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e Platform SDK
http://www.microsoft.com/msdownload/platformsdk/sdkupdate/
goooooo

e Intel (R) C4++ Compiler for Windows (300000)
http://www.intel.com/jp/developer/software/products/global/eval.htm
gogooooo

e Borland C++ Compiler 5.5 (00 0)
http://www.borland.co. jp/cppbuilder/freecompiler/ OO OO
ggd

1.1 000

Windows DDK 00000000 0OOOOOMicrosoft (R) 32-bit C/C++
Optimizing Compiler (0000000 ¢1)0000000O0OOO0OOOOO
CcCOD000O0O00bODO0o0bOOO0O0ODOOO0OnDdOnCommon Dialogd
O00000oo0o0oooooooOobDbKOOOOoDoOOooDoooooooon
O0000Platform SDK OOOOOOOODDOOOOOOODOODOOOO

000 Windows DDK O C:\WINDDK D 00000000 O0O OO Plat-
form SDK 0O C:\Program Files\Microsoft SDK OO OO OOOOODO
oot muobooboddo—-0000oo0b0oboong—
O Development KitsO0 —0O 0 —0O Windows DDK 36630 —0O Build Environ-
ments[] —[0 Windows XPO —0 Win XP Free Build EnvironmentO0 0 O 0O 0O
oo oooobobooooooo

cl /I "C:\Program Files\Microsoft SDK\include"
/I C:\WINDDK\3663\inc\crt source.c
/1link /LIBPATH:C:\WINDDK\3663\1ib\wxp\i386

gboooOobooooboooobooooboobooooobooogon
oooo

2 Win32 APIOODOO

Win32 APIOOWindows 0O OO0 O0OO0OO0O000O00OO0OCOOOOO
00 MSDNOOOODOOOOOOOOODO Uhttp://www.microsoft.com/japan/msdn/default.asp)
OO0 Windows0OO—OWindowsODOOOOOOOOOOWin3200000O
o0oooooooooo



U 1: windows.h 0000000000 00O00O0O0

BOOL
BOOLEAN
CHAR
UCHAR
WORD

INT

UINT
DWORD
LONG
ULONG
ULONGLONG
FLOAT
VOID
LPDWORD
LPVOID
HANDLE
WINAPI

Boolean variable (should be TRUE or FALSE).
Boolean variable (should be TRUE or FALSE).
8-bit Windows (ANSI) character

Unsigned CHAR

16-bit unsigned integer

32-bit signed integer

Unsigned INT

32-bit unsigned integer

32-bit signed integer

Unsigned LONG.

64-bit unsigned integer

Floating-point variable.

Any type

DWORD DO0OOODO

VOID oOooood
oo0o0ooo0ooooooooooooooooooon
0000000000 Calling convention

21 0OO0O0O0obooOo

windows.hOOODOODOOOOOOO Microsoft WindowsO OO O OOO
000000000000 ooooooooooOoooooooooooog
Win32APIDO0OO0OOwindows. h OO OOOOOOOOOOO

22 0000

windows.h U0 0000000000000 OO0OO0O0OO0O000O00OO0

ugb1oo00o040ad

23 0OO0O0O0oOoboobogo

gboooooboooobobooooobooooga
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0000XxXxxX0OO00OOooOoooooooooooooboooooooono
O0CreatexXXXX 00000000 ODOOOCreateThread 00O OO OO
doodoodoodoooooooooooonoooo

CloseHandle 000000000 ODODOOOODOOOODOODOOOO
O00D0O0O0O0DO0OCreateThread 10000000 OODOOOODOO
O0000000000O0OCleseHandle DO ODOODOOOO0OODOODOODOO
0000000000000 ooooooooDoooooooooooon
opoooon

2.3.1 CloseHandle

gboocobOobooooboooobooooon

BOOL CloseHandle(
HANDLE hObject // 00000000000
);

e hObject DO UODOOOOOOODOOOOODOOOOOOOO

e 00 OOO0OOOOOODOOODOOOODOODLOOODOOOODOOO
ognboooon

3 Experiment 1 & 2: Priority Inversion

O00O0O0DOExperiment 1 0 2000000 APIODOOOOOOOCOO

goboooboooobuooobobooboboooboobobooooonn
Wwin320 0000000000000 0D000O00000000O0O00OO0
oboooooboooooooboon

o000 oooobooboobobooobobooobooooboooboooon
ooboooobooooooboboooboooobooooboooon
oboooooboooooon

oboooobooooo oobooooooooooooooboooooobo
ooboooobooobooobooobooooooboooboooboon
gboooboooboooogn

oboooobD oooooooooooooobooooooooooooon
gbobdobobooooooobobgbobbobobobbooban
gooboobooboobobooboooooboooobooogo

ubo0 oboboobooboooooboboooboobooobooboooo
obooooboooooobooooboooooobonoo



3.1 0ogogooboobodgd

e CreateThread U0 U0 OOOOO0O0OOOOO0O0O00O0OOOOOO
gbooobOoboooobobooobooboooobon

e CloseHandle OO UODOOOO0OOO0DOOO0DOOO0DOODDOODODO

oboooooboooooboon

#include <windows.h>

#include <conio.h>

DWORD WINAPI ThreadFunc( LPVOID lpParam )

{
char szMsg[80];
wsprintf ( szMsg, "Parameter = %d.", *(DWORD#*)lpParam ) ;
MessageBox( NULL, szMsg, "ThreadFunc", MB_OK );
return 0;
}

VOID main( VOID )

{
DWORD dwThreadId, dwThrdParam = 1;
HANDLE hThread;
char szMsgl[80];

hThread = CreateThread(

NULL, // default security attributes
0, // use default stack size
ThreadFunc, // thread function
&dwThrdParam, // argument to thread function
0, // use default creation flags
&dwThreadId) ; // returns the thread identifi

// Check the return value for success.

if (hThread == NULL)
{
wsprintf ( szMsg, "CreateThread failed." );

er



MessageBox( NULL, szMsg, "main", MB_OK );
}
else
{

_getch();

CloseHandle( hThread );

3.1.1 CreateThread

gbooobooboboooboboooobobobbo 10000000
gooooo

HANDLE CreateThread(
LPSECURITY_ATTRIBUTES 1pThreadAttributes, // DOOOOD0OOO

DWORD dwStackSize, // 0000000000
LPTHREAD_START_ROUTINE lpStartAddress, // 0000000
LPVOID lpParameter, // 0000000
DWORD dwCreationFlags, // 0000000
LPDWORD 1pThreadId // 0000000

)

e 1pThreadAttributes SECURITY ATTRIBUTES DO 0OO0OO0OOO0OOO
gbdobdoobobobooobooboboboboboboban
gbooobobobooboboNnLgbgooobobooboboon
goooooo

e dwStackSize U0 ODUOODOUODOOOLOOOOOODOODOODOODOO
goboboooboooooobboOoobooobooboooboooon
oobooobooooooobooooooooboooooooooon
oooooooooo

e 1pStartAddress LPTHREAD_START ROUTINEO OO OODOOOOOO
oobooobooboooooooboobooooooobobooobooooon
googoo

LPTHREAD_START_ROUTINE OO [
DWORD WINAPI ThreadProc(LPVOID lpParameter);

oooooooo



e lpParameter UOOODOOOOOOOOOOOOOODOODO

dwCreationFlags OU0O0OO0OO0OO0O0O00OO0OO0OOOOOOOOOO
CREATE_SUSPENDED U OO0 O0ODOOODOOODOODOODOODO
OO0O00000O00OResumeThread 0000000000000 O0OOO
Oob0Oo0O0oO0OoooOoOooooOoboOooobOboOooOoobooOogon

lpThreadIld OUOO0OUOOOO0OOUODOOOOOOOO0OO0ODOODOOO
gboboboobobobobobobooooooooonO NnuLL O
gbobooboobooooboooooooooon

e 00 OOO0OOOOOOODOOOOLOOOODOODOOODOOOODODO
goooooooNLLO0Dboog

3.1.2 GetCurrentProcess

gobogobooobooobooboobooboobod

HANDLE GetCurrentProcess(VOID);

e U0 DOOOOOOODLOODLOODLODLDOO

3.1.3 GetCurrentThread

oboooooboooobooooboooon

HANDLE GetCurrentThread(VOID);

e 00 OO0OO0ODOOODOODOOOODOOOOODODO

3.1.4 GetCurrentThreadld

gbooooobooooobobooooobooooga

DWORD GetCurrentThreadId(VOID);

e 00 OO0OODOODOODOOOODODOODOODODO

3.2 U0d0oobbooodobn

vbdoobooboboubobobobobooboboobobaon
gboooooboobooboobbobbOobO0o0odbOn SetPriorityClass
0000000000000 00 SetThreadPriority 0O OOO0OOOODO
goo



3.2.1 SetPriorityClass

gboboboobooobooboobooboobn

BOOL SetPriorityClass(
HANDLE hProcess, // 000000000
DWORD dwPriorityClass // 0000000

)

e hProcess DO OOOODOOOOOOODOOO

e dwPriorityClass UUO0OUO0OO0OOOOOOOOOODOOO
gbooaboodaoaood

— IDLE_PRIORITY CLASS (00D OO0 4)

— NORMAL_PRIORITY_CLASS (0O DO ODODO 8)

— HIGHL PRIORITY CLASS (0O OO 0O 13)

— REALTIME PRIORITY CLASS (0O D000 24)

oooooooo

e 00 OO0OO0OOOOOODOOOOCOOODOOOOLOOOOOOODOOOO
ooooooo

REALTIME PRIORITY CLASSOUOODOOODOOOOOOOO Administrator O
Power User U0 O ODOOOOODOO

gbooobobooobooboooboobobooboobouoooboooo
gooo

SetPriorityClass (GetCurrentProcess(), REALTIME_PRIORITY_CLASS

3.2.2 SetThreadPriority

gbooooobooooobobooooobooooga

BOOL SetThreadPriority(

HANDLE hThread, // 0000 OOOOO

int nPriority // O0O00O0O0O0COO0OOOO
);

e hThread UUOOOOO0OOOOO0ODOOODOOOOOOOOOOOO
ooo



e nPriority UOUO0OO0OOOODOOOOOOODLOOOOO0OOOOOO
oooooooo

— THREAD_PRIORITY_ABOVENORMAL OO0 O0O0DODOODODOOO
gb1obo0000b0boooooboooobaon

— THREAD_PRIORITY_BELOW.NORMAL OO OO0OO0OO0OO0OO0ODOOOOO
ob 1000000000 000b0o0ocoobon

— THREAD_PRIORITY HIGHEST U OO UOOOOOOOOODOOOO 2
obooooobooooobooboooooo

— THREAD_PRIORITY_LOWEST OO O0OOO0OOOOOODOOOODO 2
gogbgboboboboobooboobodd

— THREAD_PRIORITY_IDLEOOOOOOOOOOOODO REALTIME PRIORITY_CLASS
gbgobooboooooboobobgo lebobobooooog
gboobooboooooboooob 10000000

— THREAD_PRIORITY NORMAL 00O UO0DODOOOODOODOODO o0
gboooooaooo

e J0O0O ODOOOOOODODOODOOOODOOOLOOODLOOOODOOO
ognbooon

gbgbobdooooodondnd THREAD_PRIORITY NORMAL OO OOONO
gooogd

gboboooboboooooobooboobooboooboobooooo

SetThreadPriority(GetCurrentThread(), THREAD_PRIORITY_ABOVE_NQRMAL) ;

3.2.3 GetPriorityClass

goboboobooboooboobooboobooo

DWORD GetPriorityClass(
HANDLE hProcess // OOOOOODOOO
)

e hProcess UUO0OUOOOODOOOOOODOO

e 00 OO0OODOOOOOOOODOODOOOOOOOOODOOODO
obooooboobooobooobOoOooOoa
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3.2.4 GetThreadPriority

gboboboobooobooboobooboobn

int GetThreadPriority(
HANDLE hThread // 000000000
);

e hThread OO UOOOOOODOOODOOOO

e 00 OO0ODOOOOODOODOOODODOODOOOODOOOOD
0000000000000 THREAD_PRIORITY_ERROR.RETURN O 0[O
ooo

3.3 Uggn

gbooboobooboooooboboooooboboooobooooo
gbooooobooooboobobobobOobooooooooooobann
oboooobooboooboo 20b00b00000b000000

e WaitForSingleObject U [
ooooooooDOoOoOo0oooooobobOooOoooooooooo
gooooooooOoOOOoOOoOoOoDOoooooooooooooDoD
oOoooooooooooo

— OJoodoooooobooooooooboooboooooooooo
gboboaboabodabooaboaoobooboaooaoo
gobogooboood

- 0DooopoooOooopoooooooogoo
e WaitForMultipleObjects U [

gboooooobobooobooboboooooboboboooogoo
ooooooboooobooboooobooboooboobooo

— 000o0O0bO0ooOocooooobO0oboboobobooooboDn
ooboo0ooooooboO0oobbo0o0o0oonDO fwailall 00O
gbooboobooooboooo

- bDoobooobooboobooboboo

O000D00 CreateEvent U 00 20 0000000000000 0OOO
WaitForMultipleObjects OO OO ODO0OOOOODOODOODODOODOO
ooooooOoooooooo
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HANDLE hEvents[2];
DWORD i, dwEvent;

// Create two event objects.

for (i = 0; i < 2; i++)

{
hEvents[i] = CreateEvent(
NULL, // no security attributes
FALSE, // auto-reset event object
FALSE, // initial state is nonsignaled
NULL); // unnamed object
if (hEvents[i] == NULL)
{
printf ("CreateEvent error: %d\n", GetLastError() );
ExitProcess(0);
}
}

// The creating thread waits for other threads or processes

// to signal the event objects.

dwEvent = WaitForMultipleObjects(

2, // number of objects in array
hEvents, // array of objects
FALSE, // wait for any

INFINITE) ; // indefinite wait

// Return value indicates which event is signaled.

switch (dwEvent)
{
// hEvent[0] was signaled.
case WAIT_OBJECT_O + O:
// Perform tasks required by this event.

break;

// hEvent[1] was signaled.

12




case WAIT_OBJECT_O + 1:

// Perform tasks required by this event.

break;

// Return value is invalid.

default:
printf("Wait error: %d\n", GetLastError());
ExitProcess(0);

3.3.1 WaitForSingleObject
odoooooooooooooooooodg
e JIIDDDOOODODDOODOIODOODOODODODO

e JO0ODOOODOODOODOODO

DWORD WaitForSingleQObject(
HANDLE hHandle, // 00000000000
DWORD dwMilliseconds // 000000004

)3

e hHandle OO UOOOO0OOOOOOOODOODOOO

e dwMilliseconds UO0OOOO0O0OOO00OO0O0OD0DmsOO0O0OOOOO
ooboobooobooobooboooooooboboooooooon
gobooooboobobobboOoboooooboobooooboooon
UobooboobooobooobO0o0O0O000INFINITEODOOOO
obooooOobooooboobooooboboooobooboon

e 00 OOODOOODOOOODOOODOOODOOODOOODOOOOONO
ooooooooooboo

— WAITABANDONED DO O OO0O0O00OO0O0O0O0O0O0DOODOODOO
gobgobodaboabboobobooboobooboboobon
gobobooboobobooboobooboboobood
gboboobooooooooobobooobooooboobooon
obobobobobobobooboooooobOoboooon
gobgbooobooabooaan

— WAITOBJECT0 OO0OO0OOOOOOOO0ODOOOOOOOOOOO
gooooooo

13



— WAIT_TIMEOUT O0OO0OO0OO0OO0O0OCOOOO0O0OCOOOOOO0000
gboooobooboooooboooobooboon

U00000000OWAIT FAILEDOOODOOO

3.3.2 WaitForMultipleObjects
o00o0oO0oO0ooOooOoO0OO0OD0ODOOOOOOO0O
e 000000 0UODODOD 100000000000 DOODODOOOOO

e JO0ODOOODOODOODOODO

DWORD WaitForMultipleObjects(

DWORD nCount, // 0000000000

CONST HANDLE x1lpHandles, // 00OO0OOO0OOODOOOOCODOOO
BOOL fWaitAll, // 0000000

DWORD dwMilliseconds // 0000o0ooo

)

e nCount 1pHandles UUUOOOUOOOOOOOOOO0OOOO0O0OOU
gooooboboooooooooobbbobb0odOddUMAXIMUM_WAIT_OBJECTS
goo

e lpHandles UOO0O0OOOOOO0OOOOOOOODOOOODOOOOO
gboboooboboboobobobobobboboboban
gboboboboboooboobobobobobobobobob
gbooooobooogd

e fWaitAll JUOUOUOOOOOOOOOOTRUEDODODODODO O1pHandles
gogboboooboboobboooobboooobobooboboooon
U0O0O0ODOFALSEOD D ODOUODOOLIpHandles OOOO0O0OO0OOO0OOO
b0 1b00oo0obooboooboooooboobooboobooono
oobooooooooboooboooooooobooooooon
gboboobooobooobodgboodda

e dwMilliseconds UDOUODUODU0OOO00OO0O00O0OmsOOOO0O0OON
OO00O00O0OO0O0O000oO00OfwaitAlOOO0O0O000000
oooooooooooboOooooooooooonoooboooooon
gbooboobbooboboobuobobO0UdbO00DINFINITE
goooboobooboobuooboobobboo

e 00 OO0OOOOOOOOOODOODOOOOOODOOODOOODO
oboooOoboooobOoboooooboooooboon
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— WAIT_OBJECT_O OO UOWAIT-OBJECT_O + nCount - 1000 fWaitAll
O TRUEDOOO0O0O0OOODODOOO0O0000O0OO0O0000000O0
goboobbDoobbODfwaitAll O FALSE U0 0O OlpHandles
gb0ob0oo0o0oo00 -wAITOBJECTOUDOODOOOOOOO
gboboboboooooooooboooboboboboooo
oboboooooooooboobobooobooooooooon
gogbooboobboobboobooboobooboooon
gboood

— WAIT_ABANDONED O OO OWAIT_ABANDONED. O + nCount - 10
U0 fwaitAll O TRUEODOUOOOOOOOO0OOO0DOOOOO
gbobooooooobooboboooooooobooboon
gbooboobo 1bo00ob00bo0ooboooooooooboon
oboboooooooooboboooobooooooboon
gboooboobgoboooboboooobobooooboboon
fWaitAll 00 FALSE OO OO1pHandles DO OOOOOOOOO
- WAIT_ABANDONED OO O OO DOOOOOOOOOOOOOOOO
ggboobooboobooboboobooboaboooon
gooo

— WAIT_TIMEOUT O0000O000O0000ODOfwaitAll OOO0O
gogbgboboobboaoboobooboabooabgaaon

0000000 0OWAIT FAILED DO OODODO

3.4 UO40oQd

gbgbobooooogboobobooboboobobobobooon
goboooboobooboobooboobooboobooobooo
goo

e CreateEvent U U DDOODOODOOODOODOODODODO

e SetEvent U D 0ODOUOODOODODOODOODODOODODLDODO
gbooooOobooooboobooood

e ResetEvent 10U 0O OOOOO0ODOOOOOOOOOOOOOOO
oboooooboooooboobobooooooo

e PulseEvent 1000000000000 OOCOOOOOOOOOOO
gboboboboboboobbobobbboboboobobob
gooobooooo

e WaitForSingleObject DO O OOUODOOOOODOOOOOODOOODODO
ooooogo
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e CloseHandle OO OUOOOOOOOOOOODOOOOODOO

SetEvent UDO [0 PulseEvent U U UODODOODODOOODOOODOOODOO
gboooOoboooobooooboooooboobooooobooogon
obooooooooooon

goooooboobbooooooooobibfo0o0oogoibil waitForSingleObject
gboobooboooboobobooboobooooboooooboOoobon

SetEvent 000 PulseEvent DU DO O0OOOOOOODOODOOOOODO
oboboooboobooooobobooooobooooooboooooon
gboobooooooboobobooooooooboboboooobooogoo
gbooboobooobooboooboobooooobooboooobooooon
gboooooobooooooboooo

gbooooboooobobo boooooobooboooooooooooo
O0OD0O0OOResetEvent OO0 O0O0O0OO0OOOOOOOOOOOOOO
oboooooboooobooobooo

gbooooboooobobo booooooboboooooobooboooobo
obooooooon

goboooOoOooobooobooobooo 1oo0o00o0oo0ob00ooaon
ooboooooooooboooOooooboooooooboooooboobooon

gbooooooooooboog
gboboboobodgbuoobuooboobobboobodaboooban
goboooboooboboobooboobooboobooboooboon
gdoobooobooooooboobooobooooobboooooooboooaon
obooooboooooobooo
gbdodgboddidblcreateEvent U O U OOUOOOUOOOOOOOOO
gobgoobooobooboobooboobooboobooobooo
gboobooboooboobooooboooboobobooooboon
obooooboooooboobooboobooooboobooooboooo
gobooboooboobooboobooboobooboooboon
gboooboobooooboooobooooon

#define NUMTHREADS 4
HANDLE hGlobalWriteEvent;
void CreateEventsAndThreads(void)

{
HANDLE hReadEvents [NUMTHREADS], hThread;

16



DWORD i, IDThread;

// Create a manual-reset event object. The master thread s

// this to nonsignaled when it writes to the shared buffer.

hGlobalWriteEvent = CreateEvent(

NULL, // no security attributes
TRUE, // manual-reset event
TRUE, // initial state is signaled

"WriteEvent" // object name

)

if (hGlobalWriteEvent == NULL)
{

// error exit

// Create multiple threads and an auto-reset event object
// for each thread. Each thread sets its event object to

// signaled when it is not reading from the shared buffer

for(i = 1; i <= NUMTHREADS; i++)
{
// Create the auto-reset event.

hReadEvents[i] = CreateEvent(

NULL, // no security attributes
FALSE, // auto-reset event

TRUE, // initial state is signaled
NULL) ; // object not named

if (hReadEvents[i] == NULL)
{

// Error exit.

hThread = CreateThread(NULL, O,
(LPTHREAD_START_ROUTINE) ThreadFunction,
&hReadEvents[i], // pass event handle
0, &IDThread);

17
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if (hThread == NULL)
{

// Error exit.

U0000boodbobouodbOdldDResetEvent 0 hGlobalWriteEvent
OJ0ooooooooooooooooooooooooooooooon
goooooooooo

0000000000 booooobbobobobboboooooooooo
000000000 0waitForMultipleObjects UO OO DOOOOOONO
WaitForMultipleObjects DU DO UODOODOOODOODOODOODOOOOOO
0000000000000 000000D00000OnGlobalWriteEvent
0odoodoobobobbboooooooooooobooboboooooooon
doooooooooooooooobooooooa

VOID WriteToBuffer (VOID)
{
DWORD dwWaitResult, i;

// Reset hGlobalWriteEvent to nonsignaled, to block readers.

if (! ResetEvent(hGlobalWriteEvent) )
{

// Error exit.

// Wait for all reading threads to finish reading.

dwWaitResult = WaitForMultipleObjects(
NUMTHREADS, // number of handles in array
hReadEvents, // array of read-event handles
TRUE, // wait until all are signaled
INFINITE) ; // indefinite wait

switch (dwWaitResult)

{
// All read-event objects were signaled.
case WAIT_OBJECT_O:

18



// Write to the shared buffer.

break;

// An error occurred.
default:
printf ("Wait error: %d\n", GetLastError());

ExitProcess(0);

// Set hGlobalWriteEvent to signaled.

if (! SetEvent(hGlobalWriteEvent) )
{

// Error exit.

// Set all read events to signaled.
for(i = 1; i <= NUMTHREADS; i++)
if (! SetEvent(hReadEvents[i]) )
{

// Error exit.

Ubobo00o0ooboobO0o0o0O0O000000OhGlobalWriteEvent OO
000ooooooooooooooooonbbiOwaitForMultipleObjects
gbbogbbodidiwaitForMultipleObjectsUUO OO OOOOOOON
gboooooooboboboboboboobobobooobooboboon
gbooobooboooooboobooooobobooooobobooooboan
OO0 SetEvent U0 O0O000OO0OO0O0O0OOOOOOOO

VOID ThreadFunction(LPVOID lpParam)
{

DWORD dwWaitResult;

HANDLE hEvents[2];

hEvents[0]
hEvents[1]

* (HANDLE*) 1pParam; // thread’s read event
hGlobalWriteEvent;

dwWaitResult = WaitForMultipleObjects(

19



2, // number of handles in array

hEvents, // array of event handles
TRUE, // wait till all are signaled
INFINITE); // indefinite wait

switch (dwWaitResult)
{
// Both event objects were signaled.
case WAIT_OBJECT_O:
// Read from the shared buffer.

break;

// An error occurred.

default:
printf("Wait error: %d\n", GetLastError());
ExitThread(0);

// Set the read event to signaled.

if (! SetEvent (hEvents[0]) )

{

// Error exit.

3.4.1 CreateEvent

gobogbooboobuogbooboobobboboobooobooon

HANDLE CreateEvent (
LPSECURITY_ATTRIBUTES lpEventAttributes, // 000000000

BOOL bManualReset, // 00000000
BOOL bInitialState, // 0000
LPCTSTR lpName // 000000000

)

e IpEventAttributes UUDODOUO0ODO0OOO0OO0OOOOODODOO
000000000 SECURITY-ATTRIBUTES UOUOO0O0OOOODOOO
obooOognNLLO0O0000000000O000000000o0an

20

good



bManualReset OO0 0O0OO0O0OO0O0O0O00OO0OOOO0COOOODOOO
0b00O00obo0obOO0o0ob000bO00bO0O0TRUE OOOOOOOOO
00000000000 oo0ob0O0O0bDFALSE O0OO0OO0ODOOO
gbooobOoboooobooooo

bInitialState O00O0O00000O000O0O0O0O0O0O0O0DOOCOOTRUE
00000O00bO0O0o00b00O0000000FALSE OOO0OO0000
ooooooboooooboon

lpName UO0OD00O0OO0O0O0OD0ODOOO0OOOOO0ODOOODOOOODOOOO
gbobOO0o0obOO00O01pName OOO0OO0O0O0O NULLOODOOODOOOOO
oboooooboooooboboooogooo

000 ODoOobOoOoo0ooOoooobooobOoooooooboooobooon
ooooboobooobooboobooboboobooboobooooD
gobooobooboooobooooobooooooobOooooONULL

gooooo

3.4.2 SetEvent

gboooboobooooobooooboooooboooo

BOOL SetEvent(
HANDLE hEvent // O00OD0OO0OO0OD0O00DOOODOOOO
)

e hEvent OO0 O0ODOOOOOOODOOOOODOODOOO

e J0O0O ODOO0OOOOODODOODOOOODOODLOOODOOOODOOO

ognboooon

3.4.3 ResetEvent

gobobooaoboobuoobuooboobobboboobooo

BOOL ResetEvent (
HANDLE hEvent // O0ODOODOOOOOOODOOOO
);

e hEvent OUO0OOODOODOOO0OOODOOOOODOODOOO

e J00 OODOODOOODOOCODOOLOOODLDOOOOOODOODOOO

ooooooo
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3.4.4 PulseEvent

gobobooaobooboobuooboobobboboobooobgan
goboobooboobooboobbobobooboobooboon
gboooobooooooboo

BOOL PulseEvent(
HANDLE hEvent // 0O0DO0O00CODOODOOCODOODO
);

e hEvent OO0 O0ODOOOOOOODOOOOODOODOOO

e 00O OO0OO0OOOOOODOOOOCOOODOOOLOOODOOOODOON
ooobooOooo

3.5 Uoooboboooon

obooobooboooooboobooobobooooboooooboooo
gobooooboooboolbooooobobooooboooooobooaon
gbooooboooogo

e NUODOOODLOOOLOOOOLOOODLOUODODN CRITICL.SECTION UU

InitializeCriticalSection0 000000000 OOOOOOOO
ooooag

O00000o0o0o0ooooDbooboooOobOo0o0o000o0ooooooooooo
00 0EnterCriticalSection OO O OOOOOOO

e 000000000 ODDDODDOLDDDDDOODODDODODDOOOOODODOO
0 LeaveCriticalSection DO O0O00O0OOOOOOOOOO

DeleteCriticalSection 000000 0OOOOOOOO

gboooobooooboooooooon

CRITICAL_SECTION CriticalSection;

void main()

{

// Initialize the critical section one time only.

if (!InitializeCriticalSection(&CriticalSection)
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return;

// Release resources used by the critical section object.

DeleteCriticalSection(&CriticalSection)

DWORD WINAPI ThreadProc( LPVOID lpParameter )

{
// Request ownership of the critical section.
EnterCriticalSection(&CriticalSection);
// Access the shared resource.
// Release ownership of the critical section.
LeaveCriticalSection(&CriticalSection);

}

3.5.1 InitializeCriticalSection

gobobooobodobuoobuooboobobboboobooo

VOID InitializeCriticalSection(
LPCRITICAL_SECTION 1lpCriticalSection // 0000000000
)

e IpCriticalSection OO UOOO0O0OODOODODOOOOOOOOO
gooobooooo

3.5.2 EnterCriticalSection

gboobOoboobooboooobobooboobooooboooo
obooooOobooooooboobooooobobooooobobooooaon
oooog
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VOID EnterCriticalSection(
LPCRITICAL_SECTION lpCriticalSection // 0O0O0DODOCODOO0O
);

e 1pCriticalSection OOOUOOOOOOOOOOOOODOOOOO
gbooaoooon

3.5.3 LeaveCriticalSection

gobogbooboobuogbooboobobboboobooobooon

VOID LeaveCriticalSection(
LPCRITICAL_SECTION lpCriticalSection // 0000000000
)

e IpCriticalSection OO UOOOOOODOOODOOOOOOO0OOOO
gooobooooo

3.5.4 DeleteCriticalSection

gbooobOoboobooboooobobooboobooooboooo
gbooooboooobOoboboooboboooogo

VOID DeleteCriticalSection(
LPCRITICAL_SECTION 1lpCriticalSection // 0000000 O0OQO
);

e 1pCriticalSection ODOOOOOOOOOOOOODOODOODOOO
gboooboooon

3.6 UUOggOooO

gdoooobooooboooobbooooooooboooobobooooo
gboooooooboooon

e CreateMutex U OO OUODOOO0OODOOOOODOODOOOODODO

e ReleaseSemaphore U O UOOOUOUOUOOOOOOOOOOOOU
oooooooooo
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e WaitForSingleObject DU O DOOOOOOODOOODOOOOOOOO
oooooooo

e CloseHandle U DO UODDOODOODOODOODODOOO

gbooboboobooboooobobooboobooooboooo
obobooooboobooobobooooobobooooobobooooOoon
obooooooooo

Ub0dboooooouuoguoudgoioi0id waitForSingleObject
gboooOobooooobobooobooooboobooooobooogon
oboboooboobooooobbooooobobooooobooooogoon
goooboobooboo1gboooooooboooboooobooo
gboobooboooobooooboooobooboooooboooon
gbobooboooobooobooboobooobooobooooooboooo 1o
0000000000000 000OReleaseMutex 00O OOONO

gbhobooobobOobOOcreateMutex DO OOOD0OODOOOODODO
gooooo

HANDLE hMutex;

// Create a mutex with no initial owner.

hMutex = CreateMutex(
NULL, // no security attributes
FALSE, // initially not owned

"MutexToProtectDatabase"); // name of mutex

if (hMutex == NULL)
{
// Check for error.

gboobOoboooobobooobooboooobooooboooo
oboboooooboooooboobooooobobooooobobooooon
obooooooooooon

BOOL FunctionToWriteToDatabase (HANDLE hMutex)
{
DWORD dwWaitResult;

// Request ownership of mutex.
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dwWaitResult = WaitForSingleObject(
hMutex, // handle to mutex

5000L) ; // five-second time-out interval

switch (dwWaitResult)
{
// The thread got mutex ownership.
case WAIT_OBJECT_O:
__try {
// Write to the database.

__finally {
// Release ownership of the mutex object.
if (! ReleaseMutex(hMutex))
{

// Deal with error.

break;

// Cannot get mutex ownership due to time-out.
case WAIT_TIMEOUT:
return FALSE;

// Got ownership of the abandoned mutex object.

case WAIT_ABANDONED:
return FALSE;

return TRUE;

3.6.1 CreateMutex

0o0o0o00ooooOoobboooDDOUmutually exclusivedOD OO OO
ooooooooooooobooD

26



HANDLE CreateMutex(
LPSECURITY_ATTRIBUTES lpMutexAttributes, // OO0O0OOO0O0OO
BOOL bInitialOwner, // 000000
LPCTSTR 1lpName // 000000000

);

e IpMutexAttributes U000 UO0ODOOD0ODOOODOOODODOO
000000000 SECURITYATTRIBUTES DO OOO0OOOOOO0DOO
gboooONLL 0000000000000 000000000000
goo

e bInitialOwner UUOOUOOOO0ODOOOOOO0OOOOODOCOOOOO
OOOTRUEOOOOOO0O0O0O0000O0OOOOOCOOOOOOODOD
ooooboooobooooobooooobooobooooobooooon
OCOO0OO0OOFALSEOOOODOOOOO0OODOOOOOOODOO
gboooboobooooobooog

e IpName U UOOUOOOOOOOODODOOOOOOOOOOO0OOOO
gboooboobooboNLL 0googoboobooboooon
gooooooboooo

o U0 O0OOOLOOOOOOLODLOODLODLODLODLODOODbOODLODOO
gbobooboboobobobobobobooboooooooboob
oobooobooobooobooooobooooobobooooboooon
oobooobooooooboooboooobooobooooboboooooon
gboboobooooobobboobodyNL0ogogo

3.6.2 ReleaseMutex

goboboobooboobooboobobbobbooon

BOOL ReleaseMutex(
HANDLE hMutex // 0000000000 OOOOOOOO
);

e hMutex UDUUODUO0OO0OODODODOODOOODOODOOO

e J00 O0OOODOOODOOCODOOLOOODLDOOOOOODOOODOON
oooboOoono
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3.7 0OOO

gbobooobbooobooobooobooboobooboobooooo

gboooobobooooobobooooooboooobobooonoo
obooooboooooooboooobobobo1boocooooooon
gooboooobobooboobooooboooooboooobooogo
gboooobobooooboobobooooboboooooboobooooboan
oboooobooooobooooooboooooboooobooooo

e CreateSemaphore U0 OOO0OOOOOOOOOODOOODOOOOO
oooooooooon

e ReleaseSemaphore U UODOUOOOOOOOOOOOODOOOODO
gooooooo

e WaitForSingleObject 0O O OO0 OOOOOOOOOOODOOODOO
goooogo

e CloseHandle DO OD0O0ODOO0OOODOOOOOOODOOOOOO

gbboooogooooboobooob obobooboobooboooboo
gbooooobooo obobooboobooooobooboon

gbdboooobobobdobdbdl waitForSingleObject U0 OO
oooooooooboooobooooboooooooobooboooooooo
gboobooboboooboobobooooboboooooboobooooboan
oboooobooooobobooooboooooboboo 10000040

gboboobuoobodoboobobodbobddbd ReleaseSemaphore
obooooooboobooboboooobD 1oboboog

00000000000 00OCreateSemaphored 00 O00O0OOOOOO
obooooboooooo

HANDLE hSemaphore;
LONG cMax = 10;

LONG cPreviousCount;

// Create a semaphore with initial and max. counts of 10.

hSemaphore = CreateSemaphore (
NULL, // no security attributes
cMax, // initial count
cMax, // maximum count

NULL); // unnamed semaphore
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if (hSemaphore == NULL)
{

// Check for error.

WaitForSingleObject UOD OO UOOOOUOOOOOOOODOOOOOODOO
gboobbobboooboooooobooobooobooobooboobon

DWORD dwWaitResult;

// Try to enter the semaphore gate.

dwWaitResult = WaitForSingle(Object(
hSemaphore, // handle to semaphore

OL); // zero-second time-out interval

switch (dwWaitResult)

{
// The semaphore object was signaled.
case WAIT_OBJECT_O:
// OK to open another window.
break;
// Semaphore was nonsignaled, so a time-out occurred.
case WAIT_TIMEOUT:
// Cannot open another window.
break;
}

O00O00O00ODOO0ODbOOU0ODOOOReleaseSemaphore UOOOODOOMO
oo10o000ooo

// Increment the count of the semaphore.

if ('ReleaseSemaphore(
hSemaphore, // handle to semaphore
1, // increase count by one

NULL) ) // not interested in previous count

// Deal with the error.
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3.7.1

CreateSemaphore

oboooOobooooboboooooboooobobooooboOooboon

)

HANDLE CreateSemaphore (

LPSECURITY_ATTRIBUTES lpSemaphoreAttributes, // DOOO0OOQHOO
LONG 1InitialCount, // 0000000
LONG 1MaximumCount, // 000000
LPCTSTR lpName // 000000000

3.7.2

lpSemaphoreAttributes U0 OOOOOODOOOOOOOOOOO
OO00OO0O0D0O0ODOOO SECURITYATTRIBUTES OO DO OOOODOO
oooobooNLLODO00O00O0O0bO0ooboobooooooon
oooooo

1InitialCount O 0O0O0O0OO00O0O00OO0DOOOOO0OOOCOOOOO
O000001MaximumCount OO0 OO0 O0OOO0OOOO

IMaximumCount OOO0OO0O0O0O00OO0OO0O0OO0OOOCOOOOOOO
obOOoO0O0oOobOobOoOoooboOobooooon

lpName O0O0O0OO0O000COOCOOOCOOCOOOOOOOOOOO
obOoobO0b0O0O1pName OO OO0O0O NULLODOOOOODOOOO
oboooooobooooobobooooooo

o0 boobooooooooooobooobooobooobooon
ooobooboooobooboboboooboobOoboooDbonn
obooboooobOooboobooOobooboOoboogNLLOon
ooo

ReleaseSemaphore

goboboooboobooboobooboboobooboobon

ooo

BOOL ReleaseSemaphore (
HANDLE hSemaphore, // 000000000
LONG 1lReleaseCount, // 00000000000
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LPLONG lpPreviousCount // O0OOOOODOOO
)

e hSemaphore U0OUOO0OO0OO0OO0OOOOOOODOOOOODOO

e 1ReleaseCount U0 UO0ODOOO0DOO0OO0O0DODOOOOO0ODODOO
gobooboooobooboobboOoboboOooboobooboooon
oooboooobooobobooooboooobooooooooon
gobobooobooobooobbuodobobobudabOFrALSE OO
gooo

e lpPreviousCount 1000000000000O0O00OO0O0C0OOOO
gbobobobobboobbobbobboobooboobooobgan
gooobooboooNnLgoogooo

e 00 OO0OO0OOOOOODOOOOCOOODOOOOLOOOOOOODOOOO
oooboOo0o

3.8 UDO0OO0OOOoOooOOooobDOobDOo API

gbooboobooobooboooobobooboobooooboooo
gboboooooooooobobooooooooooboobobooooon
oboooooboooooboboooboobooon

3.8.1 InterlockedIncrement

oboooobooboooboooooooboool1ooooooooooooo
gobobooooobood

LONG InterlockedIncrement(
LPLONG lpAddend // ODOOOOODOOOOODOO
);

e lpAddend OUO0OUODDOODOOODOODOODOODODDOO

e 00 OOODOOOOOOCODOOOOODN
3.8.2 InterlockedDecrement
jddddd0o0o00o0o00o0o0oUoooloooooooboooooon

goboobobooobgd
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LONG InterlockedDecrement (
LPLONG 1lpAddend // 00000000
);

e lpAddend U0OOOOOOO0OOOODOOOOODOOOCOODOOO

e U0 0O0OOODOODOODOODDO

3.8.3 InterlockedExchange

gobobooboobuooboobooobobbooboobooon

LONG InterlockedExchange (
LPLONG Target, // OOOOOOOOO
LONG Value // 0000

)3

e Target UOUDOODOODOOOOOODOOOOOOOOODOODODO
obob0o0oooooobodiOvalue UOOOOOOOOOOOOOO
oooo

e Value Target U0 U DOO0OOOOOOOOOOOOOODOODOODO
ooood

e 00 TargetUUOUODOOUOOODOOOOODOODOOOOODOO

3.8.4 InterlockedExchangeAdd

gboooboobooooboooobooooon

LONG InterlockedExchangeAdd (
PLONG Addend, // 00000000
LONG Increment // O0O0O

)3

e Addend D0 O0OOOOO0OOOOODOOOOOOOOODOOO Increment
oooooooo

e Increment Addend 0000000000 O0OO0OOO0OOOO

e U AddendUDUU0O0OUOOUOOOOOOOOO
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3.9 Ugooono

QueryPerformanceFrequency U U D UOOODOOOOOOOOODOOO
000000 00bOO0O0OD000 QueryPerformanceFrequency 0O OO
ooooooOooooo0oooobooOoooooOoooboooooooo

3.9.1 QueryPerformanceFrequency

gbobogboboobuodgbugbuooboobobboobodaboooban
gboboooobooobobboboooobobobobobobooooobon
good

BOOL QueryPerformanceFrequency (
LARGE_INTEGER *1lpFrequency // O0OOOOO
)3

e IpFrequency UDOUOODOOODOOODOOODODO

gbobobooboobboboboboobobbooboboboab
goboobooooboboooboiobooobooboobooooon
gobooOooOoobooooboooooboooboboooooooon
oboboooooooooooboboboobo oobobooboooon
gooogd

e J00 OODODOOOODOOULOODODODODODDODOOD
gbobooooooobooobooboooobooboooboooonon
ooo

3.9.2 0O00OO0O0OO0OOOOOOOOOO

QueryPerformanceFrequency O OO0 O0OODO0OOOOOOOODOOO
goooooOoOooooooooooooooo

#include <assert.h>

#include <windows.h>

double
TokGetTime (
VOID
)

LARGE_INTEGER curCount, frequency;
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double period, retval;

if (TRUE == QueryPerformanceFrequency(&frequency))

{
// Figure out how many seconds elapse / count
period = 1.0 / frequency.QuadPart;
QueryPerformanceCounter (&curCount) ;
retval = curCount.QuadPart * period;

} else

{
// All the systems we are dealing with should support
// querying the performance counter.
assert (FALSE) ;

}

return (retval);

}

4 Experiment 3: Threads and Fibers

gbooooobooooboobooogooo

4.1 0O0O0OO
000 200000000000000000000000O0COO
e ConvertThreadFiber DO OO OOOMO

e CreateFiber U U DO UUOOUOOOOODOOOOOODOOOOODOO
U00b00o0bO0obO0obO0obOn switchToFiber OO DO ODOODO
goooogd

00000 SswitchToFiber DO O OOOOODODODODOOODOOODODODO
000000000 ConvertThreadToFiber OO OOOOOOOOONO
goodobobobooooooobobooooooobobbooooo

00000000000 0ODeleteFiberJ0 OO OOOOONO

goooooooooooo

LPVOID pFiber[2];
LPVOID pMainFiber;
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VOID WINAPI DoFiber (DWORD fiberCount)

{

if (fiberCount == 0) {
SwitchToFiber (pFiber[1]);

} else {
SwitchToFiber(pMainFiber) ;

DWORD WINAPI DoMainFiber ( LPVOID lpParam )

{

pMainFiber = ConvertThreadToFiber (NULL);

SwitchToFiber (pFiber[0]);

return 0;

VOID main( VOID )

{

HANDLE hThread;

int i;

for(i = 0; i < 2; i++) {
pFiber[i] = CreateFiber(
0,
(LPFIBER_START_ROUTINE)DoFiber,
(LPVOID)1i);

hThread = CreateThread(
NULL,
0,
(LPTHREAD_START_ROUTINE)DoMainFiber,
NULL,
0,
NULL) ;

// wait until the thread exits
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WaitForSingleObject (hThread, INFINITE);

CloseHandle (hThread) ;

4.1.1 CreateFiber

gboboobobooboooooboobooboobodoboboboboboa
00000000000 (0000000 0)00D00000DO0O000
gboobooooooboboooobooooboooooboon

LPVOID CreateFiber(

DWORD dwStackSize, // 000000000000000 @ogo)

LPFIBER_START_ROUTINE lpStartAddress,
// 000000000000
LPVOID lpParameter // 0000000000
)3

e dwStackSize OO UO0OO0OOOOOODOOOOOOOOOOOOOOO
oboboooooboooobOoobOOooooOooboooboooboonn
gbobodobbodbibddadwstacksSize UODOUOOOOOOOOO
gooobooobooobooobooo

e 1pStartAddress O0UOOOOOOOODODODO LPFIBER_START_ROUTINE
gboboboboboboboooooonoobobobobboban
Uboboo0obo0obodbO0obOobO0obO0obO SwitchToFiber U0
gbooooOobooogobooon

LPFIBER_START_ROUTINE O OO
VOID CALLBACK FiberProc(PVOID lpParameter);

gooooooo
e lpParameter UDUUDOUOOOO 1000000000

e 00 OOO0OOOOOOOOOOODOODOODOODOODOOODO
obooooNL 000000
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4.1.2 ConvertThreadToFiber

goboboboobooboobooooo

LPVOID ConvertThreadToFiber (
LPVOID lpParameter // DO OOOOOOOOOOOOO
);

e lpParameter UDOOODOUODOOODO 10000D000O0O

e 100 ODOODLODODOODDOODOODODODOODOODODO
gbooooNL0o0oogd

4.1.3 SwitchToFiber

obooooobooooboobooo

VOID SwitchToFiber(
LPVOID lpFiber // OODOOOOODOOOOODOOO
)

e lpFiber U0 UODOOO0OOODOODOOOOODOOOOOO

oboooooboooooooon

SwitchToFiber (GetCurrentFiber());

gobgoboooboobooboobooboobog

4.1.4 DeleteFiber

gbooooobooooboon

VOID DeleteFiber(
LPVOID lpFibver // OOOOODOODOOODCOODOO
);

e lpFiber DO UDOODOODODODODOODOONO

5 Experiment 4: Non-blocking Data Struc-

tures

0000 0O OInterlocked Singly Linked Lists (SLists) 0000000000
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5.1 Interlocked Singly Linked Lists

Interlocked Singly Linked Lists (SLists) O 00 0O Olinked list 00 00 O
O0000000000DO0Onon-blockingODOO0O0OOO0OO0D0OODOOOOO
ooooooooooooo

e SList OO0 D OOSLIST HEADER O OSList 00 00000 O OSLIST_ENTRY

oood
e InitializeSListHead O O0O0OO0OO SList0000DO0O0OO

e InterlockedPushEntrySList OO OO0O0OSList 00000000
oo

e InterlockedPopEntrySList 00O O0OOOSList 00 O0D0ODOODO
ooo

O0D00D0O0D0O0ODOO0DOInitializeSListHead J O 0O 000 OSList

000000 InterlockedPushEntrySList 0000000000 10000
U000 InterlockedPopEntrySList DO O UOOOOOOO 1000000
O0Od00000InterlockedFlushSList 00O O00OOO0O0O0O0O0O0O0OO
oooooooo

#include <windows.h>

#include <malloc.h>

// Structure to be used for a list item. Typically, the first
// is of type SLIST_ENTRY. Additional members are used for dat

// Here, the data is simply a signature for testing purposes.

typedef struct _PROGRAM_ITEM {
SLIST_ENTRY ItemEntry;
ULONG Signature;

} PROGRAM_ITEM, *PPROGRAM_ITEM;

void main( )

{
ULONG Count;
PSLIST_ENTRY FirstEntry, ListEntry;
SLIST_HEADER ListHead;
PPROGRAM_ITEM ProgramItem;

// Initialize the list header.
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InitializeSListHead (&ListHead) ;

// Insert 10 items into the list.
for( Count = 1; Count <= 10; Count += 1 )
{

ProgramItem = (PPROGRAM_ITEM)malloc(sizeof (*ProgramIte

ProgramItem->Signature = Count;
FirstEntry = InterlockedPushEntrySList(&ListHead,
&ProgramItem->ItemEntry) ;

// Remove 10 items from the list.
for( Count = 10; Count >= 1; Count -= 1 )
//

ListEntry = InterlockedPopEntrySList(&ListHead);
free(ListEntry);
} Flush the list and verify that the items are gone.
ListEntry = InterlockedFlushSList (&ListHead) ;
FirstEntry = InterlockedPopEntrySList(&ListHead) ;
if (FirstEntry != NULL)
{
printf ("Error: List is not empty.");

2m) ) ;

5.1.1 InitializeSListHead

SlissDO0OOOOOOOOO0OO

void InitializeSListHead(
PSLIST_HEADER ListHead
);

e ListHead SList 00O OOOQO SLISTHEADER 00000 D0ODODOOO
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5.1.2 InterlockedPushEntrySList

SList 0000000000000 00CCO00O0O0O000000oooo
gon

PSLIST_ENTRY InterlockedPushEntrySList(
PSLIST_HEADER ListHead,
PSLIST_ENTRY ListEntry

)3

e ListHead SList 0000000 SLISTHEADER 0000000000
e ListEntry Push 00 SLISTENTRY OOOO0OOOOOOO

e 00 OOO0ODOODOOOUDODOOOUDOOODOODOOODOOOODO
obooobOoboooooboooNLLO00000

5.1.3 InterlockedPopEntrySList

SList 00 000000000D0ODODO000O00O0O00000000o0oo
oooog

PSLIST_ENTRY InterlockedPopEntrySList(
PSLIST_HEADER ListHead
)3

e ListHead SList 00 O0ODOO0O SLISTHEADERO OO OODOOOOO

e 00 DOOODOODOODOODOOOLOOOOOOOOOOOODn
obooobooooonNLLooooon
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