
APS105
Winter 2012

Jonathan Deber
jdeber -at- cs -dot- toronto -dot- edu

Lecture 14
February 15, 2012 



Today

2

• More Pointers
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Assignment 2

• Make sure you understand how the starter code works

• When working with arrays, draw pictures

• Don’t change other parts of the starter code



Documentation
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• In order to use a function you need to know 
how it works

• In order to write a function you need to know 
how it works

• Two parts:

• Prototype (in C)

• Specification (in English)



Prototype

• Tells us the return type and the number and type 
of parameters
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!"#$%&'%('&#)*+,-!#!,".!"#$/+,-0$%1&2$3!2)%#!,"0$!"#$3!-#&"%)45

!"# !"# %1&2



Prototype

• Tells us the return type and the number and type 
of parameters

5

!"#$%&'%('&#)*+,-!#!,".!"#$/+,-0$%1&2$3!2)%#!,"0$!"#$3!-#&"%)45

!"# !"# %1&2 !"#



Specification
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Then, fill in %&'%('&#)*+,-!#!,".4. Remember what this function 
does: given the current x position, the direction of travel, and a distance, 
it calculates the new x position after moving the pen.  This means that we 
might need to add or subtract the distance from our current position, or 
do nothing to it if the movement is perpendicular to the x-axis.  Also 
keep in mind that there should never be an x coordinate that is outside 
of the canvas; we stop when we hit the edge.

67$8&'%('&#)-$#1)$")9$/$:,-!#!,"$%&(-)3$;<$&$=,>)$,?$@3!-#&"%)@

$$$!"$@3!2)%#!,"@A$B?$#1)$=,>)$!-$C$,2$D0$#1)$/$:,-!#!,"$9!''$;)

$$$("%1&"E)3A$$F1)$=,>)$9!''$",#$%&(-)$#1)$:)"$#,$=,>)$:&-#$#1)

$$$)3E)$,?$#1)$%&">&-5$!?$#1)$=,>)$9,('3$2)-('#$!"$#1)$:)"$

$$$=,>!"E$,??$#1)$')?#$-!3)$.:&-#$:,-!#!,"$G4$,2$2!E1#$-!3)$

$$$.:&-#$:,-!#!,"$8HID$J$K40$#1)$")9$:,-!#!,"$!-$#1)$)3E)$,?$#1)

$$$%&">&-A$$L,2$=,2)$3)#&!'-0$-))$#1)$&--!E"=)"#$1&"3,(#A$76

!"#$%&'%('&#)*+,-!#!,".!"#$/+,-0$%1&2$3!2)%#!,"0$!"#$3!-#&"%)45
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Prototype

M

Specification

M squares North

NO+B$6$P .NO+B$6$P4 radians



Pointers

• A pointer is a variable that holds a memory address

• It “points at” another variable
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!" #

$"
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!" #

$"

!"#$!$Q$R5

!"#$&ST$Q$UK0$P0$VW5

!"#$7:5

%" & ' (
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!" #

$"

!"#$!$Q$R5

!"#$&ST$Q$UK0$P0$VW5

!"#$7:5

:$Q$!5

%" & ' (

#

# is an !)*, not an arrow!Wrong



9

!" #

$"

!"#$!$Q$R5

!"#$&ST$Q$UK0$P0$VW5

!"#$7:5

:$Q$!5

:$Q$X!5

%" & ' (

# is an !)*, not an arrow!

“address of” operator

Wrong

(give me an arrow pointing to !)
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Dereferencing
!"#$!$Q$R5

!"#$7:$Q$X!5

!"#$Y$Q$:5

!" #$"

+"

Wrong
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Dereferencing
!"#$!$Q$R5

!"#$7:$Q$X!5

!"#$Y$Q$:5

!"#$Y$Q$7:5

These are two different meanings of 7 !

!"#$&ST$Q$UK0PW5

!"#$Z$Q$&SKT5

: is of type !"#$7

“indirection operator”

!" #$"

+"

Wrong

#

(follow the arrow in : and get the value stored there)
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!"#$!$Q$P5

!"#$7:5

:$Q$X!5

.!"#$74 .!"#4X

.!"#$74

7:$Q$[5

.!"#$74

.!"#4

7 .!"#4

7:$Q$X!5

.!"#$74

.!"#4

7 .!"#4X

.!"#$74

Wrong



Aliasing
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!"#$!$Q$R5

!"#$7:$Q$X!5

!" #

$"

:2!"#?.\!]$^30$7:]$^3$_"\0$!0$7:45

!]$R0$7:]$R



Aliasing
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!"#$!$Q$R5

!"#$7:$Q$X!5

!"

$"

:2!"#?.\!]$^30$7:]$^3$_"\0$!0$7:45

!$Q$`5

:2!"#?.\!]$^30$7:]$^3$_"\0$!0$7:45

!]$R0$7:]$R

!]$`0$7:]$`

,



Aliasing
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!"#$!$Q$R5

!"#$7:$Q$X!5

!"

$"

:2!"#?.\!]$^30$7:]$^3$_"\0$!0$7:45

!$Q$`5

:2!"#?.\!]$^30$7:]$^3$_"\0$!0$7:45

7:$Q$[5

:2!"#?.\!]$^30$7:]$^3$_"\0$!0$7:45

!]$R0$7:]$R

!]$`0$7:]$`

!]$[0$7:]$[

-



Aliasing
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• When there are two (or more) ways to refer to 
the same chunk of data

! and 7: are aliases of each other
!"#$!$Q$R5

!"#$7:$Q$X!5



Aliasing
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!"#$!$Q$R5

!"#$7:$Q$X!5
!" #

$"



Aliasing
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!"#$!$Q$R5

!"#$7:$Q$X!5

!"#$7a$Q$X!5

!" #

$" ."



Aliasing

14

!"#$!$Q$R5

!"#$7:$Q$X!5

!"#$7a$Q$X!5

!"

$" ."

!$Q$KG5

&/



Aliasing

14

!"#$!$Q$R5

!"#$7:$Q$X!5

!"#$7a$Q$X!5

!"

$" ."

!$Q$KG5

7:$Q$KP5

&'



Aliasing
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!"#$!$Q$R5

!"#$7:$Q$X!5

!"#$7a$Q$X!5

!"

$" ."

!$Q$KG5

7:$Q$KP5

7a$Q$K[5

&-



Pointer Types
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!"#$!$Q$PP5

3,(;')$3$Q$VAK5

!" '' 0" (1&



Pointer Types
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!"#$!$Q$PP5

3,(;')$3$Q$VAK5

!"#$7:5

3,(;')$7a5
!" ''

$" ."

0" (1&



Pointer Types
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!"#$!$Q$PP5

3,(;')$3$Q$VAK5

!"#$7:5

:$Q$!5

3,(;')$7a5
!" ''

$" ."

0" (1&

''Wrong



Pointer Types

15

!"#$!$Q$PP5

3,(;')$3$Q$VAK5

!"#$7:5

:$Q$!5

:$Q$X!5

3,(;')$7a5
!" ''

$" ."

0" (1&

Wrong



Pointer Types

15

!"#$!$Q$PP5

3,(;')$3$Q$VAK5

!"#$7:5

:$Q$!5

:$Q$X!5

:$Q$X35

3,(;')$7a5
!" ''

$" ."

0" (1&

Wrong

Wrong



Pointer Types

15

!"#$!$Q$PP5

3,(;')$3$Q$VAK5

!"#$7:5

:$Q$!5

:$Q$X!5

:$Q$X35

3,(;')$7a5

a$Q$X35

!" ''

$" ."

0" (1&

Wrong

Wrong
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=&!".4

/] R

<] [

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
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=&!".4

/] R

<] [

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
/]$R0$<]$[
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=&!".4

/]

R

<]

[&] ;]

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
/]$R0$<]$[
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=&!".4

/]

R

<]

[&] ;]

-9&:.4

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
/]$R0$<]$[
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=&!".4

/]

R

<]

[&] ;]

-9&:.4

#)=:]

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W

R

/]$R0$<]$[
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=&!".4

/]

<]

[&] ;]

-9&:.4

#)=:]

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W

R

[

/]$R0$<]$[
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=&!".4

/]

<]

&] ;]

-9&:.4

#)=:]

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W

R

[ R

/]$R0$<]$[
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=&!".4

/]

<]

-9&:.4

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
/]$R0$<]$[
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/]

<]

R

[

>,!3$-9&:.!"#$&0$!"#$;4

U

$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
/]$R0$<]$[
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/]

<]

R

[

>,!3$-9&:.!"#$&0$!"#$;4
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$$!"#$#)=:$Q$&5
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$$-9&:./0$<45
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=&!".4

/]

<]

R

[

>,!3$-9&:.!"#$&0$!"#$;4
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$$!"#$#)=:$Q$&5

$$&$Q$;5

$$;$Q$#)=:5

W

!"#$=&!".>,!34
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$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:./0$<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
/]$R0$<]$[

/]$R0$<]$[
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>,!3$-9&:.!"#$7&0$!"#$7;4

U

$$!"#$#)=:$Q$7&5

$$7&$Q$7;5

$$7;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:.X/0$X<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W
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>,!3$-9&:.!"#$7&0$!"#$7;4

U

$$!"#$#)=:$Q$7&5

$$7&$Q$7;5

$$7;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:.X/0$X<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W

=&!".4

/] <]R [
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>,!3$-9&:.!"#$7&0$!"#$7;4

U

$$!"#$#)=:$Q$7&5

$$7&$Q$7;5

$$7;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:.X/0$X<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W

=&!".4

/] <]R [

/]$R0$<]$[
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>,!3$-9&:.!"#$7&0$!"#$7;4

U

$$!"#$#)=:$Q$7&5

$$7&$Q$7;5

$$7;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:.X/0$X<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$2)#(2"$G5

W

=&!".4

/] <]

&] ;]

R [

/]$R0$<]$[



21

>,!3$-9&:.!"#$7&0$!"#$7;4

U

$$!"#$#)=:$Q$7&5

$$7&$Q$7;5

$$7;$Q$#)=:5

W

!"#$=&!".>,!34

U

$$!"#$/$Q$R5

$$!"#$<$Q$[5

$$$$

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45

$$$$

$$-9&:.X/0$X<45

$$:2!"#?.\/]$^30$<]$^3$_"\0/0<45
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=&!".4

/] <]
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-9&:.4

R [

/]$R0$<]$[
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$$2)#(2"$G5
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=&!".4

/] <]

&] ;]

-9&:.4

#)=:] R

R [

/]$R0$<]$[
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>,!3$-9&:.!"#$7&0$!"#$7;4
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-9&:.4

#)=:] R
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/]$R0$<]$[
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Passing Parameters

• Pass-by-value

• Make a copy of what’s in a variable

• Pass-by-reference

• Uses indirection

• Provide a way to find another variable

• Still a copy, but copy of a different thing

22

>,!3$-9&:$.!"#$&0$!"#$;45

>,!3$-9&:$.!"#$7&0$!"#$7;45



Copying Pointers

• You can use =, as long as the types match

23

!"#$!$Q$KP5

!"#$Y$Q$PK5

!"#$7:$Q$X!5

!"#$7a$Q$XY5

!" &'

$" ."

+" '&



Copying Pointers

• You can use =, as long as the types match

23

!"#$!$Q$KP5

!"#$Y$Q$PK5

!"#$7:$Q$X!5

!"#$7a$Q$XY5

:$Q$a5

!" &'

$" ."

+" '&



Copying Pointers

• You can use =, as long as the types match

23

!"#$!$Q$KP5

!"#$Y$Q$PK5

!"#$7:$Q$X!5

!"#$7a$Q$XY5

:$Q$a5

!" &'

$" ."

+" '&



Copying Pointers

• You can use =, as long as the types match

23

!"#$!$Q$KP5

!"#$Y$Q$PK5

!"#$7:$Q$X!5

!"#$7a$Q$XY5

:$Q$a5

7:$Q$7a5

!"

$" ."

+" '&'&



Copying Pointers

• You can use =, as long as the types match

23

!"#$!$Q$KP5

!"#$Y$Q$PK5

!"#$7:$Q$X!5

!"#$7a$Q$XY5

:$Q$a5

7:$Q$7a5

:$Q$7a5

!"

$" ."

+" '&'&

'&

Wrong
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Watch Your Precedence

!"#$!$Q$`5

!"#$7:$Q$X!5

7:bb5

7.:bb45 .7:4bb5

When in doubt, use parentheses


