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4.0. Hé dém va logic so

Cac hé dém co ban:

« Hé thap phan (Decimal System)
- con nguoi sir dung

« Hé nhij phan (Binary System)
- may tinh s dung

» Hé muoi sdu (Hexadecimal System)
- dung dé viét gon cho s6é nhi phan




Cac hé dém co ban

Con nguoi May tinh
S6 thap phan S6 nhj phéan
92 ) chuyén doi - 01011100
viét gon
Ox5C
SO Hexa
Chuyén gia IT




Hé thap phan

« Coso 10
» 10 ch(rs6:0,1,2,3,4,5,6,7,8,9

- Dung n chir sé thap phan c6 thé biéu dién duoc
10" gia tri khac nhau:
= 00..000 =0
= 99..999 = 10"-1




Vi du s6 thap phan

472.38

210 -1-2
= 4x102 + 7x101 + 2x10° + 3x101 + 8x10-2

« Cac chir s6 cia phan nguyén:
= 472:10=47 du 21
= 47:10= 4 du /
= 4:10= 0 du 4

= Cac chir s6 ctia phan lé:
» 0.38x10=3.8 phan nguyén = 3 l
= 0.8x10=8.0 phan nguyén =




Dang tong quat cua soé thap phan

A=a,a,_1..a{ 0y, d_1 A_y... A_y,
Gia tri ctia A duoc hiéu nhu sau:

A=a,10"+a, 110"+ .. +a;10' +ay10°+a_;107 +... +a_,,10™™

n

A= z a;10

I=—m




Hé nhi phan

« Coso 2
« 2 chr s6 nhi phan: 0va 1
« Chir s6 nhij phan duoc goi la bit (binary digit)
« bit 13 don vi thong tin nho nhat
= Dung n bit c6 thé biéu dién duoc 2" gia tri khac
nhau:
= 00..000 =0
= 11...111 = 2"-1
= Cac lénh cua chuong trinh va dur liéu trong may
tinh déu dugc ma héa bang s6 nhi phan




Biéu d
sO nhi
phan

(D

N

S6 nhij phéan

1-bit 2-bit 3-bit 4-bit thap phan
0 00 000 0000 0
1 01 001 0001 1
10 010 0010 2
11 011 0011 3
100 0100 4
101 0101 5
110 0110 6
111 0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15




Pon vi dir liéu va thong tin trong may tinh

« bit - ch{r s6 nhi phan (binary digit): [a don vi théng
tin nhd nhat, cho phép nhan moét trong hai gia tri:
O hoac 1.

= byte 12 mét té hop 8 bit: c6 thé biéu dién duoc
256 gia tri (28)

» Qui wéc don vi dir liéu trong Khoa hoc may tinh:

« KB (Kilobyte) =210pytes = 1024 bytes

« MB (Megabyte) = 210KB = 220pytes (~109)
« GB (Gigabyte) = 210MB = 230pytes (~107)
« TB (Terabyte) = 210GB = 240pytes (~1012)
« PB (Petabyte) =210TB = 2°0pytes

« EB (Exabyte) =210PB = 20pytes




Qui vdc mai vé ky hiéu don vi dir liéu

Theo thap phan

Theo nhi phan

Pon vi Viét tat Gia tri Pon vi Viét tat Gid tri
kilobyte KB 103 kibibyte KiB 210 = 1024
megabyte MB 106 mebibyte MiB 220
gigabyte GB 10° gibibyte GiB 230
terabyte TB 1012 tebibyte TiB 240
petabyte PB 101> pebibyte PiB 2°0
exabyte EB 1018 exbibyte EiB 260




Vi du s6 nhi phan

1101001.1011,) =

6 543210 -1-2-3-4

— 26+25+23+20+2-1+ 2—3 + 2-4

64+32+8+ 1+0.5+0.125 + 0.0625

= 105.6875(10)




Dang tong quat cua sé nhi phan

A=a,0,_1..01 Ay, A_1 A_... A_py

Gia tri cua A duoc tinh nhu sau:

A=a,2"+a,_ 2"+ .. +a;2' +ay2°+a_ 27+ +a_,27™




Chuyén d6i s6 nguyén thap phan sang nhi phan

« Phuong phap 1: chia dan cho 2 r6i 1ay phan dw

« Phuong phap 2: Phan tich thanh tong clia cac s6 2
- nhanh hon




Phuong phap chia dan cho 2

= 105:2
= 52:2
= 26:2
= 13:2
2
2
2

105um = 1101001@)

52
26
13

O P W O

» Vi du: chuyén d6i 105,

du
du
du
du
du
du
du

) B, O Rr O O B

biéu dién
s6 duw
theo chiéu
mi tén




Phuong phap phan tich thanh téng cua cac 2

» Vi du 1: chuyén déi 1054
» 105=64+41=64+32+9
= 64 +32+8 +1 =26+ 25+ 23+ 20

170004,

15141312 111098 7 6 54

27 26 2° 24 23 22 21 20
128 | 64 32 16 8 4 2 1
0] 1 1 0] 1 0] 0] 1
- K&t qua: 1054 = 0110 1001,
= Vidu 2:
170004 = 16384 +512+64+32+8

214 + 29_|. 26.|_25_|_23

0100 0010 0110 1000,

3210




Chuyén doi so |é thap phan sang nhi phan

= 0.6875x 2
= 0.375 x2
= 0.75 x2
=05 x2

=1.375
=0.75
=1.5
=1.0

« Vi du 1: chuyén ddi 0.6875 4

phan nguyén =1
phan nguyén =0
phan nguyén =1
phan nguyén =1

« Két qua: 0.6875,0= 0.1011,

\

biéu dién
theo
chiéu mi
tén




Chuyén do6i so |é thap phan sang nhi phan (ti€p)

« Vi du 2: chuyén d6i 0.81 4,
« 081 x2 = 1.62 phannguyén
= 062 x2 = 1.24 phannguyén
=024 x2 = 0.48 phannguyén
» 048 x2 = 0.96 phannguyén =
« 096 x2 = 1.92 phannguyén
« 092 x2 = 1.84 phannguyén
» 084 x2 = 1.68 phannguyén =

o 0.81(109)~ 0.1100111y,

_ ), =, O O R k-




Hé mudi sau (Hexa)

« Coso 16
» 16 ch(rs6:0,1,2,3,4,5,6,7,8,9, AB,CD,E,F

» DUng dé viét gon cho s6 nhi phan: c&* mot nhém
4-bit sé duwoc thay bang mét chir s6 Hexa




Quan hé gitra s6 nhi phan va s6 Hexa

Vi du:
= 0000 1000p) = 084
= 1011 0011, = B34

= 0010 1101 1001 1010y = 2D9A 44
« 11171 11171 1111 1111y = FFFF

it | e | phan
0000 o) 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 S
0110 6 6
0111 7 7
1000 8 8
1001 9 %
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15




Pai s6 Boolean

« Dai s6 Boolean str dung cac bién logic va phép toan logic
« Bién logic c6 thé nhan gia tri 1 (TRUE) hoac O (FALSE)
= Cac phép toan logic co ban: AND, OR va NOT

- AANDB = A - Bhay AB

- AORB=A+B

- NOTA =A

= Th tu vu tién: NOT > AND > OR
= Thém cac phép toan logic: NAND, NOR, XOR

- ANANDB =NOT (AANDB)= A-B

- ANORB=NOT(AORB)=A+B

- AXORB=A®B=A-B+ A B




Phép toan dai s6 Boolean

A | B | AANDB
0] O 0
0| 1 0
110 0
1|1 1
A B |ANANDB
0] O 1
0| 1 1
110 1
1|1 0

A | B | AORB
0|0 0
0 |1 1
110 1
1 |1 1
A B | ANORB
0|0 1
0 |1 0
110 0
1 |1 0

NOT A

NOT I3 phép toan 1 bién

A B | AXORB
0] O 0
0] 1 1
110 1
1|1 0




Cac dong nhat thirc ctia dai s6 Boolean

A-B=B-A A+B=B+A
A-B+C=A-B)+A-0) A+(B-CO=A+B)-(A+0)
1-A=A 0+A=A

A-A=0 A+A=1

0-A=0 1+A=1

A-A=A A+A=A

A-(B-C=((A-B) - C A+(B+C)=(A+B)+C

A-B = A+ B (Pinhly De Morgan) |A+ B = A + B (Pinh Iy De Morgan)




Cac cong logic (Logic Gates)

= Thuc hién cac phép toan logic:
= NOT, AND, OR, NAND, NOR, XOR
» Cong logic mot dau vao:
= Cong NOT
» Cong hai dau vao:
= AND, OR, XOR, NAND, NOR
» Cong nhiéu dau vao:
= AND, OR, XOR, NAND, NOR




Ky hiéu cac cong logic

Name Graphical Symbol %‘lugr‘:l)tliﬁilc Truth Table
AB|F
A — F=A+B 000
F = AB 1010
1111
AB|F
A 0oo0/fo
OR :D—F F=A+B 011
B 101
1111
F=A ALF
NOT A Do F or 01
Fo A 110
AB|F
A —— o 001
NAND jo—F F=AB 011
B — 101
1110
A B|F_
A 0 0|1
NOR :DO—F F=A+B 010
B 1 0|0
1110
A B|F
A — 0
XOR D—F F=A®B 1
B — |
0

R P OO
= o B O




Mach logic

- Mach logic |4 mach bao gém:
- Cac dau vao (Inputs)
- Cac dau ra (Outputs)
» Pac ta chirc nang (Functional specification)
= Pac ta thoi gian (Timing specification)
- Cac kiéu mach logic:
- Mach t6 hop (Combinational Circuits)
= Mach khong nho
- Dau ra dwoc xac dinh bdi cac gia tri hién tai ctia dau vao
= Mach day (Sequential Circuits)
= Mach cd6 nh&

- Pau ra duwoc xac dinh bdi cac gia tri trwdc dé va gia tri hién tai
cua dau vao




Mach to hop

« Mach t6 hop la mach logic trong dé dau ra chi phu
thuoc dau vao & thoi diém hién tai

= La mach khéng nhé va duogc thuc hién bang cac
cong logic

= Mach t6 hop cé thé duoc dinh nghia theo ba cach:

« Bang chan ly (Truth Table)
« Dang so do6
= Phuong trinh Boolean




F=ABC + ABC + ABC

Vi du mach t6 hop




Vidu: B6 ghép kénh (Multiplexer - MUX)

BO MUX 2 dau vao

0

M
U ——F
X

D1—
\}1/

S

Pau vao chon|Dau ra

0 DO
1 D1

DO

D1

}i
B

F=DO0.S + D1.S




Bo MUX 4 dau vao

DO

D1

D2

D3

4-to-1
MUX

S2  S1

D3au vao chon [Pau ra
S2 S1 F
0 0 DO
0 1 D1
1 0 D2
1 1 D3

DO

S2 S1

D1

D2

D3

F = DO0.S2.

Lo ]
:

S1+ D1.S2.S1 + D2.S2.S1 + D3.52.51




B ghép kénh tdng quat

. 20 @Au vao di lidu (D)

. 1 dAu ra di lidu (F)

- n dau vao chon (S)

« Mai t6 hop dau vao chon
(S) xac dinh dau vao diy
liéu nao (D) sé& dwoc noi
v&i dau ra (F)

2n
dau
Vao

dir
liéu

MUX

]

dau ra

n dau vao chon




B6 giai ma 2 ra 4 (Decoder)

A0 YO

A1 AO

A1 Y1

2:4

Decoder
Y2 *— ——

- VY

Y3

Pau vao Paura

ALl a0l v3]|v2!|vyt] vo G— ve

Y1

TV

YO

_ R O O
, O Kr O
= O O O
©O -~ O O
©O O -~ O
o O O ¥




BO gidi ma tong quat

« N dau vao, 2N dau ra
« V&i mot to hop cdia N dau vao, chi c6 mot dau ra
tich cuc (khac v&i cac dau ra con lai)




BO cong

« BO cOng ban phan 1-bit (Half-adder)
= Cong hai bit tao ra bit tdbng va bit nhé ra
» BO cOng toan phan 1-bit (Full-adder)
= Cong 3 bit
= Cho phép xay dung bé cong N-bit




B6 cong ban phan 1-bit

0) 0 1 1
+0 | +1 +0 | +1
‘0o | 1| 1] 10
Pau vao Dau ra
Al B | s |cC,
0 0) 0) 0)
0) 1 1 0)
1 0 1 0)
1 1 0) 1

| ]

B

B6 cc}ng
ban phan
1-bit

______________




B6 cong toan phan 1-bit

L |
Cout €—— tggncgr?gn <«— C,
1-bit
:
Dau vao Dau ra

Cn | A B S Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

S=ABC +ABC + ABC + ABC
C,, =AB+AC+BC

A
B
C

A
B
C

A
B
C

A

B
C

A
B

A
C

B
C

191995
=

COUt




Bo cong 4-bit va bé cong 32-bit

A3 B3 A2 B2 A1 B1 A0 BO
Lo Lo ) o
Cout «—C3 Cin [€«——C2 Cin [€«——C1 Cin [«——CO Cin|[«—0
| ! ! |
S3 S2 S1 SO
A31-A24 B31-B24 A23-A16 B23-B16 A15-A8 B15-B8 A7-A0 B7-BO
4 4 4 ¢ 4 ¢
C23 C15 C7

Cout «— BO cOng 8-bit [€«—— BO6 cong 8-bit [«—— BOcong 8-bit [€«—— BOcong 8-bit |€«—0

v v v v

S31-S24 S23-S16 S15-S8 S7-S0




Mach day

» Mach day |a mach logic trong dé dau ra phu thudc
giad tri dau vao & thai diém hién tai va dau vao &
thoi diém qua khar

= L mach cé nhd, duoc thuc hién bang phan tir nhé
(Flip-Flop) va c6 thé két hop v&i cac cong logic




Cac Flip-Flop co ban

7
y

BACH KHOA

Name Graphical Symbol Truth Table
—S QI S R | Qi
0 0 Q.
S—-R —PCk 0 1 0
1 0 1
—J Qr—— J K Qu+1
0 0 Q.
J-K —PCk 0 1 0
1 0 e
—K Qf— 1 1 Q,
—D Q — D Qn-‘rl
0
D D> Ck 1 1
Q—




Thanh ghi 8-bit song song

Input Lines
D7 D6 D5 D4 D3 D2 D1 DO
—D Q/ 9D Q9D Q9D QF/ D Q| D QFE 9D Q9D QA
Clock
* . * ® . ° °
\ \/ \/ \/ \/ \ \ \/
Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO

Output Lines




Thanh ghi dich

Input Output
—>D Qr—>»D Q—>»Db QF—>»Db Qr——>»Db Q—>»Db QF—>»D QFI—>»Db Qf——>

% bl el el el el el el |
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4.1. Biéu dién s6 nguyén

nnnnnnn

« SO nguyén khoéng dau (Unsigned Integer)
= SO nguyén c6 dau (Signed Integer)




Biéu dién s6 nguyén khong dau

Nguyén tac téng quat: Dung n bit biéu dién sb
nguyén khoéng dau A:

A= ay_1ay-2..02a109

Gia tri cua A duoc tinh nhu sau:

n-—1

A= zaizi

=0

Dai biéu dien cua A: [0, 2n - 1]




8-bit:

Giai:
A =41

B =150

A

= Biéu dién cac s6 nguyén khong dau sau day bang

=41 ; B=150

32+8+1 = 20+23+20
A = 0010 1001

128+ 16+4+2=27+24+22+21
B = 10010110




« Cho cac s6 nguyén khéng dau M, N duoc biéu
dién bang 8-bit nhu sau:
= M =0001 0010
= N=1011 1001

Xac dinh gia tri cua chung ?
Giai:
= M =00010010=24+21=16+2=18
= N =1011 1001 =27+ 2>+ 24+ 23+ 20
=128+32+16+8+1 =185




= Biéu dién duoc cac gid tritr O
dén 255 (28- 1)

Chuy:
1111 1111
+ 0000 0001
1 0000 0000
c6 tran nhdé ra ngoai (Carry out)
255+1=07?7?
do vuot ra khoi dai biéu dién

Bi€u dién
nhi phan

Gia tri
thap phan

0000 0000

0000 0001

0000 0010

0000 0011

0000 0100

|l W N| ]| O

1111 1110

254

1111 1111

255




Truc s6 hoc v&i n = 8 bit

Truc s6 hoc:

0 1 2 3 4 254 255
| . . . ® * ] >
Truc s6 hoc may tinh: s O
254 2




V&in = 16 bit, 32 bit, 64 bit

« n= 16 bit: dai biéu dién tir O dén 65535 (216- 1)
0000 0000 00000000 =0

0000 0000 1111 1111 = 255
0000 0001 0000 0000 = 256

11111111 1111 1111 = 65535

» n= 32 bit: dai biéu dién tir O dén 232- 1
» n= 64 bit: dai biéu dién tir 0 dén 264- 1




Biéu dién s6 nguyén c6 dau

SO bu moét va S6 bu hai
= Dinh nghia: Cho mdt s6 nhi phan A duoc biéu dién
bang n bit, ta cé:
« SO bumotcia A =(2-1)- A
« SObuhaiciaA = 2"-A

= SO bu hai ctia A = (S6 bu mot ciia A) +1




V&i n = 8 bit, cho A =0010 0101
« SO bu mét ciia A dugc tinh nhu sau:
1111 1111 (28 -1)
- 00100101 (A)
1101 1010
- dao gia tri cac bit cua A
« SO bu hai cia A dugc tinh nhu sau:
1 0000 0000 (28)
- 00100101 (A)
1101 1011
- thuc hién khoé khan




Quy tac tim S6 bu mét va Sé bu hai

= SO bu m6t clia A = dao gia tri cac bit cia A
= (SO bu hai ciia A) = (S6 bu mét ciia A) + 1

= Vidu:

= Cho A = 0010 0101
« S6 bumot ciia A = 1101 1010
+ 1
« SO bu haicia A = 1101 1011

= Nhan xét:
A = 0010 0101
SO bu haicia A = + 1101 1011

1 0000 0000 =0
(bé qua bit nh& ra ngoai)
- SO bu hai cua A = -A




Biéu dién s6 nguyén c6 dau theo ma bu hai

Nguyén tac téng quat: Dung n bit biéu dién sb
nguyén c6 dau A:

A — an_lan_z...azalao
= V&i A 13 s6 duong: bit a4, = 0, cac bit con lai biéu
dién dé 16n nhu sé khéng dau

= V&i A la s6 am: duoc biéu dién bédi sé bu hai cua s6
duong twong irng, vivay bita, ;=1




= Biéu dién cac s6 nguyén cé dau sau day bang 8-bit:
B=-80

Giai:
A

B

A=+58 ;
= +58
= -80
Ta co: + 80

SO bu mot

S6 bu hai

Vay: B= -80

0011 1010

0101 0000
1010 1111

1
1011 0000

1011 0000




Xac dinh gia tri ctia s6 duong

Dang tong quat clia s6 duong:
A —_ Oan_z...azalao

Gia tri ctia s6 duong:




Xac dinh gia tri cia s6 am

Dang tong quat cdia s6 am:
A —_ 1an_2...a2a1a0

Gia tri ctia s6 am:

n-—2

A=-=-2""1+4 z a;2'

(=0

Dai biéu dién cua sé am: [-2n-1 1]




Cong thirc xac dinh gia tri s6 am

A — 1an_2 an_g az a1 aO

'A —_ Oan_z an_3 ...az a1 aO + 1

=11..111—-a,7a,,_3 ...a,aay + 1

n-—1

= (2" 1-1) — (ni aiZi) +1

(=0
n-—2

Vay A=-2""1+ Z ;2!
=0




Cong thirc tong quat cho s6 nguyén cé dau

Dang tong quat clia s6 nguyén co6 dau A:
A —_ an_lan_z ...a2a1a0

Gia tri cua A duoc tinh nhu sau:

n-—2

A=—a, 2" 1+ z ;2
i=0

Dai biéu dién:  [-2n1, +(2"1 -1)]




« Hay xac dinh gia tri clia cac s6 nguyén c6 dau
duoc biéu dién theo m3 bu hai v&i 8-bit nhu dudi
day:

= P = 01100010
= Q= 11011011
Giai:
« P =01100010=20+2>4+21=64+32+2 =498

- Q=11011011=-27+20+24+ 23+ 21+ 20
=-128+64+16+8+2+1=-37




= Biéu dién duoc cac gia tri
tir -27 dén +27-1
= -128 dén +127
= Chicoémbtgiatrio
=  Khéng biéu dién cho gia tri
+128
Chuy:
+127+1 =-128
(-128)+(-1) =+127
co tran xdy ra (Overflow)
(do vuot ra khéi dai biéu dién)

Gid tri Bi€u dién
thap phan bu hai

0) 0000 0000
+1 0000 0001
+2 0000 0010
+126 01111110
+127 01111111
-128 1000 0000
-127 1000 0001
-2 1111 1110
-1 1111 1111




Truc s6 hoc s6 nguyén c6 dau vdi n = 8 bit

= Truc so hoc:

-128 2 -1 0 1 2 +127
| g ® ] . . } A

= Truc s6 hoc may tinh:

-128  +127




V&in = 16 bit, 32 bit, 64 bit

» V&i n = 16bit: biéu dién tir -215 dén 215-1
= 0000 0000 0000 0000 = 0]
= 0000 0000 0000 0001 = +1

- 011111111111 1111 = +32767 (21>-1)

= 1000 0000 0000 0000 = -32768 (-21)
= 1000 0000 0000 0001 = -32767
- 111111111111 1111 = -1

» V&i n = 32bit: biéu dién ttr -231 dén 231-1
« V&i n = 64bit: biéu dién tir -263 dén 263-1




M@& rong bit cho s6 nguyén

« M& rong s6 khong dau (Zero-extended): thém cac
bit O vao bén trai
« M& rong so c6 dau (Sign-extended):
« SO duong:
+19 = 0001 0011 (8-bit)
+19 = 0000 0000 0001 0011 (16-bit)
- thém cac bit O vao bén trai
= SO am:
-19 = 1110 1101 (8-bit)
-19=1111 1111 11101101 (16-bit)
- thém cac bit 1 vao bén trai




Lénh so sanh v&i s6 nguyén (Table B.1)

Set less than: thiét 1ap néu nho hon
» So sanh s6 nguyén co6 dau:
slt rd, rsl, rs2 # rd=(rsl<rs2)?1:0
slti rd, rsl, imm # rd=(rsl<imm) ?1:0
« So sanh s6 nguyén khong dau:
sltu rd, rsl, rs2 # rd=(rsl<rs2)?1:0
sltiu rd, rsl, imm # rd=(rsl<imm)?21:0
= Vidu
+ 5O = OXFFFFFFFF
= 51 =0x1
slt t0, s0, sl # -1 < +1 =2 t0=1
sltu t0, s0, sl # 4,294,967,295 > 1 > t0=0




Cac lénh Ib, Ibu

b rd,imm(rsl) # load byte
= Nap 1 byte tu bé nh& vao bén phai thanh ghi dich rd

« Phan con lai cta thanh ghi rd duoc m& rong c6 dau
thanh 32-bit (Sign-extended)

lbu rd,imm(rsl) # load byte unsigned

= Nap 1 byte tu bé nh& vao bén phai thanh ghi dich rd

« Phan con lai cta thanh ghi rd duoc mé& rong khéng dau
thanh 32-bit (Zero-extended)




Cac lénh |h, Ihu

1h rd,imm(rsl) # load halfword
= Nap 2 byte tu bd nhd vao bén phai thanh ghi dich rd

« Phan con lai cia thanh ghi rd duoc mé rong co dau
thanh 32-bit (Sign-extended)

lhu rd,imm(rsl) # load halfword unsigned

= Nap 2 byte tv bd nhé vao bén phai thanh ghi dich rd

« Phan con lai cia thanh ghi rd dugc mé rong khong dau
thanh 32-bit (Zero-extended)




Lénh ré nhanh bltu, bgeu

blt rsl, rs2, L1

« ré nhanh néu (rs1 < rs2) vd&isod co dau

bge rsl, rs2z2, L1

« ré nhanh néu (rs1 >=rs2) v&i so cd dau

bltu rsl, rs2, L1

« ré nhanh néu (rs1 < rs2) va&i s6 khong dau

bgeu rsl, rsz2, Ll

« ré nhanh néu (rs1 >= rs2) vai s6 khéong dau




4.2. Cong/trir s6 nguyén

BO cOng n-bit

Y X
Cout Cm
<« B6 cong n-bit <
S
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Cong s6 nguyén khong dau

« Khi cong hai s6 nguyén khéng dau n-bit, két qua
nhan duoc la n-bit:
= Néu C_,; = 0 2 nhan duoc két qua dung
= Néu C,,; = 1 2 nhan duoc két qua sai, do cé nhé ra
ngoai (Carry Out)
» Hién twong tran nhd ra ngoai xay ra khi:
tong > (2n- 1)




Vi du cong s6 nguyén khong dau

57 = 0011 1001
+ 34 = + 00100010
0101 1011 = 64+16+8+2+1=91 - dung

209 = 11010001
+ 73 = + 0100 1001
1 0001 1010

két qud = 0001 1010 =16+8+2=26 > sai
do cé tran nh& ra ngoai (C,,=1)
DE co két qua dung, ta thuc hién cong theo 16-bit:
209 = 0000 0000 1101 0001
+ 73 =+ 0000 0000 0100 1001
0000 0001 0001 1010
= 256+16+8+2 = 282




Vi du minh hoa trén C

#include <stdio.h>

int main () {

unsigned char 1,
1 = 240;

J = 35;

k =1 + 735

return 0O;

£ ‘

J, ks

printf ("k = %$d\n", k);

Sau dé do6i kiéu bién i, j, k thanh unsigned short
unsigned char: 8-bit [0; 255], unsigned short: 16-bit [0; 65535]
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Phép ddo dau

= Ta co:
+37 = 0010 0101
bumoét = 11011010
+ 1
bu hai = 1101 1011 = -37
= LAy bu hai ctia s6 am:
-37 = 1101 1011
bumot = 0010 0100
+ 1
bu hai = 00100101 = +37

« Két ludn: Phép dao dau s6 nguyén trong may tinh thuc
chat 13 1ay bu hai




Cong s6 nguyén co6 dau

» Khi cong hai s6 nguyén c6 dau n-bit, két qud nhan
duoc la n-bit va khéng can quan tdm dén bit C_;
« Khi cong hai s6 khac dau thi két qua luén ludn ding

« Khi cong hai s6 cung dau, néu dau két qua cung dau vai
cac so6 hang thi két qua la dung

« Khi cong hai s6 cung dau, néu két qua cé dau nguoc lai,
khi dé co tran (Overflow) xay ra va két qua bj sai
= Hién tuwong tran xay ra khi tdng nam ngoai dai biéu
dién: [ -(2n-1),+(2n1-1)]




Vi du cong so6 nguyén co6 dau khong tran

. (+70)
+ (+42)

. (+ 97)
+ (- 52)

: (-90)
+ (+36)

: (-74)
+ (- 30)

0100 0110
0010 1010

0111 0000

0110 0001
1100 1100

0010 1101

10100110
0010 0100

1100 1010

1011 0110
11100010

1 1001 1000

+112

+45

- 54

-104




Vi du cong so6 nguyén co dau bj tran

-(+75 = 01001011
#+82) = 01010010
1001 1101

= - 128+16+8+4+1= -99 > sai
-(-104) = 1001 1000
+(-43 = 11010101
10110 1101

= 64+32+8+4+1= +109 - sai
= C3 hai vi du déu tran vi tdng nam ngoai dai biéu dién:
[-128, +127]




Gidi thich két qua ctia chuong trinh (1)

#include <stdio.h>

int main () {

signed char 1, 7,
1 = 120;

J = 29;

k =1 + 735

printf ("k = %d\n",

return 0O;

£ ‘

k;

k)

Sau dé do6i kiéu bién i, j, k thanh short
signed char: 8-bit [-128; +127], short: 16-bit [-32768; +32767]
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Gidi thich két qua ctia chuong trinh (2)

#include <stdio.h>
int main () {
signed char 1, 73, k;
i = -86;
J = =-51;
k =1 + 735
printf ("k = $d\n", k);

return 0O;
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Nguyén tac thuc hién phép trir

= Phép trir hai s6 nguyén: X - Y = X + (-Y)

= Nguyén tac: LAy bu hai cta Y dé duoc -Y, roi
coOng voi X

Y X
NOT
& <
Cout Cin
<« B cong n-bit <« |

v

S=X-Y




4.3. Nhan/chia s6 nguyén

Nhan s6 nguyén khong dau

1011 S6 bi nhan (11)
x 1101 S6 nhan  (13)
1011
0000 | Cac tich riéng phan
1011
1011 |

10001111 Tich (143)

Phép nhan duoc thuc hién bang phép dich bit va phép cong




Nhan s6 nguyén khong dau (tiép)

« Cac tich riéng phan duoc xac dinh nhu sau:
= Né&u bit ctia s6 nhan bang 0 = tich riéng phan bang O
= Né&u bit ctia s6 nhan bang 1 = tich riéng phan bang s6
bi nhan
= Tich riéng phan tiép theo duoc dich trai mot bit so vaoi
tich riéng phan trudc do
= Tich bang téng cac tich riéng phan
= Nhan hai s6 nguyén n-bit, tich cé d6 dai 2n bit
(khong bao gio tran)




B6 nhan s6 nguyén khong dau

Bé logic diéu khién
cbng va dich

Sé bi nhan M
Mn-1 |Mp-2 Ce Mq | Mg
Cout Cong
B6 cdng n-bit D S—
Dich phai
4 N«
C —>{An-1|An2 Ar | Ao > Qn-1|Qn2

Sé nhan Q




Luu do nhan s6 nguyén khong dau

BAT BAU

C=0;A=0
M = Sé bj nhan
Q = Sb nhan
B6 dém =n

CA=A+M

v

Dich phai C,A,Q
Bd dém = B6 dém -1

. No
B6 dém==07?

Tich trong AQ




Vi du nhan s6 nguyén khong dau

« S6 binhan M =
= SO nhan Q =
= Tich =
C A
5 0] 0000
0] 1011
5 0] 0101
5 0] 0010
0] 1101
5 0] 0110
1 0001
5 0] 1000

1000 1111

Q
1101

1101
1110
1111

1111
1111

1111
1111

1011
1101

Cac gia tri kh&i dau
A <« A+M

Dich phai

Dich phai

A <« A+M
Dich phai

A <« A+M
Dich phai




Nhan s6 nguyén c6 dau

« S&r dung thuat gidi nhan khong dau
» SUr dung thuat gidi Booth (tham khao sach COA)




S&r dung thuat gidi nhan khéng dau

« Budc 1. Chuyén doi sé bi nhan va sé nhan thanh
sO duong tvong irng
- Budc 2. Nhan hai s6 duong bang thuat giai nhan
sO nguyén khong dau, duoc tich cia hai s6 duwong.
« Budc 3. Hiéu chinh dau cua tich:
= Néu hai thtra s6 ban dau cung dau thi gilr nguyén két
qua ¢ budc 2
= Néu hai thtra s6 ban dau |3 khac dau thi dao dau két
qua cuia budc 2 (lay bu hai)




Chia s6 nguyén

SGbichia 10010011 \1011 SG chia
1011 00001101  Thuong
001110
- 1011
001111
- 1011
100 Phan du

Phép chia duoc thuc hién bang phép dich bit va phép trir
(phép cong)




B6 chia s6 nguyén khong dau

B6 logic diéu khién
cong/trir va dich

Sé chia M
Mp-1 [Mp-2 M4 | Mg
Cong/Trw
B céng/trir n-bit <«
Dich trai
An-1|An-2 Ar | Ay [« Qn-1 [Qn2

S6 bi chia Q




Luu do chia s6 nguyén khoéng dau

BAT PAU

A=0
M = Sé chia
Q = Sé bj chia
BOo dém =n
<€
Y
Dich trai A,Q
A=A-M
Q=1 Q=0
A=A+M
Bo dém = B dém - 1
No
Thwong & Q
S6dw & A
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Vidu: Q =1011 (11)

M=0011(3) > -M=1101

A
0000
0001
1101
1110
0011
0001
0010
1101
1111
0011
0010
0101
1101
0010
0010
0101
1101
0010
0010

Q
1011

0110

0110
1100

1100
1000

1001
0010

0011
3

dich trai
A=A-M <0

A=A+M
dich trai

A=A-M <0

A=A+M
dich trai

A=A-M>0
dich trai

A=A-M>0




Chia s6 nguyén c6 dau

= Budc 1. Chuyén doi sé bi chia va sé chia vé thanh sé
duong tuvong ung.

= Budc 2. S&r dung thuat giai chia s6 nguyén khéng dau dé
chia hai s6 duong, két qua nhan dugc la thuong Q va
phan du R déu |la duong
= Buéce 3. Hiéu chinh diu cua két qud nhu sau:
= (Lwu y: phép ddo dau thuc chat I3 thuc hién phép lay bu hai)

S6 bi chia S6 chia Thuong So du
duong duong gilr nguyén gilr nguyén
duong am ddo dau gilr nguyén

am duong ddo dau ddo dau
am am gilr nguyén ddo dau




Lénh nhan/chia cta RISC-V (RVM-Table B.5)
= Lénh nhan hai s6 nguyén 32-bit va tich 32-bit:

mul rd, rsl, rs2 # rd = (rsl*rs2)i;i.

= Nhan hai s6 nguyén 32-bit va cat 32-bit cao cua tich
vao thanh ghi dich rd:
= Ca hai toan hang la s6 c6 dau:
mulh rd, rsl, rs2 # rd = (rsl*rs2)¢s.3
= Ca hai toan hang la s6 khong dau:
mulhu rd, rsl, rsZ # rd = (rsl*rs2)¢;.3

= Todn hang rsl 13 s6 c6 dau, todn hang rs2 la s6 khong
dau:

mulhsu rd, rsl, rs2 # rd = (rsl*rs2),;.s




Vi du [énh nhan

Nhan hai s6 nguyén c6 dau 32-bit, cat két qua 64-bit
vao cap thanh ghi t1, t2

mulh tl, s3, s4

mu 1 t2, s3, s4 #{tl,t2}= s3 x s4




= Lénh chia s6 nguyén 32-bit c6 dau, l1ay phan nguyén
div rd, rsl, rs2 # rd = rsl/rs?

= Lénh chia s6 nguyén 32-bit khong dau, I1ay phan nguyén
divu rd, rsl, rs2 # rd = rsl/rs?

s Lénh chia s6 nguyén 32-bit c6 dau, lay phan du
rem rd, rsl, rs2 # rd = rsl%rs?

= Lénh chia s6 nguyén 32-bit khong dau, 13y phan duw

remu rd, rsl, rs2 # rd = rsl%rs?




4.4. S6 dau phay dong

= Floating Point Number = biéu dién cho sé thuc
» Téng quat: mot sé thuc X duoc biéu dién theo
kiéu s6 dau phay déng nhu sau:
X =+tM*RE
« M |a phan dinh tri (Mantissa),
« R1a co sb (Radix),
= E 13 phan ma (Exponent).




Chuan IEEE754-2008

» CosOR=2
[ | Ca,C dang: Sign Biased

bit /exponent
¥ o
= D ang 3 2 - b |t signinz;Illr:igﬁeld

8 bits 23 bits
(a) Binary32 format

Sign  Biased
bit ,exponent
/

n D a n g 6 4 - b it Trailing significand field

11 bits 52 bits
(b) Binary64 format

Sign
bit
] D a n g 1 2 8 - b it efliz:ﬁlt Trailing significand field

15 bits 112 bits
(c) Binary128 format




Dang 32-bit

S e m
T T, — >
= S |a bit dau:
« S=0-> s6duong
«S=1->s6am

= e (8 bit) la gia tri dich chuyén cta phan mu E:
»e=E+127 2> phanmi E=e- 127
= m (23 bit) 1a phan |é ctia phan dinh tri M:
= M =(1+0.m)
« Cong thirc xac dinh gia tri ctia sb thuc:
X = (-1)5.1.m . 2¢127




Xac dinh gia tri ctia cac s6 thuc duoc biéu dién
bang 32-bit sau day:
1‘100 0001 0101 0110 OO00O OOOO OOOO OO0O
«S=1->5s03am
. e = 1000 0010, = 130, > E = 130 - 127 = 3
Vay
X = -1.10101100y, - 22 = -1101.011y, = -13.375,

00111111 1000 OO0O0 OOOO OOOO OO0O 0000 = ?




Bi€u dién s6 thuc X= 83.75(;0 vé dang s6 dau phay dong
|[EEE/54 32-bit

Giai:
= X=83.7540 = 1010011.11(5, = 1.01001111 x 26
= Ta co:

« S =0vidayla s6 duong
- e=E+127=6+127 = 1334 = 1000 0101,

= Vay:
X = 0100 0010 10100111 1000 OOO0O OOOO 0000




Cac qui uwdc dac biét

= Cac bit ctia e bang 0, cac bit cia m bang 0, thi X=+0
X000 0000 0000 0000 0000 0000 OOOO0 0000 > X=+0

= Cac bit ctia e bang 1, cac bit cia m bang 0, thi X =+
x111 1111 1000 0000 0000 0000 0000 0000 = X =+

= Cac bit ctia e bang 1, con m cé it nhat mot bit bang 1, thi
né khong biéu dién cho sé nao ca (NaN - not a number)




Dai gia tri biéu dién

2127 d&n 2+127
10-38 dén 10%38

o127 2127 g o127 49127
A | i A | >
| | r | |
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Dang 64-bit

= S 13 bit dau
« e (11 bit) Ia gia tri dich chuyén cdia phan ma E:
e=E+ 1023 2> phan mi E =e - 1023
= m (52 bit): phan Ié cia phan dinh tri M
= Gia tri s6 thuc:
X = (-1)5.1.m . 21023
- Dai gia tri biéu dién: 10308 dén 10+308




Dang 128-bit

« S 13 bit dau
=« e (15 bit) Ia gia tri dich chuyén ctia phan ma E:
«e=E+ 16383 = phan mi E =e - 16383
= m (112 bit): phan Ié cua phan dinh tri M
= Gia trij s6 thuc:
X = (-1)5.1.m . 26-16383
- DAi gid tri biéu dién: 104932 dén 10+4932




Dang byte (8-bit) va halfword (16-bit)

S e m
1-bit 5-bit 10-bit
S e m

1-bit 4-bit 3-bit

= Dang 8-bit dung trong cac hé nhung

nnnnnnn




Thuc hién phép toan s6 dau phay dong

= X1 =M1 . RE]
» X2 = M2 . RE2
= Taco

- X1.X2 =(M1. M2) . RE+E2
- X1/ X2 =(M1/M2). REL-E2
- X1+ X2 = (M1.RELE2 + M2) . RE2  v&i E2 > E1




Cac kha nang tran so

0)

ngoai
= Tran d

« Tran trén s6 mia (Exponent Overflow): mi duong
vuwot ra khoi gia tri cuc dai ctia s6 mi duong co
thé (= )

» Tran dudi s6 mi (Exponent Underflow): mi dm
vuot ra khoi gia tri curc dai ciia s6 m am cé thé (2

= Tran trén phan dinh tri (Mantissa Overflow): cong
hai phan dinh tri cé cung dau, két qua bi nhé ra

vit cao nhat
udi phan dinh tri (Mantissa Underflow): Khi

hiéu ¢

ninh phan dinh tri, cdc s6 bi mat & bén phai

phan dinh tri




Phép céng va phép tru

= Kiém tra cac s6 hang c6 bang 0 hay khoéng
« Hiéu chinh phan dinh tri

« Cong hodac trir phan dinh tri

» Chuan hod két qua




Thuat toan cong/trir s6 dau phay dong

( ADD ) CSUBTRACT)

y
Change
sign of Y

<—I

Yes

e

4

Exponents
equal?

Yes

RETURN

Add
P> signed

Increment
smaller
exponent

7Z—0

v

RETURN

Shift
significand
right

Significand

Put other
number in Z

A

()

significands

Round
result

v

Yes
Significand

Significand
overflow?

Results
normalized?

Shift
significand
left

.

Decrement
exponent

Shift
significand
right

A

Increment
exponent

Report
overflow

Report
underflow

¢
BACH KHOA |




Thuat todn nhan s6 dau phay déng

MULTIPLY

Add
exponents

Y
Subtract bias

Exponent Report L

overflow? overflow

Exponent Report
underflow? underflow

Multiply
significands

Round RETURN
7

¢

BACH KHOA




Thuat toan chia s6 dau phay dong

DIVIDE

Subtract
exponents

Y
Add bias

RETURN )=
Exponent Report L
overflow? overflow
Report
underflow
Divide
significands
Y
Normalize
Y Y
Round RETURN

7
(8

BACH KHOA




Cac |énh s6 dau phay déng cua RISC-V (Table B.3)

» Cac thanh ghi s6 dau phay dong
= 32 thanh ghi: fO, f1, ... f31
= Moi thanh ghi f ¢4 thé chira s6 dau phay dong 32-bit
(single precision) hodc s6 dau phay déng 64-bit (double

precision)

Tén thanh ghi | S6 hiéu Cong dung
fto-7 fO-7 Cac gia tri tam thoi
fsO-1 f8-9 Luwu cac bién
fa0-1 f10-11 | Tham s6 vao/két qud cua thua tuc
fa2-7 f12-17 | Tham s6 vao cua thu tuc
fs2-11 f18-27 | Luu cac bién
ft8-11 £28-31 | Cac gia tri tam thoi




Cac |énh v&i s6 dau phay dong (Table B.3)

» Cac lénh s6 hoc v&i so FP 32-bit (single-precision)
= fadd.s, fsub.s, fmul.s, fdiv.s, fsgrt.s
= VD: fadd.s £0, f£1, £2
» Cac |énh s6 hoc v&i so FP 64-bit (double-precision)
= fadd.d, fsub.d, fmul.d, fdiv.d, fsqgrt.d
= VD: fadd.d £0, f£1, £2
= Cac |énh so sanh
= feqg.s, flt.s, fle.s
= feqg.d, flt.d, fle.d
« Két qua Ia 0 hodc 1 trong thanh ghi dich s6 nguyén
= VD: feg.s x5, f0, fl
» Cac lénh load/store
= flw, fsw
= f1d, £f£sd
= VD: flw £0, 4 (x5)




Kién trdc may tinh

Hét chuwong 4
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