Binary Fundamentals

Powers of Two Two’s Complement
P Decimal H imal P Decimal H imal _
ower cama exadecima ower cama exadecima The negation of an n-bit integer is pX 1000---0000 is the finite analog
2! 2 0x00000002 2" 8192 0x00002000 its complement with respect to 2": 1000---0000 of the signless point at infinity
5 " " on the real projective line
2 4 0x00000004 2 16,384 0x00004000 x+(—x)=0mod 2
2’ 8 0x00000008 2P 32,768 0x00008000
2 16 0x00000010 21 65,536 0x00010000
5 - Negative Positive
2 32 0x00000020 2 131,072 0x00020000 Nl Nl b
2° 64 0x00000040 2" 262,144 0x00040000 s s
-2 1100---0000 — 0100---0000 2
2’ 128 0x00000080 2" 524,288 0x00080000
28 256 0x00000100 2% 1,048,576 0x00100000 High bit=1 | High bit=0
2 512 0x00000200 2% 2,097,152 0x00200000
10 22
2 1024 0x00000400 2 4,194,304 0x00400000 1=1111--1111 0000---0001 = - |
2! 2048 0x00000800 2% 8,388,608 0x00800000 Negation mirrors ~ 1T — 0 and 1000---0000
12 4096 0x00001000 24 16,777.216 0x01000000 across the center line 0000---0000 are fixed under negation
Logical Complement Logical Identities Floating-Point
N OT ~X = =X - 1 ~(X & Y) = ~x |~y 16-bit floating-point 32-bit floating-point 2
2 1 -X = ~X + 1 ~(X | y) = ~x & ~y . :
L T exp e mantissa m T exponent e mantissa m
Bitwise NOT 1 m
-~X = X + 1 ~X Ny sign s value =(-1)’ 28_15(1+Tj sign s
X ~(x N y) = { 2
~=X = X - 1 X "o~y
Doul')le pre':cision‘ value = (—1)° 26107 [ 1+ % j
64-bit floating-point 2
Binary Logical Operations T e S
T exponent e mantissa m
0 (%] (%] 0 (%] (%]
o 0 | 1 0 o 0 | 1 1
Bitwise AND 11| o ) Bitwise OR 11| o 1 Special Floating-Point Value Half Float Double
x &y 1|1 1 x|y 1|1 1 +0.0 OX0000 | OXx0PPPPPPO | Ox00VVVVPO 0VPEEEEO
+1.0 0x3Co0 0x3F800000 Ox3FFO0000_00000000
N AN D _ N o R _ Positive infinity Ox7C00 | Ox7F800000 | Ox7FFORO0O_00ORE0000
|9 1 |9 1 Smallest positive normalized value 0x0400 0x00800000 0x00100000_ 00000000
0 1 1 0 1 %]
Not AND 11 o 1 Not OR 1| e o Upper limit of non-integer values Ox6400 | ©x4B000VVO 0x43300000 00000000
~(x &y) 1|1 0 ~(x | y) 1|1 0 Largest representable positive value OX7BFF | Ox7F7FFFFF Ox7FEFFFFF_FFFFFFFF
AN DC e | o 0 0 RC o | o 1 Mask Creation
' 0 | 1 0 ' 0 | 1 0
AND with complement 11 o 1 OR with complement 11 o 1
X & ~y 1|1 0 x|~y 1|1 1 | . Create mask for all bits other than lowest 1 bit. [1]e[1]1 elo|e]
> (- 1) 000---000 becomes 111---111. 0|
XO R o | o 0 XN 0 R o | o 1 | . Create mask for all bits other than lowest 0 bit. lef1]1]e 1]1]1]
x | ~(x +
0 1 1 0 1 0 ( ) 111---111 is unchanged. m
Exclusive OR 11 e 1 Exclusive NOR 11 o 0
x "y 1 1 0 ~(x *y) 1 1 1 Create mask for bits left of lowest 1 bit, inclusive. [1]ef1]1 elo|o]
X=X 000---000 is unchanged. 6]0]0]
Bit Manipulation Create mask for bits left of lowest 1 bit, exclusive. [1]ef1]1 elo|o]
X N =X )
BT S E————
lear 1 t 1 bit.
8 ( 1 Eear lovlves blh ‘ o [1]e]1]1 : elofo] » 1) Create mask for bits left of lowest 0 bit, inclusive. le[1]1]e 11]1]
X X - result 1S zero, then X 1s zero or 2°. ~X X +
’ 111---111b 000---000.
000---000 is unchanged. [1]ef1]1 elolo] ceomes (ofe]o]
Set lowest 0 bit. lef[1]1]e 1/1]1] Create mask for bits left of lowest 0 bit, exclusive. le[1]1]0 1/1]1]
X IO+ D 110111 s unchanged S R PPN T R 000---000
> nennees [eT1]1e [ 1[1]1] e | [ETeTa il e el 0]
| ¢ 1) Set all bits to right of lowest 1 bit. [1]ef1]1 * olo]e] ( 1) Create mask for bits right of lowest 1 bit, inclusive. [1]ef1]1 elo]o]
X X - X N (x -
000---000 becomes 111---111. 1]el1]1]1 _ 000---000 becomes 111---111. e]o]o]o
Cl 11 bits to right of 1 t 0 bit.
car all s to Tight o _ owes ;{ (0[1[1]0 1[1]1] Create mask for bits right of lowest 1 bit, exclusive. | [1[@[1[1 elo|o]
X & (x + 1) If result is zero, then X is zero or 2" — 1. ~x & (x - 1) 000---000 becomes 111111
111---111 becomes 000---000. [e[1]1]e[e[eTeTe] ' [e]e[o[e]e [ATE]T]
Extract lowest 1 bit. [1]ef1]1 eleo] Create mask for bits right of lowest 0 bit, inclusive. (0]1]1]0 1/1]1]
X & -x 000---000 is unchanged X 2 O+ 1)1 419111 is unchanged
1S unchanged. |0|0|0|0 0|0|0| : 1S unchanged. |0|0|0|0
8 ( 1) Extract lowest 0 bit (as a 1 bit). (6]1]1]e 1[1]1] 8 ( 1) Create mask for bits right of lowest 0 bit, exclusive. (e]1]1]0 1[1]1]
~X X + X ~X - .
111---111 becomes 000---000. IR ol0]0] 111---111 is unchanged. [e]o]o]0]o _
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