YD(0

UN\T-3

CLASS NoOTES

feedboack [correction: vibha @ pesu.pes. edu
Vibha Maghi ¢
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FINIE SATE TTACHINES

* Mathematical foundodion for tequendial lopic  ticcults
+ (ontitk of two botke — CL ond sate lolock

—) CL
(3"
| n hi¢ tourse,
&\-a\z‘ ] on\y &‘dmhronom)

IR lob\c ot

epe_c&\cu\\
D-#up Hops

seg henial (o ic  deendk Ghrom o tounker Yo o
‘0':)\&9‘“ mito proce 86‘0 tn be fepresenked g 0N FEM

- fundomentol concepy wy CSE

* InARLL, nodes ond edpee; bud o implement, e
* e diogram lacke  npuk & owtpuk

© T Hypes — fupe and upL  FMc
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Queshon |

Kk tnail cawls down O paper tope with |t ond 0'.
fhe tnal et whengver  Yae otk 9 dig)

hag  crowled over are o). De.s\an Moo  and (Y\Qa\%
machines .

Linput > output | output ¢, dated

Oubput = — dmle
o — no dmile

ces e+ /\D
-ﬁ

*oob lonA AL we gL in & Shafe, Ofp i Lonfank

urvent State  Toput
g(; () S| 0
$o | S 0
8, v} § 0]
S, | S, 0
8,_ 0 g ( |
S, | ¢ |
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o — OD } thakes

8\ —'OI

) do not
onfuse with

S, —10 ¢ Plp Plop names
Lurrent Stake  Taput
00 0 Ol 0
00 \ 00 0
o] o o 0
0f | 0 0
to 0 o) |
19 ! 00 |
$ So x
O O 0 0 | 0
6 o | O o 0
O l o 0] | 0
@) ) | | ) o)
( o} 0 0 \ [
( 0 | 0 0 J
Sok
S 00 ol (Lo
o)
o| O [1| O
, O | X/ ]| X
)
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\/o /o
% 4

Yeset —-9

turvent Stafe  Tnpwt
0 0 \ 0]
0 ( 0 0
\ 9] | o}
( | 0 l
$ €r
0 O \ o)
o | 0 0
\ o 1 0
{ | 0 !
ET +sA = %
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+ Same number of Hip Flope 00 Shaes
© Binary encoding: log, Bates) fiip Hope
Question 2

Tmplement the \ift problem  CMoore ¢ Mealy) with  one
hot Uf\tod'\t\g

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


tate Encoding
£ 000|
fo, 0010
¢, 0100
fa Looo
+ on-ground
Meaning Encoding
Lift on ground floor 1
Lift anywhere else 0
o on-Hett
Meaning Encoding
Lift on first floor 1
Lift anywhere else 0
. \ifrl—,uu‘)
Meaning

Lift going from ground to first floor
Lift anywhere else
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« lift-down

Meaning Encoding
Lift going from first to ground floor 1
Lift anywhere else 0

Current State Inputs Next State
switch_up  on_floor
0

&
~

cooco@PooBo@®oooocod

g

=

s
:
0
0
0
0
0
0
0
0
0
(9)

0

COO0OO0ODOO0OO0ODOOFE o mM=O O

©

RRRRPROOOOOOOOOOOOY®
OCOO0OORRRROOOOOOOOWY®
O0O00O0OO0O0CORRRERROOOOW

S0
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0

PP OORRPROORRLROORREO
POFRPOFRPOFRPROFRPROFLPOFRLOPRFRO
OO OoOORFPFOOOOOO OO

Nok usu\a K-maps (6 inpus)
We have on\g \o_am’c 4 yariabole \(—maps
©lon be wminimited ULing Boolean identikes

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


g (SoP)

5855 Swidnup on-Floor +
G555 Switth up on-Floor +

8,555  awitta-up + on-Hoor +
$,5.8%  Swikth—up + on—Ploor +

= LG twitth-up + &TTE on-Foor

= g-)_ gWHCh'“-P i 33 0“*‘?’(00'{

8, = 8 on-Ploor + ¢, twitth-up
8 = & twiktnup + ¢ ‘onFloof

Sc: = % swd—dn-—u? + o onFloor
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Ou’rpu% Tolo\e

5 9 S S
0 ¢ 01
I
0 1 0 0
1 0 0 0

ovx.-arouvxd T to
on —ficek = 84
life-up = §
LiCk-down = 8y

L05‘\c Urcait

= = =
I L 1
!
L

on_floor switch_up

on_ground

| clk
(3¢t . down
o
Gty on-Hst
lift_up

© Uifical path delaw For nexty chate \o&ic ¢ vedwced
* outpuk \0(5\(: timp wed

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


on-Floor/ lift - down onHoor tift—up

Q on-Llooy- swikdn-up / Lk -up q

reset -——e@/ \J®
A — — 3
Q oh,(flom-fW\'k_h—uP)\iH ~down Q
on-£loor &w\k‘“fu\) / ov\-grouno\ on-floor sv\t\\—tm{) /on—ﬁr:’r

{tode Enwd‘mg (88 |
4o 0\
) 10
. ov\,tdrouno\
Meaning Encoding
Lift on ground floor 1
Lift anywhere else 0
 on-Hetk
Meaning Encoding
Lift on first floor 1

Lift anywhere else 0
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' \i‘:{—,\x\)

Meaning Encoding
Lift going from ground to first floor 1
Lift anywhere else 0

« 1ift-down

Meaning Encoding

Lift going from first to ground floor 1

Lift anywhere else 0

v centHiate Tnput

S $o | on- floor |switth .
0 | | 0 0 o | \ 0 0 0 [
v) | 0 \ o) \ 4) o 0 (
(o) | | o 0] \ ( 0 (o} o
o] | ( | ( o] 0 ) ( 0
| 0) (o) o} | 0 0 o \ 0
( | o 0 ( l 0 0 o ( 0
[ D \ 0 o | 0 0 o) |
| 0 | | ( 0 0 | 0 0

On-ground = 85 On-Moor wikch-up
on-Ficsk = 8-on_Hloor- swikth-up
liftwp = 8- on-Floor + ;- on-Floor- Swikch_uyp
Lify_down = $oon_Floot + ¢8,-on-Hoor: swivch-up
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One HoY¥ Enwd'\(\ﬁ Metnod

« n0. of ‘Yirs = no. of ghares
¢ §, — 001

${ — DO\O

$,— 100

Queshon 3

k wnail crawle down O poper tope with Ut ond Os.
e tnol vl wheneyer Yae lask 9 digr W
hag  exowled over are ol. Du\an vooe and M a\%
mMmadnines. Use one hot emod‘mg.

Sy & &1 %
o 0 ‘o o 1 ofo
O O (]| o o 1]0
0 V o]J]o e | o]|o©
0 | 0 \ I o o | O
\ O 9]0 0 {\ o© |
{ O 0 | 0 o 1 |
Ceset

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


g)= 8 85
= S, %

Sox‘rg.x *S5,x

\\ “

& = 5,551 + 4,5 6%
= Sox + S,k
Yy = 5.t 8, T
= s'l-
\/o /o
oA:
Yeset —-—9
&> ol
§ =10
g &y
0 | | o | o] o0
o) ( / 0 | O
l (0] o ( o o]
| ) [ o) [ I
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2)= S—|S°E+ g\fvi

]
= Soi +S\‘f

s°’_’ t'SQ’L + S\-S—Dx

= Su+ 8(a¢
W= 5%
= S\
Quettion 4
So.q,ueme derector — |\
0O \Hoo |
(o)
D)

/\L
\_/
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LUODOO

>

0o —090

o °9 0 —

f.‘

O — o —

0o ——

C 090

10

d|

00

) = §X % $oX

{0

{(

0|

00
Si2 4+ Sox
$: %

y-

5
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Quethon 5

Troffic uam tonholler (FEM)
'&m\io.do ®lvd.

* 1Two sencors:Ta, Tg

- Two \\%M'.!‘- La,le C
B

— Academic Ave

LA
> T,

a
WD

lg

D O

Clock: every § seconds
Resel buton for known inihal trafe (green—acodemit ove,

ved- ocavado oivd)

La [Lp Ore outpuis Cred, yellow, green) baged on  inpuie from
Tn[Te .

While Ta @v 1, la vemaint oeen

when Tp oecomes O, L becomes ved and Ly i green

* Urorks Glleching data fom Tg, vot Ty.

NMoore ({“
) — (%)
A Lo uellow
La acee g
Lg BZA“ 1 V(A
La red l

— Legree 3
Lk gredn Te v T
L \Qe\\ow < D 8
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Stake encoditg
S 00
S, 0
Yy (o
33 1)

urrent $tote Tapukt Nexd $tate
S, $o To TE s So’
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turcent Srote Outpurs
g] sn Lﬁ'l Lk_o L&l LB°_
0 o} 0 (0] ( o
0] | O | | o
| 0 | o] ©O »)
| | | ol © ]
i © &
b, = S &
gy = §
L%Q = S\SO
|r¢sd'
\
Z /\
!
1 ~—OO :
. g S | S
2\
T O
. q}

L
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REVERSE ENGINEERING
+ Given a \obic ticewd , derermine KM
Queghion 6

Reverge ena’mec( e Fol\ovsima accwtt

A, A, tjl;
\ &’ S
0 d s Unlock
|/
g N\ So| |So
J
"
ad
Yeset

In?u\— Stotes = B, &N,
Curcenr thaves: $ % So
Next syares: S, % So

OKA"P\A\' : unlock
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Current State Input Next State
S1 So Ar Ao St So'
0 0 0 0 0 0
0 0 0 1 0 0
0 0 1 0 0 0
0 0 1 1 0 1
0 1 0 0 0 0
0 1 0 1 1 0
0 2 1 0 0 0
0 1 1 1 0 0
1 0 0 0 0 0
1 0 0 1 0 0
1 0 1 0 0 0
1 0 1 1 0 0
1 1 0 0 0 0
1 1 0 1 1 0
1 1 1 0 0 0
1 1 1 1 0 0

+ NoxY stoke never veaches 1\
« We con Yrerefore eiminide the wurvent $tore Wl vows
* Whenever  wurfeny srare 1w 10, next trove & alwaye

Current State Input Next State
S1 So St

>
=

ooooo@ooog‘_

x »r oflFjo(r)o » o 2

= O O (0jyOo(ocjyo © O
O B Rk k/ojyo o o
X = =00 (== O O

0
0
0
0
0
9
0
0
0
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sn', =3 soﬁl Ao

3: = 5, .s—v PryPo
unlode = §,
S+tk*1; £| So ()Ut*17l‘+
S 0 O 0
S [0 | 0
S, v} I
AED

ﬂ k=23
= D@
—
~
w
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COUNTERS

Qock ‘nriod of AGHe F‘%“"‘Lﬁ ® 05 ne

Meoture [Keep fime based on dotk eydes

Counters ore Moore iype FEMe waving nodes arranged in
o Crde

No inputs required

tount

count
@) N
reset 8 ‘
count ‘ J
TA’K\: ‘oun%
* From 0 to 2 -\

Every dock %c\c we need to ttove e warrent otk volue and
Yaen tacrement it every cock uao\e.
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S\'or'u\(s n ok

N d—ﬂip ﬂo\).c wWith 0 ommon dlotk
+ N-biy ret&\s’rcr

do d3

Clk |
do q3
n- ik | incrementer

a a a1 4o

Ca G G2 . a .count
— < =

53 S2 51 So

| ' | |

‘ t . t

} : ‘ ¢

(]

0‘3 Az d( do
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4-bit incvementer  counter

HA

Uk
C;
count ﬁ] . 6 ﬂ,—»
clk | | |
go g1 q2 qs3

on\b toves  intremented Volue when dk =1

DECREMENTOR  (OUNTER

k-bix decrementer counter

HS

HC

count —

?ﬁD.

b

=

J

53]

clk

B
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| Trerofions logjc. - design C nxn-bit chifk-odd multiplier vequires n
rerodions)

L Interrupt dimers  Cochedulers in 08)

3. Soltwore Yimeoute Cloud\% welopage)

Queskion 7
Conshruck o (ombined  incrementor [ decrementer  counter
k—— uk

ouver I
——— tount

tount volue

. Approudn: use a mux 4o either incremeny oy detrement

({1}
inucement
> unter
wunt y
0
dewemeny
Lounte ¢

int/dec
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1. Dferent oppeonch

(ombined Wk |HS

couny

nC L DOA)Z
\/

\J

d
9
%
count
inc
clk

do Q1 a2 as
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3. Us'ur\g FSMg oinez), wp
ne=10 , down

Count

want ) wne

0o/ Y 3

resed % /<~

Count, inc

tount int
Lount, u;—:f*’ count, ’
ne inc
LO““"':ETC
m
‘;-.___-——"//
Count, inc
Lareent Srate T pute
. )  fo(4) wunk Nt

(o) o o X (®) O O
o) (o} [ (o) D | o
(@) (0] | ( O \ (]
0 ; 0 Ve © | |
o I { o (o) O )
o ) ( ‘ @ o |
| ) (@) X @ @) (@]
[ o \ (o) () ( O
| o ) ( ORI o
( ( @) X OB )
( ( | o QL © J
( { l ( o o) [
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Zp = So L‘E)

Z.l-:—3|U-’)
woun-tnc
G SN2 °\  tlL (o
oo |O|0O|O ||
> [0 O[]0
a OV oA
o |V W] 0

Skt N = count HLE) € SILOISLY ML 4 8 () SolH) Ul +
QL) $o (&) tount inc +
SICE) LB lounk vne

L—Mh? countth C
g‘c*q>s°(*7 00 O) L\ Lo
oo | OO ||
o\ ( \ @) )
w e[ 0|0
o [Ofo|M]|]

Se (kD= = Tount S L&) + 3.0 count
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Log)rc. Crceuik

tount

e

_CL—
pge
~(

Z| Ze

SCAtD) = wount JLE) £ SILE) Sl Wit 4 g (&) SoLh) UnL +
GO $o (&) tounk the +
STCED) S8 lount wne

- tount SitE) + glL.e) (',%bUD @'\(\c] ~“ mwuﬂ\‘
() Dine)

-
Cd

St = = Tunt S + LGYwount = ount B $ tt)
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ARBITRARY MODULUS COUNTER

0 +o k-l
coseledk M ¢ ¢
. thart with an n-Gt (modulue %) incrementing  counter
- olility Yo dereck when e wunk value hae reached Y-
. u\oi\‘i‘?\d o refet the vawe Yo 0 when -\ & reached

" D-flip (’lopg With vetey
- And 30&( for L-|
© Sowme Cinpuls may need o be inverted Cminkecm)
Queshion 8
k=5 C0-4,0-4 .-.) tounter
Court Sequence: 000, 00l o0, OlI, (00, 00O ...
Qa L5 ¢

when 9.4,9 = 100 5 Veset S\gnod

count :)J \/} ‘ 3
N U

L§g<

-

Q Q

‘ <*|
clk

o q q2
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Sertoble Hip Flop

+ when ek =1 volue skored &\
else oS usual
« wied r‘m% LOUNteve

set —1d 9
-

Rir\@ lowntey

o W veser signal applied, o\ d Altp flope  become
O and N0 oUNkA} hoppent

© one tetobe flip Mop uted with vese si&nox\

v n-modulo counyer

I

d 4 J d 9 —d 4
A (eset I ACreseL’ P <3)
1 [ reset

clk

W,

» intial volwe: oo\

« nexy d\ocw uyele 100

* next dock e - 010
* nexk cloue Wele: 00|

ML called one-hot counttr  (juet \ike one-woy emodi,\b}
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 Seeme \ets efficient in Yerms of cpace; buk fatter dode
theeds  odtoinale

n-Bi- Jowncon  (ounyer

- inihal valwe: 0ol

©onede ugele - 000
100
110
1y
o\l
00|
000

QO —CCP A~ O -
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DEMULtiPLexeY S

MVUX
Log‘\c ciceuit
_ owrpuy
data —> o io/ i
puts____5
i —
- J —_—
J
‘\ cowro|
\V\?V\\'

o= joo ¢

DEMVUX
Loa‘\ ¢ ucenit

i—«joo
f—«l"l

« daton direchion opposite
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1-4 Demui

Ou\'P\A‘\’t

/ / i
032 Jido b

]
nput /

Jo ;1

"
\ tontvol
ir\?u’rc

24 demuy WSing 132 dewuyes

input

/

J1 o
conkre) Inputs
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l:h  demux

© no- of ewrpur =n
* no-of contro) inpuye = [lOSL(V\ )]
= no- of inpupr =1

timilar Yo wx Where no. of inpurc = N, no. of ontvel
inpui = T10g,(n)7, no. of owrpus=|

RQuestion 9

tonthruck o 1°5 demux u:in@
@) 1.2 demuxes

(b AND,OR ond NOT ot
> Do = ?‘LK: 3-0 L
O, ‘KJ.';oL

03 N :\\ Yo U
Dq - \),_
00
ol
v 0,
0y
04
Vs AY o
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N\
e
l; L °_3
- N\
N\
AL —
. Jo
J1
%

(5 AND, OR and NOT gatec

— -

0o = am\h\\o@

N
O, = 016\ \\o L
0, = 3‘- \\i .)0 t
0y = Ld)do L
Dq - \)1_
1
Jo
4

Y| Y
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Memory Avraus
. hia\n—\evd O¥TaYS - AAME + ndex  (Software)

* 2 operakions : cead array locakion | write at location
« implementadion in hardwart)

Read

€z~ = O.C'I]}

Write
ali) =%,

index : Soffware , addr: wardware (addrets)

gize of index (software) — 2A bit int

siee of index Crardware) — & bit () byte)
— Abix

* generolly, for N memory locations, [log,n1 bik for
address
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8 A-fip Mope with enable used Yo store volwer ar @

oikferent \ocoions

+ dode inputs  ave  common

.« 0ddrest: 3 bk

—) —

din

addr

/

T
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clk

« colled toandom occese mewory

8 memory lotakions, lo-bir worde
% word x(b bit
ex b

Memory Pock

* sek of signols thot provide vead/write access
* one vead/wrike port: addr, we, din ond dout
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(arry - Lookowead % Trefix Mdder

* Evoluate pecformnance by uhmo&ina ored ond time fequirements

* hvea of each RND, OR , AOR Qate &timated 4o loe 0g
?ro‘:a&uhon delay o wery -inpur qate ethimated o be t

* hrea = (k-Dao
?ropo\gahon o\t\ag = [ loa,_\c’l t%

K’\??le (n“}\, Mder tvea  and Time

*oSum: 1 B-inpuwt gate
. c.ma » 5 d-input aa’res

n-bit vippe cary Odder ocupies 7n 0y Qren

. ?royo«éahon Ae\lx from G to Coq
' sigeal pastes ihmu&\n Yoree gates n each of the n-l sage

' o\z\a3 3Cn-D &
©bum omputodion : g fime fequiced For 3 inpar XOR goke

' 0-bik vipple carvier tokes @n—\S-\-a fime
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33b3 32b2 albl aObO
I
Y ¥ Y ¥ Y ¥ Y ¥
C3 (05) 1 Co
< FA < FA < FA < FA <—
| | | |
! ! ! !

S3 S 51 So

* T vedue delay, ary-lookowead & prefix odders
(ompwiudion +ime increases linearly with wo-of gates  Cvery slow)

Speed con be improved oy eliminaking e cavry dhain

= Gobo + Aolo * boto
= Oobp+ (apthy) &

G = aby + lath)¢,
- Q| b| t (Q|+b)) (aobo'\' (ﬁofbo)fo)
= Aby + (@,+b)0oko * (A1th))(ag¢bo) G

%i = Aibi
Pi= Qj+bj
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G = 9ot Polo *f

&= 9+ Pgot Pipece = [0

¢ = ot P29, + Papido % Prpipole =18

“ T80t Padu * PPl * Palapido  Papapipete = 26

Congider ¢,
. %'L = 03b,

© i 0=l G by=) 5 G i guaranteed b be high

© g stande fov generafe

* Pr= Q,th,

© W tarry s qenerated ot 3§ Propagoded 4o 3 5 & it high

+ ik careq it gonecoked ok 4 & propagated to 2§ then 3,
¢y i hia\n

L p stands f propagate
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Gt Diagram

" bubblet 4 invertere tan ke ignored
* here, 1L-4 % no+ 0-3

CIN A1 B1 A2 B2 A3 B3 Al B4

@ H
X

s1 82 s3

court

- Complexiy incceates From 4t &
* bom left fo right, tomplaily increases very roqidly
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- Roo¢y, 4 godes veywiced
fre ¢, 10 Qotes total
bof €y, V@ “gokes 4otal
foc cq, A0 gakes total

« kor ¢ ,no. of gokes TUuired & it Z geeaker Yuan goke
requived b ¢

o S0 Ul43) gates voquired from ¢ 4o ¢
© Codn fhree inpat XOR gpte Counkt ac 2 6&\15

I it L X0R,
S, — L XOR
4y — A%OR
.Sq —> aAXoR

© n-biy cavry lookaweod odder wowd Tequire Nk Sn gates

4 = 50 * Pi to

€2 = Qi+t PiQot Pipole

G = 3ot P9t P2Pide ¥ PrPiPot

G = 0s t Pagu * P32 € P2PaPido £ Pafapipolo

Crikieal poth o\e\mé o\e?mds on

' 4y Hime Tequiced fsr  A-input AND [OR ppe
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' time vequiced for ¢ depends on i
lowsest delauw: ¢4 term

* delny Ao oAlerm Pay Pooy o Polo 18 longeet  Clark winkeam)
Hme vequiced Tlog, ()] fsr  n-inqut AND poate
delay for the ORof all” minkerms vequices [log,(A)] ty
time

. ?_{0 Yime Hfor Z-inpuwt  LOR aorh.

Total o\dag

2 1o ,(2)] 4 ¢ 3ty

Pecformance Comparicon

Area Time

Ripple carry Tnag Dty B3n-Diy
Carry-lookahead (n® +5n)a, 2[log,(n &&)|t, + 3t,

* time wereates os log.n , whidn 6w fotter fwan o
Tipple  Carry odder

©oaren increaset af mr wWWth W diffictr to geale
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Hubvid Approach Solution

it odder who o number of \dogke
* use army \ookahead techniqgue Yo odd bikt n eath blod

blocke cowmbined hﬁe%her uc\(\a nw\e eatYy ’fedmw,u

22-bit adders uge 4-bir blocks

m28 mzs n24 224 B74 A74 Bao A30
4[4 bit CLA]_[4 anLAJi {4 -bit CLA 4b|ICLA];
Cout Block Block Block Block in
31 28 27 24 : T
‘l'lo;l»;' sum 4-bit Sum

+ Berer speed ¥han ripple carry odder ond \oetker cpace Hnon
mmb—lookahm\

Furfner Ophimitadion

¢ Uﬁﬁm\ PWW\ Ao)bo ) |{\ +° S”
* Tnerefore, ¢,¢;, ... ¢ need fo be tomputed guickly
* Not ¢ssmha\ to  ompute S, to 8y, quickly

Con use ripple cafry intide each blod o Compute tum  outputs
* Vse CLA ony fov €y, ¢q,.-.C7 10 eadh Wtk
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830

31 28 31 28 27 24 27 24 7 4 4
4-bit CLA |C27| 4a-bitcLA |Ces Cr | a-bitcLa | G | a-bitcLA
out Block Block Block Block m
831 28 S27 24

full B A B A B A

By Ao
!! | | 3 | | 1 | | : | |

3
(/ QLA
P.
Gé Pa:o 14 :f- Pg
. &P
k — Cin i P:) )
N Py
(b) (.u\ \r wires K veduce no. of
only 2 pates gates for G4

oot = Byt Pt Pasdit PaPefide © PapePipeci
= ( Y 2P1%0) * 3 o (in
33+ Ps Bt P *P Pﬁ) Pepspipec CGin fakes lo“ﬂeﬂ-

< I33+ ?'5 C%y'\' P-‘,( 3|+ Plﬁo)? t b?"?‘ P° Cin ;:Lv(('(:):f g::.:

an be tomputed
ahead of Hme
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(rifical Poth De\aqu

* Three parke
D compure o\l pt and o'
D ey needs to propagate from ¢, b ¢y
9 ompate sum $y

o
one

' lompwre p; 4 9, (D£i44) in each ok in fime tpo

+ lompute O30 0 tdh blotk W ime ’C%.\,\ock

Computed
6{ =Qib; Pi= Qj+b; PM‘A\\Q\\&

* Tn ewch blotk, Gy propagates l'hmuﬁ\r\ one AND 4 one OR block

Since carry propogotes in ¥ne oloove manner ¥couh Kty
swen bocke, Hime vequiced W& T o0l (0,3, 2D

' One Gy s ovailable, need¢ 4o propagate theough four full
oddere | each of whith akec fme [ty

¢« Time ﬂ,qyu'(feo\ © 44,

Critica\ Pokh De\mA

tCLA = ‘tpa + tm_b\o(k'r 7tAND’°k X qtph
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N-bt adder wsing -bir Woks
* N bloks each of ti1e K wsed
K

top * tP‘a * tpgbion *(—’l‘ci' ‘) tavp.op * K bra

Paralle] Prefix Pdder

’ Re@u'\(es lesc arep ¥man  CLA
* Fatter than RCA

S‘\my\er Wan odder
Tn ovder to underttond

Ripple carny incrementor

a0 a ar as

inc G (&) C3 Ca
—> HA — HA — HA —HA —

S0 S1 52 53
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\)s'u\g Gotes
ag a1 az as
s0 sl s2 s3
Without inc tignal
©ine a\mgc i

ap a az a3
s0 sl 52 s3
Tncrementer Caxey  Chain
© ooy arny chain

©0stuming d-iopwl pote fakes Kime fy ond area 0g
Gy dhain: (g ond (0D b

Og 01 02 On—1
o i i In—1

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


Given n iapwts B Ly b, L iy Ond A oowpul 0,,0,0,... 0,
o° > ilo
= lpiyly

=4
-
\

o’\_l = "ol’l"t”' bﬂ"'

" Eoln ourpul Stokem en comw\'d based on inputs to far C?rcﬁ\( of input
\equence) called peefix problem

favallel  Trofix Computntion of Inuementer (acry Onain

* lb-inpwie
4. Astume iy worke Por ¢ inpuie
© tend 4o b bike

1 n- bedw
- Solve using rewursion in- beheen

wices

6 01 02 03 04 O5 O Of 0g Oy O O11 O12 013 014 Oj5

i i i i3 is is is iz ig ig o 1 2 A3 ha 15
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* In-between wirc¢ af position {
0g = Upiyly - Gg Loy definition)
0, = lplyiy. .. iq
S Oy = 07 i’&
We KND ol the in-behween wifes  with 0
L htswwe ¥ worke £ 4 inpuks

9 01 & 03 9 06 0 07 O0g O O1p 011 O2 013 Oy O15

EEXNENY.

io i 7] i3 ia is i6 iz ig i ho h1  h2  ha s A5

* Pecfotm fhe fome AND oym&ioo
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3. Attwme & worke fw 2 npuke

% O 02 03 O 05 O10 011 012 013 Ol 015

I iz ig ig o 1 2 h3 4 i

o= 0l ty defiition

« Pudorm  KND operntion o%d\t\

k. Rstume W works S 4 input

Op 01 02 03 Oy O %6 o7 Og Og 010 ©On1 Q12 013 O 015

TEENENY
poea LN
L L L LA
|

—
o i i i3 iy 05 s fr g g o 1 2 3 fa 15
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5 for i-input, 0, = ip

Go 01 (2] 03 04 05 (23 o7 Og Og Oijp 011 012 013 014 O15
ARAARANN

| | ] ]
aAAAM aaaa
L L H £ L _L I‘ L
752 I \‘ AR - A o ", ‘. ‘,A.“
,JTLT‘ !TJJJ !fjifj I I‘.‘I L
@A & 2 2 & & »a
| | I o S e ) o N
o i i i3 g i 6 iz ig g ho i1 h2  hy  hs s

" Due o jarallel compuiakion, only Kk, sime Tequired

0y i ot compured uti
feulks of joi, (o) and " i, 1,

Reduees r'\?p\e de?endu\ues Lhime)

o ke 4xg = 22 AND ao.\'cs Ceach fow Wag & ga\-c_s)

(aenem\‘\sm%

* Nja KND oakes per YOW
log n  vows

rrea= (n]2) (log,n) g
Time = (\051’“‘) ’Ca
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Taxallel Peefix  Tncrementor
onlyy NoT gake for 4 input s

0A000N0ANANAAS
1177w || #0oeanae
a
8

Ve
A

v

8

X
40

aQ a a a as a5 a

ag dg 410 411 412 413 adyy

prey (awry AND a,

ao a a a3
| 6_.f Im | - ..
s0 s1¢ *é{é s2 s3

Ripple carry 2(n—1)a, (n—1)t,

Parallel prefix 2(log, n)a; + (n—1)a; (log,n + 1)t

+ Pren lege ¥an nt of CLA
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Parolel Prefix l\??\i cnb‘\\'\dlé

* Only works for assoclofive funchions
& Co-¢) = (0b)C

[ 4-B\T RIPPLE CARRY ADDER |

ao bo a b ab as bs

ol

C3 Ca

1

So 5 S 53

C1 ()

4o bg a | b

S0 S1
8i= a® b® ¢
Cipy > OB bEG + Gy = Obir Glagh)

* 1t i¥ agsociakive?
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Generafe & Propao\a‘re

i = afry geneded W  position i
( = 0\ LDL

Pz LAY W""“f)"‘*“‘ W position {

PL =4y tb;

Ciyr = %i + Pi. ¢i
Joiier = 3 FPY,
Pozier = Pi Poui

Cive = 3o:i+|

1 a

by
"L T [
> [LD*“% SL

v b

51 52

pscotioMve  Opexakion
]

(i, 90 @ Loy, a0 = (pipy, it mgyd
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for i=1, )=0

a by | b a3 || bs
A b
1

“jIII‘i T P2l T
_ 09 Po: .
8o illllr$ 0: 82 (2 3

i-] 9‘: i.«' %
So 5 S 53

Crigd ® (p,0) @ (i,
(Cpigid ® C?j,ﬁﬁ) ® G, )

Single el for @ Lomputaion

Pk 8k
Pj \
8j

f’l é;?
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favalle\ Prefix fox @
& 'mpu\'s 4 & w\'?wt&

oo o0 o ©03 04 O 0 OF

L
LT

|

M £ § 8 ¢ E i ¢

o i i2 i3 ia is 3 iz ig o ho A1 h2 A3 ha

012 013 014 015
is

Parallel Trefix Adder vor pote (many exrore in slide diogrom)

s

[T T T

5 S5

S13

s 5 s s si s
b1y
ar

512
bg by by byg by
s a7 ag nﬁ

by
a5

by

&

St4 S15
by bis
a a5
L
1

U i | LR i i

’ 1
doby | by @b Wby by HBb Wby Wby ‘?beb by Aobyg by N2by; ﬂgﬁ% ‘lg% Asbys

CDMW ?ii{ % © vibha’s notes 2020
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* tompwokion oF piand 0; : tpq
Pic and Qizy Compurotion : £pq_ prefix
* §{ compwrodion: dypp

tPA < trs‘\' L‘OSzN) tpa’P{Q_ﬁx + bKOR

Question 10

(ompace Yme o\e\at(}) of 2 Wit curr (4-bit blocks) ond 32 bik
\uw\e camd oddes

tep = 300[)( tz—inpuk"to
bn" > 300 x 3& =46ns
ten taa * tp«; * pg o *(—’:—") tavpog * K e

Go,Po - Oyrpy — CON be parallel
Ztpq time = 100¢s
tpgock 9oy, guuq- - = bx A-inpwd ddaﬁ

= 6x (00 = 6ODO
Epnp.og = 2€10D = :loo]:s

teq ~ 1001 GDOt 7xA00+ 4%200
= 3hng
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Quegtion )
%MW\C'\Yi ¢ Boolean funthon

ony tombirakion of 1% & o't totters , not
Permwmhm

Question 12

Condvuck decoder from dewux

S S
e minx decoder

Quechion 13

Consivuct demux &om decoder

—3 |
0(
3 ¢ .\

d.ecoder
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Question 14

Us‘\r\% Q' Complemeny  vepresentation, §- ik

() -0 +p assS ) -12¢ 4o 12¢
8 -\ 4o a7 @ -127 4o 117
Queshon IS

\)W\Q, untigned represemtoion , 10 -l number can vepresens
numbers  from
0- (033

Question 16
How many A-inputr So\m 0re rulmrul Poy t,ovxc’wunh‘n%

2.0 MOX?

3 8&?‘% (2 Noand C&)ad-oﬂ
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