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4 KEPYBAHHS 30BHIIIHIMU MTPUCTPOSMU. HECTAHAAPTHI
NMPACTPOI
4.1 Meta po6otu

HaBuntucs mpaktnuyHoMmy BuKOpucTaHHIO ¢yHKIIH WinAPl nmns pobGotu 3

dbaiinamu.

4.2 Xin pobotun
4.2.1 CTBOpeHHS Ki1acy AJjig poOOTH 3 TPUCTPOsiMU, daiiiaMu Ta KaTajaoramMu.
4.2.1.1 BuBuntn yci QyHKuii, AKi BAKOPUCTOBYIOTHCS 1JI POOOTH 3 NPUCTPOSIMHU,

¢daiiiamu Ta karanoramu B C#.

B C# xnacu nmnst poboTu 3 mpucTposiMu, (aillaMu Ta Karaloramu 3HaXOISThCS
B npoctopl iMeH «System.IO». Taxi kmacu sik «Filey, «FileStream», «Directory» Ta
«Drivelnfo» HagaroTh 0CHOBHI 3ac00U JyIsl B3aEMO/IIT 3 (hailJIOBOIO CUCTEMOIO.

Kinac «File» mpomnoHye cratuuHi METOJM JUIsl BUKOHAHHS 0a30BHX OIepallii Haja
¢daiinamu. [lo Hux Hanmexarb: cTBOopeHHsi HOBoro Qainy («File.Create»), BuganeHHs
icuyrouoro (aitnny («File.Delete»), mnepeBipka icHyBanHs (aitny («File.Existsy),
xomitoBaHHs Qaitny («File.Copy»), nepemimenns daitny («File.Movey), Ta iH1Ii.

Knac «FileStream» nanae 6a30By (hyHKIIIOHATBHICTD JJIs1 poOOTH 3 daiinamu 5K 3
IOTOKaMH JaHKX. F1oro 0CHOBHI (yHKIIii BKITIOYAIOTh BiKPHTTA (ailTy /s YuTaHHS 260
3anucy (depes KoHCTpykTopu abo Mmetonu «Openy, «OpenReady, «OpenWritey ), untanus
nanux 3 (aitny («Read»), 3anuc ganux y daitn («Write»), 3akpuTTs (aidioBOro MOTOKY
(«Close» ab0 BHKOpPUCTaHHS OJIOKY «using» JJisi aBTOMAaTMYHOTO 3aKPUTTS), a TaKOXK
KEepyBaHHS MOTOYHOIO MO3ulli€r0 y daiini («Seek»).

Kiac «Directory» Hajae cTaTU4HI METOAM JUIsl BUKOHAHHSI 0a30BUX omepalii Haj
mupekTopisimu. Cepen HUX: CTBOpeHHsI HOBO1 qupekTopii («Directory.CreateDirectory),
BUJAJTICHHS icHYy104O0i qupekTopii («Directory.Deletey), mepeBipka icHyBaHHST AUPEKTOPIT
(«Directory.Existsy), nepemimerns aupekropii («Directory.Movey), a Tako)k OTpUMaHHS
ciucky (aimB y aupektopii («Directory.GetFilesy) Ta cnucky miaaupexTopiid
(«Directory.GetDirectories).

Knac «Drivelnfo» nagae indopmaiio npo JOTIYHI JUCKH, MIAKIOYEH] 0
KOMIT 10Tepa, JUIsl OTpUMaHHA 1H(OpMallii TpO KOHKPETHUN THUCK HEOOX1AHO CTBOPUTH

HOTO0 eK3eMIUIsIp, TepelaBIIH 1M’ JUCKy B KOHCTPYKTOp, a Ce€pel OCHOBHHX
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BJIACTMBOCTEN MOXKHA 3HaWTU iM’st AucKy («Namey), fioro tun («DriveType»), cTan
rotoBHOCTI («IsReady»), 3aransuuii posmip («TotalSizey»), nocTynHuit BUIBHUN NPOCTIP
(«AvailableFreeSpace»), dopmar daitnoBoi cuctemu («DriveFormaty»), MIiTKy Tomy
(«VolumeLabel») Ta 06’exT kopeHeBoro karanory («RootDirectory»), a ajist oTpuMaHHs

1H(popmarii Ipo BCl JUCKHU B CUCTEMI BUKOPUCTOBYEThHCS cTaTUUHUM MeToa «GetDrivesy.

4.2.1.2 Buznauntu KJac (kjaacu) mjas mosu C++, inrepdeiic 15 AKUX NoaioOHu i
inTepgeiicy C#.
CrBopumo Ha C++ knacu «Filew, «FileStreamy, «Directory» ta «Drivelnfoy». [{ns

KOYKHOTO 3 HUX CTBOPUMO BIIACHUM (Daiisl 3arooBKiB.

#pragma once
#include <cstdint>
#include <string>

#include "IFileSystemEntity.h"

namespace System::I0 {
class File : public IFileSystemEntity {
private

std:: ing path;

public:
explicit File(const std::wstring &filePath);
File() override = default;

std 1g G h() const override;
D onst override;
D attributes) override;

static I 0 &path);

static I R ( ource, const std::wstrin

static t q ath);

static Bl 'source, const std::wstring &destination);

tring &path);

Pucynox 4.1 — Bwmicr daiiny «File.h»



#pragma once
#include <string>
#include <windows.h>

namespace System"IO {
class FileStream {
private:
HANDLE hFile;
std::wstring path;

public:
Fi_e"|—-u(const std::wstring &filePath, DWORD access,
W J creat10n015p051t10n DW 1; shareMode = 8,
D flagsAndAttributes = FILE_ATTRIBUTE_NORMAL);

. 'buffer, DWORD numBytesToRead, DWORD &numBytesRead);
|1t~(const id *buffer, DWORD numBytesToWrite, DWORD &numBytesWritten);
Caak(Lnﬁ. _IN E.E; offset, DWORD moveMethod, ULARGE_INTEGER &newPos);
SetEnd();

HANDLE GetHandle() const { return hFile; }
:rustring GetPath() const { return path; }

Pucynok 4.2 — Bmict daiiny «FileStream.hy

#pragma once
#include <string>
finclude <vector>

#include "IFileSystemEntity.h"

namespace System :10 {
class Direct : public IFileSyste
private:

std::wstring path;

public:
explicit Directory(const std::wstring &directoryPath);
~Directory() override = default;

::ustring GetPath() const override;
D C t tt|1|ut s() const override;
IORD attributes) override;

static bool Exists(const std::wstring &path);
static bool Create(const std:: ‘|_ &path);
static : Delete(const std::wstring _path)
ve(const std::za7|i~; %source, const std::wstring &destination);

static std::vector<std::wstring> GetFiles(const std::wstring &
static std::vector<std::wstring> GetDirectorie s(const std

Pucynok 4.3 — Bmict ¢aiiny «Directory.hy




#pragma once
#include <string>
#include <vector>
#include <cstdint>

namespace System::10 {
enum class DriveType

class DriveInfo {
public:
explicit DriveInfo(const std::

tring Name;

Vpe DriveT?pE'
::wstring DriveFormat;

t Tut3181ze;

t AvailahleFreeSpace;

static std::vector<DriveInfo> GetDrives();
private:

std::wstring rootPath;
};

Pucynok 4.4 — Bumict daitny «Drivelnfo.h»

4.2.1.3 PeanizyBaru pyHkuii kiaacy (kiacis) 3a gonomoror ¢pynkuiin WinAPIL.

Ockinbkun WinAPI nHanmae ¢dyHkiii, Maike 11IeHTUYHI HEOOX1THUM, OUIBIIICTD 3
peatizaliiii € auie ooropTkaMu HaBKOJIO BIAMOBIIHUX (PyHKIIH WinAPI.

Hanpuknan gyukiis «SetAttributes» knacy «File» mae HacTynHUM BUIVISA!

JORD attributes) {
'1“( [JEIth.C_S 1'|(), attrihutes) - a;

Pucynok 4.5 — Peanizamis pynkiii «SetAttributes» kiacy «File»

Takum ynHOM peasnizoBaHO OUIBIIICTh METOIB.

I3 MeToxiB, 1110 HE MarOTh TOUHUX aHaoriB y WinAPI MmoxxHa BUIIIUTH TaKki.



uinté4_t File::GetSize(const std::wstring &path) {
HANDLE hFile = CreateFileW
path.c_str(),
GENERIC_READ,
FILE_SHARE_READ,
nullptr,
OPEN_EXISTING,
FILE_ATTRIBUTE _NORMAL,
nullptr
)i

if (hFile = INVALID_HANDLE_VALUE) {
throw std::runtime_error("Unable to open file to get its size.");

}

LARGE_INTEGER size;
if (!GetFileSizeEx(hFile, &size)) {
CloseHandle(hFile);
throw std::runtime_error("Unable to get file size.");

}

CloseHandle(hFile);
return static_cast<uinté4_t>(size.QuadPart);

PucyHnok 4.6 — Peanizamis ¢pynkiii «GetSize» knacy «File»

std::vector<std::wstring> Directory::GetDirectories({const std::wstring &path) {
std::vector<std::wstring> directories;

std::wstring searchPath = path + L"\\*";
WIN32_FIND_DATAW findData;

HANDLE hFind = FindFirstFileW(searchPath.c_str(), &findData);

if (hFind = INVALID_HANDLE_VALUE)
return directories;

do {
if (findData.dwFileAttributes & FILE_ATTRIBUTE_DIRECTORY) {
std::wstring dirName = findData.cFileName;
if (dirName = L"." && dirName =+ L"..")
directories.push_back(dirName);

} while (FindNextFileW(hFind, &findData) s B);
FindClose(hFind);

return directories;

}

Pucynok 4.7 — Peanizamis ¢pyunkiii «GetDirectories» kiacy «Directory»




std::vector<std::wstring> Directory::GetFiles(const std::wstring &path) {
std::vector<std::wstring> files;

std::wstring searchPath = path + L"\\*";
WIN32_FIND_DATAW findData;

HANDLE hFind = FindFirstFileW(searchPath.c_str(), &findData);

if (hFind = INVALID_HANDLE_VALUE)
return files;

do {
if (!(findData.dwFileAttributes & FILE_ATTRIBUTE_DIRECTORY))
files.push_back(findData.cFileName);
} while (FindNextFileW(hFind, &findData) s 8);

FindClose(hFind);
return files;

Pucynoxk 4.8 — Peanizamis dynkmii «GetFiles» kmacy «Directory»

DriveInfo::GetDrives() {

WCHAR buffer[256] = {[0]=8};
GetLogicalDriveStringsW buffer);

WCHAR “drive = buffer;

while (*drive) {
drives.emplace_back(std::wstring(s: drive));
drive += wcslen( drive) + 1;

}

return drives;

Pucynok 4.9 — Peanizauisa ¢ynxkuii «GetDrives» knacy «Drivelnfo»




4.2.1.4 IlopiBHATH WIBUAKOAI0 GyHKUII npu ix BukopuctanHi aas C#, C B pasi
BUKOPHUCTAHHS BeJIUKHUX (ailiiB.
CTBOpUMO TIPOCTI MpOTpaMu JJisi TIOPIBHSIHHS MIBUAKOAIT (PyHKINN CTaHIapTHOI
616miorexu C# Ta dyHKIii peanizoBanux Ha C++.
Jns 3amipiB yacy Ha C++ BHUKOPHUCTAaEMO MOAYJIb «chrono» 13 cTaHIApTHOI
010J110TEKH.

JJ1s 3py4HOCTI TECTIB 3a3/1aJI€r1/1b MIATOTYEMO BC1 3MiHHI 13 MOTPIOHUMU HUIIXaAMU:

#include <iostream>
#include <chrono>
#include <vector>
#include <cstring>

#include "include/System/I0/File.h"

#include "include/System/I0/FileStream.h"
#include "include/System/I0/Directory.h"
#include "include/System/I0/DriveInfo.h"

using namespace System::I0;

{

const std::wstring filesDir = L"../files";

const std::wstring filePath = filesDir + L"/bigfile.dat";

const std::wstring copyPath = filesDir + L"/bigfile_copy.dat";

const std::wstring movedCopyPath = filesDir + L"/moved_bigfile_copy.dat";
const std::wstring movedDirPath = L"../files_moved";

const size_t blockSize = 1824 ™ 1824;

const int32_t iterations = 106;

ists(filesDir))

Pucynok 4.10 — I[TigroToBka 10 TeCTiB

JlogaMo KOJI 1 TECTIB:



auto startWrite = std::chrono::high_resolution_clock::now();

FileStream outStream(filePath, GENERIC_WRITE, CREATE_ALWAYS);
for (int32_t 1 = 9; i < iterations; i++)
outStream.Write(buffer.data(), static_cast<DWORD>(buffer.size()), bytesWritten);

}
auto endWrite = std::chrono::high_resolution_clock::now();
std::wecout << L"C++ Write time:

<< std::chrono::c cast<std::chrono::milliseconds>(endWrite - startWrite).count()
« L" ms" <« std::enc

Pucynok 4.11 — Tect 3anucy B daiin

aut starttopy std::chrono::high_resolution_clock::now();

File::Copy(filePath, copyPath true)

aut endCopy = std::chrono:: _resolution_clock::now();

std::wcout << L"C++ Copy tlme. "
« std::chrono:: on_cast<std::chrono::milliseconds>(endCopy - startCopy).count()
< L" ms" <« std::endl;

PucyHnok 4.12 — Tect konitoBaHHs (aiiny

auto startRead = std::chrono::high_resolution_clock::now();

whlle (inStream.Read(readBuffer.data(), static_cast<DWORD .size()), bytesRead) &%
bytesRead >
3
auto endRead = std::chrono::high_resolution_clock::now();
std::wcout <« L"C++ Read time:
< std::chrono::i ion_cast<std::chrono::milliseconds>(endRead - startRead).count()
«< L" ms" « std

auto startAttr

DWORD attrs il

File(filePath)

File(filePath).SetA L

auto endAttr = std::chro high_resolution_clock::now();

std::wcout << L"File attrlbute toggle tlme "
< std :chrono::duration_cast<std::chrono::milliseconds>(endAttr - startAttr).count()
< L" ms" « std::endl;

Pucynok 4.14 — Tect oTprMaHHs Ta BCTAHOBJICHHS aTpUOyTiB (haitry
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auto startMoveFile = std::chrono::high_resolution_clock::now();

File::Move(copyPath, movedCopyPath);

auto endMoveFile = std::chrono::high_resolution_clock::now();

std::wcout << L"Move file tim
< std::chrono:: ast ::chrono::milliseconds>(endMoveFile - startMoveFile).count()
< L" ms" <« std::enc

ito startMoveDir = std::chrono:: 1_resolution_clock::now();
ctory ::Move(filesDir, movedﬂerath + L"/flles")
ito endMoveDir = std::chrono::high_resolution_cl tnow();
::wecout << L"Move dlrectory tlme "
<« std :chrono::dt ion_cast<std::chrono::milliseconds>(endMoveDir - startMoveDir).count
L" || « std:: o

Pucynok 4.16 — TecT nepeMillleHHS TUPEKTOPIi

std::wcout <« L"Listing drives:\n";
to fixedDrives = DriveInfo::GetDrives();
for (const auto &d : fixedDrives) {
if (d.IsReady && d.DriveType = DriveType::Fixed &2
d.DriveFormat = L"squashfs") {
std::wcout << L"Drive: " <« d.Name <« L" | Type:

static_cast<UINT>(d.DriveType) <« L" | Format: "
d.DriveFormat <« L" | Total:

d.TotalSize / (1824 * 1824) <« L" MB" <« L" | Free: "
d.AvailableFreeSpace / (1824 * 1824) << L" MB\n";

Pucynok 4.17 — Tect orpumanHs 1H(popmMariii Ipo HOCIi JaHUX

Jlns 3amipiB yacy Ha C# ckopucraemocs kjaacom «StopWatch» cranmaptHOi
610110TEKH.

JUJ1s 3py4HOCTI TECTIB 3a3/1aJI€r1/1b MIATOTYEMO BC1 3MiHHI 13 MOTPIOHUMU HUIAXaAMU:



11

string filesDir = "../files";
S g filePath = Path.Combine(filesDir, "bigfile.dat");

string copyPath = Path.Combine(filesDir, "bigfile_copy.dat");

string movedCopyPath = Path.Combine(filesDir, "moved_bigfile_copy.dat");
string movedDirPath = "../files_moved";

int blockSize = 1824 ™ 1024;

int iterations = 168;

if (!Directory.Exists(filesDir))
Directory.CreateDirectory(filesDir);

byte[] buffer = new byte[blockSize];
for (int i = B; i < buffer.Length; i++)

Pucynok 4.18 — [ligroroBka g0 TeCTiB
Jlomamo KoJI JJIsl TeCTIB:

var swWrite = Stopwatch.StartNew();

using (var fs = new FileStream(filePath, FileMode.Create, FileAccess.Write))

{

for (int 1 = B; i < iterations; i++)

fs.Write(buffer, 8, buffer.Length);

}

swirite.Stop();

Console.WriteLine($"C# Write time: {swWrite.ElapsedMilliseconds} ms");

PucyHnok 4.19 — Tect 3anucy B daiin

var swCopy = Stopwatch.Starthew();
File.Copy(filePath, copyPath, true);

swCopy.Stop();
Console.WriteLine($"C# Copy time: {swCopy.ElapsedMilliseconds} ms");

Pucynok 4.20 — Tect xomnitoBaHHS (animy
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var swRead = Stopwatch.StartNew();
using (var fs = new FileStream(filePath, FileMode.Open, FileAccess.Read))

e[] readBuffer = new byte[blockSize];
whlle (fs.Read(readBuffer, B, readBuffer.Length) > 8) { }
3
swRead.Stop();
Console.WritelLine($"C# Read time: {swRead.ElapsedMilliseconds} ms");

Pucynok 4.21 — Tect unutanHns 3 daitny

var swAttr = Stopwatch.StartNew();
utes originalAttrs = File.GetAttributes(filePath);
te_(fllePath orlglnalnttrs FileAttributes.Hidden);

Console Write L1n ($"File attribute toggle time: {swAttr.ElapsedMilliseconds} ms"

Pucynok 4.22 — Tect oTprMaHHs Ta BCTAHOBJICHHS aTpuOyTiB (aitry

var swMoveFile = Stopwatch.StartNew();

File.Move(copyPath, movedCopyPath, true);

swMoveFile.Stop();

Console.WriteLine($"Move file time: {swMoveFile.ElapsedMilliseconds} ms");

Pucynok 4.23 — Tect nepemitieHHs aitny

var swMoveDir = Stopwatch.StartNew
Directory.Move(filesDir, Path.Combine(movedDirPath, "files"));

Console.Writeline ($"Huve directory time: {swMoveDir.ElapsedMilliseconds} ms"

Pucynok 4.24 — TecT nepeMillieHHs TUPEKTOPIi



Console.Writeline("Listing fixed drives:");
var fixedDrives = DriveInfo.GetDrives()
Jihere(d = d.IsReady &&

d.DriveType == DriveType.Fixed &%&
d.DriveFormat = "squashfs" &&
d.DriveFormat = "tracefs" &&
d.DriveFormat = "pstorefs" &&
d.DriveFormat 5 "bpf_fs" &&
d.DriveFormat == "rpc_pipefs");

foreach (var drive in fixedDrives)
{
Console.WriteLine($"Drive: {drive.Name} | " +
$"Type: {drive.DriveType} | Format: {drive.DriveFormat} | " +
$"Total: {drive.TotalSize / (1824 * 1824)} MB | " +
$"Free: {drive.AvailableFreeSpace / (1824 * 1824)} MB");

Pucynok 4.25 — Tect orpumanHs iHpopMallii mpo HOCli JaHUX

3amycTuMo OOW/IBI IPOrpamMu, Ta MOPIBHIEMO PE3YIbTATH.

TERMINAL

= Ccpp :

C++ Write time: 79 ms

C++ Copy time: 19@ ms

C++ Read time: 14 ms

File attribute toggle time: @ ms

Move file time: @ ms

Move directory time: @ ms

Listing drives:

Drive: C:\ | Type: 3 | Format: NTFS | Total: 477606 MB | Free: 4@4831 MB
Drive: Z:\ | Type: 3 | Format: NTFS | Total: 477606 MB | Free: 4@4831 MB
= cpp cd ../cs

=+ cs dotnet build && dotnet run

Restore complete (@.5s)

Build succeeded in 1.3s

C# Write time: 79 ms

C# Copy time: 142 ms

C# Read time: 19 ms

File attribute toggle time: @ ms

Move file time: @ ms

Move directory time: @ ms

Listing fixed drives:

Drive: / | Type: Fixed | Format: ext3 | Total: 477606 MB | Free: 424622 MB
Drive: /boot/efi | Type: Fixed | Format: msdos | Total: 22843 MB | Free: 2043 MB

Es -
S

Pucynox 4.26 — Pe3synbrar T€CTYBaHHS NpOrpam
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Bapro 3a3HaumtH, 110 OCKUIBKM JaboparopHa poOOTa BUKOHYBaJach Ha
ormeparliiiHii cucremi Linux, mporpamMu mokasyroTh JICIIO pi3HI pe3yabTaTu. [[js 3amycky
C++ Bepcii Oys10 BUKOpUCTaHO 1map Tpancisiii Wine, B Toi yac ko C# Bepcis mpaiftoe
HATUBHO, yepe3 1e iHdopmariis npo aucku B C++ ta C# Bepcli He CIIBNAIAI0Th.

[IBuakomist 000X BepcCiit BIAPI3HIETHCS HE3HAYHO, 1€ MOXKHA MOSCHUTHU TUM, IO
o0uzBi mporpamu BUKOpUcToBYI0Th cucTeMHy APl (WinAPI B Bunaaky i3 Windows) st

B3a€MOI1 13 (pailIoBOIO CHCTEMOIO.
4.3 BUCHOBKH

[lin yac BUKOHAHHS JaHOi JIAOOPATOPHOI POOOTH MU HABUYMIIMCA MPAKTUYHOMY

BUkopucTanHio pyHkuii WinAPI qis pobotu 3 daitnamu.
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