}fx�~v*�%
¡�)%u {�-wry~v¡�-w.1)%r5�s-|} ¢ }w� ¢ + (�u ¢ rZ+ ry)%z	}frZ+ )%x / r��
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Ûx
i«i«i¬Z«�Ú ef¬Z¨ j
­�y�ÛÝj�dia�c	di¬Z«�Ú

��rZrZ{�� -�+ (	)%+)��-�. u uv. -/(	)%rZ(���(	-wz	-w¡�-w.
λ zw0-1 2a{

£ � � �A� � � ��|y¤|� � �¥� �¥�A� � � }|�/�%� � �Z�fr�r
£ � ����� �~��� �i�A� �A� }|�%�wôwó�� � ��|y� ���,� � �Z�,�w�%� ���1�A� � � }� ô�� �,� ���������Z�w��� � �¥�,� �A� |/� ��� ��� ��� × � � ó%� �A� � �Z���
£ ¤|���A�%� �	� ����� �w� �A�/� ô%�%��� ��|¦� � �¥�,�w�%� ��� �A� � � ��|5�;�w� }%� ý
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k1­�h�
imZ¬Z­|«	��nf�#©ij�«	�pàiàiß%j1c�c�¬Z«iÚ

á�â�ãvä å � rZ-�)%¡�) ¢ u )%tvu -�rA*,)%x�- ¢ z�+ )%t�u -|+ ~�rA+ ~v. -
x�~vu u ¢ r ¢ ~vz	ry. )%+ (	-w.�+ (	)%zsu ¢ rA+ r¦~�.1. -wr ¢ n%¢ z)o
£ � � ���Z�A�v��� ��ó%� ��|
£ �/ô��Z��� �A� � �v��� �Zó�� ��|
£ �%�wôwó�� �,���A� ��� ��|
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�i¬Z«ij�a1ß@��ß�­�gi¬Z«iÚ

, &	+ (	-/. -�. r¦)�x�~vu u ¢ r ¢ ~vz)' ¢ z	rZ-w. +	},)%+ ) ¢ z�z	-���+�t�u )%z / rZu ~�+ �
D. i nser t ( SPAN) D. i nser t ( MATH)

W;X Y � Y Z � YJc �aY Z � ` � c d � � X b/� � d ^ X Y-c � Y Z � Y ��j ^ � i~^ c �w� � ` b ` X j c �Z�[ac ^ ^ � ^ [ � � d���c � _fc YJV � �Z� � Y ] � ^ ^ � k

: S�4�T8�8
4 9-3;:

: S�4�T8�8354)6�74 9-3;:
8�8

4 9-3;:
hash (SPAN)=2 hash(MATH)=2
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�|¬Z«�ài¬Z«iÚ���ö÷j�hZj1mZ¬Z«iÚ�<��;�i¬Z«ij1a�ß@�iß%­|g�¬Z«iÚ

D. f i nd( SPAN) D. r emove( SPAN) D. f i nd( MATH)

: S�4�T8�8354)6�74 9-3;:
: S�4�T8�8354)6�74 9-3;:

: S�4�T8�8354)6�74 9-3;:
hash (SPAN)=2 hash(MATH)=2
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�iß%¬Z¨ a�ß-�=>#h�
ic�mZj1ß%¬Z«iÚ

�,¢ z�-w)%.1*�. ~vt ¢ z)o�(	)%ry+ (	-�+ -wz�},-wz	x�%�+ ~i. -wrZ{�u + ¢ z
x�u {�rZ+ -/. r¦~�&�}�)%+ ) ¢ zs+ (�-�+ )%tvu -
£ � ��� � �Z�A� �A��� �Z�A� � ��� � �¥��� �w��q��A� ô��A�v�v�A� ��� ��|y� �¦� ���A���A� �Z�

: S�4�T8�8354)6�74 9-3;:
\ ^ ]~d Y � `
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�#©ij1«�� àià�ß�j�c�c	¬Z«iÚÜÛ#jA�a
i¬Zß%j1¨ j�«imZc

� ê,(	-|rZ-wu -wx�+ ¢ ~vz�~�&	)%u + -w. z	)%+ -�rAu ~v+ ry��{�rZ+�t�-
. -wx�~���*�{�+ )%t�u -|)%z	}f},-w+ -w. � ¢ z ¢ rZ+ ¢ x
£ � �¦� �v�A�/¤��f� � � f i nd( ) ���A� ��� ���A�w¤���� q%�,� ��� �A� � �Z�� $ -wu -w+ ¢ ~�z�& . ~v�ª+ (	-|+ )%tvu -|��{�rZ+�t�-��%u ) n %��
£ � � �¥� � �A�v� �1ó%� ���A� }�� �Z�A� � ��� � �A�A�
£ �%�/��� �%� �A����q%�1���A� �A�Z� � ����� }��i�A� ��� ���A�vó%�A� ��|¦���A� �A� �Z�
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�#©ij1«�� àià�ß�j�c�c	¬Z«iÚsnf�#j1«ij�ß%a1h��|­|ß%¨

�i*�-wz�)%},},. -wrAr ¢ z)o ¢ r5o�-wz�-w. )%u u %�-���*,. -/rZrZ-w}f)%rZ�
� ���A� � � ��� � �J� � � c � �%�¥�%��� �  �¡ ��¢ £ ¤�� �Z� �/� c�¥ tA�~r ���Z�-¦

ê,(	-|(	)%rZ( ¢ z o�*,. ~�x�-w},{�. - ¢ ry+ (	-w. -�& ~v. -w�
r �-§�� } � ���A� � � ��� � �J� � � t�� �%���w��� �  �¡ ��¢ £ ¤��
���-¨ �%� � � �	� ô�� � �Z� � } � ���A� � � ��� � �J� � � r � �%���w��� �  �¡ ��¢ £ ¤��
���%�,����� � ��ô���ô%��� � ��}%�wô|� � �v��� �|�A�¥��� }�� � �/�

$ -wr ¢ ovzs}�-wx ¢ r ¢ ~vz	�-�s(	)%+	+ ~i{�rZ-�& ~v.-©�ª « �
£@¬ � ���Z�A����� ��ó%� ��|yô�� �A� � � c � ¥�c
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­ 
ia1àiß%a�mZ¬ZÞ®�iß%­|gi¬Z«iÚ

� rZ-wr�©�ª ¯ « z ¯ °
D. i nser t ( SPAN) D. i nser t ( MATH)

8�8
4 9-3;:

8�8
4 9-3;:

8�8
4 9-3;:

hash (SPAN)=2 hash(MATH)=2
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­ 
ia1àiß%a�mZ¬ZÞ®�iß%­|gi¬Z«iÚsnJ±A²�a1h�
ia�mZ¬Z­|«

�@³ ´�µ ¶ ¯ µ ¯ · ´�¸ rZ*�. -w)%},ry+ ( ¢ z)ovr¦~v{�+���~v. -~'�rA~�*�. ¢ � )%. %
x�u {�rZ+ -/. ¢ z)o�rZ(	~v{�u }fz	~v+�tv-�)%ry��{�x�(�~�&	)¥*�. ~vtvu -w�

� , +�x�)%z�t�-|*�. ~v¡�-wz�+ (	)%+)¹�{�)%},. )%+ ¢ x¦*�. ~vt ¢ z)o ¢ ro�{�)%. )%z	+ -w-w}f+ ~A& ¢ z�} )�& . -w-|rZu ~v+ ¢ & {
£ ��ô���ó%�A�v�w�%� � �/� �	� �v��� � ���
£ � � ó�� �,� ��� �A� ��� ��� �|���A� ��� ô�� �
£ � � ���A� �A� �/� �A�Z� �A� � �Z�,¤���� � λ

¥ t�s º��
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öb­�
igihZj
`÷a�c�di¬Z«iÚ

©�ª ¯ « z ¯
⋅
(	)%rA(O» ª ¼�½-¾�«

³ ´�µ ¶ ¯ µ ¯ · ´�¸ r ¢ z	x�-�o�~v~�} (�)�rA(�& {�z	x�+ ¢ ~vz	ry. -wrA{,u + ¢ z& ) ¢ . u %�. )%z	}�~v�ª} ¢ rA+ . ¢ t�{�+ ¢ ~�z	r�'%+ ( ¢ ryrZ*�. -w)%},r
¡�)%u {�-wry~v{�+ ¢ z�)¥u -wrZry*�. -w} ¢ x�+ )%t�u -|*�)%+ + -w. z
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­ 
ia1àiß%a�mZ¬ZÞ®�iß%­|gi¬Z«iÚ

� rZ-wr�©�ª ¯ « z ¯ °
D. i nser t ( SPAN) D. i nser t ( MATH): S�4�T

8�8
4 9-3;:

: S�4�T354)6�78�8
4 9-3;:

8�8
4 9-3;:

hash (SPAN)=2
hash2 (SPAN)=5

hash(MATH)=2
hash2 (MATH)=3
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¿ Ò�Ô Ö Ç Á Â ÀÁ Â Ã Ä Â Å Æ ÇÈ Æ Â É É ÊË Ç ÌJÍ Æ Â Ë Ç Ê Ä Î Ë

�p©i©ihZ¬ZÞ�a1mZ¬Z­�«ic|n->#­|¨ ©�¬ZhZj1ß%c

'�~v��* ¢ u -w. ry{�rZ-|(	)%rZ(�+ )�tvu -wry+ ~irZ+ ~v. - ¢ z)& ~v. ��)%+ ¢ ~vz
)%tv~v{�+	)%u uv{�rA-w. Ï }�-�& ¢ z	-/} ¢ }�-wz	+ ¢ & ¢ -w. r

i nt  i ;

Li st <i nt > myl i st ;

voi d get name( )  {

  char  name[ 20] ;

  …

}

¿ Ç ÀÁ Â Ã Ä Â Å Æ ÇÄ Î Ë Ç Ð Ç Ã
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