RaK NpaBUIbHO NNCATb
KOMMapaTopsl




Ob60 MHe

* Opun Npubos

* IH}KeHep-KoMMUAATOPLMK
* Gmail: tetra2005

e t.me/the real yugr

* https://github.com/yugr

e https://www.linkedin.com/in/yugr/
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[1lnaH AOKNaaa

* YTO e Takoe KomnapaTop

* [lpumep UB

* AKCMOMATUKA KOMNAapaTopoB
e Camble YyacTbie oWnbKu

* /I cpencTtBa nx obHapyxeHusa
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RomnapaTopsl

e ObobweHne operator<
e OYHKTOpPbI-NpPeAMKaTbl 418 CPAaBHEHMS 3/1EMEHTOB KaKoro-nnbo tmna

* ilcnonb3ytoTca pasIMYHbIMU aATOPUTMaMKN U KOHTEMHEPaMM
CTaHAapPTHOM BUBNNOTEKMN ANA ynopsaaoveHMs/noncka obbeKTos

auto = [1( ; ) { return (2) < (v): }s
( / / ) ;

( / ); // Ucnombpsyercsa operator<
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ilcnonb30BaHME KOMMapaToOpPOB

* CTaHOapTHble KOHTEUHEPDI:
* std::map, std::multimap
* std::set, std::multiset

* CTaHAapTHbIE aNrOPUTMbI:
* std::sort, std::stable sort
* std::binary search
* std::equal range, std::lower bound, std::upper bound
* std::min element, std::max element, std::nth element

etc.
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[Tpumep MCNob30BaHMA KOMMNapaTopa

int main () A

std: :vector<int> wvals;
srand (0) ;
for (size t 1 = 0; 1 < SIZE; ++1)

vals.push back((double)rand() / RAND MAX * 10);
std::sort (vals.begin (), vals.end(),

[] (Int 1, int r) { return | <= r; });

for (auto v : vals)

std::cout << v << "\n";
return 0O;
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[Tporpamma paboTtaet?

gt+ —-g -DSIZE=10 bad.cc &é&

W O J J J 0rw W N P Ur

./a.out
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Nnn HeT...

g++ —-g -DSIZE=50 bad.cc && ./a.out

O N O R P - W0

double free or corruption (out)
Aborted
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Buffer overflow!

$ g++ -g -DSIZE=50 -fsanitize=address -D GLIBCXX SANITIZE VECTOR=1 bad.cc && ./a.out

==143607==ERROR: AddressSanitizer: container-overflow on address 0x611000000108
READ of size 4 at 0x611000000108 thread TO

#0 0x55fa93254d5c in operator ()< gnu cxx:: normal iterator<int*, std::vector<int> >,
__gnu_cxx:: normal iterator<int*, std::vector<int> > > /usr/include/c++/10/bits/predefined ops.h:156

#1 0x55fa93255164 in unguarded partition< gnu cxx:: normal iterator<int*, std::vector<int> >,

__gnu_cxx:: ops:: Iter comp iter<main()::<lambda(int, int)> > > /usr/include/c++/10/bits/stl algo.h:1904

#2 0x55fa9325428b in _ unguarded partition pivot< gnu cxx:: normal iterator<int*, std::vector<int> >,
__gnu cxx:: ops:: Iter comp iter<main()::<lambda (int, int)> > > /usr/include/c++/10/bits/stl algo.h:1926

#3 0x55fa93253d1f in  introsort loop< gnu cxx:: normal iterator<int*, std::vector<int> >, long int,
_ gnu cxx:: ops:: Iter comp iter<main()::<lambda(int, int)> > > /usr/include/c++/10/bits/stl algo.h:1958

#4 0x55fa93253d3d in __ introsort loop< gnu cxx:: normal iterator<int*, std::vector<int> >, long int,
__gnu_cxx:: ops:: Iter comp iter<main()::<Ilambda(int, int)> > > /usr/include/c++/10/bits/stl algo.h:1959

#5 0x55fa93253d3d in _ introsort loop< gnu cxx:: normal iterator<int*, std::vector<int> >, long int,
__gnu_cxx:: ops:: Iter comp iter<main()::<lambda(int, int)> > > /usr/include/c++/10/bits/stl algo.h:1959

#6 0x55fa93253a6f in  sort< gnu cxx:: normal iterator<int*, std::vector<int> >,
_ gnu cxx:: ops:: Iter comp iter<main()::<lambda(int, int)> > > /usr/include/c++/10/bits/stl algo.h:1974

#7 0x55fa932537fb in sort< gnu cxx:: normal iterator<int*, std::vector<int> >, main()::<lambda(int, int)> >

/usr/include/c++/10/bits/stl algo.h:4894
#8 0x55fa932534ca in main /home/yugr/tasks/CppRussia/bad.cc:11
#9 0x7f9bba05ad09 in  libc start main ../csu/libc-start.c:308
#10 0x55fa93253249 in start (/home/yugr/tasks/CppRussia/a.out+0x2249)
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[TpnYMHa OMNOKM

* Pa3buneHne maccrBa no oNnOpPHOMY 3/1IeMeHTY (OCHOBHOM Lwiar
HbICTPOW COPTUPOBKMU)

RandomAccessIterator

__unguarded partition( RandomAccessIterator  first,
_RandomAccessIterator  last,
T  pivot, Compare  comp) {

while (true) {

// IomxeH HaWTUCh BJIEMEHT, He MeHbIm  pivot
while ( comp(* first,  pivot))
++ first;
-—- last;
while ( comp( pivot, * last))
-—-  last;
if (! ( first < last))
return  first;
std::iter swap( first,  last);

++ first;
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[TpnYMHa OWNOKM

* ONopHbIN anemeHT  pivot BbibUpaeTca Kak meanaHa Nepsoro,
cpefHero u nocnefHero seMmeHTa MaccmBa

* [loaTOMY NpPK BXOAE B LMK BCeraa CywecTBYHOT a U b, Takue 4To
(2, ) && ( , D) (

* 1 3TOT MHBAPMAHT COXPaHAETCS B XOA4e BbINOJIHEHUS BHELLUHEro uMKkna

|

[NponeaesTnyecKoe

yrpoLeHue

* 13 3TOrO NO MAaee cneayet ycaAoBue, rapaHTUPYLOLLEE OTCYTCTBUE
BbIXO/Aa 3a rpaHMLLbl MaccuBa:

! ( o a) && ! (O, )
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[TpnYMHa OWNOKM

na komnapaTtopa
auto = []( , ) { return <= 1v; }
He BbINO/IHAETCA yC/10BMe
( , D) = ! (b, )

B C/yYae ==

HapylwaeTtcs HeobXxoAMMbIM MHBAPUAHT LMKAA U NPOCXOAUT
nepenosiHeHne bydepa.
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TpeboBaHMA K KOMNApPATOPaM



TpeboBaHMA K KOMMapaTopam

* 1na n3bexaHmsa ownbok B pabote aATOPUTMOB COPTUPOBKMU
KOMMNapaTopbl AOMXKHbI YAOBAATBOPATb Habopy npasua (akcnmom)

* [lpaBuna yKasaHbl B cTaHgapTe A3bika: bit.ly/3LpH5NCc

* HapyweHue akcuom npmsoaut K Undefined Behavior (aBapuinHble
3aBepLUEeHNA, HEKOPPEKTHbIE pe3ynbTaTbl, 3aBUCAHUA)

* He cneundunynbl ana C++: C, Java, Lua, Swift, JavaScript n Rust
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AKCMOMBbI CTPOroro 4YaCcTMYHOro NopsaaKa

* MppedneKcnBHOCTb:
! (2, a)
* AHTUCUMMETPUYHOCTb:
(2, b) = | (b, a)
* TPAH3UTUBHOCTb:
(2, b) && (b, c) = (2, <)
* B anrebpe Takme KomnapaTopbl HA3bIBAOT CMpPO2UMU YACMUYHbIMU
MopAOKAMU, a COOTBETCTBYHOLWMNE MHOXECTBA — YACMUYHO

ynopsidoyeHHbiMmu (partially ordered)
* KpaTtko: YYM unu poset
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OTHOLWEeHWe 3KBMBA/IEHTHOCTU

* C KaxK4blM KOMNapaTOPOM CBfi3aHa eLé ogHa GyHKLMA
(“oTHOWeEHne” B TepmuHax anrebpobi):

( ’ ) |

return ! (a, b)) && ! (b, a);

}
* OTHOLWEHMNE 3KBUBAIEHTHOCTM UM HecpaBHMMOCTU (incomparability)

* [loKa3bliBaeT YTO ABa 3/1eMeHTa “HepPa3/IMYnMbl” € TOYKU 3peHunn
KomnapaTopa

* [loxorKke Ha onepaTop paBeHCTBa, HO BOOOLLE roBOpPA OT/IMHAETCA OT
operator==
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Tpa H3INTUBHOCTb 9KBUBAJIEHTHOCTU

* TPAQH3UTUBHOCTb 3KBNBAJIEHTHOCTMW:
(2, D) && (b, ¢) = (2, <)

* CopTUpPYyEMOE MHOKECTBO MOXKHO Pa3buTb Ha rpynnbl "paBHbIX"
31€eMEHTOB

* 3TK rpynnbl byayT Bectn ceba ogMHAKOBO B CPAaBHEHUAX:

* CpaBHeHMe NtobOro akzemnaspa rpynnbl C APYrMMmn 3N1eMeHTaMM MHOMKeCTBA
6yneTt AaBaTb OAMHAKOBbLIM pPe3ynbTaT HeE3aBMCUMO OT Bblbopa aK3emnaapa
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Tpa H3INTUBHOCTb 3KBUBAJIEHTHOCTU

* Heobxoanmoe ycnosume ansa scex “ObicTpbix” anroputmos
COPTUPOBKMU

« Why do we need transitivity of equivalence

~pePnn
* He Bcem anroputmam STL TpebyeTcs TpaH3IEIITMéHOCTb
S3KBMBANEHTHOCTU!
* Hanpumep gna std::min/min_element 4ocTaTO4YHO YaCTUYHOTO
nopaakKa
* Ho CtaHpapT TpebyeT BbINONHEHUA YETLIPEX aKCMOM ANS BCEX
anroputMoB (BeposiTHO ANA yrNpoLLeHuns)
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Strict weak ordering

* Ctporun cnabbi nopagok (strict weak ordering)
¢ qaCTMHwaaHOpﬂAOK'FTpaHBMTMBHOCTb3KBMBaHEHTHOCTM

* Bbiaep*KKku n3 n4868:
* alg.sorting:

* For algorithms other than those described in [alg.binary.search], comp shall induce a
strict weak ordering on the values.

e utility.arg.requirements (Cppl7LessThanComparable):
e < s a strict weak ordering relation
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YacTble OWnNOKU



YacTble oWKnbKM: HENPaBUIbHbIN
NeKCcuKorpaduyeckmin NopaaoK

* Camas yactana owmbKa npwu
HanMcaHUM KOMMNapaTopoB

* HapylweHa akcmoma
AaHTUCUMMETPUYHOCTM:

(100, 2) < A(200,
(200, 1) < A(100,

operator<(const &
1f (2 < )

return true;

else 1f (y < )

return true;

else

return false;
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HacTble OWNBKN: NEKCUKOTPaAPUYECKNIA

MopsAa0K

* [IpocToe ncnpasseHue:

if (x < )
return true;
else 1f (x ==
return true;
else

return false;
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HacTble OWNBKN: NEKCUKOTPaAPUYECKNIA
nopagoK

* Ho nyJywe:
* UCNONb30BaTb Std: :tie N BCTPOEHHbIN ONEpPaTop CPAaBHEHUA KOPTEXKEN:

return ( , ) < ( , ) ;

e (C++20) ncnonb3osaTtb peanmsaunto operator< no YMOAYaHUIO:

bool operator<(const &) const =
default;

23/49



YacTble oWwnbKM: HeCTPOrMM NOPA 0K

Why will std::sort crash if the comparison function is not as operator <?

d 9 years, 7 months ago M ed 3 years, 1 month ago | ed 14k times

The following program is compiled with VC++ 2012.

<algorithm>

‘tE&coll[Eﬁ], &coll[28]); //

If | change return a <= other.a; {0 return a < other.a; then the program runs as expected
with no exception.

The Overflow Blog

s

What's the diffd

engineering an
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[J Improving the ¢

and post noticq
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Related Questi

= Should we bun

HapyweHa
NppePNeKCMBHOCTb U
AHTUCUMMETPUYHOCTb
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YacTble oWwmnbKM: oTpuLLaHMe CTPOroro
nopsaKa He ABAAETCA CTPOrMM NOPAAKOM

* [1pyraa Bapunauma TOW e oWunbKu:
auto = < > () ;
auto = (11t) ;

(vee) o, ) ;

* OTpULLAHME CTPOTOro NopsaKka ABNAETCS Hecmpoaum NopPsAKoM (U
HapyLlaeT akcMoMy aHTUCMMMETPMUY HOCTVI)

* [lpmep U3 XKU3HMN:
e Bug hunting fun with std::sort

Elﬁﬂmi
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YacTble ownbkm: NaN

100, 5, 3, NAN, 200, 11

for (auto : )

return 0;
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YacTble ownbkm: NaN

S g++ bad.cc && ./a.out
3

5

100

nan

11

200
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YacTble ownbkm: NaN

* TNbl C NN13aBaOLWEN TOYKOU NOAAEPHKUBAIOT CNeLnasbHble 3Ha4YeHUA
NaN, KoTopble BO3HMKAIOT B pe3ynbTaTe HEKOPPEKTHbIX BbIYNCAEHNN
* HaNnpUMep U3BNEYEHMA KOPHA U3 OTPULATENIbHOIO Ymncaa namn genenma 0/ 0

e CpaBHeHue ¢ NaN Bceraa Bo3Bpaulaet false, noatomy NaN
9KBMBAJIEHTEH BCEM OCTa/IbHbIM YMC/1aM

* 3TO NPUBOAMUT K HAPYLUEHUIO TPAH3UTUBHOCTU 3KBUBAJIEHTHOCTM (4
akcuoma):
e NAN ~ 1.0
e NAN ~ 2.0
* HoHE1.0 ~ 2.0
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YacTble ownbkm: NaN

e [loctaTtoyHO Nnepen copTmpoBkon n3basmntbcss oT NaN'oB ¢ nomoLlbto
std::partition:
auto = (&a[10],
&a [ (2) 1,
[

1 ) |

return ! ()7 })s

* B cnyyae std::map caenatb Knaccc-ob6€pTKy Hap float
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YacTble oWMBOKN: NPUBANKEHHbIE CPAaBHEHWSA

bool (double a, double b) {
|if ( (a - b)) < ) return false;l

return < b;

}

* [lporpammumnct xoten 4tobbl "6an3Kme" anemeHTbl paccMaTpmUBaINCD
KaK 9KBUBAJIEHTHbIE

* Ho NPU 3TOM HApywmna akCUOMY TPAH3IUTUBHOCTN SKBNBAJTIEHTHOCTU.
(0, 0.5 = ) == true
(0.5 ~* , ) == true
(0, ) == false
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YacTble OWMDOKK: HEKOPPEKTHaA obpaboTKa

crieudna/ZibHOro CJiy4ad

[] (std::unique ptr<SomeClass>
std::unique ptr<SomeClass>
it (! ())
return true;
else 1f (! ())

return false;

else

return *a < *b;

4

)

{

HapyweHa
nppedNeKCUBHOCTb U
aHTUCMMMETPUYHOCTb
ecnu oba onepaHaa
Hy/ieBble
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YacTble OWMDOKK: HEKOPPEKTHaA obpaboTKa
CreunanbHOro cay4das

O6LwWmm NnaTTepH oWwnbKK: NcnpaBneHue:

[]( / ) | [1( / ) |

1t ( ( ) ) ' 1t | ( ) | ( ))

return true; return ( ) < (
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YacTble oWmnOKK: cpaBHEHME 0CODbIX
0OBbEKTOB OTAE/IbHbIM aITOPUTMOM

Ob6wmm naTrepH oWnbKK:
auto comp = [] (Object a, Object b) {

1f (is special(a) && 1is special (b))

return comp special (a, Db);

else

return comp default(a, Db);

} Default
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YacTble oWmnOKK: cpaBHEHME 0CODbIX
0OBbEKTOB OTAE/IbHbIM aITOPUTMOM

* AKCMOMa TPAH3UTUBHOCTMU:
( / ) && ( ’ ) =

( , )
— N\

* Packpoem BblparkeHue:

(spl, ) &&
(spZ, ) =

( : )

 Comp_special n comp_default 06b14HO nornuecku n
aZITOPUTMMYECKU He CBA3AHbI U CNeaAcTBUE He
BbINOJIHAETCA
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YacTble OWKMBOKN: cpaBHEHME 0CODbIX
0OBEKTOB OTAE/IbHBIM aJTOPUTMOM

* HapyweHa TPpaH3UTUBHOCTb: class A {

* A(true, 1, 3) < bool ;
true, 2, 1)

Al int x, ;
* A(true, 2, 1) <
A

false, 1, 2) bool operator< (A ) A
e | A(true, 1, 3) < if | && )
A(false, 1, 2) return < ;

return < :

* [lpymep 3 XU3HU: %E‘
- GCC Bugzilla #68988 %ﬁ \
OF®
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YacTble oWmnOKK: cpaBHEHME 0CODbIX
0OBbEKTOB OTAE/IbHbIM aITOPUTMOM

NAcnpaBneHue:
auto comp = [] (Object a, Object b) {
i1f (is special(a) != 1is special (b))

return 1s special(a) < 1s speclal (b);

else 1f (is specilal(a) && 1is special (b))
return comp special (a, b);
else

return comp default(a, Db);
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NHCTPYMEHTHI



OTnago4yHble cpeacTBa B Tya4enHax: libstdc++

* B libstdc++ ¢ nomoubio makpoca —D GLIBCXX DEBUG MOXHO
BK/IIOYMTb AOMNONHUTENBHYIO NPOBEPKY NpPedNeRCUBHOCTY

e OHa 6bl Hawna oWKMOKY U3 HaYasa Npe3eHTaLum

$ cat /usr/include/c++/10/bits/stl algo.h

inline wvoid

sort (  RandomAccessIterator @ first, RandomAccessIterator  last,
_Compare  comp)
{
__glibcxx requires irreflexive pred(_ first, _ last, _ comp);
std:: sort( first, last, gnu cxx:: ops:: 1iter comp iter( comp));

}
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OTnago4Hble cpeactsa B TyadenHax: libc++

* B libc++ c nomouwbto maKpoca
-D LIBCPP ENABLE DEBUG MODE MOXHO BKNOUMTbL NPOBEPKY

dCUMMETPUYHOCTU:

Comparator consistency checks

Libc++ provides some checks for the consistency of comparators passed to algorithms. Specifically, many algorithms such as binary search, merge,
next permutation, and sort, wrap the user-provided comparator to assert that ‘comp(y, x) whenever comp(x, y). This can cause the user-provided comparator to be
evaluated up to twice as many times as it would be without the debug mode, and causes the library to violate some of the Standard’'s complexity clauses.
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OTnago4Hble cpeacTBa B Ty/lMEeMHax

e Ob6e onuumn MMetoT cyLLlecTBEHHbIe (2X) HaKnaaHble pacxoabl
* PekomeHAayeTcA NCMONb30BaTb TO/IbKO AJ/19 TeCTUPOBaHUA

* YeKkepbl KOMMNAPaTOPOB He A0/IKHbl MEHATb aJATOPUTMUYECKYIO
cnoxHoctb anroputma O(N*logN)

* 1 no3TOMY HE MOTYT NPOBECTU MOJIHYIO NPOBEPKY KOPPEKTHOCTU
* Hanpumep npoBepKy akCMOM TPaH3UTUBHOCTM
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SortChecker++

e https://github.com/yugr/sortcheckxx

e INHAMMNYECKUN YEeKep A8 NPOBEPKN KOMMNAPATOPOB B NPOrpammax
Ha C++

* [lepexBaTbiBaeT 1 nposepaeT STL APl TMna std: :sort u
KOHTEMHepbl TUNA std: :map

* OCcHOBaH Ha source-to-source nHctpymeHtauum (Clang-based)
* 5 ownboK B pasnmnyHbix OSS npoeKrax

* TODO: nogaepxaTb BCce pesieBaHTHble anroputmel (nth element,
etc.)
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SortChecker

e https://github.com/yugr/sortcheck

e INHAMMNYECKUN YEeKep A8 NPOBEPKN KOMMNAPATOPOB B NPOrpammax
Ha Cu

* [lepexsaTtbiBaeT u nposepsaeT libc APl TMna gsort nbsearch
* OcHOBaH Ha ANHaMMYecKon MHcTpymeHTaummn (LD PRELOAD)
* Haweén 15 owmnbok B pasnmyHbix OSS npoekTtax (GCC, Harfbuzz, etc.)
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Kak mcnonb3osaTtb SortChecker++

* BHayane MHCTPYMEHTUPYEM KOA,:
S sortcheckxx/bin/SortChecker bad.cc -- -DSIZE=50

( ’

( . . ) i ——> )

* CKOMNMUANPYEM M 3aMNYCTUM MHCTPYMEHTUPOBAHHbIN KOA 13 Ha4yana

npeseHTaunm:
$ g+t+ —-g -DSIZE=50 -Isortcheckxx/include bad.cc &é&

./a.out
sortcheck: bad.cc:14: irreflexive comparator at

position O
Aborted
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[lceBOOKOA

e Kaxkapin 3anyck std: : sort n aHanormdHbix APl npeaBapseTcs NnpoBepKamu:

for in
if (2, %)

for x, , in
if (x, vy) && (v, z) && ! (2, 7)
error

* CnoxKHocTb NpoBepok coctaBnaeT O(N”3)

* CyllecTBEHHO NPeBOCXOAUT Aaxe std: : sort, He rosopsa o 6onee HbICTPbIX aArOpUTMax
(std::max element, etc.

* Ha npaKTuke 06xoamnTCA He BECb MaccKB, a ero Hebonbluoe nogmHoxecTso (20-30 anemeHTOB)
44/49



BbICTPbIV @NTOPUTM MPOBEPKN

e https://github.com/danlarkl/quadratic strict weak ordering
* [pepnoxxeH . KyteHMHbIM B Havane 2023 roaa

* Noea anroputma:
* [lpeaBapuUTENBHO OTCOPTUPOBATL MACCUB YCTOMYUBLIM aITOPUTMOM

* Bblaensatb B OTCOPTUPOBAHHOM MaccmnBe NpedUKCbl IKBUBAIEHTHbIX
3/1eMEHTOB
* N npoBepATb UX HA TPAH3UTMBHOCTb C OCTaBLLENCA YaCTbo MacCMBa

* CHMXaeT cnoxkHocTb Ao O(N”2) (no npexkHemy npeBoCXxoauT
CNOYKHOCTb NPOBEPAEMbIX aNTOPUTMOB)

e BoamorkHO byaeT nHterpmposat B libc++ (D150264) n
SortChecker
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YTO nouynTaTb

e Danila Kutenin Changing std::sort at Google’s Scale and Beyond

e Jonathan Miller Mathematics behind Comparison
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PekomeHaaLUNU

* U36erante TMNMYHbIX OWNOOK B paboTe

* Bkatounte GLIBCXX DEBUG U
_LIBCPP ENABLE DEBUG MODE B cBoéMm Cl

* MpnumeHute SortChecker n SortChecker++ K cBoemy Koay
e CoobuieHuna 06 owmnbKax n AonoNHeHnA npmseTcTBytoTCA !
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[pyrne Tmnbl ownbOK B KOMNapaTopHbIX AP

* HeoTcopTupoBaHHble maccuBbl B APl Tnna std: :binary search
* nopgaep:msaetcs B SortChecker/SortChecker++

* PacyéT Ha onpeaenéHHbIN NOPAAOK COPTUPOBKM IKBMBANIEHTHbIX
3N1EMEHTOB

* nposepseTca B 0TAafo4Hou libc++ (-D LIBCPP ENABLE DEBUG MODE)c
NOMOLLbIO PaHAOMM3aLUN
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Cnacmbo 3a BHUMaHue!
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Spaceship-onepaTtop U comparison categories

e CTaHOAPT ABUMKETCS B CTOPOHY ABHOMO npeacTasB/ieHUsa NOHATUA
nopsaka B A3blke

* B C++20 BBeAEH HOBbIN TUMN ONepaTop CPaBHEHMA: operator<=>
* CoKkpawaeT 06bEM Koaa ANAa peannsalmm Bcex onepaTtopos CpaBHEHUA (==,
1=, <, >, <=, >=)

* MoeT BO3BpdWadTb 3Ha4eHNe o4HOIro mn3 3 TMNOB (comparison
categories) B 3aBUCMMOCTM OT BUAA NOPAJKA, peanmnyemoro
K/1aCCOM:

* std::partial ordering
* std::weak ordering
* std::strong ordering
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CeMaHTMKa comparison categories?

* MoXHO 6b1210 6bl NPEANONOKNTL YTO HA/IMYNE KAaTErOPUN AQET
rapaHTnm o noseaeHnmM K1aCCa, Hanpmmep
* std::partial ordering— Knacc ABNAETCA YaCTUUYHbIM NOPALKOM ?
* std: :weak ordering-—Knacc asnaerca cnabbim nopagKkom ?

* Ho Ha AiaHHbI MOMEHT 3TO He rapaHTupyetcs CTaHaapToM

* BbibOp TOM MM MHOWN KaTEropmmn He AaEeT HUKOKUX FapaHTUI
NOBEAEHMUA N CNIYXKUT CKopee ANA AOKYMEHTUPOBAHMUS

* Implied meaning of ordering types Eﬁﬁ'@
Ok
ONTEr
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YacTble OWMOKN: HENPaBU/IbHbIN
NeKcukorpadpmuueckmnin nopaaok

[Mpumepbl:
* https://stackoverflow.com/questions/48455244/bug-in-stdsort

* https://stackoverflow.com/questions/53712873/sorting-a-vector-of-a-
custom-class-with-stdsort-causes-a-segmentation-fault

e https://stackoverflow.com/questions/68225770/sorting-vector-of-pair-using-
lambda-predicate-crashing-with-memory-corruption

* https://stackoverflow.com/questions/72737018/stdsort-results-in-a-segfault

* https://stackoverflow.com/questions/33547566/strict-weak-ordering-
operator-in-c
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YacTble oWnbKKM: HeCTPOTmMi NOPAJOK

* https://stackoverflow.com/questions/40483971/program-crash-in-stdsort-
sometimes-cant-reproduce

* https://stackoverflow.com/questions/65468629/stl-sort-debug-assertion-failed

* https://stackoverflow.com/questions/18291620/why-will-stdsort-crash-if-the-
comparison-function-is-not-as-operator

* https://stackoverflow.com/questions/19757210/stdsort-from-algorithm-crashes

* https://stackoverflow.com/questions/64014782/c-program-crashes-when-trying-
to-sort-a-vector-of-strings

* https://stackoverflow.com/questions/70869803/c-code-crashes-when-trying-to-
sort-2d-vector

* https://stackoverflow.com/questions/67553073/std-sort-sometimes-throws-
segmention-fault
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YacTble OWMDOKK: HEKOPPEKTHaA obpaboTKa
CreunanbHOro cay4das

* [lpumepbl:
* https://stackoverflow.com/questions/55815423/stdsort-crashes-with-strict-
weak-ordering-comparing-with-garbage-values

* https://stackoverflow.com/questions/48972158/crash-in-stdsort-sorting-
without-strict-weak-ordering

54/49



YacTble ownbkm: NaN

* [lpumep:
* https://stackoverflow.com/questions/9244243/strict-weak-ordering-and-
stdsort
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YacTble oWMBKN: NPUBANKEHHbIE CPAaBHEHUA

* [lpumep:
* https://stackoverflow.com/questions/68114060/does-using-epsilon-in-
comparison-of-floating-point-break-strict-weak-ordering
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