YD(0

UNIT-L

CLASS NOTES

feedback [corrections: vibha @ pesu. pes- edu
Vibha Moshi  /

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


(ourge inehrucher: Dr Reekinder Sidwu , reetinder sidhu @\mc.eduk

* knowledge of hardware essenhal for  efficient Coftware

Moore's Law

~30 yeart oo, swpurtompudert  needed  \quid nitvosen

© tvery ~\& months ) 0. of trantithvs ber Onip Ofea  dowbles

+ Teontistoy tpeed 2x, power contumprion ‘f2x.

* Moofels Law 1 now glowing dowfh

+ Therefore, 4o improve  pecformomee, deeper nowledoe of
hordware  needed for Oood  sofdware

* Toargeted ‘ardwore octelefotors developed

© Googje ot TemserFlow § Tonsor Procesting Unik  orceleratovs
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BOOLEAN FUNCTIONS

© Exawple:  parabola

- Domain ¢ vonse sed of feal numbers
* n be  tpeafied on  (@ffesian plane
+ Speufy funthon of o box

x xl
— f)zar? | —>

» Blample: AND &mcﬁon/ ﬁa‘rz
Domain & range: {o,(}
Specify Lunchion uging rukh toble

o b | Y
0 0 #)
0 ) 0
\ 0| 0
| | |

+ Specidy g \ogic gote Coack bod

o Y
b —]
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BASIC FUNCTIONS / LOGIC GATES

o Y=a o y=0
o = 0b a -a+b
= D
a y= ob o Y= ath
T :
a Y= a®b o : o

=D

* Number of towe fof a N-HOPUY ™ = Ry X
* How many different  4-inqut ‘ooolean funchont en exigt? (2)

Logers of Abeaction

nC wuinidation: truth roble
- Looyc detion ‘evel- Lomponenk W logic aeend
08 VLS|  desiant AOMSTOY legel  ciccuit dlagram wh
dgdal  pwiddnes (on o off)
- VLS| logowt level  (silicon, metal)
© VL8l fabricotion leve] — dhip (MILOProcest 5¥)
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Boolean Rlnebra U Tolewhities
v

+ MuMiple \oaic &o&z:
- ofp o(‘ one te tonnecked to YP of another

v Represent %oo\eum Sunchione
« Look od TPeefedt Tnduthion

Boolean tontranks (Oowmd 1) are Boolean formwlog
toolean  variables (tikex) aye %woolean formwag
WP ud ond Bedean formalog,
Pracedence 4. F
2. P-Q
2. P+Q

& vow ¢ (aD)+ W) o Roolean formula)
1. a,p § ¢ Ore Roolean fuymulas

2 € k a Boolean Feymuld
3. 0T and be  are Boolean formuloc

& o.T t bc X a Boolean Paymula

1. tonanke g vorlaes ave inpwls 4o loge optes
L ¢ pperdfoy meanS  AND
3 4+ operatw  meand  OR
4. operodly  means  NOT
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Q. (onveck  (AT) *lb-0)) 4o o logic Greult

W=

¢ |/

COMBINMTIONAL LOGIC URLVITS
©Urewiks ot an be rqmen\—cd \93 Roolean formulge
* Unlike tepential logic " cictults (Wit feed batk

* HDL Chordwave deseriphive lARARRYE)  NOT i i
CourSe.

© Boolean funchme can be vepresgnted g teuth Aoldes,
oot ol \o&ic Gicuite 0nd  Boolean  formulac

* Multiple boolean functiond 4 CCe for  Boolenn
Fovroulo

Note - Bulbbleg
* NOT gptes  n be. rq:\aced Wi 0. ouldole

- gD
}—D

g B
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Boo\ean Ms%m

1 Set: {0,143

2. Operofions: AND, OR, NOT
3. Tdenih  dleweny: (0 -0R, 1 - AND)

k. Lowe = Commutadive | ascotiohive, Oithribudive
boolean Tdenhiheg

b = b-a

Atb = bta ﬁ dup
@bc = alhoy  duy
@dtb)+c = a+£b+c)‘)’

0-(b+¢) = O:b + a-c ra dual
o+ (b)) = (@xb) - (a+x0)

(a+b)
(o)

U o

2-b el
ath J

-0 = A
0tk = @
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a+h-b= O0ktb = (axd)-lath) = atb
o (R4b)= ob - Gd + ab = 0h
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+ Due o goodatvity, axbre  § &b reqguire no
weocere  and e

order doee woy wmatker.
. (ks'mg DaM(NQDLn's Lawe

*-b = Rxb
otb = Wl

‘ I S

=>-=D

e uvmigaloen
7y " e
¢ towduek  Boolean Agrwwa / CLC u&'\vQ frutin table
* ubtng talleck  two-levl Sum o T

roducke  formulo
Lirecal — %ool vorable / complement ( eg: T)
- Troduck — AND of 4o or  move \itexald
(ea. abe)
» Miterm —

Vrodud— involving O\ inputt 4o Roolen
funthion  (tuchh Mok wiaferm ?roo\ud—'—ﬂ
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a b ¢ minterm name
0O 0 O abc mo
0O 0 1 abc m
0 1 0 abc mo names
0 1 1  abc ms Jz\«z
1 0 O abc my '
9 1 abc ms miatoms
1 1 0 abc Mme
1 1 1 abc my

+ fum — ORof o or move litexale

CQ(C)'. oxb+c)

o Moxkerm —  twm javolving, O inpute to Boolean
funthion  (Ctuch Yoy vaform Sum =0 )

5+2+E Ms
at+b+c Me
at+b+c M7

a b ¢ maxterm name

0O 0 0 a+b+c Mo

0O 0 1 a+b+c My

0 1 0 a+b+tc M names
0 1 1 a+b+c Ms of

1 0 0 a+b+c M, Mg S
I O 1

1 1 0

1 1 1
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Sum of Producks

c tum of all  pinterme t,owupmdine) o a A
oubput

. Qﬁ a b ¢ y minterm name
0 0 0 O abc mo
0 0 1 0 EBC m
0 1 0 O abc my
0 1 1 D @be (m
1 0 0 (1 abc
9 1. @ abc ms
i 1 0 ({ abc
i & I abc

o 0P farm Boolean Fesmula:
W= Bbc + abC * abf ¢ abe
\d: W\%f My ’<M6+ﬂ\7
+ fpgma (L) notakim
Y= Mg, My ymg,m)
W= 803,46
r Boolean funchin £
Y= £@bie) = SUmy,Muy g oD

(o wee & 2-inpwk AND ¢ oand 24 &-inpub
OR. 9q+e to wmwuc)r L@gﬁ
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Product of dum¢
o produck of all vwoxkermt c,ofre,&?mdtz\ﬁ b o

0 om\—?\k}

. 6_8._ a b ¢ y maxterm name
0 0 0 Q) @+b+ec
0 0 1 @ G¥b+e
0 1 0 Q) GHbEE %
0 1 1 1 at+b+e M
1 0 0 1 a—+ b +C ,b44
1 0 1 (0 3a+b+c (W
1 1 0 1 3+b+te M
1 1 1 1 a+b+e M

- o Avm Boolean Fsimula
Y= (a4b40)-( ko 4T ) (At +0) + (K £b+T)
Yz MoM, W, M
v PLLTD notedin
Y="T (N\o;N\\, My, M)
Y="(0,1,2,5)
- Boolean fyunchion £
Y= Flabyed = Ti(0)1,2,5)
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(ongider Y= et abe + abZ+ O

+ Minimite  wing iolenhtieg

Y=abe + abl + abl + abe
< be[a+d) + af (b+b)

-

= bt + QC

Q: Prove Yod  pbsbet QT = be+ ag

ob 4 bC+0C

= 0ble4T) + betat
= abl+ 0bt tbe+ac

= belat) + atlbtD)
= ot ¥ acC

Q. Minmite  (atb+0) (a+b+T) (a+bte) (& £b+T)

(@5 +@+4D)E + @40) <] (asbro)(@ 4T

= (ot b) (aXtabtat +Bo+Wh+le + catcbtv)
(0th) (pb+al+ &b tHZ * (& + be)
ob+aC + abctabt +ab+abt + abe the
ab (1) +at L+D) + abl + bell+a)

ob+ oC+ be + 0be

ab+ acthe

obC+abl+ ol tbe

bttt at

I

"W
doa Ot )
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\L*Moxp_g

+ Nowed ofter Naurice  Larnaugh
 Minterme ok difber  in one  ml  mud be adjocen

* K-Mop aren tomposed of Sqmaret Contminine,  1g

* Area w tquare /vecrongulox  (wraparound ~ allowed)
* No. of Squares n afea & power of L

+ ko '\N\?\ oy — ?rndu(,‘\' of' \ixerald

Prime  Tplicanys
' '\:rv\?\ican\ with larQ\eA’f no. of sclmm
0\02\6‘\4\% e tuleg

Bicenhal peing T eaor
« fame impliank wv\’m‘u\iwé 8quee not  (n ony
o¥nee prime  Imp\eany

© K ap mofod: adudes ol prime  implicants  euch Yaok
ealdh ' L tqware it povertd  and  formula & minimal.

* For Ye 77

a b € |y minterm be

0 0 0 0 abc aN\_00 0} 411 10
g g 10 abc 0 abt [l abe |2 abe [A qbE
0 1 0 O abc 010 1 0
o 1 1@ abc abl |S abe [7 abe |6 abt
1 0 0 (D abc Lia ol L[4
I dy e abc

1 1 0 abc

1 1 1 abc
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Emw\g\e L

L frime ivPlicants —
2. Cscawnol — blue

3. uqlmrux — tod

be B Yo be  LE
o 00 o) tt 10

_ (> %4 on\y CoVeved
a0 0.,0,5\ O, by -Hf\esevy,')

[N
( |\DSW7(;

§09: aT + bt Cuv\dmw(rs‘u\o Xe(me)
Gomple ).

o- 00 0O t\ 10 o- 00 0Ol (| 16
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be be e b =
o 00 glc HC L\’g
™0 OOT_D Oz
(G U,

SoP: c+o = flab,0)

Cxomple 3
be
o 00 ©O1 (L b
Lo o],
oW O,
be b Ge  be  bE
o 00 ©O1 (L (o
0 Oo(’p‘ 0, \z
ol D\ )7 lc

80P= bL& bo +ea

ho  uni e so\whion)
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L3 % &5)
be
00 Ol (L (b
o| 0 0 (-ﬂ,\ Os \
( 0 4 \"‘/S \ 1 l ¢
be be Gec  be  bE
o 00 0} t {6

<o[o 1]

0,

)

IV

S

&

)

S0P = e + be « ba
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C.d Ea cd 2 cc]

0b\ 0 oI 1 0

a@ 00 ‘ !
0 \ 3 2

ab ol JIVe Y
ab W\ N \‘_1 U "
ob 0 | ([, [,
d @ 4 4

0b\_ 0 oI 1 0o
oo | Ul ||
ab 0] . {—: ( \ .
ab L\ N l \ |\ |J “
ab (o -’Q! § 1) m

BLQW\P_\Q 5
& | b | w

Y o

0 0 \ -
0|1 |o & 0

| 0 |

( | | o |

oP: dpt db
b oL
0 \
foP~ |
_Lo 0, P~ b+o
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DON'T  (kRES

76 We wnow for a fack thad eckoin iapwr
ombnahons cannot oceur  in & logic gate, we
YW'L o dont e

e The \o@c arcur W\ Never  vetelye Yot n
tombidadion | So we dowt tave ¥ We o O ool

Cxample b 02=X)
be
o 00 0 (\ 16
ol | . \ ‘ 0, 0 ,
(]| X ( IR l‘

Do fv lboth 0 oA 4

be L& be b uf wlﬁ be be )z
o- 00 O (L (o o- 00 ©O1 (L (b

| |
a°_‘o|\.0; 0 ao|~l°l\'0‘ 0
) ‘“I(SO7 la a(il‘:-lS.lw,lc
SOP:—U::G*—EQ S0P = xd-'\r;-f—a

. Nh\c(\i\evw efMAS o tmaller  Roolean frtmula ¢
use
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Emmp\e 1

&(a\bxc\ﬂ F ch&’m"r) Mg, M5 M5 My, W\H,M\Q

A @ gl o A
oo o ot (W (o
&e ©p Oo 0 s ié O 2 %:E&_’b* C'd__&'— talot
EUE KR T AR o + Tdo
ob i On l‘s \‘is‘l L
ol 10 Ol \ﬁ Ou 010
E%amg\e%‘
Hap,c,d) = £00,1,2,4,8,9,10)
GIR S7 Y W |
oo o ot (W (D
shooo |\l | 1A )_k Y= o +acds bed
b 0 0 . O‘ \

0
ab W[ 0 |0 |O |0
ot Yo | (L[ 1) ©
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Cromple 4
Hayc,d)>2(0,2)3 5,7,9,9 10,11,13,19)

oA ©d gd co ca-

oo o ot t\ (D L]
5% oo of W ld—bd"’-gc—f-a‘o-bdc
LURY L] NOt Ane oy sdukion

4 < 1 ‘
o | 7] ‘ !Li i I
O‘E 0 l L l ) , d ' 70

don't care

gromple [0 v
Hap,cyd)> E(145,10) + £,(0,2,3,12)

CAEJ&\
[\ ODIO\ _\

&b op |

0

ab 0

t 6

S
AL
0| 0.0

0|0

2
[

N P = e

b n 12 1 [
\

0
ok Vo | X)) 0,10 |/l

10
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Ex&W\E le 1)

‘F(W,ll\ﬁ\’i) = 3(1,%7, \\,JS) + ﬁd (0,2,5)

& 92 w2 yz ui
Vkl o0 IO\ | ?\ . :60
WZ op | XD \‘ ‘ ) X .
P4 m . x{ ‘ 1 .
wx I n 13 l_lf L]
W o t 9 wl 0

© vibha’s notes 2020

CoP- Wz + Yz


Vibha Masti
© vibha’s notes 2020


BINARY NUMBERS

U"“@“e"\ | voprasentation

S\S
UNSIGNED nA
m= 25 foK.Q
5- 10| =0
4 — \oo n=no.of o\‘l@‘ﬂs
'L,g-.oliau—
SIGNED

MEB o codes &iﬂn

Mg 4 — —~ve
MER 0 — +tvye

Repeesent Posihve Nosg

5 — 0lol
L = oMo

Reofete Nw\qh\le No.g
Cheep. wwﬁﬂ

L. Simple %\&v\ N\ﬂﬂm’mde

+S — 0lo|
-5 = Nno|
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Q-

©

1 Lomplement”
+s — 0|0l

1¢ wompement- —> (o Lo
— lolo
+0 and -0 oare Oberenty

> 0000

— )

problem:

3. A4 (pmy lemeny

« we do aok  use &'\81\ MO@Y\‘\MQ or 1%
Lompenne v formne

o 4% Lomp <1

+§ — 0\ ol
1% wmp — (0D
— lo\

mo\VuMuq)e-. 0 & unwertal
4D —> 0000

1'¢ omp —> L)
—> opoob  Coverfion)

+ 2% omplement  of 2% complement g
otigtnal - A0.

. used W LOMPS
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E% +5 —>

—-5 _

+5 —>
Teduihon -

-5 =

_-4 —

Ol0]

1o\

010l

oy
1100

“can odd 2% mp ip 4ve no. for Subtmthion

a-\

+ Ao, on Y\"\od’ Susnea o, 1 ros fy D% e,

™M fer v

0000
000\
O0\D
0o\
O (oD
Ol0o |
Ol (D
Ol
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. A .
E’l NAvY NUMbEYS ¢

ADDITION
. \o‘maf“ oA em

5ty

(T I
010\

* 00\\
\ooo =%

SUBTRMCTION)

- rdo 0-b do at (b)) & o+t 2
tompleiment of b

© note: ckav\ed Ve gntigned addihon
3-6 = -6 +3

\
1O\
X 00\

Lito — Hhnd 2% Lnip

0ool +1 = 0010
R A - |
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?mmp\e Y2

« MO DU and  log) deal with overflow
) &\gnea\
© uAigned
u.m'\%ned s\aneo\
ol \
O 1\ oni
4 (o 4 lo
oo = Q lDplI0 =2

There afe 2 4-bk vo.e WhoSe 2's Cowplemeny
Adet 0% yeverse Xwe s‘\&r\

1. oooo —> O

ale wmp: ] x) = (Joooo

A& \oop — 8

'y tomp: OWl +) —> [000 —> -8
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LoGIC CREOTS For BODITION
thyucrue of lo@‘o Greuite

Q, l'g Qy b % by %o by

L L

td L L

c
Ge—+ Pid AR cci

\93 S'L s' go
Oll¢ [V
\llo \@ 2 thput
\n)o VU
| 1 O

¢ 188 2 -inpwr adder” — hall- addex ()
+ ol other oire - 2—\n\>\l\\’ odd e
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Toudh Tobe
I0pUYS  oud pate

ol b
olo|lo]oO
o | l [ o
\ 0} | 0
| \ [ o]\

» 0P formuae  (minteome)

§= Ab+tab (XOR fundion)

CAND Lunction)

T¥
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O] bl e

O |lo]o O| o
010 | 1 1| o

o[t ]lo]|l L] O

o[t | (] o]
| 0|0 \ 0
it | O ¢ | O]

t |V [9o] O]
( | { | |

SoP formu\ag

L= B+ BbC+ abC + abC

U Wbt + ObC+ OWE € abe
= be(a<o) + aclo+b) + ableT)

o~ bﬁiq
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Exampe \3 — HwW

Perform \o‘u\arg utebon,  (not  oddifign) ond  dcaw
\oglc  Gecuits

| 0o
{5 0 | q - 00\l
- 00 \ [ -3 ol 10
ol | o b
Q, bg a;\n— &y b’ Do kb
L ||
vl ! v ol
b+ b A e"i
| | l I
) v b i
s 4 4 o
gfgg,g: 5-2 =2
blio O10)
~— Do \ I —00o0 | D
O 0 | \ OD‘I
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o | b
o|le|[o] O
ol [ V]
o[l ]O
L v olo
Sof Formulas
d= abtab = a®b
bou} = ab
~ b
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a."b,'n ’b

o b C"l'),'n
0O lo|lof|O]|DO W& 4 Lb4big
a-Ya — 0 0 [ \ J
= -1 (+2) O 1 o[ U |1 &« added 4o
=1 O [t [ 1 |O |1 Current Aiaﬂf
l fo]Jo |l |oO
] 0 { 0 0
| | 0 0 0
o -b ’bm — { | \ { [

bout = Abc + albl +abC T ol _
Z pefatn) + Able+T) + & clb+b)

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


> b¥ |

- —- 3
S
< <
L > T |
o
J
o < — &
= —> =
b
(ot <&
AMGL

¢+ b inverted
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To'S (OMPLEMENT SURTRACTOR

b ‘)1- k‘ \n
3 | ‘

[ ]

Hi [ via | na |« un le—

Qs 0 Qx Qo
e on [ on et o o2 ua
33 gq, Sl 'S'D

inc

a3

53
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XOR. o8 Conwolled Tywerter

PO — —

Q—o-—

OO — —

8
s
3 Qh.
L.‘|® =
- >
s J, ruuF
L <
D
L)
s nh“un nhrh_
>l
9 >
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INCREMENTOR. WITHOUT INC INPUT

Ficsk tincrementor

o 8 C _
0 | 0 =0
I 1o | | C=o
)
——>0— ¢
c
LIS »-‘1, b bo
C} \l/ \l’ 4 ) \
E—| M [ vA (e Ha [«
\ |
|
%3 a, a, o
L.‘S \OL b bo
5 v ) VN )
E—T| MK 2 Ma || Ha <2
| |
R Y A
0\3‘ c‘l ‘1' a,
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DECREMENTOR
*b-t = b+ ()

« = Chu)
|| \
OlID O L\LD
+ L) —000]|
0010 olol

Holf a's (omplemeny  Decrementor
| ¢ |

1
[ 10

L=
C <

k-

c
|
0

S\ )

(<}
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Full 3¢ (omplemeny  Decrementor

g Count
0|0 |00
0| | \ \
t]lo|l 1| O
c (10| O

8= &b +ab (XOR)

c=ab

0. b=g,

Full decremendoy —\) g
FD 7
pel —

L.'S \Dl'» by bo
\ ¥ 4 - ‘L
=— Fp [ & my [e2
\ |
¢ Ll/ v cl/
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OVerLiow

© loge ciceweks have  Fixed bk widdas
T bk ol¥  PrOCESSHE
+ ¥ cdube of an operakon odloes ot ik withia the
bir width

Ry by Mk X b obe

N
A A I A A R |
Co e pp |2 o | & cc—‘

- Hacle (ages
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Case T —no Overflowl
one ’WZI one -Vv&
a +ve b -ve

lal > |b) bl > |al la] = (b]

vetu\t : &ve result - -ve result: o

wse I - overflow Occurs
both «ve

thould. not hapgpen
n 2k Comp ¥ve

— (:“ﬁik>]s 4— Cl'V* cih“‘hr?l t& ()

Case TIL —overflow occure
loo¥n. -ve

L Cyg, 8 Ond  Cygq it )

overflow = Cong, (£) Cpens)
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Qy LL’L Wb R by fo be
L1 |
R A N R

o 0o
| | | |
] v b ¥
S| S & b

one (£ low
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Quethon

Deign  ombinakiona) tictwk fov B Ve g 4 o)
Te” Off 18 & when Yhe ‘iary volue of *he rnput
& less than 3. the Off is O otherwise

)
2 [o [0 ] Ll 1
o |o | V| ()L\:"\, + nbe + abe
o [ 1 o | 1 1 L
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