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Naé¢o optimalizovat?
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Tip #1: NEoptimalizujte
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PREMATURE OPTIMIZATION

Come on, do it! Do it now! It feels scooo good.

Knuth: Premature optimization is the root of all evil
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o korektnost

e udrziavatelnost
o efektivnost

DA
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When do | optimize my code?

1. Don't

2. Don’t yet

3. Profile before optimizing
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Two independentparts A B

Original process |
Make B 5xfaster |

Make A 2xfaster |
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CPUS HAVE A HIERARCHICAL CACHE SYSTEM

e on a 3 GHz processor
L1 cache reference
8ranch mispredict
L2 cache reference 4 5 14x L1 cache
Mutex lock/unlock 2
20x L2, 200x L1
Snappy
bps network
SSD=
Read 1 MB sequentially from memory
Round trip within same datacenter
Read 1 MB sequentially from SSD» , 0 3 54X memory
Disk seek 0e, 5 19 s 20x datacenter RT
Read 1 MB sequentially from dis 1 3 . 80x memory, 208X SSD
packet CA->Netherlands->C

https://gist.github.com/hellerbarde/2843375
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Tip #1': Nerobte pracu kompilatora
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ggms‘kgll% Listen(mne(:pp.cnmpodcast:] [ sponsors jrtel. PC-lint £5774 ]
Corsource #1 X D X[ x85-64 goc 102 (Editor #L, Compiler #1) C++ X
A~ BSave/load +Addnew..~ W Vim S Cpplnsights  Quickbench [P x86-64 gec 10.2 v ® -03

; ﬁ:g:;"::m:g:zg':m; A~ @ouput.~ YFiter.~ ELbraries +Addnew..v o Addtool.~

3 1 countNeighbours(std: : vector<std: :vector<int, std::allocator<i

4 int countNeighbours(vector<vector<int>> a, int i, int j){ 2 sub esi,

5 i ; 3 mov  rdi, QWORD PTR [rdi]

6 for (int kei-1; kesisl; ke+) ]: 4 sub  edx, 1

7 for (int L 1e=j+l; Le+) 5 movsx  rsi, esi

§ If (k1= (] L1=j) c += a[kI[L; o movsx  rdx, edx

9 return c; 7 lea  rox, [rsi+rsi®z]

0 ¥ 8 sal  rex, 3
5 mov  rsi, QUORD PTR [rdisrcx]
19 mov  eax, DHORD PTR [rsisrdx*4]
11 add  eax, DWORD PTR [rsi+d+rdx*4]
12 add  eax, DWORD PTR [rsi+B+rdx*4]
13 mov  rsi, QUORD PTR [rdis2d+rcx]
1 mov  rex, QUORD PTR [rdi+dg+rcx]
15 add  eax, DWORD PTR [rsisrdx*4]
15 add  eax, DWORD PTR [rsi+B+rdx*4]
17 add  eax, DWORD PTR [rox+rdx*4]
18 add  eax, DWORD PTR [rox+d+rdx*a]|
19 add  eax, DWORD PTR [rox+B+rdx*4]
20 ret

https://godbolt.org/z/fsnhb9




‘;g; S C e @ @ hitpsi/godbolt.org

EXOPMLSIkER Editor Diff View More ¥

C++ source #1 X

A~ BSave/load < Addnew..~

1 int f(int num) {
2 return num * 3;
3}
x86-64 clang (trunk) (Editor #1, Compiler #1) C++ X
x86-64 clang (trunk) ¥ @& -03

A~ 011010 M.LX0: Mtext E/ O\s+ Eint

1 f(int):
2 lea eax, [rdi + 2*rdi]
3 ret

o = = = = 9acn
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O [

oy )
=t COMPILE
-+ EXPLORE

C++ source #1 X

5 Editor Diff View More

A~ BSave/load < Addnew..~

1 int f(int num) {
2 return (num << 1) + num;

3}
x86-64 clang (trunk) (Editor #1, Compiler #1) C++ X

x86-64 clang (trunk) ¥ @&  -03

A~ 011010 E.LX0: Eitext @/ O\s+ Eint

1 f(int):
2 lea eax, [rdi + 2*rdi]
3 ret

DA
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oo © @ hitpegodbatarg
= Exomzlkgg Editor Diff View More ¥

C++ source #1 X
A~ BSave/load < Addnew..~

1 int f(int num) {
2 return num * 34|

3}
x86-64 clang (trunk) (Editor #1, Compiler #1) C++ X

x86-64 clang (trunk) ¥ &  -03

A~ 011010 E.LX0: Eitext @/ O\s+ Eint

1 f(int):

2 mov eax, edi

3 shl eax, 5

4 lea eax, [rax + 2*rdi]
5 ret

DA
17 /109



Ako optimalizovat

DA
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1. &ast: Menej prace

DA
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Tip #2: Zvolte spravny algoritmus a DS
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@ asymptotickd zloZitost
e ignoruje konstanty
e spravanie pre velké n
e horny odhad
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triedenie
vyhladdvanie
najblizsi mensi
vyhladdvanie v texte

vyhladdvanie reguldrnych vyrazov

22/109



Vyhladdvanie v texte

Do
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TABLE 3 An example of BM algorithm matching process, 4 shifts, 14 comparisons

E|T|T| H|O|T|E|L|T|A|N|G|O|F|O

R|O|T

OX|T|R|O|T

w| & W] | =
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Figure 13.1. The good-suffix shift, u re-occurs preceded by a character c different from a.
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[e]
e
. “ shift

¢ [ ] |

Figure 13.2. The good-suffix shift, only a suffix of u re-occurs in x.
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Bl u T

shift
z | [b] contains nob |

Figure 13.3. The bad-character shift, a occurs in x.
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u_ |

[e]
[

shift

contains no b |

xT

Figure 13.4. The bad-character shift, b does not occur in x.
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Vyhladdvanie reguldrnych vyrazov

D¢
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text: aaaaa
pattern: a?a?a?a?a%aaaaa

https://swtch.com/ rsc/regexp/regexpl.html

31/109



import re
n_
t n*

P

, T
> P
re.match(p, t).group(
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"grep -G

-G "a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a’a?a?a?a?a?a?a?a?aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa” text
$?
gre|
-p

p -l
"a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a’?a ?a?a?a?a?a?a?a ?a?aaaaaaaaaaaaaaaaaaaaaaaaaaaaad” text
$?

grep -

-E "a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a?a’a?a?a?a?a?a?a?a?aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa” text

$?
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HeSovanie

Q>
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string r = ;
FOREACH(it, vec) r += *it;
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string r

boost::algorithm::join(vec,

")

)Q Q
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Tip #3: Robte menej
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std::vector<int> v;
for (int i=0; i<N; ++1)

V.push_back(rand());

DA
38/109



std::vector<int> v;
v.reserve(N);

for (int i=0; i<N; ++1)

V.push_back(rand());
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std::vector<int> v(N);
for (int i=0; i<N; ++1)
v[i]

= rand();

DA
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® Quick C++ Benchmark Discover Build Benc!

1 const int N = 10000
2flistatic void A(benchmark: :State& state) {
3 for (auto _ : state) { [ compiler = GCC 10.1~ H std=cH17~ H optim =03 ~ ]
e std: :vector<int> v;
5 for (int 1=0; i<N; ++i) v.push_back(rand()); ‘ STL = libstdc++(GNU)
o} —
7
8  static void B(benchmark::State& state) {
o for (auto _ : state) { OLIELENS @ Record disassembly () Clear cached results
10, std: :vector<int> v(N);
11 for (int i=9; i<N; ++i) v[i] = rand();
12 }
13}
14, static void €(benchmark::State& state) { Charts. Assembly
15 for (auto _ : state) {
16§ std: :vector<int> v;
17 v.reserve(N); 00000
18 for (int i=0; i<N; ++i) v.push_back(rand());
1900} 250000
20 1}
21 BENCHMARK(A); 200000
22 BENCHMARK(B);
23 BENGHMARK(C); 150000
100000
50000

o

A 8 c

ratio (CPU time  Noop time)
Lower is faster

https://quick-bench.com/q/wKDIW3fhGAIEOwWUQDA6G4rbdsdjc
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#include<iostream>
using namespace std;

int main(int argc, char** argv) {
for (int i=0; i<1000000; ++i)
cout << "Hello World!" << endl;
return 0;

}
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#include<iostream>
using namespace std;

int main(int argc, char** argv) {
for (int i=0; i<1000000; ++i)
cout << "Hello World!\n" << flush;
return 0;

}
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#include<iostream>
using namespace std;

int main(int argc, char** argv) {
for (int i=0; i<1000000; ++i)
cout << "Hello World!\n";
return 0;

}
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@ linedrny find

Q>
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A~
1
2
3
4
5
6
7
8
9

10

https://godbolt.org/z/Y909bW

B+~ v £ »

#include <vector>
using namespace std;

int find(vector<int> &a, int x)
int i=0;
for (; i<a.size(); ++i) {
if (a[i] == x) break;
H

return i;

A~

1
2
3
4
5
6
7
8
9

xB6-64 gcc 10.2

& Output... ~

L7

.L3:

L1

L4

v ©@ 03

Y Filter... = ELibraries 4 Add new...~
mov rcx, QWORD PTR [rdi]
mov rdx, QWORD PTR [rdi+8]
sub rdx, rex
sar rdx, 2
je .l
xor eax, eax
jmp .13
lea réd, [rax+1]
add rax, 1
cmp rdx, rax
je All5L
mov rad, eax
cmp DWORD PTR [rcx+rax*4], esi
jne L7
mov eax, réd
ret
xor rad, r8d
jmp L

# Addtool... ~
find(std: :vector<int, std::allocator<int> >& int):

46
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a +-

using namespace std;

int find(vector<int> &, int x) {
int last = a.size()-1;
int tmp = a[last];
a[last] = x;

i
while (a[i] != x) i+
if (i == last 88 x !=
a[last] = tmp;

return i;

top) ie+;

v B e v

#include <vector> o4 |

A-

1
2
3
4
H
6
7
8
9

xB6-64 gec 10.2

© Output... ~

v © 03

YFiter..~ ELibraries +Addnew...~

# Addtool.

find(std: :vector<int, std::allocator<int> >&, int):

https://godbolt.org/z/rbh6d8

mov

jne
cup
jne
cmp
setne

sbb.

rdx, QWORD PTR [rdi]
rcx, QWORD PTR [rdi+s]
rex, rix

rex, 2

ecx, 1

rax, ecx

rdi, [rdxsrax*a]

r9d, DHORD PTR [rdi]
DWORD PTR [rdi], esi
esi, DWORD PTR [rdx]
L5

eax, 1
réd, eax

rax, 1
DWORD PTR [rdx-d+rax*4], esi

ecx, r8d
La

rad, esi
al

al, 1
rad, -1

DWORD PTR [rdi], rod
eax, réd

rsd, rad
L2

Qe
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A-

x8664gcc102 v @ 03

8+ v £ o» [
#include <algorithm> —

#include <vector>
using namespace std;

int find2(vector<int> &a, int x) {
return std::find(a.begin(), a.end(), x) - a.begin();

A~

@Output... > VFilter.. ~  ELibraries 4 Add new. o Addtoc
Find2(std: ivector<int, std:iallocatoreint> >&, int):
rax,
rdi, QWORD PTR [rdi]
r8, QUORD PTR [raxsg]
rox, 18
rex, rdi
rax, rox
rox, 4
rax, 2
rox, rex
L1d
Tox, 4
rdx, rdi
rex, rdi
.18
Ls:
cp esi, DWORD PTR [rdx+d]
je 125
Cnp esi, DWORD PTR [rdx+8]
je
Cp esi, DWORD PTR [rdx+12]
je
add rdx, 16
o rex, rox
je
Le:
cp esi, DWORD PTR [rdx]
Ine
L22:
sub rdx, rdi
mov rax, rox
sarrax, 2
La:
ret
[} = = =

Do
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Tip #4: Pouzivajte zarazky
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Tip #5: Zrychlite &asty/priemerny pripad
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Priklad 1: UTF8

Q>
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Number

Bits for

First

Last

Byte 1

of bytes code point code point code point
1 7 U+0000 U+007F | OxxxXxXXX
2 11 U+0080 U+07FF | 110xxxxx | 1OXXXXXX
3 16 U+0800 U+FFFF | 1110xxxx | 10xxxxxx | 1Oxxxxxx
4 21 U+10000| U+10FFFF| 11110xxx | 10xxxxxx | 10xxxxxx | 10XXXXXX
o F = = =

Do
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while (s[i]) {

if ((s[i] & OxcO) != 0Ox80) j++;
i++;

}

return j;

https://godbolt.org/z/8vbssd

Qe
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while (s[i] > 0) {
ascii:
i++;

count += i - iBefore;

while (s[i]) {
if (s[i] > 0) {
iBefore = i;
goto ascii;

} else {
switch (0xFO & s[i]) {
case OxEOQ:
i+=3;
break;
case OxFO:
i+=4;
break;
default:
i+=2;
break;
3}
}
count++;

https://godbolt.org/z/1dhKq5
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Priklad 2: Ako funguje string?
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struct string {
int size;
int capacity;

char * data;

};

56 /109



gcc string (version <5)

data
Regular string: T |
13 | 15 I 0 Pla|s|cla]l string\0|7|7|
size capacity refcount-1
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All empty strings:

l:l'

D¢
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fbstring

@author Andrei Alexandrescu

data size capacity
normal string | ' | 14 | 15
union Hlef|l]|l|o], |C|p|pCon 1[\0|?
data
small string [o[s[ [ [-[ ] Il els[-[ Te[ [T T[T T[]
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gcc string (version >=5)

data size capacity
L ¢ | | e |
]
[ in-situ space
T 1 [ B[Rl T
+Has SSO —Only 15-byte capacity
+data(), size() veryfast —Move is no longer memcopy
+Size, 32, is power of 2 —Size is 33% larger than fbstring
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© NEoptimalizujte, nerobte pracu kompilatora
@ Zvolte spravny algoritmus a DS

© Robte menej

@ Pouzivajte zardzky

@ Zrychlite Casty/priemerny pripad
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2. &ast: Rovnaka praca rychlejsie
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CPUS HAVE A HIERARCHICAL CACHE SYSTEM

3 processor

cach rence
Branch mispredict
L2 cache reference
Mutex lock/unlock
Main memory reference
ompr K b s with Snappy
Send 1K bytes er 1 Gbps network
Read 4K randomly from SSD=
Read 1 MB sequentially from memory
Round trip within same datacenter
Read 1 MB sequentially from ; .0 3 54X memory
Disk seek 3 , 08 5 2 20x datacenter RT
Read 1 MB sequentially from di J 5 . s 80x memory, 20X S
Send packet CA->Netherlands->C
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Tip #6: VyuzZivajte efektivne cache
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prechod 2D pola po riadkoch vs. po stfpcoch vs. ndhodne
vector vs. list

gsort vs. heapsort

d-arna vs. binarna halda

flat_hash_set vs. unordered_set

podielové vs. bloom filtre
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Tip #7: Bitova a vektorova mdagia
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Subsets of 0,..., N —1
asubset { O,

3 5
good/bad numbers 0, 1, 2, 3, 4, 5
yes/no bits 10 0 1 0 1 <- binary!
the number 270+ 273+ 275 = 41

Bitwise operations
union: bitwise or
intersection: bitwise and
invert mask: bitwise xor
set {/}: bitwise shifts: 1 << i
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SSE Data Types (16 XMM Registers)

_mi2s | Float | Float | Float | Float | 4x32-bitfloat
__ml2gd | Double | Double | 2x 64-bit double
_mizsi [e]e[ele[e[e[e]e]e[e]ele]e[ele]e] 16xs-bitbyte
__m128i |short| shortl ;hortl shortl shortl shortl shortl shortl 8x 16-bit short
_mizei [_int | imt | int | int | 4x32bitinteger
_ m128i | long long | long long | 2x 64bit long
__m128i | doubleguadword | 1x 128-bit quad

AVX Data Types (16 YMM Registers)

_mm2s6 | Flost | Float | Float | Float | Float | Float | Float | Float | 8x32-bit float

__mm256d | Double I Double | Double | Double | 4x 64-bit double

_ mm256i 256-bit Integer registers, It behaves similarly to __m128i.0ut of scope in AVX, useful on AVX2
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AVX Operation

_mmzs6 | xz | xe | x5 | xa

_mmss [ v | w6 | w5 | wva

__mm256 XT+Y7 Xo+Yo X5+Y5 Xa+Y4 X3+Y3 X2+Y2 X1+Y1 X0+Y0
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Number

Bits for

First

Last

Byte 1

of bytes code point code point code point
1 7 U+0000 U+007F | OxxxXxXXX
2 11 U+0080 U+07FF | 110xxxxx | 1OXXXXXX
3 16 U+0800 U+FFFF | 1110xxxx | 10xxxxxx | 1Oxxxxxx
4 21 U+10000| U+10FFFF| 11110xxx | 10xxxxxx | 10xxxxxx | 10XXXXXX
o F = = =

Do
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while (s[i]) {

if ((s[1] & OxcO) != 0x80) j++;
it+;
}

return j;

Q>
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/* Handle complete blocks. */

for (; ; s += sizeof(size_t)) {
/* Grab 4 or 8 bytes of UTF-8 data. */
u = *(size_t *)(s);

/* Exit the loop if there are any zero bytes. */
if ((u - ONEMASK) & (~u) & HIMASK) break;

/* Count bytes which are NOT the first byte of a character.

count += __builtin_popcountll(u & HIMASK & ((~u) << 1));

https://godbolt.org/z/Pn7xTb

http://www.daemonology.net/blog/2008-06-05-faster-utf8-strlen.html

*/
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* & 0380303080

¢
o
8
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X & 0180308080

* B 0380808080 & (%) << 1)
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o
8
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ONEMASK = 0x01010101

DA
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ONEMASK = 0x01010101

x - ONEMASK

X C
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3 & 0x80808080

ONEMASK = 0x01010101

x - ovEmASK
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/* Handle complete blocks. */

for (; ; s += sizeof(size_t)) {
/* Prefetch 256 bytes ahead. */
__builtin_prefetch(&s[256], 0, 0);

/* Grab 4 or 8 bytes of UTF-8 data. */
u = *(size_t *)(s);

/* Exit the loop if there are any zero bytes. */
if ((u - ONEMASK) & (~u) & HIMASK) break;

/* Count bytes which are NOT the first byte of a character.

count += _ builtin_popcountll(u & HIMASK & ((~u) << 1));

https://godbolt.org/z/Pn7xTb

*/
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constexpr size_t ONEMASK = ((size_t)(-1) / @xFF); // 0x0101810101010161
constexpr size t HIMASK = ONEMASK * 0x80; 7/ 0x8080808030808080

static size_t cp_strlen_utfg(const char * _s) {
t char * s;
size_t count = 0;
size_t u;
unsigned char b;

/* Handle any initial misaligned bytes. */
for (s = _s; (uintptr_t)(s) & (sizeof(size_t) - 1); s++) {
b= s;
/* Exit if we hit a zero byte. */
if (b == '\0') goto done;

/% Is this byte NOT the first byte of a character? */
count += (b >> 7) & ((~b) >> 6);
}

7* Handle complete blocks. */
for (; ; s += sizeof(size t)) {

/* prefetch 256 bytes ahead. */

__builtin_prefetch(&s[256], o, 0);

/% Grab 4 or 8 bytes of UTF-8 data. */

u = *(size_t *)(s);

/* Exit the loop if there are any zero bytes. */
If ((u - ONEMASK) & (-u) & HIMASK) break;

/% count bytes which are NOT the first byte of a character. */
count += _builtin_popcountll(u & HIMASK & ((-u) << 1));
¥

/* Take care of any left-over bytes. */
for (; ; s++) {

b=*s;
if (b == '\0') break;
count (b >> 7) & ((~b) >> 6);
}
done:
return ((s - _s) - count);
¥

https://godbolt.org/z/Pn7xTb




_ m128i ZERO = _mm_setl epi8(0);

for (; ; s += sizeof(__m1281)) {
/* Prefetch 2048 bytes ahead. */
__builtin_prefetch(&s[2048], 0, 0);

u = *(_ml28i *)(s);
if (_mm_movemask_epi8(_mm_cmpeq_epi8(u, ZERO))) break;

_ m1281i snd = _mm_andnot_si128(u, SND);
__m128i res = _mm_and_sil128(_mm_add_epi8(snd, snd), u);
count += __builtin_popcountll(_mm_movemask_epi8(res));
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Popcou nt

Q>
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(x-1)

Hao
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(x-1)

x & (x-1)

DA
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int count(uint64_t x) {
int v = 0;
while(x != @) {

X &= x - 1;
V++;

}

return v;

}

FIGURE 4. The Wegner function in C.

87 /109



88 /109



DA
89 /109



90 /109



D BB DDbD N
(x & 0x5555)

(x & Oxaaaa)
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(x & 0x5555)

(x & Oxaaaa) >> 1
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o
-
o
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o
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(x & 0x5555)

(x & Oxaaaa) >> 1

(x & 0x5555) + ((x & Oxaaaa) >> 1)

o)
I
i
it

93

e
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o
-
N
o

(x & 0x5555)

(x & Oxaaaa) >> 1

(x & 0x5555) + ((x & Oxaaaa) >> 1)

o)
I
i
it
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- 0

0-o

Bl

0-o

(x & 0x3333)

(x & Oxcccc)
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_ ¥

(x & Oxccce) >> 2

Qv
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‘0‘0-0‘0-0‘
‘0‘0-0 0-o

(x & 0x3333)

x
’ - ° ‘ ° -
‘ ° - ’ ° -

(x & Oxccce) >> 2

(x & 0x3333) + ((x & Oxccce) >> 2)

NG
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B
‘ ° ‘ ° - ° ‘ ° - ° ‘
‘ ° ‘ ° - ’ ‘ ° - °

0-0‘
‘0-0

0-
‘0-

° ‘

° ‘

(x & 0x3333)

! ‘

(x & Oxccce) >> 2
2 ‘

(x & 0x3333) + ((x & Oxccce) >> 2)

NG
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w

(x & 0x0£0f)

(x & 0x£0£0)

(x & 0x0f0f) + ((x & 0xf0£0) >> 4)

102/ 1

Nes

09



(x & 0x00£f)

(x & 0x££00)

(x & 0x00£f) + ((x & 0x£ff00) >> 8)
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uinté4_t
uint64_t
uint64_t
uint64_t
uint64_t
uint64_t

uint64_t

x = (X
(x
(x
(x
:(x
eturn

cl
c2
c4
c8
cl
c3

= UINT64_C(9x5555555555555555);
UINT64_C(0x3333333333333333);
UINT64_C(0x@FOF@FOFOFOF@FOF);
UINT64_C (0x00FFQOFFOOFFQOFF);
UINT64_C (0x@000FFFF@OOOFFFF);
2 = UINT64_C(0xQ0000000FFFFFFFF);

6

count(uint64_t x) {

&
&
&
&
&
(x

cl) + ((x
c2) + ((x
c4) + ((x
c8) + ((x
cl16)+ ((x
& c32) +

>> 1) & cl1);

>> 2) & c2);

>> 4) & c4);

>> 8) & c8);

>> 16)) & c¢16);
((x >> 32) & c32);
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uint64_t c1 UINT64_C(@x5555555555555555) ;
uinté64_t c2 UINT64_C(@0x3333333333333333);
uint64_t c4 = UINT64_C(9xO0FOFOFOFQFOFOFOF);

uint64_t count(uinté4_t x) {
X -= (x >> 1) & c1;
x = (( x >> 2) & c2) + (x & c2);
Xx = (x + (x >> 4) ) & c4;
x *= UINT64_C(0x0101010101010101);
return x >> 56;

}
FIGURE 3. The Wilkes-Wheeler-Gill function in C
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pod + pod + pod po4 + pod + po4d pod + pod + po4d pod + pod + po4d
po 8 + po 8 + po 8 + po8

po 16

po 32

po 64
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TABLE 1. Sum of three bits a + b+ ¢. We use & for XOR,

A for AND and V for OR.

a b cla+tbt+e| (adb)dc (anb)V
((a®b)Ae)

0 0 O 0 0 0

0 0 1 1 1 0

0 1 0 1 1 0

1 0 O 1 1 0

0 1 1 2 0 1

1 0 1 2 0 1

1 1 0 2 0 1

1 1 1 3 1 1
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twos ones d; diy1
(input) lnput (mput 1nput)

dita  digs
CSA 1nput (input)
\ CSA e

ones
(output)

f ours twos
(output) (output)
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© NEoptimalizujte, nerobte pracu kompilatora
@ Zvolte spravny algoritmus a DS

© Robte menej

@ Pouzivajte zardzky

© Zrychlite &asty/priemerny pripad

O VyuZivajte efektivne cache

@ Bitova a vektorova magia
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