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Why?
Sometimes the right solution is to use a faster processor...

But sometimes you have to squeeze performance out of
something small!

Most modern computing is power-constained.



How fast is that?

Before we start trying to optimize stuff, let's get a sense of
how long things take.

"Premature optimization is a root of all evil."

- Donald Knuth



Classes of operations

Single-instruction ALU operations
(add, subtract, shift, bit ops)

Integer multiply
Integer divide, modulo
Floating-point operations

Trigonometry + other math functions



Classes of Operations Base loop: 260us for 100 iterations

10 clock cycles / iteration

Single-instruction ALU operations 1 clock cycle
(add, subtract, shift, bit ops)

Integer multiply 1 clock cycle
Integer divide, modulo 2-12 clock cycles
390us for 100 iterations = 15 cycles

Floating-point operations

Trigonometry + other math functions



How does floating-point work?
IEEE 754 defines how modern floating-point works

See float.exposed



How does floating-point work?

Experiment with float.exposed
Where is 07 How does this work?
Can you represent infinity? -07 -infinity? NaN?

How far apart are consecutive numbers?



Some "interesting" implications
Never compare floating-point numbers tfor equality!

Mind the gaps between numbers!



Obligato ry XKCD  (xkcd.com/3328)

IT HAS BEEN
-0.00000000000000044

DAYS SINCE OUR LAST
) FLOATING POINT ERROR

T &

't has been —-2,147,483,648 days since our last integer overflow.




Let's benchmark floating-point!



But the Cortex-M4 has hardware floating point

Just specity these flags for the compiler and linker:

-mfpu=fpv4-sp-dl6 -mfloat-abi=hard

But PlatformlO does a bunch of "magic" with linker flags and
makes a mess of this. Instead, use the script on the course
wepsite to set these flags.



Cortex-M4 floating point unit hardware

FPU adds 32 single-precison (32-bit) registers, S0-531
Also function as 16 double-precison (64-bit) registers, DO-D15

https://developer.arm.com/documentation/100166/0001/Floating-Point-Unit?lang=en



This requires changes to the ABI...

What should happen if | pass a float into a function?

https://developer.arm.com/documentation/100166/0001/Floating-Point-Unit?lang=en



What about more complex functions?
Like sin(x)

f you need it done right, use a library.
(What does glibc do anyway?)

https://sourceware.org/git/?p=glibc.git;a=blob;f=sysdeps/ieee754/dbl-64/s_sin.c;nb=HEAD

But if you need it done fast (and good enough)...



Lookup table
Use memory space (Flash) for fast lookups



