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Announcements

* Homework 1 due Monday
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Floating Point Example
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Floating Point Example

What does the following encode? I bits.
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What about 07
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Floating Point Numbers

Four cases:

= Normalized: What we have seen today

seeee ffff = +1.ffff x neeee—bias

= Denormalized: Exponent bits all 0 Used for small umbers close %0 0

— 1—bias  fochon coan't hae "1 " instedl | #s 0 xx”
seeee {111 = 201771 x2 Fix the 3saue of underflow. (The resutt s cher to

zero thon the smallest pormatized

ber).
c)lepeno( o the sgn bit. "
= Not a Number (NaN): Exponent bits all 1, fraction bits not all 0 14>t

Use 4t when oo no meastirg colodecions n medn.
O/O ) Sqrﬁ(“l), PQ—09 - - -

NeN + an umber
NoN *£ ﬁde{ ‘

= Infinity: Exponent bits all 1, fraction bits all 0 (i.e., +00
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More bits, circuits, adders
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Warm up!

Can I make an n-input AND from 2-input AND gates? — ;

f:D_ i

What about XOR gates?
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Operations

So far, we have discussed:
» Addition: x +y
— Can get multiplication
 Subtraction: x —y
— Can get division, but more difficult
* Unary minus (negative): — x

— Flip the bits and add 1
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Operations (on Integers)

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 x, y have 1 in same bit
 Bitwise or: X | y - set bit to 1 if either x or y have 1

* Bitwise xor: x My - set bit to 1 1f x, y bit differs
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Operations (on Integers)

Logical not: !x
e I0=1land!x=0,Vx#0
e Useful in C, no booleans

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

Left shift: x <<y - move bits to the left
* Effectively multiply by powers of 2
Right shift: x >> y - 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

Four cases:

= Normalized: What we have seen today

seeee ffff = +1.ffff x neeee—bias

= Denormalized: Exponent bits all 0

s eeee ffff = +0.ffff x 2170

= Infinity: Exponent bits all 1, fraction bits all 0 (i.e., +00)

= Not a Number (NaN): Exponent bits all 1, fraction bits not all 0
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Our Story So Far

* Transistors
* Information modeled by voltage through Wirgs (1 vs0)
 QGates: & | ~ 7 @D_ :‘jYD— [mb
* Multi-bit values: representing integers B oy
 Signed and unsigned )
* Bitwise operators on bit vectors
* Floating point
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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
n
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Adder

Add 2 1-bit numbers: a, b

0 b
+ b 0 0
L v
C r | O

l

To that o one bit vehte?
How bﬁﬁ ool Hod vobte be?
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Adder

Can we use this 1n parallel to add multi-bit numbers?
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Adder

Can we use this 1n parallel to add multi-bit numbers?
What 1s missing?
Consider:

':‘|.1 Sm(e l \We a C&m@—m
+01

’ 0 O i ]npm‘tg — 3- 7!’\PM+S 0(&{0{@}’,
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3-input Adder

C—“\r\

Add 3 1-bit numbers: a, b, c

)

gnore.

Cont,
. pither Uf\ them

aamy +hen

r camy,s0
we also can

MSQ:?-

Cn‘r\

For fis Pt you can think. | if
aunol. ol _\l]D 22, Thk abut using
- [ am(/or ]

- Cadb

5 one's = even = lowest bit s guig o be 0
 one and 2 zerms = lowest bit s |




