Lecture 4: Unicode & bitwise operations

CSE 29: Systems Programming and Software Tools

Olivia Weng



Announcements

® Problem set | released

e TA office hours today during discussion



What about non-English characters?



What about non-English characters?

e Thousands more characters used in languages around the world
e ASCII does not define:

©  Spanish:é_

o  Chinese: E_

o  Emoji: ¥}
o~

® char datatype of | byte only encodes 256 possible bit patterns

—

e Challenge: Millions of lines of code written that assumed | byte ASCII chars
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UTF-8: Unicode encoding

® Use more bits to encode more characters!
4—————/‘

O

e Code point:an integer representing a character (e.g.,"'A’ ==
- h R —_—

e Normal ASCIl code pomt Highest order bit of byte i 0}xxxxxx
o UTF-8 is backwards compatible with ASCII! &— (’

e Multi-byte code point: Highest order bit of byte i®<xxxxxx
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How many bytes do you need!?

e Multi-byte code point: Highest order bit of byte is@xxxxxx
e Bit flags indicate code point |ength

» Tlbsr 3oy —> MWOser [0 prrsnn L0 xmRRk
o m=4bytes \SQH{L_ ’Z/‘AAL‘I{(— "3«0[ 19\/'(:Q"
e Bytes after the first byte start with
O XXXXX
2_\07(1_&3 _\_\_szﬂx%x i_Q?‘MM*FJ
%\“3 Coche Fo( wt (J;u/‘( F'\O\3 code ?uo\( P&/r
- ¢\ \

] st L \[ ’)(QT iznv\ b Y&Q_,
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0x €3 Dan\
}(Jl, NN

yloo do\( (a0 (o0l

e ¢=]1000011|1010100]1
o  bit flags : only encodes metadata (i.e., only provides information about)
o the code point = 000011 10100 @

Code point construction
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Demo

® printing codepoints



O K XK RKRY
A |
e Multi-byte code point: Highest order bit of byte is | xxxxxxx

?
How many bytes do you need! | byt i

e Bit flags indicate code point length

o | 10xxxxx = 2 bytes
o |110xxxx = 3 bytes
o |1110xxx = 4 bytes
e Bytes after the first byte start with
o 0xxxxxx

e How do we check for these specific bit flags to know how many bytes we have!?

o Need a way of inspecting individual bits!
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Bit operations

e Special mathematical operations in C for manipulating bits

o &AND

o |:OR

o ~NOT

o MXOR

o  >>:shift right
o  <<:shift left
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AND: & 1gT1=1

e AND each bit together

Truth table I
input_a | input_b Result 0 000 00O
0O 0 D) g 0000 (Ll
- O \ O 0D0 0|01 0
) O 0 =
1 \ l
—
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What is the result?

00110011
& 10100101

O010dd0}
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OR: |

T]
Fl
T

e OR each bit together

F

—
— __\ /.\

A
\)

WA LA
[ {¢0 | 01D

(lotjol)

Truth table
input_a | input_b | Result
O | © 0
0 \ |
\ 0 |
\ \ |
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What is the result?

0ol100111
10101100

[otaliq(
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NOT: ~ 0 pevoies @ | °\”"""ML

e NOT each bit together

Truth table

input_a Result
0 ! ~ ol oo
\ 0 A19¢ 1 |
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Shift r'lght >> Eﬁ . % \"&S "\'Wd “GC cd MP\.CW.{.\

e Shift the bits "off a cliff" to the right
000 1L &® — po°\ eg\‘jw{Mz\}

fLoo > 2L = —
- A S A j \ by d

O 100 772 :‘9_010% — 001D
L)? WEYS ( 2 )
‘an O1te
| 000 > ) Z\)bo% - (o0 & Scj 0% (L%_
’_] wL\ LT\

V*Q L2
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4 biks 275 complument
What is the result in binary and decimal?

0%»3 el -
-

=—

e 1011 >>4 = | \Il\ - diviston FR‘("’—CJ/m Lreaks
~< //‘L - «7,[[.7, - —| [[‘1/ =0 &3

e 1101 >> 2  — [({) —|

|
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Shift left: << & Vit L&"ﬁﬂ(—

e Shift the bits "off a cliff" to the left

06 9| << | = QoD = 0010
| £ k 2.
poal <& 3 soan| 000 = 1000
| % 29282 l =
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What is the result in binary and decimal (unsigned)?

e 0010 << 2 — 000 g
e 0001 << 3 — (040
_ 0
e 1000 << 4 = 0009
'

e 0110 << 2 = L 0o?
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Demo: practice with bitwise operators

int bitwise _is_even(int8 t num); 'M/

int count 1 bits(int32_t num);



https://us.prairielearn.com/pl/course_instance/180694/instructor/question/9436569/preview
https://us.prairielearn.com/pl/course_instance/180694/instructor/question/9436855/preview
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How to use bit operators to select specific bits?



How to use bit operators to select specific bits?

e Bit masking: select sp_euflc individual bits out of a binary representation of a number

it
e Examples:

(@)

(@)

(@)

(@)

lowest_four b1ts(0b01610191‘) ﬁ)oo 0 {{o \ J
1 oooa\l\\

6dos 10\
highest four_bits(0b10110011) = (,l\ (( 0000

§ 1loo
(rel 0009

06000 0 2]00000‘:)8(
lowest_four_bits(192) = /b I\ —
10000 (A \
12g€0Hq = 11> a
goo00090D
0000 0G0
highest four bits(lowest four bits(200)) = © 900)00 O C:L J

ItOo(oo0
)28kl €8 = 200 — 300 Qo‘[\l'l => {11 \ooco

=095 ( O ~— QodDO OGO S
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How to implement masking?

char lowest four_ bits(char c) { The bitwise & operator selects specific bit
positions based on the pattern of |'s that
return c|&|0b00091111]; the variable is &'d with.
}
& truth table Result
0&0 0
char highest four bits(char c) { osCD 0
return c[&]0bI11T0000; 1 &0 0
I &@ I
}

Why can't we use the bitwise | operator?
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How do we check the codepoint bit flags!?

e Bit masking!
e codepoint size(char string[])

L byte tod L psinf

| 10 xgrx% loxxxxnx
&1/
i. 1 ¢| 00000

—

v

| V1000000

Y



https://us.prairielearn.com/pl/course_instance/180694/instance_question/539635860/
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