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Bit Fiddling

clicker.cs.illinois.edu




Updates i £
1. Exam 1 scores are released. wfff‘m&‘ff%(’ “ o )

a. Come to office hours for clarity! A few
misconceptions that will most likely come up
again.

b. Submit regrades ASAP via Prairie Learn K

2. MP 3 - PNG due today&—
3. MP 4 - -8 out today (due next tuesday)




Agenda
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Assembly and the CPU
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Bytes Review
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How mally blts al'e€ 1n a clicker.cs.illinois.edu

char?
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How mally blts al'e 11 an clicker.cs.illinois.edu
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Bit Fiddling in G

1. Bit shifting << or >>

s

2. Bit operations [AND OR XOR NOT\




Bit Shifting 0O
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Bit Shifting I:xamg ? inG
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int mainQ) { 0v® Y = bwo Olon

char x =|0x@5;
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printf({%#x], X);
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What PrlntS? clicker.cs.illinois.edu

int main® { Ojred0
Uh;_‘ge&chur x = Ox1E; Oool \ Q4 Eﬁ
ot N O . [
, printf("%#Ex", x); 50 OB H
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What Pl'ints (Challenge)? clicker.cs.illinois.edu

int main() { 0006 o) QopD ©Co0

woyint x = 65 QoCOocmry  QoE> OUP

X =X <<R© |
printf("%L", x);
1 = O« 10D
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Bit Operations 100\ X\ O
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int main() { ~
-’ c:;r X = Ox0F; *HOOOO \(l \' \
char y = 0x13; O~ ODD\ 00\ |

char output =

printf("%#x", output); OO O | \\ \ |

\
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char y = 0x13; ~Code~
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What PrintS? O \ clicker.cs.illinois.edu

int main() { #_ gﬁ@ 0 06 EI_ ..E

char x = Ox0F; -~ F ﬁ
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What 10 bit value does this

clicker.cs.illinois.edu

produce? R Char x= 5 Ex?‘gm
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What 10 bhit value does this
produce?
1&

(((~0) << I ) << 6))
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I want just the middie 4 hits from a hyte to
remain.




How would I get only the 8

clicker.cs.illinois.edu

smallest ogder bits from from
int x? "\ \\ D00\ A
;>< (19 1\ | \

in/mainQ) { Q) o0
//4 bytes - 8 hegagdigits int main() {
int x = @@se@n@é //4 bytes - 8 hex digits
int mask = 0x@POOVOFF;E int x = O{1560A0F0; |,
int output = xé@)musk; int mask = @i:k FFFOO;
printf("%#x", output); int output = x ask;

} printf("%#x", output);
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What would pl'lllt @ W\ clicker.cs.illinois.edu
(challenge)’ il ooy
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11- char getlecret(char inpy s e
12 wf;‘,;@:har mask =Q;% @
13 return inp

return 1in utq&;ma ; AND
14 } L)
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16~ int main() {
17 apfehar x = 0x19; -—70\!_3000\ 100\ e A Ojﬁ\% )
18 orintf("%#x", getSecret(x)): ehe( (o /
19 } \
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But why? Two Examples!

1. UTF-8
————

1 Bit Sets




MP4 - UTE-8

Char - | b\'(j‘\’cu 8 \\3 05
37
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ASCII - number — naiader

code - el dehneS 3
Unicode d::g?\ Y, %bo
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UTE-8
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(Encoding) Code point -> UTF-8
| count how nany bt do we need,
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1) Code point -> UTF-8
KKK XX KA

19rmz_~x xx&xx X XX X l//w £'s

2 gwsjm D) XXX ¥ h@xx xxxyktgm XK XX |

Byte Meaning
(™ OXXXXXXX only byte of character Bits needed  Groups used
10x@eex— second, third, or fourth byte of a character i—l 1
110xxxxx first byte of a two-byte character 8—11 2
11 lexxL_ first byte of a three-byte character 12-16 3
\_LL110xxx first byte of a four-byte character 17-21 4

11111xxx invalid




(Encoding) Code point ->m U+OBE>6\ K@\

1ol| Lo ol (R Lﬂ\«g - 300

F - ol 1ol \oou

D\,(E \ @ TO0C

Tio\oooo|(IBlo )10 I\ 100
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Byte Meaning

Bits needed Groups used

Oxxxxxxx only byte of character
-—-2_1_9}_)5“&):— second, third, or fourth byte of a character “_> 0-7 1

110xxxxx first byte of a two-byte character

111 first byte of a three-byte character

11110xxx first byte of a four-byte character

11111xxx invalid




lf l need‘ 9 bits o represent &l clicker.cs.illinois.edu
code point, how many bytes
will I need to encode it to
UTE-87?

Bits needed Groups used

0-7 1
8-11 2
12-16 3
17-21 4




How many X slots are there in
a 4-group UTE-8 character?

clicker.cs.illinois.edu

Byte Meaning

Oxxxxxxx only byte of character Bits needed Groups used

10xxxxxx second, third, or fourth byte of a character 0-7 1
110xxxxx first byte of a two-byte character 8—11 2
1110xxxx first byte of a three-byte character 12-16 3
1111 f a four-

Oxxx first byte of a four-byte character 17-21 4

11111xxx invalid




(Decoding) Gode point -> UTF-8

Byte Meaning

Oxxxxxxx only byte of character Bits needed Groups used

10xxxxxx second, third, or fourth byte of a character 0-7 1
110xxxxx first byte of a two-byte character 8—11 2
1110xxxx first byte of a three-byte character 12-16 3
11110xxx first byte of a four-byte character 17-21 4

11111xxx invalid




Byte

Meaning

EXXXXXXX

10XXXXXX
110xxxxX

,_1 110xxxXx

—— s
lonly bge of character S

second, third, or fourth byte of a character

first byte of a two-byte character

first byte-of-a-three-byte character

11110xxx
11111xxx

first byte of a four-byte character

invalid

Bits needed Groups used

0-7
8-11
12-16
17-21

1

2
3
4




MP4 - UTE-8



But why? Two Examples!

1. UTF-8

1. Bit Sets



Set - Collection of things with no repeats or enforced order
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How many bytes do l need clicker.cs.illinois.edu
to represent a set of 16 013 Bk
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|
What OperatIOn would l clicker.cs.illinois.edu

need to find the union of 014 [EE#D
two fruit basket sets? == B ﬁ
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What Operati°n would l clicker.cs.illinois.edu
015 EE.E?EI

need to find the

intersection of two fruit b - ﬁ
basket sets? 340 Elﬁ




NAME

open, openat, creat — open and possibly create a file
LIBRARY

Standard C library (libc, -lc)
SYNOPSIS

#include <fcntl.h>

int open(const char *pathname, int flags);
int open(const char *pathname, int flags, mode_t mode);

int creat(const char *pathname, mode_t mode);

int openat(int dirfd, const char *pathname, m.,
int openat(int dirfd, const char xpathname, int flags, mode_t mode);

©0D\ o000
char path[PATH_MAX]; [ gleely
fd = open("/path/to/dlr" 0 _TMP

e
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