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More bits, circuits, adders (From the last class)
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Announcements

• Homework 1 due Monday 
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Adder

Can we use this in parallel to add multi-bit numbers?
What is missing? 
Consider: 

1
1

SinceIhareacarry-inzinputs-3-inputsadder.IO
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3-input Adder 

Add 3 1-bit numbers: !, ", # Forthispart.nu

canthmklifandonlyifp.Thmkaboutusingandlor7.it
Gn

i.
_

iCoutc.in
-④☐ ignore.cat

b ⽉70 r
aLseitherofthem

④
carry.tknb G rcarry.su I

r

a wealsocan zonés ⇒ even ⇒ lowestbitisgoingtobe 0

Use⇒- loneandzz.es⇒ lowestbitis 1
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Ripple-Carry Adder  

verifyiunsigned.li
1 1 1 15)

+ 1 1 1 1 ( 15)

xnxx.hn ←① 1 1 1 0 1 14)
+ ⽕ ⽕ 丫 丫。

☒
ZZZ.to overflow !

signed ?
1 1 1 1 (- D

-1 1 1 1 1 1 - 1 )

1 1 1 0 1 -2)

repeat.it -wrksi.in※
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Ripple-Carry Adder: Lowest-order Bit   

(

onebit.2inputsaddenresultc.am
y



Page 7

Ripple-Carry Adder: In General    

ftp.O?M0h2-input,tbitadder-s3inputadderCO-seitherofthecarries ,
Iwillcarry.lz-input.tntadder
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Ripple-Carry Adder: In General    

crl-pgxoro-scamgcifIhareatleastzones.I.mil
carry ) ,
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Clocks, Registers
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What does this circuit do?     

1 0 1 0

o o o

1 0 1 1

Itadds 1 !
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Increment Circuit      

Iwantacounter.Idea.to
. 。outputaone.thenfeeditselfback.thenIcancount.gl

itchhapnsi.Iwanttoremanberthecurrentvdue.useitastheinputfrthenext.ca/culatin.
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Gate Delay       

What happens when I change my input? 

Nnighwltu

Myinputauldchangenstantly.buttheoutputdoesnti.no
。

5-igateiys-timelsmallbut.net
zero)
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Building a Counter        
Sowhatwewanttodo :

*-④→

KO4reladock.hn
C.howlongtowaitsaslashandanumber.aregister.IN
abundeofwires 舡Itisamemoryekment.hr
nonedtodrawallwireslsThistriangle.ithegmbdofadock
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1-bit Register Circuit         
=12- NAND gate

ant 真!
dock

input
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1-bit Register Circuit         

1 1 0

ifmyinputsarezerosimakeQchangefromo.si
。

orkeepl.ifmyinputsareonesistgthevalues.IO
1



Page 18

1-bit Register Circuit         
When the clock is low: 
The register monitors the 
input D, but it does not 
immediately update Q.

On the rising edge of the 
clock: The register 
samples the value of D 
and immediately updates 
Q.

At all other times: Even if 
D changes rapidly, Q 
remains unchanged until 
the next rising edge.D-flip-flp.ioitisgangtoforce.hrcircuiteither

output.keepthevdueorc.hugeit hns.mg

wiwhaimthimngabtitkeepmgtrackofthatvalue.TT
input
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Building a Counter        

four-bitregisteripfourlittkonesforone-bitregisters.no?TDi--e71-1mn

Helattachtheclocktoallofthem.theyallhavethesame.clock
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Another Counter        
"

! !
"

R 0 - 1 1 0 1

- 1 1 1 0 1
.

0

y 2 0 1 1 1

3 1 1 2 1

122 4 1 2 3 2

1
5 5 3

X

x : Fibonaccisequence
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Another Counter        

pwaitgfrarisingdockedgethenupdateR.IO


