Chapter 2

2.1. The proof is as follows:

(z+y) (z4+2) = zzxt+rztay+yz
= x4rz4ay4yz
= z(l+z4y)tyz
= x-1+y:z
= x4+ Yz

2.2. The proof is as follows:

(z4+y) (247 = zx+zy+aT7+y7
= x4+ary+ag+0
= z(l+y+7)

— -1

= P

2.7, A possible approach for determining whether or not the expressions ave valid 15 1o v 0 mapulate the left
and right sides of an expression mbo the same form, using the theorems md properties presented in section
2.5, Wlule thus may seem sumple, ot 15 an awkward approaciy, becanss if 18 not obvions what targst foomn one
should iy 1o reach. A much simpler approach 15 to constrnet a wuth mble for each side of an expression. If
the truth tables are identical. then the expression s valid. Using this approach. we can show that the answers
are:

(@) Yes
(b Yes
(€} Mo



2.8. Timing diagram of the waveforms that can be observed on all wires of the circuit:




Timing diagram of the waveforms that can be observed on all wires of the circuit:

2
o

2,10, Startimg with the canomical sum-of-producis for f get

I_|" = ?|..'_':\- Ly + i I'QT'.'; +?: raly + ."-72?:1 + ."--':u.r'.'1 + 74 I'E?;; + Tyrary
T FaTa + Taxy + x0Ty +wers) el T 1T+ Tiwa + wixws + waes)

4+ T1Te + Tiaxe + 11 Ta + w10

= r1(Te(Ta+ x2) +12(Ta +74)) +22{T1 [Tz + 72) + w1 (Ta + 7a))
+xa[T1iTa + 72} + 71 (Fo + xa))

= rm|F-l+re-1)+xeiTy -1+ - 1+ 2Ty - 142 -1)

= w[Fe )+ ralT) +x2p) +x23(TFy + 71}
Tyl 4 Fae 1421

= w +Tat+ms

2.11. Sraring with the canonical product-of-sums for | can derve:

= {m+tataliz +aog+Ta)leg + T+ agl(xy + T2+ Ta) -
(F1 + T2+ 23)(Fr + ra + Fa)(F1 + T + 1a)
= (g +da+Fa)ley + 25 +Fq)l[{w +To +29){r) +TFo + TFa)) -
(T +oz2 +x3)(FL + 22 +Ta) ) ((F1 4+ T2 4+ w3) (T + 22 + 23))
= (7 420+ 24Ta)(x1 + To L 2aT) -
(T + a0+ aara T +Toae + 4]

= (m + ]'ﬂ:”...l'] 4+ Fa . + raliT1 + J';_|:I



2.12. Derivation of the minimum sum-of-products expression:

f = =ziza+ 21T 4 Tizoxs +T1T0T3

x1(T2 +x2)s + x1T2(T3 + 23) + F122x3 + T1T2T3

T1Tory + T12exy + 11 ToTy + T1radg + T1ToTa

= 13+ (21 + T )eexs + (21 + T1 ) TaTa

= 21¥3+ Toxg + ToTa

2.13. Derivation of the minimum sum-of-products expression:

f

E1TaT3 + L1204 + L1T223Ty

T1ToTa(Ta + 2a) + 12024 + 21T023Ty
T1TaTaTy + 21 ToTaky + X102y + 11 ToxsTy
r1T2Ta + 21T2(Ta + 23)T1 + 212274

r1TaTy + 11 ToTy + T1201y

2.15. Denvation of the minimum product-of-smmns expression:

F

e [;.T']_+:1'2+;I'1]'{.2"1+?g+TJ:|':T1-I—T2+.TJ:":I‘; + xa 4+ Tq)

= [[®14oa)+ xa){{ry +22) +Ta)ley + (o + 23) )T + (Ta + 1a)}

= (@1 +z2){Fz + ¥a)

2.1%5. In Fige P2 La ot s possible to represent only 14 nunterms, It 15 inpossible to represent the immtenns

T'_Tj.l":t.l'-; arucd b .UTl-

In Figure P2.1E. 1t 15 impossible to represent the muntenms xy 10757y and ryegegdy.

2.19. Venn diagram for f = T1ToxaTs + r1x97324 + Ti22 18
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2.20. The simplest SOP implementation of the function is

f

= Tia9ry + r{ToTy + r122Tq + r1Toda
= (T1+ 21)r00s + 21(To + 22)T3

= rar3 +21T3




2.21. The simplest SOP implementation of the function is

f = TiTaras+Tixora+ 21ToTs + 110973 + 11273
= T1(To+ xo)ry + 21(To + x0T + (T1 + 21 )x0xs
Tira + 21Ty + 1oda

Another possibility is

f = Tixa+ 21Tz + 2129

2.22. The simplest POS implementation of the function is

f = (z14+xo+23)(z1 +To+ 22)(T1 + 22 +Ta)
= ((21 +23) +22)((x1 + 23) +T2)(T1 + 22 + Ta)
= (r1+x3)(T1+x0+Ta)

2.23. The simplest POS implementation of the funetion is

K

':.-4'1 + o +.E']_i[.'l"‘1 + 12 +"I'TJI||:T_ + T'_r+T:J_:":.T|_ +T-_-; +TJ_|
{(z1 4 o) Fxad(z +22) L Fa)(T 4+ 2a) 4+ 22} ([Fo L 2] + Fa)

{1 + w2 )(Ey +T3)

2.33. The truth table that corresponds to the timing diagram in Figure P2.4 1s
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The simplest SOP expression is derived as follows:

f

2.47. The VHDL code is

2.48. The VHDL code 1s

T1{Toxa +T1a0Ta + T1xoxs + 11 ToT s + r12oay
T1(To +a2)rs +T1T2(Ta 4+ x3) + (T1 + 21 ) w203 + 21T T

Ti-1l-r94+Tiro-1+ 1 20m3 +21T0Ta

Tira +Tiro +Torg + 1Tl

ENTITY prob47 IS
PORT (xl.x2,x3.x4 :IN STD_LOGIC :
f1,4£2 : OUT STD_LOGIC ) ;
END prob47 :

ARCHITECTURE LogicFunc OF prob47 IS
BEGIN
f1 <=(x1 AND NOT x3) OR (x2 AND NOT x3) OR
NOT x3 AND NOT x4) OR (x1 AND x2) OR
x1 AND NOT x4) :
2 <=(x1 ORNOT x3) AND (x1 OR x2 OR NOT x4) AND
x2 ORNOT x3 ORNOT x4) :

END LogicFunc ;
ENTITY prob48 IS
PORT (x1.x2.x3.x4 :IN STDLOGIC:
1,12 : OUT STD_LOGIC ) ;
END prob48 ;

ARCHITECTURE LogicFunc OF prob48 IS
BEGIN
fl <= ((x] AND x3) OR (NOT x1 AND NOT x3)) OR
((x2 AND x4) OR (NOT x2 AND NOT x4)) :
2 <= (x1 AND x2 AND NOT x3 AND NOT x4) OR
(NOT x1 AND NOT x2 AND x3 AND x4) OR
(x1 AND NOT x2 AND NOT x3 AND x4) OR
(NOT x1 AND x2 AND x3 AND NOT x4);
END LogicFunc ;



