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@® Minimalizace Latence
O Extrémné dilezita v produkci (pfi samotném obchodovani)
O Reakce v radu desitek mikrosekund
(existuji HW reseni v radu stovek pripadné desitek ns)
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@® Maximalizace Propustnosti (Throughput & Bandwidth)
O Dulezita napt. pri ro¢ni simulaci
O Ziskani vysledk( v fadu desitek minut
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@® Minimalizace Latence
O Extrémné dilezita v produkci (pfi samotném obchodovani)
O Reakce v radu desitek mikrosekund
(existuji HW reseni v radu stovek pripadné desitek ns)

@® Maximalizace Propustnosti (Throughput & Bandwidth)
O Dulezita napt. pri ro¢ni simulaci
O Ziskani vysledk( v fadu desitek minut
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aini (Linux perf, Intel VTune, ..))



https://perf.wiki.kernel.org/index.php/Main_Page
https://www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html#gs.wk0rr1

. Samplovani (Linux'perf, Intel VTuneg, ..}

EJ Instrumentace (Optick, ...)



https://perf.wiki.kernel.org/index.php/Main_Page
https://www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html#gs.wk0rr1
https://optick.dev/

Samplovani (Linux perf, Intel VTune, ...)

: -EJ Instrumentace (Optick, ...)

t Emulace (Valgrind)



https://perf.wiki.kernel.org/index.php/Main_Page
https://www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html#gs.wk0rr1
https://valgrind.org/
https://optick.dev/

@ Samplovani (Linux'perf, Intel VTuneg, ..}

u Instrumentace (Optick, ...)

@Emulace (Valgrind)



https://perf.wiki.kernel.org/index.php/Main_Page
https://www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html#gs.wk0rr1
https://valgrind.org/
https://optick.dev/




@® Pamcéti s linearnim pristupem
O Magnetické pasky
O Plotnoveé disky

Seek Time
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O Magnetické pasky -
O Plotnové disky — .- .-

® Je RAM opravdu RAM?
O Hierarchie vyrovnavacich paméti H- - -

O ROzné latence

@® Lokalita pristupu
O Casova (Cache)
O Prostorova (Cache line a Prefetcher)




Machine (17GE total)

@® Paméti s linedrnim pristupem Package L#0
O Magnetické pasky NUMANode L#0 P#0 (17GB)
O Plotnoveé disky 2 (3096KE)

@® Je RAM opravdu RAM? L1d (24KB) || L1d (24KEB)

O Hierarchie vyrovnavacich paméti

O RGzné latence L1i (32KE) L1i (32KE)

Core L#0 Core L#1

@ Lokavllta pristupu s | I |
O Casova (Cache) P#0 P#1
O Prostorova (Cache line a Prefetcher)

Host: ubuntu-22-04
Date: Mon Nov 4 23:00:24 2024
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® Array of Structs

namespace A0S { ‘ DIGGING DEEP FOR PERFORMANCE

*ARRAY OF STRUCTS VS. PERFORMANCE *
struct Beast { B\ . Amnay of aTRUCTS «cxp Lert of fn ;
. \ \ \ VS, STRIUATE STRUCT OF ARRA

Point3D pos{}; \ .

Point3D vel{};

HealthPoints hp{};
}i

using Beasts = std::vector<Beast>;

|
KW smauer
ARRAYS

Credit: Mathieu Ropert - Data Oriented Design and ECS Explained



® Array of Structs

namespace A0S { ‘ DIGGING DEEP FOR PERFORMANCE

: \ *ARRAY OF STRUCTS VS. PERFORMANCE *
struct Beast { : Asmsialy O BTRUCTS 1ine Lekit of S
: V5. STRIUATE STRUWCT OF ARRAY!

Point3D pos{};

Point3D vel{};

HealthPoints hp{};
}i

using Beasts = std::vector<Beast>;

{| STRUCT

Struct of Arra S o | PR &ﬂ P e

namespace SOA {

struct Beasts {

explicit Beasts(size t size)

: pos(size), vel(size), hp(size) {
} ) / ‘
std: :vector<Point3D> pos; / i ;J y N Y 4N rﬂﬁ%T
std: :vector<Point3D> vel; | A7) 0 P ARRAL
std: :vector<HealthPoints> hp;

Credit: Mathieu Ropert - Data Oriented Design and ECS Explained



® Array of Structs

namespace AOS ({ Pole struktur

struct Beast { pos (pozice) vel (rychlost) hp (zdravi) + padding

Point3D pos{};
Point3D vel{}; ‘ XI yl Z|dXdesz‘hp‘ .

HealthPoints hp{};

}i

using Beasts = std::vector<Beast>;

Struct of Arrays

namespace SOA { Struktura poli
struct Beasts {

explicit Beasts(size t size) | X y z l

: pos(size), vel(size), hp(size) {
}

std: :vector<Point3D> pos;
std: :vector<Point3D> vel;

std: :vector<HealthPoints>

Credit: Mathieu Ropert - Data Oriented Design and ECS Explained




® Array of Structs

namespace AOS ({ Pole struktur
struct Beast { pos (pozice) vel (rychlost) hp (zdravi) + padding
Point3D pos{};
Point3D vel{}; ‘ XI yl Z|dXde}dz‘hp‘ }
HealthPoints hp{};
}i Transformace
using Beasts = std::vector<Beast>; . "ot
vstupy vystupy
updatePos

Xx|yl|z|dx|dy|dz| — | x| VY| z

Struct of Arrays

namespace SOA { Struktura poli hp| — | hp

updateHealth

struct Beasts {

explicit Beasts(size t size) | X y z l render

: pos(size), vel(size), hp(size) { X Yy 74 EE——

}

std: :vector<Point3D> pos;
std: :vector<Point3D> vel;
std: :vector<HealthPoints> hp;

Godbolt example
QuickBench

Credit: Mathieu Ropert - Data Oriented Design and ECS Explained



https://godbolt.org/z/Wbd3zjE6c
https://godbolt.org/z/zrTT5Wfnb

120,000,000

ArrayOfStructs
. . cpu_time: 105,544,282.784
Point3D pos{} =
100,000,000
Point3D vel {}; 2.3 times slower than StructOfArrays
HealthPoints hp{};
80,000,000
}i
using Beasts = std::vector<Beast>;
60,000,000

Struct of Arrays

namespace SOA {

struct Beasts { 20,000,000

explicit Beasts(size t size)

: pos(size), vel(size), hp(size)

}

std: :vector<Point3D> pos;

ArrayOfStructs StructOfArrays

. ratio (CPU time / Noop time)
std: :vector<Point3D> vel; Lower is faster

std: :vector<HealthPoints>

Godbolt example
QuickBench

Credit: Mathieu Ropert - Data Oriented Design and ECS Explained



https://godbolt.org/z/Wbd3zjE6c
https://godbolt.org/z/zrTT5Wfnb




® Sekvencéni zpracovani
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Credit: Jobin Johnson - Branchless programming. Does it really matter?




® Sekvencéni zpracovani
IF DE EX WB IF DE EX WB IF DE EX WB IF DE EX WB
) ) ) ) @) @ @ @ | o | o | o | o ) @ @) )
® Pipeline zpracovani
IF DE EX WB
(1) (1) ) (1)
IF DE EX WB
() (2) (2) 2)
IF DE EX WB
(3) (3) (3) (3)
IF DE EX WB

)

(4)

(4)

(4)

Credit: Jobin Johnson - Branchless programming. Does it really matter?




® Sekvencéni zpracovani

IF DE EX WB IF DE EX WB IF DE EX WB IF DE EX WB
() ) (1) (1) @ @ @ @ | o o 1 o | o @) @ @ 4)
. Pipeline zpracovénl' . Podml'nén\'/ skok (nespravné predikovany)
|
IF DE EX WB :
= = - @ IF | DE | EX | WB I
IF DE EX WB ) (1) 4l o) |
@ @ @ @ IF_ILDE | EX | WB !
IF | DE | EX | wB umpleln =" @ @ I
@) @) @ @) |
IF DE EX WB ©) @) ©) @) |
@) @ @ @ I
I “ ™A@ 4)
| . IF DE EX WB
| P|pe|__me bubble m_ | @ (n) (n)
! ! IF DE| EX| WB
| | (n+1) (n+1) (n+1) (n+1)
[ .

Credit: Jobin Johnson - Branchless programming. Does it really matter?







@® Branch Predictor

O Obvod v CPU, ktery predpovida vysledky podminek v kédu

Branch aJ resa

l.ToTo[1[1]o]1]

Predikce

Branch historie (shift register)

1

Credit: Dan Luu - Branch prediction

Two-level adaptive branch predictor

Saturating counter




@® Branch Predictor
O Obvod v CPU, ktery predpovida vysledky podminek v kédu

@® Profile-guided optimization
O Optimalizace kodu na zakladé statistik ziskanych pti béhu programu

Defaultni layout Profil Optimalizovany layout
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@® Branch Predictor
O Obvod v CPU, ktery predpovida vysledky podminek v kédu

@® Profile-guided optimization

O Optimalizace kodu na zakladé statistik ziskanych pti béhu programu
@® Branch Latency

1. def handle trade(trade):
2, if trade.size > threshold:

8% send order triggered by trade(trade)




@® Branch Predictor
O Obvod v CPU, ktery predpovida vysledky podminek v kédu

@® Profile-guided optimization

O Optimalizace kodu na zakladé statistik ziskanych pti béhu programu

@® Branch Latency
O CPU i prekladace obcas pracuji “proti nam”
O Regenim je pouziti specializovaného HW (FPGA, ..)






>>> def side_to_sign(isSell : bool) -> int:

oo return 1 if isSell else -1
>>> side_to_sign(True)
i
>>> side_to_sign(False)
-1

>>> def side to_sign(isSell :
oo return 2 * isSell - 1

>>> side_to_sign(True)

1l

>>> side_to_sign(False)

-1

bool)

-> int:




>>> def side to sign(isSell : bool) -> int: >>> def side_to_sign(isSell : bool) -> int:

return 1 if isSell else -1 return 2 * isSell - 1

>>> side to_sign(True) >>> side_to_sign(True)
1 l
>>> side_to_sign(False)

>>> side_to_sign(False)
-1
-1

>>> def get_side(multiplier: float, isSell : bool) -> bool: >>> def get_side(multiplier: float, isSell : bool) -> bool:

return not isSell if multiplier >= 0.0 else isSell e return (multiplier >= 0.0) * isSell

>>> get_side(-0.5, True) >>> get_side(-0.5, True)

True TS

>>> get_side(0.5, True) >>> get side(0.5, True)

False False

>>> get_side(-0.5, False) >>> get_side(-0.5, False)

False False

>>> get_side(0.5, False) >>> get_side(0.5, False)

True True




>>> def side to_sign(isSell : bool) -> int: >>> def side to_sign(isSell : bool) -> int:

return 1 if isSell else -1 return 2 * isSell - 1

>>> side_to_sign(True) >>> side_to_sign(True)
1l
i

>>> side_to_sign(False) e ek L R BB

=1 -1

>>> def get_side(multiplier: float, isSell : bool) -> bool: >>> def get_side(multiplier: float, isSell : bool) -> bool:
return not isSell if multiplier >= 0.0 else isSell e return (multiplier >= 0.0) ~ isSell

>>> get_side(-0.5, True) >>> get_side(-0.5, True)
True TS

>>> get_side(0.5, True) >>> get side(0.5, True)
False False

>>> get_side(-0.5, False) >>> get_side(-0.5, False)
False False

>>> get_side(0.5, False) >>> get_side(0.5, False)

True MEue

Godbolt example Godbolt example (llvm-mca & flow-graph)



https://godbolt.org/z/f39hf4GP8
https://godbolt.org/z/W8Yxq3aze
https://godbolt.org/z/M761sK3xd




random_insert - 8 bytes

. PO l.e 200 —— deque

— list

O Naprosta vetsina datovych struktur - vector

100

ms

50

0

RS ,@QQQ o P o o o o ® QQQQQ\QBQQQ

1

Number of elements



® Pole

O Naprosta vetsina datovych struktur

® Hashovaci tabulky

Hash Table 6-0-0
O

_— O~0~0

Linked Lists (1]
a8




® Pole -
O Naprosta vetsina datovych struktur 2

" =

L

® Hashovaci tabulky S

O Napf. kniha limitnich objednavek

Hash Table 888
O

_— O-C-0

Linked Lists (1]
-0

bid-price

mid-price

spread

Ask Side

Sell limit order

ask-price

Buy limit order

Bid Side

Price
(USD)





https://github.com/brendangregg/FlameGraph
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https://github.com/brendangregg/FlameGraph
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https://github.com/brendangregg/FlameGraph
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[En
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tre:at..
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runTrader

main
[unk.. _libc_s..
gminers_trader_
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gz_read
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main
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main
[unk.. _libc_s..
gminers_trader_

Pocet radek kodu
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zng_gzread gminers::.. gminers::preprocessor::DataF. t.. gz_read
tre:tdefu::G.. gminers::p..  trc::atom::BookListenerDesti.. tr.. zng_gzread
tre::taef:de.. gminers::p.. trc::atom:IndexedlLevelQuoteHandle.. tre:tdefu::GZRead..
trc::taef::det.. trc::atom:: TMDPProcessor<trc::atom::MessageDestination<trc.. trc::taef::detail:-..

trc::atom::DataFi..  trc::taefi:detail::BufferedMultiReader::read <trc::taefl::HistoricalFileLinkBase:..

trc::atom::DataFileChannel<trc::taefl::HistoricalFileLink, trc::atom:: TMDPProcessor<trc::atom::MessageDestinatio..
tre::ttech::PriorityDispatcher<trc::ttech::ZeroDelayPolicy=::dispatchHeap
gminers::simulator::ReadAHeadDispatcher<trc::ttech::ZeroDelayPolicy, trc::ttech::ZeroDelayPelicy=::run
gminers::trader::QminersTrader::runimpl
gminers::trader::QminersTrader::run
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_ libc_start_main
_start
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@® Dynamicky polymorfismus )
O Dedi¢nost ; ) Stats
i ..................... Cats

runAll dogs
(animals, stats) —

i?

Animal interface |
run(stats) .~

Cat Dog
run(stats) | | run(stats)




Cats Dogs T

® Dynamicky polymorfismus )
O Deédicnost Stats
,u ................ cats
runAll<> dogs

@® Staticky polymorfismus [ (animals, stats) } —

O . Sablony Q
Y

Animal concept |
run(stats) .~

Cat Dog
run(stats) | | run(stats)
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® Dynamicky polymorfismus )
O Deédicnost Stats
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runAll<> dogs

@® Staticky polymorfismus [ (animals, stats) } —

O . Sablony Q
Y

Animal concept |
run(stats) .~

Cat Dog
run(stats) | | run(stats)

Godbolt example



https://godbolt.org/z/qenjv9PaM

EFFICIENCY EFFECTIVENESS




@® Efficiency - ucinnost
O Dosahujeme ciltd s minimalnim plytvanim zdroji?
O Kolik prostredkl potrebujeme k tomu, co délame?

O Pouzivame “the right tool for the job"?
EFFICIENCY EFFECTIVENESS




@® Efficiency - ucinnost
O Dosahujeme ciltd s minimalnim plytvanim zdroji?
O Kolik prostredkl potrebujeme k tomu, co délame?
O Pouzivame “the right tool for the job"?
EFFICIENCY EFFECTIVENESS
@ Effectiveness - Ulelnost '
O Pracujeme na téch spravnych vécech?
O Nedélame néco zbytelné slozité?
O Opravdu vse, co délame, plni svij ucel?
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® Vysvétleni pojmU na prikladech

Latence vs. Propustnost

Memory hierarchy a Data oriented design
Branch Predictor a Branchless programming
Dynamicky vs. Staticky Polymorfismus
Udinnost vs. U¢elnost

ONONORONG)

@® Slozitosti dnesniho HW ... nelze spoléhat na ...
... to, ze CPU se bude chovat adekvatné pro vas use-case

... vlastni intuici (je treba méfit)
... jeden druh méreni (je tfeba kombinovat rlzné techniky)

ONONONONG)

... zastaralé poucky (O(N) lepsi nez O(1) s vysokym faktorem)
... optimalizace prekladace (je treba mit intuici, jak HW funguje)
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L4 Qminers ... https:/lgminers.com

@® Videos

O Scott Meyers: Cpu Caches and Why You Care ... https://www.youtube.com/watch?v=WDIkaP4JbkE

O Mike Acton: Data-Oriented Design and C++ ... https://www.youtube.com/watch?v=rX0ItVEViHc

O Matt Godbolt: Compiler Explorer 2023: What's New? ... https://www.youtube.com/watch?v=EyOH79z_pco

O Fedor Pikus: Branchless Programming in C++ ... https://www.youtube.com/watch?v=g-WPhYREFjk

O Fedor Pikus: C++ Type Erasure Demystified ... https:/www.youtube.com/watch?v=p-gaf60S_f4

O Mathieu Ropert: Data Oriented Design and ECS Explained ... https:/www.youtube.com/watch?v=xm4AQj5PHT4
@ Tools

O Compiler explorer ... https:/godbolt.org

O
(@]
(@]
(@]

Valgrind ... https://valgrind.org/
Linux perf ... https://perfwiki.github.io/main

Flamegraph visualization ... https:/aithub.com/brendangrega/FlameGraph

Optick Profiler for games ... https://optick.dev/

O Intel VTune Profiler ... https:/www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html
@ Articles
O Dan Luu: Branch prediction ... https://danluu.com/branch-prediction/

O
(@]
(@]
(@]
(@]
(@]
(©]
(@]

Ulrich Drepper: What every programmer should know about memory ... https://people.freebsd.ora/~lstewart/articles/coumemory.pdf

Jobin Johnson: Branchless programming. Does it really matter? ... https://dev.to/jobinriohnson/branchless-programming-does-it-really-matter-20j4

PACMan: Prefetch-Aware Cache Management for high performance caching ... https://ieeexplore.ieee.org/document/7851493

C++ Tutorial: Intro to Hash Tables ... https://oumpkinprogrammerdotcom4.wordpress.com/2014/06/21/c-tutorial-intro-to-hash-tables

C++ benchmark — std::vector vs. std:list vs. std::deque ... https:/baptiste-wicht.com/posts/2012/12/cpp-benchmark-vector-list-deque.html

Xaktly - Determinant & Cramer's rule ... https://xaktly.com/MatrixDeterminant.html
Profile Guided Optimization (PGO) — Under the Hood ... https://devblogs.microsoft.com/cppbloa/profile-guided-optimization-pgo-under-the-hood
Bjorn Fahller — Performance of flat maps ... https:/playfulprogramming.blogspot.com/2017/08/performance-of-flat-maps.html

Source: ChatGPT
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https://www.youtube.com/watch?v=WDIkqP4JbkE
https://www.youtube.com/watch?v=rX0ItVEVjHc
https://www.youtube.com/watch?v=Ey0H79z_pco
https://www.youtube.com/watch?v=g-WPhYREFjk
https://www.youtube.com/watch?v=p-qaf6OS_f4
https://www.youtube.com/watch?v=xm4AQj5PHT4
https://godbolt.org/
https://valgrind.org/
https://perfwiki.github.io/main
https://github.com/brendangregg/FlameGraph
https://optick.dev/
https://www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html
https://danluu.com/branch-prediction/
https://people.freebsd.org/~lstewart/articles/cpumemory.pdf
https://dev.to/jobinrjohnson/branchless-programming-does-it-really-matter-20j4
https://ieeexplore.ieee.org/document/7851493
https://pumpkinprogrammerdotcom4.wordpress.com/2014/06/21/c-tutorial-intro-to-hash-tables
https://baptiste-wicht.com/posts/2012/12/cpp-benchmark-vector-list-deque.html
https://xaktly.com/MatrixDeterminant.html
https://devblogs.microsoft.com/cppblog/profile-guided-optimization-pgo-under-the-hood
https://playfulprogramming.blogspot.com/2017/08/performance-of-flat-maps.html
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@® Mapa jako pole
O Klice jsou tridené
O Binarni nebo sekven¢ni vyhledavani
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@® Mapa jako pole
O Klice jsou tridené
O Binarni nebo sekven¢ni vyhledavani

4 /

® Pole part

10 J20 w7 4] v [5] *w' |e] *vI" [8] "X’ [9] "IX* [12
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® Dveé oddélena pole
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Credit: Bjorn Fahller — Performance of flat maps







unsigned long al = 0, a2z = 0;

for (size_t i = 0; i < N; ++i) ({
if (bl[i] || b2[i]) {
al += pl[i];
} else {
al *= p2[i];

Godbolt example
(QuickBench)

Credit: Fedor Pikus: Branchless Programming in C++



https://godbolt.org/z/z56bh8qWW
https://godbolt.org/z/nzd7cbY5d

unsigned long al = 0, a2z = 0;

for (size_t i = 0; i < N; ++i) ({

if (bl[i] || b2[i]) {
al += pl[i];

} else {
al *= p2[i];

Godbolt example

i1
, 100000

(QuickBench)

Credit: Fedor Pikus: Branchless Programming in C++



https://godbolt.org/z/z56bh8qWW
https://godbolt.org/z/nzd7cbY5d

unsigned long al = 0, a2z = 0;

for (size t i = 0; i < N; ++i)
if (bl[i] || b2[i]) {
al += pl[i];
} else {
al *= p2[i];

add 4 & imul , guoRD ®
Godbolt example cnp : e ca ooooo

(QuickBench)

unsigned long al = 0, a2 = 0;
for (size t i = 0; i < N; ++i) {
if (bl[i] | b2[i]) {
al += pl[i];
} else {

al *= p2[i];

Credit: Fedor Pikus: Branchless Programming in C++


https://godbolt.org/z/z56bh8qWW
https://godbolt.org/z/nzd7cbY5d

unsigned long al = 0, a2z = 0;
for (size_t i = 0; i < N; ++i) ({
if (bl[i] || b2[i]) {
al += pl[i];
} else {
al *= p2[i];

v

i1
, 100000

Godbolt example

(QuickBench)

unsigned long al = 0, a2 = 0;
for (size t i = 0; i < N; ++i) {
if (bl[i] | b2[i]) {
al += pl[i];
} else {
al *= p2[i];

Credit: Fedor Pikus: Branchless Programming in C++



https://godbolt.org/z/z56bh8qWW
https://godbolt.org/z/nzd7cbY5d

Callgrind (#instr)

Perf (time) Details

Logical OR

134,563,029

Benchmark

0.853 ms

BranchMisprediction

853273 ns 852790 ns

Performance counter stats for './@l-mispredict':

829.819888

20

il

2035

2312066437

<not supported>
<not supported>
2235067958
353769199
46081671

Bitwise OR

172,902,709

Benchmark

0.506 ms -

BranchPrediction

Performance counter stats for '.

786.186525

78

al

2035

2189915718

<not supported>
<not supported>
3870538861
475422439

85181

506101 ns

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend
instructions

branches

branch-misses

502065 ns
—predict':

task-clock (msec)
context-switches
cpu-migrations
page—-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend
instructions

branches

branch-misses

821 items_per_second=117.262M/s

CPUs utilized
K/sec

K/sec

M/sec

GHz

0.97 insns per cycle
426.320 M/sec

1383 items_per_second=199.177

CPUs utilized
K/sec

K/sec

M/sec

GHz

insns per cycle
M/sec
of all branches







#include <vector>
#include <math.h>

std: :vector<double> existing;

std: :vector<double> offset;

std: :vector<double> standalone;

double get(int ci, bool applyOffset,
{
auto res = existing[ci];
if (applyOffset)
res += offset[ci];
if (applyStandalone)
res += standalone[ci];

return res;

bool applyStandalone)




#include <vector>
#include <math.h>

std: :vector<double> existing;
std: :vector<double> offset;

std: :vector<double> standalone;

double get(int ci, bool applyOffset, bool applyStandalone)
{
auto res = existing[ci];
if (applyOffset)
res += offset[ci];
if (applyStandalone)
res += standalone[ci];

return res;

#include <vector>

#include <math.h>

std: :vector<double> existing;
std: :vector<double> offset;

std: :vector<double> standalone;

double get(int ci, bool applyOffset, bool applyStandalone)
{

return existing[ci] + applyOffset * offset[ci] + applyStandalone * standalone[ci];




#include <vector>
#include <math.h>

get(int, bool, bool):
mov Q
movsx
movsd QWORD PT + *81]
test
je
std: :vector<double> offset;

R existing[
std: :vector<double> existing;

std: :vector<double> standalone;

get(int, bool, bool):
mov Q offset[
addsd )) ) R [ +
double get(int ci, bool applyOffset, bool applyStandalone)
{
auto res = existing[ci];
if (applyOffset)
res += offset[ci];
if (applyStandalone)

) °TR standalone[
) TR +rdi*8]
res += standalone[ci];

*8]

return res;

#include <vector>

#include <math.h>

std: :vector<double> existing;
std: :vector<double> offset;

std: :vector<double> standalone;

double get(int ci, bool applyOffset, bool applyStandalone)
{

return existing[ci] + applyOffset * offset[ci] + applyStandalone * standalone[ci];




#include <vector>
#include <math.h>

GOdbOl.t examl,e get(int'mgsdl bOOl):: JORD PTR existing][

mMOVSX

H movsd QWORD PT + *8]
std: :vector<double> existing; (U|CkBenCh #1) test

std: :vector<double> offset;

(QuickBench #2)
std: :vector<double> standalone;

je

get(int, bool,

mov offset[
addsd R [ + *8]
double get(int ci, bool applyOffset, bool applyStandalone)

{

auto res = existing[ci];
if (applyOffset)

res += offset[ci];
. ) } standalone
if (applyStandalone) OWOR TR *g]
res += standalone[ci];

return res;

#include <vector>

) get(int, bool, bool):
#include <math.h> movsx
movzx
pxor
std: :vector<double> existing; oV Zx
mov
cvtsi2sd
s . PXOL
std: :vector<double> standalone; cvtsizsd
mulsd
X mov
double get(int ci, bool applyOffset, bool applyStandalone)

{

return existing[ci] + applyOffset * offset[ci] + applyStandalone * standalone[ci];

std: :vector<double> offset;



https://godbolt.org/z/G183q3jKW
https://godbolt.org/z/57hdfEnM6
https://godbolt.org/z/bq9Tex1Gj
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ratio (CPU time / Noop time)
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@® Neprimé volani
O Pomérné drahé
B Branch misprediction, icache miss, optimalizace
B Snazime se mu vyhnout (v kritickém kodu)
O Jen kdyz ho opravdu potrebujeme
B “inheritance” (interface)
B “type erasure” (std::function)

@® Spravna granularita
O Kod je treba dobre strukturovat
O Meérit
O Experimentovat



‘ Trigger ‘ std::function | Complex calculation

_ Innp ) [for (target=0; target=N; + +target)]
Indirect call

std::function ) [fnitrigger, target) -> result]
boemem———m————————————————————— ).

Trigger evaluation

Target scale & cutoff

std::function | | Complex calculation

Types = Callers | All Callers | Callee Map

Source Code

[P ST— - - - -
Incl Self Distance Calling Callee =
M 5 102988 588 W 1893 949 900 1 438280
| 1668 360748 § 1215661 033 2 7450760 W
1 655520 479 368 486 883 2 438280 W
] 518946 728 554 337 879 1-302) 35534 148 & = - i
1 [ 515417 280 | 515 417 280 2 7012 480 M std:: Function handler<>:: M invoke(std Aﬂ! dat I
| TA7699 715 452699715 36280450 B : >
102 554 980 102 554 980 1-3(3) 2629620 m
64 608 849 64 608 849 2-4(3) 2225256 m
22184141 22184 141 2 3169163
7012 480 139 948 2 438280 W
6872532 6872 532 3 139951 & -
Callees call Graph All Callees Caller Map Machine Code




Trigger |

std::function

Complex calculation

Indirect call

std::function

/ [fn{trigger, target) -> results[N]]

................... }
Trigger evaluation

| IME / [for (target=0; target<N; ++target)]

Target scale & cutoff

Types @ Callers Al Callers | Callee Map | Source Code

L)

P T PeaBuDee SR

|
{

Incl Self

Distance Calling  Callee
BN 4302971453 359147524 1 438280m
B 1504052019 H 1342230 342 2 7450760 W
B 1372692 960 H 1348 587 560 2 438280 W
1 651238882 364 205 286 2 438280 W
443634728 | 379139580 1.3(3) 24577148 &
[z26520 760 226 590 760 2438280 o std:: Function handler<>:: M invoke(std:: Any data. ]
161821677 161821677 3 2238850 W
102554980 102554980 1-3(3) 2629620 M
64 495 148 64495148 2-4(4) 2221340 W
42 863 788 41110 668 2 438280 W
7012 480 140 267 3 438280 m
2077213 £073313 A aannT1 - -
Callees  Call Graph | All Callees = Caller Map | Machine Code
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1) Linearni algebra
a) Pouziti MKL (Math Kernel Library)

b) Malé matice a vektory, rozklad na block-diagonal-matrix

Time



https://en.wikipedia.org/wiki/Math_Kernel_Library
https://math.hecker.org/2011/06/25/multiplying-block-diagonal-matrices/

1) Linearni algebra
a) Pouziti MKL (Math Kernel Library)

b) Malé matice a vektory, rozklad na block-diagonal-matrix
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https://en.wikipedia.org/wiki/Math_Kernel_Library
https://math.hecker.org/2011/06/25/multiplying-block-diagonal-matrices/
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pow(x, 2)
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Linearni algebra

a) Pouziti MKL (Math Kernel Library)

b) Malé matice a vektory, rozklad na block-diagonal-matrix

Exponencialni funkce

a) Pouziti knihoven (std, fmath, fastmath, ...)
b) Je nutné volat pow(x, alpha), kdyz alpha == 1.05?

Porovnani rznych pow implementaci

w———std

----- fmath
fastmath
diff fastmath (10 x)
diff fmath (1075 x)

000000

Godbolt example



https://godbolt.org/z/qKPaaaxhx
https://en.wikipedia.org/wiki/Math_Kernel_Library
https://math.hecker.org/2011/06/25/multiplying-block-diagonal-matrices/
https://en.cppreference.com/w/cpp/numeric/math/exp
https://github.com/herumi/fmath/
https://nic.schraudolph.org/pubs/Schraudolph99.pdf
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Linearni algebra
a) Pouziti MKL (Math Kernel Library)

b) Malé matice a vektory, rozklad na block-diagonal-matrix

Exponencialni funkce

a) Pouziti knihoven (std, fmath, fastmath, ...)
b) Je nutné volat pow(x, alpha), kdyz alpha == 1.05?

Porovnani rznych pow implementaci

w———std

fmath

fastmath

diff fastmath (10 x)
diff fmath (1075 x)
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Krivky x¥ pro rlizné hodnoty o

Godbolt example



https://godbolt.org/z/qKPaaaxhx
https://en.wikipedia.org/wiki/Math_Kernel_Library
https://math.hecker.org/2011/06/25/multiplying-block-diagonal-matrices/
https://en.cppreference.com/w/cpp/numeric/math/exp
https://github.com/herumi/fmath/
https://nic.schraudolph.org/pubs/Schraudolph99.pdf
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