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Integer

 Unsigned integer 0|0|1]|1]0[0|0]|1

* n-bit range: [0,2" — 1] X X X X X X X X
27+ 204 259424+ 23+22+21+20= 49

 Signed integer Sign bit
« Sign-magnitude representation . o|1(1|]0]|0|O0]|1
« n-bitrange: [-2™"1 + 1,271 — 1] X X X X X X X
» Both 000...00 and 100...00 represent 0 - 2042542042422+ 214 20= -49
» Two’s complement representation Sign bit
e n-bit range: [-2™71, 271 — 1] . 110lol 1111111
« 000...00 represents 0 X X X X X X X X
« 100...00 represents —2"1 Q74264254044 03402401420= 49
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Fixed-point number

Integer . Mantissa

“Decimal” point

.0110001
X X

X X X X X X
-23+ 22+ 21+ 204 2-14 22+ 23+ 2-4= 3.0625

.0110001
X X

X X X X X X
(-27+26+25+24+23+22+21420) x 24 =49 x 0.0625 = 3.0625
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Floating-point number

Example: 32-bit floating-point number in IEEE 754

Sign 8-bit exponent 23-bit mantissa

23 22 2120 21 22 2324

(—1D)S19N% (1 + mantissa) x 2E8XPONENt-127+— Exponent bias = 127 = 251 -1

1.0625 x 22 = (1 + 0.0625) x 212127 = 0.265625

IO111110100010000000000000000000

125 0.0625
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Floating-point number
Exponent width - Range; Mantissa width = Precision

IEEE 754 single precision 32-bit float (IEEE FP32)

IEEE 754 half precision 16-bit float (IEEE FP16)

Google brain float (BF16)
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https://standards.ieee.org/ieee/754/6210/
https://standards.ieee.org/ieee/754/6210/
https://arxiv.org/pdf/1905.12322

Floating-point number
Exponent width - Range; Mantissa width = Precision

IEEE 754 single precision 32-bit float (IEEE FP32)

IEEE 754 half precision 16-bit float (IEEE FP16)

Google brain float (BF16)

NVIDIA FP8 (E4M3)

NVIDIA FP8 (E5M2) for gradient in the backward
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https://standards.ieee.org/ieee/754/6210/
https://standards.ieee.org/ieee/754/6210/
https://arxiv.org/pdf/1905.12322
https://docs.nvidia.com/deeplearning/transformer-engine/user-guide/examples/fp8_primer.html
https://docs.nvidia.com/deeplearning/transformer-engine/user-guide/examples/fp8_primer.html

INT4 and FP4

Exponent width - Range; Mantissa width = Precision

INT4
. -1,-2,-3,-4,-5,-6,-7,-8
e, 1, 2, 3, 4, 5, 6, 7
0|0]1]=1
111(1]|=7 @ 1 2 3 4 5 6 7
FP4 (E1M2)
-0,-0.5,-1,-1.5,-2,-2.5,-3,-3.5
. E MM @, 0.5, 1, 1.5, 2, 2.5, 3, 3.5
0[0|1]|=025%x2"9=0.5
—0 0000000 >
1(1]1][=1+0.75)x2'0=3.5 @ 1 2 33.5
FP4 (E2M1)
-0,-0.5,-1,-1.5,-2,-3,-4,-6
.EEM @, 0.5, 1, 1.5, 2, 3, 4, 6
0[0]|1]|=025%x2"1=0.5
—0 00 00—0 ¢ @ >
1111 1] =(1+0.5)x23"=6 @ 1 2 3 4 6 no inf, no NaN
FP4 (E3MO)
-0,-0.25,-0.5,-1,-2,-4,-8,-16
. E|E|E @, 0.25, 0.5, 1, 2, 4, 8, 16
= 1-3=
0]0]|1]|=(1+0)x2"3=0.25 .
111]1]|=(1+0)x273=16 e 1 2 4 8 16

no inf, no NaN



Python numeric types (built in)

https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex

Python numeric types

* int
« No max/min size (Python is unusual in this way)
 Bigger values -> more bits necessary

o float

 Defaults 64 bits (double precision)

* You can also use float32 given a certain framework (e.g., PyTorch,
etc.)

« Historically, pre-trained ML models use float32 for
parameters
« For modern Al (LLMs), bfloat16 is common



https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex
https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex

IEEE-754 64-bit Floating-point [| 11 [
IEEE-754 32-bit Floating-point [ 8 [(NFER

IEEE-754 16-bit Floating-point Hl 5 m

Bfloatl6 H g [

*. https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
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https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html
https://docs.nvidia.com/cuda/cuda-programming-guide/05-appendices/mathematical-functions.html

So, does the order matter?

a=0.1
b =1e20
c = —1e20

(a+b)+c=7?
a+(b+c)=?



Where did 0.1 go?
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  ( a + b ) + c =   ?  


  a + ( b + c ) =   ?  

