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void swap values(int left, int right) {
int temp = left;

left = right; WhiCh

right = temp; } ()
void swap_referents(int * left, int * right) {

int temp = *left; Work?

*left = *right;
*right = temp; }

void swap references(int * left, int * right) ({
int * temp = left;
left = right;
right = temp; }

vold main (void) ({
int a=1, b=2, ¢ =3, d=4, e =5, £ = 6;
swap values(a, Db);
swap referents(&c, &d);
swap references(&e, &f);
printf (" (%d %d), (%d %d), (%d %d)\n", a, b, ¢, d, e, f);



Announcements

e Lecture postings will now be day of (or day after) +~~

e Afew Lab 3 changes 300 |3-;4 15 5 fpom

e MatrixSubmatrix() Ve =
» MatrixPrint() v/ 7
e Loops required v P

— Re-download lab doc

i w
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Roadmap

Pointers Review |/

Arrays Review v~
Unit Testing v
Operators (?)

#tdefines and literals (?)
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Pointers Review
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Pointers

How to Create a Pointer Variable

Syntax

type *ptrName;

* In the context of a declaration, the * merely indicates that the
variable is a pointer

» typeisthe type of data the pointer may point to

e Pointer usually described as “a pointer to type”

int *iPtr; // Create a pointer to int
int *iPtr, x; // Create a pointer to int and an int

float *fPtrl, *fPtr2; // Create 2 float pointers
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Pointers

Initialization

e To set a pointer to point to another variable, we use the
& operator (address of), and the pointer variable is used
without the dereference operator *:

e This assigns the address of the variable x to the pointer
p (p now points to x)

e Note: p must be declared to point to the type of x (e.g.
int x; int *p; .
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Pointers

Dereferencing

e When accessing the data pointed to by a pointer, we
use the pointer with the dereference operator *:

e This assigns to the variable y, the value of what p is
pointing to (x from the last slide)

e Using *p, is the same as using the variable it points to

(e.g. x)
#F = Lf ’
/
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Pointers

Dereferencing example

*p; // int and a pointer to int

// Assign p the address of x
// Same as x = 5;

* &X is a constant memory value

— It represents the address of x

— The address of x will never change

* pis a variable pointer to int

— |t can be assigned the address of any int

-".-.. -.é"
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Pointers

Dereferencing example

*p; // int and a pointer to int

// Assign p the address of x
// Same as x = 5;

» *p represents the data pointed to by p
— *p may be used anywhere you would use x

— * is the dereference operator, also called the indirection
operator

- In the pointer declaration the mnlg.:r significance of * is to

S
,»-L_-’
ordinary variable =0
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Pointers

Another view

Contents of the Mailbox
(variable x)

=77

NN

T~

T~

T~

Bank of Mailboxes

(memory locations)

N5

|

Address of
Mailbox

(&x)

£
'y

UCSC CMPE-013/L Summer 2018



Pointers
Another view Contents of the Mailbox
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Pointers

Annther&gﬁﬁnts of the Mailbox
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Printing Pointers

short int variable = OxBEEF;
short int * pointer = &variable;

Txtx\n", wariable):

printf ("variable

printf ("pointer = 0x%x\n", pointer):
printf ("dereferenced pointer Ox%x\n", *pointer): > )
k

OxEx\n", &variable):;

printf("referenced wvariable

printf("sizeof (variable) = %d\n", sizeof (variable)); g=-
printf("=izeof (pointer) = %d\n", sizeof (pointer)): +—
printf ("referenced pointer = 0Ox%x\n", &pointer):; *ﬁ. e
printcf ("dereferenced variable = %x\n", *variable):; —
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void swap values (int left,

int temp = left;
left = right;
right = temp; }

void swap referents(int * left,

int right) {//
/ ) wﬁp

WA ﬂ

int * right)

Which
swap()s

int temp = *lefr; L k‘?
b
{wleft) - trlqht: v worh L]
*right = temp: } ]_‘L—.l_ r—\": el hab
. . _ . T
volid swap references(int * left, int * right) { pMan
) —_ lu-l'ljp
int * temp = left;
W/
left = right:; NF 5 ﬂ-(’ E.'F:
' V!ft w
right = tenp; } /——_‘\(‘_—‘—i::_,\
void main(void) {
int a = O0xDEAD, b = OxBEEF, c = 0xCAFE,
d = OxBABE, e = 0OxBASS5, f = OxBEAT7: iﬁ"
swap values(a, b): _
swap_referents(&c, &d): —
swap_ references[&e, &f):
@ printf (" gx), (%¥x %x), (tx %x)\n", a, b, ¢, d, e, £f): ¥
! "5 C'FF- VEA '
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Main - A closer look

void main (void) {
int a = OxDEAD, b = OxBEEF, c = 0xCAFE,
d = 0OxBABE, e = 0xBA55, f = OxBEAT;
swap_values(a, b);
swap referents(&c, &d):;
swap_ references (&e, &f):
princf(" (¥x %x), (%x %x), (%¥x ¥x)\n", a, b, c, d, e, £):

Uuuy_ JEDUY ||_||_|J_|||||||_|l|_| LS S DV LI UL L UL L 3 |.

0000_T7Fe&0 DDlDﬁﬂﬁ“ 00000000 |00000000

00000 5f |
0000 TFAD (00000000 000 ao 00000AA0 |,
0000 T7FBO (00000000 00000000 (00QQ00000 (QQO0000Q00 (.
0000 _TECD [DUUODERD [TOUUBEEE [WUNUCREE [JUUUEREE |.

;n 0000_7FDO |0OUUERSS |OOUDEERY (00000000 [3D002CDC
r G000_TEED |(0eaeesd (0006840 (00000000 (06000000 |.
M_ ;g Uﬂgggggg EFCDUICE 00000000 [00000000 |.

Sl o e J
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Swap Values - A closer look

void swap values (int

int temp = left;
left = right;
right = temp’

Max Lichtenstein

lefc,

int right) {
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Swap Referents - A closer look

void swap referents(int * left, int * right) {
int temp = *left:;
*left = *right;

*right = temp: } - 2;) L,ZPT-IQLC.HT

0000 _TESU{0000DERD .
Swn' (0000 TFROKEO00TECTO0) o
r.,.,c.;.rh 0000_7EBO®00000000 [o0es 00000008~a4000000

@OMOCAFE [000DBABE

- |0000_7FDO |0000BASS |0000BEAT 00000000 |9D002COC [i-
f\nn 0000 7FEQ (00000000 (00000000 [00000000 (00000000 |.
0000_7FF0 (00000000 BFCO01CE 00000000 (00000000 |.

0000_7FCO |0000DEAD [0000BEEF
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Swap References - A closer look

void swap references(int * lefct,

int * temp = left;
left = right;
right = temp:

Max Lichtenstein

WL FD

CARER L A

int * right) {

ol ol D

W F S

Tl P R
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00000000

00000000
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00000000

00000000
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Array Indexing
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Creating Arrays

Arrays may be initialized with a list when declared:

int a[5] = {10, 20, 30, 40,

char b[5] {"a', 'b",
(A N

s EE;J}
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Accessing Arrays

Arrays are accessed like variables, but with an index:
Syntax

arrayName| index]

» index may be a variable or a constant
e The first element in the array has an index of O
e Cdoes not provide any bounds checking

int i, a[l0]; // An array that can hold 10 integers

for(i = 0; 1 < 10; i++) {

al[i] : // Initialize all array elements to O

}
@ a[4] = 42; // Set fifth element to 42

S .L
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Explor;ing 1D Arrays

int magicMatrix[8] = {0x70, Ox71, O=x72, Ox73,
Ox74, Ox75, Ox7e, Ox77};

printf ("magicMatrix tx\n", magicMatrix):; d"'_'

printf ("magicMatrix[0] = %x\n", magicMatrix([0]): ¢
printf ("magicMatrix[3] = %x\n", magicMatrix[3]): &
printf ("3 [magicMatrix] = %x\n", 3[magicMatrix]); , .

rix[0] = ¥x\n", &magicMatrix([0]): 5 —
rix | tx\n", &magicMatrix([3]):; 4.

princf ("sizeof (magicMatrix) = %d\n", sizeof (magicMatrix)) ,‘{

princf ("=izeof (magicMatcrix[0])= %d\n", sizeof (magicMacrix[0])):

princf ("N = %4d\n", sizeof(magicMatrix)/sizeof (magicMatrix([0])):
E—— —_—

2 .
Y L)r AR A Yo e (x)
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Creating Multi-dimensional Arrays

Add additional dimensions to an array declaration:
Syntax

type arrayName[size,]...[size]]

m Arrays may have any number of dimensions

m Three dimensions tend to be the largest used in
common practice

// 10x10 array for 100 integers

float b[10][10][10]; // 10x10x1l0 array for 1000 floats

T g—
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Creating Multi-dimensional Arrays

Arrays may be initialized with lists within a list:

type arrayName|[size,] [size,|] =
{{item,. ,item} ,

{item,. . ,6 i1tem}} ;

char a[3][3] = {{'¥X', '0', "K'},
{TDTF TDTr TXT}r

{TXTF TXT! TDT}}:

int b[2][2][2] = {{{0, 1},{2, 3}},{{4, 5},{6, T}}};

= .L
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Arrays

Visualizing 2-Dimensional Arrays

int a[3][3] = {{0, 1, 2},

{3, 4, 5},
Row, Column {6; 7} 3}},‘
a [Y] [X] Column
_alol[o] =o0; - e B,
z a[0][1] = 1;
“ a[0][2] = 2; 9 0n1 1n 2 |
a[1100] = 3; 66— 01 02
3 a[l][1] = 4; s1| 3 4 5
“ a[1][2] = 5; 10 11 1D
al2]1[0] = 6; ]
al2][1] = 7; 61 N 711 81' :
e a[2][2] = 8; 'S XS ETRr -

L
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Exploring 2-D Arrays

int magicMatrix[3]1[4] = {
{0x100, Ox101, Ox102, Ox103},
{0x104, Ox105, Ox106, Ox107},
{0x108, 0x109, Ox110, Ox111}}:

printf ("magicMatrix = %x\n", magicMatrix):;
printf("magicMatrix[0] = 3x\n", magicMatrix[0]):
printf("magicMatrix([0] [0] = %x\n", magicMatrix([0][0]):
printf("&émagicMatrix[0] [0] = %x\n", &magicMatrix([0][0]):

printf ("magicMatrix[0] [& = Ex\n", magicHatrix[D][G]]:zﬁsr/
printf("sizeof (magicMatrix) = Fx\n", sizeof (magicMatrix)):
printf("sizeof (magicMatrix[0][0])= %x\n", sizeof (magicMatrix[0][0]1)):
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Arrays

Visualizing 3-Dimensional Arrays

int a[2][2][2] = {{{O0, 1},{2, 3}},
{{4, 5},{6, 7}}};

Plane, Row, Column

afz] [y][X]

a[0] [0][O]
a[0] [0] [1]
a[0][1]I[0]
af[0][1]I[1]
a[1] [0] [0] =
a[1][0][1] =
al[1][1]I[0]
al1][1]I[1]

~ -
—)

o
o
c

a2

o

i
R —

= Row O

- ~
| S

I
Nk whN P o

i ]

é
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Strings vs Arrays S,

void main(void)

{
char hello_array[10] = "Hello\n"; ¥
‘ ,"
char world array[10] = {' ',':','-',*L‘,'E'DE'
princt {hella_array} : ﬁqu
printf (world array): O
} Oy 0
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Incrementing String Pointers

void main(void)

{
char hwString[l5] = "Hello World'!'\n";
printf (hwString):
char * hwString plus 4 = hwString + 4;
printf (hwString plus 4):

}

Lw/ﬁﬂij" does 1+ Pjﬁﬁ+§>

é
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2 Ways to Declare Strings:

/,_._.-& char * fixed string =[":'__ always be here"
char fixed ptr[] = "You'll always lock here for me";

R —

void main(void) {

fixed_string[ll:l] = fixed_string[l[?] = 0x30; q_ﬁ_><

fixed string += 7; d_ Lo
- (g

printf("fixed string = %s\n", fixed string);

fixed ptr = fixed string; &_._.— ><

fixed ptr[ll] = fixed ptr[ll] - 32; d,— L
S

printf("fixed ptr = %=2\n", fixed ptr);
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Collaboration: Make A checkerboard

+1 -1 +1
-1 +1 =1
+1 -1 +1

s
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o
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Unit testing
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Unit testing

e Testing portions of code in isolation
e Normally testing is per function

e Requires input and expected output to be known a )/
priori

ot

o
W
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Unit testing

Rationale

Find problems early
— Before integration

Simplify testing by only testing small, segmented
portions of code

Test functionality that may not be exposed otherwise
Find documentation errors

b
(cp
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Unit testing

Preparing

e The most important question:

"How am | going to test this?"

* Break code into clean functions with:
— Clear input
— Clear output

— No/minimal side effects

ot

s

o
W
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Unit testing

Testing architecture

Known input
h »

j f()
Expected o 1 .
output ( Actual output
. Output ¥
matches
/ Print  / no yes/ Print /
failure / suCcess 5

e
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Unit testing
Example R i )
// Declare test constants

testInput - some input
testExpOutput - precalculated output

// Calculate result
testActOutput - function result

// Ooutput test results
if testActOutput equals testExpOutput
output "Test passed”
else
A output "Test failed!"



Un|t testing

ﬁ ExampleLib.c

int AddFive (int x)
{

#include "ExampleLil. Li"

int main(void)

{

return x + 5;

ff Declare test constants
int testlInput = 0;
int testlExpOutput = 5;

ff caloculate result
int testlactOutput:;
testlactOutput = AddFive{testlInput) ;

f/ Output test results

if {testlactOutput == testlExpOutput)
printf{"Testl passed.\n"};

} else |
printf{"Testl failed!\n");
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Unit testing

Writing tests

e Write multiple tests
— At least 1 for every group of inputs
— Each edge case should have their own test

e Each test should check one part of the total
functionality

— One function or logical block of code at a time

e Try to break the code you're testing!

ot

o
W
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Unit testing

Testing framework

e Track how many tests passed/failed
— Per function

e Track how many functions passed/failed
— With all tests must pass for the function to pass
e Each test cleanly separated from other tests
— Both in code and in logic
e Qutput results

— Per function/per test results

ot

o
W
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Roadmap

L]

Pointers Review

* Arrays Review

e Unit Testing

* Operators{2)-

e #definesandtiterals{2—

X w

s
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Operators

Operator

Of->.++--

Associativity

Left to right

+-l—++--(type) * & sizeot

T o¢
g

[====

Right to left
Left to right
Left to right
Left to right

=< = =

Left to right
Left to right
Left to right
Left to right

Left to right
Left to right
Left to right
Right to left

f= %= o= = K= "= |=

Right to left
Left to right
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[ Operator | Priority | Deseription Order
O perators 0 T Panciion call operaier From Te
] 1 Suhscript operator from left
-1 1 Element selector from left
T 2 Boolean NOT from right
) 2 Binary NOT from right
- 2 Post-/ Preincrement from right
- 2 Post- /Predecrement from right
= 2 Unary minus from right
(type) 2 Type cast from right
L 2 Derefence operator from right
& 2 Address operator from right
sizeof 2 Size-of operator from riEE
[ 3 Multiplication operator from left
! E] Division operator from left
% 3 Modulo operator from left
+ 4 Addition operator from left
- 4 Subtraction operator from left
<< 5 Left shift operator from left
> [ Right shilt operator Trom lelt
< G Lower-than operator from left
<= L1 Lomrer-or-equal operator from left
> [ Greater-than operator from left
e G Greater-or-cqual operator from left
= T Equal operator from left
I 7 Not-equal operator from left
& 8 Binary AND from left
C 9 Binary XOR from left
| 10 Binary OR from left
(35 11 Boolean AND from left
| 12 Boolean OR from Lt/
e 13 Conditional operator from right
= 14 Assignment operator from right =
op= 14 Operator assignment operator | from right By
R 15 Comma operator from left

Max Lichtenstein UCSC CMPE-013/L Summer 2018



[ Operator | Priority | Deseription Order
O perators 0 T Panciion call operaier From Te
] 1 Suhscript operator from left
-1 1 Element selector from left
T 2 Boolean NOT from right
) 2 Binary NOT from right
- 2 Post-/ Preincrement from right
- 2 Post- /Predecrement from right
= 2 Unary minus from right
(type) 2 Type cast from right
L 2 Derefence operator from right
& 2 Address operator from right
sizeof 2 Size-of operator from riEE
[ 3 Multiplication operator from left
! E] Division operator from left
% 3 Modulo operator from left
+ 4 Addition operator from left
- 4 Subtraction operator from left
<< 5 Left shift operator from left
> [ Right shilt operator Trom lelt
< G Lower-than operator from left
<= L1 Lomrer-or-equal operator from left
> [ Greater-than operator from left
e G Greater-or-cqual operator from left
= T Equal operator from left
I 7 Not-equal operator from left
& 8 Binary AND from left
C 9 Binary XOR from left
| 10 Binary OR from left
(35 11 Boolean AND from left
| 12 Boolean OR from Lt/
e 13 Conditional operator from right
= 14 Assignment operator from right =
op= 14 Operator assignment operator | from right By
R 15 Comma operator from left

Max Lichtenstein UCSC CMPE-013/L Summer 2018



[ Operator | Priority | Deseription Order
O perators 0 T Panciion call operaier From Te
] 1 Suhscript operator from left
-1 1 Element selector from left
T 2 Boolean NOT from right
) 2 Binary NOT from right
- 2 Post-/ Preincrement from right
- 2 Post- /Predecrement from right
= 2 Unary minus from right
(type) 2 Type cast from right
L 2 Derefence operator from right
& 2 Address operator from right
sizeof 2 Size-of operator from riEE
[ 3 Multiplication operator from left
! E] Division operator from left
% 3 Modulo operator from left
+ 4 Addition operator from left
- 4 Subtraction operator from left
<< 5 Left shift operator from left
> [ Right shilt operator Trom lelt
< G Lower-than operator from left
<= L1 Lomrer-or-equal operator from left
> [ Greater-than operator from left
e G Greater-or-cqual operator from left
= T Equal operator from left
I 7 Not-equal operator from left
& 8 Binary AND from left
C 9 Binary XOR from left
| 10 Binary OR from left
(35 11 Boolean AND from left
| 12 Boolean OR from Lt/
e 13 Conditional operator from right
= 14 Assignment operator from right =
op= 14 Operator assignment operator | from right By
R 15 Comma operator from left

Max Lichtenstein UCSC CMPE-013/L Summer 2018



[ Operator | Priority | Deseription Order
O perators 0 T Panciion call operaier From Te
] 1 Suhscript operator from left
-1 1 Element selector from left
T 2 Boolean NOT from right
) 2 Binary NOT from right
- 2 Post-/ Preincrement from right
- 2 Post- /Predecrement from right
= 2 Unary minus from right
(type) 2 Type cast from right
L 2 Derefence operator from right
& 2 Address operator from right
sizeof 2 Size-of operator from riEE
[ 3 Multiplication operator from left
! E] Division operator from left
% 3 Modulo operator from left
+ 4 Addition operator from left
- 4 Subtraction operator from left
<< 5 Left shift operator from left
> [ Right shilt operator Trom lelt
< G Lower-than operator from left
<= L1 Lomrer-or-equal operator from left
> [ Greater-than operator from left
e G Greater-or-cqual operator from left
= T Equal operator from left
I 7 Not-equal operator from left
& 8 Binary AND from left
C 9 Binary XOR from left
| 10 Binary OR from left
(35 11 Boolean AND from left
| 12 Boolean OR from Lt/
e 13 Conditional operator from right
= 14 Assignment operator from right =
op= 14 Operator assignment operator | from right By
R 15 Comma operator from left

Max Lichtenstein UCSC CMPE-013/L Summer 2018



[ Operator | Priority | Deseription Order
O perators 0 T Panciion call operaier From Te
] 1 Suhscript operator from left
-1 1 Element selector from left
T 2 Boolean NOT from right
) 2 Binary NOT from right
- 2 Post-/ Preincrement from right
- 2 Post- /Predecrement from right
= 2 Unary minus from right
(type) 2 Type cast from right
L 2 Derefence operator from right
& 2 Address operator from right
sizeof 2 Size-of operator from riEE
[ 3 Multiplication operator from left
! E] Division operator from left
% 3 Modulo operator from left
+ 4 Addition operator from left
- 4 Subtraction operator from left
<< 5 Left shift operator from left
> [ Right shilt operator Trom lelt
< G Lower-than operator from left
<= L1 Lomrer-or-equal operator from left
> [ Greater-than operator from left
e G Greater-or-cqual operator from left
= T Equal operator from left
I 7 Not-equal operator from left
& 8 Binary AND from left
C 9 Binary XOR from left
| 10 Binary OR from left
(35 11 Boolean AND from left
| 12 Boolean OR from Lt/
e 13 Conditional operator from right
= 14 Assignment operator from right =
op= 14 Operator assignment operator | from right By
R 15 Comma operator from left

Max Lichtenstein UCSC CMPE-013/L Summer 2018



[ Operator | Priority | Deseription Order
O perators 0 T Panciion call operaier From Te
] 1 Suhscript operator from left
-1 1 Element selector from left
T 2 Boolean NOT from right
) 2 Binary NOT from right
- 2 Post-/ Preincrement from right
- 2 Post- /Predecrement from right
= 2 Unary minus from right
(type) 2 Type cast from right
L 2 Derefence operator from right
& 2 Address operator from right
sizeof 2 Size-of operator from riEE
[ 3 Multiplication operator from left
! E] Division operator from left
% 3 Modulo operator from left
+ 4 Addition operator from left
- 4 Subtraction operator from left
<< 5 Left shift operator from left
> [ Right shilt operator Trom lelt
< G Lower-than operator from left
<= L1 Lomrer-or-equal operator from left
> [ Greater-than operator from left
e G Greater-or-cqual operator from left
= T Equal operator from left
I 7 Not-equal operator from left
& 8 Binary AND from left
C 9 Binary XOR from left
| 10 Binary OR from left
(35 11 Boolean AND from left
| 12 Boolean OR from Lt/
e 13 Conditional operator from right
= 14 Assignment operator from right =
op= 14 Operator assignment operator | from right By
R 15 Comma operator from left

Max Lichtenstein UCSC CMPE-013/L Summer 2018



