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All values in C are represented in memory as binary: a sequence of 0/1 bits denoting
C Integers > e . .
the powers of 2 that make up a number. Decimal is our own lens of interpretation.

in Binary

7 =22 4 2% 4 20 [1]1]1 10 = 2% + 2 [Lloj1]o]
22 2t 2° 2° 2" g*= 2"
CRE— C offers integers in two flavors: signed and unsigned. Signed ints use the 2C (two’s
010100 complement’s) representation: the highest bit / MSB is 1 if negative, 0 if positive.
323283 > For 2G, | think about MSB as having I’ negative weight, e.g., =27 for a 8-bit char.
cuar min [ ofofofofoofo] _; BWMzlalalafa]1]2
(-27:-128) _27 26 25 24 23 22 21 20 _27 26 25 24 23 22 21 20
MSB contributes immense negativity, and MSB contributes much negativity, but just
no positive 1 bits to lift its spirits up @ enough positivity to stay nearly afloat &

Casting. T ’ 2C Hack: To convert binary of positive integer to binary of its negative equivalent, (1)
asting, 1wWo's find the rightmost 1 bit, and (2) invert all bits to its left. Don’t forget leading 0 bits!

Complements 1 Inverted!
i ~\
+10 [oJoJoJo[aJoJafo] wep P12l 2]o2]1]0] -10
-27 25 2% 2% 23 22 21 20 -27 2° 2° 2% 23 2% 21 2°
@ (1 When casting from signed to unsigned, the underlying bits don’t change — just
@ the way they’re interpreted (two’s complement < ordinary binary)

(1 When comparing signed and unsigned ints, C implicitly casts signed to unsigned
signed -1 Pafzfzfafafzlz] oxfE
Unsigned 255 1|1|1]|1]1|1]1]1 Oxff

Bitwise (1 AND, OR, XOR are binary operators (2 bits as input), NOT is unary (1 bit as input)
(1 When applied on numbers (multiple bits), applied to corresponding bits in each

Operators
P AND OR XOR NOT
1(1|0]|0 1(1/0|0 1(1/0
and
s s o &l1jojajo| | [2]of1fo| A [1foj1|0] ~[1]1]0]0
‘P' 1{o]ofo 1|1]1(o0 ol1/1lo0 0/0/1/1
shift T
xor - The AND of two bitsis 1 only if = The XOR (exclusive OR) of two bits is
both bits are 1’ and otherwise 0. 1 if exactl! one of the bits is a 1, and

0 if both bits or neither bitisa 1.
-=> The OR of two bits is 1 if either bit

> S ite:
(or both) Is a [l and otherwise [ The NOT of a bit is it’s exact opposite

1 ifit'sa 0,and 0 ifthebit'sa 1.
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More Bit Left shifting (<<) involves sliding a bit pattern a certain number of positions to the left
— filling in the new lower bits with 0s, and discarding any bits shifted off the left end.
Operators

e 1 << 3 - 1000 11 << 30 -» 11000...000

(Shlftlng) 3 newmbits 30 new zero bits
Right shifting (>>) is similar, but slides to the right instead. However, filling in the

G higher-order bits is trickier, as we don’t want to alter the sign bit / MSB.
Unsigned Values Signed Values

num 180 - [0 [FS| O 0/0|..{0(1|0]| |1]|0]|..[0f1]|0O

- . -
num >> 1 0(1(0]..|0|1 0/0/0|.../0|1| |1|1|0]|..|0|1

Logical (fill with leading 0s) Arithmetic (fill with sign bit)

. To manipulate bits in a certain way, we often construct a help value / bitmask, e.g.,
Bitmasks to

. . Turnabiton bit | 1 Invert/flipa bit bit = 1
Modify Bits . . o .
] @Turnabitoff bit & 0 Retrieving the last bit num & 1
Strategically : —
To see how a bitmask works, | recommend trying it with concrete examples, e.g.,
Task: Getting the lowest bit (LSB) Task: Turning on the lowest bit
Bitmask: AND (&) with 1 Bitmask: OR (|) with 1
’4’:) num 1(../0]1|1(0(1|1 num 1/(../0/1/0/0(0
7 bitmask & YEICIOIEIE] 1| pitmask | RYEICIEIE
result ol.lololololol1 result 1] Tol1lolol1
Note that all bits are switched off, except for Note that all bits are retained, except )
the last one! (preserved from original num) the lowest bit (LSB) we just turned on!
BUIldlng BitmaSk Design "v' Bitmask building blocks / LEGOs
. -1 |1/1|1|../1|1|1| -1
Bltmasks For building bitmasks, | recommend: 1
«» Breaking it up in separate steps 0..000 0 1
% Constructing it from bitmask(s) you Note: 1L for signed long, 1UL for unsigned long
o already know (e.g., -1 is all 1s) oy 0 .. 0 0 Y 1<<n
Y an < On the right, some useful ones to know! 2“-1ml 11 |(1<<n)-1
A
Task: Turning off the lowest 4 bits simultaneously Howdowe buildericimacin
num 1(../0(1(1(0(1(1 1/..11/1/111/111
bitmask &(1|...(1|1 [ RERREY Start with -1L (above) and
shift 4 bits to the left!
result 1../0/1/0/0|0/|0
rr— - siERE] 0 0 0 O
P09e2 So a possible bitmask is AND (&) with (-1L << 4)

Alternatively, the bitmask from prior slide!



