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[1.1. Digital Systems and Switching Civeuits]

Analog Vs, Diaital Toformation Processing
<7 7

F‘ma}cgi pk\fsicai ?Jum-‘r'\-l'ies (Signqls) \Iary comﬁﬂ‘L:ouS»fy over a range ,
ccﬂ‘\-hﬂuous#‘ valwed , most “veal world Signals are anaiog

Digital © discrete - valued | sizjnals take on owne of a. finite set of
?OSs]ble, values

Ex 4 ° RQ,P(QSQV\“'G\‘{'-;OY\ ('{'i‘ﬂ’\ﬁy @ VS.

Al

analog Aig‘\-{'a\

Ex 2 Computation fddition)

analog

[N : - —
| ' Vo= HV N, = 2V :
R A B
Vp o—N—p = Y put Voutr =6V + Vepor = — LV
+ -
Ve v - Veccor due +o isise nenideal

civenits | edc,

diqital
o =4 b= 2
@ [o B — —
4+ out= arb st = 6 ﬁXac-H)ll,
b o—ro

Teend is to replace aﬂa'loa with diaﬁ'a\ (musu‘c) VideoJ ""e\erlqo\qy)
because o\\‘gi"ral is arbitranly acavrate | stable (with vecpect +o
Y\D\.S'e.) +em?ef&+uf€.) W\Oﬂu“]:ac*" uf\\ﬂ?j Ua"fa\'*'\‘oﬂg)‘ dY\cl e/as{er +D dﬂsl‘jﬂ’

Digital System Design

Roth, describes +hree Par+s E @ S\stem Aesicjn (l%O%JWO)
@ legic desiryr\ [\8’0&5

® ciccuit design (112 lle)

Logic Design t in+erconnea+mj cjg.-]—es and flip- Flops o per Form
a specific  function




EEC (30A UNIT 4 Amitthara jal [ Baas

2

50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

. . Ky —y z
Switch W ewit ! _ i
W m% Civecwits i“?“‘\_s Xy — §W\-}c\wif\3——> 2_—1 ou+pw\‘§'
. . B Geewit | °
® Comb'\v\a‘}'\'oﬂa‘ LOO)\C, leC'—ti‘\'s Y e s Zn

p_gf_'. Outputs of o combinational block depend only
on 1S Qfesen'l’ fnPuc\'s.

Ex - L\'a\—\‘\' Switel

@ Sequential Loaic Civcuits
b 3 ‘
Det: Oufputs of o Qectueﬂ-h'al logic block de?ev\ol on _Préseﬂ+ nput s and.
past inputs, e # has  “memory™

Fx: Near!\’ any useful Aia'{-\"ai device ‘1'\/{)1‘501“7: S made  up ot combingtional
cireuits an& W\evno\rY.

7

C— Start ‘*rfgaus N f Remembers
(8 mrernal Fmer or TN previous colov
founter O to qo to next
) color.
Microwave — Oven O
Teaffic L3 3\:1‘{'

Ex - Digital processors like miccoprocessors, digital Signal peocessors (PSPs),
graphics processors usually have

') Memory = stores programs and data
2 Da'hxfaﬂn — process information (Arf+hme+ir./ Logic Unit (ALLL})
adder |, multiplier)
3)Coﬂ+ro\le~r ~ divect wmemory COV“*‘OHC\’, disk drive conteoller
: ‘{) Suppor—)-\‘na cfrauH’rr '
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1.2 Number Systems and Convevrsion

Positional Notation : Each di31+ e Mul+ipifeci b‘l oan aPPropm‘a’re power of
the base number depcno(imj o s pesitionn n the
num ey, '

Decimal (base. 10) d€3‘1+ values - {O) b, 2. Cl,g

L A ~1
10 ylo g eoD x 10
1] 2] (3], 4

xloo x |D x 1 x 0.1

1’2.3."il0 = 4 2100 + 210 + 3x| + Y4xo0.)\

B?ﬂaf_\r/ (base 2) dr‘aH— values * EO) 11

7 \ _
27 x2' x2°  x2!

o]} |
x4 x2 x1 x 0.5

1ot = Ixq 4 0x2,+ Ix) +1x0.5 = 5.5

To convert+ to decimal , write the power series in terms of the decimal
representation of the base and sum the series.

Octal (bvase 2) diaﬁ' values ‘-QO,L) 2, ...)7]

<3 x%' x2° x93
23] |4

}(Q‘i x% xﬁ_ ' XO-‘ZS

b22.4 = IRl 4 20 g+ 3x ], Hx 025, = 3.5,
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Heradecimal (base [b) digi+ values : EOJ\) e, AL B C, D,&)F}
Jo oz 131y 1§

}\“01 X”o' x"JO * “o_‘

allo]l1] [c

¥256 xlb x1 x o =

AO L. C, = AR2S6, + Oxlb, + L% |+ Cxg

b ‘o

o

10, x 256, + Oxll, + L1x |, + 12, %75,

fl

fl

2561 iy = 256175

To cenvert+ from decimal 4o another base, Use successive division by
Yhe new base For iﬂ+€3ef5 ond  Successive muHplication 10\, e new
base Aor fractions. '

For successive division, divide original numbec and each  guohent by +he
new base until +he {MO—Hgﬂ-ﬁ' e O. The vemainders Form the dl\a\"f’_g
for +the vepresentation in the wew lase. '

Ex:® Covnvert HID +o ‘oiﬂar\/,

Quotient Remainder

2/ 1 5 1 < least S\‘am‘{:‘\'can’\’ Rt (Fuethest
n‘gh—\-)

2/5 A 1

2/2 1 O

Q_Q_ O us & Mosy 5!'3n{\C\'Cav\+ By (‘Fu(“’kes*’

' ‘Ie-ﬂ-)

I o = o L} S

Aternatve wmethod: Stact with Iar%es'i’ power of 2 less +han orrgina\
number | subtract, and repeat with the diffecence
until +he difference s O.

e 3 4 2 -1 .Y Yy
0 | |

/N

Chede: 1x %+ Oxq & |x2+Ix)=3+24) =11

1o
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For SUCC essive muiﬁpl{(;a-t—fon) mul‘ﬂply orvginal number and eackh,
frachonal pert by +he new base unkil +he Frackonal pact 5 O.
The 1ntegex Pa("‘S form +he diqits in the new base vepresentation.

Ex * Cornverdt 0-375'0 45 base 2.,

0, 3715 0.750 0.500
b pa S 2 * 2

0150 [d.soo [{.o0o00

. o 1 1 = 0375, = . 0.01,

Ex: Convert O HROUHGLTIIS o to hexadecimal (base Il.o).

O.HWHERTS 0:.%75
* b X le N
7. 6275 1l .00 =B, = 042040815, = 0.78,,

Binacy &> H€><C&d€(‘_imql ! L—"iﬂﬂf'j d.:‘raH'S covrrespond to one hex digit.

Ex: o010 OO“,OIMOOLOZ
et ) e
A GO 2 = A2,

Binary &% Octal 3 binary digits (bits) corcespond to one octal digit.

Ex 100 |10 « Ol
— ) At ,
3

—

= He.3

I¥ is otten easier 4o convert to b?nary Firet before co-nver-‘r\‘na 40
hexadecimal or octal l '
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1.3 Binary Afl‘%m&""fc.\ (Note: unsiqned binavy numbers)

A(ld\"}‘fgg Same, Pt“ou’_.c\u(‘!- as  decimal oddition.
: s . by
.E—X.: i(-CO‘f?' ) __E_E.- OI\O-;_ = CQID
1T oo, =12, 0oll, = 3,
yO0'10, - § ., t 1V loe, = M
16010, = 1%, ot = 23

Subtra.ction @ Similar 4o decimal subtraction : borcow Afrom  wore

Sigmificant columns.
@ Add Hhe nejﬁ'ive’. a—-b = a+ (“-lg)

wWe'll concertrate on  method @J wsed much more commonly hardware.

e

Division  Simiar 1o  deciwmal d(\rision) but must subtract using  subtvaction

Multiplication Same Proceolur& s base 10 Mul+{Pl\'ca+\’on.
Eﬁ_ \ ‘ 17_ - 7 o
xlol, = g5 "

11
OC0
+ |11

oo}, = 35
2

"Partial Froduc-\'s“ ove Very 5;mF\e in b?ﬂqr\/ !

1o

me-Hn ods above.

1. QUO+iQY1+ s 11 with cemainder 101.

IO\)_ IHL

o1,

1o,
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1.4 Ne%a-Hve, Numbevrs

@ S?cjn and Magnitude Representation (si{m‘;\a{‘ +o dec\‘mal)

Base 10 : + 5 ’ZS maﬁﬂi‘\’ud& (absslute \Ialu.e) =5

-5
('\ .
Base 2+ + |0l = O0O10) ma‘jﬂ‘*ud€=50|1=5,o
- 1ol = J_JlOt

t

® Not very Convenven’t fep(es*eﬂ'}”a-h‘om for ac{di+ioﬂ/ subtvraction
hardware . @

e Gyeat Afor mul-‘*iplica—l»\'on @
e Two wrepfesef\»ha‘h‘ons for zecor 40 = 0ooo # -0 =1000 @

”Siaﬂ“ 'bi“") "ryP\'caH). O= Fosi+ive) 1= neaq+ive_

Z) Twe's Comple ment (2's Com?\emem‘—\
MPS"’r Coynmon siﬁne:l b?naf\f Number fepreseﬂ+a+ion.

* For an nN-bit number I\lJ 2's comple ment N*="N= Zn— N
y
Ex: —=3: 42 = 00l -3=2-001
‘ loooo — OO |\
= |10}

° Same a¢ the unsigned rePreSen"’Cﬁ"‘OY\) exc€p+ Most+ S\‘gn\"ﬁ'can'i’

Bit (MSB) corresponds 4o negative number,
onlY

change }523 2t 2" . 2° x?___\ *2‘—7_

1]/ 0 1]1.mm

«~% x4 x2 x1 x Y x'/L{

L4041 = 24x-%,+ dxl +0ox2+1x1 = -2+5 = -3 /S
e Eastest method +o Y\Q(jq-f'e, a numbef § "FHP (Inver‘\’) all bits and
add 4" '
E)FQ_’. +3 = 0O Il
1 { OO0 £lig bits
| add A
-3 = 11 O

00| o flip bits

|- add 4
+ 3= 00 ||
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* 2's ccgmpleY‘neﬂ‘f features
) MSB ic sign bit , 0= positive, 4 = negative
2) Ovne reprecentation for Zevo : all 0's ) €.9- 0000
3) Al 1's  represents -4 eq. 111\

Ex s 1l = —H+2+1=—| IDULE =1e+ 8+ +24\ = —16%15 = =

H)Exi-chalmg (fep]\ca‘hﬂﬂ) the Sign bit [(called S\qh c;c'rens\on)
will nevey chanﬂe_ o number and v often {“erimreo{/ convenient i

Ex . positive +2=010= 0010 = 0000 Oo0lO

i\

V}eac«h\le —2=110= 11)0 T S B B I WY

9) Exrors can yvesult _ope(a‘i'\'on overﬂows/undafﬁlows

@ One's CompiemerH' (i‘s Comp\e_.men-\—B -
Good 4o kﬂow) but not often wused.

° Neﬁa‘*-e, by [nver)rhng all bits Ex: +3 = Ol

-3 = |00 Flip bits

s Two chreseﬂ+a+1'0ﬂ5 for Zero : '
+0 = Oooo F-0= 11|

1.5 B(ﬂor\; Codesl

Format s a hybfud of ase [D (de,cnmao and base 2 (bmar\/) Hat g
simple for humans +o vead.

Numbers are ynade up of lbase O d.‘33+5 represen“’eol by Lase L dfs‘.'\'s.

Ex o129, = | 2 q
poo | oo\ ool = QOO\OO\OIOD‘\%Q}

BcCp = Biﬂar\{ Coded. Decimal
BTwW, 129, = loqooooll

5 = = ol0 olo
Ex ""Oolg_ 2glo ool l%cp

Some old Covad'e,wrs did wmath in BCD) ‘h)d(»f most  use 2's comp)e\meﬂ‘f
biﬂaf\]l and.  conyvert do BCDh for :'V\Pu.)r/ou{—pw\',




