Chwong 4

Cac Phép Toan & Mach So6 Hoc

DCE
R Deer. of Compuren & Enaineering




C01009 Digital Systems — Chuong 4: Cac Phép Toan & Mach S6 Hoc

NoOi dung

= Biéu dién sd cé didu
= Cac phép toan so6 hoc

* Pon vi s6 hoc va luan 1y (ALU)
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Phép cong nhi phan

= Phép cong (Addition) 1a phép todn quan trong nhit
trong cac hé thong so
- Phép trir (Subtraction), phép nhan (multiplication) va
phép chia (division) dwoc hién thuc bang cich st dung
phep cong
= Luat co ban: 0+0=0
1+0=1
1+ 1=10=0 + carry of 1 into next position
1+1+1=11=1 + carry of 1 into next position

01 1@ 1001 (9) 1 1.0 11 (3.375)
+ 1106 + 1111(15 + 10.110 (2.750)
00 19 11000 (24) 110.001 (6.125)
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Biéu dién so6 c6 dau (1)
= Bit ddu (sign bit)
0: dwong (positive) 1: Am (negative)

» Lwong s6 (magnitude)
= Hé thong sign-magnitude

As  As A, As Ay A A

1 1 0 1 0 0 | =452,

-+ : |

Slgn bit {+) Magnitude = 5210

Sign bit () Magnitude = 524
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Biéu dién so6 c6 dau (2)

= Hé thong sign-magnitude tuy don gidn nhuwng thong thwong
khong duwoc st dung do viéc hién thuc mach phtrc tap hon
cac hé thong khac

= Dang bu-1 (I’s-Complement Form)
= Chuyé&n moi bit cia sd nhi phan sang dang bu
- Vi du 101101, = 010010 (s6 bii-1)

= Dang bu-2 (2’s-Complement Form)
= Cong 1 vao vi tri bit LSB (trong s6 nhé nhat) cia sé bu-1

> Vi du: 45,,= 101101,
S6 bu-1 010010
Cong 1 + 1

S6 bu-2 010011
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Biéu dién s6 c6 dau str dung bu-2

= Quy tac

= S6 dwong (positive): lwong s6 (magnitude) biéu dién dwdi

dang s6 nhi phan dung, bit ddu bang 0 (bit trong sé cao
nhat - MSB)

= S6 Am (negative): lwong s6 biéu dién dwéi dang sd bu-2,

bit ddu bang 1 (bit MSB)

\ J
! >

Sign bit (+) True binary

o oo |1 =48y

~
Sign bit (-) 2's complement .
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Biéu dién s6 c6 dau str dung bu-2

= Hé thong bu-2 dwoc st dung dé biéu dién s cé diu vi né cho
phép thuwc hién phép todn trir bang cach st dung phép toan
cOng
> Cac may tinh s6 st dung cung mdt mach dién cho cong va trir
- t1ét kiém phan cirng

= Phu dinh (negation): déi tir s6 dwong sang s6 Am hodc tir s6
am sang s0 dwong
= Phu dinh cta 1 s6 nhi phan ¢6 dau 1a bu-2 ctia s6 dé
= Vi du:
+9 01001 s6 c6 dau
-9 10111 pha dinh (bu-2)
+9 01001 pht dinh lan 2 (bu-2)
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Trieoong hop dac biét cua bu-2

= Bit ddu bang 1, N bit lwong sd bang 0: s6 thiap phan
twong duwong la -2N
- Vi du: 1000 = -2 = -8
10000 =-24=-16
100000 = -2°=-32
= Bit ddu bang 0, N bit lwong s0 bang 1: s6 thip phan
twong dwong la +(2N — 1)
s Vi du: 0111 =+(23 - 1) =+7
= Khoadng gié tri c6 thé biéu dién bang hé théng bu-2 véi
N bit lwong so6 la
9N d@én  +(2N—-1)
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Phép cdng trong hé thong bu-2 (1)

* Luat cong

= Cong 2 s6 bu-2 theo luit cong co ban (cong ca bit ddu)

- Loai bd bit nhé (carry) & vi tri cudi cling cta phép cong
(sinh ra béi phép cong 2 bit ddu)

Truwong hop 1

[ bit diau
19 D i_o_i 1001
4 > 10! 0100
+13 0! 1101

Trwong hop 2

[~ bit diau
19 D i_o_i 1001
4 > 11! 1100
#5 110! 0101

L carry
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Phép cdng trong hé thong bu-2 (2)

Trwdng hop 3 Trwong hop 4
[~ bit dau — bit dau
-9 > 111 0111 -0 2 1y 01l
4 > 10! 0100 ~4 2 41i 1100
-5 1! 1011 13 ZT o 00
- carry
-9 > 111 0111
9 > 0! 1001 Yt
I i rwron (0
0 1!'0! 0000 9 2P

10
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Phép trir trong hé thong bu-2

= Phép toan trir trong hé théng bu-2 dwoc thuwc hién
thong qua phép toan cong

* Trinh tw thwe hién
> Phua dinh s6 trw
- Cong gia tri thu dwoc vao so bi trir

= Vi du
+9 — 4 = 49 + (-4) = 01001 + 11100
= X00101l = +5
-9 — 4 = -9 + (-4) = 10111 + 11100
= ¥10011l = -13
+9 - 9 =49 + (-9) = 01001 + 10111

00000 = O

1
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Tran so hoc (Arithmetic Overflow)

+9 > 101 1001
+8 > '0!' 1000
+17 1! 0001
sai bit dau —T L sai luong sé

= P1éu kién tran: cong 2 so0 dwong hoac 2 s6 am
= Phat hién tran
- Hién twong tran dwoc phat hién bang cach kiém tra bit
dau cta két qua phép cong so vo1 cac bit dau cia cac toan
hang
> Phép trwr' tran chi c6 thé xay ra khi s6 trir va so bi trir ¢
bit didu khac nhau

12
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Bail tap

= Thuc hién cac phép toan sau trong hé bu 2.

a. -9+ -6 d. 14 + (-17)
b. 17-16 e. 15-21
c. -15—(-36) f. -15-17

= Thiét ké mach phat hién tran so6
> Phép cong hai s6 nhi phan trong hé bu 2: S=A+ B vo1 Ss,
As, Bs 1a cac bit dau ctia két qua S va cac thira s6 A, B.
> Phép trir hai so0 nhi phan trong hé bu 2: S=A-B vo1 S;,
As, Bs 1a cac bit dau cia két qua S va cac thira s6 A,B.
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Phép toan nhan (multiplication)

= Thao tac nhan 2 s6 nhi phan dwoc thue hién theo cach
twong tw nhan 2 s6 thip phan

1001  —— Sb bi nhan =9,,
1011 —— Sb nhan =114,
1001 | Tich thanh phan
1001 . (l&n lwot dich trai)
0000
1001 )
1100011 —— Kétqua=99,,

14
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Phép nhan trong hé thong bu-2

1. Néu s6 nhan va s6 bi nhan déu dwong
> Nhan binh thwong

2. Néu s6 nhan va so bi nhan la cac s6 am
> Chuyén 2 s sang s06 dwong st dung bu-2
> Nhan binh thwong
- K&t qua la 1 s6 dwong vé1 bit ddu bang 0

3. Néu 1 trong 2 s6 la s6 am
> Chuyén s6 am sang so duong st dung bu-2
> Nhan binh thwong
- K&t qua dwoc chuyén sang dang bu-2, bit ddu bang 1

15
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Phép toan chia (Division)

= Phép chia 2 s0 nhi phan dwoc thwe hién theo cach
twong tu chia 2 s6 thip phan

0011 0010.1
11/1001 100/1010.0
011 100
9.3-3 V0L 10 +4=2.5 100
_11 100
0 0

= Phép chia 2 s6 ¢6 dau dwoc xir 1y theo cach twong tw
phép nhan 2 so6 ¢6 dau

16
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Phép cong BCD (1)

= Trinh tw cong 2 s6 BCD
> St dung phép cong nhi phan théng thwong dé cong cac
nhém ma BCD cho tirng vi tri ky s6 BCD
> Ung véi moi vi tri, néu téng < 9, két qua khéng can stra 161
- Néu téng ctia 2 ky s6 > 9, két qua dwoc cong thém 6 (0110)
dé stra 161, thao tadc nay ludn tao bit nhé (carry) cho vi tri
ky s6 ké tiép

45 0100 0101 « BCD for 45
+33 4+ 0011 0011 « BCD for 33

78 0111 1000 <« BCD for 78

17
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Phép cong BCD (2)

0110
+ 0111

1101
0110

0001 0011
— — —

1 3

47 0100 0111
+35 + 0011 0101

82 0111 1100
1< 0110

1000 0010
e — S

8 2

« BCD for 6
«— BCD for 7

« invalid sum
« add 6 for correction

«— BCD for 13

«— BCD for 47
«— BCD for 35

< invalid sum in first digit
« add 6 to correct

¢« correct BCD sum

18
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S6 hoc thap luc phan (1)

= Phép cong 2 so thap luc phan dwoc thwe hién theo cach
twong tu phép cong 2 s6 thap phan
- Cong 2 ky s6 hex dwd1 dang thap phan
= Néu téng < 15, biéu dién truc tiép bang ky s6 hex
> Néu tong > 16, trir cho 16 va nhd 1 vao vi tri ky soO tiép

theo 58 3AF
+24 +23C
7C SEB

= Phép trir 2 s6 thip luc phan
> Chuyén so0 trir sang dang bu-2 va dem céng vao s6 bi trw
> Loal bo bit nhé sinh ra do phép cong 2 ky s6 & vi tri cu6i
cung (néu cb)

19
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S6 hoc thap luc phan (2)

= Chuyén sb6 hex sang dang bu-2
> SO0 hex 2 s6 nhi phan 2 dang bu-2 2 s6 hex
73A & hex number
0111 0011 1010 <« convert to binary

1000 1100 0110 ¢ take 2’s complement
8C6/ « convert back to hex

= Trir moi ky s0 hex, 14y két qua cong thém 1

F F F 592, — 3A5,

~Z —3 ~A 592

8 C 5 + C5B
+1 11ED

g8 C 06 [ — Disregard carry

20
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S6 hoc thap luc phan (3)

= Dang biéu dién thap luc phan cia céc so cé ddu

~Hex Address  Stored Binary Data  Hex Value  Decimal Value

4000 00111010 3A +58
4001 11100101 E5 —29
4002 01010111 57 +87
4003 10000000 80 —128

= 86 ¢6 trong sd cao nhat (MSD — most significant digit) > 8,
sd dwoc biéu dién 1a s6 Am
= Néu MSD <7, s6 duoc biéu dién 1a s6 duong

21
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Bail tap
1. Thwe hién phép cong trén cac s6 BCD

a. 74+ 23 c. 147 + 380
b. 623 +599

2. Thwe hién phép toan trén s6 HEX

a. 3E91-2F93 d. FOOO — FFFE
b. ABC+ DEF e. 3E91+ 2F93
c. 91B—-6F2 f. 2F00-4000

3. Mot tai liéu ky thuat di kém mot thiét bi s6 cho biét rang, viung
nho kha dung cua thiét bi ndm trong khodng dia chi dang HEX
0200 dén 03FF va 4000 dén 7FDO. Hay cho biét s6 6 nhé kha
dung tong cong cua thiét bi nay.

22
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Accumulator D

Logic

circuits

|
l
!
|
B register D :
I

Arithmetic/logic unit

it Me mry

UM Control

unit

— — — — — — g g vl v — —
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Mach cong nhi phan song song

= Todn hang 1 (s6 bi cong): lwu trong thanh ghi tich lay
(accumulator — A)
= Toan hang 2 (s6 cong): lwu trong thanh ghi B

Stored in
Augend —» 1 0 1 0 1 |<—— accumulator
register
Addend — 0 0 1 1 1 |<—— Stored in B register
+
i 1 - s
CARY. =T ¥ 0 0 1 1 1
(To be added
to next
position.)

24
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Mach cong nhi phan song song

= Toan hang 1 va 2 dwoc dwa vao mach cong toan phan
(full adder)
= Thao tac cong trén moi bit dwoc thwe hién dong thoi

B4 B3 B, B, Bo Addend bits
l 1 1 J t from B register
C5 C4 C3 C2 C1 CO
- - g o -~ .
FA FA FA FA acldar
#4 #3 #2 #1 #0
Augend bits
A, Az A, A, Ag from A register

Sum appears at S, S;, Sy, Sy, Sp outputs.
25
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Thiét ké mach cdng toan phan

= Lap bang su thit cho mach cong toan phan

= Rut gon biéu thirc mach cOng toan phan bang phuwong
phap da1 s6 hoac bia Karnaugh

= Mach hoan chinh

i D

A B Cin S Cour

0 0 0 0 0

0 0 1 1 0 S

o | 1 ] o | 7 o o®

1 0 0 1 0 —» Cout
1 0 1 0 1

1 1 0 0 1 T

1 1 1 1 1 A

26
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S=A®B®C,) BF? H)D —‘)D__.s

Cour =BC, +AC,, + AB

SUM

|
|
|
|
|
|
» SUM |
HA CARRY HA | cARRY |
N
|
|
|
|
|
[
|
|

A —————

Y Y

B——>»
CARRY IN
CARRY OUT

Full adder

————————————————————————————

27
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by
| | | ADD /
X o R PR PR— R i R

as a, a ag
l ¥ vlr v l ) vlr Yo
Full Full Full Full
adder adder adder adder
€4
53 52 51 50

28
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Mach nhan nhi phan

Multiplicand (M):

Multiplicand (M) 1101 S
7 Initial values
C A Q
1 4 (o 0 0 1011
1

[ ]
o
—

. Add Aﬁﬁlg "’““?1 (0o 1101 101 AddMtoA )
4-Bit Adder |<7 ontro 0 0110 110 Shift
Logic
1 0011 1101 AddMtoA
0 1001 1110  Shift
0

1111 AddMtoA
1)  Shift

1
0
1 00 1111 Shift (no add)
0
0

— [ [ ]
==
0 ek
[a—

[a—

4 Multiplier (Q)

Register

A

Product

29
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Mach chia nhi phan

Divisor (M):
00011 )
Divisor (M) " Initial values
A Q
| O | mofmi] mof (ooo000 0111
A4 5 000O00O 1110  Shiftleft
+ Y 1 shift and D1101 1110 Subtr::ict}vifmd?ﬁ
: Add/ Add / Sub 000O00O 1110 Restore A (Add M to A)
| 5-Bit Adder |(7 Add osub 00000 1110 Clearg,
Sub | Control Logic A
_,--'5 Shift Left A 00001 1100 Shaft left
qo D1110 1100  Subtract M fromA
_/Y 00001 1100 Pestore A
00001 1100 Clear g
|ﬂ4 dz|dy|dy|dy q314d2| 41 fj’ﬂl /
a, b5 A Dividend (Q) 00011 0 00  Shiftleft
Register —@G 00 1000 Subtract M from A
000O00OD 10{}/1 Set g,
00001 00 10  Shiftleft
M1110 0010  Subtract M from A
00001 0010 Restore A
0(0001) (0010) Clearg,
A
Remainder Quotient

30
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Truyéen dw liéu song song

= Truyén dw liéu song song (Parallel transfer)

Register X
D SET Q D SET Q L D SET Q D SET Q L
> > > >
CLR 6 CLR 6 CLR 6 CLR 6
L D SET Q L D SET Q D SET Q D SET Q
> > > —>
CLR 6 CLR 6 CLR 6 CLR 6

Register y

31
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Thanh ghi dich (shift register)

X3 X2 X1 X0

JSETQ JSETQ JSETQ JSETQ—I

DATA IN

%\_KCLRG KCLRa KCLRG KcLRag

32
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Tong két

= Biéu dién s6 c6 ddu: Sign-magnitude, bu 1, bu 2

SO hoc nhi phan va1 s6 c6 dau
> Cong, trir, nhan, chia so6 bu 2

Cong trir so BCD
= Biéu dién sb ¢6 ddu dang HEX

= Pon vi s0 hoc va luan 1y ALU
= Mach cong, trw
> Mach nhan
= Mach chia

33
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Poc théem

= Chwong 6: Digital Arithmetic: Operations and Circuits
trong sach Digital System cua Ronal Tocci
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