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Today

• !"#$%Functions

• Searching

• A5 Extension



!"#$ Functions
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!"#$ Functions

• C library has functions for working with !"#$s

•  &'(!)*+,%-!./0,1"2 (no 3) needed)

• These are not string functions!
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!./0,1"

• Classification Functions

• Conversion Functions

5



Classification

• '4#)0"#56

• '4+'7'.56

• '4*00,$56

• '4)89,$56

• '440#!,56

• etc.
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'4+'7'.5:;:6 .$*,

'4*00,$5:#:6 <#)4,
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=88)%'4)89,$5!"#$%!6>

'(.%'4)89,$5'(.%!6>

Predates 4.+=88)1" Needs to be able to handle 
abnormal situations

!"#$%7,.!"#$5?8'+6>

'(.%7,.!"#$5?8'+6>

It can return one of @AB possible !"#$s (CDEFF codes G3@AA)
or a special !"#$ HIJ meaning “end of file”

That’s 257 possible values!
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=88)%'4)89,$5!"#$%!6>

'(.%'4)89,$5'(.%!6>

Predates 4.+=88)1" Needs to be able to handle 
abnormal situations

!"#$%7,.!"#$5?8'+6>

'(.%7,.!"#$5?8'+6>

It can return one of @AB possible !"#$s (CDEFF codes G3@AA)
or a special !"#$ HIJ meaning “end of file”

99.9% of time, you 
can assume this

That’s 257 possible values!
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=88)%'4D.$'(7K89,$5!"#$%L46
M
%%%%=88)%$,4*).%N%.$*,>
%%%%
%%%%<8$%5'(.%'%N%G>%4O'P%QN%:RG:>%'SS6
%%%%M

%%%%T%%%
%%%%$,.*$(%$,4*).>
T

%%%%%%%%'<%5Q%'4)89,$54O'P66
%%%%%%%%M
%%%%%%%%%%%%$,4*).%N%<#)4,>
%%%%%%%%T%
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=88)%'4D.$'(7K89,$5!"#$%L46
M
%%%%=88)%$,4*).%N%.$*,>
%%%%
%%%%<8$%5'(.%'%N%G>%4O'P%QN%:RG:>%'SS6
%%%%M

%%%%T%%%
%%%%$,.*$(%$,4*).>
T

$,4*).%N%$,4*).%UU%'4)89,$54O'P6>
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'4D.$'(7K89,$5VCWEV6

'4D.$'(7K89,$5V#=!V6

'4D.$'(7K89,$5V#W!V6

'4D.$'(7K89,$5V;@XV6

<#)4,

<#)4,

<#)4,

.$*,
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Conversion

• .8*00,$56

• .8)89,$56

• Safer version of !%Y%X@

!"#$%!>
!%N%.8*00,$5:#:6>
!%N%.8*00,$5:C:6>
!%N%.8*00,$5:X:6>

:C:

:C:

:X:
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'(.%.8*00,$5'(.%!6>

!"#$%.8*00,$5!"#$%!6>

Conversion Prototypes
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'(.%.8*00,$5'(.%!6>

!"#$%.8*00,$5!"#$%!6>

Conversion Prototypes

99.9% of time, you 
can assume this
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?8'+%4.$'(7Z8[00,$5!"#$%L46
M
%%%%<8$%5'(.%'%N%G>%4O'P%QN%:RG:>'SS6
%%%%M
%%%%%%%%4O'P%N%.8*00,$54O'P6>
%%%%T
T
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4.$'(7Z8[00,$5V#=!V6 Wrong

!"#$%4;OP%N%VCWEV>
4.$'(7Z8[00,$54;6

CWE

!"#$%4@OP%N%V#W!V>
4.$'(7Z8[00,$54@6

CWE

!"#$%4XOP%N%V#W!;@V>
4.$'(7Z8[00,$54X6

CWE;@
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Searching



Searching

• Given a collection of data and an item

• Find the location of that item

• Or figure out it isn’t there
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Searching

• Arrays vs. Linked Lists

• Unsorted vs. sorted collections of data



If it Isn’t There

• Need to make sure you know how to indicate 
that you failed to find something

• If you’re returning indices, 3; is common

• If you’re returning pointers, \[KK is common

• These only work if those are not valid values!
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Unsorted

• Start at the beginning, keep looking

• By definition, you might have to examine the 
entire set of data
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Unsorted Array
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@X ]^ ;G ] @_ __ B] X`

'(.%<'(+F(+,a5'(.%)'4.OPb%'(.%(b%'(.%a6
M
%%%%'(.%'(+,a%N%3;>
%%%%<8$%5'(.%'%N%G>%'%-%(>%'SS6
%%%%M
%%%%%%%%'<%5)'4.O'P%NN%a6
%%%%%%%%M
%%%%%%%%%%%%'(+,a%N%'>
%%%%%%%%T
%%%%T
%%%%
%%%%$,.*$(%'(+,a>
T



Unsorted Array

21

@X ]^ ;G ] @_ __ B] X`

'(.%<'(+F(+,a5'(.%)'4.OPb%'(.%(b%'(.%a6
M
%%%%'(.%'(+,a%N%3;>
%%%%<8$%5'(.%'%N%G>%'%-%(%UU%'(+,a%NN%3;>%'SS6
%%%%M
%%%%%%%%'<%5)'4.O'P%NN%a6
%%%%%%%%M
%%%%%%%%%%%%'(+,a%N%'>
%%%%%%%%T
%%%%T
%%%%
%%%%$,.*$(%'(+,a>
T
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Unsorted Array

'+\*cd ;

(#c,dVe8c,$V

'+\*cd X

(#c,dVf#$7,V

'+\*cd B

(#c,dVW#$.V

'+\*cd _

(#c,dVK'4#V

'+\*cd ^

(#c,dVf#77',V
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Unsorted Array
'+\*cd ;

(#c,dVe8c,$V

'+\*cd X

(#c,dVf#$7,V

'+\*cd B

(#c,dVW#$.V

'+\*cd _

(#c,dVK'4#V

'+\*cd ^

(#c,dVf#77',V

!"#$%L<'(+\#c,5g,$48(%L)'4.OPb%'(.%(b%'(.%'+\*c6
M
%%%%!"#$%L$,4*).%N%\[KK>
%%%%<8$%5'(.%'%N%G>%'%-%(%UU%$,4*).%NN%\[KK>%'SS6
%%%%M
%%%%%%%%'<%5)'4.O'P32'+\*c%NN%'+\*c6
%%%%%%%%M
%%%%%%%%%%%%$,4*).%N%)'4.O'P32(#c,>
%%%%%%%%T
%%%%T
%%%%
%%%%$,.*$(%$,4*).>
T



Unsorted Linked List
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'+\*cd ^

(#c,dVf#77',V

(,a.d

'+\*cd X

(#c,dVf#$7,V

(,a.d

'+\*cd ;

(#c,dVe8c,$V

(,a.d

'+\*cd B

(#c,dVW#$.V

(,a.d

'+\*cd _

(#c,dVK'4#V

(,a.d

",#+d



Unsorted Linked List
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!"#$%L<'(+\#c,5g,$48(%L",#+b%'(.%'+\*c6
M
%%!"#$%L$,4*).%N%\[KK>
%%
%%g,$48(%L!*$$,(.%N%",#+>
%%9"'),%5!*$$,(.%QN%\[KK6
%%M
%%%%'<%5!*$$,(.32'+\*c%NN%'+\*c6
%%%%M
%%%%%%$,4*).%N%!*$$,(.32(#c,>
%%%%T
%%%%!*$$,(.%N%!*$$,(.32(,a.>
%%T
%%%%
%%$,.*$(%$,4*).>
T



Unsorted Linked List

26

!"#$%L<'(+\#c,5g,$48(%L",#+b%'(.%'+\*c6
M
%%!"#$%L$,4*).%N%\[KK>
%%
%%g,$48(%L!*$$,(.%N%",#+>
%%9"'),%5!*$$,(.%QN%\[KK%UU%$,4*).%NN%\[KK6
%%M
%%%%'<%5!*$$,(.32'+\*c%NN%'+\*c6
%%%%M
%%%%%%$,4*).%N%!*$$,(.32(#c,>
%%%%T
%%%%!*$$,(.%N%!*$$,(.32(,a.>
%%T
%%%%
%%$,.*$(%$,4*).>
T



Unsorted
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• Best case: it’s the first item we look at

• Only examine one item

• Worst case: it’s the last item, or it’s not in the list

• Examine the entire list



Sorted

• Items are in some known order

• Numeric, alphabetical, etc.
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@X ]^ ;G ] @_ __ B] X`

] ;G @X @_ X` ]^ B] __



Unsorted vs. Sorted
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@X ]^ ;G ] @_ __ B] X`

] ;G @X @_ X` ]^ B] __

Looking for XA



Unsorted vs. Sorted
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Unsorted vs. Sorted
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Unsorted vs. Sorted

29

@X ]^ ;G ] @_ __ B] X`

] ;G @X @_ X` ]^ B] __

Looking for XA



Unsorted vs. Sorted

29

@X ]^ ;G ] @_ __ B] X`

] ;G @X @_ X` ]^ B] __

Looking for XA



Sorted Array

30

'(.%<'(+F(+,a5'(.%)'4.OPb%'(.%(b%'(.%a6
M
%%'(.%'(+,a%N%3;>
%%<8$%5'(.%'%N%G>%'%-%(%UU%'(+,a%NN%3;>%'SS6
%%M
%%%%'<%5)'4.O'P%NN%a6
%%%%M
%%%%%%'(+,a%N%'>
%%%%T
%%T
%%%%
%%$,.*$(%'(+,a>
T

] ;G @X @_ X` ]^ B] __

G ; @ X ] A B `



Sorted Array
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'(.%<'(+F(+,a5'(.%)'4.OPb%'(.%(b%'(.%a6
M
%%'(.%'(+,a%N%3;>
%%<8$%5'(.%'%N%G>%'%-%(%UU%'(+,a%NN%3;%
%%%%%%%%%%%%%%%%%%%%%%%%%UU%)'4.O'P%-N%a>%'SS6
%%M
%%%%'<%5)'4.O'P%NN%a6
%%%%M
%%%%%%'(+,a%N%'>
%%%%T
%%T
%%%%
%%$,.*$(%'(+,a>
T

] ;G @X @_ X` ]^ B] __

G ; @ X ] A B `



Sorted Linked List

32

'+\*cd ^

(#c,dVf#77',V

(,a.d

'+\*cd X

(#c,dVf#$7,V

(,a.d

'+\*cd ;

(#c,dVe8c,$V

(,a.d

'+\*cd B

(#c,dVW#$.V

(,a.d

'+\*cd _

(#c,dVK'4#V

(,a.d

",#+d



Sorted Linked List
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'+\*cd B

(#c,dVW#$.V

(,a.d

'+\*cd _

(#c,dVK'4#V

(,a.d

'+\*cd X

(#c,dVf#$7,V

(,a.d

'+\*cd ;

(#c,dVe8c,$V

(,a.d

'+\*cd ^

(#c,dVf#77',V

(,a.d

",#+d



Sorted Linked List
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!"#$%L<'(+\#c,5g,$48(%L",#+b%'(.%'+\*c6
M
%%!"#$%L$,4*).%N%\[KK>
%%
%%g,$48(%L!*$$,(.%N%",#+>
%%9"'),%5!*$$,(.%QN%\[KK%UU%$,4*).%NN%\[KK6
%%M
%%%%'<%5!*$$,(.32'+\*c%NN%'+\*c6
%%%%M
%%%%%%$,4*).%N%!*$$,(.32(#c,>
%%%%T
%%%%!*$$,(.%N%!*$$,(.32(,a.>
%%T
%%%%
%%$,.*$(%$,4*).>
T



Sorted Linked List
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!"#$%L<'(+\#c,5g,$48(%L",#+b%'(.%'+\*c6
M
%%!"#$%L$,4*).%N%\[KK>
%%
%%g,$48(%L!*$$,(.%N%",#+>
%%9"'),%5!*$$,(.%QN%\[KK%UU%$,4*).%NN%\[KK
%%%%%%%%%%%%%%%%%%%%%%%%%UU%!*$$,(.32'+\*c%-N%'+\*c6
%%M
%%%%'<%5!*$$,(.32'+\*c%NN%'+\*c6
%%%%M
%%%%%%$,4*).%N%!*$$,(.32(#c,>
%%%%T
%%%%!*$$,(.%N%!*$$,(.32(,a.>
%%T
%%%%
%%$,.*$(%$,4*).>
T



Sorted

• Might allow us to stop early

• Best case (same): it’s the first item

• Worst case (same): it’s the last item

• Variable case (new): it’s not in the list

• Might be able to stop after the first item, or 
might need to examine the entire list
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Smarter Searching

• This is not taking full advantage of the sorted list

• We can search more quickly if we do
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Guessing Game
• I’m thinking of a number between 0 and 100

• You guess a number, I’ll tell you if my number is 
larger or smaller

38

G ;G @G XG ]G AG BG `G _G ^G ;GG



Guessing Game
• I’m thinking of a number between 0 and 100

• You guess a number, I’ll tell you if my number is 
larger or smaller

38

AG

G ;G @G XG ]G AG BG `G _G ^G ;GG



Guessing Game
• I’m thinking of a number between 0 and 100

• You guess a number, I’ll tell you if my number is 
larger or smaller

38

AG `A

G ;G @G XG ]G AG BG `G _G ^G ;GG



Guessing Game
• I’m thinking of a number between 0 and 100

• You guess a number, I’ll tell you if my number is 
larger or smaller

38

AG `A _`

G ;G @G XG ]G AG BG `G _G ^G ;GG



Guessing Game
• I’m thinking of a number between 0 and 100

• You guess a number, I’ll tell you if my number is 
larger or smaller

38

AG `A _` _;

G ;G @G XG ]G AG BG `G _G ^G ;GG



Guessing Game
• I’m thinking of a number between 0 and 100

• You guess a number, I’ll tell you if my number is 
larger or smaller

38

AG `A _` _; _]

G ;G @G XG ]G AG BG `G _G ^G ;GG



Binary Search
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• This is an algorithm called binary search

• Each iteration cuts the search space in half

• Only works on sorted lists



40

Find the middle of the list.
'< (that item is larger than the item we’re searching for)
{
    Binary search the list from )89 to c'+3;
}
,)4,%'< (that item is smaller than the item we’re searching for)
{
    Binary search the list from c'+S; to "'7"
}
,)4,
{
    $,.*$(%c'+
}

] ;G @X @_ X` ]^ B] __

G ; @ X ] A B `

)89
"'7"

64
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40

Find the middle of the list.
'< (that item is larger than the item we’re searching for)
{
    Binary search the list from )89 to c'+3;
}
,)4,%'< (that item is smaller than the item we’re searching for)
{
    Binary search the list from c'+S; to "'7"
}
,)4,
{
    $,.*$(%c'+
}

] ;G @X @_ X` ]^ B] __

G ; @ X ] A B `

)89
"'7"

90

'< ()89%2%"'7")
{
    $,.*$(%3;
}


