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Today

• !"#$%"

• Data Structures
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Structures
• Way of grouping variables together into a single unit

• Acts as a template to create instances of that grouping

!"#$%"&'
&&%()#&*)+,-./&0&123
&&45$67,&+,"#5859$7)":5*3
;

create a new structure

members
fields

} what’s in it
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*)+,<

+,"#5859$7)":5*<

!"#$%"&'
&&%()#&*)+,-./&0&123
&&45$67,&+,"#5859$7)":5*3
;

This code is useless on its own

:*"

:*"&:3===&"5#5*"53

...
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'%:">

3 Watch this ;

!"#$%"&%:">&"5#5*"5&?&'@A5#5*"5@B&CDE.F;3

:*"&:3

:*"&G93

Type of : is :*"

Type of 9 is :*"&G

!"#$%"&%:">&"5#5*"53 Type of "5#5*"5 is !"#$%"&%:">

%:">&H)*%5$H,#3 Type of H)*%5$H,# is %:">

Error

!"#$%"&
&&%()#&*)+,-./&0&123
&&45$67,&+,"#5859$7)":5*3
;
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!"#$%$&

• A way of defining a new type

• More accurately, a new name for an existing type

">9,4,I&!"#$%#&'(%)*!&&!+(%)*!3

">9,4,I&45$67,&J577)#3

J577)#&9#:%,&?&1DKK3

J577)#&%)7%$7)",A)LMJ577)#&4N
'
&&DDD
;
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&&&&
&&%()#&*)+,-./&0&123
&&45$67,&+,"#5859$7)":5*3
; 3O:">

">9,4,I

">9,4,I&!"#$%"&%:">&'&DDD&&;&O:">3

create a !"#$%" named %:">

create a ">9,4,I for !"#$%"&%:"> called O:">

O:">&"5#5*"5&?&'@A5#5*"5@B&CDE.F;3

Type of "5#5*"5 is O:">

!"#$%"&%:">&'

}
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!"#$%#&'&(#&) "(#%*+,-)

*+.-

Dot Notation

#&'&(#&/(*01

#&'&(#&/01#'&2&345*#"&(

#&'&(#&/01#'&2&345*#"&(%6%7/,89)

:#'(;3$<#&'&(#&/(*01=%>?&'&(#&>=

%%%%%%%%%%%%:"@1&A<#&'&(#&/(*01BB)

3'"(#A<>?C1%3&3%&A%D:%":%DE%0"55"&(F(>=

%%%%%%%%%%#&'&(#&/(*01=%#&'&(#&/01#'&2&345*#"&(B)

(*01G

01#'&2&345*#"&(G

H?HH&HH'HH&H ...

7/,89
#&'&(#&G

} 7H)7$,!

#&'&(#&/(*01%6%>?&'&(#&>) Error

?C1%3&3%&A%?&'&(#&%":%7/,89%0"55"&(



Definition Location
• !"#$%"s can be defined most places in your program
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I"(;54J1%K:#J"&/CL

I"(;54J1%K:#'"(E/CL

#$31J1A%:#'4;#%;"#$%M

%%;C*'%(*01+8.%N%O-)

%%J&4P51%01#'&2&345*#"&()

Q%!"#$)

"(#%0*"(<R&"JB

M

%%///

Q



:#'4;#: and Operators
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• Assignment operator works (everything is copied)

!"#$%R*(;&4R1'%6%#&'&(#&)

(*01G

01#'&2&345*#"&(G

H?HH&HH'HH&H ...

7/,89
#&'&(#&G

(*01G

01#'&2&345*#"&(G

H?HH&HH'HH&H ...

7/,89
R*(;&4R1'G

!"#$%#&'&(#&%6%M>?&'&(#&>=%7/,89Q)



:#'4;#: and Operators
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• Relational operators do not work

• Arithmetic operators do not work

• Equality operators do not work

!"#$%#&'&(#&%6%M>?&'&(#&>=%7/,89Q)

!"#$%R*(;&4R1'%6%#&'&(#&)

#&'&(#&%L%R*(;&4R1' Error

#&'&(#&%N%R*(;&4R1' Error

#&'&(#&%66%R*(;&4R1' Error



Comparison
• If you need to compare !"#$%"!, you can write 

your own comparison function similar to !"#%+9MN
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:I&M;&03*'1!"#$M"5#5*"5B&H)*%5$H,#N&P&/N
'
&&DDD
;

"(#%;&03*'1!"#$<!"#$%;O=%!"#$%;8B

M

%%'1#4'(%;O/01#'&2&345*#"&(%S%;8/01#'&2&345*#"&()

Q



• You can get a pointer to a !"#$%"

Pointers and '!()*!'

!"#$%T3%6%U#&'&(#&)

!"#$%#&'&(#&%6%M>?&'&(#&>=%7/,89Q)

T3/(*01

T3/(*01%means%T<3/(*01B

Error

,##5#<&#,Q$,!"&I5#&+,+6,#&R*)+,S&:*&
!5+,"(:*T&*5"&)&!"#$%"$#,&5#&$*:5*

(*01G

01#'&2&345*#"&(G

H?HH&HH'HH&H ...

7/,89
#&'&(#&G

3G

<T3B/(*01
14



Too Much Typing

• Dennis Ritchie thought this was too much typing 
for a very common operation

• So he added a shortcut, the right arrow operator

• Only valid when used on a pointer to a !"#$%"
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MG9ND*)+,

9UP*)+,

Saves two whole characters!



Arrays of '!()*!'
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!"#$%;"#"1:+9-)

(*01G

01#'&2&345*#"&(G

...

(*01G

01#'&2&345*#"&(G

...

(*01G

01#'&2&345*#"&(G

...

(*01G

01#'&2&345*#"&(G

...

;"#"1:+.-

;"#"1:+O-

;"#"1:+8-

;"#"1:+,-



17

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

+,-$.

-$!(/0/#.

+,-$.

-$!(/0/#.

+,-$.

-$!(/0/#.

;"#"1:+.-/01#'&2&345*#"&(%6%7/,89)

:#'(;3$<;"#"1:+.-/(*01=%>?&'&(#&>=

%%%%%%%%%%%%:"@1&A<;"#"1:+.-/(*01BB)

Arrays of '!()*!'
!"#$%;"#"1:+9-)

;"#"1:+.-

;"#"1:+O-

;"#"1:+8-

;"#"1:+,-
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%%%!"#$%;"#"1:+-%6%M%M>V*5"A*W>=%%%./8X,Q=

%%%%%%%%%%%%%%%%%%%%%M>Y&(#'1*5>=%%,/Z79Q=

%%%%%%%%%%%%%%%%%%%%%M>?&'&(#&>=%%%7/,89Q=

%%%%%%%%%%%%%%%%%%%%%M>[*(;&4R1'>=%8/8\9Q%Q)

A&'%<"(#%"%6%.)%"%K%9)%"NNB

M

%%3'"(#A<>?C1%3&3%&A%D:%":%DE%0"55"&(F(>=

%%%%%%%%;"#"1:+"-/(*01=%;"#"1:+"-/01#'&2&345*#"&(B)

Q

?C1%3&3%&A%V*5"A*W%":%./8X,%0"55"&(
?C1%3&3%&A%Y&(#'1*5%":%,/Z79%0"55"&(
?C1%3&3%&A%?&'&(#&%":%7/,89%0"55"&(
?C1%3&3%&A%[*(;&4R1'%":%8/8\9%0"55"&(

Initializers
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'12$/&345'!()*!s

:"@1&A<;"#"1:B%]%:"@1&A<!"#$B

:"@1&A<;"#"1:B%]%:"@1&A<;"#"1:+.-B

%%%!"#$%;"#"1:+-%6%M%M>V*5"A*W>=%%%./8X,Q=

%%%%%%%%%%%%%%%%%%%%%M>Y&(#'1*5>=%%,/Z79Q=

%%%%%%%%%%%%%%%%%%%%%M>?&'&(#&>=%%%7/,89Q=

%%%%%%%%%%%%%%%%%%%%%M>[*(;&4R1'>=%8/8\9Q%Q)

:"@1&A<!"#$B
approx the sum of the sizes of each member

(very implementation specific)

:"@1&A<;"#"1:B number of elements T%!:V,5IMO:">N

Tip:

number of elements



Arrays of Pointers
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O:">&G%:":,!.-W23

I5#&M:*"&:&?&/3&:&X&W3&:00N
'
&&%:":,!.-:2&?&WYZZ3
;

[4,I:*,&W&F

%:":,!.

O:">&"5#5*"5&?&'@A5#5*"5@B&CDE.F;3
O:">&H)*%5$H,#&?&'@\)*%5$H,#@B&.D.]F;3

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9



Arrays of Pointers

20

O:">&G%:":,!.-W23

I5#&M:*"&:&?&/3&:&X&W3&:00N
'
&&%:":,!.-:2&?&WYZZ3
;

[4,I:*,&W&F

%:":,!.

O:">&"5#5*"5&?&'@A5#5*"5@B&CDE.F;3
O:">&H)*%5$H,#&?&'@\)*%5$H,#@B&.D.]F;3

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9

%:":,!.-/2&?&^"5#5*"53



Arrays of Pointers

20

O:">&G%:":,!.-W23

I5#&M:*"&:&?&/3&:&X&W3&:00N
'
&&%:":,!.-:2&?&WYZZ3
;

%:":,!.-12&?&^H)*%5$H,#3

[4,I:*,&W&F

%:":,!.

O:">&"5#5*"5&?&'@A5#5*"5@B&CDE.F;3
O:">&H)*%5$H,#&?&'@\)*%5$H,#@B&.D.]F;3

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9

%:":,!.-/2&?&^"5#5*"53
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A&'%<"(#%"%6%.)%"%K%^)%"NNB

M

%%3'"(#A<>D:F(>=%<T;"#"1:8+"-B/(*01B)

Q

%:":,!.

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9
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A&'%<"(#%"%6%.)%"%K%^)%"NNB

M

%%3'"(#A<>D:F(>=%;"#"1:8+"-SL(*01B)

Q

%:":,!.

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9
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;"#"1:8+"-/(*01 Error

A&'%<"(#%"%6%.)%"%K%^)%"NNB

M

%%3'"(#A<>D:F(>=%;"#"1:8+"-SL(*01B)

Q

%:":,!.

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9
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A&'%<"(#%"%6%.)%"%K%^)%"NNB

M

%%3'"(#A<>D:F(>=%;"#"1:8+"-SL(*01B)

Q

%:":,!.

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9

?&'&(#&

[*(;&4R1'

_1E01(#*#"&(%`*45#
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"A%<;"#"1:8+"-%a6%^bccB

M

%%3'"(#A<>D:F(>=%;"#"1:8+"-SL(*01B)

Q

15:1

M

%%3'"(#A<>+103#$-F(>B)

Q

A&'%<"(#%"%6%.)%"%K%^)%"NNB

M

Q

%:":,!.

+,-$.

-$!(/0/#.
>?&'&(#&>

7/,89

"5#5*"5<

+,-$.

-$!(/0/#.

H)*%5$H,#<

67,+*/)8$(6

8/8\9

?&'&(#&

[*(;&4R1'

+103#$-

+103#$-



0*55&;<Bing :#'4;#s

24

:*"&G9&?&+)775%M!:V,5IM:*"NN3

O:">&G()7:I)L&?&+)775%M!:V,5IMO:">NN3

G9&?&E13

E13G

+,-$.

-$!(/0/#.
C*5"A*WG



0*55&;<Bing :#'4;#s

24

:*"&G9&?&+)775%M!:V,5IM:*"NN3

O:">&G()7:I)L&?&+)775%M!:V,5IMO:">NN3

G9&?&E13

()7:I)LUP+,"#5859$7)":5*&?&/D._E3

E13G

+,-$.

-$!(/0/#. ./8X,
C*5"A*WG



0*55&;<Bing :#'4;#s

24

:*"&G9&?&+)775%M!:V,5IM:*"NN3

O:">&G()7:I)L&?&+)775%M!:V,5IMO:">NN3

G9&?&E13

()7:I)LUP+,"#5859$7)":5*&?&/D._E3
!"#*%9>M()7:I)LUP*)+,B&@`)7:I)L@B&!:V,5IM()7:I)LUP*)+,NN3

E13G

+,-$.

-$!(/0/#.

69,:1&,;6

./8X,
C*5"A*WG



A'11<Bing :#'4;#s

25

:*"&G9&?&+)775%M!:V,5IM:*"NN3

O:">&G()7:I)L&?&+)775%M!:V,5IMO:">NN3

G9&?&E13

()7:I)LUP+,"#5859$7)":5*&?&/D._E3
!"#*%9>M()7:I)LUP*)+,B&@`)7:I)L@B&!:V,5IM()7:I)LUP*)+,NN3

3G

+,-$.

-$!(/0/#.

69,:1&,;6

./8X,
C*5"A*WG

I#,,M9N3



A'11<Bing :#'4;#s

25

:*"&G9&?&+)775%M!:V,5IM:*"NN3

O:">&G()7:I)L&?&+)775%M!:V,5IMO:">NN3

G9&?&E13

()7:I)LUP+,"#5859$7)":5*&?&/D._E3
!"#*%9>M()7:I)LUP*)+,B&@`)7:I)L@B&!:V,5IM()7:I)LUP*)+,NN3

3G

C*5"A*WG

I#,,M9N3

I#,,M()7:I)LN3



Pointer fields
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">9,4,I&!"#$%"&*)+,
'
&&%()#&GI:#!"3
&&%()#&G7)!"3
;&W)+,3

W)+,&*)+,.3
!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&!:V,5IM*)+,.DI:#!"NN3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&!:V,5IM*)+,.D7)!"NN3
9#:*"IM@b!&b!&c*@B&*)+,.DI:#!"B&*)+,.D7)!"N3

W)+,&*)+,1&?&'@a5*)"()*@B&@J,6,#@;3
9#:*"IM@b!&b!&c*@B&*)+,1DI:#!"B&*)+,1D7)!"N3

a5*)"()*&J,6,#

d,T+,*")":5*&e)$7" Wrong



Pointer fields

26

">9,4,I&!"#$%"&*)+,
'
&&%()#&GI:#!"3
&&%()#&G7)!"3
;&W)+,3

W)+,&*)+,.3
!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&!:V,5IM*)+,.DI:#!"NN3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&!:V,5IM*)+,.D7)!"NN3
9#:*"IM@b!&b!&c*@B&*)+,.DI:#!"B&*)+,.D7)!"N3

W)+,&*)+,1&?&'@a5*)"()*@B&@J,6,#@;3
9#:*"IM@b!&b!&c*@B&*)+,1DI:#!"B&*)+,1D7)!"N3

a5*)"()*&J,6,#

d,T+,*")":5*&e)$7" Wrong

&1('!.

:,'!.
*)+,1< @a5*)"()*@

@J,6,#@



Pointer fields

26

!"#$%$&'(!)*+!',-.$
/
''+0-)'1&2)(!3
''+0-)'14-(!3
5'6-.$3

6-.$',-.$73
(!),+#"8,-.$79&2)(!:';<=,-!0-,;:'(2>$=&8,-.$79&2)(!??3
(!),+#"8,-.$794-(!:';@$A$);:'(2>$=&8,-.$794-(!??3
#)2,!&8;B('B('C,;:',-.$79&2)(!:',-.$794-(!?3

6-.$',-.$D'E'/;<=,-!0-,;:';@$A$);53
#)2,!&8;B('B('C,;:',-.$D9&2)(!:',-.$D94-(!?3

<=,-!0-,'@$A$)

F$G.$,!-!2=,'H-*4! Wrong

!"#$%&
'($%&

,-.$DI ;<=,-!0-,;
;@$A$);

!"#$%&
'($%&

,-.$7I



Pointer fields

26

">9,4,I&!"#$%"&*)+,
'
&&%()#&GI:#!"3
&&%()#&G7)!"3
;&W)+,3

W)+,&*)+,.3
!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&!:V,5IM*)+,.DI:#!"NN3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&!:V,5IM*)+,.D7)!"NN3
9#:*"IM@b!&b!&c*@B&*)+,.DI:#!"B&*)+,.D7)!"N3

W)+,&*)+,1&?&'@a5*)"()*@B&@J,6,#@;3
9#:*"IM@b!&b!&c*@B&*)+,1DI:#!"B&*)+,1D7)!"N3

a5*)"()*&J,6,#

d,T+,*")":5*&e)$7" Wrong

&1('!.

:,'!.
*)+,1< @a5*)"()*@

@J,6,#@

&1('!.

:,'!.
*)+,.<
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;C*'%TA"':#)

:#'(;3$<A"':#=%>d&(*#C*(>=%:"@1&A<A"':#BB)

"(#%T3)

T3%6%9O)

W)+,&*)+,.3
!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&!:V,5IM*)+,.DI:#!"NN3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&!:V,5IM*)+,.D7)!"NN3

Wrong

Wrong

Wrong



0*55&;<Bing fields

28

!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&WfghiZhW&0&1N3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&WfghiZhW&0&1N3

3'"(#A<>D:%D:%F(>=%(*018/A"':#=%(*018/5*:#B)

W)+,&*)+,.3

&1('!.

:,'!.
*)+,.<



0*55&;<Bing fields

28

!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&WfghiZhW&0&1N3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&WfghiZhW&0&1N3

3'"(#A<>D:%D:%F(>=%(*018/A"':#=%(*018/5*:#B)

W)+,&*)+,.3

*)+,.DI:#!"&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3
*)+,.D7)!"&&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3

&1('!.

:,'!.
*)+,.<



0*55&;<Bing fields

28

!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&WfghiZhW&0&1N3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&WfghiZhW&0&1N3

3'"(#A<>D:%D:%F(>=%(*018/A"':#=%(*018/5*:#B)

W)+,&*)+,.3

*)+,.DI:#!"&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3
*)+,.D7)!"&&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3

a5*)"()*&J,6,#

&1('!.

:,'!.
*)+,.<

HdH H&H H(H H*H H#H HCH H*H H(H <=><

HeH H1H HPH H1H H'H <=><



A'11<Bing fields

29

A'11<(*018/A"':#B)

A'11<(*018/5*:#B)

!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&WfghiZhW&0&1N3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&WfghiZhW&0&1N3

3'"(#A<>D:%D:%F(>=%(*018/A"':#=%(*018/5*:#B)

W)+,&*)+,.3

*)+,.DI:#!"&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3
*)+,.D7)!"&&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3

a5*)"()*&J,6,#

&1('!.

:,'!.
*)+,.<

HdH H&H H(H H*H H#H HCH H*H H(H <=><

HeH H1H HPH H1H H'H <=><



A'11<Bing fields

29

A'11<(*018/A"':#B)

A'11<(*018/5*:#B)

!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&WfghiZhW&0&1N3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&WfghiZhW&0&1N3

3'"(#A<>D:%D:%F(>=%(*018/A"':#=%(*018/5*:#B)

W)+,&*)+,.3

*)+,.DI:#!"&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3
*)+,.D7)!"&&?&+)775%M&MWfghiZhW&0&1N&G&!:V,5IM%()#N&N3

a5*)"()*&J,6,#

&1('!.

:,'!.
*)+,.<

HeH H1H HPH H1H H'H <=><



A'11<Bing fields

29

A'11<(*018/A"':#B)

A'11<(*018/5*:#B)

!"#*%9>M*)+,.DI:#!"B&@a5*)"()*@B&WfghiZhW&0&1N3
!"#*%9>M*)+,.D7)!"B&@J,6,#@B&WfghiZhW&0&1N3

3'"(#A<>D:%D:%F(>=%(*018/A"':#=%(*018/5*:#B)
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Create and Destroy
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• Functions that help us create/destroy !"#$%"s
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:#'4;#s and Functions
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• You can pass !"#$%"s in to functions

• You can return !"#$%"s from functions
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Pass by Value
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Pass by Value
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Pointers and '!()*!s

• To save time/memory, we very frequently refer to 
structs via pointers

• Even when functions don’t need to change them

•  Make sure to use %5*!"

• (That’s why there’s the&UP operator)

36



Data Structures
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Data Structures

• How we represent and store data in our programs

• Individual variables

• Arrays

• Arrays of pointers

• !"#$%"s
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Arrays

• Pro:

• Simple

• Easy (and fast) access to each element

• Con:

• Only stores one type of data

• Fixed size

• Needs to be contiguous
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Dynamically Allocated Arrays

• Use +)775%MN

• Fixes the “fixed size” problem
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Dynamically Allocated Arrays

• Use +)775%MN

• Fixes the “fixed size” problem
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Arrays of !"#$%"s
• !"#$%"s let us group multiple variables together

• Arrays let us group multiple !"#$%"s together

• Fixes the “single type” problem
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Arrays of !"#$%"s

• Still need to be contiguous

• Hard to delete/move elements
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Arrays of !"#$%"s

• Still need to be contiguous

• Hard to delete/move elements
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Arrays of pointers to :#'4;#s

• Array elements are much smaller

• Array elements can be WYZZ
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Shifting Can be Slow
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