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1 K56 — HEEES

1.1 SEIRE/M

1, MRSHERRRVIERE, HE— SINRF R AITHISES:;
2, DITHEFARRAR, FIMRRHETRFNGE;
3. EiE Linux #HEZERZEH;

4. EiE Linux RERIRPEIFIEEBR{E,
1.2LBAT

wWEIET, BERSHBEFLMITNHEZR PR, BEE8E.
R#FEARARA pipe( ) BIL—MEB AREARAIRA fork()BIEFMANF
HIZ: FHIE 1 FIFHIE 2;
Fi#iE 1 8iF 1 ELEEEFiERE 2 KEHE:

| send you x times. (x #J{EH 1, BREEFHIN—IRE)

Fi#i2 2 NEBIZHER, ABRREREL.
RFEFZARAIAA signal ) EIERBRENPIES (AR CTRL+CH#) ; &
WBIREIFEESE, KEEARAIER KIO)EENFHELHES, FHEH

RAESE st FIERRLLL:

Child Process | is Killed by Parent!
Child Process 2 is Killed by Parent!

RFEFFHNFHIER LG, BREEAHTEHUNTHEERAL
Parent Process is Killed!

BNER: 15 WigBEMBRHMAAEHRTE.



1.3 LM%t

1.3.1 HEW®E

recolicaRECOLICPC

0S: Arch Linux

Kernel: x86_64 Linux 5.0-rcil

Uptime: 27d 2h 32m

Packages: 1795
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recolic@RECOLICMPC

0S: Arch Linux

Kernel: x86_64 Linux 4.20.0-arch1-1-ARCH
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1.3.2 SCI®igit

B, EECE3NHARE, BN FERRENRETIEN, BaBHER -
timed_callback 3RE5 SIGINT RFE#FZ, handler BERE AT EJ wrapper, f& linux
sig handler 32#§ std::function #1 lambda, FN#HZEESEEFEA rlib::fdIO BIEETIH
fE, XIRATEHUAXBIENIZIE, rlib T2AKB TR, EREREHFERNFE

FE0E rlib HeEiRy2 SR,
1.4 SCI8ALR
1.4.1 SRR

& man 2 fork™, “'man 2 wait’, “man 2 getpid’, "'man 2 pipe  #1 man 2 signal”,

REXHENEOSEFR], FHARE IR,

1.4.2 SERIFRKRLE

BERER, RIENBREETME—REL, &2, EXlinuxIfE, BEXZHF c++14
PR Ri1%EE,
KRIBPZIETRESAENNHEIZICE, A c assert XF exception #1177 —LHBIRIEE,
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-+ hust-os-exp git:(

childs: 3395 3396

I send you times.

send you 2 times.

send you 3 times.

send you 4 times.

send you 5 times.

send you 6 times.

send you times.

send you times.

send you times.

send you times.

send you times.

send you times.

send you times.

send you times.

send you times.
subprocess 1 is killed by par
subprocess 2 is killed by par
parent proc is killed now

-» hust-os-exp git:(master # I did nothing to it!

O oo~NOoU AWM=

I
d
i
i
I
1L
I
il
I
il
T
1l
1
I

- hust-os-exp git:(m

childs: 3904 3903

I send you 1 times.

I send you 2 times.
ACsubprocess 2 is killed by par
subprocess 1 is killed by par
parent proc is killed now

> hust-os-exp git:(m Od |

Bk KRR

#include <cassert>
#include <chrono>
#include <rlib/stdio.hpp>
#include <thread>

#include <signal.h>
#include <sys/types.h>
#include <sys/wait.h>
#include <unistd.h>

#include <rlib/sys/sio.hpp>

using rlib::println;

using namespace rlib::literals;

using namespace std::chrono_literals;

template <typename FuncType, typename TimeType>
void timed_callback(FuncType func, TimeType time) {



std::thread([&] {
std::this_thread::sleep_for(time);
func();
})
.detach();
}

std::function<void()> *real_handler = nullptr;
void handler(int) {

(#real_handler)();

exit(0);
}

int main() {
fd_t fPipe[2];
assert(0 == pipe(fPipe));
assert(SIG_ERR != signal(SIGINT, &handler));

auto pids = std::make_pair(fork(), fork());
auto times = 0;
if (pids.first + pids.second == 0)
exit(0);
if (pids.first == 0) {
// child 1
auto h = [] { println("subprocess 1 is killed by par"); };
real_handler = new std::function<void()>(h);
close(fPipe[0]);
while (true) {
const auto str = "I send you {} times"_format(++times);
rlib: :fdIO: :quick_write(fPipe[1], str);
std::this_thread::sleep_for(1ls);
}
} else if (pids.second == 0) {
// child 2
auto h = [] { println("subprocess 2 is killed by par"); };
real_handler = new std::function<void()>(h);
close(fPipe[1]);
while (true) {
try {
println(rlib::fdIO::quick_readall(fPipe[0]));
} catch (...) {
}

} else {



// parent

// no error check

println("childs: ", pids.first, pids.second);

auto h = [=] {
kill(pids.first, SIGINT);
waitpid(pids.first, NULL, NULL);
kill(pids.second, SIGINT);
waitpid(pids.second, NULL, NULL);
println("parent proc is killed now");

bl

real_handler = new std::function<void()>(h);

timed_callback([] { kill(getpid(), SIGINT); }, 15s);

while (true)



23K KiERTC5EE

2.1 BHHY

1. EiE Linux T&EMES;
2. THE Linux &iE2RAZ 5@EMEENS;

3. BIHESITRIEINLREENRS 5ER,

i

2.2ERAR

B Linux ZERESESATNG, RITHIMITENLRES 1/0 L5
BiE,

BFEKFIEE HZFHTEa

%32 1 isRITE (1 2 100 BEM, BRIM—1NE)

7% 2 TSEITED (A RINRYARE 4R )

HSNEXR: ARAEIESKILLLINGE,

2.3kt

2.3.1 FHEW®E

recolicaRECOLICPC

0S: Arch Linux

Kernel: x86_64 Linux 5.0-rcl
Uptime: 27d 2h 32m

Packages: 1795

Shell: fish 2.7.1
Resolution: 4480x1440

DE: GNOME

HEEHFXNET S



WM: GNOME Shell

WM Theme:

GTK Theme: Gnome-0SX-II-2-6 [GTK2/3]

Icon Theme: hicolor

Font: Cantarell 11

CPU: Intel Core 15-4200H @ 4x 3.4GHz [59.0°C]
GPU: GeForce GTX 950M

RAM: 2734MiB / 15489MiB

Disk: 1TiB ext4/btrfs/ntfs + 2TiB nfs

recolicaRECOLICMPC

0S: Arch Linux

Kernel: x86_64 Linux 4.20.0-archl1-1-ARCH
Uptime: 4d 16h 45m

Packages: 1201

Shell: fish 2.7.1

Resolution: 1920x1080

DE: GNOME

WM: GNOME Shell

WM Theme: Human
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Font: Cantarell 11
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Disk: 128GiB btrfs + 2TiB nfs

2.3.2 SLEigi

W FZLIERD, X2 —MRHER provider-consumer model, {#H—4 condition

variable BN LEEEBAVITERR AR, WTFLHEPFRIBFIFMBEFRE, BSH wikipedia:
https://en.wikipedia.org/wiki/Monitor_(synchronization)

3 FZHFERRAS, PERIMES fifo, socket, pipe. ;JHEP T, RE rlib BENTE fifo &

AR TR ERMKIERENEE, ERERRERIXNEERN sysetmV BZPAT,



2.4 LA
2.4.1 LRTE

WFESLERAEA, B c++ #5 F E W condition variable 8 {8 A it BF XX 14
(https://en.cppreference.com/w/cpp/thread/condition_variable), B4 =&HH
BERRY, FARNEENITREIRL

SWFZEERAE, EFE man 2 msgget ' man 2 msgrev', FiRBHDHIBFEER
BEMRY, ARNHEENTEHR, IRMERERRENGSITSERREERESE,
EREMEER --key SRESRFERAEBIFHEN, XEXRHT rlib EREDEIEE

SRR SRR G — B X ERED,

2.4.2 SERIFHALDE

EIEEFMBRmIEFRRE, —XET,

EARELEHPRERE, c++ STL 89 condition variable #EOARARSTER, EREFTE
S — 1 bool TERPALE fake wake, HEFERAEZFEZBCEIF Y. WREBS
std::lock_guard EaJLA{RIP critical section BIIEQRITTHEMEMT 7. BFHEBEMFE
BHRESEHRIFRINEH,

SHIZRRAR) system v api —MBEER ¢ K&, RAIRITERINEERERBES. . .

B, EXlinux MR, ERZ#HF c++14, c++17 3 c++20 iERRIFSE.



IR EIFTR, SAZFIATZ AR AR LI L5 RER ERA.

-» hust-os-exp git:(
Current a is 4186
Current is 4278
Current is 4371
Current is 4465
Current is 4560
Current is 4656
Current is 4753
Current is 4851
Current is 4950

OO0 000000

Current a is 5050
-+ hust-os-exp git:(

-+ hust-os-exp git:( p) --adder Current
-+ hust-os-exp git:( ] Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
[

Current
Current
Current
Current

nt
Current
Current
Current

PR SKIeRHE

BLIERA:

#include <condition_variable>
#include <mutex>
#tinclude <thread>

#include <rlib/stdio.hpp>

int a = 0;
std: :mutex a_m;
std::condition_variable a_cv;
10



bool processed = false;

void adder_thread() {

for (auto cter = 1; cter < 101; ++cter) {
std::unique_lock<std::mutex> lk(a_m);
a_cv.wait(lk, [] { return processed; });
a += cter;
processed = false;
1k.unlock();
a_cv.notify_one();

void printer_thread() {
while (true) {

std::unique_lock<std: :mutex> lk(a_m);
a_cv.wait(lk, [] { return !processed; });
rlib: :println("Current a is", a);
processed = true;
1k.unlock();
a_cv.notify_one();

int main() {
std: :thread(&printer_thread).detach();
adder_thread();

SHIZIRA:

#include <cassert>
#include <rlib/opt.hpp>
#include <rlib/stdio.hpp>
#include <sys/ipc.h>
#include <sys/msg.h>
#include <sys/types.h>

constexpr int msgsize = sizeof(int) / sizeof(char);

struct r_msgbuf {
long mtype = 1; /#* message type, must be > 0 */
char mtext[msgsizel; /* message data */

};



void adder(int qid) {
int a = 0;
for (auto cter = 1; cter < 101; ++cter) {
a += cter;

r_msgbuf buf;
std: :memcpy(buf.mtext, &a, sizeof(a));
assert(msgsnd(qid, (void *)&buf, msgsize, IPC_NOWAIT) !=

—iL)E

}

r_msgbuf buf{2}; // EOF message

assert(msgsnd(qid, (void *)&buf, msgsize, IPC_NOWAIT) != -1);
}

void printer(int qid) {
while (true) {
r_msgbuf buf;
msgrcv(qid, (void *)&buf, msgsize, 0, NULL);

if (buf.mtype == 2)

break; // EOF message type is 2.
auto a = *(int *)(buf.mtext);
rlib::println("Current a is", a);

int main(int argc, char x*xargv) {
rlib::opt_parser args(argc, argv);
auto key = args.getValueArg("--key", false,
"25501").as<key_t>();
auto qid = msgget(key, IPC_CREAT | 0666);
assert(qid !'= -1);

if (args.getBoolArg("--adder"))
adder(qid);

else if (args.getBoolArg("--printer"))
printer(qid);

else
rlib: :println("Usage: this --adder/--printer");

12



3 XK= HEAGFSHEERS

3.1KKE K

1, 2 Linux TRERENBRSSERRE;
2. EEMREINEMSERTE,

3. ZiE Linux F#RER T 5@ENEENF,

3.2XBAR

NASNMEZERE (BRZE) MRS, HEXGERRIBIRXG, KMANHE

D,

3.3 SRR 1ig it

3.3.1 FAXLRKFIE

recolicaRECOLICPC

0S: Arch Linux

Kernel: x86_64 Linux 5.0-rcl

Uptime: 27d 2h 32m

Packages: 1795

Shell: fish 2.7.1

Resolution: 4480x1440

DE: GNOME

WM: GNOME Shell

WM Theme:

GTK Theme: Gnome-0SX-II-2-6 [GTK2/3]
Icon Theme: hicolor

Font: Cantarell 11

CPU: Intel Core i5-4200H @ 4x 3.4GHz [59.0°C]
GPU: GeForce GTX 950M

RAM: 2734MiB / 15489MiB
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Disk: 1TiB ext4/btrfs/ntfs + 2TiB nfs

recolicaRECOLICMPC

0S: Arch Linux

Kernel: x86_64 Linux 4.20.0-archl1-1-ARCH
Uptime: 4d 16h 45m

Packages: 1201

Shell: fish 2.7.1

Resolution: 1920x1080

DE: GNOME

WM: GNOME Shell

WM Theme: Human

GTK Theme: Gn-0SX-HSierra-1.2.1-S [GTK2/3]
Icon Theme: la-capitaine-icon-theme

Font: Cantarell 11

CPU: Intel Core m3-7Y30 @ 4x 2.6GHz [26.0°C]
GPU: 1intel

RAM: 2002MiB / 3828MiB

Disk: 128GiB btrfs + 2TiB nfs

3.3.2 L%t

SERTIUNA C++HREERTEINZN SR, WRKEHREIMKRESAHRE. TH
BARHOR N A,
B, C++Z3FE# operator new #l operator delete, XEFSHEAEN LER
ERRR, B RFEER—N R operator new ERAFK B 2 E XY create_shared_memory
ERFmARZ malloc/calloc HECZE, (AT E CEXBIRBMARZ free RIFMZ BB,
BRBVRIER, create_shared_memory 8/ mmap HEEEBEHZEZ BRZNE
BRTE, ZERAEN— MR ERIREL operator new, {REBIIZEITEZE T HEZEHIA
I\, IXIEYN malloc 7EHE L Fr#AVIRIEAR(U, FIRT, operator delete RIBEFISLTZEN meta
58, A munmap BRZEE, XHFZE, EE—MEE c++ new EIENNREBSH

HEHIZEIHE,
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ATHE st ERERKBENZEDETE, BT —"IIEEHERERY std::allocator,
ERELE S BER, UNESKREBNIWAIERBENTR, BT
&::mmap_allocator,

fEfe, HFEATHE c++ stdumutex WERKRIIM, AFEXNFENELEER
unmovable B, FHBECSE T —1N#HE std layout 89 rlib::stdlayout_mutex, H#HFY
cache £, BT stl lib WMEFSEH, c++&RBESFEENRBEEE mutex KAEE
Bl LA fE A F B mutex K & stdimutex, XESHEAVBESEZY — 4
std::lock/std::lock_guard/std::unique_lock &,

RfE, BBIET —/ std::list, IR—MEREMBEPXMIN @R, KESHEET
—MRE 16, BEE, REE—ITEMRNEER, FTREHEE T — rlib::circularlterator A
RAHE std:iiterator 251K, IFEXMER"BER"MEEWMIRNT, RHAECIET
cache list zf5, AmAMNFHEAEEL], BT cache X4 standard layout FIZERIATF
REFREHEZEIHAZEN(BEE@MN mutex), ELLERRTMRIT R MNEE —HWEEN.

MANMLEFENTR, ERNMEREZEELS — MIEEPXEESIRE, WM ER
QEEMFEFMNBERN AR, AFEZERELIE—-TXENREINAE CHEBRNIER R
AT, HATEREAETEZR, REEBREZIMARNE— NS Z(EOF)RERE, #

WENIRIEIZI XN EZEENEFEISBEERANKET, TREHEANT, 4R,
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3.4 SERAR

3.4.1 SRR

FERAANLAXYE, AR 3.cc MAMEEIE, IFHTREL—BHELRREA,
3.4.2 SERIAHROE

AREWIREFBET —ANEHR (stIM ) ., EEH T operator new 2 /5,
std::list<cache> S BEREHZFEHNRFLIEERL, FRERILNRIEEB—RAFR
KR, HMARSEE segmentation fault HIP, BT/ +HHEMTRS log 7KW,
operator new INFER new $FA, stl i@FI{EA allocator MARE#IAA operator
new,

EE, EX linux M8, EXRIHE c++14, c++17 3 c++20 inERMZRIEEE,
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BTRFS: The Linux B-Tree Filesystem

OHAD RODEH, 13t
JOSEF BACIK and CHRIS MASON, FusionI0

BTRFS is & Linux flesystom that has been adopted as the default Blesystem in some popular versions of
Linux. It is based on copy-on-write, allowing for efficient snapshots and cloncs. It uses B-trees as its main
ondisk data structure, The design gol is to work well for many use eases and workloads. To this end,
musch offort has been dirccted to maintaining even perfmance s the filesystem ages, mather thar trying
to support a particular narrow benchmark wse-case.

filsystems are installed on smartphones ss well as enterprise servers. This entails challenges on
many different fronts.

— Scalability. The filesystem must scale in many dimensions: disk space, memory and CPUs.
i e e g S e i it 5 i sl T st T
port built into tho filsy:

e hand ks It e spocod 0 b bl
lpes to the RAID and striping mechanisms.

e algorithms of this flesystem. It sheds light
loo of mapshots, and the tradeoffs required to
workoads.

fish [home/recolic/code/hust/hust-o0s-exp/3 ®

recolic 4.0K 18

c recolic 4.0K 1§

recolic recolic 56K 18

recolic recolic 5.3K 1§ 3.cc wpy-en-vrite, filksystem, RAID, shadawing,
recolic recolic 4.7M 18 § btrfs-paper.pdf

recolic recolic 15 18 2 in.dat -> btrfs-paper.pdf

lomsl: Storage Managemont; D4 [Operating
jtems: Performance

recolic recolic 18 154 iterators.hpp 10006 - J O} =
recolic recolic 1A v :03 Makefile
recolic recolic 718 9 5 =5
recolic recolic 783 18 9 20:54 stdlayout_mutex.hpp
8616cf6a080069e32c9ecff7e82618e8445 4 btrfs-paper.pdf
FoecBbabcsl£3523C698616cf6a080069e32Coec 768261 8e 34457 a040a out.pdf
> 3 git: Cnasiten) X : B e
f9ec8babe81f3523c698616cf6a080069e32c9ecff7e82618e844575c9ead40a in.dat leases and workloads. To this end,
foec8babc81f3523¢698616cf6a080069¢32coecff7e82618¢844575c9ea040a out. dat o o e than o
3 git ) X servers, This entails challenges on

. memory, and CPUs.
ded. to safoguard the content. This
ineludes chocksums, metadata duplieation, and RAID support built into the filesystem.
— Disk diversity. The system should work well with SSDs and hard disks. It is also expected to be able to
use an array of difforent sized disks, which poses challenges to the RAID and striping mechanisms.

This article describes the core ideas, data structures, and algorithms of this flesystem. Tt sheds light
on the challenges posed by defragmentation in the presence of smapshots, and the tradeoffs required to
i orn prformanse i he fse o vid spestoum of vorkl s
d Subiect Descriptors: D.4.2 Management; D4.3 [Operating
Systems): Filesystem management; D.i.8 [Operating Systems: Performarce
Goneral Terms: Algorithms, Performance
Additional Key Words and Phrascs: Bireos, concurrency; eopy-on-write, Blesystem, RAID, shadowing,
snapshots
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e
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ACM Reference Fors

R, . Back 1 and Mason, C. 2013 BURFS: The Linux Bize Slsystom, ACM Tyanx Storoge 9,
Aticle 9 (August 2013), 32 pages.

‘DO hitpd doi orgf10.1145/2501620.2501623

1. INTRODUCTION
BTRFS is an open source filesystem that has seen extensive development sin
ception in 2007. It is jointly developed by Fujitsu”™, Fusion-10”, Intel™, cvm.le
Red u.;zl“-' Slrdu;“‘ SUSF}”‘ and many others. 1 is slated tobecome the next major
Linux filesystem. Its main features are: ~

(1) CRCs maintained for all metadata and dat:
(2) oMicient weitoable sn apshots, eloncs as first elass citisens;
13) multidevice support;

Author's address: 0. Rodeh; email: orodeh@us. ibm.com.
Pormission to make digital or hand copios of partor all of this work for personal or classreom use s granted

it fo provided that copes are .'..a or disribuied for profitor commercial advantage and that
conies ‘are adisolay Gtation, Copvriehts

PR SKIeRHE

# iterators.hpp LI TIRIRIEREE

#ifndef RLIB_ITERATOR_HPP_
#idefine RLIB_ITERATOR_HPP_ 1

namespace rlib {
template <class baseIter> class circularIterator {
private:

baselter cur;

baseIter begin;

baselter end;

public:
circularIterator(baselter b, baseItere) : cur(b), begin(b), end(e)
{}
circularIterator(baselter b, baselter e, baselter c)
: cur(c), begin(b), end(e) {}
17



baseIter &Goperator++() {
++cur;
if (cur == end) {
cur = begin;
}
return cur;
}
typename baselter::pointer operator->() { return &*cur; }
typename baselter::reference operator*() { return *cur; }
bl
} // namespace rilib

ttendif

# stdlayout_mutex.hpp, 3LILT standard layout B mutex.

#ifndef RLIB_NAIVE_MUTEX_HPP_
#idefine RLIB_NAIVE_MUTEX_HPP_ 1

#include <atomic>
#include <stdexcept>

namespace rlib {

//! Mutex with standard layout.
class stdlayout_mutex {
public:
stdlayout_mutex() : locked(false) {}
void lock() {
while (true) {
if (try_lock())
return;
}
}
bool try_lock() {
bool expected = false;
return locked.compare_exchange_strong(expected, true);
}
bool is_locked() { return locked; }
void unlock() {
if (not locked)
throw std::logic_error("unlock a unlocked mutex.");
bool expected = true;

18



while (not locked.compare_exchange_strong(expected, false))
i // Try again

private:
std::atomic<bool> locked;

b
} // namespace rilib

ttendif

# 3.cc, LM T HMBIE

#include "iterators.hpp"
#include "stdlayout_mutex.hpp"

#include <chrono>
#include <fstream>
#include <list>
#include <memory>
#include <mutex>
#include <thread>

#include <sys/mman.h>
#include <sys/types.h>
#include <unistd.h>

#include <rlib/impl/traceable_list.hpp>
#include <rlib/stdio.hpp>
#include <rlib/string.hpp>

using namespace rlib::literals;
using namespace std::chrono_literals;

void *create_shared_memory(size_t size) {
// Our memory buffer will be readable and writable:
int protection = PROT_READ | PROT_WRITE;

// The buffer will be shared (meaning other processes can access
it), but

// anonymous (meaning third-party processes cannot obtain an
address for

19



// it), so only this process and its children will be able to
use it:
int visibility = MAP_ANONYMOUS | MAP_SHARED;

// The remaining parameters to “mmap()  are not important for
this use case,

// but the manpage for ‘mmap’ explains their purpose.

auto ptr = mmap(NULL, size, protection, visibility, 0, 0);

if (ptr == MAP_FAILED)

throw std::runtime_error(

"mmap failed. system error: {}"_format(strerror(errno)));
return ptr;

// See StackOverflow replies to this answer for important commentary
about
// Inheriting from std::allocator before replicating this code.
template <typename T> class mmap_allocator : public
std::allocator<T> {
public:

typedef size_t size_type;

typedef T *pointer;

typedef const T *const_pointer;

template <typename _Tpl> struct rebind {
typedef mmap_allocator<_Tpl> other;

b

pointer allocate(size_type size, const void *hint = 0) {
void *ptr = create_shared_memory(size + sizeof(size));
size_t *size_ptr = reinterpret_cast<size_t *>(ptr);
*size_ptr = size;
return (pointer)++size_ptr;

void deallocate(pointer ptr, size_type n) {
size_t *size_ptr = reinterpret_cast<size_t *>(ptr);

--size_ptr;
auto res = munmap(size_ptr, *size_ptr);
if (res == -1)

throw std::runtime_error(
"munmap failed. system error:
{}"_format(strerror(errno)));
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mmap_allocator() throw() : std::allocator<T>() {}

mmap_allocator(const mmap_allocator &a) throw() :
std::allocator<T>(a) {}

template <class U>

mmap_allocator(const mmap_allocator<U> &a) throw() :
std::allocator<T>(a) {}

~mmap_allocator() throw() {}

};

class cache {
public:
static void *operator new(size_t size) {
void *ptr = create_shared_memory(size + sizeof(size));
size_t *size_ptr = reinterpret_cast<size_t *>(ptr);
*size_ptr = size;
return ++size_ptr;
}
static void *operator new[](size_t size) { return operator
new(size); }
static void operator delete(void *ptr) {
size_t *size_ptr = reinterpret_cast<size_t *>(ptr);

--size_ptr;
auto res = munmap(size_ptr, *size_ptr);
if (res == -1)

throw std::runtime_error(
"munmap failed. system error:
{}"_format(strerror(errno)));

}

static void operator delete[](void *ptr) { return operator
delete(ptr); }

bool dirty = false;
rlib::stdlayout_mutex mut;

std::array<char, 1024> data;
size_t data_len;

bool eof_flag = false;

private:

};
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int main() {
std::list<cache, mmap_allocator<cache>> caches(16);

auto pid = fork();
if (0 == pid) {
// child 1
// open file to write
std::ofstream o("./out.dat",
std::ios_base::binary | std::ios_base::trunc);
rlib::circularIterator<decltype(caches.begin())> iter(
caches.begin(), caches.end(), caches.begin());
for (; true; ++iter) {
std::lock_guard<rlib::stdlayout_mutex>
lock(iter->mut);
if (iter->dirty) {
// write into file
o.write(iter->data.data(), iter->data_len);
iter->dirty = false;
}
if (iter->eof_flag)
break;
}
rlib::println("writer exiting...");
return 0; // fileWriter done his job!
} else {
// parent
// open file to read data into memory
std::ifstream i("./in.dat", std::ios::binary |
std::ios::ate);
if (not i)
throw std::runtime_error("Failed to open
file ./in.dat");
size_t fileSize = i.tellg();
i.seekg(0);

rlib::circularIterator<decltype(caches.begin())>
iter(caches.begin(),
caches.end());
for (; true; ++iter) {
std::unique_lock<rlib::stdlayout_mutex>
lock(iter->mut);
if (iter->dirty) {
// Maybe: reader and writer hit their head!
// wait for the writer plz...
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// Maybe: reader ate its own snake tail!

lock.unlock();

while (iter->dirty)

// writer finally catched...
lock.lock();

// OK. do the file reading.

auto blockSize = (fileSize > 1024) ? 1024 :

i.read(iter->data.data(), blockSize);
iter->data_len = blockSize;
iter->dirty = true;
fileSize -= blockSize;
lock.unlock();
if (fileSize == 0) {
iter->eof_flag = true;
rlib: :println("reader exiting...");
return 0; // fileReader done his job!

fileSize;
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Linux X##HF

4 35580

4.1 B

1. TH#E Linux X RGKS B RIZME;
2. THE Linux X RGBREM;

3. EEXHMBRIRERFIRITTGE

4.2BABT

Wiz B XEWINEE:
TNRESEM Is -IR;
EWEERR THNHRFERESR:
BRXMAERE, K HEFER;

BIHERFEZRPHRBEXHER.

4.3 3K5e T

4.3.1 HEHFIE

recolicaRECOLICPC

0S: Arch Linux

Kernel: x86_64 Linux 5.0-rcl
Uptime: 27d 2h 32m

Packages: 1795

Shell: fish 2.7.1
Resolution: 4480x1440

DE: GNOME

WM: GNOME Shell

WM Theme:
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GTK Theme: Gnome-0SX-II-2-6 [GTK2/3]

Icon Theme: hicolor

Font: Cantarell 11

CPU: Intel Core 15-4200H @ 4x 3.4GHz [59.0°C]
GPU: GeForce GTX 950M

RAM: 2734MiB / 15489MiB

Disk: 1TiB ext4/btrfs/ntfs + 2TiB nfs

recolicaRECOLICMPC

0S: Arch Linux

Kernel: x86_64 Linux 4.20.0-archi1-1-ARCH
Uptime: 4d 16h 45m

Packages: 1201

Shell: fish 2.7.1

Resolution: 1920x1080

DE: GNOME

WM: GNOME Shell

WM Theme: Human

GTK Theme: Gn-0SX-HSierra-1.2.1-S [GTK2/3]
Icon Theme: la-capitaine-icon-theme

Font: Cantarell 11

CPU: Intel Core m3-7Y30 @ 4x 2.6GHz [26.0°C]
GPU: 1intel

RAM: 2002MiB / 3828MiB

Disk: 128GiB btrfs + 2TiB nfs

4.3.2 LGt

LR SRIBERT C++17 FIIAM std::filesystem, EFR{XERE 10 TREBATE
IFiBH B R, ERIA 100 TRBAREREERN,

A 10 TRBERMER RN —NEIT, FIHFITENB KPS entry, K main &
BH L ITRRI,

HARHY 100 1TE R S MEUR L BIGEIR AL std::string Zk 3T operator<<#HiZERF

MER, ZEIFEER, FHIZFGE,
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4.4 LI8ER
4.4.1 SBRTRE

RRIREFERT C++17 FIOAR std::filesystem, EAR{XEARE 10 1TRIEBATE
EHER, HRIT 100 {TRBAREREEEN,

BB 10 ITRBEREF RN —NMEIA, JIEHITENERFFE entry, Uk main &
R E S ITRET,

HAM 100 1TEH 2GS M BUR L RIEIRR std::string BX3T operator<<#gi iz &M

ME, ZEIFEER, FHIZFGE,

4.4.2 SEIRARDS

F—REFTREPITRBE, RMEE/dev/fd/3 BELETERIA, BFXNERTEMHE
EA—#1$, HE 3 S file descriptor, &B#HITIELHAY debug, EHEHE /I hardcode Bk

IR, EXlinux MR, EXKZH c++17 5 c++20 tRERRIFEE,
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TER/LKMEE, EERHFELEIEANIER, HEENTFKBRIIKEIBFRE linux BRIE
HiRME, B1¥EE4N/dev F/proc,

XRHNIEER,

hust-os-exp git X
qlt PWXr-xr-x - 2019-01-09 21:10:10 directory
./.git/packed-refs" rw-r--r-- 114 2019-01-02 14:03:29 regular file
it/logs” rwxr- X - 2019-01-02 1 29 directory
L / git/logs/HEAD" rw- r-- 485 2019-01-09 20:54:15 regular file
t/logs/refs" rwxr-xr-x - 2019-01-02 14:03:29 directory
glt’loqs.’refs/remot?s rwxr-xr-x - 2019-01-02 14:03:29 directory
it/logs/refs/remotes/origin" rwxr-xr-x - 2019-01-02 15:15:33 directory
git/loegs/refs/remotes/origin/HEAD" rw-r - 185 2019-01-02 14:03:29 regular file
t/logs/refs/remotes/origin/master" rw-r--r-- 149 2019-01-02 15:15:33 regular file
/.glt/logs/refs/heads” rwxr-x - 2019-01-02 14:03:29 directory
./.git/logs/refs/heads/maste rw-r--r-- 329 2019-01-02 15:15:21 regular file
.git/index" ri 1.066406Ki 2019-01-09 20:54:16 regular file
git/HEAD" r - 23 2019-01-02 14:03:29 regular file
5 E 41 2019-01-09 20:54:15 regular file
/.git/config" rw- 2 2019-01-02 14:03:29 regular file
.git/objects" rwxr-xr-x - 2019-01-02 15:15:21 directory

it/objects/83/304a54f5b4964b699c8c2ca%24a81b55c30390" - 382 2019-01-02 15:15:13 regular file
git/objects/a4" Xr-x - 2019-01-82 15:15:13 director
i bjects/a4/8 abl ucb..bOachchcBchaScuwSS(€669" -- 244 2019-01-02 15:15:13 regular file
git/objects/85" PWXr-xr=x - 2 Y
it/objects/85/48b745304b0170347932a05869678297d 4 - 333 2019-01-02 15:15:16 regular file
t/objects/pack” rwxr-xr-x - 2019-01-02 14:0
git/objects/pack/pack-13a741701f47b3b2518e86cf928ad2adb .pack’ 12.036133Ki 2019-01-02 14:03:28 regular file
/.git ’ab]ects/puck’pﬂck 13a741701f47b3b2518e86cf928ad2adb290e23f . idx" - 1.484375K1 2019-01-02 14:03:28 regular file
s/5b" rwxr-xr-x - 2019-01-02 15:15:13 direct
ts/5b/2d46270d8cc8dbcee4df3c0ef000d52210115 -- 33 2019-01-02 15:15:13 regular file

- 814 2019-01-02 15:15:21 regular file

Xr-x = 2019-01-02 15:
cle6f6652a0db53491c24b454 3] - 897 2019-01-02 15:15:13 regular file
xr-xr-x - 2019-01-02 14:03:18 dlrectm\f

.git/hooks" rwxr-xr-x - 2019-01-02 14:03:18 directory

"./.git/hooks/post-update.sample” rwxr-xr-x 189 2019-01-02 14 8 regular file
.git/hooks/fsmonitor-watchman.sample” rwxr-xr-x 3.249023Ki 2019-01-02 14:03:18 regular file
.git/hooks/pre-rebase.sample” rwxr-xr-x 4.783203Ki 2019-01-02 14:03:18 regular file
.git/hooks/pre-push.sample” rwxr-xr-x 1.316406Ki 2019-01-02 14:03:18 regular file
.git/hooks/prepare-commit-msg.sample” rwxr-xr-x 1.457031Ki 2019-01-02 14:03:18 regular file
.git/hooks/pre-applypatch.sample" rwxr-xr-x 424 2019-01-02 14:03:18 regular file
.glt’hooks commit-msg. snmple rwxr-xr-x 896 2019-01-02 14:03:18 regular file
& plypat mple" rwxr-xr-x 478 2019-01-02 14:03:18 regular file

XZ/dev, F—XIBITRBERM root IR, ALLIEFMEFERE.

=. %)
- - 2019-01-09 00: 21 31 character file
rWxr-x--= - 2019-01-09 00:21:29 directory
terminate called after throwing an instance of 'std::filesystem::__cxx11l::filesystem_error'
what(): filesystem error: directory iterator cannot open directory: Permission denied [/dev/vboxusb]
fish: Job 3, ‘Li/tcee ev' terminated by signal SIGABRT (Abort)
hust-os-exp git: B
g vidia-modeset" rw-rw-rw- - 2019-01-09 00:22:08 character file
ev/nvidia@" rw- rw- - 2019-01-09 00:22:08 character file
ev/nvidiactl" rw-rw-r 01-09 00:22:04 character file
/dev/vecsab” rw-rw- i
rw-rw- 9 00 38 character file
rW-rw- 138 character file
rw- 8 character file
rw-rw- 9 00:21:38 character file
/€S5" L PW-rW- ¢ 8 character file
/csa4” rw-rw- : :21:38 character file

(au4” r'w-rw- - 2019~ 01 @9 _00:21:38 character file
rW-rw- 2019-01-09 00:21:38 character file
csa3" rw-rw- - 2019-01-09 @0:21:38 character file

ev/vcsu3" rw-rw- - 2019-01-09 @0:21:38 character file
§ rW-rw- 2019-01-09 00:21:38 character file
rW-riN= - 2019-01-09 00:21:38 character file
u r'w-rw- - 2019-01-09 00:21:38 character file
/cs2" rw-rw---- - 2019-01-09 00:21:38 character file
41" rwxr-xr-x - 2019-01-09 00:21:31 directory
41/by-path" rwxr-xr-x - 2019-01-09 00:21:31 directory
"/dev/v4l/by-path/pci-0000 14.0-usb-0:7:1.8-video-index1" rw-r - 2019-01-09 00:21:31 character file
"/dev/v4l/ C 000:00:14.0-usb-0:7:1.0-video-index@" rw-rw - 2019-21-09 00:21:31 character file
"/dev/v4l/by-id" rwxr-xr-x - 2019-01-09 @ i y
"/dev/ /by-id/usb-Chicony_Electronics_Co._Ltd._USB2.0_VGA_UVC_WebCam_8x0001-video-index1" rw-rw----
"/dev/v4l/by-id/usb-Chicony_Electronics_Co._Ltd. USBZ.0_VGA_UVC_WebCam_0x0001-video-index@" rw-rw----
/dev/mtdlro"” rw - 2019-01-09 00:21:31 character file
/dev/mtdl"

/proc/self/task/fd/3 tE & H I KU /dev/fd/3 HEREF L@, thEi®T hardcode figR

B,
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hust-os-exp git
"/proc/fb Eeer- - 0 2019-01-09 21:13: 09 regular file
/proc/fs" r-xr-xr-x - 2019-01-09 00:21:38 directory
/proc/fs/ext4" r-xr-xr-x - 2019-01-@9 21:13:@9 directory
"/proc/fs/ext4/sda8" r-xr-xr-x - 2019-01-09 21:13:09 directory
"/proc/fs/ext4/sdu8/opt1ons gty @ 2019-01-09 21:13:09 regular| file
/proc/fs/ext4/sda8/mb_groups" r--r--r-- 0 2019-01-09 21:13:09 regular file
/proc/fs/extd4/sda8/es_shrinker_info" r--r--r-- @ 2019-01-09 21:13:09 regular file
"/proc/fs/jbd2" r-xr-xr-x - 2019-01-09 21:13:09 directory
] ‘jbd2/sda8-8" r-xr-xr-x - 2019-01-09 21:13:09 directory
/proc/fs/jbd2/sda8-8/info" r--r--r-- @ 2019-01-09 21:13:09 regular file
/proc/fs/nfsd" r-xr-xr-x - 2019-01-09 21:13:@9 directory
oroc/ts/lockd" r-xr-xr-x - 2019-01-09 21:13:09 directory
proc/fs/lockd/nlm_end_grace"” rw-r--r-- @ 2019-01-09 21:13:09 regular file
"/proc/fs/nfsfs" r-xr-xr-x - 2019-01-09 21:13:09 directory
"/proc/fs/nfsfs/servers” p--r- - 0 2019-01-09 21:14:11 regular file
"/proc/fs/nfsfs/volumes" r--r- - 0 2019-01-09 21:14:11 regular file
"/proc/fs/fscache" r-xp-xr-x - 2019-01-09 21:13:@9 directory
"/proc/fs/fscache/stats" r--r--r-- 0 2019-01-09 21:13:09 regular. file
"/proc/fs/fscache/histogram” r-- @ 2019-01-09 21:13:09 regular file
fpror’bus" F=xr-xr-x - 2019-01-09 00:21:38 directory
proc ‘bus/pci” r-xr-xr-x - 2019-01-09 21:13:09 directory
"/proc/bus/pci/00" r-xr-xr-x - 2019-01-09 21:13:09 directory
/proc/bus/pci/00/00.0" rw-r--r-- 256 2019-01-09 21:13:09 re » fille
"/proc/bus/pci/00/01.0 4.000000Ki 2019-01-09 21: 9 regular file
"/proc/bus/pci/00/02.0 256 2019-01-09 21:13:09 ar file
/proc/bus/pci/00/03.0" . 4.000000Ki 2019-01-09 21: 9 regular tile
ror’bus/pc1/@@/14.@" 256 2019-01-09 21:13:09 regular file
@" rw-r--r-- 256 2019-01-09 21:13:09 ular file
@" rw-r--r-- 256 2019-01-09 2 sHE i

WFRXG, HegigBaniFie SRR A ERXAERN,

+ hust-os-exp git:( ) X d Ji s,
"/harddisks/packages/systems/android-x86-6.0-r3.is0" rwxrwxrwx 572.000000Mi 2018-01-15 15:20:42 regular file
"/harddisks/packages/systems/archlinux-2018.12.01-x86_64.1s0" rwxrwxrwx 588.000000Mi 2018-12-07 21:28:30 regular file
"/harddisks/packages/systems/cn_windows_7_home_basic_with_spl_x86_dvd_u_676500.1s0" rwxrwxrwx 2.471056G1 2018-06-2
"/harddisks/packages/systems/cn_windows_7_home_premium_with_spl_x64_dvd _u_676691.1is0" rwxrwxrwx 3.185642Gi 2018-07
"/harddisks/packages/systems/en_windows_7_ultimate_with_spl x64_dvd_u_677332.1s0" rwxrwxrwx 3.092833Gi 2018-01-13 8
"/harddisks/packages/systems/FreeBSD-11.1-RELEASE-amd64-dvdl.iso"” rwxrwxrwx 3.118502G1 2017-11-23 12:29:25 regular file
"/harddisks/packages/systems/linuxmint-18.2-xfce-64bit.1is0" rwxrwxrwx 1.534790Gi 2017-08-21 19:10:10 regular file
"/harddisks/packages/systems/sha256sum. txt" rwxrwxrwx 730 2017-08-21 19:45:15 regular file
"/harddisks/packages/systems/SHA256SUMS" rwxrwxrwx 1.548828Ki 2017-11-11 21:29:38 regular file
"/harddisks/packages/systems/ubuntu-16.04.4-server-i386.is0" rwxrwxrwx 814.000000Mi 2018-05-30 14:34:47 regular file
"/harddisks/packages/systems/ubuntu-18.04-1live-server-amd64.1s0" rwxrwxrwx 806.000000Mi 2018-07-17 12:46:34 regular file
"/harddisks/packages/systems/ubuntu-18.04.1-desktop-amdo4.iso" rwxrwxrwx 1.819199Gi 2018-12-01 13:40:18 regular file
harddisks/packages/systems/Winl®_17@9_English_x64.1is rWXrWXrwx 4.374760G1 2018-04-28 19:32:56 regular file
/harddisks/packages/systems/WinServer2012R2x64en_US.iso" rwxrwxrwx 4.230339G1 2018-05-01 00:09:17 regular file
"/harddisks/packages/systems/zh-hans_windows_xp_professional_with_service_pack_3_x86_cd_vl_x14-74070.1s0" rwxrwxrwx 601.041016Mi

PR SKIeRHE

# 4.cc ETEBIEEXE,

#tinclude "fs_prettyprint.hpp"
#include <filesystem>
#include <rlib/opt.hpp>
#include <rlib/stdio.hpp>

using namespace rlib::literals;
using namespace rlib::prettyprint;
namespace fs = std::filesystem;

void list_dir(const fs::path &dir, const size_t depth) {
28



if (std::string(dir).find("/dev/fd/") == 0)

return;
for (const auto &entry : fs::directory_iterator(dir)) {
rlib::printfin("{}{} {}", std::string(depth » 2, ' '),
entry.path(),
entry);

if (entry.is_directory())
list_dir(entry, depth + 1);

int main(int argc, char **argv) {
rlib::opt_parser args(argc, argv);
std::string path = args.getSubCommand();

list_dir(path, 0);

# fs_prettyprint.npp AR stdc++fs FINTRIBHEE EMATE L,

#ifndef RLIB_FS_STATUS_PRETTYPRINT
#idefine RLIB_FS_STATUS_PRETTYPRINT

#include <filesystem>
#include <iomanip>

namespace rlib::prettyprint {

namespace impl {

inline std::string ftypeToString(const std::filesystem::file_type

&t) {
switch(t) {

case std::filesystem::file_type::regular: return "regular file";
case std::filesystem::file_type::directory: return "directory";

case std::filesystem::file_type::symlink: return "symlink";
case std::filesystem::file_type::block: return "block file";
case std::filesystem::file_type::character: return "character
file";

case std::filesystem::file_type::fifo: return "fifo";

case std::filesystem::file_type::socket: return "socket";
case std::filesystem::file_type::unknown: return "unknown";
case std::filesystem::file_type::none: return "none";

case std::filesystem::file_type::not_found: return "not_found";

?

}
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return ;

}

inline std::string fsizeToString(const size_t fsize) {

if(fsize < 1024)
return std::to_string(fsize);
const auto KiB = (double)fsize / 1024.;

if(KiB < 1024) return std::to_string(KiB) + "Ki";
const auto MiB = KiB / 1024.;
if(MiB < 1024) return std::to_string(MiB) + "Mi";
const auto GiB = MiB / 1024.;
if(GiB < 1024) return std::to_string(GiB) + "Gi";
const auto TiB = GiB / 1024.;
if(TiB < 1024) return std::to_string(TiB) + "Ti";

const auto PiB = TiB / 1024.;
return std::to_string(PiB) + "Pi";

}

template <typename T>

std::string try_show_file_size(const T &arg) {

try {

return fsizeToString(std::filesystem::file_size(arg));
}

catch(...) {

return "-";
}
}
}

template<typename CharT, typename Traits>
std::basic_ostream<CharT, Traits>&

operator<< (std::basic_ostream<CharT, Traits> &os, const

std::filesystem: :permss p) {

return os

<< ((p & std::filesystem::perms::owner_read) !=
std::filesystem: :perms::none ? "r" : "-")

<< ((p & std::filesystem::perms::owner_write) !=
std::filesystem: :perms::none ? "w" : "-")

<< ((p & std::filesystem::perms::owner_exec) !=
std::filesystem: :perms::none ? "x" : "-")

<< ((p & std::filesystem::perms::group_read) !=
std::filesystem: :perms::none ? "r" : "-")

<< ((p & std::filesystem::perms::group_write) !=
std::filesystem: :perms::none ? "w" : "-")
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<< ((p & std::filesystem::perms::group_exec) !=

std::filesystem: :perms::none ? "x" : "-")

<< ((p & std::filesystem::perms::others_read) !=
std::filesystem: :perms::none ? "r" : "-")

<< ((p & std::filesystem::perms::others_write) !=
std::filesystem: :perms::none ? "w" : "-")

<< ((p & std::filesystem::perms::others_exec) !=
std::filesystem: :perms::none ? "x" : "-")

'

}

template<typename CharT, typename Traits>
std::basic_ostream<CharT, Traits>&

operator<< (std::basic_ostream<CharT, Traits> &os, const
std::filesystem::file_type&s t) {

return os << impl::ftypeToString(t);

}

template<typename CharT, typename Traits>
std::basic_ostream<CharT, Traits>&

operator<< (std::basic_ostream<CharT, Traits> &os, const
std::filesystem: :directory_entrys entry) {

auto lastWrite =

std::chrono: :system_clock::to_time_t(entry.last_write_time());

return os << entry.status().permissions() << ' ' <<
impl::try_show_file_size(entry) << ' ' <<
std::put_time(std::localtime(&lastWrite), "%F %T") << ' ' <<
entry.status().type();

}

}

#endif
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5 Kt : 4mi¥{EMAR Sconstruct

7E: HARY LIB r £/ 6 3RS,

ccflags = '-std=c++17'

# No need to compile rlib from source
# rlibenv=Environment(CPPPATH="./lib/rlib', CPPFLAGS="'-std=c++17")
# rlibenv.Library('r', ['lib/rlib/libr.cc'])

env=Environment(CPPDEFINES=[], LIBS=['r'], CPPFLAGS="'-std=c++17")
env.Program('l', 'l.cc', LIBS=['pthread’,'r'], CPPFLAGS="")
env.Program('2', '2.cc', LIBS=['pthread’,'r'])

env.Program('2-proc', '2-proc.cc', LIBS=['r"])

env.Program('3', '3.cc', LIBS=['r"])

env.Program('tree', '4.cc', LIBS=['stdc++fs','r'])

6 fiF: rlib R F Jan 9 2019

commit 3a442c6dd8661d45cfe7528112b93c42ffa5d591 (HEAD -> master,
origin/master, origin/HEAD)

Author: Recolic Keghart <root@recolic.net>

Date: Tuejan 8 19:31:15 2019 +0800

fix a compilation time error: missing include. fix some warning

HERW T an S ERMIRE:
for fl in (find . -type f -not -path "*/\.*')

eCho "rkrkkik G| skl 1

cat $fl
end > /tmp/out.log

RERFWNTF:

/******* /traltshp ****************/
#ifndef RLIB_TRAITS HPP
#define RLIB_TRAITS_HPP

#include <type_traits>
namespace rlib
namespace impl {

template<typename T>
struct is_callable_helper {
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priv?te: def char(& 1]
eder charl es H
tggedef charE&%o)BE];

struct Fallback { void operator()(); };
struct Derived LI' Fallbgck {% ’

template<typename U, U> struct Check;

template<typename>
static yes test(...);

template<typename C>
static no test(Check<void (Fallback::*)(), &C::operator()>*);

public: . . .
static constexpr bool value = sizeof(test<Derived>(0)) == sizeof(yes);

/fimpl

} //rlib
namespace rlib {

templa.te<tﬁpename T>

struct is_callable { . . . . . .
using _impl| = typename std::conditional<std::is_class<T>::value, impl::is_callable_helper<T>, std::is_function<T>>::type;
static Constexpr bool value() noexcept {

return _impl::value;

constexpr operator bool() noexcept {
return is_callable<T>::value();

+
}
#endif
/ ./Makefile /
CXX 7= g++
CC ?= gcc

AR ?= ar

CXXFLAGS = -03 -std=c++1z -fPIC
CFLAGS =

ARFLAGS = rcs

PREFIX ?= /usr

def: compile_library

compile_library: . .
gECXX) $(CXXFLAGS) -c libr.cc -I . -o libr.o
AR) $(ARFLAGS) libr.a libr.o

install_header:
“[!-d $(PREFIX)/include/rlib ] || rm -rf $(PREFIX)/include/rlib
cp -r . $(PREFIX)/include/rlib ) . .
rm -rf $(PREFIX)/include/rlib/test $(PREFIX)/include/rlib/.git

install_library: compile libra
“cp Iigr.a $(FPREFI>()/Iil?/,

install_cmake: install_library X X X
[ ' -d géPREFIX;/I!b/cmake/rllb 11| rm -rf $(PREFIX)/lib/cmake/rlib |
! -d $(PREFIX)/lib/cmake ] || cp -r cmake $(PREFIX)/lib/cmake/rlib

install: install_header install_library install_cmake

uninstall:
rm -rf $(PREFIX)/include/rlib $(PREFIX)/lib/cmake/rlib
rm -f $(PREFIX)/lib/libr.a

clean:

rm *.0 *.a
[rrrernk L ICENSE /
MIT License

Copyright (c) 2017-2018 Recolic Keghart <root@recolic.net>

Permission is hereby granted, free of charge, to any {)erson obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to ﬁermlt persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
Og;rT%Agé IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE

JREERRERK ./sfri Ng.hpp #rkkrkkkRRRk |
%

*

* string.hpp: string process utility.
* Recolic Keghart <root@recolic.net>
z MIT License

*

#ifndef R_STRING_HPP
#define R STRING_ HPP

#include <rlib/require/cxx14>
#include <rlib/class_decorator.hpp>
#include <rlib/sys/o0s.hpp>

#include <array>
#include <vector>
#include <string>
#include <cstdarg>
#include <cstdio>
#include <cstdlib>
#include <cstring>
#include <stdexcept>
#include <sstream>
#include <type_traits>

namespace rlib { . .

// literals::_format, format_string, string::format
__namespace |mPN

#ifndef RLIB_ MINGW_DISABLE_TLS

//#if RLIB_CXX_STD < 2017 ) . o

/I Intel C++ compiler has a pending bug for “thread_local inline” variable.

thread_local extern std::stringstream to_string_by_sstream_ss;

el thread”local extern std::stringstream _format_string_helperss;
else

Vi thread_local inline std::stringstream to_string_by_sstream_ss;

%# dif thread”local inline std::stringstream _format_string_helperss;
endi

#endif
template <typename VarT> .
std::strlra,\}o string_by sstream(VarT &thing) L
#ifdef RLIB_MINGW_DISABLE_TLS // Fix intel C++ bug ttps://software.intel.com/en-us/forums/intel-c-compiler/topic/784136
X /1 Also fix mingw bug. But much slower!
std::stringstream ss;
#else
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auto &ss = to_string_by_sstream_ss;
. ss.str(std::string());
#endif
SS << thln?;
return ss.str();

}

template<t¥pename A
strin ormat stnngs elper(const std::strin t% &fmt, Args... args) {
#ifdef RLIB_MIN // Fix intel C++ bug https: //software.intel.com/en-us/forums/intel-c- compiler/topic/784136
el Tstd: strlngstream Ss;
else
auto &ss = format_string_helper_ss; // cached stringstream is much quicker.
. ss.str(std::string());
#endif
size_t pos = 0, prev_pos = 0;
std: array<std :string, suzeo (args)> argsArr{to_string_by_sstream(args) ...};
size t current_used_arg
booldiscovered_esca e char = false
while((pos = fmt.find "{'}" = std :string::npos) {
if(pos !'= 0 && mt[pos
// Invalid hit
dlscovered escape char = true;
pos +=2;

else {
std::string cutted tmp str = fmt.substr(prev_pos, pos - prev_pos);
|f(d|scovered _escape_char) {
argd wrutten string replace. Replace "\{}  to "{}".
size
whllé &)05 = cutted_tmp_str.find("\{}", pos)) != std::string::npos) {
utted tEnp str.erase(pos, 1);
pos +=

Ss << cutted_tmp_str << argsArr[current_used_arg];
pos += 2;

prev_pos = pos;

++current_used_arg;

}

ss << fmt.substr(prev_pos);
return ss.str();

template<t¥pename Arg
inline std::string format_s ring(const std::string &fmt, Args... args) {
return _format_string_helper(fmt, args...);

template<> . .
inline std::string format_string<>(const std::string &mt) {
return fmt;

/*

template<class MetaFmtArr, typename... Args>

constexpr std: strlng format string_ meta(Args args) {
y return (args + .

}

// format strlng string::cformat
namespace impl é
|{nI|ne char*_format_string_c_helper(const char *fmt, ...)

ntn
|nt size = std :strlen(fmt);
char *| H

va_list ap

if ((p = (char *)malloc(size)) == NULL)
hrow std::runtime_error("malloc returns null.");

while (1) {
va_start(ap, fmt);
n = vsnprintf(p, size, fmt, ap);
va_end(ap);

if (n < 0)
throw std::runtime_error("vsnprintf returns " + std::to_string(n));
if (n < size)

return p;

size=n+1;
if ((r}p = (char *)realloc (p, size)) == NULL) {

throw std::runtime _error("make_message realloc failed.");
} else {

p =np;
}

}

template<typename... Args>
std::string format strlng c(const std::string &fmt, Args... args)

char *res = _format_string_c_helper(fmt.c_str(), args ...);
std::string s ™= res;

free(res);

return s;

}
class string : public std::string {
ublic:

using std::string: stnn

string() : std::string()

string const std: strln &s) std::strin é;(s) {}

string(std::string &&5? std::string(std::forward<std::string>(s)) {}

private:
template <typename T> struct as_helper {};
template <typename T>
T as(as helper<T>) const {
if( empt_P/ return T()
return

std::string as as helper<std :string>) const {
return std::move(*this);

rlib: strlng aéas heIper<rI|b :string>) const {
return std::move(*

charf?s(as helger<char>) const {
if(size()
throw std :invalid_argument("Can not convert rlib::string to char: size() > 1.");
return size() == 0 ? D' :*cbegin();

unsigned char as(as_helper<unsigned char>) const {
return static_cast<unsigned char>(as<char>());

00l as(as helper<boo|>) const {
if(*this == e") {
return true

else |f(*th|s == "false") {
return false;

'/ Nothing is slower than throw(); Just test more cases..
else if(*this == "1" || *this == "True" || *this == "TRUE") {
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return true;

else if(*this == "0" || *this == "False" || *this == "FALSE") {
return false;

throw std::invalid_argument("Can not convert rlib::string to bool. Not matching any template.");

}

return st
}
RLIB_IMPL_GEN_AS NUMERIC(int, stoi)
RLIBZIMPL”_GEN"AS"NUMERIC(long, stol)
RLIBZIMPL”_GEN"AS"NUMERICI un5|gned long, stoul)
RLIBZIMPL_GEN"AS"NUMERIC(unsigned Ion% long, stoull)
RLIBTIMPL_GEN"AS”_NUMERIC(long long, stoll

RLIB_IMPL_GEN “AS”| NUMERIC float, Stof)
RLIB: “GEN-AS”NUMERIC(double, stod)
RLIBZ IMPL GEN_AS”]| NUMERIC(Iong double stold)

#define RLIB_IMPL_GEN_AS_ALIAS(new_type, old_type)
new_] ¥pe as(as_helper<new_type>) const F
return statiC_cast<new_type>(as<old_type>()); \

RLIB_IMPL_GEN_AS_ALIAS(unsigned int, unsigned long)
RLIB_IMPL_GEN_AS_ALIAS unswt;ned short, unsigned 1ong)
//IRLIB_IMPL_GEN_AS_ALIAS(uint8_t unS|gned long)

RLIB IMPL GEN AS ALIAS(short, int)
//IRLIB_IMPL_GEN_AS_ALIAS(int8_t, int)

public:
template <typename T>
T as() const
return std::forward<T>(as(as_helper<T>()));

std::vector<string> spllt(const char &divider ="'"') const {
const string &toSplit = *this
std: vector<str|ng> buf
size_t curr =
whll'e((curr = togﬁht flnd(dlwder curr)) != std::string::npos) {
buf.push (toSpllt substr(prev, curr - prev));
++curr; 7/ skip divider
prev = curr;

uf.push back(toSpllt substr(prev));
return buf;

std::vector<string> split(const std :string &divider) const {
const string &toSplit = *this
std: vector<str|ng> buf
size_t curr =
whll'e((curr = togﬁht flnd(dlwder curr)) != std::string::npos) {
buf.push (toSplit.substr(prev, curr - prev));
curr += divider.size(); // skip divider
prev = curr;

uf.push_back(toSplit.substr(prev));
return buf;

template <typename T>
std::vector<T> split as(const char &divider ="'"') const {
const string &toSplit = *this
std: vector<T> buf;
size_t curr = rev =
whll'e((curr— tog lit. flnd(dlwder curr)) != std::string::npos) {
buf.push_back(string(toSplit. substr(prev curr - prev)) as<T>());
++curr; 7/ skip divider
prev = curr;

uf.push_back(string(toSplit.substr(prev)).as<T>());
return std::move(buf);

template <typename T>
std::vector<T> split as(const std :string &divider) const {
const string &toSplit = *this
std::vector<T> buf
size t curr = 0, =0;
while((curr = to I|t f|nd(d|V|der curr)) != std::string::npos) {
buf.push_back(string(toSplit. substr(prev curr - prev)) as<T>());
curr += divider.size(); // skip divider
prev = curr;

uf.push back(stnn%(toSpllt .substr(prev)).as<T>());
return std::move(b

}

template <class Forwardlterable>

string &join(const Forwardlterable &buffer) {
Jomgbuf‘fercbegm() buffer.cend());
return *this;

template <class Forwardlterator>
string &Jom(ForwardIterator begln Forwardlterator end) {
const string &to oin = *this;
std::string resu
for(ForwardIterator iter = begin; iter != end; ++iter) {
if(iter != begin
result += toJoln
result += *iter;

return operator=(std::move(result));

string &stri
St Bl
retu rn *this;

template <typename CharOrStringOrView>

string &strlp(const CharOrStringOrView &stripped) {
size_t len = size();
size"t begin = find_first_not_of(stripped);

|f(beg?|n = std::string::npos) {
return *thls
Size_t end = find_last_not_of(stripped);

eraseEend +1,len-end-1);
erase(0, begin);
return *this;

}
strlng &replace(const std::string &from, const std::string &to) {

re Iace(from to, );
return *this;

strln? &replace(const std::string &from, const std::string &to, size_t &out_times) {
(from emp K )
eturn *this;
size t start_pos = 0;
size_t times = 0;
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while((start_pos = find(from, start_pos)) != std::string::npos)

++times;
this->std: :string::replace(start_pos, from.length(), to); .
start_pos += to.length(); // In Case "to' contains 'from’, like replacing 'x* with 'yx'

out_times = times;
retarn *this;

string &replace once(const std::string &from, const std::string &to) {

replace_once(from, to, );
return *this;

string &replace_once(const std::string &from, const std::string &to, bool &out_replaced) {
size tstarty pos = find(from);
if(start_pos == std::string: npos){
out replaced = false;

else {
this->std::string::replace(start_pos, from.length(), to);
out_replaced ="true;

return *this;

template <typename... Ar s>
string &format(Args... dg
return operator= (st move(impl::format_string(*this, args ...)));

template <typename... Args>
string &cformat(Args... a rgs s) {
return operator= {std: ‘move(impl::format_string_c(*this, args ...)));

h

namespace impl {
struct formatter {
formatter(const std::string &fmt) : fmt(fmt) {}
formatter(std::string &&fmt) : fmt(fm {}
template <typename... Args>
std::string operator (E(Args ?
return std::move(rlib: |mp| ormat_string(fmt, args ...));

std::string fmt;
' }

namespace literals {
line impl::formatter operator "" _format (const char *str, size_t) {
return impl::formatter(str);

inline rlib::string operator "" rs (const char *str, size_t len) {
return rlib::string(str, len);

}
}

#endif
/******* /S S/OS ha:)p ****************/

#ifndef R
#define R'_O§_HP

#ifndef RLIB_OS_|
#if deflPed(RV\lllndows |J)def|ned( WIN32_ ) || defined(_WIN64) || defined(WIN32)

# define
#ellfddeflnedi_ ITnux gd’eflned( linux)

#elif defined( KPPEE

include "TargetConditionals.h"
if TARGET IPHONE_SIMULATOR
define RLIB_OS IDOS 10S

elif TARGET_OS_IPHONE
define RLIB"OSTID OS_I0S

elif TARGET_OS_MAC ~

define RLIBOS_ID OS_MACOS

else
define RLIB_OS_ID OS_UNKNOWN
#ellf deflned( 0S ANDRO D )
# define RLTB_OS_| NDROID
#ellfdeflned( unix_ |6d’ef|ned( unix)
# define RLTB_OSTID OS_UNIX

else
# define RLIB_OS_ID 0OS_UNKNOWN
#endif
#endif

#define RLIB_OS ID_MAGIC 980427

#define OS_WINDOWS (RLIB_OS ID_MAGIC + 1)
#define OS_LINUX ~ (RLIB_OS ID MAGIC + 2%

#define OS_MACOS (RLBIBO%S ID_MAGIC + ))

HEHHHHHEHH

#define OS_BSD (RLI ID_MAGIC + 4
#define 0S”10S (RLIB AGIC + 5)
#define OS_ANDROID (R IC +6)
#define OS_UNIX (RLIB_OS D_MAGIC + 7) )

#include "compiler detector"
// Define RLIB_COMPILER_ID and RLIB_COMPILER_VER

1l shorthand for cgalusplus macro.

|fndef
COMPTLER ID == CC_MSVC
|f defined( cplusplus)

# if _ cplusplus == 199711L
# %ragpma message (": warning MSVC_Wrong__ cplusplus Your MSVC is p055|bly set cplusplus to wrong value. Please upgrade to VS2017
15.7 Preview and recomplle with “/Zc: cplusplus. Il assume you suppo ++17 and set RLIB_CXX_STD to 2017. (refer to

https //blogs msdn microsoft. com/vcblog/2018/U4 09/msvc-| now correctly reports- cpll?splus/) )
de ine RLIB_CXX_STD 2

plef.ne RLIB_CXX_STD (__cplusplus / 100L)
endif
endif

se
if defined( ccplusg
define RLIBZCXX_STD (__cplusplus / 100L)
d$ndlf
i

HEHHUHHNEH

en
#endif
#if RLIB_CXX STD >= 2011

namespace rfib {
class os_info

ublic:
P um class os t {U KNOWN = 0OS USNIL(JNOWN WINDOWS = OS_WINDOWS, LINUX = OS_LINUX, MACOS = OS_MACOS, BSD = OS_BSD, I0S =

en N
0S_I0S, ANDROID = OS_AND OID, UNIX | A
enum class com |Ier UNKNOW CC GCC = CC GCC, CLANG = CC_CLANG, MSVC = CC_MSVC, ICC = CC_ICC, BORLAND =
CC_BORLAND, IARC = CC_IART, SOLARIS = CC SOT_ARIS/* ZAPCC CC_ZAPCC*/};
JiC = cC Compller which not supports txx1x yet is not listed here. 201708.
__ static constexpr os t os =
#if defined(RLIB_OS_ID)
(0s t)RLIB_OS_ID;
#else
os_t::UNKNOWN;
#endif
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. static constexpr comEiIer t compiler =
#if def_lnedSRLIB OMPILER_ID
(compiler_t)RLIBZCOMPILERCID;

#else
compiler_t::UNKNOWN;
#endif

static constexpr auto com |Ier version =
#lf deflnedﬁRLIB OMPILER_VER)

IB_COMPILER _VER;
#else

0;

#endif
} H
#endif

#endif
/******* /SyS/CC Codegen py ****************/
#!/bin/env python3

rlib_cc_magic = 90713
defgetSerialNumber():

%Iobal rlib_cc_magic

rlib_cc_magic +="1

retdrn Tlib_cc_magic
def genDefList(idarr):

S = '#if'

ter =1

foriin idarr:

s +="defined(' +i+")"
|f cter I= Ielrl’n(l arr):

cter + 1
return s

print(‘// Generated by cc_codegen.py. Do not edit it by hand.")

with open("cc_list") as fd:
osarr=fd.read().split(\n')
fori |fn osarr:
ifi =
continue
if |[0] == ‘#'

iarr=i.s| I|t v
if Ien(laﬁr) (< %

ontin
prlntE #lfndef RLIB_COMPILER_ID')

print genDelest(larr[ -1:1))

prlnt( #define RLIB_COMPILER_ID', 'CC_' + iarr[-1])
print('#endif'

print(‘#endif'

prlnt #deflne CC_' + iarr[-1], getSerialNumber())
print

print(‘#ifndef RLIB_COMPILER ID')

print(‘#define RLIB_COMPILER_ID CC_UNKNOWN')
print('#endif')

print(‘#define CC_UNKNOWN?', getSerialNumber())

JREERRERRE ) S/fd'hﬁg HRRRAAKAKKAAAKAAK

#ifndef RLIB_FD
#define RLIB_FD_HPP_

#lnclude <r||b/sy5/os h%)
#if R (O] INDOWS
#mclude <W|ndows
using fd_t = HANDLE;
isnlng sockfd_t = SOCKET;

se

using fd_t = int;
using sockfd_t = int;
#endif

/**Q*qtl** /S 5/rw|0ck h ****************/
#ifndef R_SWLOCK I?IP
#define R_SWLOCK_HPP

#include <pthread h>
namespace ri é
[ deprecate 11 class RWLock

ublic:
P RWLock() : isFree(true) ﬁpthread rwlock_init(&m_lock, NULL); }
~RWLock() {pthread_rwlock_destroy(&m_lock);
void acquireShared(){pthread_rwlock raTock(&m_lock);isFree = false: }
void acquireExclusive() {pthread_rwlock_wrlock(&m Iock) isFree = false; }
void release() {pthread rwlock_unlock(&m_lock);isFree = true;}
/A bool tryAcquireShared() éreturn pthread_]i fwlock tryrdlock(&m lock) == }
Vi bool tryAcquireExclusive() {return pthread_rwlock trywrlock(&m_| Iock) =0}
rivate:
P thread_rwlock_t m_lock;
ool isFree;

b

/**P*qk** /Sys/comp”er detector ****************/

/] Generated by cc co e?en py. Do not edit it by hand.
#lfndef RLIB_COMPILE

efined( ACC

#def ne RLIB CO PILER_ID CC_ACC

#endif

#endif

#define CC_ACC 90714

#ifndef RLIB_COMPILER_ID

#if defined( ~

#define RLIBZCOMPILER_ID CC_ALTIUM_MICROBLAZE
#encig - - - -

#define CC_ALTIUM_MICROBLAZE 90715

#ifndef RLIB_COMPILER_ID

_.,
Q.

#if d>f|ned(
#define RLIB_COMPILER_ID CC_ALTIUM_HARDWARE
gencif - - - -

e

ndif
#define CC_ALTIUM_HARDWARE 90716

#ifndef RLIB_COMPILER_ID

#if defined( “ACK )

#define RLIB_COMPILER_ID CC_AMSTERDAM
#endif
#endif

#define CC_AMSTERDAM 90717

#ifndef RLIB COMPILER ID

#if defined( ~

#define RLIB:CO'MPILER_ID CC_ARMCC
#enC|f

#def ne CC_ARMCC 90718

#ifndef RLIB_ COMPILER
#if defined(AZTEC_C) || deflned( __AZTEC C_)




#define RLIB_COMPILER_ID CC_AZTEC
#endif

#endif
#define CC_AZTEC 90719

#ifndef RLIB COMPILER

#if defined( ~ é| deflned CODEGEARC )

#define RLIB_COMPILER _1D
#enmf

#def ne CC_BORLAND 90720
#ifndef RLIB_COMPILER_ID

#if d=f|ned(
#define RLIBZCOMPTLER_ID CC_CC65
#encif - - -

#endif
#define CC_CC65 90721

#ifndef RLIB_COMPILER_ID
#|fd>f|ned( clang )

#define RLIBZCOMPILER_ID CC_CLANG
#enmf

dif
#def ne CC_CLANG 90722

#ifndef RLIB_COMPILER_ID

#if defined( ~

#def] [}e RLIB_COMPICER_ID CC_COMEAU
i

ndif
#define CC_COMEAU 90723

#ifndef RLIB_COMPILER ID

#if defined( “DECC) | d'eflned( CCXX)
#define RLIBZCOMPILER_ID CC_'COMPAQ
#endif
#endif
#define CC_COMPAQ 90724

#ifndef RLIB COMPILER ID

#if defined( ~convexc )

gdef r}e RLIB_COMPILER ID CC_CONVEX
enC|

#def ne CC_CONVEX 90725

#ifndef RLIB_COMPILER ID
#if defined( ERT )
#defi r}e RLIB:COMPILER_TD CC_COMPCERT

#end
#defi ne CC_COMPCERT 90726

#ifndef RLIB COMPILER ID

#if defined( ~ RITY_

gdef r}e RLIB_COMPILER_I CC_COVERITY
endi

#endif
#define CC_COVERITY 90727

#ifndef RLIB_COMPILER_ID

#if d>f|ned( TRAYC)

#define RLIB_COMPILER_ID CC_CRAY
#endif

ndif
#define CC_CRAY 90728

#ifndef RLIB_COMPILER_ID

#if defined( "DCC )

#define RLIBZCOMPILER_ID CC_DIAB
#endif
#endif
#define CC_DIAB 90729

#ifndef RLIB_COMPILER_ID

#if defined( DICE)

#define RLIB_COMPILER_ID CC_DICE
#endif

#endif
#define CC_DICE 90730

#ifndef RLIB_COMPILER_ID

#if d=f|ned(

#defin f e RLIBZCOMPILER_ID CC_DIGITAL_MARS
|

#def ne CC_DIGITAL_MARS 90731

#ifndef RLIB COMPILER ID

#if defined( ~ )

#define RLIB_COMPTLER ID CC_DIGNUS
#endif
#endif
#define CC_DIGNUS 90732

#ifndef RLIB COMPILER ID

#if defined( (,J “:%

#define RLIB_ OMPICER_ID CC_D)GPP
#endif

ndif
#define CC_DJGPP 90733

#ifndef RLIB COMPILE
#if defined( ~ICC) daned( INTEL_COMPILER)
gdef r}e RLIB_COMPILER_ID CT_ICC

enal

dif
#def ne CC_ICC 90734

#ifndef RLIB_COMPILER_ID

#if d>f|ned(

#define RLIBZCOMPILER_ID CC_EDG
#enC|f

dif
#def ne CC_EDG 90735

#ifndef RLIB COMPILER ID

#if d>f|ned(

#define RLIB:COMPILER_ID CC_EKOPATH
#endif
#endif

#define CC_EKOPATH 90736

#ifndef RLIB_COMPILER ID

#if defined( “FCC_VERSION)

#define RLIB_COMPILER_ID CC_FUJITSU
#endif
#endif
#define CC_FUJITSU 90737

#ifndef RLIB_COMPILER_ID

#if d=f|ned(

#define RLIBZCOMPILER_ID CC_GCC
#enmf
#def ne CC_GCC 90738

#ifndef RLIB_COMPILER_ID
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#if defined( _ghs )
#define RLIB_ZCOMPILER_ID CC_GREENHILL
#endif
#endif
#define CC_GREENHILL 90739
#ifndef RLIB COMPILER ID
#if defined( ~
#define RLIB_CO'MPILER ID CC_HPC
#endif
#endif
#define CC_HPC 90740
#ifndef RLIB COMPILER ID
#if defined( ~
#define RLIB_CO'MPILER ID CC_HPACXX
#endif
#endif
#define CC_HPACXX 90741
#ifndef RLIB COMPILER 1D
#if defined( "IAR SYSTEMS_ICC_ )
#define RLIB_COIVIPILER IDCC_TARC
#endif
#endif
#def ne CC_IARC 90742
#ifndef RLIB COMPILER
#if defined( " IBMCPP |J deflned( IBMC_)
#define RLIB_COMPIL'ER
genmf
en

#defi

f
ne CC_IBMC 90743

#ifndef RLIB_COMPILER ID

#if d
#defi
#end
#end
#defi

efined( “IMAGECRAFT )
r}e RLIB_COMPILER_ID CC_IMAGECRAFT
|

if
ne CC_IMAGECRAFT 90744

#ifndef RLIB_COMPILER_ID

#if d
#defi
#end

#endif

#defi

efined( ~
_r}e RLIB_COMPILER_ID CC_KAICXX
I

i
ne CC_KAICXX 90745

#ifndef RLIB COMPILER

#end
#defi

efined( Hll_de"flned KEIL )
r}e RLIB_CO'IVI ER_ID CC_KEIL CTARM
I

if
ne CC_KEIL_CARM 90746

#ifndef RLIB_COMPILER_ID

#def

>f|ned(
_r}e RLIB_COMPILER_ID CC_KEIL_C166
I

dif
ne CC_KEIL_C166 90747

#ifndef RLIB COMPILER

>f|ned —C51 |l]_:6ef|ned( CX51 )
RLIB_COM'PIL R_ID CC_KEIL_C51

nC|f
ne CC_KEIL_C51 90748

#ifndef RLIB_COMPILER_ID

#if d
#defi
#end

#endif

#defi

efined( “LCC )
ne RLIB_COMPILER_ID CC_LCC
|

i
ne CC_LCC 90749

#ifndef RLIB COMPILER ID

#def

efined( ~

fine LIB_COM'F'ILER ID CC_LLVM

|f
ne CC_LLVM 90750

#ifndef RLIB COMPILE

#end
#defi

efined( ~ I£|def|ned CWCC )
r}e RLIB_COMPILER_I CC_METROWERKS"

ne CC_METROWERKS 90751

#ifndef RLIB COMPILER ID

#if d
#defi
#end

#end
#defi

efined( MSC VER
r}e RLIB_COMPILER_ID CC_MSVC
I

if
ne CC_MSVC 90752

#ifndef RLIB_COMPILER_ID

f>f|ned( MRI)

ne RLIE_COMPILER ID CC_MICROTEC
I

ndif
ne CC_MICROTEC 90753

#ifndef RLIB_COMPILER ID

#if d
#defi
#end

#endif

#defi

efined( “"NDPC ) |[defined( NDPX )
.r}e RLIB_COMPILER_ID CC_MICROWAY
|

ne CC_MICROWAY 90754

#ifndef RLIB_COMPILER _ID

#if defined( ~sgi) || defined(sgi)
#define RLIB‘&JN“’ILER ID Cg MIPSPRO
#endif

#endif

#define CC_MIPSPRO 90755

#ifndef RLIB COMPILER ID

#if d=f|ned(

#defin RLIB_COMPILER_ID CC_MIRACLE
#enc

#end

#defi ne CC_MIRACLE 90756

#ifndef RLIB COMPILER

#end
#def

efined( "MRC ) aeflned(MPW C) || defined(MPW_CPLUS)
r}e RLIB_COMPILER_ID CC_MPW™
I

ne CC_MPW 90757

#ifndef RLIB_COMPILER ID

efined( “CC_NORCROFT
r}e RLIB_COMPILER_ID CC_NORCROFT
I

ndif
ne CC_NORCROFT 90758

39



#ifndef RLIB_COMPILER_ID

#if defined( "NWCC

#define RLIBZCOMPITER_ID CC_NWCC
#endif

#endif
#define CC_NWCC 90759

#ifndef RLIB COMPILER
#if defined( ~OPEN64 , deflned( OPENCC_)
gdefr}e RLIB_COMPILER_ID CC_OPEN64

enal

ndif
#define CC_OPEN64 90760

#ifndef RLIB COMPILER ID

#if defined(ORA PROC) ~

#define RLIB_COMPILER_ID CC_ORACLE_PROC
#endif
#endif
#define CC_ORACLE_PROC 90761

#ifndef RLIB COMPILER

#if defined( — C) deflned( SUNPRO_CC)
gdef nfe RLIB‘COMPILER ID CC_SOLAR
endi

#endif
#define CC_SOLARIS 90762

#ifndef RLIB COMPILER ID

#if d=f|ned( PACIFIC

#defin f e RLIBZCOMPILER_ID CC_PACIFIC
|

#def ne CC_PACIFIC 90763

#ifndef RLIB COMPILER ID

#if defined( PACC VER)™

#define RLIB_ COM'PILER ID CC_PLAM
#endif
#endif
#define CC_PLAM 90764

#ifndef RLIB_COMPILER_ID

#if d=f|ned(
#define RLIBZCOMPTLER_ID CC_PELLES
gencif - - -

e

ndif
#define CC_PELLES 90765

#|fd>f|n d(—

#define RLIBZCOMPILER_ID CC_PORTLAND
#enc¢ - - -
#define CC_PORTLAND 90766

#ifndef RLIB COMPILE

#if defined( — ) | defined( HITACHI_)
gdef r}e RLIB_COMPILER_I CC_RENESAS
enalr

dif
#def ne CC_RENESAS 90767

#ifndef RLIB_COMPILER
#if defined(SASC) def‘ned( SASC) || defined(__SASC_)
#defi nfe RLIB_COMPILER_ID CT_SASC

|

ndif
#define CC_SASC 90768

#ifndef RLIB COMPILER ID

#if defined( SCO _DS)

#define RLIB_ COMPILER ID CC_SCO_OPENSERVER
#enC|f
#endif
#define CC_SCO_OPENSERVER 90769

#ifndef RLIB_COMPILER_ID

#if defined(SDCC)

#define RLIB_COMPILER_ID CC_SDCC
#endif
#endif
#define CC_SDCC 90770

#ifndef RLIB_COMPILER_ID

#if defined( ~

#define RLIBZCOMPILER_ID CC_SN
#endif

#endif

#define CC_SN 90771

#ifndef RLIB_COMPILER_ID

#if d>f|ned(

#define RLIBZCOMPILER_ID CC_STRATUS_VOS
#encig - - - -
#define CC_STRATUS_VOS 90772

#ifndef RLIB_COMPILER_ID

#if defined( ~
#define RLIBZCOMPILER_ID CC_SYMANTEC
gencif - - -

e

ndif
#define CC_SYMANTEC 90773

#ifndef RLIB_COMPILER ID

#if defined( “TenDRA |

#define RLIBZCOMPILER_ID CC_TENDRA
#endif
#endif
#define CC_TENDRA 90774

#ifndef RLIB COMPILE D
#if defined( ~“TI COMPILER VERSION_ ) || defined(_TMS320C6X)
gdef r}e RLIBZCOMPILER_ID CC_TEXAS

enC|

#def ne CC_TEXAS 90775

#ifndef RLIB_COMPILER

#if defined(THINKC3) deflned(THINKC4)
#define RLIB_COMPILER_ID CC_THINK
#endif
#endif

#define CC_THINK 90776

#ifndef RLIB COMPILER ID

#if defined( ~

#define RLIB_COMPTE R_ID CC_TINYC
#endif

#endif

#define CC_TINYC 90777

#ifndef RLIB COMPILER ID

#if defined( “TUR

#define RLIB:COMPILER_ID CC_TURBOC
#endif

ndif
#define CC_TURBOC 90778
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#ifndef RLIB_COMPILER_ID

#if defined( UCC)

#define RLIB_COMPILER_ID CC_UCC
#endif
#endif
#define CC_UCC 90779

#ifndef RLIB_COMPILER_ID

#if d>f|ned(

#define RLIE_COMPILER ID CC_USLC
i

ndif
#define CC_USLC 90780

#ifndef RLIB COMPILER ID

#if defined( ~ )

#define RLIB_COMPTI'_ER_ID CC_vBCC
#endif
#endif
#define CC_VBCC 90781

#ifndef RLIB COMPILER ID

#if defined( “WATCOMC )
#define RLIBZCOMPILER_TD CC_WATCOM
genmf

en

#define CC_WATCOM 90782

#ifndef RLIB_COMPILER_ID

#if d=f|ned(

#defin f e RLIBZCOMPILER_ID CC_ZORTECH
I

#end
#defi ne CC_ZORTECH 90783

#ifndef RLIB_COMPILER |

gdegnfe RLIB_COMPILER_ ID CC_UNKNOWN
en

#define CC UNKNOWN 90784

/******* /S S, tim p ****************/

#ifndef RLIB TIME FP

#define RLIB_TIME_HPP_

#include <chrono>
#include <ctime>
#include <iomanip>
namespace rlib {
static inline std::string get _current_time_str() noexcept {
d::chrono::system_clock::time _pomt now = std::chrono::system clock::now();
std::time_t now c = std::chronos :system_clock::to_time t(now std: chrono :hours(24));
static char mbstr[128];
if (std::strftime(mbstr, sizeof(mbstr), "%c", std::localtime(&now_c))) {
return mbstr;

throw std::overflow_error("on get_current_time: mbstr buffer is too small.");

}

******* /S Slunlx hand hpp ****************/
Leitndet HEB UNI ANGY e
#define RLIB‘_UNIX‘_HANDY'_HPP‘_

#include <unistd.h>

#include <sys/socket.h>
#include <sys/types.h>
#include <netdb.h>

#include <r||b/scope guard.hpp>
#include <rlib/string"hpp>

#include <r||b/syslos h%)

#if RLIB_OS_ID == OS_WINDOWS

gerrctj)rf rl'b/syslunlx handy.hpp is not for Windows.
endi

namespace rlib {
namespace |mf)
using rlib::literals::operator""_format;
static inline fd unix_quick_| listen(const std: :string &addr, uint16_t port) {
addrinfo *psaddr;
addrlnfo hints{0};
fd listenfd;

hints.ai_family = AF_UNSPEC;

hints.ai_socktype = SOCK STRE M

_flags = Al_PASSIVE; /* For wildcard IP address */

etaddrinfo(addr.c_str(), std::to string(port).c_str(), &hints, &psaddr); R

0) throw std::runtime error("Falled to getaddrinfo. returnval—{ check “man getaddrinfo™'s return value."_format(_));

bool success = false;
for (addrinfo *rp = psaddr rp !'= nullptr; rp = rE >ai_next)
listenfd = socket(rp->ai famlly rp->ai_socktype, rp- >a| _protocol);
if (listenfd == -1)
continue;
int reuse = 1;
if (setsocko t(Ilstenfd SOL_SOCKET, SO REUSEADDR, (const char *) &reuse, sizeof(int)) < 0)
throw std::runtime error( setsockogf(SO REUSEADDR) failed");
if (setsocko t fistenfd, SO CKET, REUSEPORT, (const char *) &reuse, sizeof(int)) < 0)
s:runtime error( setsock(y)t’(so REUSEPORT) failed");
|f(b|nd(I|stenfd rp->ai_addr, rp->ai_addrlen) == 0) {
ccess = true;
break

close(listenfd);
if (!success) throw std::runtime_error("Failed to bind {}:{}."_format(addr, port));
if (-1 == ::listen(listenfd, 16)) throw std::runtime_error("listen failed.");

rlib_defer([psaddr] { freeaddrinfo(psaddr); });
retdrn listenfd;

}

static inline fd unix_quick_connect(const std::string &addr, uint16_t port) {
addrinfo *paddr;
addrinfo hints{0};
fd sockfd;

hints.ai_family = AF UNS EC;
hints.ai socktype =SOCK_STREAI
afu(to = getaddrlnfo(addrc str(), std :to_string(port).c_str(), &hints, &paddr);
i
throw std::runtime_error("getaddrinfo failed. Check network connection to {}:{}; returnval={}, check "man getaddrinfo™'s return
value."_format( £, p
dr.c_str

rlib defer(lpaddr]'{ freeaddrlrﬂ)o (paddr); });

bool success = false;
for (addrinfo *rp = Eaddr rp !'= NULL; rp = rp->ai_next) {
sfo(ckfd = socke (rp >ai famuly, rp->ai_socktype, rp->ai_protocol);
if (sockfd == -
contlnue
int reuse =
if (setsocko t sockfd, SOL SOCKET SO _REUSEADDR, (const char *) &reuse, sizeof(int)) < 0)
th “:runtime_error(" setsockopt(SO REUSEADDR) failed
if (setsockopt(sockfd SOL_SOCKET, SO_REUSEPORT, (const char *) &reuse, sizeof(int)) < 0)
runtime_error(" setsockopt(SO REUSEPORT) failed");
if (connect(soc%fd rp->ai_addr, rp->ai_addrlen) == 0) {
success =
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break; /* Success */
close(sockfd);
if (!success) throw std::runtime_error("Failed to connect to any of these addr.");
return sockfd;

using impl::unix_quick_connect;
using impl::unix_quick”listen;

b

VA Unflnlshed3l m not sure if | must implement it.
#mclude <fstream>
#include <iostream>
#if RLIB_COMPILER_ID == CC_GCC
#includé <ext/stdio_filebuf.nh>"
namespace rlib {
inline std::istream &fd to |stream(fd handle) {
if(handle == STD| ILENO) return std::c
nu_cxx::stdio f||ébuf<char> fllebuf(handle std::ios::in);
return std::istream(&filebuf);

inline std::ostream & fd _to ostream(fd handle) {
if(han dle == STDOUT F ILENO) return std: cou 9
|f(han e STDERR ILENO) return std::
::stdio_filebuf<char> fllebuf(handle std::ios::out);
Te urn std ostream(&fllebuf)

|}n||ne std::iostream & fd_to_iostream(fd handle) {
nu_cxx::stdio_filebuf<char> filebuf(handle, std::ios::in | std::ios::out);
returnstd::iostream(&filebuf);

} // flib
#elif RLIB_COMPILER_ID == CC_MSVC
namespace rlib {
inline std::istream &fd to |stream(fd handle) {

if(handle == STD| TLENO) return std::cin;
|f5tream fs(:: fdopen(handle "r™);
return fs;

inline std::ostream & fd _to ostream(fd handle) {
if(handle == STDOUT FILENO) return std::cout;
|f§handle == STDERR_FILENO) return std::cerr;
ofstream fs(::_fdopen(handle, "w"));
return fs;

inline std::iostream & fd_to_iostream(fd handle) {
fstream fs(::_fdopenthandle, "rw"));
return fs;

} // rlib
#else
namespace rlib §
constexpr inline std: |stream & fd_to_istream(fd handle) {
if(handle == STDIN_FILENO) retdrn std::cin;
throw std: |nva||d argument( 'fd 1= 0 to istream is not implemented except gcc/msvc.");

constexpr inline std::ostream & fd_to_ostream(fd handle) {
if(handle == STDOUT FILENOY return std::cou
|f(handle = STDERRFILENO) return std::cerr,
throw std: mvalld |_argument("fd != 1/2 to ostream is not implemented except gcc/msvc.");

constexpr inline std::iostream & fd_to_iostream(fd handle) {
throw std::invalid _argument("fd to iostream is not implemented except gcc/msvc.");

Il
;ﬁendlf i compller
#endif // if 1+1=

#endif // header guarder
/******* /S S/CC ||st ****************/

ACC

— CMB__ ALTIUM_MICROBLAZE

—_CHC— ALTIUM HARDWARE
C MSTERDAM

EC
_ CODEGEARC__ BORLAND
clan CLANG
—COMO__ COMEAU
DECC DECCXX COMPAQ
—_convexc __CONVI
—_COMPCERT COMPCERT
—COVERITY_"COVERITY
“CRAYC CRAY_
DCC__ DIAB
—DIC DICE
— bmC DIGITAL MARS
—SYSC_ DIGN US
—DJGPP_ g
ICC __INTEL_COMPILER ICC
# ICC must bé placed before: EDG, GCC
EDG__EDG

TPATHTC _ EKOPATH

TFCC VERSION FUIITSU

hs_ GREENHILL
HPC

cc
HP~aCC HPACXX
AR SYSTEMS ICC__IARC
BMCPP IBMC —1BMC
MAGECRAFT__ IMAGECRAFT
CC KAICXX —
KEIL__KEIL_CARM
ICC166
- cc><51_ KEIL_C51
lvmi_~ LLVM
WERKS CWCC__ METROWERKS
VER MSVC

SC VE
RIMICROTEC
NDPX_ MICROWAY
~sgi st
RgAcEE MI
hpw CPLUS MPW

—e NDRCRO'FT NORCR
TNWCC_ NWCC

OPENGT OPENCC  OPENG4
ORA PROCORACLE

SUNPRO_C SUN'PRO CC SOLARIS
—PACIFIC — PACIFIC

fmale}
‘U =

NEEEREEN
RIRiN
i
|
A
m!

1_l
zz|||l|n|
(]

ORTLAND

—RENESAS HITACHI__ RENESAS
SASC __SAST —SASC _ SASC

SCO DS SCO_OPENS'ERVER
SDCC SD

SNC SN
—VosT STRATUS _VOS

SC SYM TEC —

—_TenDRA NDRA
—_TI_COMPILER_VERSION__ _TMS320C6X TEXAS
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TF]I!II\II\‘KYC3 THINKC4 THINK
—_TUR BO'(C:I TURBOC

W*Ig‘w /S S/SIO hg)p ****************/
#define R'_SIO'_HPP
#include <rlib/sys/os.hpp>

f RLIB_OS_ID = OS _WINDOWS
nclud& <winsock2,h>

nclude <windows.h>

nclude <ws2tcpip.h>

else

nclude <sys/types.h>
nclude <sys/socket.h>
nclude <netdb.h>
nclude <fcntl.h>
nclude <arpa/inet.h>
endif

%%###%%%###

Include winsock2.h before windows.h
nclude <cerrno>

nclude <cstdlib>

nclude <unistd.h>

nclude <string>

nclude <stdexcept>

nclude <rlib/sys/fd.hpp>
nclude <r||b/s¥slos hpp>
nclude <rlib/string.hpp>
nclude <rlib/scope_ guard hpp>

HHH HEEEES

namespace rlib

// Both POSIX and Win32

using rlib::literals::operator "" _format;

static inline sockfd_t quick _accept( sockfd _t sock) {
af?to res = a)ccepﬁsock NULL, NULL);™
if(res == -

throw std::runtime_error("accept failed. errno = {}"_format(strerror(errno)));

return res;

static inline std: é)alr<std strlng uintl6_t> get_peer_name(sockfd_t sock) {
struct sockaddr_storage addr;
socklen_t addrlen = snzeof(ad r);
aftJto res —1 etpeername(sock, (struct sockaddr *)&addr, &addrlen);
if(res == -
throw std::runtime_error("getpeername failed. errno = {}"_format(strerror(errno)));
std::string ipstr;
uintl6_t port = 0;
if(addriss family == AF_INET) {
struct sockaddr in s = (struct sockaddr_in *)&addr;
char str[INET_ADDRSTRL
auto res = inet_ntop(AF_| INET &s->sin_addr, str, INET_ADDRSTRLEN);
if(res == NULL)
throw std::runtime_error("inet_ntop failed. errno = {}"_format(strerror(errno)));
portt = nttohs(s >sin_port);
Ipstr = str

}
else {
struct sockaddr in6 *s = (struct sockaddr_in6 *)&addr;
char str[INET6 ADDRSTR 1]
a%t,lto res = mEB_ntop(AF INE 6, &s->sin6_addr, str, INET6_ADDRSTRLEN);
if(re
throw std::runtime error("lnet _ntop failed. errno = {}"_format(strerror(errno)));
port = ntohs(s >S|n6 p
Ipstr = std::string() +'[' + str + '

|}etu rn {ipstr, port};

}
#if RLIB_OS_ID != OS_WINDOWS
namespace impl
|nI|ne void MakeNonBlocking(fd_t fd) {
nt flags, s;
fIa%s = fcntl fd F_GETFL, 0);
perror (“fcnt ");
exit(-1);
flags |= O_NONBLOC
sf(— fentl (fd, F_ SETFL flags)
s ==-
perror ("fcntl");
exit(-1);
}
s
#endif

#if RLIB_OS_ID == OS_WIND
templaté <bool do‘NotWSAStartu = false>
statl\?vlsnllge_rsockfd t quick_| IlstenFconst std::string &addr, uint16_t port) {

wsaData;
sockfd t listenfd = INVALID _SOCKET;
if(! doN'otWSAStartuSp
int iResult = WSAStartup(MAKEWORD(2,2), &wsaData); .
if (iResult '= 0) throw std::runtime error("WSAStartup falled with error: {}\n"_format(iResult));

addrinfo *psaddr;
addrinfo hints { 0 };
hints.ai_family = AF_UNSPEC;

hints.ai_socktype —SOCK STREAM;
hints.ai_flags = Al_P/ IVE /* For wildcard IP address */
hints.ai_protocol = IP| P
aft,lt(? 0— getaddrlnfo(addrc Str(), std::to _string(port).c_str(), &hints, &psaddr);
if( 1=

~ WSACleanu

();
throw std:: rﬁntlme _error("Failed to getaddrinfo. returnval={}, check *‘man getaddrinfo''s return value."_format(_));

bool success = false;
for (addrinfo *rp = psaddr rp !'= NULL; rp = rp->ai_next) {
listenfd = socket(r ->ai family, rp->ai_socktype, rp->ai_protocol);
if (listenfd == INVALID_SOCK )
continue;
int reuse = 1; . .
|f(setsockopt(llstenfd SOL SOCKET, SO_REUSEADDR, (const char*)&reuse, sizeof(int)) < 0) throw
std: runtlme error “setsockopt(SO REUSEADDR) failed");
it (bind(listenfd, rp->ai_addr, rp->ai_addrlen) != SOCKET_ERROR) {
success = true;
break; /* Success */

closesocket(listenfd);
if(!success) throw std::runtime_error("Failed to bind to any of these addr.");
if(SOCKET_ERROR == ::listen(listenfd, 16)) throw std::runtime_error("listen failed. {}"_format(strerror(errno)));

43



freeaddrlnfo}psaddr)
return listenfd;

template <bool doNotWSAStartup = false>
statl\?vlsrkllge sockfd_t qU|ck connect(const std::string &addr, uint16_t port) {

saDat
sockfd t sockfd = INVALID _SOCKET;
if(!doNotWSAStart Sp
int iResult = WSAStartup(MAKEWORD(2,2), &wsaData), .
if (iResult '= 0) throw std::runtime error("WSAStartup failed with error: {Hn"_format(iResult));

addrinfo *paddr;
addrinfo hints { 0 };

hints.ai_family = AF_UNSPEC;

hints.ai_socktype =SOCK STREAM

hints.ai_protocol = IPPROTO_TCP;

aut(? 0— getaddrinfo(addr.c_ Str(), std::to _string(port).c_str(), &hints, &paddr);

if(_ !
~ WSACleanup();

throw std::runtime_error("getaddrinfo failed. Check network connection to {}:{}; returnval={}, check ‘man getaddrinfo''s return
value."_format(addr.c_: str() port, 1));

rlib_defer([p=paddr]{WSACleanup();freeaddrinfo(p); });

bool success = false;

for (addrinfo *rp = paddr; rp != NULL; rp = rp->ai_next) {
sockfd = socket(rp->ai_family, rp->ai_socktype, rp->ai_protocol);
if (sockfd == INVALID_SOCKI )

continue;
int reu se 1;
|f(setsockopt(sockfd SOL SOCKET, SO_REUSEADDR, (const char*)&reuse, sizeof(int)) < 0) throw

std::runtime_error("setsocko t(SO REUSEADDR) falfed"
if (connect(sockfd, rp->ai_addr, rp->ai addrlen) != SOCKET_ERROR) {
success = true;
break; /* Success */

closesocket(sockfd);
if(!success) throw std::runtime_error("Failed to connect to any of these addr.");

freeaddrlnfo(paddr),
return sockfd;

}

#else
/I POSIX version
static inline fd_t qwck listen(const std::string &addr, uint16_t port) {
addrinfo *psaddr;
addrinfo hlnts{O}
fd_t listenfd;

hints.ai_family = AF_UNSPEC;

hints.ai_socktype —'SOCK STRI

hints.ai"flags = Al_PASSIVE; /* For wildcard IP address */

auto _ = getaddrinfo(addr.c_str(), std::to stnng({)ort) .C str() &hints, &| saddr{<

if (_!= 0)throw std::runtime_error(" Failed to getaddrinfo. returnval={}, check *man getaddrinfo™'s return value."_format(_));

bool success = false;
for (addrlnfo *rp = psaddr; rp != nullptr; rp = rE >ai_nex
listenfd = socket(rp >ai famuly, rp->ali_socktype, rp- >a| _protocol);
if (listenfd
_ continue;
int reuse = 1; ) .
if (setsocko t Ilstenfd, SOL_SOCKET, SO_REUSEADDR, (const char *) &reuse, sizeof(int)) < 0)
thi ;:runtime error("setsockogt’(SO REUSEADDR) failed"); K X
if (setsockopt(llstenfd SOL_SOCKE REUSEPORT, (const char *) &reuse, sizeof(int)) < 0)
runtime_error(" setsocko (SO REUSEPORT) failed");
if (bind(listenfd, rp->ai_addr, rp->ai_addrlen] == 0) {
success = true;
break;

) close(listenfd);
if (!success) throw std::runtime_error("Failed to bind {}:{}."_format(addr, port));
if (-1 == ::listen(listenfd, 16)) throw std::runtime_error("listen failed. {}"_format(strerror(errno)));

rlib defer([psaddr] { freeaddrinfo(psaddr); });
return listenfd;

}
statlcdlgllne fd tgwck connect(const std::string &addr, uint16_t port) {

addnnfo hlnts{O}
fd_t sockfd;

hints.ai_family = AF_UNSPEC;

hints.ai_socktype =SOCK_S STR

afu(tol —O)getaddrlnfo(addrc str(), std :to_string(port).c_str(), &hints, &paddr);

I =

“throw std::runtime_error("getaddrinfo failed. Check network connection to {}:{}; returnval={}, check "man getaddrinfo''s return
value."_format(
dr.c_str(), port, ));
rlib defer(lpaddr]'{ freeaddriry o(paddr) 1

bool success = false;
for (addrlnfo *rp = F r; rp. != NULL; rp = rp->ai_next) {

f( kfd = socke (rp- >a| famlly rp >ai_socktype, rp->ai_protocol);
if (sock

U

if (setsockopt(sockfd SOL_SOCKET, SO_REUSEADDR, (const char *) &reuse, sizeof(int)) < 0)
th d::runtime errorgsetsockopt(so REUSEADDR) failed"

if (setsockopt(sockfd, SOL_S USEPORT, (const char *  &reuse, sizeof(int)) < 0)
throw std::runtime_error "setsockopt(SO REUSEPORT) failed");

if (connect(sockfd - >ai_addr, rp->ai_addrlen) = ) {
success = tru
break; /* Success *

) close(sockfd);
if (!success) throw std::runtime_error("Failed to connect to any of these addr.");
return sockfd;
#endif
#if RLIB_OS ID !'= OS_WINDOWS
// POSIX-only fdIO™
class fdlO
;{)uinC'
itétic ssize_t readn(fd_t fd, void *vptr, size_t n) noexcept //Return -1 on error, read bytes on success, blocks until nbytes done.
size_t nleft;
ssiz&_t nread;
char™ *ptr;
ptr = (char *)vptr;
nleft = n;
whlle (nleft > 0) {
if ((nread = read(fd 'gtr nleft)) < 0) {

if (errno ==
ead = 0, /* and call read() again */
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return (-1);
} else if (nread == 0)

return (-1); /* EOF */
nleft -= nread;
ptr += nread;
return (n); /* return success */

%tatic ssize_t writen(fd_t fd, const void *vptr, size_t n) noexcept //Return -1 on error, read bytes on success, blocks until nbytes done.

size_t nleft;
ssize€_t nwritten;
const char *ptr;

ptr E (const char *)vptr;

whlle nleft >0){
if ( (nwritten = write(fd, ptr, nleft)) =0){
if (nwritten < 0 && errno == EINTR)
nwritten = 0;  /* and call write() again */

se
return (-1); /* error */

nleft -= nwritten;
ptr += nwritten;

return (n);

static ssize_t readall(fd_t fd, v0|d *kpvptr, size_t initSize) noexcept //Return -1 on error, read bytes on success. pvptr must be a malloc/calloced
buffer, Iy malloc one if *pvptr is NULL

size t current = initSize ? initSize : 1024;
void *vptr = I;_)vp r
if(vptr == NULL.
f maIIoc(current)
void urrvptr = vptr;

ssize_t ret = read(fd, currvptr, current / 2);
|féret == -1) return -1;
if(ret < current / 2)

*pvptr = vptr;
return ret;

currvptr = (char *)vptr + current / 2;

while(true)

ssize tret = read(fd currvptr, current / 2);
if(ret== -1) return -1;
if(ret < current)

*
pvptr = vptr;
return ret + current / 2;

current *= 2;

void *v trBackup = vptr;

|f((thr = realloc(vptr, current)) = NULL) {
ree(vptrBackup);
errno = EMSG ;
return -1;

currvptr = (char *)vptr + current / 2;

static void readn_ex(fd_t fd, void *vptr, size_t n) //never return error.

auto ret = readn(fd, vptr, n); .
if(ret == -1) throw std::runtime_error("readn failed. errno = {}"_format(strerror(errno)));

%tatic void writen_ex(fd_t fd, const void *vptr, size_t n)

auto ret = writen(fd, vptr, n); . .
if(ret == -1) throw std: ‘runtime, _error("writen failed. errno = {}"_format(strerror(errno)));

static ssize_t readall_ex(fd_t fd, void **pvptr, size_t initSize) //never return -1

auto ret = readall(fd J)vptr initSize); X
|f({et ==t-1 hrow std::runtime error( readall failed. errno = {}"_format(strerror(errno)));
return re

}
static std::string qwck readn(fd tfd, size_tn) {
std::string res(n,
readn_ex(fd, (void *)res.data(), n);
returnres;

static std::string quick_readall(fd_t fd) {
void *ptr;
auto size = readall_ex(fd, &ptr, 0);
return std::string((Char *)ptr, size):

static void quick write(fd_t fd, const std::string &data) {
writen_ex(fd, data.data(), data.size());
#ené’if
// Win32 socklO
class socklO
#if RLIB, OS ID == OS_WINDOWS

riva
P statlc int WSASafeGetLastError()

WSASetLastError(l = WSAGetLastError());
return i;

ubﬁc:
P itatic ssize_t recvn(sockfd_t fd, void *vptr, size_t n, int flags) noexcept //Return -1 on error, read bytes on success, blocks until nbytes done.

size_t nleft;

ssizé_t nread

char™ *

ptr = (char *)vptr
nleft = n;

whlle (nleft > 0) {

if ( (nread = recv(fd, ptr, nleft, flags)) == SOCKET_ERROR) {
if (WSASafeGetLastError() == WSAEINTR).
nread = 0; /*and call read() again */
else
_return (-1);
} else if (nread == 0)
return (-1); /* EOF */
nleft -= nread;
ptr += nread;
return (n); /* return >= 0%/

d static ssize_t sendn(sockfd_t fd, const void *vptr, size_t n, int flags) noexcept //Return -1 on error, read bytes on success, blocks until nbytes
one.
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size_t nleft;
ssiz€_t nwritten;
const char *ptr;

ptr = (const char *)vptr;

=n;
whlle nleft > 0) {
if ( (nwritten = send(fd, ptr nleft flag 0) {
if (nwrltten == SOCKE & WSASafeGetLastError() = WSAEINTR)
nwritten = 0;  /* and caII write() again */

se
return (-1); /* error */

nleft -= nwritten;
ptr += nwritten;

|}eturn (n);

static ssize t recvall(sockfd_t fd, void **p lj)tr size_t initSize, int flags) noexcept //Return -1 on error, read bytes on success. pvptr must be a
malloc/c{alloced buffer, Il malloc orie if *pvptr is N

size t current = initSize ? initSize : 1024;
void *vptr = I;_)vp T
if(vptr == NULL.
f maIIoc(current)
void urrvptr = vptr,

ry 1:
5y5| tret = recv(fd (char *)currvptr, current / 2, flags);
|f(ret == SOCKET_ERROR
|f(WSASafeGe'tLastError() = WSAEINTR)
goto_retry 1;
return SOCKE ERROR

(ret < current / 2)

—

*pvptr = vptr;
return ret;

currvptr = (char *)vptr + current / 2;

while(true)

ssize_t ret = recv(fd, (char *)currvptr, current / 2, flags);
if(ret == SOCKET_ERROR)
|f(WSASafeGe'ELastError() == WSAEINTR)
ntinue; //retr
return SOCKET ERROR;

if(ret < current)
*
pvptr = vptr;
return ret + current / 2;

current *= 2;

void *vptrBackup = vptr;

if((vptr = realloc(vptr current)) == NULL) {
ree(vptr ackup
WSA SetLastError(WSAEMSGSIZE),
return SOCKET_ERROR;

currvptr = (char *)vptr + current / 2;

}
// PbOSIX socklO

itatlc ssize_t recvn(sockfd_t fd, void *vptr, size_t n, int flags) noexcept //Return -1 on error, read bytes on success, blocks until nbytes done.

size_t nleft;
ssizé_t nread
char™ *ptr;

ptr F (char *)vptr;

n;
whlle nleft > 0) {
(nread = recv(fd Rtr nleft, flags)) < 0) {
if (errno == .
ead = 0 /* and call read() again */

return (-
} else |f (nread == 0)

urn -1; /* EOF ¥/
nleft -= nread;
ptr += nread;
return (n); /* return success */

d static ssize_t sendn(sockfd_t fd, const void *vptr, size_t n, int flags) noexcept //Return -1 on error, read bytes on success, blocks until nbytes
one.

size_t nleft;
ssizeé_t nwritten;
const char *ptr;
pltr ; (const char *)vptr
n;
while (nleft > 0
if (nwrltten = sendé(fd ptr nleft flagrs?< 0)
if (nwritten < 0
nwritten = 0; /* and call write() again */
se
return (-1); /* error */
nleft -= nwritten;
ptr += nwritten;
return (n);

atic ssize t recvall(sockfd_t fd, void **p lj)tr size_t initSize, int flags) noexcept //Return -1 on error, read bytes on success. pvptr must be a
malloc/c{alloced buffer, Il malloc orie if *pvptr is N

size t current = |n|tS|ze ? initSize : 1024;
ptr

U
Vftr maIIoc(current)
void *currvptr = vptr;

ssize_t ret = recv(fd, currvptr, current / 2, flags);
|féret == -1) return -1;
g ret < current / 2)

*pvptr = vptr;
return ret;

currvptr = (char *)vptr + current / 2;

while(true)

ssize tret = recv(fd currvptr current / 2, flags);
if(ret== -1) return -
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if(ret < current)

*pvptr = vptr;
rgtuen ret E Current / 2;
current *= 2;
void *v trBackup = vptr;
|f((thr = realloc(vptr, current)) == NULL) {
ree(vptrBackup);
errno = EMSG ;
return -1;
) currvptr = (char *)vptr + current / 2;
#endif }
#ifndef MSG_NOSIGNAL
private:
static constexpr int MSG_NOSIGNAL = 0;
#endif
// b th POSIX and Win32
public

static void recvn _ex(sockfd_t fd, void *vptr, size_t n, int flags) //return read bytes.

auto ret = recvn(fd, v dptr n, flags)
if(ret == -1) throw st runtime error(“recvn failed. {}"_format(strerror(errno)));

static void sendn_ex(sockfd_t fd, const void *vptr, size_t n, int flags)

auto ret = sendn(fd, vptr n, flags);
if(ret == -1) throw Std::runtime, _error("sendn failed. {}"_format(strerror(errno)));

}
static ssize_t recvall_ex(sockfd_t fd, void **pvptr, size_t initSize, int flags) //never return -1

auto ret = recvall(fd, é)vptr initSize, flags);
|f({e ==t-1 ) throw std::runtime error( recvall failed. {}"_format(strerror(errno)));
return re

static std :string qU|ck recvn(sockfd_t fd, size_t n) {
std::string res(n, ;
recvn ex?f vold *)res.data(), n, MSG_NOSIGNAL);
returnres;

}
statlc std: strlnquwck recvall(sockfd_t fd) {
oid *ptr

auto size = recvall ex(fd, &ptr MSG_NOSIGNAL);
auto result = std::String((char )ptr size);
free(ptr);

return result;

gtatlc void quick_send(sockfd_t fd, const std::string &data) {
sendn_ex(fd, data.data(), data. size(), MSG_NOSIGNAL);

// practical message with head
private:
#pragma pack(push, 1)
struct packed_msg_h g
uint32 t maglc = Oxl 980427;
uint64_t

1d
#pragma pack(p P) . . . .
atic_assert(sizeof(packed_msg_head) == sizeof(uint32_t) + sizeof(uint64_t), "Compiler doesn't compile the struct

packed. ")

u
statlc std::string recv msg(sockfd tfd) {
packed_| mdg head head
recvn_eéx(fd, &head, snzeof(head) MSG_NOSIGNAL);
if(head.magic '= 0x19 27)
throw std::runtime error( Invalid magic received.");
if(head.len > 1024ull*T024*1024* 2)
throw std::runtime error("Message len is greater than 2GiB. Refuse to alloc space.");
std::string dat(head.len, "\0');
recvn_ex(fd, (void */dat.data(), head.len, MSG _NOSIGNAL);
return dat;

}
static void send_msg(sockfd_t fd, const std::string &dat) {
acked_msg_head head;”
ead.len = dat.size();
sendn ex&fd &head, sizeof(head), MSG_NOSIGNAL);
sendn_ex(fd, dat. data() head.len, MSG"NOSIGNAL);

h

} // namespace rlib

ﬁs&q«** /C|ass decorator hpp ****************/
#ifndef RLIB_CLASS DECO H
#define RLIB’_CLASS_DECO'_HPP’_

#include <rlib/require/cxx11>

namespace rlib {
mespace _noncp
class noncopyable

public
noncopyable() = default;

~noncopyable() = defa ult;
noncopyable(const noncopyable &) = delete;
noncopyable &operator=(const noncopyable &) = delete;

gypedef _honcp_::noncopyable noncopyable;

namespace rlib {
namespace _nonmv_ {
class nonmovable : private noncopyable

{
public:
nonmovable() = default;

~nonmovable() = defa ult;

nonmovable(const nonmovable &&) = delete;

nonmovable &operator=(const nonmovable &&) = delete;

typedef _nonmv_::nonmovable nonmovable;

namespace rlib {
namespace _nonconstructible_ {
class nonconstructible : private rlib::nonmovable

{
public:
nonconstructible()

= de Iete;
~nonconstructible() =

delete;
typedef _nonconstructible_::nonconstructible nonconstructible;
typedef Ronconstructible s‘tatlc class;

‘packed_msg_head" as
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#endif/ .Jopt.hpp /

Th|s opt_parser works well for correct cmd args,
but not guaranteed to works well in all condition
(for example, some ill formed argument).

It's possible to read wrong information rather than
ralse an exception on some rare ill formed arguments.

#|fndef R OPT HPP
#define R_OPT_HPP

#include <rlib/require/cxx14>
#include <rlib/class_decorator.hpp>
#include <rlib/string.hpp>
#include <rlib/scope_guard.hpp>

#include <string>
#include <vector>
#include <algorithm>
#include <stdexcept>

namespace rlib { .
class opt_parser : private noncopyable

ublic
P opt parser() = delet
opt_parser{snze g1|en char **argv) {
if(argv[0]

ul
throw std::runtime_error("Invalid argv passed to rlib::opt_parser. argv[0] is nullptr.");
arg0 = argv[0];
for(size_t cter = 1; cter < arglen; ++cter)
args.push_| back(std: :string(argv(cter]));

rlib::string getSubCommand() {
|f(ar S. empty())
row std::runtime, error("No sub-command available.");
auto cmd = std::move(args[0]);
args.erase(args. beglng))
return std::move(cmd

}

rlib::string getSubCommand(const std::string &def) {
|f(args emp ty()

auto cmd = std:: moveSargs[O])
args.erase(args.begin());
return std::move(cmd);

}

rlib: stnng getSeIf() {
return argo0;

rlib::string getValueArg(const std::string &argName, bool required = true, const std::string &def = std::string())
{ //'f required argument not exist, I'll throw. Else, return "* if arg is not read.
using rlib::literals: operator i _format;
bool useEquaISym = false
auto pos = std::find |f(args cbegln() args.cend(), [&](auto &ele)->bool{
i £e|e == argName) return true
if(ele S|Ze() > argName.size() && ele.substr(0, argName.size()+1) == argName + "=") {
useEqualSym = true;
return true;

return false;

if re uired && pos == args.cend())
row std: mvalld argument("Required argument '{}' not provided."_format(argName));
|f(pos == args.cend()]
return std: move def);
rlib defer(ﬁ[& pos]{l ('useEquaISym) args.erase(pos+1); args.erase(pos);}));
if(useEqualSym
| return pos->substr(argName.size() + 1);
else

if(++pos == args.cend())
throw std::invalid_argument("Argument '{}' must provide value."_format(argName));
return *pos;

}

rlib:: strlnlg getValueArg(const std::string &ongName, const char *shortName;
{ //getValueArg("--long", "-I") may be converted to getValueArg("--long", true
return getVaIueArg(IongName shortName, true%

bool getBoglArg(const std::string &argName)
{ //Return if it's defined.
auto pos = std::find(args.cbegin(), args.cend(), argName);
if(pos == args.cend()) Teturn alse;
args.erase(pos);
return true;

Elib::string getValueArg(const std::string &longName, const std::string &shortName, bool required = true, const std::string &def = std::string())
usmg rlib::literals::operator "" _format;
std::string valuelL = getVaIueArg(IongName false);
std::string valueS = getValueArg(shortName, false);
const std::string &value = valueL.empty() ? valueS : valuelL;
if(value.empty 8
if(required) )
throw std::invalid_argument("Required argument '{}/{}' not provided."_format(longName, shortName));
se
return def;

return std::move(value);

}
bool getBoolArg(const std::string &longName, const std::string &shortName)
return getBoolArg(longName) || getBoolArg(shortName);

bool allArgDone() const
return args.empty();

rivat
P st

ector<std::string> args;
std::string arg0;
} h

#endif

/******* meta h ****************/
#ifndef RLIB MEe ement_typeA HPP
#define RLIB_MEelement_typeA HPP_

#include <r||b/3/s/os hpp>
#include <cstddef> // size_t
#include <tuple>

names ace rlib

RLIB_CXX_STD >= 2017
namespace impl {
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template <auto first_ele, auto... >
struct array_first_ele_type_| |mp| { using type = decltype(first_ele); };

template <auto... arr>

struct meta_array {
using this_type = typename ::rli
using element_type = typename

eta_array<arr ..
ib::impl::array_ flrst ele_type_impl<arr...>::type;

template <S|ze tindex>
struct at_la:
static constexf)r auto value() noexcept {
return at_last_impl<index, arr ...>::value();

constexpr operator element_typ eS
return at_last<index>::value();

}
template <size_t index>
struct at {
static constexf)r auto value() )
return at_last<sizeof...(arr) - index - 1>::value();
constexpr operator element type() {
return at<index>::value();
}

static constexpr auto to_tuple()
return std::make_tuple(arr

private:
template <size_t mdex auto first_ele, auto... _arr>
struct at_last_impl {
static constexpr auto value() { .
if constexpr(sizeof...(_arr) == index)
return first_ele;

se
return at_last_impl<index, _arr ...>::value();

}
. }
#endif
) template <size_t... forwardedArgs> struct argForwarder {};
#endif

#|fndef I{)LIB OEé) POOL_HPP
#define” RLIB_OBJ_POOL_HPP 1

#include <rlib/impl/traceable_list.hpp>
#include <rlib/class_decorator.hpp>
#include <utility>

#include <tuplé>

#include <functional>

#include <algorithm>

#ifdef RLIB_SWITCH_USE_MINGW_THREAD_FIX
#include <mingw.mutex.h>

#include <mingw.thread.h>

#include <mingw.condition_variable.h>

#include <thread>

#include <mutex>

#include <condition_variable>
#endif

namespace rlib {

* Multi-threaded object_pool. It will block current thread and wait if
z borrow_one() starves, until some other threads release their obj.
template<tygename Obj t, typename... bound_construct_args_t>
class fixed_object_pool : Flib::nonmovable {
protected:™

using element | t= obj_t

using buffer_t = impl: Traceable list<obj_t, bool>

busmg this type = fixed_object_pool<obj t, bound |_construct_args_t .

pu

explicit ﬂxed |_object_pool(size_t max_size, bound_construct_args_t ... _args)

O maX_size(max_size),”_bound args‘(std :forward<_bound const’ruct ~args_t>(_args) ...)

void fill_full() {
for{size_t cter = 0; cter < max_size; ++cter) {
new_obj_to_buffer();
freelist;push_| back(&*»buffer end());

}

/I “new" an object. Return nullptr if pool is full.

obj_t *tr)( borrow_one(
“std::lock_guard<std::mutex> _|(buffer_mutex);
return do_try_borrow_one();

obj_ t *borrow one() {
uTt = try_borrow_one();
|f(resu t) ult:

return res
/I Not avallable Wait for release_one
std::unique_lock<std::mutex> Ik_(buffer mutex);

borrow_cv.wait(lk, [this]{return this->new_obj_ready;});

result = do_try_borrow_one();
lk.unlock();
if('result)
throw std::logic_error("unknown par error.");
return result;

\}/0|d release_one(obj_t *which) {

std::lock_guard<std: mutex> _l(buffer_mutex);
free_list.push front(whic
typeéhame buffer t: |terator elem_iter(which);
elem iter. get ext'ra _info() = true;”// mark as free.
‘obj_ready = true;
E)// Iock released
orrow_cv.notify_one()

void reconstruct_one(obj_t *which) {k . .
reconstruct_impl(which, std::make_index_sequence<sizeof...(_bound_construct_args_t)>());

protected:
buf‘fer t buffer; // list<obj_t obj, bool is_free>
riva
P std :tuple<_bound_construct_args_t ...> _bound_args;

size_t max_size

std:flist<obj_t *> free_list;
std::mutex buffer_mutex;
std::condition_vafiable borrow_cv;
volatile bool new_obj_ready =Talse;



/I try_borrow_one without lock.
obj_t™*do_try”_borrow_one() .
// Optimize here Tf is performance bottleneck (lockless list... etc...)
borrow_again:
if (freelist.size() > 0) {
Some object is free, Just return one.
obj_t *result = *free_list.begin();
free_list.pop_front();

typename buffer_t::iterator elem_iter(result);
elem_iter.get_exfra_info() = false; // mark as busy.
new_obj_ready = false;

return result;

%(buffer.siz_e() < max_size) {
new_obj_to_bufferT);
freelist.push_back(&*--buffer.end());

gotd borrow_again;

return nullptr;

/I fake emplace_back

template<size T ... index_seq> ) )

inline void new_obj_to_buffer_impl(std::index_sequence<index_seq >J {
buffer.emplace”one(buffer.end(), true, std::get<index_seq>(_bound_args) ...);

template<size_t ... index_seq> . . .
inline void reconstruct_impl(obj_t *which, std::index_sequence<index_seq ...>) {

which->~obj_t(); )
new(which) obj_t(std::get<index_seq>(_bound_args) ...);

inline void new_obj to_buffer() { . .
new_obj_to_buffer_impl(std::make_index_sequence<sizeof...(_bound_construct_args_t)>());

}};

#endif
I Jlibr.cc /
#include <rlib/log.hpp> //log_level_t
#include <rlib/stream.hpp>
#include <sstream>
namespace rlib {
_namespace |m[§)I {
//#if RLIB_CXX_STD < 2017
bool enable_endl_flush = true;
int max_predefined_log_level = (int)log_level_t::DEBUG;
 NullStreamBuf null_streambuf;
//#endif
//#ifndef RLIB_MINGW _DISABLE_TLS
//#if RLIB_CXX_STD <2017  ~ X
thread”local std::stringstream _format_string_helper_ss;
_thread”local std::stringstream To_string_by_sstreamss;
//#endif
/1#endif

//#if RLIB_CXX_STD < 2017
std::0stream null_stream(&impl::null_streambuf);
[/#endif

7* ./stdio.hpp /
*
* stdio wrapper for modern c++: python like print/printin/printf/printfin
* print_iter printin_iter

* Recolic Keghart <root@recolic.net>
z MIT License

*

#ifndef R_STDIO_HPP
#define R STDIO_HPP

#include <rlib/require/cxx11> // Use fold expression if cxx17 is available.
#include <rlib/sys/os.hpp> // Enable inline variable if cxx17 is available.
#include <string>

#include <iostream> .

#include <rlib/string.hpp> // format_string

#if RLIB_OS ID == OS WINDOWS
#define RLIB_IMPL_ENDLINE "\r\n"
#elif RLIB_OS_ID == OS MACOS
#define RLIB_TMPL_ENDLINE "\r"

#else
#define RLIB_IMPL_ENDLINE "\n"
#endif - -

namespace rlib {
// print to custom stream
template <typename PrintFinalT>
void print(std::ostream &os, PrintFinalT rqur8); X
template <typename Required, typename... Optional> .
void print(std::ostream &os, Required reqArgs, Optional... optiArgs);
template <typename... Optional> .
void printIn(std::ostream &os, Optional... optiArgs);
template <>
void printin(std::ostream &os);

template <typename Iterable, tyFename Printable> .

void print_iter(std::ostream &os, Iterable arg, Printable spliter);
template <typename Iterable, typename Printable> .
void println_iter(std::ostream &os, Iterable arg, Printable spliter);
template <fypename Iterable>

void print_iter(std::ostream &os, Iterable arg);

template <typename Iterable>

void printIn_iter(std::ostream &os, Iterable arg);

template <typename... Args> .

size_t printf(std::ostream &os, const std::string &mt, Args... args);
template <typename... Args> ;

size_t printfln(std::ostream &os, const std::string &mt, Args... args);

inline rlib::string scanin(std::istream &is = std::cin, char delimiter = '\n') noexcept {

std::string line; .
std::getline(is, line, delimiter);
return std::move(line);

// print to stdout o
template <typename PrintFinalT>
void print(PrintFinalT reqArg); X
template <typename Required, typename... Optional>
void print(Required regArgs, Optional... optiArgs);
template <t%pe.name... O?.tlonal>
void printIn(Optional... optiArgs);
template <>
void printin();

template <typename Iterable, typename Printable>
void print_iter(Iterable arg, Printable spliter);
template '<typename Iterable, typename Printable>
void println_iter(lterable arg, Printable spliter);
template <fypename Iterable>

void print_itér(lterable arg);

template <typename Iterable>

void printIn_iter(Iterable arg);



template <typename... Args>

size_t prlntf const std: strlng &fmt, Args... args);
template <typename... Args>

size t prlntfln(const std: :string &fmt, Args... args);

namespace impl {
/1#if RLIB_CXX_STD < 2017
extern'bool enable_end|_flush;
//#else
inline bool enable_endl_flush = true;
//#eydif - -

|n||ne bool sync_with_stdio(bool sync = true) noexcept {
eturn std::ios::sync_with_stdio(sync);

inline bool enable_endl_flush(bool enable = true) noexcept {
return impl::enable”end|_flush = enable;

i Implements
template < class CharT, class Traits >
inline std::basic ostream<CharT Traits>& endl(std::basic_ostream<CharT, Traits>& os) {
0s << RLIB_IMPL_ENDLINE;
if(impl::enable_end|_flush)
0S. flush()
return os;

template <typename PrintFinalT>
void print(PrintFinalT regArg)

std::cout << reqArg;
template <typename Required, typename... Optional>
\{/DId print(Required regArgs, Optlonal optlA gs)
std::cout << regArgs <<'";
print(optiArgs . %

template <t%pename ?tlona|>
void printIn(Optional iArgs)

rint(optiArgs ...);
printInF' 9 )

templat
inline vold prlntln()

std::cout << rlib::endl;

template <typename Iterable, typename Printable>
void print_iter(lterable arg, Printable spliter)

for(const auto & i: arg)
std::cout << i << spliter;

template <typename Iterable, typename Printable>
void printIn_iter(lterable arg, Printable spliter)

rint_iter(arg, s Ilter)
gd :Cout <<g rlib::endl;

template <typename Iterable>
void print_iter(lterable arg)

for(const auto & i : arg)
std::cout << i <<

}
template <typename Iterable>
void printin_iter(lterable arg)

rint_iter(ar
gd cout(<<g)r||b :endl;

template <typename... Args>
size_t printf(const std: strlng &fmt, Args... args)

std::string to_print = |mpl :format_string(fmt, args...);
std::cout’<<To_prin
return to_print. 5|ze(),

template <typename... Args>
size_t printfln(const std: :string &fmt, Args... args)

size t len = rlib: prlntf(fmt args...);
std:Tcout << rlib::end
return len + 1;

// With custom os
template <typename PrintFinalT>
void print(std::ostream &os, PrintFinalT regArg)

0s << reqArg;

emplate <typename Required, typename... Optional> .
void print(std::ostream &os, Required rqurgs Optional... optiArgs)

0s << regArgs <<
print(os, optiArgs .. )

emplate <typename... Optional>. .
void printIn(std: :ostream 0s, Optional... optiArgs)

print(os, optiArgs ...);
printin();

emplate
inline voud prmtln(std :ostream &os)

os << rlib::endl;
template <typename Iterable, tyFename Printable>
void print_itéer(std::ostream &os terable arg, Printable spliter)

for(const auto &i:arg)
s <<i<< spllter

gemplate <typename lterable, typename Printable>
void println_iter(std::ostream &os Iterable arg, Printable spliter)

print_iter(os, arg, spliter);
os << rlib::endl;

emplate <typename Iterable>
void print_iter(std::ostream &os, Iterable arg)

for(const auto & | arg)
0s << i<<

gemplate <typename lterable>
void println_iter(std::ostream &os, Iterable arg)

rint_iter(os, arg);
gs << rlib::en dIg
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b

template <typename... Arg
size_t printf(std: :ostream 0s, const std::string &mt, Args... args)

std::string to Prlnt = format_string(fmt, args...);
0s << to_prin
return to_print.size();

template <typename... Args>
size_t printfln(std: :ostream &os, const std::string &fmt, Args... args)

size_t len = rlib::printf(fmt, args...);
os << rlib::endl;
return len + 1;

#endif
/******* /READMEmd ****************/
rlib

Here is recolic's private library...
# TODO

Cc+
RIEbTEST rlib::nonco

F yable
::stdio fd control is still a problem.

::meta::print_constexpr
: ra

:meta::ar
:meta::array::to_tuple

ib::meta::string

#DONE#rlib::logger
JRRRRRRR fterminal. hpp kkkkRRRRlkoRoR kK |
*

*

* termlnal hplé) unix terminal font/color wrapper for modern c++
e

Recolic

ghart <root@recolic.net>
IT License

* k[

#ifndef R STD_COLOR HPP
#define R_STD_COLOR_HPP

#include <rlib/require/cxx11>
#include <rlib/sys/os.hpp>

#include <iostream>
#include <string>
#include <stdexcept>
#include <exception>
using std::string;

using std::basic_ostream;

namespace rlib::terminal {

enum class color t #color unset = 10, black = 0, red, green, brown, blue, magenta,
enum class font_T {
class clear_t {} clear;

class fontinfo

ublic:
P ontinfo(color_t text color) : textColor(text color) {}
ontinfo(font_T font_type) : fontTgpe(font type) {}
ontInfo(color_t text_color, font_t font_type) : textCoIor(text color), fontType(font_type) {}
ontinfo(constcleart &) : clear'(true ]y
ontinfo() = default;”
string toString() const
if(rlib::0s_info::0s == rlib::0s_info::0s_t::WINDOWS)
return std::move(std::string());
se
return std::move(clear ? std::string("\033[0m") : (color_to_string() + font_to_string()));
priva

color t textColor = color t::color_unset;
font T fontType = font_t:*font_unset;
boolclear = false;

private: .
constexpr static int color_to_int(const color_t &_ct)

return static_cast<int>(_ct);
constexpr static int font_to_int(const font_t &_ft)
return static_cast<int>(_ft);
constexpr static char color_to_char(const color_t & ct)
return _ct == color_t::color_unset ? "\0' : '0' + color_to_int(_ct); //Return "\0' if unset.
constexpr static char font_to_char(const font_t & ft)
return _ft == font_t::font_unset ? "\0' :'0' + font_to_int(_ft);
string color_to_string() const
|f(textCoIor = color_t::color_unset)
char toret[]s = "‘\O%\é‘frsm StringO):

toret[3] = color_to_char(textColor);
return std::move(std::string(toret));

string font_to_string() const

if(fontType == font_t::font_unset)
return std:: ove(std :String());
char toret[! n033
toret[2] ont_to ¢ ar(fontT pe);
return std::move(std::string( oret))

h

struct _rosi_font {_rosi_font(const fontinfo & ref fi) : _ref fi(_ref fi) {}} const fontinfo & ref_fi;};
inline “rosi_font setfont(const fontinfo & fl)_{re‘furn Trosi_font(”

template<typename _CharT, typename _Traits>
inline basic_ostream<_CharT, _Traits>&
%perator<<‘(ba5|c_ostream<_CharT _Traits>& __os, const fontinfo &_ f)

__os << _ f.toString();
return _os;

template<typename _CharT, tyq_ename Traits>
inline basic_ostream<_CharT, _Traits>& ) .
operator<<{basic_ostream<_CharT, _Traits>& __os, _rosi_font __rosi_f)

const fontinfo & f=__rosi f._ref fi
return operator<<<_CharT, Tralt's>( os, _f);

;}l#endif

c_)/an, _Iightgragy}; . o
ont_unset = 0, bold = 1, underline = 4, dark =2, background = 7, striked = 9}, //Edit line53 if (int)font_t may >= 10 !!
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JrerReet Jtest/Makefile Frrrrripkit

# Compile and run tests for rlib
g CopyRight (C) 2017- 2018 Recolic Keghart <root@recolic.net>

# Tests may fail on both compile-time(traits and meta-lib) and run-time(return non-zero).

# Use “make <module>" to build and run a module,

g and ‘make" to build and run all modules.

# ready-to-use modules:

# t n rllb/strln? .hpp

# el _rlib/meta.hpp

# tralt rlib/traits.hpp

# stdio rlib/stdio.hpp

g scope guard rlll/)/scope guard.hpp rlib/scope_guard_buffer.hpp
opt.hpp

# sn% rInb/sys/sno hpp

# 0s rlib/sys/os. hpﬁ

# require rI|b/reqU|re/ pp

MODULES=string meta trait stdio sio scope_guard
def:

/******* /testlsrc/fstr cc ****************/
#include <rlib/string.hpp>

#include <rlib/stdio.hpp>

using namespace rlib;
using namespace rI|b literals;

|{nt main()
pnntln("fuck {% at {} a.m." format("hust", 8));
utols = “shl A} _rs format("???", 1.234);
print

prlntln "\\{} will be replaced but \\\{} will be preserved like {}."_format("you"));
return 0

}

/******* /test/src/co|or cc ****************/
#include <iostream>

#include <rlib/terminal.hpp>

using namespace rlib::terminal;

|{nt main()

std::cout << color_t::red << font_t::bold << "hello world" << font t::dark << "qaq " << clear << "66666" << std::endl;
out << color_t::green << "Hi~" << font_t::underline << "Miaow" << std::e ndi;

d cogt << "Confintie!" << clear << std::endl;
return

/}******* /test/src/ r|nt cc ****************/
#include <rlib/stdi lp

#include <rI|b/term|na hpp>

using namespace rlib;

using namespace rlib::terminal;

int main() {
auto cter = prlntﬂn(“{}HeIIo {}={}, miao{}.{}", color_t::red, 6.6, 7, "www", clear);
prlntfln( cter={}.", cter);
printin("test");
return 0;

PRkkkkkk ‘/test/src/str‘cc ****************/
#include <rlib/string. pp>

using namespace rli

using namespace rI|b literals;

#include <rlib/stdio.hpp>
void test(const string &s)

println_ |terés sletE))
printin_iter(s.split("w
printInT">>>", string("

i

[").join(s.split());

int main()
{

test£ "dsaf wefew fwef we ");
test! Is‘fwaef wef wef wefew fwef eg") ;

test(">PAQ P<DSP<")

println strinrg (" 87sd6 8s7d5 8 875 ").strip() + "|");,
r mom 34qwo0 ghwerf 0832 ";
s rep ace("ghw“ "fuck you");
printin(s);
s.replace(" ", " ")
printin(s);

printin(" g} are {} shits." format("hust and hust", 2));
prlntln "?" rs join("  shit ! ..."_rs .split()));
return 0

}

/******* _/testlsrc/ca”_cc ****************/

#include <rlib/traits.hpp>
using namespace rlib;

void f(int);
class c{
public:
auto operator()(int a){
return a+1;
+
int main(){

static_assert(is callable<dec|type(f)>(), "a");
static_assert(is_callable<c>(),"'b"

Jrreeeke [test/src/print_performance.cc ki
#include <rlib/functional.hpp>

#include <rlib/stdio.hpp>

#include <iostream>

using namespace rlib;

#include <cstdio>

#define test_str "This is some test string."
#define test_times 1000000

int main() {
rlib::sync_with_stdio(false);
prlntln(sta :cefr, tlmeof(repeat(test times, [1{
rlnt(test str "\n");

std::cerr << (tumeof(ret)eat(test times, []{
std::cout << test”str << "\n";
)) << std::endl;”
std::cerr << (t|meof(repeat(test
std: :prlnthtest str);
std::printf("\n"7;
1)) << std: endl

mes, [1{

}******* /testlsrc/ fd cc ****************/
#include <iostream>
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#include <cstdio>
#include <unistd.h>

#define IOSTREAM PRINT(str) std::cout << str "\n"
//#define STDIO PRIN (str) std::printf(str "\n")

#define STDIO PRINT(stl

#define UNISTD PRINT(str) write(1,str "\n",sizeof(str)+1)

int maln()
std:: I\ch with stdio(false);
10S REA NT(™1");
STDIO PRINT("2");
UNISTD_PRINT("3")
STREAM PRINT("4")
STDI INT("5");

OSTREAM PRI
STDIO PRINT("1
UNISTD PRlNT("lZ“)

}******* JEeSt/SIC/CClass. C ¥rrrrrttittrtttt |

#include <rlib/c-with-class.h>
#include <stdio.h>

RCPP_CLASS DECL(vector)
RCPP"CLASS"METHOD_DECL_1(vector, push_back, void, int)
RCPP_CLASS_METHOD_DECL 1(vector, at, int, int)

RCPP CLASS_BEGIN vector

RCPP"CLASS™M D_DECL 2(vector, push_back)
RCPP_CLASS| METHOD DECL_2(vector, at)
RCPP_CLASS_END()

RCPP_CLASS_METHOD_IMPL(vector, push_back, void, int data) {
printf("pushing back %d\n", data);

CPP_CLASS METHOD IMPL(vector at, int, int index) {
int elemént = index * index;
return element;

RCPP_CLASS CONSTRUCTOR IMPL(vector) {
RCPP_CLASS_METHOD_REGISTER(vector, push_back)
RCPP_CLASS"METHOD™| REGISTER(vector at)
printf{"constrfuctor called\n");

CPP_CLASS_DESTRUCTOR IMPL(vector) {
printf("d&structor called\n");

int maln()f\l
EW(vector, vct, NULL);
RCPP_( CALL(vct push back, 333)
vct.push_back(&vct, 666);

printf("Element at index %d is %d.\n", 5, vct.at(&vct, 5));
return 123;

/}******* /testlsrc/meta cc ****************/
#include <rlib/meta.hpp>
#include <string>

int main() {
static_assert(rlib::meta_array<33,34,35,36, 37> at<1>()
static_assert(rli eta_array<'f,'u','c’,'k'> <2>()
static_assert(std::get<TI>(rlib: meta array< f' u','c’ k> to _tuple()) =="u');

PRkkkkkk /test/src/funct|ona| cc ****************/
#include <rlib/functional.hpp>
#include <rlib/stdio.hpp>

int main()
auto f = rllb :repeat(4, [1(int i){
7pnntln("l is", i);
A
"

aut °r|T) _pHrgtIn(‘?l{ls" i);

std::functlpn<v0|d(|nt)> b (m);

auto f = rlib::repeat(4, m, 7775'
1/ f(4,m,444
Vi auto ff = std::bind( &decltydp e(f)::operator(), &f, 4, m, 444);

//std: funct|0n<v0|d(5|ze t,"decltype(m), int)> goodf(f'),

Vi f(?uto ff = std::bind(f, 4,m,444);

rlib::printin("time of f is", rlib::timeof(f));
}

JRRRRRRE [test/Sre/lg.CC RRRRRkpRRRkkRK ]

#include <rlib/log.hpp>

using namespace rlib;
int main() {

/I Ioggm? to stdout.

dout_IoP er(std :cout);

out_loggerin o% "test");
stdout_logger.debug(" runnln
stdout”| Ioggerlnfo(“{} ?} " format(“hust asm", 1, "shit"));
/ Ioggln? to file.
logger file tg er(“/tmp/rllb test.log");
file_loggerinfo("shit h:
fileZlogger.verbose( "777")

log_level_t my level = file_logger. reglster Iog? level("MyLoglLev");
file”log 3er|og(‘my level, "my’info.... whit's a Tuck");
retdrn

/}******* Jtest/src/o tCC HHAKAAAKAAKAAAKK |

#include <rI|b/oP
#include <rI|b/t|s dio. hpp>
rintin;

#include <|oman|p>
#include <cassert>
int main(int argl, char **argv)

rlib::opt_parser ogt(argl argv);
prlnt(std’ boola .

println .E getVaIueArg ("--fuck", false), opt.getValueArg("--shit", "-s"), opt.getBoolArg("--boolt", "-b"));
pr{ntlno Lidone:", opt. aIIArgDone())

return

/******* ./teSt/SrC/OS.CC ****************/
#include <rlib/sys/os.hpp>

#if RLIB_OS_ID != OS_LINUX

#error fuck

#endif

static_assert(rlib::0s_info::0s == rlib::0s_info::0s_t::LINUX);
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static_assert(rlib::0s_info::compiler == rlib::0s_info::compile
int main(){

}******* /testlsrc/macro C ****************/
#define a b

#include <rlib/macro.hpp>

#include <rlib/print.hpp>

#define ma 'c'
#define mb a
using rlib::printin;

#define b 'c'
int main()
if(MACRO_EQL(ma, mb))
printin("Hello world.");

printin(MACRO_TO_CSTR(a));
printin("done");

return 0;

/}******* /teSt/SrC/C flSh ****************/
for fI |n (Is .C
+ $fl -g -0 /tmp/$fl.ex -std=c++17 -Ir

d
/******* /3rd art / rett r|nt h ****************/
p y ?1 0)(1’?5 Delapcemx 2010 - 2014,
Vi Dlstrlbuted under the Boost Software License, Version 1.0.
(See acco anying file LICENSE 1 0.txt or copy at
//www.boost.org/LICENSE_1_0.txt)

A
ﬁ A pretty prlntlng library for C++

/l Usage: o
// Inclde this header, and operator<< will "just work".

#ifndef H_PRETTY PRINT
#define H_PRETTY_ PRINT

// Recolic add

#if _GLIBCXX OSTREAM

#include <r||5/sy5/os pp>

#if RLIB_COM R_ID == CC_CLANG

r_t::GCC);

#errgrfln clang you must include prettyprint.hpp before STD ostream or rlib/stdio.hpp.
#en

#endif

#include <cstddef>
#include <iterator>
#include <memory>
#include <ostream>
#include <set>

#include <tuple>
#include <type_traits>
#include <unordered_set>
#include <utility>
#include <valarray>

#ifndef RLIB_3RD_ENABLE_PRETTYPRINT
namespace flib { ™

e rc}amespace _3rdparty {

namespace pretty_print

r{\amespace detail

/I SFINAE type trait to detect whether T::const_iterator exists.

%truct sfinae_base
using yes = char;
usingho = yes[ 1;

template <typename T> X X
struct has_const_iterator : private sfinae_base

private:
template <typename C> static yes & test(typename C::const_iterator*);
bItemplate <typename C> static no & test(...);
public:
static const bool value = sizeof(test<T>(nullptr)) == sizeof(yes);

using type = T;

template <typename T>
struct has_begin_end : private sfinae_base

private:
template <typename C>
static yes & f(typename std::enable_if<
std::is same<dec|type(statlc cast<typ enam
typename C::const | |terato (C

template <typename C> static no & f(...);
template <typename C>
statlca/es & g(typename std::enable_if<
is same<dec|type(stat|c cast<typenam
typename C::const_iterator(C::*

template <typename C> static no & g(...);

e C::const_iterator(C::*)() const>(&c :begin)),
#)() const>T:value>::type *

e C::const_iterator(C::*)() Const>(&C :end)),
)() const>T:value, void>::type*);

ublic:
P static bool const beg_value = Slzeof(f<T>(nuIIFtr) == sizeof(yes);
static bool const end”value = sizeof(g<T>(nul == sizeof(yes);

} // namespace detail

// Holds the delimiter values for a specific character type

template <typename TChar>
%truct delimiters_values

usm% char_type = TChar;
const char_type * prefix;
const char_type * delimiter;
const char_type * postfix;

+

// Defines the delimiter values for a specific container an

template <typename T, typename TChar>
struct delimiters

sing type = delumuters _values<TChar>;
statlc const type values;

d character type
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// Functor to print containers. You can use this directly if you want
/] to specificy a non-default delimiters type. The printing logic can
// be customized by specializing the nested template.
template <typename T,
P yggname TChar = char,
typename TCharTraits = ::std::char_traits<TChar>,
typename TDelimiters = delimiters<T, TChar>>
?truct print_container_helper

using delimiters_type = TDelimiters
using ostream_type = std::basic_t ostream<TChar TCharTraits>;

template <typename U>
struct printer

%tatlc void print_body(const U & ¢, ostream_type & stream)

using std: be |n
using std::en

auto it = beﬁ
const auto the end = end(c);

if (it != the_end)
for ()
stream << *it;
if (++it == the_end) break;

if (delimiters_type::values.delimiter != NULL)
stream << delimiters_type: :values.delimiter;

}
}
}
prlnt container_helper(const T & container)
container_(container)
e}
inline void operator()(ostream_type & stream) const

if (dellmlters _type::values.prefix != NULL)
stream << delimiters_type: ‘values. prefix;

printer<T>::print_body(container_, stream);
if (delimiters_type::values.postfix != NULL)
stream << delimiters_type: ‘values. postfix;

private:
const T & container_;
// Specialization for pairs
template <typename T typename TChar typename TCharTraits, typename TDelimiters>
template <typename T1, typen
struct print_container heIper<T TChar TCharTralts TDelimiters>::printer<std::pair<T1, T2>>
using ostream_type = typename print_container_helper<T, TChar, TCharTraits, TDelimiters>::ostream_type;
static void print_body(const std::pair<T1, T2> & c, ostream_type & stream)
stream << c.first;
if (print_t container helper<T, TChar, TCharTraits, TDelimiters>::delimiters_type::values.delimiter != NULL)
stréam << print_container. heIper<T TChar, TCharTraits, TDelimiters>::deiimiters _type: :values.delimiter;
stream << c.second;
+
/I Specialization for tuples
template <typename T, typename TChar, typename TCharTraits, typename TDelimiters>
template <typename ...Args>
?truct print_container heIper<T TChar, TCharTraits, TDelimiters>::printer<std::tuple<Args...>>

using ostream_type = typename print_t contalner ~_helper<T, TChar, TCharTraits, TDelimiters>::ostream_type;
using element_type = std::tuple<Args...

template <std::size_t I> struct Int { };
static void print_body(const element_type & ¢, ostream_type & stream)
tuple_print(c, stream, Int<0>());

static void tuple_print(const element_type &, ostream_type &, Int<sizeof...(Args)>)

static void tuple_| prlnt(const element_type & ¢, ostream_t pe & stream,
typename std: ‘conditional<sizeof.. .(Args) !'= 0, Int<0>, std::nullptr_t>::type)

stream << std::get<0>(c);
tuple_print(c, stream, Int<1>())
template <std::size t N>
static void tuple_print(const element_type & c, ostream_type & stream, Int<N>)

if (print_container_helper<T, TChar, TCharTraits, TDelimiters>::delimiters_type::values.delimiter != NULL)
stréam << print_container. heIper<T TChar, TCharTraits, TDelimiters>::deiimiters _type: :values.delimiter;

stream << std::get<N>(c);
tuple_print(c, stream, Int<N + 1>());
h
// Prints a print_container_helper to the specified stream.
template<typename T, typename TChar, typename TCharTraits, typename TDelimiters>
inline std :basic ostream<TChar, TCharTraits> & opera or<<(

S sic_ostream<TChar, TCharTraits> & s
const print_container heIper<T TChar, TCharTralts TDelimiters> & helper)

helper(stream);
return stream;

// Basic is_container template; specialize to derive from std::true_type for all desired container types

template <typename T>

struct is_container : public std::integral constant<bgo|t
etai

detai

detai

:value &&
_value &&
nd_value> { };

as_const_iterator<T:
as_begin_end<T
as_begin_end<T:

template <typename T, std::size t N>
struct is contamer<T[N]> std Frue  type { };

template <std::size
struct is contalner<char[N]> : std::false_type { };
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template <typename T>
struct is_container<std::valarray<T>> : std::true_type { };

template <typename T1, typename T2>
struct is_container<std::pair<T1, T2>> : std::true_type { };

template <typename ...Args>

struct is_container<std::tuple<Args...>> : std::true_type { };

// Default delimiters

template <typename T> struct delimiters<T, char> { static const delimiters_values<char> values; };

template <typename T> const delimiters_values<char> delimiters<T, char>::values = { "[", ", ", "]" };

template <typename T> struct delimiters<T, wchar_t> { static const delimiters_values<wchar_t> values; };
template <typename T> const delimiters_values<wchar_t> delimiters<T, wchar_t>::values = T L"[", L", ", L"]" };
// Delimiters for (multi)set and unordered_(multi)set

template <typename T, typename TConq_p, typename TAllocator> L
struct delimiters< ::std::set<T, TComp, TAllocator>, char> { static const delimiters_values<char> values; };

template.<t.¥pename T, typename TComp, typename TAllocator>
const delimiters_values<char> delimiters< i:std::set<T, TComp, TAllocator>, char>::values = { "{",", ", "}" };

template <typename T, typename TCorpI_p, typename TAllocator> .
struct delimiters< ::std::set<T, TComp, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template.<t.¥pename T, typename TComp, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::set<T, TComp, TAllocator>, wchar_t>::values = { L"{", L", ", L"}" };

template <typename T, typename TComp, ty_|pename TAllocator> . .
struct delimiters< ::std::multiset<T, TComp, TAllocator>, char> { static const delimiters_values<char> values; };

template.<t.¥pename T, typename TComp, typename TAllocator>
const delimiters_values<char> delimiters< ::std::multiset<T, TComp, TAllocator>, char>::values = { "{", ", ", "}" };

template <typename T, typename TComp, ty_|pename TAllocator> . o
struct delimiters< ::std::multiset<T, TComp, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template <typename T, typename TComp, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::multiset<T, TComp, TAllocator>, wchar_t>::values = { L"{", L", "

Y

template <typename T, typename THash, ;rypename TEqual, typename TAllocator>. e
struct delimiters< ::std::unordered_set<T, THash, TEqual, TAllocator>, char> { static const delimiters_values<char> values; };

template <typename T, typename THash, typename TEqual, tyPename TAllocator>
const delimiters_values<char> delimiters<::std::unordered_set<T, THash, TEqual, TAllocator>, char>::values = { "{"

"I"h

template <typename T, typename THash, ;rypename TEqual, typename TAllocator> .
struct delimiters< ::std::unordered_set<T, THash, TEqual, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template <typename T, typename THash, typename TEqual, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::unordered_set<T, THash, TEqual, TAllocator>, wchar_t>::values = { L"{",

template <typename T, typename THash, typename TEqual, typename TAllocator> . o
struct delimiters< ::std::unordered_multiset<T, THash, TEqual, TAllocator>, char> { static const delimiters_values<char> values; };

template <typename T, typename THash, typename TEqual, typename TAllocator>
const delimiters_values<char> delimiters<::std::unordered_multiset<T, THash, TEqual, TAllocator>, char>::values = { "{

Y

template <typename T, typename THash, typename TEqual, typename TAllocator> . .
struct delimiters< ::std::unordered_multiset<T, THash, TEqual, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template <typename T, typename THash, typename TEqual, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::unordered_multiset<T, THash, TEqual, TAllocator>, wchar_t>::values = { L"{", L", ", L"}" };

// Delimiters for pair and tuple

template <typename T1, typename T2> struct delimiters<std::pair<T1, T2>, char> { static const delimiters_values<char> values
template <typename T1, typename T2> const delimiters_values<char> delimiters<std::pair<T1, T2>, char>::values = { "(", ", ", ")" };

template <typename T1, typename T2> struct delimiters< ::std::pair<T1, T2>, wchar_t> { static const delimiters_values<wchar_t> values; };
template <typename T1, typename T2> const delimiters_values<wchar_t> delimiters< ::std::pair<T1, T2>, wchart>::values = {T1"(", L", ", L)" };

template <typename ...Args> struct delimiters<std::tuple<Args...>, char> { static const delimiters_values<char> values; };

template <typename ...Args> const delimiters_values<char> delimiters<std::tuple<Args...>, char>i:values = { "(", ", ", ")" };
template <typename ...Args> struct delimiters< ::std::tuple<Args...>, wchar_t> { static const delimiters_values<wchar_t> values; };
template <typename ...Args> const delimiters_values<wchar_t> delimiters<"::std::tuple<Args...>, wchar_t>::values = T L"(", L", ", L")" };

Vi Type-erasin?1 helper class for easy use of custom delimiters.

Z Requires TCharTraits = std::char_traits<TChar> and TChar =)5har or wchar_t, and MyDelims needs to be defined for TChar.

Usage: "cout << pretty_print::custom_delims<MyDelims>(x
struct custom_delims_base
virtual ~custom_delims base%) {1}
virtual std::ostream & stream(::std::ostream &) = 0;
virtual std::wostream & stream(::std::wostream &) = 0;

template <typename T, typename Delims>
%truct custom_delims_wrapper : custom_delims_base

custom_delims_wrapper(const T & t_) : t(t_) { }
std::ostream & stream(std::ostream & s)
return s << print_container_helper<T, char, std::char_traits<char>, Delims>(t);

std::wostream & stream(std::wostream & s)

return s << print_container_helper<T, wchar_t, std::char_traits<wchar_t>, Delims>(t);

private:
const T &t;

template <typename Delims>
struct custom_delims

template <typename Container> . . )
custom_delims(const Container & c) : base(hew custom_delims_wrapper<Container, Delims>(c)) { }

std::unique_ptr<custom_delims_base> base;

template <typename TChar, typename TCharTraits, typename Delims> . . .
inline std::basic_ostream<TChar, TCharTraits> & operator<<(std::basic_ostream<TChar, TCharTraits> & s, const custom_delims<Delims> & p)

return p.base->stream(s);

// A wrapper for a C-style array given as pointer-plus-size.
/I Usage: std::cout << pretty_print_array(arr, n) << std::endl;

template<typename T>
struct array_wrapper_n

typedef const T * const_iterator;
typedef T value_type;

array_wrapper_n(const T * const a, size_t n) : _array(a), _n(n) { }
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inline const_iterator begin() const { return _array; }
inline const_iterator end() const { return _array + _n; }

private:
const T * const _array;
size_t _n;

/I A wrapper for hash-table based containers that offer local iterators to each bucket.
// Usage: std::cout << bucket_print(m, 4) << std::endl; (Prints bucket 5 of container m.)

template <typename T>
?truct bucket_print_wrapper

typedef typename T::const_local_iterator const_iterator;
typedef typename T::size_type size_type;

const_iterator begin() const
return m_map.cbegin(n);

const_iterator end() const

return m_map.cend(n);

bucket_print_wrapper(const T & m, size_type bucket) : m_map(m), n(bucket) { }

private:
const T & m_map;
const size_type n;

}  // namespace pretty_print

// Global accessor functions for the convenience wrappers

template<typename T>
inline pretty_print::array_wrapper_n<T> pretty_print_array(const T * const a, size_t n)

return pretty_print::array_wrapper_n<T>(a, n);

template <typename T> pretty print::bucket _print_ wrapper<T>
bucl?et prlnt)(,gonstT &m ptype¥1apme Ti:size_| yge ny PP

return pretty_print::bucket_print_wrapper<T>(m, n);

// Main magic entry point: An overload snuck into namespace std.
/I Can we do better?

r{\amespace std
// Prints a container to the stream using default delimiters

template<typename T, typename TChar, typename TCharTraits>

inline typename ::std: enable if< pretty print::is_container<T>::value
std::basic_ostream<TChar, TCharTralts> &> X«

operator<<(::std::basic_t ostream<TChar TCharTraits> & stream, const T & container)

return stream << pretty_print::print_container_helper<T, TChar, TCharTraits>(container);

}tifndef RLIB_3RD_ENABLE_PRETTYPRINT

/I end namespace rlib::3rdpa %
;fendlf // RLIB_3RD_ENABLE %R PRINT

#endif //H PRETTY_PRINT
/******* /3rd’party/grettypr|nt98 hpp ****************/
Copyright Louis Delacroix 2010 - 2014,
A Dlstrlbuted under the Boost Software License, Version 1.0.
See accompanying file LICENSE 1 0. txt or copy at
http: /}\Dszw boost. org/LICENSE _0.txt)

#ifndef H_PRETTY PRINT
#define H_PRETTY_ PRINT

#include <ostream>
#include <ut|||t¥
#include <iterator>
#include <set>

#ifndef NO_TR1

# include’<trl/tuple>

# include <trl/unordered_set>
#endif

r{1amespace pretty_print

template <bool, typename S, typename T> struct conditional { g
template <typename S, typename T> struct conditional<true, T> { typedef S type; };
template <typename S, typename T> struct conditional<faise, S, T> { typedef T type; };

template <bool, typename T> struct enable_if {T H
template <typename T> struct enable_if<true, T> { typedef T type; };

/I SFINAE type trait to detect whether T::const_iterator exists.

template<typename T>
struct has_const_iterator

private:
typedef char €es;
typedef struct { char array[2]; } no

template<typename C> static yes test(typename C::const_iterator*);
bItemplate<typename C> static no test(...);

u
P static const bool value = sizeof(test<T>(0)) == sizeof(yes);
typedef T type;

// SFINAE type trait to detect whether "T::const_iterator T::begin/end() const" exist.

template <typename T>
%truct has_begin_end

struct Dummy { typedef void const_iterator; };
typedef typename conditional<has_const iterator<T>::value, T, Dummy>::type TType;
typedef typename TType::const_iterator iter;

struct Fallback { iter begin() const; iter end() const; };
struct Derived : TType, Fallback i;

template<typename C, C> struct ChT;

template<typename C> static char é&fEChT<|ter (Fallback::*)() const, &C::begin>*))[1];
template<typename C> static char (&f(...))[2];



has_begin_end<

template<typename C> static char é&géChT<iter (Fallback::*)() const, &C::end>*))[1];
template<typename C> static char (&g(...))[2];

sizeof(f<Derived>(0))
sizeof(g<Derived>(0))

static bool const beg_value 2;

static bool const end”value

+
// Basic is_container template; specialize to have value "true" for all desired container types

template<ty}Fenam§ T>I str}uct is_container { static const bool value = has_const_iterator<T>::value && has_begin_end<T>:beg value &&
>::end_value; };

template<typename T, std::size_t N> struct is_container<T[N]> { static const bool value = true; };
template<std::size_t N> struct is_container<char[N]> { static const bool value = false; };

// Holds the delimiter values for a specific character type

template<typename TChar>
struct delimiters_values

typedef TChar char_type;
const TChar * prefix;
const TChar * delimiter;
const TChar * postfix;

// Defines the delimiter values for a specific container and character type

template<typename T, typename TChar>
struct delimiters

typedef delimiters_values<TChar> type;
static const type values;

// Default delimiters

template<typename T> struct delimiters<T, char> { static const delimiters_values<char> values; };
template<typename T> const delimiters_values<char> delimiters<T, char>::values = { "[", ", ", "]" i};
template<typename T> struct delimiters<T, wchar_t> { static const delimiters_values<wchar_t> values;

temglate<typename T> const delimiters_values<wchar_t> delimiters<T, wchar_t>::values = { L"[", L", ", L"]" };

// Delimiters for (multi)set and unordered_(multi)set

template<typename T, typename TComp, typename TAllocator> o
struct delimiters< ::std::5et<T, TComp, TAllocator>, char> { static const delimiters_values<char> values; };

template<typename T, typename TComp, typename TAllocator>
const delimiters_values<char> delimiters< ::std::set<T, TComp, TAllocator>, char>::values = { "{",", ", "}" };

template<typename T, typename TComp, typename TAllocator> o
struct delimiters< ::std::5et<T, TComp, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template<typename T, typename TComp, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::set<T, TComp, TAllocator>, wchar_t>::values = { L"{", L"

template<typename T, typename TComp, tyq_ename TAllocator> . o
struct delimiters< ::std::multiset<T, TComp, TAllocator>, char> { static const delimiters_values<char> values; };

template<typename T, typename TComp, typename TAllocator>
const delimiters_values<char> delimiters<:std::multiset<T, TComp, TAllocator>, char>::values = { "{", ", ", "}" };

template<typename T, typename TComp, tyq_ename TAllocator> . o
struct delimiters< ::std::multiset<T, TComp, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template<typename T, typename TComp, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::multiset<T, TComp, TAllocator>, wchar_t>::values = { L"{", L", ", L"}" };

#ifndef NO_TR1

L"}"

templat‘e<tyfename T, typename THash, typenamehTE(Eual, ty{;ename TAllocator>
ers .

struct delimi < ustd::frl::unordered_set<T, THash, TEqual, TAllocator>, char> { static const delimiters_values<char> values; };
template<typename T, typename THash, typename TEqual, typename TAllocator>
const delimiters_values<char> delimiters< ::std::trl::unordered_set<T, THash, TEqual, TAllocator>, char>::values = { "{", ", ", "}" };

templategtygename T, typename THash, typename TE(EuaI, ername TAllocator> X o
struct delimiters< ::std::frl::unordered_set<T, THash, TEqual, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template<typename T, typename THash, typename TEqual, t)g)ename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::trl::unordered_set<T, THash, TEqual, TAllocator>, wchar_t>::values = { L"{", L", ", L"}" };

templategtygename T, typename THash, typename TEqual, typename TAllocator> . e
struct delimiters< ::std::frl::unordered_multiset<T, THash, TEqual, TAllocator>, char> { static const delimiters_values<char> values; };

template<typename T, typename THash, typename TEqual, typename TAllocator>
const delimiters_values<char> delimiters< ::std::trl::unordered_multiset<T, THash, TEqual, TAllocator>, char>::values = { "{", ", ", "}" };

templategtygename T, typename THash, typename TEqual, typename TAllocator> . e
struct delimiters< ::std::frl::unordered_multiset<T, THash, TEqual, TAllocator>, wchar_t> { static const delimiters_values<wchar_t> values; };

template<typename T, typename THash, typename TEqual, typename TAllocator>
const delimiters_values<wchar_t> delimiters< ::std::trl::unordered_multiset<T, THash, TEqual, TAllocator>, wchar_t>::values = { L"{", L", ",

#endif

// Delimiters for pair (reused for tuple, see below)

template<typename T1, typename T2> struct delimiters< ::std::pair<T1, T2>, char> { static const delimiters_values<char> values; };
template<typename T1, typename T2> const delimiters_values<char> delimiters< ::std::pair<T1, T2>, char>:values = { "(", ", ", ")" };
template<typename T1, typename T2> struct delimiters< ::std::pair<T1, T2>, wchar_t> { static const delimiters_values<wchar t> VaL‘LIJe"S;

template<typename T1, typename T2> const delimiters_values<wchar_t> delimiters< ::std::pair<T1, T2>, wchar_t>::values = {'L"(", L}")" I

// Iterator microtrait class to handle C arrays uniformly

template <typename T> struct get iterator { typedef typename T::const iterator iter; };
template <typename T, std::size_t N> struct gét_iterator<T[N]> { typedef const T * iter; };

te.n'wla}te <typename T> typename enable_if<has_const_iterator<T>::value, typename T::const_iterator>::type begin(const T & c) { return

c.begin();

TCh

template <typename T> typename enable_if<has const_iterator<T>::value, t dpename T::const_iterator>::type end(const T & c) { return c.end(); }
template <typename T, size_t N> const T ¥ begm(‘const T(&x)&N]‘) i return &x{ ]‘; %
template <typename T, size_t N> const T* end (const T(&x)[N]) { return &x[0] + N;
/1 Functor to print containers. You can use this directly if you want to specificy a non-default delimiters type.
template<typename T, typename TChar = char, typename TCharTraits = :std::char_traits<TChar>, typename TDelimiters = delimiters<T,
ar> >
%truct print_container_helper
typedef TChar c.har_ta/p,e; .
typedef TDelimiters delimiters_type; X
typedef std::basic_ostream<TChar, TCharTraits> ostream_type;
typedef typename get_iterator<T>::iter Titer;

print_container_helper(const T & container)
: _container(container)

inline void operator()(ostream_type & stream) const
if (delimiters_type::values.prefix != NULL)
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stream << delimiters_type::values.prefix;

if (begin(_container) != end(_container)) .
f{or (TTter it = begin(_container), it_end = end(_container); ;)

stream << *it;
if (++it == it_end) break;

if (delimiters_type::values.delimiter != NULL)
stream << delimiters_type::values.delimiter;

}

if (delimiters_type::values.postfix != NULL)
stream << delimiters_type::values.postfix;

private: .
const T & _container;

Vi ]F'e/pe-,erasin% helper class for easy use of custom delimiters. . .
equires TCharTraits = std::char_traits<TChar> and TChar = char or wchar_t, and MyDelims needs to be defined for TChar.

A
/I Usage: "cout << pretty_print::custom_delims<MyDelims>(x)".
struct custom_delims_base

virtual ~custom_delims_base() { }
virtual ::std::ostfeam & Stream(::std::ostream &) = 0;
virtual ::std::wostream & stream(::std::wostream &) = 0;
template<typename T, typename Delims> .
struct custom_delims_wrapper : public custom_delims_base

custom_delims_wrapper(const T & t_) : t(t_) { }
:std::ostream & stream(::std::ostream & s)

{
return s << ::pretty_print::print_container_helper<T, char, ::std::char_traits<char>, Delims>(t);

-

::std::wostream & stream(::std::wostream & s)

{

) return s << ::pretty_print::print_container_helper<T, wchar_t, ::std::char_traits<wchar_t>, Delims>(t);

private:
const T &t;

template<typename Delims>
struct custom_delims

template<typename Container> custom_delims(const Container & c) : base(new custom_delims_wrapper<Container, Delims>(c)) { }
~custom_delims() { delete base;
custom_delims_base * base;
} // namespace pretty_print
template<typename TChar, typename TCharTraits, typename Delims> . . . .
g‘mhr;e std::basic_ostream<TChar, TCharTraits> & operator<<(std::basic_ostream<TChar, TCharTraits> & s, const pretty_print::custom_delims<Delims>
p
return p.base->stream(s);
// Template aliases for char and wchar_t delimiters
// Enable these if you have compiler stipport
/I Implement as "template<T, C, A> const sdelims::type sdelims<std::set<T,C,A>>::values = { ... }."
//template<typename T> using pp_sdelims = prett{ print::delimiters<T, char>;
/ltemplate<typename T> using pp_wsdelims = pretfy_print::delimiters<T, wchar_t>;
r{1amespace std
// Prints a print_container_helper to the specified stream.
template<typename T, thename TChar, typename TCharTrajts, t){pename TDelimiters>
inline basic_ostream<TChar, TCharTraits> & operator<<(basic_ostream<TChar, TCharTraits> & stream, . -
const ::pretty_print::print_container_helper<T, TChar, TCharTraits, TDelimiters> & helper)
helper(stream);
return stream;
// Prints a container to the stream using default delimiters
template<typename T, typename TChar, typename TCharTraits> . .
inline typename ::pretty print::enable_if< ::pretty print::is_container<T>::value, basic_ostream<TChar, TCharTraits>&>::type
operator<<(basic_ostream<TChar, TCharTraits>"& stream; const T & container)
return stream << ::pretty_print::print_container_helper<T, TChar, TCharTraits>(container);
// Prints a pair to the stream using delimiters from delimiters<std::pair<T1, T2>>.
template<typename T1, typename T2, typename TChar, typename TCharTraits> . .
inline basic_ostream<TChar, TCharTraits> & operator<<(basic_ostream<TChar, TCharTraits> & stream, const pair<T1, T2> & value)

if (::pretty_print::delimiters<pair<T1, T2>, TChar>::values.prefix != NULL)
stream << ::pretty_print::delimiters<pair<T1, T2>, TChar>::values.prefix;

stream << value.first;

if (::pretty_print::delimiters<pair<T1, T2>, TChar>::values.delimiter != NULL)
stream << ::pretty_print::delimiters<pair<T1, T2>, TChar>::values.delimiter;

stream << value.second;

if (::pretty_print::delimiters<pair<T1, T2>, TChar>::values.postfix != NULL)
stream << ::pretty_print::delimiters<pair<T1, T2>, TChar>::values.postfix;

} return stream;
} // hamespace std

#ifndef NO_TR1
// Prints a tuple to the stream using delimiters from delimiters<std::pair<tuple_dummy_t, tuple_dummy_t>>.
namespace pretty_print
{ struct tuple_dummy_t { }; // Just if you want special delimiters for tuples.
typedef std::pair<tuple_dummy_t, tuple_dummy_t> tuple_dummy_pair;

template<typename Tuple, size_t N, typename TChar, typename TCharTraits>
struct pretty_tuple_helper

static inline void print(::std::basic_ostream<TChar, TCharTraits> & stream, const Tuple & value)
pretty_tuple_helper<Tuple, N - 1, TChar, TCharTraits>::print(stream, value);

if (delimiters<tuple_dummy pair, TChar>::values.delimiter != NULL)
stream << delimiters<tuple_dummy_pair, TChar>::values.delimiter;
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stream << std::trl::get<N - 1>(value);
h

template<typename Tuple, typename TChar, typename TCharTraits>
struct pretty_tuple_helper<Tuple, 1, TChar, TCharTraits>

static inline void print(::std::basic_ostream<TChar, TCharTraits> & stream, const Tuple & value)
stream << :std::trl::get<0>(value);

} // hamespace pretty_print

/* The following macros allow us to write "template <TUPLE PARAMAS> std::tuple<TUPLE_ARGS>"
* uniformly in"C++0x compilers and in MS Visual Studio 2
*/Credlts to STL: http://channel9.msdn. com/Shows/Gomg+Deep/C9 Lectures-Stephan-T-Lavavej-Advanced-STL-6-of-n

#define TUPLE_PARAMS \

typename TO typename T1, typename T2, typename T3, typename T4, \
?/ Ejygename T6. gﬁ/fename 17, t)f_;;ename T8, typename T9
#define TUPLE TO, T1, T2, T4, T5, T6

namespace std

template<typename TChar, t¥8ename TCharTraits, TUPLE PARAMS> .
inline basic_ ostream<TChar, TCharTraits> & operator<<(basic_ostream<TChar, TCharTraits> & stream, const trl::tuple<TUPLE_ARGS> & value)

if (::pretty_print::delimiters< ::pretty_print::tuple_dummy_pair, TChar>::values.prefix != NULL)
stream << ::pretty_print:: delimiters< :: pretty_print:itiple_dummy_pair, TChar>: ‘values. prefix;

retty_print::pretty_tuple_helper<const  trl:tuple<TUPLE_ARGS> &, trl::tuple_size<trl::ituple<TUPLE_ARGS>  >:value, TChar,
TCharTral S>: prlnt(stream value);

if (::pretty_print::delimiters< dpretty print::tuple_dummy_pair, TChar>::values.postfix != NULL)
stream << ::pretty_print::delimiters< ::pretty_print:tuple_dummy_pair, TChar>: ‘values. postfix;

return stream;
} // namespace std
#endif // NO_TR1

/1 A wrapper for raw C-style arrays. Usage: intarr{] = { 1, 2, 4, 8, 16 }; std::cout << wrap_array(arr) <<
namespace pretty_print

template<typename T>
%truct array_wrapper_n

typedef const T * const_iterator;
typedef T value_type;

array_wrapper_n(const T * const a, size_t n) : _array(a), _n(n) { }
inline const_iterator begin() const { retdrn _array;
inline const_iterator end() const { return _array + _n; }

private:
const T * const _array;
size_t _n;

} // hamespace pretty_print

template<typename T>
inline pretty_print::array_wrapper_n<T> pretty_print_array(const T * const a, size_t n)

return pretty_print::array_wrapper_n<T>(a, n);

/****(i** /3rdparty/test cc ****************/
#include "prettyprint.hpp"

#include <rlib/stdio.hpp>

#include <list>

using namespace rlib;

int main() {
std::list Is {1,3,2};
3rdparty :std: operator<<(std :cout, Is);

HRRKRKRE [MACTO. hpﬁ HRRRAAKAKAAAAKAAK |

#ifndef R MACRO
#define R'_MACRO'_HPP

#ifdef RLIB_ EMPTY MACRO
#undef RLIB_EMPTY_MACRO

endif
#deflne RLIB_EMPTY_MACRO

#ifndef RLIB_MACRO_DECAY
gdeg.nfe RLIB_MACRO_DECAY(m) (m)
enal

#ifndef RLIB_MACRO_ENSTRING
gdegr}e RLIB_MACRO_ENSTRING(_s) #_s
enal

#ifndef RLIB_MACRO TO CST!
gdegr}e RLIB_MACRO_TO_ CSTR(m) _RLIB_MACRO_ENSTRING(m)
enai

//#ifndef RLIB_MACRO_EQL
Zﬁdegr}e RLIB_MACRO_EQL(a, b) (RLIB_MACRO_TO_CSTR(a) == RLIB_MACRO_TO_CSTR(b))
endal

#ifndef RLIB_MACRO_CAT

#define RLIB-MACRO CAT(a, b) RLIB_MACRO CAT I(a, b)

#define RLIB_MACRO _CAT i(a, b) RLCIB_MACRO_CAT _lI(~, a ## b)

gdef nfe “RLIB_MACRO_( CAT‘II(p res) res”
endi

#ifndef RLIB_MAKE UNIQUE N

gdef r}e RLIB_MAKE_UNIQUE_| NAME(base) RLIB_MACRO_CAT(base, _ COUNTER_ )
endi

#endif

/******* /Stream hpp ****************/
#include <|’|Ib/F8QUIr€/CXXll>
#include <streambuf>

#include <iostream>

#include <rlib/sys/os.hpp>

namespace rlib {
namespace im ?I { .
class NullStreamBuf : public std::streambuf

public:
int overflow(int c) { return ¢; }

/' stdc++ 17 removed
extern NullStreamBuf null_streambuf;

}
/1#if RLIB_CXX_STD < 2017
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extern std::ostream null_stream;
[#else .
1! inline std::ostream null_stream(&impl::null_streambuf);
//#endif

kkokkokkok _/functional_h ****************/
#ifndef RLIB FUNCTIONAL HPP
#define RLIB_FUNCTIONAL HPP_

#include <rlib/require/cxx17>
#include <rlib/class_decorator.hpp>
#include <rlib/sys/o0s.hpp>

#include <ty€e_traits>
#include <list>
#include <functional>
#include <chrono>

namespace rlib {
namespace impl {
template <t¥pename Func, typename... Args>
struct repeated_func { .
using return_tys)e.= pename std::invoke_result<Func, Args ...>::type;
auto operator ()(size_t count, Func f, Args ~. args) {
for(size t cter =0; cter < count - 1; ++cter
f(std::forward<Args>(args) ...);
return f(std::forward<Args>{args) ...);

template <t\t/pename Func, t?(pename... Args>
struct repeated_func_return_list .
using return_tyg)e_: t¥pename std::invoke_result<Func, Args ...>::type;
tor ()(size )

auto opera count, Func f, Args .. args) {
std::list<return_fype> ret;
for(size_t cter = 0; cter < count; ++cter)

e
ret.push_back(std::move(f(std::forward<Args>(args) ...)));
return std::move(ret);

) }

namespace rlib ?
template <class Func, 5ypenanr_1e... Ar'_gs>
constexpr static inline double timeof(Func && f, Args && ... args)

auto begin = std::chrono::high_resolution_clock::now();
f(std::forward<Args>(args) ...); .

auto end = std::chrono::high_resolution clock::nowg);

return ::std::chrono::duration<double>(end - begin).count();

template <class Func, typename... Args>
%onstexpr static inline auto repeat(size_t count, Func && f, Args && ... args)

/I Unnecessary asserts for debug{gin_g.

using return_type = typename std::invoke_result<Func, Args ...>::type; .

using return_type2 =typename std::invoke result<t¥pename impl:;irepeated_func<Func, Args ...>, size_t, Func, Args ...>::type;
unc, Arg}s ...>()(count, f; args ...));

using return”type3 ecltype(impl::repeated_func<
s_same<return_type, return_type2>::value);

stat!c_asserfgst B
static_assert(std::is_same<return_type, return_type3>::value);

return std::bind(impl::repeated_func<Func, Args ...>(), count, std::forward<Func>(f), std::forward<Args>(args) ...);

b
femplate <class Func, typename... Args> o
constexpr static inline auto repeat_and_return_list(size_t count, Func f, Args... args)

return std::bind(impl::repeated_func_return_list<Func, Args ...>(), count, std::forward<Func>(f), std::forward<Args>(args) ...);
}

namespace std {

#if RLIB_CXX_STD >= 2017
class execution;

?endlf

// functools here.
#if 0 // not finished
#include <algorithm>
namespace rfib {
template <Iterable buffer_t>
clagls wrappedilterable : pablic buffer_t {
ublic:
P using buffer_t::buffer_t;
using buffer_type = buffer_t;
using value type = buffer 't::value_tgpe;
using this_type = wrappediterable<buffer_t>:
wrappedlterable(const buffer t &b) : buffer (b) {}
wrappedlterable(buffer_t &&b) : buffer_t(std::forward<buffer_t>(b)) {}

#if RLIB_CXX_STD >= 2017
7] std=:foreach wrapper . . .
this_type &map(std::execution &&policy, std::function<value_type(const value_type &)> mapper func) {
sta::for_each(std::forward<std::execution>(policy), begin; end, [&mapper_func](value_type &v){v = mapper_func(v);});

this_t)g)e &map(std::execution &&policy, std::function<void(value _type &)> mapper_func) {
std::for_each(std::forward<std::execution>(policy), begin, end, mapper_func);

#endif
/[ std::foreach wrapper
thus_t)g)e &map(std::function<value_type(const value_type &)>
stt::fogt%ach(begm, end, [&mappér_func](value_type &v){v
return *®this;

mapper_func) {
= rﬁgpp_er_funC(V);})F

this_type &map(std::function<void(value_type &)> mapper_func) {
std::for_each(begin, end, mapper_func%
return *this;

this_type &filter(std::function<bool(const value_t¥pe &)> filter_func) { .
stt::rerggye_lf(begln, end, [&filter_func](const value_type &v) -> bool {return !filter_func(v);});
return *this;

this_type &flat_map(std::function<buffer_type<value_type>(const value_type &)>) {
}
h
3 ;
#endif
#endif
/******* ./_SCDpe guard_hpp ****************/
/’; Exception safe usage:
*reinforce_scope_begin(_gname, [1(){do_sth();})

* do_something();
: reinforce_scope_end(_gname)

*

#ifndef R SCOPE_GUARD
#define R SCOPE. GUARD
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#include <rlib/require/cxx11>
#include <functional>
#include <rlib/class_decorator.hpp>

namespace rlib {
class scope_guard : private noncopyable

ublic
P template<c|ass Callable
scope_guard(Callable && undo_func) : f(std::forward<Callable>(undo_func)) {}

scope guard(scope guard && other) : f(std::move(other.f)) {
other.f = nullptr;

~scope_guard() {
if(f)F(); // must not throw

void dismiss() noexcept {
f = nullptr;

void force call() noexcept {
if(f) f();
dismiss();

privat
std :function<void()> f;

b

#ifndef rlib_defer

#include <rlib/macro.h %?

gdegr}e rlib_defer(callable) ::rlib::scope_guard RLIB_MAKE_UNIQUE_NAME(_guarder_id_) (callable)
endi

#define RLIB_reinforce_scope_begin(guarderName, callable) scope_guard guarderName = callable; try{
#define RLIB_reinforce”_scope_end(guarderName) } catch(...) { guarderName.force_call(); throw;}

/*
scope_guards scope_exit, scope_fail;

actionl(); r= UL 105 3;
scope_exit += ean b
scose fail += [5{ roIIbacuk 10); };

action2(); t e 0
scope_exi nu ;
scose fail += [I{ rollbackpz [V S

do_something();

i/cope_fail.dismiss();

#include <deque>

namespace rlib {
class scope_guards : private noncopyable

public
template<c|ass Callable>
scope ?uards& operator += (Callable && undo_func) {
t em Iace _front(std::forward<Callable>(undo_func));
re urn

~scope_guards|
fgrcegcall()II {

void dISmISS() noexcept {
fbuf.clear();

void force callé noexceft {

for(auto &f : fbuf) fi
dismiss();
private:
std::deque<std::function<void(void)> > fbuf;
}
#endif

JrRRRRRR . [cmnake/cmake.include #kkkkrrkitbikisk
if "${CMAKE CXX_COMPILER_ID}" STREQUAL "Clang")

elself ("$ (q,MAKIg CXX COMPILER ID}" STREOUAL "GNU")
et(rlib_ CXX FLAGS "-Wno-ter
elself ("$ {CMAKE_CXX COMPI LER ID o STREOUAL "Intel")

add eflnltlons( DRLIB MINGW DISABLE TLS)
elseif ("${CMAKE_CXX_COMPILER_D}" STREQUAL "MSVC")
ol ;fhz)usmg VlsuaW Studio C++
endi

if(MSYS OR MINGW)
d.?(d)d_definitions(-DRLlB_MINGW_DISABLE_TLS)
endl

vk [cmake/CMakeLists. bt Frrkskkbiprkkikk

# Use this file if you want to include rlib as a subdirectory
if "${CMAKE CXX_COMPILER_ID}" STREQUAL "Clang")
elself ("$ gMAKEq CXX COMPILER ID}" STREOUAL "GNU")

et(rlib_ CXX FLAGS "-Wno-ter
else|f ("$ {CMAKE_CXX COMPI LER ID o STREOUAL "Intel")

add eflnltlons( DRLIB MINGW DISABLE TLS)
elseif ("${CMAKE_CXX_COMPILER_D}" STREQUAL "MSVC")
ol ;fhz)usmg VlsuaW Studio C++
endi

if(MSYS OR MINGW)
d.?(d)d_definitions(-DRLlB_MINGW_DISABLE_TLS)
endl

add_library(r STATIC ../libr.cc)
include_directories(. )

preeekek [emake/rlib-config.cmake #krkkikikcikiomk
# use this file if you want to install rlib

set(rlib_INCLUDE DIRS ${PREFIX}/include)
set(rlib_LIBRARIES ${PREFIX}/lib/libr.a)

if ( "${CMAKE CXX_COMPILER_ID}" STREQUAL "Clang")

elseif ( "${§M KFEI CXX COMPILER ID}" STREQUAL "GNU")
se CXX_FLAGS "-Wno-terminat
elself("$ IAKE_CXX COMPILER I }" STREOUAL "Intel")
add flnltlons( DRLIB MINGW DISABLE
elself ("${CMAKE_CXX_COMPILER_D}" STREQUAL "MSvC")
# using VlsuaW Studio C++
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endif()

if(MINGW)
add_definitions(-DRLIB_MINGW_DISABLE_TLS)
%rlgl‘f’g‘* .Jimpl/traceable_|ist.hpp *xkkkkrtbiiiomtk/
#ifndef _RLIE IMPL_TRACEABLE_LIST HPP
#define” RLIB. IMPL_ TRACEABLE_ LIST HPP 1

#include <list>
#include <stdexcept>
#include <utility>

namespace rlib {
namespace |mpl_{k . . . . . .
/I A double linked list with ability to get iterator from data_t*. Designed for *_object_pool.
/Il OnI?/ implement few necessary functionalibities.
template<typename T, typename extra_info_t>
class traceable_list {
struc$ node {

:You may not manage data ownness here. Or you must carefully check if (node*)&data works.

T data; // Able to get iterator from T*
node *prev;
node *next; . . . .
extra_info_t extra_info; // bool flag. specially designed for object_pool.
uint32_t magic =0x19980427;
template <typename... TConstructArgs> .
node(node *prev, node *next, const extra_info_t &extra_info, TConstructArgs... args) .
: data(std::forward<TConstructArgs>(args) ...), previprev), next(next), extra_info(extra_info)

}

public: o . )
class iterator : std::bidirectional_iterator_tag {
friend class traceable_list;

public: .
using pointer = T *;
using reference = T &;
explicit iterator(node *ptr) : ptr(ptr) {}

explicit iterator(T *data_pointer) : ptr(reinterpret_cast<node *>(data_pointer)) {
if (ptr—>ma%|c 1= 0x 9980427?

hrow std::invalid_argument(

"magic_num verification failed. invalid data_pointer passed or ruined memory?");

}

T &operator*() { ) )
// If this is an iterator to empty_list.begin(), then nullptr->data throws.
return ptr->data;

T *operator->() { . .
/1 If this is an iterator to empty_list.begin(), then nullptr->data throws.
return &ptr->data;

extra_info_t &get_extra_info() {
réturn ptr->extra_info;

const T &operator*() const { . .
his is an iterator to empty_list.begin(), then nullptr->data throws.
return ptr->data;

const T *operator->() const { . .
// If this is an iterator to empty_list.begin(), then nullptr->data throws.
return &ptr->data;

const extra_info_t &get_extra_info() const {
return ptr->extra_info;

iterator &operator++() {
ptr = ptr->next;
return *this;

iterator backup(ptr)
operator++();
return std::move(backup);

const iterator operator++(int) {
r);

iterator &operator--() {.
if (Iptr && _impl_tail)
ptr = _impl_tail;
else " "
r = ptr->prev;
retu?n *thlps; P

const iterator operator--(int) {
iterator backup(ptr);
operator--();
return std::move(backup);

bool operator:

const iterator &another) const {
return ptr = ;

another.ptr;

bool operator!=(const iterator &another) const {
return loperator==(another);

private:
node *ptr;

iterator(node *ptr, node *tail) : ptr(ptr), _impl_tail(tail) {}

. . ~ node *_impl_tail = nullptr; // If this iter is created by begin() or end(), it must set this ptr to support end().operator--(), to indicate that this
iterator is not invalid.

~traceable_list() { . .
for (aufo iter = begin(); iter !'= end();) {
auto to_release = iter++;
delete fo_release.ptr;

}

iterator begin() { )
return iterator(head, tail);

iterator end() { .
return iterator((node *) nullptr, tail);

template <typename... ConstructArgs> . .
void emplace_one(const iterator &where, const extra_info_t &extra_info, ConstructAr%s... constructArgs) {
ilfo new_node = new node(nullptr, where.ptr, extra_info, std::forward<ConstructArgs>(constructArgs) ...);
m_sizé&;
if (théad) {
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tail = head = new_node;
return;

auto ptr = where.ptr;
if (tptr) {
/l'is end();
tail->next = new_node;
new_node->prev = tail;

tail = new_node;
return;

}

auto left = ptr->prev, right = ptr;
new_node->prev = right->prev;
if (left) left->next = new_node;
right->prev = new_node;

if (head == ptr)
head = new_node;

void push one(const iterator &where, T &&data, const extra_info_t &extra_info) {
emplace_one(where, extra_info, std::forward<T>(data));

v0|d_|push one(const iterator &where, const T &data, const extra_info_t &extra_info) {
push_t one(where std::move(_data), extra_info);

void push_back(T &&data, const extra_info_t &extra_info) {
push_one(end(), std: forward<T>(HataT extra_info);

void push_back(const T &data, const extra_info_t &extra_info) {
push_one(end(), std: forward<T>(data7 extra_info); ™

void push_front(T &&data, const extra_info_t &extra_info) {
push_one(begin(), std::forward<TS (dafa), extra "info);

void push_front(const T &data, const extra_info_t &extra_info) {
push_one(begin(), std: forward<T>(dafa) extra_info);

void,#mﬁ one(const iterator &which) {
I

throw std: |nva||d _argument("nothing to pop.");
auto ptr = which.ptr;
if (!ptr) {

// end() .
throw std::invalid_argument("you may not pop end().");

auto left = ptr->prev, right = ptr->next;

if (left) left->next = right;
if Erlght) rlght >)prev = left;
= ptr

--m_size;
) deléte which.ptr;

void pop_front
p%ppone(b(e)g{ln())

id back
vol p%%ponae(i-»%n{d())

void po? some(const iterator &from, const iterator &to) {
auto iter = from; iter !'= to;) {
auto to_pop = |ter++
pop_oné(to_pop);

}
size_t size() {
return m_size;
private:

node *head = nullptr;
node *tail = nuII tr;
size_t m_size =

b

}fendlf // _RLIB_IMPL_TRACEABLE LIST HPP
JRRRRRRE . TE ANIER-Class.h HRorekrR TRtk
#ifndef RLIB_ CWITHCLASS H

#define RLIB_CWITHCLASS_H_

/[TODO: clean namespace.
//TODO: use macro to type class_name onIy once.
/1#error c_with_class not completed yet

#ifdef _ cplusplus
gerrgrf?bu should not use c-with-class.h in real C++.

#define RCPP_NEW(type,name,constructor_arg) struct type name
attribute ((cleanup(tgpe## rcpp_destructor))); type## rcpp_ constructor(&name constructor_arg) X X X
F#define R jectname,i_funcname, RN _objeCtname.i_funcname(&i objectname #F#_VA_ARGS_ ) //ONLY static public function can be

called dlrectl ni
#define RCPI PCALL(p objectname,i_funcname, ...) p_objectname->i_funcname(p_objectname, ##_ VA_ARGS_)

#define RCPP_ CLASS DECL(cIass name) struct class_name;

#define C CLASS_METHOD_DECL_1(class_name, ethod name, return type, ) typedef return_type (*

class_name##method name##_rcpp_ t)(struct class_name *this, ## —_ VA_ARGS_); //VAARGSis int argl, fioat arg2,’.

#define RCPP CLASS BEGIN(class name) struct class_name {

#d%f]lng R'()I CLASS_METHOD_DECL_2(class_name, method_name) RCPP_CLASS_MEMBER_DECL(class_name##method_name## _rcpp_t,

method_nam

#define RCPP CLASS_MEMBER DECL(type, name) type name;

#define RCPP( CLASS

#define RCPP_CLASS MET OD_IMPL(class name, method _name, return_type, ..) return_type class_name##method_name## _rcpp_impl(struct
class_name *this, # “VA ARGS ) //VAARGS is "int argl, float arg2,

#deang RCPP_( CLASS’CON’STRUCTOR _IMPL(class_name) void class_| name## _rcpp_constructor(struct class_name *this, void *arg) //TODO: Register all
methods.

#define RCPP_CLASS_METHOD REGISTER(class_name, method_name) this->method_name = &class_name##method_name## _rcpp_impl;

#define RCPP_CLASS_DESTRUCTOR_IMPL(class_] “hame) void class_name##_rcpp_destructor(struct class_name *this)

#endif

[ ./Iog.hgp
#ifndef RLIB_LOG_HPP
#define RLIB_LOG_HPP_ 1

#include <string>

#include <fstream>

#include <list>

#include <climits>

#include <r|!b/s¥slos hpp>
#include <rlib/stdio.hp p>

#include <rlib/sys/time.h

#include <rlib/class_ decorator hpp>

/
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// currently disable this error-prone shit.
#define RLIB_IMPL_ENABLE_LOGGER _| FROM FD 0

#ifndef RLIB_IMPL ENABLE LOGGER_FROM_FD
#lnclude <r|‘b/sy57f ﬁ
#if R| KNOWN
# |f EIB 'COMPILER' ID == GC
mc'lude <ext/Stdio filebuf.h
# define RLIB IMPL ENABLE LOGGER FROM_FD 1
#  elif RLIB_COM R ID =
# define RLIB IMFL ENABLE LOGGER_FROM_FD 1

#ifdef ERROR o
#pragma message (": warning MSVC_Macro_pollution: You MUST NOT define the macro ‘ERROR". I've undefined it here.")
gundeff ERROR

endi

namespace rlib {
using namespace rlib::literals;

/I Allow extension. .
enum class log_| IIevel t:int { FATAL = 1, ERROR, WARNING, INFO, VERBOSE, DEBUG };

namespace
J1#if RLIB XX ST[?< 17
eXternint max_predefined_log_level;

/[#else
inline int max_predefined_log_level = (int)log_level_t::DEBUG;
/1#endif

e
How to update log_level t:
Extend "enumTog_|&vel_t .
Modify libr.cc:” max redeflned log_level .
Add an RLIB_IMPL_MACRO LOG_ADD_SHORTHAND
Append logger::predefined_log Tevel_name

class logger : rlib::noncopyable {
public:

logge £) = delete;

logger(std: ‘ostream &stream) : pstream(&stream) {}

Iogger(const std::string &file name) : pstream(new std::ofstream(file_name, std::ios::out)),

t delete_stream_as ofstream(tr
|f(' namic_cast<sftd::ofstream &>( pstra eam)?
hrow std::runtime_error("Failed to open file {}."_format(file_name));

}
Iogger(logger &&another) : pstream(another.pstream),
stom_log_level names(std::move(another.custom _log_level_names)),
Iog Ievel(another‘log level),
must_delete stream as ofstream(another must_delete_stream_as_ofstream),
enable_flush{another.enable flus
{another must_delete_stream_as_ofstream = false;}

~log
%must delete_stream_as_ofstream)
deléte dynamic_cast<std::ofstream *>(pstream);

Iogger &operator (logger &&another) {
pstream = another.pstrea
enable flush = ano herenable flush;
must_delete_stream _as_ofstream = another. must_delete_stream_as_ofstream;
log_lével = another.log_ Tevel;
custom_log_level namés = std: :move(another. custom _log_level_names);
antothertrr?ust delete_stream_as_ofstream = false
return *this;

}

#if RLIB_IMPL_ENABLE_LOGGER FROM_FD ==
#if RLIB, OS ID '= OS_UNKNOWN
gg r( fd f||e descrlptor or_handle)
# ifRLI == CC_GCC
gcc fllebuf(ﬂe descinor or_handle, std::ios::out), _gcc_real_stream(&_gcc_filebuf),
stfeam( gcc Teal_stream) {}
#  elif RLIB_ COMPTL R7ID == CC_MSVC
1 _msvc_real_stream(:: fdopenSﬂIe descriptor_or_handle, "w")),
stream(_msvc_| real stream {F

#endif

void set_log_| Ievel(log level t max_level) {
this->l0g_level = max_[evel;

void set_flush(bool enable_flush) noexcept {
this-=>enable_flush = énable_flush;

template <typename ... Args>
void Iog(log level t level, const std: :string &info, Args ... extra args) const {
if(is preaeflned log_| level(level) && lével > this- >Iog level)

Tetur
(* stream) "[{ ] ' _format(get_current_time_str(), log_level_name(level),
std: forward<Rrgs>(extra args ) << RLIB'%IIPL ENDLI} 9 9- -

if(enable_flus
pstream- >f|ush()

)/Warmng this method is not thread-safe.
log_levelt register_log_level(const std:: strln_? &name) {
~if(impl::max_predefined_log_level
row std::overflow “error("At most {}'(INT MAX) log_level is allowed."_format(INT_MAX));
++ impl: :max _predefined_log_level;
log_level t new_level = (log_Tével t)|mpl :max_predefined_log_level;
custom_[og_level_names.push_back({new_level, name});
return new_Tevel;”

}

impl::format_string(info,

#define RLIB_IMPL_MACRO_LOG_ADD_SHORTHAND(_name, _enum_name) template <typename ... Args> void _name(const std::string &info, Args ...

extra) const {'\
log(log_level_t::_enum_name, info, std::forward<Args>(extra) ...); }

RLIB_IMPL_MACRO_LOG_ADD_SHORTHAND(fatal, FATAL)
RLIBZIMPL_MACRO_LOG_ADD_SHORTHAND(error, ERROR)
RLIBZIMPL_MACRO_LOG_ADD_SHORTHAND(warning, WARNING)

fo, |
RLIBZIMPL_MACRO_LOG_ADD_SHORTHAND(verbose, VERBOSE)
RLIBZIMPL_MACRO_LOG_ADD_SHORTHAND(debug, DEBUG)

#undef RLIB_IMPL_MACRO_LOG_ADD_SHORTHAND

private:
static constexpr const char * predefined_log_level_name(log_level_t level) noexcept {
switch(level) {
case log_level t::FATAL:
retarn "FATAL";
case Iog Ievel o ERROR
retan "ERR
case Iog Ievel t: WARNING:
retarn "WARNING";
case Iog Ievel t:INFO!
retarn "INF
case log_| Ievel t::VERBOSE:
retun "VERBOS

case Iog Ievel ti DEBUG
eturn "DEBUG";

T
defau t
return
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}

static constexpr bool is_predefined_lo Ievel(loq Ievel _t level) noexcept {
) return predefined_log_level_name(level)[0]

std::string log_level_name(log_level_t level) const noexcept{
std::string namé = predefined_|og_level_name(level);
|f('name empty())

m
for(c?nst auto &level_and_name : cusEom log_level_names) {

(level == level and nhame. fir st)
name = levél_and_name.second;
break;

if('name.empty())
return namLe,

name += std::to_string((int)level);
return name;

}
std::ostream *pstream;

std::list<std: pa|r<Iog_IeveI t, std::string> > custom Iog Ievel _names;
log_| level tlog level =Tlog_| l&vel _t::INFO; // “Ignore” deadline

bool must delete_stream as_ofstream = false;
bool enable flush =
#lf RLIB IMPL ENABLE LOGGER FROM FD==1
if REIB_COMPILERID == CC.
jnu cxx stho f||ebuf<char> _gcc_filebuf;

Std::oStrea cc real stream
# elif RLIB COMPIL =CC_MSVC
std::ofstream msvc real |_stream;
# endi
#endif
}

#endif
*»eK**(i** /requ|re/cxxl7 ****************/

#ifndef R_CXX17 REQUIRED
#define R_CXX17_REQUIRED

#include <rlib/sys/os.hpp>

#if RLIB_CXX STD <= 20

#error This file requires compller and library support \

for the ISO C++ 2017 standard. This_support must be enabled \
with the -std=c++17, -std=gnu++17, -std=c++1z, -std=gnu++1z\
%omgller options.

#endif

/******* _/re ulre/CXXl4 ****************/
#ifndef R C()J(X14 REQUIRED

#define R_CXX14_REQUIRED

#include <rlib/sys/os.hpp>

#if RLIB_CXX STD <= 201

#error This fﬂ'e re uires compller and library support \

for the ISO C++ 2014 standard. This support must be enabled \
\{#wthd rf1e -std=c++14 or -std=gnu++14 compiler options.

/******* /re% Uire/CxXx 11 Frkrkmkrkkmkrkk |

#ifndef R_CXX11 REQUIRED
#define R_CXX1I_REQUIRED

#include <rlib/sys/os.hpp>

#if RLIB_CXX STD <= 1997
#error This file requires compiler and library support \
for the ISO C++ 2011 standard. This support must be enabled \
\{#wthdtrge -std=c++11 or -std=gnu++11 compiler options.
endi

#endif
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