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Figure 3.1

1

Two-variable K-map.
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Figure 3.2

Representation of functions in the K-map.
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M1 +m2+m3=Xy+Xy +xy=x+y
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Figure 3.3
Three-variable K-map.
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- Ol Al 3.1) F(x,y,z)=2(2,3,4,5)

Figure 3.4
Map for Example 3.1, F(x, y, z) = £(2, 3, 4, 5) = X’y + xy".
7z Ty
: 00 01 11 10 /
I)IO m 1 Hl3 le
0 1 1 /
i I)l4 '"5 Hl7 IN()
xq1 1 1
. L

/ :

* My+ My =XyzZ +XyzZ =XZ(y +y)=XZ
* My +Mg=Xyz +xyz =xz(y +y)=xz
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« OllAl 3.2) F(x,V,z)=2(3,4,6,7)

Figure 3.5
Map for Example 3.2, F(x, y, z) = £(3, 4,6, 7) = yz + xZ’.
y< - }: :
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Note: xy'z" + xyz' = x7'
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3.2 J} - OH Bt

‘My+MmMy+mMy+MmMg=XYyz +XyzZ +Xyz +Xxyz
=XZ(y +y)+xz(y +vy)
=XZ+x2=Z(X+x)=2

otLI2 HIZ 2t2 312 2IHE &

X

-2)4° el Zet U2 2t==2 212 2leHE &
442 eI Zet U2 2t==2 112 2leHE &
8o It M2 2tE=2 &l HE SHMEH Ol= 10 25
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. Ol 3.3)

Figure 3.6

F(x,y, z) = 2(0,2,4,5,6)

Map for Example 3.3, F(x, y, z) = X£(0, 2, 4, 5, 6) =z’ + xy’.

D 4
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o X 01 11 10 |
\ m m, my o |_— ¥y
oliEil i =
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Xy
Note:y'z' + yz' =7
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- GllXl 3.4) F=AC+AB+ABC+BC

1. HAZ=E9 37 F(A,B,C)=2(1,2,3,5,7)
2. HA Fo 2 F=C+AB
Figure 3.7

Map of Example 3.4, AAC+ A'B+ AB'C+ BC=C +A’B.

B
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otLIC HIE 22 42 2|e&d &t

-2)4° el &et R 2t==2 32 2leHE &
412 Pl et U2 2t==2 242 2IHE &
82 PIF et 2 Zt==2 12 2leHE &

1642 Cl8et HIZ2 2t=2 8K HE =
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Figure 3.8

Four-variable map.
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- Ol Kl 3.5) F(w, x,y,z)=2(0,1,2,4,5,6,8,9,12,13,14)

Figure 3.9
Map for Example 3.5, F(w, x, y, z) = X(0,1, 2,4, 5,6, 8,9, 12,13, 14) =
y'+w'z’+ xz'.
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Note:w'y'z’ + w'yz' = w'z’
xy'z' + xyz' =x7'
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- Ol Al 3.6) F=ABC +B'CD + ABCD' + AB'C’

Figure 3.10
Map for Example 3.6, A'B’'C’+ B’CD’+ A'BCD’+ AB°’C=B’'D’+B’C’ +
A’CD’.

A'B'C’

C
ch ) A .
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Note: A'B'C'D" + A'B'CD' = A'B' D’
AB'C'D' + AB'CD" = AB'D'’
A'B'D' + AB'D' = B'D’
A'B'C' + AB'C’' = B'C’
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- 0l) F(A, B,C,D)=2(0,23,5,78,9,10,11,13,15)

Figure 3.11
Simplification using prime implicants.
o

C
ch ~ cD -
AP o 1 10 AB 00 01 11 10
m "y "y s - A'B'CD' my my "y my
00 L-1 1~ 00 1 1 1 \
A'B'C'D' / my s ms g CD \_m;\‘ ms "y mg by
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= Bk .. /
/ = . AB'CD’ ‘ =
AB'C'D’ D / D
Note: A'B'C'D’ + A'B'CD' = A'B'D' AB’
AB'C'D" + AB'CD' = AB'D’
A'B'D'+ AB'D' = B'D'’
(a) Essential prime implicants (b) Prime implicants CD, B'C,
BD and B'D' (mpt ms= L &6t AD.and AB', BD, B'D’
=SS DCE RYUSH By)

F=BD+B'D +CD +AD
=BD+B'D’'+ CD + AB’
=BD+BD +BC+AD
@Pearson =BD +BD’'+ BC + AB’ Copyright © 2019 Pearson Education Ltd.
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Figure 3.12

Map for Example 3.7, F(A, B, C, D) =X(0,1,2,5,8,9,10)=BD + BC +
ACD=(A’+B’)(C’+D’)(B’+ D).

(a) B2 & A
F=BD +BC +ACD

BC'D’
\

(b) &2 &= &4

FF=AB+CD+BD 0|2=%,

ER=t e E HEotH

F=(A+B)(C +D)B +D)
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Figure 3.13

o A2 AND HOIEJFOR HOIEN A&
Ol &5 A2 OR HIOIEJHAND HOIEN H&
o g)= 2-d 8 &

Gate implementations of the function of Example 3.7.
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D —
(a)F=B'D +B'C'+A'C'D
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Table 3.1

Truth Table of Function F.
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Figure 3.14
Map for the function of Table 3.1.
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3.5 don’t care &= 4

-2 A0 UHoll nEZX 22 &=8= e g2 =280
7?”55' & = (incompletely specified function) 2]
00l= 10|= &t&olAl 2&. =, don’t care =2 don’tc
OB O0A X2 HAlotL] 2Hetat( =)
« Gl dl 3.8) F(w,x,y,z)=2(1,3,7,11,15) 0| 11,
d(w, x,y, z) = 2(0, 2, 5)
Figure 3.15 )
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(a) F = yz + w'x' (b) F=yz + w'z



3.6 NANDZH NORSE| &

-LIXIE 2 =0l A AND & OR HIOIEEZ L= NAND2H NOR HOIE=
“ae. M0l 4 E0lot)| HE2. WetA AND, OR, NOTS| &L=
=0 = &g+ S NANDEcI NOR =c|== HtZ = UANHOF .

O|

*NAND 2| =2
— NAND J0lE= HE LA E AMAEE 28g = JJ| 20
St

SEHAMQ HIOIE(unlversaI gate)ct ] &

>0 o

AND : —jo
Dc
{>o

Inverter x

xy

o
3)— (xy') =x+y

OR
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« NAND HOIEE

Figure 3.17
Two graphic symbols for a three-input NAND gate.

X ‘ X
y )0— (xyz)' y @ X'yt g =(xXy2)

(a) AND-invert (b) Invert-OR

- NAND HO|E¢t S Tlelole 2 F= AALA
SAOZ 2tetg) LIEFHH =, NAND =2| = B &tgl.

- 2-d|8 e 52 =totel = AND, OR JIOIE= HE.
AND HO|EZ NAND HOIEZ, OR N OIEZ invert-OR & 4] 2
NAND = di&. OtAIZ 2 2 Invert-OR & 4/ = AND-invert 42 =2
Bt s,

H:I

Slot= 2JHAl Jl== Oteli2t £ 5

S
=

—
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Figure 3.18
Three ways to implement F = AB + CD.
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- Ol Al 3.9) F(x,y,z)=2(1,2,3,4,5,7)

Figure 3.19
Solution to Example 3.9.
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3. 1E1| 2 HOIES &=8=
H Ol E(AND-invert &£ = invert-OR)E 1 &

ﬁ

- LI=dlZ NAND &l =

- E= o HE Ao He22-dE 322 £, 1 0l4
dl 2ol HOIE A& HA AND, OR HIOIE=Z &6t ] LEA

NAND= & &t
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Figure 3.20
Implementing F=A(CD + B) + BC'.
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(a) AND-OR gates

1 )

(b) NAND gates
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- EE HE B4 = AtE0tH Li=dlE AND-OR UHO| G118 = NAND

1. AND J|O| &= AND-invert 241 2] NAND HO|E=Z BH &t
2. OR HO|IEE invert-OR &412] NAND HO|E= &t
3. Ol AL H== SAlolA &2 HAWA TIE BHE=2
AMEA E2 HE2 2HEH L= 24 S/lHE =S BHEAIZ
Figure 3.21
Implementing F = (AB’ + A’B)(C + D’).

B'

A’
B

C —\
S

0’

(a) AND-OR gates
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(b) NAND gates



* NOR &
— NAND 2 2 CH &

Figure 3.22
Logic operations with NOR gates.

Inverter x

OR : j'>0 Dc x+y
X {>c
AND (x"+y") =xy

y Dc
X x—3a
Y } (x+y+2z) y —3a b——xy'z' = (x+y +2)
Z Z—0

(a) OR-invert (b) Invert-AND
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0]

o

Iid

Oz Hol=el &= NOR HOIE= &
— 1-dl22] OR HO0|EE OR-invert 2 4/2| NOR NO|E=
— 2-d[2 2] AND HO|EE invert-AND €42 NOR HOIE=Z

Figure 3.24
Implementing F= (A + B)(C + D)E.
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Figure 3.25
Implementing F = (AB’ + A’B)(C + D’) with NOR gates.
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3.7 JIEr2-4|& &

*AND, OR, NAND, NOR JIO|E =2 Bt= =+ %!E 2-dl8 8= 164E. O
S8l HE s&(HE dIE, 22 HOIE)2= H&F. 0[S

= €l(degenerate) &A1 0|2t &.
— AND-AND, OR-OR, AND-NAND, OR-NOR, NAND-OR, NOR-AND,
NOR-NAND, NAND-NOR
LIOAl 8012 £at2 HE 2E 52 HE HOIEZ =2 = 8=, 0|
H|I = &l(nondegenerate) &A1 0|2t 1) &)
— AND-OR, OR-AND, NAND-NAND, NOR-NOR(& & 0| A 00|
&£, NOR-OR, OR-NAND, AND-NOR, NAND-AND
* AND-OR-INVERT &+
— - HOolA 2=(complement, 0)E Z&
LIEtLHA FPE F0t1] S 8EE S A
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Figure 3.27
AND-OR-INVERT circuits, F=(AB + CD + E)".
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(a) AND-NOR (b) AND-NOR (¢c) NAND-AND

@ Pearson Copyright © 2019 Pearson Education Ltd.



3.7 JIEt 2-c| & &

-LPEHKI 8o At HHE g =2 =HY E
= El(nondegenerate) &4/ 0| 2t1] &,
- AND—OR, OR-AND, NAND-NAND, NOR-NOR(& &0l A 0] 0|

&g, NOR-OR, OR-NAND, AND-NOR, NAND-AND
*OR-AND-INVERT —_rlaJ

- St BOIN 12 286D B4

.

ol &2l &5 A4 2= UEHUA

Lol
ol
9
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Figure 3.28
OR-AND-INVERT circuits, F = [(A + B)(C + D)E]".
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——— ;I "B
| — e

(a) OR-NAND (b) OR-NAND (¢c) NOR-OR
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Table 3.2

Implementation with Other Two-Level Forms.

Equivalent
Nondegenerate Implementation Implements Simplify To Get
the F' an Output
(a) (b)* Form into of

AND-NOR NAND-AND AND-OR-INVERT Sum-of-products F
form by combining
(’s in the map.

OR-NAND NOR-OR OR-AND-INVERT Product-of-sums F

form by combining
1's in the map and

then complementing.

*Form (b) requires an inverter for a single literal term.

Copyright © 2019 Pearson Education Ltd.



- Ol Al 3.10)
Figure 3.29
Other two-level implementations.
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o gt HAIOR 2+25}5} D

e FP=xy+xy'+z 0|1
F=(XXy+xy +z)Jt&

S /| —
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(c)F=|(x+y
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X
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3.8 XOR(®) &

A=A O HE E =8 320 AISE
*XOR (BHEtE =2l &, exclusive OR): x@® y = xy’ + X'y

— xJF10[ 4L yIE10IEH 1 > 10| 2IH 1 (Il 2=, odd func.)
*XNOR (BHEtE =2| 2 E &, exclusive NOR): (x ® y) = (xy’ + X'y)

- x,yJt = Ch10l 4Lt = CH 00 1
XBO0=XXB1=X,XBX=0,XxXPX =1, XY =XDBYy=XDy)
XOYy=yo®x, x®y)®z=x®(ydz)=xOydz

O|

XPy=xy+xy=X+y)x+(xX+y)y OBz & 3.30H& & IS

@ Pearson Copyright © 2019 Pearson Education Ltd.



Figure 3.30
Logic diagrams for exclusive-OR implementations.

T
™

x@y

T T

(a) Exclusive-OR with AND-OR-NOT gates

b—x@y

i

(b) Exclusive-OR with NAND gates

Y
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F=(odd function): 12| 2H==J} =201 &=
F A

Ol E+= R & ==(even function): 12| ZHIt &

A® B @ C ® D= (AB +AB) @ (CD’ @ C'D)
= (AB’ + AB)(CD + C'D’) + (AB + AB’)(CD’ + C'D)

=5(1,2,4,7,8, 11,13, 14)

DOII UOII

Figure 3.31
Map for a three-variable exclusive-OR function.
BC ) i ) BC ) 2 X
ANC 000 o1 11 10 4 00 0l 11 10
I)I” m 1 IN_; '"2 mn m | I)I? "12
0 1 1 0 1

IHJ '"5 Hl7 Nlh ln_‘ ’"5 IN7 IH()

Ay1] 1 1 Aql |
C C
(a) Odd function F=AGS B® C (b) Even function F = (A® B® C)’
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Figure 3.32
Logic diagram of odd and even functions.

A— A —Ti

(a) 3-input odd function (b) 3-input even function
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Figure 3.33

Map for a four-variable exclusive-OR function.

C
CD ; n 3
AB 00 01 11 10
m(, ml m 3 m 2
00 ] 1
m 4 m 5 "17 mh ‘
01 1 1
- B
m,z m,_; mls mN
11 | 1
A 4 !
mg my LT My
0] 1 1
D

(a) Odd function F=AS BB CDHB D

CcD 2
AB 00 01 11 10
"10 n 1 m 3 lnz
00| 1 1
my ms my mg
01 1 1
( "llz "‘l:‘. I"IS l"’.‘ I B
il 1 1
A 4
mg mg myy g
10 1 1
!
D

(b) Even function F = (AS BB CEH D)’
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A
Table33 A Table 3.4 A4
Even-Parity-Generator Truth Table. Even-Parity-Checker Truth Table.

ree-Bit Message Parity Bit our Bits P r
Received Check

X y z P
@ o— 3] = x y z i C_
0 o 1T ——T L4180 o (o) D)
0 { 0 { 0 0 0 1 1
0 T 1 A 0 0 I 0 1
= P + ) o 0 1 1 0
» 5 0 1 0 0 1
1 1 0 0 0 1 0 1 0
| | | , 0 1 1 0 0
| &0 1 1 1 1
0 0 0 1
—V o Y, ©
A 1 | 0 0
0
|
1
0

9,
\?
|

—
-0 = O
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Figure 3.34
Logic diagram of a parity generator and checker.

YOR- YoR

(a) 3-bit even-parity generator (b) 4-bit even-parity checker

— =

b~
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Figure 3.37
Schematic for and _or_prop_delay.

A G ] wl
B 30ns | D
C ® E
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Table 3.5
Output of Gates after Delay.

Input Output

Time Units

(ns) ABC E wl D

Initial — 000 1 0 1
Change — 111 1 0 1
10 111 0 O 1

20 111 0 0 1

30 111l © 1 0

40 111 @ % 0

50 111 © T 1
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Figure 3.38
Simulation waveforms of and_or _prop delay.

Stimulus events Response events
N 0.0 ns 58.0 ns 116.0 ns / 174.0 ns
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