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CS 2130: Computer Systems and Organization 1 
Xinyao Yi Ph.D. 
Assistant Professor

Floating Point Numbers (From the last class)



Page 2

Announcements

• Homework 1 due Monday
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Floating Point Example

101.0112

1

bit.sign4bitsiexponent3bitsifractionl.co
1011x22

Iscomplement.fr 2 : 0 0 1 0

addthebias : 00 1 0
-1 0 1 1 1

_
> only 3 bitsfrfahn ?

1 0 0 10

vweareroundmg.to11001⼀⼀ 1
0-

0 1 01 1

signexponentfraction.lv
↓ 011

Lollri
fraction
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Floating Point Example

101.0112yrwg管管tthnkabmtwhatom.afterthebinarypont.IO
1
.
0 1 1

2
2

2
' 202223

T T
4 + 1 =5 2

-2
+2
- 3
= 本⽚ 字

50 : 1 0 1 . 0 1 1 = 5号

②
.

positionally3positionsiuptoI-8valueslpositionsjollis3.SU
318 lthreeeight )
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Floating Point Example

What does the following encode? 14

bits.signexponentfract.in
1 òòiiio biasednumber

1 ✗列 thisdown _ 011111 cminusbias )

1 0 1 1 1 1

Iscomplementl.nlXǕ flip : 0 1 0 0 0 0

+1 : 0 1 0 0-6.4⇒

ns.o.answer:-| 7
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What about 0?
allthenumbersstartwithl.no

aol.IF.EE754 ; -1 0 :

signioexpiofraction.ro
hgmaydifferent.to

: Sign : 1
1 1- 0

exp : 0

fractiono
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Floating Point Numbers

Usedforsmallnumbersdosetoofractiondoesrithave.nl
。

"

,instead.itsixifixtheissueofunderflow.LT
heresultisdosertozerot.hn

thesmakstnormahzednumbert-dependonthesignbit.lt
→ ⼗⽇

Useitwhendonomeaningcdculationsinmath.co/o.sqrttD.o-的
。

-,,-

l

N aN ≠ anynumber
NaN ≠ itself
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More bits, circuits, adders 



Page 8

Warm up!

Can I make an !-input AND from 2-input AND gates? 

What about XOR gates? 

,

D
台 D
c D

parity-readmg-O-evennumberofbitsthat.aeone 110→

0.l-oddnumberofbitsthataeoneool-slft.tn
useflmerrorcheckmgsend.ioi 1 ^O^ 1=0

receive : 1 00
1 ^O^ 0 = 1
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So far, we have discussed: 

• Addition: ! + " 

– Can get multiplication 

• Subtraction: ! − " 

– Can get division, but more difficult 

• Unary minus (negative): − !
– Flip the bits and add 1

Operations
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Bit vector: fixed-length sequence of bits (ex: bits in an integer) 

• Manipulated by bitwise operations 

Bitwise operations: operate over the bits in a bit vector 

• Bitwise not: ~x - flips all bits (unary) 

• Bitwise and: x & y - set bit to 1 if !, " have 1 in same bit 

• Bitwise or: x | y - set bit to 1 if either ! or " have 1 

• Bitwise xor: x ^ y - set bit to 1 if !, " bit differs

Operations (on Integers)
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Operations (on Integers) 

Logical not: !! 

• !0 = 1 and !! = 0, ∀! ≠ 0 

• Useful in C, no booleans 

• Some languages name this one differently
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Operations (on Integers)

Left shift: ! << # - move bits to the left 

• Effectively multiply by powers of 2 

Right shift: ! >> # - move bits to the right 

• Effectively divide by powers of 2 

• Signed (extend sign bit) vs unsigned (extend 0)
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Floating Point Numbers
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Our Story So Far  

• Transistors
• Information modeled by voltage through wires (1 vs 0) 
• Gates:  &  |  ~  ^ 
• Multi-bit values: representing integers 
• Signed and unsigned 
• Bitwise operators on bit vectors 

• Floating point 

南⾮ 𣱣
般
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How to do the work of multi-bit?  
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Multi-bit Mux   

Our first multi-bit example: mux 

!王钟⼆⽐肶
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Adder

Add 2 1-bit numbers: ", # 

a
a b c r

t b 0 0 0 0

0 1 0 1 a

-0W ㄩ

C r 1 0 0 1Isthataonebitvahe1110_De_fHowbigcouldthat.ua
luebe ?
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Adder

Can we use this in parallel to add multi-bit numbers?  
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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: ", #, $ 

TForthispart.nu
canthmklifandonlyifp.Thmkaboutusingandlor7.ir

Gn i.
Coutc.in

-④☐ ignore.cat
b ⽉70 r
aLseitherofthem

b C G rcamg.tn
r carry.su

/
a wealsocan zonés ⇒ even ⇒ lowestbitisgoingtobe 0

Use⇒- loneandzz.es⇒ lowestbitis 1


