OOBbEKTHO-OPUEHTUPOBAHHOE
nporpamMMmpoBaHmne

|X. KOHTpaKThbI
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BoiasneHune tuna (type inference)

o [lpouecc yaoBneTBopeHUs orpaHuvyeHun (constraint satisfaction)
o Annnukauus QyHKUMN K aprymMeHTy reHepupyeT orpaHudeHue, rnpupasBHuBaroLlee
TMN JOMeEHa (PYHKLMN K TUMNY aprymeHTa
o OrpaHuyeHus paspeLlaoTcsd METOOOM UCKIToYeHUs (unification)
o Ecnun peweHnn HeT — ownbka onpegenenus Tuna (overconstrained)
o Ecnu peweHnn HeckomnbKo, pyHKUMS NnonnmMmopdHa, Korga ectb O4HO “nydilee’
pelwieHne (underconstrained)
o [Ecnn ctporo ogHo pelwieHne — npobrnema onpegeneHna Tuna OAHO3Ha4yHa

(uniquely determined)
o [leperpy3ka onepaTtopoB CO30a€ET AOMNOSTHUTENbHbIE CIOXHOCTU B TaKOW CUCTEME

http://www.cs.cmu.edu/~rwh/isml/book.pdf
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CpaBHeHME NTEpaTopoB

const char *  beginl = _ rangel;

const char * endl = _ rangel + 10L;

for (; __beginl != endl; ++_ beginl) {
const char & ¢ = *¥ beginl;

}

auto  beginl = _ rangel.begin();

auto endl = rangel.end();

for (; ::operator!=(__beginl, _ endl); _ beginl.operator++())

{
}

const char & c = _ beginl.operator*();
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CpaBHeHME NTEpaTopoB

template <typename RandomAccessIterator>

void _ reverse(_ RandomAccessIterator _ first,
_RandomAccessIterator _ last,
std::random_access_iterator tag) {

if (__first == _ last) return;
--__last;

while (_ first <  last)

{

std::iter_swap(__first, _ 1last);
++_ first;
--__last;

}
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CpaBHeHME NTEpaTopoB

class iterator {
int *p{nullptr};

public:
friend bool operator!=(iterator a, iterator b)
{ return a.p != b.p; }
friend bool operator<(iterator a, iterator b)
{ return CHIREINY; )

s
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CpaBHeHME NTEpaTopoB

class iterator {
int *p{nullptr};

public:
friend bool operator!=(iterator a, iterator b)
{ return a.p != b.p; }
friend bool operator<(iterator a, iterator b)
{ return *a.p < *b.p; }

s
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KOHTpaKT — 3710 ...

Habop npaBun, ycTaHaBnNMBaeMbIX MeXOY Bbi3biBaOLLLEN CTOPOHOW U
BbI3blBAEMbIM MOBEAEHNEM.

Hanpumep, ons yHkumn:

int f(double, double);

e §BHO He ykasaHa npupoaa BO3BpaLLaeMoro 3Ha4eHus
® $SBHO He yKasaHbl AOMNyCTUMbIE 3HaYEHUS apryMEeHTOB U OTHOLLIEHUSI MeXAY HUMMU

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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KOHTpaKTbl

o [lpen-ycnoBsune (otBeTcTBEHHOCTL “KnMeHTa”)

void set by ref(void *p[static 1], ...);

o [locT-ycrnoBue (oTBETCTBEHHOCTL UCMONHALLEN CTOPOHbI)

a_ std: :move(b );

b_ = nullptr;

o WHBapunaHTa (ycrioeue, obsizaTernibHoe K cobroaeHunio)

7711

for (size_t i = 0; 1 < n; ++1i) set_by ref(a + 1i);

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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MIHBapuaHTbI Knacca

OnpepenstoT npaBuUnbHble COCTOSIHUS 0ObeKTa KOHKPETHOIO Krnacca, Hanpumep:
e Kracc “BeKkTop”’ npegnonaraert, 4To size() <= capacity()

HBapuMaHTbl Knacca AoMnycKkaeTca BPEMEHHO HapyLlaTb, NoKa BbINOMHAETCS
MEeTOo[, Knacca, 4o TexX nop, noka MeToA:

He BEepHeT peaynbrar

He KMHET UCKNYeHne

He Bbi3oBeT callback-gyHkuunio

He BbI30BET (PyHKUMIO, paboTa KOTOPOU CBA3aHa C COCTOAHMEM OObeKTa
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[Tpnmepsl

std::vector a {1, 2, 3, 4, 5};

std::vector b {std::move(a)};
a.push_back(); // ?
a.size(); /] ?
a.clear(); /] ?
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[Mpnmepsl

std::vector a {1, 2, 3, 4, 5};

std::vector b {std::move(a)};

Hemnb3s Bbl3blBaTb Ha COPOLIEHHLIM ODOBLEKT

Hemnb3s Bbl3blBaTb Ha COPOLIEHHLIM ODOBLEKT

MOXHO BblI3blBaTb AN NpuBeaeHusi obbekta B pabouvee
COCTOSIHME

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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Kak cobntogatb KOHTPaKTbI

e lcnonb3oBaTb crneumanbHble bubnuotekn (Boost.Contract ans
C++)

e licnonb3oBaTb BO3MOXHOCTU $3blka (assert, static _assert,
concept B C++)

e [logpoOHO OOKYMEHTUPOBATbL KOA

e Hanuncatb cOOCTBEHHbLIN (PPEMMBOPK ONIA KOHTPAKTOB (Harnpumep,
yepes WwabroHbl Unn makpo B C++)

https://www.boost.org/doc/libs/1 82 0/libs/contract/doc/html/index.html
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Buabl olinboK

e Jlornyeckme ownbkm (bugs) — pesynsrat HenpaBUIIbHO HaMUCAHHOIO
Koga C TOYKM 3pEHUNSA CEMAHTUKN (CUMHTaKCUYECKMEe OLLUMOKN He sIBRSAKTCH
“Garamn”)

e Ownbkn ucnonHeHusa (runtime) — pesynsrat 0O6paboTKM HenpaBUNbHO

cdhopMmnpPOBaHHBLIX AAHHbIX
o BoccTtaHaBnuBaemble oLLnbOKN
o HeBoccTtaHaBnmBaemble OLNOKN

KoHTpakTbl HeobXxoanMbl AN TOro, YTodbl OTAENATL JIOrMYeckune oLmnbku ot
OLLNOOK UCNONTHEeHUs
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KOHTpaKTbI NOKa3bIBAOT Ha NOTEHLUMaNbHbIE OLLNOKMK

Hanpumep, 30ecb siBHbIN Oar:
std::vector v {1, 2, 3, 4, 5};
v.clear();
v.pop_back(); // He BbInonHdAeTca npeq-ycrosune

a 30ecb — ownbka NMcnonHeHuns:

auto load file(size_t handle) {
auto f = read(handle);
return f; // He BbINOMHSAETCA MOCT-YyCroOBME

}
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Owwmnbka — pesynbsraT ondoYHOro BBoAa

o Cuctembl nogBepxeHbl cO0AM
o BnuaHune BHewHen cpensbl
o [lpegHamepeHHas aTaka Ha cucTtemy
o “XHKeneso” unn “IO” cuctembl 4ePEKTUBHO
o He npepnycmoTpeHHOe an3anHepoMm rnoseneHme rnonbL3oBartess

« Cucrtema gomkHa npoformkaTb paboTaTb B HOpMarbHOM pexume

https://insights.sei.cmu.edu/documents/4054/2016 017 101 484207 .pdf
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Object-oriented programming X. Error handling

[loBegeHune cuctemMbl B criyyae cbos

o Fail-safe (nepexopn B 6esonacHbIn pexnm)
o Fail-soft (coxpaHeHune yacTn4yHOM PYyHKLIMOHANBHOCTN)

o Fail-hard (npnocraHoBska patothi)

\ 4

o BoccraHoBneHue o HOPMaJiIbHOIo COCTOAHUA

o Ob6HapyxeHne owmnbKkn

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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I'Ipe,qOTBpau_leHme BO3HUKHOBEHUSA OLLUNOKU
Hanpumep, geneHue Ha 0 unm pasbiIMeHOBaHME HEOAENCTBUTENLHOIO agpeca:

int *p = calloc(109, sizeof(int));
for (size_t i = 0; i < 10; ++i)
p[i] = x + 1i;
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N3 dpoHaa nabopaTopHbIX paboT

int *p = calloc(10, sizeof(int));
// HET rapaHtuM, YTO agpec BblaeneH
if (NULL == p) {
/*1*/ printf(“Error! Out of memory!”);
/*2*/ return -1; // ecnn BHyTpM main
// vinu
fprintf(stderr, “Error! Out of memory!”);
/*3*/ exit(-1);
}
for (size t i = 0; i < 10; ++1)
p[i] = x + 1i;
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[TpnoctaHoBKa paboTbl NporpaMmmebl

o Kputnueckun BaXkHbl KOO MOXET MPUHSATL PeLleHne O NPUOCTaHOBKE
o HesaBucumbin kKop (application-independent) HEe MOXET MPUHUMATDb
peLleHne o0 NPMOCTaHOBKE

(@)

(@)

(©)

(@)

(@)

assert( int)

signal(), raise()

errno (rnobarnbHbIn donar, No ymonyaHuio JormkeH obiTb 0)
nokanbHble oiaru (i.e. makpo EOF nnn coyHkuusa feof( FILE™ ))

BO3BpaLlaemble 3Ha4eHns™

https://wiki.sei.cmu.edu/confluence/display/c/ERR02-C.+Avoid+in-band+error+indicators
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BoccTaHoBNeHne CoCToOAHUS

void str build(std::string &s) {
s += generate_prefix(); // MOXeT BbIUTU 3apaHee
s += generate_suffix(); // MOXeT BbIUTKU 3apaHee

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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Copy-and-swap

void str build(std::string &s) {
auto tmp = std::string{s};
tmp += generate_prefix();
tmp += generate_suffix();
std: :swap(tmp, s);

Takown nogxon rapaHTUpyeT atToMapHOCTb Oolfnepalnn
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assert u static_assert

size_t index(int a[n], int find) {
for (size_t i =0; i < n; i++) {
if (find == a[i]) return i;

}

return ???;

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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assert u static_assert

size_t index(int a[n], int find) {
size_ t i = 0;
for (; 1 < n; i++) {
if (find == a[i]) return i;
}

assert (i != n);

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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assert u static_assert

size_t index(int a[n], int find) {
size_ t i = 0;
for (; 1 < n; i++) {
if (find == a[i]) return i;

}

assert (i != n)p

assert ncnonb3yeTcs He AN TOro, 4YToObl BbISABNATL “Garn” B nporpamme, a Ons
TOro, 4Ytobbl yKazaTb Ha NMPeanorioXeHUsl, KOTopble 3anoXeHbl B paboTy gyHKUUK,

BCJfieacrBne 4Yero OHU WnrpakotT posib cbopmanmsau,mm yCﬂOBMIZ KOHTPaKtTa U B
NCXOOHbIN KO nporpamMmMbl HE BKITHOYHAKOTCA

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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assert u static_assert

int find(int a[n], int index) {
if (index > @ && index < n) return a[n];
return ???;
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Object-oriented programming

X. Error handling

Hangute ownbKy B Tene pyHKUUn

FILE *f1, f2;
errno = NO_ERROR;

f1 = fopen(“1l.txt”, “r”);
if(NULL == f1) return errno;
f2 = fopen(“2.txt”, “r”);
if(NULL == f2) return errno;

int *p = calloc(10, sizeof(int));

if(NULL == p) return errno;

fclose(fl);
fclose(f2);
free(p);

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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Object-oriented programming

X. Error handling

Hangute ownbKy B Tene pyHKUUn

FILE *f1, f2;
errno = NO_ERROR;

f1 = fopen(“1l.txt”, “r”);
if(NULL == f1) return errno;
f2 = fopen(“2.txt”, “r”);
if(NULL == f2) return errno;

int *p = calloc(10, sizeof(int));

if(NULL == p) return errno;

fclose(fl);
fclose(f2);
free(p);

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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NckntoueHus (exceptions™)

size_t index(int a[n], int find) {
for (size_t i = 0; i < n; i++) {
if (find == a[i]) return i;
}

return n;

}

size_t index(int a[n], int find) {
for (size_t i = 0; i < n; i++) {
if (find == a[i]) return i;

}

throw std::out_of _range("Not found!");

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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VIcKknto4YeHuns

size_t m = index(a, n);
if (m == n) {
perror("Not found!");

}

try {
size_t m = index(a, n);

} catch(std::out_of_range &err) {
std::cerr << err.what();

}

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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“We do not use C++ exceptions”, Google

On their face, the benefits of using exceptions outweigh the costs,
especially in new projects. However, for existing code, the
introduction of exceptions has implications on all dependent
code. If exceptions can be propagated beyond a new project, it also
becomes problematic to integrate the new project into existing
exception-free code. Because most existing C++ code at Google is
not prepared to deal with exceptions, it is comparatively difficult to
adopt new code that generates exceptions.

https://google.qithub.io/stylequide/cppguide.htmli#Exceptions
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AnbTepHaTuBbI UCKNoYeHUAM - std::optional

std: :optional<size t> index(int a[n], int find) {
for (size_t i = 0; 1 < n; i++) {
if (find == a[i]) return i;

}

return {};

auto m = index(a, n);
if(!m.has_value())
std::cerr << "Not found!";

else
std: :cout << *m;
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AnbTepHaTUBbI UCKNIOYEHUSAM - expected

std: :pair<size_t, const char*> index(int a[n], int find) {
for (size_ t i =0; i < n; i++) {
if (find == a[i]) return {i, nullptr};
}

return {n, "Not found!"};

auto m = index(a, n);
if(m.second)
std: :cerr << m.second;

else
std::cout << m.first;
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MoHaga — 370 ...

CTPYKTYpa AaHHbIX, KOTOpas BKITOMAET B cebs:

eOVHNLY BblYUCIEHNS

KOHTENHEP, W3MEHSALWWUA BblYUCIAEMOE 3HA4YeHMe C TMOMOLLbI OpYyroro
BbIYMCNEHUS, KOTOPbIN XPaHUT NOMYYEHHbI OKOHYAaTESbHbIW pe3ynbraT
ornepauuio npuBeaeHNs nepBoHavarnbHOro TMna K Tuny KOHTenHepa

ornepauuto  KOMOMHMpPOBaHUA  OYHKUUIA, BO3BpaWlaloWMX 3HAYEHWE 3ITOW
CTPYKTYpPbI AaHHbIX
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MoHaga — 3aTo oyHKTOP

auto process(monad<std::string> in) {
monad<std::string> out;
int i = atoi(std::string(out));
out = itoa(i * 2);
return out;

}
auto process(monad<std::string> in) {
return in
.fmap(atoi)
fmap([](int i){return i * 2})
.fmap(itoa);

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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MoHaga — 3aTo oyHKTOP

template <typename A>
struct monad {
monad(const A&);

template <typename B>
auto fmap(function<B(A)> f) {
return monad(f(*this));

}
}s
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ranges yxe 370 AenaeT

std::vector<std: :string> process(std::vector<std::string> in) {
return in
| ranges::view::transform(atoi)
| ranges::view::transform([](int i){return i * 2})
| ranges::view::transform(itoa)
| ranges::to<std::vector>;
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MoHaga — 9T0 MOHOMA, B KaTeropum aHA0dyHKTOPOB

template <typename A>
struct monad {
monad(const A&);

template <typename B>
auto fmap(function<B(A)> f) {
return monad(f(*this));

}

template <typename B>
auto bind(function<optional<B>(A)> f) {
return join(fmap(f));
}
}s
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CkansipHOe Npou3BeaeHNe BEKTOPOB
(Insert +) ° (ApplyToAll *) - Transpose

Hanpumep, ana sektopa {{1, 2, 3}, {6, 5, 4}}:

1. Transpose {{1, 2, 3}, {6, 5, 4}} - {{1, 6}, {2, 5}, {3, 4}}
2. (ApplyToAll *) {{1, 6}, {2, 5}, {3, 4}} : {6, 10, 12}

3. (Insert +) {6,10,12} . (+ {6, (+{10, 12})})
4. +{6, 22} : 28
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AnbTepHaTuBbl UckntoveHnsam - fmap n bind

std::optional<size_t> m = index(a, n);
if(!m.has_value()) std::cerr << "Not found!";
else std::cout << *m;

auto m = index(a, n)
fmap( [](int i){ std::cout << 1i; } );

auto m = index(a, n)
.bind( find ); // yHKums find MOXET He BEPHYTb

https://accu.org/journals/overload/26/143/brand 2462/
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MoHaga — 370 ...

CTPYKTYpa AaHHbIX, KOTOpas BKITOMAET B cebs:

o  EAHHHHY-BbiteReHs PYHKUNIO
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bonee noapobHO 0 oyHKTOpax u MmoHagax B C++

https://www.youtube.com/watch?v=c YaFMhTK8

MONADS IN
MODERN C++

- -
=Y

l
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