10

C++
C++
Windows
C++
WaitForMultipleExpressions
WaitForMultipleObjects
10.1 Optex
Optex.h  Optex.cpp 10-1
Optex optimized C++
COptex
optex COptex 3

COptex::(DWORD dwSpinCount = 4000);



Chinaspubscom

10
ES;;;;(;CET;{ —p;;Name bHORD dwSpinCount = 4000);
COptex:: (PCWSTR pszName, DWORD dwSpinCount = 4000);
COptex
optex optex
optex pszName ANSI Unicode
optex optex
COptex
COptex Enter leave
void COptex::Enter();
void COptex::Leave();

TryEnterCritical Section  SetCritical SectionSpinCount

BOOL COptex:
void COptex:

:TryEnter();
:SetSpinCount (DWORD dwSpinCount);

optex optex optex
BOOL COptex::IsSingleProcessOptex() const;
optex optex
optex optex
Optex.h SHAREDINFO
10-1
10-1
m_ILockCount optex optex 0
m_dwThreadld optex ID optex 0
m_|RecurseCount optex optex 0
m_hevt optex
optex
SHAREDINFO
m_dwSpinCount optex
0
m_hfm optex
SHAREDINFO
optex NULL
m_psi optex
SHAREDINFO optex
optex
optex
optex
Optex
10-1 Optex “ 10 Optex.exe” COptex



China=pubecom

GetLastError

optex
optex

optex

CrossOptexTest
FirstFunc

VOID DebugBreak();

ERROR_ALREADY_EXISTS

10-Optex

COptex

optex

COptex optex

optex

optex

optex
optex

SecondFunc

10-1 optex

Coptex

_tWinMain
optex

FirstFunc

optex

FirstFunc
optex
FirstFunc
optex
DebugBreak
optex
optex

& Optex.cpp

/******************************************************************************

Module: Optex.cpp

Notices: Copyright (c) 2000 Jeffrey Richter

******************************************************************************/

#include ™..\CmnHdr.h"
#include "Optex.h"

/* See Appendix A. */

JEVITEZIIIELI I EETIEE LI EI I P EI LI Ii i i it it iidiintiiiiittiieiigiesi
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// @=multi-CPU, l=single-CPU, -1=not set yet
BOOL COptex::sm_fUniprocessorHost = -1;

JEPEIIELEIIEIIIIEIEIIETIEI I EI 70 I T EI i i i i i i i iiiiiiiititiiiiiiiteeing

PSTR COptex::ConstructObjectName(PSTR pszResult,
PCSTR pszPrefix, BOOL fUnicode, PVOID pszName) {

pszResult[@] = @;
if (pszName == NULL)
return(NULL);

wsprintfA(pszResult, fUnicode ? "%s%S" : "%s%s™, pszPrefix, pszName);
return(pszResult);

JILIIEEEIAIIIIEI I I EL LTI T I I LTI I I T L i i d it it iiiiiiitliniiiniiliieg

void COptex::CommonConstructor(DWORD dwSpinCount,
BOOL fUnicode, PVOID pszName) {

if (sm_fUniprocessorHost == -1) {
// This is the 1st object constructed, get the number of CPUs
SYSTEM_INFO sinf;
GetSystemInfo(&sinf);

sm_fUniprocessorHost = (sinf.dwNumberOfProcessors == 1);
}
m_hevt = m_hfm = NULL;
m_psi = NULL;

if (pszName == NULL) { // Creating a single-process optex

m_hevt = CreateEventA(NULL, FALSE, FALSE, NULL);
chASSERT(m_hevt != NULL);

m_psi = new SHAREDINFO;
chASSERT(m_psi 1= NULL};
ZeroMemory(m_psi, sizeof(*m_psi));

} else { // Creating a cross-process optex

// Always use ANSI so that this works on Win9x and Windows 2000
char szResult[100];

ConstructObjectName(szResuit, "Optex_Event_", fUnicode, pszName);
m_hevt = CreateEventA(NULL, FALSE, FALSE, szResult);
chASSERT(m_hevt != NULL):

ConstructObjectName(szResult, "Optex MMF_", fUnicode, pszName);

m_hfm = CreateFileMappingA(INVALID_HANDLE_VALUE, NULL,
PAGE_READWRITE, @, sizeof(#m_psi), szResult);

chASSERT(m_hfm != NULL);
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m_psi = (PSHAREDINFQ) MapViewOfFile(m_hfm,
FILE_MAP_WRITE, @, 0, @);
ChASSERT(m_psi != NULL);

// Note: SHAREDINFO's m_1lLockCount, m_dwThreadId, and m_1RecurseCount
// members need to be initialized to @. Fortunately, a new pagefiie
// MMF sets all of its data to @ when created. This saves us from

// some thread synchronization work.

SetSpinCount(dwSpinCount);

TLETITIIIELEEETI L EET R I LT TETTI I ETET I T LI i i i iiiiiitiriieieiiil

COptex::~COptex() {

#ifdef _DEBUG
if (IsSingleProcessOptex() && (m_psi->m_dwThreadld != @)) {
// A single-process optex shouldn't be destroyed if any thread owns it
DebugBreak();
}

if (1IsSingleProcessOptex() &&
(m_psi->m_dwThreadld == GetCurrentThreadId())) {

// A cross-process optex shouldn't be destroyed if our thread owns it
DebugBreak();
}
fendif

CloseHandle(m_hevt);

if (IsSingleProcessOptex()) {
delete m_psi;

} else {
UnmapViewOfFile(m_psi):
CloseHandle{(m_hfm);

JELELIIITIELLIEEEITIELEETEIIILE 0L I LT EI i i i it i iiiiibiriiniiieilifri

void COptex::SetSpinCount(DWORD dwSpinCount) {

// No spinning on single CPU machines
if (!sm_fUniprocessorHost)
InterlockedExchangePointer((PVOID*) &m_psi->m_dwSpinCount,
(PVOID) (DWORD_PTR) dwSpinCount);
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void COptex::Enter() {
// Spin, trying to get the optex
if (TryEnter())

return; // We got it, return

// We couldn't get the optex, wait for it.
DWORD dwThreadld = GetCurrentThreadId();

if (InterlockedIncrement(&m_psi->m_1LockCount) == 1) {
// Optex is unowned, let this thread own it once
m_psi->m_dwThreadld = dwThreadlId;
m_psi->m_1RecurseCount = 1;

} else {

if (m_psi->m_dwThreadld == dwThreadld) {

// If optex is owned by this thread, own it again
m_psi->m_1RecurseCount++;

} else {

// Optex is owned by another thread, wait for it
WaitForSingleObject(m_hevt, INFINITE);

// Optex is unowned, let this thread own it once
m_psi->m_dwThreadld = dwThreadld;
m_psi->m_TRecurseCount = 1;

THTTIIIITEE LT L0700 T T i i i i iiri it iriiiiiriiisg

BOOL COptex::TryEnter() {

DWORD dwThreadld = GetCurrentThreadId();

BOOL fThisThreadOwnsTheOptex = FALSE: // Assume a thread owns the optex
DWORD dwSpinCount = m_psi->m_dwSpinCount; // How many times to spin

do {
// If lock count = @, optex is unowned, we can own it
fThisThreadOwnsTheOptex = (0 ==
InterlockedCompareExchange(&m_psi->m_1LockCount, 1, @));
if (fThisThreadOwnsTheOptex) {

// Optex is unowned, let this thread own it once
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m_psi->m_dwThreadld = dwThreadId;
m_psi->m_1RecurseCount = 1;

} else {
if (m_psi->m_dwThreadld == dwThreadId) {

// 1f optex is owned by this thread, own it again
InterlockedIncrement (&m_psi->m_1LockCount);
m_psi->m_TRecurseCount++;
fThisThreadOwnsTheOptex = TRUE;

}

} while (!fThisThreadOwnsTheOptex && (dwSpinCount-- > @));

// Return whether or not this thread owns the optex
return(fThisThreadOwnsTheOptex);

TITIEITLEEIIE LT F L LI P II LTI T T T 7000 i it ii it iii1171111411117

void COptex::Leave() {

ffifdef _DEBUG
// Only the owning thread can leave the optex
if (m_psi->m_dwThreadld != GetCurrentThreadId())
DebugBreak();
fendif

// Reduce this thread's ownership of the optex
if (--m_psi->m_1RecurseCount > @) {

// We still own the optex
InterlockedDecrement (&m_psi->m_1LockCount);

} else {

// We don't own the optex anymore
m_psi->m_dwThreadld = @;

if (InterlockedDecrement(&m_psi->m_1LockCount) > @) {

// Other threads are waiting, the auto-reset event wakes one of them
SetEvent(m_hevt);

TILITETEIIIE08017000000141111 End of File [//11111710117171HE0171110110001010110171

Optex.h
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/******************************************************************************

Module name: Optex.h

Written by: Jeffrey Richter
******************************************************************************/

{fpragma once

N el

class COptex {

public:
COptex(DWORD dwSpinCount = 4000);
COptex(PCSTR pszName, DWORD dwSpinCount = 4600);
COptex(PCHWSTR pszName, DWORD dwSpinCount = 4000);
~COptex();

void SetSpinCount(DWORD dwSpinCount);
void Enter();
BOOL TryEnter();

void Leave();
BOOL IsSingleProcessOptex() const;

private:
typedef struct {
DWORD m_dwSpinCount;
Tong m_lLockCount;
DWORD m_dwThreadlId:
long m_1RecurseCount;
} SHAREDINFO, =PSHAREDINFO;

HANDLE m_hevt;
HANDLE m_hfm;
PSHAREDINFO m_psi;

private:
static BOOL sm_fUniprocessorHost;

private:
void CommonConstructor(DWORD dwSpinCount, BOOL fUnicode, PVOID pszName);

PSTR ConstructObjectName(PSTR pszResult,
PCSTR pszPrefix, BOOL fUnicode, PVOID pszName);

1
TIEFTLITITI L7000 I 00 08000000 i i it iiiiiiiiiririititiiitiriitiliyf
inTine COptex::COptex(DWORD dwSpinCount) {

CommonConstructor(dwSpinCount, FALSE, NULL);
1

IITTETETELTLEI IR I EL A EE L LI LTI r i iiiiriiiieieiili
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inline COptex::COptex(PCSTR pszName, DWORD dwSpinCount) {

CommonConstructor(dwSpinCount, FALSE, (PVOID) pszName);

PILTETETEEIEI LI I T 00 i ii i i ii ittt iiiifiitiiiiiitirlieettsl
inline COptex::COptex(PCWSTR pszName, DWORD dwSpinCount) {

CommonConstructor(dwSpinCount, TRUE, (PVOID) pszName);

///////////////////////////////////////////////////////////////////////////////

inline COptex::IsSingleProcessOptex() const {

return(m_hfm == NULL);

JIIE1I0T10014071071171117477771]1 End of File R

Optex.rc

//Microsoft Developer Studio generated resource script.

//
fHinclude "resource.h"

#define APSTUDIO_READONLY_SYMBOLS
/////////////////////////////////////////////////////////////////////////////

//
// Generated from the TEXTINCLUDE 2 resource.

/7
f##include "afxres.h”

/////////////////////////////////////////////////////////////////////////////
fundef APSTUDIO_READONLY_SYMBOLS

/////////////////////////////////////////////////////////////////////////////
// English (U.S.) resources

#if ldefined(AFX_RESOURCE_DLL) | defined (AFX_TARG_ENU)

#ifdef _WIN32

LANGUAGE LANG_ENGLISH, SUBLANG_ENGLISH_US

#ipragma code_page(1252)

#endif //_WIN32
;;///////////////////////////////////////////////////////////////////////////
// Icon

//

// Icon with Towest ID value placed first to ensure application icon
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// remains consistent on all systems.
IDI_QPTEX ICON DISCARDABLE "Optex.ICO™

#ifdef APSTUDIO_INVOKED
RNy,
/7

// TEXTINCLUDE

/1

1 TEXTINCLUDE DISCARDABLE
BEGIN

"resource.h\@"
END

2 TEXTINCLUDE DISCARDABLE

BEGIN
"#include ""afxres.h""\r\n"
" an

END

3 TEXTINCLUDE DISCARDABLE
BEGIN

"\r\n"

L \ 0"
END

#endif // APSTUDIO_INVOKED

#endif // English (U.S.) resources
THLEIEEIT I I T 00007 T F i i i ini i titiiiiirliliitiiiirinitiiiitd

f#ifndef APSTUDIO_INVOKED

SIETTE7 0000070000070 00000 i iriririiiiiiiiiiiriririiiliiiiiiiiiiiiriri
//

// Generated from the TEXTINCLUDE 3 resource.

//

///////////////////////////////////////////////////////////////////////////Il
fendif // not APSTUDIO_INVOKED

OptexTest.cpp

Aok kop gk kkok Rk
/*******************************************************************

Module name: OptexTest.cpp
Written by: Jeffrey Richter

*************************************************************/

s ¢ sk s ok ok ok ok ok s ok ok ok sk ke o ke

#include "..\CmnHdr.h" /+ See Appendix A. */
#include <tchar.h>

#include <process.h>

#include "Optex.h"
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///////////////////////////////////////////////////////////////////////////////

DWORD WINAPI SecondFunc(PVOID pvParam) {

}

COptex& optex = * (COptex*) pvParam;

// The primary thread should own the optex here, this should fail
ChVERIFY(optex.TryEnter() == FALSE);

// Wait for the primary thread to give up the optex
optex.Enter(};

optex.Enter(); // Test recursive ownership
chMB("Secondary: Entered the optex\n(Dismiss me 2nd)");

// Leave the optex but we still own it once

optex.Leave(); . ..
chMB("Secondary: The primary thread should not display a box yet"):

optex.Leave(); // The primary thread should be able to run now

return(@);

////////////////////////////////////////////I////I/////////////////////////////

VOID FirstFunc(BOOL flLocal, COptex& optex) {

optex.Enter(); // Gain ownership of the optex

// Since this thread owns the optex, we should be able to get it again
chVERIFY(optex.TryEnter()); -

HANDLE hQtherThread = NULL;
if (flocal) {
// Spawn a secondary thread for testing purposes (pass it the optex)

DWORD dwThreadId;
hOtherThread = chBEGINTHREADEX(NULL, @,
SecondFunc, (PVOID) &optex, 0, &dwThreadId);

} else {
// Spawn a secondary process for testing purposes
STARTUPINFO si = { sizeof(si) };
PROCESS_INFORMATION pi;
TCHAR szPath[MAX_PATHI;
GetModuleFileName(NULL, szPath, chDIMOF(szPath));
CreateProcess(NULL, szPath, NULL, NULL,

FALSE, @, NULL, NULL, &si, &pi):

hOtherThread = pi.hProcess;
CloseHandle(pi.hThread);

}

// Wait for the second thread to own the optex
chMB("Primary: Hit OK to give optex to secondary”);
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// Let the second thread gain ownership of the optex
optex.Leave();
optex.Leave();

// Wait for the second thread to own the optex
chMB("Primary: Hit OK to wait for the optex\n(Dismiss me 1lst)");

optex.Enter(); // Try to gain ownership back

WaitForSingleObject(hOtherThread, INFINITE);
CloseHandle(hOtherThread);
optex.leave();

}

///////////////////////////////////////////////////////////////////////////////

int WINAPI _tWinMain(HINSTANCE hinstExe, HINSTANCE, PTSTR pszCmdLine, int) {

// This event is just used to determine which instance this is.
HANDLE hevt = CreateEvent(NULL, FALSE, FALSE, TEXT("OptexTest")):

if (GetLastError() != ERROR_ALREADY_EXISTS) {
// This is the first instance of this test application
// First, let's test the single-process optex
COptex optexSingle; // Create a single-process optex

FirstFunc(TRUE, optexSingle);

// Now. let's test the cross-process optex
COptex optexCross(”CrossOptexTest"); // Create a cross-process optex
FirstFunc(FALSE, optexCross);

} else {

// This is the second instance of this test application
DebugBreak(); // Force debugger connection for tracing

// Test the cross-process optex
COptex optexCross("CrossOptexTest™); // Create a cross-process optex
SecondFunc((PVOID) &optexCross);

}

CloseHandle(hevt);
return(9);

JIP1ET100000007000007171040071717 End of File JILELIELEIIEILELtd11t11it11111

10.2
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0 0
100
100
0
0
Windows
Microsoft
-99 Rel easeSemaphore
1 Microsoft
C++
Interlocked.h 10-2
C++
C++
CRITICAL_SECTION
InitializeCritical Section DeleteCritical Section
EnterCritical Section L eaveCiritical Section
C++
C++ optex
CResGuard CRITICAL_SECTION
LONG LONG
CResGuard InitializeCritical Section
DeleteCritical Section C++
IsGuarded
EnterCritical Section CRITICAL_SECTION C++
CResGuard C++ CGuard CGuard
CResGuard CResGuard
Guard EnterCriticalSection CGuard CResGuard
Unguard L eaveCritical Section

CRITICAL_SECTION

struct SomeDataStruct {
} g_SomeSharedData;

// Create a CResGuard object that protects g_SomeSharedData.
// Note: The constructor initializes the critical section and
// the destructor deletes the critical section.
CResGuard g_rgSomeSharedData;
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void AFunction() {
// This function touches the shared data.

// Protect the resource from being accessed from multiple threads.
CResGuard::CGuard gDummy(g_rgSomeSharedData); //Enter critical section
// Touch the g_SomeSharedData resource.

} // Note: LeaveCriticalSection is called when gDummy goes out of scope.

C++ ClinterlockedType
ClnterlockedType

ClnterlockedType
ClnterlockedType

CResGuard
CResGuard CinterlockedType

ClinterlockedType
ClnterlockedType

ClnterlockedType 4
X
CinterlockedType 3 GetVval
GetVal
GetVa GetVal
GetVa
SetVal
SetVd GetVa Setvd
SetVal
SetVal
OnValChanged
ClnterlockedType OnValChanged

OnValChanged
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CWhenZero
ClnterlockedScalar ClnterlockedType
16 32 64
ClnterlockedScalar ClnterlockedType
ClnterlockedScalar ClnterlockedType

ClnterlockedScalar
ClnterlockedScalar
ClnterlockedScalar
ClnterlockedScalar

BYTE

CInterlockedScalar<BYTE> b = 5; // A thread-safe BYTE

BYTE b2 = 10; // A non-thread-safe BYTE

b2 = b+; // b2=5, b=6

b *= 4; /1 b=24

b2 = b; // b2=24, b=24

b += b; // b=48

b %= 2; // b=0
C++ C++

C++ CWhenZero
CWhenZero ClnterlockedScalar 0 CWhenZero
0 CWhenZero
C++
CWhenZero
CWhenZero m_hevtZero 0
m_hevtNotZero 0
CWhenZero
CreateEvent
0 0
CWhenZero CWhenZero
ClnterlockedScalar CWhenZero
OnValChanged CinterlockedType CWhenZero
OnValChanged CWhenZero
0 0 m_hevtZero m_hevtNotZero

0 OnVacChanged
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0
CWhenZero<BYTE> b = @; // A thread-safe BYTE

// Returns immediately because b is @
WaitForSingleObject(b, INFINITE);

b =5;

//Returns only if another thread sets b to ©
WaitForSingleObject(b, INFINITE);

WaitForSingleObject CWhenZero
CWhenZero
CWhenZero C++ HANDLE
CWhenZero HANDLE
m_hevtNotZero

CWhenZero m_hevtNotZero 0
HANDLE m_hevtNotZero
GetNotZeroHandle
CWhenZero<BYTE> b = 5; // A thread-safe BYTE

// Returns immediately because b is not @
WaitForSingleObject(b.GetNotZeroHandle(), INFINITE):

b = 9;

// Returns only if another thread sets b to not @
WaitForSingleObject(b.GetNotZeroHandle(), INFINITE):

InterlockedType
10-2 InterlockedType “ 10 InterlockedType.exe’
C++ 10- InterlockedType
C++
CWhenZero
0
CWhenZero
CWhenZero
C++ ClnterlockedType
ClnterlockedString ClnterlockedString

ClnterlockedString CWhenCertainString
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10-2 InterlockedType

IntLockTest.cpp

/******************************************************************************

Module: IntLockTest.cpp
Notices: Copyright (c) 20600 Jeffrey Richter

******************************************************************************/

#include "..\CmnHdr.h" /% See Appendix A. =*/
f#include <tchar.h>
#include "Interlocked.h”

TIIIILELELE LTI P LT 00T I LTI i i iiinitiiiiini i iiriiiriiisy

// Set to TRUE when worker threads should terminate cleanly.
volatile BOOL g_fQuit = FALSE;

JIIITLILLIILLILILFEEL LI EI 000 E i i i1t 11111111117

DWORD WINAPI WorkerThread(PVOID pvParam) {

// If we should quit, quit
if (g_fQuit)
continue;

// Do something
chMB("Worker thread: We have something to do");

bval--; // We're done
// Wait for all worker threads to stop
WaitForSingleObject(bVval, INFINITE);

}

chMB("Worker thread: terminating™);
return(9);
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int WINAPI _tWinMain(HINSTANCE hinstExe, HINSTANCE, PTSTR pszCmdLine, int) {

// Initialize to indicate that NO worker threads have anything to do
CWhenZero<BYTE> bVal = 9;

// Create the worker threads
const int nMaxThreads = 2;
HANDLE hThreads[nMaxThreads];
for (int nThread = @; nThread < nMaxThreads; nThread++) {
DWORD dwThreadld;
hThreads[nThread] = CreateThread(NULL, @,
WorkerThread, (PVOID) &bval, 0, &dwThreadld);

int n;
do {
// Do more work or stop running?
n = MessageBox(NULL, .
TEXT("Yes: Give worker threads something to do\nNo: Quit"™),
TEXT("Primary thread"), MB_YESNO);

// Tell worker threads that we're quitting
if (n == IDNO)

InterlockedExchangePointer{(PVOID#*) &g_fQuit, (PVOID) TRUE);
bVal = nMaxThreads: // Wake the worker threads
if (n == IDYES) {

// There is work to do, wait for the worker threads to finish
WaitForSingleObject(bval, INFINITE);
}

} while (n == IDYES);
// There is no more work to do, the process wants to die.

// Wait for the worker threads to terminate
WaitForMultipleObjects(nMaxThreads, hThreads, TRUE, INFINITE);

// Close the worker thread handles.
for (nThread = 8: nThread < nMaxThreads; nThread++)
CloseHandle(hThreads[nThread]):

// Tell the user that the process is dying
chMB("Primary thread: terminating™):

return(9);
}

JITI0I10T010010007071007141101 End of File /111111 71111700117000001000001001117
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Interlocked.h

/******************************************************************************

Module: Interlocked.h
Notices: Copyright (c) 2000 Jeffrey Richter

******************************************************************************/

f#fpragma once
JIPIEIELEETEIEII I EE 700 00100087000 0I i i itiitiiitiiniiiiitiniitiiiiis

// Instances of this class will be accessed by multiple threads. So,
// all members of this class (except the constructor and destructor)
// must be thread-safe.

class CResGuard {

public:
CResGuard() { m_1GrdCnt = @; InitializeCriticalSection(&m_cs); }
~CResGuard() { DeleteCriticalSection(&m_cs); }

// lsGuarded is used for debugging
BOOL IsGuarded() const { return(m_TGrdCnt > 8); }

pubtic:
class CGuard {
public:
CGuard(CResGuard& rg) : m_rg(rg) { m_rg.Guard(); };
~CGuard() { m_rg.Unguard(): }

private:
CResGuard& m_rg;
1

private:
void Guard() { EnterCriticalSection(&m_cs); m_1GrdCnt++; }
void Unguard() { m_1GrdCnt--; LeaveCriticalSection(&m_cs): }

// Guard/Unguard can only be accessed by the nested CGuard class.
friend class CResGuard::CGuard:

private:
CRITICAL_SECTION m_cs;
long m_1GrdCnt; // # of EnterCriticalSection calls

LITETIITILELTEIL LT ITIRE I LT ETTETITI I 0T 0TI ITITT 10 0701000070070110007001)

// Instances of this class will be accessed by multiple threads. So,
// all members of this class (except the constructor and destructor)
// must be thread-safe.

template <class TYPE>

class CInterlockedType {

public: // Public member functions
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// Note: Constructors & destructors are always thread-safe
CInterlockedType() { }

CInterlockedType(const TYPEX TVal) { m_TVal = Tval; }
virtual ~CInterlockedType() { }

// Cast operator to make writing code that uses
// thread-safe data type easier
operator TYPE() const {
CResGuard::CGuard x{(m_rg);
return(GetVal());
}

protected: // Protected function to be called by derived class
TYPE& GetVal() {
chASSERT(m_rg.IsGuarded());
return(m_Tval);
}

const TYPE& GetVal() const {
assert(m_rg.IsGuarded());
return(m_TVal);

}

TYPE SetVal(const TYPE& TNewVal) {
chASSERT(m_rg.IsGuarded());
TYPE& TVal = GetVal();
if (Tval 1= TNewVal) {
TYPE TPrevVal = TVal;
Tval = TNewVal;
OnVaiChanged(TNewVal, TPrevVal);
}
return(TVal):
}

protected: // Overridable functions

virtual void OnValChanged(
const TYPE& TNewVal, const TYPE& TPrevVal) const {

// Nothing to do here
}

protected:
// Protected guard for use by derived class functions

mutable CResGuard m_rg;

private: // Private data members

TYPE m_TVal;
1
///////////////////////////////////////////////////////////////////////////////

// Instances of this class will be accessed by multiple threads. So
// all members of this class (except the constructor and destructor;
// must be thread-safe.

template <class TYPE>

class CInterlockedScalar : protected CInterlockedType<TYPE> {

public:
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CInterlockedScalar(TYPE TVal = @) : CInterlockedType<TYPE>(TVal) {
}

~CInterlockedScalar() { /+ Nothing to do #/ }

// C++ does not allow operator cast to be inherited.
operator TYPE() const {

return(CInterlockedType<TYPE>::operator TYPE()):
}

TYPE operator=(TYPE Tval) {
CResGuard: :CGuard x(m_rg):
return(SetVal(TVal));

}
TYPE operator++(int) { // Postfix increment operator
CResGuard::CGuard x(m_rg);
TYPE TPrevVal = GetVal();
SetVal((TYPE) (TPrevval + 1));
return(TPrevVal); // Return value BEFORE increment
}
TYPE operator--(int) { // Postfix decrement operator.
CResGuard::CGuard x(m_rg);
TYPE TPrevVal = GetVal();
SetVal((TYPE) (TPrevval - 1));
return{TPrevVal); // Return value BEFORE decrement
}

TYPE operator += (TYPE op)

{ CResGuard::CGuard x{(m.rg); return(SetVal(GetVal() + op)); }
TYPE operator++()

{ CResGuard::CGuard x{m_rg); return(SetVal(GetVal() + 1)): }
TYPE operator -= (TYPE op)
{ CResGuard::CGuard x(m_rg); return(SetVal(GetVal() - op)); }

TYPE operator--()

{ CResGuard::CGuard x(m_rg); return(SetVal(Getval() - 1)}
TYPE operator *= (TYPE op)

{ CResGuard::CGuard x(m_rg); return(SetVal(Getval() = op)); 1
TYPE operator /= (TYPE op)

{ CResGuard::CGuard x(m_rg); return(SetVal(GetVal() / op)); }
TYPE operator %= (TYPE op)

{ CResGuard::CGuard x(m_rg); return(SetVal(GetvVal() % op)): 1}
TYPE operator ~= (TYPE op)

{ CResGuard::CGuard x(m_rg); return(SetVal(GetVal() * op)); }
TYPE operator &= (TYPE op)

{ CResGuard::CGuard x(m_rg); return(SetVal(GetvVal() & op)); 1}
TYPE operator |= (TYPE op)

{ CResGuard::CGuard x(m_rg); return{SetVal(GetVal() | op)); }
TYPE operator <<=(TYPE op)
CResGuard: :CGuard x(m_rg); return(SetVal(GetVal() << op}); }
TYPE operator >>=(TYPE op)
CResGuard: :CGuard x(m_rg); return(SetVal(GetVai()

-~

~—
v
h'4
Q
©
~
~
.
[
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///////////////////////////////////////////////////////////////////////////////

// Instances of this class will be accessed by multiple threads. So,
// all members of this class (except the constructor and destructor)

// must be thread-safe.
template <class TYPE>
class CWhenZero : public CInterlockedScalar<TYPED> {
public:
CWhenZero(TYPE TVal = @, BOOL fManualReset = TRUE)
: CinterlockedScalar<TYPE>(TVal) {

// The event should be signaled if TVal is @
m_hevtZero = CreateEvent(NULL, fManualReset, (TVal == 8), NULL);

// The event should be signaled if Tval is NOT @
m_hevtNotZero = CreateEvent(NULL, fManualReset, (Tval 1= @), NULL);

}

~CWhenZero() {
CloseHandie(m_hevtZero);
CloseHandle(m_hevtNotZero);
}
// C++ does not allow operator= to be inherited.
TYPE operator=(TYPE x) {
return(CInterlockedScalar<TYPE>::operator=(x));
}

// Return handle to event signaled when value is zero
operator HANDLE() const { return(m_hevtZero); }

// Return handle to event signaled when value is not zero
HANDLE GetNotZeroHandle() const { return(m_hevtNotZero); }

// C++ does not allow operator cast to be inherited.
operator TYPE() const {

return(CInterlockedScalar<TYPE>::operator TYPE()):
}

protected:
void OnValChanged(const TYPE& TNewVal, const TYPE& TPrevVal) const {

// For best performance, avoid jumping to

// kernel mode if we don't have to

if ((TNewVal == @) && (TPrevVal i= 0)) {
SetEvent(m_hevtZero):;
ResetEvent(m_hevtNotZero);

}

if ((TNewVal != @) && (TPrevVal == 8)) {
ResetEvent(m_hevtZero);
SetEvent(m_hevtNotZero);

}

private:
HANDLE m_hevtZero; // Signaled when data value is @
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HANDLE m_hevtNotZero; // Signaled when data value is not @
1

HHEPTIEEIEIIITIE I 0707700717717 End of File [//70770110177711711117011011041717
InterlockedType.rc

;;Microsoft Developer Studio generated resource script.

#include "resource.h”

f#define APSTUDIO_READONLY_SYMBOLS
/////////////////////////////////////////////////////////////////////////////
1/

// Generated from the TEXTINCLUDE 2 resource.

1/

f#finclude "afxres.h”

/////////////////////////////////////////////////////////////////////////////
ffundef APSTUDIO_READONLY_SYMBOLS

/////////////////////////////////////////////////////////////////////////////
// English (U.S.) resources

#if ldefined(AFX_RESOURCE_DLL) }| defined (AFX_TARG_ENU)
f#ifdef _WIN32

LANGUAGE LANG_ENGLISH, SUBLANG_ENGLISH_US

#pragma code_page(1252)

fendif //_WIN32

/////////////////////////////////////////////////////////////////////////////
//

// lcon

//

// Icon with lowest ID value placed first to ensure application icon
// remains consistent on all systems.
IDI_INTERLOCKEDTYPE ICON DISCARDABLE "IntertockedType.ICO"

#ifdef APSTUDIO_INVOKED
/////////////////////////////////////////////////////////////////////////////
/1

// TEXTINCLUDE

1/

1 TEXTINCLUDE DISCARDABLE
BEGIN

"resource.h\@"
END

2 TEXTINCLUDE DISCARDABLE

BEGIN
"#include ""afxres.h""\r\n"
"g"

END
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3 TEXTINCLUDE DISCARDABLE
BEGIN

"\r\n"

N
END

#endif // APSTUDIO_INVOKED

fendif // English (U.S.) resources
THTTTINTT I II I LTI 70 1777017 000000 i741777110111111174171117

#ifndef APSTUDIO_INVOKED

TIELTTTIIII I L ITTTET T T I T E7 00 i 000001077070 007707070010017111117
//

// Generated from the TEXTINCLUDE 3 resource.

//

LELEITTLLLELLLIT LI L LI L LL LTI E LI L L LT 10 i i 11 1000111111117111
ffendif // not APSTUDIO_INVOKED

10.3 /
/
4

)

2

3

2

5
3
1 1 2
1 2
2
4 1
3
2 3
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C++ CSWNRG “
/ SWMRG.h SWMRG.cpp 10-3
CSWMRG CSWMRG C++
C++ 3
VOID CSWMRG::WaitToRead(): // Call this to gain shared read access.
VOID CSWMRG::WaitToWrite(); // Call this to gain exclusive write access.
VOID CSWMRG::Done(); // Call this when done accessing the resource.
WaitToRead
WaitToWrite
Done
CSWMRG
10-2
10-2 CSWMRG
m_cs
m_nActive 0
0
-1
m_nWaitingReaders 0 m_nActive
-1 WaitToRead 1
m_nWaitingWriters 0 m_nActive
0 WaitToWrite 1
m_hsemWriters WaitToWrite m_nActive 0
Done 1
m_hsemReaders WaitToRead m_nActive -1
Done

m_nWaitingReaders
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SWMRG
10-3 SWMRG “ 10 SWMRG.exe” CSWMRG C++
10 SWMRG
WaitForM Ultiple YES: Attempt to read
. MNO: Attempt to write
Objects
] me |
10-1
Yes 10-1
No SWMRG WaitToRead
WaitToWrite
10-2 10-3
OFK. stops READING 0Ok stops WRITING
10-2 SWMRG WaitToRead 10-3 SWMRG WaitToWrite
WaitToWrite
WaitToRead
OK Done
SWMRG
10-3 SWMRG
;2
& SWMRG.cpp

/******************************************************************************

Module: SWMRG.cpp
Notices: Copyright (c) 2000 Jeffrey Richter

******************************************************************************/

#include "..\CmnHdr.h" /% See Appendix A. =/
f#include "SWMRG.h"
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NNy NN yNaNingi
CSWMRG: : CSWMRG() {

// Initially no readers want access, no writers want access, and
// no threads are accessing the resource

m_nWaitingReaders = m_nWaitingWriters = m_nActive = 9;
m_hsemReaders = CreateSemaphore(NULL, @, MAXLONG, NULL);
m_hsemWriters = CreateSemaphore(NULL, @, MAXLONG, NULL);
InitializeCriticalSection(&m_cs):

R

CSWMRG: : ~CSWMRG() {

#ifdef _DEBUG
// A SWMRG shouldn't be destroyed if any threads are using the resource
if (m_nActive != 0)
DebugBreak();
#endif

m_nWaitingReaders = m_nWaitingWriters = m_nActive = 0;
DeleteCriticalSection(&m_cs);

CloseHandle(m_hsemReaders);
CloseHandle(m_hsemWriters);

R e g

VOID CSWMRG::WaitToRead() {

// Ensure exclusive access to the member variables
EnterCriticalSection(&m_cs);

// Are there writers waiting or is a writer writing?
BOOL fResourceWritePending = (m_nWaitingWriters |] (m_nActive < 0));

if (fResourceWritePending) {

// This reader must wait, increment the count of waiting readers
m_nWaitingReaders++;

} else {
// This reader can read, increment the count of active readers
m_nActive++;

}

// Allow other threads to attempt reading/writing
LeaveCriticalSection(&m_cs);

if (fResourceWritePending) {
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// This thread must wait
WaitForSingleObject(m_hsemReaders, INFINITE);

TIPEETTTEITEI 0TI EE I E I i i i i i iiitt i it iitiiriiliiigiisy

VOID CSWMRG::WaitToWrite() {

// Ensure exclusive access to the member variables
EnterCriticalSection(&m_cs);

// Are there any threads accessing the resource?
BOOL fResourceOwned = (m_nActive != 0);

if (fResourcelwned) {
// This writer must wait, increment the count of waiting writers
m_nWaitingWriters++;

} else {
// This writer can write, decrement the count of active writers
m_nActive = -1;

}

// Allow other threads to attempt reading/writing
LeaveCriticalSection(&m_cs);

if (fResourceOwned) {

// This thread must wait
WaitForSingleObject(m_hsemWriters, INFINITE);

}
JITIIIEIIII I I I I T EI LI EIIIEEEiIIdd it i ii i iiiiiiitiiiiiiirists

VOID CSWMRG::Done() {

// Ensure exclusive access to the member variables
EnterCriticalSection(&m_cs);

if (m_nActive > 0) {

// Readers have control so a reader must be done
m_nActive--;
} else {

// Writers have control so a writer must be done
m_nActive++;
}

HANDLE hsem = NULL: // Assume no threads are waiting
LONG 1Count 1; // Assume only 1 waiter wakes; always true for writers

if (m_nActive == 0) {
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}

/1
//
1

if

No thread has access, who should wake up?
NOTE: It is possible that readers could never get access
if there are always writers wanting to write

(m_nWaitingWriters > 0) {

// Writers are waiting and they take priority over readers
m_nActive = -1; // A writer will get access
m_nWaitingWriters--; // One less writer will be waiting
hsem = m_hsemWriters; // Writers wait on this semaphore
// NOTE: The semaphore will release only 1 writer thread

} else if (m_nWaitingReaders > 98) {

// Readers are waiting and no writers are waiting
m_nActive = m_nWaitingReaders; // A1l readers will get access

m_nWaitingReaders = @; // No readers will be waiting

hsem = m_hsemReaders; // Readers wait on this semaphore

1Count = m_nActive; // Semaphore releases all readers
} else {

// There are no threads waiting at all: no semaphore gets released

// Allow other threads to attempt reading/writing
LeaveCriticalSection(&m_cs);

if (hsem != NULL) {

// Some threads are to be released
ReleaseSemaphore(hsem, 1Count, NULL);

}

JITIIITIIII1 117088 007007401111 End of File /111117 1111HI0I10I01010000000111101

SWMRG.h

/******************************************************************************

Module:

SWMRG. h

Notices: Copyright (c) 2000 Jeffrey Richter

******************************************************************************/

#pragma once

i

class CSWMRG {

public:
CSWMRG(); // Constructor
~CSWMRG(); // Destructor
VOID WaitToRead(); // Call this to gain shared read access
VOID WaitToWrite(); // Call this to gain exclusive write access

VOID Done(); // Call this when done accessing the resource
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private:
CRITICAL_SECTION m_cs; // Permits exclusive access to other members
HANDLE m_hsemReaders; // Readers wait on this if a writer has access
HANDLE m_hsemWriters; // Writers wait on this if a reader has access
int m_nWaitingReaders; // Number of readers waiting for access
int m_nWaitingWriters; // Number of writers waiting for access
int m_nActive; // Number of threads currently with access

I/ (8=no threads, >@=# of readers, -1=1 writer)
}:

JITIITILIIIIEIE01 0700 0007001771 End of File [//71/17011171111101100000010171711

SWMRG.rc

//Microsoft Developer Studio generated resource script.
1/
f#include "resource.h”

j##define APSTUDIO_READONLY_SYMBOLS

JITIIEETIIIITIL I E T I I i Eid i it idiiiiiiiiiieditiitttiiitiiiiiiitiiiieiiii
//

// Generated from the TEXTINCLUDE 2 resource.

//

#include "afxres.h"

FITEITLTITETIEEIIIEIII I I I ILF LI IT i iT it iiiiiiiitiitiiinititiesiref
frundef APSTUDIO_READONLY_SYMBOLS

JITIZIIIIREFIE LI L AL LI Tttt iiiiiiriidiriiriiitiiiiiiiizisiiitiieiiiiiiil
// English (U.S.) resources

#if ldefined(AFX_RESOURCE_DLL) || defined(AFX_TARG_ENU)
Jifdef _WIN32

LANGUAGE LANG_ENGLISH, SUBLANG_ENGLISH_US

#pragma code_page(1252)

f#endif //_WIN32

JITELITLITEETIEIL I L ELLILIE I LI ELi i i i iiiiitiidiiiiititititiiriiiiiiit
//

// Icon

7/

// Tcon with lowest ID value placed first to ensure application icon
// remains consistent on all systems.
IDI_SWMRG ICON DISCARDABLE "SWMRG.ico"

f#ifdef APSTUDIO_INVOKED

JITILIEIITITTE A LT LTI ET I I id i i i iiiiia ittt it it eiiitiiiiiititiisties
/1

// TEXTINCLUDE

1/

1 TEXTINCLUDE DISCARDABLE
BEGIN

"resource.h\o"
END
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2 TEXTINCLUDE DISCARDABLE

BEGIN
"#include "“"afxres.h""\r\n"
"\ g"

END

3 TEXTINCLUDE DISCARDABLE
BEGIN

"\r\n"

"\0"
END

fendif // APSTUDIO_INVOKED

f#endif // English (U.S.) resources
FIITETTETII0HE T 7707000700071 70 ii i iiitiiiitiniiiiiiitiniiiririnri

Jifndef APSTUDIO_INVOKED

FIIIIITTETIIITEIET I i 727 iiiiiiiiirrinliririliireiiiitieiitilily
//

// Generated from the TEXTINCLUDE 3 resource.

//

HHLTTIEIELTIP T T 0 711 H T i i riir i i iiininint i i1i171717114411117
fendif // not APSTUDIO_INVOKED

SWMRGTest.cpp

/*******************************************************#**********************

Module: SWMRGTest.Cpp
Notices: Copyright (c) 20068 Jeffrey Richter

******************************************************************************/

f#inctude "..\CmnHdr.h" /* See Appendix A. */
#include <tchar.h> '
fkinclude <process.h> // for _beginthreadex

#include "SWMRG.h"
LHTITILLETTE T 0000000000 L Er L i i it r i iiitireittiiitisg

// Global Single-Writer/Multiple-Reader Guard synchronization object
CSWMRG g_swmrg;

IIETILEII LTI L 0T T i i i i ii i iiriiii it iiiiniiiiiiiintninin

DWORD WINAPI Thread(PVOID pvParam) {

TCHAR sz[501;
wsprintf(sz, TEXT("SWMRG Test: Thread %d"), PtrToShort(pvParam));
int n = MessageBox(NULL,
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TEXT("YES: Attempt to read\nNO: Attempt to write™), sz, MB_YESNO):

// Attempt to read or write
if (n == IDYES)
g_swmrg.WaitToRead();
else
g_swmrg.WaitToWrite();

MessageBox(NULL,
(n == IDYES) ? TEXT("OK stops READING") : TEXT( 0K stops WRITING"),
sz, MB_0K);

// Stop reading/writing
g_swmrg.Done();
return(@);

LTIITTIIEEEEL R LTI E I LTI E i i T i it it i i it i iiiiiriilriet

int WINAPI _tWinMain(HINSTANCE hinstExe, HINSTANCE, PTSTR pszCmdLine, int) {

// Spawn a bunch of threads that will attempt to read/write
HANDLE hThreads[MAXIMUM_WAIT_OBJECTS];
for (int nThreads = @; nThreads < 8; nThreads++) {

DWORD dwThreadlId;

hThreads[nThreads] =

chBEGINTHREADEX(NULL, @, Thread, (PVOID) (DWORD_PTR) nThreads,
@, &dwThreadld);

}
// Wait for all the threads to exit
WaitForMultipleObjects(nThreads, hThreads, TRUE, INFINITE);
while (nThreads--)

CloseHandle(hThreads[nThreads]);

return(0);

IHIPTITTIIE0TPi 000001171771 777 End of File /71717171707 10000000701101001011701717

10.4 WaitForMultipleExpressions

WaitFor
MultipleObjects

Windows WaitForMultiple
Expressions
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DWORD WINAPI WaitForMultipleExpressions(
DWORD nExpObjects,
CONST HANDLE# phExpObjects,
DWORD dwMilliseconds);

HANDLE
NExpObjects phExpObjects
NULL WaitForMultipleExpressions
AND OR
WaitForMultipleExpressions
10-3 4
10-3
0x1111
0x2222
0x3333
0x4444
WaitForM ultipleObjects
10-4
10-4
0 0x1111 0
1 0x2222
2 0x0000 OR
3 0x2222 1
4 0x3333
5 Ox4444
6 0x0000 OR
7 0x1111 2
8 Ox4444
WaitForMultipleObjects 64 MAXIMUM _
WAIT_OBJECTS WaitForM ultipleExpressions
64 64 63
WaitForMultipleExpressions
10-5 WaitForM ultipleExpressions
WaitForMultipleExpressions WAIT_OBJECT_O

WaitForMultipleExpressions WAIT_
OBJECT_0+2
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10-5 WaitForMultipleExpressions

WAIT_OBJECT 0  WAIT_OBJECT 0+

1
WAIT_TIMEOUT
WAIT_FAILED GetLastError
ERROR_TOO_MANY_SECRETS
64
ERROR_SECRET_TOO_LONG

63

WaitForMultipleExpressions

10-4 WaitForMultipleExpressions “ 10 WaitForMultExp.exe”

WaitForMultipleExpressions
10-WaitForMultExp

10-4

Wait For Multiple Expressions 10-5

v waitForMultipleE xpressions == EE

2 WaitForMultipleExpressions [=]=]
How many different kernel objects are l_ How many different kemel objects are I_
referenced in the expression: 4 referenced in the expression: :
Tirneout in milliseconds); |3UUUU Tirmeout [in milissconds); i'iU"JUU
Expression [use space for AND and | for OR]: Expression [use space for AND and | for OR):
121234114 =] [121234114 =
| W ait for Multiple Expressions I | it ren i ulbiple Expressiots I
Signal which kernel Signal which kemel
1
4
Expreszion gatisfied: Timeout E xpresgion satisfied: Waiting...
10-4 WaitForMultiple 10-5 WaitForMultipleExpressions
Expressions
4
4
30000ms 30s
SetEvent
ResetEvent
WaitForMultipleExpressions
30s

“ Timeout”
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WaitForM ultipleExpressions

Windows WaitForMultiple
Objects AND
DWORD WaitForMultipleObjects(
DWORD dwObjects,
CONST HANDLE* phObjects,
BOOL fWaitAll,
DWORD dwMilliseconds);
OR OR
WaitForMultipleObjectsEx AND
WaitForMultipleObjectsEx WaitForM ultipleObjects
WaitForM ultipleExpressions OR
OR WaitForMultipleObjectsEx
OR dwObjects phObjects
fWaitAll FALSE

WaitForMultipleExpressions  dwTimeout
WaitForMultipleObjectsEx
WaitForMultipleObjectsEx
WAIT_TIMEOUT WaitForMultipleExpressions WAIT_TIMEOUT
WaitForM ultipleExpressions

WaitForMultipleExpressions
WaitForMultipleExpressions 3

OR WaitForMultipleExpressions

1 WaitForMultipleExpressions

OR
1 OR WaitForM ultipleObjectsEx
63 OR
1 OR 1
1
TerminateThread
APC
WaitForMultipleExpressions QueueUserAPC

WaitForM ultipleObjects APC OR
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OR

// Break all the waiting expression threads out of their
// wait state so that they can terminate cleanly.
for (dwExpNum = @; dwExpNum < dwNumExps; dwExpNum++) {

if ((WAIT_TIMEOUT == dwWaitRet) ||
(dwExpNum != (dwWaitRet - WAIT_OBJECT_8))) {

QueuelUserAPC(WFME_ExpressionAPC, ahThreads[dwExpNum], @);

WFME_ExpressionAPC

// This is the APC callback routine function.
VOID WINAPI WFME_ExpressionAPC(DWORD dwData) {

// This function intentionally left blank

}
WaitForM ultipleObjects WAIT_TIMEOUT
// Wait for an expression to come TRUE or for a timeout.
dwWaitRet = WaitForMultipleObjects(dwExpNum, ahThreads,
FALSE, dwMilliseconds);
if (WAIT_TIMEOUT == dwWaitRet) {
// We timed out; check if any expressions were satisfied by
// checking the state of the hsemOnlyOne semaphore.
dwWaitRet = WaitForSingleObject(hsemOnlyOne, 0);
if (WAIT_TIMEOUT == dwWaitRet) {
// If the semaphore was not signaled, some thread expression
// was satisfied; we need to determine which expression.
dwWaitRet = WaitForMultipleObjects(dwExpNum,
ahThreads, FALSE, INFINITE);
} else {
// No expression was satisfied and WaitForSingleObject just gave
// us the semaphore, so we know that no expression can ever be
// satisfied now -- waiting for an expression has timed out.
dwWaitRet = WAIT_TIMEOUT;
}
}
0
WaitForMultipleObjects WaitForSingleObject

WaitForSingleObject
WAIT_OBJECT_O
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WAIT_TIMEOUT

INFINITE
WaitForMultipleObjects OR
OR QueueUserAPC
WaitForMultipleExpressions AND
AND

Microsoft Windows
WaitForM ultipleExpressions
WaitForMultipleExpressions

10-4 WaitForMultipleExpressions

&= [ WaitForMulRExp.cpp

/******************************************************************************

Module: WaitForMultExp.cpp
Notices: Copyright (c) 2000 Jeffrey Richter

******************************************************************************/

f#include "..\CmnHdr.h" /% See Appendix A. =/
#include <malloc.h>

f#include <process.h>

finclude "WaitForMultExp.h"

TILILELELELEELLETET LR LTI EEETIETLL LI LI IIII T it iiiiiiiiiiitiiiitiiiriif

// Internal data structure representing a single expression.
// Used to tell OR-threads what objects to wait on.
typedef struct {
PHANDLE m_phExpObjects; // Points to set of handles
DWORD m_nExpObjects; // Number of handles
} EXPRESSION, =PEXPRESSION:

LETITIITEEEELITITIE LI I EE I A LT EEITI LI LRI LRI I i iiiieiririiige

// The OR-thread function
DWORD WINAPI WFME_ThreadExpression(PVOID pvParam) {

// This thread function just waits for an expression to come true.
// The thread waits in an alertable state so that it can be forced
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// to stop waiting by queuing an entry to its APC queue.

PEXPRESSION pExpression = (PEXPRESSION) pvParam;

return(WaitForMultipieObjectsEx(
pExpression->m_nExpObjects, pExpression->m_phExpObjects,
TRUE, INFINITE, TRUE)):;

TIEEITIIIIELEEEIIITIEEEE LTI LT LTI I LLTEE L i i i ii i iiitiiiiiitiieiislil

// This is the APC callback routine function
VOID WINAPI WFME_ExpressionAPC(ULONG_PTR dwData) {

// This function intentionally left blank

LILEEIATE LI EEETIIEIIEIIT I EL LTI TT i i i i iiiininiiiiiieiiiiiei

// Function to wait on multiple Boolean expressions
DWORD WINAPI WaitForMultipleExpressions(DWORD nExpObjects,
CONST HANDLE* phExpObjects, DWORD dwMilliseconds) {

// Allocate a temporary array because we modify the passed array and
// we need to add a handlie at the end for the hsemOnlyOne semaphore.
PHANDLE phExpObjectsTemp = (PHANDLE)

_alloca(sizeof (HANDLE) * (nExpObjects + 1));
CopyMemory (phExpObjectsTemp, phExpObjects, sizeof(HANDLE) * nExpObjects);
phExpObjectsTemp[nExpObjects] = NULL; // Put sentinel at end

// Semaphore to guarantee that only one expression gets satisfied
HANDLE hsemOnlyOne = CreateSemaphore(NULL, 1, 1, NULL);

// Expression information: 1 per possible thread
EXPRESSION Expression[MAXIMUM_WAIT_OBJECTS];

DWORD dwExpNum = 0; // Current expression number

DWORD dwNumExps = 0; // Total number of expressions
DWORD dwObjBegin = @; // First index of a set

DWORD dwObjCur =0; // Current index of object in a set

DWORD dwThreadId, dwWaitRet = 0;

// Array of thread handles for threads: 1 per expression
HANDLE ahThreads[MAXIMUM_WAIT_OBJECTS];

// Parse the callers handle 1ist by initializing a structure for
// each expression and adding hsemOnlyOne to each expression.
while ((dwWaitRet != WAIT_FAILED) && (dwObjCur <= nExpObjects)) {

// While no errors, and object handles are in the caller's list...
// Find next expression (OR-expressions are separated by NULL handles)
while (phExpObjectsTemp[dwObjCur] I= NULL)

dwObjCur++;
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if

// Initialize Expression structure which an OR-thread waits on
phExpObjectsTemp[dwObjCur] = hsemOnlyOne;
Expression[dwNumExps].m_phExpObjects = &phExpObjectsTemp[dwObjBeginl;
Expression[dwNumExps].m_nExpObjects dwObjCur - dwObjBegin + 1;

if (Expression[dwNumExps].m_nExpObjects > MAXIMUM_WAIT_OBJECTS) {
// Error: Too many handles in single expression
dwWaitRet = WAIT_FAILED:
SetlLastError(ERROR_SECRET_TOO_LONG);

}

// Advance to the next expression

dwObjBegin = ++dwObjCur;

if (++dwNumExps == MAXIMUM_WAIT_OBJECTS) {
// Error: Too many expressions
dwWaitRet = WAIT_FAILED;
SetLastError (ERROR_TOO_MANY_SECRETS);

(dwWaitRet != WAIT_FAILED) {
// No errors occurred while parsing the handle 1ist

// Spawn thread to wait on each expression
for (dwExpNum = @; dwExpNum < dwNumExps; dwExpNum++) {

ahThreads[dwExpNum] = chBEGINTHREADEX(NULL,
1, // We only require a small stack
WFME_ThreadExpression, &Expression[dwExpNum],
0, &dwThreadId);
1

// Wait for an expression to come TRUE or for a timeout
dwWaitRet = WaitForMultipleObjects(dwExpNum, ahThreads,
FALSE, dwMilliseconds);

if (WAIT_TIMEOUT == dwWaitRet) {

// We timed-out, check if any expressions were satisfied by

// checking the state of the hsemOnlyOne semaphore.
dwWaitRet = WaitForSingleObject(hsemOnlyOne, 0);

if (WAIT_TIMEOUT == dwWaitRet) {

// 1If the semaphore was not signaled, some thread expressions
// was satisfied; we need to determine which expression.
dwWaitRet = WaitForMultipleObjects(dwExpNum,

ahThreads, FALSE, INFINITE);

} else {
// No expression was satisfied and WaitForSingleObject just gave

// us the semaphore so we know that no expression can ever be
// satisfied now -- waiting for an expression has timed-out.
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dwWaitRet = WAIT_TIMEOUT;
}

// Break all the waiting expression threads out of their
// wait state so that they can terminate cleanly.
for (dwExpNum = @; dwExpNum < dwNumExps; dwExpNum++) {

if ((WAIT_TIMEOUT == dwWaitRet) ||
(dwExpNum != (dwWaitRet - WAIT_OBJECT_0))) {

QueueUserAPC(WFME_ExpressionAPC, ahThreads[dwExpNum], 0);
}

f#Hifdef _DEBUG
// In debug builds, wait for all of expression threads to terminate
// to make sure that we are forcing the threads to wake up.
// In non-debug builds, we'll assume that this works and
// not keep this thread waiting any longer.
WaitForMultipleObjects(dwExpNum, ahThreads, TRUE, INFINITE);

fendif

// Close our handles to all the expression threads
for (dwExpNum = @; dwExpNum < dwNumExps; dwExpNum++) {
CloseHandle(ahThreads[dwExpNum]); '
}
} // error occurred while parsing

CloseHandle(hsemOnlyOne);
return(dwWaitRet);

JIPIEPEEI70001FE0000777711777177 End of File /17717 11141100071117700711111717177

WaitForMultExp.h

/******************************************************************************

Module: WaitForMultExp.h
Notices: Copyright (c) 200@ Jeffrey Richter

******************************************************************************/
ffpragma once
JIIIEIIIEIL I T AL EI I T i 70 i i il it iitiiliitiiitiliiiiniritiiritiriinttilf

DWORD WINAPI WaitForMultipleExpressions(DWORD nExpObjects,
CONST HANDLE* phExpObjects, DWORD dwMilliseconds);

TIPTIIIEEEIII01 0011771007717 End of File ///7111100000000407770070111717711711
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WiMETest.cpp

/******************************************************************************
Module: WfMETest.cpp
Notices: Copyright (c) 2000 Jeffrey Richter

******************************************************************************/

#include "..\CmnHdr.h" /+ See Appendix A. =/
f#tinclude <windowsx.h>

#include <tchar.h>

#include <process.h>

f#include "resource.h”

#include "WaitForMultExp.h"

LITTIITIAEILEEIITET L LTI 0L E0 I i i i I I i i iiidiisiitditiiitiiiiitintiiiils

// g_ahObjs contains the list of event kernel object
// handles referenced in the Boolean expression.
jidefine MAX_KERNEL_OBJS 1000

HANDLE g_ah0Objs[MAX_KERNEL_OBJS];

// ahExpObjs contains all the expressions. A single expression
// consists of a contiguous set of kernel object handles that
// is TRUE when all the objects are signaled at the same time.
// A NULL handle is used to separate OR expressions.

// A handle value may NOT appear multiple times within an AND
// expression but the same handle value may appear in
// different OR expressions.

// An expression can have a maximum of 64 sets with no more
// than 63 handles/set plus a NULL handle to separate each set
#define MAX_EXPRESSION_SIZE  ((64 * 63) + 63)

// m_nExpObjects is the number of entries used in the ahExpObjects array.
typedef struct {

HWND m_hwnd; // Where to send results
DWORD m_dwMilliseconds; // How long before timeout
DWORD m_nExpObjects; // # of entries in object 1ist

HANDLE  m_ahExpObjs[MAX_EXPRESSION_SIZE]; // List of objs
} AWFME, =PAWFME;
AWFME g_awfme;

// This message is posted to the UI thread when an expression
// comes true or when we timeout while waiting for an

// expression to come TRUE.

fidefine WM_WAITEND (WM_USER + 101)

JILIIEELIITEI LTI LTI EIEd i P d I EII i i I i i it i i ii i iiiiiittiriiiiiitiitieittiiid
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BOOL D1g_OnInitDialog(HWND hwnd, HWND hwndFocus, LPARAM 1Param) {
chSETDLGICONS(hwnd, IDI_WFMETEXT);
// Initialize the controls in the dialeg box
SetDlgItemInt(hwnd, IDC_NUMOBJS, 4, FALSE);
SetDlgItemInt(hwnd, IDC_TIMEOUT, 36000, FALSE):
SetDlgItemText(hwnd, IDC_EXPRESSION,
_T("1 2| 234 | 14");
// Set the multicolumn listbox's column size
ListBox_SetColumnWidth(GetD1gItem(hwnd, IDC_OBJLIST),
LOWORD(GetDialogBaseUnits()) = 4);

return(TRUE); // Accept default focus window.

///////////////////////////////////////////////////////////////////////////////

DWORD WINAPI AsyncWaitForMuitipleExpressions(PVOID pvParam) {
PAWFME pawfme = (PAWFME) pvParam;
DWORD dw = WaitForMultipleExpressions(pawfme->m_nExpObjects,
pawfme->m_ahExpObjs, pawfme->m_dwMilliseconds);

PostMessage(pawfme->m_hwnd, WM_WAITEND, dw, 0);
return(@);

///////////////////////////////////////////////////////////////////////////////

LRESULT D1g_OnWaitEnd(HWND hwnd, WPARAM wParam, LPARAM 1Param) {
// Close all the event kernel object handles
for (int n = @; g_ahObjs[n]l != NULL; n++)
CloseHandie(g_ahObjs[nl]);

// Tell the user the result of running the test

if (wParam == WAIT_TIMEOUT)
SetDlgItemText(hwnd, IDC_RESULT, __TEXT("Timeout")):
else

SetDl1gItemInt(hwnd, IDC_RESULT, (DWORD) wParam - WAIT_OBJECT.@, FALSE);

// Allow the user to change values and run the test again
EnableWindow(GetDl1gitem(hwnd, IDC_NUMOBJS), TRUE) ;
EnableWindow(GetDl1gItem(hwnd, IDC_TIMEOUT), TRUE);
EnableWindow(GetD1gltem(hwnd, IDC_EXPRESSION), TRUE);
EnableWindow(GetDlgIltem(hwnd, IDOK), TRUE) ;
SetFocus(GetDlgItem(hwnd, IDC_EXPRESSION)):

return(9);
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void D1g_OnCommand(HWND hwnd, int id, HWND hwndCtl, UINT codeNotify) {

// Obtain the user's settings from the dialog box controls.
TCHAR szExpression[1@0];

ComboBox_GetText(GetDigIltem(hwnd, IDC_EXPRESSION), szExpression,

sizeof(szExpression) / sizeof(szExpression[@]));

int nObjects = GetDlgltemInt(hwnd, IDC_NUMOBJS, NULL, FALSE):

switch (id) {

case IDCANCEL:
EndDialog(hwnd, id);
break:

case IDC_OBJLIST:
switch (codeNotify) {
case LBN_SELCHANGE:

}

// An item changed state, reset all items and set the selected ones.
for (int n = @; n < nObjects; n++)
ResetEvent(g_ahObjs[n]);

for (n = @; n < nObjects; n++) {
if (ListBox_GetSel(GetDlgItem(hwnd, IDC_OBJLIST), n))
SetEvent(g_ahObjs[nl);
}

break;

break;
case IDOK:

// Prevent the user from changing values while the test is running
SetFocus(GetDlgltem(hwnd, IDC_OBJLIST));
EnableWindow(GetDl1gItem(hwnd, IDC_NUMOBJS), FALSE);
EnableWindow(GetDlgltem(hwnd, IDC_TIMEOUT), FALSE);
EnableWindow(GetDlgItem(hwnd, IDC_EXPRESSION), FALSE):
EnableWindow(GetDI1gItem(hwnd, IDOK), FALSE);

// Notify the user that the test is running
SetDlgItemText(hwnd, IDC_RESULT, TEXT("Waiting..."));

// Create all of the desired kernel objects

ZeroMemory(g_ahObjs, sizeof(g_ahObjs));

g_awfme.m_nExpObjects = @;

ZeroMemory (g_awfme.m_ahExpObjs, sizeof(g_awfme.m_ahExpObjs));
g_awfme.m_hwnd = hwnd;

g_awfme.m_dwMilliseconds = GetDlgItemInt(hwnd, IDC_TIMEOUT, NULL, FALSE);

ListBox_ResetContent(GetDlgltem(hwnd, IDC_OBJLIST));
for (int n = @; n < nObjects; n++) {

TCHAR szBuf[206];

g_ahObjs[n] = CreateEvent(NULL, FALSE, FALSE, NULL);

wsprintf(szBuf, TEXT(" %d™), n + 1);
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Li5tBox_AddStr1ng(GetD1gItem(hwnd, IDC_OBJLIST),
&szBuf[1strlen(szBuf) - 31);
}

PTSTR p = _tcstok(szExpression, TEXT(" "));
while (p != NULL) {
g_awfme.m_ahExpObjs[g_awfme.m_nExpObjects++] =
(*p == TEXT('|")) ? NULL : g_ahObjs[_ttoi(p) - 11;
p = _tcstok(NULL, TEXT(™ "));
}

DWORD dwThreadld;

CloseHandle(chBEGINTHREADEX(NULL, @,
AsyncWaitForMultipleExpressions, &g_awfme,
0, &dwThreadld)):

break;

}

///////////////////////////////////////////////////////////////////////////////
INT_PTR WINAPI D1g_Proc(HWND hwnd, UINT uMsg, WPARAM wParam, LPARAM TParam) {
switch (uMsg) {
chHANDLE_DLGMSG(hwnd, WM_INITDIALOG, D1g_OnInitDialog);
chHANDLE_DLGMSG(hwnd, WM_COMMAND, D1g_OnCommand);

case WM_WAITEND:
return(Dlg_OnWaitEnd(hwnd, wParam, TParam));
}

return(FALSE);

LEETETELTITILII I ET P07 P 7L it ririind it i iiii i iiiiniiitiiiririieing

int WINAPI _tWinMain(HINSTANCE hinstExe, HINSTANCE, PTSTR pszCmdLine, int) {

DialogBox(hinstExe, MAKEINTRESOURCE(IDD_TESTWAME), NULL, D1g_Proc);
return(@);

IHITTIIITEE I b i rii0717717171 End of File /777117 11711171000100000017001000107117

WiMETest.rc

//Microsoft Developer Studio generated resource script.
/1 '
#include "resource.h"

ftdefine APSTUDIO_READONLY_SYMBOLS

TELTITIEII LI LTI IL LT L L LI EE L LI LTI TI LTI III A I E1IIidtiie1011111017
//
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/!

// Generated from the TEXTINCLUDE 2 resource.
/7
#include "afxres.h"

PELTTTTELILETITTEL I EET IR I T E LI L0000 1100080071140011717
111/
ffundef APSTUDIO_READONLY_SYMBOLS i

/////////////////////////////////////////////////////////////////////////////
// English (U.S.) resources

#if !defined(AFX_RESOURCE_DLL) |} defined (AFX_TARG_ENU)
f#ifdef _WIN32

LANGUAGE LANG_ENGLISH, SUBLANG_ENGLISH_US

fipragma code_page(1252)

ffendif //_WIN32

/////////////////////////////////////////////////////////////////////////////
/7

// Dialog

//

IDD_WFMETEST DIALOGEX @, @, 168, 185

STYLE DS_3DLOOK | DS_CENTER | WS_MINIMIZEBOX | WS_VISIBLE | WS_CAPTION ]
WS_SYSMENU

EXSTYLE WS_EX_APPWINDOW

CAPTION “"WaitForMultipleExpressions"

FONT 8, "MS Sans Serif", 0, 0, Ox1

BEGIN
LTEXT “How many different &kernel objects are referenced in the expression:”
I1DC_STATIC,3,4,121,17
EDITTEXT IDC_NUMOBJS,138,6,27,14 ,ES_AUTOHSCROLL
LTEXT »¢Timeout (in milliseconds):",IDC_STATIC,4,28,83,8
EDITTEXT IDC_TIMEOUT,138,26,27,14,ES_AUTOHSCROLL
LTEXT "gExpression (use space for AND and | for OR):",
IDC_STATIC,4,44,143,8
COMBOBOX IDC_EXPRESSION,4,56,160,76,CBS_DROPDOWN | WS_VSCROLL |
WS_TABSTOP
DEFPUSHBUTTON  "&Wait for Multiple Expressions",ID0K,34,72,99,14
LTEXT "&Signal which kernel objects:",IDC_STATIC,4,92,83,8
LISTBOX IDC_OBJLIST,.4,102,160,68, LBS_MULTIPLESEL |
LBS_NOINTEGRALHEIGHT | LBS_MULTICOLUMN | WS_VSCROLL ]
WS_HSCROLL | WS_TABSTOP
LTEXT "Expression satisfied:",IDC_STATIC,32,172,63.8
LTEXT "Timeout"”,IDC_RESULT,100,172,36,8
END

##ifdef APSTUDIO_INVOKED
/////////////////////////////////////////////////////////////////////////////
/7

// TEXTINCLUDE

//

1 TEXTINCLUDE DISCARDABLE
BEGIN

"resource.h\g"

END
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2 TEXTINCLUDE DISCARDABLE

BEGIN
"#include ""afxres.h""\r\n"
"gn

END

3 TEXTINCLUDE DISCARDABLE
BEGIN

"\r\n"

ll\@"
END

fendif // APSTUDIO_INVOKED

LELETTTITELI T IR LD LRI T 1000 EIIII R TII LRI III00 0110000012480 0010111
//

// Icon

//

// Icon with Towest ID value placed first to ensure application icon

// remains consistent on all systems.

IDI_WFMETEXT ICON DISCARDABLE "WaitForMultExp.ico"”

#endif // English (U.S.) resources

TEPITLTIIIEELITT 00700000 TI 0T I0 000000000 TFIEP 00000001100 1100077007111

#fifndef APSTUDIO_INVOKED
LHETTTEIEEEIITIITITEETIIII BT LTI I L LTI 18I IIIEETTI1117008001100001011
//

// Generated from the TEXTINCLUDE 3 resource.

//

TETTELLEITEIL LI I LTI LI LTI LI LTI EI I I 0TI AT 1d0E01007107108700117
ffendif /7 not APSTUDIO_INVOKED




