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Y10 Takoe MHTPY3UBHbIE KOHTEMHEPDI

OTtnnume STL koHTerHepos ot Boost.Infrusive

Kak ycTpoeHa ces3b 0O6bEKTA C XPAHUIMLLEM
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YTO TAKOE UHTPY3UBHBIE KOHTEMHEPI A/

A
e

Definition of 'intrusive' O @

intrusive 00000
(intruzsv ) € )

adjective

Something that is intrusive disturbs your mood or your life in a way you do not like.

The cameras were not an intrusive presence. [y
Staff are courteous but never intrusive. (&)

L

Collins COBUILD Advanced Learner’s Dictionary. Copyright @ HarperCollins Publishers
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YTO TAKOE MHTPY3WMBHbLIE KOHTEMHEPHI le‘
e
template<typename T>
struct LinkedList {
struct Node {
T value;
Node* prev;
Node* next;

s

Node* head;
Node* tail;

s

LinkedList<int> list;
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YTO TAKOE MHTPY3WMBHbLIE KOHTEMHEPHI le‘
e
template<typename T>
struct LinkedList {

T* head;

T* tail;
¥

template <typename T>
struct Node {

T value;

Node* prev;

Node* next;

s

LinkedList<Node<int>> 1list;



YTO TAKOE UHTPY3UBHBIE KOHTEMHEPI A/
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[ naBHOE OTNMYME MHTPY3MBHOMO
KOHTEWNHEPA OT HEMHTPY3UBHOTO —
MHOOPMALMS O KOHTENHEPE
«MPOCAYNBAETCS» B SNIEMEHT

Vo -




HTO TOKOE MHTPY3MBHbIE KOHTEMHEPHI

Otnunume STL koHTeMHepoB oT Boost.Intrusive

Kak ycTpoeHa cBs3b 0O6bEKTA C XPAHMUIULEM

[ Tormepbl MCNONb30BAHMS



STLVS BOOST

YA
e
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Containers are objects that store other objects.
They control allocation and deallocation of these
objects through constructors, destructors, insert
and erase operations.

ISO IEC 14882, 22.2.1 General container requirements



STLVS BOOST le‘
e
class MyClass {

/] ...

}s

std::1list<MyClass> data;
MyClass item;
data.push_back(item);

data.emplace back(item);
data.emplace back(std::move(item));



STLVS BOOST leQ
ne
struct List node base

{

_List node base* M next;
_List node base* M prev;

static void

swap(_List node base& _ x, _List node base& y) GLIBCXX USE NOEXCEPT;

void
M transfer(_List node base* const _ first,
_List node _base* const  last) _GLIBCXX USE_NOEXCEPT;

void
M _reverse() _GLIBCXX USE_NOEXCEPT;
//

}s
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/// An actual node in the %list.
template<typename _Tp>
struct List node : public  detail:: List node base

{
#if  cplusplus >= 201103L
__gnu_cxx::_ aligned membuf< Tp> M storage;
_Tp* M valptr() { return _M storage. M ptr(); }

_Tp const* M valptr() const { return _M storage. M ptr(); }
#else

_Tp M data;

_Tp* M valptr() { return std::_ addressof( M data); }

_Tp const* M valptr() const { return std:: addressof( M data); }
#endif

s
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Intrusive containers offer predictability when
inserting and erasing objects since no memory
management is done with intrusive containers.

Properties of Boost.Intrusive containers




STLVS BOOST
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template<class Config>
class list impl
private detail::clear_on _destructor base<list impl<Config> >

{
typedef typename Config::value traits value traits;
typedef typename value traits::pointer pointer;
typedef typename value traits::node_traits node_traits;
/] ...
struct data_t : public value traits
{
/] ...
} data_;

}s
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% Boost.Intrusive

* Kontponmpyer litetime * He kontponupyer litetime

* XPQHWUT 3NEMEHTH * He XxpaHuT anemeHTsl

* XpaHUT BCE META-AAHHbIE O * TpebyeT XpaHuTb MeTa-
BHYTPEHHEN CTPYKTYpE [IOHHbIE O CBA3M SMIEMEHTA C
XPOAHWIMLLA BHYTOM XPAHWIMLLEM BHYTOU

KOHTeMHepa SIEMEHTA



HT0 TaKOE UHTPY3MBHbBIE KOHTEMHEPH
OTtnnume STL koHTerHepos ot Boost.Infrusive

Kak yctpoeHa cBsizb 06bekTa ¢ XpaHUAMLLEM

[ Tormepbl MCNONb30BAHMS



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

YA
e

% Meta-gaHHble BHYTPM 351eMEHTa

* DeMeHT DomxeH XxpaHuTs hook — dyHkTop ang ceasu
SMIEMEHTA C KOHTEMHEPOM

* hook nossonser nsnyton snementa:

* hook::is_linked() — npoBepuTb HaNUYME B
KOHKPETHOM KOHTEUHEPE

* hook::unlink() — yananuTb 13 KOHTEMHEPA

* hook: :swap_nodes() — NepenoXuTb SNEMEHT B
LOPYrou KOHTEUHEP



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

YA
e

% Kak xpauuts hook?

* Boost.Intrusive npegnaraet Heckonbko MEXAHU3MOB
BHEOPEHMS XYKOB:

« bi::base hook — HacnepoBaHMe
* bi::member_hook — nybnuuHoe none

* bi::function_hook — nybnuuHbii meTon

22



YCTPOUCTBO MHTPY3NBHbBIX KOHTEMHEPOB Vll‘%.
namespace bi = boost::intrusive;

class MyClass
: public bi::1list base hook<> ()0 base_hOOk

{};

bi::list<MyClass,
bi::base hook<MyClass,
bi::list base hook<>>
> data;

MyClass item;
data.push back(item);

23



YCTPOUCTBO MHTPY3NBHbBIX KOHTEMHEPOB Vll‘%.
namespace bi = boost::intrusive;

class MyClass {
bi::1list_member_hook<> hook; ()0 membel’_hOOk

s

bi::list<MyClass,
bi::member_ hook<MyClass,
bi::list member hook<>,
&MyClass: :hook>
> data;

MyClass item;
data.push back(item);

24



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB
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% Hacrpoiku koHTeHepa

* bi::constant _time size<false>

— BblYUCTIIEMBIN PA3MED

* bi::constant time size<true>

— PA3MEP XPAHMTCS NONEM

25



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

YA
e

% Hactpoiku xykos

* bi::tag — MaeHTUDUKATOP, YTODLI XPAHMT
HECKOMBKO XYKOB /19 PA3HBIX KOHTEMHEPOB

26



YCTPOMCTBO MHTPY3UMBHbLIX KOHTEMHEPOB le‘
e

namespace bi = boost::intrusive;

struct by ip; ()0 tag
struct by fqdn;

class MyClass {
bi::list member_hook<bi: :tag<by ip>> hook by ip;

bi::list member_hook<bi: :tag<by fqdn>> hook by fqdn;

/] ...
}s

27



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB
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e

% Hactpoiku xykos

* bi::tag — MaeHTUDUKATOP, YTODLI XPAHMT
HECKOMBKO XYKOB /19 PA3HBIX KOHTEMHEPOB

* bi::link_mode — pexum BCTOBKM/ yOaneHuUs
SNIEMEHTOB 13 KOHTEUHEPA

28



YCTPOMCTBO MHTPY3UMBHbLIX KOHTEMHEPOB le‘
e

namespace bi = boost::intrusive;

5 normal_link

class MyClass {
bi::list member_ hook<
bi::1link mode<bi::normal_ link>> hook;
// ... Huuyero He penaert
}s — [lonb3osaTens 0bg3aH
YOONUTb SNEMEHT

BPYUHYIO

29



YCTPOMCTBO MHTPY3UMBHbLIX KOHTEMHEPOB le‘
e

namespace bi = boost::intrusive;

5’ safe_link

class MyClass {
bi::list member_ hook<
bi::link mode<bi::safe_link>> hook;
// ... Cnepur
}s — Wcnonbayetcs no
YMOMUYAHMIO
— [lposepseT, uto
SMNEMEHT YAANMICS K3
BCEX KOHTEMHEPOB
(assert)

30



YCTPOMCTBO MHTPY3UMBHbLIX KOHTEMHEPOB le‘
e

namespace bi = boost::intrusive;

¢’ auto_unlink

class MyClass {
bi::list member_ hook<
bi::1link mode<bi::auto _unlink>> hook;
/] ... CaM ynanser
}s — Yoanger anemenT u3
BCEX KOHTEMHEPOB MO
0ECTPYKTOPY XYKa
— Thread unsafel
— HecoBmecTnm
constant fime size



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

YA
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% Hactpoiku xykos

* bi::tag — MaeHTUDUKATOP, YTODLI XPAHMT
HECKOMBKO XYKOB /19 PA3HBIX KOHTEMHEPOB

* bi::link_mode — pexum BCTOBKM/ yOaneHuUs
SNIEMEHTOB 13 KOHTEUHEPA

* bi::void pointer — nonb3oBATENLCKMM TUM
YKQA3aTeNna BHyTPW KOHTEUHEPA

32



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

YA
e

boost: :intrusive;
boost: :interprocess;

namespace bi
namespace 1ip

$” void_pointer

class MyClass
{

bi::list member hook<
bi::void pointer<
ip::offset ptr<void>>> hook;
/] ...

s

33



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

YA
e

Summary

* DnemeHT XxpaHuT hook ang CBA3M C KOHTEMHEPOM

* MoxHO BODABNATE HECKOMBKO XYKOB, YTODLI XPAHUTS
SNIEMEHT B HECKOMNbKMX KOHTENHEPAX

* C NOMOLUIBIO XYKA MOXHO MPOBEPUTL, NEXMT TN SNEMEHT
B KOHTEWHEPE, U YOANUTb €0 M3 KOHTEUHEPA

* [loBeneHme xykoB HOCTPAMBAETCS

* [loBeneHne KoHTeMHEPA HOCTPAMBAETCS

34



YCTPOMCTBO MHTPY3WMBHbIX KOHTEMHEPOB

* slist

o st

* sef

* mulfiset

* ynordered_set

* ynordered multiset

rbtree

av
av
av
sp
Je
sp

_set
_multiset
_tfree
ay_set

ay_multiset

ay_iree

YA
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sg_set

sg_multiset

sg_free

frea

frea

freq

D set

o multiset

O
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HTO TOKOE MHTPY3MBHbIE KOHTEMHEPHI

OTtnmume STL koHTelHepos ot Boost.Intrusive

Kak ycTpoeHa ces3b 0O6bEKTA C XPAHUIMLLEM

[Mprmepbl Mcnonb3oBaHMS




MCMONb3OBAHUE MHTPY3MBHbBIX KOHTEMHEPOB

YA
e

[ns yero ncnonbsoeatsb

* [locTtpoeHne MHAEKCOB NO MHOXECTBY KIIOYEN, B TOM
yucne 3apaHee HEM3BECTHBIM KITIOYAM

* YnpaeneHue nynamm KOPOTKO XMBYLLMX OObEKTOB
* XpaHeHne 0ObEKTOB CO CMIOXHOWM annokaumen

* [lonyyeHne utepaTopa M3 ykasatens,/ ccunkm 3a
KOHCTQHTHOE BPEMS

* Crporue TpeboBaHMS K BDEMEHM OTKIIMKA

37



MCMONb3OBAHUE MHTPY3MBHbBIX KOHTEMHEPOB

YA
e

class Session { bi::unordered multiset<...> by supi;
supi_hook t hook by supi; bi::unordered set<...> by seid;
seid hook t hook by seid; bi::unordered set <...> by ip;
ip _hook t hook by ip; bi::avl multiset<...> by upf;
upf_hook t hook by upf; bi::avl multiset<...> by amf;
/] ... bi::avl multiset<...> by apn;
}s /] ..
Do
— Do S
UE Session ID i 2] Serving AMF Subscription ID =2

SUP| AMF SMF UD&~\\\\E§§

UDR
'U.E. @ NWV Session 1D é%

——
RAN UPF ,SO} DN

Serving UPF P address Access point
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MCMONb3OBAHUE MHTPY3MBHbBIX KOHTEMHEPOB

il

[penmyiectea

PyyHoe ynpasneHune namsrbio —
bonee CTporne rapaHTUm
NPON3BOANTENBHOCTH

KOHCTOHTHbBIE ACMMMOTOTUKM a4
YOQNEHMS UK NOACUYETA KONMUYECTBA

IHdopMaLms O KOHTEMHepe
BCTPOEHA B NEMEHT

YA
e

HepocTaTtku

PyyHoe ynpasneHune namsrsio —
HEOOXOOMMOCTbL CReauTb 3a
BDEMEHEM XM3HWM OOBEKTOB

LlononHuTenbHbIM pacxom NamaT
MMV 3aMeIeHme onepaumm

HeobxoarMOCTb M3MEHSTE ODBEKT
(nobaBnaTe MeTa-MHPOPMALMIO O
KOHTENMHEpPE)
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MHTPY3MBHbIE KOHTEMHEPHI

YA
Q&A e

Cnacunbo!

Boost.Intrusive Source code Source code Benchmark
documentation glibc std:list boost:intrusive:list stdz:list VS bi:list
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