George Boole
(1815-1864)

" JE " JEE
T i |i u tham kf¥ ndi S° Bool

Moat faii §oé Bool@A)) lag moét taap haiphavoui hai phelip
toau, U, touc lag hai aunh xai:

A[1] GS.TS. Nguy, n H_ G AA- A

N h Xxublt brln g‘|§o d"‘f( xy) - XBy

A[2] TS.Trfn Ng ¢ H, i, vag U A3A- A
(xy)- xUy

thoGia 5 tinh chaat sau:




Bool

A Tinhgiao hoaart x,yl A
XQy = yax;

Uy = yUx; ]

A Tl'r)m(r?%eét)f]dfbx,y,zl A
(x@y) 2z = xAy 2z);
xUy)Uz= xU(y Uz).

A Tinhphaan boax,y,zl A

x@y Uz) = (x@y) U(x2Zz);
xU(y@z)= (xUy) @(xUz).

n4di S° Bool

A Cou calic phaan t60 trung hoga"lxas 0:

XA =10X = X;

xU0 =0Ux = X.
A Moii phaan t60 fiedu coll phadhxditug:
$XI A,

X DX=XDx =0;

x X =XUx=1.

n4di S

4

Bool

V2 d,

XeufF ladadmdiptadtataudaingneéankieaheon
bieanp,, p,.¥,p, vouihai phetugoaumoailieand,
phelgoalimoardgll, trong fiolta fioanghaatatlc
daingneanfiedbongfioong Khi fiotr lagmoatiaii
sodool vouiphaatddl laghaenguungd, phaatd®d
lahaéngai 0, phaatbusulaaingneaniie® lag
daingneéanfiedude

ndi S° Bool

XeutadmoipB = {0, 1}. Tream ta ionhnghodahai

pheupoat U nhé sau
0 1 0 1
0 0 0 0 0 1

1| 0 1 1 1 1

Khi do, B tré& thanh mot




1) x@x = x; XU = x.
2) x20 = 02k =0; xU1 =1Ux = 1.
3) Phaan t60 bug cula x lag duy nhaat
vag =XI=0, 0 4.
4) Coang théuc De Morgan:
x@y X Y
xOy x @
5) Tinh haap thuggUy) = x; xU (x@y) = X.

" JEE " JE
ndi S° Bool n"nh nghoa h”™ m B
Cho fiaii soa Bool @U). Khi fiotl voui moii Ay,
ta cou:

Hagm Bool n bidda aunh xai
f:B"- B, trong fiou B ={0, 1}.
Nhw vy hagrBool n bieatagnodhagrso&oulaing

f = f(X1,X0,¥,X,,), trong fioimodabieartrong X,, X,,¥, X, vad
chi nhaagiadrotrongB = {0, 1}.

KyU hieaF,, fied chee tadp calic hagm Bool n biean.

Vidui: Daing meanh fiea E 7,j&(p ¥,) theeo n biean,pp,, ¥ ,
p, lag moat hagm Bool n biean.
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Bfng ch®©n tr’

XeuhagnBool n biednf(x ;,X,,¥,X,)

Vi moabiearx; cheenhaamai giadro0, 1 nearchaeou
2"trodgnpoipcudi@odiedrtx,,X,,¥,X,,).

Do fiotfiedmoaad, ta colthedadmbalngoan?" hagng
ghi tadtataugiadroculid tugyheo 2"trod@nddipcula

V2 d,

Xeut keat gfitrong vieac thoang qua moat quy
fionh doia vago 3 phieau baau X, y, z

1. Moai phieau chae lady moéat trong hai giau tro: 1
thagnh) hoaéc 0 (bauc boQ).

2. Keagl & lad (thoanguaquyeéfionhneau
fi6oidia sophieatatmhagniad (khoanghoang

guaquyeafionhneaidia so@phieatauboil
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Ham Bool

Khi fiou f lag hagm Bool theo 3 biean x, y, z cou &
chaan tro nho sau:

"
Cac phép toan trén ham Bool
Cacphéptoantrén@B@ wvoc di nh nghf
1. Phelp coang Babl
Vouif, d F,ta fionh nghoa toéng Bool cula f vag

fUg=f+g-fg

"X = (XX ...p)iXBY,
(FUQ)(X) = f(x) + g()—f(x)g(x)

14

"
Céac phép toan trén ham Bool

2. Pheup nhaén B@bl
Voui f, d F, ta fionh nghda tich Bool cuda f vag

f@g=1g

" X=X Xy e DB,
(f29)(x) = f(x)g(x)
Ta th6dgng vieét fg thay chod

"
Cac phép toan trén ham Bool

3) Pheup lady hagm bug:

véuif F,ta fidnh nghoa hagm bug cuda f hihé sau

f=1-f

4) The ,tyv trén F
Vi [fFthig

fbgU " Xx=(X, X ...nl B",f(X)¢g(x)
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Dang ndnh rtédc cchd a Dang né6i | ié&n chinh
Xét;_ \tap hgi cac "“éhmOBmw’b_épem‘ ATg Xi | Bu phan b0 cua cac
AMOlhamboolxiha)(i duoc goi [ dai | a t6ng Boole cda n
An.n thotich khac khong cua ACdng thtc biéu dién ham
ATp tiia ttif@h khac khong cua ti toi de aig quoXii ll@idZzan hcahnt
ACtng thoc La thoc | " clng Boole f ) )
tYng cva c8c L_n thoc. oole

ADUY ng nXi rlyai codm2gnh htéacc bi €u
tdng clha cac tw toi tiéu.

17 18

" JEE " JEE

Ctng th_ ¢ La th. Cilng th_c¢c La th_
ADon g,'anAhGn i . APon gi dn nhuwv nhau

Cho hai c¢cb6bng thtc da thiotc c N & F 4 . h G R
f=mUm,U...0m, (F) €u . on gi .a n on vV 3
f=M,UM,U... UM, (G) thitan6iFva@ _ n gid9n nh_ nha
Ta no6i ranlg. m bgigd oonhgie ctnhArc G *Clng th,c La th_ c t i
tdon tai: dpoh, Znh. ,}k}sao {cHqg 2y Cong thtc F clOa haXm Boo
iir{1,2,..,k} tkthié nggd nthir édio rh o ti©&u Vv&i bat ky céng t
don gga M gi &n hon F thi F va G d
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ao

Ph€hng ph8p bi Wu L
Xét f 1l a ham Bpalwiiheno =n 3 ihé
Truwudng hop n = 3:

f la hamBool theo3 b i &1y, z. Khi d ¢ & rchiant rciuf
g 0 ®hang Thaychob & rchAnt rcitifaav énd b & rcd
nhgbdm@o,t vohmgg &8 hangec GRA rchgint r d v

d & m Bruh sau
X X X X
z 101 111 011 001
zZ 100 110 010 000
y y ¥ y

Voui qui 660c:

1.Khi modatoanaemtrong dadyfooic faunhdaau
b6dix thi taii floux =1, bd0Kthi taii fioux =0,
tédng tdichoy, z.

2.Caumaaii fiotf baéngl sediodiciaunhdaautoa
fladmhoaéaaich cheuaq) Tadpcaumaiodicfiaunh
daauioodicgoiilagbieduioaKarnaugh culd, kyu
hieaulagkar(f) .

Trodeng héip n = 4:

f laghagmBool theo 4 bieanx, y, z, t. Khi fiol
balngchaéntro culaf goaml16 hagng Thay cho
balngchaantro cula ta vedmoatbalngchddnhaét
goaml16 04,t66ng 6ungvouilé hagngculabadng
chaantro, nodichatinhdaainhd sau:

X X X X
z 1010 | 1110 0110 0010 |t
z 1011 | 1111 0111 0011 |t
Z 1001|1101 0101 0001 |t
z 1000 | 1100 0100 0000 | ¢

y v v y

Voui qui 66uc:

1. Khi moétodnaemtrong dadyfiddicfiaunhdaabddix thi
taii fiolx =1, bodi ) thi taii fiolx =0, t66ng t6i cho
Y, Z, t.

2. Cauooétaii fiouf baéngl sedhddic iaunhdadu(toafiadm
hoaécgaich chetia) Tadpcaucoaniodic fiaunh daaufivdic
goiilagbieduiokarnaugh culd, kythieaulagkar(f) .




Nénh Iyt
Cho f, g |l a cadac ham Bo
XpXg, ooy X KHii do

a) kar(fg) = kar(f) Akar(g).
b) kar(f Ug) = kar(f) Ckar(g).

c) kar(f) goam fiuung moéat oa khi vag
chee khi f lag moatit todi tiedu
d) kar(fE kar(g)U f b g

Te& bago

Hai o0anodic goii lagkeanhau (theo nghoda roang), neau
chutinglaghai odaliean nhau hoaécchutinglagoafaau,oa
cuodicullacugngmoat hagng (coat) nagofiot Nhaan xeut
raéng,do cauchiatunhdaaunho trean,hai o&eanhau chae
ledchnhau 60moatbieanduy nhaat

TYbaolahinhc hn h dtheon g hrp a @ m
26(k=0,1,6 ,nT 1)
NeauT lagmoattedbagahi T lagbiedufioakarnaugh culamoat
fion thouc duy nhaatm, cauchkaudionh m nho sau: laanléoit
chieduT ledncaucainh, neautoagnboéhinh chieaunaémtroin
trong moéttdefidn nagahi toefidn fioimoduixuaathieantrong
m.

Vidu 1i:
Xeut cauc hagm Bool theo 4 biean x, y, z, t.

Biéu d6 karnaugh ciia don thie xyztla

™~
—

[~
—

ST
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"
B

=

Vidur2:

Xeut cauc hagm Bool theo 4 biean x, y, z, t.

Biéu db karnaugh cia don thic ztla

X ¥ X X
z t
z t
Z t
z t
Yy v ¥




Vidui3:

Xeut cauc hagm Bool theo 4 biean x, y, z, t.

Biéu db karnaugh ciia don thie ytla

¥ X X X
z ‘f
z t
z t
z 't
Yy vy ¥

Viduri 4.
Xeut cauc hagm Bool theo 4 biean 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 ¥

Vidui5:

Xeut cauc hagm Bool theo 4 biean x, y, z, t.

L

TJ] b"o sau: ¢

X
z | 1
z t
z t
z | t
Yvy v ¥
bi Wu L™

1 bidu d6 karnaugh ciia don thic Yt

Karnaugh

c.

a

Tea bago 16un.

Cho hagmBool f. Ta nouiT lagmoatteabago
[6unculakar(f) neauT thoadhai tinh chaat
sau:

a) T lag moét tea bago val Kar(f).

b) KhoAng toAn

t h o &, aTva®
T1 T34 kKar(f).

tadi




Vi dui:

Xeut hagm Bool f theo 4 biean x, y, z, t

Kar(f) cou 6

ted bago l6un

coll biedu fioa karnaugh nho sau: nho sau:
x ¥ X X X X X
_ z 1 z
X ¥ X X
— z T z
z t _ _
Z t z
z Z i z
7 Yy v ¥ y vy ¥
z T x ¥
Yy vy ¥
¥ ¥ X X x x X
x v X X X X X X z F 2 | T
z ‘ t z z t z
z t z z | t z
7 t Z Z t z | t
Z i Z Yy vy ¥ y y
v v v Yy v ¥ yzt vt
_ Xy




Thuaét toaun.
Boo6uc 1: Ved biedu fioa karnaugh cula f.
Boduc 2: Xauc fionh taét cal cauc ted bago 16un cula
Boouc 3: Xalic fionh cauc ted bago |@mhant thieat
phadi choin.
Ta nhaatthieat phalichoin teabagdounT khi toan

taii moatoéculakar(f) magoénagychaenaémtrong
tedbagddunT vagkhodngnaemtrong baatkyatea

Thuaéat toaun.
Bobuc4: Xaucionh caligphudtoditiedugoamcaludea
bagddun
Neaucaudeabagddunchoin fiddicotbddud fadphul
fidoickar(f) thi ta couduy nhaat moatphudtoditiedu
goancaudedbagdounculkar(f) .
Neéaucauctedbagoldéun choin fiddic 60bdduc3 choal
phulfiddickar(f) thi xeutmoéato&chda bo phul,setodit
nhaat hai teabagoldun chbuaoanagy,ta choin mog
trong caudedbagdbunnagy Coltieaptuic nhd theéata
sedim fddictadtcalcau@huligoanmcaudedbagdduncud

bagddunnagdhauc
kar(f) . Loaii bolcatcphul khoang toai tiedu, ta tim
fiodic tadt calicaugphu(itodi tiedu goamcalticedbagdour
:’> cubar(f) .
Thuaét toaun.

Bdbuc 5: Xauc fionh cauc coang théuc fa tho
todi tiedu cuda f.

Toecauphultoditiedugoamcalicedbago
[6uncuddar(f) tim fddicdlboduct ta xauc
fionh A66iccauacoanghducha théuctddng
oungculd. So saunhcalu@oanghductreén.
Loaii bolcauccoéngthducfia théuc magcou
moatcoangthducifa théucnagofiotthdic soi
fion gialnhén chuung Cauaoanghducha
thduccogrlaii chinh lagcataoanghouchia
thouctoaitieducudd.

Moat soa vi dui
Viduil:

Tim taat cad cauc coang thouc fia thouc toa
tiedu cuda hagm Bool:

f(x,y,z,t) =xyzt X~ x@ yzU xy( t)

-
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Giadi

Tacou f =xyzt k‘y*

Boouc 1Ved kar(f)

x2J"yzUxyz Uxyt U

x x X X
z |12 (3
z |45 [6
Z|7 |8
z |9 |10

Yy v ¥

—t+|

-+

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 14 |5 t z 5 |6 t
Z|T |8 t Z t
79 |10 t z t

Yy v vy ¥ Yy v ¥

vz

Bo6UcC 3:Xauc fionh cauc ted bago 16Un nhaat thieat phadi choin.

- OA 1 naém trong moét tea bago 16un duy nhaat x. Ta choin x.

- OA 3 naém trong moét tea bago 16un duy nhaat yz. Ta choin yz.

B60UC 4Xauc fionh cauc phud todi tiedu goam cauc tea bago ldun.

Cauc o4 fiddic cauc ted bago ld6un fiad choin 60 béduc 3 phud nho sau:

X X X X
z |1 |2 |3
z |4 |5 |6
FANEE:]
Z 19 |10
Yy v ¥

Ta fidoicduy nhaatmoat
phutoai tiedu goamcatic
tedbagaoun cutiakar(f) :
X; yz.

B66UCc 5Xauc fionh calc coang thdéuc fia

thouic todi tiedu cuda f.
OUngvdui phuiitoai tiedu goamcaucteabagoldun
tim f6oic 60bdoucd ta tim f6oiIc duy nhaat
moatcoangholciia thouctoaitieducudd:

f=x Wz

11



Vi dui 2: Tim taat cad calc coang théuc fia thouc todi tiedu
cuda hagm Bool:
f(x,y,z,t) =y(zt &) y@tr xzty xztU
Giai

Tacou f=yzt Yzt Wit xy&x xztU

Boduc1 Ved kar(f:

NN
w
iy
[
SRS g
-

=l
—

]

=)

-1

| o
| @
|

Boouc 2Kar(f) cou cauc ted bago 16un nho sau:

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

Vy v ¥ Yy v ¥

Xt xyz

X X X X ¥ ¥ X X ¥ X X X
z 1(21% z 12|t ¢z 12|t
z |3 |4 5 |t z |3 |4 5 |t z |3 |4 5 |t
Z t z t z t
Z[6 (7 |89 (% zle |7 |8 o|T zZ[6([7 |89 %

Yy v ¥ Yy v ¥ Yv vy ¥

vzt Xzt Zt

B66uc 3Xauc fionh cauc ted bago 16un nhaat thieat phadi
choin
1. OA 1 naém trong moat ted bago I6un duy nhg@t
Tachoin Xt
2. OA 4 naém trong moét te& bago 16tn duy nkatit

Ta choin xzt

3. OA 6 naém trong modt tea bago 160N duy niz&t
Ta choin Zt
B66Uc 4Xalc fionh calic phul toai tiedu goam cauc ted bago 16Un
Cauc oa fiddic cauc ted bago I6un fiad choin 60 béduc 3 phud nhé sau:
X ¥ X X
2 1 Iz
N NEE

5|t

‘678|9[

Yy oy ¥

12



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

Boouc 5: Xauc fionh calc coang thouc fia tholc toai tiedu cuda f.
OUng vaui hai phudi toai tiedu goam calic ted bago 160n tim Addic
bdouc 4 ta tim A6dic hai coang thouc fia théuc culda f:
f=Xtv xztv ztvXyz  (Fy)
f=xtvxztv ztvyzt  (Fy)
Ta thaay hai coang théuc trean fién giaiin nhd nhau.

Do fiou, chuuing fieau lag hai codng thduc fia thouc toél
tiedu cula f.

vz d_BABIF Q2007)

1 Hady xauc fionh cauc coang théuc fia thouc t
culia hagm Bool:

AN

f =xz(yUt)Uxzi Uz(yt UXY)

U Biedu fioa KarnaugB;450)

13



H Cautedagtdun(0,5L ) xz yz zt xzt, Xyt

p Cauc ted bago 16un baét buoéc phadi choin Ig
xz, zt, Xzt

1 Cogn laii 04 (1,4) cou thed naém trong 2 tea |

K Do fotco® codnghodudia thoudeddng Gungdui
phutioatiedu(0, 5i) A
f =xzUztUXzt Uxyt
f =xzUztUxzt Uyz

U Trong fiolchagotcoanghduthsthai ladoatiedu

(0,257)
yz,X yt
Maiing logic (Maing cailc co&ng) Coeng NOT o X
=
Nonh nghéa Codng AND i /| ~
Moat maing logic hay mo&t maing catc codng lag moét hed thoang col R \ [
daing: LT N /
X et /"
—_— Coéng OR 5,
:Zj: 5, %) .J
b il

trong fioli:- Input: X 3, X,,..., X, lag cauc biean Bool.

- Output f(x 4, X5,..., X)) lag hagm Bool.

Ta notii maing logic trean todng hdip hay biedu diedn hagm Bool f.

Moat maing logic baat kyg luoan luoan fiddic cadu taio tdg moat sod maing st

cadp mag ta goii lag catic coang.

Coang NAND

Coang NOR




Basic Gates %
X H[>o—>
inverter
x+y X XXt LXK,
X —_ ., XT3
—
OR gate -
OR gate witm inputs
X
X Xy xl
- 7 2o XXy
y —
AND gate AND gate withn inputs

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

X
y Xy+ Xy
% _
—’DO R _
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+2z
(Xx+y+2)Xyz

—

aJ

X
<
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

three Boolean variables y, z 1 for YES and 0 for NO

X Xy

y ' —L

X XZ Xy+Xxz+yz
y

z yz

15



Example of Circuits

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

Solution. The switches are represented by two Booles

The corresponding circuit

X X
variablesx, 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 OR Xy+Xy
Assume thaF(1, 1) =1 when both switches are closed « X —_—
x|y | F(x,y) >,
Then the Boolean functidf(x, y) 1)1 1 y Xy
is determined by the truthtable [ 1 | © 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 Boole circuit
variablesx, y, z. 1 for CLOSED and 0 for OPEN v L, Xyz
LetF(x,y,2 =1 when the ligh Y >
et X,y,92 =1 wnhen the [o] t X|y|z F(X, y) 7 7
is ON and 0 when it is OFF NERE 1 —> g —
—»Do—‘_> —>» E——
Assume thaE(1, 1, 1) =1 tjpto 0 > ! Xyz+xyz
when three switches are closed| * | © | * ° z__ ., M Xyz VT + XV
1{o|o] 1 z +Xyz+Xyz
Then the Boolean function S I 0 X —>e— X
F(x,y, 2 is determined by 0j1]0 1 y - y
the truth table 0ojo1 1 X vz
o|o]o 0 24'

16



f=x+y+z

X
_ _ _ - The
A This formula contains only three literals. It allows us tg y > corresponding
design a circuit to represenwith only one OR gate with _ circuit
three inputs y vz
X f=x+y+z Z——
_—> -
z N ’—: ’
y . f=yz+xy
z > Xyz +XyZ+WXZ
w
X — —
7 - WXZ
Dé thi NQ t hi
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 hamBool

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=xy Uy)(z ¥ Ox ) VB

a) Haytimcact tr d ii ré saochom b f

b) Suyracéachb i @ u €nnhlitichc Gcdct & @ia, trongd 6

mot tr diadt 6 Baplc G4 & on
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