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Why Bit?

* Modern computers store and process

- Information represented as two-valued signals

- These lowly binary digits are b/ts

» Bits form the basis of the digital revolution



Why Bit?

- NZBHE 25105 (Decimal)
- Base-10, 102 TF1&
- &4 H#EIL10004
- HIEE >R a->ZR 0

VRN SRR E R
- Bit: binary digit
- binary values work better when building machines
- store and process information




Why Bit?

—0—4  k—1 —f kg —

Voltage x/\//\’

Time

- EHEHFRREETE, ZHH k- HERERE
.+ FERARIERK,
- TR, fRERA. ATEE
- REHEBEE

g ) H g s

- eg., PCM, SLC->MLC ———GOE
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Group Bits

« BNt K
A Nalphabet &/

S\

(bitmap, bloomfilter)
(RAOMINAFF5)

- 9@@aﬁauphaba@%zc@z5zwﬁ%, AN B Rk

. [

VAL i

HI b2 K&

1, AT AT LA

L (FF a8

Ibits(if A 2bit) K& RS B




bitmapFibloomfilter

bloomfilter

o(0{1{0/0(0|1({0f{1{0{0}0|{0|1|0(0[0|1]{0|0|O0O|1T]|O]---

EZE3 7 (RRE1E) RMFE



Group Bits

- HeAEbits sy A
- a4 A RERIbITAH S AR MR, T H—E & X
- 8-bitd ka byte

- Dr. Werner Buchholz in July 1956
- f£IBM Stretchit H it 15 HAHr B

LEEN - AT E/REE



Value of Bits

3 E A
Bits 01010
Value O*244+1%2340*%224+1*214+0*20 = 10



Group bits as numbers — Three encodings

Unsigned encoding

- RN KT TOH R

- K AR GE ) ki R A R

- unsigned short, unsigned int, unsigned long

- Two's-complement encoding ( ki #ML)
- WEoRIE. B CARFSED

- SR W MY R EAL BN R G )
- short, int, long

Floating point encoding

- RTINS, AR A e IR KR/RANERAT)
- JRN2HIARATH R TT 2

- float, double

10



‘int’ is not integer

- Overflow (¥
- 200*300*400*500 = -884,901,888
- P | EE RNV
o« iR ACHRIEN LG A E
- (500 * 400) * (300 * 200)
- ((500 * 400) * 300) * 200
- ((200 * 500) * 300) * 400
- 400 * (200 * (300 * 500))




'‘float’ is not real number

+ Overflow and Underflow
- G HET AL

- (3.14+1e20)-1e20 = 0.0

- 3.14+(1e20-1e20) = 3.14

12



Example Data Representations

C Data Type Typical 32-bit | Typical 64-bit x86-64

char

short 2 2 2
int 4 4 4
long 4 8 8
float 4 4 4
double 8 8 8
long double - - 10/16

pointer 4 8 8



ka3 s

F-lz

b o;3 k2o v i B
—BER BN B BURTT AR, AT EAR 22 T2 H 3R

(1101.0101), =(1-23 + 1-22 + 0-21 + 1-2° + (-2
+1:22+ 023+ 124,
= (8+4+0+1+0+0.25+0+0.0625),,
=(13.3125),,
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2 e

33 ) 3
Value
Bits

102 (1100110

102
51
25
12
0

3
1

51*2
25%2
12*2
0*2
3*2
1*2
0*2

+ + + + + + + =

R O O K O
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T3 1) 5

32k 1) B0 ok B — 3 1 2
At B R B B VR BB O A ANERGER 43 B 4
SHEHSGREHEEGIF.
o SPEEEER 4y, R BR2ELAEE . AT
- BRI B L2, FTAEAREC (081D B AR — it il B Ak
NHIE. SREXT BRI RBR A2, FrfS &R0y — ik H Bk
AL HE, WtbdtsT R 2, BHBEZE TN, BRESPIRE
e BT sk b B = A A
NP NEGE Sy, R FR2EUEE S S . HAan
— R L2, BTSSR AN IS o B A R gk ) N
s DR, ARG X BT R B /NS 433 o e LA2, BT fS 3l
) EE B 43 IR B AL AR, T #EAT 25, B RIERF) /N
R0, BRSO TR ER N IE
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-

ot 1) 3%

33 ) i ¥ Bl — 3t 1 2K

Blan: ¥5(57.625), 5 e il — i3k .
FEBER 5 B e

2| 57

2| 28 w1 Afﬂmi

2 | 14 420

2 L7 40

2> L3 41

> L1 %1

0 w1 1% 1 L

FrPABH: (57),0 = (111001),
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T3 1)

/N S B
0.625
X 2
1.250  EH1 A
0.250
X 2
0.500 0
0.500
X 2
1.000  #H1 f&fr

oA (0.625),, = (0.101),
BEHBH:  (57.625),=(111001.101),

ot
=




Hexadecimal

- 163311 Alphabet £ & 161
and ‘A" o 'F
* Write FAID37B4 in C as

— OxFA1D37B or

— 0xfald37b or
— FA1ID37/BH or

— fald3/bH

S

A

Z: '0't0'9

19



Hexadecimal

<

- Byte = 8 bits ot & Q.)@fa‘
- Binary 00000000, to 11111111, 0 10 0000
- Decimal: O, Yo 255, g % 88%8
- Hexadecimal 00, to FFig 4 [4 0100
5 5 0101

6 0 0110

7 7 0111

8 8 1000

9 9 1001

A |10]1010

B 11 ({1011

C 1211100

D 1311101

E 14 (1110

F 1511111

20



Hexadecimal vs. Binary

Ox173A4C
Hexadecimal 1 ] 3 A 4 C
Binary 0001 0111 0011 1010 0100 1100

1111001010110110110011
Blnary 11 1100 1010 1101 1011 0011

Hexadecimal 3 C A D B 3
Ox3CADB3

21



Hexadecimal vs. Decimal

Hexadecimal OxA’/
Decimal 10*16+7 =
Decimal 314156 =
19634 =
1227 =
76 =
4 =
Hexadecimal 0x4CB2C

167

19634*16
122°7*16
76*16
4*16
0*16

+ 4+ + + +

12

11
12

> NN O

22



Hexadecimal vs. Binary

- Ox39A7F8 ->
0011 1001 1010 0111 11111 000

- 1100 1001 0111 1011 -> €978B

- OxD5E4C -> 1101 0101 1110 0100 1100
- 10 0110 1110 011110110101 -> 26 E7 B 5

23



Decimal, Hexadecimal, Binary

Decimal Binary

167 1010 0111
62 0011 1110
188 1011 1100

3*16+7=55 0011 0111
8*16+8=136 1000 1000
15*16+3=243 1111 0011
5*16+2=82 0101 0010

10*16+12=172 1010 1100
14*16+7=231 1110 0111

Hexadecimal

OxA7
Ox3E

OxBC
Ox37
Ox88
OxF3

0xb2
OxAC
OxE7

24



Octal

J\ 3
o \BEFIE(N) AL DT FEARIN, 7] i1 5545 2%
H 13k il 1
5 411
(15.24)g = (181 + 5080 + 281 + 4082 ),
= (8+5+0.25+0.0625 ),
=(13.3125),,

25



Octal

TR )\ HE B TR R

(R 23=8, FrA3NL ZHEMIECS L\ BRI ECE BHE ROC R, RI3AL 2L

A LVE RS AL Nk, 1Az Nk i 2l T DLEL RS Dy 347 ik il £

o IR B O\ B T VE R s N T AN SR B RO NG
W ki, DU RO S, B r B A 2 AN —H, wEA
RSN ETIHORME s /Ny B A B AR —H, R A L3NS
AL HENE .
5 )\ BE B 5oy b B vk s\ B B — 0 F S (E R34
TR A

. (1101.0101),= (001 101. 010 100),= (15. 24),

#: (47.3)s=(100111.011),
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IR0 34

R ()
4131 )
(157 )10 = (

E ) /N B

).

(102.675)10 = (

(36.15)s = (

3% R

)2
)16




Bit-level operations

28



Boolean Algebra

- George Boole(1815-1864) )k #H
- B :
* Encode "True" as 1
- Encode "False" as O

- Claude Shannon(1916-2001)& 7. 1
= J% _[/[ﬁ

- EENAT RO B 738 4 2 TR 3 DR Bk

» FEET FBR VT A 0 A RS B e B
HIAE FE

29



Boolean Algebra

And Or
A&B = 1 when both A=1 and B=1 A|B = 1 when either A=1 or B=1
&[0 1 | {0 1
0|0 O 010 1
1(0 1 11 1
Not Exclusive-Or (Xor)
~A = 1 when A=0 A”B = 1 when either A=1 or B=1, but not
both
S - Ao T
011 0l0 1
110 111 0

30



General Boolean Algebras

* Operate on Bit Vectors
- Operations applied bitwise

01101001 01101001 01101001
& 01010101 | 01010101 ~ 01010101 ~ 01010101

01000001 01111101 00111100 10101010

31



General Boolean Algebras

- EEIERE
196 B aw bitH =R~ T4 {0, ..., w1}
- GJ': 1 |fJ c A

- 01101001 {0,3,5,6}

- 01010101 {0,2,4,6}

- & Intersection 01000001 {0, 6}
- | Union 01111101 {0, 2,3,4,5,6}
- ~ Complement 10101010{ 1, 3,5,7}

- © Symmetric difference 00111100{ 2, 3,4,5}

32



Bit-Level Operations in C

+ Operations &, |, ~, ” Available in C
- A] DA AT AT B A A 2 Y
* long, int, short, char
- S0 Abit vectors
- ZH PR AN N R MALEE OFT

36



Bit-Level Operations in C

+ Examples (Char data type)
- ~0x41 — OxBE
® ~01000001: — 101111102
— ~0x00 — OxFF
® ~00000000 — 11111111>
— 0x69 & Ox55 — 0x41
¢ 011010012 & 010101012 — 01000001:
— 0x69 | Ox55 — 0x7D

¢ 01101001 | 01010101 — 01111101

37



Cool Stuff with Xor

- Bitwise Xor 7] LLR RA0nik
- 0+0:=0
- 1+1 = O (ARSI 2 4 )
- 1+0=0+1=1
« FFbit#E R H CIfadditive inverse Chnikidise,
FINAALZ0)
- ATA=0

38



Cool Stuff with Xor

+ XorHF LB A bit group & 75 AH 4%
- B bit#HSE, WI7E 210
- B bit A%, NEHIHE0

39



Cool Stuff with Xor

int inplace swap(int *x, int *y)
d
*x =*x ARy, /R H#]E/
*y =*x ARy, R H2 %/
*x =*x N Fy, o /R H3 %/
b
Step *x *y
Begin A B
1 A’B B
2 A’B (AB)"B = ANB”B) =
AN = A
3 (AMB)MA = (BMA)MA = A
BAAMA) =BA0 = B
End B A

A~0=A
A1=~A

40



Cool Stuff with Xor

1 void reverse array(int a[], int cnt) {

2 int first, last;

3 for (first = 0, last = cnt-1;

4 first <= last;

5 first++,last--)

6 inplace swap(&alfirst], &a[last]);
7

h

41




Mask Operations

* Bit pattern

- OxFF

* Having 1s for the least significant eight bits
- Indicates the lower-order byte of a word

* Mask Operation
- X = Ox89ABCDEF
- X & OxFF =?

42



Mask Operations

- Write C expressions that work for any word
size w > 8

- For x=0x87654321, with w =232

* The least significant byte of x, with all other
bits set to O

— [0x00000021].

43



Mask Operations

* Bit pattern
- OxFF

* Mask Operation

- X = Ox89ABCDEF
- X | OxFF =2

44



Mask Operations

* Bit pattern
- OxFF

* Mask Operation

- X = Ox89ABCDEF
- X 7 OxFF =?

45



Mask Operations

- RIS ERIEDIRE L 4
- SHAE
CARBIHELERL, HoAfir s 0
- BRAE
S LI00 TIlGE
- R
+ REUBREUR (maskifRt R 16

46



EME 104

° DEC/\7 MIVAXTHENL: A AndRIOrfs 4, R Abishl
bicfg4: Set result z to x and modify it

e z=bis (int x, int m) (bit set)

- Set result z to 1 at each bit position where m is 1
 z = bic(int x, int m) (bit clear)

- set result z to O at each bit position where m is 1
+ Use bis and bic to implement

- Or(int x, int y)

- Xor(int x, inty)

47




Logical Operations in C

» Logical Operators
- &8, 11, !
- KOt N"False”
» AT AFOE AN True”

- MszreturnOor 1

AT (B RIAR)

48



Logical Operations in C

+ Examples (char data type)
- 10x41 --> 0x00
- 10x00 --> 0x01
- !'10x41 --> 0x01
- 0x69 && Oxb55 -->  0x01
- 0x09 || Ox55 --> 0x01



Short Cut in Logical Operations

- a && H/a

- If ais zero, the evaluation of 5/a is stopped
- avoid division by zero

» Z5>]: Using only bit-level and logical operations
- Implement x ==y
- it returns 1 when x and y are equal, and O otherwise

50



Shift Operations in C

+ Left Shift:  x<«y

- ¥bit-vector x/L Byl

» feili % R bits Z 4

» A4

Argument x 01100010
<< 3 00010000
Argument x 10100010
<< 3 00010000

51



Shift Operations in C

. Righ'l‘ Shift: x >y Argument x | 01100010
- ¥ibit-vector xIal A F8hyLr Log. >> 2 | 00011000
- EECHILBANbits Arith. >> 2 | 00011000
- BEBA (EAFS5H0
SR ING
- ﬁ%ﬁ%ﬁ[ (ﬁﬁi%’éﬁ) Argument x | 10100010
S YW L I =Z A Log. >> 2 [ 00101000
- EAMEBRRIIEE H (sl eirmtv s |Arith. >> 2 | 11101000

SAE, IEE->IEE, B> HD
- REXWITHN
- Shift amount < O or > word size

52



Shift Operations in C

* What happens ?
— 1nt lval = OXFEDCBA98 << 32;
— 1nt aval = OXFEDCBA98 >> 36;
— unsigned uval = 0OxFEDCBA98u >> 40;

* It may be
— lval OxFEDCBA98 (0)
— aval OxFFEDCBA9 (4)
— uval O0xO0OFEDCBA (8)

- Be careful about
— 1<<2 + 3<<4 means 1<<(2 + 3)<<4



REZ

5 ARSI AR BRI 2
/* * Generate mask indicating leftmost 1 in x.
Assume w=32

* For example, OxFFOO -> 0x8000, and 0x6000 -
> 0x4000.

*If x=0, then return O */

int leftmost_one(unsigned x);

A DM s x 2 320 1int2e Y, Ui 2 85151 H
Bz . iz HEGZHEIEH

Pern: BB xFE N[0..01. 1147 A = 54



/*
* Generate mask indicating leftmost 1 in x. Assume w=32
* For example, OxFF00 -> 0x8000, and 0x6000 —-> 0x4000.
x If x = 0, then return 0
*/
int leftmost_one(unsigned x) {
/*
* first, generate a mask that all bits after leftmost one are one
* e.g. OxFFOO -> OxFFFF, and 0x6000 -> Ox7FFF
* ITf x = 0, get 0

*/

X |= x> 1;

X |=x >> 2;

X |= x >> 4;

X |= X >> §;

X |= x >> 16;
/%

*x then, do mask & (~mask >> 1), reserve leftmost bit one
* that's we want
*/

return x & (~x >> 1);



REZ

« S HACAE ST BRZL:
- /* Return 1 when x contains an even number of 1s; O
otherwise.
- Assume w=32 */

- int even_ones (unsigned x);
- PRS2 R e df 12 HoARIs .. i FAZ 4RI

B
- CEETHbLeSE: &, |~ 7 (5. B JE FE); B

Al <<, >

56



WEZLRA (FR

int even_ones (unsigned x) {
x=x"(x>>16);
x=X"(x>>8);
x=x"(x>>4);
x=x"(x>>2):.
x=x"(x>>1);
return I(x&l);

57



BREZ%>]: bitCount

+ Returns number of 1's a in word

+ Examples: bitCount(b) = 2, bitCount(7) = 3
+ Legal ops: | ~ & ™ | + << »

* Max ops: 40

58



Sum 8 groups of 4 bits each

int bitCount(int x) {
imtml =0x11 | (0x11 << 8);
int mask =m1l | (ml << 16);
int s = x & mask;
s += x>>1 & mask;
s += x>>2 & mask;
s += x>>3 & mask;

59



Combine the sums

/* Now combine high and low order sums */
s=s+(s>>16);

/* Low order 16 bits now consists of 4 sums.
Split into two groups and sum */

mask = OxF | (OxF << 8);

s = (s & mask) + ((s >> 4) & mask);

return (s + (s>>8)) & 0x3F;

60



Homeworkl

- Homework1#2£32
- Bfra): 9.30 (RJEEHA)
- e pdf i, Lf%obe.ruc.edu.cn
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S84

* Bit, Group of Bits (Byte)
i | L2

- 10> 2. 8. 16
- fLizH

- A /RAREL

- CIES WALIEH AR

- FIHIEAT, RAME
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Lab

+ Labl: DatalLab
- HCES N IEE .. BALsF Ll — ek
- IBEFFECEA R R ]
« A A HbitE" A"
- Rating: 1~4
- 2005 H £ A
- Bf[E]: 2



