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Gidi thiéu

» 1854 nha toan hoc Anh, Gorge Boole (1815-
1864) phat minh ra hé thong dai so chi co hai
gia tri

« Nam 1938, tai Bell Lab, Claude E. Shannon da
chi ra cach &p dung dai sé Boole vao phan tich
va mb ta cac mach st dung role (con goi la
switching algebra), va cling dwgc ap dung cho
céc phan tich mach sé hién nay.
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Tiénd

« Tién dé 1:
(A1) X=0if X # 1
(A1) X=1ifX#0
- Tién dé 2: (dinh nghia toan t&r dao)
(A2): If X = 0 then X’ = 1
(A2):If X=1then X' =0
Toan tr “ * “ la toan t&r dao hay bu
(mot sb ky hiéu khac clha toan tlr ddo: ~X. X )
Tuy nhién viéc st dung ‘ thwong dwoc stir dung trong
cac ngén ngl 1ap trinh HDLs)

Tién d& 3, 4 va 5 :Binh nghia cac toan VA va
HOAC logic:

(A3) 0-0=0 (A3) 1+1=1
(A4 1-1=1 (A4) 0+40=0
(A5) 0:-1=1-0=0 (A5") 140=0+1=1

Toan t& AND st dung ky hiéu -
Toan t& OR st dung ky hiéu +

Tét ca cac hé thdng logic déu cé thé mé té va phan tich dwa trén 5 tién dé trén




Ky hiéu cac phan t logic trén so do

Figure 4-1

m_m:m_smB_:mm:am_@mcqm_n x VO <ux‘
notation for an inverter.

Figure 4-2

N X Signal qu_:@ .m:a
<HG|NHX.< <HMV‘NHVA+< algebraic notation:
(a) AND gate;
(a) (b) (b) OR gate.
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DPinh ly cho mét bién

Tahbile 4 & (TI) X+0=X (T1) X-1=X (Identities)
Switching-algebra - =
theorems with one (T2) X+1=1 (T2’) X-0=0 (Null elements)
variable. (T3) X+X=X (T3") X-X=X (Idempotency)

(T4) (X)'=X (Involution)

(

T5) X+X'=1 (T57) X -X’=0 (Complements)

Viéc chirng minh cac dinh ly nay c6 thé sir dung phuwong phap quy nap
hoan toan (vi sb gia tri clia cac bién chi c6 0 va1 nén rat dé ap dung
phwong phap quy nap)




cho 2 va ba bién

— Table 4-2 Switching-algebra theorems with two or three variables.

(T6) X+Y=Y+X (T6") X-¥Y=Y-X (Commutativity)
(T7)  X+Y)+Z=X+(Y+2) (T7)  (X-Y) - Z=X-(Y-2) (Associativity)
(T8) X -Y+X-Z=X-(Y+2) (T8)  (X+Y) - (X+2)=X+Y Z (Distributivity)
(T9) X+X - Y=X (T9) X - (X+Y)=X (Covering)
(T1I0) X-Y+X-Y'=X (T10) (X+Y) - (X+Y)=X (Combining)
(T11) X-Y+X -Z+Y - Z=X-Y+X'-Z (Consensus)

(T11) X+Y) - (X'+2) - (Y+2D=(X+Y) - (X+2)

Chu y: dé thuan tién thwong viét X - Y thay cho (X - Y)
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— Table 4-3 Switching-algebra theorems with n variables.
(T12) X+X+-—-+X=X (Generalized idempotency)
(T12)  X.X. - .X=X
(T13) (X - Xy o =X =X+ X+ + X,/ (DeMorgan’s theorems)
(T13%) AXH+XM+...+X:%HXH~,XM~. .X3~
(T14) [FOXXae Xt ) =FOX XY X)) (Generalized DeMorgan’s theorem)

(T15) FOX1Xp. . X)) =X - F(1X,.. X)) + X F(0.Xs.. .. X)) (Shannon’s expansion theorems)

(T15)  F(X,Xpeo. Xp) = DXy + FOXoe .. X1 - Xy +F(1Xon... Xp)]

Pé chirng minh st dung phwong phap quy nap hiru han:
* chirng minh ddng véin =2
« gia thiét dung va&i n = i, ching minh ding véi n = i+1
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Nguyén ly d6i ngau

« C4c dinh ly hay déng nhat thirc trong dai sb
logic sé& ludn dung néu thay 0 va 1 trdo dbi cho
nhau va dong thoi - va + cling dwoc trdo déi cho
nhau.

« Ham dbi ngau:

— Cho ham logic F(X{,X,,....X,, +,*,")

— Ham d6i ngéu clia F duoc dinh nghta la ham c6 cling
dang biéu thirc v&i cac toan tr - va + dwgre doi cho
cho nhau

+va - dbi chd 11

Nguyén Iy dbi ngau va dinh ly DeMorgan
[F(X;,X,,...,.X)] = FP(X,, X5,...,X,,)

_HAX.__XN_..._XDV = _”_HUAX.___ XN._..._XD,VH__

(dinh ly DeMorgan)
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Biéu dién ham logic théng qua bang

Table 4-4t
Row X Y Z F
General truth table
structure for a 0 0 0 0 F(0.0.0)
3-variable logic 1 0 0 1 F(0.0.1)
function, F(X,Y.2). 5 0 1 0 F(0.1.0)
3 0 1 1 F(0.1.1)
Bang su thuwc (khéng bao )
gdm hang ROW), tuy nhién 4 I 0 0 F{1.0.0
thwéng dwoc st dung dé 5 1 0 1 F(1.0.1)
chi gia tri t6 hop cha cac ,
i 6 1 1 0 F(.1.0)
7 1 1 1  F(l.1.1)
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Row X Y Z F
0 0O 0 0 1
1 0 0 1 0
2 0O 1 0 0
3 0 1 1 1
4 1 0 0 1
5 1 0 1 0
6 1 1 0 1
7 1 1 1 1

Table 4-5

Truth table for a
particular 3-variable
logic function, F(X.,Y.2).
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Mot sO khai niém

Hé sb chiv (literal): 1a mot bién don , hoac phan bu cla
no. Vidu: X, Y, X,.

Sé ha ang tich 6889 term): la mét literal hoac tich logic
cla nhiéu literal

Vidu:Z', Xe¢Y, X¢Y¢Z

Biéu thirc tdng clia cac tich: 1a mét tdng logic cta cac sb
hang tich

S6 hang tdng (sum term): la mét literal ho&c téng logic
cua nhiéu literal

Vidu: X', X+Y+Z

_w_mc thire tich cua céc tdng: 1a tich logic cua cac sb hang
tong
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Mbt s6 hang chuan (normal term): 1a mét s6 hang tich
:omo,ﬁo:@ ma trong dé khéng cé bién nao xuat hién hon
mot lan

Vi du cac sb hang khéng chuan:

X+Y+X, YeX¢X ¢Z

Vi du cac sb hang chuén:

X+Y,X¢YeZ

minterm n bién: 1& mét sb hang tich chuan cla n literal
maxterm n bién: 1a s6 hang téng chuan cta n literal
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The information contained in a truth table can also be conveyed algebra-
ically. To do so. we first need some definitions:

* A literal is a variable or the complement of a variable. Examples: X, Y. X', Jiteral
hr:

* A product term is a single literal or a logical product of two or more product term
literals. Examples: Z/, W-X-Y, X-Y"-Z, W .Y'.Z

* A sum-of-products expression is a logical sum of product terms. Example:  sum-of-products
Tagren W I T W e kT R expression

= A sum term is a single literal or a logical sum of two or more literals. sum rerm
Examples: 2, W+ X+Y., X+Y'+Z, W+Y' +2Z

* A product-of-sums expression is a logical product of sum terms. Example:  product-of-sums
Z - W+X+Y) - X+Y'+2) - W +Y' +2) expression
* A normal term 1s a product or sum term in which no variable appears more  ormal term
than once. A nonnormal term can always be simplified to a constant or a
normal term using one of theorems T3, T3’ TS, or T5’. Examples of non-
normal terms: W- X - X Y, W+W+ X' +Y, X-X Y. Examples of
normal terms: W - X- Y, W+X +Y.
* An n-variable minterm is a normal product term with » literals. There are  minzerm
2" such product terms. Examples of 4-variable minterms:
WESDC - YESZER W - XX - Z] WESXE Y Z,

* An p-variable maxterm is a normal sum term with n literals. There are 27 maxterm
such sum terms. Examples of 4-variable maxterms: W + X" + Y' + Z',
WXz, WEPXEEYAPZL
17

« Minterm: cé thé dwoc dinh nghia & sb hang tich
ng v&i mét hang cua bang chan ly sao cho tich
do6 bang 1

« Maxterm: cé thé dwoc dinh nghia 1a sb hang
téng rng v&i mot hang cda bang chan ly sao
cho tdng dé bang 0

18




Table 4-6

_ Row X Y Z F Minterm Maxterm

Minterms and maxterms

for a 3-variable logic 0 0 0 0 F0.00) X-Y-Z0 X+Y+Z

function, F(X,Y,Z). 1 0 0 1 F(0,0,1) X .y.z X+Y+2Z
2 0 1 0 F(0.1,0) XY -z X+Y'+2Z
3 0 1 1 F0.1.1) by V4 XSz’
4 1 0 0 F(1.0.0) X-Y'-Z X+Y+2
5 1 0 1 F(1.0.1) X-Y'-Z X'+Y+2°
6 1 1 0 F(.1.0) X-Y-Z' X'+Y'+2Z
" 1 1 1 F(11.1) Ay Z X'+Y'+2Z
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Biéu dién ham qua minterm va maxterm

« Ham logic c6 thé biéu dién dwdi dang:
— canonical sum: tébng ctia cac minterm &ng voi cac
hang cua bang chan ly ma tai dé gia tri ham bang 1
— canonical product: tich ciia cac maxterm rng vGi cac
hang cua bang chan ly ma tai dé gia tri ham bang 0

20




Table 4-5

“dl TR | ] Truth table for a

0 0 0 0 1 particular 3-variable

1 0 0 1 0 logic function, F(X,Y.Z).

2 0O 1 0 0

3 0 1 1 1

4 1 0 0 1

5 1 0 1 0

6 1 1 0 1

7 1 1 1 1

F=XY - ZD+X'' v -2)+X-Y'-Z)+

(XY -ZH+(X-Y 2)

F=(X+Y+2Z)WX+Y' +2) (X' +Y + 2')
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» Dé don gian trong ky hiéu, ngudi ta thwong st
dung dang viét rut gon sau:

F = XY Zh4+X v - 2)+(X-Y'-Z)

A% AVa 7IN v 7~ AV 7\
(A Y -4 )+ \A Y - /4)
LIEAN 7 ' \ 7/
= MN‘UM\“NAOvWVN_J@vNV
— / < xr 1 I\ 7 ~- ~ -] =\ 7 </ < 1 I d A
H — (X 4=~V 4= 7"V X 4=V 4+ /) T Y A /)
— M- -1 29 E)
— VY Z\+ty <4y 2)

X, Y, Z 1a cac bién, di kém vé&i chi sb cac hang twong (rng cla cac
minterm hoac maxterm
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T6i thiéu hda ham logic

« Ham logic c6 thé biéu dién thdng qua:
— canonical sum
— canonical product
Tuy nhién d6 1a cac dang chwa dworc toi thiéu.
- Pé giam sb input hay sb gate st dung trong
mach can phai tbi thiéu héa mach.
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Bia Karnaugh
« LA cach biéu dién dd hoa cla bang chan ly
W
W X —
yz\ 00 01 11 10
X X a0 0 4 12 8
X XY —_— S .
</o_|,_|_ Z\_ 00 01 11 10 (TR R e
0 0 2 0 0 2 6 4 11 3 T 15 1 z
TERE H—< NERENE H_N <Sm_ 14|10
(a) (b) Y (c) X

Figure 4-26 Karnaugh maps: (a) 2-variable; (b) 3-variable; (c) 4-variable.
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« K-map : nbiénséco 2" 6

« MGi moét 6 trong K-map &rng v&i moét hang trong
bang chan ly.

« Quy wdc cac 6 ké nhau thi td hop céc bién chi
dwoc khac nhau mét gia tri

. X-B.m_o chi ﬁscm: tién sty dung cho ham logic ¢c6
6 bién tr& xudng

« Twr K-map cé thé viét dwoc cac canonical sum
hoac canonical product twong tw nhw bang chan
ly

25
4 R V4 \.Vf V4 7
TOI thieu hda dang tong cac tich
X Y Z F XYz
X X
0 0 0 0 XY — XY\
0 0 1 1 N/ 00 01 11 10 N/ 00,01 11 10 .
0o 1 0 1 0 |2 |6 |4 P
0 1 1 0 Olo|1]0]o0 o] (1)
L 1 o | |5 QN 1) |C _: QN
1 1 0 0 1 b\
(a) 1T 1 1 1 (b) Y (c) Y i
Figure 4-27 F=3Xy,(1,2,5,7): (a) truth table; (b) Karnaugh map;
(c) combining adjacent 1-cells.
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 Quy tdc nhém céc 6 cua K-map:
— Nhom 2k cac 6 c6 gia tri 1 ké nhau sao cho k la max (
1 <k <n, véinlaso bién)
— C6 chinh xé&c (n-k) bién c6 gié tri khdng dbi trong sb
cac 6 dwgc nhém
» Dang tich:
— néu bién co gia tri 1a 1 trong 2 6 dwgc nhém thi
product term sé chira bién dé
— néu bién co gia tri 0 trong 2k 6 dwoc nhom thi product
term sé chira bu cua bién dé
— néu bién co ca gia tri 1 va 0 trong 2k 6 dwoc nhom thi
n6 sé khéng xuat hién trong product term
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cac nhom khong dung

Z A 7 loop 1 A
olfiff o] o \.L loop 2
.)H. JH 0] o ﬂ\\
o)LL o b _.HM 0 T
y D
T 1| t| o Ve
¢ C
ol yf o o] 1]t
B B

Violates Rule 1 Violates Rule 2
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w
WX —
{.w/ 00 01 11 10
ERE ,_m_ 8
01" ﬂ ,_.M 9
e J ,_m_ 11
1012 | ,_h,ﬂ_ 10
—

F =Xy xyz(5.7,12,13,14,15)

7

4

du

(b) W
WX —
yzZN\ 00 01 11 10 .
00 M)~
XL — 1l
o1 1 []1
z
11 1 1
A_.-. LS I
10 )
| |
X
F=X-Z+W-X
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(c)

nhat
W X W
1
yzN\ 00 01 11 10
0 1 Xx-y-z
C1ERER RERE
T ...|z J| .N
I N T
v S
10 S| Nw-yez

W
WX —
yzN\ 00 01 11 10
(d) 00

o1|1 [ 1] |[1)
11 ERERE
)ﬁ\ | /\_z //\_

10 \

| I |

X

—— ._c_-____:_.

- Dang tbi giadn st dung K-map khéng phai la duy

Y-z

X-Z
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T6i thiéu hoa dang tich cac tong

« Nhém 2k céc 6 c6 gié tri 0 ké nhau sao cho k 1a

max:

— néu bién c6 gia tri la 1 trong 2k 6 dwoc nhém thi sum-
term sé chira bu cua bién dé

— néu bién c6 gia tri 0 trong 2% 6 dwoc nhém thi sum-
term sé chira bien d6

— néu bién co ca gia tri 1 va 0 trong 2% 6 duoc nhém thi
né sé khéng xuat hién trong sum term
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Céc td hop dau vao “Don’t-Care”

« Trong trwdng hop ng véi mét sé t6 hop gia tri
céc inputs gia tri ham logic c6 thé tly y (bang 0
hoac bang 1) = céac t6 hop “don’t-care”

- S dung céc t6 hop “don’t-care” trong t6i gian
ham:

— Cho phép t6 hop don’t-care tham gia vao cac 6 sao
cho s0 6 2k |a I&n nhat
— Khéng nhdm cac 6 chi toan don’t-care
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(a) N; N, — (b) N; N, —_—
z_za/ 00 01 11 10 z_zc/ 00 01 11 10
0 [24 |1z |8 —
00 g Ny Ny 00 d|
01|’ K N EREE
1114 .
(L0 P P A ° n| 0| 1 [ala
111]dld LG
Nl o2 [ [ [ Nl o d |l d
1 d|d dfd
1 Ny Ny e
N, N,
F = Snanznino(1.2,3,5.7) + d(10,11,12,13,14,15) F=Ns’-Ng+ Ny~ Ny

N3 -Np
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Céc phwong phap tdi gidn str dung chwong

trinh

« Khi sb bién 1&n, s&r dung thuat toan:
— Queen-McCluskey (tham khao)
— Espresso Il, Espresso-MV (tham khao)
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