Chuong 6
Mach lam toan VI-1

E CHUONG 6: MACH LAM TOAN

, ¢ SOBU

¢ PHEP TRU SO NHI PHAN DUNG SO BU 1
4 PHEP TRU SO NHI PHAN DUNG SO BU 2
4 PHEP TOAN VOI SO CO DAU

¢ MACH CONG

X Bén phan

X Toan phan

X Cong hai s6 nhiéu bit

4 MACH TRU

X Bén phan

X Toan phan

X Trir hai s6 nhiéu bit

X Cong & tru hai s6 nhiéu bit trong mot mach

4 MACH NHAN

X Mach nhan co ban

X Mach nhan nbi tiép - song song don gian

< MACH CHIA

X Mach chia phuc hdi sb bi chia

X Mach chia khong phuc hdi s6 bi chia

6.1 S bu

Cho sb duong N, n bit, cac sd bu cta N duoc dinh nghia:
S6 bu 2: (N); =2"- N (s6 2" gdm bit 1 va n bit 0 theo sau)
S6bul: (N) =(N),-1=2"-N-1
Thidul: N=1010
S6 bu 2 cua N 1a (N), =1a 10000 - 1010 =0110
VasbbulcuiaNla (N);=0110-1=0101
Thidu2: N=110010101100 = (N), =001101010100 va (N); =001101010011
Nhan xét:
- Dé c6 s bu 2 cia mot s, bat dau tir bit LSB (tan cung bén phai) di ngugc vé bén
trai, cdc bit s& gilt nguyén cho den lac gap bit 1 dau tién, sau do dao tat ca cac bit con lai.
- Dé c6 s bu 1 ciia mot sb, ta dao tit ca cac bit clia sd do
Tir cac nhan xét trén ta c6 thé thuc hién mot mach tao s6 bu 1 va 2 sau day:

C —
hﬂiaz

bzi

. L D s

(H6.1)

-Khi C=1, B 1asd bu 1 cia b (B; va b; 1a bit LSB)
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- Khi C=0, B 1a 56 bu 2 ctia b
That vay, cac biéu thirc logic cia B theo b va C la:

B,=b,®C
B,=b,®(C+b,)
B,=b,®(C+Db,+Db,)
‘ - Khi C=1, céc nga ra cong OR ludn bang 1, cac cong EX - OR ludn c6 mot ngd vao
bang 1 nén nga ra 1a ddo cua nga vao con lai, ta dugc:
B,=b,®1=b,
B,=b,®(1+b,)=b,®1=b,
B,=b,®(1+b,+b,)=b,®1=b,
- Khi C=0
B,=b,®0=Db,
B,=b,®0+b,)=b,®b,

= bz néu b1:0 va b_2 néu b] =1

B,=b,®0+b,+b,)=b,®(b, +b,)
= by néu b; va by déu =0
= b, néu (b; va/hoic by = 1)

Nhu vay tat ca cac bit sau bit 1 thir nhét tinh tir bit LSB déu bi ddo va B chinh 1a s bu
2cuab

Chung ta ciing c6 thé thiét ké mach tao s6 bu hai bang cach dung FF RS, c6 ngi vao
R, S tac dong murc cao, két hop véi cac cong logic nhu (H 6.2). Mach nay dung kha tién loi
khi can thuc hién bai toan cong va trir nhiéu bit kiéu ndi tiép.

Inpul B Ci;
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Oulpul
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1—R
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2
0o—s T QD
Je—

Shill pulse|
(H 6.2)

Bit dau, Preset mach dé ngdra Q =1, cﬂéng Gs; dong, G mg, cho s:c*) B di qua ma
khong bi ddo cho dén khi c6 bit 1 dau tién dén, cong G; md cho xung dong ho di qua, FF RS
duogc reset, Q =0, 6 =1, G, déng, Gz mo, s6 B di qua céng G, va bi dao. O nga ra dugc sb
bu 2 cua B.

6.2 Phép trir so nhi phan ding so bu 1:

Cho hai s6 duong A va B ¢6 n bit (néu sb bit khac nhau, ta thém s6 0 vao , ma khong
lam thay doi tri, dé cd hai c6 cung so bit)

a/ - A<B
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Két qua A-B la s6 0 hodc am, phép tinh dugc thuc hién nhu sau:
Tinh A - B:
A-B = A-B+2"-1-2"+1
=A+Q2"-B-1)-2"+1
=A+B); -2"+1
- {27 - [A+(B )] -1}
- [A+(B )i
Vay A-B c6 dugc bang cach cong sé bu 1 cia B vao A roi lay bu 1 cua tong va thém
du trir . Nhu vay dé thuc hién phép tinh trir ta chi cAn dung phép cong va phép dao

Thi du 3 : Tinh 1001 - 11010 dung s6 bu 1
Ta co A =01001 (thém s6 0 vao dé c6 5 bit nhu sb B
B=11010 = (B); = 00101
A-B =- [A+(B)1]1 =-(01001+00101) =- (01110),
=-(10001)
Trong hé thap phan, day la bai toan 910 2610= -1710
Dé thiy déu trir dwgc nhéan ra nhu thé nao, ta viét lai phép toan:

A = 01001
+
(Bi, = 00101

a8 ran—0 01110
Khong c6 s6 tran (hay sb tran =0) 1 ddu hiéu cta két qua 4m (hodc =0) va ta phai liy
bu 1, thém dau trir dé doc két qua cudi cung: (01110), = - 10001
Thi du 4: Tinh 10110 - 10110
A=10110vaB=10110 = (B); = 01001

2 = 10110

* |
(B), = 01001
e e —

2 fran— g 11111
bt 1 clakg -+ 00000

Trong phép cong dau tién khong co sd tran, két qua xem nhu s6 4m (hodc =0) lay bu 1
cua két qua ta duge A-B=00000.
b/- A>B
Két qua A-B 1a s6 duwong, phép tinh duoc thyc hién theo qui tic sau:
Cong A vo6i (B); roi thém 1 va khong quan tAm t6i s6 nhé cudi cing
Thi du 5: Tinh 110101 - 100110 dung s6 bu 1
A=110101 vaB=100110 = (B); =011001

A = 5110101
+

(B, = 011001

——

11001110

|_.: + 1

ad fran —1 001111

Bo qua sb nh¢ cudi cing, ta duge két qua A-B=001111.
Trong hé thﬁp phan do 1a bai toan 5319 - 3810 = 1510.
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Trong phép tinh c6 s6 tran chimg to két qua 13 sé duong. S6 1 cong thém vao xem nhu
lay tir s6 nhé dem qua.

Tém lai, dé thuc hién bai toan trir, A-B, ta cong A voi bu 1 ctia B. Dya vao su c6 mat
hay khong cta sb tran ma c6 bién phap xir 1y két qua:

- Néu sb tran =0, két qua 1a sb am (hodc =0) , ta phai 1ay bu 1 cua két qua va thém dau
- dé doc.

- Néu sb tran =1, ta cong thém 1 vao dé c6 két qua cudi cung (b qua bit tran) 13 mot
s6 duong.

6.3 phép trir s6 nhi phan dung sé bu 2:

Phép toan dung s6 bu 1 ¢c6 mot bat tién 1a ta phai thém bai toan cong 1 vao, dé tranh
viéc nay ta dung phép toan véi sé bu 2
Cho hai s6 duong A va B ¢ n bit
a/ - A<B
Tinh A-B:
A-B = A-B+2"-2"
=A+2"-B )-2"
= A+(B )2 - 2n
—- (2" [A+(B )] }
=-[A+(B )] , o ,
Viay A-B c6 duoc bang cach cong so bu 2 cua B vao A roi lay bu 2 cua tong va thém
dau trir. Nhu vay ta da chuyén phép tinh trir thanh phép cong
Thi du 6: Tinh 1001 - 11010 dung s6 bu 2
Tacéd A=01001 (thém sb 0 vao dé c6 5 bit nhu s6 B)
B=11010 = (N2), = 00110
A-B=-[A+(B),]» =-(01001+00110) =- (01111),
=-(10001)
Ta duoc lai két qua trén
bpé théy déu trir dugce nhan ra nhu thé nao, ta viét lai phép toan:
A= 01001
! (Biz = 00110

28 ram—0 | 01111

) Khong co sO tran 13 ddu hiéu cta két qua 4m va ta phai lay bu 2, thém dau trir dé doc
két qua cudi cung: (01111), =- 10001

b/ - A>B
Két qua A-B 1a 0 hodc s6 duong, phép tinh dugc thuc hién theo qui tic sau:
Cong A véi (B), va khong quan tAm téi sb nhd 6 vi tri 2"
Thi du 7 : Tinh 110101 - 100110 dung s6 bu 2
A=110101 vaB=100110 = (B),=011010

A= 110101
+
(B), = 011010

ad tran— 1) 001111

. Go s tran, két qua 1a s6 duong. B6 qua sb tran va doc ngay két qua ma khong phai
bién d6i: 001111 = 159
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Thi du 8 : Tinh 10110 - 10110
A=10110vaB=10110= (B),=01010

. = 10110
! |
B = d1o10
2 T

ad; tran — 1, 00000
Bo qua sb tran ta duoc A-B=00000.

6.4 Phép toan véi so c6 dau

Cho t61 gio ching ta thue hién cac phép toan voi s6 khong dau va doi khi xuat hi¢n

dau trir trong két qua. Trong may tinh, diéu nay c6 thé khic phuc dugc bang cach dung sé co
dau.

Véi qui udc s6 duong ¢6 bit dau 1a 0 va s6 am c¢6 dau la 1

Thidu9: +10,0=01010 +15;0=01111 +23,,=010111
-1010=10110 - 15;0=10001 -23,,=101001
C06 thé thay rang s6 am cua mot s6 1a sé bu 2 cua no ké ca bit dau.
V6i cach biéu dién s6 c6 diu, phép toan trir tro thanh phép toan cong:
A-B=A+(-B)

Thi du 10: Tinh A-B=01110-01001; B=01001 =+9;,0= - 9;0= 10111

1 Qoo

é- [ dau
2

Bit diu =0 chi két qua duong, bo bit tran C’,.

Vé,y A-B=00101 [(+1410 )-(+910)] =459

Néu A hoic B déu duong hodc am , két qua cb thé can thém mot bit do tran sb. Trong
truong hop nay bit tran du tién thudc két qua va C’, 1a bit ddu

Thi dy 11: Tinh A+B v6i A= 01110 (+1419) va B= 01001 (+91o)
Két qua 1 010111 = +230 v6i C’, = 0 1a bit du

50y
l l =20 nhd

—
l I.'.I 1110
0: 1001
a 1o

L

e
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Thi du 12: Tinh A-B v6i A=10010 (-14,0) va B=01001 (+9;0)

27

g

J' a0 nhd
0

1

1 +——

— s 4— 2

0010
10111
1 0r1am

L

Gy déu
Mot 1an nita C’; chi bit ddu. Két qua 12 101001 = -23,, (010111 = 23,¢)

Tir céc két qua trén, ta rit ra qui tic sau day:
Néu C; = C; thi C’; 1a bit tran, bé di va néu C;# C, thi C’; 1a bit dau.

Thi du 13: Tinh A-B v6i A=011101 (+29,0) v B=0110 (+610)
B=000110=+6,0 = - 6;0= 111010

Co Oy
l l a5 nhd

—

l D|111D1
11D1D

D 0111
2 T
bl dau
Ghi chu: - Trong tit ca trudng hop, ta ludn ludn thuc hién phép cong do do cé thé bo
qua phép tru
- Khi cong hai s0 hang cung dau thi c6 thé xay ra hién tugng tran, luc do bit
dau doi vé bén trai mot bit. Trong cac truong hop khac thi dau ctua két qua & cung vi tri voi
dau cua cac so hang
- Ngoai ra két qua con dugce xur Iy tuy vao két qua so sanh sy khac nhau cia
hai s6 nhé C; va C; (nho mét cong EX-OR).

6.5 Mach cong nhij phan:

6.5.1 Mach cong ban phan (Half adder, HA):

La mach cong hai s6 1 bit

Yvao ra
a bfs ¢ 2 —t 5
0 ollo o b— —a &—
o 11 o H.A
==1::] 1 I
1+ ol o > _a b s b o
1 1o 1 =3k
Bang sy that  két qua Mach Ky hiéu
(H6.3)

Nguyén Trung Lap KY THUAT SO



Chuong 6

Mach lam toan VI -7

6.5.2 Mach cong toan phan (Full adder,FA) :
La mach cdng hai bit ¢ cung vi tri trong hai sb nhi phan nhiéu bit, néi cach khac, déy
1a mach cdng hai bit , gia st thir n, va bit nhé cé dugce tir phép cong hai bit thtr n-1 cua hai s6
nhi phan do6. Ta c6 bang su that

Cni1 | Ba A, Sy Ca
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

Dung bang Karnaugh ta xac dinh duogc S, va C, nhu sau:

Sn :Cn—1®(An @Bn)
C,=A B, +C,, (A, ®B,)

' L o e e

8 T——— | Haz | ©
By 1 o a T T |
Cn i i

So dd mach K higu
o [(HO6D ‘ :
Co thé thay mdt mach cong toan phan géom hai mach cong ban phan va mot cong OR

6.6 Cong hai s6 nhi phan nhiéu bit:

6.6.1 Cong noi tiep
Trong cach cong ndi tiép, nguoi ta ding cac ghi dich dé chuyén céac bit vao mot mach
cong toan phan duy nhat, so nhé tir nga ra C, dugc lam tré¢ mot bit nho FF D va dua vao nga
vao Cp.;. Nhu vy toc do cua phép cong tuy thude vao tan s6 xung Ck va so bit phai thuc hién.

S
& L an S,
5 _'BHF.;E'«
" Cn-1 Cn:|
o D
G i

(H6.5)
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6.6.2 Cong song song

Trong cach cong song song, cac bit duoc dua déng thoi vao cac mach cong toan phin
va s0 nh¢ cua két qua ¢ bit thap duoc dua 1én bit cao hon (H 6.6).

Byt By Aq Bo Ao By Ay
| | e ([
[ ] [ ] [ ]
FA 4 FAZ FAZ FAA
L I L
Ca Ca Cy
(H6.6)

Chinh vi phai chd s6 nhd ma toc do cong con han ché. Muon nang toc dd cong Ién,
nguoi ta thue hién phép cdng song song dinh trude s6 nho.

6.6.3 Mach cong song song dinh truéc sé nhé

b¢ tang téc do cua mach cOng song song, nguoi ta tao trudc cac s6 nhd dé dua dong
thoi vao mach cong
Tt bi€u thirc xac dinh s6 nho

C.=AB +G (A ©B))
Pit P,=AB, vi G,=A,®B,

Ta xac dinh dugc C,, C,, Cs .... nhu sau:

F. c
G - |
1
I:I:I
+—F +—
ty ts
Co=Pyr CyGy Pz Gz
Cp=ParPG2+ C 6,6y 1
04 Ga
G, —
1"
g
—F —F
ty ts
Co= Pyt P c
a=FyvGp G, 3 3
= + + Po |
C3= Pt F'ngfF'.IGng N
e H
:
T 06,526, B
G=0
o —F —F
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Nhan thay thoi gian tinh s6 nhd giéng nhau & cac tang va bang t+t .

(H6.7)

t; 1a thoi gian

truyén dong thoi qua cac cong AND va t; 1a thoi gian truyen qua cong OR.
So d6 kh6i mach cong song song dinh trudc s6 nhé:

PTRTETIT T
Tinh Gp & Py,

AR EE AR

Tih 28 nhd
I Ny P
PLTTTUEAT L] e

Tih t8ng
Gy S 5y 8y 8y
(H 6.8)

Trén thi truong hién c6 IC 7483 (tuong duong 4008 cua CMOS) 1a IC cong 4 bit theo

kiéu dinh trudc so nhd.

6.6.4 Cong hai s6 BCD

Trén thi trudng cd cac IC cong s6 nhi phan, trong lac trén thyc t& nhiéu khi ching ta
can cong cac s6 BCD dé cho két qua 1a s BCD.

Chung ta tim cach dung IC 7483 (4008) dé cong hai s6 BCD

Hai s6 BCD ¢6 tri tir 09 dén 9, khi cong lai cho két qua tu 019 dén 18,,. Dé doc duoc
két qua dang BCD ta phai hiéu chinh két qua c6 dugc tir mach cong nhi phan.

Duéi day 1a két qua twong duong gitra 3 loai ma: thap phan, nhi phan va BCD

Phéan B C BCD doc
Nhi D
TP S’=C’,4 S’4 S’3 S’z S’l S :C4 S4 S3 Sz 81 theo NP
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 1 1
2 0 0 0 1 0 0 0 0 1 0 2
3 0 0 0 1 1 0 0 0 1 1 3
4 0 0 1 0 0 0 0 1 0 0 4
5 0 0 1 0 1 0 0 1 0 1 5
6 0 0 1 1 0 0 0 1 1 0 6
7 0 0 1 1 1 0 0 1 1 1 7
8 0 1 0 0 0 0 1 0 0 0 8
9 0 1 0 0 1 0 1 0 0 1 9
10 0 1 0 1 0 1 0 0 0 0 16
11 0 1 0 1 1 1 0 0 0 1 17
12 0 1 1 0 0 1 0 0 1 0 18
13 0 1 1 0 1 1 0 0 1 1 19
14 0 1 1 1 0 1 0 1 0 0 20
15 0 1 1 1 1 1 0 1 0 1 21
16 1 0 0 0 0 1 0 1 1 0 22
17 1 0 0 0 1 1 0 1 1 1 23
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L 18 ] 1 [ o | o | 1 [ o 1t 1 1 0o { o | o] 24

Nhan thiy:

- Khi két qua <10 ma nhj phan va BCD hoan toan giéng nhau

- Khi két qua >10 dé c6 duge ma BCD ta phai cong thém 6 cho ma nhi phan

Pé giai quyét van dé hiéu chinh nay trudc tién ta sé thyc hién mot mach phat hién két
qua trung gian ctiia mach cong hai sé nhi phan 4 bit. Mach nay nhan vao két qua trung gian
ctia phép cong 2 sd nhij phan 4 bit va cho ¢ nga ra Y = 1 khi két qua nay >10, nguoc lai, Y=0.

Bang su that

TP Cy S’y S’3 S’ Y
0-1 0 0 0 0 0
2-3 0 0 0 1 0
4-5 0 0 1 0 0
6-7 0 0 1 1 0
8-9 0 1 0 0 0
10-11 0 1 0 1 1
12-13 0 1 1 0 1
14-15 0 1 1 1 1
16-17 1 0 0 0 1
18 1 0 0 1 1

Ta khong ding ngi vao S’; vi timg cip tri c6 C’4S’4 S’3 S, gidng nhau thi S, =0 va
S’] = 1
Dung bang Karnaugh xac dinh dugc Y

) Y=C4+S4(S5 +S%) .
Va mach cong hai s6 BCD dugc thuc hién theo so do6 (H 6.9)

G L_chuc

| s 50—
A, —n s 4008 [ Do vi
e _}A 5 “ (@ s
a7 — 4008 5
5| @ ‘
S ]
B1— CCI

(H 6.9)

Van hanh:
- IC thir nhét cho két qua trung gian ctia phép cong hai sé nhi phan.
- IC thir hai dung hiéu chinh dé c6 két qua 1a s6 BCD:
- Khi két qua < 10, IC 2 nh@n ¢ ngd vao B s6 0000 (do Y=0) nén két qua khong thay
dbi.
- Khi két qua trung gian > 10, IC 2 nhan & ngd vao B s6 0110, = 6,9 (do Y=1) va két
qua dugc hi¢u chinh nhu da néi trén.

6.6.5 Mach cong luu s6 nhé

Nhic lai, mét mach cong toan phan (FA) nhan 3-bit ¢ ngd vao vacho 2 ngéra:
- Mot 1a tong cua cdc bit c6 cung trong s6 voi cac bit 6 ngd vao
- Mot 1a s6 nhd c6 trong sb gip doi trong sé cua cac bit & ngd vao
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B¢ cong mot chudi so, nhieu mach cong toan phan sé dugc sir dung, sé6 nhd dugce luu
lai dé dua vao mach cong bit cao hon.

Thidu 14 : Véi 3 $6 3-bit X (X53X2X1), Y(Y3Y2Y)), Z (Z3Z,2Z,1) mach cong c6 dang

RETS Vol Ty ¥y
e e L
Fa, FA, Fa,
I I— LT ] gz
Zs Tz

, I 1 4
Fa Fa Fai Fa
I I

S G4 Sa 82 51

(H 6.10)
Ngu(‘)i ta dung mach cong loai Qéy dé thuc hién bai toan nhan.
beé co ket qua nhanh hon, c6 thé dung mach (H 6.11)

T I
F, F i, Fa,
I I ]
FA, FA F i,
[ | ¢ | l
5554 52 B2 51
(H6.11)
6.7 Mach trir nhi phan:
6.7.1 Mach trir ban phan
La mach trir hai s6 1 bit (H 6.12)
ab|D R b }D
oojlo o D= a®h 3
SN R R=3kh
101 o : D—H
1 o 0 -
Bng = that 5a dd mach
(H6.12)
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6.7.2 Mach trir ¢6 s6 nhé (mach trir toan phan)

La mach trir 2 bit c6 quan tAm t6i s6 nhd mang tir bit trude

Rn 1 An Bn Dn Rn
0 0 0 0 0
0 0 1 1 1
0 1 0 1 0
0 1 1 0 0
1 0 0 1 1
1 0 1 0 1
1 1 0 0 0
1 1 1 1 1

Bang sy that

Dung bang Karnaugh xé4c dinh dugc cac ham D, va R,
Dn = Rn—l @(An @ Bn)
R,=AnB, +R, (A, ®B,)

Va mach (H 6.13)

An —
HI‘I E Dn
n— SUEB
ED ] [ R

Sd dd mach K higu

(H6.13)
Nhan théy ciu tao mach trur giéng nhu mach cong, chi khac & mach tao s6 nhG

6.7.3 Trir so nhiéu bit

Ta c6 mach trir s6 nhiéu bit bang cach mic song song cac mach trir 1 bit (H 6.14)

Bgtiy By Aq Bo Ao By Ay
| e
[ ] [ ] [ ]
SUB4 sUBS SUB 2 SUBH
| L] L
Ry Ro Ry
Ry Dy Dy D3 D4
(H6.14)

6.7.4 Cong va trir sé nhiéu bit trong mdt mach

Nhic lai dé thuc hién phép toan trir, nguoi ta cong véi s6 bu 1 va cong thém 1 (hodc
cong voi s6 bu 2), nhu vay dé thuc hién phép trir A - B ta tinh A + (B); + 1 . Mach (H 6.6)
duoc sira d6i dé co thuc hién phép cong va trir tly vao ngi diéu khién C (H 6.15)

- Khi C=0, ta ¢6 mach cong

- Khi C =1, ta c6 mach trur
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| | | C
— Y= Y e Y
FA 4 FAZ FAZ FaA
| |
Ca Ca Cy
(H 6.15)

Ta cling c6 thé thyuc hién mach cong trur theo kiéu mic ndi tiép (H6.16)

tao =d
b 2

— [ [ [ [ [ [ ]
G=1Cdng
C=0Tri
o
S5/
A
(o N N N N N N D N L, O
(u]
Cn ' j
g

(H 6.16)

Néu hai sd A, B 1a s6 8 bit, co dau, két qua duoc xtr 1y boi mach do sé tran, thiét ké
dua vao bjéu thac: OV=C; @ Cg . Khi OV =1 nghia 1a c6 so tran (tirc C7;:&Cg)2 thi so tran Cg
s& 12 bit ddu, Sg 1a mot bit cua két qua va khi OV = 0 (tirc C;=Cy), thi Sg 1a bit dau.

6.8 Mach nhan

Lay thi du bai toan nhan 2 s 4 bit
Ys Ys Y, Y, Sobinhin
X, X3 X, X; Sénhan
P14 P13 P12 P11 Tich tl‘l'ng phﬁn
Py Py Py Py
Pyy P33 Py Py
Py Py Py Py )
Sg S7 86 S5 S4 S3 Sz Sl Két ql,lél

6.8.1. Mach nhan co ban
Viée thue hién bai toan nhan c6 thé xem nhu gém hai budc:
- Tinh cac tich timg phén: thyc hién boi cac cong AND
- Tinh tong cuda cac tich tirng phan: Ap dung bai toan tong chuoi so6 (H 6.17)

Nguyén Trung Lap KY THUAT SO



Mach lam toan VI - 14

=4 bi nhdn =i nhan
Ty Ty Mz Y|1 Ko Xy ¥z Xy

: |
] For Fa Pz Pz Pz Fi1
T |

i3
FA||FA||FA|

F P“l—'%l mull

|FA||FA|

H 121 Hvl -

IF*”* s |

| ﬁ‘—LM ‘—Lm

Sa 57 Sa Sz 5y

(H6.17)
Dung IC cong 4 bit (7483 hoac 4008) mach nhan hai so 4 bit c6 dang (H 6.18)

by by
9| ay|dz| a1 [ay]a, 32£1

L (# T
a4 ds gz | & B4 Bg Bz B'l .lﬂ'.4 -’&3 Az By
(# Gy B 52 Sz 5 Co

| [ ] ] A

84| 3g( 3z 34 By B:x B2 By A4AG Ao Sy

Gy 5y 52 525 Ca

HEE A

By B: Bo By Ay Ao Ao By

Cy 5y Sz 525y Ca

B P B R Ry Py R

(H6.18)

iy

6.8.2. Mach nhén ndi tiép - song song don gian (H 6.19)

b

_—1'\" I

bz_",lll

o :

by Ct
8,8.3-39 | T ||
42 }D D Output
1110 b Adder

13—[:—[:-—0 5

(H6.19)

Chuong 6

Trong mach ndy, mot trong hai sé dugc dua ndi tiép vao mach (trong truong hop nay

1a s6 bi nhan) va s6 con lai dua song song vao mach.

- S6 nhan (bsbsb,b) dua song song vao mach qua cac cong AND dong thoi kiém soat
cac cong nay: ung véi bit 1 s6 bi nhan qua mach dé t6i mach cong (cong 2 va 4); ing véi bit 0

nga ra cong AND bang khong (cong 1 va 3)

Nguyén Trung Lap
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Chuong 6

Mach lam toan VI - 15

- S bi nhan dua ndi tiép vao mach theo thtr tu tir bit LSB. Cac FF D ¢6 tac dung dich
két qua ctia phép nhan (1a cac tich timg phan) trudc khi dwa vao mach cong dé cong cac tich
ting phan nay.

Thi du 15 : Xem bai toan nhan 10x14. S6 nhan 12 1010 (10,) va sé bi nhan 1a 1110
(1410). Qua trinh nhan giai thich nhu sau:

Ps P, Ps Ps Py, P3 P, Py

A 0 0 0 0 0 0 0 0

B 0 0 0 1 1 1 0 0

C 0 0 0 0 0 0 0 0

D 0 1 I 1 0 0 0 0
Output 1 0 0 0 1 1 0 0

10001100, = 1404

C6 thé thay rang nga ra A ludn ludn bang 0 vi bit LSB ctia s6 nhan = 0. Ngi ra B ¢
gia trj ctia s6 bi nhan duoc 1am tré 1 bit (1 xung dong hd). Ngi ra C duoc lam tré 2 bit va ludn
bang 0 (Giéng nhu A). Ngi ra D gidng nhu B nhung tré 3 bit. Didu ndy c6 thé so sanh véi bai
toan trén gidy

S6 bi nhan

S nhan

A

B

C

D 11
Tich 1 0 0

OO O oo O

—_—O O = Of= =
—o O = OO0 -
SO O OO -

O— O =

Mudn khéng str dung mach cong s6 nhiéu bit, ngudi ta dung mach (H 6.20)

KR

R R s e

A E o
(H 6.20)
Mach (H 6.20) can (n-1) mach cong va mach tré (FF D) cho s6 nhan n bit. Cac cong
AND cho phép cac bit cua s6 bi nhan di qua khi s6 nhan 1 1, s6 bi nhan (véi sb bit bat ky)
dugc cho vao mach nbi tiép véi bit LSB vao dau tién.
Ngi ra cng 4 sau 4 xung Clock 1a 1110. Ngi ra céng 3 ludn ludn bang 0.
Mach cong A cong s6 nga ra 3 va nga ra 4 bi tré 1 bit:

111a

1 1 1 0
0 0
1 0 0 0 1 1 0

—_
—_
—_
=
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Chuong 6
Mach lam toan VI- 16

va mach cong C

Luu y 1a & mach (H 6.20) két qua cho & nga ra mach cong C véi bit LSB ra dau tién,
tuy nhién mach nay chua quan tam t61 so nho.
Mach (H 6.21) cho két qua vi s nhé .

111EI_ _ _ _

b b DF b

14 EIE ; |:|1
[ f [ T | T [t

Ty s o o1 Co

(H621)
Va (H 6.22) la mot mach thyc t€ dung ghi dich 4 bit c6 ngd vao/ra song song, mot
mach cong 4 bit va mot chip 4 cong AND 2 nga vao dé thyc hi¢n bai toan nhan.

Cutput

1110

tl4 u} 3 b b1
i 0| 1f Dcl_
S R P A ir)
1
Cy —= 2 ' Outout
Fas Fa | | Fa Fa, 2
] ] 1
S r 83 3 82 3 L
4 _'3.;.=U
D — D — D — D
Clock T T I Y
(H 6.22)

6.9 Mach chia

Nguyén tic ctia phép chia s6 nhi phan 1a thuc hién phép so sanh mot phan cua s bi
chia (sb bit ddu tién bang vdi sb bit cta sb chia) v6i s6 chia, néu sb bi chia 16n hon s6 chia thi
thuong sb6 =1, thuc hién phép trur, nguoc lai thi thuong s6 =0, sau d6 dich trai phén con lai cua
s6 bi chia mot bit (hodc dich phai sé chia 1 bit) rdi tiép tuc thuc hién bai toan so sanh giéng
nhu trén. Cong viéc duoc 1ap lai cho dén khi chdm dut.

So d6 (H 6.23) tom tat giai thuat thyc hién bai toan chia
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Chuong 6

Mach lam toan VI-17

Yes No

S6 chia < S6 bi
chia ?

Thuong sb = 1, Thuong sb =0,
Trur sO bi chia Khong trur
cho so chia

Chia xong ?

Yes No

A

v

Két thic

(H 6.23)

6.9.1 Phép chia cé phuc hoi sd bi chia

Thay vi phai thuc hién viéc so sanh, nguoi ta 1am phép tinh trir mot phan sb bi chia
cho s chia, néu két qua duong, thuong s6 1a 1, néu két qua am, thuong s6 1 0, trong truong
hop nay phai phuc hdi lai s6 bi chia bang cach cong sé bi chia cho sb chia trude khi dich s bi
chia sang trai 1 bit (hodc s6 chia sang phai) dé tiép tuc lap lai bai toan cho dén khi két thuc.

(H 6.24) 1a so @6 giai thuat thuc hién phép chia c6 phuc hdi s6 bi chia.
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Chuong 6
Mach lam toan VI - 18

Dich

A 4

sO bi chia - sO chia

Yes

!

Thuong s6 =1

!

Thuong s6 =0

A 4

s0 bi chia + so chia

Yes

No

Chia xong?

!

Két thic

A 4

(H 6.24)
Pé thuc hién phép chia theo so dd trén, ngoai cac thanh ghi dé chira céc s bi chia, s6

chia , s6 thuong ngudi ta phai dung thanh ghi chtra sb bi chia dugc phuc hoi.

6.9.2 Phép chia khong phuc hoi so bi chia

Hé¢ thé,ng s& don gian hon néu chiing ta dung phép chia khong can phuc hoi sé bi chia
theo nguyén tac nhu dudi day. ,
Quan sat gian do (H 6.24) ta thay c6 2 truong hop:
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Chuong 6

Mach lam toan VI-19

¢ S6 chia 16m hon s6 bi chia (nhanh bén phai)

Luu ¥ 12 dich sb chia vé& bén phai 1 bit twong duong véi chia s6 d6 cho 2
Nhanh bén phai ctia so dd trén gdm 2 bai toan:

- Cong sb bi chia véi sb chia.

- Trir s6 bi chia cho 1/2 s6 chia (trir bi chia cho sd chia di dich phai)

Hai budc nay c6 thé gom lai thanh mot budc duy nhét nhu sau:
- Cong so bi chia vdi s0 chia da dich phai.

¢ S0 chia nhé hon s bi chia (nhanh bén trai)

Sau khi 1iy két qua =1, 1énh ké tiép thuc hién 1a trir s6 chia da dich phai.

Tir cac két qua nhan xét trén co thé thay so dd (H 6.24) boi so do giai thuat thuc hién
phép chia khong can phuc hdi s6 bi chia (H 6.25)

)

sO bi chia - sO chia

Yes

Thuong s6 =1 Thuong

Dich Dich

0 bi chia + so chia

sO bi chia - sO chia

Chia xong? Nao

\ 4

Két thic

(H 6.25)

Duya vao so dd (H 6.25), cac bude thyc hién bai toan chia nhu sau:
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Chuong 6

Mach lam toan VI - 20

- S6 chia (SC) 1on hon s6 bi chia (SBC) (SBC - SC < 0), thuong s6 13 0, dich phai sd
chia 1 bit (thue té ta mang thém 1 bit ctia s6 bi chia xudng), thuc hién bai toan cong sb chia va
s6 bi chia

- S6 chia nhé hon s6 bi chia (SBC - SC > 0), thuong s6 1a 1, dich phai s6 chia 1 bit,
thuc hign bai toan trur (cong s6 bu 2) s6 bi chia cho s6 chia

Dé don gian, gia sir s6 chia va bi chia déu duong (MSB = 0), s6 bi chia gdm 6 bit va
s6 chia gém 4 bit.

Thi du 1: Thyc hién bai toan chia 21,0 =010101;, cho 7,0 =0111,.

S6bu2cna01111a(0111),=1001

D111 o101 o 1
1001 l
——— @11 1af 0
T (1)
011 1
Moo 11
T1Du 1] {12
Moo o 0
r ———
01 ’ =0 du
——
Thidng

Ghi cha:

(1) S6 1 trén miii tén chi rang két qua phép toan trir 1a s6 am, bude ké tiép 1a doi va
cong s chia

(2)S6 0 trén mui tén chi rang két qua phép toan trir 1a s6 duong, bude ké tiép 1a doi va
trir s chia (cong so bu 2)

Thuong s6 ¢o duoc tir cac sd tran ma trén phep tinh ta ghi trong vong tron.

Két qua: thuong 14 011(=3) va sé du 1a 0000(=0)

Bai toan trén cho két qua voi 3 bude cong/trir. Tuy nhién néu ta chia 21 cho 1 thi can
t6i 6 bude cong trir dé ¢ thuong sd 6 bit. Mot cach tong quat sd bude cua bai toan bang voi
s6 bit cua sb bi chia.

Ta c6 thé 1am lai bai toan v6i 6 budc cong/trir ((thém 3 bit 0 cho s bi chia)
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Mach lam toan VI - 21

o111 |ooooelt o1 01
1001
@1)001 1
Tlo1 11

kétqud:0D0D 11
S6dy 0000 (1|0 0 00O

Thi du 2 va 3 dudi day 1a bai toan 6 buée
Thi du 2 : Chia 21 cho 6 dugc két qua 3 va s6 du la 3

01140 Qooap o1 01

1010

@lo104

TI.'.I11I.'.I

kétquaooooi1
Sddu: 001 1 (1|0

) Thi dy 3 : Chia 21 cho 5, dugc két qua 4 va s6 du la 1. Tuy nhién trén phép toan ta
thay phép cong véi s6 chia cudi cung cho két qua am (s6 1100) nén dé diéu chinh so6 du ta
phai cdng s0 chia vao va bo qua so tran.
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Mach lam toan VI -22

D1D1| goooQt o 1 @1

1011

@10111

Tlo 104

kétqud: 0o0100 @11 00
Sadu: 0001 M—lo1 0 1
1000 1

(1) Cong sb chia vao dé diéu chinh s6 du

Mach thuc hi¢n cac bai toan nay cho ¢ (H 6.26).

Trong (H 6.26) budc dau tién duge thuc hién boi cac cong EX-OR trén cing ¢ ngi
diéu khién = 1 dé thyc hién bai toan trir. Sau budc thir nhat, bit thir tur ciia mach cong (S4) s&
quyét dinh phép toan sau do la cong (S4=1) hay trir (S4=0) s6 bi chia voi s6 chia. S6 nhé cua
bai toan cudi cung (budc 6) la bit LSB cua thuong s6. Va mach cong cubi cung duoc thiét ké
két hop voi cac cong AND dé xir Iy ket qua cua so du nhu trong hai thi du 2 va 3. Neu két qua
cua bai toan & budc 6 c6 S; =1 thi cong AND mé dé thuc hién bai toan cong voi sb chia dé
diéu chinh sé du.
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Mach lam toan VI - 23

RVR
:@wm
R cicacacaf
A cicaca]
miacacaaa]
[RAcACAGN
GHEEIEN
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