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INCREDIBUILD TECHNOLOGY OVERVIEW

EER C++ NARHREEZEERENAZTZNE: C++ ESESNAMEHRURIFEED
T,

C++ BENEHFANBEE: GESIH. lambda FXRX. R ETXXBF (LW
override 0 final), EASEED for BF. BENZTEFH. BER (decltype) . TIES
HER—EC++20 WA RESHMRNS,

REHFIBH C++iIESHM, EXRIFSTENDBNAENX C++ BESHIFINEE,

Joooooooooogooooddeclval, threads, D000 Ostd:zoptional O std::any
000

EEABCSARN™mItE
We Eat Our Own Dog Food

£ standard documents 9, C++ fREFEX—BHE [library]l inE TEBCHN DX, #I
0, I EEEZR: http://eel.is/c++draft/library

WFRENEHET C++ 1B, AHENNIE, RUUBCIIX—E, ZRMaATEE
MA"we eat our own dog food (&i#E: EEBCH™m) ", BEARBHESKBT
C++ ZO (XN EBHNEIBREX S E T E:

https://en.wikipedia.org/wiki/Eating your own dog food#Origin of the term

MEASHRERIEMUATRINSITENET (tbwEsizHn) | BRRTH— APl A
BXRTANFX, AIUFALERERK, E2NFRE, ¥TXEKASEE:

Insert ¥ emplace KRTLEMIZAFIMIERESF C++ DN BHEMNERE, erase L
RTEEERBSEAWBKRBTEM LK,

HEER: http://eel.is/c++draft/associative.reqgmts#9

AXEERWNT C++ BETINEEESD, FERUOTEMKEE, BARKIR, HIMI1F4A
WIS XEFHFEEDIERE—ERXAARINAT, XEERENESTUILLUETEEES MK
MRA, BEEFIFRENZ, BT THEARE, TEE2ATEFHIEBEREILIETRE, MARA
TERMREENRELEI D, FNRNENLEBOE,
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TXHREHRI:
-std::any
-std::enable_if

-std::common_type
-std::declval

42 STD::ANY?
£ Java AR, FIEMEAIBES —1F, dAEK:
vara=3: //Number
a="hello"; // String
a ={x: "foo", y: 3.5}; // Object
a = function(msg){alert(msg);}; // function
AP hTE"0"2 Java PRFEMN type, BEfTIRREIS—EHTL,
BAIBEARBETE C++ DBRMHEIXEIR?
FIE, WRIRIAATLUMER "auto” TERXEX—BHR, IRMKEEET
autoa=3; //int
a ="hello"; // compilation error
/] cannot bind const char* to int(REE&¥ const char* EE R EBE (int) L)

AT, & C++ PRMATLUBEES std::any BEEARS MR,

/R .8 (Kevlin Henney) £2000F 78 E8BFIH (C++ RE) X—RELNETH
B HERIE IR EE,

B FEEE:

http://www. .demon.co.uk/curbralan rs/val nversions.pdf

ERSHEBRFERX—HEBELHMECHNEZFR"EBE (Henney) "%&., BEREAMANR
"any" E81&

£ 2001 &, X—HERXLL boost::any: #IIAZEI Boost 41,
HFEER

https://scicomp.ethz.ch/public/manual/Boost/1.55.0/any.pdf
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BE XD stdany B RXBEION C++17 &,
BT any IR T LURUAT SIS, #lw0:
std::any a = 3; // holding int

a="hello";  //holding const char*
a = [l{std::cout << "I'malambda"}; // now holding a lambdal

B2H, TE""ESTHEU-—EENE, MEXMETEERE C++.

SARRTE""BER—BEHETHKEDN type, EEX"0"H type ANARKZ-EWNARER—EHZ
std::any.

BABBZE stdiany WALES—IR? ERBARLELE THEARE? XERZEERRE, &
T EBZITHNSERR?

i me FaY STD::ANY

RYONBZERIIUETECH any MATUBE—IMERFSEE void* REEBERMEAGDHN
type. REEBIIBIR T, any HIEFBRNSEKEXEE— M void* RERNHESHE.

B2, B—1TO&,

RMNFEHER —NZEN (KWERBRED) RERERH—NMEN (fINEREZE
o) B any 2B SH{E. RABEE void* ERTMER., PTUARMNFZILEXL type.

O REER O] ABS B i E X MBI ?
BB any TUEERLIERTHEN type, BXE: any<T>,

FE, XBRITAEN, BAXHENEREDIK const char* Z any<int>. ZAMKEANINE
MEAT any P AEE type FIEA R,

MBAREMNWLAE S LR type, BTURK, ENARE any RENHERIFEINORE

—Ke?
EREXIL:

afgony BE—MELNZE, flun: FEERZE,
b.7E any B —PMREZE-LEHNRZA "holder-HXN"holder” KREEBEXLIRE,
AL E any &,
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c.fEany PE—NMEIRMEIERE, F any SRE—11SH#,

template < typename T >
any(Tt) : ptr(new holder<T>(std::move(t))) {}

FrAFAIH ZHN 2 XY
class any {
template < typename T >
struct holder {

Tvalue;
holder(T&& t) : value(std::move(t)) {3
5

holder * ptr = nullptr; // problem here, holder is templated (XEHEE=Z, holder
WARIRL T )

public:
any() {}
~any() { delete ptr: }

template < typename T >
any(Tt) : ptr(new holder<T>(std::move(t))) {}

any& operator=(any a) {
std::swap(ptr, a.ptr);
return *this;
}
/...
5

UERBEARZRREFN, BIAEEXFEEHNRATE:

holder *

Holder R ERA AT DRI HEIRSEL,

BRENTERXIHEET,

holder<T> *

EAR type TRBEREENX any, ERGFAET any OERE D, MAFEET any KB d,

BRDREEREMTERE, FI—DRERLOEZRZE base holder, 5@ base holder
NEE any iEE, LhreEiEM holder<T>,
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PTUAB e R N 1Z 2 X :
class any {

struct base holder {
virtual ~base_holder() {}
/...

5
template < typename T >
struct holder: base holder {

Tvalue;

holder(T&&t) : value(std::move(t)) {}
5

base holder * ptr = nullptr; /[BEXHEMTLLT

public:
any() {}
~any() { delete ptr; }
template < typename T >
any(Tt) : ptr(new holder<T>(std::move(t))) {}

any& operator=(any a) {
std::swap(ptr, a.ptr);
return *this;
}
/...
5

BN THE any PERAE, PRI HKIERR",

STD::ANY By 3%

BA=E, stdiany NAERAEEN, A THBREE#EANE, RAZERD type, @0
TR

std::any a=3;// holdingint

std::cout << a;// compilation error, std::cout cannot print std::any
std::cout << (int)a; // compilation error, almost..., but not yet

std::cout << std::any cast<int>(a);// ok - prints 3

it std::ony BESIEZBEACTHESNLRERZEEEFAN, ERXEATHEN, EAZLIR
EXRBZ"BRKRN", MA std::any RN, EFEREFINIT std::any cast.
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£ std:iany REESMNIFRECTUEEITRER stdany type AEREER, ZAEREE
type info, ERXHENREERERT if-else 180, FERTBE,

RERE:
"EZRIRA void* T A std:iany. FRAR KRB EXLTH., "
——Richard Hodges

https://stackoverflow.com/questions/52715219/when-should-i-use-stdany

HEHE:
BESEH—

C++ THFSHT AN ATWE, F—XR C++ BESPEEBLNEH, kA ESIA. lambda F&XX, HHNE
T RBEZF(0 override A final &), XLEFHIBMIFIFESTERFLSTLUEN, F_XEEBEXNTREENRN, L
WA REIEE. declval, &2, BFLEZE, ETANFHRILAET, ENNFRRET C++1B54A8, HREH
b BRI RN,

WEME:
BREBEMZ

WERSFHREAEBDERNETOINA T ENWALN), ERERBETMER— APl MTANER, AXHE
RELB/LPIESEME, FTHENTSRE],

AXHEFMEATER—T/IMESHENE, HT7TRUAIRSTXLES,

BETEXZERVHO-LEMRSER SFINAE —EFHAN IR ——std:ienable_if. std::common_typefl
std::declval,

ERAIF a8, & T HE— T 4=E SFINAE

SFINAE BI£#R2: Substitution Failureis Not AnError (B#EMHRAE—NEIR)

SFINAE RE2H#XEW, N C++98 BT . PALMRETAEITIRIE SFINAE .BM C++11 KX
X, SFINAE X EFHREXE, BABRMNT —EHBTERERZFEFSFINAE.

7 INCREDIBUILD © 2020 | Al rights reserved. Incredibuild Software Ltd.
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SFINAE BEEHBMRREE, SHEBFEBRMAHNERNBRORIXZ M AN,
ARRES RS EMOIMRRSHEANE, EXMBERT, ERFAAZ REKRIDE
B, WEFSBEREIHEGTEN,

254
EEMNBIEBEMNEUTERKERTHREERELZE (shortint, int, longint):

template<class T>
bool print(const T& t) {
std::cout "integer number: " <<t;

}

XA EBRAN G

AOXNFERRALT, EFAHES, RMUXREERHIE,
bUREEIRERIBEFIAGETRNT, AINEHRER
c.<<(std::ostream&out, const t&t)——RELSSHHEIFE IR,

RIREANB R I TRBRERN XS Z R B

template<class T>
boolprint(const T&t) {
std::cout "floating point number: " <<t;

}

HNAZEBRARMNNBLETE, EXLHEAR—TERNTTE, MERMRIZOERT
&, AW, NEAE—IEE, XMREZSIEEN, ENEIR.

FEC++20 0, BMNBYUBEAXNQEINER, BFE C++20 281, FTEXNBIRSHHN
—ERH DUEERBITEAENSE,

HMEHRINBRITEXEIIBER,

ENKES—1FE SFINAE 96 F:
BREENEEFEHEXEKSS kRN EEBERAEETNEBANE, RMNEEEEXREHA
unordered map, EREMNAHBEMREENBECRAERAREY, E—LRBEIU TES
R, EREE—LURE, B, BNEFECAEECHE, MBEHEGE A

associative map B, MRV TIEHFRE, HIFME— unordered map, WRE
EXUWEHFRE, WAmap, EXHBERT, BEEE—MRER <.
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NTIWMX =, BIIREESF— 1T EE0NBESITA: template specialization
EAFHNEBREREZ(ARAEMER, MARKFKZEMER) , ERBERIUEIES.
EEMNOGFP, BNBERB—"EMER"ERBR:

template <typename Key, typename Value, typename = void>
struct associative map: std::map<Key, Value> {

/[ inheriting all public constructors from base

using std::map<Key, Value>::map;

5

ERE=TEWRIED : typename = void B—RHFE-MREHGE, RERERFIBLR
BRO—EER), AEEE—TRIANE"void", FREASREE. ERARTEHIANE
mEEN,

e, FENRERFBERCIRE associative map, ER R std:map BB —fPiHE,

BURERE std:hash<Key>() Xf7aE, EMNHFLEHNDB associative map AA—D
unordered map! AT TIX—=, EINERNEITRA:

template <typename Key, typename Value>

struct associative map<Key, Value,

std::void t<decltype(std::hash<Key>())>>: std::unordered map<Key, Value> {
using std::unordered map<Key, Value>::unordered map;

5

associative map BRENEMURARER MERSE: Key 8 Value, A TILERERER
TH=TMERSHETE, BAMEMstd::void t<decltype(std::hash<Key>())> EAE =&
RiEQD, EREBENBEHAEFE,

WREE, WEMEEREIURA, IRREFE, BERE—XZ SFINAEMBEEBNE
BRER,

FRAXEZF decltype (GRIIEC+H+ Nd)Z A THEERRADIKEstd::hash<Key> BIZER
BETREAEE. WRECEATFE, WERSHEW, BREHIEIR (SFINAE), XM
FOBEI1EREIERER,

XFELENOAFPER stdvoid t ZiR—T, SFEAEMassociative map<Key, Value>
i, FE=TERSHUEENERRRPTA, MEXNKETvoid—H, A, ZERE]
RAR, WRE=NSHAZvoid, BAERAR—PMRER, EHRARSERALE,
I, BMNBEFEAstd:void 1 decltype(std::hash<Key>()) IREIBE"ZH " A void.
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STD::ENABLE_IF

EEYLRE, RNFEXRERFREAAAENGHER, A0, REIATE2EHE.
KL enable if —FFE7E boost PE, RABWMNAT C++11 Wi EE, XEE—1TH

RN E

template<class T>
typename std::enable if<std::is integral<T>::value>::type
print(const T& t) {

std::cout << "integer:
3

<< t<<std:endl;

template<class T>

typename std::enable if<std::is floating point<T>::value>::type

print(const T&t) {
std::cout << "floating:

}

<< t<<std:endl;

FUEEEN, BMNXEERNDIEEEMUNAGE, BA SFINAE Fstd::enable if 87F
7, ENuUA—EREMASTERN, EXNMIFd, FINEBSFINAEENIREIER
EAR Void IR, C++ BEEFEENBLRB ZRIARNXEFtypename, XEFIRE
ENREFHERK:

typename std::enable if<std::is integral<T>::value>::type

0

typename std::enable if<std::is floating point<T>::value>::type

FIXIU stdienable if 2—1E&IRE, EAERMERSHE, F—TEMREREN, LRE
WENXE, FZISHEINA void, LITUZEAM Type:

template<bool B, class T=void >
struct enable if;

MRAENHARBEXXWEWEERS true, W enable if::type WHEERA T (WREEENE
X0, WTH# void),

BE, SHRXEXEWERN false B, WAENXenable if::type, XEEEEBRERMK,
AMX SFINAERER,
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EHMNBHFo:

std::is_integral<T>::value
WRTREEREN, WAE, SNAE,
std::is floating point<T>::value
NRTRFRER, WAE, SUARK.

AN F R

typename std::enable if<std::is floating point<T>::value>::type
Void-REXTEZFAEN, XEBEMH type

STD::ENABLE_IF BYE#H
ERERS U R £ std::enable ifLIMIEEFE,

template<bool B, class T=void>
structenable if {};

template<class T>

struct enable if<true, T>{
using type =T;

5

MRBENMREEANE, WiEE stdienable if OETIRA, ETLUEX type M1RH
REEXNAR, WREZREENFER type HERER

B—NERE URFEAERGLRIN, FLERTE:

template<bool B, class T = void>
structenable if;

ZREZHEEN, ERELENBRTESHAAARFNREIREIR, RIEMBRERKFEXRNS
& print, BRMABIBEFIERARZAZE print, LR LEREEERZNIABE LR
TEHXEFH:

template argument deduction/substitution failed:

In substitution of:

‘template<class T> typename enable if<std::is floating point<T>::value>::type
print(const T&) [with T =int]’

error:no type named 'type'in'struct enable if<false, void>'
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MREAERZZN, BABERNAESEEREXFN:

template argument deduction/substitution failed:

In substitution of 'template<class T> typename

enable if<std::is floating point< Tp>::value>::type print(const T&) [with T =int]":
error:invalid use of incomplete type 'struct enable if<false, void>'

E— A BREEBENEEE LETAK,

STD::ENABLE_IF_T

C++14 187 TENERIER:
template<bool B, class T =void>
using enable if t=typename enable if<B,T>::type;

C++1718B 7 TENRER:
template<class T>
inline constexpr boolis floating point v =is floating point<T>::value;

is integral L 2MIREHE, RHFUL,
XEREXFEEATEURBER enable if 1 is floating point ZE 25170 :type

g ::value, I TEALE:

template<class T>
typename std::enable if<std::is floating point<T>::value>::type
print(const T&t) {

std::cout << "floating: " <<t <<std::endl;

}
A TENAEER:

template<class T>
typename std::enable if t<std::is floating point v<T>>
print(const T& t) {

std::cout << "floating: " <<t <<std::endl;

}
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STD::IS_FLOATING_POINT
EERS MR £, std:is floating point WM B LB E,
RUINEER

template<class T>
structis floating point{
static constexpr bool value = false;

5

template<>
structis floating point<double> {
static constexpr bool value = true;

X

template<>
structis floating point<float> {
static constexpr bool value = true;

5,
// and the same for "long double’

ENHHREETAER, EREEEEN—MAEE.
template<class T >
structis floating point
:std::integral constant<
bool,
std::is same<float, typename std::remove cv<T>::type>::value ||
std::is same<double, typename std::remove cv<T>::type>::value ||
std::is same<long double, typename std::remove cv<T>::type>::value

> {};
#I151E N https://en.cppreference.com/w/cpp/types/is floating point

FTENEERER C++1IESHHEHMBER:
std::integral constant<bool, true>
std::integral constant<bool, false>

@+

std::is_ same

AL std:iis_same BISEH M B LRI B EAEHSIE,
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STD::COMMON_TYPE

BS—NMEBRBENTIAR std::common type, EXFIR—PRIMREIZERNFGIE,
EbanE DB B H 2 int,bool # long int.

template<typename T, typename... Ts>
std::common _type t<T, Ts...> sum(T t1, Ts... ts) {
returntl+sum(ts...);

}

template<typename T>
Tsum(Tt1){
returntt;

}

stdi:common_type t<T, Ts...> BREAAFERIRSHLMHFERLEE common type tbal:
int WENZERE bool # longis long.

C++14 BxXFBEREEE FHit, EMNTUBTIREE#Estd::common _type B/
A

template<typename T, typename... Ts>
autosum(Tt1, Ts...ts) {
returntl +sum(ts...);

}

BEXHEHEARA—HEN, BA char fl char WERNERERZ char, MEFHED char
B&REXEBMNNREIEEZ int! WRFEHRE common type MAZRTBEIHITHER
EZ L, BBA std::common type SR2E8ENIA,

Cik=3 ﬁﬂ‘]?ﬁ%%ﬂiﬂ" T std::common type PREGFHEZH, XHEERFEHC++ESH
O mAREEEEMRRIG,

std::common type TREENBRE=TEZEF(HEENIfRELNX:?), C++ BEE=T
BEFRIRBIEENA true REZEF false REXZEWNEDNZE, HHREXENREK

g

test expression?3:2.5;
2Nis, (isdouble)
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WA, BTIETUUMER=TIZ&ERFLI common _type:

template<typename T, typename... Ts>
struct common type {

using type = decltype(false ?
T():typename common _type<Ts...>::type() ):
5

template<typename T>
structcommon type<T>{
using type =T,

3

BER, LEN'false"RE—THERINER., ENTENABIERERE —H8:
using type = decltype(true?
T():typename common type<Ts...>::type());

ELEXHNXEIWEED BINBRIEFBELERDN types HERNNEEREY, AT7TEHEIX
MER, FMNITLAMER std::declval, BTEBEMNSFMAITIL

template<typename T, typename... Ts>
struct common type;

template<typename... Ts>
usingcommon type t=typename common type<Ts...>::type;

template<typename T, typename... Ts>
struct common type {
using type = decltype(false ?
std::declval<T>() : std::declval<common type t<Ts...>>());
5

BIE B FEIE T std::common type B— AR KT, RAWAZELY, B C++ 2
EFMH:

h :/len referen m/w mmon #Possible implemen

tion
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STD::DECLVAL

X 9218 decltype EXLR2—MHFES, NERXNBECSERLEIIHN, Decltype X EX
REZXANTHEEESTIEEER, CEBERFNRINEREXOER

BR, 5—FH@E, std::declval BENRM, FA std::declval RATEFBREMATERS
EolZ e,

ENEFRIE, RIREMNABLRIKE foo DENIREZE, BAXRIKE Bar ENRNSH., B4
AT IRBUX KR RIXT N X FH

decltype(foo(Bar()))

BR, R Bar RETHWIERY, BARXRNEREAB L EHRZE, REXEMNINFLHAATE
Bar X%, BNREFE"ER"—MNAR foo NS EE ABar.

ATEBUEXIFENREAXTURERMNNAFD, BEANXAZTENX Bar 0@/ eliEH
std::declval MRS H 3K :

decltype(foo(std::declval<Bar>()))

PERMNAFTEBRZBar SUAHIAHLN, EEZTURHRE!
std::declval #1EB TR

RE®E, ER2REIUFHBO—1AE, EFHREEFET LUK decltypefiA:

template<class T>
typename std::add rvalue reference<T>::type declval() noexcept;

AR, URBMNIAFHEROEEANT, BEXEF:

template<class T>
Tdeclval() noexcept;

WRAZHNANMEERAE declval, BNBEETEFERARARTRBEAETEMERE,
std::add rvalue_reference BINIALLFIERAEELB AT, BB ATERE BARE.
GESIBNAEESIA,

Flan, WR foo HiERHMEMdecltype—ERERBNMIXE LESIBH:
intfoo(Bar&);
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BATTLURE reference collapsing rules, B declval NIEEFET
decltype(foo(std::declval<Bar&>()))

RAWEZSF N UL EE:

returns-add-rvalue-reference-instead-of-add-lvalue-ref

FER, RMNRBPRTHREEN—/NSD, EENRAK, HMNTLUBHEME, C++"EXE
IZETECHNNAR", BAEPRERE, MU—EHEET C++ NESIEEEM LA
SRR
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