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Chapter 2

2.1. The proof is as follows:

2.2. The proof is as follows:

2.3. Proof using Venn diagrams:

(z+y) - (z+2) =

(z+9) - (=+7) =

xX+y-2z

zx+zxz42y+yz
z+zz4+2y+yz
(l+z+y)+yz
z-14yz

z+yz

rz+zy+2y+yy
z+zy+zy+0
z(14+y+79

z-1

z

(x+y)(x+2)



2.4. Proof of 15a using Venn diagrams:

A similar proof is constructed for 15b.

2.5. Proof using Venn diagrams:

x|+x2+x3

(xy + x5+ x3) - (x) + x5+ X3)




2.6. A possible approach for determining whether or not the expressions are valid is to try to manipulate the left
and right sides of an expression into the same form, using the theorems and properties presented in section
2.5. While this may seem simple, it is an awkward approach, because it is not obvious what target form one
should try to reach. A much simpler approach is to construct a truth table for each side of an expression. If the
truth tables are identical, then the expression is valid. Using this approach, we can show that the answers are:

(a) Yes
(b) Yes
(c) No

2.7. Timing diagram of the waveforms that can be observed.on all wires of the circuit:
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2.8. Timing diagram of the waveforms that can be observed on all wires of the circuit:
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2.9. Starting with the canonical sum-of-products for f get

f = T1Fozg+F122%3 + 12223 + 21%2T3 + 21T223 + 212273 + 12223
21(F2T3 + Fa2s + 22%3 + 2223) + 22(T1 T3 + T123 + T3 + zy23)
+23(F1 T2 + T122 + 21%2 + £122)

= 21(Z2(F3 + z3) + 22(F3 + 23)) + z2(F1(Ts + z3) + 21(T3 + z3))
+23(F1 (T2 + 22) + 21(F2 + 22))
= 1!1(?2-14-1‘2-1)4-.’62(51 142 -1)+$3(?t'1 142 -1)

21(Z2 + z2) + 22(F1 + 21) + 23(F1 + 1)

z1-142z2-14+23-1

1+ 22+ 23

]

2.10. The canonical product-of-sums for f is
F = (21 + 23 +23) (21 + 22+ Fa) (21 + T2 + 23) (21 + T2+ Fa) -
(F1 + 22+ 23)(Fs + 22+ T3) (T + T2 + z3)
1t can be manipulated as follows:

f o= (2101 + 22+ 2a)(1+ 22+ F) (1 + T2 + 23)(1 +F2 + T3)) -
(za(21 + 1+ 2a) (21 + 1+ T3)(Fa + 1 + 23)(F1 + 1+ F3)) -
(za(zs + 22 +1)(21 + T2 + 1)(F1 + 22+ 1)(F1 + T2 + 1))



(.‘El-1-1-1'1)(332’1'1-1'1)(1‘3-1‘1'1-1)
= 21223

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

f = mz3z+ 21T+ T12223 + 712273

z1(Z2 + 22)23 + 21F2(T3 + 23) + T12223 + F1%2%3
217223 + 212223 + 21T2T3 + T12273 + T1T233
z123 + (21 + F1) 2223 + (21 + F1)F2T3

z123 + 2223 + TaT3

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

f =

Il

21%9T3 + 212224 + £1F223%4

21T2%3(Fs + 24) + 212224 + £1F223%4
21F2%3T4 + 21F9%324 + 212224 + £1T223T4
21%2%3 + 21F2(Fa + 23)T4 + 212224
21F2%3 + 21%2T4 + 212224

2.13. The simplest POS expression is derived as

f = (14 za+ z4)(z1 + T2+ 23)(21 + T2+ T3 + 24)

Il

(1 + 23 + 24)(21 + F2 + 23) (21 + T2 + 23 + 24) (21 + T2 + T3 + 24)
(21 + 23 + 24)(z1 + 2 + z3)((21 + T2 + 24) (23 + T3))
(z1+ 23+ z4) (21 + T2+ 23)(z1 + T2+ 24) - 1

= (x1+ 23+ 24)(21 + T2 + 23)(21 + T2 + 24)

2.14. Derivation of the minimum product-of-sums expression:

f

]

(z1 + z2 + 23)(21 + T2 + 23)(F1 + Fa + 23)(21 + 22+ T3)
((z1 + z2) + z3)((21 + 22) + Fs)(z1 + (T2 + £3))(F1 + (T2 + 23))
(z1 + 22)(%F2 + 23)

2.15. (a) Location of all minterms in a 3-variable Venn diagram:
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(b) For f = &, %223 + 2122 + T123 have:

X)Xy Xy

Therefore, f is represented as:

f=z3+ 2129

2.16. The function in Figure 2.18 in Venn diagram form is:

2.17. In Figure P2.1a it is possible to represent only 14 minterms. It is impossible to represent the minterms
515233&:4 and .1:11‘23.‘-31'_4.
In Figure P2.1}, it is impossible to represent the minterms x12,%3%4 and £12923F4.

2.18. Venn diagram for f = F1F223%4 + £1222324 + T122 is




2.19. The simplest SOP implementation of the function is

f = Tizaza+ 21TaT3 + 1122%3 + 212223
= (F1+21)2223 + 21(F2 + 22)%3
zox3 + 21%3

2.20. The simplest SOP implementation of the function is

f = TiFazz+ Tizazs + 21T2%3 + £122%3 + 212223
T1(F2 + 22)23 + 21(F2 + 22)Z3 + (T4 + z1) 2223
123+ 21F3 + z223

Il

Another possibility is

f = Tiza+21Tat @122

2.21. The simplest POS implementation of the function is

f (21 + 22 + 23)(21 + T2 + 23)(F1 + 22 + Ta)
((z1 + z3) + z3)((21 + 23) + T2)(F1 + 22 + T3)

(z1 + 23)(F1 + 22 + Ts)

il

2.22. The simplest POS implementation of the function is

f

(21 + 22 + z3)(z1 + 22 + F3)(Fy + 22 + Fs)(F1 + T2 + T3)

Il

(z1 + 22)(Z1 + T3)

2.23. The lowest cost circuit is defined by

f(z1,22,23) = z122+ 2123+ 2273

((z1 + 23) + z3)((z1 + 22) + E3)((F1 + z3) + 22)((F1 + 23) + F2)



2.24. The truth table that corresponds to the timing diagram in Figure P2.3 is
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The simplest SOP expression is f = F1F9F3 + F1 2223 + £1Fo23 + 2122 3.

2.25. The truth table that corresponds to the timing diagram in Figure P2.4 is

1 z2 z3 | f
0 0 o0f}oO
0 0 1 1
0 1 0 §1
0 1 11
1 0 ot
1 0 10
1 1 040
1 1 1 1
The simplest SOP expression is derived as follows:
[ = E1Fax3+ F122F3 + T12223 + 21F2%3 + 212223

= T1(T2 + z2)z3 + F1%2(Ts + 23) + (FT1 + 21)2223 + 21F273
1°1 23+ T129- 1412223+ 217273
123 + T122 + 2223 + 217273

!
8 &



2.26. (a)
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®  f=(21+5)F1 +v1)(xo +To)(To + o)

2.27. (a)
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-t e D s OO = OO O

(b) The canonical SOP expression is

f = Z1Zo¥Vo + T120Y,Uo + T1Z0T1 Yo + 21T0Y1 o + 21T0T1Y0 + 21Z017o
+2120Y1 70 + 12071 Y0 + Z1Z0y1To + 21201 Yo



(c) The simplest SOP expression is

f = zzo + Y1 7o + 2170 + 2ol

2.30. LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob2301S
PORT (x1,x2,x3,x4 :IN STDLOGIC;
f1, f2 : OUT STD_LOGIC);
END prob2.30 ;

ARCHITECTURE LogicFunt OF prob2_301IS
BEGIN
fl <= (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 OR NOT x3) AND (x1 OR x2 OR NOT x4) AND
x2 OR NOT x3 OR NOT x4) ;
END LogicFunc ;

2.31. For the functions given in this question, it is not true that f; = f,. The function f; is given in the form (SOP-
term) AND (SOP-term). If these same two SOP terms are used for the different function f; = (SOP-term)
OR (SOP-term) then for this new fj it is true that f; = f,. Complete VHDL code using this new function
/1 is shown below.

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob2.311S
PORT ( x1, x2,x3,x4 :IN STD_LOGIC;
f1, 2 : OUT STD.LOGIC);
END prob2.31 ;

ARCHITECTURE LogicFunc OF prob2.31 IS
BEGIN
f1 <= ((x1 AND x3) OR (NOT x1 AND NOT x3)) OR
((x2 AND x4) OR (NOT x2 AND NOT x4)) ;
f2 <= (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 ;

Thank you
Abe Aounallah.
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Chapter 3

3.1. (a) X Xy Xy f
000 0
00 1 1
010 1
011 0
100 1
101 0
110 0
111 1
(®) ftransistors = NOT gates x 2 + AND_gates x 8 + OR_gates

= 3x2+4x8+4+1x10=48

3.2. (a) In problem 3.1 the canonical SOP for f is

f = F1Faxs + F122Fs + 21T2T3 + 112223

This expression is equivalent to f in Figure P3.2, as derived below.

|
Iz o
oy
'_ ilxzxa + Xy ky% +
*3 DC 3
xlizi3 * X)Xy X3

izia + xzx3

(b) Assuming the multiplexers are implemented using transmission gates

#transistors = NOT_gates x 2+ MUZXes x 6
1x24+3x6=20



3.3. (a) A SOP expression for f in Figure P3.3 is:

f = (zm1oz)des
(z1 @ 22)Fa+ (21 @ x2)3
= #1T9Fa+ F102T3 + T1Eax3 + 212223

which is equivalent to the expression derived in problem 3.2.

{b) Assuming the XOR gates are implemented as shown in Figure 3.61

#ttransistors = XOR_gates x 8
= 2x8=16

3.4. Using the circuit

D
D
-

The number of transistors needed is 16.

=D
D

The number of transistors needed is 20.

3.5. Using the circuit

v

3.6. (a)
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(b) The canonical SOP expression is
f = Z123F3 + T1Tax3 + T122T3 + T 2223 + 217273
The number of transistors required using only AND, OR, and NOT gates is

#transistors = NOT._gates x 2+ AND_gates x 8 + OR_gates x 12
= Ix24+5x8+1x12=058

A Xy Xy X3 x4 f Xy Xy X3 X4 f
00 00 1 10 060 1
00 01 0 1001 0
00 1t 0 0 1010 0
0011 0 1011 0
0100 1 11 00 0
0101 0 11 01 0
01 10 0 1110 0
0111 0 1111 0
®

f = E\FaFsF4 + Fi22Ta%4 + 21T253%4

E1TaTy + T2Z3Ty
The number of transistors required using only AND, OR, and NOT gates is

FHtransistors = NOT_gates x 2+ AND. gates x 8 + OR_gates x 4
4x2+2x84+1x4=28

3.8




3.9. v

Vx.

3.10. Minimum SOP expression for fis

f = FFa+T1%s + FoFs + F1%s
= (Z1 +72)(Fs + F4)

which leads to the circuit

Voo
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—iL |
E

X3
Vv I

3.11. Minimum SOP expression for f is

which leads to the circuit
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3.13.

——

3.14. (a) Since Vps > Vigs — Vir the NMOS transistor is operating in the saturation region:
1., W

Ip = §k;f(VGs - VT)2
A
10{\‘;—; x5 x (5V —1V)2 =800 uA

(5) In this case Vpg < Vigg — Vi, thus the NMOS transistor is operating in the triode region:

w 1
kn [(Vcs ~ Vr)Vps — 5"35]

— 20%%x5x [(5V-—1V)x0.2v—-% ><(0.2V)2] =78 uA

Ip

3.15. (@) Since Vps < Vgs — Vi the PMOS transistor is operating in the saturation region:
1, W
Ip = k7 (Ves- Vr)?
A
= 5%5 X 5% (=5 V +1V)? = 400 uA
() In this case Vps > Vas — Vo, thus the PMOS transistor is operating in the triode region:
w 1
Ip = k!”f [(Vas —Vr)Vps — 5‘{33]

= 10‘%%— x5 x [(—5V+1V) X (—0.2)V—%x (—0.2V)"’] =39 pA



3.16.

3.17.

n

Rps

1/ {45 (Vos - v

mA

1/ |0.020 373

x10x (5V — 1V)] =1.25kQ

1/ [k{,%(Vcs - VT)]

1/ [0.040 %? x 10 x (3.3V — 0.66 V)] =947 Q

3.18. Since Vps < (Vgs — Vir), the PMGS transistor is operating in the saturation region:

Isp

Hence the value of Rps is

)3.19.

Isp

Hence the value of Rpg is

3.20.

1, W
- Qk”L
HA

73 X (-5 V+1V)? = 800 uA

Vbs/Ips
4.8V /800 pA = 6k

|

Rps

Since Vps < (Vgs — Vr), the PMOS transistor is operating in the saturation region;

1, W
Ek;-r(Vqs - Vr)?

A
80 % x (=3.3V +0.66V)? = 558 uA

Rps Vbs/Ips

3.2V/558 uA = 5.7k

The low output voltage of the pseudo-NMOS inverter can be obtained by setting 1 = Vpp and evaluating

the voltage V}. First we assume that the NMOS transistor is operating in the triode region while the PMOS is
operating in the saturation region. For simplicity we will assume that the magnitude of the threshold voltages
for both the NMOS and PMOS transistors are equal, so that

Vo =Vry ==Vrp

The current flowing through the PMOS transistor is
1

1,, W,
Ek;L_:(“VDD - Vrp)?

Ip
1 2
2k»(~VoD ~ Vrp)

1
35 (Voo — V1)



3.21.

Similarly, the current going through the NMOS transistor is

Wn 1
. [(V” Vrn)Vy - 5‘/"2]

1
kn [(v.,, - Ven)Vy - 5‘/,?]

Ip

= ky [(VDD - VeV — -;-sz]

Since there is only one path for current to flow, we can equate the currents flowing through the NMOS and
PMOS transistors and solve for the voltage V;.

1
ks (Voo — Vir)? = 2kn [(VDD - Vr)Vy - 5‘/12]
ko(Vop — Vr"-)3 —2kn(Vpp — Vp)Vy + kﬂV}z =0
This quadratic equation can be solved using the standard formula, with the parameters
a=kn, b=—2ky(Vop ~ V1), ¢ = kp(Vop — Vir)?

which gives

—_b 2 e

2a 402 a

k
= (Vpp—-Vr)t \/(VDD - Vr)2- ;‘D-(VDD - Vr)?
n

k
= (Vpp—-Vr) [l:l: 1~ —p]
k,
Only one of these two solutions is valid, because we started with the assumption that the NMOS transistor
is in the triode region while the PMOS is in the saturation region. Thus

V}:(VDDHVT)[I— I—{-E-]

n

(a)
Ltat = é’k;‘fg(VDD Vr)?
- vﬁ x1x (5V—1V)? =192 yA
®

W,
Rps = 1/ k:.‘fﬂ‘(VGs—VT)]

mA

= 1 [o 060 75

x 4 x (5V—1V)] = 1.04 k0

(¢) Using the expression derived in problem 3.20
W, BA
kp k;,—L—E =4
: Wa =240 2 HA

kp =k —= L. 2]



24
Vor=Vy = (5V—1V)[l—— l—m
= 021V
(d)
Pp = IuaVop
192 uA x 5V = 960 pyW =~ ImW
(e)

Rspp = VsofIsp
= (VDD - V})/Inat
= (5V—-021V)/0.192mA = 24.9k

{ f) The low-to-high propagation delay is

1.7C
k;,%VDD

1.7 x 70 fF
2443 x1x5V

tPLH

=0.99ns
The high-to-low propagation delay is

1.7C
k’—"VDD

1.7 x TOfF
6042 x4x5V

t?n:..

=0.1ns

3.22. (a)

1
Itat = 5";[’ (Vop ~ Vr)?

~ 4aPA 2 _
= 48'?\/ % 1x(5V —1V)? =768 pA
(b

W,
Rps = 1/ kL"-'l(VGs—VT)]

mA

= 1/]0.060 — vz

% 4 % (5V—1V)] = 1.04kQ

{c) Using the expression derived in problem 3.20

k= k;%’& 96 45k = 1,12 = 200 23



3.23,

‘ 96
= 0,90V
(D)
Pp = Iu4aVop
= T68uA x 5V = 3840 pW =~ 3.8mW
(e

Vsp/Isp
(VDD - Vj)/-[atat
BV -—0.90 V)/0.768 mA = 5.34k

Rspp

(f) The low-to-high propagation delay is

1.7C
k”,—‘{fvbp
1.7 x 70 {F

= —SIXT _ _p25n
9688 x 1x5V ®

Yoo =

The high-to-low propagation delay is

1.7C
k,’,,%:VDD
1.7 x 706fF

= LIxWE _ 4,
BOLAxaxEYV

oy =

(@)
1., W,
Litae = Ek,',*zf(VDD"VT)’

A
= 12%x1x(5V-1V)2=192pA

(4) The two NMOS transistors in series can be considered equivalent to a single transistor with twice the
length. Thus

W,
Ros = 1/ [k 22 (Vas - Vi)
'n

mA
)
(¢) Using the expression derived in problem 3.20

1/ {0.060 X2x(BV— lv)] = 2.08k2

k, =k,V_V£=24_&

P P Lp V2
Wa BA



3.24.

\ 24
Vor=V, = (5V—1.V)[]— 1—1—2—0
= 042V
(d)
Pp = ILtatVop
192 uA x 5V = 960 uyW ~ ImW
(e)

Rspp = Vsp/Isp
= (VDD - V)‘)/Iuat
= (5V—0.42V)/0.192mA = 23.9kQ

(f) The low-to-high propagation delay is

1.7C
e
k;,-r:’-Vpp
1.7 x 70{F
2443 x1x5V

tPLH

= 0.99ns
The high-to-low propagation delay is

1.7¢
ki, f= Voo

1.7 x 70{F
A—-_- = 0.21‘18
6084 x2x5V

tPHL

(a)
1, W
Liat = sk,=E(Vpp —Vr)?
2" T,
A
= 12“‘/—2 x1x(5V=1V)? =192 A

() The two NMOS transistors in parallel can be considered equivalent to a single transistor with twice the
width. Thus

W,
Rps 1/ [k:,L—"(Vas - VT)

1/ [0.0601—!1‘,—? x B X (5V—1V)] =520Q

(¢) Using the expression derived in problem 3.20

R JEPYY.

P Ty V2
W, BA
kn = k:‘L—:- = 480 v



24
Vo=V, = (5V—1V)[]* 1—2‘*8*'6
= 010V
@
Pp = IsaVbp
= 1924A x 5V = 060 4W = ImW
(e

Vsp/lsp
(VDD - L’})/Iatat
= (5V—=0.10V)/0.192mA = 25.5kQ

Rspp

1l

{f) The low-to-high propagation delay is

. 1.7C
PLH k;,%Vpp“
1.7 x 70 {F
= —————— =099ns
48 x1x5V

The high-to-low propagation delay is

: _ 1.7C
PHL k:‘__n"LWﬁ VDD
1.7 x T01{F
= —_— = 0.05
60 f(';%} x8x5V e

3.25. (a)
NMyg=Vor—Vig =05V
NMp =V —Vor =07V

)
Vor=8x01V=08V
NMy=1V~-08V=02V

3.26. Under steady-state conditions, for an n-input CMOS NAND gate the voltage levels Vo, and Vo are 0 V
and Vp p, respectively. No current flows in a CMOS gate in the steady-state. Thus there can be no voltage
drop across any of the transistors.

3.27. (a)

PNOT_gaee =S fCVz
75 MHz x 150 {F x (5 V)? = 281 yW

i

O]
Protat = 0.2 x 250,000 x 281 pW = 14 W



328, ()

PNoOT_gate fcve

125 MHz x 1201F x (3.3V)® = 163 yW

(b

Piotat = 0.2 x 250,000 x 163 sW = 8.2 W

3.29. (a) The high-to-low propagation delay is
1.7¢

1.7 x 150 fF

L e WaVop 08 x10x5V

{b) The low-to-high propagation delay is
1.7C

1.7 x 150 fF

P e TeVop  BEA X 10XBV

{¢) For equivalent high-to-low and low-to-high delays

tPH’L

1.7C
ki, ¥*VpD

W
LP

3.30. (a) The high-to-low propagation delay is
1.7C

tPLH
1.7C
—

k72VoD
it Wa
ool T

Ln
12.6 ym
0.5 ym

1.7 x 150 fF

Yo =

(b) The low-to-high propagation delay is
1.7C

W BaVpp  40GA x10x3.3V

1.7 x 150 fF

P T WeVop 1644 x 10x 33V

(¢) For equivalent high-to-low and low-to-high delays

tPHL
1.7C

& FavpD
We
Ly

torn
1.7C

k;,-f: VpD
W
el A

Ln
8.75 ym
0.35 pm

= (0.255ns

0.638ns

= 0.193 ns

= 0.483 ns



331

3.32.

3.33.

3.34,

3.35.

The two PMOS transistors in a CMOS NAND gate are connected in parailel. The worst case current to drive
the output high happens when only one of these transistors is turned “ON". Thus each transistor has to have

the same dimensions as the PMOS transistor in the inverter, namely v_zf = 4.

The two NMOS transistors are connected in series. If each one had the ratio %=, then the two transistors
could be thought of as one equivalent transistor with a 5‘%: ratio. Thus each NMOS transistor must have
twice the width of that in the inverter, namely %= = 4.

The two NMOS transistors in a CMOS NOR gate are connected in parallel. The worst case current to drive
the output low happens when only one of these transistors is turned “ON”. Thus each transistor has to have
the same dimensions as the NMOS transistor in the inverter, namely %: =2

The two PMOS transistors are connected in series. If each of these transistors had the ratio %’f‘ then the two
transistors could be thought of as one transistor with a %’;— ratio. Thus each PMOS transistor must be made
twice as wide as that in the inverter, namely %= = 8.

The worst case path in the PMOS network contains two transistors in series. Thus each PMOS transistor must

be twice as wide the transistors in the inverter. The worst case path in the NMOS network also contains two
transistors in series. Similarly, each NMOS transistor must be twice as wide as those in the inverter.

The worst case PMOS path contains three transistors in series so each transistot must be three times as wide
as the PMOS transistors in the inverter. The worst case NMOS path contains two transistors in series. Thus
the NMOS transistors must be two times as wide.

(a) The current flowing through the inverter is equal to the current flowing through the PMOS transistor. We
shall assume that the PMOS transistor is operating in the saturation region.

1 . W,
Ly = ‘k::,'—";(VGS"VTI’)2
2FL,

A
120““,—2 X ((35V—=5V)+1V)? =30pA

(5) The current flowing through the NMOS transistor is equal to the static current I,;,;. Assume that the
NMOS transistor is operating in the triode region.

W, 1
Litat = k== |(Vos — Veu)Vps — =Vis
Ly 2

HA 1
0pA = 240Wx[2.5VxV,—§Vf]
1 = 20V, —4V}

Solving this quadratic equation yields V7 = (.05 V. Note that the output voltage V} satisfies the assumption
that the PMOS transistor is operating in the saturation region while the NMOS transistor is operating in the
triode region. (¢) The static power dissipated in the inverter is

Ps = I,405Vpp = 30 pA x 5V = 150 uy W
{d) The static power dissipated by 250,000 inverters.
250,000 x P, = 37T.5W
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3.38.

Ny NOR plane

3.39,




1.40. ) ) x3 NOR plane
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mg + m3
mg + My
mg + mg
my + my
mg + msg
ms -+ mg

Mo + mg + my
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ha -+ myg + mg
ma -+ ms + Mg
mo + mg + mg + Mg
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3.45. The canonical SOP for f is
f =TF129%5 + T 12923 + 21F9F3 + 2122F3 + 212223

This expression can be manipulated into

f = Eiza+ 21T+ 2122
= 22+ 2173
The circuit is
0
X|
1 0 X, %3
x 1 |
3 0 Xy + X %y

[~

e ]

3.46. The canonical SOP for f is
f = 212224 + 2223F4 + F1%3%>

This expression can be manipulated into
J=2a- (3134 + 3354) + %, - ('5}'1'3?3)

Using functional decomposition we have

Ly
i

2af1+ %2 f2

where

h 2124+ 23T,
fa = #7Es



The circuit is

Xy — : -
X\ Xy + X3%y

S
X3 —

0

X XgXy + XpXy Ry + X Hp Ty

*

*3

2

3.47. The canonical SOP for f is
f=zizazy + 2225%4 + F1F2Tp
This expression can be manipulated into
J =z (21244 22F4) + T2 - (T173)
Using functional decomposition we have
f=z21 +%2f2

where

fi = 21244 23%

f2 = ZT1%
The function f; requires one 2-LUT, while f; requires three 2-LUTs. We then need three additional 3-LUTs
to realize f, as illustrated in the circuit

Xp —] XXy

1] XXX, + Xyxp%,

x4 — | X%+ X3k,

X3 — ‘I
b yp— XXy
Xy XaXy + Xy Xq Xy + X XXy
< N
X Fy¥y
1 —] X Xy
x3_
3.48,
g = Tazs
h = Xy
i = =z
k= &3



B.49. (a)

®

3.50. (a)

|

X 00+xx,

W Xyx Xy + X5 ol = xpx;4+x,

Xy

By 004 x3(x; +xp) = xyX3 + X2,

: x'XZ '33 = x112+13
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352

1)

Ly —
1 —

X —4

XXXy
xz _H}
Xy —

} X EgXy & Xy ® XXak, = XXX, + Xy + XpX3%y
*|
X2x3i4

LIBRARY ieee ;
USE ieee.std. logic_1164.all ;

ENTITY prob3_5t IS
PORT (x1,x2,x3,x4 :IN STD.LOGIC;
f : OUT STD_LOGIC);
END prob3.51 ; '

ARCHITECTURE LogicFunc OF prob3_51 IS
BEGIN
f <= (x2 AND NOT x3 AND NOT x4) OR
(NOT x1 AND x2 AND x4} OR
(NOT x1 AND x2 AND x3) OR (x1 AND x2 AND x3) ;
END LogicFunc ;

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob3.52 1S
PORT (x1,x2,x3,x4 :IN STDLOGIC;
f : OUT STD.LOGIC);
END prob3.52 ;

ARCHITECTURE LogicFunc OF prob3_52 IS
BEGIN '
f <= (x1 OR x2 OR NOT x4) AND
(NOT x2 OR x3 OR NOT x4) AND
(NOT x1 OR x3 OR NOT x4) AND
(NOT x1 OR NOT x3 OR NOT x4) ;
END LogicFunc ;



13.53. LIBRARY iece ;
USE ieee.std_logic_1164.all ;

ENTITY prob3.53 IS
PORT ( x1, x2, x3, x4, x5, x6,x7 :IN STD_LOGIC;
f ; OUT STD.LOGIC);
END preb3.53 ;

ARCHITECTURE LogicFunc OF prob3.53 IS
BEGIN
f <= (x1 AND x3 AND NOT x6) OR
(x1 AND x4 AND x5 AND NOT x6) OR
(x2 AND x3 AND x7) OR
(x2 AND x4 AND x5 AND x7);
END LogicFunc ;

3.54. The circuit in Figure P3.10 is a two-input XOR gate. Since NMOS transistors are used only to pass logic 0
and PMOS transistors are used only to pass logic 1, the circuit does nor suffer from any major drawbacks.

3.55. The circuit in Figure P3.11 is a two-input XOR gate, This circuit has two drawbacks: when both inputs are
0 the PMOS transistor must drive f to 0, resuiting in f = Vi volts. Also, when z; = 1 and 23 = 0, the
NMOS transistor must drive the output high, resulting in f = Vpp — V7.

Thank you, Abe



Please report any mistake to the instructor.

Chapter 4

4.1.

4.2

4.3.

4.4,

4.35.

4.6.

4.7.

4.8.

4.9.

4,10,

4.1%.

SOP form: f = Fy29 + Fox3
POS form: f = (Fy + %2)(22 + z3)

SOP form: f = 2333 + 2,23 + TaTa
POS form: f = (:c1 + 23)(:1:1 + :’fz)(fg + 1’3)

SOP form: f = T12923F4 + 2122F 324 + Ta23 24
POS form: f = (F1 + x4)(z2 + z3)(%2 + %+ Fq)(2g + 24)(21 + 23)

SOP form: f = F4%F3 + FoFy + 227324
POS form: f = (%3 + 2a)(22 + Ta + 4 )(F2 + 24)

SOP form: f = FaFs + Taly + T224F5 + T123T4T5 + TT2T4T5

POS form: f = (F3 + 24 + 25)(Fa + T4+ Fs) (22 + Fs + E4)(z1 + 23 + 24 + T )(F1 + 22 + 74 + )

SOP form: f = Faza + F125 + T123 + TaTa + Tads
POS form: f = () + E3 + Ta)(T1 + T2 + Tu)(z3 + T4 + zs5)

SOP form: f = 23F4T5 -+ TaTaxs + 212485 + 212224 + ZaLyxs + Targry + £9T324Fs
POS form: f = (23 + 24 + 25)(Fs + 24 + Ts) (21 + T2 + T3 + Fa + 23)

f = Em(os.])

f=3% m(1,6)

f=23m(2,5)

f= E m(o: 1, 6)

f=5m{0,2,5)

etc.

J = z12223 + 232224 + 212324 + La2324

SOP form: f = zy2a¥3 + 215224 + 2123T4 + Ty 2223 + Fy23T4 + T2F3xy

POS form: f = (z1 + 22 + z3)(x1 + 22 + 24} (21 + 23 + 24) (22 + 23 + 24)(F1 + T2 + Ta + Ty)

The POS form has lower cost.

The statement is false. As a counter example consider f(z;,z2,2z3) = 3_m(0,5,7).
Then, the minimum-cost SOP form f = 2123 + F1F2F3 is unique.

But, there are two minimum-cost POS forms:

F = {z1 + T3)(F1 + z3){z1 + F4) and

F=(z1+F3)(F1 + z3)}(Fa + 23)



4.12,

4.13.

4.14.

4.15.

4.16.

4.17.

4.18.

4.19.

4.20.

4.21

422,

If each circuit is implemented separately:
F=E1Fq+ F12a23 + 215224 Cost= 15
g = F1ZaT4 + Faxa®y + 21 Faxs + 212224 Cost=121

In a combined circuit;

J = ToxaTy + F1T3Ty + 21F2Fs24 + T 12223

9 = Faz3Ta + F1E3F4 + 21T Fazy + 212274

The fitst 3 product terms are shared, hence the total cost is 31.

If each circuit is implemented separately:
f=Fi2924 + 2o2425 + 23F4Fs + F1F%42s  Cost = 22
§ = TaTp + TeTs + T172%4 + T12a24 + arezs Cost=24

In a combined circuit:
f = T12az4 + 222425 + T3F4Tx + T1EaT 4Ty

g =ZF12924 + 22475 + 23T4Ts + F1T 92425 + Ta¥s

The first 4 product terms are shared, hence the total cost is 31. Note that in this implementation f C g, thus
g can be realized as g = f + 3%, in which case the total cost is lowered to 28.

F={z319)1((g19) 1 z4) where g = (21t (221 22)) 1 ({z1 T 21) 1 22)

((zadza) 4 9} L {{g | 9) 4 (24 | 24)), where

F=(
g=((z1dz1) L za) L (21§ (22 | 22)). Then, f=F | f.

F=(gtk)t({g19) 1 (k1Ek)), where g = (z1 1 21} 1 (2 T 22) T (75 1 25)
and k = (23 + (24 T 24)) T ((z3 1 23) 1 24)

F=(@ib)l(gdg)d(kik) whereg=2z1 lzo )25 _
andk:((33¢x3)¢x4)j,(zs.l,(z.‘iz.,)).'l‘hen,f:?.l,f.

F=T{zy + zal (x4 + 25} + 21(F2 + 23) (¥4 + 28)

f = 21T3%y + £9F3T4 + 12324 + TaZaZ4 = (21 + £2)FaFu + (1 + 22) 7274
This requires 2 OR and 2 AND gates.

f==21-9+4 7 -3, where g = Taxy4 + 23T
f=g-h+g-h,whereg=2129and h = z3 + 4

Let D(0, 20) be 0 and D(15, 26) be 1. Then decomposition yields:
g = 25(F; + 23)

[ = (T3Z4 + 2324)9 + T324F = 23249 + FaFag + 3247
Cost=9+4+18=27



The optimai SOP form is:
f = TaxaFs + Trxatars + 21 FoTFazy + FiEaTaZs + 22T3T4Ts + T2TaT4TE
Cost=T+429=236

423, Notethat X #Y = X - Y. Therefore,

(A-By#C = A-B-%©
(A#C) - (B#C) = A-T-B.T
= A-B.C
Similarly,
(A+B#C = (A+B). T
. = A-C+B-T

(A#C)+ (B#C) = A.-C+B.C

4.24. The initial cover is C® = {0000, 0011,0100,0101,0111, 1000, 1001, 1111}.
Using the +-product get the prime implicants
P = {00x0, 0x00, x000, 010x, 01x1, 100x, x1 1}.
The minimum cover is Crainimum = {00x0, 010x, 100x, x111}, which corresponds to f = Z1Z2T4 +
T122%3 + 21T T3 + 22324,

4.25. ‘The initial cover is C? = {0x0x0, 110xx, x1101, 1001x, 11110, 01x10, 0x011}.
Using the #-product get the prime implicants
P = {0x0x0, xx01x, x1x10, 110xx, x10x0, 11x01, x1101}.
The minimum cover is Crimimum = {0%0x0, xx01x, x1x10, 120xx, x1101}, which corresponds to [ =
T1Z3Ts + Taly + 2224Ts + 2122F3 -+ L223T425.

4,26. The initial cover is C° = {00x0, 100x, x010, 1111, 00x1, 011x}.
Using the s-product get the prime implicants P = {00xx, Ox1x, x00x, x0x0, x111 }.
The minimum-cost cover is Cminimum = {X00x, X0x0, X111}, which corresponds 1o f = T2%3 + To%a 4
Tal3T 4.

4.27. Expansion of Z,T,F3 gives F;.
Expansion of 1 Zaza gives @j.
Expansion of #; £3%3 gives Ty.
Expansion of 22423 gives zo23.
The set of prime implicants comprises ¥y and z;23.

4.28. Expansion of T)23Z3x4 gives zaT324 and F1 2224
Expansion of #12,Ta24 gives 29F324.
Expansion of 212923%, gives @aZa.
Expansion of F razs gives T 3.
Expansion of F23 gives Tozg.
The set of prime implicants comprises z3Tg24, F1 2224, £a%4, T1 23, and Tyz3.



4.29.

4.30.

4.31.

Representing both functions in the form of Karnaugh map, it is easy to show that f = g. The minimum cost
SOP expression is
f = g = FTaTs + TuxaTq + 212324 + T12224%5.

The cost of the circuit in Figure P4.2 is 11 gates and 30 inputs, for a total of 41. The functions implemented
by the circuit can also be realized as

f = TE1ToFa+ 22FaTa + Tr12ars + 2124

g = E1ToF4 + 22F3Ty + Tazars + Taxy + 2374

The first three product terms in f and g are the same; therefore, they can be shared. Then, the cost of imple-
menting f and g is 8 gates and 24 inputs, for a total of 32.

The cost of the circuit in Figure P4.3 is 11 gates and 26 inputs, for a total of 37. The functions implemented
by the circuit can also be realized as

f (Fatza) 1 (F1t 22t 23) 1 (221 %21 23) T(F2173)

g @Fatza)t @ tzataa){zat T2t 2a) t(Z1 1 %)

The first three NAND terms in f and g are the same; therefore, they can be shared. Then, the cost of imple-
menting f and g is 7 gates and 20 inputs, for a total of 27.
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5.1. (a) 478
(b) 743
(c) 2025
(dy 41567
(e) 61680

5.2. (a) 478
() —280
(0 —1

5.3. {a) 478
&) ~281
(¢ -2

5.4. The numbers are represented as follows:

Decimal | Sign and Magnitude | 1’s Complement | 2’s Complement

73 000001001001 000001001001 | 000001001001
1906 011101110010 011101110010 | 011101110010
—95 100001011111 111110100000 111110100001

=1630 111001011110 100110100001 100110160010

5.5. The results of the operations are:

(a): 00110110 54 (b): 01110101 117 (e 11011111 (~33)
+01000101  +69 +11011110 =34 +10111000 +-—72)
01111011 123 01010011 83 10010111  (—105)

(dy. 00110110 54 (e): 0111010t a1n 110100611 (—45)
—00101011 —43 —11010110 —~(—42) —11101100 —(-20)
00001011 1 10011111 (159) 11100111 (-25)

Arithmetic overflow occurs in example e; note that the pattern 10011111 represents —97 rather than +159.



5.6. The associativity of the XOR operation can be shown as follows:

2 (y®2z) = zd(Fz+y7)
= F(Fz+yZ)+2(F Z+yz)
= T PYr+TYzr+2Y- -7+ 2yz
zonez = (Ty+25)®=z

fl

(F-5+2y)2 + Ty + 24)7
= TPt ryzr+ETYIZ L+ H- 7

The two SOP expressions are the same.

5.7. Inthe circuit of Figure 5.5b, we have:

5 = (zi®9y) O
= Dy Do
i1 = (i Dy)e + 2y

= (Fay +aWido + Eip
Tiyici + xiYsCi + it
= yici +zici + &y

The expressions for &; and ;4 are the same as those derived in Figure 5.45.

5.8. We will give a descriptive proof for ease of understanding. The 2's complement of a given number can be
found by adding 1 to the 1’s complement of the number. Suppose that the number has & Os in the least-
significant bit positions, by . . . b, and it has b, = 1. When this number is converted toits 1’s complement,
each of these k bits has the value 1. Adding 1 to this string of 1s produces bgds—184—a...bo = 100...0.
This result is equivalent to copying the k 0s and the first 1 {in bit position by) encountered when the number
is scanned from right to left. Suppose that the most-significant n — k bits, by 15,2 . . . bx, have some pattern
ofOs and 15, but by, = 1. In the 1’s complement this pattern will be complemented in each bit position, which
will include b; = 0. Now, adding 1 to the entire n-bit number will make b; = 1, but no further carries will
be generated; therefore, the complemented bits in positions by, 16, —2 . . . br41 will remain unchanged.

5.9. Construct the truth table

2 $n—1 (sign bit) | Overflow

=
i
il
¥
i
4
I
0

——-°~°°°§

—— e DO OO
_——O T e =00
—_— e O e O - O
—_0 O~ O = —O
O OO OO~

Note that overflow cannot occur when two numbers with opposite signs are added. From the truth table the

overflow expression is
Over flow =Tpen_1 + CnEn-1 = Cn B Cn-1



3.10. Since sx = z; @ Y& B ck. it follows that

(zk DY) @ (21 D Y D cx)
(zr Bu)B (v B ys) Do
ey

21 D Yk b sk

5.11. Yes, it works. The NOT gate that produces ¢; is not needed in stages where 7 > (. The drawback is “poor”
propagation of & = 1 through the topmost NMOS transistor. The positive aspect is fewer transistors needed

to produce G

5.12. From Expression 5.4, each ¢; requires i AND gates and one OR gate. Therefore, to determine all ¢; signals
we need Yr, (i + 1) = (n? + 3n)/2 gates. In addition to this, we need 3n gates to generate all g, p, and s
functions. Therefore, a total of (n® + 9n)/2 gates are needed.

5.13. 84 gates.

5.14. The circuit for a 4-bit version of the adder based on the hierarchical structure in Figure 5.18 is constructed

as follows:
X3 Y3 % X1 Yy % Yo
Block 1 Block 1 <o
G\{P, G| Py
i3 5 ¥y Sp

Cyq L
’ 0

Blocks 0 and 1 have the structure similar to the circuit in Figure 5.16. The overall circuit is given by the

expressions
P = zi+wy
& = iy
P = pps

Go = g1 +mgo



P = ppa
Gy = g3+pagma
c2 = Go + Pyeq
¢g = Gi1+ PGo+ P Poco

5.15. The longest path, which causes the critical delay, is from the inputs mg ard m; to the output p, indicated
by the dashed path in the following copy of Figure 5.33a:

0 my m, m, mg
:
1 qo
1
C B A
PP1 — T/ 0
{ N
D o 72
PP2 ,
4
~HETT]e Rl FET]E I o
]
‘ 1
'
P P Ps Py P3 A Py Po

Propagation through the block A involves one gate delay in the AND gate shown in Figure 5.33b and two
gate delays to generate the carry-out in the full-adder. Then, in each of the blocks B, C, D, E, F, G, and H,
two more gate delays are needed to generate the carry-out signals in the circuits depicted by Figure 5.33¢.
Therefore, the total delay along the critical path is 17 gate delays.

5.16. (a) LIBRARY icee ;
USE iece.std_logic_1164.all ;

ENTITY rowQ IS
PORT ( q0, 41, cin, mk, mkpl : IN STD_LOGIC
s, cout : OUT STD.LOGIC);
END row(;

ARCHITECTURE LogicFunc OF row) IS

SIGNAL a0, al : STD_LOGIC ;
BEGIN

a0) <= q0 AND mkp1 ;

al <=ql ANDmk ;

8 <= cin XOR a0 XOR al ;

cout <= (cin AND a0) OR (cin AND al) OR (a0 AND al) ;
END LogicFunc ;



()]

{c)

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;
ENTITY rowl IS
PORT ( qj, cin, mk, BitPPi :IN STD_LOGIC ;
s, cout : OUT STD.LOGIC ) ;
END row! ;

ARCHITECTURE LogicFunc OF row1 IS

SIGNAL a0 : STD_LOGIC ;
BEGIN

a0 <=qj AND mk ;

s <=cin XOR a0 XOR BitPPi ;

cout <= (cin AND a0) OR (cin AND BitPPi) OR (a0 AND BitPPi) ;
END LogicFunc ;

LIBRARY icee ;
USE icee.std_logic..1164.all ;
ENTITY multdx4 IS
PORT(cin :IN STDLOGIC;
M,Q :IN STDLOGIC_.VECTOR(3I DOWNTO 0);
P : OUT STD_LOGIC_VECTOR(7 DOWNTO 0) );
END muit4x4 ;

ARCHITECTURE Structure OF mult4x4 IS
COMPONENT row0
PORT ( q0, q1, cin, mk, mkp! :IN STD_LOGIC;
8, cout : OUT STD_LOGIC };
END COMPONENT ;
COMPONENT rowl
PORT ( qj, cin, mk, BitPPi : IN STD_LOGIC ;
s, cout : OUT STDLOGIC);
END COMPONENT ;
SIGNAL PP1  : STD_LOGIC_VECTOR{5 DOWNTO 2) ;
SIGNALPP2 : STDLOGIC_.VECTOR(6 DOWNTO 3);
SIGNAL Crow0, Crowl, Crow2 : STD_LOGIC_VECTOR(] TO 3);
BEGIN - ‘
P(0) <= Q(0) AND M(0) ; _
row(_1: row(} PORT MAP ( Q(0), Q(1), cin, M(0), M(1), P(}), CrowO(D) ) ;
row(.2; row) PORT MAP ( Q(0), Q(1), Crow0(1), M(1), M(2), PP1(2), Crow((2)) ;
row(.3: rowd PORT MAP ( Q(0), Q(1), Crow((2), M(2), M(3), PP1(3), Crow(}(3) ) ;
row(._4: row) PORT MAP ( Q(0), Q(1), Crow((3), M(3), cin, PP1(4), PP1(5) ) ;
rowl_2: rowl PORT MAP ( Q(2), cin, M(0), PP1(2), P(2), Crowi(1) )
rowi_3: rowl PORT MAP ( Q(2), Crow1(1), M(1), PP1(3), PP2(3), Crowi(2)) ;
rowl_4: rowl PORT MAP ( Q(2), Crow1(2), M(2), PP1(4), PP2(4), Crow1(3));
rowl.35: rowl PORT MAP ( Q(2), Crow1(3), M(3), PP1(5), PP2(5), PP2(6) ) ;
row2_3: rowl PORT MAP ( Q(3), cin, M(0), PP2(3), P(3), Crow2(1) )} ;
row2_4: rowl PORT MAP ( Q(3}, Crow2(1), M(1), PP2(4), P(4), Crow2(2)) ;
row2_5: rowl PORT MAP { Q(3), Crow2(2), M(2), PP2(5), P(5), Crow2(3) } ;
row2.6: rowl PORT MAP ( Q(3), Crow2(3), M(3), PP2(6), P(6), P(7) ) ;
END Structure ;



5.17. The code in Figure PS.2 represents a mubtiplier. 1 maltiplies the fower two bils Of fapu? 0y the ugper iwe

3.8

3.19.

bits of Jnpur, producing the four-bit Owipur, The style of code is poor, because it is not readily apparent what
is being deseribed.

Let Y = payaps v be the 9's complement of the BCD dight X = 23237320 Then, ¥ is defined by the sruth
table

Ty Ta Ty s ¥a Y2 W W
a o 0 0 i 0 0 1
6 0 6 1 i ¢ ¢ 0
8 ¢ 1 9310 1 1t 1
g o 1 1 0 1 1 @6
g t & 04¢ 1 0 1
g 1 9 1 ¢ 1 0 4
g 1 1 830 0o 1 1}
g 1 i i o 0 1 @
1 ¢ & 0§00 0 & i
1 9 0 1 8 0 0 @
This gives
o = %o
o= N
s = Fery+ 22E
1 o= Tl

BCD subtraction can be performed using 10s complement representation, using an approach that is similar
to 2's complement subtraction. Note that 10's and 2's complements are the radix complements in number
systems where the radices are 10 and 2, respectively. Let X snd ¥ be BUD numbers given in 10s comple-
ment representation, such that the sign (lefi-most) BCD digit is 6 for positive numbers aud 9 for negative
numbers. Then, the subtraction operation § = X — ¥ ia performed by finding the 10's complement of Y
and adding it to X, ignoring any carry-out from the sign-digit position.

For example, fet X = 068and ¥ = 043. Then, the 10’s complement of ¥ is 957, and 5" = 068 + 957 =
1025, Dropping the carry-out of 1 from the aign{ﬁgitposiﬁnn gives 5 = 825,

As another example, let X = 032and ¥ = 048, Then, § = 032 + 657 = 989, which represents —1110.

The 1{’s complement of ¥ can be formed by adding 1 to the %s complement of Y. Therefore, & circuit that
can add and subtract BCD operands can be designed as follows:



X Y
| I
z
9's complementer
—g— Add/Sub
N
BCD Adder
S

For the 9’s complementer one can use the circuit designed in problem 5.18. The BCD adder is a circuit based
on the approach illustrated in Figure 5.40.

5.21. A full-adder circuit can be used, such that two of the bits of the number are connected as inputs z and y, while
the third bit is-connected as the carry-in. Then, the carry-out and sum bits will indicate how many input bits

are equal to 1.
2 %
x y

out

‘-.--—-—-—v—-——--n.-l
Result



5.22. Using the approach explained in the selution to problem 5.21, the desired circuit can be built as follows:

Zs 2 2 22 2 Zp

(1] L

FA r—- FA
‘ ] |
B o
T
T
Result

5.23. Using the approach explained in the solutions to problems 5.21 and 5.22, the desired circuit can be built as
follows:




5.24. The graphical representation is

000
998999 001 002

902 098

901900099

For example, the addition —3 + (+5) = 2 involves starting at 997 (= —3) and going clockwise 5 numbers,
which gives the result 002 (= +2). Similarly, the subtraction 4 — (+8) = —4 invelves starting at 004 (= +4)
and going counterclockwise 8 numbers, which gives the result 996 (= —4).

5.25. The temary hatf-adder in Figure P5.3 can be defined using binary-encoded signals as follows:

A B Carry | Sum
ap ag by bo | cour | &1 B0
o 0 0 0 0 0 0
0 0 0 1 0 0 1
0 0 1 0 4] 1 0
0 1 0 0O 0 0 1
0 1 0 1 0 1 0
0 1 1 0 1 0 0
1 0 0 O 0 1 0
1 o 0 1 1 0 0
1 0 1 0 1 0 1

The remaining 7 (out of 16) valuations, where either a; = g = 1, or by = by = 1, can be treated as don’t
care conditions. Then, the minimum cost expressions are:

Cout = Gobi+a1b1+aibo
aobo + E1dobs + a1bibo
a1 + @ydobo + 403130

81

S0



26. Temary full-adder is defined by the truth table:

Sum

PN NONDOD = NOND O -®

E
<

A B

Cin

OO0 0O O v~ D it vl 0 vt ) s it vt ol el

D NO =IO =D NS e~

QO rm e N NNS OO~ st N

SO OO OO O G mi vl vt ;o e v v el

Using binary-encoded signals for this full-adder gives the following truth table:

Sum
80

81

C mMO— OO0 mOOOC0 =D m~D

C OO rmO~mOO OO OO m

b b

ao

S OO0 M = (Dot o (D) £ oew e omn v —

O ~mO O mOOmMOO OO O ~D
COmMOOmMOOmMOO mOO~OO —
COO0mm "o 00O OO == O

SO0 =m0 00000 — ~——

C OO0 OC OO0 OO m m rt rt ot ol o -




Treating the 14 (out of 32) valuations where either ay = ag = 1 or §; = by = 1 as don't care conditions,
leads to the minimum cost expressions

Cout = aoby + arbo+ arby + a1cin + bicin + Gobacin
81 = aobolin + G1Gob1Tin + 61b150%in + arbicin + G1obocin + agbibocin
80 = a1b1%in + G180boTin + 60b150Tin + a1bocin + aobicin + T1Bob1bocin

5.27. The subtractions 26 — 27 = 99 and 18 — 34 = 84 make sense if the two-digit numbers 00 to 99 are in-
terpreted so that the numbers 00 to 49 are positive integers from 0 10 +49, while the numbers 50 10 99 are
negative integers from —~50 to —1. This scheme can be illustrated graphically as follows:

Thanks.



Chapter 6

6.1.

6.2.

6.3.
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6.5. The function f can be expressed as
f = W WaW3 + Wy weW3 + Wy waws + w1 wels
Expansion in terms of w, produces
J = Wi{wz + @) + w1 (w3Ta)

The corresponding circuit is

W)

i roun 1) e BN N
D

6.6. The function f can be expressed as
[ = W1 WaW3 + w1 WaWs + w1waTs + wiwaws

Expansion in terms of w, produces
f = Wa(Wa) + wal{wy)

The corresponding circuit is

W

W3 DC f

W)




6.7. Expansion in terms of w; gives
f = Tv'g(l + W Ws + ‘t.Ulwa) + W(“lﬁlﬁg + wlwa)
= Ty W2 s + w1 Waws + Wy + WiwsWs + wrwaws

Further expansion in terms of u gives

f

Wy (waT3 + Watha + Ta) + wi(waws + Waws +12)
= W3 + T W23 + Wz + wiwaws + withaws + w1z

i

Further expansion in terms of w3 gives
f = W(Wwz + W2 + T Tz + w1T3) + wa(wiwa + w1z + wiw2 + W, W)
= Tywels + Wy W3 + w1H2W3 + wywaws + wTaws + Withaty
6.8, Expansidn in terms of wy gives
f = Twr+WW+wiws
Further expansion in terms of wa gives

f = T(T1Wa) + wa(wy + W + W1 Ts)
= Wiwi + Wwqatlz + WiwWals + wiws

Further expansion in terms of wj gives

f = Wa(B1% + wyws + Tywy + Wyws) + wa(w1wz + W1 ta)
T WaTha + wy welhs + W wyWa + Wrwaws + wiwata

6.9. Proof of Shannon's expansion theorem
flzy,22,... zn) =F1 - f(0, 22, .. Zp) + 21 f(]., 22, ..y Tr)

This theorem can be proved using perfect induction, by showing that the expression is true for every possible
value of z1. Since z4 is a boolean variable, we need to look at only two cases: 21 = Oand z; = 1.

Setting z; = 0 in the sbove expression, we have:

J0, 23, e zm) = 1 f(0, 22,0 80) + 00 f(1, 22,00 20)
f(0, 22, ..., 2Zn)

H

Setting z1 = 1, we have:

fO,22,..20) = 0. f(0,z2, v @n) + 1. f(1, 22, s En)
f(1,22,...,20)

This proof can be performed for any arbitrary z; in the same manner.
6.10. Derivation using f:

? = T”FTW + w?w
f = (W?W + w?w )

(w+ fo) (@ + fu)



6.11. Expansion in terms of w gives
F = W2(W, + Wa) + wa{wrwa)

Letting ¢ = W1 + sy, we have

[ = 0ag + wag
The corresponding circuit is
L B } 8 0
1 1 !
W3 0 1 f
L
w2

6.12. Expansion of f in terms of wy gives

f = ﬁh(@] -+ ”u“:-_:,) + w;(w;wa)
wa @ (W1 + W)
Wy @ Wit

The cost of this multilevel circuit is 2 gates + 4 inputs = 6.

6.13. Using Shanron’s expansion in terms of w; we have

!

Wa(Wa + Wytne) + wa(waly + wywa)
= Ta(W3 + Wiwa) + wo(ws(wy + @)
If we let ¢ = Ws + Wiy, then
F =Wag +waj§
Thus, two 3-LUT: are needed to implement f.

6.14. Any number of 5-variable functions can be implemented by using two 4-LUTs. For example, if we cascade
the two 4-LUTs by connecting the output of one 4-LUT to an input of the other, then we can realize any

function of the form
F = fi(w:, wa, ws, we) + ws
= filwy,wa,ws, we) - ws
6.15. Expressing f in the form
F = FFowo + 818w + Fraewr + 5150ws

= Fo{Er1wo + 5111) + so(Frws + s1ws)

leads to the circuit.



0 —

5, §ywo + 5wy

Wwg ——

Wy

0 —f So(5ywg + 5w, ) +5p(5,wy +5;Wq}

ip

0 —
¥ —f
R j]Wz'!‘leJ

W3_.

Alternatively, directly using the expression
J = E15owo + 3150w + F1 80w + S150w3

leads to the circuit.

5 —

5| B 5w, + 515w,

Wo ——
Wy —|

0 s;sowo-l- 3 !Sow‘ + S‘S°W2 + SlS°W3

0 —

5o —

St -

Wz b— }la’owz + Sl."ows
W3 —

6.16. Using Shannon’s expansion in terms of ws we have .

i)

Wa(wa) + ws(wy + By)
= Wa(wa) + wa(Wa + wawy)

The corresponding circuit is



w3

L)

6.Y7. Using Shannon’s expansion in terms of w3 'we have
} = un{@ + i) + Bs(wr + Brwe)

The corresponding circuit is

6.18. The code in Figure P6.2 is 8 2-to~4 decodes with an enable input. This style of code is a poor choice becavse
its meaning is not readily apparent. Better choices of code thai represents a 2-10-4 decoder are shown in

Figures 6,30 and 6.46.

6.19, LIBRARY ieee;
USE ieee.std_logic 1164.all ;

ENTITY probs.19 18
PORT{(w :IN STDLOGIC.VECTOR(1 10 3);
f :QUT STDLOGIC ),
END probb.19 ;

ARCHITECTURE Behavior OF prob6_19 15
BEGIN
WITH w SELECT
f <=0 WHEN "001",
'’ WHEN 1107,
'Y’ WHEN OTHERS ;
END Behavior ;



6.20.

6.21.

6.22,

LIBRARY ieee ;
USE iece.std_logic_1164.all ;

ENTITY prob6_20 IS
PORT(w :IN STD_.LOGIC_VECTOR(l TO 3};
f :OUT STD_LOGIC);
END prob6.20 ;

ARCHITECTURE Behavior OF prob6.20 IS
BEGIN
WITH w SELECT
f <="0" WHEN 000",

0" WHEN "100”,

0" WHEN "111%,

’1” WHEN OTHERS ;
END Behavior ;

LIBRARY icee ;
USE ieee.std_logic_1164.all ;

ENTITY prob6.21 IS
PORT(w :IN STD_LOGIC_VECTOR(3 DOWNTO0);
y :OUT STD.LOGIC_VECTOR(I DOWNTO 0} );
END prob6_21 ;

ARCHITECTURE Behavior OF prob6_21 IS
BEGIN
WITH w SELECT
y <="00" WHEN "0001",

*01" WHEN 0010,

*10” WHEN "0100",

11 WHEN OTHERS ;
END Behavior ;

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob6.22 IS
PORT(w :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
y :0OUT STD.LOGIC_VECTOR(2 DOWNTOO0));
END prob6_22 ;

...con't



ARCHITECTURE Behavior OF prob6.22 1S
BEGIN
y <= "000" WHEN w = 00000001 ELSE

001" WHEN w = "00000010” ELSE
010" WHEN w = "00000100” ELSE
011" WHEN w = "00001000” ELSE
100" WHEN w = "00010000" ELSE
*101” WHEN w = "00100000” BELSE
”110" WHEN w = "01000000” ELSE
"1,

END Behavior ;

6.23. First define a set of intermediate variables

t9 = WyWeWyWyWaliall o
1 = Wil WsWatiaWauwy

i = TWWelisWyWatly

i3 = TWhWeixaws

19 = TWrlgWptly

iy = Wylews

ig = Wrwsg

i = um

Now a traditional binary encoder can be used for the priority encoder
o = é1+is+is+ir
1 = ia+iatigt+ir
Ya = da+is+dis+iy

6.24. LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob6_24 IS
PORT(w :IN STD_LOGIC.VECTOR(7 DOWNTO 0);
y :OUT STD_LOGIC_VECTOR(Z DOWNTO 0) ;
z : OUT STD_LOGIC);
END prob6.24 ;

ARCHITECTURE Behavior OF prob6.24 IS
BEGIN
y <="111" WHEN w(7)="1" ELSE
”110"” WHEN w(6) = "1’ ELSE
”101"” WHEN w(5)="1' ELSE
”100” WHEN w(4) = "1’ ELSE
"011” WHEN w(3)="1" ELSE
010" WHEN w(2) ='1" ELSE
"001” WHEN w(1) =’1" ELSE
000" ;
z <='0" WHEN w="00000000" ELSE 1" ;
END Behavior ;



6.25. LIBRARY icee ;
USE icee.std_logic_1164.ail ;

ENTITY prob6_25 IS
PORT(w :IN STD_.LOGIC.VECTOR(7 DOWNTO 0);
y :OUT STD_LOGIC.VECTOR(2 DOWNTO 0);
z :OUT STD.LOGIC):
END prob6.25 ;

ARCHITECTURE Behavior OF prob6_25 IS
BEGIN
PROCESS (w)
BEGIN
IF w{(7)="1" THEN
y<="111";
ELSIF w(6)="1" THEN
y <="110";
ELSIF w(5)="1' THEN
y <="101";
ELSIF w(4)="1’ THEN
y <="100";
ELSIF w(3)="1' THEN
y <= uolln :
ELSIF w(2)= 1" THEN
y <="01";
ELSIF w(1)='1" THEN
y <="001";
ELSE
y <="000";
ENDIF;
IF w = 00000000 THEN
z <= lo’ ;
ELSE
z<="1";
ENDIF;
END PROCESS ;
END Behavior ;

6.26. LIBRARY ieee ;
USE ieee.std.logic.1164.all ;

ENTITY if2to4 IS
PORT(w :IN STD.LOGIC.VECTOR(1 DOWNTO 0);
En :IN STD.LOGIC;
y  OUT STD.LOGIC VECTOR(3 DOWNTO 0) ).
END if2to4 ;

...con't



ARCHITECTURE Behavior OF if2to4 IS
BEGIN
PROCESS (En, w)
BEGIN
IF En = "0’ THEN
y <="0000" ;
ELSE
IF w = 700" THEN
y <="0001";
ELSIF w = "01" THEN
y <="0010";
ELSIF w = "10” THEN
y <="0100";
ELSE
y <="1000";
ENDIF;
ENDIF;
END PROCESS ;
END Behavior ;

LIBRARY ieee ;
USE ieee.std -logic_1164.all ;
PACKAGE if2to4 _package IS
COMPONENT if2t04
PORT(w :IN STDLOGIC_VECTOR(1 DOWNTO 0);
En :IN STDLOGIC;
y :OUT STD_LOGIC.VECTOR(3 DOWNTO 0));
END COMPONENT ;
END if2to4.package ;

LIBRARY ieee ;
USE ieee.std_togic_1164.all ;
USE work.if2to4._package.all ;

ENTITY h3to8 IS
PORT(w :IN STDLOGIC_.VECTOR(Z DOWNTOO0);
En :IN STDLOGIC;
y : OUT STDLOGIC_VECTOR(7 DOWNTO00));
END hito8 ;

ARCHITECTURE Structure OF h3to8 IS

SIGNAL EnableTop, EnableBot : STD.1.OGIC ;
BEGIN

EnableTop <= w(2) AND En ;

EnableBot <= (NOT w(2)) AND En ;

Decoderl: if2to4 PORT MAP ( w( 1 DOWNTO 0 ), EnableBot, y( 3 DOWNTQ0) )} ;
Decoder2: if2to4 PORT MAP ( w( 1 DOWNTO () ), EnableTop, y( 7 DOWNTO 4 ) ) ;
END Structure ;

...con’t



6.27.

6.28.

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;
PACKAGE h3to8_package IS

COMPONENT h3to8
PORT(w :IN STD.LOGIC.VECTOR(2 DOWNTO 0};

En :IN STD.LOGIC,;
y :OUT STD_LOGIC_VECTOR(7 DOWNTQ Q) };
END COMPONENT ;
END h3t08_package ;

LIBRARY icec ;
USE ieee.std_logic_1164.all ;
USE work.h3to8_package.all ;

ENTITY h6to64 IS
PORT(w :IN STDLOGIC_.VECTOR(5 DOWNTOO0);

En :IN STD.LOGIC;
y :0UT STD_LOGIC.VECTOR(63 DOWNTO9) };

END h6to64 ;

ARCHITECTURE Structure OF h6to64 IS
SIGNAL Epables : STD LOGIC_VECTOR( 7 DOWNTO 0);

BEGIN
root : h3to8 PORT MAP ( w( 5 DOWNTO 3), En, Enables ) ;
leaf0: h3to8 PORT MAP ( w( 2 DOWNTO 0 ), Enables( 0 ), y(7 DOWNTO 0)) ;
leaf1: h3to8 PORT MAP ( w( 2 DOWNTO 0 ), Enables( 1), y( 15 DOWNTO &) ) ;
leaf2: h3to8 PORT MAP ( w( 2 DOWNTO 0 ), Ensbles( 2 ), y( 23 DOWNTO 16) ).
leaf3: h3to8 PORT MAP ( w( 2 DOWNTO 0 ), Enables{ 3), y( 31 DOWNT024)),
leaf4: h3to8 PORT MAP ( w( 2 DOWNTO () ), Enables( 4 ), y{ 39 DOWNTO 32));
leaf5; h3to8 PORT MAP { w( 2 DOWNTO 0 ), Enables( 5 ), y(47 DOWNTQO 40} ) ;
leaf6: h3to8 PORT MAP ( w( 2 DOWNTO 0.), Enables( 6 ), y( 55 DOWNTQ 48 ) ) ;
leaf7: h3to8 PORT MAP ( w( 2 DOWNTO 0 ), Enables{ 7 ), y{ 63 DOWNTO 56));

END Structure ;

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob6.28 15
PORT(s :IN STDLOGIC.VECTOR(1DOWNTOO);

w :IN STD.LOGIC_VECTOR( 3 DOWNTO0);
f :OUT STD.LOGIC);
END prob6.28 ;

...con't



6.30.

6.31.

6.32.

ARCHITECTURE Structure OF prob6_28 IS
COMPONENT dec2to4
PORT(w :IN STDLOGIC_VECTOR(1 DOWNTOO0);
En :IN STDLOGIC;
y :0OUT STD_LOGIC.VECTOR(0 TO 3)),
END COMPONENT,
SIGNAL High : STD_LOGIC ;
SIGNAL y : STD_LOGIC VECTOR( IDOWNTOO0);
BEGIN
High <="1";
decoder: dec2tod4 PORT MAP ( 5, High, y };
f <= (w(D) AND y(0)) OR (w(1) AND y{1}) OR
(w(2) AND y(2)) OR w(3) AND y(3)) ;
END Structure ;

LIBRARY ieee ;
USE jeee.std_logic_1164.all ;

ENTITY prob6.30 IS
PORT (bed : IN  STD_LOGIC_VECTOR(3 DOWNTOQ 0} ;
leds : OUT STD_.LOGIC_VECTOR(1 TO 7)) ;
END prob6.30;

ARCHITECTURE Behavior OF prob6_30 IS
BEGIN
WITH bed SELECT
- abcdef g
leds <= "111111{¥* WHEN "0000”,
0110000 WHEN “0001”,
”1101101” WHEN 0010,
*1111001" WHEN "0011”,
“0110011” WHEN "0100”,
”1011011" WHEN "0101",
”1011111" WHEN “0110",
"1110000" WHEN "0111”,
*1111111” WHEN "1000”,
”1111011” WHEN 1001”7,

Paeoae- » WHEN OTHERS ;
END Behavior |
a = wg+ wotwy + wy + Wallg
b = ws+WWo+ wwy + T2
¢ = we+W+w

wy + Wty 4+ w1 Wo + wWeWitwo + Watty
Wathg + wiWo

wg + E;Tvo + WQW(] + waily

= w3+ w1 W + w1 + Tawn

SRS Y~
1]



6.33. (a) Each ROM location that should store a 1 requires no circuitry, because the pull-up resistors provides the
default value of 1. Each location that stores a 0 has the following cell

®

ap =

a. ——rrriion|

2-to-4 decoder

() Every location in the ROM contains the following cell

o

If a location should store a 1, then the corresponding EEPROM transistor is programmed to be turned off.
But if the location should store a 0, then the EEPROM transistor is left unprogrammed.



(d)

Thank you for visiting my web site. Make sure that you do contact me if you have any
discrepancy about the material presented in my web site.
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71.2. The circuit in Figure 7.3 can be modified to implement an SR latch by connecting S to the Data input and
§ + R to the Load input. Thus the value of S is loaded into the latch whenever either S or R is asserted.
Care must be taken to ensure that the Dara signal remains stable while the Load signal is asserted.

13. R }_ Q, I R | Q Q
1 1 0/1 1/0 (no change)
1 0 0o 1
6o 1 1 0
3 :::b———"qa o 01 1 1
1.4. s

Y
Y

By
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7.7. R
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Clock

7.9. As the circuit in Figure P7.2 is drawn, it is not a useful flip-flop circuit, because setting C' = 0 results in both
of the circuit outputs being set to 0. Consider the slightly modified circuit shown below:

a— -

-0
Lo oo

This modified circuit acts as a negative-edge-triggered JK flip-flop, in which / = A, K = B, Clock =
C,Q = D, and Q@ = E. This circuit is found in the standard chip called 74LS107A (plus a Clear input,

which is not shown).




7.10.

7.11.

LIBRARY ieee ; :
USE ieee.std_logic_1164.all ;

ENTITY prob7_1018
PORT ( T, Resetn, Clock : IN STD_LOGIC;
Q : OUT STD.LOGIC };
END prob7.10;

ARCHITECTURE Behavior OF prob7.10 IS
SIGNAL Qint : STD_LOGIC ;

BEGIN
PROCESS ( Resetn, Clock )
BEGIN
IF Resetn = '0° THEN
Qint <="0";
ELSIF Clock’EVENT AND Clock = 1" THEN
IF T="1" THEN
Qint <=NOT Qint ;
ELSE
Qint <=Qint ;
ENDIF;
ENDIF;
END PROCESS ;
Q <=Qint;
END Behavior ;
LIBRARY ieee ;

USE ieee.std_logic_1164.all ;

ENTITY prob7_11 IS
PORT (I, K, Resetn, Clock : IN STD_LOGIC;
Q : OUT STDLOGIC ) ;
END prob7_11 ;

ARCHITECTURE Behavior OF prob7.11 IS
SIGNAL Qint : STD_1.OGIC ;
BEGIN
PROCESS ( Resetn, Clock )
BEGIN
IF Resetn = *0° THEN
Qint <="0";
ELSIF Clock’EVENT AND Clock = ’1' THEN
Qint <={J AND NOT Qint y OR { NOT K AND Qint ) ;
ENDIF;
END PROCESS ;
Q <=Qint;
END Behavior ;



7.13. Let 5 = s;5p be a binary number that specifies the number of bit-positions to shift by. Also let L be a

parallel-load input, and let R = rgrariro be parallel data. If the inputs to the flip-fiops are Dy
the outputs are Qg . . . Q3, then the barrei-shifter can be represented by the logic expressions

Ds = L-Rs+L-(313093)

Dy = L.Ry +I. (31304]3 + 315043)

Dy = L. Ry+1T-(3150q1 + 518092 + 815093)

Dy = L-Ro+1I. (515090+ 515091 + 815002 + 815093)
7.14, LIBRARY ieec;

USE ieee.std_logic_1164.all ;

ENTITY prob7_14 1S

PORT (R :IN STD_.LOGIC_.VECTOR (3 DOWNTO 0) ;
Shift :IN STD_LOGIC_VECTOR (1 DOWNTO 0} ;
L,Clock :IN STD_LOGIC ;

Q : BUFFER STD_LOGIC_VECTOR (3 DOWNTO 0) );
END prob7_14 ;

ARCHITECTURE Behavior OF prob7_14 1S
BEGIN
PROCESS ( Clock )
BEGIN
WAIT UNTIL Clock’EVENT AND Clock = 1" ;
IFL ="1" THEN
Q<=R;
ELSE
CASE Shift IS
WHEN 10" => Q <="00" & Q(3 DOWNTO 2) ;
WHEN 01" = Q<="0"& Q3 DOWNTO 1);
WHEN OTHERS => Q <=Q;
END CASE ;
ENDIF;
END PROCESS ;
END Behavior ;

...D3 and



7.15. Enable
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7.16. Uﬁldown
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7.17.

Dp/down

D D
QOAIJ_j Q h Q;
Clock

ey

7.18. The counting sequence is 000, 001, 010, 111.

7.19. The circuit in Figure P7.4 is a master-slave JK flip-flop. It suffers from a problem sometimes called ones-
catching. Consider the situation where the Q output is low, Clock =0, and J = K = 0. Now let Clock
remain stable at O while J change from 0 10 | and then back to 0. The master stage is now set to 1 and this
value will be incorrectly transferred into the slave stage when the clock changes to 1.

7.20. Repeated application of DeMorgan’s theorem can be used to change the positive-edge triggered D flip-flop
in Figure 7.11 into the negative-edge D triggered flip-flop:

Clock




7.21.

7.22,

LIBRARY icee ;
USE jeee.std_logic.1164.all ;
USE ieee.std_logic_unsigned.all ;

ENTITY prob7.21 IS

PORT(R 1IN STD.LOGIC_VECTOR(23 DOWNTO 0) ;
Clock, Resetn, L, U : IN STD_LOGIC ;
Q : BUFFER STD_LOGIC_VECTOR(23 DOWNTO0) ) ;
END prob7.21 ;
ARCHITECTURE Behavior OF prob7.21 IS
BEGIN
PROCESS ( Clock, Resetn )
BEGIN

IF Resetn = "0’ THEN
Q <= (OTHERS => '0");
ELSIF Clock’EVENT AND Clock = '{’ THEN
IFL="1" THEN
Q<=R;
ELSIF U ="1"THEN
Q<=0Q41;
ELSE
Q<=0Q-1;
END IF ;
ENDIF;
END PROCESS ;
END Behavior ;

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;
USE ieee.std_logic_unsigned.all ;

ENTITY prob7.22 18
GENERIC (N : INTEGER :=4);
PORT ( Clock, Resetn, E : IN STD_LOGIC;
Q : OUT STD_LOGIC_VECTOR ( N—1 DOWNTO 0) ) ;
END prob7.22 ;

ARCHITECTURE Behavior OF prob7.22 IS
SIGNAL Count : STD_LOGIC_.VECTOR ( N—1 DOWNTO0);
BEGIN
PROCESS ( Clock, Resetn )
BEGIN
IF Resetn = *0’ THEN
Count <= (OTHERS => '0') ;

...con’t



ELSIF Clock’EVENT AND Clock = ’1' THEN
IFE ="1" THEN
Count <= Count + 1 ;
ELSE
Count <= Count ;
ENDIF;
ENDIF;
END PROCESS ;
Q <= Count ;
END Behavior ;

7.23. LIBRARY iege ;
USE iece.std_logic_1164.all ;

ENTITY prob7.23 IS
PORT(R :IN INTEGER RANGE 0 TO 11 ;
Clock, Resetn, L. : IN STD_L.OGIC ;
Q : BUFFER INTEGER RANGEOTO 11);
END prob7.23 ;

ARCHITECTURE Behavior OF prob723 IS
BEGIN
PROCESS ( Clock, Resetn )
BEGIN
IF Resetn = '0* THEN
Q<=0;
ELSIF Clock’EVENT AND Clock = *1' THEN
IFL ="'1' THEN
Q<=R;
ELSE
IFQ =11 THEN
Q<=0;
ELSE
Q<=Q+1;
ENDIF;
ENDIF;
ENDIF;
END PROCESS ;
END Behavior ;

7.24. The longest delay in the circuit is.the from the output of FFy 1o the input of FF3. This delay totals 5 ns. Thus
the minimum period for which the circuit will operate reliably is

Tmin =5m+t:u:8118

The maximum frequency is
Fmas = 1/Tm|'n = 125 MHz



7.25.

7.26.

LIBRARY icee ;
USE ijeee.std logic_1164.all ;

ENTITY prob7_25 IS
PORT ( Clock, Clear : IN STDILOGIC ;
BCDO, BCD1 : BUFFER STD.LOGIC_VECTOR(3 DOWNTO0));
END prob7.25 ;

ARCHITECTURE Structure OF prob7.25 1S

COMPONENT fig7.25 .
PORT (D 1IN STD_LOGIC_VECTOR(3 DOWNTO 0) ;
Clock, Enable, Load : IN STD_LOGIC ;
Q : BUFFER STD_LOGIC_VECTOR(3 DOWNTO 0)):
END COMPONENT ;

SIGNAL Load0, Load1 : STD_LOGIC;

SIGNAL Enab0, Enabl : STD_LOGIC ;

SIGNAL Zero : STD_LOGIC.VECTOR(3 DOWNTO 00 :
BEGIN

Zero <="0000";

Enab0 <="1";

Enabl <= BCDG(0) AND BCDO(3) ;

Load0 <= Enabl OR Clear ;
Loadl <= (BCD(0) AND BCD1(3)) OR Ciear ;

cnt0: fig7_25 PORT MAP ( Clock => Clock, Load => Load(, Enable => Enab0,
D => Zero, Q=> BCD0);
entl: fig?.25 PORT MAP ( Clock => Clock, Load => Loadl, Enable =>> Enabi,
D => Zero, Q=> BCD1);
END Structure ;

LIBRARY ieee ;
USE ieee.std logic-1164.all ;

ENTITY prob7_26 IS
PORT ( Clock, Resetn : IN STD_LOGIC ;
Q : BUFFER STD.LOGIC.VECTOR(OTO ),
END prob7.26 ;

ARCHITECTURE Behavior OF prob7.26 IS
BEGIN
PROCESS ( Clock, Resetn )
BEGIN
IF Resetn = "0° THEN
Q <="00000000" ;
ELSIF Clock’EVENT AND Clock = '1' THEN
Q<=NOTQMN & QOTO6);
ENDIF;
END PROCESS ;
END Behavior ;



1.27. LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob7.27 1S
GENERIC { N : INTEGER :=8 ) ;
PORT ( Clock, Start : IN STD_LOGIC ;
Q : BUFFER STD_LOGIC_.VECTOR(0 TON-1));
END prob7.27 ;

ARCHITECTURE Behavior OF prob7.27 IS
BEGIN
PROCESS ( Clock, Start )
BEGIN
IF Start =’1° THEN
Q <=(OTHERS => '0");
Q0) <="1";
ELSIF Clock’EVENT AND Clock ="1" THEN
GenBits: FOR i IN 1 TO N—1 LOOP
Qa) <=Q(i-1);
END LOOP ;
Q(0) <= Q(N-1);
ENDIF;
END PROCESS ;
END Behavior ;

7.28. LIBRARY ieee ;
USE ieee.std_logic_1164.all ;
USE iece.std_logic.unsigned.all ;

ENTITY prob7 28 IS
PORT ( Clock, Reset : IN STDLOGIC ;
Data ! IN STD_LOGIC_VECTOR(3 DOWNTO 0) ;
Q : BUFFER STD_LOGIC_VECTOR(3 DOWNTO0));
END prob7.28;

ARCHITECTURE Behavior OF prob7_ 28 IS
BEGIN
PROCESS ( Clock, Reset )
BEGIN
IF Reset ='1' THEN
Q <="0000";
ELSIF Clock’EVENT AND Clock = '1’ THEN
Q<=Q+Data;
ENDIF;
END PROCESS ;
END Behavior ;



7.29, LIBRARY ieee ;
USE icee.std_logic_1164.all ;
LIBRARY lpm;
USE lpm.lpm_components.all ;

ENTITY prob7.29 IS
PORT ( Clock, Reset : IN STDLOGIC;
Q : OUT STD_LOGIC_VECTOR(31 DOWNTO 0) };
END prob729 ;

ARCHITECTURE Structural OF prob7.29 IS
BEGIN
cnt: lpm_counter
GENERIC MAP ( Ipm_width => 32)
PORT MAP ( clock => Clock, aclr => Reset, g => Q) ;
END Structural ;

7.33, T T Ty

Swap) Iy | Rout = X, Tin | Rous =Y, Rin=X | Toes, Rin =Y,
Done

Since the processor now has five operations a 3-to-8 decoder is needed to decode the signals f3, f1, fo. The
SWAP operation is represented by the code

Iy = fof 1 fo
New expressions are needed for R;,, and R, to accommodate the SWAP operation:
Rkin = (Io+N) T -Xi+(L+hL) Ta-Xp+1y - To-Xp+14 T3V
Rkoy = LT Yae+(lh+1I) - MXe +TY5)+ I - T Xe + I - T2Ya
The control signals for the temporary register, T, are
ﬂn = Tlfti
Tout N

]

7.34. (a) Period=2xnxt,
*)

Reset —————1 Reset
Interval —————————1J R Counter
Ring Os¢ —m8M——1>

Count

The counter tallies the number of pulses in the 100 ns time pericd. Thus

_ 100 ns

t  —
P = 9% Count x n



7.35.
Clock
D
A
Q
7.36.

O D -

[=2

Clock

L

}
BDre

Start Reset
Clock 3-bit counter
f 4

If you have any question, call or talk to your instructor.




Here is End Of Chapter 8
Solutions.

Chapter 8

8.1. The expressions for the inputs of the flip-flops are

Dy = Y2=wy2+y1yz
D = =wdnodnyn

The output equation is

zZ =Ny
8.2. The excitation table for JK flip-flops is
Present Flip-flop inputs Outout
state w=90 w=1 Uiy
VLK, WKy JKs WKy |
00 1d 0d 1d 1d 0
o1 od d0 0d dl 0
10 do 1d dl 0d 0
1 do dl dl do 1
The expressions for the inputs of the flip-fops are
2= 7
Kg = w
S = Wy +uwh,
Ky J1
The output equation is
2= Y2
8.3. A possible state table is
Present Next state Output »

St | =0 w=1lw=0 w=1

MmO oW
>momm
DroUnw
cooo00

-0 O OO




8.4.

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob8_4 IS
PORT(Clock :IN STD_LOGIC;
Resetn : IN STD_LOGIC;

w +IN  STD_.LOGIC;
z : OUT STD_LOGIC ) ;
END prob8.4 ;

ARCHITECTURE Behavior OF prob8_4 1S
TYPE State_type IS (A, B,C,D,E, F);
SIGNAL y : State_type;

BEGIN
PROCESS ( Resetn, Clock )

BEGIN
IF Resetn = *0’ THEN
y<=A;
ELSIF Clock’EVENT AND Clock = "1" THEN
CASEyIS
WHEN A =>
IFw="0"THENy <=A;
ELSEy <=B;
END IF;
WHEN B =>
IFw="0"THEN y <=E;
ELSEy <=C;
ENDIF;
WHEN C =>
IFw="0'THENy <=E;
EILSEy <=D;
ENDIF;
WHEN D =>
IFw="0THEN y <=E;
ELSEy <=D;
~ ENDIF;
WHEN E =>
IFw="'0’THEN y <=F;
ELSEy <=B;
END IF;
WHEN F =>
IFw="0' THENy <=A;
ElLSEy <=B;
ENDIF,
END CASE;
ENDIF;
END PROCESS ;

..con’t



PROCESS (y, w )
BEGIN

IF(y=DAND w="1")OR (y =F AND w="1") THEN

z<="1";
ELSE
z<="0";
ENDIF;
END PROCESS ;
END Behavior ;

8.5. A minimal state table is

8.6. An initial attempt at deriving a state table may be

Present Next State Output

state w=0 w=1 z

A A B 0

B E C 0

C D C 0

D A F 1

E A F 0

F E C 1
Present Next state OQutput z

state

w=0 w=1

w=0 w=1

moaw»

O»00>
omaoaow

SO =0 Q
[oe e i = = )

States B and E are equivalent; hence the minimal state table is

Present Next state Output z
stake [, —9 w=1|w=0 w=1
A A B 0 0
B b C 0 0
C D C 1 0
D A B 0 1




8.7. For Figure 8.51 have (using the straightforward state assignment):

Present Next state

state w=0 w=1

BN vy, why|

Qutput

Al 000 001 010 1
B| 001 011 101 1
C| 010 101 100 0
D| 011 001 110 1
E| 100 101 010 0
F| 101 100 ot1 0
G| 110 101 110 0
This leads to
Ya = Wys+ T4+ winb,
Y: = wys+ wh§, + wiiys + Oynv.Vs
i = T0+§T+wn?,
2 = N+ ¥,
For Figure 8.52 have
Present Next state outout
state w=0 w=1 pu
z
Bl vy . ven
A 00 ot 10 1
B 0t 00 11 1
C 10 11 10 0
F 11 10 00 0
This leads to
Y: = Uypa4thy+uy,
i = 51 v+ wnf,
2 = T

Clearly, minimizing the number of states leads to a much simpler circuit.



8.8. For Figure 8.55 have (using straightforward state assignment):

Pr Next state
esent Cutont
state DN=00 01 100 11 WP
Yayal2lh Y4Y3Y2 }/1 Z
St| 0000 0000 0010 0001 ~ 0
S21 0001 0001 0011 0100 — 0
83| 0010 0010 0101 0119 - 0
S4( 0011 0000 - - - 1
S5] 0100 0010 - — - 1
S6| 0101 0101 01i1 tQ00 -~ 0
§7]1 0110 0000 - - - 1
S84 0111 0000 - - - i
S8{ 1000 0010 - - - 1
The next-state and output expressions are
Yo = Dys
Ys = Dy + Dy2 + Nya + DyaTamn
Y2 = NF;+ys¥ + Nt
Yi = Ny + D0 + Dtawn
2 = it +hs
Using the same approach for Figure 8.56 gives
Present Next state out
state | DN=00 01 10 11 put
¥3y21h YB}IZ],I z
S1| 000 000 010 001 - 0
§2| 001 001 011 100 -~ 0
S83 010 01¢ 001 011 -~ 0
84 011 000 - - - 1
S5 100 010 - - - 1
The next-state and output expressions are:
Ys = Dgm
Ys = ys+ Nwh + No,
Y1 = D+ Nyt + Dyt
2 = ta+mn :

These expressions define a circuit that has considerably lower cost that the circuit resulting from Figure 8.55.

8-5



8.9. To compare individual bits, let & = w, & w,. Then, a suitable state table is

Present Next state Output z

State k=0 k=1|k=0 k=1

A B A 0 0
B C A 0 0
C D A 0 0
D D A 1 0
The state-assigned table is
Present Next State Output
state | k=0 k=11k=0 k=1
¥2th Yo Y-Yi H z
00 01 00 0 0
01 10 00 0 0
10 H 00 0 0
11 11 00 1 0

The next-state and output expressions are
Y2 = kn+kp
¢l kg + ky2
z = kny

il

8.10. LIBRARY ieee ;
USE icee.std_logic.1164.all ;

ENTITY prob8_10 18
PORT(Clock :IN STD_LOGIC;
Resetn :IN STD_LOGIC;
wl,w2 :IN STD_LOGIC;
z : OUT STD_LOGIC );
END prob8_10 ;

ARCHITECTURE Behavior OF prob8.1015
TYPE State_type IS (A, B, C, D) ;
SIGNAL y : State_type ;

SIGNAL k ; STD_LOGIC;

...con't



BEGIN
k<=wl XOR w2 ;
PROCESS ( Resetn, Clock )
BEGIN
IF Resetn = ’0° THEN
y<=A;
ELSIF (Clock’EVENT AND Clock ="1") THEN
CASEvYIS
WHEN A =>
IFk="0"THENy <=B;
ENDIF;
WHENB =>
IFk="0THENy <=C;
ElSEy <=A;
ENDIF;
WHEN C =>
IFk="0'THENy <=D;
ELSEy <=A;
ENDIF;
WHEN D =>
IFk="0' THENy <=D;
ELSEy <=A;
ENDIF;
END CASE;
END IF;
END PROCESS ;

z2<="1"WHENy=D AND k ="0" ELSE '0’ ;
END Behavior ;

8.11. A possible minimum state table for a Moore-type FSM is

Present Next state Output
state

w=0 w=1

QUMEHTAwE >
rTmmmow
FrTmQomn
-0 0O o0




1.12. A minimum state table is shown below. We assume that the 3-bit patterns do not overlap.

Present | INextstate | Oyeput
state

w=0 w=1 P

Mmoo ONwe
WwaP»>mOW
Qrmomn
-0 0 QOO0

8.13. LIBRARY ieee ;
USE ieee.std.logic_1164.all ;

ENTITY prob8.13 IS
PORT(Cleck :IN STD_LOGIC;
Resetn :IN STD_LOGIC;
w :IN  STDLOGIC;
p : OUT STD.LOGIC);
END prob8.13 ;

ARCHITECTURE Behavior OF prob8_13 IS
TYPE Statetype IS (A,B,C,D,E, F);
SIGNAL y : State_type;

BEGIN
PROCESS ( Resetn, Clock )

BEGIN
IF Resetn = "0’ THEN
y<=A;
ELSIF (Clock’EVENT AND Clock ="1") THEN
CASEyIS

WHEN A =>
IFw="0'THENy <=B;
ELSEy <=C;

ENDIF;

WHEN B =>
IFw="0'THENy<=D;
ELSEy<=E;

ENDIF;

WHEN C =>
IFw="0'THEN y <=E;
ELSEy<=D;

ENDIF;

...con’t
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WHEN D =>

IFw="0' THENy <= A ;

ELSEy <=F;
ENDIF;
WHEN E =>

IFw="0"THENy <=F;

EISEy <= A;
ENDIF;
WHEN F =>

IFw='0'THENy <=B;

ELSEy <=C;
ENDIF;
END CASE;
ENDIF;
END PROCESS ;

p<="I’WHENy=FELSE 0 ;
END Behavior ;

8.14. The timing diagram is

cock [T LT 1. L 1 LJ 1

a ! \ [ L 3

b___ ¢ i ! l | p—
Y ¥a : : | :

|

R

8.15. The state table corresponding to Figure P8.1 is

Present Next state Output
sate | w=0 w=1| 2
A C b 0
B B A 0
C D A 0
D C B 1

Using one-hot encoding, the state-assigned table is

8-9
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Present Next state
state w=0 w=1 Output
nlstal | ,¥3YhYy  YaYaYo)y

000! 0100 1000
G010 0010 0001
0100 1000 0001
1000 o100 0010

N

Dow»
—~o oo

The next-state expressions are

Dy = Yy = Wya+uwn
Dy = Ya = W +w)
Dy = Yy = Wys+ wys

D = 1 = wipa+m)
The output is given by z = y;.

8.16. The state-assignment given in problem 8,15 can be used, except that the state variable y; should be comple-
mented. Thus, the state assignment will be gaysyeys = 0000, 0011, 0101, and 1001, for the states A, B,
C, and D, respectively. The circuit derived in problem 8.15 can be used, except that the signal for the state
variable y; should be taken from the Q output of flip-flop 1, rather than from its Q output.

17. The partitioning process gives

P, = (ABCDEFG)

P, {ABD)(CEFG)
P (ABD)(CEG)(F)
Py = (ABD)CEG)(F)

The minimum state table is

Present Next state Output 2
state | =0 w=1|w=0 w=1
A A C 0 0
C F C 0 1
F C A 0 1
8.18. The partitioning process gives

Py = (ABCDEFG)

P, = (ADG){BCEF)

Ps = (AG)(D)(B)CE)(F)

Py = (A)GHDNB)CE)F)

8-10



The minimized state table is

Present Next state Output z
stle | =0 w=1]w=0 w=1
A B C 0 0
B D - 0 1
C F C 0 1
D B G 0 0
F C D 0 1
G F - 0 0

8.19. An implementation for the Moore-type FSM in Figures 8.5.7 and 8.5.6 is given in the solution for problem
8.8. The Mealy-type FSM in Figure 8.58 is described in the form of a state table as

Present Next state Output z
sate | pN=00 01 10 1100 01 10 11
Si S1 83 82 —-{0 0 O i
52 S2 81 83 -0 1 1 -~
S3 §3 8 st -0 0 t
The state-assigned table is
Present Nexct state Output
state DN=00 01 10 11 {00 01 10 11
Y21n Yng Y2Yl YgY]_ Yg}‘rl Z z z z
00 00 10 01 - 0 0 o -
01 o1 00 10 - 1 1 -
10 10 01 00 - O 0 1 -
The next-state and output expressions are
Y2 = Dy]_ -+ ﬁyzﬁ + w:yl
Yi = Nwya+DOnN+Dy5

E

I

Dy + Dys + Ny

In this case, choosing the Mealy model results in a simpler circuit.
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.20. Use w as the clock. Then the state table is

Present | Next | Output
state | state | z;2¢

A B 00
B C 10
C D 01
D A 11
The state-assigned table is
Present | Next
state state Ll

nw {ivo| 2z

00 10 00
10 ot i0
01 i1 01
11 00 11

The next-state expressions are
YI = %
Y2 = noéwn

(=L 9D
i k

W 4
1

4 4

The resulting circuit is

v

v
Ql
L
<l

3.21. From the state-assigned table given in the solution to Problem 8.20, the excitation table for JK flip-flops is

Present . .
P Flip-flop inputs | Output

it LK, JoKo 242

00 1d 0d 00
10 ai 1d io
01 1d do 01
11 dt dl 11

8-12



The flip-flop inputs are J; = K = 1 and Jo = K3 = y1. The resulting circuit is

B
ERA™
!
®x Voo

(1]
QI

z) zp

8.22. From the state-assigned table given in the solution to Problem 8.20, the excitation table for T flip-flops is

Present | Flip-flop
, Output

state inputs

nyp | Tp | #1%
00 1 0 00
10 1 1 10
01 1 (] 0t
11 1 1 11

The flip-flop inputs are Ty = 1 and Ty = y;. The resulting circuit is

1 T Q T Q
> 3 —’—"> Q
=
2 g

8.23. The state diagram is

Present Next state Output
state w=0 w=1]| %2%%

A A B 000
B B C 001
C C D 01¢
D D E 011
E E F 100
F F A 101

8-13



The state-assigneg table is

Next state
Present Output
state w=0 w=1 utpu
et YY1 32120

000 | 000 001 000
001 001 010 ] 001
010 | 010 011 010
011 011 100 | 011
100 100 101 100
101 101 000 101

The next-state expressions are

Y2 = Boyr+ Wy + wipm
Yi = T + Ty + wyeli U
Yo = wyw+ Wy

The outputs are: z3 = ¥2, 21 = 31, and 2o = y.

8-24. Using the state-assigned table given in the solution for problem 8.23, the excitation table for JK flip-flops is

Present Flip-flop inputs
state w=1{0 w=1] Outputs
2211 %
2y | oKy J1Ky JLKp JaKa N1 K1 JoKo
000 0d 0d 0d 0d 0d 1d 000
001 od od do 0d 1d di 00t
010 od a0 0d 0d do 1d 010
011 0d do do 1d dl d1l 011
100 do 0d 0d do od ld 100
101 do 0d do d1 0d dl 101

The expressions for the inputs of the flip-flops are

Jr = wuipe
K; = wypyw
Ji = uwhum
Ky = wyw
Jo = w
Ko = w

The outputs are: z3 = g, 21 = p1, and zp = yo.

8-14



8.25. Using the state-assigned table given in the solution for problem 8.23, the excitation table for T flip-flops is

Present Flip-flop inputs
state w=90 w=1 | Ovtputs
2221 %0
v | BNTh HEYEVE
000 000 001 000
001 000 011 001
010 000 001 o110
ot1 000 11t ot
100 000 001 100
101 000 101 101

The expressions for T inputs of the flip-flops are

T3 = wyiyo + wyado
n = WY Yo
To = w

The outputs are: z3 = 3, 21 = Y1, and 2o = Yo.

8.26. The state diagram is

Present Next state Count
state (w=0 w=1
A H C 0
B A D 1
C B E 2
D C F 3
E 3] G 4
F E H 5
G F A 6
H G B 7

The state-assigned table is

8-15



Present Next state

state w=0 w=1l
Yatido YQY]_ YU };2 Y YO

600 il 0to 000
001 000 011 001
010 001 100 010
011 010 101 011
100 011 110 100
101 100 11 101
110 101 000 110
1t1 1to 001 111

Qutput
Z241%0

TQmMmoUQw»

The next-state expressions (inputs to D flip-flops) are

Dy =Yy = Wi +9nn + wnl + Bi + VhTw
Dy =Y, Wy + ¥ + Tiso
Dy =Y = HU+ pow

The outputs are: 2z = ¥, 21 = h, and zo = yo.

8.27. From the state-assigned table given in the solution to problem 8.26, the excitation table for JK flip-flops is

Present Flip-flop inputs
state w=0 w=1 Outputs
2129
Wt | oK, I K Jo Ko JoKe NHK JoKo
000 1d 1d 1d 0d 1d 0d 000
001 0d 0d d1 0d 1d d0 001
010 0d d1 1d 1d d1 0d 010
011 0d do d1 1d dl do 011
100 dl 1d 1d do Id 0d 100
101 do 0d di do 1d do 101
110 do di 1d dl dl1 0d 110
111 do do dl dl dl d0 111

The expressions for J and K inputs to the three flip-flops are

2 = pw+HGw
Ky, = Jy

Jio= w +'y.o

K1 = J1

Jo = W

Ko = Jn

‘The cutputs are: z2 = ya, 21 = y1, and 29 = .
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8.28. From the statc-assigned table given in the solution to problem 8.26, the excitation table for T flip-flops is

Present |  Flip-flop inputs
state | w=20 w=1 | Outputs
292120
Vaviyo | ToTh Ty T To
000 1381 010 000
001 001 010 001
010 01 11¢ 010
011 001 110 011
100 it 010 100
101 001 010 101
110 011 110 110
11 001 110 111
The expressions for T inputs of the flip-flops are
T = %Hw+Hnw
v = wt7
To = @

The outputs are: z; = ya, 21 = H1, and 2o = yo.

8.29, The next-state and output expressions are
Dy = Y1 = vy +m)

Dy = Ya = w@ +%)
X = Y
The corresponding state-assigned table is
Next state

Present
state w=0 w=1

R R #

00 00 10
01 09 11
10 00 11
11 00 01

Output

SO =0

This leads io the state table

Present Next state Output
Stale | =0 w=1 z
A A C 0
B A D 1
c A D 0
D A B 0




The circuit produces » = 1 whenever the input sequence on w comprises a 0 followed by an even number
of 1s.

8.30. LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob8_30 1S
PORT (Clock :IN STD_LOGIC;
Resetn :IN STD.LOGIC;
N,D :IN STDLOGIC;
z : QUT STD_LOGIC);
END prob8.30 ;

ARCHITECTURE Behavior OF prob8.30 IS
TYPE State_type IS ( S1, S2, §3, 54,85 ) ;
SIGNAL y : State_type ;

BEGIN
PROCESS ( Resetn, Clock )

BEGIN
IF Resetn = 0’ THEN
y <=81;
ELSIF (Clock’EVENT AND Clock = *1') THEN
CASEyIS

WHEN S1 =>
IFN="1"THEN y <= 8§83 ;
ELSIFD="1"THEN y <=82;
ELSEy <= 81 ;

END IF;

WHEN 82 =>
IFN="I"THEN y <= 84 ;
ELSIFD="1"THEN y <= 85 ;
ELSEy «<=82;

ENDIF;

WHEN 83 =>
IFN="1I"THEN y <=82;
ELSIFD="1'THEN y <= S4 ;
ELSEy <=83;

ENDIF;

WHEN 84 =>
y<=8§t;

WHEN 8§85 =>
y<=83;

END CASE ;
ENDIF;
END PROCESS ;

z<="1"WHENy=S40ORy=S5ELSE'0’;
END Behavior ;
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8.31. LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY prob832 18
PORT ( Resetn, Clock : IN  STD_LOGIC ;
N, D :IN  STD.LOGIC;
z : OUT STD_LOGIC);
END prob8.32 ;

ARCHITECTURE Behavior OF probB 3215
TYPE State_type IS ( §1, 82,83} ;
SIGNAL y : State_type;
BEGIN
PROCESS ( Resetn, Clock)
BEGIN
iF Resetn = '0° THEN
y<=81;
ELSIF Clock’EVENT AND Clock = '1” THEN
CASEy]IS
WHEN 81 =>
IFN="1"THENy <=83;
ELSIFD="1"THENy <= 82,
ELSE y <=51 ;ENDIJF;
WHEN 82 =>
IFN="1"THEN y <=81;
ELSIFD="'1"THEN y <= S3;
ELSE y <=82;ENDIF;
WHEN 83 =>
IFN="I"THEN y <=82;
ELSIFD="1"THENy <= §1;
ELSEy <=83,;ENDIF;
END CASE ;
ENDiF;
END PROCESS ;

z <="'1" WHEN (y;—-S2AND(D= 'I'ORN="1")OR{(y=S3ANDD="1")ELSE 0’ ;
END Behavior ;

8.32. LIBRARY icee ;
USE ieee.std_logic.1164.all ;

ENTITY prob8 3218
PORT (Clock :IN STDLOGIC,
Resetn :IN  STD.LOGIC;
N.D :IN STD.LOGIC;
z : QUT STD_LOGIC);
END prob332 ;

...con’t
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ARCHITECTURE Behavior OF prob8 32 IS
TYPE State_type IS ( 51,52, 83);
SIGNAL y : State_type ;
BEGIN
PROCESS ( Resetn, Clock )
BEGIN
IF Resetn = 0" THEN
y<=81;
ELSIF Clock’EVENT AND Cleck = '1* THEN
CASEy1S
WHEN St =>
IFN="1"THEN y <=83;
ELSIFD="1'THEN y <= §2;
ELSEy <=81;
ENDIF;
WHEN 82 =>
IFN="1"THEN y <=8§1;
ELSIFD="1"THEN y <=83;
ELSEy <=82;
ENDIF;
WHEN 83 =>
IFN="1"THEN y <=82;
ELSIFD="1"THEN y <=81;
ELSEy <=83;
ENDIF;
END CASE ;
ENDIF,
END PROCESS ;

z<="1"WHEN (y=S2AND(D="1"ORN="1")) OR (y = S3AND D ="1"} ELSE 0" ;
END Behavior ;

8.33. LIBRARY icee ;
USE ieee.std_logic_1164.all ;

ENTITY prob833 1S
PORT(Clock :IN STD_LOGIC;
Resetn : IN STD_LOGIC;
N,D :IN STD_LOGIC;
z : OUT STD.LOGIC);

END prob8.33 ;

ARCHITECTURE Behavior OF prob8_33 IS
TYPE State_type IS ( §1, §2,83);
SIGNAL y_present, y_nexi : State_type ;

...con't
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BEGIN
PROCESS (N, D, y_present)
BEGIN
CASE y_present IS
WHEN 81 =>
IFN="1" THEN y_next <= 83,
ELSIF D ="1" THEN y_next <=52;
ELSE y_next <= 51 ;
END IF ;
WHEN 82 =>
IFN =1’ THEN y_next <= §1 ;
ELSIF D ='1’ THEN y_next <= 83 ;
ELSE y_next <=8582;
ENDIF;
WHEN 83 =>
IFN =’1" THEN y.next <= 82;
ELSIF D = '1’ THEN y_next <= S1 ;
ELSE y_next <=83;
ENDIF;
END CASE ;
END PROCESS ;

PROCESS { Clock, Resetn )
BEGIN
IF Resetn = "0’ THEN
y-present <= 81 ;
ELSIF Clock’EVENT AND Clock ='1* THEN
y_present <= y_next ;
ENDIF;
END PROCESS ;

z <="'1" WHEN (y_present = S2 AND (D="1"OR N="1")) OR
(y-present = S3 AND D="1") ELSE '0" ;
END Behavior ;

8.34. LIBRARY ieee ;
USE ieee.std.logic_1164.all ;

ENTITY prob834 1S
PORT (Clock :IN STD_LOGIC;
Resetn :IN STD_LOGIC;

w :IN  STD.LOGIC ;
z : QUT STD_LOGIC);
END prob8.34 ;

...con’t
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ARCHITECTURE Behavior OF prob8.34 IS
TYPE State_type IS( A, B,C,D);
ATTRIBUTE ENUM_ENCODING : STRING ;
ATTRIBUTE ENUM_ENCODING OF State_type : TYPE IS "0001 10 117 ;
SIGNAL y : State_type ;

BEGIN
PROCESS { Resetn, Clock )

BEGIN
IF Resetn = '0* THEN
y<=A;
ELSIF Clock"EVENT AND Clock = '1* THEN
CASEyIS

WHEN A =>
IFw="0'THENy <=C;
EILSEy <=D;

END IF;

WHEN B =>
IFw="0'THENy <=B;
ELSEy <=A;

ENDIF;

WHEN C =>
IFw="0 THENy <=D;
ElLSEy<=A;

END IF ;

WHEN D =>
IFw="0"THENy <=C;
EILSEy<=8B;

ENDIF,
END CASE ;
ENDIF;
END PROCESS ;

z<="1" WHENy=DELSE'D";
END Behavior ;

8.35. LIBRARY jeee;
USE iege.std_logic.1164.all ;

ENTITY prob835 IS
PORT(Clock :IN STD_LOGIC;
Resetn :IN STD.LOGIC,

w :IN  STD.LOGIC;
z : OUT STD_LOGIC);
END prob8.35 ;

...con't
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ARCHITECTURE Behavior OF prob8.35 1S
SIGNAL y.present, y_next : STD.LOGIC.VECTOR(lI DOWNTO 0) ;

CONSTANT A : STD.LOGIC_.VECTOR(t DOWNTO 0) :="00" ;
CONSTANT B : STD.LOGIC_VECTOR(i DOWNTO 0} :="01";
CONSTANT C : STD_LOGIC_VECTOR(1 DOWNTO 0) :="10" ;
CONSTANT D : STD_LOGIC_VECTOR(1 DOWNTO 0) :="11";
BEGIN
PROCESS ( w, y_present }
BEGIN
CASE y_present IS
WHEN A =>
IF w="0" THEN y_next <=C;
ELSE y.next <=D;
ENDIF ;
WHEN B =>
IFw="0"THEN y_next <=B;
ELSE ynext <= A ;
ENDIF;
WHEN C =>
IF w="'0’ THEN y_next <=D
ELSE y_next <=A;
ENDIF;
WHEN OTHERS =>
IFw="0" THEN y.next <=C;
ELSE y-next <=B;
ENDIF;
END CASE;
END PROCESS ;

PROCESS ( Clock, Resetn )
BEGIN
IF Resetn = '0° THEN
y-present <= A ;
ELSIF Clock’EVENT AND Clock ='1’ THEN
y-present <= y_next ;
ENDIF;
END PROCESS ;

z <="1" WHEN y_present = D ELSE 0’ ;
END Behavior ;
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8.36. An ASM chart for the FSM in Figure 8.57 is

85
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8.37. An ASM chart for the FSM in Figure 8.58 is
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8.38. To ensure that the device 3 will get serviced the FSM in Figure 8.72 can be modified as follows:

8.40. 'The required control signals can be generated using the following FSM:

®  oi/r,,, TEMP,, 01/R1,,, R2,,

10/R3,,,,, TEMP,, 10/R1,,, R3,,
/R TEMP,, 7N 11/R2000 RS,

A B C
—

0l/TEMP,,, R1,,
10/TEMP,,, R1,,
11/TEMP,,, R2,,
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Let k = wq + w;. Then the next-state transitions can be defined as

Present Next state
st | k=0 k=1

A A B

B B C

C C A

Using one-hot encoding, the state-assigned table becomes

Present Next state

state k=0 k=1
321 Ya¥oTh  YaYoYs

001 001 010
010 010 100
100 100 001

The next-state expressions are
Ya = kys+ ke
Yz kya + ki
i = ky+kys

The output expressions are

TEMP;, = ki
TEMPou: = kys
Rlowt = tya(w: @ wi)
Rlin = ya(wa ®w1)
A2, = ';1Wawy + yawpw
R2%:n = yoWouwn + tawawn
R3owt = wnwz
R3in = thw2
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Please, report any mistake to your instructor, He really appreciates any effort.



