i S Bool va ham Bool

Bién soan:Nguyén Viét Pong

George Boole
(1815-1864)

" D "
Tai liéu tham khao Pai S6 Bool

Mot dai s6 Bool (A,A,v) 1a mot tdp hgp A # & vé6i hai phép
todn A, v, tic 1a hai dnh xa:

= [1] GS.TS. Nguyén Hiku Anh, Toén roi rac, o
Nha xuat ban giao duc. A -

A A A JAE (X,y) =>xAy
m [2] TS.Tran Ngoc Hoi, Toan roi rac v Sl N e
(X,y)—>xvy

théa 5 tinh chat sau:

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Pai Sé Bool

m  Tinh giao hodn: Vx,yeA
XAY = YAX;

xvzf = YVX;

m  Tinh két hop: VX,y,zeA
(xXAY)AZ=  XA(Y AZ);
(xvy)vz= xv(yvz).

m  Tinh phdn b6: Vx,y,zeA
xA(y vz) = (XAY) V(XAZ);
XV (yaz)=  (Xvy) A (Xvz).

Pai S6 Bool

m  C6 cdc phin tif trung hoa 1 va 0: Vx €A
Al =1Ax =x;

xv0=0vx = x.

m  Moi phin ti déu cé phin ti bi: Vx €A,
IX €A,
X AX=XAX=0;

xVX=Xvx=1.

Pai Sé Bool

Vi du:

Xét F1a tap hop tit cd cdc dang ménh dé theo n
bi€n p;, ps,-P, V6i hai phép todn ndi lién A,
phép todn néi rdi v, trong d6 ta ddng nhat cdc
dang ménh @& tuong duong. Khi d6 F1a mot dai
s6 Bool v&i phan tif 113 hiing ding 1, phin t& 0
1a hiing sai 0, phin t bit clia dang ménh dé E 1a
dang ménh dé bu E

Pai Sé Bool

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

phép toan A,v nhu sau:

v 0 1 v 0 1
0| 0 o] 0 0 1
1| 0 1 1 1 1

Khi d6, B tré thanh mot dai sb Bool

CuuDuongThanCong.com
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Pai S6 Bool
Cho dai s6 Bool (A,A,v). Khi d6 v6i moi x,y €A,
ta co:
1) XAX = X; XVX = X.
2) xA0 = 0Ax =0; xv1 =1vx = 1.
3) Phan ti bu clia x 13 duy nhat
VaX =X; 1=0; 0=1.
4) Cobng thitc De Morgan:

XAy =XVY,

XVYy=XAY.

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

" JEE
Binh nghia ham Bool

Ham Bool n bién1a dnh xa
f:B"—> B, trongdé B ={0, 1}.
Nhu vay ham Bool n bi&€n 13 mot ham s§ c6 dang :
f = f(X{,Xz..X,,), trong d6 mdi bi&n trong X, X,,..., X, va f
chi nhan gid tri trong B = {0, 1}.
Ky hiéu F, d€ chi tip cic ham Bool n bi&n.
Vidu: Dang ménh dé E = E(p,.p,....p,) theon bi€n p,, pa...

p, 12 mot hAm Bool n bi&n.

10

Bang chan tri

Xétham Bool n bién f(x,,X,...X,)

Vi mdi bi€n x; chi nhan hai gié tri 0, 1 nén chi c6
2" trudng hgp cla bd bi€n (X,XpX,).

Do d6, d€ mo ta f, ta c6 thé 1ap bang gdm 2" hang
ghi t4t ca cdc gia trj clia f tuy theo 2"trudng hgp cla
bi€n. Ta goi ddy 1a bang chan tri cia f

Vi du

Xét két qua f trong viéc thong qua modt quyét
dinh dya vao 3 phi€u bau x, y, z

1. Mdi phi€u chi 18y mot trong hai gid tri: 1 (tdn
thanh) hodc 0 (bac bd).
2. Kétquafla 1 (thdng qua quyét dinh) néu

dudc da s6 phi€u tdn thanh, 1a 0 (khong thong

qua quyét dinh) néu da s phi&u bac bé.

12

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

'—
Ham Bool

Khi d6 f1a ham Bool theo 3 bi€n x, y, z c6 bing
chin tri nhu sau:

" JEE———
Cac phép toan trén ham Bool
Céc phép toén trén F,, dugc dinh nghia nhu sau:

1. Phép cong Bool v:
V6if, g € F, ta dinh nghia tdng Bool cta f va g:

fvg=f+g-fg

VX = (X1,Xg5- - -,Xp) € B,
(fv 9)(9 = () +9(x) - f()g(x)

14

" JEE
Céc phép toan trén ham Bool

2. Phép nhdn Bool A:
Véif, g €F, ta dinh nghia tich Bool ctia f va g

fAg="1g

VX=(X1,Xp,. ., X,) €B,

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

" JEE
Céc phép toan trén ham Bool

3) Phép 18y ham bu:
V4if e F, ta dinh nghia hAm bi cda f nhu sau:

f=1-f

4) Thir tu trén F,
Véif, g € F, thi
f<ge VX=(Xg, Xp, -..s Xp)€ B, f(X) <9(X)

16
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Cong thirc da thire toi tiéu

m Pon gian hon

Cho hai cong thirc da thirc ciia m¢t ham Bool :
f=myvm,v...vm, (F)

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

Ta no6i rang cong thirc F don gidn hon cong thirc G néu

tdn tai don anh @: {1,2,...k} — { 1,2,..., I} sao cho v&i moi
ie {1,2,..k} this tir don ciia m; khong nhiéu hon sé tir
don cua M,

" JEE " JEE
Dang ndi ro1 chinh tac cia Ham Bool Dang no6i lién chinh tac ctia ham Bool
Xét tap hop céc ham Bool ciia n bién F,, theo n bién X; X, ... e
¢ a:p Op cac ham Oo_cua n le.n n hEOMDIEN X3 Xp, - X m Tu toi dai 1a phan bu cia cac tir toi tiéu. Moi tir toi
= Moi ham bool x; hay X;duoc goi 14 tir don. dai 12 tong Boole cuia n tir don.
= Don th”c 14 tich khéc khong Cu_a mot 50 hifu han tir don. m Cong thirc biéu dién ham Boole f thanh tich ctia cac
m T toi tiéu la tich khac khong cia diing n tir don. NSO R , Ly
R tur toi dai goi 1a dang noi lién chinh tac ciia ham
m Cong thirc da thire la cong thire biéu dien ham Bool thanh
e . Boole f

tong cua cac don thirc.
» Dang néi roéi chinh tzic 1 cong thirc biéu din ham Bool thanh

tong clia cac tir toi tieu.

17 18
u

Céng thirc da thire ti tiéu

m Don gidn nhu nhau

Néu F don gian hon G va G don gian hon F
thi ta n6i F va G don gian nhw nhau

** Cong thirc da thirc tdi tidu:

Cong thirc F ciia ham Bool f duoc goi 1a #di
tiéu néu voi bit ky cong thirc G ctia f ma don
gian hon F thi F va G don gian nhu nhau

20
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Phwong phap biéu dd Karnaugh.

Xét £ 1a ham Bool theo n bién x;,X,,...,x, voi n = 3 hodc 4.

Truong hopn=3:
f 1 ham Bool theo 3 bién X, y, z. Khi d6 bang chan tri cia f
gom 8 hang. Thay cho bang chén tri cua f ta v& mot bang chir
nhat gom 8 0, tuong ung véi 8 hang cua bang chan tri, dwgc
danh dau nhu sau:

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

y ¥ ¥ y

Véi qui uée:

1.Khi moét 6 niam trong diay dugc danh dau
béi x thi tai d6 x =1, bGiXthi tai d6 x =0,
tuong tu cho y, z.

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

Trudng hgp n = 4:

f1a ham Bool theo 4 bién x, y, z, t. Khi d6
bang chan tri ciia f gdbm 16 hang. Thay cho
bang chan tri cha f ta vé mot bang chit nhat
gém 16 8, tuong tng v6i 16 hang clia bang
chan tri, dugc danh d4u nhu sau:

X X X X
z 1010|1110 0110 010 |t
z 1011|1111 0111 0011 |t
7z 1001|1101 0101 0001 |t
7z 1000 |1100 0100 0000 | T
y v y y

V@i qui uGe:

1. Khi mot 6 nim trong diy dugc danh ddu béi x thi
tai d6 x =1, béi ¥ thi tai d6 x =0, tuong tu cho
Y, z, t

2. Céc 6 tai d6 f bing 1 sé& dugc ddnh dau (t6 dam
hosc gach chéo). Tap cic 6 duge danh ddu duge
goi 1a biéu db karnaugh cta f, ky hiéu 1a kar(f).
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Pinh ly

Cho f, g 14 cdc ham Bool theo n bién
X1 X, X,. Khi d6:

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

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

¢) kar(f) gdbm ding mot 6 khi va

chi khi f 14 mat tur toi tidu
d) kar(f) c kar(g) = f <g

T€ bao

Hai 6 dugc goi 1a ké nhau (theo nghia rong), néu
ching 13 hai 6 lién nhau hoic ching 1a 6 diu, 6
cudi cta cung mot hang (cot) nao dé. Nhan xét
ring, do cich danh d4u nhu trén, hai 6 ké nhau chi
léch nhau ¢ mot bién duy nhat.

Té bao 1& hinh chi¥ nhat (theo nghfa rong) gdm
26 (k=0.1,.,n-1)

Né&u T 1a mot t& bao thi T 1a bi€u d6 karnaugh clia mot
don thidc duy nhit m, cich x4c dinh m nhu sau: 14n lugt
chi€u T 1én cac canh, néu toan bo hinh chi€u nim tron
trong mot ti don nao thi tir don d6 méi xuat hién trong
m.

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

Biéu d6 karnaugh ciia don thie xyztla

X ¥ X X
z t
z t
z t
z T
Yy v ¥

Vi du 2:
Xét cac ham Bool theo 4 bién x, y, z, t.

Biéu db karnaugh cia don thic ztla

N
-

ST |
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Vidu 3:
Xét cdc ham Bool theo 4 bién x, y, z, t.

Biéu db karnaugh ciia don thie ytla

z ‘f
z t
z t
z ‘f
Yy vy ¥

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

Biéu d6 karnaugh cia don thic T la

X ¥ X X
z | t
Z t
Z t
z | T
Vv v ¥

Vi du 5:

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

Té bao sau: % %%
2 | 1
4 t
z t
z | T
Yy v ¥

La biéu db Karnaugh ctia don thirc nao?

1 bidu d6 karnaugh ciia don thic Yt

Té& bao 16n.

Cho ham Bool f. Ta néi T 1la mot t& bao
16n cta kar(f) néu T thod hai tinh chat
sau:

a) T 1a mot t& bao va T < kar(f).

b) Khéong ton tai t& bao T° nao
théoa T" = T va

T < T’ < kar(f).
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Vidu:  Xét ham Bool f theo 4 bién x, y, z, t Kar(f) c6 6 té bao l6n
c6 biéu db karnaugh nhu sau: nhu sau:
x ¥ X X X X X
X ¥ X X : t z
_ z t z
z t _ _
z t z
z Z i z
z Yy v 3 Vv v ¥
Z 1 XZ vz
Yy v ¥
T ¥ X X X X X
x X X X X X X z F z T
z ‘ t z z t z
z t z Z | | t Z
2 1 1 1 |t Z 4 t z t
z ‘ t z Yy v ¥ y y
v v ¥ Yy v ¥ vzt vt
xt Xy

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Thuit toan.

Budc 1: V& biéu d6 karnaugh cua f.

Buéc 2: Xac dinh t4t cd céc t& bao 16n cia kar(f).

Buéc 3: Xac dinh cac t€ bao 16n ma nhat thiét
phai chon.

Ta nhat thiét phai chon t& bao 16n T khi tén
tai mot 6 cia kar(f) ma 6 nay chi nim trong
t&€ bao 16n T va khong niam trong bat ky t&
bao 16n nao khac.

)

Thuéat toan.

Budc 4: X4c dinh cac pht t8i ti€u gdm cédc t&
bao lén.

N&éu cac t& bao 16n chon dugc ¢ busc 3 da phi
dugc kar(f) thi ta c6 duy nhat mét phi tdi tiéu
gdm céc t& bao 16n cia kar(f).

Né&u cédc t&€ bao 16n chon duge & buée 3 chua
phta dugce kar(f) thi xét mot 6 chua bi pha, sé cé it
nh4t hai t& bao 16n chida 6 nay, ta chon mot
trong cdc t& bao 16n nay. Cd tiép tuc nhu thé ta
sé& tim dugc tat cd cac phi gdbm cac t& bao 16n cia
kar(f). Loai bé cdc phii khéng t0i tidu, ta tim
dugc tit cd cac phi t6i tiéu gdm cac t& bao 16n
caa kar(f).

Thuat toan.

Buéc 5: Xac dinh cac cong thic da thic
toi tiéu cha f.

Tir cdc pht toi tiéu gdm cac t& bao
16n caa kar(f) tim dugc ¢ bube 4 ta xdc
dinh dugc cac cong thic da thic tuong
ting ctua f. So sdnh cdc cong thic trén .
Loai bd cac cong thic da thidc ma cé
mot cong thic da thidc nao d6 thuc su
don gian hon chung. Cac cong thic da
thie con lai chinh 1a cdc cong thic da
thic toi tiéu cha f.

Viduy 1:

Tim tat ca cac cong thic da thic toi

tiéu ctia ham Bool:

f(x,y,2,t) =xXyzt vXy VXZ v yz Vv Xy(Z Vv 1)

-
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Giai
Ta cé f =xyzt vXy VvXzZ Vyz \Xyz Kyt

Budc 1: Vé kar(f)

¥ x X X
z |12 |3 t
z |45 |6 |t
Z|7 (8 t
Z/9 |10 t

v v ¥

Bugce 2: Kar(f) c6 cdc t& bao l6n nhu sau:

X ¥ X X ¥ X X X
z 1 |2 1 z 2 |3 t
z |4 |5 t z 5 |6 t
Z.7T |8 t Z t
Z19 (10 t z t

¥y v v ¥ Yy v ¥

x v

Budc 3: Xdc dinh céc té bao 16n nhat thiét phai chon.

- 0 1 nim trong mot t& bao 16n duy nhat x. Ta chon x.

- O 3 niim trong mot t& bao 16n duy nhét yz. Ta chon yz.
Bu6c 4: Xsc dinh cic pht t6i tiéu gdm cac t& bao l6n.

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

¥ ¥ X X
;1112 |3 T Ta dugc duy nh&t mot
phi t8i ti€u gém cic
z |4 |5 |6 t t& bao 16n cta kar(f):
X; yz.
Z|7 (8 t
Z1|9 |10 t
Yy v ¥

Buéc 5: Xac dinh cac cong thic da

thic toi tiéu cha f.
Ung v6i pha toi tiéu gdm cac t€ bao 16n
tim duge & bu6c 4 ta tim dugc duy nhat
mdt cong thic da thic t8i tiéu cha f:

f=xvyz
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Vi du 2: Tim t4t cd cac cong thic da thic tdi tiéu
cua ham Bool:

f(x,y,2z,t) = y(zt v zt) v y(zt v xzt) v Xzt
Gidi

Taco f=yztvyztvyztvxyztvzt

Buéc 1: Vé kar(f):

X ¥ X X
2 112 1
z (84 5 |t
Z t
zs7s|9‘?
Py

Buéc 2: Kar(f) c6 cac t& bao 16n nhu sau:

X X X X X
z 12|t z 1|2t
z |3 |4 5 |t z |3 |4 5t
Z t Z t
Z(6 (7 |89 % Z(6 |7 |8 |9

Yy v ¥ Yy v ¥
xt Xyz

X ¥ X X ¥ ¥ X X ¥ ¥ X X
z 112t z 1 (2|t ¢z 112
z |8 |4 5 |t z |3 |4 5 |t z |3 |4 5
Z % z % Z
Z(6 |7 |81]9 (¢t Z|6 |7 [8 |9 ¢t Z|6 |7 |89
Vv v ¥ e Yy v ¥
vzt Xzt Zt

Buéc 3: Xac dinh cdc t&€ bao 16n nhat thigt phai
chon
1. O 1 ndm trong mot t& bao 16n duy nhat Xt
Ta chon Xt
2. O 4 nim 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
Bu6c 4: X4c dinh cédc phii tdi tiéu gdm cac t& bao 16n
Céc 6 duge céc t& bao 16n da chon ¢ bude 8 phi nhu sau:

X%

[
-1

3|4 bt

‘673|9r
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Con lai 6 5 chua bi phi. O 5 nim trong 2 t& bao l6n:

X yz va yzt. Dé phii 6 5 ta c6 hai cach chon: Xz
hosic yzt. Ta duge hai ph t6i tidu gdm cde t& bao 16n
ctia kar(f):

xt; xzt; zt;x ¥z

xt; xzt; zt;yzt

Budc 5: Xac dinh c4c cong thic da thic t6i tidu cia f.
Ung véi hai phu t6i tiu gdm céc t& bao 16n tim duge §
buéc 4 ta tim duge hai cong thic da thic cta f:

f=Xtv xztv ztvXyz  (Fy)

f=xtvxztv ztvyzt  (Fy)

Ta thay hai cong thiic trén don gidn nhu nhau.

Do dé, ching déu 1a hai cong thitc da thic tdi
tiéu cta f.

Vidu 3(BAI 7D&2007)

Hiy xdc dinh cdc cong thitc da thifc t8i ti€u
ctia ham Bool:

f =xz(yvi)vRITvz(ytvxy)

Biéu d6 Karnaugh: (0,254)

CuuDuongThanCong.com
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Cdc t€ bao 16n: (0,5d)  xz, yz,zt, Xz, Xy

Céc t€ bao 16n bit budce phdi chon 1a
xz, zt, X7t

Con lai 6 (1,4) c6 thé niim trong 2 t& bao 16n

yz,x yt

Do dé c6 2 cong thic da thic tuong tng vdi
pht t5i ti€u: (0, 5d)
f=xzvztv Xzt vxyt
f=xzvztvXzZtvyz
Trong d6 chi c6 cong thitc thit hai 12 t&i ti€u
(0,254d)

Mang logic (Mang c4c cdng)
Dinh nghia

Mot mang logic hay mdt mang cac cong 1a mot hé thong cé
dang:

0,3z, %)

trong d6: - Input: X;, X,,..., X, 1a cdc bi€n Bool.
- Output f(x,, X,,..., X,) 12 ham Bool.
Ta néi mang logic trén tdng hgp hay biéu dién ham Bool f.

Mot mang logic bat ky luon ludn duge ciu tao tif mdt s6 mang so
c4dp ma ta goi 1a cdc cong.

Céng OR . 5,

C3ng NAND

cs . -

ong NOT B I ~ .
|-

Céong AND . N ~.

M

[

Céng NOR R
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Basic Gates

X
X *’[>o—>
inverter
X x+y K Xy X X
; L X3 -,
—
Xn
OR gate _
OR gate with n inputs
X xy X
— —> X2 T: ., XpXg.. X
y X, —
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
< —_—
—’DO o X
y y OR
QN Xy

y | —L Xy + Xy
[

Xy

X

Example. Construct the circuit that provides the output

(X+y+2)Xyz

X X+y+z
(X+y+2)Xy

aJ

I
<l
NI

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
e

y

X XZ Xy+Xxz+yz
— ¥ —_— _—

CuuDuongThanCong.com
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Example of Circuits

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

Solution. The switches are represented by two Boolean

The corresponding circuit

X X
variables x, y : 1 for CLOSED and 0 for OPEN y y
Let F(x, y) =1 when the light is ON and 0 when it is OFF Xy+Xy
Assume that F(1, 1) =1 when both switches are closed ‘ X —_—
x|y | F(x,y) >,
Then the Boolean function F(x, y) 1] 1 y Xy
is determined by the truth table 110 0 y 4.>05
01 0
0 0 1
) N . X Xyz
Example. Design a circuit for a light controlled by y — The
three switches ;7 T corresponding
Solution. The switches are represented by three Boolean X circuit
variables x, y, z : 1 for CLOSED and 0 for OPEN % L, XYz
Let F(x,y,z) =1 when the ligh y >
et X,y,Z) =1 wnen the 19 t X|y|z F(X, y) 7 7
is ON and 0 when it is OFF NERE 1 x TP < —
—»Do—‘_> —>» E——
Assume that F(1, 1, 1) =1 o ILE L D y > £ L XYZ+Xyz
when three switches are closed tjogt ° z_ o Xyz TVT 4R
1o 1o n 7 +XYZ+Xyz
Then the Boolean function S I 0 X —>e— X
F(x, y, z) is determined by 0j1]0 1 y - y
the truth table 0jo)1 1 r» X yz
o|o]o 0 z
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f=x+y+z X Xy
_ _ _ . — The
= This formula contains only three literals. It allows us to y > corresponding
design a circuit to represent f with only one OR gate with _ circuit
three inputs y vz
X f=X+y+z2 L —
_—> -
y —= X L—=
B
z N e
y ¢ ’—' f=YZ+xy
z > Xyz +XYZ +WXZ
w —_—>
X — p—
7 - WX Z
Dé thi D& thi
a) Tim dang noi 101 chinh tc ciia f
b) X4e dinh c4c céng thite da thite toi tifn ciia £ 20009.
¢) V& mang cée cong tong hop £ Xét ham Bool

2000: f=xz(yvi)vxt(yvz)vx(VIvyT)
2001: £ =(FTVan)E Vi)V z(xt v TT)

2002: f=(vZvyz)(xvi)vi(xyvyz)

2003: f=(xyvay)Evivz(xtvyT)VIT T
2004 f=(xvyyvx(yvi)vyz(xvT)

2005: f=x=(Yvi)v VI VI(MIVEIT)

f=(Xyvxy)zvt)vz(xtvyt)vyzt

a) Hay tim céc tir t5i tiéu m sao chom < f
b) Suy ra cach biéu dién f nhu Ia tich cua cac tir tdi dai , trong do6
mdi tir t6i dai la tong Bool ciia 4 tir don
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