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DIGITAL & COMPUTER SYSTEMS - Digital
System |

-

= Takes t of d akeste . : . _ .
a set of discrete information inmpufs and discrete internal

information (sysfem state) and generates a set of discrete information

S0 By e
outputs. oo ¢ A
Lot

= Digits (Latin word for fingers) : Discrete numeric elements

= Logic : Circuits that operate on a set of two clements with values 0
(False), 1 (True)

; ) . s%tmsQ
= Computers are digital logic circults C e
Daiteads o) anafog:
L Discrete B P (ukd) (R
Discrete I£C:mati0n - combinedionad . sespential
Tnputs =¥ Pr(?cessing — Discrete cha :L:w ctapte/r
System Outputs —(3g4) . (557)-
System State
Chapter1 4

stz £rvd Uompuier Seson Furdamentals, 42
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Types of Digital Systems
\'______—

" No state present -stes’ s
® Combinational Logic System
MsOutput =F unct10n(1nput)(no Oifforence) .
. Stgwnt g

Mlj.wu.t..d..u.J

¢ Syﬂc]zmﬂous Sequentlal System: State updated at

discrete times &9 o8 ¢ an i)
(Oel Za s

® Asynchronous Seql)lentlal System State ﬁ‘;dated _at any

tlme (0.53 C’”c? ab:“ . -”F)
(&)

® State = Function (State, Input)
® Output = Function (State) or Function (State, Input)

Moore . S Mea]y

- and mﬁmpﬁsr Design Fundamentals, 12 _ : - ik
=rPoint™ Siid i i : ’ -
08 Pearson Ecication, Inc. Chaptel 1 5
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Signai Examples Over Time

Time

Analog +
(Retiutee b)) s NS '
< i | |
s, E;')ggal | | | Dlsclrete &m “
| | | - value
Asyporrenous] L 1 1 continuous
| _Intime.
| |
| | [ -Discrete-in
Sy ”g‘:fﬂou [, . value & time
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Digital System Example e sy g

A Digital Counter (e. g., odometer): -gh atia: “o: . -

Ii-\"h ’

COiJ.l’lt Up_ ———>

resat — 40/ 0[1]3] 5/ 6| 4

Inputs:  CountUp,Reset . ' .-
Outputs: Visual Display SR
State: "Value" of stored digits

- Synchronous-or ASynChronous?: « - s w wumms

D B i Bl T ) 2 e

ic and Computer Design Fundamentals, 4e
Chapter 1

—

erPoinl® Slides
J0A Pearson Fducalien Inc
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And Beyond - Embedded Systems
- = Computers as 1ntegra1 parts of ottier products "
- Examples of embedded computers
Mlorocomputers v

’?;,‘: Mlcrooontrollers
2.

® Di 1tal signal rocessors
' g & P : .g,ebmcf-Mt q:,.ﬁwtanbl’\d; ln-JDJ

o Examples of embedded systems apphcatlons

Dtshwashers

Cell phones

Logic and Computer Deslyn Fundamentals, 4a

PowerPoint® Slides : Chapter 1
© 2008 Pearson Fducalion, Inc.
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INFORMATION REPRESENTATION - Signais

= Information variables represented by physical quantities.
= For digital systems, the variables take on discrete values.
= Two level, or binary values are the most DI‘@V?]C‘IJZL values

1n digital systems. s RATE
® Binary systems have higher 1m1mm11;[_to noise. sss
SI2y2T da
yip Blnary Values are repmm abstractly by
=2 di _gl_gs 0 and 1 .
B Q)

Z=®* words (sy bols) False gF) and True gT)
=" Worcfs (symbols) Low (L) “and ng‘l_{ (H)

‘® and words On and Off.

W ©®
» Binary values are represented by Valu.es or ranges of values

of physical quantities.
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Bmary Values Other Physucal Quantities

" What are Other physmal quantmes Lgmsent
0 al’ld 1‘7 | Owh@re, do we use “the b““‘mﬁ ‘Stg%em’?

A CPU > Voltage s
® Disk > Magnetic F1eld Direction

CD > Surface Plts/nght

Pl Dynam1c RAM -> Electrical Charge
stored n ca,pac1t0rs = @,ﬂ)
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Signal Example PhySIca! Quantlty Voltage

Voltage (Voltcs)
OUTPUT INPUT 107

HIGH \\\\\\\ gfg;\\HIGH 0.5-
—O.E;‘\\\\\\ S ¢ 20 —Time

. (b) Time-dependent Voltage
L ' 047. f/ 7 1] |
Low 2 0.1 m% LOW |
v 400 / i
\Threshold
0 ' Time

Region (c) Binary model of time-dependent voltage

(a) Example voltage ranges
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NUMBER SYSTEMg — R;epr;esentation%@"w“ &)

=} L"I . . . e, .
Positive radix, positional number systems
A number with radix r is represented by a string of digits:

A ‘ ; : .
I s-;‘.'&\..'hn(_'u,]q 0 % A_ lj-A_z”oo }A_m+ 1

- Yo e )
I,_J',_;;’\ 'Ei'l) -D'L-I‘JJI):-‘ e

(CENE 25 codipepoind - 3aeiele
in which/0 <4 J< randis the Fadix poinde (Desims 5§ - 5P)

" Jrepresents the position of the coefficient (@i

® r’represents the weight by which the coefficient is multiplied @4 o )aw)

" A, is the most sigiiiﬁézint digit (I@p) '_and A_;H 1s the least
significant digit (LSD) 4435340 56 23 o sG] #vadix . —Lu

(04 J54 015 T 1) Sl o 055 : A oS % Decimal system: .(,s_;‘qurvl'-lL':
" The string of digitsrepresents the power Series: (19 2201 L f

: “Radix _poink: o .. -
b A B S s /”‘1 . r_ SN, R Yo *«t‘-‘,&"-""fﬁ 4
g B i ; ’ 7 : T AR _.*P':{r B Y ) abs [
Aiv' (el (Number),= | ) Air' 1+ y At . s,
. . = _' i TP LA | . . ’ k! £ -' * 3 .‘.‘

?—.'\:i:o'_"- i Al

.
1z =M

— e —

SMAVEE
Logic and f;:mpder Design Fundamentals, fe 1 # Sk . .
el N | Integer Portion Fraction Portion Chapter 1 13
' Cament)l Sherl Sl ol Sy
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Number Systems - Examples

ook (o= 10) ARl

P
General Decimal Binary
Radix (Base) r 10 2
Digits ) => r- 1 % oo h‘ﬂ{-‘: 9\ 0=>1
: A6 el o S
1 r! = 10 ghe 2
2 r? 10" - 100 2*- 4
3 r3 - 1000 2= 8
Powers of 4 . i 104 = 10,000 29_.16
Radix 5] o 0% =100,000° i
-1 r-1 o~'z 0.1 - 3 2705 - &
-2 r \0'1-001 - .E 272:0.25 « &
-3 g 67 0.007 - ol 27 0.125 - &
-4 r4 .0.0001 s 2"*00625 ‘Jé—
-5 rA 1072 0.00061 - ke 2 003125 - L
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:digits must be. : _Lp_l_,*
»OL M LN,

P
ez

<hli<s,
2. (103)10 1 x 10-’-+0x 10! + Ix 100— 103

¥ E'ﬁqmple W ngqﬂ * Equ,Dlr_ C-'&J
43 2 1\

cho-nge_ e binavg SQS'LC.:'M —> %o

o<>"'5'%‘°" dwma" 555{"'" oo (6530 ol 0t
1 - ; it Bina e 9 0y pled) 2po )
‘r" : J A o \ a3 n Yy —poy 8
| EJJ“‘[? R B U)I:'}ﬂ' ¥ (""]49) ' '—\4 M bmmrlj '
o : fo) : ko S ( ZTo.. ==
R S P e B T A v L e I L 3

o* : (100) : ¢, va;; 2*I+2//o+2+=r F R i
103- Geoo) = opf - Yowtl Z +L, -

SRy hes St TRl Ses e i30S M W f EEE TR

chycandt:o'npmpr Design Furdamentats, e
PowerPoinl® Siides

2008 Pearson Educaticn, Inc

Chapter 1 15

(L

" i
| [ *
I - b
i ¥ ¥

E|

E %

A NN
[ g I __‘___,-.—-ﬁ - g
) v
}
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BASE CONVERSDN j{__-- Fositive Powers _'of'-2

= Useful for Base COnversion : it s, s »

WET e
(:x-')'é»-?;-‘ ale e ¥

D) i)

Exponent | Value Exponent\ Value

= 0wy 1 s 110 2,048

a Ll 2 12 \I 4,096 3 !

4 Zaah 4 13 \ 8,192 | * 27 }o_mqlivk.
» 3% 8 14 . | 16,384 | =# =128 =
s duts 16 15 - v~ 30 J08 Y w5 A A
w s Se| B 16 | 65536

e Gl 64 17 | 131,072

4 ekt . 128 18 | 262,344

g2 | 256 119 | 5242881
e T 1 2,097,152

v 10-2: 1024 2L mavers

Chapter 1 16
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(2

Special Powers of 2

» memonize.

el (1024) is Kllo, denoted "K"

10) #5 (1024) 0 (10) b sus uf.b 1000 _9,_,5_5, o%) ‘); :
*Eere o ks » @S du |
” 2=== (1,048 576) is M ga, denoted "M"

*

* m 23“ (1 073 741 824)1s G _ga denoted “G"

«m 24" (1 099, 511 627 776 ) is Tera, denoted

f' '?
T T B S L o & T B e L Lt e PR T A e AT O

ic arvd Computar D=si;m Fundal memm..‘ 4e
swerPoint® Slides i i Chapt er 1
2004 Pearson Educalion, Inc . :
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Commonly Occurring Bases
/

+ B2 o)l

= The six letters A, B. €L, Eﬂl,’: and F represent the dig_i_t_s for
17, 1 4,15 (given in decimal),

values 10, 11,7 1z 22 ==
0, == : :
regpectlvely, n hexadecimal. Alternatively, 2, b,c,d, et
- s gl Vs e
can be used. _ ,_
Chapter | 18

Scanned with CamScanner



Binary System éwar@m

r“ZSMU}“

DlgltS o {0 1} Sz_gdse_,ff*}u.e_% s f(_\ﬂ‘”s\“j\?s 9%_6%{:0“%
»® Every binary digit is calledabit » =¢& U’”-‘«’“'r’“‘ww |

; (\,0) (Uu) ao.n:' Qms_;
||

When a bit is equal to zero, it does not contribute to the
value of the nurpber B8,y 3013 D3 do 03 3 i) st 0

Sl g »@mw,w,m LR
. Example SRS |
S (10@1*-12‘1)2— (A x 2%+ 0}/2/3 + 0)/22 + 1 x 2t - 1x 20)
S +(1><2 +0/></f‘2+1><23) .

o ® (ig)afii.uh)é="*"'!‘E.1*é" +2+1) +(§ f %) = (19.625)10

- L R -t ST T
s el e s B ) AP o ST B e L AR Ry e B ST R
Ml i A e e 5 e T RN A
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Octal System cwyw)

o r=8§
« Digits={0,1,2,3,4,5,6, 7}, (0¢8<) + ar
= Every digit is represented by 3-bits = More compact than

s(ﬁ); [’[t-'«‘lé (:g;’)@:;f) ds (& éL&‘JJ(l‘LJl @ S0 aas S *

binary
= Example: |
® (127.4)g= (1><82+2xq1+7x80)+mx8 1)

z\ol

o (127.4)¢= (64+16+7) +(3) = (875)uo
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Hexadecimal System Pl ()

= r=16
: Digits={0123456789A3§f>

= Every digit is represen 3
r)/ g p ’Ldl"wt]e&!c!g)ji)l?]}g Sk d.:L..J'-r(lqu @ o7y w&g *

Y %

E? ]_f} (049;{.15)

= Example:
® (B65F)16= 111 X 167 + 6x 162 4 5 X 161 J:}_g X 16°)

-*3210
S Aadilx

a2l o0 r‘ﬁ’/&’; cf,.«-#)lr{}:_wo» wmlw cs_,.-d J"L__,erlu_h Uo/),f, d"’
S 6= (66D
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(A0 U ) S S T G 4
g from any Base (r) to Decimal

j=—m

| Iiiitegei‘ P.Qrt:i:pn- . _"'Fratti_ion Portion

- Exampiéz Cénveﬁ@l\()l@z tOQN}m: o e

Scanned with CamScanner



Conversion from Decimal to Base (r)

= Convert the Integer Part |

= Convert theFlacimn_Bart E

B Join the two results w1th a raQJ.X_];Lth g T
3 e eXa eaimol 1 (r=

X Odma (*r =R ).
* bSim '( L) _ : o . .
ﬂLSb“ﬁ L ' C\) s ad Lw)%—(é%o R ()= 25
{E‘_\Oo )Ll LO )!'O 2 i @_q__'} 9= (63)]0 3 ‘ {IODX(, =25
2 5o 7;1 . Eni, e oh _ ;
(-O‘LO) = (’L}\o. :U% Y i ". N
@Q‘)L) = (B, . Lo ' S' %
o (% = (6)e

.‘W)‘ '}S}”, C\w do = W
A4 527 VO Dn = (B
“ (,\\o Yoo = (8o

= #
Ay -npn Dasign Fund(ﬂm inta's, 4 o

i @@%-—M"

dye = 0 Dee

gﬁ%éter 1 24

\ ;
Gk G

U '. = Q&\ 10

(Ve = Qe
0)s = (oo
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\\*\\n To Convert ti;e Itzrparaj Part:

-] &i‘ LJ L h*y_!
v Repeatedly o7 divide the nhmber by the new radix al"d save the remainders

until the quotient s zero oz Qﬂttwa P

- %
%2 The QigltS for the new 13(11%. are the remainders in reverse order of their
computatlon : ;

z°® If the HEW racux is > 10, then convert all remamders > 10 to d1g1ts A, B,
— O
E2\
. \1
DB
: .E — .
Ve 7o Convert t!zc;J Fractional Part: & —"®

W h
=® Repeatealy mu]r ply the fraction ‘.w th\, new radix and save the infeger
digits of the r asults until the fraction is zero or your reacbed the required

number of Factional digits | 0D (P L ulm s }\a}p,ﬂ._z

The digits for the new radix ‘are the integer digits in order of their

3\

by
<,

\

computatlon

v s B AL ot N , \. o P Sl T RPicd 1 ¥
® [f the new radpc is > 10 then convert all integers > 1n o di glts A B

V2 e
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(46),, = (mé 116)

(9-*537~/10

5bdD 28, 0425 =(0+6 55),

.24

:155&59@:-'--3.24- f:+41?- = 32+ i '*'(“'6)‘;’

= Convert (. 6875 to Base 2

01915

= Join the results togeth
(46.6875),

‘Z.

" Convert 46 to Base 2 |

Divisien

= (1011

10.1013),

Remainder
46/2 23 04
2312 11 g
112 5 1
52 2 1 i
2T i 0
12 . P’ i 1
c-w»b;r'ffmaas‘rm,\ =
PPl S
Miw Multipiication Answer
e 0.6875*2 |~ _  137%
R )ﬁba : 5
3 A 03782 . pYodinl 075
ir i =B\ EP T
3 0.75*2 ast ) L5
0.5%2 Collillhe " Wil
er with the radix point: v

Scanned with CamScanner



s:;xamg:%g@‘ Ii,mweﬁ 153. %‘53% To Base 5

Ehu

¥ Corive pa— R TRV PR, (0
rt 153 io Base 8: T e
: 1538 * | ‘19 . 1A ,\‘LSI}
¥ fx & 198 | 2
(153)10 = (2“?5; : ‘,'z;s_ RS \\z \l ‘ \| MS‘{_}

:K Lo 1Oe. 'F'w'm G’] '(‘.0(7')

a Convert 0.513 to Basc_ 8: (U Mfs} Br s, ioikall s

0_#\_, yhdy «},w\ a5 7

. Tmnc_ale Jz‘m’*c’bdy (5):

095( : Mulnphcatmn Answer \ £l
FLos Ll ¥ X _ :
= X = ! - 0.513*8 - 4.104 : MSD
-z 0. 513 { 6. 06 , . |1
o 155 59! ( )19 )b o ~0.104%8 0.832 1

B o) o ° Round ) Q,E;J'_"_'J‘ | gy ¥ T
T (ems)m = ©0A407)5 Towses | saw | |1SD
J d’ﬂlsjbﬁmf ~-Hoé w-’ _ ; , - _ fiida

= Join. ine rebults 1ogether Wlth the radix. pomt. PRI TR .
.|
(153 513)10 (231 407)3 TN

ﬁmﬁ%:f;@ammm.de * \Y\ "‘({'\e, 0(‘_}0\,‘ Sg!"\e,m ;_) IL.JJEJJ Cnaptet]_ 27

( ) KJ_,-__) L’.'_"' U'\) 5".:“

e e e e S e T T o R R e i ol
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Example: Convert 4234, T@ Base 16

Division Quotient Remainder
42316 | 26 | 7 1 |usp
216 | 1 ' | 10 '
MEs |
1/16 0 1} | MSD

el (5 eﬂ\w)_cxﬂ &7 b3 as- Vo) %
i Dt d-—jL,—J!(@t g&aﬁ;—ﬁi |

- (423),, 'I= (1A7)16
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;@Convemng Decimal to Binary:

=

ematweMethod

2., Repeat Subtracting from the prior remainder and,re_eord_ing

the po power, untﬂ the remamder 1S zero

e . ol

s, Place| IQ in’ tbe p031t10ns in the bm result conesnondmg

to the powers recorded in all other p_osmons plae@

R ’-\M—-—-—-./_ i

i sl ,—\,.-.t_,-..__..,—-.._._,_.,-fl

7 * Note: " {0: ‘10?‘”5)2 octal Sgsfg.., (“_quodJm §U9 2 |
~BRs 69 9B |
) (0.1410)g K " ' .
D) gy, 3, ;sb!r’lﬂ “’lm “92"’“) (UM LTI AN
i (_.u-o) [&‘*-HJ Yy | . i
Logic ard Cemputar Design er:lamema.‘s.lala-'l " . “ ' ey : ' § o i ) | b\ v
ki : : Chapter 1

Fowerfoint™® Slides

© 2008 Pearson Foucalien. Inz,
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Exgmpﬁe: Convert @%.68?51'§ To Base 2
Usmg Alternative;Mejthod:

B COHVCI’t 46 to -Base 2: s e Subtract Remainder Power
- ' 680258 14 5
L e At v gl o 1480 6. 3
(46),, = Q01110), o ioeeed| - »
| dgasd T E L g 1
= Convert 0.6875 to Base 2" [—
'Ve o tO ase 2 : Subtract Remainder | Power
J Pael g | 068750500  0.1875 1 -
(0.6875);, = (0.1011), 0.1875-0.125 |  0.0625 3
e i 0.0625-0.0625 0 -4 —

(5P sap @21 OS5 el dex |

S dolesd em () 0,5 Tie oV
B iy () 45T |

Zx: » 100\ 0 g,

L

= Join the results together with the radix point:
(46.6875),, = (161110.1011),

= Fasier way to do it:

w32 V6 g ! B \ L >
[Power [ 6. [543 |21 AEIENE
B ol 1o 2|1 |a/o]-{1]e]1]1

Chapter 1 3

""""""‘;?\_x_u Dasign Furvjamentals, 4
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" Octal (Hexadecimai) to B; i
Back: Method1 ) fk

= QOctal (Hexadecimal),to'Binary: TEEE—

Convert octal (hexadecimal) to decimal (Slide 23)  s4t<=)
Covert decimal to binary (Slide 24 or Slide 29) . . “““*'1%#*= LB
b I_ i ' r.?' .. -, . ‘ | o II .J:‘. 04 D&Ltmm{ (Y““IO)
" Bimary o Octa (Hexddecimal)y 114 o1l 44
| Convert binary to decimal (Slide 23) ;74 i L e Binavy (v22).

2. Covert decimal to octal (hexadecimal) (Slidé 24) | -

@ = b 2®ﬁ\ 3-bits in binary systom’ ! Eﬁ_ :‘1216 = Qm Y_bits in biravy systern:
000 0 Fstehis ey \o\o : 4
00| 5 _ I N 0?0‘-‘ ; VoV B
ol 5o P | L Eoe v s Weo : C Yop
o\ :__3 3 , i e s .‘_‘__,.'_-3““ LAY N
e 5 o100 : L g LB
\0) .5 ] & o oyvo :l.5 i ._;_—
WO : 6 SULh, Mol CBRE S
- H,‘ : ?-u:;nm!s,'!'e- . o\ : F ' ~
et Sty ! \ABE G Chapter 1 33
) 2008 Pearson Educalion. Inc. p _ \oof : 9 !..
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Octal (Hexadecuma!) to Binary and
Back Methodz (EaSIer) Sl gl L wajyj;umsl.

y Octal (Hexadec1mal) to Bmary

® Restate the octal (hexademmal) as. three (four) bmary digits
. starting at the radix point and gomg both ways -

. Bmary to Octal (Hexademmal)

® Group the binary d1g1ts into thxce (ﬁour) b1t groups startmg at the
radix point and going' both ways, p?ﬁi@g with zeros as heeded

= Convert ea.,h group of thlee (iour) bits to an ocuﬂ (nexademmal)

e oam B o To il TR )

W\Ji;j :jb;xm% Bmal‘y \[ 000’ \ 001, \010 \ 011 \ 100 \ 101 \ 110 \ (84 \

LAY 55 (O ol 35
30, (dedmad) o) f’w _
o,le,ﬁr rlw’ Jes “J

Héxaglecnmal\ 0 \ 1! \ 2 \ \ .\ '5.\ 6 \ 7
~ Binary \ 0000 \ 0001 \ 0010 \ 0011 0100 \ 0101 \ouo'\ 0111 \
Hexadeclmal\ ‘ 9 \\ A \ \ \ D \ E \ P

h iy

Binary \1000\1001 1010\1011\1100\um\mo\ |

4 Computer Design Fundamentals, de - Chanter 1 4
at VY |
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31~2+6r—l-b——194

-3r2 I 6?’ = 189 = 0

(r—-7)(r+9)—0

v A ME e ﬂ‘é‘.r; ¥ LR Rl e ERRETLT X L D T i

e el (rodi ) 3P %
T ET s o g Mo K

q-i-rl L

s PR G o Riind
o * F Y «7 -
T e "v - g e *
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Binary Numbérsand Bina ary Cedmg

(b:‘nqr:j sjltthy-h rIML (COCQQ.S) Bl cuLg \_n_,\ -k?P-L-®

" F leXIblhty of representation

® Within constraints below, can assign any binary combination

(called a code word) to any data as long as d'ﬂa 18 uniquely
encoded

. a,,))\_;](co&e_s.) 3N s :\-’Ja\]é’:

= Information Types' CNSBRs e — 2% (using binany system ,v=12).

1

® Numeric ¢, / s
® Must rep esent range of data, ﬂeeded

= Very de31rabie to represent data such that simple, straightforward
computation for commion arithmetic operations permﬁted

= Tight re;.anon to bma“y numbers

Non-numeric -2 [whess
« Greater flexibility since arithmetic operations not applied

= Not tied to binary numbet
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-t B o B2 Y

Glyep 1 binary. digits (called bits),
- from a set nen
numbers. -

- (cal a bihary code is a mapping
Ol represented elements to a subset of the 27 binary

R e N B aen el W Loy g g
Example: A binary code for the seven colors of the rainbow
Code 100 is not used wrpomsg sp ot x

L 1 “Color

I Red ) pd [ d 000,
" Orange ||, b
---;.'Yem 4+ T o0
Green 011
pwe | 101
Indlgo f - ¢ | :1}0 |
. - Violet: - . ;' - 111 1. Ty ‘:

Chanter 1

/Binary Number

Scanned with CamScanner
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= Given M elements to be represented by a binary code, the
minimum number of bits, i, needed, satisfies the foﬂowmg

relationships: X
"f@ 2P M=2 M>2n 1
€=#>9). - n, = [logzM] where [x]1s caﬂed
the cerling funciion, 1s the mteger greater than or equal to x.
| "j‘f&!ﬂflq“ Sae | '
= Example: How many bits are required to represent decimal
digits with a binary code? ., e, e,
¥ also: r--@ M =10 (mﬁamw = 21 128
@ / sy i) ' 4 ?oss;:)l:,
rad), e B
n = [log; 10\ 13 33\ 2 0 e
| Yy ),aﬂ Chapter 1

Scanned with CamScanner
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~ Number of Elements Represented

: e ———

. (“ilven by, dlglts In radix z, there are r™distinct
i¥ we hae  €lements that can be represented.

deh‘l ks and® . .

gleme - t.: But, you' can represent m elements m < "

Exam
Yepresent Yhey, P les:

e ® You can represent 4 elements in radlx r 2 With n= 2
£ - dlglts (00, 01 10, 11) B
0‘!3[{5 D£. quc 'r

we USe -he ;m_m.

. 5 ® You can represeﬂt . elements 'in' radix r= 2 with n= 4
= [reg A7) dlglts (0001 0010, 0100, 1000). - o5 &= ((ouey sl i
_ Ty "”_riog'co g ; \
2E¥: n={logq 3= S ' : =
ffai;’\o_] 5y T Thle__ Si“?fiﬁ?fl% 1s‘ca11eda "0_11e_h_c3_tl ggde y

% [g_] @* N Minimum ﬂumbw o£ bits {-,o qumgad; (M).

5y
aSuom Ll
Ex: n.= 366
Logic and Compute roasrgnrunda.r-arm is [-to‘ﬁl ERELN: r/bﬂ‘i\.& _l l.—g j = (1) -22ls s
PowerPoint® Sides £ Chapter 1
© 2008 Pearson Educabon, Inc

7
.
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DECEMAL C@DEQ g Bmary Cedes for
Decamal Dlgats I |

(%CD)

P AL

s = There are over 8 000 Ways that you can chose 10 elements
: from the 16 bmary numbers of 4 bits. A few are useful &si\de(“W)h
. @Pg? e we_ «| Decimal 18 4, 2:1 Excess 3 8, ,-2, -1 ~Gray @Qq)b—-,( \oown),
digrbed  system: 0 0000 0011 | 0000 0000 |Vt G gs2)
oo elematius - 1 0001 0100 0111 0001 |®o — (w6l 1co})
sk e © 2 | ouo 6101 ~ 0110 0011 | “BCD edbnqta)
Wi P16 3 o011 0110 0101 0010 | M= Llafx
| 0. % 4 0100 0111 0160 0110 | 22 H s
L gz = — R Ly
) qi‘:’ 5 0101 1000 1011 10 % | a2 ghis S
@cades m,, 7 6 0110 _1001 1010 1010 | ey fies
, - 1010 | . -
””,fffjil Pt availde 7 0111 , , 1001 1011 IS el i
cear ) zmae 8 1000 1011 1000 1001
o & ¥
i crdes 9 1001 1100 1111 1000
\p—-—?‘\\\\)\u\\v\ 7 .
undarnmtas,-lﬁ *EX Vo O w-g :© Chapter 1 42

TREE

12-3-@)
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-The BCD code IS the 8, 4 2 1 code

'Bmal"y Coded Deeimai (ecn

T R

Numenc code ;f.}‘ -, 

8, 4 2, and 1 ale welghts % BCD 1s a Wngbtedcode

| Thls code is the 51mplesi most 1ntu1twe bmary code for
~decimal- dlgltS and uses: the: sarhe’ powers:of 2. as-g binary -
number but oaly ezlcoaeg t]ge 1i rst ten mlues from 0 to 9 _

r

Example:. 1001 (9).= 1000 ®)+ 0001 (1) Al

S (qzvbo)’f ;J' '_‘__‘I__,____‘M_ e :
How many mvahd” code words are there? g
L Answer 6 ' " T SRR T

: 'What are the 1‘1va11d” TOUE WOTAgY = it i ey
N L Answer 1010 1011 1100, 1101 1110 1111 '

Q\) Q79 U3 (“‘U )

Logic and Camputer Design Fundamerdais, 48" | 4 TN T RO £

Powerfoint Slides “ g wt a7 R EEeRN £ n i oA TR e

2000 Pesrson Educalion. hic. : _' ; i e 1' - e Chﬁptﬁ-r 1
1 i3 . W : % .

Scanned with CamScanner
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| | A s e
Wammg Conversion or C@dmg’?

= Do NOT mix up conversion of a decimal number to a
binary number with codmg a decimal number with a
BINARY CODE 7

R R e e it b et B, "

i

1 % ﬂ i L) | | '
= 13 ];1(_):%@12 (ThlS is convei‘smn}@wu&;
24\ =(3)
._ ns i . T [}

s ﬁz@ﬂ)u (ﬂus is co dlng

)‘_uvt"

I
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ALPHANUMEReC ﬁGDa:S ASCil Character
Codes ' -

= Non-numeric code’ & "*Sm cade :-

‘g' V\" : ul
1”"’ s e B TS
-+ elements

5 ASCII qtands for Amencan Standard Code - for

Information Interchancre (Refer to Table 1-5 in the
LeXt) l g b _,: fﬁ; : - \

= This code is a popular code used to represent
information sent as character-based data. It uses 7-
bits (i.e. 128 characters) to represent:

® 95 Graphic printing characters
e 33 Non-printing characters

“ M Commputer Design Furdamontas, 48 ' Chap.terl 46
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PPZASCIl Code Table (c++)

. Least Slgmficant
| ASEII Code Chart
841023475 6, 7,8,94,

T

NUL | SR STX | ETX | EOT | ENO [ACK [BEL | BS | A7 | LF | vT | FF [ cn TS0 Tse

|DLE | DC1| DC2 | DC3 | DCA | NAK | 5¥R [ETB | CAN | EM |SUB | ESC| FS | 65 | RS [0S,
617]8]39]

Ly ¥
i i

e ffg]hld]
L L ‘1-5 f"wi L XY

w= FHe.o= (Q 111 e
— f#. i ot “w S-T. f‘ ke 6 e MR
lp- (5?& Do = (;\\; om‘),,. 4 e Hl) (YZO 6@‘)

‘_If: s wmn. | g O U"\)fé = ( 000\) 5
T il I TR -_,f '\ -.f _.:;;,. :*1: g 'L,- \g !g 5 .

JoE ; _
Logic &nd Computer Design Furdamentals, 4s ¢ '"'(‘?iﬂ;j' QA o TR R e e “r’ im s FTN
PowerfPoint® Slides . o E- g st o S Ra= %] . 3
© 2008 Pearesn Frbication Ine. i ¢ B (‘hantm 1 AT

= - m.h
=

=1 > =wv]-|
o

Most Signiﬁcant
T L T T Ll B

el e ol

elola)miwm| el
i

alplolx n-'-;--_'
NE;'-'N:H(UD

-} |~ IDEL
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= ASCII has some interesting properties: -
* D1g1ts 0 to 9 span hexaaemmal values 3016 to 3916 e © o o g Bd SRy

iz Upper case L\ Z apan 4116 to 5A16 adag ¥ s

: il [
£ b o i i Ly i e
g i (L £ PR AR L 2 b g : : ;
"~ b - L -7':"'-'/ ?"'l i -“ 355 o 4 £ i l ‘ - [ '_ . =y ] A L l.
" s F : i Af i S B et i A

' , : i 1 by H by b e w 3
* Lower casq a—._; span 6.__115’:1;()':7|A-1;-6:.f‘ bk oy

=0
8

- Lower to uppel case: translatlon (and v‘lce versa) occurs by ﬂippm g
s gw;ng) A | . |

b1t6 (@\ ol ol 'j{: £

oL T T BN o L ONT1] Tt At SRRy
i I T T o e TSl L ';J'-_-{“J]"‘{_"(hf'( "fx,,;,af ‘A,._fas.-m, -e-“-r,?-r:‘*; s ubuﬂ\. - “M".C'..e. SR AR - -

o e s
L B e el

b T L. SPURN. o . e i R
! Ak U P R R T R R e i
K ‘ Ee . sl g L A Ei Es_uv T i i
e VY red (R PR Y r_T:f; oy - et Jes : i

qic ard Computer Dezign Furdamenials, I . : . . )
rwerPoint® Slides Vo : § Chaptc; 1
2008 Pearson Educalicn, Inc. oo i i
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UNseer

= UNICODE extends ASCII to 6‘ 536 umversal chafaetere

codes: |
= Non—numeric S
* For. encodmg f‘haracters in world languages '

N Avaﬂable m many modern apphcauons :

. 2 byte (16—b1t) code wo1ds )

@ ;.,?--, n= (6
wizd . v F .
\6 - CO ;o
D& 65)0 .

Chapter 1
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Cedes

3‘—'-‘)4!29 L&Ju.u
> - '.” "" ". . AT 2 «.u‘:.. SRR _-.-__.-_H_._. :.,%’_ -«.-. e
b H Nen—numeac il .j";_ XA e Aéfi%% o rumber
Redurdancy (e g extra miormauoﬂ i the form of extra
bits, can be in corporated into ‘tinary code wo rds 0 detect
cmd cerrect errora AR TR SN r
= 1 ,!i lﬂ :"_ .'r x 1 ‘: ; . . 2 lr b

A Slmple form ')f redundaneyl is" p:anty an extra b1t
appended onto the code word to make the number of 1’s

odd or even. Pdi ity can detect a,ll smgle—blt er“ors and some
- multigle -bit errors -

= A eode word h ) aﬁ‘y if the number
code word iseven !
L e R L TR T S f-'—_;.rl»..:--',--_-'--;! RN iaqk,twu*su.j.r' ok g K e
= A code word Asad ﬂﬂ_iylf the number
code word . . l
I.q:lcand :‘.‘gmpturnulum Ftuv.iam»mrs Aa :. " ) T ‘ - 2 s Chapter 1
© 7008 Pearson Ecuealion, 1. \_.;-:;'-._“_' ; o ; : _ __._.. Al AT o LS R I
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&'1.'

Es
AFT I *-i‘"ﬂ;rf 3
”s:' ‘&ni’ifﬂ 1...#:13;\ R *BQ

. 4-Bit %agzg

® Fillin the even and ua’:l parity bits:
; 7 :
Lven Parity Message Odd Parity Message *Bx: ool
7%_ f we o - 630 pacily ik - §96L ' Z, W T
ool 0Bl i $010 B
Pty we oo ' S : = 0oo\\
& 0ipl ' g 0166 L
/_?/ \b = ~— 1“"' : - : : = g:—"‘ ; té] (_3_9-1
oly-0 faoly={| *’“ij: 0311 QETE
conpeiy pei 60} 190G g
To1 !
collo ooy |___ 1018 L
L - -; {3 L | -
S sre Ot 108 1101
Sy gy, P L2 1i1) 1118
7 ’{;)’- i g =
(ol ’ .5.".59 e . i ok ol L 3 i |
Az #" The code word "11117 has even } parity and the code word
"1110" has odd pvarity. Both can be used to represent the
eabildaln, o L P kv
Same WAL rste the ooy odes ey
nias. de : (3] .

- 1Y G5B WOWL) Seu

Chapter 1 59

Scanned with CamScanner



g ° ° f oa M
Combinational Logic Circuits
- o e . . | .
D1 gltal (_L? L§10) circuits are hardware components
- that manipulate binary information.
lakisz 2,y :
" Integrated ’ circuits: transistors - and
interconnections.
"+ Basic circuits is referred to as logic gates (s 2y;)

« The outputs of gates are applied to the inputs of other
gates to form a digital circuit -

= Combinational? Later...

Logic and Compuer Design Fundamentals, de Chapter 2 - Part 1
Educalion, Inz.
@ 2008 Pearson o, Inc.
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Bmary Loglc and Gates

= Bmary Vanables take on one of two. values

= Logical operators operate on binary values and binary
Varlables

» Basic logical operators are the loglc functions AND,
OR and NOT = @ basic Gpexckor gakess

O : = ;A BNOT 1m0/, — .
@OR 4 o N

= Logic gates 1mplement logic functions

» Boolean Algebra. a useful mathematical system for
- specifying and transforming logic functions

= We study Boolean algebra as a foundauon for
demgmng and analyzmg digital systems!- - e

Logic and Computer Design Fundamenials de Chapter 2 - Part 1 5
S PeMEwc:alm Inc.

L2008

e
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Notation Examples

= Examples:

\\a@:@ Z=X-Y=XY= X"’Y 1str;‘ead“21sequaltoXANDY”
L Z'-Ilfandonlyle—l ch—l othe,rw13e:Z 0 Kit. Z(2) = ‘3.

\\)k\\’ Z=X+Y=X'V:is e ;E;Z is equal toXOR(Y’:ﬂM L XpADY = Y- .
= Z—]1f(0nlyX—l)or1f -1)or1f(X landY—l)

\\a‘é\' Z= X = X' = ~X :is read “Z is equal to NOT X”
m 7=1 1f X =0; otherwise, Z = 0 (@POS\(:& alwaﬂs)

= Notice the difference between an_t__meﬂc__idiglt netic_addition and
aa@l Al _ @) . gad) 212
logical OR: o %e2
e The statement ’
1+1=2 (read “on p___ ne equals two’ )
%is not the same.as ,/ diffowenee

| +1 =1 (read “1{oD)] cquals 1 )

Chapter 2 - Part ] 8

Furetamantals, 40
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® Operations are defined on the 'vralues "0" and "1" for each
| operator: AWk

AND:: - | ot efone OR 2o |+ i NOT 5 #2727

.1=0 et 0+1=11 1 |
0=0 |
1=1

1+0=1
1+1=1

o Vol et
~alk

=2. A i 2 ' =
T N 1 | %“E—%
e gy o P TR R R _'.@'ﬂgi ! B o e '-5 - S A ‘ W M -},—,,“,,.0:",*'.‘;" S H A,

oo ‘!

mﬁm:mm Fundamenials, d& o Chaptc‘.{' 2 = Pal’t 1 9
0

& 2008 Paarson Educafion, Inc.
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Truth _Tables

" Truth table a tabular llStll’lg of the value%? a function

for all possible combinations of values on its arguments

* Example: Truth tables for the basic logic operations: sk S gsg
. 3 U]
- r - LSbt
AND | OR NOT
Inputs | Output Inputs Output Inputs | Output
X | ¥ |Z2=X.X¥ X| Y |Z=X+Y X Z=X
o= 0 | 0 0 00 0 0 1
l V=0 | 1 0 0| 1 1 i 0
o . g
&‘:'/V Lol 1 0 0 1 0 ] \ = Loyl s
7 5 <« 1 1 1 1 1 3 1 } : ’? -
S o s L b qu__p'l
< 254
;’1 4 g1z SJ1e52
T D= Chapter2-Part1 10
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Logic Function Implementation

. USi-ilg Switches R Swiﬁc,hes in parallel => OR

¢ For inputs: JRNERMERCS Faa T e e @{
. 10 ic 1 is switch cl d s, = c‘/ A,
g osed . = . |

n loglc 0i 1s sw1tch open

farbl 4 4
. For outputs f : " Switches in series => A’ND
= logic 1is li ght on o/o—o/o-@—

- -= logic 0 is light off - - .- v ;e =l

- -
T

* NOT uses a switch such that: Sl s

5 1°g1° Lis SWltCh open - Normally-closed swntch =>NOT

" Ioglc 0is switch“closed - ‘fﬁ"ﬁ, » J_g .
z *""‘(0)"’0))1 G"’Mﬂ‘-‘ﬁm*uﬁ'mlﬁﬁfﬁ) ;E-{:;_o) X Ty

Lo o\ e
GhEY © O J‘J’laﬂ»Zw L“‘“"‘ U&S’ i T
:;)’ mgmgw&g:b::;mm ‘e } Chapter2 -Part1 11
. (not) ezo08 pesrson s

-v_f%‘
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Logic Function Implementation (Continued)

= Example: Logic Using Switches
B i@
A

- loe oin
T D
- Lightis St Fycciuie Sl
ON(L=1)forL (A,B,C,D) =A. (BC +‘p) = ABC + AD

, T e ; [aum_)
and OFF (L = 0), otherwise. o . p o 2.

= Useful modp
o the foundatio

Fureiamenials, 48

n of current digital logic technology

Scanned with CamScanner

| for relay circuits and for CMOS gate circuits,

Chapter 2 - Part 1
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Logic Gate Symbels and Behavibf

- Loglc gates have spec1al svmbolswbé\s»\

Xm
S m Fu BT T, Z=X+Y x—{>o—

QND gate) OR gate ) te or)
_mverter
(a Graphlc symbols @ S
= And waveform behavior m time as follows. '
*UP \ X '- | 1 l
¢ down: O | R TER '
e
Yl 0 1
1: 1 i L
K l .
(AND) ez 010 J 1
(OR) X+Y]§ { 1: 1‘:_1L
(NOT) X j 1, 1[0 f 0
- rueeans Pusian Fundamentals, 48 (b) Timing diagrarn : '

Chapter 2 - Part 1

Scanned with CamScanner
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<A
i

‘Gate Delay )

= =" In actual phys,lcal gates if one or more input t changes

cau_S_e_S,thg_u__tput to change, the output 1t change does not

occuxﬁgstantaneouslﬁ u&

outpi‘c@gg 1S the gate de]ag denote y tG

l

—

1 .‘

I

Input 0— }
L tg |

t(;,»-_='0;'3 ns

1 —
Output™  gate dpy-
tput o3

e - §om Y

' L

S—Y -
ey |
L. |

l

o o.§

o

'
-0,

ns

(&g

Logic and Computar Design f_nrdamsn‘.ais 1a “k(‘j
PouetPoinf™ Slides -
& 2008 Pearson Educalion, Inc.

' 1.5 Tlme (ns)
W

t6= 05 ns | Chapter 2 - Part 1

15

ERIT L
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'_ . Draw the loglc dlagram and the truth: table of the followmg
Boolean functlon /2 (W X Y) X ¥ + WY&) |

- Loglc Dlagram o B g _%; |
= Truth Table: [wTxT+ s 3'
. s B g T T g
- _ P o o] 1] _ : -
APPHAY B j 3
Dl L;' :f-SM_PQ-.‘J)_Q L -+ ol e i | :
. . 0 1 1 i1 !
RS SO P ST TN T T _
< & o e ,' “ L P 1 c 1 y 0 e
/lteﬁe—i ‘J,,ut.‘w.ngJJa 1 1] o] 1
Ll 4 LE] S| =] "1
; J“"" =3 .}@—7_-'”??&'-?5-‘2-....-:,3“-:,'-.*--m,-:.;m:m-w:.:ﬂ:.:Q':.&?_:éﬁuélsw:mr:-'-. T T e R G it
V250 _;..9\3 T ' |
n ThlS example represents a Smg]e Output Funcaon
a1 Computer Design Fundamentals, de Chapter 2-Partl

PowerPaint Slides
© 2008 Pearson Fducalion, I,

Scanned with CamScanner
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= Draw the logic diagram and the fruth abie of the following
Boolean ﬁl_nctions: FW,X)=WX + W’ia W,X)=W +X

aAs a ctmc&'\o-r\,
* [ogic Diagram:  °%% ..

]
Y

® Truth Table: X ' .
w | X | _
0 0 1 1 : ' .
0 |.1 [ o | o 4D76
1o [ 1] 1 ' | _'
| 1 1 1 1 ' # 3

= This example represents a Malfgggutpnt Function -

Chapter 2 -Part1 20

- Fumdamaniaic A8
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g

" leen& thear followmg log1c 'diéﬁg‘irlam; © write - *,thf_:_l, -
correspondmg Boolean equation: ' "
_______—'——____

. . ; N
- T x - 5 " ——
- : W X A | e
g W s § : - : : AT . £ o

G=W.X)+(W+1).D)

s

L Loglc c;rcults of fhls type are. call,ed comb%atlonal loglcm |
on st ——

circuits @mce the vanables are combined by 10g10a1
"",F-— ).—

-

operations

Logic and Computer Dedgn Fundamenlals, 4&
PowerPoint® Siides
& 2004 Pearson Education, Inz.

Chapter2 -Part1 21
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| o , ‘ S . ;&-'ﬂe olus{v\buf\de.
T o 0 ' ‘u’l 'PJJ&VT":H/\O }"
Basu: Identities of Boolean Algebra piove oo e et
' Rk QGEx AR (x+y+2) =
et e - ARY AR

1 Existence of Oand ] |

5 X+X=X.. 16 X. X=X "~ ~ Idempotence
7 X+% =1 : _ S X.X= i | Existence of complement
9 X=X Involution
10X+Y=Y+X .. - |11XY=YX R ,M“‘AM@Commaraﬂ've Laws 7%-?
/}5#2 X + Y) +Z=X+ Y+ Z) 13.(XY)Z = X(Yﬁ A W 5 "Associative Laws jst”)
Zal 24X +7) = XY + XZ 15, X ¥ = (X + VYU ¥ 2y Disibutive Laws | cia

I 146 X&Y ﬁ —’_\ e ZX@X =XY / DeMorgan_’; Laws
w%"“j\\ more

Ynan two Variables, U/;’)iuu o) Z/[P\na_))

EX 5[.4.5.*1': .(’)M‘U)WN—LEJ' ()—jj—

T oShs (M) N €
g éna\ e:’of ) ..

-

i r E . Chapter2-Patl 22

. o e
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= - . o .‘ feisies T LU 53
- Some Properties of Identities & the Algebra

" If the meaning is unamblgl_l ous, we leave out the symbol
ey A% =A% = m\m}% -

X The: 1dent1t1es above are orgamzed into palrs |
‘ léwxx)u_sug (52 and) mLzJ\:OPO)J\M&J* B =R §
. The daa! of an algebraic expression is obtained by mterchangmg e
(+) and (°) and interchanging 0’s and 1°s | i 4
Qe T RIS
“The identities appear in dualpa pa irs. When there 1s only one 1dent1ty \
on a line the identity is sel~-dual, i. €., the dual expressmn = the i

engma_l expression. e o) .31
. i mmfyu:hua)‘- .
RIS X0 =X -
X QS + ’t)

wycm.:mpmrpaﬂan Fundamentals, 1a ' ‘ P
FonerPolrt® Slides . . Chaptef 2 - Pal't H 23

© 2008 Pearson Educalion, Inc.
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Boolean Operator Precedenee '\

= The order of evaluatlon ma Boolean expressnon is: c)L.UiJ'i Ok 957
| 1-Pe_re_n_thass§'m"
2. NOT "wit"v¥°.

3. A_N_D omﬂ\ w‘;’ Ry

4 OR. o"( ‘”‘7’ -

. Consequence Parentheses appear around@ expressmns

" Exa ‘EI é

o« F= A(B-+(;‘)(C+D)
. F_QEE;@B

pYd aJU}WV\O’t)l O\V'al d"‘oh:“;ﬁ?fgsf’ o

' F AB‘+C SR v SR T T AR M e e A i-"‘"—-d.';"._-'.‘.‘..-‘f*'u't‘f-‘f*- LM Bng RN
s F= A’?S’_\‘C) W STW
Logic and Computer Design Fundamarias, da : Chapter 2 - Part 1 25

PowerPoln® Slides
€ 2008 Pearson Educalion, Inc.
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Useful Boolean Theorems

-:C-:'Lé ,&'!;
/- -~ Theorem Dual Name
I Xy iy’ =y (x+y)E+y) =y Minimization
9eXEXY FX x.(x+y)=x Absorption
3. X+Xy=x + y x.(X+y)=xy Simplification
‘? '. o Xyt xZtY. 2= By Consensus
| =(x+y)x+z =
&+w@+@@+@ (x w(“Ly
' *,?(A,GD) .-—NF\\%—_'A""@é@)
e B) 8@
E W *F(,D, 6) > NLA £t M@\cmgjf@) '
-;' | ' SR e ... " Daet

Scanned with CamScanner



*ewm-b'noaﬂh $t ¥ - (P&C:P@ i
* Qur prunagueason for'domg proofs is_to learn:

. ialgebra i p—

e How to choose the a roprlate identity or theorem to apply to
make MM@SQ&UW of the application

i ke ik Phdatewy EustvTarngnials; Ae Chanter 7 - Part |

L

Scanned with CamScanner
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Example 2 Boolean Algehralc Proofs

@UCJO lf/vaﬂ}) mor“f, ﬂ‘an one Urm’:ab/di" X« . '—ZL—.J(-X NS% .. Z “\'X w .

33

= (4B -I—@C +BC.= AB + AC (Consensus Theorem) * <* Vi
. r\sfg(s, a,y&f};( )UTS

Chapter 2 - Part 1 28
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" A | i -4 B
> B o g = ki 7Y Dar
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I

L ]

Proof of l\fllmmimtmn

o8

= AAB+A.B =B l\/iimmlzatlon Theorem)

DJStz:rbuﬂve Law }

TR EaT s T ;ﬁw N s gl

—~ oA Thaw 1 n

Scanned with CamScanner



X¥Y=X7 (DLMorgan s Law)

*  We will show that, X.
. satlsﬁes the definition of th
X+ 4 deﬁned as m by, DeMorgan ey ‘_0. . re complcment of |

To show thls Wu _need to show tha and m\mth
A=X+Yandd =x"Y" ThlsprovesthatX’ Y' X+ v. |

-

Part 1: Shcin—i—Y+X’.Y’ =1 .

X ) :3(4--‘5
A =(X¥4).%X 9
X-9-(X44) .o
= (49 - (X+1)= KY% -+ %9y
L = AL

Scanned with CamScanner



Exampie 3: B{miean Algebraic Proofs

v RS B ST SRS B GAT TIN A e P

A ¢
1 . y :
ogic and Computer Design Funcamenials, “- Cnaptcr 2 - Part 1 3
pePoint® Blides : .
P Y 3 A -
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Boolean Function Evaluation

u F1=xyZ
u F2=_x+5f-z

" Fy=XyZ+ Xyz+x¥

u F4=xy_+f2' |

e i vio e b %
éw, Eyfoﬁ&" 235 L A b:uD d“‘sL;”
d{’}l”ajw g 6k Gt (0)91 (1) 6

- -

d»gﬂ) BN Yo YEJ\ Cf S 7 Jo G
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" An application of Boolean algebra SR TW NPy
" Simplify ¢ ool ok
p 0 contain the smallest number of l1terals (complemcnted and’
uncomplemented variables) - u-fmw‘“d’w‘ ”U_f‘"-a rlapT ;
]

Example: Simplify the following Boolean expressmn
e AB+ A'CD+ A'BD + A’ CD'+ABCD

" B (A+ D) +ArC S Literals. |7 5L . Simplification Theorem .

gic ard Compuat Design Fundamenta's, i ' Chapter 2 - Part 1 3
werPolnt® Slides ; ; -

ook Pearson Friucabon, b

Scanned with CamScanner



Compleménti o
ompiementing Functions s
» Use DeMorgan's Theorem to complement a function:
1. Interchange AND and OR operators
2. Complement each constant value and literal

*  Example: Complement F = x'yz' + xy'z"
Fr=@x+y +2)(x'+y+2)
» Example: Complement ¢ = (a’ + bc)d' +e

G' = {(a(d +c")+d).e

Chanter 2 - Part 1
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Example

= Show that F = xy -|-xy +xy+xy 1

(Lo OVpIN e ol
AN fg‘) L:I\JJ‘\ (__)i
(P \gd SVl UY

* Solutionl: Truth Table - O\ 12 ooy s AR
o X
' y a'f_J
0 0 1 -
0 _1 1 %\é
1 [+ | 1 e

* Solution2: Boolean Algebra

m Design Fundamentals, 42
i '

Chapter 2 - Part 1 38
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=  Show thatABC +A C" +AC’

AB + C usmg Boolean algebra

]
S

'L.‘

= Find the 'duai and the complement of f = wx 4 y"z_. 0+w'z

SErY

Dual(f) "“‘(W“l"fl‘)(}' +Z‘F"1)(W +*Z) g :,""“'" (ﬁi J),,,dl },ﬁ Noﬁe)e

: ‘ ) cowlcmtJi o4
. f (w+-' )(y+z +1)(w+z)l . “J GJ“M'. . P

Lo s Compu: e Fundsmarsts, o PR C _ | Chapter 2 - Part 1 39
o 2O0H pwfrm!m Ins. i I '

L] e e g et g e N AL e
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Mﬂterms are AND terms w1th every V:mable present in

either true. or complementec T D $Sdecgs
XY wtel % (R) i inted form g)jﬂ)MJJL 35

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

" Examnle Two vanables (X and Y) produce 1=
combinations: iy p R rengs @9‘3&‘—”5

O XY (both normal) “

® XY (Xnpormal, ¥ complemented)

® - XY (X complemented, Y ﬁor__maD % Eh ol S P 10

o XY (both complemented) '

“# Thus there are four mmterms of two variables

“ '.-,
-t -

& -
3

-

Logic and Compuaes Design Fudamertals, 4¢ Chapter 2 - Part

S S
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. ominterm J 4 -)Q- i
y,pf.u/lma«ﬁewm P S

miypterm o = %57:
mMaxtorm 0 = X+t,ﬂ+%

minterm; . M=

\&AD)
\

Examples Three variable (X Yo Z) mintern

n&fm_ﬁla,» o)) X
5‘<—Jﬂ<.él &Pand f-au

Indéx** | Miiitérm (m) Mam (M)
S5 XVZ X+Y+2Z
A P GXYZE X R YT

2. o X¥Z | X+F+2Z
T R e L E AT

X2 KEYEL

~ Cr° \-‘H C.emflemu\k

KT

il

(_,lllxé( o) .uJ mx{ﬂwm

{xu&J\ q]1_o o» P lLs

XYZ

Y4V 4z

£ e 5

4
]
6,,:.='-.f
7

t 4
o, 3

wXVZ -

)?+?~+Z_

LT 4

- The index dbove s lmpor’tau? for’ descrlblgg which variables in the s

~ terms are tr‘ e and which are complemented

Logic and Computer Design Fundamanlals, 4a
Pomroint® Slides ;
£ 006 Pearsan Education, Inc

Chapter 2 - Part | ' 4500

O e g AR T T
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Standard Order

* 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

. Al .Variables will be present in a minterm or maxterm and will
be listed in the same order (usually alphabetically)s. >
= Example: For variables a, b, c:

* Maxterms: (a+b+7¢),(a+b+ c)

"iPPTe;n:ls: (b+a+c), ach, and (c+ b + a) are NOT in
standard order. '

» Minterr:s: abc, abc, abc

« Terms: (a+c), bc, and (@+b) do not contain all
variables

y ' z ,417 v Mintesm )%
A 5 y DNz ) Vo) bl i z__,-? L_S_yfg s o)
arals, da w’ 03‘5",9 ()]3“"'],‘7. (U i ) )m e,.-s e Chapter 2 - Part 1 46
P ] ( p
8,341 AL ShELipd

e o e s T i B
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~ Index Example: Three Variables :

| b % | —e compleended).
Index Index (Binary) . |
(Decimal) n 3 Ve | (m).’]. Maxterm (M)

. 00— T m =X |[My=X+Y+Z
: 00T | m, ="XVZ |M,=X+Y+Z
2 (}16\”_"“HT=:5§Z M,=X+Y7+2Z
? .
5
6

=7

Chapter 2 - Part |
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WD 22 Bl & ot s 5 ¥

2 . i (Binary)

1 (Declmal) n = 4 Variables g, o 4
0 0000 - abéd a+b+c+d
1 0001 abcd a+b+c+d
3 0011 abcd a+b+c+d
5 0101 abéd a+b+c+d
7 0111 abcd a+b+c+d
10 1010 . abcd | @a+b+c+d
13 1101 abéd | @a+b+c+d
15 oun | abed | @a+b+c+d

Scanned with CamScanner



J
:

R AR 5 T RN

Minterm and Maxterm Relationship
W——_

* Review: DeMorgan's Theorem
e Xy=X+yandx+y=4x.y
» Two-variable example:
e M =X+yandm, =x.y
e Using DeMorgan’s Theorem 2> X +y = X
« Using DeMorgan’s Theorem = x.y = X +
« Thus, M, is the complement of m, and vice-versa

» Since DeMorgan's Theorem holds for n variables, the
above holds for terms of z variables:

n@i = M}t oSe

= Thus, M; is the complement of m; and vice-versa

L&._J._ TR DR PR T - ph anftar ‘) - pﬁﬂ 1

Scanned with CamScanner
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"'F'unction Tables for Both

= Minterms of 2 variables:
9o P30, W 500ty G g 4,

XY' mn ml mz m3

3%ds 3¢ | 00 ﬁ 0
- ' e ¥ T—— 5

it D0 B VES QAT WEN G Ly e | 0L
-~ _ 10| 0

padrg

0
SENEER
N
1

| ot pi el e | el a | o S
* Maxterms of 2 variables: e
' Xy | My [ M, | M, Ms\ Lde

. | I CEEEEY

oS apl gl G M= W B Glalilag se | 01 | 1o 1 |1

 vaxtean Wi 1728 S wamel Bwx| 10 | 1 | 1o~ 1 |

ey n|1]1]| 1K)

= Each column in the maxterm function table is the
- complement of the column in the minterm" function table*
since M; is the complement of m;.  M; -7 / T
iﬁ?‘_:"mwm’m‘ " | Chanter 7 - Part 1 51
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Observations

= In the function tables:

» Each minferm has one and only one 1 present in the 27 terms (a
minimum of 1s). All other entries are 0.

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

= We can implement any function by

» "ORing" the minterms corresponding to "1" entries in the function
table. These are called the minterms of the function.

» "ANDing" the maxterms corresponding to "0" entries in the
function table. These are called the maxterms of the function.
= This gives us two canonical forms for stating any Boolean

function:
o Sum of Minterms (SOJW) —». QB(X,LJ) o WG4 Y.
o Product of Maxterms (POM)

R Chapter 2 - Part 1

Scanned with CamScanner



Minterm Function Example

e e e :

" Example: Find F; =my + my + m;

= F%*”%x!yz+x¥z +xyz

minkeond () gL BESY

vy . mt—! R R LA T L o) @2'no

- XyZ Index | - m; +my+my;=F |
000 0 "0+04+0=0
001 1 S 140+0=1
010 2 0+0+0=0
oi | 3 "04+0+0=0
100 | 4 S 0+1+0=1
101 5 0+0+0=0

RN 1 11N S D 040,20 psriameicn | oo maves

; 1L | 7 0+0+1=1

wxﬂm‘ ” Chapter 2 - Part | 53

Scanned with CamScanner
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Minterm Function Example

* F(A,B,C,D,E) = my +mg + My7 + My3

(8 0N OLT) s (it @i (o ) i

= F(A,B,C,D,E) = A'B'C'DE' + A'BC'D'E
+ AB'C'D'E + AB'CDE

0+ = (Jimcki) N 2058 PGS s L (mosborns) ) (Bl sdosls %

(Disoly = (Sumckion) B o o @GS s Lf; (wéckrems) ) ((-‘)l WIS

Chapter 2 - Part 1
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‘Maxterm Function Exampié

—_—

* Example: Implement F1 in maxterms:

il 3

MO Mz M3 M5 Mﬁ (03233:6;6) lise BeSlol ¢

maxtowrms &) ‘h’udﬁfbyc-ui

-_*’Fl"-(x+y+z) (x+y' +2). (x—l—y +z’).(x’+y+z’).(x'+y"+z)

{
i
i

Xyz Index MU M;.M;. M;. Mg =F,
000 . _ 0;1:1.1.1=O_
001.| 1 1.1.1.%.1=—1
010 2. 10T A 1=0
011 3 (0 T T . )
1005, 4 2 e O e i B
101 5 1.1.1.0,1=0
e [T s 1.1.1.1.0=0 i
o Al Rl ety g, 110151217
;:‘:i’::;w 24 Chapter 2 - Part 1

Scanned with CamScanner
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" Any Boolean funetlon can be expressed as |
of Minterms (SOM):

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

* For expressmns expand all terms. first to exphcltly list
all minterms. Do this by * ANDlng any term mlssmg a
varzable v w1th aterm (v'+ ) : -

Lﬂ)ﬂw’"’
- Example* Implement f,l,)— X"+ Xy as a SOM? mat(sisi%ipgmt
1. Expand terms 2> ﬁwj)= x(y vyt Xy 4 (one o redu)

o Dlsmbutlve law. -) = 9} -I—malcy -I(— }Jg%-
3 EXpl'eSS as SOM*&? fi mmB ‘-l- ms;. + m{]:}mﬂiﬁ-l- m21- W3 e
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* From the prevmus example, we started with:
. F A+BC

" We ended up with: -
o = m@+ Mg+ Mgyt mg+ my
- Thls can b\den"__ 'é’ugthf%olfmﬂl, shorthand:

- F(AB, C) gn}l,ifs 6,7)

) (sum). -

Eens?) (&
= Note ‘that we explicitly “show ‘the standard
. variables -in order and drop the “m”

demgnators* o

4% e e B .
» . b T 1

it .,,..‘;_4. .
T elle PP R

mmmMFMuﬁdadl : S . . Chaptﬁ'}l‘ 2 -Part 1

‘mﬂw:’duwm ine.

L L e il
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Canonical Product of Maxterms

an be expressed as a

= Any Boolean Function ¢
Product of Maxterms (POM):
« For the function table, the maxterms used are the terms
corresponding to the 0's
X. (N+%)=%e For an expression, expand all terms first to explicitly
t applying the second

X4 (v-9)=X  list all maxterms. Do this by firs
“ORing” terms missing variable v

distributive law , _
with (v .7) and then applying the distributive law again
— x + %y to POM?

= Example: Convert f(x,y,2)
. Distributive law >f=+ 0N.(x+y) =% + ¥y )
. ORing with missing variable )2 f=xtY +z.Z

. Distributive law > f=EEFyT z).(x+y +7)
. Express as poS > f =Mz- M3

Chapter 2 - Part 1 60

e ——EG
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Another POM Example
\\—
" Convert f(A B; C) = AC’ + BC + A 'B’ to POM?

" Usex +yz = (x + y) (x + 2), assummg

X=AC"+BCandy=A4"andz =B’
-f(ABC)_(AC’+BC+A) (AC’+BC+B)

= Use S1mp11ﬁcat10n theorem 0 get
» f(4,B,C) = (BC+A’+C) (AC’ + B’ +C)

. Use Slmphﬁcatwn .theprem,agam to get:
e F(ABC)=A"+B+C) (A+B"+C)=Ms.M,"

“o~f(4,;BCYE M2M5=1‘[(25) ’%“‘"’Sl’i&i’}'*i"lﬁ"g‘ d POM" "

‘ form vPefr g W*?B }(‘JJ*P) _____ J.eal’l r;f}eJ&
o smm st N - -y Chapter 2 - Part 1 6]
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Function Complements

* The complement of a function expressed as a sum of
munterms is constructed by selecting the minterms missing
in 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) = Y,,(1,3,5,7) , find
com_plement F as SOM and POM? ;‘; S ital s mlens
o F(x,y,2) = Xm(0,2,4,6) g
* F(x,y,2) = [1n(1,357) M

;U()fﬁ)%) = 2m (‘\935_ 537’) = TYM(OC\Z’;J?),_}_)
FO09%): 203 (448 = T Uem2s 0
and Computar Design Fundamentls, da il Chapter 2 - Part 1 62

Poird® Slides
A Pearson Edication, Ins.
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~ Conversion Between Forms

: _
To convert between sum-of-minterms and product-of-maxterms

fo@igmcuersa) we follow these steps:
y> Find the function complement by swapping terms in the list with terms
not in the list; O 4, @ (é’-;’J L B vadeens Y AT 0 &0

v s (Winen JL DY NARR S ComQlements I\
2 * Change from oduct tm or vice Versa, "

= Example: leen F as before: F (x VoZ) = 2l 1.3,5,7)
* Form the Complement: BNacielies smeanst 2°=3 smeans rom @—;ﬂr)
haahy 'bez(‘ms, =) “—“J
F(x,9,2) = Zm(0,246) SR
* Then use the .other form with the same indices — this forms the
complement agam g1v1ng g the other form of tEe origi nal functlon
| F X, ,z 0 2 4, 6 o

F (Rpﬂ,%) = ‘]TQ (i '3 ‘5 7’) kamgs\ O Pekion Lqu ,Lo .frumcbmn g

ma.,g{:&m ) J)J m-.ntenn _J)()J,Jj‘bofmcém\ B @hﬂmm} BNy e (max&mh) debF g

mmnmm.tmmu 4'! -
et - - / windberem 3 AW Chapter 2 - Part 1 63

| G—-‘Miu} i Eeo . 2N 50 (wakorm/rinber) e O %1, [Uarobles) 3) e Blsl yo go X
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Important Propeljties of Minterms

: -SJU . .
* Ma xt-erms are seldom used directly to express Boolean
fuﬂCthIlS *Hin‘b@f‘ms Cive— u&’—d p'O(e,"Hf\ﬂ\h MG‘X‘!’_&MS.

(25) ( Bumakion) )\ I3 (mrattorm) ) a0 diomemel) sy Gis ( fundkion) & S

. Minte_nn__s pmpggigs: (O Zo dlins (Runckion) b Go5psn( mimboew) N dS 1 \j\ 3

9D e oo funekiotte & pral_ madterms) P 3S als \5 %
* For n Boolean variables, there are 2" minterms (0 to 2n -1)

* Any Boolean function can be represented as a logical sum of
minterms (SOM) , i i

* The complement of a function contains those minterms not

included in the original function £ > o= s A5 i =
—— QI UE) i 128 %5 gy

* A function that include all the 2» minterms is equal to 1
L, ) 2 5k 1900525 8) e Siiekin  coibates A7) Hhen B enuals

658 (Junchin) N role gas e (miken) ) €555 Losise ¢ )
’gxrm Fundamentals, 43 QJ = ign(«ko‘ﬂ Ao 6,55 (mexterms) P9 X Chapter 2 - Part | 64

i Paarvan Eaucalion, inc.

WL ©) g0 (Fukion) D (Conplemed)) ,

It b FT, g -

it i ek : —
s e 5
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"o Standard Forms

" Standard Sum—of—Products (SOP) form: equations

are written as an QR of AND terms ¢, 57 S5

D= QY+ (Xey) 4% 33)+ (X)),

,}3)3\ el a0
- ™ Standard Product- of-Sums (PO§Mx fzd orm: equatlo}ls il

are written as an AND of\gﬂ_tgj Rxsg) = Qi (X DRCRECE
" Examp]es.

 SOP:ABC + ABC+B __ , woy
*POS: (A+B). A+B+0).C — ROW)

®* These “mlxed” forms ms are neither SOP nof POS

* B+ Q)(A'+C) o Sl | ede
: ABC + AC(A +B) )

®0Q) .:‘\ pos) I i oAt
AUEHT R Ty, 5D

e BTN . '

: s,, s 4

a;icmcmmnwgu-'m @nfals, 1e " # @GP);‘. (PG ) Ce) &Uﬂaj ; j G

mMmEdmﬁm[m ~”L”°-"'“” 1o aisas o= (:t]\m 2+ Part 1 65
e

_@%
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Standard Sum- of-Products (SOP)

= A sum of minterms form for n varlables can
be written down directly from a truth table

_ * Implementation of this form is a two-level
g6 22> network of gates such that:

R * The first level consists of n—mput AND gates,
X and Vowibes Nt = v =(Gngul) N e 5 7

A= e * The second level is a single OR gate (w1th

3 M;ff’ % fewer than 2 inputs)

{and gates
ng‘%;a’;- This form often can be s1mp11ﬁed S0 that the
L 2% corresponding circuit is 31mpler | i

-

- myg mmnpu Desigr Furdamerlats, de

Chapter 2 - Part 1 bl

S
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= A Snnphﬁcatlon Example F (A B C) 2(14567) |
n ertmg the mmterm expressmn Q wekerm) IV @) (ﬁmk Y G |
« F(A,B,C) = A’ B’ C+AB C’ +A4B'C +ABC’ + ABC éﬁdé%*'::pﬂn*mj*)

+ Sﬂnpllﬁ’lﬂg USlng boolean Algebra A5 (b)) Bt U
) ; = : (5\1*1(‘\;"3 JLou\ J—ép,u_)
Fa\& (l»"“*
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ANB/@R TW@uﬁe‘v el Empﬁeﬂemataaﬁ ;
of SOP Expressmn - |

- ® The two implementations for F are shown ) }
05 ) % 4

below — it'is qmte apparent whlch IS si plerflw )
(chresk)

- é-— L Sl Freakion
B
C— A .
A . & : :

6—:: G '

. . Lwo levels : .

C-_'l S kD . ! -

Ao J\S\QL.:_LA 030 { S)g |

B— )_ HED T\ U wes

(s | (cost) 2

' [eved then (O
{wo i (@131) " (o) Chapter2-Part1 68

gz ar.dl:anpsufbw Fmamarum.-i
Ws : :
\&Mm&trm I, S

T ,f_—__?.-gh_af-r\-ﬁ._s»'_'r'_emf,_uu) .
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T'wo-level Implementation

* Draw the logic diagram of the foﬂowmg boolean function:
« F=AB+C(D +E) BB

u*"l*"fu\f(cﬁ"*es) 3 PiEul glady -2 LY
- Represent the functlon usmg two-lev 1mplemen1a,ngn:

level (2).
e e it . N Chapter 2 - Part 1
& 2006 Pasreod Educaborn, [ ’

Scanned with CamScanner
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SOP and POS Observations

gL T STLEN

. The previous exampies show that:
* Canonical Forms (Sum-of-minterms, Product-ot-
Maxterms), or other standard forms (SOP, POS)
differ in complexity
* Boole ii‘iglg@bra can be used to manlphlate

equations into simpl S.
« Simpler equations lead to simy EMVEI |
implementations TEoP e SoM eedysm b K

o e ‘:OM

=» Questions: Lo s
How can we attain 2 “simpiest” expression?
= Is there only one immum cost circuit?

The next part wiil deal with these issues.

.@S'ﬁ) e

m.- i Furelamamials, e .
- Chapter 2 - Part 1 70

= Slides
e Educzbion. i

L—. e

b LT )
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Literal Cost &

= Literal: a variable or its complement 7«
= Literal cost (L): the number of literal
appearances in a Boolean _expression

corresponding to the 10g1c circuit ~ diagram

= Examples: ) o B3ne
« F=BD +AB'C+AC'D’ o i
Norevaoles

" L,:_F&(Mlm;ngg_m,eesié Best solut1on)
e« F=BD%+AB'C +AB'D' + ABC’

nLé‘]__
.« F=(A+B)(A+D)(B+C+D)B +C +D)
» L =10

e ————

oqic and Compuer Dasign Fundamenlals, de - Chapter 2 -Part2
onifoint® Sides

e Pk immlioe e
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Gate Input Cost &)

" Gate input‘. cost (G): the number of inputs to the gates in the
lmple.mentauﬁummspmmg exactly to the gi qu tion or
equations. (G- inverters not cou d, GIN: inverters counted)

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

finding the sum of: » Ooy= L+ vurber of tecms @ xcluding - Singe Naxiaple Les
* All literal appearances : SLJ,»L")

* The number of terms excluding single literal terms,(G) and

. opMy, the number of distinct complemented single 1i €
= Examples: wmper e =B |
b, D! 1) LU

7 _,:L F = BD +AB'C + AC number o variables Cavaplem
SO, T G =11,GN = 14 (Minimum cost -> Best solution)

« F=BD+AB'C+AB'D' +ABC’
= G=15,6N =18
15, 6N = 1 @
A4-ED)(B 4+ L% D')(B £ C' +.D) » H-torms.
» )0 numbex of Vorialle s

\
P =44 B)
» G=14,GN =17

» Complemented varighles: 3

(N = L+ vumber of 1 wumber of
enms TY\Uex”‘E;exs_)

TnuevtOTs) = 2 .fjﬁi\)ﬁl;i

(7 G55y ) Sl

Vo Chanpter 2 - Part 2 6

Fgmaynmws J¢
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[ )
= F= A+Bp+

(109‘-"{’ \ariabts)) (SJ_; dgﬂ]]u@
(B.®) (d?p(ﬁ) f*-").c.-c U J..SA*'"/ I~

(P) ((tc) ' L L

@, 5) : Com lemmftﬂ’ "‘“‘")‘“JPJ@
©=2). (‘-”Jﬁ“_fcrm{—w) i e Q)r@ (o)L 1ol 552 (et e uj: (@) Jngan?s
= L (literal countj, counts the AND inputs and the s{ng %M e

literal OR input.
= G (gate input count) adds the remaining OR gate inputs

= GN(gate input count with NOTs) adds the inverter mputs |

Chapter 2 - Part 2 7

tals, 48
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Cost Criteria (continued)

- -Examp]e 2.
"F"‘(ABCD)—(ABC.FD;) C
o | — 5
3 G N 5 + 2 —~ 7 =¥ \Oif—fuqe_ Qedrlouhive. \an . {l%C_C‘_ —\-()Q
Tt J;f,..m@
.GN:7+2_9F: A | 5
@ = Vaviades —_—_T:ﬁo% o . \1 ' &&)\::#

P
_ Lot b of b rﬁ‘) S—]
|.Hn ¢ mnhﬂ nf B_ &

¢re Hagn one
\:/;:‘:WG)

Varioble .
@IQ 6‘ apter 2 - Part 2 8
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Cost Criteria (continued) ;

= Example 3: A - \
* F=ABC+ABC— (1 ‘
* L=6,G=8 GN=11 '[ | = )-F
=(A+ O)(B+C)(A+B) D‘I:—p\&s;@m & »
L =-_6,'G— 9, GN =12 D e L
Ww\ac u°3§\)-'7;‘_.

= Same function and same % yp Agmaniit
literal coSt . << Variables unber B

» But first cn'cult has better D‘F
gate input ckount ang better |

gate input count igit  NOTs LD'"

(')

» Select it!
3 Chapter 2 - Part 2 9

ard Computer Design Fundamenials, 4e
Foint® Slides
8 Pearson Educalion, Inc.

iy Chapter2-Part2 i
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3o o i‘ .
Karnaugh Maps (K-map)

~

[

" AK-mapisa collectlon of squares 2" =Gauae . =
* Graphical representation of the truth table > l
* Each square represents a minterm, or a maxterm, or a row
in the truth table
* For n-variable, there are 2n squares

* The collection of squares is a graphlcal representation of a

Boolean function % firkn sz6 s 5 ones) Bl |
ook fminkern ) Gl §ygbdocamye ¢S G0 x

Urie oo @i &F (&x2) 7, Ole, L :
P Adj @_(ﬁﬁ&t_[&quares d1 fer 111 the value of one variable Qmww)e S

* Alternative algebra1c expressions for the same function are"o"fp'
derived by - recognizing  patterns  of  squares ..o
- iy . ("5‘03&&{

mwwwfmammw- e Chapter 2 - Part 2 11

FouprPoint® Sidss
£ 2008 Pearson Educabon, Inc. -
WSV EA
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a T'wo Variable Maps
' = A 2-variable Karnaugh Map: -

* Note that minterm myand | y- =
G = §Sx minterm m, are “adjacent” @=0 | mo =55 X
G{l\i\:‘;’/“:’” and differ in the value of the X=1]ms=xy | ms=xy

»as variabley]
* Similarly, minterm m, and

s i

minterm m, differ inm
* Also, m; and m, differ in th x variable hs well
¢ Finally, m,and m3 differ in the Value of the

@mable y)

w and Computer Dasign Fundamentals, de Chaptel‘ 2 - Part B 13
D Pecnatn Eaucaton e
©2008 ; : ¢
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K-Map and Truth Tables — 2" > .-

~ O, ms T
= The K-Map w a different form of the truth table ‘M@ef“ff‘ g B
= Example: Two variable function ST "]:i?‘_

* We choose a,b,c and d from the set {0,1} to implement
a particular function, F(x,y)

z Input Values F(x,y)
(*x.) (HEIGN
00 a \g”m ‘
P y=0_} y—=1
| 01 b e (e = -
l 10 c X =0 a -
l 11 d _ x=1 \8 d
P o A -
Truth Table  =ome Mpomabotin K-Map

A%&J&N‘ﬁbh .

Chapter 2 - Part 2 14

—pescqrart2 g I
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93 Fxy)=x | y=0 | y=1 |

>

Il

=
[y
=

= For function F (x, y), the two adjacent cells
contammggl s ¢an be combined using the

Mln_l_mlzatlon [heorem:

x(ﬁsz)- <~ F(x,y) =xy+xy=x

Py ) y_EXamP'é@ 'F(Yﬂﬁ) = O

Loﬁtsﬂdmsw':“wwgn}'uwuad i L\ ,3) o Q‘}J\;Q U"J'l - :;P
] Paarson Educabon. inc.
. Fanckion U (V)
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K-Map Functlon Representatlon o

" Example: G(x,y) = x+y

Folaa)= 5, ("9?‘ 3) s

3L‘$+X‘d X Gxy)=x+y |y=0]y=1
AY % (UrR 0) —o
X x=0 0 > k)
RAXY = Xy (meificabintionen) — §) 5P @
x=1 1
00 £ e )il & W) _B\EA%-\#

" For G(x,y), two pairs of adjacent cells“”»os
containing 1’s can be combined using the =**

s el
Minimization Theorem: ™ © foncten ) U0
;. N Q(quj) 2
G(X,y) = (xy+xy)+(xy+xy)°‘% XY vty -a‘ﬁ(l*é\bﬂ‘
G(x,y) =x+y nrEREREN »Nase |
|

Chapter 2 - Part 2 16
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Three Variable_Map's

. Athreé-variablé K—map BYhgpiingsed Gleduy, Gl hg

G vy o a a
yz=00]|yz =01 yz-—ll‘yz=101
x=0| my A - ms m,
x=1| my ms UL EYET TR

" Where each minterm corresponds to the product terms:

. FOLY2) = 'W@ Sw:quq)ﬂ : yz=00|yz=01|yz=11 yz=10]
x=0| xyz | xyz | xyz xyz
& ;C(x,g,%) = {@(Q’B’éﬁ) nes x=1| xyZ Xyz Xyz xyZ 4}

: # ma o m)ey}f:' (maﬂ_: mg)
. Note tbat if the binary value for an index differs in one.

bn;,mgfﬁan, the MEMMLM nt on the K-Map

Logic and mﬂwm Fundamentals, 1e
Powerfoini® Slides
© 2006 Pearson Education, Inc.

Scanned with CamScanner
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Alternative Map Labeling

\__

* Map use largely ly involves:

* Entering values into the map, and
* Reading off product terms from the map v S x
; Vack _,mﬁl

- Alternate labelings are useful:
\%o\@a“"

oY

r/\/v. A
YZ

Scanned with CamScanner



' Example Function

\—

| B .
thy convention, we represent the minterms of F by a "1" in
e map and leave the minterms of F blank (& ¢

= Example: . v
e F(x,9,2) = Tm(2345)  |° IEERE |
T = aY— TM By 565 o O 1_\ 1 K @C)(::ﬁ %&&J@
TR LR \6 J 5 \ b
: siptent=| 1| 1| 0|0 b A BN g
= Example: e \ O\O \ L \ Oj
" G(a') b: C)' = Zm(3;4:6:7) J;ﬂ: 5 al 4 5 vl 6
Significank- 1 ORta | 1
,23-: .I_?Vc'«’l'a\b'eﬁﬂ \ c \

= Learn the locations ‘of ‘the '@fndices based on the
& } _variable order shown- (X, most significant and Z,

least significant) on the map boundaries
LogandCompe r..(-amxgls.« W/’) Cp N funekion X2 (2 ovicipes N 2% . Chapter2-Part2 19

© 2008 Parson Educalion, Inc.
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TUTITTNLD T T e sy WAy s AAALES AN L EA L)

Functions (ones N ?__5

(., ‘S__W\L PNEY u)
» Function can be given in truth table shorthand_m)_tanon SOP,.

* Example:

F(x,
" Fx,y) =X+ xy ¥ Y

" F(x,y) = Xm(0,1,3)

0 1

X X
0 0 1
0 [ =1 7 111
qu-q S‘\Um'(-*-cn 1 0 0 x ZO 31
CiKheled) |1 | 1 1 \—XJ
il A s

» Combining squares for simplification !
« Rectangles that include power of2s squares {1,2,4,8, ...} ¢ i

e (Goal: Fewest rect s that cover all 1’s = as large as poss1ble
ey 3
not needed o
- Det__,,ne,liany rectangle is d,

Q\Uﬂ desr Y
155
= Read-off the SOP terms

352, re Y K@w&)wgqu&

" 2
e i o Chapter 2 - Part
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i Combining Squares
e e D SO

n
BY Comg;;nng squares we rg.dummnnber_of_hterals in a

ot\her ;costcntena

3™ On a 2-variable K-Map: 5Ct.4).
» Qne squarerepresents a minterm with two variables

« (Two adjacent squaresyepresent a product term with one variable
» (Four “adjacent” terms)is the function of all ones (no variables)=1. 7% Y

3" On a 3—Variable K-Map: £(x>¥- %) e
« (Qne square Yepresents a minterm with three variables

° {ﬁ?
d% mlacent squaresyepresent a product term with two variables
ppresent a product term with one variable

. mls the function of all ones (no variables) = 2> 3

Logic and Compuiar Design Fundamenls, de g W | Chapter 2 - Part 2 21

"
re
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'Eaxampit. Cﬂmblmng Squares

5 Example F(x y, z) = Zm(z 3 6 7) =

;4

" F(x,y,2z) = XyZ + Xyz + xyZ + xyz v |1 \3 \z

= Using Distributive law 8y Beclenn Etprerions \ \ \[li ij

e F(x,y,2) = xy+xy<,.——4 Usfrey Fhesrems -
S when we %cw.p a Pqnd-on wf{j«\(QUo«msbhs

- Using Distributive law AGAIN i o £ e oz (o 0 BII5 9 1852 i O

: (Q\‘C(f\ﬂw,s ’
% f”'ler P F(x y Z) e U—*“"‘WH’-) J—"b/}wa)u- u_,s.»)t-—- oD - J-" (Y o tnf Q) L'J"J 00 Li-®
‘ - cj'())-")b“l/r{)’pldl— & ope D Jf‘(‘—-”)—!‘;&)"e&:"f W L) 65 Lie®

k ’m’i W:jﬁ Jhe (""""5 Mdﬁﬂ)_~(0 variableg
“""a Thus, the four ad]acent terms that form a 2><2

“"§quaré correspond to the ter a@

5 ’“‘/5’ )42 Viviaes - e Lo

405 §5: (o (ones) BU
Chapter 2 - Part 2 23

i.ogic and Computer Desigh Fundamentals, de
Blides
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Three-Variable Maps
: : '

» Reduced literal product terms for SOP standard
forms correspond to rectangles on K-maps

containing cell counts that are powers 0f 2 g 2 5=
5 @) wabeF [ s 5lus gt &

' N ; ;
= Rectangles of 2 géﬁs represent 2 adjacent minterms

= Rectangles of 4 cells represent 4 minterms that form
a “pairwise adjacent” ring

= Rectangles can contain - non-adjacent cells as
illustrated by the “pairwise adjacent” ring above

Chapter 2 - Part 2 24

: Comgnter Design Fundamentals, 4@
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> T'hree-Variable Maps

* Example shapes of 2-cell rec:‘tangles:"

ﬁ\)c‘;’ﬁ X3 423, . NG v i -.-ﬁ 3
f(&A&Wficht)hDLmﬁ Siari?_kfu,ﬂ,)', . i it ;

d Re.ad—off the pr_oduct terms for the rectangles -
shown: 5T .
. Rect(O 2) — XZ g ¥ g

S REGEB D SYE I BT Lo e

LogkwcanpumuealgnFmd amentals, 4 ‘])JL“’ 2l 555
ommuonsmbm Imﬁ\&b\‘)}cf 95\0};6’_)_591(,“3.Jl
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Four Variable Terms

* Four wvariable maps can have rectangles
s corresponding to: < ol e
€ . Asinglel:  4yaribles () Minterm) 5+ vorais
* Two I’s: 3 variables N2 375 48 F= B vortebls.
e F st I O hzz oo = owrf
f)ur S ZMIes ,fm; il Fe o obles
e Eight 1’s: 1 variable F - (Wexieble

Bt Computer Design
fEducalion, nc.

 Sixteen 1’s:

Furdamentals, e

zero variables (function of all ones) F=1..

. veetargles )

Chapter 2 - Part 2 30

s i s T ST
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P Four-Variable Maps

" Example shapes of 4-cell rectangles:

= 4 |
i =T 4
vee(5,%13,79): X=&. 01 1 3 2 (1)
Yec (OI’?\) %:"O)":;(?:' '—"""‘JI |:'---— —
rec (2,610, 14) : N =, 4 5. ] 6
ec (131.13‘, ’qflﬁj WK .
5 F 13 15J 14 ] X
giwiijf%): X2 +¥Z tyz WA AN
w- g | |9 |11 10 E" B
1 |
-—--"'} -

Chapter 2 - Part 2

Logic and Coenputsr Design Fundamentals, 4z
Powerioint® Slides
© 2008 Pearson Educalion, Inc.
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‘.— . — —.-.-u.-r AEE A NS RV AR

\—_
" F(W,X,Y,Z) = £,,(0,2,4,5,6,7,8,10,13,15)

TN ] (rime w3
Py | '{ ) ot 1S 4z OV P
g [Feli B R VIR EN(<1T )
i 5 i 16 _‘ :
A
, 12 . IRt X
W — —
1! 11
F(W,X,Y,Z) = XZ + X7 + WX
S g 0501 Mo ) | | Chapter 2 -Part2 3

€ 2008 Pearson Faucation inc
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X Egential Imﬁ:'cam’:s-;_

5> Yecl (C'r]B)
w rec (3,7
¥ ree (Y,6)
¥ rec (14,19)

5 prime imdlicants.
C) OHHY
vec(5,7)72 ﬁ«phﬁiﬁ =

)'Ls Cf@ feC(gr?H’S' (5) &P ). |
[/’Vrmc_ A ol

,"ﬂ? rca

Compular Design Fundamentals, de
Sides

Four-Variable Map Simplification
M
* F(W,X,Y,2Z) = ¥,,(3,4,57,9,13,14,15)

¥

e | 2
1& pva Non - Esenkicd -

mc(5 b (3, 19 ) eS|

\J“SU@% wCﬁ'f\Q.S) __}1__3 J_}sﬂ

X C Y &G

F(W XY, Z)=WYZ+WXY +WXY +WYZ

Chapter 2 - Part 2 34
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Systematic Simplification

4% 2 T l't:qnf; = .

Pr. Hgf" .Impfl'gg__nt: is a -product term obtained Dby
combining the maximum possible number of adjacent
squares in the map into a rectangle with the number of

squares a power of 2y e mayimup possible numbec 0} ajpserd trems.
Cores) Sl e a2 SR mes &N %

= A prime implicant is called an Essential Prime Implicant

if it 1s the én@ rime imr licant that covers (includes) one

or more minterms

—_—

= Prime I@R@cggig,@ﬂdﬁsﬁemial Prime Implicants can be
determined by inspection-of a K-Map

"covers all minterms" if, for each

least one prime implicant in the

minterm- ot

" A set of pr'ime'"implicants‘__
minterm of the function, at
set of prime implicants includes the

Chapter 2 - Part 2 30
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\

" Find ALL Prime Implicants
CD

_ C ESSENTIAL Prime Implicants
BDD lL EI— BDy ¢
Wl 1 11
i s | — '
BD TR | — »BD .________“g q
— B - @ —— o5 B
P, 1Y | ; _Q_‘J
AE"' ENIIF 111 1101|1111
AD

ﬁ C .Minterms covered by single prime implicant
| w_wm?am) o js Vol &Y Rt o) 88 VK Chpera-panz 36

m?;
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PP Prime Implicant Practice :
| |

" Find all prime implicants for:

F(A,B,C,D) = Z(0,2,3,8,9,10,1f,12,13,14,15)

@‘bﬂ&
Sk i 1 : ; 3 \r') ;ei;d\e‘a&
A el gL b ] Qc_f‘ "
! g e, 01 |1 B 2l |1
= Prime Implicants:[Tsoteisl  |° 1 Lyl
e A ol ' 4 5 7 6 ngd&"")*
s F T P
* B C | . 12 13 15 14 B/
e ¥ * v ¥
e BD P (1% 1% 1% 1
e ¥ - 8....,[ 9 * ,u.----l.ﬂ==. -
1] 1 |11 1l !
i : e
----- D
mwwmmmm.« | i : “ ) T Chapter 2 = P&Tt 2 37

© 2008 Paarmon Educalion, Inc.

Scanned with CamScanner



Another Example

= Find all prime implicants for:

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

& Hmt Thg_l’_e_euisexenpnmmphe—ants' S @@ 7D
Wiizo plzedy
= Prime Implicants: i B C
o AB —v Ahe only one (E%‘Wﬁal o v |1 3 \2"‘"'
. BCD— 0 T
e C;,?:o(om) b5 = % 5 :!_ 6 \
’ ‘?CD/ W) T G 05 | lIT\
L4 AC&/ ' 1] 13 15 14 B
e _ (non --(’SScmL?lyfs;) ;3 L 1 1 : 1 1¥_ \
A—_Cz/ 8 9 1 \10 \
@
e ABD.” D \

Chapter 2 - Part 2 38

e
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Selection Rule Example

¥, R R el Ve
— -A-n.yom@mg;‘-m.mﬁ iy

* Simplify F(A, B, C, D) given on the K-map

Selected Non-
C essential Prime ) .
Implicants C Essential Prime

{ 0 1 3 r 2 _] Implicants

1 I 0 1 3 2
:.._.l 5 N---L-: '1—'1*-/7
7 6 A

1 1 N4 5 7 6

12 1 15 14 . — — R

1 12 \ 13 15 14
1
A 8 9 11 10 A e
T 1 '_g - 11 10
: - 14 W
| D D
Prime Implicants Essential and Selected Non-essential
A W : i
_\ P(oresd) 2us 69 O J‘*UQI ( ,A?\?ca S) | Prime Implicants
P m——" y —o pot prime imphicanst Chapter2 - Part2 4
i ,]ii r;rﬂ._ ;wr’/‘m"‘%
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' Product of Sums Example

Find the optimum POS solution for: forakisn O\ 50 157 ¢

BILS (SeR) (ol ROS)
F(A,B,C,D) = ) (1,3,9,11,12,13,14,15)

m
& Solution: -
~=+ Find optimized SOP for F by combining 0°s in K-Map-of
2+ Complement F to obtain optimized POS for F c
T 0 1|1 3 ¥
= F(4,B,C,D) =AB+BD @L@“’;‘@* 01| 1| 1)}0 \
. suilo (€'Y r‘F”' T - j‘
. > : : 0 0T 0 0
= Using Demorgan’s Law: | = \B
5] 1 1 1 1
F(A,B,C,D)=(A+B)B+D)  Ak— L
,{ | o e o i ST || W PR
0} | 1 1 |0
----- D —— -
gl ferin o Chapter 2 -Part2 41
200K Pegrion Educalion. irc.
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EXample

] TP ) N2y 22 ©) ™= (D)) (ores) n2-
® Find the optimum P(%éS and SOP solutié);ef)tbozr:
»F(4,B,C,D) = | |(0,2,4,5,6,7)
*FAR,C, D) = B (L5399, 12,5

. : ke
* POS solution (Red): "™’ 5),—;? Fonat )@f‘""”
. . . o m eNv S ((One s
* Find optimized SOP for F by combining 0’s in K-Map of F

* Complement F to obtain optimized POS for F

C
F(4,B,C,D) = AB + AD o [ A 1
F(A,B,C,D) =(4+B)(A+D (LY,

4 5 7 6
= SOP solution (Blue): 011 0 | 0 B
ST 2__li__lis__ 114
* Combining 1’s in K-Map of F q 1 1 S
T ] i
F(4,B,C,D)/= A+ BD AR i e
' i T P B
H 1
1 D :
Design Fundamentals, 46 Chapter 2 - Part 2 42
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on ueares in K—Maps | )

Incompletely specified functions: Sometimes a function table or

map contains entries for which it is known: ¥
« the input values for the minterm will never occur, or:“‘j ek ol X
) : g R
e The output value for the minterm 1s not used 2 ,5&::‘; ;‘"&w P\J ©)
~ i -Mq

= In these cases, the output value is defined as a “don't care” st o

= By placing “don't cares” (an “x” entry) in the function table or ot
map, the cost of the logic circuit may be lowered

= Example: A logic function having the binary codes for the
BCD digits as its inputs. Only the codes for 0 through 9 are

used. The six codes, 1010 through 1111 never occur, SO the

output values for these codes are “x” to represent “don’t cares”

s “Don’t care” minterms @e _replggeiﬂﬁb:lé&-% 0’s
M _#F—"' R .
require the function to be always 1 ar 0

<. because that would
for the associated jnput combination

nwmmrmmm.«
gird? Sildus
Pearson Education. ine.

Chapter 2 - Part 2 43

- ; IR Tall rklnum‘.s)/)"u-’\wu}-l

S |
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Example: BCD “5 or More”

T ——————————————————————————
The map below gives a function F (w, x,y, z) which is defined as
BCD inputs. With the don't cares used for the 6 non

"5 or more" over
-BCD combinations:

If don’t cares are treated as 1 ’s (Red): y 1
0 1 3 2
" Fwx,y,z) =w+xy +xz 9 e Q1o
e G=7 L=5. - 4 Jru— P
e O ' M il 11
i = If don’t cares are treated as 0’s (Blue): 12 - " 18 W — X
T om £ (w, X,V,2) =wxz + wxy + wixy sr_-__.g..?i Q < 10
1
« G=12 Lt i_[] LAl X X
@) JunctiopI lasiss bnes) N 658 fhse e x z

= For this particular function, cost G for the POS solution for F( W,X,y,2) is
not changed by using the don't cares

»  Choose the one less inverters (i.e. less GN)

Compiar Design Fundamentals, 4o Chapter 2 - Part 2 44
. e
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Selectlon Rule Example with Don't Cares

" Simplify F(A, B, C, D) given on the K-map.

Selected Essential

L~ :
] X .
. (W2 o)) *
1 X 1 |x W eelels Co
LT \ g |
| x (x [ =< I\ x[x [1] Rries ) G0 s
7 r B N : B @hSo
X \/X S Fx) 4.2
A A : e 0.9 Sl
L 1) x B IV E)
e , ' :
g oo o o D
¥ ((2; fa\g!?)# 21 ?\!t 6\; + AED. (V. Mmterms covered by essential prime implicants

Logic and Computer Design Fundamendals, 4e
PowerPoird® Shdes
2 2008 Pearson Ecucation, lor.

*Ri\,r%x,b) ‘E@%B‘-*”@D Chapter2 -Part2 45
=10 - GiN=1Z. T (invertor) A1 42
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£ rouuct 01 dUms witn von't Lare
Example

= Find the optimum POS solution for:

F(A,B,C,D) = 2(3,9,11,12,13,14,15) + 2(1,4,6)
m

d —> oot sy

Cc ' C
- ._r 3 Colnband muthd ___{'__.- o A \ T -
01 x|| 1 !_0 oifx 1\,50\-
0 | X
| CH D I K X |0 .
12 13 15 i 38— 14—
1 1 1
é...ﬂ__ 9 11
0! 1 1
1
_____ O
Chapter 2 - Part 2 46
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- 1.+ (ares

re K-Maps

"Five Variable or Mo

* For five variable
problems, we use two adj 2 e
It becomes har ljacent K-maps. 75- 2 -

. der to visualize adjacent minterms for tw° K™%
selecting PIs.

hables
: You can extend the problem to six variables b ¥
by using four K-Maps. ¢

c}sgff"'_rlx @

Nw Xy =z . S Al 5
oo e oo (0) Y )P_@Lfba;ﬁl'_y . Y
5§ 1Y AP
o ¢
\ O 0\00 (6 X X
- —— W
)
TR
Z
Dot g, T —“ o ‘ Lo b Chapter 2 -Part2 47
£ 2008 Ponrson Educabon inc.
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Other Gate Types
S ——— M
= Why?
* Implementation feasibility and low cost

* Power in implementing Boolean functions
* Convenient conceptual representation

= Gate classifications:
. 4w © Primitive gate: a gate that can be described using a :

single primitive operation type AND_DI_OBJ_thiin )
opﬁonalinxersiog@@m (avd & wot o o8 e net] a0, o9

ss»* Complex gate: a gate that requires more than one

primitive operation type for its description (4duegers)

AOR 5 RNON (ond 5 o0)

Chapter2 -Part3 4

b kMR T
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P Buffer

Ldl crie)d gy P

= A
: IS a W
G549 2 gate with the functhLX

_(inputs) N o> , B -z 7|
'ﬂ?ut& F:EL;L X -I : F . X % fax= f— 0 . \
) = | : ’ : ; : \

= In terms of Bdolean function, a buffer is the same
as a connection! @;MJ)MU*; | '

. A buffer is an electronic a
circuit voltage levels and inc

operation (signed o)

 Protection and isolation between circuits
Logc and Computer Dadn Fuiensnit 2 Chapter 2 - Part 3
b

PowerPoint® Sides
© 2008 Poarson Educalion. inc.

éjlﬁer used to 1§gpr0ve
se the speed of circ peed of circuit |

5
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NAND Gate

n /‘I('-"'LIJ Hand) N s B
. e NAND gate has the followmaymbol and truth table:
Fl
1

Yo | -

|

f

s
—~ | pe
—_ e~ =

1
1
0

= 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 function

X
_ e
‘:’:"’m’ . Chapter 2 - Part 3

Scanned with CamScanner
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NAND Gates (continued)

. f/ -
1 S oolean
= Universal gate: a gate type that can implement any B

: te: = Ao Slpbrn X
function. The NAND gateis a universal gate: PR PR
. (%) -(F)

Demo"cykv\:s__ }M.‘
(Ko) +(F3) =
Lyy () = &

XY

Scanned with CamScanner



NOR Gates (continued)

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

oy N5 i X X —C Fo a2 7%-5-2
wot 2 T ¥ =) F=XY.2
qute €Y A
P 22

T
S B 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 ..
ey

Chapter 2 - Part 3
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NOR Gates (continued)

= The NOR gate is a universal gate: ~

X_._....—.—

Inverter using NOR

X X+YJ

F;X+Y

x X9+ ¥T9=
7(.'1'__3 X33 = yafs
OR using NOR
X |
F=X+Y=XY
Gl =l gy T & TSR
. = X
vy _ | X J o
Loge and Camputer Desion Fendamanials, 48 AND using NOR Chapter 2 - Part 3 11

LI (VD) ) 00

— g\ T
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Hi-Impedance Outputs olbor ) 4
g (O i -

R s

= Logic gates introduced thus far (Roskpek) Lol
B EET

e haxie:_L@%ngmAiﬂhES, Vadues Guelis
effg-u'c s da T & -
(® cannot have thgmﬁ;ﬁ%ﬂmﬁid together, and A
( transmit signals on connections in only one direction 5277
. O awnd votl)) e 5 Hicd] vew Yelue
= Three-state logic adds a third logi alue, Hi-Impedance :
}"Tnﬂlﬁ jté‘tﬂ i

(Hi-Z), giving{hree states) 0, 1, and Hi-Z on the outputs.
NoT .
.(\;O:f_ﬁ)atpub) h:mjt;p\ ) si

= Hi-Z can be also denoted as Zor z

f a Hi-Z state makes a gate output as

= The presence O
described above behave quite differently:  rvo chake bulfors-
i Ny, F28

o “1 an@_@W” Wy
e “cannot” b “can.” -~ e Too skoka buffor (3 stoke buliod
W £ L) Y oE
€ —h. F ——-b@—’ﬁ ;

o “only one” bec “4wo”’ 1o
' 1 1= gr =, ﬂ
¥ i %) Lhaﬁw 2 - Part J .1.2

Cenguter Dewign Fundamenials, 4
Bhaigs
4 | -

v -
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" Hi-Impedance Outputs (cohtimied)

= Whatis a Hi-Z value?
o The Hi-Z value behaves as an open circuit

« This means that, looking back into the circuit, the output
appears to be disconnected

. . AN ; : .
« Tt is as if a switch between the internal circuitry and the
output has been opened

= Hi-Z may appear on the outputof any gate, but we
restrict gates to 3-state buffe |

eN=0O -'9_6’51 FEin

e sk

L ogic and Compuser Design Fundamenials de % 00> gii-')dfz_‘;' 4 13
& 2008 Pearson Educaion, k. . npuks ) &
#

- Sos ” ol | R * e "—’ - W \ gAMP). —Em e
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Tri-State Buffer (3-State Bﬁffer)

= For the symbol and truth table, IN(p) Svmbol
1s the data input, and EN is the DAHEE

control input (Enable) IN

e )
= For regardless of the gy

value on IN (deM_b;L&X), the
OUtpMLLe_ISiI%;%‘* 9 Ies 62l ey > Truth Table

| "'L—LW;?) oSl ok N 03 ) EN b Lo s

= For EN = 1) the oliffput value [z

follows the input value ik

Pl] ¥
§_)\40;L$N’ SN

A W N o
"  oudpd) L) E
WMOJQJ(C’ s [_'mP“'i')JU

: O fnewt)

s &) &
' (bM & M’m)tali

Chapter2 -Part3 14
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W Tri-State Buffer Variations
0475‘ hi-%

= By adding “bubbles” to signals:

« Data input, IN, can be inverted (& bdbe)
« Control input, EN, can be inverted (b babble):

EN EN EN

EN | IN_|OUT| ., EN | IN | OUT

o) | x |z) s | 0 0t ¢

1 0 ol ! 1 ":‘;‘53)\\ 0 o- \ 1. s 1 - *‘&l
Ce i i )
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Resolving 3-State Values on a Connection

= Connection of two tri-state buffer outputs, B, and B, to a
wire, OL (Output Line)\-é Multiplexed Output

G D)o Loy

Ekxb ,dﬁ’ e (ﬁ}tﬂ-’t i'?é"éi’%}‘ 59LV)(3§3JK<) J)J
EN, | EN, | IN,o¢ IN, | B, B, OL (37)0kf B ament
e ; G : . ot o B
:1 f—w/g\’ \}‘“X 2 = L_[l-_z B s m-“z dijb;]j:é-'(i):j)[j_—s_{i
ARV NOREZANGRI e
- /% INO @l g™
o 17 T [ | w1 s
0 0 X 0 | H-z| o EN, ~ot
ijE,N1 ciid O N %
L @eus s (W)
> s oy ot
— TS &S
Gy j} Chrusk SIS Q:NL) Wesilzse Lo wmf‘fj !
§ Computer Dewgn Fundamentals, 4e ' i Chapter 2 - Part 3 16

A
s
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Resolving 3-State Values on a Connecﬁqﬁ

. Resulting' Rule: At least one buffer output value must 7 4,
be Hi-Z, Why?  ¥.ht least one bri- stote biffer must be Snackie(nd)
* 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
ol (22m+)). (‘Fxm)

= How many valid buffer output combinations exist?
—’Lt—’—ﬂ,, Mwlnwvmg o\ipuh,

+ 5 valid output combination ‘Mj“_ @ P teaal odpds. =5 -—-'?(,-5‘.@)(,3;.05”‘;”

Lo_‘,.{. v\h g) Hoas —p APl ,261‘\%"!

What is the fule for “n” tri-state e buffers connected to -
wire, OL? . ¥

—— H - =2 5 w=Y

W e At least “n—l” buffer outputs must be Hi-Z ™ v 1o

y * How many many valid buffer output combinations exist ? ,a}"a&m
'Eacmig:blﬁeﬁreanh e a 0 or 1 output-w ... .
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MO oo i o R T TSR i

Tri-State Logic Circuit &;f@‘%

.= Data Selection Function: If s=0, OL = IN,, else OL = IN;
» Performing data selection with tri-state buffers:

S . IN
a S': EN] ENo IE%M INO OL (—A%‘ta sdel’bu(), -_“%*‘JJ‘O OL
__,__.-to 1 ~ XJ!,, r["-.i/*' 0 LS)‘/ENB
: Gl
o o 1 x | | [y N
X 49 1°
: : . G’\\’Em“ . | (s) e s> 5 ENy
v o1 0 T x | 1] = -
;\pukjkﬁNQ é‘G”J ‘ (S) o NMJ'CE‘\Q U oaP (s '.\_‘4

\o BOL(0)(0) Wogrelp U Ay (89 o ! :
% u Since ENg =5 and ENg =S ne of the two b tputs
s L %@,_L_ﬂ__zw .

is always Hi-Z. "' <

Chapter 2 - Part 3 18
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Logic Functions using Tri-State Buffers

. ’rr\ chote tudPors. + muevrbon; ks iplomat, o
= Implement AND gate using 3-State buffers and inverters qaete g

F(X,Y) = X.Y AEAEANN

= Use Xas control input; (¥ 2t A2 ot lﬂ?\.} 0| [0\|F=0,
. - (] I= 2 0
‘ 1
1

- 1 0/
* When X =0, E = Oirigsg ‘
+ WhenX =1,E=¥

s @ .
Mpds.}\f_’)‘i s doy," s

ﬂp\jwé‘ \JRL&SJJM Yuevtens T
-t ) i
ans Do B 2 =] F(’waﬂu obl) r“’J;’”*-
e bubble (°) &t bz M Fanckion)
Tpta bubpor L0 "N ) 6o Frdhrebie) ) (‘““@
B\ ols (IS mo:\r’ﬂm@ g
o ds pwerter ) e

o I yls pubbie Il
w“cmal-fmw'd'

232608 Pesrson Educalion, inc,
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Logic Functions using Tri-State Buffers

oo Im;)l.ement the following function using 3-Statellbuffer“s
mve ! = wx + wy
paesisons BT F W2 y) = By 4 w5 + 1y

= Use was control inpuf: o0 "8 T & | wlx|y[F
. i, JPg-v A5 (Gl®) @ X) i _ 000l o
pcke =% - Whenw =0, F = Xx regardless of the value of Y 0l o0l 1
— Whenw =1 -5 oyt I s ST )3\ g
2': * Vaviable( _\ 98 W dad fundien 0| 1| 0|1 F:;(
-Ifx=0,F=y noek DS buller 813 < e @ -
5 drue S o e S:g.ud 0| 1| 1|1 |&k%we
\ invotked : TR
110] 0] 1P
110|1|0]| 3
1(1|0|1 e
11|11 2w
W Lk Fot o
o T g
e

Chapter 2 - Part 3 20
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Logic Functions using Trl-State Buffers
e g st e s

S

= Write the B olean expression of F(4,B, C) given the

diagram below FONRIQ) =ABC #3B
- 1Mfilmwl'daa ?.“trkiunJ! LSLLEJ b_.! JJ’{_)j |10%)
*

-8 o)) edio ©) 8 -C
1‘"’_}) ¥ D‘ D5 G‘.SY\A‘“\M@_H ‘:—_,.»(D
71

®=2> ‘-"'_P'ﬂ-l" i v "

1 =1_—.R
BB
= o) ©
¥ B..o =
o] |
=C & T

AR C oy
-ﬁ‘ﬁ(_ :.‘)I_'._
;F:C“'_ 1 &
£

o
o

o —{o|N

Opb
1.01\ ){r
pobilog
© @2

]
|

ofef=lefolofo [ *

/

card) (25 (D1 iy =
ot sl s drg @

he et “"“(@J@‘f :ﬂ%c):}’(«-')t_y...l,\,‘,j@ »
st sigmify 2 \é 2f oy 3=r & x =5 cJJLu ola)) (i é
M-jVMrsa...{;fa# F(A B C) ABC + 19f . 1L 4’

U’"ww G5 L) (ENebe) NB(h) 209 (2bllas) 70 4o 1 £ (R)ouph ) 5oty Bl @
gmf“"oa\s’(ibu#ws) e LS (ENabke@) e oo ) (b 1Sz 8 Q
mmw”"‘“"‘""‘“j‘“ Chapter 2 - Part 3 21 J

F r-S‘ ey Fwd-uh-J" ales @’L‘, Wl\mpuj-g) 158 775 N L,J(ENabb’.) D)o (B) S5

Scanned with CamScanner



“The ¢mpleX 30:!:&39'
Excluswe OR/ Exclusive NOR -

= The eXclusive OR (XOR’) functlon is an =1mP-0Yt?ﬂ’1t
Boolean function used extensively in logic circuits

= The XOR function may be: g m-*-* .

« implemented directly as an electronic circuit (truly a gate) Of

. implemented by interconnecting other gate types (use& as a
convenient representation)

= The eXclusive 'N OR (XNOR) func‘uon 1s the

complement of the & XOR)function

= By our definition, XOR and‘)Q\TOR gates are complex
gates v '

Computer Dasige Fundamentais, 4s Chapter 2 - Part 3 22

cadion, Inc.
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Proof: XNOR is the complement of XOR

AUE)y _(E_Lgl(aﬂl___ . )/‘;‘M]#

dfazdy (Aeotsrqan’s Jaw)

* X DY = XY.XY (i) A gy
= XODY = X+YQ(X+Y) distribadive. uo-
s XPY = X + XY + XY + Y¥ 0

+ XOY £ X@Y=[XV + XY

Chapter 2 - Part 3

Scanned with CamScanner
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Symbols For XOR and XNOR

N
= XOR symbol:

m §§ 6?ﬁ\"symbol: \

\F\/J“

x Shépéd symbols exi_s;gnll}ii_i; 7 Co & ¥ |

(R-w) o L
/ o \, e ; X ‘;ﬂ . IVB“L’
5,‘\1\ 3 # 2
o e l Q&m)"‘!’y. Mg as \-"f"\)*
‘ E) = 12 — 8"’;9 oYy g (2-mpks) UASY
™

N < A - e Q)\ N ALY~ alemc 255 Ol ThS UOR)

ki A
] %\JD 9 o T
f 2% ? L/ 2 2 . 2 S5 (X iog) 05

f. 'J ’ ..'f OR r q}“
m_mmmw.rmm.-- @b) he C'“P wh) BIeTs 0)}5 J bs)ﬁf | J£ M Chapter 2 - Part g( )"‘15
© 2008 Pasrson Fhucation, Inc ) Lﬁj_;’:’: (‘-jwb‘?é) o_,],,‘{,_ ’),.J
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Truth Tables for XOR/XNOR .

“

X . ‘ 1
Yy |[XoY X | v |xovx=y |\ ;
0 0 0 0 0 1 3 : ‘, *..‘{, '.‘- '
- . 1 0 1 0 :
1 0 1
wkion N\ 64 1 1 0 0
xa+33) 1 0 L.l 1 1 1

@M)\ VoS ol () VI LToe e K ﬁw:’::S» (1 Joho 5 oplaid Ky ) 5 6y 3 —saysien Do
« The XOR function means: X OR Y, but NOT BOTH =~ ®™
m— .

= Why is the XNOR function also known as the equivalence

l ion. denc =) \
function, denoted b rator =’ (MR )

o Because the function equal ﬂ f and only if » ST l,p";ﬁ
‘-'_,;né (?'u‘j)(_J !
ROZE v,

Chapter 2 - Part 3 26
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XOR Implementations

» The simple SOP 1mplﬁlllewwe
foll w D:]
I 3

E - XY =Xu rs.
»
)(.\3' ;

NAND jon 1mplementat10n 1D cwpige
» A NANDonly I o sl

}(NHND){‘)J:’*’ O{OR ole dredi s 5 ¥ (19 ] ”(‘:“’ g‘,,.am_,_,ug
amg L g
‘ S Vg :
Y AL i & e
RO R |
Logic and Computer Design Fundamenials, 4 e Chapter2-Part3 27
Powerfoint® |

Siidws.
® 2008 Peerson Education, inc.
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2 - vewriable s ¢

A=Fo3%  YAA : RO 4Af = X.g XY = X Y =
XOR po N ’ X negy Ols s

(xeR) )

@:,g:;|@o=|o.:_ .__@xeao_x / @x&n X — ‘““"’]"

- -lo®o.40 T > @0 =1 %

@yu%20:2 | Gxev=xe7 — | @Xev=Xov | f

Iw ' -

AT | SIS E Y XOY =Y DX (hidAD) ¥ Di
o 3 i w dom €

Gg_ﬁ)&'}oéa,‘;%ﬂ‘)j‘w@iﬁ(x@l’)EBZ=XGB(Y®Z)=X@Y®ZG:’:"!%"EJ .

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

gc.,{m%:%n For more than 2 variables, it is called an odd function or __— ;
) it f;; modulg({)iuﬁ (Mod 2 0siu(gm) nf%toaf }(ICI)R (o) Lotxfﬂlcﬂfiﬁl(\;f *
" ﬁ”’ S DY DI = YL LXYZ+ XV + XYZ (Odd # of 1S *‘;;‘Z*C}wfi
P fmckion) Cl’ oS (odd) s> (mpudf ! J (ones) ) ))-9 O\S \JL *Ei q:lp‘éx,s. 2. -le!zbo)})
LB s 1yt ()1 &2 22 PRI Sl 5 O
(%5 Buariabes) ) 8l uﬂwlvdb @'UMMJ‘ w5 g % éoN 3 ‘) g~
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B Llge ) Sip (Telenbiles .
XNOR %E’]}lmd /UJOADALD la s e

8”“—‘6&...31—
The XNOR identities: |
N XOo0=X @XO]_:X ,_ﬁqq@é\:\:gm
_~ T ]

XQOrY=yY0OXx Q;nww)
XOYOZ=XDpVoz-= XOWDZ) o750

ol

The XNOR function can be extended to 3 or more
ariables. For more than 2 variables, it is called an even
unction, not an XNOR: o:% 9 (1n0ed) D& (ones) 3 e gic |5

2 te)ag e, fchion ) 3L .
XOYQOZ= XY +XYZ+XYZ+XYZ (Even#ofl S)

HMB is the ggmplemen ol

o (9“:ke)f" b b has (\Weq

Design Fundamenials, 4e ?E : e P Chapter 2-Part3 29

Segs; (19 I
foyd ) 2%

:9‘“"” 4
ones = e
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- Odd and Even Functions

" The Is of an odd-anction correspond (Je-mafs) D .
to minterms having an index with an (D) Lol |0l ( V'JS': *
odd number of 1s. ' i
y 4 . 5 a 7 . 6 R \ S 25
o |1 [3 |2 B (Dairgs,o
ol 1|6 1 12 13 15 14 cho it
ol 1 |o |1 s
x|4 |5 7 6 A - - = a & fbﬁ
1je/1]< 1 || 1 [ gy
z D F“OJ'MG:L
Ny
X NOR " 3) ga S
®= The Isofan eve funga'on correspond |« &E{jﬂj
to minterms having an index with an — T ¥ odd
even number of 1s. Ol 4 \ 1 \ \ S
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Example: Odd Function Implementation

o2 0:—% Design a 3-input odd fu fon I = XPYDZ
e wi_th@;input XOR)gates
= Factoring, F = XQ@Y)ODZ

= The circuit:

< .
L.

: F i
Z _ 7 »

o o e

Chapter2 - Part3

Logic and Compuler Dasign Fundamentals, 4
PowerPoint® Sides
© 2008 Pearson Education, inc.
e

Scanned with CamScanner
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Example: Even Function Implementation

s
= Desion 4-input even function F= WOXOYDZ
with 2-input XOR _and XNOR gates
« Factdying, F=(WOX)®(YDZ)

= The circuit:

) >
) e
:)D ‘
| mertev ‘3“’&“‘«)&
i w’))(r‘a W (a0 =

Chapter 2 - Part 3 32
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. .

Parity Generators and Checkers

W
= In Chapter 1, a parity bit added to n-bit code to produce an n+1 bit code:

+ Eromplesr OIS (.

» Example: n=3. Genel.'ate even 2 |
parity co ,ﬁcﬂonds_oﬂﬁngth_fﬂ Y ' P
with odd fungtwgcl (XOR)‘%J i Z ity ) &©
‘“"“?"‘*""‘ & P""“ » (0dd) Petin ) 550 (5515 /I

Y -_ii covoY

= Operation: (X,Y,Z) = (0,0,1) gives 7 —J-\’ paatts 20}
(X.Y,Z,P) = (0,0,1,1) and E = 0.Woeree] e el °""’m~)b’“ el

If Y changes trom from 0 to 1 betwee Panky bk _
generator a and checker thén E =1 indlcates an error | Toon 2 -
j | ‘u.DJ-ﬂ ’_‘;\3

“there s €xnvor!
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= Part 1 — Design Procedure

» Steps 2)5 e & BTN (‘;,,:..n\ BURE
= Specification b S0 audy r;; aol oS
= Formulation ‘
= Optimization
Technology Mapping

cation

Chapter 3 - Part 1
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Combinational Circuits (desot hae memocy ).

® A combinational logic circuit has:
* A set of 7 Boolean inputs,

* A set of n Boolean outputs, and

° nn switching functions, each mapping the 27 input
combinations to an output such that the current output

d . :
epends only on the current input values 5SS BB oS0 X

= A block diagram: fizh Sy
SRR, <. N Yo (Do M?ﬂld‘* e
o Combinatorial [T g an odekd©
v : : il
i Logic 1. LN T A
¢ Circuit ¢ Siaiez)
& ¢
R —

- m Boolean Inputs e ntol_ean Outputs
' ' ~ Chapter 3 - Part 1

s de
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r o it ogp "
Design Procedure ¢ %>~ oo 7@
[(civamil) » pu

1. Specification - (#))
* Write a specification for the circuit if one is not
already _available. What does the circuit do?
Including names or symbols for inputs and

outputs
2. Formulation .(3+)

e Derive a truth table or initial Boolean equations
that define the required relationships between the
inputs and outputs, if not in the specification

3. Optimization (u?4)/ (ordsd))
. Apply 2-level optimization using K-maps

Draw a "logic' diagram for the resulting circuit using
- ANDs, ORs, and inverters

Chapter 3 - Part 1
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Design Procedure

4. Technology Mapping (rs% $55)
Map the lo g1c diagram to the implementation

| :%1Irtlr:k Exampfes—
h(:StﬂSOV . '

1O

V\-—OLLJ(MS.

Chapter 3 - Part 1 6
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Design Examplel
e —————————————————————
oyl
Inputs (X, ¥, Z) and one ouiput F,(such that F = 1 whep—> 32
the number of 1’s in the input is greater than the number of ~ G°G45

0’s @QMD%,{ZD R 0 o abome bl % ekl g
.m" ‘m‘ L '

* This is called maj_'h_o_gfgyj)'unction ('%jo;_ity____gg inputs must be 1 A
for the function to be 1) '

" Specigcation: Design a combinational circuit that has 3

x| v| z| r|
* Formulation: e 0 0 o | o d
(J’hvﬂ" ) ___H(_é‘!\; L 0 0 : \ s { 'E \,jif;i‘;sf
fadle my 0 1 o | o ‘
s
‘ ol 0 1 1 L\ TP
X SP&Q&g-iCa.!rion_ e ‘C“Ue-*’u;’cze” 1 0 0 0 "\ ),s.,,..;,_S)
i 15 3 oise [ : z : ‘ Lnde
B2 Icé-o‘_f??u-: e
J’J g dalt % 1 1 0 :
. 1 1 Ll 4
Chapter 3 - Part 1
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,r Design Examplel Cont.

I ey i
" Optimc’ljzation:"’”"’*“f":ﬁvdn'm s
uivg (K —prags) \ Y
F(X,Y,Z) =XY +XZ+YZ 0 : \3 M \1 W
: 1

X |4 5 | 7 |6
(1 11 1 \

* Technology Mapping: 2 \

* Mapping with a library containing inverters, 2-input AND, 2-input
OR

T - (Q";“?u'l's) A QJJ:'*

- Eb

baed s o2 ob
o
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Design Exa

mple2

R VWS L L

) - (=3
n S ] s . . el
‘peglﬁcatign. Design a combinational
circuit that ¢om 2-bit Binary number Ad4) peC BBE) | 00,00 |
(Ae..ﬁ"!.?ﬁil?_nge;vi@_gutputs 0,0, [= ye® | (u
such that: ¥ Aezimd ) euem e |
(one tuo bts adpik ) {o)@ 00 0w | ol
0,0, =00 | When A = B and Both are even o ) o
0109 =01 | WhenA < B o > 0 \ -
0,00 =10 |WhenA > B b odd :‘fi/‘@\’ £ ¥ l\ 3
E—01 10 ol
0:0p =11 | When A = B and Both are odd Y :
desmdd [ " GT [ 10 | o
m(...-—”/m 00 10
o as PR 10 01 10
" Formulatlon:(tm%\ ) N == (“‘“’"_"“f %\;. - ” =
Lable hottd
_ 10 11 01
k2 . 5 w p b‘&ﬂ Ck 00_)
Ny oV -—w‘rmﬂe) W= JJ‘-;' g & o 1 01
4 oo, cne 1 W S A Aedod Y. P“ ! 1 10
i ¢ el byt (1D 1

@)

deomal 2dd (6a<—éhkme§ -l

apter 3 - Part 1
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Des1gn Example2 Cont. s @ien 35 &

O\iog (,9) PO 0 Peg I\ /Lus‘d& u).:w -4 ,Q =6 u)(y,a\(, o= g .

= Optimization and Technology Mapping: O | B
00 - BIBO + A-_]_Bl + EBO (9"{'3!?)-)‘ dﬁ_,:a.} ne J‘.-'ﬁi' - \
Gaioe e (phe) $-0 6D A HEVE

BX_

Bo=1

A((wQuks) I 12

Ay

B; =

0o \ B,
B¢—< N 01 ‘ } Bl
o — . = wlo/o) e @ex |0 |

01 - A1A0 -+ AOBI + AlBl (k,,mq’;) )\a’ k:...p_g; J; ,._ﬁ\ \

ol M c,-ufh

o —>
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. Design Example3

1. Specification "
.'-
- Bﬁ'@éess-.? code converter (€ies®) « 6 L)F (Sl

Y- bits) Y pits)
ransforms %&B code for the decimal digits to Excess-3

code for the decimal digits

. BCD code words for digits 0 through 9: 4-bit patterns 0000
BCc O :,Z_O’-%E{/)—A

to 1001, respectively o
ExcesYN COSGP s (a) o) b

— @) ¢
e words for digits 0 through 9: 4-bit patterns

e FExcess-3 code words for digits U i ou
d to each BCD code

consisting of 3 (binary 0011) adde

ward
. BCD fapitys labeled 4, B, C. D)

Ercess-3 gutput)s labeled W, X, Y. Z)

Chapter 3 -Part1 11
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Design Example3 Cont.

E

2. Formulation ABCD WXYZ

0000 0011

0001 0100

0010 0101

0011 0110

0100 0111

0101 1000

0110 1001

0111 1010

1000 1011

1001 1100

5 1010 XXXX A> dn't cave

§o e J N Gz @ 1011 XXXX
:’:“’(lj o) (Qp(;’ll aal \Jb 1100 XXXX
{HQ‘JL@M;‘ Jér’};{ outpubs 1101 XXXX
35 (ae-0) P9 1110 XXXX
; 1111 XXXX
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( V)U"US,BJ‘ S

' Homework: BCD to 7-Segment

= Specification:

* Inputs: (4, B, C, D)BCD code from 0000-to-1001
* Outputs: (g, f, e, d, c, b, a) f“ g “b

ABCD gfedcha e“ “ c
®* Formulation: (0) 0000 G OIIT111()
|~ = N = s
desoedl— (1) 0001 0000110 ) d
* Optimization: @ / S (0 otk 3O
s o o How many : / 54 cob - (0) ok O b
2 ' =
i) < K-maps? 1001 1104111 H))
oulpub ) (D) v (%) appy 4~ 1010 0000000 (.
subpuk & Si® /
v @l (K maf) /
M) 41111 0000000 ()

Chapter 3 - Part 1 15
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»~  Mapping to NAND gates

" Assumptions:

* Cell Hbmrg_mmﬁmfm

fates, n=2, 3

—_—

* An AND, OR, inverter schematic for the circuit is
available

* The mapping is accomplished by:
* Replacing AND a ols; >4 NAND
 Pushing inverters through circuit fan-out points,

and |
. Canceﬁggjumgirs —=to NAD.
Ve 50 s & L%
Furclamantals, 4a i X_,)"m—@)
=i fo i |, (R-medor) Chapter3-Part1 17

(G2 V)
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NAND Mapping Algorithm

1. Replace ANDs and ORs:
il

is at most one mvertmzjletween

a. Aci ut NAND gate ou_tput and
b. The a d D gate inputs.

R i o : ] >
Wite ' -

Scanned with CamScanner
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NURKR Mapping Algorithm
L ReIQ&ANDLMS

(o) e iy A =‘D— — j;})}-
W)
*})@' ?:),_Do_

2. Repeat the following 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.

N
— C o, Ny

D°7\9:

psh b—

Fhe '

NN Chapter 3 - Part 1

PIRNPE R =S SR
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AYUN viappuig pxample

Chapter 3 - Part 1
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‘Overview

" Part 2 — Combinational Logic ( wittet o).
» Functions and functional blocks "™ —= ot
. Rudlmentary logic functions

i - Ilt:codm,c_r using De@(b;m%)

* Implementing Combinational Functions with
| Decoders

Gomblnatlonq}___ Functions with

.Chapter 3.3
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Tt ———
Rudlmentary Logic Functions

= Functions of aSingle Varlablj

" Can be used on the

lnputs to functional Functions of One Variable j

blocks to implement X |F=0|F=1|F=X|F=X|

- other than the block’s 0 0 :
_ intended function

Chapter3 5
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Enabling Function

——

= Enabling %;Zrﬁi)ts an input signal to pass through
to an output

* Disabling blocks an input si ignal from passing

through to an “output, replacmg it with a fixed
value

» The value on the output when it 1s @?m .be
Hi-Z (as for three-state buffers and transmission

gates), 0, or 1 m;gﬂ% Eﬁ \ :j—‘—Fo
= When disabled, Ooutput - (

L When disabled, 1 outpu 2 i

©  lb) Cuaperd ¢
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Decodlng

\
* Decoding: the conversmn of an m-bit input code to an

- m-bit output code with n < m < 2" such that each

-_ 'Vahd code word produces a unique output code
; CaL:wou}M ) "”?“’(' d=

R At el
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%:t())-z Line Decoder ... =1
—_

* When th(? decimal value of A equals the subscript of D;,
that D; will be 1 and all others will be 0’s N

(o)) 5o 455 - (Jemede) )1 350 @)
" Only one output is active at a time e Gag (ackie ) 52 s
Desion for

1-to-2

el o ? ' ecoder
(a) -

(deam«ﬂ“ﬁ(bm":ﬁuw‘,?@ wpk ) (S bac®
A (Wnded d g audgut o ge B=0 W (0 Lpbe s (Faws
npt Nasso ™ Decoders are used to ¢ontro

Chapter3 8
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2-t0-4 Line Decoder

G . T»gm her (= 2
NSy o — G Do® galpek Iy (5 5

mpuds A, A, DL,‘ ]{(a,{- —mqé)d.g,g, .
\_-»:S_&—-af Biip ’r‘() - 2 Uk demober) N s %
‘/0) ( SRl g \eremn
WE:*"’ 70__4‘-_ A, va Aenevaley )
C-=1—0 17T g (1\ : Bl i ol e n
(‘2“ q./ Do= AjA (’\03
& Pt B odph ) 6% o x
N/ .
: o
B “’@’—/ D, = A1Au&\;\\u i RJ’
A d : — Dy -
; 2-t0-4_-_ " =—D Dy= A1Ag lny)
D3 = A 1 A D(Mg)

v (b)

18 :QOS§ ble _ umd/\ MeANs @ muenrlcors\
der IS made up of @Woj(l -
: ates

Chapter3 9
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Decoder Expansion

-

* General procedure given in book for any decoder with n
inputs and 2n outputs

® This procedure builds a decoder backward fro
using

1. Letk=np

m the outputs

2 We need 2% 2-input AND gates driven as follows:

drlve the gates using twd Mz-to-z_ﬁfihgfgcgrs_
. If_,. k 13 drive the gates using one @1)/2-t9-2(k+1)f2]
decadel‘ and cmg @T )/Z-to-z(k'l)’?ﬂecoder

ads (
e oder resultlng from step2, repeat oof)

U‘nti_l we
-For_k 1 use 1-to-2 decoder Yeach Yo

Simplect, decoder,
Chapter3 10
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Decoder Expansion - Example 1
-_—

" 3-to-8-line decoder @) Ll G0 g 82PN 5 Lo 3
o k=n=3% Num bew OP-CnPWE'

LM??) ** We need 2°(8) 2-input AND gates driven as follows: 3" (JU_LP%‘_
* M;P VR k 1S 0dd, so split to: é—@\s _oc_iif iffors) " piss T
5“" o of 'to-4 Ime decoder iy 2 Ly \“‘ B ST

(k) is e (Same)
7 %o 2% ok £ b o an
put__AND gates driven as follows:

Chapter 3 11

: *vl.uhyu.a o 12
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Decoder Expansion - Example 1

X2 +4%2 + 3 el [ #2input ANDs ||| 8 2input A
" GN =27 =is, Vas 4 5
*lﬁfuf? R-inp ﬁ »

" Straight forward design X i
has the same GN cost

fifs) wbmﬁf: Sbdaazost) oolsmese
B el A,

oo Lic w))igs o
c:r“vbu&(a; )JﬁJ CM’MJJLLS’JJ )
| gzt L}ﬁr 13S0 Wb\ B o

U

-

Lﬂ»‘_)l (Ao _..)A;j (JJ..w

1-to-2-Line decoders

L+ | 3456 Linie decoder
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Decoder Expansion - Example 2
\_
" 0-t0-64-line decoder

ok:n:ﬁ-—b%nmb&\r aPmpA—;

. We need 2°(64) 2-input AND gates driven as follows: (" - punberd P>
; s ]

(o ___,,n—hﬂwmi\w‘&m'
: Hoe \eopl, \ko A decadon.

Chapter 3 13
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Decoder Expansion - Example 2

r._;@é} a'm:! 94‘6“35'/_,(21)0?&19‘1&"
. GN==64-X2+16><2+BX2+6\ AO el
Cinverter)

Aj_ :

" 6N=182 ' Q2" ondgets,

*  Straight forward design has
'GN cost of 390

Dl = As A4 A3 Az A1A0

Az

D¢, = A5A4A3A2AIZ;

| Dﬁ3 = A5A4A3A2A1Ao

Chapter3 14

Scanned with CamScanner



Decoder Expansion - Example 3

= 7-to-128-line decoder
e kmn=T
(& We need 27(128) 2-input AND gates driven as follows:
e k_is odd, so split to: ' -

2+ 1mut AND gates driven as follows:

At i i e e et

i o
T e et

"-"-‘1 335 (&\ 3}

Chapter 3 15

..’_.-.r Sil—ﬂ o &j .‘ N
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Building Larger Decoders

* Method_1: Decoder Expansion(®\—"*—==*/") 2

* Method_2: Using Small Decoders with Enable Jnput (e
» (Example}]-to-2 line decoder with enable

* In general, attach m-enabling circuits to the outputs
* See truth table below for function

* Note use of X’s to denote both 0 and 1
= Combination containing two X’s represent two binary combinations

* Alternatively, can be viewed as distributing value of signal EN to 1 of 2
) LM DL Oo 0 (o)(--ﬁmut M oB Lagsx

\“Q“*J\ Ul (]

o ) called _--‘, ole U,mPQ EN
..:_05_,{0) sis 1 ,'w# (l)a§‘ rx.ﬁi‘ubk oy C}"JB’UEF’*' EN"L (\)«l,»," D OSde- B 65 V3l

EN A D D OGS _ \~ D
_. il = .__} =EN. P 1-to-2 ’
L Decoder D

2 ulS Lag L =
©

D‘zoo

Chapter3 16
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2-t0-4 Line Decoder with Enable

= Attach 4-enabling circuits to the outputs
* See truth table below for function

Combination containing two X’s represent four binary combinations

* Alternatively, can be viewed as distributing value of signal EN to 1 of 4
outputs '

_* Inthis case, it is called a Demultiplexer

EN

o

Du = E\ g"

D= E\\ o kl

D—Dz = h\ Eo

]

D_Da = Bibo

) o (prawl sV z) :uLP;; *
» (Dapb)da - 2
Chipter 3 {7 -0

Scanned with CamScanner



" A combinational logic circuit has:
* A set of m Boolean inputs,
* A set of 7 Boolean outputs, and '
ncdd sﬁ?&ﬁ?ﬂgj - umggg'ons, each mapping the 2m jn

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

] G235 ue 65 X
= A block diagram: 2t s el

_? ——s (Do ouphedt O
I Combinatorial —:+ Sy o ¢S
/ Logic ! [Z3A) 'w\Q\x}( B
% Circuit * oy
! °

= —_—
m Boolean Inputs n Boolean Outputs

and f@p'.lst Design Fundamertals, 48

FERALAREEEENOOTET

V10 s 3
- .
tF el TS et L osed 12 e
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——— e

R R R R R R

' omwmb‘c G

Id J JIl

PN NN RN NN NNEY
D_eglglﬁmged.uxe T L’;“;j“&gﬁ;@

1. Specification - (v#))

* Write a specification for the circuit if one is not
already available. What does the circuit do?
Including names or symbols for inputs and
outputs

2. Formulation  (39)
e Derive a truth table or initial Boolean equations
that define the required relationships between the

inputs and outputs, if not in the specification

3. Optimization (upl)/ (ol
» Apply 2-level optimization gsing K-map

. Draw a logic diagram for the resulting circuit using
ANDs, ORs, and inverters (kusic -getes)
W— 3

M« 3-Partl
mwa&g’mm : Chapter

Scanned with CamScanner




Design Procedure |

4. TechnologyM Aapping . (¢ s5a0)
* Map the logic diagram___t_o the irga_lern__e_:g‘gatioﬁ

B Wﬁmm

5. Vel‘ ._ (LLS'M3 \ab \03\c
. Ver;j‘y _the correctness of the final demgn

manua]]z or usmg simulation _» (B o)

— (0 light sensyr .

i) ? opd '. o0 o

/ mcb'on Senpr ' - - MP“JB \ —cukpuAs
o - {p) e

3k Cion ( A b’ C/)

Logis god Crenputar Design Fured amentals, 4z

i”"’i“"”l“l FENEEEEEEE @ n dnas

DNecion FExamnlel

_\

S
1‘?‘*
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TT=m=EEaEREREEN
E Design Examplel

o))

Spec&gcaﬁon' Design a combinationa] circuit that has 3
inpufts (X, ¥, Z) and one

ouiput F,(such that F =1 when—= 5114_2\
the number of 1°s in the input is greater than the number of

GoCuog
0’s (i.e. num ber;soji;s_kaZ) 1 0,003 655 3 % Bundion)y sy
* This is called majo

majority }anct]on (1(‘;& aj M must be 1 (o) &5 ()
for thgfﬁmctlon to be 1)

X Y zZ
* Formulation:

——

wid 0 0 0
IeY/) ) D de - wid 0 1
table ma. 0 1 0
: e afl 1 1
* S‘Pf—ﬁ\giqd-iom M jche_f,J_?u@_jJ ; . 5
a4y o Gse 1 : 1
= p‘_,."_chéJJ’od-C ]

Cilat Lt g ! : g
: . 1 1 1

i 2ret Computar Design Fundamentals, dn '

werfoird® Eidas

0 Fearson Education Ire.

Chapter 3 - Part 1 1

LR R Ty

o
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iy

*
\

g c2sC) OV y gy Py
= p Opﬁmization:""f"ifiﬂwaw s _
—~ B usivg (K - Pags) :
" 2, i
"3 as g . y 1 \ s
? ‘E:umt Cl-fl I’)ﬂ'l'ta'm;_‘ E}m( 'S, 6)6/?)- X 4 5 5 . \ - .. .
echnology Mapping: z |
: ggppmg with a library containing inverters, 2-input AND, 2-input
et * (Rringuks) 155 o/~ 4
- A5 JB b
by & &)
X g 5P 3
Y
2
T
o aid Computer Design Fundamentals, 4e <
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TR AL

B Hﬁ
e B

S EREERRREREREENNENTY

Design Example2

. Specnﬁcfijtlon' Desi

e
n a combinational

x Lol -

I

R binary numbc:rs q?d 1?@,, )

o

o
=

L
F

circuit that compare z_mb i AA) N8 BBB) | 01,0, ,
ST 5w A '
(A___J_i') and produce two 0 outputs (O,, O,), € B<® 2? = Qg bt} |
W T =
such that: *( one. bus tits adpt) dew!} even = = T ouh\UU_'
LOl 0o =00 | Whend = B and Both are even = 90 & 11 ' oh %»f)&g:j
| 0,00=01 |Whena <z o> w_ | ¥
Loioo =10 |Whend>B o nih o) 0D AR o fg)
= _ . S 01 10 1
LOIOO =11 | When 4 = B and Both are odd a&%d W ‘_lj_) dll
£ —t 10 00 10
* Formulation: & Sz [ dewedt B - = i
_ Fir hinss 10 10 0 |
10 11 01 j
Qi 00 ) o |
Oy Wy g (L/"VG“'"‘H?) I’?/ LS J;;..!I C’ P [oecnie // 11 01 0 |
deomddl’ P’) 1 10 10 -\
s é""
J‘—{Jff""& (‘le‘{”ﬁ) W_):"""S- . < f U,a_,.Si (11\ 1 ¥ ‘
: ¥ ™5
s SO deamad ¥ 0dd < (Oye(kmag) (o Frvag)
Fovarant Sy ‘ ( Chapter 3 Partl 9 M

© 2008 Pearson Educalion, Inc.

®)

Scanned with CamScanner



i e S S — e g
i b S T i Mot ' i 0 o A i ) i e

Des1gn Example2 Cont. (oo 350

(u_;tﬁ-«»z cﬂ)Fv(’J hoz /[ﬂﬁ\d—uﬂu 2 e o b UJQ“;"‘G} lgo= 3

® Optimization and Technology Mapping: O \
IR

O¢ = B, By + A181 + A130 (hes) It Gt uc oLy \0 \ 1
::q Geige e (vphe) §-5 oY \
(’quﬁ‘))\ \ 0
1

;
i
T

S AL TR TR

B;-—JI S .

i 2 | Bo | \ﬂ}\\ﬁﬁﬁ
. e 2

Bu—‘ 01 \ B s

U"‘LO\/OU q“-;—*:‘;\x“_"* \“ \i \3 \11 \

01 - Ale +A0E+A1-B_1 k 3 w J ‘—;\
(»map) \a’ 28> 93 == 7 ¢
4 A o P ey |
>,

Cermgndst Cusig: Furn

r'”‘ '-“' ‘.
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TTmEem eSS ELELEEDR
Desngn ExampleS )

TS_\

pecification

. (BCD/I‘;\‘ ,rcgess-3 code converter (eres:) « (<) wdf(mw*)
H-bits

. ransforms B code for the decimal digits to Excess 3
code for the decimal digits

* BCD code words for digits 0 through 9: 4-bit patterns 0000
to 1001, respectively o ;76%@3_'

-_’\—fx,—-—(lz)oo(ﬁxccsﬂ)\ COSEP. 5 (a) wlo) A

« Excess-3 code words for digits 0 through 9: 4-bit patterns
consisting of 3 (binary UOWEh BCD code
W,Q;'d

e BCD .s' Iabe@gfé i? C, D)
. Exé:es Iﬂbeled(W, Xz Y, @

e ard Compdter Design Furdamentals, 48

weroud Sides . Chapter 3 - Part 1 11

v 7008 Fearson Fducabon, Inc.
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B s O S M S

Design Example3 Cont.
2. For mulation ABCD wxyz | _

% 0000 0011
- 0001 0100
T St
— 0010 o101 |
el 0011 o110 |
e 0100 otn |
== 0101 1000 |
e ; 0110 1001 |
— 0111 1010 |
= 1000 1011 |
Tl
= , 1001 10 |
— X 1010 XXXX o da't cave
= (35’-" RV Sl G @)X 1011 xxx |
= A . : 1100 XXXX
= > (15 ) w(@(;llega.l _>J[( _ s ‘\W
= (B £yt \oubpub =
. s (ae) %) 110 X
gy e

"~ Logic and Compuler Design Fundamentals, 4a
Powie:oii i Sfides
o o

3t

Design Example3 Cont.
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— mw g o = P il - b b ) N L F) } % )
onZEEEEEEEESwE L.
: omework: BCD to 7-Segment
= —— '
= " Specification: a |
% * Inputs: (4, B, C, D)BCD code from 0000-to-1001
= + Outputs: (5, £ ¢, d, , b, 2) P E 1
= : ABCD gfedeha 5 } u 5
= * Formulation: [O) 0000 0111111
: y < i M —— | {71 e
5 desndl— (1) 0001 0000110 ) :
: = Optimization: @ / yeh i s ke N QS
e g - How many 5_ '{ b« (o) oulpd N 1
S il = K-maps? 1001 1104111/5\

odpb ) & (BLD) b (W) sby 4- 1010 0000000 (.\

oubpul £ 5o r | FERTEE

. @Gl (K maf) i

(BCD) W e D 41111 10000000 )
) tals, 4 00) 4230 Ry =
o e '3)!(@’,") NN (5) Chapter 3 -Part1 15
© 2008 Pearson Educalion, Inc. (dﬂn t Cm'?_)
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Technology Ma pping

3 M:‘Pping Procedures . .. .
*To NAND gates
* To NOR gates

¥ (VRND Conts » | ¥ 0K e

C fo. F

OONT Jone -zk
z e - 1 i o S . |
AR = A A “ﬂ‘}«f it“ ™ . f;‘j,f':_w == 1
RAND - = i “oR - i- e &
iyl f ﬁ x i ™ Fre 5 | ' bt
el — ™
i £
|
f -
! ;

T tlogw A Compxiber Dasign Fogaiuman
Prsesivaid® Shgey .

I'I"I‘Illlllllll!!‘"tllr
~ Mapping to NAND gates
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A\t

CERRREEEEEEENENONTINIEN
Mapping to NAND gates

= Assumptions:

. Gate loading and @lilgnmed | %
. Cell library contains arlinver aput N
gates, n=2,3,.. o

*ebdz
. An AND, OR, inverter schematlc for the circuit is
avallable -

= The mappngsaccohed by:

* Replacing AND and OR symbols, >+ nND
* Pushing inverters through circuit fan-out points,

and_

. Cancellng_llx;m\er_glrs —A»’m NN\\B

\ e <
Iﬂ?ﬁmmﬂrmdgﬂ Fundamentals, de ol Ué) - m
P i & (414.5‘&.» 00 lis (’3 wm\’{m’) Chapter 3 - Part 1 17

O 2008 Pearson Educalion, Inc.

Bl \1.‘ _l
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NAND Mapping Algorithm

= 1. Replace {&NDS and ORs

* }:} — E D
2. Repeat the following pair of actions until th

is at most one mverteLheIween
a. A circuit input or dri NAND gate output, an

b. The attﬂ!!hﬁ_d_NAJ\i]lg&tLlI\lputs

P ard Computer Design Fundamenta

TERLLEY

- v 4 W TEw™ W M L pes B, < e [
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L e Y W ., .

NAND Mapping Example

L

Chapter 3 - Part 1 19

ogpe arvd Computer Design Fundamentals, 4e
reAFoird™ Shide

2004 Pearson Education . )‘—{9 TCJU"& %C“m&"' ogr inueflwf‘s.

e T T
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= NOR Mapping Example

A —

]

C
D
E :
' (@
oo ) (©), . Yo
02l <5 T{)Jﬂ] (JT\UW‘%&“S) \ S

HngC o € oo
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ﬁ%, . !1 W W w m- £
Rudlmentary Logic Functlons |

—— bGSd: }'L“.-"bans 2 y ':i

* Functions of a§ingle variable X)
Functiorg{ *)f‘ One Varigble j I

\fue Sikiven. " krandeen
» Ahs) 2

= Can be used on the
inputs to functional 0 ! =i
blocks to implement F=0|F=1|F = X|F=X v
other than the block’s 0 0 1 0 1 1
intended function 1 0 1 1 | 0
Vop = s, dbasipl ‘E

= Vg]ue ﬁXjﬂg@“‘%‘g{’ (HJ@;@’L d = <0 iy

e bad (lagic hdgh) (@)
* Transferring : ¢ (sane dots) —=*e% Yecor o (%)
KAy

a8 Hie fnp .
* Inverting : d (In%%e N F=1 F=1 (x g
ling : next siid
L 5 lide
Enabling : next s : Pr0 e 0(\_ — }
Ll ¥=2
(O) 2} ( wﬂj‘ Jj)ﬂ’b Eﬂ’wcvj @)\Ef’ (b)- d)
e o e ' Chapter3 5

= 2002 Fearson Fducabon Jnc
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T o ——

» Enabling 5eei e

141 permits an input signal L

~—F A al to pass through
to an output P ¢ =

u . . @72Y) 320 ‘ .
Disabling bloc_:i{os__ an_mput signal from passing

throughmtoanoumut, replacing it with a fixed @
| value == zcl :
*Whety Eyuwhlp=0."

] e e fncds, The value on the output when it is @an be
.
i‘
j

e A Sneduie T 7 (as for three-state buffers and fransmission v
¥ nhon Enie - gates), 0, or 1 s (VD) X:-@—F =)
2o B0 When it ogupnt) = °
¥~ = When disabled, 1 outputy ~—__
T Tom R >o e
: 0

Logic érdd Cormputer Design Fundamentals, 4s
harRels Sfidas

o i

(“(J;’ L k\}‘j _;J_I' e % ,—'.;j.x_i ’J

Decoding g cmbovbond  logic bock- 700
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N and (o 2\«\\

ut Varlable§ »
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Oquals the su

1> ostpid: Dot LHAL D WIH be 1 and all others will be 0’s
W Wc,loukpnk«“ (nden) 0 (o (Fedmd) JL(p) 2ns L: ) 455 P (demc\eﬂ. 1\\"_;3“.0@

N :
o> (5111&0118-@-131@ active at a time - e s (ockie ) SRR
¥ P""' 5 \Dﬁs'lf-}" )fbr | | T
; ouff"} U b3 De(oc\el\’)

ﬂ__H___A‘\(u(.AIMWj Sumckion | - . .
(dedisd] d] (pio o Lz ©) gk Jy 555 “M—% e T qLM s D) @Q&Qu&% N s decodery) f‘-‘ﬂ*‘"’%i

J (1ndex) b m Mﬁé g Bmd W (03 Lpbe s $) 1555 (1) ol (ki) 5 (k) B B 8
zswo® Decoders are used to ¢ ontroD 1ple) circuits by enabhng
e :

oL 652
Jﬁf”ﬁ 9 %of them at a time
DR REEE

[ and Companar Design Fundamemals, Je
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{to-4 Lme Decoder

>(n)

PU)wnn 2

==_5,:=_,=:=;—‘a_‘lrl‘rlIIHHHLH:I?‘”HJ

| —

#‘ﬁ’ﬂb‘s"‘wwﬁw = P
Do D Dr"x D"‘(‘a,{. —-gw'SE (_l,-c_,m i-*, ——

2 U emodlor) Nesks %
guT (minderm genevakor )
(e ekt
Dy= A 1A (rﬂn\ :
oY () Eo iy
T T T ' D,- KIAUQ:':;\WJ’M v

0 R Do 2
P to-4 D, = AjA, Qma)
Decoder

D;- AlAu(mg)

e

)
* No more optimization is possible W}\dq mens (R inverkers)

, G723 = Note that tbe@ﬂ,ﬂ)@&@a@%mp of ¢ &WO(I -

to:@_]gqgecoders 3@4_4@% ) gates (2Y) 65 & gics oukinds Iouc 2gox
..'mpuk

Logic ared Compauter Design Fundamenfals, de g

oo B S - Chapters 8 oS

£ 2008 Pearson Frkicahon Inc
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= ecoder Expansion (is «¢).

% & General procedure given in book for any decoder \\@
??"-5 d 2" output (A2 cadyy e gt oo

= " ThIS procedure builds a decoder backward|from the outputs

using

2T
e
1 Le(k=n)\

2. We need 2k 2-input AND gates driven as follows:

» If k is éven,drive the gates using twd ka-to-z“ff_hg ecoders
ve the gates using one r 1)1’).-t0-’).('Km )

= If k is odd dri
decoder and one (k-1)/2-to-20<D2 Yecoder

3. For each decoder resulting from step2, repeat .. &
ilk = 1. =1, -to-2 decoder Yeach 14
step2 until k = 1. Fer k=1, use 1-to cron
vt f/w,mr Lratsigs Turclamintals, 4 ;

nnnnﬂav i nafcing anmn]p E
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7”!”“""- eceder, |

v B IEA b Sone e Lemaage § UNOAMENZAS, de
. g Slird d
] JR == o= : .

Decoder Expansmn Example
\
= 3-to-8-line decoder (@) A @) 6 052 5 L 31
%Q-' =N =3 = numher aP-mPuA-
U/wﬂ ¥+ We need 23(8) 2-input AND gates driven as follows: ", s

o

2-in|

T ———

o e k is odd, so split to: é@'sﬂd ) and opkes
?;j}’” ) 5 » 2-to-4-line decoder Ay, 2" e £ de 2 e

Upe 989 " ]-to-2-line decoder
(=D y» 2-to-4-line decoder > k =n = 2 3??*"2%;5;‘ eun fSame)}( " |
= We need 22(4) 2-input AND gates driven as follows: & o

= k is even, so split to:
« Two 1-to-2-line decoder

B
f"_;"""'g- -

]

—

» See next slide for result

[} and Computer Design Fundamentals, 4a
omsbors® Sioes Chapter3 11
& PO0E Paarson Fducation Inc

o —

SR ot . il i s o
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Decoder Expansion - Example 1

" GN = 8x2&+4x;mr§-ﬁ‘ﬁ‘;rﬁ__ﬁ__\
.t GN=27 S5, e ih Y 5 J {>—.Jl
.‘ 'L ﬁgﬁhtfomard des s_tggn :ﬂ_ﬁ___J\ ‘
T U )wb&:,ﬁu ub,Lu('ws,EJ Mbumx- 1 [\ D°l|
e Y w: ,r«rJJUa,.» RSP
{?;waa(an! ), )4 Bl ) Jsu .z ||2004Lne ‘
gg%}g\@ﬁ A\ Sg e \\ E
? LosT (ho o M) o iz % . w/
fl&'r\ﬂ; 2 Cof 5 GRSt
@ﬂw is adpbd &2701
o= Azﬂ Po
= Ag P fo 34p-Blinedecoderr> L————

> I’VP r L‘.ﬂ.nzeawsifr Furddamentals, s
- .’w "

Decoder Expansion - Example 2
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Decoder Expansion - Example 2

B
—

e

j

" 6-t0-64-line decoder /
o k=n=6—-—&'ﬂ’u-nmhw OPMMS_

" We need 26(64) 2-input AND gates driven as follows:
* k1S €ven) so split to:

' @_vm) 3-to-8-line decoders
V31 g

Qi L
‘5‘1‘“}%. £ A =

* Each 3-to-8-line decoder is designed as shown in Example 1

OF (ontivue e Yoop!

k,-n_._ 3 - M —t 0 to QJdamdw. U:b Ac _-
\& (2 to 2") decoder. — 5 corkimue —>n=k=2 ey <7 A cm\w
Hoe oop], \ko A decdor.

i arvd Cormpuner Design Fundamentals, de
UCH Pearson FEaucalion. Inz

Chapter3 13
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Decoder Expansion - Example 2

(= C) el 9ales. (3% amdl gober || swoumin | ssmaner |
GN=64x2+16x2+8%X2+6 i

Ay —i 1
GN = 2 Jaml &, v 1 . |
o el T

Straight forward design has
GN cost of 390

fﬂ,v‘; .Uﬁ} LL5 : "‘,..
“ ,-;:rrﬁhf "9 (G*m},m) f\\

Dez = AsAgAszAz A Ag

3458 Line decoder

;,liitiiiiiiliitl
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ecoder Expansion - - Example 3

® 7-to-128-line decoder |

ck=n=7

B

& We need 27(128) 2- -input AND gates driven as. follows
* ks odd, so split to: 4

© = 4-to-16-line decoder 3 # wote Yo grocadue Covlite
@ = 3-t0-8-lin r Decedor ©xpans jon:
* 4-to-16-line decoder
"k=n=4

" We need 24(16) 2- igp_;n AND gates driven as follc;ws:
e

i T

. q {J RMW& W (. .nwg IV 5t = (o) I 25 :
. Compleusmg known 3- 8 an -1:&4 ine decoders | -

-mp a

=GN = 128><2+16><2+8X2+12X2+7 335;%})/‘\\J
" Compare to straight forward design with GN cost of 903 "

y}r arel Compattet Design Fundamentals, 4a
msms

Chapter3 15
HIA Pearsoni Fducation ne
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Building nggg Decoders

* Method 1'DeccoderExpansionE"“—J'1‘—:"”}J ) 2.

" Method_2: Using Small Decoders with Enable Ynpur ) (JJ\_.J.)_:
= (Examplell-to-2 line decoder with enable '

In general, attach m-enabling circuits to the outputs

* See truth table below for function

= Note use of X’s to denote both 0 and 1

Combination containing two X’s represent two binary combinations

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

LM DL 0o U§?J (o)e-E(r.;\'dc MoV L
. Dré0e » \\'\MJ\M

W Enable 1065 L s 8
is called aDemu{a%ﬂ%ge ) ; Y'\E\ ;S \fi j*BN “‘:’:‘d
O‘JJHJOLF* EN_L t\)a'l,:)p ™ Oéwh— oS \3}3 A Larke,

) 3 Lt B :
- # f ;'EN.?/ 1_t0_2
D
D_ ° a Decoder

2-to-4 Lme Decoder with Enable
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11T

2-1:0-4 Line Decoder with Enable

Attach 4-enabling circuits to the outputs by om end gotes s
= Scec truth table below for function g’ '

lo ,
* Combination containing two X’s represent four binary combinations @don% caves refrescds

= Alternatively, can be viewed as distributing value of signal EN to 1 of 4 H et
outputs '

* In this case, it is'called :{ Demultiplexer | EH

Do
So—

0= I\ Be

D2 = P‘\A_u

Da.:'“‘hsﬁ

(CJ 3 (b) (Jtﬁ (d}.‘ﬁlﬁtmd 'bllj :E.) ;JL‘P; &
A c o Fund, ° : et ./_ A
Loic il Comiutle i 4 Jl LJ (=3t Chéplér A3 1?(‘,)’_ s
© 2004 Pearson Educalion, Inc. ]
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: e
gaﬁﬂz()l)}_'g(::@ H:J = inpufs
PR 7 s, M2z odpeks = rambor o} Z-npuf  AVD gofes :

st 21 2-t0-4 Decoder using 1-to-2 Decoders and Inverters
\

2 'hw: 1-2 deosdor a one. verler e

Ao Drand Do Dy | D,
@ i1 0 i Lo
(n 0 1 0
2 1 0 | 1
W2 to0 0 | L0 |
""""" L. 1% 1-to- P De———
55 1-to-2 Decoder 204 1-1t0-2 Decoder
mAUf"‘c’ _
one”” DD = EN, ‘-3‘:—-r K‘A_e

b L, B
D:|_='EM'P\Q"° P e %
P\\ Bo Os O

2 0 0 O v e
L‘;)/P/'i‘ AI \ Id_zl;)) &N-ﬁ—;.= H.,ﬁ-o < ;
it bl n)  J& Brabe 3,0 By - )
g o—0:

2 | T arde dabies BB k)
BV Dul—pyes ) ) AU D e (0

EN . e B lad) s Oo

i i / -_"ﬂ‘ J |

Manndasna and Tnvartare

Scanned with CamScanner



/LMAP ] GL"J,_’ ‘!.)O

J :’.I.—.“ Udﬂnlws(()u-ﬁz;c_‘ 4;'9\@ . - ' ! ' |
@ Decoder using 2-to¢4 Decoders and Inverters
= -
= (3“ Ouﬁ"ds - ,2 s N-tmburaf J_Iﬁi ﬂm I:‘ii

B

AZ A-I“ AU DO D‘]_ Dz D3 D4 Ds Dﬁ D';
0 0 0 J1_ 0.8 0[|l0 o o 0
N ™Mo 0 1 (o 180 “ollo o 0% DSae.
= ! ; - ——Do=bh
g o 0 i1 00T 051 w00 Ac— A 5 U
N :. i et 0 ® DDy B8
f 5. 0k 11 0. 0 <0 1_ 0" 0T g5t Dot—0D, ~mays,
E % LeeDe 50400 0 06{;1 0 0 0 A;—A;  D3—Di-5pa
; oo 10 1 08250 200, 0L | 0 -7 g EN
1 U8 S0t el e, Y0 W A {>e£1—
] Il 2—|
. b0 o0 oklie asler ok © |
15t 2-to4 Decoder 2nd 2-to4 Decoder A . D, ~AeiAe
0 Ds = A E\\Aa
G P h— Ds‘- P2 Ay A
DEe REol) & dewdo, (R) 2’-‘-::""4*";’/I e Ai— A, PIRESPATS
(Btos) e desus(1) & : |
L and Compuder Dadir Puxiameniss, 4o Chapter3 19

o PO08 Paarton Educabon, s
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ﬂ:q - .'np-:-.(;.
m=1é - ‘3‘-}!’«}3=2h= Omber < HOD godes

4—to-@ecoder using Only 3-tocd Decoders

292 Lo 4 denain (@) 5E A gorais —p U xh= B

mz"")ﬂswgﬂ*
o5 (\) Brebles

Jb Sz Ao

Ao

finn

'

Scanned with CamScanner



= Implement function [ using decoder and OR gate: :
f(,3,2) = xZ+ Xy — Jcom Podeon Equabion
Gr=D) ewntbor of Packios, 3 Y T e Sdeny E

* @ = 3variables > F-fo-F decader  °* 5 ok ke

=T ¥E —v L9Z ov XFzT

.on 9 One OR gate W OO
y O) @b 05 15599
Convert f to SOM format e g0\ O s
+ xy(z + 2) = xyZ + xyZ + Xyz + XyZ

2,3,4,6) 2> 4-input OR gate

Scanned with CamScanner



=4 variables -> 4-1‘0-]6 decoder

One (JR) 80{{;@.

Nv"‘“*

If number of minterms is greater
n

than _22_ , then design for
complement F (F) and use NOR
gate instead of OR to generate F
J‘_.; de g52 Fanckior - =)~ O, 45 blﬁa\ ¥
ﬁJﬂ }5)’;/‘! r‘»ﬁu_r “oi ¢s (mw('om—j)! G Ga
JJ"’J (F )“" t ’”“' (3%) b jnpey)

= Implement function f using decoder and OR 'gate:
fw,x,y,2) = Z(o, 4,8,11,12,14,15)

= One 7-input OR gate

pre cluct, ’L-P’L 9“5
"‘ﬁ— mekEenms

T ) A 4T 30,
i _JJJ_S,,_,DL (Mn{fxmiﬁ s 2 :g:l )’,Cn?tl% ZL%—Q (_)—7“1
Fm‘;’b mjn K&} (} (Inp( B RPN R R disf us, )" Pm‘ﬁ\(w .
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RS 3
- -

' mp"& JI s U’ "J,Lu!); (.?fumhw) L‘J' UL{,} X
Exram leaiﬁ'wrjj,_‘gﬁ'& (NERD, & and ( J‘lmd-qu._.ﬂ dj\(

U
L)_;oJ'l u‘_ffil»zﬁ "‘U"' ""‘"_)“}t'l }LQ ?‘mnh:‘rrm Jl C-L-—El—‘ﬁ

l“},.-

I (D0

/ ikered Hane - :

/ ;CLML.{jcn L _ "L_ M
st/ = Implement functions C and S using decoder and OR gates e .Jr,_.ﬁ .

* n = 3 variables = 3-f0-8 decoder X|Yyjzjcj
| ® Two function =2 Twe OR gates 0,910 L
| e S 0o]o|1]o
l = Solution:
| 0| 1]0]0f
| o C=Yn(3506,7) >4-input OR gate 0! 1|1 | 1%
e S=),(1,24,7) > 4-input OR gate NENREE 1_
1o} 11 |
1 [-1 1o 1 |08
HERERERE

\\: :-; ""S—7 Fﬁm&.‘“"“ Mo 3(_-3 o ‘-5,;'
wivkeems 8,2 & i3
(cRegte) = 7o

RREiaaadadaes

bl RE
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Example5S

= Implement function F using 3-to-8 decoder, AND gate an

. —_—
INVEREIS:. F(A,B,C) = T, (1,35,7) <%« "imm.
——— meaxborms

® Solutlon wifh 5 inverters] . |
: . (r) {m(D X Lf;(:)

G e o5 @
Sanluf—

r"lft&rm

i
imj-‘—-‘ﬁ’

4 inverters)
[1n(0,2/4,6)

= (O;Qf"’ié)
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T "’.'.:\*;"-';-‘“3!-'1;;:-._-.“ i . _— \ l}:.“““ A/‘\'OJ{
= “l Fl [ l El . E 4 G terz o

Encodi g(mw i) | Pty (onemm 1)

—> ?n w(:s | -—')' ‘i h-—-anpu.—és‘

[ m—7ou

Encodmg " the opp031te of decoding - the conversion of
an_nr-bit input code to a n-bitoutput.code with n < m <

27 such that each valid code word produces a unique
output code

*» Circuits that perform encoding are called encoders

* An encoder has 27 (or fewer) input lines and n output
lines which generate the b binary code corresponding to

P —> D —» Dafc,

the input values el S

S

Tl S

- gt

= Typically, an encoder converts a code containing exactly

g on,QJ_L_;hat 1s 1 to_a binary code corresponding to the

wwm«mmﬁ (D ol ois g‘»"l(r'np»-&) A %=z

i1 . ' E ! Chapter 3 27
emmmxam ;-___;':3".5':__1 Gwsf@) arg s (Merg) o,
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D y0impek MJ«L : e e
= :;,:’;/q@l% ]Dw’%'f_ )

m&z,-m-r&

Lis (D) @e( DI
m

Ay dgﬁoqul = DZ + D3 ba’U':
) 8ol 4 defaalt (o)

uuuanuu

2_t0-3 Encoder (Octal-to-Binary Encoder)
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TRRRELEE

8-to-3 Encoder (Octa]-to-Bmary Encoder)

u:

rn

birary & 0ctat 6o b LS =
_—_?:_w—ﬂ D7 D6 ‘DS D4 D3 ‘DZ D1 Do IAZ A1 AO ! ',’;
- ] =N == é‘“’
=== 0jojojojojojolr]o |00 [ =
j: 0Ofo0oflo]o]o 0 “Lrofolo] 1 gi_ A E‘:‘_
= 3 3 g : S EARNKN RRY R b, 8-to-3 A =
:'::;-S . 0. /1/ 0 0 0 0 1 IN Ds,— Encoder ; E
JoJoJol oo oot oo Ds— 4z
Jol o s o ololo o1 o]l 1] agll
5 -
Lol ifofo]olofo o110 ’
[ fofoJo]olo]o]o]i 1],
| @) NAA,
- Ry Dy+ Dy + Dg + D © o .
| (ﬁ) 5{; A UQJLB:J:,J) Mot JH"‘:J_* %‘) ° t q?@) ‘\05® \Z@, @0 1)“‘~33 D
et ©“A;=Dy+ Dy + Do+ Dy =
MWL os ' °("J% -\ ‘@0 QR
P O:.o \o\ (‘\o (h

Logic ated Computer Design Fundamentais, 18
FPonerPoint™ Slides
£ 2006 Pearson Eaucation. Inc

Aretatable <7 do wﬁ&ﬂwwm (A) d o

Chapter 3 29
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Priority Encoder -

®If morekthan one input value_is 1, then the encoder just designed do
nQt wor !

® One encoder that can accept all possible combinations of mput valuc
an_d_pmﬂmg&meanmgful resultis a priority encoder ) !

Bishe subscript J»Ww 5359 o
ity encode gives ﬁrlomg__for the input whose 10se value is 1 and has E
St subscript JJU)@& 6P 5 @ W) '

are 0’s, what happens? U\S\o‘u’ ol {L l:é) N
D g) g \}eE Jmﬂ P
1 output (V) to encode whether the i mput 18 valid or not
| nputs are 0’s, V is set tc mdlcatmg that the input is invalid,
. T - E: 1 '-‘\, g :d:l\!l)u&) — —

1 -t & B & . ., 24
LGW Prlorlty Encoder

-"—"3
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= 4-to-Z Low Prmrlty Encoder =
= +ﬁ _]J{\(’il‘i};emlsf D3 (D |Dy |Dg 4, |4 | VIPF )9 AO _[)11)0 + D3D, ? 0 Rzl
WM Aot 2 : d Naatst [Vald Ao = Do(D; + D3, Dy) il i akton £
== | J5i olojollofx\I'x[ol] Ag = Do(Dy + D3D;) jhermybibrbdic £
] | i’%,,g Xﬁfx_;g\;. 00 fopldteisado s D1Dq + D3D, Dy g
O ol . mlsd 8 ' ‘ = =
L — : _:‘:’;&r XX ﬁ:ﬁ 0| 1@ LY | A =D, D; Dy + D3D; D, Dy '
l i 2:;':_"0‘ X208 0 L]0, i Ay = Dy Do(Dz + D3D;)
5 e i Ay =D, D
[ o= o ATl ole Tl oL | A Bbetsr Q
| ' ol o ' 1 2 _1{2 \,&0‘,{” 3Dy 0\ A5
| | — Swoes
% yolid b= O When ol ineds Buff’l i Ao () 0§ Ovpboem
s il il e U g AR 4 Wl e valid I
A 4 =) by i '
tyio OF Move Yaan mp ol N
. Dy Priority N Loywms N pZ 3599
f Dg_— EﬂCOdGI’ h'/"@ @3,,%965) t——U’) m'@’_ Vd{C‘
pr 2 & - ; AL
ol my 135 ,‘ Design Firitan *»s.»rn/ A’l D’LD‘ 6‘;’ - %91@{ D‘ip(gmﬁ ﬁ"'&'m’ ‘ﬂrwcm) Cligsae3 123
3,. 5 ijw &ji?{:;jlyuﬁ,‘_f 22_ = Dq_ D\@' 4__ D'S D‘ @b apter 3 35

R S R O B et
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T

4-to-2 High Prlorlty Encoder

2k o ricvity N LiS< Tndhwe. = @5

#_of_Minterms/ |D; | D "?wﬁg S5 e (o \.-,:;u(’
Rows / 3! G Ay [Ag | V [F Ag = Dy +’D3_
0 X Tx 1o
4] 0 1
0 | 1
1101
el\\mimn.
— () N
V=05 45, F, o _
4to2 [T Ao
High :
Priority Ay
£ncoder
| mcrallly
(c)
; :
ty Encoder
Ly
93 9 =&

Scanned with CamScanner



%1: ‘ l - ‘ l : lt- - — — - - ! l]"‘ - m g ""L'_
[ EELE = =~ & ¥
= S-input Priority Encoder
=22 ® Priority encoder with 5 inputs (D,, D,, D,, Dy, Dy) - highest priority to most ?
- significant 1 present - Code outputs Ay, A, Ay and V where V indicates at

-7l least one 1 present 2
IS &
e e
; No. of Min- Inputs Outputs E
;"'_:" terms/Row D4 D3 Dz D] Do Az Al AO/[ AV \b’ i\\éuk,’)—,\ %
= 1 0 |00 oo | x| x| x| offfv=e|
e - : WA 05 ‘
= i 0170 L 0.l 1|0 |0 | o 188 G-

= wde—2"10 L0 0|1 X[ 0] 0] 1] 1] o>

; asan "I{‘) ' b o j\)).ﬁ P'U'\T‘;\“S

2 ! f 4 4 Lot xix[of1fol] 1 |3R5

: 130 e 8 10 1 X XX |0 | 1] 1] 1| wrtoud
g

g g 16 L xix(x{x]JtJolol1]

S ¥ clopn! Covve g AR T
* X’s in input part of table-represent 0 or 1; thus table entries %‘H‘é‘ﬁ‘boﬁld"{‘c?“
product terms-instead of minterms. The column on the left shows that all 32
minterms are present in the product terms in the table

Logic and Camputer Dasign Furndamenals, 48
PosaxPoint® Slides

©2006 Powrson Edication I Chanter3 35
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S-input Priority Encoder Cont

22 (% //))—ow prmh) J' wol;\ 5 (oncodey ) J

o 31 0FA=y
fj:g L (%uld ‘use 2 K-ma

7¢3, directly from tab|

P to get equations, but can be
€ and manually optimized if ca

Scanned with CamScanner



Multiplexers (MUX) (Data Select

2 ,?(}J)Q}ipdx)/ﬂp, e ) ",/U.'kéé_} (W) "Pjiw"]

g : _ . _ _
¢ . A multiplexer information from an input
directs the information to an output line

= A typical multiplexer has z_control inputs (Snzas

called selection inputs, 2" information inputs (In_
lp), and one output Y

ot

allow sharing of resources and reduce
1€ number of wires . 3

[

: Gnpaks) '
Dogpt) 10, Clecodw) N ¥ 1 i MUX
y ) o (9;” (eddvcs} N ?‘:ﬂ{“‘f
# s et
o 3 NPT CIRT S Ui PAYEE
ui g q‘g:_) <) i&‘f"‘f‘_/r';_f‘_; {§ A £ S ((scleck we )
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= L NNNNN ;
2-to- I-Lme MUX

,,.:
;JJJ({,J‘T 21599 (npue) N it
3 HPRA)

4

g “’:;”'LM' Since2=2,n=1 s
B = The single selection o | q[/ oo
% variable S has two 0 | 9Ty 1
% values: 0 /4 F0o 4 0
fé’ &+ S=0selectsinputl, | © |/1 ifen gl |
5 @+ S=1selectsinputl;:| @) | o | 01 0
S = The equation: _ 11| ogplato
- Y =51y + SI; L | FEl o b
5 1 1 a1
:
| Enabling

Circuits

/3
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SR NNN :
4-to-1-Line MUX

b (30 dn wends )\ NS e :

= Since4 =22, n=2 .
= There are two selection _Og
variables (515,) and i |
they have four values: » @‘* -
* 5150 = 6,0 selects input 11 e

e 5150 = 01 selects input k)
e 51850 = liixs iects input I,

* 5:85¢ = 1=selects input k5

" The equatmn.
s 5,1, +51 Sol1 + 515, 12 + 818013

{.45"',.14.0\ _ _
wmmﬁmu et
:uﬁwl‘ R
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Design4-to-1-line MUX Contmﬂoﬂ j

R
. e€coder j‘_n General e T we ave '\m‘l‘ﬁ"j Q

2" 4 2-input AND gates ®w:, wil] hee the follows DM

. . N 4o 2" dewder.
5" 4-input OR gate @ 2"- 2 inpk BN Grakes. :

5.:: (de‘”j)}) f(dcm'v) 27} r’_ﬂ:ﬂ S —..__..\_1_>§ -to-4 Decoder s‘g’
5 us LJ‘LUJ_)‘&(JGS}(MJI : 5,
E. Cates -

Lf -)/ll “t o ¢ te

Ill.'ll!!ﬁ""
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I\‘llrﬁiiiiiiﬂﬂil

Homewo k

. Implement 8—20—;-L1 e MUX and 64
=2 . X §-Inpk o mallh

MUX ¥ 360 D d_gpc?&f % I 16 a

M -2 “PM’:WJ y &6 - i n(DuJé
« How many select lines are needed" = Seke

. Decoder size? n%o 2" deador.
« How many 2-input AND gates are needed?

f:Whet if the size of the OR gate? o nek oR  :

B
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b?{'s M) iR

Mul.tlplexer Width Expans

tnhb)ﬂ(bak J]JJ—IC = Coutp) U (bits) )i sc
Select * VGMES instead of “bits” .y om
. '. . e A~to-I-line quad multiplexer "“W‘ L.

Yo | —mux. 6: 05% 1[0
it ~ﬁ :

MUK (2-y; b
; e ._____.—-—-"' ( ) 12[0

I T AT T i
“l-d L“Sbl MWy —= LH;.‘& 5 L|bo ’-M\“( ToN) l'3[0

pibs (Il €A
Irzl"""

T
(;;o\ ’

(2 s ad P LD

\iney

SiSe =ToMLy, [D=

DecoderD

D,
D,

2 gt ceel lings

i
lll!!gggg!:g’
exer Width Expansion Cont.
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= Can be thought
of as four 4-to-1

MUXes:
{ Qmad. ';'l “te ] mux
t)-pits
dos Yo e g

gl S was

d“({scfafﬁ) B A S ‘.

ihe §

Logic and Computer Design Fundamentals, de

_ Demoriisiegy Jolpd) )V e So

o2 0B 55 e (Value LI /TS Y

Scanned with CamScanner
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”J) S"‘zk N
.“,‘2“%;

ey s
ﬁﬁ; " Three-state logic (3suto tultos) (e - soe
| oG Ga HMUR
[ becages we hauz..sn

| 2sefeck liaes ;
a el ‘-{_:iyf&és

Y
Olb Ena{‘)f\'- J’
- w‘.zy,i' f( e
'515719 u:m h’"
- r— e !
{52 Gt 2 0D
Ty Te # 8ot ) 0150 | ahie o Ty, CupicfS

= s :!
n)ﬁ'ﬁ \MJ‘,’C SM d,\‘\\ 'Nf)k seleck Yous }QQJ_OI )é 3)(_.‘,._‘ = “

 RRENANATIT yp
Large MUXes from Smaller Ones

.
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L8 |

: Building Large MUXes fr rom Smaller Ones
-—'_—_ﬂ_—____

i

EUL NIRRT Y

s, e Rl
= = €s 0 Ip |
r - . HTCD /%?10 1T 0 1 1
3 L R) p1s 5yl 3 - i Mux [ e i
fﬂ : ' 11 [iED I3
y (D baald /;3 it |6 T ) ! 3 :
sl e T TR
("ltﬂ) N Bte §) i i ;»’C“ S02 ’Sﬂiﬂ-% 5 \[ : t\\'-_hcz
asLs" 6- 6-to-1 MUX usmg*w ¢ 'i s AT el
((ao:) B zdw o [io | 1| nil=gg
S 33 2977 two 4 to-1 MUXes _,,, 2 :, 1 ; \ : \ ’
o 2 seleek  and one 2-to-1 MUX : Ll
My I ek dUlMor_lg ATz, ,\-»z 0 '-I-l““ -/f?-l"“‘ “F?“': \ |
2 4 IO
1@ \5&)) 1110 \‘ ! \\ ‘;\f Sy
\ 1 | A 0 X\
L) 325 ? . ————
g«,."v) o WD RS L 5.1 W
_— . 9*‘-"*’“’ Gars ¢ GO ?W S (S2) )
-
("ﬁ%mmrmmmalwe ‘s ),, onM"k BX Js ?jy l,J.n :,u,ﬁ-
nerpoint® Siides \<(;napter"~ 47
,zaoamaf

ya;/ £ f‘“”"” (w) 27 (5)
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* 3 variables (A, B, and C)>n=3,
* Functions Y and Z can be implemented

using. agu_a_l 8-to-1-line multiplexer by: L ™
. connecﬁng A, B, af'ld C to the L o
multiplexer select inputs
and Z on the two multiplexer L H

Gray to Binary Code Cont.

Rearrange the table so that the input
cambinaﬁo&&&&%i{l;cﬂ.‘;mr

It is obviom&ami_his_tahluhat X=A. ok 000
However, Y and Z are more complex ,_5.¢ |- 001

Two functions YandZ) > m=2 T L &ﬁL
i e IR 5T

Gray Code
ABC

—_— (e B =y

a; = Einal‘y Code Cont.
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. _— _ — — — -— - e W - W oy

Gray to Binary Code Cont.

A

0,0 s *e
0,1 3 s
}’(1) Cies ] (, Dual
1’1 TETTTT— 1 8_t0_]. @
L0 -’l' : MUX
0,0 13 _
0,1 _ ‘

MA \(B £a |east

9{“}&#—(&&1‘ X

© 7008 Pearson Education, Inc.
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Combinational Logic Implementation
- Multiplexer Approach 2 (M) )W

fneeded(\u*— S04 5 (M W,
\\'\U

p for the functions

e values of the most significant (n-1) vari
truth table rows into pairs

- and output, define a rudimentary function of t
nt variable (0,1,X,X) —» 3
most significant (n-1) variables to the select hne S
value-fix the information inputs to the multlple <.
orresponding rudimentary functions %

nverter to generate the rudimentary function X

PR SR TIRT .
‘ lel 22N i .C‘%’“ | q\\ the r&q’mnl
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! O and Corrpater Desigr Furdamentas, 4
L iy

1]
.

= Examplel — @5 3
= ;:T)Z;@_ELQD)HJJ? Condiort J,,';?__;E;,)quﬁa 25deck JOLSSI X oo solak ‘i
_,__,,_._ * Implement the following function using A_,_%_,___; DO Z E
% a single MUX and an inverter (if needed) frz . oliu —{ . D _ E
= based on Approach2 : ' /00 R '_ : |
;ﬁ F(A,B,C.D) = Z (1,3,4,10,13,14,15) [To [0 || 1 [t F=®J |
B e (NS ENNE TN Gt

2%41 =(eo) * Single function = TR o4 o et
“ J» » 4 variables 2 n=4 > 8-to-1 MUX k\ TR E 1T o | 5 ‘@jé >
- %<& . Fill the truth table of F o000l F=°j
BN e el o)
— ENORE) \s- 3 ey T B Fri o] ol 1.4 s K
e (i Jplaie 092 Do - S;é;?[o ; L\rllo‘ll | 1] o |
g s —>173-t0-1 . e e 7 E— :

.ﬁsf}ﬁwdpi ar ] g‘*»“”MUX —> F Vo T 0.:.\ o |o| ey k

£ir QnM‘E’M) f?‘ib: ._ - T —go;f? ' .-"II;E'1_:_-_l'____1._-.:l__._-0-_: \ ! \ 1 \ S B

st o | N i i M F-=@J

1 —>[g27 \U\»}/\l \ 1’\’ 1 \ o)

: i .“wam.msnMs.da

T
AcB:G
o Oe

Scanned with CamScanner



vlemenk  a ciuit o Gnvert S

Grg;’Pg;de B?f§f§ Caedin Rudimentary | Rudimentary
ABC .. XYZ Functions of C | Functions of C
\g\,,n,.g,:.su/‘f forY for Z
000090
Y=0 2 =&
Y=1 Z=0C
— Y=0 Z=C

'!]!![!l!!!!!g!!ﬂrﬁr

y v to Bmary Code Cont.

i Masvinhloe ‘and flm(‘hnns to the multiplexer
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5\1\\un\-»: .
Gray to Bmary Code Cont
f

= Assign the variables and functions to the multlplexer
mputs a‘?‘&wdﬂau |
_— z 3.«4.»9,,5._5

e A L B L 3'.1\‘5 D

/’/--/ = Sihee HU_f
@Qppmcdh @ RP ST omin Ql’ C_‘_

(?;-&:.o 'l)mmx ome} 1,C -

Sselechk Unes - 0,C

2
3-bit inpets. _
bt _B ke | MAX
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Demultiplexer (DMUX)

‘ . Opposn:e of multrplexer i
' = Receives dne_inputl and directs it to one from 2" outp

— il

based on n-select lines ~ ¥outquts — 2kl l . I o
e — ? nes __*'_
= Example: 1-to-2 DMUX (opk) N3 ﬂ?‘ 0 o | o
ﬁaﬂww llm)) ﬁ:/ Qfa 0‘. ( ll 0 -: -
‘_/\,..-—-.\‘_ (np«-{‘).v (’\ﬂdGXJJ = \ \ X
= Qo 0 = SI 1 ?6\__ /6\)
o Q=31 ) - e
MUK Jtoaﬁcf e ,.«J 1 h M~
As( inpuk ) L:- ot = 3
i .l I =
\ ~ .
;! \f:J I/"} - .D_Qd
| — 3
Stk Q
e cudd 1 L:v»uj.'»,éL
_______ = = =D = == =2

,__t0-4 DMUX
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" Qo =51 5ol
5 QI = .S:SOI{& S«'izi -
" Q2 =55/ &od%’jﬂ‘*;;”w/ (
2 Qg = 51501
Ito-4 | 31”
I™ DMUX —@
Expans:om ! ’
ks 3 ,1,5,%\_-/’_,3 :
¥ S1So
vk g 31 5 inpwhs D —
soleck Vg —' 522 l
T, e [T
(gl " | et e | [T D
- De;coder —rddsieiDs L o
: (,Wsd-ﬂu jEifl’*""sw«) J-?f o M’@aﬁi:* o - ; : 5

Setn Chapter3 §
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Logic and Compy ter Des1gn Fundamehfa

Chapter4 Arithmetic o4

Functions f”ﬁgw"‘

gddibon bt et

Charles Kime & Thomas Kaminski
© 2008 Pearson Education, Inc.

(Hyperlinks are active in View Show mode)
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s N NN ' ' ' B
._.BIOCk Dlagr am of an Iterative AI’l'ay :9" '

W\A

l l‘l 31 Ao Bg
xn B ST Cell -(-——x—_n_'l____ X2 X l l
o Rl |- Y e 71— e
Y e Lol ML L il Yo Cell 1 Y | Cello [ *\)50
_ J' _ ————s T 2l PSR ] £
(?-_E-—_T C1 ig
" s s =
Example° n= 32g; @Af"tw‘ number of colls s ).
* Number of inputs =32*2 + 1 + 1 = 66 AB RS
* Truth table rows = 266 Mﬂ_‘_%w’" the inpuds: A 42 it
) . . :‘Rﬂ-l-l l
* Equations with up to 66 input variables Byt

* Equations with huge number of terms
* Design impractical!
Tt i

array takes advziﬁtage of the regularity to make design feasible

Chapter 4 5
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* Functional Blogis: Addfion s

" Binary addition used frequently

- Addltlon Development:

L w:;{ C%Jigéﬁz: fﬁ)’gA} a 2-input bit-wise addition
o oc

: Jﬂ é @{u [I-Adder| (FA): a 3-input bit-wise addition
functional block

L @@ pg]e Carry Adder: Jaii iterative array to

perform_vector binary addition

[ P

:_-.. J -‘)\ Up

= )

. *r 1L A 3w mn-
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~ Functional _Bl_ock: __Half-Adder HA

= A 2-input, 1-bit width binary adder that performs the following

computations:
X 0 0k 1g
cavey) +Y +0 +1 + 0
- cs 00 01 01 10)-
565“ ") : L o g Loy G vy B i& e

= A half adder adds two bits to produce a two-bit sum
——— e 3 I .

= The is expressed as a
g Bt (9)4nd o €3

s The half adder can be specified
1-0) O
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LOglc Slmphﬁcatl
Half-Adder

on and Implementatlon'

® The K-Map for S, C is:

B Gt
%ei:“?um (s ow*M =5 beis

K—wap .

3
3
AR 2R
<
s YO
M‘i
e
N
@
e
,\, ?T -
HRSE
_
42 |

e bodesn Far X KRy X 1
Lc@wg)c X Yr——b both X arel y s}mfjéq*r)

3o Hhe oudpud (Choud belD)
* The most common half adder implementation is:

a ___-“-"'h..._
— e

!"I/ X
Y X—
\ 3 A —8S
=y o 5
TPe design s
the (WA \

{.lmpn Fmdmvﬂals 1e

IIIII’I]IIIII
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-T-f:l;{lllll § ."""”’

unctional Blgck: Full-Adder

* A full adder is similar to_a half adder, but includes|a can“yjfl bit from
lower_stages. Like the ha

: € _half-adder, it computes a_sum bif (S) and a
: carry bit (C) AT agd la FOACT T

K i e el S B Lo
e, e Z 0 0 0 0
- ¢ For a carry-in (Z) of X 0 0 1 1
0, 1t is the same as |
the half-adder: S S N

CS 00 01 01 10
* For a carry- in

g(o)otl: X 0 0 1
(

Z - 1 ' 1 1 Ik =B
LAV

T) a0 Ay

1
1

& +Y +0 +1 +0 +1
CS 01 10 10 11

Y Sum

Chapter4 9

nlals, 4
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Log]c Optimization: Full-Adder

* " Full-Adder Truth Table:

= XY 7zl c S

Full-AdderK-Map: The inpemed for (4R qute X @y@ 2 0 ! ¢0lo =

0 1

S Y -/‘ C Y 0 1 0} o 1

D TN 0 1 1)1

olsfiigs| !, 700011 O /i1 0 0| 0

o XL" ol 1 X[0 peidp 3 111 6

oo/ fimchion 4RI ;| © 4 1: L 30\“‘«.}4)\ L1 ol 1 o

Then e W ! Z 1. 1 1Yy1 ¢t
Nes murt be o) <'o Z

l(mc,lngia—‘\LXYZ-f-XYZ—P—XYZ +XYZ C=XZ+XY+vyz

Coidln * The S function is the thlee-blt%

D -
\Q(“D“é

* The Carry bit Cis 1 if bot
L,,“931‘5\)’0‘5‘ is Tand a carry-in (Z) occ

h X and Y are are | (the M 2), or if the sum

urs. Thus C can be re-written as:
&"""*) XY + (X@V)Z
ma:glpwermmgn F;Er;dmnmg e ]

& s

Implementatlon Full Adder
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Implementation: Full Adder

(YoR) gate  Q-inpub . Cpe o ned 23R gites oy

: ewnd = [£-m ) e 155 [ odd )

ey /ﬁ{iﬁf (e o0 2
\_Fr= <Tia)

L

._ xgﬁg::} S~ XBy@®2 |l.

C-xq = Geyy-z ] ' | Cany

f \ - -
J \ a dd/‘ v Mﬂh
KoR ﬁh =L¥m:&}‘f‘ conry  veuld be. gy .? "
qake: ‘ —p 05 o majori
(3) 2-mpuk amel gedes = ) Vpp e (k) 22
IR cony. 5
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AN AR NNNNIINii],

4-bit Bl;gphea;rﬁr.y Binary Adder
-k JS Tape QCA ' .

D> EM G0 LT ps gy

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

Adders:
e T
usk_ S| f—fc«xe
A Bo Ay
Cn C1 . 2 l
F = 5 O E— ciwn
wﬂn [~ r.Ele Cq gsid
l l (ﬁ-(’\ﬂ"j n).
J-.,F.AJ'. 057#"
S S A J 5
rﬁ‘y(\-‘x DENS]
c.)(cmrtj) Pil
28 g =\l

Co(padery i [_,}_,_

e
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Unsigned Subtraction <

" When we subtract one bit from

another, two bits are produced:
difference bit (D) and bor

@) M
w) % g 0 0 0

. M) < X 0 0 10’ 1 1

_ TEY O -0 -1 —p —1
= BD 00 )1 01 00 SO S g BY
- e B ® PP B e
= Algorithm: 5) Ty @) gu\u';) (forrow) B

* Subtract the subtrahend from the minuend (M)

K“‘M)D ]) Cw L" LFJ\

) 6L ) 5k ea  If flodend borrow occurs, then M > N and the w

FTPAN

S ‘ .
x then N > N > M and the dlfference(iM N +¢2“9
rsubtracted_fmml_ _and a minus sign.is- appendecL,to the result Y

. N 07

ey
(4

Chapter 4 15
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Unsigned Subtraction

. Examples: 2“_”(,4}?—-“1“) ;?/"/ M+ y‘ @
m g‘)w'{"@w‘rw)-*:@’k; Cc-f‘ el (5u —
. ,f.y ;= W S &‘e’pzhx"ﬂ =S
09 '5{;# ﬁ:.ﬂ v:ﬁ . @ Lls;o' 0 1 63 7 = |
1 @ /orey 10011 10010110 01100100 |

—-0111 &>~ 0111 —11110  -01100100 —10010110

0010 @ fEﬂ”Ol 00110010 11001110
(Porow) 150D '.':‘\1:'\\0 A %P/L::- 39«\ k\o@omj & oy

) 5:.6/\.5 \JQOQQ = 1000 % ;?;‘ 0" l 100000000

(MN) -1101°  -10101%%" " 11001110

:,)l.uy) 9# feﬁ"‘ y M als e M

o 0“0 9({.:.0*) {)*"“3 b h

)XY S

uoebaﬂ\zu‘“: (<) 0011 (-) 01011 . ' d‘:‘” ’T-) 00110010

{001 , i ——— e
memmmmmm. dn -B.l.,ﬂ.-\-}./ B '} &
ol Sn ey Do e e 7

111)1))

AT tmnd Quhifraction (continued)

C)I ay b
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Unsigned Subtraction (continued)

(D) 53 gt ) 15 10

= The subtraction is taking the 2’s.cemplement of D

= To do both unmgned addition and un51gned gbtra tion
requires <&

» Addition and Subtractionare A
performed in parallel and -

|

~ n S IT : H‘F‘

|t ——————

Subtract/Addchooses
between them : Bmary i Borrow | Binary subtractor X
1 ; : Rirole  curu aJJaf
= Quite complex! D’l Dt Ho"
= Goal: Shared simpler
Selective
loglc for both addition comp\ement' 2 complementer
- ,-ﬂcwa%w,ﬁ- ane in
» ds i:bjﬂ'ﬂH‘ﬂ‘lﬁ*-’T
; §ub'(racﬂAdd ;_,andrup[e 2-[0-‘11 \
g ml_{E.p_‘.e—E—e—rﬁ
L c/ L! | |
(1 5 Yvyy
&~ T = L\\"\S t &gt
vt aed e O
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Complements LTtes of  amplenets) .

* Fora mumber systomm e ————

Or a number system with radjx (1), there are two complements:
* Diminished Radix Complement |
* Famously known as (r—=2)’s comp]emexn U
. Examplee B ey Y

5178 complwfo_r@dm 2 (oinery S35kom)
* 9’s complement for radix 10 (chegong) Systemn)

* For a number (N) with n- digits, the diminished radix complement is defined d as:
t(,-n_y N] ';‘-'JL.JJT?,
* Radix Complement REh
* Famously known as r’s complement for radix r
= Examples:
* 2’s complement in binary
* 10’s complement in decimal
® For a number (N) with n-digits, r’s complement is defined as:
s r”—N, when N #0
e 0, when N=0

Lit112222229>-
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Dlmlmshed Radix Complement

= IfNWWthen
+ (r—1)'s complement r Dr-Dr-1..r—-1 "
P ) (r-1),

Aign) pe oY) Uod g n- dlgltS
s The(r-1)’s complement cairbe-conmiputed by subtracting each digit from (r — 1)
= Example: Find 15 $omplement of (101 1), (o roge D)

T o0 we Kvew
aimdn - ke o vl b cited et el

" Answer is (2¢~ 1) - (1011), = (0100),
__.;mof‘» c‘?“*" il

Notice that(10L11)2 +(0100), = (1111),whichis 2 - 1) @-1) @~ 1) @~ 1)

":13"5:‘ (nh-l'—-“ \ e = (), - (lat) = Q\m) =)o — R
wo)  ® Example: Find 9°s complement of (45),, 4-digits
L e r=10,n=2 R ——
""’P\ » * Answeris (102—1)—(45); = (54) /;/d//’__\%
Qi3 R’ « Notice that (45),0+ (5410 = (99)1 Which is (10— 1) (1{)—1),,__1:I (o -1) ,,&J" v jl‘:;): - &=

(671 2- d1g1ts
E ample: Find 7’ s complement of (671)g S "

=8n=3 ce-t % ye—oiba (e JS

eris (83— 1) — (671) = (106)g _ \?13 123 £,0)5 w9 \ed» bis
= that (67)&;‘-_(/19\8 = (777)8“’1110}1 15 {8 s ]) (8_; 1) (8 _ﬁj 57 'w\fs;.ﬂ‘gi ‘5}]‘ g B
: “Qr Ly P 3-digits j
_ L @ + )x; = (ars Chapter4 19
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=
v,_, ;

" eS<y (61) IS4 s 5L o r"i?'
Binary 1's Complement v cicn, qegs ™

. (digt ) b complomant:
/

- ® Forr=2. N=011100112 n=38 (8 digits):

(@2~ 1)= 256 - “1'=258.; or 11111111,

n The I's complement of 01110011, is then
e 11111111
- — 01110011
10001100

.  -' Since the 2°— 1 factor consists of all 1's and since
~ 1-0=1and1—1=0, the one's complemen 's

. obtamﬁd_by_cwﬂplementmgeaeh_mdmdual
 (bitwise NOT)

(ol100 )a — ( 160110)

Mmm«

I_IIIII.IIII--CE-

Scanned with CamScanner
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Radix Complement

3

" For number N with n-digit and radix (r): %« 4 binvay suber— iFrs ctecd 2%

e
(LN £0) \’s complement of N ¥ (5 o
o1 ‘J\/P gﬁ cé’

' = r a JE«(WJ VHe  calles! 10"5 Wk_,,w‘f-
* I’s complement = (r-1)’s complement + 1 .

g
}A) * UIfN =0, r’s complement o@

* Example: Find 10’s complement of (92),,
* r=10,n=2
* Answer is 102—(92),, =(8),o
* Notice that 9’s complement of (92),is (7),,
I)’s complement = 9°s complement + 1

®* Example: Find 16’s complement of (3AE7),

o r=16, 0=V tiE B
= 2 Fherodeind) aly3

5 Answeris (@ (SAET), = (10000),~ GAET)s=(C519),,
ey 15’s complement = (C518),, > 16’s comp’_l_ement = (Q518T16+ 1 % (C519)46

~ f'r--')jf omﬂ/ame«/( = (‘rn_.1 )-N
w'ﬁnduﬂma!s.ﬂs

Y's cmploned = (r1)'s comp Cmack +l Chapter 4

2
v oo
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=88 di its), we have:
0, e

10011 is then: 2"-w.
Y

(\ooo Y 55>1+E = (\ooo\\o\)
2

12

''s complement plus 1, a fact that can be used
(qb iFs ) éoo
{‘\p .
m 1)/ ement 01' 000..00), is (000.. 00)2

‘J n

2°s Complenle_nt Method
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T AR =wm L LR AR R RN RTT;

Alternatf_ 2’s Complement Method

———

(}we;n. an 7-bit binary number, begiﬁ’hin’g at the least
Slg&w;)roceedmg up :

* Copy all least significant 0°s

* Copy the first 1 Wz=s a4 i

" 04 S5 L D_Gptl.:ii?@ b(‘_'r =y g
Complement all bits ther'cafter « e

- ® 2’s Complement Example:

_ 1??1 00
* Copy un’dg’er ined bits:

e e8P 7 g | |0

* and com ment bits to the left:

01101100

e
@MS‘W“}:‘J

amentals, 4e

~
5 .
(B 22 o

b ,.— Sl i i i =
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( /wyc d«écr’ m";sre-f )Jj(fag.e_ v
subtvectiz Adel 1} o5
ubtraction with 2°s Complement

* 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
mlnuend M: Qsa,,ﬁ)lewoo(‘ﬁm) C%aj Cap,
= M-—N s—) M+(25 N =M-N&

e sum producesc'gf@mchﬁs@s\&%ded

| um d does not EO}ilfncﬂ&Jend carry, and from

—(N"— M) which is the 2's comp\e ment
s Dod® CD_-«‘: 5 ?

-911; 
ubtraction £X

-'_omp jlement
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‘ ‘ bli&gn‘eid5stogpﬁm%nt%u&rgéﬁgn Exzﬁn;’e:. —
"_(n1>rn

. Fmd 01010100, - 01000011,

01010100 s e 1101010100

0109001m+ 10111100 vf

TSR e |
S A;s 00010001 Walegn

becrerc o ) f ’ﬂ d VJ.__J(E(- h R

arry of 1 mdlcates that @)correctlon of

X 5 [2q i< ¢ i
u C%n’-'s,l.ﬂ&““"‘& & G}dd:d’w ) @
T e 958
bﬁﬂ,m )‘ uﬁ dl ) rs}_;_’,{z @

= —_—
)})N ;,,aJ'i ,4(;59;) M )}.?);Z).b s\ ( “I:iw
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Unsignedq 2°

C ;
M<N) S Lomplement Subtraction Example:

36/\)1006011

scomp T 10101100
=, 11101111 2’s comp

'r,vﬂow—- ____—_-’ :
12 2 ik 2% ezl 0010001“\” Wi Fe.
(of 0 indicates that a correct1on of ;giﬁ;@ )

AARAAL

umber 'Hmﬂmuuw

-vmaj Lao‘:‘!b / Bdd e ogr (A L ple  aiekil -
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33 ° LAY :isﬂﬂ bk

e bxadddighﬁgbals_@mplement

) ement each bit (1's Complement)

MS

T

) A

s complement artd*®

B co.l.'rectresult ‘-’*”5';’ f"""‘“‘“’E ‘% (AN di —de () 2NN

% 2 1cul.o-d\ u—--p ’
/‘"‘J (B) IQ,.\.L:
A‘f . w&rml-w a additin ¢ ’E‘u-f i ""2"
Bs Aa B, A “ By Ay Bo Ag

T

Glas 1,
R« add
Er—*S\Jh

Cq EA Cp = fﬂ(ﬂ'\j.\h ;

-__:. c{d& 6—‘&‘- \.\\‘

o=Cy -

B-aﬁzilﬁ ELB,Eo Cs - 'SJ ; 82{_ . Sy E‘ﬂ? = M\"L“

-;.—.G‘iil sub] SPKCus g z«lv Chapterd 27 ¢
Z - {block) fuls |2 -
(&ﬁtﬁln] lwﬂ%ubu 5 /Lﬁ Tz di’ "Le’ ;
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Signed Integers (5 = G )

Q.j\_’,, -a-.P)"’

* Positive ‘ﬁnumbers and zero can be represented by

_ un31gned" n-digit, radix r numbers. We need a
. representatwn for negative numbers

pute: egrgzy_nu\mger ention, tbe
ificant bitYs i interpreted [as a sign bit. .
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- Signed Intéger Representations

are interpreted as a positive

il R \\\D

E9

4 ngn __Magmtude. here the (n -1 d1g1ts

O voe =10

= { 220 =-©
sment: here the d1g1ts are interpreted as the rest of the

ent f fhe number. There are two possibilities here:

plement: Uses 1's Complement Arithmetic SERRINY SRNIS)
-(2“1 1) : ; L;)w),\g\_, D(EDJ\&,)UG-—%)
o\
@ ¢)

Chapter 4
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/

Signed Integer Representation Example
-\.__-_— |

*r=2.n-3 N ? 1
S i Jter TR Number Signed-Magnitude | 1°s Complement | 2% Complement
. +3 011 011 011
a2 010 010 010
- 001 001 0015
] : = <
000\ (000 )73 ooy
' | ) s J
2053 \100 \w/e | =
5101 110 \
110 ' 101 \
111 100 \

-9 using 8-bits_

ment = 11110110 (50 &~
i 11110110 =8 25 (2

- '-,.‘:_..:_ i — g
Magnitude = 1000100106 © o \ o o Y— +a —

Iz
(55730
AN §

Jiko

mest s%ﬂ'mﬂ'u{-

plement Signed Numbers
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Zf’s___Complement Signed Numbers -

ned 2°s complement is the most common representation
signe numbers oy AN S ol s

:_,_'the course . L e gyl sl Qc:ip Olp jiz 2055

any n—blt 2’s complement signed number (b,,0,,b,3
o)' the decimal value is given byzpwrai

: e
'Value 2 L bn_? + 2% bi"p‘n‘ﬁ)i? =
. 05'_”57{1}//-—’* J'°f‘l @ ,_oy::j?o
() u_,SaL;UJ G.;J(,ﬁ , »
le'_' What is Value of the 2’s complement number
Value——Z X 14 7=-—25
hiv |
Z»S:——P Chapter 4 _..31
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Signed-2’s Complement Arithmetic

= Addition:

% Add te nu . bers in _|__l__: e ¢ ll bits
Discardths V¢ e sign bits
Sty s

(B Broles = p+Bt

lement of the nu@%racﬁng

e rules for addition
B)=A+(B+1)

YT
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gned 2’s Complement Addition
(3w addition )

2\

ry oo &) >, 1, %
@& 111010 e
; i + 1y (O O

|| @13y 0000101 w2
[ 100000111 (+7)

"7

Carry-out is ignored CW)
odidition “"\"2‘3 03

(-6) 11111010
4+

+
(-13) 11110011
(111101101 (-19)

Carry-out 18 ignored
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Signed 2’5 Complement Sul.)tractioln

(+6) 00000110 | [ (-6) 11111010
. : ?’Sfﬂmﬂ-.“' v +
(T e (+13) 11110011
001 (-7) | 111101101 (-19)

~ Carry-out is ignored

(-6) 11111010

_q/ +
0! (-13) 00001101
00010011 (+19) 100000111 (+7)

A

Carry-out is ignored

~ ARy RVYY T
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<> LOMPIEMEnt AUqer7TsSTbiractoy m"
dSigned Numbers

bcf 'done b y addition of the 2's Complement

"‘)':"A—B—~4A+(2n—]3)=&iﬁil

lement of B is formed by using XORs to form the 1’s complement and
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Overflow Detection

In computers, the number M@ﬁg (=)

Overflow occurs if 2+ 1 bits are required to contain the result from an
n-bit addition or subtraction
e LT Su

42 52 k= Unsigned number overflow is detected from the end carry-out when
g ,,aP)?\ adding two e umbers (o L5l 2,

ohz.l_-u)ﬁ
. Overflow is yossible for unsigned sg@tractmn;

N\QG’S“

W) (8) 1000 oo ] T “@, f" |
0?)j (12) 1100 ww» en/E [T bl adeles/ on feouk n-bitRigple | m /e

bl 4 myruﬂdd;t‘(-
4 0. = e
w
Ca.wwléor.@;ﬂmv +2% 4s? < &

= (2,0,‘ la

o, . : -&gned Ilﬂw can occur for:

u ra_ctwn of o_perands with dlfferent signs

;‘lllllll"

()_,«)ua)\ \_u.-ujb
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ber cases with carries C, and C, , shown for correct
pns: L

1 (nedflow=) ) o
1 ( gor o) Jb alls

n-hit Adder;Subtractor

inehud tyne o)
= Td(g.s ;
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(+70) 01000110
+ +

(+80) 01010000
10010110 (-106)

V=00 =100=1

= 8-bit DIt signed number range between: -12 +1
s 2
mber range bety 128 19 1

(-70) 10111010

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

V= C7®C3 =0P1 =1

(+70) 01000110

- -

(-80) 01010000
10010110 (-106)

(-70) 10111010

- +

(+80) 10110000
101101010 (+106)

V ' 57@53 z 1@0 =1

V=C8C=01=1}
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11110101 filled to 16 bits
0000000011110101 (Zero Extension)
1111010100000000

Chapter 4 4500
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F

i ?M ]' I

L

St

Jlf:’ /?

(5P tess
= )M)Crézv

“:"3
== wP(,a!U(r
- D u__p-c\_cu

: F(fM;sfwé)

Logic ard Computer Desfgn Fundamentals, de

PowerPoinl™ Slides
@ 2008 Pearson Educalion, Inc.

Legic and Computer r Design Fundamentals, de
MowerPairl™ Slides

(avunngiil

Introduction to Sequential Circuits

Input-

Storage

Elements<

® Combinatorial Logic

* Next state function (I5)
® Next State =
® OR Next Sta State = f(State)

OMQMI‘LO_IL(MQ@!}’) (o)

nputs{ State)

* nc 1011 ‘Moor

Outputs =

ction typo_ and_ffects]

de51 n sn nifican

f(Inputs, Stawie) — f@ o

),m;;.l.

NG

Outputs
Combina- P

Chapter 5 - Part1 3
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Types of Sequential Circuits

" Depends on the times at which:
* storage elements observe their inputs, and

* storage nge their state
S <™ \Synchro (o ) P o P55 5,
flop

Behavior defined from knowledge of its signals at @
instances of time _ M _JTT L ( Qote 8>).

Storage elements observe mputs?\ﬁind can change state only in
relation to a timing signal (clock pulses from a _clock)

. Sfmw\
lodehes < - -'U gsznchronoué ﬁ\) G Gy p«bjl

* Behavior defined from knowledge of nputs at any instanof time
and the order in &gntinuoustime i which 1 inputs change

Logic and Compater Design Fundamentals, 4a
Poneroint™ Slides

&
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P
] rrrca': ' l l ! ! ! l l l l lC‘cr ‘Par’ ‘ ’
\ i 1

Storage Elements <= bbches .

= L Lo -

== " Any storage element can maintain a bin state
= indefinitely (as long as the power is on) until directed by
E thc input signals to switch
S " Storage clementsk Latcheshand \Flip-flops (FF))
=
i " Latches and FFs differ in:
1 umber of inputsy
: % Manner in which the inputs affect the bmary sta
= Latch: <

* Asynchronous™& (A2®

* Although difficult to design, we discuss_latches first because they

are the building blocks for flip-flops
made. ©
Logic and Computer Design Fundamentals, de Q:H Pie H"PS ) emstels. éﬁr"" Q\ctm) y

PowerPoint® Slides Chapter 5 -Part1 7

© 2008 Pearson Educalion, Inc.
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(Swplest,)

Basic (d_S OR) SR Latch

() Ko

iney (IR ) guokes:

(‘3’?“1 p adive W ‘n)
\2”]9' {;‘) SI%M\ I L,)'H‘.J"l
Wds (ingsh) 21085\,

. CI 0SS- couplmg
q\}qR <) Pdh)un&“’(

two NOR gates

09\ odf-)

N6 RER Ve L:-h",ib \ q___r:\/%g;mw
rmcg';ijkgfl 13 b o GQR (I‘GSZ:; jl\} -z /:-/2
\_;::_';;.«J\ Ol;l {)K\ Q|0 lmtlmg”[:‘“(’:’;::‘;ﬂ;ql h o Hé;}“jlhmﬁ% T
o] 11 [ 0| s seteimF @ty WS At :
!_‘I' 040 1 Joy 5 Reset Jc{ﬁ‘:‘“ﬂ‘ L) — QPR_T) \E{N:ﬁ'rl \ b‘Od‘L
1{1]0[0] Not aliowed(umw;j. S (set) _Q -
G #& Ve aEE S n,uu‘im.f*}*’m, -
* Time sequence Timd R | S Q | Q [Comment
behavior: 0| 0|?]| ? Storedstateunknown (}9)
0 |1 ]1]0[“Set”’Q¢tol
» S=1,R=1is 0 | 0[|1]|0 Now Q “remembers” 1 (hod)
forbidden as 1 |00 1 “Reset” Qto0
input pattern 0 | 0/| 0|1 NowQ “remembers” 0 | (ho'd)
| 11 [ 1] 0 0 Both golow \
0| 0|21 ? [Unstable!&%> ey |

L egic and Computer Design Fundamentals, 48
Powerfainl® Slides
iy o

Timing Waveform of NOR SR Latch
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. )
H B N
} ! B

—
:i”: Timing Waveform of NOR SR Latch

v ................... Z) BER
L/ i | No change -
'm'\\'\ot)\ pd {de\ov) bl
Aued — . s unstable
\'_ ‘}ﬂp Lime (Ekg)
= N = not allowed

Q="= Rust 5"
G =1 =, %k £5 @

o arvd Compater Design Fundamentals, g

ywerfoin ™ Slides
2004 Pearson Educalion, Inc. Chapter 5-Partl 9
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Basic (NAND) SR I

tCh (Sﬂﬂ“’l\ ackive od\ Oles

(Q) Lde (woukl Oy O \jis \-W*Py‘ (5 (Sl )\
(Cars

= Cross-coupling two NAND gates

= Active low inputs

S " S (set)
R|S |1 Q|Q Comment
e 010 1 1 Not allowed_ﬁ P
%\,»» 0| D0 |1 dsee (sFyeset f!‘ ﬁf” ‘3?’) - =
E»mf? 1 _\Qi&-‘;’;lj 0 sf¢-(vz) Set J”::j”” R (reset) :
?{g“h V(]9 19 | Boldonohange ﬁﬂTime R|S|Q|Q |Comment
f’% . Time seanece 1{1]?] 2?2 [Stored state unknown |
beham‘rlf’ wCe| |110]11]0 [Set” Qto1 |
: (T;B\l 1/1{1] 0 Now Q “remembers” 1 |
_ o Jfo 110} 1 [“Reset” Q to 0 \
) ;:b?:i(};e: g;s 52 et [1]1]0] 1 Now Q “remembers” 0|
e 5'?33} | |0]0}1] 1 Both gohigh \
o o ot (%) | 111121 2 [Unstable! \
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f —oFext (%) l 1]1 l s \ ? \Unslah“‘l(_:;._nn 4\

Logic and C D

T NN
frrrrreens ]
Clocked SR ILatch (Puls.e:tr—igge.ted_]_‘m)

SIUA) SRNVOR) s (ol Joud

b The operation of the basic NOR and basic NAND latches can be
modified by a providing a control input (C) that determines when the
stateoof the latch can be changed X l{d@ 200 Jlaw (ld) Ao il .

" Adding two AND gates to basic SR latch OR LEECW No—p - =

® Adding two NAND gates to SR basic latch

o

e IC’R’ S|Q|C Comment
=) SR [ SR Oy :
E 0 ’ X I x| Q [Q | Hold, no change C) ,ﬂuz’b?;
&i —]—— = ﬁ J);J'n L,\):pw > >
= {] I\Q_ 0jQ (@ old, no change 8 o Qehebig
: [Tfo o[ o] s D -
= 01 0 o SR
1 [L[E[0] 0 | 1|z Reset I3 Y : 3 o
E !J ]M’j_"“’ Not allowed m\'%&;:a;cf Y R & R N
: ; i | i 1 \ -
| “ Has a time sequence behavior similar to the basic S-R latch except that & v > Xy s
the S and R inputs are only observed when the line C is high E
= C means “control” or “clock” [ 3@ 5 AL V= \ajs
' entals, 4 = | (dha ; ) TE e L0 = st
L mpomin it . L e il Banl §o w2 gl © Gl e ekt 1
© 2006 Pearson Fducalion, Inc. L‘f‘ﬂ'A) 98 : - C.’Qc_\(, N c J\,/ e

li{)
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Clocked SR Latch (continued)

= The Clocked SR Latch can be described by a table:

C«rrm:l-..j] vm-"" Ve ey )
= a™ v s R Q&ﬁ;&-l) Comment
c | l&ﬁ\@mf,ﬂ OLEI;O 0 No change
_ A 01~ 0. Clear Q Gee®
" Q 0 1 0 E") 1 SetQ
foc b 0 1 1 Fad's Indeterminate (ot cllowd
: (%
m The table describes «*| 1 0 0 1 No change
what happens after the 1 0.1 0 ClearQ
. 1 1 0 1 Set
clock [at time (t+1)] -
1-1 1 elas Indeterminate
based on:
e current inputs (S,R) and E F
| —c
« current state Q(t) - s -
Lugiz ard Computer Design Furslamentals, de Clocked SR

PonerPoind® Slides
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pisadddsiiiy ‘I‘““‘”‘ﬂ‘m:i

D Latch y » ass gL g

= Zm\’fs)éu

» Adding an inverteril D 2
o= - D’ﬁ Q

to the S-R Latch, ‘
gives the D Latch: c——+

I Jai’i.'";ﬂﬂdl”!d!lﬂu

" Note that there are T> i q
(o f* mdetermmate’;w |
s ;
states! (Mm - The graphic symbol for a
DT
Iglx Q | @ | Hold, no change o -“*-k—-«_o
" R %L}Q,\
jjofo] S feod 1o qbe
[efife] s Rleew

&7 regtke— (S
Logic ard Campurpr Design Furv.iamentals e QD/ D) 1-9_3 \ )
PowerPoint® Slides E U_w EOL\) 10'79"(-” !

& 2008 Pearson Educalion, Inc.

w\c\\\w«»‘f\ﬁ‘ &&%W{ ‘35[' u.__.oJJ

Chapter 5 -Part1 13
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Variations of Clocked SR and D Latches

1S Q— Cﬁ___ﬂ;‘i* 1S Qb
E)c (k) 02 ~dqc
—1R QpP— ;ﬁa&ecj“"?)l-éd' —1 R QpP—

+ve pulse-triggered SR latch -ve pulse-triggered SR

(ot Vs % C=0 - Hold (g ok 22MALCh ¢ = g 3 Change
/chw.ﬁ"” *C=1- Change - C=1> Hold
\-=“ = \N\J W
’ e
[ . — o ~]
.\/b o el D Q— a d’"‘w: D Qr—
3 SR g
_{‘I““ {_%555) Es:jb/
F ) — C QpP— 5R —qc Q F_
i fr;,bw
ff) Jw p dD
+ve pulse-triggered D — : -ve pulse-triggered |
{ e wge —* el
1 ogic ard dﬂtch)umn Furdamentats, 48 c::c1) C}:ﬁ% "‘J\\) IKLC_II C IO ;C‘Hﬂ% | (D}

PowsrPoinl™ Sl
20 Ay
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SR Master-Slave Flip-Flop G/ s

Tk B PO
= Consists of two clocked ¢ s ;_ 5 LA 7
SR latches in series c—asle S elc > o
with the clock on the R_T_ =S _|Y 7 _
second latch inverted @ R __Gp—«

ADQJ (maske) I 6 Loie x

Glave) I BYhad) dols
(RS 2 ewp ( Clromge JZ’;(J&_JiyU;:

= The input is observed bv the first latch withC=1 _, ;. ... )

= The output is changed by the second latch with C =0 — peceuse ()

T e

» The path from input to output is broken by the
difference in clocking values (C =1 and C = 0)

sgic ared Computer Design Fundamentals, de
yewarPoint © Slides
2

.....
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. - -.-ul\l \_, = U)
vesign Fundamentals, 4,
PowerPaini® Sl'ues AL

rrrresss !Hllﬁﬁﬂ

Timing- i%grim for SR Master—Slave Flip-Flop

ea’m‘j )Jld-s_h_,m—(t!ack) 9V Vie X

'_)-:'i-‘? ‘V‘FC:J') é’o '(.'5(35.-4 (‘“P‘l )_)'l
B e

——n0

wjdl/L&_‘,'\&LMQj) e s,

=) C—’T/K) -‘U_rMJ

n L"- -*U.Ao.ﬂi 19
il o,
Q)_Jluuu.u-g_
PP ulass

: h i ! '
i 9 ' . J)[oa_li,gj*
E E i Ockdeleﬁ)
' : : Ny
' i : Jeg‘rw;c ol
S/ave out . GF) E [S%j oo rfj;o
3 LN 1 : . iy i
: dd;b‘ﬁ(&)u_ﬁ & o : 5 e':d‘ve_ e'!a!(—@
5\5,.@ NMaster n.;,a.h.u. (@ e - . 3 ' ©peyaki
( active &dse(f)’(\iscﬂ';'f‘ oY ¥ szl [r-o o/re). w4 FS=0 [aiio
g SR s R s
% ’ 3 ) : : i AT
ba—»&iu}sf (]) (}ej‘ e b o S50 8 : s v o 50 6 on
Q’I’ 'Logic arrd Computar Design Fundamentals, 4a - 0) 'ui S:Q utg 5 O O al Lo .
PowerPoinl™ Slides QO= C"ﬂ <
© 2004 Pearson Fducalion, Inc.
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Master-Slave Flip-Flop Problem <i

= S and/or R are permitted to change while C = 1
* Chances of 0s or 1s catching

. 12 s C‘.:\ : ! I ), TR
"N 5 ’) me : I_C_';imw;\ 1
/A i 5 A ¥
- . . ' i i ki i 1
S [0y [ | ; ! 4 L
' ': f E E E i L5201
| 1 A ! i : | 1
R & ! 1‘ R0 ! : | N b [j /
i. \.' - : i | | 90 ew | glo) A
=0 I - A : : : Y 1\ AN
JA - 1 : ls) ] :
Masterour A () : ? SR i e
i : ' e ! |
Q ; \ : : K
1 1 : e
Slave out ! ! o '. : '.
Mars*ter e ' ‘18\catching
active acuave
(Zara) detole) Jole s hgi s
wroug output

Logic and Compater Design Fundamentals, de SbOU]d 113 w bE‘EI_]_ 0

Pomersint® Slides . . , ; r a
s, A7 0 d
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PRTLER L

ASSSSSRERERRRRRNRRD)

Os Catching

Estac wf G U NEIRESY

Uy (/;\gdzuﬁ

. L L] ‘n
U:‘:’,"_.Ul oy fio X

Master out

(I O . . .

Slave out

s e S _'ls‘:'l'i.MIHEHL"!..MI.HQ l‘ EI

active

Logic ar«d Compauter Design Fundamentals, 4&

PowerPoint® Slides

@ 2008 Pearson Educalion, Inc.

\59———-——--___--____

7A)

Master '

wrong output
- should have been 1
Chapter 5 -Part 1 1

T R R
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TUnEITOINT Shides

(Tt nEn Iy

Edge-Triggered D Elip-Flop - 12

O/ | ok
m The edge-triggered D flip-flop is the same as the
master-slave D flip-flop D D aq s gl
D - ]%:--SR -—JQ*C%Z@;;;W i : A C .
Y = o (HestorSh - o o L
= “Tt-can be formed by O firpfip,

+ Replacing the first clocked SR latch with a clocked D latch or
« Adding a D input and inverter to a master-slave SR flip-flop
= The 1s and Os catching behaviors are not present with D
replacing S and R inputs
= The change of the D flip-flop output is associated with the
negative edge at the end of the pulse |
[t js called a negative-edge triggered flip-flop

Logic ard Computer Design Fundamenta's, 18
Powerfoint™ Slides Chapter 5 - Part 1 21

o 2004 Pearson Educalion, Inc.
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//Ji (pvs:‘ma )\L}_LM Maghy) Jy

% - blen 3 (], —
JHM- Slow 2;\‘0 Tscatching in the edge-tr% D Flip-

crhw,
;:ufs );: 4!

'\%

ﬁt!%"l’lfc. d‘p‘m,:}ﬁe_otb_; N

,_Jf

Wirey prels —ok L0 et
mm&U ('rvcw(g,) J)g_% %‘j 3::? u

&) D S s g '. :
e 5 ‘_ 5 o i ;
ative edged s D
0 | . D | wregatic a&fgaq)(gﬁ b!mﬁ/pﬂ,‘
i (Reel) Okl,]ﬁ{-).}l

1

(P 68> . plaally

=
=
=
=
g "fJ l}é o }‘ _)? o
- i
a i B
s D f i |
| i i — ) 5T
| E E 5 ':
| 5 i i :
Y Y i = ': :
Masz‘er ou : ol D) 3 : k 5
i e o) Ee 1 i ot e
ik aL'- te=bd Vb = y ; Q‘
& O : " || cp oS i 4
Slave out | Master \ Slave ! ! ': '.
i active no Isca tchmg
Logic ard Coaipatar Design Furdamentass, de correct ou l})ﬂ [

PowerPoinl™ Slidex
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rowenoinl ™ Slidee

e

Positive-Edge Tr'lggerled D th-FIOp
ﬁ) SO @ub) ) ped G— colive - alt o cuthive als G2

SJJI/ et} (e

\
correct output

= Fofmed by D b7 o B o
adding inverter : c
to clock input C ¢ apdIrR qb—3
o=Clakde Jr) e~ Mpashen) JY & AL » vl \)a
dli\igér:sd‘?j_@:@h%.n{“f E: ‘6 :{j‘% C=1 change |
T : =0 le .-
U)QQE,,’ g_g"\/u) u§_Jj~q';1 éf;ﬁ@ldaﬂ) .)3’ " é(”" (SJ ) (o hd"
c}\ \ - (HPC{CG) J
Q cha j%to the value on D apphed at the
o=elek JSJ} n«s}u B 1)
-"T":.T ,; ii“"’“ sitive ¢lo k@ et (s s due 5 -
i, s ey , n =g
= -
== = Our choice as. the standard ﬂlp-ﬂop for most
— sequential circuits
E L@c an-fi' t{:{loml;:auter Design Fundamentais, 1e : : i s il i _I S ; :
S CiremEmcimbn e
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Standard Symbols for Stora

Elements (coked m,w .

‘:' " Latches: (A%{thmh%)‘s FeYS ™ —ﬁ -y L Ptie pus
; : D—Jetet,
(o) Sl ¢ ® @ | [ & & P
— RENE I XNy S o R
=3 - e — =
= ('c*wl"\’“‘)—“ st S8 SR mco% 1D 3#ith 0 Control
-] . et o4 CNeR) (mm) (2) Lat
= Master-Slave: ~ve: } Vaslor sfue st npnnb | (DFhip frop):
& Jov i o), Postponed output s — ST S R e S| ST R
B reasf) de\sncsmdicators< C _CCL, ;’f’& Of 1 cakehing
._.____.._______ _“""-'——-_.___‘ bl Shave 3 o
s s cis, (Hamf.jmfw MEIr < R P TR gaTP qc TR —q9c 7
] (o |
j 0/1 cnhluo Hehe I LTriggered SRUTrlggered SRrLTﬁggeredDUTriggeredD
f [ ] Edge-Trlggered (DJ}\.HF ) SQ” Y] ) Master-Slave Flip-Flops
Dynamlc d D - ~_| Master active when C = 1
E]&Vﬁ’ active when C =0
indicator \
90 o n \| Master active when C =0 \

\ Slave active when C =1

,,/3 ﬁcpa ke éc&mj«w“) S e

W " ;
- posibive edte LSFTnggered D LTriggeredD reachie efge rigerd | DT
"”" and Computas DusisFrsaments, i e DF {c) Edge-Triggered Flip-Flops

Po .f =ri2ginl ™ Slides
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s Q}j lgge:ed D lﬂgered \D L+ Q- l‘f?ﬂ“; =
T L I'r D I i *‘(' ﬁ 3 R:E
I (")(L e Eﬂ?_ ' 2

Lc-guc and C " ‘ -
PowerPoinl® og;;;;:m.—..g, i Ll ‘ v (c) Edge-Triggered Flip- Flops

O nmm

Direct Inputs

* At power up or at reset, all or part .
— of a sequential circuit usuallyis | At
:j-i““ initialized to a known state before S e
= it begins operation
s i R me R . .
g = This initialization is often done —>C_ Q
i . : «1 R
i outside of the clocked behavior ’EMW-E ”1
E of the circuit, i.e., asynchronously  frfe ot
—i ] . ackive [ow .
= = Direct R and/or S inputs that control the state of the ?4;‘:;0 4
-~ latches within the flip-flops are used for this . — - B
= " eye . . 2 tf?-l.& b
= initialization ' -‘ Ma;":,ﬂ;% E * B
g = For the example flip-flop shown -t 3= ;m_w L3
§ JI s [ 0 applied to R resets the ﬂlp--leptLtf"_0 state | S — b
- cehive low lied to S sets the 1l the flip-flop to the 1 state 3 peges
| (577) »» ¢ O 2PRIE p-tiop0 22 -2 noshion g
f-:?',:,;ﬁfcgmfr Design Fundamentals, 48 : ; Chaptcr 5_) Part'l 98 PD‘S\. \'6. -
Gerdiday) (2) $+\9) W

© 2008 Pearson Educalion, Inc.

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

ST < :,,:\ R\ﬂ_\%ﬁ

) e e 2 \.w\)\
4= Active high direct inputs: k ey
l

&Q& W I"“?‘:);%V }g . o O\
@D‘—\\ Jg”i\ﬁb \‘\: D

" g . D'
et e Gy N L s
i‘gea J"’Ji)@fhvc) b le (BIBJ, S —A
B 150,05 g un (onkpd ) —>  Q l S R C
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4
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-
=
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e
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-

-
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Slave
Master | = u
active ! :?CfIVC 'Mc’z‘Sfé'I"
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0

R /| .
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Mastefom'
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Q N (held) yolea () Me
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5-4 Sequentf"ﬁ

= Consider the following circuit: e
— . 93450
—— , Input L74 Cﬁk}uﬂs)m
o] »What does it do? E Ql
'%* »>How do the outputs Wi 2
= change when an =T o
- . . 0
= Input arrives? =
-.-'-'-‘:: [ | S——
~ LP(QM ) D = .77 D Q B
- " geke /- o
. B D ey 313 CLK c a (2 Hops
'.a Stode P Qstprasg_ &%
| AN elemadks,
s o B g } y
onkeguk jﬂé{ (3) ot ;;_’ D i OUtpUt
°8ic 29

Surckion.
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Sequential Circuit Model

e — :
= General Model

s a >« Current or Present State at time (t) is stored in an
Cawreents Shate- array of flip-flops.

J# - P% e Next State is a Boolean function of State and
next s fote. Inputs.

» Outputs at time (t) are a Boolean function of State
ma,ﬂ‘w&m\ i R (t) and (if Mealy model) |npul:t/|s (1). o )1

oxc :
~t wouus (B}
x‘)w‘pfﬁ@@lnpu‘rs
--=- Gh’r?’-t' e
& (oFL)
;:-Jaﬁ,w‘«v; ©
pale 3

(151)

Combina-
tional

e

L
I

RIS

g [ YRR E\IﬂMh'Q {'anm F:iﬁ 5-15\
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revious Example (o

m Fig. 5-1 5)F

= Input: X - |Camb. Input logic /fﬁ’.":'ﬁ%x .
. é)tutgut: Y A E,}A,x Pl l
m ate. (2;?:.«}/ X - [ID Q A
2ate: G (AG). BY) 710 1 13
Example: (AB)= (01), (10) Nex! Siate "8
E = Next State: " e, * =
o ,_ - n
Da(t), D E— ' :

AN TN iy

:5 L/'E? )a ( 1)) CLK—L c Q (’_g Ble)/riey

= rgﬂ?"l’fﬁ__ notd e ol Yine

5 2L ORYDE) = Vroe

? - N Y = RO (R,

.i ! th' M ’ O . . . (kfﬁ)" v_(éuzabtic s\:&tﬁi\ *
s this a Moore orM ing? . syl
ol it Viealy j?h'De- ¥y ke tiuk 75

N OB Py e () 10 o (Ol 8T o nt
() % « ( Y=0+8).% Bt S Uy

_ (mealy) 9 W5 gy X 9 ( ) 19y aA Le &

(W‘f_ﬂ)ﬁ) 90 jj/j G’Hﬂ s ""fW‘)
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lnput and output equations

= Boolean equations for the
inputs to the flip flops: —

+ D, = AX + BX 3 ,D_‘—ﬁ;’«o QlA
b DB=KX D_I— I

3
| i ,/- c at+A (B
" Output_Y- - Next State FT CED’..
* Y =X(A+B) T‘ \‘ o
BN eyt
. | J D Q B D

" Alsg can be wntten as T

CLK C. Q
- At+T) = Bp= AX + Bl X Rl
De @\— A(t) X gazeezvys D '

© Y =X (AW +B(Y) stosor |
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Step 2: State Table

* The state table: shows what the next state :

and the outputwill be as a function of the
present state and the input:

Inputs of the comt jpgﬂggalﬁiicuit Outputs of the table

Pl

;Dreﬁen?SZare lhpuz‘ i Next State Oﬁyj:ouﬁ

(LA o

%rér 9}:,.(,;5:—
= The StatePTable can be considered a truth
table defining the combinational circuits:
I¢ L atha S ar 1t State and Input,
ot the inputs are Present., ite and Inpu

<

*-and the outputs are Next State and Output

Otnta T -kl h A e
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T dang the ou_tL

_ uts are Next Stafe_.z;__ri d Output
- - d _ . . E B E E |
(e NN

State Table For The Example

le: A@t+1) = Aty x + B(t) x
B(t+1) = A'(t) x

* For the examp

= (vw) Js el LV
E e (o rtmnm%un

Y(t) =X (B(t) + At))

= Inputs of the table utputs of
B o ol e P o Outputs of the table
=\SPy hnie 0| SiShale oo A S
= Shode UL EO0Y 42 2 Present State
S oA B ® ) asiais
= % g g_0> IE8S o) doxi
1 5 2 =0 gt
g e ? L 0 1 - — S\-?:g,._p ko,o)
Rt J [0 Sar
| N E — 0 B ey, e
| ) 1o S s, ©
| | [ 1 0 Ml 51610y nerkste B
#/77. NO. of flip-flop ng\ 1 1 \l S e s
- /Z_N0. of mQUtS(M I 1 1 \5_\ .,,:\711\_:,
- 9\‘2’,2‘. / \-_ﬁ“‘-—*g———- ~0)= O
Zogavy 29.4.9) L35 0\ Sagoend) Mg, & 35
82 (;(m,.-:' 2= =7 Z Vs :“‘;_:]is ?@:;ﬂu UA\\DA:ﬁ

—
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* tiq" M=% — Ugal

we it e State Table (sa2)

arel  Yhe Stede  deble b

make b Limplenack L) 1 & Mbm ;v,l:

. Stale . & '
m.‘ elements < M3, C. 1-d|men3|oqal table) can become quite lengthy
n:inpads: ¥,y (m=no. of flip-flops; n=no. of inputs)

bpuks L 2-di ional 1
ke Foil ! 2-dimensional table has the present state in the

e AN e Sl Jady o Hoe s it TAT s 7 P T ST -
XONe dinoions) shite b’ %o goe fow o S
ﬂ B N ,r = ———— MOﬂQJ SME lmec (/LJ' éﬂjj‘eo____J /W)J'./Oé_-
i i DB s - tpeks———magpa e - e

&) A B | pwyppyname

o= f./ o |
f s ol U
6, Y > L ;T:-TI' imencion (20
| from (NIRRT | @’/ r-/-f"to.is w Output
: .nu,-«-pfau_;“j‘r Gl € O 1 X=0 | X=1
piens g T | AT B+ Y | Y
u®l paput=) I 00 0 0 /’1{"9;\;5;;“’"& 0 1 T’&AMOQ \ 0 \
[ 5 teg B [ 01 0 0 1 11 110 1}
wiree || 10 0 0 10
0 0 1 0
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=

B
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AR £

Step 3: State Diagrams E

= The sequential circuit function can be
represented in(graphical form™as a state
- _diagram with the wi omponents:
n

« A circle with the state name in it for each state

e A dmectg% from the Present Sta gto the Next

State for each state transition—s(-3%)

A label on each directed arc with the Input values
which causes the state transition, and

= - A label:

= = [n each circle with the output \@mmmﬁeg
= or

] = On each directed arc with the o _utmuage e
produced. —

37
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State Diagram Convention

Moore M -
(}H V. g_Chlne Mealy Machine: ﬁei)us
S inpe Wb to next {1\\7«( oubpul
ol - state A

ITVO/U’(/

— \I) ‘
XN
x-‘lly— \‘” /

Mealy type output depends
on state and input

2,7
AT Moore* type output depends
only on state
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Example2

» Derive the state table and state diagram for
the sequential, circuit:

¥ m,&pu}s = (] X ZD;)Dh‘ (WJ'NL N
iEe Ffine to hwe the Y '
9““6"4—" as  same a5 The ; g
Cuncw% 510‘1‘& \
Ae2 —o cumakshle = oubpl, : :
7 reviecs P fp flp me o MJ”'L"\%)\
B ok a #0Ne dimens ion Joke Hlgk, . /O
5’ * the next skbe : A, preset skede | iopus \ nextsdade | oufped
i | | A law) DWW =2 &
g —  Wriing he Equakions;- 5 g " ;
. : ('!(ncat.{s}uk} o) ()] N e #_Jb@l
S @, 1“P"‘+ é‘l““ha'ﬂ: D) = ¥®3®p‘ o | & —__-k_-‘-_—_—__-cr-\ '
- [} s .
otk opim 2 el —5—
: 90 0 J\Ufu _.._,______‘}_q_ .
: (oo X )’}’f“*fJ’JfMJ’GT ﬁmmov_u ?E%-_Skl-— “”"‘““““:
:'f.'___’ e ;____'
-. --w--—___""“____
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Example2 Cont.

= State Table:

Next State

we Xory  _y Wy
(D) V05 ones Ji'% /ﬁr
XY =00 [ XY=01|XY=10
! e I oac e
R . A(t+1) | A1) | At+1)
g L/L 0""’}{:;& 0, 95':;’ 1 1

[ 1 1 0 0

B LMI&RH !
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Example3

=]
=

"'Mﬂuﬁ)({J;L‘JLL ! “A‘MJ,]-“&K& d:" d"E-é)\Jﬂ— &L
F it () e oasa |

2) 38 21> Daondins I (YEel) X

Stde @V WP g R g ant x i’ 29 B (0

2 » Derive the state table and state dlagram forthe ;x oR e
% sequential csrcwt. '
= X s A
= X ppuhs:  x
§ e cas: R85 | A
S F cukenk : Y- ' =
)t ST P e g——— ]
; @“‘E‘l bins ;- ﬁfx /h+ ks 0O ¢ sy
' Pitew: pa) = @ % S \ || - D qf*8
‘“‘ %
u) lv O =
i Fleid < (P) = &@A LS swo)dg* ,p,%) CLK c Q B
;}{/54?«{? Jf"ufﬁ, ’.’?(’W“Z i }i{;‘%’
- " De) , X8) %’ s\s&j‘) / . 3
e ) _ og P Seovo _Dc :
o - “e
ot P 1
a e R T Y &
| O Q
1 X
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Exampled | v il w s s b f40]

& Derive the state table and state diagram for the

sequential circuit: %H\
e D
u.vu{;n,ms)_s, é1 o3 51“3 B e )ﬁa/‘@

—

st} ")ﬁzwiwlﬁv-[,gﬂl. s.09¢ & - o Ss e

ga;m‘,,ww &:ﬂ_:ijujg_jb ’{M;gwg LR -@ _F../

e "%

= Sl (wf =) Opof e Y, X

ﬁ — 7 -_k. 1 o =L _.";: 2 Pl;}-;ps ¥

;# ‘NII{QI o Jﬂf"df/ﬂ&!/}‘f-’b C‘j}u}fow fm Haie k. FE——H odpd e ,__ﬁé_ 'ﬁ-’?ﬁzy

ge %\W '\-\ civent i L,m/wu,@ i-tff %'1\\0

! : /W}LJ 5) Lus 2
| (ipdepdinoses B4 (Hgdug) 960+ @j ) f :fffﬁ-
C;‘Tzw_ !ﬂP“-F {‘Ik-‘JTWS.’r- . d 2 : q*ﬁ_‘_z_{
59), X @Fﬁ 5, Ble )“D . o e qdpw{-,.galw,hg:_ :

4B - Q6 + Qa - g Q’s .(3(\3 = _ %

ar? » Q F\alg design ) i

)" Qe+EA> ST e
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- " Sfate Table .F’r(j.'/SQe Slate Input R AR 1 Next State
' <Fiipfhgs . A il By ni%'ﬁ.a Qa(t+1) Qg(t1)
= ] 2 Shefe elemands. , 00 0 \Moi-| (@ I . 8 I ¥ _ 1
- 0)0 1 A 0x4Co 1| avo
] on ’ 0) 1 1 1 0si0 0 D Q"
| 45 00 0o [ o1 GovkF_ oq
: o0 G’*"%fuk i L @ . : 017 160 b9
| D’" el HB 0 | 01 | 01 00
o ey (4 1 [ o1 [ o 00
= State Diagram: p&gﬁ%ﬁ%}

W, 0N

1/1. e i &)
$EC 1
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Exercise: Derive the state diagram of th E
following Circuit  (re kit Bumple — sopornt).

= Logic Diagram:

Moore or Mealy?

What is the reset state?

ol o fsuikn) A2 ©

gy o)l Tmare
ap/"ﬁf' e G

ity e ;{‘f
o’ U} sz s
L el EE)

5V

|

Jlads oo g — | Reset

RECL I

e
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e nnnmn:

Step1: Flip-Flop Input Equations

= Variables
* Inputs: None
» Qutputs: Z _
» State Variables: A, B, C

= |nitialization: Reset to (0,0,0)

= Equations
- A(t+1) = BC Z=A
- B(t+1)= BC+BC=Ba@C

. C(t+1) = AC’

AL Y A

S T—

53
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S YRNREEIEZEZNDNI I IMNY
Step 3: State Diagram

e ABC | AB'Ct | Z
9 4
Reset ”yoi™ TIT R T

=/ r‘wi.', ('_rJL.-F

= ...otart from the reset state

001 o010 |o
010 o011 [0
011 | 100 |o
100 o000 |1
101 Jo1o |1
110 | 010 |1 |

1

111 (100 |

e "o Are all states used? Which ones?«
v 'W_,Wﬂ

(v;: L 5‘;0(\,\) L *

"0 had \: wd \9&

i 55
L»FF‘?)
.

Scanned with CamScanner



Lhoples Ju (W) S X

5-5 Sequential Circuit Design

Idea,

: N
-wwd\eém@n@f[
(' State Diagram *..;
iakins o] e

J
State Table e
y State encoding

‘
- \ N

=
-l
-
N
]

|

:

2
Design *Select type of Flip-flop /7
procedure J )

*Input equations to FF, output eq.

\. *Verification
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Formulation: Finding a State
Diagram

= In specifying a circuit, we use states to remember
meaningful properties of past input sequences that ~o8

. ... are essential to predicting fu i
Lipary (Fis e cnio® Wﬁeﬂ' =l f.»f?» gt ture out.Dut \.falues. e
wwe> = As an example, a sequence recognizerlis a -

sequential circuit that produces a distinct output value 5.
whenever a prescribed pattern of input symbols occur - w=ias
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.

(110 SA,,J,J,J]'}?»,\’Z‘J — % = . % Wiz
b Loy Bk My

SURE

VL A

W) = oukph. T N v
| 1
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Sequence Detgctor Example: 1101

aquenkial  degn X s
yshem SA— Z
_ .. > e

-~ e
preall peoce. CLK| Mealy machine

{.@sw; ek s
Input X: | 0.011/1000./4100@111&-0&3 —= sequace dedas

. Output Z: | 000000000090008T0040000000700
- ~f’bw5»:a§f? "
cn R R sy
(> Overlapping sequences are allowed

—:LP Jhe g@\“mee_ S (C)D\\) .
e X v 00\ \ 00 1y 010 W6 N 10\Q8 1y vo

' % 0000050
amﬁpﬁézzooc@ooo 60000’00000 5
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= Laaly
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S Siteke 45, SISO
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% The Shake diagram

Yeast (3) bits-

2 ~ %
G i
Sf A | Sirce & Yor Fale
u
X gl 2 g
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g;: (wld) o] ) «— O O 0 | X | No change ()
s @) ol ) 18| 1|x | Set

? O% O ) I X | 1 Reset

(i 1 1 X | 0| No Change

Qi (sek)
JO (set) : o/e (t“ﬁ\a-
@‘ GO

] Rusele
— ]
Vo1 Ranncdd / {f'oqat»,l q“lﬁq‘ﬂb \ KQ v

19

Scanned with CamScanner



%2 = Behavior described
§ S by its characteristic
- (7, _ table

dM '.'n?'u.{ﬁ (sfli_l
r(”*‘ €%) s 5 as a single input T

GIR) L9,

o s el to state
J(V.{M‘
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=

(4v} — = 2 i agrom
% « Characteristic equation - defines the next
[ -

o

L
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variable values as function of the current
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Use the characteristic tables to find the output wavefo u"-
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=
% continued

= Use the characteristic tables to find the output waveforms for

Eﬁé the flip-flops shown:

= Clock _[— | &me-1 [ 1| | 1
== v : )
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