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Chapter 2 Solutions

21.

a) 1000010

b) 110001

c) 1000000001

d) 1101100000

e) 11101101001
f) 11111011111

2.2,

a) 3010, 368, 1E16

b) 26, 32, 1A

c) 291, 443,123

d) 91, 133,5B

e) 87810, 15568, 36E16
f) 1514,2752, 5SEA

2.3.

a) 01100110

b) 11100011

c) 0010111111101000
d) 011111000010

e) 0101101000101101
f) 1110000010001011

24,

a) 000011101010
b) 111100010110
c) 000010011100
d) 101111000100
e) 111000101000

2.5.
Decimal | Octal | Hexadecimal
a) -53 713 CB
b) 30 36 1E
c) -19 55 ED
d) -167 | 7531 F59
e) 428 654 1AC
2.6.

a) 11100101;229
b) 10110001; 177
c) +11010110; 214
d) 101011101; 93

2.7.

a) 11100101;-27
b) 10110001;-79
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c) 111010110; 42
d) 101011101;93

2.8.

a) 01101111; 111
b) 11001001; 201
¢) 11110000; 240
d) 10110001; 177

2.9.

a) 01101111; 111
b) 11001001;-55
c) 11110000;-16
d) 10110001;-79

2.10.

Binary calculations

Unsigned decimal calculations

Signed decimal calculations

1001 +0011=1100
No overflow

9+3=12
No overflow error

-7+3=-+4
No overflow error

0110+ 1011 =10001
Overflow

6+11=1
Overflow error

6+(-5)=1
No overflow error

0101 +0110=1011
No overflow

5+6=11
No overflow error

5+6=-5
Overflow error

0101 -0110=1111
No overflow

5-6=15
Overflow error

5-6=-1
No overflow error

1011 -0101=0110
No overflow

11-5=6
No overflow error

-5-5=6
Overflow error

2.11.
x|y lz]|xyZz " xyz' | xyz | F
0]0]0 1 0 0 0 |1
0]0]1 0 0 0 010
0j1]0) o0 0 0 010
0[1]1 0 1 0 0 |1
1]0]0) O 0 1 0 |1
1{0]1 0 0 0 010
1{1]0] O 0 0 010
1[1]1 0 0 0 1 |1
(a)

6

x|y lz|xz | xyz' |xyz | xyz' | F
0]0]0] O 0 0 0 [0
0]0]1] O 0 0 0 10
0]1]0] O 1 0 0 |1
0j1]1}] 0 0 0 0 10
110]0] O 0 0 0 10
1{O0]1] 1 0 0 0 |1
111]0] O 0 0 1 |1
I1{1]1] 0 0 1 0 |1
(b)
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212,

(a) F=a'bc'+a'bc + abc’

(b)) F=wXxyz'+ wixyz'+ why'z + wxyz + wx'y'z + wx'yz' + wxy'z'+ wxy'z + wxyz
(c) Fi=wXxyz'+ wixyz+wky'z+ whkyz'+ wx'y'z + wx'yz' + wxy'z'+ wxyz

Fo=wXyZ'+ wXxy'z + wi'yz'+ wxyz + wxy'z + wxy'z' + wxy'z + wxy'z' + wxy'z + wxyz' + wxyz

(d) F=N;'N2'NiNo'+ N3'Na'NiNg + N3'NaN1iNo' + NaN2'NiNo' + N3N2'NiNo + N3N2N1'No' + N3NaN1No

2.14.
(a)
., . , Left ., " Right
wlx fy |z | w2 | wy | wx'z | wayz | e w2l xyz | wxy'z | wyz | Cen
0|00 |0] 1 0 0 0 1 1 0 0 0 1
0|0|0O|1] O 0 0 0 0 0 0 0 0 0
0|01 |0] 1 0 0 0 1 1 0 0 0 1
0|0|1]|1] O 0 0 0 0 0 0 0 0 0
O|1]0|0] 1 0 0 0 1 1 0 0 0 1
O|1]0|1] O 0 0 0 0 0 0 0 0 0
0110 1 1 0 0 1 1 0 0 0 1
O|1]1]1] O 1 0 0 1 0 1 0 0 1
1{0[0|0O] O 0 0 0 0 0 0 0 0 0
1{0jO|1] O 0 1 0 1 0 0 1 0 1
1{0[1]0] O 0 0 0 0 0 0 0 0 0
L{Oof|1]1] O 0 1 0 1 0 0 0 1 1
1{1]0]|0] O 0 0 0 0 0 0 0 0 0
L{1]0|1] O 0 0 0 0 0 0 0 0 0
L|{1]1]0] O 0 0 0 0 0 0 0 0 0
1|1 |1]1 0 0 0 1 1 0 1 0 1 1
(b)
8

N N | Ny No N3'N>'NINy' N3'N>'N 1Ny N3N>'NINy' N3N>'NiNy NsNoN 'Ny' N3N>N1Ny F
0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 1
0 0 1 1 0 1 0 0 0 0 1
0 1 0 0 0 0 0 0 0 0 0
0 1 0 1 0 0 0 0 0 0 0
0 1 1 0 0 0 0 0 0 0 0
0 1 1 1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 1
1 0 1 1 0 0 0 1 0 0 1
1 1 0 0 0 0 0 0 1 0 1
1 1 0 1 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 1 1

(h)
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wilx|yl|lz|wxyz|wiyz| wy?z| woyz g ok
Side Side
0/{0|10]0 0 0 0 0 0 0
0/0|0]1 0 0 0 0 0 0
0|0|11]0 0 0 0 0 0 0
0|0 (|1]1 0 0 0 0 0 0
0|1101]0 0 0 0 0 0 0
0|1(0]1 1 0 0 0 1 1
O|1|11]60 0 0 0 0 0 0
O|1(|1]1 0 1 0 0 1 1
10|00 0 0 0 0 0 0
10|01 0 0 0 0 0 0
10|10 0 0 0 0 0 0
10|11 0 0 0 0 0 0
1{1]01]0 0 0 0 0 0 0
11|01 0 0 1 0 1 1
11110 0 0 0 0 0 0
1111 0 0 0 1 1 1
(8)
Xi | yi|ci|xpyi|xityi| clxity) é;{é xyici | xyici' | xyi'ei | xilyici Igg:
0[0[O0] O 0 0 0 0 0 0 0 0
0]0(1 0 0 0 0 0 0 0 0 0
0O[1(0] O 1 0 0 0 0 0 0 0
0111 0 1 1 1 0 0 0 1 1
1{0(0] O 1 0 0 0 0 0 0 0
1101 0 1 1 1 0 0 1 0 1
1{1]0 1 1 0 1 0 1 0 0 1
11111 1 1 1 1 1 0 0 0 1
(h)
Xi | yi|ci|xyi| xityi| cixityi) é;{é xXyi | Xi @ yi | cixi D yi) ]ggg
0|00 O 0 0 0 0 0 0 0
0011 0 0 0 0 0 0 0 0
0|10 O 1 0 0 0 1 0 0
0111 0 1 1 1 0 1 1 1
1{10(0] O 1 0 0 0 1 0 0
11011 0 1 1 1 0 1 1 1
11110 1 1 0 1 1 0 0 1
11111 1 1 1 1 1 0 0 1
2.19.

(@) wZz'+wky+wx'z+wxyz
=wXxy'z'+ wixyz'+ why'z'+ wixyz'+ wiyz'+ wiyz + wx'y'z + wx'yz + wxyz
=wXxy'z'+ wixyz'+ wixy'z'+ wixyz'+ wiyz + wx'y'z + wx'yz + wxyz
=wZ'+ whyz + wx'y'z + wx'yz + wxyz
=wZ'+ (wHwxyz + wx'y'z + wx+x)yz
=wZ'+xyz+wxy'z + wyz

(b) z+y'+yz'
=z(y"y) + (zH2)y" +yz’

10
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=ity Iy tepty
=2(yHy) + 2'vy)
=z+z'

=1

() xy'z'+x'+xyz
=xz'(y'+y)+x’'
=xz'+x'
=xz'+1x'
=@x+Dx+x)H)E'+DE'+x")
=lelel(z'+x")
=x'+z

(d) xy+x=z+yz
=xy(z"z) +x'(yHy)z + (x"Hx)yz
=xyz'+xyz +xy'z + x'yz + ¥z + =
=xy(zz) + x'(yHy)z
=xy(1) +x'(1)z
=xy+x’z

() wix'yz'+wx'yz +wx'yz' + wx'yz + wxyz
=[wiXxyz'+ wi'yz + wx'yz'+ wx'yz] + [wx'yz + wxyz]
=xy(w'z"+ w'z+ wz'+ wz) + w(x"+x)yz
=xy+wyz
=y(x'+wz)

® wkyz+whyz+wxy'z + wxyz
=xyz(w'+w) + xyz(w'+ w)
=xy'z +xyz
=xz(y +5)
=Xz

(&) xpi+cilxi+yi)
=xyit xici + yici
=xyilcitci') T xyi+yi" i+ (o +xi" yici
=xyici + xyici' + xgie; + xpi'ci + x3uei + xi'vici
=xyici + xyici' + xpi'ci + xi'yici

(h) xpi+ cilxi+ i)
=xyitxici tyici
=xyilci+ci') T xdyi+ yi" )ei + (i + xi" yici
=xyici t xyici' + xpue; + xi'ci + xgie: + xilyici
= xpici T xyici' + xyi'ci + xilyici
=xpdci+ i) +eilxyi’ + xilyi)
=xpi t ci(xi © yi)

2.20.

(a) xyz'+xyz+xy'z'+xyz
=(x+xYz'+ (x +xyz
=yz'+yz
=y@z

(b) xy'z+xyz'+xyz + xpz’

=(x +xyz'+x(y + )z
=yz'+xz

11
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(c) whxyz+wxyz+wxy'z + wxyz

=xz(Wy'+wly +wy'+wy)
=xz

(d) wxy'z+w'yz'+wxz + xyz’

=wxz + yz'(x+w’)

() xy'+xy'z+xyz'

=xyz+xyz'+xy'z+xyz’'
=xy'+yz+xz'
=yl(x+2z)+xz'

® wZz'+wxy+wx'z+wxyz

(2

=wz'+ whyz + whyz'+ wx'z + wxyz

=wZ'+ xyz(w'+ w) + wixyz'+ wx'z
=wZ'+xyz + wx'’z
=w’z"+ z(xy + wx')

[(cty") (2)" ] '+ xy)

=[(ty") (2] (" + xly)
=[xz’ ' +yz ('t xly)
= [xz'+ T (" +x)
=xy'z'+xxyz'+ yxy'+yxly
=xy'z'+ xy'

:xy,

(h) N3'N2'NiNo'+ N3'N2'NiNy + N3N2'NiNo' + N3N 'NiNy + NaNoN1 Ny’ + N3sNaN1iNg

2.21.

2.22,

Fo=@'+y +xy +xy) (x' +yz)

— (o L4y e L+x)y +xp) (' + y2)

= () () Y ) (6 2)
= (6 XY R ) (6 32)
= (X XY ) (5 2)

=@ @HY)Tx ) 6+ yz)
=(x'el+txel)(x'+yz2)
=(x"+x) (x"+y2)

=1(x"+yz)

= @'+ y2)

by Theorem 6a
by Theorem 9b
by Theorem 12a
by Theorem 7b
by Theorem 12a
by Theorem 9b
by Theorem 6a
by Theorem 9b
by Theorem 6a

For three variables (x, y, z), there is a total of eight (2°) minterms. The function has five minterms, therefore, the
inverted function will have three (8-5=3) minterms. Hence, implementing the inverted function and then adding
a NOT gate at the final output will result in a smaller circuit. The circuit requires 3 AND gates, 1 OR gate, and 1

NOT gate.
2.23.
x|y|z 4 4 4 4 4 viwl|x|y|z 5 5
AND NAND NOR XOR XNOR XOR XNOR
0]0]0 0 1 1 0 1 0]0(0|0]0 0 0
0]0]1 0 1 0 1 0 0]0]0|0]1 1 1
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wlx |y |z|wwz|(x®@y) | w2z ®@x) | [Wyztwzi@x)] | F
0/0]0]0 0 0 0 0 1
0/0]0]|1 0 0 0 0 1
0[0]11]0 0 1 0 0 1
0[O0 |11 0 1 1 1 0
0[1]0]0 0 1 0 0 1
0O[1]0]|1 1 1 1 1 0
0[1]1]0 0 0 0 0 1
0|1 |1]|1 0 0 0 0 1
1/10(0]0 0 0 0 0 1
110]0]1 0 0 0 0 1
10|10 0 1 0 0 1
11011 0 1 0 0 1
111]0]|0 0 1 0 0 1
1101 0 1 0 0 1
1110 0 0 0 0 1
I |1]1]1 0 0 0 0 1
(c)

b)
F=[(x®y)'+ (xyz)] (W' +x+2)
=y’ +xy+x'+y' +20)] (W +x+2)
=@ty +z)(wt+x+z)
=(ww'+x' Ty z) (Wt x Fyy'tz)
=wHx'+ty' +z)WHx' Ty ) (Wtxty+tz) (W x+y' +z)
=T1(M7 + Ms + Mo + Mis)
(@)

F=[wxyz+wz(y ®x)]

F=x®y®dz =[why'z]' [w'z (v © x)]'

= (' txy)z'+ (' +xl)z
=xyZ'+xyz'+xyz+xhy'z
= (rty+2)(ety +2)(x Hy H2)(xy +2)
= H(M() + M5 + Mg + M7)

(b

2.26.
F=[(x®y)+ @)W +x+2)

=y +xly+x'+ty'+ )] (W txtz)

(' +y'+z)(wtxtz)

=xwt+xx+txz+yw +yx+yz+zw +zx+z2=2
=wh'+txz+wy +xy' +yz+w=z'+xz’'
=x@z)+xy'+wk'

or(x®z)+xy'+wz'

or(x®z)+yz+whk'

or(x®z)+yz+wz'

(a)

= [whxtry+z] [wz'+ (7 © x)]
= [ty [z xy + xy ]

= [wkxtyt] bty 2] Pkt
= H( M5+ Ms)
(c)
F=x®y®:z
(b)
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F=[wxyz+wz(y®x)]
=[why'z]' [wz (y © x)]’
= [whxty+z] [wtz'+ (v © x)]
= [whx"ty+z] [wtz'+ xy + xy]
=w+wz' +wxpy + ey + ! Fx2 XY Hwpt+ i+ xy Hwe'+ 2+ e+
=w+z'+xy" +xp

=w+z'+(x ©y)
(c)
2.27.
. N Left Side | Right Side

x|y Let Side x ©y | Right Side x®Dy’ x®y

X@y , 0Jo0][1 1 1

(9 ) o[1]o] o 0

010 0 1 0 1701 0 0
011 I 0 ! 1[1]0 1 1
10 1 0 1 )
1|1 0 1 0

(a)

w x y z|wlx y®z LeftSide w®x y®z Right Side Right Side
(wdx) © (yB2) (wWOx) ©® (¥Oz) (WOx)®©y)®2)
0/{0]0]O0 0 0 1 1 1 1 1
00|01 0 1 0 1 0 0 0
0|{0|1]0 0 1 0 1 0 0 0
010|111 0 0 1 1 1 1 1
0|1]0]0 1 0 0 0 1 0 0
0|1]0]1 1 1 1 0 0 1 1
0|1(1]0 1 1 1 0 0 1 1
0|1 ]1]1 1 0 0 0 1 0 0
170]0(0 1 0 0 0 1 0 0
110101 1 1 1 0 0 1 1
110110 1 1 1 0 0 1 1
110111 1 0 0 0 1 0 0
111700 0 0 1 1 1 1 1
1]1]0]1 0 1 0 1 0 0 0
11110 0 1 0 1 0 0 0
11 ]1]1 0 0 1 1 1 1 1
(c)

, o L o , Left Side Right Side
x|y |z ) | ()% | ()| ()% ((x)9)] (D)W | x®y
0/0]0 1 1 1 1 0 0
0|01 1 1 1 1 0 0
0|10 1 1 0 0 1 1
0|11 1 1 0 0 1 1
1100 1 0 1 0 1 1
101 1 0 1 0 1 1
110 0 1 1 1 0 0
1|11 0 1 1 1 0 0

(d)
16
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2.28.

(x@y)=xy'+xly x @y =xy+xy’
=xx"+xy'+xy+yy’ =x@y
=(x+y) ("+y) (b)
= () (xp)'
=[xy + )]’
=(xOy)

() %) ()]’
= (%) + () )
=@y e (Y )y
=x'+xy' +xy+py
=+
=x®y

(a)

(d)
2.29.

x®ydz
=x®y)Dz
=(xy+txy') Dz
=@y +xy')z'+ (ly+xy')z
=z s () () s
=xyz'+xyz'+ (xty') (x*y) z
=xyz'+xy'z' + ezt xyz + XYz + ypy=
=xyz+xyz'+xy'z' + xyz

2.30.

x@y®z=xDy) Dz
=(xy+tx) @z
=@y +xy)z+ (xy+xy) 2’
=(xy)" () z+xyz' +xy’
=(ty) @ty ztxyz' Ty
=xxz+xyz+txyz+yps+xyz' +xp’2’
=@y +xy)z+ly+xy)z’
=@y +xy)z+ oy +xy)'z
=(x@y) z+ (xOy)'z’
=x©y®©z

2.31.

(a) F(x,y,z) = H(M1, Mz, Ms, MG)
(b) F(x,y,z) = H(M(), M1, M3, M4)
(C) F(w,x,y,z) = H(M(), M1, Mz, M3, M4, MG, Mg, Mg,
Mo, M1, M2, Mhs)
(@) F(x,y,z) = X(mo, m3, ma, ms) (d) Fwpx,p,z) = T(Mo, M1, Ms, My, Ms, My, Ms, M,
) F(x,y,2) = Z(m2, ms, me, m7) Mo, My, M12)
(¢) F(wwx.y,z) = Z(ms, m3, miz, mis) (e) F(xp.z)=T1(Mo, Ma, Ms, M)
(d) F(w,x,y,z) = Z(st me, mMmi3, ni4, mlS) (f) F(w,x,y’z) = H(Ml’ M3’ MS, Mg, MIO, M12, M13,
(e) F(x,y,z) =X(mi, ma, ms, me) Mis)
() F(w.x,,z) = Z(mo, ma, ma, ms, ms, mo, mii, mis) (2) F(x,y,z) =TI(Mo, My, My, M, M, M)
(&) F(xy.2) = Z(ma, ms) (h) F(N3,N2,N1,No) = TI(Mo, M, Ma, M, M, M7, Ms,
(h) F(N3,N2,N1,No) = Z(ma, ms, mio, mi1, miz, mis) Mo, My3, M4)
(a) (b)
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2.32,

(a) F(x,y,z)=xyz+x"yz+xyz (b)) Fwxy,z)=wxyz+wxyz+wkyz
(c) Flxy.z) = (xtytz)) (xty™z') (xHy*+z) (d) Fwxyz) = (whxtytz)  (whxtyHz)
(wxty'z)

() F'xyz)=xy2z'+xyz'+xyz' +xpy'z+xpz’
(O Fxp.2) = (xty+z) (cty™z) (xHytz) (xHy+z) (x+y'tz)

2.33.

F'is expressed as a sum of its 0-minterms. Therefore, F is the sum of its I-minterms = %(0, 2, 4, 5, 6). Using
three variables, the truth table is as follows:

x|y |z Minterms F
01010 mo=x'y'z' 1
001 m=x'y'z 0
0110 my=x'y z' 1
0|11 m=x'yz 0
1101]0 mg=xy'z' 1
1 101 ms=xy'z 1
1110 me=xyz 1
1|11 m=xyz 0

F =%3,4,5) =m3+ms+ms

=xyz+xy'z’ +xy’z

:E b )E b ,)E 9 )
(X )y ) )y +2)
‘ b 9 )(x’+Z’ +y’)E 2 2 )
0 +x + )35 +x +2)
‘ i )‘ i ’)E 2 )
(4 +2 + D)ty Yobrs)
z+x+x)(z+x+y)z+x+2)
E+y +x)E+y +y)z+y +2)

=@WHY )@Yy )ty )ty tz)(xty’tz)

2.35.
a)
Product-of-sums (AND-of-OR) format is obtained by using the duality principle or De Morgan’s Theorem:
Fr=(xty+2) o (xHy42) o (') (x4 2)
b)

Sum-of-products (OR-of-AND) format is obtained by first constructing the truth table for ' and then
inverting the 0’s and 1’s to get ' ". Then we simply use the AND terms where F'= 1.

x |y z | F | F'
0] 0] 0¢|O 1
01]0 1 0 1
0 1 0] 0 1
0 1 1 0 1
1 010 1 0
1 0 1 1 0
1 1 0 1 0
1 1 1 1 0
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F'=xy7'+xy'z+x"yz'+ x'yz
2.36.

a)

F=w®x®y0O®:
=(wx+twx')©®@y®:z
=[wx+whix')y+wx+wix") y' Jz+ [(wx+wXx")y+wx+wk') y' ]z
= wyz + Wiz + (wx) (W )’z + [wx - wi )y (e + wi' ) ']
=mis+mz+ (WHx" )W)z + [(wx + wx" )y + (wx + wix') y']' 2’
=mistmy+whyz+wxyz+[(wx+wh')y+wx+whk') y']'z
=mis+m3z+ms+mo+ [(wx+wx")y]'[(wx +wix")y']z
=mis+mz+ms+mo+ [(wx+wx") +y"][(wx+wk')+ylz
=mis +msz+ms+mo+ [(wx) (wWx") +y'] [wxz'+ wix'z'+ yz']
=mis +msz+ms+mo+ [(WHx")wtx) +y' ] [wxz'+ wx'z'+ yz']
=mis+mz+ms+mo+ [wx+wx'+y' ] [wxz'+wx'z' +yz']
=ms +m3z+ms+mo+ wxyz'+wxyz' + wxyz'+ wi'ly’z'
=mis+m3+ms+mg+ mec+mot+matm

2.37.
a)

module P2 24a (

input w,x,vy,z,

output F
)7

assign F = (~(x%y) | ~(x&y&z)) & (~w|x|z);
endmodule

b)

module P2 24b (
input x,vy,z,
output F

);
assign F = x"y*z;

endmodule

¢)

module P2 24c (

input w,x,vy, 2z,

output F
);

assign F = ~((~w&x&~y&z) | (~w&z&(y"x)));
endmodule
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2.38.
a)

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.all;

ENTITY P2 24a IS PORT (
w,X,y,z: IN STD LOGIC;
F: OUT STD_LOGIC) ;

END P2 24a;

ARCHITECTURE Dataflow OF P2724a IS
BEGIN

F <= (NOT (x XOR y) OR NOT (x AND y AND z)) AND (NOT w OR x OR z);
END Dataflow;

b)

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.all;

ENTITY P2 24b IS PORT (
X,Y,r2: IN STD LOGIC;
F: OUT STD LOGIC);

END P2 24b;

ARCHITECTURE Dataflow OF P2 24b IS
BEGIN

F <= x XOR y XOR z;
END Dataflow;

©)

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.all;

ENTITY P2 24c IS PORT (
w,X,y,2z: IN STD LOGIC;
F: OUT STD_LOGIC) ;

END P2 24c;

ARCHITECTURE Dataflow OF P2 24c IS
BEGIN

F <= NOT ((NOT w AND x AND NOT y AND z) OR (NOT w AND z AND (y XOR x)));
END Dataflow;

20
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2.39.

// this is a Verilog behavioral model of the car security system
module Siren (

input M, D, V,

output S
) i

wire terml, term2, term3;

always @ (M or D or V) begin

terml = (M & ~D & V);
term?2 (M & D & ~V);
term3 = (M & D & V);
S = terml | term2 | term3;
end
endmodule

2.40.

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;

ENTITY Siren IS PORT (
M, D, V: IN STD LOGIC;
S: OUT STD LOGIC);

END Siren;

ARCHITECTURE Behavioral OF Siren IS
BEGIN
PROCESS (M, D, V)
BEGIN
S <= (M AND NOT D AND V) OR (M AND D AND NOT V) OR (M AND D AND V);
END PROCESS;

END Behavioral;

21
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Digital Logic and Microprocessor Design

Binary Number

Decimal Hexadecimal

©OCooNOOCOTR~,WDN —O

0
1
2
3
4
)
6
/
8
9
A
B
C
D
E
F
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Value of a Binary Number

For decimal number:

658, = (6 x 102) + (5 x 101) + (8 x 10°)
- 600 + 50 + 8 = 658,

For binary number:

1011011, = (1 x 25 + (0 x 2°) + (1 x 24) + (1
x 23) + (0 x 22) + (1 x21) + (1 x 29)
=64+0+16+8+0+2+1=91,,
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Convert Decimal to Digital

. Least significant bit

= 1011011

Most significant bit
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Digital Logic and Microprocessor Design

Octal and HeXx

with Interfacing, 2E

= QOctal = Hex

001 110 O11 0110 1101 1011

1 6 3 6 D B

5 7 2 4 5 C F

101 111 010 100 0101 1100 1111

5724, = (5x83%) + (7x82) 5B5CA;=(5x16%) + (C x 167) +
+ (2 x 8") + (4 x 89) (F x 169)

=2560 +448 + 16 + 4 =(5x162) + (12 x 167) + (15 x

=30281O 160)
=1280 + 192 + 15
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Binary Number Arithmetic
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Negative Number

Signed or unsigned number representation

Use two’s complement representation for signed
numbers

For signed numbers, the MSB tells whether the
number is positive or negative

0 = positive
1 = negative

If signed number is positive then you can find the
value just like for unsigned numbers
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Digital Logic and Microprocessor Design

Negative Number

with Interfacing, 2E

= |f signed number is negative then you need to do two steps
to find its value:

(1) Flip all the 1 bits to 0’s and all the 0 bits to 1’s.
(2) Add a 1 to the result obtained from step (1).
= The negated value obtained from step (2) is the value of
the original signed number
1001 (original number — MSB 1s a 1)
(1) 0110 (fhip all the bits)
(2) 0111 (add a 1 to the previous number)
0111 =7, therefore 1001 =-7
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Digital Logic and Microprocessor Design

Negative Number

4-bit Binary Two’s For 4-bit number:

C | t :
0000 omyen range is 0 to 24 — 1

0001 =0to 15
0010

0011 A .
0100 For 4-bit number:

0101 range is —23 to 23 — 1
0110

0111 =—810 7/

1000

1001 _hi :
L For n-bit number:

1011 range is 0 to 2" — 1
1100

o For n-bit number:
1111 range is —2"1to 21 — 1
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Digital Logic and Microprocessor Design

Example

= Find the two’s complement number for —58

Start with +58 2058 0 o Least significant bit
2129 1
2114 0
27 1 111010
2.3 1

1 Most significant bit

Binary for +58 is 0111010. Need to add a leading O,
otherwise it is a negative number!

0111010 =58

1000101 Flip all the bits

1000110 add a 1 to the previous number
Therefore, 1000110 = —58
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Digital Logic and Microprocessor Design

Sign Extension

with Interfacing, 2E

= For unsigned numbers, extend with 0
= For signed numbers, extend with the MSB

Original Sign Original Sign
Number Extended Number Extended

10010 11110010 0101 00000101
Flip bits 01101 00001101
Add 1 01110 00001110

Value — 14 —14
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Signed Number Arithmetic
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

1. Perform the following 4-bit unsigned
number addition. Is there an overflow
error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

1. Perform the following 4-bit unsigned
number addition. Is there an overflow
error?

0101

)
+ 1 0 1 1 +11
10000
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

1. Perform the following 4-bit unsigned
number addition. Is there an overflow
error?

0101 )
+ 1011 = +11
10000 16

Yes, there is an overflow error
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

2. Perform the following 4-bit unsigned
number addition. Is there an overflow
error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

2. Perform the following 4-bit unsigned
number addition. Is there an overflow
error?

= 5

= 11
No, there is no overflow error

010 1
+0110 = +6
101 1
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

3. Perform the following 4-bit signed number
addition. Is there an overflow error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

3. Perform the following 4-bit signed number
addition. Is there an overflow error?

010 T
+ 1 0 1 1
10000

No, there is no overflow error
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

4. Perform the following 4-bit signed number
addition. Is there an overflow error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

4. Perform the following 4-bit signed number
addition. Is there an overflow error?

010 1
+ 0110 +
1011

-5

Yes, there is an overflow error
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

5. Perform the following 4-bit unsigned
number subtraction. Is there an overflow
error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

5. Perform the following 4-bit unsigned
number subtraction. Is there an overflow
error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

5. Perform the following 4-bit unsigned
number subtraction. Is there an overflow
error?

0101 =
- 0110 =

L I 15
Yes, there is an overflow error
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

6. Perform the following 4-bit signed number
subtraction. Is there an overflow error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

6. Perform the following 4-bit signed number
subtraction. Is there an overflow error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

6. Perform the following 4-bit signed number
subtraction. Is there an overflow error?

01
10 =
1 1

1

No, there is no overflow error
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

/. Perform the following 4-bit signed number
subtraction. Is there an overflow error?

0101
-~ 1000
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

/. Perform the following 4-bit signed number
subtraction. Is there an overflow error?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Binary Arithmetic

/. Perform the following 4-bit signed number
subtraction. Is there an overflow error?

5

010 1
- 1000 —(-8)
110 1 -3

Yes, there is an overflow error
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Digital Logic and Microprocessor Design

Binary Switch

with Interfacing, 2E

Control

In ~
oO—O

(a)

Battery —
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Digital Logic and Microprocessor Design

Basic Logic

with Interfacing, 2E

AND F=xandy F=xey F =xy

OR F=xory F=x+y

NOT F=x" F=x

Precedence from high to low: NOT/AND/OR
" F=xy+z2'" F=x(y+2z)
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Digital Logic and Microprocessor Design

Logic Gate

with Interfacing, 2E

= Logic gates are the actual physical devices that
iImplement the logical operators

= Using Logic Symbol to denote logic gates
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Digital Logic and Microprocessor Design

Logic Gate

NAND F = (xy)’

NOR F=(X+Y)’

XOR - =X® y=xy+ xy'
XNOR F=x® y=xy"+ xy

For even number of inputs xor = xnor"’
XDy =(xO©y)

For odd number of inputs xor = xnor
X@y®z)=(Xx©Oy0o® 2
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Digital Logic and Microprocessor Design

Truth Table

2-NAND 2-NOR 2-XOR 2-XNOR
(xey)' (X+y)’ XDy

’
0
0

0
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Digital Logic and Microprocessor Design

Truth Table

3-OR 3-NAND 3-NOR 3-XOR 3-XNOR

X+Yy+2 (xoyez) (x+y+2) XOy®Dz XOy®z

0

X
0
0
0
0
1
’
’
’

- 24 00 =+ -+ 00
- O 20 20 =0 N
— O O O OO OO
O — = ke d e
OO OO OO0 —
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
an AND gate?
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
an AND gate?
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
a NOT gate?
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Digital Logic and Microprocessor Design

with Interfacing, 2E N AN D Gate

= How can you use a NAND gate to work like
a NOT gate?

|

1
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
an OR gate?
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
an OR gate?

Use DeMorgan’s Theorem
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
an OR gate?

Use DeMorgan’s Theorem

X+y = (X+y)"’
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Digital Logic and Microprocessor Design

NAND Gate

with Interfacing, 2E

= How can you use a NAND gate to work like
an OR gate?

Use DeMorgan’s Theorem

X+y = (x+y''
= (xy')’
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Digital Logic and Microprocessor Design

XOR Gate

with Interfacing, 2E

= Use AND, OR, and NOT gates to
implement the XOR gate
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Digital Logic and Microprocessor Design

XOR Gate

with Interfacing, 2E

= Use AND, OR, and NOT gates to
implement the XOR gate
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Digital Logic and Microprocessor Design

XOR Gate

with Interfacing, 2E

= Use only NAND gates to implement the
XOR gate

X

Y
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Digital Logic and Microprocessor Design

XOR Gate

with Interfacing, 2E

= Use only NAND gates to implement the
XOR gate
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Boolean Algebra

= Circuits built with binary switches can be
described using Boolean algebra.

= Let B ={0,1} be the Boolean algebra. We
have axioms, single variable theorems, and
two or three variable theorems.

= Can be used to reduce circuit size.
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Boolean Algebra

1b.
2b.
3b.
4b.

5b.
XxXel=1ex=x ob.
XeoX =X 7b

(x")' =x

X.X':O 9b

Xey=yeXx

(xoy)+(xez)=xe
(y +2)
(Xeoy) =X +Yy

10b.
(xey)ez=xe(yez) 11b.

12b.

13b.

1+1=1
0+0=0
1+0=0+1=1
1'=0

()

X+1=1
X+0=0+X=xX
X+ X=X

Null Element

|dentity

ldempotent

Double Complement

X+ X =1 Inverse
(b)

X+Y=Y+X

(X+y)+z=x+(y+ 2)

Commutative
Associative

Distributive

(X+y)e(X+2)=X+(ye2)

(X+Yy)=x oy DeMorgan’s

(C)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Reduce Logic Expression

using Boolean Algebra
= Use Boolean algebra to reduce the
expression x + (x e y) as much as possible

x+(xey)=(xel)+(xey)

=xe(1+y)
=xe (1)

=X
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Digital Logic and Microprocessor Design

Boolean Algebra

with Interfacing, 2E

= Use Boolean algebra to reduce the
equation as much as possible

F= (x'yz) + (xy'2) + (xyz") + (xy2)
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Boolean Algebra

= Use Boolean algebra to reduce the
equation as much as possible
F=(xyz) + (xyz) + (xyz) + (xy2)
= (x'yz) + (xy2) + (xyz) + (xyz) + (xyz) + (Xy2)
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Boolean Algebra

= Use Boolean algebra to reduce the
equation as much as possible

F=(x"yz) + (xy'z) + (xyz') + (xyz)
= (x'yz) + (xy2) + (xyz') + (xyz) + (xyz2) + (xy2)
= (x'yz) + (xyz) + (xy'2) + (xyz) + (xy2) + (xy2)
= [(x'yz) + (xy2)] + [(xyZ) + (xy2)] + [(xyz) + (xy2)]
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Digital Logic and Microprocessor Design

Boolean Algebra

with Interfacing, 2E

= Use Boolean algebra to reduce the
equation as much as possible

F=(x"yz) + (xy'z) + (xyz') + (xyz)
= (x'yz) + (xy2) + (xyz') + (xyz) + (xyz2) + (xy2)
= (x'yz) + (xyz) + (xy7) + (xyz) + (xyz") + (xy2)
= [(x'yz) + (xy2)] + [(xyZ) + (xy2)] + [(xyz) + (xy2)]
=yz(x'+x) + xz2(y"+ y) + xy(z" + 2)
= yz(1) + xz(1) + xy(1)
=V + X7 + XYy
=z(y + x) + xy
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Digital Logic and Microprocessor Design

with Interfacing, 2E Duality PriI‘Ciple

= Dual: changing AND with OR and vice versa,
Changing 0 with 1 and vice versa
(Xxoy'ez)+(xeyeZ')+(yez)+0
(X+y' +2)e(X+y+Z')e(y+2)e1
= Duality Principle: if a Boolean expression is true,

then its dual is also true
X+1=1Iistrue. xe 0 =0Is true

= The inverse of a Boolean expression can be
obtained by taking the dual of that expression and

then complementing each variable.
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with Interfacing, 2E

Boolean Function and Inverse

= Boolean function: logic expression to
describe digital circuit.

Three AND Terms

T

Fx,yz)=xy'z+xyz +yz

v

3-Variable 2-Variable
AND Term AND Term

Sum-of-product
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

= We are mainly interested in when a function
evaluatesto a 1

Three AND Terms

T

Fixyz)=xy'z+xyz' +yz

3-Variable 2-Variable
AND Term AND Term

F =1 when any one of the three AND terms
evaluate to a 1

The first AND term, xy'z, equals 1 if
x=1,y=0,and z=1
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

Three AND Terms

A

Fxyz2)=xy'z+xyz +yz

3-Variable 2-Variable
AND Term AND Term

The last AND term, yz, equals 1 if
y=1and z=1

the missing variable, x, means it doesn’t matter
what its value Is, so it can be either O or 1
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

Three AND Terms

A

Fxyz2)=xy'z+xyz +yz

3-Variable 2-Variable
AND Term AND Term

Putting everything together, F = 1 when
x=1,y=0,and z=1

or x=1,y=1,andz=0

or x=0,y=1,and z=1

or x=1,y=1,and z=1
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

= |t IS more convenient to summarize this
verbal description of a function with a truth
table

T
L

X
0
0
0
0
1
1
1
1

—_ - O O = 2 0O 0O
—_ O -~ O -~ O - O N
- = 2 O = O O O
O OO 4~ O = = =
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

= The inverse of a function, F’ can be
obtained easily from the truth table

<
T
T

= ook at the rows where F'= 1

= F'=(xyZ) +(Xy2) + (Xyz) +
(xy'Z)

X
0
0
0
0
1
1
1
1

4~ 20 OO0 2 4 0O
4~ O 2 O 2 O = O N
4~ 4 0 02 00 o0
O OO0 2 O = 2
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

= To get F'using Boolean Algebra requires
using DeMorgan’s Theorem twice

F=xyz+ xyz'+ yz
F'=(xyz+ xyz'+ y2)'

=(Xyz)'e (xyz)'e (y2)’
= (X+y+2) o (X'+y'+2) o (y'+2)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Boolean Function and Inverse

= We have two different equations for F'

F'=(xyz) +(Xy2) + (xyz) + (xy'Z)
sum-of-products

F'= (X'+y+Z) o (X'+y'+2) o (y'+2)
product-of-sums
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterms and Maxterms

= Minterm

Is a product term that contains all the variables in a
function

The variable is negated (primed) if the value is a 0

= Maxterm

Is a sum term that contains all the variables in a
function

The variable is negated (primed) if the value is a 1
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterms and Maxterms

= m, for minterms

= M. for maxterms where 0 < /< 2" for n

variables
y z Minterm Notation = Maxterm Notation

X'y z' X+y+2Z
X'y z X+Yy+2
X'yZz X+Y +2
X'y z X+Y +2Z
Xy Zz X'+y+2Z
XYy'z X'+y+2Z
XyZz X'+y +2Z
XYz X'+y +2Z

X
0
0
0
0
1
1
1
1
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

 F=Xyz+Xxyz'+ yz
=(X+y+2e(X+y+2)e
(X+Y' +2) 0 (X'+y+2

" F=Xyz+ xyz'+ yz
=XYZ +XYZ+ XyZ'+ Xyz

" Minterm Notation Maxterm Notation
X+y+z
x+y+7
x+y'+z
x+y'+7
xX'+y+z
x'+y+7
x'+y'+z
x'+y'+7

F

1 X'y z
1 X'y'z
1 X'yz
0 xyz
1

0

0

0

Xy'z
Xy'z
xyz
Xyz

- = 2 2 0000 X

y
0
0
1
1
0
0
1
1

- O—-2 0O+ 0O —+0ON
—_ 1 a2 O =2 000
= mm OO O O X
—_—_— O O Rk ek OO
—_O = O = O = ON
_—_ —_ O, OoOOoOC M
S OO = O = = =T

F(x,y,2) = my+ ms + mg + m, Fx,y,z)=My,eM,eM,e M,
F(x,y,z2)=11(0, 1, 2, 4)

F'(x,y,z) =113, 5,6, 7)

F(x,y,2)=2@3,5,6,7)

Fiix,y,2) =20, 1,2, 4)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= Write out the full function
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= Write out the full function
Fx,y,2) =xy7z+xyz' + x'yvz+xyz'+ xyz' + xyz
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= What is F using I1?
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= What is F using I1?
= F(x,y,z) =110, 4)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)

= What is F using I1?

= F(x,y,z) =110, 4)

= Write out the full function for I1(0, 4)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= What is F using I1?
" F(x,y,z) =110, 4)

= Write out the full function for I1(0, 4)
" Fo,y,20)=(x+y+2) e (x'+y+2)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= What is F'using X?
= F'=2%(0, 4)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given F(x,y,z)=2(1,2,3,5,6,7)
= What is F’' using I1?
= F'=1T11(1,2,3,5,6,7)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given Fw, x,y,2)=2(1,2,3,5,6,7)
= Write out the full function
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given Fw, x,y,2)=2(1,2,3,5,6,7)
= What is F using I1?
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given Fw, x,y,2)=2(1,2,3,5,6,7)
= What is F using I1?

= Write out the full function for IT of O-Maxterms
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given Fw, x,y,2)=2(1,2,3,5,6,7)
= What is F'using X?
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Minterm/Maxterm Example

= Given Fw, x,y,2)=2(1,2,3,5,6,7)
= What is F’' using I1?
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Digital Logic and Microprocessor Design
with Interfacing, 2E

Minterms/Maxterms
Relationship

F(x,y,z2) =x'yz+xy'z+xyz'+xyz
=m3+ms+me+ my
=%(3.5.6.7)

Y l-minterms

= (x+y+2) o (x+y+z') o (x+y+z) o (x+H+2) Equwalent

=Moo My e M, e M, I1 0-maxterms ——
=11(0. 1. 2. 4) Inverted

Fle. . 2)=x"y'z"+a"y'zt+x"yz"+x 'z Duals

=mo+ m+mr+ my Y O0-minterms —
=2(0,1,2,4)

Equlvalen
= (xHyz') o (Hy+z') o (xHys) o (e’

=Mz e Ms e Mg e M; I
—T1(3. 5.6.7) IT 1-maxterms —— |

Inverse
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Write it in the X of minterms format and I
maxterms format

= Use Truth Table
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Use Truth Table

F  Minterm Notation
X'y z
X'y z
X'y 2z
X'y z
Xy z'
XYz
Xyz
XYz

X
0
0
0
0
1
1
1
1

—_ 24 OO0 2+ 1200
- O 20 =20 = 0ON
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Use Truth Table

Minterm Notation
X'y z
X'y z
X'y 2z
X'y z
Xy z'
XYz
XyZz
XYz

F=2(,2,3,6,7)and FF =11(0, 4, 5)
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Write it in the X of minterms format

= Use Boolean algebra

F=y+xz
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Write it in the X of minterms format

= Use Boolean algebra

F=y+xz
= y(x+x" )(z+z") + x2(y+y")
=xyZ+xy7' + xyvz+xyz' + xyz+ XY’z
=m, + mg + m; +m, + m,

- %(1,2,3,6,7)
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
=y+Xx7

with Interfacing, 2E

= Given F(x, y, 2)

= Write it in the I

= Use Boolean a
F=y+x'z

[ of maxterms format
gebra
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Write it in the IT of maxterms format

= Use Boolean algebra

F=y+x'z
= (y+x")(y+z)
= (y+x"+zz" ) (y+z+xx")
= (x"+y+2) (x" +y+7") (x+y+2) G+
=M, * M. * M, =11(0, 4, 5)
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Write F'In the X of minterms format

= Use Boolean algebra

Fr = (y _l_er)r
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

with Interfacing, 2E

F'=@+x7)
=y *(x2)
=y'*(x+z7")
=yx+y'7
=yx(z+z7' )+ y'7 (x+x")
=xy'7+xy7 + ¥ + x'y'7’
= ms + m, + m,
=2(0,4,5)
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

= Write F'in the IT of maxterms format

= Use Boolean algebra

F'=(y+x7)
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

with Interfacing, 2E

F'=@+x7)
=y *(x'2)
=y'*(x+z7")
=" +xx' +zz") e (x+Z7 +yy")
=(x+y' +2) (x+y" +7") (X' +y' +2) (x" +y" +2")
(x+y+z") +y—+z
=M, *M;*Mg*M;*M,
=T11(1,2,3,6,7)
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Digital Logic and Microprocessor Design

Converting to

Minterms/Maxterms
= Given F(x, y,2) =y +x'z

with Interfacing, 2E

F=2X(1,2,3,6,7) =110, 4, 5)
F'=2(0,4,5)=1I(1,2,3,6,7)
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Canonical, Standard, and
Non-standard Forms

Canonical: Boolean F=x'yz+xy'z+xyz'+xyz

function expressed N F'=(x+y'+z') o (x'+y+z') ® (x'+y'+z) ® (x+y+z")
sum-of-minterms or Fi(x,v,2=30,1,2,3,4,5)  Fyx,y,2)=11(6,7)
product-of-maxterms F,(x,y,2)=23,56)  Fyx,y 2 =TI1@3,5,6)

Standard: sum-of-

products or products-of-
sum has at least one F=xyz+xyz' +yz
minterm/maxterm

Non-standard: not in
sum-of-product or
product-of-sum format

F=x(yz+yz) +yz
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Digital Logic and Microprocessor Design

Digital Circuit

= Digital circuit is a connection of two or more logic
gates

= Digital network can be described using schematic
diagrams, Boolean expressions, or truth tables

X
0
0
0
0
1
1
1

- - OO0 = - OO0
O L0 20— O0ON
S e Y o I G G G o Wy o

—
—h

F(Xx, Y, 2) =Xyz+ XyZ'+ X'yz + Xyz' + xyz
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Digital Logic and Microprocessor Design

with Interfacing, 2E DeSig“ d
Car Security System

= |nput: D = Door switch
V = Vibration sensor
M = Motion sensor
Output: S = Siren

0
Il
2

D ‘V)+(MDV)+(MDV)
(D'V+DV' +DV)
(DV+DV' +DV+DV)
(D(V' + V) + V(D' + D))
(D(1) + V(1))

(D + V)

nnonono
=<<<<

—L s

M
0
0
0
0
1
1
1
1

_L_LOO_L_LOOD
. O 202020
—_ 24 2 00000 W
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Verilog Code for Car System

// this is a Verilog dataflow model of the car security system
module Siren (

input M,

input D,

input V,

output S

wire term1, term2, term3;
assign term1 = (M & !D & V);
assign term2 = (M & D & !V);

assign term3=(M & D & V);
assignh S = term1 | term2 | term3;

endmodule
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Verilog Code for Car System

// this is a Verilog dataflow model of the car security system
module Siren (

input M,

input D,

input V,

output S

assighnS=(M& D& V)| (M&D &!V) | (M &D & V);

endmodule

© 2018 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or
in part.
98

Digital Logic and Microprocessor Design with Interfacing 2nd edition Hwang Solutions Manual


https://ravanbooks.com/books/9781305859456-solutions

Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Verilog Code for Car System

// this is a Verilog dataflow model of the car security system
module Siren (

input M,

input D,

input V,

output S

assign S=M & (D | V);

endmodule
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

Verilog Code for Car System

// this is a Verilog structural model of the car security system
module Siren (

input M,

input D,

input V,

output S

wire wi;

or (wi, D, V);
and (S, M, w1);

endmodule
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

VHDL Code for Car System

// this is a VHDL dataflow model of the car security system
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY Siren IS PORT (

M: INSTD LOGIC;

D: INSTD LOGIC;

\' INSTD LOGIC;

S: OUT STD_LOGIC);
END Siren;
ARCHITECTURE Dataflow OF Siren IS

SIGNAL term_1, term_2, term_3: STD LOGIC;
BEGIN

term_1 <= M AND (NOT D) AND V;

term_2 <=M AND D AND (NOT V);

term_3 <= M AND D AND V;

S <=term_1 OR term_2 OR term_3;
END Dataflow;
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Digital Logic and Microprocessor Design Hwang
with Interfacing, 2E

VHDL Code for Car System

// this is a VHDL dataflow model of the car security system
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY Siren IS PORT (

M: IN STD_LOGIC;

D: IN STD_LOGIC;

' IN STD_LOGIC;

S: OUT STD_LOGIC);
END Siren;
ARCHITECTURE Dataflow OF Siren IS
BEGIN

S <=M AND (D OR V);
END Dataflow;
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