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Today
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• More loop examples

• !"#$% and &'()*(+#

• Arrays

• Assignment , due Saturday

• CodeLab 3 due Sunday
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---
---
---
---

.*/)0123

0#*40)125 0#*40) rows
.*/)026-6 per row for all rows

22227'"28*()292:2;<292=20#*40)<29>>?
2222@

222222A"*()786B(6?<
2222C

222222227'"28*()2D2:2;<2D2=2.*/)0<2D>>?
22222222@
222222222222A"*()786-6?<
22222222C
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-
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---
----

0#*40)125 0#*40) rows
926-6 in row 9

22227'"28*()292:2;<292=20#*40)<29>>?
2222@

222222A"*()786B(6?<
2222C

222222227'"28*()2D2:2;<2D2=29<2D>>?
22222222@
222222222222A"*()786-6?<
22222222C

-
--
---
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-
--
---
----

0#*40)125 0#*40) rows
926-6 in row 9

22227'"28*()292:2,<292=:20#*40)<29>>?
2222@

222222A"*()786B(6?<
2222C

222222227'"28*()2D2:2;<2D2=29<2D>>?
22222222@
222222222222A"*()786-6?<
22222222C

(,-based index)
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---
--
-

0#*40)125 0#*40) rows
0#*40)2E2926-6 in row 9

22227'"28*()292:2;<292=20#*40)<29>>?
2222@

222222A"*()786B(6?<
2222C

222222227'"28*()2D2:2;<2D2=20#*40)2E29<2D>>?
22222222@
222222222222A"*()786-6?<
22222222C

(;-based index)
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222-
22--
2---
----

0#*40)125 0#*40) rows

0#*40)2E292626

Row # of 626 # of 6-6

1 3 1

2 2 2

3 1 3

4 0 4

222-
22--
2---
----

(,-based index)
                             and
926-62in row 9
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222-
22--
2---
----

0#*40)125 0#*40) rows
0#*40)2E292626 and 926-62in row 9

22227'"28*()292:2,<292=:20#*40)<29>>?
2222@

222222

2222222A"*()786B(6?<
2222C

222222222
222222227'"28*()2D2:2;<2D2=20#*40)2E29<2D>>?
22222222@
222222222222A"*()78626?<
22222222C

222222227'"28*()2D2:2;<2D2=29<2D>>?
22222222@
222222222222A"*()786-6?<
22222222C
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222-
22--
2---
----

0#*40)125 0#*40) rows
0#*40)2E292626 and 926-62in row 9

22227'"28*()292:2,<292=:20#*40)<29>>?
2222@

222222

2222222A"*()786B(6?<
2222C

22222222*()2D<
222222227'"28D2:2;<2D2=20#*40)2E29<2D>>?
22222222@
222222222222A"*()78626?<
22222222C

222222227'"282<2D2=20#*40)<2D>>?
22222222@
222222222222A"*()786-6?<
22222222C



!"#$%
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• Sometimes you want to end a loop early
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!''F2%##AG'*(42:2)"+#<

!''F2%##AG'*(42:2)"+#<
.0*F#28%##AG'*(4?
@
22*()2(+H<22
22A"*()786I()#"2$2(+H!#"28;2)'2J+*)?126?<
22K&$(786L/6M2N(+H?<
2222
22*728(+H2::2;?
22@
2222%##AG'*(42:27$FK#<
22C
22#FK#
22@
2222*()2KJ+$"#2:2(+H2-2(+H<
2222A"*()786L/2KJ+$"#/2*K2L/2B(6M2(+HM2KJ+$"#?<
22C
C



12

!''F2%##AG'*(42:2)"+#<

2
.0*F#28)"+#?
@
22*()2(+H<22
22A"*()786I()#"2$2(+H!#"28;2)'2J+*)?126?<
22K&$(786L/6M2N(+H?<
2222
22*728(+H2::2;?
22@
22222!"#$%<
22C
222
222
22*()2KJ+$"#2:2(+H2-2(+H<
22A"*()786L/2KJ+$"#/2*K2L/2B(6M2(+HM2KJ+$"#?<
222
C



!"#$%

13

• Sometimes you want to end a loop early

• This occurs less frequently than you think

.0*F#28)"+#?
@
222*728(2O:2PQR?
222@
222222!"#$%<
222C
222SS2/'2K'H#)0*(4
C

.0*F#28(2O:2PQR?
@
222SS2/'2K'H#)0*(4
C



!"#$%
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• Sometimes you want to end a loop early

• This occurs less frequently than you think

• !"#$% can make code much harder to read

• Unless indicated otherwise, you are not permitted 
to use !"#$% on assignments and tests



&'()*(+#
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• Skips the rest of this iteration

• Similar issues as !"#$%

• Unless indicated otherwise, you are not permitted to 
use &'()*(+# on assignments and tests

22227'"28*()2*2:2;<2*2=2,;<2*>>?
2222@
22222222*728*2L2T2::2;?
22222222@
222222222222&'()*(+#<
22222222C
22222222A"*()786L/B(6M2*?<
2222C

,
3
U
V
W



Arrays
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!"
#$
"%

3W25V2T3
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A"*()786I()#"2$2(+H!#"126?<
K&$(786L/6M2N7*"K)?<

A"*()786I()#"2$2(+H!#"126?<
K&$(786L/6M2NK#&'(/?<

A"*()786I()#"2$2(+H!#"126?<
K&$(786L/6M2N)0*"/?<

!"
#$
"%

3W25V2T3

*()27*"K)2:2;<
*()2K#&'(/2:2;<
*()2)0*"/2:2;<

A"*()786L/2L/2L/B(6M2)0*"/M2K#&'(/M27*"K)?<
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7'"28*()2*2:2;<2*2=2X<2*>>?
@
2222A"*()786I()#"2$2(+H!#"126?<
2222K&$(786L/6M22222?<
C

YYY

*()27*"K)2:2;<
*()2K#&'(/2:2;<
*()2)0*"/2:2;<

Z/#7*(#2X23
[[[ !"

#$
"%

3W25V2T3

7'"28*()2*2:2;<2*2=2X<2*>>?
@
2222A"*()786L/26M22222?<
C

YYY



Array
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• A connected group of variables

*()2*<
*2:2,\<

*

3T \5 ,T]*()2$^3_<
$^;_2:23T<
$^,_2:2\5<
$^T_2:2,T]<

$

; , T

$^;_ $^,_ $^T_

,\ index
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What’s the type of $?
What’s the type of $^;_?

What’s the type of $^,_?

What’s the type of $^T_?

array of *()
*()

*()2D2:2W<
$^;_2:2D2>2T<
*()2K+H2:2$^;_2>2$^,_<
$^;_>><

*728$^;_2O2PQR?
@
222[[[
C

$2:2,5<

*()2$^3_<
$^;_2:23T<
$^,_2:2\5<
$^T_2:2,T]<

3T \5 ,T]$

$^;_ $^,_ $^T_

*()

*()

lvalues}

Error
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*()^3_2$< *()2*<

*()2DM29M2`^U_<

What’s the type of $?
What’s the type of $^;_?

What’s the type of $^,_?

What’s the type of $^T_?

array of *()
*()

*()2$^3_<
$^;_2:23T<
$^,_2:2\5<
$^T_2:2,T]<

3T \5 ,T]$

$^;_ $^,_ $^T_

*()

*()

lvalues}
*

*()2$^T_< $^;_Error

To get an *()
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*()2$^3_<
$^;_2:23T<
$^,_2:2\5<
$^T_2:2,T]<

3T \5 ,T]$

$^;_ $^,_ $^T_

$^3_2:2TU\<

$^3_

TU\
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Initializing Arrays
*()2*<
*2:2U<

*()2*2:2U<

*()2$^U_<
$^;_2:2,<
$^,_2:2T<
$^T_2:23<
$^3_2:25<
$^5_2:2U<

*()2$^U_2:2@,M2TM23M25M2UC<

*()2$^_22:2@,M2TM23M25M2UC<

, T 3 5 U$

, T 3 5 U$
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*()2$^U_2:2@,M2TC<

*()2$^U_2:2@,M2TM2;M2;M2;C<

*()2$^_22:2@,M2TC<

*()2$^U_2:2@C<

*()2$^U_2:2@;C<

, T ; ; ;$

, T$

; ; ; ; ;$

Error

Error*()2$^U_2:2@,M2TM23M25M2UM2\M2VC<
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*()2$^U_2:2@,M2TM23M25M2UC<

$2:2@\M2VM2]M2WM2,;C< Error
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Length of Arrays

*()2$^!"#$%&'(%))!*"_<

*()2$^T2-2U_<

*()2$^,;_<

*()2$^\[U_<

*()2$^\[;_<

*()2$^X_<

Error

Error

It depends...



Length of Arrays
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• Three types of arrays:

• Static

• Length must be a known constant

• Variable (new in C99)

• Length can use variables

• Dynamic

• Later
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*()2$^,;_<

*()2&^*_<

*()2!^X_<

Z/#7*(#2X2]

*()2*<
K&$(786L/6M2N*?<

[[[

Static

Variable

Static

*()2#^T2-2*_<

*()2/^T2-2X_<

Variable

Static



29

Iterating Arrays

*()2$^X_<
2222
7'"28*()2*2:2;<2*2=2X<2*>>?
@
222$^*_2:2*<
C
2222
7'"28*()2*2:2;<2*2=2X<2*>>?
@
222A"*()786L/B(6M2$^*_?<
C

Z/#7*(#2X2,;
[[[



Subscripts
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• Any *() expression

• Must be valid (in range), though

*()2"#K+F)<
"#K+F)2:2$^;_<
"#K+F)2:2$^*_<
"#K+F)2:2$^*2>2T_<
"#K+F)2:2$^T2-2*2>252S2a2E2D2>2TT2L2)_<

"#K+F)2:2$^T[;_< Error

Bad Style
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

;

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ,

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; T

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; 3

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; 5

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ; U

$ *

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

$ *

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

;

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

,

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

T

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

3

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux



31

Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

5

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

U

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

;

\
$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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Z/#7*(#2X2U
[[[2222

*()2$^X_<
*()2*<

A"*()786b#4*((*(42F''A[[[B(6?<2222
7'"28*2:2;<2*2=:2X<2*>>?
@
2222$^*_2:2;<
C
A"*()786I(/*(42F''A[[[B(6?<

; ; ; ; ; ;

$ *

; ; ; ; ;

$ *

\

,

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

$^;_ $^,_ $^T_ $^3_ $^5_ $^U_

Mac OS X

Linux
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7'"28*()2*2:2;<2*2=2X<2*>>?
@
2222A"*()786I()#"2$2(+H!#"126?<
2222K&$(786L/6M222222?<
C

*()27*"K)2:2;<
*()2K#&'(/2:2;<
*()2)0*"/2:2;<

Z/#7*(#2X23
[[[

YYY

!"
#$
"%

3W25V2T3
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7'"28*()2*2:2;<2*2=2X<2*>>?
@
2222A"*()786I()#"2$2(+H!#"126?<
2222K&$(786L/6M222222?<
C

Z/#7*(#2X23
[[[

*()2$^X_<

2$^*_

!"
#$
"%

3W25V2T3

N
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7'"28*()2*2:2;<2*2=2X<2*>>?
@
2222A"*()786I()#"2$2(+H!#"126?<
2222K&$(786L/6M222222?<
C

Z/#7*(#2X23
[[[

*()2$^X_<

2$^*_

7'"282222222222222<2222222<2222?
@
2222A"*()786L/26M2$^*_?<
C

*()2*2:2X2E2, *2O:2; *EE

!"
#$
"%

3W25V2T3

N


