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Pai Sé Bool Pai Sé Bool

Mot dai s6 Bool (A,A,v) 12 mot tip hgp A # & véi hai phép

todn A, v, tifc 13 hai 4nh xa: »  Tinh giao hodn: Vx,yeA

XAY = YAX;
AAXA > A ) xva’: o
(X,y) —>XAY m  Tinh két hop: Vx,y,ze A
va  V:AXA > A (XAY)AZ= XA(Y AZ);
(X,y)—>xvy (xvy)vz= xv(yvz).
thda 5 tinh chit sau: ®  Tinh phan bé: Vx.yzeA
XAy vz) = (XAY) V(XAZ);
xv(yrz)=  (xvy) A (xva).
s 6
" JEE "

Pai Sé Bool Pai S6 Bool

m  C6 cdc phin tf trung hda 1 va 0: Vx €A Vi du:

XAl = 1AX = X; . N
Xét F la tap hgp tat ca cic dang ménh dé theo n
xvV0 =0vx =x. b P PN

i€n p;, Py-....p, V61 hai phép todn ndi lien A,
phép todn ndi 18i v, trong d6 ta ddng nhat cic

m  Moi phn tif déu c6 phin tit bu: Vx €A, ! ; X
dang ménh dé tuong duong. Khi d6 Fla mot dai

Ixea, o s6 Bool vdi phin tt 1 1 hiing ding 1, phin ti 0
XAX=XAX= 0; 12 hiing sai 0, phin t& bu clia dang ménh dé E 1a
xVX=Xvx=1, dang ménh dé bu E
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Pai Sé Bool

Xéttap hop B = {0, 1}. Trén B ta dinh nghia hai

phép todn A,v nhu sau:

0 1 W 0 1
0 0 0 0 0 1

| 0 1 L 1 1

Khi d6, B tré thanh mot dai sé Bool

Pai So Bool
Cho dai s6 Bool (A,A,v). Khi d6 vdi moi x,y€A,
ta cé:
1) XAX = X; XVX = X.
2) xA0 = 0Ax =0; xvI =1vx = 1.
3) Phan tif bil ctia x 1a duy nhat
VaX =X; 1=0; 0=1
4) Cong thitc De Morgan:

XAYy=XVY;

XVYy=XAY.

5) Tinh hap thu:xA(xvy) = X; XV (XAY) = X.

10

-
Binh nghia ham Bool

Ham Bool n biénla 4nh xa
f:B"—> B, trongdé B={0, 1}.
Nhu vay ham Bool n bi€n 1a mot ham s6 c6 dang :

f = f(X;,X5X,,), trong d6 mdi bi€n trong x;, X,,..., X, Va fl
chi nhén gi4 tri trong B = {0, 1}.

Ky hiéu F, d& chi tap cic ham Bool n bi&n.

Vidu: Dang ménh dé E = E(p,.p,.....p,) theo n bi€n p,, pa....,
P 12 mot ham Bool n bién.

Bang chan tri

Xétham Bool n bién f(x,,X,,...,X,)

Vi mbi bi€n x; chi nhin hai gid tri 0, 1 nén chi c6
20 trsng hgp clia bo bi€n (x,X,,..-,X,)-

Do d6, dé mé ta f, ta c6 thé 1ap bang gdm 2" hang

ghi tat cd cdc gid tri cla f thy theo 2" trudng hop clia
bi€n. Ta goi ddy 13 bang chan tri ctia f

12
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" JEE

Vi du

Xét k&t qua f trong viéc thong qua mot quyét
dinh dua vao 3 phi€u biu x, y, z

1. M&i phi€u chi 14y mot trong hai gi4 tri: 1 (tdn
thanh) hoidc 0 (bdc bd).
2. Kétquafla 1 (thong qua quyét dinh) néu

dugc da s6 phi€u tdn thanh, 13 0 (khong thong

qua quy&t dinh) n€u da s6 phi€u bdc bo.

'_
Ham Bool

Khi d6 12 ham Bool theo 3 bi€n x, y, z ¢6 bdng
chén tri nhu sau:

14

" JEE
Cac phép toan trén ham Bool
C4c phép toan trén F, duoc dinh nghia nhu sau:
1. Phép cong Bool v:

V6if, g € F, ta dinh nghia t8ng Bool clia f va g:

fvg=f+g-fg

VX = (Xg,Xp,...,X,) € B,

(Fvg)(x) = f(x) + g(x) - f(x)a(x)

" JEE
Céc phép toan trén ham Bool

2. Phép nhidn Bool A:
V6if, g €F, ta dinh nghia tich Bool ctia fva g

fAg="fg

VX=(Xq, Xy, . -,X,) €BN,

(fA9)(x) = f(x)g(x)
Ta thudng viét fg thay cho f A g

16
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Céc phép toan trén ham Bool

3) Phép 1y ham bu:

Véif € F, ta dinh nghia ham bu cta f nhu sau:

f=1-f

4) Thir tyr trén F,
Véif, g € F,thi
f<ge VX=X, Xy, .., Xp)€ B, f(X) <g(x)

-~ I
Dang noi 10i chinh tac cua Haim Bool

Xét tap hop cac ham Bool cua n bién F,, theo n bién X, X, ....x,
Mbi ham bool X; hay X duoc goi 1a tir don.

Don thire 1a tich khac khong cuia mot s6 hiru han tir don.

Tir t6i tiéu 1a tich khac khong cua ding n tir don.

Cong thire da thite la cong thike biéu dién ham Bool thanh
tong cia cdc don thike.

» Dang ndi réi chinh tic 1a cong thirc biéu didn ham Bool thanh
téng cua cac tir t5i tiéu.

18

" JE
Dang ndi lién chinh tac ciia ham Bool

m T t6i dai 12 phin bi cta cac tir ti tidu. Mbi tir t6i
dai 12 téng Boole cta n tir don.

m Cong thirc biéu dién ham Boole f thanh tich ciia cac
tir t8i dai goi 14 dang néi lién chinh tdc ciia ham
Boole f

Céng thire da thire thi tiéu

= Pon gian hon

Cho hai cong thuc da thurc cuia mot ham Bool :
f=myvm,v...vmg (F)

f=M;vM,v... vM, (G)

Ta noi ring cong thirc F don gidn hon cong thirc G néu

tdn tai don 4nh o: {1,2,..,k} - {1,2,..., 1} sao cho v&i moi
ic {1,2,...k} thisd tir don ctia m; khong nhiéu hon s6 tir
don ciia M)

20
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Céng thire da thire téi tiéu

m Don gian nhu nhau

Néu F don gian hon G va G don gian hon F
thi ta néi F va G don gian nhu nhau

** Cong thirc da thire t6i tiéu:

Cong thie F ctia ham Bool f dugc goi 14 t6i
tiéu nu voi bit ky cong thire G cua f ma don
gian hon F thi F va G don gian nhu nhau

21

Phwong phap biéu dd Karnaugh.

Xét £ 12 ham Bool theo n bién x;,X,,...,x, véi n = 3 hoic 4.

Trudong hgp n=3:
f 12 ham Bool theo 3 bién X, y, z. Khi d6 bang chan trj cua f
gom 8 hang. Thay cho bang chan tri cua f ta v& mot bang chit
nhat gom 8 0, twong g voi 8 hang cua bang chan tri, duoc
d4nh déu nhu sau:

X X X X
z 101 111 011 001
Z 100 110 [ 010 000

v y ¥ v

Yéi qui udec:

1.Khi mot 6 nim trong diy dugc danh ddu
bdi x thi tai d6 x =1, bGiXthi tai d6 x =0,
tuong tu cho y, z.

2.Céc 6 tai d6 f biang 1 sé duge danh dau (t6
dam hodc gach chéo). Tap cac 6 dugec danh
d4u dugc goi 1a biéu dd6 Karnaugh cua f, ky
hiéu la kar(f).

Truong hgp n = 4:

fla ham Bool theo 4 bién x, y, z, t. Khi d6
bang chan tri clia f gdm 16 hang. Thay cho
bang chan tri cia f ta vé mot bang chit nhat
gdbm 16 6, tuong Gng v6i 16 hang clia bang
chan tri, dugec danh ddu nhu sau:

X X X X
z 1010 | 1110 0110 0010 |t
1011 | 1111 [o111 0011 |t
1001 | 1101 0101 0001 |t
7 1000 | 1100 0100 0000 |

¥y y v y
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V3i qui ude:

1. Khi mot 6 nim trong diy dugc ddnh dau béi x thi
tai d6 x =1, béi ¥ thi tai d6 x =0, tuong tu cho
v, z, t.

2. Céc 6 tai d6 f bang 1 s& dugc danh dau (t6 dam
hodc gach chéo). Tap céc 6 duge danh dau dugc
goi 1a biéu d6 karnaugh cta f, ky hiéu la kar(f).

Pinh 1y

Cho f, g 14 cac ham Bool theo n bién

X1, Xy, ...X,. Khi d6:

a) kar(fg) = kar(f)mkar(g).

b) kar(fvg) = kar(f)ukar(g).

¢) kar(f) gdm ding mot 6 khi va
chi khi f 13 mot tir t6i tiéu

d) kar(f) ckar(g) = f <g

Té& bao

Hai 6 dugc goi 1a ké nhau (theo nghia rong), néu
chiing 14 hai 6 lién nhau hosc ching 1a 6 dau, 6
cudi clia cung moét hang (cot) nao d6. Nhan xét
ring, do cich danh diu nhu trén, hai 6 ké nhau chi
léch nhau § mot bién duy nhat.

Té bao |& hinh chi¥ nhat (theo nghia réng) gébm
26 (k=0,1,..,n—1)

Né&u T 12 mot t& bao thi T 1a bidu d6 karnaugh cia mot
don thic duy nhat m, cich xdc dinh m nhu sau: 1an lugt
chi€u T 1én céc canh, néu toan bd hinh chi€u nim tron
trong mot tir don nao thi tit don d6 méi xudt hién trong
m.

Vidul:

Xét cac ham Bool theo 4 bién x, y, z, t.

Biéu dé karnaugh cia don thie xyztla

~
-

ST ST
-

<l
-
=l
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Vidu 2:
Xét cdc ham Bool theo 4 bién x, y, z, t.

Biéu dé karnaugh cia don thic }’Z?la

N

=l

|
=|

Vi du 3:
Xét cac ham Bool theo 4 bién x, y, z, t.

Biéu d6 karnaugh ciia don thie ytla

X ¥ X X
z t
z t
z t
z t
Yy v ¥

Vidu 4:
Xét cac ham Bool theo 4 bién x, y, z, t.

Biéu dé karnaugh ciia don thic € la

z T
z t
Z t
z T
Yy v ¥

Vi du 5:

Xét cac ham Bool theo 4 bién x, y, z, t.

Té bao sau: f 5 T %

2 | i
z 1
z t
z | T

Yy v ¥
La biéu @ Karnaugh clia don thirc nao?

la biéu do karnaugh cua don thic ‘;f
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T€& bao 16n.

Cho ham Bool f. Ta néi T la mot t& bao

Vi du:

¢6 biéu d6 karnaugh nhu sau:

Xét ham Bool f theo 4 bién x, y, z, t

16n cha kar(f) néu T thod hai tinh chat X X X
sau: z
a) T 1a mot t& bao va T c kar(f). z
Z
b) Khong ton tai t& bao T’ nao 7
théa T = T va — —
y 3 ¥ y
T < T < kar(f).
— Yl
Kar(f) c6 6 té& bao 16n
nhu sau:
X ¥ X X ¥ x X X X XX B : X _
2 t z 1 £ ‘ ‘ t : ¢
z t Z t z t z_ !
t 7 t Z t E T_
_ _ 7 n t
z f z i “ ‘ ! ‘L _
¥V v . v ¥ y N
Yy v ¥ Yv v ¥ Y v v ¥ Yy oy o)
_ Xy
XZ yz xt
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Thuat toan.
f ¥ %X fx X X BuGc 1: Vé biéu dé karnaugh ciia f.
z t z t .Y . ,
, . ) . Budce 2: Xac dinh tit ca cac té bao 16n cha kar(f).
z ! z i Bué6c 3: Xac dinh céac t&€ bao 16n ma nhat thiét
z t Z t -
_ phai chon.
Yy v ¥ Yy v ¥ .
vat 7 Ta nhat thiét phai chon t& bao 16n T khi ton
' ’ tai mot 6 ctia kar(f) ma 6 nay chi nam trong
t& bao 16n T va khong nam trong bat ky t&
bao 16n nao khac.
Thuat toan Thuat todn.
Budc 4: X4c dinh cac phu t6i tiéu gom céc t& Budc 5: Xde dinh cédc cong thic da thic
bao 16n. toi tiéu caa f.

N&u céc t& bao 16n chon duge ¢ bude 3 da pha _ e e A R
dugc kar(f) thi ta c6 duy nhat mot pha tdi tiéu Tu céc phu t6i tiéu igom cdc t€ bao
gdm céc t& bao 16n cia kar(f). 16n cua kar(f) tim dugc ¢ budc 4 ta xac

Né&u céc t& bao 16n chon duge 6 buéc 3 chual dinh (?iu‘?'c céc cong thic da thic tuong
pht duge kar(f) thi xét mot 6 chua bi phd, s& c6 it ting cua f. So sdnh cdc cong thic trén .
nhat hai t& bao 16n chda 6 nay, ta chon mot Loai bdé cdc cong thic da thic ma cé
trong céc t& bao 16n nay. Ca tié? tuc nhu Fhé ta mot cong thic da thidc nao dé thuc su
e tim dLLfc.fC, ti& cd cdc }r;{lukiqm cac t& bao 16n cia don gian hon ching. Cac cong thic da

ar(f). Loai bo cac pht khong toi tiéu, ta tim thic con lai chinh 1a céc cong thic da
dugc tat ca cac phu toi ti€u gom cac té bao 16n e i
ctia kar(f) thdc t6i tiéu cha f.

10
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Mot s6 vi du

Vidu 1:

Tim tat ca cdc cong thic da thic toi
tiéu clia ham Bool:

f(x,y,2,t) = Xyzt v Xy v Xz v yzv Xy(Z v 1)

-

G

s

1al1

Ta c6

Buéc 1: Vé kar(f)

S

]

|

f=xyztvXyVvXzZVyzvXyzVv Xyt

X x X X
12 |3 T
4[5 |6 | |t
78 t
9 |10 T
Yy v ¥

Buide 2: Kar(f) ¢6 cde té bao lon nhu sau:

¥ X X X X ¥ X X
z [1]2 T z 2 |3 t
z (4 |5 t z 5 |6 t
z |1 |8 t z t
7|9 [0 3 z t
Yy vy ¥ Yy v ¥
x yz

Buéc 3: X4c dinh cdc t& bao 16n nhat thiét phai chon.

- 0 1 néim trong mot t& bao 16n duy nhét x. Ta chon x.

- 0 3 niim trong mot t& bao 16n duy nhat yz. Ta chon yz.

Bu6c 4: Xdc dinh cdc phi t0i tiéu gém cac t& bao 16n.

Céc 6 duge céc t& bao 16n da chon ¢ bude 3 phi nhu sau:

¥ ¥ X X
1]2 |3
z 4|5 |6
2|7 |8
79|10
Yy v ¥

Ta duge duy nhat mot
phti t6i tiéu gom cac
t& bao 16n cia kar(f):
X; yz.

11
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Budce 5: Xdc dinh cdc cong thic da

thic t6i tiéu cla f.
Ung vé6i pha t6i tiu gém céc 6 bao 16n
tim dugec & buéc 4 ta tim dugc duy nhat
mot cong thitc da thic t6i tiéu cha f:

Vi du 2: Tim t4t cd cac cong thic da thic toi tiéu
ctia ham Bool:
f(x,y,2,t) = y(zt v Zt) v y(zt v xzt) v Xzt
Giai

Taco f=yztvyztvyztv xyztv Xzt

Buée 1: Vé kar(f):

X ¥ X X
f=xvyz ’ 12|t
2‘34 5|t
Z t
2‘678|9‘t
Yy v ¥
G
Buéc 2: Kar(f) ¢6 cdc t& bao 16n nhu sau:

x x X X ¥ x X X ¥ ¥ X X ¥ X X X ¥ ¥ X X
z 12|t z 1120t z 12 |7 2 1/2 1 2 12T
z |3 4 5 |t z |3 [4 5 [t 73‘4 |5rz34 5t 2z |34 5
Z t Z t Z t F vz
76 7 (8]0t Z6 |7 [8 |0t z|6 |7 [sfo]T zle|7 |8 ]9|t zZ 70809 |t

Yy v ¥ Yy v ¥ Yy vy ¥ ¥y v § Yy v ¥

xt Xyz yat Xzt 7t

12
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Budc 3: Xdc dinh cdc t€ bao 16n nhat thiét phai
chon
1. O 1 niim trong mot t& bao 16n duy nhat g
Ta chon Xt
2. O 4 niim trong mot t& bao 16n duy nhat xzt
Ta chon xzt
3. O 6 nim trong mot t& bao 16n duy nhat Zt
Ta chon zt
Buéc 4: Xéc dinh céc phi tdi tiu gom cdc t& bao 16n
Céc 6 duge céc t& bao 16n da chon ¢ bude 3 phi nhu sau:
x ¥ %X
PE
3[4 5t

t
67 [8]9]1

Yy v ¥

Jon lai 6 5 chua bi phi. O 5 ndim trong 2 t& bao lon:
Xyz va yzt. Dé phi 6 5 ta c6 hai cdch chon: X yz
hoge yzt. Ta duge hai phu i tidu gom cde t& bao lon
ctia kar(f):

xt; xzt; zt ;X yz

xt; xzt; zt;yzt

Buéc 5: Xac dinh céc cong thic da thic t6i tiéu cla f.

Ung v6i hai phii t6i tiéu gdm céc t& bao 16n tim duge &

buée 4 ta tim duge hai cong thic da thic caa f:
f=xtvxztv zbviyz (Fy)

f=xXtv xztv ztvyzt  (Fp

Ta th4y hai cong thic trén don gidn nhu nhau.

Do d6, ching déu la hai cong thic da thic toi
tiéu cha f.

Vidu 3(BAI 7D&2007)

* Hiy xdc dinh cdc cong thic da thifc t5i tiéu
ctia ham Bool:

f=xz(yvt)vxztvz(ytvxy)

13
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* Biéu d6 Karnaugh: (0,25d)

e Cict€baol6n: (0,5d) xz,yz,zt, XZt, Xyt

 Céc t€ bao 16n bt budc phdi chon 1a
Xz, zt,XZt

+ Conlai 6 (1,4) c6 thé nim trong 2 t& bao 16n

yz,X vt

* Do d6 c6 2 codng thitc da thifc tuong tng véi
pht t6i tiéu: (0, 5d)
f =xzvzt v

X|

NI

~+| ]
<

X

<]

)

f =xzvztvXZ

* Trong d6 chi c6 cong thitc thif hai 1a t&i ti€u
(0,25d)

Mang logic (Mang cic cdng)

Pinh nghia

Mot mang logic hay mot mang céc cong la mot he thong c6
dang:

Ax1 e, 0¥

trong d6: - Input: X;, X,,..., X, 1 cdc bi€n Bool.
- Output f(x,, X,,..., x,) 1a ham Bool.
Ta néi mang logic trén téng hgp hay biéu dién ham Bool f.

Mbt mang logic bat ky ludn luén duge ciu tao tit mdt s6 mang so
cdp ma ta goi la cdc cong.

14
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Céng NOT : [~ * .
1> Basic Gates X
X — >0—»
Céng AND : N ™~
R— \ inverter
,/.‘
| Y
X Xy H+Xot. . +X
. X+ y 1 1A T Ay
Céng OR — X N T Xy T:I -,
,,,,,,, i S — s
v Xn
) OR gate .
Cng NAND E— = OR gate with n inputs
x o X Ny
Céng NOR P e Ny — R — XyXp.. X
) N, y X
,,,,,, ) o MR, n . .
— AND gate AND gate with n inputs

We combine gates by allowing output of one gate to
become input of other gates

X
y Xy + Xy
X
X—>o—
X
y y OR
Xy Xy

y | —L Xy + Xy
[

Xy

x|

Example. Construct the circuit that provides the output

(X+y+2)Xyz

X X+y+z

A (X+y+2)

7
<
NI

15
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Example of Circuits

Example. Design a circuit to simulate the voting of a
committee of three persons based on the majority

Solution. The voting of three persons are represented by
three Boolean variables x, y, z : 1 for YES and 0 for NO

X Xy

y
X al,

Xy+Xxz+yz

Example of Circuits

Example. Design a circuit for a light controlled by
two switches

Solution. The switches are represented by two Boolean
variables x, y : 1 for CLOSED and 0 for OPEN

Let F(x, y) =1 when the light is ON and 0 when it is OFF
Assume that F(1, 1) =1 when both switches are closed

x|y | F(x.y)
Then the Boolean function F(x, y) 1]1 1
is determined by the truth table 1]0 0

0 1 0

0 0 1

The corresponding circuit

Let F(x,y.z) =1 Whgn_the light x|y|z]|Fxy)
is ON and 0 when it is OFF

111 1
Assume that F(1, 1, 1) =1 tjr]o 0
when three switches are closed I 0

1]ofo 1
Then the Boolean function o e 0
F(x, Y, z) is determined by 0j1]0 1
the truth table 0joj1 1

ololo 0

Example. Design a circuit for a light controlled by
three switches

Solution. The switches are represented by three Boolean
variables x, y, z : 1 for CLOSED and 0 for OPEN

16
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;( , Xyz The f=Xx+y+z
« z corresponding = This formula contains only three literals. It allows us to
1, _ circuit design a circuit to represent f with only one OR gate with
y—>o y - Xyz three inputs
- X f=X+y+z
. —’>ij L= =S AS
B
—»Do—‘_> ’t{ - Z—’
y . — XYyZ+Xyz
P 7 Xyz +XYZ+Xyz
X —DQTLX
y > y
; > Xyz
X Xy L
I y The bé thi
y corresponding a) Tim dang ndi rod chinh tic ciia £
= o circuit b) Xdc dinh cac cong thite da thie téi tidu cia f
X - yz ¢) V& mang cac cong tong hop f
Z— 2000: f=x=(yvi)vxt(Fvz)va(E v i)
X — 2001: f=(xpvan)(Tvivz(xtvyt
_—
y — _yI+xy 2002: £ =(¥E v yz)(xv ) v i(xyv xT)
Z — Xyz +XYZ +WXZ 2003: f=(xyvay)Fvi)valxtvyT)vizt
2004: f=(xvytvr(pvi)vII(xvi)
w 2005: f=X=(¥VI)vayTVI(MVET)
_
X — p—
7 - WXZ

17



Dé thi

20009.
Xét ham Bool

f=Xyvxy)zvt)vi(xtvyt)vyzt
a) Hay tim c4c tir t5i tiéu m sao cho m < f

b) Suy ra cach biéu dién f nhu I tich ciia cac tir ti dai, trong d6
mdi tir t6i dai 12 tong Bool ctia 4 tir don

2/2/2014
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