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Disclaimer

声明

1. 分享内容基于个人的经验，测试数据都是特

定情况下的数据，不具有通用性

2. Opinions are my own，我的观点不代表FF

引擎组 or 公司的观点

3. 时间有限，只能分享一些我觉得有趣的方面，

欢迎提问交流/会后交流



Performance Matters

https://x.com/SebAaltonen/status/1862397887541387424



Performance Tuning

Low-level optimizations
takes into account the details of the underlying hardware capabilities.

High-level optimizations
more about application-level logic, algorithms, and data structures.

(On Single Core)



The free lunch is over.

https://github.com/karlrupp/microprocessor-trend-data?tab=readme-ov-file



性能分析方法

责怪他人法

1.找到一个不是你负责的系统或环境的组件

2.假定问题是与那个组件相关的

3.把问题扔给负责那个组件的团队

4.如果证明错了，返回步骤1

性能之巅 2.5章



性能分析方法

Identifying CPU bottlenecks

Top-down Microarchitecture Analysis Method

https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2023-0/top-down-microarchitecture-analysis-method.html



Microarchitecture: CPU simplified view

the implementation of Intel 12th-generation core, Golden Cove



Front End

Fetch and decode instructions from memory

x86: translate CISC instructions into simple µops => TMAM based on µops/uop

The CPU Frontend fetches 32 bytes per cycle of x86 instructions from the L1 I-cache => Potential stall!

The BPU predicts the target of all branch instructions based on prediction => Potential stall!



Back End

an OOO engine that executes instructions and stores results

ReOrder Buffer: Register renaming, allocates execution resources, tracks speculative execution.

The Scheduler / Reservation Station: tracks the availability of all resources for a given µop and 
dispatches the µop to an execution port once it is ready.



Back End

The execution engine and the Load-Store unit

12 execution ports

When a scheduler has to 
dispatch two operations 
that require the same 
execution port, one of 
them will have to be 
delayed.

Potential stall! Potential stall!



TMAM: Pipeline slot

https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2023-0/top-down-microarchitecture-analysis-method.html



TMA hierarchy of performance bottlenecks

[Yasin, 2014]



Four Corners

Memory Bound

Loop interchange Huge Page …



Processor Memory Gap

[Hennessy & Patterson, 2017]



内存层次

https://x.com/ptoboley/status/1847370345302593930



延迟



What Compilers Cannot Do

https://x.com/SebAaltonen/status/1861718633354756151



CPU Love Array

code::dive conference 2014 - Scott Meyers: Cpu Caches and Why You Care



Example: Loop interchange

矩阵乘法



Example: Loop interchange

矩阵乘法



Loop interchange

矩阵乘法



Loop interchange

矩阵乘法

跳N访问顺序访问顺序访问



Loop interchange

顺序访问循环不变顺序访问跳N访问顺序访问顺序访问

优化前 优化后

88% speed up
https://github.com/jsjtxietian/perf-ninja-solution/tree/master/labs/memory_bound/loop_interchange_1



Loop interchange



Huge Page

https://developer.android.com/guide/practices/page-sizes



Hardware Effects

Memory Order Violation

0xFF 0xFF 0xFF 0xFF 0xFF 0xFF ...

Then all updates to hist[0xFF] will be serialized.

求灰度图的直方图



Hardware Effects

Memory Order Violation

0-60% speed up
https://github.com/jsjtxietian/perf-ninja-solution/tree/master/labs/memory_bound/mem_order_violation_1



Data Oriented Design

https://www.youtube.com/watch?v=rX0ItVEVjHc



Four Corners

Core Bound

Inline Vectorization

…Dependencies



Data Dependencies

Linked List

Pointer chasing does not benefit from OOO execution and thus will run at the speed of an in-order CPU.

https://github.com/dendibakh/perf-book/blob/main/img/computation-opts/LinkedListChasing.png



Data Dependencies

Simulate random particle movement



Data Dependencies

Visualization of dependent execution

https://github.com/dendibakh/perf-book/blob/main/img/computation-opts/DepChain.png



Data Dependencies

Solution

https://github.com/dendibakh/perf-ninja/tree/golden/labs/core_bound/dep_chains_2

55% speed up

Once you do this 
transformation, the 
compiler starts 
autovectorizing the 
body of the loop.



Inline

https://www.youtube.com/watch?v=fp1_e3rjZQs&list=PLRWO2AL1QAV6bJAU2kgB4xfodGID43Y5d&index=14



Inline

47% speed up

https://github.com/jsjtxietian/perf-ninja-
solution/tree/master/labs/core_bound/function_inlining_1



Auto vectorization: Rely on Compiler 

Does the following loop vectorize?



What Compilers Cannot Do

自动向量化失败

clang12 -O3 -Rpass-analysis=loop-vectorize -Rpass=loop-vectorize -Rpass-missed=loop-vectorize



What Compilers Cannot Do

编译器的限制(bug)

PROBLEM: In C, the 
behavior of unsigned-
integer overflow is 
defined to wrap around.

unsigned 
int 64 n/4 or infinity 

iterations



What Compilers Cannot Do

自动向量化

SOLUTION: Use signed 
integer types, signed-
integer overflow has 
undefined behavior.

Or upgrade clang

int64_t



What Compilers Cannot Do

float

SOLUTION:

-ffast-math



Compiler Intrinsics

When the compiler fails



Four Corners

Bad Speculation

Cmove Lookup table …



生命游戏

规则：

1. 每个细胞有两种状态 - 存活或死亡，每
个细胞与以自身为中心的周围八格细胞
产生互动

2. 当前细胞为存活状态时，当周围的存活
细胞低于2个时（不包含2个），该细胞
变成死亡状态。

3. 当前细胞为存活状态时，当周围有2个
或3个存活细胞时，该细胞保持原样。

4. 当前细胞为存活状态时，当周围有超过
3个存活细胞时，该细胞变成死亡状态。

5. 当前细胞为死亡状态时，当周围有3个
存活细胞时，该细胞变成存活状态。

https://zh.wikipedia.org/wiki/%E5%AD%98%E6%B4%BB
https://zh.wikipedia.org/wiki/%E6%AD%BB%E4%BA%A1


生命游戏



Branch => cmove

49% speed up

https://github.com/jsjtxietian/perf-ninja-solution/tree/master/labs/bad_speculation/branches_to_cmov_1



另一个热点

边界判断

消除这4个
判断

Solution：上下左右的边界各往外扩一格即可

93% speed up

https://github.com/jsjtxietian/perf-ninja-solution/tree/master/labs/bad_speculation/branches_to_cmov_1



Lookup table

88% speed up

https://github.com/jsjtxietian/perf-ninja-solution/tree/master/labs/bad_speculation/lookup_tables_1

Note: always measure, 右边的增加了cache的压力



Four Corners

Frontend Bound



Machine Code Layout Causes Noise



Machine Code Layout Causes Noise

https://www.youtube.com/watch?v=7g1Acy5eGbE



Machine Code Layout

抖音研发实践：基于二进制文件重排的解决方案 APP启动速度提升超15%

https://mp.weixin.qq.com/s?__biz=MzI1MzYzMjE0MQ==&mid=2247485101&idx=1&sn=abbbb6da1aba37a04047fc210363bcc9&chksm=e9d0cd4fdea7445989cf26623a16fc8ce2876bf3bda95a5532bb0e5e5b1420765653df0b94d1&scene=178&cur_album_id=1590455456806780934#rd


Machine Code Layout

抖音研发实践：基于二进制文件重排的解决方案 APP启动速度提升超15%

优化一个Page Fault，启动速度提升0.6~0.8ms

https://mp.weixin.qq.com/s?__biz=MzI1MzYzMjE0MQ==&mid=2247485101&idx=1&sn=abbbb6da1aba37a04047fc210363bcc9&chksm=e9d0cd4fdea7445989cf26623a16fc8ce2876bf3bda95a5532bb0e5e5b1420765653df0b94d1&scene=178&cur_album_id=1590455456806780934#rd




Final

Always Measure!

1. Mental model can never be as accurate as the actual microarchitecture design of a CPU. Always measure!

2. When measuring performance, understand the underlying technical reasons for the performance results . 



More

Benchmark Perf
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