OOBbEKTHO-OPUEHTUPOBAHHOE
nporpamMMmpoBaHmne

VIII. Nonumopdunsm
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Uto Takoe OOP?

https://youtube.com/clip/UgkxMTVfez-AB1gsyvolpeprl2pc5YxvGiB?si=VIhZaaOuoTkcqal6n
14
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“I think that object orientedness 1s almost as much of
a hoax as artificial intelligence.”

A. Stepanov
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“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
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[lpnBeaeHue TMNOB U neperpyska

3 + 4
30 + 4
3 + 4.0
3.0 + 40
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[lpnBeaeHue TMNOB U neperpyska

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

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

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



Object-oriented programming VIIl. Polymorphism 6/31

[lpnBeaeHue TMNOB U neperpyska

3 + 4
4 + 3
“3” + “4”
“4” + “3”
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[lpnBeaeHue TMNOB U neperpyska

4
3

3
4
“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.
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Object-oriented programming VIll. Polymorphism

Buabl nonmmopdpusma

e YHMBepCasrbHbIN

o MapameTpusauns®

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

o neperpyska (overloading)

o npuBeneHmne (coercion)

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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Buabl nonmmopdpusma

e YHMBeEpPCarnbHbIW (eanHas CTpyKTypa TUMOB)
o napamMmeTpusauus
o BKIHOYEHNE

o CneuunanbHbIW (pasHasa CTPYKTypa TUNoB)
o neperpyska
o npuBeaeHne

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



Object-oriented programming

Tagged union

enum tag { Char, Int, Double };

union types {
char char_;
int int_;
double double ;
}s

struct variant {
tag tag ;
types type_;
}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024

VIll. Polymorphism 10/ 31

void f(const variant &var) {

switch(var.tag_ ) {

case Char:
// Bepcua ona var.type .char_
break;

case Int:
// Bepcusa gna var.type .int_
break;

case Double:
// Bepcua ona var.type .double
break;

default:
break;

}

leon.brinzan@iis.utm.md
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Cyl'lep-Tl/II'IbI N NoA-Tunbl

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};
}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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[Tonumopdomnam noa-Tunos
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
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Object-oriented programming VIll. Polymorphism
[lpnBeoeHmne TMnos
ABHoe:

int i = (int)abs(negative);

// vnu

int i = int(abs(negative));

// vnu

int i = static_cast<int>(abs(negative));

HeaBHoe:

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

UTM, FCIM, POO 21.6, Branzan Leon © 2024

13/ 31
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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

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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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/
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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});

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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[leperpy3ka dpyHKLUA

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;
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[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 k;

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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[TapameTpusaumnsa B C++

template <typename T, size_t n>
auto prod(const T(&a)[n], const T(&b)[n]) {
T k = T{};
for(size t 1 =0; i < n; i++) {
-+~ S
}

return k;
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[TapameTpusaumusa B ML

fun factorial n =
if n <=1 then 1
else factorial (n-1) * n

\ 4

val factorial = fn : int -> int

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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[TapameTpusaumusa B ML

fun prod (a, b) =
if a =[] orelse b = []
then ©
else hd a * hd b + prod(tl a, tl1 b)

prod ([1, 2, 3], [4, 5, 6])

¥

val prod = fn: int list * int list -> int

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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[TapameTpusaumusa B ML

fun filter pred [] = []
| filter pred (a::rest) =
if pred a
then a::(filter pred rest)
else (filter pred rest)

filter (fn x => x <> "text") ["text", "notext"]

¥

val filter = fn : ('a -> bool) -> 'a list -> 'a list
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Object-oriented programming VIll. Polymorphism

[TapameTpusaumusa B ML

23131

fun map (f, xs) =
case xs of
[] =>[]
| x::xs' => (f x)::(map(f, xs'))

map (fn x => x + 1) [4, 8, 12, 16]

¥

val map = fn : ('a -> 'b) * 'a list -> 'b list

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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(DyHI(LI,I/IOHaJ'I bHOE MNMporpamMmmnpoBaHne

“No matter what way you work 1n, programming 1n a
functional style provides benefits. You should do it
whenever it is convenient, and you should think
hard about the decision when it 1s not convenient.”

J. Carmack

http://number-none.com/blow/john carmack on inlined code.html

UTM, FCIM, POO 21.6, Branzan Leon © 2024
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“While 1t 1s possible to define object types in any way,
there 1s a set of natural laws that govern the behavior of
most types. These laws define the meaning of fundamental
operations on objects: construction, destruction,
assignment, swap, equality and total ordering.”

A. Stepanov
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[MpnHUMNbLI cpaBHeHNs1 0obekToB B C++20

<compare>

1. std::strong_ordering (1uHeiiHO YIIOPSI0YEHHOE)
2. std::partial ordering (1uHeHO yIOPsI0YEHHOE)
3. std::weak ordering (uacTuuHO yIIOpSIJOUYCHHOE)
4. operator & (concept three way comparable)

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



Object-oriented programming VIIl. Polymorphism 27 | 31

YacTWU4HO N NMHENHOo ynopagovyeHHOEe MHOXECTBO

YYM (partial order): JIYM (total order):

Jlnsa Bcex a, b, ¢ B P: Jlns Bcex a, b, ¢ BUYM T
l.a<=a l.a<=a

2. ifa<=band b <=a then a== 2. ifa<=b and b<=a then a==

J.ifa<=band b <=cthena<=c¢ 3. ifa<=band b <=c then a <= ¢

4. a<=borb<=a

https://en.wikipedia.org/wiki/Total order
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[Mpnmepsl

1. CpaBHeHHe pauMOHAJBHBIX YK ceJ (strong order)
2. CpaBHeHHe M ceJ ¢ IU1aBaromen 3anarou (partial order)
3. CpaBHeHHe TOYEK B JeKAPTOBOM cucreMe KoopauHar (weak order)

https://en.wikipedia.orag/wiki/\Weak ordering
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CpaBHeHMe pauuoHanbHbIX YMUCES

J{ist b, d HE paBHBIX O:

a/b<c/dESa*d<c*b

Tornma:
assert(rational(2, 3) <rational(-3, -4)); //?
assert(rational(1, 2) <=rational(2, 4)); // ?

https://qgithub.com/boostora/rational/blob/develop/include/boost/rational.hpp#L 785
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LLlabnoHHoe MeTa-nporpamMmMmmpoBaHmne

BBeneHue
p Playall
B WAaOGNOHDbI

7

MeTanporpaMmMMpoBaHH
e (4 xypc, oceHb 2023)...

&y by NexTopuii ONMK

https://www.youtube.com/plavlist?list=PL4 hYwCvhAvYOO01i2gR-prnu4Stvxuf7u
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[Touemy B OOIll BaXHO TO, Kakas
YNOPAOOYEHHOCTb Y KOHKPETHOIO TMNa?
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[Tpn yem TYT anredpa?

“My math background made me realize that each object could have
several algebras associated with it, and there could be families of
these, and that these would be very very useful. The term
"polymorphism" was imposed much later (I think by Peter Wegner) and
it isn't quite valid, since it really comes from the nomenclature of
functions, and I wanted quite a bit more than functions. I made up a term
"genericity" for dealing with generic behaviors in a quasi-algebraic
form.”

A. C. Kay

https://userpage.fu-berlin.de/~ram/pub/pub f47ht81Ht/doc kay oop en
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