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January 26, 2026




Announcements

- Homework 1 due February 2, 2026

- Lab3 tomorrow! (watch Canvas announcements for updates)
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Operations

Yo et

NV

So far, we have discussed:
H\—Lﬁ/‘a/(r

- 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 bitwim e
Bitwise operations: operate over the bits in a bit vector

- Bitwise not: ~x - flips all bits (unary) ollIo — 122 ’“ .

- Bitwise and: x & y - setbitto1ifx,y have 1insame bit x=1011

- Bitwise or: x | y - setbitto 1if either x ory have1 & _@j’,‘,‘ﬂ_

. Bitwise xor: x ~ y - set bit to 1if x, y bit differs 0ol 0
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Your Turn!

\@

N I
What is: Oxla 0x72 342

C 000“0\0

A

"y
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Operations (on Integers)

| ppO OO DODIDIO -
! ' L
- Logical not: Ix socoo - — ol

2"
- 10 =1 and(ix)=0, ¥x # 0
- Useful in C, no booleans
- Some languages name this one differently U

J O
lo~1 110

/ oo PO
, Odo |
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Operations (on Integers)

s
- 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 o)
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Left Bit-shift Example

o
01011010 << 2

i

g\_LQMo@\‘f
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Right Bit-shift Example

IR
O{llﬁ) >>Q

—> OOOQI_OIl ©

Ak
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Computing bit-shift effectively multiplies/divides by powers of 2

Consider decimal:

I, .
2130 <<10@= 213)09_(1 = 2130 x 100 = 217,
— - - 10
o X
2130 >>;; 1 =)213 = 2130 / 10
= - - n

21730 « 1>
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Right Bit-shift Example 2

L “’”\Mgog 111001010 >> 1
u‘\s\S\r\Qé L
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Right Bit-shift Example 2
For signed integers, extend the sign bit (1) @

Keeps negative value (if applicable) ool ol o}

- Approximates divide by powers of 2 + X
j1ol1o =
_sY - 001010 >> 1
o Ll Y0010
-1 " \ ODD“D)?
A—
/-
[1o1] =d ]
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Bit fiddling example

subtract: Given x and y, set z to x - y without using - or multi-bit
constants.

2= ¥
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What about other kinds of numbers?

Bitwise Operations o
Floating Point Numbers CS 2130: Computer Systems and Organization 1 January 26, 2026 14



Non-Integer Numbers

Floating point numbers

- Decimal: 3.14159

t- c\,e(.u'"\\ ()o\"\-\'
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Non-Integer Numbers

Floating point numbers 1) %, 14154
- Decimal: 3.14159 /
- Binary: 11.10110 > _ |, o]l D
iy g J]T 1N
‘AP U N A P
U\ ;2 7 g (VA
A4 - .
234 2 2
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Non-Integer Numbers

Floating point numbers

- Decimal: 3.14159
i
- Binary: 11.10110
- With integers, the point is always fixed after all digits

- With floating point numbers, the point can move!
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Non-Integer Numbers

Floating point numbers

- Decimal: 3.14159

- Binary: 11.10110

- With integers, the point is always fixed after all digits
- With floating point numbers, the point can move!

Challenge! only 2 symbols in binary

Bitwise Operations

Floating Point Numbers CS 2130: Computer Systems and Organization 1 January 26, 2026 15



Scientific Notation

Convert the following decimal to scientific notation:

2130,
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Scientific Notation

Convert the following binary to scientific notation:

L
U\"-‘\ % J,
7 o101,
RANANA

5
l.onpl X l
}C/\gl‘nf«/"j
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Something to Notice

An interesting phenomenon:

- Decimal: first digit can be any number except 0

2.13x 103
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Something to Notice

An interesting phenomenon:

- Decimal: first digit can be any number except 0

2.13x 103

- Binary: first digit can be any number except 0 Wait!

1.01101 x 25
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Something to Notice

An interesting phenomenon:

- Decimal: first digit can be any number except 0

2.13x 103

- Binary: first digit can be any number except 0 Wait!

O

— First digit can only e 1 Q«L
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Floating Point in Binary

We must store 3 components
- sign (1-bit): 1 if negative, o if positive
- fraction or mantissa: (?-bits): bits after binary point
- exponent (?-bits): how far to move binary point
We do not need to store the value before the binary point. Why?
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Floating Point in Binary

How do we store them?

- Originally many different systems

- |EEE standardized system (IEEE 754 and |EEE 854) (’_"’ﬂ
- Agreed-upon order, format, and number of bits for each 64+

a/'@ 1.01101 x 2°
o\l S \}%\\O\m

Sign e‘(fa'\(’\'\' Gachin
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6M2)x 103 3 fenc

S erp ==
3
JooO = |»
“\ 0
) (DOO
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NI

How do we store the exponent? . o\lol x 2 Z
é,/-—"

- Exponents can be negative
-
D. ool O| (o\

1
=5
P
(b

- Need positive and negative ints (but no minus sign)
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How do we store the exponent?

- Exponents can be negative
1 1
-3 _ —
P=g=g
- Need positive and negative ints (but no minus sign)
- Don’t we always use Two's Complement?
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How do we store the exponent?

- Exponents can be negative
1 1
-3 _ —
P=g=g
- Need positive and negative ints (but no minus sign)

- Don’t we always use Two's Complement? Unfortunately Not
S
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How do we store the exponent?

- Biased integers
b

- Make comparison operations run more smoothly
- Hardware more efficient @Jild
- Other valid reasons
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Biased Integers

Similar to Two's Complement, but add
bias

- Two’s Complement: Define 0 as
00..0

- Biased: Define 0 as 0111..1

P s

- Biased wraps from
000...0 t0 111..1

¥2 44 0_ o110

1000
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Biased Integers

¥2 4
1901 1000
Two's Condt ent - ot Biased
o ) W,J
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Biased Integers Example

Calculate value of biased integers (4-bit example)

[° o 12 1° OO].
)Y\ 1\ l\ 7~ L(‘ALA

po |0
—oV\\ B
Oo\lghﬁw\mw_ﬂ«\f:g
nED @
no (’)\O?
M_
D(O‘ "'5
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Biased Integers
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Floating Point Example

- Lo
101,011, T os

4 exp

. \ Ceoe
/ \ N
0
S

+
;
x
5

6ol O0lQ BOID
2_%)001

o . \p&csc«-‘
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Floating Point Example

101.011,
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Floating Point Example

What does the following encode?

001110/ 1010101
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Floating Point Example

What does the following encode?

001110/ 1010101
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What about 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 ceee fFff = £O.fFfF x 27

- Infinity: Exponent bits all 1, fraction bits all o (i.e,, +o0)
- Not a Number (NaN): Exponent bits all 1, fraction bits not all o
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The document was declared to be of type PDF/A-4f but hasn't any attachments. LaTeX therefore added this dummy file.


$1$


$x,y$


$x$


$y$


$x,y$


$!x$


$!0 = 1$


$!x = 0, �orall x 
eq 0$


$x << y$


$x >> y$


$_{10}$


$	imes $


$_{10}$


$11.10110$


$6.42 	imes 10^3$


$101.011_2$


$101.011_2$


�egin {equation*}s ; eeee ; ffff = pm 1.ffff 	imes 2^{eeee-	extrm {bias}}end {equation*}


�egin {equation*}s ; eeee ; ffff = pm 0.ffff 	imes 2^{1-	extrm {bias}}end {equation*}


$pm infty $


$3.14159$


�egin {equation*}2.13 	imes 10^3end {equation*}


�egin {equation*}1.01101 	imes 2^5end {equation*}


$1.01101 	imes 2^5$


�egin {equation*}2^{-3} = �rac {1}{2^3} = �rac {1}{8}end {equation*}


$0010$

