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F1E @ A

RATLAHX —ERREFBEENETNRS ., EFESR, REFILE/NIRFT], R—H_F
hMmESR, KBERE-LEEAMSMARE., EFRELER, RELNESFBHREHRIAE
ARBMENZ, HH (RINFL) BRHFHESEEEESRMIN,

11 BHE

XFHBTTRIF (template metaprogram) HI—ANEDZET, BMNEHEHHRE RLE —
HRA /RN, B —B—A7TEF (metaprogram) BT, ARERBITIE, Rk
KATLABGODER, MALROHEER TENLGEZEERE SR,

A THEIREED, ERMNU—AC+NEFFER, ZERFRERMERER T - RAKIKR
TRERIRIERE:

#include "libs/mpl/book/chapterl/binary.hpp"”

#include <iostream>

int main()

{
std::cout << binary<101010>::value << std::endl;
return 0:

}

HER— MR _HEREAR, THERESTXNBFITORHER, BRONZRBIUURT
EHm, ZRhEEFMETX 6T, ZERTADTEILEON, EE-ANREFVMRA, BF
VREVGR F S RE R AL B A Ron O ARSI B B 1% 1) b M B HH 4T ED Y — 2k il (R 1010104 3
HifE .

42

1.2 TEFHES

IR FmHGT I “metaprogram”, ‘BRYE Lt “a program about a program”, %R H 3L,
BBRE “—ARTE—-IBFNEF O, —IFMWLEHERAOBER, “a metaprogram is a
program that manipulates code”, B “;TRFSREMATRINRBHEF". WX ITFRE
AREER, BELHWREECREXTEN—% “B8” T, GRELNCHRIFZHE /T
ERICHTIRERICHIES (assembly language) HALEEFG (machine code),

© HE#EFb, FAMGAERFRHA, A& “meta” FTHSR “about” . “one level of description higher” [
B, MERTREAAMIES L “beyond” = “behind” —#f,
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8 YACC[Joh79)iXx £ A ME#T 25 1= B 2% (parser generators) BB —RBFERIIUEFF
(program-manipulating program), YACC® iy A& —Fr&E b fbresffiik (parser description),
X R KB SN (grammar rule) W5, H EMHMARAHARKHESFERERAIZE
(action), filfn, 24 T RAEFEAREIMUEBITMIFERARIERX, RITTLASBYACCAITHY
kiR (grammar description) :

expression : term
| expression '+' term { $$ = $1 + $3; }
| expression '-' term { $$ = $1 - $3; }

i

term : factor
| term '*' factor { $$ = $1 * $3; }
| term '/' factor { $$ = $1 / $3; }

factor : INTEGER
| group

V

group : '(' expression ')’

fEAMRL, YACCHEEB—CIC++RXH, KHPaE&H — /1 yyparse@# (DLR—EFIAY
FRO8), FeAVATLUE A B DR I SOk SRR AT SO A H B ATHE U zh 1 .

int main()

{

extern int yyparse();
return yyparse():

}

YACCHIH P K £ MR 881X THBURMIE, BB YACCHB A B SR AL RSN TIR
i#& (domain language), HAHFAFBRFNELAESEFEE - MEANSRRAS, HH MM
M BRI REYT 28 (generated parser) H3), FTLAYACCHGIRIBESBiEFRE LiES (host
language) —CiE &, RAEAFRIFEEMNIESRE, HEEE5MESHAHHEE T
# (link), HFER, GBESLH TRARIE (Si4#, translation) ST, FAABRRTLIMR
MREERACSBFLAEy 2o 7.

© YACCE “Yet Another Compiler Compiler” WIS, ER—AFH THERMITE (parser), MBS (interpreter)
gIEE (compiler) HTH, FR1023%, —iF&iE

© BZEAETERMBER: BRNELRT—EUMM X FHTRISH (tokenize) Myylex@l, BNE102,
K H AR F, rbaTLIZEEYACCEA,
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1.3 EREEFTPHRITTHE

YACCE— A1 #i%¥% (translator) RIBIF, BIRXEEN—DTERE. KOBIESFRTRE
EHEE . ERScheme[SSTSIXMMIER b, B —HEREHBBNITEE, SchemetayR
EﬁﬁhmmmymmmJﬁﬂ%ﬁﬁ%%ﬁi%&MMﬂﬁw—¢%&ﬂ%i,ﬁﬂﬁ&%
“ﬂﬂﬁﬁﬂﬁ%ﬁ%%ﬁ"mﬁmﬁﬁﬁﬁ¢ﬁﬁ.Eﬁﬁ&%ﬁﬁﬁ\i%ﬁuﬁﬁﬁﬁﬁ
%¢%ﬁ2ﬁ%ﬁ&%.@ﬂﬁﬁ#%%ﬁﬂﬂﬁ%ﬁﬂﬂﬁ,#ﬂ%%ﬁﬁ%ﬁﬁ%&ﬂﬁ
aTRI—1A4%H,

%Aﬁﬁmﬁ,m%&ﬂ%—%GH%ﬁﬁ,uLﬁEMiﬁﬁﬁﬁ%ﬁﬁiﬂﬁ,$#m
FoRAER sy P R an I BE O FREE 1 H HL @R anfa] A Be (it 25 22,

1.4 FHCHR#HITLRIE

EGH¢.R?%E$ﬁﬁ¢ﬁﬂﬁﬁﬂﬂﬁﬁiﬁﬁiﬁﬁ(memeﬁ
mmm%mmmwlﬁﬁT$E%ﬁﬁ(WmmﬂLﬁM@%D,Eﬂ~$¢,ﬁmﬁﬁﬁi%
B HE FHU B B AECH++h BEAT TC AR Y — S 2k

141 E{Ei+N

%EWOHEEWE%ﬁMﬁﬁEﬁHﬁ,E*ﬁ%ﬂﬁﬂﬁzﬁﬁﬂmemmﬁﬂﬁ
Cﬂﬁ%ﬁﬁﬁﬁﬁhﬁﬁﬁm.%%ﬁiﬁ—%%%&@&ﬂ,Eﬁﬁ&%ﬁﬁﬁ*éﬁ~£
FITHE e REdE) ©

m$$%%mﬁﬂﬁﬁﬁﬁmﬂﬁ?ﬂﬁﬁkﬁ§%¢,E%&ﬁﬂ%%ﬂ—%ﬁﬁ%%
~ﬁ%&ﬁ°Tﬁmﬁﬁﬁ{ﬁﬁﬁMLﬁm$ﬂﬁ%ﬁ%%m¢$ﬁ%%“bﬁ”ﬁﬂ)ﬁ
%H%%+ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬂ:ﬁﬂﬁ,mﬁﬁMﬁuﬁgﬁmﬂﬁﬁ%ﬁ%Zﬁﬁﬁﬁ=

template <unsigned long N>
struct binary

{

static unsigned const value

= binary<N/10>::value * 2 /7 G L B ) i fir
+ N%10;
}:
template <> /! R
struct binary<o> /1 BEEgN

{

static unsigned const value = 0;

}:

unsigned const one = binary<l>::value;
unsigned const three = binary<ll1l>::value;
unsigned const five = binaryﬁlﬂl}::value;

© AXMBIIEN, BR (Cr+ BRL W) (BiE/o M 2 1%, % FREERHAMA TNT) B17E,
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unsigned const seven = binary<lll>::value;
unsigned const nine = binary<l1001>::value;

AR R AL BRI . “BRAFEMILME? 7, AEEE T, HBA 1 binary<N>HIERE
B B ::valueld % 4 T2, binary templatedt 3t —A8/MNUBNZEATEBIfL, ERAINZEH0, HH
ZAG (L AR e 5 4t . XM ERE B BT B i H R B R R sk E, IBARFRIERE
2R EEx ARE—ARERHE? XN, 2RE, XBERFSWHTHE (interpret)
BATXASNTTRFF

HiRRE

FOULEA RBAEITH &R ML Bl P @binary i — Ak 40678 Z £ 654, B¢ &) % A
FTHAA ARG HPME, SRR Ladie (L 4H6x22 + 7x21 + 8x20), #A K
B, k678X HMNMARTREAFN P HERTHAT £, AX3IF, ANKHOMRATF
dofTHE A A SN+ #H5 AFRG0A 1B A8, F T vk Fbinary<N>::value,

HFC++EFHRMFM T RRSTHMHRENFEXE N T —LX 3, Hik, TRFEEkK
AR FEMNEZET B, mEESchemerh—#, C++TRBRFRARA “MREEEERF
HIFER" ESRRERD, HEAECHT, BF ARRERAZEBESHN - NTREFVNFRETTH
B. Uik T XA B AZ T B A Bbinary F05E TR B - LB — T -

unsigned binary{unsigned long N)

{
return N == 0 ? 0 : N%10 + 2 * binary(N/10);

}

BB AN FRRE ZA —NXBOARETAELFNEET . HBi1meta-
binary (JLEEFhR4AfIbinary) {EF8HsF(t (template specialization) Hffid 2N AOK T 2Lng,
“FFERAMAEEGENEREL” BILEHRAECH TERFAANILYE:, REARENET, &
MERE— " THRERFEREONYEE.

T X A4~ Fforfig 373k BU AR i IR ATbinary kR 4=, WEL T A Tz T HIC++ i HIC++ 22 a]
5 — A EEX .

unsigned binary({unsigned long N)
{

unsigned result = {;
for (unsigned bit = 0xl1l; N; N /= 10, bit <<= 1)
{
if (N%10)
result += bit;

}
return result;

}

RAEXANRA LR E RPN RETK, RMREC+H+EF RHBRXNRAELR, K
BHANETZTHAER (iteration) HRHELBIIE R, SETEXMRAF LEEMEN,
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C++iEEMMIFMART o @ HAD “diR % MiES (pure functional language)”, FHAE
FiHaskeliXHMIES BEA — RS ME: (o) BIBERA R (%HAY, immutable), HH
(7T) BBEHBIER (side effect), R FHEREFEMCHEREEMEATESFHC++HEIIER
BERMHMMAARE, HTREEERIHERLESE KPR —LA (mutable) HRAEREDN
WO TRE—A (FRR) 3%, FEAERENEELIER (iteration), FHik, ¥ FC++ TR
R, #)3 (recursion) EMAMIFE,

14.2 %RBHH

EHERFENETREAVT RN IEER SMECH “XMARHTIHE (compute with
types)” MUBED. FEL bk, KMHE (type computation) REF BT RS 5 X id: 1
i, BIMNSET—ERNE-FTRAEHXHFEBNGF. ERMNBVEENADIE, RTiELSHME
WITHBER R “HEBHETUHE",

RYEVRATRE L A0 R RS2 A RE T A X8R E (type computation) RIERF 4R, R
BRBBIMBEER—ITAXEBOBWE NG, DICBRIMNPWYACCEIARKEE (expression
evaluator) M3? FLIEHBIMIAFEMEH —/8i%8§ (translator) RIRBIFE HFHER], FH
& H Boost Spiritf FF FEHE 49 @M (surrounding code), [T A RERICHCRBATLLEIE
ZHrRIThiE.

expr =
( term[expr.val = 1] >> '+' >> expr[expr.val += _1] )
| ( term[expr.val = _1] >> '-' >> expr(expr.val -= _1] )
| term[expr.val = 1]
term =

( factor[term.val = _1] >> '+' >> term[term.val *= _171 )
| ( factor[term.val = _1] >> '/' >> term[term.val /= _11 )
| factor[term.val = 1]

factor =
integer[factor.val = _1]
| ¢ '"(' >> expr[factor.val = _1] >> ')' )

B BERFEE A EBHR (function object), 5 HIH T HAMAIXE (grammar)
HEATRENTAOEAG . MBEAN, BN EEENRERNTh%LE “HTAE BN
MIRBIPTRE, Wi 2ARRRRIN f— A XA T G s B B A LR

Bt YACC—#E, Spirit BFFERE—/MMNTEHTS (grammar specification) A: i f@ty 22
(parser) MITLEF. AR FYACCHIR, SpiritsRAC++H BH—/ Tk e L LGRS
(domain language). ANFHEIVRET BRI HEX— KR, FAWOMM, Bkt
B, YRt BEARLE.
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1.5 A#HITEHEE

Mo, THREAH24F80R? SR, M TFROXBITCHRLRIERE, BFEEER
HHIRRTTE ., ILBRIMEEBINRFRE, BRLBN AT I (ER B (interpretation)
P2 (parser) RIRIER TIIRANFEIER,

151 FHAR1. ETHITR

BEB T YN REESITHMAERERIATIR. Flan, FRO79TLLGE 545 B R binary
RSz —, MAILMER— A TESTHIMBE (interpret) %A (input grammar) RO
PR (parsing system) (RRATIRIER AT YRINE KW EHBEH).

RHATEFEEMES LHBEGE, EdALRTARFERD AR TIESN T/E, il
AILASRAH R RV, 24—/ 30 (grammar) WHRIEM, YACCHITAIMEIARET % (parse
table) & MRS E, WREBFTHEXER, BLEEHRERFNBEMNELE, 200,
B FoinaryFEGEMMB T, Hovaluefk — A GEHIES, BIFR TG EESM (encode)
F|HAYE (object code) wf, HYEEM T "L & ATEESEN A,

ERATEFOI— N EROEOE BEWE R E, XFMEE TUME B E L A HiRE =3
TTEEAMES. B, C++3AMK/NRGEFR Fbinary<N>::valuesx B a0 4315 15 5 4 2 Hb
frigg, mAREE —METYRSOE EERTIEE. £ YACCKHT fAESERRMEET
AR E B C/C++RTE—— X SRR M b A= BRI BT B2 0 — 3By Tk b 47 . R4 4 3h4% (actions)
SCEE T SO AR A A8 4 B ARC/ICH+GiF BRI, 44 oTREBBIX — A4,

152 EHRAE2: BRI

AREBITWSRSMENETIT R, ROLTUAFHEGXER, BE, B B EEER
AHRBHEC Ml fE EMNTHERAMCH+FEEY, BREDLHEELE, MIELYACCH

Boost.Spirit#2 /& B AT A H U B R #5320 — M RHT B (parser) MIBIZS BB A F
g2il: o8

IMRHRBRRE — 4 RBEH —KOTTRF, AR TR 5 # (user analysis)
EMGE: FLER - HPEERRE N ERNTEFEXETYRE AR AL B
MERZBHRT, EHBENHEREZFARTRFOHIR, ~B— A TBEREHT, B4
CH+EERERI I M B Fr 38 °T 32 I T T 5 SR 10 5 B

AE—AABFEERZ 0K, EERTUILAPRESHETEREINRG, BAHH
 FATLALMHEL F a0 B (mental model) MIREIG LR, E—AAMEGr (bit) [HEEX
FUERE (context) Hbinary<101010>::value B H 42 £ G fI0x2a F A5 B L . 2, FEMH
WRAT R RICHERME R S ERX X TR 2 AW R AETES . e,

Bja, HTFALRBLER, -4 TBRENEEAEERES K, BRIRBFEA TR

© R RMIMIHBRA T ARBME ", NG TR, LW W SR EE 8 G
ERA B, —FHE
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EFB TS, i _HHER -0 FEERNES, UETAMNEERA T 0TI EILH,
HXMmE, FLASHITR (parse table) MIFEMAHE ZHEE D (EFEDX HFA AR
DIESGX — /) . B IESREHR A — MR YACCX e ARAT 83 4 B 8% (parser generator) H9FE

B,
1.5.3 AfA#HITCH THRE
ERC++IHRIEE Y, SUKIES (domain language) R &EFH AR FIERNIEEH
—AT8, EXFMEET, ThRBEEERFERAE Db EHE.
cHPFLVEEERSURIES, MEREN —MHRRMIEE, M LOFSITHRERDBE
me.
CHABRFSHMAN., LEERGTRFHTENERE, ATEEHRE%.
« THHmegdp (build) BB, (BRI YACCHRMAVIRHE)
EffEmET, BFARKEES HRAREYE. ERENERZEOE SO TR, THE
8 SOV BATHBRX AP BB IR AN D, 3R oo 4 A O B B A L BB 17 3
B2 iR Hm A B .

1.6 AR #HITTHREE

WRELBH —EXTAHNFEER THENGF, Rbo2—EanfidiERkTai, @
BIMVEFRATTRMEEAHTEATHRE. R, RIMLXCL2BMT 5508 A L0
W, fEA—T S, WRUTAGFEEM=AEAR, THERETRH— /N TaBEm
REE: _

* A ZNBARRE SRR ATRE. Fln, RTEEES—IMRITR (parser) &
EBOXHERIRAE: ERAREBR—ERMH (formal grammar) FiF LR EKIENE
(table) = FBi# (subroutine) MEE. RARBARRER “HEERERXR”
EBHAFILSHREMR, MARRIEN—RFIBENERRETR.

* WRAERABBETREBERIE, REERSARIVZIRM LA,

* MR EE TAHFRRBZE N R G E4H 158,

* RAEFACHPIZRGR (generic programming) MR EHHEMEY:, FlnsLRg
# (static type checking) 174 %] (behavioral customization) REFH, REMLEHHHE
R,

*RELELWEC++IBEET X, MEFERAE=FSFMWITERERHERDLE KSR

(source code generator)

1.7 AIEELTREEFE

AREFEFXWETLEF, BT 5Boost THEE (MPL) RUHIEB IS IE. ﬁﬂ{iﬁif
BRAEFEZFBRERMPL, BIERINAIRE KBILESLIMPL S REESD, BhE
ATLAA VRIS H G TYEH R iE B 474k .
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1. A& (Quality), KEHEABEKTREAFNEFrABLER “MAT-LEHEXEMN
RSCBAY . XFHEFELCLIEH. LS, MPLIEESF AR AP, SmEEN TAMM AR
TEABAIR PO fEmr . —&okUF, Boost JL4ER iR AU EELIBEE L T HIK9 B AR FF & A4 £
RiEHEKR, BRAEEHFAOLE. B, RBTEAAE MK LA ARRPIREE LKL
scE,

2. &M (Reuse), FiARFEMBABIENIEANANS, EEENE, — MR
MIZREFERNY T —ME XSRS (framework), HHEZR Y ARy ) EI4R f T —
AR FARL.OA RS (reusable mental model), #tf&C++ Standard Template Library#s 5% {]:%
3% (iterators) RIS (function object) PHil—4E, Boost LA AR TRAEA R
(type iterator) FITTEAKIHIN. — LR BREMH FAEIER, EATHERFRTUEST
HORRRE, FHETIELNES,

3. Btk (Portability), —/NMRFBMBRFETLL “#iF" FEHENNAMMIL., REHE
it b, EMC++ TRFMALROX B EAFE, RATELEY, EEECHERELSE
&, BEXRFEHBRAZHFDARS B HERTHEEBESS, BAEREC+IEE HFER
RIS ZMFtE, B—F W, X—FLHRRTCH+ THBHERD.

4. 55& (Fun), —igs b E S HRNZIRAEEERI R, 54855 e Rk 45 5% i
ARy, RIEAVIRTH A R A @I | MPLE MRS RE RN TEEEXNEE, &
b TRFEEBIITH., REZMEBIMPL, RATATLLZ 5 B 00T 8 % 41 5 Vb2 45 KA RR
krfbhit 4~ (template specializations) F1iE 258 HRD,

5. =& (Productivity), BR TN AMZSN, BA1HH OB T A RGHER, X
BIAEA RSN RS BE S ORE, BRET, DEME. fad, ZHLhNRBESH
e E SR04 S EMHERORM.

IEZVRFEBIRIARHE , Boost TLAR AR T RIEAICERZ BATRE R, BDRHIEME By
FERFRER. BATADENHIA -/ MEk:. SERTARAFEFSEENNTE, HE &
HCHRF REH B L&EREFIT— B2,

o, BEMHIERE—T LEFSMNENA &% MPLREESTRBYLTHEE T
M, MASZEMIFHELS . EHREECRQENEERMF R T Rk St f A,
FEE e BRI R,
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BRMFERIENHEFBARESASSIRE TIENINR . KZEOCEBFEHELBERER
WM. %Lhrtb, RIFMEETEELEELN. £ X—8FH, REEI]-THEKHAEEE
R, ZEEAE “FAMERIHE (type computation) HITLRE".

2.1 ZEBIXEX

EC++H, RILAZEGIFRIA TR LR FRATHIE (metadata), KBLATLLsy B4 T085
%A (types) FnIER (non-types). FHIETHA, EMFRRATEIBETHMBERS2 Y., #12
FERREREEIE (values) BB T —FhiERA, Wi DSHE T ERIFW EE K L PEFAR
fofd, BIEHKMER., B3 (enums), WEF “£B" MRAFEMSIA, LARKE KRN
£t (pointers to members) ©,

RZ B AR AL EFRAVIE R R TE B AT — 213, (B2 IRATREXE o] LA 2 B3 471
REBRBR. ATH “XRAAEER? ATABREE? ” RE—-MAE, RIVBEZEERBCH
PR R F R R Ak 2 — . iter_swap, ERRMABHAEESHNSABHRHRENE
HigmayxdRifE. XKLHEFLEZWT.

" template <class ForwardIteratorl, class ForwardIterator2>
void iter swap(ForwardIteratorl il, ForwardIterator2 i2)

{
T tmp = *il:
*il = *i2;
*i2 = tmp;

}

SR H RS TR LR ILEE, HER, A —PUKIREHE., ERBREHEY, mER
TXARRBEE, MBaiter_swapiR Tik@ L HiF. MR, —AMIEERAIEERE, TREYEARE
MESIM (dereferenced) BYFFEAIE!, C++ii¥E (24.1%) WX KR “LRBMERR
(value type)”, A, APELHXANHKRIGLZR?

2.1.1 RA—#EHENFTR

BRRCLMERERFEEZEENER, RINTER KT ASIEX—A, EAHRMN
SHA-EERANER. BAE, RERMNEANILEASIARERFEH B ESRAmEE R
BT, BRINTERAERSAROE L, KhiF 2 HEERRBRARMIEART > AHT

©  Co+iniftd LR DB B HHEIT 68, MBXEAILRERAEMNIE, XX RS8R “Hid
B AMRAR", IR, BRHFAREY, FEAFTLUEGEE 5 — 12— AR,
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KEK. BATATLAZRATA S A KR — A & hvalue_typefIik B R R, rILAEBEIRIE:

template <class ForwardIteratorl, class ForwardIterator2>
void iter swap(ForwardIteratorl il, ForwardIteratorZ i2)

{

typename /o (BRLUTESER)
ForwardIteratorl::value_ type tmp = *il;
*il = *i2;

*i2 = tmp;
}

C++iEE TR

G4 Al —AMEH 4.2 F (dependent name) EiE & FATHA—ALTN, Crif AL
A% Fltypename X 4 47 ¥, ForwardIteratorl::value_type A& & — AN KW | ik B0 5 4% i £5
Forwardlterator] AR F i &, £ LK KB, VA4 7 # % Ftypenamet) # $ 13 4.,

M FRATRBRBORYE, X& - MREMHERE, BERRETEA—E, BIE, Crd
ERBOBRREG IR, IEEOAEREERABTUAMARNERE, 1
M, REEARERTY, RAERCHEE URERR.

void f(int* pl, int+* p2)

{

iter_swap(pl,p2); // error: int*{}% "value type"j i
}

21.2 RA—MFEAR
BAVT Al 31 A — AN 65 18] 42 B A MR e AT 5] 4

Butler Lampson

Lampsonffy SR E R FF % 1H iR it A 581, LL%E FAndrew Koenig® 0k H L #K%
B THEAZEAER (Fundamental Theorem of Software Engineering, FTSE), F{ b5k m
PR &R P R R FE A value_type, {ER AR LAHE LR MEE A — /R B R 2 8
B, FEPRERIFES, X/MEARBRR biterator_traits, H% 4RGN,

template <class Iterator> struct iterator traits;

LAF RS 7R T iterator_traits & 4n e[ 3 Fl Fiter_swaprh iy,

template <class ForwardIteratorl, class ForwardIterator?>
void iter_swap(ForwardIteratorl il, ForwardIterator? i2)

{

typename
itaratur_traitsﬁrnrwnrdlt-rntnrl?::vnlu-_trp- tmp = *jil;
*il = *i2;

© XHE UMK, TRELHES, —iFEE
© Andrew Koenigl (Accelerated C++) 2% #£2 —, HRC+RMMNTRGEM, B8 T Wb S E LA Crrit
- BUARMAERN, #RTLI%X%EHBjame Stroustrup’S it i JL P i — A,
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*i2 = tmp;

}

2 BrLAfiy & hiterator_traits, EFEHEHA THELSMEME (S, traits), FXH, X
AR A (traits) BEABAIANTHIELEAAR . value_type, reference, pointer,
difference_typel ) K iterator_category,

traits A B EE A THRER HMNMHE M —FIER AR S X, HEESERHETXE. HiF
P, ZnRIRRY R SR TE(kfHector (ZHBIKFHMIKIK) SRFENRLLERSFMAER, K
“1hands_off, ‘EfgE—/int, {RalLAK FE—4 value_type, MASHEL TIEAMMIB <A R
BRIk 35 In—/~iterator_traits i . 5F{t (explicit specialization), ¥iter_swapifjfa)3&F
Hectorftyi% {C 28$ Wy value_typelit, EHESBFH KR int® .,

namespace std
{

template <>
struct iterator_traits<Hector::hands_off>

{
typedef int value_type;

...... H¥ N 4-typedefs

traitsf X FFIER A MR 75 T E4F B2 (5 B iterator_traits AT LAE B T4R4HR9 R H . bR e E
&K LL Fiterator_traits b4 k., ‘B AFAEHEHA T value_type.

template <class T>
struct iterator traits<T#*> {
typedef T value_ type;
B4 typedefs -
}i
f£ “ilifiterator_traits KBLAY AR FIFE, 12296 B vl LAGE— 9 5 2 ) 1% 4% 28 48
KERHIET, MAEZERFLETHIT & .

213 IR—1HER

RAERLRE —/M 248 RS, (BEimdb g — A m 280 ik R RSB FRIHLE, Kbtk
BEERBERIEMR: MTRETARAXAREARLS TIEMGAZSE, 3T traits R4 234,
Rl THRES Btraitshe b H HHIRG. XHTEEEHEAERBABRANTR, FAIBED
typedef A R —HEHHEMME L.

SEEBBREL, REBFERBT - IM#EFR, LUESRBNEZBHBRES
iterator_traits LAY A, HEE KM B B RS K AL RBN W], iterator_traitsFHAR S “SHEA”
AR R R P2

© FWAR “HI1" — VR EbEE T AL (specialization) FILM{L (instantiation),
© C+HREEN S RHIBHLREREN (KL BL) AR B AR R bR,
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template <class Iterator>
struct iterator traits {
typedef typename Iterator::value_type value type;

oo BN typedefs
}i
XILRATLAER SR “WiSrImE#ER” MITESFR: A& H#ZE R terator::value_type,
iter_swapifi i i) [Aliterator_traits R IRF LA B Mvalue_type, BRIEENMGILIRE “BE” T
iterator_traitsE itk , 4 Mliter_swapiF & FE| REEAvalue_type, FIQECHBEHFREMARRE 4
BRI —EE,

22 TR

AR ZFWARE LT R A traits BIARFIEE R 7 A F AL, PR, traits 44
WS RN E R R RIFRIRIE T 20T 88 AR R EFE BHE/E ST R R, 21
TP fybinary #ith 2 R 2 AN, HIRIAH IR B AL, iterator_traitsfiEhFTRY CRRIR
(type computation)” F LXxEF—HILEE, RMITLIER, BT LARIE SIS D F ks
BER®E,

BR T 58 7R B R 2RI MGAEE SN, traits T BT THA B BT, BN E R
5 ERBEBARFN.

b, BATAEESEM—MELR T 2 B a0 “E” (Ap2kay) JERA M

e dktraits BARMIEER, BRATEFATLLE L AR B LB TERLY “1E” (Blanprf 8
) Bk R, ﬁﬂ%ﬁﬂﬁlﬁﬁfﬁﬁlﬁﬂﬁifﬂﬂ:ﬁﬂmﬁﬁ, B tHSTH/A TR,
PRA] LU AR BEMB R i BE 1Y — /> B 3 std::abs RAESHLBAH—/ B0 A REVR iz
LR A |

*Z4 REET, KEAKEBBANLRERIER -ME (F, AN E R B e X

U, MtraitsB W BAE R —MEELR, B4, std:iterator_traitsfd & FA BRI
R, value_type, reference, pointer, difference_typell Jiterator_category, traits #4% 13
ESRENH R AR R REOWH IR N, SRR AR B Mstd: char_traitsg] £
=—5F.

REmM, RBREBREY, BATATLAMGX R AL PR — K IEAYEFAE. B TEAR
ff “RBURAMEER Y (class templates-as-functions)” #9 B4, {14 6 A BT R K
(metafunctions) . JTERHREBoost MPLEY— MR L EEM S, M ElBHERAIL (IEXfL) &%
FEHBAO—1T X3, BRITBEEIBEA BT, HRERBIMITEREIT - THEEL TR
52 fitraits 2 W — N BERX R,

PROERRFF P Wtraits BURERHM “B/MEEE” A, AR e Hetraits BARFRA “blob”,
BA B R — ke, AR A TC R BUE RS A BRI B T B E
BRI AE, EhEaEmmicrReE.

HRARME LR xEE. SABAFE— W Aliterator_traits P ] #::value_typelH, IZAROR &
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Scfil{t (instantiated), XA BIFHHRIBEHRELA T L TIEER, EXTERMKR, FEENF
BE, REREEHEHERFENNEG —/MER TEERS BN FHNE L, X} Fiterator_traits
fid, XEREAMEEL Rvalue_type, BA BIMUAFEEBERRY—IERNATEERE
1, HEFHZHERH, XEFIIMRBETENROHSERBETE, MmPEEREERE. Lid
BEMNBEIADVHTEBSTHEFEEY? “FHFEL 2E%RENRNRESEMEZNTE,
PARAVREE iR 7 i i 2 EREdifridak, DAERBEIRMBRFFHBTITIE,

Hik, thE EEAYE, “the blob” SUMRMNEE “HBUWHMTHEEANLS NTEREMN
BEh. ATHERHAZX—A, ZE—TFELRETHEY, BRI RS,

template <class X, class UnaryOpl, class UnaryOp2>
X apply fg(X x, Unaryopl £, UnaryOp2 g)
{

return f(g(x));

}

AR, XIFERFTEAA Tixitapply fefIte—H X, REBRATEFgHT & —/FRAblobi
BALER, T

template <class X, class Blob>
X apply fg(X x, Blob blob)

{
return blob.f(blob.g(x));

}

EX R, AT HAMgrBCELIT PR —4 “traits blob” MIHR: AHTHSE “BHK” B
G, RBEAFWRFERAZ—. RBEET, BHE—-HRAKKBEMXLE “blobs” Z—fusk
Ko Rapply fgiXHME-TEEHSERHEBCH-ERREARS, AT HReEHL Kbk
KA, BNBERREEFITRE-NTREHFLATHIERE 2D,

“The blob” & —/ A& (anti-pattern) (iXA& R iZBEM—F “BIAK"), FATERET
—ANEFNEAETIRIEFESD (interoperability) s &4 M- TRIMERNIRED . BAIRE,
HN %5 s M4 B 3 Se 2 apply _fgRIAR /MR A& — MFRIERE, EAER® THRERE D,

=i e %apply_fgfy el A K2R B I, RITTLMRE SR TN

#include <functional>
float log2(float);

int a = apply fg(5.0f, std::negate<float>(), log2);
int b = apply_f£fg(-3.14f, log2, std::negate<float>());

EFARFARRILS KB ] b F A EE:, Frb2E (polymorphism), £REIFHES
MA& “FILAME ZRERXREED.

&
ACHTHRAMS &, 4% & (Dynamic polymorphism) A # & A1i8 i ¥ A% £ 354t %
SIRRESARLEAVNHYE, AFFAMATRHOBA$ S (Static polymorphism), 4.# 7
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Rl R SUAR M7 SMBK, ARCNEIHXMAAENFEPT, 55 (dynamic) Fe
#4& (static) AAANEQAETH LG ERAY R FTEFMERALEN, 50555, #
Bl “iE ¥ x (late-binding)” & “EFH MKk X (runtime dispatch)” (C++4& 8 F & 5L .5 %
(virtual functions) R4 &I4M), RERN R XENE, BE3S (LAIAKLS
% (parametric polymorphism)) £:Z & 4 ¢5 A/ &4,

ATETEB ZAERLZE, BMNFEEL AR EEHEN. Boost BFEMEANSE
W

metafunction-name<type-arguments...>::type

MBLEFFSE, MBAMERARETRYE, RRIRTLRXRESET A" 18R,
2.3 HESTHE

IR EAERER TR L EARETIEA, REEARABIF. A, BRINMHBEE
RIRGAEHLLEANBEAREE -/ “HB" agsr, TEERELSEN TR
Hotype REUR—ANRE, ZRFWHRN “BREESBES (integral constant wrapper)”, H i
Efcvaluefi A& —MERE R, RMHABIBERER N RIMNEBNMRY, HIHEE—/F
¥, BALSHE—I R TFRINBIEANE AN

struct five // Sr{ASA% R o8 S
{

static int const value = 5;
typedef int value type:

};
XHE—k, ATHRE—IHIETREOERE, ROTTUXEE.

metafunction-name<type arguments...>::type::value

m#, HtbBREROMURUMIIERSBELD TR, F&LEZX /MMM RS E 76
ATE, (BB A VR o AR B AL B . BRI BT R BOE S WFE [ 26 8, w71
BEEEg%—. “E££2& (polymorphic)”, EAFERIEM, 7 TR —EEHhRELET
XX FTSE © iy B2 S 3414 5k B R 0 K R 3 7 ©

T BT A XEAF AR, BURAEH R~ EIEAER % BB EESE type:: value Rtk
KTWHRIEH., AHERAT HE, — I BETERIEE TR EATHEE A S EBRE— /N E
fy::value, BATEAF o it T Kk B Boost B FF B /Y BT A BB 70 R SR X 2 . b, R
B2 R Gl IE 7R B B OT R BB R A — A ovaluel, VRATLAFI R X — A, SR — s 0 TRk

e Fundamental Theorem of Software Engineering, #h{t LHRAE AT E,

e W&WE%EﬁﬂJﬁEﬁﬁb}ﬂﬂi?FﬁmﬁﬂﬁﬁlFl’[ﬁi—iﬁHﬁﬁ%ﬁfl‘ifﬁﬁrﬁ@ﬁﬂi%iﬁ&ﬂﬁﬂﬁia A

RRESREBH LR TEREDXSNOTEL. ST TEELIR, ALY, RIOTTRBREER

AWERANMY . RTROABFAERRH RMERT L, Enh e, AR EHFEES
XA R,
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s XN value, BMEVRMEHEANITEEESE - ITRIEMNER,

2.4 FEHmFHRIEH%EFE

IR B H AR KR HH (type computations) HIEBBROEFE —LER, BIOVBERER.
TalEGih, EHTEEREERE — N ERE N value_typedE A LLIRFFERH L H A “FHAEER (table
lookup)” MUfEFRIMEE %, E “FAHH (computation with types)” WBBEFEGH, B
F & SURRAS BLZAUL R R TR CEL (type associations)

24.1 #—Fitigiter_swap

AT HREB M TREATHERG S, iERME LIRSS “C++inERFELHE”
FIff ., RAREBELX—A—RBmSRITHESWEIE A X OHERERE PR A RbugiR 4,
WABBANA.1. 29 & L Witer_swapfy A FREERBZRIEERETHATH. UFA A%
fkik B 5 A — /[ std::list<std::vector<std::string> >H % R %, THEHFRmBEHTER, HEEIE
2% Urfh, iter_swap@¥EREMIN Z L.

B E R AR S — XA ROZ B R HI B UF . Eiter_swaprp, F—FKiBAXMH b —
NGRS HEER T —mad. maEE— vectorM % EEHKFE TE, 85— F4H
TLRAIE HISBE LRI RE S B SN T R LA R M F R B A F T A # (bitwise copy),
MAIERERI A BERE , X PR HH 2 R,

EiGhiE, - ERBRGTE. HTRERFERME T —/4 5 LU T vectorshy i 2 il 4
Fswap, BRRX#K L EBEH AT (internal pointers), RATTLULLEIFE R REMSIH
(dereference) %25 H X875 | HLE 1M Hswaplll ] .

std::swap(*il, =*i2);

RTTXFEMEETR KA NHE, b iter_swap A RIZRIBEE S RRERAZRE, BRi1E
BR&HTENEARER . HAAMA—/4 BB RN TIEBICH swaplg?

template <class ForwardIteratorl, class ForwardIterator2>
void iter_ swap(ForwardIteratorl il, ForwardIterator2 i2)

{
std::swap(*il,*i2);

}

XE AL, HRSTRMNABEMIX (test suite) FRXW, §MAswapHiESEHEBT
f. tRiE B Eliter_swapal UM A R R RIAA S TB? F L&A MikikE &
iter_swap R —Nint* BRI AI{E 5 —/Mong* B M M EHE T3 . ARifi, swapif 3 R AL
AR B R FTIRIE -

template <class T> void swap(T& x, T& y):

HENBE S A Fint*fllong*it, LEMiter_swapLHL 2 &S B — N HiIFEIR, FHAA
FAEVCRESE 223 B(int, long)fystd::swap E #; ,
BTATRI LK LK Mg ix AN (R 81, BIiE ARS8 Miter_swap Bl R A D), RN IMA—4E
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Bk 4.
/7 @R (18%) MRE

template <class ForwardIteratorl, class ForwardIterator2>
void iter_swap(ForwardIteratorl il, ForwardIterator2 i2)

{
typename
iterator_traits<ForwardIteratorl>::value_type
tmp = *il;
*il = *i2;
*i2 = tmp;
}

/1 HFEAER R KRR GEE fF TR
template <class ForwardIterator>
void iter swap(ForwardIterator il, ForwardIterator i2)

{
std::swap(*il, *i2); // HitEER
}
C++ER BB AR AL (rules for partial ordering) © B#R, 24T H¥ICRRM, FEF M
AMEHRAEIFRIICE, X MR T (int*, long*) L 2MAE, MFEdREMR. FEBMN
FIBFE AL {ERT

242 ERARE

MMELEAN, XEAEBIARNPABLI T - AEENRILENL. ZEXR010
std::vectur-::std::string}#l]sld::list-::std::string:-ﬁ{]iﬁﬁEﬁmﬁiter_swapﬂfj'ﬁﬁigggbﬁz? X%
Rax LA FHERIvalue_type (&4 HCHERswap), EHFERZHSMRBIHR, Bl
B AMiter_swapBHE A LW, XILEEMRXE—FHX, {E #Fiter_swap TfEF %
TH B value_typefI R RIERBRR Y |-,

HTFRINEARR “SREEFELRE Hick, FHBEMNER LA 2Rk Eswap, ]
AILASB B B/ A ] O 2 B

template <class T1, class T2>

void swap(Tl& a, T2& b)

{
Tl tmp = a;
a = b;
b = tmp;

}

XA LA B RT LA A P o AR A4k £ M

S BMRCH+HEAEMBRAREENENE, TURE (Crr Templates 4 81D (Sefl/ M/ EE 1) —48,
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243 B—1EPFRE

AR, IR THE—FEREBREDATELE, L Hoperator* EH ™4 —4
fCEE5| A (proxy reference) RIIB—FELeE. X L, —IRESIARAELIE—N5IH, A
2T RERLUSI ANERS, 3T AR TERERERE, —MRESIAATR—
A%, BATLAMFH Evalue_type, e[ value_typeR{ELAE.

B AR5 T £ vector<bool>H1% L 28 © . vector<bool>% 28 LA 8/ K 77 ik g — 4
tE. HTFEEEHAFER - 2 EREA, BILAER T/ RE, mk—Xk, iZvector
BI4T A JL Pk S fhvectorBBAE T . X BEAoperator=(bool) [ vector B A& 24 iz, Hoperator
bool ONIIi& Bl true——24 B (X 4 iZfz Evectorh # ik B, Z0F:

struct proxy

{

}i

proxy& operator=(bool x)

{
if (x)
bytes[pos/8] |= (lu << (posi8));
else
bytes[pos/8] &= —(lu << (pos%8));
return *this:

}

operator bool(} const

.[

return bytes[pos/B8] & (lu << (pos%8));
}

unsigned char* bytes:
size_t pos;

struet bit_iterator

{

}i

typedef bool value type:;
typedef proxy reference;
Eiﬁatypeda f Brorren

proxy operator*{) const;

e

FERMIAIE AMIA (regression test) wix/~ABRZ BPstiL, —i AR T RH{Svector<bool>::iteratorf:—
THBEMERE. 1K vector<bool> R I % L B ANME & TARMEC S BBARM %L, Herb Sutterft ik
Am C++brifE R R 21822 TARIEX ([n1185), [n1211]), AE T4 “Guru of the Week [GotW50]”, #% 5
s, ARFENREME (new iterator concepts) M AL[n1SS0IM LIECBIFEE T, R LK T E4 B

TR AR,
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BIEZ B 2Yiter_swapfi#5| ] (dereference) —/bit_iteratorFFif B [7)std::swapfé A —XH{CH
SIS RELET 2, BREH FswapSBRHHEARNKE, HIENMLIEconst5 | AR #ifE
A. [AIBHET, operator*iX EIRYAE X RAEMGE X8, 241 E K Kat % 1EHdEconst 5| F
KRk, MFFSMeE., KEEWHET, XRIEBMAIRE, BlHx 1t 58 5 VERIE ik
BB AP LR LE. A, B@iiter_swaps: Bl GBS R 47 1b kb B vector<bool>fy % £ %
HItEIE .

244 "XPARR" ZIVEBE

B&, RNBENRIEN—MIX.: REYERERFHE M value_typedf H 3| H
RAER T ERSI AR EM A Z g ER RN iter_swapLHL R, AT MEXEEE, ®RINE
LHRBGFOREA (HFEZE) RE: “TRE-AEEMSIAG? 7, Uk “XF/ S value_typed
Eg" 2

Boostl & H — N CRMILREEFE, EHIRIATERIRIIG “RUYHR—B"
“SIHM%: (referenceness)” XFEAYE RN (traits), 2 ETE X Wtype traits, FA1ELRTLAG &3
JICE Histd::swapi B & (# FBRATH CR BRI R

#include <boost/type_traits/is_reference.hpp>
#include <boost/type_ traits/is_same.hpp>
#include <iterator> // ¥ ifiterator traits
#include <utility> !/ ¥¥tswap

namespace std {
template <bool use_swap> struct iter swap_impl; // BTFX

template <class Forwardlteratorl, class ForwardIterator2?>
void iter_ swap(ForwardIteratorl il, ForwardIterator? i2)
{

typedef iterator_traits<ForwardIteratorl> traitsl;

typedef typename traitsl::value type vl;

typedef typename traitsl::reference rl;

typedef iterator_traits<ForwardIterator2> traits2;
typedef typename traits2::value_type v2;

typedef typename traits2::reference r2;

bool const use_swap = boost::is_same<vl,v2>::value
&& boost::is_reference<rl>::value

&& boost::is_reference<r2>::value;

BAIH R K Hiter_swaplIZ R AT, WA EMOHLMFHRE LA —F AR, £TF
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use_swapfU{E R EFE AR RIIT A, BexARELRE EFFL5X, KPREAAHBELIRET
. FAr1E BA M i L B 5@ L w1 7S Biter_swap_impl# Tk & (dispatching) RUFFES®, A1
LAi#Eiter_swap_implA4E(t (fEiter_swapAsfk 2 4p) rhHEHEFEFITH

template <>
struct iter_swap_impl<true> [ " HREE "R A
{

template <class ForwardIteratorl, class ForwardIterator2>
static void do_it(ForwardIteratorl il, ForwardIterator2 i2)

{
std::swap(*il, *i2);
}
}i

template <>
struct iter_swap_impl<false> [ — B RATEL T ENI R4
{

template <class ForwardIteratorl, class ForwardIterator2>
static void do_it(ForwardIteratorl il, ForwardIterator2 i2)
{
typename
iterator_traitsiFurwurdIteraturl}::value_type
tmp = *il;
*il = *i2;
*i2 = tmp;
}
}i
Bl fEiter_swap_impl <use_swap>::do_it &4 — > "] EfJuse_s wap{H 1 fit— /& 24 AYiter_swap
KB, W do itR—ANEpAER A RS, Filliter_swapal UL i T EH & —/viter_swap_impl
LBl

iter_swap_impl<use_swap>::do_it(il, i2);

BAEFLIKRHIZAES T, YFAMEEMRBEEIHRMNTUKS -O0KT., 2K 7T,
BAAZIRE ! & PR3 T — AP X E#iiiter_swap,

2.5 Boost Type Traits 2 FEEEIEY

LW, JLFE— /R ERCR F B4 2T EBoost Type Traits$ i —Ki% . i
BEFECLWIENRMLAN, EESMUC+IRETRAE A “BAR#ME (Technical Report
([n1424], [n1519)))” BPRH, EXFREHEHEAFT AT HiE., Wk TREBHEZ. 20
R4S Je R hBoost & fTRRlibs/type_traits 7 H F i iy 8, B i A http://www.boost.org/

© KA — LML I SRR P35 A |
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libs/type_traits,
251 —MAIR

XAMRFELSE LA - SAELEMTEMEN: &, EWMURATEEMiter_swapflF15E
B, XA E TR AT A 7T B SR Ty &% [Alboostrh, 3 H X% F#include “ 3T H o Efa]—
NTLERET LR —AFEAAE

#include <boost/type_traits/ metafunction-name.hpp>

ik, EAMIANELERE, EA—NER, Boosth I AHMETHREMERX A FNERE
AT — A EBREM:value, ¥R {E AboolfJ T k%t (bool-valued metafunctions, {|#nis_reference)
L “BUEZ RS TRER AAE, (HC++Hbool HA BRI —%  REMLHZHLERNTHEFE
REDHBUATTERE . (C++HRBRRAFEcharF AR )

$=, H/L¥type traits (fiinhas_trivial_destructor) AT R ZBRIHEEEE — kb
iR TH., VESRIES, L HEMetrowerks CodeWarrior #1SGI MipsPro, thE 3Bl THiE
RURIE (primitives), WfEHIh—LeGmiFah, X Htraits FIE BT G B ¥R EMRA, A
HERBI—ERRIG PR NIRESY “HE, &7, 1 “Gaa”, ROMEBREE Etraitsid
AB|EBRIE R, e ER AR TLLE T 4%,

X TEBBNGER "R ME S, YRG0 X Htraits 3 B B Sk v E X1 ik
Bt 7. Glan, —ABBEFELH#EE (trivial destructor) AU RIAYFFRE X v] GBS 8 F T A 8
REEAMBRERNMR, A, WRBREEREEZEYAE -NFELNTHS, £8REER
X Z B VREL 4 A1 B B Z A R . 2has_trivial_destructor<T>To#k g 2 TE MR &L R{&R , &K [ false,
T2 “ZRAR" (generic code, AAEAMMIRE) ¥ EZEAARLENIITHRZHEHTIIH
2% .

wa, ERIABRIEETRIERMVERISA T RS (type categorization metafunctions, ]
fnis_enum<T>) EH S LZMcviEifi?F (Biconstfiivolatile), FEHis_enum<T const> i £ Fl
is_enum<T>H A RFENE R,

THE&E—A/N A T —A AR ftraits,

2.5.2 F%FF[Y (Primary Type Categorization)

X 22— T 7T b B P S C++brofe v i SR 9 BB — PR RE AU 926 (fundamental type categories)
LA L S, M TEMAERIRBT, XETHEMK (metafunction) 4 HNE -4 L4
& Rtrue,

REBNFRBH SRR — 9/ traits, is_void<T>. is_pointer<T>. is_reference<T>.
is_array<T>LIRis_enum<T>®EFEHAHFRM, BEMNATREBEFEEMHNHERE.
is_integral<T>i{H §llchar, booll’J } Fif JE I tafsigned Flunsigned 8 & | {13, is_float<T>
AT IRHIE R 28 (floating-point types), f}Efloat, doublel’} Fzlong double%s, #fAyE, 4n
REAHIERHF, is_union<T>F IR Hfalse, XAE, MFRMELEAATS, is_class<T>iE [
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HIER R true®,

RAERNAL, KZEBFRAAIMILSHE L. HRKAHEAHEEH (Pointers to
member functions), BHAFLATER:

R (C::*)(args...) cv

LB AR M BB 5k ARY#4Er (pointers to data members), B

DC:*

EA1i#idis_member_pointer<T>#4TiA%], &, is_pointeriRBIF TiX2e R, REEMHKR
A fEET.

B Ja, is_function<T>IHBIFEANLL T B 7= B BB B K 7Y .

R (args..)

FEZANRBEL N REEHOEBEAD (BAHRKAMLHR), Hkr 0 HN—
B 3728 B an TR e B et 51 A

R (*) (args...)H3iR (&) (args...)
215 T E 2R traits,
F2.1 FH#EY¥ (Primary Type Categorization)

F # B Trait ::type::valueF::value
is_array<T> true, =§H (L 4TR—/ HHHkR
is_class<T> true, SJHMYTRE—RKT, MRGTRIFRLHE, HTEDAENH LS Hiue
is_enum<T> true, 2§H {T4TR—/Hisdn
is_float<T> true, SH{XYTE—MEEER
is_function<T> true, ZH{{YTR—/~ek#f 2R
is_integral<T> true, 24§ H {{ Y4T85
is_member pointer<T> true, ¥ H{{4TR—/ M &M E A REER R
is_pointer<T> true, % H{UMTRE—MREEY (BARE—/ME0R ARisE)
is_reference<T> true, Y H N YTR /5| %R
is_union<T> true, HEMNYTE—MBRARK, HikZRiFS0H, ALl
is_void<T> true, 2§ H{XHTHACcy voidfExX, (cv)HconstFivolatile )

2.5.3 XM (Secondary Type Categorization)
F2.2Fr /R M traits TR 3 R A TR H FRSr4H RIK 5,

© b ATLIF Astruct: =it {5 A 00, [EAREC++EriE, ENRAR%K, Fx b, UTFHA S TLLE B,
class X;
struct X; // MHETFEMNX

structfficlassfy (A TE L L, structiyd (AnBAWIE) L ABRUSRBEZ AT (public),
BXE, “HRERA RO B HRE IR R AR RAT RN, TR AR (offset),
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F2¥

;2.2

RABT R

F 2% A Trait

:itype::valuefl::value

is_arithmetic<T>

is_integral<T>::value ||
is_float<T>::value

is_compound<T>

lis_fundamental<T>::value

is_fundamental<T>

is_arithmetic<T>::value Il
is_void<T>::value

is_member_ function_pointer<T>

true, 3§ B {{ TR —M&0 & R el BAIEE

is_object<T>

I(is_function<T>::value Il
is_reference<T>::value ||
is_void<T>::value)

is_scalar<T>

is_arithmetic<T>::value Il
is_enum<T>::value ||
is_pointer<T>::value ||
is_member_pointer<T>::value

254 2Bt

X T AR LA Fbrofl 26 B VA 3 B A K Wtraits, type traitsBR/FHEME “BHE: (properties)”
EA— BB HRMMAERBREN., XA o8, BB Mtraitsfis_constlis_volatile, 7=
RS HIcviEMERF . KRR B (Type Properties) BEE7E#R2.3F1F%2.45,

#®2.3 XM

R R

istype::valuefl::value

alignment of<T>
is_empty<T>

TEINTFH R A/DYIER S (BFFER S EBILERS/MME)
true, SHMSMFSRAMTEIR (empty base classes) [ FIRYET 3 H TR — 425 20t

is_polymorphic<T> true, Y H{UNTE—AEVEHF T EILR R EAYK (virtual member function) [yt

%24 RitATMKY

R

stype::valuefl::value

has_nothrow_assign<T>
has_nothrow_constructor<T>
has_nothrow_copy<T>

true, RFSHTHA ARS8 E SR 10
true, HAITHA -5 H eSS B
true, A STHRA 05 AE % 86

has_trivial assign<T> true, HAYTHA—FE LR (R ERE
has_trivial constructor<T> true, S YTHA —F LA A 20

has_trivial copy<T>
is_pod<T>
is stateless<T>

true, HAITHA —1F LAV S1HE B
true, HF TR —APODARIE®
true, HAHTRZM, HFAXEERITHERTFLA (tivial) B

O PODR A “plain old data™, 5 M5 difk, RAC+HFEAPH—ARRKKE, RARTFANESHFTHA iy £ &
PODRUBMAFMA A RGMAML, Hldo, PODER S MALF I AAMETN, RELY R ALdott, —A
POD& Wk & Ly —A4 & (scalar), —APODs$kin #— AN BHKAKLEK: THAF SHGHEER.
BARPPAGLHNMMBEAT, ZHARAFARKHHE, IO ERRPOESSREAR, ZHEL
(base classes), KA 4FPOD, FIMAMAA R AV HIH A LAV MO FAVHERSRREAR, S0

AT
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Fe2 Adhpytraits it FE MR IBIER B H. RFFSRUATRE, O E Kb
B, MNfiiFrRPr “HEXH (onlyif)” #EMAH “HBMNY (if and only if (iff))”,

255 B2 EMXR

BFEAS=/AEEMTEN, ENATERXN ZAMNLER. RICLERT
is_same<T,U>, Y4THIUR —FMZRE, H:valuetrue, 24 H N YR RITHIH R ATLLBE R
#oAZERIURY, is_convertible<T,U>f=H:true, k)5, Y H{NY4BEDE—4 2 %kN, is_base_and

derived<B ,D>::value #jtrue,

256 RBEWL

R2SPHTCRBHITRRAE BRI, EE, FRTRIBEA N LRI fbtype traits LR
B, X—HITRBERBERT AR /RE (Boolean values), fRATLAKFENEMANB ARG
BT,

F2.5 Hibxn

¥ 1t type
remove_const<T> TAHE| T Econst, 40, constintAgint, {Hconst int*{{#5445
remove_volatile<T> TAHE T Bvolatile, ##n, volatile int7F i int
remove_cv<T> TARHEM T EcviENTT. Hdn, const volatile int7F K int
remove_reference<T> TAE( 10 Breference, 40, int&4F kint, {Hint* (#5710
remove_bounds<T> TAHHEM TR A 1 IES . Hdn, ine[2]1[3)4F fint[3]
remove_pointer<T> TAHHEM TR Bpointer, 40, int*Z5Ekint, {Hint& A1
add_reference<T> MRTR—SIHAR, 84T, TUHTE
add_pointer<T> remove_reference<T>::type*, 4y, intFint&EEaF int*
add_const<T> T const
add_volatile<T> T volatile
add_cv<T> T const volatile

BRI T A 2B AR P RIG =T RO, B Fadd_const<T>::type Foit & T
constti —METL KM EEHR. FLIEH, FEBLLT & BMIH A k&5 W10 5 15 S po s (L th 2
ERERN, BEAXHE—REMNRTUABERA R BTEY (EARMKEHIE, RIE2
ET—EPRR W #E).

26 EBTEM

EX—HPRMNATERMNEEENEFREMR “TRE B/, BEF —RERID
REFEE: —1TES (4 3H) TREFRRREM 28

MNREERIFMERE, —NESLHRK (nullary metafunction) ALLRITFAIRR, FEEL
— A EBEIIGT R — N ABRRL (REEAH RN type A ). Hlmadd_const<int>f— /5
TCHRE, ERRER RAERIZ R . int const,

945 Fo 2 TC IR BB 2 5 9 75 SR i Bh— /181 2 fostruct
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struct always_int

{
typedef int type;

}:

2.7 TTHRBHIEN
&, RIMFABATATLEBRE -1 E&M. FANERFEN—40.
ENX
— A BT LR
— KB, TR AR LR,
L% 3
— A&
TH—ALH “type” HTAFFTEMHBELEELY,

28 Hs
Boost Type Traitsf /¥ EZ BISGI STLX B S h B — MR B R, Z4BBRRNT .

struct true type {}: struct false _type {};

template <class T> struct type_traits // ft4&N%MEE (&R false type )
{

typedef false_ type has_trivial_default constructor;

typedef false_ type has_trivial_copy_constructor;

typedef false type has_trivial_assignment_operator;

typedef false type has_trivial_ destructor;

typedef false_ type is_POD type;
}:

template<> struct type_traits<char> // £ *tcharfifsit

{
typedef true_type has_trivial_default_constructor;
typedef true_type has_trivial_ copy constructor;
typedef true_type has_trivial_ assignment operator;
typedef true_type has_trivial_ destructor;
typedef true_type is_POD_type;

}i

BTRREE L

ﬁﬁﬂ&&ﬁﬂu%ﬁﬂ%ﬂﬁ,E%HHWEMMFE%%#EOﬂmuwﬂ.ﬁtﬁ

ﬁ%@?ﬂmw,ﬁﬁ%ETﬁﬁ(m@mmeLsmﬁﬁ%ﬁ%ﬁﬂ%ﬁﬁﬁ&ﬁmﬁﬁ
M AT A Zbool H & ©,

e gﬂ»ﬁﬁ—ﬁ\i{ﬁﬂ‘j@ mﬂqﬁi! %mg.iﬂrﬁn
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Boost Type Traitsi& 5 — " BMIAIRBIEH BB TR BEEEENCH+EFE. BoostiE#
“blob” i&it, BHEAEAEAXEERTLUNANERRE —THEF — BRI LT type_traits, X4
F IR B R AL B A9 traits B 12 4 WM ZE BB JL———/ Borg blob! {E{a]# & 45 2L A A
MERBREH WA EAIFEIX T ER, NTAIREESER A, 4b, INMEENTHRERMEE
EMERI BRI RIS A SR AT B AR,

iEHEREST—12E, BFEMA/RERMtraits L —/~value ik R, Al RAF /Rt
SERIM A —Actype s i, X RER Pk 70 358 M0 o] 8 A — AN 23 5 Wtrait, XA R 5 b
fIEIRB T £%& (polymorphism) WY {E, BIfEMI1EA BB BANER . A TEKEFIZ
R fE—/ type,

L b, fEBoost TTWEAE (MPL) MIT{EFthZHitype traits3HEHHEM “TERE". M
AREt &2, Type TraitsfE i i FIAU £ & 2 B T MPLIE i 8 A 00 % — B iU AU 2, Boost Type
TraitsF2 /- J2E th. 3 46 Bz UL E 37 .

29 4@

X—BERENTYE T ARMHE R, Mtraits B 7T B RABRITERMMNE T RERHE R
BF PR BRI RER (type associations), #FIAUFHTREEM % (first class) HEIE
SR EREREE . MATEMMAR T C++ BARHLE], #EYT Ttype traitsBE P/, &HE T EH—Lo4]
R AR . EoIFRRE T, SRS B BT, LER7E AR EENmIN
RESE B R EN5RF L,

291 ¥

B FCH+EURBIFF(L (specialization) B9& U ATRERSHREIEIR, F WA TRALARN S
Ao F—NTHBENREATAKLSIBR, Flniterator_traits<int*>, #HAJIEW, —/MEHK
it T —NHEERMZE (ERAEEERSLONE, WHEK), XARALALSBMAER
SUFHBHER.

Xheft (specialization) RIS —FhHZEHBLT “B\4HL (explicit specialization)”
&k (partial specialization)” i, fEAZEd, BATIBE B 7= T iterator_traits i B R 4%1L, B
A TR, ‘B WA LERR—AE Y% E, BYRmEthR R0, RaLl
B BT BEMY ‘T8 MALAFTEREE.

A TILEF R AL AEERN (EEARAE —AEY), EEiR TR,

template <variable part>
struct template-name<fixed part>

E—TRBA (H5EL) Fbh, variable partR 25y, ifixed partfl] i B H R 28K R
E— BB, variable partfl &H — A2 ¥ F|#%, fixed partth T/ H N LR KBTI
WS

Primary template (3=##)

AR (LHEFGRME S ) BB MR, HATTLUA D R &
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=MoL, MmN BE Y & RIS E.

2.9.2 A

HAEDFENE-TRENEZHNE (Zk “HLXSRH2? 7 £%, BREEMAEA
MAFRERNGHF) B, BHRHHEHIE (instantiated), EIXFTZ], RFFHFHHEKRS
BORFEKBRME, Bk B tEICRAE SOt (MREWIE), TR HESAE KRR R G
RAMFBARBAN R, HEEXEFARTAHIR, &AM, A2 “EX (definitions)” (Hilanmk i
R AE) PAERN, EHALBIE “EXL", Hlin.

template <class T, class U>
struct X
{

int £(T* x) /1 FHER
{
U y[10]; Il ES
return 0;
}
}i
typedef X<int&, char> tl1; // OK, FHFRLH{L
tl x1; /1 iR dRm inteiEH I Ak
typedef X<int, char&> t2;
t2 x2; /7 OK, HBEELH
int a = x2.£(); [/ HFiR: STHEbcharsRI
EMPRE B AR, BB BSHMAEIFERE, HALSAEWMIAGRNEFENEE |
TR HRiIE
blob

EERMROGEXHTE N SERERRA (BERRAENK) BXKB “blob”
[BMMM98], 3k At “#4", BAEMSABBERE R, b TRAEAFEE BT
B, BUiZBE G X Fh R (anti-pattern), R R R M7 1Y B BOE 2 X35 [
traits, .

MR

A RCH+GIFM RGN " TUBINY R TEIR, ERESTRES, HHRE LT
BERATMEN (B#fbool) ¥k, C++RIBMBMMABE RN “MAKRIES (pure
functional language)”, %t #ER A 25M (immutable) H: H 7T A o LAA AL FIEIVE A

293 &

MFE LV, £& (Polymorphism) @ “HAAZFMEAMER". EHENIESH, 25
EREED - REZR DRI FRYNE D, BA—SOBOR “HR DT LR A
ATHAMITRIE" FBRENR. BTCH+ BRI R L ST RFEHTRE, FK
MPLEMGEFRRS A (type wrappers) AEIERMTHIBMLE, L, BETHE
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BRAA—ANREE, BRPARF LA valvefIREREKREA .

TR

—ARE BB HATULAERIESY “HRA™ B “REC, EFBRKAHS, —MEREER
FHEARAIERBCHEEHN HR Bl —4 & htypefI R BN, AN — 1Tl FHRERK
LS RMEN T HAMA, ctypell AMEIHEEZR, Bk, LITHREX:

some metafunction<Argl, Arg2>::type

R TFLA TR T HHE .

some_function(argl, arg2)

BERTEY
B E— X ENBEMIMER RN TR, HTHRE, RERETHEEE SR TH%
iy ovaluek i, EHIRFTLLE .

some_numerical_ metafunction<Arg>::value

T A A SE — AR

some_numerical metafunction<Arg>::type::value

—— IR IRH EH R P BEE R,

ZETEN

Eﬁfﬁfﬁrﬁ‘ﬂﬁﬁiﬂﬂﬁ’-}::t}’pem%, el i — R0 LS R . EAXAE e
R, EFCHRBEE (FEARNE—1NE L), Hlinboost::remove_pointer<char*>, & —4
BTSSR,

Traits

— i R R /N T B Z R ST BRI EE A . Traitstt LA — A X BEHA &
AAER AR (non-intrusive) . FATAICAZE RSB H SRR T, Br—/Hist,
MPLT e 80 7] B R traits B — /501 (F5ML), BT FEMBRAZRE -/ 014,

Type traits

Boost Type TraitsB /¥ FER — A LR BEFE. EAES —SA TR A DRIPTEE. 5
N, add_referenceffy&h R B2 —/N 5 AR,

boost::add_reference<char>::type // chars
boost::add_reference<int&>::type // inté&

Type TraitsB fFFEE X B A TRIZE “XTEMERMERBLE" 09RBIRA RIE TR R,
fil4m .

boost::is_reference<char>::value // false
boost::is_reference<int&>::value // true
210 43

2-0. @B —A~—JILk$ add_const_ref<T>, MBTR -2 HAARY, BREET, SNEET
const&, E—NEFRMRIRAITES. #%: "TLLEFboost::is_same kMR LR,
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2-1.

2-2.

BB —N=TCICE ¥ replace_type<c x,y>, BEK - TEEMNESABAEIRKE—-I2H,
HRcrh HBLRI BT A type x B # Ay .

typedef replace type< void+*, void, int >::type tl; // int*
typedef replace type< '
int const*[10]
, int const
+ long
>::type t2; // long* [10]

typedef replace_type<
char& (*){charé&)
, charés
r longs
>::type t3; // long& (*)(long&)

PRAT LA iR (ERI el B 2 RV BRBIH A D FRA- S8R %,
boost::polymorphic_downcast B 8tk © 2B — /N Hr4S F AR A fstatic_cast, i TFHER £ A
N RAFEEHE THR.

template <claas Target, class Source>
inline Target polymorphic_downcast(Source* x)

{
assert( dynamic_cast<Target>(x) == x );
return static_cast<Target>(x);

} -

R Tk, asscrtiun;‘ﬁ9&#ﬁpalymnrphic_dnwncastﬂL‘J.ﬂ:lfﬁsﬁ[:'f:‘,lstatic_c ast— kg
2. {FfiZtype traitsiZ R R E — /MR LG, B TR S8 T E
2¥.

struct A { virtual ~A() {} };
struct B : A {};

B b;
A* a ptr = &b;
B* b ptr = polymorphic_downcast<B*>(a ptr);

Ak a_ref = b;
Bk b_ref = polymorphic_downcast<B&>(a_ref);

- (£ itype traitsiZ RESKBL —/type_descriptor e #idR , 248k (L (streamed) B, HILMHTEN

HBERSHIARO .

I/ ¥TEN “int”

© £ Whtp://www.boost.org/libs/conversion/cast.htm,
S BMEZERESTHARIIE (runtime type information, RTTI) RKMFEIARE, BHBIECHOSHM
18.5.1 [lib.type.info] ETBEFR ,, typeid(T). name() A GEFRIEIE H — 4~ 8 X A& R,
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2-4.

2-5.

2-6.

2-7.

2-8.

std::cout << type_descriptor<int>();

// 4TEN “char*”
std: :cout << type descriptor<char*>();

// ¥TEl “long const*g”

std::cout << type_descriptor<long const*&>();

fRAl LA E type_descriptorfI SRR 2 H R THRIBLL THA BB T 4XR . char,
short int, int])}, ¢ long int,

A E A Type TraitsBFfE, AZR2-3WE— M HRAIBRRGE, HXRERLTEMEILE.
& B sk>12-3¢p fytype_descriptor Bk, (EH i HtypePIhEIER IR, MR cdeclBFH
explainfr 4 B O ALHE© :

// #TH] “array of pointer to function returning pointer to char”
std::cout << type_descriptor< char *(*[])() >();

RE/FH _E£Type TraitsBF R BIM AW R B EAITFHRBRE, HIFR, FoH o3k
RIF3, %%iﬂﬁ{tﬁﬁhﬁﬁﬁﬂﬁlﬁﬁﬁfﬁ%ﬁ%h Bilgn, BAMREHE /KB signed
integer2E B fJunsignedit R 1.

Rl REZ bR A X Ll IR 4, B—/traits IR FAARGIHIA, BRITEEFTLOENE
P14~ A liRAtraits ik — MO H A H— /B (use case),

R Type TraitsB FEMIFALZ —BRBATDWHES TCHHiTHRM RS, B FHAA%
(primary type categories), iE[Fconstfllvolatilef& i, METUHFHEEEEEMHAR
ARt Ae Hr bk,

B AT REAYC++ typesEB & 2R TTEIRATTRER “H”, XBHER T —A 8, “C++RI4giE
R ARLEFRAERGH? ” BE—-NELEFEHMCHIIBREAD AL EERR. #£T
A a2 B R GE X REAS 155 45 2 bR B AUIE A BT BR &1,

RIS ERVEE, ML ERIETHES RIER.

©  http://linuxcommand.org/man_pages/cdecl].html,
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A TR ERMIRERLE, RIVESZBERTRERRG - BREAR R A—HbE
SRR RDBEORER NS ERTRE, H, RINEEE—RE ARSI TES
HILE (JLPEREBRFLHRORDHRTIERI LN ). EXREATHOTERS, G
S4B - LEEOFORS, HEASEAMPLES BN TR,

3.1 B®S#Hh

Ht, WEAROEERNE . BEHIERMIN, KE2EDEREKHE EH
(dimensions), HAI—A/DORESHENE WG, XRBAEKHERE. MEHELHEEE
%, BFEYHENERBNEBEAED “BRERAKE" LR “Eim#E &g ERmn” >
AALERIL TR, XEREESRER T — MRV ERY,

FIRERYRGAIHZRALE, FEESRBHE., UATVRIKGR, EE RS
S, MMIASILEIR. Af, RUBEXRTHEE FEAELTEIFMEND? R0
REB B BB — N Cr+ R RIMRERR, BLRMMAR DR T IAHERER, WAL s
BB 57 S B™ ' (A A%

Bk R AR ETRIEH A RAOFTUIE A AXERXBNESRN, HBRAFHRE
2k (E4) EHRE. HRBFARXAEYE, ATARMRATLLE S FERBRELE ARk,
M= EEEERAIF RN, B, FEHEfd (eHHE5RE. mEERERENkR).:

F=ma
HTREMMEESFEAFRORN, FULNBRLER - ZHES. LhFE, MEEN
RARCLE—/ “BAY™ T, TR APy & e sy,
dv/dt

XEEEA “RAREIRN (1) LERER ()7, FLUMEERNEE ML .
()l = Il
RFmEERRLL RSB FHD” KER, NFaTLEESEHRRHN.

ml/t

Wk, DEHLkg(m/s)R “FR—kBEHP” kiR, 24 FRAT R 0 B A ik B A SR
BF, BABRTHREAFZINELHHBAHET, XU BYRIMNAEELEARE LY. X
(X BEHHT) HiCHERLHRABRIH (dimensional analysis), BANTE T RAES R R ECH+
1%@ LBl e, John BartonfiLee NackmanfE fib 157 @1¥E: 92 E (Scientific and Engineering
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C++) [BNOA]HE — K ER TR LI E, BATEBZRMBMNWER, HREUTHRES B M
LASCEL.

3.1.1 BRARIFRTR

EFE RAHINE THRBMEARSN Y. Rk, KERGCE. bR, b, &2F. ®
EUEYRER, KRR AELER ETATR. HTRAAEHMBENERYE, RIMNVEL
UARBRRARETEENULMEARH, R EERBRTEASRNA, PR HES, B
B ETESRPFEER AR A B,

—BRE, ~MEABRNTURRE TEFRANEORRS, WREXTXERALUELE
BITAATLARINEN], BRATAILUERA -84, MBS —ATARARS, HAE0
Forxt LRI TEIR -

typedef int dimension[7]; // m 1 ¢

dimension const mass = {1, 0, 0, 0, O, 0, 0}:
dimension const length = {0, 1, 0, O, O, O, 0};
dimension const time = {0, 0, 1, 0, O, 0, 0};

WX FFRE, HNERRERMNT.

dimension const force = {1, 1, -2, 0, 0, 0, 0};

Watgmis®, R, MRBMNBESRANBATEDNZEG b, XBEARTERET .,
EMRRRNLERE, #HRdimension! MHATHENL A 5B R 7R IEFFIRD, M T
RAT AR ENFEN, TR EMKERRBNARE,

FZAR, MPLARIHRGE T —HFERHKBFEF| (type sequences) MMM Blan, FefiTar
LAan T 5 AN TF SR (signed integral types) #yE— A5 .

#include <boost/mpl/vector.hpp>

typedef boost::mpl::vector<
signed char, short, int, long> signed_types:

M2, BANFIALERFHkFEFHE (numbers) W9 B 350 (L Y 5T 68 B 1 33 i ] g 20 Ry
R ANk valuefJSp B2 R (wrapper types), FUBE ISR RER T XX
—NEENBTF). ATEBETEESE MPLAR @t Tint_<N>#iik , ELL—4 N5
H:value kR RBLERIR TS KN,

#include <boost/mpl/int.hpp>

namespace mpl = boost::mpl; // namespace alias
static int const five = mpl::int_ <5>:;:value;

©  BRikh BRBCTT LA R 1R 2 b AT, (o] 1B XA — 1%k,
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&% E 514 (Namespace Aliases)

namespace ﬂ.iiﬂ.s = namespace-name;
F%alias & 87 Yy namespace-name#j B 3L 3], A P 45if  #|-F1& Ampl:: £ 4§ -Fboost::mpl::,
2wl T L6 EH,

B b, MPLEFERE T —BERR K EIMEZ (integral constant wrappers), Znlong_Fi
bool %, wH—/ /b2 (AIAER) HEE—-ITARERHEREE.
BIE, BATTLAEA BRI T .

typedef mpl::vector<
mpl::int_<1>, mpl::int_<0>, mpl::int_<0>, mpl::int_ <0>
, mpl::int_<0>, mpl::int_<0>, mpl::int_<0>

> mass;

typedef mpl::vector<
mpl::int_<0>, mpl::int_<1>, mpl::int_<0>, mpl::int <0>
; mpl::int <0>, mpl::int_<0>, mpl::int <0>
> length;

HRRASHEHBXEREELEREAN. EHEEAR, XA ETFEiEMBIE, A8
ARER, LREBENEFRFOTR, HERAERNIEE “RE™ J. EHik, MPLAHRE
RO T AV FFSME S (integral sequence wrappers), ‘ERUFRAIE HALI T EHAAR.

#include <boost/mpl/vector c.hpp>

typedef mpl::vector_c<int,1,0,0,0,0,0,0> mass;

typedef mpl::vector_c<int,0,1,0,0,0,0,0> length; // Hposition
typedef mpl::vector_c<int,0,0,1,0,0,0,0> time;

typedef mpl::vector_c<int,0,0,0,1,0,0,0> charge;

typedef mpl::vector_c<int,0,0,0,0,1,0,0> temperature;

typedef mpl::vector_c<int,0,0,0,0,0,1,0> intensity;

typedef mpl::vector_c<int,0,0,0,0,0,0,1> amount_of substance;

VR AT LAKHIX 22mpl::vector_cheft 5 LT AFE(F Fmpl::vector& R T MR A& B B2 24
B, REEMNHRRHERHEE.
MARBINEE, LALIENX —%HA4EH (composite dimensions) ;

/] BERE, ml t ...

typedef mpl::vector_c<int,0,1,-1,0,0,0,0> velocity; // 1/t
typedef mpl::vector_c<int,0,1,-2,0,0,0,0> acceleration; // 1/(t?)
typedef mpl::vector_c<int,1,1,-1,0,0,0,0> momentum; // ml/t
typedef mpl::vector_c<int,1,1,-2,0,0,0,0> force; // ml/(t?)
Wi —4), #rlk (scalar) OWEE (Hldnpi) FTLLXFERHR .

O REEERHA.
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typedef mpl::vector c<int,0,0,0,0,0,0,0> scalar;

3.1.2 YERPET

EEFRFIRRR AR AR TTRE. EENAXHUHREETRELE, RIMNEFEUE
HAERXBCEBEBERSTHEE. —NREABEINEE, DRESEABIERTTEARTH
B, WILFAE.

template <class T, class Dimensions>

struct quantity

{

explicit quantity(T x)

: m_value(x)

{}

T value() const { return m value; }
private:

T m_value;
}i

B, BNATHEEMERRAD 0D, B, HTTLLR.

gquantity<float,length> 1( 1.0f );

gquantity<float,mass> m( 2.0f };

B H Equantity 2 UhHBA A RN S Y, CERESRSEIIRBHAL, K
MEFHZBRIAImAR TERIZR, mk—kK, BT AT R IR s K RS & -
m=1; // SGiFEMERER

3.1.3 LIMmEMEGE
BAZHEMIET (BH) LHLEITER, FUARMBERLLZ S S B sk ka8 m) .

template <class T, class D>

quantity<T,D>

operator+(quantity<T,D> x, quantity<T,D> y)
{

return quantity<T,D>(x.value() + y.value());

}

template <class T, class D>

guantity<T,D>

operator-(quantity<T,D> x, quantity<T,D> y)
{

return quantity<T,D>(x.value() - y.value());

}
REZRFERN TS HEL T @R .

quantity<float,length> lenl( 1.0f );
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guantity<float,length> len2( 2.0f );

lenl = lenl + len2; // OK

FPH LE B AR B AN (R Ry B AT #E M -

lenl = len2 + guantity<float , mass>( 3.7f ); // HHi%

3.1.4 EMFEE

i MERRIER 2 —2. BBAAYIE, 25 RN EMERORNEBRE—HH, |
AT RIEEHN, SROBNEESHNSHNBRREAHERE. o TFRE, ATRER.
() (&) = x»

Mok B RBENNITEY (exponent) G BHMBMAFEEM, RESZHEL, HEREE
¥ # (difference),

BAT AT LASE FIMPLRY transform B 25 4 P AN ¥ 51| v 93t B2 e B A7 Ik iz, transform&
XHEN—ATTEE, BHTHRERBNRATFT, BRANFEFIRE—A3 A B TEELS—
MMEER (A PRER) ZiXxEs, HHEREA—IRHFTIH,

template <class Sequencel, class Sequence2, class BinaryOperation>
struct transform; // E[E—4 &5 (Sequence)

NE VR BSTLtransform B V1%, i flstruct transformfy & &3 TR eI REH A PE A=,
STLRYtransform B 2 B B i 17 %8 A 51«

template <
class Inputlteratorl, class InputIterator2

r €lass OutputIterator, class BinaryOperation
>

void transform(
InputIteraterl startl, InputIteratorl finishl
y InputIterator2 start2
 Outputlterator result, BinaryOperation func);

BAEBRMNAFE @ mpl:transformf% i — AN FHRPAFTRERS: GRiE A BEF o3 B
JUHHME) HBinaryOperation, #NRIRZEEMPLIIREFEM, #Riks &iEplusAiminusk {7
ER BT wT LA 5K

#include <boost/static_assert.hpp>

#include <boost/mpl/plus.hpp>

#include <boost/mpl/int.hpp>
namespace mpl = boost::mpl;

BOOST_STATIC_ASSERT( (
mpl::plus<
mpl::int_<2>
; mpl::int <3>
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>s:type::value == 5
1)i

BOOST_STATIC_ASSERT

& —A% (macro), de XL KM Hfalse, W2 FH MR FHER, WEETALEN,
BAHCHHALESTRENER: ERE -, AT HBFLEERNBEST %A
BALZSABNET, ARFR4 AR XBRBRITAHETFELARK, IF Fi& 478 Hassert(...),
BOOST_STATIC_ASSERTE T AL REME T, AR AHBNLEAL LK T X ENKT
(assertion) , F8FAFIA B IFEAE T,

FIARCHIE, RMNCLE TR GE, X,

#include <boost/mpl/transform.hpp>

template <class T, class D1, class D2>
guantity<
T
» typename mpl::transform<Dl,D2,mpl::plus>::type
>
operator*(quantity<T,D1> x, quantity<T,D2> y) { ... }

BRMEEK, XEAB! MPIRIERE X operator*, WRBH - RiFHIR, §
W T frKmpl::plus B #1544 T mpl::transform, fj (MPL) METHRESEVH LR, B
mpl::plusZIA B — KR, W —A 2, FREASRAT 46780 i it B0 5 3 Lk 26 ClplusiX A R 5T
Bl X For iR,

TETTER BOAITTHAR Z R SIA 24 (polymorphism) #I— ™ i SRA& 122 i F 51 7B <480 25
(wrapper idiom), 7ERTHE RIS, XA ERNNBENERZASIATRA, B,
AERBA—-NBUER, BAIH D RERBEA — DB TR 2.

struct plus_f

{
template <class Tl1, class T2>
struct apply

{
typedef typename mpl::plus<Tl,T2>::type type;

}i
}

E X
AEBRRING—FH L AEH —ATANFi7 9 69.2 % apply by 2% %% .

BRI BORBBRTARA R, BT RB A AL — 4 E IR S A Rk, ]
BA—ARR, BT R BORIERGE BIREBR 2R, Frilot i B i B Ve b R M e 60 51
ATCERS, HITH Bt eTLLR B — /N i He 2k

B2, BABAT —plus_fLRBK, M ABinaryOperationfs % mpl::transform i L
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SR IERIR

template <class T, class D1, class D2>
guantity<
T
, typename mpl::transform<Dl,D2,plus_£>::type // &4
. :
operator*(quantity<T,Dl> x, guantity<T,D2> y)

{
typedef typename mpl::transform<Dl,D2,plus_£>::type dim;

return quantity<T,dim>( x.value() * y.value() };

}

BE, MERNFEHRE-ASAFENEELEGRMESD (gravity), WRER, HED
hniK BE (acceleration due to gravity, {H#£9.8 %/F?) Fell &, i i & .

quantity<float,mass> m(5.0f);
guantity<float,acceleration> a(9.8f);
std::cout << "force = " << (m * a).value();

# A A & L Hoperator* S X Loim fT ARV EAHTE (LR 449.0f), MBI L8 T
transform§§ KM E A BRI HF] (meta-sequences) FEFTHEEAM, FHHERAEWOE
B EFIE, ERFA—ITFHEN, T

?Ectﬂr_c{int;lr1,—2,“,&,[};“}

i, mRARMNAES.

gquantity<float,force> £ = m * a;

REAR —EFE, REm*aNERNMBTRESD, KAOREHNORE, K. MElgvE%
AL, 1, —2, #AWitransform;R B (3 A H HqEvector_cifft., tHK, transformibER BRI A
LR, HLGEHRTRWE—NFNFS: X438 5 flmpl::vector_c<int,1,1,-2,0,0,0,0> 8% JL
FHEER R, HENARZELARNCHAER, mRFREELMEHRFVINS4, RTLLZA%S
FEXAHF, REEFHREERE, F2mUMNATHHAEE, MBRCEE Tforcefy 2% fugs
FFHIRIRTIARE, BrLABES KK,

AT REGRAXA R, FATTRT LA AN — /™ A T 25 19 £ 5 3 Y Fi| quantity <float force> U R kb 4 ,
A THRIIEETATA TR BRRNOHDEER (AL TETAH NS RAEHN), FHLLX
NEBRABARERERR, T,

template <class T, class Dimensions>
struct guantity
{

/1 HiE 3

template <class OtherDimensions>
gquantity(quantity<T,OtherDimensions> const& rhs)
: m_value(rhs.value{))

{
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}

AR, IEMEAZEMEERE THRNFEENER, AMTiLESHaOTHERERD,
/7 mraf)EEREIZRE D (force), MIEARE (mass) |

quantity<float,mass> bogus = m * a;

BATRTLAGE % — A"MPLI Zhequalk fRPLiX AN A, equal H TIIK A/ 52 & LA+
HI—H IR

template <class OtherDimensions>

quantity(quantity<T,OtherDimensions> const& rhs)

t m_value(rhs.value())

{
BOOST_STATIC_ASSERT( (
mpl::equal<Dimensions,OtherDimensions>::type::value

));
}
B, mRARITYEROBHNLILE, ZNERESSB—NRIFEIR, MR LR
WIRITA.
3.1.5 ZLMKE

BREGFIFRIERA, RBHHIEBAM, TEREBEEARR. TR, MERZEMminus_ 520 aL)
% Mplus_fERE, (Hix BB ME FH —4~ /N5 AT LA minus_fE f 8 .
struct minus_f

{

template <class T1l, class T2>
struct apply
: mpl::minus<Tl,T2> {};

}i

X B, minus_f::apply(lf FI4kR 4 3 2 Jmpl::minust) “type” PATIRIHIE. AR
MBS,

typedef typename ...::type type

X8, B R Eapply K mpl::minus<T1,T2> B fi_k typename (2B _Ein T KRk
W), B4 % % 8% 15l ZEapply R 2 515 v MUk BiMERY & F (dependent names) UIERIEAS,
XABmA N EARBAFEER AT EEER (metafunction forwarding), JRTESHEHF T
Ee,

© ATITHIRRIIEE, FTLABEBERIR, plus fATLUMEBK, BTFEAETHE AILMD, FlRiTE e

A EMRAE KM AR E BROBA NSRS,
© (£ FEDG-bascd fi% & i) i/ M 1% S BM RCLUME T MA X TAME RN — 1 HiR, ERDBRELH T

EDG-based#qi#48, "TLL#it & kM 8752 __EDG_VERSION _, B4 HEDG-based iFREE L Ti%
LETS,
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REBFXHMBEERRBAERY, BREAGREXEEATRAINER LA R TEK
AT, REBHIEABRKG, BARminus_ T4 plus_fH5 2 MM, HERPEDZEA
—HRY, FizpL, MPLARMNBHTRELNHDE: RNAALEHRSB M TRBE2E (1
minus_f), Wi “EH#" xR EHRE, e, F)9TLAXHEE Fmpl::transform;

typename mpl::transform<Dl,D2, mpl::minus< 1, 2> >::type

BREARILBENARAXS (L1F0_2) FRAEMFHF (placeholders), B 14X EHAER
%&: YtransformffyBinaryOperation#h AR, HE—. B -ANEHE 9 JlHk 58 B minusiy_1F7
_24b, ¥/ mpl:minus<_1, 2> RN EFRG S5 B EER (placeholdf;r expression ),

it 2
MPL#j & 43 & 4% -F mpl::placeholdersér & % [#] A3, & L& boost/mpl/placeholder.hpp L # ¥ .

LAY, EMNEAFRIRCEE T o TFARME:

#include<boost/mpl/placeholders.hpp>

using namespace mpl::placeholders;

A, R, 2 b {3 R4 4SSkt AT 15 9],

{5 F o L% Zok AL B Aoperator/4n T ;

template <class T, class D1, class D2>
quantity<
T
+ typename mpl::transform<D1,D2,mpl::minus<_1, 2> >::type
>
operator/(quantity<T,D1> x, quantity<T,D2> y)
{
typedef typename
mpl::transform<D1,D2,mpl::minus<_1,_2> >::type dim;

return quantity<T,dim>( x.value() / y.value() );

}

RBE/ASEE T (BEAMETR, ARSI E L — minus_f), RA1E 7 LUEE B HEH
RN W2/~ BIFT R R, ATt —SEeE.

template <class D1, class D2>
struct divide_dimensions

: mpl::transform<Dl1,D2,mpl::minus<_1,_2> > // WRTH¥KES
{}:

template <class T, class D1, class D2>
quantity<T, typename dividn_ﬂinanaiunldnl,DZ}::typg:
operator/(quantity<T,D1> x, quantity<T,D2> y)
{
return quantity<T, typename divide_dimensions<D1,D2>::type>(
x.value{) / y.value());
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BLAEBATT LASE I Rk E R TH LAY E ) (force-on-a-laptop) B2 & IEH, HEE ¥
WA REAERE, AEHSFEESHATRIURRETILE.:

quantity<float,mass> m2 = f/a;
float rounding error = std::abs((m2 - m).value());

IR —YIER, #Lrounding errorfiZIEW IO, XEUHHES ARM, HinR NS
MEESWAEIEF (REEW), mRBNFEERL T/, RERA—/RIFHIR, N
Bl P L e iR TE A BT PR,

3.2 SHTHRE

ERTE—, T|AER T HFAEER G RB L {2 5% 5, (placeholder expressions) )
RGBSR B TT RS, BRRFRFLR BHEM e BB IEAE . @i c@M “®mit” —Z5HK
#8 (first class metadata) o, foiftransformtfT&FARAVERIE, M THRINVFAFRS, IE
RHAREEREHE., RE “GHARESRIKLMEE” WERTREEELEEY, BHMAEIE
W RAHIAE MR IE¥[Hudak89], FHESE T NI4T : BITRABESE (higher-order
functional programming), #24AH {tb bR £ 1) ef Be FR S H M e B (higher-order function), Hyk
3 thitransformft — A~ H B 7LeR $ (higher-order), BN A— A4\ fth 7T iR B i 7T R 3.

BIMBEAR A TR TEREMBKESD, THRFESABENEN THEYE. HTEHERTR
KEHLE, BREBE—-ANHENHTF. BRONESREE A4 KtwiceMITT RS, twiceiE Fii
MM : H'Ee——TxRS REERNTEE, SR PR,

twice(f, x) = f (f (x))

RO BE LZEH AME—EeNHBE . ERLRMhiwice?®F £k Akk, HL LR
I FHBHRREELZRINECIRE. twicel&T—A “BWW# (higher-orderness)” HIFTA S EIT
%, B4 Aot ma®s, REEREBBGHER T —/THEK.

TR TCRF A, B LtwicelIE LESREM

template <class F, class X>
struct twice
{
typedef typename F::template apply<X>::type once; /o oE(x)
typedef typename F::template apply<once>::type type; // f{f(x))
}:

BREEATREEL .

template <class F, class X>
struct twice
: Fi:template apply<
typename F::template apply<X>::type
>

{};
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C+H+iEF IR
C++ir 8K, SAHAMEA—ANEMMLF (dependent name) HiZ & FHeI 2 —AK T4
W, HANLMERAERXRETF, Fuapply i —RIEHRARKLEF, R4 A RMTFRLAEEY

F, XT#IK, MEXBRH®KT L 564438,

= (E 70 R BRI AR B A apply N LR R B T ERER A fU4E, AR IR R 15
A FERUHFE, — AR, MU REFXFERERYME— /TR

template <class UnaryMetaFunctionClass, class Arg>

struct applyl
: UnaryMetaFunctionClass::template apply<Arg>

{}:
BAE, twicer] LAMi{L B HE

template <class F, class X>
struct twice

: applyl<F, typename applyl<F,X>::type>
{};

AT BAwice R i THERT, =TLAKEREA B — N Fl Fladd_pointer IT & $a e it /N8 52 i
BR5 L.

struct add_pointer f
{

template <class T>
struct apply : boost::add pointer<T> {};
}i

BAERAT AT LA(#E FtwicefNadd_pointer_f#&e “ fR R EHRI$S 5 (pointers-to-pointers)” ;

BOOST_STATIC_ASSERT( (
boost::is same<
twice<add_pointer_f, int>::type
, int** S
>:;:value

))i

3.3 AbTE L{IAF

BABEMAtwice LB R OB E@EMAE R THET, (HE BT, RIVEERERE
B5 50 FFRiAR (placeholder expression) —iE Tk, HE & transform 3 AT 11438 (2 — R
—H. B, BNFEESS HZEAR.,

template <class X>
struct two pointers
: twice<boost::add_pointer<_1>, X>

{};
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{67 R EX £ —Tboost::add_pointerfly LBl S R B, HuEiAtwiceE X B4R AREXHELIE:

template <class T>
struct add_pointer

{
typedef T* type;

}i

boost::add_pointer<_1>44 4 & 4~ ¢ h ¥ 2% (¥t B add_pointer_fAFEL), A HEE #Etwice i
RMFL L EHR-ANESTER, BEJLPELE LH_1*K5 Bt A 1 B f FHtwo_pointers
R EERE KM, RA =japply1 % Rboost::add_pointer<_1>P##::apply It & B, B H AR
EAFE.

BNCeBERA ASBARENT Y, BTRIZELHE? BHEE, KMRmpl:transform
ATLMBRE], MLABRMPLLMAEDEBR, XA, THEHRE.

3.3.1 lambda ;TR
BATATLAE FAIMPLAYlambda JEER %, Hiboost::add_pointer<_1>4 B—A TRk,

template <class X>
struct two_pointers

! twice<typename mpl::lambda<boost::add_pointer<_1> >::type, X>
{}:

BOOST_STATIC_ASSERT{ (
boost::is_same<
two_pointers<int>::type
, lnt*
>::value

)):

Jﬁﬁﬁfﬂﬁ#ﬂadd_puinter_fjiﬁﬂiji@ﬂg}gﬁboost::add_pninter{_lbﬁ#l??:‘jfﬂfﬁﬁiﬂﬁl
(placeholder expressions) YeFrlambdaZkiA, (lambda expressions), EZRIBEMES R “BEL4EH
#*1% (unnamed function object)”, ERAA201 203045 18 Hy 38 48 4 5 Alonzo Churchg| A By, 1€
A AR Hlambdait B (lambda-calculus) © 9B RHER S H By — 285y Z B LA{iE Filambdasx
TEXARERN4E, RHTEERERBRIES (functional programming languages) g
MRIR S,

R B mpl::lambdafy ¥ 5 I8 B4 & b B 255 0 HE 1L 0 T R B 2K PR E A WT L $E 0 £E o]
lambdaZeikz X, BMEZF AR CBRN TR, fEJE—FH§ 3L, mpl:lambdalfiitiKE s,
MPLR % (Zntransform) 7£ /43618 A T mpl::lambda, RIEFRRIER (Ek) fTRYs,
PrLAEA AN B Filambdage ik = AR AHAL 18 i BATT AT LK A8 7] ) S s 57 A Bl twice | .

template <class F, class X>

©  ijjlhttp://en.wikipedia.org/wiki/Lambda_calculus|| T WA X IETEMRA TS, B —4 3 Churchffyits i
@%,E%iﬁ%mmﬁﬁﬁﬁ(mmhumwmm}ﬂgm&ﬂﬂﬁmﬂﬁﬁﬂ.
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struct twice
: applyl<
typename mpl::lambda<F>::type
; typename applyl<
typename mpl::lambda<F>::type

, X
>::type
{};
BERM T L R twice fITT A B R a8 S L FFRIANXN—REM T -
int* x;
twice<add_pointer_f, int>::type P = &x;

twice<boost::add_pointer<_1>, int>::type q = &X;

3.3.2 applyscE#

8 Fllambdaif [ ) 7C R B 2 2 e i WA, LIZE TMPLiZHE T —/ apply SRS H 13k
ffax 453, {E Hmpl::apply, F{1Mtwice2LHEMRIE

#include <boost/mpl/apply.hpp>

template <class F, class X>
struct twice
: mpl::apply<F, typename mpl::apply<F,X>::type>

{};

PRATLAA ympl::apply 53415 il Fyapply 1 B4AHR, {HAZmpl::apply LA /4~ MSM Y Ftk -

1. applyl AREERIETCEASLK, Mimpl::applyRi%E — S TR EERambda®izR. (BR1F
F R & AR f R lambda® A R ) .

2. applyl AU T R B R ZSM AN BSN B8, HBRXANSHBEFATRESK. W
mpl::apply Al AR 1 ESAHSMUSHC, R EMRIAATEREE. .

/1 Ty lambda ek B HF BOMFRA-S % E
mpl::apply<
mpl::plus< 1, 2>
, mpl::int <6>
; mpl::int _<7>
>::type::value // == 13

BRAH
WRARREALB T ARAEAMRE (FiE: PHEAARAEIALZKERFER), @
Fimpl::apply ¥ # 4% & 9 R 2+ -F 7% #lambda £ ik X AL A 8,

© MPLZ% F Y Configuration Macros—¥i ffiif T #nfef & 25 mpl::apply 57 fEHE W AU S A4 2009 F IR,
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3.4 lambdag) HbeES

lambdaZR AR A RE A I AL T HETTERBE R A R FERSH. THET8r9 5 SN REE (€
lambdaZik A LB L RBEES A AT sk 5.

3.4.1 fRieRBEA
% [Elambdak ik mpl::plus<_1,_1> . BAMSHSHEHEBEFplusPIFmA~ “_17 MALE,
MR, BF—TES58FHEMm. Hik, X8, —/ xR plusti FAkEIER T —/—iC

filambdaZeii X, #AIER, RINGR T -T2FHMERE (FE.: plusFERBNBZERE, 4
plus<_1, I>AEH—MEE B HHM, Ltk “F2" /) | Af, £A-1ExE, G384
Hi#AK% (JESOLFF, non-placeholder) #m BlplusiIHp—4N2%, |AITLLGIE ——7T
lambdaz®iE X, HAEAEGENSE M E— 1 EEE (4n42) .

mpl::plus< 1, mpl::int <42> >

FEREASE (functional programming) t#Hrh, H—HLBREI XN BEHERN—
M FRATESFRAMREE A (partial function application)

342 REBES

lambdaZik A M AR TR A TR B HE A BAEE., flfn, FTEAOR LD
RIS EMEFE (FE. Bla+b)*(a-b)), ‘ERmultiplies, plusFiminusiX =/~7¢ #EME &4
(composition),

mpl::multiplies<mpl::plus<_1, 2>, mpl::minus<_1, 2> >

=% —4-lambdaZiAFORIER , MPLAEREENE/NBELIBE EIA 52 % Alambda
FiBX, mMBR, WERKENRE, HHXE (55 hlambdaF;ER M) SHEFHARIELE
R, A5 E AT lambdaZ ik KA.,

3.5 Lambdapy@3s

AEVRXMPLElambda i HERYIE LV IZE T — AR TR, BAmE, itRi1BEOED
HREA, HEEHEAXE -KERM,
3.5.1 S{GIFF

‘i L (placeholder)” MIE v REATFHR—BK

EX

& A5 R — A1 X Hmpl:arg<N>#) 4.5 4 & |

SCI _

&_1. _2---- SEELAFAERATHEREL, KL e Empl:argfys (LR 4 1
typedefs, mpl:arg<N>RIVERZEN (FREE) EHENASES., AR CBGoXH .

©  MPLERAREL TS/ {I4F. MPLZ % F it Configuration Macros— 5k T 4nfalskc2s B4R B4 & i 23R8 B
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namespace boost { namespace mpl { namespace placeholders ({

template <int N> struct arg; // HRi®EH
struct void_;

template <>
struct arg<l>

{

template <
class Al, class A2 = void_, ... class Am = void_>

struct apply

{
typedef Al type; // BR¥—/12%

}i
}i
typedef arg<l> _1;

template <>
struct arg<2>

{

template <
class Al, class A2, class A3 = void_, ...class Am = void_
>

struct apply

{
typedef A2 type; // [EEE /28
}:
}i
typedef arg<2> 2;

H A LI A Fitypedefs -

}}}

AU s, VA TSRt A kA apply TEES. 24—/ lambdaik by
& AL BORIER, HKBALLZlambdaFi s AL SHRFAIZL 0T, RBELSUESIE
RSHFHF—1 . B, RIE (GBE) HERLSBHRlambdaik R hi% S TR “&" W

B, i ER, HIFRENSLFHBESRRENFAFRN (KFEN) 8%,
B 2 o LAY

A —FRER I & ALFFFR VBB & 562 %F (unnamed placeholder), % AN

namespace boost { namespace mpl { namespace placeholders {
typedef arg<-1> ; // B&£L5H

}}}
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KM GTHARE, TEALGRT, AREEMENRE . ERBAERSFN., 4—4
lambdaz¢ A mpl::lambda$ {t. 4 7T ek B Kt

BEEANLRERFLT FoN B AHEL Sa F2MmB#A n,

Bilgn, F3.1FHE—TEHBEERAFHrAIlambdaRiA X

®31 BEBHUMFEN

mpl::plus< , > mpl::plus<_1, 2>
boost::is_same< boost::is_same<
_ 1

, boost::add_pointer<_ > » boost::add_pointer< 1>
> >
mpl::multiplies< mpl::multiplies<

mpl::plus<_, > mpl::plus<_1, 2>

s mpl::minus<_, > , Mpl::minus<_1, 2>

> >

I TR R lambdaZ kX b, BE &5 7Pl % T LISBR R Bk “BF”, M
i 2 b IR T iR

35.2 HfIfFRIANMENX

BERIRCL TREMFRE LT, BRMNIAEFTLAL H TR E %52 (placeholder
expression) g M .

E X

—A~ &4 fF AR XA

s — AN BT,

A

C—AEFH—ARHA S AR X AL,

BAER, N HUFREARLERLE (BL) -5,
3.5.3 LambdafniE T of #AliR

KT EMFRBER, MA DRSS : A TESERRERSMATERS, MPL
MIEGER THRFRRIBN, E5A & AR R SRR R, InRAE N & R B K EX
HEH — 1 PHkAY:type, FfLlambdafRiiR G RREAXA S,

fl4n, mpl::apply<std::vector<_ >, T>HIE R G AR E R std:vector<T>, IEFEBTFXAFF
A, ﬁff]ﬁtmﬁmﬁg—ﬁ‘?ﬁﬂWﬁ@ﬁfﬁ?&lambdaﬁiﬁﬁ#qﬂ]ﬂ%‘iﬁﬁﬁﬁﬂ:_f:

/7 ELNstd: :vectorfoA B

template<class U>

struct make_vector { typedef std::vector<uy> type; };
typedef mpl::apply<make_vector<_>, T>::type vector_of t;
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HTFA T AN, B AT LA M5

typedef mpl::apply<std::vector<_ >, T>::type vector_of t;

3.54 "W RIEEM
= B i — T £t Ay alway's_intHE X ;

struct always_int

{
typedef int type;

}i

T2 ek (Nullary metafunctions) EFE L& eI REH A8 EE, [FN{%add_pointer<int>
XHER AR EE A lambdaFe i i A i HBLA b 5 BB ol 8R4 Shint* , R0, HIEFrAMLE TEE
AR, Flin

struct add_pointer f

{
template <class T>

struct apply : boost::add pointer<T> {};

bi
typedef mpl::vector<int, char*, double&> seq;
typedef mpl::transform<seq, boost::add_pointer< > > calc_ptr_ seq;

B Blcalc_ptr_seqe M ERITLE Y, B4 & A transformy A fik::type, {HE, ¥ F—4C++
B, RESRMNAE “WEHANR" i, B4 &8s, (WU Hcalc_ptr_seqfE H—4
typedef ZFHAL IR EHKE, FARMHEA R ERNTH: type,

TLERBERTSEEMATUMERBH, 4— 1R eg R AR kEM i mAM, &
el CAGE It 1% s (lazy evaluation, ZBFiRfl) Kk b4&iEntiE., A, @Etdr2— X%
MHBEmMHEANLEEZDTE, RITEALLBEMAMBRFEM. ifixtcalc_ptr_seqiF £iX 2 M,
AR Fdouble&* RIEZEAKR, XFh “HFME” RERABREBHRE NI TE,

3.6 @Y

FHACHL, R —BRBERITTHEfBoost TTHEBENEARASMIBESNIZE T —/ 4824
2HETHR. EHRERBEPAEL,

TLEMER

ERARIRARE LT RER B type BB H FHIHEAR,

7T oF Y 26

HHIFBRBE RN (formulate) MIBEA S, hk, FIEMERTURERLEET
¥3% (polymorphic metadata), WRARBER—/N K%, TERERRNNEBE £ Bapply TTEK
HI2%,

MPL

A5 kB4 Bl 48 B T Boost TL4RBREE, IE finBoostfitype traitsfsk S —4%, MPL:L
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A EE— R A2 E

#include <boost/mpl/component-name.hpp>

Rifi, WREMPLEENAGLALLTRIRER, BLIMFEHMPLA XA LARAREREHT
Rk, Bl4n, mpl::bool =] LL#E<boost/mpl/bool.hpp>r#RE] . AnFILER Fr FERYER LI 5 I A E 1R
EANE, BMNKSARIEH%E,

B Hre&#¥ (Higher-order function)

— MR ESGE B R B RS, PR o BIRE TR BN ZENERM 4R (higher-
order metaprogramming) Hpy—/ X84 .

lambdafRix =, :

BIHHb I, lambdaZ ANt A R AR CEIE. mREF BN EACEE, mh
JC A% (higher-order metafunctions) WAL A P[RE, lambdaZFE AR HERITEEER. TEE
HF5 L fF#AR, (placeholder expressions) ,

A A RE

lambdaZe AR —Fp, 5 R G LA R T RSP (partial metafunction application)
ML E A (metafunction composition), IEAEAFARBEAEAT WHIAREE, XEeqetER T T
M AREES, RFERNMRFE BRI TR E N EER AN R—R A C R

/1 REWRELLT £EERE N xfsome_sequencedifiifir B
/1 xeTHEEHR hint
/7 HxAjgchark
/1 HxARITF AR
typedef mpl::find_if<
some_segquence
, mpl::zand_<
boost::is_convertible<_1,int>
; mpl::not_<boost::is_same<_1,char> >
, mpl::not_<boost::is_float<_1> >
-

>iitype iter;

GUFRERXERMNAL Cha) REFHH OE) TERESE, NTRFHEXH TE
EEHMBR, XFEEDESTLANS TRt BAEE RS, KON MR B IE vt
MERRAFZAR, FE-IRBAEELERREREES B L.

lambdajr, o #%

HflambdaZ i X AL 4 MHBL TR B 2 M e s 3 . B8 3% FlambdafilambdasR (£ B E
AEFEHANEE, IWEEMPLIIE X T,

apply T &

—NICHE, HiTAR: REKSERXRALE -2, FELAL N ambdaFkisR, &
¥, EAA— NMambda®RizX, RMIZSRFECURER RS ELmplapply, AL “F
1.7 {# Fmpl::lambda}: A H &8 |
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IS (FZXEME, Lazy evaluation)

—FOH L R B SO R BRI R, AT AT LA S E T 75 A6 R U SR LA R AE T 36
AL ERNEIR. TCRBOUNERN DRI AR typelt A &8 (KiE) WA, BLARRMITLA
R T HATA 2B RN AAEEMA S RENTE, HiFERETRbERRI G —% (R
i),

3.7 &3

3-0. | HBOOST_STATIC_ASSERT 31 4.1 v J@ /R fbinary SR i L 1R 2 A ThEE, (FBENY
OFN1LASMI% 5, Mibinary<N>::value& S A iFHIR,

3-1. {# Atransform¥§vector_c<int,1,2 3>l #rE TL (2,3, )26 R K7,

3-2. fif Ftransform:Bfvector_c<int,1,2, 3> gk #58 T E(1 .4, BRI LT,

3-3. (i FHtwicePRik, TR RTH***

3-4. &ftwice H B {E Ftwice, JFTAF R T****

3-5. 3.1 RV B M o BT ARSI R A — 0. #B7: YT T sENEREH27

f=f4+m* a;

(& A TS BB A & & %6 1R,

3-6. #E— N ThRE StwiceF 4 Alambda® ik, $#27R: mpl::apply—ANTT k%

3-7*. LU F &G RTIE LR 4
typedef mpl::lambda<mpl::lambda< 1> >::type tl;
typedef mpl::apply<_1,mpl::plus< 1, 2> >::type t2;
typedef mpl::apply<_1,std::vector<int> >::type t3;
typedef mpl::apply<_1,std::vector< 1> >::type t4;
typedef mpl::apply<mpl::lambda<_l>,std::vector<int> >::type t5;
typedef mpl::apply<mpl::lambda<_1>,std::vector<_1> >::type t6;
typedef mpl::apply<mpl::lambda<_1>,mpl::plus<_1, 2> >::type t7:
typedef mpl::apply<_l1,mpl::lambda< mpl::plus<_1, 2> > >::type t8;
SHATHHIFNEROSE, FREMARBIEROBRIR. BEENT ORI EE—
BG? BAR, o RBEIMIR AT AR Ehr iR ARIE . RREEH I YREVTR IS R SR Y,
fr 2T A SRR E —3, HUHRRE,

3-8% BANH BHPHrHESRACEE TR, HELZH T HAL (units) [E, —/ KB (length)
ATLAR A%t (inches), &R (feet) AR (meters) HFow, B (force) IS A5
(newtons) Hikg m/sec’eFrm, MHELE HiF I EBIIMEES, HMRMEARR, En
EESE _ EX A PR AT,
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EAnFSEHR/REAEE, MPLEER T —H MR B8R, tonint_, AT EBRERERLET
il KPR EMPLARUAME R BAATH AR L, Ex—8d, RITFER SO K
o BITEHHR L EITRENT R, HiHmfiitbibeSE R EENT
ER 3.

4.1 MRINBBRFNIRLE

bOOI MR LA B B B AU BE B 26 R, i OB R el MR Y — , Wnpi R BIMAbEE, 2K
type traits PG 45 R 2 Ayboolff, B ERZTRFHRIEEEEMEM. MPLE #bool{ [ty &Y
ShEABELAIN T B RFTE L

template< bool x > struct bool

{

static bool const value = x; /71
typedef bool <x> type; rf 2
typedef bool value type; /7 3

operator bool{) const { return x; } // 4

}i

LRI %82 F R BRBg.

1 AR T REBAZE L RRBE AR . IEIBATEA BRI, B/ BR
ERIMNESHEEHE —uvalue i A,

2. BN EBUEKBIERIBE-ERKY SMLSITES. RBRREH A LTS
itk EHA .

3. Sh 2R 6 value_typed B H: :valuely (cviEHafy) AR

4. fg—/bool_<x>H{LAER AT LAIE R B SRHBEELE S —AME X7 ZRIE (bool)

XABFF L BERL T AN ftypedefs .

typedef bool_<false> false ;
typedef bool_<true> true_ ;

4.1.1 2TEIF

FIBREIYLE, BT R R SR8 o 4 0 S A | T SR AR A 1 T e ARk
(ELInBANES —HRBSHbinary iR ) WAL SEGE “MBELRE0, MLLXF AR EE R,
BURASZ—-FERX (MIAFX) HELR” BAVEXtiter_swap_impli#ti74eik, LAEREEZE
iter_swap NI P FhsLEL 2 — .
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iter_ swap_impl<use_swap>::do_it(il,i2);

RS TR E - EEFIHRE T ER, T A Al AR — A~ AT AR tH e 3R
HIMPL JCER%Ec . an$C::valuefZtrue, NI mpl::if_<C,T.F>:type&£T, HNIgkAEF. Bl#iter_swap
BT, BABETLAE A TiCiit&Fad, FRB—/iter_swap_impl Btk

#include <boost/mpl/if.hpp>

struct fast swap

{
template <class ForwardIteratorl, class ForwardIterator2>
static void do_it(ForwardIteratorl il, ForwardIlterator2 i2)
{
std::swap(*il, *i2);
}
}i

struct reliable_swap

{

template <class ForwardIteratorl, class ForwardIterator2>

static void do_it(ForwardIteratorl il, ForwardIterator2 i2)

{

typename
std::iterator_traits<Forwardlteratorl>::value_type
tmp = *il;
*il = *i2;
. *i2 = tmp;
}
}i

iter_swap ] fliter_swap_implfydo_itat RAVARIT RGBS T -

mpl::if <
mpl::bool <use swap>
, fast_ swap
, reliable swap
>:stypesido it(il,i2);

XEHR A £ RRISGH . Btk Miter_swap_impliyE LB E| Titer_swapAfhrp, AT,
XERARERN, FIUX MR EEE— iter_swapSLBLAAHZ B H-REFFE BRIZE LA,

BI—AGF. iILBRNBETAMARAEZ WRBHHRARSEEERE. BEmHS, —
TR EHERFTTRERMESN, BRRZENRBEIZESIABEKSR., 5—FHm,
WE S RREEBAIREER (scalar type) XHEMMAVKRTERREN . £ L5HiEE L, =R
RAREITHER, BmPESIAGR, ENRaRkREER L. XBRER— N TRBMAE
Xt . param_type<T>, 'R —/AFr&Ei, :BET, HNLEEET const&,
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AT LA T B AR fEHE

template <class T>
class holder

{
public:

holder(typename param_type<T>::type x);

private:
T x;

}:

holder<int>#yi% 2§ FU S H 2 A B int, Tiholder<std:: vector<int> >R kg 2% Ml e — 4
std::vector<int> const& KRR ¥, % T LB param_type, BATRTLAZ0 T 5 2.8 FAmpl::if_.

#include <boost/mpl/if.hpp>
#include <boost/type_traits/is_scalar.hpp>
template <class T>
struct param_type
: mpl::if <
typename boost::is_scalar<T>::type
s T
+ T consté&

{}:

BIRAR, XA LBLL B I B4 5 | I 3 R M A holderrh . BT E— N ES A REIEE,
PTLASL Bilfbholder<int&>4 B 3541, Boost.Type Traitsi@ 5 T — A~ E i@k 3%, MATTLLEF
i‘#—-"i““?-:-‘lFH31‘-5ﬂ?&ﬁﬂftadd_reference-iﬁ——ﬁiiﬁﬁﬂiT'EHﬁiﬁlﬁlﬁéﬁﬂéﬁfﬁa=

#include <boost/mpl/if.hpp>
#include <boost/type_traits/add_reference.hpp>

template <class T>
struct param type
: mpls:if <
typename bunat:=is_scalar{T}=:type
¢ T

+ typename boost::add reference<T const>::type
-

{};

4.1.2 HA.REE

LRGXAELSAZLHE, BHELSHNETE - iR add_reference<T const>14;
HESEBE, MR R 4iEnt A, ﬁi‘[‘ﬁﬂﬁﬂ%ﬂ%ﬁﬂﬂ'ﬁfﬁﬁﬁﬁfﬁ (lazy evaluation), — &
R RAEIES (functional programming languages), fi#nHaskell, NE—NHERRHSEA
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PEMEHLE, TREFMIRR, ECHF, RMNFEDXBHITRXIEM, EHadd_referenceffysk
B R BB R Y —, BESmplif AL TR R A, A5
ﬁﬁi%ﬂ@ﬂﬁ‘*ﬁ‘:

#include <boost/mpl/if.hpp>

#include <boost/mpl/identity.hpp>
#include <boost/type_traits/add_reference.hpp>

template <class T>
struct param type
: mpl::if < /1 FE R ERFREE
typename boost::is scalar<T>::type
, mpl::identity<T>
, boost::add reference<T const>
>::type
{}:

BN mpl:identity I A, XR—AFEHEHRE R LS HTTEE ., B Eparam_type
<T>RB\BTRE A— B, BEHHmpl:identity<T>E;boost:: add_reference<T const>_F& 72—
HIg R

BT XA RS ETR AR EmMEE R, EMPLIEG T —4 £ heval _iflyc @ sk, Lian
THREX:

template <class C, class TrueMetafunc, class FalseMetafunc>

struct eval_if

t mpl::if <C,TrueMetafunc,FalseMetafunc>::type

{}:

HTFif_ET—-AREERRNESZ—, Flleval ifhE T -1 REHHRIT L2 TEE
L Z—HBEER. BB LLE S B K Seval _if i B {bparam_typefy i 3 :

#include <boost/mpl/eval_if.hpp>
#include <boost/mpl/identity.hpp>
#include <boost/type traits/add_reference.hpp>

template <class T>
struct param type
: mpl::eval if<
typename boost::is_scalar<T>::type
, mpl::identity<T>
s boost::add reference<T const>
> Il ZIAHERtype
{};

BT B Boost B B ST R AR Bt T — MR EHY mvalue, BIIMRLE A BRIV ER ARSI K
e, HE AT EBGBAmpl:If_, NRHFRT B—/1HEt:

template <class T>
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struct param_ type
: mpl::eval if<
boost::is_scalar<T>
, Mpl::identity<T>
, boost::add_reference<T const>

{}:

i BB R H B A AV Boost LR B AVEFIL (Blldmis_scalar), ($84F) AHRAETFIBLIEH
—BHIS R . ER, XIETEHENFECE ST EERNBEYERIEE, EMNEMKT
kT ybool _iX HERYSH B 2% Fr 20 BhHY B A A A RV -

if (boost::is_scalar<x>()) // HRH4kKloperator bool()

{
/1 HAHXE—NERR AR, AR A T
}

4.1.3 BBz NAF

LA T, RIDFEAR A0 ZEA k4 fEAYadd_reference, #n$add_reference 2
WE AT BR, BINETEREREREERNESIH.

template <class T>

struct add_reference { typedef T& type; };

INRAAXHERIE, BAIHE N param_typefE— &%, LLBE4 A add_referencef&3 2| F .

template <class T>
struct param_type
: mpl:reval_if<
mpl::bool <«
boost::is_scalar<T>::value

|| boost::is_reference<T>::value
>

y Mpl::identity<T>
r add reference<T const>

{};

R HME, ARG XFAMEESRNMNENRANELRSERATEET. mERAE Y
param_type#s)H—/~lambdaZik X, (on-the-fly), MARRE - FHTHEE, RMNEELHH
SRS 5]

typedef mpl::vector<int, long, std::string> argument_types;

Il RRERYEHE N SWRRTIHR

typedef mpl::transform<
argument types
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; mpl:zif <
mpl::bool_<
boost::is_scalar<_l>::value
| | boost::is_reference<_l1>::value
>
; mpl::identity<_1>
 add_reference<boost::add_const< 1> >
>

>::type param_types;

XERANERRAORET, BLbkFEEREREERBTE, BhME (BRER) —
BRI R R value £ 588 IZ AR BE L Fil{L, BB 4% ik boost::is_scalar<_1>::value ||
is_reference<_1>::value i ST HIPEfE 3 B R 5 28 _1 A S RH:. BT _1IBELAR—/ 4
RUUAR—A5IH, HER Hfalse, FHHBMMlambdaF AR Z4r Fadd_reference
<boost::add_const<_1> >, FHfTr LAF| FAMPLAY I #z B1F ¢ R Bk SR ix o r) . &
mpl:ior_, FATAI LA $iER 43 B 40 param_typeiB ik s 4 .

#include <boost/mpl/or.hpp>

template <class T>
struct param_type
: mpl::eval if<
mpl::or_<boost::is_scalar<T>, boost::is_reference<T> >
, Mpl::identity<T>
, add_reference<T const>

{};

W Aympl:or_<x,y>JRA: T BRI R type (bool_<n>fy— /ML), ENREH TR BN
MPLZRH RSP, BATBLIEREMB 522 1B bool iy B A, H- HL 8 % T IR Bk 2549 type,
W BN ERERFC SREE A, AR T i LR E 47 7.

IR B3 lambdae i m FH AT RIBERIE S, ATLAHE R 2 IM9AFAL, i B & /T DL IE B T 4 «

typedef mpl::transform<
argument_types
y Mpl::if <
mpl::or_<boost::is_scalar<_1>, boost::is_reference<_1> >
» Mpl::identity<_1>
’ ndd_reference{bunat::add_const{_l} >
>

>::type param_ types:

MR BAVE E M param_type MLk, F8K TH R}, BRI UAHESERELRE
(stateless) RyARI, i%/E 27 BRIMNAEBRE S —/ *tor_{iE HADTT .

# include ﬂhonstftype_traitsfia_stateless.hpp}
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template <class T>
struct param_type
: mpl::eval if<
mpl::or_<
boost::is_stateless<T>
, mpl::or_<
boost::is_scalar<T>
, boogt::is reference<T>
>
=
, mpl::identity<T>
, add_reference<T const>

>

{}:
REXCEFWLATHE, (BRIMNETLABBELF . Ehmplor " LAFEY2AES/RE, Hik
FAAILLE .

# include <boost/type_ traits/is_stateless.hpp>

template <class T>
struct param_ type
: mpl::eval_if<
mpl::oxr_<
boost::is_scalar<T>
, boost::is_stateless<T>
, boost::is_reference<T>
>
y Mpl::identity<T>
, add_reference<T const>

-

{}:

Kb b, KEFIREBNLRMHMPLICEE (Minmpl: plus<..>) #AA RN EE.

BFEASH —/XLMand_ TR, UR—THATHBEM/REMGA—TTnot_ LR,
HAEHAR, ENREN&ETIEZRSF—#, mpl:and_fimpl:or_BmRt T "M A, 6l
i, FE_EmIFTHR, WRTE— i, ALboost:is_stateless<T>FHlis_reference<T> 7k AR
L.

42 BESMESRMEH
ERASHFHTF (BRI1H) &, ROELHEMATMPLAint SMER, HAERITLAES

O XELFILL FULLER, FEhand, orfiinotiC++X B ¥, HINGEEMBE S ARMNEHFILS&E, LA
pial:af E N
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BOBEME, WEWELATF:

template< int N >
struct int_

{

static const int value = N;

typedef int <N> type;
typedef int value type;

typedef mpl::int_<N+1> next;
typedef mpl::int_<N-1> prior:
operator int() conet { return N: }

}i:

IEARFEBIAIABHEE, int_ B{Clbool _, Zsk |-, ERZMX ZUE T EZL T nextHl::priorsk A,
FREEHBITEMEEMNNERLR, B P B4R 0L T 4 3 long Anstd::size _tHy (L MM (H /M B 22,
47 Bl 44 Along_Fisize_t,

ATRREMAGBERTNE, BREERET —/MZEE, TE AT

template<class T, T N>
struct integral c

{

static const T value = N:
typedef integral_c<T,N> type;

typedef T value_ type;

‘typedef mpl::integral c<T,N+1> next;
typedef mpl::integral c<T,N-1> prior:
operator T() const { return N: }
}i
BUFFISNEE, RERNTHBERHH (WLB3E) Hyvector_cBUR AL, HH /g
RIRBBHT, mﬂii[#ﬁt'emﬁfﬂﬁ"mintegral_cﬂ, > KL,
InRint_<..>Fintegral_c<int,...>H 375 fragde &L | BIOBRERKH A, BE, BAIK
ftb 75 T S A R B M T 28 T B R SRR 2R, INRBATRELLX RS R A BRI R

buust::is_same{mpl=:integral_c{int,E}, mpl:zint_<3> >::value
R (false) ATREH ALEABIF. XA AR A4 Rt R false /] RER AR 2 LE A BB 41T .

hﬂﬂst:=is_sama{mp1::lung_{3}, mpl::int_<3> >::value

PRI, AR X B BF 0 R B2, BERIAIE, A—ARNi%RES, ¥ RE ' s
WAFMEEN ¥ (value equality) BB EL SRR, T MR R4 i
MPL JCe& ¥k Fequal to, H L hiREH.
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template<class N1, class N2>

struct egual_to
: mpl::bool_<(Nl::value == N2::value)>

{}:
A Eequal_tofllequal FiRIB T, X—RABREE, FEHEFNFIEHNTE. XFITH
¥ 4 EUE STLH 214 2.

421 BEEHEF

MPLLR T — BB ILRBRRERR K BINES, REL2FH T—% (HinplusFiminus),
EBMEAMTGZA, BR—THLLOENAE: Y4TRERH T4 NENC++EBTRIES
A T — A A AENERIRICAE (Flin&&/and) Bf, MPL T @& ¥ & & A8 AR In—
TR (Flanmpl:iand_), W, MPLTRE N RN ASTLEE M 4T, Bl
mpl::equal_to,

XEBEHERFTLUy RANH. ETEMNEET, BRikn=5, 2 LMPLEZFEHh 1y
Configuration Macros—7, T A 3< Wi i&knfyfE B.

W AR RERIENA

E—HP TR ER A Abool H ERE R, RINEZHREBR/EES, XILFIHEMREHN
TREBHENEE (LF4.1),

®4.1 BRIENF
TR L ::valuefi: :type: :value
not_<X> IX::value
and <T1,T2,...Tn> Tl::value && ... Tn ::value
or <T1,T2,...Tn> Tl::value || ... Tn ::value
FA 25| TIHELB ST,

4.2 EUEBRIEHEFN
TCH B &L :;valuefil: stype: :value
equal_ to<X,¥> X:;:value == Y::value
not_egqual_to<X,Y> Xi:value != Y::value
greater<X, ¥Y> X::value > Y::value

X::value >= Y::value
lesg<X,¥> X::value < Y::value
less_equal<X,Y> X

greater_ equal<X,Y>

t:value <= Y:i:value

VG A B BRI N

X-HBRETHA - ERERER, REAVNEENMEENZARNRTER (20X
4.3f%4.4), #|AIER, FEA3+2LAtypelong, FH

mpl::plus<mpl::int_<3>, mpl::long_<2> >::type::value_type

Hiiklong,
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+£4.3 {Ti=zH®#r (Bitwise Operators)

I Mkt t:valuefl: :type::value
bitand_ <X, Y> _ X::value & Y::value
bitor_<X,Y> X::value | Y::value
bitxor_ <X,¥Y> X:iivalue " Y::value

F4.4 HRZHH

TCeRE b ::valuefi: :type::value
divides<T1,T2,...Tn> Tl::value / . Tn ::value
minus<T1l,T2,...Tn> Tl::value = . Tn t:value
multiplies<Tl1l,T2,...Tn> Tl::value * ... Tn ::value
plus<Tl,T2,...Tn> Ti::value + . Tn ::value
modulus<X,¥> X::value % Y::value
shift_left<X,¥> X::value << Y::value
shift_right<X,¥> X::value >> Y::value
next<x> X::next
prior<xX> X::prior

nextfiprior 7t & WA SR TFCr+— LB WM ++R--, AT, BT TR R TEH
(immutable), FrlAnextfllprior AEESCENIRIL S, T Lk, mplinextfImpl::prioriE #F 3T
A EfT A, XFA R Thoostir A2 M, BT R MR R EMNNLSENE
BB WS IR A«

namespace boost

{

template <class T>
inline T next(T x) { return ++x; }
template <class T>
inline T prior(T x) { return --x; }

}

i A GE X mpl::next<X>Fimpl::prior<X>{% A 47 Bl 4 € X 4K [E & 4 X :value+1 f1X:: value-1
FISh RS T R B A, BMEXNEMHTEERN RIS S LR ELLIR A X R EIERAS. &T
—Ed, Y{NTEHATFEIERBInextfipriorit & RIEH.

422 _cERFEILE

AR RMNEASEZH—FERT . BRI REVOTEERT A HE, X
EEMIBEN ARG (FE3%) dRE R AL, BILEMHmpl:vector_c<int, ..>fW A £
mpl::vector<.. >3 {HER AT M B AL 4 Bint_SHENTFE,

e ABEHI T LYE Tparam_type ST, RATEFR LE# T B —ANiXFER . Empl:or_
RN ZAT, BABHX A HFERE L %

tem.p-late <class T>
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struct param_type
: mpl::eval if<
mpl::bool_<
boost::is_scalar<T>::value
|| boost::is reference<T>::value
>
s Mpl::identity<T>
s add_reference<T const>

>

{};
FIFHMPLeval_if_c (4 H1<boost/mpl/eval_if. hpp>fitf7), FAIFTLLXEEE .

template <class T>
struct param_ type
: mpl::eval if c<
boost::1is_scalar<T>::value
|| boost::is_reference<T>::value
ry Mpl:iidentity<T>
r add reference<T const>
=

{}:
HBERRFCLFARERBE_cHERPRRET, BERENIENEREGE. %45

FRHENHRE—WMARMES —ENBH. _c/REAHINNR “constant” # “of integral
constants” EEE .,

4.3 %3

4-0. Zympl::or_Fimpl::and_ TR S5 S WA H -+, BHRHENMOESBITA (short-circuit

behavior),

4-1. LA Mlogical_orfillogical_andf) —ICITC %, EATH R H M (i mpl::or_fimpl::and_{345 4.

£ 125 21 4-ORI UK B+ SR 48 E PRE S5 BL.

4-2. ¥ Fe 45 >14- 15 flogical_orfilogical_and JoERH LB, FHATLMEK L BN LE,
4-3. HERLA T RIS K B R R L E R L BilfL .

l. template< typename N, typename Predicate >
struct next if
: mpl::if <
typename mpl::apply<Predicate,N>::type
+ typename mpl::next<N>::type
, N

{}:

2. template< typename N1, typename N2 >
struct formula .

www.TopSage.com



60 F4¥

4-4.

4-5.

: mpl::if_<
mpl::not_egqual_ to<N1l,N2>
, typename mpl::if <
mpl::greater<Nl,N2>
, tvpename mpl::minus<Nl,N2>::type
. N1
>::type
, typename mpl::plus<
Nl
, typename mpl::multiplies<Nl1,
mpl::int_<2> >::type
>:1:1type
>::type
{};:
Zn 5 WA B F R B e #% Lt BT s BT iE LR F A,
& AR Rz H I ftype traitsBe /- B IR MK BLLA T4 Artraits ;

is_data_member_ pointer
is_pointer to function
is_reference_to_function_pointer
is_reference_to_non_const

ZEMT REER, BHIZHAT std: findd@ft—4 “RTABN” (METERBHOHM
) AN .

template <class Container, class Value>
typename Container::iterator
container_ find(Container& c, Value const& v)

{

return std::find(c.begin(), c.end(), v);

}

IEAARAS BT SRYARH:, container_find R RE L {E FeonstZF 2 MIHE, LA BRMXTE,
Container}§ # # 5 Hconst X, {HR 24 {122k ¥ std::findiR [F fJContainer::const_iteratorks
# A —/-Container::iteratorbf, WIFH S LK. EdEA NI TEREXRHTE
container_findRY3 [B] 2& B M i & & X /N W]
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IRAESTLRGA K — 2 TefTHRZ. RBTRFLERBESE, BHRITTUARMPLEE
TR Z. TR, FIREREZ LS,

BANEFIFEPIEERMER THFIMEZE R LRA> T EE. WRIRBESTL, LiFe
SWMAERRBAMBER TERE. AW, BFER B ELFRMNGRB 2N ENNER,
XA BT HE T P FIR R 24 DA BT

EFER, RHSREN “@IFHSTL” f—&FMR, HiltmFAl (formalize) FEF|F1%
RSOWS, HRACNMBENED, ZREFERENTZEGXE, H¥ImmhEis
AFHITES .

5.1 Concepts

HABMEL—TEENARE, ZREFRASITHZHNEEMTRE, HABEREconcept, —
Aconceptiit £ — MEZHANM BT H - IREANLE LWERDIR. EEABRRNCEiITiE
[ —%concepts, i, JAMEFIFE I RS Wapplyl THEHEERE N LB SBHL -/ TF
Bk,

2 —concept BRI — N —HEK WA A (model) TiZconcept, ER Y%
conceptf)—/~model, [ tplus_f ([E#EH A TH3IE) &R — P model, —/~concepti
PRI (refine) % —/~concept HEMNRGERRE D —/conceptlI K- E R E
(superset) I,

Conceptf{f%Ek (Concept requirements) &4 3k H TLL T 7ok (category),

BUHRER: SO “BAFRERNFTR ZR P BLIhRIC++23 5 A M A R conceptfy
models, fflfn, —/ Iterator x# FiA L FF++xF*xFih=,

RERE . 258 /"REIOABKRSRF, MHTMBEYE (modeling) Tconceptfl
type(s)HH B EHRAIACRY, BFRAHXBEATY (associated types), % FBL, FSBEIAY AT LLE ik
EEATHEARRMNAFE L itypedefse A, B AT LLE T — A traits 2k ), Bldn, B2
RHRBTERR, —ANSR %A E R 8 it std: iterator_traitsFnik Ao 25 A LHE

AT (Invariants) . 2R H—Mmodel 55 il (33 17 I8 AE &4 418 R Htrue, Fetyigis,
X — A LB BT RO LA RFFX G, AERBH R AE&M (pre-conditions) FIj5 %
# (post-conditions) WY, flfn, ZE—/RIM %L ®E (Forward Iterator) #E Hlf5, HHlE
HI RN 24 R BB 6y AT 1] 25 1% 28 RO LL B4R VR 4 B R AR

© REEAMBMBPSTLEBTARGE, HE(FESTLRAEEOERMESY, e At bSTLAS 5
LE). 5ZHxeR, MPLAYFFIER RS O hRs T A0 ER,
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SRERE: ARFERZ—ORITEELROM AOERKRE, (& ECHITRARER
WA FRER “HRT MBKRE. Glin, ¥—/1i%R% (Tterator) BRI, HRAFH

RERE.
Eix—#f, BATHETBILAFiconceptsFIxT KR K RAIMILR R, LARERERIE.

5.2 FIHHEZE
MPLH & 2 M B EBE T2, Blan, F£—{vectorrf@FE —REFRRMT

typedef mpl::vector<char,short,int,long,float,double> types;

/! fFtypestiE{irlongfi{ir &

typedef mpl::find<types, long>::type long_pos;

fEix B, findBRHANSZ2H: —NHEERFS] (types), —#EIRAIER (long), FHiK
Bl —/iEES, ATFRAFFIRE I flong—HMTERIE, B T mpl:findrH B4 FFIS
BMARAMENRFE X LI, ZFWRE— std::listalistd::vector {8 F —/ME (value) #ff
L

std: :vector<int> x(10);
std::vector<int>::iterator five pos
= gtd::find(x.begin(), x.end(), 5);

WARAAFELA TR, mpl:findghi& HiZ%F5] “@EHE—xE—A" BB ERE, X
A] LA ifmpl::end 7 BB 24 H AR REATIRIR) :
/! WIETEFFHEAT long

typedef mpl::end<types>::type finish;
BOOST_STATIC_ASSERT((!boost::is_same<long pos, finish>::value));

—/~3{UlAIbegin TR BNE B — AR RFFFIF K&K S,
5.3 ERER

5STL% % —#, MPLAAE RELARERIMIRS WA R ENPER (refer) BIFEFIT
#F. ATHSIH (dereference) —HiFMIERIER, AV ATLIE Hsh B FRTEE* operator, [H
HEFHEZREPABRIEATREN., RERZME, MPLARIHRM T - AEEELSA AN
STCEH: deref, TEMW—AERE, HEE P (referenced) HITE.

typedef mpl::vector<char,short,int,long,float,double> types;

// {EtypestE (i longffr &
typedef mpl::find<types,long>::type long pos;

/1 AR AATRES | FERE

typedef mpl::deref<long pos>::type x;
/1 REBNETHRE THMMLR
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BOOST STATIC ASSERT( (boost::is same<x,long>::value));

— A EREE TR T 7 AR AL B R DGR (B0 BT, traversal), 7EE4EEdg, F|i1HEAR
T mpl::nextfimpl::prior JLERH, X _H A ENBULSHN— N HESBER A, XEFIER
FER[LATR b T 2% .

typedef mpl::next<long_pos>::type float pos;
BOOST_STATIC_ASSERT( (
boost::is_same<
mpl::deref<float_pos>::type
 float

>::value

} )i

5.4 XK F&Concepts

EiX—Ti, TR E XMPLEAL 2 concepts, MR IRBBSTLE R, RTEEHEFEIIMPL
EREFMSTLIEMR S ZAFHLIEE. 458, ENZALELE-SEY, XECHITHIBNE M
(immutable nature) FrFFAIEREGR. Fidn, EMPLAEA HRMATEA SRR HEARTE
W, ERERITIES, YBMAER XK A R xRS, URFA SRR
AAR—iEmd CFCUEEFRN),

BRI STLR RS R B RIEROE HE—H (ST, AZIERHMPLEERI LR SR
FIEHREOMNE 2B (TEHIFH) ©,

54.1 RIEEARR

Ail [ A8 B B L IMPLIE AR 28 Ve, & HA SR E. ST MR 5 . LD EFTEs M,
—/MMPLEAR S ATLAR RT3 381 (incrementable) FIa] 42| (dereferenceable), #17] L& &
Ry (past-the-end), XFHMRERTRMN, FAHREEMERERETEATFBGE—/GE
HIER 2 L.

HTFMPLA SR H MR (immutable) By, RTEHGAFSTLIERZIEEBR M (in place)
EBell. R ZRR, BT ENEES4mplinext, FHE=EFFRHT—-AE. —4
AL M T AR BB WT LA mpl: inextofe L A% AR BB 26 BY , o2 4 T LA 6 2 b ) R L Bk
ARIE, FEEBR A& 88A: nextl A ;

namespace boost { namespace mpl {
template <class It> struct next
{
typedef typename It::next type;
}i
}}

© XL, RITMIEFRFHASBREHIL (template instantiations) BEEE R RIEVRIFE 2, YR
A Rt — R F SRS F R RN ), 2WHREC, LMETHRE S,
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— A B[RS HREA R T EE T mpl:deref TR B CRFHTEE TR, SRIA A RLL,
mpl::derefBR A SCBLR T [)1% 1L 2% AUk type:

namespace boost { namespace mpl {
template <class It> struct deref

{
typedef typename It::type type;

}i

}}

ATRELEREBAMEY (equivalence), FA17LL{E Ak HBoost Type Traits Ff FEAY
boost::is_same JLEA#. KA LARNERFBLFHRIRAAE, EA RHAEFN. B TFis_samen]
PALEFEMER G, HeREER TR ERSE. — M ERBoTA - ERB[pIRENL
. BIRFNN, REFEENFT.

typedef mpl::next<p>::type pl;
typedef mpl::next<pl>::type p2;

;ypedef mpl: :next<pn-1>::type pn;
XHEpnR T Tay. Tl HEER “YIFX i (half-open range)” 125 ([p,q)kFR—4 X il
TEEMFFITTE, & hmpl:deref<p>itype, £ 5 Ampl:: deref<pn-1>::type,
#5157 TMPLAT ) &R BAIKAER, HhpRATREREZN—model,
F5.1 WEERBREER

Feika £L IR B4
mpl:;:next<p>::type — AT SR pAE A i MY
mpl::deref<p>::type ERCIE £ pR TS| A
p::icategory a] #i$k# AHmpl: : forward_iterator tag. ?

54.2 WEikEKzR

WrEEREFLHEERKFABHFFIREDNARSERE. — A NAERBRERLTERN, R
ERM (refers to) HFFFIMIERS.

|E—ARBBAYEEE, mpliprior JCERAKTEA FFIRMRT— /MR, —ABRAER
#AVEE ATLAREfEmplpriortlA XL B CASR B XA, RF, BrTUAMRBF AR INRE,
ZHRIERR L U5 )35 AR B AY::priorX 7 .

namespace boost { namespace mpl {

template <class It> struct prior

{
typedef typename It::prior type;

}i:
}}
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525t TMPLI A AR HUPH ANZER , Jrp R i £ 88 9 — /1 model,
®5.2 XM [E)IE ARG M MR |

FiBA, &R W /A %
mpl:: — A [ 1k AL B mpl::prior<
next<p>::type mpl::next<p>::type
>1:type
FtrTp
Hi#& 4. pA vl iy
mpl:: — M ] B 2R HI &t : PR PRy
prior<p>::type
p::category Al AL hmpl: =

bidirectional_iterator_ tag

5.4.3 BEHLIAIERER

REALIG X AR E R XA — R R 2. EERE TR B EER RN E S
tE, LABK Rl — A A5l d B A 1% AR 28 2 1) A9 BE B it 47 B 4R 1E, iX S8R RS0 R4 3 B I I
0k A

R AL U7 (7] 15 & (& Fimpl::advance JU&BTERA, MFXANTREKBE, BF— B
FEERBFpM— A BRERE R0, HEER—ADFH RS HEHERSE (advanced
iterator) , ¥ B BE & NI & 5@ it mpl::distance TCHIIREH, HF XA T RER . BER—/F
FIrh IR ABENL DG R & R B pfng, B ElpRIQZ MMM BEHE . Hik, XA RIEZ A R A R
MR, LLTFHRER%SH Fq.

mpl::advance<p, mpl::distance<p,qg>::type>::type

X PR R IR A B AR 2,

BIRSTLHHI R 4 B % —#¢, advancefiidistancesZhr b 3% F T 0 R 1 e fo 28 | SR 5
RE RN I LA St MR 17 4 22 B . AR B R 3% £ %8 Flmpl::nextsmpl:: prior 3 52 5% T
fE, N5 S0 DL T 325 1R 28 O 1 25 44 401 34 4t 3% £ 28 Sk 4 fLadvance Fidistance., LAZR3 ¥ &
RIS Z BEROR , 75 WIKE T 2 R BA AL DS 1) 3 L SR A R R,

#5351 T MPLBEHL U 17 1% 1% 28 9B IR , H A pFIqE R IF— N RN SRR,
NEAR—ANBREERR, nlll £N::value,

#5.3 BT R IRA K MER

ik R VAR T
mpl::next<p>::type —/~BEHL T ) % 1 28 GUE JC P -7 pe:3. -1 o
mpl::prior<p>::type —ABEHL L ] 3% 12 28 Wl A& fF: PR T MR

www.TopSage.com



66 F5¥
(&%)
ik £E R W7 =5 / i AR
mpl: :advance< n¥En>0 , % FApsiHAnfkmpl: : & R iRl
p, N next, &0, %4 TFHpHnimpl mpl::advance<
>::type t:prior P
, mpl::distance<
P.d
>tttype
>::type
i Ta
mpl::distance< — B RIEE W B ]
Pr 9 (integral constant wrapper)
>::type

p::category Al L4 mpl::random

access_iterator_tag

5.5 FE%|Concepts

MPLAE — 4~ 2{ FSTLF¥|conceptsi) = Fllconcepts4y 2, B —FconceptfF{LEARSIAT —F
TR HFED, FEX—Yd, FAIHHKK*EE— concept,

5.5.1 Fr%|iiHConcepts

TR = EREEHROE 4 AW, WE. LR, #SBFEE—HEERN S
concept, HR—/NFFFINLEREEAFERSE, BATRBA—TRIRFET], b2l

SRR AR T iR 5 E Heconcepts FLE i, AEEA (“RIYFEH: (extensibility)”
S, HEBRIMASTTHRZXARE) — A AERE— R cRERHERETE. ERE—
FAl TYERT R kER sy v, R BIERSBROEN,

R =) A 5

fEfRIMPLF5 (fldnmpl::list, BATESEAZRFIHEE) FE—a1m 7,

fERS 49, SER—/ATEFF, '

#5.4 WIEFETIFRGER

FikI Lo S W=
mpl::begin<S>::type ~— A~ 1) 1% fE 8%
mpl::end<S>::type — A% W Mmpl::begin<S>::typeZ|ii (Reachable)

BT AR LATH (A FE ] FE 5 fabeginik R 88, FRLARAMATLLSS T B 24k B H B — /.
PR H, B—HEZE (nonempty) MPLFFFIEZFFLL T &L

mpl::front<S>::type
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EEMT

mpl::deref<
mpl::begin<S>::type
>::type

X [€ = 3
ERSSH, SERERE— MW FF,

+5.5 Wie FFIAIBmER

ik X & R
mpl::begin<S>::type — AW ] 3% L 2%
mpl::end<S>::type — AW A %L 2

H T BATRT LAY [G14E fo] ¥ 51 g end % 4R 28, BTLART A2 1 5 3 K B KB Js — A T E—— 1
RIBRBRWAGTIE. AP, F—PIEERAFFIE L HLL T Rk

mpl::back<S>::type

EEM T FEMNERER
mpl::deref<
mpl::prior<
mpl::end<S>::type
>:i:type
>::type

Bl LI i) A 51
mpl::vector & —MHHL U5 IR 50 7, ZE%5.6th, SFE/RER— A BEHLTI IR 7,
5.6 BHLIAIE) A5 B SR

kA, & R
mpl::begin<S>::type —AEHL I )% 10 28
mpl::end<S>::type — BTS2

B — AR L U 1) 51 B A7 BB D ) 6 1R 52 B LABATT AT LA 1 55 4% #th 20 8 15 i R 9] o g
TR, HEH, BRI FFLE XL T RER

mpl::at<sS,N>::type

EENT

mpl::deref<
mpl: :advance<
mpl::begin{ﬁ}::type
¢y N
>:itype
>::itype
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5.5.2 WY RY

AT R AR X BRI — R, Bk Frinsert, eraseLARcleariRE. HARMA, BHTIT
R R AR, B X SR i A R — A AT LA SR AR FF, AR, EATEE R s
FFif— Aot 9814 (modified copy).

SR — AT RFES, posSHIEEA %M, finishE—A " MposElikiIk R e, X&
TALE AR, FSThMFEERER —AFRFS], EE5S—H, HE (model) T RIFNIF

%l|concept ;

#5.7 FH RFFIFEER

FERA HERTE
mpl::insert<S,pos,¥>::type [mpl::begin<S>::type, pos),
X,
[pos, mpl::end<S>::type)
mpl::erase<S,pos>::type [mpl::begin<S>::type, pos}),
[mpl::next<pos>::type, mpl::end<S>::type)
mpl::erase< [mpl::begin<S>::type, pos),
S, pos, finish [finish, mpl::end<S>::type)
>::1type
mpl::clear<S>::type y”

MPLE 5| HREETY BE, HEMNMFARMNBERATIROERE. M, &
mpl::listi) Sk E#EA (insertion) FIHEER (erasure) WERFOMMERE (LBREW, SHHW
B A ERRR), MELIsURBITXEABRENHERENHON), XEKEILZFHS IR
falistiy 4 BB IEEL . FEmpli:vector Z#F#E A (insertion) FiEEX (erasure) HRIEMIB RIS ZED
0(1), AR MAEFr BHATIXFHME SR IEN R GERIERAFO (N) MIERE.

MPLE4E it T push_frontfpop_front JLE#, 4 BIA TIERFFIAILEREAFTHRER BATTH,
B4 EE Rt T push_backFpop_back, FAFIEFFIHEE T RIFEMNER. XERERMILE
LA (EA) O 7 B i ERF 12 R HI.

5.5.3 XEKF7

— AR RE— S, ER—ER RN PERFR N - RENEER, F
— A FFIR T ERR (TESEERBUIR) BREBEE BB (key, value)®, BT RIE
(7T BT 16 P 30 B SR (P BB A SE Fibegin<S>::type Fllend<S>::typedh, —ANRBEXFFILE XFLUT
BIE,

TE#RS58MES 9, SE—NRXEBEAFET, poslflpos2iESHIEAR 3, t, kFnk2a[ LLEFEfa
HRY,

© ERF-RLAEMET, 2R581, ZHF# K T mpl:mapFimpl:set,
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#5.8 XBAFIFHER

Fik K & R COE 3620 =1

mpl::has_key< true, fNRk7ESHIkeysHA

s, k ' EljHfalse
>t:value
mpl::at< fokxEkfivalue type Al kk7fESHikeysiE 4

5, k
>::type
mpl: :order< AN R R

s, k I 2% mpl::order<S,k>::type::value
>::type == mpl::order<S,k2>::type::value

WL kgt Fik2—HH,
I #fF: kR fEstikeysférd,

mpl::key_type< SHAF -1 IEHREL AR U S
5, t E i) mpl::key type<
>::type S, mpl::deref<posl>::type
>::type
5

mpl::key type<
S, mpl::deref<pos2>::type
>t:itype

A8, I2poslfipos2ik i —Fn,

mpl::value_type< SEAT—M LAl
s, t %
>::type

ER: X TordeCEBME, BRTE—NRELBAE /% —{E, *t Fi% 7 e R Bl
HERBA S ERIE, #5955, orderfEH AN ERMER BB L MFEATME R, BEE
B, FRFSTLRBRAS, FEBRE—/LBNHFELER (BRikHstd::less<KeyType>),
A RBTTF IR A X BRI 2 3, 76 Ao 300 1) 70 35 4 0658 15 A0 i P STEEBRT 5
HISCEL,

5.5.4 W RAXEK KT

WG E BT RFS] —#, — /TP BEXERFEFS] (Extensible Associative Sequence)
X ffinsert, erasel Rclearffl, 45— MMAYEERA: BR— AN BIM EF e b 2 HTE -1 RBER
AL by 3:0] 152 X E5-1: 08 B — B A MU TT R 4 B 2 e 538 S insert T B 3 A9 2% 4%
SPTIERIIL R . TEXHTE, XBERTHFFIRLIFSTLERE R 2 (5l mstd::map#istd::set), {H
FERLESEEMZ X BHRAk, Hmn, —ASTLFFIRLAE R — NS R BHEH—A BT, &
2 8 18 A B 1 A B —— T I 42 2% BF M O (log(N)) & 35 0(1)., A — KB TT T2 L
BUEfFid finsertf kR BLE, HL |, BERTHE AR VERYRE R S 26 BE RRO(1), RE TR
JFFIREEMITEE R, insert TR AE%—HA, HERHE - ERBLE, PREWE
K18, MERBEXEEN, RTME—HER, BR Y RA B W — A setdh i A — N T EM,
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HMERME-NERBEELESHRAE, EHik, BT mpl:insert<S,post>2 %, —ArI¥ RAIX
SR, FF 7130 44 701 32 7 F A AU mpl::insert<S > K,

B—AARTF BB RM S ET, #BE (erasures) BAELER LAHERAERS
HW ., —A XTI %G EAREHENE AEONE), HHNEFFIFITE
i H, ERCHBERNTEEB., Y— P xBEMN KRB FFIhBEE, BFESHFMN—A
B AdRicc®E (marker element), BRLL “S8™ EEREEBP BT HBERTE. EE,
*— LA FF A TclearlEAR S BB RN BRRET, FARBERRE-HFNFF.

LTHRAARAEFERENE, BE—/HAFFS', EFREE (models) FMPLFFIEE S
SHTHE B i) —#E,

®5.9 A RXEKFT

FihA 23 &iE
mpl::insert< S'ErFs, BT Al RER BB~ R ET
s, posl,t mpl::at< (erasure penalty ), fm§
>::type S’ mpl::has_key<
mpl::insert< , Mpl::key_ type<S,t>::type 5,
S, t >::type mpl::key type<
>::type & mpl::value type<S,t>::type S, t
LL¥p, >::type
>::value
#Ztruefyig,
mpl::erase< S’ Z4rTs, B Tmpl::has_key<
5, posl s'
>::type ; mpl::key type<
5
, mpl::deref<posl>::type
>1:1type
>::value
Efalsel ¥,
mpl::erase_key< S'%fiTSET mpl::has_key<s' ,
s, k k>::ivalue ffalsell%h
>::type
mpl: iclear<
5 — 25, ERAMsSHREN R
>t1:type

HTHE R RIS 71 H U ih 5 AT 885 (erasure) #RIEEBA A O()MIE 245,
B ttpop_frontfipop_backiEfEh BB T . B THEARELEOE 28, Al
mpl::push_front<S,t>fimpl::push_back<S,t> B2 T ki, it EMEMLHr Fmpl:insert<S t>,
B Jympl::insert<S pos,>H TGRS KB ZNE T .
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56 FIHFHE

IEE—RAREE: FEFAKBTHFFIAR—3H (type identity) FIREEE, A 244bm
TR, Bilfn, VRA ML T = LA# .

BOOST_STATIC_ASSERT( ( /1 EEiR
boost::is_same<
mpl: :pop_back<mpl::vector<int, short> >::type

, mpl::vector<int>
>::value
));:

MREBRERY, U EFHANERIERNRNANTARMERN, HAFEXLEMEE, 4K
AEEFEAX Y., X —/~mpl::vectorf{t {# Fimpl::pop_back i &t B A& BH—/~mpl::vector
Frit!

AT, EARESIERMSFHRETHBRGIH, 4 RERAFHA — B
W%ﬁﬁﬁ——ﬂ%ﬂE%E%WWWﬁ—“ﬁﬂﬁfﬁﬁﬁ%ﬂﬂﬁlﬁuH$—¢Hﬁ§
P RBSBOR — B B TR BORBUR Sk i, RAtdnt,

BEFFIHEEMNESR SRR, B (E Hequal @ik, .

BOOST_STATIC ASSERT(( // OK
mpl::equal<
mpl::pop_back<mpl::vector<int, short> >::type
y mpl::vector<int>
>::value
)):

5.7 EIRMIFIIIRIE

MPLESRHE T — A FFFITT B Ems, ST R4l % R AL R BB H 2% L8, BIE
£ 11 Tbegin, end, front, back, push_front. push_back, pop_front, pop_back. insert.
erasel) Beclear, RTHIBRLIERS. 1050, HApREEZIH—AFFF],

#5.10 BEHHIFIRE

Fikk 2 B B P 2R 5T e BE

mpl::empty<S>::type — AR RIS, MB N YF HE
FIAE R Atrue

mpl::insert_range< Ms—%, FERMTEWREAT MERFIMRKELSERXE

S, pos, R pos{r®&

>::1type

mpl::size<S>::type — I BUEEINEE, H::valueld HSPIKERSEMEXE
sHITHMIKA

ﬁﬁﬂ&i%ﬁﬁﬁ&%%ﬁﬁmﬁﬂﬁﬁ,uﬁﬂﬁﬁmﬁﬂﬁﬁﬁﬁﬁ,Eﬁﬁﬂﬁ
ﬁ%%%ﬁ*%ﬁ#%%ﬁﬂiﬁ%ﬂ.Em&ﬁQMI¢Wﬁﬁﬁﬁﬁﬁﬂ#H%ﬂ%ﬁﬁﬁ
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HABAE = RAFRIELH .
1. iE3fE, EASETHE LT, fkRABRERMERERMBRN, FEAFEERBIMY
template 3 g

Sequence: :template erase<pos>::type

T EAI L —T -

mpl::erase<Sequence,pos>::type

mPRErA, B CH+ BURIEZR MEEMPLEY— A EEIRITHEIE,

2. 88, RERFIIERESLLXFESRAFER X8 & R L BILRYENR, i B i B A W 7F
E—AMEEMNREEN—ZFBERXOILE (THE) HRIFH.

3. . ROFHRATBXLRERS “BAN” TR, EEAXMAGRETULAEIAE
FIR LR EEBINEH, 240 6F, BRilfsizestB R F5IRbeginfllendi kR 88 2 RIAER,
IR X ERIEXAKRARBE S XHETEIR, Bag—TFIINEEBHFERENLEHKE
— il
5.8 FFIJ%k

Fix—Tip, BRATHHEEMPLEERILARARFS], HFiteMN&mfar4 LEiRm
FFo%:E .

EIF 8 ZH1, VRIMIZAGE, FrAMPLFSIEAE A HRFMHERFHER. S EEFHER
RVROLME TH, tbinmpl::vector<int, long, int>, IR H FHRB X LIEFFIRKERES
HEAFH—84%, Bilmpl:vector3<int, long, int>, BINEFR T, FHETRIHAAKEY
B il 4 1 A 204N TR O LAMER DB A EEH U8 A (coupling) FHRRFIGIERH. 5T AKE
AN FRAWFH, REMEE—MEEN “HRFERALIH", KEANKFFIE
HREXFENIAIH, RAFRBOBEFNEHEH 100955 . Flm.

#include <boost/mpl/vector/vector30.hpp> // 28HJFEI%{E

/1 E—ARA28 T EAIFE
typedef boost::mpl::vector28<
char, int, long ... H{h25/types

> g;
5.8.1 list

mpl::list i B LB Al § RAIMPLFF|, BALH FEBEULS/TH %% % (runtime singly-
linked list), HFER&—/ AHF3| (Forward Sequence), =3 i#¥begin, end, MMRF A E T
front i} [F%E —LHE. BT EXFHEFFIRABHTON)E B ANBREGE, REEL
$#push_frontfipop_front,

S ZXEMPLEX FH)Configuration Macros—¥7, T REAn{a & iz BB 1ENS .
S AFAEMEHEA, FaMNMRRLL, W6 S vector20.hpp,
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5.8.2 vector

MPLHvector JLEEE & STL vectorfyXt ty: R —THVLiFR FF%| (Random Access
Sequence), HIEHAMBAE —THILUIRERSE. BTE—/BEVLU R SR [ EE—/ WA
EARE, HFETMATLA R vectorflendi k2%, BTLABR T frontz b, backhBH T X5, iR
STL vector—#, MPLHJvectorth, =% #F & 2 Aypush_backFlpop_back#RE.

Br Tl EHIGRIFR TR BISN, XA FFIAREE—NBENMY HEARTFSTLHR AR
—A: B WEET A—TERARSRE, XACRBHEENRIZSZRE (GRS R 5L )
e ) FrBREIRY, W HEB AR XTRE. EXFMERT, FIEE Ry %
BEEMIFA TR T RANFFL UK E . Filtn.

#include <boost/mpl/vector/vectorl0.hpp>

typedef boost::mpl::vector9<
int[1], int[2], int[3], int[4]
r int[5], int[6], int[7], int[8], int[9]
> 89; '

typedef mpl::push_back<s9, int[1l0]>::type s10; // OK
typedef mpl::push_back<sl0, int[11]>::type sl11; // §£i%

AT ERD T, RS54 %#includefs 4 S .

#include <boost/mpl/vector/vector20.hpp>

ARG EIERMIPE T, REg .

I ZEROAGOL T, BFFRE K A PRIR BER Y B T vectorTE 2, RRFZKSOANTE, HH
XA EB FTEAGEE 2 L — S HiAb B Bk iR S,

2. HTFERBHRTTRIEN, DG IZBHISSH - H2NEE. RIEGEASHEL
e /F i (metaprogrammer) {3 FMEFATTES, TUGRAZESA 7T B2 A4 v G AE 2 2 Fo b
B XA R PR R B AR —— RERARBERABILE F&id Tz,

BATRAEXSE “THE" AR, READELFtypeofiE ST HMAIEE L, BARTREIR
HET, FIORMART @R AT EAHEAR,

fEmpl::vector EAYRIEAAELLAPEE A mpl: list - BEGERR L, 0 b FHBEHLIREED,
mpl:vectorBRIER L . INE—#, XL R FEFmpl:ivector i IR E—— MR E—/4 —
BB AT RS, AT, MREFERORGETTEEELEIEEK BN EFINSE
MR, BedFA £ FAmpl::list,

BB A
ERREF-ANA—MARMHEYAFIH, # &L mpl:vector,

© £ WMPLZ % F ) Configuration Macros—%7, LA T R anfe fis ok A BRI,
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5.8.3 deque

MPL{fdeque £ B & 7 T #BE {mpl::vector, [T deque /i 7E FF 71l B Sk 38 2 47 8 2 1Y
push_frontfipop_front}&{Esb, A RMFPAISTLAM:, dequeftyZAAEH UL Tvector, HHL L,
EiF£amiF% L, vectorfy)ik BBl & —{~deque,

5.8.4 range_c

range_cR&—4 “HHHEMN” BB RAFF, EREAEENEINE, bRER,
mpl::range_c<long, N, M>AK &M T ;

mpl::vector<
mpl::integral_c<long,N>
., mpl::integral_c<long,N+1>

, mpl::integral_c<long,N+2>

, mpl::integral_c<long,M-3>
; mpl::integral_c<long,M-2>
, mpl::integral_c<long,M-1> // & EM-1WAEM
HfTbirange_ciE “fHHERY", BBE, EMLEARB BTN EHREMEA,
BREEXBRIANTEFHERER, Y& - KMBEUFS LXK, (8Hrange_c AN H{E,
A ATLALEAE AARTREERTER Y (Eodn Ll 7Ry vector) [ 34178 4 1M i .
RIF P LT L BRI Rrange_cHrF —/-vectorfllist I A R FHIRBM: ERRFY %M.
WMRBEFEFUXFERRITEREA R range_cd, TRNTFERE A FR. REARTY
[, range_cifRE3ZHpop_frontfipop_back, B h&E/h—A~X SR RZ 5 MBIN,

9.8.5 map
MPL map# —/~ Al RXBENFF, ERE—A T RER L Fmpl:pairfy# Q.

template <class T1l, class T2>
struct pair

{
typedef pair type;
typedef T1 first:
typedef T2 second;

}i:

— AL FEMIfirstflsecond 2 B 4 BBk 24 fekey Fvalue e b3, AT AR —/map, HEHHK
TLREAERESBINEFFIFBIE, CATH TR T M PR % 5 25 2B E e R ke — & iy 2
IR G

typedef mpl::map<
mpl::pair<bocl, unsigned char>
, Mpl::pair<unsigned char, unsigned short>
, Mpl::pair<unsigned short, unsigned int>
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, mpl::pair<unsigned int, unsigned long>

, mpl::pair<signed char, signed short>

, mpl::pair<signed short, signed int>

, mpl::pair<signed int, signed long>
>:1:type to_larger;

ghigmpl::vector—4, mpl::mapsLBLaEAR X FFtypeoflif HY TTAIC++54iE# LRA — 41
¥y (bounded) HRRt, FHH, WRIRITRMRK > mapfii il 3 H 8 /5 %+ TR
i, BHEEREESNFRFRIFIILICH.

Mo, XM TBETF LG EFEABLICHIRETENRIEFRKE, HALEWMHEL: Smap
AA - BEEABRAR TR, ERFA TR RS2 EAHOMN)MIEFON+E), HHNZmaphy
K/, THENE B2 ¥ MR RS R .

5.8.6 set

setgtfimap—#, (R TH— I CHENRBADMERY —FHb, BMERE—FW, X—%
LBk FHmpl::at<S k>::typee — M AH Y BB 1E—E RR L B uUiE B kifi . MPL setf
— A ER A& R X mpl::has_key<S k>::typeff ik i 3 R B BT MR . set AR A 32 Bk R~ R
wl, BmnreamhRESRRBONETKE.

5.8.7 iterator_range

#£EE L, iterator_rangedEH 2{l Frange_c, AR BRMFREITE, —/ iterator_rangeff
R H TR IR ARERSE. B TFMPLEZEFY EmIEEA R LRE, EHik, 4RA
LRVEIFFIRER 5> TLRBE, iterator_range R UARF 2. — BIRCDRBFHION A, FREtaT
LATE R —/~iterator_range}f HRF AR B R, MARWRIERTFFIN—MESIRA .,

5.9 BAFTIIMERE

BINCL TR T Fvector_cR B IEA R B R Y BFIXNEZL, MPLAERHE T list_c,
deque_cHliset_c3k T ~HH i vector, dequefilset, B — A FFIEPHE G M TFHER .

sequence-type c¢<T, n, n, ... n>

BN FSM BB - SREBEFEENBERNT, B TRNSEEBEFMITE
ﬂm{ﬁo ﬁ:m-l’lu% E%ﬁr:}::

sequence-type<
integral_c<T,nl>
; integral c<T,n2>

;o oses
» integral_ c<T,nk>
>

BAER, B ARMAHERERNRER, 3 HaRMC2RUAIBRE, 240t BE5] A S
EATECEREY , VRAFLIZRM T2 —B: (type identity),
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HEE, MPLEBRET _csBRARIH B FHIFII]A:

#include <boost/mpl/vector/vectorl0_c.hpp>

typedef boost::mpl::vectorl0_c<int,1,2,3,4,5,6,7,8,9,10> v10;

5.10 FFlRE

B, ERFEMTHAMNFFIRA: (Sequence Derivation) FHIR MI#HF MR,
HNE L HE—MEET ARSI AR FLR, Bifn, mplvectorblin TR IH2 X

namespace boost { namespace mpl {
struct void ; // TE&HiIC

/8 AR

template <class T0 = void_, class Tl = void_, etc....>

struct vector;

/1 =it
template<>
struct vector<> : vector0<> {}:

template<class TO>
struct vector<TO0> : wvectorl<TO0> {};

template<class T0, class Tl>
struct vector<T(Q,Tl1> : vector2<TO0,Tl1> {}:

template<class TO0, class Tl, class T2>
struct vector<T0,T1,T2> : vector3<TO0,T1,T2> {};

/5%
}}

i, ERFFISMER (integral sequence wrappers) J&A: T4 A B3R 5],

A NBMPLFFIR T EGXAE: JLPHTE FREBIED—ASMHRBET . RAeEL—
FraBER FHlK Rt H D (RERR—H&E) RABHNER, flinBoost PythonfEig
AN T R B .

namespace boost { namespace python {

template <class TO=mpl::void_, ... class T4=mpl::void >
struct bases : mpl::vector<T0, Tl1l, T2, T3, T4> {};

}}
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VRATLASE R RV FE OB AR S B B —ANMPLA R Sy %3823 (plain class) :

struct signed_integers
: mpl::vector<signed char, short, int, long> {};

ERLGIES L, {#fsigned_integersifi R R Efvector, 7 LAKIBHE B TTB MR,
SNMFCLLT E 214,

5.1 HEMRECHFT

FEIX 15 H BT 148 1 R R R A0 e 48 5 — A 185 24 00 AR 3] ZRABEFLBHFREIHLBE
TREFHF. R, MPLIBINRIR K SMY5eE, HEEEEHTRRGLE, SR EMPL
FEFIeta— B Rg A & R, BURATREA S BIR R, EAA CETREMFFITLLT
fERELF. Bilan, BIOITUSE -/ omeE, EH— T EBHEH LR RBRFR A FF
[NasO3], FnRi F—L{E, RFAMTELE N REIEH KT, EBERXAIES. 24
B AL AL A X BB R R 55— /A B BT LA 15 24 A0 24 % AR SE AL

Blan, BIOVERE—4 2R ZRECBEHLIN S, 4 btiny, ERABRZ=ATHE. x4
FPPIAERRMPL (43455 A4R%: B 5 Fitypeofis B RI42 2 ) vectorSE B4,

5.11.1 AEtinyFEH|

B—BREFE-NRTYE., XHERE KL TS, REEERELEN (BEL=4)
types4Rii itk FE 71 2K %Y | £ BN AT .
struct none {}; // FATHFABAHETENRERTY (tag type)

template <class T0 = none, class Tl = nene, class T2 = none>
struct tiny

{
typedef tiny type;
typedef T0 t0;
typedef Tl t1;
typedef T2 t2;

}:

Eﬁ%ﬁﬂmﬂ#,ﬁMEﬁﬁﬁﬁ@T,E&ﬁfT*E%ﬂ:meﬁﬁMHwﬂﬁﬁ
BiZF5 A 5, X ERtiny B A —Fr “iIE @ H S HICHEE (self-returning metafunction)”, 5]
MPLFFIERF T R LIH B, B SKUE R X — 364 AT DA SR AR A R . Bl A T8 [E—A ot
Ck e o) 271 R RS B B B 5 R A % e R BN AT, T H Heval_iffi—/~ 9 % F
FiB Bl —/~FEF, VRAS 648 FC A0 B 75 B 4 25434 oidentity TCEBP. LR, BE—/ tiny
FFFIS, AT RMEREZH . :

/] BERSHIBE—/TE, BiEsHz
typedef mpl::eval_if<
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mpl::empty<S>
, mplitidentity<8>
, mpl::pop front<s>
>:itype rl;

/7 i
typedef mpl::eval if<
mpl::empty<S>
+ 8 /1 SEEEAM, siEks
, mpl::pop front<s> )
>::type r2;

BIP=A ik E Wtypedefs, HItO, 1, €2, FHREMITRBDFiny FFITE, BRESC:

template <class Tiny>
struct manipulate_tiny

{
1/ TOX{R[$g?
typedef typename Tiny::t0 t0;

}:

RERMNAKREA Fnone i THEMEM AR, RATIRiCtinyMZETENFH, BRINAE
AR T —NEH=ACENENED, B, BESR—/IMPLFF,

ELAFFIR R EATR, BITULRRE 4 FFIEL4 5 AMPLAbeginfiend T iR iR [
BREs. BER, BITHFE- I ERERTR. B THEILGRZRE TN RED, B8
ERRGRIFFIFRELR. EEENBEREHENFIBRACERIR P, FLE, &%
MPLER & H ENE B RIFFFIR 28— o AdER (HTFlistE % Rmai#sh, BLLEf
R4 e] U5 (R AR &R 47 list ) .

5.11.2 ERKBHIERTR

—HERSFTLAGRFF], BINAFTELUERBRXEZ LR (position) BALAT . —/M#
HE RIS (SR T HRIPos) BIwI{fR XK.

#include <boost/mpl/iterator_tags.hpp>

© EAE RBREFENBHEHL (partial specialization) ;

template <class Tiny>
struct manipulate_tiny;

template <class T0, class Tl, class T2>
struct manipulate_tiny<tiny<T0, T1l, T2> >
{

// TOE 4
}i

MIERE, IATLERBATERAILE AR,
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template <class Tiny, class Pos>
struct tiny iterator

{
typedef mpl::random_access_iterator_tag category;

}i

MR B REANRERMSIA (dereferencing) (2 Hmpl::deref), LAKAEIRIEH GE
itmpl::next), ZEXANHFh, BdHE—-ATHOALFEHEN (HEWA) positiony
tiny_iterator, RATATLACERE— RN “i3M” W5 © .

namespace boost { namespace mpl {

/1 RIS FER

template <class Tiny, class Pos>
struct next<tiny_iterator<Tiny,Pos> >

{
typedef tiny iterator<
Tiny
, typename mpl::next<Pos>::type
> type;
}i

/7 Wk LR Fe R
template <class Tiny, class Pos>
struct prior<tiny iterator<Tiny,Pos> >

{
typedef tiﬁy_iteratnr{
Tiny
; typename mpl::prior<Pos>::type
> type;
}i

}}

Xftiny_iteratorZE 1T #E5 | FRIER LT . BIOTTWELMH KX EREREMNFLE (position)
¥#K5| (index) tinyF5|, MRRELAR: “F—%F, LERMNEZBEHaRERERNHIR.”
A IER, B TZERNASRBEMR —SILFET .

5.11.3 tiny3LHat

LBati)— T FEN LT ARFA DI, Bk, BRNKRE—EK, EET - HES%
e B FIRI— AT

template <class Tiny, int N> struct tiny_at;

©  RWAEFTLLF FAMIAM mpl:nextFimpl::priorsc Bl 4%, 53 it /B & Hb # (i tiny _iterator (& 4 MM E
typedefs (:mext/::prior)) WikB PR, XHEMAVIFALATC MR — LD A B, ([HRMRERFETEEE
2. XHEMERSEE— 1 RAE “Blob”™ RHX (anti-pattern) SfF (WFE2RWAVHE XiHE).
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/1 EFE—AEL R % (partially specialized accessors)
template <class Tiny>

struct tiny_at<Tiny, 0>

{
typedef typename Tiny::t0 type;

}i

template <class Tiny>
struct tiny_ at<Tiny, 1>

{
typedef typename Tiny::tl type;

}:

template <class Tiny>
struct tiny at<Tiny, 2>

{
typedef typename Tiny::t2 type;

}i

EE, MRME-ANASHENEEHO, 1, 2M97EEM, DhiRtiny_athiik & type, FSH I
— N ERIEEIR . dERRLEIR (RERKR) REX.

BT¥E, BATTUAR AR Atiny “LH” BHERSE(Lmpl::at,

namespace boost { namespace mpl {

template <class T0, class Tl1l, class T2, class Pos>
struct at<tiny<T0,T1,T2>, Pos>
: tiny_at<tiny<TO0,T1,T2>,Pos::value>
{
}i

}}

MNERER, AR EREMASE, HEUEBRMNBFRMFAESIESFICEARImpl::at
tiny TYERY, MPLETREERIatF LXMW T:

template<class Sequence, class N>
struct at
: at_impl<typename Segquence::tag>
::template apply<Segquence,N>
{
}i

ERINFHT, atiFH LB R &Hat_impl<Sequence::tag>, [ER—/\TLEEE, Bl in
A BT A BA iLtag UM FF s fTatThRE. BE, BATTLARtny & M—4 tag (FR Atiny_tag),
H4Smpl::at_implf— B, (L) Bk
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struct tiny_tag {};
template <class T0 = none, class Tl = none, class T2 = none>

struct tiny

{
typedef tiny_tag tag;
typedef tiny type;
typedef TO t0;
typedef T1 t1;
typedef T2 t2;

}i:

namespace boost { namespace mpl ({
template <>
struct at_impl<tiny_tag>

{
template <eclass Tiny, class N>
struct apply : tiny_at<Tiny, N::value>
{};
}i
3}

XA EXRHABREX “htiny FF R tbat” Bk, BERSE. EE5HS, a5
Lll@Eﬂﬂﬁ‘ﬁ}iﬁﬂﬁﬁﬁﬂﬁﬁ’ﬂmﬁﬁﬁﬁbﬁiﬁﬂﬁﬁ%:ﬁﬁ]?@ﬁiﬁq., FEMAFEFIEXS LR
—%ﬁﬁ%%ﬂ%ﬁ#ﬂﬁ,ﬁ&ﬁﬁﬁ%%ﬁ%&%%#%%%ﬁm,ﬁﬂ,ﬂmﬁﬁg—
/I~ B PC B2 mpl:: vector<int> M ICAdmpl::vectorl<int>fY JHE RIS (L., HTRRENER, *tatdtfT
Rt BRI T 5 =75 ok IR A e ok b A 12 P B KB B R VR )

=i
AT RA-ANBRH AP R, RERBRBE—AAFIT, VA B B A &9_impl A% A% 49
R

5.11.4 SRitiny iteratorfyscip
ﬁTmiﬂ&EE.ﬁmﬁﬂuﬁﬁmnmﬂmﬂﬁﬂm(*“m““)ﬁﬁ=

namespace boost { namespace mpl {

template <class Tiny, class Pos>

struct deref< tiny iterator<Tiny,Pos> >
i at<Tiny,Pos>

{

}i

}}
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BIEWe—Gh LI 2 5 R B A 8 B INiE & 24 BE U mpl::advancefimpl:: distance JT BR#AF1L -

namespace boost { namespace mpl {

// random access iteratorfjf{tE
template <class Tiny, class Pos, class N>

struct advance<tiny iterator<Tiny,Pos>, N>

{
typedef tiny iterator<
Tiny
s typename mpl::plus<Pos,N>::type
> type;
}i

template <c¢lass Tiny, class Posl, class Pos2>
struct distance<
tiny_ iterator<Tiny,Posl>
, tiny iterator<Tiny,Pos2>
>

: mpl::minus<Pos2,Posl>

{}:

}}
HE, RMNCLHREFEABIRNTERLRT (L&215-0),
5.11.5 begin¥lend
B, BANEEEUny R —AHIERFH], BT EENSHTERLE L beginflend, #t

f@mpl::at, mpl::beginfimpl::end{# Ftraits R K E 4 — NMEEM FFIK A CH —48, X8, 4
Ebeginft 1R B LAY 34 .

namespace boost { namespace mpl {

template <>

struct begin_impl<tiny tag>

{
template <class Tiny>
struct apply
{
typedef tiny_ iterator<Tiny,int_<0> > type;
}i
}i

}}

% Gendtb 4 Sbegin BN —L8, FABNITEEE Trone TR BT FIOKE, —
ATEHBTHREE:
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namespace boost { namespace mpl {

template <>
struct end_impl<tiny_ tag>
{
template <class Tiny>
struct apply
teval if<
is_same<none,typename Tiny::t0>
¢y int <0>
, eval_if<
is_same<none,typename Tiny::tl>
, int_<1>
. eval if<
is_same<none, typename Tiny::t2>
, int <2> ’

, int_<3>

}}

AEAE, LA EREAHRendiO(1)E 2B E kR, HF—ANKBEANBIFEY R, TR
OMN)R 7 BEMIBAR KBk, B heval_if/is_same 40 45 2 ¥ 3 BiL HEXH—/nonetE RN L,
ATEEBRMFNTEHFFINR T, RINRERE %R L.

template <class TO0, class Tl1, class T2>
struct tiny_size
: mpl::int <3> {};

template <class T0, class T1>
struct tiny_size<T0,T1,none>
: mpl::int_<2> {}:

template <class TO>
struct tiny_size<T(0,none,none>
: mpl::int_<1> {};

template <>

struct tiny_size<none,none,none>
: mpl::int <0> {};

namespace boost { namespace mpl {
template <>
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F5¥

struct end_impl<tiny_ tag>

{

}:

}}

template <class Tiny>
struct apply
{
typedef tiny_iterator<
Tiny
, typename tiny size<
typename Tiny::t0
, typename Tiny::tl
, typename Tiny::t2
>::type
-
type;
}i

EixH, B— 4 E4kMtiny_sizefp L BBLLAT— A~ “FE4E{L (more specialized)”, *T{E{I4

EMtiny FFREL, RABEAMRAESWELHIL, BRIty sizefrib 8- BN T /¥
IR BE,

mFEAAXILZIR RS EE AR 2 2 B8 -2 8% (REMR), BRINAEER. 251,

BN RRKET THRER B T8 LK EXFERAG? &, RMONVSEKT. X TZRABENEA
AAER, 8%, tREEEFSH TSI FHAEERNER, Rii, —BRFABREEH T
|, R TFRFERIFENCET®, AP S RAAROURE RS (BNEXAA AR
frEC), Hik, EmBMELERAERY, £ &5 NERIFHRDRERER AL, FHF
SEAHEFABFEREFBAILLEAREENER (WHFRA).

FX—RRE HEE, BATRFETLAKE —/-FFLHmpl:size, X528 FER, MPLEIA

namespace boost { namespace mpl {

template <>

struct size impl<tiny tag>

{

template <class Tiny>
struct apply
: tiny_size<
typename Tiny::t0
s typename Tiny::tl

HIsize sk Hdn A2 W E BN 1beginflend AR EF Z AIRVBE R, HR THRMNEEABREIFEA RS
XAMtinyRY, FRLARMTATLLES 4TS H QR AR 8 — SR L Fiit .

O ZEMHEAMNEE (ELPETKREENRERE) UFRC+HI—ITEER. ASELAIHTRENIES

AT RZ R BERE, TTREERAENMTAREREEAE—1FiamBLe,
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, typename Tiny::t2

{};
};
}}
RELERREC LM T RAHEMPREIR A (tag-dispatching) A —HHAMIFE. Kbk L,
MPLEF A BRARFFREMER TX—8A, HEREERLAFIHED B R FEF| 8 2 §il4E
{a] B A& IR TE.

5.11.6 mAY 7

EX—/T, BITHRS —EEiny B2 T RFFIFRROERE, BITBERESRERR
2, FUOVENMELR EERUM, thsh, BROETEEE AJLERE LEA G mAS4: &)
B, ikFf1Ecclearfipush_front, Xt—/~i# (full) tinyi§ Fpush_front 4 81,
HEANMtny FIRA-TEENER. Hik, £AEDNE KB 1EB A push_frontfIH
tiny<TO0, T1, T2>, HKELHER<=2HT2 =none, HHWT2INFFF|ZHMEREATLLEYS .
namespace boost { namespace mpl {
template <>

struct clear impl<tiny_ tag>
{

template <class Tiny>
struct apply : tiny<>
{}:

}i

template <>

struct pusﬁ_frnnt_implﬂtiny_tag}

{
template <class Tiny, class T>
struct apply

: tiny<T, typename Tiny::t0, typename Tiny::tl>

{}:

i

}}

XREA] ERE, BAE—inyFFIEHE—/EEE SN THEY, BHkRNGEBEapplys
EhFIHTTHE L (metafunction forwarding) IHEE.

iy

ATRARXAZARAMPLERAEM, SHBE—AHARNAEKG LRI, hTUE
BB Fm AL tutype (BOEAMKA L) REABRN —ALEK, SBE AR
REE—ARRUGAZEH, FRECRETFRAL, ALRBALIBEDRAE S,

© Skbr k. Ypush_fronth IR, SEMILHRAOIBE (HEFT RGN (full)) BEfY— M ESIBRALHRT.
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43 Spush_backRik B X 445 T : JANPAMEE# (transformation) B TH#AFFIRIK
B, Ahif, RINCLBHRE— “HLBEBTRAFKE WRIET, sLend, BT
BN FLOCLREFENKEHARET, REMTEHLHAAME —/Miny_push_back #itk, B *
B I EHITRL .

template <class Tiny, class T, int N>

struct tiny push_back;

template <class Tiny, class T>
struct tiny push back<Tiny,T, 0>
i tiny<T,none,none>

{};

template <class Tiny, class T>
struct tiny push back<Tiny,T, 1>
: tiny<typename Tiny::t0,T,none>

{};

template <class Tiny, class T>
struct tiny_ push_back<Tiny,T, 2>

: tiny<typename Tiny::t0,typename Tiny::tl,T>
{}:

namespace boost { namespace mpl {
template <>
struct push back_impl<tiny tag>

{

template <class Tiny, class T>

struct apply

: tiny push back<
Tiny, T, size<Tiny>::value
>

{}:

}i

}}

EE, TEBRBOMBRRHFRHEE, @i 0K E A3 FFE L —/ tiny_push_back$s
e, BATR—AFFF] (full sequence) Hipush_back KP4 SR MIFHIR,

512 H@YH

2k, REIZFMMPLESAR™ HA — MY EM R, ERkEEd, RESERN
REFFHIRFCKR R RRIE Z BB, IRTBAIULE B — T AR — 28 D4
FFHIMEE . MPLF5l 5y =/ FiconceptiE®E (Birl. LA RBENLIIE), 4 BIRRFE
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MAERERD. — NI ATREM AT R (front-extensible) f), BhkH T X
push_frontfipop_front#g{E, WJFERFHY JEAY (back-extensible), &okE L X kM4 Bl
‘&push_backFipop_back#fE, — M RPERFFIRTMARB R BB S (BHO0)EHEHE
HRE).

SNBSS : MPLE SR = 4 i concepts z —: BIMI&EMCEE . MR %, LIRBEHL
VilREREE . F— SR EBBMSAMRHET—/HIRL (refine), [ FTA A %R B 352 5
3% 2%, H B BT A Bl AL 1) 3% 4% 2%t 25 B X i R 5 — AW (8] 154X 8% x BT DL 4 1 B 4 1
(incrementable), 3 H wLL#ERE| (dereferenceable), X B R Enext<x>::typefl
deref<x>::type#B A #H RIFAE LAY (well-defined), HZNLEAERE, — R ) E A 8 W T LR
XFHEBRIEA (decrementable), HFTLAIS M3 FFIRIFF L

PR C++ BURR T % B2 1O A0 o8 B S SCHEMPL 35t e B 47 BB PR T 0 i
fRa8 %t (iterator pairs) Ff7T#E. &I, R T RENEREEL SN EELTET TER.
— &8 AR R BRI SR hE B T STLRE 3, i LA FHRERN ST RPN ER R EOS
HELT . B RAAIBoosthii A h (HiF) B —A.

B AR (Intrinsic) FEF|#aiE. HAEFT A FFIRESR T LAR A — L S R B S ik, Fitn
beginfllendgt 2 ankt, BNFEL IRELMERELCEE EH T, X EEMPLIT R $80E F— /N n
BEREBAR, LMEREH LETHAR &,

513 %3

5-0. %E —MRBF, HARMNCL2LIAMtinyHBsy, 2R BURGHIRE, &7 RA Wi g
A fEgRiFiE .

5-1. 44’5 —/~double_first_half ¢ # ¥, ERE— K NI 8 2% BN R 2 AIBEHL T R 5
tE42%, HHBEEREN2A TEEESEGEA, BT {E 453 40 T A £ R Shytrue .

mpl::equal<
double_first half< mpl::vector_c<int,1,2,3,4> >1:type
 mMpl::vector_c<int,2,4,3,4>

>::type::value

5-2. %R, WRKtinyBROLH=ANTET, push_back$ T i@ T 431% AE 2. %} Fpush_front
K, Fllanfa LB RAEHIRITVR ?

5-3. FIHRAIR BtApush_back KB BT, Hytiny ¥ 51| St Blinsert f . H #Jpush_backfyscH
fEH Sinsert3t B F L1,

5-4. MR BA IR Ipush_back LB EEMBRCHILEKE? (%, HHERRNAES.1LS
TidendfyLHL) X X Anf 58— %55 HH Y A BhIR 9

5-5. Zytiny st H pop_front pop_backl) Frerase Bk

5-6. 485 — /> £ Jydimensions iy FEF3E Br 2R B S — A BAH R FRE, CLETE . AT
T HERIFFIRER EBLSAM AN (dimensions) .
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5-9.

typedef dimensions<char [10][5][2]> seq;
BOOST_STATIC_ASSERT( mpl::size<seg>::value == 3 );
BOOST_STATIC_ASSERT(( mpl::at_c<seq,0>::type::value == 2 ));
BOOST_STATIC_ASSERT(( mpl::at_c<seq,l>::type::value == 5 ));
BOOST_STATIC_ASSERT(( mpl::at_c<seq,2>::type::value == 10 ));

FTLAZS 1 68 Fitype traits B2 2 18 G B 1L 3G B

- B %Sk 5-69 dimensions FF I ERC 28, MR £ 15 1% £4 22 fipush_back . pop_backifk .
. I8 5 —/|~fibonacci_series3, ‘B & ~Fibonacci 5| i —/~ ICBR AV T 141 FE 71 »

typedef mpl::advance c< mpl::begin<fibonacci_series>::type, 6 >::type p;
BOOST_STATIC_ASSERT( mpl::deref<i>::type::value == 8 |H

typedef mpl::advance_c< p, 4 >::type q;
BOOST_STATIC_ASSERT( mpl::deref<j>;:type::value == 55 )i

@ —"FibonacciMFITT HREBRL MBS TTEIIF. FEFIFLJLATLEH: 0, 1,1, 2, 3, 5, 8,
1350 ses

B2k 2] 5-8fufibonacci_series ¥ 5, (132 B FFFI A TR B H AR H], HEEFFIRIER
as B AW e (bidirectional ) ;

typedef fibonacci_series<8> seq;

BOOST_STATIC_ASSERT( mpl::size<seg>::value == § )i
BOOST_STATIC ASSERT( mpl::back<seg>::type::value == 13 Yi

5-10. G5 —AF T A G = R BOR S tree B .

typedef tree< f/ double
double // / \
» tree<void*,int,long> Iy void* char
; char // !\
> tree_seq; // int 1long

KX %treeITTRRAIF (pre-order), HifF (in-order) LARJE /¥ (post-order) i 5 ffi%
3E:
BOOST_STATIC_ASSERT(( mpl::equal<
preorder_view<tree_seg>
’ mpl::vectur{dcuble,void*,int,lunq,char}
r buust::is_sam=<_1._2}

>::value ));

BOOST_STATIC_ASSERT(( mpl::equal<
inorder_view<tree seq>
‘ mpl:=v==t0r{int,void*,lung,double,char}
+ boost::is_same< 1, 2>
>i:value ));
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BOOST_STATIC_ ASSERT(( mpl::equal<
postorder_view<tree_ seqg>
» mpl::vector<int,long,void#*,char,double>
, boost::is_same<_ 1, 2>
>::value ));

EE
VAKISOFHRK, RABERELTS3, 54URSST ARG Kk,
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STLZ 2L Alexander Stepanov¥ ¥ SRIARLEMMERFEPNFHEMAE. MPLIL ARG, B
ERCL THREERIENFIIIERSE, RITVESEARNEENRE,

BTN RS MR Z AR R R FHHE, RETTHESTLEREMMPLER: Z AR A, £
KR TR A TTBBREA IR (immutable) X—FRTAMPLAEHIEHRE., RIEHRN
i AMPLIY =B & AR Bl AR, HLUSBIRE SRR R ORE — 5k,

6.1 ®ZE. WAZE. SATHR

%R (Abstraction) W AT A EBIRLI, PHEMRITRNG “FR™ 19—k,
—ER, BIASTLIEREE, B4 ARE, LEFTEMNTLUBRABAYE (idiomatic), &
W, EEANMRATEROEENER, RERABNERA—-REE, REOREER
BfE gt S MARBEAN:, TREETE RO,

HF BRI SRR FTE B Em#RE, UETRINRAS RS REXHE.
STLREFRBRMMR . KL, BHSR OrE—SBREHEE) ¥ THARENES K,
BHLELFSRAPARME, Flme.

/1 g

std::transform(
v.begin(), v.end(), v.begin()
+ 8td::bind2nd(std::plus<int>(),42)

)i

/1 EERFH

typedef std::vector<int>::iterator v_iter;

for (v_iter i = v.begin(), last = v.end(); i I= last; ++i)
*i += 42;

A2, Xt transformfy # i % ] =] BEIE ?

* AP GAAbEE A28, BBAE i B AR A P B AT 1

* IR BOTR (function object) HHL IS HH T, HEELSIATREHMBRAIERMY
—HZHaT,

*BRAEEIEABM AN E B SSTLAGEEAE, TN, X “WHe” LBr L EF 2 E A
AL AT M

N, XS AT LAR A B AR . B4n, FA1FTLLEE FiBoost Lambdafk (‘EA% TMPL

O N THMSTLRMBIORAE, HERY—TF, AW FREEREIFHET FEWHM,
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K% Hilambdaiksk) Sk BRI LIS 1730 e B3t 2 ©

std::transform(v.begin(), v.end(), v.begin(), _1 + 42);
HERE.
std::for each(v.begin(), v.end(), _1 += 42);

XPATIE A RIBAISE AT 2 M AR 0GR T 2 MR, — BB ELambdafk . %o
o5 Ffifor_eachf 4 F &, MEEMERARSHERES.

BINFLLE T ES (rewriting) STLE % xHA FE 5478k, M 1T e G — S 4R s hh
B (RRMPLEEBT IR ), (BIR TRA17m X JLITAE, M EEREAFFRILES, T8
Bl FHF R 2 RBR AT RE S48 1k K, REMEERERA TARBEEM R TR
STLEAZHRHES (STL function object framework), #FFiX 26 /A M A ik , BATAT LA Y x 26
CSERLET Bk — e N RS PR E 4R

o [P &L 2R A,

* ERRRER B, B REZ ARG,

o B4 ELAnRU 1S

FIREmRIE (FIIIEERIFRR) .

* EWREZACIRIR AL . for_eachf ipos != finishifi s £ pos < finish &5 KMEIR, J5—Fhiig

EEZB TR &%,

MRREREANERNOIE, XEFRRPRADEE, HL, AREEIZBRAE AW
THEREHBE, W0 EetmS ek, LEERAREASMEXHER, S8
FRESSIAEZHEES,

EHEEMR, Hfor_eachfiifd FZRME THIE XL ZMI . o B S — FF R T
RUM AR B B2 4 R R S8 T, BNAEREC KM ERATLLT, E5iEHER
XS E TRKEE, KA AR 7T LM binary ik (REIEALHE) REIRIIRE, *
IR N OR @ Bug ek ag 11 b oSy PN T REBERBRFENEREFNHEERE /R
KREMEZ, FHAxpe—k, R IMER IE 55 o A o (9 () R iy 24 35 B

HRZERREAEREENE 2t R AESHAEASTLERNME. Hl
std::lower_bound, ‘EXH —EHIH =R (binary search), m#std::stable_sort, ERNTE
FUT, ERIEYHBEEHEE, BOGE Hel 1L % A 1 VR it TIETb Y FEEX— NI FRA
TCRATHRIER, YR AT 518 Fistd: for_each, BATERABURIARIX — 5. HIE B (8 25 40 B 5]
BB T M RANHER R,

S  EXEFFd, 145492 Boost Lambdaf (i Fboost::lambdady £ 5 g ) RIS (i FEAt % (placeholder object) ,
MPLF) & #7724 %0 32 Lambda i 5 i 7 04§ 13 % [IEd: 0

© Mk R KA, BT R G (A S S MR I (iter++) HTHEREMERB T SEL ke, B F 24 T 38 @ 3¢
IR ks{E . UPﬂﬂtﬂT++9€ﬂEiﬁf'¢ﬂ‘§HfﬁiﬁﬁﬁiﬁiﬁEK"’F‘EH‘-} PR P P 9B At A B B, H A E
A1 T RE L 20 B P A B (++iter),
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6.2 MPLHRREE

BRI STLR B IRH, MPLE B LBA ARFFIHRE, 9T AMER M RAIF G
(primitive building blocks), ZEMPLEZEF, REES KB ENER GIrME<algorithm>3L 3 #H i)
BEREE—H, JLEFRALRU®E,

R, ZESTLAMPLEXRE ZAMWFE-SEFNX Y. RELMETCKBERETAEN
(immutable) , B MPLE L Z0E B FFITAZ##E (in place) pkZE &1, HHMPLE
HEMFFIHTREMARIM ER R X RHTERE, S8 FFIHTERERT TELFSRNT—
TERERZON, XTHRREBETRENAERXERAERENXR. HERFF|LM#E E
B, W TRIENSEREBERALZ - TBRESTHBRAR. Bl

/1 #E—AIEEFFISeq, BESeqi— A BIZ, HhFiHfloat KHH#R Hdouble,

template <class Seg>

struct biggest_float_as_double
: mpl::deref<
typename mpl::max_element<
typename mpl::replace<
Seq
r float
, double
>ritype
r» Mpl::less<mpl::sizeof_<_1>, mpl::sizeof < 2> >
>::type
>

{};

2R, AnRmax_elementFlireplaceX sk {4 8% M A £ 773474 /E, biggest_float_as_double®]
RERREWT

template <class Seg>

struct biggest_float_as double

{
typedef typename mpl::replace<
 typename mpl::begin<Seg>::type
+ typename mpl::end<Seg>::type
, fFloat
, double

>::type replaced;

typedef typename mpl::max_element<
typename mpl::begin<replaced>::type
» typename mpl::end<replaced>::type
r Mpl::less<mpl::sizeof_ <_1>, mpl::sizeof < 2> >
>::type max_ pos;
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typedef typename mpl::deref<max pos>::type type;
}i

HI— /X B FFFIETRIERIS R, MK T L #fEtE (interoperability), HAh—AHiklE
RETLAYCEwR i s T — 1Rk,

6.3 IR

EMPLFISTLRZ ZAFES N EENX G, BEAFETERTRBENRER T, “7TH#
BFFIR” STLREEKE, Blincopy, transforml) freplace_copy_if, #BHEsS—4 “{gRM B A
MERFH” AR, MHERENHLBE AL AUR—AHREBA%SE (stateful change)
(Bl4nh TS~ AANFIRT T—/43cl:), BEERBRBEHEE RS (state), #rin
B A—AMPLIEZE? E&RBAEWIL? BATNBFEEERE —T AJLGREHEARNERN,
ENRARAE—-FENMAFF] (input sequence) R X IR FEF

B—/STLE BRI (mutating algorithms) ALK BEA—4 “TE TEMBASF
FIRIRAL” RIFFFIH, s M5 —AE YHM LS R BN, T —EmEssEe XS
¥, LEAATENF|IZMHIE (console), MPL AR EBARIFMATLIMFERENERE, LERIMER
E B RS A R AN, XA EHBEAR (inserter) LIS,

WAL R—MHERRB R AR,

s ustate, — P IEEAEEBEENEBENFER,

* ::operation, —/~FT Mt FFFIC R MBLA B state Hg 5 — /710 - state ) — TTHR1E,

Bltn, HE—/FHivectorfiBA B EHRKNT .

mpl::inserter<mpl::vector<>, mpl::push_back<_, > >

H P AImpl::inserteryl & 3 %

template <class State, class Operation>
struct inserter

{
typedef State state;

typedef Operation operation;
}i
%hr L, #Fpush_backFlipush_frontTidBMEA SR EE R, UETFEMNDSHRTHR
&MY & 5 back_inserterflifront_inserter, LATEZ—MEFESHAINER, TS vector
AR A 25

mpl::back_inserter<mpl::vector<> >

SfeRs —AMPLEY (fldncopy) B, EHIHEELM T FSTLAG S Mstd::

back_inserter.

© A (inserter)” X ZFEZFSTLAOIRKH SR B AN ERE (output-iterator-creating function
adaptors) FERAIER, J5E A $Estd::front_inserterfy std::back_inserter,
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std::vector<any> v; // &ERE4%vector
std::icopy(start, finish, std::back_inserter(v));

BLLELE Fo A58 it  FAmpl::copy$§ —/Mlisth Y L B E B —{-vectord, REFF AR
Lh FRELZTERN. B, mplicopyiElt— /N AFFI (fLEstd::copyl iy A X FXTAH)
FI—AEA R (fofkstd::copyRUta &R 2%), EiARAERIMT:

typedef mpl::copy<
mpl::list<A, B, C>
, mpl::back_inserter<mpl::vector<> >

>:;i1type result_vec;

ERENE—F, SASN - TRIEUNL—ZBIMNEGR (BEE D, MIRLEFEASR
FImEaER ) EARE-A S TR, HFHEENRESES ARHERFTEEIKE
AN AERERGF—FBRER, BEELLEFT:

typedef
mpl: :push_back< B - T — +
// |
mpl::push_back< J/ P + |
/1 |
mpl::push_back< I B T —— + | |
mpl::vector<> // | ||
¢ A A || ]
>iitype /I B—% <=+ | |
» B 1/ ||
>:i:type /I &% <e=t |
¢ C // |
>i:1type /] B=% Cmmmmm +

result vec;

HTHEMRAREARERFIIRENFFIEES® R, ERMPLAFRERFEFIBHER
EROE T BOAROFEA SR . XRRE N MIAES. 1.4 Fu3. 1.5/, BAIGEME fnskA B0t Htransform
MABFRE— T EARRERA.

R, —THRASTL2FTLABBREALRXZE. UTHFER—-MEARRITE—/F
SR FF A~ TT R E — S TR

typedef mpl::vector<
mpl::vector-c<int, 1, 2, 3>
r mpl::vector c<int, 4, 5, 6>
 mpl::vector c<int, 7, 8, 9>
> 5B;

typedef mpl::transform<
S /! WAFY
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, mpl::front< > // EFEfrontitE

, mpl::inserter<
mpl::int_ <0> /1 ERMOFHBER

, mpl:iplus<_, > // FWE—/#WdcH
-

>;:type sum; // 0 + 1 + 4 + 7 == 12

MR BEHAR, transformpFHy—vector (HSHIIE —NFFINMBTERR), BT
AL, XEMBTERLS Fmplplus<_, >, LA¥IA{Empl::int_<0>FF 14,

6.4 BMiFI&E*

back_inserter{# IR, (HFFIxHE “h# (folding)” FHE—AEE), A LR
A B IR 5 R — 4. HaskellFIMLAY A A 31 28k & R 1R 53X & fold g 3 Br i A A R
(STLH 2 A A £iAIRBI Bk R std::accumulate(# FIRVEGS) . 4SS ANT .

fold(Seq, Prev, BinaryOp) :=
if Seq is empty then:

Prev
else: /! BB rESpreviift “BES (combine)”
fold( /1 R AR AL R TR
tail(Seq)

, BinaryOp(Prev, head(Seq))
, BinaryOp
)

MARENAERE, Preva] REEIZFR A InitialType, A1 ZTLAEREPrevix/~ 45, £H
HERLMERMEENRAENES. BRTE—F, GELELENE -PF, PrevilRaT—F
AhEE BRRVER.

AT LAZEfold Befill AR £ R E R RMFFE RS, flan, RAOFMLRHAMT AR
AL El A AT BAY A (front-extensible sequence)

template <class Seg>

struct reverse

: mpl::fold<
Seq
, typename mpl::clear<Seg>::type // Mig%k%
, mpl::push front<_ , > /1 ZiciRfE

>

{};

fold—MEBFEENAEEBHEE, L1 E Spush_front—A2 N, PrEER S5
FHIA . HTFlist AEE Mpush_frontsk 4%, B {# Hreverse RiZ EMFINGFEGE (B 44K
— AN listEERE) HRHEARM, MPLiB24E T — /A reverse_fold TTEA%k, TLLUE LR ITE. H—4
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DUREAT R R RS SOt X -3, ERERMA ATE/NERNKE, KXERRE, AL
TR E— AT ERITRIERITR (folding) ATHITE, MAEYEldAMITERGRME
reverse_fold(Seq, Prev, BinaryOp) :=
if Seq is empty then:
Prev
else: /1 EREEF R ARNTE
BinaryOp( /! FE—ATEME KA
reverse fold(tail(seq), Prev, BinaryOp)
, head(seq)
)

ARIEBHHAOLEE—-NFFITE, mALERHHEOLEE. _
BEARIATALAEEA O AL TE, S ARERM D &7 MPLireverse_fold sk

R EHRBRMNESBRRAFRNERR %, FOANTESETURTHE - “inward” 5 -

“forward” #E. HEICESEE EERTRIBEE:

reverse_fold(Seq, Prev, OutOp, InOp = _1) :=
if Seqg is empty then:
Prev
else:
OutOp(
reverse_fold(
tail (Seq)
, InOp(Prev, head(Seq)) // BIMER TEtkPrev
, Outop
; InOp)
, head(Seq)
)

XA —#eft (generalization) RMFIATFESFIALE AR FiE HE AN EX, #HEFInOp
BARE—EEEEANLESNEK. YRMNAGMInOph, BiFHRPredl HEF5E NI
—k.

ERMNEFARBEERBERMEMNE 28, EMPLAfoldEEXETER -1 —RIL
(generalization) EEHE: TR FFIMITE (elements) #HfTER, WATTEANALE
(positions, HEEAERBIE) T EA. XEAERN, Fin, mERNAHZLEBAFFIN
—AEEHTFEE, HTFRNSRTLRR—EREFNSIAMTE, RHiter_foldE 3T & 77
ERE, TiARRAEEMOIRTBFFITE, BM—BIL—2%, iter_foldfyPhRE AN :

iter fold(Seq, Prev, BinaryOp) :=
if Seq is empty then:
Prev
else: /! BB —/positionS5PreviiiX&
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iter_fold( /1 FFEAMAE R K 4 position
tail(Seq) :
 BinaryOp(Prev, begin(Seq))
;, BinaryOp
)

foldfniter_fold Z jAl {F L X FI &, BinaryOpf /N EH R M ERBETAR -/ TE. B
R, TTEM—K{Lreverse_iter_foldth .

reverse_iter_ fold(Seq, Prev, OutOp, InOp = 1) :=
if Seq is empty then:
Prev
else:
outOop(
reverse_iter_ fold(
tail(Seq)
» InOp(Prev, begin(Seq))
s QutOp
r II‘IUP}
, begin(Seq)
)

6.5 EfRE

#6148 TMPLEFFI B R . K REE FSTLHA AR IBMIZEREEN, —/d
RERY B 5P contains, BERMMEBAA M, WiFARBRE %Y LR ASTL—NERE, KEITF4
RIRISTLEZ, compare$|MiA BRI\ ympl::less<_, >, R, MBEREER T —AHIMFR 0015, B
LAFBHSYAI NI (strict weak ordering) ,

®6.1 FIEAHE
TLE Y | 5 R :type L e
mpl::find<seq, T> —/A~iterator, {§[Alseq} i —ik 5

HBELAYT, REHRE, 0]%mpl::end
<seqg>::type
mpl::find_if<seq,T, pred> —/{-iterator, {§fiiseqfE—/ & 4
- REHET A predfyiLE, MmERRD,
% mpl::end<seqg>::type

mpl::contains<seq, T> YHHM YseqgE & TH Htrue 54
mpl::count<seqg, T> TEseq HBL ) £t
mpl::count_if<seqg, pred> iR A predfI T K Eseqh A i
ol €4
mpl::equal<seqgl, seq2> 4 H{UXYseqlFiseq2 & RHEATTE 5 A
H TR NiFFHE b Atrue
mpl: :lower_ bound< A7 seqgh B —/al it AN R, seq 3t Fcomparefy i F At # W 2B,
seq, T A comparel I HEE TR HL U (7] B 51 i) 3 B 2h %o 8 & 2
, compare BE, HRIAEEM:SE

>
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(&)
LR £ R mtype W
mpl: :upper_bound< Fr¥lseqrf i fr—~ AT BETHE ARAL R #f T compare(fJif] F H3 58 AL,

seq, T
¢ COmMmpare

seq iR comparefi MHER:

3T Bl HL 15 5] A 51 0 il B o4 % 3 & 2
BE, &AL E R

mpl::max_element< seq i /M ixHffposition p: &t
84 #tFeeqthffifipositions q, i
s Compare mpl::apply<
> compare

, mpl::deref<p>::type
, mpl::deref<qg>::type
>::type::ivalue == false

seqiIF /M ixHMposition p:  H#

mpl::min_element<

seq it FeeqfJfifipositions q, {KE
, compare mpl::apply<
> compare

, mpl::deref<g>::type
, mpl::deref<p>::type
>::type::value == false

6.6 FIMREZ

FiAMPLE FFIR B S ENRAEMER, XBHEAREIZ, BERZEMNERET

. BT, M TERFFIRRRESExxxifEmk.,
« M FEEXXXX, TEE—HIRHE Hreverse_xxxx, ERMERNSY, BUGHFRIES

ABEFITTE, Rl T#kxxxxFireverse_xxxx At # #i% (counterpart algorithm).,
c BEMERE—ASEA—FTEIFEAL,
o MR KIBEHEASE:

- IR A P52 iSeqE /G A §JBAY (back-extensible), £5RBAF IR

mpl::back inserter<mpl::clear<Seg>::type>

WEDEAREAT —H,
- B, SRR ECH B EBLL

mpl::front_inserter<mpl::clear<Seg>::type>

Ve hHE A ax ki A .

It BRNBEXFEAE LB SENER. £ TEMNEA TR, vI23ER—1TRE “vector J&
P 2R, %4 Fmplivector_c<int, 1,2,3>, Z{lH#h, 187635 57—/~ Z 4y Tmpl::list_c<int,
8,7,6>HyP R,

/1 eyl

typedef mpl::vector_c<int, 1, 2, 3> v123;
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typedef mpl::list c<int, 1, 2, 3> 1123;

/1 Eh
typedef mpl::plus< 1,mpl::int_<5> > addS;

/7 ERBRINIEAE

typedef mpl::transform<vl123, add5>::type

typedef mpl::transform<l1123, add5>::type

typedef mpl::reverse_transform<vl123, add5>::type
typedef mpl::reverse_transform<l123, add5>::type

v678;
1678;
vB76;
1876;

XA, RIRRIEREA RN AT RO MG RIFFISE A E LR, R,
AT ERBH A REIRAS, B 50 5030 K008 15 75 1 RO 1F 2 M e P 51 B J

/1 ZEEARSH TRIAEA S
typedef mpl::transform<

v123, add5, mpl::back_inserter<mpl::vector<> >
>::type

/1 M TRIANEAS
typedef mpl::reverse transform<
1123, adds, mpl::front_inserter<mpl::list<> >

>::type

11 A FFIE R AR s R
typedef mpl::reverse transform<

v123, add5, mpl::front_inserter<mpl::list<> >
=iitype

ERRE—TFFFIh EHOEA SN LSRR LR

v678;

1678;

1678;

FIEy AT [ AT SR ST S R

KRIE. BFFERIBIARE A 5588 M RAAE 0, RELERHPREAEA SN, 854
RFFIR R SMA IR REAER ., ‘
ROL2BE T RS, &, reverse_JEA R A v A B 2B B 5L E 5
R, HARE b AR URBZ W LA S TR R 2 {EMPLE % F i o 3145 i
IR . BATELI%IE R Bl copyFireversest T &y & ML R B A Fil 5 . EMNEAYFRA, BEE
R ATFLEST Areverse_copy Sireverse_reverse Bk .

%x6.2 FEIHgN:E

TC R ¥ £ 4L type
mpl: :copy<seq> . seqfITTH
mpl::copy_ if<seq, pred> i‘ﬁ,@%l]ﬁft‘;pmdﬁl]seqm,?‘gﬁ
mpl::remove<seq, T> — N TseqfI R, {Hi% 4 (£ TAT— BT %
mpl::remove if<seq, pred> Bt Fseq, (04 M2 LI X predfty 7 3
mpl::replace<seq, old, new> E4r Tseq, BRI HBLRIFTA oldEB Hinew B B £
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(£%)
TCER ¥ B B type

mpl::replace if<seq, pred, new> 24 Fseq, {HBFTH ik predfI T FEB #inew Fi LA

mpl::reverse<seqg> i FE R seqfy T

mpl::transform<seq, unaryOp> % seq it i £ 7t E 18§ FlunaryOpfa &, S %tseqlfliseq2 Z il FIEER T
=HH

mpl::transform<seql, seq2, binaryOpfy &5 #

binaryOp>

mpl::unique<seg> HseqftE— A FE BB TERWR AT, KdhE—FEREE

mpl::unique<seq, equiv> FEEYHFE, MR T HE R Requiv, NIAERREFERTE
AR ©

FHiREEBAA R RE, FARAREBRIAER -/ (BEMNE—-TWAFS

FHRIZRE) FF, R ER - ELNEAR, RITLIERERIEMFRNER.

2L THHRMANZE (Functional Algorithms Under Aliases)
REFEFIHEAE:BARR AT ERUASTLRE R, Bk FEE TREASRENMST. Filn,

A2 ¥R A Mtransform, ¥ TFREXEFARERE “map”, =ASERA Htransform$ it
FrRA “zip_with”, mjcopy_iflhFRA “filter”,

T A THreverse_HiLiliR T RO 2250, ATAF, ALEFENH, SB—ITFrxRrEK

funique FERTA P LA A . KB B AIreverse B AEFIE R X MFR AT

#

6.7

LA A ), {HR Bl AR R] sE 2 AuniqueFireverse_uniqueffi AR FFFIRI TR AT REAR R Hil40:

typedef mpl::equal_to<
mpl::shift right<_ 1, mpl::int_ <1> >
, mpl::shift right<_ 2, mpl::int_<1> >
> same_except_last_bit; /1 TR

typedef mpl::vector c<int, 0,1,2,3,4,5> v;
typedef unique<
v, same_except_last_bit
>::type v024; /70, 2, 4
typedef reverse unique<

v, same_ except last bit
>:1:type v53l; /5, 3, 1

RERBCHEX
% F A B LA EATEE SR BT REMEMA, RNGTOEEEERE LR

HEG”, BHE FAMPLESREAMBEMERA “FiE (primitive)” FHEEMER. S
RFBMAEEIZEWRHEtransform L Bl divide_dimensionsfif LR T XA R . AN & 56D

© HBDER, ZREATERFAGMN "EE5" o, —FHE
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Tfes: MPLAWRHRGERELECELH T IRBLLEREESERLAL, FE 4 ERRESIFEH
B, RERERFLUC. REMPLE LA MEiter_foldd LB, maH TRAENER,
HTMPLE# T K EMLEME TR ERAE B, FHik, R GREAGLASEHTECHF
YR DRCERE, ReIERFEAMEE - SHMAEHER. FXMERLT, RELEAER
RN L1 BHbinary AR AR E AP AR, ER— M LRAR&EEEH, &N
BURREEREMARM B FFETEEZNBRESR, FRA . 5%, XM
JIZBIFFF R AR R AR . HAEFA FFIEE K #H0(1)E 4 By pop_fronti®fE, BNMEIE X%
O()AE 7RI pop_front#ffEdr, HATRERA A YKA N EETF (constant factor), Hyk, Fan
AN Eiter_fold R FRMIAAE, BIESGNREBLBIEFFI TEMEELS — M GEAM), xF
WO —MetE GERYE) SRBBCMMA B E Y, EEBEE A FaTLL#kiE 2174,

6.8 4HY

i:F

—HRIAREBRSTA R LA EE, BT RCH P RRER % BT8R A fsE 228
WIiL#2 (associated process) HEATITHRMASR . HERBEMOMER 2 —, RUEEEREBYS
WELTXPHREE, MPLEZEERIENMSE, RATHAKSLH . MPLAE S M
{6 % LA B RIS TL IR R UMM S, B AR5 RNE i it 1A 5 T R BB MR . R (1
LA FforfEER Fn— 4k R 28 kil IFSTLF S, (B— A FEMSIENAFTE G AL EEE b4
PR AN — 4 B R,

T8 (Fold)

— ARG (FRE) BEHMR, B—/ TR EE N AT —A R f T Emn—/ 5
o (Eshe) B5 B, B3 RBAE R RB TS0 E, STLEAaccumulateik A4 %
REILFE RIS . MPLLUFF S Rofffold— it @it MESRRBRARLTE (iter_fold), L)
FOR TR HE A PG (reverse_[iter_] fold), |

#FifI® % (Querying algorithm)

MPLSCHF % FluR BE Q25 sU R A R BEE, B — RN kb 5 TR 2 BSTLE & .

FFHIMEH % (Sequence building algorithm)

BRFY M SR B LSHSTLRE, SR TMPLIEIEGR “Folfk” Baxa
(pair) (MIAMFOLTF, MPLEEMAME 5% — /AR5 R 2R E 5 F5]) . EiEE
— AN AERERA SR, L2508 T Rk R A,

#HENEE (Inserter)

KESTLR SR, — /N &FLL “inserter” kIR, AIE—/MyHERE, AT BTER
it 5, MPL{E XA AR ERE R — D EITAHE A M INEN =TT E S, B2 RAE—4
RERNERcENRHLEE, LB A BRI A% A 25 & front_inserter<S>#fliback_inserter<S>
EA' 15y HI{E Apush_frontapush_back £k 47 & (fold) kS, HEEER - EASZ, E0HT

© ZBUMFCLATHEZMEE.
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ffold il TEMAMIMIN GEHEAR) &%, BARNREEIWERE. X8, H—1F5H
BEETE, RAMNHEABNERAGX2MOHE, EARESRFH. ik, mRE
Fi {32 — A mpl::multiplies<_>, IPLRHEIIERBR AN FHiIE—1 5.

6.9 %43

6-0.

6-2.

6-3.

6-4.

{8 Fimpl::copyf1— /- F LHEAIEA KRS — P smallest LR, ATEREYFIIF 5
fj\m_‘ﬁ\'n EH:

BOOST STATIC ASSERT( (
boost::is same<
smallest< mpl::vector<int[2], char, double&> >::type
, char
>::value

))i:
BEARRELME TX—r, BAXERMIZRBITHES? FiRBAKE,

AEAMPLFFIERBE Z—EFHRE1 4179 fbinarylitk, HRE—ITWAEF, REH

frifabinary Btk vT UL TR, EA RS HIF. BHRASHADHOEEMEIZBRNFT
SEBARAETHE., B4 RESBHIEA LRSS R?

B Fstd::for_eachRARME FEF BREAMELE, KRNI RERECHREEY YRR
AE. BiXHRT, StransformiX MR AR, for_eachi A AR 4iF iz Ridy. PREEX
AR B —A A R I ARG 7

ZE —/~#Kbinary_tree_inserterfJ 3 A 25 38tk , EFIH L >15-107 ftree SR % 1 Hb 4
—A~binary — X Ak #4 :

typedef mpl::copy<
mpl::vector_c<int,17,25,10,2,11>
; binary_tree_inserter< tree<> >
>::type bst;

! int_<17>

1/ / \

// int_<10> int_<25>
17 / \

// int_<2> int_<11>
BOOST_STATIC_ASSERT(( mpl::equal<
inorder view<bst>
; mpl::vector_c<int,2,10,11,17,25>
>tivalue })):

5 —/~ & Abinary_tree_searchfR L RS, EHH{E R4 >16-3d1/fbinary_tree_inserter#
BBt —oEK.

typedef binary_tree_search<bst,int_<11> >::type posl;
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typedef binary_tree_search<bst,int <20> >::type pos2;

typedef mpl::end<bst>::type end_pos;
BOOST_STATIC_ASSERT((!boost::is_same< posl,end_pos >::value));
BOOST_STATIC_ASSERT((boost::is_same< pos2,end pos >::value));

6-5. FHARMEE P BT A BB L, H SMPLIBSHRORMSEAHITHE . W ENZAME SN, 8
BHka AT ANR? BEREAATRNIEL? WLHEEEMPLAGE X FH? Rikd
"EANZEMPL b i i i JR BB Rt 2.9
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{@transformiX BB AR 4L T —FRIE I R, X —FIHRFFIME (sequence view)
MRk, FFHRLE R —FoR AR FFFIACER R Ak, W I TEARE,
B, JAIVRE-AAEIERAIE XL

FRE
A 7)#.B (Sequence View), H HARME (View), —AHri& & B (lazy adaptor),
CRERE-ANAZSAREANNHERLE N LT,

MER MR (lazy): EMHTERERENAHITE, RIONEEIEIHRES TREME
Fagitieval iffit Bl Wit PFAG (lazy evaluation) RIBIF. SHEAMbEHAE—#, WAL
B BATRE G AR 4 RACE AR A B AR TR P 2 Buid B OEHR SRR A, FIRLEAR
PR EE AR EREIE, FTU-EERE, EAFRED, "THPEEFINRE,

fEx—F R iR SR A EE i TIERY, RO BT fTiE A M. RE3ERAMN
FHRITMPLA RO E 280, IRULFFE 1S B SRIPLE B

71 —E§lF

£ THEBJLA/DH, BAHFEIT—ERE, AL EEEERILE, XX m) g a#4#
TS AR T WA B AT G 5 T i f— N RAFEIA G, BOFLRFIEAEN BEYE
Fild, HEAXEHETERMBETREZEZESY, E2EAA.

7.1.1 XAFEFTRIT R ER{EH{TIL 8

LEBRATA— AR BRI EE, Ea S TRUREE R anfa] T1ER .

$E—/IC L padded_size, HiE—BEMinSizefl—/~F7Seq, SeqiF 2RI LK/
B HIARY, iR Bl Seqrh F — 1 & H-sizeof(e) >= MinSizefI TTERI A/

E—1RRFAE

BLELEBATEA R Bard b itied M T AR ZRBUGX A mE. IEMELE, BNEAE
—ANBFH (EHEFRY, sorted) oI, XR—ARE, BNFLEMESEBELER "
o B R F upper_boundslower_bound i 2 —, “HBMNAFHEHERE - NHERIZEHNTE X
— 3%, B KREhlower_bound, Mif{E A 1"TLL2) 8 H AR 5 ERIREEE .

template<class Seq, class MinSize>
struct padded_size

t mpl::sizeof < /7 B ERTEKD
typename mpl::deref<
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typename mpl::lower_ bound<
Seq
» MinSize
» comparison predicate £/ FEIE e,
>i1:type
*i1itype

>

{};

FERES, XBEME RE B EAN KBNS/ (F—&H3) HITESHKN,
Hr “some condition (FALKMH:)” 72 iH 3 %% £ lower_boundffJcomparison predicate 3 g /7.

BMNFHLHERNEM (condition) Esizeof(e) >=MinSize, MREIREZMPLZE X F A v %t
lower_boundifyfifiifl, Rsk<x B 1 3L 16 A AOHA I A RE B IESE S A 72 .

BEHFAF) (BpSeq) ¥#F—Aa¥, £ +T (BrMinSize) T VA e B A LT
HEwA,

B3, SeqR#MITTE /ML AR, BATLIET 0% % % B 5ME B MinSizefty R <f , #
MHTREAE, X/~ *flower_bound i) R B4R B9 (R B AE T, BT 0 R 5 A H s 200 2 1%
iy, HPTRE ARSI E (potential sequence element) , BL7E, #n{R7Elower bound
SEPRENE £i%— S ILCTE, ((REE- % K I AN:oF 3=

typedef lower_ bound< Sequence, T, Pred >::type 1i;

R IE A . Rif ] 2% 4828 9 — /4~ model
B pRFFIFBIEMENSE (furthermost iterator) B, *F

[begin<Sequence>: :type, i),
R — %8,
apply<Pred, deref<j>::type, T >::type::value

Hjtrue,

X, "lﬂwer_bﬂundfﬁlﬁﬁﬂsmuﬁﬂﬂﬁFF'ﬁﬂﬁﬂ?ﬁﬁmﬁﬁuﬁ”ﬁii: PSREA A - WA -]
BT RATR A FINT 2, £ 7= A true,” XA SRR (£ 3 lower_bound B |- 32 7] L 4R
RBATR R, RINMBERBIBNRE—MIE . X TR AL B R I BT A T #e, sizeof(e) <
MinSize::value, ik, HIWi= (predicate) %, '

mpl::less<mpl::sizeof <_1>, 2>

FHZHIMTA (predicate) $EABITRMTEE T, BRAEHT.

template<class Seq, class MinSize>
struct padded size
: mpl::sizeof <
typename mpl: :deref<
typename mpl::lower_ bound<
Seq
y MinSize

www.TopSage.com



106 Fy8 3

, mpl::less<mpl::sizeof_<_1>, _2>
>::type
>::type
>

{};

S ET

BE, ILERMEELFRHECLMNIIE, MRFEHBRN—HF, REESSAERETE—2
Btk

B, WEX2—AW PR IC R BT REA RLIZLE BATRE 323X 4 £ BT R R MPLE % F
. —Hms, MRRES —BRANER 7T —BREENRE, B2 JLFETLIEERPRIEHA
BESEREREN B ARZKiEME. 2%, RBUEEZE LAl CEEMRSE.
FEXF, lower_boundibB 5 H EL4E (heterogeneous comparisons) BRI AR, LR HIMr=
SN, BERELRAPHAIZTHAE, AEAESBICHE. YEkARIEFM, L
AL EMBINHENAA, XATEET. MH, BE “FEAN BAEHERNAD)

Kk, EMARESRNSEFHX AR, EEMOREHES -84 AFEROHY,
B A 1#Elower_bound A A P H R AFFITTEMI K/, SREH—KkElower_bound;g [E % 1AL B
HERITENKD, B—PH, AREREESLS AR,

—IME&

FBR, XFEE X EARMZMMEEXREBERT —ARE. RNE-NEE
Rt (size) HEFHICEFFIHER, BE-ANTEORT S-S EMERTILE, HERR
MNTEBWTRBIR T, BRI, RIOBLEBOLSEFIHHTEAY, MEXETENR T,
H—FmE, MRBRITTLAE—A “R-FF5 (a sequence of sizes)” #4774k, HAMRATLL
# Fl—/ R R A EL 35 X, (homogeneous comparison predicate) ;

template<class Seq, class MinSize>
struct padded size
: mpl::deref<
typename mpl::lower bound<
typename mpl::transform<
Seq, mpl::sizeof < >
>:itype
, MinSize
r mplz:less<_, >
>:1:itype
>

{};

HX b, mpliless<_, >C.B&lower_boundfBRiA M7, (default predicate), BB
LAt —F b R (L 9B .

template<class Seq, class MinSize>
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struct padded_size
i mpl::deref<
typename mpl::lower_ bound<
typename mpl::transform<
Seq, mpl::sizeof_< >
>::type
, MinSize
>r:type
>

{}i

HTAEEEAVMEGE /RG], AR, XMEETHLELPREEE /WS, &
R, BlFE /LB mpl::sizeof Al R ¥tlower_boundifj[a)#10(log N)ATTEH#IT (7
K ooEaGBEF), mX— N Atransform R I B FEF I E 2R R,

RFEMEE

FiEHE, BAVTLE REEA R HiH R84 — /> B transform_viewfEHE0HHE, Mifi
% - AV W o T 15 5310} 4 T

template<class Seq, class MinSize>
struct first_size_larger_than
: mpl::deref«
typename mpl::lower bound<
mpl::transform_view<Seq, mpl::sizeof _<_> >
s MinSize
>::type

{};

transform_view<S P> —A~JC & fltransform<S P>HI T E —HWFH], BEHATED
%P

L ATHRERKFURE, BaiFil, & MEHFEF] (lazy sequence),

2.8t BRI RS PR base K B, BATTLLRB—NMERSHHEMI BIEAR, ©

MRBIIRBAOXHERE LEZASILESE, TEHEEENANDARBEEDSTHCH XS
SR, A, —ERBHBEEANRA, FRARERIAE —ARKBEREE 220, [ERW
BRI EMEREAN, ELASTHBRE NS,

712 BEZTMHEY)

RA—TREMFIIR R S transform* TR A WA AFFIBTEXM (pairs of
clements) HEEMNILRE., EXRZECHLRAY, INERFERH LA —FH:, JLPA
DRA E— o R EAERE /M B R SSTLR 5 —B ik S . 3T Rk
Z¥5IHE, SFEtransform=NKE L MRAFFF, BITEE R RHEE.

©  RWAHFFET 3 Vi ik base,
© ZUARARM “H” /M, CUETR—-SXFEFMIEAE (runtime views libraries) mE%,
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PRATEL “FT.” SR fERFILFEFIELE, BEMNRATRBNMAIE, RIMNERBDIREA
— bk B TR AERUMPL T B, schr b, A —AE AT LALLYROEH VR 15 BiR 87 51 T H R
Bt 34T £ FEF A, MPLEYzip_view i — M BANANRAFFIRIFS, #Hgh— M BAENS
TEMFEFRFF (HRMAFFIFERTEBR). Hik, WRSEIls], s2, s3 ..], TEIt1, t2,
t3 ...], BU&[ul,u2,u3 ..], 34zip_view<vector<S,T,U>>HITcEEEA([[s1,t1, ul], [s2, 2, u2],
[s3,t3,u3] ...].

filfm, =/>vectordZILRIEFTRFNAILLE AL .

mpl::transform_view<
mpl::zip view<mpl::vector<vl,v2,vi> >
, Mpl::plus<
mpl::at< , mpl::int <0> >
; mpl::at< , mpl::int <1> >
, Mmpl:rat< , mpl::int_<2> >
>
>

X IFARKERE, BEERMNABAAINX M EAmpl::atE i vectort BiHITHEE
(unpacking) HYEGEAEREM, W H HW, FA17IL{EAMPLAJunpack_args M7 2% 3k B 1S
(EEAREE %), ZIERE—NFinmpl:plus<_,_, >SHIAEN/ 2K lambda k4
A —/~—JClambda®ii, XM AT—TBEENINTERFFIN,

mpl::unpack args<lambda-expression>

REE N FFAIRINA TR IR EIE A RN S5 M58 flambdaRii X,
g, XTHMAREREAN, FBHE, —THAIILREBLETE. DT ETERMNSE4H
&5, {#Hunpack_args®[ L i 3 b e 3 vl i
mpl::transform_view<
mpl::zip view<mpl::vector<vl,v2,vi> >

; mpl::unpack_args<mpl::plus<_, , > >

>

713 BREAPERITH

BN A X URIERH AREI D, WRIMARSEREIIRMREMN I R ks
RUIA)E, BLSEHESFa0Bil B S, EHBRITRF2/ DB ILA .
// seqfl&int, int&, int const&, int volatiles
// #int const volatilegfd?
typedef mpl::contains<
mpl::transform view<
seqg

» boost::remove_cv< boost::remove_reference<_> >

, int

www.TopSage.com



HELiGKBERS 109

>::type found;

/1 HE|E>= n MR/ EEMR
typedef mpl::lower_ bound<
mpl::transform_view< mpl::range_c<int,0,13>, factorial<_1> >

n
r
>::type::base number_iter;

/1 BE—4 “HMseqlfliseq2ih B THML" F Fvector
typedef mpl::sort<
mpl::joint view<seql,seq2>
+ Mmpl::less<_1, 2>
» Mpl::back inserter<mpl::vector<> >
>i1itype result;

VA L 8eJa — 4B 6 Mljoint_view, X B—AHEBHMNTEY BHERARNRET, £
TOIFF, MR RE) WER, E8SHMAYLIRYE R (cager approach) kL, H4
T E BB B, |

7.1.4 EFMRITRALE

fE Ffilter_view———AMEHERI AR filter Bdk, BATATLMCE A FEFITERN /78, T
EFAR—AFEFF]. 24—/ Milter_viewfg ik ft 5 3 MR, FFFIR— /N 2 0% B4 i3 |
HEZ “filter” BR%iR &0,

/1 seqr B A 4 b 70 5 BT 18 % Sk w4 R

mpl::transform view<
mpl::filter_view< Seq, boost::is_pointer<_ 1> >
» boost::remove_pointer<_ 1>
>

7.2 #EConcept

FIHRIOIE, (RATREMANEA T4 M AR, RNERMEL—FX/ A, ¥4,
X —/NYTRIBRRE AT R RLZARM “#U Elconcept”, B[I{# FI/E fficoncept, Bl 938 % H B AFEC+++h
i “Concepts” B, BAMEMRMBSEHHRNWERMNBEDER, WEASHEMHEE—%, M—
THEDMBERE, WEBEFH, ZHUEMLERELHEAN LR, 4%, Em#EMNCL
EEMUBTHROBERABKTET: NELHEN, CSINTEREEEHABHE, T
HARFTA tEHE P FIERRARE . Biln, range_c<..>R—/BAMIEH:EFIHIF, [EEREXRAX
& “EMAEZ LT —/0E, BRAMERE AW ERRRE TSI - RE M GA
FFEIRP=AE,

FTHZEBAHE (emergent property) ighiR Bl 4 — £ 25 RHAGHEAE i H 30 0 J 4 A Sl EER
R RIARAE. B G LERTIAEHFS, FAEMATRE T REmE), ER
RETFEH . MRRTREY T, FEME Hcopy Bk NHLAE QI — /4 TH B 51, H&k, H
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FEMRE M FAEMTEBR, Bk, £ER—-NFFERSRIOASEEHBEDE
FAEHRL SRR ZH .

7.3 ERBEAEES

Rl % 28 Rk L8RS (iterator adaptor) HYF-, 'E A & & —/>HEHconcept
(/hBfc), ER—AIHERBETF-ARENTREBFIZ LHFFIMRE, —/MEREEFL
XFEA—MERSE . EER -/ MERERENITA.

FEETHC++d, SRBERDBLZMHAH, LETH B BoostBFEFIET EN. B
HESTLHA S A LA SR B S, ABAH Y Estd:reverse_iterator, B5KERAIERFEH
BREERCEFF, HaHRE MR . mpl:filter_viewfyiE 3£ 5 — 415 %k [HE A
2% (iterator traversal adaptor) A+, M— /&S 1h A EACEE (iterator access adaptor) MNIik[A]
ARITFHIKEERBAIICHEE, BIRmpl::transform_viewR:&k 88 Br iy AH: .

B8 24 mT LAaH ok TR A Hebase () Bl B 6R B3k i () std::reverse _iteratorfI iR R 5 fC3F , BrLAMPLiEAC
25l i i E A cbase R RV TR BN B SR EMTHR ., A bHm, —MEREE
B 2s SE eI R & — 4. ERLUIR F =/ EREBTEE Y — (FREARTHEBERE),
H BBl ik AR 2R 0 S 1 Bk A ARE R .

74 WERBECHNE

HTREHFINENTRBLSELERSE P, BRA—AMUEHRTES TIES R
LI TSR EF W MBI . LRI zip_viewdTE—/MERE, FHEERM
ol TYERY.

H Fzip_viewBIERAFZI—AN 5, B, HERERIZRIEAER AFF R —/4 %
R FFIdBRE B RAMARN T . kAL zip_iterator — &R B FFIS K

template <class IteratorSeqg>

struct zip_iterator;

MPLRzip_iterator#t# (models) T EHIEMALM %R 2509 B A% {beconcept, {Hh T 1L,
BN Hzip_iteratorff KL & —/ AT kL2 . A TFRTRER S BEBE AR —KRGEZERE, A
mpl::derefi# TS5 (dereferencing), ULK R Mmpl:nextgbfFidMiRiE. A THREIA—4
zip_iterator, WANTFTEZMSI AR E - THEFEERSE, HBLERITRA—-42FF+, FIH
mpl::deref B BRINE L (BILASTER B R ES ), zip_iteratorA B B3 LAn T .

template <class IteratorSeqg>

struct zip_ iterator

{

typedef mpl::forward_iterator_tag category;

typedef typename mpl::transform<
IteratorSeq
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; mpl::deref<_1>
>:;:type type;
}i

R{lldb, 24T %M —/zip_iterator, AIEHESME - MHEERE,

namespace boost { namespace mpl
{
// ¥*¥ftzip_iterator Minext<...> #{k
template <class IteratorSeq>
struct next< ::zip_iterator<IteratorSeg> >
{
typedef ::zip iterator<
typename transform<
IteratorSeq
¢ hext< 1>
>::itype
> type;
}i
3}

AT RE, BATHZINAzip_iteratorA fh dh itk U FI T base KA T, BRI LA T 15 7] 1F #
BRHERSE. E—TATENMEREBNEREERE T, ‘basegk A —/ &R, (HEXA
B+, BE—-NIEEERZFES.

template <class IteratorSeqg>

struct zip iterator

{
typedef IteratorSeq base;

};

zip_viewZ I HIFHFR LD, ERTE— *"{ﬁﬁinp_lteramrﬂ’lﬁﬁllo Lhr £, FATTLIMREE
iterator_rangeJ Kyt zip_view:

template <class Sequences>
struct zip view
: mpl::iterator_range<
zip_iterator<
Atypename mpl::transform<
Sequences, mpl::begin<_1>
>:1type
>
» Zip_iterator<
typename mpl::transform<
Sequences, mpl::end<_ 1>
>::type
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{}:

75 h

ERFIEITHSUR, RHEERESRRILEE, X THEREREEFIIE —BRRRIIBE,
E—/MEZRIC++ “view” concept{fil FHBL T19954Jon Seymourfi@BHI—4~ (Ef7#1) BF
FEdp, Hith LUHbay 4408 “Views” [Sey96], HERAURE , MMEEMT N E £ b & 32 B &
(database) AP RAMIFRFENGRE. X Tl Econcept— N EEHRI LB BT View
Template Library (VTL) t, {E& R Martin Wieserf1Gary Powell, SRk 19994 [WP99,
WP00], 7£20014F, LBALERC++ERSBSHWINAR—TNEERES, TRBoosti% 2% EA
FE Rz A [ASO1a],

76 %3

7-0. WE WAL, SFMNBzip_viewLBLG, RELRHHRORBRF, (E8REF YN8
It ARl L it 4%
7-1. FANN@ zip_iterator L BLfE M transform 3k A LB M :type, EXNBIFr, HkH
transform_view & & F 32
7-2. &tk zip_iterator, {47301k 1K 25 VERE Rt i AT )i Bk AR 28 B AU B IEAE (LY (least-
refined) concept, ¥ X/ MERB|LIE, FHHEIHEEHNIETEMEHER,
7-3. { Flmpl::joint_viewsLH —/ rotate_view 73R E , F T4 —4 B 14570035 8ot fng
Bt LA .
typedef mpl::vector_c¢<int,5,6,7,8,9,0,1,2,3,4> v;
typedef rotate_view<
» mpl::advance_c<mpl::begin<v>::type,5>::type
BDDSTﬂ;TATIC_ASSERT{{ mpl::equal<
, Mpl::range c<int,0,10>

>i1:value }));

T4 LB - EREBERE, CEIREMED (CA— A 4ER % 5ESI005E5 52 /Y
WF) RITTERE B EMTREHL U5 R%1R 3 . Hfpermutation_iteratorStH] 4—/ Al (1 3% L 28,

7-5. &%k 2] 7-4vp fpermutation_iterator, {8 H i Fi7Ems &S| FHIN TR T e,

7-6. i AR Ipermutation_iterator3 3£ Bl — 4/ permutation_ view, {§

permutation_ view<
mpl::list_e<int,2,1,3,0,2> !/l 5l
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, mpli:vector_c<int,11,22,33,44> // &
P2t 5 [33,22,44,11,33]
T7-T 2 HH LA - RAEREERSE, ERLA &KL Tstd:ireverse_iteratorfJizE &, HiEBAEER
HLEEC R VERGEHRE] . 8 iZ5 0 8% LB — /M reverse_viewidk .
7-8. P —~crossproduct_viewiiik, ‘Eillid “DAEBAIXH (cross product) WiFEE LA
RIRERITCRR” KB BFATREE Y.
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B AC+H+ TR TRIFH, FLIL AR (debugging) THEHR TRHAIE. &H A
R ALUFRMNAESBRE TR TN, XEHA, RREESFE. SRXFARXTIETENRIES
NEBREMNEZHRNEE, RIGEBMHL2MHENE, REFHFHELERYK, AEBFERFSHE
A FA LR E R, C++ BURAIIZHET (diagnostics) &—FH WAVLEA BB #ITHIWEIR, B
EIEHSSBHIRNRARAEHERAXA, HEEATAKROLHEE. £FES, HIH
Heanf S foc MR R Rl E AR, AEmAERXESnRRTRND “HE"
oJ=]: o

C++inE MR G R LA A2 AR HIFHLIE, FHHBRMFTRILAA RS
FRAITA, BERUMIFOEERE. FARMSIFSOEIREREIREGIIMNSWAE, L -
*t TRMEE SRR TR FIEE A ERBEW, MRIREMEERFE, 2HEIRM,
RV P TRAERE VMG RBAER, hIHWmBIRIEERZ RS LR, F
b, AMESBMNETTRE—RAEARREIESEN, BIMTLRUURRRSM, BEARRLESEE
HEEAHEMAACH TRERE, &, FEATRERZRRIFENE RO, FH
¥, mRBNEELZREFHRFEROTR, FEERAERREE A THIL.

8.1 WiXFER

X —T KPR LhR EBLA B —AA5(VI02], HBRAEXFHEBRHIE, £bs b, SRR
REEFMESR (RFESTF), REBEF QBTN ERB) FRVLAAE SRk, #E
AEREXTBCOER, FEX TR, BATFARRE TRRBIBRIMETTRVCHE R, FHEHMB IR
FlI R R [A) B A IE WA

TE

AMNFEF—2BXAN LV T, PRANAEETHRERIRGE, AT RI2AH
KERAREBAANE, HTRTANGIENE, ENARN LY A ATRT, FIRES
X, TRAG®N L2, HEebEaGWNTIRF.

8.1.1 3L o3

LERMEA -y (8iRA) FlFFE. TEORBEYL T —MERE L% iEE “%
% (linked list)” 2AIEH, LIR—/HTHE /5% A RS A/NITCHRE .
struct nil {}: H RFFRREVIRNMERE

template <class H, class T = nil> // —AFI&EYA, Hlm.
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struct node // node<X,node<Y,node<Z> > >

{
typedef H head; typedef T tail:

|

template <class S>
struct total size

{
typedef typename total size< f/ S:stailfy@Bdtih )
typename S::tail
>:itype tail size; /! BELMT
typedef boost::mpl::int < /7 s : iheadff) A
sizeof(S::head)
+ tail size::value I F/224r
> type;
}:

EEPR BT R T T &L otal_size MF FEMA LA, R RIIRELL T AL
EHE: |

typedef total size<
node<long, node<int, node<char> > >
>::type x; /1 2747

BNV S BB THRAEIREE (HGNU C++4i3 % (GCC) 3.2724:),

foo.cpp: In instantiation of 'total size<nil>':

foo.cpp:17: instantiated from 'total size<node<char, nil> >
foo.cpp:17: instantiated from 'total_size<node<int,
node<char, nil > > >'

foo.cpp:17: instantiated from 'total_size<node<long int,
node<int, node<char, nil> > > >'

foo.cpp:27: instantiated from here

foo.cpp:17: no type named 'tail' in 'struct nil’

HE%W&E%E%E%EEHE%%—#%,W%Mmﬂ%ﬁﬁﬁ%iﬁﬁﬂﬁﬁﬁﬁ
%E*@Wtqﬁﬂﬁﬁﬁmﬂﬁﬁﬂﬁ@ﬁ{mMmmmbmmmﬂ,kﬁﬂE$ﬁﬁﬂﬁﬁ
%ﬁ@ﬁ{mﬂmmwumWﬂa%ﬁ%ﬂ%%~ﬁﬁ%?%ﬁﬁ$ﬂﬁﬁ@ﬁﬂm.&F%W
ﬁ*ﬁﬁﬁ?ﬁﬂﬁﬁﬁ*%i%ﬁﬁm,ﬂﬁ.ﬁﬁﬁﬁﬁﬁﬁ%?%ﬁ%ﬁ%ﬁ%ﬁﬁ:ﬁ
mmm%m(mMMUéﬁT—¢m%¢J,ﬁ@ﬁﬁﬁﬂmﬁﬁ,ﬁimﬁﬁﬁﬁw¢ﬁﬁ.

Eﬂ%ﬁ%¢,H%Eﬁﬁﬁ—ﬁﬁﬁﬁ&ﬂﬁ%ﬁﬁﬁ,E%Eﬁﬁﬁﬁ~#,%ﬁﬂ
m*ﬁﬁ¢%ﬁ&#%%ﬂmﬁﬁgﬁﬁéﬁﬁn&E&%Wﬁ@ﬁ%?ﬁﬂﬂ%ﬁt?,ﬁ
BT 315 Hr FnzE PR IR R A AR 0 |

ﬁﬁT,&WMEﬁﬁ%#ﬁﬁin%Eﬁﬁ#%ﬁ“ﬁi”%%%ﬁ,#ﬂﬁ%ﬁ%%
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A, (HEX2 e R EEEBSRIRE. RIEHREERT - o ShEME, &
X EBEEEEEIRN, N FREAHRELELEL.:

foo.cpp:22: no type named 'tail’' in 'struct nil’
foo.cpp:22: 'head’ is not a member of type 'nil’
foo.cpp: In instantiation of 'total_size<node<char, nil> >':

foo.cpp:17: instantiated from 'total_size<node<int, node<char,
nil> > >'
foo.cpp:17: instantiated from 'total_size<node<long int, node<

int, node<char, nil> > > >'

foo.cpp:27: instantiated from here
foo.cpp:17: no type named 'type' in 'struct total_ size<nil>'
foo.cpp:22: no type named 'type' in 'struct total_size<nil>'

e X JLERET 4T

foo.cpp:27: syntax error before ';'token

TS, Bodf R 5 2 B 4R R A T IR SO 7 A RO S — N RHR Z IS I BT A B L.
8.1.2 HRIHBREXILIER

REGE—KGEFEHBAAR, Rl EA —LRTEERENHEEAXI S HAIIEEE.
Ex—HH, BIMFEEZEARRFSH—LBRERBRERE.

—AEHLAHIR

AR EBCWHRAEF CLWAISLIIRE (S8 F R EMASTLE, EERHELFAHAmE
XRERIRA) RS, A THRE-DENEE, RIMELNBEEATRNRFEL4MUTHRES
HIRRFFFT = L RIS W IH B, -

# include <map>

# include <list>

# include <iterator>
# include <string>

# include <algorithm>

using namespace std;
void copy_ list map(list<string> & 1, map<string, string>& m)
{
std::copy(l.begin(), l.end(), std::back_inserter(m));
}

REXBABIEFE L, H—-S5ERaMUE ARBHHBNE, mRRMER—, K
SRAARE EANRREEHTES HRFRE, MBRZHE, RIOTEEIREIE— Rk
HEHRRFR: 2THELRRBREE LASHTH, NHERTUREE SR, HEE
HRHBETFRAEENGER. B -LHT2F, BIONTURIEREAZATHETEEST.
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Tk, ik®MNIEAETBEIMicrosoft Visual C++ (VC+4) 61, BHEEEEH 4.

C:\PROGRA~1\MICROS-4\VC98\INCLUDE\xutility(19) : error C2679:
binary '=' : no operator defined which takes a right-hand operand
of type 'class std::basic_string<char,struct std::char traits<
char>,class std::allocator<char> >' (or there is no acceptable

conversion)

foo.cpp(9) : see reference to function template
instantiation 'class std::back_insert_ iterator<class std::
map<class std::basic_string<char, struct std::char traits<
char>,class std::allocator<char> >,class std::basic_string<
char,struct std::char_ traits<char>,class std::allocator<char
> >,struct std::less<class std::basic_string<char,struct std
sschar traits<char>,class std::allocator<char> > >,class std
::allocator<class std::basic_string<char,struct std::
char_traits<char>,class std::allocator<char> > > > > _ cdecl
std::copy(class std::list<class std::basic string<char,
struct std::char_traits<char>,class std::allocator<char> >,
class std::allocator<class std::basic_string<char,struct std
t:char_traits<char>,class std::allocator<char> > > >::
iterator,class std::list<class std::basic_string<char,struct
std::char_traits<char>,class std::allocator<char> >,class
std::allocator<class std::basic_string<char,struct std::
char_traits<char>,class std::allocator<char> > > >::iterator
rclass std::back_insert_iterator<class std::map<class std::
basic_string<char,struct std::char_traits<char>,class std::
allocator<char> >,class std::basic_string<char,struct std::
char_traits<char>,class std::allocator<char> >,struct std::
less<class std::basic_string<char,struct std::char traits<
char>,class std::allocator<char> > >,class std::allocator<
class std::basic_string<char,struct std::char traits<char>,
class std::allocator<char> > > > >)' being compiled

BABRBEREL

RERTEEFIFRILRE — 240, RN RTR THIRMEANLHET (K ), EHR
EmleMNE2ILFEARTIRT . b THHETOE, ROTLLEHEE R -/ HigRd, 3
FRAGEE BT RZHART, (B ERHE YL S, B YA A TS Ra s ab
e iR{H B R E T — 1,

typedef&F 4

BT B, RS EZBMNKAER.,

class std::basic_string<char, struct std::char traits<char>,

class std::allocator<char> >

AEXKPATEHIREE B E S T 124, HFLIEW, stdstringf #F R iZ K WE — A4
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typedef (514), BBCTATATLAREBY AT (E AR 448 2% B 2R R A1 48 2 RE b i b 18 (X MTH B -

C:\PROGRA~-1\MICROS-4\VCI9B\INCLUDE\xutility(19) : error C2679:
binary '=' : no operator defined which takes a right-hand operand

of type 'std::string’' (or there is no acceptable conversion)

foo.cpp(9) : see reference to function template instantiation
'class std::back_insert_ iterator<class std::map<std::string,
std::string,struct std::less<std::string>,class
std::allocator<std::string> > > _ cdecl std::copy(class
std::list<std::string,class std::allocator<std::string>
>::riterator,class std::list<std::string,class std::allocator<
std::string> >::iterator,class std::back_insert iterator< |
class std::map<std::string,std::string,struct std::
less<std::string>,class std::allocator<std::string> > >)'

being compiled
ERE—MRKRHIBHE. —BERTEsh, FLEARTHEMSHLERIIGES S HEE
WIRREGFHT. FHER-AHLOEY, RFBOEETLTULRFHFRER, 40
T, std:string AR 5§ _EHE—M—/ typedef, GCCRIL MR Al ik 2 B N AL B f 44 525 i)
{LHE fYtypedefs (namespace-scope typedefs), {EEfTREMIILILNT, MiTTEHXFIEEIL—RlL.
wm, X TRIOMLEF, GCC3.2 28X 4 :

------ T RIS
/fusr/include/c++/3.2/bits/stl _algobase.h:228: no match for '

std::back_insert_iterator<std::map<std::string, std::string,
std::less<std::string>, std::allocator<std::pair<const
std::string, std::string> > > >§ = std::basic_string<char,

std::char_traits<char>, std::allocator<char> >&' operator

fR M

EEA—RRAR: GCCRAMNBEZRATAMNEE LTS, A, FORMND -E
AEINIAKE, TEtypedeftBif 5 R F — AT REH R R 2305,

“with” Fq]

EABRBEIIGHVCH 6EHRIHE, (Bl Tstd:stringRITRINE) . MBERBE—IR, 2
—fTH—"¥tstd::copyfI M. AT HEIZFRE MM, BE51FBHTHROBRETE MR
s oI, B, EESHRAEIRIEE ZATHY B S —TFGCCRFLE BE BATTF -

/fusr/include/c++/3.2/bits/stl_algobase.h:349: instantiated from

' _OutputIter std::copy(_Inputlter, _InputIter, OutputIter)

[with _Inputlter = std::_List_iterator<std::string, std::stringa,
std::string*>, Outputlter = std::hack_insert_iteratur{std::map{

std::string, std::string, std::less<std::string>, std::allocator<
std::pair<const std::string, std::string> > > >1'

JRENTHE.. . .
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REBARRIRA

C++iE ARG U—ATF R BA—MXE FHAr L e94RRAF (#4o_Inputlter) , LLA&F AR
F X BAr kAot A64RR M (#de__function_ ), RAFTERLEA, BHANIANRAY
BC++ir AR A B, MMULAAEPRESFE AL SHETHERAF. KA, "R
HXAKMBEBEBHHY—FAHE, FAEFARRANZXELFURFLAMNARE 2, X4
X 2 ftyiE, BRAFARAKRZLE (undefined) T,

“with” FAEBRNIRA S B HstdcopytiEHHR T . MH, EEBFRIEXNRESH A
¥, THARN—DEELORE, WX TFeopy kTS 2 LificonceptF Tk, &
fa, HARBHEDERTRAAROEAZH (formal parameters), HHEAE “with” T
BET—&k, BLABIREBAHEERTH/NT, 1REL4E TEdison Design Group (EDG) #ijum
(front-end) 2 LHI%Ri%EE CE2RMARUAIBERIREE,

PR R RO M VC++RiFSR B TRIREERE BT TeE, FAMAT—%5H
BB TH

foo.cpp(10) : see reference to function template instantiation

'_OutIt std::copy(_ImnIt,std::list< Ty, Ax>::iterator,
std::back insert iterator< Container>)' being compiled

with

[
_OutIt=std::back_insert_iterator<std::map<std::string,std

::string,std::less<std::string>,std::allocator<std::ipair<
const std::string,std::string>>>>,

_InIt=std::list<std::istring,std::allocator<std::string>>::
iterator,

_Ty=std::string,

_Ax=std::allocator<std::string>,
_Container=std::map<std::string,std::string,std::lesas<std
::string>,std::allocator<std::pair<const std::string,std::
string>>>

]

AER, BRIMLAREERVCH 700 — B HRBERNT Y. ERENELTTLE
Fith_Inltfn_Outltfiek, =, BEANSERNEH BB TN, HAE “with® Faohhs
BERBH, XA -EEBRE, FEAEDSR, _TyR_Ax (o _Inlth1_Outlthf—Bip T
BEAPWIE, BIUKEHARMHI) WHBET “with” F4,

RiIASE KB

ERAFTIHR, BERBIETXMEER, BARMNBEBstd: copyHIRT RN SH A AHRARRY
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HIGE . #&, BLAEEM & std copyFrtRIER AT, Bk, JMIMHAAFAET —ETHT
R

foo.cpp(10) : see reference to function template instantiation '
_DutIt std::copy<std::list< Ty>::iterator,std::
back_insert_iterator<_Container> >(_InIt, InIt, OutIt)' being
compiled

with

[
_OutIt=std::back_insert_iterator<std::map<std::string,std::

string>>,

_Ty=std::string,
_Container=std::map<std::string,std::string>,
_InIt=std::list<std::string>::iterator

R L 2 H B A2 #istd:icopy<_Inlt, Outle>{R#, FHPA_TyHa[RELM “with” F-47
H{HBREL.

HHERCLMHE T -/ EENRL.: std:listhIBRIAD BB LR, LK std::mapfyBEil s> &
as ML RBHELE KT, HBSXEBIAIE, VC++ 7121508 I — 10— i85 T Bk
B LSS .

REtypedefE& R |

MEARGER ZLICEE AN RBEE H MA@ typedef (AL LFEZATEEL
typedef) #frH M, HHESKHEPENTRIFMHRLER. ROTBRXA TS 45
typedefZf{ (deep typedef substitution), %43 fIfk# (instantiation stack) O W& ERY
typedefstH BLAE T I2WHHE B, #Hldn, TH.

# include <map>

# include <vector>

# include <algorithm>
int main()

{
std::map<int,int> a;
std::vector<int> v{20);
std::copy(a.begin(), a.end(), v.begin());
return 0;

}

fEIntel C++ 8.0 =4 41 F iy i .

C:\Program Files\Microsoft Visual Studio .NET 2003\VC7\INCLUDE\
xutility(1022): error: no suitable conversion function from "std::

© HNLFLEHEL.
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allocator<std::pair<const int, int>>::value_type" to "std::
allocator <std::_ Tree<std::_ Tmap_traits<int, int, std::less<int>,
std::allocator<std::pair<const int, int>>, false>>::key type=
{std::_ Tmap_traits<int, int, std::less<int>, std::allccatorfstd=:
pair<const int, int>>, false>::key_ type={int}}>::value_type=
{std:: Allocator_base<std::_Tree<std::_ Tmap_traits<int, int,

std::less<int>, std::allocator<std::pair<const int, int>>,
false>>::key_ type={std::_Tmap_traits<int, int, std::less<

int>, std::allocator<std::pair<const int, int>>, false>::

key_type={int}}}::value_type={std:=_Tree<std=:_Tmap_traits
<int, int, std::less<int>, std::allocator<std::pair<const

int, int>>, false:}::key+type-{atd=:_Tmap_traits{int, int,
std::less<int>, std::allocator<std::pair<const int, int>>,
false>::key_type={int}}}}" exists

* Dest = *_ First;

Eal

XERMNBFERELH 20B? REEE T HRA 8 — /4 pair<int, int> (mapfITH) RIELH—
Avint (vectorfy i), i%fE, Bkhs LRSS T EEAHESR T, HEfR2R AR, BN
BT EBEFAESFEREENARRE.

No conversion exists from the value type of an
allocator<pair<int,int> >
to the value type of an

_allocator<

_Tree<...>::key type... (which is some
—Tmap_traits<...>::key_type, which is int)
>,

Oh, that second value type is the value_type of an
_Allocator_base<

_Tree<...>::key type... (which is some
_Tmap_traits<...>::key_type, which is int)
}F

which is also the key type of a _tree<...>, which is int.
IR IR BATTTE 2L Hpair<int, intB{E B intl &4 F AHIRE) . R, BARBRGRL

B0 T3 H6 36 RYTE Fndft P S0 N 3 e A 3 Bk 4% 8.
T RBEAEIR, VC++ 7.1 &M T,

C:\Program Files \Microsoft Visual Studio .NET 2003\ve7? \inelude\
xutility(1022) : error C2440: '=' : cannot convert from 'std::
allocator<_Ty>::value_type' to '-td::nllncnturﬁ_rybt:vnlue_typu‘
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with
[
_Ty=std::pair<const int,int>

1
and

[
_Ty=std:: Tree<std::_Tmap traits<int,int,std::less<
int>,std::allocator<std::pair<const int,int>>,
false>>::key type

]

XN HEERESZ, BEhEBRFRKENEBRIEN: FH LEEEMallocator<_Ty>::
value_typefgEm H 5! Xhs b, AKRBAMN_TyoHEHERNEEFESHIFRME
MR (i “with” F0 “and” SIA). BIERMEH TE, XA2HHELEA R RE .
fEstd::allocatorsf, ¥R AIARIL typedefsilt {1k, 2 5 i fEstd::allocatorffyvalue_typeFilH &
WRESRMEREGFE, TNRIMREFLXTXRBRAAERINERT.

(i TFallocator<_Ty>::value_typeA< i L& — /N ICehBiA A, XPE BtypedefF R W&
AR R ERAEEW. FFOT R

# include <boost/mpl/transform.hpp>
# include <boost/mpl/vector/vectorl0.hpp>

namespace mpl = boost::mpl;

using namespace mpl::placeholders;
template <class T>

struct returning ptr

{
typedef T* type();
}:

typedef mpl::transform<
mpl: :vector5<ints&,char,long[5],bool,double>
» returning ptr<_ 1>
>::type functions;

XBRERBHFELEWE - REERFT], BEEEE “— M MRAFFFAESHER" #

faE, HEFEEZLEE T —/AFX: ECHT, WEB—MERSIAXY (WHhint&) Ms
BEAAEN, Intel C++ 713 4E4F .

foo.cpp(19): error: pointer to reference is not allowed
typedef T* type():

-

detected during:

instantiation of class "returning ptr<T> [with T=boost::
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mpl::bindl<boost::mpl::guotel<returning ptr>, boost::mpl
::lambda_impl<boost::mpl:: 1, boost::mpl::false >::type>
::apply<boost::mpl::vector_iterator<boost::mpl::vector5<
int &, char, long [5], bool={boocl}, double>::type, boost
::mpl::integral_e<long, OL>>::type, boost::mpl::void_,
boost::mpl::void_, boost::mpl::void_, boost::mpl::void >
::tl]" at line 23 of "c:/boost/boost/mpl/aux_/has_type.
hpp*

FEOXA IR — B RICER R, AR EILHERB IR M, RINEAFEH
ETRA 4, [BEARE - KE M typedef: mpl:bindl<.. >l fT&RE, RIERMNEELFESE
HILAB—17 H# R Aympl::bind 1 E LA R HABMPL #itk, SMEMNESEBZARK. MHEVCH+
TAEBELH THC:

foo.cpp(9) : error C2528: 'type' : pointer to reference is illegal

c:\boost\boost\mpl\aux_\has_type.hpp(23) : see reference

to class template instantiation 'returning ptr<T>' being
compiled

with

[
T=boost::mpl::bindl<boost::mpl::quotel<returning ptr>,
boost::mpl::lambda_impl<boost::mpl::_l1>::type>::apply<
boost::mpl::vector_iterator<boost::mpl::vector5<int &,
char,long [5],bool,double>::type,boost::mpl::integral c<
long,0>>::type >::tl

]
GCC 320X hf7 “Be (shallow)” Hutypedefihife, H&EWT .

foo.cpp: In instantiation of 'returning ptr<int&>':
B ERE E T IHE

foo.cpp:19: forming pointer to reference type 'inté&’

ETHBEHERS. BNE—2ILRSWBRRNT,
8.2 ERTRATICHI N

REGFER WS DANESEE, AT R 75 M 0 L BE AR B 6512 1 B A )
B EARERR, BRI, S— RN REOBR S HILE BB R— DR, B R
HIEHRHBRXMAA MRS HE R, HREHR, MEREAMTEARNNIE, KT
H AT AT AR K AIFE B,

S Fizhk, MKMBES LRTELWSH TRIMNE, F—REIEBO—IEEEHASEEEhEAR

X Fir %3 (namespace) fEfHfAItypedefs, WP EF, XX BHSEF TR, NTERFRENEH
Wz,
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8.21 WHftHAIER

HATNE -/ BIE, HTFERER, GRFLAERALEARNRIES. R/ HiFS
KHAEIREEILARK, 25— NHhiF&F—25%, Y—uFHEN, RIFSHTHREE
RN RE, HEBHETIILRARNBIEEFLMN. mMEH, REHFSEHIREE
FHAEAEERENAR, Blin, FEMetrowerks CodeWarrior Pro 97EH fh 5 & — KL FHIH
%25, HBAEFRIIAIN R K P hE2 R 22—, A, BHZLEAREA I LHML B3 E4
B (frame) HHXHL£FNTS, XESECELRA M RAEARTD, mREE 8RN
R, RbirHFRIRRHIRIES.

#’R

e RRERAREL S T EAAMHE, SNFURR—ANEHTARFEA®NF S LAHAGCCH R
$H8, FTA B ASIGCCAT v &£ ¥ k&, WindowsH £ T A £ A MinGW (http://www.mingw.org)
#Cygwin (http://www.cygwincom) E#H,6 WwERAERTLARONS L2275 —HKREE,
Comeau Computing £ iR X L MNBHF R ALK R K (http://www.comeaucomputing.
com/tryitout) , B % Comeau C++% F & & @ Mz A HEDGAT 3%, Pl 7 —AMMEAFHF X,
2Tk A A RKGRL EACH+IF R,

8.22 {EMFMELF

A TR EFHEREBER, HA -/ TUSBRER SR B HEBRNFERIDT
PRAERBEN., IMRIRE R MH4EE N (command shell) RHRiFRF, WiFFEMIEFE
B &35 (integrated development environment, IDE) ERA B4, LIBAREBALF
THE-NRESHITAXEHERTS. BEBIDEALKTEA (plugged in) 2HITH (4iFR),
B TR AR IRk R, EEARIDERLL EHE AR RERNRIFS SEEe 2R, Fn,
Emacsff il —Z§ LRI IENIFRIAR. (regular expressions) MEIRIHE B CH LTS, FHit
BREH AT £ iR E.

8.23 WEIHMH

Bfa, RIMNBUCRA—-/1EOETES (post-processing filter), fHlanTextFilt (http://
textfilt.sourceforge.net) mSTLFilt (http://www.bdsoft.com/tools/stlfilt.html), iX&&5 i 28 B2

Rk RISIRBSTLEHAH B R AIRT, BN A a4 B 2N B ai ik ik b
MErBIAN K Z (default arguments), FH hstd::stringfistd::wstringififTtypedefs . 4,
TextFiltR LA FEL-E/\ARIE B .

example.cc:21: conversion from 'double' to non-scalar type
‘map<vector<basic_string<char, string char_ traits<char>,
__default alloc_ template<true, 0> >,
- allocator<basic_string<char, string_char_traits<char>,
__default alloc_template<true, 0> > > >, set<basic_string<char,
string_char_traits<char>, _ _default_alloc_template<true, 0> >,

www.TopSage.com



Ca 125

less<basic_string<char, string_char_ traits<char>,
__default alloc template<true, 0> > >,

allocator<basic_ string<char, stri#g_char_traitsﬁchar>,
__default_alloc_template<true, 0> (> > >,

less<vector<basic string<char, string char traits<char>,
__default_alloc_template<true, 0> >,
allocator<basic_string<char, string char traits<char>,
__default alloc_template<true, 0> > > > >,
allocator<set<basic_string<char, string char_traits<char>,

_ default alloc_template<true, 0> '>, less<basic_string<char,
string_char_traits<char>, _ _default_alloc_template<true, 0> > >,
allocator<basic_string<char, string_char_traits<char>,
__default_alloc template<true, 0> (> > > > >' requested

Pl oy TR R ENER.

example.cc:21: conversion from 'double' to non-scalar type
'map<vector<string>,set<string>>' 'requested

TextFiltRA &, HAERDBEH., WTLLETHEE “HNE (rulesets)” MAMHRE D
HIRRYIFFTARSL R, “FUNNAE" B —ERRNE T ENZE AR (regular expression-based) ¥,
STLRICRRAF 228 5 il (BRAEURat “$7BE” PerliRfEfirh), A A& A 7ET, #IE
BT, AT BB RRE B R, BRA1EBLXFR TR TR T SRR 7 ol Sk,

1. MGCCHRM BT EHE. REGCCR BRI A I RITHG TRFERG S EEEE, @
BRIERE. TOBANRER EERA SOLE S SITH R FEN EEEE, 48, &
EHRERIAEEENRZAAETKRRY, SdB EPEE, FUE DRI R
RS BIELE BB LA FRTF . XM T e GCCHHRTR K B BRTLL “HALEE 5
17 (many lines omitted...)” F9JFE. STLFitEAFHANFHTFGCCHH.EEHE (message reordering)
T |

* -hdr:LD1:, $5Schraostis i 853 32 Hiik B #E B A TS,

*-hdr:LD2:, #R{R-hdrLD1—#, FdZEttiRida 2 GiEm T E#E LB s —FRE (5

EEH R BRI ATE) MR,

2. xR OEMGEHE. TEMS L THEABIREEF T ERAHXOEE, RITBLTFEE
B ECHARME AR AA B ME REOIE, G, mRBERIMER LS Mtypedefsth
tE, %E%ﬁﬁﬁ?ﬁ]?ﬁ%%ﬁﬂ%ﬁﬁ%iﬁm%ﬁq STLFilt&l & —A~-metayk T, EHRIEXA
BHE IR B AT AL . DS B A AR 32 2 MBR Fitypede A R ZhBE, STLFilt{fsR
ATLAB B BRI B R ey,

example.cc:21: conversion from *duﬁble' to non-scalar type
‘map<
vector<
basic_string<
char, string_phar_traika{char}
’ __default_;llnc_templath{true, 0>
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>, allocator<
basic_string<
char, string_char_traits<char>
, default_alloc_template<true, 0>

>
>, set<
basic_string<
char, string char traits<char>
; _ default alloc_template<true, 0>
>, less<
basic string<
char, string char traits<char>
; _ default_alloc_template<true, 0>
>
>, allocator<
basic_string<
char, string char traits<char>
' __default_alloc_template<true, 0>
-
=

>, leas<

.l%ib%‘ﬁl?ﬁ

>, allocator<

...... H:il:ﬁ‘l%lﬁﬁ

>' requested

REZHBMAREX, BEMTIEMERTL T BdOMBRima L, RITEATLLR
b 5 B X AR R ZE R R — > Movector<string>F| set<string>fJmap,

mARMAZHEE, EATAETREELY S EEEEEMRME, STLRItb ARG, FEHitk
fr1s By R4 http://www.bdsoft.com/tools/stifilt-opts htmIgb f 6y & FF 6T, 3 B AFARME e .
FioHIE, ATXEBEIMNBTR, RMERTTLURE i, *IEA LK EHTEERSI.

8.3 HEMANZHEIHB LM

AL EH NGB EERCWIER? T AR BB R M ARRE b RE
ARNGERE, RNBHFZENB/TTN, AT, RIESLWEA SR, BIERIIN
BHRATEEAR (DERETHRENERL) OAPFR, &%, XBPRETARRMES.

=R
& —u R AR,

B o T O SR S B I R LL B AT A T A B IR AT . AN & 47, SN,
RIS KA~ ESWIIE, Lr-EHiRNA SRR LR, SRR NAEE
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AReA kb mBR B tE R BERUEEBNIRELET, BMHAFKRKET, HALFALEEE
AB—ABFEMNNESHATR A HE ., BARIEREFEAEXTEFENSRAMIE, &
LAE TCE: TR P P 1 7 O 0 R kR R IR B P R SRS B A, BilZm, RATAREIK A
A%

#include <algorithm>

#include <list>

int main(}

{
std::list<int> x;
std::sort(x.begin(), x.end()):;

}

HEGLT, AXANHTH, RMNFERIFSELEHBEROB—SRERE, HEF
BAT—EFXBRAIMR (BB ENAERE) FERAE:

main.cpp(7) : std::sort requires random access iterators, but
std::list<int>::iterator is only a bidirectional iterator

RMVC++ 7 1H 4%,

C:\Program Files \Microsoft Visual Studio .NET 2003\Vc7 \include\
algorithm{1795) : error C2784:
‘reverse_iterator<_RanlIt>::difference_ type std::operator -(const
std: :reverse_iterator<_RanIt> &,const
std::reverse_iterator<_RanIt> &)' : could not deduce template
argument for 'const std::reverse_iterator< RanIt> &' from
"std::list< Ty>::iterator’

with

[

_Ty=int

1

EEMER -

HER, SRR E 6 T Hrik B 5 B <algorithm>3k 3 B # 3 operator- 3 BL R N E, FifAA
BHIR W Br KA RImain()HF . 3X /M) B JR R Bl std:reverse_iterator AN H L F R EAE T, FHH
ESHMNRSHRBHEEHBNER. HF 3 toperator-fEH (ERE 7 EE M FBEHL T &4
ay) AEFF R IEZ BTN LRA T AEEMNE R, mEEstd: list<int>:iteratorfIstd: :sort3t
BEYL U RIS SS R E R Z AIAIA ICACHE 8 R b M ok T (BEARF 4 I 7E std::soredk 18 R 45)
2o 1R 2% R T AE EL R 45 tH (R,

Bfx—AREE:. FANSRERBENTARERAETRIFR, bk, XERLE
TC++ETMMRE: REEER BN ELEWH AN TSRO RRER, Rfid T35 A& 50
PARERXARS, B—HWE, BFEEEEXREIZAFFERGOFHR, £x—Bdh, Bi1Eit

© CHEMNE&M—ZRAHMIES D THEHELRERE Gl id Hconcepts FIfECH 2 EHif) ZAR) . rid
SRR, AN 7 EISLOOTH F Rl 2 iNmER,
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WHEBCHBRFETERN—E8R, ATRERERSHTHE, FXHLAZREME £ /5.

8.3.1 WMSHE
B ELA T 24 1CRS 4 o I E LR B —Fp A= B EE IR AU A X

BOOST_STATIC_ASSERT(integral-constant-expression);

nFiZFEA Afalse (H0), RETE—ITRIFDRER. BHISNBEEARREN—F “5
BHERE (sanity check)”, LIARARBREREKBNBRERER . LEHRNEH /21T
factorial Jr ¥ E A B+ .

#include <boost/mpl/int.hpp>
#include <boost/mpl/multiplies.hpp>
#include <boost/mpl/less_equal.hpp>
#include <boost/mpl/eval if.hpp>
#include <boost/mpl/prior.hpp>
#include <boost/static_assert.hpp>

namespace mpl = boost::mpl;

template <class N>
struct factorial
: mpl::eval if<

mpl::less_equal<N,mpl::int <0> > // &N <= 0

, mpl::int <1> /1 01 == 1
, mpl::multiplies< // Nl == N * (N=1)I
N

+ factorial<typename mpl::prior<N>::type>
=

>::type
{
BOOST_STATIC_ASSERT(N::value >= 0); // HENIEMR

}i
RESANAEAEEM BN HE L, factoria IR ER TXRMN—TBE. KRB
AR, MISHTHRERE, nRBIMTERE.

int const fact = factorial<mpl::int_<-6> >::value;

fElntel C++ 8.1 S BB IN T LHH A .

foo.cpp(22): error: incomplete type is not allowed
BOOST_STATIC_ASSERT(N::value >= 0});

-

detected during instantiation of class "factorial<N>
[with N=mpl_::int <-6>]" at line 25

ER, HERFMHH, BROBE-HIRNEE, TEAQ LN SOIBTENR,
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BIFEETURBIEHN&RESEFEBOOST_STATIC_ASSERTH LB, LIEMMGRILZE
(macro) REHEPI ML, RBERLAFZEREERS S, H AW EE SRR SHME D
A—ATRES. S E Eintel C++p R, Bl iRA— AN ARLEREFLLHHEE (B
miff HiH.E “incomplete type is not allowed”), 244X, YRHsifF RILAE HAbGRITES A4 AR A I
Tk,

8.3.2 MPLEEHES

AR EEMEHANEEESRERNESH T FMEBRTERBIT, 858 TAH
(A] R E) 3 4 LA R % S factorial 92 . AR, @HET S, RAGEKBMMBOOST_STATIC_
ASSERTRFXFAMBIERMER. EX4F1T4, SHERR I, AniigEEnER,
EERMNFE TXEFHHRILE.

L AnRWT = EWMIRAOE (—6) &A2BAESE (enclosing) BRMARH, EHAL
R ok

2. RRGIFFE-NHERARE R —MERGGT. WRE (macro) HMBB LRI, I
LR S 2 0 LW bR AR k.

3. RZ B SRR E PR B R EMBERTLGT, HMGCC 331345 mT .

foo.cpp: In instantiation of 'factorial<mpl_::int <-6> >':
foo.cpp:25: instantiated from here

foo.cpp:22: error: invalid application of 'sizeof' to an
incomplete type

EXH, RB&KBERT.,

MH&ET—ﬁﬁﬁﬁﬁf(mmHMEMnmmw.Eﬁﬁiﬁ%iﬁﬁﬁ%%ﬁﬁﬂn
TEX—Firp, BATHE H A FE Factorial 7 g B v M E R S

HEERRE

XEMEPREAN—NHENT .

BDDST_HPL_ESSERT{{haal-valued-nullary-metafunctinn]}

EE, WMESRLAT DN, A K4+ REES AL,
A THIZE N R Toactorial ¥, LT REATAREME LMK

#include <boost/mpl/greater_equal.hpp>
#include <boost/mpl/assert.hpp>

template <class N>

struct factorial

{
BUDST_HPL_ASSERT{:mpl::greater_equal{ﬂ,mpl::int_{ﬂ} >));
bi
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BOOST MPL_ASSERTHIRHZE T, TRHEELBTHEMLERALEHIHES ., GCCIE
&

foo.cpp: In instantiation of 'factorial<mpl ::int_<-6> >':

foo.cpp:26 :instantiated from here

foo.cpp:23: error: conversion from '
mpl_::failed**********hnoit::npl::grnatar_pqunlﬁnpl_=:int_{—ﬁb,
mpl ::int_<0> >::***xxxxxxkx*' to non-scalar type '
mpl_::assert<false>' requested

foo.cpp:23: error: enumerater value for '
mpl_ assertion_in_line_23' not integer constant

EE, BERNAERARRHBEREER, LESNESEREE, FrfXHFMPLE %
F R EPLFFIX N ThEE.

— 1T ERENHE

BAEIE, LENEHNARSREBRIMNAXOHFR, HIBERETEARRERER
W &H: (—6 >=0) WARLM 2 HAEE, BOOST_MPL_ASSERTLFR EE & AR AR

MIgctk. Blan, JATTLAZRBHRNRATERE &SI EEHI WT:

BOOST MPL_ASSERT( (boost::is_integral<typename N::value_type>));

AT XS, BALLS:

/1 REFE- “FATERSEST
struct five : mpl::int_<5> { typedef double value_type; };
int const fact = factorial<five>::value;

FEAEM T RIZENA L, BRI IEAMERA EAFIEREL

foo.cpp:24: error: conversion from
'II'IPl_= s:fajled* **kkaxkxxk**hoost: : iE_intﬂgral{dﬂuhle}g shk ke dokok

to non-scalar type 'mpl_::assert<false>' requested

EEME (Negative Assertions)

(£ FIBOOST_STATIC_ASSERT & % — A~ AEMIA & 454 i 849, S EAERTHm L —A 180T,
{84 FIBOOST_MPL_ASSERTH{FEF:AI% g, BATNIFERMAmpl:: not_<..>RMEHIM R, 4
THE{LE EW &, MPLIEHE T —/BOOST_MPL_ASSERT_NOT, ERBIMELF TRERIE. T
TR S AT SN A I E R S -

BOOST_MPL_ASSERT_NOT((mpl::less<N,mpl::int_<0> >));

mirEr N, &REIREERSHmplinot_<.>HEE -

foo.cpp:24: error: conversion from 'mpl_::failed
kkkkkkkdkdrkhoost:impl:inot_<boost::mpl::less<mpl ::int <-5>,
mpl_::int_<0> > >;;****x*saxwx*x*x' {9 non-scalar type
‘'mpl_::assert<false>' requested
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HE8EXR

BTATINHBOOST_MPL_ASSERTAZFFHIE AR ERKIESLME, BAREBRELHEE, #E
MEASWEGESBBEANBEAE. RAEIN, HTREX >= yiliE %R Empl::greater_
cqual-r:lf}':"‘v ﬁﬁgﬁﬁZﬁa ?’H:Ji%léﬁ{ﬁl:tﬁ, MPLE{;#T_J?':%I)—]HQQE

BOOST_MPL_ASSERT_RELATION(
integral-constant, comparison-operator, integral-constant);

A THE R A TR M factorial JTLEHS, HES.

BOOST_MPL_ASSERT RELATION(N::value, >=, 0);

BRATLAS . fEXFMEOL T, ARZIESARNEIREBMAESRK—#, GCCHE .

foo.cpp:30: error: conversion from
'mpl_::failed************mpl_:=assert_relatiun{greatar_equal, -5,
0>::#*dknkrrswxx’ to non-scalar type 'mpl ::assert<false>'

requested

i Intel W {5 .

foo.cpp(30): error: no instance of function template
"mpl_::assertion_failed" matches the argument list

argument types are: (mpl_::failed
rruArrExwskxmpl ::assert_relation< mpl_::operator>=, -5L, OL

SrrkRERAEAKKRNL)

BOOST_MPL_ASSERT_RELATION(N::value, >=, 0);

detected during instantiation of class "factorial<N>
[with N=mpl_ ::int <-5>]" at line 33

REAXEXH], (A#H5R % RS BB % RS0 08 B b 5 5w ] 1,

EHIHSHE

RANE B A Y IEBE R E £ (assertion macros) XM FEFHEND “SRHLE" ki,
ERREF T, HEMIHFAEER AR FERR &R R BE 40015 8. factorial 7t & % 7Tk
L REF AL X — B3, FAHMEREIR (N <0) MR AmE, HENK—/ ks
RNBARAEAN, 0BT RERBHN >= 0% 4R B B EHEL R — /N E
#RIA,

PTG, FAEFTA AN S A XA B, EE R, WA R TR RSN B AT
AR P IEFACERR . BI3ERHAHT G 4 FF, JiBOOST_MPL_ASSERT# 5
mr )

template <class OtherDimensions>

quantity(quantity<T,OtherDimensions> consts rhs)
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: m_value(rhs.value(})

{
BOOST MPL ASSERT( (mpl::equal<Dimensions,OtherDimensions>));

}

MPEXME LM, RMNBESHBELFER, EFRMFS (BEHEBNEEINES) 2
BAHE, XMER, ERERGT, FHRE@FEENFEE, HEHRARIATFE. AP
EMEE—ER, XN AN, FEENATERAFR. Tk, MER-TERAH
VT A2 A 3k i BP0 5 By DA B A SR HE 30O e, FTRERABIERRY., AR, XM EMKERA K
AL H B R R AL R IL K

B TH2WH BRI E L6, BATELATLLA B A A E EE A RHE . BT AHRNS
B4 AR IR A B R — A 4R>], BLELLRRATE B factorial MBI R — HH R,

EH H =

AT BaR—AERIEHEE, BATTLRAXAZ%E: BOOST_MPL_ASSERTH & H| i 5X
HWAFHACHRET. RERE-TAAESaARNFIEEN, AT TLAGE %% 2% U H 34
FRERHPIARE —RERNZERAE T — T REBERAFR X TFRENA] . Flin.

/! FHEETHEn>0/ LS TR

template <int n>
struct FACTORIAL of NEGATIVE_ NUMBER
: mpl::greater equal<mpl::int <n>, mpl::int_<0> >
{}:
template <class N>
struct factorial
: mpli::zeval_if<
mpl::egual to<N,mpl::int <0> >
, Mmpl::int_<1>
y mpl::multiplies<
N
s factorial<typename mpl::prior<N>::type>

>

{
BOOST_MPL ASSERT( (FACTORIAL_of NEGATIVE_NUMBER<N::value>));

};
BAEGCCH & -

foo.cpp:30: error: conversion from 'mpl ::failed
*kkkkk*k k¥ **FACTORIAL_of NEGATIVE NUMBER<-5>::****#xsusws' tg
non-scalar type 'mpl_::assert<false>' requested

XFHREFE—AN/DAE, MUHTFEF—TMEIREENBE, KRR ESITECLE
fEfr %20 (namespace) JEENHEE — AR, XKL EA A E RG0S, R
EE LW S Nuvalue i & — A, SERERESSHRE ., XAEEEB DA% EI08Y%,
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mHE S FHMBRABIAHA., A ERIC—241FE (fdhlntel C++) BEBREEWHZH
1%

foo.cpp(30): error: no instance of function template

"mpl_::assertion_failed" matches the argument list

argument types are: (mpl_ ::failed
*kkkkkkx*** PACTORIAL_of NEGATIVE_NUMBER<-5>::hhkhhshkhhht)

BOOST_MPL_ASSERT( (FACTORIAL of NEGATIVE NUMBER<N::value>));

Lo

AR BATTEAT ARt e T BRAIIH B A, BAIER AT LAMYBRX A 7T RE DRI 2 R -

template <int n>
struct FACTORIAL_requires_NONNEGATIVE_argument
: mpl::greater_equal<mpl::int_<n>, mpl::int <0> >

{}:

BOOST_MPL_ASSERT( (
FACTORIAL_requires_NONNEGATIVE_ argument<N::value>));

R, XREESTREEERE D, THELTHAEMALA, mAMEEAETH,

AEkiHB LR (Inline Message Generation)

MPLEZSE T — MR TAERESIHBNZ, AT ERREB—/ 255K (predicate
class), HEAERENBOHEF L TL2BE, AR T.

BOOST_MPL_ASSERT_MSG(condition, message, types);

%¢MmﬁMm%—¢E§ﬁiﬁﬁﬁ,mmmy%—&%%%ﬂHﬁﬁﬁ.wWﬁEd?
FEWRBZHFIR, Blan, AT HBOOST_MPL_ASSERT MSGJ; ] Ffactorial A AT LA
XA5,

BOOST_MPL_ASSERT MSG(
N::value >= 0, FACTORIAL_of NEGATIVE NUMBER, (N));

FEGCCH 2 4 F 1.

foo.cpp:31: error: conversion from 'mpl ::failed

****************(facturial{mpl_;:int_{-E}

}:=FAETHRIAL_Gf_ﬂ!ﬂﬁﬂl?!_lﬂﬂnln::****************]

(mpl_::int_<-5>)' to non-scalar type 'mpl ::assert<false>'

requested.

£ EEASHIHES, RICL2RHER T messageRtypesk R, X MHIFH, typesF
HHARE, FAERRERmpl int_<-5>, HATK S CR2HATE. RIEKTLLS
W= P RINBESAZHRERKFIZ0, NTEEm TN

foo.cpp:3l: error: conversion from 'mpl ::failed
FAEEEA kAR kA h ek * (factorial<mpl_::int_<-5>
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>: :FACTORIAL of NEGATIVE NUMBER::****&%kkhhhkkkhhdk)
()' to non-scalar type 'mpl_::assert<false>'
requested.

—imiE, HM{E{E ABOOST_MPL_ASSERT _MSGHLEZ /Ny, Bl htypess: £ Bl E ¥
ZRIR, A—EBNMNAFLRTMEREZ LT XHPEEHRRNES L, flin, vodRHEsM k£
KizWirh 2w, HAint f(void)flint fOR. H—HW S, void HEEMEA—k, int f(void, void)
AVIE ARSI . shoh, Bl iR B 70 o3 Bl bk AR EE H 6 SR B3R 6t 2 70

int f(int x[2]), char* (long))

AT T AR ]

int f(int *x, char* (*){long))

A THRE il typesfEDT W E Wb BN, VRATLAERM TR, HhE % LA ypes:

BOOST_MPL_ASSERT_MSG(condition, message, (types<types >));

Bltn, BATRICAR factorial h i AN FWT &, B FHARR % BIMNEBREL X MTE.

BOOST MPL_ASSERT MSG(
boost::is_class<N>::value
» NOT_an_INTEGRAL_CONSTANT WRAPPER
» (types<N>));

anR A1 B 3 L il fkfactorial<void>, VC++ 7.1384% .

foo.cpp(34) : error C2664: 'mpl_::assertion_failed' : cannot
convert parameter 1 from 'mpl ::failed |
hokdkded koo hok ok kR ok ok [__thj_g.ca].]_
factnrialtN}:=HD!‘nn_IHTIERIL_EHHBTIIT_HRLPPIR=:*
EhA kAR ke k& ) (mpl ::assert_::types<Tl>)
" to 'mpl_::assert<false>::type’
with
[
N=void,
Tl=void

B Ftypes ATLAERWO £ PUA B30, 5% B A0S .60 35 L 26 10 T IR IR A AR S 2 110 18 8
HHIEF. Bildn, Intel C++ 8.0/ A LM B 2% .

foo.cpp(31l): error: no instance of function template
"mpl_::assertion failed" matches the argument list

argument types are: (mpl_::failed ****wswdkrdrnkn
ffacturial{void}::HDT_an_IHTEGRAL_CDHSTAHT_WRAPPER::
****************}{mpl_::nasertﬁ:=typau{Vnid, mpl_::na,
mpl_::na, mpl_::na>))

BOOST_MPL_ASSERT MSG(

L
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detected during instantiation of class "factorial<N>

[with N=void]" at line 37

BH—RAERER, RENIA FHEBOOST_MPL_ASSERTH AYE il #5485 7E iy 4 25 (A
WHEAN, AMBOOST_MPL_ASSERT_MSG/™ A= {yiH B AILAM & B R E A (ABlHkh
factorial<void>) HIRHMER QM. &%, HTHEEtypedefFHMPIRIFSR L —MEEL
Wi B AL MR MK E R . flm, anRBNLFHL.

mpl::transform<mpl::vector<void>, factorial<mpl:: > >

Intel C++ 8.0 4nF iz .

foo.cpp(34): error: no instance of function template
"mpl_::assertion_failed" matches the argument list

argument types are: (mpl_::failed
kekkkxhkktrrrnkkk*(factorial<boost::mpl::bindl<
boost::mpl::quotel<factorial, boost::mpl::void >,
boost::mpl::lambda<mpl :: ,
boost::mpl::void_>::result_>::apply<
boost::mpl::bindl<factorial<mpl_:: >,

mpl_:: 2>::apply<boost::mpl::aux::fold impl<l,
boost::mpl::begin<boost::mpl::vector<void, mpl ::na,
mpl_::na, mpl_::na, mpl_::na, mpl_::na, mpl ::na, mpl ::na,
mpl_::na, mpl_::na, mpl ::na, mpl_::na, mpl ::na, mpl ::na,
mpl ::na, mpl ::na, mpl ::na,

EA AR BT -

mpl_::na>::tl>::NOT_an_INTEGRAL_CONSTANT WRAPPER::
FEkdkkkkkkkkkkkkd) (mpl ::assert_::types<boost::mpl::bindl<

AT AW

A ST 2RI B ERE T -
BOOST_MPL ASSERT MSG(

Y

LT ERE T, KRBRETHEMTIRE, RS nREIELBNELS
EFE,

& FE— 1 R AE

BATEZ LRI BE b FISER A 1 5 R % & F¥: BOOST_MPL_ASSERT_MSG 7 {# .
NG, HAMEBEEAEARENRAYE, BoRAEEERvoid, RAMBEER, HRBEE/N
O—2, i B R REH R AR YE R, L 2 W I B typede & it . SBOOST_MPL_
ASSERT{E FZE fil (AT AAR B TR RN ELBH], 48, XEELM BT/, 5%
REEBRMHME 2%, WHRIENOHES AR LT, EMNTELSHIER, BT8R,
AFEXNTHAR RSB EMNEN, FHREENEEZE, REFRbE T,
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8.3.3 ERYFTEN

Y—MEBEITBFTATREN, ERE—SARBONESE, LHRYREHS RERE
HRAHALUL2IEAN, RERRERENABHAZRFAA HIARN. BTEHHARNEE,
M EAER - CHHERA MU, M TREHNE, ST RENTAREE.

template <class T> struct incomplete;

IR R R METHIRE, BATEEAIEER FBincomplete<T>Hy LBk, fHl4n.

template <class T>
struct my metafunction

{
incomplete<T> x; // WalH{&iismr
typedef ... type;

}i

REPCHEWFEF— L ERMNBBNFERIFS, BEER - BIRGAEFENTA
fTA®, XTEARSZ—NH RO EWFTEM : T EtypedelE# I RIF B RS ATE R —
TEERZANAT, ZRERTTRAMIHER,

AT HKC/IC+H+BFI—A T B EAMBARLE “HprintfsfE AR, HRELERFEN
PATHE. AW, incomplete<T>H RAERE—NBTHIN . CRRARNTHE RBMA B
ROBFIED. LABRIMEI K BECHRIFSTRBFHMEIRPHED? DNEROSZEAE
% Bilftincomplete<T>fE 4k LR FI AT HEE, Z5RAVTRERL TN A L2 RSB MEERTY
BEFRamgR.

A THEBR—T&EIRTEE, BRINEE—MERIEEIRLEEE (B1%E) mhRX. |
TEAB-THEFAFBARESERRES (XRE, XEEREFSLGHRELBHEE),
BISEMPLEZHE T — A print T, ERRidentity, #ilY A TEREECHTKTHSIEE L
(E%H “HHIRE" T) 484, fim, LITERE:

template <class T, class U>
struct plus dbg
{
typedef typename
mpl::print< typename mpl::plus<T,U>::type >::type
type;
}i

typedef mpl::£fold<
mpl::range_c<int,1,6>
; Mmpl:sint_<0>
 plus_dbg<_1, 2>
>::type sum;

© R, RAAR Stypedef incomplete<T> x;, FAixi S H A2 FEBincomplete<T>sLl{k, £ W F2E AR, '
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HEGCCHAERMT K (LI kA b—%EFR) ©.

foo.cpp: In instantiation of
'boost::mpl::print<boost::mpl::integral_c<int, 1> >':

L

foo.cpp:72: warning: comparison between signed and unsigned

integer expressions

foo.cpp: In instantiation of
'buuﬂt::mpl:=print{hoont==np1==inteqra1_¢cint, 3> »":

foo.cpp:72: warning: comparison between signed and unsigned
integer expressions

foo.cpp: In instantiation of
"boost::mpl::print<boost::mpl::integral_c<int, 6> >':

foo.cpp:72: warning: comparison between signed and unsigned
integer expressions

foo.cpp: In instantiation of
'hoost::mpl::print{hunnt::npl::intngrnl_:iint, 10> >';

foo.cpp:72: warning: comparison between signed and unsigned
integer expressions

foo.cpp: In instantiation of
'bnnst::mpl::print{hnust::npl::intugrll_:ﬁint, 15> >';

foo.cpp:72: warning: comparison between signed and unsigned
integer expressions

BT, ZEHBRRREREBNLOCEREES, XED— LW TR
W EICAIGi: STLFitE —/%5 (/showback:N), LAY -7 EIBIE AL E S 51
WE, TRBMBER —DELTROSFERTEN, 28, mRKITLEHUNIXTR, e
IR{HEZH “grep print” AbHE[FEIRE T DAME T0EZ0 5 26,

© GCCHA—-ATRMEM, EATHRNEHEESMMTREE, NERITX2E,

template <class T, class U>
struct plus_dbg

: mpl::print< typename mpl::plus<T,U>::type >
{};

LL “In instantiation of...” FTLAISHIH.RIGEH —/ “HA-MPLCHL L S hidEfoo.cpp” WIS ZbnE, R
XA RS R LABLIE R FEAEGOCH i B TR M 6%, BEHEFTEE,
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84 hE

EC++HH Hivl A A ERCARKNBET . EMESIF PRIV, K7D
C++ B TCE A& Erwin Unruhii SR — a4, EERKREREBRTENH— R R
[Unruh94],

BAVE—&k (19984F) B MDietmar KuehlHP JLUTiR “$F Al AR H B RIS R MR
fI&F" i, ¥ 720004, BOOST_STATIC_ASSERT [Mad0OIH{BL T, Z/HMEA LIERKuehl

yE AR TS STLA KA IRM B . “Static Interfaces” (HiBrian McNamarafl Yannis
Smaragdakisi® i} [MS00a]) F1 “Boost Concept Checking Library” (pfHJeremy Sieki%i{[SL00]),

85 4%

ScF4 oMER (Instantiation backtraces)

YRR A RN RIS RKAEIRER, Xk EERETHIAREERNRIFNF
. EMNELEEEAMENRELR, AHTHEER A FBAE LR —aRERTLARFRE
mA#ETE, WiFE HOSXRRTREME, BFEER “with” FoHfEBRRIARERS K,
fEEeiER Ak,

typedef&#

REHRFSE, BREMEKVisual C++ 771 R K ZHE TEDG (EDG-based) HIRIFR, i
EEE R AERD R RAMAEEH MMMk ERRHE. fin, EMNTEER—1
typedef 4, WA ZHiZtypedefFrigRIAVABNEE SRR, AT A B8 1 B A typedefs
FEHRH TR FERE RGO E R T, BAXABME R R BT KENtypedefsihRay,
BAVR VIR F L Z DA KA TR BtypedefF #4515 2E . GCCRER XM —FP4RiESR,
HEEREGRM,

WENT R

E AL FtE#E A NEBFNMRLSTIRERIR, BB IIRIRBIEFIDE, ERTLLAZ)
HERSHIRHESTITSHXEKNEF XA, Wi ARS8 e T—A S Hl ik ik = 380
B—BRN, RIEBYURER A ELHE TSR (post-processing filter, FANSTLFilt) ki
VRV IR I BRI AT iR,

BSHE

BOOST_STATIC_ASSERT, BOOST_MPL_ASSERT_RELATIONL/ K B8 T 24 Hb {5 H
BOOST_MPL_ASSERT, Z2RITTEFHEM “ZEHERLE” IRFHTHE, EMMTRELCERF
MR (R M RGIEFRE A fEEE5E) RiRbIEHAEM. 5 TXROTRFENE RS R B
PATE R, AR IEA— 2wl DA L iR B T A,

E B RERIR

BN RE—F AR HEr > E RN BN BEA SR BEEBA—IBEET
T A EGFRESCHPANEAYVRBENLEZH, RNITBRTHEAMBER. BOOST_
MPL_ASSERTEF T R SRVHIM oA ¥ (predicate metafunctions) f&kaz2H, LLR{#EH
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BOOST_ MPL_ASSERT_MSG, Ef1&AFI¥, REMALITIE, HEA—-IEBLETAN
R R, Bk, BIMNFLEHTEH SR EENIES L,

ZERUFTED

“ERREIREE BRWLY AR (wamnings), MRREEERITRTEFRITHURT
TR —ARBAE, mplprint<T>R R T HTE ZARFES AR /8%
(BRP-T VR 1% A 4 i 0 ) .

8.6 %43

8-0. BEH-MRKX—/ B, B Fmpl:printiTEl—RF| K. HIRAVEFMErwin Unruhff 5
2 fCES (http://www.erwin-unruh.de/primorig html) HMELECEE .,

8-1. A BEF3EHPWEH I RGPE S, ABFERARILLENE. ¥ ILEARN%RE
RS REA,

8-2. MPLEL & — k% 1y % (macros) ATHiSBIEXR. BN, e EHAMN, SIHRMTE
@7 /RS (Boolean assertions) B{HFIA%EO0RIEHRBMHEIRNE., BTHLBFKN
T MR E RN RED? it —/80, ATFOlExeiEn, MR EREER T
7R AR AR i .

8-3. E A IHERI A EHIH B E B AR 2 — il LB REL ) 8-20h i N,

8-4. {2 IE 3 8.3.37ifh fureturning_ptrih F SR EHLE, FALEGCCHBEEMSLETEL
W H B E—1T,
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RIERBITHRTG? BRITARIIELERFNRBENREZHFEFHTAT, HELIH
REBRMN—ERFE £, &%, EAEBNRFLAESTHE—LETE, X BRXLTY
RAEFHCHABTHICHINLARY (RRER, TUKRZD “RER"), MERINHTE
FFRILAEBL A PRSP R B RN, ECH+HEMIIX— STRARSEN SR, Y
—EGACEWIEHLE T REAH. Bl S T REIHE— 2R A,

9.1 for_each

B (R B OSTLYL B % —/NMPLX Ridy, BSCE Rk, EBi— T, std::for_eachii J5—
A (BiTH) 5, A E—-ATEBEREA (GE8F8) ®¥3% (function object), Z{lH,
mpl::for_eachif i — /™4 iF W -7 H 3 2 A EAN ST E . R std: for_each{N T 56
#, {Empl::for_each# R /MBI L, EREBHIFMAETHHR,

At LARIEITHE R &R

o X AR 237 4 % 4Tmpl::for_eachdg ik —ANE 470 & 3t B TR — A G 3K, T4k 24
B—TF: EFRHN, Lstd:for_eachth B 4 M #)& Bt £i6 @void— PR TiE @ — A% R,
BHEREAMEAR, RO#EH, AEBTEL, RECKRT —2FWGE, HAERHE A
AHFRERS, BFHBXBHAELEZAKRSEY, RERAAEAREKXE, B, BIEX
AT H 248 Rk — 2 ¥ H, EHNA P E—AAE B —ADAAEEETF 253,

9.1.1 ZERUFTED

YR T B URR 2T PSR AR 453D AR A — 4R Bstd::type_ info::namerk i
AR OGIES, RITTCURGT HAITE I 5 by g T

struct print type

{

template <class T>
void operator() (T) const
{
std::cout << typeid(T).name() << std::endl;
}
}i

typedef mpl::vector<int, long, char*> s;
int main ()
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{
mpl::for_each<s>(print_type());

}

KTEBAG, FEAALBRNTEEEEMN. Bk, print_typef i@ 58 E B 7 £ Bk (L
(templatized) §), BEAELHALLEATESHIAERINTFFIRIIEMERY, BRTHRASLE /A
PR TCRER TR A — AR S, TN REImpl::for_each i 3 & B T E IR AL
#y (templated) GR—A KL, ELHBEAERY) ANERZES,

ik, HEEfor_eachUAMHF LR LB ME MR (value-initialized) 3% A5 55—
THAITES . MRREESR - RUEBIMERFY, XHEALKHE, FigEn g
WRIME R FTLAR R A O K RS TN & . B—HT, 25— 58 A3 B |
W B ERRAIRE . MMRTTER—ASIARR (reference type), — AN AUBRIAMIE BATR AR
B (class type), ®FRE—/-void, WKW LHE L MF, FAXERMEFE R “EHBEE
* (value-initialized)”

BATTLAER —A/NRUSME S84 (wrapper template) 34E36 1% R 51| M B4 X AR A .

template <class T>
struct wrap (};

/1 BESIH

typedef mpl::vector<int&, long&, char*s&> 8;

mpl::for each<
mpl::transform<s, wrap<_1> >::type
>(print_type());

BATETFRAR BB ROT L, EHE PR A0S R IR .

struct print_ type
{

template <class T>
void operator()(wrap<T>) const /! ®eT
{

std::cout << typeid(T).name() << std::endl;

}

© HMAILAINES THIE B T C+bnde s (B C++ — M AR BR %A (technical corrigendum, TC1)),
[Emdafe — 2R ATH §, BWokf.
*MRTR--HERAPFEHOAEE (12.0) MK (FE9), MLATHIMINERRSWHIEA,
* ASRTR A R HE ]2 A5 B M it B RS & (non-union) 3%, BATHE— N ER SRR R
KH (base-class component) # [H #E4{ER (value-initialized) ,
* IRTR -84 3 (array type), LR T HEIRE LN (value-initialized)
s HM, MRBEBWIEEIEN (zero-initialized),
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HFXE—/MRERNFE, FrUAMPLE L T for_eachf 3 —FEX, BWHE — 1 HifTH
BAE AN gk 25, EidERXE RHERX, BN AR/ 2Fwrapf{t 51,
XFE:

mpl::for_ each<

mpl::transform<s, wrap<_1l> >::type
>(print_type());

BT -

mpl::for each<s, wrap<_l> >(print_type());

Xt FstE—A~TCHRT, print_typeXtRIFLL—Mwrap<T>LSMmEAH.
9.1.2 HBEFH

ATERBRTERROLSF “FRENFE" E BT E, AL Visitor
A [GHIV95].

struct visit_type !/ —Efefivisitation /¥ S
{

template <class Visitor>
void operator()(Visitor) const
{
Visitor::visit();
}
}i

template <class T> // B TRAITHMAtkvisitor
struct print_visitor

{
static void wvisit()
{
std::cout << typeid(T).name() << std::endl;
}

}i

int main()

{
mpl::for_each<s, print_visitor<_1> >(visit_type()):;

}

(X, visit_type R H R KB RN AL NG ANvisitR R &%, wHERITTLH
THMHNARE - FHHvisitord R, XA RITEBifor_eachff] FBI— MR HISAE, 1HiE
HE R . print_visitor::visitdh K IL A L& A—ANTXE, R, for_each¥f—/ print_visitor<T>3C
Bl (X FRFIhRIE—AT) gL visit_type, & RTHAPE BB 5B print_visitor iy iR
¥,
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9.2 LIER

AN, FEIHE—EE TRIEFMHENSRRERTRSTHTAREANAR
T

9.21 ifiEw
B — s TR R R BN R R AR LR, RMKIOEAPR—IHERE, WT:

template <class T>
void £(T x)

{

if (boost::is_class<T>::value)

{

.+ s implementation 1...

.« implementation 2...

}
}

T &4 LSS ARG, REFES SRS classHIiR, FFOUYBEEMNINE
f5y XA RARED,

EEHAMEEN, RBEETUTE, KBS EFEREENETSRA. FEME, XH
BARFAEMRERN . Fi, ZE FEORKETAND FEORTHEREH 4.

template <class T>
void £(T x)
{
if (boost::is class<T>::value)
{
std::cout << x::value; /7 BB AR S
}

else
{

std::cout << x; /1 AhERAES 3%
}
}

X ER R AR GEFREBATED — M B R (Bifnint) f9{E, SEF—IBRERIIEE (Flin
long_<5>) W{H. Aifn, MREAL42), RINBEBB—ARIFHIR, RBET B/ BSEE
WEATRERE, BFINLEE X, HERNEEDRInMAREEN value R, T
R ?
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9.2.2 JHHRFL

BATRT LUK — A if 5y B QB 3 A R Y R Boh R AR ORI A A IR,  BNEB A — /N Bt Y A
AR R REP . Bt A RS TTRL, BATATLARE B B — /1~ R B L B

template <bool> // JbE R SINE

struct f_impl

{

template <class T>
static wvoid print() { std::icout << T::value; }

}:

template <> /7 EAHEESNE 3 L

struct £ impl<false>

{
template <class T>

static void print(T x) { std::cout << x; }

};

template <class T>
void £(T x)
{

f_impl<boost::is_class<T>::value>::print(x);
}i
RF G AEBAMER 2R A Bliter_swap B AR 5 R2640L, 438 - 809 Fmpl::if_y
AR FFEENZER, FRONEFEGEITREWEER, T4F 3 RN EABE®E—
Fift.

9.23 HRERIR

BATEL M FE ST X tiny FF B TER RS THHREXRBESMER, KT emEisR
RN ST SURRIZ R R R . STFRE 9K (Tag Dispatching) {# @K EHL T
— R RIEY B A B AT AT AT,

BATAI AFE K 2B C++irME R P E LB R b fadvance B gk i R LR IFHOBI T, REHA I
fREI#H . advance AW —MERFBIBINIE, HLFE EBEIZBEN T LM NE 2.
BRTEREHEBIED, TREEZLARMLIEE, flm, mBixERLYIR, Ba
advance RJLLR A += 0B, HHIEE AR —E R AE 25, K sRELF AN EHL S,
MTIERERn 2R R, MRIBREENRE, Bank TR NS, BRBROSFEEFH
RERATBEYSBHRIZEREF. AT, MREBIER SIS AR FHIE, BaEfm—Ii
ERGE SR RBCE TS i, HiE, advanceEBEE =N FEHILHE,

ATEENZRAZTESE, RMNLHAERALLTHREIEERR (category tag types) Hif
concept{3 & :

namespace std
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struct input_iterator_tag { };
struct forward iterator tag
: input_iterator tag { };

struct bidirectional_iterator_ tag
: forward iterator_tag { };

struct random_ access iterator tag
: bidirectional_iterator_tag { };

}

— M ER%E (tag) (UUR—AN2E2% (empty class), HME—RIABREESFNELA—BEL,
XA, %% & conceptiliid — M AEAE R BRAGHTHEY, S EABRRIAS
— A FARERAVEFEPRE (category tag), JG&H AILAINT AR BT DA .

std::iterator_traits<I>::iterator category

HE, EZXAMBFH, IRE (tags) BF—NRBREHN — R TiXE4RE (tags)
i #RHiconceptsiNf L Bk &4y (refinement hierarchy), fil#n, 4—/4 W& dapa —4
Arfm) &2, B ikbidirectional_iterator_tagg 4: T —/ forw ard_iterator_tag,

&, BMNH=ALASBERROEEED, HRX-KBIEDERE 4 SRS
Mzitagk " MIKFEALSY, EAERKERERDI—/.

namespace std
{
template <class Inputlterator, class Distance>
void _ advance_impl(
InputIterator& i
, Distance n
r input_iterator_ tagq)
{
while (n--) ++i:

}

template <class Bidirectionallterator, class Distance>
void __ advance_impl(
BidirectionalIterators i
, Distance n
r bidirectional_iterator_tag)

{
if (n >= 0)
while (n--) ++i;
else
while (n++) --i;
}
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template <class RandomAccessIterator, class Distance>
void __ advance_impl (
RandomAccessIterators& i
, Distance n
, random_access_iterator_tag)

{

i += n;

}

template <class InputIterator, class Distance>
void advance(InputlIterator& i, Distance n)

{
typedef typename

iterator_traits<InputIterator>::iterator_category
category;

__advance_impl(i, n, category()):;
}

}

SrERfadvance i B AR FIPRE (tag) HH KA __advance_impl E#H,, Hfb=IaEfEH
— RS R B ALINBENEHENGEASH LI, XBRATERERE (tags) /Y
Gk Bk SR ABRMNEIRIFL: BF F T hforward_iterator_tagfEBGRIE R FHRE R
__advance_impl, {HH Fforward_iterator_tagjig 4= Finput_iterator_tag, ZiFFS A ASEKEF
Hif 1] 1% £ 2% £ input_iterator_taghfi 4=, MR HAEAIRE (tags) RBAIFLRERLIMIE,
A& AT REBB) X — RAY.

tE #mpl::true_Fimpl::false_=4H£ TREFNSRIE, £ TEAIH T, desperate_
cast<T>(x)ZHr Fstatic_cast<T>(x), BRIExAEFR—NEERLRAR (H7E), EXFER
F, desperate_cast<T>(x)Zf} T-dynamic_cast<T>(x),

AR v E Z5 3iclick i)
template <class T, class U>
T desperate_cast_impl2(U& x, mpl::true_)
{
return dynamic_cast<T>(x); // Y H{YuikEEETM &
}

/1 #3HEEERPAILE

template <class T, class U>
T desperate_cast_impl2(U& x, mpl::false_)
{

return static cast<T>(x);

}

/! 4riR#s (dispatcher)
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template <class T, class U>
T desperate_cast_ impl(U& x)

{
return desperate_ cast_impl2<T>(
x
; boost::is_polymorphic<
typename boost::remove pointer<U>::type
>()
)i
}
/1 ItilEEN

template <class T, class U>
T desperate_cast(U const& x) { return desperate cast_impl<T>(x); )}

template <class T, class U>
T desperate_cast(U& x) { return desperate cast_ impl<T>(x); )}

Bl 7 % Rtype traitsR 4 TEIH & R YA, FrEARRAT R TR O — A~ 8 6 19 T i Bk b
boost::is_polymorphic<.. >ORIX %, HA: f—4 VL Btmpl::true_% mpl::false_ffJtag,

9.3 XIRAMAR

B, RARCLHTRAKERIRSHIIE (nested template argument lists) HRB|AIF 2 M
2T, BERMAAGRAEEL S BIREMNTRLITHE L25MBR., HRERS (object
generator) R—FMATHSLAREBMOZ VRS, TNHXLRIEBRLELLTEOH RS HE,

ATREEMEILIEN, BEMTER, CASHTHAN RN, &3R8 EIEYK
MR, AMSEETEAM, HEx), Pk RTREE .

template <class R, class F, class G>
class compose_fg
{
public:
compose_fg(F const& f, G consts g)
:+ £(£), g(9)
{}

template <class T>
R operator()(T const& x) const

{

return f{g(x));

}

private:
F £;
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G g;
}i
F BT (& F compose_fg —A~ 5l s i — /> TR i B —sin’(x),
#include <functional>

#include <algorithm>
#include <cmath>

float input[5] = {0.0, 0.1, 0.2, 0.3, 0.4};
float output[5];

float sin squared(double x) { return std::sin(std::sin(x)); }

float* ignored = std::transform(
input, input+5, output,
, compose_ fg<float,std::negate<float>,float(*) (float)>(
std::negate<float>(), &sin_squared

)

| .

i, #P4-compose_fgLFL MRILIR! ERLATIE, (BF L4E — "neg_sin_squared i ¥
HTFix A B Al ek {f fAcompose_fgEZ2E 5 — %, F/AL RS LA NAE EFARE.
FEME, MBMAE—THBIN R A RE (object generator) L, FATHELR LB S
compose_fg'5 H &k £ H BB .

template <class R, class F, class G>
compose fg<R,F,G> compose(F const& f, G const& g)

{

return compose fg<R,F,G>(f,qg);
}
composefy £ i wh 2 75 24 R R LS HE S HLHIR—/ L H . B&Etransform il i =] LAk
BA:
float* ignored = std::transform(
input, input+5, seq
, compose<float>(std::negate<float>(), &sin_squared)
)i
PRl A 4t 1 2% BT LAM %5 38 4 compose ff 3L 2 AU 2 Rk 5 Y BT T A compose_fghefb Ay, Bt
AEEDRHBHAR, C++iriEEFEERIbind]stfnbind2nd iR 3 B AR ET A 2 LI AE R 28, &1
4y B = H:binder1stfibinder2nd &I 442 © |
— HRE T EMNE2iINRE, MRAERS IR AR - SRIETAN—EBR DR —
BRAR, REAARMMBEMNRILIES. SERMNITEAERFEANEREE (type erasure) B,

6 Boost Bindf FEE——C++brifiE A4 (technical report , TR1) A% H-—3 4 T HIF09H A EME
FEAUIYY .
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WEF X T e me TEREZ iR,

9.4 LHIERE
i B2 Sani o] 0 I 70 R BOR BE W26 A PR IR T

template <class T>
struct X

{
static int const ml = metafunctionl<T>::type::value;

typedef typename metafunction2<T>::type m2;
int m3(typename metafunction3<T>::type p);

}i

FEXAETh, TEFFEmIAE, 28m2, DEm3fSERR, Rin, BEERNFEES
Hm2 R T HEAE N HEOXEEP, ZafTlEE? FEEANIRAERNETR - EERN%
B (class member) FIARYS, {HXTFRAIEMEELH A% E, REE-MEHBRHINHE A,

ZE¥EFE (Structure selection) 245452 L5 A28 FF 4> A 2 St 3 26 g 1 SR H-0F F —

B EENZE#TESE. ATHAX & TIER, LEFHA11EE compose_fgHif—4~a]
8, compose_fgX R E LA :

template <class R, class F, class G>
class compose fg

{
public:

compose_fg(F const& £, G const& g)
: £(£), g9(9)
{}

template <class T>
-R operator()(T const& x) const

{
return £(g(x)):;

}
private:

F f:
G g;
}:

FRARREFAXBEREFEN 2AEMRE: compose_fgR ANk Eis, A1 —IREkATLLE H
EMEMY, #—PhE, ERKRBTIE, NEARETERENAE, mEAERNEE, &
BATHERBIF, BATEBATT KB —A 3R

compose_fg<float,std::negate<float>,float(*)(float)>

BISLFAstd:negate<float>, ZERZHEBF, std:negateftIH— ik I b2 e B Fia A% «
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T operator()(const T& x) const { return -x; }

BA)iER, BRI (empty class), 2R, C++br#EZE R — > compose_fgRI¥#E al
AVHAEREEL—ANFH. AP RUNEGRBEE®, F-AFHRETFH, Bi{fnegate
IR ERIER A, BETkE—HEFY (Riniid, 340MF%), XR-RATHE RIS
MHINTFXF (memory alignment) MITEE, ETHRESVINT (a5 ), MmEE—1
BN FHAXER, BRI LLIE2HBREITE, BARTEBESTRY4NES., MEG
R —/1 2% (empty class), HBL MBI LK, compose_fgHf RMLEHR T HESBEEINFY,
BAIAREEEX BB EL T, EAMMEANE - =R LHEFIETLRN,

HERZERFMMN G B2 —R—ROMMW TR (FRE2ER AR A boost::is_empty type trait), FEEH
BRI BIEA G . R, XR A — LR .

1. EAEW: BMESRBTRAIEFEALNBDESNABE, mRERMAFEFNEE,
compose_fgfT A IR R Al RES 1k A BT .

2. AT KHoperatorOBR MM RBEFAIGH &, MFEMBAMRERE, RMOBREEWEEN,
HHREMAIRE A BN (default constructors),

ECHR, FE-TEFHMEIE, RiFBTLILEELRMRL (Empty Base
Optimization, EBO), ERF— N EEXKBARAER FH KRS, RER —4A %R
PR AR FHR S B ARAHAEEIRT, 0.

compose_fg<float,std::negate<float>,float(*)(float)>

ARER A BRI A/, R compose_fgllix Fh5 R 4 S iE .
template <class R, class F, class G>
class compose_fg : F // R Hh%ZE, FifESfgE S

{
public:
typedef R result type;

compose_fq(F const& £, G const& gq)

: F(f), g(g) /! FHERs{tbase (HATHE)
{}

template <class T>

R operator()(T const& x) const

{
F constk £ = *this; /! FREFF3&
return f£(g(x));

}

private:

©  FRMEM K EHEMA RILTFRA BT LK, BT A8 E0RMME - LR T R R F 38 55
RARFER A AR AT AR RS, AR PSML 2426 —4 “plain old data(POD)” B}, 2.5.4
&t TPODRUEE R L, TEXFMERL T, HA0A 5l 054w B — 2 8m,
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G g;
}i

HAR, BRAAREIFILEH AT I A Micompose_fghfft. MRFRE—EHRE, HIFA—
NRIFHR, BARERETRAENESE, i, RONABEFRARRTHERZEH: G
HZAFA 2R, Bl 1752 M GIRA:compose_fg<R.F,G>, SHHTE{LRIT HEokHE HH9&EH

R—AHARER R,
B MR RENE — PR BN REH TR S . F60F, FAGHFRELXRHE,

B HERATATLAS

/1 AR A R T
template <class F, bool F _empty, class G, bool G_empty>
class storage;
£emplate <class R, class F, class G=>
class compose_fg
: storage<
F,boost::is_empty<F>::value
; G,boost::is_empty<G>::value
>{"
typedef
storage<
F,boost::is_empty<F>::value
+ G,boost::is_empty<G>::value
> base;

public:
compose_ fg(F constk £, G consta g)
: base(f, q)
{}

template <class T>
R operator()(T const& x) const

{
F const& £ = this->get_£();

G const& g = this->get _g();
return f£{g(x));

}
}i
BlEERTN R E Estorage, XTFE—XF_emptyfiG_emptyfyH & (3k4x), ‘CHEAH FIETA
gZEy, FHilivt get_ffnget_ghk 5 £ 8E X FE ERIFFIGHY G R © .

template <class F, class G>
class storage<F,false,G,false> // FHIGH K4

{

© WMRAGEEFZBRAGELLFR TFEETE, JH0, FREIELERFAHEEMRRY £,
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protected:
storage(F const& f, G consté g)
: £(£), g9(9)
{}
F const& get f() { return f; }
G const& get_g() { return g; }
private:
F £;
G g;
}i

template <class F, class G>
class storage<F,false,G,true> // GH%s

: private G
{
protected:
storage(F const& £, G const& g)
: G(g), f£(f)
{}
F consté& get_f() { return £; }
G const& get_g() { return *this; }
private:

F £;
}i

template <class F, class G>
class storage<F,true,G,false> [/ FHZs
private F

{

protected:
storage(F consté& £, G const& g)

: F(£), g(g9)

{}

F consté get_f£f() { return *this; }
G const& get_g() { return g; }
private:
G g;
}i

template <class F, class G>
class storage<F,true,G,true> // FHIGH) %%
: private F, private G
{
protected:
storage(F const& f, G consta g)

: F(f), G(g)
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{}
F consté get_f() { return *this; }

G const& get_g() { return *this; }
}i
HTEBORRIER, FMEAEMRIEEERSXLEAEER. BRXAH, BEERRD
ERPRITESE, BMNEBELBREZ—MIESRMRICHATEFHROGERE, HEXSEREF
a APLH TEBO, FEBLWLAFIHX—/R (BREIUETRELNEL). (RLEEHES
Boost compressed_pairfi#ix [CDHMO1], ‘EsH T i 1ix B FRVEBOR K 1 — M (L ER 4 ,

9.5 %88

AR BATAT LAGE FA G5 e B ok — iR I — A M5, ABBATBE AT LA SIS BE Y 5 38 IR 0 {
HexRel@EED, fltn, ATHER—struct, XRALEH “—ARUFFRBER" KA,
BATRILL R A fold B i .

/7 MR R structtE: FE—AT (RBMWvalue), H8k& FMore

template <class T, class More>
struct store : More

{

T value;

}i
typedef mpl::vector<short[2], long, char*, int> member types;
struct empty {};

mpl::fold<
member_ types, empty, store<_2, 1>

>::type generated;

M B —~generated X &2, HK K4,

store<int
y Store<char*
¢+ store<long
» store<short[2], empty> > > >

LR 5 store S LB R R Ak R G54 i — 2, EMNSSEE—1BRA, HAR%H
member_typesH fY 3R 7 —

Kbr b, ERAXMATREEMETEBRET, BRIFENBE/AOHMLIAR . F%generated
Kb bR & member_typesth (AN RAMR R, HENPRERTR. 95 0RELEMN
M value: BRTHE -, BANTEBEZHRKMER—A, FEhHE 55 oKL H 2
(layers) &£ T. ARME, RNMTFIMBABEEMIE, XEENAREL (class
composition) Bf —/EZXERMIWE, FARERMNTLARA B4 R A%Y (member
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types), {B¥H2rakkfEABMR LK A 4F (member names) ©,

pesh, MAEXVIR A ER YW valuefK 5, BIETHREBR—TEINER, HTFFER
{1, %5 B2 1519 77 fif £ generated v (Y long (HE 35 R IR . Foh %5 — /1 storefp{b AR A T
ERNE N2, BINAH(ASE:

long& x = static_cast<
store<long, store<short[2], empty> >&

>(generated) .value;

A iGie, DhlnlstoreMfEE REE R EMERB VIR ETCRIRT ZaTfIpr A 28, A7
ALALLSiF R R 2T (function argument deduction) ﬂ%lﬁ#kiﬂfﬁﬁﬁ&?ﬁﬁ (base
class chain) #9 T {E-

template <class T, class U>
store<T,U> const& get(store<T,U> consts e)

{

return e;

}

char* 8 = get<char*>(generated).value;

fEEEEH P, getfIE P ERLSHBH Hchar*, NBERNRBSET SN
store<char* U> const&, ‘i [CALf & —char* 5 i fgenerated 3k 2 |

BA—THEAROER, LERMEEEREBRI XA RS, —m%EdE, MR%EET
FERVE A #1E (Fundamental Theorem of Software Engineering) ©, TR EMA—/ AR .

// MmprEfstructicE., LE 4T
template <class T>
struct wrap

{
T value;

}i

/1 FH—AEE

template <class U, class V>
struct inherit : U, V

{};
typedef mpl::vector<short[2], long, char#*, int> member types;
struct empty {};

mpl::fold<

© HMHTILETSHE (preprocessor metaprogramming) W[LUERE A 4%, & MM FALE TRE LML,
© SRB2E TRIZAENHE,
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member types, empty, inherit<wrap< 2>, 1>

>::type generated;

Bl fF generated A4 KU 4 .

inherit<wrap<int>
¢ inherit<wrap<char+*>
s inherit<wrap<long>
¢y inherit<wrap<short[2]>
. empty

>

B Finherit<U,V>FIHR A FURV, Fik FEA2Y (AE4) RETF “FBoldE—ATH
XtRBIHI” wrap<T>, BAIBLERCAHAN T R R — 4 2% KlonghHvalue sk A .

long& x = static_cast<wrap<long> &>(generated).value;

HTLLX R G A4 Bk (Class generation) R—/N % RAVTCEERIED, EEMPLEMT
AFZERRBET R, RHEAE, HAFTLLHAmpl: :empty_basefimpl::inherit 3 Bt fempty 1
inherit, XN BFELEBE — /1 E Y& 4 inherit_linearly &3, S 5T AEfold,
inherit_linearly#; 3 — /> BRIARY B 28 {L 2 B mpl::empty_base

template <class Types, class Node, class Root = empty base>
struct inherit_linearly
: fold<Types,Root,Node>
{
}i

A TRXETAETF, RITEATLIE S EHRIA B FR ST .

#include <boost/mpl/inherit.hpp>
#include <boost/mpl/inherit_linearly.hpp>
#include <boost/mpl/vector.hpp>

/! R ERstructiLE
template <class T>
struct wrap

{

T value;

}:

typedef mpl::vector<short[2], long, char#*, int> member types;
mpl::inherit_ linearly<

member_types, mpl::inherit<wrap<_2>, 1>
>::type generated:

Andrei Alexandrescu [Ale01] B2 {Z i #EF X 2K H A (class composition) Bt
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MR . Blim, fhERRE&AH—NEREHIRESE (generic multiple dispatch framework) A=
Bk visitor3

9.6 (HR) E¥EMEARRLS

R B AR — R A AIER B ER 2. KL, JLPEMAREA T AERIFHERENE
#RR VR, B,

o 35 B R R B AV E Fi5 | H  (Pointers and references to specific functions)

o I RIER A ENEIENHE S (Pointers and references to statically stored data)

» 350 B 01 R B35 %t (Pointers to member functions )

o 51 B8 0 A RU45%Et (pointers to data members)

X R R EE S, BAOTLARBR AL, SR LM compose_fg 4R
RN R L, BAEELMBHBE S —HX, BACEEFMBLE, Bm, %—4
R B E—NSH RN, RREFELSFEFBKX.

ATRGEMEAR, EERMNOBE—/1FHEIE 4B E %8R (composing function object
template ) .

template <class R, class F, F f, class G, G g>
struct compose_fg2

{
typedef R result_type;

template <class T>
R operator()(T const& x) const

{
return f£(g(x));

}
}:

RHEFERENR, compose_f2li HEIER . BRATTLUAEH—AFFFIRBEISTEHE
sin’(log*(x));

#include <functional>
#include <algorithm>
#include <cmath>

float input([5] = {0.0, 0.1, 0.2, 0.3, 0.4};
float output([5];

float log2(float x) { return std::log(x)/std::log(2.0f); }
float sin_squared(float x) { return std::sin(std::sin(x)); }

typedef float (*floatfun)(float);

float* ignored = std::transform(
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input, input+5, output
, compose_fg2<float, floatfun,sin_squared, flcatfun,log2>{()

)i

AEYWXBBRA RBEH X —F LRI ERZEREFS L, RASMH—/ AR
AR . BEAERERgE R RBAIRE WS 6y, 4iFeE N IXEMR LML 45 std: transform
RIcompose_fg2= %4 (empty compose_fg2 object), FH-{E3:HI{kAYtransform¥BE & 94 ot g,
*tlog2 Fisin_squaredf) B 2 1E .

RAEHR T8 LML, compose fg2thfEffi A —2 B MR H#

o KIAZHERFIE (values of class type) FRESHEIBES2E, Brlicompose_fe2 AREA T

HEAEENRETSR (F2LE&219-2),

BHMH L HATEULAF Hcompose_fg2fg i — /3R A KB EH (object generator

function), MRARFLALLRBE LSS R EZHEASNERE, 6 AXEHEEN

compose_fg2 ik fIL £,

template <class R, class F, class G>
compose_£g2<R,F,f,G,g> compose(F £, G g)

{
return compose_fg2<R,F,f,G,g>(); // Hig

}

AERR, EMEEELRENERSTERBRERE STHR., X5, BEH2
I EEA— R BRI LB A T B IR IR,

9.7 HEBMER

RERFBHIR S TERARELRLELONE, ATAHERHELRFRLES
B2, ATILRBERNOER, ZEOTHRSTHRAR.

1. compose<float>(std::negate<float>(), &sin squared)
2. std::bind2nd(std::multiplies<float>(), 3.14159)

A X B RE AR EA TR (R # & compose_fg<float,std::negate<float>,
float(*)(float)>#01 std::binder2nd<std::multiplies<float> >), Ef 1A~/ IFEHAEFE KT =
KB floathy L E W HEM— ARG —Mloatss B, E—MERREARH, X4~ “foiF
FE—NRERB SRR MILENED, RE A28 ESE (static polymorphism)
B

std::transform(
input, input+5, output
+ compose<float>(std::negate<float>(), &sin_squared)
)i

© Co+irtdtE (Eifncomp.lang.c++moderated) EZEIFHEFT LIS XM REIMNE ST, LRIEER TR
SRR RRAE,
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std::stransform(
input, input+5, output
, std::bind2nd(std::multiplies<float>(), 3.14159)

) §

R, REBEEBRHAES R Z BN BEL .

« BTSRRI RS (BB P51 (graphical user interfaces, GUI)) il # %
Kizfr4r Ik (runtime dispatching),

* BB T R E p B ARSI LA R EER 5 A28 1T

GHEKIR, RBEERNE—REHERBSERFOEN, YEBCTIROBEN LK
© LB/, X RAFE, RARDATLABAE (inlined) FREL (localized),
B, MRZAAASRE - BEOES, ROBRFTESTEEAFAENEZES, &
XA, BATH R REA IR BB MR ER AR S TR D RBBF RN, £iX
BT, HLHIA LR —/Mloat#EfT I FIE T (types), =t:—AMfloats g,

9.7.1 —1EiIF

BERMNELBE T -MREREY, ATFER “SARTE" BEEEPER, hTEEP
BE, BINBREIL—AHR, ERRAPTURSRTN. ERBEOESEMYE R, AT
RaBEY . Bk —TRANBERE—ABEOBLOEHE —WIEA—Kk, RITTLL
ERARELARMER. UL T LU XA S8 M T screensaver s fh BB LA B84
AAIRE, L BATIO M — A4 ) F e R B 4 6t -

typedef float (*floatfunc)(float);

class screensaver

{
public:
explicit screensaver(floatfunc get_seed)
: get_seed(get_seed)
{}

pixel _map next_screen() // TEBEH

{
float center pixel brightness = ...:

float Beed = this->get_seed(center_pixel_brightness);
f Fiseedfty G it -
}

private:
floatfunc get seed;

}:
ﬁﬂ%T%?i%ﬂT—&ﬁﬁmiﬂ@ﬁmﬁf#ﬁﬁi—%ﬁﬁ#ﬁ&thiﬂﬁﬁ
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EEE, R, EXESEREEN, RIMNERT —IFHERKE, BT ERRE TS AR
AR, XEHFNEHFHEERNEF IR FINBRSHEORERER, ZRNEEE K
next_screen()# 8 A #E & ok,

9.72 —@{

AT 17T LA [A) screensaverifs fli— /] std::vector<int>jk [, I H f&Fdknext_screen, ¥iZpk RLL—
MBI AL iE S get_seedifi 3y, MmEARIAVELMN.

class screensaver

{

pixel map next screen()

{

float center pixel brightness = ...;
float seed = this->get seed(center pixel brightness,
state);

}

private:
std: :vector<int> state;
float (*get_seed)(float, std::vector<int>& s);

};

R LM, HAHFHESSHAARNEREEK - ENAEENstatei &, B, B LE
HFERBAMERAFHIEEG AR EHEYE, HxFEmmeEdEneiesI s b, ki,
BT N EG I ETE - AR LR ERIE. mRERMNRHEEHZ (customization
class) XE#E @B 5% (customization function pointer), BATEE AT LU R A FniZ e L
(class instance) #4745, H HiFiBkscreensaverst— /M E R BERE (state) A 4 i 4: .

class screensaver
{
public:
struct customization
{
virtual -customization() {}
virtual float operator()(float) const = 0;
}i

explicit screensaver(std::auto ptr<customization> c)
: get seed(c)
{}

pixel map next screen()

{
float center_pixel brightness = ...;

float seed = (*this->get_seed)(center pixel brightness);
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}

private:
std::auto_ptr<customization> get_seed;
}i
9.7.3 "FI" EBM|RK

BAERMAILAGRE —1%, BRABIMIRE (state) EAH—/ KA, FH B 7EHoperator()H
LELRATAIES] (customization) .

struct hypnotiec : screensaver::customization

{
fleoat operator()(float) const
{
({#FHthis->state:: -
}
std::vector<int> state;
}i

ATHER “AFE—-TREMENES (customizations)” FLAXNFEL, BIIEEET
{I1EL3E 7E IR 4 Fscreensaver::customizationffy 2 i

struct funwrapper : screensaver::customization

{
funwrapper(floatfunc pf)

: pE(pf) {}

float operator()(float x) const

{

return this->pf(x);

}

floatfunc pf; // TrfERRfiEs

}:

BRERMNFBEISEPRIARBEER (type erasure) PHHE-ARE, BHMSELER
screensaver::customization fik “i#EER” W ANIRERMYS (Mscreensaver, hypnoticHl
funwrapperfe 1" 7] AV A BER T ), BIEEMEAYR A m B AR Bt 2em,

MAFRGNBRMNELRRBRAHAL Y ERXNEA M REBER, RERTERN. R, &
FRBHEFR : FF S H ML LM TLAA—/MloatsL 5347 , H =4 B —/Mfloat (L5 8),
IRBANFERA—ATRFEN. HBk—/ double$ ity & Mk & Hlscreensaver, HATEES
VS —A5r B2 (wrapper), M FIEMI AT AR, NELREEAZEDNSHR
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#b T float (float) & 44, HEdnit.

9.7.4 HZNAEEMbR
M H BN R SRR AR IR LG @ Si{t (templatizing) JRAHIZERI (derived
customization) FiscreensaverfIfe 2%, FA1nl LA T X — )5,

class screensaver
{
private:
struct customization
{
virtual -customization() {}
virtual float operator()(float) const = 0;

}i:

template <class F> /l PRI—1-5 E 2% (wrapper)
struct wrapper : customization
{

explicit wrapper(F £f)
: E(£) {} /! FlE—AF

float operator()(float x) const

{
return this->f(x); /! BISTHENF

}

private:
F £;
}i

public:
template <class F>
explicit screensaver(F const& f)
i get_seed(new wrapper<F>(f))

{}

private:
std::auto_ptr<customization> get seed;

}i

BAVBLAE W] LA P58 FE 1] ER B 12 6 5 o UM R screensaverfifgi 8, REEEHAETHTLLI—
MMloatSg St fTIHM, H HE5R AT E —Mloathl 7], R “BK” BEERLSHNS
ASRBER, R RERRE G E B0 0 58 3 Bk 5 R K 4 R Shae e (B —4
float’R B Fl BB B —Mloat s RMEE S ) . AT, AT HAANBRETFEEIRES, BATA
R R ElElscreensaverss & 4y Bifi it — S iTix — S,
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9.7.5 &#EO

XA RUEER (type erasure) BEBMERLE, EEXEN—IEE.: BAAE - dEE#ED
MR AEHEBERAFRIEEZEONN “—4" X8, FEHNIE, RINCLHLRHEEIEH
Foxt & 2 AU AP p — > auto_ptr<customization>, 2RJ5 18 HYE Ascreensaverf— /N ik R
*. R, Zauto_ptrARZF AN . RECERMAAERA (pointee) A ZWIHHMN, HE, &
{r1eE B A — A — i float-to-float il B H- A i, 9:Br b "TLLA screensaver § & In—A4~ & ¥
HHZREA, BERMNRADES —FHFX: BB/ MR BREBER L - BN
float_function3, MMIIATAILAH S H FEMBIB G, X8, RATBFT L screensaver &
T -

clase screensaver

{
public:

explicit screensaver(float_ function f)
: get_seed(f)
{}

pixel map next_screen()

{

float center pixel brightness = ...;

float seed = this->get_seed(center pixel brightness);

}

private:
float_function get_seed;

}i

EHAERIER T A R B RAILEE NS — /s (BLERMNCLINHR P 48
#), ABERRE =T E HHE: (copyability), AT (E48 5 Hlfloat_functionzt & H- 45 H 75 i Tscreensaver
TR, RICRASEEANNEHLERZR TREN “BIL" 8, X HLREEE T LA
T S8 i P A clone BR H Y 6 B

class float_ function

{

private:
struet impl

{

virtual -impl() {}

virtual impl* clone() const = 0;

virtual float operator()(float) const = 0;
}i
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template <class F>
struct wrapper : impl

{
explicit wrapper(F const& f)
: £(f) {}
impl* clone() const
{
return new wrapper<F>(this->f); /7! E¥
}
float operator()(float x) const
{
return this->f(x); /! EBiE
}
private:
F £;
}:
public:
/1 MFEaX

template <class F>
float_function(F const& f)
: pimpl(new wrapper<F>(f)) {}
float_function(float_function consts rhs)
: pimpl(rhs.pimpl->clone()) {}

float functions operator=(float_function consts& rhs)

{
thia-}pimpl.reset{rha.pimpl—}clnne(}};
return *this;

float operator()(float x) const
{
return (*this->pimpl)(x);

private;
std::auto_ptr<impl> pimpl;
}i
BEBRMRIAF T —1%, BT “HBR" EFIX RIS RITHEE . X PR AT L@ o — A
float#EFT UM, H K B 3 &Y wf LA k&4 2 — /M float, XA B AR EBoost BEUE (5 —4H
BETRIVEIBRFE) R TREOE, fFiZREEH, BRI AR R R BFE [
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¥ hr b, i 1A9float_function¥E /& S ] Fl4n FtypedefHu X

typedef boost::function<float (float x)> float_function;

{3 #boost::function AR LB & — MR PR, ERE THR EH BT RIS HAE B
JH,

9.8 HEFHFAYEAMARIR

X — /Y AR BT A A BN & Se & i James Coplien [Cop96]HAE A “aF%eRYE A
(curiously recurring)”, FEAF LEECRMEMEMHI., RIRAREF T, AT,

T4FE02 T AR, (Curiously Recurring Template Pattern , CRTP)
KXAEF—NTERFEENESE, ZERMNEEXA FEHXRS.

class X

: public base<X>

{

}i
BFAXKRET—ATHRXE SFE, FRLALEBX AR RSN SEE (curiously

recursive)

CRTPEVEXR, BTREEFMLMTIESN. REXSRAERMSE (KL, mie
R AIE) BHE R PR FEREEGL, BRAEYEIFEMEIRAS (derived class) fY
BAFUEEXERME A BB AGA BRI, S5R, XL R 8T UE R A 15
B .

9.8.1 &R EY
T EEIBF IR T CRTPAN{R] A 4E 7] F F¥ Al SR operator<fy 2 4= B —/~operator>;

#include <cassert>

template <class T>
struct ordered
{
bool operator>(T const& rhs) const
{
// locate full derived object
T constk self = static_cast<T const&>(*this);
return rhs < self;
}
}i

class Int
: public ordered<Int>

{
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public:
explicit Int(int x)
: value(x) {}

bool operator<(Int const& rhs) const

{

return this-»>value < rhs.value;

}

int walue:

}i

int main()

{
assert(Int(4) < Int(6));

assert(Int(9) > Int(6));
}

X Fp{E Fstatic_castfICRTPR {h[RIIR A= A RO R AT #E#R 4 “BartonfiNackman; 15",
B4 B ¥ —dk HE FJohn BartonfiNackmanfy (Scientific and Engineering C++) [BN94]—35th
REZHET19944, AifiBartonfiNackmanfy -k TEMNEBMTHREBHE AR, ALK EMN
AR NARBRE AR, Hl18EHRIEXAS,

CRTPHAERRZ 2

—HRmET, BHHEY (casts) IFT—ANEVZLBA, FPAIAHTF, AAMABRAR
¥k, BHAATHRE Fordered<T>Bstatic_castF fbiliid 82, BABEB S HE—T WAL
Mordered#) B] — AN fLi £ o AR 65 K

class Int : public ordered<Int> { ... };
class bogus : public ordered<Int> {};

bool crash = bogus() > Int();

LEXAH T, BHInte Bk 4 Fordered<Int>, operator>+ ¥l 4%, {2static_castiX B
HF—AdE Ebogus £ ] 69354 A H — AN G Inteh 54, AR FHARZLFT Y,

BTSN TATEERMNGLAZRINELIER AKX ITCHY (non-member

friend functions) .

namespace crtp
{

template <class T>
struct signed_number

{
friend T abs(T x)

{

return x < 0 ? -x : x3

}
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}i
}
#1 signed_number<T> F 4T i] & ## — JCoperator-floperator<ffy Ay 3, 2 ¥ H 3K

fA—A~JEpE fabsi % (non-member abs function) ;

class Float : crtp::signed_number<Float>

{
public:
Float(float x)
: value(x)

{}

Float operator-() const

{

return Float(-value);

}

bool operator<(float x) const

{

return value < x;
}

float wvalue;

}:

Float const minus _pi = -3.14159265;
Float const pi = abs(minus pi);

X B Ryabs R LB T Ar £ 2mlertp, XEETLBHKAAEIR (argument-dependent
lookup, ADL) ikpiiy. RAJEREHAMAA RN FADL, ADLE “BAH L2 REER" W
A AT T TRIR SRS,

ENXERBERARNIATCHEE (friend functions) A —/AEARY, B, Bt
FETEAENINE, TN EMNRGEETADLE R, BXARKBRELTETIE.

Float const erroneous = crtp::abs(pi); // #i%

= FICRTPA: bk B 1 R Bl , R E 0K /MR,
9.8.2 HEEHRIL

CRTPERIBEMEARA TAE T EHLXME MR - M EAXR (ATEKRIUME
H), CARFIT# % T—RICAMEHBIR LS (function template arguments), Fil4n, R4
&5 —/MZBY e Frdrived {E Vehicles (HHVehicle&—/~Concept), Bi1TLLE

template <class Vehicle>
void drive(Vehicle constk v)

{ ..}
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XAELMYL, BRAEARE T 14K “drive” RHZRIEBORIRMEScrews, (A5t
®T:

template <class Screw>
void drive(Screw const& 8)

{ -}

R 7E T R & VehiclefiScrew i X R MR IR BRATR A E L, B THFFEE EMHER
AX B, RXFAdrivesf TRl —/~ar BZRH, RAFBEREERE—/%LE, wmREN A
FEEAR, RIORKFBH—-IRIFHR, B2, MBRAF-ATFEATL, BNOXEEHER
THRMER “—2kE XHLN (One Definition Rule)”, M S8k EXTFH.

BIEENAER -/ wAZHE, ddrivef{ERMEMAM LIRS SFBUENL®, &£
B, BDWRESEAAEIRM RS C . FICYADLICHE T B MR TC X M s A B E 3 f S di b,
HFAEAIEREREAEBIAARMEAR, RE “SEITUCRAE ALY Wee—RiLr
R BARER IR . FEMTADIEERIFT

#include <list>

namespace utility
{
/1 FeH OB X A]
template <class Iterator>
Iterator clear(Iterator const& start, Iterator const& finish);
/1 Rl T— B
template <class Iterator>
int munge(Iterator start, Iterator finish)

{
I
start = clear(start, finish);
...

}

}

namespace paint

{
template <class Canvas, class Color> //—fi{lfItemplate
void clear(Canvas&, Color const&);

struct some canvas { }:
struct black { };

std::list<some_canvas> canvases({10);
int x = utility::munge(canvases.begin(), canvases.end());

}

©  FE: SIFHIHNR,
© ¥ BT,
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thr b, mungefIsL@i{bil % ikl HiE, FHoAlistik Q% 2% Hpaint::some_canvasiif £
¥AtH 2R, ADL (Argument-dependent lookup) & B[HEA~ 2 HH-1E iy £ % Al paint 1 R I —
AclearE X, BHEMBIEHE D, EmungeNHEE, M THEARNSE KD, paint::clearfgdT5Ll
utility::clearf HUEIFAIILES . EizME, paint::clearik [void, FEHBRE LW, HL, iHixE
paint::cleari® F]Canvas&IF L. FEXFFR T, RIGFTRES “FRFEHR" dEidHiE, BB
ARSI A, AR — S EERNEENTN.

AT RRGXAEIRE, AT LAGE FICRTP 2R iR Bl VehicleFiScrew conceptsti !, {11 R FH
X HER SRR, BB S —/ A JFIR4: T 48R CRTPE 3 f)concept ;

template <class Derived>
struct vehicle

{};

template <class Derived>
struct screw

{};
AEBRNAIdrive R TR B AFERAFIRGD. MBI TR,

template <class Vehicle>
void drive(vehicle<Vehicle> const& v)

{
Vehicle const& v_= static_cast<Vehicle const&>(v);

}s;

template <class Screw>
void drive(screw<Screw> const& s)

{

Screw const& s_= static_cast<Screw consté>(s);
}i

99 EXEHEE

A, CRTPXF BRI —BfLr REER 2B EE B, Fia, BAVTREA S B
BRBENBRERY (EITEAEESE), IZRECHANE=H%R (BMNABEBEZEN). =
BRI, MRBIREASENRE /1 SHAAAE 44, Boostfijenable_if B K B AT &
TR AH (non-intrusively) B HEHLE.

Blan, THARBERNXHEHA TERAKMMERE |, N vl ORI o
boost::iterator_value, XJ&—/~ICER ¥, F R IR B — 1548 2% iy value_type,

#include <iterator>
#include <boost/utility/enable if.hpp>
#include <boost/type_traits/is_arithmetic.hpp>
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#include <boost/iterator/iterator traits.hpp>
template <class Iterator>
typename boost::enable_if<
boost::is_arithmetic< /1 EREN
typename boost::iterator value<Iterator>::type

=
¢+ typename WA AL
boost::iterator_walue<Iterator>::type
>::type _
sum(Iterator start, Iterator end)
{

typename boost::iterator_value<Iterator>::type x(0);
for (;start != end; ++start)

X += *gtart;
return x;

}

IR 2 &4 CHy:ivalue Htrue, enable_if<C,T>::typet 4T, FREsum¥PF LR { —4
“Iteratorffyvalue_type” FIXR, T, sumPFM EHRLIGT RSN BMNS LRESBELH 4
ERHE, &ifi, ATHRE NG, 28, AR BATIAE AR A 26 B9 A93% 18 25 18 Fsum,
MIFRFSMERARBTLCERIZIEA, AR S A A A

std::iteratnr_traits{Iteratorb==va1ue_type

XK AtErenable_if<..>:: type, Xfvalue_typefstd:: vector<int>{yi% A 2§ I sum¥% & 7 sum Py B 4
W, BIHAEEIR B fE Foperator+=, ik % Mivalue_typeftstd::string, 354 T b8 5 4
Pk, (AR RATREH AR TR THER,

HARBERRIEEAN, XHEARTHETABREE, H Asum 2 BR&IAH (i)
EHMIBE, BB M — 4B, EAFRNIsum vector<vector<int> >HIFi i BARITLE
DR AMEARRBNIRENES,

/! BE— 1R ¥ /-containerffiIterator,

/7 ﬂﬁiﬁcnntainerﬂi]iteratorslfﬁwalue_type.

template <class Iterator>

struct inner value

! boost::iterator_ value<

typename hoost::itaratnr_valueflterator?::typa::iteratar
>

{};

template <class Iterator>
typename boost::lazy_disable_if<
boost::is_arithmetic< /1 R &
typename bnnst::iteratnr_value{Iteratar}::typa
-
s inner value<Iterator> I SR EH
>iitype
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sum(Iterator start, Iterator end)

{

typename inner value<Iterator>::type x(0);

for (;start != end; ++start)
¥ += sum(start->begin(), start->end{)):;

return x;

}

lazy_disable_if 11y “disable” i M4 & AN, ZaBBWMNEHEFBET, “lazy”
NIEok BRI R type L — /N ER TR EEHE A SHMERS,

HE, AAYEAEMNERTE S /%R, inner_value<Iterator>7 fEHIH M, I,
MIARBANTE (dF) SRBAOELRN, BEEE—THR., MBERMNABNEBIHELE
RER, 2, EEHRIOHE, FAEEYLEQEMEEDEIFAEER LT AL S —4
HARR, RERAHIR,

BLIE, LEBIMNBFXANRER A TIEN, X B fenable_iff9E

template <bool, class T = void>
struct enable_if ¢

{
typedef T type;

}i

template <class T>
struct enable if c<false, T>

{};

template <class Cond, class T = void>
struct enable if.
+ enable_if c<Cond::value, T>

{};

R, ZCitfalsel}, enable_if c<C,T>::type SREELE! CH+irMER B R IHIN (14.8.3%)

B, S—THREERNLSES LGN, EHEZEES ARNEE RS ELETE, AT
KFE—HIR® . XAMFEN ELHDavid VandevoordeFiNicolai Josuttis [VIO2JRE T “dk i 2 i
H4E#4IR (Substitution Failure Is Not An Error, SFINAE)” f4&2.

© WTFEBEHREE, enable_if hppfl & TE ALAdisable_iffilazy_enable_if 8tk LAR B A R A _C G 48
A, EEEBRENERGARIESELE /125,

©  RTI BEARAE ) (] 9 Einner_valueFZB X IFfy, Yenable if &1 S8 — /M EHRAUMHE, Bt o5 S5
B R (1482182E), BAIM T -tal:, FEiXSElT, B BERE A — RS
REWKFEARF R, enable il fiEAMBRAELAAFEZF, BLL2BRSWEANKEESR (Hwn
iterator_value) 93L& A EHRI A iLg8 5],
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9.10 sizeof#I5

RERBRB XS ERS TR OERAER, HIERNVTLAMEFsizeofiz BT £ 515 W]
RERXTHREFAANSGREARN —EEE. XFMERCLH) “fiEBoost Type Traitsfe -
MRZAN" EANXSIKESRBOTERENERM. Fln, H5E:

typedef char yes; // sizeof(yes) == 1
typedef char (&no)[2]; // sizeof(no) == 2

BATATLAGR B —otrait, FFARFMELA 6 (unions) SHMBAERMX 53FF, aF.

template <class T>
struct is_class or union

{
/1 fnRargfI AR, WISFINAEHHEH &iXx—14~
template <class U>
static yes tester(int U::*arg);

/1 BERUGREEFERR “..." A 2T bk
template <class U>
static no tester(...);

f BREYU == T HEFTH -/ R
static bool const value

= sizeof(is_class_or_union::tester<T>(0)) == sizeof(yes);

typedef mpl::bool_<value> type;
}i

struct X{};
BOOST_STATIC_ASSERT(is_class_or union<X>::value);
BOOST_STATIC_ASSERT(!is_class_or_ union<int>::value);

X PR FISFINAEFIsizeof 6 A FI H0 75 15 %6 & By Paul Mensonides#£20024£3 A BBLAY . il
ANEFIBRAORE, FEhRECHT, RITHENSTHRREARMATIF /D, TiATEMER
SERBHEK/N, Flin, mMBREXLENIERETT .

/1 — Ry ms: o St g
struct add

{
template <class T, class U>

typeof (T+U) operator()(T const& t, U consts u)
{

return t+u:;
}
}i

REREAIRE, BRERFFZCLLE— typeof BHEHF (A RHA—/ R AP Sk

www.TopSage.com



172 Eo#

Z—: “__typeof” & “__typeof _"), WiHC++Z A4 IEE/ %M # it anfa X AN 6E i it b
RS, XMEERBER, dXMILES, S/ ILAOUE AR PR LB typeof # FF & H
T, PifXEEAEREKERTEHDBRZREIsizeof[Dew02], XERFELIHAALTLEH L
f1: APEXHRRATET TR T, @85 lEd—Straits 5850 LB, RATLAE
ABHIBR LR (BoostTlAfThR) B - XHMWEFEMNKRDMANK, &2 dArkadiy
VertleybF k& /Y.

90.11 A%

FEBRAIEARBBMBE AL, HELENF - EROES. IERIBANHRH
AR G BEWITCRE P AEfT IHE (comstructs) AR, 2REH H b —LeX BERIHLEIE K
AR, ERMEXEITRXEEARMZARRE T EBHTE, ILROTRFEZEET
HBERAIBLCAHES

9.12 &3

9-0. REGMFEFMEES —/ “H4kK” EBO, BiIHil, BIIEM—/ 5K R AR AL B
Bl —Az2E%, BEMNREFRESER I RLEoRAMBNAL F. 755X 58i%8 |,
B fr1Austorage KB FFAMGHRR 2RI 0L T HAEB (LY. 8 K storage, LLBEG R
2% 1 L TNO_MI_EBOR % A= 1X /Mg fa .

9-1. HFMGERMFR A= 2R, BIMAABERBSRAEHL? RIEEEX/RE? BE—A
M, BT —BHIEFAGHE R &KW, 25 H compose_fgf# MK,

9.2. AVRIRETC#: (E Flcompose_fg23k A ERMAET R, HBRINTLUEACRAABEDS
fCRIERB R ($7R: EEBI9.6YiFF L “WEMBSRMERA" RBFFE), BiF—/ ki
FI/NER, MmRREBEMIFRNICHRIES (assembly language) By, iH4rHras R
R,

9-3* WE—N—RILAERBHR, CHERXDEI (type erasure) FAE - MEEMHEZRR
R, HAZRE—ABTHISEED ., L0 P IZEBOE R Bfvalue_typefE 4R % —A4
2%, HEWiterator_categoryVE N8 — A28 (L1, {i FiBoostfjiterator_facadetlitk {5
MEIZSRBERE 2%, #R2: RTLMERLER%ESE (structure selection) & —A4
B ERI A A R ER & B IN) .

9-4. EREIOTsumBEHL ¥, FEAlm-EENBERS (Filfnstd::list<std::list<std::

vector<int>>>) HIBNEHEARTE. MRHEABE, BNETLLTHE.,

9-5. [l B35 3% A A B 40 > H7 AREG. AR {# FIBOOST_STATIC_ASSERT ffi floperator+5
operator- Ny BT, ik A FASFINAERBRX EZR TN ERER G LR KA L.
CLEFE PR FPE L T 241% F operator+Ffloperator-fit BT 2k 2 A 4412 14 8.

www.TopSage.com



HF105E MEBRFENTIARIES

MR ELESA 2 EMIE, BRMNAKRBEHCRBESHET.

AETHEBRIMVAMM CHE (—RE) C++ THE (LHml) BEERN AR,
RS E KA RIES (domain-specific embedded languages, DSELs),

B4 RERK S B RRTHREE AR T LHDSELA Rk, 1995855 — /4B,
C++ JLEFE — KM TOSELHIGIE, ZREAS ABREZW. BELLE, AT TOET
LS H U, B (FTREE HE LA AL B A BRI E ), X RhoL7s % g b F o
ﬂﬁﬁ,%%,ﬁm&&%mTﬁ%iﬁ%ﬂﬁ*ﬁﬁﬁﬁ%ﬁﬁﬁmmmﬁﬁﬁﬁ,Eﬂw
B, BRITBEITXLEN, FAHLH TR TSN AET.

10.1 —MNREE

BRARFTRESBRIGFE, “FRA 22T EMIES? 7 ILRNN—IBTFE (RER
et 22 “B AR (embedded)”),

ZRE-NXFFRBRHAEFHORT (40 “domain-specific”) ok HBME. 40
%ﬁ%%ﬁﬂEMﬁﬁﬁ%mwmﬂmmmm}e.ﬁMEﬁﬁ$%%EEEﬁ§E$ﬁﬂﬁm
R, LB, MRETREZEER N FH—ANENRERMIE, RITSBIGLHE.

Mt (=\w+)+

WMEARABREENZRER, BLENERERRERGE TS, {BmRrBEBAIE, RBLFS
RACHGLEEREN . HRAT . '

* \WIEIR “AE{R] AT LAY A B A — AN B

*+ (IEPfL, positive closure) 3§ HE =LA EHE (one or more repetitions)”

—UXRAREHD, BEFER

* FHSHREBRBETA R —iE, N e J O+ B Zh N R A~ F Rk R -\w+

U] b M B U B (T SR P B/ P 40 R R A e o ot

Eﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ*Eﬁﬁﬁﬁﬁmi$ﬁﬁﬁﬁh—Eﬁ#%T?,%WEH
FERRE TR/ RS —hF e —fiEs, AEACHTF SRS, HAFEY. EM
FOEANAE NN E R SR kA%, FAERER LM ERMTHNE DN, &2545(]
TR I M %R A — /s 2 8, BIMNEE=BMET. PRBEBRITATLITETH

S EHMTHMAFEMRAXNMTA, & THEWH BRE B T X &40, SRETIEFEM &4, Fim
{Mastering Regular Expressions) (#28, fE& Hyleffrey E. F. Friedl), R 0RFE TR — SIS LR, e
LAF —#F Bernard MoretffJ A {£: {The Theory of Computation)), ‘5111 T H MR AN, (finite state machines),
BITHET -Zitigx 418,
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XA, EAEN#RAERE— 1S EMNIES (domain-specific language, DSL) &4t
5+ .

XEA S AEX ERNEY, DFRMNZIEDSLASFE. 4%, SEE/E—-I1EE. &
malREA ALEARIFORE, ZSTHRMERESEEN—EMAE, REFHRELTHE, &8
BT —[1ERIEE (formal language) ;

1. M eRGE (RFH—ERS).

2. —EEXRIFHHAN, R ERTSZARWBREXRFHIXE (well-formed
compositions) ,

3. A RARFRISCEN - ELRIFAOTE (EMNERT TRENE ).

R, FSRGEEEFLUARCAEAN. B/REHBEY (Morse code) FIUMLHERE & f7 A
ANERBEFSREMIES. BIMEANESAJLIERFE. BORELERNERIESH
i+, B8 4FL2&F#BAIDSLs,

B, “Gi4sE (domain-specific)” MoMIESHITIRTHEMERT, SIMRFT
DSLs3 — A~ 5 [F dufett .

AREMEREG 42 “GiERE” BB ARG RBE “ErIEEANERE". RELTRINZE
MERRESHIESHT2E (“HIMLE—Fuli HiIEEY? A&, ARERSSEEEMN), |
RN RBELTEREERXE NEFEA AR A ESE. #lin, BRAFMREIRESH
RERRARE “EAMT, LKL, RTERATEERZAIES, ELERMBHETFERENE
NZuiRXME, Rifn, EMZREXARNMRT —LEHGRTZ BRNOGEEME (programming
constructs) WIZRFG, XEERFEEHB EEFEHADSL,

FeRE, BfEAENRER, BNE “SGAN" A “EENEFENMEMESD" K
R5. FIINFSREMLS RGTFBNE A 5.0 88079 FE 0T K H Hh 52 2 T e 2655 4 2% 1T i
(pattern-matching) . IEMIREXMTE, BIEFH. EH (repetitions), "JHEI, FRIA %,
#B5 BATE M K408 — /RN B (6 B 2 B E Bk 5t

R RFERL AR R SR ERE R, £FADSLsHEMTREME BN,
EREDRD, KEPHBMKNTLELEEN SN —%. RREERESHSRSEENIDS
(notation) 5% (w8 H S Ay A HIBNFS, EEME AT AR R,

EUTERFBRAKRIL, BELKRFEHIERIFBROIEERL, 4FORTRANGRIE S
BIEERT, P —EANNAXERERBOLE, XTXITIEY, EHEANIBMEEF[IBMS4]d¢
XHEIH .

M FFORTRANRIZZE L B _L{HRR GRS AINIA T16, k5% AFORTRANXEMRES (i5
5) KM, aid ROZREIE | — /R AR s Ao A,

A REOWRERT, XN ULEMOPR I L. FORTRANAE “AF " 15 T RmAIHR . &l
AEUF AR EZEBFAGHEAEER ‘MBS CROBARMTHEBR" ERMIWE, £
FORTRANHHREF L XA SRS FAREIHATD. TR, BICHEAESNHIACSE " T
BV ZERIMIE “@f2” Ak,

B R HMIDSLsil % A2 A X (declarative) 153, B AIMATRME T Fk#AR “what” i AN A&
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“how” WIS . IEAMREE—SEFBRIAHE, XFrAE HRUSFIERDSLsA S DARE RAVE IR,

10.2 ERBRETS

Jon BentleyfE A X TDSLspIR B X EH EE, “BF AERXHSEMMEIES (microscopic
languages) ¥T772i&" [Bent86], BEARRC L4l T B4 EY:, BRBRAZHAERINME
BHFAEEIFZ/NRIES (little languages),

Kb b, XAFEAFAFRMEZ Z, UEFEBARATRELHIHEEMN—RKNMEGHEER
W EFARDSLs A T8/, HRBRMTLLK KA —, LIELSRB RN AR,

10.2.1 MakeT BiE=

Bk, R, TEEMEOERAE, M TREFEOHETERERE, BXEE, T4 ALK
M ELEREEN, W EEMSHITFRFELHA, REAHPLEXHENSELRLEE,
ZELK, CRMAKREHTARBRXANWE, HBEMULRPHSRE—-TRAR DN . HRER
) (build-description) i&FEMakefIZERP, 1EAH—HC++BRIFR, HREDTEEC B3 Makedy— &
RBE, HEENBITITHMMEN —T, &AME BN “DSLtE (DSL-ness)” i, A%
IR TR A AR 2B SRkt

Makefy B L8 R L B L =/ B S m A,

B#R (Targets) :

B RN, REEIORTBARBYORATRIEADE CE, btk
KRR R “00” Birdr&BRR,

kWX FE (Dependencies) ,

Atn (target) ZRIEXFR, Y~/ Bir (target) FEBFH, L4Makelk EEEREHH
BiZB#r.

<4 (Commands)

A THREEH —/Bir (target) TiRREIZHE, BH AHEHEAES (native system) 5
5EIE & (shell language) Hfffrd>, :

Make B EHIHXMIE (construct) FRAHA| (rule), 7E “Makefile” % #n T HUiB o
itk .

dependent-target : source-targets

commands

g, —AFFARBEC++I S P H LR -y Makefile 7 fE 40 T BT % -

my_program: a.cpp b.cpp c.cpp d.cpp
c++ -0 my_program a.cpp b.cpp c.cpp d.cpp

o Sert” RWACHRIEBRIIML . XFFTNZ R YIMake 7 U 2 it il 4 30E 4 15 S b
Fon, WAEEPR (targets) (my_programfiJLA .cpp3ty). Bin2 MEIKIIE & (dependency),
LA B Al FARSE R #6156 & Gl tk ¥ B #7944 (command),

Makefy ik tHEBIRE, XHEMHN (rules) M&H % F X AFHEIRNHES, FHi
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MMA T3ta5 & (variables) RU3He, 1EAH—Fh4BhaE L. ERTER, FEM “BF "TH&S
mF

SOURCES = a.cpp b.cpp c.cpp d.cpp
my program: ${SOURCES)
c++ -0 my_program $(SOURCES)

BEAE, HTREHC/ICHEFKN, IHAR-TIEEALHH T, KBHC/C+H+ERF
FARXHFRERMXR., — BB REAXH, ATHESR/DREERREENEFWE
(rebuild), REEEEIIYBFRIH: (object files) HAEKXMHFIAEMNZAMEBIXR, i
BRMEET ., XEA-ITHF (ETGNU MakeF M —4FF)

OBJECTS = main.o kbd.o command.o display.o \
insert.o search.o files.o utils.o

edit : $(OBJECTS)
c++ -o edit $(OBJECTS)

main.o : main.cpp defs.h
c++ -c main.cpp

kbd.o : kbd.cpp defs.h command.h
ct++ -¢ kbd.cpp

command.o : command.cpp defs.h command.h
c++ —-c command.cpp

display.o : display.cpp defs.h buffer.h
c++ —-c display.cpp

insert.o : insert.cpp defs.h buffer.h
c++ -c insert.cpp

search.o : search.cpp defs.h buffer.h
c++ -c search.cpp

files.o : files.cpp defs.h buffer.h command.h
ct+ -c files.cpp

utils.o : utils.cpp defs.h
c++ -c utils.cpp

%_ﬂﬂlEﬁ%‘*ﬁ&ﬁﬂ—%)ﬁ?ﬁﬁﬁ—%Eﬁif#ﬂ@ﬁﬁﬁ?#ﬁﬁﬂﬂ ix | L4
“FSKHIEHLN (implicit pattern rules)” ANLARRYE, ZHLNIHGR T anfal 448 —FF B4n (target)
et B —/~ B (target).

%.0: %.cpp
c++ -c $(CFLAGS) $< -o $@

XA P B UG B SR fi R Anfal A — A~ B ik B .cop S M — A o0k, H BRI 23<
MS@F/RILEMER. Kb L, XXM MNBEREMEE R, UEFIRIMake 5
RAIREA X BRI ZHE ., KULATR FIMakefilegh B/ T

OBJECTS = main.o kbd.o command.o display.o )\
insert.o search.o files.o utils.o
edit : $(OBJECTS)
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c++ -0 edit $(OBJECTS)

main.o : main.cpp defs.h

kbd.o : kbd.cpp defs.h command.h

command.o : command.cpp defs.h command.h
display.o : display.cpp defs.h buffer.h
insert.o : insert.cpp defs.h buffer.h
search.o : search.cpp defs.h buffer.h

files.o : files.cpp defs.h buffer.h command.h
utils.o : utils.cpp defs.h

BATEBCEREBT! HRREMake A HERA SRS TMEAS, X B HHE TR
R rRMakeFF 4640 S EHOIE S M — A E 4 FEHF — 4 () R A (S 38 3ok 43 Bk w7 LA 78 8 Aok
EXNBTFr, REELE T XHHLFHENNER.

Kbk, eI & B MakeZE RT3 fth K 25 304 1 BB T A M 248 . B 4nGNU
Make®[LAE i R BLTAE B Ferh & SR SCHE, BB R B R, H& AN
AR (] B ARSI AT AT ST 4, E—T LRI A [Veld0d1HIBI T, GNU MakeZii
TmE 2@, UETERLTERESHRD, BRACEBEM, BB R it
o

10.2.2 BHEHT—ERER

ERERXTLHRBNITR, BTRRITENMETIER (metasyntax) 8, xHLEL
EFH-15/REER (Backus Naur Form, BNF) Btk i %<7 . —PRTEGERIEEIEEN
/IEYEE S, BNFEEMSIRISHKY “ETXFXRIES: (context-free grammar)”, TR B2
ISR R,

= (Symbols)

BEEMRTTE. FCH+IIERES, HSBERIA. — LSBT, EHEFEHE. new
FisA., IBALL R %, HIZFARRBBETOR BT ERER, ] I R O S i 1 2
(terminal symbols) 5Zig2 (tokens), KR TN RN R EN SRR, Bl e #E AR e
¥ 4TS (nonterminals)

Productions (g “#m”)

*EH’*J:%HEI?ﬁ%ﬁ%ﬁﬁﬁ%ﬁ%ﬁﬁ#%ﬁﬁ%ﬁ?%%ﬁﬁ.. Bilgn, FEC++H, —/newsik
AATLLf i 45 Snew X B F (—/Mtoken) FI—/new-type-id (=M ERRTS) R,

Productionsifi % fk B an T &3 T4E .

nonterminal -> symbols,..

ﬁiﬁﬁﬁﬁ%ﬁﬂﬂ’@mnteminalﬁ%ﬂﬂﬁﬁﬁ "L B A Hsymbols FEFI " B A 51 BT AR
iiﬁﬁ—"'l“ﬂ“éﬂiBNF%EH‘JH%‘Eiﬁ*ﬁﬁﬁE@E%, KP4 RS (terminals) R
HMEFER, MIEAMZFE (nonterminals) WIS A SR+ B 7

© Xk E, BNFEWM Hkisraiis = Algol-60/yiFEH:
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expression -> term
expression -> expression + term
expression -> expression - term

term -> factor
term -> term * factor
term -> term / factor

factor -> integer
factor -> group

group -> ( expression )

Hl —/~expressionifi —/~term, #—/-expression/5 —/-+ tokenf1—/ term, w—4*
expression i i —/~- tokenfl1—{~termpB L, (b, —f termf—/Mactor, HH —/-termf5
BR—/~* tokenfil—/ factor, a—term/g R — 4~/ tokenFl—/ factorfif PL&Z, %4,

XA ERERNE T ARAFHNRENIESE (REATZRE—ITHENL+, -, *, B/7RH
integers) , S HFIEERLREBEHFE Y NE SRR ERNHETHH (grouping), BFiK
T—EREREMNENGEE. B, LLTFEH:

1 +2 * 3 + 4

SRR LR SO T AT, WA R B -

[1 + [2 * 3]] + 4

#)ifik, FFiAA (subexpression) 2 * 3 # oAt Mterm, RIFMIFES, FHE—
AFH (F) FER ((sub-) expression) , A SR FRIARMIT AL BRI T RAVEIR>H .

[[1 + 2] * 3] + 4

R CRIKE, EXEA L Fexpression 1 + 2/5HE—/1*, BNFX THEERIES
(formal languages) HYIE#: (syntax) Fu&s#y (structure) Fif#PAAEH M.

BRELIEfrT—%iEs ERiE. flan, 1M EEREER AL EMEL BT E
(nonterminal) fJproductions@tiT5r4l, EHEARER “I” FSoRENARBNER G LERE
“nonterminal ->” %I|#x ARG .

expression -> term
| term + expression
| term - expression

§*7EWIBNF (Extended BNF, EBNF), BNFfJ—/ 4550, fnA T3 A T4 @M/ ES .
Kleene star (04 3i£ /) LARIEHE (positive closure) (—A&Z4) SEFAER (FRATLL

MEHE (repetition) PENF XX PFHE). Hlin, B H FexpressionftyHl NI &R a] & 4 3
N FRIEBNF.

expression -> ( term + | term - )* term

BB, “—/expressionth —NMHEFNRENEE M [—/ termFl—/~+ tokensK & —/
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term#[l—~/>- token] F¥%)| [ ER—/ termff PLAZ”,

REILANEARZRE, B HEBNFSG S LB AFRMERBNF, B A% gy
S, BANFAREDZARN, XHLRE—-ARIFAIE A RIS : EBNERTLLRE B b 8 57 A i i
WA, BEEGEMY “BFEAERTNL8HE" R4,

10.2.3 YACC

IEmIBEAHES —E4R FIHY, YACC (Yet Another Compiler Compiler) £ —/4> Tkt ighr
o, MESM&HESNIAR, YACCE—/HiF%H, KRMAZEE—/V KWBNFEX, H&H
& —NCICHRFF, ZC/IC++RBAPATIREMRITAREE, EENIES b, MEE ORI
i AL EARAE LiFME (semantic evaluation), YACCHE it R lF A1 —S8E (1B &
(semantic value)) fi&g— /TS HATRER, AR —2C/IC++AES (15 LZHYE (semantic action) )
Wﬂﬂﬂﬁ%ﬁ-*ﬁﬁ%ﬁﬁﬁqﬁﬂﬁﬁkﬁ%WMEﬁﬁﬁ,&?%ﬁﬁﬁ%*ﬂﬁﬂ
m&mm#%%%%(MMMMM)Eiﬁn—¢m$ﬁﬁﬁWﬁﬁ*ﬁﬁﬂmﬁﬁﬂﬂﬂfﬁ
FEANT

${ // Hrekdh AR RO S I c+ + RS

#include <cstdio>
typedef int YYSTYPE; // FiAIEX(I (semantic values) fi2H

int yylex(): !/ A E AAg
void yyerror(char const* msg); /7 OHIE
%}
$token INTEGER /% PR — TSP £ E 0 6rin */
$start lines /* linesBEKITS (start symbol) */

2 /* [#EEMN (grammar rules) FizhiE (actions)} */
expression : term
| expression '+' term { $$ = $1 + $3; )
| expression '-' term { $$ = $1 - $3; )

term : factor
| term '*' factor { $$ = $1 * $3; )}
| term '/' factor { $$ = $1 / §3; }

factor : INTEGER
| group

group : '(' expression ')’ { 85 = 352; }

lines : lines expression
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{
std::printf("= %d\n", $2); // fE&H—/expressionf
std::fflush(stdout); !/ $TENHAHE

}

I'\‘nl

AR
:

$% /S A RRE P RICH+ R v/

#include <cctype>

int yylex() // #hiThric/LiiER &% (tokenizer function)

{
int ec:

/! BEitEAFESFF (whitespace)
do { ¢ = std::getchar(}; }
while (¢ == ' ' || ¢ == "\t' || e == '\r');

if (¢ == EOF)
return 0;
if (std::isdigit (c))

{
std: :ungetc(c, stdin);
std::scanf("%d", &yylval); // TFfifiE L[ (semantic value)
return INTEGER;

}

return c¢;

}
/! bRttt abFE% (error handler)

void yyerror{char const* msqg) { stdt:fprintftstderf,msg}: }

int main() { int yyparse(); return yyparse{); }

EARE BRI, S BN —ECHEF R BHAT2RECH: ENRE—E L ENSS
S (HhnR— %), BYACCRXERIFH B#iFmRCH+it, ‘BRI Z NS
P RE UER S RRE£SS, $alIfEn A NMAFSMIE LESTESR, EEiE LahEE
HERHIC++RHHF LXMW T

yym = yylen[yyn];

yyval = yyvsp[l-yym];
switch (yyn)

{

case 1:
{ std::printf("= %d \n", yyvsp[0]); std::fflush(stdout); }
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break;

case 8:

{ yyval = yyvsp[-2] * yyvsp[0]; }
break;

case 9:

{ yyval = yyvsp[-2] / yyvsp[0]; }
break;

case 11:

{ yyval = yyvsp[-2] + yyvsp[O0]; }
break;

case 12:

{ yyval = yyvsp[-2] - yyvsp[0]; }
break:

}

Yyssp -= yym;

XA R ATl LR R E LR R, EhE, CGERBNFIG 2
FRKXRBEE A (BNRHTR (parse tables)) FEFTHRIEM .

const short yylhs[] = {

-1, :
2, 0, 0, 3, 3, 4, S 3, 5, 1,
1, 1,

}i

const short yylen[] = {
2,
0, 4, 0, 1, 1, 3, 1 3, 3, 1,
3, 3,

const short yydefred[] = { ... };

const short yydgoto[] = { ... };
const short yysindex[] = { ... };
const short yyrindex[] = { ... };
const short yygindex[] = { ... };

VREFELRE A B RS anfa] TYERY: DSLAR RSP B0 TR Ma Y, Haw
AR ARBRARIERTE L,

10.2.4 DSLIGE

2, B—REIZRIEW T DSLsrlLAERESERERERLES THE. A, ERHA
EERFR IR E T IR R E ., REAFINRRBER Y W E DM T2 Mgy,
H-ASEsENEEEFAAHRAEER, XEARTENESRHMSR., IERIMNEEE HED
YACCH/NUZAR AT SRR S8 F . BRIERNAEZRERERPEHIEEEIL
YACCEF B B — SRR, SNERNAB MBI F KW T (reverse engineer) BNF,

www.TopSage.com



182 £l0#

HE 2 518 L 3h1E (semantic actions) FHICES, 4P MR REFERE, &S ML SR
R, HERMBLBRRESH, A% - RRAREL -1 EFETRRIC IR FARBRE
A,

HERZ, B RIEENEFEFRE R M HE (Acme Clean-Burning Nuclear Fusion Reactor)
WMEEHESE, UTAXEE BRI, MM = MRS BESRITER —NEE
%

T = (a+3.1)(b+4.63)(c+2x10* )

VR AL TR SCBUA RO HE B R UL — 34 . BRPF 4R, ERZEMILS (C++E
ARG ENTFIES), WALLE .

T=(a+3.1) * (b+ 4.63 ) * ( c + 2EB );

B, B LR SRNCHAZFF R IR TSRS A BT .

T = mul(mul(add(a, 3.1), add(b, 4.63)), add(c, 2E8));

VREE {5 tEME—Fhic S rTLATE BYBE o R AR 5 Y MB— R E A B FARM M RE? &
IAAZERZEWZES. b —RERZRFIC SRR, RATH A LR LS IE #h SC 5
Tak, ZR—-NEXHHF—REAFHREL. HEACET ARG, ALEBR LG
AR /LREP— B SRR FERS (self-documenting code) ,

BARIZ SR CHEA S KRBATER AR, FACET SRR ERNBINELIEWbELT
HROBEEMSEKH, B TFRAM THEBAEMERR ML EE, HikkL it Ehissmaos
T3 “RIFRBEE" MREERICSHNE LR, A ESERBETHESRFERN L
#, RERPLARMRELTFRASHEMROIES, 25 ME. B XRE M E 2%
Mt HE.

XH, BTRETREESIR, FiLLETUESEF 5 R0 RS B A R it i 4 |
Bilan, YACCHiMIH & 3c#: ik 3, R4 X skproductions 4l ik =41, A2 5 ik
(dumping) HMFHEMMY ., HATRMIAREESLLERIENRILE LT, SHRINE
A5 5 IR Blitz++ B FF FERIBHE, RS BRIX—A.

{EAREERTHE 20, BAIXIDSLsiii/s—kMEE, THEHIETS A : MakeFIBNFEEA —4 “H
M (rule)” A9EA. XRHAHDSLsf: R AKX (declarative) FidEfr4d (imperative) fJiE
Ho — TR P RRXBFUNR K XA (entities) (FanFE. Bi) UREMNZABLER
(Blanf@dT AN, fkimdt), MBFNLEREERYRLA SN TRBZEZNEEh, B4
RAXBFNHTRZ—R, HHBEMR—F S SOBAHITIIERER" HEEEEEY

(immutable data structure)

10.3 DSL

BAMake BFF RS R BOBRBIES, £ FFLE 5 AR R £ AR AR5 E
Ko Jefm, MakefSERRHE ST TH 7, HEMNYRERBEMRARD S, BA /A3
IR N BHEERIRIE S . BRI KR R G (E AMake 5y IR — Bo4b 8 T V48 Perl M 4 s 3t b
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HIRBH ek, XA SRR TR,

B—FTE, YACCHIEHZINRERME—A M TRAEXHE (semantic actions) HIERT
KENESHPR, BHETERAKMG T EMESF. AEFHEL LR, YACCHHBAIRE XL
8 “fEM—FRRGERHMIES WRARD. REERE -1 RIERHFARFE—T
PFEXN 474978, M#include <map>HEIMEBIFFLAI%{... %} & MBAN AT, X PEVREE AT LATELE 3L
b it b RSTL T, (RIEEMITXMLIF B FH R ERIXL —/SAX (Simple API for
XML) fEEESRNG? A, FEHYACCRAESHKA TC/ICHt,

R, YACCHIARIAER A GRS, Bk, THMEP /8N “RiFE" FEMHAM:
EXABITF, BIRAYACCEFHY. HHE, —/HMATRYACCHC+HRERF A AR AEIFIE
SN, EYACCHIER T, FERIES, HERTHRARFAEERFAMN, tmik: ~FER
BE. EARURELFERE, MEARBESXTERAEHLLEEE, TUHXEC+HHIAEAR
FRAIHIRE, mEARETEFESEAHBORRE, %A A T 0L S8R A
DSLEREMEFNIERE (FDSLA FRI—1THRE), BHRRSEEABAEBIRESNEE
(BP7EVLS AR S ) H#TRER.

Bfa, 4MDSLsYiES M ERESERMT ZEALE. flan, YACC (JLB) AihHE
Pt BERIC/IC++ R F R E . R 2B A EIA# S| AR (nonquoted) $7F5 (EHIER
C+HEFY, XA SEIEEN) HFHEHMMPCH+HN RO LAFRBFHREN, XAHEE—IXH
B, IMERENSEMTFYACCH & LIEHRE, BACATERFENCHERY (i
REZEMARANED. E—TEAESWEE S2EMRA— M HBEE 2 RIDSLY, L
R XFEBRIIEEATFEEK,

XS H R ERIE L T DSLsfi itk 2 ARV EhE. ixABIR3TMakeMViE & MA RN RIE S5
HERBAR, RAEERE - ITFNEEIBRHERRIES. FLEREBARERAYACCEREREFIES
M3k, MakefE KA HMBEREBWE RS S (low-level build system concepts) (£.3%5H#x
(targets), fk#ix#& (dependencies) LAF¥)it#r4 (build commands) %) HHE{VREHENE
Ry, Bk, EAMakeRFRIESMIENRERR. A, YACCEIE (actions) & HCHC++
5. BRMNESEBETFNENRKERSE “HE5Makefiles” FICH+HEFF T, MinmiZidBiE
M —Ag8i%EB B : HARYACCRIEHERIFHCH+, REERPIC+H+RIGHRIFH R ITLAES:
HiMakefile, )5 iHAMakext KT, BER LA RTEERMNNERKERBIES KES
EaBEMERES S SEBTIPRNARIBERT.

RRAXERANT AN Z —BFYACCRISE B/ GHE . A~ HEHIESHEARDSL,
e EESIKATEANE EES . HRkil, EC+H+Hx—AR/ EEFEAA
8, BARBEFEIRBICHARFRIBEMEEMIEEY . BLABRNMMIECHFERA B—
FRESWE? B, BATTLMERCH+RRE —/RES, HEETURERF, E2XHHX
AEREBMNELHE R E BIER M.

fe], FEHEAIR oM, FEMBFIERMNETE LA Aeon, BE, 88—
X—AE X RIFAVREE SR “fE9iR)” BREE, flan)Li, BESRERRE S mNEFE, 889
SNCHE—RV/NES . HEBOEGERE, HELHENEY., YR, IEAHXL£, HXRAE
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AR, BANLNFE LR RENES, ‘MR RERFERTUMRRERIINEE, BRI1AH A
FA—BIERIHEYACCHIMake? " 95, AR TRFEME, ZEM T4 “Domain-
Specific Languages for Software Engineering” (fE3#Ian Heering#IMarjan Mernick [Heer02]) fI3 |k,
SHERBFESAER, i ANREIESEMTH4DSLAS, 2 A% % RDSLs
We? REIMREE . BATATCALAEF SRR Gkt h”.
*BIAMNRCEIOSRSENILS, EXBHEBARRESRENEREN. AATlE
XHERFIL S, —/DSLA—FF AR HESUR 2 it s, XMICEMEERTRET £
RAA R, BAEITMBES&H P REBMETEHEE, B8, SEFRAP HMEE
fAx.
* & Y HVURERE ARG fdh , Toik B LATR] 510 O 2 m 5 B T JBC A B B o 11 i e 80
RE. XERE, ~MAMARFENEAES NEAZBELXEHE. Bk,
DSL eI LA —FF 28k A SR A 2 RO 1 .
RMEZ:

EX
—ANFOEMDSLA- AT R 65905, il Aodh S 4F 4 BBk 693k it 2 & — AR A = A8
AX#F (domain-specific embedded language, DSEL) Fit 2 —A 3% REFANAGAEA AR,

X TP ELSMEBIR TG MR R T R YACCSX A0 8% 38 F{R Makex BEAO RREE 52 A0 7R £ (1481, 18
i, SKELAEYDSL A 51 TIRSm D Bl = — A B, B, KARMHIERBREENX
BER, FEHDSLsAIEEMBRIF R SR —F R IR, XA R AR Sl it £ %
A ERBmAZIERG, AEMERE TR MEE S SIE DR LIRN,

DSELWEOIESMMMEEESMEN, Eik, 5%t mit, — At E
H A STl SR AT E A . B RREMITA BT, WIRAARE SIS TR, ARE
FEDSELH, @it EY, BEESREFSAGLBER, RS O BRI B B s B I R4 T,
TR BRPEE TR 5 2. B, REBFELREMERBRE RS E LI HBA
HIIR)RR , AR 24 N ¥ 58 DSLs i ) A LB ¥4 L/ DSELsEELRN AR SHBE,
—*’i“*EFFElEILLLEE:EHB’?TEE'E%‘L'J.&Efﬂ%f&~§ﬁﬁﬁﬁﬂﬂ&kﬁi§%‘2fﬁli’é%ﬂl&, x
S,

104 C++R{EEXIES

MTBAKY, FBHIR, Cr+R—FiE A LBIDSELSHiES . EMNEZERNSEEERMT
WE LR, ALARGE “44 TiES LMK D REHMER" Rk, RIHAEC+RHE T .

* P EERERY.

*RELTEHMRETINGES S,

© MTUAMBITER R, o o il B 7 S B RORAE T B SRR B A R A EERE . Todd Veldhuizeni:t
T —F#h “ARIEARIL (guaranteed optimization)” gy, FIFE, PR AT AR .57 I TE 2 a adh @2
i £ 7~ & RE MR HE B[ Veldo4],
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o REE DRI EE,
s — AL, FTHT:
- HE BT RN R 3 .
- ERIFMSMTEENTE.
-EIr B AMBEFAY (Bifn{E fiBoost Type TraitsBFEHHIER AT EY (type
categorization metafunctions) ),

* —AEPAEEE (macro preprocessor), 1R HEFIEIHR TR ALAARMAE REEHIESN (A
HY) RRISARRRED (2 KFA),
c—EFENNRFSUHNSET (2548 ), XhiFr2AEILAFTRENSH, S
Dl B8, B EEAE L PRA 1 BRI,
RI0IFIH TC++hiz M BRI REMNIEEGE,. RPEEBFNEBERTR—4 4D
ARANBRINBRBES %,
F#10.1 C++hA M HIEHFFIBZE

+a -a a+b a—b
++a —-—a a++ a——
a*h alb a%b ab
adb alb ahb ~a
a bitand b a bitor b al?”b M—a
a xor b compl a
ad &b allb a>>b a<<bh
aand b aorb
a=b a<h a>=b a<=b
a==pb al=>b la a=
a not_eq b not a
a+=h a—=b a*=ph al=b
a %= b ad=h al=»b at=b
a and_eq b aoi_eq b a xor_eq b
a>>=b a<<=b *a &a
a—>=name a->*name a [b] a {arguments)
al? (b77)
a<:bi>
New ctor-expr delete a

CH+ X SR AR S &, (AR — /TR SIS E R F R D T RE . B IEE S
A, BEXBETMAAREMEEC, WA, XUBRFETUERMRNCHEE, XBTE
M58 WDSLAELLAR AR S, FEBELTIMRIFE . SHTR0IRH T R, ZE: "
FREVJLA/NT R, BATEHE— %6 F, S0 F4B8 - FDSLAYIZ TG LSH,

©  Haskellft 55— T#E# B DSELsAYE G HI 1 — 4015 2, Haskell3 TDSELA R E 4 E M Y R A9BE L5
Crfilifk, REALEGRENTIT, G, HaskellBFF R aT L% L NSRBI, XL FAE B AT LAY
FENRIEENIES. A, Haskell 43 1% % 0 SRR 6 ( F0EEAE o0k A B B (R B,
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WRZEZF

FIHAT AL, WAINCL24EY 208, SR K A 4% BlboostH 194 F il _boost::FI 4R ,
#13% B boost::mpl R I &4 F N Empl: AT gk, LABGRIRE. HE, EXx—Ed, HITHIAREDSL
EE ‘W' —E, BRBIETRZEERFE ‘TR NWeaSRAF, FEBRERTEL
AE X g 5k A Ak,

10.5 Blitz++Ff1F AR

Blitz++ [Veld95al & — A EHRERARTABRFE, AH TFBFHANRLERAEBH, &
MC++ LHEBHANEMERFN ZEHZHAT . ERAET-INEHERTHE (explicit
metaprogramming) RIC++BFE®, HHAREFE - LH THREENHRARNIES ., BRI THE
W RBlitz++ A A, HHBRMNBEZEEEENCE . FARX B (expression templates)
[Veld95b],

10.5.1 ja]f@

SR BA VR Blitz++ BT R A R VALEh— 1%, Ak : HARARWLHHELIR, T
ERAEXHITRERE, RUTAMEE. ATHFHARMNIREINER, HEUTELE
RBHY 4 -

x=a+b+c;

Hrhx, a, bICHRR —HBAH ., BAMEZRIMERLIL.

Array operator+(Array const& a, Array const& b)

{
std::size t const n = a.size();
Array result;

for (std::size t row = 0; row != n; ++row)
for (std::size_t col = 0; col I= n; ++col)
result[row][col] = a[row][col] + b[row][col];

return result:

}

ATERZINMEREFRITERERa +b+c, BRITEREITEa+b, XHLF4E /%
H (FRzHht), REBMNFHE + cRERBANER,

X B R EE T AR hn b X e, BATX M REAERN AR —KLHE=/%A, H%
HAMBALR (result) .

© "BASHE (explicit metaprogramming)” MR H B LHLF B —SHRIBNEF, BATHREARIUE
A2 B2 W EBR BT RN LML AB, Glnilitstd::iterator_traits 5] — 4 2 12 B M value_type, R4
MBEAR B, BALBMR - CR%iEE, BXEEENEFRERX2ANG, BITASRE DR E
LA R — 2RI R L T e me.

www.TopSage.com



ARG BT HEAXE T 187

for (std::size_t row = 0; row != n; ++row)
for (std::size_t col = 0; col I= n; ++col)
result[row][col] = a[row][col] + b[row][col] + c[row][col];

Wbt 4 RAE R KT B R R — R BSMIZ ENFACE, Wi BB CPUM %7 i X 21T
MRTELARG: —KEEERa + b, —RKEM + ciRPUA . ERE0L i RERUA T EIA
R4, XMUGEBERIENRTF, BAEMNSBHRRF (cache) MEEHE: (locality), g
B A RARBA LW TR (cache), BASIARSHEXMAKA 2 —sEH TS,

X B REET EimfJoperator+ LB R ELE—-FHRERENHa + b, MALE
BB AFREXELER (BN L),

10.5.2 FRiXAMIR

HERIANAIMBHTR (parse tree) w1, (EfhtATH FHm ELEHZR, XEEENALHY
A—HHREEEEIEFEXRBRAANPAER s, B0iFil, AARESETFHTH.
Blitz++ R KM & A BN RAXMBERIFEMTHAO—ANEH5, 2ECcH LA TEETR
(£2RE10.1),

E10.1 x=a+b+cHuRhH

AR, XAERBEMEEN — LSRR : BAYSUHR SR TRER LA, Ko
ik, FEREFTECNOCHITHER, L, BTERIATHREEELHAEBRED, Bl
VR T R FNAR AR IR AT BB A 19 4 7638 17 Wl 1 Blitz++ PR £ 2| 4738 1 LIEHEER
g8, XS HREE ARG, Heoh, Blitz++ R84 (#0317 004 IR AL B 5k b 8 7S 5] 1 48 4
RBAHA, XHF—BRETHEE.

Blitz++#) 3K bl ik & R AFE R B (expression templates) Skt sid MR, K TIE
REFTLAR A IS AR EE — it Bk Array, SESFNNELEMEH
(references) FTELZE—/ Expression3ifkrf, FMLLLERM% (operation) #r% .

// #{EFr%E (operation tags)
struct plus; struct minus;

/1 FRAHT A
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template <class L, class OpTag, class R>
struct Expression

{
Expression(L const& 1, R const& r)

: 1(1), r(r) {}
float operator([](unsigned index) const;

L const& 1;
R const& r;

}i

/1 ik
template <class L, class R>
Expression<L,plus,R> operator+(L const& 1, R const& r)

{

return Expression<L,plus,R>(1, r);

}

EE, 4F(15a + bR, R EA R BHEERTITHE, 'EHMGRADTE 2 R Expression<Array,
plus.Array>m1, 3 H 53R ATil i RS R B REEU5 1A (references) TR, 245a + b + cfif,
BRI — I T RRIPIEEE . -

Expression<Expressian{Array,plua,Array>,plus,hrray}

H LB 548 Tl e 0 B | s 4T 1) RIEARBROEBLIET, BRIgAray—E,
BXFrlidoperator[ 1347 5 1 #afE, H1i8! BATNIA R & 25 it froperator+H 2 B A 18, 3
HExpression{U{XfEfif H 25 M8 2 3T, IR BRIERSE R84 72 68 ZE Expressiont , ka4
i it operator [T EE A AL,

AT FHFHAXRELTEN, LEBATRE R AN T Rifl T — S float BN LB, H2k, BT
BRI B ER BRI R SR, A HRA — LR B H 5 s 8

/7 BefEbR¥% (operation tags) KBETEHEMEA

struct plus

{
static float apply(float a, float b)
{ return a + b; }

}i:

struct minus

{
static float apply(float a, float b)
{ return a - b; }

}:
BTH, AVAExpressioniit—AREZHL, CHARSRE (tag) Mapply@ kil a
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BUATEE:
/1 FRXEA

template <class L, class OpTag, class R>
struct Expression
- {
Expression(L const& 1, R const& r)
: 1(1), r(r) {}

float operator[]{unsigned index) const

{
return OpTag::apply(l[index], r[index]);

}
L const& 1;

R const& r;

}i

XERBKRE, FEG? &ARTR, BRMNAERS TRENERRARIERS (lazy
expression evaluation) ZhiE. 4 T FHERAMAEIER, iLRIHER@ + D1IMIEMSE. hTa +
by 3& &Y Expression<Array,plus,Array>, Ei.

(a + b)[1]
plus::apply(a[1], b(1])

a[1l] + b[1]

BIE, ZERANEKEFRHEMRIXETIFESREERH A, WA THER—ATE,
BIOAEAUHE - (a+d), BREREZKR, BRAELXERANT,

HR, (a+b+ ) [IMLEAR T4 AE M KEH SR RO 0 T BT B % -

(a + b+ ¢)[1]
== ({a + b) + ¢)[1] .
== plus::apply((a + b)[1], <c[1])
== plus::apply(plus::apply(afl], b[l]), c[1])
== plus::apply(a[l] + b[l], c[1])
== (a[l] + b[1]) + ¢c[1]

BLAER T HIBER X LB Array IR IEZ A T B FRATAT LA 1R £ R Expressionffy £ ] 8
TR, WA LR~ bt fArray, R TLGRD HREERPHE—-NTEXRHEES
&R

template <class Expr>

Array& Array::operator=(Expr const& x)
{
for (unsigned i = 0; i < this->size(); ++i)
(*this)[i] = x[i];
return *this;

}
MiX2Z! MAT, BHARRIA DRIMEMRE, Blitz++5 515 % XA B L5 FHris s
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ReERRIBTA FE, MFREEE “HiR (tling)” KAEHABRIES, MEFEENFERTF (cache) Z
W, Rifi, ERFEXEENEEEAR, RAVEFELPREAREMTEMAEEFHIAS,

fEA—ADSL, X—#fsrBlitz++fE R L WA A BN HiEEF L ZMIRSRERI K
HExe—#, B, REZEFAEIEENTR, ExEF -4 "HxBlitz++GKiAE” 1
w [ LR IEfE S %,

SHEEEE S
AAXBUAREZ—RECNABTHBE ARG XY LA, A REHERST

MABEHAHARNE, PREAFAFLZIRNXA (F) PRLX, RFRLRARET, &
AL FA—ANREIT (RELW) HELHELY.

Expression<

Expression<Array,plus,Array>
s plus
+ Expression<Array,minus,Array>
> intermediate = a + b + (¢ - d);

EE, ENARY R eHAL RN R T H AN (ARSI E4HALGRT
(formula changes) B &Lk fT?), LRI ETAHE S, IAFREERNIA—EE
HAC++ DSELs, ¥ ieMa s XA BB EAVES (LF9F) £ “Bi” 24X, =24
AP ALT, R4S 5 RAKEH,

AiX 7 @ RE AR S it# (Bjarne Stroustrup A AL A £ 4), B F LM €% % Hauto
XRFUBABB LN FAFTRTALNRS, A LHHKESTUXE Y.

auto intermediate = a + b + (¢ - d);

EANETHMUTUNC++ DSELA/rE 4 P #RE X 6937 &,

10.5.3 ¥E X HBlitz++ 5%

ATBERBEREARMNCLH RN ABEELIRSENES, XEFLLHLA
Blitz++ B QIFIBI T, BITAAHRESEIENELLARR,

BAMGaL

B FBlitz++ ArraysHAEC++ARERRIERIEA (B RARMES.S.14), FEILRITAFREM B AL
ST AL EREE (R RTUAR 88 A B 8RBT A A0RE ), Bliz++ BB TS
B, IR ALIRIE SR T AR

Array<float,2> A(3,3);

A=1, 2, 3,

4, 5, 6,
7, 8, 9;

S] IRFADBAVRIET ~FEAC+HERFEROGA, B, RITAE! %5 E, b RHER K
EMRERER AT aBANOEHNS K. RNFZAEELEN, FEEXEEREREA LY. &
B IR,
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F#4H (SubArray) &%

Blitz++H.7& —/*Range3t, EH¥E T —AK5FH, 24—/ Array{ Fl—/~Rangegt{T#& 5B,
AT — A eI SubAmay Il B £ EE FEMTES

/1 HBARYETRT ] mEB

B += A(Range(0,2), Range(0,2))

Blitz++RJRange X} 8 4 ALy, ol FAMath h++B FFEK VI F Gl R, IR
DA DA EMNE#ERTREARASH, £RFERBR2ERENBIENREAN. TEHHNEHFHRE
Blitz++{E £ F- 1 -

1] —AZHEER (R TR R

Range I(1,6), J(1,6), K(1,6);

B = (A(I,J,K) + A(I+1,J,K) + A(I-1,J,K)

+ A(I,J+1,K) + A(I,J-1,K) + A(I,J,K+1) + A(I,J,EK=1)) / 7.0;

XL S EMRECHIEA R ELRE, RXUNBERC2MRARR DM “HEAKRE
A7 HIVEE, MMM, BRI (KL FFORTRAN (Scott Haney$Rr2 4 “C++tran”))
FIRUTREERBPHFINVAGELSITEF (one-liners) [Land01], {# FADSEL, #BL:{EH
C++tran LR AR BEIEMASE TN H , RATHRE TEI,

10.6 ®ADSEL

DSELHRAFayFptt 2 —RBMTLUHERH T ER BRI ALGES . 0IiER, —4
DSELA[LAZ#—Frill i EIE SOV M. REIRMTRR—8FER, B L&
AE @R M GBMEET ARFE, B, SRZEIZSRADSELEER AR mk
HRREBLT.

10.6.1 REEBH

R #2% (Named parameters) RRZIEFHAAN MY, AFSBRATHARLEM
Bffig, BORFBFICABCHMERTR. fln, - MEEANXHFALSKNCHIES
i, BEAT A,

void f(int score = 0, char const* name = "x", float slew = .1);

BATAT A AR TR AL

f(slew = .799, name = "z");

AILMERE, BAES - IMERESENACENALALERLHENN, RIMETLLRATEMS
B, ERHALBEAWIL, HIMUTRERGEREANSE £, RO R Y5038 B FHIR
2. EmETTLAERIIHE, RASEMSERKE THIZE (8- BAGIEEALNR
ME) BN BRI TER, fEBoost Graph MRS, IRFWTLARFIMR £ X HEMERN.

© HE. R KEBBAEFQ (packages) —#, Blitz++{# Floperator() i operator[1 % #5252 2| 184k, K
Hoperator() L iF £~ 2%, Moperator[ ]l A4,
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GraphE FF FERU B A H S 2 B DSLIEH —FMiR{E “H AR MR, # (24) 28E
RN RBEZH, R EER— X TiREEMNwple, ¥ TFROMWFAFRS, KAZEFL
T

f(slew({.799).name("2z"));

X, FiAHK slew(.799)¥ 495 —/~named_params<slew_tag, double, nil_t>[yL |, 23k
nil_tfEN BRI —E%, HHAEE.TIIEDBANBIERA. X8, Hnamem AEKHLL “2”
TR, AL T RBIR— A

named_params<
name_tag, char const [2] // .name("z")
; hamed params<
slew_tag, double const // slew(.799)
, nil t
>
>

ERA —GRIREE L LBE A AR —EE, FaE5—A “2” M| AEDE—
MR R . BATT AR AR T — /MRS (B R 2] A SX RE RO S5 H vh B H SR B, (B ZE A 453X
BRMHBERORARCLF BB E R HEET, Bk, BB ETHE—/I%5, &
IR D EDSLIE S B R FE X TR ERENER Y |,

MRFBERZ, REEAXMNTFE—-ISHELFE, BOAEESE—ATEGEK (HT4H
B—/~ B F 4 named_params3tfk ), i Hnamed_paramsih %41 4 B 174 ZIRE N E—A 5
Bearas—/ A RkiEk. B, RIBTFRXLEM.

f(slew(.799).score(55));

HTSHMETESHE, RAZEBOAARANER, HAHTE—I LEBREEH
HIRF R ERNSR AT Z AT RAE— SR BN, FRTREAER hEE kRIS
amE%, EEARASERNOBIFEY, $EFEE—AHTHA B+ fnamed_params
EX o BFF—K, A—ANFREENAXGEENERFEM— I FHERELT, BEREEE
Zf& dnamed_paramsfiE X, XTI X & BHE—MER TRINGA L2 K OB S8 T
BT

ESFXASBN, RNEFFETHTRLARESRIHOBO, E35 T —LRBE,
BANEA, BLFIAHABENREZENNXBFEHER (keyword objects), 7 A el ftmn
M

f(slew = .799, name = "z");

RFEEEN THAREERSH, MANTRAMBRFEENEERE, Em—A%0
SRATRRES, MATESBEMBRE, X8, RNFTRER LA LS NEFEDS
A4, EHAER, RIOBURED -] 2REH—T.

ERERIHE 2T, RIOVERIZRE—T, A TREARLRBRS ]I A KN LH[ASO]a,
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ASO1b], REBRMIAEE MM R XAEMMERIEE., RIMESRUHMRERZAFN TR

some class template<
slew_type_is<float> // slew_type = float
, name_type_is<char const*> // name_type = char const*

>

HVFOR AT LABR 3R — 23R4T 0 o 1 B O BSGHE
10.6.2 MBERHY

KTF—A “BTERFENESY " G+, LERAIZEEASTLE M8 i $oit & 1 ) .
EH6EY, RIEEHEE TiafTHlambdaRisz®, MEHBEHIETCEBMA T HFESHH
R B REVERHE, X —ARCHIRZM, HEEEAEN - BATKSNE. AERES
ik, E2EART T4 ETEH A R BT R M AYDSLEH,

Boost BindiE &

KA RFE A —/ Z&Boost BindBFE[Dimov02], ERRT =44k, #B#HRIMMPL
lambdaiA A NILL:, KA HRMREIZBRET. HTHMRXANKLY, REZME, e
MPL 5 G #F 2% (placeholder types) ®ILAME AR SE2 1458 4%, BindBFFEAA WLLEY
BRBUL S S L FF AR (placeholder objects)

Boost Bindfy 58 — /Mt R ek (34%) FiH (partial function (object) application), B33
KSEAEHEY (HR), ER—IEERLSROTRAEN R, Flin, HTHEE K
“hello, " WP —/string A%, RITTLIXZE.

bind(std::plus<std::string>(), "hello, ", 1)

ATLAX TR 45 3 s B 4R
std:: cout << bind( // $TE] “hello, world”
std::plus<std::string>()
r "helle, ", 1
) ("world"):
ER, ERALRBIFTABEASNERELE (“world”) KM ZEbindHMAL. AMLALH,
A8 %R A bind Y55 R AL 3B 48 — LYk U I 1 £ ok OB
Boost.Bindiy 5 — AN 454: 2 %% & (function composition), f&4n, FHERMFE SRS = —
MRy = x(x- 0.5)F R BT & .
bind(

std::multiplies<float>()
1

» bind(std::minus<float>(), _1, 0.5))

MTEMNMWE, bindEELF RN AR, UETFRIBEEHSERG S X MERE
bind AR A B BB FERS I, B2 B HE WY B O 8 K4 Jhstd:multiplies<float> 35 B
WE A SHGRITEE, Ml S8—/ 48R,

eJa, Boost Bind Ry BATR A E A MAIES LB R REYK, £ANEHET. & A
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R BRI B — 5L R (class argument) FIH HEAS, XEDylanZ KA SHEAT
¥, HE—KEEE, FENCHEATRFX—A. A, XHEUEEE EHEE: T
HEFENS A B BEBRARREEZBREER, AREE LA —BTEETHR 4™
H[A) M,

{# FIBind B FFE, HATRTLARE—A A

struct X { float foo(float) const; } obij;

HIX::fooft B B B B M oA — 1RO R, Hakan T AR .

bind{&X::foo, 1, 2)(obj, pi)

B AT RYGE Fbindf 5 2 — R —A B A R B #h B B — /A6l Fldn, LAFAR
Xt [first, last) i 45—~ e ExE B v.visit(x)

std::for_each(first, last, bind(&Visitor::visit, v, _1));

XA-xRH (partial application) A% FRFIFMEAER FHEMHRGPRMEEE, UET
Borland B T — AN C++iE F1 Fclosures (M140), UAELEMAISRIFES 5 2R 0t B XH5,

EARERRIE 2 A, 1EFRATHF L1 (3 AAbind %5k KAV IE AT A17E f FISTLEE 2 2 (binders)
R 4@ (composers) ©BHHIIE ST bR —TF .

// wPiH (partial application)
bindlst(std::plus<std::string>(), "hello, ")

// A E 4 (function composition)

compose? (
std::multiplies<float>()

, bind2nd(std::minus<float>(), 0.5)
 identity<float>())

[/ FHARBORAEEL R —4 & 5 %
mem_fun_ref(&X::foo)(obj, pi)

std::for each(
first
s last
+ bindlst(mem_fun_ref(&Visitor::visit), v));

EE PR, BATAHAE REFHHERE, BI{EBoost. BindiR HEi /b BAYiE L8k, WwEHFHE
EERAGESEENIEST.

Boost Lambdai® fEEE

Boost Lambdaf FFE (fE# JjJaakko JirvifiiGary Powell), #&Boost.Bind H{IMPL 4% i
lambdaFi AR LAY Bc#) REEAIR IR, Lambdaf e FELL 3 £ 4915 297 T Boost Bindfy & &%

& composel, compose2 L] K identity &, & 7F Bt WISTLiR i+, {EM KA C+H+IRMER R, fRTESGI STL.
S‘TLPonLIEtEﬂhEPEEFFEﬂﬂ*ﬁiﬁﬂﬂﬁﬁlﬂ#ﬁﬁﬁ#&ﬂ??&ﬂn’ﬁ.

www.TopSage.com



AN Z 6 HN K T 195

B, ERMNELTHEEH—LfFEHREmN. Fln.

"hello, " + 1 // x -> "hello, " + x
1 * (1 ~0.5) // x->%x*%* (x - 0.5)

X B RIS BB R 7 7 Toperator* R # Rk, operator+ i A F Rk X% £ 4
R, EMERTHESRSR (TELUGEB) BEERF, "hello, " + _ 1R AN RS,
EERE—EH (FR2hx), FiBEL R hello, " + x, MBXKEFTRKBRE, REF, £E
7 P H R R X R AL Blitz++ 8 5| AR AR (expression templates) 4 FHzER X — /4

5+,
Lambdafe ¥ F i) B #r ¥ Lk Boost. Bind & .83 . BI{E YR & BLIR ¥4 Boost BindfJiE : &

B—/"DSL, B B2 N\ #Boost.Lambdaifiik § H MM BRE—~/MUIES., SHEEECSEH
TBRFRIZR, EEKATHALSHEERMEOE] X B H—5H T,
Lo —A 45 sp g — AN TR
float af5][10]; .
int i;
std::for_each{a, a+5,
for_loop(var(i)=0, var(i)<10, ++var(i),
_1[wvar(i)] /= 2
)
):

2 TEN—AFF51, SR A s el T3

std::for_each(a.begin(), a.end(),
if_then_else(_1 % 2 1= 0,
std::cout << _1
r std::icout << constant('.')
)
)i

3. WMV — AL HEn, 2 BHTENHSFIAY “zero”. “one” & “other: n”,

std::for_each(v.begin(), v.end(),
(
switch_statement(
-1,
case_statement<0>(std::cout << constant ("zero")),
case_statement<l>(std::cout << constant ("one")),
default_statement(std::cout << constant("other: ") <<
).
std::cout << comstant("\n")
)
):

F_FERIGF, varfilconstantf H LS AR — MEBRA AR b, AT BHL 1E T 3 2 A b,
PFAG . Bil4n, AnBATZERIA BB T S std:cout << "\n", ‘EHFSWIFEE—& (Ffor_eachil H

1)
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RISMER) . CH+AREAXHE TIER. #Rifi, constant("\n")AYEERE—/NEE "\n"ITEE R AR
(nullary function object), fRERFEERAMNT (ZRBEMRORE) BE—NKEA S
(operator<<(ostream&, T)), {HfLambdafgFFERM T —AE#H Moperator<<ELET, A2
fTifidE A, Lambdaf? fFEroperator<< A= B — A ER REOT &, 24 L8 18 AFEEstd:cout
<< "\n",

5 % f£ FHvarficonstantLA K {§ Fifor_loopixX £ Y ik Bk A FC++ N B ffor, BHMC++iBEZH
R PR A 58 imAE B3k EASHr . RE I, Boost Lambdafy®ik 7, LA B & B i B 1Y o B 3 &
B RTF LRGN RE AN EL, TELAET TELNENS,

Phoenixi2 FFEE

KA, CHEFEIRIFERET REARE DG MTRE . RS> 4,
BINFERIRR DR BB RERFENCF. $—/£Phoenix, &Rk XBoost.Spirit
P EHESR[GuzO4]Hy— &5y FF R HIERY, AFERYJS A Boost Spiriti# i1+, BT MA T — 4
[HAIERIFTZhAESD, Phoenixfy{E# hBoost.Lambdaii 3 #5 i — Lol R R3S Hil £ 4 % B T B 0015
. Bifn, fEPhoenixw, FifAYIf_then_elseff| FolLLAN T A T4 S (12 75 Phoenix i i
W, G Bdr ok “argl”, “arg2” &),

for each(a.begin(), a.end(),
if_(argl &% 2 I= 0)
[

std::cout << argl

1
.else_

std::cout << val('."')
]

) ;

Boost Lambdaf® JF FERI1E & & B X FhiB L H %2 A, EAT I b 17 o 3 W We i ke 1 4
if_then_elsefy— Mk dh. EMRBFRIMIHE, EXEEFENIRIFD, GEEXRYN “SE
=5 .
FC++EFFE

FC++ [MS00b] (Functional C++fI455) {#8C++RBfF B8] A i HaskellsX BERYT A 1 oR B
WEIBEMNMALE, LEEEFEF] (lazy sequences) . fmER %S (partial function application)
PAR Rl 2 & &% (higher-order polymorphic functions) ©%, Xe6yiRuf insbi M, 3 H ai
AEFREBCHEFRETIRAIARR, UETFEHFC++R B RAEA— 2 FNaRiES. 7
XH, BANEH R BABET S ITEFCH+, HEBIMALARR—26F, AREa—Ii\a,

B, BATREFFC++ lambdagkikst, RRERZRAEHN R RRIESHN—8 (H

O LEMNMBTHRHE, BRONBIHLTAE “SHEd (higher-order function)” {14 8, iXAE2h “HAMEE bk
¥ WMEREHEN—/JSOARIE, EXEA LT, ‘8" OUHRAHE FTLARE AR R AR B E S,
AR o 8 B AR B A DA,
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FYRE] B 8 4 LB FAIC++ lambdaZtil AR ), FC++XH M A £ S Hokd#lambdaFii X
ARk, Hilne .

lambda var<l> X;
lambda wvar<2> Fun;

g = lambda(Fun,X)[ Fun[Fun(X]] ] // g(fun,x) -> fun(fun(x))

BE, ZHLTFZEPRD! FunfIXZA N A FAMEECHEFNERBEE —MEN, M
HAfElambdaFRi A NAENRMERF (BEXR) FHEF —FE L., Lk, BoostfBindfiLambdaf:
FrPEALER 5 AR G R H AR IR A R . ST SHMMA LR BR(ZBAH “HE” R
ML BERBSt. WRTLEXIAARZ_1, Funilb&_2, lambda(Fun X)[ ... (A2 R0 g st 2
wmB— 1 REE, BRSO FRFERNLE,

i, FC++3FRIEF TR ALambdaZ2 ¥y, THMF FRBRT —lambdafkihst,, EHEA
i LR B4R E R (named local constants) AIZAH .

[/ £(x) => 2%(x+3)

lambda(X)|[
let]|
Fun == multiplies[2] // Fun = 2*_1
; ¥ == X %plus% 3 // ¥ = X+3
].in]
~Fun[Y] // fun(Y), i.e. 2*(X+3)

]
]

LEFIBIF RN TFC++ DSLAY H fb—sededh . %, #ReTLLE 378 %45 R multiplies[2] Fh
EM T1RM A (partial application) #L&|, B4k -4 —TEEMN R, HHEHExHE
multiplies[2,x], Hik, PERAFHEER T, EBRREKXx %% yEM Fiixyl, EFERFC++
TLERBOY R (Bifnplus) FATLAH Y —Fp “HARZEE (named infix operator)”,

FC++ (GURHFFER) EFIRUFLMT B - HEBAIEE . b1 ERLBoost.LambdaiX
FERBRFENS R (EXE ET ), BNZER{E Fconstant(... S variable(... )3k B5 - ]
A BRI R E R RAIRAE . 13E, SHRELLTFTHARER S DG —/aLLanFi T
£, KESRHEIRT .

std::cout << _1 << "world" // OK, #y— /RS

std::cout << "hello, " << _1 // #i%. wrH#{t (immediate streaming)

fedrIde e T — A L HL . /NS 5 1 R B U R S BV, 7 G P 5 42 0 6 3 B
o] e R A

plus(2,x) // @D
plus[2,X) // £

RAUt, XTI EEIER (immediate infix evaluation), FC++34t T 8 shpyiE: .
e FC++Hflambdaz ik 2, Py S0 el 8 18 F 5 45 24542 3%, LA A% ARl b SEE 25 oy B PEAE
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2 “plus” x // ArHl
2 %plus% X // £

&R, HT R VEMAIRNIIE S %725 8 EkLambdafnPhoenix B FF FE T HRiBE:B&iE T, H
EmiEm.

B LEH%plus H T HBXRFHNFB+zEFBBEAHE, Th b, xHAH—BR
AR RIER AL, B EEBOXBRAS KEF T IFRAR, T IRATLIET X — K.

// Boost Lambda:
_‘3 * _1]. + _2

!/ FC++:
lambda(X,Y)[ negate[ 3 %multiplies% X ] %plus% Y )

FTESEN. ERE, M TFEATLETEEERAZEFTENRESIENARS, i
EiRMT, AT, EFC+HEFIRITA LT, AR HplusiifA+. % TEBRE,
BATLAE EplusFIRBHIC+H+LHIIBIK ., H 2 KA ERINTERSplus[2,X], LEBE
Plus(2.x)? TR, WBERH U, RA - MRLGIA KX LM EFC++BFHES, plus
AR — 2 J5F LB (global class instance),

B, EIEEFC++EIRXTEM RER % (higher order functional programming) RY, iX
—RBRBEM T, +FAR—ANEFAE LT XRETRRERMEN LT, RTE 558 — 4
R MRGIEHZRANEERRAHZ R NinsH, i, KESERGLTE. MEGRRE
féfoperator+iyibht, I H =R ERD, BAVRHICHERIEZ RS FIRBIRRAH 288, fn
AR E BRI {L foperator+, B2 F—IkiRRRIR, {5t A HE ] eR BOBR 1R s i
SR B S BRITEN S . Fl— S EBFC++ XM £ AR (higher-order polymorphic
functions), REBWEMRBENFLEE NP HERTHRHSHEINLE, SUHR /%
L, WF.

struct plus

{

template <class T, class U>
typename plus_reaultﬂT,U}::typeEi
operator()(T t, U u) const

{
return t + u;

}
}i
] S O BIRFC++H T — PR — 8, MR R (implicit partial application)
FIRAMHIZS (explicit lazy notation), R KRB RIIC++hATLL AT iR %

© ZETmfixBplus_resultil] B —MRE Y LE, JLPE—/Cr+ DSELHEZ#04 # A [ 08 5 &, 7524957
HIC+HHIET T, PRI S SEaEE I iF M2 R AT s EC+HERSHOBE KRNI, BEM—4
EELTF, MR b L . H B G decltype(t+u)BI 7] ,
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it &R Bbr, FC++ERBBNRMARBLRAXREASRATTFS, X —AREE, X—1)
HEAHER XL ENESPE - ITER S -, MR R—DSELixitE—ii
FRYRRI LB T2 918 B Pl SOk

10.7 Boost Spiriti2 FFEE

RYACC—#¥, Spiritie—/NH T & LRSS HHER ., EEX AT, PESIFAHEC/CH++
i, SpiritfE H—Fk A X GRAFERIES . X B A fE ABoost Spiritfy ik ARDSLiEH:, ki
3 AT 1 {3 YACC SR B i 9 3R 38 20 303 Bl 1 -

group = '"(' >> expression >> ')';

factor = integer | group;

term = factor >> *(('*' >> factor) | ('/' >> factor));
expression = term >> *(('+' >> term) | ('-' >> term)):

HRESEBAFELNVEBNF B FEFE —SX 9, BHEATREE, B A 40T Bron i &4 {E
(consecutive values) %]

'{' expression ')’

AFFECHIEL, SpiritiIEE AR &R — LB B RERESN RS, BT
MEGFRET (ERSEEAT THUREAIRENT), fbi#E T operator>>, T—/MEMS —RIIKX JLE*2
FIEHIEL (positive closure) (+) #YETF, EALEAN BAEMEBXRMNFSREE, BELHEK
HISEEF, H—R2EACHIERIBRE. #MIFX /iS5 ARk, SpirtsgikdE# 5 T4
WA AT,

Spirit3hr b2 — M REFAIE FDSELM b T8 ER DB F, HATHELH —H/ N UHBA
ABEFAM. Bltn, T @SR FEHPhoenix i ¥ X SMEDSELF % — A DSELH fl i
(SpirithRi& I (closures)), H_FERISCEEMBIEL.. )2 AIAYIE L ZH/E (semantic actions)
aE—k:

#include <boost/spirit/core.hpp>

#include <boost/spirit/attribute.hpp>

#include <iostream>
#include <string>

using namespace boost::spirit:;
using namespace phoenix:
I/ REE— R hine L LF R
struct vars : boost::spirit::closure<vars, int> /! CRTP
{
memberl value; // TEfFtEFE AL DM "value"”
}:

/1 calculatorft—A-#if &% "value"MHt intMirek (grammar)

struct calculator
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: public grammar<calculator, vars::context_t> // CRTP

template <class Tokenizer>
struct definition

{ .
/1 WEE, frfirulesfiii—4~4% “value” HIfffhnint..---

rule<Tokenizer, vars::context_t>
expression, term, factor, group, integer;

[ EiTtop rule#f
rule<Tokenizer> top;

// ¥ (grammar)

definition(calculator const& self)

{
top = expression[self.value = argl];
group = '(' >> expression[group.value = argl] >> '}’
factor = integer[factor.value = argl]
group|factor.value = argl)
term = factor[term.value = argl)
>> *{ ('*' >> factor[term.value *= argl])
| ('/' >> factor[term.value /= argl])
)
H
expression = term[expression.value = argl]
>> ¥ ('+" >> term[expression.value += argl])
| ('-' >> term[expression.value -= argl])
)
;
integer = int_p[integer.value = argl];
}
/1 EiFSpiritll “top” FFE4RRHT
rule<Tokenizer> const& start() const { return top; }
}i
}i
int main()
{

calculator calc; [/ FRRRETRY S B:
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std::string str;
while (std::getline(std::cin, str))

{
int n = 0;
parse(str.c_str(), calc[var(mn) = argl], space_p);
std::cout << "resgult = " << n << gtd::endl;

}

10.7.1 HE

FAVEMFRA B AR MR (closure): B4, WIMDSLAFFRVAERBMEN, FZ
Rt iR MM TIER X IEBAE—L, REHEEMLIEAR,

R

T EEV AR S, MEX—AREE.: Spiritl{H; (grammars) FIEING (rules) (IE#n
RBEMRIARH) MERBEH R, XA 8 ANE YRR S HT AR, I (rules)
f3c#k (grammars) KEERTE. XESHEEMMAT (top down) Hi#EIHM T (recursive
descent) f@#r. Bilzn, 4T M HE TS, expression rulefk ¥k ifi fiterm rule,

M4 (Closure) £t T —FEfE— ruleid HAXEKMNAER, Llrule § SR ARk
i5lR). HIRLRDEE —A B B ROME 7R firulefty “REME™ (FERMOFFHRRE—ARA, Hvalue),
Hrule H7E B — - rulef3 45 M, =LA ot (8 fPhoenix (5 i #Farg 1 & Mt Bl rule B9iE L Zh1E
(semantic actions) #4714, B, FanE

term = factor[term.value = argl]
>> % ('*' >»> factor[term.value *= argl])
| ('/' >> factor[term.value /= argl])
)
H, FIE—factorif FIAH X B A value i S B FE A R4 B term B FIAE LBt Mvalue, SRS, M+
Hods—/~ B R B ARAT I, 024 Airterm P8 FAARSEBE A value s 48 By b 88 0k,
KTHR, RIEABNAELENER S —FMERERNEATHE: sHBEMAR (dynamic
scoping), FEC++H1, KEEMATFT (AH—A “2” AiR) EXFAEMNERXDHETELD., &
A2 E P 1R I

#include <iostream>

namespace foo

{

int x = 76;

int g()
{
return x + 1; /) g foo:ix
}
}
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int main()
{

int x = 42;

std::cout << foo::g(); /1 $TENT7
}

R, EZHEEREARGET, 25 (refer to) ‘B HEE LAY E AR BB /E R
W, B, ERFEARES, foo g &F T FmainO)hFIxME, HHBBRFEBITEIH43,

A RAIE2MRESL (rulename. membername) WIVE AR AR, XEHkE, #4060,
BAISCEFAIENMTIE LB E (semantic action) #BA[ LK Hlexpression.value, HH7EXFMH I T,
a] LA fish K V] HH #: 4% R 5 BT Y expression ruleif FAH & BE Y value,,

LR

BBRIMMHALENR.

struct vars : closure<vars, int>

{
memberl value:;

}i

RATREFE R BIAVE — - R, ZMAEERT “44a08 R (Curiously Recurring
Template Pattern)” (SE9%ititit), Wik, BATCLUE varsf A, R EABREIE, FHvalue
{# A T ¥eERf 2 ¥ memberl ,

Wit 5 W, ARE B AL YR Srulename. closure-variable, HZirulesd4 2544 fpl .2 & B
AR AFHIAH (public) BIBM A, Lk, C++iESMMMELLS TRIVRANET. B
B ST PR B B A Fiirule S48 B B LA 4 ] 4 A M — 5 2k B 8 PR AR S rule 36 (1 2 5 36 2
(public base) ., BXptz5h, #FEHfhrEruled ™4 B4 —Bdy £ MpublicBiE 5 A 1 2.

FIFEBIE MR, fnRexpression.value += 12 XM AR THRBM T, T4
expression.value A /[ LA R Mint, TW, 2 rules A, BLSFEH (HAENE) it
T80k (REBBATCGEE OIFE) . XAEEN LR T HERE? L6 F, Sl
HA—FREBN T RETRER, BRARERMIR (expression templates), R BAF—/4 INikis
$, expression.value += 1818 — a4, it & BN 25 SR, MIBinE - (G
int2 8,2 O 7 80 30T 93 Hlexpression il FIARHEZE (stack frame) hffyvalueifi BIEERY) .

BITRER A EFERBRILFIOE RLBM Y, HAE5HEN “DSELE" B4 EER
KF. WRREFFIE, BAVRIUIRE B SpiritHiPhoenix B AHS, H—kigl, EEMLEIAL
BliX— L, FEAMBM (expression templates) FILER iEfh (delayed evaluation) F¥FFA10EH
RECHP AR L FIRMENER (programming paradigm),

10.7.2 F3m

IR IR AEERE R AT A calculator 303, FREES B 15 A4 2R A5 2 AU 42 B Ll (type erasure) 7F
EHERC. BT rleRIEALNFRERHR T - ERNREM S, BR e BT R A et

S FWEIF, THAETEMEE (type crasure) ¥ LMILH,
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XEEBGTEMRR R FERTIARMNEH, Fin, F%EiE L sh{E (semantic actions) IR
(B A TEARENEE—SH L), factor rule M AT KL TFIT :

alternative<
rule<Tokenizer, vars::context_t> // §¥integer rule
, rule<Tokenizer, vars::context t> // %¥f¥tgroup rule

>

agroup rulefy A5 WM MLE A LI FanTRIZER.

sequence<
sequence<
ch_p // §3#'(' parser
. rule<Tokenizer, vars::context_t> // expression rule
>

, ch_p // ##')' parser

#R1f0, factorFigroup rules | 5 B A RIFEAIERY, BARFE AKX BN (expression templates) =
HERMEH 2B EHRETASTIMEE: RIHEZEE Mruledt 46500 & 4 RIS F 5,
SHA—LRE, R ENH—/4ZMibrgroups, % —A0 %M actors, X488, Eizfril
HETAT AR A A Lk, ERXANRARCEATFE, ¢8E— el HNEARE
RO LR S E/.

Spiritf) 3= EAEE Joel de Guzman ¥ X £ 5 18 [Guz03] .

------ BIHBAE-HXERENANE, CHETHAALLY (meta type) 17 Lilit, ik,
BAVKZEA L & KARHS L —Aruledy 4T AW 4E 8, L4444 XM (expression template
tree) EMAFNGH 248 (Flde, #4780 303 AL BT (automatic left factoring), # 5P 54
Mi&F (static node-type-traversal) . # Sfirst-follow 9 #7 (static first-follow analysis) ¥),

L RVEAR R AN AT 3 B HIC M, (BEARAEA M. 2K%48ER (Type erasure)
—Fh “AHIESE (lossy compression)” K, HH{EMNEETRELSKENE,

Spiritig it & AlgE (W[LL) HiFRMEZHABEHE — M rule NIRRT, Hix/)EEE
A ER—ADSELAF, EMIRATCIMRHIIHE, HE - rule B F—MERMAKR, A EY
rulesZ A28 EHE TiX Rk, RICRSTEATER, EEEHE, BB REN
HI3CE: (grammars) H{FEX FrulekR(E 6, X MDSELK MR EABERYT, BATERKE
RRISIURMR ELETLE,

ERRHARE, EEAFEATEHRWautolf F¥ FEBARE A Spiritss & MR HE, B
&AM (grammar rules) L3I, X#, RFSACTEEEZE— “antof)BalL” W4
(LU [: i

Spirit A —FP AR MR T XN ERRIZE H Z ARk RA, @i % TIEER
PR AT RERERY—Z, IE&Blitz++i@id “HERMERE (matrix) BAREBBNRARTH” RKE%
H—H, SpiritfEA TN (subrules) JERMBELTE MBI TIE, MERE, T
(grammar) ®AEETHER. T m@fcalculatorfl e L HIM SRR ANME A T FHN (subrules) 3kzk
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L P B AR LRI AT B -

template <class Tokenizer>
struct definition

{
subrule<0, wvars::context_t> expression;
subrule<l, vars::context_t> group;
subrule<2, vars::context_t> factor;
subrule<3, vars::context_ t> term;
subrule<4, vars::context_t> integer;
ruiﬁ{Tnkanizer} top;
definition(calculator const& self)
{
top = (
expression =
term[expression.value = argl]
>> *( ('+" >> term[expression.value += argl])
[('-" >> term[expression.value -= argl]} )
¢ group =
"{' >> expression[group.value = argl] >> ')'
, factor =
integer[factor.value = argl]
| group [factor.value = argl]
r term =
factor[term.value = argl]
>> *( ('*' >> factor[term.value *= argl])
|('/' >> factor[term.value /= argl]) )
; integer =
int_p[integer.value = argl)
)[ self.value = argl ];
}
/1 Eifspirit )\ “top” FHAMRN
rule<Tokenizer> consté& start() const { return top; }
}i

EXNBIFHAEREERAREBES. £, HTHREXMERFRN GBELS RS E
HIRELHIRRY, BTA FHLII (subrules) BYE UEBUHIBESRANFiER D, HAME —1=BY
rule—topREATRRIERT, A& KA HKTWE (Type erasure), ZEHB—A, —ANH T AR (a4 M2
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RMEIRE. HHAEHE FHM (subrules) MIEXRIER, #HFHR T —1TR I AERET, —
HEAEBANADERE, H—AEENBTBR RSB EEEHBESREARAT, XPREFAHAE
ATHREE, B oAMEBSEENTNE, NSHEBIREMulesB &R AN FHM (subrules) JLF
BARNK CERFET. XESpirith— /N BIEAF AR, EARWMNBLE TEREH TS
—fkrh B TIRBA BOGED, LS nkiEr £ EBNFSURIE = .

10.8 B4

BMNFRX—FARER A TEFERTOFRA. BARNWEFESHPRETHHE
KB, AFEBEATRESSRN AT RE. REMNGR LE, nEMSRIFE
ABTR B IE R B MU Bt (FRHXRREE IR AT H), AT hirHEd
feERBEMMEF R, XM EARAMED.

EROIBREENIESNERNETREE, ABRFERIERREE T —AEM, HHBh3miH
W R — Rp AT R A AR R AR Bk TR R R S B B SRR TS,
BT RBHERERNEENERF.

AR —-ETHERAEH (Hd 240 E. AENSEFERIEE, RA—A
e LA EEETINENHE, UREETHRENR D) ACHEF AR EA RS DR
DSEL#£#t T X 5EtLAIR ). o, HFDSELAEREBFE, FiLLAPTUAELEEF AR
FRERRAER T, BHEDSELELE S TR —AMABRF+,

G T AR KER S MR AR 4iF IMPLAGE , LA R RAIEEIZFIHEM A FHiEmF
s MREMER, HEMBRDSELAAER TR, ## T—%=9d, ®RINHEBWN—/-6BF, BF
A& an{a #9 B DSELKY,

10.9 %3]

10-0. % JE 7= Spiritf ( IR R T>>Hia B ko0 s N CEF SN at, T BESE
B AG? A4 #R: BRT Tikte24h, BEXECHICHEHN (grammar rules) ,

10-1. RABEREINEE FESHRERERZMREDSELRH R EFHFEN - LBHTET
o ZEReIEEIMIEH—] “AFEBRHFMDSELERE" EE, HHETRA/FIZ 4
W, HEBEHRENIESNEARCR2°EC+H+HBRNEN., MbiETLISBHEE, M
LISPH Y% (macros) HYFE:IRIG R,

10-2. ( FAAZEHERIAE i — /4~ Boost DSELER ¥ 2 3k sk — /A~ /NAVE . 3HHRI0F PR 3E 47 iR
ZBREFEFES AT XAMEBAZ?

10-3. EA— T RUFFBEHERANER, W THELCHEBLAZHBHH/NEDSEL, ¥R
A% it 5David Abrahams#fiDaniel Wallini% i} #Boost L £ 23 E 5 %E (Boost named
parameters library) (E2HCD_LEAX/BFEMERITHRA) ETELE.
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EX—FR, BATHRERHMELRA - SR EOBRARIE SR NSRRI
8. B, BRIRER-TSBIFRBAFNGS, &l —NAENHT, HEARSHRS
&R\ -G, RJE, BATRH—/DSELER SIS, LUZHIE L3RS 1 LiE .
B, BIMERRCLEFBH 2N TANERRES -/ TEF, EORZESUAR
AEN. WS,

1.1 FHRKEHN

T TRIAR %R EARRAEN (finite state machine, FSM), X/ MBI AR
RT, UETHREEAELEAE, WA EH S8R c iR mmic % (F4
YACCHERAY) . XFETE G GHIR AR Z 2R TESMEER, B H S0 EE
FIRREFZEERR T B TERRNEEHL, BATT AR XN D AT FR R AT . %
FSMfh % B K R A b,

ROFERET HRRFSMBEENB X #, C++BARBIN, MR ERRE —/CHER
REGER— AR S, BLERREREREE A “AILAEA I RFSM B A S
HA®" (Fize, TRD) MLANEFRFAEN, fEx—id, BAVERA T it
AREHEN - TR N ARREVGRIES,

11.1.1 S

AR EHLAI SR AhSR (Domain Abstraction) Hj =/ 8- 2K ik -

EA (states)

— A FSMUAE R F LAY REFRIR A —. Bildn, —A 8 REICDHE ik B 1R A& T ik
f4%5: Open, Empty. Stopped (VLR A —7kCD). Paused LB Playing, 55—/ MalidsflyFSM4H
KA —FANBIEE R TRA S, REFSMIR B3R TR RS, #n, YACCH: gk
HOREHT B 7L — R BHLIER (stack) |, BETRENRELERMREMRFHE A
FSMIR &,

¥4 (Events)

REFISE R BHEAPTRER, HERANICDHE S B F+h, R &R H AR BT EdR 0%
H# FHE3E: play, stop. pauseld Fopen/close (FiFJF. ROLRHIH) . Rk, BEEHA
RAEBMIMEE “HA” REH. Bim, EYACCHRHT B h, B HUEFR—A T FEitoken,
EHMHT T BRMABMARS “Bi” Wk, E—BRGEH, FHQAHLRRRIE, B, fE—4
C++REHT 2% ' Y —/MRiA#token (identifier token) WIREBEH A AR IR A, fi— /RS
I & token (integer-literal token) M| B I B R (s,
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#36 (Transitions)

B PRETUFEEREMNF X RENEL, 58— ERERIC—1EE, AT
HIEH, FSMEMM YRTIREF BN, HERicLUZES, flm, —/CDERSFAEF—1
MPlayingF|Stoppedft#5#f, FH#itrlistopEff, #¥%, H#bHE —LXBEE (action),
it FCD#E 1 28 B 11 & Wstop playback, ¥ TFYACCRINFIL, 8 MF5# T ERIFSMsHER

H B/ EZEH T H P HiE L E){E (semantic actions),
112 g2

B JLRE LA A B AR REN, TREXFNASYREE IR T, B
NARFBRINCEHMBH TFHCDEKZSE, AEE+H, RE (states) LIRS R, Witk
(transitions) WILAREA#E-, AR % ENIMEMS: (events),

E11.1 CAEERY S R A CDIE I 2 FSM

£ B MEmpty®|Stoppedity#4fe, LidBRMEEHIEMEBHBEEMNNR “BA” &5
W7 ATHRERLHCDIERSE, YCDEXHR, FSMEFE—CDMMEE, mE iz
BHA—ACD, REREHF KX —/cd-detectedFiff, AT K T, MOpenF|Emptyfyst
BB RA — N HXEBA A F I ACD ML BEh e, X4 — A EriE B s MM, A£%CD
EHFBWEARXRTIOE B URE - ERN SIS R RS B, cd-detected 5 R iZ A& L1
B, CMERSZEE A ES RS AER LB R TR E,

EERREERHETR TE—ANFSMp AT LA R AR, SAEA 2 AM0IETE,
wX b, = HATHERFSMERTRMBRESER “#4 —RE&4J58 (code-generating
back end)” HIEEH AR EREHREN. RECHALGFEECHBABSEISEEE, Bat
118k 2 B 4 5€ EIDSELTF S |

HTC++REMITEE, BRIMHTEA A ARAEH#HFE (State Transition Table, STT) fy
ARINFSRGE, B4R LT RFSMHBMEESIE, #11.1E7 TCDIE K ERSTT,
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F11.1 CDERMSB|UTERBRER

YarR& $r T1R& e ahiE
Stopped play Playing start playback

Stopped open/close Open open drawer

Open open/close Empty close drawer; collect CD information
Empty open/close Open open drawer

Empty cd-detected Stopped store CD information
Playing stop Stopped stop playback

Playing pause Paused pause playback

Playing open/close Open stop playback; open drawer
Paused play Playing resume playback

Paused stop Stopped stop playback

Paused open/close Open stop playback; open drawer

REZXMFSMEMT MBI E, EORARAMASERG. HTrhE—/ gk,
REPEBIXFEN—F7: B-FISHEHYWMRE, FAHASEEME, ETHE=MEN
SR RF IR ERER MR AEMNDIE. ER, RIEFSMPER R R RE 2 ELERHE, B
WA T EREALE/ME, TEMNESTTHSEMFHRIB/IREE.

.2 ERZITER

Er, BANHEMREIERRIREFEH 2R

1 B1ERED . REVARREAT R — N FRER (§3 5ok 8 5 i EFSMA R i )
REZHMAIMR . BAIAH B EFSMEBL P RE 68 F A SR A B EFE, HERNEER
1EREM S H b DSELST IR #bh 1 #21E .

2. FEAtE. REVIEE M IZAAMAFSMAEHTIESHLSRNLLYE, BMBRET, &
B FHRENA L R HSTTH S ACHBFTC. EAEEMRME, BINIZEB TS
3 B 28 R ARHLAYIZ 45 9 5B R B A5 0V 38 A 148 1 S5

3. Fk . MEREBFEAMAG—DBFFHSRMER. ERNOGFHTFH, ALHASTT
B ERFIZREU AR LR AV A,

4. BB, RCDHE IS X AR B AIFSME 1% 52 £ b 413 MR BB, B sMi s
EXNTREEARXALN SHLE LA, TREEENR, X2 TFRIOEZRNEERN LS,
Bk AN AR AR O . AN BRAR ALY A TR A9 B & 7T BB 3R SIS 5 5% 1
RIS, {6 FIE SRR B4R,

5. MERNLS, AGFYMHERTHEMWENELAREEN. BEELNFSMIEit
[LaFre00]M— M R 55 /R BATEBT R T RS R E, LHE, THMIZARZLANET
¥eX! (downcasts) FRiFFAIAFERIEM: (events) ST RIMIERR

6. Al . MHRENILTHAIBR BB RIZ RSB H LN M ANKT, &5 FEaR
—AEmE LA B, HEBRIX— A CBRE— — S E KA T8 H I i
Mm,%EE%MHﬁﬁﬂHMﬂﬂH,ﬂﬁ—%&E,MMEm—¢%ﬁ(mmmMLiWH
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FERBEERN LN (class),

7. Al fh4ggE:., FSMAlgeS &t E#l+E /R £, Ebﬁﬂﬂﬂﬁﬁ&ﬁiﬁ)\fﬂiﬁﬂi@ﬁﬁ (per-
state entry and exit actions), &I #{I (conditional transition guards). k& AIFIIER
B @%E# (default and triggerless transitions), ®HERH FIRE (sub-states) 2454, B AE

HEZRAFFIX SR, IBEMZRAMEYUFRRTY T, CIELLE I RX et

1.3 EREOEM

BTATRILASE I — 2o B RYSeHE. BOY EmM BARl, MR, AAhX—ENLAFE—HA
X —TARXDSL, XE%RERAEBFENTANTAZEE —/8iFE (R YACCHEE:) &
— /A REEES ({RMakedlHE).

FATEFERLUNRE—NFRREIENLH, E— N HEFEBARE—REREN
HICDEBESRFF S X —AHAHE. Hik, HFSMEZHRHEE - TEHNEERBREE
XH, HTC++RISBREHEEA R ITTR R, BMNIELEEHBRNIGEFSME, HHE A/ FSM
SWFRA—1 %, F_LZWstart playbackiX FERIEEEIER R HIZHMR AR E A H A
i),

A 1A L REME E F & PlayingFllopen_closeiX #£ A0 o] 4k 42 F e f5 iR B, 7653 — A%,
KTFEMF2FEHICHLHE (B, BKE, REMRE) RIFFiEmPlaying 2 25
BAF, BNRATARE, AMFERARET, ECDERBE R, QA cd-detected$if-404 54,
Ll HE— T ARMENFEATREEER - A RMNBIERTY, Bk, WL FENIZERLER,
MFE—ANFEPRACERIEN S, FSMEZ B4 R BEE R R 0 306k 25808,

ETHBRREIES, HHILETK R Miypesdti7LB, BHATLLIEAE -4 HBRIE
Rk AR EYL AT RES A an T 46 .

int main()

{
player p; /1 —A-FsM:fH

p.process_event(open_close()); // FAFPITHCDEHK S
p.process_event(open_close()); // WMACDH%4
p.process_event ( // {liFEcp
cd_detected(
"Louie, Louie"
r Std::vector<std:iclock_t>( /* FHKE */ )
)

)i
p.process_event(play()): /] S
p.process_event(pause()):
p.process_event(play());
p-process_event(stop(}));
return 0;
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1.4 HFE—1DSL

BAV T — AR R H — AR EWIES, EAFERF AL T HRREN, i
playerfi LB AR EN—#. M5, RIRE cEFRG, TLEFSMEER, CAES4E—
AM&playerffide, EMPERETRA, REIEEFITRERAREERROGZOMEE, B, iE
BAIRZE BN TR AEN AT HEREE.

11.41 ##E%

“J¥et (transitions, BISTTHRIFT) BE—NFardk” EREHEEFRERASBEE.
BAAREBET! ILBMNEE AR “WERTHEARIT HER, Hoix#EfTobr,
CAER A ol X RS ETREE N, IRT, BATAITIRN anfal i X i 3ok B FSMs# K £
A0, BAMNE T ESTTsanfal EBL S B C++iBEERY .

/7 i F— HE

/1 RE R&

[ Stopped, play, Playing, &fsm::start_playback )
[ Stopped, open_close, Open, &fsm: :open_drawer ]

BIMNE -T2 RARLSTTAEEEMREINEHREFEN . BEAEEHEXNMEET
fEWE? A TEBRLTES &S, BAA 12, Hlintransition_table, ‘Ei#H &E#Moperator[], H
ACHHRF[RARGFRNISLHERE HIE ST AN, BLAH P L8 XA m_Ei%p—/ 52
BlaF, T

transition table STT; // HFSMEEZ{RHE

=1 ik T shiE
/1 R&E Hh&

STT[ Stopped, play, Playing, &fsm::start_playback ]
[ Stopped, copen close, Open, &fsm: :open drawer 1

# Tk, B operator[| RRIFERE -2, HREVEF N ESNESZEHNE HIES
NREBERAER, ERAX—5, RNEBTLIFEIERTEESRE, 26 ITHEEZEY
B Aoperatorlifn ik J /) :

/f HE] i T— #hiE
/1 RE R

STT[ Stopped | play | Playing | &afsm::start_playback ]
[ Stopped | open_close | Open | &fsm::open drawer ]

R, BIEHEHLFRETREY, RNELTETORMEERER—/ A8 TRE
—BITHIRIERNF EH—EE GFRER—DHRIDHE) . Bl 1SR IZLRIN—/ L6,
B BATTRI R e 2 R e vl RE S fROX B

/1 M #ol F— ik
E'S Rk
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STT[ Stopped | play() | Playing | &fsm::start_playback ]
[ Stopped | open_close() | Open | &fsm::open_drawer |

BT E2REN/DMESHAXILEERBAEE, BERNFEFEEHRIAGE (default-
constructed) , X FEMAHLRHIEFERITERE, SRINIERINEELRE—/EENE
5, EXAEITFH, B (events) HIEMRREEMAR, MH, RN T AT BdE T
e 3 S Bl O 2 T RE A Al

MR TEAMERMERE (Fundamental Theorem of Software Engineering) ©, F{1a[LLE
FAFPHFGRORLEE R EDEH A ERRBRXAFE, HTRHA /NI R &R
(wrapper template ) f#F]ix— /5 ;

/1 MFSMHESEHE (L

template <class Event>
struct on

{
typedef Event type;

}i

1| 1t - hiE
/1R E R
STT[ Stopped |on<play>{() | Playing |&fsm::start playback ]
[ Stopped |on<open close>()| Open | afsm: :open_drawer 1

XL FRATLAT AR, BBk AA A, EEREmLFE Y RLIEL B
H MR, BATICLESLLT B Rk — e R ik .

on<play> play_;

on<stop> stop_;

on<open_close> open_close ;

/1 2HT it T— ik
/1 & R&E
STT[ Stopped | play_ | Playing | &fsm::start playback ]
[ Stopped | open_close_ | Open | &fsm::open_ drawer ]

XA ERBIHAB. ATAEOR, AR ERERXFHTEHER, i
BINFATRI AR AR 27 BARAHEBRNBEIANFTE X LR HAREET, SNERT
MR T 2Ok 0 FAR AL

L RANFREHER AR BENE, 1E4—Loperator IRRMB Y., XEHRERIELHRE
MEAS SR B ARG XA AR H T, LUS MFSMEhrRdh /756 bl it 77 e e el e B /. &
R, BMEREEEMEBEBOEFILSBHNE. BN HFREFARHHBREE, &

S "BATAILASIA—A MM R AR R, 20021291 T Wi% B M,
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fn, *4Boost.Bind® fFHE—4~ “Hi”™ BEME (AT Sstdisortth@E{#EMA) B, EHFLE
FREHFFITENRMEES "% dd i/ Rt EREAANTY. Am, T
TIABRENEE R, ASEREMBITHORDEEZRAESRAY, CLZETFHRE MR
BEERVUMEXER,

2. AR EfTHMBE TR MR, XEFSR EHAE /SR EBE . FWKERTLLY
Wik, HH, EMmEMNCLEBlitz++F FRHAE, ZELFLAESTHEAREIRBER
(expression templates) #JE—/NEBRENAVITRSIE, TEME, ATHRXHEHIIEHEE
THREBE SRRV LERLAEENIELLXR, R NRBHE BIRE ke FER—H
SHKRWISTTSE, BINMEEILAPETFIZERY, MABRNAFLEREIWEEETEA TR, ok
TR LAE RS — N RBER, REFBRINIAEAKE T EFLABERILE (type erasure) S,
MiXEEESFH S — BN R EBIEA,

AR LARE ol ot — /> S ¥ 2 1 R B A BT T SRV IR B A, X Rl s e R R E 1
ABR KB EE MR — AR, 2EIEAHIR .

/1 4 i Hft T 3k

// & R

transition< Stopped, play, Playing, &fsm::start_playback >,
transition< Stopped, open_close, Open, &fsm: :open_drawer >,

RN 28 %, HERMBNYERBRBIL. XA H I ERITTUE#—5,
REFESHEB—W, ML ERERRD.

// = LI it T— s {E

1/ R K&

f/ o e e T . +
row < Stopped , play  Playing , &fsm::start_playback >,
row < Stopped , open_close , Open  &fsm::open_drawer >,
P R S ——— T — b — teee e ———————— +
row < Paused , play » Playing , &fsm::resume playback >,
row < Paused , stop + Stopped , &fsm::stop playback >,
row < Paused , open_close , Open : &fsm::stnp_and_ﬂpan >,
F A T T e i e e +

REBNAE A Hransition B RATIP 4K B LAHRIAHrow (AT ESHIF LIS A T
), AWFAIERE B TRl ELT,

SRMAEHABLZRMLL, THARRARABENLERRS, FERRAH2RHR
AR, Bk, ETLAEMARMEARSTEI, MRS E it 5 a8 % 0/4E 5
AR T FEEEEME ., XREHZIE (action) HEIGE R AHRER, CERBHEDM
), HEATHELNE (inlined), H¥k, EAH—/row<.>LHEEHE KD, FLIRAT
U — A R ENIE S0 RMANFIRED B HAEBE —AMPLEF, B A T4 2% % 55|

© FRMI0FLIE T HE £ 3 FBoost BindBL i A ik,
© FRFEIMLAME T WX TR EIRIRAE £ iR,
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o A MPL T B &RREHE R BATIE A .

BACZME THEFEANSEERERX, BNAERTLUERRE (state) & FFHRRH
C++LihiiEhze, WE, RENRAREN., BAIFER, BIFHFERFBLF S ARRETRENS
FEHHR . RNEEHRENLFEIBERSEFRAOV<.>, HETFERBERNBER KR
h 7 “FRE-AARUESMRE" WRE. BRFRBEIRNOR, FEHE, CHAR
et T E AR —ENA AR EBREARNER K.

enum states {
Stopped, Open, Empty, Playing, Paused
, initial_state = Empty
}i
IEWPRFBIRVARHE, BADLEE X T—/ W50 F Rinitial _state, 18 T iz BIRIPREFFLA
FAIME X EREEAERIEERNGENFSMEFNMBRE.

11.4.2 HARA—1EE

BT —L/ sk, BATBECLESE TDSELMFAESSE, BTRE—/2BH6 T,
Je R anfa] FIDSEL iR —/~FSM.

struct play; struct open_close;struct cd_detected; /7 Bk
struct pause; struct stop;

class player : public state machine<player>
{

private:
// FsM REFIFE
enum states {
Empty, Open, Stopped, Playing, Paused
» initial_state = Empty
}i

/! ¥¥#zh{E (transition actions)

void start_playback(play consta);

void open_drawer(open_close consté);
void close_drawer(open_close constéa);
void store_cd_info(cd_detected const&);
void stop_playback(stop consté&);

void pause_playback(pause const&);

void resume_playback(play consté&);

void stop_and_open(open_close const&);

friend class state_machine<player>;

typedef player p; // {EH#FE L

// ¥#% (transition table)
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struct transition table : mpl::vectorll<

/7 Frag ik & At T—R& ik

P I T e ——— e +
row < Stopped , play , Playing , &p::start_playback >,
row < Stopped , open_close , Open , &p::open_drawer >,
/l A=——mmmee Fomm e ———— L F o ——————— +
row < Open  open _close , Empty r &pi:close drawer >,
/1l Feme———— Fommm Fmm e ——— F o +

row < Empty open_close , Open + &pi::open_drawer >,

-

row < Empty ; ©d_detected , Stopped , &p::store_cd_info >,

/] H—mmm————a e F————————e Fommmm e ———————— +
row < Playing , stop » Stopped , &p::stop playback >,
row < Playing , pause r Paused , &p::pause_playback >,
row < Playing , open_close , Open r &p::stop_and_open =,
f/ Femmmmmaeae Femm e Femmm———— R e T —— +
row < Paused , play  Playing , &p::resume playback >,
row < Paused , stop r Stopped , &p::stop playback >,
row < Paused , open_close , Open r &p::istop_and open >
L Fmmm e to——————— Fommrm e +
> {}:

}i

EHERBHE—A BT R playerfI XK PR T T AT ER. EhplayerfIFi B EHE X,
BAEHRE (states) | ##% (transition table) LIK#)fE (actions), EPAIRAHELRS FM,
AR AR ERR, FERRFEfbrhprivate, B TRIANGER S, RAENBAFE DN H
process_eventl i i # (2540 4E) #k.

BANRLI%AE H RO 5 — 44075 B 4 A1 45 938 13 8EBR 853X, (Curiously Recurring Template Pattern,
CRTP) HyfEH, player)k 4 T state_machine<player>©, IR bR £ DSELIR i B I5H, &
RECHETHORNBS . % Erowd[ REAfEATE B, il o LAk — /NS playerfly 5 B i
B EA AN ERSH. row iZE R FMTFHIER:

template <
int CurrentState
r ¢lass Event
¢ int NextState

» void (player::*) (Event consts)
>

struct row

{ - )i
BAER, rowTEREplayerfIR R . RATFLAMrowrI1EH A C B FSMAER ({4 —

© SWHEIBVLLET MX FCRTPE £/0518,
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NEREBERES )
template<
class Fsm /1 BARIPSMiE A
, int CurrentState
r c¢lass Event
, int NextState
; void (Fsm::*action)(Event const&)
-2

struct row

{ .-}

ZR & M ERR PR MBI R, XRERAETE BN, EH R 24 F 07T 4§l
M. HTFCHELERREIAIES RAFSME L £ B WA R R RBEEE, FEHx b
EXhRT "KEEEW™, i, FACRTP, FSMEE $2 & (U584 3 2 Btk state_machine
—iK, HTstate_machine AHFIRER L FHITL R, Bk 7T UL b 2 B Derived R ZS HLAE
RE—AMEF| ik ZE I row R

template<class Derived>
class state_machine

{

protected:
template<
int CurrentState

r €lass Event

r int NextState

r void (Derived::*action)(Event const&)
>
struct row

{
/1 BERATRA LR
static int const current_state = CurrentState;
static int const next_state = NextState;
typedef Event event;
typedef Derived fsm t;

/1 hETHMREYE (transition action)

static void execute(Deriveds fsm, Event consté& e)

{

(fsm.*action) (e);
}
}i
}i

EE, EEEMRES, BI1ELHowF Estate_machineA ki, BIEAIRE LT L7 24
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—/ANHE: il E I RrowfIERSEA(E. actionZ2 ¥l — /18 F'Efexecute i Btk 17
i, XEFFELPEE ST, AEMORE, HEC+HH, —MREME R KRB AEATEAR S
— AN EREME R, B action B {E 25— -static constill il (MR MEHR S —#), BLdd

EHTEAEARSPNEE (inlined),

11.5 =1

BLAEIR A1 dh i fhstate_machinef SEBLARYT, BARIEETLLE Bh ki —L3L %, HmbisF
ZMHEC, “HAREMHZLFDABOLBTK? " BRABELEETLIEE SEH
process_event, BETEXMFSMMEfTHIfT AL T (MARKEIERS, B HIRAENFSM
HITEE BERIRY)

process_eventil i B 2T — L HAT “W45rIk (double dispatch)” [a)fi:. LE —/ &1
R (start state) F1—/F4 (event), BTHEEEE /A BIRRE (target state) FEHFTHY
— ¥ {E (transition action), BHETE, NORALEH RGeS B PR M, (B2EXAH
T, BRIOAARFORSE. BONERFMMEBT4HMEY, IRLEFARFIOHBERRIL
FES ., MRITHFELRE /N FSMLBATMARIEBFEER 4, RINFIZNE /%
A (event type) E{LHIifyprocess_eventEH LA, T

/1 “play” S{:abrEE

void process_event(play const& e)

{

switch (this->state)
{
case Stopped:
this->start playback(e);
this->state = Playing;
break;
case Paused:
this->resume_playback(e);
this->state = Playing;
break:;
default:
this->state = no_transition(this->state, e);
}
}
/1 “stop” WffhbEEzE

void process_event(stop consts e)

BEEE, AT ABOXFEERE, ROIDELHLE—% 432430404 (current states) |

www.TopSage.com



DSEL 4% # % % 217

Zh#E (actions) FIE#RIRZE (target states) HEATREIL™ MBI, HBESswitchiFaRaILL .
R, REEEplayB4MSE, RIMETUEHA—RE. FEswitchifFAhTRFAEER
Hfycases, fF—casekt*t—A Hk (event) HIBTAH#: (transition), TiEC++RAH AN
XHE— R E AR E A/ switchiBAM A . HTREBEREZFNELE (FEET (ow) 4
) QlE—A-caseifty, TAMFBEMNEELLSMM/NR R B RswitchiE L, fEHCH BHRE
TR B/ MU A TR — A RBA R, BElX MR %A R, W/ casesr M
MR B A ERUM T —EANE (§HplayF LB EHIHEE)
/7 “"play" ${-ACBESE

void process_event(play consts e)

{

this->state = case Stopped(e);

}

int case_Stopped(play const& e)

{
if (this->state == Stopped)
{
this->start_ playback(e);
return Playing;
}
else return this->case_Paused(e);
}

int case_Paused(play const& e)

if (this->state == Paused)

{
this->resume playback(e);
return Playing;

}

else return this->case_default(e);

}

int case default(play const& e}

{

return this->no_transition(this->state, e);

}

fEiX B, process_event(play const&):§§ H SCH £ % #4case_Stopped, case_Stopped i 447 24
Al fstate £ 75 4 Stopped, AN, BIRBUERLAIH#E)E (start_playback) FiK [ PlayingfE
FaRA. &N, case_Paused#i# state 7 HPaused, #MF R, W|REresume_playback()Zh{E
Hi& BIPlaying, &R, case_defaultif Fino_transitionf &b 3 xF— 4> play 35 {438 & 7] S 4L #e (4R
&e,

© XA RRAHIprocess_event A S ARBNY Yo R B A ITHY, BRI MMANIE 2 AT BRI ALRE ) (R %
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IEAREBIRIAEE, X 201E L ETEAswitchiB M R9iE L —8. MBEMN TS —NEER
HH (event) EMIFTH M (transition) H:pk—/ case_State %, @it H R ENE 1T
(row), BIVRFAILARSHBEERMIITH. MR, B"MNMKBERES, RARMNEHEER
“case_State” ¥y, FRAHZE “State” IR TMATEATHY LT — BT F LSS R
BFRIRTF, A, BAOTTURAMTAREE—RE (state) 55—/~ 85 i sk Bt 7618k

template <int State>
struct case_

{
static int dispatch(player& fsm, int state, play consts e)

{ -ee}

}:

BmBMEBELHEFLE - KIESHART, case_<Stopped>::dispatchik Z4r F
case_Stopped, [fijcase<Paused>::dispatchlll|%& 4 F case_Paused, A TH XS R Rk, &
N &EState (PERREMER ), —/~#H#3hfE (transition action) (HtMFTFEM), M—ANAF—4R
& (next state) (HtUl#fER). BT HTERIMERSEORER N, BEEERER
A—17 (row) WIREEME 4, B hrowlm RREE T FA 5 e (REFEL5L) WiE, &
i, anfcase TR —/R&(E (state value) {EHHBEMMBIRELR, W2 ECHHELE L&
ARMES. LB TARE Aevent_dispatcher.

template<class Transition> // Mkt —f7 (row)
struct event_dispatcher

{
typedef typename Transition::fsm_t fsm t;
typedef typename Transition::event event:
static int dispatch(
fsm_t& fsm, int state, event consts e)
{
if (state == Transition::current_state)
{
Transition::execute(fsm, e);
return Transition::next state;
}
else { ... }
}
}i

RIGE, B— T rowsBAIRAHBE TRENA S 4 (:fsm_t) MIE# 2 IRAFEH (event),
Mifa fL¥Fevent_dispatchertbcase W B —fk#, JaE SWHER N REMRE L,

# T sEptevent_dispatcher, HATLAB FelseF4), BEXABEHE T cased)
dispatch pg Bl ] , WMFR X T —4~caseffJevent_dispatcherft — /M iR 2 1iE, A A 2
BT
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template<
class Transition
, class Next
>
struct event_dispatcher

{

typedef typename Transition::fsm t fsm t;
typedef typename Transition::event event;

static int dispatch(
fsm_t& fsm, int state, event const& e)

{
if (state == Transition::current_state)
{
Transition: :execute(fsm, e);
return Transition::next_state;
}
else // HiHFETHT -ITNA
{
return Next::dispatch(fsm, state, e);
}
}

}i

1 T b B defaultRI§ I, T 1HF 5| A—/ default_event_dispatcher, ‘EHyH —/-dispatchi %,
B HFSMHUno_transition¥bEE 2§ (handler), B4R A=RIFSM3E H # state_machine<FSM>{% 4
TEILKRAR, MkH~LHdefault_event_dispatcherfE i Kt &, H, 440811 state_machinefty]
—A~ B, 53 B] 43 b R P 22 A B 2%

struct default event dispatcher

{
template<class FSM, class Event>
static int dispatch(
state_machine<FSM>& m, int state, Event const& e)
{
return m.call_no_transition(state, e);
}
}i

template <class Derived>
class state_machine

{

template <class Event>
int call_no_transition(int state, Event const& e)

{
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return static_cast<Derived*>(this) // CRTP[H F#% (downcast)

->no_transition(state, e);

}i
BAE, ATAcEplay3e:, AN ERA A T 3% H1HH Hdispatch @ 3 Bp w] .

event_dispatcher<
row<Stopped, play, Playing, &player::start_playback>
 event_dispatcher<
row<Paused, play, Playing, &player::resume_ playback>
 default_event_dispatcher '

>

R VR AR i R RAE R, RERBT R T foldB 4T, Lldefault_event_
dispatcherF 25, FH# I “Hr& (folding)” FifLERVevent_dispatcherdft, A T4 E, &1
BEXMNRAMIFT (rows) (BEFEESIREHS) Birfolddpr,

// ZEHltransition FiXPERYEvent
template <class Transition>
struct transition_event

{

typedef typename Transition::event type;
}i

template<class Table, class Event>
struct generate_dispatcher
: mpl::fold<
mpl::filter_ view< /! EEEventi i ¥rows
Table
» boost::is_same<Event, transition_event<_l< >
>
, default_event_dispatcher
 event_dispatcher<_2, 1>
>

{}:

BJ5, Bl 14E% %5 state_machineffJprocess_event {3 T | ARAHE—1FH (event) %
NREERE, RMN\BEH -4 (§FxtE— N FHATBERLN) RA R, B A& 4 &
dispatcherf i FI 3} ::dispatch ik R 2

template<class Event>
int process_event(Event