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BBenenue

CoBpeMeHHbBIE TPUIIOKEHUSI BCE Yallle CTAIKHBAIOTCS C HEOOXOIUMOCTHIO
00pabOTKH OOJBIIOTO KOJIMYECTBA JOKYMEHTOB B pealbHOM BpemeHH. J[lns
TIOBBIIIICHUS TPOU3BOJUTEIBHOCTH TAKHX CHCTEM UCIIONB3YETCsI MHOTOTIOTOYHOCTb,

KOTOpPasd IO3BOJEICT BBIIIOJIHATE 3aJa4H I1IapalJICIIbBHO, 9KOHOM:A BPpEMA U PCCYPCHI.

[{enpro maHHO# KypcOBOW pabOTHI sIBIsETCS pazpaboTka mporpamMmbl Ha C++
C HCIOJb30BaHUEM AMHAMUYECKU mojkiItouyaemon Oubmmoreku (DLL), koropas
BBITIOJTHSIET MHOTOIIOTOYHYI0 00pabOTKy TeKCTOBBIX (haiinoB popmara Markdown
(.md) ¢ mocnenyroumMM HU3BICYEHUEM CTPYKTYPUPOBAHHBIX JAHHBIX (3ar0JIOBKOB,

CIIUCKOB, CCBUIOK, Maparpag)oB) U 3aMKHChIO pe3yJbTaTOB B OOUIUI BHIXOAHOMU (haidJ.

3agaun pabOTHI:

N3ydeHne OCHOB MHOTOIIOTOYHOTO IPOrpaMMUpoBaHus B C++.
Coznanne DLL-6ubmuotexu ayig napcunra Markdown-a0kyMeHTOB.
Pa3paboTka MHOTOMOTOYHOM CUCTEMBI YTEHUS U 00pabOTKH (HaityioB.

Peanuzanust ouepeau 3aaay Ajisi 6€30MaCHOTO B3aUMOJICUCTBUS TOTOKOB.

A

TecTtupoBaHue NpOU3BOAUTEILHOCTH U MTPOBEPKA KOPPEKTHOCTU 0OPaOOTKH.



IHocranoBka 3a1a4u

Pazpaborats npunoxkenne Ha C++20, koTopoe:

o CkaHupyeT yKa3aHHYI IHPEKTOPHI0O W HaXOAUT Bce (aitmbl ¢gopmara
Markdown (.md).

« 3arpyxaet u3z DLL ¢ynkiuu ang napcunra Markdown-g0kyMeHTOB.

e ACHHXPOHHO (TIapaJIJICIPHO) YATACT HAWICHHBIE (haiJIbl.

o Brmonnser ang kaxmaoro (daiisia mapcuHT: U3BJIEKAET 3arooBKH (#), CIUCKU
(*, -, 1.), ccoutkn ([]()), maparpadsr.

o CoOupaet pe3yJbTaThl IAPCUHTA U 3aMKUCHIBAET X B €AMHBINA BBIXOTHOM (paiin
(result.txt) B cTpykTypupoBaHHOM popMare.

o PaGotaer Ha Windows 06e3 cropoHHuUX OMOJMOTEK, cOBMEeCTUMO ¢ Visual

Studio (C++20).

TpeGoBanus K NPOU3BOAUTENIBHOCTH: TIPOrpaMmMa JIOJKHA 00pabaThIBaTh
MHOECTBO (ailioB ObICTpee, 4YeM TOCTe0BaTeNbHAS peanu3alus, 3a CUeT

napajuieIbHOM 00pabOTKU (UTeHHE + MapCUHT B PaOOYMX MOTOKAX).



Teopernyeckast 4acThb 3aJaHUA

MmuoromnorouHass 00paboTka TMO3BOJISIET OJHOBPEMEHHO  BBHITIOJHSATH
HECKOJIbKO 33J1a4, UCI0JIb3Yys HECKOJBKO MOTOKOB BbINOJMHEHUA. B C++ 11 paboTsl
C MIOTOKaMH HUCIIOJIb3YIOTCS:

o std::thread — HHM3KOYpOBHEBBII TOTOK BHITIOJHECHUSI.

o std::async / std::future — BbICOKOypOBHEBas aOCTpaKmMs IS
ACMHXPOHHBIX ONIEPaLUN.

o std::mutex / std::lock guard / std::unique_lock — mast cuHxpoHH3aIUH
JIOCTYTIA K OOIIKUM pecypcam.

. std::condition_variable — ns onoBeleH s MIOTOKOB O HOBBIX JaHHBIX.

« std::atomic — mis aTOMapHBIX ONEpaIUii.

DLL (Dynamic Link Library) — sto 6ubnuroTeka, KOTOpast MOAKI0YaeTCs
K IIPOrpaMMe BO BPEMSI BBITIOJIHEHHUS. DTO MO3BOJISACT PA3ACIUTh JIOTHKY 00pabOTKH

JAaHHBIX 1 OCHOBHYIO JIOTUKY IIPUJIOKCHUS, YIIpOoIIasa MMOoAACPKKY U paCHIMPCHUC.

B nannoit pabote peannzoBaHa apxuTeKkTypa producer-consumer c

ucnoip3oBanuem DLL:

Producer — notox, CKaHUPYIOIIHUI MaINKy ¥ T00aBISIONIMN yTH K (haiiam

B 04EpE/ib.

Consumer — HECKOJbKO pabOuYMX IMOTOKOB, KOTOPBIC 3arpyxaroT
Markdown-niapcep u3 DLL, oOpabatbiBaroT (aiijbl U 3alKMCHIBAIOT pE3yJbTaT B

oOuuit daiin.

o Taxko¥ moaxoa No3BOJISET:
o [IlapamnensHo oOpabarbiBaTh Heckosibko Markdown-daiinos.
o HM3onupoBaTh JIOTMKY MapCUHTa B OTAEIbHYIO0 OMOIHOTEKY.

o OO6ecneunTs O€30MaCHBIN JOCTYI K 00111eMy (pailily ¢ TOMOIIbIO MBIOTEKCOB.



IIpakTH4eckas 4acThb
ApXUTEKTypa MpOrpaMMmel
IIporpaMma COCTOUT U3 CIEAYIOIUX KOMIIOHEHTOB:

1. MainApp — OCHOBHOE IIPHUIOKEHHE, YIIPABIISIONIEE TOTOKAMH M OYEPEIbIO
3a1ad.

2. MarkdownParser.dll — oubnmoTeka, coaeprkaiias GYHKIMH IS TapCUHra
Markdown-1okymMeHTOB.

3. FileProcessor — kitacc a1t MHOTOIOTOYHOM 00paboTKH (HaiiIoB.

4. ResultWriter — Momynb IS 3aIIUCH PE3yJIBTATOB B (haii.
Paboumnii anropurm:

1. Ipunoxenue 3arpyxaet ¢pynkuuu u3 MarkdownParser.dll.

2. TloTok-ckaHMpOBIMK HaXOAUT Bce .md (ailyibl B yKa3aHHOW Iamke W
n00aBIIIET UX B OYEPE/Ib.

3. PabGoune moToku GepyT (ailyibl U3 oYepeu, BHI3BIBAIOT (PYHKIUIO MapCUHTa
3 DLL u coxpaHstoT pe3ynbTar.

4. Bce MOTOKY CUHXPOHU3UPYIOTCS Ye€pe3 MBIOTEKCHI U YCIIOBHBIEC TTIEPEMEHHBIE.

5. Pesynbrathl 3anmuchiBatoTCs B result.txt.



TecTupoBanue u pe3yJbTaThl

Jlist mpoBepKU pabOTOCIIOCOOHOCTH MPOrpaMMbl ObLIO MCIOJIb30BaHO 557

daiinoB popmara Markdown pasnoro pazmepa.

PCBYJIBTaT BBIIIOJIHCHU Ha MHOT'OIIOTOYHOM ITPOLCCCOPC:

Pucynox 1 — Pe3ynbrar paboThl mporpaMMbl



3aK/JII04YeHue

B xonme pabotbl Obuia pa3paborana mporpamma Ha C++, peanusyromias
MHOTOMOTOUHYI0 00paborky Markdown-daitnoB ¢ wucnons3oBanuem DLL.

[Iporpamma ycnemnrHo:

o Uwuraet daitnel hopmara .md.

o 3arpyxaet mapcep u3 JMHAMHYECKON OMOIMOTEKH.

o M3Biekaer CTPYKTYpHpOBaHHBIC SJIEMEHTHI (3arOJIOBKH, CIMCKH, CCHUIKH,
naparpadsi).

« 3amuchIBaeT pe3yabTaThl B 00T (aitin 0e3 KOHPIMKTOB A0CTYTIA.

Ncnonp3oBanne DLL nmo3Bonmino pazaenuTs JIOTHKY HapCUHTa U OCHOBHOTO
IPWIOKEHUS, & MHOTOIIOTOYHOCTh OO€ecreynia BBICOKYIO MPOU3BOAUTEILHOCTh

pu 00paboTKe OOJIBIIOTO KOJIMYECTBA (PailyioB.
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[puiaoxenue A. JIMCTUHT POrPaMMBbl.

main.cpp

#include "FileProcAsync.h"
#include "DLLLoader.h"
#include <jiostream>

#tinclude <fstream>

DLLLoader mdParser;

std: :mutex outputMutex;

void processFileContent(const std::string& content, std::ofstream& outfile) {

std::list<std::pair<std::string, std::string>> elements;

// Wcnonb3yem DLL pna napcuHra

mdParser.parse(content, elements);

// 3anucbiBaem pe3synbTaThbl
std: :lock_guard<std: :mutex> lock(outputMutex);
for (const auto& elem : elements) {
outfile << elem.first << ": " << elem.second << "\n";
}

outfile << "——-\n";

int main(Q) {
// 3arpyxaem DLL
if (!mdParser.load("MarkdownParser.dll")) {
std::cerr << "Failed to load MarkdownParser.dll\n";
return 1;
3
std::string folder = "C:\\test\\md_files";

std: :ofstream outfile("result.txt");

if (loutfile.is_open()) {
std::cerr << "Cannot open output file\n";

return 1;
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}
unsigned int threads = std::thread::hardware_concurrency();

FileProcAsync processor(folder, threads, processFileContent, outfile);

std::cout << "Starting processing...\n";
processor.start();

processor.wait();

outfile.close();

std::cout << "Done!\n";

return 0;

}

Parser.cpp

#define MARKDOWN_EXPORTS
#include "Parser.h"
#include <regex>

ttinclude <sstream>

MD_API void parse_markdown(const charx content,

std::list<std::pair<std::string, std::string>>* elements)

std: :istringstream stream(content);

std::string line;

std: :regex header{R"(~(#{1,6})\s+(.+)$)", std::regex::optimize};

std: :regex list_item{R"("[\*\-\+]\s+(.+)$)", std::regex::optimize};
std: :regex numbered_item{R"("\d+\.\s+(.+)$)", std::regex::optimize};
std::regex Link{R"(\[C["\IT\I\CC[*\)]I+)\))", std::regex::optimize};

bool in_paragraph = false;

std: :string paragraph;

while (std::getline(stream, line)) {

std::smatch matches;
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// TMlycTaa cTpoKa — KoHey naparpaga
if (line.empty()) {
if (!paragraph.empty()) {
elements—->push_back({"paragraph", paragraph});
paragraph.clear();
}
in_paragraph = false;
continue;
3
// 3aronoeok
if (std::regex_match(line, matches, header) && matches.size() > 2) {
if (!paragraph.empty()) {
elements—>push_back({"paragraph", paragraph});
paragraph.clear();
}
std: :string level = std::to_string(matches[1].str().length());
elements—>push_back({"header", "[" + level + "] " + matches[2].str(0});
in_paragraph = false;
continue;
}
// Cnucok
if (std::regex_match(line, matches, list_item) && matches.size() > 1) {
if (!paragraph.empty()) {
elements—>push_back({"paragraph", paragraph});
paragraph.clear();

}
elements—>push_back({"list_item", matches[1].str(0});

in_paragraph = false;
continue;

3
// HymepoBaHHbIl CnnUCOK

if (std::regex_match(line, matches, numbered_item) && matches.size() > 1) {
if (!paragraph.empty()) {
elements->push_back({"paragraph", paragraph});

paragraph.clear();
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elements—>push_back({"list_item", matches[1].str()});
in_paragraph = false;

continue;

// CcbiIKn B TeKcTe
std::string processed = line;
auto link_begin = std::sregex_iterator(line.begin(), line.end(), link);

auto link_end = std::sregex_iterator();

for (auto it = link_begin; it != link_end; ++it) {
if (it-»>size() > 2) {

elements—>push_back({"link", it->str(l) + " -> " + it->str(2)});

}
// Naparpad
if (in_paragraph) {
paragraph += " " + line;
} else {
paragraph = line;

in_paragraph = true;

}

// TNocnepHwuii naparpag

if (!paragraph.empty()) {
elements—->push_back({"paragraph", paragraph});

}
Parser.h

#pragma once

#ifdef MARKDOWN_EXPORTS

#define MD_API __declspec(dllexport)
#else

#define MD_API __declspec(dllimport)
#endif

#include <string>
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#include <list>
extern "C" {
MD_API void parse_markdown(const char* content,

std::list<std::pair<std::string, std::string>>=*
elements);

}
FileProcAsync.cpp

#include "FileProcAsync.h"
#include <filesystem>
#include <iostream>

ttinclude <chrono>

namespace fs = std::filesystenm;

FileProcAsync: :FileProcAsync(const std::string& folder,
int threads,

std::function<void(const std::string&, std::ofstream&)>
func,

std::ofstream& outfile)

: folderPath(folder), numThreads(threads), processorFunc(func),
outputFileCoutfile) {

if (numThreads <= 0) {

numThreads = std::thread: :hardware_concurrency();

void FileProcAsync::start() {
allFiles = getFilesFromFolder(folderPath);

totalFiles = allFiles.size();
readerFuture = std::async(std::launch::async, &FileProcAsync::fileReader, this);

for (int i = 0; i < numThreads; ++i) {
workerFutures. push_back(
std: :async(std: :launch: :async, &FileProcAsync::workerFunction, this)

);
14



void FileProcAsync::wait() {
readerFuture.wait();
finished.store(true);

cv.notify_all(Q);

for (auto& w : workerFutures) {
w.wait();
}

std::cout << "Processed " << processedFiles << "/" << totalFiles << " files\n";

std::string FileProcAsync::get() {
std: :unique_lock<std: :mutex> lock(queueMutex);

cv.wait(lock, [this] { return !fileQueue.empty() || finished.load(); });

if (!fileQueue.empty()) {
std::string content = fileQueue.front();
fileQueue.pop();
return content;
}
return "";
}
void FileProcAsync::fileReader() {
for (const auto& filePath : allFiles) {

std::string content = readFile(filePath);

std: :lock_guard<std: :mutex> lock(queueMutex);
fileQueue.push(content);

cv.notify_one();

}

void FileProcAsync: :workerFunction() {

while (true) {
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std::string content = get();

if (content.empty()) break;

processFile(content);

std: :lock_guard<std: :mutex> lock(progressMutex);

processedFiles++;

if (processedFiles % 50 == 0) {

std::cout << "Progress: " << processedFiles << "/" << totalFiles <<
ll\nll;

}

void FileProcAsync: :processFile(const std::string& content) {
std: :lock_guard<std: :mutex> lock(fileMutex);
processorFunc(content, outputFile);

}

std: :vector<std: :string> FileProcAsync::getFilesFromFolder(const std::string& path)

{

std: :vector<std::string> files;

for (const auto& entry : fs::directory_iterator(path)) {
if (entry.is_regular_file()) {
std: :string ext = entry.path().extension().string();

std: :transform(ext.begin(), ext.end(), ext.begin(), ::tolower);

if (ext == ".md" || ext == ".markdown") {

files.push_back(entry.path().string());

}
return files;

}

std: :string FileProcAsync::readFile(const std::string& path) {
std::ifstream file(path);

return std::string((std::istreambuf_iterator<char>(file)),
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std: :istreambuf_iterator<char>());

}
FileProcAsync.h

#pragma once

#include <future>

#include <vector>

#include <queue>

#include <mutex>

#include <condition_variable>
#include <atomic>

#include <filesystem>
#include <fstream>

#include <functional>

#include <string>

class FileProcAsync {

public:

FileProcAsync(const std::string& path, int numThreads,
std::function<void(const std::string&, std::ofstream&)> func,

std: :ofstream& ofile);
void start(Q);
void wait();

private:
std: :mutex fileMutex;
std: :mutex progressMutex;
std: :vector<std::string> allFiles;
size_t totalFiles = 0;
size_t processedFiles = 0;

std: :chrono: :steady_clock: :time_point startTime;

std: :string folderPath;



int numThreads;
std: :function<void(const std::string&, std::ofstream&)> processorFunc;

std: :ofstream& ofile;

std: :queue<std: :string> queue;
std: :mutex queueMutex;
std::condition_variable cv;

std: :atomic<bool> finished;

std: :future<void> readerFuture;

std: :vector<std: :future<void>> workersFutures;

std: :string get();

void fileReader();

void workerFunction();

void processFile(const std::string& content);

std: :vector<std::string> getFilesFromFolder(const std::string& path);

std: :string readFile(const std::string& path);

DLLLoader.h:

#pragma once
#include <string>
#include <list>

ttinclude <windows.h>

class DLLLoader {
private:
HMODULE dllHandle;

using ParseFunc = void(*)(const char*, std::list<std::pair<std::string,
std: :string>>%);

ParseFunc parseFunc;
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public:
DLLLoader();

~DLLLoader();

bool load(const std::string& dllPath);
void parse(const std::string& content,
std::list<std::pair<std::string, std::string>>& elements);
H
DLLLoader.cpp:

ttinclude "DLLLoader.h"

DLLLoader: :DLLLoader() : dllHandle(nullptr), parseFunc(Cnullptr) {}
DLLLoader: :~DLLLoader() {
if (dllHandle) {
FreeLibrary(dllHandle);

}

bool DLLLoader::load(const std::string& dllPath) {
dllHandle = LoadLibraryA(dllPath.c_str());
if (!dllHandle) return false;

parseFunc = reinterpret_cast<ParseFunc>(
GetProcAddress(dllHandle, "parse_markdown")

);

return parseFunc != nullptr;

}

void DLLLoader::parse(const std::string& content,

std: :list<std::pair<std::string, std::string>>& elements) {

if (parseFunc) {

parseFunc(content.c_str(), &elements);
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