PPR
6 Vlakna a WinAPI

Viakna a WinAPI

Podpora

preemptivni multitasking

preemptivni multithreading

podpora kooperativnich fibres jadrem

feCeno jazykem C, vlakno je funkce, ktera béZi paralelné
s main

single procesor

e SMP

e NUMA

Process

e virtualni adresovy prostor
e systéemove zdroje
e bezpecnostni kontext
o kdokoliv nemtiZze provadét cokoliv
e jedinecny identifikator
e spustitelny kod
e prioritni tfida — vlakna mohou mit prioritu pouze
v rozsahu prioritni tfidy procesu
e ma alesponi jedno, primarni, vladkno, které miize vytvaret
vlakna — threads a fibers
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Thread

entita v ramci procesu, kterou planuje OS
vSechny vlakna sdili pamét'ovy prostor a zdroje sveho
procesu
vlastni handler vyjimek
e priorita
o OS zajistuje
= Inverze priorit
= Dynamic boost
* Foreground/Input
o vcetn¢ real-time

jedine¢ny identifikator
TLS — Thread Local Storage
o Data, ktera jsou specifickd/lokalni pro dany thread
=  declspec(thread) int number;
o Moznost, jak si thread miize zabezpecit jedinecny
pristup ke svym datim
o Kazdy proces ma k dispozici nékolik TLS slott,
které mohou byt pouZity jeho thready
o Moznost vyuziti ke zpracovani vyjimek

program ExplainTLS;

var global:integer;
threadvar local:integer; //TLS

procedure X;
var stack:integer;//take local,ale ne TLS

begin
end;
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o global — jednu proménnou sdili vSechna vlakna
o local — kazd¢ vlakno ma svou vlastni, vyuzito TLS
o stack — kazdé¢ volani rutiny ma vlastni proménnou

Process
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http://msdn2.microsoft.com/en-us/library/ms686749.aspx

o POSIX: pthread key create

Kontext

Zasobnik

Miize mit vlastni bezpecnostni kontext — mozZnost
ptevzeti role nékoho jiného (impersonating)

e Lze spustit na dostupnych procesorech

o Get/SetProcessAffinityMask

Job Object

e moznost sloucit nékolik procesit dohromady a spravovat
je jako celek
e operace provedena na jednom objektu ovliviiuje ostatni
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Fiber

bézi v kontextu vldkna

planuje ho thread procesu

jeden thread miZe naplanovat n¢kolik fibres
FLS — Fibre Local Storage

o Analogie k TLS
o FLS je asociovano se threadem

Lazy init

Ma ,,maly* kontext (v porovnani s kontextem threadu)

o Zasobnik, podmnoZinu registri a inicializacni data

Ma pftistup do TLS threadu v jehoZz kontextu bézi
Nema prioritu

Stavy vlakna

e Ke zjednodusSeni 1ze pouzit Ctyt stavovy model ready,
running, waiting, terminated
e Ve skuteCnosti Ize ale napft. s pomoci WMI zjistit
nasledujici:
o ThreadState

Verze 1.1
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Initialized — ,,sjelo z vyrobni linky jadra OS*
Ready — pfipraveno ke spusténi na nékterém z
procesort

Running — bézi

Standby — bude spusténo, vzdy pouze jen
jedno vlakno

Terminated — RIP

Waiting — nenti piipraveno bézet, az bude,
bude naplanovano
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= Transition — vlakno ¢ekd na néco jiného nez je
procesor
= Unknown — (klientu WMI) Neznamy stav

o ExecutionState
= Unknown
= QOther
= Ready
= Running
= Blocked
= Blocked/Suspended
= Suspended/Ready

o Status
= OK
= Error
= Degraded
= Unknown
= Pred Fail
= Starting
= Stopping
= Service

o ThreadWaitReason
= 21 mozZnosti
= Executive, FreePage, PageOut, PoolAllocation
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Funkce rizeni béhu vlakna

CreateThread
CreateRemoteThread
o V adresoveém prostoru jiného procesu

Suspend, Resume

Kill, Terminate, Exit

Sleep

Get/SetPriority

SetThreadStackGuarantee
http://msdn2.microsoft.com/en-us/library/ms684847.aspx

Thread Pool

e mnoZzina vlaken, ktera zpracovava asynchronni udalosti
pro process
® asociovan s
o frontou ukoli ke zpracovani
o waitable handles
o Casovacem
o I/0
e farmer-worker model
e vyhodné¢ napf.
o pro aplikace pro distribuované vyhledavani v siti
o misto vytvareni a ruSeni vlaken, ktera bézi jen
kratkou dobu
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User-Mode Scheduling

e light-weight mechanismus jako fibres
o moznost pro aplikaci, jak si planovat svoje vlakna
nezavisle na systtmovém planovaci
= t]. uSeti se rezie potrebna k pfepinani mezi
uzivatelskym reZimem a reZimem jadra
= t]. jsou efektivné;$i nez ThreadPool, protoZe ten
vyZzaduje pfepnuti
na rozdil od fibres ma kazdy UMS thread sviij kontext
Doporuceno jen pro aplikace, u kterych se predpokladaji
vysoke naroky na vypocetni vykon
e Dostupné od Windows 7 a Server 2008 R2
o Navic pouze 64-bitoveé verze
UMS aplikace
o Ma sviiy UMS planovac, ktery
= Vytvoii jeden UMS scheduler thread pro kazdy
procesor, na kterém muize bézet UMS thread
o Vytvoii UMS thready
= Konverzi z ,,normalnich threada
o Spravuje frontu threadi, které dokoncily ¢innost
v rezimu jadra
= OS posila oznamenti o takovych threadech
e Aby si je UMS aplikace mohla naplanovat
podle sveho
o Provadi uklid po UMS threadech
o UMS thread by nemél piredpokladat, kdo ho planuje
o APC zamyka kontext UMS threadu a pak ho nelze
naplanovat
e Pozor na sdileni systémovych zamki mezi UMS work
threadem a UMS Schedulerem —napt. loader LoadLibrary
o Worker ho uzamkne a Scheduler se uz nevzbudi
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Synchronizace

e probihd pomoci synchroniza¢nich objektii
o Event
= Miize byt bud’ pulsni, tj. preklopi se do
nonsignaled, jakmile je zpracovana wait funkci
= Nebo ziistane signaled
o Mutex
o Semafor
o Casova¢ waitable timer
o Oznameni o zméng — Change notification
o Standardni vstup
o Job
o Memory resource notification - zapis do fyzicke
pameéti
o Proces
o Thread
o Lze ¢ekat 1 na handle souboru, roury,
komunikac¢niho zatizeni, ale neni doporucovano

= Misto toho se pro I/O pouziva asynchronni
udalosti — OVERLAPPED

e Objekt je bud’ signaled, nebo nonsignaled
e Ceka se pomoci tzv. wait funkci
o Single-Object
= SignalObjectAndWait
= WaitForSingleObject/Ex

o Multiple-Object
= WaitForMultipleObjects/Ex
= MsgWaitForMultipleObjects/Ex
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o Alertable Wait
= (Cekani pomoci SignalObjectAndWait a *Ex se

ukonci 1 v ptipad¢, Ze systém dokoncil I/0
operaci, nebo ma nastat APC (asynchronous
procedure call) pro dan¢ vlakno

o Registered Wait
= RegisterWaitForSingleObject
= UnregisterWaitEx
= Urceno pro thread pool

e Wait funkce se
o bud’ vrati hned
= testovala se jen podminka, ale necekalo se

" nebo se mélo Cekat, ale podminka je splnéna

o vrati se po splnéni podminky
o vyprsel timout, 1ze ¢ekat 1 do nekonecna

Watcher=FindFirstChangeNotification (path,

TRUE,
FILE NOTIFY CHANGE FILE NAME or

FILE NOTIFY CHANGE DIR NAME or
FILE_NOTIFY_CHANGE_LAST_WRITE);
//last write to detect file writes

//Wait for a change using a thread pool
RegisterWaitForSingleObject (WatcherWait,

Watcher, WatcherCallback,
Self, INFINITE, WT EXECUTELONGEFUNCTION) ;
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Synchronizace a I/0

e operace jako ReadFile jsou bud’ blokujici — synchronni

e nebo jsou asynchronni — naptiklad zapis do transakéni
roury pies sit’ mize trvat dlouho a co délat, nez
probéhne?

e Vlakno mezitim muiZe néco ud¢lat
o Konec operace mize zjistit bud’ pomoci alertable
wait funkce

o Nebo se bude periodicky dotazovat pomoci
= GetOverlappedResult
= HasOverlappedloCompleted

o Pripadné miiZe celou operaci zrusit
= Cancello

APC

e Asynchronous Procedure Call

e Rutina, ktera se provede v kontextu dan¢ho threadu

e Kazdy thread ma svou frontu APC, jednotlivé APC jsou
planovany planova¢em namisto normalniho pokracovani
non-APC kodu vldkna

e Provedou se pouze tehdy, kdyz je thread v alertable state
o Volani alertable wait funkce, nebo SleepEx

e Jsou dva druhy
o User APC
o Kernel APC
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e ReadFileEx, SetWaitableTimer a WriteFileEx jsou
realizovany pomoci APC
e Zplsob, jakym vykonat poZadovanou funkci v kontextu

pozadovaného vlakna

o QueueUserAPC
o Nelze vstoupit do alertable state v APC => Stack

overflow
Dalsi moznosti synchronizace

o Kriticka sekce
o Enter, TryEnter, Leave

e Podminkové proménne
o Nelze je sdilet mezi procesy
o Jsou asociované bud’ s kritickou sekci, nebo se slim
lock
o Podporuji vzbuzeni jednoho, nebo vSech cekajicich
vlaken
= Tj. vhodné¢ pro vlastni implementaci bariéry
o Cekanim na podminkovou proménnou se vlakno
vzda zamku kriticke sekce
" pii vzbuzeni ho znovu ziska

e Slim Locks

o Slim Reader/Writer (SRW) Locks

o Optimalizovane¢ pro ptipady, kdy kriticka sekce,
nebo mutex, predstavuji prilis velkou rezii

o U vstupu do kritické sekce chybi informace, co se
v ni bude dit

o U slim locku se to da poznat podle volan¢ funkce a
systém tak optimalizuje
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o Vyplati se v ptipadech, kdy se chranéna data vice
ctou nez zapisuji
o 2 rezimy ve kterych vlakno miize ptistupovat k
datiim
= Sdileny - read-only; AcquireSRW_LockShared
= Exkluzivni — jenom jedno vlakno muze
zapisovat; AcquireSRWLockExclusive
= Viz protected type Ady
o SRW Lock ma velikost pointru, takZze nemuize
obsahovat pfili§ informaci a tedy ani nemiize byt
ptidélen rekurzivné

e Jednorazova inicializace
o MiiZe byt jedna datova struktura, kterou se miize
pokouset inicializovat nékolik vldken, ale smi byt
inicializovana pouze jednou — tj. pouze jednim
vldknem
o Synchronni
* [nitOnceBeginlnitialize
* InitOnceComplete
* InitOnceExecuteOnce
= InitOnceCallback
o Asynchronni
= INIT ONCE ASYNC

e Interlocked Variable Access

o Atomickée operace nad 32-bitovymi proménnymi
pod 32-bitovym systémem; stejné pro 64-bitli

o Operace nad proménnou vEtsi nez registr nejsou
atomické — napt. 64 bitli na 32-bitovém procesoru

o Increment, Decrement

o Exchange, ExchangeAdd, CompareExchange

o And, Or, Xor
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e Interlocked Single Linked List
o Atomicke operace nad jednosmérnym seznamem

e Fronta Casovace
o UmoZnuje naplanovat vyvolani dan¢ callback
funkce v zadanou dobu
o CreateTimerQueue

Rizika synchronizace na viceprocesorovych
systémech

e uspotadani ptistupu do paméti

o zapis do paméti je cachovan pro zvySeni vykonu

o Cteni dat jde z cache

o procesor provadi optimalizaci ptistupu k datim
spekulativnim nacitanim do cache, kdyz
predpoklada, Ze budou zadana

o pamétove operace mohou byt provadény mimo
poradi pro zvysSeni vykonu

o feSenim je pamétova bariéra, podpora ze strany
procesoru — jak fici, kdy jsou ktera data k dispozici
= acquire — pied dalsi instrukci v zapsaném kodu
= release — po dalsi instrukci v zapsaném kodu
= fence — dostupné v dobé provedeni instrukce
= funkce WinAPI se o to postaraji

e http://msdn2.microsoft.com/en-us/library/ms686355.aspx

e Jde o to, jak uspotadat ptistup do paméti
o Aneb, jak se implementuje volatile
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Zpravy

e moznost zasilani zprav do front
e asynchronni doruceni z hlediska ptijemce
¢ je zajiSténa synchronizace, konzistence, pti doruc¢eni do
fronty zprav piijemce
e PostMessage — neblokujici odeslani zpravy
e SendMessage — odesilajici je blokovan do té doby, nez je
zprava zpracovana a vracena navratova hodnota
o InSendMessage
o SendMessageTimeout

o Get/PeeckMessage — vyzvednuti/ptecteni zpravy z fronty

o WaitMessage — vlakno se naplanuje az po ptijeti zpravy

e PostThreadMessage — doruceni do fronty zprav
konkrétniho threadu

IPC

e lze synchronizovat i ta vlakna, ktera se nachaze;ji
v riznych procesech
e DuplicateHandle
o duplikuje stavajici handle objektu tak, aby ho mohl
pouzit 1 jiny proces
= napt. OpenSemaphore

o vymeéna informaci vyZaduje néjakou formu interakce
mezi procesy
= pojmenovane objekty
® roury
e sdilena pamét’ — CreateFileMapping
o lze vyuzit pro blackboard
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¢ lze ziskat handle pojmenovaného objektu
v jiném procesu, kdyZ se pfedem zna jeho
Jméno
o takto lze vzajemné synchronizovat i
32 a 64 bitové procesy

= zaslani zpravy
e WM COPYDATA se nemusi omezit jen
na parametry, ale miiZze poslat i vétsi
pamétovy blok

e Dédicnost
o CreateProcess — pii vytvareni dalSiho procesu lze
specifikovat, zda ma zdédit platne handles
rodi¢ovskeho procesu
= Potfebné informace lze sd¢€lit napriklad

ptikazovou fadkou

e Sdileny segment DLL
o Jednu DLL muiZe nacist vice procesti
o Vytvofii se nova sekce v DLL
= Vedle .text, .bss., atd.
o Podle flagti OS pozna, Ze pro ni ma vytvofrit sdileny
segment
o Data v tomto segmentu jsou pak sdilena pro vSechny
procesy, kter¢ danou DLL nactou
= Pochopitelné bez synchronizace

e Je tfeba dodat //.DEF file
SECTIONS
fpragma data seg (" .MYDATA") _MYDATA
int myint = 0; READ WRITE SHARED
fpragma data seg()

fpragma comment (linker, "/SECTION:.MYDATA,RWS")
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Rendez-Vous s WinAPI

¢ Je mozné implementovat se vSemi vymozZenostmi
e Za pomoci dual-interfaces, variants, vlastniho skriptu
a RTTI je mozné vytvorit implementaci, ktera bude jeste
veérnéji imitovat zapis v Ad¢
o kosmeticka zalezitost

type
PEntryCallDescriptor =
"TEntryCallDescriptor;
TEntryCallDescriptor = record
ID: TEntryCallID;
Event:THandle;
Arguments:pointer;
end;

TRendezVousServer = class (TThread)
protected
FServerState:TServerState;
FSleepingEvent:THandle; //manual reset
FEntryCalls:TEntryCallsContainer;
function GetAcceptableEntryCall:
PEntryCallDescriptor;
public
procedure Execute; override;
published
procedure EntryCalll (AParamSetl) ;
procedure EntryCall?Z (AParamSet?2) ;
end;
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procedure TRendezVousServer.
EntryCalll (AParamSetl) ;
var descriptor:TEntryCallDescriptor;
event:THandle;

begin
event:=Createkvent
(nil, true, false, nil);
//not signaled, manual reset event
descriptor:=
CreateAndFillEntryCallDescriptor (
EntryCalllID, AParamSetl, event);

//event is not signaled

FEntryCalls.Add (@descriptor) ;
//assume that this method takes care
//about critical section handling

//Wakeup the server 1f necessary

SetEvent (FSleepingEvent) ;

//and wait for the result

//1f the result is already signaled,

//1t 1s OK as we use manual-reset event

if WaitForSingleObject (event, INFINITE)

<>WAIT OBJECT 0 then

raise ERendezVousException.Create(..);

CloseHandle (event) ;

end;

Verze 1.1 Strana 17 (celkem 35)
26. 10. 2009 T. Koutny



PPR
6 Vlakna a WinAPI

procedure TRendezVousServer.Execute;
var descriptor:PEntryCallDescriptor;

begin
BuildUpStateTransitions;

//could be a parsed script, which
//defines an order and conditions
//to be met for each particular
//entry call - GetAcceptableEntryCall
//picks available entry call based
//on FServerState

repeat
descriptor:=GetAcceptableEntryCall;
if descriptor<>nil then
begin
//perform the action
ExecuteEntryCall (descriptor) ;
//unblock waiting client
SetEvent (descriptor”.Event);
//and remove the descriptor from
//the queue
RemoveDescriptor (descriptor) ;
//assume this handles critical
//section
end else
TakeDefaultAction;
//Both, Execute* and Take*,
//procedures may modify and
//depends on FServerState

until (FServerState = ssTerminate) or
Terminated;
end;
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//An application demonstrating the
//farmer-worker model with WinAPI.
//KIV/PPR Example.

//1t generates an ascending array of
//numbers and sums them up in threads.

program fwsum;
{SAPPTYPE CONSOLE}

uses
SysUtils,
Farmer in 'Farmer.pas',
Abstraction in 'Abstraction.pas',
Worker in 'Worker.pas',
waste in 'waste.pas',
Strings in 'Strings.pas';

function GetDefault
(ADefault:integer) :integer;
//Reads a number from the standard
//input. If the read string is not
//a suitable number, it returns
//ADefault.

var s:string;
i:integer;
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begin

readln(s) ;

val (s, result, 1);

if (1<>0) or (result<l) then
result:=ADefault;
end;

var ValuesCount, WorkersCount,

WastelLevel, 1:integer;
Farmer:TFarmer;
tmp:Double;

begin
//Ask for the input parameters
write (Format (rsEnterValuesSize,
[dfValuesSizel));
ValuesCount:=GetDefault (dfValuesSize) ;

write (Format (rsEnterWorkersCount,
[dfWorkersCount]) ) ;
WorkersCount:=
GetDefault (dfWorkersCount) ;
write (Format (rsEnterWastingLevel,
[dfWastingLevell]));
WasteLevel :=GetDefault (dfWastingLevel) ;

//Create the farmer

writeln (rsCreatingFarmer) ;

writeln (rsGeneratingValues) ;
Farmer:=TFarmer.Create (ValuesCount) ;
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//Create workers and let them work
writeln (rsEmployingWorkers) ;
for 1 := 1 to WorkersCount do
TWorker.Create (Farmer, Wastelevel);
//Each worker will free itself on
//exit, so we don't have to remeber
//the pointers to free the memory.

//Wait, until all workers had done
//their jobs.
Farmer.WaitForWorkers;

//Display the output.

tmp:=Farmer.Sum; //Jjust to fool the
//Format routine

writeln (Format (rsTotalSum, [tmp]))

//And release the farmer as well.
Farmer.Free;

//For a convenlence, wait for the
//readln, when running from windowed
//IDE.
writeln (rsPressEnter);
readln;

end.
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unit Abstraction;
interface
const

WorkSegmentation = 100;
//the size of a job unit for a worker

dfVvValuesSize = 4000;
dfWorkersCount = 4;
dfWastingLevel = 327

//how many excessive
//instruction-blocks to execute

type
PValue = "TValue;
TValue = integer;

//whatever you like, with wasting,
//integer is enough with the wasting

TAFarmer = class
//The abstract farmer - methods
//visible to workers.
public
function AskForValues (
out Values:PValue;
out Limit:PValue) :
boolean; wvirtual; abstract;
//Returns true if the caller has to
//compute, or false 1if the caller
//has to terminate. Values is the
//first value, ALimit is the last
//value.

Verze 1.1 Strana 22 (celkem 35)
26. 10. 2009 T. Koutny



PPR
6 Vlakna a WinAPI

procedure ReportSum (ASum:TValue) ;
virtual; abstract;
//To report a sum of values
//assigned with AskForValues.

procedure LogMessage (
const AMessage:String) ;
virtual; abstract;
//Self-explaining:-)

procedure AddWorkerRef;
virtual; abstract;
procedure ReleaseWorker;
virtual; abstract;
//worker counting aka reference
//counting
end;

implementation

end.
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unit Worker;
interface

uses Classes, Abstraction;

type
TWorker = class (TThread)
protected
FFarmer: TAFarmer;
FWastelLevel:integer;
public
constructor Create (AFarmer:TAFarmer;
AWastelevel:integer);
reintroduce;

procedure Execute; override;
end;

implementation
uses SysUtils, Strings, Waste;

constructor TWorker.Create (
AFarmer:TAFarmer;
AWastelevel:integer);
begin
FFarmer:=AFarmer;
FWastelevel :=AWastelevel;
inherited Create (False);
FreeOnTerminate:=true;
//so we don't have to bother with Free
end;
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procedure TWorker.Execute;
var cont:boolean;
value, limit:PValue;
sum: TValue;

tmp:Double;

begin
FFarmer.AddWorkerRef; //Register
//the worker - AddRef
try
repeat
cont:=FFarmer.AskForValues (value,
limit) ;
if cont then
begin
//We've got some values to sum.
sum:=0;

//Sum the wvalues
While integer (value)<=
integer (limit) do
begin
sum:=sum+value”;
inc (value) ;

//And waste the CPU

//a little-bit, so we get

//ran on all processors,

//1f there's enough

//of threads spawned.

WasteCPU (

random (FWastelLevel) ) ;

end;
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//Summed all up => report the
//intermediate result
FFarmer.ReportSum (sum) ;

//And log the progress.
tmp:=sum; //just to fool
//the Format routine
FFarmer.LogMessage (
Format (rsWorkerProgress,
[ThreadID, tmpl));
end;

until Terminated or (not cont);
//as long as we have to compute

finally
FFarmer.ReleaseWorker; //Unregister
//the worker - Release
end;
end;

end.
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unit Farmer;
interface

uses
Windows, Classes, SyncObjs, Abstraction;

type
TFarmer = class (TAFarmer)
//Note that the farmer is expected
//to run in the primary thread.
protected
FValues:PValue; //First of values,
//which are stored
//in the memory
FCommitted:PValue; //A value to be
//assigned next to
//a worker

FLimit:PValue; //Last of the
//stored values
FSum:TValue; //The so-far known

//sum of all values

FDataGuard, //Guarding access to
//FCommitted and FSum
FMessageGuard:TCriticalSection;
//Guarding access to messages

FWait, //Manual-reset event
//signalizing all workers are done
FMessageAdded:THandle; //Manual-reset
//event, new message to be displayed
FWorkerCount:integer; //Number of
//registered threads (to wait for)
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FMessages:TStringList;//Messages to
//be displayed

procedure GenerateValues (
ASize:integer); dynamic;
//Generates values to be summed up
public
constructor Create (ACount:integer);
destructor Destroy; override;

function AskForValues (
out Values:PValue;
out ALimit:PValue) :boolean;
override;
procedure ReportSum (ASum:TValue) ;
override;
procedure LogMessage (
const AMessage:String); override;
procedure AddWorkerRef; override;
procedure ReleaseWorker; override;

procedure WaitForWorkers;
property Sum:TValue read FSum;
end;

implementation

uses SysUtils, Strings;
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constructor TFarmer.Create (
ACount:integer) ;
begin
//Allocate the memory
GetMem (FValues, sizeof (TValue) *ACount) ;
FLimit:=PValue (integer (FValues) +
sizeof (TValue) * (ACount-1)) ;
FCommitted:=FValues;

//Init what's necessary
GenerateValues (ACount) ;
FSum:=0;
FiWorkerCount:=0;

//Create events
FWait:=CreateEvent (nil, true,
false, nil);
FMessageAdded:=CreateEvent (nil, true,
false, nil);

//critical sections
FDataGuard:=TCriticalSection.Create;
FMessageGuard:=TCriticalSection.Create;

//and the message holder as well
FMessages:=TStringList.Create;
end;
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destructor TFarmer.Destroy;
begin
FDataGuard.Free;
FMessageGuard.Free;

CloseHandle (FWait) ;
CloseHandle (FMessageAdded) ;

FreeMem (FValues) ;
FMessages.Free;

inherited;
end;

procedure TFarmer.GenerateValues (
ASize:integer);
var 1i:integer;
index:PValue;
begin
index:=FValues;
for 1:=1 to ASize do
begin
index”:=1;
inc (index) ;
end;
end;
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function TFarmer.AskForValues (
out Values:PValue;
out ALimit:PValue) :boolean;
var tmp:integer;
begin
FDataGuard.Acquire;
try
//Are there some values left
//for the calling worker?
result:=integer (FCommitted) <=
integer (FLimit) ;
i1f result then
begin
Values:=FCommitted;
inc (FCommitted,
WorkSegmentation) ;
//FComitted points to next
//number to be assigned
//next time

ALimit:=FCommitted;

dec (ALimit) ;

if integer (ALimit) >
integer (FLimit) then
ALimit:=FLimit;
//ALimit points to the last
//number of assigned values

tmp:=integer (FLimit) -
integer (ALimit) ;
LogMessage (
Format (rsFarmerProgress,
[tmp]));
end;
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finally
FDataGuard.Release;
end;
end;

procedure TFarmer.ReportSum (ASum:TValue) ;
begin
FDataGuard.Acquire;
try
FSum:=FSum+ASum;
finally
FDataGuard.Release;
end;
end;

procedure TFarmer.WaitForWorkers;

procedure DumpMessages;
var 1i:integer;
begin
//Just write all messages
//we have buffered
FMessageGuard.Acquire;
try
for 1:=0 to FMessages.Count - 1 do
writeln (FMessages|[i]) ;
FMessages.Clear;

ResetEvent (FMessageAdded) ;
//one excessive reset only
finally
FMessageGuard.Release;
end;
end;
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const
hiwait = 0;
hiMsg = 1;

var Handles:array[0..l1l] of THandle;
res:integer;

begin
//We are the main thread, and as a such
//one, we will serialize the output of
//messages to the standard output

Handles[hiWait] :=FWait;
Handles[hiMsg] :=FMessageAdded;

repeat
res:=WailtForMultipleObjects (
Length (Handles), @Handles,
False, INFINITE)
//The code gets here as soon as all
//workers are done, or there 1is
//a new message to be displayed.
//Because of thread switching,
//several messages may get buffered
//prior getting here.
DumpMessages;

until res=WAIT OBJECT O+hiWait;
end;
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procedure TFarmer.AddWorkerRef;
begin

InterlockedIncrement (FWorkerCount) ;
end;

procedure TFarmer.ReleaseWorker;
begin

InterlockedDecrement (FWorkerCount) ;

if FWorkerCount<l then SetEvent (FWait) ;
end;

procedure TFarmer.LogMessage (
const AMessage:String) ;
begin
FMessageGuard.Acquire;
try
FMessages.Add (AMessage) ;
SetEvent (FMessageAdded) ;
finally
FMessageGuard.Release;
end;
end;

initialization

Randomize;
end.
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Enter the number of values
Fnter the number of workers

(default 4000) :
(default 4):

600

Enter the maximum level of a CPU-time wasting
(default 32):
Creating Farmer...
Generating values...
Employing workers...
2000 bytes to go...
1600 bytes to go...
1200 bytes to go...
800 bytes to go...

Farmer:
Farmer:
Farmer:
Farmer:

Worker

Farmer:

Worker

Farmer:

Worker
Worker
Worker
Worker

Total sum of generated
to continue...

Press

Verze 1.1

[Enter]

1F4 reported an

intermediate

400 bytes to go...

1F4 reported an

0 bytes to go..

1F4 reported an
200 reported an
CC4 reported an
210 reported an
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intermediate
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sSum
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values: 180300
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of
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