CSE351

m Announcements:
" HW1 released later today

hepey % by \
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What is memory, really?

m How do we find data in memory?

s

m What is an address?

m What is a pointer?
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Arrays #(b1g-mvay )

= Arrays represent adjacent locations in fnemory storing the
same type of data object

16— o
" Eg,int bigﬁarrayi 1 5'5 "\’"&, ( ]
allocated adjacent [ocations in memory starting at 0x00ff0000
2L —

m Pointers to arrays point to a certain type of object
" Eg,int”array ptr;
~» array_ptr = big_array; ox00 {40000
— array_ptr = &big_array[0]; @00 f4oars
—» array_ptr = &big_array|3]; 0*091{99 e
K 9 array ptr =&big_array[0] + 3; 900 ”“ o¢
_» array_ptr =big_array + 3; vxes (| e 08

*array_ptr=*array_ptr+1;
—> array_ptr = &big_array[130];

In general: &big_arrayl[i] is the same as (big_array +1i)

itly computes: &bigorray{0]

Today’s topics

m More on addresses/pointers
= Bit-level manipulations

" Boolean algebra

" Boolean algebrain C

B o wedva ¢
Addresses and Pointers in C X ptv
m Pointer declarations use * il H
B int % ptr; intx, ;o ptr= 8 —
_— L
= Declares a variable ptr that is a pointer to a dataitem that is an integer o
= Declares integer values named x and y )
= Assigns ptrto point to the address where x is stored —
m We can do arithmetic on pointers z
— e—
= " ptr=ptr+ // really o e er uses 4 bytes) 3| —
= changes the value of the pointer so that it now points to the next data 2
item in memory {that may be y, may not — dangerous!) “1

m To use the value pointed to by a pointer we use‘:fe-referencj g'

m y=optr+l;isthesameasy=x+1;
= But, if ptr = &y then y = *ptr + 1; isthe same asy =y + 1;
= “ptr is the value stored at the location to which the pointer ptr is pointing

Arrays

m Arrays represent adjacent locations in memory storing the
same type of data object
" E.g.,intbig array[128];
allocated 512 adjacent locations in memory starting at 0x00ff0000
m Pointers to arrays point to a certain type of object
® Eg,int*array ptr;

array_ptr = 0x00ff0000
array_ptr = 0x00ff0000
array_ptr = &big_array[3]; 0x00ff000c

Ox00FfO00C (adds 3 * size of int)
Ox00FfO00C (adds 3 * size of int)
Ox00FfO00C (but big_array(3] is incremented)
Ox00Ff0208 (out of bounds, € doesn’t check)

" |ngeneral: &big_arrayli] is the same as (big_array +1i)

array_ptr = &big_array[0] + 3;
array_ptr = big_array + 3;
*array_ptr = *array_ptr+1;
array_ptr = &big_array[130];

= which implicitly computes: &bigarray{0]




General rules for C (ssignments)

m Left-hand-side =right-hand-side ;

" |HS must evaluate to a memory LOCATION

= RHS must evaluate to a VALUE (could be an address)
JALL=E LA

m Eg, xat location 0x04, y at 0x18

" ointx,y;
x=y; [/ getvalue aty and put it in x

00 00 D@ 6@

00 27 DO 3C

0000
0004 x
0008
0o0oC
0010
0014
0018
001C t?
0020
0024

General rules for C (ssignments)

n Left-hand-side = right-hand-side
" |HS must evaluate to a memory LOCATION

m E.g., x at location 0x04, y at 0x18

= RHS must evaluate to a VALUE (could be an address)

" ointx,y;
x=y; [/ getvalue aty and put it in x

D& 75 Db 36|

" oint* xinty;

Xx=8&y+ 3; // get address of y add 12

7O
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00 27 DO 3C

0000
0004 x
0008
0o0oC
0010
0014
0018
001C L4
0020
0024

General rules for C (ssignments)

n Left-hand-side = right-hand-side

" |HS must evaluate to a memory LOCATION
" RHS must evaluate to a VALUE (could be an address)

m E.g., x at location 0x04, y at 0x18
" ointx,y;
x=y; [/ getvalue aty and put it in x
"oint* xinty;
x =&y +12; // get address of y add 12
- " intFxinty;
*x =y, // value of y to location x points

24 00 00 00

00 27 DO 3C
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General rules for C (ssignments)

m Left-hand-side = right-hand-side
" LHS must evaluate to a memory LOCATION

" RHS must evaluate to a VALUE (could be an address)

m E.g., x at location 0x04, y at 0x18

" ointx,y;

x =y, // getvalue at y and put it in x

00 27 DO 3C
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General rules for C (ssignments)

m Left-hand-side = right-hand-side
" LHS must evaluate to a memory LOCATION

" RHS must evaluate to a VALUE (could be an address)

m E.g., x at location 0x04, y at 0x18

" ointx,y;

x =y, // getvalue at y and put it in x

24) 00_00 00

"oint*xinty;

x =8y + 3 // get address of y add 12

3

00 27 DO 3C
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General rules for C (ssignments)

n Left-hand-side = right-hand-side
" LHS must evaluate to a memory LOCATION

" RHS must evaluate to a VALUE (could be an address)

m E.g., x at location 0x04, y at 0x18

" ointx,y;

24 00 00 00

x =y, // getvalue at y and put it in x

"oint*xinty;

x =&y +12; // get address of y add 12

"oint*xinty;

*x = y; // value of y to location x points

00 27 DO 3C

0027 DO 3C

0000
0004
0008
0o0oC
0010
0014
0018
001C
0020
0024




Examining Data Representations

Code to print byte representation of data

® (Casting pointertounsigned char * createshbyte array
—

typedefwlaointer g
— ——

void show bytes(pointerlstar?, int len)
( —_—— ; e
int i,

for (i = 0; i < len; i++)

printf ("\n" e

}

B
printf ("0x%p\t0x%.2x\n", start[i]);

Some printf directives:
%p: Print pointer
%x: Print hexadecimal
“An”; New line

Representing Integers

—»m int A = 12345; Decimal: 12345

- m int B = -12345; Binary: 00110000 0011 1001
m long int C = 12345;

LE Hex: 3 0 3 9
1A32, x86-64 suna) B.€
e T 1A32 C X86-64 C SunC
[ 30 | [ 00 | [39 ] [39 ] [ 00 ]
00 | 30 | [30 | [30 | [ 00 |
[ 00 | [ 39 | [ 00 | [ 00 | | 30 |
— J— [00 | [ 00 | [39 ]
1A32, x86-64 B sun m
o] [ oo
[cr ] e ] 00 |
e ] Cer ]~ Loo |
|_FF | | €7 | Two’s complement representation

for negative integers (covered later)

Representing Integers

m int A = 12345; Decimal: 12345

® int B = -12345; Binary: 00110000 00111001
m long int C = 12345;

Hex: 30 3 9
1A32, x86-64 A Sun A
1A32 C X86-64 C SunC
39 00
30 | 00 [39 ] [39 ] [0 |
00 | 30 [30 ] 30 | [ 00 |
00 | 39 [ 00 | [ 00 | [ 30 |
— [ 00 ] [ 00 | [39 ]
1A32, x86-64 B SunB [ 00 |
[ ] FF [ 00 |
[ cF | FF [ 00 |
| FF | CF \ [ oo |
|_FF | c7 Two’s complement representation

for negative integers (covered later)

show_bytes Execution Example

int a = 12345; // represented as 0x00003039

(printf ("int a = 12345;\n");
nta = Soosa)

show_bvytes ( (pointer)ga, sizeof (int)) ;

. . wolve o4
Result (Linux): /D‘JJWS—RS

odyes 5

int a = 12317 /
Ox11ffffcb8s” 0x39

0x11ffffcb9 0x30
Ox1lffffcbha 0x00
O0x11ffffcbb 0x00

Representing Integers

m int A = 12345; Decimal: 12345

m int B = -12345; Binary: 00110000 0011 1001
m long int C = 12345;

Hex: 3 0 3 9
1A32, x86-64 A Sun A
1A32 C X86-64 C SunC
39 00
30 | 00 [39 ] [39 ] [0 |
o0 | 30 [30 ] 30 | [ 00 |
o0 | 39 [ 00 | [ 00 | [ 30 |
— [ 00 ] [ 00 | [39 ]
1A32, x86-64 B SunB [ 00 |
[ ] FF [ 00 |
[CF | FF [ 00 |
| FF | CF \ [ oo |
|_FF | Cc7 Two’s complement representation

for negative integers (covered later)

Representing Integers

m int A = 12345; Decimal: 12345

m int B = -12345; Binary: 00110000 00111001
m long int C = 12345;

Hex: 3 0 3 9
1A32,%86-64A  SunA
= — 1n32¢C sunc
30 00 39 [ 00 ]
00 30 30 [ 00 |
00 39 00 | 30 |
00 [39 ]
1A32,%86-64B  SunB
a7 FF
CF FF

FF CF
] i

Two’s complement representation
for negative integers (covered later)
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Representing Integers

m int A = 12345; Decimal: 12345

m int B = -12345; Binary: 00110000 0011 1001
m long int C = 12345;

Hex: 3 0 3 9
1A32, x86-64 A Sun A
1A32 C X86-64 C SunC
39 00
30 00 39
00 30 30
00 39 00
— 00
1A32, x86-64 B Sun B
c7 FF
CF FF

FF CF \
FF c7 Two’s complement representation
for negative integers (covered later)
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Representing strings
m A C-style string is represented by an array of bytes.
— Elements are one-byte ASCII codes for each character.
— A Ovalue marks the endofthe array.
32 space | [48 [ 64 @] [80 P 96 ’ 2 [
33 ! 49 1 65 Al st Q 97 El 13 q
k) " 50 2 b6 B 82 R 98 b 114 r
35 # g1 3 67 [ 83 S 99 < 13 H
38 S 52 4 b3 ¢} &4 T 100 d 16 t
7 % 53 5 69 E 85 u 101 El 117 u
38 & 54 b |70 F 86 W 102 f 18 v
39 ‘ 55 7 71 G 87 R 103 g 119 W
40 I 56 1 72 H 88 X 104 h 120 x
Ll 1 57 |73 | g9 v 109 | 121 %
42 " 58 : 74 Jd 90 z 106 i 122 z
43 * 59 ; 75 K 9N [ 107 k 123 {
44 N 60 < 76 L 92 R} 108 i 124 I
45 - 61 =177 Ml 93 ] 109 m 125 }
46 . 62 > 78 N 94 - 110 n 126 -
47 / 63 7Y o] 95 _ 111 o 127 del
2
1

Compatibility

char S[6] = "12345";

Linux/Alpha S suns

31 31
32 32
33 33
34 34
35 35
00 00

m Byte ordering not an issue

m Unicode characters — up to 4 bytes/character

" ASClI codes still work (leading 0 bit) but can support the many characters
in all languages in the world
® Java and C have libraries for Unicode (Java commonly uses 2 bytes/char)

Representing Pointers

m int B = -12345;
m int *P = &B; ‘L L

—> SunP IA32P x86-64 P

| EF | [Da]
L FE | | F8 ]
[ FB | | FE|
[2¢] [BF]

Null-termipated Strings

n For example, “Harry Potter” can be stored as a 13-byte array.

il7z| 97|114|114|121| 32 | BOI111|116|116|101|M4{LODD
/ H a r r y P o t t e r

n Why do we put aa 0, or null, at the end of the string?

= Computing string length?

Boolean Algebra

m Developed by George Boole in 19th Century
" Algebraic representation of logic
= Encode “True” as 1and “False” as 0
AND: A&B=1whenbothAis landBis 1
OR: A|B=1when eitherAislorBis1
XOR: AB = 1 when either Ais 1 or Bis 1, but not both

NOT: ~A =1 when A is and vice-versa

" DeMorgan’s Law: )=~A&"~B
/
&lo 1 [|o 1 ~lo 1 ~|
00 0 00 1 0 1 0|1
110 1 1 1 1 0 110
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General Boolean Algebras

m Operate on bit vectors

= QOperations applied hitwise 1
01101001 01101001 01101001
& 01010101 1 01010101 (7‘)]1010101 ~01010101
-> Otoseesy -IRINE I o9l 11100 \o101012

m All of the properties of Boolean algebra apply

01010101
A 01010101
0agsssoo

m How does this relate to set operations?

shinzton

Representing & Manipulating Sets

m Representation
= \Width w bit vector represents subsets of {0, ..., w—1}

Y aslifjep
01101001
76543210 -

p1o10101 10,2,4,6}
76543210
m Operations
" & Intersection 01000001 {0,6}
" | Union 01111101 {0,2,3,4,56}
= A Symmetric difference 00111100 {2,3,4,5}
=~ Complement 10101010 {1,3,57}
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Bit-Level Operations in C

m Operations &, |, ®, ~ are available in C
= Apply to an_y "Fwte’gr‘a‘\” data type
= long, int, ghort, char, unsigned
" View arguments as bit vectors
" Arguments applied bit-wise
m Examples (char data type)

" ~0x4l --> O=xBE
= ki~
~0100000 --» 10111110,
" ~0EUf——> O0xFF

—D0000000, --> 11111111,
" 069 & 0x55 —-» Oxdl

01101001, & 01010101, —-> 01000001,
" 0x69 | 0x55 --> O0x7D

01101001, | 01010101, --> 01111101,

Contrast: Logic Operations in C

m Contrast to logical operators
" oag, ]!
= View 0 as “False”
= Anything ng—ggwo as lr_uE
= Always return Oor 1
= Early termination
m Examples (char data type) .
= 10x4l --> 0x=00 él.{-{—’ﬂ'—ﬂ— ~ Ox Y|

" 10x00 --> 0x01
. 0x01
= —
" 0x69 && O0xbE  --»> 0=01
" 0x69 || O0xbE --» 0=01

" p &bk *pit (avoids null pointer access, null pointer = 0x00000000

)




