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int count_lines(const charxx begin,
const charxx end);

iR, FNEFHEZHA C FRAABNENEE, BXE
HrhRSITEL

FMTHREIER, BIIFE—MR/EI main REL

int main(int argc,
const char** argv)

int total_lines = count_Llines(
argv + 1, argv + argc);
cout << "Total lines: "
<< total_lines << endl;
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int count_file(const charx name)
{
int count = 0;
ifstream ifs(name);
string line;
for (55) {
getline(ifs, line);
if (lifs) {
break;
}
++count;

}

return count;

int count_lines(const charxx begin,
const charxx end)

int count = 0;
for (; begin != end; ++begin) {
count += count_file(*xbegin);
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22 }
23 return count;
24 3}

FHNS LT LUS—MEIERRY "BV B80S, A istream line reader AJLAEIML

count file EE

SH1E
1 1dnt count_file(const char*x name)
2 {
3 int count = 0
4 ifstream [ifs(name);
5 for (auto&& line :
6 istream_line_reader(ifs)) {
7 ++count;
8 3
9 return count;
0 1}

EixX)L, BERE—T, E—BEH 2B, ARBUREHTIETE.

WNRBAVWFERZBIEEHIZIRIMNEREL, transform [1] 0 accumulate [2], KHEAT
LUt—E @A

SH1E
int count_file(const charx name)
{
ifstream ifs(name);
istream_line_reader reader(ifs);
return distance(reader.begin(),
reader.end());
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int count_lines(const charxx begin,
10 const charxx end)
11 {

12 vector<int> count(end - begin);
13 transform(begin, end,

14 count.begin(),

15 count_file);

16 return accumulate(



17 count.begin(), count.end(),
18 0);
19 1}

ENMHE— N EEREXUEHNERT ., FEX MRS IEIaHE map-reduce,
transform XY map, accumulate XJAZ reduce, MIEBERZ/MINA, B TREX
HELERMNER 2B/ "IEE"  (distance) ,

R RES S

EBRMNBBERBAREN—RE, RETREH2REARTHGREE LROREL, maF—
MRV ERFER. XERRE—ARBARNLEEE (pure function) , BRET:

S MREERNARRBISE, IREXIAERIMKE
REIRERHEREATHE—RR, A ENMEIERE

XERNABHNREAFOERZ TIERNZTEE, T RZER MEERBERE, E3i1LE
EAMCEBE, count file #l accumulate EAR ERJUABMEERE] (BEARESLIR LS
EXNNHRFRIKE) , 1B transform T, EBABHZETENSE, MARBRE— S
R. T—HENSER, XFMABHNESHE,

BA B RSP BAAI 7 Bt — LR &R =

REEE BN R G, (EREMERMEL.

RBARANMIFGR LN, EATREERIENEN LG, (FERIRAABA
IEtEREGSES, BiLE.

—RAEM (BEETE2AER) T8, FEABERA count HABERITEIETH
BT, MEXFMENELRE transform FEOMHERM. WREOG 2[5 13 7] R
Ay fmap ERE—HIREI—MERANE, HALUEXNMI@ERER 7. (C++ ERAR—
NREERIEIES, MNREEINERERTEMEE. )
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BEPARREL (MR) HLAGUEE. FERMIRE, BAMBRESEZREUFASHEETRE

ERIREIE, XERIREHEARAEMNEE. FNAEELNIADSHRET, -
sort
transform
accumulate
fmap
adder

S50 E, C++ Bllalgorithm (&%) [3] & IRMAVRS REERRSHIEREL.

FEZENREERENREFERNERNRAZL, EARIESHESEI, EAEEZELA
AENEE., BIEENBIEEENN=, map (M) . reduce (13F) 0 filter (F
)

Map £ C++ PRIEZMEIRE transform (£ <algorithm> 3{4FRiRMH) . ERriEREY
SEEERHF LIRS, B— 1 eEEANSRERNEREERNRIM—ENR. X EREHRY
EXLIAERRER, AXE—MEANESR, ERESMEHAEL.

Reduce £ C++ FRIEZEMESE accumulate (£ <numeric> SL4H1EA) . BRITH
BERTHIEEITEEE, FRAENVEMRENIS, NERGEERHITIHH. EARRMER
HOSMEAENNSEET, e LEISTEROMRHETINARENTS, XEESTHEN; &
M7 HREIRAT, IR EFERIZREISHTIRF 7,

Filter INEERHHTITIE, MEHFESFRMHIMAR, BEZA C++ (C++20 ZaI) BRI
SIRTLUAABIAN: copy if Ml partition, XERE/SFE C++20 H3K ranges ZRi, £
C++ BSOIEMEKEAKRGE, LERIENREE, copy if EEHERMHITREN
FIBI—MEREEE,; partition WERRETERMSISEEENTREHTOA, 1BHE
SHBIDREHERR AR, B, remove if tWERARIE, BERTHSHESM
TR, BRFREANHERMHIITTEREREEEASINE (EMRERERHNTERE
REREF—EFE)  ARIR—IRHE(EAEEER erase ARBERBSMIRITTRE
IEMRR.
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oL C++ BT an<lmiz. dmizE, ((BSEAEFNERTEER. FEEN
BRERER TS, REMEEZIULARINAR, AUHK, REEERUTBBIREEAR
(how) , MARMMH24 (what) , BERRBIRAFA (why) T.

IRAATUmIENER. LISIREEIIIES SQL A, SQL #EIARIRRUT FEAYERE: (X8
MF2375 (from) i&E (select) WREMHAFM (where) BIHAEEE, FrNtiEEH T
(order by) Ei734H (group by) &4, (FAFESFEUERES I ZEMZMEARIITXD
BfF. J|LE, maEFEERRKL, KRoSEERFEAREGERFSIE "I ENX

o REBES B CRARE LA RN —.

XAARIRGARIE—EMRNTSwE. FX L, WTRSFEZXE, SN TERER
RYSEIL. LAREHEFG, REMSERERERIEI S W TEX A Haskell (—H4E
RETRIRIEIES) AT R BAR AT miERE S :

SHIRE
1 quicksort [] []

(quicksort left)

2 quicksort (p:xs)

3 ++ [p] ++ (quicksort right)
4 where

5 left = filter (< p) xs

6 right = filter (>= p) xs

XIS EEMERsRIER, Ba@E, CEmACBRIMEERSCAFERERE. HiEEa C++
MERERYIRIEHERR, & Haskell EEHE—AMAH, RMEHME [4].

ATLA, BAAN, BATURiEiRa S TUmiE ol LIS SR E RN SHINE, T
MaLTURIEAIKIERIIABIDIERR, BAIZEINE:

SXRERINE, FESTEEHEMILAEEUER—CESEMRIRES: "TEN
HRFEZIR. "
EREEXNHRE, BREFAERENZENET —RENENIFEEZSEIEFRHY

FBHEEIR,



Kb, REFERKGRIFARNRE, FHFEHREBERERGENTR, BREIEX
ARSI —RBRERIBESRZHEE, EAEZHIE.
RBRRE ki D ity, THEAEERERRE— RSB ERTEIRE
LHFE, i CRBEMELINIA.

FERMBNERMEEN, METCE for fBIR. BES. 133, EE—XTLUHR
REEERG, B THE, HRDRUATIREFXAMER RV EEME.

BREMERRE T AXRIR? ——XEERS RS EACRENRETE, 53
FEEURE, RNT BTN NE, ST SRR,

AREENHE

ESHARTRE, REEURELLRIER SR, — M EENRERREERIEIHITH AR
REREF. SR — N EERRRMEN SRR BT HE R EIEFEZE M
THoRAVEER. HREERIEEAATEME (immutability) . FTRUER, XRHESH K.
BYHE, MRRERASERSRANE, SRFLIRENR "RE" S2IMEEET.

SBANX—IHFFRIGI KR, IR FERISOE, B C++17 RIFMTHITERE (5],
FLRE B sBRISESZINGE PRIMERERF

SH1
int count_1lines(const char*x begin,
const charx*x end)
{

vector<int> count(end - begin);

1

2

3

4

5 transform(execution: :par,
6 begin, end,

7 count.begin(),
8 count_file);

9

return reduce(

10 execution: :par,
11 count.begin(), count.end());
12 1}

HATTLAER], W NEMREEIERSESIINT execution: :par, REaIBmIHITIT
B, ZFEMNR, BIL accunulate LT reduce [6], [RERRIEBEENMMNELE!



ARFFH, TiEFH1T. reduce AR, METLIEE, #MFLORENERF, FRII*K
ERGTRAVFH IR ERESRENE SR (INE2A2HERN) | B

AR B=B® A
(A By C=A® (B ® C)

HR, EXMIFE, —REIIASEEEXE, BEEEE Y, FHTZBUERE—RBA
SRFIRFER, FRUABXYHARBER, TEXNMEGREAGFER T FHIT reduce BIE
yak

B SHIHE
1 #include <chrono>
2 #include <execution>
3 #include <jostream>
4 #include <numeric>
5 #include <vector>
6
7 using namespace std;
8
9 dnt main()
10 {
11 vector<double> v (10000000, 0.0625);
12
13 {
14 auto tl = chrono::
15 high_resolution_clock: :now();
16 double result = accumulate(
17 v.begin(), v.end(), 0.0);
18 auto t2 = chrono::
19 high_resolution_clock: :now();
20 chrono::duration<double, milli>
21 ms = t2 - ti;
22 cout << "accumulate: result "
23 << result << " took "
24 << ms.count() << " ms\n";
25 }
26
27 {
28 auto tl1 = chrono::
29 high_resolution_clock: :now();
30 double result =
31 reduce (execution: :par,
32 v.begin(), v.end());

33 auto t2 = chrono::



34 high_resolution_clock: :now();

35 chrono::duration<double, milli>
36 ms = t2 - t1;

37 cout << "reduce: result "
38 << result << " took "

39 << ms.count() << " ms\n";
40 }

41}

EFRIEBRX (Core i7 MU/ \&ef2) EREXRHITERE:

accumulate: result 625000 took 26.122 ms

reduce: result 625000 took 4.485 ms

PUTSRIRIALLERS, RSB BEmEsssdF. HRERMUHT®, MSVCigHiaE, Clang
47, GCC EEHMEBEE TBB (Threading Building Blocks) [7] B9%5EN. F_FEZER GCC

FEH, a1TR:
gt+-9 -std=c++17 -03 test.cpp -1ltbb

Y HEF

RTRIE, X—HEMNARARRDIHERT T RS RE. 3T C++ BHREEREATRAR
WEEEAB (WBERH [8]) , MESKRANIANSERBIIRIE/ \EMESET . £a
H, HMNESRIBOHNREEREER, SKBENRBTIE—ERE8. thERRKRY
IER, YEEGF 9. FRFEHZRRR, WREEEME, JUABNTX—E5.

g, EFARITETIS Haskell Curry FERHY Y HEFEN —XNURESR, FEE—
B EFRITIS ([10]) , MHATE C++ PHISCAMIEESS. RIIRETCHRRIEE:
W{E7E lambda TAX pERILE,

[EB— T AT RIMFRAEITENX |

SH1E
int factorial(int n)
{
if (n == 0) {
return 1;

A W



5 } else {

6 return n x factorial(n - 1);
7 }

8 1}

TREEARTBEA, MLUREEESR lambda RANES REMERY:

SH1E
1 auto factorial = [](int n) {
2 if (n == 0) {
3 return 1;
4 } else {
5 return n x 2?2?2(n - 1);
6 }
7}

TEEITICFER Y A5 FIRRSE.

HATESRFE—MIANEMNRE, EXA:

B, XTEXNERFIE. FXLL, ERESHFTREAN—MERNBOBETTRE
Fr. FMBELCRERBIERENS A BEERX N EN.

RiE, AEX S
fact(n) = If IsZero(n) then 1 else n x fact(n—1)
1% fact ATLASRRAL y(F), BBEATR LAY NEAIZER :

y(F)(n) = If IsZero(n) then 1 else n x y(F)(n—1)
F(y(F))(n) = If IsZero(n) then 1 else n x y(F')(n—1)



BB y(F) 8%k f, BN EENEZANRXFEE):

F(f)(n) = If IsZero(n) then 1 else n x f(n—1)

BAI1M82T F lIEN, EHMBABEIT fact WEN. ME, XNENEATLIA C++ FiX
HRAY, TERTEA ST

SHINE
#include <functional>
#include <iostream>
#include <type_traits>
#include <utility>

using namespace std;

// Y combinator as presented by Yegor Derevenets in P0200RO
// <url:http://www.open-std.org/jtcl/sc22/wg21l/docs/papers/2016/p0200r0.html>
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10 template <class Fun>

11 class y_combinator_result {

12 Fun fun_;

13 public:

14 template <class T>

15 explicit y_combinator_result(
16 T&& fun)

17 fun_(std::forward<T>(fun))
18

19

20

21 template <class... Args>

22 decltype(auto)

23 operator () (Args&&. .. args)

24 {

25 /] y(f) = fly(f))

26 return fun_(

27 std::ref(*this),

28 std::forward<Args>(args)...);
29}

30 };

31

32 template <class Fun>
33 decltype(auto)
34 y_combinator (Fun&& fun)

35 {
36 return y_combinator_result<
37 std: :decay_t<Fun>>(

38 std::forward<Fun>(fun));



39 }
40

41 Hdnt main()

42 {
43
44
45
46
47
48
49
50
51
52
53
54
55 }

// LMERIBBAY F
auto almost_fact =
[J(auto f, int n) -> int {

if (n == 0)
return 1;
else

return n * f(n - 1);
b5
// fact = y(F)
auto fact =
y_combinator (almost_fact);
cout << fact(1l0) << endl;
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nclude <jostream>
nclude <numeric>
nclude <vector>

using namespace std;

/] filter_view HIENX

int main()

vector v{1l, 2, 3, 4, 5};
auto&& fv = filter_view(

SHICES



13 v.begin(), v.end(), [J(int x) {

14 return x % 2 == 0;

15 1)

16 cout << accumulate(fv.begin(),
17 fv.end(), 0)
18 << endl;

19 1}

EREHNIZZE 6.

2R: &% istream line reader BYSCHY,

EFRAREDRINT , BEIREE T ARV HIENE.
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[1] cppreference.com, “std:transform” .

2 https://en.cppreference.com/w/cpp/algorithm/transform

[1a] cppreference.com, “std:transform” .

2 https://zh.cppreference.com/w/cpp/algorithm/transform

[2] cppreference.com, “std:accumulate” .

2 https://en.cppreference.com/w/cpp/algorithm/accumulate

[2a] cppreference.com, “std::accumulate” .

< https://zh.cppreference.com/w/cpp/algorithm/accumulate

[3] cppreference.com, “Standard library header <algorithm>" .

2 https://en.cppreference.com/w/cpp/header/algorithm

[3a] cppreference.com, "FRERELN{E <algorithm>" .
2 https://zh.cppreference.com/w/cpp/header/algorithm

[4] R, "Immutability: The Dark Side” .
< https://www.jianshu.com/p/13cd4c650125



[5] cppreference.com, “Standard library header <execution>" .

2 https://en.cppreference.com/w/cpp/header/execution

[5a] cppreference.com, “tRAERESLIIE <execution>" .

2 https://zh.cppreference.com/w/cpp/header/execution

[6] cppreference.com, “std:reduce” .

< https://en.cppreference.com/w/cpp/algorithm/reduce

[6a] cppreference.com, “std:reduce” .

2 https://zh.cppreference.com/w/cpp/algorithm/reduce
[7] Intel, tbb. @ https://github.com/intel/tbb

[8] Ivan Cuki¢, Functional Programming in C++. Manning, 2019,

< https://www.manning.com/books/functional-programming-in-c-plus-plus

[9] Wikipedia, "Fixed-point combinator” . & https://en.wikipedia.org/wiki/Fixed-

point_combinator
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RETEE &

HFEFS C++
MM

“a
L

PCirRP B2 5 -

FARAR: R TRIBARE ) , 20FRERIE, BB TREFI LM,

© WIRFREFRHLATE, REFAIAMSERESE., NHCEMGERER, MEENIRE ISR SEREE#ERE.

& 16| BETISMlambda: HNREZ LRI
T—®& 18| NAATERFOtuplefY4mIEEIRIS

RItEE (7)

q, E42 0

2020-01-03

£3% istream line_reader LAY, EEITEIE
template<typename _Inlt, typename Fun>
class filter_view {

public:...
EFF v

fEEEE: OK, RIEXA,

RIBNSERRIRE—T., RUFEEUT ERBINE, XEEERXEA. E—RIAFK
BE, FNZHIN STk, & TEINAEFRTLARRAN—X 2L R TR ERY.
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https://zh.cppreference.com/w/cpp/language/identifiers
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Y-CombinatorfffRiii=miRr 7. BIHMEECEREECE. lamdaRAREREIT, FEETA
BB GRS, EA? ARATES, HEXRERATIIA. ArlllamdazRis=E
FB7TY-CombinatorX@iEEAEZ, mY-CombinatorAARid: —, iERlamda®iiy;
=, ®iFlamdaRiAR. XMFLCERZHITIEEREIRSG], WNREREEE, WAL
SAY-Combinatordt{E, XNE ARIE—(FRMEEHIEER.
BV

fFERE: 5ls, BEBRLE. LRI d RS mE?

o =
AR 2020-01-10

KTFiX4y_combinator, KIBHBRESEAKIEMREN:

1. At Alambda@EEASEEBERHER, EEFun&&? HLRUIKXEZAFUn, XF
LRSI AR, BEBAFUNRIFA? ;

2. XFforward, BEFEHEforwardiliths, FEEEER AN Tforwardiya(,
FFIETHIRBMH 4R, XEfforwardlEREREHN?

BF v

EERES: e, AHS5IA, MNTFHHKE (tbil, BRSZERR) HNRERISR, EUNFERHE
KT, A Fun&& 1 std:forward, FiEEiliEN o aetETmAgs.

m =
S 2020-01-09

X—OREFENHK—. . BAKREEEERSEB—. .

BT std::copy(fv.begin(), fv.end(), std::ostream iterator<int>(std::cout, " ")); Z55R%R
FERM., . BETHR. . BERKEN pointerfreferencezkEY, ,

BREHRE, ZRANEDESNMIH, BIAZTEREEFTR, AT4A—LEKE++(*thi

S)e o JERXILLECRISEIN, FEiZEBforward iterator tagsRENHI, FRLABZBLEAR...



RFF v
FERIS: NREERRRIERE. B, KK, FUMEBINES LT, ERAEREEM.

EEERREE, A RINAPRBE, TAIZHIM TIZITL, BiE TSNS FE TR0
IRFF—IXRLERRIRER.

IEJIN

https://zh.cppreference.com/w/cpp/language/identifiers

= Frivvisg
#include <iostream>
#include <chrono>
#include <execution>
#include <numeric>
#include <vector> ZBIEAZFIEINR? RAERK

RV

fFERS: IRFINE—H, EXREHUEZIZSE., EIERRE T2, ERTIRDHRF R
AN, ETARRESIEE, MH, iREIERY, WE—%iR, F7EFEER—ELER.

PHONRRERT. BUXEEERRYE, EEETENFY, FTERNERIIE, fNERERY
H, [nzmiZ Nicolai Josuttis BYABA The C++ Standard Library 5T, PXRNIET —
T &ER —TZE.

20\
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Y-CombinatorFERZET— MR, XIKRBEITA (BIE/R. &R BR—
KBNS EITALZ) XeXEEmMRAEIIFE—L, Tud—RRE.. HRBhaskellHp
BRRBEETO

fFEES: Y Combinator REFIRT—T, RH—TARNGFEIL. BH—ETHE, E2FEE
SEEN, FEEMPEERN. RRIXRRZANREY, ISHERE.
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BaEm, mapfireduce BRRRFFANEDNG? KXEBEE=FZE? 1 TBB?

{E&[EIS: map-reduce B—M75i%, BEBHRAT. & C++ BREEWRLE transform 1 acc
umulate, TBB &&&H! [7].



