Bai 12: CONG LOGIC

Trong chuong nay ching ta s& khao sat qua cac loai cong logic thong dung trong may
tinh, cac phuong thirc hoat dong va cac ky hiéu cua ching. Dong thoi ta ciing nghién ciru vé
dai s6 Boole, 1a dbi tuong lién quan kha chat ché dén cac céng. Pai s boole duoc phat
minh béi nha todn hoc George Boole. Trong dai s6 ndy cac bién chi mang mot trong hai
trang thai: 0 va 1 (dung hay sai) va ciing chinh vi thé ngudi ta con goi dai s6 boole 1a dai sb
ludng trang. Riéng kha ning cua né chinh 13 giai quyét rat tot cac bai toan vé cac mach ludn
1y (logic) nhu don gian hoa mach, mach tuwong duong,...

Cac mach nay con dugc goi 1a cac cong ludn 1y vi ta c6 thé dung dai s6 boole dé tinh
toan chung.

12.1 Biéu dién céc trang thai logic 1 va 0

Trong hé théng mach logic, cac trang thai logic duoc biéu dién bgi cac muac dién
thé. Voi qui woc logic duong, dién thé cao biéu dién logic “1”, logic am, dién thé thap
biéu dién logic “0”. Trong thuc té, mic “1” va “0” tuong ung véi mot khoang dién thé
xé&c dinh va c6 mot khoang chuyén tiép gitra muc cao va thap, ta goi 1a khoang khong xac
dinh. Khi dién ap cua tin hiéu roi vao khoang nay, mach sé khéng nhan ra la mac “0”
hay “1”. Khoang nay tly thudc vao ho IC sir dung va dugc cho trong bang thdng sé ky
thuat cuaa linh kién.

gy ba Sé IC c6:
Mtrc “0”: 0 -> 0.7v
e 1 4 12
Mite “17: 2.4 v > 5
Wung kihvang xac
dinh
b7y

Trang thai “0” va “1” con co thé duoc hiéu duéi dang mach dién nhu sau:
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K m& ng véi logic “0” : dén tat
K dong ung véi logic “1” : dén sang




Xét linh Kién dién tir Transistor ludng cuc +Vee

BJT c6 ba cuc 1a: cuc nén B — Base, cuc % R.

thu C — Collector, cuc phat E — Emitter. Vo
Dién tro Rg gidi han dong nén lg, dién tro 1
Rc giGi han dong thu Ic chay qua tai & ngd Vi W&E | ‘K Q
ra.

Khi dién thé ngd vao V, = 0 thi dong
nén lg = 0 khién dong thu Ic = 0 va dién
thé o ngd ra la: =
Vo =Vce - IcRe = Ve
(muc cao — muc “17)

Khi dién thé ngd vao V, = V¢ thi Ig
I6n, Transistor dan bdo hoa, khi d6 dién
thé ngd ra la:

Vo= Veesat = 0,2 V (mirc thip — mirc “0”)

12.2 Céc cong logic co can

12.2.1 Cong AND

Khai niém: La cong cd 2 hay nhiéu ngd vao nhung chi c6 mot ngd ra. Gia tri ngd ra phu
thudc vao nhom cac gia tri vao. Cong AND thyc hién phép toan nhan Logic véi tin hiéu vao.

Phwong Trinh M6 Ta Hoat Pong ciia Cong AND n Loi vao

Y = X1 X5, Xn
Ky Higéu:
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AND2 AND3 AND4

Hinh: Cong AND ¢6 2, 3, 4 ngd vao

Pic Piém:

Néu tat ca ngd vao co gia tri 1 thi ngd ra co gia tri 1, ngd ra bang 0 khi ¢ it nhat mot
ngd vao bang 0.
Bang Trang Thai:

Xét bang chan tri caa cong AND c6 2 va 3 ngd vao



A B A AND B A AND B AND C
0 0 0
0 1 0
1 0 0
1 1 1
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Str dung cong AND dé tao ra cong logic khac nhu so d6 sau:
Bang trang thai:

Y — X Y
——{ | .
3JTE 0 0
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Pay chinh 1a cong dém gia tri ngd ra: Y = X

12.2.2 Cong OR

Khai Niém: La cong c6 2 hay nhiéu ngd vao nhung chi c6 mét ngd ra, thuc hién chirc ning
cua phép cong logic tin hiéu vao

Phwong Trinh M6 Ta Hoat Pong ciia Cong OR n Léi vao

Y =X+ X+ + X,

Ky Hiéu:

u17
2

ui15 ul6
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OR2 OR3 OR4

Cong OR ¢6 2, 3, 4 ngd vao

Pic Piém:
Néu chi mét trong cac ngd vao co gia tri 1 thi ngd ra cd gié tri 1 va néu tat ca ngd vao

cé gia tri 0 thi ngd ra cé gia tri 0.



Bang Trang Thai:
Xét bang chan tri cua cong OR ¢ 2 va 3 ngd vao

A B AORB A B C AORBORC
0 0 0 0 0 0 0
0 1 1 0 0 1 1
1 0 1 0 1 0 1
1 1 1 0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

Tuong tu nhu cong AND thi cong OR ciing ¢6 kha nang lam cong dém khi ta ndi cac ngd tin
hiéu dau vao lai véi nhau.

12.2.3 Cong NOT

Khai Niém: La cong c6 mot ngd (tin hiéu) vao va chi c6 mot ngd (tin hiéu) ra. Cong dao co
chie nang nhu mot cong dém (da trinh bay trén) nhung ngd ra luén dao so véi ngd vao.
Phwong Trinh Ngé Ra Cong Pao

Y=X

Ky Hiéu va Bang Trang Thai

X Y X Y
1

Hinh: Ky hiéu cng dao 1 0
Pic diém:

(@)

Trang thai ngo ra trai nguoc trang thai ngb vao

12.2.4 Cong NAND

Khai Nigm: La cong thuc hién phép toan nhan dao.
Phwong Trinh Ngé Ra Cong NAND:

Y = X, X, X,



u1s u19 U20
_ _ o—2
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1 g 0—3 ] I I
o5 |
NAND2 NAND3 NAND4

Hinh: Céng NAND 2,3,4 15i vao

Pic Piém:

Tin hiéu ngd ra chi bang 0 khi tat ca cac tin hiéu ngd vao dé bang 1, va tin hiéu ngd ra
s& bang 1 chi can it nhat mot ngd vao bang 0.
Bang Trang Thai:

Bang Trang Thai cia NAND 2 va 3 16i vao

A B A NAND A B C A NAND B
B NAND C
0 0 1 0 0 0 1
0 1 1 0 0 1 1
1 0 1 0 1 0 1
1 1 0 0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0

Cong NAND thyc sy chinh Ia:
NAND = AND + NOT

12.2.5 Cong NOR
Khai Niém: La cng thuc hién chirc niang phép toan cong dao logic.

Phwong Trinh Ngé Ra Cong NOR:

Y =X +X,+..+X,

Ky Hiéu:



u21 u22
S
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NOR2 NOR3 NOR4
Hinh: Céng NOR 2,3,4 16i vao
Pic Piém:
Tin hiéu ngd ra chi bang 1 khi tat ca cac ngd vao bang 0, tin hiéu ngd ra s& bang 0 khi
c6 it nhat mot ngd vao bang 1.
Bang Trang Thai:
Xét bang trang thai NOR 2 va 3 16i vao:
A B A NOR B A B

O

A NOR B NOR
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12.2.6 Cong XOR

Khai Niém: La cong Logic thyc hién chirc ning mach cong khdng nho.
Phwong Trinh Ngé Ra Cong XOR:

Y= X X, + X, X,= X, ®X,

Ky Higéu:

u25
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XOR2
Hinh: Cong XOR 2 15i vao
Pic Piém: Dung dé so sanh 2 tin hiéu. Néu 2 tin hiéu bang nhau thi ngd ra bang 0 va

nguoc lai 2 ngd tin hidu vao khong bang nhau thi ngd ra bang 1.



Bang Trang Thai:

X1 X, Y
0 0 0
0 1 1
1 0 1
1 1 0

12.2.7 Céng XNOR:
Khai Niém: La cong thuc hién chire ning cong dao khdng nhd.

Phuwong Trinh Ngo Ra:

Y= XX, +XX, = X, ®X,

Ky Hiéu:
u24
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XNOR?2
Hinh: XNOR 2 16i vao
Pic Piém:

Tréai véi dic diém cua XOR

Bang Trang Thai:
X1 X Y
0 0 1
0 1 0
1 0 0
1 1 1

12.3 Pai s6 Boole

Dai 56 Boole con duoc goi 1a dai s6 ludng trang thai do tinh chét hai trang thai cua no.
Khi phat minh ra mén dai s6 nay, né khdng dugc sir dung cho mét tng dung nao. Sau nay,
khi Shannon di 4p dung vao viéc giai quyét cac mach dién thoai, va tir d6 n6 duoc phat trién
khong ngimg. Ngay nay, dai s6 boole duoc ap dung rong rai trong viéc thiét ké va phan tich

cac mach dién trong may tinh.



Baoi vi cac dai luong chi c6 hai trang thai nén dai s6 Boole khac nhiéu so véi dai s6
thudng va thao tac kha dé dang. Dai s6 Boole khong cé phan s6, sé am, sé thap phan, sé 4o,
sb phuc, can sb,... Dai s Boole chi ¢ 3 phép toan Ia:

1. Phép cong thé hién qua ham OR
2. Phép nhan thé hién qua ham AND
3. Phép phu dinh thé hién qua ham NOT

Nhac lai:

OR AND NOT
0+0=0 0.0=0 0=1
0+1=1 0.1=0 i=0
1+0=1 1.0=0

1+1=1 1.1=1

Vidu1:

Tim phuong trinh boole va thiét 1ap bang chan tri caa mach sau:

o2 1 2
1 o

A o—3
B Y

Theo mach trén ta c6 phuong trinh luan 1y nhu sau:
Y =NOT(A)ORB

Va phuong trinh boole:
Y=A+B

Bang trang thai:
A B A Y
0 0 1 1
0 1 1 1
1 0 0 0
1 1 0 1




Vidu 2:
Tim phuong trinh boole va thiét 1ap bang chan tri cho mach sau:

S
S D
=) >

D

Tu mach trén ta c6 phuong trinh luan 1y nhu sau:

Y = (A OR B) AND (C OR D)

Va phuong trinh boole:
Y=(A+B)(C+D)
Bang trang thai:
A |B |[C |[D |AORB |[CORD |Y
0O (0 |0 |0 |O 0 0
0O (0 |0 |1 |0 1 0
0O (0 |1 |0 |O 1 0
0O (0 |1 |1 |0 1 0
o (1 |0 (0 |1 0 0
0O |1 |0 (1 |1 1 1
o (1 |1 (0 |1 1 1
o (1 |1 |1 |1 1 1
1 |0 |0 |0 |1 0 0
1 (0 (0 |1 |1 1 1
1 |0 |1 |0 |1 1 1
1 |0 |1 |1 |1 1 1
1 (1 (0 |0 |1 0 0
1 (1 (0 |1 |1 1 1
1 |1 |1 |0 |1 1 1
1 |1 |1 |1 |1 1 1




Ciic Binh Iy:
M@t bién sé:

1.A = A 4. AA=A 7.A+1=1
2.A0=0 5. A.A=0 8.A+A=A
3.A1=A 6.A+0=A 9A+A=1

Luat giao hoan:

A+B=B+A

A.B =B.A(hay AB=BA)
Chang minh:

Dé chung minh ta xét cong AND cd 2 ngd vao. R3 rang viéc hoan doi vi tri khong anh
huong dén gia tri ctia ngd ra. Ta ciing c6 thé dung bang chan tri dé chtrng minh.
Hinh vé& minh hoa:

- Trudng hop cong OR:
oA ? :
Y o
0 B
- Truong hop cong AND:

0 AT v o B[ v
LB = oA
Luat phéi hop:

A+(B+C) =(A+B)+C
A(BC) =(AB)C
Chtrng minh twong tu nhu trén

o—B_
Y O
o—A_

Hinh v€ minh hoa:

- Trudng hop cong OR:
o_B_ oA
S S W S
oA oC
7 7
- Trudng hop cong AND:

o—B | _ _
D_A -
o_C Y _
oA 0B | c Y o
o
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Luat Phan Bé:
AB+C)=AB+AC
Chung minh: Ta dung bang chan tri dé ching minh

+
O

A(B+C) | AB+AC

P P PP OOOOoOD>
P PO ORrRPFRPROO W
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Hinh v& minh hoa:
A N
T - ) L
C A JY_Q = )

M@t so6 dang thirc thong dung:

1. A(A+B) = A

2.A+AB=A

3.AB+AB =A

4. A+ AB=A+B

5.A(A +B)=AB

6. (A+B)A+B)= A
7.(A+B)A+C)=A+BC

8.AB+ AC+BC=AB+ AC
9.(A+B)(A+C)(B+C)=(A+B))(A +0C)

Pinh ly De Morgan 1:
Dinh ly nay dua trén co s dai $6 boole dé xac dinh phuong trinh boole.
Pinh ly nay phét biéu nhu sau:
A+B = A.B
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Chang minh:
Pé chimg minh dinh 1y nay ta xét 2 phuong trinh Boole sau:
Y,= A+BvaY,= A. B
Pon gian chdng ta ding bang trang thai dé ching minh

A B Y, |Y,
0 0 1 1
0 1 0 0
1 0 0 0
1 1 0 0

binh ly De Morgan 2:
Pinh ly nay phét biéu nhu sau:
AB =A+B
Viéc chimg minh dinh 1y ndy twong tu nhu chimg minh dinh Iy 1 (c6 thé dung bang
chan tri dé chizng minh)

Mé rong:
Déi vai cac cong co 3 hay 4 ngd vao. Pinh Iy De Morgan duoc biéu thi nhu sau:
Mach c6 3 cong vao A, B, C:
ABC =A+B+C
Mach c6 4 cong vao A, B, C, D:

ABCD=A+B+C+D

Pon gian hoa phwong trinh Boole:
Sau khi thiét 1ap phuong trinh boole, diéu can thiét chinh 1a don gian nd. Vi mach cang
don gian thi cang dé thuc hién va hiéu qua kinh té cao.

Phwong phap dai so:
Ap dung cac dinh 1y Boole dé rut gon cac biéu thic logic.

Vidu 1:
Cho phuong trinh Boole Y = AB + AB
Ap dung quan hé boole ta co:
Y=AB+B)=Al=A
Budc don gian trén dugc mo ta bang hinh vé nhu sau:
Ban dau: Y = AB + AB

12



IDaE
j_l_

LicY=A(B+B)

A A B B

) >

Cudi cung:

Y
— 0

DY_D

A A B B

Nhu vay: Mach cudi ciing ¢6 phuong trinh Y = A (c6 1 ngd vao va 1 ngd ra)

Vidu 2:
Cho phuong trinh nhu sau Y = AB + AC + DB + DC
Tim phuong trinh don gian nhit.

Hinh vé cho mach nay nhu sau:
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Don gidn phuong trinh trén:
Y=AB+C)+D(B+C)

o>
= -

-
:

-

Budc don gian cubi cing:
Y = (A +D)(B + C)

jv_u

))_l_
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Vi du 3: Cho biéu thuc sau:
Y = AC(ABD)+ ABCD+ ABC
Ap dung dinh 1y De Morgan 2 ta dugc:
Y = AC(A+B+D)+ABCD+ ABC

= ACA+ ACB+ ACD)+ ABCD + ABC

= 0+ ABC + ACD+ ABCD + ABC
BC(A+ A)+ AD(C +CB)

= BC +K5(B +C)
Nhu vay khi st dung cac dinh 1y dai s6 Boole ta da co thé rt gon tir mot biéu thirc

phtic tap sang biéu thire don gian va nhu thé s& tao diéu kién thuan lgi trong quéa trinh thi
cbng mach dién.
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Bai tap

Cau 1. Thiét ké mach dung hai cong logic thoa bang su that sau day:
Vio

A
0
0
1
1

|—t|—t':l|—tI--:i',n"'-'_'{:I

— O = o |

Céu 2: Chung to
(A+ByA+ Ty = AR+ AC

Cau 3: Cho c&c mach logic sau:

B
A
B v
A

TP

B v

a)Hay viét biéu thuc & ngd ra-Y=? q
b)Twr cac so do mach trén chuyén sang 1 cong logic tuong tng.
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Cau 4: Ap dung céc dinh 1y dai s6 Boole d€ riit gon biéu thirc logic sau:
@) ABC + ABC
(b) ABC' + ABD + AR

AR (4 + )

(dy 4 + BT A4

Cau 5: Pon gian biéu thuc logic sau:
Y = ABC + ABC + ABC

Cau 6: bon gian mach logic ¢ hinh sau:

“; A

A _| A+B

B ) L
ArBaC

Fj

W

Ll

| =3

Cau 7: Hay sir dung cac toan tir NOR dé thyc hién cac toan tir logic NOT, AND, OR, NAND, NOR,
XOR, va XNOR.
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