OOBbEKTHO-OPUEHTUPOBAHHOE
nporpamMMmpoBaHmne

VIII. Nonumopdunsm



Object-oriented programming VIll. Polymorphism

Uto Takoe OOP?

https://youtube.com/clip/UgkxMTVfez-AB1gsyvolpeprl2pc5YxvGiB?si=VIhZaaOuoTkcqal6n
14



https://youtube.com/clip/UgkxMjTVfez-AB1gsyvoIpeprL2pc5YxvGjB?si=VIhZaa0uoTkcql6n
http://www.youtube.com/watch?v=P2yr-3F6PQo&t=994

Object-oriented programming VIll. Polymorphism

“I think that object orientedness 1s almost as much
of a hoax as artificial intelligence.”

A. Stepanov



“Monnmopdunam” B Smalltalk 72

receiver | message

a |+ b
3 |+ 4
“kitty” | + “kat” => “kittykat”

345 |+ 4 =17 8 9
6 7 8 10 11 12

“This led to a style of finding generic behaviors for message symbols.
"Polymorphism" is the official term (/ believe derived from Strachey), but it is
not really apt as its original meaning applied only to functions that could take
more than one type of argument. ”

A. C. Kay



Object-oriented programming VIll. Polymorphism

“In more sophisticated programming languages, however, we use the type to tell
us what sort of object we are dealing with (i.e., to restrict its range to one sort of
object). We also expect the compiling system to check that we have not made
silly mistakes (such as multiplying two labels) and to interpret correctly
ambiguous symbols (such as +) which mean different things according to the
types of their operands. We call ambiguous operators of this sort polymorphic
as they have several forms depending on their arguments.”

C. Strachey

“Fundamental Concepts in Programming Languages”, 1967

https://reed.cs.depaul.edu/jriely/447/assets/articles/strachey-fundamental-concepts-in-programming-lanquages.pdf



https://reed.cs.depaul.edu/jriely/447/assets/articles/strachey-fundamental-concepts-in-programming-languages.pdf

Object-oriented programming VIll. Polymorphism

“The evolution of languages from untyped universes to monomorphic and then
polymorphic type systems[...], mechanisms for polymorphism such as

overloading, coercion, subtyping, and parameterization|[...], a unifying

framework for polymorphic type systems]|...] in terms of the typed A-calculus
augmented to include binding of types by quantification as well as binding of
values by abstraction.”

L. Cardelli

“On Understanding Types, Data Abstraction, and Polymorphism”, 1985

http://lucacardelli.name/Papers/OnUnderstanding.A4.pdf



http://lucacardelli.name/Papers/OnUnderstanding.A4.pdf

Object-oriented programming VIll. Polymorphism

[lpnBeaeHue TMNOB U neperpyska

3 + 4
30 + 4
3 + 4.0
3.0 + 40



Object-oriented programming VIll. Polymorphism

[lpnBeaeHue TMNOB U neperpyska

.0

Wwww
R S

+ + + +

.0
.0 .0
e oOnepaTop “+” neperpyxeH YeTblpe pasa

e oOnepaTtop “+” neperpyxeH Asa pasa: ans uenbix 1 gpoOHbIX Yncer
e oOnepatop “+” He NneperpyxeH, a onpenesrieH TonbKo Ans APOoOHbIX Yncern
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[lpnBeaeHue TMNOB U neperpyska

4
3

7

3
4
“3

+ o+ o+ o+

“4”
3

(13 7

“4”



Object-oriented programming VIll. Polymorphism

[lpnBeaeHue TMNOB U neperpyska

3 4
4 3
“3”

(13 7

+ o+ o+ o+

“47!
“4” 3

MeperpyxaTb onepaTopbl TakK, Kak onepatop + neperpy)eH Ans ctpok B C++, B
noaaBnsoLeM 6onbLUMHCTBE CrydaeB He crieayet. Takas neperpyska oneparopa
UFHOPUPYET MaTeMaTuyeckme CBOWCTBa pyHOaMeHTanbHbIX onepaumm U

BblpabOTaHHYIO UHTYULIMIO O MPUPOAE MaTeMaTUYECKUX onepaLui.



Obo0OLIeHHbIE apudMeTnYecKkne onepauumn B Scheme

> (+1 2 3)

6

> (+1 (/ 2 3))

5/3

> (+ 1 (sqrt 2))
2.414213562373095

> (+ 1 (sqrt -2))
1+1.4142135623730951i
> (+ 1 (sqrt -4))
1+2i

# Exact Integer

# Exact Rational
# Inexact Real

# Inexact Complex

# Exact Complex
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Buabl nonmmopdpusma

e YHMBepCasrbHbIN

o napamMmeTpusauus

o BKIOYeHue (inclusion, sub-typing)
e CneuuaneHbin (ad-hoc)

o neperpyska (overloading)

o rpuBeaeHue (coercion)



Object-oriented programming VIll. Polymorphism

[TlpuBegeHne TMnoB (ad-hoc)

ABHoe:

auto i = (int)abs(negative);

// wvnn

auto i = int(abs(negative));

// wvnn

auto i = static_cast<int>(abs(negative));
HesaBHoe:

int *p = malloc(sizeof(int) * 10);



Object-oriented programming VIll. Polymorphism

YnpaBneHue HesiBHbIM NpuBegeHnem knaccos B C++

o« Co3pgaHve noaxodsilero KOHCTPYKTOPA, KOTOPbIA MNPUHUMAET
aprymeHT 3ajaHHOro Tuna

o [leperpy3ka onepatopa npucBauBaHUA, KoTopasi NPUHUMAET
aprymeHT 3ajaHHOro Tuna

o [leperpy3ka onepartopa npuBeaeHus Tuna



Object-oriented programming VIll. Polymorphism

lepaBneHme HEABHbLIM NMpmBegeHmMeM KriaccoB B C++
class A { ... };

struct B {
// npuBegoeHne n3 tmna A (KOHCTPYKTOP)
B(const A &x) {}
// npuBegeHne u3 tuna A (npucBamBaHUE)
B& operator=(const A &) { return *this; }
// npuBedeHne K A
operator A() { return A(); }

}s

https://cplusplus.com/doc/tutorial/typecasting/



https://cplusplus.com/doc/tutorial/typecasting/

Object-oriented programming VIll. Polymorphism

[Tonnmopdmnam nog-tmnos (tagged union)

enum tag { Char\, Int, Double }; void f(const variant &var) {
switch(var.tag_ ) {
. case Char:
union types { // Bepcus ana var.type_ .char_
char char_; break;
int int . case Int:
J o
- // Bepcua ona var.type .int_
}s case Double:
// Bepcua ona var.type .double
. break;
struct variant { default:
tag tag ; break;
types type_; }

}s )



Object-oriented programming VIll. Polymorphism
[Tonumopdunam noag-tunos (abstract base class)

class abstract _data_t {
public:
virtual iterator find(int) = 0;

s

class vector: public abstract_data_t {
public:
iterator find(int) override;

private:
int *p{nullptr};
1



Object-oriented programming VIll. Polymorphism

[Tonumopdunam noa-Tmnos
vector v = {1, 2, 3, 4};
list 1 = {5, 4, 3, 2, 1};

abstract_data_t *a
abstract_data_t *b

&v;
&1;

a->find(4);
b->find(4);

https://learn.microsoft.com/en-us/dotnet/csharp/fundamentals/object-oriented/polymorphism



https://learn.microsoft.com/en-us/dotnet/csharp/fundamentals/object-oriented/polymorphism

BupTyanbHblie oyHKLNU

https://yvoutu.be/zikuXtiG1og
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http://www.youtube.com/watch?v=zjkuXtiG1og&t=460
https://youtu.be/zjkuXtiG1og

Object-oriented programming VIll. Polymorphism

auto x = prod({1, 2, 3}, {4, 5, 6});
auto y = prod({1.0, 2.0}, {4.5, 5.0});
auto Z — pr‘Od({"a", Ilbll}, {"C", Ildll});



Object-oriented programming VIll. Polymorphism
[leperpys3ka doyHKUMWN (ad-hoc)

prod(int (&a)[10], int (&b)[10]) {
int k = 0;
for(size t i = 0; i < 10; i++) {
k += a[i] * b[i];
}

return k;

}

prod(std::string (&a)[10], std::string(&b)[10]) {
std::string k = “7;
for(size t i = 0; i < 10; i++) {
k += a[i] + b[i];
}

return k;



Object-oriented programming VIll. Polymorphism

[TapameTpusaumnsa B C++

template <typename T, size_t n>

auto prod(const T(&a)[n], const T(&)[n]) {
T k = 0;

for(size t i = ©; i < n; i++) {
k += a[i] * b[i];
}

return Kk;



Object-oriented programming VIll. Polymorphism

[TapameTpusaumna B C++

template <typename T, size_t n>
auto prod(const T(&a)[n], const T(&b)[n]) {

T k = T{};

for(size t i = @; i < n; i++) {
k += CINENON ;

}

return k;

https://voutu.be/FshTrPe Woc?t=128



https://youtu.be/FshTrPe_Woc?t=128

Object-oriented programming VIll. Polymorphism

Buabl nonmmopdpusma

e YHUMBepcanbHbIU (eAnHasa CTPYKTYypa TUMoB)
o napamMmeTpu3auus
o BKIIOYEHME
o CneumnanbHbIK (pasHas CTPyKTypa TUMnos)
o neperpyska
o npwuBedeHne



Runtime vs compile-time

e HanucaHHbIn KOO He YKa3blBaeT $BHO Ha TUMNbl [daHHbIX, KOTOPble
NCNOSb3YIOTCA B NPUITOXEHUN, BMECTO 3TOrO NOrnKa nporpaMmmbl UCNOSb3yeT
OCHOBHblE CBOUCTBA OXXuUaaemMbIiX TUNOB

e [leTanu peanusauum noadbmparoTCcad UNM YTOYHSKOTCA BO BpeMs padoTbl
npunoxeHuna (dynamic dispatch)

e Ha 3TO MOXHO CMOTPETL Kak Ha OAMH OOWMM TUMN, KOTOPbIN
KOH(UrypupyeTtca npu ooOpaweHunm K obbekTy, 4ToObl npenocTaBnsTb
pa3Hoe noBeaeHue

https://www.youtube.com/watch?v=uM72gP5Wh18



https://www.youtube.com/watch?v=uM72qP5Wh18

Object-oriented programming

Yto Takoe OOP?

e UHKaNCynAuna (abcrpakuma coctosaHUA 1 n3dasneHne oT MaHUnynauuu
cocTosiHueMm B Koae, public n private)

e HacReAcBaHHe

o FROFMOPEPH3M

e Jeneraymsa? (forwarding, move semantics)

e JJMNHAMMNYECKOE CBA3bIBAHUE (BupTyanbHble hyHKLUN)
® a6CTpaKLl,l/IFI (CKpbITaga peanusaumsa, oTKpbITbI UHTepdenc)
e NoAgMeHa TUNOB? (subtyping)



Object-oriented programming

Yto Takoe OOP?

e UHKaNCynAuna (abcrpakuma coctosaHUA 1 n3dasneHne oT MaHUnynauuu
cocTosiHueMm B Koae, public n private)

e HACACAOBAHME

o FROFMOPEPH3M

e Jeneraymsa? (forwarding, move semantics)

e [JMHaMMN4YeCKOe CBA3bIBaHNE (BupTyarnbHbie (pyHKLUMN)
® a6CTpaKLl,l/IFI (CKpbITaga peanusaumsa, oTKpbITbI UHTepdenc)
* ROAMEHa-FHOB

e 00600LLleHHbIE TUMbI aHHbIX (generics)



