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Recall: Opaque Data Type

� Incomplete structure definition:

� can define the type of a structure that hasn't been 
defined yet:
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Client Implementation
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Recall: String Table Module
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? A�B = C < 6�= D�E FG

D�E 6 ?H >E 6 G

IJ 6�= D�E F KB L K G

M :9 ; D�E 9 J NO P Q R R R

J 6 = D E F KB L K C D E D 6 K B LS 9 T U H D :V G

D E 6 B : :J 6 = D E F KB L S 9 T ? AB = C < 6 = D E FXW J 6 = D E F KB L K

C 6 B L S 9 V G
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String Table ADT

Y Turn this module into an ADT

Z Define opaque type:

[�\ ]^ _^ ` a [�b c d [ e [ b f�g h ikj lm n i o e [ b f�g h ikj l i

Z Note that in previous module, 
e [�b f�g h ij l i

 was a 
struct type. Here 

e [b fg h ikj l i
 is a pointer to struct 

e [ b f�g hm n i

.



String Table ADT

p Turn this module into an ADT (cont'd)

q Create function prototypes for interface (can now 
specify initial size of each table)

rs t u�v w xky z x uv us x y z{ | } uv s ~ u�� | ���

uv s y � � rs t u�v w xky z{ | }�� �y t � ~ s t uv wX�rs t uv w x y z x s y z{ | ���

� � u � � t uv s x y z{ | } rs t uv w x y z x s y z { | ���

� � u � � { | y t x y z{ | } rs t uv w x y z x � �s y z{ | ���



String Table CDT

� Implement table as an array

� Define type for elements of array:
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� Define CDT as a struct containing pointer to element 
of type 
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String Table CDT as linked list

¨ Could also implement as linked list

© Define type for elements of list:

ª�« ¬­ ®­ ¯ ° ª�± ² ³ ª ´µ ®­ ¶

³ ·�¸ ± ¹ ° ª�± º ´» ¼

º ´ ª ³ µ ² ´ ª ¼

° ª ± ² ³ ª ´µ ®­ ¹ ´­ ½ ª ¼

¾ ¿ ª ± º ´» Àµ ®­ Á ¼

© Define CDT as a struct containing pointer to node of 
linked list of type 

¿ ª�± º ´ » Àµ ®­ Á

ª�« ¬­ ®­ ¯ ° ª�± ² ³ ª ¿ ª ± º ´» Ák¸ ÂÃ Ä Á ¶

¿ ª ± º ´» Àµ ®­ Á ¹ ° Å º ° ª ¼

º ´ ª ° º�Æ ­ ¼

¾ ¿ ª ± º ´» Ák¸ ÂÃ Ä Á ¼



Implementation of String Table ADT 
as an array

Ç Use previous implementation, but now referring 
indirectly to table through È�É ÊË ÌÎÍ ÏÐ ÑkÒ Ò É Ó

Ô È Ò Õ�Ö × ØÉ Ê Ø Õ�Ö Õ È ØÉ ÊË Ì Ù ÕÖ È Ð Õ�Ú Ì Û�Ü

Ý Allocate memory for struct containing pointer to 
beginning of array: 

ÞÉ Ë Ë ßà Ù Ð Õ Ú Ì ß á Ù Ô È Ò Õ�Ö × ØÉ Êâ ã Ø Û Û

Ý Allocate memory for array, store address in Ô È Ò Õ�Ö × ØÉ Ê â ã Ø äÎÍ Ï Ð ÑkÒ Ò É Ó

Ý Store Ð
Õ Ú Ì in äÍ Ï Ð Õ Ú Ì
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�
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% To refer to array, use � � �� ��& ' (� � �)  

% If table size exceeded, reallocate memory to grow 
table 

* Similar modifications for +� �
 � � � �� � � " and 

� � � �� � � �� � � "



,�- . / 0 01 .�2 ,�- 3 4 / 56 7 8�9 : /2 ;�< .�2 ,�- 3
= 1 .�2 , - 3 4 / 56 7 4

. / 56 7 >

?
1 . 2 ,�- 3 @2 2 /A 4 ;�B C

,- . - 7D 1 ,$E 7 C

F$G 2 8 B H . / 56 7�I J< @2 2 / A C

B K . / 56 7�I J< @2 2 / A L . / 56 7�I J< ,E 7 M M

B I J< .2 ,- 3 N H OP Q Q C B L L >

, F 8 < .�2 9 RB 8 < .�2 ,�- 3
= B I J< .2 ,�- 3 > H H S > ?

B I J9 G T- . L L C

2 7 . T2 - U C

V
, F 8 B H H . / 56 7�I J< @2 2 / A L . / 56 7�I J< ,E 7 >

WX Y Y Y Z [\ ] ]_^ `\ a [ X W



b cd e f f g�h ij k�l mn o�p p h q r g�h ij k�l mn b$s k t

u kv w b s k f xy g h ij k�l mn b s kz

b cd d e f p kh j j {| d g�h ij k�l mn o p p h q }

u kv w b$s ky n b s k { cd w g p b u~ o p p h q � t t t f f �� � � t

p k g�� p u l � z

gh ij k�l mn o p p h q f ez

e f g�h ij k�l mn o p p h q r g�h ij k�l mn b s kz

gh ij k�l mn b s k f u kv w b s kz

�
b cd d e�l mn g p b u~ f n g p �� e d n g p b u ~ t t f f �� � � t

p k g�� p u l � z

el m | {� u g f � z

p k g� p u � z

�
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´ µ ¶· ¸ ¹�º »¼ ½ » ¾ ¹�º ¿À Á ¼ ¶�Â Ã ½ » ¾ ½ Ä�Å Á » ¾ ¹º Æ

Ç
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Ë¼ º º ¿ Å Í ÏÐ Á ¼ ¶�Â Ã Æ Ê

Ë¼ º º ¿ ¿ Ä�Å Á » ¾ ¹�º Æ Í ÏÐ È¼ ¼ » É Æ Ê

ÄÅ Á » ¾ ¹�º Ì Ö × Ø Ø Ê
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