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Chuong 2
Cac cong Logic va dai so Boole

1. Céc loai cdng Logic

2. Miéu ta dai s6 cong Logic
3. Bai tap &ng dung cbng Logic
4. Pai sd Boole

5. Cac dinh ly co ban trong dai s6 Boole
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1. Gidi thiéu:

Nam 1854 Georges Boole, mdt triét
gia dong thoi la nha todn hoc ngwdi Anh cho
xuat ban mét tac pham vé ly luan logic, néi
dung clia tdc pham déat ra nhirng ménh dé
ma dé tra 1&i nguwdi ta chi phai dung mot
trong hai tir dung (c9, yes) hoac sai (khdng,
no).

Tap hop cac thuat toan dung cho
cac ménh dé nay hinh thanh mén Dai sé
Boole. Bay 1a mdn toan hoc dung hé thdng e, |
s6 nhi phan ma &ng dung cta nd trong ky George Boole

thuat chinh la cac mach logic, nén tang cia RS — S
~ P~ X r
ky thuat so. L———————————————————| |
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2. M6t s dinh nghia

- Trang thai logic: trang thai caa mét thuwc thé. Xét vé mat logic thi mat
thwe thé chitén tai & mot trong hai trang thai. Thi du, déi v&i mét bong
dén ta chi quan tdm né dang & trang thai nao: tat hay chay. Vay tat /
chay la 2 trang thai logic cua no.

- Bién logic: dung d&c trwng cho céc trang thai logic cla cac thuwc thé.
Nguoi ta biéu dién bién logic bédi mét ky hiéu (chi hay dau) va né chi
nhan 1 trong 2 gia tri : 0 hoac 1.

Thi du trang thai logic ciia mét céng tac 1a dong hodc mé, ma ta co thé
dac trwng baoi tri

1 hoac 0.
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2. M6t s dinh nghia

- Ham logic dién ta b&i mot nhom bién logic lién hé nhau bdi cac phép toan
logic. Cling nhu bién logic, ham logic chi nhdn 1 trong 2 gia tri: 0 hoac 1 tuy
theo cac diéu kién lién quan dén cac bién.

Thi du, mot mach gdbm mot nguédn hiéu thé cdp cho mét bédng dén qua hai
cOng tac mac ndi ti€p, bong dén chi sang khi ca 2 cdng tac déu déng. Trang
thai cia bong dén 13 mdt ham theo 2 bién la trang thai cla 2 cong tac.

Goi A va B 1a tén bién chi cdng tac, cong tac déng trng vdi tri 1 va hd ng voi
tri 0. Y 1a ham chi trang thai bong dén, 1 chi dén sang va 0 khi dén tat. Quan
hé gitra ham Y va cac bién

A, B duoc dién ta nho bang sau:

A B Y=f(A,B)
0(ho) = 0(ho) 0 (tat)
0(hé) 1 (dbng) 0 (tat)

| (@ng) 0 (ho) 0 (tat)
I (dong) 1 (dong) I (sang)
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3. Cac phuwong phap biéu dién bién va ham logic

3.1 Gian d6 Venn

Con goi la gidn d6 Euler, dic biét dung trong |3nh vwrc tdp hop. Moi bién
logic chia khong gian ra 2 vung khéng gian con, mot vung trong do gia trj bién
la dang (hay=1), va vung con lai la vung phu trong d6 gia tri bién |a sai (hay=0).
Thi du: Phan giao nhau cla hai tap hop con A va B (gach chéo) biéu dién tap
hop trong dé A va B la dung (A AND B)
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3. Cac phuwong phap biéu dién bién va ham logic

Bang su that

NE&u ham cé n bién, bang sy that cé n+1 cdt va 2" + 1 hang. Hang dau tién chi
tén bién va ham, cic hang con lai trinh bay cic t6 hop cda n bién trong 2" to
hop cd thé cd. Cac cot dau ghi gid tri cla bién, cdt cudi cung ghi gia tri cla
ham twong &ng vdi td hop bién trén cung hang (goi |a tri riéng cda ham).

Thi du: Ham OR cua 2 bién A, B: f(A,B) = (A OR B) c6 bang su that twong rng.

f(A,B)=A ORB

A
0
0
1
1

— o —= o

0
1
1
1
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3. Cac phuwong phap biéu dién bién va ham logic

Bang Karnaugh

Pay 13 cach biéu dién khac cla bang su that trong dé moi hang clia bang s
that duoc thay thé béi mot & ma toa do (gdm hang va cdt) xac dinh bdi t6 hop
da cho cula bién.

Bang Karnaugh cta n bién gdm 2" 6. Gia tri cia ham dwoc ghi tai moi 6 cla
bang. Bang Karnaugh rat thuan tién dé don gian ham logic bang cach nhém
cac 0 lai v&i nhau.

Thi du: Ham OR & trén duoc dién ta bai bang Karnaugh sau day

f(A.B)=A ORB A\B 0 1

0

0 0 l
1 ‘
: 1 l 1

—_—— O O
—_—0 = O|lW
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3. Cac phuwong phap biéu dién bién va ham logic

Gian do6 thoi gian

Dung dé dién ta quan hé gilra cdc ham va bién theo thoi gian, déng thoi vdi
qguan hé logic.

Thi du: Gian do thoi gian cha ham OR cla 2 bién A va B, tai nhirng thoi diém
cd mot (hodc 2) bién cé gia tri 1 thi ham co tri 1 va ham chi cé tri 0 tai nhirng
thoi diém ma ca 2 bién déu bang 0.

A‘L
1
0 . >
- Pttt
A B | f(A.B)=A ORB : Lot
0 0 0 ! ‘_
N i - 5 :
= A R ;
1 1 1 S A S b | L
1
0 ¥
1
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3. Cac phuwong phap biéu dién bién va ham logic

Qui wédc : Khi nghién cru moét hé thong logic, can xac dinh qui wdc
logic. Qui wdc nay khong dwoc thay ddi trong sudt qua trinh nghién clru.
Ngudita dung 2 mirc dién thé thap va cao dé gan cho 2 trang thai logic 1 va 0.
Qui wdce logic dwong gan dién thé thap cho logic 0 va dién thé cao cho logic 1
Qui uadc logic am thi nguoc lai.

- -
-
-——

- -
- -

f(A,B)= A OR B

0 , ‘—
| —> s

1 0 :

1

—_—0 == O

-
-——
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2.1 Cac loai cong Logic

Cong logic la thiét bj dién tl&r thuc hién cdc phép todn boole vdi ngd vao
la tin hiéu nhj phan. Hai m&c dién dp khac nhau dwgc dung dé dai dién
cho cac gia tri bool.

Vi du, 5 volt (cao) dwgc dung dé dai dién cho logic 1, va 0 volt (thap)
duoc dung dé dai dién cho logic 0. Nhu vay mét tin hiéu vao A 1a mét
bién bool.

> Khi A & mirc 5 volt, ta néi rang A c6 gid tri logic 1.
> Khi A @ murc 0 volt, ta ndi A cé gia tri logic O.
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2.1.1 Cong NOT

Cong NOT la thiét bj ddo tin hiéu vao cla nd. Cu thé, néu ngd vao la mirc
logic 0, ngd ra la mirc logic 1. Néu ngd vao la mirc logic 1, thi ngd ra la muirc
logic O.

Ky hiéu c6ng NOT va mach dién cong tac don gidn mo phong cho cdng NOT
—I>o— o2

_®Y_‘%R
(@) It

A%
()
Hinh 4.3
? N P A Y :E
Bang sy that : Bang 4.3.
1
| 0
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2.1.2 Cong AND

Céng AND I3 thiét bj thyc hién phép todn AND. Ngd ra cdla mét cong
AND ludn ludn |a ham AND cda cac ngd vao clia nd. Cong AND ¢d hai
hodc nhiéu ngd vao.

Ky hiéu clia cdng AND hai ngd vao: Hinh 4.4. Bane s that : Bdng 4.4.

A B
g
-
1 &
l
lv
(b)
Ham cia phép AND la Y=A.B. Ddu chdm ~ T8 | v-AB
“” gilra A va B dai dién cho phép todn cua o | o 0
cong AND. N6 khoéng phai la ddu nhan. (1’ (1) 8
D4u cham cé thé khéng duoc ghi, va A.B T 0

c6 thé ghi bang AB.
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Coéng OR I3 thiét bj thuc hién phép todn OR. Ngd ra ciia mét céng OR
ludn ludn 1a ham OR cla cdc ngd vao cla nd. Cong OR cb hai hodc nhiéu
ngd vao. Ky hiéu cdia cong OR hai ngd vao: Hinh 4.5a. Bang sy that: Bang

4.5.

KX

Ham cta phép OR 1a Y=A+B. Dau chit thap “+”
gitta A va B dai dién cho phép todn clia cong
OR. N6 khong phai la du cong.

A B | Y=A+B
0 0 0

0 1 1

1 0 1

1 1 1
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Cong NAND

Khi phép toan AND duoc theo sau boi mot phép toan NOT, do6 la mot
phép todn AND-NOT, hay goi la phép todn NAND. Trong mét cong NAND,
mot phép toan logic AND duoc thuc hién & ngd vao va theo sau boi mot
phép todn NOT. Céng NAND c6 thé cé 2 hay nhiéu ngd vao. Ngd ra cua
cong NAND ludn ludn 1a ham AND-NOT cdia ngd vao. Ky hiéu cha céng

NAND hai ngd vao: A s
Y
A_: , _®__%R
B — i
yw
— b
A B Y = AR ®)
0 0 1
0 1 1
1 0 1
1 1 0
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Cong NOR

Khi phép toan OR duwoc theo sau boi mot phép toan NOT, dé la mot
phép todn OR-NOT, hay goi la phép todn NOR. Trong mdt cong NOR,
mot phép toan logic OR dugc thuwec hién & ngd vao va theo sau boi mot
phép todn NOT. Céng NOR cd thé cd 2 hay nhiéu ngd vao. Ngb ra cla
cong NOR ludn luén 13 ham OR-NOT cuda ngd vao.

A o
Y B*‘ %g
B i:

e =1 =1 ~ -
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Cong XOR

Cong exclusive OR (EX-OR goi tat 1a XOR) khac vé&i cdng OR. Ngd ra cla
né & muc logic 0 khi cac ngd vao ctiia né giong nhau. Ngd ra ciia nd &
murc logic 1 khi cac ngd vao cua nd khac nhau.

. Y=A®B=AB+ AB
B

Figure 3-5

Y=A®B=AB+AB

A
0
0
1
1

=l =1,

0
1
1
0

Ham ctia phép XOR 13 Y = A® B = AB+ AB . Phép toan XOR duoc dai dién boi dau ¢
@ s
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Cong XOR

Hay quay lai cong d3o. Tuy phép ddo trén mét tin hiéu khong duoc thue
hién b&di mot cong NOT ddc 1ap, nhung né dwoc thuc hién mét phan
nh& mét céng NOT dac biét, nd duoc tuong trung bdi mot hinh tron
nho.

Phép ddo cd thé xay ra & ngd vao hay ngd ra cia mot cong. Vi du, néu
mét ngd vao A dugc ddo chi trwdc khi nd dwoc dwa vao cdng AND, né
duwoc md ta nhu hinh 4.9:

= 1

Figure 3-6

Figure 3-7
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Cong XNOR

Khi phép toan XOR dugc theo sau bai mot phép toan NOT, dé la mot
phép todn XOR-NOT, hay goi |a phép todn XNOR. Trong mét céng XNOR,
mot phép toan logic XOR duwoc thuc hién & ngd vao va theo sau boi mot
phép todn NOT. Céng XNOR c¢6 thé c6 2 hay nhiéu ngd vao. NGi cach
khdac, ngd ra ctia cong XNOR luén luén [a ham XOR-NOT clia ngd vao.

A Y=A®B=AB+ AB

Y=A®B=AB+AB

A
0
0
1
1

— O] R

1
0
0
1
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M0 ta dai s6 ctia mach logic to hop

Ta da biét ham logic cho tirng cdng logic, nén ta cé thé viét ham hay con
goi 1a biéu thirc logic, cho bat cr mach t6 hop ndo duwoc két nbi tr cac cong.
M6 t& dai sé clia mach logic t& hop 1a xac dinh biéu théc logic ngd ra cho
mach logic, thwdng ta xac dinh thang trén mach.

Xem mach logic trong hinh 4.19. Mach nay c6 3 ngd vao; A, B va C va chi
cé mot ngd ra Y. Dung biéu thirc bool cho médi céng, ta dé dang xac dinh biéu

thbcccuangdbra Y = 4 B+ C

AB
B WYA.B+CAB+C
C
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M0 ta dai s6 ctia mach logic to hop

Mach logic trong hinh 4.20 c6 4 ngd vao; A, B,C va D va chi cé
mét ngd ra Y. Dung biéu thire bool cho mbi cong, ta xac dinhviet
biéu thirc ciangbra Y = ABC(A+ D)

- A ABC _

: — Y=AEBC[A+D)
A A+4D " |

; r (A+D)

Nhw vay, ta co thé xac dinh dwoc ham logic cua mét mach logic cho trwédc nhd
cac ham cua cac cong logic co ban.
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Bai tap: Xac dinh ham ngd ra cho cdc mach logic sau:

B_

>—X

A _
Z> Y B ] Y=1
Hinh B9 C
D

Figure A5

A_'%}‘—T} N

L

Hinh B13
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Bai tap: Xac dinh ham ngd ra cho cdc mach logic sau:

A B C

N AN
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Cho mach hinh B15, xac dinh ngd vao dé ngd ra Y=1.

D
>

Figure A5
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Bai tip: Vé so d6 logic cho cac ham logic sau:

X = AB(C + AB)
X = ABC

X=AB+ AB
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Bai tap: V& so d6 logic cho cac ham logic sau:

Y = ABC + ABC + ABC
Y =(4+B)(A+ B+ C)C)

Y =(A.B)(A+ B+ C)C)
Y = AB+ AB + BC

F= (2+B+C)(A+B+C)

X=(4+C+ B)(AB+CD)+ ACD
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Sw cho phép (Enabling), khong cho phép (Disabling) cong AND, OR.

Trong mot cbng logic ¢6 2 ngd vao, khi mét trong hai ngd vao cltia cdng dwoc
duy tri lién tuc & mot mire logic ma sw thay dbi ctia ngd vao con lai co thé [am
bién dbi ngd ra (gitr nguyén hodc dao tin hiéu), cong logic dwoe goi Ia “cho
phép”. Nghia 1a n6 cho phép dong mirc 0 hay mire 1 di qua. Vi du, cdng AND
trong hinh 4.12 dwoc cho phép béi ngd vao B & murc logic 1 khi thay ddi ngd
vao A (dong mirc 1 hay mirc 0), tin hiéu sé xuat hién & ngd ra X. Sy thay dbi
& ngo ra X cung luc v&i ngd vao A. Khi d6, B dwoc goi la ngd vao cho phép
(enable) va A dwoc goi la ngd vao tin hiéu (signal).

1 1 1 1 1

A
0 0 ] 0 0
T — >x
B

Figure 3-15
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Sw cho phép (Enabling), khong cho phép (Disabling) cong AND, OR.

Cbng AND trong hinh 4.13 khéng dwoc cho phép bai ngd vao B & mirc
logic 0 vi ngd ra X luén & murc 0 bat chap sw thay doi ngd vao A.

Figure 3-16
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Sw cho phép (Enabling), khong cho phép (Disabling) cong AND, OR.

S dung sw cho phép hay khéng cho phép, mét tin hiéu cé thé bj diéu khién
dén nhirng dwérng dan khac nhau trong mét mach dién nhw trong hinh 4.14.
Néu Enable = 1, cdng 1 dwoc cho phép, cdng 2 khédng dwoc cho phép, va tin
hiéu dwoc chuyén dén X.

Néu Enable = 0, cdng 2 dwoc cho phép, cdng 1 khédng dwoc cho phép, va tin
hiéu dwoc chuyén dén Y.

Enable If Enable = 1, Gate 1 is
enabled, Gate 2 is disabled,
Gatel and signal is transferred to X
1 1
1 X
0 L e N
Signal
Gate 2 If Enable = 0, Gate 2 is
T Y enabled, Gate 1 is disabled,

and signal is transferred to Y
Figure 3-17
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Sw cho phép (Enabling), khong cho phép (Disabling) cong AND, OR.

Tuong tu, mot cong OR 2 ngd vao duge cho phép boi muc logic 0 & ngd vao enable
va khong dugc cho phép boi logic 1 & ngd vao enable,

1 1 1 1

1

A
0 0 0
0 X
B
Figure 3-18a
1 1 1 1 1 1
0 0 A X is stuck at 1
1 X
B

Figure 3-18b
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Sw cho phép (Enabling), khong cho phép (Disabling) cong AND, OR.
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Trudng hop cdng NAND 2 ngd vao, cdng dwoc cho phép bdi mure logic 1 &
ngd vao enable B khi tin hiéu vao thay dbi cé thé chay qua céng mac du ngd
ra bi déo so v&i tin hiéu ngd vao (hinh 4.17, 4.18. Cng NAND khéng duoc
cho phép bdi mirc logic 0 & ngd vao enable vi ngd ra X lubn & murc logic 1).
Twong tw, cdng NOR dwoc cho phép béi mire logic 0 va khéng dwoc cho
phép b&i mirc logic 1 & ngd vao enable.

1

0

1

1

1

0

A
_ 0

T — X
B

Figure 3-19a

Note that output X Y > N .
ana signal Aaeout LUPU Y rang, & hinh 4.17 ngd

AN s © ra X va tin hiéu A nguoc pha
enabled. nhau khi cdng NAND duoc

cho phép. Hinh 4.18, ngo ra
: X & murc 1 khi cdng NAND

A
0 — jx
B

Figure 3-19b

khéng dwoc cho phép.
Note that output X
stays at logic 1 when
the NAND gate is
disabled.
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2.4 Pai s6 Boole va dinh 1y De Morgan

2.4.1.Cac qui tac cha dai s6 boole
Pai sé bool 1a dai sé ciia mach logic. Dau “+” dai dién cho phép toan OR,
cong OR két hop cac ngd vao cda né dé dwa dén ngd ra. Dau “.” dai dién
cho hoat ddng clia cdng AND. V@i y nghia cla dai sé bool, biéu thirc cho
cac bién & moi diém trong mét mach logic phirc hop ¢ thé viét dudi
dang cac bién ngd vao.

¢ C6 mét phan tr trung tinh duy nhat cho mai toan tir (+) va (.):
A+0=A: 0Iaphan tk trung tinh ctia ham OR
A.1 =A: 113 phan td trung tinh ctia ham AND

¢ Tinh giao hoan: —
A+B=B+A A+ A4=1
A.B=B.A A.A=0

— O |
I
o prd

A=A
]
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2.4.1.Céc qui tic ciia dai s6 bool

Tinh phéi hop:
(A+B)+C=A+B+C)=A+B+C
(A.B).C =A.(B.C) =A.B.C
Tinh phan bo:
~ Phan b6 d6i v6i phépnhan: A.(B+C)=A.B+A.C
_ Phan b dbi v6i phép cong: A+ (B.C)=(A+B).(A+ C)
Phan bd d6i v6i phép cong 1a mot tinh chat dic biét cua phép toan logic

Khoéng co phép tinh Ily thira va thira sé: ¢ Tinh bu:

A+A+..... +A=A E—A

A.A........ A=A _
A+A-=
AA=0
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2.4.1.Céc qui tic ciia dai s6 bool

Tat ca biéu thirc logic van ding khi [thay phép toan (+) b&i phép (.) va 0
b&i 1] hay nguwoc lai. Diéu nay co thé chirng minh dé dang cho tat ca biéu

thirc & trén.
Thidu: A+B =B+A < AB = B.A

A+AB=A+B < A(A+B) = AB
A+1=1 o A0 =0
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2.4.1.Céc qui tic ciia dai s6 bool

1) [0<0=10
2) |0+1=1
3) [1+1=1
4) |0.0=0
5) |0.1=0
6 |1. 1= 1
(7) |0=1

®) |i-0

8) | AB=BA
(19) |[A+B=B+A
(20) | A(BC)=(AB)C
21) |A+(B+O)=(A+B)+C
(22) [A(B+C)=AB+ AC
(23) |[A+ AB=A
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2.8.2.Dinh ly Demorgan

Ady A=A+ A +.+4, Ap dung: AB-1+3
A+A4+.+4 :ZZZ .

Dinh ly De Morgan cho thdy cdc ham logic khong ddc |ap vdi nhau, ching cé thé
bién ddi qua lai, si bién d6i nay can cd sy tham gia ciia ham NOT. K&t qua la ta ¢d
thé dung ham (AND va NOT) hoac (OR va NOT) dé dién ta tat ca cadc ham.

Thidu: Chi dung ham AND va NOT dé dién t3 ham sau:
Y=AB+B.C+A.C

Chi can dao ham Y hai lan, ta dugc két qua:

¥= Y AB+BC+AC ABBC.AC
Néu dung ham OR va NOT dé dién ta ham trén 1am nhu sau:

~A+B+B+C+A+C

>
@
+

o
O
:a» |
n

Y =
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2.8.3.Rut gon ham bool

Pé viéc thi cdng mach dwoc kinh té hon, sau khi thiét ké xong cac ham
bool thwdng dwoc chuyén vé dang mach chira cuing cac loai céng hodc
rat gon tré& nén don gian nhat. Ta cé thé dung cac qui tac cha dai sb bool
va dinh ly Demorgan dé rut gon ham bool.

Vidu 1: Bon gian ham:
Y = AB+ AB + BC

Y =B(A+ A)+BC=B+BC=B1+C)=1
Vi du 2: Bon gian ham:

Y= (4+B+C)A+B+C)

Y= A+B+C+(4A+B+C)

= A(B+C)+A+B+C = A+B+C.
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2.8.3.Rut gon ham bool

Vi du 3: BDon gian ham:

Y=(4+C+B)AB+CD)+ ACD

=(ACB)(AB+CD)+ ACD = ABCD+(A+C+D) (A+C+D) ACD
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2.9.Ung dung cong logic

Céng logic hién dién trong rat nhiéu mach diéu khién khac nhau. Sau day la cic
vi du vé mach cdng nhj phan.

2.9.1.Mach cong ban phan

Mach cdng ban phan cong 2 bit, A va B, cho két qua la mét bit tong
S1/2 va mét bit nhé Co. Qui tac cong 2 bit la: 0+0=0 ; 0+1=1; 1+0=1 ;
1+1=10 (1a 2 trong hé thap phan). Diéu nay dwoc tdbng két nhw bang
4.11. So dd mach nhw hinh
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- Quan hé vao-ra: Hinh 4.24.
S=A®B

Co=AB
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2.9.Ung dung cong logic

2.9.2.Mach céng toan phan

Mach cdng toan phan c6 3 ngé vao, A, B, Co(bit nhé tw vi tri trwdc dé) va
2 ngd ra: S(tbng) va Ci(nh& sang vij tri tiép theo). Diéu nay dwoc tong két
nhw bang 4.12. So d6 mach nhw hinh 4.25

i o 7436
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) Quan h¢ vao-ra: L]l 111 ]1

S=Co®(ADB)
Ci=C,(A® B)+ AB = Co(A® B).AB
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