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Piazza Poll: What happens when we try

~ to run this code?
float * foo = NULL;
*foo = 77;
printf ("foc tx", foo):;

A) It prints “77”
B

)

) It prints some address
C) Runtime error

)

D)Doesn’t even compile &
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Roadmap

e Announcements, Lab 4 debrief
¢ Operators

Pointers, again
— Some examples
— Common pointer mistakes

Break

Heap, malloc(), free()
Lab5 :

— Linked Lists

— String comparison
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Announcements

e Lab 5is out
— Warning: Hard lab

e Withdraw Deadline is Friday

/oo

e Your progress /.
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Lab 4 Debrief
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Operators

T

Max Lichtenstein UCSC CMPE-013/L Summer 2018



Operators

e Operators join constants and variables
e Have an order of precedence and associativity

e LOTS of operators in C

ot
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¥

I Category ” Operator ||Assuciath‘it}' |
[Postfix lo0->.++-- |ILeft to right |
Unary |+ 1< == .- (type) * & sizeof [Rightto left | @0
Multiplicative IF/ % ' ¢ [Left to right |
Additive [+- |[Left to right

Shift [<<>> [Left to right
Relational  |[<<=>>= [Left to right
Equality == [Left to right
[Bitwise AND |& [Left to right |
[Bitwise XOR ||* [Left to right |
IBitwise OR || [Left to right |
[Logical AND [|&& [Left to right |
[Logical OR || [Left to right |
[Conditional  ||: [Right to left |
[Assignment  |[= += = *= /= %=>>=<<= &="= = [Right to left | .
IComma ||, ”L eft to right |

PEpm b As
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Max Lichtenstein

ot{++) "

precedence

| Category |
Postfix

Operator
00> \/./, l

Multplicatve

Unary %’ -= Et:rpei_]&i of

o =

Lo ]

&

[Birwise OR

Logical AND

Sede

Logical OR
|Cnnditinnn1

>

[Assignment |[=+=-=*=/=%=>>=<<=g="==

|Cnmn1a

é
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associativity

] _ ) ?"\ ﬁ"l"fr'& [‘-’f][‘-{
|‘.q-L- ,.IM!."'."J}(. C['i ] ["1']/ (m ,d—r;x E"i(]) L"‘.“] ])l/
mkec L1IQ) 21

((l ce log 2> w)

| Category | Operator |Associativity |
Postfix fon-=.++-- [Left to right |
[Unary |+ - 1~ ++ - - (type) *)& sizeof [Right to left || v~
|Mu]tiplicative ||" /%% ||Leﬂ to right |

|

|

] |Additive - [Left to right
o _ [Shift [e<== [Left to right /
.13,&::;5. "_,- .
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Assi X = at+ EH/'
ssignment _ ,
g G x=a+(;

5:{.%*’]_‘[

| Category || Operator ||.-'Lssuciath‘it:r |
[Postfix lopn-=]++-- |[Left to right |
[Unary [+ - 1 J+==--[tvpe) * & sizeof |Right to left |
Multiplicative |[* /% |[Lefitoright || X = a + +{
Additive [+ - |[Left to right /
Shift [e<>> [Left to right 6=kt ".L/
Relational || <=>>= [Left to right .
- — - - x = 4
Equality == [Left to right /
[Bitwise AND ||& [Left to right |
[Bitwise XOR ||* [Left to right |
[Bitwise OR || [Left to right |
[Logical AND |[|&& [Left to right |
[Logical OR || [Left to right |
[Conditional  |[7: [Right to left
[Assignment = = *= /= 0= >>= <<= &= "= =) Right to left
Comma Left to right
I | ght |
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Practice
LN\ Yy
int X, VY, 2 ‘é é

int array[3] = {0xl, 0x20, 0x300}; ©L
int * arr = array: -
X = Ox}ﬂs)

(E_a,rrfll; & -
x=&rr+-9[2]; o iy arv Ox 20

/

Yy =Grr[29++; Ooftf~ avr _Onkady = ‘-hl"'f'
2= X+ 97 arrcnkd

z =(x-:+) +Gr 7:(' (arr—f—})) x4

~f -~
My H— /

printf ("x, v, td, %d, %d\n", x, Vv, 2Z):
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Pointers Review
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Pointers

Address versus value

32-bit Data Memory

Variable stored at {RANM)
Address

Variable name

Address

0000 005a 0x0800

from C code ), ['O/DE)O 012?’1 ocoads N
int x; / 0000 DEAD 0x0808 k
o —— Address of
0x080C :
Value of variable : variable x
v« = 0x0123 0000 FOOD 0x0810 = 0x0804

0000 0456  |oxos1a
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Pointers

What are pointers?

e A pointer holds the address of another variable or

function SR V’/
32-bit Data Memory P — Ci )‘(/
Variable at {RAM)
Address Address

FFFEF FFFF 0x0800
Integer Variable: x 0000 0123 0x0804 \
)t = 8
FFFF FFEF 70808 Hasr/
Pointer Variable: p 0000 0804 0X080C s
FFFF FFFF 0x0810 _
oy
FFFEF FFFF 0x0814 -
£V 4
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W

enstein UCSC CMPE-013/L Summer 2018

Y]

£

o
i

t

Max Lich



Pointers
What do they do?

e A pointer allows us to indirectly access a variable (justike

indirect addressing in assembly language)

32-bit Data Memory
(RAM)

Direct Access
via X

Address

0000 005Aa 0x0800

—p 0000 0123 <= ] 0x0804

0000 DEAD 0x0808
—» 0000 0804
0000 FOOD ox0810 P points to x
0000 0456 |oxos1a 5

o
W
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¥ = 0x0123; =p x

*p = 0x0123 ;= p

-~

Indirect Access
via *p




Pointers
,nﬁulnt:ﬂcheré."trel

(variable x)

QIQG
QQE\E‘ |

Et‘

—777

.
1l e
il !

\\"“\..

/

=

Bank of Mailboxes ol

(memory locations)

NN

L!.' !ﬁents of the Mailbox

N

oy

Address of
Mailbox

(&x)

£
Y
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Pointers

Annther&gﬁﬁnts of the Mailbox

(X, *P) Address of
{\ Mailbox
Q E““\h (&X, p)

Q T,
TR
[l |
oL
IS
| L

&X;

o
I

—7

"‘-.\H
|
\‘ I
"-.\ | :
‘\'ﬁ.\ 3
Bank of Mailboxes '\'-._\ :E
(memory locations) oy =2

UCSC CMPE-013/L Summer 2018



Pointers

Annther&gﬁﬁnts of the Mailbox

*
(X, P) Address of

Mailbox
(&x, P)

/

[/
=77/

S5k
RN
i N

Tl

"‘-.\H
|
\‘ I
"-.\ | :
‘\'ﬁ.\ 3
Bank of Mailboxes '\'-._\ :E
(memory locations) oy =2
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Pointer Examples
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Pointer Example: strcpy()

strcpy(source_string, dest_string):
printf ("%s\n", dest string ):

é
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f:'l""L 5"«- Mﬂj x\¢

FE4} (qrir;? -'i*Lf ‘n,)/'

KPN (f_-h\' (ﬁf;? _swiﬂ} .&M

K P/\/ -._iura\l (ﬂfi? SL.(':A))? J"'jﬂ _.ﬁ:“[“*"l-ﬁ,
2/
"!‘n (o;l . .
Char dvpstrinsLio0] - (,aL_ ;if [
/Y

r+r cpy (of;g_{*f‘-f/ Jop —5tr) 2



B1esk = * st | &

4+,  Pointer Example: strcpy(
Svre H/

void myStrcpy(char * source, char * dest) L:L f«-.- IJ—-'—- If_
* o )
while (TRUE) { EVtL:j -l

- "@::t++)- *énurce-f-;' / x { { }

if (*source == '\0') return;

} | r'f}J—D \_/

void main(void) {
char source string[30] = "COPY ME!!!";

bkl = = m ']

char dest string([30]) = "please don't over me : ("=

ER = = =] = o A=T* . ¥

Y CorY_mt! '“ﬁ% Lny*; over me I (\o _

myStrcpy(source_string, dest_string);
printf ("%=\n", dest_string );

—

o
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Pointers to Pointers

32-bit Data Memory
i (RAM)

int x = 6; Address

Ox3F50

int *y = &x;

Ox3F54

int **z =[%%}

printf (":d\n",
}

Ox3F58 b/

Ox3F5C

Ox3F60

Ox3F64

Ox3F68

Ox3F6C
e <
Al

(2
e ’_.?:ﬁi_
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Pointers

Passing by reference, again

— If a pointer is passed to a function, the data it points to can
be altered

— If a pointer-to-a-pointer is passed, the pointer it points to
and the data that pointer points to can be altered
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Common Pointer Errors
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What’s wrong with this?

NoT derel oportine

)

int * ptr= & x°

OxFO00;

/

{ O wao
AN

é
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Is anything wrong with this?

&—

ot 1-9:& o909 ’J...J ptr

ABAD int * ptr;
int m = 30;

PCr = m;

W‘IC"K Fﬂﬂjﬂ_]m ¢—

é

UCSC CMPE-013/L Summer 2018




Something’s definitely wrong with this,
but what?

int getNextValue (doukble * nextValue) {

k:
main() {

double myVal;
getNextValue {f‘myv.alj ;

X w
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Piazza poll revisited /5#7]o«

foo [:—-;J{ 090 J

float * foo = NULL;
*foo = T77;

: printf("foo = x", fo00):;

é
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FIGURE 4-6: MEMORY MAP ON RESET FOR PIC32MX340F512H, PIC32MX360F512L,
PIC32MX440F512H AND PIC32MX460F512L DEVICES!!

OXFFFFFFFF OxFFFFFFFF
oxBFCosope|  Feserved
OxBFCO2FFF Device ™
Configuration

OxBFCOZFFO Registers
IxBFCOZFEF

Boot Flash
OxBFC00000
txBFooo000|  ooered X
OXBFBFFFFF v

SFRs - Reserved
OXBFBO000O g P
oxBDOBOD00 | Feserved
0xBDOTFFFF
Program Flash®
0xBD000000
oxaDo0s000|  eoerved
OwA00OTFFE[ |
RAME
D ADDO0000 Ox1FCO3000
= ==

Snh e S
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0xA0000000 ,_/) 01 FCO3000
e Device 0u1FCOZFFF
Ox8F CO3000 Configuration
Ox9FCO2FFF Device ™ Regsters | ox1FCO2FFO
Configuration Ox1FCOZFEF
OXOFCOZFEF|  Fegisters Boot Flash
OxEFCOZFEF Ox1FCO0000
Boot Flash
OxSFCOD000 101 FEO0D0MD0
Ox1FBFFFFF
Resarved 3 SFRs
OB DOS0000 b } » ‘4 Ooc1 FBOO000D0
Ox3DOTFFFF a
Program Flash!® Reserved
0x0D000000 01 DOBDOOD
0x1DOTFFFF
OxBO00B000 ekl Program Flashi@)
OxBOOOTFFF 0o 1 DOGO000
RN :
C O B0000000 _,_,-/I CooD000E000
2 0x00007FFF
l“'--—b )
Ox g I.\h 00000000

Note 15 Memory areas ane nol shown o scale.

2: The size mable (see Section 3. “Memory Organization™
{D561115)) and can be changed by initialization code provided by end-user development
tools (refer o the specfic development tool documentation for information),

Max Lichtenstein UCSC CMPE-013/L Summer 2018



Max Lich

Are these legal?

int * red;
int white;

int & blue;

tenstein

void foo( int &bar):;

é
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Pointer puzzles

é
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What does it do?

void doubleEach(int * x, int * y, int * z){
*x = (*x) * 2;
*¥y = (*y) * 2;
Z (") * 2;

int main(void) {
int X =3, Y = 4;
int *Z = 10;

doubleEach (&X, &Y, &2Z):;

printf ("xyz = %d, %d, td\n", X, Y, 2Z):
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Piazza Poll: What does it output?

x[/fi_l % int x = 10; o
‘rj(.l_’__,,——-—l -int *X ptr = &x; —% B Xy
- -p1v
- 10og /
LEJEEEELFJGA “6 Ptr+a; ////ffﬂﬂr :
» X_,_f +., ‘."'f/

:’(’r[‘_’_r —
T princf ("x

@ B: x=11

. X =<gome garbage> D: runtume exception

4\n" , %) ;

®!
b
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BREAK
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Dynamic memory

Shcki . I Hew
4 4 /ii,"l‘j 412
r 7Msfn{ j_l__,:
Foo

=
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Dynamic Memory

malloc

Syntax

wvoild *malloc{size_t size) ;

e Request memory of size bytes

— Usually returned by sizeof operator

e Returns valid pointer or NULL

typedef struct |
float re;
float im;

| Complex;

Complex *x = malloc(sizeof (Complex))

T—




Dynamic Memory

typedef struct {
float re;
float im;

} Complex;/,f’#’—_
Complex *x = malloc (sizeof (Complex)) ; Heap (top |
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Dynamic Memory —1’"'-;;#

typedef struct {

float re;

float im;
} Complex;
Complex *Egj-malloc{sizeof{ﬂomplex}} Heap (top |
Complex *x malloc (sizeof (Complex) )
Complex = malloc (sizeof (Complex)) ;
Complex = malloc (sizeof (Complex) )
Complex = malloc (sizeof (Complex) )

NULL
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Dynamic Memory

typedef struct {
float re;
float im;

} Complex;

Complex *x = malloc (sizeof (Complex)) ;

if (x) (g—— ——

x->re = 0.0;

}
Xx->im = 0.0;

printf ("Complex{re:%f im:%f}\n", x->re, x->im);

&'Hl_ i 7 LR
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Dynamic Memory

Syntax

void free (void *ptr) ;

e Frees memory pointed to by ptr

— Must have been returned bymalloc ()

typedef struct |
float re;
float im;

| Complex;

Complex *x = malloc(sizeof (Complex) )
free(x);
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malloc() and free() example

=
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Lab 5

Doubly Linked Lists
Allocation

String Comparison

Sorting

Algorithm Analysis

X w
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Linked Lists

é
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Doubly Linked Lists

=
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Lab5inC

typedef struct ListItem {
struct ListItem *previousItem;
struct ListItem *nextItem;
char *data;

} ListItem;

Max Lichtenstein UCSC CMPE-013/L Summer 2018



typedef struct ListItem {
struct ListItem *previcusItem;
struct ListItem "nextItem;
char *data;

} ListItem;

Lab5inC

ListItem *LinkedListNew(char *data) ;
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