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Agenda

Share some ways to make fast software faster

by enabling the hardware to run more efficiently

based on my experiences contributing optimizations to zlib-rs



2023: Retired from a career in software and networking

Goal: do a project each year to give back to the community

2024: Write a book on edge network strategy ✔
2025: Help make foundational Internet software fast & safe

My Background



Finding Somewhere to Contribute

zlib-rs

https://www.memorysafety.org/
https://github.com/trifectatechfoundation/zlib-rs
https://github.com/trifectatechfoundation/zlib-rs/issues/18


Initial Benchmark Results

Faster than C

Slower than C



Well-optimized implementation

Rust + inline assembly for the SIMD parts

Smart compiler

Micro-optimizations, zero-cost abstractions

Relatively flat profile

Few low hanging fruit

Initial Findings from Profiling zlib-rs



Mechanical Sympathy:

Adapt the software to the strengths and weaknesses of the target hardware

Primary target hardware: modern smartphone through server CPUs

+ 64-bit registers, superscalar cores, out-of-order execution, fast clock

- Deeply pipelined

+ Lots of memory

- Dependent on cache hierarchy for speed

Optimization Strategy



Example read latencies, from an x86_64 desktop system:

Example 1: Cache Locality

Layer Read latency 
(cycles)

Size Notes

    L1D cache 3 80 KB 64 byte cache lines

    L2 cache 10 1 MB

    L3 cache 32 18 MB

    Main memory 168 Up to 128 GB

zlib compression is a challenge for the small L1 cache

- Lots of string matching against a 32KB sliding window of input data



The profiler can tell us where the cache misses are happening.

$ perf record -F max -e L1-dcache-load-misses 
./target/release/examples/blogpost-compress ...

$ samply import perf.data

Example 1: Cache Locality

The supported counter 
names are CPU-specific. 
Run perf list  to see 
what your processor 
supports.



Example 1: Cache Locality

The cache misses are 
scattered all over the 
codebase

… but many involve reads of 
the state data structures used 
for bookkeeping.

Observation: longest-match 
processing seems to be 
displacing this state from the 
cache often.



Example 1: Cache Locality
Compression state:
● Giant struct containing 

counters, flags, etc - in 
basically random order

● Small fields, compared to 
cache line size

● Already using #[repr(C)] 
so we control memory 
layout…

Hypothesis: We can speed 
up the program by ensuring 
that fields commonly used 
together are grouped into the 
same cache line.



Example 1: Cache Locality

First cache line 
(64 bytes)

Contains fields 
commonly used 
together in the 
code.

Next cache line 
(64 bytes)

Fields commonly 
used together.

Zero-length markers to denote 
cache line boundaries

Start the struct on a 64 byte boundary



Example 1: Cache Locality

Result: 4% decrease in CPU cycles at compression level 1



Example 1: Cache Locality

Verify layout in unit tests to help maintainers avoid regressions



Example 2: Inlining

This “send_bits” function is small and is called often, but isn’t inlined.



Example 2: Inlining

Hypothesis: we should add 
  #[inline(always)]

Debug-only

Very lightweight operations

Less common case



Example 2: Inlining
No, inlining that function makes the performance worse

… instruction cache is a scarce resource
… but how about just inlining the fast path?

Less common case: not inlined



Example 2: Inlining

Result: 5% reduction in CPU cycles at compression level 1



Example 3: Branch Prediction

High-performance CPUs tend to have deep pipelines

Fetch Decode Schedule Execute Store

Retired 
Instructions

Next 
Instruction

mov dword [rdi + rcx * 4 + 0x10], r8d
lea r8, qword [r9 + r9 * 1]
mov rcx, r9
cmp r8, r11
jna 0x10c50
mov dword [rdi + r9 * 4 + 0x10], eax

?

Proceed to next instruction



Example 3: Branch Prediction

The CPU’s branch predictor tries to guess which way each branch will go

… by observing past executions of the same branch instruction

… but getting this prediction wrong means a pipeline stall.

We can find mispredictions with a profiler.

$ perf record -F max -e branch-misses 
./target/release/examples/blogpost-compress ...

$ samply import perf.data



Example 3: Branch Prediction

This binary heap code 
looks interesting. 
Sorted by primary & 
secondary keys - each 
element comparison 
requires up to two 
unpredictable branches.

Hypothesis: doing 
fewer conditional 
branches will be a win, 
even if it requires more 
total instructions.



Example 3: Branch Prediction
1. Pack the primary and secondary sort keys into a single register

2. Compare the packed values (turning two conditional branches into one)



Example 3: Branch Prediction

Result: 3% reduction in CPU cycles at compression level 2



Before

Faster than C

Slower than C



After

Faster than C

Slower than C



Instrumentation over intuition

The bottlenecks are surprising sometimes

Correctness first

Regression testing & test coverage measurement to avoid breaking things

Complement the compiler

You know things it doesn’t know, and vice versa

Takeaways



Q&A



Appendix



Example 4: Uncommon Subexpression Elimination
Main input-processing loop

1. Peek at the first 4 bytes of 
remaining input and hash them to 
find potential matches against data 
seen earlier

3. If no match, fetch the first byte 
and output it uncompressed

2. Peek at the first 8+ bytes to find 
the longest match



Example 4: Uncommon Subexpression Elimination

Read first 4 bytes to use in hash 
calculation.

Keep track of 1st of those bytes in 
case we need to output it.



Example 4: Uncommon Subexpression Elimination

Result: 2.5% decrease in CPU cycles at compression level 2



Profiling Tools

Linux perf utility - perfwiki.github.io 

Sampling profiler for userspace and kernel
Can read hardware performance counters
Identifies hotspots at the source line level

Samply - github.com/mstange/samply

Profile visualizer based on Firefox profiling UI
Can read the traces recorded by perf

https://perfwiki.github.io/
https://github.com/mstange/samply


Benchmarking Tools

hyperfine - github.com/sharkdp/hyperfine

+ Finds statistically significant differences

+ Cross-platform

- Measures elapsed time only

Performance Optimizer Observation Platform - github.com/andrewrk/poop

+ Measures elapsed time, CPU cycles, instructions, cache misses, more

+ Finds statistically significant differences

- Linux only

https://github.com/sharkdp/hyperfine
https://github.com/andrewrk/poop

