HacnenoBaHue

[Monumopdusm noaTmnnos. AnHammnyeckoe CBA3bLIBaHME.



[locTaHOBKa 3aga4u

HaHbl TMNbl reomeTtpudecknx puryp (Circle, Triangle, Rectangle).
3agava:

- PeanunsoBatb yHUHOMUMPOBAHHYIO 06pabOTKy UX 9K3EMMNSAPOB:
- XpaHeHue
-  O6uwwme onepauumn



durypbl

struct Triangle { Point a_, b_, c_; };

struct Circle {
Point center_;

double radius_;
1 Xomum cozdams oduuid maccut puryp

struct Rectangle {
Point top_left_;
Point bottom_right_;

I



[MonbiTka 1: Union

union Shape {
Circle circle_;
Triangle triangle_;
Rectangle rectangle_;

I



Co3pnaHne oobekToB

Geometry create_circle(Point center, double radius) {
Geometry g = {.circle_ = {center, radius}};
return g;

}

Geometry geometries|]
= {{.circle_ = {{0, 0}, 1}},
{.triangle_ = {{0, 0}, {0, 1}, {1, 0}}},
{.rectangle_ = {{0, 1}, {1, 0}}}};



[MonbiTka 1: Union

union Shape {
Circle circle_;
Triangle triangle_;
Rectangle rectangle_;

I

Kok YpHAmS, KAKOH INeMEHM akmuben?



[TonbiTka 1.2: Tagged Union

struct Geometry {
union Data {
Circle circle_;
Triangle triangle_;
Rectangle rectangle_;
} data_;
ShapeType shape_type_;

+s



[MonbiTka 1.3: Tagged Union (union-like class)

struct Geometry {
union {
Circle circle_;
Triangle triangle_;
Rectangle rectangle_;
3
ShapeType shape_type_;

+s



[MTonbiTKa 1.3: peanusauns noniumopdpunama

void print_geometry(Geometry g) {
switch (g.shape_type_) {
case STCircle:
return print_circle(&g.circle_);



Union B a3blke C

union Number {

+s

int value_;

uint8_t bytes_[sizeof(int)];

value_
CD AB 00 00
(01| [2]| [2]] [3]

10

https://godbolt.ora/z/KxobaTd4e



https://godbolt.org/z/Kxo6aTd4e

Union B A3bike C++, n KpyroB aga

union U {
std: :vector<int> v_;
std::string s_;

+s

Kaxoid kotcmpykmop donxer doims Goigfan?
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Union B A3bike C++, n KpyroB aga

union U {
std: :vector<int> v_;
std::string s_;

+s

Xopowag Hobocmes: 3mo swudka komnunsluu

[Thoxas toblocme: mekcm owudku

12 https://godbolt.ora/z/WEEYG99YE



https://godbolt.org/z/WEEY699YE

Union B A3bike C++, n KpyroB aga

union U {
U(std::vector<int> v) {
new (&v_) std::vector<int>(std::move(v));

}

U(std::string s) {
new (&s_) std::string(std::move(s));

}
+s
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Union B A3bike C++, n KpyroB aga

union U {
U(std::vector<int> v) {
new (&v_) std::vector<int>(std::move(v));

}

U(std::string s) {
new (&s_) std::string(std::move(s));

}

3, Kakoid decmpykmop dydem fb/j&w?

14



Union B A3bike C++, n KpyroB aga

union U {

~U() {
// TODO: check active element

S_.~basic_string();

¥
}i
beg ucer-provided decmpykmopa —

oudKa KOMNUNALUL

15 https://godbolt.ora/z/G1fTgoTTK



https://godbolt.org/z/G1fTqoTTK

Pestome

1. Union npoct B C, HO 04eHb crioxeH B C++
2. OObeguHeHMe TMNOB B enum OrpaHn4YMBaEeT co3gaHue
NoONb30BaTENIbCKUX MOATUMNOB

(nion okoxemes nonegen Ham ro,badgaa nogxe
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[MonbiTKa 2: KOMNO3ULUMSA

struct Geometry {
ShapeType shape_type_;

I

struct Circle {
Geometry base_;
Point center_;
double radius_;

I
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Co3gaHne oKpy>XHOCTU

Geometry *create_circle(Point center, double radius) {
auto *c = new Circle{{STCircle}, center, radius};
return &c->base_;

}
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[vcneTtyepusayma

void print_geometry(Geometry *g) {
switch (g->shape_type_) {
case STCircle:
return print_circle(
reinterpret_cast<Circle *>(g));

19



HacneposaHue B C++

struct Geometry {};

struct Circle : public Geometry {
Circle(Point center, double radius)

: center_(center), radius_(radius) {}

Point center_;
double radius_;

I
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[TlonbiTka aucnetyepmsaumm QyHKLNN

struct Geometry {
fun_ptr print_ptr_;
void print() { print_ptr_(); }

Iy

struct Circle : public Geometry {
Circle(Point center, double radius)
: Geometry{&Circle: :print},
center_(center), radius_(radius) {}

volid print();

Iy

21



BupTyanbHbIN MeTo

struct Geometry {
virtual void print() const;

I

struct Circle : public Geometry {
volid print() const;

+s

22 https://godbolt.org/z/Yh1Ebnn7K



https://godbolt.org/z/Yh1Ebnn7K

BupTyanbHbIN MeTo

struct Geometry {
virtual void print() const;

Fi
struct Circle : public Geometry {
vold print() const;
Kod denaem fud, «mo padomaem.

iy
Hadidume 3 oumudku.

23 https://godbolt.org/z/Yh1Ebnn7K



https://godbolt.org/z/Yh1Ebnn7K

overloading vs overriding

struct A {
virtual void f(int) {
std::cout << "A::f\n";
}
Iy

struct B : public A {
virtual void f(long) {
std::cout << "B::f\n";
b
i

24

void f(A& obj) {
long x = 42;
obj.f(x);

¥

B obj;
f(obj);

https://godbolt.orq/z/djxdzc3c7



https://godbolt.org/z/djxdzc3c7

overloading vs overriding

struct A {
virtual void f(int) {
std::cout << "A::f\n";
}
Iy

struct B : public A {
volid f(long) override {
std::cout << "B::f\n";
b
i

25

error:
'void B::f(long int)'
marked 'override',

but does not override

https://godbolt.org/z/ordcPfsGj



https://godbolt.org/z/ordcPfsGj

BupTyanbHbIN MeTo

struct Geometry {
virtual void print() const;

I

Oemancco ewe 2 oumudku

struct Circle : public Geometry {
vold print() const override;

i¥
L/mo donxeH denameb Geametry::/briut?
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BupTyanbHbIN MeTo

struct Geometry {
virtual void print() const = 0;

I

struct Circle : public Geometry {
vold print() const override;

3
Geometry::print — wucmpid bupmyanshoid memod

27



ADCTpaKkTHbIE KIaccbl U MHTEPJAENCHI

- Knacc ¢ xota 6bl 0OAHMM YNCTbIM BUPTYanbHbIM METOA0M
Ha3blBaeTCs aOCTPAKTHbLIM.

- Jk3emnnsap abcTpakTHOro Kracca Henb3s co3aaTb.

- Knacchl, cocTosiLme ToNbKo 13 NyOnmnYHbIX YACTbIX BUPTYalbHbIX
MEeTO0B YacTo Ha3biBalOT MHTepdencamm.

28



CTtaTnyeckun n AuHaMmm4eckmim Tun

void f(const Geometry& g) {
g.print();
¥

int main() {
Circle c({0, 0}, 1);
f(c);

b

29



CTtaTnyeckun n AuHaMmm4eckmim Tun

Geometry* g = new Circle({0, 0}, 1);

delete g; // 4Uto 6GyaeT BbI3BAHO 34€Cb?

30 https://godbolt.ora/z/nEsPgoKxf



https://godbolt.org/z/nEsPqoKxf

BupTtyanbHbI OECTPYKTOP

struct Geometry {
virtual ~Geometry() = default;
virtual void print() const;

+s

struct Circle : public Geometry {
vold print() const override;

I
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BupTtyanbHbI OECTPYKTOP
Hy>|<eH A1 KOPPEKTHOINO YHUHTOXEHUA 3K3EMIMIAPa JOYEPHETNO KrtacCa

yepes ykasaTenb Ha 6a30BbIN knacc

YUT0 Bbl AYMaeTe o npaBure 5 B 3TOM criyyae?

32



Korga co3gaBaTbh BUpPTYanbHbIA OECTPYKTOP?

- [lycTtb Mbl nuwem knacc Widget.
- HyxXeH nu emy BUpPTyanbHbIN OeCTPYKTOP?

33



Korna CcO34aBaTb BMpTyaﬂbelﬂ ,EI,eCprKTOp?
- [Tlyctb mbl nuwem knacc Widget.
- HyxeH nn emy BupTyanbHbI 4EeCTPYKTOP?

KOHQNUKT:

- CospgaHue BUPT AeCcTpyKTOopa B aDCOMNOTHO KaXKaoM Knacce
PaCTOYUTENLHO.

- OTcyTCTBME AECTPYKTOPaA NO3BONSET HEKOPPEKTHOE nonnmMopdHoe
NCMONb30BaHME.
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OrpaHquHme HacJieaoBaHUA

class widget final {};

YnpouleHHoe npasuso. Knacc gormkKeH:

- Jlnbo cogepxaTb BUPTYyarnbHbIN OECTPYKTOP
- Jlnbo 6bITh final

EcTb elle napa npasus, HO O HUX B Apyrou pas.
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[lepeberaem Ha KpacCHbIN CBET

template <typename T>
struct ExtendedVector : std::vector<T> {
using std::vector<T>::vector;

T& operator[](size_t 1) {
return i < this->size() ? this->at(1)

}

T const& operator[](size_t 1) const {
return i < this->size() ? this->at(1)
b
i

36

this->back();

this->back();



KoppeKkTHOCTb HacnegoBaHue

HacnegoBaHne A <—— B HeceT OHOBPEMEHHO ABa CMbICNa:

- B gaBnsietcs yactHbIiM criydaem A (is a)
- B pacwwupsert A (extends)

37



Circle-ellipse problem

[MycTb B HaLLEN nepapxumn ecTb KNacchl:

- Circle
- Ellipse

Kakon gomxeH obiTb 6a3oBbiM?

38



Circle <—— Ellipse

struct Circle { void f(const Circle& c) {
virtual double area(); c.area(); // Oops..
Point center_; }
double radius_;

i

f(Ellipse{{0, 0}, 1, 2});
struct Ellipse
public Circle {
double area() override;
double ry_;
i

39



Ellipse <—— Circle

struct Ellipse {
void stretch_x(double k) { rx_ *= k; }
Point center_;
double rx_, ry_;

i
struct Circle : public Ellipse {

Circle(Point center, double radius)
Ellipse{center, radius, radius} {}
i

Circle c({0o, 0}, 1);
c.stretch_x(2); // Oops...

40



Circle-ellipse problem

- Circle aBnsetca yacTtHbiM cny4daem Ellipse
- Ellipse pacwwmpsert Circle

BbiBOA: OHM HE AOMKHbI ObITb 0ObeANHEHbI HacneaoBaHNEM.

41



Kanbkynartop

[Mpeanoxute nepapxumio Knaccos Ansa npencrasneHns apuomMeTnydeckux
BbIPaXXeHUN.

BbipaXkeHnsi COCTOAT U3:

- Yucen
- bwuHapHbIX onepatopoB +, —, *, /

MeTtoa eval BblMMCNAET 3HAYEHNE BbIPaXXeHUs.

42



BblpaeHne — 310 OepeBo

1+2*3 ‘
(D) (=
) &

(1+2)*3



Kanbkynartop

class Expr {
public:
virtual ~Expr() = default;
virtual double eval() const = 0;

I

44



CnoxeHue

class Add : public Expr {
public:
Add(const Expr* left, const Expr* right);

double eval() const override {
return left_->eval() + right_->eval();

}

private:

const Expr* left_; [Tokpumuryidme smo pewerue
const Expr* right_;

Iy
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CnoxeHue

class Add : public Expr {
public:
Add(const Expr* left, const Expr* right);

double eval() const override {
return left_->eval() + right_->eval();

}
private: [Todbvipaxetus Jydym

const Expr* left_;

const Expr* right_; ayJﬂu,bofarnbc}l ¢ gaé, /V]a/a Div
Iy
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Obwmn knacc ans buHapHbIX onepawumn
class BinExpr : public Expr {
public:
BinExpr(const Expr* left, const Expr* right);,
const Expr* left() const { return left_; }

const Expr* right() const { return right_; }

) Knace bce ewe adempakmtbii
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CnoxeHue

class Add : public BinExpr {
public:
using BinExpr::BinExpr,

double eval() const override {
return left()->eval() + right()->eval();

¥
3
Ocmanshoie onepasuu — no aHanoruu

48



Yucno
class Num : public Expr {
public:
explicit Num(double val) : val_(val) {}

double eval() const override { return val_; }

private:
double val_;

I
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[TpOMEXYTOYHbLIN UTOT

- Koa: https://godbolt.ora/z/hP1PhnjzE

- MoxHO YMEHbLLLUNUTb KOJINYECTBO KilaCCOB

- PeweHne CTpadaeT OT yTedeK NaMAaATH

50


https://godbolt.org/z/hP1PhnjzE

©) Add

@ Expr

o double eval() = 0

/N

@ BinExpr

o Expr* left
o Expr* right_

@ Num

o double value_;

@ Sub

o double eval()

o double eval()

51

o double eval()

@ Mul

@ Div

o double eval()

o double eval()




@ Expr

o double eval() = 0

| @ BinExpr

@ Num

0 Op op_
o Expr* left_  [® ] Sub o double value_;
o Expr* right_ Mul

o double eval()

o double eval()
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BinExpr::Eval

double eval() const {
switch (op_) {
case Op::Add:
return left_->eval() + right_->eval();

}

throw std::runtime_error("Unreachable");

}

53



KoHCTpynpoBaHue goepesa

EXpr* expr
= new Add(new Num(1),
new Mul(new Num(2), new Num(3)));

54



KoHcTpynpoBaHue gepesa Oppmon

EXpr* expr
= new Add(new Num(1),
new Mul(new Num(2), new Num(3)));

Bam 3mo umo-1udyds Honomuraem?
Y
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KoHCTpynpoBaHue goepesa

EXpr* expr
= new Add(new Num(1),
new Mul(new Num(2),

EXpr* expr

= Add(Num(1),
Mul(Num(2), Num(3)));

56

O¢¢nmn

new Num(3)));

Ydupaem new...



KoHcTpynpoBaHue gepesa Oppmon

EXpr* expr
= new Add(new Num(1),
new Mul(new Num(2), new Num(3)));

EXpr* expr

= +(1,
(2, 3)); Samensem kraccol Ha onepamopol
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KoHcTpynpoBaHue gepesa Oppmon

EXpr* expr
= new Add(new Num(1),
new Mul(new Num(2), new Num(3)));

EXpr* expr
= (+ 1
(* 2 3)); Jlburaem ckodku,

Ydupaem anamoie
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KoHCTpynpoBaHue goepesa

EXpr* expr
= new Add(new Num(1),
new Mul(new Num(2), new Num(3)));

Bepremesa k npodneme ymeuxu noammu
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icnonb3oBaHWe YMHbIX yKa3aTeneu

using ExprPtr = std::unique_ptr<const Expr>;

class BinExpr : public Expr {
public:
BinExpr (ExprPtr left, ExprPtr right)
: left_(std::move(left)),
right_(std::move(right)) {}

const Expr* left() const { return left_.get(); }
const Expr* right() const { return right_.get(); }

I
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Co3naHue gepesa

auto expr =
std: :make_unique<Add>(
std: :make_unique<Num>(1),
std: :make_unique<Mul>(
std: :make_unique<Num>(2),
std: :make_unique<Num>(3)));

61 https://godbolt.ora/z/gveW4v4eM



https://godbolt.org/z/qveW4v4eM

| @ BinExpr

o ExprPtr left

r

I

ight ~

@ Expr

PN

o ExprPtr right_ o loft.
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o double eval() = 0

A\

@ Num

o double value_;

o double eval()




HacnepnoBaHune B noncke

SourceDocProvider
- CsvProvider, SQLiteProvider, ...
- IndexWriter
- TextIndexWriter, BinarylndexWriter, ...
- IndexAccessor

- TextlndexAccessor, BinarylndexAccessor, ...

- Ranker
- TfldfRaner, BM25Ranker, ...
- ResultsPrinter
- PlainTextPrinter, JsonPrinter, ...
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