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Today

• Arrays of Strings

• Dynamic Memory Allocation
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Arrays of Strings



Arrays of Strings
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!"##$%&'(&)*+!
!"##$%&'(&)*,!
!"##$%&'(&)*-!
!"##$%&'(&)*.!
!"##$%&'(&)*/!
!012(345#!
!6$2)(7'!
!8$&49*:;4'!

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><<=><<=><<=><<=><

<6< <$< <2< <)< <(< <7< <'< <=><<=><<=><<=><<=><<=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><<=><<=><
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?@47*'47A#BCBC*D*E!"##$%&'(&)*+!F*!"##$%&'(&)*,!F
******************!"##$%&'(&)*-!F*!"##$%&'(&)*.!F
******************!"##$%&'(&)*/!F*!012(345#!F
******************!6$2)(7'!F*!8$&49*:;4'!GH

(7717I*4774J*)JK(*@4#*$&?1'K9()(*(9('(&)*)JK(

$&)*#L',M"774JN$&)*4BCB0P3QCF*$&)*&OH

$&)*#L',M"774JN$&)*4BCBCF*$&)*&OH

Error

!"#$%&#$'()*)+,-+*%.%/01((234&546%+07%01((234&546%,07
%%%%%%%%%%%%%%%%%%%%%%01((234&546%807%01((234&546%907
%%%%%%%%%%%%%%%%%%%%%%01((234&546%:07%0;<=5>#?(07
%%%%%%%%%%%%%%%%%%%%%%0@2=65$&07%0A24#B%CD#&0EF

Error



Arrays of Strings
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!"##$%&'(&)*+!
!"##$%&'(&)*,!
!"##$%&'(&)*-!
!"##$%&'(&)*.!
!"##$%&'(&)*/!
!012(345#!
!6$2)(7'!
!8$&49*:;4'!

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><<=><<=><<=><<=><

<6< <$< <2< <)< <(< <7< <'< <=><<=><<=><<=><<=><<=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><<=><<=><



Arrays of Strings
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!"##$%&'(&)*+!
!"##$%&'(&)*,!
!"##$%&'(&)*-!
!"##$%&'(&)*.!
!"##$%&'(&)*/!
!012(345#!
!6$2)(7'!
!8$&49*:;4'!

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><<=><<=><<=><<=><

<6< <$< <2< <)< <(< <7< <'< <=><<=><<=><<=><<=><<=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><<=><<=><

!Q1'(*P)@(7*R(499J*31&%*S)('!



Arrays of Strings
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!"##$%&'(&)*+!
!"##$%&'(&)*,!
!"##$%&'(&)*-!
!"##$%&'(&)*.!
!"##$%&'(&)*/!
!012(345#!
!6$2)(7'!
!8$&49*:;4'!

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><<=><<=><<=><<=><

<6< <$< <2< <)< <(< <7< <'< <=><<=><<=><<=><<=><<=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><<=><<=><

!Q1'(*P)@(7*R(499J*31&%*S)('!

GHGG<GG&GG5GG%GGIGG6GG"GG5GG$GG%GGJGG5GG#GGBGGBGGKGG%GG>GG<GG4GG3GG%GGLGG6GG5GG&GGMNG



Arrays of Strings

7

G1GG(GG(GG2GG3GG4GG&GG5GG4GG6GG%GG+GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

G1GG(GG(GG2GG3GG4GG&GG5GG4GG6GG%GG,GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

G1GG(GG(GG2GG3GG4GG&GG5GG4GG6GG%GG8GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

G1GG(GG(GG2GG3GG4GG&GG5GG4GG6GG%GG9GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

G1GG(GG(GG2GG3GG4GG&GG5GG4GG6GG%GG:GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

G;GG<GG=GG5GG>GG#GG?GG(GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

G@GG2GG=GG6GG5GG$GG&GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

GAGG2GG4GG#GGBGG%GGCGGDGG#GG&GGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNGGMNG

GHGG<GG&GG5GG%GGIGG6GG"GG5GG$GG%GGJGG5GG#GGBGGBGGKGG%GG>GG<GG4GG3GG%GGLGG6GG5GG&GGMNG
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<Q< <1< <'< <(< <*< <P< <)< <@< <(< <7< <*< <R< <(< <4< <9< <9< <J< <*< <3< <1< <&< <%< <*< <S< <)< <(< <'< <=><
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<Q< <1< <'< <(< <*< <P< <)< <@< <(< <7< <*< <R< <(< <4< <9< <9< <J< <*< <3< <1< <&< <%< <*< <S< <)< <(< <'< <=><
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<Q< <1< <'< <(< <*< <P< <)< <@< <(< <7< <*< <R< <(< <4< <9< <9< <J< <*< <3< <1< <&< <%< <*< <S< <)< <(< <'< <=><
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<Q< <1< <'< <(< <*< <P< <)< <@< <(< <7< <*< <R< <(< <4< <9< <9< <J< <*< <3< <1< <&< <%< <*< <S< <)< <(< <'< <=><

array of pointers to ?@47
i.e., an array of ?@47*T
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Arrays of Pointers

?@47*TKH

?@47*T4KB.CH

array of something

what “something” is

?@47*4B.CH

<U<?@47*?H

<V< <J< <(< <=><

<4< <5< <?< <2<

} }

?I

KI

4I

4KI
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Arrays of Pointers
4KI

4KB>C

4KB+C

4KB,C

4KB-C



Arrays of Pointers
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<6< <$< <2< <)< <(< <7< <'< <=><

?@47*T4KB.CH

4KI



Arrays of Pointers
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#)7&?KJN4KB>CF*!6$2)(7'!F*W*OH

?@47*T4KB.CH

Wrong

4KI

4KB>C doesn’t point at an array!



Arrays of Pointers
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#)7&?KJN4KB>CF*!6$2)(7'!F*W*OH

$&)*TKH
TK*D*+,H

?@47*T4KB.CH

Wrong

4KI

4KB>C doesn’t point at an array!



Arrays of Pointers
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4KB>C*D*!6$2)(7'!H

#)7&?KJN4KB>CF*!6$2)(7'!F*W*OH

?@47*T4KB.CH

<6< <$< <2< <)< <(< <7< <'< <=><

Wrong

4KI

4KB>C doesn’t point at an array!



Arrays of Pointers
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4KB>C*D*!6$2)(7'!H

#)7&?KJN4KB>CF*!6$2)(7'!F*W*OH

Z#B>C*D*!6$2)(7'!H
?@47*#BX*Y*+CH
#*D*!6$2)(7'!H

?@47*T4KB.CH

<6< <$< <2< <)< <(< <7< <'< <=><

Wrong

Error

4KI

4KB>C doesn’t point at an array!

#I



Arrays of Pointers
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4KB>C*D*!6$2)(7'!H

#)7&?KJN4KB>CF*!6$2)(7'!F*W*OH

Z#B>C*D*!6$2)(7'!H
?@47*#BX*Y*+CH
#*D*!6$2)(7'!H

?@47*T4KB.CH

<6< <$< <2< <)< <(< <7< <'< <=><

4KB+C*D*#H

Wrong

Error

4KI

4KB>C doesn’t point at an array!

#I



Arrays of Pointers

11

4KB>C*D*!6$2)(7'!H

#)7&?KJN4KB>CF*!6$2)(7'!F*W*OH

Z#B>C*D*!6$2)(7'!H
?@47*#BX*Y*+CH
#*D*!6$2)(7'!H

?@47*T4KB.CH

<6< <$< <2< <)< <(< <7< <'< <=><

4KB+C*D*#H

Wrong

Error

4KI

4KB>C doesn’t point at an array!

<0< <1< <2< <(< <3< <4< <5< <=><#I

#)7&?KJN4KB+CF*!012(345!F*X*Y*+OH
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Arrays of Pointers

&#$'(+ is an array of arrays of !"#$

?@47*T'47A#,BC*D*E!"##$%&'(&)*+!F*!"##$%&'(&)*,!F
******************!"##$%&'(&)*-!F*!"##$%&'(&)*.!F
******************!"##$%&'(&)*/!F*!012(345#!F
******************!6$2)(7'!F*!8$&49*:;4'!GH

&#$'(, is an array of pointers to !"#$

!"#$%&#$'(+)*)+,-+*%.%/01((234&546%+07%01((234&546%,07
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%807%01((234&546%907
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%:07%0;<=5>#?(07
%%%%%%%%%%%%%%%%%%%%%%%0@2=65$&07%0A24#B%CD#&0EF
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<Q< <1< <'< <(< <*< <P< <)< <@< <(< <7< <*< <R< <(< <4< <9< <9< <J< <*< <3< <1< <&< <%< <*< <S< <)< <(< <'< <=><

&#$'(,)N* is the first pointer
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&#$'(+)N*)N*Want first letter of first string:

OP&#$'(,)N*QWant first letter of first string:

?@47*T'47A#,BC*D*E!"##$%&'(&)*+!F*!"##$%&'(&)*,!F
******************!"##$%&'(&)*-!F*!"##$%&'(&)*.!F
******************!"##$%&'(&)*/!F*!012(345#!F
******************!6$2)(7'!F*!8$&49*:;4'!GH

OP&#$'(,)N*%-%+QWant second letter of first string:

Want second letter of first string: &#$'(+)N*)+*

!"#$%&#$'(+)*)+,-+*%.%/01((234&546%+07%01((234&546%,07
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%807%01((234&546%907
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%:07%0;<=5>#?(07
%%%%%%%%%%%%%%%%%%%%%%%0@2=65$&07%0A24#B%CD#&0EF
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <,< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

<0< <1< <2< <(< <3< <4< <5< <#< <=><

<6< <$< <2< <)< <(< <7< <'< <=><

<8< <$< <&< <4< <9< <*< <:< <;< <4< <'< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <-< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <.< <=><

<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< </< <=><

<Q< <1< <'< <(< <*< <P< <)< <@< <(< <7< <*< <R< <(< <4< <9< <9< <J< <*< <3< <1< <&< <%< <*< <S< <)< <(< <'< <=><

&#$'(,)N* is the first pointer
OP&#$'(,)N*Q is the char in that string
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?@47*T'47A#,BC*D*E!"##$%&'(&)*+!F*!"##$%&'(&)*,!F
******************!"##$%&'(&)*-!F*!"##$%&'(&)*.!F
******************!"##$%&'(&)*/!F*!012(345#!F
******************!6$2)(7'!F*!8$&49*:;4'!GH

&#$'(+)N*)N*Want first letter of first string:

OP&#$'(,)N*QWant first letter of first string:

OP&#$'(,)N*%-%+QWant second letter of first string:

Want second letter of first string: &#$'(+)N*)+*

!"#$%&#$'(+)*)+,-+*%.%/01((234&546%+07%01((234&546%,07
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%807%01((234&546%907
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%:07%0;<=5>#?(07
%%%%%%%%%%%%%%%%%%%%%%%0@2=65$&07%0A24#B%CD#&0EF
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?@47*T'47A#,BC*D*E!"##$%&'(&)*+!F*!"##$%&'(&)*,!F
******************!"##$%&'(&)*-!F*!"##$%&'(&)*.!F
******************!"##$%&'(&)*/!F*!012(345#!F
******************!6$2)(7'!F*!8$&49*:;4'!GH

&#$'(,)N*)N*

&#$'(+)N*)N*Want first letter of first string:

Want first letter of first string:

Want second letter of first string:

Want second letter of first string: &#$'(+)N*)+*

&#$'(,)N*)+*

!"#$%&#$'(+)*)+,-+*%.%/01((234&546%+07%01((234&546%,07
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%807%01((234&546%907
%%%%%%%%%%%%%%%%%%%%%%%01((234&546%:07%0;<=5>#?(07
%%%%%%%%%%%%%%%%%%%%%%%0@2=65$&07%0A24#B%CD#&0EF
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246%#)*%.%/+7%,7%8EF
246%OR%.%#F

OPR%-%2Q #)2*

OPRQ #)N*

OPR%-%+Q #)+*

OP#%-%2Q

OPS#)N*%-%2Q

R)2*

#)2*

#)2*

OPR%-%2Q

A Pointer Oddity

OP#%-%2Q

OP2%-%#Q

2)#*

+)#* ,

Crazy C Aside

Never actually 
do this!

#)2*

#)2*
OPS#)N*Q
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<"< <#< <#< <$< <%< <&< <'< <(< <&< <)< <*< <+< <=><

TN'47A#,B>C*Y*+O

'47A#,B>CB+C

<#<
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Arrays of Pointers

• This is not limited to strings

• Sometimes called “ragged arrays” or “sparse arrays”

• Pro:

• Doesn’t waste space

• Con:

• Some tasks are more complicated 
(e.g., accessing each element)



Dynamic Memory Allocation

20

'4991?NO and friends



Automatic Allocation

21

• We’ve been doing this since the first week

• Variables have a name and an address

$&)*$H
$*D*/H

/

, .

$I

KI

4I

$&)*4B.CH
4B>C*D*,H
4B+C*D*.H

$&)*TK*D*Z$H



Fixed Sizes

• Automatically allocated variables can’t change size

• Until C99, array sizes needed to be fixed at 
compile time

22

4I

$&)*4B.CH

$&)*&H
#?4&[N!\2!F*Z&OH
$&)*4B&CH

Pr
e-

C99
C99



Fixed Sizes

• Automatically allocated variables can’t change size

• Until C99, array sizes needed to be fixed at 
compile time

22

4I

$&)*4B.CH

$&)*&H
#?4&[N!\2!F*Z&OH
$&)*4B&CH

Pr
e-

C99
C99
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$&)*'4$&N]1$2O
E
****?@47*T9$&(#B^CH
****
****[17*N$&)*$*D*>H*$*_*^H*$YYO
****E
********K7$&)[N!`*!OH
********9$&(#B$C*D*%()3$&(NOH
****G
****
****[17*N$&)*$*D*>H*$*_*^H*$YYO
****E
********K7$&)[N!__\#aa=&!F*9$&(#B$COH
****G

****7()L7&*>H
G
?@47*T%()3$&(N]1$2O
E
****?@47*$&KL)B6"bc3:^def*Y*+CH
****[%()#N$&KL)F*6"bc3:^def*Y*+F*#)2$&OH
****
****7()L7&*$&KL)H
G
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$&)*T#gL47(,N$&)*TKO
E
**$&)*7(#L9)*D*TK*T*TKH
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Dynamic Memory Allocation

• Alternate way of allocating memory

• Obtained from a different pool of memory



'4991?NO

• “Memory Allocator”

• j$&?9L2(*_#)29$5k@a
• You ask '4991?NO for some memory, it finds 

some, and then gives it to you

• ]1$2*T pointer (“generic” pointer)

27

]1$2*T'4991?N#$i(c)*#$i(OH

for now think of it as $&)


