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Fetch is still waiting.

Typical CPUs: longer pipelines;
longer delays than this picture.
(Assume no hyperthreading.)
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which instruction to fetch.
More work to undo everything
if guess turns out to be wrong,
but usually guess Is correct.
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CPUs today spend almost all time
applying simple computations

to large volumes of data.
Massively parallelizable.

Why shouldn't programs compute
branch conditions in advance?

Most cases are handled by

simple instruction scheduling.

Insn-set extensions for more cases:
“branch-relevant” priority bit;
multiple flags; loop counter.
(Count down early in pipeline.)
Inner loops I've studied don't
need more complicated patterns.
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Most cases are handled by

simple instruction scheduling.

Insn-set extensions for more cases:

“branch-relevant” priority bit;
multiple flags; loop counter.
(Count down early in pipeline.)
Inner loops I've studied don't
need more complicated patterns.

How did the community convince
itself that branch prediction is
important for performance?

1980s insn sets, CPU costs —
1990s compilers, applications,
data volumes, compiled code —
1990s/2000s hype (e.g., “Since
programs typically encounter
branches every 4—6 instructions,
Inaccurate branch prediction
causes a severe performance
degradation in highly superscalar
or deeply pipelined designs”) —
2000s/2010s beliefs.
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1980s insn sets, CPU costs —
1990s compilers, applications,
data volumes, compiled code —
1990s/2000s hype (e.g., “Since
programs typically encounter
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“Fundamentally, you cannot
compute branches in advance

for these important computations.
Look at, e.g., int32[n] heapsort.
Inspect data, branch, repeat.”

— The current speed records for
int32[n] sorting on Intel CPUs
are held by sorting networks!
Data-independent branches
defined purely by n. Performance,
parallelizability, predictability

have clear connections.

sorting.cr.yp.to:

software -+ verification tools.



