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O yem noroBopum

3a4yeM BooOLLEe 0O 3TOM rOBOPUTL?

ANropuUTMbl

CTpyKTYpbl AaHHbIX
Move cemaHTHKa

OnTMMM3aLMK U MUKPONTUMM3ALMH

MHOIronoToO4YHOCTb
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[louemy 1 3auem?!



3agadka

5/145



3agadka

prec = (prec >> 31) & Ox7fffffff;
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3agadka

int prec = fi.1i;

prec = (prec >> 31) & Ox7fffffff;

71145



3agadka

union { float f; int i1; } fi;
fi.f = f;
int prec = fi.1;

prec = (prec >> 31) & Ox7fffffff;
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3agadka

unsigned apply(float f) {
union { float f; int i1; } fi;
fi.f = f;
int prec = fi.1i;

prec = (prec >> 31) & Ox7fffffff;
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3agadka

struct mapper {
unsigned apply(float f) {
union { float f; int i1; } fi;
fi.f = f;
int prec = fi.1;
prec = (prec >> 31) & Ox7fffffff;
for (unsigned 1 = 0; ; ++1) {

i1f (prec < ranges[i]) return 1i;

¥

std::vector<int> ranges;
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3agadka

struct mapper {
unsigned apply(float f) {
union { float f; int i1; } fi;
fi.f = f;
int prec = fi.1;
prec = (prec >> 31) & Ox7fffffff;
for (unsigned 1 = 0; ; ++1) {

i1f (prec < ranges[i]) return 1;

¥

std::vector<int> ranges;
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OHo TOro cTtounno?



Int vs Float

bool test ints(int lhs, int rhs) {

return lhs < rhs;

bool test floats(float lhs, float rhs) {

return lhs < rhs;
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Int vs Float

https://godbolt.org/#



Int vs Float

test ints(int, int): # @test ints(int, int)
cmp edi, estl
setl al

ret

test floats(float, float): # @test floats(float, float)
ucomiss xmml, xmmO
seta al

ret
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CMp VS UCOMISS

Instruction tables

Lists of instruction latencies, throughputs and micro-operation breakdowns for Intel,
AMD and VIA CPUs

By Agner Fog. Technical University of Denmark.

171145



CMp VS UCOMISS

Latency:

Reciprocal
throughput:

This is the delay that the instruction generates in a dependency chain. The numbers are
minimum values. Cache misses, misalignment, and exceptions may increase the clock
counts considerably. Where hyperthreading is enabled, the use of the same execution

units in the other thread leads to inferior performance. Denormal numbers, NAN's and in-

finity do not increase the latency. The time unit used is core clock cycles, not the refer-

ence clock cycles given by the time stamp counter.

The average number of core clock cycles per instruction for a series of independent in-

structions of the same kind in the same thread.

Integer instructions

Recipro-

HOPS HOPS cal

fused |unfused through
Instruction Operands domain [domain |pops each port Latency |put Comments
Move instruc-
tions
MOV I p0156 0.25
MOV r8/16,r8/16 p0156 1 0.25
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cCmp VS ucomiss

ADD SUB

ADC SBB

ADC SBB
ADC SBB

CMP
CMP
INC DEC NEG
NOT

INC DEC NOT

m. /i

rr/i
rm
m. /i

rr/l
m. /i

)

Haswell

2p0156 2p237 p4

200156

200156 p23
3p0156 2p237 p4

p0156
H0156 p23
p0156

p0156 2p237 p4

! = M M~ N S =y

F

0.25
0.5
0.25
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cCmp VS ucomiss

VRCPPS
VRCPPS

CMPccSS/D
CMPccPS/D

CMPccSS/D
CMPccPS/D

(U)COMISS/D

(UYCOMISS/D

MAXSS/D PS/D
MINSS/D PS/D

MAXSS/D PS/D
MINSS/D PS/D

AT

Y,y
Y,m256

XX/VVV
Xx.m/vym

X, X
X, m32/64

XX/ VVV

X.m/v,yv,m

X

Qo

MY PV
2p0 p15
2p0 p15 p23

AVX
AVX
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CMp VS UCOMISS

Pa3HWUbl NPaKTU4YeCKN HeT
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CMp VS UCOMISS

Pa3HWUbl NPaKTU4YeCKN HeT

HYXHbl MHCTPYMEHTbl NOoKpy4e
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CMp VS UCOMISS

Intel Architecture Code Analyzer
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Npem rnybxe

include "iacaMarks.h"

template <class T>

unsigned test(const T* range, T prec) {

for (unsigned 1 = 0; ; ++1) {

1f (prec < ranges[i]) return i;

¥

vold testing _cmps(unsigned& a, const int* range, int prec) {
IACA START
a = test(range, prec);

IACA END

} 24 [ 145



Npem rnybxe

include "iacaMarks.h"

template <class T>

unsigned test(const T* range, T prec) {

for (unsigned 1 = 0; ; ++1) {

1t (prec < ranges[i]) return i;

¥

vold testing _cmps(unsigned& a, const int* range, int prec) {
IACA START
a = test(range, prec);

IACA END

} 25/ 145



CMp VS UCOMISS

Throughput Analysis Report

Block Throughput: 2.00 Cycles Throughput Bottleneck: Dependency chains

Total Num Of Uops: 10
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Npem rnybxe

include "iacaMarks.h"

template <class T>

unsigned test(const T* range, T prec) {

for (unsigned 1 = 0; ; ++1) {

1f (prec < ranges[i]) return i;

¥

vold testing_cmps(unsigned& a, const float* range, float prec) {
IACA START
a = test(range, prec);

IACA END

} 271145



CMp VS UCOMISS

Throughput Analysis Report

Block Throughput: 2.52 Cycles Throughput Bottleneck: FrontEnd

Total Num Of Uops: 12
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llaBante BOCNoOb3yeMCS KPYTbiM
6eHYMapKOM U onpeaenuMm pasHULy
MeXXay Cmp M ucomis Ha NpaKTUKe




CMp VS UCOMISS

measure
**% GCC 7
8

64

512

4096

8192

**%* Clang 5
8

64

512

4096

8192

*E*

)R R R R R

S T N A O O =

naive

. 00
.00
. 00
.00
. 00

.00
. 00
.00
. 00
. 00

optim

ERUN'© J ™ S S G N

© Rr B KRB R

.13
.02
.21
.98
.18

.19
.02
.00
.18
.90
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Ctonno nm 310 TaK ONTUMU3NPOBATbL ?
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Ctonno nm 310 TaK ONTUMU3NPOBATbL ?

Mbl nOTpaTnnu Ky4y BPpEMEHMU, NbiTasACb OCO3HATb, YTO HAMMCAHO B KOAE

J1a PYHKUMS HA KPUTUHECKOM NyTKU?
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Uctopua npo 99%, 50% u 1%

Mbl nOTpaTnnu Ky4y BPpEMEHMU, NbiTasACb OCO3HATb, YTO HAMMCAHO B KOAE

J1a PYHKUMS HA KPUTUHECKOM NyTKU?

Boivrpanu 20% npou3BoauTesibHOCTH B Iy4LIEM Clly4ae
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Uctopua npo 99%, 50% u 1%

[ IpornmpoBaHmne BCcero NpUAOXeHMA Crnel, MHCTPYMEHTaMM
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Uctopua npo 99%, 50% u 1%

[ IpornmpoBaHmne BCcero NpUAOXeHMA Crnel, MHCTPYMEHTaMM

3HaeTe 1 6e3 NpodUIMPoOBaHMSA, YTO TOPMO3UT?

35/ 145



Uctopua npo 99%, 50% u 1%

[ IpornmpoBaHmne BCcero NpUAOXeHMA Crnel, MHCTPYMEHTaMM

3HaeTe 1 6e3 NpodUIMPoOBaHMSA, YTO TOPMO3UT?

3amMeHuTe Teno

]
1

VHKLIMK Ha NycToe U nepenpoBepebTel

36 /145



Tak yTO, MOXXHO Becb Ko nucaTtb TAM-
NAM, XOpOoLLO ONTUMU3UPYSA TOJIbKO
HECKOJIbKO OCHOBHbIX (DYHKLMWN?



Henb3s!
Kewmn, onTMMMU3aTopbl, POCT AAHHbIX...



He neccumMmnsnpyem

struct mapper {
unsigned apply(float f) {
union { float f; int i1; } fi;
fi.f = f;
int prec = fi.1;
prec = (prec >> 31) & Ox7fffffff;
for (unsigned 1 = 0; ; ++1) {

i1f (prec < ranges[i]) return 1i;

¥

std::vector<int> ranges;
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He neccumMmnsnpyem

for (unsigned 1 = 0; ; ++1) {

i1f (prec < ranges[i]) return 1i;
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[ lpaBUnbHOE peLueHue

struct mapper fixed {
unsigned apply(float f) {
const auto it = std::lower bound(ranges.cbegin(), ranges.cend(), f);

return 1t - ranges.cbegin();

std: :vector<float> ranges;

}s

41 /145



Kakue BbiBOabl Mbl caenanu? Yrto
3aMOMHUNN?



BbiBOObI

[lepen MUKPOONTUMU3ALUAMU HYIKHO ONTUMU3UPOBATb AJITOPUTM
[Tepen, ntoObIMK ONTUMM3ALMAMU HYXKHA NPOMUTIUPOBKA

Hago ncatb KOMMEHTapUKU K MUKPOONTUMU3MPOBAHHOMY KOAY

He Hago neccMMn3npoBaTtb
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[lpexxpe 4yem Mbl nepenaem K
a/IrOPUTMaM...



OcTtaBuM 3a 6opTOM

|O (ceTb, OMUCK, YCTPOMUCTBA CO CBOEW NAMSATLIO U T.A.)

ApXUTEKTYpA
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A CTOUT N1 oenaTtb MaJiIeHbKUe U
MOHATHbIE MUKPOOMTUMU3ALNUN?



llaBanTte pacnpouliaeMcs ¢ UIII03UAMU

https://godbolt.org/#

unsigned foo(unsigned 1)

return 1 * 2 // mul mam imul - ymMHOXeHue

return 1 << 1; // shl nan + - CABWUI BNEBO

return 1 / 64; /] div - peneHue

return 1 / 11; /] shr - CABWUI BMPaBo
return 1 % 2; // add wu sub - CJIOXEHME W BblYMTAHME
return 1 * 1 * 1 * 1 * 1 * {;
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https://godbolt.org/

OroBopku

https://godbolt.org/z/H-0TA-

https://godbolt.org/z/4MWSLL
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https://godbolt.org/z/H-OTA-
https://godbolt.org/z/4MW8LL

ANropnTMbl



«O» 6onbLuoe

“O” bonbluoe — BpeMsa paboTbl anropuT™Ma / PyHKLMK B 3aBUCUMOCTM OT KONIMYEeCTBa

BXOOHbIX 3nemMeHToB N
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«O» 6onbLuoe

“O” bonbluoe — BpeMsa paboTbl anropuT™Ma / PyHKLMK B 3aBUCUMOCTM OT KONIMYEeCTBa

BXOOHbIX 3nemMeHToB N

for (size ti=0;1<N; ++i) => O(N)
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«O» 6onbLuoe

“O” bonbluoe — BpeMsa paboTbl anropuT™Ma / PyHKLMK B 3aBUCUMOCTM OT KONIMYEeCTBa

BXOOHbIX 3nemMeHToB N
for (size ti=0;1<N; ++i) => O(N)
for (size_ t1i=0;1<N; ++i)

for (size tj=0;j<N; ++j) => O(N?)

52 /145



«O» 6onbLuoe

4 8 16
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«O» 6onbLuoe

N

o B~ DN

16

32

04
128
256
512
1,024

N*log(N)

2

8

24

04

160
384
896
2,048
4,608
10,240

N*N

A
16

04

250

1,024

4. 096
16,384
65,536
262,144
1,048,576
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std::sort(beg, end)

CopTupyeT anana3oH

4173095826@

0123456789 @



std::lower bound(beg, end, value)

bWHapHbLIM NOUCK B COPTUPOBAHHOM [Mana3oHe
[ lo3numa anemeHTa value nnmn anemeHT cpasy cnef 3a HUM

HanTtn no3mumto o BCTaBKKM value B COPTUPOBAHHbIM AMana3oH

std::lower bound(beg, end, 5)

01234 6789 @
012344 789 @@
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std::equal range(beg, end, value)

bWHapHbBIM NOUCK AMana3oHa B COPTUPOBAHHOM Juana3oHe

std::equal range(beg, end, 5)

01234 /[ 8 9@
012344 789 @

01 2 /8 9@



«O» 6onbLuoe

std::sort => O( N*log,(N) )
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«O» 6onbLuoe

std::sort => O( N*log,(N) )

std::stable sort => O( N*log,*(N) )
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«O» 6onbLuoe

stefisort => O( N*log,(N) )
steh:staple—sort => O( N*log.*(N) )

std::minmax element => O(N)
std::partition => O(N)

std::nth element =>"0O(N)
std::partial sort => O( N*log,(S) )
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std::partition(beg, end, pred)

CneBa ot result 6ynet true, cnpasa false:
[beg, result) == true

[result, end) == false

40312 5876@
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std::nth element(beg, , end)

BbicTaBuTb 3Ha4eHWe no utepartopy mid Tak 4Tobbi:
Ecnu otcoptupoBars [ beg, end) To 3HayeHre mid He n3meHuTCS
Cnea oT mid — 3Ha4eHUsaA MeHbwue NN pabHeie mid

Cnpasa oT mid - 3Ha4eHua bosbwue nnu paBHelie mid

40312 9876@

62/ 145



std::nth element(beg, , end)

BbicTaBuTb 3Ha4eHWe no utepartopy mid Tak 4Tobbi:
Ecnu otcoptupoBars [ beg, end) To 3HayeHre mid He n3meHuTCS
Cnea oT mid — 3Ha4eHUsaA MeHbwue NN paBHeie mid

Cnpasa oT mid - 3Ha4eHua bosibwue nnu paBHelie mid

40312 9876@
01234 6789 @
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std::nth element

Hantn 5 ntoopen ¢ HanMeHbLIMM BanaHCcoM

std::nth _element(v.begin(), v.begin() + 4, v.end());

Hantn 5 niogen ¢ Hanbonblmnm banaHCcoM
std::nth element(v.begin(), v.begin() + 4, v.end(), std::greater<>{});

Hantn 1001 no3BoOHMBLLETO

std::nth _element(v.begin(), v.begin() + 1000, v.end());
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std::partial sort(beg, , end)

BbicTaBuTb 3Ha4eHWe no utepartopy mid Tak 4Tobbi:
|beg, mid) He n3ameHATCA, ecnm oTcopTMpoBaTh | beg, end)

[beg, mid) - oTcopTMpOBaHbI

01234 5876
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std::partial sort

Pacnpenenntb 5 NpM30BbIX MECT MO HAMMEHbLLEMY KOJ-BY LUTPaMdHbIX Oannos

std::partial sort(v.begin(), v.begin() + 5, v.end());

[lokapaTtb 9 WKONBHUKOB, NpULLIEALLUX NOCNeAHUMU HA YPOK
std::partial sort(v.begin(), v.begin() + 3, v.end(), std::greater<>{});
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std::minmax_ element

HanTtu camoro 6eagHoro n caMmoro borartoro KimeHTta baHka

auto mm = std::minmax_ element(v.begin(), v.end());
std::cout << *mm.first <<'' << *mm.second << '\n’;
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K komnunatopy!



https: / /github.com /apolukhin



KoHTenHepbl



«O» 6onbLuoe

“O” bonbluoe — BpeMsa paboTbl anropuT™Ma / PyHKLMK B 3aBUCUMOCTM OT KONIMYEeCTBa

BXOOHbIX 3nemMeHToB N
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3Hau MUKpo-Bpara B 11Lo!

ithare.com Operation Cost in CPU Cycles 10° 10" 10 103 104 105 10°
“‘Simple” register-register op (ADD,OR,etc.)
Memory write
Bypass delay: switch between
iInteger and floating-point units
“Right” branch of “if”
Floating-point/vector addition
Multiplication (integer/float/vector) 1-7
Return error and check 1-7
L1 read
TLB miss 7-21
L2 read
“Wrong” branch of “if” (branch misprediction)
Floating-point division
128-bit vector division 10-70
Atomics/CAS
C function direct call
Integer division
C function indirect call
C++ virtual function call
L3 read 30-70

Main RAM read

NUMA: different-socket atomics/CAS

(guesstimate)

NUMA: different-socket L3 read 100-300
Allocation+deallocation pair (small objects) 200-500
NUMA: different-socket main RAM read 300-500
Kernel call
Thread context switch (direct costs) EXT
C++ Exception thrown+caught
Thread context switch (total costs,
including cache invalidation)

A
II |

100-300
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3Hau MUKpo-Bpara B 11Lo!

Allocationt+deallocation pair (small objects)
NUMA: different-socket main RAM read
Kernel call
Thread context switch (direct costs) 2000
C++ Exception thrown+caught

Thread context switch (total costs,
Including cache invalidation)

10000 - 1 million

731145



3Hau HaHo-Bpara B nmuo!

L2 read

“Wrong” branch of “if” (branch misprediction)
Floating-point division

128-bit vector division

Atomics/CAS

C function direct call

Integer division

C function indirect call

C++ virtual function call

L3 read 30-70
Main RAM read
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3Hau HaHo-Bpara B nmuo!

L2 read X

“Wrong” branch of “if” (branch misprediction) >
Floating-point division >
128-bit vector division 10-70
Atomics/CAS X
C function direct call %X
Integer division XX
C function indirect call €
C++ virtual function call Y
L3 read 30-70
Main RAM read
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Kew NMHUSA

B onHou Kewl nuHuu x86 — 64 banTa

B ogHy Kew nuHuto nomeldaetca 16 int
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3Hau HaHo-Bpara B nmuo!

L2 read X

“Wrong” branch of “if” (branch misprediction) >
Floating-point division >
128-bit vector division 10-70
Atomics/CAS X
C function direct call %X
Integer division XX
C function indirect call €
C++ virtual function call Y
L3 read 30-70
Main RAM read

771145



Bce koHTEMHepbI, A9 XpaHeHUA OaHHbIX (He
aCcCOLlMaTUBHbIE)

781145



Bce KOHTeUHepbl, AN XpaHEHUA JaHHbIX

std::vector

791/ 145



container 1.hpp



std::vector

| std: :vector<int>

m data ; Int *
m_capaclty_: s1Zze ¢
msize : si1ze t

empty () : bool
size() : size t

5|1Ze

capac|ty
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container 2.hpp



Barit Ouiuku std::vector



O

Move KOHCTpYKTOPbI U noexcept
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Move construction & noexcept

l

std: :vector<int>

m data : Int *
m capacity : size t

msize . s1ze t

empty () : bool
size() : size t

5|1Ze

capac|ty
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O

Move KOHCTpYKTOPbI U noexcept
TriviallyCopyable
std::vector::reserve
std::vector::at

std::vector<bool>
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container [3-5].hpp



HemHoro o std::deque

shift =3
chunk size =6

0

R
1 I B

) I - s B

=
\
\
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HemHoro o std::deque

deque
first begin | end alloc start size
| |
Y Y \J

________________________________

Tom  mmm - m— —

89 /145



HemHoro o std::deque

https: / /godbolt.org/q/4cJSHF
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HemHoro o std::deque

https: / /godbolt.org/q/4cJSHF
https:/ /gcc.gnu.org /bugzilla /show bug.cgi?id=814061
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https://godbolt.org/g/4cJ5HF

MbI y>ke npoboBanm MCNOIb30BaTh
short?



container [1-2].hpp



Ocobble cnyyaun, Korga vector He o4YeHb



Ocobble cnyyau

OrpomHble 0OBbEMBI AaHHbIX
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Ocobble cnyyau

OrpomHble 0OBbEMBI AaHHbIX

MHOronoTo4YHOCTb M 0CcObas Harpy3Ka
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Ocobble cnyyau

OrpomHble 0OBbEMBI AaHHbIX
MHOronoTo4YHOCTb M 0CcObas Harpy3Ka

AccoumaTrBHble KOHTEUHEPDLI (MHOoraa)
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Ocobble cnyyau

OrpomHble 0OBbEMBI AaHHbIX
MHOronoTo4YHOCTb M 0CcObas Harpy3Ka
AccoumaTrBHble KOHTEUHEPDLI (MHOoraa)

std::string
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Ocobble cnyyau

OrpomHble 0OBbEMBI AaHHbIX
MHOronoTo4YHOCTb M 0CcObas Harpy3Ka
AccoumaTrBHble KOHTEUHEPDLI (MHOoraa)
std::string

std::array
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Ocobble cnyyau

OrpomHble 0OBbEMBI AaHHbIX
MHOronoTo4YHOCTb M 0CcObas Harpy3Ka
AccoumaTrBHble KOHTEUHEPDLI (MHOoraa)
std::string

std::array

Icnonb3oBaHMe CTOPOHHUX OMOIMOTEK CO CTEKOBbIMM BEKTOPAMM

100/ 145



boost::.container::small vector



container [1-5].hpp



AccoumaTUBHbIE KOHTEUHEPD



Bce accounatuBHble KOHTEUHEDDI
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Bce accounatuBHble KOHTEUHEDDI

std::unordered set / std::unordered map

105/ 145



std: :unordered map<int, int*>

~Hashtable<int, int*, ...>

M _buckets

M _bucket count

_M_bbegin

M _element count

~Hash node<int*, false>

M _nxt

M v

pair<int, int*:

\

node_base®

M _nxt
M v
M _nxt
M v
> ~_M_nxt
M v
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BHUMaHMe

std::unordered * KOHTEMHEPbLI MHBANWAMPYIOT UTepaTopbl Npu BcTaske! Jlyyiue
MCNOb30BATb CCbISIKM /' YKa3aTenu Ha 3N1EMEHTHI

He HykeH value? Ucnonb3ymnte unordered set<key>

107 /145



container 6.hpp



Ocobble cnyvyaun



Ocobble cnyyau

HY>XHO XpaHWTb JaHHbIE UMEHHO YNOPSA0YEHHO
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Ocobble cnyyau

HY>XHO XpaHWTb JaHHbIE UMEHHO YNOPSA0YEHHO

Masble 0ObEMbI NaHHbIX
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Ocobble cnyyau

HY>XHO XpaHWTb JaHHbIE UMEHHO YNOPSA0YEHHO
Masble 0ObEMbI NaHHbIX

lcnonb3oBaHMe CTOPOHHUX OMOIMOTEK C “MNOCKMMU aCCOLIMATUBHBIMU KOHTEMHEPAMMU
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flat set / flat map



container 6.hpp



Move ceMaHTUKA



Rvalue & lvalue

void examples() {
std::string sO{"Hello word. Nice to be here!"};
std::string s1 = s0; // KoHCTpyKTOp KonupoBaHuma ana sl
std::string s2 = std::move(s0); // KoHCTpyKkTOp nepemeuweHuna Ana s2,

// sO@ cTaAaHOBUTCA MNYCTbM

s@ = s1; // OnepaTtop npucBamBaHua Ana soO

s2 = std::move(s0); // OnepaTtop nepemMeuweHna ana s?2
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Rvalue & lvalue args

void example rvalue(std::string&& s); // rvalue reference

void example lvalue(std::string& s); // lvalue reference
void example rvalue exp(std::string&& s) { // rvalue reference

std::string s copy = s; [/ KoHcTpykTop KOMWPOBAHMWA! HyxeH std::move

// ANA KOHCTPYKTOpa nepemeweHns!
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Forwarding reference

template <class T>

vold foo(T&& value) { // forwarding reference - nwbaa cconka (const&, &, && u )

std::string s = std::forward<T>(value); // npeBpauwaeTt 6biBuyw && B HACTOAWYK

// rvalue TOJIbKO B cny4yae forwarding reference

119/ 145



Move 3nemMeTHOB U3 KOHTENHEpPA

vold example_appending data(std::vector<std::string>&& data) {
some_vector.insert(
some vector.end(),
data.begin(),
data.end()
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Move 3nemMeTHOB U3 KOHTENHEpPA

include <iterator>

void example move 1iterator(std::vector<std::string>&& data) {
some_vector.insert(
some vector.end(),
std: :make_move_iterator(data.begin()),

std: :make_move_1iterator(data.end())
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1lna npon3BoanUTENbHOCTH:

std::move obbeKT ecnm Bbl ero bosblle He UCMOoSb3YeTe

N ecnu Bbl ero

He BO3BpallaeTe 13 QPyHKLMK

He co30a/siM NpsAMO BO BPEMSA Bbi30Ba

He BO3BpallaeTe ero 13 MyHKLUUM

YHKLINA

return str;
rvalue(std::string{“Hello"})

rvalue(foo())
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Move ceMaHTHUKa

v _new.push back(std::move(v.back()); v.pop back();
v _new.front() = std::move(v| 10]);
v_new.insert(

v_new.end(),

std::make move iterator(v.begin()),

std::make_move_iterator(v.end())
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container /.hpp



He neccumusnpyure



[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector

std::vector::reserve()
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector

std::vector::reserve()

++it;
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector
std::vector::reserve()
+-+it;

for (auto& v: container)

std::unordered _map
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector
std::vector::reserve()
+-+it;

for (auto& v: container)
std::unordered _map

<algorithm>
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector
std::vector::reserve()
+-+it;

for (auto& v: container)
std::unordered _map
<algorithm>

777 std::move & std::make move iterator 777
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector

std::vector::reserve()

+-+it;

for (auto& v: container)

std::unordered _map

<algorithm>

777 std::move & std::make move iterator 777

string view
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[lpocTON KOO, Cpa3y NUWIKNTE NpaBmbHO!

std::vector

std::vector::reserve()

+-+it;

for (auto& v: container)

std::unordered _map

<algorithm>

777 std::move & std::make move iterator 777
string view

[TnwKTE BbipaXkKeHMs MPOCTO U UCNONb3YUTE Lienble Yncna ecnu float BaM He Hy»keH
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MHOIronoTO4YHOCTb



[locTtyn (HenpaBubHbLIM) K 0OLWMM NepeMeHHbIM

int shared 1 = 0;
vold do inc() {
for (std::size . t 1 = 0; 1 < 500000; ++1) {
/] ...

const int i1_snapshot = ++shared_i;

/] ...

}
void do dec() {

for (std::size t 1 = 0; 1 < 500000; ++1) { const int 1 snapshot = --shared i;
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[locTtyn (HenpaBubHbLIM) K 0OLWMM NepeMeHHbIM

int shared 1 = 0;
void do_inc();

void do dec();

void run() {
std::thread t1(&do 1inc);
do dec();
t1.jo0in();
/| assert(shared i1 == 0); // Oops!

std::cout << shared i1 << std::endl;
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locTyn K 0OLLMM NepeMeHHbIM

include <mutex>

int shared 1 = 0;

std: :mutex mutex 1i;

vold do inc() {

for (std::size_t 1 = 0; 1 < 500000; ++1) {

/] ...

{
std::lock_guard<std: :mutex> lock(mutex_1i);
const int 1 _snapshot = ++shared i;

}
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[1IpaBWbHbIM M ObICTPbLIM AOCTYN

include <atomic>

std: :atomic<int> shared 1{0};

voild do inc() {

for (std::size t 1 = 0; 1 < 500000; ++1) {
/] ...

const int i1_snapshot = ++shared 1i;

/] ...
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Mopnenb naMaTu



Memory order

std: :atomic<int> 1{0};

int a, b, ¢, d;
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Memory order

std: :atomic<int> 1{0};

int a, b, ¢, d;

void dependency() {

a
b

C

0,
a + 1;

b + a;
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Memory order

std: :atomic<int> 1{0};

int a =10, b = 11, c = 12;

void dependency() {
a =0; // Ona papyrux notokoB 11 11
b=a+1; // Ona apyrux notokoB 11 {1

c=b+ a; // Ona apyrux notokosB T1 11
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Memory order

std: :atomic<int> 1{0};

int a, b, ¢, d;

void seq cst() {
[¥ 11 *[ a = 0;
i1.fetch _add(1, std::memory order _seq cst);
/* 1t po seq cst, I po seq cst */ b = 0;
/* 1t po seq cst, | po seq cst */ c = 0;
i1.fetch sub(1, std::memory order seq cst);

/[* 11 *[ d = 0;
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Memory order

std::memory order acquire / std::memory order release

std: :memory order relaxed
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conditional variable

include <vectors>

include <condition variable>

class mt_stack {
std::vector<int> data_;
std: :mutex data_mutex_;
std::condition variable cond ;
public:

vold push(int data);

int pop();
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conditional variable

void mt_stack::push(int data) {
std: :unique_lock<std: :mutex> lock(data_mutex_ );
data .push back(data);
lock.unlock();

cond .notify one();
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conditional variable

int mt stack::pop() {
std::unique lock<std::mutex> lock(data mutex );
while (data .empty()) {

cond_.wait(lock);

int ret = data .back();
data .pop back();

return ret;
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shared ptr



shared ptr

include <memory>

std::shared_ptr<int> p = std::make_shared<int>();
auto pl1 = p;
*pl = 42;

assert(*p == 42);
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std::shared ptr<T>

Ptr to Control Block

T Object

Control Block
Reference Count

Weak Count

Other Data
(e.0., custom deleter,
allocator, etc.)



throw



memcpy/memmove
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