JENSEN DATA SYSTEMS, INC. pg 1
PHONE: 281-359-3311, EMAIL: INFO@JENSENDATASY STEMS.COM

OUTLINE
MASTERING MULTITHREADING AND OTHER ADVANCED PROGRAMMING TOPICS

CARY JENSEN, PH.D.

COPYRIGHT 1996-2004. CARY JENSEN. JENSEN DATA SYSTEMS, INC.
ALL RIGHTS RESERVED.

JENSEN DATA SYSTEMS, INC.

HTTP:.//WWW.JENSENDATASY STEMS.COM

PHONE: 281-359-3311

EMAIL: INFO@JENSENDATASY STEMS.COM

MASTERING MULTITHREADING AND OTHER ADVANCED PROGRAMMING TOPICS..

CREATING MULTITHREADED APPLICATIONS ...ttt

Advantages of MUtiple ThrEadsS...........cccvuiiiiii e e e e raree s
CREATING MULTITHREADED APPLICATIONS . ... iitettettttiaeeeeeeeeeetinaaeeeessesstnnanaeseseesestnneeesserssnmns
EXECUTING A THREAD. ... .ottt eeeetiie ettt e et ttee e e et eeeeat e e e e et e e e e st e e e et eesstaneees st eesesanesssanaeeestnaeeeennnees
TERMINATING A THREAD .. ittt ittt ettt e e et e e et e e ettt e e e et ee e st e e e e st e e eeaan e e stan e eestnsaeesnnnesesnnaaaennnns
CONTROLLING A THREAD ...iiitiieiiiie e et e e et e e et e e e et e e e e et e e e e aan e e e et e aeeaan e e eeanssee st aaeesnnseeesnnnaeenen

B 2100 Lo N o PSSP

Freaing @ TRFEA .......viii ettt e et e e e st bt e e s st e e e e s sabe e e e s sabeeeeaaes

Suspending and ReSUMING @ THIr @A .......coi i a e

The ONTerminate EVENt PrOPErtY ......cocciiiieie ettt e e s st e e e e s e s re e e e e e e e e sannrnnees
DEBUGGING THREADS ...ttt ieeetieeeet e e ee e e e e et s e e eaaa e e e et e e e e aaa e e eaaa s eeeaan e eeennaeenaanaeeesnnneeensnneeennnnaees
THE THREAD STATUS WINDOW .....uuiiiiiteieittteeeeeteee ettt e eeeeteeeeataaeeeestaeesataees st aesestnaeeeasaneessranaeersrnns
THREADS AND D AT A ittt e ettt e ettt e e e et e e e e et e eeeeta e e stan e eesta e eeananaesetnnaaaesnass

Private Thread FIelAS..........coooiiiiii s

THread-LOoCal VariablES.........uuuuviriiiierieieiiieeeireeeseseseseeesereseeeresessseeeeseeeseeereseraesrsrresrrerererrrererererrre

(o Torz LY T A= o] 1= PPN

THREAD SYNCHRONIZATION ...ttt nens

SYNCHRONIZATION OPTIONS ...

USING SYNCHRONIZE ...uiiitieeiitiieeeitee e et ttee e e ettt eeeeat e e e e et ee e e st eeeaaanaaestanaeestnsaaeesanasssnnaaeestnaarnnnnaes
Comments ADOUL SYNCIIONIZE. ...........uuiiii e e e e s e e e e e e s rrrreeeaeae s
SYNCHRONIZING WITH CRITICAL SECTIONS ...uuuteiietiietittieeeeeeerestinaaeeeeseesstnnaeeeseesestaesserern
USING @ CritiCal SECLION ......veiiiiiiiee ettt e et e e st e e e e s sabeee e e
COMMENTS ABOUT CRITICAL SECTIONS. ... iiittieeitteeeettaa e e ettt ee ettt e eesataeasettaesssnn e eestaaaasesanaasesnnaaaeeen
L SN LT AT 7N L = S
Using WaitFor When Closing an APPliCatiON ...........occviiiiiiee e e e e e
CommMENES ADOUL WAITFOT ......ovvieiiie et e e e e e e e e e ee bbb e e e e e e e eeaaaes
U SING TV ENT St ittt e ettt e et et e e et e e e eet e e e e et e e e e st eeeesan e e stan e e s stnsaeessanasesanaeestnnaaeennnnaes
ComMMENES ADOUL TEVENES......coiiiiiiiiiiieieeeeeeeeeeeeeeee ettt ettt
USING IMUTEXES ... ttttuiieiiiie e e ee e e e et e e e et e e e et e e e eaa e e e et e e e e et e e e eaa e e e etan e e e e ean e eeenanseeesnnneeessneeennnnaes
Preventing Two Instances of an APPliCALION...........ooiuiiiiiiiiii e
COoMMENES ADOUL IMULEXES. ......ouvueieieeee ettt e et e et e e e e e et e e e e e e e e eesaa b s eeeeesessbatasaeeeeesssranes
USING SEMAPHORES. ... ciittueeettteeettue e ettt eeeettn s eeeanaaes et aaeestaaeeennnaretanaeeestnsaeeennnsesernaeerstaeeeennnaees
A Smple SEMaphore EXAMPIE .....eeiii ettt e e e e e e e s s e e e e e
A Semaphore With MUHIPIE LOCKS.......cooiiiiie e
A CoNNECioN POOI EXAMPIE......uiiiiiiiiiiiieii ettt e e e e e s s abb e e e e e e e e e annnreeeeas
Comments ADOUL SEMAPNOTES..........uuiiiiii e e e e e e e e e s
USING T THREA D L I ST S, . ittt e etii e ettt e e et e e et e e e e e e e et e e e e et e e e eeaa e e e eaan e e e e et e eeeaaneeeesnnneeensneaennnnaes

Mastering Multithreading And Other Advanced Programming Topics
Copyright © 1996 — 2004 Cary Jensen.Jensen Data Systems, Inc. All Rights Reserved.
REPRODUCTION/POSTING PROHIBITED WITHOUT WRITTEN CONSENT OF THE AUTHOR



JENSEN DATA SYSTEMS, INC. pg 2
PHONE: 281-359-3311, EMAIL: INFO@JENSENDATASY STEMS.COM

Comments ADOUL TTRrEAALISES .....cceeii i
USING TMULTIREADEXCLUSIVEWRITESYNCHRONIZERS ..cvvtuuiiieeieeeiitiasseeeeeseesnnnnseeessessssnnaesesseenns
Comments About TMulti ReadEXclusiveWriteSynChronizers ...........ooccveeeiiieee e
WAITING FOR OTHER OBJECT S, .. ittiieiitiii ettt e ee et e e ettt e e e e eae e e s et e e e esta e eeasan e sssanaaaestanaaresansasesnneaeeran

MULTITHREADED ACCESSTO DATABASES. ...

THE DATASOURCE LIMITATION .t uitttittitttteetteestettteeetneestesstesssessneestasessesstessntersesstaressaessessrnieres
A MULTITHREADED DATABASE EXAMPLE ..cvuiitiiiiiieiiiee et ee e e e et e et e e st e s ea e s st e esa e e eaneesteesnneeanns
THE DIRSPA CE PROJIECT . ittt ittt ettt et e e e e e e et e e et e e et e st eeaa e eaneas b s esassanserneren

CREATING STRESSTESTERS ... ..o

A DATABASE SERVER STRESS TESTER.....uuiituiiittiiitiiiieitiieitaietiesstsesaetansstntssaetat ettt
AN HT TP STRESS TESTER...euuiittiittiiiteittietttettieestaessta et e st e st e st s esa e taa e et esaesateetateraneastreraersnns

OTHER THREAD ISSUES

AVOIDING DEADLOCKS
[ 3N S 000 N ] i 1 ] N L
THREAD STARVATION

CREATING AND USING DLLS .. .ottt

OVERVIEW OF DL L S ittt e et e et e e e e e e e e et e e e et e e e et e e e eatn e e eenaeeestneaennnnaees
BUILDING A DLL EXAMPLE ...iieitieiei e et e ettt e e et e e e e e e e et e e e et e e e e eaan e e e et e e e e et s e e eanan e e e eanneeeennnnes
More ADOUL the EXPOITS CLAUSE ........ueiieiiiiieeiieee ettt et e e e e
DL ParAmElerS. ... .ot e e et e e et e e et e e e e et e e et e e et e aeetaaaaeaaaae
USING DLLSIN APPLICATIONS ..etuuieitttieeettieesetueeesttnaesssnneesstunaaeetnnaeeannseesetnaeersnaaesanneerernaeersnnns
VY R oIS (o =Y B 1 I KPP PP
CREATING DLL IMPORT UNITS ooiiiiitiiieiiiti et e ettt e e et e e e et e e ettt e e e eaae e e e st e esesansesesanaeesstaaeeeesaneees
CREATING DLLS CONTAINING FORMS ... oottt e et e et e e e et e e e et e e e e st e e eenanaaes
DLLSAND EXCEPTIONS
DEBUGGING DL S . ittt e e et e e e e e et e e e et e e e e et e e e et e e e eatn s e e eannneeeeanneeeennnnes
Debugging DLLs Using the Run Parameters Dialog BOX........c..eeoiiiiiieiiiiiieiniiee e
Debugging DLLS USING & ProjeCt GrOUP ....cciieaiiiiiiiiieeie e ettt e e et e e e e
EXPLICITLY LOADING AND FREEING DLLS.. .ot e s
DeClaring Vari@blES .........ccoiuiiiiiiie e e e e e e
LOBAING thE DLL ...ttt e et e e st e e et e e aneee
Getting the Function or Procedure AQAreSS........ooieeeieiiii et
REIEASING thE DLL ...vviiiiieie it e e e e s e st e e e e e e s e s b e e e e e e s s s anbbeaeeeeeesannnneens
DLL INITIALIZATION AND EXIT ciitiiiiiiiii e e e et e et e e e e e e e e e e e e et e e e e et s e e e aaa e e e eanneeeeennaes
Defining INitialiZation COOE .........coiuiiiiiiiei et sbbe e
Defining an EXit ProCEOUIE .........ooiii ittt et e e e e e s eabb e e e e e e e s enrebeeee
TAPPLICATION AND DL S .. ittt e e e e e et e e e et e e e e ea e e e et e e e e et e e eannneaeeean

USING RUN TIME TYPE INFORMATION (RTTI)

GETTING RTTI FOR ENUMERATED TYPES....ciittuitiiittiieeieieeeesteeeeetaseseaaaeessataseseasnsesssnneeesstseeeesnnaeees
GETTING OBJIECT PROPERTY LISTINGS ..utiituiitiiiitieiieeie e et ettt ee st sssassatsstnsssansssbessassansstnseranessnnns
USING RTTT WITH PROPERTIES ...itutiittiittietieett ettt e et eesbes st sssa st st s saa s sanesstasssasssbasstasstanesstsesnsssnns

USING RESOURCE FILES

VIEWING RESOURGCES ....uuuiiiiiiiiiiiiie e ettt s e e et e e e s et e e e et e e e eeaa e e e et e e e eata e e eaaan e e esaneeeetanaaensnnseeeannnaareran
Resources and Delphi APPlICALIONS ........uuuiiiieiiiiieiiee e e e e e e e ennenees
CREATING RESOURGCE FILES. .. .ottt ettt et e ettt e e et e e e et e e e e et e e s saaeeesstaaeeeesaneees
LINKING RESOURCE FILES AT COMPILE TIME...cuuuiiiiiiiieeiiieee et e e e e e e e et e e e et e e e et e e e e et e e e st e e eesanans
Automatically Compiling RESOUICE FIlES.........ccciiiiiii e e
LOADING RESOURCES AT RUNTIME «.ettueiettieeeeteeeetie e e eea s e e s et e e eeaaseeeaaneesataneeeeasnseesnnnneesesnnaeeesnnses
USING SIFINQG RESOUICES .....ceeiiiiiieiiiiie ettt ettt e sttt ettt e e aa bt e e s sbb e e e s aabe e e e e aabe e e e e anbeeeeennbneeesaneee

Mastering Multithreading And Other Advanced Programming Topics
Copyright © 1996 — 2004 Cary Jensen.Jensen Data Systems, Inc. All Rights Reserved.
REPRODUCTION/POSTING PROHIBITED WITHOUT WRITTEN CONSENT OF THE AUTHOR



JENSEN DATA SYSTEMS, INC. pg 3
PHONE: 281-359-3311, EMAIL: INFO@JENSENDATASY STEMS.COM

USING RESOUI CESIIINGS. ..ttvveieeeiiiiiiiiieie e e e e e ettt e e e e e s e st tre e e e eee e s s stabaeeeeaeessaststaeeeaesaesssraneeeaeessannnes
USING BItMAPS 1N RESOUICES .......uuuviiiiieeeiiiiiiieee e e e s e s st e e ee e e s s sastaeeeeaessssssseteeeeeeeassnnsrnnneeeeessnanes
Creating a Bitmap ODJECT........ooo i
Loading a Bitmap from a ReSOUIrCE File .........uoiiiiiiiii e
USING CURSOR RESOURGCES......ciiiiiiiiesese s s
Declaring Cursor CONSLANES. ... ....uuuiiieeeiiiiiiieiree e e e it e e e e e s e s st rarereeessssnnsaeareeaeessaassennreeeeesannnnes
Loading Custom Cursors iNt0 SCrEEN.CUISOIS . .....uuiiureeeiiieeeeerireeeeasibeeeesstteeeessibeeeesanreeeessnneeeeanes
USING CUSEOM CUISOIS .tetiieeieiiititete e e e e e e aatteeee e e e e e s ttebeeeeaa e e e s abbbeeeeaaasaaaanbbeaaeeaeesaaasnbsneeaaaseaannnnes
STORING RESOURCES IN DL
Create @ RESOUICE DLL .....uiiiiiiie ittt ettt e e et e e s s e e e e e e e s nnr e neeeaee s
Loading ReSOUrCES frOM @ DLL ....c.ciuuiiiiiiiiee ittt st e e e e e
THE RESOURCE DLL WIZARD ......ettttttttttuttiteteueieaeueessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnes

Borland, the Borland Logo, and Delphi are trademarks or registered trademarks of Borland Software Corporation in the United States and

other countries. Other product and company names mentioned herein may be the trademarks of their respective owners

For more information about training, consulting, mentoring or development, please
contact Jensen Data Systems, Inc. by phone at 281-359-3311 or by email at
info@JensenDataSystems.com.

Mastering Multithreading And Other Advanced Programming Topics
Copyright © 1996 — 2004 Cary Jensen.Jensen Data Systems, Inc. All Rights Reserved.
REPRODUCTION/POSTING PROHIBITED WITHOUT WRITTEN CONSENT OF THE AUTHOR



