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Multi-threading file 1I/0O

One Program for all Synchronization Strategies:
Set flags appropriately

Rem nd that the input (account) file is changed
(save it to duplicate experinments)
/

b T R T T

#defi ne UNI CODE
#define _UN CODE
#define CRT_SECURE NO WARNI NGS

#i ncl ude <w ndows. h>
#i ncl ude <tchar. h>
#i ncl ude <process. h>
#i ncl ude <stdi o. h>

#define L 30+1

/] Debug: Waiting Tinme (dt mlliseconds)
#define dt 1000

/*
* Select thread calls as:
* beginthreadex IFF 1
* createThread |IFF O
*/
#define THREAD CALL O

/*
* Sel ect Synchronization Mechani sm
* To select the appropriate sections of codes SET TO 1
* ONE AND ONLY ONE of the four follow ng fl ags
*/
#def i ne
#def i ne
#def i ne
#def i ne

e
coor

typedef struct files {
int id;
long int rn;
TCHAR n[ L];
TCHAR s[L];
i nt bal ance;
} files t;

t ypedef struct threads {
/1 Used for File Locking (a different handle for each thread)
LPTSTR naneAccount ;
/1 Used for Critical Sections, Mitexes, Senaphores
/] Sanme handle for all threads
HANDLE hAccount ;
/1 Local (operation) file nane for each thread
LPTSTR nanmeQOperati on
} threads_t;

#i f THREAD_CALL
unsi gned W NAPI t hreadFuncti on(LPVA D);
#el se



DWORD W NAPI t hreadFuncti on(LPVA D) ;
#endi f

#if FL
voi d t hreadFuncti onFL (LPVOD);
#endi f

#if CS

voi d t hreadFuncti onCS (LPVAOD);
CRI Tl CAL_SECTI ON cs;

#endi f

#if M

voi d t hreadFuncti onMI' (LPVAO D) ;
HANDLE nt ;

#endi f

#if SE

voi d t hreadFuncti onSE (LPVAO D);
HANDLE se;

#endi f

int tmain (int argc, LPTSTR argv [])
{
OVERLAPPED ov = {0, 0, 0, 0O, NULL};
LARGE | NTECER fi | ePos;
HANDLE hAccount, *hThread;
I NT i;
DWORD n;
#i f THREAD CALL
unsi gned *t hreadl d;
#el se
DWORD *t hr eadl d;
#endi f
files t fileData;
threads_t *threadDat a;

hAccount = CreateFile (argv[1l], GENERI C READ | GENERI C WRI TE,
FI LE SHARE READ | FILE SHARE WRI TE, NULL, OPEN_EXI STI NG
FI LE_ATTRI BUTE_NORMAL, NULL);

if (hAccount == I NVALI D_ HANDLE VALUE) {
_tprintf (_T("Open file error: %\n"), GetLastError ());
return 2;

}

// Display Initial File Content (initial bal ance)
_tprintf (_T("Initial Balance:\n"));
whil e (ReadFile (hAccount, &fileData, sizeof (files_t), &n, NULL)
&& n > 0) {
tprintf (_T(" % %d % % %\n"),
fileData.id, fileData.rn, fileData.n, fileData.s,
fil eDat a. bal ance) ;

}

threadData = (threads_t *) malloc ((argc-2) * sizeof (threads t));
hThread = (HANDLE *) malloc ((argc-2) * sizeof (HANDLE));
#i f THREAD_CALL
threadld = (unsigned *)malloc((argc - 2) * sizeof(unsigned));
#el se
threadld = (DWORD *)mal l oc((argc - 2) * sizeof (DWORD));
#endi f

#if CS
InitializeCritical Section (&cs);



#endi f

#if M
nt = CreateMutex (NULL, FALSE, NULL);
#endi f

#if SE
se = CreateSemaphore (NULL, 1, 1, NULL);
#endi f

for (i=0; i<argc-2; i++) {
threadData[i]. nameAccount = argv[1];
threadData[i]. hAccount = hAccount;
threadData[i]. nameQperation = argv[i +2];

#i f THREAD_CALL
hThread[i] = (HANDLE) _begi nt hreadex (NULL, 0, threadFuncti on,
& hreadData[i], 0, & hreadld[i]);
#el se
hThread[i] = CreateThread (NULL, O,
(LPTHREAD_START_RQUTI NE) threadFunction, &threadDatali],
0, & hreadld[i]);
#endi f

if (hThread[i] == NULL) {
Exi t Process(0);
}
}

/1 VWAt until all threads have terninated.
VWait ForMul ti pl eObjects (argc-2, hThread, TRUE, |INFIN TE);
for (i=0; i<argc-2; i++) {
Cl oseHandl e(hThread[i]);
}

#if CS
Del eteCritical Section (&cs);
#endi f

/!l Display Final File Content (final bal ance)
fil ePos. QuadPart = 0;
Set Fi | ePoi nter Ex (hAccount, filePos, NULL, FILE BEGN);

_tprintf (_T("Final Balance:\n"));
whil e (ReadFile (hAccount, &fileData, sizeof (files_ t), &n, NULL)
&& n > 0) {
_tprintf (_T(" % %d % % %\n"),
fileData.id, fileData.rn, fileData.n, fileData.s,
fil eData. bal ance) ;

}

O oseHandl e (hAccount);

_tprintf (_T("End Now. "));
_tscanf (_T("%"), &n);

return O;

}

#i f THREAD_CALL

unsi gned W NAPI t hreadFunction(LPVO D | pParam {
#el se

DWORD W NAPI t hreadFuncti on(LPVA D | pParan) {
#endi f



static int tnp = O;
#if FL
_tprintf (_T("Using File Locking %\n"), tnp++);
t hreadFuncti onFL (I pParan);
#endi f
#if CS
_tprintf (_T("Using Critical Section %\n"), tnp++);
t hreadFuncti onCS (I pPar anj ;
#endi f
#if M
_tprintf (_T("Using Miutexes %\ n"), tnp++);
t hreadFuncti onMl (I pPar anj ;
#endi f
#if SE
_tprintf (_T("Using Sermaphores %\ n"), tnp++);
t hreadFuncti onSE (I pPar an) ;
#endi f

#i f THREAD_CALL
_endt hreadex (0);
return (0);

#el se
Exit Thread (0);

#endi f

}

#if FL

voi d t hreadFuncti onFL (LPVO D | pParam {
threads_t *data
files t fileDataAccount, fil eDataCperation
LARGE | NTECER fil ePos, fil eReserved;
OVERLAPPED ov = {0, 0, 0, 0O, NULL};
DWORD n;
HANDLE hAccount, hOperati on;

fileReserved. QuadPart = 1 *sizeof (files_ t);
data = (threads_t *) | pParam
hAccount = CreateFile (data->nanmeAccount, GENERI C_ READ | GENERI C_ WRI TE,

FI LE_SHARE_READ | FILE_SHARE WRI TE, NULL, OPEN_EXI STI NG
FI LE_ATTRI BUTE_NORVAL, NULL);

if (hAccount == I NVALI D_ HANDLE VALUE) {
_tprintf (_T("Open file error: %\n"), GetLastError ());
return;

}

hOperation = CreateFil e (data->nameQperati on, GENERI C READ,
FI LE_ SHARE READ, NULL, OPEN_EXI STI NG, FILE _ATTRI BUTE_NORMAL,

NULL) ;

if (hOperation == | NVALI D HANDLE_VALUE) {
_tprintf (_T("Open file error: %&\n"), GetlLastError ());
return;

}

while (ReadFile (hOperation, &fileDataQperation, sizeof (files_t),
&1, NULL) && n > 0) {
_tprintf (_T("(Thread %) % %d % % %\ n"), data->nameQperation,
fileDataOperation.id, fileDataOperation.rn, fileDataQperation.n,
fileDataOperation.s, fileDataQperation.bal ance);

filePos. QuadPart = (fil eDataOperation.id-1) * sizeof (files_t);
ov. O fset = filePos. LowPart;
ov. O fsetH gh = fil ePos. Hi ghPart;



}

ov. hEvent = 0;

LockFi | eEx (hAccount, LOCKFILE_EXCLUSI VE_LCCK, O,
fileReserved. LowPart, fil eReserved. H ghPart, &ov);
ReadFi |l e (hAccount, &fil eDataAccount, sizeof (files_t), &n, &ov);
fil eDataAccount. bal ance = fil eDat aAccount. bal ance +
fil eDataQperati on. bal ance;
_tprintf (_T("(Thread %) Sleeping for Record % ...\n"),
dat a- >naneQperation, fileDataCperation.id);
Sl eep (dt);
_tprintf (_T("... (Thread %) End Sl eeping for Record %\n"),
dat a- >naneQperation, fileDataCperation.id);
WiteFile (hAccount, &fil eDataAccount, sizeof (files t), &n, &ov);
Unl ockFi | eEx (hAccount, 0, fileReserved. LowPart,
fil eReserved. H ghPart, &ov);
}

O oseHandl e (hAccount);
Ol oseHandl e (hQperati on);
return,

#endi f

#if CS
voi d t hreadFuncti onCS (LPVA D | pParam {

threads_t *dat a;

files t fileDataAccount, fileDataQOperation;
LARGE | NTECER fi | ePos;

OVERLAPPED ov = {0, 0, 0, 0, NULL};

DWORD n;

HANDLE hQper ati on;

data = (threads_t *) | pParam

hOperation = CreateFi |l e (data->nameQperati on, GENERI C_READ,

FI LE_SHARE _READ, NULL, OPEN_EXI STING FILE ATTRI BUTE_NORMAL, NULL);
if (hOperation == | NVALI D_ HANDLE VALUE) ({

_tprintf (_T("Open file error: %&\n"), GetlLastError ());

return;

}

while (ReadFile (hOperation, &fileDataQperation, sizeof (files_t),
&1, NULL) && n > 0) {
_tprintf (_T("(Thread %) % %d % % %\ n"), data->nameQperation,
fileDataOperation.id, fileDataOperation.rn, fileDataQperation.n,
fileDataOperation.s, fileDataQperation.bal ance);

filePos. QuadPart = (fil eDataOperation.id-1) * sizeof (files_ t);
ov. O fset = filePos. LowPart;
ov. O fsetHi gh = fil ePos. Hi ghPart;

EnterCritical Section (&cs);
ReadFi | e (dat a->hAccount, &fileDataAccount, sizeof (files_t),
&n, &ov);
fil eDat aAccount . bal ance = fil eDat aAccount . bal ance +
fil eDataQperati on. bal ance;
_tprintf (_T("(Thread %) Sleeping ...\n"), data->nanmeQperation);
Sl eep (dt);
_tprintf (_T("... (Thread %) End Sl eeping\n"), data->naneQCperation);
WiteFile (data->hAccount, &fileDataAccount, sizeof (files_t), &n, &ov);
LeaveCritical Section (&cs);

}

O oseHandl e (hQperati on);



return;

}
#endi f
#if M

voi d t hreadFuncti onMI' (LPVA D | pParam {
threads_t *dat a;
files t fileDataAccount, fileDataQOperation;
LARGE | NTECER fi | ePos;
OVERLAPPED ov = {0, 0, 0, 0O, NULL};
DWORD n;
HANDLE hQper ati on;

data = (threads_t *) | pParam

hOperation = CreateFil e (data->nameQperati on, GENERI C_READ,
FI LE_SHARE READ, NULL, OPEN_EXI STI NG, FILE _ATTRI BUTE_NORMAL,

NULL) ;

if (hOperation == | NVALI D HANDLE VALUE) ({
_tprintf (_T("Open file error: %\n"), GetlLastError ());
return;

}

whil e (ReadFile (hOperation, &fileDataQperation, sizeof (files_ t),
&1, NULL) && n > 0) {
_tprintf (_T("(Thread %) % %d % % %\ n"), data->naneCperation,
fileDataOperation.id, fil eDataOperation.rn, fileDataOperation.n,
fileDataOperation.s, fileDataQperation.bal ance);

filePos. QuadPart = (fil eDataOperation.id-1) * sizeof (files_t);
ov.ffset = fil ePos. LowPart ;
ov. O fsetHi gh = fil ePos. H ghPart;

Wi t For Si ngl eQbj ect (nt, |INFINTE);
ReadFi | e (dat a->hAccount, &fileDataAccount, sizeof (files t), &n, &ov);
fil eDataAccount. bal ance = fil eDat aAccount. bal ance +

fil eDataQperati on. bal ance;
_tprintf (_T("(Thread %) Sleeping ...\n"), data->nanmeQperation);
Sl eep (dt);
_tprintf (_T("... (Thread %) End Sl eeping\n"), data->naneQCperation);
WiteFile (data->hAccount, &fileDataAccount, sizeof (files_t), &n, &ov);
Rel easeMut ex (nt);

}

Ol oseHandl e (hQperati on);
return;

}
#endi f

#if SE

voi d t hreadFuncti onSE (LPVA D | pParam {
threads_t *dat a;
files t fileDataAccount, fileDataQOperation;
LARGE | NTEGER fi | ePos;
OVERLAPPED ov = {0, 0, 0, 0O, NULL};
DWORD n;
HANDLE hQper ati on;

data = (threads_t *) | pParam
hOperation = CreateFi |l e (data->nameQperati on, GENERI C_READ,

FI LE_SHARE_READ, NULL, OPEN EXI STING FILE_ATTRI BUTE_NORMAL, NULL);
if (hOperation == | NVALI D_HANDLE_VALUE) {



_tprintf (_T("Open file error: %\n"), GetlLastError ());
return;

}

while (ReadFile (hOperation, &fileDataQperation, sizeof (files_t),
&1, NULL) && n > 0) {
_tprintf (_T("(Thread %) % %d % % %\ n"), data->nanmeCperation,
fileDataOperation.id, fil eDataOperation.rn, fileDataOperation.n,
fileDataQOperation.s, fileDataQperation. bal ance);

filePos. QuadPart = (fil eDataOperation.id-1) * sizeof (files_ t);
ov. O fset = filePos. LowPart;
ov. O fsetH gh = fil ePos. Hi ghPart;

Wai t For Si ngl eQbj ect (se, |INFINTE);
ReadFi | e (dat a->hAccount, &fileDataAccount, sizeof (files t), &n, &ov);
fil eDataAccount. bal ance = fil eDat aAccount. bal ance +

fil eDataQperati on. bal ance;
_tprintf (_T("(Thread %) Sleeping ...\n"), data->nanmeQperation);
Sl eep (dt);
_tprintf (_T("... (Thread %) End Sl eeping\n"), data->nanmeQperation);
WiteFile (data->hAccount, &fileDataAccount, sizeof (files_t), &n, &ov);
Rel easeSemaphore (se, 1, NULL);

}

Ol oseHandl e (hQperati on);
return,

}
#endi f



