OOBbEKTHO-OPUEHTUPOBAHHOE
nporpamMMmpoBaHmne

VIl. HacnepgosaHue
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“I strongly felt then, as I still do, that there is no one right way of
writing every program, and a language designer has no business trying
to force programmers to use a particular style. The language designer
does, on the other hand, have an obligation to encourage and support
a variety of styles and practices that have proven effective and to
provide language features and tools to help programmers avoid the
well-known traps and pitfalls.”

B. Stroustrup
“A History of C++: 1979-1991"”

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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BnnaHme Simula Ha C++

o Knacchbl BeayT cebs Kak conporpamMMebl (nerko nucats CUMyMSILAN MHOTONOTOYHOCTM)
e Krnacchbl N03BoNAT MbICIUTb O CYWHOCTAX B nporpamMmmax Hanpamyto
o KOHCTpYyKTOpbLI, OnepaTtop new

e CTatmyeckass cucrtema TUMNOB AOaHHbIX (komounatop BbiABNSAET OWKMOKM nporpamMmucta
eLle 10 3arycka nporpamMmmebl, B Ka4ecTBe Moxoro npumepa npmsoguncs Nackanb)

° rlporpaMMbI Nnerko opraHm3oBbIBAOTCA B MepapxXuto noarnporpamm

e Cam 43blk ocTaBndan xenatb nydywiero (linking time, cesasbiBaHMe Knaccos 3aHUMaro

OYeHb MHOro BpeMeHu, b6onblune nporpammbl NUcatb ObINO Tskeno; run-time type checking;
garbage collection etc.)

https://dl.acm.org/doi/pdf/10.1145/234286.1057836

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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Tpu OCHOBHbIX 3nemMeHTa gn3anHa C++

o OpraHunsaumoHHas CTpPyKTypa rnporpammsbl Kak B Simula (vepapxum knaccos,
MHOIornoTo4HOCTb, CTaTU4eCKad cuctema TI/II'IOB)

e Bblicokas NPOnN3BOANTENTbHOCTb (kak npw cbopke nporpamm, Tak 1 B pabore)
° I_IopTaTI/IBHOCTb (“kenes3o”, onepaunoHHbIE CUCTEMBI)

“C++ was designed to provide Simula’s facilities for program organization
together with C’s efficiency and flexibility for systems programming.”

B. Stroustrup

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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Ba3oBble anemeHTbl peanu3auumn C++

o PacnpeneneHHasa onepaunoHHasa cuctema Ha 6asze UNIX
o lepapxuyeckas cucrema knaccos ansi C

o bubnmnoteka ansa co3gaHusa conporpamm

o Zero-cost abstractions

“What you don’t use, you don’t pay for. What you do use, you
couldn’t hand code any better.”

B. Stroustrup

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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“Zero-cost” abstractions

https://www.youtube.com/watch?v=rHIkrotSwcc https://www.youtube.com/watch?v=EP|17dW5CUfc
@ Cppcon | 2019

LLVM IR: contral flow

Adrien Guinet

When zero-cost

There Are No s abstraction fails: How-to
Zero-Cost Abstractions S fix your compiler

0°371p Provided Uy

ansatz

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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@ Dennis Gustafsson o Kingsley Hopking ©
@’ @voxagonlabs | often use the STL when writing ofﬂme tools & prototyping a
. g feature i.e when memory fragmentation & breakneck perf is less
Game developers, are you using STL containers (std::vector, .
std::unordered map, etc)? If no, what's the main reason (runtime perf or

debug perf/compile times/error messages/etc)? In engine code | mainly use C / custom types along with custom

allocators as | know the lifetime & perf requirements of the code
I'm writing

Yes

No, because runtime perf Steve Verreault

No, be everything ¢ lse _ =¥ |do, usually wrapped in other mterfaces but C++ deserved a

£ better standard library. They feel academic, as though designed
Sometimes / some of them by someone divorced from any real day to day practice, but with
a theoretical understanding. Also they're not OO friendly in an
00 language.

Anders Lindqvist

‘%, On my 13 year old home computer | mostly avoid them due to
‘ﬁ : A5 DEBUG performance. | often start out using them and then
stdlib containers are not fit for any purpose, including teaching removing them over time. I'm waiting for a new computer, maybe
because their implementation is what i can only leniently call my feelings will change :)

fucking stupid Stefano Cristiano @

Q kinjal kishor @kinjalki - Sep 13 “ee - Terrible compile time and debug performance
std::pmr containers are quite good though - Bad runtime performance in some cases
- No custom inline-storage buffers (SmallVector<T,N> acting as

“'\\ Andre Weissflog @FlohOf\Woe - 27 o Vector<T>)
*’@' IMHO the most convincing argument is this though: - Exceptions instead of return values for failures

https://www.qgodbolt.orqg/z/dWxhGhrMd



https://www.godbolt.org/z/dWxhGhrMd

Object-oriented programming x86-64 clang 18.1.0 v & | @ | -E-std=c++23 B
A~ QOutput..~ YFilter..~ BLibraries /Overrides -+ Add new..~

¢’ Add tool... ~
24207 const auto __end = _ ucont.end();
24208 auto __removed = std::__remove_if(__ucont.begin(), _ end,
24209 _ops::_ pred_iter(std::ref(__pred)));
24210 if (__removed != _ end)
24211 {
24212 __cont.erase(__niter_wrap(__cont.begin(), _ removed),
24213 __cont.end());
24214 return __osz - _ cont.size();
24215 }
24216
. 24217 return 6;
#include <vector> 24218 y ’
24219
24220 template<typename _Tp, typename _Alloc, typename _Up>
24221 constexpr
24222 inline typename vector<_Tp, _Alloc>::size_type
24223 erase(vector<_Tp, _Alloc>& _ cont, const _Up& _ value)
24224 {
24225 using namespace __ gnu_cxx;
24226 std::vector<_Tp, _Alloc>& _ ucont = _ cont;
24227 const auto __osz = _ cont.size();
24228 const auto __end = __ucont.end();
24229 auto __removed = std::__remove_if(__ucont.begin(), _ end,
24230 _ops::__iter_equals_val(_ value));
24231 if (__removed != _ end)
24232 {
24233 __cont.erase(__niter_wrap(__cont.begin(), _ removed),
24234 __cont.end());
24235 return __osz - _ cont.size();
24236 }
24237
24238 return 8;
24230 }
24240
24241}

24242  # 1 "/app/example.cpp" 2
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https://www.youtube.com/watch?v=B2BFbs0DJzw

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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ABCTpaKkTHbIE TUMbI JaHHbIX NPOTUB KI1acCoB

struct date { int day, month, year; };
struct date today;

extern void set date();

extern void next date();

extern void print date();

extern void next today();

class date {
int day, month, year;
friend void set date(date*, int, int, int),
next date(date*),
print_date(date*), next_today();

s

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

BupTyanbHblie oyHKUMM (HAacnegoBaHue).

[leperpyska pyHKLUM 1 OnepaTopoB..

CcCbINOYHbIE NEPEMEHHBIE.

KOHCTaHTHbIE NepeMeHHbIe - const.

Py4yHoe ynpaBneHne guHamMmmyeckon namsTbio.

CTporasa cuctema ctaTM4eckon NPOBEPKN TUMOB AaHHbIX.

SR i

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



Object-oriented programming VII. Inheritance 10/ 20

3ayeM HyXXHbl BUPTYyanbHble dYHKLINK

enum kind { circle, triangle, square };

class shape {
point center;
color col;
kind k; // HeobxooMmo AOOMNOMHUTENbHOE None ANA KOHKpeTusaumm Buaa urypsbl
public:
// peanusauusa OTKPbITbIX METOL4OB 34eCb
void draw() {
switch(k) {
case circle: // noruka, kotopas pucyer Kpyr

break;

case triangle: // noruka, koTtopas pucyeTr TpeyroribHuUK
break;

case square: // norvka, Kotopas pucyeT KBagpart

}
}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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BupTyanbHble oyHKumnm B C++

class shape {

point center;

color col;

// DOOMOJSIHUTENbHOE MOJSie HEe HYXXHO
public:

virtual void draw();

// peanusauusa OTKPbITbIX METOO4OB 34eCb

}s

class circle : public shape {
int radius;
public:
void draw () { /* noruka, koTtopasa pwucyet kpyr */ }

}s

void draw_all(shape** v, int size) {
for(size_t i = 0; i < size; ++i) v[i].draw();

}

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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OcobeHHOCTM HacneaoBaHUS

o Implementation inheritance vs. interface inheritance
o private vs. public

o MHOXecTBEHHOE HacnegoBaHMe

o KombBuHupoBaHMe KnaccoB B 0AWH TakuM 0bpa3om, YToObl 4OYEPHUI Knacc onuckiBan
06BbEeKTbI, KOTOPble MOryT ceba BeCTU Kak Ntobou n3 cBomx 6a3oBbIX KflaccoB

e AGcTpakTHble 6a30BbIE Kacchbl

o [lo3BonAlT U3MEHATb peanusauunto 6e3 KOMNUIMPoOBaHUS BCEN nepapxmm
o [lo3BoNnAlT ABHO BbIAENUTbL MHTEPdENC B OTAESNbHbLIN Knacc

e Inheritance vs. containment
o £BHOe BKIoYeHMe 6a3oBoOro knacca B 60NbLINHCTBE® CryvYaeB 3KBMBANEHTHO

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



Object-oriented programming VII. Inheritance 131720

HacnenoBaHue B C++

class A { Class A
char c{0}; // 1 Gant size=1 align=1
s base size=1 base align=1

A (0x0x3b26480) ©
class B : A {

char c{0}; // 1 Gaunt Class B
}s size=2 align=1

base size=2 base align=1
B (0x0x2971340) ©
A (0x0x3b264e0) ©

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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HacnepnoBaHue B C++ ¢ abcTpakTHbIMU Knaccamu

class A {
char c{0};
virtual void f();

}s

class B : A {
char c{0};

}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024

Vtable for A

A:: ZTV1A: 3 entries

0 (int (*)(...))0

8 (int (*)(...))(& _ZTI1A)
16 (int (*)(...))A::f

Class A

size=16 align=8

base size=9 base align=8
A (Ox0x3a0e480) ©

vptr=((& A::_ZTV1A) + 16)

Vtable for B

B:: ZTV1B: 3 entries

0 (int (*)(...))0

8 (int (*)(...))(& _ZTI1B)
16 (int (*)(...))A::f

Class B
size=16 align=8
base size=10 base align=8
B (©0x0x3801340) ©
vptr=((& B::_ZTV1B) + 16)
A (Ox0x3a0eded) ©
primary-for B
(0x0x3801340)

leon.brinzan@iis.utm.md
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MHoO)XecTBeHHoe HacregosaHue B C++

class A { Class A
char c{0}; size=1 align=1
}s base size=1 base align=1
A (0x0x3916480) ©
class B {
char c{0}; Class B
}s size=1 align=1
base size=1 base align=1
class C : A, B { B (0x0x39164e0) ©
char c{0};
}s Class C

size=3 align=1
base size=3 base align=1
C (©x0x3929000) ©
A (0x0x3916540) ©
B (0x0x39165a0) 1

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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PomboBuaHas nepapxms HacrnegosaHmsa B C++

class I { Class I Class C
char c{0}; size=1 align=1 size=5 align=1
}s base size=1 base align=1 base size=5 base align=1
I (0x0x3906480) © C (Ox0x391a000) ©
class A : I { A (0x0x2971410) ©
char c{0}; Class A I (Ox0x39065a0) ©
}s size=2 align=1 B (0x0x2971478) 2
base size=2 base align=1 I (Ox0x3906600) 2
class B : I { A (0x0x2971340) ©
char c{0}; I (Ox0x39064€0) ©
}s
Class B
class C : A, B { size=2 align=1
char c{0}; base size=2 base align=1
}; B (©x0x29713a8) ©

I (0x0x3906540) ©

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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Kak HacnegoBaHue ucnonb3yetcda B bnbnmortekax

Don't be clever.

Don't be stupid.

Naming matters.

Generic components should be aware of move-only types.

We are thread-compatible "[res.on.data.races] .

Exceptions are used for error conditions (there are some exceptions).

Do not gratuitously overload operators.

Classes allocating memory get an allocator (inconsistently applied).

Containers get allocators unless they don't allocate.

Containers use allocator through allocator traits.

Allocators are part of type unless there is already type-erasure for other reasons.
“const’ -correctness is observed and is used as a proxy for thread-safety in the standard library.
Class signatures want to be near minimal (the obvious counter-example is std::basic_string).
Destructors shall not throw.

Things should be “constexpr  where reasonable.

Avoid inheritance and virtual functions where possible.

Prefer function objects (i.e., deduced templates) to function pointers.

https://qithub.com/cplusplus/LEWG/blob/archive/library-design-quidelines.md



https://github.com/cplusplus/LEWG/blob/archive/library-design-guidelines.md
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HacnenoBaHue NPOTUB KOMMNO3ULINA

class queue : public stack {
public:

3gecb paborta c pecypcamu
class stack { /7 3 P pecyp

int *first; void push_back() { stack::push_back(); }
int *last; void pop_front();
int *total; };
public:
// 3pecb paboTa c pecypcamu
void push_back(); class deque : public queue {
void pop_back(); public:
}; // 30ecb paboTta c pecypcamu

void push_back() { stack::push_back(); }
void pop_back() { stack::pop_back(); }
void pop_front() { queue::pop_front(); }
void push_front();

}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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HacnenoBaHue NPOTUB KOMMNO3ULINA

class stack {

class deque { deque data;

int *first;

. public:

int *last; void push_back() { data.push_back(); }

int *total; void pop_back() { data.pop_back(); }
public: };

// 3pecb paboTta Cc pecypcamu

void push_front();

void push_back(); class queue {

void pop_front(); deque data;

void pop_back(); public:
}; void push_front() { data.push_front(); }

void pop_front() { data.pop_front(); }
}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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“Object-oriented programming i1s programming using inheritance. Data
abstraction 1s programming using user-defined types. With few exceptions,
object-oriented programming can and ought to be a superset of data
abstraction.”

B. Stroustrup

Association of Simula Users Conference, 1986

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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https://voutu.be/g4nUKOEBzmI?si=qctz7 CzkZxtcdU41&t=12079

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