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Gate Delay

= In actual physical gates, if one or more input changes

causes the output to change, the output change does not
occur instantaneously

= The delay between an input change(s) and the resulting
output change is the gate delay denoted by £:

FFJ’\.AL_}(J\.AL. A

— Input
L T te | | tg | t;=03ns
el Output

2y tm o\

0 05 1 15 Time (ns)
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Logic Gates: Inputs and Outputs

#
= NOT (inverter) ; Rva =it

« Always(one inputjand one output

= AND and OR gates

« Always one output

e Two or more inputs

FEAIPT
P2

p-4

X =ABC

m

X=A+B+C+D+E
dgl‘-’\) '.r'—-—'."b\ =

D Loapls e\s =2 \5t & c -

(D)kn (4) $3n o gt 1Y G

. Lo)gﬁnt:u(o)(ﬂe%\b\ﬂ Ki)m(guén_.\g KA

X = ArBxC+D «f (4) da

Logic and ompuder Design Framertss, o Chapter 2 - Part 1 18
icroo foclieni AT B
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Boolean Algébra

B An algebra dealing with binary variables and logic
operations
* Variables are designated by letters of the alphabet
* Basic logic operations: AND, OR, and NOT

= A Boolean expression is an algebraic expression formed
by using binary variables, constants 0 and 1, the logic
operation symbols, and parentheses
* Eg:X.1,A+B+C,(A+B)(C+D) — oo lean <y pesssion

* 4 Boolean function consists of a binary variable
identifying the function followed by equals sign and a
Boolean expression |
« EglF/=A+B+C L(D,X,A)=DX+ A _ Rollea fun cvion

£ un T
o pu S . 5= Chapter2 -Partl 19
8 Pearson Educafion. Inc.
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& Equation: F = X YZ
R
- - @ ‘II
;.2 2. Logic Diagram: P 4
- il 4
\Lﬁw;.,u 3. Truth Table: &= 0 —
\ e
e e ok YTE 0T L
= * g [ o ad 4 0On
e B2 00— \ )
(s} Y
—— o OS5 Loy
[ T — Lo —
Th & , H %
=5 1 o \—)\
(o U 3
[ ; o i
¥ s Ny 20 g a0 P
K D
Cs NV
| ~9Q
\
L S DA P A Chapter 2 - Part 1 20
23
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Example

& Draw the logic diagram and the truth table of the following

Boolean function: F(W, X,Y) = XY + %Y Y > \
® 2 — B w-—-— 5
= Logic Diagram: ® T >
P
= TruthTable: [w]x ] v ][ F 4 g wY
[o] o] oo T one Vo
[ o] o] 1 ]® iez B
[0 ] 1 [0 ] i1
\z‘jFO 1|1 |\ a&mm\i@wsuanr
'y 1t oo |\ |~ 7 i’u\)ﬁ\u_J
1 0o | 1] ° g‘f@’ﬁ( e \L
el EEEER o_&_mg\iﬂ\igﬁ’ Xy -
e 1] 1 [ 1] gﬁ)ﬁétﬂd’?\ =

= This example represents a Single Output Function
Chapter 2 - Part 1 23

and Computer Design Fundamentals, 48
Point® Siides
! Paarenn Edvicalion oo
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smputer Design Fundamentals, 48
Sides

& Draw the logic diagram and the truth table of the following

Boolean functions: F(W,X) = WX+ W,G(W,X) =W + X
¥ x__.._--—r-‘;

W
= J.ogic Diagram: t»\
LB
= Truth Table: o L
A : G~
[w|l x| r|ec ) v
e A Y | e
[0 ] 1 ]|D] ?
F.l I 0 1 i \;J‘:I: e \’\i’
’ 1 I 1 1] L '3 ’L\C.;;-' RN s
1e‘°'“;:‘+’\ L‘)\j
-
J 0%
\Q\i\isﬂ\l R
i")\f) Tev =
Chapter 2 - Part 1
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®= Given the following logic diagram, write the
corresponding Boolean equation:

[

w
4 —
z j‘%'%p F Lﬁ

= Logic circuits of this type are called combinational logic
circuits since the variables are combined by logical

operations

j and Computer Design Fundamentals, 48 Chaptf:t 2. = Paﬁ. \

— o b il S T
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Z X+0=4X 2 X.1=X | | _

L‘?‘ X—I_—1=1 e X.OZOJ \ EXISfEHCCOanI?df‘\
L.i X—:‘—“f;@'{i::?:(: 6. X.X= —{A_‘T"zj \ ; Idempotence \
LZ X+ X =015 =\ 8 X X=@-T \".° \Existencéqfcompfementx
!9' X=X x>0 %3\ {rs

| 10X +Y®Y +X

\ Involution
\

JLXYVEYX Commutative Laws \

c:_’,.i-'\.’cﬁ;f

[ 122+ +Z=X+ (¥ +2)

13.(XY)Z =X(YZ) \ Associative Laws

[ 12XV +2) = XY +XZ 257

[ 16X+ VEXT  Dererepns

15 X{/+n’2§ =X+V)X+2) f\iﬁ ifﬁ’Dfstributive Laws \
DeMorgan’s Laws 3

17X Y2DX+7 . \

W +0 =X xs@/:%
Bre = ¢ pre ’2
\fl-va
YR . IO @l-" 5:3

e A

Logic and Computer Design Fundamentals, 42

B4 o)
%c\t-%m B % e Y e
@(T # oy ‘\,.

Y\ 2y W a7

\£+%}

\"h-l
\
}

el

nl ~

L ﬁtpptex'? P'\ft\ 9
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FPowerPoint®™ Slides
© 2008 Pearson Education, Inc. _
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Some Properties of Identities & the Algebra

-—_—

. . :
‘{Ji’the meaning is unambiguous, we leave out the symbol

® The identities above are organized into pairs

The dual of an algebraic expression is obtained by interchanging
(+) and (*) and interchanging 0’s and 1°s

 The identities appear in dual pairs. When there is only one identity
on a line the identity is self-dual, i. e., the dual expression = the
original expression.

gy s ot e | 5 77T E2 D 08 oy L
o SN e 5, e | Ng=—At
\—0 %
o TP |
Logic and cﬁﬂstgﬁwoeggnwmﬁnenwa 4z Chapter 2 -Part 1

© 2008 Pearson Education, Inc.
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Some Properties of Identities & the Algebra (Continued)

\
B Unless it happens to be self- dual, the dual of an
expression does not equal the expressmn itself

= Examples: TS
e F=(A+C).B+0
= Dual F =((A-C Y4 @) -\
c G=XY+(W+Z
~ b =(K><*"‘“§I)~)’(\;T%\ _ e ¢ (E)
e H=AB + AC + BC
= Dual H = ( )~ g\ \& ~ c\ (B-c)
» Are any « of these ﬁmctlons self—dual‘?

e e Chapter 2 - Part 3)

© 2008 Pearson Education, Inc. _
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Some Properties of Identities & the Algebra (Continued)

#

B Unless .it happens to be self-dual, the dual of an
expression does not equal the expression itself

= Examples:

e F=(A+C).B+0
« DualF = (A.0) +B.1=A.C+ B (Not Accurate

« pual F = ((A.C)+B).1= A.C + B (Accurate)

e G=XY+ W +2Z)
e DualG =X+ VN.WZ=X+Y). (W + 1)

« H=AB+AC+BC
= Dpual H=(A+ B)(A:i? C)(B_j— ) = (A + BC)

_AB + AC+ BC
s Are anv of these functions self-dual?
Chapter 2 - Part 1 3

Logic and Computer Design Fundamentals, 48
PowerPoint® Siides
© 2008 Pearson Educafion, Inc.

Pt L iy

= =

(B+0C)
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S .
Boolean Operator Precedence
e

g The order of evaluation in a Boolean expression 1s:

\A;% ~
1. Parentheses | &' ~* E B
2. NOT
3. _,AND
4. OR
= (Consequence: Parentheses appear around OR expressions
KC;( 0)
. @ i )(C:&Q)
- Examplesﬂ /59 C%Tf N
Ay Vet a0, p—~f)43 AB gJ —
e o F= AB + C o
e« F=A(B+ C)
@ = Chapter 2 - Part
. cmmmmmﬂ-* o ap -
bl el
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l Xx.y+xXx.y =Y @(x +)E+y)=y \ M\ipim'g{aﬁon J
] xX+x.y=x ® x.(x+y) = \ Aﬂs\(ﬂ-pﬁon \
E +X.y=Xx+Y.~ 7 )x. (x+y)=x.y \ Simﬂl\tﬁcaﬁon \
F xy+xz+yz-—xy+xz J gonse\nsus X
[(gx+y)(x+z)(y+z) = (x+y)(x+z) \

Theorem | Dual \ Namé

Yorry)  ws | @ hx Ty = ¥ wegeey) /[?“z]
! \ oJ—C
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Example 1: Boolean Algebraic Proof

@ A+A-B=A (Absorption Theorem)
S ERPRRRRR
= A\ @}_@B\ X =Xt
- A et i

=A-1 1+X=1

= Qur primary reason for doing proofs is to learn:
. Careful and efficient use of the identities and theorems of Boolean
algebra
« How to choose the appropriate identity or theorem to apply to
make forward progress, irrespective of the application

Logic and Compuser Deaign Fundamerial, 4a Chapter 2 - Part 1
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B o

Example 2: Boolean Algebraic Proofs

V¥ oa équ;,dfjl_x
“F‘. AB + AC + BC = AB + AC (Consensus Theorem)

AB + AC + BC

=AB+EC+@,§_C | 1X=X
—AB+AC+(AFA.BE  X+X=1
=AB + AC+ ABC + ABC Distributive Law
= AB + ABC +AC + ABC g
=AB.1+AB.C +AC 1+ AC.B X 1= Xand Commutat;ve Law
=AB.1+AC.1 1+X=1
=AB+ AC _ X1=X
Lol st Gompder Cason FRreismontls, 46 Chapter 2 - Part

Scanned by CamScanner



Proof of Simplification

: A+AB=A+B (Simplification Theorem)

A+ T BT

=(A+ A)( A+B) Distributive law
= (A+ B) X+X=1

4 A (A + B) = AB (Simplification Theorem)

A.(A+B) | e
= (A.4) + (A.B) Distributive Law

Chapter 2

| mnir and Anmmder Desian Fundamentals, 48
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Proof of Minimization
| —
z A.B+A.B =B (Minimization Theorem)
I

AB+AB A TR

ot ple e
O ::@A + A) Distributive Law
L -
=B.1 X+X=1
B X.1=X
(Minimization Theorem)

© (A+B)(A+B) =B
b et ]

&6_4+B)(/T+B) Do
[’)7/ =®|— (/é_/if) Distributive Law
ER 40 X.X=0
Chapter 2

Scanned by CamScanner



Proof of DeMorgan’s Laws (1)

J
g X +Y =2X.Y (DeMorgan’s Law) :
. We will show that, X.Y, satisfies the definition of the complement o
’sLaw.
(X +Y), defined as X + Y by DeMorgan's ; o .
. To show this, we need to show that A-\-Ar:—-'l and YA.A =0 with
A=X+Yand A’ = X'.Y’". This proves that X XY =X+Y.

\> = Partl:Shov{X%—@':l
D) Cead
wA ()
) ) )
g

e

5

Chapter 2 - Part i

i amentals, 42
: and Computer Design Fund
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Proof of DeMorgan’s Laws (2)
_

k Part2: Show (X + Y).X".y’' =0

({jfj * CYYR) -0
(23 + Cax) .

o 2 =

O s &

= Based on the above two parts, X".Y' =X +Y
= The second DeMorgans’ law is proved by duality

= Note that DeMorgan’s law, given as an identity is not an axiom in the
sense that it can be proved using the other identities.

mu—mm s Chapter 2 - Part 1

Scanned by CamScanner



Example 3: Boolean Algebraic Proofs

t\—
o (X+Y)Z+X}7=17(X+Z)

oo V. ;
(-2 ~ ) R
’ ) O
‘ ,
c,.";/Q"\JPC@)Q%%,—“T /}»JLQZ,)
T g c3en) 7T
W=
sl dne Nasinn Fundamantsls 48 Chanter 2 - Part | £
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Example 3: Boolean Algebraic Proofs

/
& (X_—LY)Z+X17=?(X+Z)

X+ YVZ+XY
= X'z +x(¥)
VXD
=Y'(X+X'Z)
JY'(X+2)

P

Scanned by CamScanner



Boolean Function Evaluation

B, =xyzZ
= F, =x+¥yz ‘ x| y| z|F\|F\|F\|F)
= Fy = ZyZ + Fyz + 2y ?,‘;‘\‘i\‘i,\‘l\?\‘ij
" Ly =Xy T Xz o|1|ololololol
b 1 G eit olrf{1lolold@i)
P LR M a
gz alef1felr|@in)
0 Jo —a 1l1lof1]1lolo])
LN 1]1|1lof1]olo]

s Mrwmes dor Dasion Fundamentals, 4e

Chapter 2 - Part 1
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Expression Simplification

k An application of Boolean algebra
= Simplify to contain the smallest number of literals (complemented and

uncom;\)lemented variables)

N s ]
u Ex’éLIf’ﬁ%le:iSimplifyﬁthe following Boolean expression

« AB+A'CD+ABD+ACD' +ABCD \\ —> 2
s keva]s Y oots

ABH_-ﬁ +ABD +ACD' + ABCD BT
Commutative law

= (AR ABCD + A'CD + A'CD" + A'BD
= AB(1,+ (D) @Bj D")+ A'BD

= AB.T+AC.I+4BD

= AB+ AC+ A'BD
=AB+A'BD+A'C

=B(A+D)+AC @ Simplification Theorem

Chapter 2 - Part |

1+X=1and X+X' =1
X1=X

Commutative law

»gic and Computer Design Fundamentals, 42
werPont® Sides

) 2008 Paarson Educaion, Inc.
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Complementing Functions

&k Use DeMorgan's Theorem to complement a function:
1. Interchange AND and OR operators
2. Complement each constant value and literal

« Example: Complement F ::(;;’yz‘)+€ry’z’)
Fle(x+y +2)(' +y+2)

« Example: Complement G = (a@’ +@®)d’ + e
V2N <=
)_E;j G' = (a(b’ +c)+d).e

Logre and Computer Design Fundamentals. de Chapter 2 - Part 1 46
_ 62006 mﬁfm inc

K(q , @@\)m).e,

Scanned by CamScanner



Example

& Simplify the following:
e« F=X'YZ4X'YZ' +XZ <
n

\;\ \ o e 5 en \‘t::"".r 1
2 j & 2 ) , k

\?Lj/ \ + X

¥ (4 ~%) 2

Chapter 2 -

Scanned by CamScanner



Example

&k Simplify the following: I (72 + =
« F=X'YZ+X'YZ' +XZ i |

Chapter 2 -Part1 &

Scanned by CamScanner



=N\ ghow ek

Example o

vk Jeble

B Showthat F=x"y'+xy'+x'y+xy=1

« Solution1: Truth Table o B )

X Yy F j C‘;(_ - ) % k)) I’\\‘_‘f‘ ¥ ;
0 0 1 Ny s
o] 1|1 ) )
1 |0 |1 L/&/—J
1 1 1
« Solution2: Boolean Algebra ‘__};

=y'(x' +x) + y(x' +x) | Distributive law

:'y']_-[-y,l X+X’=

=y +y Yl=X

=1 X+X' =

g a0d Compuser Desicn Fundamenils, e Chapter2-Part1 50

Scanned by CamScanner



Examples

%

B Show that ABC + A’C’ + AC’ = AB + C' using Boolean algebra.

ABC + A'C' + AC' ‘ X L AN
=ABC+ C'(A' + A) Dfsmbatwelaw ¥ o — :'_"—A ~ ‘I
= ABC+C'.1 X+X' =1 Mg
=ABC+ (' X1=X /A (k- C\
=@s+crc+o) [ v
= (4B +C").1 X+X' = (M.ﬁ; ) _\
=AB+ (' X1=X | AL =€
* Find the dual and the complementof f =wx +y'z. 0+ w'z
\ o 6522

Q) = w00 +2+ D0 D) (Vo) o Ge w1 oL

e =W +X)y+2 +1)(w+7)

vorports Sbaey, Chapter2-Part1 51

owerPoint”™ Skides
> 2008 Paarson Fducaton. Inc
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jroth G—b—i’-‘!“-

hnmg
ot &,b Overview — Canonical For

\y

F oV
u‘f’.ﬁlu«l

@,,, o = What are Canonical Forms?
i .
—1= Minterms and Maxterms

\
Y & Index Representation of Minterms and Maxterms

J_’J —
I HoSum-ofMintermy(S OM) Representations

o
of Maxterm (POM) Representations

r"—)\a’:;;sf - PLOQ}:ISL:—
£ Complements of Functions

22 n Representation O
s Conversions between Representations

Chapter 2 - Part \

Logic 8 rdep-.n ¢ Dasign Fubdan mentals, 48

aneﬁ-\‘mi Shdes
renn Feiication, N

Scanned by CamScanner



Boolean Representation Forms

Forms
Non-Standard Forms Standard Forms ha
Lt o _pact
&,¢C,b /\
Product terms (SOP) Sum terms (POS)
Canonical Non- Canonical Non-
(SOM) Canonical (POM) Canonical

Logic and Computar Dasign Fundamentals, 48 )
Powerfoint™ Slides Chapter 2 - Part |
£ 2008 Pearson Educalion, Inc

N
-l
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Canonical Forms

\ ==
= It is useful to specify Boolean functions in a
form that:

* Allows comparison for equality
* Has a correspondence to the truth tables
 Facilitates simplification

e
= (Canonical Forms in common usage: r'd(c@ceh
+ Sum of Minterms (SOM) L (&f}
e Product of Maxterms (POM) " \ : [ o
T‘Z'E)/j" ;
oo e o Chapter2-Part1 34

© 2006 Pearson Educaton, Inc

Scanned by CamScanner



oo g § B e N0

i x4t Jxg > Q)
‘Minterms - - SN =

4 bl mpbs O @

& Minterms are AND terms with every variable present in
either true or complemented form

= Given that each binary variable may appear normal (¢.g.,
x) or complemented (e.g., X), there are 27 minterms for n

variables
« Example: Two variables (X and Y) pr()duce[z2 = 4) a9

combinations: ‘2 s

XY (both normal) A ";3\;‘“ — w0 sy
Xy (X normal, Y complemented) oY« "3*‘:1 s
~ \ )
XY (X complemented, Y normal) Yo S ,® PR

—_—

XY (both complemented)

o=
e Thus there are Your minferms\of two variables =~ ¢we\> oo 1 2t §
z2

N %g min — 23
T Chapter 2 - Part | 33

© 2008 Paarson Educakon Inc
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-Maxterms e !
_—#—'— —ﬂ

// g Maxterms are OR terms with every variable 1n

true or complemented form
= Given that each binary variable may appear
cmented (e.g., X), there

normal (e.g., x) or compl
are 27 maxterms for n variables
A

= Example: Two variables (X and Y) produce 22 =

combinations:

X+Y  (both normal)
(X normal, Y complemented)

X+Y
¥+Y (X complemented, Y normal)
T+ 7  (both complemented)
e o o own e 8 Chapter 2 - Part 1 56
. A an e
> 5294\ Y’j«d\\y S T plat @
) 2 :j/z =) X:j 'i_/[?._p @
£ 4N 5y VB @

Scanned by CamScanner



Viaxterms and viinterms

. = Examples: Three variable (X, Y, Z) minterms and maxterms
5% 1L, DD > Index X Y, 2 M*merm Maxterm e Vﬂ
= 2= %30 (m) ™M) R TN
uZo Aby e i = = , - :
e 0 000 e XvZ A +v+z e 2R 2 1
Ma iﬂ,‘“""r 1 001 [m1 X¥Z MX+Y+Z r:g;\ WV N,
ot I 010 | XYZ WX +T7+2z| g "DF
oo YT - 5| M3 = v\
AT 3 011 |m XYZ AX+YV+2Z b, e
; :/J;,) 4 100 |mu XYZ NX+Y+Z = *N=
V*w pr — 5 101 |ms X7z NE+Y+Z1_
0 mexvz Mk+viz| -
- x, Y,z 7 111 "MXYZ MX+Y+Z|
QL .
= The index above is important for describing which variables in the
terms are true and which are complemented
%mrﬁm - Chapter 2 - Part 1 57
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-

S g e F e S

I Standard Order © -~ ~- -
?-1--3_/; ,

b Minterms and maxterms are designated with a subscript
" The subscript is a number, corresponding to a binary pattern

. * The bits in the pattern represent the complemented or normal

state of each variable listed in a standard order

* All variables will be present in a minterm or maxterm and will
be listed in the same order (usually alphabetically)

= Example: For variables a, b, c:

— e Maxterms: (a+b+¢),(a+b+c)
—“F+" 5. Terms: (b+a+ c), ach, and (c + b+ a) are n

qu b,f.. ]

% .7+ Minterms: abc, abc, abc

oD e Terms: (a+c¢), bc, and (a+b) dontain all
variables e W _—
NSRS

Logic and Computer Design Fundamentals, e 2 dg\ = Chapter 2 - Part 1 58

-~ -a 41
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Logic and Comy Dersign Fund
PowerPoint™ Shides

© 2008 Pearsan Education, Inc, Chapter 2 - Part 1 62

Purpose of the Index

= The index for the minterm or maxterm, expressed
as a binary number, is used to determine whether
the wvariable is shown in the true form or

complemented form ! hin [ > — o\
V& /L — ok own

e “0” means the variable is “Complemented”

em—

e “1” means the variable is “Not Complemented”

NEX 22 Tie /Mo\x > —= hot (o
= For Maxterms: —' (2) 1 — com

« “0” means the variable is “Not Complemente
o %1% means the variable is “Complemented”

Logic and Compsster Design Fundamantals, 4o Chapter 2 -Part 1 59
%Wﬁ:’?mm ine.
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Index Example: Three Variables

O s \ 5y
e Index Index (Binary) .

i (Decimal) | (=3 Variables | o (m) | Maxterm (M)
% - 0 000 moCXVZ | M©X+Y+Z
3¢ ] 001 ng?z M1@X+Y+Z—
Al . 010 m,EXYZ |M,EX+YV+2Z
3 011 ms=XYZ |Ms=X+Y+Z
4 100 m,=XVZ |My=X+Y+Z
5 101 me = XYZ Ms=X+Y+Z
6 110 me=XYZ |Me=X+Y+Z
7 111 m, = XYZ M,=X+Y+Z

_ =
oexd ’(gf’\_g.) e A\ o

Logic and Computer Design Fundamentals, 4

FowerPoint™ Slides

© 2008 Pearson Educalicn, Inc.

Scanned by CamScanner
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Index Example: Four Variables

\

ooy | S | ] w )

0 0000 abcd a+b+c+d

1 0001 abéed a+b+c+d

3 0011 abcd a+b+c+d

5 0101 abcd a+b+c+d

7 0111 abcd a+b+c+d
10 1010 abcd a+b+c+d
13 1101 abcd ad+b+c+d
at+b+c+d

Chapter 2 - Part 1

Scanned by CamScanner



B Review: ’ DeMorgan's ’ﬂ‘)eorem
. x_y-x+yomdx+y-—x y

= Two-variable example:
o« M,=%+yandmz = X. y
. Using DeMorgan’s Theorem S>Xty=xXy=x)

. Using DeMorgan’s Theorem Sxy=E+y=XxYy
. Thus, M, is the complement of m and vice-versa

« Since DeMorgan's Theorem holds for n variables, the

above holds for te f n variables:
e
% @M
\ \
* Thus, M; is the co m; fee=versa
ic 2ndf Computer Dasign Fundamertals, 48
erPoit® Sies Chapter 2 - Part 1 62

2008 Pearson Educalion, Inc.
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Observations

® In the function tables:

. chh minterm has one and only one 1 present in the 27 terms (a
mimimum of 1s). All other entries are (.

* Each maxterm has one and only one 0 present in the 27 terms All
other entries are 1 (a maximum of Is).

* We can implement any function by Min & Cur o2z
. @ g" the minterms corresponding to "1" entries in the function M e am
table. T/hﬂ%@:d the sfiinterms of the function) -

"@ing" the terms corresponding to "0" entries in the _
function table. These are called the maxterms of the function.  Max 5 Tuw )

* This gives us two canonical forms for stating any Boolean M- MK
function: rinUplh

. e, B =N -
= 5 o Sy of Minterms (SOM) < ov (»7
* Product of Maxterms (POM) « — Max éb

ah &f-427
i Compurtar Design Fundamentals, 42

b sy Chapter 2 - Part | 64

sarson Fducation. inc

" -

4
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m1+ my + my = F1

Xyz Index

000 0 0+04+0=0
001 1 1+0+0=1)
010 2 0+0+0=0
011 3 0+0+0=0
100 4 0+1+0=®
101 5 0+0+0=0
110 6 04+0+0=0
1 | 7 0o+0+1=(1)

ogic and Computer Design Fundamentals, 4&
SowrarPoint” Shdes

3 2006 Psarson Educaton. Inc

63

Chapter 2 - Part |
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Minterm Function Example
» F(A:Br C;DrE) - mz +m2 + m1'7 +m23
= F(A,B,C,D,E) = A'B'C'DE' + A'BC'D'E

L>2J L AB'C'D'E + AB'CDE

.m_?’

B o weds AIEBE
& OMT ooi ._ﬁ@E_T)E, oR:f;d
S ABCV | st
| o o ol
ORRE: pecPt

Chapter 2 - Part } 6

e —
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Maxterm Function Example

& Example: Implement F1 in maxterms:
" Fi = MooMoMsoMs oMg  [oad)

* [R=k+y+2). (x+y' +2).(x+y +2).xX"+y+2). (X +y +2)

l Xyz Ilndex{ My. M,. M3. M. Mg =F4 \

[ 000 | o 0.1.1.1.1=0 \
[ 001 [ 1 1.1.1.1.1=1

[ o10 | 2 1.0.1.1.1=0 \
[ o1 | 3 1.1.0.1.1=0 )
[ 100 | 4 1.1.1.1.1=1 \
[101 | 5 1.1.1.0.1=0 \
[10 | 6 1.1.1.1.0=0 B
[ | 7 1.1.1.1.1=1 )

Logic and Cwsgse([}esm Fundamentals, 42 Chapter 2- Part | 6

© 2008 Paarson Education, inc.
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e 2 a2 ‘
Maxterm Function Example

/
L F(A,B, C,D) - M3 'MB 'Mll .M14

= F(A,B,C,D)

= ; ".(A+B+C+D).
0 by O —(A+B+C' +D").( ' ' o
’{W (A'+B +C' +D"). (4 +B +C +D
Ms AR 5D
20 \\
Mg A D Oj‘)
__4oco "
/ul; _;S-»B*E*ﬂ
| o\
i 282D Chapter 2 - Part |
toge s art T ES
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" . . Sindion i _E_:_._j
Anonical Sum of Minterms G o s
T Rad———

iny Boolean function can be expressed as a Sum
if Minterms (SOM):

* For the function table, the minterms used are the terms
corresponding to the 1's

=)

S . - 7 "
* For cxpressions, expand all terms first to explicitly list
all minterms. Do this by “ANDing” any term missing a ;
variable v with a term (v+7v) TR o

* Example: Implement fﬂ = @1- Xy SOM? S8 e voisk)
pic: p ch Ly rXxyasa ! o s =

g Lpke L e
I Expand terms = f =%y + ¥)+ ¥y «—. - “.:.‘: *‘.‘L}
Lin _s* b
2. Distributive law = f = Xy txy+xy 42108
3. Express as SOM = f = m; +m, tmy=mp+my+my; v
T A
%j Mg
\
_ i g Mg
.ogecand%aﬁnﬁg::rﬂesagn Fundamentals, 4e "4 3 Chapte]‘ 7. Part 1 e
' 2008 Paarson Ecuication, nc.
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Another SOM Example

g Example: AF A+ BC,—> A(88)\(cre) y Bc (A W)
Beasb A w;«"‘“
= There are three variables: A, B, and C which we take to be

the standard order

u Expandmo the terms with missin bl ;
gzvarm es: Q= oig
@)Lﬂ”#—ﬁ‘)—i—(A—kA)BC L
AR+ 88 Trar8) 4 Eorii® il by i)
= Distributive laws—— R

e F=ABC+ABC+ABC+ABC+ABC+ABC ~ Lo™ g7 ="

= Collect terms (removing all but one of duplicate terms):
e F=ABC+ABC+ABC+ABC+ ABC .

= Express as SOM:
e = mq + Mg +m5 +TR4+TT11

- L' — ana I av I ava I ann I aan

Chapter 2 - Part | 7

2rvd Computer Design Fundamentas, a4z
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Shorthand SOM Form

# ﬁF rom the previous example, we started with:
0y""e F=A+BC b A4

= We ended up with:
e F=m; +my +m5+m6+m7

= This can be denoted in the formal ,{@
e F(A,B,C) = 2@1,4,5,6,7) ez S

licitly show the standard

»

« Note that we €xp

variables in order and drop the “m
designators.
et et o Pudamens © Chapter2-Partl 74
MRS
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Canonical Product of Maxtermfsﬂf‘”

e+ YA
.____,_._.—-———-__"'—'—!—-
‘W\ P

8 Any Boolean Function can be expressed as a
Product of Maxterms (POM):

 For the function table, the maxterms used are the terms
corresponding to the 0's

« For an expression, expand all terms first to explicitly
list all maxterms. Do this by first applying the second -
distributive law , “ORing” terms missing variable v
with (v .7) and then applying the distributive law agan

= Example: Convert flx, v.z2) + Xy !
. Distributive law > f = (x + 2. (x +¥) = x+y
. ORing with missing variable (-z_) 2> f= %JL +jZ§- Z,
. Distributive law 2> f = (x +¥ +2).(x+y+2)
. Express as POS > f = M> M3

xgic nd Computer Design Fundamentais, 4e Chapter 2 - Part 1 7T
Shdes

peron®Sides - s

Scanned by CamScanner



Another POM Example

s Convert f(4, B, C) =ML§§ to POM?

il Kj__,r’

= Us§x +yz= (x + y)h. (x + z), assuming

x=AC"+BCandy =A"andz = B’
fa i 4 \',- / !
* f(4,B,0) = (A4¢ +BO+A). (AC) + BC + B")

s

= Use Simplification theorem to get:

e f(4,B,C)=(BC+A" +C).(AC' +B'+ ()
L_/_/) e e

e ¥

= Use Simplification theorem again to get: Mo e
e f(4,B,C)=(A"+B+C). (A+B'+ () =M
o f(4,B,C) =M, .Ms= II\M(Z‘_S) > @mﬂd POM
form e

S R Chanter 2 - Part | 76

Scanned by CamScanner



A
<

Function Complements Sn st

aan{Boin (Ol
\

& The complement of a function expressed as a sum of

minterms is constructed by selecting the minterms missing
i the sum-of-minterms canonical forms.

" Alternatively, the complement of a function expressed by a

sum of minterms form is simply the Product of Maxterms
with the same indices.

= Example: Given F(x,_y,z)= >m(1,3,5,7)

, find
complement F as SOM and POM? 5
e rf(xny Z) = Zm(0;21416) i /\__
T . z g
o ?’(x,y, z) = QM(LB,S,'?) J L)_ )
L 2

.4’ 'S
fi-%
?wm,‘a P MO ) Dres 1 -
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Conversion Between Forms

& To convert between sum-of-minterms and prnduct—gf—maxtetms
form (or vice-versa) we follow these steps: -~

= Find the function complement by swapping terms in the list with terms
not in the list.

* Change from products to sums, or vice versa.

= Example:Given F as before: F(x,y,z) = Yn(L3SN
e Form the (Z(:_)Fn}_g_]gr_r_]ﬂl_t:?

F(x,v,z) = Xm(0,2,4,6)
e Then use the other form with the same mdices — ﬂc{\s- forms
complement again, giving the other form of the original function.

F(x,y,2) = [14(0,2/4,6)
Flxrgd)- T (357)

ind Computer Design Fundamentals, 4 Chapter 2 - Par
oint® Slides

e e bmm S ==
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Sep \ poeS

S SAa ‘___o - o g
tandard Forms -7 o \ .
Vol Ve (f Y lean e Y s

® Standard Sum-of-Products ( SOP) form: equations
are written as an OR of AND terms

® Standard Product-of-Sums (POS) form: equations

are written as an AND of OR terms el
oV v . v.u-.J g m‘\'J_ [)Jf'L,_ L
= Examples: o et a

. SOP: 4BC + ABC +B5 2 =™

f-—'-w(gw\c\ ~
e POS: (A =} B) (A +B + C) C) @':wmwv‘ C@g}é@@(

\\ﬁ_ﬂp Vb e
= These “mixed” forms are neither’ SOP nor POS
e AB+C)(A+C) (A~ I®) :

« ABC +AC(A+ B)

nﬁcwm;:nwmm-* Chapter 2 - Part 1 80
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Standard Sum-of-Products (SOY)

& A Simplification Example: F(A,B,C) = ¥.m(1,4,5,6,7)

= Writing the minterm expression:
e F(A,B,C)=A'B'C+ AB'C' + AB'C + ABC' + ABC

= Simplifying using boolean Algebra:

#5C+ apc +anc+apc + a5

=A'B'C +2_é'((.‘: * ?) + 4B (€' +C) Distributive law
' o

=4BC+AB' + » X+X' =1
=A'B'C + )&(LB:_+ ) Distributive law
=ABC+A T
=A+B'C

= Simplified F contains 3 literals compared to 15 in minterm ¥

Scanned by CamScanner



AND/OR Two-level Implemn-'_caﬁon
of SOP Expression

= The two implementations for F are shown
below — it is quite apparent which is simpler!

o

D Lexel

o w »

Chapter 2 - Part 1
——
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Overview

n L §
= Part 1 — Gate Circuits and Boolean Equations

Binary Logic and Gates
Boolean Algebra

* Standard Forms

= Part 2 — Circuit Optimization
Two-Level Optimization

¢ Map Manipulation
= Part 3 — Additional Gates and Circuits

* Other Gate Types

Exclusive-OR Operator and Gates
High-Impedance Qutputs

Chapter 2 - Part 2

ogpc and Somputer Desegn Furdacwatass, da

1
Pronaeioind ¥ Shes

& M08 Puawson Educabon by

Circuit Optimization

= Goal: To obtain .
implementation for a given function

= Optimization is a more formal approach to
simplification that is performed using a
specific procedure or algorithm

" Optimization requires a cost criterion to
measure the simplicity of a circuit

" Distinct cost criteria we will use: tost oL

the simplest

>
("6 Literal cost (L)
@ Gate input cost (G)

_@ Gate input cost with NOTs (GN)
4

Chapter 2 - Part 2

:ﬁmﬂ Dhowssgny Furvlurmniats, 4p
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Literal Cost (L)

M
= Literal: a variable or its complement
—J2 . ST
vl Literal cost (L): the pumber  of literal

,:\LA‘ Cha 0
( appearances in a Boolean  eXpression
( corresponding to the logic circuit  diagram
- i e
(9 - Exalnplteg L v 5 £ S L4 .\“?“L QMT
y . F=BD+ABC+AC'D % JUTEN T
; = L -;:Ei (Minimum cost = Best solution)
o F=BD +AB'C + AB'D' + ABC'
<L I 5 &+ ¥ ~ lo W
x =1
e F=(A+B)(A+D)B+C+D)E +C'+D)
gt ® 0A 8 3w w R

L and Compuler Desgn Fundanertals, Ja 4
oo Sides Chapter 2 - Part 2
& 2008 Prarson Fducabon I

Gate Input Cost Qéj

» Gate input cost (G): the number of inputs to the gates in the
implementation corresponding exactly 1o the given equation ot
equations. (G: inverters not counted, GN: inverters counted)

s For SOP and POS equations, it can be found from the equation(s) by

finding the sum of:

 All literal appearances
« The number of terms excluding single literal terms,(G) and

« optionally, the number of distinct complemented single literals (GN).

. Examplea‘b @ r’q":;*"‘ L= M Eyss .,\._(.FD DA

€N
o F:ég)ﬂAB;C"l‘_Agf_D;
Y = G (5111,%= 14 (Minimu “ost—)BEit solution)
%'t\ F Fﬂ%mwﬁw’ﬁ,ﬁi'ﬂp\' cas BT
-{-W))A— IIG=15,GN=18""’\6«3$\% )
1252, po s BYATQRACHDIE +C +D) B s
= _ Rl i

Y\ Sk . o 14,6N =17

U s \{4 L

Ve L
{ g B 3 ” (g —

':*;r;::fta:f)"' e tain -|“( B ) + : B ‘) l ( A-’r OJ ("""%:" i Ch!]htﬁ'l‘ 2 « Part 2 0

L "
3008 wasmeny Fihnates, i

¥ L_..*_,__,_..f.‘m'__") 3 i
. - . . &
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Cost Criteria (continued)

e

“ I 'mmpl(- 1: " ;- ; GN=G+2=9
®
1L,=5
“I=A+BCH B C ;
' [ o L G=L+2="7
(et r ‘lJt 5 U “ i) A fi) ”I'b
J Q“ﬁ“) m\
M L : (3)
(£) o
WG gya -1 't d <0
Pl 5 - =5
y b N
/ "N 3 _J}i '2 t (I o)
(,‘: . Dk '
" A gl ? (literal eonnt) counts the AND inputs and the single

L_ kB e literal OR input.
-y (e *

) "] L] v = e . 3
las— VLR G (gate input count) adds the remaining OR gate inputs

frn.') »
. GN(gate input count with NOTs) adds the inverter @
" : m 2 r
(o ¢ o\
Lo Pyt (i s b 40 Chapter 2 - Part 2 7
:r e {\L J\ U 0’_9
r\;\ II/J\V)

Cost Criteria (continued)
N
= Example 2:
= (4,B,C,D) = (ABC + D").C'
oL =5 | o
e G=5+2=7
cGN=7+2=9

JL‘J:)/.‘)
)\_‘;—U us>
e .\-
1 )

ouz g

VW bt iy, . - 2
Pty e 0 Py Chapter 2 - Part 2

A T Py Y —
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Rl &K-Map)mnctmn Representation

(;L‘p) I T AT AT o T R ST ‘_n—u—d-—#h—-
= Example: F(x,y) = x 7 N

\;J-k:\ [RANN bz I(x, y) =X y‘ = {) y=1

o et K W AN |
e Ly @ S x=0 0 0
e cs pht L

/ o i
x=1 ® | :

p\ ..)i ,:‘__) '/.P_.—J‘ “ ““’“-u-».._D

= For function F(x, y), the two adjacent cells
containing 1’s can be combined using s the

Minimization Theorem: LAE % "JbJ"g\Q
\ )
m},wijb\ som %/ c_,)j_‘,—-"—ﬁ\ U)——J©
r(y ; :; ___Qi Ei__ 'L;t;:" * C\jz::h Chapter 2 - Part 2 15
K—Map Function Representation
- Example G(x ) =%+ Y S‘JJ‘;"’
Gxy)=x+y | y=0|y=1
. CD - g

(z""" Oss
s For G(x,y), two pairs of adjacent cells
containing 1’s can be combined using the

Minimization Theorem:
Glx,y) = (xy +xy) + (Xy + xy)
Glx,y) =x+Yy

btage
:‘-—:_;':_;:‘:'F'h. ' T
oL S Chapter 2 - Part 2

;

16
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K-Map and Truth Tables

= The K-Map is just a different form of the truth table
= Example: Two variable function
* We choose a,b,c and d from the set {0,1} to implement
a particular function, F(x,y)

-

Hrodn X 3o e

__\;__ § bl -
Input Values HE
x,y)

00 : 3
01 b T S ‘
10 ¢ X x=0 g —

L 11 d X=1 — —

Truth Table N
?Eﬁ.?i;g l"u-;-rmhmwl 4
T Chapter 2 - Part 2 14
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= A three-variable K-map:

¢1_...-‘:---‘-'3\ yz = 00|yz = O1l|lyz=11}|yz =10
m, m, ms) ma Xx=0 mp my ms map
m, Mg 5 m = L 5s = s
] ‘ t

= Where each minterm corresponds to the ‘product terms:

g |9

|
,-:,y—f"' i "“Imj ma /f’/
)7”’ my mgfma A ¢
=
=z \z

—

X
X

S )

=0
yz=00|yz=01|yz=11]yz =10
x=0| xyz xXyz Xyz xXyz
x=1| xyz | xyz Xyz xXyZz
250 2 =4 =so

position, the minterms are adjacent on the K-Map

1 s, et rf,m[u..u Dseagrs Fimelameafads, Au
LR e e T
& 20008 Pwrsean K adgealon e

Alternative Map Labeling u

= Map use largely involves:
* Entering values into the map, and
* Reading off product terms from the map

= Alternate labelings are useful:

oY

Y
Xlﬂ Il 3 12
?t ls 7 6
Z | zl Z

" Note that if the binary value for an index differs in one bit

Chapter 2 - Part 2

A Yy

\

- |
o — St

Y
¥Z pre=tee=y
0 01 11 10
0 0 1 3 2
% {1 4 15 |7 |6

Chapter 2 - Part 2

18
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. \ l . ~ % H Y ™ . CR—
el Ly m o By convention, we represent the minterms of F by a "1" in

= m the map and leave the minterms of /¥ blank
rbd On Fxample: Y
o o F(x,y,2) = Tin(2,3,4,5) o T2
G2 ke (O e 22
1 ks 5'1 e UB O\be v X , -‘] Tl \ g
= G bﬁxamplc: - " \.‘I \1 \
¢ W . —_ :
\“/ ' e e G(a,b,c)=3,03467) FEE \1 \o \
o \ 1 111
2) N ol

?.:*(.v" o

= Learn the locations of the 8§ indices based on the
variable order shown (X, most significant and Z,
least significant) on the map boundaries

onme mind Cornpuier Dassgn Fusbamontaly, 4o i
P Shde Chapter 2 - Part 2 19
& 2000 Pranrs o Fbicalon bw

Steps for using K-Maps to Simplify Boolean
Functions

= Enter the function on the K-Map
=50, Function can be given in truth table, shorthand notation, SOP,...etc

« Example:

e e F(x,
f;‘m = F(x,y) =%+xy =11 (xly” 4 : J

0 0
=5 W F(x,y) = 2711(0r1r3) 0 1

%ﬂt 1 : 2
1 0 t; X \V\

1 1

4
p . ; ; . N
= Combining squares for simplification * .
. Rectangles that include power of 2 squares {1,2,4,8, ...}
« Goal: Fewest rectangles that cover all 1’s - as large as possible

» Determine if any rectangle 1s not needed /O L &

; ; 5PN \oN ¥
* Read-off the SOP terms Vel (3 o\« ] 9‘)% f), w
i) (I{J :-5\3 5 -

(O .
bd ) \w L
__—_3-;9- \7:-’ l Chapter 2 - Part 2 20

Leepe mnd en e O
Pofoel fogy Fuastainetaly, 44

£ 94
W 2L Posrace f iy 4h a

_

Scanned by CamScanner



willapivg & L vaa v s

Example: Combining Squares
_/
R VL~
= Example: F(4,B) = %m(0,1,2) t

g
F(A B) = AB + AB + AB Okﬂ%@
A 2
1

3

0

= Using Distributive law
e F(A,B) =A+AB
= Using simplification theorem

. F(4,B) =@+B
T‘o(

* Thus, every two adjacent terms that form a 2x1
rectangle correspond to a product term with

one variable

"
b e =

Scanned by CamScanner
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Three-Variable Maps M‘Jq@_—f =

— ©
= Example shapes of 2-cell rectanglest <&+~ > = @
4)os Lo

R el 5 & Chapter2-Part2 25
Three-Variable Maps
= Example shapes of 2-cell rectangles:
o o Gl AT PR B | - y
uwlg_p@:'{:i[n_l_ | _ﬁ? —1
% _ i 3
Jz X 4 5 7 6
-
Z
= Read-off the product terms for the rectangles
shown: X Y =z

* Rect(0,1)= XY I 3 *
o Rect(0,2) = XZ % w %
e, o RECEBT) =YZ w4 3

Fomenty ik,
Ly irhay, Eetarnertaly 4
r"hp""""‘{-.‘.l.... s .

Scaﬁﬂned by— CamScanner



* Example shapes of 4-cell Rectangles:

e

[ s|_ 79
X
1= 71X
Z i
= Read off the product terms for the rectangl
shown: X Y 7
e Rect(1,357)=2 ™ =~ =
. Rect(0,246)=2Z " * %
. —x¥ Y x x
et e’ ! ,..Beft (4’5’6'7) Chapter 2 - Pa

N Vagrng, | by

Scanned by CamScanner



= K-maps can be used to simplify Boolean functions
by systematic methods. Terms are selected to

cover the “1s”in the map.
= Example: Simplify F(x,y,z) = X,n(1,2,3,5,7)

y Y Yye
0 1 3 7 "'\',?-j"
& I 1
x4 5 7 6 S
G
z i

F(x,y,z) =z+ xy

Chapter 2 - Part 2 29

Liogc and Qv.—-nir\r Dwesagn Fundamasntals. de
™ £

& 7008 Pearson Educabon Inc

Three-Variable Map Simplification

* Use a K-map to find an optimum SOP equation
for F(X,Y,Z) = 3,,(0,1,2,4,6,7)

\,f

Jd &
e = (3D
u ¥

Y
Al 1) 1 |
4 5 7 L6 | ?K "
X &2
1 Aa_
/’J
Z

:r;“:::f' Doy, L T "
— Chapter 2 - Part 2 30
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Three-Variap]e Map Simplification
—_—— e

= Use a K-map to find an optimum SOP

for F(X,Y,7) = 2m(0,1,2,4,6,7)

"——I—-...__‘ y
LI i ¥ ! - 3 2
(‘.l‘ J::l 1
X |4 5 7 kO]
1 ¢ ¥
| Z ———

FX,Y,2) =7+ XY + XY

cquation

(7 /)

4 ¥
[ of T \¢ ) -
3

(_) | __.‘_‘J (’;fi
S ‘—71_.'5\“

}(‘{JJ{-_‘;"’ ‘E_J{",-""

(ﬁ/ Edlss S
4

a;’if.é j[':; Chapter 2 - Part 2 31
Four Variable Maps
= Map and location of minterms
F(W,X, Y,Z): L)]/"L_?ﬂ
& pPEPE] e
o [ 3 2 H : G 5 >
4 5 : T4 5 7 6 =W
* @ _’J X D ( % — 10
-2 13 L | 112 13 15 ]L X- e
")[@) A it 10 Wj 1 Q 'l)ﬂ;clll
R ATAT AL
T e Le3s . = g o
T 3‘\%"\)‘—“ 4-2-—__‘ 3:—'-) e Chapter 2 - Part 2 32
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Four Variable Terms
M
» Four variable maps can have I‘L‘-t‘-li-lll,gl.tfﬁ

corresponding 10:
4 variables (i.e. Minterm)

3 variables

« Asingle |:

Two I’s:
Four I’s: 2 variables
Eight 1I’s:

Sixteen 1’s:

| variable
sero variables (funcl

ion of all ones)

Loge and Computat Design Fundamentals, 4¢ (.Immul, 0. !’ill'l r} ”
PowerPuint® Shles
© 2008 Prarson Educabon, Inc,

Four-Variable Maps | )¢ )

« Example shapes of 4-cell rectangles:

» Ll 4
o=} \-l i/ (
U )
A Lpackie? . It
Wz P — L Ujg-e¥
W -7 L § = [010
2L o
Ne : .
\.‘{’:x_’__)‘__; e a (1"’"‘
g -)_z\j -~ al 'I -jfﬂl
= 22 -1 W
—— | ) =
2 Z \ 2 ol - 410
Chapter 2 = Part 2 3

[
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" Lixamplo shapen of 4-cell reetangles;

A
"Hl“’ I 3 ;
"';' A : h |
| [ |X
W T"I ! TR ['Jj“
_ -_-J-""' . b .. i
Z
[ — LT R Chapler 2 - Part 2 35
Four-Variable Maps
» Example shapes of 8-cell rectangles:
_ |/ s
Y"' [ -
| J 2 J () U [2 § - ?(_”fr‘;“
* 7 (/;l ;é (_1(4_1’;,)
13 |18 X
5 (| | w2
Z

N -~ n._ .-

-
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Four-Variable Map Simplification
- —

= F(W,X,Y,Z) = Ym( 0,2,4,5,6,7,8,10,13,15)

Wﬂ/ 0 . 3
iy 4 O 62 Y

(y
EIPES RIS
| *D

b = e 12 | 1pusesas. || 14 X
4 — uh5 16
w 9 11
7 - T -|0 B’D | |
M — 13«5 x — 7 -

Loggrs ared Compsier Dusign Fundamentals, 4e

Powedfid® Shdns Chapter 2 - Part 2

© 2008 Pearsen E ducation, inc,
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Four-Variable Map Simplification

o« F(W,X,Y,Z) = ¥.n(3,4,5,7,9,13,14,15)
4

Z ly t,a\.t'c.\h.'um ¥~ 0 [ 3 |2 Lt ol Ly Cad
: 1
; ‘ N
o “33"‘3“-"7),}: 4 e | 6
BTNty 1| |1 "
Wip) Jap by o> 12 |1 15 || 14
.L--‘.--"\ y-» o'('l,wl.\ w ﬂl l : !:!
8 9 11 10
4"ft’_,r \
} 1
Z

F(WXYZ)—WYZ+WXY+WXY+WYZ
::;:.u.;ﬁ.,m Cﬁ‘ d) [ ES&';H-«L O) C__:A_._C\ Chapter 2 - Part 2 41

Systematic Simplification

= Prime Implicant: is a product term obtained by combining
the maximum possible number of adjacent squares in the
map into a rectangle with the number of squares a power

o 2545022 Lol 4 e g
* A prime implicant is called an Essential Prime Implicanit

if it is the only prime implicant that covers (includes) one
or more minterms

* Prime Implicants and Essential Prime Implicants can be
determined by 1nspect10n of a K- Map

J\IVTCY j_(ﬁ\;ﬁty 558

= A set (@me implicantsf “covers all minterms" if, for each
minterm of the function, at least one prime implicant in the

set of prime implicants includes the minterm

i Crre s Miscine B mubosmndate fn

Scanned by CamScanner



Four-Variable Map Simplification

o F(W,X, Y, 2Z) = Xm( 0,2,4,5,6,7,8,10,13,15)

Y
S -7
]| il
[ Yy
12 | 15 14
iy
vV--«---, 9 1" I?—----
lj ;_1
Z
F(W,X,Y,2)=XZ+XZ+WX
T s e - Chapter 2 - Part 2 39

© 2000 Poarson Educalon. inc

Four-Variable Map Simplification

« F(W,X,Y,Z) = ¥m(3,4,5,7,9,13,14,15)
Y

0 1 3 2
| (o (l
Qé c)\b)t \,»PU ; > \)6
et aibliN
‘ A)?P 12 13 __ 13—
' l \
8 |9 \ 11 10
Z

FW,X,Y,Z) =WYZ+WXY + WXY + WVZ

Logic and Camguier Design Fundamaniels, é¢
Popefior® Sres
£ 2008 Pearson Fducelion. v

Chapter 2 - Part 2

40
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Prime Implicant Practice

- —

= Find all prime implicants for:

F(A,B,C,D) = Z(0,2,3,8,9,10,11,12,13,14,15)
m

= Prime Implicants:

i

4

s d s
7 S 5 ——B
L AT Ao eu Fu i &
A Tl g P f?\—t 1 : _L‘?\}
B
e Chapter2 - Pat2
.
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Another Example

= Find all prime implicants for:

G(A,B,C,D) = 2(0,2,3,4,7,12,13,14,15)

= Hint: There are seven prime implicants!

* Prime Implicants:

6.7 A B Cj’_ E”N 1 z‘
o-1 ﬁ E Q 4 5 QG
u"z pr 13 lsl 3 B
Shiiee __/:1 @‘”’ A a} 01 1;1_’ llIB
2-% A R
;1 A<D D |

o s IF—— C 1S D Chapter2-Part2 46
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Selection Rule Example

" §llllgllfy F(A, B, C, D) given on the K-map

eg\c‘yﬂi-it( ) L_L_:" L,,-:" l__) _v)

Selected Non-essential Prime

C. Implicants
OIL__. 1 3 2 ﬁ l C T
Ly 2
> 3 7] 1le \ lj ﬁl
_|ut 1 1 1 YRR T € Wi ¥
12 ) 1S > B %_!_m 1 !l L__l} B
1 12 k1 18 14
Al 1]
o - 11 10 A
ift11 11 3 1 10
— m \ 1
D — o
7;«&3.\?;2;\ pr ) LU A
Prime Implicants Essential and Selected Non-essential Prime Implicants

Loge and Compuler Design Fundamentats, e
vwerPoind® Sidee
» POOR Paarson Educaion inc

Chapter 2 - Part 2 4

Selection Rule Example
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®=  Find the optimum POS solution for:
F(A,B,C,D) = 2(1.3.9.1 1,12,13,14,15)
m

= Solution:

» Find optimized SOP for F by combining 0’s in K-Map of [
* Complement F to obtain optimized POS for F C,_._._‘
. - C ) $3 ik DRARE 3 2
Sof b “'f?‘“;' UsooplhNg o\ 1 1 \ 0
L T Ty T (.}} 4 3 3 ‘6— =)
. . $ <O ‘ (alololod
B AN ¥ 2\ n 13 15 14 B
- & #"_j B 1 1 1 1
- A-' 9 1 0
- - {(#z0). (B “3 o\| 1 | 1 }||o0
F 7 AR+ (e ) —]
g e - er2-Pat2  SI

-y o, (AR). @O

~ & <0 T
‘_-\(_. > $ iy S “ g O emovegan

Product of Sums Example

Scanned by CamScanner



®= Find the optimum POS solution for:
F(A,B,C,D) = 2(1,3,9,11,12,13,14,15)

m
= Solution:
« Find optimized SOP for F by combining 0’s in K-Map of {
» Complement F to obtain optimized POS for F C___
= ) 1 3 2
cop F iy st Tl
- 1 5 1 |6
- “TexD “CeNT d’ ﬁ 0 3 \ __()_____.\3
2 I, = Z@ BD 12 13 15 14 \B
b, %, 2,6 — /}, 8 1 1 1 1
A‘T"\ 9 1 0 \
- - (i S o\l 1 | 1 {{o
£ - (ir)+ (2D)
—
D \\,_

Logee and Computer Desgn Fundamentals, 4
Sbdas

m‘g"aw —_—
505 & $2pF gjmw(zwz) @R ~

Product of Sums Example

Cha er2-Part2 51
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)

pos

F/,_,/A JV‘”“OZL——)Sp_&HPQC

\i@dﬁoj_:_, \

fJ PO Tens __3“-52’49“‘};%—;903
ZetofUsp orls S

P18, pos ¥y ==@F — 30

=R gy LB = gl g
(/ﬂgl_,\ % Y <o f 3 /

e er——

Scanned by CamScanner
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Example

= Find the optimum POS and SOP solution

= POS solution (Red): 4¥w, zew s ) &
« Find optimized SOP for FF by combining, 0’8 is

= SOP solution (Blue):
SopF— 4 &
sy 2 ol — TR

eou(q 13IgIY ol s VA

F(A, B, C,D) = | I(ﬂer"'rﬁf"r?)
) ] M“\pl & v b

. Complement F to obtain optimized POS for I’W

for:

.p-*'

y K-Map of I/

[ _
KNS
(
I b _
1_1_ 1

SOPF.-m-——s SCPQ

s (g D) *o:»)
(B~0)-
Example

Chapter 2 - Vant 2 53

Iy

s Find the optimum POS and SOP solution for:

F(A,B,C,D) = n( 0,2,4,5,6,
M

= POS solution (Red):
. Find optimized SOP for F by combining 0’s
. Complement F to obtain optimized POS for

Wﬁogimacn) AB + AD )411&,0

om0 F(AB,C D)=(A+B)(A+D

= SOP solution (Blue):
. Combmmg I’s in K-Map of F

A

7)

in K-Map of F
F | ¢

0 1! 3

oyl 4 i} u

4 5 7 6

&=

wnwmm-

ommm e
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U\:a‘-o' (JL“Q_} = 0 . :

&3 }2_}_‘-\—,..—-" P

_

» Incompletely specilied functions: Sometimes a function table or

man containg entrics for which it is known: .
l J S0

+ the input values for the minterm will never occur, or , _
ord ¢Cs

« The output value for the minterm is not used
I

In these cases, the output value is defined as a “don't care”
= By placing “don't cares” (an “X” entry) in the function table or
¢ lowered

map, the cost of the logic circuit may b
he binary codes for the

« Example: A logic function having t
e codes for 0 through 9 are

BCD digits as its inputs. Only th
used. The six codes, 1010 through 1111 never occur, SO the
output values for these codes are «x” to represent “don’t cares”

X
“Don’t care” minterms cannot be replaced with 1’s or 0’s
because that would require the function to be always 1 or 0 for

the associated input combination

Chapter 2 - Part 2 55

Logic and Computer Design Fundamantals, 42
Poweolnl™ Sdos
© 2008 Pearson Educabon, inc.

Example: BCD “5 or More”

The map below gives a function F(w, X, y, z) which is defined as "5 or more" over
BCD inputs. With the don't cares used for the 6 non-BCE)/c_omb"na 10DS: —57':1';\

= Ifdon’t cares are treated as 1’s (Red): £ | 7’/-—;; 0
i h 'ERE 3 0 2 [ ] rzexo
» FF(w,x,y,2z)=w+xy+xz "{Jf;
@ Co’ﬁb 4 ;5..---.....:-,—‘---5.-..--\
O 1 (1 | (1 1 '\
= ]fdon’t cares are treated as 0’s (Blue): 12 - - : > o
Szl
= F,(w,x,7y,z) = wxz+ wxy + wxy X— 0 p_{__ s X == X ]
R [ S TR
» A= e\ XL # 5 % I I T X 1%
9 Tero Ok )(_-El s 2oV S\ehls § |
(g:j ' . . e Z ‘J‘V\\Jt}{ﬂl
= For this particular function, cost G for the POS solution for F(w, x,y, z) ﬂ";:ﬂ.ﬁ“{f‘
changed by using the don't cares I
l_j e ) .
«  Choose the one less inverters (i.e. less GN) U Fa e : > A3\ &
- . ES'“S. x )\ ;) a?
MNhantar? - Do 2 cr

Logie andd Compader Design Fuadamedials, 4
Scanned by CamScanner



L d ““ .
ion Rule [xample with Don't cares

Select

n the K-map-

P gimplify (A, B, G, ) given O
Selected Jusnentinl
C

"
ok b
B oo ==
____________________-——— B S }
[ X
[ 1 B N
[—1Y ||x||

A
1 1 X
D )
v’ Minterms covered by exential prime implicants
Lo e P Chapter 2 - Part 2 57
Product of Sums with Don’t Care
Example
= [ind the optimum olution for:
F(A,B,C,D) = 2(3,9,11,12,13,14,15) + Z(1,4,6)
m d
e c ¢ \°
“fr7 1|’ [?"'I‘" “fra[r, | ' g O/’Z.,h
i 0! X 1 (50 | 01 X { 1 0 _- @ D
% . - ol i 5 7 4
x [ o)f o [ Xlig x 1o | o] X L
[,')OSY:‘ "l ”l '-“I ”l 12 13 15 14 B uh L
i I 1 1 I x
"/__: ‘.‘.1.. .l__' e 11 e /1“‘_- " o prom n ())
so Py} off 1 | 1 1O | 01| 1 | 1 10 ‘
m—— ) I iaia A | D —

Sep _@A,B,C..D)=EB+§5 _/j D e Mare| s
so p(FlA,B,C,D) = (A+B)(B +D) "

wgn Fursdamendals do

Chapter 2 - Part 2 58

Logre el Cnnpribnt L

P ad® Lk
& 28 Puarson [ docabsty [
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\ 2 1 i R
B ‘oA
uffer

Oubpel gminpub

oy )

'}_)LC-F 5\'-“:——).}1-". rM

R A bufferis a gate with the function F = X:

X F
X D F 0 ——> 0

I 1> I

i puk owl pub
" In terms of Boolean function, a buffer is the same
as a connection!

" So why use it?

* A buffer is an electronic amplifier used to improve
circuit voltage levels and increase the speed of circuit

operation
ERRLL S S PROURIURS. (LI PEYS- O, HN SR JUPR. o O
;n:;:?a:; e Chapter 2 - Part 3 5

l,
-\ Q2 > 14,

NAND Gate — uv.eapvg > (D0

Noblolas 2ups) &

» The NAND gate has the following symbol and truth table:

X = x|y Gy <
0

¥ == 0
1
1

O‘D‘—,Q ,-:5‘

o | butele. .1 ko

' F=X.Y.Z % 6% R |

z —] Ny TE TR O e
, j_ Q!.p_ﬁ.l ZeAo T“-}*" Voo ( g;

» NAND represents NOT-AND, i.e., the AND function with
a NOT applied. The symbol shown is an AND-Invert.

The small circle (“bubble”) represents the invert functioﬂ

p—

& L s v X A an
ok h\‘a
Compuier Design N \;ﬁ o hanter 7 _ Part 2 z

SR L LR B e

T e o
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-laj;ln:’]‘ i

T
T el A t
TN e oIl

B“ffer (“'“""M‘" e ‘pln(,.J;

€ yt'0)

sl i A gl [usnac)

A bufteris

a gate with the function F = X:

| | X F
X F 0 —- ¢

1 1= 7

inpuk owl> pub
" In terms of Boolean function, a buffer is the same
as a connection!

" So why use it?

* A buffer is an clectronic amplifier used to improve

circuit voltage levels and increase the speed of circuit
operation

- Mndmndlas A1
Loge snd Computer Deaign Fundameniais, 4

PoweiToint® Bades Chapter 2 - Part 3 5
©2004 Poavon Erircaion. e S s

NAND Gate =  Mek4+ AND w (2) e lubgs

Noblolas 2upy) &

N Y - I ~ammnaidn

* The NAND gate has the following symbol and truth table:

- x|\ v|F| {x-y) %4 v
F=X7V 6.0 =0 — |
Y = ' O"L—-—q—'_u = |

1

1 -
X.:j.-\o-{s )Qd Fi 1"0 3 =vd

0

« bubole L4 koo

Y — O— F=X7Z R e S —

7 — s wos ‘;-5\(.-’\5"-'?‘ o tdn 7\‘31 Xi-i
| L des 2ero g Yo l 5

» NAND represents NOT-AND, i.e., the AND function with
a NOT applied. The symbol shown is an AND-Invert.

The small circleﬂ“bubble”! represents the invert _functlon ]

NI~ S
~N S~ S

Y = Yo Vo il X Lq: +~ &
Logie one Camputer Deasgn Fundamaniais, 4o ol hapter 2 - Part 3 6
: “g“‘uzw e S S g Y l
e S T N0 PN i
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» Applying l)eMorganq Law gives Inyert-zOR

/ lme+V4§
/w-- L,
e AND

eyt
« This NAND symbol is called Invert-OR, since inputs arc
inverted and then ORed together

» AND-Invert and Invert-OR both
gate. Having both makes visualization

easier

W“mwmh
PowerPoirt® Sides
02008 Puanon Educabon, 6

e ————————————

= Universal gate. a gaic type that_can 1mp|ement any Boolean
function. The NAND gate is iversal at > o G4
X o N il ' sl S &
— X \
4 SRl _ =% X —{ . F=XX=X
{ % d X +0 '
.._._“.-\ —— e _'.—-'_-—-
X ~ YV @-. Ql [nvert uqmg NAND
e W ‘?M d‘.l) ‘"" ‘J&
(AND hsing NAND < &2 N g
e | \ﬂ\h‘-\f w Ahd 0#

Deigs Fundamensi. 4o @m NAND

s e o

represent the NAND

NAND Gates (contmued)

@
¥ ‘«{—i——/);lf O&N&,ﬁyg;j*g)

of circuit function

('haplcr 2-Part} 7

)}F=E7=X+y

X +
(?haﬂlr 2-Part 3 8
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* The NOR gate has the following symbol and truth table:

" x| v|rF x+J ’“'\j
F=X+Y ol ol 1 © S
Y - \
0 1 0 f P
110 o0 5
X 11 1] 0 1
Y F=X4Y+2
z 1

pot

= NOR represents NOT-OR, i.e., the OR function with a
NOT applied. _The symbol shown is an OR-Invert. The
small circle Ebubble”) represents the invert function )

T ——

O wnd Compute? (eaign Fundamendale, 48
onancPusd® Glues
2 2008 Peareon Educalion, nc.

NOR Gates (continued)

Chapter 2 - Part 3 9

= Applying DeMorgan's Law gives Invert-AND (NOR)

X Y 2
¥y —
d‘-{'tj e vy —() F=XY.Z
L B ==L
W

= This NOR symbol is called Invert-AND, since inputs are
inverted and then ANDed together

« OR-Invert and Invert-AND both represent the NOR gate.
Having both makes visualization of circuit function easier

Lo s G B o & Chapter2-Part3 10
Scanned by CamScanner
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. UM;SCLL Nor _on L&
NOR Gates (continued) otz =

i Pt —

Wkl Am‘-l OR
= The NOR gate is a universal gate:
O TVRE] IRTININN e _
g,'Ee,--'ﬁ - XDLP}**X X F=X+X=X
(e oA 3L O
1
o
X
Y
:yl
. X
%:T““ [ANDusing NOR Chapter2-Part3 11
- .
H1—Impe(dance Outputs » ===
B~ =2y

Teav

T gica
\
" Logic gates introduced thus far O~ &
* have 1 and 0 output values, A L

cannot have their outputs connected together,and < -

—

aPen
W-2

L]

transmit signals on connections in only one direction

* Three-state logic adds a third logic value, Hi-Impedance
L(Hi-Z), giving three states: 0, 1, and Hi-Z on the outputs.

= Hi-Z can be also denoted as 7, orz

* The presence of a Hi-Z state makes a gate output as
described above behave quite differently:
* “l and 0” become “1, 0, and Hi-Z”
* “cannot” becomes “can,” and
* “only one” becomes “two”

Logic and Compuler Dussgn Fundamantads, 4e
Pomeddund® Bhdes
| © 2008 Peerson o

Chapter 2 - Part 3 12

e T
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LW ™ K

This means that, looking back into the circui,
appears to be disconnected
It is as if a switch betwee
output has been opened

n the internal circuitry and the

= Hi-Z may appear on the output of any gate, but we
restrict gates to 3-state buffer

ot . Chapter 2 - Part 3 13
_omwuﬂnm

Tri-State Buffer (3-State Buffer)

= For the symbol and truth table, IN
is the data input, and EN is the m
control input IN ouT

= For EN = 0, regardless of the @
value on IN (denoted by X), the

output value is Hi-Z Truth Table
EN | IN | OUT
= For EN = 1, the output value - Q
follows the input value g led- 0 | X | H-Z
QAg MWW 1 0 0 @
odfertd 2 [p 1] 119
bede‘,:A_g 2
W —— 5 oubpwb
-l Frdsmomsia 25 Y'c' ®o—o
W— Chapter 2 - Part 3 14
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| Tri-State Buffer Variations |

* By adding “bubbles” to signals: |
« Data input, IN, can be inverted |
* Control input, EN, can be inverted

- L_/"
I P9 [PRLeTY
b.“aoif '
kL EN IN | our g EN IN | OUT EN | v | our
Yawlb L | x [ WNiz| %L 0 | 0 | © o 0| o |
Al 1 [/ dbﬁgi 0 1 \ d(;%[— 0 1 ()
U;‘I‘J[ 1 l1 O Re T | X Ki-% ‘L 1 X &y
Mot Uu\-—‘-‘/q}” ‘::;‘
Low and Computer ?«wu éid&.‘dJU—‘ mu,‘w B ChaptFrZ-Pan3 15#
Tri—State Buffer Variations
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s IR = e ‘
Resolving 3-S%ate Values on a Connection

» Connection of two tri-state buffer outputs, B, and By, to a
wire, OL (Output Line) = Mu};}plexed Output i S

B, B, OL W%

EN, | EN, | IN _
! g ! : 1 o \\WW Tt
Wi-2& | W-z | W-= b

gzl
1

EN,

IN,

X o

0 |[Ni-2|0wige | © N, _221

1 hi-z| | )

% EN, oL
P e s e

G B e C e i R s o \ i"P"J’ ’1.‘.* =16
5T 2l sale
C:,_JL:L: o 2= Lol Chapter 2 - Part 3 17
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Resolving 3-State Values on a Connection

Scanned by CamScanner



= Resulting Rule: At least one buffer output value must
be Hi-Z. Why?
» Because any data combinations including (0,1) and (1,0) can

occur. If one of these combinations occurs, and no buffers are Hi-
Z, then high currents can occur, destroying or damaging the circuit

= How many valid buffer output combinations exist?
» 5 valid output combination

= What is the rule for “n” tri-state buffers connected to
wire, OL?
« At least “n-1” buffer outputs must be Hi-Z

- How many valid buffer output combinations exist ?

= Each of the n-buffers can have a 0 or 1 output with all others at Hi-Z.
Also all buffers can be Hi-Z. @therc are 2n + 1 valid combinatio

ST, LoV 2o e 0S2 Chapter2-Part3 19
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. Exclusiy
| a Uses for the XOR and YNORS gate include
Addcrs/subtraclors/multiplicrs
. Counters/incremcntcrs/decrementcrs
« Panty generators/checkers
« Definitions it e
XY + XY —

« The XOR function 18 XepyY-=
. TheXNORﬁ.lnction iss X0OY XY= XY+7(7
X Foack
« Strictly speaking, XOR and XNOR gates do 1o
exist for more than two inputs. Instead, they are

replaced by odd and even functions

wnwmn.ﬂ-ﬂlh-u
e
,_.____.—.___________________,.___

© 2000 Pearson Educalion. e
~)

1 XY = XY +XY

XPY =XV.XY

Rl ks

I_X______‘m = zevO
Y= XY+ XY +
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*= XOR symbol: — <3 T
; | e [T
,;- =~y inplt LPVE
* XNOR symbol: A\ < q
) | Oy
J " Shaped symbols exist only for two inputs
. 3}
! as)
: WA
I . {,.\Y)u:p—\d l mqw{: i
! j wS f:\_; B)D
| | ) \ J———r
7. h
e Yoyt &7 V2 o w50
Spst . 2 n uls Chapter 2 - Part 3 29
; '!Ms‘ t
Truth Tables for XOR/XNOR
sy oy Y |xov X Y | Xorx=v i e
— S [0 o [0 | 50 [ 0 [me sagal,
| % 0 1 | %1 m 0 1 0 -

Y, g—‘_ﬂ; 1 0 £ 1 m 0 0 ('pk?;;l;é:u
g =71 V7T 1 [—o iy 1 1 ) J
2ee T Lt e | L | ey

» The XOR function means: X OR Y, but NOT BOTH
= Why is the XNOR function also known as the equivalence
function, denoted by the operator =?
« Because the function equals 1 if andonlyif X = ¥
' - :.:E?:::::'::' r ~ Chapter 2 - Part 3 30
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| * The simple SOP implementation uses the
following structure: x—¢ ]

D L

i
Y
= A NAND only implementation is:

-
X— _}
[ >

1 >r—4¢

et o Chapter 2 - Part 3 31

> 2008 Pearson Educalion, inc. —

XOR
& The XOR identities: b s

-

e
X®0=X X©1=X st}
XOX=0 XOX=1
XeyY=xovY XOY=X@Y
XPpY=YDPX Q{D\f_
XONOZ=XOYDL=XOYDZ =

* The XOR function can be extended to 3 or more variables.

For more than 2 variables, it is called ai pdd funcfion)or
modulo 2 sum (Mod 2 sum), not an XOR:

XOYDZ=XYZ+XYZ+XYZ+ XYZ (Odd # of 1’s)

odel £ s —s 4 \Vso v Tl g
mww 4 D ahe —n e
s T T e 3w
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XNOR A D o o

B The XNOR identities:

XQo=X XQ1=X
X0Ox=1 XOX=0
XOY=YOX ’J %
Xoyer = XONOZFXOX¥ON=XOYOZ i

= The XNOR function can be extended to 3 or more
variables. For more than 2 variables, it is called an @
function, not an XNOR:

XOQYQZ=XYZ+XVZ+XYZ+XVZ (Even# of ’s)
» The even function is the complement of the odd
function even
oot sites " ' i il Chapter 2 - Part 3 33

Ebdes

© 2008 Peanson Education, Inc.

Odd and Even Functions

= The 1s of an odd function correspond _ ¢
to minterms having an index with an ° LD D
odd number of 1s. y s |76
ey AT e L @

q«o@ L S \AD ® Cl_)g @m

ok ,

= The s of an even function correspond
to minterms having an index with an
even number of 1s. | |
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| ~ Function lmplementation
" Design A3-input odd fy
netion F =
With 2-input XOR gates B ooz

. Factoring, F=X0Y)pz
* The circuit;

mECp Y

L I PR

92) A
{?-:-"":."_"MM. L_.va- Y)Aﬁ- AR
D290 Powreon Eowmton e, Chaptcr2_-P_an 3 | .3'5
Example: Even Function Implementation

" Design 4-input even function F = WOXeYdzZ
with 2-input XOR and XNOR gates

* Factoring, F = (WRX)D(YD 7)
® The circuit:

o
D

e
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O cae’ Cw‘f”'""‘ Y
(odd Sun )Xok P52
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L\ oty © —
U"Jl

cuen pet it

1 sx 7

P"'f":]%:’ et XOR P

i Chapter 2 - Part 3 =

X Parity Generators and Checkers
duce an n+1 bit code:

| « " In Chapter 1, a parity bit added to n-bit code to pro
de words with even parity

« Add odd parity bit to generate cO
. Add even parity bit to generate code words with odd parity

. Use odd parity circuit to check code words with even parity
« Use even parity circuit to check code words with odd parity [ uem Pev /i Y.

« Example: n = 3. Generate even X
’ﬂ‘}_ | ,»  parity code words of length four v »
~ ith odd parity generatod (XOR):
4_ - lClwck 1t:‘»'en parity code words of Z =
- length four with odd parity@_ljeckea Xj
(XOR): v
= Operation: (X,Y,Z) = (0,0,1) gives 7 D—— E
i—) >

b
[

3
i
¥
{
4
|
|
]
|

X.Y,Z,P)=(0,0,1.1 and E=0.
If Y changes from 0 to 1 between
generator and checker, then E;.I indicates an error

R —
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= Part 1 — Design Proce

» Steps

= Specification

= Formulation

= Optimization

= Technology Mapping

[ Veriﬂcation R and NOT to NAND
« Technology Mapping - AND, OR,

or NOR

Chapter 3 - Part 1

Logic and Compuler Design F s, 4o
PowerPoint® Sides
© 2008 Pearson Educsiion, inc.

Combinational Circuits
/
= A combinational logic circuit has: {3 LeattinVm

« A set of Q,,Bbolean inputs, ¢

« A set of n Boolean outputs, and '—’g

. n switching functions, each mapping the @input

combinations to an output such that the current output
depends only on the current input values

= A block diagram: RS e
— > 1 e ¥ W
. Combinatorial |——> S
Logic * | .
7 s \'sto
* Circuit o o) 1o st
. ®
p—— l»VGfJ’L I
> rabal -
" Bodtemiops nBoolean Outputs | v o
a )

 pem A Sem e St hun1 s
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UESlgn | JUD. T 22 : e that has 3

1 ¢ hen
. pination? —1w
m Specification: Design 2 goit F. such that F

S ber of
[ Ht ) num
inputs (X, Y, Z2) and onl _‘9 ou P . greatel‘ than the
£17% in the input 1
the number okl D) s must be 1
0’s (i.e. number of 1's = 4/ i majority _25—“2/\”’\
. This is called majoriy functio —=T ¥ ~z | ..
for the function to be 1) X L —1T 0
0 0 | ~— 1+ —
A 01— 5
{_Formulation: R v I N
(- F—T1T 1 | o 0
Vi o s ql..kpv'-‘- gu’d 1 s D el 0 1
ih i —________________.___..._-——-—--—-—-—"-""
5 2 242 —:r 1 ___l_______:—lz_-—
. lo,: sl St j:a-"l [ \a O 3 ---"i""‘— 0 0 0
ool BEE S e 4 ERLN 55X 1——--
—_— 1 0 1 1
L | 1 0 ke
3
1? =e " C—g.i.— worth Y L] 1 1 3
Fasial -
I DM Chapter 3 - Part 1
verPoint® Sides
008 Pearson Education, Inc.

Design Examplel Cont.

Optimization: (2)

QF(X,Y,Z)=£Y+LZ+_Y__—Z 0 1 3 : ‘2
i (67+) (5% (33 ~ T : 7 6
1 1
= Technology Mapping: Z |

» Mapping with a library containing inverters, 2-input AND, 2-input
OR
=5 ;

>
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Pecification: |,

cireuit the

at Compare

sign a combinational

(A, B)and S 2-bit Binary numbegn asa_d@ty B ) 00,00 |
ang produce two out =~ |y 00 00 00,
nts (Dee :
such that: buls (O, 0) Ve 00 01 01
s N ( ‘,\ AR, - 00 10 01
0100 =00 | When A= A= BdBoth are é-! o b b L - L
0100 =01 | Whe A 7 T VT 01 00 10
- = <8 Soaeanil Aaﬂi k) 01 01 11 4\
_0,00=10 |Whena>B . "‘N\J i 01 10 01 J\
. 1
0,00=11 | Whe R o i >
g = hen A B and Both (KI‘H dt 0 J-A Pl - P %
. 10 01 10
" Formulation: 10 10 0 ___
A —y UL Ry 10 e i
2 s - T?L»f B P 1 00 10
o P s \‘\JML o ‘Z-lbl“_j‘ 10
T Vs 1 o
OA=B8 _4 1 11 1
D Ocl{
S * > W 3 Chapter 3 - Part 1 ¢
on Education, e bML‘? J\ <

Design Example2 Cont.

Optimization and Technology Mapping: O,

c_*zu-bpvjé
Z oS

b JSI g

Yc’»(«jfw()

B4
0 1 e i T
1 1] 1
4 5 6
1 1 1
12 13 \5 \ 14
1
Al 8 9 A1 l?
1
B, \
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~HPumg " nd I
‘Zation and Technology Mapping: ©o By o

0 1 3 k)
| CTRT
‘.(; -q- tC_:, 1l ) B : = - 6ALJ -_—
o - 2334 L »
o — A 2 3 14 14
%\Q—) A\‘(%D A\ %\ 1 1 A
‘413 9 11 10
in
\ Bo
T\
5u nwhH 12\ 2 12 «a0 3 13'12
_— e 0 1
\ﬁ\ AD Q\ Bo _JR“ %\ (‘___‘___‘., P
1 1 A
1 14 0
1 1 ‘ 1 1
A 3 9 1m- |10
1 1 !
By
l.oycu-dr's_;dum_—a tais, 48

© 2008 Pearson Education. inc.

Chapter 3 - Part 1 11

Design Example2 Cont. "

% Optimization and Technology Mapping: Oq PR 31?
0, =@’IBO+A—IBI>I-,§_I§0_ 4 1 7ﬂ ] \
7 L ‘\‘4
1
!“*'D - A1 lh- = \
| 0, B,
&—13" . 0, B,
0y =é11AD + 408, ¥ A4, TN

2 \
A~ "

. i 7 6
5 R \
. ' 11 I 4 14
B 1 1 1 |
- . A
. - 8 9 1 \m
i
_ 0, :
d Campuer Ceaign Fun
Z- et (] )
it v Sl o r‘hunln— a3

™ s
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1. Specification
. & oy
Fod B_C_Q fo Excess-3 code converter

< g0 Olirmad
Iransforms BCD code for the decimal digits to Excess-3
. code for the decimal digits

*  BCD code words for digits 0 through 9@;@ 0000
to 1001, respectively

~*  Excess-3 code words for digits 0 through 9: 4-bit patterns
consisting of 3 (binary 0011) added to each BCD code
word

« BCD input is labeled A, B.C. D
. Excess-3 output is labeled W, X, Y, Z
gl

Loy and Compte Design F niais, 4o Chaptcr?, -Part 1 13

© 2008 Pearson Education. Inc. e =t

e

Design Example3 Cont.

M

. ABCD WXYZ
2. Formulation - ot ] j S PTIR
2cOd Erees3 0001 o0 | v 'E‘i’ﬁ-b
A W 0010 oot | S
‘ O Rl wr v 0011 0110
A bit Ulpib 0100 o111
y ! W 0101 1000
0110 1001
pscD “3)* o111 1010
L | ' 1000 - 1011
® °f’°° = '33‘%"{’ 1001 o L, Asecads)
"’j;’—:“f 2 306\ 1010 XXXX
1011 XXXX
@D o oo I 1100 XXXX . Legald
A o0 @ T XXXX T
1432\ eloo 1110 pe— ont: (1
1 Hagmd ompe Dot ndomsttn 0 1 XXXX
e mm“: be. " l Chapter 3 - Part |

T S—
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S leey %
e 2
A
% , .2 P
53 13 \5 whe oy |t g 2 o' \O
cOB c P )
26 2 g 3.4 g |
C @ Ry -0
% -\y 3T 2 o l
mﬁﬂm&""m“ C @ ) Chapter 3 - Part 1 15
© 2000 Pearson Education. Inc. _m e e
Lﬁj L/,\J_J Q_e,lymem-i
Design Example3 Cont.
3. Optimization ¢ X | 61.‘7 .
0 1 3 2 0 L‘________! 2] g
2ot R, B
2 ﬂ \X__ j J r J_is,l/ Tx‘ xi| x
g,!.f 9]\ i mY 8 | - —
— ’ C.
rJ _:l/ Y & c V4 @ C
J 0 m 1 Jr";- 2 & T 1 . -
’% X 1l || B Jil ) : 6
Il X alLX b X % Iz B la B
—— tl_j 9 11_1“171___"_" A !x--._.)f______{(___ X
—_— a7 X 9 11 ——
mﬂ‘”ﬂljm x0T > b 1
o : SR Chﬂplcr 34 Pt |

Scanned by CamScanner



— woagil anmple3 Cont,

W _ | c
WZ‘-A-}-Q;C*_BD} :

one
X=§D+-B_C+BC"§ A(x X lv =

Y=CD+cCD
Z=D

Design Example3 Cont.

4. Technology Mapping , Simput AND)

apping with a library containing inverter

- M
(2-input 0@ .
- ; w)
Zvegple f0 .ﬁgj:[%DO

fz_iﬂ Pwl o/

Dy
Logkc and Compus Dok Furdamorass, da ;ng@ q

© 2000 Peamson Educalion, i,

Chapter 3 - Part 1| 1
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* C g and dcl
. :tll libry Contaip Y are ignoreq
Sa
€S, n= 2,3, .. N inverter ang n-input NAND

" The
R Mapping is accomplished by:
eplacing AND ang OR symbols,

* Pus '
andhlllg Inverters through circuit fan-out points,

* Canceling inverter pairs

Logic and G B
" -y Daslgn F Ae
© 2008 Pearson Education, Inc.

NAND Mapping Algorithm

1. Replace ANDs and ORs:
AN (’“”Ad.ab\ Sl ¥ a0

Surdoal gLz € %1 P

O-0 = o

“””Cmf 2 ‘jgﬁ'\qf» i

suwh-l. _,._m © jlfD— s
ek «-‘M’“"’(ﬁ
© Repeat the followmg pair of actions until there

is at most one inverter between :
a. A circuit input or driving NAND gate output, and

b. The attached NAND gate inputs. 22358 _

Chapter 3 - Part 21

1 X\

oo — ——— LPoiS—
QN'U\ U—P.‘l) v bed 5,0 ) =1 \’s\ + : K S’
J‘“""p. 0P\ @ ) ) U\

Logic #nd Camg ll_; Cﬂ.ﬂ]_,,b_a_) % P
-o':m-" m'smm ,\p\ ol odd g3 iy e g Chapter 3 - Part |

22
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23

Logic mnd C -I;‘—-Dubp." darreenbids, 4 (C) :ﬂ-é{ ld T L’S \P 4 (d)
02008 Pwarsins [ duraion. i —— ) -
e —— T Coaper3-Paml 2
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" Gateloagj,
Cell libry

- Containg g Linput NOR
gates, n=23 . n inverter and 7-inpu

A fAND’ ORs inverter schematic for the circuit is
available

8 and delay are ignored

| . . . .
The mapping is accomplished by:
* Replacing AND and OR symbols,

* Pushing inverters through circuit fan-out points,
and

* Canceling inverter pairs

Logic and C g Design Fi . (,hdptf:r 3 '_ Part l . 23 -
© 2008 Pearson Educason. Inc __— s e - _.—_._.._.-—-—-’—'—'
5 e u‘/,.‘.’a

- NOR Mapping Algorlthm i

1. Replace ANDs and ORs:

Sw&e{.w Q)
D> S5 @ }]D’
ekt §h S O
UL Saadpok Gus, O
> > - w

YAVl o+ Punbed M(‘D

2. Repeat the following pair of actions until there

is at most one inverter between :

a. A circuit input or driving NOR gate output, and
b. The attached NOR gate inputs.

P T s D’g'
cen LAl even twad o
Compnt Fund s = *
e~ S I | PR PR

-
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Ntk Mapping Example

B~——

Chapter 3 - Part 1 27

—

Chapter 3 - Part | 2

et et e SN - - e -
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s« Rudimentary logic functions ~ pave:

{4

|

llhf-s ;}.‘-

PO ——— "~ N
1 rr{"‘*f-" Lp?)‘ <)

* Part 2 — Combinational Logic

s, <
« Functions and functional blocks-> Ph)
D‘)u;ﬁ\ ¢! )
v 2\ o)y 2P0
,E )ccodmﬂusmg, y Decoders =
« Implementing € ombinational
Decoders

Hbwplex ; Encoding using Encoders
« Selecting using Multiplexers

Functions with

» Implementing  Combinational  F unctions ~ with
Multiplexers
eI Chapt_erB 3

© 2008 Pearson Fducallon i L

i

Functions and Functional Blocks

= The functions considered are those found to be very
useful in design

= Corresponding to each of the functions is a
combinational circuit implementation called a
functional block

= In the past, functional blocks were packaged as
«small-scale-integrated (SSI), medium-scale

"% integrated (MSI), and large-scale—mtegrated (LSI)
circuits L Jro ok > c e

= Today, they are often simply implemented within a

'very-large-scale- mtegrated (\{I‘LSI) circuit
i P

LS (b,

Scanned by CamScanner
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o TR TR S - Ak vew A J .I.JUS.I.‘- A UIIVULIVIILY

\
* Functions of a single variable X J

* Can be used on the /

inputs to functional Functions of One Variable ]
blocks to implement X _|F=0|F=1|F=X|F=X|
other than the block’s 0 0 1 0 1]
intended function L 0 [ 1 1] o |

* Value fixing : a, b Lba i1
* Transferring : c Soul gen /cf/?—ﬂ

¥ (V. D e
. L x —(S_;'._.\-
" Inverting : d I———F_] Fo.l X——F._X
* Enabling : next slide : . Ly )
F: S = - =y
T Gé Ao rx
r (a) 3 (b) Jed)
So\s C\"‘:"“"‘J AL ZJ_A‘- Ui t".-.-f\:cr#-m—'
e e Chapier3 5
Enabling Function

* Enabling permits an input signal to pass through
to an output
* Disabling blocks an input signal from passing

through to an output, replacing it with a fixed
value

* The value on the output when it is disable can be
Hi-Z (as for three-state buffers and transmission

gates), 0, or 1 - 1 —F

* When disabled, 0 output | _
* When disabled, / oulput iy, T Ty,

2 ' F;
Ve EN—I@ 1

R m ) Chyocd §_
e | Scanned by CamScanner




vecoaing N
an n-bit input code 10 an

* Decoding: the conversion of hparit
n guch that each

m-bit output code with(n)S
L"”ﬁ unique output code

iy
valid code word produces € haet
) pod A
K.\ ‘1. ) 2 j': u dece A"’
9. —8 4 Fo q - n oY
« Circuits that perform decoding are called decoders

r decoding are
here m < 2" and
for the n input variables

» Functional blocks fo
« called n-fo-m line decoders, W

- generate 2" (Or fewer) minterms

Lagc ond Crmmiios Deaigh Parhonartih, &
Chapter 3 7

Povauoad® Shive.
£ Parnw | S, B ///

1-to-2 Line Decoder
e

zeve &S

D e OO "T -"* )
L e o L\ 8 S pine S |
&£ - ° b W o
\ : 1 ) )
5 o= 2 P \ e ?’) L"/-‘J}Z I
) |

b - )\ anc
e

g

ey Y

J—
(o—

C"({ac!!v s
N

Ope~ 8 v—s2 Jé"

m”n_ﬁ
Chapter 3 &
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» When the decimal value of A equals the subscript of D;,
that D; will be 1 and all others will be 0’s

3 \ —_— 2
. . ) ' sub
= Only one output 1s active at a time
\ CS:\G '\‘\.,A'P‘_J \_—;‘qck ".../‘
WOk \ g s
\ A D, D, % Ke

| DO
\*“ ‘ "Doi Do= A 1-to-2

e 0

. f\,_ Decoder D
1 1 0 1 ' N __‘.___. e D| Z'Zﬁr": j: L& 1
| ® e, B e, L0l
\ 1.“13%5: Lines « v 7 1
i Ladior depe 4 s w zevo Wl

| : ¥ard .

= Decoders are used to control multiple circuits by enabling
only one of them at a time

.urr-!f"- g £ ™

[y —— w _ Chapter3 9

- 2-to-4 Line Decoder
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&' + When the decimal value of A equals the subscript of Dy,
that D; will be 1 and all others will be 0's

R
v oub
» Only one out;eut IS actwe at a time
t.')\ sl o \)l?\l ‘cr,
\n\"rﬂ-l\,h”
A | Dy D, 1 —
\ >0——Dy= A |-t0-2 ’
Lse ljl 1 0 l ‘\( ] N— Decoder | b,
! l| 0 1 A D, - K ? ’J: L
() (b) N—ioton ., Swdd)l
1."*1!-UEJ }Jnca < B 1 1'
1_-&-1"-0, Aine 1 s w 14)1
» Decoders are used to control multlple "Citcuits by enabling
only one of them at a time

Logh: wxd Compuier Design F
S Chapter 3 9

© 2008 Pyarson Educalion Inc

2-to-4 Line Decoder
N

i
A, Ay | Do D, D, D;

(a)

Do
2"t0“4 ki Dl
Dewder | Dz

A >,
(c)
= No more optimization is possible
. Note that the 2-t0-4 line decoder is made up of two I-to-

e o d 4 ARATDY Amioc
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2"t0"4 LI1IC pvvevs=—r

|

e

¥ . : TRAS
= No more optimization 1s possible and gates ]
. 951 u Note that the 2-to-4 line decoder is made up of two 1-10- 2
2- line decoders and 4 AND gates Ao —
tqﬁuc.;‘-ww-h ’ D ’l.'o?_ :" _._ b \ A | - fﬁapterq ’-—B 2.

(72

L

© 2008 Pearnor Educalion, T -
pa—w 3

( i

—

| 3 to 8 decoder

g P An A AUO\ Do O 0202 0u 0
) D, - - c_z . \ @ o 0 e ©
A —5t 2ie & Vi © - A B 8
| Oy 3 e— O ' \
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o 4 &
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nabling circuits to the outputs

able below for function

nation containing two X’s represent four binary combinations

ely, can be viewed as distributing value of signal EN to 1 of 4

it is called a Demultiplexer ,
case, it is called p s lec o e =)
!_> ey v Zenspds
EN —> )“J\ \v:*)v*‘
EN — A &{mﬂvf&&l—"
gﬂ EN Ag All Do D1 Dz D3 BAS @&’J §) LSS
1 &e— o
= Dy @x s G O B N » [0 o
— D3 1 o 0|1 000
1 o 1/0 1 00 -
1 1 0/00 10 > NAs yAuDD
1 1 1/0 0 0 1

(a)

Chapter3 26
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Altach 4-enabling circuits to the outputs
See truth table below for function igiations
" i inary com $
* Combination containing two X's represent four binary

Y en ikl . onal EN to 1 of 4
Alternatively, can be viewed as distributing value of sign
outputs

* In this case, it is called a Demultiplexer

Ao— T‘"""_Wj D'—D
“ﬁh—""—‘—'""'*--u-.q L D
Ag 2-10-4 |—— 3“ EN A, A, | D, D, D, D, L{
1
et Decoder [ D, 0 X X|0 o0 o0 0 :
! Dy 1 0 0|1 0 0 O }
1 0 1 0 1 0 O ——— H
1 1 0 0 0 1 0 D—l
e 1 1 1]/00 0 1 3'
(c) -

(@) (b)
1 og uﬂnux:cnuu Pundementais, 4s
[© 2008 Pearson Educason. e

Chapter 3 27
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D, Ds Dg E
0 0 0
0 0 0
0 0 0
o0 0 4q
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

15t 2-to4 Decoder 2m 2-t04 Decoder

QD G SN S VP S WP

(2D — Ou D5 0,0, be b3

’@C:‘*gmg-&’ 23 A B2 G asu
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o NUM=OI-IHINCH s waypss =

« For each function, the OR gate has
of minterms in the function

= Approach 1:

. Find the truth table for the functions i
. Make a connection to the corrcspondmg :

corresponding decoder output wherever a 1 appears
table

= Approach 2

tcder o Funcrion faS

rap: mew] Cawngedor gy Fursiamerisds, 4e
vaorfhind® Shdes

? 2008 Prarson Facaton ke

. One n-to-2"-line decoder ‘
ction ) )
% rlBR galha, ORREL s B k inputs, where k 1s the number

= Lo

Examplel Pl
WS (o Tyl 2 ) oud "o

#
off k2%
= Implement function f using decoder an% R gate:
f(x,y,2) =xZ+Xy ~— Y

5._m - :
6jl)n = 3 variables =2 3-t0-8 decoder Uod 204253 o5

S SV asup\ @ b e

& One function - One OR gate __,(fe,. o b s
= Solution: Convert f to SOM format

}M&' Cos U ot 6b2
of = xz(y +9) + xy(z +Z)=xyZ+ xyz + Xyz + xyz
L 3
of (x,,2) = Ym(2,3,4,6) 2>4-input OR gate

—

D |
o S
= Decoder is a Minterm - op
Generator y — A
D
x — Az :
o prighet -ty e . Chapter3 3¢
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If nRumber ¢
than £
an 3> then design for

f minterms jg greater

complement F (F) and ue NOR
gate instead of OR ¢, generate F

Example3

\

Implement functions C and S using decoder and OR gates:

..... L S e Q) ﬁJl iﬁ\ o

®= n = 3 variables = 3-t0-8 decoder
" Two function > Two OR gates

= Solution:

e C = ),n(3,5,6,7) >4-input OR gate

e S=Y,(1,2,4,7) D4-input OR gate

Q S '_j _‘J_,_f._\ (J:J.;QJ_J

_ Chapter 3 37
———— _.._M.___sf'b_yl —

x|y |z]c]s
0olofof[o]o
ojlof1|o] D)
o1 ool
o1 {1 ]|@]o
1fofo]o|M
1o |1 |[(W]o
11 o |@] o
BEREERIOIES
K” 7
YT L
I L

Chanter 1 20 \
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_____‘H-.

_~ Solution with 5 inverters:

= Solution with 4 inverters:
e F(A,B,C) = I114(0,2,4,6)

C

— Ao

Do |
0y

D,

= Implement function F using 3-to-8 decoder, AND gate and
/ inverters: F(A,B,C) = ¥,,(1,3,5,7)
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= Implement the following set of odd parity functions
(A Ags Ass Ay) A

P,=A,OA DA, 4

=A,OA @A, A

P,=A,®ABDA;, D

"

=" Finding sum of
minterms expressions

S —
P, =2_(1,2,5,6,8,11,12,15) 190
P,=2_(1,3,4,6,8,10,13,15) 11 :
P, =X_(2,3,4,5,8,9,14,15) = '

= Find circuit :g r‘
= Is this a good idea?
Fundamaria, 40 o b
e s ASH o«
e

7
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( Encodin / A v;/ /
N

—2—/\
of decoding - the con\,er“‘—*
s “\\

; g the 0pposit® O . i
Encofi?;nput code to @ n-bit output codg AL 5 m
an m- h valid code word produces a uy;
on such that €ac Y

output 6oF g are called encoders

= Circuits that perform encodin . . ™ A g
= An encoder has 2" (or fewer) input lines and 7 (?utput .
the binary code corresponding to

lines which generate
the input values N
de containing exactly

= Typically, an encoder converts a €O :
one bit that is 1 to a binary code corresponding to the

position in which the 1 appears

Chapter 3 43

Logic and Compuier
FoweeFoint® Design Fundamentsis, 42
© 2008 Pracson Educalion. Inc

4 O

galo o =
i | ' - LT R
( :fne Gy lngek _ac t‘:EUQ) ojd-d"}si@
200 (s S ' G R
>t) (_MAJL). > ] ae 4 (3%,[/“-} 2 L»\S,JJ
¥ 0 Computer Dnogn Furdemariai 40 L-idp " \'-(LL \
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2"1.0“1 "-‘ _ A
Frcodr,

©

A
to-
ncoder A
(©)
Chapter 3 45

D;| DiD,| D} A4 A¢
OOOIOQOD,ZZD‘” Bo—it A
olol1|ofel 1] p,— 402
onoo\o%_:DJ‘ ) Bl L a
t{olofo} th |8 a,=Dy+Ds 3
(a) A1 =D; + D ()
(b)

mwm- Chanpter 3
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CTeTele == =7

r "
(a) \)L?C)“ab@,"'
')(,.u-‘m iUQu_ng A0=D1+D3+D5+D7 {_‘),.f'_-
v (&)
o ot S\ Ay =Dy +Dy+Dg+ Dy [wrr0)9)
OZLI ;f: 'ZCI'B ( % 2=D‘+DS+Dﬁ+D7 rD")l
3

Scanned by CamScanner



w "——'—v“‘t.’

S

D¢ Ds | D, D
D 6 4| Uy D,\D
ﬂ? o lo o _(}__2._._{_]1___ :) A| A, i‘ﬂ _\‘ "
010]o D -
0 0 00—
(()J 0 0 - : : —l—- g 0 0 l_— D=
i 0 0 1 0 0 0 1 0 D,—| — Ao
0 0 0 0 1 D, —— g -
0 0 0 1 : : - 0 : 1 Di— E%l(l:(:);cr e :
010jojofifolo Dy— "
0 0 1 0 0 5 A,
0 1 0 =010 l NELAE 2 ]
0 0 0 0 0 Dy~
111]lo| A
1 0o _
0 0 0 0 O% 1 1 1 eXPstinge g
ol ol
@) >
Ao =Dy + D3 + Ds + Dg” © .

A1 =Dy + D3 + D¢+ D¢ “‘?’DS"\%)

A2=D4+D5+ +9{ Ou'qs CP"LDMJ
N (®) * (X) » 5 030

i S Aonf(arelhapter 3 49

Decimal-to-BCD Encoder

" Inputs: 10 bits corresponding to decimal digits 0

trough 2y o - DO RECTE =

, \b-4 encoder (0-a)t—
2t Y > \oo (\0—- \6 X dont ¢

" Outputs: 4 bits with BCD codes (A3, A,, A;, Ap) d,fﬁ
CR
® Function: 1If input bit D, is a 1, then the output is
the BCD code for 1

» The truth table could be formed, but alternatively,
the equations for each of the four outputs can be

 obtained directly

Nt v

T e R N S - Chapter 3 50
N T A N S PR
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——._...__‘__________'

_-__-‘_‘_'_‘—-———

4'“’"‘2 @rlorlty Enco;;; -

: oW
DD 000 ) A A —
)
Y » Vo |0\ o o
0
A\ o 0 \\ D
\ o0 O \ \ \_ow“«_%:"
.th(a_,\‘, 2 L u':”“' el ()SS T_)%U}ﬂo\ﬁ— C-}_gﬂ()-dfé")
4 o S i m'} an'\ \J'J?L
0,0,00 + 050.00 s o o)
= 3.6, € 4
3 \)-LO\ DD —
Ao - Aza OO+ L3 —
o D1 D S 1 2 A0Sl 2]
_— N4
mREETITT | g o022

4-to-2 Low Priority Encoder

i p,| pd 4l Ad Vv Ay = D, Do + D3D; Dy Dy
#”Of’i:g::;em/ - DZ‘ ' ' 0‘ Ag = Do(D; + D3D; Dy)
1 aglo]o° Yl xlolbs® Ao = Do(Dy + D3D, )
8 X|x|[x]1 A
4 X|X|[1]0 Sy J"Al—DzD1D|o‘|'D';;Dz Dy Dy
2 Xx|1]0]0 Ay = Dy Do(D; + D3D;)
Ay = Dy Dy(D2 +D3)
1 SLERES A1=DZEW+D3ED0
(b)
Do 4102 | A
D, Low i
D, Priority [ '
~ | S.PUPRSGE P
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4102 Wiy o . T——
ngh PriOrity EnCOder B

4 _of Minterms/ | T“‘;-—-_..
Rows | Pali| p§ al Al V]
—] 1 Al V _
1 0| o \\A0=D3+D3 D,D;
1 0 "‘;{"-—-0—-— Ay =D; + le
21010 o [0 =
2 0 0 1 A‘l = D3 + D3D2
1 Ao D
- 011X L) 1=D3 +D,
011
1 L}J/ 7
s (b)
s (a) Oow S\ =0 \-\'\ ﬂ’h
IRZACS SINEEY RN L an
_ _ DoX | 402 A CEaplds =
D=5 Priority Ay
Jj\ Encoder g
L0 o 22 ©

Logic and Compuler Design Fundamentais, 48
PowerPoini® Sides
© 2008 Peamson Education. Inc.

Chapter 3 57

o No. of Min- Inputs Outputs
po terms/Row | p, [ D, | D, | Dy | Do | Ao T | AV
i 1 o lololofo \
1 o lolo]|o}l1 \
B 2 0o lolo|1]|X ||
4 0o lol1|x|X ||
8 0o 11| x| X |X ]
A 18 T x| x[x|X | \

5-input Priority Encoder
/

= Priority encoder with 5 inputs (D4, D3, Dy, Dy, D,) - highest priority to most
significant 1 present - Code outputs Ay, Ay, Ag and V where V indicates at

least one 1 present

V}V: X’s in input part of table represent 0 or ks

. . l
t terms instead of minterms. The co
orOduc .t il 2 mwadnet terms in the table

Scanned by CamScanner
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/ !
—{  Selecting ™ ’
g a Cfitical

/

= Selecting of data or informflti(’fl i
d Computel‘s

function 1n digital systems aD
= Circuits that perform selecting have: tion 8
. A set of information inputs from which the 5 &
made
. A single output

ction

(i) e £ .
Multiplexers
formation from an input line and

= A multiplexer selects in
directs the information to an output line

« A typical multiplexer has 2 control i
called selection inputs, 2° information inputs (/2n-1> -
I,), and one output Y

= A multiplexer can be de
2 as well

inputs with m <

signed 10 have m information

s n selection inputs

ces and reduce the cost

. A setof control lines for making the sele alled
- c
= Logic circuits that perform selecting 2
multiplexers =
« Selecting can also be done by three-state loglt—, v
Input assZ y
ﬁ% L«“ﬂmpﬂ

» Multiplexers allow sharing of resour
by reducing the number of wires Y L onk
N Yt &
sk h - U\_';\ S0 | —F~] M oy o
M K2 selec\von . UX 4 \ >N
: 3 )
AR 6ol /[':G’ ' pub @ < pseke
S n ) S n ¥
uqu-o‘;v-:wnm—-nu in P“L 2 _L..g""'"{' S £
ermmgﬂ;,g WA T T — se e o n{\ﬁ;;l{c” 6
4
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7 g — T hepi
I (‘.}) sk B2 == Hlex e

| =P /Uu [ %
-t(){l?-LlIle M/X

sl
L}-‘"’ Ll‘i r__,/
Y | — n
< | : 7. | Io s
=2 | * " Since2=32! p=1 E-—{-‘-—"]l;'” 0 n
I\ | — =] 0 Ty
\3\: * The single selection ) —-"""‘—T—- i n
\ variable § has two __9____...9—--""' 0
\® «\u NSy values: 2] 0 _l__,._q_-——d‘.)—- I
A \i; ol S=Oselectsinput@ o [ 1 ] 1 T__-_-.-ﬂ- *IE
€ . . Q= 0 0 F‘—
Codtds 8= 1 selects mput@r l 0 5 l?= A ! 11
NE d s ® The equation: Lo ]! = s ga il
: \
L"“”\':” Y= SIO + -:S—{-l ) | ! 0 (lf) S l l
“..mu #® The circuit: :r«f‘-"““ AR | .I C 1
& R ot :
" | -2 Decoder m

Circuits

/ ‘l I‘DF l lo 3-7—5_\! fé}——: Iz\;ltg; - Z_Oul'
/ “‘*P— - [ 2. nput
' - ' I,t} * LS GG 22 )

e /
tw‘wmhm ,", eqeti CJ)S

E\\“Mwm‘m\“ v .' \,. “‘.nlj ':-"" .-:"jj\ _tfja,;&-"p Chapter 3 63
ot [ EVE=VEVEAS-X =22/ ‘,ua_,wi_sy'g
f 4-toilLine MUX
-“-‘J'-J:uﬂ_‘-..\
* Since4=2%n=2 S, So Y

* There are two selection o 0
variables (5;5,) and AR .1 Iy

4 0

3 1

they have four values:
* 5150 = 00 selects input I, !
* 5150 = 01 selects input I, d,» Si5+ G
* 5150 = 10 selects input I,
e 51850 = 11 selects input I,
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" 2-to-4-line decoder N o g

clecocla
= 4 Z—input AND gates . ; “2 o :‘, o\@ o
o T @
I TR 2_[0_—‘!_Decodcr 4 2-input AND gates
S } [>o '; 4-input OR gate
‘: L

Chapter 3 65 \

2-to-1-Line MUX Cont.

= Note the reglons of the multlplexer circuit
shown: el \= by

+1-to-2-line Decoder
* 2 Enabling circuits

e 2-input OR gate

* In general, for an 2"-to-1-line multiplexer:
* n-to-2"-line decoder oR

(a3
o,
« One 2"-input OR gate " - " L&j\i‘f___q
A 4PJ\IJ O

7 vopwh

T Chapter 3' ¢

o 2" 2-input AND gate o&?ia,q

n
' Fundamentals, 48
el | (Q )
2008 Pearmon Educalion. nc
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Homework e S
and 64-to-1

" Implement 8-to-1-Lin€ MUX s W

MUX: W % / 4 N

* How many select lines are needed

* Decoder size? ¢/ 6

* How many 2-input AND gates arc ne
* What is the size of the OR gate?

edEdo é Lf

L ”\@bi

@‘““" . $ — ) iy s eleck Jine
Sebel Qine & Seleck Jant - b oledodte
5 #37 alécocle, 3-€ eclece Fos za\‘v\PW"
T vt 4 awetor 17 e e fupe
102008 Paarion Eucatin, 1 /L oy Q_ T d_ oR < '\th’o hapter 3 67
o —F | {

Multiplexer Width Expansion

" Select “vectors of bits” instead of “bits” DL W Sos g
" Example: 4-to-1-line quad multiplexer o (olaful e S50

U o
)"-}"I»t/Api)\})’ ks -DJ 5 i r_\:‘o P __J\.A—P}.s.ub 4
Y bivs (‘;’ " S
2 L 2 "”U"'Q g - o7 =\
o-R J !,,—/? ok .
4-to-1 ’
[ ~[3 3477 L | i
e > Y[:-‘hﬂz‘m?] DS a2 (sup) ol P
_— -
1372> ),:\\_,s L 2 Sy S o Bk wvion .
% as, 2 o $- (_OQ" _ ‘WS S\ Zbits e’y g‘:’.ﬂ
‘;E“") 9 bits oo 2birs 1) \
’ e \p = e .._}’. :
A—1{ ’I’hul—f\p|£\@pe\ EJ:M (_'-NLQJ@.J)JAS_]
l*wwwm—m \

\L (}~—5
By .‘::f: \_Qvﬁkﬁ_}:‘f-b oo Chapter3 ¢g |

‘251! Ls ')‘Wf P L}‘ oAu\ML ,o—cv-‘\ B Lo ——
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y
/ /
vVeclor
. LMII]]PIL 4-f S;" bits” instead of “pjfg” @b{ao/ Y Ll
“O-I-line quad gy % i o
wiltiplexer - e
Dual, 2. 5%
4 ‘ o 2-!-.|u.-fll)ccmlcl' ‘1?_i“pumN{Jgatcs
lo/= 5 [>o 4-input OR gate
’17;!‘) 4"“3:[ So I [‘0 l 4 N =5
’2‘:1) @@ ‘L} Y ? . -) Iy I _,)'"
3| MUX . } 9
ﬁ_‘ i ’)_ _ ll l_—) J'h""":.)__)_‘ Y
e [T b o
” B — 1 —

=5 1 Sn I
\ . h ’
QYD bl\‘ W\Qlﬂ _, }-QLMLU(

F n
V) 21 M:U
'*"?"“' 2 ‘2 'v Plﬂ-! aned cnc,,&(!'—'-) Fr Chaplcr3 69

=P gl gk =y g
mbnfsu

Multiplexer Width Expémsmn

" Select “vectors of bits” instead of “bits” |,  Do—
» Example: 4-to-1-line quad multiplexer ‘

Do
5
:'u'/" So Do ik IELLFDA[
4-to-1 = i 11[1]—1: l—)
1 D Ly
l: z Quad _}_) - ik 1 g:t:‘ o «DJ—]} Y[1)
2 MUX Decoder i _
v Do ya9,) 5| £ w0
T T M oz 050 ] Ds 5 :
U;‘& Ak 0 :
s 5 Nro f)_h "0[3FD‘_I
| 1-o L[3 —'D—l_ I’
J ‘4 - Df . Y(3]
| i3}~ ‘
anelgat ., - lyoR o
e M~ 2" ] &)
T AR - ' 7 b{:-l{;—»- (Ehupll-r.jl:ip
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* Can be thought
of as four 4-10-1
MUXes:

(s S LE

ABE ielth G Muy U e

> Y[3]

r L
Other Selection Implementations

% Three-state logic - ek Xo

O

e
1)< JJIC_,;..&A.D‘# SJ A1) 3 R, T S
Are Vil e lo— \i \

' N . -

'S;LJ—S \‘j L.‘I/

T LU, =y Wi Yol Muk

Lo L1

Soe SI = Lslkeed Aina

. o st 15 I
b!.m. o MEENEIR EN.. TN - Tl SR i . e i Chaplcr 3
........,..,....... g 72
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Ty Irom Smaller Unes

...............

L0
two 4-to-1 MUXes 0 "-:0 |
and one 2-to-1 MUX 0 :: | 0
2\ 1 1 0 \ 0
1 |io 1
‘:) TR 0
TREL 1
vl
"V\P“A

Chapter 3 73

olonitave( x)‘ PURYS AT
Building Large MUXes from Smaller Ones

A Y
= 4-to-1 MUX using Y S1 | So

— MX \ o |ro 1 o
three 2-to-1 MUXes ,‘ ,_.
—j 2-to-1 > 0 i 1 \ 14 ,_\
| MUX
j [
1 :

3 2-to-1 :
1,— MUX ' 51 ‘ ...-_l_ _____ I?---.J
5 S | 1| So | v |
: =B 0 |i0 | 0 | Toi
= 6-to-1 MUX using 17— 4-to-1 5 .: 5 . L '!l
two 4-to-1 MUXes | MUX EORERL \
13— - '_
and one 2-to-1 MUX i ] R
—_—— et
1 o |0 | 1)
fq ': |'
MR ': :
Vs x 7 iy o | x \
¥ — ki 2 .‘
- RS
T s & &

” mm,..é:n:w/,,_l_l—— A Chapter3 °
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= Build an 8-to-1 MUX 540"
- Two 4-to-1 MUX and on¢

- Only 2-to-1 MUXes (HOW it

need?)

Logic and Compuer Deeign Fundamentais,
PowodPoint® Sides »
© 2008 Pearson Education. nc,

Combinational Logic 1Imp
- Multiplexer Approach 1

= Implement m functions of n variables with: , " Ve wles
. Sum-of-minterms expressions o Pl anﬂ 1
- An m-wide 2"-to-1-line multiplexer ® m-bik %_, =0
= Design: @bk B o 1
A+~ Ln\ue rev

« Find the truth table for the functions

. In the order they appear in the truth table:
= Apply the function input variables to the multiplexer select

inputs S, _j, :-- 2 Sy
= Label the outputs of the multiplexer with the output

variables
. Value-fix the information inputs to the multiplexer
using the values from the truth table (for don’t
cares, apply either 0 or 1)

| Computer Design Fundamenials, 42

i e

ERATMIEN G C .
_hapter3 7

Y s S T
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7 Exgq. — T
lelel ______ -

n ln‘]
Pleme .
based o ntl:he fOllowing function using a singl® MUX
" Solutigy, ¢ M Fx,y,2) = Em(0,5.7)

* Single function = 1 —

. 3.variables > n=3 g 10-1 MUX
Fill the truth table of Fv_\f\m 4 MAwy
e

B oo
rl 0—> r-nJ..é‘
ol 0—> '
LY 0—>| 8-to-1 B~
L5 0= MUX
Eé 1ia=—>
I4 1—0%sse AE

‘S1$1Se

Tl

77
Lo At Computer Do Frstamarat, 40 " x ¥ & Chapter 3

©2008 Pearson Education, inc.,

e S

= Design a cirCI.,lit to Gray Code \ Binary godej
convert a 3-bit Gray w0 | 000 |
code to a binary code o1 | oot Jj
. . 010
= The formulation gives ‘;’:} \\ T
the truth table on the o | w0\
right i 1, i) m | |
ialis_so gl 101 \\ 110 \\
Bned 3 frvad o sl G 100 11
J ) e i fn
3bY e Gue dopht o G )2 59 010
| M;_, ) ottt e e 3 Chapter 3
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M
. . -—-‘-‘_-_‘\--..
Rear F’T’E;d?- Binary Code
comb'i.nnqc the table so that the input Grfﬂc XYZ
_Vinations are in counting order "B 000
* Itis obvioy f ; o 000 =751 |
e S Irom this table that X = A. =T 001
. i ver, Y and Z are more complex ( ~/@—L~“H—6—1—l——_—
| Wo functions (Y and Z)D> m=2 o 010 ——--'"T"—
= i e |
J' ; variables (A, B, and C)>n=3 3 011 ________9.1.-———-—-
II‘ " ‘ .-"-—-'——-.--_ 1
.' llsl;nctmns Y and Z can be implemented Y 100 -"""'Ll"'—__
: (o S
ng a dual 8-to-1-line multiplexer by: 101 _______I.I.(-)—-—-—'
- - ...-—--"""———_——-——-
Connecting A, B, and C to the 5 110 100
. . P —
multiplexer select inputs F ———'—-—-1-1—1—_# 101
* Placing Y and Z on the two multiplexer * —W”,’F
outputs (;/{(/ J)) ¢x 3venp
* connecting their respective truth tableg :‘51:-0' .
values to the inputs — B }O: P
oPuer Deion Fundamentat, 4o Chapter 379

© 2008 Pearson Education, inc,

Gray to Binary Code Cont.

e —————

004__5.:: E‘-’"z-.l

0,1 — 1% ELS’"‘L—]

’ ——Iz- . -

11’(1] — I3 " Dual \Lr“

1’] ————_Iq ' 8-to-1 / Y;Z
o—1i§ MUX >
0:0 ‘{:é '

? J

1= ;
. 3 S, 81 8 —f— preens ,

‘_;O_JA.L

bt {NJP; X r N AL _;J\);i@‘qr@ LMQ@M}

:ﬁ.;'.:cWrMu j M __\_5'9' SS-J\-’" L Chapter 3 80
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Combingtional Logic lmPle;’;lentdtmn
- Multiplexer Approach 2

R
B

W
0
ki
&
P
e
5t
1
%
i
Wl

i

- f..;

= Implement any m functions of » variables by using: | %

- An m-wide 2("-)_to-1-linc multiplexer M Funevan W\ U e \es 3

: i

. 1 . 7 v f . A i

A single inverter if needed il Qh o ’L H 5 :

= Design: ot ‘ s
: el e~

+ Find the truth table for the functions C) m \nhV. \

« Based on the values of the most significant (n-1) variables,
separate the truth table rows into pairs

« For ecach pair and output, define a rudimentary function of the
least significant variable (0, 1, X, X)

« Connect the most significant (n-1) variables to the select lines of
the MUX, value-fix the information inputs to the multiplexer
with the corresponding rudimentary functions

* Use the inverter to generate the rudimentary function X

Chapter 3 81

® Implement the following function using r; ig I; I;
a single MUX and an inverter (if needed) § —| P&p
based on Approach2 : rg o O :} -
! 0 1
— A F=D
Mf.ﬁﬂ{ﬁ» D) = Zm (1,3,4,10,13,14,15) ;_’______-____Q: ____ B E
4Nevivn ®  Solution: ED J 0; ¢ 12 F=D
. 0 | 110 1] o
avible * Single function > m= | ',0 ::;i_;;j;;;;l; = =
* 4 variables > n =4 < §-to-1 MUX) o T 1 P=0
. a: 2 -1 u[ s -: ______ . I
/l—‘l” the truth table of F 5 :., : "l 55| o | o .
(7 L0 110l o] 1]o
gr T T o [
g > ‘ H F = ﬁ
0—> %_to_] 5 . 0 o B H | 0
0—> el e [ o [ o
MUX ; ; Fep
I S R N I
: Tty o [
1%, <, 5. Ll T e
Loggc el Cramprter Doy Foastamaciiss, 4o
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Rudimenfary
_— | pudimentary |
| de R““. . of C | Functions of C
Binary Cod¢ | pynctions 0! ;
Gray Code XY or Y for 7,
ABC e
"ﬁﬁo _______9_9_(1.-—-—"' Y = 0 Z -
001 ool | ——7
0111 010
o | oy | z=C
101 190,
[ |,y | z=c
L 101
! i PI
E;,‘E.E;,‘”;,,"‘“"‘ E,;ﬁ v o \9& Chapter3 83
ER C X= A- d\\"‘j(‘/ﬁ GHApIEED. B
B >
Gray to Binary Code Cont.
" Assign the variables and functions to the multiplexer
inputs:
C—D— C 0,€ T
1.8 X
= - Dual
ak B — Y.Z
%E =3 MUX
S, S,
A B
" Note that Approach2 reduces the cost by almost half
compared to Approachl
e e

2000 Poasmon EucaloA B __ .. -

. Chapter3 " gags)

—

“S“ca_nhed by CamScanner
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Demultiplexer (DMUX)

| 0 .
. RPPOSlte of multiplexer .l T £
€Celves one input and directs

1 it to one fr%
I Ql 0

based on n-select lines
n Example' 1-to-2 DMU ZS TNl
1 X e&a‘b{oﬂ (l) ‘@,____i.-—-—
—— ="
I-to-2 — Q [ =S1 L | o | 0 /9
DMUX [ ¢, &= [ 1 [
b e
I
S
Qo
» DMUX = Decoder with Enable Q
2eancd
ou/b I L
Lo rdCompues Dess Fudarmarii, 4o e Chapter 3 85
oub pb

1-to-4 DMUX

O
" Qozsis_‘ﬂwl 51 So 103 Q: Q4 Qo
o
« Q,=5:S! Plololo|o]o CI
eT Mo l1lolol@/]| 0
Q2 = 910 e[ 7 lolol@)o|o
= Q3 =550
3 = 9190 " J 111 @ 0100
I-to-4 —o, |
I—] DMUX [—¢@
o R e
So
! D™
_ 0 )
Sg Dz_t 0é4 : 810 — D___ Q!
ecoder — Q2 =
5 — (s H}m@—ja

T

/

M“mwfm“

why
SZ RAHET 86

Scanned by CamScanner



» Functio
A 2-input, 1-bit width binary adder that performs the fo“"\wing
cbmpulatians: . 0 0 | :
;y +0 1 0 +1
Sum vy —— 00 01 01 1 ) 05
b < CS8 % (s ¢s5 cs
" A\ﬁ;’fif“ih’éer adds two bits to produce a two-bit sum
C S
« The sum is expressed as a XY
(sum bif (S)and a clrry bit (C)) 0 0/]0 O
o . 01|/ 0 1
« The half adder can be specified 1 olo 1
as a truth table for Sand C =
1 1|1 O
:ﬁ%ﬁ?m:: :u: - Chapter4 7
' Logic Simplification and Implementation:
ol oo 2bik 2’ ' 2bik oY
alf-Adder By ey ol C o
= The K-Map for S, Cis: S vy C v
e
oS3l o0 o2 S=X-Y+X-Y=XO®Y) o 14 |,
(,,.évz ﬂ' C X Y X 1 : 3 X 2 1 3
= The most common half adder implementation is:
o
X —
Yr[D—s .
| HA +—5 (Q/"‘""‘" )
D_ C Y=
Lm“m&ﬂw Fundamentals, 40 C @Vrg)
L:mwm_ng_m e S -CUhapter4 8

nal Block: Hali-A8tA

———————
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» Jterative combinational circuits

* Binary adders
» Half and full adders
« Ripple carry adders

Binary subtraction

Binary adder-subtractors

* Signed binary numbers G }S*" ' SYVER. o
* Signed binary addition and subtraction . Ll ; ‘
* Overflow L‘LZ-U

CA‘J»&J (__Q,J

=3 ‘Y“’“’H h uwa,,,_.
Other arithmetic functions —

* Design by contraction

ogic and Computer Design Fundamentals, 4a
owerPoint™ Sides

) 2008 Pearson Education, knc.

" Binary multiplication-> %

Chapter4 3 J

Iterative Combinational Circuits

\

= Arithmetic functlons

* Use the same sub-function in each bit position

"= Can design functional block for the sub-function
and repeat to obtain functional block for overall

function
bl o C.!( ¢’€=c~0 J LL
= Cell: sub-function block E A
Cell Tperahie
" f e
"(Iterative armﬂarray of interconnected cells o
sxpc and Computor Design Fundamentals, 40 et
2000 Poarson Educaon, In%: o
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-~ ; Ch—‘l
S Cy

" Exam le:n=
Np n‘3,2 V) 4n 1[1'—{.,!',
. . umber of inputs = 32%2+1+1=66
S _Truth table rows = 266 PR
* Equations with up to 66 input variables (X
* Equations with huge number of terms N B
* Design impractical! Cell yvd in P“’L—
'(_Iterative array) takes advantage of the regularity to make design feasible
102003 Pearson Education, inc. OO-——N f < el

Functional Blocks: Addition EZ-

* Binary{addifionjused frequently

\
= Addition Development:

ceM o @alf—A dder (HA): a 2-input) bit-wise addition
functional block

Cell of Full-Adder (FA): a 3-inpuf bit-wige addition

functional block
« Ripple Carry Adder: an feratve
perform vector binary addili_(_)_g ‘h«y\% arr@ to
C@q ‘tZl.\
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Ly,

Q?ﬂl_‘!_l’plrmtdm Im N

&
Functional Block: Half-Adder \ 1, /| =

er that performs the following

* A 2-input, 1-bit width binary add —
computations: 't
putations « ; 0 { ’
A
F—3 sy +0 4L #0 1 §o2
- S — e
=Um C_C'&'/v'ﬂ CS 00 01 01 10 —‘)_)-__‘;.3.
\ ¢ ﬂb ) c S Cc S c 5 < Bsnﬂ/7
LD ity L4| v \_‘-l ; N
« A half adder adds two bits to produce a two-bit sum
Y| C S
* The sum is expressed as a 2
(sum bif (S))and a clarry bit () 0 0] 0 5
P 0 1 0
* The half adder can be specified : 0l o @
as a truth table for S and C =
1 1| 1 0
Pl Bhdon Chapter4 7

b 7

A s & s
2
| _ oy AV )
up:-uh::.-rumlmn L e _ U@ " -Z«aptcr/l 8

i
wfﬁ.—) S=X-Y+X Y=X®Y] of 1 i
X

© 2000 Peatson Edrcaton e

Logic Simplification and Implementation:

i—Ialf-Adder = C'fj’f’ ijjg} C Qb'W/‘O’

» The K-Map for S, C is: (s] Y © Y

12 3 X 2 13

C=X-Y

* The most common half adder implementation is:
s

$:‘f[}fs X— 2k
HA ———9@%"“’")
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- S Camarene ch icalion. NC.

&
' =Y
" A full addep i« oo
lower Stage;. ]Eiil:]t]}iarhm a half adder, but includes a carry-in bit from
bit (C) ¢ half-adder, j¢ computes a sum bit (S) and a carry
. . 0 0
FO.I- E.l Carry_ln (Z) Of Z 0 0 1
0, it is the same ag X 0 0 1
/ the half—adder: +Y +0 +1 +0 +1
: o1y 40
g'*""d-‘]";[._,,_u\dj_{_(;cﬁmv”oo 01 VSl D.x1®
* Foracarry-in = . 1 1
(Z) of 1: z |1
. X 0 0 1 1
[3 gl B +Y +0 +1 +0 +1
oo cs o1 10 10 11
; — 1
Lm"“'c""mmﬁmﬁmml tals, 4o
°’°°”"""‘?"d?mﬁm Inc. Chapter4 9
Logic Optimization: Full-Adder
= Full-Adder Truth Table: Xxvyzlc s
* Full-Adder K-Map: Qplctiais L Khop 1 10 TR
(s~ Y @H\‘ Y 01 0[o0 1
P e 0 @ 1 0
4] |, 1) 10 0o 1
3 A= X N n - Cl)ﬂ D 1 o
X1 s@,rs 4[1,,1_1] a1 0|1 o
E @_11] 1 1
Z Z
(S=XVZ+XYZ+XVZ+XYZ CEXZ+XY+yz
= The S function is the three-bit XOR function (Odd Function):
6/5 =X@Y ‘-"O’O’ Furct on
» The Carry bit C is 1 if both X and Y are 1 (the sum ig 9y .. - .
is 1 and a carry-in (Z) occurs. Thus C can be N Z;s(-)r if the sum
L e CEXYH(XONZ = oS Fa e :
SRR Ty P v (Je(D)
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¢ g8
J=
Z A |
fml HA,
§ . |8 ey
X —> !
|
FA >S ;'
Y x.@ﬂ)i;@
l ) >
C
C a \J-r" (({z ok \/..1,_1
e e = (‘. \( s ':-j) ¥ \ )
J _C::-'_"P'J - fsul, =
wumﬁv Deagn % —~ ‘
oot esentmrmrve | () _ Chapter4 11
2 i S W s
. NS
Binary Adders Ugf@*rf“ 2
cedl

= To add multiple operands, we “bundle” logical signals
together into vectors and use functional blocks that operate

on the vectors

= Example: 4-bit ripple carry
adder adds input vectors
A(3:0) and B(3:0) to get
a sum vector S(3:0)

= Note: carry-out of cell i
becomes carry-in of cell i + 1

Description |Subscript | Name
3210

CaryIn | 01104 C,

Augend | 1011 A,

Addend 0011 7% B

Sum 11109 s

Carryout 5 | 001 Ciiq
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bit R'Pl)le-;anLy Binary Adder

A by

" A four-bit Ripple Carry Adder made from four 1-bit Full
Adders: |

Homew?rk
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] are produced:
C\IN v We subtract one bit from anothel' two DI
Hference pif (D) and borrow bit (B)

0 f\ 01 01
Sole p o X 0 0 g
C"‘"—P OGP ap L - -y _:_1_ :..9- "'"'"B"
o5, Wwls1  BD 00 11 01 g_l’)
- ‘ AN ¥D g O = (0 -
B-_\n- c,‘.."L_S“.’:J ) _
* Algorithm: 2b 3 O

=== 1

[
* Subtract the subtrahend (N) from the minuend (M) __,Zn‘z: —30

_neecative
* If(no) end borrow occurs, then\M > N (M = N and the result”is a non-negail
number and correct

* If an end borrow occurs, then N > M and the difference (M — N = 2%) 15
subtracted from 27, and a minus sign is appended to the result

© \ 0

-~

207 s s (mona ) GO0
Logic and Com Fundamentals, ¢ —3775 | o : i
Mn:m ® '3@7\ j -1 = 7 -[(1) Chapter4 15
Unsigned Subtraction N
= Examples:
0 »:S'jo @;‘:ﬁ"*« b U 0 1
40019 W WI001L 10010110  o110079g r
~ 0111 —Ql_ll_j’r —LII0 -~ 01100100 10010179
0010 T B "IPTOT> 00110010 Gﬁﬁﬁﬁﬁ

VO Beig
2% 10000 "‘100000

—{10 v 1(0_0&9900
C(-)%J%?S (-) 01 11 2Scom (‘Mf/
p b ¥

b {) 00110079

e g 23,
@@ t."Lf'-' < GV 5
Gl Mﬂ nL'f{g}.ﬁl i o
- %) tﬁ‘ ‘a\ <
Furssamentai. de 4"’ o }J'.I
ared Computel i Rofrow ‘_V'-"'
S ' Ch

16 |
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= The subtraction, 2" — D, is taking the 2’s complement of D
» To do both unsigned addition and unsigned subtraction

requires:
» Addition and Subtractionare A B
performed in parallel and
Subtract/Addchooses '
between them P S 4 S =
Binary adder orrow Binary subtractor

= Quite complex!
YYYY

= Goal: Shared simpler
iV
cgmplemerﬁ _5'5 complementer )

logic for both addition
and subtraction ) ] T .
= Introduce complements® = ' — 4 O ”0" s [ &
028 SubtracvAdd L —
as an approach d e Criigier
ﬁ;’:’d"sldas PRI EIMRAN fo d , Jj“ VL#—* j
|© 2008 Pearson Education, Inc. ‘ 1,_[—77 it Chapter4 17
i il 1 U
j S
Complements s
= For a number system with fadix ()} there are two complements:
« Diminished Radix Complement — ¥
] 4 — ? C-:’ k..’.:;o
Famously known asﬁ 1)’s complement 2 ;
" EX&TP!CS: }ﬂ_ b &’-P 0\5 C’a.'“,p\.{_me.‘..-%
,.-—e‘f’_:g._. >+(1’s complement for EEi_x}Z___ ! B \ '
» 9% complement for radix 10

» 9°s complemen
= For a number @ with n-

- ¢"-0)-N]

o« Radix Complement
« Famously known as r’s complement for radix r

digits, the diminished radix complement is defined as

= Examples:
. 2's complement in binary

+ 10’s complement in decimal
« For a number (N) with n-digits, r's complement is defined as:

e pn—N, when N¥0
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' vl ,0)

N = _
dix Complement

L] .
IfNis Number of p,

. -digits with radix (r), then
N+or- 1)'s com

plement of N = (r-DE-1)-1)..0r—1),

. n—dl’gits
" E e~  Complement can be computed hy subtraciing each digi from (= 1)
“xampl ﬁ‘,@d_l_.’,s_ggmplgmm of (1011),) '3 Zovp
(Y amls ., ?’2 s, g \ () —plao)
" nswer is (24~ 1)~ (1011), = (0100), (i), - (14 f’(’ 2
() /2 - N"'icﬂha!(wll);+-mmﬂ)2‘?ri'ﬁ”ﬁzﬁichfs 2-!;(24 (2-1)(2-1
Example: Fing 9’s complement of ( 45)0 4-digits

. r.:: !U‘nxz

* Answeris (102 1) (45),, =(54),,

* Notice that (45)1 + (54),4 = (99),, which is(10-1)(10-1),
. ) . 2-digits
Example: Find 7°s complement of (671), =
* r=8,n=3
* Answeris (83— 1)-(671),= (106),

= Notice that (671), +(106), = (777)y which is ‘8_— D@E-1)(8- I}'

3-digits
Log rﬂwmnmw«

lﬁm'm

P_Q?MEM Inc.

Chapter 4
o X i\ - S
5>

19

©Binary 1's Complement

= Forr=2,N=0111001 l,,n=8 (8 digits):
(rm—1)=256-1 =233, OF 111111112
= The 1's complement of 0111001 1, is then-

11111111 G, o

0ok
s R

= Since the 2"— | factor Consists of g 1's

_ and sjp
1-0=Tand1-1=0, the oy c
- ’ S L]
obtained by complementing oq.p ‘;'.OT;_I)I.ement 1S
(bitwise NOT) Mvidual p;,

Comgaiee Dnugn Fuevianrts, &
Lo it i
s Enianuwts [ s, .
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5O —> W04cowmn

/
q. —3 1S C ov"

= For number N with n-digit and radix (r): n
L —. If@ #0,(r’s complemen!;of{& = N| = V — N

=r's camp!émenr = (r-1)’s complement + 1
B ,;.2.“\31-0——?“ er:=ﬂa @Qf_ﬂ=0] > O

= Example: Find{-l_(l?s_qgmplemenf of 92)10 x>
ot r=10,n=2 n —nNn

< 102
« Answer is 102—(92),, =(8)0 (1 R )‘o
« Notice that 9’s complement of (92),0is (Mo
10’s complement = 9’s complement + 1
(Q_Lt ) L

= Example: Find 16’s complement of BAE7)4 ccen cooe, soos
P &\’3 °oe) g ,cjr.;b!

* r=16,n= //Nr“*n o © o

- Answer i l6"]|—(3AE’7),6=(10000),6-(3AE?),6=(C519)16

Binary 2's Complement

» Forr=2,N=01110011,,n=8 (8 digits), we have:
« (r")=256,, or 100000000,

= The 2's complement of 01110011 is then:

"\

Y 100000000 'A’Pqii\’boo\\ oD —""‘DKY_'\) ¥

N — 01110011 - :gz i )
10001101 e

Dok # (@ OO O

~ - ‘ - .
VPP W@w (C518),6-> 16's complement = (CS18);¢* 1 =(C519)
\ ) s c 5 F
= W )= c
--.E; )(;Jgélga”d (Y‘-—\):;i\\ g V\C_CM
Louic and Computer Design Fundamentals, 4o SACE#
© 2008 Pearson Education, inc. (C = 1+ _a) Chapter 4 21
1 N~ e Ay
Q7>

Yq(_'a‘(h

= Note the result is the 1's complement plus 1, a fact that can be used

in designing hardware

= Remember the 2’s complement of (000..00) s ( 000..00),

=  Complement of a complement resiores the number to its original

value: O NS \'5\
- y » . N n __ ﬂ“ — ;@
The Complement of complemen :’ | (ZLJN) N ComD !etwr S
f?."‘ . ﬂ'r,} h T'QJ-\_‘ Q:A )P 1
Logc and Computer Design Fundamentats. 4 F ol o' % 5 m Lf
oy C'ﬁapter & 2
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Mcthﬂ“

RCR S ok ..
Altel“natc 2’s Conlplemtl - . lcast \
. \
.. bet
" Given: an n-bit binary “Um-bu,l 7W£lrd:
significant bit and proceet ing Ul
i ¢
* Copy all least significant 0’s |
- ¢h )
* Copy the first 1 ' A1 52 J‘.; s’
* Complement all bits thereafter NCT -
( :;) (‘_QJ 4 :
* 2’s Complement Example: " EPRY ey (V)
oy ‘ [N 49\_')""? @
* Copy underlined bits: G e .
100 y \ '
e o\o\OD 1.
+ and complement bits to the left: \ Q:pw_,_‘_ N Q:;f ot
01101100 o\8109
ﬁwﬁ»““?ﬁ“‘“’"“"m“ TL“‘Q‘- = J\’E ! f_ﬁf]J]:tcr 4. 23

-

Subtraction with 2’s Complement

e

= For n-digit, unsigned numbers M and N, find M — N in
base 2:

« Add the 2's complement of the subtrahend N to the
minuend M: 22, i Uso!

m— M + (2" - N) =i§4:&+§)

» [fM > N, the sum produces end carry. 2" which is di -y
and from above, M — N remains @'C"Wts(\} e bbflSCardc,d,

M sfc;\ Al Q_‘_J )
= If M < N, the sum does not produce end carry szd
alt’fz"e* ii:)qual to 2" ; (N — M) which is the 2's c::)ml:)[u{;mm
of (N - (oo ) — \yvo % “ment
\b DM S Auband q;}, b\ \.;;_:'j\\ :
= To obtain the result — (N — M) , take the 2's ¢

“h M

the sum and place a “=" to its left OMplement p

|
|
|
?.
|
i
l
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oaoua l"nnrsm Emcn!

' Unsn;,ncd 2’s Complemcnt Su
irg bﬂf

- m>N) Loty 0) >

01010]00
— 010000]@ 2’s comp +1 1]1101 n ZEAE
el YT
Sl 00010001
« The carry of 1 1nd1cates that no correction of

the result is required

Chapter 4 25

rdcanplNDuim Fundamendals, 4@
rfblrl"ﬂldﬂ
jion, Inc.

I

Unsigned 2°s Complement Subtraction Example:

M<N) Cﬂ"%@‘)f" bo
= Find 01000011, 01010100,

won ) Y

01000011 (931000011
_ 01010100 3 %oy + 10101100
T 111011112’ comp
(=) 000100017 =~
Co «@uu—

= The carry of 0 indicates that a cOr}féétldn of

the result is required

« Result =—(00010001)

R
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Signed Integer Representations
e ——————————————————

* Signed-Magnitude: here the (n — 1) digits are interpreted as a positive

magnitude Lo BN gl e U—-'G’JU’T""
SEEEET) o (7T e signe

(FMin=—@r-1 \ AT 2"\ _ 258
*~ Two representation for zero (i.c. + 0) = %l o
* Signed-Complement: here the digits are interpreted as the rest of e
complement of the number. There are two possibilities here: :
* Signed 1's Complement: Uses 1's Complement Arithmetic Js oro?

[ e e S IQ}S rQ-ug-‘U

« Signed Z's Complement: Uses 2's Complement Arithmetic
= Max=+Q2"'-1) Z/é G "
= Min= —2*! 2 Az_g 9 B

(= SingleTepresentation for zero Ny u—é:‘-’u 3 }_) Ju > ’4_ ool ]

oot sidor e Chapter4 29

© 2008 Pearson Education, Inc.

Signed Integer Representation Example

ORI (e s (el
= r=2,n=3 Number | Signed-Magnitude | 1’s Complement | 2’s Complement \
G ey o 5| e =% @ e &) (0 @D
8 s s 010
+2 ® «00 2 ) t-@l[) Q)

Y it I P TN (2 01 (3) 001
5 Go) | o (9o o) | (0)Mo(e) 000

o D Pl o ol wh ——
(Aﬂ) /0 Y [ O [0 (bt 1 |5 edro %) O it 28

a7 S 2 [ (o 2 101 110
g , 3 | (I z 100 101
et L= T
\3h s ; ; ¥
;/;Jli_t = Represent the num _r@lsmg 8-bits Wm
= . r . on-Magnitude =7 1000100% - .
youslisy Sign-Mag W L& p |l voo
(A3 @by 1’s complement 11110110 34‘;( 7
ngmfb.l:iquq 2’s complement 3 V1110111 e -9 o)yl ;
2 e ?m:uywﬁjwfm““‘
O7cs pasraonCocstan e, Chapter4 30

Scanned by CamScanner



= % “omplement Signed Numbers N /

\_________

. S.i 3 - " 3 s < :' o
fi Ened 2’s complement is the most common representation :
Or signed numbers

* Focus of the course

" For ANy n-bit 2’s complement signed number (b, ;b b,
bzbibo), tb;‘-’:, ggcimal value is given by

(ual i,if.faﬂ' =00 () 5 e 4 ' o3 '“:’ lg
Value = (ng—i‘x b,_1) + Z 2! X by (DESE
T i=0

Sing o asr?>! a9 B
Example: What is’ value of the 2’s complement number
100111),?
N &l i Value = —2°x 147 = —25
C’-’:""’L:J" AV E S -
(L)a22" oy @ue N\ )
Pm“mlﬁmﬁmw« "‘2. 5 ra_:-—"’}l
© 2008 Pearson Education inc. -9 X j_ + ’:} Chapter4 31

- Signed-2’s Complement Arithmetic

\
= Addition:

 Add the numbers including the sign bits -/—""m -55 (=
* Discard the E@of the sign bits — 2P T od2)

= Subtraction:

* Form the complement of the number you are sub
* Follow the same rules for addition

« A-B=A+(-B)=A+B+1)

——

tracting

*“WWF""‘"“" o
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fq\. Fa h___————"—_'_"___--—.

f
(+6) 00000110
+ 4+
(+13) 00001101
00010011 (+19)

(-6) /11111010
+ |+

(+13) 00001101
00000111 (*7)

'i—-l

\@ =
d"'g‘?'

o~y 25 cevn

(+6) 00000110

-6) 11111010

LA : %ﬁ & {‘t—\o‘fﬁcgm

(-13) 11110011 (-13) 11110011
(1111001 (-7) [Ar101101 (-19)
I/ \é/")

(>) wobw

Logic and Computer Design Fundamentals, 42 (’?-)
PowerPoint® Slides
© 2008 Pearson Education, inc.

Carry-out is ignored

Chapter 4 33

Signed 2’s Complement Subtraction
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LA
me::' Lesign Fundamentals, de
chapwr =« o |

= Overflow Detection

= In computers, the number of bits is fixe

g =il
« Orerfloyoceurs if{n + 1 bits are required to contain the result from an
n-bit addition or subiraction

d from the end carry-out when

d_b;._;_’_'s nx) 2 L=< Q‘_-_-,‘é\

»  Unsigned number overflow is detecte

adding two unsigned numbers ]
. Overflow is impossible fo@ubtractinn , u—'ﬂﬁifjlne
) _ - Num PE™
554 biks AW C:‘Nsé.‘ i
Zl.b\_.\ >
i V) oibs MY G covry v

Lo 3 ‘JB—C;"
TN W 2V oD ’,wfé{;"'

Ii,iurry—oul_)ﬂ 1 = Overflow Vil 5 ‘&A 0\9-4 \ 4 S 1
e — g} E‘JLPEL_?

15107 7 can occur for: .-
o) \,p ‘_}'—9I .Srgncd m:mZ)ea overflow ca R : Z _,L sip 2 e
me Si - ’ |

. Addition of two operands with the

« Subtraction of operands with different signs '/UO OUH ﬁ ow \

Chapterd 36 |
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/{ Jiife /

) e S 1 e L)
\ .-,{\ /

Slgn o J(f 4 f/ v’
Ld... ~y & ('lm/x:ru N // /
Number Ovcrﬂow l)ctcctmn

. G
C 'ﬂll(:ll hu : ;
mhel‘ €ases with carries €, and C,,_ shown for correct
W Ay
~ g~ ‘j

{0 00 14 11 E_D ] -
@ ‘{ 0 \ C/\ ~Bs B —
1 &
Q 0 ~ l -0 O I o
‘, l ol \ o \J(-T L
. qn.,’ihll"&l number cases with carries shown for erroncous result signs
(méh ting ovcrﬂow) . A | LS5 e
J‘ ("'-b(':‘" oarygin | s _C;:fl
0 I e -:f L o=
-]' _0 C,) YAl ')L.-a:‘;‘*
0 0 oven lovwuce e & =
=" V8 K
" Si %%5 way ‘r&unphmem signed overflow is: \;V CLG_B_E_,,____{ S 20
o “o G
- q\/e\/ l
‘ +v ) Z n-hit Adder/Subtractor ,
Povarrnt sides Chapter 4 3;7_ =
PowerPoint® Sides e Clpterd
©2000 Pearson Ecucabon. . 4/_ e

i Signed-number Overflow Examples

= 8-bit signed number range between: -128 to +127

(+
+ +
+80) 01010000 (-80) 10110000
101101010 (+106)

10010110 (-106)

vV = C,DCg = 10 =1
(-70) 10111010

(+70) 01000110
- +

- +
e0) 01010000 (+80) 10110000
8% 0010110 (-106) 101101010 (+106)

@Cs 37 : J 1[!1%;_(]@1—_1

i = i B el

i

V=C7®Cg =0®1 — |

L __C_]_“lp_l‘gr 4 133
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s o (0,1,..}7f3-;;b6 o -.:njac{‘t—’;f — Thw # ‘b
1 - : b e Hle s v
Overview . i, 8

: sl o Givs ot

U'L.‘;/(..S";\JLQ'J-—;

* Part1 - Storage Elements and Analysis Systern Lo
* Introduction to sequential circuits Wb O\ (o (e

. . - Al /_P I
* Types of sequential circuits =
* Storage elements
= Flip-flops

* Latches
* Sequential circuit analysis
= State tables
" State diagrams
* Equivalent states
* Moore and Mealy Models

" Part 2 - Sequential Circuit Design

Chapter 5 - Part 1 3

Introduction to Sequential Circuits

Outputs
Inputs -
C . : TP Combina- [~
" A Sequential circuit contains: VT

* Storage elements: rtta 2 Logic

, Storage
®= Latches or Flip-Flops Elements Next
* Combinational Logic: ol

* Implements a multiple-output switching State R

function {&_:,\3@?5\,9 e
= Inputs are signals from the outside We 7*

= Qutputs are signals to the outside

= Other inputs, State or_Present State, are signals from storage
elements

= The remaining outputs, Next State are inputs to storage elements
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Introduction to Sequential Circuits

a b Inputs Outputs
g luw) ,_“J_l;\ —> Combina-r_’
" g S tional
AS atunckion torage f.o0ic
. Elements °
® Combinatorial Logic = Next
* Nexft state function State . | State

Next State = f(Inputs, State)
OR Next State = f(State)
@umur function (Mealy))
5 Outputs = g(Inputs, State)
' ¢ Output function (Moore) \
f‘ Outputs = g(State)
= Qutput function type depends on specification and affects

the design significantly
Logic and Compusier Design Fund, i is
0 2008 Paarson Eacation. b Chapter 5 -Part1 35 \

. . i : D\ e -
T'ypes of Sequential Circuits = I S
arcuité
Nextehde ) So% AaD)

* Depends on the times at which:
- storage elements observe their inputs, and
- storage elements change their state

Q) Synchronous =, L0V system =

» Behavior defined from knowledge of its signals at _discrete
" instances oftime AL oliscrefe bime cystem Qi‘{a;gupol&
\)3}' + Storage elements observe inputs and can change state only in
o\

relation to a timing signal (clock pulses from a clock)
. Slmpf fo design but slow | * C lock ! gnﬂnw{ d‘&;tgf o
O Asynch:%)nous * e OB Je
Apduedan! Gz oo +
» Behavior defined from knowledge of inputs at any mstant of time
and the order in continuoustime in which inputs change

» Complex to design bu@
Mxt 5 st -y

- Dewgn Fundamentals, 40
Legie and Compuer Shate Chapter 5 - Part 1 6

mnnﬁn:lm C}U[k LJA_gJ_,rJJ——U ,Cf)i__,,___._,_____

- Vinadd,
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L Inputs Output
gl bJ{l;\ P == | Combina- [~ P
‘ tional
/]5 ﬂ{uncl-lol’] Storage Logic
] Elements
= Combinatorial Logic Next
» Next state function State ., tate

Next State = f(Inputs, State)
OR Next State = f(State)
' Qutpuf function (Mealy))
Outputs = g(Inputs, State)
¢ Quiput function (Moore

Outputs = g(State)
= Qutput function type depends on specification and affects

the design significantly

Logic uﬂm?’qsnlpme r Design Fundamentals, 4¢
Powe! das =
2008 Pesrson Ed.caon, . Chapter 5-Part1 5

o
(Ju.p,y)‘d‘mﬂv
= ar CLUM

Types of Sequential Circuits

- NexE ehde ) r_:-_-:"’J..s

» Depends on the times at which:
- storage elements observe their inputs, and
- storage elements change their state

O Synchronous = ’/,_\,gub;bw <ystem |5

» Behavior defined ﬁrom knowledge of its signals at discrete
instances of'time /}£ ﬂ{;screle Fimé rsﬂskenf\ Gz;,a,upolake

fb’ « Storage elements observe inputs and can change state only in
v relation to a timing signal (clock pulses from a clock)
. | gigned
P » Slmpf ’;OLdESI n butslow [ C lock_ s S 5&:;%’6 Jement
udy o 4 L /\_9, =
Asynchronous debfdinl Geo CSoos *

» Behavior defined from knowledge of inputs at any instant of time
and the order in continuoustime in which inputs change

- Complex fo design bu@
Mext \o 5 st JA*J

] Computer Design Fundamentals, 48 Shate Chapter 5-Part1 6

ern e, 1 [/UKJ(L}_GNM—;\L_E»

&, Nt EEEEE—
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Storage Fje ' edehes

ments ,
\ ‘\\ /”I) I/“(’ (\T\‘ . '\-.
" Any  stor s , ) LU
Y Storage  element can maintain @ binary s,

lndt.hn“cl?: (“S lung as the power iH ”") “““I (Iil'k’.l.:l.l:(‘ hy
the input signals (o switeh

m Qfnrpe i oo o “ - P "
Stot age LI(-“\LHL\. l*”__f.{;‘ﬁ_{“‘ and I"hﬂ"”'()p&' (l",fﬁ') AN ,Jf.(/'- [,

> ] at | A SN e hpegnous A '/)r’rufl"! ;
e LAlches ¢ TR i jiae © ) - ' VG
Bl e s and Fly difler mn. .ltl\’\l WY oni Lotle e
LR . Nl““l‘lt‘l‘ of inputs " i\\t\l\-‘- Do
* Manner in which the inputs affect the binary state
g B Lasd gl w0V 2% )=
e il V. ’ [ . ] .04 0
| LatCh: - (\I'\J' p“_’ 5
* Asynchronous UFs ploy S5 ¢ locl 50168

 Altl o SHnchenous -HeTS S0,y b
Although difficult t6™design, we discuss latches first because they
are the building blocks for flip-flops

—— Chapter5-Part | 7

Basic (NOR) S,-lﬁ Latch —2 % ol

a~\ flls Jnplte de g2\ /\’ﬂﬁ'fi A ﬁﬁ,}f o=
= m“'o NOR gates >, 1o | d»P-f:—' Yned D%Lf’:f&i’
- CYoss coupling | 3 e
RIS Q(Q Comment R (reset) C};h
= Q _uu&x_ﬁw\:-a-
\O__O_J Q | @ | Held. no change . Gem
oj1r| 1|0 Set X L
110)] 0|1 Reset i
frftrfo]o Not allowed __S._;_S_ﬂ) Q =
* Time sequence Timg R | S Q [Comment .
behavior: 0| 0] ?]|? Stored state unknown —1.;, we
40 | 1[1]0[“Set”Qtol A
= S=1,R=1is ( 0| 0[]l 1] 0 NowO “remembers” 1 \
! forbidden as X/ 1| 0]1 Q)1 FReset”’Qto0 . \
mem Mochad&h ¢ | 0[] 0 | 1 Now Q “remembers” 0 \
¥ a2 ?’55’\ 1 | 1] 0 | 0 [Both golow Not ol awee] |
A C 0 To L2 1 ? WUnstable! ) il
ocic and Compuier Design Fundamentals, 40 Chapter 5 - Part 1 &
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f'l1i - ‘ .
Ming Waveform of NOR SR | atel
- i 4 Ay )

| | S
Q ol/z;sm T, 1 i

— —— L
:; ,J Q ---»--«1.-... ;" 1 rgg‘Jt : / ‘\ j-\ ‘\
" T Nochango - R
] t[ui Ao \_""'*( e
q 3 unstanis
: f not alloved
3
i i Logic atud Comaar Daskun Furel dals, Au
| 8 Poworfiolnt® Bhdes |
/ 7 © 2000 [uaraon £ hicabion, o Chiagher 5« Vast VO

Basic (NAND) SR Latch) acnuse \ et

{7—’_ ff/'r!/

" (Crnss-counlinir\lwo NAND gates i e s
“=_Active low inputs ==

S (set) —

(R |5 Q|Q Comment Q
0j0) 1 | Not allowed :.
eset
b= R (reset) — Q
1]1]Q |@ | Hold,nochange Time R[S0 6 amment J :}
111} 212 |Stored state unknown \
» Time sequence 1loT1 10 kset?’ Qto1 j \
behavior: 1{171] 0 Now Q “remembers” 1 AR
01110[ 1 FReset” Q10 0 1
= §=0,R=0is 11110 1 INow Q “remembers” 0\ \{1
forbidden as 0[0]1] 1 [Both go high \
Loy " [1]1]2] 2 |Unstable! \
Lo e “ Chapter S -Part 1 10
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_j\\qdw' IV RN ,)L“'an N ittt S 088

wie o
] ||'~l a
e '“Clm,ku.,d SR Latch &l’ulsc-tl lgg,m e(ﬂL'\te\\\

& The operation of the basic NOR and basic NAND latches can
madified by a providing a control input (C) that determines when the
state of the latch can be changed._

» Adding two ,f-.'a"\l.\_}l_)fgntes to bl_l_.ii—(: SR latch OR 5 SR A _

* Adding two EANI)X':\”I@S m SR basic latch ¢ Q
CIR|S|Q|Q Comment Q,LLp

dhiale R ¥
) x| N 0 M shange o iy -5
Ofx|x]|Q (f Hold, no chang, ) EHW . ; \akcl
L10[0]Q [@Q | Hold nochange | - — Q
L:)_.\_‘)_J_J 4
tloftft]o Set Sy C
1111001 Reset Z:"PU:MJ -
10K Not allowed Clock Q
» Has a time sequence behavior similar to the basic S-R latch except that
the S and R inputs are only observed when the line C is high
= C means “control” or “clock” NoR NANO
Logic and Computer Design Fundamantals, 4 C: -— x
S e - __59—" "; \ 2 & Ctapters-ran1 1
~—0_\o\ws (2, 0D
Clocked SR Latch (contmued)
= The Clocked SR Latch can be descrlbed by y a taPAe
3
S Q Q(t) S R Q(t+1) Comment
0 0 0 0 No change
& =t 0 0 1 0  Clear Q (Reset)
e Q9 10 1 SetQ
& | 0 1 1 997  Indeterminate Y
» The table describes 1 00 1 No cha(;ge
1 0 1 0 Clear
what happens after the 0 4 G g
CIOCk [at time (t+1)] 1 1 1 77? Indeterminate
based on: q
; 1S [
« current inputs (S,R) and |
. current state Q(t) 4 PQ
e | ¢ Design Fundamentals, 42 Clocked SR Chapter 5 - Part 1 12
L.m wﬁm u__,__._.__wa-‘ T T
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L‘j>° »
WehaS 60

T The graphic symbol for 2
O \ .
Q1Q Comment D Latch is:
O1x| o5 D QI
-l——---__.______ _Q Hold, no change -
-—.../@ i 1 I Reset Q
O o5 — N -
Logic and Computer Das \__// N . TWO NP L
omm&é‘%m * sl s CE S R NoA\N1) Qules

eme=== Chapter 5-Part1 13

FacddWV £ _p»»‘éc’ B\ oA

1S QH— s Q —

N (e
(‘f'l’f_ gmli lathb}l C b -ve pulse-triggered SR E;;k— 7t
e T —— blile s :

C=03Hold °"° 'Y teh o3 cpange Dol
C' =1 2 Change C=1- Hold
: =Ye pulse-triggered P
+ve puls e-triggered D latch
- m: Fundamentals, 4 e ___“_H__EEI'{_)tcr S-Part1 1.

A é r. m ___ﬁ______,._._,..._---w—-"""'"""M"" il 2L
o " | Scanned by CamScanner
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Y .
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L | J i h

E‘; Master-slave flip-flop 7 4.
(2 Edge-triggered flip-flop /
* Standard symbols for storage elements
= Direct inputs to flip-flops

4*' f&”’f""{](' e ment

4 i‘ U7 e
b *
i ——,
o 2 4

A (Ko-l:’fuj Va hHO_ﬂ_r')) Les
Otown ciny 3 Ay
f

Lugc arvd Compadar Design Furddsementals, 4e
PerwnrPoird™ Ghides - - -
© 2004 Pearnon Education, ng Chapter 5 - Part |

f £
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...... & wiagrau 10r SR Master-Slave Flip-Flop

? & == o X 4 i
i i aQ . s a D—-B—
i
/|
i c -
:! f:h : : ' —
s ¥ ; i E
: ’ — ;
R E i ! H
Moaster out \: E

-(----

g
Slave out :. 6
Q o i

Master ' Slave : E
active active

Logic and Campat ign Fund.

Design s, de
©2008 Pearson Educafion, inc.
Chapter 5-Part1 17

Master-Slave Flip-Flop Problem ;h% alur

. luse
e gL ”§g+£ oo Sy

* S and/or R are permitted to change while C =1
* Chances of 0s orzis catchina) P e ey

> : N < g
C’ :.l \“‘ [} J___‘S\—_’:\A,\ S
m

L]
]
[}
L
L]
1

]
L]
L)
(]
L
L)
1
L)
] ]
[] 1
] L)
[] ]
1 1
1 1
] ]
1
]
)
]
I
I
I
I

.
-

Mas'fcﬂﬁlJ

- =

B &\ijb-m““""“ i
P TIPSR [ NSRS,

0 .-' A
Slave out ! . [ v ' :
' Master Slave = ateline *
active active N
v Doy L5 A%
e hah - =t C-CH hmj wrong output
Logic and Compuder Design Fundamentals, 4 . should have been 0
Powerfoint® Sides I WX » O S . 0&\‘ d\ \Y\s
°f”,m£“‘f"f__@fw 5 R i Chapter 5-Part 1 18
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kit
5[0\" : /
uh'-*‘

s\ 11/5‘?

@x{@ Triggered D Flip-Hlop-

Dinerter Tus2\ (9

{positive clock edge )

* Formed by S a—a
adding inverter _
to clock input R _ap—a

* Q changes to the value on D applied at the

" Our choice as the standard flip-flop for most

sequential circuits

Logic and Com
i F‘-""D-‘F‘th'k

OMMEM Inc.

Chapter 5-Part 1 23

| Standard Symbols for Storage

2 k5 :
Elements S§ o Lot 0D g,
= Latches: e - —ds - D - —p -
R b —qR b 4¢ b ¢ b
SR SR D with 1 Control D with 0 Control A
{a)-Latche e =) i
= Master-Slave: //f pos 9 ﬁ "

Postponed output _o4s—1- —s
indicators < 6 i

W+ 4 G —b Q-

b &k b4 ©a _cg?ﬁ

T LTriggered SR Triggered 7 yﬂgered D
= ) Mnster—Sl ¢ Flip-Flops
» Edge-Triggered: o \ "
. ) o I~ Masteractwc when C= |

Dynamlc v @ CJ\ Slave active when C =0

indicator \ \

ll]dlc >c b —-c b N Master active when C = 0 ]

;' <41 | Slave active when C = I
/// I Triggered D Triggered D
Fundamentsls, 40 (c) Edge- d Flip-Flops

Logic and Compuler Design C ¢ . AN n[a Cha lLl’S Part |
e sldEl Jf‘ AU e EL%?( e DR Q. e P e ____2‘1
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v Formed by

adding fnverter o Lo apf-
(o elock input 0 bt

P |
oy Ve | %\ \ 4% _ _ .
| [[ )

»

e on D "l’l’”

ed af (he

w () changes (o (he valu
{positive clock edpe )

or most
« Qur choice as the standard (lip-flop for mo

sequential circuits

) als, 4
e atel Cuwnpaitar Dnsign Finslamies . ('huplt‘l' P LT |

ot Nkt ® Kikdos
0n Proarn §ikwation kvl

“Gtandard Symbols for Storage
\ \ [l K"” L) m ity

Elements

» Latches: -Is - ~dg =D =D

-Ir D ~qR p -|c D ~qC D
SR SR D) with 1 Control D) with 0 Control

. ' " (w) Latches - - samir——_) /

» Master-Slave: : Ny
lmslponcdﬁll'tjllg!,:s,..-—ﬂ— —s - —~p  lp
indicators ———_° —qc o .
P —r P - ~q4c . CIp

J';I. Triggered SRU Triggered SRi‘r 1 s riggered y riggered D
i ) Master-Slgve Flip-Fl
« Edge-Triggered: T~ - -l

- — S IRPIIp T N .
Dynamlc 4o o sndn X ~— A'!.n(c'r .u’mc when ( /
- . d ) (b\ Y, Slave active when C 0
indicator 7 ~ I\
wTPc P e b | Master active when €= 0
L’ e - 41 | Shave active when €+ 1
f;",ff T Iriggered D (l Triggered D
mmw e (c) Edge-Triggngpd Flip-Flops )
e i aall 5‘{‘?‘ A€ "L(J:J ) Chapter 5 - Part | I-i‘_
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r.—-..H

. 2o )\ s
Direc
t IHPUtS Clocly IV
“
" At pow S48
power up or flt re.set, all or'part é Rs T, 7980
of a sequential circuit usually is ©Onep e[ S et G5
initialized to a known state before =~ ] Dﬁ’z”‘{;’: Q
it begins operation
* This initialization is often done —c>CR QpP—

outside of the clocked behavior - -
of the circuit, i.e., asynchronouslfc)" 2rIE T vt DFF - (BiY

" Direct R and/or S inputs that control the state of the W
latches within the flip-flops are used for this
initialization

5 * For the example flip-flop shown

* 0 applied to R resets the flip-flop to the 0 state

* 0 applied to S sets the flip-flop to the 1 state

Logic and Computer Design Fundamentals, 4e
PowerPoint® Siides
© 2008 Pearson Education, inc.

Direct inputs

Chapter 5-Part 1 25

= D flip-flop with active-low direct inputs :

Direct
(L inputs
S M -~
—p "o— SR C D|Q & |
0 1 < [1 0eszPrae
10 [0 +=£O e
1 1 1
7 ! %::1 0
= Active high direct inputs: -
l SR C D|Q
g~ 01 X x [0 1 gesed
1T 0 x X |1 0 o<t
—PC of~ 00 fl0]o 1
00 I 1 1 0'm
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R Master-Slave Flip-|
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Timing diagram of A S o L NPT

--(" | S _ :—Do-——'""':-: Q
g:) !
p :
I PR A
Y\ /‘E/B ? 7/“ \q N
% : (_é\'@\ ! 42 | x0T
Q ¢ //
Slave out b
0 d AN 27
T
8‘ (\)taccéb‘b
o) ) ‘ .
@k"\ﬂ{b 205 (o (b5 AL el o
SR A (4«
' \
ANE (9 5 %
e oyt
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5-4 Sequential Circuit Analysis

J

= Consider the following circuit:
input
»What does it do? T«
»How do the outputs
change when an
input arrives?

|
'—[>Tr— output

@eqwmt Qveut \q Vil G4 29
T 4 N

?jﬂ_}u_\_ri;’}#ngéb
Sequential Circuit Model
S

= General Model
« Current or Present State at time (t) is stored in an

| array of flip-flops.
| « Next State is a Boolean function of State and

Inputs.
 Outputs at time (t) are a Boolean function of State

(t) and (if Mealy model) Inputs (t).

Mealy &z -
— Comb.
s . e Outputs
Combina- r >
tional qy f (0‘4 /5 h“(c’)
Logic Storage (D| State 5 Mee '(T]
"| Flip-flops) [Tor currdht stat |
S €) P( < tee /C’J

O

LOCK

/1 ;‘;CL; V&

&

an |
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Previous Example (irom Fig. 5;

\ =
-
£y ——y X iCoric. Irput logic |
; I ‘ .
L3 s i -
T Y Cntbrad- WV Lo ! D—, L
S UTDUC L e x93 ‘ . AT
7 - e gl - _) ]
= SEata ‘.,-,1:’4“’:' 165 £5\ —1 /
"8 = : it ) \
p — T 't & > Stets - \
7, Ermmple (ABRE(01).(10) ||| Nessss |
-~ !
| . ; \ .
— * Nexi Staie: Y .3
#% (D4ft). Do(5) 5 B |
- - — I
- = (Alt=1\ Bfic ] ! _;
2 ' Y —-‘\.L )}
=y 4 |
z 4 > . \ E
2 Ts 2 Moor= or Masbhy s s ~ L
ol ~XE or Mealy machine? % Qufput loaic U d‘z{"
— > s st |
’i‘-'-. \3 _‘:_.,. :’ I'l
e —— . I - ’: N 21
Q-EL:_
R

1. Find f:he Mput'equations (D, D
the flip-flops (next state e
and the oufput equation, wsmen i .

Derivg the State Table {describes the
behavior of a sequential circuit).

Draw theState Diagram (graphical
description of the behavior of the
sequential circuit).

e T

4. Simulation
_’_’_—___4_,_,.’—'

. cg
quations) ¥, v

2
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Previous Example (== =S
93P \ 3B
g : Input: X [Comb. Input logic “

@ output: Y. X1 Ly~Shlo olﬂ
N 5
(A state: {2 b7 |3
ate: ™ ((ﬁx_‘__( B(t) +Hpcar A @
Example: (AB)= (01), (10) ext Sig8 = %
» Next State: ] &
d T 0 9
N4 (Da(t), Dg()) ’:’D} p of*B/®
&7 (0= (A1), BE+1) o @
/9 | Stk — D"""‘ y Y
@S this a Mo ' : CV/S,LWM)
7 U__;Jg@ﬁr% ?jchme? X Output logic /(/IM.L/?
‘?#“EA > L 31

Steps for Analyzing a Sequential Circuit

06)2’5 d st

1. Find the(% —sqguations (D, Dg) 107
the flip-flops _(next state equations) Pﬁq/\ou A

and the oﬁﬁgum [oedoneg) A 8

2. Derive the/ﬁw {describes the
behavior of a sequential circuit).

3. Draw thes@ (graphical
description of the behavior of the

sequential circuit).
4. Simulation

/
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Q= e pus<

rd I‘__'__--_-_-_-___‘--_-______———————_
Step 1: Input and output equations
- Eoolean equations for the
Inputs to the flip flops: = oX _l_ |
O ) =D, =AX+BX ) ) (7l B
» Dg=AX) Dﬂ_/ ccry—TR >
= Qutput Y Netsine %
.Y = x (ArB) # \ @
f}*7M&1; Fuos i YR 2 D Q-—l——B %%
- Also can be written as =1t &
- A(t+1)=Da=A(t) X +B(t) X 8 o _
. B(t+1) Dg = At) X A1) . }"@lg) !
X (A(t) + B(t) 3 -
) Output J
pe)

Step 2: State Table

» The state table: shows what the next state

and the oufputwill be as a function of the
present state and the input:

lnputs of the coklatlonal circuit

Outputs o )Qe table

. dup
~ \ l/_ =) ﬂ[ ! } -
Presenf\:ﬁ‘tale | Imut Next@tate O@Jt_‘ i S I.

o
\

|

]

——eo-

_J hq

~ s The

gJS te Table can be considered a truth
table defining the combinational circuits:

« the inputs are Present Stateand Input,
. and the outputs are Next State and Output

e ———

- —_— e —— T—— 34

Scanned by CamScanner



,,,,,,,,,,,,,,

"

v =X B
ts of the table

A Inpu

Present State

. no. of flip-flops
. no. of inputs

— A(t) B(t) X
0 0 0
0 0 1
o 1 0
0o 1 1
1 0 0
1 0 1
1 1 0
1 1 1

.

Alternate State Table

—_—.—#

= The previous (1-dimensional table) can become quite lengthy
with 2™ rows (m=no. of flip-flops; n=no. of inputs)
= Alternatively, a 2-dimensional table has the present state in the
left column and inputs across the top row
« A(t+1) = A(t) X + B(t) X
. B(t+1) =A'(t) X
« Y=X"(B(t) +A(t))

ey Wlg e L
et BT822
2D)
Output .

Present Next State
State X =0 X=1 X=0 | X=1 \\
At) B(t) | A(t+1) B(t+1) A(t+1) B(t+1) Y | Y |
00 0 O 0 1 0 0
01 0 0 1 1 1 0
10 0 0 1 0 1 0
11 0 0 1 0 1 0
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" The sequential circuit function can be
represented in graphical form as a state
diagram with the following components:

* A circle with the state name in it for each state

@ + A directed arc from the Present State to the Next

E State for each state transition

« A label on each directed arc with the input values

: L\t»‘f' which causes the state transition, and

c ‘. A label: )
Q = |n each circle with the output value produced,
In/ou or - ‘
= On each directed arc with the output vaiue
@ produced.

SO ode o> B

State Diagram Convention

(;9-—# S lls.

Mealy type output depends

Moore type output depends on state and input
only on state

3R
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» Graphical representation of the state table:

x=0/y=0 .

x=0/y=1

Present State | Input Nekt State

A(t) BE)- - - | = x4y = L AR+ BT
"~ 0 0 0 0~ 0
P @ B . i . e ]
-0 1T~ "~“F==o-~f--0---0"
s, 0 1 1 1 1

B T T s e e O o=

1 0 1 1 0

1 1 0 0 0

1 1 1 1 0
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erj :
se e “_"e state table and state diagram for the
Quential circyit- BTN

r‘pw
x
OLJPML
Y
Stasf
RryRXQ

| w Tnput £gphion
| BA X

__—i’WL/
Next State
. State Table | Po%en >
o)
@0
QD | 01 | e ©0
= a0t let =
01 | 10
{q\g | o1 | 10\ ,0\1 \ L
(1] o1 (o1 |ggop | O
1/1 01 | 01 | 0Jo .3

0 0
O \
‘ 0
o
0/0, 1/1

46
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9-5 Sequential Circuit Design

ldea, ? N Bipeng g b
Comb} | # T
> > Crect.
*Word description " [P
( @Blaiel[liég@m
(23State Table
; State encoding

ign—V/ {@>Select type of Flip-flop
, procedure - |
Mo JS S G LA 7 «*Input equations to FF, output eq.

N SuIb (Ve ¢ =W
P \. +Verification

A
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oF

\_—-—-——_-——
2\ " Component Forms of Specification
s B (O\Written description

i / ° : . g - ! sle z* '
ﬁ OM—QIEEME_\}LQ;\I description <177 Tk a
—_— o« " Hara3rm— __'__ _ . . l:
Hardware descriptiomjanguagde ‘;

* Tabular description |
* Equation description

* Diagram describing operation (not just structure)

5\’“‘“":‘30/"'9’3//_1’_\\
>n- Finding a State

saps event gl die SUp)S \

| D_la-g[a mi?i.f’ I:wix V{’,J:“@ E‘JL};J" s G\ "

~\
= |n specifying a circuit, we use states to remember

meaningful pro erties of past input sequences that

are essential to predicting future output values.

= ~a sequence recognizer is a
sequential circuit that produces 2 distinct output value
whenever a prescribed pattern of input symbols occur
in sequence, i.e, recognizes an input sequence
occurrence.

= Next, the state diagram, will be converted to a state
table from which the circuit will be designed.

S @CLU oNCe

e CDS m2eV

58
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r" n
Sequence Detector Example: 1101
¥ L Gap ML
wﬁf@ ,bi—"ﬂ}-SJLL {}lﬁ"D 5%
M\ez; ‘T}\olﬁfe .___.X ? 7 \{o\.’u&xlgz;—a
CLK| machine oA %“::O i

39l e
Input X: Iogmmoaﬁm%’@ 1010011110111
Output Z: | 00000000006000T0000000000100
i e wdy T
|Overlapping Jsequences are allowed
D : SPVRNS
PG o ST T

59

L
—

Step2: Finding A State Diagram

= Define states for the sequence to be recognized:
* assuming it starts with first symbol X=1,
* continues through the right sequence to be recognized, and
* uses output 1 to mean the full sequence has occurred,

- with output 0 otherwise. L28) S1 Macs ¢

o . uia ik B )

= Starting in the initial state (named “Sy"): . 155500050 %

. t“‘:—‘ﬁ_}b\r;x tout

Reset Input «-4<<Loutpu

\wl=e + Add a state that 85 20y by 97,8 N izes

o o €A the first "1." 2o\ Lol &
N 95:.:}.—"\»9 o

Is the state which

- State “Sy" is the initial state, and state “S,"
input subsequence has

represents the fact that the "first" one in thg

b ;;f J:’T_;) y occurred. The first “1” occurred while being in state S, during the
clock edge. State sl To¥

) P e Doy - s
N\ P SO b \GAe )
Bt o ng.\_\r;’_ B 60
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Finding a State Diz«agram(cont.)
_ _ _

« Assume that the 2" 1 arrives of lheeoq_um\m

1101: needs o be remmnlmmd: add a state

——

S'.’.
@ 110 e 110 e 0/0 . " 2
@ “‘L’ N ...If"\_'f()\
i O ‘R Wy t‘\':e‘ G fL\1 .

11
M the sequence 1101
« Next, a ‘0" arrives. part of the sequel
that needs to be remembered; add state §3
« The nextinput is «4» which is part of the right
sequence 1101; nOW output Z=1

61

e r——— B

mre— e ———————
_— I e

e State Diagram

e e ——

e ——————— i .

Completing Th

0/0 1" _ 7

.. 110

« Where does the final arrow go to:

. The final 1 of the sequence 1101 can be
the beginning of another sequence, thus

the arrow should go to state S,
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wgnment |
" Right p, ;,;

Ow St —
s, ates have names Suchas s, 8., 'S, ang
In actualj e \
ity these g
Outputs of the ffir,. 2R need to be "ePresented by the
i
Presen
state

= We need to assign each state to a certain output
combination AB of the flip-flops:

" €.g. State S;=00, S,=01, S,=10, S,=11
* Other combinations are possible: $,=00, S,=10, S,=11,
S;=01 |

i ——— 65

Popular State Assignments

Seute - £k 2\9’\
@1{‘Countmg order assignment: 2?: -
- 00, 01, 10, 11 %
= 2. Braylcode assignment: 2% 2,
. 00,01, 11,10 | (B>
» 3. One-hof\state assignment

. A Uv) 68 b o i
- 0001) 0090, 0400, 1000 2or0 FWIs

» Does state assignment make a
difference in cost?

-

66
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SO,uthn ‘ ! ,:—.’ b,f" [/,('}:” ') : -,
ANACs /?ﬁ/V g | Uw\!
(Oh = Asynchronously change the state to “ /
I I'|l L' "" ]"
l ,l‘T 1 3 2 D(‘.} s { NQ
0 1 3 2 A .
W e 1 '
‘ ; =N 4 |5 |7 6 | > |
|1 - L \
12 13 15 14 B @ B -j \5\\ 1
Z B s | S ol \
‘I A 2 1
2 1 10 Tt W
u 1 | 1 |10 A —1 | \
X | ] :E 9 'T]'-\ ] '-.\
-
F X —1 n}g

|
T — d Sl ek sl = . v |
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" Behavior of yk flip-flop:

* Same as S-R flip-flop with J .

analogous to S and K
analogous to R

* ExceptthatJ=K=11is
allowed, and

* ForJ =K=1, the flip-flop
changes to the opposite
state (toggle)

= Behavior described by

the characteristic table

(function table):

]
—K &

Q(t+1)
Q(t) nochange —=-
0 reset |

1 set f:
Q) toggle ||

G S s T e | [
- O a2 Ol

pesign of an edge-triggered

J-K Flip-Flo
State table of a JK FF: Q(t+1)a
P t Input Next

sate | e | L—U _

Q JK | b(t+1) 0\_1 0 ot

0 0.0 0 K

0 0f 0 “f Q(t+1)= D= +KQ .
g :: 3 1 ‘L Called the characteristic equation --"_
1 00 |

1 01 D

1 10

1 11 —C

I\
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79

e e e

-_

" Behavior described

by its characteristic
table:

* Has a single input T

—

| Q(t+1)

.
0

Q(t) no change !
| Q(t) complement

= For T = 0, no change Characteristic equation:

(Qe+1)=T'Q(t) + TQ'(t).)

to state

= For T = 1, changes to
opposite state

= Same as a J-K flip-
flop withd =K =T

=ToQt) <

47 F

80
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T Flip-Flop Excitation Table
[

Q(t+1) T \ Operation
Q(1) 0 No change Wold
%) 1 ngplement Fo%(j‘k ¢
JON
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| 3 and =~

..‘%" . 6‘/75’?/.3

& Z staté O
o
L

of the flip

cteristic
f the fllp_
~flop Inpu )

ple - defines the flip-flop inpyy

citation 1@
variable values
state and next st

96]{_/3”0,’ - UCIIIco uiwc “e)(t -
_flop as a Boolean functiq,, "
ts and the current staig

as function of the current
ate. In other words, the table

oy

o

3 tells us what input is needed to cause a transition
b t ecific next state.

— from the current state to a sp

o

L

D Flip-Flop Descriptors

-

L ——— R TR

* Characteristic Table

\S N
Od | 0

\

" Characteristic Equation

A =D
" Excitation Table

0

1

Qlt *1) D Operation

]
0 Reset
\__,)1 Set
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" Characteristic Table

S R |Q(t+1) Operation
0 0| Q) No change
0@ 0 Reset

@ o 1 Set

11 ? Undefined

= Characteristic Equation

Q(t+1) =S +R Q) SR =0

» Excitation Table

Q) Q(t+1)| SR Operation
00— jl.}?i_.NoLhange_
o D10 Set
1 @ >|0 1 Reset
1 1 !X 0 Nochange
85 ]
Flip-flop Behavior Example
= Use the characteristic tables to find the output waveforms for
the flip-flops shown:
\ \ b
Clock __’I | |
[ t
DT [ O O
\ I,};J | \p? 2
QDO |\ O 0 o
G (77el)
\ I
QT D B
@ 7
> D rﬁg— \-\o\f' k..\ b t
o9k v < \¢ {{o\ ¢
ey bso ¥ ’i— )J
edn
s
o s .
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