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Chapter 1 Exercises (Answers)

1) List and briefly describe the basic definition of digital design.

ANS: Digital design is the act of creating a digital circuit to solve a given problem.

2) Briefly explain why there is no good off-the-shelf textbook for digital design courses.
ANS: Digital design textbooks have not kept up with current technology. They teach concepts that primarily support

the easy generation of exam problems. The main problem, however, is that they teach little or no actual digital
design concepts. But they do primarily teach stuff that you’ll forget ten minutes after you’re tested on it.

3) List a few websites where you can purchase inexpensive digital design texts.

ANS: ebay.com, addall.com, alibris.com

4) Briefly describe the main goals of Digital Design Foundation Modeling.
ANS: To provide an approach to teach and describe digital circuits in a uniform and simple manner. DDFM
leverages the fact that individual digital circuits are relatively simple to understand at the operational level. DDFM

also presents a “structured” approach to digital design in that any digital circuit can be constructed from a set of
relatively simple digital modules, which we refer to as digital design foundation modules.

5) Briefly describe the three main types of design.

ANS: Brute Force Design (BFD), Iterative Modular Design (IMD), and Modular Design (MD).

6) Briefly describe the four ways you can control a digital circuit.

ANS: 1) no control, 2) external control, 3) internal control, and 4) circuit control.




Chapter 2 Exercises (Answers)

1) The analog world we live in has many people who seem to thrive on the use of digital photography. Practically
everyone it has a digital camera, or has the equivalent on his or her cell phone or computer. A conversion from
analog to digital occurs somewhere in the camera. Where exactly does this analog-to-digital (ADC) occur?
Explain as best you can.

ANS: The conversion occurs at the light sensor. The photons cause charge to collect, the collected charge has a
voltage potential, which is an analog value. That voltage is converted to a digital value, which is what the camera
uses for its processing. These digital values (representing light intensities of red, blue, and green light) are
converted back to analog so they can be displayed on the visual display device (LED, OLED, etc.).

2) Although the dimmer effectively provides what a continuous range of light frequencies between the ON and
OFF limit, how can it possibly still be digital in nature? Explain as best you can.

ANS: The dimmer works by changing the duty cycle of a pulse width modulated signal. This means that if the light is

half bright, the light is only on 50% of the time. You don’t notice this because it happens to fast for the human visual
system (HVS) to detect.

3) Inreference to analog and digital cameras, describe the difference between analog zoom and digital zoom.

ANS: The analog zoom is a true zoom and is based on optics in place before the sensor. Digital zoom is a form of
digital image processing and happens after the image has already been converted from analog to digital.

4) There are analog computers out there. Briefly describe what an analog computer entails. Feel free to look this
up online.

ANS: Analog computers use a continuous range of physical attributes rather than the discrete 1’s & 0’s of digital
computers. Stuff like slide rules and old clocks are forms of analog computers.




Chapter 3 Exercises (Answers)

1) Briefly explain the general purpose for a model.
ANS: The general purpose of a model is to describe something.
2) Is there one correct model for anything? Briefly explain your answer.

ANS: There is no one correct model for anything in general. The best model for anything is the model that transfers
the most amount of useful information in the fastest manner.

3) Briefly describe the attributes of the “best” model for anything.

ANS: The best model for anything is the model that provides the most useful information for your purposes. If you’re
hoping for low-level details and get a model with high-level details, it will not be a good model for you.

4) List some of the pros and cons of not having stringent rules regarding basic black box modeling techniques.

ANS: Not having rules allows you the freedom to express models in a way that deem the most clear and the most
informative. Having rules prevents you the freedom of expression and causes your soul to slowly die until you want
nothing more than to become an academic administrator.

5) One of the themes of this chapter is the hierarchical design approach. Would it be possible to have too many
levels for a given design? Explain your answer without being too verbose

ANS: You can have too many levels for a design. The idea is to present designs in an understandable manner;
having an inappropriate number of levels reduces the understandability of the model. This means that too many
levels or too few levels are equally as problematic in the context of understanding.
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Digital M°Logic Desizn ; - b Chapter 7

Chapter Exercises

1) Using the following Boolean equation to complete the accompanying timing diagram.

- - = A(BO+ ALBY +A
F =BC+ ABC+ ABC G) € i

1
A=wse
2) Using the following Boolean equation to complete the accompanying timing diagram. .
$——F

F= 1_€ST+RST+RS+RT— BST + ST 4+2ST4 )
l ..... ———
R l/
I RO I | S (I AT
s | ]
'
.
WAL~y Z l\l o 5” 4 z
i SOURE s S . o e N

b= MSP

3) Does the timing diagram listed below completely define a function? Why or why not? If it does,
write both SOP and POS equations that describes the function and provide a circuit diagram in both

SOP and POS _form that-could-be.used.to.implement.the circuit. =
(F= ABC + ABc £ A0C + 4BC 5093) DAV Clel
F=Mc+ A 4 M T AeC 2 1 s

e (Motoy( ALBey (ArBYS(F1B1cy YOS
— -127 -
A=MS &
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Chapter 7

A | ' , \ ......
U Mt ' \ """"""""" |
C --------------------- ‘ N e
o L L] ~
. . — e ===
vdex > & °o| 4 LOlﬁ g 4 2-16 3 \ \ } 2
A=MCE
‘4) The following timing diagram may completely model a function.
* Ifthetigiing diagram defines a function, draw a circuit diagram for the function in f e ,—E.____
educed form. You Oon't Enaw Dhs et = p e g
] timing diagram does not defige a function, explicitly describe why it does not. o ;’ 0‘ ‘
N ’ : - o
ot 1)1
—— = fo<el]
A Voo 1ollo
tteyl
B - NERN
c RS | S )
NPT S Y . [ ...... E_ AC + A8C +
F [ o ————h . L A% _‘__ NL ‘_
........ . | I AGC
* [zt |3 |ol 4 ) L 5 o (NG To
5) Consider the previous prolilem... can youlsafely state which of the ihputs variables is the MSB or BaAn I

LSB? Be sure to provide a complete explanation. NO, Ycu Ca,\}l— Gk 49 LenG
A Y ae caensiskent, O 0o ver
et~

6) Does the timing diagram listed below completely def'me a funlction? Why or why not? If it does,
write both SOP and POS equations that describes the function and provide a circuit diagram in both

SOP and POS form that could be used to implement the cin_uit.

ClF
i | [ (A — i—] S : ' ol0
A B O O 0011
s 0 RSO [ [ i N R S L. 8118
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___________ TRRE
F ........................ —
Wweex = G |o| 4 |o|5|3|z|e| 2| 1 |3
AZIS & &l
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F= AC A9C + A% 4 Ao (Sop) % F = @B Y AB1(ABO @810
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Digital M*Logic Design Chapter 7

7)  Consider the previous problem... how does the ordering of the labels of A, B, and C change the
outcome of the problem? Be sure to provide a complete explanation. Trte owe_ 003
wat water sp st AS Nouw A
(emstemt 1 MSURAG, Pesihon S,
8) Does the timing diagram listed below completely define a function? Why or why not? If it does,
write both SOP and POS equations that describes the function and provide a circuit diagram in both
SOP and POS form that could be used to implement the circuit.

-
S o (I R A R
I I A 00 B T e
c — T 1 N
2 I I I 2 - A e I vt
Moy 3| 3| S (AT 552 © 2] 4
U I~
|- Mot A Anvchon!

9 In your own words, under what conditions could the timing’ diagram of the previous problem ever
be used in a real circuit setting? 4 CLCWit TNAT Does ot ERVInE 4
SéLe autput.

1¢) If the following timi -‘ rite a Boolean expression for that
function. IF(AA&,C) m+mc+mc —m%c[ | A

O

B o 010 ) 0x1 o2 §0x7 0x3 ( v o) oxa Jloxs a0 ] ox3 o
0

o

( =S

11) If the following timing diagram com[‘letely specifies a function, write a Boolean expression for that

function.
TA 80 = .l L ‘
\ M {_[
B s 0 ot foe | ox )1 03 ( o Lo o \E@ 0x3

€

T \‘ /V )




Digital M*Logic Design Chapter 7

R S 1
"oro IS, MiSing: wntq

: . e .
12) Does the fojlowing signal completely specify a Boolean function? Briefly explain why of why not. i
" . [

: AICIE

= 00¢ !

B o 00 ox1 os | ow ox3 o7 Joxef oxa [Y oxs [ea )| oxa o° |
................ o) | e

. F 6
........... !

O-O—-]O

ke
\'\L b

|

QY oD
—Q QP

14) For this problem, consider the input variables to be A, B, and C and the outputs to be F1 and
F2. The timing diagram below completely described functions F1 and F2. Write a Boolean

expressions that describe F1 and F2 A=MS G

A | I—
B -
c.

"X 5|3 | o lafplelz|3]5l4] o | 2

| Fl= ABC «

— — . 130 -

L“"Fi';zézm% -rAé’c-fﬁBi,J




Free Range Digital Design Foundation Modeling Chapter 7

15) For this problem, consider the input variables to be A, B, and C and the outputs to be F1 and F2. The
timing diagram below completely described functions F1 and F2. Write a Boolean expressions that

describe F1 and F2. H[/fga): ‘Z(_ 24y = A—@C +ASC

| I
....... ' S (O SRR S
0 S g
A WSRO I SO SO I | -
N O S | 1 ...
I
% ‘o 2 * © :
ey —> 15[ > | o RS EE “ 2400 =(0,% 43
16) The following timirlg diagram may completely model a function. = F}EE +A®C 3 A@f + M

= Ifthe timing diagram defines a function, draw a circuit diagram for the function in reduced form.

*  If the timing diagram does not define a function, explicitly describe why it does not.
!

e » o elenanoamfaaiaan PR v —rrr
A |
........................................
......... |o@ s es e s ame sy TR
B | é
------------ T e e a s s EE——
C ....... 'v;"._'_'____‘_h_v — .......-.gﬁ———.
|
.................. I e r s e e “es e
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17) For those aspiring digital designers on drugs, state whether th

timing diagram lis;;ed below completely aﬂ*y’hﬂ'
defines a function. Why or why not? Does anyone really freaking care? CM%ﬂd WDyt
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Digital M*Logic Design Chapter 7

Design Problems

1) Design a circuii whose ouipui represents a square of ihe inpui. For ihis probiem, describe your
design using SOP or POS equations. Also, waste yet even more time by completing the timing
diagram listed below.

X2 (MSB)

X0 (LSB)

nde x & ., _. Lo
o o

i |

2) Design a digital circuit that will be used by the head of a typical committee in academia. The input )3_‘4- A&‘r
labeled “A-HOLE” is the head of the committee; the other two committee members are labeled o .
“GOOD1” and “GOOD2”. Being a typical head of a committee, the chairman of the committee ha.( m@'&"
commissioned you to build this circuit in order to better serve himself. The committee has a set of (
switches that are used for a “secret” vote. Your mission is to modify the circuit inputs such that
there is always a majority in any way the head of the committee votes. Provide a truth table and
equations for your circuit; also, complete the following timing diagram in order to prove that you

may know what you're doing. ) X _ —
(2 Kixo| @ B4 B> Bpogt B¢ A5 =KXXIXO txzxlxo
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Free Range Digital Desizn Foundation Modeling Chapter

Chapter Exercises

1) Briefly describe why we should always connect all unused input signals to either power or ground in all
digital designs. In other words, why do we not what to “leave inputs hanging” or “leave inputs floating”.

2) If you were to design a 10-bit RCA using the BFD approach, briefly explain how many rows with the
associated truth table have?

3) There are adders out there that fall into the category of “look ahead carry” adders. Briefly explain why
these would output a result faster than a RCA.

4) In your own words, briefly explain how the RCA got its name.

5) Complete the timing diagram shown below considering the given schematic symbol.

RCA 4
A 4 —+— Sum

B —F— Co

.I
B ox X OxF X Oxat X x5 X B X O X x4 X—éxs A OxC
# —

X

i
A Ox8 y i \f oxg K 0xB ;\; OxE X & Oxt o
- £\ ! 7 R ) X X“—,-—

sunad { o few W acs oo No)(aa Y okt otk Jo<ie Voo

——

e = 3 :

I . \ \

Ot
Lo
00!

- 113 -



(IR 8 Ve s | 0,

\ ——
) "‘J{ S_E ovt T &n swe Dte avbpots
4 o Aowwys vald, THE Wi T of
— D awtpot et Be 1 Bt
WpRL PaN TRput

No Cerrivol

" N
lloolo"-——f—-—fﬁ ] 4 5 ou

™ Co Gecomss The md

NO Cnifvol

. SUM
S wHen Previe 1y A Ny odt
/ T Sum 89+pO+ 1< wa

Jal d Valtd 5 0Tt wir b o

%)

To Zrsons Som odbpdt s Yalid
14 mwvst de q_-bits wipe,

T (o fepomes T MSY
e Me Dbk cutputs

oo oo’ | <A oot
o oo {AM{ N0 Qntvol

N b



NO Cmtyo |

'6) o4 2) B0y ACH 500) 4
69 A9 ) A(S:2) Aco)
q . 43. {_4’_
() L1 I
) , G SAcml (Ve A
\ LA 2o R V1
l IHC()‘}UVA Co s
Sdv o SOm L= j.h_
Co h | |
|
SUM (@6 ) sum (5:2) Sum (1 Sum o)
5 ) B
Aot | COTPUT WID = st “e D=5 gn
A i i %‘isw OO Yer Ty curgat ™ B Jald,
% f -
e —tt 4 \ L
s | \ {0
bt | ~%
Yy roe BefomE MSBs op TUM cuTo




e Mt Be d-bike Oy oo s b Je 1

Q) i
N [ Sum
A —
&
No cevttro |
HA z
CI — | A f -
%

| Mmd ONS 1o vvvsed most e NYSCean

INgot- 8 S
i [ zca
——|A
| "
hTB ],
+)

[

o _cortee!

N




N mst e = bl wops

LED

Y ipead A MS® oF '’

<

wesucd

( Zea0 "s—wﬂs,\t} )

Leo



1))
<1
g™ |
) - e Posuk ot i oo
B —— -

PR A PR
O




taal
wo &2
_ﬂﬂﬂ%& \ 0
S 7 UM
R e
N S
;.h____ =% ‘_ ||. 1 )
1 ﬁ:) | | Prse Two TS
.———'——_": EH____ i MG\KQ me_ “VG\ dl'w‘\

Vet A 1 whewn al)




[ )
AW 1 Zevcses /

N 52 STHMMNY SO p < s foe e
z) ; 4\) INE SAfwn JSe [fgf L LA 24D s AL "*@ IMPIQ’M%M PR
TV SIINGT Mo Y openi, 4 BoAnvp Sy
e A BONGE OF A=Y s e a6l €
You pNeeol o e
o) Nout foss o New oy 0 o Y

5 a) Pz B850 + 3om80 192580 B2 BFD + B i

F= (0716125 Br+Bl+00\/ 27 ARV RON 82 2 ) €= 4

V) F = A+ ABC + ABT 1Al
F = ey (Arerey( AB+C)( A+B+C

—_— — e e

S = ¥YT A XYz + XyF + YN+ Uz

F o= () O R (#4542 (7 2 T )
A Fi= v + fuv + “OovV + £Ov v
‘(':)‘UH-V')( , N AW [ "\

57 = buwv + buv ¢+ tuv + Hiv

-

Fz = (Erusv)( trasv) (Erusy) ( Brusy)



<4 AP~
/ x4% @ G _
000y ¢ ¢
o0 | |0
ol o *.o ' 0
11|y o O
0 O o v
O i \ \ O
o v o
v Loy
Q) T? = 7\—‘3-(,-\ IT\'-'Q'E ‘{‘A‘é(}- AL \ L;—
E L (AretC)(Areic) (Are) ( BrenC) | psr
T A - ABC
- - _ AE arc
by E - ABC 4 A2C +AGC 00° [ o o ¢
o1 |2
== - - ]
F= @19 Ao (Aot FIRE P
— e - T tOIOOo'J;
= &l . I - lb o
F= X2 + 2N + XY + XN ITolt & &
"I ‘ 0 o

F = 04v+8( >_<+T;+%) (AHH) (AN

5 O F = @sTA VST + RST + 15T +R5F = Thoe ae P
1 5 Lf Z o ﬂtgiwrh\

F=  PST+ Qst 4esT

\I

E= A®C 4+ ABC + ABC + AC
o z 3 (o

Fo AR+ A + Adc +A8c

"

) F= XNT + Xz 3%v¥T +2vyz
C 5 2 *

- s

F TMNZA YL 470z 4 XY E



.*"TFC',%,%V)
&’

b = (At C) (Are+T) (B+C)

= AC + ABC + BC
= AC(BB) + ABC + BC (AA)
R8I AT v M0 1 AR A8C = 7 (1,5,7)

[F= ASC +ABC + AGC 3 Ao + A

T

= @*‘”C)( AT | ( A+t ( A-B > ArE o)
[ *‘!-: , - \ »“"‘“‘M
\ +/ Y

\ | : ,'I : _\_ - |



@+8)( A + )
AB +Ac

= AB(04C) AC(BB) ; swpond fo Strded 5y

ful + ApE + ABc 4 ABc

s
I

71

S—,

) Foest
v = Z (0,2, 4,5, %)

F = i ('&,3,(9)
T (092 4,5,9)

Y ST + VST

= st 4 st o+ RrT + RST -

= -

q) ) F = eSt+asSt+ sy

F=T0 < 0,2,%5,%)
F= Z (Vi3 0)
- ADCHABE + AbC + A6 T

F: Tr( C)I y. (‘7/) J" Z ,) 2}

Ty

b)

fzNE+ Tz 0 TNT oty 2
F=1(2,506,%) F:Z@:':%‘%)



(0) T3 = ABC ASC Asc i Aed (sop”
FB :T\'(O,l,Z}?)

B - A3+ ABC - ABC Y* ABC
F2 = (A8t (A1eo) AretCy( A (Po
Z C Oy ’) %r ‘;)

ABC+ ABC  Aec + Abc (oP

P (2,46, 3)
El = AbL+ ABC+ ABC+ ABc
P - (pdi0)( ArBro(Arewc)( A

P

= ABCD - ABC T A&c?ﬁ AR FABCD ABCD 4 Ao L ABCp

Fg = Il ( l) 3217'/_;_/ L9, L'I l‘{/ 15 )
FC = Agcd = ABLD +ABLY “ ABLO TABCY +ABCY ~Anc)
Fo = (oD e ) (ATBCAD) (AB+ ) [ ArBHCad) ( A+BITHD)
(A+e 1) ( A% Btc +D) rox



Ciw e ¢ ed N
ﬁ--ﬂ.-:——f; s L
-' fz
¢ - — Fz
¢@Iq/Sﬂ~ Biw N
AOB AL B
00 ool 0 | o F2=f -Fz
I E
o - Toms = — e e
oo | 1 ! : o o Fl = ABCD + Acd v ALY 1Ay
o1 sl o o - =TT i
51 et | o oo Fll= BHACH)( MBHead) [ Avecib) [ Fe
et lto |y v
2| 1111 o o )
10 060 |1 o o fos = A Slovrat 2N
- 20 I L
o L O |0 I O
tot )] |10 2
T_n'go '\ 2o TBiD & et L AREE AR
n | o = cC (v 4 ABCD + AT
el 03 F2 = A® + /A% 00 ,
‘tt Jo o @ +ASCO + A8CO
_-éo\() s svenrat (52 L wewt olo Poy)
F2= AW +A%Co  (S0TD ey henoid)
_______ . - e NO W'
R [ IS T T = S
-';____ -é-_ (;‘ 7 & o A’ \ 6 V' !-_-___- H
00521182 %8 2 ~.,
0o Q o I o ¢ :]___ e
o1 9. = e A
019121 o — a7
t' oo o o
oi{tlje 1 o o[
I o o || T © o o FA‘: rr (011,2,;, ‘},9,6,?,?)
) ) { © o o
o 1 —
; 8 : ‘ ) g " OO FB 'H(OIU;Z'3,4*,G,3,Q,IO,|"QZ,B'lq, s)
YO oL o o _ -
VO |] 1 o g CC)) FC'W(ol’czlyl‘l'ﬁ, Clqlglql )2’ 3)
) >/ e v o
L /' g1 © oA (ol 3,4, G 7810, 1),2, 34, 15 )

e
o

%4

o

Ne Cortol

—% . N\
Ttreﬂ-'&:’ S No w ‘LM {\/I'I :';:f"}'(". rr T'h-‘ {‘} Zn L

e .
- —



CHAY o O eniises |
D ey oy VE Z INpos BetAuse T4 Homw TRY A 0LF M0
2) et Ave i tonChiena " Conie e e C4use DIEY Ot

|

QCNﬁ NN 1D VU g A M /NccA

No ', . ?e,e\flww\ AND o oV *'Ew\rc,hc:u( M &b
f\i‘-{ W ‘j <y COM i N\ 2 X j__;- Nt CA

z
S
ks




Ve | o— P Uz,
L |/
1] l
1 ’:D -L
jk) S\ rverree
16)  Fl- A2+ mac + AGT 1 ABC . ABC
= AB(c+ZY + Ap (ETC) + iec
= A®, +AB + ABC
- A®B + APRC
‘Fz =

ABL+ A8 +ABC
- C(J%*AE) v Aec

= o ( ADRY +~ ASC

Av(c+l) + Ab (C+T

—

A + AD
= A8@s



() XOR * XN GAves Aok cnlt Oppmy) FoX 2 Lupds,
A -Tive 4 OF Tk &S AnE (oo Ml fee A oe
mone (mputs ot

Q

_ v
AND G L 0urput Is HIGCH wieN ALl Dapuks A0P HGH,
or eutput 0 Low

OLENT output 1< Lon oy wien all ipvEs At Low
O TELWISE  ootput s the



00010937 0-7

23286078.1

EOLR&0SZ 5038 07 20170118 PG 1 OF 1

018 142 020 1

)
A ook
RN l
J 0 o
o( o | |
ot L] o
E_Po o Q
o l
p o o)
LV
2 as )
' 0 0
o v U
|fu—a“—"
|
-
0

Lockzo = C v A8C + ABc o Aa-
= AL UA+®) 4 Ac (B+B)

A+ AcC

= ABC + ABC + Ao T

. 3

Aec + A ( 8C + &C)
= Aec + A (PO

No  Conde |

——



) @) F (A8

/. ‘__, _; s /&\i_; 4§ L | % r \JAAA I l

(/’fHH'C) ( A3+ (ABTI( fHec) _ _qa;j,wwg‘j

Z o 46 = | [ 23252
AGC © AB t AB( 1 ABC
e (D) (heanT) (i OEIRE;
) (A ey (At BaC) (At @nC
gt At G0 Nor

(ARL) + CA-%Q) + ch>+ mac ) W .

(4 8¢ )(M?C) (/"fﬁé)(/”"c Mm/ﬂw




©

2 Snew all . Pappy eded fava o s NG CRAT,
F(A 6D = AdcC « €0 + ABD
Abc = 8D -« Aoo = lhw/oe
ABC 4 Tp 4 Aoy =
(A8 ¢ Co) [ Fep) = NAw | Ay
(A-8+O)( &+D) [ A+t o [ Ao
(Aot )+ (BYD) + /0 c0) = [Nl o
AR D) (Bre+D ) (A1 C) ( ArBaT)
) 4 ¢ Ay o
At
f- ! A"“" ol ™ - » }2 A A
(Bco) + (AcC) + (Feo o | wor
B -p) Ac Aso) N0 | e |

4) el all e r‘)'NO/OYL ol d

FCA,Q/C)'D) = (A_,,ES (f*_z)_( éﬁ*(+6-)“
Prodlew 1s <loied iy o) pao

(14 -’:é‘__.-"' (AT 7"(—;— -+ (FQ'_ + 7 - 5) L_:... QZI
@) (Aq (8dp)
A2) (Ac) Bao NN | i)



5) Stzw &l T DRIAN TNy ot A Ve fol ol

F47c, D= (&p) (#D0) L Bc o)

preaiom Gl NRW A o
| @f“s)c E'F D) ( @+C - D

(o) + @) Bed)
Cf} DpAw -~ - Loy L SRT NI - g
Npﬂ\fp _,/‘ f
£ 23 - XY + NAVE- —q;
LYy £ (A Q= BG + ABC T Ac

& (A = ABC 4+ ABC + ABc

D f i A l".l'_lm._ }



7y DA A e e Bt casiens vsng <« g
Pof (ATes 2 LM VEaTS

A+BY( A+C) (A48 C)

a) A~

p) AN Y = fw-f»%)( Y +2) C ‘}+%)




B al D) ACb+ BT + 4Fc (o)

iy + (81D )+ (AreiD) [pn ot ]

\\5 \\ j\\h@) [ Zg) lillr \’jl bl l\ﬁMJLT )

m—

\ ™ A +6 /\ C“U ) U'L/NWD

——

S

""\ C\W -{'\\C‘fa\) {_J&r/ dﬂ“)"'



V)

Bl

& At

A &)

AKL

~
s



() a6 cp w4 a1t w | ckt | s V4
goge & 3 MD — 7 |\ > crz Tl
0o o % | | \ = ¢
Vo | @ @ A= M \
g_g\ t 1o 1 — \
2V o O { [
g‘ v 1 | O lI
(v} (0]
611 1 je Jl,/o\
ig(g t o { ’\p,mﬂ//
F o1 o o _
Lo, 1 o O P
v vV Q l 0
] [ v I 0 0
L o |©@ 0
vyt o0

) Gulh= ABCl + ABCD A% LD

w2 . ABey + ABTD 4 ABCD+ ABCD A% +ABCY ARCP 1 ASCD

= @4@9) (Aﬂ;u)) { Ancp) mew)(mw)(/;eco)(%co)(de
VDS Mo

L) 6\/4 A’gC’P‘f/N)JC +/N%0\)4/%Cp+4640 D /%% %"’CD'- :
FAsCp FABCY +ABcD ¥ ABCL
T4 “(erfc+o)(mg+¢+,>,(&+@+c+p )U»‘ﬁ%»fan?) A ¢ w0
("H?ﬂro@p) ( APt CHD) (ﬂ:ﬁﬁﬁ:@g fﬁgwﬁ;) [ FHBTCID
( itBrcy (ArPTerd. [ 4B+ C+D) [ NOY N

Srzanl = | AeC0)(ABen) (ABLR)(AaLD) (AGLD) (ABTD) (ABED) (ARC!
= @rereed( fr+v§f\c+*0)(@%+¢+i))(;15+c+5) (A +B1c+0 )
(APt e+ D) At €10 ABHE T ol /Mg



D Bl | omsibee bt PGE StomD Bty NG e (20
g}"_@ O~ > 32,31
“ : 12 7 ! 1233
L0 512, 51}
ot&oufy}:wm B .f_ 024 , 1023
0 - 4095 [ 2048, 2oam
(4 o — 13%5 ~319n, g1a1)
| 0 - 2TF (- w3ed, 163933
T . o - G55%5 F 22709 33-7 («7J
2) 2) 1 V10 IHO,_.\\QL 0000 00/0 ,
000l 00O,
/
b) Jooo 110l = (ol otll,
ol 11 oorl
<) 1heo (llo, e gool 00\
000 | 0010
%): V11 O OOO|2,S/V\ = O”OOOO\&
ool 1lol, = OO colo, i
0 e p/ 1 0 0l00, = umy,
W/\/Lwé,asf wgpn hade
Yv)

Z

cHAp b2 L7 Exev ¢ Ses

‘ool lo,,, = o llL O OCoal| .

VOO 1l = ol poio 2

oo | YU Ojlofooﬂlz

0,



4)a) Pt = (O1] O “Osm = 001 0100,
= _
CCio = [Ho© || OO pye \ vo
Dl = Ol ©097 o = ool1o |,
b) P32/ L1l 60 llem Ol 001, (s
Ec“z = tL[O Ll 0O e 000} OO”_L Cm
Do, =~ ol tlolec = colo @I, (w)
5) &) BCK,‘ 1011 (LW 0O = by oo,
= 3x\'e 2 ==0LO
loll oo, =» Ol oo 0ol g D
v b < :"wq’
47 b+ By
ol WL 00, = ol 80 0100, Rc
4 xi,+ 4= —63
= 0O =
4 e +1 _1: U
Gxc TNL)

b) 4A1;,: 0|00 | OO,

—
—

4 xlp+h = jl__g_[

©)606 | OLO,

= 4xth +10 =79

oloo L6110,

olol go|0,

) D2q = 1\O] 0010, =
; txle+2 = _§Z
0010, - oloy ol, =

110l
= 2yl 3

000
| ©f z ; + ju L

yolo (1104



2D By =
SM =
e =
(=

(ol L1oO
— O

@)

{ 3x &
— ¥

-~ &

Oloojoo || =

Ol ovoolfoo =

b) 44, = 0loo (01O

SM = 74 ( 4xle + 1°)

brt = 74
il = 24

DZ!@ =

ad liol 00O lo

SM = —§&§2
— 45

16

Dl = ocolo IOl =

Ze oajofl 16 = =

7) ﬂ") Aq' o = @A’qﬂ(‘,

Zena Fecton

\0) LI‘A’W'_’
¢) C4io =

g) a H‘Qa =)
) AAe D

) CHie

o 4419
OC‘t le

0AF o

O AA

= OC"llt@



9V o Ay = FAT®,
by ad,, = O 44,
o) C4 v Pt
d) 07y = 0fZw
o) s VB, =? F bEy,

b) B‘F‘lg - 03 7

&) C)_i_ " = = CL\' Lo

43 qq o = F:GH le

s 6n Sdasin,

. Sk o

Sl T

2o Exokeeof

S(,&.A St
< L&A %

Tegn EAT

@






— N
medy I’{L-
—
=== D e \
A\ | COWHD
Ml ___J_ o ._:—J.]




0

2)

2)

L-C‘Hﬂzmi? V% \ @q‘c@ﬁ Soro TIENS |

THE ONLY WA A NUMBRYL CAN /NCAEASE /N
MAGNLTURE S 1F Twoe NumBES O THo SAwmeE

SUHN ALE AODSO - SO tE TwWo N umyens

From & Fxew RANGE ME AQ00 Avo TmOy R
SRS AQE T THRS SAME,  THe WAGN I NOET
OF Tihe Nuasewe wWill BEtome Swmoller Aw
il THuws T ZesSult pnllAuvtyy AT twio
™e RARNGE ASSoCladed warrt THR TWO  yuae\ig
e ing AOOSO

N TRIMS & mhe CHIAPTEY, OWeflow v A MAaNV -
PreTuwed. TEM Assoclated w i THE SwaN
s OF GoTr T TWo ORIANDS AND TIC e
MESULT, OVIFLON s usecd o Dlcevn e
voaltdiy oF e @suct. e -purt ts A
smore & Assocated W THT Mse's of

THE TWO O@tRANGS. THC (A -ouT ALsd O
STUIE As A "Boekan' B Swirachen eperahens
N OTRY WIS, AN Ut A2 OVBLFlaw AME  DifEyen,

BOTH UMIBR Flaw Av) OVWNLALOW Ly ReSart
NOAMBOES Tt W8 Exceeded ™T Boum)m:ej
OF A Gwes ANGE. UM FLond (NOICATR
THAT Nton Bive  excerded Tite Lomed Boumo <
OF THE RANGT,0R OVELFLOWN THE Lower.
ooy,

O



) WIB fgggt

@
\4@ l Eixen WDNDF In HARIWALL Muas DT
[He HALOWARE DOV WA ASSociARD Wit A
Guver NumBeL o ik (e wioTH) AW nm vALE
05 NOT [ AnD Chunot) CWANGE . So 1f Yeu Ady
[+1 oL 1000 + 1000, T Yeranen (s Ve
USING T SAwe NumBpl o Bds
e ol
1*5, A OOl LY ©OL}1D c) 10010}
+ 00600tl + o ool | +101010
00 111 | 5ol Ol _ﬁ_‘;_o__lT‘f_
no crey : Vahd No Cheny! val id Ay ¢t v sl d
! ( l.
d) 001000 e) ©OO0l DO
+ 11 bo s1or
ljobo 120 I 1 o0 I
et wval e d NO O, vahid
L‘ﬂ.‘?e S — 000 Ly tootol — ©0loo
- ) OO0V 00 O \y\\ \RI'S pownp ) Y O\Z;:s
o _
FHIOﬂ——“;oO\M 11y 0o | 11000 (mp
(D, oool o Loiitol
/\Afze\’" \’ﬂ“& Wﬁ\l" \}d'ld
|
€ 11DIO-11i00 dy ,lo00l = OVIOI}
40001 00 o100 L1 eolof v
Rl (0ol ol
@a J1tt o

NG oAy Not NGLD
[ |
@) 0l0010 ~ o001l
P olo \Y
o 11010

—

[ 00O | loo
et valid

@fl _‘ ol | o

No Ceey | not Vahd



I!l(

olD O 1010 b {11

+0O00O l__oooO_ _

) o

© 010 (1010 (Doooo0o0 |
CAMN ' INVALD

No CAR@t . valid
l
4Y olvooco o
+ 01 |l ooobo

SIS

1y
@)

- - +0
|l 01 6000

No cheit vald

a 0100660l — oOll 1100
2 S
‘_\_l_olep_@_ I;{)OIOO Con@
{;yOO‘OOO\O\ '
cret! Jahid
\l
&y ©Oolooloy — leoOili O
oI /o] Ke!
o ' ollitovld
fcol 01!

N6 CARN | EN\)QUD

trolooit = 1l oo
00000l00 020} 00

ORI

NO Cre | INValip

e)

B

‘ o)1l ) 01l
E Q) 000l | L, 000
ool || =
pERAATE 100
©)0l°

(+ NUM) 4 (+ Nm) =
(+ resultT) D valid
[ !

+ 0001000 |

(¢ Numd 4 @G Nom)
= (- Reswil) S wer

L 3
<) 1110 o100
+00100 (0|

CDoOOOlOO\

| OOO0

ol1o0looo

i

@! oo ||

No e Jald

&)
ol Yoo lo \l
@O|[|ODlO [o1100lD
OBV AT
D (voooool ~ 1000010
o01) t 11D v
@-T(S_l-ll Cl op,y ) 1'°
NO  CAeid ] INVALWD
© 9, coro6
o\ glion

vauy

Valip

fo
i1~ oonl
\éno e Oloil £ ooo
5 520 P vy : o ! oo| Vet I hDivezt  Swetochas
————— — = BN A7 1R
s — floo0! | 0100 N ’
not vali 4 Not Vahd oottt ¥ -l =
000 I | gG— NIV SAASN Y
| ‘OD( = valid
) Vesuit

11100



EXIY

Ollo —eootl .

h)O'OO\— ool 6O

+ 1 (10l ¥ Coap + 11100 \’
1110\ i | ,
| o Vol Iw |1 100D
\M\ID:_G MWH— (- Num) Ve !
\
‘ \
1y 00110 — loio0O 3) oolil — oo
4+ 01100 v +~0D Ol 00 Y
0010 o1o\
(+ Oumy & (+ Nwm) = = Cosuer =
_Ntﬂ \/G\lt_atl
\ Y }
k) 01010 -1100G ) Ololo=- (11 ©
+ 01000 c\;'o o t 00910 V
{\ OOl O o\1m>(ma\o
v J NI, Vi Y
et Vel d valie
I vy
wm) O 111O0= 100\
R &
10101 oo |1
nor Valid
\\l‘ -
Yol t1ool
&*@;v@ g 1110\
+ 01990 oL o0l 0O
Lt O’ODD et =
Valid ) coco ol
- \/al(o{ T
Va«'ld
(I | (f ——
d) 110l0—0pl0O e) 1119 - boiop
10110 V25 11100 v
- A il .
valr 4

\}a\\A



. . o
E"lgj_g) \ 1o10 —0o11 O @>IO)oo—- olilo
+ 10010 v 0010 \2
PP S~
javaid Norvahd
Vg ‘
h) 1ttt —olool - ety
2y 1O =101
+101 01
o ol ¢ 4+ 01 00| \
1 1 0 - o1 00 |
— o0
Vvat vali d
Ut
4) pel-lioio Ly | looco~- t11 1O
ootV iQ ool | O __OOOl_O s
| oooO!! ) yoto @0l ©
\'lfll(_d_ \]Q‘L*

W) D) ® Cou(iew\on‘r a Ml br\‘S) Ao A

St brs Frew CUGHT TOo LEFT ) ‘et
Dot OVEE A Lds USRI\ eu

G Contet THE Fost 4; U ont
cebantr Me 1 2ut toesLe ML DI
ot Wts &N OGUSTEED A 4OU ScAw)

LG 1™ LefT

©



CHag o V¥ Desier Pﬂ;ﬁ}_ﬂ);q

D DeS|6n 7 w\ T TAAT A L = S\ G A oy 7y
A— Q& covs dutil Ad B T Be 10-bii
Sy Pl ALl e T ASSUML
ReswiT will ALums e Ve ol

) | cetr AMING
A ra o o .
% —J__ 8 NO oMol !'

v WA
ew
10 10 | S —ﬁ‘ﬂ 0
N S -
| Tea |
- A |e AM/M@
0 | e
A S
. Niis . o d
e o RAV A B o St o A L . va |
¢ A | weten T ResuLT o 17T SUSTRACTIC- c@rerfau 1s va o
w | ek [P TS
A — +—
_;_i“l, } R _\/ag! {
b
&
| 2 \ KCA v
/0
. A .
A —————o |8

|
- -

aN BdsS —t— ——

v val d L _% -'I }ﬁ_____ﬁ__ o _ va ho{
o0 o As@) |
o RS S oo
O} ?'1 v No (ow}vom

29 —Teem rewe Fu

) :\9 ) Vohd Cler
v ) |



v Ly — P FCa,8.c.0, B)(Hy= Al + coE

w —Po—o—\"TN\,
e #,D“ ' ckt K Noe/Now Torm
L\~ t f
e —51/’"“_5
5 L Flw,xy,2)= Wex)(W+I)(T+Z)
F= wiy wy+ yo & Wheeol o
o ! W ot fomble
WKANE T
dgonl S o i
g:bj { "= + WRZ W2 + o +Wwx\t
!
- | ° WX Z $WXYE 4 wey TAW] !
97057 wxNzZ + NT 4 Wi o
l / ' ]I '
. e | é —— =
7t ' . e \ [~ - - - - =
1o gai‘ o = = @U’“‘%X‘“ w2) (wry2d (wxi2) .
0 lp e \7 = -\ T oo\ Ty
(010 o (9 2)( Txvd) (weve) (wigz)
: | ©
1t9oo | '
1lo it
t 'L 019
AR
%) Leovime FZ/“f/g C0,B) Ly =

Ay
(L) - oo ﬁ)—ﬂ, - - _
3 { A+B) (a0 +E) (1)

- jmuioi\, J

by oy
S L-.)



5) o

LY  F= (Ao 4 Bop)ih)

AC) - Fe)
Mo o el ) j\/\’
Biw T _

et l LK)
=
0 m—)_\\ - "

(L) = (A% 4B epll) o

s

“ Feo
1) ACL) o ﬁl) ,D)“
C (t ——— :

V(H ) a j)

T

ou—) 5



3) Fl4806dDv= (Aa> + &2l

()
ACH) — Tz N — Ftuw
¢ \ ‘_ @ﬂ} f

L) cem

L—po=

5{) FLAL ‘%‘, C, D)(H‘) = @—ﬂ*@‘*—é)( K+Ebj {.H

AcH) ‘
ALy ram) Fek)
an e
(L) e

RTINS
A D TLW)
(L) —

o) F(AB Y EYL)= (@%%* <) D+ 5?5}4»)

_Acd)

AcH)

, Bt
L) mpo.-_.(:@,j
c (y—"



') Fab =(4-% + scp) CH)

*f*)”#ivvﬁiff’ Fet)

%CW)% ’;} =
c ()
oég-Lvr**“E>%""

‘DLM

IAVCL) Al

BO) w L

c oty ]

DY) il
M

Do)

e e =[ABE|D

Fed

Acv)

A (,L) : B F (—L')

BOL)
c (%)
CLV




4y &)

aciy ACL) Fcu)
B L)
fym

Ca

FC#ys n -8 - (E“LC)

b) Cona. Cre Cud

AcL) o FoW)
oot

coy —

Fou)




‘ FCw)
Vivgs)
w ACH) “T-—%\e ]

BCH) —

0%y -

- o

-- Y A -
¥) & aw ) @A,g) AA JC

XAD) ] .

¢

)

A-CH
o L)

¢ewd







I desgn Vs | &

v N T | ﬁc&)
) - d e |
(e —A |
i) o -’;‘1 i T2hs Coald B 4 ﬂ“"’mw :MHQ/
[ 4 2 Dk~ Lek's v e o
g’z’ L) " . cut uswg Logie

aiAom Wil Samp F I6NMeN eV, D CAR s W Ges,
a0 OLew1ed secths D0 pior
LB Wi 1 0'&)4

TN
Gl — = ——

LES(H)
S L () —Do
Z¥S CH) f

seR (K —1 o e “ead s ecruyioo Autb
Phe e et 1 et om,

Then Die cre stead wdt stev

wo o |

_,,___——‘—'_/.—



P
f

AlCH) A B P
A ey
’ 6g @

C oo ¢
D "o b Pa e
.'. 1'
r ||
O 0w K

I O o

i 0 @
TWO On vaong  ADIACENT o b
Slody Moot Ywe t1 00|

7o NSRT 1O et " , O
OTNY& 1)
= aAc +

\
F =

C = c0+207c§+2<9>c,o 4 < + ABTO

F= K%+ Cpt B PLug trto

C ABC

+ A0

SLATNMNLE)

F



CHAPTERR. 15 Zxew :

\ D) Ttz oThefFAce ¢ MV ' T o
OF MODU AL VESTEmd poh Ay =t o
Mo TE e
3} Self-lammenting e e ALOD U S ey i

for fumANS 1o VMORLIMWO, Seafion, pr e

W T Fed i\ nJ
g NV LE W . i A ! pr L/1=9) INS
b) VNOXMSTAND/N G 0F 2XSTHNG Destéens
) Simvlertia g Conviens) Dewe y .

“) MOOULAL DESicm Dovs st 2R o A T2 - e

) j o) Uﬁ . W Tr}“’ /
NUM@ L o (N puds

5) vedione knens (o Stouly KRaw) Hew  a)

Tlﬁf ‘”OUU\)WQ\I MO uLES‘ )‘ N7 4T P ER _
THEWR s nwo Need +o o seec &y N%“l geg,éN Aro
OYCRATION

(,) "9““6 2%\?‘7»‘6 Moy u LSS (.i'dywmcw AMOORLES) 15
oLy &4 2o+ HIAN Crlgo;hNQ Now MdU{eS’

U THe New MoDules must Be  lesigum
\ \ L | - AN E J-IPd



=+ &5\% T EE gF) e |
v N(M/I/B’al gy N 1Y

Cltuits, Boml Tmp d A ME I

ba



| w5 Db Poonion]

)] _
| ok : \
¢ esut
Val -—-F—— / = 27”?( | %
| \jq‘ © o & @~
. 4 g °1° é/ - 5% 15 alwey
[ 1 -
_( g@ 1
! ? g' \ — st
I) : .! I|. e\ \/Ouhd
F= Y

Val d_c ¥y

X % ﬂid
0 :9
i O

Lo |
Volid= AOD

A 5‘”’ ._q.r——{'— e ﬂgu l/"— . \ /

sign Pk X - ;' wo cantnol \

\ {\mwﬂ_ - _\)auo . I B




(

S, —

-0 o >

-0 — &

— 0 -0

—'o——'-c',{

&

e Palen MRS Z RCAS, TR

fing, Mesupr s Valid On(t,l Wk
e Vesucr of 20pt Roohous
Qro\hdl a VQ!‘AZ)AO(}QV_E_!Q hd




A%) ket |
A _._J_ID._.
-——_.'-_‘—'_?._ ’0 QES% ~
e —tp L*f—“ ree THE (S5v€ © AN
7 g “1\ \ Jo LT e T
| 956, T , -
Wi A f< %e U&h4;
ﬁ' EO* \gt'\ o Cr N X2 ‘ Q}e .
2% e 1§ Dl TWe Mo B's are
S ot N
St/ 10 1]
= R Citlu-
Qelov
(%LJﬂﬁZ?
]y
OUM\'—":"’—:}\‘}_ 10
| ] lsu
™

vabie —

© THNO /\p &'s uE @At -
oF P %, C,D IF mu o e rop Ul
gy Plew
Pl ot put o Ths gt

nog. G 5.4

[ parenin @riol |



s g .

L A=
G f—c0o3
col ——-—-‘:\

COZ. - ~, d“”'-d

I\

ne cos Hraw ail 3
must-ge o 7 sla, 'Q(CAS’
e Awswor 10 We valid



0) -. éu"(
|
A 2 L -
s
A = _9 e I'|A* S-‘U"l\
& o 1_‘__‘{‘07 CO cOi il
RcA
A
L /7] —
> —F—% coz
) y 3 \Id,hd N :
© g L _ _
© | o i Vel g = fol Coz (03} Coi o7 (Or + COlCOZCOY
O \ O
Ty 0 0 ¢ yalid = (¢or+Coz +?o5)(ﬁ+co?+00%)((§+é—uz-§ o3
t 0 ) o S
/ \ o |
| l ‘o

\ ledl wa kewan \L(M Ve + N0y
p0 T Oé.c—

po oL



’ l_.g\)m\%dJU‘% Val. suva

L —————— k

Valid se 4 Val de xdd ckts o

TYHPLo -IV»V\H- Vq’lldl f C“Q
awiuds o NuArb‘(;qs‘ w BC ForwAST









ol »
oo o B
'—Oc.s|

o4

- g ¢ e

— |-

-_-“"||Q v o)

-—

"

(=)

- g TC o

Q~Q!U

9@ 8-9 - -6 -0~0 -0 _G'_h

a o<k
- - oo v
8 \
CAEE AL
o [ 0 I\
t o1 |
| e o
¢ 1Y o
: A (-
BCYO £ ABD(ctT)

r

>,
o
k]



&

Free Rangze Divital Design Foundation Modeling Chapter

4) Use the following black box modei for a standard 2:4 decoder to complete the following timing diagram.

<y
DEC_4T16 3 7
s—i'] L £9ct

s w X oe X wm N owc [ 02 K o X oo X0

5) Based on the standard 2:4 Decoder shown below, complete the following timing diagram by entering the
values for signals s1 and s2 that would generate the listed output waveforms. Assume that propagation
delays are negligible. Be sure to annotate you solution to this problem.

‘FS ' | l . !

i
i
E gy I VO sy O O AN
24Decoder |
gl T 0 1

st | 21 F2 | | l |
50— o 1——F1 | Fo | . [ 1T ! 1 I

| o Fo | l- | |

0O =2 voo|
| &> po(o
N 2% O0too
3 % (oo

@ Shan0hp VO TC U Spectfic output |
RO SUSAREE Vel e hy 2t '

%vmc e RS A MO

Wj@Z?u; NO @[vm (e Bth\gg\,)

%NUN@\‘)ZG?[NWB’W at ook 4
AN Decmoﬁ
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Chapter Exercises

1) Implement the following functions using a generic decoder.

(a) - (b)

2) Use the following black box model for a standard 2:4 decoder to complete the following timing diagram.

DEC_2T4

Ox1 X 0x0 X 0x2

ox=" Yoy K o4

3) Use the following black box model for a standard 2:4 decoder to complete the following timing diagram

DEC_3T8

8 —F— e F

I 6 0x7 X 0x3 X 0x1 X 0x0 X 0x3 X 04 X 0x0

F ado) " ox3s- X Oue X oxoz X oxor X

/

=224 -

&
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7) Use the schematic diagram to complete the F2 and F1 outputs of the provided timing diagram. Consider
the decoder to be a standard 2:4 decoder. Assume that propagation delays are too small to worry about. A

2:4 Decoder

-236 -
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Cpr

Chapter Exercises

A AL EESRTIAN
1) Briefly describe the special relationship between a MUX and a standard decoder.  BELO0 T S ey

2) Use the following block diagram to complete the provided timing diagram. For this problem, consider the
block diagram to represent a basic 4:1 MUX.,

muxAtt

R S~

SEL——A

e A

3)  The following timing diagram completely defines a function F(A.B,C) that has been implemented on an
8:1 MUX. The control variables are A, B, and C (A is the most signiticant bit and C is the least significant
bit) and the output is I Write an expression for this tunction in reduced NAND/NAND form. Assume
propagation delays are negligible.

C i

i

F 5
h ) 4 : ¢ o (2 E ¥ o 5

F = (iic Y mc }{M‘é@; A ] A
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4)  Use the following block diagram to complete the provided timing diagram. For this problem, consider the
block diagram to represent a basic 4:1 MUX,

mux4it
SEL——A—>
SEL 0xC I X3
D o3 X x2 X Ox
200 4 oorO Foo s
F

5)  Use the listed circuit to complete signal F in the following timing diagram.
1%
X1 LA
X0 j 4 j— I
[ ES—
EN e
a . B

'

b2

Lo

[
)
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6) Use the listed circuit to fill signal F in the following timing diagram.

[ NP

é) Using the following diagram of'a 4:1 MUX, complete the provided timing diagram. Also provide a VHDL
model that implements the 4:1 MUX.

Ab A

B8

cC ‘/—; :

L0 o

MY MUX

.

™~

seL e X o X X X o

AA e X DR oA

PRI G T G

ce w0z X X o
F CERMCIIEIND GRS |
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7,3)

T~
J MUX “‘
e .
t kfw i
4 H
e
; ]
At RCA /T ”
Co
+ Co
4
SUM i
B SUM
— &mm
. | MUX
S )
‘ e F2
i - 1,
‘
L
A oas X x4 X 0xC X s

SO N S T o7
FRETTTTY o E

Use the following circuit diagram to complete the empty rows on the accompanying timing diagram. Use
bus notation for all bundlies (Co is the only non-bundle signal; Ox indicates hexadecimal).
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@ Use the following circuit diagram to complete the empty rows on the accompanying timing diagram. Use

bus notation for all bundles. W ANSC g&/{ \%/W//

g) MUX
0
4
F1
4
II 1
‘ RCA
A~ o
® Co
£ sum | ¢
B~ # Sum
SUM(0)
« MUX
- o
4
. F2
/’ 1
B o3 X Ox4 X 0xC X  ox
A 0x5 X oxa X ox2 X oxD
sm oxs XX e [ove AR ek

1285 K ord Yoxs KoxC W ox3 0x0

F2_ox8 K ox5  Kox o oxe N oxkz_ I oxo

4) G TE (8TBRANAS cF A MOK I NCLUTES
A STANDAR) VRECDRE) s Dt Q=uce |
DHT Selerts Wihall (v gut Apgaes an DS ovpdT

-253-
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Free Range Digital Design Foundation Modeling

Chapter

Chapter Exercises

cdaehz 1Y

1) Complete the timing diagram shown below considering the given schematic symbol.

COMP

B —fe — EQ

Qi

Oein

[ 2 >( ]

2) Complete the timing diagram shown below considering the given schematic symbol

P,

COMP

A &
B —f

[5I%4

B8] X Oxi2 XOxF3R
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l&) Use the following circuit to complete the unlisted signals in the timing diagram. For this problem, assume
there are no propagation delays.

1
8
~ KOUT
“Qa000000" »———/ém-— 0
A o /FMW comyp
& EQ o - EQ
B

FED
JAA

, ‘
! ; ;
A OXDA x84 )L Ox17 0x13
i ‘ i . \
! :

B OxDA ; %17 X oxs %94

AA
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Chapter Exercises

botbr U Globumy

1) Complete the timing diagram shown below considering the given schematic symbol. Consider the circuit
to generate even parity for the eight input bits.

8
SIGS ——F—

PAR GEN 8B
——— EVEN_PAR

SIGS e )(

EVEN_PAR

axCe Oxi3y X IEFES X OxEA
i

2) Use the following circuit to complete the listed timing diagram.

Cs

S —
A eppe | ODD_PAR _GEN e
va \____ ¢
.‘-///

A Ox3 X )xBX \<8>< Ox0 >.< 0xC “ OXSX Ox8 XQW )(OxE

cs ||

[ ,__»w..«—«»» | N

}

D
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3) Use the following circuit to complete the listed timing diagram

2:4DEC ‘3 EVEN_PAR_GEN
2 F
g - R
_— |
. _m_#_tt}
1099 o012 ogp OOB] 0@ Joed 2 RS0 550 pent Olop

s 0x3>< omX 0><2X 0x0 XOxzx ox1 XO)\3XOXOX 0x3X 0x1 X 0x0 X0x2
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Chapter Exercises

) Provide the Q output (sometimes labeled as OUTPUT) signal using the associated flip-flops listed below.
Consider all S and R inputs to be asynchronous. The asynchronous inputs take precedence over the
~ synchronous inputs. Assume that propagation delays are negligent.
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Chapter

Chapter Exercises

1) Using the block diagram on the right to complete the
timing diagram provided below. Consider the register to
be rising-edge triggered and ignore all propagation delay
issues.

SR B e e I

D o2l X 234 X o X

2)  Using the block diagram on the right to complete the
timing diagram provided below. The LD input must be
asserted in order for the register to load the input signal.
Consider the register (o be rising-edge triggered and
ignore all propagation delay issues.

oxGo X oxgA
PIRI-C SRS

REG ¢
] Los
D e Q)
L —
LK ———«&

>< xF\

L

@7 X exzE
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3) Using the block diagrany on the right to complete the timing

diagram provided below. The LD input must be asserted in order 4
for the register to load the input signal. The CLR input is an LOREG ‘
asynchronous input that clears the register when asserted and has a O e —
higher precedence than the LD input. Consider the register to be LD
rising-edge triggered and ignore all propagation delay issues. cLe
cw | L) L1 L L L] |
D B >( %k >< OxA /< X2 >( 1
w oo ]
LT ; N
ctr L
S — ; U T
Q 02y e X opg Koo L
4)  Using the block diagram on the right, provide a schematic P
diagram detailing how you would use this device to createa -
. . . ~ . - . 11 e
32-bit register with all the same features listed on the 16-bit ; REG
device. 0 ] L0
Lo ‘J
LK
!
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Chapter 23 Exercises (Answers)

1) Briefly explain the general purpose of a state diagram.

A state diagram provides a quick visual description of a FSM.

2) Briefly explain why do individual states in state diagrams have unique, self-commenting labels.

The states in FSMs have unique labels to differentiate them from other states. The states in FSM use self-
commenting labels 1o help humans more quickly understand the operation of the FSM.

33 Briefly explain why we typically omit clock signals from state diagrams.

We omit clock signals from state diagrams to make them easier to understand. The assumption made by state
diagrams is that all transitions occur synchronized to a clock edge. Transitions that are not synchronized with a
clock edge must have other information included so that the human reader knows how thev operate.

4) Briefly explain why we label unconditional transfers with some type of “don’t care” symbol.

The don't care signal alerts the human reader of the FSM that a given iransiiion huppens unconditionally, meaning
the given transition is not dependent on any external or internal signal.

5) Briefly explain why PSNS tables don’t include clock signals.

PSINS tables don't include clock signals for hwo reasons. First. it would be really had 1o do so, and if yvou figured
out a cool way, the PS/NS table would become harder to understand. Second, most transitions in FSM are
svachronous, so the clock signal in the PS/NS rable is implied.

6) Briefly explain how we represent asynchronous signals in state diagrams.

Asynchronous signal are singly directed arrows that are directed to a state in the state diagram but do not emanate
Jrom a state in the state diagram These arrows effectively come out of "nowhere"”, which differentiates them from
synchronous (ransitions.

7y Briefly explain the main function of an FSM’ next-state decoder.

The next-state decoder provides the logic that determines the next state of the FSM. Inputs (o the NS decoder are
typically the current state of the FSM and external inputs. Qutputs of the NS decoder provide the excitation inputs
Jor the state registers. .

8) Briefly explain the main function of an FSM’s output decoder.

The vwput decoder provides the logic thal determines the exact form of the FSM's outputs. The output decoder
typically has inputs of the state of the FSM and external inputs. Quiput decoders can implement two different types
of outputs: Mealy-type outputs and Moore-type outputs.

9) Briefly explain the main purpose of an FSM’s state registers.
The FSM’s state registers are the FSM’s memory and thus hold the “state” of the FSM. Thus, the state of the FSM is

officially the values being stored in the state registers.

o



10) Briefly explain the different between Moore and Mealy-type outputs on FSMs.

Moore-type outputs are a function of the FSM's state only. Mealy-type outputs are a function of the FSM'’s state and
at least one external input.

11) Briefly describe why it is most convenient to not place Mealy-type outputs in the state bubbles.

We place Mealy-type outputs outside of the bubble because they are u Junction of both state and external inpuls.
Because of this, we place the Mealy-type outputs next o the external inpuits) that determine the conditions
associated with the FSM's state iransitions.

12) Briefly describe with it is most convenient to place Moore-type outputs in the state bubbles.

We place the Moore-type outputs in the state bubble because Moore-type oulpuls are strictly a functions of the siate
of the FSM. '

13) Briefly explain what is meant by the term “unused state™ in an FSM.

A wnused state in a FSM is a state that could be represented by the FSM’s state registers but is not included in the
FSM’s state diagram.

14) Briefly explain what is meant by the term “hang state™ and how an FSM can end up in a hang state.

A hang state is a state in a FSM s an unused state that is not necessarily include in the FSM’s state diagram. Hang
states have not have a desivned method for returning (o any of the used states in the FSM.

15) Briefly explain the difference between a hang state and an unused state inan FSM.

An unused state may or may not be able (o transition back 10 a used state in the FSM's state diagram. A4 hang state
is not able to purposely transition buck to a used state in the FSM's state diagram.

16) Briefly explain the main strategy behind designing FSM to be self-correcting.

A FSM thar is self correctly has all unused states (if any) purposely directed back 10 a state currently used in the
FFSM's state diagram. In this way, if the FSM finds itself in a used state, it will transition back to a used state.

17) Briefly explain why some FSM designs inherently do not have hang states.

Some FSMs do not have inherently have hang siates because there are no unused states in the FSM. This means thai
every possible combination of the I'SM's state variables represent a valid state in the FSM.
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Chapter ZﬁfﬂExercise Solutions

1) What is the minimum number of states in a state diagram you would need to obtain a 7/17 duty cycle on an
external blinking LED? Briefly explain the reasoning behind your answer.

Answer. Since both numbers are prime number, vou would need a state diagram with 17 states.

2) Briefly describe an application where a sequence detector would be useful.

Answer: digital combination locks, automatic resets for circuits

3) Briefly describe the operational difference between a FSM with a Moore-type output and a functionally
equivalent FSM with a Mealy-type output. Consider both FSMs to have equivalent clock frequencies.

Answer: Mealy-type FSM ypically have fewer states in the associated state diagram. FSMs with Mealv-nype
oulpuls can respond faster (o given circuil conditions (referring to the fact that Mealy-type outputs are a function of
both state and the external inputs).

4) Briefly describe two advantages to using a FSM exclusively Mealy-type outputs over a functionally equivalent
FSM with exclusively Moore-type outputs.

Answer: FSM with Mealy-tvpe outputs will naturally have less stares than the equivalent Moore-type FSM. which
may lead 1o less storage requirements in the state registers. The Mealy-iype outputs can respond quicker 1o external
outputs because the outputs can change immediately. An equivalent Moore-tvpe output has 1o wait until the next
clock cyele 1o respond.

5) We often consider FSMs as “reacting”. In the context of controlling a digital circuit, briefly describe what we
mean by “reacting”. Be sure to describe what the FSM is reacting to and what the ramifications of these
reactions do in a holistic view of the FSM.

Answer: We typically use FSMs as circuits that control other circuil. When we say “react”, we mean that the output
of a Mealy-type FSM can change immediaiely rather than having to wait for the next FSM active clock edge as is
required by a Moare-type outpul.

6) Briefly explain why it is that FSMs with Mealy-type outputs can react faster than an equivalent FSM with
Moore-type outputs.

Answer: We can think of Mealv-tvpe ouiputs us reacting Juster because they are d function of external inputs

(meaning they can change when the external input changes). Moore-type outpuls must wait for the next active clock

edge before they can respond.
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25.8 Chapter Exercises

1)

2)
3)

4

3)

6)

7)

What is the minimum number of states in a state diagram you would need to obtain a 7/17 duty cycle on an
external blinking LED? Briefly explain the reasoning behind your answer.

Briefly describe an application where a sequence detector would be useful.

Briefly describe the operational difference between a FSM with a Moore-type output and a functionally
equivalent FSM with a Mealy-type output. Consider both FSMs to have equivalent clock frequencies.

Briefly describe two advantages to using a FSM exclusively Mealy-type outputs over an functionally
equivalent FSM with exclusively Moore-type outputs.

We often consider FSMs as “reacting”. In the context of controlling a digital circuit, briefly describe what
we mean by “reacting”. Be sure to describe what the FSM is reacting to and what the ramifications of these
reactions do in a holistic view of the FSM.

Briefly explain why it is that FSMs with Mealy-type outputs can react faster than an equivalent FSM with
Moore-type outputs.

Use the following state diagram to complete the two timing diagram provided below. Show how the
inputs affect the state transitions and outputs Z by filling in the “state” and “Z” lines in the timing
diagram. Assume all setup and hold times are met and that propagation delay times are negligible.
Assume state transitions occur on the rising edge of the clock signal. Assume CLR is an asynchronous,

active low input.
% input (x)  output (z2)
\>0/ 0 ‘/
legend

output (z1)

-395-
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Chapter 25

8) The following timing diagram completely specifies an FSM. Use the following timing diagram generate the state
diagram that would generate the listed timing diagram. For this problem, assume the CLR input to be an
asynchronous active low input that places the FSM into the appropriate state. Assume all setup and hold times

have been met and that propagation delay times are negligible. Assume state transitions occur on the rising edge
of the clock signal.

U lNowing;state diagram to ¢ p‘ te the ti 'ﬁg diagrani} rovidﬁd"gﬁél}éw. Show how the inputs affect the
stateAragsitiors axﬁd outgsuts Z by fifling in the #State” and #Z” lines in‘the timinfgsdf‘M

rhin aéram ASsume-all setup and
ave been'met and tHat propaéaﬁ'sg delay }i)z{e’s are;éxggl’fgible. Asstime stz

tetransitions occur on the
rising edge of the clock signal. Assume CLR is an aSynchronous, active low input.
[
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26.7 Chapter Exercises

1) The block diagram on the right shows a model of an 8-bit
counter. Use the following assumptions in order to complete the
following timing diagram. Assume propagation delays are
negligent.

e The LD input enables the DIN loading into the counter

GEN_CNTR
e The RESET input is an asynchronous and active low DIN —]
active loy

8
used to reset the counter e #—> COUNT

UP ey

LD ——s

e The COUNT output shows the current value stored by RESET ——»
the counter o

¢ The counter counts up when the UP input is asserted
(active high) or down otherwise. All count operations
are synchronous.

D_IN OxB4 X ox34 : X oxdB

COUNT xe0y

2) Show a schematic that uses two standard 8-bit up counters to implement a 16-bit up counter.
3) In your own words, describe how it is that a counter can replace an accumulator in certain circumstances.

4) Briefly describe the difference between the RCO when the counter is counting up verse counting down.
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Free Range Digital Design Foundation Modeling Chapter

Chapter Exercises

1) Use the block diagram on the right to complete the timing diagram
below. Consider the circuit to be a 4-bit shift register (shifts from right-

to-left) that is active on the rising-edge triggered of the clock signal. SREG._48
Consider the line labeled *Q” to represent the 4-bit value stored by the data..in| | data_out
shift register and the “data_out™ output to represent the value of the

highest order bit stored by the shift register. Assume the initial value CLK-——~

stored by the shift register is 0xC. Ignore all propagation delay issues
with this circuit

e )L L L L LI |

datain [ ]
datawoutmu

2y The block diagram on the right shows a model of a universal
shifi register: use this model to complete the timing diagram
Jisted below. Consider the following:

SEL =00 hold

SEL ==01": parallel load of D_LOAD data b oA ] o ;
(N b O QUT
SEL = =107 right shift; DL_IN input on left : 51&
I AN et
SEL =11 left shift: DR_IN input on right R
CLK =
e The rising edge of the CLK signal synchronizes all -
shift register operations
¢ Propagation delays are negligent.
¢ Initial D_OUT value is OxAB
. T
ST SN e Y RN s N e N e N
SEL ; Xv . 4 s | >\ S X R Y ) Y
DRIN } L1 R
] [ f
oL [T L
D_LOAD 3IC X oiF X axi3
( ey &
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3) Complete the following timing diagram. The SEL inputs are the control inputs to an 8-bit
universal shift register. Assume that all operations are synchronized with the rising edge of
the clock signal. Assume that propagation delays are negligent. Be sure to state any other
assumptions you need to make in order to complete this problem. Assume the 0x39 is the
initial value stored by the shift register. Assume “D_OUT" is an 8-bit output representing
the value stored by the shift register.

SEL = *00": rotate right ’
SEL =01 rotate left —
SEL =107 divide by 8 (bit stuff 0’s)

SEL =117 multiply by 8 (bit stuff 0’s)

CLK R E I
SEL e X m; X mé >< " X o X Gl X e

4) The block diagram on the right shows a moc c} ol an 8-bt
counter. Use the following assumptions in oxfdu 1o wnrplcu the
following timing dld”!dm Assume plopanmmn dda\s are

negligent. - /

e The l ) input enables the DIN loadino jfﬁto the counter -

g . GEN TR |

¢ The Rl SET mput is an asy mhmmn){ and active, 10\\ DN s |
used to reset the LOUHILI / / I 1 ¢ COUNT

//’ [ Sp— - ‘

o The COUNT output 51]&)\&5 [lw/currcm value stored by FESET - |

3 ,:»: 7 - CLK |

the counter / ' -

¢

/
¢ The counter coums up w lw1 the UP input, is assutui
(active high) or ‘down olhen\ ise. All wum operations
7 are sy nchaonous /’

COUNT
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3) Complete the following timing diagram. The SEL inputs are the control inputs to an 8-bit
universal shift register. Assume that all operations are synchronized with the rising edge of
the clock signal. Assume that propagation delays are negligent. Be sure to state any other
assumptions you need to make in order to complete this problem. Assume the 0x39 is the
initial value stored by the shift register. Assume “D_OUT” is an 8-bit output representing
the value stored by the shift register.

SEL = “00”: rotate right

SEL = “01”: rotate left

SEL = “10”: divide by 8 (bit stuff 0’s)
SEL = “11": multiply by 8 (bit stuff 0’s)

SEL ot X ox2 XOxo X 043 X Ot X ot X o2

4) Use the schematic diagram to complete the Q output. The Q output is a 4-bit bundle; the starting state
of Q is listed in the timing diagram as a hex value (4-bits).. Assume that propagation delays are

negligent.

Q(3) Q(2) Q1) Q(0)

IN ——ID Q l D Q * D Q i D Q—L

oy [T [ [ =

Q OxBX? OX4 Xv OY A4 X? OX A Xv Ox D X? ¥

(bow =~ OloOo ~ Loto - oo 0 ohio

-453 -
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5) Use the schematic diagram to complete the Q output. The Q output is a 4-bit bundle; the starting state
of Q is listed in the timing diagram as a hex value (4-bits).

Q(3) Q(@2) Q(1) Q(0)

s e ped e )

Q OXAX? Ox5 X? OXA )(7 XA ):(?OKD X? 245

{bgO. oltop [610D 1ol o "y loyr T OUD

-454 -
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