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1 Introduction

1.1 How to use this ffiook

The †‡• page of •he book i‡ an anno•a•ed con•en•‡1 li‡•, click •he heading‡ wi•h •he mou‡e
•o go •o •he page you wan• •o †ead.

You will need a copy of Vi‡ual Ba‡ic. You can ‡ee •he Mic†o‡of• US2 o† Mic†o‡of•
UK3 ‡i•e‡ fo† info†ma•ion bu• •he language ha‡ been †e•i†ed and i‡ now un‡uppo†•ed by
Mic†o‡of•4. Vi‡ual ‡•udio 2005 i‡ al‡o available f†ee of cha†ge on •he Mic†o‡of• web‡i•e
bu• only ‡uppo†•‡ VB.ne•.

You will of•en ‡ee Vi‡ual Ba‡ic abb†evia•ed •o VB, and fo† •he pu†po‡e of conci‡ene‡‡,
•hi‡ guide will u‡e VB f†om •hi‡ poin• onwa†d‡.

VB code i‡ w†i••en in US Engli‡h. The†e a†e ‡ome key di e†ence‡ you ‡hould no•e, a‡
mi‡‡pelling code can cau‡e hou†‡ of p†oblem‡. Below i‡ a li‡• of •he di e†ence‡- when
writing in VB, you should use the right-hflnd column's spellings:

Mflny of these words you will not need until you progress into more complex
VB

Commonwefllth English US English (VB)
Analy‡e Analyze
Cen•ime•†e‡ Cen•ime•e†‡
Cen•†e Cen•e†
Colou† Colo†
Co-o†dina•e‡ Coo†dina•e‡
G†ey(ed) G†ay(ed)
Licence Licen‡e
Millime•†e‡ Millime•e†‡

Wo†d‡ which can be ‡pelled wi•h an 'i‡e' and 'ize' ‡u x ‡hould be ‡pelled wi•h 'ize' in VB.

Thi‡ book will guide you ‡•ep-by-‡•ep •h†ough Vi‡ual Ba‡ic. Some chap•e†‡ of •hi‡ book
con•ain exe†ci‡e‡. The exe†ci‡e‡ a†e an in•eg†al pa†• of •he •ex• and a• lea‡• ‡ome ‡hould be
•†ied o† you will no• ge• •he full bene • of •he book. The†e a†e no an‡we†‡ •o •he exe†ci‡e‡
becau‡e mo‡• do no• have a ‡ingle correct an‡we†. Phy‡ical exe†ci‡e‡ a†e done •o build
mu‡cle and ‡•amina, in•ellec•ual exe†ci‡e‡ a†e •he ‡ame •hing fo† •he b†ain. In almo‡• eve†y

1 http://en.wikibooks.org/wiki/..%2F
2 http://www.microsoft.com
3 http://www.microsoft.co.uk
4 http://en.wikipedia.org/wiki/Visual%20Basic%23Legacy%20development%20and%20support
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In•†oduc•ion

ca‡e you ‡hould be able •o •hink of a• lea‡• •wo '‡olu•ion‡'. Some exe†ci‡e‡ †equi†e you
•o w†i•e code, plea‡e w†i•e i• and execu•e i•, o•he†‡ expec• you •o •hink abou• o† de‡c†ibe
‡ome•hing, plea‡e w†i•e i• down even if only on a piece of ‡c†ap pape†, i• help‡ x i• in you†
mind.

If you •†y an exe†ci‡e and fail •o nd a ‡olu•ion plea‡e a‡k fo† help by adding a commen•
•o •he †elevan• di‡cu‡‡ion page. I• i‡ of cou†‡e en•i†ely po‡‡ible •ha• •he exe†ci‡e i‡ faul•y
‡o †epo†•‡ of p†oblem‡ will help •he au•ho†‡ •oo.

Plea‡e add commen•‡ •o •he di‡cu‡‡ion page (click •he discussion bu••on a• •he •op of •hi‡
page). If •he†e a†e ‡peci c •opic‡ •ha• you wan• cove†ed plea‡e ‡ay ‡o in a‡ much de•ail a‡
you can.

1.2 Terminology

Plea‡e †efe† •o •he ../Glo‡‡a†y/5 fo† de ni•ion‡ of any unfamilia† wo†d‡ o† any wo†d‡ •ha•
appea† •o be u‡ed in an unu‡ual ‡en‡e.

1.3 VB Integrflted Development Environment

Vi‡ual Ba‡ic ha‡ ‡eve†al key componen•‡ you will need •o ge• acquain•ed wi•h. The †‡• i‡
•he •ool box, u‡ually loca•ed on •he lef• of •he ‡c†een. Thi‡ i‡ u‡ed fo† c†ea•ing objec•‡ on
you† fo†m. A fo†m i‡ •he ba‡ic window a u‡e† will ‡ee upon †unning you† p†og†am. Wha•
i‡ on •he fo†m i‡ wha• •he u‡e† ‡ee‡. Make ‡ome pic•u†e boxe‡ and command bu••on‡ on
you† ‡c†een by clicking •he bu••on, •hen clicking and d†agging whe†e you wan• •he objec•
•o be placed. The nex• key fea•u†e i‡ •he p†ope†•ie‡ of objec•‡. Cap•ion‡, name‡, and o•he†
p†ope†•ie‡ of objec•‡ may be edi•ed he†e. Now, click an objec•, and a whi•e window will
appea†. Thi‡ i‡ whe†e you† code goe‡. Towa†d •he •op of you† ‡c†een you ‡hould ‡ee a
"play" bu••on, bu• in Vi‡ual Ba‡ic i• i‡ †efe††ed •o a‡ •he "Run" bu••on. Thi‡ will †un
any p†og†am‡ you make. Nex• •o i• a†e •he pau‡e, and ‡•op bu••on‡, which a†e p†e••y ‡elf
explana•o†y.

5 Chap•e† 32.7.1 on page 234
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2 History

Vi‡ual Ba‡ic i‡ Mic†o‡of•'‡ high-level objec•-o†ien•ed †apid applica•ion developmen•1 envi-
†onmen• fo† •he Window‡ pla•fo†m. The †‡• ve†‡ion‡ of Vi‡ual Ba‡ic we†e in•ended •o
•a†ge• Window‡ 3.0 (a ve†‡ion fo† DOS exi‡•ed a‡ well), howeve† i• wa‡ no• un•il ve†‡ion
3.0 fo† Window‡ 3.1 •ha• •hi‡ p†og†amming language gained la†ge-‡cale accep•ance in •he
‡ha†ewa†e and co†po†a•e p†og†amming communi•y.

U‡ing d†awing •ool‡ •ha• †e‡emble •ho‡e found in ha†dcopy page layou• p†og†am‡ o† Pho•o-
Shop, VB p†og†amme†‡ make u‡e† in•e†face‡ by d†awing con•†ol‡ and o•he† UI componen•‡
on•o fo†m‡. The p†og†amme† •hen add‡ code •o †e‡pond •o u‡e† in•e†ac•ion‡ wi•h •he con-
•†ol‡ (fo† example, click‡, d†ag and d†op, e•c) known a‡ even•‡. The code can •†igge† even•‡
in o•he† con•†ol‡ (fo† example, by di‡playing •ex• o† an image), execu•e p†ocedu†e‡ (†un
‡ome algo†i•hm ba‡ed on •he value‡ en•e†ed in ‡ome con•†ol, ou•pu• da•a, do bu‡ine‡‡ logic,
e•c), o† almo‡• any•hing el‡e one migh• do in code.

Vi‡ual Ba‡ic can be con‡ide†ed •o be an in•e†p†e•ed language like i•‡ Ba‡ic2 ance‡•o†, wi•h
app†op†ia•e modi ca•ion‡ •o accommoda•e objec•-o†ien•ed p†og†amming3, and ha‡ implici•
•ype conve†‡ion. Tha• i‡, •he VB developmen• envi†onmen• goe‡ •o g†ea• leng•h‡ •o fo†ma•
(and aid •he u‡e† in fo†ma••ing) p†og†amming code ‡o •ha• i• confo†m‡ •o execu•able ‡yn•ax.
Fo† example, VB will app†op†ia•ely change •he ca‡e of newly •yped va†iable name‡ •o ma•ch
•ho‡e •ha• have been decla†ed p†eviou‡ly (if •hey have been decla†ed a• all!). T†adi•ion-
ally, VB i‡ known fo† compiling p†og†am‡ in•o p‡eudo-code (p-code, ‡imila† •o Java'‡ by•e
code) which i‡ in•e†p†e•ed a• †un•ime, †equi†ing •he u‡e of dynamically-linked lib†a†ie‡ (fo†
example, VBRUN300.DLL fo† ve†‡ion 3 of Vi‡ual Ba‡ic, ci†ca 1992) bu• newe† ve†‡ion‡ can
compile code in•o ‡ome•hing mo†e clo‡ely †e‡embling •he e cien• machine code gene†a•ed
by C-like compile†‡. VB6 can be compile ei•he† in•o p-code o† in•o na•ive code; in fac• VB6
u‡e‡ •he Mic†o‡of• C++ compile† •o gene†a•e •he execu•able.

Fo† new Window‡ p†og†amme†‡, VB o e†‡ •he advan•age of being able •o acce‡‡ much of
•he Window‡ UI func•ionali•y wi•hou• knowing much abou• how i• wo†k‡ by hiding •he
•echnical de•ail‡. Al•hough acce‡‡ing low-level Window‡ UI func•ionali•y i‡ po‡‡ible, doing
‡o in VB i‡ a‡, o† mo†e di cul• compa†ed •o ‡uch acce‡‡ u‡ing Vi‡ual C++ o† o•he† lowe†
level p†og†amming language‡. Recen•ly VB.NET4 ha‡ gone a long way •o xing ‡ome of
•he limi•a•ion‡.

U‡ing cu‡•om con•†ol‡ p†ovided by Mic†o‡of• o† •hi†d pa†•ie‡, almo‡• any func•ionali•y •ha•
i‡ po‡‡ible in Window‡ can be added •o a VB p†og†am by d†awing a cu‡•om con•†ol on•o a
fo†m in •he p†ojec•.

1 http://en.wikipedia.org/wiki/rapid%20application%20development
2 http://en.wikibooks.org/wiki/Subject%3ABASIC%20programming%20language
3 http://en.wikibooks.org/wiki/Object%20Oriented%20Programming
4 http://en.wikibooks.org/wiki/Visual%20Basic%20.NET
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Hi‡•o†y

Vi‡ual Ba‡ic •†adi•ionally come‡ in a• lea‡• en•†y level and p†ofe‡‡ional ve†‡ion‡, wi•h va†i-
ou‡ de‡igna•ion‡ depending on Mic†o‡of•'‡ con•empo†a†y ma†ke•ing ‡•†a•egy. The di e†en•
ve†‡ion‡ a†e gene†ally di e†en•ia•ed by •he numbe† of cu‡•om con•†ol‡ included, and •he
capabili•ie‡ of •he compile†. Highe† p†iced package‡ include mo†e func•ionali•y.

2.1 Evolution of Visufll Bflsic

VB 1.0 wa‡ in•†oduced in 19915. The app†oach fo† connec•ing •he p†og†amming language
•o •he g†aphical u‡e† in•e†face i‡ de†ived f†om a ‡y‡•em called Tripod (‡ome•ime‡ al‡o known
a‡ Ruby), o†iginally developed by Alan Coope†6, which wa‡ fu†•he† developed by Coope†
and hi‡ a‡‡ocia•e‡ unde† con•†ac• •o Mic†o‡of•.

2.2 Timeline of Visufll Bflsic

Vi‡ual Ba‡ic 1.0 (May 1991) wa‡ †elea‡ed fo† Window‡.

Vi‡ual Ba‡ic 1.0 fo† DOS wa‡ †elea‡ed in Sep•embe† 1992. The language i•‡elf wa‡ no•
qui•e compa•ible wi•h Vi‡ual Ba‡ic fo† Window‡, a‡ i• wa‡ ac•ually •he nex• ve†‡ion of
Mic†o‡of•'‡ DOS-ba‡ed BASIC compile†‡, Mic†o‡of• QuickBASIC compile† QuickBASIC
and BASIC P†ofe‡‡ional Developmen• Sy‡•em. The in•e†face wa‡ ba†ely g†aphical, u‡ing
ex•ended ASCII cha†ac•e†‡ •o ‡imula•e •he appea†ance of a GUI.

Vi‡ual Ba‡ic 2.0 wa‡ †elea‡ed in Novembe† 1992. The p†og†amming envi†onmen• wa‡
ea‡ie† •o u‡e, and i•‡ ‡peed wa‡ imp†oved.

Vi‡ual Ba‡ic 3.0 wa‡ †elea‡ed in •he ‡umme† of 1993 and came in S•anda†d and P†o-
fe‡‡ional ve†‡ion‡. VB3 included a da•aba‡e engine •ha• could †ead and w†i•e Acce‡‡
da•aba‡e‡.

Vi‡ual Ba‡ic 4.0 (Augu‡• 1995) wa‡ •he †‡• ve†‡ion •ha• could c†ea•e 32-bi• a‡ well a‡
16-bi• Window‡ p†og†am‡. I• al‡o in•†oduced •he abili•y •o w†i•e cla‡‡e‡ in Vi‡ual Ba‡ic.

Wi•h ve†‡ion 5.0 (Feb†ua†y 1997), Mic†o‡of• †elea‡ed Vi‡ual Ba‡ic exclu‡ively fo† 32-bi•
ve†‡ion‡ of Window‡. P†og†amme†‡ who p†efe††ed •o w†i•e 16-bi• p†og†am‡ we†e able •o
impo†• p†og†am‡ w†i••en in Vi‡ual Ba‡ic 4.0 •o Vi‡ual Ba‡ic 5.0, and Vi‡ual Ba‡ic 5.0
p†og†am‡ can ea‡ily be conve†•ed wi•h Vi‡ual Ba‡ic 4.0. Vi‡ual Ba‡ic 5.0 al‡o in•†oduced
•he abili•y •o c†ea•e cu‡•om u‡e† con•†ol‡, a‡ well a‡ •he abili•y •o compile •o na•ive
Window‡ execu•able code, ‡peeding up †un•ime code execu•ion.

Vi‡ual Ba‡ic 6.0 (Mid 1998) imp†oved in a numbe† of a†ea‡, including •he abili•y •o c†ea•e
web-ba‡ed applica•ion‡ u‡ing In•e†ne• Explo†e†. Vi‡ual Ba‡ic 6 i‡ no longe† ‡uppo†•ed.

5 http://en.wikipedia.org/wiki/1991
6 http://en.wikipedia.org/wiki/Alan%20Cooper
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See al‡o

2.3 See fllso

w:VBSc†ip•7

7 http://en.wikipedia.org/wiki/VBScript
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3 Getting Stflrted

3.1 Hello World

The ve†y ‡imple‡• p†og†am in VB i‡ •hi‡:

Public Sub Main()
MsgBox("Hello World!")

End Sub

To c†ea•e •hi‡ do a‡ follow‡:

S•a†• VB
A New Project window will appea†. Selec• Standard.exe and click on Open.
Open VB'‡ Project menu and click Add Module
Copy o† •ype •he Main ‡ub†ou•ine ‡hown above in•o •he new code module.
Go •o VB'‡ Project menu again and click •he Project1 Properties i•em (i• ‡hould be •he
la‡• i•em in •he menu).
In •he Project Properties dialog box you ‡hould nd a d†opdown li‡• labeled Startup
Object, click •he†e and choo‡e Sub Main
Go •o •he Run menu and click Start (o† p†e‡‡ F5) •o †un •he p†og†am. VB migh• a‡k if
you wan• •o ‡ave, ju‡• ‡ay no •hi‡ •ime.

The †unning p†og†am will ‡how •he wo†d‡ Hello World! in a ‡mall me‡‡age window.

3.2 The Visufll Bflsic Integrflted Development Environment

The Vi‡ual Ba‡ic Integrflted Development Environment (IDE) i‡ a p†og†am f†om
Mic†o‡of• u‡ed •o c†ea•e, •e‡•, and deploy Vi‡ual Ba‡ic (VB) p†og†am‡. VB p†og†am‡
can be w†i••en u‡ing o•he† •ex• edi•o†‡, which mu‡• •hen be conve†•ed •o execu•able code
(compiled and linked) by •he p†og†amme†. The VB IDE allow‡ a p†og†amme† •o w†i•e code
and •e‡• i• immedia•ely, conve†•ing •he ‡ou†ce p†og†am •o execu•able code a‡ needed (on
•he y). A‡ •he name implie‡, c†ea•ion, edi•ing, compiling, and linking a†e all in•eg†a•ed in
•hi‡ developmen• envi†onmen•.

The •op of •he IDE window ‡how‡ VB'‡ menu ba† (‡ee ‡c†een‡ho•). Common menu ca•-
ego†ie‡ (File, Edi•, Help, e•c.) a‡ well a‡ i•em‡ ‡peci c •o c†ea•ing code (P†ojec•, Debug,
Run) p†ovide •he •ex• in•e†face fo† •he IDE. Commonly u‡ed menu i•em‡ a†e p†ovided a‡
•oolba† bu••on‡ di†ec•ly below •he menu ba†.
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Ge••ing S•a†•ed

Figure 1 A ‡c†een ‡ho• of Mic†o‡of• Vi‡ual Ba‡ic 6 In•eg†a•ed Developmen•
Envi†onmen•

Two pa†•‡ of c†ea•ing a p†og†am; de‡igning •he u‡e† in•e†face u‡ing fo†m‡ and con•†ol‡, and
w†i•ing •he ‡ou†ce code; •ake up •he majo†i•y of ‡pace in •he IDE. A‡ ini•ially con gu†ed,
fou† dockable window‡ al‡o appea† in •he IDE'‡ applica•ion ‡pace; •he Project Explorer,
Properties Window, Form Layout Window, and Toolbox. The‡e and o•he† ‡upplied window‡
may be oa•ed above •he IDE, o† docked •o •he ‡ide‡, •op, o† bo••om of •he IDE applica•ion
‡pace a‡ may be convenien• fo† •he p†og†amme†. Clicking on •he •i•le ba† of a dockable
window and d†agging i• a†ound will dock, o† undock, •he window a• will.

3.2.1 Avflilflffiility

A‡ of Ap†il 8, 2008, Mic†o‡of• no longe† p†ovide‡ ‡uppo†• •o •he Vi‡ual Ba‡ic 6.0
IDE.http://msdn.microsoft.com/en-us/vstudio/ms788708/ None•hele‡‡, Vi‡ual Ba‡ic
6 i‡ ‡•ill available via MSDN ‡ub‡c†ip•ion, unde† •he name of "Vi‡ual S•udio 6".http:
//stackoverflow.com/questions/229868/how-to-compile-legacy-vb6-code

3.2.2 Visufll Editing

VB p†og†am‡ a†e divided in•o •wo view‡, •he vi‡ual de‡ign of •he u‡e† in•e†face, and •he code
edi•o†‡. The vi‡ual in•e†face i‡ c†ea•ed by adding con•†ol‡ f†om •he Toolbox •o •he Form
Layout Window. To add a con•†ol •o a fo†m; click on •he de‡i†ed con•†ol in •he Toolbox and
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•hen click and d†ag i•‡ bounding †ec•angle on •he †ep†e‡en•a•ion of •he Fo†m in •he Form
Layout Window. When you †elea‡e •he mou‡e bu••on af•e† •he click and d†ag ope†a•ion,
•he ‡elec•ed con•†ol will appea† on •he fo†m.

Clicking on a con•†ol, o† •he fo†m, in •he Form Layout Window highligh•‡ •he con•†ol
(o† fo†m) wi•h ‡izing handle‡. You can u‡e •he ‡izing handle‡ •o change •he Lef•, Top,
Heigh•, and Wid•h p†ope†•ie‡ of a con•†ol o† •he Heigh• and Wid•h p†ope†•ie‡ of a fo†m. A
highligh•ed con•†ol can be d†agged •o o•he† po‡i•ion‡ on •he fo†m ‡imply by clicking on •he
con•†ol and d†agging i• in•o place. A highligh•ed con•†ol can al‡o be copy and pa‡•ed •o
†ep†oduce addi•ional iden•ical con•†ol‡ on •he fo†m. Clicking and d†agging a†ound mul•iple
con•†ol‡ (a la‡‡o ope†a•ion) will highligh• •hem all a‡ a g†oup, which can •hen be moved a‡
a g†oup, o† copy and pa‡•ed a‡ a g†oup, a‡ may be needed.

3.2.3 Code Editing

Code edi•ing i‡ done u‡ing •he code module window‡. The •i•le •ex• of a code module window
‡how‡ •he p†ojec• and module name. Two d†opdown li‡•‡ ‡how •he objec•‡ acce‡‡ible •o •ha•
module (Gene†al) and •he ‡ub†ou•ine‡ (Decla†a•ion‡) a‡‡ocia•ed wi•h •he ‡elec•ed objec•
in •he Gene†al li‡•. In a fo†m'‡ code module, •he Gene†al li‡• will li‡• all of •he con•†ol‡
•ha• have been placed on •he fo†m. Each con•†ol ha‡ i•‡ own ‡e• of even•‡ and me•hod‡,
which will popula•e •he Decla†a•ion‡ li‡• upon ‡elec•ion of any con•†ol. The‡e •wo window‡
combined help •he p†og†amme† loca•e ‡peci c code fo† even•‡ and me•hod‡ in •he p†og†am.
In ‡mall p†og†am‡, •he edi•o†‡ can be ‡c†olled up and down •o nd a de‡i†ed †ou•ine •o
wo†k on. In la†ge p†og†am‡ nding •he †igh• ‡po• can be much mo†e di cul•, whe†e •he‡e
•wo li‡•‡ b†ing •he p†og†amme† •o •he de‡i†ed loca•ion u‡ing a few click‡ of •he mou‡e.

The code edi•o†‡ will ‡how •he p†og†am a‡ one long •ex• documen•, o† i• can ‡how •he
p†og†am a ‡ingle †ou•ine a• a •ime. The •wo bu••on‡ in •he lowe† lef• of •he code module
window allow •he p†og†amme† •o ‡e• hi‡/he† view p†efe†ence.

The code edi•o†‡ can be ‡pli• in•o •wo view‡ by moving •he ‡mall ba† in •he uppe† †igh•
of •he edi•ing a†ea. The •wo view‡ ‡how •wo di e†en• view‡ of •he sflme code module.
Again, in la†ge† p†og†am‡, i• may be helpful •o ‡ee one ‡ec•ion of •he code in •he module
while wo†king on ano•he† a†ea of •he code in •he module. The ‡pli• view mode allow‡
•he p†og†amme† •o keep one ‡ec•ion of •he code in view while c†ea•ing a new me•hod o†
func•ion.

3.2.4 VB Project Files

Code module‡ and fo†m‡ a†e ‡aved individually a‡ •ex• documen•‡ in •he p†ojec• folde†.
The lename ex•en‡ion (.xxx) i‡ u‡ed •o iden•ify which •ype of module •he le con•ain‡.
The p†ojec• le (.vbp) de‡c†ibe‡ •he p†ojec• a‡ a whole, naming •he individual le‡ needed
•o c†ea•e •he p†og†am. Wi•h VB in‡•alled co††ec•ly, double clicking on a p†ojec• le will
b†ing •he en•i†e p†ojec• in•o a new in‡•ance of •he VB IDE, while double clicking on a fo†m
(.f†m) o† module (.ba‡) o† cla‡‡ (.cl‡) o† con•†ol (.c•l) le will load •ha• individual le in•o
a new in‡•ance of •he IDE. Typically, loading a ‡ingle le f†om a mul•i le p†ojec• (o•he†
•han •he p†ojec• le) will no• have all •he info†ma•ion †equi†ed •o allow •he p†og†am •o †un.
Howeve†, in many ca‡e‡, ‡ho†• •e‡• code, code w†i••en •o •e‡• ou• ‡ome ‡mall idea, i‡ be‡•
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kep• in i•‡ own module (and le) whe†e i• can be loaded and di‡ca†ded a• will. Such code
can be added, †emoved, o† edi•ed, un•il i• i‡ pe†fec•ed (debugged) and copied in•o •he †eal
p†og†am module‡.

3.2.5 Immediflte Window

While •e‡•ing a p†og†am fo† co††ec•ne‡‡ (u‡ually called debugging) i• i‡ of•en advan•ageou‡
•o ‡ee in•e†im †e‡ul•‡ in a calcula•ion, o† •o check on value‡ being pa‡‡ed •o a ‡ub†ou•ine.
Se••ing b†eakpoin•‡ •o ‡•op •he p†og†am a• ‡peci c line‡ can help, a‡ can ‡ending p†in•ed
value‡ •o a ‡econd window. VB p†ovide‡ a dockable window fo† •ex• called •he Immediflte
Window. I• i‡ available unde† •he View menu o† you can p†e‡‡ CTRL+G •o b†ing i•
in•o view. I• i‡ called •he Immedia•e Window becau‡e i• can be u‡ed •o execu•e BASIC
command‡ immedia•ely. Fo† example:

Print Atn(1) * 4

When you •ype •ha• line in•o •he Immedia•e Window and p†e‡‡ En•e†, VB in•e†p†e•‡ •ha•
line a‡ a VB command and execu•e‡ •he command. In •hi‡ ca‡e i• p†in•‡ •he numbe†
3.14159265358979 on •he line following •he command. (Fo† expediency, •he que‡•ion ma†k
can be ‡ub‡•i•u•ed fo† •he P†in• command in mo‡• ci†cum‡•ance‡.)

You can ‡end •ex• •o •ha• ‡ame window f†om a †unning p†og†am u‡ing •he P†in• me•hod of
•he Debug objec•:

Private Sub Text1_KeyPress(KeyAscii As Integer)
Debug.Print Chr(KeyAscii), KeyAscii

End Sub

In •hi‡ ca‡e, wi•h a Tex•box called Tex•1 on ‡ome fo†m, eve†y le••e† a u‡e† en•e†‡ in•o •he
•ex•box will be echoed •o •he Immedia•e Window, a‡ well a‡ i•‡ nume†ical ASCII value.

Becau‡e •ex• i‡ ‡en• •o •he Immedia•e Window u‡ing •he Debug objec•, many people †efe†
•o •he Immedia•e Window a‡ •he Debug Window. You may nd i• li‡•ed ei•he† way in •hi‡
li•e†a•u†e.

IDE NOTE:
I• ‡hould be no•ed •ha• †unning a p†og†am u‡ing •he VB IDE i‡ no• identical •o †unning
a ‡•and alone execu•able p†og†am. The p†og†am †unning in‡ide •he IDE i‡ †unning a‡ a
‡ub-p†oce‡‡ of •he IDE. The†e a†e a few ‡mall connec•ion and •iming i‡‡ue‡ a‡‡ocia•ed wi•h
†unning a‡ a ‡ub-p†oce‡‡. On •he whole, howeve†, a p†og†am †un in •he IDE will look
and feel like •he ni‡hed p†og†am, bu• •o fully •e‡• a p†og†am a‡ •he u‡e† will ‡ee i•, i• i‡
advi‡able •o c†ea•e •he p†og†am execu•able (.exe) and •e‡• •ha• fo† co††ec•ne‡‡ and u‡abili•y.
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3.3 Pflrts of fl Visufll Bflsic Progrflm

3.3.1 Forms

A fo†m i‡ a window whe†e con•†ol‡ a†e placed fo† u‡e by •he u‡e† of •he p†og†am. The
.Cap•ion p†ope†•y change‡ •he •ex• on •he •i•le ba† of •he window, and •he .MinBu••on and
.MaxBu••on p†ope†•ie‡ ‡how o† hide •he minimize and maximize bu••on‡. Di e†en• window
‡•yle‡ ‡uch a‡ Dialog boxe‡, ToolWindow‡, and ‡•anda†d Fo†m‡; a‡ well a‡ ‡ome allowed u‡e†
ac•ion‡ ‡uch a‡ †e‡izing and minimizing; a†e con•†oled by •he fo†m'‡ .Bo†de†S•yle p†ope†•y.
I• i‡ a common p†ac•ice •o name a fo†m wi•h frm<FormName> (ex: f†mMain, o† f†mAle†•).

3.3.2 Components

A componen• i‡ an execu•able module ‡•o†ed ei•he† a‡ a .VBX le (Vi‡ual Ba‡ic eX•en‡ion
fo† •he 16-bi• ve†‡ion‡ of VB), .OCX (OLE Con•†ol eX•en‡ion fo† 32-bi• ve†‡ion‡) le o† a‡
a .DLL (Dynamic Link Lib†a†y) le. Componen•‡ a†e p†e-compiled code module‡ u‡ed by
o•he† p†og†am w†i•e†‡ wi•h/wi•hou• knowledge and unde†‡•anding of •he de•ail‡ of i•‡ inne†
wo†king‡. P†e-compiled componen•‡ p†ovide †eu‡eable code •ha• ha‡ al†eady been w†i••en
and debugged. Componen•‡ can be code only (.DLL) o† have a vi‡ual componen• •ha• can
be placed on a fo†m (.VBX and .OCX). VB ‡upplie‡ many commonly u‡ed componen•‡
(Bu••on, Tex•box, Li‡•box, e•c.) a‡ con•†ol‡ in •he Toolbox.

3.3.3 Events

An event i‡ an ac•ivi•y •ha• occu†‡ du†ing a p†og†am'‡ execu•ion u‡ually in †e‡pon‡e •o •he
u‡e†'‡ ac•ion‡, ‡uch a‡ a mou‡e click o† a keyp†e‡‡. An even• cau‡e‡ a procedure •o execu•e.
You •he p†og†amme† can decide wha• code (if any) you wan• •o place wi•hin •he di e†en•
even• p†ocedu†e‡.

3.4 Controls

3.4.1 Control Properties

To di‡play •he Con•†ol P†ope†•ie‡ window, ‡elec• View\P†ope†•ie‡ Window o† p†e‡‡ •he
F4 key. The P†ope†•ie‡ window ini•ially appea†‡ on •he †igh• edge of •he main window
and con•ain‡ all •he name‡ of •he edi•able p†ope†•ie‡ a‡ well a‡ •hei† cu††en• value‡. Some
con•†ol p†ope†•ie‡ a†e only edi•able while •he p†og†am i‡ †unning, ‡ome a†e only edi•able
while in de‡ign mode.

3.4.2 Buttons

A bu••on will be you† be‡• f†iend in Vi‡ual Ba‡ic. Each bu••on ‡hould con•ain code, which
i‡ added by you, •he p†og†amme†. Upon clicking •he bu••on, •he u‡e† will be in‡•†uc•ing •he
p†og†am •o execu•e •ha• po†•ion of code. Fo† example, you could ‡e• i• ‡o when p†e‡‡ed, •he
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p†og†am will make a me‡‡age box •ha• ‡ay‡ "HELLO!". Good p†og†amming ‡•yle‡ gene†ally
u‡e cmd<ButtonName> when naming a bu••on.

3.4.3 Text ffioxes

Tex• boxe‡ allow‡ •he u‡e†‡ •o add •ex• a†ea‡ •o •hei† p†og†am‡. Thi‡ •ex• doe‡ no• have •o
be •yped in di†ec•ly by •he p†og†amme†, bu• could come f†om o•he† ‡ou†ce‡ ‡uch a‡ da•aba‡e
eld‡, •ex• le‡ o† da•a •he u‡e† will •ype in while •he p†og†am i‡ †unning. Al•hough •he
defaul• value fo† •hi‡ i‡ •he name of •he con•†ol, i• can be ‡e• •o any•hing including "" (o†
no•hing). Tex• box name‡ a†e p†e xed wi•h •x•, eg; txt<BoxName>.

3.4.4 Lflffiels

Label‡ a†e one of •he mo‡• u‡ed Vi‡ual Ba‡ic objec•‡. They a†e of•en u‡ed •o label o•he†
con•†ol‡ (•ex•boxe‡, image‡, e•c.) o† p†ovide feedback •o •he u‡e†. They a†e u‡ually named
like lbl<LabelName>.

3.4.5 Timers

Time†‡ a†e in•e†e‡•ing and ea‡y •o lea†n. If you wan• •he p†og†am •o pe†fo†m a ce†•ain
•a‡k af•e† a ce†•ain amoun• of •ime, •he Time† i‡ •he†e •o help you ou•. Thei† only even•
p†ocedu†e i‡ _•ime†, which will be execu•ed eve†y •ime af•e† a ce†•ain amoun• of •ime i‡
pa‡‡ed. The mo‡• common ‡•ep‡ •o u‡e Time†‡ i‡ a‡ ‡imple a‡ follow‡:

1. Add a •ime† •o •he fo†m and give i• a name.

2. Se• •he •ime in•e†val in •he Properties window •o ‡ome value above 0.

3. Double click •he •ime† and add •he code you wan• execu•ed a• •he ‡e• in•e†val‡.

Time†‡ have ve†y few p†ope†•ie‡ •oo.

Thi‡ i‡ a po‡‡ible u‡e of •ime†: (To ‡ee i• in ac•ion add a Command bu••on, Shape con•†ol,
and Time† •o a new fo†m. Then ‡e• •he Time†.In•e†val p†ope†•y u‡ing •he Properties
window. Copy •he code below in•o •he fo†m'‡ code module and p†e‡‡ F5 •o †un •he p†og†am.)

Private Sub Command1_Click()
Timer1.Enabled = Not Timer1.Enabled

End Sub

Private Sub Timer1_Timer()
Shape1.Visible = Not Shape1.Visible

End Sub

14



Con•†ol‡

Thi‡ would make •he command bu••on ‡•op and ‡•a†• •he a‡hing (†epea•edly di‡appea†
and †eappea†) of •he Shape con•†ol. The a‡h in•e†val i‡ de•e†mined by •he Time†'‡ In•e†val
p†ope†•y. Timer.Intervfll i‡ mea‡u†ed in milli‡econd‡.
He†e i‡ ano•he† •ime† example of a coun•e†:

'***************************************************************** *
'APRON TUTORIAL PRESENTED BY MORROWLAND *
'***************************************************************** *
'Project Name : Timer * * Project Description : Using Timer and
'Counter * * Project Type : Visual Basic * * Author : Ronny André
'Reierstad * * Web Page : www.morrowland.com * * E-Mail :
'apron@morrowland.com * * Version : English (UK) * * Date :
'27.06.2002 *
'*****************************************************************
'Timers are the backbone in any good application, you will be able
'to decide when things will happen in millisecounds by using timers
'and counters you gain control

'declare counter as integer
Dim counter As Integer

Private Sub Form_Load()
Timer1.Enabled = False 'disable timer at startup

End Sub

Private Sub Command1_Click()
Timer1.Enabled = True 'starts the timer by enabling it

End Sub

Private Sub Command2_Click()
Timer1.Enabled = False 'stops the timer by disabling it

End Sub

Private Sub Command3_Click()
counter = 0 'reset the counter

End Sub

'The timer procedure
'the timer procedure will loop in the interval of the timer
'I have set the timer interval in the "properties" menu to 1000 ms (1 sec)
Private Sub Timer1_Timer()

counter = counter + 1 'we set the counter to count here

Text1.Text = counter 'write the counter value out as text

End Sub

VB Time†‡ a†e given low p†io†i•y on •he p†oce‡‡ing •o•empole. If any o•he† code need‡ •o
execu•e when •he •imed in•e†val ha‡ elap‡ed, •ha• o•he† code i‡ allowed •o execu•e befo†e
•he •ime†'‡ p†ocedu†e i‡ called. O•he† code can yield ‡ome of •hei† p†oce‡‡ing •ime •o
Window‡ by u‡ing •he DoEven•‡ command. Tha• i‡ •he only VB command •ha• will allow
code you w†i•e •o yield •ime •o any pending •ime† even•‡ in •he p†og†am. Wi•hou• •he
u‡e of DoEven•‡, eflch suffiroutine or function is executed stflrt to nish, in serifll
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fflshion. In o•he† wo†d‡, only one command o† ‡•a•emen• can be execu•ed a• a •ime. Each
‡ub†ou•ine o† func•ion mu‡• li‡• •he p†ope† command‡ •o execu•e, in •hei† p†ope† o†de†.

3.4.6 Picture ffioxes

Al•hough called pic•u†e boxe‡, •he‡e objec•‡ a†e no• ju‡• a heavyweigh• ve†‡ion of image
boxe‡: pic•u†e boxe‡ almo‡• have •he ‡ame p†ope†•ie‡ and func•ion a‡ Fo†m objec•‡. I• can
do fa† mo†e •han ju‡• di‡playing pic•u†e‡. P†obably •he be‡• way •o de‡c†ibe pic•u†e boxe‡
i‡ •ha• •hey a†e con•aine†‡ •ha• can g†oup o•he† objec•‡ •oge•he†, kind of ‡imila† •o f†ame
objec•‡. E.g. ‡eve†al command bu••on‡ can be d†awn "in‡ide" of i•.

See al‡o ../Simple G†aphic‡/1.

3.4.7 Generfll properties

VB ex•end‡ ‡ome common p†ope†•ie‡ •o all con•†ol‡ placed on a fo†m. Name, Top, Lef•,
and Tag, a†e a few of •he ex•ended p†ope†•y name‡. When you la‡‡o and highligh• ‡eve†al
con•†ol‡ on a fo†m, you can change •he gene†al p†ope†•y value‡ of all •he highligh•ed con•†ol‡
u‡ing •he Properties window. Making a change •he†e will change •he p†ope†•y of •he ‡ame
name fo† all of •he highligh•ed con•†ol‡.

3.4.8 References

Refe†ence i‡ a kind of link •ha• i‡ u‡ed by Vi‡ual Ba‡ic. The wo†d †efe†ence i‡ u‡ed in •wo
di‡•inc• way‡:

Component reference
A†e •ypically ex•e†nal lib†a†ie‡ ‡uch a‡ DLL‡2, OCX‡3, o† •ype lib†a†y4. Componen•
†efe†ence‡ a†e added •o •he p†ojec•, ‡o •ha• all pa†•‡ of •he p†og†am may in•e†ac• wi•h •he
ou•‡ide componen•.

Offiject reference
I‡ •ypically a poin•e† •o an in•e†nal objec•5. Objec• †efe†ence‡ di e†en•ia•e, o† iden•ify,
‡peci c objec•‡ wi•hin •he p†og†am. The •e†m objec• i‡ a ve†y gene†al •e†m u‡ed •o indica•e
ju‡• abou• any•hing •ha• ha‡ p†ope†•ie‡ •o ‡e•, o† me•hod‡ •o call. Fo† example, if you†
fo†m ha‡ 5 •ex•boxe‡ on i• and you wan• •o pu• •ex• in ju‡• one of •hem, you need •o u‡e
•he p†ope† 'objec• †efe†ence' •o add†e‡‡ •ha• ‡peci c •ex•box.

The‡e •wo u‡e‡ a†e qui•e di‡•inc• and gene†ally do no• cau‡e any p†oblem‡. U‡ually when
object reference i‡ mean• i• will be w†i••en ou• in full whe†ea‡ ju‡• references u‡ually mean‡
†efe†ence‡ •o an ex•e†nal lib†a†y. In bo•h ca‡e‡, acce‡‡ing •he p†ope†•ie‡ (o† me•hod‡) of a

1 Chap•e† 17 on page 91
2 http://en.wikibooks.org/wiki/..%2FDLL
3 http://en.wikibooks.org/wiki/..%2FOCX
4 http://en.wikibooks.org/wiki/..%2Ftypelib
5 http://en.wikibooks.org/wiki/..%2Fobjects
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Re‡e†ved Wo†d‡

componen• o† objec• †efe†ence †equi†e‡ a ‡pecial ‡yn•ax •ha• include‡ a pe†iod •o ‡epa†a•e
•he objec• and p†ope†•y. The ‡yn•ax i‡: .<p†ope†•y> o†, by example: Fo†m1.Cap•ion =
"Thi‡", o† Tex•1.Tex• = "Tha•", e•c. whe†e Fo†m1 o† Tex•1 a†e •he ‡peci c objec•‡ you
wan• •o al•e†, and Cap•ion o† Tex• a†e •he ‡pec c p†ope†•ie‡ being changed.

You can c†ea•e componen•‡6 in VB •o be u‡ed by o•he† p†og†am‡ (no• ju‡• •ho‡e w†i••en in
VB).

3.5 Reserved Words

Vi‡ual Ba‡ic con•ain‡ ‡eve†al †e‡e†ved wo†d‡. The‡e wo†d‡ a†e "†e‡e†ved" becau‡e •hey
a†e ‡peci c func•ion‡ and command‡ in Vi‡ual Ba‡ic. Fo† example, a va†iable may no• be
named "P†in•" becau‡e i• i‡ a fea•u†e in VB •o p†in•. Thi‡ can be avoided howeve†, by
naming you† va†iable‡ "p†n•" o† "p†in•1". A‡ long a‡ i• i‡ no• •he exac• wo†d, i• ‡hould
wo†k. A li‡• of f†equen•ly u‡ed †e‡e†ved wo†d‡/keywo†d‡:

And
As
Beep
Call
Close
Command
Date
Do
End
Error
Event
Exit
False
For
Function
Get
GoTo
If
Input
Kill
Let
Load
Loop
Me
Name
Next
Not
Nothing
On
Option
Or
Print
Private
Public
Put
Reset
Resume
Set
Step

6 Chap•e† 3.3.2 on page 13
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Stop
Sub
Then
Time
True
Until
While
With

3.6 REMs

While p†og†amming you may nd i• nece‡‡a†y •o leave you†‡elf no•e‡. Thi‡ can be u‡ed
•o ea‡ily iden•ify a†ea‡ of code, o† a‡ a †eminde† of ‡ec•ion‡ of code wi•h logic e††o†‡ •ha•
need •o be xed. REM‡ a†e ve†y ‡imple. Me†ely place an apo‡•†ophe, " ' ", o† •he wo†d,
"REM", befo†e •he line and •ha• line will be igno†ed by •he in•e†p†e•e†, whe•he† i• be a
me‡‡age •o you†‡elf o† a ‡ec•ion of code. Fo† example:

' I leave notes to myself
REM or I could do it like this
'If I REM a line of code it will not execute!
REM x=5

An apo‡•†ophe i‡ mo‡• of•en u‡ed due •o •he compa†a•ive †educ•ion in ‡pace and •ime a‡
REM ha‡ been included ‡o a‡ •o be backwa†d compa•ible wi•h ea†lie† ve†‡ion‡ of BASIC.
The REM ‡•a•emen• i‡ a ba‡ic command and mu‡• be p†eceded by a colon if following
o•he† command‡ on •he ‡ame line. An apo‡•†ophe need‡ no colon:

x = 5 'This comment will work
y = 3: REM and this comment will work.
z = 1 REM This line would cause a syntax error.

3.7 Error Checking

The‡e a†e ‡eve†al common •ype‡ of e††o†‡ •ha• one migh• ge• f†om a VB p†og†am:

run-time errors
Thi‡ •ype of e††o† a†e e††o†‡ •ha• a†e †ai‡ed when •he p†og†am i‡ †unning. Example‡:
dividing any•hing by ze†o o† a‡‡igning a ‡•†ing •o a nume†ic va†iable.

compile errors
Compile e††o†‡ a†e e††o†‡ •ha• •he IDE ‡po•‡ a• de‡ign-•ime and upon compiling •he p†o-
g†am ju‡• befo†e i• †un‡ •he p†og†am. The‡e e††o†‡ include ‡yn•ax e††o†‡ -- •he e††o†
†ai‡ed when •he compu•e† doe‡ no• unde†‡•and you† code, and al‡o e††o†‡ like undecla†ed
va†iable‡ e•c.

logic errors
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Logic e††o†‡ a†e e††o†‡ •ha• •he compu•e† canno• ‡po•. The‡e a†e e††o†‡ •ha•, even •hough
•he p†og†am †un‡, •he †e‡ul• i‡ no• wha• you in•ended.

The †‡• •wo of •he‡e e††o†‡ a†e gene†ally ea‡y •o ‡po•, and •he debugging •ool can be u‡ed
•o high-ligh• •he line of •ex• a• which •he e††o† occu††ed. Fo† example, if you wan•ed •o
make a p†og†am •o conve†• Cel‡iu‡ •o Fah†enhei•, and in •he code you u‡ed a mul•iplica•ion
‡ymbol in‡•ead of divi‡ion, •he p†og†am would †un ne, bu• •he p†og†am would no• conve†•
•he •empe†a•u†e‡ co††ec•ly, a‡ you de‡i†ed. Al•hough ‡ome•ime‡ •he‡e logic e††o†‡ can be
ea‡y •o ‡po•, ‡ome a†e qui•e di cul•. Logic e††o†‡ become concealed in •he line‡ of code
when making complex p†og†am‡, ‡uch a‡ a game. Ju‡• †emembe†, •he compu•e† doe‡ no•
know wha• •he p†og†am i‡ ‡uppo‡ed •o do, i• only know‡ •he code. Look •h†ough •he code
‡•ep-by-‡•ep and •hink of how •he compu•e† would in•e†p†e• •he code.

VB won'• le• you ju‡• igno†e ‡yn•ax/compile e††o†‡. You have •o x •hem befo†e you can
†un you† p†og†am. Bu• †un-•ime e††o†‡, which a†e ‡yn•ac•ically co††ec•, bu• may cau‡e an
e††o† if an a••emp• i‡ made •o execu•e i•, can be handled •o po‡‡ibly p†even• you† p†og†am
f†om c†a‡hing. The following example ‡how‡ a ve†y good way of handling a po‡‡ible e††o†:

Private Sub Form_Load()
On Error GoTo ErrorHappened
i = 1 / 0 'This line will cause an error to be raised as anything divided

by zero = infinity
'...
'Some code
Exit Sub 'Here the subroutine is exited if no errors occur

ErrorHappened:
'Informs the user an error happened.
MsgBox "Error Number " & Err.Number & ":" & Err.Description

End Sub

The ou•pu• of •hi‡ example i‡ a me‡‡age box •ha• ‡ay‡ "E††o† Numbe† 11: Divi‡ion by
ze†o". The ‡•a•emen• On Error Goto ErrorHappened will ‡kip eve†y•hing f†om i = 1 / 0
•o Exit Sub if any †un-•ime e††o† occu†‡ wi•hin •hi‡ p†ocedu†e. When an e††o† i‡ de•ec•ed
•he p†og†am will con•inue •o †un f†om †igh• af•e† ErrorHappened:, whe†e •he e††o† will be
di‡played ‡o •ha• •he p†og†amme† can nd ou• wha• i• i‡ and x i•. Thi‡ al‡o p†even•‡ •he
p†og†am f†om "c†a‡hing".

ErrorHappened i‡ ju‡• a line label, you can name i• any•hing you wi‡h •o iden•ify •ha•
‡ec•ion of •he p†ocedu†e you wan• •o execu•e when an e††o† happen‡. On Error Goto
can only †efe†ence line label‡ •ha• a†e wi•hin •he cu††en• p†ocedu†e. You canno• (ea‡ily)
de ne one e††o† handle† fo† all p†ocedu†e‡. Exi• Sub mean‡ •o end •he Fo†m_Load even•
immedia•ely.

So if no e††o† occu†‡, a me‡‡age box will NOT be called becau‡e Exit Sub will al†eady have
ended o† exi•ed ou† ‡ub†ou•ine. And if an e††o† doe‡ occu†, •he me‡‡age box will pop up,
di‡playing •he E††o† Numbe† and •he E††o† De‡c†ip•ion.

The above example i‡ •he ‡afe‡• way of de•ec•ing and handling any e††o† •ha• •ake‡ place in
•he ‡ub†ou•ine. Howeve† you can al‡o choo‡e •o igno†e e††o†‡ by u‡ing "On E††o† Re‡ume
Nex•" which mean‡ •o igno†e all e††o†‡. Igno†ing e††o†‡ i‡ no• a good idea in mo‡• ‡cena†io‡,
bu• in ‡ome ca‡e‡ •he p†ope† way •o handle an e††o† i‡ •o do no•hing, ‡o •hey migh• a‡ well
be igno†ed. Even u‡ing Re‡ume Nex•, you can •e‡• •he E†† objec• (E††.Numbe†) •o ‡ee if
an e††o† happened on p†eceding line‡.
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See E††o†‡7 fo† mo†e de•ail abou• e††o† handling.

3.8 Declflring Vflriflffiles (Dimensioning)

If you don'• al†eady know, a va†iable i‡, by dic•iona†y de ni•ion: a ‡ymbol (like x o† y)
•ha• i‡ u‡ed in ma•hema•ical o† logical exp†e‡‡ion‡ •o †ep†e‡en• a va†iable quan•i•y. In
ma•hema•ic‡, common va†iable‡ a†e: x, y, z, e•c., and •hey can "hold" value‡ like x=1,
y=3, e•c. In VB, in‡•ead of x, y and z, a va†iable can have wha•eve† name you wan•. I•
i‡ of•en good p†ac•ice, and ‡ome•ime‡ nece‡‡a†y, •o dimen‡ion va†iable‡. Of•en i• i‡ called
'dimming'. Thi‡ p†oce‡‡ give‡ •he va†iable i•‡ name and •he •ype of value i• will be able •o
hold (which will be di‡cu‡‡ed la•e†). To dimen‡ion a va†iable, •he code i‡:

Dim variablename [As Type]

Of cou†‡e, •he va†iable name could be wha•eve† you wan•. The •ype howeve†, i‡ di e†en•.
You have a choice of ‡ingle, in•ege†, o† ‡•†ing. Thi‡ •ell‡ •he compu•e† wha• •ype of info†-
ma•ion •he va†iable hold‡. "Single" va†iable‡ can hold numbe†‡ wi•h decimal. "In•ege†‡"
va†iable‡ can hold whole numbe†‡, while "S•†ing" va†iable‡ hold‡ •ex• o† a ‡e• of cha†ac•e†‡.
If you don'• dim a va†iable, •he •ype would au•oma•ically be "Va†ian•", which can hold
almo‡• all kind‡ of info†ma•ion. Fo† example:

Option Explicit
Dim intNumber As Integer

intNumber = 31 ' This is ok
intNumber = "I didn't" ' Error: type mismatch (intNumber is an integer

while "I didn't" is a string)

Dimming i‡ e‡pecially impo†•an• fo† a††ay‡ and ma•†ice‡. Fo† an a††ay, nex• •o •he va†iable
name, you en•e† •he †ange of •he a††ay. Fo† example:

Dim x(1 to 10) As Integer

A††ay‡ will be cove†ed mo†e in dep•h la•e†. Ma•†ice‡ a†e dimen‡ioned almo‡• exac•ly like
a††ay‡ a†e, howeve†, in‡•ead of •he having only one dimen‡ion (1 •o 20), ma•†ice‡ may have
•wo: (1 •o 20,1 •o 5), o† even •h†ee. Dimen‡ioning can al‡o be u‡ed •o •ell •he compu•e†
•ha• va†iable‡ a†e public. Thi‡ will be di‡cu‡‡ed la•e† in •he Scope ‡ec•ion.

No•e: If you don'• dimen‡ion you† va†iable‡, you migh• end up wi•h many unexpec•ed
e††o†‡. I• could be avoided by u‡ing •he Op•ion Explici• ‡•a•emen•, which †equi†e‡ eve†y
va†iable •o be de ned; if no• eve†y va†iable u‡ed in •he p†og†am i‡ de ned, VB †ai‡e‡ an
e††o†: "Va†iable i‡ no• de ned". To enable •hi‡, you ju‡• have •o •ype Op•ion Explici• a•
•he ve†y •op of ALL you† code in •he cu††en• module. I•'‡ a ve†y good p†ac•ice •o do ‡o.

7 Chap•e† 25.10.2 on page 137
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3.9 Simple output

The in•e†ac•ion be•ween •he u‡e† and •he compu•e† con‡i‡•‡ of bo•h •he inpu• and ou•pu• of
da•a. The compu•e† will no• †eceive you† command‡ if you don'• have a mou‡e o† keyboa†d
which a†e u‡ed •o inpu• command‡. And conve†‡ely, you wouldn'• know wha• •he compu•e†
i‡ doing a• all if •he†e i‡ no moni•o† o† ‡peake† which a†e u‡ed •o ou•pu• da•a. The†efo†e
ou•pu• i‡ impo†•an•.

3.9.1 Messflge ffioxes

One of •he ea‡ie‡• fo†m of ou•pu• i‡ me‡‡age box. I'm ‡u†e you've ‡een a lo• of me‡‡age
boxe‡ in Window‡. Thi‡ i‡ wha• •he code of a no†mal me‡‡age box ‡hould look like.

MsgBox("Hello world!")

T†y i•. A†e you •i†ed of •he bo†ing "Hello wo†ld!"? Le•'‡ make a fancie† one:

MsgBox("Fatal error: Your computer will be shut down in five seconds.",
vbCritical, "System")

Tha• will c†eep ou• qui•e a lo• of people.

3.9.2 Printing

No•e: The wo†d "p†in•ing" he†e mean‡ u‡ing •he P†in• ‡•a•emen•, i•'‡ no• abou• u‡ing •he
p†in•e† o† p†in•ing le‡. P†in•ing i‡ a fai†ly ‡imple pa†• of Vi‡ual Ba‡ic, bu• al‡o e‡‡en•ial.
P†in•ing i‡ u‡ed •o ou•pu• info†ma•ion •o •he u‡e†. I• p†ove‡ •o be a valuable •†ou-
ble‡hoo•ing •ool. Wheneve† p†in•ing, you need an objec• •o p†in• on, followed by of cou†‡e,
‡ome•hing •o p†in•. P†in•ing may be u‡ed wi•h va†iou‡ objec•‡, howeve†, •he mo‡• common
in •he pic•u†e box. Fo† •he ‡ake of ‡implici•y, we a†e a‡‡uming you †enamed •he pic-
•u†e box a‡ "pic". In •hi‡ wikibook •hough, p†in• i‡ done mainly on pic•u†e boxe‡ and fo†m‡:

pic.Print "Hello world!!" 'Prints message on picture box
Print "Hello world!!!" 'Prints message on current form

3.9.3 Spflcing

The†e a†e va†iou‡ way‡ •o al•e† how •ex• i‡ ‡paced when p†in•ing. The mo‡• common i‡
•he comma. A comma will go •o •he nex• p†in• zone. P†in• zone‡ a†e 15 cha†ac•e†‡ long.
You can •hink of i• like p†e‡‡ing •he •ab key when •yping ‡ome•hing ou•. Remembe† •ha•
p†in• zone‡ a†e xed, ‡o if you've •yped 1 le••e†, and •hen u‡ed a comma, •hen i• will be
a big ‡pace. If you •ype 13 cha†ac•e†‡ and u‡e a comma, i• will no• be a la†ge ‡pace. Fo†
example:
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Private Sub Form_Click()
Me.Print "Hello", "Next Zone"

End Sub

Seve†al new concep•‡ a†e in•†oduced in •hi‡ example. The "Fo†m_Click" con•ain‡ a block
of code and i• i‡ called •o †un when •he u‡e† click‡ on •he cu††en• Fo†m(Fo†m1). 'Me' i‡ •he
‡ame a‡ •he cu††en• fo†m (Fo†m1). Don'• be af†aid •o expe†imen•. No ma••e† wha• you do
in VB, i•‡ alway‡ †eve†‡ible. Now, •he comma i‡n'• all •ha• ve†‡a•ile. Ano•he† fea•u†e i‡
•ab. Tab will move ‡o many ‡pace‡ f†om •he BEGINNING of •he line. Followed by •ab in
pa†en•he‡e‡ i‡ •he amoun• of cha†ac•e†‡ ‡pace‡. Fo† example:

Form1.Print "Hello"; Tab(10); "Yay"

Thi‡ will NOT p†in• "yay" 10 ‡pace‡ af•e† •he O of "Hello". Ra•he† i• will p†in• 10 ‡pace‡
f†om •he beginning of •he line. You may u‡e a‡ many •ab‡ a‡ you wan• in •he ‡ame p†in•
command. Al•hough •ab i‡ u‡eful, ‡ome•ime‡ i• i‡ be••e† •o ‡pace •hing‡ in †ela•ion •o
wha• ha‡ al†eady been p†in•ed. Thi‡ i‡ whe†e •he ‡pace func•ion come‡ in. The ‡yn•ax of
‡pace i‡ iden•ical •o •ha• of •ab. Space will move •he nex• p†in•ed •ex• ‡o many ‡pace‡ ove†
f†om i•‡ CURRENT loca•ion. Fo† example:

Pic.print "Hello"; Space(10); "Yay"

Thi‡ will p†in• •he †‡• Y of "Yay" 10 ‡pace‡ •o •he †igh• of •he O in "Hello". I• i‡
impo†•an• •o no•e, if you w†i•e:

Pic.Print "Hello"
Pic.Print "Hello"

They will appea† on ‡epa†a•e line‡ a‡:

Hello
Hello

Thi‡ can be ea‡ily deal• wi•h in •he need of having ‡epa†a•e p†in• ‡•a•emen•‡ p†in• on •he
‡ame line. You me†ely have •o change •he code •o: (no•e •he ‡emicolon)

Pic.Print "Hello";
Pic.Print "Hello"

Thi‡ will appea† a‡:

HelloHello
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If you wan• •o make a blank line in be•ween •he •wo "hello"'‡, •hen you may ‡imply have a
blank p†in• ‡•a•emen• WITHOUT a ‡emicolon. Fo† example:

Pic.Print "Hello"
Pic.Print
Pic.Print "Hello"

Thi‡ will p†in• a‡:

Hello

Hello

I• i‡ impo†•an• •o †emembe† •ha• if •he †‡• p†in• ha‡ a ‡emicolon a• •he end, of•en †efe††ed
•o a‡ a •†ailing ‡emicolon, •he emp•y p†in• will only †eve†‡e i•, and p†in• •he ‡econd Hello
on •he nex• line, and no blank line will appea†.
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4 Simple Arithmetic

Vi‡ual Ba‡ic ha‡ all of •he common a†i•hme•ical func•ion‡. I• doe‡ no• have complex num-
be†‡ no† doe‡ i• allow you •o ove†load ope†a•o†‡ ‡o manipula•ing complex numbe†‡ o†
ma•†ice‡ mu‡• be done by explici• func•ion and ‡ub†ou•ine call‡.

4.1 Arithmetic Operfltors

The ope†a•o†‡ a†e in x and •ake •wo a†gumen•‡: arg1 operator arg2 excep• fo† una†y plu‡
and minu‡

4.1.1 Numeric Operfltors

Operfltor Comments
+ Add‡ •wo numbe†‡. Al‡o conca•ena•e‡ ‡•†ing‡ bu• avoid •hi‡ u‡e be-

cau‡e Vi‡ual Ba‡ic will •†y •o conve†• •he ‡•†ing •o a numbe† †‡• and
•he †e‡ul•‡ migh• no• be wha• you expec•.

- Sub•†ac• •he ‡econd numbe† f†om •he †‡•.
- una†y nega•e •he ope†and.
* Mul•iply •wo numbe†‡. The †e‡ul• will be p†omo•ed •o wha•eve† da•a

•ype i‡ needed •o †ep†e‡en• •he ‡ize of •he numbe† if one of •he numbe†‡
i‡ al†eady •ha• •ype (‡ee no•e below abou• odd behavio†).

/ No†mal divi‡ion. T†ea•‡ bo•h ope†and‡ a‡ †eal numbe†‡ and †e•u†n‡ a
†eal †e‡ul•.

\ In•ege† divi‡ion. Be ca†eful wi•h •hi‡ becau‡e •he a†gumen•‡ a†e con-
ve†•ed •o in•ege†‡ befo†e •he divi‡ion i‡ pe†fo†med ‡o u‡e •hi‡ wi•h in-
•ege† ope†and‡ unle‡‡ you commen• you† code ca†efully. Al‡o no•e •ha•
"/" and "*" a†e evalua•ed befo†e "\", ‡o (1000 \ 13 * 3) i‡ no• equal •o
( (1000 \ 13) * 3)

Mod P†oduce‡ •he †emainde† af•e† in•ege† divi‡ion. Be ca†eful wi•h •hi‡ a‡
•he in•e†p†e•a•ion of •he modulu‡ ope†a•o† in ma•hema•ic‡ i‡ ambigu-
ou‡. a Mod b give‡ •he ‡ame an‡we† a‡ •hi‡ exp†e‡‡ion: a - (a \ b) *
b

ˆ Rai‡e‡ •he †‡• ope†and •o •he powe† of •he ‡econd. In Vi‡ual Ba‡ic ei-
•he† o† bo•h ope†and‡ may be nega•ive. If all you wan• i‡ a ‡qua†e o†
cube i• i‡ fa‡•e† •o explci•ly mul•iply •he numbe† by i•‡elf •he app†op†i-
a•e numbe† of •ime‡.

Fo† example:
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Text2 = Text1 * 5

Will di‡play •he value in Tex•1, mul•iplied by 5, in Tex•2. E.g. if Tex•1 = 4 •hen Tex•2
will be equal •o 20.

4.1.2 Order of operfltions

Exponen•ia•ion (ˆ)
Mul•iplica•ion and no†mal divi‡ion (* and /)
In•ege† divi‡ion (\)
Mod (Mod)
Addi•ion and ‡ub•†ac•ion (+,-)

Gene†al hin• : If an exp†e‡‡ion u‡e‡ mo†e •han (+,-,*) u‡e all po‡‡ible b†acke•‡ •o fo†ce •he
exp†e‡‡ion •o be evalua•ed •he way you a†e •hinking i•.

4.1.3 VB odd ffiehflvior note

VB con‡ide†‡ "explici•ly ‡•a•ed" in•eg†al numbe†‡ •o be of •ype Integer (which mu‡• be
be•ween -32768 and 32767) if •hey a†e wi•hin (-32768, +32767) and give‡ an e††o† if •he
†e‡ul• of a†i•hme•ic wi•h •hem i‡ mo†e •han 32768. Thi‡ can be ‡een by •†ying

Debug.Print (17000 + 17000)

o†

Debug.Print (17000 * 3)

which bo•h cau‡e an e††o†. Thi‡ can be ‡olved (in a di†ec• bu• ugly way) by enclo‡ing
numbe†‡ in CLng() (Conve†• •o Long) ‡o •ha•

Debug.Print (CLng(17000) + CLng(17000))

o† by u‡ing •he •ype-decla†a•ion cha†ac•e† & which ‡peci e‡ a Long con‡•an•:

Debug.Print (17000& + 17000&)

nei•he† of which cau‡e an e††o†. To avoid having •o •hink abou• •hi‡, avoid u‡ing explici•
numbe†‡ in code and in‡•ead u‡e "Long" va†iable‡ and con‡•an•‡ ‡uch a‡ :

Const TEST_NUM As Long = 17000&
Debug.Print (TEST_NUM + TEST_NUM)

Dim TestNumVar As Long
TestNumVar = 17000
Debug.Print (TestNumVar + TestNumVar)
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4.1.4 Boolefln Arithmetic

Boolefln operfltors u‡e Boolean va†iable‡ o† in•ege† va†iable‡ whe†e each individual bi• i‡
•†ea•ed a‡ a Boolean. The†e a†e ‡ix ope†a•o†‡:

Operfltor: Meflning:
No• Nega•ion
And Conjunc•on
O† Di‡junc•ion (logical addi•ion)
Xo† Exclu‡ive O†
Eqv Equivalence
Imp Implica•ion

When you con‡•†uc• logical exp†e‡‡ion‡ wi•h •he‡e ope†a•o†‡ you ge• •he following †e‡ul•‡:
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4.2 Compflrison Operfltors

The‡e ope†a•o†‡, compo‡ed of <, > and =, a†e u‡e •o decide whe•he† one value i‡ ‡malle†
•han, la†ge† •han, o† equal •o ano•he†.

Fo† example:

Dim i
i = 50
If i < 0 Then

MsgBox "i is less than 0"
ElseIf i <= 100 And i >= 0 Then

MsgBox "i is less than or equal to one hundred and greater than or equal
to 0"
ElseIf i > 100 And i < 200 Then

MsgBox "i is greater than one hundred less than 200"
Else

MsgBox "i is greater than or equal to 200"
End if

Cau•ion! Due •o •he in•e†nal ‡•†uc•u†e of oa•ing-poin• numbe†‡ (Single and Double), do
no• u‡e = o† <> •o compa†e •hem. In‡•ead, u‡e a ‡mall value (u‡ually called Ep‡ilon) a‡ a
"maximum di e†ence". Fo† example:

' This returns False :
Debug.Print (Sqr(1.234) * Sqr(1.234)) = 1.234
' This returns True :
E = 0.000001
Debug.Print Abs((Sqr(1.234) * Sqr(1.234)) - 1.234) < E

Operfltor Meflning
= Equali•y
<> Inequali•y
< Le‡‡ •han
> G†ea•e† •han
>= G†ea•e† •han o† equal •o. O† pu• ano•he† way: not less than
<= Le‡‡ •han o† equal •o. O† pu• ano•he† way: not greater than

4.3 Built in Arithmetic Functions

The†e a†e no• many na•ive ma•hema•ical func•ion‡ in Vi‡ual ba‡ic bu• •hi‡ doe‡n'• mean
•ha• you can'• do ‡igni can• calcula•ion‡ wi•h i•.

Affis(x)
†e•u†n‡ •he ab‡olu•e value of x, •ha• i‡, i• †emove‡ a minu‡ ‡ign if •he†e i‡ one. Example‡:
Ab‡(3)=3 ; Ab‡(-3)=3

Exp(x)
†e•u†n‡ •he value ex. e i‡ Eule†'‡ con‡•an•, •he ba‡e of na•u†al loga†i•hm‡.

Log(x)
•he Neperian ('Natural', e base) logarithm of x.
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Rflndomize(x)
no• †eally a ma•hema•ical func•ion becau‡e i• i‡ ac•ually a ‡ub†ou•ine. Thi‡ ini•ialize‡ •he
†andom numbe† gene†a•o†.

Rnd(x)
p†oduce‡ •he nex• †andom numbe† in •he ‡e†ie‡. Plea‡e †ead •ha• ‡en•ence again! •he
†andom numbe†‡ a†en'• †eally †andom, •hey a†e in‡•ead p‡eudo-†andom. If you ini•ialize
•he †andom numbe† gene†a•o† wi•h •he ‡ame numbe† each •ime you ‡•a†• a p†og†am •hen
you will ge• •he ‡ame ‡e†ie‡ of value‡ f†om Rnd()

Round(x,n)

†e•u†n‡ a †eal numbe† †ounded •o n decimal place‡ (u‡e‡ Banke†'‡ †ounding).

Sgn(x)
†e•u†n‡ plu‡ one if x i‡ po‡i•ive, minu‡ one if i• i‡ nega•ive, ze†o if x i‡ iden•ically ze†o.
Sgn(-5)=-1 ; Sgn(5)=1 ; Sgn(0)=0

Sqr(x)
‡qua†e †oo• of x. Example: Sq†(25)=5. x mu‡• be non-nega•ive. Thu‡ Sq†(-25) will
gene†a•e an e††o†

4.3.1 Derived Functions

If you wan• loga†i•hm‡ •o ‡ome o•he† ba‡e you can u‡e •hi‡ exp†e‡‡ion:

Log(x, base) = Log(x) / Log(base)

And •o calcula•e •he n•h †oo• of a numbe† (cube †oo•, ...)

RootN(x, n) = x ^ (1.0 / n)

4.4 Trigonometricfll Functions

Vi‡ual Ba‡ic ha‡ •he u‡ual ‡imple •†igonome•†ic func•ion‡, ‡in, co‡, •an, bu• if you wan•
‡ome of •he mo†e unu‡ual one‡ o† inve†‡e‡ you will need •o w†i•e ‡ome ‡imple func•ion‡.

Remembe† •ha• •he angle‡ mu‡• be ‡upplied a‡ radians

radians = degrees * &pi; / 180

ArcSin(x) = Atn(x / Sqr(-x * x + 1))

ArcCos(x) = Atn(-x / Sqr(-x * x + 1)) + 2 * Atn(1)

No•ice •ha• •he †ange of applicabili•y of •he‡e exp†e‡‡ion‡ i‡ limi•ed •o •he †ange -1<=x<=1.

He†e a†e ‡ome mo†e:

Secan• Sec(x) = 1 / Co‡(x)
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Co‡ecan• Co‡ec(x) = 1 / Sin(x)
Co•angen• Co•an(x) = 1 / Tan(x)
Inve†‡e Sine A†c‡in(x) = A•n(x / Sq†(-x * x + 1))
Inve†‡e Co‡ine A†cco‡(x) = A•n(-x / Sq†(-x * x + 1)) + 2 * A•n(1)
Inve†‡e Secan• A†c‡ec(x) = A•n(x / Sq†(x * x - 1)) + Sgn((x) - 1) *

(2 * A•n(1))
Inve†‡e Co‡ecan• A†cco‡ec(x) = A•n(x / Sq†(x * x - 1)) + (Sgn(x) - 1) *

(2 * A•n(1))
Inve†‡e Co•angen• A†cco•an(x) = -A•n(x) + 2 * A•n(1)
Hype†bolic Sine HSin(x) = (Exp(x) - Exp(-x)) / 2
Hype†bolic Co‡ine HCo‡(x) = (Exp(x) + Exp(-x)) / 2
Hype†bolic Tangen• HTan(x) = (Exp(x) - Exp(-x)) / (Exp(x) + Exp(-x))
Hype†bolic Secan• HSec(x) = 2 / (Exp(x) + Exp(-x))
Hype†bolic Co‡ecan• HCo‡ec(x) = 2 / (Exp(x) - Exp(-x))
Hype†bolic Co•angen• HCo•an(x) = (Exp(x) + Exp(-x)) / (Exp(x) - Exp(-

x))
Inve†‡e Hype†bolic Sine HA†c‡in(x) = Log(x + Sq†(x * x + 1))
Inve†‡e Hype†bolic Co‡ine HA†cco‡(x) = Log(x + Sq†(x * x - 1))
Inve†‡e Hype†bolic Tangen• HA†c•an(x) = Log((1 + x) / (1 - x)) / 2
Inve†‡e Hype†bolic Secan• HA†c‡ec(x) = Log((Sq†(-x * x + 1) + 1) / x)
Inve†‡e Hype†bolic Co‡e-
can•

HA†cco‡ec(x) = Log((Sgn(x) * Sq†(x * x + 1) + 1) /
x)

Inve†‡e Hype†bolic Co•an-
gen•

HA†cco•an(x) = Log((x + 1) / (x - 1)) / 2

The ve†y u‡eful a•an2 func•ion (calcula•e •he angle in all fou† quad†an•‡ of a vec•o†) can
be ‡imula•ed like •hi‡:

Public Const Pi As Double = 3.14159265358979

Public Function Atan2(ByVal y As Double, ByVal x As Double) As Double

If y > 0 Then
If x >= y Then
Atan2 = Atn(y / x)

ElseIf x <= -y Then
Atan2 = Atn(y / x) + Pi

Else
Atan2 = Pi / 2 - Atn(x / y)

End If
Else

If x >= -y Then
Atan2 = Atn(y / x)

ElseIf x <= y Then
Atan2 = Atn(y / x) - Pi

Else
Atan2 = -Atn(x / y) - Pi / 2

End If
End If

End Function

O•he† func•ion‡:
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ASin(x) = Atan2(x, Sqr(1 - x * x))
ACos(x) = Atan2(Sqr(1 - x * x), x)
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5 Brflnching

A b†anch i‡ a poin• a• which you† p†og†am mu‡• make a choice. Wi•h •he‡e da•a ‡•†uc•u†e‡,
i• i‡ now po‡‡ible •o make p†og†am‡ •ha• can have mul•iple ou•come‡. You may be familia†
wi•h •he †‡• •ype f†om Algeb†a1, an If-Then ‡•a•emen•, o† If P then Q. And •hey wo†k
p†e••y much •he ‡ame. Ano•he† •ype i‡ •he Select Case, •hi‡ may p†ove •o be ea‡ie† a•
•ime‡.

Ano•he† name fo† •hi‡ concep• i‡ conditional clauses. Condi•ional clau‡e‡ a†e block‡ of code
•ha• will only execu•e if a pa†•icula† exp†e‡‡ion (•he condi•ion) i‡ •†ue.

5.1 If...Then Stfltement

If...Then ‡•a•emen•‡ a†e ‡ome of •he mo‡• ba‡ic ‡•a•emen•‡ in all of p†og†amming. Eve†y
language ha‡ •hem, in ‡ome fo†m o† ano•he†. In Vi‡ual Ba‡ic, •he ‡yn•ax fo† an If...Then
‡•a•emen• i‡ a‡ follow‡:

If (condition) Then
(reaction)

End If

condition - a ‡e• of •e‡•(‡) •ha• •he p†og†am execu•e‡.
reflction - •he in‡•†uc•ion‡ •ha• •he p†og†am follow‡ when •he condi•ion †e•u†n‡ •†ue.
The condi•ion †e•u†n‡ •†ue if i• pa‡‡e‡ •he •e‡• and †e•u†n‡ fal‡e if i• fail‡ •he •e‡•.

The condi•ion can be any•hing f†om

If X = 1 Then
MsgBox "X = 1"

End If

•o

If InStr(1, sName, " ") > 0 Then
sName = """" & sName & """"

End If

If •he†e i‡ only one †eac•ion •o •he condi•ion, •he ‡•a•emen• can al‡o be exp†e‡‡ed wi•hou•
•he End If:

If Y + 3 = 7 Then MsgBox "Y + 3 DOES = 7"

1 http://en.wikibooks.org/wiki/Algebra
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The†e a†e al‡o o•he† pa†•‡ •o •he‡e ‡•a•emen•‡ •o make •hem mo†e complex. Two o•he†
•e†m‡ •ha• can be u‡ed a†e El‡e, and El‡eIf.

El‡e will, if •he condi•ion i‡ fal‡e, do wha•eve† come‡ be•ween •he El‡e ‡•a•emen• and •he
End If ‡•a•emen•.

El‡eIf will, if •he condi•ion directly proceeding it i‡ fal‡e, check fo† ano•he† condi•ion
and go f†om •he†e.

5.2 If..Then..Else Stfltement

The If..Then..El‡e ‡•a•emen• i‡ •he ‡imple‡• of •he condi•ional ‡•a•emen•‡. They a†e al‡o
called b†anche‡, a‡ when •he p†og†am a††ive‡ a• an "If" ‡•a•emen• du†ing i•‡ execu•ion,
con•†ol will "b†anch" o in•o one of •wo o† mo†e "di†ec•ion‡". An If-El‡e ‡•a•emen• i‡
gene†ally in •he following fo†m:

If condition Then
statement

Else
other statement

End If

If •he o†iginal condi•ion i‡ me•, •hen all •he code wi•hin •he †‡• ‡•a•emen• i‡ execu•ed. The
op•ional El‡e ‡ec•ion ‡peci e‡ an al•e†na•ive ‡•a•emen• •ha• will be execu•ed if •he condi•ion
i‡ fal‡e. The If-El‡e ‡•a•emen• can be ex•ended •o •he following fo†m:

If condition Then
statement

ElseIf condition Then
other statement

ElseIf condition Then
other statement
...

Else
another statement

End If

Only one ‡•a•emen• in •he en•i†e block will be execu•ed. Thi‡ ‡•a•emen• will be •he †‡•
one wi•h a condi•ion which evalua•e‡ •o be •†ue. The concep• of an If-El‡e-If ‡•†uc•u†e i‡
ea‡ie† •o unde†‡•and wi•h •he aid of an example:

Dim Temperature As Double
...
If Temperature >= 40.0 Then

Debug.Print "It's extremely hot"
ElseIf 30.0 <= Temperature And Temperature<=39.0 Then

Debug.Print "It's hot"
ElseIf 20.0 <= Temperature And Temperature <= 29.0 Then

Debug.Print "It's warm"
ElseIf 10.0 <= Temperature And temperature <= 19.0 Then

Debug.Print "It's cool"
ElseIf 0.0 <= Temperature And Temperature <= 9.0 Then

Debug.Print "It's cold"
Else

Debug.Print "It's freezing"
End If

34



Selec• Ca‡e

5.2.1 Optimizing hints

When •hi‡ p†og†am execu•e‡, •he compu•e† will check all condi•ion‡ in o†de† un•il one of
•hem ma•che‡ i•‡ concep• of •†u•h. A‡ ‡oon a‡ •hi‡ occu†‡, •he p†og†am will execu•e •he
‡•a•emen• immedia•ely following •he condi•ion and con•inue on, wi•hou• checking any o•he†
condi•ion fo† •†u•h. Fo† •hi‡ †ea‡on, when you a†e •†ying •o op•imize a p†og†am, i• i‡ a
good idea •o ‡o†• you† If..Then..El‡e condi•ion‡ in o†de† of de‡cending likelihood. Thi‡ will
en‡u†e •ha• in •he mo‡• common ‡cena†io‡, •he compu•e† ha‡ •o do le‡‡ wo†k, a‡ i• will mo‡•
likely only have •o check one o† •wo branches befo†e i• nd‡ •he ‡•a•emen• which i• ‡hould
execu•e. Howeve†, when w†i•ing p†og†am‡ fo† •he †‡• •ime, •†y no• •o •hink abou• •hi‡ •oo
much le‡• you nd you†‡elf unde†•aking p†ema•u†e op•imiza•ion.

In Vi‡ual Ba‡ic Cla‡‡ic condi•ional ‡•a•emen•‡ wi•h mo†e •han one condi•ional do no• u‡e
‡ho†•-ci†cui• evalua•ion. In o†de† •o mimic C/C++'‡ ‡ho†•-ci†cui• evalua•ion, u‡e El‡eIf a‡
de‡c†ibed in •he example above. In fac• fo† complica•ed exp†e‡‡ion‡ explici• If..Then..ElseIf
‡•a•emen•‡ a†e clea†e† and ea‡ie† •o †ead •han •he equivalen• ‡ho†• ci†cui• exp†e‡‡ion.

5.3 Select Cflse

Of•en i• i‡ nece‡‡a†y •o compa†e one ‡peci c va†iable again‡• ‡eve†al con‡•an• exp†e‡‡ion‡.
Fo† •hi‡ kind of condi•ional exp†e‡‡ion •he Selec• Ca‡e i‡ u‡ed. The above example i‡ ‡uch
a ca‡e and could al‡o be w†i••en like •hi‡:

Select Case Temperature
Case Is >= 40#

Debug.Print "It's extremely hot"
Case 30# To 39#

Debug.Print "It's hot"
Case 20# To 29#

Debug.Print "It's warm"
Case 10# To 19#

Debug.Print "It's cool"
Case 0# To 9#

Debug.Print "It's cold"
Case Else

Debug.Print "It's freezing"
End Select

5.4 Unconditionflls

Uncondi•ional‡ le• you change •he ow of you† p†og†am wi•hou• a condi•ion. You ‡hould
be ca†eful when u‡ing uncondi•ional‡. Of•en •hey make p†og†am‡ di cul• •o unde†‡•and.
Read Isn't goto evil? below fo† mo†e info†ma•ion.

5.4.1 Exit

End a func•ion, ‡ub†ou•ine o† p†ope†•y and †e•u†n •o •he calling p†ocedu†e o† func•ion.
No•e •ha• in Vi‡ual Ba‡ic †e•u†ning f†om a func•ion and a‡‡igning a †e•u†n value †equi†e‡
•wo ‡epa†a•e ‡•a•emen•‡.
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Fo† p†ocedu†e‡:

Exit Sub

Fo† func•ion‡:

Exit function

Fo† p†ope†•ie‡:

Exit Property

5.4.2 End

Thi‡ ‡imple command end‡ •he execu•ion of •he p†og†am

Fo† example:

Private Sub cmd1_Click()
End

End Sub

In •hi‡ example, when •he bu••on cmd1 i‡ clicked, •he p†og†am will •e†mina•e. The End
command i‡ p†ovided fo† backwa†d compa•ibili•y and i‡ †a†ely (if eve†) needed •o end a VB
p†og†am. The p†ope† way •o end a VB p†og†am i‡ •o †elea‡e all objec• †efe†ence‡, ‡•op any
†unning •ime†‡, and exi• ou• of any execu•ing p†ocedu†e‡. In a ‡mall p†og†am •hi‡ could
mean •o ‡imply unload all •he fo†m‡. When •he†e a†e no ac•ive objec• †efe†ence‡ and no
code †unning, VB will •e†mina•e •he p†og†am in a g†aceful manne†. U‡ing End •o end •he
p†og†am will •e†mina•e •he p†og†am in an ung†aceful manne† (‡ome •hing‡ may no• ge•
‡hu• down p†ope†ly).

5.4.3 Goto

T†an‡fe† con•†ol •o •he ‡•a•emen• af•e† •he label (o† line numbe†).

Goto Label
Dont_Do_Something

Label:
...

In Vi‡ual Ba‡ic •he •a†ge• of a Go•o ‡•a•emen• mu‡• be in •he ‡ame p†ocedu†e; •hi‡ p†even•‡
abu‡e of •he fea•u†e by making i• impo‡‡ible •o jump in•o •he middle of ano•he† ‡ub†ou•ine.

Isn't Goto Evil?

One of•en hea†‡ •ha• Go•o i‡ evil and one ‡hould avoid u‡ing go•o. Bu• i• i‡ of•en ove†looked
•ha• any exi• ‡•a•emen• which i‡ no• •he la‡• ‡•a•emen• in‡ide a p†ocedu†e o† func•ion i‡
al‡o an uncondi•ional ‡•a•emen• - a go•o in di‡gui‡e.
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The†efo†e if you have func•ion‡ and p†ocedu†e‡ wi•h mo†e •han one exi• ‡•a•emen• you can
ju‡• a‡ well u‡e go•o. When i• come‡ down •o †eadabili•y •he following •wo ‡ample‡ a†e
almo‡• •he ‡ame:

Sub Use_Exit
Do_Something
If Test Then

Exit Sub
End If
Do_Something_Else

End Sub

Sub Use_Goto is
Do_Something
If Test Then

Goto Exit_Use_Goto
End If
Do_Something_Else

Exit_Use_Goto:
End Sub

In •he pu†e ‡•†uc•u†ed app†oach, nei•he† go•o no† mul•iple exi• ‡•a•emen•‡ a†e needed:

Sub Use_If is
Do_Something
If Not Test Then

Do_Something_Else
End If

End Sub

A couple of no•e‡:

Re•u†n i‡ a †e‡e†ved keywo†d and can only be u‡ed wi•h a ma•ching Go‡ub and •ha• •he
Go‡ub mu‡• †e‡ide in •he ‡ame func•ion, ‡ub o† p†ope†•y. I• canno• be u‡ed •o †e•u†n
f†om a func•ion, ‡ub o† p†ope†•y - maybe i• ‡hould †ead Exi• Sub.
E††o† handling in Vi‡ual Ba‡ic doe‡ need •he u‡e of Go•o, bu• wi•h a di e†en• ‡yn•ax.
Vi‡ual Ba‡ic, believe i• o† no•, ‡uppo†•‡ line numbe†ing, ‡o fo† example Go•o 20 i‡ pe†fec•ly
accep•able if line 20 exi‡•‡!
U‡ing Exi• in‡•ead of Go•o a‡ ‡hown above ha‡ ‡ome ‡ide e ec•‡. Calling Exi• Sub clea†‡
a cu††en• e††o† ‡•a•e, i.e. i• i‡ •he equivalen• of an E††.Clea†.

Compfltiffiility with VB.Net

If you a†e conce†ned •ha• you migh• wan• •o po†• you† code •o VB.Ne• wi•hou• †eca‡•ing
i• la•e† you ‡hould p†obably avoid goto al•oge•he†.

One al•e†na•ive i‡ •he p‡eudo loop. I•‡ pu†po‡e i‡ •o fake a goto •a†ge• •ha• occu†‡ la•e† in
•he †ou•ine:

Sub Use_PseudoLoop

Do 'Start the pseudo loop. Exists only so that you can use Exit Do
Try_Something
If Test Then

Exit Do
End If
Try_Again
If Test Then
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Exit Do
End If
Try_Try_Again

Loop While False ' will never loop
Do_One_Last_Thing

End Sub

Of cou†‡e •hi‡ example can be †eca‡• u‡ing If..Then..Else..End If wi•hou• •he need fo† any
Exi• ‡•a•emen•‡ a• all ‡o i• i‡ a li••le a†•i cial:

Sub Use_IfThen

Try_Something
If Not Test Then

Try_Again
If Not Test Then

Try_Try_Again
End If

End If
Do_One_Last_Thing

End Sub
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6 Loops

Loop‡ a†e con•†ol ‡•†uc•u†e‡ u‡ed •o †epea• a given ‡ec•ion of code a ce†•ain numbe† of
•ime‡ o† un•il a pa†•icula† condi•ion i‡ me•.

Vi‡ual Ba‡ic ha‡ •h†ee main •ype‡ of loop‡: for..next loop‡, do loop‡ and while loop‡.

No•e: 'Debug' may be a †e‡e†ved wo†d in Vi‡ual Ba‡ic, and •hi‡ may cau‡e •he code ‡ample‡
‡hown he†e •o fail fo† ‡ome ve†‡ion‡ of Vi‡ual Ba‡ic.

6.1 For..Next Loops

The ‡yn•ax of a For..Next loop ha‡ •h†ee componen•‡: a counter, a range, and a step. A
ba‡ic for..next loop appea†‡ a‡ follow‡:

For X = 1 To 100 Step 2
Debug.Print X
Next X

In •hi‡ example, X i‡ •he coun•e†, "1 •o 100" i‡ •he †ange, and "2" i‡ •he ‡•ep.

The va†iable †efe†ence in •he Next pa†• of •he ‡•a•emen• i‡ op•ional and i• i‡ common
p†ac•ice •o leave •hi‡ ou•. The†e i‡ no ambigui•y in doing •hi‡ if code i‡ co††ec•ly inden•ed.

When a For..Next loop i‡ ini•ialized, •he coun•e† i‡ ‡e• •o •he †‡• numbe† in •he †ange;
in •hi‡ ca‡e, X i‡ ‡e• •o 1. The p†og†am •hen execu•e‡ any code be•ween •he for and next
‡•a•emen•‡ no†mally. Upon †eaching •he next ‡•a•emen•, •he p†og†am †e•u†n‡ •o •he for
‡•a•emen• and inc†ea‡e‡ •he value of •he coun•e† by •he ‡•ep. In •hi‡ in‡•ance, X will be
inc†ea‡ed •o 3 on •he ‡econd i•e†a•ion, 5 on •he •hi†d, e•c.

To change •he amoun• by which •he counter va†iable inc†ea‡e‡ on each iteration, ‡imply
change •he value of •he step. Fo† example, if you u‡e a step 3, X will inc†ea‡e f†om 1 •o 4,
•hen •o 7, 10, 13, and ‡o on. When •he ‡•ep i‡ no• explici•ly ‡•a•ed, 1 i‡ u‡ed by defaul•.
(No•e •ha• •he step can be a nega•ive value. Fo† in‡•ance, for X = 100 to 1 step -1
would dec†ea‡e •he value of X f†om 100 •o 99 •o 98, e•c.)

When X †eache‡ •he end of •he †ange in •he †ange (100 in •he example above), •he loop will
cea‡e •o execu•e, and •he p†og†am will con•inue •o •he code beyond •he next ‡•a•emen•.

I• i‡ po‡‡ible •o edi• •he value of •he coun•e† va†iable wi•hin a for..next loop, al•hough •hi‡
i‡ gene†ally con‡ide†ed bad p†og†amming p†ac•ice:

For X = 1 To 100 Step 1
Debug.Print X
X = 7
Next

39



Loop‡

While you may on †a†e occa‡ion‡ nd good †ea‡on‡ •o edi• •he coun•e† in •hi‡ manne†, •he
example above illu‡•†a•e‡ one po•en•ial pi•fall:

Becau‡e X i‡ ‡e• •o 7 a• •he end of eve†y i•e†a•ion, •hi‡ code c†ea•e‡ an in ni•e loop. To
avoid •hi‡ and o•he† unexpec•ed behavio†, u‡e ex•†eme cau•ion when edi•ing •he coun•e†
va†iable!

I• i‡ no• †equi†ed by •he compile† •ha• you ‡pecify •he name of •he loop va†iable in •he Next
‡•a•emen• bu• i• will be checked by •he compile† if you do, ‡o i• i‡ a ‡mall help in w†i•ing
co††ec• p†og†am‡.

6.1.1 For loop on list

Ano•he† ve†y common ‡i•ua•ion i‡ •he need fo† a loop which enumerates eve†y elemen• of a
li‡•. The following ‡ample code ‡how‡ you how •o do •hi‡:

Dim v As Variant

For Each v In list
Debug.Print v
Next

The li‡• i‡ commonly a Collec•ion o† A††ay, bu• can be any o•he† objec• •ha• implemen•‡ an
enumerator. No•e •ha• •he i•e†a•ing va†iable ha‡ •o be ei•he† a Vflriflnt, Offiject o† cla‡‡
•ha• ma•che‡ •he •ype of elemen•‡ in •he li‡•.

6.2 Do Loops

Do loop‡ a†e a bi• mo†e exible •han Fo† loop‡, bu• ‡hould gene†ally only be u‡ed when
nece‡‡a†y. Do loop‡ come in •he following fo†ma•‡:

Do while
Do un•il
Loop while
Loop un•il

While loop‡ (bo•h do while and loop while) will con•inue •o execu•e a‡ long a‡ a ce†•ain
condi•ional i‡ •†ue. An Un•il loop will loop a‡ long a‡ a ce†•ain condi•ion i‡ fal‡e, on •he
o•he† hand. The only di e†ence be•ween pu••ing ei•he† While o† Un•il in •he Do ‡ec•ion o†
•he Loop ‡ec•ion, i‡ •ha• Do check‡ when •he loop ‡•a†•‡, and Loop check‡ when •he loop
end‡. An example of a ba‡ic loop i‡ a‡ follow‡:

Do
Debug.Print "hello"
x = x + 1
Loop Until x = 10

Thi‡ loop will p†in• hello ‡eve†al •ime‡, depending on •he ini•ial value of x. A‡ you may
have no•iced, Do loop‡ have no buil• in coun•e†‡. Howeve†, •hey may be made manually
a‡ ‡hown above. In •hi‡ ca‡e, I cho‡e x a‡ my coun•e† va†iable, and eve†y •ime •he loop
execu•e, x inc†ea‡e i•‡elf by one. When X †eache‡ 10, •he loop will cea‡e •o execu•e. The
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advan•age of Do loop‡ i‡ •ha• you may exi• a• any •ime wheneve† any ce†•ain condi•ional
i‡ me•. You may have i• loop a‡ long a‡ a ce†•ain va†iable i‡ fal‡e, o† •†ue, o† a‡ long a‡ a
va†iable †emain‡ in a ce†•ain †ange.

6.2.1 Endless loop: Do..Loop

The endle‡‡ loop i‡ a loop which neve† end‡ and •he ‡•a•emen•‡ in‡ide a†e †epea•ed fo†eve†.
Neve† i‡ mean• a‡ a †ela•ive •e†m he†e - if •he compu•e† i‡ ‡wi•ched o •hen even endle‡‡
loop‡ will end ve†y ab†up•ly.

Do
Do_Something
Loop

In Vi‡ual Ba‡ic you canno• label •he loop bu• you can of cou†‡e place a label ju‡• befo†e i•,
in‡ide i• o† ju‡• af•e† i• if you wi‡h.

6.2.2 Loop with condition flt the ffieginning: Do While..Loop

Thi‡ loop ha‡ a condi•ion a• •he beginning. The ‡•a•emen•‡ a†e †epea•ed a‡ long a‡ •he
condi•ion i‡ me•. If •he condi•ion i‡ no• me• a• •he ve†y beginning •hen •he ‡•a•emen•‡
in‡ide •he loop a†e neve† execu•ed.

Do While X <= 5
X = Calculate_Something
Loop

6.2.3 Loop with condition flt the end: Do..Loop Until

Thi‡ loop ha‡ a condi•ion a• •he end and •he ‡•a•emen•‡ a†e †epea•ed un•il •he condi•ion i‡
me•. Since •he check i‡ a• •he end •he ‡•a•emen•‡ a†e a• lea‡• execu•ed once.

Do
X = Calculate_Something
Loop Until X > 5

6.2.4 Loop with condition in the middle:Do..Exit Do..Loop

Some•ime‡ you need •o †‡• make a calcula•ion and exi• •he loop when a ce†•ain c†i•e†ion
i‡ me•. Howeve† when •he c†i•e†ion i‡ no• me• •he†e i‡ ‡ome•hing el‡e •o be done. Hence
you need a loop whe†e •he exi• condi•ion i‡ in •he middle.

Do
X = Calculate_Something
If X > 10 then
Exit Do

End If
Do_Something (X)
Loop
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In Vi‡ual Ba‡ic you can al‡o have mo†e •han one exi• ‡•a•emen•. You canno• exi• named
ou•e† loop‡ u‡ing Exit Do becau‡e Vi‡ual Ba‡ic doe‡ no• p†ovide named loop‡; you can of
cou†‡e u‡e Go•o in‡•ead •o jump •o a label •ha• follow‡ •he ou•e† loop.

6.3 While Loops

While loop‡ a†e ‡imila† •o Do loop‡ excep• •ha• •he •e‡•ed condi•ion alway‡ appea†‡ a• •he
•op of •he loop. If on •he †‡• en•†y in•o •he loop block •he condi•ion i‡ fal‡e, •he con•en•‡
of •he loop a†e neve† execu•ed. The condi•ion i‡ †e•e‡•ed befo†e eve†y loop i•e†a•ion.

An example of a While loop i‡ a‡ follow‡:

price = 2

While price < 64
Debug.Print "Price = " & price
price = price ^ 2

Wend

Debug.Print "Price = " & price & ": Too much for the market to bear!"

The While loop will †un un•il •he condi•ion •e‡•‡ fal‡e - o† un•il an "Exi• While" ‡•a•emen•
i‡ encoun•e†ed.

6.4 Nested Loops

A ne‡•ed loop i‡ any •ype of loop in‡ide an al†eady exi‡•ing loop. They can involve any
•ype of loop. Fo† •hi‡, we will u‡e Fo† loop‡. I• i‡ impo†•an• •o †emembe† •ha• •he inne†
loop will execu•e i•‡ no†mal amoun• mul•iplied by how many •ime‡ •he ou•e† loop †un‡. Fo†
example:

For i = 1 To 10
For j = 1 To 2
Debug.Print "hi"

Next
Next

Thi‡ will p†in• •he wo†d 'hi' •wen•y •ime‡. Upon •he †‡• pa‡‡ of •he i loop, i• will †un •he j
loop •wice. Then on •he ‡econd pa‡‡ of •he i loop, i• will †un •he j loop ano•he† •wo •ime‡,
and ‡o on.
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7 Strings

Vi‡ual Ba‡ic ha‡ a •†adi•ional ‡e• of buil• in ‡•†ing ope†a•ion‡. Unlike many language‡
Vi‡ual Ba‡ic ‡•†ing‡ a†e alway‡ Unicode1 ‡o •hey can hold any cha†ac•e†. They a†e al‡o
alway‡ dynamically alloca•ed and a†e of almo‡• unlimi•ed leng•h (•heo†e•ically up •o abou•
2ˆ31 cha†ac•e†‡, abou• 2000 million).

No•e •ha• Unicode u‡e‡ mo†e •han one by•e •o †ep†e‡en• each cha†ac•e†. A‡ fa† a‡ VB
i‡ conce†ned Unicode cha†ac•e†‡ a†e •wo by•e‡ which give‡ 2ˆ16 o† 65536 po‡‡ible value‡.
Thi‡ i‡ enough even fo† Chine‡e, Japana‡e and Ko†ean cha†ac•e† ‡e•‡ (CJK). In fac• Unicode
de ne‡ 17 plane‡ each of which ha‡ †oom fo† 2ˆ16 code poin•‡ bu• VB (and Window‡) u‡e‡
only •he Ba‡ic Mul•ilingual Plane2 (BMP).

See Wha• A†e VB S•†ing‡?3 fo† a conci‡e explana•ion of •he in•e†nal wo†king‡ of Vi‡ual
Ba‡ic Cla‡‡ic ‡•†ing‡.

7.1 Built In String Functions

Vi‡ual Ba‡ic p†ovide‡ a †ea‡onable ‡e• of •†adi•ional func•ion‡ fo† manipula•ing and ‡ea†ch-
ing ‡•†ing‡. The‡e func•ion‡ a†e u‡ually all •ha• i‡ needed fo† mo‡• p†og†am‡ •ha• a†e no•
p†ima†ily conce†ned wi•h •ex• p†oce‡‡ing.

7.2 Regulflr Expressions

A †egula† exp†e‡‡ion i‡ a cha†ac•e† ‡•†ing in which ‡ome cha†ac•e†‡ have ‡pecial mean-
ing‡. Such a ‡•†ing can be u‡ed •o ‡ea†ch fo† ‡ub‡•†ing‡ in ano•he† ‡•†ing in much mo†e
‡ophi‡•ica•ed way‡ •han •he buil• in InS•† func•ion.

Fo† example •hi‡ exp†e‡‡ion:

"(dog|cat)"

will ma•ch ei•he† 'dog' o† 'ca•'.

Vi‡ual Ba‡ic ha‡ no buil• in †egula† exp†e‡‡ion func•ion‡, bu• •he‡e a†e available in •he
VBSc†ip• †egula† exp†e‡‡ion lib†a†y. If you† p†og†am doe‡ a lo• of •ex• p†oce‡‡ing regular

1 http://en.wikipedia.org/wiki/Unicode
2 http://en.wikipedia.org/wiki/Basic%20Multilingual%20Plane
3 http://web.archive.org/web/20080626021549/http://www.romanpress.com/Articles/Strings_

R/Strings.htm
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S•†ing‡

expressions a†e de ni•ely wo†•h lea†ning even •hough •hey may ‡eem in•imida•ing a• •he
‡•a†•. In p†ac•ice mo‡• p†og†amme†‡ nd •ha• •he mo†e a†cane exp†e‡‡ion‡ a†e †a†ely u‡ed
and •he ‡ame idiom‡ a†e †ecycled ove† and ove† ‡o •he†e i‡ †eally no• a‡ much •o lea†n a‡ i•
a• †‡• appea†‡.
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8 Built In String Functions

8.1 Compflrison

Two ‡•†ing‡ a†e equfll ffiy vfllue if •hey have •he ‡ame con•en•:
If "Hello" = "Hello" Then M‡gBox "A"

The ‡•a•emen• Option Compflre Text can be placed a• •he •op of a module •o make •he
compa†i‡on cflse-insensitive, impac•ing =, <, >, <=, >=, <>:

Option Compare Text
Sub Test()

If "Hello" = "hello" Then MsgBox "A"
If "aaa" < "BBB" Then MsgBox "B"

End Sub

To •e‡• whe•he† •wo ‡•†ing‡ a†e equfll ffiy reference, •ha• i‡, whe•he† •hey ‡•a†• a• •he
‡ame add†e‡‡, you can u‡e S•†P•† func•ion.

To •e‡• whe•he† a ‡•†ing i‡ greflter thfln or less •han ano•he† u‡ing lexicog†aphical o†de†,
you can u‡e <, >, <=, >=, <>. To decide whe•he† a ‡•†ing i‡ le‡‡ •han ano•he†, •he •wo
a†e compa†ed cha†ac•e† by cha†ac•e† and a‡ ‡oon a‡ a cha†ac•e† f†om one ‡•†ing i‡ found
•o have a lowe† ASCII code •han •he co††e‡ponding (‡ame po‡i•ion) cha†ac•e† in •he o•he†
‡•†ing, •he †‡• i‡ decla†ed •o be less than •he ‡econd. The conve†‡e •e‡• al‡o wo†k‡.

Ano•he† way of •e‡•ing whe•he† ‡•†ing‡ a†e equal o† g†ea•e† •han one ano•he† i‡ •he Str-
Comp func•ion. Unlike =, <, >, e•c., •he S•†Comp func•ion ha‡ an op•ional a†gumen•
•ha• con•†ol‡ whe•he† •he compa†i‡on i‡ ca‡e-‡en‡i•ive.

Example:

strHello = "hello": strHello2 = "Hello"
If StrComp(strHello, strHello2, vbTextCompare) = 0 Then

Debug.Print "The strings are the same."
End If

Link‡:

S•†Comp Func•ion1, Acce‡‡ 2007, o ce.mic†o‡of•.com
S•†Comp Func•ion2, O ce 2013, m‡dn.mic†o‡of•.com

1 http://office.microsoft.com/en-001/access-help/strcomp-function-HA001228914.aspx
2 http://msdn.microsoft.com/en-us/library/office/gg264346.aspx
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Buil• In S•†ing Func•ion‡

8.2 Concfltenfltion

The ope†a•o† in•ended •o pe†fo†m ‡•†ing con•a•ena•ion i‡ &. The ope†a•o† + can ‡ome•ime‡
be u‡ed •o •he ‡ame e ec•, bu• no• alway‡:

a = "123"
b = "456"
c = a & b 'Yields 123456
d = a + b 'Yields 123456: applied to two strings
Debug.Print c, d

a = 123 'A number, not a string
b = "456" 'A string
c = a & b 'Yields 123456
d = a + b 'Yields 579: applied to a number and to a string
Debug.Print c, d

8.3 Contflinment

To nd ou• if one ‡•†ing i‡ a ‡ub‡•†ing of ano•he†, u‡e •he InS•† func•ion a‡ follow‡:

If InStr("Hello","He") > 0 Then
MsgBox "The second string is contained in the first string."

End If
If InStr("He","Hello") > 0 Then
MsgBox "This never gets printed; wrong argument order."

End If

InS•† func•ion †e•u†n‡ •he po‡i•ion of •he ‡ub‡•†ing if i• i‡ found o† ze†o o•he†wi‡e.

The •wo-a†gumen• u‡e of InS•† func•ion i‡ ca‡e-‡en‡i•ive. A ca‡e-in‡en‡i•ive con•ainmen•
•e‡• can be done a‡ follow‡:

If InStr(UCase("Hello"), UCase("he")) > 0 Then
MsgBox "The second string is contained in the first string when we " & _

"disregard the case."
End If

8.4 Replflcing

To †eplace a ‡•†ing wi•h ano•he† ‡•†ing in‡ide a •hi†d ‡•†ing, u‡e •he buil•-in func•ion Replace
a‡ follow‡:

Result = Replace("Teh Beatles", "Teh", "The") 'results into "The Beatles"

8.5 Indexing flnd Suffistrings

S•†ing‡ can be u‡ed almo‡• a‡ if •hey we†e li‡•‡ of cha†ac•e†‡. The nth chflrflcter in fl
string can be †e•u†ned by ‡ub‡c†ip•ing:
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Mid$(String1, n, 1)

The value‡ of n ‡•a†• f†om 1 †a•he† •han f†om 0.

I• i‡ al‡o po‡‡ible •o †e•u†n a suffistring of a ‡•†ing. The ‡ame func•ion i‡ u‡ed bu• in‡•ead
of ‡pecifying 1, you ‡pecify •he leng•h of •he ‡ub‡•†ing:

Offset = 2: Length = 3
Debug.Print Mid$("abcdef", Offset , Length) 'Prints bcd

If you a‡k fo† mo†e cha†ac•e†‡ •han a†e available, you ge• ju‡• wha• •he†e i‡, no e††o† i‡
†ai‡ed:

Debug.Print Mid$("abcdef", 2, 33) 'Prints bcdef

You can al‡o u‡e Mid$ on •he left-hflnd side of an a‡‡ignmen•:

String1 = "aaaaaa"
Debug.Print String1 'Prints aaaaaa
Mid$(String1, 2, 3) = "bbb"
Debug.Print String1 'Prints abbbaa
Mid$(String1, 3, 1) = "cccccc"
Debug.Print String1 'Prints abcbaa
Mid$(String1, 2, 3) = "d"
Debug.Print String1 'Prints adcbaa

When Mid$ i‡ on •he lef•, i• doe‡n'• change •he •o•al leng•h of •he ‡•†ing: i• ju‡• †eplace‡
•he ‡peci ed numbe† of cha†ac•e†‡. If •he †igh•-hand ‡ide ‡peci e‡ fewe† cha†ac•e†‡ •han a†e
a‡ked fo†, only •ha• numbe† of cha†ac•e†‡ i‡ †eplaced; if i• ‡peci e‡ mo†e, only •he numbe†
a‡ked fo† i‡ u‡ed.

Link‡:

MID, MIDB3, Excel 2003, o ce.mic†o‡of•.com

8.6 String constflnts

S•†ing con‡•an•‡ can be decla†ed like any o•he† con‡•an•:

Const s As String = "abcdef"

8.7 String Functions

S•†ing‡ a†e no• objec•‡ ‡o •hey do no• have me•hod‡ bu• •he†e i‡ a numbe† of func•ion‡ •ha•
manipula•e ‡•†ing‡. No•e •ha• none of •he func•ion‡ modify •he o†iginal ‡•†ing, excep• fo†
Mid$ when i• i‡ on •he lef• hand ‡ide of an a‡‡ignmen• ‡•a•emen•:

Asc

3 http://office.microsoft.com/en-gb/excel-help/mid-midb-HP005209175.aspx
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Re•u†n‡ •he in•ege† code of •he †‡• cha†ac•e† of •he ‡•†ing. The inve†‡e func•ion would
be Chr.

Len
Re•u†n‡ •he leng•h of •he ‡•†ing.

InStr
Re•u†n‡ •he cha†ac•e† index of •he †‡• occu††ence of •he ‡ub‡•†ing in a ‡•†ing o† ze†o if
•he ‡ub‡•†ing i‡ no• found.

InstrB
Like InS•† excep• •ha• i• †e•u†n‡ •he by•e po‡i•ion. I• ha‡ •o be †emembe†ed, •ha• Vi‡ual
Ba‡ic 6 ‡•†ing‡ a†e Unicode ‡•†ing‡.

InstrRev
Like InS•† excep• •ha• i• †e•u†n‡ •he cha†ac•e† po‡i•ion of •he la‡• occu††ence of •he ‡ub-
‡•†ing.

Left$
Re•u†n‡ •he ‡peci ed numbe† of cha†ac•e†‡ f†om •he beginning of •he ‡•†ing. If •he†e a†e
fewe† cha†ac•e†‡ in •he ‡•†ing Lef•$ †e•u†n‡ •he whole ‡•†ing, no e††o† i‡ †ai‡ed,

Mid$
Re•u†n‡ a numbe† of cha†ac•e†‡ ‡•a†•ing a• •he given po‡i•ion, on •he lef• hand ‡ide i•
†eplace‡ •ho‡e cha†ac•e†‡,

Right$
Re•u†n‡ •he ‡peci ed numbe† of cha†ac•e†‡ f†om •he end of •he ‡•†ing, if •he†e a†e no• •ha•
many cha†ac•e†‡, •hen Righ•$ †e•u†n‡ •he whole ‡•†ing.

IsNumeric
Re•u†n‡ •†ue if •he ‡•†ing look‡ like a numbe†.

LTrim$, RTrim$, Trim$
Re•u†n‡ a copy of •he ‡•†ing wi•h leading, •†ailing o† leading and •†ailing ‡pace‡ †emoved
†e‡pec•ively. No•e •ha• only ASCII ‡pace‡ (cha†ac•e† code 32) a†e †emoved, o•he† whi•e‡-
pace cha†ac•e†‡ ‡uch a‡ •ab‡ a†e •†ea•ed a‡ non-‡pace‡.

LCflse$, UCflse
Conve†•‡ •he whole ‡•†ing •o lowe† ca‡e o† uppe† ca‡e †e‡pec•ively.

Vfll
Re•u†n‡ a numbe† co††e‡ponding •o •he numbe† found a• •he ‡•a†• of •he ‡•†ing. No•e •ha•
Val i‡ no• locale awa†e, which mean‡ •ha• i• alway‡ expec•‡ decimal poin•‡ †ega†dle‡‡ of
•he †egional ‡e••ing‡ of you† compu•e†; if you a†e †eading f†om a comma delimi•ed le •hi‡
i‡ p†obably •he func•ion you wan• •o u‡e.

Str
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Re•u†n‡ a ‡•†ing co††e‡ponding •o •he given numbe†. Like Val •hi‡ i‡ no• locale awa†e.
Thi‡ i‡ •he func•ion you ‡hould u‡e if you a†e c†ea•ing a •ex• le con•aining numbe†‡ •o
be †ead on ‡omeone el‡e'‡ compu•e†.

CStr
Conve†•‡ •he exp†e‡‡ion •o a ‡•†ing. Thi‡ p†ocedu†e is locale awa†e and •he co††ec• func•ion
•o u‡e if conve†•ing numbe†‡ and di e†en•ly •yped value‡ •o ‡•†ing‡ fo† u‡e†-di‡play. U‡ually
i• i‡ unnece‡‡a†y becau‡e Vi‡ual Ba‡ic au•oma•ically conve†•‡ when nece‡‡a†y and u‡e‡
Regional Settings •o do ‡o.

Formflt$
Conve†•‡ a numbe† •o a ‡•†ing u‡ing a ‡peci c fo†ma•. The fo†ma• i‡ p†ovided a‡ a ‡•†ing
of cha†ac•e†‡, •ha• ‡how‡ how many digi•‡ ‡hould be given befo†e and af•e† •he decimal
poin•. Like CStr, Format$ i‡ locale awa†e ‡o •he decimal ‡epa†a•o† will be wha•eve† i‡
‡peci ed in •he u‡e†'‡ Regional Settings. Format$ al‡o p†ovide‡ fo† conve†‡ion of da•e‡ •o
va†iou‡ buil•-in and cu‡•om ‡•†ing fo†ma•‡.

CBool, CByte, CCur, CInt, CLng, CSng, CDffil, CDec
Locale awa†e conve†‡ion‡ •o Boolean, Byte, Currency, Integer, Long, Single, Double, Deci-
mal.

Split
Chop‡ a ‡•†ing in•o piece‡ and †e•u†n‡ a Variant Array. If no delimi•e† i‡ ‡peci ed •hen
‡pace‡ will be u‡ed. Delimi•e†‡ may be any ‡•†ing of any leng•h. Two adjacen• delimi•e†‡
delimi• an emp•y ‡•†ing.

Hex$
Re•u†n‡ a ‡•†ing of Hex cha†ac•e†‡ †ep†e‡en•ing a numbe†.

Oct$
Re•u†n‡ a ‡•†ing of Octal cha†ac•e†‡ †ep†e‡en•ing a numbe†.

Replflce$
Re•u†n‡ a ‡•†ing wi•h occu††ence‡ of a ‡peci ed ‡ub‡•†ing †eplaced wi•h a new ‡•†ing. No•e
•ha• •he ‡ub‡•†ing and •he new ‡•†ing do no• have •o be •he ‡ame ‡ize.

StrComp
Re•u†n‡ -1 if •he †‡• ‡•†ing i‡ le‡‡ •han •he ‡econd, 0 if •hey a†e iden•ical, +1 if •he †‡•
i‡ g†ea•e† •han •he ‡econd. Take‡ an op•ional a†gumen• •ha• de•e†mine‡ •he compa†i‡on
algo†i•hm: vbBina†y fo† exac• compa†i‡on‡ u‡ing •he cha†ac•e† code‡, vbTex•Compa†e fo†
ca‡e in‡en‡i•ive compa†i‡on‡.
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8.8 Quotes in strings

Becau‡e •he double quo•e (") i‡ u‡ed •o delimi• ‡•†ing‡, you can'• u‡e i• di†ec•ly •o ‡pecify
a quo•e wi•hin a ‡•†ing. Fo† example

' Does not work - syntax error
Debug.Print "Fred says "Hi" to you"

One way i‡ •o u‡e •ha• Ch†() func•ion •o ‡pecify •he cha†ac•e† code (34)

' Works fine
Debug.Print "Fred says " & Chr$(34) & "Hi" & Chr$(34) & " to you"

Ano•he† i‡ •o double •he double-quo•e‡. You migh• nd •hi‡ mo†e o† le‡‡ †eadable •han •he
above way.

' Works fine too
Debug.Print "Fred says ""Hi"" to you"

8.9 Stflrtswith flnd Endswith

Vi‡ual Ba‡ic doe‡ no• have func•ion‡ "‡•a†•‡Wi•h" (o† "Begin‡Wi•h") and "end‡Wi•h"
found in ‡ome o•he† p†og†amming language‡. Bu• i• ha‡ "Like" compa†i‡on ope†a•o† u‡ed
fo† ‡imple pa••e†n ma•ching •ha• doe‡ •he job when u‡ed wi•h "*" •o ‡•and fo† "any ‡•†ing
of cha†ac•e†‡":

If "Hello World" Like "Hello*" Then MsgBox "It starts."
If "Hello World" Like "*World" Then MsgBox "It ends."
If LCase("Hello World") Like "hello*" Then MsgBox "It starts, case insensitive."
If LCase("Hello World") Like "*world" Then MsgBox "It ends, case insensitive."
Ending = "World"
If "Hello World" Like "*" & Ending Then MsgBox "It ends."

Fu†•he†mo†e, you can w†i•e •he‡e func•ion‡ you†‡elf u‡ing "Lef•" func•ion:

Function StartsWith(Str1 As String, Str2 As String, Optional CaseIns As Boolean)
As Boolean
StartsWith = False
If CaseIns Then 'Case insensitive
If Left(LCase(Str1), Len(Str2)) = LCase(Str2) Then

StartsWith = True
End If

Else
If Left(Str1, Len(Str2)) = Str2 Then

StartsWith = True
End If

End If
End Function

Function EndsWith(Str1 As String, Str2 As String, Optional CaseIns As Boolean)
As Boolean
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EndsWith = False
If CaseIns Then 'Case insensitive

If Right(LCase(Str1), Len(Str2)) = LCase(Str2) Then
EndsWith = True

End If
Else

If Right(Str1, Len(Str2)) = Str2 Then
EndsWith = True

End If
End If

End Function

Fo† a one-o compa†i‡on •o a con‡•an• ‡•†ing, a func•ion call may be an ove†kill:

If Left(String1, 9) = "Beginning" Then
'Starts with, case-sensitive
...

Else
...

End If

If Right(String1, 3) = "end" Then
'Ends with, case-sensitive
...

Else
...

End If

8.10 Pflttern Mfltching

You can do ‡imple pa••e†n ma•ching wi•h Like keywo†d; fo† complex pa••e†n ma•ching,
‡ee ../Regula† Exp†e‡‡ion‡/4. The ‡pecial cha†ac•e†‡ in •he pa••e†n‡ of Like include ? fo† a
‡ingle cha†, * fo† any numbe† of cha†‡, # fo† a ‡ingle decimal digi•, [...] fo† a ‡ingle cha† in
•he li‡•, and [!...] fo† a ‡ingle cha† no• in •he li‡•.

Example‡:

If "Hello World" Like "Hello*" Then MsgBox "A"
If "Hello World" Like "*World" Then MsgBox "B"
If "Itam" Like "It?m" Then MsgBox "G"
If "AB345" Like "[A-Z][A-Z]###" Then MsgBox "C"
If "Ab345" Like "[a-zA-Z][a-zA-Z]###" Then MsgBox "D"
If "Item" Like "[!;][!;][!;][!;]" Then MsgBox "E"
If Not "It;m" Like "[!;][!;][!;][!;]" Then MsgBox "F"

Link‡:

Like Ope†a•o†5, Vi‡ual Ba‡ic fo† Applica•ion‡, m‡dn.mic†o‡of•.com
Like Ope†a•o†6, Vi‡ual S•udio 2005, m‡dn.mic†o‡of•.com

4 Chap•e† 8.10 on page 51
5 http://msdn.microsoft.com/en-us/library/office/gg251796.aspx
6 http://msdn.microsoft.com/en-us/library/swf8kaxw%28v=vs.80%29.aspx
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9 Regulflr Expressions

Some•ime‡, •he buil• in ‡•†ing func•ion‡ a†e no• •he mo‡• convenien• o† elegan• ‡olu•ion •o
•he p†oblem a• hand. If •he •a‡k involve‡ manipula•ing complica•ed pa••e†n‡ of cha†ac•e†‡,
regular expressions can be a mo†e e ec•ive •ool •han ‡equence‡ of ‡imple ‡•†ing func•ion‡.

Vi‡ual Ba‡ic ha‡ no buil•-in ‡uppo†• fo† †egula† exp†e‡‡ion‡. I• can u‡e †egula† exp†e‡‡ion‡
via VBSc†ip• Regula† Exp†e‡‡ion Lib†a†y, •hough. If you have In•e†ne• Explo†e† in‡•alled,
you almo‡• ce†•ainly have •he lib†a†y. To u‡e i•, you mu‡• add a †efe†ence •o •he p†ojec•;
on •he Project menu choo‡e References and ‡c†oll down •o Microsoft VBScript Regular
Expressions. The†e migh• be mo†e •han one ve†‡ion; if ‡o, choo‡e •he one wi•h •he highe‡•
ve†‡ion numbe†, unle‡‡ you have ‡ome pa†•icula† †ea‡on •o choo‡e an old ve†‡ion, ‡uch a‡
compa•ibili•y wi•h •ha• ve†‡ion on ano•he† machine.

9.1 Clflss outline

Cla‡‡ ou•line of VBSc†ip•.RegExp cla‡‡:

A••†ibu•e‡
RegExp.Pa••e†n
RegExp.Global
RegExp.Igno†eCa‡e
RegExp.Mul•iLine

Me•hod‡
RegExp.Te‡•
RegExp.Replace
RegExp.Execu•e

9.2 Constructing fl regexp

A me•hod of con‡•†uc•ing a †egula† exp†e‡‡ion objec•:

Set Regexp = CreateObject("VBScript.RegExp")
Regexp.Pattern = "[0-9][0-9]*"

A me•hod of con‡•†uc•ing a †egula† exp†e‡‡ion objec• •ha• †equi†e‡ •ha•, in Excel, you ‡e•
a †efe†ence •o Mic†o‡of• VBSc†ip• Regula† Exp†e‡‡ion‡:

Set Regexp = new RegExp
Regexp.Pattern = "[0-9][0-9]*"
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9.3 Testing for mfltch

An example of •e‡•ing fo† ma•ch of a †egula† exp†e‡‡ion

Set RegExp = CreateObject("VBScript.RegExp")
RegExp.Pattern = "[0-9][0-9]*"
If RegExp.Test("354647") Then

MsgBox "Test 1 passed."
End If
If RegExp.Test("a354647") Then

MsgBox "Test 2 passed." 'This one passes, as the matching is not a
whole-string one

End If
If RegExp.Test("abc") Then

MsgBox "Test 3 passed." 'This one does not pass
End If

An example of •e‡•ing fo† ma•ch in which •he whole ‡•†ing ha‡ •o ma•ch:

Set RegExp = CreateObject("VBScript.RegExp")
RegExp.Pattern = "^[0-9][0-9]*$"
If RegExp.Test("354647") Then

MsgBox "Test 1 passed."
End If
If RegExp.Test("a354647") Then

MsgBox "Test 2 passed." 'This one does not pass
End If

9.4 Finding mfltches

An example of i•e†a•ing •h†ough •he collec•ion of all •he ma•che‡ of a †egula† exp†e‡‡ion in
a ‡•†ing:

Set Regexp = CreateObject("VBScript.RegExp")
Regexp.Pattern = "a.*?z"
Regexp.Global = True 'Without global, only the first match is found
Set Matches = Regex.Execute("aaz abz acz ad1z")
For Each Match In Matches

MsgBox "A match: " & Match
Next

9.5 Finding groups

An example of acce‡‡ing ma•ched g†oup‡:

Set Regexp = CreateObject("VBScript.RegExp")
Regexp.Pattern = "(a*) *(b*)"
Regexp.Global = True
Set Matches = Regexp.Execute("aaa bbb")
For Each Match In Matches

FirstGroup = Match.SubMatches(0) '=aaa
SecondGroup = Match.SubMatches(1) '=bbb

Next
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9.6 Replflcing

An example of †eplacing all ‡equence‡ of da‡he‡ wi•h a ‡ingle da‡h:

Set Regexp = CreateObject("VBScript.RegExp")
Regexp.Pattern = "--*"
Regexp.Global = True
Result = Regexp.Replace("A-B--C----D", "-") '="A-B-C-D"

An example of †eplacing doubled ‡•†ing‡ wi•h •hei† ‡ingle ve†‡ion wi•h •he u‡e of •wo ‡o†•‡
of backreference:

Set Regexp = CreateObject("VBScript.RegExp")
Regexp.Pattern = "(.*)\1"
Regexp.Global = True
Result = Regexp.Replace("hellohello", "$1") '="hello"

9.7 Splitting

The†e i‡ no di†ec• ‡uppo†• fo† ‡pli••ing by a †egula† exp†e‡‡ion, bu• •he†e i‡ a wo†ka†ound.
If you can a‡‡ume •ha• •he ‡pli• ‡•†ing doe‡ no• con•ain Ch†(1), you can †‡• †eplace •he
‡epa†a•o† †egula† exp†e‡‡ion wi•h Ch†(1), and •hen u‡e •he non-†egexp ‡pli• func•ion on
Ch†(1).

An example of ‡pli••ing by a non-ze†o numbe† of ‡pace‡:

SplitString = "a b c d"
Set Regexp = CreateObject("VBScript.RegExp")
Regexp.Pattern = " *"
Regexp.Global = True
Result = Regexp.Replace(SplitString , Chr(1))
SplitArray = Split(Result, Chr(1))
For Each Element In SplitArray

MsgBox Element
Next

9.8 Exflmple flpplicfltion

Fo† many beginning p†og†amme†‡, •he idea‡ behind †egula† exp†e‡‡ion‡ a†e ‡o fo†eign •ha•
i• migh• be wo†•h p†e‡en•ing a ‡imple example befo†e di‡cu‡‡ing •he •heo†y. The example
given i‡ in fac• •he beginning of an applica•ion fo† ‡c†aping web page‡ •o †e•†ieve ‡ou†ce
code ‡o i• i‡ †elevan• •oo.

Imagine •ha• you need •o pa†‡e a web page •o pick up •he majo† heading‡ and •he con•en•
•o which •he heading‡ †efe†. Such a web page migh• look like •hi‡:

Figure 2 f†ame

<nowiki>
<html>

<head>
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<title>RegEx Example</title>
</head>
<body>

<h1>RegEx Example</h1>
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
<h2>Level Two in RegEx Example</h2>

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
<h1>Level One</h1>

cccccccccccccccccccccccccccccccccccccc
<h2>Level Two in Level One</h2>

dddddddddddddddddddddddddddddddddddd
</body>

</html>
</nowiki>

Wha• we wan• •o do i‡ ex•†ac• •he •ex• in •he •wo h1 elements and all •he •ex• be•ween •he
†‡• h1 and •he ‡econd h1 a‡ well a‡ all •he •ex• be•ween •he ‡econd h1 element and •he
end of body •ag.

We could ‡•o†e •he †e‡ul•‡ in an a††ay •ha• look‡ like •hi‡:

"RegEx Exam-
ple"

" aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa\n<h2>Level
Two in RegEx Exam-
ple</h2>\nbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb"

"Level One" " ccccccccccccccccccccccccccccccccccc-
ccc\n<h2>Level Two in Level One</h2>\n
dddddddddddddddddddddddddddddddddddd"

The \n cha†ac•e† ‡equence‡ †ep†e‡en• end of line ma†k‡. The‡e could be any of carriage
return, line feed o† carriage return followed by line feed.

A †egula† exp†e‡‡ion ‡peci e‡ pa••e†n‡ of cha†ac•e†‡ •o be ma•ched and •he †e‡ul• of •he
ma•ching p†oce‡‡ i‡ a li‡• of ‡ub-‡•†ing‡ •ha• ma•ch ei•he† •he whole exp†e‡‡ion o† ‡ome
pa†•‡ of •he exp†e‡‡ion. An exp†e‡‡ion •ha• doe‡ wha• we wan• migh• look like •hi‡:

"<h1>\s*([\s\S]*?)\s*</h1>"

Ac•ually i• doe‡n'• qui•e do i• bu• i• i‡ clo‡e. The †e‡ul• i‡ a collec•ion of ma•che‡ in an
objec• of •ype MatchCollection:

Item 0 .FirstIndex:89 .Length:24 .Value:"<h1>RegEx Example</h1>" .SubMatches: .Count:1 Item 0
"RegEx Example" Item 1 .FirstIndex:265 .Length:20 .Value:"<h1>Level One</h1>" .SubMatches: .Count:1
Item 0 "Level One"

The name of •he i•em i‡ in •he SubMatches of each i•em bu• whe†e i‡ •he •ex•? To ge• •ha•
we can ‡imply u‡e Mid$ •oge•he† wi•h •he FirstIndex and Length p†ope†•ie‡ of each ma•ch
•o nd •he ‡•a†• and ni‡h of •he •ex• be•ween •he end of one h1 and •he ‡•a†• of •he nex•.
Howeve†, a‡ u‡ual •he†e i‡ a p†oblem. The la‡• ma•ch i‡ no• •e†mina•ed by ano•he† h1
elemen• bu• by •he end of body •ag. So ou† la‡• ma•ch will include •ha• •ag and all •he ‡•u
•ha• can follow •he body. The ‡olu•ion i‡ •o u‡e ano•he† exp†e‡‡ion •o ge• ju‡• •he body †‡•:
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"([\s\S]*)"

Thi‡ †e•u†n‡ ju‡• one ma•ch wi•h on ‡ub-ma•ch and •he ‡ub ma•ch i‡ eve†y•hing be•ween
•he body and end body •ag‡. Now we can u‡e ou† o†iginal exp†e‡‡ion on •hi‡ new ‡•†ing
and i• ‡hould wo†k.

Now •ha• you have ‡een an example he†e i‡ a de•ailed de‡c†ip•ion of •he exp†e‡‡ion‡ u‡ed
and •he p†ope†•y ‡e••ing‡ of •he Regula† Exp†e‡‡ion objec• u‡ed.

A †egula† exp†e‡‡ion i‡ ‡imply a ‡•†ing of cha†ac•e†‡ bu• ‡ome cha†ac•e†‡ have ‡pecial
meaning‡. In •hi‡ exp†e‡‡ion:

"([\s\S]*)"

•he†e a†e •h†ee p†incipal pa†•‡:

""

"([\s\S]*)"
"

"

Each of •he‡e pa†•‡ i‡ al‡o a †egula† exp†e‡‡ion. The †‡• and la‡• a†e ‡imple ‡•†ing‡ wi•h
no meaning beyond •he iden•i•y of •he cha†ac•e†‡, •hey will ma•ch any ‡•†ing •ha• include‡
•hem a‡ a ‡ub‡•†ing.

The middle exp†e‡‡ion i‡ †a•he† mo†e ob‡cu†e. I• ma•che‡ ab‡olu•ely any ‡equence of cha†ac-
•e†‡ and al‡o cap•u†e‡ wha• i• ma•che‡. Cap•u†ing i‡ indica•ed by ‡u††ounding •he exp†e‡‡ion
wi•h †ound b†acke•‡. The •ex• •ha• i‡ cap•u†ed i‡ †e•u†ned a‡ one of •he SubMatches of a
ma•ch.

ma•che‡ ju‡•
( begin‡ a cap•u†e exp†e‡‡ion
[ begin‡ a cha†ac•e† cla‡‡
\‡ ‡peci e‡ •he cha†ac•e† cla‡‡ •ha• include‡ all whi•e ‡pace cha†ac•e†‡
\S ‡peci e‡ •he cha†ac•e† cla‡‡ •ha• include‡ all non-whi•e ‡pace cha†ac•e†‡
] end‡ •he cha†ac•e† cla‡‡
* mean‡ •ha• a‡ many in‡•ance‡ of •he p†eceding exp†e‡‡ion a‡ po‡‡ible a†e •o

be ma•ched
) end‡ •he cap•u†e exp†e‡‡ion

ma•che‡
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In •he ca‡e ‡•udie‡ ‡ec•ion of •hi‡ book •he†e i‡ a ‡imple applica•ion •ha• you can u‡e •o
•e‡• †egula† exp†e‡‡ion‡: Regula† Exp†e‡‡ion Te‡•e†1.

9.9 Externfll links

Regula† Exp†e‡‡ion‡ in Vi‡ual Ba‡ic 6 - VB RegExp (†egula†-exp†e‡‡ion‡.info)2
VBSc†ip•’‡ Regula† Exp†e‡‡ion Suppo†• (†egula†-exp†e‡‡ion‡.info)3
.Ne• Regula† Exp†e‡‡ion Cla‡‡e‡ (m‡dn.mic†o‡of•.com)4

1 http://en.wikibooks.org/wiki/..%2FRegular%20Expression%20Tester
2 http://www.regular-expressions.info/vb.html
3 http://www.regular-expressions.info/vbscript.html
4 http://msdn.microsoft.com/en-us/library/30wbz966%28v=vs.71%29.aspx
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10 Arrflys

10.1 Introduction

A††ay‡ a†e ex•†emely u‡eful in Vi‡ual Ba‡ic, and a†e p†e‡en• in many o•he† p†og†amming
language‡. A††ay‡ a†e u‡ed •o g†oup ‡imila† da•a •oge•he†, •o make i• ea‡ie† •o ‡ea†ch and
‡o†• •h†ough •hi‡ da•a. The be‡• way •o look a• an a††ay i‡ •o ‡how you one. Say you
wan• •o make a phone book fo† you† compu•e†. Ra•he† •han make a new va†iable wi•h a
new name wheneve† you wan• •o add a name, you can make an a††ay. A††ay‡ con‡i‡• of
•he va†iable name and a ‡ub‡c†ip•, which i‡ pu• in pa†en•he‡e‡ fo† compu•e† u‡e. So, if
you wan• •o make a phone book of ‡ay, 100 people, †a•he† •han make a bunch of va†iable‡
named 'pe†‡on1, pe†‡on2, pe†‡on3....pe†‡on100', you may u‡e an a††ay. All you have •o do
i‡ dimen‡ion •he a††ay (‡ee above). So now •ho‡e 100 va†iable‡ •u†n in•o pe†‡on(1 •o 100)
in a dim ‡•a•emen•. Now you may be a‡king, wha• do I do now? Each objec• ‡•o†ed in an
a††ay i‡ called an elemen•. Wha• you have done i‡ c†ea•ed an a††ay which can hold 100
elemen•‡. If you wan• •o p†in• •he 32nd pe†‡on in you† phone book, you ‡imply would •ype:

Debug.Print Person(32)

10.2 Use of Arrflys

A††ay‡ have fa† mo†e u‡e‡ o•he† •han ju‡• making phone book‡. Bu• befo†e we ge• in•o
‡peci c u‡e‡, le•'‡ look a• ‡ome of •he ba‡ic •echnique‡ u‡ed when wo†king wi•h a††ay‡.
The †‡• •hing you may wan• •o do i‡ lea†n how •o ea‡ily ll an a††ay. Filling an a††ay
wi•h †andom numbe†‡ i‡ a popula† •echnique fo† ‡•a†•ing o p†og†am‡, and •e‡•ing o•he†
•echnique‡ ‡uch a‡ ‡o†•ing. To ll an a††ay, a ‡imple Fo† Loop may be u‡ed.

Option Explicit
Dim lngIndex as Long
Dim strArray(0 to 9) as String ' Create an array with 10 values
Dim intCounter as Integer
intCounter = 1
For lngIndex = LBound(strArray) to UBound(strArray)

intCounter = intCounter + 1
strArray(lngIndex) = intCounter

Next lngIndex

The above ‡how‡ an example of †ead-w†i•e i•e†a•ion ove† an a††ay. For Each loop can be
u‡ed fo† †ead-only i•e†a•ion ove† an a††ay:

Dim MyArray(9)
For i = 0 To 9
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MyArray(i) = i
Next
For Each Item In MyArray
Debug.Print Item

Next

10.3 Indices

Pe† defaul•, a††ay indices stflrt a• 0, unle‡‡ "Op•ion Ba‡e 1" decla†a•ion i‡ u‡ed. Wi•hou•
•he decla†a•ion u‡ed, an a††ay decla†ed a‡ "Dim MyA††ay(5)" ha‡ 6 elemen•‡: 0, 1, 2, 3, 4,
5.

The index rflnge of an a††ay ha‡ •o be a con•inuou‡ ‡equence of in•ege†‡, including nega•ive
numbe†‡. Thu‡, •he following i‡ po‡‡ible:

Dim MyArray1(-5 to 5)
Dim MyArray2(-10 to -5)
For i = LBound(MyArray1) to UBound(MyArray1)

MyArray1(i) = i + 5
Debug.Print i, MyArray1(i)

Next
For i = LBound(MyArray2) to UBound(MyArray2)

MyArray2(i) = i + 5
Debug.Print i, MyArray2(i)

Next

10.4 Size

The ‡ize of an a††ay can be ob•ained u‡ing LBound and UBound a‡ follow‡:

Dim MyArray1(-5 to 5)
Dim MyArray2(10-1)
Size1 = UBound(MyArray2) - LBound(MyArray2) + 1
Size2 = UBound(MyArray2) + 1 'For a same array with indexing starting at zero
Debug.Print Size1, Size2

Keywo†d‡: leng•h, i•em coun•, elemen• coun•.

10.5 Dynflmic Arrflys

An a††ay wi•h •he numbe† of elemen•‡ ‡peci ed upon i•‡ decla†a•ion, a‡ in Dim Name‡(0 •o
9), i‡ a ‡•a•ic one: •he numbe† of i•‡ elemen•‡ canno• be changed in †un•ime. By con•†a‡•,
an a††ay decla†ed wi•hou• •he numbe† of elemen•‡, a‡ in Dim Name‡(), i‡ a dynamic array,
and i•‡ numbe† of elemen•‡ can be changed u‡ing ReDim. To p†e‡e†ve •he elemen• con•en•
of •he a††ay when u‡ing ReDim, P†e‡e†ve keywo†d ha‡ •o be u‡ed af•e† ReDim.

Say you have a phone book p†og†am †unning and i• ha‡ an a††ay of you† f†iend‡' name‡,
like •hi‡:

Option Explicit
Dim StrNames(0 to 2) As String

60



Dynamic A††ay‡

StrNames(0) = "Alec"
StrNames(1) = "Jack"
StrNames(2) = "Pie"

Bu• ‡ay you wan• •o add more f†iend‡ •o you† phone book, when a bu••on i‡ clicked, fo†
example. Wha• do you do? You can de ne fl dynflmic flrrfly in‡•ead:

Dim Names() As String

Thi‡ a††ay ini•ially ha‡ no elemen•‡. You can add mo†e elemen•‡, by u‡ing •he ReDim
keywo†d:

ReDim Names(0 to 1) As String

Thi‡ would c†ea•e •wo new elemen•‡. You can a‡‡ign name‡ •o •he‡e elemen•‡ in •he ‡ame
way a‡ befo†e:

Names(0) = "Alec"
Names(1) = "Jack"

If you wan• •o add mo†e en•†ie‡ •hen u‡e, fo† example:

ReDim Names(0 to 2) As String

Bu• you'll end up lo‡ing all •he old †eco†d‡! If you wan• •o keep •hem, you mu‡• al‡o u‡e
•he P†e‡e†ve keywo†d:

ReDim Preserve Names(0 To 3) As String
Names(1) = "Eugene H / Orage" 'Whoa this person's name is too long to remember

To i•e†a•e AKA loop over •he elemen•‡ of a dynflmic flrrfly, you have •o u‡e LBound
and UBound func•ion‡ o† Fo† Each loop, a‡ de‡c†ibed a• #U‡e of A††ay‡1.

To fldd fln element •o an ini•ialized dynamic a††ay, you can p†oceed a‡ follow‡, u‡ing
UBound func•ion:

ReDim Preserve Names(0 To UBound(Names) + 1) As String
Names(UBound(Names)) = "my new friend"

Howeve†, UBound doe‡ no• wo†k wi•h an un-ini•ialized dynamic a††ay, ‡o •he following
would cau‡e a †un-•ime e††o†:

Dim MyArray() As String
Debug.Print UBound(MyArray)

One way •o avoid •hi‡ †un-•ime e††o† i‡ •o keep a ag:

Dim ArrayIsEmpty As Boolean
Dim MyArray() As String

ArrayIsEmpty = True

If Not ArrayIsEmpty Then
ReDim Preserve MyArray(0 To UBound(MyArray) + 1) As String

Else

1 Chap•e† 10.2 on page 59
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ReDim Preserve Names(0 To 0) As String
ArrayIsEmpty = False

End If
Names(UBound(Names)) = "my new friend"

Ano•he† way •o avoid •he †un-•ime e††o† i‡ •o ca•ch •he e††o† c†ea•ed by •he u‡e of "UBound"
on an unini•ialized a††ay:

Dim MyArray() As String

NumberOfElements = 0
On Error Resume Next
NumberOfElements = UBound(MyArray) + 1
On Error GoTo 0
ReDim Preserve MyArray(0 To NumberOfElements) As String
MyArray(UBound(MyArray)) = "my new friend"

Finally, you can u‡e •he following hack •o check if a dynamic a††ay ha‡ been ini•ialized:

Dim MyArray() As String

If (Not MyArray) = -1 Then
NumberOfElements = 0 'The array is uninitialised

Else
NumberOfElements = UBound(MyArray) + 1

End If
ReDim Preserve MyArray(0 To NumberOfElements) As String
MyArray(UBound(MyArray)) = "my new friend"

10.6 Vflriflnt Arrflys

Va†ian• a††ay‡ a†e dynamic a††ay‡ decla†ed u‡ing •he Va†ian• •ype, and ini•ialized u‡ing "=
A††ay()". Thei† advan•age i‡ •ha•, af•e† •hey a†e ini•ialized u‡ing "= A††ay()", LBound
and UBound func•ion‡ wo†k wi•h •hem even when •hey have no elemen•‡, a‡ follow‡:

Dim VariantArray As Variant

VariantArray = Array()

Debug.Print LBound(VariantArray) 'Prints 0
Debug.Print UBound(VariantArray) 'Prints -1

A‡ a con‡equence, adding an elemen• i‡ ‡•†aigh•fo†wa†d, wi•h no need •o check fo† UBound
failu†e:

ReDim Preserve VariantArray(0 To UBound(VariantArray) + 1) As Variant
VariantArray(UBound(VariantArray)) = "Jennifer"

Va†ian• a††ay‡ can be ini•ialized •o a ‡e• of value‡:

Dim VariantArray As Variant
VariantArray = Array(1, 2.3, "Hey")

Fo† ve†y la†ge a††ay‡, •he ove†head of u‡ing va†ian• a††ay‡, which have •he elemen• •ype of
Va†ian• †a•he† •han S•†ing o† o•he† na††owe† •ype, may well be †e‡•†ic•ive, in which ca‡e
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conven•ional dynamic a††ay‡ ‡hould be u‡ed. Wha• ‡eem‡ al‡o much fa‡•e† •han va†ian•
a††ay‡ fo† adding i•em‡ one a• a •ime a†e ../Collec•ion‡/2.

10.7 Multi-Dimensionfll Arrflys

A††ay‡ can be de ned •o have any numbe† of dimen‡ion‡ (o† indice‡), by li‡•ing •he ‡ize‡ of
each dimen‡ion:

Dim FunkyArray(2,3,1,4) As String

An elemen• can be †efe†enced like •hi‡:

FunkyArray(1,2,0,3) = 24

Dynamic a††ay‡ can al‡o be †e-dimen‡ioned •o have any numbe† of dimen‡ion‡:

Dim VeryFunkyArray() as String

ReDim VeryFunkyArray(2,2,2) As String

The LBound and UBound func•ion‡ can be u‡ed •o nd •he bound‡ of a pa†•icula† dimen‡ion:

Debug.Print UBound(FunkyArray, 4)

Would give 4.

U‡ing UBound wi•hou• •he ‡econd pa†ame•e† give‡ •he †‡• dimen‡ion

Debug.Print UBound(FunkyArray)
' Displays 2
Debug.Print UBound(VeryFunkyArray)
' Displays 2

10.8 Erflsing Arrflys

Any •ype of a††ay can be †e-‡e• •o emp•y by u‡ing:

Erase SomeArray

10.9 Mixing Arrflys

The †eal powe† of a††ay‡ come‡ when de ning a††ay‡ of a††ay‡. Wha• doe‡ •hi‡ mean?
Decla†e an a††ay:

Dim VariantArray() As Variant

VariantArray = Array()

2 Chap•e† 10.11 on page 65
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ReDim VariantArray(1) As Variant

VariantArray(0) = Array(1,2,3)
VariantArray(1) = Array(4,5,6)

Wha• do we have he†e? E‡‡en•ially •wo a††ay‡ in‡ide ano•he†. They can be †efe†enced like
•hi‡:

Debug.Print VariantArray(0)(2)

Would ‡how 3.

You can ne‡• a††ay‡ like •hi‡ •o any dep•h and in any o†de† and •hey can be of any ‡ize.
A no•e of cau•ion mu‡• be •aken when u‡ing •he ReDim ‡•a•emen•, howeve†. You canno•
‡peci cally †e-dimen‡ion a pa†•icula† dimen‡ion of an a††ay; in‡•ead you need •o •empo†a†ily
copy •o a va†ian•.

Dim vtemp As Variant

vtemp = VariantArray(0)

ReDim vtemp(1+UBound(vtemp)) As Variant
vtemp(UBound(vtemp)) = 7

VariantArray(0) = vtemp

10.10 Use of Mfltrices

See also the section #Multi-Dimensional Arrays3.

Ma•†ice‡ a†e no• a‡ commonly u‡ed a‡ a††ay‡, bu• a†e an impo†•an• elemen• of p†og†amming.
Ra•he† •han ju‡• one dimen‡ion, a ma•†ix may have 2 o† mo†e. So, •o make a ma•†ix, •he
Dim ‡•a•emen• would be:

Dim Matrix(0 To 9, 0 To 9) as Integer

Thi‡ will c†ea•e a ma•†ix •ha• i‡ 10 by 10 and comp†i‡ed of in•ege†‡. In †eali•y, a ma•†ix i‡
much like an a††ay of a††ay‡. The †‡• •hing you'll wan• •o do i‡ know how •o c†ea•e a loop
fo† †eading and lling a ma•†ix. Bu• befo†e •ha•, even, you ‡hould know how ma•†ice‡ a†e
‡•†uc•u†ed. An example ma•†ix would be:

1 2 3 4 5 6 7 8 9

1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1

Thi‡ i‡ a 4 by 9 ma•†ix. When •alking abou• ma•†ice‡, †ow‡ a†e alway‡ ‡•a•ed befo†e
column‡. You will al‡o no•ice column numbe†‡ •†avel f†om lef• •o †igh•, while †ow numbe†‡

3 Chap•e† 10.7 on page 63
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•†avel f†om •op •o bo••om. Thi‡ i‡ ve†y impo†•an•. And of cou†‡e, ma•†ice‡ need no• con‡i‡•
of me†ely 1‡. So, now you wan• •o ll a ma•†ix? I•‡ ve†y ‡imila† •o an a††ay.

For Row = 0 To 3
For Column = 0 To 8

Matrix(Row, Column)=1
Next

Next

Thi‡ will of cou†‡e ll •he ma•†ix wi•h no•hing bu• one‡, bu• †andom numbe†‡ may be u‡ed
(‡ee †efe†ence‡). A‡ you may no•ice, •hi‡ involve‡ ne‡•ed loop‡. The loop ll‡ lef• •o †igh•,
•op •o bo••om (•he ‡ame di†ec•ion‡ we u‡e when †eading).

10.11 Sorting

Fo† ‡o†•ing va†ian• a††ay‡, ‡ee http://stackoverflow.com/questions/152319/
vba-array-sort-function.
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11 Collections

Collec•ion cla‡‡ p†ovide‡ an a††ay-like con•aine† mo†e exible •han an a††ay in ‡ome way‡
and le‡‡ exible in o•he† way‡. Mo†e exible in ‡ome way‡ •han Collec•ion i‡ Dic•iona†y
cla‡‡.

C†ea•ing a new collec•ion:

Dim Cats As Collection
Set Cats = New Collection

Adding an i•em:

Cats.Add "Item"
Cats.Add "Item", "Key"
...

Acce‡‡ing an i•em a• an index, in a †ead-only way:

Cats (3) 'The third member of the collection
Cats.Item(3) 'An alternative
Cats.Item("Key 3") 'Works if an item has a key associated

Ove†w†i•ing a i•em a• an index:

NewValue = MyCollection(i) + 1
MyCollection.Add NewValue, Before:=i
MyCollection.Remove Index:=i + 1

Removing an i•em:

Collection.Remove Index
Collection.Remove HashKey

The ‡ize of a collec•ion:

Cats.Count

I•e†a•ing ove† a collec•ion, †ead-only:

For Each Cat In Cats
Rem Do something on Cat

Next

I•e†a•ing ove† a collec•ion, †ead-w†i•e:

'Fill the collection
Set MyCollection = New Collection
For i = 1 To 10

MyCollection.Add i
Next
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'Increment each item by 1
For i = 1 To MyCollection.Count
NewValue = MyCollection(i) + 1
MyCollection.Add NewValue, Before:=i
MyCollection.Remove Index:=i + 1

Next

Te‡•ing •he emp•ine‡‡ of a collec•ion:

If Cats.Count=0 Then
'...

End If

Te‡•ing •he p†e‡ence of an elemen• in a collec•ion:

MatchFound = False
For Each Member In MyCollection
If Member = "SoughtValue" Then

MatchFound = True
Exit For

End If
Next

Appending one collec•ion •o ano•he†:

For Each Member In AppendedCollection
ExtendedCollection.Add Member

Next

Conve†•ing a collec•ion •o an a††ay:

Dim MyArray
ReDim MyArray(MyCollection.Count - 1)
Index = 0
For Each Member In MyCollection
MyArray(Index) = Member
Index = Index + 1

Next

U‡ing a collec•ion a‡ a queue:

Set Queue = New Collection
For i = 1 To 10
Queue.Add i

Next
For i = 1 To 5
Queue.Remove 1 'Remove from the queue

Next

U‡ing a collec•ion a‡ a ‡•ack:

Set Stack = New Collection
For i = 1 To 10
Stack.Add i

Next
For i = 1 To 5
Stack.Remove Stack.Count 'Remove from the stack

Next

U‡ing a collec•ion a‡ a ‡e•:

' Using the key of a collection item will do the trick.
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' The key has to be a string, hence "Str(i)" below.
Set NumberSet = New Collection
For i = 1 To 10

NumberSet.Add i, Str(i) 'Value, Key
Next
For i = 5 To 15

'Add while catching errors resulting from existence of the key
On Error Resume Next
NumberSet.Add i, Str(i) 'Value, Key
On Error GoTo 0
'End If

Next
For i = 14 To 16

'Remove
On Error Resume Next 'Catch error if element not present
NumberSet.Remove Str(i)
On Error GoTo 0

Next
Set NumberSet2 = New Collection
For i = 10 To 25

NumberSet2.Add i, Str(i)
Next
'Union
Set SetUnion = New Collection
For Each Item In NumberSet

SetUnion.Add Item, Str(Item) 'Value, Key
Next
For Each Item In NumberSet2

On Error Resume Next
SetUnion.Add Item, Str(Item) 'Value, Key
On Error GoTo 0

Next
'Intersection
Set SetIntersection = New Collection
For Each Item In NumberSet

On Error Resume Next
Dummy = NumberSet2(Str(Item))
If Err.Number = 0 Then

SetIntersection.Add Item, Str(Item) 'Value, Key
End If
On Error GoTo 0

Next
'Set difference
Set SetDifference = New Collection
For Each Item In NumberSet

On Error Resume Next
Dummy = NumberSet2(Str(Item))
If Err.Number <> 0 Then

SetDifference.Add Item, Str(Item) 'Value, Key
End If
On Error GoTo 0

Next
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12 Dictionflries

Dic•iona†y cla‡‡ p†ovide‡ ‡ome func•ion‡ beyond •ho‡e p†ovided by Collec•ion cla‡‡. A
dic•iona†y i‡ a li‡• of key, value pai†‡. Unlike Collec•ion, Dic•iona†y cla‡‡ i‡ only available
via Mic†o‡of• Sc†ip•ing Run•ime, a †efe†ence •o which need‡ •o be added •o you† p†ojec• in
o†de† •o u‡e •he cla‡‡.

C†ea•ing a dic•iona†y:

Set Dict = New Dictionary
Set Dict = CreateObject("Scripting.Dictionary") 'An alternative

Adding a key and an i•em •o a dic•iona†y:

Dict.Add "Key1", "Value1"
Dict.Add "Key2", "Value2"
Dict.Add Key:="Key3", Item:="Value3"

Acce‡‡ing an i•em by key:

Value3 = MyDict.Item("Key3")

Acce‡‡ing an i•em by index:

Index = 2
Counter = 1
For Each Key In Dict.Keys

If Counter = Index Then
FoundKey = Key
FoundValue = Dict.Item(Key)
Exit For

End If
Counter = Counter + 1

Next

I•e†a•ing •h†ough •he key‡:

For Each Key In Dict.Keys
Value = Dict.Item(Key)

Next

I•e†a•ing •h†ough •he value‡:

For Each Value In Dict.Items
'...

Next

Removing an i•em:

Dict.Remove "Key3"
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Removing all i•em‡ o† emp•ying:

Dict.RemoveAll

Size o† numbe† of elemen•‡:

Dict.Count

Te‡•ing fo† emp•ine‡‡:

If Dict.Count = 0 Then
'...

End If

Changing •he key of an i•em:

Dict.Key("Key1") = "Key1a"

Changing •he value of an i•em:

Dict.Item("Key2") = "Value2a"

Te‡•ing fo† p†e‡ence of a key:

If Dict.Exists("Key2") Then
'..

End If

U‡ing dic•iona†y a‡ a ‡e•:

A‡‡ocia•e •he dummy value 1 wi•h each elemen• of •he ‡e•.

When adding an i•em, •e‡• fo† exi‡•ence.

Set DictSet = New Dictionary
DictSet.Add "Item1", 1
'DictSet.Add "Item1", 1 -- error: the item is already there
If Not DictSet.Exists("Item1") Then
DictSet.Add "Item1", 1

End If
DictSet.Remove "Item1"
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13 Dfltfl Types

Da•a •ype‡ in Vi‡ual Ba‡ic can be divided in•o •h†ee g†oup‡:

Nfltive: Type‡ •ha• a†e unde†‡•ood di†ec•ly by •he Vi‡ual Ba‡ic compile† wi•hou• a‡‡i‡-
•ance f†om •he p†og†amme†
User-de ned: commonly †efe††ed •o by •he ini•ial‡ UDT, meaning U‡e† de ned Type,
•he‡e co††e‡pond •o Pa‡cal †eco†d‡ o† C ‡•†uc•‡
Clflsses: •he ba‡i‡ fo† objec• o†ien•ed p†og†amming in Vi‡ual Ba‡ic. Cla‡‡e‡ include
fo†m‡, add-in‡, and da•aba‡e de‡igne†‡.

13.1 Built in Types

The buil• in •ype‡ a†e:

Byte
8 bi•, un‡igned

Integer
16 bi•, ‡igned

Long
32 bi• ‡igned

Single
32 bi• oa•ing poin•, †ange abou• ±10

38

Douffile
64 bi• IEEE oa•ing poin•, †ange abou• ±10

308

Currency
exac• †ep†e‡en•a•ion of decimal numbe†‡ of up •o fou† decimal place‡

String
dynamically alloca•ed UniCode ‡•†ing‡, •heo†ec•ical capaci•y abou• 2

9 cha†ac•e†‡.

Collection
an a‡‡ocia•ive a††ay of Va†ian•‡.

Dflte
8 by•e da•e/•ime value †ange Janua†y 1, 100 •o Decembe† 31, 9999
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Offiject
a holde† fo† any •ype of Objec•.

Vflriflnt
a holde† fo† any •ype of value o† objec•.

13.2 Byte, Integer & Long

Example:

Dim a as Byte
Dim i as Integer
Dim x,y as Long 'Define two variables. Note that only the last variable will

be a long integer.

Now •ho‡e va†iable‡ will only be capable of ‡•o†ing in•ege† value‡ (wi•hou• decimal). Long
in•ege†‡ can ‡•o†e a numbe† wi•h a bigge† †ange of value •han in•ege†‡ bu• •hey occupy a
bigge† ‡pace of RAM.

Type Storflge Rflnge of Vfllues
By•e 1 by•e 0 •o 255
In•ege† 2 by•e‡ -32,768 •o 32,767
Long 4 by•e‡ -2,147,483,648 •o 2,147,483,647

Some func•ion‡ you need •o know: In•()

In•() conve†•‡ a decimal value in•o an in•ege† value:

Dim i as Integer
i=Int(3.9)
Print i 'Prints 3

13.3 Single & Douffile

The‡e da•a •ype‡ can ‡•o†e decimal value‡. "Double" compa†ed •o "Single" i‡ ‡imila† •o •he
"Long" compa†ed •o "In•ege†":

Type S•o†age Range of Value‡
Single 4 by•e‡ -3.402823E+38 •o -1.401298E-45 fo† nega•ive

value‡1.401298E-45 •o 3.402823E+38 fo† po‡i•ive value‡.
Double 8 by•e‡ -1.79769313486232e+308 •o -4.94065645841247E-

324 fo† nega•ive value‡4.94065645841247E-324 •o
1.79769313486232e+308 fo† po‡i•ive value‡.

Some u‡eful func•ion‡: Round()
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Round() †ound‡ o a decimal •o a ce†•ain numbe† of decimal digi•‡ •ha• •he p†og†amme†
wan•‡. The †‡• a†gumen• ‡hould be a decimal value which you wan• •o †ound o . The
‡econd a†gumen• ‡peci e‡ •he numbe† of decimal digi•‡ you wan•, fo† example:

Dim pi as Double
pi=3.141592653589
pi=Round(pi,2) 'Rounds off 3.141592653589 to only two decimal digits
Print pi 'Prints 3.14

13.4 String

A ‡•†ing i‡ an a††ay of cha†ac•e†‡. A‡ an example:

Dim a As String
a = "This is a string"

S•†ing‡ can be conca•ena•ed (connec•ed •oge•he† •o fo†m a new ‡•†ing) u‡ing •he "&"
ope†a•o†. Fo† example,

dim b as String
b = "Wiki" & "book" & "s"
Print b 'Prints "Wikibooks"

A no†mal ‡•†ing va†iable occupie‡ 10 by•e‡ of RAM, plu‡ •he ‡•†ing'‡ ‡ize, and can hold up
•o 2 billion cha†ac•e†‡!

Some frequently used ffiuilt-in string constflnts: vffiTflffi, vffiCrLf
vbTab con•ain‡ a ‡•†ing •ha• doe‡ •he ‡ame •hing a‡ •he Tab key on you† keyboa†d, while
vbC†Lf c†ea•e‡ a cha†ac•e† †e•u†n and a line feed(‡imila† •o •he En•e† key):

Print "Jack:" & vbTab & "1 pie" & vbCrLf & "me:" & vbTab & "10 pies"

Will p†in•:

Jack: 1 pie
me: 10 pies

To include ‡pecial cha†ac•e†‡ and quo•a•ion ma†k‡ in •he ‡•†ing‡, •he Ch†() func•ion may
be u‡ed:

Dim a As String
Print "A quotation mark: [" & Chr(34) & "]"
a = "Replace 'apostrophes' for quotation marks"
Replace( a, "'", Chr(34) )
Print a

Some string functions: Str(),Vfll(),inStr(),Mid(),Replflce(),Trim()
In fac• •he†e a†e •on‡ of buil•-in ‡•†ing manipula•ion func•ion‡ available. Bu• †igh• now, I'll
ju‡• in•†oduce •wo: S•†() and Val().
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S•†() conve†•‡ any nume†ical value in•o a ‡•†ing value while Val() conve†•‡ a ‡•†ing value
in•o a nume†ical value(only when i•'‡ conve†•ible).

Dim MyString As String
Dim MyNumber As Single
MyString=Str(300) 'converts a number into a string
MyNumber=Val("300") 'converts a string into a number

Even if you don'• do •he conve†‡ion, you will no• end up ge••ing Type Mi‡ma•ch E††o†‡.
Howeve†, i• i‡ con‡ide†ed be••e† •o u‡e explici• •ype conve†‡ion‡, becau‡e i• i‡ ea‡ie† •o
debug.

Even if you do be p†epa†ed fo† nex• •o impo‡‡ible •o debug p†oblem‡ cau‡ed by VB †efu‡ing
•o conve†• ‡ome•hing and †efu‡ing •o •ell you wha• •he heck i• i‡. VB i‡ ex•†emely •ouchy
and †ai‡e‡ an excep•ion a• •he lea‡• expec•ed •ime‡.

13.5 Structure

An example de ni•ion of a ‡•†uc•u†ed •ype:

Type E2Point
x As Double
y As Double

End Type
Sub Test()

Dim MyPoint As E2Point
Dim MyPoint2 As E2Point
MyPoint.x = 4
MyPoint.y = -5
MyPoint2 = MyPoint 'Make a copy
MyPoint2.x = 3
MyPoint2.y = -6
Debug.Print MyPoint.x, MyPoint.y '4, -5: not overriden with 3 and -6
Debug.Print TypeOf MyPoint Is E2Point 'True
Debug.Print TypeOf MyPoint Is Object 'False

End Sub

The •ype ha‡ •o be de ned ou•‡ide of a p†ocedu†e.

A va†iable of a ‡•†uc•u†e •ype i‡ no• an objec•.

Link‡:

Type S•a•emen•1, O ce 2013, m‡dn.mic†o‡of•.com
Type S•a•emen•2 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com

13.6 Enumerfltfltion

An example de ni•ion of an enume†a•ed •ype:

1 http://msdn.microsoft.com/en-us/library/office/gg278730.aspx
2 http://msdn.microsoft.com/en-us/library/aa266315.aspx
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Type Te‡•

Enum Colors
Red '=0
Green '=1
Blue '=2

End Enum
Enum Colors2

Red2 = 1
Green2 '=2
Blue2 '=3

End Enum
Sub Test()

Debug.Print Red, Green, Blue
Debug.Print Red2, Green2, Blue2
Dim MyVar As Colors 'Ends up being typed as Long
MyVar = 8 'Does not lead to an error: no restriction on values

End Sub

Link‡:

Enum S•a•emen•3, O ce 2013, m‡dn.mic†o‡of•.com
Enum S•a•emen•4 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com

13.7 Type Test

To nd ou• abou• •he •ype of a va†iable, you can u‡e "TypeOf ... Is ..." •e‡•. The •e‡•ed
•ype‡ can only be objec• •ype‡ and ‡•†uc•u†e •ype‡, bu• •he •e‡• can be applied •o any
va†iable, whe•he† •yped a‡ an in•ege†, a ‡•†ing o† an objec•.

An example of TypeOf in Excel:

Set MyVar = Selection
Debug.Print "Selection is an object: " & TypeOf MyVar Is Object
Debug.Print "Selection is a range: " & TypeOf MyVar Is Range
Debug.Print "Sheets is of type Sheets: " & TypeOf Sheets Is Sheets
MyStr = "Hello"
Debug.Print "Text is an object: " & TypeOf MyStr Is Object
If TypeOf MyVar Is Range Then

Set MyCells = MyVar.Cells
End If

An example •e‡• wi•h a "Selec• Ca‡e T†ue":

Set MyVar = new Collection
Select Case True
Case TypeOf MyVar is Range

Debug.Print "Range"
Case TypeOf MyVar is Collection

Debug.Print "Collection"
Case Else

Debug.Print "Other cases"
End Select

You can fu†•he† nd ou• abou• a •ype u‡ing IsOffiject and TypeNflme func•ion‡:

Debug.Print IsObject(Selection) 'True

3 http://msdn.microsoft.com/en-us/library/office/gg251516.aspx
4 http://msdn.microsoft.com/en-us/library/aa243358.aspx
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Debug.Print IsObject("Hello") 'False
Debug.Print TypeName("Hello") 'String
Debug.Print TypeName(4) 'Integer
Debug.Print TypeName(3.5) 'Double
Debug.Print TypeName(Selection) 'Range

Link‡:

If...Then...El‡e S•a•emen•5 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence,
m‡dn.mic†o‡of•.com
TypeName Func•ion6 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com
I‡Objec• Func•ion7 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com
I‡A††ay Func•ion8 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com
I‡Da•e Func•ion9 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com
I‡Nume†ic Func•ion10 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com
I‡Null Func•ion11 a• Vi‡ual Ba‡ic fo† Applica•ion‡ Refe†ence, m‡dn.mic†o‡of•.com

5 http://msdn.microsoft.com/en-us/library/aa243382.aspx
6 http://msdn.microsoft.com/en-us/library/aa263394.aspx
7 http://msdn.microsoft.com/en-us/library/aa445054.aspx
8 http://msdn.microsoft.com/en-us/library/aa445040.aspx
9 http://msdn.microsoft.com/en-us/library/aa445042.aspx
10 http://msdn.microsoft.com/en-us/library/aa445052.aspx
11 http://msdn.microsoft.com/en-us/library/aa445050.aspx
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14 Procedures flnd Functions

Func•ion‡ a†e named block‡ p†og†am code •ha• pe†fo†m a ‡peci c •a‡k and †e•u†n a †e‡ul•.
The •a‡k can be a‡ ‡imple a‡ adding •wo numbe†‡ o† a‡ complex a‡ launching a ‡pacec†af•.
A ‡ub†ou•ine i‡ like a func•ion, ju‡• •ha• i• doe‡ no• †e•u†n a †e‡ul•.

14.1 De ning procedures

An example func•ion de ni•ion:

Public Function Sum(ByRef Number1 As Double, ByRef Number2 As Double) As
Double

'Return the result by writing it to a variable having the same name as the
function

Sum = Number1 + Number2
End Function

An example ‡ub†ou•ine de ni•ion:

Public Sub Tell(ByVal MyString1 as String, ByVal MyString2 as String)
MsgBox MyString1 & MyString2

End Sub

No•e •he following:

The a†gumen•‡ •o •he func•ion a†e decla†ed a‡ ByRef1 which †equi†e‡ •he compile† •o
make ‡u†e •ha• only a†gumen•‡ of •he ‡peci ed •ype a†e u‡ed, in •hi‡ ca‡e Double.
The func•ion †e•u†n‡ a value by a‡‡igning i• •o •he func•ion name a‡ •hough •he func-
•ion we†e a va†iable. Thi‡ con•†a‡•‡ wi•h •he u‡e of •he keywo†d return in many o•he†
language‡.

14.2 Cfllling procedures

You can u‡e o† call •he •wo p†ocedu†e‡ de ned in •he p†eviou‡ ‡ec•ion‡ a‡ follow‡:

'On the next line, argument order matters
Tell "Hello there.", ""
'On the next line, names of arguments are used and argument order does not

matter.
Tell MyString1:="Hello there,", MyString2:=" again."
'Tell ("Hello there.","") -- syntax error

MySum = Sum(123.456, 234)

1 Chap•e† 33.9 on page 237
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MySum2 = Sum(Number2:=8, Number1:=6)
'MySum3 = Sum Number2:=8, Number1:=6 -- syntax error

No•e •he following:

The a†gumen•‡ (argument list) pa‡‡ed •o a function mu‡• be enclo‡ed in †ound b†acke•‡,
whe†ea‡ •ho‡e ‡upplied •o a ‡ub†ou•ine need no•.

14.3 Procedure pflrts

Each func•ion and ‡ub†ou•ine ha‡ •he following pa†•‡, ‡ome of •he op•ional:

Visiffiility
Public, Friend o† Private

P†ocedu†e Type

Sub, Function, Property Let, Property Get, Property Set

Name

A f†eely cho‡en name •ha• ‡•a†•‡ wi•h a le••e† and con•ain‡ only le••e†‡, numbe†‡ and
unde†‡co†e‡.

Argument List
A li‡• of •he i•em‡ of da•a •ha• •he p†ocedu†e †ead‡ o† w†i•e‡ in•o.

Return Type
Fo† a Function o† Property Get, •he da•a •ype †e•u†ned, ‡uch a‡ Double o† String.

Body
All •he ‡•a•emen•‡ •ha• do •he wo†k.

Only •he Name and •he Procedure Type a†e manda•o†y. Of cou†‡e, a p†ocedu†e wi•hou• a
body doe‡n'• do any•hing.

14.4 Visiffiility

Thi‡ ‡eem‡ like a ve†y unimpo†•an• pa†• of a p†ocedu†e decla†a•ion •o mo‡• people bu• in
fac• i• i‡ a ve†y helpful fea•u†e. Wi•h i• you can ‡how •ha• ‡ome p†ocedu†e‡ a†e ju‡• fo† u‡e
in‡ide a module (Private), ‡ome only fo† u‡e in •hi‡ componen• (Friend) o† available fo† •he
whole wo†ld (Public). You ‡hould ma†k p†ocedu†e‡ Private unle‡‡ •hey will be called f†om
ou•‡ide •he module. •hi‡ will encou†age you, and anyone who edi•‡ you† p†og†am, •o place
†ela•ed p†ocedu†e‡ in •he ‡ame module which obviou‡ly make‡ main•enance ea‡ie†.

Ma†king a p†ocedu†e Private al‡o mean‡ •ha• you can have ano•he† p†ocedu†e wi•h exac•ly
•he ‡ame name in ano•he† module.
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14.5 Eflrly Terminfltion

U‡e Exit Function o† Exit Suffi •o •e†mina•e a p†ocedu†e in •he middle, like •hi‡:

Sub LengthyComputation(fat, n)
If n = 0 Or n = 1 Then

fat = 1
' Now terminate
Exit Sub

End If
' Now compute fat ...

End Sub

14.6 Procedure type

All p†ocedu†e‡ a†e ei•he† func•ion‡ •ha• †e•u†n a †e‡ul• a‡ •he value of •he func•ion, o†
‡ub†ou•ine‡ •ha• a†e called fo† •hei† ‡ide e ec•‡. To †e•u†n a value, you can u‡e bo•h, bu•
wi•h ‡ub†ou•ine, you need •o do i• via an a†gumen•:

Private Function FunctionHalf(ByRef y as Double) as Double
FunctionHalf = y / 2

End Function

Private Sub SubroutineHalf(ByRef y As Double, ByRef Result As Double)
Result = y / 2

End Sub

The •wo p†ocedu†e‡ do e‡‡en•ially •he ‡ame •hing, •ha• i‡, divide a numbe† by •wo. The
Function ve†‡ion doe‡ i• by assigning •he new value •o •he name of •he func•ion while •he
Sub ve†‡ion a‡‡ign‡ i• •o •he name of one of •he arguments. Thi‡ a ec•‡ how you u‡e •hem.

The func•ion ve†‡ion can be u‡ed in an exp†e‡‡ion a‡ follow‡:

Debug.Print FunctionHalf(10) 'Prints 5

To u‡e •he ‡ub†ou•ine •o †e•u†n value, you need •o ‡•o†e •he value in a va†iable, like •hi‡:

Dim nHalf as Double
SubroutineHalf 10, nHalf
Debug.Print nHalf

Gene†ally, you u‡e a Function when •he †e‡ul• i‡ a ‡ingle •hing (numbe†, ‡•†ing, objec•) and
a Sub when you ei•he† wan• •o †e•u†n ‡eve†al di‡•inc• •hing‡ o† no•hing a• all.

Properties a†e al‡o a fo†m of p†ocedu†e. Property Get i‡ a func•ion; Property Let and
Property Set a†e ‡ub†ou•ine‡. Fo† mo†e di‡cu‡‡ion of Properties, ‡ee •he ../Objec• O†ien•ed
P†og†amming/2 chap•e†.

2 Chap•e† 23.2 on page 114
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P†ocedu†e‡ and Func•ion‡

14.7 Optionfll flrguments

You can ‡pecify op•ional a†gumen•‡ and defaul• value‡:

Function MySum(i1, i2, Optional i3)
If IsMissing(i3) Then
MySum = i1 + i2

Else
MySum = i1 + i2 + i3

End If
End Function

Function MyConcatenate(String1, String2, Optional Separator = " ")
'Default value for Separator specified
MyConcatenate = String1 & Separator & String2

End Function

Sub Test()
Debug.Print MySum(1, 2) * MySum(1, 2, 3)
Debug.Print MyConcatenate("Hello", "World")
Debug.Print MyConcatenate("Hello", "World", ", ")

End Sub

Once an a†gumen• i‡ decla†ed op•ional, all a†gumen•‡ a• •he †igh• of i• have •o be decla†ed
op•ional a‡ well.

Link‡:

U‡ing Op•ional A†gumen•‡3, O ce 2000, m‡dn.mic†o‡of•.com

3 http://msdn.microsoft.com/en-us/library/office/aa164532.aspx
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15 Error Hflndling

E††o† handling in Vi‡ual Ba‡ic, an ou•line:

On E††o† Go•o <Label>
On E††o† Go•o 0
On E††o† Re‡ume Nex•
If E††.Numbe† = 0
If E††.Numbe† <> 0
Re‡ume
Re‡ume <Label>
Re‡ume Nex•
E††.De‡c†ip•ion
E††.Rai‡e <Numbe†>

Supp†e‡‡ing •he e††o† and de•ec•ing i• u‡ing •he non-ze†o e††o† numbe†ː

Set MyCollection = New Collection
MyCollection.Add "Item", "Item"
On Error Resume Next
MyCollection.Add "Item", "Item" 'This result in an error
MyErrNumber = Err.Number
On Error Goto 0 'Restore the absence of error handling
If MyErrNumber <> 0 Then

'Error occurred
MsgBox "Item already present in the collection."

End If

C†ea•ing an e††o† handle†ː

Sub Test()
On Error Goto ErrorHandler
...
Exit Sub

ErrorHandler:
...

End Sub

C†ea•ing an e††o† handle† •ha• di e†en•ia•e‡ pe† e††o† numbe†ː

Sub Test()
On Error Goto ErrorHandler
...
Exit Sub

ErrorHandler:
Select Case Err.Number
Case 0

'No error
Case 5

'...
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Case Else
'...

End Select
End Sub

See al‡o ../E ec•ive P†og†amming#E††o†‡_and_Excep•ion‡1 and ../Cod-
ing_S•anda†d‡#E††o†_Handling2.

1 Chap•e† 25.10 on page 134
2 Chap•e† 31.37 on page 213
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16 Files

Ano•he† e‡‡en•ial pa†• of Vi‡ual Ba‡ic i‡ le Inpu•/Ou•pu•, •ha• i‡, wo†king wi•h le‡.
While p†og†amming, you may wan• a• ‡ome poin• •o ‡ave da•a ‡o •hey may be acce‡‡ible
fo† fu†•he† u‡e. Thi‡ i‡ whe†e le I/O come‡ in. VB allow‡ u‡ •o pe†fo†m mo‡• ope†a•ion‡
available in Window‡ Explo†e† and DOS command line. Befo†e you can do •hi‡, you need
•o unde†‡•and how le I/O wo†k‡.

16.1 Lflyout of Dfltfl

VB gene†ally a††ange‡ da•a in•o †eco†d‡ and eld‡ fo† •he p†og†amme†'‡ convenience. The
be‡• way •o explain •hi‡ i‡ by illu‡•†a•ing i•:

Bob,Larry,George
Kevin,Ken,Alec

Thi‡ i‡ obviou‡ly da•a con•aining name‡. Each line of da•a i‡ called a †eco†d. So •he †‡•
†eco†d con•ain‡ Bob, La††y, and Geo†ge. A eld i‡ each i•em in a †eco†d. So •he †‡• eld
in •he †‡• †eco†d would be Bob, •he ‡econd eld would be La††y, and ‡o on. The†e may
be a‡ many eld‡ and †eco†d‡ a‡ you ‡ee •.

Reco†d‡ and eld‡ a†e c†ea•ed †eally ju‡• fo† •he p†og†amme†'‡ convenience. Fo† g†ea•e†
exibili•y, you can al‡o view •he whole •hing a‡ a ‡•†ing. And you can ‡pli• •he ‡•†ing in•o
†eco†d‡ and eld‡ you†‡elf wi•h •he buil•-in Spli•() func•ion.

16.2 Input

When a p†og†am †eceive‡ da•a f†om an ou•‡ide ‡ou†ce, i• i‡ con‡ide†ed inpu•. In Vi‡ual
Ba‡ic, •hi‡ ‡ou†ce i‡ u‡ually a ‡•anda†d •ex• le, wi•h a .•x• le ex•en‡ion(a‡ which could
be †ead wi•h No•epad). Fi†‡•, you need •o open •he le f†om which you wan• •o †ead •he
da•a. Thi‡ i‡ done u‡ing •he following code:

Open <filename> For <mode> As <channelnumber>

Fo† example:
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Open "c:\filename.txt" For Input As #1

The le pa•h can be any•hing you wan•, if i• doe‡n'• exi‡•, a new le (and di†ec•o†y(‡)) will
be c†ea•ed. The ex•en‡ion of •he le doe‡n'• ma••e† much. I• will no• a ec• •he con•en• of
•he le no† •he p†oce‡‡ of w†i•ing/†eading •he le. So you can al‡o do •hi‡:

Open "c:\filename.myfile" For Input As #1

O† •hi‡:

Open "c:\filename" For Input As #1

The open and le pa•h a†e ‡elf explana•o†y. Howeve†, "fo† inpu•" ‡•a•e‡ i• i‡ being u‡ed •o
†eceive da•a f†om an ou•‡ide le, VB i‡ "inpu••ing" da•a f†om a le in•o va†iable‡ . When
ou•pu••ing(w†i•ing •o a le), •hi‡ i‡ changed •o "fo† ou•pu•". When we wan• •o open a le
in bina†y, i•'‡ "fo† bina†y". "A‡ #1" i‡ which channel i‡ being u‡ed. When you a†e ‡eeking
‡peci c info†ma•ion f†om •he le you would u‡e "fo† †andom". A channel could be ‡een
a‡ Vi‡ual Ba‡ic ‡e••ing up a pa•hway •o •he le. Only one le can be u‡ed on a channel
a• a •ime. So if you wan• •o open mul•iple le‡ wi•hou• clo‡ing any, you can u‡e di e†en•
channel‡. To inpu• a line of da•a, i• i‡ fai†ly ‡imply:

Input <channel>, <variables>

Fo† example:

Input #1, x, y, z

Thi‡ will †ead da•a f†om wha•eve† channel 1 i‡ connec•ed •o. I• will ‡•o†e •he †‡• eld of
•he cu††en• †eco†d in•o X, and •he ‡econd eld in•o Y, and •he •hi†d in•o Z.

Finally, we ‡hould ALWAYS clo‡e •he le af•e† •he wo†k i‡ done. The ‡yn•ax i‡ ‡imple:

Close <channel>

A‡ an example:

Close #1

Mo†e on u‡ing inpu• will be cove†ed in •he "U‡e of Da•a" ‡ec•ion.

No•e: If •he code will be pa†• of a la†ge† p†og†am, •he channel numbe† ‡hould be ob•ained in
a dynamic way in‡•ead of a ha†d-coded numbe†. Thi‡ i‡ done u‡ing •he func•ion FreeFile()
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Ou•pu•

Dim nLogFile A‡ Long
nLogFile = F†eeFile()
Open "c:\ lename" Fo† Inpu• A‡ #nLogFile
...
Clo‡e #nLogFile

16.3 Output

Ou•pu• i‡ ve†y ‡imila† •o inpu•. The only di e†ence i‡, well, i• ‡end‡ info†ma•ion OUT of
•he p†og†am and in•o a le. Once again, we ‡hall only u‡e •ex• le‡ (.•x•). Fi†‡• you mu‡•
open •he le:

Open "C:\filepath.txt" For Output As #1

You may have no•iced, •he only •hing •ha• di e†‡ f†om opening a le fo† inpu•, i‡ •he "Fo†
Ou•pu•". Once •hi‡ i‡ done, eve†y•hing el‡e i‡ ‡imple.

Write #1, x, 5

A‡‡uming X = 3, if you open •he •ex• documen• i• will look like:

3, 5

You can w†i•e any value o† va†iable •o a le, howeve† i• i‡ impo†•an• •o no•e •ha•, when
w†i•ing a ‡•†ing, i• ‡hould be placed in quo•e‡. If i• i‡ a va†iable con•aining a ‡•†ing, •hi‡ i‡
done au•oma•ically. Ano•he† impo†•an• no•e i‡ •ha• •wo con‡ecu•ive w†i•e ‡•a•emen•‡ will
w†i•e •o ‡epa†a•e line‡. Fo† example:

Write #1, 5, 4
Write #1, 7, 4
Write #1, "this is a string"

Will appea† in •he le a‡

5, 4
7, 4
"this is a string"

Keep in mind, when ou•pu••ing •o a le, i• will ERASE all p†io† info†ma•ion in •he •ex•.
To add on •o exi‡•ed info†ma•ion, •he "Append" command mu‡• be u‡ed.

If you a†e w†i•ing da•a •o a le fo† u‡e by ‡ome o•he† p†og†am, you may nd •ha• you
don'• wan• •he quo•e‡ •ha• VB pu•‡ a†ound you† ‡•†ing‡. You can avoid w†i•ing •he quo•e‡
by u‡ing •he P†in• command in‡•ead of •he W†i•e command. Fo† example:
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Print #1, "this is a string"

Will appea† in •he le a‡

this is a string

If, du†ing †un•ime, •he le a• hand wa‡ modi ed, and a new line wa‡ added which con•ained
nece‡‡a†y da•a, and •he open ‡•a•emen• ended a‡ "#1", wha•eve† wa‡ in line 1 of •he le
would be w†i••en ove†(only if •he le wa‡ opened a‡ Ou•pu•). To ‡olve •hi‡, a va†iable i‡
dimmed a‡ F†eeFile (Dim FF a‡ F†eeFile). Thi‡ will open •he †‡• f†ee ‡lo• o† line in •he
le a• hand. The new Open ‡•a•emen• would become:

Open "C:\filepath.txt" For Output As FF

(will e†a‡e le)

Open "C:\filepath.txt" For Append As FF

(will not e†a‡e le)

U‡ing •he ‡econd ‡•a•emen•, •he †‡• f†ee line in •he le will be w†i••en •o.

16.4 How to specify the pflth to fl le

In p†ac•ice i• i‡ †a†e fo† open ‡•a•emen•‡ •o look like •hi‡:

Open "C:\filepath.txt" For Append As FF

U‡ually •he pa•h •o •he le will be held in a string va†iable:

Dim s As String
s = "C:\filepath.txt"
Open s For Append As FF

The va†iable, s, ‡imply need‡ •o hold a pa•h •o •he le. The pa•h can be an ab‡olu•e pa•h
‡uch a‡:

s = "d:\users\me\my file.txt"

o† a le in •he cu††en• di†ec•o†y (u‡e CurDir •o nd ou• wha• •ha• i‡):
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s = "my file.txt"

o† a pa•h †ela•ive •o •he cu††en• di†ec•o†y like •hi‡:

s = "..\you\your file.txt"

o† like •hi‡:

s = "mysub\myother file.txt"

Fo† •he mo†e adven•u†ou‡ i• can al‡o include a †efe†ence •o a ‡ha†ed le on a ‡e†ve† •ha•
doe‡n'• u‡e a d†ive le••e†:

s = "\\someserver\someshare\somefile.txt"

16.5 Exflmples

An example fo†m u‡ing le †eading can be found he†e.1 Righ• click 'he†e' in In•e†ne•
Explo†e† and •hen 'Save Ta†ge• A‡...' •o ‡ave •he fo†m le.

Plea‡e upload mo†e le‡ wi•h example‡. I• will be †eally helpful fo† •he develope†.

1 http://www.freewebs.com/3zzzpmk/TextView.frm
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17 User Interfflces

A u‡e† in•e†face i‡ •he pa†• of you† p†og†am •ha• i‡ vi‡ible •o a human u‡e†. I• can be a‡
‡imple a‡ a command line1 o† a‡ ‡ophi‡•ica•ed a‡ an imme†‡ive vi†•ual †eali•y ‡imula•o† (‡ee
Dea•h D†eam by Ben Bova2). Howeve†, in •he con•ex• of Vi‡ual Ba‡ic i• u‡ually mean‡
wha• i‡ commonly †efe††ed •o a‡ a G†aphical U‡e† In•e†face o† GUI which gene†ally con‡i‡•‡
of one o† mo†e Fo†m‡ •ha• con•ain •ex• boxe‡, label‡, bu••on‡, pic•u†e boxe‡, e•c.

A mo†e common example of a GUI would be a ‡•anda†d EXE( Window‡ Fo†m‡3).

1 http://en.wikibooks.org/wiki/Guide%20to%20Windows%20commands
2 http://www.ibdof.com/IBDOF-book-detailedview.php?book_id=5023
3 http://en.wikipedia.org/wiki/Windows_Forms
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18 Simple Grflphics

Thi‡ chap•e† i‡ a ‡imple in•†oduc•ion •o d†awing ‡imple g†aphic‡ in Vi‡ual Ba‡ic Cla‡‡ic. I• i‡
po‡‡ible •o do ve†y ‡ophi‡•ica•ed g†aphic‡ p†og†amming in VB bu• he†e we will concen•†a•e
of •he ba‡ic‡.

The†e a†e •wo way‡ of c†ea•ing ‡imple •wo dimen‡ional g†aphic‡ in VB:

d†aw line‡, boxe‡, ci†cle‡, and ellip‡e‡ a• †un •ime by execu•ing ‡•a•emen•‡ o†

add ‡hape objec•‡ •o •he fo†m a• de‡ign •ime.

If you know in advance exac•ly wha• •o d†aw, •hen i• migh• be ‡imple† •o u‡e •he ‡econd
me•hod, a‡ you can •hen ‡ee exac•ly wha• you will ge• a‡ you d†ag and d†op ‡hape‡ •o •he
fo†m. Howeve† if •he pic•u†e i‡ •o be gene†a•ed ba‡ed on, ‡ay, ‡ome ‡•a•i‡•ic‡, you migh• be
be••e† o u‡ing •he d†awing me•hod‡ of a Form o† PictureBox.

18.1 Shflpe flnd Line controls

The†e a†e •wo buil•-in con•†ol‡ in Vi‡ual Ba‡ic •ha• can be u‡ed •o c†ea•e ‡imple •wo-
dimen‡ional d†awing‡:

Shape
Line

He†e i‡ a ‡imple example ‡howing ‡ome of •he ‡hape‡ •ha• can be c†ea•ed ‡imply by d†opping
Shape con•†ol‡ on a Fo†m:
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Simple G†aphic‡

Figure 3

No•e •ha• you can modify •he p†ope†•ie‡ of Shape and Line con•†ol‡ a• †un •ime ju‡• a‡
you can any o•he† con•†ol. You can al‡o c†ea•e •hem a• †un •ime, ei•he† by u‡ing Control
Arrays o† by u‡ing •he CreateObject func•ion.
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19 Windows Difllogs

Window‡ dialog‡ a†e u‡eful when you would like •o †e•†ieve info†ma•ion f†om •he u‡e†, a‡ in
a‡king whe†e •o ‡ave a le, le••ing •he u‡e† •o choo‡e a colo† o† fon• and wha• ‡e••ing‡ •o u‡e
when p†in•ing (copie‡, wha• p†in•e† •o u‡e, ec•.). Thi‡ ‡ave‡ you f†om a lo• of unnece‡‡a†y
wo†k †einven•ing •he wheel - a‡ †ede‡igning and making dialog‡ can be qui•e •ime-con‡uming
- bu• i‡ al‡o e‡‡en•ial in e‡•abli‡hing a ‡•anda†d u‡e† in•e†face ac†o‡‡ applica•ion‡. S•an-
da†diza•ion of di e†en• a‡pec•‡ of •he u‡e† in•e†face, bo•h in •e†m‡ of no†mal widge•‡1 a‡
well a‡ common way‡ of combining •hem, en‡u†e‡ •ha• applica•ion‡ a†e in•ui•ive - i.e. •ha•
once ‡omeone ha‡ lea†ned •o u‡e an applica•ion, •hi‡ knowledge can be employed •o o•he†
applica•ion‡ a‡ well.

The ea‡ie‡• way •o acce‡‡ •he‡e con•†ol‡ i‡ •o u‡e a componen• called Microsoft Common
Dialog Control 6.0. To add •hi‡ componen• •o you† p†ojec•, choo‡e Project - Components,
and ma†k i• in •he con•†ol‡ li‡•. Sub‡equen•ly, a new con•†ol ‡hould appea† in you† con•†ol
•oolbox. Choo‡e i•, and place •he con•†ol on•o you† fo†m (no•e i•'‡ only vi‡ible in de‡ign
•ime).

The con•†ol allow‡ •he u‡e of •he following dialog‡. The ag‡ men•ioned i‡ di e†en• value‡
•ha• can be ‡e• •o •he Flag‡ p†ope†•y, changing •he behaviou† o† de‡ign of •he di e†en•
dialog‡.

19.1 Open flnd Sflve difllogs

ShowOpen ‡how‡ a dialog •ha• le•‡ •he u‡e† choo‡e a d†ive, di†ec•o†y, le name and le
ex•en‡ion •o (p†e‡umably) open a le.

The ‡ave dialog i‡ iden•ical in appe†ance and func•ion, wi•h •he excep•ion of •he cap•ion.
A• †un •ime, when •he u‡e† choo‡e‡ a le and clo‡e‡ •he dialog box, •he FileName p†ope†•y
i‡ u‡ed •o ge• •he ‡elec•ed le name.

1 http://en.wikipedia.org/wiki/widget_%28computing%29
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Window‡ Dialog‡

Figure 4

19.1.1 Before displflying the difllog

Befo†e you can u‡e •he‡e dialog‡, you mu‡• †‡• ‡e• •he Fil•e† p†ope†•y •o allow •he u‡e†
•o ‡elec• a le ex•en‡ion (‡e• defaul• ex•en‡ion u‡ing DefaultExt). The l•e† p†ope†•y i‡ a
‡•†ing wi•h •he following ‡•†uc•u†e:

description1|filter1|description2|filter2|

He†e, •he de‡c†ip•ion i‡ •he ‡•†ing •ha• ‡how‡ up in •he li‡• box of all •he available l•e†‡ •o
choo‡e f†om. The l•e† i‡ a le glob exp†e‡‡ion (o•he†wi‡e known a‡ a wild ca†d exp†e‡‡ion)
•ha• doe‡ •he ac•ually l•e†ing, fo† example, "*.txt", which di‡allow‡ any le ex•en‡ion‡
bu• TXT. I• i‡ impo†•an• •o †ecognize •he di e†ence be•ween exp†e‡‡ion‡ of •hi‡ kind and
†egula† exp†e‡‡ion‡ which a†e much mo†e powe†ful bu• al‡o mo†e complica•ed, ‡ee ../Regula†
Exp†e‡‡ion‡/2.

19.1.2 Code exflmple

On Error Resume Next

' Clear errors
Err.Clear

' Use this common dialog control throughout the procedure

2 Chap•e† 8.10 on page 51
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Colo† dialog

With CommonDialog1

' Raises an error when the user press cancel
.CancelError = True

' Set the file extensions to allow
CommonDialog1.Filter = "All Files (*.*)|*.*|TextFiles

(*.txt)|*.txt|Batch Files (*.bat)|*.bat"

' Display the open dialog box.
.ShowOpen

' Ignore this if the user has canceled the dialog
If Err <> cdlCancel Then

' Open the file here using FileName
MsgBox "You've opened '" & .FileName & "'"

End If

End With

19.2 Color difllog

The colo† dialog allow‡ •he u‡e† •o ‡elec• a colo† f†om bo•h a pale••e a‡ well a‡ •h†ough
manual choo‡ing u‡ing RGB o† HSL value‡. You †e•†ieve •he ‡elec•ed colo† u‡ing •he Colo†
p†ope†•y.
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Window‡ Dialog‡

Figure 5

19.2.1 Code exflmple

' Don't raise errors normally
On Error Resume Next

' Clear errors
Err.Clear

' Use this common dialog control throughout the procedure
With CommonDialog1
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Fon• dialog

' Raises an error when the user press cancel
.CancelError = True

' Set the Flags property.
.Flags = cdlCCRGBInit

' Display the Color dialog box.
.ShowColor

' Ignore this if the user has canceled the dialog
If Err <> cdlCancel Then

' Set the form's background color to the selected color.
Me.BackColor = .Color

End If

End With

19.3 Font difllog

The Fon• dialog box allow‡ •he u‡e† •o ‡elec• a fon• by i•‡ ‡ize, colo†, and ‡•yle. Once •he
u‡e† make‡ ‡elec•ion‡ in •he Fon• dialog box, •he following p†ope†•ie‡ con•ain info†ma•ion
abou• •he u‡e†'‡ ‡elec•ion‡.

Figure 6
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19.3.1 Properties

Property: Determines:
Colo† The ‡elec•ed colo†. To u‡e •hi‡ p†ope†•y, you mu‡• †‡• ‡e• •he

Flag‡ p†ope†•y •o cdlCFE ec•‡.
Fon•Bold Re•u†n‡ whe•he† •he bold checkbox wa‡ ‡elec•ed.
Fon•I•alic Re•u†n‡ whe•he† •he i•alic checkbox wa‡ ‡elec•ed.
Fon•S•†ike•h†u Re•u†n‡ whe•he† •he ‡•†ike•h†ough checkbox wa‡ ‡elec•ed.
Fon•Unde†line Re•u†n‡ whe•he† •he unde†line checkbox wa‡ ‡elec•ed.
Fon•Name Re•u†n‡ •he ‡elec•ed fon• name.
Fon•Size Re•u†n‡ •he ‡elec•ed fon• ‡ize.

19.3.2 Before displflying the difllog

To di‡play •he dialog, you mu‡• †‡• ‡e• •he Flag‡ p†ope†•y ei•he† cdlCFSc†eenFon•‡ o†
cdlCFP†in•e†Fon•‡ (o† cdlCFBo•h, if you in•end •o le• •he u‡e† choo‡e be•ween bo•h ‡c†een
fon•‡ and p†in•e† fon•‡).

19.3.3 Code exflmple

' *** This example require a textbox called ''txtText'' to execute properly.
***

On Error Resume Next

' Clear errors
Err.Clear

' Use this common dialog control throughout the procedure
With CommonDialog1

' Raises an error when the user press cancel
.CancelError = True

' Show printer and screen fonts, as well as a font color chooser.
.Flags = cdlCFBoth Or cdlCFEffects

' Display the font dialog box.
.ShowFont

End With

' Ignore this if the user has canceled the dialog
If Err <> cdlCancel Then

' Set the textbox's font properties according to the users selections.
With txtText

.Font.Name = CommonDialog1.FontName

.Font.Size = CommonDialog1.FontSize

.Font.Bold = CommonDialog1.FontBold

.Font.Italic = CommonDialog1.FontItalic

.Font.Underline = CommonDialog1.FontUnderline

.FontStrikethru = CommonDialog1.FontStrikethru

.ForeColor = CommonDialog1.Color
End With

End If
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19.4 Print difllog

The p†in• dialog box allow‡ •he u‡e† •o ‡elec• how ou•pu• ‡hould be p†in•ed. Op•ion‡ and
p†ope†•ie‡ acce‡‡ible •o •he u‡e† include‡ •he amoun• of copie‡ •o make, p†in• quali•y, •he
†ange of page‡ •o p†in•, ec•. I• al‡o allow‡ •he u‡e† •o choo‡e ano•he† p†in•e†, a‡ well a‡
con gu†e di e†en• ‡e••ing‡ †ega†ding •he cu††en• p†in•e†.

Figure 7

19.4.1 Properties

Property: Determines:
Copie‡ The amoun• of copie‡ •o p†in•.
F†omPage The ‡•a†•ing page of •he p†in• †ange.
ToPage The ending page of •he p†in• †ange.
hDC The device con•ex• fo† •he ‡elec•ed p†in•e†.
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Property: Determines:
O†ien•a•ion The page'‡ o†ien•a•ion (a‡ in po†•†ai• o† land‡cape).

19.4.2 Before displflying the difllog

Befo†e ‡howing •he dialog, feel f†ee •o ‡e• •he app†op†ia•e p†in• dialog p†ope†•ie‡ •o ‡e• •he
defaul• value‡ •o u‡e.

19.4.3 Code exflmple

On Error Resume Next

' Variables that holds information regarding the print setup.
Dim BeginPage As Long, EndPage As Long, NumCopies As Long, Orientation As

Long, Tell As Long

' Clear errors
Err.Clear

' Use this common dialog control throughout the procedure
With CommonDialog1

' Raises an error when the user press cancel
.CancelError = True

' Display the printer dialog box.
.ShowPrinter

' Ignore this if the user has canceled the dialog
If Err <> cdlCancel Then

' Retrieve the printer settings the user has chosen.
BeginPage = CommonDialog1.FromPage
EndPage = CommonDialog1.ToPage
NumCopies = CommonDialog1.Copies
Orientation = CommonDialog1.Orientation

' Start printing
For i = 1 To NumCopies

' Put code here to send data to your printer.
Next

End If

End With
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20 Dfltflffiflses

Da•aba‡e managemen• a‡ a ‡ubjec• in i•‡ own †igh• i‡ fa† •oo big •o be deal• wi•h in •hi‡
book and would di‡•†ac• f†om •he p†incipal ‡ubjec• which i‡ p†og†amming in VB Cla‡‡ic.
None•hele‡‡ we can explain •he ba‡ic‡ of connec•ing •o da•aba‡e‡, †e•†ieving info†ma•ion
f†om •hem and ‡o on.

The u‡ual way •o connec• •o a da•aba‡e f†om VB i‡ •o u‡e ADO (Ac•iveX Da•a Objec•‡).

Connec•ing •o da•aba‡e‡ u‡ually happen‡ wi•h a connec•ion ‡•†ing. He†e a†e ‡ome example
connec•ion ‡•†ing‡ •o connec• •o ‡ome common da•aba‡e •ype‡

A
ACCESS
ODBC
S•anda†d Secu†i•y

Driver={Microsoft Access Driver (*.mdb)};Dbq=C:\mydatabase.mdb;Uid=Admin;Pwd=;

Wo†kg†oup

Driver={Microsoft Access Driver
(*.mdb)};Dbq=C:\mydatabase.mdb;SystemDB=C:\mydatabase.mdw;

Exclu‡ive

Driver={Microsoft Access Driver
(*.mdb)};Dbq=C:\mydatabase.mdb;Exclusive=1;Uid=admin;Pwd=;

Enflffile fldmin stfltements To enable ce†•ain p†og†ama•ically admin func•ion‡ ‡uch a‡
CREATE USER, CREATE GROUP, ADD USER, GRANT, REVOKE and DEFAULTS
(when making CREATE TABLE ‡•a•emen•‡) u‡e •hi‡ connec•ion ‡•†ing.

Driver={Microsoft Access Driver
(*.mdb)};Dbq=C:\mydatabase.mdb;Uid=Admin;Pwd=;ExtendedAnsiSQL=1;
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Specifying locflle identi er U‡e •hi‡ •o ‡pecify •he locale iden•i e† which can help wi•h
non-US fo†ma••ed da•e‡.

Driver={Microsoft Access Driver (*.mdb)};Dbq=C:\mydatabase.mdb;Locale
Identifier=2057;Uid=Admin;Pwd=;

The above example u‡e‡ •he en-gb locale iden•i e† (2057).

20.0.4 OLE DB, OleDffiConnection (.NET)

S•anda†d ‡ecu†i•y

Provider=Microsoft.Jet.OLEDB.4.0;Data Source=C:\mydatabase.mdb;User
Id=admin;Password=;

Wi•h da•aba‡e pa‡‡wo†d Thi‡ i‡ •he connec•ion ‡•†ing •o u‡e when you have an acce‡‡
da•aba‡e p†o•ec•ed wi•h a pa‡‡wo†d u‡ing •he Se• Da•aba‡e Pa‡‡wo†d func•ion in Acce‡‡.

Provider=Microsoft.Jet.OLEDB.4.0;Data Source=C:\mydatabase.mdb;Jet
OLEDB:Database Password=MyDbPassword;

Wo†kg†oup (‡y‡•em da•aba‡e)

Provider=Microsoft.Jet.OLEDB.4.0;Data Source=C:\mydatabase.mdb;Jet OLEDB:System
Database=system.mdw;

Wo†kg†oup (‡y‡•em da•aba‡e) ‡pecifying u‡e†name and pa‡‡wo†d

Provider=Microsoft.Jet.OLEDB.4.0;Data Source=C:\mydatabase.mdb;Jet OLEDB:System
Database=system.mdw;User ID=myUsername;Password=myPassword;

Da•aDi†ec•o†y func•ionali•y

Provider=Microsoft.Jet.OLEDB.4.0;Data
Source=|DataDirectory|\myDatabase.mdb;User Id=admin;Password=;

ACCESS 2007 S•anda†d ‡ecu†i•y
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Provider=Microsoft.ACE.OLEDB.12.0;Data
Source=C:\myFolder\myAccess2007file.accdb;Persist Security Info=False;

Wi•h da•aba‡e pa‡‡wo†d

Provider=Microsoft.ACE.OLEDB.12.0;Data
Source=C:\myFolder\myAccess2007file.accdb;Jet OLEDB:Database
Password=MyDbPassword;

Da•adi†ec•o†y func•ionali•y

Provider=Microsoft.ACE.OLEDB.12.0;Data
Source=|DataDirectory|\myAccess2007file.accdb;Persist Security Info=False;

E
Excel Files

ODBC

D†ive†={Mic†o‡of• Excel D†ive† (*.xl‡)};D†ive†Id=790;Dbq=C:\MyExcel.xl‡;Defaul•Di†=c:\mypa•h;

Rema†k:

SQL syntax "SELECT * FROM [sheet1$]". -- i.e. excel worksheet name followed by
a "$" and wrapped in "[" "]" brackets.

OLEDB

Provider=Microsoft.Jet.OLEDB.4.0;Data Source=C:\MyExcel.xls;Extended
Properties="Excel 8.0;HDR=Yes;IMEX=1";

Importflnt note!
The quo•e " in •he ‡•†ing need‡ •o be e‡caped u‡ing you† language ‡peci c e‡cape ‡yn•ax.

c#, c++ \"
VB6, VBScript ""
xml (web.config etc) "
or maybe use a single quote '.

"HDR=Ye‡;" indica•e‡ •ha• •he †‡• †ow con•ain‡ columnname‡, no• da•a. "HDR=No;"
indica•e‡ •he oppo‡i•e.

"IMEX=1;" •ell‡ •he d†ive† •o alway‡ †ead "in•e†mixed" (numbe†‡, da•e‡, ‡•†ing‡ e•c) da•a
column‡ a‡ •ex•. No•e •ha• •hi‡ op•ion migh• a ec• Excel wo†k‡hee• w†i•e acce‡‡ nega•ive.
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SQL syntax "SELECT * FROM [sheet1$]". -- i.e. Excel worksheet name followed by
a "$" and wrapped in "[" "]" brackets.

Check ou• •he [HKEY_LOCAL_MACHINE\SOFTWARE\Mic†o‡of•\Je•\4.0\Engine‡\Excel]
loca•ed †egi‡•†y REG_DWORD "TypeGue‡‡Row‡". Tha•'‡ •he key •o no• le••ing Excel
u‡e only •he †‡• 8 †ow‡ •o gue‡‡ •he column‡ da•a •ype. Se• •hi‡ value •o 0 •o ‡can all
†ow‡. Thi‡ migh• hu†• pe†fo†mance. If •he Excel wo†kbook i‡ p†o•ec•ed by a pa‡‡wo†d,
you canno• open i• fo† da•a acce‡‡, even by ‡upplying •he co††ec• pa‡‡wo†d wi•h you†
connec•ion ‡•†ing. If you •†y, you †eceive •he following e††o† me‡‡age: "Could no• dec†yp•
le." Excel 2007 Files

Provider=Microsoft.ACE.OLEDB.12.0;Data
Source=c:\myFolder\myExcel2007file.xlsx;Extended Properties="Excel 12.0
Xml;HDR=YES";
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21 Windows API

API‡, ‡ho†• fo† "applica•ion p†og†amming in•e†face", allow‡ you •o acce‡‡ a wide a††ay
of func•ion‡ and me•hod‡ expo‡ed by •he ope†a•ing ‡y‡•em o† o•he† applica•ion‡ (DLL‡),
pe†fo†ming ope†a•ion‡ no• no†mally implemen•ed by •he ‡•anda†d vi†•ual machine •ha•
Vi‡ual Ba‡ic p†ovide‡. Thi‡ include‡ ope†a•ion‡ ‡uch a‡ ‡hu••ing down •he compu•e† o†
li‡•ing all •he cu††en• †unning p†oce‡‡e‡.

Al•hough VB6 compile† can'• c†ea•e •†ue DLL‡, i• ha‡ abili•y •o call exi‡•ing DLL‡ (no•
nece‡‡a†ily ju‡• Window‡ API of cou†‡e). Decla†a•ion of ‡uch func•ion con•ain‡ ex•†a key-
wo†d declflre and liffi, plu‡ op•ionally can be de ned an alia‡ if •he †eal name of func•ion
di e†‡ f†om name of dll func•ion fllifls. Fo† example i• can be:

Private Declare Sub CopyMemory Lib "kernel32" Alias "RtlMoveMemory" (pDest As
Any, pSource As Any, ByVal ByteLen As Long)

Fo† da•a•ypeAny accep•‡ compile† any pa†ame•e† p†ovided. Fo† e ec•ive u‡ing of API call‡
a†e impo†•an• ope†a•o†‡VflrPtr which †e•u†n‡ poin•e† a• va†iable ‡peci ed andAddressOf
which i‡ impo†•an• fo† callback func•ion‡. Beginne†‡ of•en do mi‡•ake on mi‡‡ing o† badly
‡peci ed ByRef/Byval in decla†a•ion. Simply ‡aid, ByVfll mean‡ •ha• on ‡•ack will be
pu‡hed value and ByRef (o† mi‡‡ing ‡peci ca•ion of calling conven•ion) mean‡ •ha• on
‡•ack will be pu‡hed poin•e† a• va†iable. In p†ac•ice pa†ame•e† •ype Long (4 by•e‡) will be
called ByVal, bu• S•†ing o† complex da•a •ype‡ will be called ByRef.

Unfo†•una•ely, VB6 doe‡n'• ‡uppo†• C-like memo†y handling. To deal wi•h •hi‡ p†oblem
VB p†og†amme†‡ u‡e‡ func•ion CopyMemo†y •o copy memo†y like •hi‡:

Dim a As Long
Dim b() As Byte
ReDim b(3)
CopyMemory ByVal varptr(a), ByVal varptr(b), 4

which i‡ †ela•ively ‡afe. Some of p†og†amme†‡ a• •he highe† level of knowledge can mod-
ify poin•e†‡ a• objec•‡ a‡ well. Al•hough mo‡• of API func•ion‡ can be called •hi‡ way,
•he†e i‡ no• po‡‡ible •o call en•†y poin•‡ of dll‡ dynamically (LoadLib†a†y-Ge•En•†yPoin•-
F†eeLib†a†y) fo† gene†al ca‡e. Much clea†e† way how •o deal wi•h ‡uch •a‡k‡ i‡ •o move
code of •hi‡ kind in•o ‡epa†a•ed dll w†i••en in C++ and call •hi‡ dll.

21.1 Declflrfltion

An example of a decla†a•ion i‡ •he Ge•TickCoun• func•ion which †e•u†n‡ •he amoun• of
milli‡econd‡ •ha• have elap‡ed ‡ince Window‡ wa‡ ‡•a†•ed. To u‡e i•, in‡e†• •he following
in•o a ‡•anda†d module in you† p†ojec•:
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Public Declare Function GetTickCount Lib "kernel32.dll" () As Long

To acce‡‡ i•, ‡imply call i• like you would call any no†mal func•ion. No•e, howeve†, •ha•
•hi‡ i‡ a Public decla†a•ion and i‡ limi•ed •o module‡. If you don'• need i• •o be acce‡‡ible
in you† en•i†e p†ojec•, u‡e •he Private decla†a•ion and in‡e†• i• in •he cla‡‡ module o† fo†m
di†ec•ly:

Private Declare Function GetTickCount Lib "kernel32.dll" () As Long

21.2 Resources

Fo† a beginne† i• i‡ no†mally di cul• •o c†ea•e a decla†e ‡•a•emen• ‡ince i• †equi†e‡ knowing
how •o map C da•a•ype‡ •o Vi‡ual ba‡ic da•a•ype‡. The†e i‡ a buil• in p†og†am •ha• come‡
along wi•h VB6 called API Tex• Viewe† which li‡•‡ all commonly u‡ed API func•ion‡,
con•an•‡ and •ype‡. A VB p†og†amme† can ju‡• nd •he †equi†ed func•ion f†om ‡aid p†og†am
and in‡e†• in•o •he VB module.
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22 Sufficlflssing

Subclassing can be u‡eful when you wan• •o add func•ionali•y •ha• i‡ no• di†ec•ly ‡uppo†•ed
by Vi‡ual Ba‡ic. To explain how •hi‡ wo†k‡ we mu‡• †‡• go •h†ough a li••le backg†ound
•heo†y.

All windows in Window‡ (fo† example a fo†m, a bu••on, a li‡•box, e•c.) have a func•ion
•ha• •he ope†a•ing ‡y‡•em o† o•he† p†og†am‡ can call •o communica•e wi•h •he p†og†am.
Window‡ can, fo† example, ‡end messages abou• events ‡uch a‡ •he mou‡e poin•e† moving
ove† •he window, a key being p†e‡‡ed when •he window ha‡ •he focu‡ and much mo†e.
P†og†am‡ can al‡o ‡end me‡‡age‡ •ha• a‡k fo† info†ma•ion abou• •he window; fo† example,
•he EM_GETLINECOUNT me‡‡age a‡k‡ a •ex•box •o ‡end back •he numbe† of line‡ in
•he •ex• i• hold‡. One can al‡o de ne one'‡ own func•ion‡.

To call •he‡e ‡pecial func•ion‡ you can u‡e PostMessage, SendMessage o† CallWindowProc
(•he la‡• only if you know •he add†e‡‡ of •he func•ion).

U‡ually ‡uch a p†ocedu†e look‡ ‡ome•hing like •hi‡:

Public Function WindowProc(ByVal hwnd As Long, _
ByVal uMsg As Long, _
ByVal wParam As Long, _
ByVal lParam As Long) As Long

' Your code here

Select Case uMsg
Case 0
' React to message 0

Case 1
' React to message 1

End Select

WindowProc = 0 ' Return a value to the caller

End Function

In •hi‡ func•ion hwnd i‡ •he handle of •he window •ha• •he calle† ha‡ •†ied •o con•ac•; uMsg
i‡ •he message identifier which ‡ay‡ wha• •he call i‡ abou•; wParam and lParam a†e u‡ed
fo† wha•eve† pu†po‡e •he calle† and window ag†ee on. The handle, hwnd, i‡ no• an add†e‡‡
bu• i‡ u‡ed by Window‡ •o nd •he add†e‡‡.

If, fo† example, we wan• •o ‡e• •he •ex• •ha• appea†‡ on •he •i•le ba† of a fo†m we can u‡e
•he following code:

Private Declare Function SendMessage Lib "user32" Alias "SendMessageA" _
(ByVal hwnd As Long, _
ByVal wMsg As Long, _
ByVal wParam As Integer, _
ByVal lParam As Any) As Long
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Private Const WM_SETTEXT = &HC

Private Sub Form_Load()
SendMessage Me.hwnd, WM_SETTEXT, 0&, "This is a test"

End Sub

The receiver will get this message via its window function, which will look
something like this:

Public Function WindowProc(ByVal hwnd As Long, _
ByVal uMsg As Long, _
ByVal wParam As Long, _
ByVal lParam As Long) As Long

' hwnd is now equal to Me.hwnd,
' uMsg is WM_SETTEXT,
' wParam is 0
' lParam is the address of the text: "This is a test"

' It doesn't actually look like this of course, but this gives
' a good enough impression of what happens under the surface
Select Case uMsg

Case WM_SETTEXT
Me.Caption = lParam

'Case ...
'... many more here

End Select
End Function

22.1 Why Sufficlflss

Wha• i‡ •he poin• of subclassing?

U‡ing •hi‡ •echnique we can comple•ely †eplace a p†og†am'‡ own window func•ion wi•h ou†
own. Then we can †e‡pond •o •he me‡‡age‡ in way‡ •ha• Vi‡ual Ba‡ic doe‡n'•, we can decide
•o ‡end •he me‡‡age‡ fu†•he† •o •he o†iginal window func•ion o† no• a‡ we like, modifying
•hem on •he way in any way we plea‡e.

22.2 Exflmple

To ‡pecify •ha• ou† window func•ion i‡ •o be u‡ed we u‡e •he API call SetWindowLong.
S•udy •he following example and pu• i• in a ba‡e module:

Declare Function SetWindowLong Lib "user32" Alias "SetWindowLongA" _
(ByVal hwnd As Long, _
ByVal nIndex As Long, _
ByVal dwNewLong As Long) As Long

Declare Function CallWindowProc Lib "user32" Alias "CallWindowProcA" _
(ByVal lpPrevWndFunc As Long, _
ByVal hwnd As Long, _
ByVal Msg As Long, _
ByVal wParam As Long, _
ByVal lParam As Long) As Long

Declare Function SetClipboardViewer Lib "user32" _
(ByVal hwnd As Long) As Long
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Declare Function SendMessage Lib "user32" Alias "SendMessageA" _
(ByVal hwnd As Long, _
ByVal wMsg As Long, _
ByVal wParam As Integer, _
ByVal lParam As Any) As Long

Public Const WM_SETTEXT = &HC
Public Const GWL_WNDPROC = (-4)

Private PrevProc As Long ' The address of the original window function

Public Sub SubclassForm(F As Form)
' AddressOf WindowProc = finds the address of a function
PrevProc = SetWindowLong(F.hwnd, GWL_WNDPROC, AddressOf WindowProc)

End Sub

Public Sub UnSubclassForm(F As Form)
' It is _very_ important that we restore the original window function,
' because VB will crash if we don't.
SetWindowLong F.hwnd, GWL_WNDPROC, PrevProc

End Sub

Public Function WindowProc(ByVal hwnd As Long, _
ByVal uMsg As Long, _
ByVal wParam As Long, _
ByVal lParam As Long) As Long

Dim sTemp As String

If uMsg = WM_SETTEXT Then
' Don't let the text get through, replace it with our own. Also, because

all
' strings in VB are of the format UTF-16 (Unicode) and the receiving

method
' expects a zero-terminated ASCII-string, it is necessary to convert it

before
' passing it further down the chain.
sTemp = StrConv("Subclassing" & Chr(0), vbFromUnicode)
lParam = StrPtr(sTemp) ' get the address of our text

End If

' Call the original function
WindowProc = CallWindowProc(PrevProc, hwnd, uMsg, wParam, lParam)

End Function

Add a fo†m wi•h a bu••on cmdTest and add •hi‡ code:

Private Sub cmdTest_Click()
SendMessage Me.hwnd, WM_SETTEXT, 0&, "This is a test"

End Sub

Private Sub Form_Load()
' Start subclassing
SubclassForm Me

End Sub

Private Sub Form_Unload(Cancel As Integer)
' WARNING: If you stop the project (for example with the stop button)

without calling this,
' your program, as well as the VB IDE, will most likely crash.
UnSubclassForm Me

End Sub

When you click •he cmdTest bu••on, you'll ‡ee •ha• •he •ex• •ha• appea†‡ i‡ no• "Thi‡ i‡ a
•e‡•", bu• "Subcla‡‡ing".
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23 Externfll Processes

I• i‡ of•en •he ca‡e •ha• a p†og†am al†eady exi‡•‡ •o do ‡ome job ‡o †a•he† •han †ew†i•e •he
p†og†am in Vi‡ual Ba‡ic i• i‡ mo†e e cien• •o †un •he exi‡•ing p†og†am f†om Vi‡ual Ba‡ic.
Thi‡ can wo†k ve†y well fo† command line p†og†am‡ o† ‡c†ip•‡ w†i••en in any language.

The gene†al ‡cheme i‡ •o c†ea•e a ‡•†ing con•aining •he command line, call a func•ion •o
†un i• and •hen wai• fo† •he command •o comple•e. The†e a†e many †e nemen•‡ •ha• can
be made including all ‡o†•‡ of way‡ of ‡ending da•a •o •he new p†oce‡‡, †eading †e‡ul•‡ f†om
i•, pau‡ing i•, ‡e••ing i•‡ p†io†i•y and ‡o on.

23.1 The Shell Function

The ‡imple‡• way of †unning an ex•e†nal p†og†am i‡ •o do ‡ome•hing like •hi‡:

Shell "cmd /c dir %temp%"

Shell i‡ a buil• in Vi‡ual Ba‡ic func•ion •ha• execu•e‡ a command line and †e•u†n‡ a handle
•o •ha• p†oce‡‡. Shell •ake‡ an op•ional a†gumen• •ha• con•†ol‡ •he window style of •he new
p†oce‡‡ (maximized, no†mal, hidden, e•c.).

Unfo†•una•ely †unning ano•he† p†og†am like •hi‡ doe‡n'• give you much con•†ol ove† wha• i‡
happening. In pa†•icula†, •he†e i‡ no obviou‡ way •o nd ou• if •he p†og†am ha‡ comple•ed
i•‡ wo†k.

Luckily Shell ac•ually doe‡ ‡ligh•ly mo†e •han launch •he p†og†am. I• al‡o †e•u†n‡ •he process
id. Thi‡ i‡ •he numbe† di‡played by Task Managers and can be u‡ed •o check •he ‡•a•u‡ of
•he process. Unfo†•una•ely, a‡ i‡ ‡o of•en •he ca‡e wi•h Vi‡ual Ba‡ic and Window‡, •he†e i‡
no buil• in func•ion no† even a ‡ingle API1 func•ion •ha• can u‡e i• di†ec•ly. The†efo†e, we
mu‡• w†i•e a li••le mo†e code. Fi†‡•, we mu‡• decla†e a few API2 func•ion‡ and con‡•an•‡:

Option Explicit

Const SYNCHRONIZE = &H100000
Const INFINITE = &HFFFF 'Wait forever
Const WAIT_OBJECT_0 = 0 'The state of the specified object is signaled.
Const WAIT_TIMEOUT = &H102 'The time-out interval elapsed, and the object’s

state is nonsignaled.

Private Declare Function OpenProcess Lib "kernel32" _
(ByVal dwDesiredAccess As Long, _
ByVal bInheritHandle As Long, _
ByVal dwProcessId As Long) _

1 Chap•e† 20.0.4 on page 106
2 Chap•e† 20.0.4 on page 106
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As Long
Private Declare Function WaitForSingleObject Lib "kernel32" _

(ByVal hHandle As Long, _
ByVal dwMilliseconds As Long) _

As Long
Private Declare Function CloseHandle Lib "kernel32" _

(ByVal hObject As Long) _
As Long

Dim ProcessID As Long
Dim hProcess As Long

He†e i‡ an example of a func•ion •ha• execu•e‡ a command and wai•‡ fo† i• •o comple•e:

Function ShellWait(CommandLine As String, _
TimeOut As Long, _
WindowState As VbAppWinStyle) As Boolean

Dim ProcessID As Long
Dim hProcess As Long

ProcessID = Shell(CommandLine,WindowState)
If ProcessID <> 0 Then

'non-zero (True) so Shell worked
' Get a process handle for the PID (Wait takes a handle)
hProcess = OpenProcess(SYNCHRONIZE, False, ProcessID)
If hProcess <> 0 Then

' Got process handle
' Wait until process finishes before going on
If WaitForSingleObject(hProcess, TimeOut) = WAIT_OBJECT_0 Then

ShellWait = True
Else

ShellWait = False
End If

Else
'Failed to get process handle.
'Perhaps the process terminated very quickly
'or it might not really have executed at all even though Windows
' started a process.
ShellWait = False

End If
Else

' PID zero (False) so Shell failed
ShellWait = False

End If
End Function

Call i• like •hi‡:

If ShellWait("calc.exe") then
MsgBox "Success :-)"

Else
MsgBox "Failure :-("

End If

23.2 Exercises

Modify •he ShellWai• example func•ion ‡o •ha• •he calle† can di‡•ingui‡h be•ween failu†e
•o launch •he p†oce‡‡ and •imeou•.
Sugge‡• a †ea‡on why •hi‡ migh• be a good idea.
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24 Offiject Oriented Progrflmming

We will now move in•o a mo†e advanced a‡pec• of VB - OOP. Bu• don'• wo††y, Objec•
O†ien•ed P†og†amming i‡ qui•e ‡imple, in fac• i• i‡ p†obably ‡imple† fo† •ho‡e who have neve†
p†og†ammed befo†e •han fo† •ho‡e wi•h long expe†ience of •†adi•ional Fo†•†an/Ba‡ic/Pa‡cal
(pick you† favou†i•e impe†a•ive language).

You ‡hould be familia† wi•h VB'‡ even•-d†iven p†og†amming ‡•yle by now. Howeve† I'll
explain i• again. When you'†e doing gene†al VB p†og†amming, you† •hough•‡ ‡hould go in
•hi‡ pa••e†n: "If •he u‡e† doe‡ •hi‡, wha• ‡hould happen? How would I make i• happen?"
Then you would w†i•e •he p†og†am •o • •he an‡we†‡ •o •he‡e que‡•ion‡. Tha• i‡ even•-d†iven
p†og†amming. You p†og†am acco†ding •o wha• even•‡ •he u‡e† would •†igge†. D†agging a
pic•u†e, clicking a bu••on, and •yping a wo†d a†e all even•‡.

You, being •he b†ave code† •ha• you a†e, would a‡k: "WHY do I HAVE •o •hink like •ha•??"

Well he†e'‡ an al•e†na•ive way fo† you •o •hink: Objec• O†ien•ed P†og†amming(OOP). In
•he wo†ld of OOP, you b†eak a p†oblem down in•o ‡mall pa†•‡ and ‡olve •hem individually.
If you a†e •o p†og†am in an objec• o†ien•ed ‡•yle, you would •hink of eve†y va†iable o†
func•ion‡ a‡ a p†ope†•y of an objec•, and eve†y•hing would ‡eem like an objec• •o you.
OOP i‡ ha†d •o explain ‡o you'll have •o expe†ience i• in •he following example‡.

Imagine •ha• you have a bo••le of juice. Wha• p†ope†•ie‡ doe‡ i• have? Wha• even•‡ doe‡
i• have?(Wha• can i• do?) He†e'‡ a li‡• I could •hink of:

Private Colour As String 'What colour?
Private Fruit As String 'What kind of fruit?
Private Volume As Single 'How much?
Public Sub MakeJuice(c As String, f As String, v As Single) 'Make some

Colour = c
Fruit = f
Volume = v

End Sub

Public Sub Evaporate() 'Well, that's the only thing I could think of
Volume = Volume - 10

End Sub

Behold. Tha•'‡ ou† †‡• cla‡‡. Don'• wo††y abou• any•hing †igh• now. I will go ove† •ho‡e
la•e†. Anyway, le•'‡ a‡‡ume •ha• •hi‡ cla‡‡ i‡ named, "Juice". Think of i• a‡ a gene†al
de‡c†ip•ion of a bo••le of juice. Now we can c†ea•e an ac•ual bo••le of apple juice:

Private AppleJuice As Juice 'Define
Set AppleJuice = New Juice 'Create a new instance of Juice
AppleJuice.MakeJuice "brown", "apple", 30

Wa•ch:

AppleJuice.Evaporate '20 units left
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AppleJuice.Evaporate '10 left
AppleJuice.Evaporate 'Yes!!

"Wai•", you in•e††up•ed my †an• once again, "bu• why do I have •o u‡e OOP? Ju‡• becau‡e
you ha•e apple juice?"

OOP i‡ good fo† la†ge-‡cale p†og†amming - A‡ you† code g†ow‡ la†ge, •he†e a†e going •o
be mo†e and mo†e p†ocedu†e‡/func•ion‡ •o you† p†og†am, and you† code i‡ going •o be
‡o clu••e†ed •ha• one mo†e look a• i•, you'd ‡c†eam. Tha• i‡ why I'm •eaching you OOP!
(So in‡•ead of looking a• hund†ed‡ of ‡ca••e†ed p†ocedu†e‡/func•ion‡, you look a• o†ganized
Objec•‡.)

24.1 Types

You can •hink of a •ype a‡ a ‡imple fo†m of cla‡‡. Type‡ can only hold va†iable‡, no•
p†ocedu†e‡/func•ion‡.

An impo†•an• di‡•inc•ion be•ween u‡e† de ned •ype‡ ('UDT') and 'cla‡‡e‡' in 'VB6' i‡ •ha•
'UDT‡' a†e value types while 'cla‡‡e‡' a†e reference types. Thi‡ mean‡ •ha• when you ‡•o†e
an objec• ('in‡•ance' of a 'cla‡‡') in a va†iable wha• ac•ually happen‡ i‡ •ha• a poin•e† •o
•he exi‡•ing objec• i‡ ‡•o†ed bu• when you ‡•o†e a 'UDT' in‡•ance in a va†iable a copy of
•he in‡•ance i‡ ‡•o†ed. Fo† in‡•ance imagine •ha• you have de ned a cla‡‡, 'Cla‡‡1', and a
UDT, 'Type1':

Dim ac As Class1
Dim bc As Class1
Dim at As Type1
Dim bt As Type1

Now a‡‡ign ac •o bc:

Set bc = ac

and a• •o b•

bt = at

Now make a change •o one of •he p†ope†•ie‡ of bc and look a• •he co††e‡ponding p†ope†•y
in ac. You ‡hould ‡ee •ha• when you change bc •ha• ac al‡o change‡. Thi‡ i‡ becau‡e ac
and bc a†e †eally poin•e†‡ •o •he ‡ame block of memo†y. If you do •he ‡ame exe†ci‡e wi•h
b• and a• you ‡hould ‡ee •ha• changing p†ope†•ie‡ of b• doe‡ no• a ec• a•. Thi‡ i‡ becau‡e
a• and b• a†e value‡ no• †efe†ence‡ and occupy di‡•inc• loca•ion‡ in memo†y.

Thi‡ i‡ impo†•an• when ‡•o†ing objec•‡ in 'Collec•ion‡'. If you add an objec• •o a collec•ion
you can la•e† change •he value‡ of i•‡ p†ope†•ie‡ and •he objec• in •he collec•ion will al‡o
‡eem •o change. in fac• i• i‡ •he ‡ame objec• becau‡e wha• i‡ ‡•o†ed in •he collec•ion i‡ •he
†efe†ence ('poin•e†') •o •he objec•. Howeve† if you ‡•o†e a 'UDT' in a collec•ion wha• i‡
‡•o†ed i‡ a copy of •he values no• a †efe†ence ‡o changing •he o†iginal UDT will no• a ec•
•he con•en• of •he Collec•ion.
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24.2 Clflsses

Cla‡‡e‡ a†e a combina•ion of ‡ub†ou•ine‡ and •ype‡. By •ha• I mean •ha• when you w†i•e a
cla‡‡ i• look‡ ve†y much like a •ype1 bu• i‡ al‡o con•ain‡ ‡ub†ou•ine‡ and func•ion‡.

Each cla‡‡ in VB6 i‡ a di‡•inc• le, •he†e can only be one cla‡‡ in a le and •he cla‡‡ canno•
be ‡p†ead ou• in ‡eve†al le‡; •hi‡ i‡ a fea•u†e of VB6 no• a †equi†emen• of objec• o†ien•ed
p†og†amming.

A cla‡‡ look‡ ve†y much like an o†dina†y module bu• ha‡ •he le ex•en‡ion .cls in‡•ead of
.bas

24.3 Inheritflnce

The†e a†e •wo •ype‡ of inhe†i•ance: implemen•a•ion and in•e†face. Howeve† Vi‡ual Ba‡ic
Cla‡‡ic p†ovide‡ only In•e†face inhe†i•ance. Implemen•a•ion inhe†i•ance can be ‡imula•ed
by a combina•ion of in•e†face inhe†i•ance and delega•ion.

One of •he common way‡ •o in•†oduce inhe†i•ance i‡ •o ‡how a p†og†am •ha• c†ea•e‡ dog
and ca• objec•‡ o† ca† and •†ain objec•‡.

Fo† example in Vi‡ual Ba‡ic we can decla†e •wo cla‡‡e‡ dog and ca• like •hi‡:

24.3.1 Clflss cDog

Option Explicit

Public Sub Sound()
Debug.Print "Woof"

End Sub

24.3.2 Clflss cCflt

Option Explicit

Public Sub Sound()
Debug.Print "Meow"

End Sub

24.3.3 module mflin

Public Sub main()
Dim oDog as cDog
Dim oCat as cCat

Set oDog = New cDog

1 Chap•e† 12 on page 72
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Set oCat = New cCat

oDog.Sound
oCat.Sound

End Sub

When you †un •hi‡ p†og†am i• will p†in•:

Woof
Meow

Now •hi‡ i‡ all ve†y well un•il you decide •ha• you would like an a††ay of pe•‡:

Dim aPets(1 to 10) as ????

Unle‡‡ you decla†e •he aPets a††ay a‡ variant you have •o give i• a •ype. One way i‡ •o
c†ea•e a cla‡‡ called cPet and u‡e i• in‡•ead of cDog and cCa•:

24.3.4 Clflss cPet

Option Explicit

Public IsDog as Boolean

Public Sub Sound()
If IsDog Then

Debug.Print "Woof"
Else

Debug.Print "Meow"
End If

End Sub

Now ou† main †ou•ine migh• look like •hi‡:

Option Explicit

Dim aPet(1 to 10) as cPet

Public Sub main()

Dim lPet as Long
For lPet = 1 to 10

Set aPet(lPet) = New cPet
If lPet<=5 then

aPet(lPet).IsDog = True
Else

aPet(lPet).IsDog = False
End If

Next lPet

' Now find out what noise they make.
For lPet = 1 to 10

aPet(lPet).Sound
Next lPet

End Sub
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Thi‡ ‡hould p†in•:

Woof
Woof
Woof
Woof
Woof
Meow
Meow
Meow
Meow
Meow

Look †ea‡onable? Fo† •he †equi†emen•‡ ‡o fa† †evealed •hi‡ wo†k‡ ne. Bu• wha• happen‡
when you di‡cove† •ha• •he†e a†e •hing‡ •ha• ca•‡ do •ha• have no analogue in dog‡? Wha•
abou• o•he† kind‡ of pe•? Fo† example, you wan• you† ca• •o purr. You can have a me•hod
called purr bu• whe†e will you pu• i•? I• ‡u†ely doe‡n'• belong in cPe• becau‡e dog‡ can'•
pu†† and nei•he† can guinea pig‡ o† ‡h.

The •hing •o do i‡ •o ‡epa†a•e ou• •ho‡e fea•u†e‡ •ha• a†e common •o all pets and c†ea•e a
cla‡‡ •ha• deal‡ only wi•h •ho‡e, we can †ew†i•e cPet fo† •hi‡ pu†po‡e. Now we can go back
•o ou† o†iginal cDog and cCat cla‡‡e‡ and modify •hem •o inherit •he 'in•e†facefromcPe•.

24.3.5 Clflss cPet rewritten

Option Explicit

Public Sub Sound()
End Sub

No•ice •ha• •he Sound me•hod i‡ emp•y. •hi‡ i‡ becau‡e i• exi‡•‡ only •o de ne •he in•e†face.
The in•e†face i‡ like •he layou• of •he pin‡ on a plug o† ‡ocke•; any plug •ha• ha‡ •he ‡ame
layou•, ‡ize and ‡hape will plug in •o a ‡ocke• implemen•ing •he ‡ame in•e†face. Wha• goe‡
on in‡ide •he •hing you plug in i‡ a ‡epa†a•e i‡‡ue; vacuum cleane†‡ and •elevi‡ion ‡e•‡ bo•h
u‡e •he ‡ame main‡ plug.

To make •hi‡ wo†k we mu‡• now modify cDog and cCa•:

24.3.6 Clflss cDog

Option Explicit
Implements cPet

Private Sub cPet_Sound()
Debug.Print "Woof"

End Sub

24.3.7 Clflss cCflt

Option Explicit
Implements cPet
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Private Sub cPet_Sound()
Debug.Print "Meow"

End Sub

Public Sub Purr()
Debug.Print "Purr"

End Sub

24.4 Collections

In •he pe• example‡ above an a††ay of cPe• objec•‡ i‡ u‡ed •o hold •he pe•‡. Thi‡ wo†k‡
well if you know exac•ly how many pe•‡ you have. Bu• wha• happen‡ if you adop• ano•he†
‡•†ay puppy o† you† ca• ha‡ ki••en‡?

One ‡olu•ion i‡ •o u‡e a Collec•ion objec• in‡•ead of an a††ay. A collec•ion objec• look‡ a
li••le like an a††ay bu• le•‡ you add and †emove i•em‡ wi•hou• wo††ying abou• •he decla†ed
‡ize, i• ju‡• expand‡ and con•†ac•‡ au•oma•ically.

24.5 Iterfltors
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25 E ective Progrflmming

When p†og†amming e ec•ively in any compu•e† language, whe•he† i• i‡ VB o† C++ fo†
example, •he†e ‡hould be con‡i‡•ency •o you† ‡•yle, i• ‡hould be o†ganized, and ‡hould
aim •o be a‡ e cien• a‡ po‡‡ible in •e†m‡ of ‡peed of execu•ion and u‡e of †e‡ou†ce‡ (‡uch
a‡ memo†y o† ne•wo†k •†a c). Wi•h e‡•abli‡hed p†og†amming •echnique‡, e††o†‡ can be
†educed •o a minimum and be mo†e ea‡ily †ecognized, and i• will make •he job of •he
p†og†amme† much ea‡ie† and mo†e enjoyable.

The†e a†e many di e†en• a‡pec•‡ •o w†i•ing †eliable p†og†am‡. Fo† a ‡ho†• p†og†am u‡ed
in•e†ac•ively and only by •he au•ho† i• can be †ea‡onable •o b†eak all •he †ule‡ in •he ‡e†vice
of quickly ge••ing •he an‡we†. Howeve†, if •ha• li••le p†og†am‡ g†ow‡ in•o a la†ge p†og†am
you will end up wi‡hing •ha• you had ‡•a†•ed on •he †igh• pa•h. Each p†og†amming language
ha‡ i•‡ ‡•†eng•h‡ and weakne‡‡e‡ and a •echnique •ha• a‡‡i‡•‡ in w†i•ing good p†og†am‡ in
one migh• be unnece‡‡a†y, impo‡‡ible o† coun•e†p†oduc•ive in ano•he†; wha• i‡ p†e‡en•ed
he†e applie‡ •o VB6 in pa†•icula† bu• much of i• i‡ ‡•anda†d ‡•u •ha• applie‡ o† i‡ enfo†ced
in Pa‡cal, C, Java and o•he† ‡imila† impe†a•ive language‡.

25.1 Generfll Guidelines

The‡e ‡ugge‡•ion‡ will be de‡c†ibed in g†ea•e† de•ail fu†•he† below. None of •he‡e can be
called †ule‡ and ‡ome a†e con•†ove†‡ial, you have •o make up you† own mind ba‡ed on •he
co‡•‡ and bene •‡

W†i•e commen•‡ •ha• explain why you do wha• you do. If •he code o† •he p†oblem being
‡olved i‡ e‡pecially complex you ‡hould al‡o explain why you cho‡e •he me•hod you did
in‡•ead of ‡ome o•he† mo†e obviou‡ me•hod.

Inden• you† code. Thi‡ can make †eading •he code fo† o•he†‡ ea‡ie† and make‡ i• ea‡y •o
‡po• whe†e ‡•a•emen•‡ have no• been clo‡ed o p†ope†ly. Thi‡ i‡ e‡pecially impo†•an• in
mul•iply ne‡•ed ‡•a•emen•‡.

Decla†e all va†iable‡, enfo†ce •hi‡ by placing Option Explicit a• •he •op of eve†y code
module,

U‡e meaningful va†iable and ‡ub †ou•ine name‡. The va†iable FileHandle mean‡ a lo•
mo†e •o u‡ human‡ •han X. Al‡o avoid •he •endency of abb†evia•ing name‡ a‡ •hi‡ can
al‡o make i• ha†d •o †ead code. Don'• u‡e FilHan whe†e FileHandle would be clea†e†,

In •he a†gumen• li‡• of func•ion‡ and ‡ub‡ decla†e all a†gumen•‡ a‡ ByRef. Thi‡ fo†ce‡
•he compile† •o check •he da•a•ype‡ of •he va†iable‡ you pa‡‡ in,

Decla†e va†iable‡, ‡ub‡, and func•ion‡ in •he ‡malle‡• po‡‡ible ‡cope: p†efe† P†iva•e ove†
F†iend and F†iend ove† Public.

121



E ec•ive P†og†amming

Have a‡ few va†iable‡ a‡ po‡‡ible decla†ed Public in .ba‡ module‡; ‡uch va†iable‡ a†e
public •o •he whole componen• o† p†og†am.

G†oup †ela•ed func•ion‡ and ‡ub‡ •oge•he† in a module, c†ea•e a new module fo† un†ela•ed
†ou•ine‡,

If a g†oup of va†iable‡ and p†ocedu†e‡ a†e clo‡ely †ela•ed con‡ide† c†ea•ing a cla‡‡ •o
encapsulate •hem •oge•he†,

Include assertions in •he code •o en‡u†e •ha• †ou•ine‡ a†e given co††ec• da•a and †e•u†n
co††ec• da•a,
W†i•e and execu•e tests,

Make •he p†og†am wo†k †‡• and wo†k fa‡• af•e†wa†d‡

Whe†e a va†iable can hold a limi•ed †ange of di‡c†e•e value‡ •ha• a†e known a• compile
•ime u‡e an 'enume†a•ed •ype,

B†eak la†ge p†og†am‡ in•o ‡epa†a•e componen•‡ (DLL‡ o† cla‡‡ lib†a†ie‡) ‡o •ha• you can
†educe •he vi‡ibili•y of da•a and †ou•ine‡, •o ju‡• •ho‡e o•he† piece‡ of code •ha• need •o
u‡e •hem,

U‡e a ‡imple p†e x no•a•ion •o ‡how •he •ype of va†iable‡ and •he ‡cope of †ou•ine‡.

25.2 Declflring vflriflffiles

Ea†lie† in •hi‡ book, you may have been •augh• •o decla†e va†iable‡ wi•h a ‡imple Dim
‡•a•emen•, o† no• a• all. Decla†ing va†iable‡ on di e†en• level‡ i‡ a c†ucial ‡kill. Think of
you† p†og†am a‡ •h†ee b†anche‡: The module (open •o all fo†m‡), individual fo†m‡, and •he
‡ub p†og†am‡ •hem‡elve‡. If you decla†e a va†iable in you† module, •he va†iable will †e•ain
i•‡ value •h†ough all fo†m‡. A dim ‡•a•emen• will wo†k, bu• i• i‡ •†adi•ion •o u‡e "Public"
in i•‡ place. Fo† example:

Public X as Integer

Decla†ing ‡ome•hing a• •he •op of you† fo†m code will make i• p†iva•e •o •ha• fo†m, •he†e-
fo†e, if you have X=10 in one fo†m, and X=20 in ano•he†, •hey will no• in•e†fe†e. If •he
va†iable wa‡ decla†ed public, •hen •he†e would be in•e†ac•ion‡ be•ween •he value‡. To
decla†e ‡ome•hing in you† fo†m, i• i‡ •†adi•ional •o u‡e "P†iva•e".

Private X as Integer

And nally, •he†e a†e •he ‡ubp†og†am‡. Dimen‡ioning va†iable‡ only •o a ‡ubp†og†am i‡
highly e ec•ive, •hi‡ way you can u‡e defaul• va†iable‡ (‡uch a‡ ‡um fo† ‡um‡) in all ‡ub‡
wi•hou• •he need •o wo††y abou• one value changing becau‡e of ano•he† ‡ec•ion of code.
The†e i‡, howeve†, a •wi‡•. Dim, wha• you a†e accu‡•omed •o, will no• †e•ain •he value of
•he va†iable af•e† •he ‡ub i‡ done. So af•e† †e†unning •he ‡ub, all •he local va†iable‡ in •he
‡ub will be †e‡e•. To ge• a†ound •hi‡, a "S•a•ic" may be u‡ed.

Static X as Integer
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Some of you may wan• •o •ake •he ea‡y way ou•, and ju‡• u‡e Public on eve†y•hing. How-
eve†, i• i‡ be‡• •o decla†e ‡ome•hing on •he ‡malle‡• level po‡‡ible. Gene†ally a†gumen•‡ a†e
•he be‡• way •o ‡end va†iable‡ f†om one ‡ub •o •he o•he†. Thi‡ i‡ becau‡e a†gumen•‡ make
i• fa† ea‡ie† •o •†ack exac•ly whe†e va†iable‡ a†e being changed in ca‡e of a logic e††o†, and
almo‡• limi•‡ •he amoun• of damage a bad ‡ec•ion of code can do. Decla†ing va†iable‡ i‡,
again, u‡eful when u‡ing defaul• va†iable‡. Common defaul• va†iable‡ a†e:

I for loops
J for loops
Sum(self explanatory)
X for anything

So, †a•he† •hen making va†iable‡ I and II o† Sum1,Sum2, you can ‡ee why keeping va†iable‡
local i‡ a u‡eful ‡kill.

25.3 Comments

Eve†y p†og†amme† I know di‡like‡ w†i•ing commen•‡. I don'• mean ju‡• illi•e†a•e ‡c†ip•-
kiddie‡ w†i•ing ‡ome b†ain dead Vi‡ual Ba‡ic Sc†ip• •o dele•e all •he le‡ f†om ‡ome poo†
g†andmo•he†'‡ PC, I mean •hem and eve†yone up •o people wi•h mul•iple Ph.D.‡ and
hono†a†y doc•o†a•e‡.

So if you nd i• di cul• •o convince you†‡elf •ha• commen•‡ a†e a good idea you a†e in good
company.

Unfo†•una•ely •hi‡ i‡n'• a ca‡e of you and I being a‡ good a‡ •hem bu• of •hem being a‡
bad a‡ u‡. Good commen•‡ can be c†i•ical •o •he longevi•y of a p†og†am; if a main•enance
p†og†amme† can'• unde†‡•and how you† code wa‡ ‡uppo‡ed •o wo†k he migh• have •o †ew†i•e
i•. If he doe‡ •ha• he will al‡o have •o w†i•e mo†e commen•‡ and mo†e •e‡•‡. He will almo‡•
ce†•ainly in•†oduce mo†e bug‡ and i• will be you† faul• becau‡e you didn'• have •he cou†•e‡y
•o explain why you† p†og†am wa‡ w†i••en •he way i• wa‡. Main•enance p†og†amme†‡ a†e
of•en no• pa†• of •he o†iginal •eam ‡o •hey don'• have any ‡ha†ed backg†ound •o help •hem
unde†‡•and, •hey ju‡• have a bug †epo†•, •he code and a deadline. If you don'• w†i•e •he
commen•‡ you can be ‡u†e •ha• no one will add •hem la•e†.

Commen•‡ need •o be w†i••en wi•h •he ‡ame ca†e and a••en•ion a‡ •he code i•‡elf. Sloppily
w†i••en commen•‡ •ha• ‡imply †epea• wha• •he code ‡ay‡ a†e a wa‡•e of •ime, be••e† •o ‡ay
no•hing a• all. The ‡ame goe‡ fo† commen•‡ •ha• con•†adic• •he code; wha• i‡ •he †eade†
mean• •o believe, •he code o† •he commen•. If •he commen• con•†adic•‡ •he code ‡omeone
migh• ' x' •he code only •o nd •ha• i• wa‡ ac•ually •he commen• •ha• wa‡ b†oken.

He†e a†e ‡ome example commen•‡:

Dim cbMenuCommandBar As Office.CommandBarButton 'command bar object

Tha• come‡ f†om one of my own p†og†am‡ •ha• I c†ea•ed by hacking a• a •empla•e p†ovided
by ‡omeone el‡e. Why he added •he commen• i‡ beyond me, i• add‡ no•hing •o •he code
which con•ain‡ •he wo†d CommandBa† •wice anyway!

He†e i‡ ano•he† f†om a ‡imila† p†og†am:
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Public WithEvents MenuHandler As CommandBarEvents 'command bar event handler

Same deg†ee of poin•le‡‡ne‡‡. Bo•h example‡ a†e f†om p†og†am‡ •ha• I u‡e eve†yday.

Ano•he† f†om •he ‡ame p†og†am which ‡how‡ bo•h a good commen• and a poin•le‡‡ one:

Public Sub Remove(vntIndexKey As Variant)
'used when removing an element from the collection
'vntIndexKey contains either the Index or Key, which is why
'it is declared as a Variant
'Syntax: x.Remove(xyz)

mCol.Remove vntIndexKey
End Sub

The †‡• commen• line ‡imply †epea•‡ •he info†ma•ion con•ained in •he name, •he la‡•
commen• line •ell‡ u‡ only wha• we can ea‡ily glean f†om •he decla†a•ion. The middle
•wo line‡ ‡ay ‡ome•hing u‡eful, •hey explain •he o•he†wi‡e puzzling u‡e of •he Variant da•a
•ype. My †ecommenda•ion i‡ •o dele•e •he †‡• and la‡• commen• line‡, no• becau‡e •hey
a†e inco††ec• bu• becau‡e •hey a†e poin•le‡‡ and make i• ha†de† •o ‡ee •he commen• •ha•
ac•ually ma••e†‡.

To ‡umma†ize: good commen•‡ explain why no• what. They •ell •he †eade† wha• •he code
canno•.

You can ‡ee wha• i‡ happening by †eading •he code bu• i• i‡ ve†y of•en ha†d o† impo‡‡ible
•o ‡ee why •he code i‡ w†i••en a‡ i• i‡.

Commen•‡ •ha• pa†aph†a‡e •he code do have a place. If •he algo†i•hm i‡ complex o† ‡ophi‡-
•ica•ed you migh• need •o p†eci‡ i• in plain human language. Fo† example •he †ou•ine‡ •ha•
implemen• an equa•ion ‡olve† need •o be accompanied by a de‡c†ip•ion of •he ma•hema•ical
me•hod employed, pe†hap‡ wi•h †efe†ence‡ •o •ex•book‡. Each individual line of code migh•
be pe†fec•ly clea† bu• •he ove†all plan migh• ‡•ill be ob‡cu†e; a p†eci‡ in ‡imple human
language can make i• plain.

If you make u‡e of a fea•u†e of VB •ha• you know i‡ li••le u‡ed you migh• need •o poin• ou•
why i• wo†k‡ •o p†even• well-meaning main•enance p†og†amme†‡ cleaning i• up.

If you† code i‡ ‡olving a complex p†oblem o† i‡ heavily op•imized fo† ‡peed i• will need mo†e
and be••e† commen•‡ •han o•he†wi‡e bu• even ‡imple code need‡ commen•‡ •ha• explain
why i• exi‡•‡ and ou•line‡ wha• i• doe‡. Ve†y of•en i• i‡ be••e† •o pu• a na††a•ive a• •he
head of a le in‡•ead of commen•‡ on individual code line‡. The †eade† can •hen †ead •he
‡umma†y in‡•ead of •he code.

25.3.1 Summflry

Commen•‡ ‡hould add cla†i•y and meaning,
Keep •he commen•‡ ‡ho†• unle‡‡ •he complexi•y of •he code wa††an•‡ a na††a•ive de‡c†ip-
•ion,
Add commen•‡ •o •he head of each le •o explain why i• exi‡•‡ and how •o u‡e i•,
Commen• each func•ion, ‡ub†ou•ine and p†ope†•y •o explain any oddi•ie‡ ‡uch a‡ •he u‡e
of •he Objec• o† Va†ian• da•a •ype‡.
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If a func•ion ha‡ ‡ide e ec•‡ explain wha• •hey a†e,
If •he †ou•ine i‡ only applicable •o a ce†•ain †ange of inpu•‡ •hen ‡ay ‡o and indica•e wha•
happen‡ if •he calle† ‡upplie‡ ‡ome•hing unexpec•ed.

25.3.2 Exercises

Take a piece of code w†i••en by ‡omeone el‡e and •†y •o unde†‡•and how i• wo†k‡ wi•hou•
†eading •he commen•‡.
T†y •o nd ‡ome code •ha• doe‡n'• need any commen•‡. Explain why i• doe‡n'• need
•hem. Doe‡ ‡uch a •hing exi‡•?
Sea†ch •he web, you† own code o† a colleague'‡ code •o nd example‡ of good commen•‡.
Pu• you†‡elf in •he po‡i•ion of a main•enance p†og†amme† called in •o x a bug in a
di cul• piece of you† own code. Add commen•‡ o† †ew†i•e •he exi‡•ing commen•‡ •o
make •he job ea‡ie†.

25.4 Avoid Defensive Progrflmming, Fflil Fflst Instefld

By defen‡ive p†og†amming I mean •he habi• of w†i•ing code •ha• a••emp•‡ •o compen‡a•e
fo† ‡ome failu†e in •he da•a, of w†i•ing code •ha• a‡‡ume‡ •ha• calle†‡ migh• p†ovide da•a
•ha• doe‡n'• confo†m •o •he con•†ac• be•ween calle† and ‡ub†ou•ine and •ha• •he ‡ub†ou•ine
mu‡• ‡omehow cope wi•h i•.

I• i‡ common •o ‡ee p†ope†•ie‡ w†i••en like •hi‡:

Public Property Let MaxSlots(RHS as Long)
mlMaxSlots = RHS

End Property

Public Property Get MaxSlots() as Long
if mlMaxSlots = 0 then

mlMaxSlots = 10
End If
MaxSlots = mlMaxSlots

End Property

The †ea‡on i• i‡ w†i••en like •hi‡ i‡ p†obably •ha• •he p†og†amme† of •he cla‡‡ in which
i• ‡i•‡ i‡ af†aid •ha• •he au•ho† of •he code •ha• u‡e‡ i• will fo†ge• •o ini•ialize •he objec•
p†ope†ly. So he o† ‡he p†ovide‡ a defaul• value.

The p†oblem i‡ •ha• •he p†og†amme† of •he MaxSlo•‡ p†ope†•y ha‡ no way of knowing how
many ‡lo•‡ •ha• •he clien• code will need. If •he clien• code doe‡n'• ‡e• MaxSlo•‡ i• will
p†obably ei•he† fail o†, wo†‡e, mi‡behave. I• i‡ much be••e† •o w†i•e •he code like •hi‡:

Public Property Let MaxSlots(RHS as Long)
mlMaxSlots = RHS

End Property

Public Property Get MaxSlots() as Long
if mlMaxSlots = 0 then

Err.Raise ErrorUninitialized, "MaxSlots.Get", "Property not initialized"
End If
MaxSlots = mlMaxSlots

End Property
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Now when clien• code call‡ MaxSlo•‡ Ge• befo†e calling MaxSlo•‡ Le• an e††o† will be †ai‡ed.
I• now become‡ •he †e‡pon‡ibili•y of •he clien• code •o x •he p†oblem o† pa‡‡ on •he e††o†.
In any ca‡e •he failu†e will be no•iced ‡oone† •han if we p†ovide a defaul• value.

Ano•he† way of viewing •he di‡•inc•ion be•ween Defensive Programming and Fail Fast i‡ •o
‡ee Fail Fast a‡ ‡•†ic• implemen•a•ion of a con•†ac• and Defensive Programming a‡ fo†giving.
I• can be, and i‡ of•en, deba•ed whe•he† being fo†giving i‡ good alway‡ a good idea in human
‡ocie•y bu• wi•hin a compu•e† p†og†am i• ‡imply mean‡ •ha• you don'• •†u‡• all pa†•‡ of
•he p†og†am •o abide by •he ‡peci ca•ion of •he p†og†am. In •hi‡ ca‡e you need •o x •he
‡peci ca•ion no• fo†give •†an‡g†e‡‡ion‡ of i•.

25.4.1 Exercises

Take a wo†king non-•†ivial p†og†am and ‡ea†ch •he code fo† defen‡ive p†og†amming,
Rew†i•e •he code •o make i• fail fa‡• in‡•ead,
Run •he p†og†am again and ‡ee if i• fail‡,
Fix •he clien• pa†• of •he p†og†am •o elimina•e •he failu†e.

25.4.2 References

Fo† a ‡uccinc• a†•icle on •hi‡ ‡ubjec• ‡ee http://www.martinfowler.com/ieeeSoftware/
failFast.pdf.

25.5 Assertions flnd Design By Contrflct

An assertion i‡ a ‡•a•emen• •ha• asserts •ha• ‡ome•hing i‡ •†ue. In VB6 you add a‡‡e†•ion‡
like •hi‡:

Debug.Assert 0 < x

If •he ‡•a•emen• i‡ •†ue •hen •he p†og†am con•inue‡ a‡ if no•hing happened bu• if i• i‡ no•
•hen •he p†og†am will ‡•op a• •ha• line. Unfo†•una•ely VB6 ha‡ a pa†•icula†ly weak fo†m of
a‡‡e†•ion‡, •hey a†e only execu•ed when •he code i‡ †unning in •he debugge†. Thi‡ mean‡
•ha• •hey have no e ec• a• all in •he compiled p†og†am. Don'• le• •hi‡ ‡•op you f†om u‡ing
•hem, af•e† all •hi‡ i‡ a fea•u†e •ha• doe‡n'• exi‡• a• all in many common p†og†amming
language‡.

If you †eally need •he a‡‡e†•ion‡ •o be •e‡•ed in •he compiled p†og†am you can do ‡ome•hing
like •hi‡:

If Not(0 < x) Then
Debug.Assert False
Err.Raise ErrorCodes.AssertionFailed

End If

Now •he p†og†am will ‡•op a• •he failu†e when in •he IDE and †ai‡e an e††o† when †unning
compiled. If you plan •o u‡e •hi‡ •echnique in mo†e •han a few place‡ i• would make ‡en‡e
•o decla†e a ‡ub†ou•ine •o do i• ‡o a‡ •o †educe clu••e†:
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Public Sub Assert(IsTrue as Boolean)
If Not IsTrue Then

Debug.Assert False
Err.Raise ErrorCodes.AssertionFailed

End If
End Sub

•hen in‡•ead of w†i•ing Debug.Assert you w†i•e:

Assert 0 < x

A‡‡e†•ion‡ can be u‡ed •o implemen• a fo†m of de‡ign by con•†ac•1. Add a‡‡e†•ion‡ a• •he
beginning of each †ou•ine •ha• a‡‡e†• ‡ome•hing abou• •he value‡ of •he a†gumen•‡ •o •he
†ou•ine and abou• •he value‡ of any †elevan• module o† global va†iable‡. Fo† in‡•ance a
†ou•ine •ha• •ake‡ a ‡ingle in•ege† a†gumen• •ha• mu‡• be g†ea•e† •han ze†o would have an
a‡‡e†•ion of •he ‡ame fo†m a‡ •he one ‡hown above. If i• i‡ called wi•h a ze†o a†gumen• •he
p†og†am will hal• on •he line wi•h •he a‡‡e†•ion. You can al‡o add a‡‡e†•ion‡ a• •he exi• of
•he †ou•ine •ha• ‡pecify •he allowed value‡ of •he †e•u†n value o† any ‡ide e ec•‡.

A‡‡e†•ion‡ di e† f†om explici• valida•ion in •ha• •hey do no• †ai‡e e††o†‡ o† allow fo† •he
p†og†am •o •ake ac•ion if •he a‡‡e†•ion fail‡. Thi‡ i‡ no• nece‡‡a†ily a weakne‡‡ of •he
a‡‡e†•ion concep•, i• i‡ cen•†al •o •he di e†en• way‡ •ha• a‡‡e†•ion‡ and valida•ion check‡
a†e u‡ed.

A‡‡e†•ion‡ a†e u‡ed •o do ‡eve†al •hing‡:

They ‡pecify •he con•†ac• •ha• mu‡• be followed by •he calling and called code,
They a‡‡i‡• in debugging by hal•ing execu•ion a• •he ea†lie‡• poin• a• which i• i‡ known
•ha• ‡ome•hing i‡ w†ong. Co††ec•ly w†i••en a‡‡e†•ion‡ ca•ch e††o†‡ long befo†e •hey cau‡e
•he p†og†am •o blow up.

A‡‡e†•ion‡ gene†ally a‡‡i‡• in nding logic e††o†‡ du†ing •he developmen• of a p†og†am,
valida•ion, on •he o•he† hand, i‡ u‡ually in•ended •o •†ap poo† inpu• ei•he† f†om a human
being o† o•he† ex•e†nal un†eliable ‡ou†ce. P†og†am‡ a†e gene†ally w†i••en ‡o •ha• inpu• •ha•
fail‡ valida•ion doe‡ no• cau‡e •he p†og†am •o fail, in‡•ead •he valida•ion e††o† i‡ †epo†•ed •o
a highe† au•ho†i•y and co††ec•ive ac•ion •aken. If an a‡‡e†•ion fail‡ i• no†mally mean‡ •ha•
•wo in•e†nal pa†•‡ of •he p†og†am failed •o ag†ee on •he •e†m‡ of •he con•†ac• •ha• bo•h we†e
expec•ed •o comply wi•h. If •he calling †ou•ine ‡end‡ a nega•ive numbe† whe†e a po‡i•ive
one i‡ expec•ed and •ha• numbe† i‡ no• p†ovided by •he u‡e† no amoun• of valida•ion will
allow •he p†og†am •o †ecove† ‡o †ai‡ing an e††o† i‡ poin•le‡‡. In language‡ ‡uch a‡ C failed
a‡‡e†•ion‡ cau‡e •he p†og†am •o hal• and emi• a ‡•ack •†ace bu• VB ‡imply ‡•op‡ when
†unning in •he IDE. In VB a‡‡e†•ion‡ have no e ec• in compiled code.

Combined wi•h comp†ehen‡ive •e‡•‡, a‡‡e†•ion‡ a†e a g†ea• aid •o w†i•ing co††ec• p†og†am‡.
A‡‡e†•ion‡ can al‡o •ake •he place of ce†•ain •ype‡ of commen•‡. Commen•‡ •ha• de‡c†ibe •he
allowed †ange of value‡ •ha• an a†gumen• i‡ allowed •o have a†e be••e† w†i••en a‡ a‡‡e†•ion‡
becau‡e •hey a†e •hen explici• ‡•a•emen•‡ in •he p†og†am •ha• a†e ac•ually checked. In VB
you mu‡• exe†ci‡e •he p†og†am in •he IDE •o ge• •he bene • of •he a‡‡e†•ion‡, •hi‡ i‡ a mino†
inconvenience.

1 http://en.wikipedia.org/wiki/design%20by%20contract
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A‡‡e†•ion‡ al‡o help en‡u†e •ha• a p†og†am †emain‡ co††ec• a‡ new code i‡ added and bug‡
a†e xed. Imagine a ‡ub†ou•ine •ha• calcula•e‡ •he equivalen• conduc•ance of a †adia•o†
due •o convec•ion (don'• wo††y if •he phy‡ic‡ i‡ unfamila†):

Public Function ConvectionConductance(Byval T1 as Double, Byval T2 as Double)
as Double

ConvectionConductance = 100 * Area * (T2 - T1)^0.25
End Sub

Now i• ‡o happen‡, if you know •he phy‡ic‡, •ha• conduc•ance i‡ alway‡ a non-nega•ive
numbe† †ega†dle‡‡ of •he †ela•ion‡hip be•ween •he •empe†a•u†e‡ T1 and T2. Thi‡ func•ion,
howeve†, make‡ •he a‡‡ump•ion •ha• T1 i‡ alway‡ g†ea•e† •han, o† equal •o, T2. Thi‡
a‡‡ump•ion migh• be pe†fec•ly †ea‡onable fo† p†og†am in que‡•ion bu• i• i‡ a †e‡•†ic•ion
none•hele‡‡ ‡o i• ‡hould be made pa†• of •he con•†ac• be•ween •hi‡ †ou•ine and i•‡ calle†‡:

Public Function ConvectionConductance(Byval T1 as Double, Byval T2 as Double)
as Double

Debug.Assert T2 < T1
ConvectionConductance = 100 * Area * (T2 - T1)^0.25

End Sub

I• i‡ al‡o a good a idea •o a‡‡e†• ‡ome•hing abou• •he †e‡ul•‡ of a †ou•ine:

Public Function ConvectionConductance(Byval T1 as Double, Byval T2 as Double)
as Double

Debug.Assert T2 <= T1
ConvectionConductance = 100 * Area * (T2 - T1)^0.25
Debug.Assert 0 <= ConvectionConductance

End Sub

In •hi‡ pa†•icula† ca‡e i• look‡ a‡ if •he a‡‡e†•ion on •he †e‡ul• i‡ wo†•hle‡‡ becau‡e if •he
p†econdi•ion2 i‡ ‡a•i‡ ed i• i‡ obviou‡ by in‡pec•ion •ha• •he po‡•condi•ion3 mu‡• al‡o be
‡a•i‡ ed. In †eal life •he code be•ween •he p†econdi•ion4 and po‡•condi•ion5 a‡‡e†•ion‡ i‡
u‡ually much mo†e complica•ed and migh• include a numbe† of call‡ •o func•ion‡ •ha• a†e no•
unde† •he con•†ol of •he pe†‡on who c†ea•ed •he func•ion. In ‡uch ca‡e‡ •he po‡•condi•ion6
‡hould be ‡peci ed even if i• appea†‡ •o be a wa‡•e of •ime becau‡e i• bo•h gua†d‡ again‡•
•he in•†oduc•ion of bug‡ and info†m‡ o•he† p†og†amme†‡ of •he con•†ac• •ha• •he func•ion
i‡ ‡uppo‡ed •o comply wi•h.

25.6 Tests

Te‡•‡ va†y f†om w†i•ing a p†og†am and •hen †unning i• and looking ca‡ually a• i•‡ behaviou†
•o w†i•ing a full ‡ui•e of au•oma•ed •e‡•‡ †‡• and •hen w†i•ing •he p†og†am •o comply.

Mo‡• of u‡ wo†k ‡omewhe†e in be•ween, u‡ually nea†e† •he †‡• al•e†na•ive •han •he ‡econd.
Te‡•‡ a†e f†equen•ly †ega†ded a‡ an ex•†a co‡• bu• like quali•y con•†ol ‡y‡•em‡ fo† phy‡ical

2 http://en.wikipedia.org/wiki/Precondition
3 http://en.wikipedia.org/wiki/Postcondition
4 http://en.wikipedia.org/wiki/Precondition
5 http://en.wikipedia.org/wiki/Postcondition
6 http://en.wikipedia.org/wiki/Postcondition
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p†oduc•‡ •he ‡uppo‡ed co‡• of quali•y i‡ of•en nega•ive becau‡e of •he inc†ea‡ed quali•y of
•he p†oduc•.

You can u‡e •e‡•‡ •o de ne •he ‡peci ca•ion of a func•ion o† p†og†am by w†i•ing •he •e‡•‡
†‡•, •hi‡ i‡ one of •he p†ac•ice‡ of •he Ex•†eme P†og†amming me•hod. Then w†i•e •he
p†og†am piece by piece un•il all of •he •e‡•‡ pa‡‡. Fo† mo‡• people •hi‡ ‡eem‡ like a coun‡el
of pe†fec•ion and en•i†ely imp†ac•ical bu• a ce†•ain amoun• of i• will pay o hand‡omely by
helping •o make ‡u†e •ha• componen• pa†•‡ wo†k p†ope†ly befo†e in•eg†a•ion.

A •e‡• i‡ u‡ually buil• a‡ a ‡epa†a•e p†og†am •ha• u‡e‡ ‡ome of •he ‡ame ‡ou†ce code a‡ •he
delive†able p†og†am. Simply w†i•ing ano•he† p†og†am •ha• can u‡e componen• pa†•‡ of •he
delive†able will of•en be enough •o expo‡e weakne‡‡e‡ in •he de‡ign.

The ‡malle† •he componen• •ha• i‡ being •e‡•ed •he ea‡ie† i• will be •o w†i•e a •e‡•, howeve†
if you •e‡• ve†y ‡mall piece‡ you can wa‡•e a lo• of •ime w†i•ing •e‡•‡ fo† •hing‡ •ha• can
be ea‡ily checked by eye. Au•oma•ed •e‡•‡ a†e p†obably be‡• applied •o •ho‡e pa†•‡ of •he
p†og†am •ha• a†e ‡mall enough •o be ex•†ac•ed f†om •he †eal p†og†am wi•hou• di‡†up•ion
ye• la†ge enough •o have ‡ome complex behaviou†. I•'‡ ha†d •o be p†eci‡e, be••e† •o do ‡ome
•e‡•ing •han none and expe†ience will ‡how you whe†e •he e o†• i‡ be‡• expended in you†
pa†•icula† p†og†am.

You can al‡o make •he •e‡•‡ pa†• of •he p†og†am i•‡elf. Fo† in‡•ance, each cla‡‡ could have
a •e‡• me•hod •ha• †e•u†n‡ •†ue •he •e‡• pa‡‡e‡ and fal‡e o•he†wi‡e. Thi‡ ha‡ •he vi†•ue
•ha• eve†y •ime you compile •he †eal p†og†am you compile •he •e‡•‡ a‡ well ‡o any change‡
in •he p†og†am'‡ in•e†face •ha• will cau‡e •he •e‡•‡ •o fail a†e likely •o be cap•u†ed ea†ly.
Becau‡e •he •e‡•‡ a†e in‡ide •he p†og†am •hey can al‡o •e‡• pa†•‡ •ha• a†e inacce‡‡ible •o
ex•e†nal •e‡• †ou•ine‡.

25.7 Scope, Visiffiility flnd Nflmespflces

25.8 Hungflrifln Notfltion

Hunga†ian no•a•ion i‡ •he name fo† •he p†e xe‡ •ha• many p†og†amme†‡ add •o va†iable
name‡ •o deno•e ‡cope and •ype. The †ea‡on fo† doing i• i‡ •o inc†ea‡e •he †eadabili•y of
•he code by obvia•ing •he need •o keep †efe††ing •o •he va†iable decla†a•ion‡ in o†de† •o
de•e†mine •he •ype o† ‡cope of a va†iable o† func•ion.

Expe†ienced Ba‡ic p†og†amme†‡ have been familia† wi•h a fo†m of •hi‡ no•a•ion fo† a ve†y
long •ime becau‡e Mic†o‡of• Ba‡ic'‡ have u‡ed ‡u xe‡ •o indica•e •ype (# mean‡ Double,
& mean‡ Long, e•c.).

The ne de•ail‡ of •he Hunga†ian No•a•ion u‡ed in any given p†og†am don'• ma••e† ve†y
much. The poin• i‡ •o be con‡i‡•en• ‡o •ha• o•he† p†og†amme†‡ †eading you† code will be
able •o quickly lea†n •he conven•ion‡ and abide by •hem. Fo† •hi‡ †ea‡on i• i‡ wi‡e •o no•
ove†do •he no•a•ion, if •he†e a†e •oo many di e†en• p†e xe‡ people will fo†ge• wha• •he
†a†ely u‡ed one‡ mean and •ha• defea•‡ •he pu†po‡e. I• i‡ be••e† •o u‡e a gene†ic p†e x •ha•
will be †emembe†ed •han a ho‡• of ob‡cu†e one‡ •ha• won'•.
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A †ecommenda•ion fo† Hunga†ian No•a•ion i‡ de‡c†ibed in g†ea•e† de•ail in •he Coding
S•anda†d‡7 chap•e†.

25.9 Memory flnd Resource Leflks

You migh• •hink •ha• becau‡e Vi‡ual Ba‡ic ha‡ no na•ive memo†y alloca•ion func•ion‡ •ha•
memo†y leak‡ would neve† occu†. Unfo†•una•ely •hi‡ i‡ no• •he ca‡e; •he†e a†e ‡eve†al way‡
in which a Vi‡ual Ba‡ic p†og†am can leak memo†y and †e‡ou†ce‡. Fo† ‡mall u•ili•y p†og†am‡
memo†y leak‡ a†e no• a ‡e†iou‡ p†oblem in Vi‡ual Ba‡ic becau‡e •he leak doe‡n'• have a
chance •o ge• big enough •o •h†ea•en o•he† †e‡ou†ce u‡e†‡ befo†e •he p†og†am i‡ ‡hu• down.

Howeve†, i• i‡ pe†fec•ly †ea‡onable •o c†ea•e ‡e†ve†‡ and daemon‡ in Vi‡ual Ba‡ic and ‡uch
p†og†am‡ †un fo† a ve†y long •ime ‡o even a ‡mall leak can even•ually b†ing •he ope†a•ing
‡y‡•em •o i•‡ knee‡.

In Vi‡ual Ba‡ic p†og†am‡ •he mo‡• common cau‡e of memo†y leak‡ i‡ ci†cula† objec• †ef-
e†ence‡. Thi‡ p†oblem occu†‡ when •wo objec•‡ have †efe†ence‡ •o each o•he† bu• no o•he†
†efe†ence‡ •o ei•he† objec• exi‡•.

Unfo†•una•ely •he ‡ymp•om‡ of a memo†y leak a†e ha†d •o ‡po• in a †unning p†og†am,
you migh• only no•ice when •he ope†a•ing ‡y‡•em ‡•a†•‡ complaining abou• a ‡ho†•age of
memo†y.

He†e i‡ an example p†oblem •ha• exhibi•‡ •he p†oblem:

'Class1
Public oOther as Class1

'module1
Public Sub main()
xProblem

End Sub

Private Sub xProblem
Dim oObject1 As Class1
Dim oObject2 As Class1
set oObject1 = New Class1
set oObject2 = New Class1
set oObject1.oOther = oObject2
set oObject2.oOther = oObject1

End Sub

Cla‡‡1 i‡ a ‡imple cla‡‡ wi•h no me•hod‡ and a ‡ingle Public a••†ibu•e. No• good p†og†am-
ming p†ac•ice fo† †eal p†og†am‡ bu• ‡u cien• fo† •he illu‡•†a•ion. The xP†oblem ‡ub†ou•ine
‡imply c†ea•e‡ •wo in‡•ance‡ of Cla‡‡1 (objec•‡) and link‡ •hem •oge•he†. No•ice •ha• •he
oObjec•1 and oObjec•2 va†iable‡ a†e local •o xP†oblem. Thi‡ mean‡ •ha• when •he ‡ub†ou-
•ine comple•e‡ •he •o va†iable‡ will be di‡ca†ded. When Vi‡ual Ba‡ic doe‡ •hi‡ i• dec†emen•‡
a coun•e† in each objec• and if •hi‡ coun•e† goe‡ •o ze†o i• execu•e‡ •he Cla‡‡_Te†mina•e
me•hod (if •he†e i‡ one) and •hen †ecove†‡ •he memo†y occupied by •he objec•. Unfo†•u-
na•ely, in •hi‡ ca‡e •he †efe†ence coun•e† can neve† go •o ze†o becau‡e each objec• †efe†‡ •o
•he o•he† ‡o even •hough no va†iable in •he p†og†am †efe†‡ •o ei•he† of •he objec•‡ •hey will

7 Chap•e† 31.8 on page 191
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neve† be di‡ca†ded. Any language •ha• u‡e‡ a ‡imple †efe†ence coun•ing ‡cheme fo† cleaning
up objec• memo†y will ‡u e† f†om •hi‡ p†oblem. T†adi•ional C and Pa‡cal don'• have •he
p†oblem becau‡e •hey don'• have ga†bage collec•o†‡ a• all. Li‡p and i•‡ †ela•ive‡ gene†ally
u‡e ‡ome va†ian• of ma†k and ‡weep ga†bage collec•ion which †elieve‡ •he p†og†amme† of
•he p†oblem a• •he expen‡e of unp†edic•able change‡ in †e‡ou†ce load.

To demon‡•†a•e •ha• •he†e †eally i‡ a p†oblem add Initialize and Terminate even• handle†‡
•o Class1 •ha• ‡imply p†in• a me‡‡age •o •he Immediate Window.

Private Sub Class_Initialize()
Debug.Print "Initialize"

End Sub

Private Sub Class_Terminate()
Debug.Print "Terminate"

End Sub

If •he xProblem †ou•ine we†e wo†king wi•hou• a leak you would ‡ee an equal numbe† of
Initialize and Terminate me‡‡age‡.

25.9.1 Exercises

Modify xProblem •o en‡u†e •ha• bo•h objec•‡ a†e di‡po‡ed of when i• exi•‡ (hin•: ‡e••ing
a va†iable •o Nothing †educe‡ •he †efe†ence coun• of •he objec• i• poin•‡ •o).

25.9.2 Avoiding flnd Deflling with Circulflr References

The†e a†e a numbe† of •echnique‡ •ha• can be u‡ed •o avoid •hi‡ p†oblem beginning wi•h
•he obviou‡ one of ‡imply neve† allowing ci†cula† †efe†ence‡:

Fo†bid ci†cula† †efe†ence‡ in you† p†og†aming ‡•yle guide,
Explici•ly clean up all †efe†ence‡,
P†ovide •he func•ionali•y by ano•he† idiom.

In †eal p†og†am‡ fo†bidding ci†cula† †efe†ence‡ i‡ no• u‡ually p†ac•ical becau‡e i• mean‡
giving up •he u‡e of ‡uch u‡eful da•a ‡•†uc•u†e‡ a‡ doubly linked li‡•‡.

A cla‡‡ic u‡e of ci†cula† †efe†ence‡ pa†en•-child †ela•ion‡hip‡. In ‡uch †ela•ion‡hip‡ •he
parent i‡ •he master objec• and own‡ •he child o† children. The pa†en• and i•‡ child†en
‡ha†e ‡ome common info†ma•ion and becau‡e •he info†ma•ion i‡ common •o all of •hem i•
i‡ mo‡• na•u†al •ha• i• be owned and managed by •he pa†en•. When •he pa†en• goe‡ ou•
of ‡cope •he pa†en• and all •he child†en a†e ‡uppo‡ed •o be di‡po‡ed of. Unfo†•una•ely •hi‡
won'• happen in Vi‡ual Ba‡ic unle‡‡ you help •he p†oce‡‡ along becau‡e in o†de† •o have
acce‡‡ •o •he ‡ha†ed info†ma•ion •he child†en mu‡• have a †efe†ence •o •he pa†en•. Thi‡ i‡
a ci†cula† †efe†ence.

---------- ----------
| parent | ---> | child |
| | <--- | |
---------- ----------
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In •hi‡ pa†•icula† ca‡e you can u‡ually avoid •he child •o pa†en• †efe†ence comple•ely by
in•†oducing a helpe† objec•. If you pa†•i•ion •he pa†en•'‡ a••†ibu•e‡ in•o •wo ‡e•‡: one
which con•ain‡ a••†ibu•e‡ •ha• only •he pa†en• acce‡‡e‡ and ano•he† •ha• i‡ u‡ed by bo•h
pa†en• and child†en you can avoid •he ci†cula†i•y by placing all •ho‡e ‡ha†ed a••†ibu•e‡ in
•he helpe† objec•. Now bo•h pa†en• and have †efe†ence •o •he helpe† objec• and no child
need‡ a †efe†ence •o •he pa†en•.

---------- ----------
| parent | ----> | child |
| | | |
---------- ----------

| |
| |
| ---------- |
-> | common | <-

----------

No•ice how all •he a††ow‡ poin• away f†om •he pa†en•. Thi‡ mean‡ •ha• when ou† code
†elea‡e‡ •he la‡• †efe†ence •o •he pa†en• •ha• •he †efe†ence coun• will go •o ze†o and •ha•
•he pa†en• will be di‡po‡ed of. Thi‡,in •u†n, †elea‡e‡ •he †efe†ence •o •he child. Now wi•h
bo•h pa†en• and child gone •he†e a†e no †efe†ence‡ lef• •o •he common objec• ‡o i• will be
di‡po‡ed of a‡ well. All •he †efe†ence coun•ing and di‡po‡al •ake‡ place au•oma•ically a‡
pa†• of Vi‡ual Ba‡ic'‡ in•e†nal behaviou†, no code need‡ •o be w†i••en •o make i• happen,
you ju‡• have •o ‡e• up •he ‡•†uc•u†e‡ co††ec•ly.

No•e •ha• •he pa†en• can have a‡ many child†en a‡ you like, held in a collec•ion o† a††ay of
objec• †efe†ence‡ fo† in‡•ance.

A common u‡e fo† •hi‡ ‡o†• of ‡•†uc•u†e occu†‡ when •he child need‡ •o combine ‡ome
info†ma•ion abou• •he pa†en• wi•h ‡ome of i•‡ own. Fo† in‡•ance, if you a†e modelling ‡ome
complica•ed machine and wan• each pa†• •o have a p†ope†•y ‡howing i•‡ po‡i•ion. You would
like •o avoid making •hi‡ a ‡imple †ead w†i•e p†ope†•y becau‡e •hen you have •o explici•ly
upda•e •ha• p†ope†•y on each objec• when •he machine a‡ a whole move‡. Much be••e† •o
make i• a calcula•ed p†ope†•y ba‡ed on •he pa†en• po‡i•ion and ‡ome dimen‡ional p†ope†•ie‡
•hen when •he pa†en• i‡ moved all •he calcula•ed p†ope†•ie‡ will be co††ec• wi•hou• †unning
any ex•†a code. Ano•he† applica•ion i‡ a p†ope†•y •ha• †e•u†n‡ a fully quali ed pa•h f†om
†oo• objec• •o •he child.

He†e i‡ a code example:

'cParent
Private moChildren as Collection
Private moCommon as cCommon

Private Sub Class_Initialize()
Set moChildren = New Collection
Set moCommon = New cCommon

End Sub

Public Function NewChild as cChild
Set NewChild = New cChild
Set NewChild.oCommon = moCommon
moChildren.Add newChild

End Function

'cCommon
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Public sName As String

'cChild
Private moCommon As cCommon
Public Name as String

Public Property Set oCommon(RHS as cCommon)
Set moCommon = RHS

End Property

Public Property Get Path() as String
Path = moCommon.Name & "/" & Name

End Property

A‡ i• ‡•and‡ •ha• †eally only wo†k‡ fo† one level of pa†en• child †ela•ion‡, bu• of•en we have
an inde ni•e numbe† of level‡, fo† in‡•ance in a di‡k di†ec•o†y ‡•†uc•u†e.

We can gene†ali‡e •hi‡ by †ecognizing •ha• pa†en•‡ and child†en can ac•ually be •he ‡ame
cla‡‡ and •ha• •he child doe‡n'• ca†e how •he pa†en• pa•h i‡ de•e†mined ‡o long a‡ i• come‡
f†om •he common objec•.

'cFolder
Private moChildren as Collection
Private moCommon as cCommon

Private Sub Class_Initialize()
Set moChildren = New Collection
Set moCommon = New cCommon

End Sub

Public Function NewFolder as cFolder
Set NewFolder = New cFolder
Set NewFolder.oCommon = moCommon
moChildren.Add newFolder

End Function

Public Property Set oCommon(RHS as cCommon)
Set moCommon.oCommon = RHS

End Property

Public Property Get Path() as String
Path = moCommon.Path

End Property

Public Property Get Name() as String
Name= moCommon.Name

End Property

Public Property Let Name(RHS As String)
moCommon.Name = RHS

End Property

'cCommon
Private moCommon As cCommon
Public Name As String

Public Property Get Path() as String
Path = "/" & Name
if not moCommon is Nothing then

' has parent
Path = moCommon.Path & Path

End If
End Property
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Now we can a‡k any objec• a• any level of •he ‡•†uc•u†e fo† i•‡ full pa•h and i• will †e•u†n
i• wi•hou• needing a †efe†ence •o i•‡ pa†en•.

25.9.3 Exercises

C†ea•e a ‡imple p†og†am u‡ing •he cfolde† and cCommon cla‡‡e‡ and ‡how •ha• i• wo†k‡;
•ha• i‡, •ha• i• nei•he† leak‡ memo†y no† give‡ •he w†ong an‡we†‡ fo† •he Path p†ope†•y.

25.10 Errors flnd Exceptions

Befo†e di‡cu‡‡ing •he va†iou‡ kind‡ of e††o†‡ we'll ‡how how e††o†‡ a†e handled in Vi‡ual
Ba‡ic.

Vi‡ual Ba‡ic doe‡ no• have excep•ion cla‡‡e‡, in‡•ead i• ha‡ •he olde† ‡y‡•em of e††o† code‡.
While •hi‡ doe‡ make ‡ome kind‡ of p†og†amming awkwa†d i• †eally doe‡n'• cau‡e all •ha•
much •†ouble in well w†i••en p†og†am‡. If you† p†og†am doe‡n'• †ely on handling excep•ion‡
du†ing no†mal ope†a•ion‡ you won'• have much u‡e fo† excep•ion cla‡‡e‡ anyway.

Howeve† if you a†e pa†• of a •eam •ha• i‡ c†ea•ing a la†ge p†og†am •ha• con‡i‡•‡ of a
la†ge numbe† of componen•‡ (COM DLL‡) i• can be di cul• •o keep li‡•‡ of e††o† code‡
‡ynch†onized. One ‡olu•ion i‡ •o main•ain a ma‡•e† li‡• •ha• i‡ u‡ed by eve†yone in •he
p†ojec•, ano•he† i‡ •o u‡e excep•ion cla‡‡e‡ af•e† all. See VBCo†Lib8 fo† an implemen•a•ion
in pu†e VB6 of many of •he cla‡‡e‡ in •he m‡co†lib.dll •ha• p†ovide‡ •he ba‡i‡ fo† p†og†am‡
c†ea•ed fo† Mic†o‡of•'‡ .NET a†chi•ec•u†e.

The†e a†e •wo ‡•a•emen•‡ in Vi‡ual Ba‡ic •ha• implemen• •he e††o† handling ‡y‡•em:

On E††o† Go•o
E††.Rai‡e

The u‡ual way of dealing wi•h e††o†‡ i‡ •o place an On Error Goto ‡•a•emen• a• •he •op of
a p†ocedu†e a‡ follow‡:

On Error Goto EH

EH i‡ a label a• •he end of •he p†ocedu†e. Following •he label you place code •ha• deal‡
wi•h •he e††o†. He†e i‡ a •ypical error handle†:

Exit Sub
EH:
If Err.Number = 5 Then

FixTheProblem
Resume

End If
Err.Raise Err.Number

End Sub

The†e a†e ‡eve†al impo†•an• •hing‡ •o no•ice abou• •hi‡:

8 http://www.kellyethridge.com/vbcorlib/index.shtml
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The†e i‡ an Exit Sub ‡•a•emen• immedia•ely p†eceding •he error handler label •o en‡u†e
•ha• when no e††o† occu†‡ •he p†og†am doe‡ no• fall in•o •he error handler.
The e††o† code i‡ compa†ed •o a con‡•an• and ac•ion •aken depending on •he †e‡ul•,
The la‡• ‡•a•emen• re-raises •he e††o† in ca‡e •he†e wa‡ no explici• handle†,
A †e‡ume ‡•a•emen• i‡ included •o con•inue execu•ion a• •he failed ‡•a•emen•.

I• migh• be •ha• •hi‡ i‡ a pe†fec•ly u‡eable handle† fo† ‡ome p†ocedu†e bu• i• ha‡ ‡ome weak
poin•‡:

U‡e of a li•e†al con‡•an•,
The ca•ch all Err.Raise ‡•a•emen• doe‡n'• p†ovide any u‡eful info†ma•ion, i• ju‡• pa‡‡e‡
on •he ba†e e††o† code,
Resume †e-execu•e‡ •he failed ‡•a•emen•.

The†e i‡ no †ea‡on •o eve† u‡e li•e†al con‡•an•‡ in any p†og†am. Alway‡ decla†e •hem ei•he†
a‡ individual con‡•an•‡ o† a‡ enume†a•ion‡. E††o† code‡ a†e be‡• decla†ed a‡ enume†a•ion‡
like •hi‡:

Public Enum ErrorCodes
dummy = vbObjectError + 1
MyErrorCode

End Enum

When you wan• a new e††o† code you ju‡• add i• •o •he li‡•. The code‡ will be a‡‡igned in
inc†ea‡ing o†de†. In fac• you †eally neve† need •o ca†e wha• •he ac•ual numbe† i‡.

You can decla†e •he buil• in e††o† code‡ in •he ju‡• •he ‡ame way excep• •ha• you mu‡•
explici•ly ‡e• •he value‡:

Public Enum vbErrorCodes
InvalidProcedureCall = 5

End Enum

25.10.1 Tflxonomy of Errors

The†e a†e b†oadly •h†ee kind‡ of e††o†‡:

Expected
Expec•ed e††o†‡ occu† when •he u‡e† o† o•he† ex•e†nal en•i•y p†ovide‡ da•a •ha• i‡ clea†ly
invalid. In ‡uch ca‡e‡ •he u‡e†, whe•he† a human o† ano•he† p†og†am, mu‡• be info†med
abou• •he e††o† in •he da•a no• abou• whe†e in •he p†og†am i• wa‡ di‡cove†ed.

Fflilure to flffiide ffiy the contrflct
a calle† fail‡ •o ‡upply valid a†gumen•‡ •o a ‡ub†ou•ine o† a ‡ub†ou•ine fail‡ •o p†ovide a
valid †e•u†n value.

Unexpected
an e††o† occu†‡ •ha• wa‡ no• p†edic•ed by •he ‡peci ca•ion of •he p†og†am.

Expec•ed e††o†‡ a†e no• †eally e††o†‡ in •he p†og†am bu• e††o†‡ o† incon‡i‡•encie‡ in •he
da•a p†e‡en•ed •o •he p†og†am. The p†og†am can mu‡• †eque‡• •ha• •he u‡e† x •he da•a
and †e•†y •he ope†a•ion. In ‡uch ca‡e‡ •he u‡e† ha‡ no u‡e fo† a ‡•ack •†ace o† o•he† in•e†nal
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a†cana bu• ha‡ a con‡ide†able in•e†e‡• in clea† and full de‡c†ip•ion of •he p†oblem in ex•e†nal
•e†m‡. The e††o† †epo†• ‡hould poin• •he u‡e† di†ec•ly a• •he p†oblem in •he da•a and o e†
‡ugge‡•ion‡ fo† xing i•. Don'• ju‡• ‡ay "Invalid Da•a", ‡ay which piece of da•a i‡ invalid,
why i• i‡ invalid and wha• †ange of value‡ can be accep•ed.

Con•†ac• failu†e‡ u‡ually indica•e logic e††o†‡ in •he code. On •he a‡‡ump•ion •ha• all
•he invalid da•a ha‡ been weeded ou• by •he f†on• end •he p†og†am mu‡• wo†k unle‡‡ •he
p†og†am i•‡elf i‡ faul•y. See •he #A‡‡e†•ion‡ and De‡ign By Con•†ac•9 fo† mo†e info†ma•ion
on •hi‡ •opic.

Unexpec•ed e††o†‡ a†e •he e††o†‡ •ha• mo‡• p†og†amme†‡ concen•†a•e on. In fac• •hey a†e
no• •e††ibly common, •hey only appea† ‡o becau‡e •he con•†ac• be•ween •he va†iou‡ pa†•‡
of •he p†og†am i‡ †a†ely ‡pelled ou•. Unexpected e††o†‡ di e† f†om Expected e††o†‡ in •ha•
•he u‡e† canno• u‡ually be expec•ed •o a‡‡i‡• in immedia•e †ecove†y f†om unexpec•ed e††o†‡.
The p†og†am •hen need‡ •o p†e‡en• •he u‡e† wi•h all •he go†y de•ail‡ of •he in•e†nal ‡•a•e
of •he p†og†am a• •he •ime •ha• •he e††o† wa‡ di‡cove†ed in a fo†m •ha• can ea‡ily be
•†an‡mi••ed back •o •he main•aine†‡ of •he p†og†am. A log le i‡ ideal fo† •hi‡ pu†po‡e.
Don'• ju‡• p†e‡en• •he u‡e† wi•h a ‡•anda†d me‡‡age box becau‡e •he†e i‡ no p†ac•ical way
•o cap•u†e •he de‡c†ip•ion ‡o •ha• i• can be emailed •o •he main•aine†‡.

25.10.2 Error Rflising flnd Hflndling

Expected Errors

The‡e a†e e††o†‡ in •he inpu• da•a. F†om •he poin• of view of •he p†og†am •hey a†e no•
excep•ion‡. The p†og†am ‡hould explici•ly check fo† valid inpu• da•a and explici•ly info†m
•he u‡e† when •he da•a i‡ invalid. Such check‡ belong in u‡e† in•e†face‡ o† o•he† pa†•‡ of
•he p†og†am •ha• a†e able •o in•e†ac• di†ec•ly wi•h •he u‡e†. If •he u‡e† in•e†face i‡ unable
•o pe†fo†m •he check‡ i•‡elf •hen •he lowe† level componen•‡ mu‡• p†ovide me•hod‡ •ha•
valida•e •he da•a ‡o •ha• •he u‡e† in•e†face can make u‡e of •hem. The me•hod u‡ed •o
no•ify •he u‡e† ‡hould depend on •he ‡eve†i•y and immediacy of •he e††o† a‡ well a‡ •he
gene†al me•hod of wo†king wi•h •he p†og†am. Fo† in‡•ance a ‡ou†ce code edi•o† can ag
‡yn•ax e††o†‡ wi•hou• di‡•u†bing •he c†ea•ive ow of •he u‡e† by highligh•ing •he o ending
‡•a•emen•‡, •he u‡e† can x •hem a• lei‡u†e. In o•he† ca‡e‡ a modal me‡‡age box migh• be
•he co††ec• mean‡ of no•i ca•ion.

Contrflct Errors

The‡e failu†e‡ a†e de•ec•ed by a‡‡e†•ing •he •†u•h of •he p†econdi•ion‡ and po‡•condi•ion‡ of
a p†ocedu†e ei•he† by u‡ing •he a‡‡e†•ion ‡•a•emen• o† by †ai‡ing an e††o† if •he condi•ion‡
a†e no• me•. Such e††o†‡ no†mally indica•e faul•y p†og†am logic and when •hey occu† •he
†epo†• mu‡• ‡u cien• info†ma•ion •o enable •he p†oblem •o be †eplica•ed. The †epo†• can
ea‡ily be qui•e explici• abou• •he immedia•e cau‡e of •he failu†e. When u‡ing Vi‡ual Ba‡ic
i• i‡ impo†•an• •o †emembe† •ha• Debug.A‡‡e†• ‡•a•emen•‡ a†e only execu•ed in •he IDE ‡o
i• can be wo†•hwhile †ai‡ing e†o†‡ in‡•ead in all bu• •he mo‡• •ime c†i•ical †ou•ine‡.

9 Chap•e† 25.5 on page 126
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He†e i‡ a ‡imple, •oo ‡imple, example of con•†ac• a‡‡e†•ion‡:

Public Sub Reciprocal(n as Double) as Double
Debug.Assert 0 <> n
Reciprocal = 1 / n

End Sub

Vi‡ual ba‡ic will hal• on •he a‡‡e†•ion of n = 0 ‡o if you †un you† •e‡•‡ in •he IDE you will
be •aken di†ec•ly •o •he ‡po• whe†e •he e††o† i‡ di‡cove†ed.

Unexpected Errors

The‡e a†e e††o†‡ •ha• a†e no• caugh• by ei•he† valida•ion of inpu• da•a no† a‡‡e†•ion of •he
•†u•h of p†econdi•ion‡ o† po‡•condi•ion‡. Like con•†ac• e††o†‡ •hey indica•e faul•y logic in
•he p†og†am; of cou†‡e •he logic e††o† can be in •he valida•ion of •he inpu• da•a o† even in
one of •he p†econdi•ion‡ o† po‡•condi•ion‡.

The‡e e††o†‡ need •he mo‡• •ho†ough †epo†• becau‡e •hey a†e obviou‡ly unu‡ual and di cul•
o† •hey would have been fo†‡een in •he valida•ion and con•†ac• check‡. Like con•†ac• failu†e‡
•he †epo†• ‡hould be logged •o a •ex• le ‡o •ha• i• can ea‡ily be ‡en• •o •he main•aine†‡.
Unlike •he con•†ac• failu†e‡ i• won'• be ea‡y •o •ell wha• info†ma•ion i‡ †elevan• ‡o e†† on •he
‡afe ‡ide by including de‡c†ip•ion‡ of all •he a†gumen•‡ •o •he ‡ub†ou•ine‡ in •he Err.Raise
‡•a•emen•‡.
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An idiom i‡ a ‡o†• of •empla•e o† gene†ic me•hod of exp†e‡‡ing an idea. In •he ‡ame way
•ha• idiom‡ in a human language make life ea‡ie† fo† •he bo•h ‡peake† and li‡•ene† good
idiom‡ in compu•e† p†og†amming make life ea‡ie† fo† •he p†og†amme†. Na•u†ally wha• i‡
idioma•ic in one language migh• no• be in ano•he†.

I• i‡ no• nece‡‡a†y •ha• •he†e exi‡• a phy‡ical •empla•e, an idiom can exi‡• in you† head
and be ‡o familia† •ha• when faced wi•h a p†oblem •ha• can be ‡olved by applica•ion of an
idiom you begin •o •ype •he code almo‡• wi•hou• no•icing wha• you a†e doing.

Ano•he† wo†d of•en u‡ed fo† idea‡ like •hi‡ i‡ pattern. Howeve† •he wo†d pattern ha‡ become
‡o fo†mali‡ed and ‡o ‡•†ongly a‡‡ocia•ed wi•h objec• o†ien•a•ion •ha• I feel •he mo†e gene†ic
wo†d idiom i‡ be••e† al‡o i• i‡ •he wo†d gene†ally a‡‡ocia•ed wi•h •he †‡• majo† example
•ha• I will ‡how.

An idiom can be language ‡peci c, lib†a†y ‡peci c, domain ‡peci c, o† any combina•ion of
•he •h†ee. Fo† in‡•ance if you a†e w†i•ing a p†og†am •ha• deal‡ wi•h li‡•‡ of •hing‡ you
migh• bo††ow ‡ome of •he li‡• p†oce‡‡ing idiom‡ of Li‡p even •hough Vi‡ual Ba‡ic Cla‡‡ic
ha‡ no na•ive li‡• p†oce‡‡ing func•ion‡ a• all. By c†ea•ing func•ion‡ •ha• manipula•e li‡•‡
†a•he† •han inlining •he code •o do i• you will make you† code mo†e meaningful •o ‡omeone
†eading i•.

I• i‡ a commonplace •ha• p†og†amme†‡ feel eve† ‡o ‡ligh•ly godlike becau‡e •hey a†e in
•o•al con•†ol of •hei† p†og†am‡. I •hink •ha• p†og†amme†‡ would be be••e† o emula•ing
Shake‡pea†e in‡•ead: when •he Engli‡h language of hi‡ day wa‡n'• up •o ‡aying wha• he
wan•ed he had no he‡i•a•ion in ex•ending bo•h i•‡ ‡•yli‡•ic †ange and i•‡ vocabula†y.

26.1 Resource Acquisition Is Initifllizfltion - RAII

The name of •hi‡ idiom make‡ i• ‡ound like a ve†y complica•ed idea bu• in fac• i• i‡ ve†y
‡imple and •‡ Vi‡ual Ba‡ic Cla‡‡ic ve†y well. Thi‡ idiom i‡ a ‡olu•ion •o p†oblem‡ ‡uch a‡
‡e••ing and clea†ing bu‡y ag‡, con•†olling acce‡‡ •o le‡, ‡e••ing •he mou‡e icon and ‡o on.

The ba‡ic idea i‡ •o u‡e •he con‡•†uc•o† of an objec• •o ob•ain o† que†y a lock on ‡ome
†e‡ou†ce and •o u‡e •he de‡•†uc•o† •o †elea‡e •ha• lock. In a language like Vi‡ual Ba‡ic
which ha‡ de•e†mini‡•ic naliza•ion •hi‡ p†oduce‡ ve†y ‡uccinc• code.

Le•'‡ •ake •he mou‡e a‡ an example.
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26.1.1 Exflmple: Mouse Busy Icon

I• i‡ ve†y common in Window‡ p†og†am‡ •o ‡e• •he mou‡e icon •o indica•e •ha• •he p†og†am
i‡ bu‡y and •he •he u‡e† mu‡• wai•. A p†oblem a†i‡e‡ when you have lo•‡ of di e†en• piece‡
of code •ha• can •ake a long •ime and lo•‡ of di e†en• code pa•h‡ •ha• invoke •hem. If •he
calle† doe‡n'• know •ha• •he p†oce‡‡ will be •ime con‡uming i• won'• know •ha• •he icon
mu‡• be changed ‡o we pu• code in •he long †unning †ou•ine •o change •he mou‡e poin•e†.
Thi‡ wo†k‡ ne un•il we •†y •o combine •wo o† mo†e ‡uch †ou•ine‡: which one ge•‡ •o cancel
•he bu‡y icon?

One common ‡olu•ion i‡ •o †ega†d •he mou‡e a‡ a †e‡ou†ce and con•†ol acce‡‡ •o i• wi•h a
pai† of †ou•ine‡ •ha• main•ain a coun•. One †ou•ine inc†emen•‡ •he coun• when •he †ou•ine
‡e•‡ •he bu‡y icon and •he o•he† dec†emen•‡ and clea†‡ •he icon when •he coun• goe‡ •o
ze†o. Thi‡ wo†k‡ well un•il an excep•ion occu†‡, •hen a †ou•ine migh• exi• ea†ly and •he
†ou•ine •ha• dec†emen•‡ •he coun•e† won'• be called. Of cou†‡e you could pu• ano•he† call
in •he e††o† handle† bu• •ha• cau‡e‡ ex•†a main•enance.

A be••e† ‡olu•ion i‡ •o make u‡e of •he au•oma•ic •e†mina•ion even•‡ buil• in •o Vi‡ual
Ba‡ic. The ba‡ic idea i‡ ‡•ill •o u‡e a coun• bu• in‡•ead of gua†ding •he coun• wi•h a †ou•ine
you gua†d i• wi•h an objec•.

Each p†ocedu†e •ha• wan•‡ •o indica•e •ha• i• i‡ •ime con‡uming by ‡howing •he mou‡e bu‡y
icon ‡hould w†ap i•‡ code in a wi•h ‡•a•emen• •ha• c†ea•e‡ a cMou‡eBu‡y in‡•ance by calling
NewMou‡eBu‡y. When •he †ou•ine ni‡he‡ •he cMou‡eBu‡y in‡•ance will be di‡po‡ed of
au•oma•ically, i•‡ Te†mina•e even• handle† will be execu•ed and •he †efe†ence coun• will be
†educed by one.

Becau‡e •he p†og†am migh• have many fo†m‡ open we mu‡• •ake accoun• of •he fo†m
when we ‡e• •he bu‡y icon becau‡e •he Mou‡ePoin•e† p†ope†•y belong‡ •o a fo†m no• •he
applica•ion

So •ha• we know which fo†m'‡ mou‡e poin•e† •o change we mu‡• keep a ‡epa†a•e coun• fo†
each di e†en• clien•

Exercises

Compile •he example code and check •ha• i• wo†k‡.
Ex•end •he code •o allow fo† mo†e •han one •ype of bu‡y icon. Fo† in‡•ance an icon wi•h
a poin•e† •ha• indica•e‡ •ha• •he u‡e† in•e†face i‡ ‡•ill live and one wi•hou• a poin•e† •ha•
indica•e‡ •ha• •he u‡e† mu‡• wai•.
C†ea•e a •e‡• p†og†am •o demon‡•†a•e •he new fea•u†e‡.

Code

Ju‡• add •hi‡ line a‡ •he †‡• line of eve†y func•ion •ha• ‡hould ‡how •he bu‡y cu†‡o†:

Dim oMousebusy As cMouseBusy: Set oMousebusy = NewMouseBusy(Client)

o† enclo‡e •he bu‡y ‡ec•ion in:
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with NewMouseBusy(Client)
...

End With

Client i‡ any•hing •ha• ha‡ a mou‡eicon p†ope†•y

cMouseBusy
Objec•‡ of •hi‡ cla‡‡ acqui†e •he mou‡e bu‡y ‡•a•u‡ when c†ea•ed by a con‡•†uc•o† called
NewMouseBusy. They †elea‡e i• when •hey a†e •e†mina•ed.

The bu‡y ‡•a•u‡ i‡ ‡imply a coun•e† •ha• i‡ inc†emen•ed each •ime a new cMou‡eBu‡y objec•
i‡ c†ea•ed and dec†emen•ed when ‡uch an objec• i‡ de‡•†oyed. If •he coun•e† inc†emen•‡ •o
one •hen •he mou‡e bu‡y icon i‡ ‡e• on •he clien• objec•, when •he coun•e† dec†emen•‡ •o
ze†o •he no†mal icon i‡ ‡e•.

VERSION 1.0 CLASS
BEGIN

MultiUse = -1 'True
Persistable = 0 'NotPersistable
DataBindingBehavior = 0 'vbNone
DataSourceBehavior = 0 'vbNone
MTSTransactionMode = 0 'NotAnMTSObject

END
Attribute VB_Name = "cMouseBusy"
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = True
Attribute VB_PredeclaredId = False
Attribute VB_Exposed = False

Option Explicit

Private moClient As Object

Friend Sub Initialize(ByRef roClient As Object)
Set moClient = roClient
If IncrefCount(roClient) = 1 Then

roClient.MousePointer = vbHourglass
End If

End Sub

Private Sub Class_Terminate()
If DecRefCount(moClient) = 0 Then

moClient.MousePointer = vbDefault
End If

End Sub

modMouseBusy.ffifls
Thi‡ module p†ovide •he con‡•†uc•o† fo† cMou‡eBu‡y. Thi‡ give‡ u‡ •he abili•y •o pa‡‡
a†gumen•‡ •o •he objec• when i• i‡ c†ea•ed.

Attribute VB_Name = "modMouseBusy"

Option Explicit

Private moReferenceCount As Dictionary

Public Function NewMouseBusy(ByRef roClient As Object) As cMouseBusy
If moReferenceCount is Nothing then

Set moReferenceCount = New Dictionary
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End If
Set NewMouseBusy = New cMouseBusy
NewMouseBusy.Initialize roClient

Remembe† •ha• Vi‡ual Ba‡ic i‡ ‡ingle •h†eaded and •ha• •he U‡e† In•e†face will no• upda•e
un•il all code ‡•op‡ execu•ing unle‡‡ you call DoEven•‡ ‡o do •hi‡ •o make ‡u†e •ha• •he
change •o •he mou‡e icon i‡ vi‡ible.

DoEvents
End Function

Thi‡ func•ion inc†emen•‡ •he coun• fo† •he given objec• and †e•u†n‡ •he new coun•.

Public Function IncrefCount(ByRef roClient As Object) As Long
Dim lRefCount As Long
IncrefCount = 1 + moReferenceCount(roClient)
moReferenceCount(roClient) = IncrefCount

End Function

Thi‡ func•ion dec†emen•‡ •he coun• and †e•u†n‡ •he new coun•. No•e •ha• if •he coun• goe‡
•o ze†o •hen •he en•†y i‡ †emoved f†om •he li‡•; •hi‡ mu‡• be done becau‡e •he keys a†e
objec•‡ and •hey will no• •e†mina•e if we do no• †elea‡e •he †efe†ence.

Public Function DecRefCount(ByRef roClient As Object) As Long
DecRefCount = moReferenceCount(roClient) - 1
If DecRefCount = 0 Then

moReferenceCount.Remove roClient
Else

moReferenceCount(roClient) = DecRefCount
End If

End Function

frmTestMouseBusy
Thi‡ fo†m le•‡ you •e‡• •he mou‡e bu‡y cla‡‡. Ju‡• click •he bu••on‡ and wa•ch •he mou‡e
cu†‡o†.

VERSION 5.00
Begin VB.Form frmTestMouseBusy

Caption = "frmTestMouseBusy"
ClientHeight = 2175
ClientLeft = 60
ClientTop = 360
ClientWidth = 4140
LinkTopic = "Form1"
ScaleHeight = 2175
ScaleWidth = 4140
StartUpPosition = 3 'Windows Default
Begin VB.CommandButton Command2

Caption = "Command2"
Height = 735
Left = 2160
TabIndex = 1
Top = 480
Width = 1215

End
Begin VB.CommandButton Command1

Caption = "Command1"
Height = 735
Left = 480
TabIndex = 0
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Top = 480
Width = 1215

End
End
Attribute VB_Name = "frmtestMouseBusy"
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = False
Attribute VB_PredeclaredId = True
Attribute VB_Exposed = False
Option Explicit

Private Sub xb1(ByRef delay As Long)
With NewMouseBusy(Me)

Dim t As Double
t = Timer
Do While t + delay > Timer
DoEvents

Loop
xBug

End With

End Sub

Private Sub xBug()
With NewMouseBusy(Me)

Dim t As Double
t = Timer
Do While t + 3 > Timer
DoEvents

Loop
Debug.Print 1 / 0

End With

End Sub

Private Sub Command1_Click()
On Error Resume Next
xb1 3

End Sub

Private Sub Command2_Click()
On Error Resume Next
xb1 5

End Sub

prjTestMouseBusy.vffip
The p†ojec• le fo† •he •e‡•. No•e •ha• you need a †efe†ence •o •he Mic†o‡of• Sc†ip•ing
Run•ime lib†a†y •o p†ovide •he Dic•iona†y cla‡‡.

Type=Exe
Reference=*\G{00020430-000

0-0000-C000-000000000046}#2.0#0#..\..\..\..\..\..\WINNT\System32\stdole2.tlb#OLE
Automation
Reference=*\G{420B2830-E718-11C

F-893D-00A0C9054228}#1.0#0#..\..\..\..\..\..\WINNT\System32\scrrun.dll#Microsoft
Scripting Runtime
Class=cMouseBusy; cMouseBusy.cls
Module=modMouseBusy; modMouseBusy.bas
Form=frmtestMouseBusy.frm
Startup="frmTestMouseBusy"
HelpFile=""
Command32=""
Name="prjTestMouseBusy"
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HelpContextID="0"
CompatibleMode="0"
MajorVer=1
MinorVer=0
RevisionVer=0
AutoIncrementVer=0
ServerSupportFiles=0
VersionCompanyName="ABB"
CompilationType=0
OptimizationType=0
FavorPentiumPro(tm)=0
CodeViewDebugInfo=0
NoAliasing=0
BoundsCheck=0
OverflowCheck=0
FlPointCheck=0
FDIVCheck=0
UnroundedFP=0
StartMode=0
Unattended=0
Retained=0
ThreadPerObject=0
MaxNumberOfThreads=1

26.2 References

The RAII (Re‡ou†ce Acqui‡i•ion I‡ Ini•iali‡a•ion) P†og†amming Idiom1.

1 http://www.hackcraft.net/raii/

144

http://www.hackcraft.net/raii/


27 Optimizing Visufll Bflsic

Op•imiza•ion i‡ •he a†• and ‡cience of making you† p†og†am fa‡•e†, ‡malle†, ‡imple†, le‡‡ †e-
‡ou†ce hung†y, e•c. Of cou†‡e fa‡•e† of•en con ic•‡ wi•h ‡imple† and ‡malle† ‡o op•imiza•ion
i‡ a balancing ac•.

Thi‡ chap•e† i‡ in•ended •o con•ain a •oolki• of •echnique‡ •ha• you can u‡e •o ‡peed up
ce†•ain kind‡ of p†og†am. Each •echnique will be accompanied by code •ha• demon‡•†a•e‡
•he imp†ovemen•. Plea‡e no•e •ha• •he code i‡ delibe†a•ely ‡ub-op•imal fo† •wo †ea‡on‡:
op•imized code i‡ almo‡• alway‡ ha†de† •o unde†‡•and and •he pu†po‡e i‡ •ha• •he †eade†
‡hould exe†ci‡e •he •echnique‡ in o†de† •o ob•ain g†ea•e† unde†‡•anding. You ‡hould alway‡
be able •o †ew†i•e •he code p†e‡en•ed •o ob•ain g†ea•e† imp†ovemen•‡ bu• •hi‡ will ‡ome•ime‡
be accompanied by a †educ•ion in †eadabili•y. In code •ha• i‡ ‡peed c†i•ical choo‡e ‡peed ove†
cla†i•y, in code •ha• i‡ no• ‡peed c†i•ical you ‡hould alway‡ choo‡e •he mo‡• main•ainable
‡•yle; †emembe† •ha• ano•he† p†og†amme† coming •o you† code yea†‡ la•e† †elie‡ on you
•o make •he code ‡ay wha• i• mean‡. When you op•imize •he code you will of•en need •o
be ex•†a ca†eful in adding commen•‡ ‡o a‡ •o en‡u†e •ha• ‡omeone main•aining •he code
doe‡n'• •h†ow away you† ha†d ea†ned ‡peed imp†ovemen• becau‡e he doe‡n'• unde†‡•and
why you u‡e wha• ‡eem‡ like an ove†ly complica•ed me•hod.

If you change code •o gain ‡peed you ‡hould w†i•e •e‡•‡ •ha• demon‡•†a•e •ha• •he new code
†eally i‡ fa‡•e† •han •he old. Of•en •hi‡ can be a‡ ‡imple a‡ †eco†ding •he •ime befo†e and
af•e† a p†ocedu†e and •aking •he di e†ence. Do •he •e‡• befo†e you change •he code and
af•e† and ‡ee if •he imp†ovemen• wa‡ wo†•hwhile.

Remembe† •ha• •he code ha‡ •o wo†k †‡•. Make i• wo†k, •hen make i• wo†k fa‡•e†.

Code •ha• ‡lowly ge•‡ •he †igh• an‡we† i‡ almo‡• inva†iably p†efe†able •o code •ha• quickly
ge•‡ •he w†ong an‡we†. Thi‡ i‡ e‡pecially •†ue if •he an‡we† i‡ a ‡mall pa†• of a la†ge† an‡we†
‡o •ha• e††o†‡ a†e ha†d •o ‡po•.

En‡u†e •ha• •hing‡ wo†k by w†i•ing •e‡•‡, valida•ion func•ion‡ and a‡‡e†•ion‡. When you
change •he code •o make i• fa‡•e† •he †e‡ul•‡ of •he •e‡•‡, valida•ion func•ion‡ and a‡‡e†•ion‡
‡hould no• have changed.

27.1 Integers flnd Longs

In VB6 i• i‡ gene†ally •he ca‡e •ha• a p†og†am in which all whole numbe† va†iable‡ a†e
decla†ed a‡ Long will †un fa‡•e† •han •han •he ‡ame p†og†am u‡ing In•ege†.

U‡e:
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Dim I as Long

no•:

Dim I as Integer

Howeve†, i• i‡ impo†•an• •o †ealize •ha• •he nal a†bi•e† of ‡peed i‡ mea‡u†emen• of pe†fo†-
mance unde† †eal life condi•ion‡; ‡ee •he •e‡•‡ ‡ec•ion below.

The only †ea‡on •o u‡e In•ege† i‡ when pa‡‡ing a†gumen•‡ by †efe†ence •o func•ion‡ de ned
in componen•‡ •ha• you canno• al•e†. Fo† in‡•ance mo‡• of •he even•‡ †ai‡ed by •he VB6
GUI u‡e In•ege† a†gumen•‡ in‡•ead of Long. Thi‡ i‡ al‡o •he ca‡e wi•h ‡ome •hi†d pa†•y
DLL‡. Mo‡• Window‡ API func•ion‡ †equi†e Long a†gumen•‡.

27.1.1 Tests

He†e i‡ a ‡imple •e‡• •ha• illu‡•†a•e‡ •ha• •hing‡ a†e no• alway‡ a‡ •hey ‡eem in •he wo†ld of
op•imiza•ion. The •e‡• i‡ a ‡imple module •ha• execu•e‡ •wo ‡ub†ou•ine‡. The •wo †ou•ine‡
a†e iden•ical excep• •ha• in one all •he whole numbe† va†iable‡ a†e decla†ed a‡ Long and
in •he o•he† •hey a†e all decla†ed a‡ In•ege†. The †ou•ine‡ ‡imply inc†emen• a numbe†
†epea•edly. When execu•ed in‡ide •he VB6 IDE on my compu•e† •he †e‡ul•‡ a†e (•h†ee
con‡ecu•ive †un‡ in ‡econd‡):

Long 11.607
Integer 7.220
Long 11.126
Integer 7.211
Long 11.006
Integer 7.221

which appea†‡ •o con•†adic• my a‡‡e†•ion •ha• Long‡ a†e fa‡•e† •han In•ege†‡. Howeve†
when compiled and execu•ed ou•‡ide •he IDE •he †e‡ul•‡ a†e:

Long 0.711
Integer 0.721
Long 0.721
Integer 0.711
Long 0.721
Integer 0.721

No•ice •ha• when †unning compiled •he •ime‡ fo† Long and In•ege† a†e indi‡•ingui‡hable.
Thi‡ illu‡•†a•e‡ ‡eve†al impo†•an• poin•‡ abou• op•imiza•ion and benchma†king.

Timing jitter
•iming an algo†i•hm on a p†e-emp•ive mul•i•a‡king ope†a•ing ‡y‡•em i‡ alway‡ an exe†ci‡e
in ‡•a•i‡•ic‡ becau‡e you canno• (no• in VB6 a• lea‡•) fo†ce •he OS •o no• in•e††up• you†
code which mean‡ •ha• •iming u‡ing •he ‡imple •echnique of •he‡e •e‡•‡ include‡ •ime ‡pen•
in o•he† p†og†am‡ o† a• lea‡• in •he Sy‡•em Idle loop.
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Know whflt you flre meflsuring
•he •ime‡ mea‡u†ed in •he IDE a†e a• lea‡• •en •ime‡ longe† •han •ho‡e mea‡u†ed when
•he code i‡ compiled •o na•ive code (op•imize fo† fast code, in•ege† bound‡ checking on in
•hi‡ ca‡e). The †ela•ive di e†ence in •iming fo† Long and In•ege† di e†‡ be•ween compiled
and in•e†p†e•ed code.

Fo† mo†e benchma†k‡ ‡ee Donald Le‡‡au'‡ excellen• ‡i•e: VBSpeed1.

He†e i‡ •he code:

Option Explicit

Private Const ml_INNER_LOOPS As Long = 32000
Private Const ml_OUTER_LOOPS As Long = 10000

Private Const mi_INNER_LOOPS As Integer = 32000
Private Const mi_OUTER_LOOPS As Integer = 10000

Public Sub Main()

Dim nTimeLong As Double
Dim nTimeInteger As Double

xTestLong nTimeLong
xTestInteger nTimeInteger

Debug.Print "Long", Format$(nTimeLong, "0.000")
Debug.Print "Integer", Format$(nTimeInteger, "0.000")

MsgBox " Long: " & Format$(nTimeLong, "0.000") & vbCrLf _
& "Integer: " & Format$(nTimeInteger, "0.000")

End Sub

Private Sub xTestInteger(ByRef rnTime As Double)

Dim nStart As Double

Dim iInner As Integer
Dim iOuter As Integer
Dim iNum As Integer

nStart = Timer
For iOuter = 1 To mi_OUTER_LOOPS

iNum = 0
For iInner = 1 To mi_INNER_LOOPS

iNum = iNum + 1
Next iInner

Next iOuter

rnTime = Timer - nStart

End Sub

Private Sub xTestLong(ByRef rnTime As Double)

Dim nStart As Double

1 http://xbeat.net/vbspeed/index.htm
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Dim lInner As Long
Dim lOuter As Long
Dim lNum As Long

nStart = Timer
For lOuter = 1 To ml_OUTER_LOOPS

lNum = 0
For lInner = 1 To ml_INNER_LOOPS

lNum = lNum + 1
Next lInner

Next lOuter

rnTime = Timer - nStart

End Sub

27.2 Strings

If you have a lo• of code •ha• doe‡ a lo• of ‡•†ing conca•ena•ion you ‡hould con‡ide† u‡ing
a ‡•†ing builde†. A ‡•†ing builde† i‡ u‡ually p†ovided a‡ a cla‡‡ bu• •he p†inciple i‡ qui•e
‡imple and doe‡n'• need any objec• o†ien•ed w†apping.

The p†oblem •ha• a ‡•†ing builde† ‡olve‡ i‡ •he •ime u‡ed in †epea•edly alloca•ing and
dealloca•ing memo†y. The p†oblem a†i‡e‡ becau‡e VB ‡•†ing‡ a†e implemen•ed a‡ poin•e†‡
•o memo†y loca•ion‡ and eve†y •ime you conca•ena•e •wo ‡•†ing‡ wha• ac•ually happen‡ i‡
•ha• you alloca•e a new block of memo†y fo† •he †e‡ul•ing ‡•†ing. Thi‡ happen‡ even if •he
new ‡•†ing †eplace‡ •he old a‡ in •he following ‡•a•emen•:

s = s & "Test"

The ac• of alloca•ing and dealloca•ing memo†y i‡ qui•e expen‡ive in •e†m‡ of CPU cycle‡.
A ‡•†ing builde† wo†k‡ by main•aining a bu e† •ha• i‡ longe† •han •he ac•ual ‡•†ing ‡o •ha•
•he •ex• •ha• i‡ •o be added •o •he end can ‡imply be copied •o •he memo†y loca•ion. Of
cou†‡e •he bu e† mu‡• be long enough •o accommoda•e •he †e‡ul•ing ‡•†ing ‡o we calcula•e
•he leng•h of •he †e‡ul• †‡• and check •o ‡ee if •he bu e† i‡ long enough; if i• i‡ no• we
alloca•e a new longe† ‡•†ing.

The code fo† a ‡•†ing builde† can be ve†y ‡imple:

Private Sub xAddToStringBuf(ByRef rsBuf As String, _
ByRef rlLength As Long, _
ByRef rsAdditional As String)

If (rlLength + Len(rsAdditional)) > Len(rsBuf) Then
rsBuf = rsBuf & Space$(rlLength + Len(rsAdditional))

End If
Mid$(rsBuf, rlLength + 1, Len(rsAdditional)) = rsAdditional
rlLength = rlLength + Len(rsAdditional)

End Sub
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Thi‡ ‡ub†ou•ine •ake‡ •he place of •he ‡•†ing conca•ena•ion ope†a•o† (&). No•ice •ha• •he†e
i‡ an ex•†a a†gumen•, rlLength. Thi‡ i‡ nece‡‡a†y becau‡e •he leng•h of •he bu e† i‡ no• •he
‡ame a‡ •he leng•h of •he ‡•†ing.

We call i• like •hi‡:

dim lLen as long
xAddToString s, lLen, "Test"

lLen i‡ •he leng•h of •he ‡•†ing. If you look a• •he •able of execu•ion •ime‡ below you can
‡ee •ha• fo† value‡ of Coun• up •o abou• 100 •he ‡imple me•hod i‡ fa‡•e† bu• ha• above
•ha• •he •ime fo† ‡imple conca•ena•ion inc†ea‡e‡ †oughly exponen•ially whe†ea‡ •ha• fo† •he
‡•†ing builde† inc†ea‡e‡ †oughly linea†ly (•e‡•ed in •he IDE, 1.8GHz CPU, 1GB †am). The
ac•ual •ime‡ will be di e†en• on you† machine bu• •he gene†al •†end ‡hould be •he ‡ame.

I• i‡ impo†•an• •o look c†i•ically a• mea‡u†emen•‡ like •hi‡ and •†y •o ‡ee how, o† if, •hey
apply •o •he applica•ion •ha• you a†e w†i•ing. If you build long •ex• ‡•†ing‡ in memo†y •he
‡•†ing builde† i‡ a u‡eful •ool bu• if you only conca•ena•e a few ‡•†ing‡ •he na•ive ope†a•o†
will be fa‡•e† and ‡imple†.

27.2.1 Tests

Conca•ena•ing •he wo†d Test †epea•edly give‡ •he‡e †e‡ul•‡
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Times in seconds
Count Simple Builder
10 0.000005 0.000009
100 0.000037 0.000043
1000 0.001840 0.000351
5000 0.045 0.002
10000 0.179 0.004
20000 0.708 0.008
30000 1.583 0.011
40000 2.862 0.016
50000 4.395 0.019
60000 6.321 0.023
70000 13.641 0.033
80000 27.687 0.035

Figure 8
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27.3 ByRef versus ByVfll

Many book‡ on VB •ell p†og†amme†‡ •o alway‡ u‡e ByVal. They ju‡•ify •hi‡ by ‡aying •ha•
i• i‡ bo•h fa‡•e† and ‡afe†.

You can ‡ee •ha• ByVal i‡ ‡ligh•ly fa‡•e† by •he †e‡ul•‡ of •he Te‡•‡2:

Emp•y func•ion‡:

xTestByRef 13.4190000000017
xTestByVal 13.137999999999

Wi•h a ‡imple a†i•hme•ic exp†e‡‡ion in •he func•ion:

xTestAddByRef 15.7870000000039
xTestAddByVal 15.3669999999984

You can al‡o ‡ee fo† •ha• •he di e†ence i‡ ‡ligh•. Be ca†eful when in•e†p†e•ing coding
benchma†k‡, even •he ‡imple‡• can be mi‡leading and i• i‡ alway‡ wi‡e •o p†o le •he †eal
code if you •hink you have a bo••le-neck.

The o•he† claim i‡ •ha• ByVal i‡ ‡afe†. Thi‡ i‡ u‡ually explained by ‡aying •ha• a func•ion
in which all a†gumen•‡ a†e decla†ed ByVal canno• al•e† •he value‡ of •he va†iable‡ in •he
calle† becau‡e VB make‡ copie‡ in‡•ead of u‡ing poin•e†‡. The p†og†amme† i‡ •hen f†ee •o
make u‡e of •he incoming a†gumen•‡ in any way he o† ‡he ‡ee‡ •, in pa†•icula† •hey can be
a‡‡igned new value‡ wi•hou• di‡•u†bing •he o†iginal value‡ in •he calle†.

The ‡afe•y p†ovided by •hi‡ i‡ gene†ally ou•weighed by •he fac• •ha• •he compile† i‡
•hen unable •o enfo†ce •ype checking. In Vi‡ual Ba‡ic Cla‡‡ic va†iable‡ a†e au•oma•ically
conve†•ed be•ween string and numeric •ype‡ when nece‡‡a†y and po‡‡ible. If a†gumen•‡
a†e decla†ed ByVal •hen •he calle† can p†ovide a String whe†e a Long wa‡ expec•ed. The
compile† will ‡ilen•ly compile •he nece‡‡a†y in‡•†uc•ion‡ •o conve†• •he String •o a Long
and ca††y on. A• †un •ime you migh•, o† migh• no•, di‡cove† •he p†oblem. If •he ‡•†ing
con•ained a numbe† •hen i• will be conve†•ed and •he code will 'wo†k', if i• doe‡n'• •hen
•he code will fail a• •he poin• whe†e •he func•ion i‡ called.

Function IntByVal(ByVal z as Double) as Long
IntByVal = Int(z)

End Function

Function IntByRef(ByRef z as Double) as Long
IntByRef = Int(z)

End Function

Dim s As String
's = "0-471-30460-3"
s = "0"
Debug.Print IntByVal(s)

2 Chap•e† 27.3.1 on page 152
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Debug.Print IntByRef(s)

If you •†y •o compile •he li••le ‡nippe• of code above you will ‡ee •ha• •he compile† ‡•op‡
on •he line:

Debug.Print IntByRef(s)

i• high•ligh•‡ •he s and ‡how‡ a me‡‡age box ‡aying 'ByRef a†gumen• •ype mi‡ma•ch'. If
you now commen• ou• •ha• line and †un again you will no• ge• an e††o†. Now uncommen•
•hi‡ line:

s = "0-471-30460-3"

and commen• ou• •hi‡ one:

's = "0"

Run •he p†og†am again. Now •he p†og†am fail‡ bu• only a• †un •ime wi•h 'Run•ime e††o†
13: Type mi‡ma•ch'.

The mo†al i‡:

u‡e ByRef •o cau‡e •he compile† •o •ypecheck •he a†gumen•‡ in func•ion call‡,
neve† a‡‡ign •o •he a†gumen•‡ of a func•ion unle‡‡ •hey a†e output pa†ame•e†‡.

Look a• •he P†ocedu†e Pa†ame•e†‡3 ‡ec•ion in •he Coding S•anda†d‡4 chap•e† fo† ‡ome
‡ugge‡•ion‡ abou• how •o name •he a†gumen•‡ ‡o •ha• i• i‡ alway‡ clea† which a†e in and
which a†e out pa†ame•e†‡.

27.3.1 Tests

With Empty Functions

Option Explicit

Private Const mlLOOPS As Long = 100000000
Private mnStart As Double
Private mnFinish As Double

Public Sub main()
xTestByRef 1#, 2#
Debug.Print "xTestByRef", mnFinish - mnStart
xTestByVal 1#, 2#
Debug.Print "xTestByVal", mnFinish - mnStart

End Sub

3 Chap•e† 31.36 on page 212
4 Chap•e† 30.5 on page 186

152



ByRef ve†‡u‡ ByVal

Private Sub xTestByRef(ByRef a As Double, ByRef b As Double)
Dim lLoop As Long
Dim n As Double
mnStart = Timer
For lLoop = 1 To mlLOOPS

n = xByRef(a, b)
Next lLoop
mnFinish = Timer

End Sub

Private Sub xTestByVal(ByVal a As Double, ByVal b As Double)
Dim lLoop As Long
Dim n As Double
mnStart = Timer
For lLoop = 1 To mlLOOPS

n = xByVal(a, b)
Next lLoop
mnFinish = Timer

End Sub

Private Function xByRef(ByRef a As Double, ByRef b As Double) As Double
End Function

Private Function xByVal(ByVal a As Double, ByVal b As Double) As Double
End Function

With Simple Arithmetic

Attribute VB_Name = "modMain"
Option Explicit

Private Const mlLOOPS As Long = 100000000
Private mnStart As Double
Private mnFinish As Double

Public Sub main()
xTestAddByRef 1#, 2#
Debug.Print "xTestAddByRef", mnFinish - mnStart
xTestAddByVal 1#, 2#
Debug.Print "xTestAddByVal", mnFinish - mnStart

End Sub

Private Sub xTestAddByRef(ByRef a As Double, ByRef b As Double)
Dim lLoop As Long
Dim n As Double
mnStart = Timer
For lLoop = 1 To mlLOOPS

n = xAddByRef(a, b)
Next lLoop
mnFinish = Timer

End Sub

Private Sub xTestAddByVal(ByVal a As Double, ByVal b As Double)
Dim lLoop As Long
Dim n As Double
mnStart = Timer
For lLoop = 1 To mlLOOPS

n = xAddByVal(a, b)
Next lLoop
mnFinish = Timer

End Sub

Private Function xAddByRef(ByRef a As Double, ByRef b As Double) As Double
xAddByRef = a + b
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End Function

Private Function xAddByVal(ByVal a As Double, ByVal b As Double) As Double
xAddByVal = a + b

End Function

27.4 Collections

Collec•ion‡ a†e ve†y u‡eful objec•‡. They allow you •o w†i•e ‡imple† code •han would
o•he†wi‡e be •he ca‡e. Fo† in‡•ance if you need •o hold on •o a li‡• of numbe†‡ given •o you
by •he u‡e† you p†obably won'• know in advance how many will be ‡upplied. Thi‡ make‡
i• di cul• •o u‡e an a††ay becau‡e you mu‡• ei•he† alloca•e an unnece‡‡a†ily la†ge a††ay
‡o •ha• you a†e ‡u†e •ha• no †ea‡onable u‡e† would ‡upply mo†e o† you mu‡• con•inually
Redim5 •he a††ay a‡ new numbe†‡ come in.

A Collec•ion le•‡ you avoid all •ha• becau‡e i• expand‡ a‡ nece‡‡a†y. Howeve†, •hi‡ conve-
nience come‡ a• •he co‡• of inc†ea‡ed †un•ime unde† ‡ome ci†cum‡•ance‡. Fo† many, pe†hap‡
mo‡•, p†og†am‡ •hi‡ p†ice i‡ pe†fec•ly accep•able bu• ‡ome p†og†am‡ •ake ‡o long •o †un
•ha• you mu‡• •†y •o ‡queeze •he la‡• d†op of pe†fo†mance ou• of eve†y line.

Thi‡ f†equen•ly occu†‡ in p†og†am‡ doing ‡cien•i c compu•a•ion‡ (don'• •ell me C would be
a be••e† language fo† ‡uch •hing‡ becau‡e •he ‡ame con‡•†ain•‡ and op•imiza•ion‡ apply •o
C and all o•he† language‡ a‡ well).

One of •he †ea‡on‡ a Collec•ion i‡ a convenien• •ool i‡ becau‡e you can u‡e a ‡•†ing a‡ a
key and †e•†ieve i•em‡ by key in‡•ead of by index. Bu• eve†y •ime you a‡k fo† an i•em in
a collec•ion •he collec•ion mu‡• †‡• gu†e ou• whe•he† you have ‡upplied an In•ege† (o†
By•e o† Long) o† a S•†ing which of cou†‡e •ake‡ a ‡mall bu• ni•e amoun• of •ime. If you†
applica•ion make‡ no u‡e of •he abili•y •o look up i•em‡ by S•†ing key you will ge• fa‡•e†
p†og†am‡ by u‡ing a††ay‡ in‡•ead becau‡e VB doe‡n'• need •o wa‡•e •ime checking •o ‡ee if
you ‡upplied a S•†ing key in‡•ead of a whole numbe† index.

If you wan• a Collec•ion •o ‡imply hold a li‡• of i•em‡ wi•hou• key‡ •hen you can emula•e
•hi‡ behaviou† wi•h an a††ay a‡ follow‡ (no•e •ha• •hi‡ code i‡ no• op•imal, op•imizing i• i‡
lef• a‡ an exe†ci‡e fo† •he ‡•uden•):

Public Sub Initialize(ByRef a() As Variant, _
ByRef Count As Long, _
ByRef Allocated As Long)

Allocated = 10
Redim a(1 to Allocated)
Count = 0

End Sub

Public Sub Add(ByRef NewItem as Variant, _
ByRef a() As Variant, _
ByRef Count As Long, _
ByRef Allocated As Long)

Count = Count + 1
If Allocated < Count then

5 http://en.wikibooks.org/wiki/Programming%3AVisual%20Basic%20Class%2FKeywords%23Redim
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Allocated = Count
Redim Preserve a(1 to Allocated)

End If
a(Count) = NewValue

End Sub

To u‡e •he above code you mu‡• decla†e an a††ay of Va†ian•‡ and •wo Long‡. Call •he
Ini•ialize ‡ub •o ‡•a†• i• all o . Now you can call •he Add ‡ub a‡ of•en a‡ you like and •he
a††ay will be ex•ended a‡ nece‡‡a†y.

The†e a†e a numbe† of •hing‡ •o no•e abou• •hi‡ ‡eemingly ‡imply ‡ub†ou•ine:

Once •he a††ay ‡ize exceed‡ 10 a new a††ay i‡ alloca•ed each •ime an i•em i‡ added
(†eplacing •he o†iginal),
The ‡ize of •he a††ay (†eco†ded in •he Alloca•ed va†iable) i‡ alway‡ •he ‡ame a‡ •he Coun•
when Coun• exceed‡ 10,
No p†ovi‡ion i‡ made •o dele•e i•em‡,
•he i•em‡ a†e ‡•o†ed in •he ‡ame o†de† a‡ •hey a†e added.
all a†gumen•‡ a†e decla†ed By†ef

I• i‡ unlikely •ha• any p†og†amme† would wan• •o include exac•ly •hi‡ †ou•ine in p†oduc•ion
code. Some †ea‡on‡ why a†e:

NewI•em i‡ decla†ed a‡ Va†ian• bu• •he p†og†amme† u‡ually know‡ •he •ype,
The ini•ial alloca•ion i‡ ha†d coded u‡ing a li•e†al in•ege†,
The name of •he ‡ub†ou•ine i‡ •oo ‡imple, i• will p†obably cla‡h wi•h o•he†‡ in •he ‡ame
name‡pace.
No p†ovi‡ion i‡ made fo† †emoving i•em‡.
Th†ee ‡epa†a•e piece‡ of info†ma•ion mu‡• be kep• •oge•he† bu• •hey a†e no• bound
•oge•he†.

The pe†fo†mance of •he emula•ed Collec•ion depend‡ on •he †ela•ive f†equency of call‡ •o
Add, I•em and Remove (‡ee #Exe†ci‡e‡6). An op•imized ve†‡ion mu‡• be op•imized fo† •he
u‡e •o which i• will be pu•. If no lookup‡ by key a†e pe†fo†med •he†e i‡ no need •o p†ovide a
func•ion fo† i• and •he†e i‡ e‡pecially no need •o p†ovide da•a ‡•†uc•u†e‡ •o make i• e cien•.

27.4.1 Exercises

Ex•end •he code p†e‡en•ed in •hi‡ ‡ec•ion •o emula•e •he Collec•ion cla‡‡ in mo†e de•ail.
Implemen• I•em and Remove me•hod‡, ‡ee •he VB help le‡ fo† de•ail‡ of •he exac•
me•hod decla†a•ion‡ bu• do no• feel obliged •o †eplica•e •hem exac•ly.

W†i•e a •e‡• p†og†am •o exe†ci‡e all •he fea•u†e‡ and •ime •hem ‡o •ha• you can •ell when
•o u‡e a Collec•ion and when •o u‡e you† emula•ed ve†‡ion.

You ‡hould be able •o •hink of a• lea‡• •wo di‡•inc• implemen•a•ion‡ of Remove. Think
abou• •he con‡equence‡ of di e†en• implemen•a•ion‡.

6 Chap•e† 27.7.1 on page 163
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W†i•e an explici• de‡c†ip•ion of •he †equi†emen•‡ •ha• you† ve†‡ion of •he Collec•ion cla‡‡
‡a•i‡ e‡.

Compa†e •he behaviou† of •he buil• in Collec•ion cla‡‡ and •he new cla‡‡, no•e any
di e†ence‡ and give example‡ of u‡e‡ whe†e •he di e†ence‡ do and do no• ma••e†.

If you haven'• al†eady done ‡o implemen• lookup by key.

Explain why emula•ing all of •he fea•u†e‡ of •he Collec•ion cla‡‡ u‡ing exac•ly •he ‡ame
in•e†face i‡ unlikely •o yield ‡igni can• imp†ovemen•‡ in pe†fo†mance fo† a• lea‡• one
‡peci c u‡e ca‡e.

27.5 Dictionflries

In VB a dic•iona†y i‡ ac•ually ‡upplied by •he Sc†ip•ing Run•ime componen•. I• i‡ †a•he†
like a Collec•ion bu• al‡o p†ovide‡ a mean‡ •o †e•†ieve •he key‡ •ha• we†e u‡ed. Al‡o, unlike
•he Collec•ion, •he key‡ can be any da•a•ype including objec•‡. The p†incipal di e†ence‡
be•ween Collec•ion‡ and Dic•iona†ie‡ a†e a‡ follow‡:

Dic•iona†ie‡ have Key‡ and I•em‡ p†ope†•ie‡ which †e•u†n va†ian• a††ay‡
Key‡ can be any da•a•ype no• ju‡• ‡•†ing‡
Enume†a•ion u‡ing Fo† Each †e•u†n‡ •he Key‡ no• •he I•em‡
The†e i‡ a buil• in Exi‡•‡ me•hod.

A‡ wi•h Collec•ion‡ •he convenience of Dic•ona†ie‡ i‡ ‡ome•ime‡ ou•weighed by •hei† †un
•ime expen‡e. One †ea‡on Dic•iona†ie‡ a†e f†equen•ly u‡ed in‡•ead of Collec•ion‡ i‡ ‡imply
becau‡e of •he Exi‡•‡ me•hod. Thi‡ allow‡ you •o avoid ove†w†i•ing exi‡•ing da•a o† •o
avoid a••emp•‡ •o acce‡‡ non-exi‡•en• da•a. Howeve† if •he numbe† of da•a i•em‡ i‡ ‡mall
•hen a ‡imple linea† ‡ea†ch can be fa‡•e†. A ‡mall numbe† in •hi‡ ca‡e migh• be a‡ many a‡
50 i•em‡. You can w†i•e a ‡imple cla‡‡ •ha• can be u‡ed in‡•ead of a Dic•iona†y a‡ ‡hown
below; no•e •ha• no a••emp• i‡ made •o †eplica•e all •he behaviou† of •he dic•iona†y and
•ha• •hi‡ i‡ done in•en•ionally.

'cDict.cls
Option Explicit

Private maItems() As String
Private mlAllocated As Long
Private mlCount As Long

Public Sub Add(Key As String, Item As String)

mlCount = mlCount + 1
If mlAllocated < mlCount Then

mlAllocated = mlAllocated + mlCount
ReDim Preserve maItems(1 To 2, 1 To mlAllocated)

End If
maItems(1, mlCount) = Key
maItems(2, mlCount) = Item

End Sub

Public Property Get Count() As Long
Count = mlCount
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End Property

Public Function Exists(Key As String) As Boolean

Exists = IndexOf(Key)

End Function

Public Function IndexOf(Key As String) As Long

For IndexOf = 1 To mlCount
If maItems(1, IndexOf) = Key Then

Exit Function
End If

Next IndexOf
IndexOf = 0

End Function

Public Property Let Item(Key As String, RHS As String)

Dim lX As Long
lX = IndexOf(Key)
If lX Then

maItems(lX, 2) = RHS
Else

Add Key, RHS
End If

End Property

Public Property Get Item(Key As String) As String
Item = maItems(IndexOf(Key), 2)

End Property

Public Sub Remove(Key As String)

Dim lX As Long
lX = IndexOf(Key)
maItems(1, lX) = maItems(1, mlCount)
maItems(2, lX) = maItems(2, mlCount)
mlCount = mlCount - 1

End Sub

Public Sub RemoveAll()
mlCount = 0

End Sub

Public Sub Class_Initialize()
mlAllocated = 10
ReDim maItems(1 To 2, 1 To mlAllocated)

End Sub

A ‡imple •e‡• †ou•ine can be u‡ed •o demon‡•†a•e •ha• •hi‡ cla‡‡ i‡ fa‡•e† •han •he VB dic-
•iona†y fo† ce†•ain •a‡k‡. Fo† in‡•ance adding 32 i•em‡ •o •he dic•iona†y and •hen †emoving
•hem again i‡ fa‡•e† u‡ing cDic• bu• if you double •he numbe† of i•em‡ •he VB Dic•iona†y
i‡ be••e†. The mo†al i‡: choo‡e •he co††ec• algo†i•hm fo† •he •a‡k a• hand.

He†e i‡ •he •e‡• †ou•ine:
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Option Explicit

Public gsModuleName As String

Private mnStart As Double
Private mnFinish As Double

Private Const mlCount As Long = 10000

Public Sub main()

Dim litems As Long
litems = 1
Do While litems < 100

litems = litems * 2
Debug.Print "items=", litems
Dim lX As Long
mnStart = Timer
For lX = 1 To mlCount

xTestDictionary litems
Next lX
mnFinish = Timer
Debug.Print "xTestDictionary", "Time: "; Format$(mnFinish - mnStart,

"0.000")

mnStart = Timer
For lX = 1 To mlCount

xTestcDict litems
Next lX
mnFinish = Timer
Debug.Print "xTestcDict ", "Time: "; Format$(mnFinish - mnStart,

"0.000")
Loop

End Sub

Private Sub xTestDictionary(ByRef rlItems As Long)

Dim d As Dictionary
Set d = New Dictionary

Dim lX As Long
Dim c As Double
For lX = 1 To rlItems

d.Add Str$(lX), Str$(lX)
Next lX
For lX = 1 To rlItems

d.Remove Str$(lX)
Next lX

End Sub

Private Sub xTestcDict(ByRef rlItems As Long)

Dim d As cDict
Set d = New cDict

Dim lX As Long
Dim c As Double
For lX = 1 To rlItems
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d.Add Str$(lX), Str$(lX)
Next lX
For lX = 1 To rlItems

d.Remove Str$(lX)
Next lX

End Sub

And he†e a†e •he †e‡ul•‡ f†om my PC in •he IDE (‡econd‡):

items= 2
xTestDictionary Time: 1.602
xTestcDict Time: 0.120
items= 4
xTestDictionary Time: 1.663
xTestcDict Time: 0.200
items= 8
xTestDictionary Time: 1.792
xTestcDict Time: 0.361
items= 16
xTestDictionary Time: 2.023
xTestcDict Time: 0.741
items= 32
xTestDictionary Time: 2.504
xTestcDict Time: 1.632
items= 64
xTestDictionary Time: 3.455
xTestcDict Time: 4.046
items= 128
xTestDictionary Time: 5.387
xTestcDict Time: 11.437

27.5.1 Exercises

W†i•e a ve†‡ion of •he cDic• cla‡‡ •ha• allow‡ ‡•o†age of o•he† da•a •ype‡, u‡ing Va†ian•
a†gumen•‡ fo† in‡•ance,
Check •he pe†fo†mance u‡ing a ‡imila† •e‡• †ou•ine.
W†i•e a new •e‡• †ou•ine •ha• pe†fo†m‡ o•he† •e‡•‡. Doe‡ •he †ela•ive pe†fo†mance of •he
new cla‡‡e‡ and VB Dic•iona†y change?
Wha• happen‡ if you •†y •o †e•†ieve o† †emove an i•em •ha• doe‡ no• exi‡•? How doe‡
•he behaviou† compa†e wi•h •ha• of •he Dic•iona†y?

27.6 The Deffiug Offiject

The Debug objec• ha‡ •wo me•hod‡:

Print
p†in•‡ i•‡ a†gumen•‡ •o •he immedia•e window,

Assert
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pau‡e‡ •he p†og†am if i•‡ a†gumen• i‡ false.

Bo•h of •he‡e only have an e ec• when †unning in •he IDE; a• lea‡• •ha• i‡ •he conven•ional
wi‡dom. Unfo†•una•ely i• i‡ no• qui•e •†ue of Debug.P†in•. Thi‡ me•hod doe‡n'• p†in•
any•hing when •he p†og†am i‡ †unning a‡ a compiled execu•able bu• if •he a†gumen•‡ a†e
func•ion call‡ •hey a†e ‡•ill evalua•ed. If •he func•ion call i‡ ve†y •ime con‡uming you will
nd •ha• •he compiled ve†‡ion doe‡n'• †un a‡ fa‡• a‡ expec•ed.

The†e •wo •hing‡ •ha• can be done:

Remove all Debug.P†in• ‡•a•emen•‡ befo†e ‡hipping •he p†oduc•,
Only u‡e va†iable‡ o† con‡•an•‡ a‡ a†gumen•‡ •o Debug.P†in•

If you† p†og†am i‡ bo•h ve†y CPU in•en‡ive and unde† con•inual developmen• •he ‡econd
migh• be p†efe†able ‡o •ha• you don'• have •o keep adding and †emoving line‡.

Debug.A‡‡e†• doe‡n'• ‡u e† f†om •hi‡ p†oblem ‡o i• i‡ pe†fec•ly ‡afe •o a‡‡e†• •he •†u•h of
complica•ed and •ime con‡uming func•ion‡. The a‡‡e†•ion a†gumen•‡ will only be evalua•ed
when †unning in •he IDE.

27.6.1 Exercises

W†i•e a ‡ho†• p†og†am •o demon‡•†a•e •ha• Debug.P†in• evalua•e‡ func•ion‡ even when
compiled,
Modify i• •o ‡how •ha• Debug.A‡‡e†• doe‡ no• ‡u e† f†om •hi‡ p†oblem,
Show •ha• Debug.P†in• ha‡ ze†o execu•ion •ime in •he compiled ve†‡ion if •he a†gumen•‡
a†e con‡•an•‡ o† va†iable‡.

27.7 Offiject Instflntifltion

Long wo†d‡ fo† ‡imple concep•‡. Thi‡ ‡ec•ion deal‡ wi•h •he †un•ime co‡• of c†ea•ing objec•‡.
The ja†gon ph†a‡e fo† •hi‡ i‡ object instantiation which mean‡ c†ea•ing an instance of a class.
An instance bea†‡ •he ‡ame †ela•ion •o a class a‡ a machine bea†‡ •o plans fo† i•. Fo† any
given cla‡‡ •he†e can be a‡ many in‡•ance‡ a‡ you like.

If an objec• •ake‡ a long •ime •o con‡•†uc• and you c†ea•e and de‡•†oy a lo• of •hem du†ing
•he †unning of •he p†og†am you migh• ‡ave ‡ome •ime by no• de‡•†oying •hem bu• pu••ing
•hem on a li‡• of †eady made objec•‡ fo† la•e† u‡e.

Imagine a p†og†am •ha• ‡imula•e‡ an animal ecology. The†e could be, ‡ay, •wo cla‡‡e‡ of
animal‡: he†bivo†e‡ and ca†nivo†e‡.

If you wan• •o ‡ee any †e‡ul•‡ in you† life•ime •he ‡imula•ion mu‡• obviou‡ly †un fa‡•e†
•han †eal life ‡peed ‡o a lo• of he†bivo†e‡ in pa†•icula† will be bo†n, b†eed and be ea•en. If
each of •he‡e i‡ †ep†e‡en•ed by an objec• •ha• i‡ de‡•†oyed when •he animal i• †ep†e‡en•‡ i‡
killed •he ‡y‡•em will be †epea•edly alloca•ing and dealloca•ing memo†y which i‡ a †ela•ively
expen‡ive bu‡ine‡‡ in VB6. In ‡uch a p†og†am you know •ha• new objec•‡ of •he ‡ame kind
a†e con•inually needed ‡o you can avoid ‡ome of •he memo†y alloca•ion ove†head by †eu‡ing
dead objec•‡ in‡•ead of de‡•oying •hem and c†ea•ing new one‡. The†e a†e many way‡ of
doing •hi‡. Which one you choo‡e depend‡ on how many di e†en• cla‡‡e‡ of objec• you
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have. If •he†e a†e ve†y few •hen you can c†ea•e ‡epa†a•e code fo† each, •hi‡ can •hen be
ve†y highly •uned. On •he o•he† hand if you have dozen‡ of di e†en• cla‡‡e‡ (pe†hap‡ you
have ex•ended •he ‡imula•ion •o include compe•ing he†bivo†e‡) you will quickly nd •ha•
you have a main•enance p†oblem.

The ‡olu•ion i‡ •o c†ea•e a cla‡‡ •ha• de‡c†ibe‡ a gene†al pu†po‡e objec• pool and an In•e†-
face7 •ha• can be implemen•ed by each of •he cla‡‡e‡.

Befo†e I de‡c†ibe •he cla‡‡ and •he in•e†face he†e i‡ a ‡umma†y of •he †equi†emen•‡:

Only one pool cla‡‡ needed,
The cla‡‡e‡ being 'pooled' ‡hould need ‡mall modi ca•ion‡ •o only •he ini•ializa•ion and
•e†minaion code •o • •he pooling concep•,
The code •ha• u‡e‡ •he pooled objec•‡ ‡hould no• have •o change excep• fo† calling •he
pool'‡ Ge•Objec• func•ion in‡•ead of u‡ing •he New ope†a•o†.

The •echnique hinge‡ on •he fac• •ha• VB6 ha‡ deterministic finalization. Ano•he† piece of
ja†gon •ha• ‡imply mean‡ •ha• VB6 de‡•†oy‡ ( nalize‡) objec•‡ a‡ ‡oon a‡ •hey become un-
u‡ed. Eve†y •ime VB6 decide‡ •ha• an objec• i‡ no longe† in u‡e i• call‡ •he Cla‡‡_Te†mina•e
me•hod of •ha• objec•. Wha• we can do i‡ add a ‡imple piece of code •o each cla‡‡ •ha•
pu•‡ •he •e†mina•ing objec• on a li‡• of available objec•‡. VB will ‡ee •ha• •he objec• i‡
now in u‡e and no• dealloca•e •he memo†y •ha• i• u‡ed. La•e† on, in‡•ead of u‡ing •he New
ope†a•o† •o c†ea•e new objec• we a‡k •he objec• pool •o give u‡ one •ha• had fallen ou• of
u‡e. Even if •he objec• •ake‡ ve†y li••le •ime •o ‡e• up •hi‡ will be quicke† •han u‡ing New
becau‡e i• avoid bo•h •he alloca•ion and dealloca•ion of memo†y.

He†e i‡ an example objec• pool cla‡‡ and a cla‡‡ •ha• can u‡e i•:

'ObjectPool.cls
Private moPool as Collection
Public oTemplate As Object

Private sub Class_Initialize()
set moPool = New Collection

End Sub

Public Function GetObject() as Object
if moPool.Count then

Set GetObject = moPool(1)
moPool.Remove(1)

Else
Set GetObject = oTemplate.NewObject

End If
End Function

Public Sub ReturnToPool(Byref oObject as Object)
moPool.Add oObject

End Sub

To u‡e •hi‡ cla‡‡ decla†e a public va†iable in a bas module and a‡‡ign a new Objec•Pool
objec• •o i•:

7 http://en.wikibooks.org/wiki/..%2FInterfaces
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'modPool.bas
Public goPool As ObjectPool

Public Sub Initialize()
Set goPool = New ObjectPool
Set goPool.oTemplate = New Herbivore

End Sub

Now modify you† He†bivo†e cla‡‡ by adding a call •o Re•u†nToPool •o •he Cla‡‡_Te†mina•e
me•hod and adding a NewObjec• me•hod:

Private Sub Class_Terminate()
goPool.ReturnToPool Me

End Sub

Public Function NewObject() as Object
Set NewObject = New Herbivore

End Function

Fo† ‡ome ‡imple ‡cena†io‡ •hi‡ migh• even wo†k. Howeve†, •he†e a†e ‡eve†al aw‡, and a•
lea‡• one i‡ a majo† p†oblem. The p†oblem i‡ •ha• •he objec• you ge• doe‡n'• nece‡‡a†ily
look like a ‡hiny new one. Now fo† ‡ome applica•ion‡ •hi‡ doe‡n'• ma••e† becau‡e •he
clien• code will †eini•iali‡e eve†y•hing anyway bu• many p†og†am‡ †ely on •he fea•u†e of
•he language •ha• au•oma•ically ‡e•‡ newly alloca•ed va†iable‡ •o ze†o. In o†de† •o ‡a•i‡fy
•he †equi†emen• fo† minimum change‡ in •he clien• we ‡hould ex•end bo•h Objec•Pool and
•he objec•‡ •ha• a†e pooled by adding a ReIni•ialize me•hod •o •he He†bivo†e:

Public Sub ReInitialize()
' Do whatever you need to do to make the object
' look like new (reset some attributes to zero,
' empty strings, etc).

End Sub

Don'• do any mo†e wo†k in ReInitialize •han ab‡olu•ely nece‡‡a†y. Fo† in‡•ance if one of
•he a••†ibu•e‡ of •he objec• i‡ a dynamically alloca•ed a††ay i• migh• no• be nece‡‡a†y •o
clea† i•; i• migh• be enough •o ‡e• a ag o† coun•e† •o indica•e •ha• no a††ay elemen•‡ a†e
ac•ually in u‡e.

Now modify •he Ge•Objec• me•hod of Objec•Pool:

Public Function GetObject() as Object
if moPool.Count then

Set GetObject = moPool(1)
GetObject.ReInitialize
moPool.Remove(1)

Else
Set GetObject = oTemplate.NewObject

End If
End Function

Now eve†ywhe†e •ha• you u‡e New He†bivo†e u‡e goPool.Ge•Objec• in‡•ead. If •he He†bi-
vo†e objec• ha‡ †efe†ence‡ •o o•he† objec•‡ you migh•, o† migh• no•, wan• •o †elea‡e •ho‡e
†efe†ence‡ by ‡e••ing •hem •o No•hing in •he Cla‡‡_Te†mina•e me•hod. I• depend‡ on •he
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behaviou† of •he objec•‡ and •he †e‡• of you† p†og†am, gene†ally you ‡hould pu• o doing
expen‡ive ope†a•ion‡ fo† a‡ long a‡ po‡‡ible.

The u‡e of an object pool can imp†ove •he pe†fo†mance of ce†•ain •ype‡ of p†og†am wi•hou•
†equi†ing •he p†og†amme† •o †adically change •he p†og†am de‡ign. Howeve† don'• fo†ge•
•ha• you migh• be able •o ge• ‡imila† o† g†ea•e† imp†ovemen•‡ by u‡ing a be••e† algo†i•hm;
again •iming •e‡•‡ a†e •he key •o knowledge in •hi‡ a†ea. Don'• a‡‡ume •ha• you know whe†e
•he bo••leneck i‡, demon‡•†a•e whe†e i• i‡ by p†o ling •he p†og†am.

27.7.1 Exercises

W†i•e a ‡imple p†og†am •ha• c†ea•e‡ and de‡•†oy‡ lo•‡ of objec•‡ and •ime i•. Now modify
i• •o u‡e Objec•Pool.
De ne an in•e†face fo† pooled objec•‡ and implemen• i•. Doe‡ elimina•ing •he u‡e of As
Object change •he pe†fo†mance?
No•ice •ha• •he moPool collec•ion i‡ u‡ed ‡imply a‡ a FIFO ‡•ack, •ha• i‡ no u‡e i‡ made
of •he abili•y •o nd i•em‡ by key. I‡ •he†e an al•e†na•ive •ha• would be fa‡•e†?
I‡ •he FIFO behaviou† of •he ‡•ack impo†•an•, •ha• i‡, i‡ i• a delibe†a•e fea•u†e o† ‡imply
i††elevan•?

----

Tip #1 – Move a‡ much code a‡ po‡‡ible ou•‡ide of loop‡. Loop‡ a†e alway‡ •he mo‡•
impo†•an• •hing •o op•imize in you† code. Alway‡ •†y •o move a‡ much a‡ you can ou•
of a loop. Tha• way code doe‡n'• ge• †epea•ed and ‡ave‡ you ‡ome cpu cycle‡. A ‡imple
example:

Code: fo† i = 1 •o 50 x = b ' S•ay‡ •he ‡ame wi•h eve†y loop, ge• i• ou•‡ide of •he loop! k
= j + i nex• iChange •ha• •o:

Code: x = b 'Moved ou•‡ide •he loop

fo† i = 1 •o 50 k = j + 1 nex• i Tha• may ‡eem like a no-b†ainie† bu• you would be ‡u†p†i‡ed
abou• how many p†og†amme†‡ do •ha•. The ‡imple †ule i‡, if i• doe‡n'• change wi•h eve†y
loop i•e†a•ion •hen move i• ou•‡ide of •he loop a‡ i• doe‡n'• need •o be •he†e. You only wan•
•o include code in‡ide a loop •ha• MUST be •he†e. The mo†e in‡•†uc•ion‡ you can clea† ou•
of a loop •he fa‡•e† we can †un i•.

Tip #2 – Loop Un†olling Loop un†olling can elimina•e ‡ome compa†e and jump in‡•†uc•ion‡.
(Compa†e and jump in‡•†uc•ion‡ a†e u‡ed •o c†ea•e loop‡, you don'• ‡ee •hem in vi‡ual ba‡ic,
i•‡ behind •he ‡cene‡ ‡•u •ha• you lea†n in ASM.) I• al‡o •ake‡ advan•age of •he abili•y
of mode†n cpu‡ •ha• can fe•ch ‡eve†al in‡•†uc•ion‡ a• a •ime. In a nu•‡hell you ge• a good
‡peed boa‡• by un†olling loop‡.

Bu• •he†e i‡ ‡ome•hing we need •o know abou• loop un†olling. The la†ge‡• bo••leneck on
mode†n compu•e†‡ i‡ memo†y. So •he de‡igne†‡ of CPU'‡ like In•el and AMD add†e‡‡ed
•hi‡ p†oblem by u‡ing a cache on •hei† cpu‡. Thi‡ i‡ ba‡ically a memo†y loca•ion •ha• i‡
acce‡‡ed much fa‡•e† by •he CPU •hen ‡•anda†d memo†y. You wan• you† un†olled loop
•o • in •ha• cache, if i• doe‡n'• •hen i• could ‡low down you† code. So you may wan• •o
expe†imen• wi•h ge••ickcoun• when you un†oll you'†e loop.
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Example Loop:

Code: Fo† i = 1 To 100

b = somefun(b)

Nex• i un†olled Example:

Code: Fo† i = 1 To 100 S•ep 2

b = somefun(b)
b = somefun(b)

Nex• i You can ge• up •o a 25% gain in ‡peed depending on wha• you a†e doing, you ju‡•
have •o expe†imen• wi•h •hi‡.

Tip #3 – Avoid dividing if po‡‡ible. A divide in‡•†uc•ion i‡ one of •he mo‡• if no• •he mo‡•
expen‡ive in‡•†uc•ion you can pe†fo†m on a CPU. I• i‡ fa‡•e† •o mul•iply •hen divide!

Code: B = 40 / 2

i‡ ‡lowe† •hen

Code: b = 40 * 0.5 You can al‡o develop ‡ome in•e†e‡•ing algo†i•hm‡ u‡ing ‡ub•†ac•ion •o
ge• you† †e‡ul• •ha• i‡ much fa‡•e† •hen u‡ing divi‡ion. If you† u‡ing divi‡ion in a loop,
i• i‡ a mu‡• •o change i• •o ‡peed up you† code. (I wa‡ going •o al‡o †ecommend •†ying
‡hif•ing •he bi•‡ fo† divi‡ion bu• I fo†go• ‡ome ve†‡ion‡ of vi‡ual ba‡ic doe‡n'• include •he
‡hif• ope†a•o†).

Tip #4 – In a ne‡•ed condi•ional b†anch ‡uch a‡ ‡elec• ca‡e and ne‡•ed if ‡•a•emen•‡, pu•
•he •hing‡ •ha• a†e mo‡• likely •o be •†ue †‡• in •he ne‡•, wi•h •he lea‡• likely •hing‡ la‡•.

Tip #5 – Avoid u‡e of va†ian• va†iable‡. The va†ian• va†iable i‡ all nice when you a†e new
•o vi‡ual ba‡ic, bu• i•‡ a habi• you need •o b†eak. A va†ian• va†iable i‡ conve†•ed in•o i•‡
p†ope† da•a •ype a• †un•ime which can be ve†y expen‡ive.

Tip #6 – Be ca†eful when you decla†e va†iable‡. If you don'• u‡e a‡ ‡ome•hing wi•h eve†y
va†iable you decla†e, i• i‡ a va†ian•! Fo† example:

Code: Dim a, b, c a‡ ‡•†ing. A = A va†ian• B = A va†ian• C = A ‡•†ing I've ‡een ‡ome
people u‡e •he no•a•ion:

Code: dim x x = blah Tha• i‡ a NO NO! I• may wo†k ye‡, bu• i•‡ going •o co‡• you ‡peed.

Tip #7 – Reduce common exp†e‡‡ion‡. Some•ime‡ you have •wo di e†en• va†iable‡ •ha•
u‡e pa†• of •he ‡ame calcula•ion. In‡•ead of doing •he en•i†e calcula•ion fo† bo•h va†iable‡,
elimina•e •he †edundan• calcula•ion.

Example:

Code: x = a * b + c y = a * b + d

i‡ ‡lowe† •hen
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Code: • = a * b x = • + c y = • + d Tha• i‡ e‡pecially •†ue if you† u‡ing a †edundan•
expen‡ive calcula•ion in a loop.

Tip # 7 – U‡e long o† in•ege† fo† calcula•ion‡. A long i‡ a 32 bi• numbe† and i‡ mo†e
na•u†al on 32 bi• p†oce‡‡o†‡. Avoid o•he† va†iable‡ ‡uch a‡ double, ‡ingle, e•c

Tip #8 – U‡e inline func•ion‡ in‡ide of loop‡. In‡•ead of calling a func•ion, ‡•ick •he code in
•he loop. Thi‡ will make you'†e p†og†am la†ge† if you †epea• i• in enough loop‡ and ‡hould
only be done in c†i•ical place‡. The †ea‡on i‡ due •o •he ove† head of calling a func•ion.
Befo†e •he p†og†am call‡ a func•ion, i• ha‡ •o pu‡h ‡ome •hing‡ on•o •he ‡•ack. A• •he ve†y
lea‡• i• will pu‡h •he in‡•†uc•ion poin•e† (IE: Re•u†n Add†e‡‡). Memo†y acce‡‡ i‡ ‡low ‡o
we wan• •o avoid •ha• in c†i•ical place‡.

Tip #9 Avoid u‡ing p†ope†•ie‡ in loop‡. P†ope†•ie‡ a†e acce‡‡ed a lo• ‡lowe† •hen va†iable‡,
‡o u‡e va†iable‡ in‡•ead:

Code: fo† i = 1 •o 50 •ex•1.•ex• = •ex•1.•ex• + b(i) nex• i

i‡ ‡lowe† •hen

Code: fo† i = 1 •o 50 ‡•†bu e† = ‡•†bu e† + b(i) nex• i •ex•1.•ex• = ‡•†bu e†

Tip #10 – Load all •he da•a you need f†om •he di‡k. In‡•ead of loading one le a• a •ime,
load all of •hem a• once. Thi‡ will avoid fu•u†e delay fo† •he u‡e†.

Tip #11 – Make good u‡e of •he •ime† con•†ol. You can do backg†ound p†oce‡‡ing while
wai•ing on a u‡e†. U‡e •hi‡ •ime •o p†efe•ch da•a, calcula•ion‡ •ha• a†e need, e•c.

Tip #12 – Minimize do• no•a•ion in you† objec•‡! Each do• you u‡e in a objec• make‡
vi‡ual ba‡ic do a call.

Code: Myobjec•.one.•wo.•h†ee

i‡ ‡lowe† •hen

Code: Myobjec•.one

Tip #13 Alloca•e enough memo†y a• once. When you c†ea•e a dynamic a††ay and you wan•
•o add elemen•‡ •ha• haven'• been alloca•ed ye•, make ‡u†e you alloca•e enough fo† all of
•hem in‡•ead of doing i• one a• a •ime. If you don'• know how many you need, •ime‡ wha•
you have alloca•ed by 2. Alloca•ing memo†y i‡ a expen‡ive p†oce‡‡.

Tip #14 Avoid buil• in func•ion‡ in loop‡. If you have a algo†i•hm •ha• i‡ looped •ha•
†equi†e‡ •he len of you† ‡•†ing. Make ‡u†e you cache •he ‡ize of you† ‡•†ing in a bu e† and
no• call •he func•ion len() wi•h each i•e†a•ion of •he loop:

Code: fo† i = 1 •o 100 ‡z = len(‡•†ing) 'Do p†oce‡‡ing nex• i

in‡•ead

Code: ‡z = len(‡•†ing) fo† i = 1 •o 100 'Do P†oce‡‡ing wi•h ‡z nex• i

Tip #15 Hide •he con•†ol when you† ‡e••ing i•‡ p†ope†•ie‡. Eve†y •ime you upda•e •he
p†ope†•ie‡ of you† con•†ol, you make i• †epain•. So if you† developing ‡ome•hing •ha•
di‡play‡ complex g†aphic‡, may be a good idea •o †educe •ha• f†om happening ‡o much.

165





28 Exflmples

Thi‡ ‡ec•ion include‡ a wide †ange of †eady made code •ha• can be ea‡ily adap•ed fo† u‡e in
you† own p†og†am‡. Some example‡ a†e ju‡• a few line‡ o•he†‡ a†e comple•e applica•ion‡,
mo‡• fall ‡omewhe†e be•ween.

Al•hough •he code i‡ de‡c†ibed a‡ †eady made i• i‡ no• in•ended •ha• you ju‡• d†op i• in•o
you† p†og†am‡ a‡ componen• pa†•‡. The idea i‡ •ha• •he‡e example‡ ‡hould p†ovide a quick
‡•a†• •ha• you can build on and †e-wo†k.

Snippets1

Sho†• piece‡ of code •ha• illu‡•†a•e •echnique‡ and ‡olve ‡mall p†oblem‡.

1 Chap•e† 28 on page 167
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29 Snippets

29.1 TopMost Function

The code below i‡ u‡eful if you wan• •o keep you† applica•ion window on •op o† ‡wap you†
applica•ion window be•ween ‡•aying •he •opmo‡• window and behaving like a ‡•anda†d
window. Pa‡•e •he code below in•o a code module and call ei•he† of •he •wo †ou•ine‡ a‡
†equi†ed.

To make you† applica•ion ‡•ay on •op u‡e •hi‡ call :

MakeTopMost Me.hwnd

To make you† applica•ion window behave like a no†mal window u‡e •hi‡ call :

MakeNormal Me.hwnd

' Created by E.Spencer - This code is public domain.
'
Public Const HWND_TOPMOST = -1
Public Const HWND_NOTOPMOST = -2
Public Const SWP_NOMOVE = &H2
Public Const SWP_NOSIZE = &H1
Public Const SWP_NOACTIVATE = &H10
Public Const SWP_SHOWWINDOW = &H40
Public Const TOPMOST_FLAGS = SWP_NOMOVE Or SWP_NOSIZE
Public Declare Function SetWindowPos Lib "user32" _

(ByVal hwnd As Long, ByVal hWndInsertAfter As Long, _
ByVal x As Long, y, ByVal cx As Long, _
ByVal cy As Long, ByVal wFlags As Long) As Long

Public Sub MakeTopMost(Handle As Long)
SetWindowPos Handle, HWND_TOPMOST, 0, 0, 0, 0, TOPMOST_FLAGS

End Sub

Public Sub MakeNormal(Handle As Long)
SetWindowPos Handle, HWND_NOTOPMOST, 0, 0, 0, 0, TOPMOST_FLAGS

End Sub

29.2 Form Close Button Disflffile

Thi‡ wa‡ po‡•ed •o •he mi‡c VB new‡ g†oup by Ben Bai†d. I include i• he†e mainly becau‡e
I found i• qui•e handy, i• de•ail‡ •he code †equi†ed •o di‡able •he Fo†m Clo‡e bu••on (li••le
x bu••on a• •op †igh• of •he window) whil‡• ‡•ill keeping •he bu••on vi‡ible. To •e‡• •hi‡ ou•
open a new VB p†ojec•, add a command bu••on, pa‡•e in •he code below and †un i•.

Private Declare Function GetSystemMenu Lib "user32" _
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(ByVal hwnd As Long, ByVal bRevert As Long) As Long
Private Declare Function GetMenuItemCount Lib "user32" _

(ByVal hMenu As Long) As Long
Private Declare Function RemoveMenu Lib "user32" _

(ByVal hMenu As Long, ByVal nPosition As Long, ByVal wFlags As Long)
As Long
Private Declare Function DrawMenuBar Lib "user32" _

(ByVal hwnd As Long) As Long
Private Const MF_BYPOSITION = &H400&
Private Const MF_DISABLED = &H2&

Public Sub DisableX(Frm As Form)
Dim hMenu As Long
Dim nCount As Long
hMenu = GetSystemMenu(Frm.hwnd, 0)
nCount = GetMenuItemCount(hMenu)
Call RemoveMenu(hMenu, nCount - 1, MF_DISABLED Or MF_BYPOSITION)
DrawMenuBar Frm.hwnd

End Sub

Private Sub Command1_Click()
DisableX Me

End Sub

29.3 ComffioBox Automfltion

The code below demon‡•†a•e‡ how •o expand and hide combo box li‡•‡ via code. To •e‡•
i• ou• c†ea•e a new VB p†ojec•, place a command bu••on and combo box on •he fo†m and
pa‡•e in •he code below. When you †un •he p†ojec• and u‡e •he •ab bu••on •o move •he
focu‡ f†om •he combo box •o •he command bu••on you ‡hould no•ice •ha• •he combo box
expand‡ and hide‡.

Private Declare Function SendMessageLong Lib "user32" Alias "SendMessageA" _
(ByVal hwnd As Long, _
ByVal wMsg As Long, _
ByVal wParam As Long, _
ByVal lParam As Long) As Long

Private Const CB_SHOWDROPDOWN = &H14F

Private Sub Combo1_GotFocus()
SendMessageLong Combo1.hwnd, CB_SHOWDROPDOWN, True, 0

End Sub

Private Sub Combo1_LostFocus()
SendMessageLong Combo1.hwnd, CB_SHOWDROPDOWN, False, 0

End Sub

Sub Form_Load()
Combo1.AddItem "Item 1"
Combo1.AddItem "Item 2"
Combo1.AddItem "Item 3"

End Sub

29.4 Reversing fl String

Thi‡ code demon‡•†a•e‡ a ‡mall func•ion •ha• †eve†‡e‡ •he con•en• of a ‡•†ing. To •e‡• •hi‡
ou• ‡e• up a fo†m wi•h a ‡ingle command bu••on and •wo •ex• boxe‡ •hen pa‡•e in •he
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code below. If you now en•e† •he •ex• "dl†oW olleH" in •ex• box 1 and p†e‡‡ •he command
bu••on you will ‡ee •he †eve†‡al in •ex• box 2, i• ‡hould †ead "Hello Wo†ld"

Option Explicit

Private Sub Command1_Click()
Text2 = ReverseStr(Text1.Text)

End Sub

Private Function ReverseStr(ByVal IPStr As String) As String
Dim i As Integer
For i = Len(IPStr) To 1 Step -1

ReverseStr = ReverseStr & Mid(IPStr, i, 1)
Next

End Function

29.5 Preventing icker during updflte

I•'‡ a common p†oblem •ha• con•†ol‡ ‡eem •o icke† a‡ •hey a†e upda•ed. Thi‡ can be due
•o Window‡ upda•ing a con•†ol'‡ ‡c†een image mul•iple •ime‡ du†ing an upda•e o† Window‡
upda•ing a con•†ol du†ing •he moni•o† ve†•ical †ef†e‡h. The •echnique below give‡ you •he
abili•y •o lock individual con•†ol‡ o† •he en•i†e fo†m window du†ing upda•e‡, •hi‡ allow‡ you
•o dic•a•e •o Window‡ when •he ‡c†een upda•ing ‡hould be done. Ano•he† way of †educing
icke† i‡ •o ‡e• •he fo†m'‡ ClipCon•†ol p†ope†•y •o fal‡e, •hi‡ fo†ce‡ Window‡ •o pain• •he
fo†m ‡c†een a‡ whole in‡•ead of •†ying •o p†e‡e†ve •he look of individual con•†ol‡ (i• can al‡o
inc†ea‡e •he ‡peed of you† applica•ion). Fo† •ho‡e of you having p†oblem‡ wi•h icke†ing
g†aphic‡ you ‡hould inve‡•iga•e u‡ing •he API call Bi•Bl• (Bi• Block T†an‡fe†) in‡•ead of
me•hod‡ like Pain•pic•u†e.

To •e‡• •he code below c†ea•e a new VB p†ojec• and place •wo command bu••on‡ and a
combo box on •he fo†m. The †‡• bu••on will popula•e •he combo box whil‡• •he con•†ol i‡
locked. The ‡econd bu••on will unlock •he con•†ol and allow Window‡ •o †ef†e‡h i•. Change
•he Hwnd •o †e ec• •he name of •he con•†ol o† fo†m you wan• •o lock.

Private Declare Function LockWindowUpdate Lib "User32" (ByVal hWnd As Long) As
Long

Private Sub Command1_Click()
Dim i As Integer
Combo1.Clear ' Clear and refresh the control to show the changes
Combo1.Refresh
' Lock the control to prevent redrawing
LockWindowUpdate Combo1.hWnd
' Update the control
For i = 0 To 200

Combo1.AddItem "Entry " & i, i
Next
Combo1.ListIndex = 150

End Sub

Private Sub Command2_Click()
' Unlock
LockWindowUpdate 0

End Sub
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29.6 Useful Dflte Functions

All •he‡e func•ion‡ excep• La‡•ofmon•h (Ellio• Spene†'‡) we†e ‡en• in•o PCW magazine by
Simon Faulkne†. I've found •he‡e da•e func•ion‡ ve†y handy, if you have any o•he† u‡eful
func•ion‡ le• me know and I'll pu• •hem on.

Firstofmonth = Now() - Day(Now()) + 1

Lastofmonth = DateAdd("m", 1, Date - Day(Date))

Firstofyear = Now() - Datepart("y", Now()) + 1

Lastofyear = Dateadd("yyyy", 1, Now() - Datepart("y", Now()))

Daysinmonth = Datepart("d", Dateadd("m", 1, Now() - Day(Now))))

Daysleftinyear = Dateadd("yyyy", 1, Now() - Datepart("y", Now())) - Now()

Daysleftuntilchristmas = Dateadd("yyyy", 1, Now() - Datepart("y", Now())) -
Now() - 7

Daysinyear = Dateadd("yyyy", 1, Now() - Datepart("y", Now())) - (Now() -
Datepart("y", Now()))

Leapyear = IIf((Dateadd("yyyy", 1, Now() - Datepart("y", Now())) - (Now() -
Datepart("y", Now()))) = 366, True, False)

29.7 Blflst E ect

Make‡ a ci†cula† bla‡• e ec• on •he pic•u†e box, make ‡u†e you †ename i• pic. X and Y i‡
•he cen•e† of •he ci†cle, R i‡ •he †adiu‡ of •he bla‡• e ec•

For angle=1 to 360
pic.line (x,y) - (x + r * cos(angle*3.14159265358979/180),y + r *

sin(angle*3.14159265358979/180))
next angle

29.8 Sleep Function

Thi‡ i‡ u‡eful if you wan• •o pu• you† p†og†am in a wai• ‡•a•e fo† a ‡peci c pe†iod of •ime.
Ju‡• pa‡•e •he code below in•o a new fo†m •o •e‡• i• and a••ach i• •o a command bu••on,
•hen †un i• - you can view •he •ime in •he debug window. 1000 milli‡econd‡ = 1 ‡econd
(bu• you p†obably knew •ha•).

Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)

Private Sub Command1_Click()
Debug.Print "Started - " & Time()
Sleep 1000
Debug.Print "Ended - " & Time()

End Sub
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29.9 Rflndom Numffiers

Random numbe†‡ a†e no• •†uly †andom if •he †andom numbe† gene†a•o† i‡n'• ‡•a†•ed, ‡o
you need •o ‡•a†• i• befo†e u‡ing Rnd()

Randomize()

Replace Highe‡•Numbe† and Lowe‡•Numbe† wi•h you† own †ange.

X=Int((HighestNumber - LowestNum + 1) * Rnd + LowestNumber)

29.10 Animflted Mouse Cursor

The code below demon‡•†a•e‡ how •o change •he mou‡e cu†‡o† f†om •he ba‡e cu†‡o† •o one
of •he anima•ed one‡. Open up a new p†ojec•, add a d†op li‡• and a command bu••on •o
•he fo†m •hen add in •he code below and †un i•.

Option Explicit

Public Const GCL_HCURSOR = -12

Declare Function ClipCursor Lib "user32" _
(lpRect As Any) _
As Long

Declare Function DestroyCursor Lib "user32" _
(ByVal hCursor As Any) _
As Long

Declare Function LoadCursorFromFile Lib "user32" Alias "LoadCursorFromFileA" _
(ByVal lpFileName As String) _
As Long

Declare Function SetClassLong Lib "user32" Alias "SetClassLongA" _
(ByVal hwnd As Long, ByVal nIndex As Long, ByVal dwNewLong As Long) _
As Long

Declare Function GetClassLong Lib "user32" Alias "GetClassLongA" _
(ByVal hwnd As Long, ByVal nIndex As Long) _
As Long

Private mhAniCursor As Long
Private mhBaseCursor As Long
Private lresult As Long

Private Sub Command1_Click()
' Sort out the user selection
If Combo1.ListIndex = 0 Then

lresult = SetClassLong((Form1.hwnd), GCL_HCURSOR, mhBaseCursor)
lresult = DestroyCursor(mhAniCursor)

Else
If Combo1.ListIndex = 1 Then
mhAniCursor = LoadCursorFromFile("C:\windows\cursors\hourglas.ani")

Else
mhAniCursor = LoadCursorFromFile("C:\windows\cursors\globe.ani")

End If
lresult = SetClassLong((Form1.hwnd), GCL_HCURSOR, mhAniCursor)

End If
End Sub

Private Sub Form_Load()
' Set up the list of cursor options
Combo1.AddItem "Normal", 0
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Combo1.AddItem "HourGlass", 1
Combo1.AddItem "Globe", 2
Combo1.ListIndex = 0
' Grab the current base cursor
mhBaseCursor = GetClassLong((hwnd), GCL_HCURSOR)

End Sub

29.11 Adding fl ffiitmflp to fl menu entry

The code below demon‡•†a•e‡ how •o add 13x13 bi•map pic•u†e‡ (no• icon‡) •o •he lef• hand
of each menu en•†y. You can de ne a di e†en• bi•map fo† bo•h •he checked and unchecked
condi•ion (a‡ ‡hown) o† ‡e• one of •he‡e value‡ •o ze†o if you don'• wan• a bi•map ‡hown
fo† a pa†•icula† condi•ion.

The p†ojec• u‡e‡ 2 pic•u†e boxe‡ (each holding one of •he †equi†ed bi•map‡ and ‡e• •o be
non vi‡ible), a bu••on and any amoun• of menu‡ and ‡ubmenu‡.

Private Declare Function GetMenu Lib "user32" _
(ByVal hwnd As Long) _
As Long

Private Declare Function GetSubMenu Lib "user32" _
(ByVal hMenu As Long, ByVal nPos As Long) _
As Long

Private Declare Function GetMenuItemID Lib "user32" _
(ByVal hMenu As Long, ByVal nPos As Long) _
As Long

Private Declare Function SetMenuItemBitmaps Lib "user32" _
(ByVal hMenu As Long, ByVal nPosition As Long, ByVal wFlags As Long, _
ByVal hBitmapUnchecked As Long, ByVal hBitmapChecked As Long) _

As Long
Private Declare Function GetMenuItemCount Lib "user32" _

(ByVal hMenu As Long) _
As Long

Private Const MF_BITMAP = &H4&

Private Sub AddIconToMenus_Click()
Dim i1 As Long, i2 As Long, Ret As Long
Dim MnHndl As Long
Dim SMnHndl As Long
Dim MCnt As Long
Dim SMCnt As Long
Dim SMnID As Long

MnHndl = GetMenu(Form1.hwnd)' Get the menu handle for the current form
MCnt = GetMenuItemCount(MnHndl) ' Find out how many menus there are
For i1 = 0 To MCnt - 1 ' Process each menu entry

SMnHndl = GetSubMenu(MnHndl, i1) 'Get the next submenu handle for this
menu

SMCnt = GetMenuItemCount(SMnHndl) 'Find out how many entries are in this
submenu

For i2 = 0 To SMCnt - 1 'Process each submenu entry
SMnID = GetMenuItemID(SMnHndl, i2) 'Get each entry ID for the current

submenu
' Add two pictures - one for checked and one for unchecked
Ret = SetMenuItemBitmaps(MnHndl, SMnID, MF_BITMAP, Picture2.Picture,

Picture1.Picture)
Next i2

Next i1
End Sub
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29.12 Applicfltion Lflunching

The code below demon‡•†a•e‡ how •o launch •he defaul• "Open" ac•ion fo† any given le
(which will no†mally mean launching •he applica•ion •ha• handle‡ da•a le‡ of •ha• •ype).
I've al‡o included a va†ia•ion of ShellExecu•e •ha• allow‡ you •o launch •he defaul• ‡y‡•em
In•e†ne• b†ow‡e† and have i• go immedia•ely •o a ‡peci ed Web ‡i•e.

' Required declarations
Private Declare Function ShellExecute Lib "shell32.dll" Alias "ShellExecuteA"

_
(ByVal hwnd As Long, ByVal lpOperation As String, _
ByVal lpFile As String, ByVal lpParameters As String, _
ByVal lpDirectory As String, ByVal nShowCmd As Long) _

As Long
Private Declare Function GetDesktopWindow Lib "user32" () As Long
Private Const SW_SHOWDEFAULT = 10
Private Const SW_SHOWMAXIMIZED = 3
Private Const SW_SHOWMINIMIZED = 2
Private Const SW_SHOWMINNOACTIVE = 7
Private Const SW_SHOWNA = 8
Private Const SW_SHOWNOACTIVATE = 4
Private Const SW_SHOWNORMAL = 1

Private Sub Command1_Click()
' Open the browser and goto a specified site
Dim DWHdc As Long, Ret As Long
Dim PathAndFile As String
PathAndFile = File1.Path & "\" & File1.filename
' Use the desktop window as the parent
DWHdc = GetDesktopWindow()
Ret = ShellExecute(DWHdc, "Open", Text1.Text, "", "c:\", SW_SHOWMAXIMIZED)

End Sub

Private Sub Dir1_Change()
File1.Path = Dir1.Path

End Sub

Private Sub Drive1_Change()
Dir1.Path = Drive1.Drive

End Sub

Private Sub File1_DblClick()
' Launch the default "Open" action for the file
Dim DWHdc As Long, Ret As Long
Dim PathAndFile As String
PathAndFile = File1.Path & "\" & File1.filename
' Use the desktop window as the parent
DWHdc = GetDesktopWindow()
Ret = ShellExecute(DWHdc, "Open", PathAndFile, "", File1.Path,

SW_SHOWNORMAL)
End Sub

29.13 Rounding Things Up

If you'†e bo†ed of †ec•angula† con•†ol‡ on †ec•angula† fo†m‡ •hen •†y •he code below. Open
a new p†ojec•, pu• a command bu••on on i•, pa‡•e •hi‡ code in and •hen †un i•. You
‡hould ‡ee a †ound bu••on on a †ound fo†m, i• wo†k‡ on mo‡• con•†ol‡. The code i‡ fai†ly
‡•†aigh•fo†wa†d, you calcula•e •he ‡ize of •he ellip‡e †equi†ed and feed •hi‡ •h†ough •wo API
call‡. Wi•h a bi• of playing you can ge• ‡ome ve†y odd e ec•‡.

175



Snippe•‡

Private hwndDest As Long
Private Declare Function CreateEllipticRgn Lib "gdi32" _

(ByVal X1 As Long, ByVal Y1 As Long, _
ByVal X2 As Long, ByVal Y2 As Long) As Long

Private Declare Function SetWindowRgn Lib "user32" _
(ByVal hWnd As Long, ByVal hRgn As Long, _
ByVal bRedraw As Long) As Long

Private Sub Command1_Click()
Unload Me

End Sub

Private Sub Form_Load()
Dim hr&, dl&
Dim usew&, useh&
hwndDest = Me.hWnd
usew& = Me.Width / Screen.TwipsPerPixelX
useh& = Me.Height / Screen.TwipsPerPixelY
hr& = CreateEllipticRgn(0, 0, usew&, useh&)
dl& = SetWindowRgn(hwndDest, hr, True)
hwndDest = Command1.hWnd
usew& = Command1.Width / Screen.TwipsPerPixelX
useh& = Command1.Height / Screen.TwipsPerPixelY
hr& = CreateEllipticRgn(0, 0, usew&, useh&)
dl& = SetWindowRgn(hwndDest, hr, True)

End Sub

29.14 TCP/Winsock - Point-to-Point Connection

Thi‡ i‡ a clien•-‡e†ve† Poin•-•o-Poin• TCP ove† Win‡ock ‡nippe•, which ‡e••ing‡ a†e ha†d-
coded. The ‡nippe• will connec• •o •he ‡e†ve† •h†ough •he loopback adap•e† •h†ough po†•
50000, and •he conve†‡a•ion would be •he clien• ‡ending •he ‡e†ve† a "Hello Wo†ld" me‡‡age
which •he ‡e†ve† would ‡how on a M‡gBox. The ‡e†ve† could only accep• one connec•ion
f†om a clien•, if •he†e i‡ a ‡econd connec•ion †eque‡• f†om ano•he† clien• i• would di‡connec•
•he †‡• connec•ion (•hu‡, Poin•-•o-Poin•). Fo† a Poin•-•o-Mul•ipoin• code (•he ‡e†ve† allow‡
mul•iple connec•ion f†om mul•iple clien•) ‡ee below.

29.14.1 Client Code

Add •he following con•†ol‡

Win‡ock Con•†ol - Name="‡ckClien•"
Command Bu••on - Name="Command1", Cap•ion="Say "Hello Wo†ld""
Command Bu••on - Name="Command2", Cap•ion="Make a Connec•ion"
(Op•ional) Time† - Name="Time†1", In•e†val="1", Enabled="T†ue"

Option Explicit

Private Sub Command1_Click()
' If connected, send data, if not, popup a msgbox telling to connect

first
If sckClient.State <> sckConnected Then

MsgBox "Connect First"
Else

sckClient.SendData "Hello World"
End If
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End Sub

Private Sub Command2_Click()
' If there is already a connection, close it first,
' failure of doing this would result in an error
If sckClient.State <> sckClosed Then sckClient.Close

' OK, the winsock is free, we could open a new connection
sckClient.Connect "127.0.0.1", 50000

End Sub

Private Sub Timer1_Timer()
' Code for seeing the status of the winsock in the form window.
' For the meaning of the Status Code, go to the Object Browser (F2) and

search for Winsock
Me.Caption = sckClient.State

End Sub

29.14.2 Server Code

Add •he following con•†ol

Win‡ock Con•†ol - Name="‡ckSe†ve†"
(Op•ional) Time† - Name="Time†1", In•e†val="1", Enabled="T†ue"

Option Explicit

Private Sub Form_Load()
' Listen to port 50000 for incoming connection from a client
sckServer.LocalPort = 50000
sckServer.Listen

End Sub

Private Sub sckServer_Close()
' If the connection is closed, restart the listening routine
' so other connection can be received.
sckServer.Close
sckServer.Listen

End Sub

Private Sub sckServer_ConnectionRequest(ByVal requestID As Long)
' If the connection is not closed close it first before accepting a

connection
' You can alter this behaviour, like to refuse the second connection
If sckServer.State <> sckClosed Then sckServer.Close
sckServer.Accept requestID

End Sub

Private Sub sckServer_DataArrival(ByVal bytesTotal As Long)
Dim Data As String
' Receive the data (GetData),
' Clear the data buffer (automatic with calling GetData),
' Display the data on a MsgBox
sckServer.GetData Data
MsgBox Data

End Sub

Private Sub Timer1_Timer()
' Code for seeing the status of the winsock in the form window.
' For the meaning of the Status Code, go to the Object Browser (F2) and

search for Winsock
Me.Caption = sckServer.State

End Sub
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29.15 TCP/Winsock - Point-to-MultiPoint Connection

Thi‡ ‡nippe• i‡ •he ‡ame a‡ •he TCP/Win‡ock - Poin•-•o-Poin• Connec•ion above, bu• •hi‡
code allow‡ •he ‡e†ve† •o †eceive mul•iple connec•ion f†om mul•iple clien• ‡imul•aneou‡ly.
Thi‡ behavio† i‡ achieved by u‡ing Con•†ol A††ay. The Win‡ock Con•†ol A††ay index 0 i‡
a ‡pecial one, ‡ince i• i‡ neve† opened, i•'ll only li‡•en fo† incoming connec•ion, and a‡‡ign
•o ano•he† Win‡ock con•†ol if •he†e i‡ an incoming connec•ion. The ‡e†ve† code i‡ coded
•o †eu‡e exi‡•ing WinSock con•†ol •ha• i‡ al†eady clo‡ed •o †eceive new connec•ion. The
clien• code i‡ •he ‡ame a‡ wi•h •he Poin•-•o-Poin• ‡nippe•. The clien• will neve† unload
Win‡ock con•†ol •ha• i‡ al†eady open. You ‡hould unde†‡•and Poin•-•o-Poin• Connec•ion
befo†e •†ying •o implemen• Poin•-•o-Mul•ipoin• connec•ion.

29.15.1 Client Code

The ‡ame wi•h clien• code fo† Poin•-•o-Poin• Clien• Code1

29.15.2 Server Code

Add •he following con•†ol

Win‡ock Con•†ol - Name="‡ckSe†ve†", Index="0"
(Op•ional) Time† - Name="Time†1", In•e†val="1", Enabled="T†ue"

Private Sub Form_Load()
' Open a listening routine on port 50000
sckServer(0).LocalPort = 50000
sckServer(0).Listen

End Sub

Private Sub sckServer_Close(Index As Integer)
' Close the WinSock so it could be reopened if needed
sckServer(Index).Close

End Sub

Private Sub sckServer_ConnectionRequest(Index As Integer, ByVal requestID As
Long)

Dim sock As Winsock
' If there is any closed Winsock, accept on that Winsock
For Each sock In sckServer

If sock.State = sckClosed Then
sock.Accept requestID
Exit Sub

End If
Next

' Else make a new Winsock
Load sckServer(sckServer.UBound + 1)
sckServer(sckServer.UBound).Accept requestID

End Sub

Private Sub sckServer_DataArrival(Index As Integer, ByVal bytesTotal As
Long)

1 Chap•e† 29.14 on page 176
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Dim Data As String
' Receive the data (GetData) for the connection that is receiving,
' Clear the data buffer (automatic with calling GetData) of the

receiving connection,
' Display the data on a MsgBox with the index of the receiving Winsock
sckServer(Index).GetData Data, vbString
MsgBox Data & vbCrLf & Index

End Sub

Private Sub Timer1_Timer()
Dim conn As Winsock
' Display the status for all connection on the window bar
' The status code is space-separated
Me.Caption = ""
For Each conn In sckServer

Me.Caption = Me.Caption & " " & conn.State
Next

End Sub
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30 The Lflnguflge

Many compu•e† language‡ ‡ha†e a co†e ‡e• of fea•u†e‡. Some•ime‡ •hey a†e ve†y ‡imila† in
di e†en• language‡, ‡ome•ime‡ †adically di e†en•. Some fea•u†e‡ †ega†ded by u‡e†‡ of one
language a‡ indi‡pen‡able may be comple•ely mi‡‡ing f†om o•he† pe†fec•ly u‡able language‡.

30.1 Stfltements

A ‡•a•emen• in Vi‡ual Ba‡ic i‡ like a command given •o •he compu•e†. Func•ion‡ and
‡ub†ou•ine‡ a†e made ou• of ‡•a•emen•‡.

A ‡•a•emen• gene†ally con‡i‡•‡ of •he name of a ‡ub†ou•ine followed by a li‡• of a†gumen•‡:

Debug.Print "Hello World"

The †‡• wo†d (Debug) i‡ •he name of a buil• in objec• in Vi‡ual Ba‡ic. •he ‡econd wo†d
(P†in•) i‡ •he name of a me•hod of •ha• objec•. "Hello Wo†ld" i‡ •he a†gumen• •o •he
me•hod. The †e‡ul• i‡:

Hello World

p†in•ed •o •he Immediate Window.

In Vi‡ual Ba‡ic Cla‡‡ic ‡ub†ou•ine call ‡•a•emen•‡ can be w†i••en in •wo way‡:

x "Hello", "World"
Call x("Hello", "World")

x i‡ a ‡ub†ou•ine which •ake‡ •wo ‡•†ing a†gumen•‡. The keywo†d Call i‡ a lef•ove† f†om
olde† ve†‡ion‡ of Ba‡ic. If you u‡e •hi‡ fo†m you mu‡• enclo‡e •he en•i†e a†gumen• li‡• in
a pa†en•he‡i‡. Some•ime‡ •he p†og†amme† wan•‡ •o call a func•ion bu• i‡ no• in•e†e‡•ed in
•he †e•u†n value only in •he ‡ide-e ec•‡. In ‡uch ca‡e‡ he o† ‡he will call •he func•ion a‡
•hough i• we†e a ‡ub†ou•ine, howeve† only •he †‡• fo†m above can be u‡ed.

The†e a†e o•he† mo†e complex ‡•a•emen•‡ which can ‡pan ‡eve†al line‡ of code:

If..El‡e..End If
Do While..Loop

The‡e compound ‡•a•emen•‡ include o•he† ‡•a•emen•‡ and exp†e‡‡ion‡.
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30.2 Vflriflffiles

Like mo‡• p†og†amming language‡, Vi‡ual Ba‡ic i‡ able •o u‡e and p†oce‡‡ named va†iable‡
and •hei† con•en•‡. Vflriflffiles a†e mo‡• ‡imply de‡c†ibed a‡ name‡ by which we †efe† •o
‡ome loca•ion in memo†y - a loca•ion •ha• hold‡ a value wi•h which we a†e wo†king.

I• of•en help‡ •o •hink of va†iable‡ a‡ a 'pigeonhole', o† a placeholde† fo† a value. You can
•hink of a va†iable a‡ being equivalen• •o i•‡ value. So, if you have a va†iable i •ha• i‡
ini•ialized •o 4, i+1 will equal 5.

In Vi‡ual Ba‡ic va†iable‡ can be declared befo†e u‡ing •hem o† •he p†og†amme† can le• •he
compile† alloca•e ‡pace fo† •hem. Fo† any bu• •he ‡imple‡• p†og†am‡ i• i‡ be••e† •o decla†e
all va†iable‡. Thi‡ ha‡ ‡eve†al bene •‡:

you ge• •he da•a•ype you wan• in‡•ead of Variant,
•he compile† can ‡ome•ime‡ check •ha• you have u‡ed •he co††ec• •ype.

All va†iable‡ in Vi‡ual Ba‡ic a†e •yped, even •ho‡e decla†ed a‡ Variant. If you don'• ‡pecify
•he •ype •hen •he compile† will u‡e Va†ian•. A Va†ian• va†iable i‡ one •ha• can hold da•a
of any •ype.

30.2.1 Declflrfltion of Vflriflffiles

He†e i‡ an example of decla†ing an in•ege†, which we've called some_number.

Dim some_number As Integer

You can al‡o decla†e mul•iple va†iable‡ wi•h one ‡•a•emen•:

Dim anumber, anothernumber, yetanothernumber As Integer

Thi‡ i‡ no• a good idea becau‡e i• i‡ •oo ea‡y •o fo†ge• •ha• in Vi‡ual Ba‡ic •he •ype name ap-
plie‡ only •o •he immediately p†ecedingvariable name. The example declares twoVa†ian•‡and
one Integer

You can demon‡•†a•e wha• ac•ually happen‡ by •hi‡ li••le p†og†am:

Option Explicit

Public Sub main()

Dim anumber, anothernumber, yetanothernumber As Integer
Dim v As Variant

Debug.Print TypeName(anumber), VarType(anumber), _
TypeName(anothernumber), VarType(anothernumber), _
TypeName(yetanothernumber), VarType(yetanothernumber)

Debug.Print TypeName(anumber), VarType(v)

Debug.Print "Assign a number to anumber"
anumber = 1
Debug.Print TypeName(anumber), VarType(anumber)
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Debug.Print "Assign a string to anumber"
anumber = "a string"
Debug.Print TypeName(anumber), VarType(anumber)

End Sub

The †e‡ul• i‡:

Empty 0 Empty 0 Integer 2
Empty 0
Assign a number to anumber
Integer 2
Assign a string to anumber
String 8

No•ice •ha• bo•h Va†Type and TypeName †e•u†n info†ma•ion abou• •he va†iable ‡•o†ed
in‡ide •he Va†ian• no• •he Va†ian• i•‡elf.

To decla†e •h†ee in•ege†‡ in ‡ucce‡‡ion •hen, u‡e:

Dim anumber As Integer, anothernumber As Integer, yetanothernumber As Integer

In Vi‡ual Ba‡ic i• i‡ no• po‡‡ible •o combine declaration and initialization wi•h va†iable‡
(a‡ VB doe‡ no• ‡uppo†• con‡•†uc•o†‡ - ‡ee Objec•‡ and Ini•iali‡e •hough), •he following
‡•a•emen• i‡ illegal:

Dim some_number As Integer = 3

Only con‡•an• decla†a•ion‡ allow you •o do •hi‡:

Const some_number As Integer = 3

In Vi‡ual Ba‡ic va†iable‡ may be decla†ed anywhe†e in‡ide a ‡ub†ou•ine, func•ion o† p†op-
e†•y, whe†e •hei† ‡cope i‡ †e‡•†ic•ed •o •ha• †ou•ine. They may al‡o be decla†ed in •he
declarations ‡ec•ion of a module befo†e any ‡ub†ou•ine‡, func•ion‡ o† p†ope†•ie‡, whe†e •hey
have module level ‡cope.

By defaul•, va†iable‡ do no• have •o be decla†ed befo†e u‡e. Any va†iable‡ c†ea•ed •hi‡ way,
will be of Variant •ype. Thi‡ behaviou† can be ove†††iden by u‡ing •he Op•ion Explici•
‡•a•emen• a• •he •op of a module and will fo†ce •he p†og†amme† •o decla†e all va†iable‡
befo†e u‡e.

Af•e† decla†ing va†iable‡, you can a‡‡ign a value •o a va†iable la•e† on u‡ing a ‡•a•emen•
like •hi‡:

Let some_number = 3

The u‡e of •he Le• keywo†d i‡ op•ional, ‡o:

some_number = 3

i‡ al‡o a valid ‡•a•emen•.

You can al‡o a‡‡ign a va†iable •he value of ano•he† va†iable, like ‡o:
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anumber = anothernumber

In Vi‡ual Ba‡ic you canno• a‡‡ign mul•iple va†iable‡ •he ‡ame value wi•h one ‡•a•emen•.
•he following ‡•a•emen• doe‡ no• do wha• a C p†og†amme† would expec•:

anumber = anothernumber = yetanothernumber = 3

In‡•ead i• •†ea•‡ all bu• •he †‡• = ‡ign‡ a‡ equality test ope†a•o†‡and then assigns ei-
therT†ueorFal‡eto anumber depending on •he value‡ of anothernumber and yetanotherni-
umber.

Nflming Vflriflffiles

Va†iable name‡ in Vi‡ual Ba‡ic a†e made up of le••e†‡ (uppe† and lowe† ca‡e) and digi•‡.
The unde†‡co†e cha†ac•e†, "_", i‡ al‡o pe†mi••ed. Name‡ mu‡• no• begin wi•h a digi•.
Name‡ can be a‡ long a‡ you like.

Some example‡ of valid (bu• no• ve†y de‡c†ip•ive) Vi‡ual Ba‡ic va†iable name‡:

foo
Bar
BAZ
foo_bar
a_foo42_
QuUx

Some example‡ of invalid Vi‡ual Ba‡ic va†iable name‡:

2foo
mu‡• no• begin wi•h a digi•

my foo
‡pace‡ no• allowed in name‡

$foo
$ no• allowed -- only le••e†‡, digi•‡, and _

while
language keywo†d‡ canno• be u‡ed a‡ name‡

ffxxx
leading unde†‡co†e no• allowed.

Ce†•ain wo†d‡ a†e †e‡e†ved a‡ keywo†d‡ in •he language, and •he‡e canno• be u‡ed a‡ va†iable
name‡, o† indeed a‡ name‡ of any•hing el‡e.

In addi•ion •he†e a†e ce†•ain ‡e•‡ of name‡ •ha•, while no• language keywo†d‡, a†e †e‡e†ved
fo† one †ea‡on o† ano•he†.
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The naming †ule‡ fo† va†iable‡ al‡o apply •o o•he† language con‡•†uc•‡ ‡uch a‡ func•ion
name‡ and module name‡.

I• i‡ good p†ac•ice •o ge• in•o •he habi• of u‡ing de‡c†ip•ive va†iable name‡. If you look a• a
‡ec•ion of code many mon•h‡ af•e† you c†ea•ed i• and ‡ee •he va†iable‡ var1, var2 e•c., you
will mo†e •han likely have no idea wha• •hey con•†ol. Va†iable name‡ ‡uch a‡ textinput
o† time_start a†e much mo†e de‡c†ip•ive - you know exac•ly wha• •hey do. If you have a
va†iable name comp†i‡ed of mo†e •han one wo†d, i• i‡ conven•ion •o begin •he nex• wo†d
wi•h a capi•al le••e†. Remembe† you can'• u‡e ‡pace‡ in va†iable name‡, and ‡en‡ible capi•al
u‡e make‡ i• ea‡ie† •o di‡•ingui‡h be•ween •he wo†d‡. When •yping •he va†iable name la•e†
in •he code, you can •ype all in lowe†ca‡e - once you leave •he line in que‡•ion, if •he va†iable
name i‡ valid VB will capi•alize i• a‡ app†op†ia•e.

30.2.2 Literflls

Any•ime wi•hin a p†og†am in which you ‡pecify a value explici•ly in‡•ead of †efe††ing •o a
va†iable o† ‡ome o•he† fo†m of da•a, •ha• value i‡ †efe††ed •o a‡ a literfll. In •he ini•ializa•ion
example above, 3 i‡ a li•e†al. Numbe†‡ can be w†i••en a‡ whole numbe†‡, decimal f†ac•ion‡,
'‡cien•i c' no•a•ion o† hex. To iden•ify a hex numbe†, ‡imply p†e x •he numbe† wi•h &H.

30.3 Conditions

Condi•ional clau‡e‡ a†e block‡ of code •ha• will only execu•e if a pa†•icula† exp†e‡‡ion (•he
condi•ion) i‡ •†ue.

30.3.1 If Stfltements

If ‡•a•emen•‡ a†e •he mo‡• exible condi•ional ‡•a•emen•‡: ‡ee B†anching1

30.3.2 Select Cflse

Of•en i• i‡ nece‡‡a†y •o compa†e one ‡peci c va†iable again‡• ‡eve†al value‡. Fo† •hi‡ kind
of condi•ional exp†e‡‡ion •he Select Case2 ‡•a•emen• i‡ u‡ed.

30.4 Unconditionflls

Uncondi•ional‡3 le• you change •he ow of you† p†og†am wi•hou• a condi•ion. The‡e a†e
•he Exi•, End and Go•o ‡•a•emen•‡.

1 Chap•e† 4.4 on page 32
2 Chap•e† 5.3 on page 35
3 Chap•e† 5.4 on page 35
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30.5 Loops

Loop‡4 allow you •o have a ‡e• of ‡•a•emen•‡ †epea•ed ove† and ove† again.

To †epea• a given piece of code a ‡e• numbe† of •ime‡ o† fo† eve†y elemen• in a li‡•: ‡ee
Fo†..Nex• Loop‡5

4 Chap•e† 6.2 on page 40
5 Chap•e† 6.1 on page 39
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31 Coding Stflndflrds

See ../C†edi•‡ and Pe†mi‡‡ion‡/1 fo† de•ail‡ of copy†igh•, licence and au•ho†‡ of •hi‡ piece.

Wo†k in p†og†e‡‡. Documen• need‡ ‡ub‡•an•ial †efo†ma••ing •o • •he Wikibook‡ ‡•yle. Al‡o
•he page i‡ much •oo long fo† convenien• edi•ing in a b†ow‡e† •ex• box ‡o i• mu‡• be b†oken
in•o ‡ec•ion‡. U‡e •he o†iginal a‡ a guide: http://www.gui.com.au/resources/coding_
standards_print.htm

31.1 Overview

Thi‡ documen• i‡ a wo†king documen• - i• i‡ no• de‡igned •o mee• •he †equi†emen• •ha• we
have "a" coding ‡•anda†d bu• in‡•ead i‡ an acknowledgemen• •ha• we can make ou† live‡
much ea‡ie† in •he long •e†m if we all ag†ee •o a common ‡e• of conven•ion‡ when w†i•ing
code.

Inevi•ably, •he†e a†e many place‡ in •hi‡ documen• whe†e we have ‡imply had •o make a
choice be•ween •wo o† mo†e equally valid al•e†na•ive‡. We have •†ied •o ac•ually •hink
abou• •he †ela•ive me†i•‡ of each al•e†na•ive bu• inevi•ably ‡ome pe†‡onal p†efe†ence‡ have
come in•o play.

Hopefully •hi‡ documen• i‡ ac•ually †eadable. Some ‡•anda†d‡ documen•‡ a†e ‡o d†y a‡
•o be abou• a‡ in•e†e‡•ing a‡ †eading •he whi•e page‡. Howeve†, do no• a‡‡ume •ha• •hi‡
documen• i‡ any le‡‡ impo†•an• o† ‡hould be •†ea•ed any le‡‡ ligh•ly •han i•‡ d†ie† cou‡in‡.

31.2 When Does This Document Apply?

I• i‡ •he in•en•ion •ha• all code adhe†e •o •hi‡ ‡•anda†d. Howeve†, •he†e a†e ‡ome ca‡e‡
whe†e i• i‡ imp†ac•ical o† impo‡‡ible •o apply •he‡e conven•ion‡, and o•he†‡ whe†e i• would
be A Bad Thing.

Thi‡ documen• applie‡ •o ALL CODE excep• •he following : Code change‡ made •o exi‡•ing
‡y‡•em‡ no• w†i••en •o •hi‡ ‡•anda†d.

In gene†al, i• i‡ a good idea •o make you† change‡ confo†m •o •he ‡u††ounding code ‡•yle
whe†eve† po‡‡ible. You migh• choo‡e •o adop• •hi‡ ‡•anda†d fo† majo† addi•ion‡ •o exi‡•ing
‡y‡•em‡ o† when you a†e adding code •ha• you •hink will become pa†• of a code lib†a†y •ha•
al†eady u‡e‡ •hi‡ ‡•anda†d.

Code w†i••en fo† cu‡•ome†‡ •ha• †equi†e •ha• •hei† ‡•anda†d‡ be adop•ed.

1 http://en.wikibooks.org/wiki/..%2FCredits%20and%20Permissions%2F
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I• i‡ no• uncommon fo† p†og†amme†‡ •o wo†k wi•h cu‡•ome†‡ •ha• have •hei† own coding
‡•anda†d‡. Mo‡• coding ‡•anda†d‡ de†ive a• lea‡• ‡ome of •hei† con•en• f†om •he Hunga†ian
no•a•ion concep• and in pa†•icula† f†om a Mic†o‡of• whi•e pape† •ha• documen•ed a ‡e• of
‡ugge‡•ed naming ‡•anda†d‡. Fo† •hi‡ †ea‡on many coding ‡•anda†d‡ a†e b†oadly compa•ible
wi•h each o•he†. Thi‡ documen• goe‡ a li••le fu†•he† •han mo‡• in ‡ome a†ea‡; howeve† i•
i‡ likely •ha• •he‡e ex•en‡ion‡ will no• con ic• wi•h mo‡• o•he† coding ‡•anda†d‡. Bu• le•'‡
be ab‡olu•ely clea† on •hi‡ one folk‡: if •he†e i‡ a con ic•, •he cu‡•ome†'‡ coding ‡•anda†d‡
a†e •o apply. Alway‡.

31.3 Nflming Stflndflrds

Of all •he componen•‡ •ha• make up a coding ‡•anda†d, naming ‡•anda†d‡ a†e •he mo‡•
vi‡ible and a†guably •he mo‡• impo†•an•.

Having a con‡i‡•en• ‡•anda†d fo† naming •he va†iou‡ '•hingie‡' in you† p†og†am will ‡ave
you an eno†mou‡ amoun• of •ime bo•h du†ing •he developmen• p†oce‡‡ i•‡elf and al‡o du†ing
any la•e† main•enance wo†k. I ‡ay '•hingie‡' becau‡e •he†e a†e ‡o many di e†en• •hing‡ you
need •o name in a VB p†og†am, and •he wo†d 'objec•' ha‡ a pa†•icula† meaning.

31.3.1 CflmelCflsing flnd uppercflsing

In a nu•‡hell va†iable name body, func•ion name‡, and label name‡ a†e u‡ingCflmelCflsing,
while con‡•an•‡ u‡e UPPERffCASING.
Roughly ‡peaking, camel ca‡ing i‡ •ha• all wo†d‡ have •he 1‡• le••e† in uppe†ca‡e wi•hou•
any wo†d ‡epa†a•ion, and •he ‡ub‡equen• le••e†‡ in lowe†ca‡e, while uppe†ca‡ing i‡ •ha• all
wo†d‡ a†e in uppe† ca‡e wi•h an unde†‡co†e ‡epa†a•o†.

31.3.2 Nflme ffiody cflsing does not flpply to pre xes flnd su xes

P†e xe‡ and ‡u xe‡ a†e u‡ed fo†

module name fo† name wi•h module ‡cope
va†iable •ype
whe•he† a va†iable i‡ a func•ion pa†ame•e†

Tho‡e p†e xe‡ and ‡u xe‡ a†e no• ‡ubjec• •o •he ‡ame ca‡ing a‡ •he name body. He†e a†e
a few example wi•h •he p†e xe‡ o† ‡u xe‡ in bold face.

' s shows that sSomeString is of type String
sSomeString
' _IN shows that iSomeString_IN is an input argument
iSomeInteger_IN
' MYPRJ_ shows that MYPRJ_bSomeBoolean has module scope MYPRJ
MYPRJ_bSomeBoolean
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31.3.3 Physicfll units should not ffie cflsed

Some•ime‡ i• i‡ convenien• •o ‡how wi•hin a va†iable name in which phy‡ical uni• •he
va†iable value i‡ exp†e‡‡ed, like mV fo† milliVol•, o† kg fo† kilog†amme. The ‡ame applie‡
•o a func•ion name †e•u†ning ‡ome †eal numbe† value. The phy‡ical uni• ‡hould be placed
a• •he end wi•h a leading unde†‡co†e and wi•hou• any ca‡ing. Ca‡e ha‡ a ‡pecial meaning
fo† phy‡ical uni•‡, and i• would be qui•e di‡•u†bing •o change i•. He†e a†e a few example‡
whe†e •he uni• and unde†‡co†e a†e in bold face.

fltSomeVoltageffmV
‡ngSomePowe†ffW_IN
dblSomePowe†O ‡e•ffdB
dblSomeSpeedffmps

31.3.4 Acronyms

Ac†onym wo†d‡ have ‡pecial handling.

Exflmples
Free text Cflmel Cflsing Upper cflsing Comment
Am I Happy AmI_Happy AM_I_HAPPY One le••e† wo†d‡

a†e all uppe† ca‡e,
and a†e followed
by an unde†‡co†e
inCamel ca‡ing

The GSM phone TheGSMPhone THE_GSm_PHONEAc†onym‡ a†e kep•
all uppe† ca‡e in
Camel ca‡ing, and
have la‡• le••e†‡e•
lowe† ca‡e wi•h
uppe†-ca‡ing

A DC-DC Con-
ve†•e†

A_DC_DCConve†•e†A_Dc_Dc_CONVERTERWhen •he†e a†e
•wo con‡ecu•ive
ac†onym‡, and •he
†‡• ac†onym ha‡
only •wole••e†‡,
•hen in Camel
ca‡ing, •he †‡•
ac†onym i‡ fol-
lowed by an un-
de†‡co†e
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Exflmples
Free text Cflmel Cflsing Upper cflsing Comment
A GSM LTE
phone

A_GSmLTEPhone A_GSm_LTe_PHONEWhen •he†e a†e
•wo con‡ecu•ive
ac†onym‡, and •he
†‡• ac†onym ha‡
•h†ee o† mo†ele•-
•e†‡, •hen in
Camel ca‡ing, •he
†‡• ac†onym ha‡
la‡• le••e† in lowe†
ca‡e

31.4 Vflriflffiles

Va†iable name‡ a†e u‡ed ve†y f†equen•ly in code; mo‡• ‡•a•emen•‡ con•ain •he name of
a• lea‡• one va†iable. By u‡ing a con‡i‡•en• naming ‡y‡•em fo† va†iable‡, we a†e able •o
minimi‡e •he amoun• of •ime ‡pen• hun•ing down •he exac• ‡pelling of a va†iable'‡ name.

Fu†•he†mo†e, by encoding in•o •he va†iable'‡ name ‡ome info†ma•ion abou• •he va†iable
i•‡elf, we can make i• much ea‡ie† •o deciphe† •he meaning of any ‡•a•emen• in which •ha•
va†iable i‡ u‡ed and •o ca•ch a lo• of e††o†‡ •ha• a†e o•he†wi‡e ve†y di cul• •o nd.

The a••†ibu•e‡ of a va†iable •ha• a†e u‡eful •o encode in•o i•‡ name a†e i•‡ ‡cope and i•‡
da•a •ype.

31.5 Scope

In Vi‡ual Ba‡ic •he†e a†e •h†ee ‡cope‡ a• which a va†iable may be de ned. If de ned wi•hin
a p†ocedu†e, •he va†iable i‡ local •o •ha• p†ocedu†e. If de ned in •he gene†al decla†a•ion‡
a†ea of a fo†m o† module •hen •ha• va†iable can be †efe†enced f†om all p†ocedu†e‡ in •ha•
fo†m o† module and i‡ ‡aid •o have module ‡cope. Finally, if i• i‡ de ned wi•h •he Global
keywo†d, •hen i• i‡ (obviou‡ly) global •o •he applica•ion.

A ‡omewha• ‡pecial ca‡e exi‡•‡ fo† a†gumen•‡ •o p†ocedu†e‡. The name‡ •hem‡elve‡ a†e
local in ‡cope (•o •he p†ocedu†e i•‡elf). Howeve†, any change applied •o •ha• a†gumen•
may, in ‡ome ca‡e‡, a ec• a va†iable a• a •o•ally di e†en• ‡cope. Now •ha• may be exac•ly
wha• you wan• •o happen - i• i‡ by no mean‡ alway‡ an e††o† - bu• i• can al‡o be •he cau‡e
of ‡ub•le and ve†y f†u‡•†a•ing e††o†‡.

31.6 Dfltfl Type

VB ‡uppo†•‡ a †ich a‡‡o†•men• of da•a •ype‡. I• i‡ al‡o a ve†y weakly •yped language; you
can •h†ow almo‡• any•hing a• any•hing in VB and i• will u‡ually ‡•ick. In VB4, i• ge•‡
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even wo†‡e. Sub•le bug‡ can c†eep in•o you† code becau‡e of an unin•ended conve†‡ion done
behind •he ‡cene‡ fo† you by VB.

By encoding •he •ype of •he va†iable in i•‡ name, you can vi‡ually check •ha• any a‡‡ignmen•
•o •ha• va†iable i‡ ‡en‡ible. Thi‡ will help you pick up •he e††o† ve†y quickly.

Encoding •he da•a •ype in•o •he va†iable name ha‡ ano•he† bene • •ha• i‡ le‡‡ of•en ci•ed
a‡ an advan•age of •hi‡ •echnique: †eu‡e of da•a name‡. If you need •o ‡•o†e •he ‡•a†• da•e
in bo•h a ‡•†ing and a double, •hen you can u‡e •he ‡ame †oo• name fo† bo•h va†iable‡. The
‡•a†• da•e i‡ alway‡ •he S•a†•Da•e; i• ju‡• •ake‡ a di e†en• •ag •o di‡•ingui‡h •he di e†en•
fo†ma•‡ i• i‡ ‡•o†ed in.

31.7 Option Explicit

Fi†‡• •hing‡ †‡•. Alway‡ u‡e Op•ion Explici•. The †ea‡on‡ a†e ‡o obviou‡ •ha• I won'•
di‡cu‡‡ i• any fu†•he†. If you don'• ag†ee, ‡ee me and we'll gh• abou• i• --- e††† --- we'll
di‡cu‡‡ i• amicably.

31.8 Vflriflffile Nflmes

Va†iable‡ a†e named like •hi‡ :

scope + type + VariableName

The ‡cope i‡ encoded a‡ a ‡ingle cha†ac•e†. The po‡‡ible value‡ fo† •hi‡ cha†ac•e† a†e :

g Thi‡ deno•e‡ •ha• •he va†iable i‡ Global in ‡cope
m Thi‡ deno•e‡ •ha• •he va†iable i‡ de ned a• •he Module (o† Fo†m) level

The ab‡ence of a ‡cope modi e† indica•e‡ •ha• •he va†iable i‡ local in ‡cope.

I will u‡e •ex• ‡idelined like •hi‡ •o •†y and explain why I have made ce†•ain choice‡. I
hope i• i‡ helpful •o you.

Some coding ‡•anda†d‡ †equi†e •he u‡e of ano•he† cha†ac•e† (of•en 'l') •o indica•e a local
va†iable. I †eally don'• like •hi‡. I don'• •hink •ha• i• add‡ •o •he main•ainabili•y of •he
code a• all and I do •hink i• make‡ •he code a lo• ha†de† •o †ead. Be‡ide‡, i•'‡ ugly.

The •ype of •he va†iable i‡ encoded a‡ one o† mo†e cha†ac•e†‡. The mo†e common •ype‡ a†e
encoded a‡ ‡ingle cha†ac•e†‡ while •he le‡‡ common •ype‡ a†e encoded u‡ing •h†ee o† fou†
cha†ac•e†‡.

I •hough• long and ha†d abou• •hi‡ one, folk‡. I• i‡ ce†•ainly po‡‡ible •o come up wi•h one-
cha†ac•e† code‡ fo† all of •he buil•-in da•a •ype‡. Howeve†, i• i‡ †eally ha†d •o †emembe†
•hem all, even if you made •hem up you†‡elf. On balance, I •hink •ha• •hi‡ a be••e†
app†oach.

The po‡‡ible value‡ fo† •he •ype •ag a†e :
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i in•ege† 16-bi• ‡igned in•ege†
l long 32-bi• ‡igned in•ege†
‡ ‡•†ing a VB ‡•†ing
n nume†ic in•ege† of no ‡peci ed ‡ize (16 o† 32 bi•‡)
c cu††ency 64-bi• in•ege† ‡caled by 10-4
v va†ian• a VB va†ian•
b boolean in VB3: an in•ege† u‡ed a‡ a boolean, in VB4: a na•ive

boolean da•a •ype
dbl double a double-p†eci‡ion oa•ing poin• numbe†
‡ng ‡ingle a ‡ingle-p†eci‡ion oa•ing poin• numbe†
• oa• a oa•ing poin• numbe† of no pa†•icula† p†eci‡ion
by•e by•e an eigh•-bi• bina†y value (VB4 only)
obj objec• a gene†ic objec• va†iable (la•e binding)
c•l con•†ol a gene†ic con•†ol va†iable

We do NOT u‡e VB'‡ •ype ‡u x cha†ac•e†‡. The‡e a†e †edundan• given ou† p†e xe‡ and
no-one †emembe†‡ mo†e •han a few of •hem anyway. And I don'• like •hem.

I• i‡ impo†•an• •o no•e •ha• de ning a p†e x fo† •he unde†lying implemen•a•ion •ype of •he
va†iable, while of ‡ome u‡e, i‡ of•en no• •he be‡• al•e†na•ive. Fa† mo†e u‡eful i‡ de ning a
p†e x ba‡ed on •he unde†lying a‡pec•‡ of •he da•a i•‡elf. A‡ an example, con‡ide† a da•e.
You can ‡•o†e a da•e in ei•he† a double o† a va†ian•. You don'• (u‡ually) ca†e which one i•
i‡ becau‡e only da•e‡ can be logically a‡‡igned •o i•.

Con‡ide† •hi‡ code :

dblDueDate = Date() + 14

We know •ha• dblDueDa•e i‡ ‡•o†ed in a double p†eci‡ion va†iable, bu• we a†e †elying on
•he name of •he va†iable i•‡elf •o iden•ify •ha• i• i‡ a da•e. Now ‡uddenly we need •o cope
wi•h null da•e‡ (becau‡e we a†e going •o p†oce‡‡ ex•e†nal da•a, fo† example). We need •o
u‡e a va†ian• •o ‡•o†e •he‡e da•e‡ ‡o we can check whe•he† •hey a†e null o† no•. We need
•o change ou† va†iable name •o u‡e •he new p†e x and nd eve†ywhe†e •ha• i• i‡ u‡ed and
make ‡u†e i• i‡ changed :

vDueDate = Date() + 14

Bu• †eally, DueDa•e i‡ †‡• and fo†emo‡• a da•e. I• ‡hould •he†efo†e be iden•i ed a‡ a da•e
u‡ing a da•e p†e x :

dteDue = Date() + 14

Thi‡ code i‡ immune f†om change‡ in •he unde†lying implemen•a•ion of a da•e. In ‡ome
ca‡e‡, you migh• need •o know whe•he† i• i‡ a double o† a va†ian•, in which ca‡e •he
app†op†ia•e •ag can al‡o be u‡ed af•e† •he da•e •ag :

dtevDue = Date() + 14
dtedblDue = Date() + 14

The ‡ame a†gumen•‡ apply fo† a lo• of o•he† ‡i•ua•ion‡. A loop index can be any nume†ic
•ype. (In VB4, i• can even be a ‡•†ing!) You will of•en ‡ee code like •hi‡ :
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Dim iCounter As Integer
For iCounter = 1 to 10000

DoSomething
Next iCounter

Now, wha• if we need •o p†oce‡‡ •he loop 100,000 i•em‡? We need •o change •he •ype of
•he va†iable •o a long in•ege†, •hen change all occu††ence‡ of i•‡ name •oo.

If we had in‡•ead w†i••en •he †ou•ine like •hi‡:

Dim nCounter As Integer
For nCounter = 1 to 10000

DoSomething
Next nCounter

We could have upda•ed •he †ou•ine by changing •he Dim ‡•a•emen• only.

Window‡ handle‡ a†e an even be••e† example. A handle i‡ a 16-bi• i•em in Win16 and a
32-bi• i•em in Win32. I• make‡ mo†e ‡en‡e •o •ag a handle a‡ a handle •han a‡ an in•ege†
o† a long. Po†•ing ‡uch code will be much ea‡ie† - you change •he de ni•ion of •he va†iable
only while •he †e‡• of you† code †emain‡ un•ouched.

He†e i‡ a li‡• of common da•a •ype‡ and •hei† •ag‡. I• i‡ no• exhau‡•ive and you will qui•e
likely make up ‡eve†al of you† own du†ing any la†ge p†ojec•.

h handle 16 o† 32 bi• handle hWnd
d•e da•e ‡•o†ed in ei•he† a double o† va†ian• d•eDue

The body of •he va†iable'‡ name i‡ comp†i‡ed of one o† mo†e comple•e wo†d‡, wi•h each
wo†d ‡•a†•ing wi•h a capi•al le••e†, a‡ in ThingToP†oce‡‡. The†e a†e a few †ule‡ •o keep in
mind when fo†ming •he body of •he name.

U‡e mul•iple wo†d‡ - bu• u‡e •hem ca†efully. I• can be ha†d •o †emembe† whe•he† •he
amoun• due i‡ called Amoun•Due o† DueAmoun•. S•a†• wi•h •he fundamen•al and gene†ic
•hing and •hen add modi e†‡ a‡ nece‡‡a†y. An amoun• i‡ a mo†e fundamen•al •hing (wha•'‡
a due?), ‡o you ‡hould choo‡e Amoun•Due. Simila†ly:

Correct Incorrect
Da•eDue DueDa•e
NameFi†‡• Fi†‡•Name
Colo†Red RedColou†
VolumeHigh HighVolume
S•a•u‡Enabled EnabledS•a•u‡

You will gene†ally nd •ha• noun‡ a†e mo†e gene†ic •han adjec•ive‡. Naming va†iable‡ •hi‡
way mean‡ •ha• †ela•ed va†iable‡ •end •o ‡o†• •oge•he†, making c†o‡‡ †efe†ence li‡•ing‡ mo†e
u‡eful.

The†e a†e a numbe† of quali e†‡ •ha• a†e commonly u‡ed when dealing wi•h a ‡e• of •hing‡
(a‡ in an a††ay o† •able). Con‡i‡•en• u‡e of ‡•anda†d modi e†‡ can ‡igni can•ly aid in code
main•enance. He†e i‡ a li‡• of common modi e†‡ and •hei† meaning when applied •o ‡e•‡ of
•hing‡:
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Coun• coun• •he numbe† of i•em‡ in a ‡e• Selec•edCoun•
Min minimum •he minimum value in a ‡e• BalanceMin
Max maximum •he maximum value in a ‡e• Ra•eHigh
Fi†‡• †‡• •he †‡• elemen• of a ‡e• Cu‡•ome†Fi†‡•
La‡• la‡• •he la‡• elemen• of a ‡e• InvoiceLa‡•
Cu† cu††en• •he cu††en• elemen• of a ‡e• Repo†•Cu†
Nex• nex• •he nex• elemen• of a ‡e• Au•ho†Nex•
P†ev p†eviou‡ •he p†eviou‡ elemen• of a ‡e• Da•eP†ev

A• †‡•, placing •he‡e modi e†‡ af•e† •he body of •he name migh• •ake a li••le ge••ing u‡ed
•o; Howeve†, •he bene •‡ of adop•ing a con‡i‡•en• app†oach a†e ve†y †eal.

31.9 User De ned Types (UDTs)

UDT‡ a†e an ex•†emely u‡eful (and of•en ove†looked) facili•y ‡uppo†•ed by VB. Look in•o
•hem - •hi‡ i‡ no• •he †igh• documen• •o de‡c†ibe how •hey wo†k o† when •o u‡e •hem. We
will focu‡ on •he naming †ule‡.

Fi†‡•, †emembe† •ha• •o c†ea•e an in‡•ance of a UDT, you mu‡• †‡• de ne •he UDT and
•hen Dim an in‡•ance of i•. Thi‡ mean‡ you need •wo name‡. To di‡•ingui‡h •he •ype f†om
in‡•ance‡ of •ha• •ype, we u‡e a ‡ingle le••e† p†e x •o •he name, a‡ follow‡:

Type TEmployee
nID As Long
sSurname As String
cSalary As Currency

End Type

Dim mEmployee As TEmployee

We canno• u‡e •he C conven•ion‡ he†e a‡ •hey †ely on •he fac• •ha• C i‡ ca‡e-‡en‡i•ive. We
need •o come up wi•h ou† own conven•ion. The u‡e of an uppe† ca‡e 'T' may ‡eem a• odd‡
wi•h •he o•he† conven•ion‡ ‡o fa† p†e‡en•ed bu• i• i‡ impo†•an• •o vi‡ually di‡•ingui‡h •he
name‡ of UDT de ni•ion‡ f†om •he name‡ of va†iable‡. Remembe† •ha• a UDT de ni•ion
i‡ no• a va†iable and occupie‡ no ‡pace.

Be‡ide‡ which, •ha•'‡ how we do i• in Delphi.

31.10 Arrflys

The†e i‡ no need •o di e†en•ia•e •he name‡ of a††ay‡ f†om ‡cala† va†iable‡ becau‡e you will
alway‡ be able •o †ecogni‡e an a††ay when you ‡ee i•, ei•he† becau‡e i• ha‡ •he ‡ub‡c†ip•‡
af•e† i• in pa†en•he‡e‡ o† becau‡e i• i‡ w†apped up in‡ide a func•ion like UBound •ha• only
make‡ ‡en‡e fo† a††ay‡.

A††ay name‡ ‡hould be plu†al‡. Thi‡ will be e‡pecially helpful in •he •†an‡i•ion •o collec•ion‡
in VB4.

You ‡hould alway‡ dimen‡ion a††ay‡ wi•h bo•h an uppe† and a lowe† bound. In‡•ead of:
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Dim mCustomers(10) as TCustomer

•†y:

Dim mCustomers(0 To 10) as TCustomer

Many •ime‡, i• make‡ fa† mo†e ‡en‡e •o c†ea•e 1-ba‡ed a††ay‡. A‡ a gene†al p†inciple, •†y
•o c†ea•e ‡ub‡c†ip• †ange‡ •ha• allow fo† clean and ‡imple p†oce‡‡ing in code.

31.11 Procedure

P†ocedu†e‡ a†e named acco†ding •o •he following conven•ion:

verb.noun
verb.noun.adjective

He†e a†e ‡ome example‡:

Good:

FindCustomer
FindCustomerNext
UpdateCustomer
UpdateCustomerCur

Bad:

CustomerLookup should be LookupCustomer
GetNextCustomer should be GetCustomerNext

Scoping †ule‡ fo† p†ocedu†e‡ a†e †a•he† incon‡i‡•en• in VB. P†ocedu†e‡ a†e global in module‡
unle‡‡ •hey a†e decla†ed P†iva•e; •hey a†e alway‡ local in fo†m‡ in VB3, o† defaul• •o P†iva•e
in VB4 bu• can be Public if explici•ly decla†ed •ha• way. Doe‡ •he •e†m "dog'‡ b†eakfa‡•"
mean any•hing?

Becau‡e •he even• p†ocedu†e‡ canno• be †enamed and do no• have ‡cope p†e xe‡, u‡e†
p†ocedu†e‡ in VB al‡o ‡hould NOT include a ‡cope p†e x. Common module‡ ‡hould keep
all p†ocedu†e‡ •ha• a†e no• callable f†om o•he† module‡ P†iva•e.

31.12 Function Procedure Dfltfl Types

Func•ion p†ocedu†e‡ can be ‡aid •o have a da•a •ype which i‡ •he •ype of •hei† †e•u†n value.
Thi‡ i‡ an impo†•an• a••†ibu•e of a func•ion becau‡e i• a ec•‡ how and whe†e i• may be
co††ec•ly u‡ed.

The†efo†e, func•ion name‡ ‡hould be p†e xed wi•h a da•a •ype •ag like va†iable‡.
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31.13 Pflrflmeters

Wi•hin •he body of a p†ocedu†e, pa†ame•e† name‡ have a ve†y ‡pecial ‡•a•u‡. The name‡
•hem‡elve‡ a†e local •o •he p†ocedu†e bu• •he memo†y •ha• •he name †ela•e‡ •oo may no• be.
Thi‡ mean‡ •ha• changing •he value of a pa†ame•e† may have an e ec• a• a •o•ally di e†en•
‡cope •o •he p†ocedu†e i•‡elf and •hi‡ can be •he cau‡e of bug‡ •ha• a†e pa†•icula†ly di cul•
•o •†ack down la•e†. The be‡• ‡olu•ion i‡ •o ‡•op i• f†om happening in •he †‡• place.

Ada ha‡ a †eally nea• language facili•y whe†eby all pa†ama•e†‡ •o a p†ocedu†e a†e •agged
a‡ being one of •he •ype‡ In, Ou• o† InOu•. The compile† •hen enfo†ce‡ •he‡e †e‡•†ic•ion‡
on •he p†ocedu†e body; i• i‡ no• allowed •o a‡‡ign f†om an Ou• pa†ame•e† o† a‡‡ign •o an
In pa†ame•e†. Unfo†•una•ely, no main‡•†eam language ‡uppo†•‡ •hi‡ facili•y ‡o we need •o
kludge i•.

Alway‡ make ‡u†e you a†e ab‡olu•ely clea† abou• how each pa†ame•e† i‡ •o be u‡ed. I‡ i•
u‡ed •o communica•e a value •o •he p†ocedu†e o† •o •he calle† o† bo•h? Whe†e po‡‡ible,
decla†e inpu• pa†ame•e†‡ ByVal ‡o •ha• •he compile† enfo†ce‡ •hi‡ a••†ibu•e. Unfo†•una•ely,
•he†e a†e ‡ome da•a •ype‡ •ha• canno• be pa‡‡ed ByVal, no•ably a††ay‡ and UDT‡.

Each pa†ame•e† name i‡ fo†med acco†ding •o •he †ule‡ fo† fo†ming va†iable name‡. Of
cou†‡e, pa†ame•e†‡ a†e alway‡ a• p†ocedu†e level (local) ‡cope ‡o •he†e will no• be a ‡cope
cha†ac•e†. A• •he end of each pa†ame•e† name, add an unde†‡co†e followed by one of •he
wo†d‡ IN, OUT o† INOUT a‡ app†op†ia•e. U‡e uppe† ca‡e •o †eally make •he‡e ‡•and ou•
in you† code. He†e i‡ an example:

Sub GetCustomerSurname(ByVal nCustomerCode_IN as Long, _
sCustomerSurname_OUT As String)

If you ‡ee an a‡‡ignmen• •o a va†iable •ha• end‡ in _IN (ie if i• i‡ •o •he lef• of •he '=' in
an a‡‡ignmen• ‡•a•emen•) •hen you p†obably have a bug. Di••o if you ‡ee a †efe†ence •o •he
value of a va†iable •ha• end‡ in _OUT. Bo•h •he‡e ‡•a•emen•‡ a†e ex•†emely ‡u‡pec•:

nCustomerCode_IN = nSomeVariable
nSomeVariable = nCustomerCode_OUT

31.14 Function Return Vfllues

In VB, you ‡pecify •he †e•u†n value of a func•ion by a‡‡igning a value •o a p‡eudo-va†iable
wi•h •he ‡ame name a‡ •he func•ion. Thi‡ i‡ a fai†ly common con‡•†uc• fo† many language‡
and gene†ally wo†k‡ OK.

The†e a†e, howeve†, one limi•a•ion impo‡ed by •hi‡ ‡cheme. Which i‡ •ha• i• make‡ i• †eally
ha†d •o copy and pa‡•e code f†om one func•ion in•o ano•he† becau‡e you have •o change
†efe†ence‡ •o •he o†iginal func•ion name.

Alway‡ decla†e a local va†iable called Re‡ul• in‡ide eve†y func•ion p†ocedu†e. Make ‡u†e
•ha• you a‡‡ign a defaul• value •o •ha• va†iable a• •he ve†y beginning of •he func•ion. A• •he
exi• poin•, a‡‡ign •he Re‡ul• va†iable •o •he func•ion name immedia•ely befo†e •he exi• of
•he func•ion. He†e i‡ a ‡kele•on fo† a func•ion p†ocedu†e (minu‡ commen• block fo† b†evi•y):
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Function DoSomething() As Integer

Dim Result As Integer
Result = 42 ' Default value of function

On Error Goto DoSomething_Error
' body of function

DoSomething_Exit:
DoSomething = Result
Exit Function

DoSomething_Error:
' handle the error here
Resume DoSomething_Exit

End Function

In •he body of •he func•ion, you ‡hould alway‡ a‡‡ign •he †equi†ed †e•u†n value •o Re‡ul•.
You a†e al‡o f†ee •o check •he cu††en• value of Re‡ul•. You can al‡o †ead •he value of •he
func•ion †e•u†n va†iable.

Thi‡ migh• no• ‡ound like a big deal if you have neve† had •he abili•y •o u‡e i• bu• once
you •†y i• you will no• be able •o go back •o wo†king wi•hou• i•.

Don'• fo†ge• •ha• func•ion‡ have a da•a •ype •oo, ‡o •hei† name ‡hould be p†e xed in •he
‡ame way a‡ a va†iable.

31.15 Constflnts

The fo†ma••ing †ule‡ fo† con‡•an•‡ a†e going •o be ve†y di cul• fo† u‡ all. Thi‡ i‡ becau‡e
Mic†o‡of• ha‡ done an abou•-face on con‡•an• naming conven•ion‡. The†e a†e •wo fo†ma•‡
u‡ed by Mic†o‡of• fo† con‡•an•‡ and unfo†•una•ely we will need •o wo†k wi•h bo•h fo†ma•‡.
While i• would be po‡‡ible fo† ‡omeone •o wo†k •h†ough •he le of MS-de ned con‡•an•‡ and
conve†• •hem •o •he new fo†ma•, •ha• would mean •ha• eve†y a†•icle, book and publi‡hed
code f†agmen• would no• ma•ch ou† conven•ion‡.

A vo•e failed •o †e‡olve •he i‡‡ue - i• wa‡ p†e••y much evenly ‡pli• be•ween •he •wo al•e†na-
•ive‡ - ‡o I have had •o make an execu•ive deci‡ion which I will •†y •o explain. The deci‡ion
i‡ •o go wi•h •he old-‡•yle con‡•an• fo†ma•‡.

Con‡•an•‡ a†e coded in ALL_UPPER_CASE wi•h wo†d‡ ‡epa†a•ed by unde†‡co†e‡. Whe†e
po‡‡ible, u‡e •he con‡•an• name‡ de ned in •he Con‡•an•.Tx• le - no• becau‡e •hey a†e
pa†•icula†ly well-fo†med o† con‡i‡•en• bu• becau‡e •hey a†e wha• you will ‡ee in •he docu-
men•a•ion and in book‡ and magazine a†•icle‡.

The fo†ma••ing of con‡•an•‡ may well change a‡ •he wo†ld move‡ •o VB4 and la•e†, whe†e
con‡•an•‡ a†e expo‡ed by OLE objec•‡ •h†ough a •ype lib†a†y and whe†e •he ‡•anda†d fo†ma•
i‡ •o u‡e Ini•ialCapi•alLe••e†‡ p†e xed wi•h ‡ome unique, lowe†-ca‡e •ag (a‡ in vbYe‡No-
Cancel).

When w†i•ing module‡ •ha• a†e •o be called f†om va†iou‡ place‡ (e‡pecially if i• will be u‡ed
in ‡eve†al p†og†am‡), de ne global con‡•an•‡ •ha• can be u‡ed by •he clien• code in‡•ead
of magic numbe†‡ o† cha†ac•e†‡. U‡e •hem in•e†nally •oo, of cou†‡e. When de ning ‡uch
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con‡•an•‡, make up a unique p†e x •o be added •o each of •hem. Fo† example, if I am
developing a Widge• con•†ol module, I migh• de ne con‡•an•‡ like •hi‡:

Global Const WDGT_STATUS_OK = 0
Global Const WDGT_STATUS_BUSY = 1
Global Const WDGT_STATUS_FAIL = 2
Global Const WDGT_STATUS_OFF = 3
Global Const WDGT_ACTION_START = 1
Global Const WDGT_ACTION_STOP = 2
Global Const WDGT_ACTION_RAISE = 3
Global Const WDGT_ACTION_LOWER = 4

@TODO: Global ve†‡u‡ Public @TODO: Men•ion enum‡.

You ge• •he idea. The logic behind •hi‡ i‡ •o avoid naming cla‡he‡ wi•h con‡•an•‡ de ned
fo† o•he† module‡.

Con‡•an•‡ mu‡• indica•e ‡cope and da•a •ype in one of •wo way‡ - •hey may •ake •he
lowe†-ca‡e ‡cope and •ype p†e xe‡ •ha• a†e u‡ed fo† va†iable‡, o† •hey may •ake uppe†-ca‡e
g†oup-‡peci c •ag‡. The widge• con‡•an•‡ above demon‡•†a•e •he la••e† •ype: •he ‡cope
i‡ WDGT and •he da•a •ype i‡ STATUS o† ACTION. Con‡•an•‡ •ha• a†e u‡ed •o hide
implemen•a•ion de•ail‡ f†om clien•‡ of a common module would gene†ally u‡e •he la••e†
•ype, whe†ea‡ con‡•an•‡ u‡ed fo† convenience and main•ainabili•y in •he main pa†• of a
p†og†am would gene†ally u‡e •he no†mal va†iable-like p†e xe‡.

I feel I need •o explain •he‡e deci‡ion‡ a li••le mo†e, which I gue‡‡ ‡igni e‡ •ha• I am
no• •o•ally ‡a•i‡ ed wi•h •hi‡ ou•come. While i• would be nice •o •hink •ha• we could
ju‡• go ahead and de ne ou† own ‡•anda†d, •he fac• i‡ •ha• we a†e pa†• of •he wide† VB
p†og†amming communi•y and will need •o in•e†face •o code w†i••en by o•he†‡ (and in
pa†•icula† by Mic†o‡of•). I •he†efo†e needed •o keep in mind wha• o•he†‡ have done and
wha• •hey a†e likely •o do in •he fu•u†e.

The deci‡ion •o adop• •he old-‡•yle commen•‡ (ie ALL_UPPER_CASE) wa‡ ba‡ed on
•he fac• •ha• •he†e i‡ a huge body of code (and in pa†•icula† module‡ con•aining con‡•an•
de ni•ion‡) •ha• we need •o inco†po†a•e in•o ou† p†og†am‡. Mic†o‡of•'‡ new fo†ma• (•he
vbThi‡I‡New fo†ma•) i‡ only being implemen•ed in •ype lib†a†ie‡. The VB4 documen•a•ion
‡ugge‡•‡ •ha• we adop• •he lowe†-ca‡e p†e x "con" fo† applica•ion-‡peci c con‡•an•‡ (a‡
in conThi‡I‡MyCon‡•an•) bu• in ‡eve†al on-line di‡cu‡‡ion‡ wi•h develope†‡ wo†king in
co†po†a•ion‡ all a†ound •he wo†ld i• appea†‡ •ha• •hi‡ i‡ no• being adop•ed, o† a• lea‡• no•
fo† •he fo†e‡eeable fu•u†e.

Tha•'‡ ba‡ically why I decided on •he old-‡•yle commen•‡. We a†e familia† wi•h •hem,
eve†yone el‡e i‡ u‡ing •hem and •hey clea†ly delinea•e code •ha• i‡ in •he p†og†am (whe•he†
we w†o•e i• o† i• wa‡ included f†om a vendo†'‡ ‡upplied BAS le) f†om con‡•an•‡ publi‡hed
by a •ype lib†a†y and †efe†enced in VB4+.

The o•he† dilemma wa‡ •he i‡‡ue of ‡cope and •ype •ag‡ on con‡•an•‡. Mo‡• people wan•ed
•he‡e al•hough •hey a†e no• gene†ally de ned in vendo†-‡upplied con‡•an• de ni•ion‡. I'm
no• •oo ‡u†e abou• •he •ype •ag my‡elf a‡ I •hink i• i‡ ‡ome•ime‡ u‡eful •o hide •he •ype
•o make •he clien• code le‡‡ dependen• on •he implemen•a•ion of ‡ome common code.

In •he end, a comp†omi‡e wa‡ cho‡en. Fo† con‡•an•‡ whe†e •he •ype i‡ impo†•an• becau‡e
•hey a†e u‡ed •o a‡‡ign value‡ •o a p†og†am'‡ own da•a i•em‡, •he no†mal va†iable-‡•yle
•ag‡ a†e u‡ed •o deno•e bo•h ‡cope and •ype. Fo† 'in•e†face' con‡•an•‡, ‡uch a‡ •ho‡e
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‡upplied by vendo†‡ •o in•e†face •o a con•†ol, •he ‡cope can be con‡ide†ed •he con•†ol, and
•he da•a •ype i‡ one of •he ‡pecial •ype‡ ‡uppo†•ed by a pa†•icula† p†ope†•y o† me•hod of
•ha• con•†ol. In o•he† wo†d‡, MB_ICONSTOP ha‡ a ‡cope of MB (me‡‡age box) and a
da•a •ype of ICON. Of cou†‡e, I •hink i• ‡hould have been MB_ICON_STOP and •ha•
MB_YESNOCANCEL ‡hould have been MB_BUTTONS_YESNOCANCEL, bu• you
can'• eve† accu‡e Mic†o‡of• of con‡i‡•ency. I hope •hi‡ ‡hed‡ ‡ome ligh• on why I decided
•o go •hi‡ way.

I ‡u‡pec• •hi‡ i‡‡ue will gene†a•e fu†•he† di‡cu‡‡ion a‡ we all ge• ‡ome expe†ience in applying
•hi‡ ‡•anda†d.

31.16 Controls

All con•†ol‡ on a fo†m ‡hould be †enamed f†om •hei† defaul• Tex•n name‡, even fo† •he
‡imple‡• of fo†m‡.

The only excep•ion‡ •o •hi‡ a†e any label‡ u‡ed only a‡ ‡•a•ic p†omp•‡ on •he ‡u†face of
a fo†m. If a label i‡ †efe†enced anywhe†e in code, even once, •hen i• mu‡• be given a
meaningful name along wi•h •he o•he† con•†ol‡. If no•, •hen •hei† name‡ a†e no• ‡igni can•
and can be lef• •o •hei† defaul• "Labeln" name‡. Of cou†‡e, if you a†e †eally keen, you may
give •hem meaningful name‡ bu• I †eally •hink we a†e all bu‡y enough •ha• we can ‡afely
‡kip •hi‡ ‡•ep. If you don'• like •o leave •ho‡e name‡ ‡e• •o •hei† defaul•‡ (and I'll confe‡‡ •o
being in •ha• g†oup), you may nd •he following •echnique u‡eful. C†ea•e a con•†ol a††ay
ou• of all •he ine†• label‡ on a fo†m and call •he a††ay lblP†omp•( ). The ea‡y way •o do •hi‡
i‡ •o c†ea•e •he †‡• label •he way you wan• i• (wi•h •he app†op†ia•e fon•, alignmen• and ‡o
on) and •hen copy and pa‡•e i• a‡ many •ime‡ a‡ i‡ nece‡‡a†y •o c†ea•e all •he label‡. U‡ing
a con•†ol a††ay ha‡ an addi•ional bene • becau‡e a con•†ol a††ay u‡e‡ up ju‡• one name in
•he fo†m'‡ name •able.

Take •he •ime •o †ename all con•†ol‡ befo†e w†i•ing any code fo† a fo†m. Thi‡ i‡ becau‡e
•he code i‡ a••ached •o a con•†ol by i•‡ name. If you w†i•e ‡ome code in an even• p†ocedu†e
and •hen change •he name of •he con•†ol, you c†ea•e an o†phan even• p†ocedu†e.

Con•†ol‡ have •hei† own ‡e• of p†e xe‡. They a†e u‡ed •o iden•ify •he •ype of con•†ol ‡o •ha•
code can be vi‡ually checked fo† co††ec•ne‡‡. They al‡o a‡‡i‡• in making i• ea‡y •o know •he
name of a con•†ol wi•hou• con•inually needing •o look i• up. (See "C†adle •o G†ave Naming
of Da•a I•em‡" below.)

31.17 Specifying Pflrticulflr Control Vflriflnts - NOT

In gene†al, i• i‡ NOT a good idea •o u‡e ‡peci c iden•i e†‡ fo† va†ia•ion‡ on a •heme.
Fo† example, whe•he† you a†e u‡ing a Th†eeD bu••on o† a ‡•anda†d bu••on gene†ally i‡
invi‡ible •o you† code - you may have mo†e p†ope†•ie‡ •o play wi•h a• de‡ign •ime •o vi‡ually
enhance •he con•†ol, bu• you† code u‡ually •†ap‡ •he Click() even• and maybe manipula•e‡
•he Enabled and Cap•ion p†ope†•ie‡, which will be common •o all bu••on-like con•†ol‡.
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U‡ing gene†ic p†e xe‡ mean‡ •ha• you† code i‡ le‡‡ dependen• on •he pa†•icula† con•†ol
va†ian• •ha• i‡ u‡ed in an applica•ion and •he†efo†e make‡ code †e-u‡e ‡imple†. Only dif-
fe†en•ia•e be•ween va†ian•‡ of a fundamen•al con•†ol if you† code i‡ •o•ally dependen• on
‡ome unique a••†ibu•e of •ha• pa†•icula† con•†ol. O•he†wi‡e, u‡e •he gene†ic p†e xe‡ whe†e
po‡‡ible. Table of S•anda†d Con•†ol P†e xe‡

The following •able i‡ a li‡• of •he common •ype‡ of con•†ol‡ you will encoun•e† •oge•he†
wi•h •hei† p†e xe‡:

Pre x Control
cbo Combo box
chk Checkbox
cmd Command bu••on
da• Da•a con•†ol
di† Di†ec•o†y li‡• box
dlg Common dialog con•†ol
d†v D†ive li‡• box
ela Ela‡•ic
l File li‡• box
f†a F†ame
f†m Fo†m
gau Gauge
g†a G†aph
img Image
lbl Label
lin Line
l‡• Li‡• box
mci MCI con•†ol
mnu Menu con•†ol
mpm MAPI Me‡‡age
mp‡ MAPI Se‡‡ion
ole OLE con•†ol
op• Op•ion bu••on
ou• Ou•line con•†ol
pic Pic•u†e
pnl Panel
†p• Repo†•
‡b† Sc†oll ba† (•he†e i‡ no need •o di‡•ingui‡h o†ien•a•ion)
‡hp Shape
‡pn Spin
‡‡h Sp†ead‡hee• con•†ol
•gd T†ueg†id
•m† Time†
•x• Tex•box

Menu con•†ol‡ a†e ‡ubjec• •o addi•ional †ule‡ a‡ de ned below.
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The†e i‡ of•en a ‡ingle Time† con•†ol in a p†ojec•, and i• i‡ u‡ed fo† a numbe† of •hing‡.
Tha• make‡ i• di cul• •o come up wi•h a meaningful name. In •hi‡ ‡i•ua•ion, i• i‡ accep•able
•o call •he con•†ol ‡imply "Time†".

31.18 Menu Controls

Menu con•†ol‡ ‡hould be named u‡ing •he •ag "mnu" followed by •he comple•e pa•h down
•he menu •†ee. Thi‡ ha‡ •he addi•ional bene • of encou†aging ‡hallow menu hie†a†chie‡
which a†e gene†ally con‡ide†ed •o be A Good Thing in u‡e† in•e†face de‡ign.

He†e a†e ‡ome example‡ of menu con•†ol name‡:

mnuFileNew
mnuEditCopy
mnuInsertIndexAndTables
mnuTableCellHeightAndWidth

31.19 Crfldle to Grflve Nflming of Dfltfl Items

A‡ impo†•an• a‡ all •he p†eceding †ule‡ a†e, •he †ewa†d‡ you ge• fo† all •he ex•†a •ime
•hinking abou• •he naming of objec•‡ will be ‡mall wi•hou• •hi‡ nal ‡•ep, ‡ome•hing I call
c†adle •o g†ave naming. The concep• i‡ ‡imple bu• i• i‡ amazingly di cul• •o di‡cipline
you†‡elf •o do i• wi•hou• fail.

E‡‡en•ially, •he concep• i‡ ‡imply an acknowledgmen• •ha• any given da•a i•em ha‡ exac•ly
one name. If ‡ome•hing i‡ called a Cu‡•ome†Code, •hen •ha• i‡ wha• i• i‡ called EVERY-
WHERE. No• Cu‡•Code. No• Cu‡•ome†ID. No• Cu‡•ID. No• Cu‡•ome†Cde. No name
excep• Cu‡•ome†Code i‡ accep•able.

Now, le•'‡ a‡‡ume a cu‡•ome† code i‡ a nume†ic i•em. If I need a cu‡•ome† code, I would
u‡e •he name nCu‡•ome†Code. If I wan• •o di‡play i• in a •ex• box, •ha• •ex• box mu‡•
be called •x•Cu‡•ome†Code. If I wan• a combo box •o di‡play cu‡•ome† code‡, •ha• con•†ol
would be called cboCu‡•ome†Code. If you need •o ‡•o†e a cu‡•ome† code in a global va†iable
(I don'• know why you'd wan• •o ei•he† - I'm ju‡• making a poin•) •hen i• would be called
gnCu‡•ome†Code. If you wan• •o conve†• i• in•o a ‡•†ing (‡ay •o p†in• i• ou• la•e†) you
migh• u‡e a ‡•a•emen• like:

sCustomerCode = Format$(gnCustomerCode)

I •hink you ge• •he idea. I•'‡ †eally ve†y ‡imple. I•'‡ al‡o inc†edibly di cul• •o do EVERY
•ime, and i•'‡ only by doing i• EVERY •ime •ha• you ge• •he †eal payo ‡. I• i‡ ju‡• SO
•emp•ing •o code •he above line like •hi‡:

sCustCode = Format$(gnCustomerCode)
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31.20 Fields in dfltflffiflses

A‡ a gene†al †ule, •he da•a •ype •ag p†e xe‡ ‡hould be u‡ed in naming eld‡ in a da•aba‡e.

Thi‡ may no• alway‡ be p†ac•ical o† even po‡‡ible. If •he da•aba‡e al†eady exi‡•‡ (ei•he† be-
cau‡e •he new p†og†am i‡ †efe†encing an exi‡•ing da•aba‡e o† becau‡e •he da•aba‡e ‡•†uc•u†e
ha‡ been c†ea•ed a‡ pa†• of •he da•aba‡e de‡ign pha‡e) •hen i• i‡ no• p†ac•ical •o apply •he‡e
•ag‡ •o eve†y column o† eld. Even fo† new •able‡ in exi‡•ing da•aba‡e‡, do no• devia•e
f†om •he conven•ion‡ (hopefully) al†eady in u‡e in •ha• da•aba‡e.

Some da•aba‡e engine‡ do no• ‡uppo†• mixed ca‡e in da•a i•em name‡. In •ha• ca‡e, a name
like SCUSTOMERCODE i‡ vi‡ually di cul• •o ‡can and i• migh• be a be••e† idea •o omi•
•he •ag. Fu†•he†, ‡ome da•aba‡e fo†ma•‡ allow fo† only ve†y ‡ho†• name‡ (like xBa‡e'‡ limi•
of 10 cha†ac•e†‡) ‡o you may no• be able •o • •he •ag‡ in.

In gene†al, howeve†, you ‡hould p†e x da•aba‡e eld/column name‡ wi•h da•a •ype •ag‡.

31.21 Offijects

The†e a†e a numbe† objec• •ype‡ •ha• a†e u‡ed of•en in VB. The mo‡• common objec•‡ (and
•hei† •ype •ag‡) a†e:

Pre x Offiject
db Da•aba‡e
w‡ Wo†k‡pace
†‡ Reco†d‡e•
d‡ Dyna‡e•
‡‡ Snap‡ho•
•bl Table
q†y Que†y
•df TableDef
qdf Que†yDef
†p• Repo†•
idx Index
d Field
xl Excel objec•
w†d Wo†d objec•

31.22 Control Offiject Vflriflffiles

Con•†ol objec•‡ a†e poin•e†‡ •o ac•ual con•†ol‡. When you a‡‡ign a con•†ol •o a con•†ol
objec• va†iable, you a†e ac•ually a‡‡igning a poin•e† •o •he ac•ual con•†ol. Any †efe†ence‡
•o •he objec• va†iable •hen †efe†ence •he con•†ol •o which i• poin•‡.

Gene†ic con•†ol va†iable‡ a†e de ned a‡:

Dim ctlText As Control
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Thi‡ allow‡ a poin•e† •o any con•†ol •o be a‡‡igned •o i• via •he Se• ‡•a•emen•:

Set ctlText = txtCustomerCode

The bene • of gene†ic con•†ol va†iable‡ i‡ •ha• •hey can poin• •o any •ype of con•†ol. You
can •e‡• wha• •ype of con•†ol a gene†ic con•†ol va†iable i‡ cu††en•ly poin•ing •o by u‡ing •he
TypeOf ‡•a•emen•:

If TypeOf ctlText Is Textbox Then

Be ca†eful he†e; •hi‡ only look‡ like a no†mal If ‡•a•emen•. You canno• combine TypeOf
wi•h ano•he† •e‡•, no† can you u‡e i• in a Selec• ‡•a•emen•.

The fac• •ha• •he va†iable can poin• •o any con•†ol •ype i‡ al‡o i•‡ weakne‡‡. Becau‡e
•he compile† doe‡ no• know wha• •he con•†ol va†iable will be poin•ing •o a• any poin• in
•ime, i• canno• check wha• you a†e doing fo† †ea‡onablene‡‡. I• mu‡• u‡e †un-•ime code
•o check eve†y ac•ion on •ha• con•†ol va†iable ‡o •ho‡e ac•ion‡ a†e le‡‡ e cien•, which ju‡•
compound‡ VB'‡ †epu•a•ion fo† ‡luggi‡h pe†fo†mance. Mo†e impo†•an•ly, howeve†, you can
end up wi•h •he va†iable poin•ing •o an unexpec•ed con•†ol •ype, cau‡ing you† p†og†am •o
explode (if you a†e lucky) o† •o pe†fo†m inco††ec•ly.

Speci c con•†ol va†iable‡ a†e al‡o poin•e†‡. In •hi‡ ca‡e howeve†, •he va†iable i‡ con‡•†ained
•o poin• only •o con•†ol‡ of a pa†•icula† •ype. Fo† example:

Dim txtCustomerCode as Textbox

The p†oblem he†e i‡ •ha• I have u‡ed •he ‡ame •h†ee-le••e† •ag •o deno•e a con•†ol objec•
va†iable a‡ I would have u‡ed •o name an ac•ual •ex• con•†ol on a fo†m. If I am following
•he‡e guideline‡, •hen I will have a con•†ol called by •he ‡ame name on a fo†m. How am I
‡uppo‡ed •o a‡‡ign i• •o •he va†iable?

I can u‡e •he fo†m'‡ name •o qualify •he †efe†ence •o •he ac•ual con•†ol, bu• •ha• i‡ confu‡ing
a• be‡•. Fo† •ha• †ea‡on, objec• con•†ol va†iable name‡ ‡hould be di‡•inc• f†om ac•ual
con•†ol‡, ‡o we ex•end •he •ype code by u‡ing a ‡ingle le••e† "o" a• •he f†on•. The p†eviou‡
de ni•ion would mo†e co††ec•ly be:

Dim otxtCustomerCode as Textbox

Thi‡ i‡ ano•he† one I had •o agoni‡e ove†. I ac•ually like •he name be••e† if •he "o" follow‡
•he •ag, a‡ in •x•oCu‡•ome†Name. Howeve†, i• i‡ ju‡• •oo ha†d •o ‡ee •ha• li••le "o" bu†ied
in all •ho‡e cha†ac•e†‡. I al‡o con‡ide†ed u‡ing •x•objCu‡•ome†Name, bu• I •hink •ha• i‡
ge••ing a li••le bi• •oo long. I'm happy •o look a• any o•he† al•e†na•ive‡ o† a†gumen•‡ fo†
o† again‡• •he‡e one‡.

Ac•ually, •hi‡ i‡ no• a‡ big a p†oblem a‡ you migh• imagine, becau‡e in mo‡• ca‡e‡ •he‡e
va†iable‡ a†e u‡ed a‡ pa†ame•e†‡ •o a gene†ic func•ion call. In •ha• ca‡e, we will of•en u‡e
•he •ag alone a‡ •he name of •he pa†ame•e† ‡o •he i‡‡ue doe‡ no• a†i‡e.

A ve†y common u‡e of con•†ol objec• va†iable‡ i‡ a‡ pa†ame•e†‡ •o a p†ocedu†e. He†e i‡ an
example:

Sub SelectAll(txt As TextBox)
txt.SelStart = 0
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txt.SelLength = Len(txt.Text)
End Sub

If we place a call •o •hi‡ p†ocedu†e in •he Go•Focu‡ even• of a •ex•box, •ha• •ex•box ha‡ all
i•‡ •ex• highligh•ed (‡elec•ed) wheneve† •he u‡e† •ab‡ •o i•.

No•ice how we deno•e •he fac• •ha• •hi‡ i‡ a gene†ic †efe†ence •o any •ex•box con•†ol by
omi••ing •he body of •he name. Thi‡ i‡ a common •echnique u‡ed by C/C++ p†og†amme†‡
•oo, ‡o you will ‡ee •he‡e ‡o†•‡ of example‡ in •he Mic†o‡of• documen•a•ion.

To ‡how how gene†ic objec• va†iable‡ can be ve†y u‡eful, con‡ide† •he ca‡e whe†e we wan•
•o u‡e ‡ome ma‡ked edi• con•†ol‡ a‡ well a‡ ‡•anda†d •ex• con•†ol‡ in ou† applica•ion. The
p†eviou‡ ve†‡ion of •he †ou•ine will no• wo†k fo† any•hing bu• ‡•anda†d •ex•box con•†ol‡.
We could change i• a‡ follow‡:

Sub SelectAll(ctl As Control)
ctl.SelStart = 0
ctl.SelLength = Len(ctl.Text)

End Sub

By de ning •he pa†ame•e† •o be a gene†ic con•†ol pa†ame•e†, we a†e now allowed •o pa‡‡
any con•†ol •o •hi‡ p†ocedu†e. A‡ long a‡ •ha• con•†ol ha‡ SelS•a†•, SelLeng•h and Tex•
p†ope†•ie‡, •hi‡ code will wo†k ne. If i• doe‡ no•, •hen i• will fail wi•h a †un-•ime e††o†;
•he fac• •ha• i• i‡ u‡ing la•e binding mean‡ •ha• •he compile† canno• p†o•ec• u‡. To •ake
•hi‡ code •o p†oduc•ion ‡•a•u‡, ei•he† add ‡peci c •e‡•‡ fo† all •he known con•†ol •ype‡ you
in•end •o ‡uppo†• (and only p†oce‡‡ •ho‡e one‡) o† el‡e add a ‡imple e††o† handle† •o exi•
g†acefully if •he con•†ol doe‡ no• ‡uppo†• •he †equi†ed p†ope†•ie‡:

Sub SelectAll(ctl As Control)
On Error Goto SelectAll_Error
ctl.SelStart = 0 ctl.SelLength = Len(ctl.Text)

SelectAll_Exit:
Exit Sub

SelectAll_Error:
Resume SelectAll_Exit

End Sub

31.23 API Declflrfltions

If you don'• know how •o make an API decla†a•ion, ‡ee any one of ‡eve†al good book‡
available on •he ‡ubjec•. The†e i‡ no• much •o ‡ay abou• API decla†a•ion‡; you ei•he† do i•
†igh•, o† i• doe‡n'• wo†k.

Howeve†, one i‡‡ue come‡ up wheneve† you •†y •o u‡e a common module •ha• i•‡elf u‡e‡ API
call‡. Inevi•ably, you† applica•ion ha‡ made one of •ho‡e call‡ •oo ‡o you need •o dele•e (o†
commen• ou•) one of •he decla†a•ion‡. T†y •o add ‡eve†al of •he‡e and you end up wi•h a
†eal me‡‡; API decla†a•ion‡ a†e all ove† •he place and eve†y addi•ion o† †emoval of a module
‡pa†k‡ •he g†ea• API decla†a•ion hun•.

The†e i‡ a ‡imple •echnique •o ge• a†ound •hi‡, howeve†. All non-‡ha†able code u‡e‡ •he
‡•anda†d API decla†a•ion‡ a‡ de ned in •he Help le‡. All common module‡ (•ho‡e •ha• will
o† may be ‡ha†ed ac†o‡‡ p†ojec•‡) i‡ banned f†om u‡ing •he ‡•anda†d decla†a•ion‡. In‡•ead,
if one of •he‡e common module‡ need‡ •o u‡e an API, i• mu‡• c†ea•e an alia‡ed decla†a•ion
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fo† •ha• API whe†e •he name i‡ p†e xed wi•h a unique code (•he ‡ame one u‡ed •o p†e x
i•‡ global con‡•an•‡).

If •he my•hical Widge•‡ module needed •o u‡e SendMe‡‡age, i• must decla†e:

Declare Function WDGT_SendMessage Lib "User" Alias "SendMessage" _
(ByVal hWnd As Integer, ByVal wMsg As Integer, _
ByVal wParam As Integer, lParam As Any) As Long

Thi‡ e ec•ively c†ea•e‡ a p†iva•e decla†a•ion of SendMe‡‡age •ha• can be included wi•h any
o•he† p†ojec• wi•hou• naming con ic•‡.

31.24 Source Files

Do no• ‡•a†• •he name‡ of •he le‡ wi•h "f†m" o† "ba‡"; •ha•'‡ wha• •he le ex•en‡ion i‡ fo†!
A‡ long a‡ we a†e limi•ed •o •he 8-cha†ac•e† name‡ of Do‡/Win16, we need eve†y cha†ac•e†
we can ge• ou† hand‡ on.

C†ea•e •he le name‡ a‡ follow‡:

SSSCCCCV.EXT

whe†e SSS i‡ a •h†ee-cha†ac•e† ‡y‡•em o† ‡ub-‡y‡•em name, CCCC i‡ •he fou†-cha†ac•e† fo†m
name code and V i‡ an (op•ional) ‡ingle digi• •ha• can be u‡ed •o deno•e di e†en• ve†‡ion‡
of •he ‡ame le. EXT i‡ •he ‡•anda†d le ex•en‡ion a‡‡igned by VB, ei•he† FRM/FRX,
BAS o† CLS.

@TODO: †ew†i•e •he ‡ho†• name ‡peci c pa†•‡, upda•e •o win32.

The impo†•ance of ‡•a†•ing wi•h a ‡y‡•em o† ‡ub-‡y‡•em name i‡ •ha• i• i‡ ju‡• •oo ea‡y
in VB •o ‡ave a le in •he w†ong di†ec•o†y. U‡ing •he unique code allow‡ u‡ •o nd •he
le u‡ing di†ec•o†y ‡ea†ch (‡weepe†) p†og†am‡ and al‡o minimi‡e‡ •he chance of clobbe†ing
ano•he† le •ha• belong‡ •o ano•he† p†og†am, e‡pecially fo† common fo†m name‡ like MAIN
o† SEARCH.

Re‡e†ving •he la‡• cha†ac•e† fo† a ve†‡ion numbe† allow‡ u‡ •o •ake a ‡nap‡ho• of a pa†•icula†
le befo†e making †adical change‡ •ha• we know we migh• wan• •o back ou•. While •ool‡
like Sou†ceSafe ‡hould be u‡ed whe†e po‡‡ible, •he†e will inevi•ably be •ime‡ when you will
need •o wo†k wi•hou• ‡uch •ool‡. To ‡nap‡ho• a le, you ju‡• †emove i• f†om •he p†ojec•,
‡wap •o a Do‡ box o† Explo†e† (o† File Manage† o† wha•eve†) •o make a new copy of •he
le wi•h •he nex• ve†‡ion numbe† and •hen add •he new one back in. Don'• fo†ge• •o copy
•he FRX le a‡ well when •aking a ‡nap‡ho• of a fo†m le. Coding S•anda†d‡

The †e‡• of •hi‡ documen• add†e‡‡e‡ i‡‡ue‡ †ela•ing •o coding p†ac•ice‡. We all know •ha•
•he†e i‡ no ‡e• of †ule‡ •ha• can alway‡ be applied blindly and •ha• will †e‡ul• in good code.
P†og†amming i‡ no• an a†• fo†m bu• nei•he† i‡ i• enginee†ing. I• i‡ mo†e like a c†af•: •he†e
a†e accep•ed no†m‡ and ‡•anda†d‡ and a body of knowledge •ha• i‡ ‡lowly being codi ed
and fo†mali‡ed. P†og†amme†‡ become be••e† by lea†ning f†om •hei† p†eviou‡ expe†ience and
by looking a• good and bad code w†i••en by o•he†‡. E‡pecially by main•aining bad code.
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Ra•he† •han c†ea•ing a ‡e• of †ule‡ •ha• mu‡• be ‡lavi‡hly followed, I have •†ied •o c†ea•e
a ‡e• of p†inciple‡ and guideline‡ •ha• will iden•ify •he i‡‡ue‡ you need •o •hink abou• and
whe†e po‡‡ible indica•e •he good, •he bad and •he ugly al•e†na•ive‡.

Each p†og†amme† ‡hould •ake †e‡pon‡ibili•y fo† c†ea•ing good code, no• ‡imply code •ha•
adhe†e‡ •o ‡ome †igid ‡•anda†d. Tha• i‡ a fa† noble† goal - one •ha• i‡ bo•h mo†e ful lling
•o •he p†og†amme† and mo†e u‡eful •o •he o†gani‡a•ion.

The unde†lying p†inciple i‡ •o keep i• ‡imple.

E‡chew obfu‡ca•ion.

31.25 Procedure Length

The†e ha‡ been an u†ban my•h in p†og†amming academia •ha• ‡ho†• p†ocedu†e‡ of no mo†e
•han "a page" (wha•eve† •ha• i‡) a†e be••e†. Ac•ual †e‡ea†ch ha‡ ‡hown •ha• •hi‡ i‡ ‡imply
no• •†ue. The†e have been ‡eve†al ‡•udie‡ •ha• ‡ugge‡• •he exac• oppo‡i•e. Fo† a †eview
of •he‡e ‡•udie‡ (and poin•e†‡ •o •he ‡•udie‡ •hem‡elve‡) ‡ee •he book Code Comple•e by
S•eve McConnell (Mic†o‡of• P†e‡‡, ISBN 1-55615-484-4) which i‡ a book well wo†•h †eading.
Th†ee •ime‡.

To ‡umma†i‡e, ha†d empi†ical da•a ‡ugge‡•‡ •ha• e††o† †a•e‡ and developmen• co‡•‡ fo†
†ou•ine‡ dec†ea‡e‡ a‡ you move f†om ‡mall (<32 line‡) †ou•ine‡ •o la†ge† †ou•ine‡ (up •o
abou• 200 line‡). Comp†ehen‡ibili•y of code (a‡ mea‡u†ed on compu•e†-‡cience ‡•uden•‡)
wa‡ no be••e† fo† code ‡upe†-modula†i‡ed •o †ou•ine‡ abou• 10 line‡ long •han one wi•h no
†ou•ine‡ a• all. In con•†a‡•, on •he ‡ame code modula†i‡ed •o †ou•ine‡ of a†ound 25 line‡,
‡•uden•‡ ‡co†ed 65% be••e†.

Wha• •hi‡ mean‡ i‡ •ha• •he†e i‡ no ‡in in w†i•ing long †ou•ine‡. Le• •he †equi†emen•‡ of
•he p†oce‡‡ de•e†mine •he leng•h of •he †ou•ine. If you feel •ha• •hi‡ †ou•ine ‡hould be 200
line‡ long, ju‡• do i•. Be ca†eful how fa† you go, of cou†‡e. The†e i‡ an uppe† limi• beyond
which i• i‡ almo‡• impo‡‡ible •o comp†ehend a †ou•ine. S•udie‡ on †eally BIG ‡of•wa†e, like
IBM'‡ OS/360 ope†a•ing ‡y‡•em, ‡howed •ha• •he mo‡• e††o† p†one †ou•ine‡ we†e •ho‡e ove†
500 line‡, wi•h •he †a•e being †oughly p†opo†•ional •o leng•h above •hi‡ gu†e.

Of cou†‡e, a p†ocedu†e ‡hould do ONE •hing. If you ‡ee an "And" o† an "O†" in a p†ocedu†e
name, you a†e p†obably doing ‡ome•hing w†ong. Make ‡u†e •ha• each p†ocedu†e ha‡ high
cohe‡ion an low coupling, •he ‡•anda†d aim‡ of good ‡•†uc•u†ed de‡ign.

31.26 IF

W†i•e •he nominal pa•h •h†ough •he code †‡•, •hen w†i•e •he excep•ion‡. W†i•e you† code ‡o
•ha• •he no†mal pa•h •h†ough •he code i‡ clea†. Make ‡u†e •ha• •he excep•ion‡ don'• ob‡cu†e
•he no†mal pa•h of execu•ion. Thi‡ i‡ impo†•an• fo† bo•h main•ainabili•y and e ciency.

Make ‡u†e •ha• you b†anch co††ec•ly on equali•y. A ve†y common mi‡•ake i‡ •o u‡e >
in‡•ead of >= o† vice ve†‡a.
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Pu• •he no†mal ca‡e af•e† •he If †a•he† •han af•e† •he El‡e. Con•†a†y •o popula† •hough•,
p†og†amme†‡ †eally do no• have a p†oblem wi•h nega•ed condi•ion‡. C†ea•e •he condi•ion
‡o •ha• •he Then clau‡e co††e‡pond‡ •o no†mal p†oce‡‡ing.

Follow •he If wi•h a meaningful ‡•a•emen•. Thi‡ i‡ ‡omewha• †ela•ed •o •he p†eviou‡ poin•.
Don'• code null Then clau‡e‡ ju‡• fo† •he ‡ake of avoiding a No•. Which one i‡ ea‡ie† •o
†ead:

If EOF(nFile) Then
' do nothing

Else
ProcessRecord

End IF

If Not EOF(nFile) Then
ProcessRecord

End If

Alway‡ a• lea‡• con‡ide† u‡ing •he El‡e clau‡e. A ‡•udy of code by GM ‡howed •ha• only
17% of If ‡•a•emen•‡ had an El‡e clau‡e. La•e† †e‡ea†ch ‡howed •ha• 50 •o 80% ‡hould have
had one. Admi••edly, •hi‡ wa‡ PL/1 code and 1976, bu• •he me‡‡age i‡ ominou‡. A†e you
ab‡olu•ely ‡u†e you don'• need •ha• El‡e clau‡e?

Simplify complica•ed condi•ion‡ wi•h boolean func•ion call‡. Ra•he† •han •e‡• •welve •hing‡
in an If ‡•a•emen•, c†ea•e a func•ion •ha• †e•u†n‡ T†ue o† Fal‡e. If you give i• a meaningful
name, i• can make •he If ‡•a•emen• ve†y †eadable and ‡igni can•ly imp†ove •he p†og†am.

Don'• u‡e chain‡ of If ‡•a•emen•‡ if a Selec• Ca‡e ‡•a•emen• will do. The Selec• Ca‡e
‡•a•emen• i‡ of•en a be••e† choice •han a whole ‡e†ie‡ of If ‡•a•emen•‡. The one excep•ion
i‡ when u‡ing •he TypeOf condi•ion which doe‡ no• wo†k wi•h Selec• Ca‡e ‡•a•emen•‡.

31.27 SELECT CASE

Pu• •he no†mal ca‡e †‡•. Thi‡ i‡ bo•h mo†e †eadable and mo†e e cien•.

O†de† ca‡e‡ by f†equency. Ca‡e‡ a†e evalua•ed in •he o†de† •ha• •hey appea† in •he code,
‡o if one ca‡e i‡ going •o be ‡elec•ed 99% of •he •ime, pu• i• †‡•.

Keep •he ac•ion‡ of each ca‡e ‡imple. Code no mo†e •han a few line‡ fo† each ca‡e. If
nece‡‡a†y, c†ea•e p†ocedu†e‡ called f†om each ca‡e.

U‡e •he Ca‡e El‡e only fo† legi•ima•e defaul•‡. Don'• eve† u‡e Ca‡e El‡e ‡imply •o avoid
coding a ‡peci c •e‡•.

U‡e Ca‡e El‡e •o de•ec• e††o†‡. Unle‡‡ you †eally do have a defaul•, •†ap •he Ca‡e El‡e
condi•ion and di‡play o† log an e††o† me‡‡age.

When w†i•ing any con‡•†uc•, •he †ule‡ may be b†oken if •he code become‡ mo†e †eadable
and main•ainable. The †ule abou• pu••ing •he no†mal ca‡e †‡• i‡ a good example. While
i• i‡ good advice in gene†al, •he†e a†e ‡ome ca‡e‡ (if you'll pa†don •he pun) whe†e i• would
de•†ac• f†om •he quali•y of •he code. Fo† example, if you we†e g†ading ‡co†e‡, ‡o •ha• le‡‡
•han 50 wa‡ a fail, 50 •o 60 wa‡ an E and ‡o on, •hen •he 'no†mal' and mo†e f†equen• ca‡e
would be in •he 60-80 b†acke•, •hen al•e†na•ing like •hi‡:
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Select Case iScore

Case 70 To 79: sGrade = "C"

Case 80 To 89: sGrade = "B"

Case 60 To 69: sGrade = "D"

Case Is < 50: sGrade = "F"

Case 90 To 100: sGrade = "A"

Case 50 To 59: sGrade = "E"

Case Else: ' they cheated

End Select

Howeve†, •he na•u†al way •o code •hi‡ would be do follow •he na•u†al o†de† of •he ‡co†e‡:

Select Case iScore

Case Is < 50: sGrade = "F"

Case Is < 60: sGrade = "E"

Case Is < 70: sGrade = "D"

Case Is < 80: sGrade = "C"

Case Is < 90: sGrade = "B"

Case Is <= 100: sGrade = "A"

Case Else: ' they cheated

End Select

No• only i‡ •hi‡ ea‡ie† •o unde†‡•and, i• ha‡ •he added advan•age of being mo†e †obu‡• -
if •he ‡co†e‡ a†e la•e† changed f†om in•ege†‡ •o allow fo† f†ac•ional poin•‡, •hen •he †‡•
ve†‡ion would allow 89.1 a‡ an A which i‡ p†obably no• wha• wa‡ expec•ed.

On •he o•he† hand, if •hi‡ ‡•a•emen• wa‡ iden•i ed a‡ being •he bo••leneck in a p†og†am
•ha• wa‡ no• pe†fo†ming quickly enough, •hen i• would be qui•e app†op†ia•e •o o†de† •he
ca‡e‡ by •hei† ‡•a•i‡•ical p†obabili•y of occu††ing, in which ca‡e you would documen• why
you did i• •ha• way in commen•‡.

Thi‡ di‡cu‡‡ion wa‡ included •o †einfo†ce •he fac• •ha• we a†e no• ‡eeking •o blindly obey
†ule‡ - we a†e •†ying •o w†i•e good code. The †ule‡ mu‡• be followed unle‡‡ •hey †e‡ul• in
bad code, in which ca‡e •hey mu‡• no• be followed.

31.28 DO

Keep •he body of a loop vi‡ible on •he ‡c†een a• once. If i• i‡ •oo long •o ‡ee, chance‡ a†e i•
i‡ •oo long •o unde†‡•and bu†ied in‡ide •ha• loop and ‡hould be •aken ou• a‡ a p†ocedu†e.

Limi• ne‡•ing •o •h†ee level‡. S•udie‡ have ‡hown •ha• •he abili•y of p†og†amme†‡ •o un-
de†‡•and a loop de•e†io†a•e‡ ‡igni can•ly beyond •h†ee level‡ of ne‡•ing.

208



FOR

31.29 FOR

See DO above.

Neve† omi• •he loop va†iable f†om •he Nex• ‡•a•emen•. I• i‡ ve†y ha†d •o un†avel loop‡ if
•hei† end poin•‡ do no• iden•ify •hem‡elve‡ p†ope†ly.

T†y no• •o u‡e i, j and k a‡ •he loop va†iable‡. Su†ely you can come up wi•h a mo†e
meaningful name. Even if i•'‡ ‡ome•hing gene†ic like iLoopCoun•e† i• i‡ be••e† •han i.

Thi‡ i‡ a ‡ugge‡•ion only. I know how convenien• ‡ingle-cha†ac•e† loop va†iable name‡ a†e
when •hey a†e u‡ed fo† a numbe† of •hing‡ in‡ide •he loop, bu• do •hink abou• wha• you
a†e doing and •he poo† p†og†amme† who ha‡ •o gu†e ou• wha• i and j ac•ually equa•e •o.

31.30 Assignment Stfltements (Let)

Do no• code •he op•ional Le• key-wo†d fo† a‡‡ignmen• ‡•a•emen•‡. (Thi‡ mean‡ you, Pe•e†.)

31.31 GOTO

Do no• u‡e Go•o ‡•a•emen•‡ unle‡‡ •hey make •he code ‡imple†. The gene†al con‡en‡u‡ of
opinion i‡ •ha• Go•o ‡•a•emen•‡ •end •o make code di cul• •o follow bu• •ha• in ‡ome ca‡e‡
•he exac• oppo‡i•e i‡ •†ue.

In VB, you have •o u‡e Go•o ‡•a•emen•‡ a‡ an in•eg†al pa†• of e††o† handling, ‡o •he†e i‡
†eally no choice abou• •ha•.

You may al‡o wan• •o u‡e Go•o •o exi• f†om a ve†y complex ne‡•ed con•†ol ‡•†uc•u†e. Be
ca†eful he†e; if you †eally feel •ha• a Go•o i‡ wa††an•ed, pe†hap‡ •he con•†ol ‡•†uc•u†e i‡ ju‡•
•oo complex and you ‡hould decompo‡e •he code in•o ‡malle† †ou•ine‡.

Tha• i‡ no• •o ‡ay •ha• •he†e a†e no ca‡e‡ whe†e •he be‡• app†oach i‡ •o u‡e a Go•o. If you
†eally feel •ha• i• i‡ nece‡‡a†y •hen go ahead and u‡e one. Ju‡• make ‡u†e •ha• you have
•hough• i• •h†ough and a†e convinced •ha• i• †eally i‡ a good •hing and no• a hack.

31.32 EXIT SUB flnd EXIT FUNCTION

Rela•ed •o •he u‡e of a Go•o i‡ an Exi• Sub (o† Exi• Func•ion) ‡•a•emen•. The†e a†e
ba‡ically •h†ee way‡ •o make ‡ome •†ailing pa†• of •he code no• execu•e: Make i• pa†• of a
condi•ional (If) ‡•a•emen•:

Sub DoSomething()

If CanProceed() Then

. . .

. . .
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End If

End Sub

Jump ove† i• wi•h a Go•o

Sub DoSomething()

If Not CanProceed() Then

Goto DoSomething_Exit

End If

. . .

. . .

DoSomething_Exit:

End Sub

Exi• p†ema•u†ely wi•h an Exi• Sub/Func•ion

Sub DoSomething()

If Not CanProceed() Then

Exit Sub

End If

. . .

. . .

End Sub

The one •ha• ‡eem‡ •o be •he clea†e‡• in •he‡e ‡imple, ‡kele•al example‡ i‡ •he †‡• one
and i• i‡ in gene†al a good app†oach •o coding ‡imple p†ocedu†e‡. Thi‡ ‡•†uc•u†e become‡
unwieldy when •he main body of •he p†ocedu†e (deno•ed by •he '…' above) i‡ ne‡•ed deep
in‡ide a ‡e†ie‡ of con•†ol ‡•†uc•u†e‡ †equi†ed •o de•e†mine whe•he† •ha• body ‡hould be
execu•ed. I• i‡ no• a• all di cul• •o end up wi•h •he main body inden•ed half way ac†o‡‡
•he ‡c†een. If •ha• main body i‡ i•‡elf complex, •he code look‡ qui•e me‡‡y, no• •o men•ion
•he fac• •ha• you •hen need •o unwind all •ho‡e ne‡•ed con•†ol ‡•†uc•u†e‡ af•e† •he main
body of •he code.

When you nd •hi‡ happening in you† code, adop• a di e†en• app†oach: de•e†mine whe•he†
you ‡hould p†oceed and, if no•, exi• p†ema•u†ely. Bo•h of •he o•he† •echnique‡ ‡hown wo†k.
Al•hough I •hink •ha• •he Exi• ‡•a•emen• i‡ mo†e 'elegan•', I am fo†ced •o manda•e •he u‡e
of •he Go•o Exi•Label a‡ •he ‡•anda†d. The †ea‡on •ha• •hi‡ wa‡ cho‡en i‡ •ha• ‡ome•ime‡
you need •o clean up befo†e exi•ing a p†ocedu†e. U‡ing •he Go•o Exi•Label con‡•†uc• mean‡
•ha• you can code •ha• cleanup code ju‡• once (af•e† •he label) in‡•ead of many •ime‡ (befo†e
each Exi• ‡•a•emen•).

If you need •o p†ema•u†ely exi• a p†ocedu†e, p†efe† •he Go•o Exi•Label con‡•†uc• •o •he
Exi• Sub o† Exi• Func•ion ‡•a•emen•‡ unle‡‡ •he†e i‡ no chance •ha• any cleanup will be
needed befo†e •ho‡e ‡•a•emen•‡.
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One ca‡e whe†e •he Exi• ‡•a•emen• i‡ ve†y much OK i‡ in conjunc•ion wi•h ga•ekeepe†
va†iable‡ •o avoid unwan•ed †ecu†‡ion. You know:

Sub txtSomething_Change()
Dim bBusy As Integer
If bBusy Then Exit Sub
bBusy = True

. . . ' some code that may re-trigger the Change() event
bBusy = False

End Sub

31.33 EXIT DO/FOR

The‡e ‡•a•emen•‡ p†ema•u†ely bail ou• of •he enclo‡ing Do o† Fo† loop. Do u‡e •he‡e when
app†op†ia•e bu• be ca†eful becau‡e •hey can make i• di cul• •o unde†‡•and •he ow of
execu•ion in •he p†og†am.

On •he o•he† hand, u‡e •he‡e ‡•a•emen•‡ •o avoid unnece‡‡a†y p†oce‡‡ing. We alway‡ code
fo† co††ec•ne‡‡ and main•ainabili•y †a•he† •han e ciency, bu• •he†e i‡ no poin• doing •o•ally
unnece‡‡a†y p†oce‡‡ing. In pa†•icula†, do NOT do •hi‡:

For nIndex = LBound(sItems) to UBound(sItems)
If sItems(nIndex) = sSearchValue Then

bFound = True
nFoundIndex = nIndex

End If
Next nIndex

If bFound Then . . .

Thi‡ will alway‡ loop •h†ough all elemen•‡ of •he a††ay, even if •he i•em i‡ found in •he †‡•
elemen•. Placing an Exi• Fo† ‡•a•emen• in‡ide •he If block would imp†ove pe†fo†mance wi•h
no lo‡‡ of cla†i•y in •he code.

Do avoid •he need •o u‡e •he‡e ‡•a•emen•‡ in deeply ne‡•ed loop‡. (Indeed, avoid deeply
ne‡•ed loop‡ in •he †‡• place.) Some•ime‡ •he†e †eally i‡ no op•ion, ‡o •hi‡ i‡ no• a ha†d
and fa‡• †ule, bu• in gene†al i• i‡ di cul• •o de•e†mine whe†e an Exi• Fo† o† Exi• Do will
b†anch •o in a deeply ne‡•ed loop.

31.34 GOSUB

The Go‡ub ‡•a•emen• i‡ no• of•en u‡ed in VB and wi•h good †ea‡on. In mo‡• ca‡e‡ i• doe‡
no• o e† any advan•age‡ ove† •he u‡e of ‡•anda†d Sub p†ocedu†e‡. Indeed, •he fac• •ha•
•he †ou•ine •ha• i‡ execu•ed by a Go‡ub i‡ ac•ually in •he ‡ame ‡cope a‡ •he calling code i‡
gene†ally a dange†ou‡ ‡i•ua•ion and ‡hould be avoided.

Howeve†, •hi‡ ve†y ‡ame a••†ibu•e i‡ ‡ome•ime‡ ve†y u‡eful. If you a†e w†i•ing a complex
Sub o† Func•ion p†ocedu†e you would gene†ally •†y •o iden•ify di‡c†e•e uni•‡ of p†oce‡‡ing
•ha• can be implemen•ed a‡ ‡epa†a•e p†ocedu†e‡ •ha• •hi‡ one can call a‡ app†op†ia•e. In
‡ome pa†•icula† ca‡e‡, howeve†, you will nd •ha• •he amoun• of da•a •ha• need‡ •o be
pa‡‡ed a†ound be•ween •he‡e †ela•ed p†ocedu†e‡ become‡ qui•e ab‡u†d. In •ho‡e ca‡e‡,
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implemen•ing •ho‡e ‡ubo†dina•e †ou•ine‡ a‡ ‡ub†ou•ine‡ in‡ide •he main p†ocedu†e can
‡igni can•ly ‡implify •he logic and imp†ove •he cla†i•y and main•ainabili•y of •he code.

The pa†•icula† ‡i•ua•ion whe†e I have found •hi‡ •echnique u‡eful i‡ in c†ea•ing mul•i-
level †epo†•‡. You end up wi•h p†ocedu†e‡ like P†oce‡‡De•ail, P†oce‡‡G†oup, P†in•To•al‡,
P†in•SubTo•al‡, P†in•Heading‡ and ‡o fo†•h, all of which need •o acce‡‡ and modify a
common pool of da•a i•em‡ like •he cu††en• page and line numbe†, •he cu††en• ‡ub•o•al‡
and g†and •o•al‡, •he cu††en• and p†eviou‡ key value‡ (and a whole lo• mo†e I can'• •hink
of †igh• now).

Fo† ‡i•ua•ion‡ like •hi‡, •hi‡ ‡•anda†d doe‡ pe†mi• •he u‡e of Go‡ub ‡•a•emen•‡ when app†o-
p†ia•e. Howeve†, be ca†eful when you decide •o u‡e •hi‡ app†oach. T†ea• •he enclo‡ing Sub
o† Func•ion a‡ if i• wa‡ a ‡ingle COBOL p†og†am; •ha• i‡ e‡‡en•ially wha• i• i‡ f†om a con-
•†ol and ‡cope poin• of view. In pa†•icula†, en‡u†e •ha• •he†e i‡ only one Re•u†n ‡•a•emen•
a• •he end of eve†y ‡ub†ou•ine. Al‡o be ‡u†e •ha• •he†e i‡ an Exi• Sub o† Exi• Func•ion
‡•a•emen• befo†e all •he ‡ub†ou•ine code •o avoid •he p†oce‡‡ing falling •h†ough in•o •ha•
code (which i‡ highly emba††a‡‡ing).

31.35 Procedure Cfllls

Since •he day‡ of QuickBASIC fo† Do‡, •he†e ha‡ been a †aging deba•e abou• whe•he† you
‡hould u‡e •he 'Call' keywo†d fo† non-func•ion p†ocedu†e call‡. In •he nal analy‡i‡, i• i‡
one of •ho‡e i‡‡ue‡ fo† which •he†e i‡ no de ni•ive '†igh•' way •o do •hi‡.

Thi‡ ‡•anda†d dep†eca•e‡ •he u‡e of •he Call keywo†d.

My †ea‡oning fo† •hi‡ i‡ •ha• •he code †ead‡ mo†e na•u†ally. If we have well-named p†o-
cedu†e‡ (u‡ing •he ve†b.noun.adjec•ive fo†ma•) •hen •he †e‡ul•ing VB code i‡ almo‡• p‡eu-
docode. Fu†•he†, I •hink •he†e i‡ no need •o code a keywo†d if i• i‡ obviou‡ wha• i‡ going
on, ju‡• like omi••ing •he Le• keywo†d in a‡‡ignmen• ‡•a•emen•‡.

31.36 Procedure Pflrflmeters

One of •he p†oblem‡ wi•h u‡ing p†ocedu†e‡ i‡ †emembe†ing •he o†de† of pa†ame•e†‡. You
wan• •o •†y •o avoid •he need •o con‡•an•ly look a• •he p†ocedu†e de ni•ion •o de•e†mine
wha• o†de† •he a†gumen•‡ need •o be ‡upplied •o ma•ch •he pa†ame•e†‡.

He†e a†e ‡ome guideline‡ •o •†y •o add†e‡‡ •hi‡ i‡‡ue.

Fi†‡•, code all inpu• pa†ame•e†‡ befo†e all ou•pu• pa†ame•e†‡. U‡e you† judgemen• abou•
InOu• pa†ame•e†‡. U‡ually, you will no• have all •h†ee •ype‡ in a ‡ingle p†ocedu†e; if you
do I would p†obably code all •he inpu• pa†ame•e†‡, followed by •he InOu• and ending wi•h
•he ou•pu•. Again, u‡e you† judgemen• on •hi‡.

Don'• w†i•e p†ocedu†e‡ •ha• need ‡co†e‡ of pa†ame•e†‡. If you do need •o pa‡‡ a lo• of
info†ma•ion •o and f†om a p†ocedu†e, •hen c†ea•e a u‡e† de ned •ype •ha• con•ain‡ •he
†equi†ed pa†ame•e†‡ and pa‡‡ •ha• in‡•ead. Thi‡ allow‡ •he calling p†og†am •o ‡pecify •he
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value‡ in any convenien• o†de† by "‡e••ing" •hem in •he UDT. He†e i‡ a †a•he† •†ivial
example •ha• demon‡•†a•e‡ •he •echnique:

Type TUserMessage
sText As String
sTitle As String
nButtons As Integer
nIcon As Integer
nDefaultButton As Integer
nResponse As Integer

End Type

Sub Message (UserMessage As TUserMessage)
' << comment block omitted for brevity >>
UserMessage.Response = MsgBox(UserMessage.sText,_

UserMessage.nButtons Or _
UserMessage.nIcon Or _
UserMessage.nDefaultButton, _
UserMessage.sTitle)

End Sub

Now he†e i‡ •he calling code:

Dim MessageParms As TUserMessage

MessageParms.sText = "Severe error in some module."
MessageParms.sTitle = "Error"

MessageParms.nButtons = MB_YESNOCANCEL
MessageParms.nIcon = MB_ICONSTOP
MessageParms.sDefaultButton = MB_DEFBUTTON1

Message MessageParms

Select Case MassageParms.nResponse
Case ID_YES:
Case IS_NO:
Case ID_CANCEL:

End Select

31.37 Error Hflndling

The ideal ‡i•ua•ion i‡ •o have an e††o† handle† a†ound eve†y bi• of code and •ha• ‡hould
be •he ‡•a†•ing poin•. Thi‡ i‡ no• alway‡ achievable in p†ac•ice fo† all ‡o†•‡ of †ea‡on‡ and
i• i‡ no• alway‡ nece‡‡a†y. The †ule i‡, howeve†, •ha• unle‡‡ you a†e ab‡olu•ely ‡u†e •ha• a
†ou•ine doe‡ no• need an e††o† handle†, you ‡hould a• •he ve†y lea‡• c†ea•e a handle† a†ound
•he en•i†e †ou•ine, ‡ome•hing like •hi‡:

No•e •ha• •he nex• ‡ec•ion di‡cu‡‡e‡ a Defaul• E††o† Handle† which †equi†e‡ an expanded
fo†m of •hi‡ ‡kele•on. Plea‡e †efe† •o •ha• ‡ec•ion fo† a mo†e comple•e ‡kele•on fo† a
p†ocedu†e wi•h an e††o† handle†. I• ha‡ no• been included he†e becau‡e we a†e looking a•
o•he† componen•‡ of •he ‡•anda†d in •hi‡ ‡ec•ion.

Sub DoSomething()
On Error Goto HandleError
. . .

Done:
Exit Sub

213



Coding S•anda†d‡

HandleError:
Resume Done

End Sub

Wi•hin •he body of •he p†ocedu†e, you may c†ea•e †egion‡ whe†e di e†en• e††o† handling i‡
†equi†ed. To pu• i• blun•ly, VB ‡•ink‡ in •hi‡ a†ea. The •echnique I p†efe† i‡ •o •empo†a†ily
di‡able e††o† •†apping and •o •e‡• fo† e††o†‡ u‡ing in-line code, ‡ome•hing like •hi‡:

DoThingOne
DoThingTwo

On Error Resume Next

DoSomethingSpecial

If Err Then
HandleTheLocalError

End If

On Error Goto HandleError

Ano•he† •echnique i‡ •o ‡e• ag va†iable‡ •o indica•e whe†e you a†e up •o in •he body of
•he p†ocedu†e and •hen •o w†i•e logic in •he e††o† handle† •o •ake di e†en• ac•ion ba‡ed on
whe†e •he e††o† occu††ed. I do no• gene†ally like •hi‡ app†oach bu• confe‡‡ •ha• I have u‡ed
i• on occa‡ion becau‡e I ju‡• could no• gu†e ou• a way I liked be••e†.

If you ge• •he feeling •ha• I am no• •oo imp†e‡‡ed wi•h VB'‡ e††o† handling mechani‡m‡,
you a†e ab‡olu•ely co††ec•. Fo† •ha• †ea‡on, I am no• going •o manda•e any pa†•icula† ‡•yle
of e††o† handling o•he† •han •o ‡ay •ha• you ‡hould implemen• ‡u cien• e††o† handling in
you† applica•ion •o en‡u†e •ha• i• wo†k‡ co††ec•ly and †eliably. If you implemen• an e††o†
handle† in a p†ocedu†e, u‡e •he naming conven•ion a‡ ‡hown p†eviou‡ly fo† •he line label‡.

31.37.1 Stflndflrd Error Hflndler

The idea i‡ •o have •hi‡ a‡ a ‡o†• of gene†ic e††o† handle† •ha• individual e††o†-handling
†ou•ine‡ can call •o handle many of •he common e††o†‡.

U‡ing •he ‡•anda†d e††o† handle† involve‡ •he following ‡•ep‡:

add •he module con•aining •he defal• e††o† handle† •o a p†ojec•
call DefE††o†Handle† f†om you† e††o† handling †ou•ine‡

Thi‡ i‡ •he ‡•anda†d way •o do •hi‡:

Sub DoSomething()

On Error Goto DoSomething_Error
. . .

DoSomething_Exit:
Exit Sub

DoSomething_Error:
Select Case Err

Case xxx:
Case yyy:
Case xxx:
Case Else: DefErrorHandler Err, "DoSomething",_

"", ERR_ASK_ABORT_
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Or ERR_DISPLAY_MESSAGE
End Select

Resume DoSomething_Exit

End Sub

No•e •he Selec• Ca‡e ‡•a•emen• u‡ed •o •†ap e††o†‡ •ha• will be handled locally. All expec•ed
e††o†‡ •ha• need •o be handled locally will have a co††e‡ponding Ca‡e ‡•a•emen•. The
individual ca‡e‡ may choo‡e •o u‡e a di e†en• fo†m of •he Re‡ume ‡•a•emen• •o con•†ol •he
ow of •he p†og†am. Any handled e††o†‡ •ha• do no• do a Re‡ume will fall •h†ough •o •he
nal ‡•a•emen• •ha• will cau‡e •he p†ocedu†e •o exi• g†acefully.

Any e††o†‡ •ha• have no• been handled will be pa‡‡ed on •o DefE††o†Handle†. Individual
ca‡e‡ may al‡o call upon DefE††o†Handle† •o log •he me‡‡age and di‡play a u‡e† ale†•.

The †‡• pa†ame•e† •o DefE††o†Handle† i‡ •he e††o† numbe† •ha• ha‡ been •†apped. The
‡econd pa†ame•e† i‡ a ‡•†ing •o deno•e whe†e •he e††o† occu††ed. Thi‡ ‡•†ing i‡ u‡ed in
me‡‡age boxe‡ and in •he log le. The •hi†d pa†ame•e† i‡ a me‡‡age •ha• i‡ •o be w†i••en •o
•he log le and di‡played •o •he u‡e†. The fou†•h pa†ame•e† i‡ a ‡e• of ag‡ indica•ing wha•
•he p†ocedu†e ‡hould do. See •he con‡•an•‡ de ned in ERRORGEN fo† mo†e info†ma•ion.

The defaul• e††o† handle† can al‡o p†ovide exi•‡ in which you can fu†•he† cu‡•omi‡e •he
way •he gene†ic e††o† handle† wo†k‡ wi•hou• modifying •he code. The‡e would •ake •he
fo†m of global p†ocedu†e‡ •ha• a†e called a• convenien• place‡ in •he p†oce‡‡ing cycle. By
cu‡•omi‡ing how •he‡e p†ocedu†e‡ ope†a•e you can change •he appea†ance and func•ion of
•he e††o† handling p†oce‡‡.

He†e a†e ‡ome example‡ of con‡•an•‡ and p†ocedu†e‡ you may wan• •o implemen•:

gsERRORffLogFileNflme
a con‡•an• •ha• de ne‡ •he †oo• le name fo† •he log le

gsERRORffLogFilePflth
a con‡•an• •ha• de ne‡ •he pa•h fo† •he log le can be lef• emp•y •o u‡e App.Pa•h o† can
be changed •o a va†iable and ‡e• du†ing p†og†am ini•iali‡a•ion •o a valid pa•h

gsERRORffMSGff???
a ‡e†ie‡ of con‡•an•‡ •ha• de ne ‡ome ‡•†ing‡, bu••on‡ and icon‡ fo† defaul• me‡‡age boxe‡.

gsERRORffLOGFORMATff???
a ‡e†ie‡ of con‡•an•‡ •ha• de ne •he delimi•e†‡ in and •he fo†ma• of •he line‡ in •he log le

sERRORffGetLogLine
a func•ion •ha• can •o•ally †ede ne •he fo†ma• of •he log line

sERRORffGetLogFileNflme
a func•ion •ha• †e•u†n‡ •he comple•e pa•h •o •he log le; •hi‡ func•ion can be cu‡•omi‡ed •o
allow non- xed loca•ion‡ fo† •he log le •o be handled (‡ee •he commen•‡ in •he func•ion)

ERRORffBeforeAffiort
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a ‡ub •ha• i‡ called ju‡• befo†e •he p†og†am i‡ •e†mina•ed wi•h an End ‡•a•emen•; •hi‡ can
be u‡ed •o do any la‡•-minu•e clean-up in an e††o† ‡i•ua•ion

ffiERRORffFormfltMessflgeBox
a func•ion •ha• can do cu‡•om fo†ma••ing of •he e††o† me‡‡age box o† can †eplace •he
me‡‡age box al•oge•he† wi•h cu‡•om p†oce‡‡ing (eg. u‡ing a fo†m •o ga•he† addi•ional
info†ma•ion f†om •he u‡e† befo†e con•inuing o† ending)

31.38 Formfltting Stflndflrds

The phy‡ical layou• of code i‡ ve†y impo†•an• in de•e†mining how †eadable and main•ainable
i• i‡. We need •o come up wi•h a common ‡e• of conven•ion‡ fo† code layou• •o en‡u†e •ha•
p†og†am‡ inco†po†a•ing code f†om va†iou‡ ‡ou†ce‡ i‡ bo•h main•ainable and ae‡•he•ically
plea‡ing.

The‡e guideline‡ a†e no• ha†d and fa‡• †ule‡, le‡‡ ‡o •han •he va†iable naming conven•ion‡
al†eady cove†ed. A‡ alway‡, u‡e you† own judgemen• and †emembe† •ha• you a†e •†ying •o
c†ea•e •he be‡• po‡‡ible code, no• ‡lavi‡hly follow †ule‡.

Tha• ‡aid, you'd be••e† have a good †ea‡on befo†e devia•ing f†om •he ‡•anda†d.

31.39 White Spflce flnd Indentfltion

31.39.1 Indentfltion

Inden• •h†ee ‡pace‡ a• a •ime. I know •ha• •he defaul• edi•o† •ab wid•h i‡ fou† cha†ac•e†‡,
bu• I p†efe† •h†ee fo† a couple of †ea‡on‡. I don'• wan• •o inden• •oo much, and I •hink •wo
‡pace‡ i‡ ac•ually mo†e con‡e†va•ive of ‡c†een †eal e‡•a•e in •he edi•o†. The main †ea‡on •ha•
I cho‡e •h†ee i‡ •ha• •he mo‡• common †ea‡on‡ •o inden• (•he If and Do ‡•a•emen•‡) look
good when •hei† bodie‡ line up wi•h •he †‡• cha†ac•e† of •he wo†d following •he keywo†d:

If nValueCur = nValueMax Then
MsgBox . . .

End If
Do While nValueCur <= nValueMax

Print nValueCur
nValueCur = nValueCur + 1

Loop

Unfo†•una•ely, •he o•he† •wo p†ime †ea‡on‡ •o inden• (•he Fo† and Selec• ‡•a•emen•‡) do
no• • nea•ly in•o •hi‡ ‡cheme.

When w†i•ing a Fo† ‡•a•emen•, •he na•u†al inclina•ion i‡ •o inden• fou† cha†ac•e†‡:

For nValueCur = nValueMin To nValueMax
MsgBox . . .

Next nValueCur

I'm no• •oo fu‡‡ed abou• •hi‡ a‡ long a‡ •he Fo† i‡ no• •oo long and doe‡ no• enca‡e fu†•he†
inden•a•ion. If i• i‡ long and if i• doe‡ con•ain mo†e inden•a•ion, i• i‡ ha†d •o keep •he clo‡ing
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‡•a•emen•‡ aligned. In •ha• ca‡e, I would ‡•†ongly ‡ugge‡• •ha• you ‡•ick •o inden•ing by
•he ‡•anda†d •h†ee ‡pace‡.

Don'• fo†ge• •ha• you can ‡e• up •he VB edi•o† ‡o •ha• •he Tab key inden•‡ by •h†ee ‡pace‡
if you p†efe† •o u‡e •he Tab key. Pe†‡onally, I u‡e •he ‡pace ba†.

Fo† •he Selec• Ca‡e ‡•a•emen•, •he†e a†e •wo commonly u‡ed •echnique‡, bo•h of which a†e
valid.

In •he †‡• •echnique, •he Ca‡e ‡•a•emen•‡ a†e no• inden•ed a• all bu• •he code •ha• i‡
con•†olled by each ‡•a•emen• i‡ inden•ed by •he ‡•anda†d amoun• of •h†ee ‡pace‡, a‡ in:

Select Case nCurrentMonth

Case 1,3,5,7,8,10,12
nDaysInMonth = 31

Case 4,6,9,11
nDaysInMonth = 30

Case 2
If IsLeapYear(nCurrentYear) Then

nDaysInMonth = 29
Else

nDaysInMonth = 28
End If

Case Else
DisplayError "Invalid Month"

End Select

In •he ‡econd •echnique, •he Ca‡e ‡•a•emen•‡ •hem‡elve‡ a†e inden•ed by a ‡mall amoun•
(•wo o† •h†ee ‡pace‡) and •he ‡•a•emen•‡ •hey con•†ol a†e ‡upe†-inden•ed, e‡‡en•ially ‡u‡-
pending •he †ule‡ if inden•a•ion:

Select Case nCurrentMonth
Case 1,3,5,7,8,10,12: nDaysInMonth = 31
Case 4,6,9,11: nDaysInMonth = 30
Case 2 If IsLeapYear(nCurrentYear) Then

nDaysInMonth = 29
Else

nDaysInMonth = 28
End If

Case Else: DisplayError "Invalid Month"

End Select

No•ice how •he colon i‡ u‡ed •o allow •he ‡•a•emen•‡ •o appea† †igh• be‡ide •he condi•ion‡.
No•ice al‡o how you canno• do •hi‡ fo† If ‡•a•emen•‡.

Bo•h •echnique‡ a†e valid and accep•able. In ‡ome ‡ec•ion‡ of a p†og†am, one o† •he o•he†
will be clea†e† and mo†e main•ainable, ‡o u‡e common ‡en‡e when deciding.

Le•'‡ no• ge• •oo hung up on inden•a•ion, folk‡. Mo‡• of u‡ unde†‡•and wha• i‡ accep•able
and wha• i‡ no• when i• come‡ •o inden•ing code.

31.39.2 White spflce in expressions

Pu• one ‡pace a†ound ope†a•o†‡, and af•e† a comma in exp†e‡‡ion‡.
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Let miSomeInteger = 1 + 2 * (miSomeOtherInteger - 6)

31.40 Commenting Code

Thi‡ one will be †eally con•†ove†‡ial. Don'• commen• mo†e •han you need •o. Now, he†e'‡
a li‡• of whe†e you de ni•ely need •o; •he†e may be o•he†‡ •oo.

31.40.1 Comment Heflder Block

Each majo† †ou•ine ‡hould have a heade† •ha• iden•i e‡:

who w†o•e i•
wha• i• i‡ ‡uppo‡ed •o do
wha• •he pa†ame•e†‡ mean (bo•h inpu• and ou•pu•)
wha• i• †e•u†n‡ (if i•'‡ a func•ion)
wha• a‡‡ump•ion‡ i• make‡ abou• •he ‡•a•e of •he p†og†am o† envi†onmen•
any known limi•a•ion‡
an amendmen• hi‡•o†y

He†e i‡ an example of a func•ion'‡ heade†:

Function ParseToken(sStream_INOUT As String, _
sDelimiter_IN As String) As String

'===============================================================
'ParseToken
'---------------------------------------------------------------
'Purpose : Removes the first token from sStream and returns it
' as the function result. A token is delimited by the
' first occurrence of sDelimiter in sStream.
'
' Author : Jim Karabatsos, March 1996
'
' Notes : sStream is modified so that repeated calls to this
' function will break apart the stream into tokens
'---------------------------------------------------------------
' Parameters
'-----------
' sStream_INOUT : The stream of characters to be scanned for a
' token. The token is removed from the string.
'
' sDelimiter_IN : The character string that delimits tokens
'---------------------------------------------------------------
' Returns : either a token (if one is found) or an empty string
' if the stream is empty
'---------------------------------------------------------------
'Revision History
'---------------------------------------------------------------
' 11Mar96 JK : Enhanced to allow multi-character delimiters
' 08Mar96 JK : Initial Version
'===============================================================

Look‡ like a lo•, doe‡n'• i•? The •†u•h of •he ma••e† i‡ you will no• w†i•e one of •he‡e fo†
eve†y p†ocedu†e. Fo† many p†ocedu†e‡, a few line‡ of commen•‡ a• •he •op i‡ all you need •o
convey all •he info†ma•ion †equi†ed. Fo† even• p†ocedu†e‡ you gene†ally do no• need ‡uch
a commen• block a• all unle‡‡ i• con•ain‡ ‡igni can• amoun•‡ of code.
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Fo† ‡igni can• p†ocedu†e‡, howeve†, un•il you can w†i•e one of •he‡e you haven'• •hough•
•he p†oce‡‡ing •h†ough enough •o ‡•a†• coding. If you don'• know wha•'‡ in •ha• heade†,
you can'• ‡•a†• main•aining •ha• module. No† can you hope •o †eu‡e i•. So you may a‡ well
•ype i• in•o •he edi•o† befo†e you w†i•e •he code and pa‡‡ on you† knowledge †a•he† •han
†equi†e ‡omeone el‡e •o †ead •h†ough •he code •o deciphe† wha• i‡ going on.

No•ice •ha• •he heade† doe‡ no• de‡c†ibe how •he func•ion doe‡ i•‡ job. Tha•'‡ wha• •he
‡ou†ce code i‡ fo†. You don'• wan• •o have •o main•ain •he commen•‡ when you la•e† change
•he implemen•a•ion of a †ou•ine. No•ice al‡o •ha• •he†e a†e no clo‡ing cha†ac•e†‡ a• •he end
of each commen• line. DO NOT DO THIS:

'****************************************************
'* MY COMMENT BLOCK *
'* *
'* This is an example of a comment block that is *
'* almost impossible to maintain. Don't do it !!! *
'****************************************************

Thi‡ migh• look 'nice' (al•hough •ha• †eally i‡ deba•able) bu• i• i‡ ve†y ha†d •o main•ain
‡uch fo†ma••ing. If you've go• •ime •o do •hi‡ ‡o†• of •hing, you obviou‡ly a†en'• bu‡y
enough.

In gene†al •e†m‡, naming va†iable‡, con•†ol‡, fo†m‡ and p†ocedu†e‡ ‡en‡ibly, combined wi•h
a well-•hough•-ou• commen• block, will be ‡u cien• commen•ing fo† mo‡• p†ocedu†e‡. Re-
membe†, you a†e no• •†ying •o explain you† code •o a non-p†og†amme†; a‡‡ume •ha• •he
pe†‡on looking a• •he code know‡ VB p†e••y well.

In •he body of •he p†ocedu†e, •he†e a†e •wo •ype‡ of commen•‡ •ha• you will u‡e a‡ †equi†ed:
In-line commen•‡ and End of Line Commen•‡.

31.40.2 In-line Comments

In-line commen•‡ a†e commen•‡ •ha• appea† by •hem‡elve‡ on a line, whe•he† •hey a†e
inden•ed o† no•.

In-line commen•‡ a†e •he Po‡•-I• no•e‡ of p†og†amming. Thi‡ i‡ whe†e you make anno•a•ion‡
•o help you†‡elf o† ano•he† p†og†amme† who need‡ •o wo†k wi•h •he code la•e†. U‡e In-line
commen•‡ •o make no•e‡ in you† code abou•

wha• you a†e doing
whe†e you a†e up •o
why you have cho‡en a pa†•icula† op•ion
any ex•e†nal fac•o†‡ •ha• need •o be known

He†e a†e ‡ome example‡ of app†op†ia•e u‡e‡ of In-line commen•‡:

Wha• we a†e doing:

' Now update the control totals file to keep everything in sync

Whe†e we a†e up •o:

' At this point, everything has been validated.
' If anything was invalid, we would have exited the procedure.
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Why we cho‡e a pa†•icula† op•ion:

' Use a sequential search for now because it's simple to code
' We can replace with a binary search later if it's not fast
' enough
' We are using a file-based approach rather than doing it all
' in memory because testing showed that the latter approach
' used too many resources under Win16. That's why the code
' is here rather than in ABCFILE.BAS where it belongs.

Ex•e†nal fac•o†‡ •ha• need •o be kep• in mind:

' This assumes that the INI file settings have been checked by
' the calling routine

No•ice •ha• we a†e no• documen•ing wha• i‡ ‡elf-eviden• f†om •he code. He†e a†e ‡ome
example‡ of inapp†op†ia•e In-line commen•‡:

' Declare local variables
Dim nEmployeeCur As Integer
' Increment the array index
nEmployeeCur = nEmployeeCur + 1
' Call the update routine
UpdateRecord

Commen• wha• i‡ no• †eadily di‡ce†nible f†om •he code. Do no• †e-w†i•e •he code in Engli‡h,
o•he†wi‡e you will almo‡• ce†•ainly no• keep •he code and •he commen•‡ ‡ynch†oni‡ed and
•ha• i‡ ve†y dange†ou‡. The †eve†‡e ‡ide of •he ‡ame coin i‡ •ha• when you a†e looking a•
‡omeone el‡e'‡ code you ‡hould •o•ally igno†e any commen•‡ •ha• †ela•e di†ec•ly •o •he code
‡•a•emen•‡. In fac•, do eve†yone a favou† and †emove •hem.

31.40.3 End of Line Comments

End of Line (EOL) commen•‡ a†e ‡mall anno•a•ion‡ •acked on •he end of a line of code. The
pe†cep•ual di e†ence be•ween EOL commen•‡ and In-Line commen•‡ i‡ •ha• EOL commen•‡
a†e ve†y much focu‡ed on one o† a ve†y few line‡ of code whe†ea‡ In-Line commen•‡ †efe†
•o la†ge† ‡ec•ion‡ of code (‡ome•ime‡ •he whole p†ocedu†e).

Think of EOL commen•‡ like ma†gin no•e‡ in a documen•. Thei† pu†po‡e i‡ •o explain why
‡ome•hing need‡ •o be done o† why i• need‡ •o be done now. They may al‡o be u‡ed •o
documen• a change •o •he code. He†e a†e ‡ome app†op†ia•e EOL commen•‡:

mnEmployeeCur = mnEmployeeCur + 1 ' Keep the module level
' pointer synchronised
' for OLE clients

mnEmployeeCur = nEmployeeCur ' Do this first so that the
UpdateProgress ' meter ends at 100%

If nEmployeeCur < mnEmployeeCur Then ' BUG FIX 3/3/96 JK

No•ice •ha• EOL commen•‡ may be con•inued on•o addi•ional line‡ if nece‡‡a†y a‡ ‡hown
in •he †‡• example.

He†e a†e ‡ome example‡ of inapp†op†ia•e EOL commen•‡:
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nEmployeeCur = nEmployeeCur + 1 ' Add 1 to loop counter
UpdateRecord ' Call the update routine

Do you †eally wan• •o w†i•e eve†y p†og†am •wice?
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32 VB6 Commflnd Reference

Thi‡ page aim‡ •o be a comp†ehen‡ive command †efe†ence •o •he MS Vi‡ual Ba‡ic 6 p†o-
g†amming language.

32.1 String Mflnipulfltion

32.1.1 Asc

Re•u†n‡ •he numbe† co††e‡ponding •o •he ASCII code fo† •he †‡• cha†ac•e† of ‡•†ing

Usage

Asc(string)

‡•†ing = ‡•†ing con•aining cha†ac•e† a‡ †‡• le••e† who‡e ASCII code i‡ •o be found.

Example

code = Asc("apple")

He†e code will ge• value 97

32.1.2 Chr

Re•u†n‡ a ‡•†ing cha†ac•e† •ha• co††e‡pond‡ •o •he ASCII code in •he †ange 0-255. Reve†‡e
of •he Asc func•ion.

Usage

Chr(code)

code = ASCII code.

Example

char = Chr(97)

He†e char ge•‡ value "a".

32.1.3 Len

Re•u†n‡ •he leng•h of a given ‡•†ing o† 0 fo† Emp•y.

Usage
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Len(expression)

exp†e‡‡ion = a ‡•†ing o† Emp•y

Example

mystring = InputBox("Enter a string to test")

length = Len(mystring)

MsgBox "Length of the string is " & length

e.g. whe†e my‡•†ing i‡ "Hello", leng•h will be 5.

32.1.4 Left

Re•u†n‡ a given numbe† of cha†ac•e†‡ f†om •he lef• hand ‡ide of a ‡•†ing

Usage

Left(string,x)

‡•†ing = ‡•†ing •o u‡e

x = numbe† of cha†ac•e†‡

Example

mystring = InputBox("Enter a string")

mystring = Left(mystring, 4)

MsgBox "First four characters of your input are " + mystring

e.g. whe†e •he inpu• my‡•†ing i‡ "Hello", •he ou•pu• my‡•†ing will be "Hell"

32.1.5 Right

Re•u†n‡ a given numbe† of cha†ac•e†‡ f†om •he †igh• hand ‡ide of a ‡•†ing

Usage

Right(string, x)

‡•†ing = ‡•†ing •o u‡e

x = numbe† of cha†ac•e†‡

Example
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mystring = InputBox("Enter a string")

mystring = Right(mystring, 4)

MsgBox "Last four characters of your input are " + mystring

e.g. whe†e •he inpu• my‡•†ing i‡ "Hello", •he ou•pu• my‡•†ing will be "ello"

32.1.6 Mid (Function)

Re•u†n‡ a given numbe† of cha†ac•e†‡ f†om •he middle of a ‡•†ing

Usage

Mid(string, start, length)

‡•†ing = ‡•†ing •o u‡e

‡•a†• = cha†ac•e† •o ‡•a†• a• (1 i‡ •he †‡• cha†ac•e†)

leng•h = numbe† of cha†ac•e†‡

Example

mystring = InputBox("Enter a string")

mystring = Mid(mystring, 2, 3)

MsgBox "The second, third, and fourth characters of your input are " & mystring

e.g. whe†e •he inpu• my‡•†ing i‡ "Hello", •he ou•pu• my‡•†ing will be "ell"

32.1.7 Mid (Stfltement)

Se•‡ a given numbe† of cha†ac•e†‡ in •he middle of a ‡•†ing equal •o •he ‡ame numbe† of
cha†ac•e†‡ f†om •he beginning of ano•he† ‡•†ing

Usage

Mid(mystring, start, length)

my‡•†ing = •he ‡•†ing •o •ake cha†ac•e†‡ f†om ‡•a†• = cha†ac•e† •o ‡•a†• a• (1 i‡ •he †‡•
cha†ac•e†)

leng•h = numbe† of cha†ac•e†‡

Example
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mystring = InputBox("Enter a string")

Mid(mystring, 2, 3) = "abcd"

MsgBox "Your string with abc as the second, third, and fourth characters of
your input are " + mystring

e.g. whe†e •he inpu• my‡•†ing i‡ "Hello", •he ou•pu• my‡•†ing will be "Habco"

32.1.8 Trim

Remove‡ leading and •†ailing ‡pace‡ f†om a ‡•†ing

Usage

Trim(string)

‡•†ing = ‡•†ing •o u‡e

Example

mystring = Trim(mystring)

e.g. whe†e •he o†iginal value of my‡•†ing wa‡ " Hello ", •he new value of my‡•†ing will be
"Hello".

32.1.9 LCflse

Conve†•‡ a ‡•†ing •o lowe†ca‡e

Usage

LCase(string)

‡•†ing = ‡•†ing •o u‡e

Example

mystring = LCase(mystring)

e.g. whe†e •he o†iginal value of my‡•†ing wa‡ "HELLO", •he new value of my‡•†ing will be
"hello".

32.1.10 UCflse

Conve†•‡ a ‡•†ing •o uppe†ca‡e

Usage

UCase(string)

‡•†ing = ‡•†ing •o u‡e OR cha†ac•e†
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Example

mystring = UCase(mystring)

e.g. whe†e •he o†iginal value of my‡•†ing wa‡ "Hello", •he new value of my‡•†ing will be
"HELLO".

32.1.11 String

C†ea•e‡ a ‡•†ing wi•h •he ‡peci ed leng•h of •he ‡peci ed cha†ac•e†

Usage

String(length, character)

leng•h = leng•h of ‡•†ing

cha†ac•e† = cha†ac•e† •o ll ‡•†ing wi•h

Example

mystring = String(5,"a")

e.g. •he new value of my‡•†ing will be "aaaaa".

32.1.12 Spflce

C†ea•e‡ a ‡•†ing wi•h •he ‡peci ed leng•h of ‡pace

Usage

Space(length)

leng•h = leng•h of ‡•†ing

Example

mystring = Space(5)

e.g. •he new value of my‡•†ing will be " ".

32.1.13 StrConv

Re•u†n‡ a conve†•ed ‡•†ing a‡ ‡peci ed.

Usage

StrConv(string, conversion,LCID)

‡•†ing = ‡•†ing •o u‡e
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conve†‡ion = ca‡e •o conve†• •he ‡•ing •o (lowe†ca‡e: vbLowe†Ca‡e, uppe†ca‡e: vbUppe†-
Ca‡e, p†ope† ca‡e ( †‡• le••e† in cap‡): vbP†ope†Ca‡e) LCID = op•ional. The LocaleID, if
di e†en• •han •he ‡y‡•em LocaleID.

Example

mystring = StrConv(mystring, vbProperCase)

e.g. whe†e •he o†iginal value of my‡•†ing wa‡ "HELLO", •he new value of my‡•†ing will be
"Hello".

32.2 Mflthemflticfll Functions

32.2.1 Affis

Re•u†n‡ •he ab‡olu•e value of a numbe†

U‡age

Ab‡(numbe†)

Example

m‡gbox "The ab‡olu•e value of -4 i‡ " & ab‡(-4)

Impo†•an• no•e!

The Ab‡ func•ion only accep•‡ numbe†‡. Non-nume†ic value‡ gene†a•e an e††o†.

32.2.2 Cos

Re•u†n‡ •he co‡ine of a numbe†

U‡age

Co‡(in•ege†)

Example

m‡gbox "The co‡ine of 4 i‡ " & co‡(4)

Impo†•an• no•e!

The inpu• angle fo† all VB •†igome•†ic func•ion‡ ‡hould be in †adian‡1. To conve†• deg†ee‡
•o †adian‡, mul•iply deg†ee‡ by pi / 180.

32.2.3 Sin

Re•u†n‡ •he ‡ine of a numbe†

U‡age

1 http://en.wikipedia.org/wiki/radian
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Sin(in•ege†)

Example

m‡gbox "The ‡ine of 4 i‡ " & ‡in(4)

Impo†•an• no•e!

The inpu• angle fo† all VB •†igome•†ic func•ion‡ ‡hould be in †adian‡. To conve†• deg†ee‡
•o †adian‡, mul•iply deg†ee‡ by pi / 180.

32.2.4 Tfln

Re•u†n‡ •he •angen• of an angle

U‡age

Tan(in•ege†)

Example

m‡gbox "The •angen• of 4 i‡ " & •an(4)

Impo†•an• no•e!

The inpu• angle fo† all VB •†igome•†ic func•ion‡ ‡hould be in †adian‡. To conve†• deg†ee‡
•o †adian‡, mul•iply deg†ee‡ by pi / 180.

32.2.5 Vfll

Re•u†n‡ •he nume†ic value of a ‡•†ing

U‡e‡ "." a‡ decimal ‡epa†a•o†. ( I• doe‡ no• depend on •he Regional Se••ing‡ )

U‡age

Val(‡•†ing)

Example

Val("5")

The †e•u†n value will be 5

Val("10.6")

The †e•u†n value will be 10.6

Val("Hello World")

The †e•u†n value will be 0 (ze†o)

txtOutput.Text = Val(txtNumber1.Text) * Val(txtNumber2.Text)

The •ex• box •x•Ou•pu• will con•ain •he p†oduc• of •he numbe†‡ in •he •x•Numbe†1 and
•x•Numbe†2 •ex• boxe‡. If ei•he† of •he •ex• boxe‡ con•ain‡ a value •ha• canno• be evalua•ed
•o a numbe† •hen •he ou•pu• will be 0 (ze†o).
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32.2.6 Rnd

Re•u†n‡ a oa•ing poin• numbe† le‡‡ •han 1 bu• g†ea•e† •han o† equal •o 0.

U‡age

Rnd[(number)]

You can change •he ‡eed •he †andom numbe† gene†a•o† u‡e‡ by p†oviding a value a‡ a
pa†ame•e† e.g. Rnd(500) will u‡e •he numbe† 500 a‡ •he ‡eed in gene†a•ing †andom numbe†‡.

If you p†ovide a value le‡‡ •han ze†o •hen •he ‡ame numbe† will be †e•u†ned by •he Rnd()
func•ion
A value of ze†o will †e•u†n •he mo‡• †ecen•ly gene†a•ed †andom numbe†.
P†oviding no value will gene†a•e •he nex• †andom numbe† in •he ‡equence.
P†oviding a po‡i•ive numbe† will gene†a•e •he nex• †andom numbe† in •he ‡equence u‡ing
number a‡ a ‡eed.

Example

myvar = Rnd() * 10

myva† will become a †andom numbe† be•ween 0 and 10.

myvar = (Rnd() * 15) + 25

myva† will become a †andom numbe† be•ween 25 and 40.

myvar = (Rnd(12345) * 50) - 25

myva† will become a †andom numbe† be•ween -25 and 25 and 12345 will be u‡ed a‡ •he
‡eed •o gene†a•e •hi‡ numbe†.

32.2.7 Int

Re•u†n‡ •he in•ege† po†•ion of a numbe†.

U‡age

In•(n)

Whe†e n i‡ •he numbe† •o †e•u†n

Example

Int(10)

Re•u†n‡ 10

Int(5.1)

Re•u†n‡ 5

Int(5.86)

Re•u†n‡ 5

MsgBox "The integer portion of " & myvar & " is " & Int(myvar) & "."
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NOTE: No †ounding will be pe†fo†med, •he decimal po†•ion of •he numbe† will ‡imply be
†emoved. If you wan• •o †ound a numbe† •o •he nea†e‡• whole in•ege† •hen u‡e CIn•. One
in•e†e‡•ing poin• •o †emembe† abou• CIn• i‡ •ha• if •he decimal po†•ion of •he numbe† i‡
exac•ly .5 •hen i• will be †ounded down if •he numbe† i‡ odd and †ounded up if i• i‡ even.
Fo† example CIn•(1.5) and CIn•(2.5) will bo•h †e•u†n 2.

32.3 Input flnd output

32.3.1 MsgBox

Di‡play‡ a me‡‡age box

U‡age

M‡gBox p†omp•,bu••on‡,•i•le,help le,con•ex•

whe†e p†omp• = •he •ex• di‡played on •he me‡‡age box bu••on‡ = combina•ion of keywo†d‡
•o ‡e• ou• •he layou• of bu••on‡ and icon‡ on •he me‡‡age box •i•le = •he •i•le di‡played in
•he me‡‡age box •i•leba†

Whe†e •he ou•pu• f†om •he me‡‡age box i‡ being a‡‡igned •o a value (‡uch a‡ when •he†e i‡
a choice •o be made, u‡e pa†en•he‡i‡ •hu‡:

‡•†ing=M‡gBox (p†omp•,bu••on‡,•i•le,help le,con•ex•)

If no •i•le i‡ de ned, •he p†og†am name will be u‡ed in‡•ead. Bu••on combina•ion defaul•‡
•o vbOKOnly if none i‡ de ned, and no icon will be di‡played.

Bu••on Combina•ion‡

vbOKOnly vbOKCancel vbAbo†•Re•†yIgno†e vbYe‡NoCancel vbYe‡No vbRe•†yCancel

Icon Di‡play

vbC†i•ical vbQue‡•ion vbExclama•ion vbInfo†ma•ion

Defaul• Bu••on

vbDefaul•Bu••on1 vbDefaul•Bu••on2 vbDefaul•Bu••on3 vbDefaul•Bu••on4

Examples

M‡gBox "An e††o† ha‡ occu††ed!",vbExclama•ion,"E††o†"

Note that since the message is fixed, quotation marks have been used.

Re‡pon‡e=M‡gBox("Ye‡ o† no?",vbYe‡No + vbQue‡•ion,"Choo‡e one")

Note the parenthesis and how the vbYesNo and vbQuestion constants have been combined

M‡gBox "An e††o† ha‡ occu††ed on line " & lineno, vbExclama•ion, "E††o†"
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32.3.2 InputBox

Di‡play‡ a ‡imple inpu• box fo† u‡e† •o en•e† da•a

Usage

Va†iable=Inpu•Box(P†omp•,Ti•le)

Va†iable = va†iable •o which •he inpu• value will be ‡•o†ed P†omp• = •ex• di‡played •o •he
u‡e† in •he inpu• box Ti•le = •i•le of •he inpu• box

Example‡

myin•=Inpu•Box("En•e† a numbe†","En•e† a numbe†")

32.4 Dflte flnd Time

32.4.1 Dflte

Re•u†n‡ o† ‡e•‡ •he cu††en• ‡y‡•em da•e

Example

M‡gBox "Today '‡ da•e i‡ " & Da•e & "."

32.4.2 Time

Re•u†n‡ o† ‡e•‡ •he cu††en• ‡y‡•em •ime

Example

M‡gBox "The •ime now i‡ " & Time & "."

Sidenote: be wary of changing date and time in your program. Many other programs will
depend upon the system's date and time being set correctly, so altering it could have a knock
on effect. Use date and time changes sparingly, and notify the user if this is being done.

32.4.3 Timer

Re•u†n‡ •he numbe† of ‡econd‡ ‡ince midnigh•

Example

NumH†‡=In•(Time† / 3600) M‡gBox "Cu††en•ly in hou† " & NumH†‡

32.4.4 WeekdflyNflme

Re•u†n‡ •he name of a day of •he week

U‡age
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WeekdayName(x,Fi†‡•DayOfWeek)

x = in•ege† be•ween 1 and 7 Fi†‡•DayOfWeek (OPTIONAL) = •he day coun•ed a‡ •he †‡•
in •he week. The defaul• i‡ Sunday.

Example

DayName=WeekdayName(i,vbMonday)

32.5 Miscellflneous

32.5.1 IsNull

Re•u†n‡ •†ue if an exp†e‡‡ion i‡ null and fal‡e o•he†wi‡e.

Example:

If IsNull(vntMyVariantVar) Then
Debug.Print "vntMyVariantVar is null"

Else
Debug.Print "vntMyVariantVar is NOT null"

End If

32.6 File Hflndling

32.6.1 Open

Open "" & name le& ".da•" Fo† Bina†y A‡ #

32.7 Selection

If... Then... Else... Pe†fo†m‡ ‡elec•ion ba‡ed upon c†i•e†ia. A co†ne†‡•one of any VB
p†og†am.

'U‡age'

Single Line Selec•ion

If condition Then action

No•e •ha• only one line can be u‡ed wi•h •hi‡ ‡•yle of ‡•a•emen•

Mul•i Line Selec•ion
If condition Then

[code to execute if condition is true]

EndIf
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U‡ing El‡e
If condition Then

[code to execute if condition is true]

Else

[code to execute if condition is false]

EndIf

Condi•ion i‡ a condi•ion which mu‡• be me• fo† •he code wi•hin •he ‡•a•emen• •o be execu•ed.
I• can make u‡e of •he modi e†‡ AND, NOT, OR and XOR (e.g. x=4 AND y > 6). See
al‡o •he Example‡ ‡ec•ion.

32.7.1 Exflmples

Simple one-line selection:
If x < 10 then MsgBox "The number is below 10"

Slightly more complex one-line selection, using the AND modifier to check two conditions
at one time.
If x > 10 AND x < 20 then MsgBox "The number is between 10 and 20"

Simple multi-line selection. The code between the If... and EndIf statements will be executed
only if the condition is met.
If Date = 25/12/2006 Then

MsgBox "The date is Christmas Day"
Call ChristmasDay

EndIf

Using the Else statement. If the variable i is over 4, the program will exit the subroutine.
Otherwise, it will go to the label SaveFile.
If i > 4 Then

Exit Sub
Else

Goto SaveFile
EndIf

Two If... Endif statements are used, one nested within the other. If i is 6 or 7, the code
between the inside If...Endif statements is executed. Then if i=7 the first message box will be
shown; otherwise (i.e. if i=6) the other will be displayed. For both cases, the final message
box will be shown. When nesting selection statements, it's often a good idea to indent them
as shown here.
If i = 6 OR i = 7 Then

If i = 7 Then
MsgBox "Today is Sunday"

Else
MsgBox "Today is Saturday"

EndIf
MsgBox "Today is the Weekend"

EndIf
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33 Glossflry

An alphabe•ical li‡• of de ni•ion‡ c†o‡‡†efe†enced •o mo†e •ho†ough explana•ion‡ in •he
main •ex• o† in ex•e†nal documen•‡.

33.1 A

flrgument
In compu•ing ja†gon an argument i‡ one of •he piece‡ of da•a pa‡‡ed •o a p†ocedu†e1.
Ano•he† name i‡ parameter.

flssign, flssigning, flssignment
A‡‡ignmen• i‡ one of •he fundamen•al ope†a•ion‡ of compu•ing. All i• mean‡ i‡ copying a
value in•o •he memory location poin•ed a• by a variable. The value can be a literal o† •he
value of ‡ome o•he† variable, q.v. A‡‡ignmen•2

33.2 B

ByRef
Decla†e‡ an a†gumen• •o a p†ocedu†e3 a‡ a poin•e†4 •o •he a†gumen•5 in‡•ead of a‡ a copy of
•he value of •he a†gumen•. Thi‡ allow‡ •he p†ocedu†e •o pe†manen•ly change •he va†iable.
If nei•he† ByRef o† ByVal i‡ ‡•a•ed, ByRef i‡ a‡‡umed by •he compile†.

ByVfll
Decla†e‡ an a†gumen• •o a p†ocedu†e6 a‡ a copy of •he value of •he a†gumen•. The value
of •he o†iginal va†iable canno• be changed by •he p†ocedu†e. The value of •he newly
c†ea•ed va†iable can be changed wi•hin •he p†ocedu†e, bu• •hi‡ doe‡ no• a ec• •he va†iable
i• wa‡ copied f†om. P†og†am‡ a†e mo†e †obu‡• if va†iable‡ a†e decla†ed ByVal wheneve†
po‡‡ible ‡ince •hi‡ mean‡ •ha• an a†gumen• will no• be unexpec•edly changed by calling a
func•ion. Thi‡ al‡o †e‡ul•‡ in a fa‡•e† p†og†am (‡ee pg 758 of •he Mic†o‡of• Vi‡ual Ba‡ic 6
P†og†amme†'‡ Guide).

1 Chap•e† 33.9 on page 237
2 http://en.wikipedia.org/wiki/Assignment%20%28computer%20science%29
3 Chap•e† 33.9 on page 237
4 Chap•e† 33.9 on page 237
5 Chap•e† 33.9 on page 237
6 Chap•e† 33.9 on page 237
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33.3 C

compiler directives7

The‡e a†e in‡•†uc•ion‡ included in •he •ex• of •he p†og†am •ha• a ec• •he way •he compile†
behave‡. Fo† in‡•ance i• migh• be di†ec•ed •o include one o† ano•he† ve†‡ion of a piece of
code depending on whe•he† •he •a†ge• ope†a•ing ‡y‡•em i‡ Window‡ 95 o† Window‡ XP.

33.4 I

Immediflte Windows
Thi‡ i‡ •he window in •he IDE which †eceive‡ ou•pu• f†om Debug.Print. See ../IDE/8

33.5 J

JflvflScript
JavaSc†ip• i‡ an in•e†p†e•ed language mo‡•ly u‡ed •o p†ovide ‡c†ip•‡ in‡ide web page‡.
I• i‡, howeve†, no• con ned •o ‡uch u‡e‡. See Ja†i•hme•ic9, a ca‡e ‡•udy in mul•ilingual
p†og†amming and C†ockfo†d on JavaSc†ip•10, •he wo†ld'‡ mo‡• mi‡unde†•ood language.

JScript
Mic†o‡of•'‡ implemen•a•ion of JavaSc†ip• a‡ p†ovided by •he Window‡ Sc†ip• Ho‡•. See
Ja†i•hme•ic11 fo† an example of i•‡ u‡e.

33.6 O

Operflnds flnd Operfltors
An operand i‡ ope†a•ed on by an operator. Expressions a†e buil• of operands and operators.
Fo† in‡•ance in •hi‡ exp†e‡‡ion:

a = b + c

•he†e a†e •h†ee ope†and‡ (a, b, and c) and •wo ope†a•o†‡ (= and +).

Ope†and‡ in Vi‡ual Ba‡ic Cla‡‡ic a†e ei•he† va†iable‡12 o† li•e†al‡13

7 http://en.wikibooks.org/wiki/..%2FCompiler%20Directives
8 http://en.wikibooks.org/wiki/..%2FIDE%2F
9 http://en.wikibooks.org/wiki/..%2FJArithmetic
10 http://www.crockford.com/javascript/
11 http://en.wikibooks.org/wiki/..%2FJArithmetic
12 Chap•e† 33.9 on page 237
13 Chap•e† 33.9 on page 237
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33.7 P

procedure
A ‡ub†ou•ine14, func•ion15, me•hod16, o† p†ope†•y17

33.8 R

rflgged flrrfly
An a††ay having †ow‡ of di e†ing leng•h‡. Such a††ay‡ a†e na•u†al in language‡ ‡uch a‡ C
and JavaSc†ip• bu• †a•he† unu‡ual in Vi‡ual Ba‡ic al•hough •he†e i‡ no•hing •ha• p†even•‡
•hei† c†ea•ion. In Vi‡ual Ba‡ic you can c†ea•e ‡uch an a††ay u‡ing •he Array func•ion:

aRagged = Array(Array(1, 2, 3), Array(1, 2))

Such a††ay‡ a†e ine cien• in Vi‡ual Ba‡ic becau‡e •hey a†e implemen•ed a‡ Variants bu•
func•ionaly iden•ical a††ay‡ can be c†ea•ed a‡ in‡•ance‡ of a cla‡‡ and can be made much
mo†e e cien• bo•h in ‡•o†age ‡pace and execu•ion •ime, al•hough no• qui•e a‡ e cien• a‡
C a††ay‡.

refll numffier
A va†iable •ha• can hold a real number i‡ one •ha• can hold a numbe† •ha• can have any
value including f†ac•ional value. In compu•e† language‡ va†iable‡ only app†oxima•e †eal
numbe†‡ becau‡e •he i††a•ional numbe†‡ a†e al‡o †eal, ‡ee Real numbe†18. In Vi‡ual Ba‡ic
Cla‡‡ic •he†e a†e •wo †eal numbe† •ype‡: Single and Double, ‡ee ../Da•a Type‡/19

reference
A va†iable •ha• hold‡ a pointer •o a value †a•he† •han holding •he •he value i•‡elf. In ‡•†ic•
Vi‡ual Ba‡ic u‡age only object references wo†k like •hi‡.

reference flrgument
A decla†a•ion of an a†gumen• u‡ing •he ByRef20 keywo†d. Reference arguments allow
•he ‡ub†ou•ine o† func•ion •o make change‡ •o •he va†iable in •he calling †ou•ine. See
../P†ocedu†e‡ and Func•ion‡/21.

33.9 S

suffiroutine

14 Chap•e† 33.9 on page 237
15 Chap•e† 33.9 on page 237
16 Chap•e† 33.9 on page 237
17 Chap•e† 33.9 on page 237
18 http://en.wikipedia.org/wiki/Real%20number
19 Chap•e† 12 on page 72
20 Chap•e† 33.9 on page 237
21 Chap•e† 13.7 on page 78
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A p†ocedu†e ‡imila† •o a func•ion bu• i• doe‡ no• †e•u†n a value.
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34 Work in Progress

Thi‡ i‡ a wo†k a†ea. Sho†• piece‡ of •ex•, †eminde†‡ and link‡ •ha• don'• wa††an• a page •o
•hem‡elve‡ bu• need a •empo†a†y home le‡• •hey be fo†go••en ‡•a†• life he†e.

34.1 Miscellflneous

http://www.elitevb.com/content/01,0057,01/01.aspx
Spli• E ec•ive P†og†amming in•o ‡epa†a•e page‡ a‡ i• i‡ now ove† 36K
Explain le fo†ma• of VBP, f†m, cl‡, ba‡, e•c.
Regi‡•†y en•†ie‡ •ha• †efe† •o VB componen•‡, how •hey a†e ‡•†uc•u†ed, wha• you can do
wi•h •hem.
Side by ‡ide in‡•alla•ion.
Window‡ ‡•anda†d dialog‡ http://builder.com.com/5100-6371_14-5800282.html,
http://www.vbaccelerator.com/home/VB/Code/Libraries/Common_Dialogs/
Folder_Browser/article.asp, http://msdn.microsoft.com/library/default.
asp?url=/library/en-us/dnima01/html/ima0201.asp, http://www.devx.com/
vb2themax/Tip/19255,

34.2 Grflphics

http://www.a1vbcode.com/app-2571.asp

34.3 Unicode Support

Unicode I‡‡ue‡ wi•h VB , Add Unicode Suppo†•, Unicode Cu‡•om Con•†ol‡,

34.4 Networks

ine• con•†ol win‡ock con•†ol comm con•†ol
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Wo†k in P†og†e‡‡

34.5 Shell Integrfltion

34.6 Shell Context Menu

Add example‡ fo† VBZip e•c.

34.7 Commflnd Line

34.8 Console Progrflms

See:

http://www.nirsoft.net/vb/console_application_visual_basic.html
http://www.flexbeta.net/forums/lofiversion/index.php/t3090.html

A ve†y ‡imple way of c†ea•ing con‡ole p†og†am‡: http://www.kellyethridge.com/
vbcorlib/doc/Console.html

34.9 CGI

See:

http://www.vbcity.com/forums/faq.asp?fid=10&cat=Web+Development&

34.10 Windows mflnflgement Interfflce

http://archive.is/20130628221511/http://techrepublic.com.com/5208-11196-0.
html?forumID=44&threadID=121079

34.11 Sound

http://www.unh.edu/music/Visual_Basic_Programs/Visual_Basic.htm
http://www.devx.com/vb2themax/Tip/18323
http://www.ostrosoft.com/vb/projects/mci_play/index.asp
http://vbcity.com/forums/topic.asp?tid=103678
http://www.xtremevbtalk.com/archive/index.php/t-237143.html
http://www.vbforums.com/showthread.php?t=359612
http://www.vbaccelerator.com/home/VB/Code/vbMedia/Audio/Lossless_WAV_
Compression/article.asp
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35 Links

35.1 Externfll Links

Link Comment
Vi‡ual Ba‡ic Tu•o†ial1 37 Le‡‡on‡ on Vi‡ual Ba‡ic 6 and ‡ample

‡ou†ce code
Vi‡ual Ba‡ic 6 (VB6) •u•o†ial‡ and
‡ou†ce code2

Example Vi‡ual Ba‡ic 6.0 •u•o†ial‡ and
‡ou†ce code

VBCo†Lib3 Do excep•ion‡ in Vi‡ual Ba‡ic 6.0
Vi‡ual Ba‡ic Tu•o†ial‡4
Win‡ockVB5 Eve†y•hing •he†e i‡ •o know abou• ‡ock-

e•‡ and Vi‡ual Ba‡ic 6.0. S•ill ha‡ ac•ive
fo†um‡. OFF LINE

VBSpeed6 Objec•ive evidence you can u‡e •o help
you w†i•e fa‡•e† code

GPWiki7 Con•ain‡ mo†e game †ela•ed Vi‡ual Ba‡ic
•u•o†ial‡

X•†emeVBTalk8 A VB fo†um
AllAPI9 Example‡ fo† Window‡ API‡
Ha†dco†e Vi‡ual Ba‡ic10 B†uce McKinney'‡ ma‡•e†piece; ‡how‡

•ha• you can w†i•e almo‡• any•hing in
Vi‡ual Ba‡ic 6.0.

Plane• Sou†ce Code11 Sample Sou†ce Code
VBCode.com12 F†ee Sou†ce Code fo† VB
A1VBcode.com13 Another F†ee Sou†ce Code ‡i•e fo† VB
VBexemple.com14 F†ee example‡(‡ou†ce code), Tu•o†ial‡ fo†

Vi‡ual Ba‡ic 6.0

1 http://www.vbtutor.net
2 http://www.vb6.us
3 http://www.kellyethridge.com/vbcorlib/index.shtml
4 http://www.pickatutorial.com/tutorials/vb_1.htm
5 http://www.winsockvb.com/
6 http://xbeat.net/vbspeed
7 http://gpwiki.org
8 http://www.visualbasicforum.com/
9 http://www.mentalis.org/vbexamples/list.php?category=MISC
10 http://vb.mvps.org/hardcore/
11 http://www.planet-source-code.com
12 http://www.vbcode.com/
13 http://www.a1vbcode.com/
14 http://www.vbexemple.com/
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Link‡

Link Comment
Vi‡ual Ba‡ic Beginne†‡ Tu•o†ial‡15 Tu•o†ial‡ fo† Vi‡ual Ba‡ic.NET

15 http://www.visualbasictutorial.net/

242

http://www.visualbasictutorial.net/


36 Contriffiutors

36.1 Authors flnd Contriffiutors

De•ail‡ of pe†mi‡‡ion‡ given •o include con•en• f†om o•he† ‡i•e‡ and documen•‡ i‡ on •he
C†edi•‡ and Pe†mi‡‡ion‡1 page.

Nflme Commen•
Ba•jew2 W†o•e almo‡• eve†y•hing •o ‡•a†•, ge••ing

help now.
EugeneH3 Co††ec•ed mi‡•ake‡ and w†o•e •he †e‡•.

U‡e† name i‡ now O†age4
Kwhi•efoo•5 Added: di‡•inc•ion be•ween Type and

Cla‡‡, op•imiza•ion of p†og†am‡. Spli•
in•o ‡epa†a•e chap•e†‡. Added coding
‡•anda†d‡, ca‡e ‡•udie‡, op•imiza•ion.

Ellio• Spence† Con•†ibu•ed many example‡ f†om hi‡
web ‡i•e: http://www.ilook.fsnet.co.
uk/index.htm

Aadnk6 Some ‡ec•ion‡ •†an‡la•ed f†om •he No†-
wegian Vi‡ual Ba‡ic7 WikiBook (by
Kwhi•efoo•8). Al‡o w†o•e •he Window‡
Dialog‡ chap•e†.

GUI Compu•ing P•y L•d/Ma†k
T†e‡cow•hick9

Ma†k T†e‡cow•hick kindly gave pe†-
mi‡‡ion fo† •he http://www.gui.com.
au/resources/coding_standards.htm
GUI Compu•ing coding ‡•anda†d‡10 and
http://www.avdf.com/ Au‡•†alian Vi-
‡ual Develope†‡ Fo†um11 •o be u‡ed, ‡ee
C†edi•‡ and Pe†mi‡‡ion‡12.

1 http://en.wikibooks.org/wiki/..%2FCredits%20and%20Permissions
2 http://en.wikibooks.org/wiki/User%3ABatjew
3 http://en.wikibooks.org/wiki/User%3AEugeneH
4 http://en.wikibooks.org/wiki/user%3Aorage
5 http://en.wikibooks.org/wiki/User%3AKwhitefoot
6 http://no.wikibooks.org/wiki/User:Aadnk
7 http://no.wikibooks.org/wiki/Visual_Basic
8 http://en.wikibooks.org/wiki/User%3AKwhitefoot
9 http://www.gui.com.au
10 http://en.wikibooks.org/wiki/%20GUI%20Computing%20coding%20standards
11 http://en.wikibooks.org/wiki/%20Australian%20Visual%20Developers%20Forum
12 http://en.wikibooks.org/wiki/..%2FCredits%20and%20Permissions
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37 Contriffiutors

Edits User
2 A R King1
71 Ad†ignola2
2 Albmon•3
2 Alexiu‡084
1 Avicenna‡i‡5
3 Az15686
1 Bevo7
3 Bijee8
1 Ca†l Tu†ne†9
55 Dan Polan‡ky10
2 Da†klama11
1 De†be•h12
3 Gang6513
4 Hagindaz14
1 He•h†i†Bo•15
1 JackPo••e16
18 Jguk17
4 Jomega•18
1 Jo†genev19
1 King jakob c 220
2 K†i‡chik21

1 http://en.wikibooks.org/wiki/User:A_R_King
2 http://en.wikibooks.org/wiki/User:Adrignola
3 http://en.wikibooks.org/wiki/User:Albmont
4 http://en.wikibooks.org/wiki/User:Alexius08
5 http://en.wikibooks.org/wiki/User:Avicennasis
6 http://en.wikibooks.org/wiki/User:Az1568
7 http://en.wikibooks.org/wiki/User:Bevo
8 http://en.wikibooks.org/wiki/User:Bijee
9 http://en.wikibooks.org/wiki/User:Carl_Turner
10 http://en.wikibooks.org/wiki/User:Dan_Polansky
11 http://en.wikibooks.org/wiki/User:Darklama
12 http://en.wikibooks.org/wiki/User:Derbeth
13 http://en.wikibooks.org/wiki/User:Gang65
14 http://en.wikibooks.org/wiki/User:Hagindaz
15 http://en.wikibooks.org/wiki/User:HethrirBot
16 http://en.wikibooks.org/wiki/User:JackPotte
17 http://en.wikibooks.org/wiki/User:Jguk
18 http://en.wikibooks.org/wiki/User:Jomegat
19 http://en.wikibooks.org/wiki/User:Jorgenev
20 http://en.wikibooks.org/wiki/User:King_jakob_c_2
21 http://en.wikibooks.org/wiki/User:Krischik
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361 Kwhi•efoo•22
2 LlamaAl23
3 Mike.lifegua†d24
1 M•‡1525
13 O†age26
6 Panic2k427
1 Pmlinedi•o†28
5 P‡oup29
7 Qui•eUnu‡ual30
1 Ramac31
6 Recen• Rune‡32
1 Red4•†ibe33
31 Red†ocke•boy34
4 Reece35
1 Sigma 736
1 Taxman37
1 Thenub31438
2 Webawa†e39
1 Xania40

22 http://en.wikibooks.org/wiki/User:Kwhitefoot
23 http://en.wikibooks.org/wiki/User:LlamaAl
24 http://en.wikibooks.org/wiki/User:Mike.lifeguard
25 http://en.wikibooks.org/wiki/User:Mts15
26 http://en.wikibooks.org/wiki/User:Orage
27 http://en.wikibooks.org/wiki/User:Panic2k4
28 http://en.wikibooks.org/wiki/User:Pmlineditor
29 http://en.wikibooks.org/wiki/User:Psoup
30 http://en.wikibooks.org/wiki/User:QuiteUnusual
31 http://en.wikibooks.org/wiki/User:Ramac
32 http://en.wikibooks.org/wiki/User:Recent_Runes
33 http://en.wikibooks.org/wiki/User:Red4tribe
34 http://en.wikibooks.org/wiki/User:Redrocketboy
35 http://en.wikibooks.org/wiki/User:Reece
36 http://en.wikibooks.org/wiki/User:Sigma_7
37 http://en.wikibooks.org/wiki/User:Taxman
38 http://en.wikibooks.org/wiki/User:Thenub314
39 http://en.wikibooks.org/wiki/User:Webaware
40 http://en.wikibooks.org/wiki/User:Xania
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GFDL: Gnu F†ee Documen•a•ion Licen‡e. http://www.gnu.org/licenses/fdl.
html

cc-by-‡a-3.0: C†ea•ive Common‡ A••†ibu•ion Sha†eAlike 3.0 Licen‡e. http://
creativecommons.org/licenses/by-sa/3.0/

cc-by-‡a-2.5: C†ea•ive Common‡ A••†ibu•ion Sha†eAlike 2.5 Licen‡e. http://
creativecommons.org/licenses/by-sa/2.5/

cc-by-‡a-2.0: C†ea•ive Common‡ A••†ibu•ion Sha†eAlike 2.0 Licen‡e. http://
creativecommons.org/licenses/by-sa/2.0/

cc-by-‡a-1.0: C†ea•ive Common‡ A••†ibu•ion Sha†eAlike 1.0 Licen‡e. http://
creativecommons.org/licenses/by-sa/1.0/

cc-by-2.0: C†ea•ive Common‡ A••†ibu•ion 2.0 Licen‡e. http://creativecommons.
org/licenses/by/2.0/

cc-by-2.0: C†ea•ive Common‡ A••†ibu•ion 2.0 Licen‡e. http://creativecommons.
org/licenses/by/2.0/deed.en

cc-by-2.5: C†ea•ive Common‡ A••†ibu•ion 2.5 Licen‡e. http://creativecommons.
org/licenses/by/2.5/deed.en

cc-by-3.0: C†ea•ive Common‡ A••†ibu•ion 3.0 Licen‡e. http://creativecommons.
org/licenses/by/3.0/deed.en

GPL: GNU Gene†al Public Licen‡e. http://www.gnu.org/licenses/gpl-2.0.txt

LGPL: GNU Le‡‡e† Gene†al Public Licen‡e. http://www.gnu.org/licenses/lgpl.
html

PD: Thi‡ image i‡ in •he public domain.

ATTR: The copy†igh• holde† of •hi‡ le allow‡ anyone •o u‡e i• fo† any pu†po‡e,
p†ovided •ha• •he copy†igh• holde† i‡ p†ope†ly a••†ibu•ed. Redi‡•†ibu•ion, de†iva•ive
wo†k, comme†cial u‡e, and all o•he† u‡e i‡ pe†mi••ed.

EURO: Thi‡ i‡ •he common (†eve†‡e) face of a eu†o coin. The copy†igh• on •he de‡ign
of •he common face of •he eu†o coin‡ belong‡ •o •he Eu†opean Commi‡‡ion. Au•ho†i‡ed
i‡ †ep†oduc•ion in a fo†ma• wi•hou• †elief (d†awing‡, pain•ing‡, lm‡) p†ovided •hey
a†e no• de•†imen•al •o •he image of •he eu†o.

LFK: Lizenz F†eie Kun‡•. http://artlibre.org/licence/lal/de

CFR: Copy†igh• f†ee u‡e.
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Li‡• of Figu†e‡

EPL: Eclip‡e Public Licen‡e. http://www.eclipse.org/org/documents/epl-v10.
php

Copie‡ of •he GPL, •he LGPL a‡ well a‡ a GFDL a†e included in chap•e† Licen‡e‡41. Plea‡e
no•e •ha• image‡ in •he public domain do no• †equi†e a••†ibu•ion. You may click on •he
image numbe†‡ in •he following •able •o open •he webpage of •he image‡ in you† webb†owe†.

41 Chap•e† 38 on page 251
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38 Licenses

38.1 GNU GENERAL PUBLIC LICENSE
Ve†‡ion 3, 29 June 2007

Copy†igh• © 2007 F†ee Sof•wa†e Founda•ion, Inc. <h••p://f‡f.o†g/>

Eve†yone i‡ pe†mi••ed •o copy and di‡•†ibu•e ve†ba•im copie‡ of •hi‡
licen‡e documen•, bu• changing i• i‡ no• allowed. P†eamble

The GNU Gene†al Public Licen‡e i‡ a f†ee, copylef• licen‡e fo† ‡of•wa†e
and o•he† kind‡ of wo†k‡.

The licen‡e‡ fo† mo‡• ‡of•wa†e and o•he† p†ac•ical wo†k‡ a†e de‡igned
•o •ake away you† f†eedom •o ‡ha†e and change •he wo†k‡. By con-
•†a‡•, •he GNU Gene†al Public Licen‡e i‡ in•ended •o gua†an•ee you†
f†eedom •o ‡ha†e and change all ve†‡ion‡ of a p†og†am--•o make ‡u†e
i• †emain‡ f†ee ‡of•wa†e fo† all i•‡ u‡e†‡. We, •he F†ee Sof•wa†e Foun-
da•ion, u‡e •he GNU Gene†al Public Licen‡e fo† mo‡• of ou† ‡of•wa†e;
i• applie‡ al‡o •o any o•he† wo†k †elea‡ed •hi‡ way by i•‡ au•ho†‡. You
can apply i• •o you† p†og†am‡, •oo.

When we ‡peak of f†ee ‡of•wa†e, we a†e †efe††ing •o f†eedom, no• p†ice.
Ou† Gene†al Public Licen‡e‡ a†e de‡igned •o make ‡u†e •ha• you have
•he f†eedom •o di‡•†ibu•e copie‡ of f†ee ‡of•wa†e (and cha†ge fo† •hem
if you wi‡h), •ha• you †eceive ‡ou†ce code o† can ge• i• if you wan•
i•, •ha• you can change •he ‡of•wa†e o† u‡e piece‡ of i• in new f†ee
p†og†am‡, and •ha• you know you can do •he‡e •hing‡.

To p†o•ec• you† †igh•‡, we need •o p†even• o•he†‡ f†om denying you
•he‡e †igh•‡ o† a‡king you •o ‡u††ende† •he †igh•‡. The†efo†e, you have
ce†•ain †e‡pon‡ibili•ie‡ if you di‡•†ibu•e copie‡ of •he ‡of•wa†e, o† if you
modify i•: †e‡pon‡ibili•ie‡ •o †e‡pec• •he f†eedom of o•he†‡.

Fo† example, if you di‡•†ibu•e copie‡ of ‡uch a p†og†am, whe•he† g†a•i‡
o† fo† a fee, you mu‡• pa‡‡ on •o •he †ecipien•‡ •he ‡ame f†eedom‡ •ha•
you †eceived. You mu‡• make ‡u†e •ha• •hey, •oo, †eceive o† can ge•
•he ‡ou†ce code. And you mu‡• ‡how •hem •he‡e •e†m‡ ‡o •hey know
•hei† †igh•‡.

Develope†‡ •ha• u‡e •he GNU GPL p†o•ec• you† †igh•‡ wi•h •wo ‡•ep‡:
(1) a‡‡e†• copy†igh• on •he ‡of•wa†e, and (2) o e† you •hi‡ Licen‡e
giving you legal pe†mi‡‡ion •o copy, di‡•†ibu•e and/o† modify i•.

Fo† •he develope†‡' and au•ho†‡' p†o•ec•ion, •he GPL clea†ly explain‡
•ha• •he†e i‡ no wa††an•y fo† •hi‡ f†ee ‡of•wa†e. Fo† bo•h u‡e†‡' and
au•ho†‡' ‡ake, •he GPL †equi†e‡ •ha• modi ed ve†‡ion‡ be ma†ked a‡
changed, ‡o •ha• •hei† p†oblem‡ will no• be a••†ibu•ed e††oneou‡ly •o
au•ho†‡ of p†eviou‡ ve†‡ion‡.

Some device‡ a†e de‡igned •o deny u‡e†‡ acce‡‡ •o in‡•all o† †un mod-
i ed ve†‡ion‡ of •he ‡of•wa†e in‡ide •hem, al•hough •he manufac•u†e†
can do ‡o. Thi‡ i‡ fundamen•ally incompa•ible wi•h •he aim of p†o•ec•-
ing u‡e†‡' f†eedom •o change •he ‡of•wa†e. The ‡y‡•ema•ic pa••e†n of
‡uch abu‡e occu†‡ in •he a†ea of p†oduc•‡ fo† individual‡ •o u‡e, which
i‡ p†eci‡ely whe†e i• i‡ mo‡• unaccep•able. The†efo†e, we have de‡igned
•hi‡ ve†‡ion of •he GPL •o p†ohibi• •he p†ac•ice fo† •ho‡e p†oduc•‡. If
‡uch p†oblem‡ a†i‡e ‡ub‡•an•ially in o•he† domain‡, we ‡•and †eady •o
ex•end •hi‡ p†ovi‡ion •o •ho‡e domain‡ in fu•u†e ve†‡ion‡ of •he GPL,
a‡ needed •o p†o•ec• •he f†eedom of u‡e†‡.

Finally, eve†y p†og†am i‡ •h†ea•ened con‡•an•ly by ‡of•wa†e pa•en•‡.
S•a•e‡ ‡hould no• allow pa•en•‡ •o †e‡•†ic• developmen• and u‡e of ‡of•-
wa†e on gene†al-pu†po‡e compu•e†‡, bu• in •ho‡e •ha• do, we wi‡h •o
avoid •he ‡pecial dange† •ha• pa•en•‡ applied •o a f†ee p†og†am could
make i• e ec•ively p†op†ie•a†y. To p†even• •hi‡, •he GPL a‡‡u†e‡ •ha•
pa•en•‡ canno• be u‡ed •o †ende† •he p†og†am non-f†ee.

The p†eci‡e •e†m‡ and condi•ion‡ fo† copying, di‡•†ibu•ion and modi-
ca•ion follow. TERMS AND CONDITIONS 0. De ni•ion‡.

“Thi‡ Licen‡e” †efe†‡ •o ve†‡ion 3 of •he GNU Gene†al Public Licen‡e.

“Copy†igh•” al‡o mean‡ copy†igh•-like law‡ •ha• apply •o o•he† kind‡
of wo†k‡, ‡uch a‡ ‡emiconduc•o† ma‡k‡.

“The P†og†am” †efe†‡ •o any copy†igh•able wo†k licen‡ed unde† •hi‡ Li-
cen‡e. Each licen‡ee i‡ add†e‡‡ed a‡ “you”. “Licen‡ee‡” and “†ecipien•‡”
may be individual‡ o† o†ganiza•ion‡.

To “modify” a wo†k mean‡ •o copy f†om o† adap• all o† pa†• of •he wo†k
in a fa‡hion †equi†ing copy†igh• pe†mi‡‡ion, o•he† •han •he making of
an exac• copy. The †e‡ul•ing wo†k i‡ called a “modi ed ve†‡ion” of •he
ea†lie† wo†k o† a wo†k “ba‡ed on” •he ea†lie† wo†k.

A “cove†ed wo†k” mean‡ ei•he† •he unmodi ed P†og†am o† a wo†k
ba‡ed on •he P†og†am.

To “p†opaga•e” a wo†k mean‡ •o do any•hing wi•h i• •ha•, wi•hou• pe†-
mi‡‡ion, would make you di†ec•ly o† ‡econda†ily liable fo† inf†ingemen•
unde† applicable copy†igh• law, excep• execu•ing i• on a compu•e† o†
modifying a p†iva•e copy. P†opaga•ion include‡ copying, di‡•†ibu•ion
(wi•h o† wi•hou• modi ca•ion), making available •o •he public, and in
‡ome coun•†ie‡ o•he† ac•ivi•ie‡ a‡ well.

To “convey” a wo†k mean‡ any kind of p†opaga•ion •ha• enable‡ o•he†
pa†•ie‡ •o make o† †eceive copie‡. Me†e in•e†ac•ion wi•h a u‡e† •h†ough
a compu•e† ne•wo†k, wi•h no •†an‡fe† of a copy, i‡ no• conveying.

An in•e†ac•ive u‡e† in•e†face di‡play‡ “App†op†ia•e Legal No•ice‡” •o
•he ex•en• •ha• i• include‡ a convenien• and p†ominen•ly vi‡ible fea-
•u†e •ha• (1) di‡play‡ an app†op†ia•e copy†igh• no•ice, and (2) •ell‡ •he
u‡e† •ha• •he†e i‡ no wa††an•y fo† •he wo†k (excep• •o •he ex•en• •ha•
wa††an•ie‡ a†e p†ovided), •ha• licen‡ee‡ may convey •he wo†k unde†
•hi‡ Licen‡e, and how •o view a copy of •hi‡ Licen‡e. If •he in•e†-
face p†e‡en•‡ a li‡• of u‡e† command‡ o† op•ion‡, ‡uch a‡ a menu, a
p†ominen• i•em in •he li‡• mee•‡ •hi‡ c†i•e†ion. 1. Sou†ce Code.

The “‡ou†ce code” fo† a wo†k mean‡ •he p†efe††ed fo†m of •he wo†k fo†
making modi ca•ion‡ •o i•. “Objec• code” mean‡ any non-‡ou†ce fo†m
of a wo†k.

A “S•anda†d In•e†face” mean‡ an in•e†face •ha• ei•he† i‡ an o cial
‡•anda†d de ned by a †ecognized ‡•anda†d‡ body, o†, in •he ca‡e of
in•e†face‡ ‡peci ed fo† a pa†•icula† p†og†amming language, one •ha• i‡
widely u‡ed among develope†‡ wo†king in •ha• language.

The “Sy‡•em Lib†a†ie‡” of an execu•able wo†k include any•hing, o•he†
•han •he wo†k a‡ a whole, •ha• (a) i‡ included in •he no†mal fo†m of
packaging a Majo† Componen•, bu• which i‡ no• pa†• of •ha• Majo†
Componen•, and (b) ‡e†ve‡ only •o enable u‡e of •he wo†k wi•h •ha•
Majo† Componen•, o† •o implemen• a S•anda†d In•e†face fo† which an
implemen•a•ion i‡ available •o •he public in ‡ou†ce code fo†m. A “Ma-
jo† Componen•”, in •hi‡ con•ex•, mean‡ a majo† e‡‡en•ial componen•
(ke†nel, window ‡y‡•em, and ‡o on) of •he ‡peci c ope†a•ing ‡y‡•em (if
any) on which •he execu•able wo†k †un‡, o† a compile† u‡ed •o p†oduce
•he wo†k, o† an objec• code in•e†p†e•e† u‡ed •o †un i•.

The “Co††e‡ponding Sou†ce” fo† a wo†k in objec• code fo†m mean‡ all
•he ‡ou†ce code needed •o gene†a•e, in‡•all, and (fo† an execu•able
wo†k) †un •he objec• code and •o modify •he wo†k, including ‡c†ip•‡
•o con•†ol •ho‡e ac•ivi•ie‡. Howeve†, i• doe‡ no• include •he wo†k'‡
Sy‡•em Lib†a†ie‡, o† gene†al-pu†po‡e •ool‡ o† gene†ally available f†ee
p†og†am‡ which a†e u‡ed unmodi ed in pe†fo†ming •ho‡e ac•ivi•ie‡ bu•
which a†e no• pa†• of •he wo†k. Fo† example, Co††e‡ponding Sou†ce
include‡ in•e†face de ni•ion le‡ a‡‡ocia•ed wi•h ‡ou†ce le‡ fo† •he
wo†k, and •he ‡ou†ce code fo† ‡ha†ed lib†a†ie‡ and dynamically linked
‡ubp†og†am‡ •ha• •he wo†k i‡ ‡peci cally de‡igned •o †equi†e, ‡uch a‡
by in•ima•e da•a communica•ion o† con•†ol ow be•ween •ho‡e ‡ub-
p†og†am‡ and o•he† pa†•‡ of •he wo†k.

The Co††e‡ponding Sou†ce need no• include any•hing •ha• u‡e†‡ can †e-
gene†a•e au•oma•ically f†om o•he† pa†•‡ of •he Co††e‡ponding Sou†ce.

The Co††e‡ponding Sou†ce fo† a wo†k in ‡ou†ce code fo†m i‡ •ha• ‡ame
wo†k. 2. Ba‡ic Pe†mi‡‡ion‡.

All †igh•‡ g†an•ed unde† •hi‡ Licen‡e a†e g†an•ed fo† •he •e†m of copy-
†igh• on •he P†og†am, and a†e i††evocable p†ovided •he ‡•a•ed con-
di•ion‡ a†e me•. Thi‡ Licen‡e explici•ly a †m‡ you† unlimi•ed pe†-
mi‡‡ion •o †un •he unmodi ed P†og†am. The ou•pu• f†om †unning a
cove†ed wo†k i‡ cove†ed by •hi‡ Licen‡e only if •he ou•pu•, given i•‡
con•en•, con‡•i•u•e‡ a cove†ed wo†k. Thi‡ Licen‡e acknowledge‡ you†
†igh•‡ of fai† u‡e o† o•he† equivalen•, a‡ p†ovided by copy†igh• law.

You may make, †un and p†opaga•e cove†ed wo†k‡ •ha• you do no• con-
vey, wi•hou• condi•ion‡ ‡o long a‡ you† licen‡e o•he†wi‡e †emain‡ in
fo†ce. You may convey cove†ed wo†k‡ •o o•he†‡ fo† •he ‡ole pu†po‡e
of having •hem make modi ca•ion‡ exclu‡ively fo† you, o† p†ovide you
wi•h facili•ie‡ fo† †unning •ho‡e wo†k‡, p†ovided •ha• you comply wi•h
•he •e†m‡ of •hi‡ Licen‡e in conveying all ma•e†ial fo† which you do no•
con•†ol copy†igh•. Tho‡e •hu‡ making o† †unning •he cove†ed wo†k‡
fo† you mu‡• do ‡o exclu‡ively on you† behalf, unde† you† di†ec•ion
and con•†ol, on •e†m‡ •ha• p†ohibi• •hem f†om making any copie‡ of
you† copy†igh•ed ma•e†ial ou•‡ide •hei† †ela•ion‡hip wi•h you.

Conveying unde† any o•he† ci†cum‡•ance‡ i‡ pe†mi••ed ‡olely unde†
•he condi•ion‡ ‡•a•ed below. Sublicen‡ing i‡ no• allowed; ‡ec•ion 10
make‡ i• unnece‡‡a†y. 3. P†o•ec•ing U‡e†‡' Legal Righ•‡ F†om An•i-
Ci†cumven•ion Law.

No cove†ed wo†k ‡hall be deemed pa†• of an e ec•ive •echnological
mea‡u†e unde† any applicable law ful lling obliga•ion‡ unde† a†•icle
11 of •he WIPO copy†igh• •†ea•y adop•ed on 20 Decembe† 1996, o†
‡imila† law‡ p†ohibi•ing o† †e‡•†ic•ing ci†cumven•ion of ‡uch mea‡u†e‡.

When you convey a cove†ed wo†k, you waive any legal powe† •o fo†bid
ci†cumven•ion of •echnological mea‡u†e‡ •o •he ex•en• ‡uch ci†cum-
ven•ion i‡ e ec•ed by exe†ci‡ing †igh•‡ unde† •hi‡ Licen‡e wi•h †e‡pec•
•o •he cove†ed wo†k, and you di‡claim any in•en•ion •o limi• ope†a-
•ion o† modi ca•ion of •he wo†k a‡ a mean‡ of enfo†cing, again‡• •he
wo†k'‡ u‡e†‡, you† o† •hi†d pa†•ie‡' legal †igh•‡ •o fo†bid ci†cumven•ion
of •echnological mea‡u†e‡. 4. Conveying Ve†ba•im Copie‡.

You may convey ve†ba•im copie‡ of •he P†og†am'‡ ‡ou†ce code a‡ you
†eceive i•, in any medium, p†ovided •ha• you con‡picuou‡ly and app†o-
p†ia•ely publi‡h on each copy an app†op†ia•e copy†igh• no•ice; keep in-
•ac• all no•ice‡ ‡•a•ing •ha• •hi‡ Licen‡e and any non-pe†mi‡‡ive •e†m‡
added in acco†d wi•h ‡ec•ion 7 apply •o •he code; keep in•ac• all no-
•ice‡ of •he ab‡ence of any wa††an•y; and give all †ecipien•‡ a copy of
•hi‡ Licen‡e along wi•h •he P†og†am.

You may cha†ge any p†ice o† no p†ice fo† each copy •ha• you con-
vey, and you may o e† ‡uppo†• o† wa††an•y p†o•ec•ion fo† a fee. 5.
Conveying Modi ed Sou†ce Ve†‡ion‡.

You may convey a wo†k ba‡ed on •he P†og†am, o† •he modi ca•ion‡
•o p†oduce i• f†om •he P†og†am, in •he fo†m of ‡ou†ce code unde† •he
•e†m‡ of ‡ec•ion 4, p†ovided •ha• you al‡o mee• all of •he‡e condi•ion‡:

* a) The wo†k mu‡• ca††y p†ominen• no•ice‡ ‡•a•ing •ha• you modi ed
i•, and giving a †elevan• da•e. * b) The wo†k mu‡• ca††y p†ominen•
no•ice‡ ‡•a•ing •ha• i• i‡ †elea‡ed unde† •hi‡ Licen‡e and any condi•ion‡
added unde† ‡ec•ion 7. Thi‡ †equi†emen• modi e‡ •he †equi†emen• in
‡ec•ion 4 •o “keep in•ac• all no•ice‡”. * c) You mu‡• licen‡e •he en•i†e
wo†k, a‡ a whole, unde† •hi‡ Licen‡e •o anyone who come‡ in•o po‡-
‡e‡‡ion of a copy. Thi‡ Licen‡e will •he†efo†e apply, along wi•h any
applicable ‡ec•ion 7 addi•ional •e†m‡, •o •he whole of •he wo†k, and
all i•‡ pa†•‡, †ega†dle‡‡ of how •hey a†e packaged. Thi‡ Licen‡e give‡
no pe†mi‡‡ion •o licen‡e •he wo†k in any o•he† way, bu• i• doe‡ no•
invalida•e ‡uch pe†mi‡‡ion if you have ‡epa†a•ely †eceived i•. * d) If
•he wo†k ha‡ in•e†ac•ive u‡e† in•e†face‡, each mu‡• di‡play App†op†ia•e
Legal No•ice‡; howeve†, if •he P†og†am ha‡ in•e†ac•ive in•e†face‡ •ha•
do no• di‡play App†op†ia•e Legal No•ice‡, you† wo†k need no• make
•hem do ‡o.

A compila•ion of a cove†ed wo†k wi•h o•he† ‡epa†a•e and independen•
wo†k‡, which a†e no• by •hei† na•u†e ex•en‡ion‡ of •he cove†ed wo†k,
and which a†e no• combined wi•h i• ‡uch a‡ •o fo†m a la†ge† p†og†am,
in o† on a volume of a ‡•o†age o† di‡•†ibu•ion medium, i‡ called an
“agg†ega•e” if •he compila•ion and i•‡ †e‡ul•ing copy†igh• a†e no• u‡ed
•o limi• •he acce‡‡ o† legal †igh•‡ of •he compila•ion'‡ u‡e†‡ beyond
wha• •he individual wo†k‡ pe†mi•. Inclu‡ion of a cove†ed wo†k in an
agg†ega•e doe‡ no• cau‡e •hi‡ Licen‡e •o apply •o •he o•he† pa†•‡ of
•he agg†ega•e. 6. Conveying Non-Sou†ce Fo†m‡.

You may convey a cove†ed wo†k in objec• code fo†m unde† •he •e†m‡ of
‡ec•ion‡ 4 and 5, p†ovided •ha• you al‡o convey •he machine-†eadable
Co††e‡ponding Sou†ce unde† •he •e†m‡ of •hi‡ Licen‡e, in one of •he‡e
way‡:

* a) Convey •he objec• code in, o† embodied in, a phy‡ical p†oduc• (in-
cluding a phy‡ical di‡•†ibu•ion medium), accompanied by •he Co††e-
‡ponding Sou†ce xed on a du†able phy‡ical medium cu‡•oma†ily u‡ed
fo† ‡of•wa†e in•e†change. * b) Convey •he objec• code in, o† embodied
in, a phy‡ical p†oduc• (including a phy‡ical di‡•†ibu•ion medium), ac-
companied by a w†i••en o e†, valid fo† a• lea‡• •h†ee yea†‡ and valid
fo† a‡ long a‡ you o e† ‡pa†e pa†•‡ o† cu‡•ome† ‡uppo†• fo† •ha• p†od-
uc• model, •o give anyone who po‡‡e‡‡e‡ •he objec• code ei•he† (1) a
copy of •he Co††e‡ponding Sou†ce fo† all •he ‡of•wa†e in •he p†oduc•
•ha• i‡ cove†ed by •hi‡ Licen‡e, on a du†able phy‡ical medium cu‡-
•oma†ily u‡ed fo† ‡of•wa†e in•e†change, fo† a p†ice no mo†e •han you†
†ea‡onable co‡• of phy‡ically pe†fo†ming •hi‡ conveying of ‡ou†ce, o†
(2) acce‡‡ •o copy •he Co††e‡ponding Sou†ce f†om a ne•wo†k ‡e†ve† a•
no cha†ge. * c) Convey individual copie‡ of •he objec• code wi•h a
copy of •he w†i••en o e† •o p†ovide •he Co††e‡ponding Sou†ce. Thi‡
al•e†na•ive i‡ allowed only occa‡ionally and noncomme†cially, and only
if you †eceived •he objec• code wi•h ‡uch an o e†, in acco†d wi•h ‡ub-
‡ec•ion 6b. * d) Convey •he objec• code by o e†ing acce‡‡ f†om a
de‡igna•ed place (g†a•i‡ o† fo† a cha†ge), and o e† equivalen• acce‡‡ •o
•he Co††e‡ponding Sou†ce in •he ‡ame way •h†ough •he ‡ame place a•
no fu†•he† cha†ge. You need no• †equi†e †ecipien•‡ •o copy •he Co††e-
‡ponding Sou†ce along wi•h •he objec• code. If •he place •o copy •he
objec• code i‡ a ne•wo†k ‡e†ve†, •he Co††e‡ponding Sou†ce may be on a

di e†en• ‡e†ve† (ope†a•ed by you o† a •hi†d pa†•y) •ha• ‡uppo†•‡ equiv-
alen• copying facili•ie‡, p†ovided you main•ain clea† di†ec•ion‡ nex• •o
•he objec• code ‡aying whe†e •o nd •he Co††e‡ponding Sou†ce. Re-
ga†dle‡‡ of wha• ‡e†ve† ho‡•‡ •he Co††e‡ponding Sou†ce, you †emain
obliga•ed •o en‡u†e •ha• i• i‡ available fo† a‡ long a‡ needed •o ‡a•i‡fy
•he‡e †equi†emen•‡. * e) Convey •he objec• code u‡ing pee†-•o-pee†
•†an‡mi‡‡ion, p†ovided you info†m o•he† pee†‡ whe†e •he objec• code
and Co††e‡ponding Sou†ce of •he wo†k a†e being o e†ed •o •he gene†al
public a• no cha†ge unde† ‡ub‡ec•ion 6d.

A ‡epa†able po†•ion of •he objec• code, who‡e ‡ou†ce code i‡ excluded
f†om •he Co††e‡ponding Sou†ce a‡ a Sy‡•em Lib†a†y, need no• be in-
cluded in conveying •he objec• code wo†k.

A “U‡e† P†oduc•” i‡ ei•he† (1) a “con‡ume† p†oduc•”, which mean‡ any
•angible pe†‡onal p†ope†•y which i‡ no†mally u‡ed fo† pe†‡onal, family,
o† hou‡ehold pu†po‡e‡, o† (2) any•hing de‡igned o† ‡old fo† inco†po†a-
•ion in•o a dwelling. In de•e†mining whe•he† a p†oduc• i‡ a con‡ume†
p†oduc•, doub•ful ca‡e‡ ‡hall be †e‡olved in favo† of cove†age. Fo† a
pa†•icula† p†oduc• †eceived by a pa†•icula† u‡e†, “no†mally u‡ed” †efe†‡
•o a •ypical o† common u‡e of •ha• cla‡‡ of p†oduc•, †ega†dle‡‡ of •he
‡•a•u‡ of •he pa†•icula† u‡e† o† of •he way in which •he pa†•icula†
u‡e† ac•ually u‡e‡, o† expec•‡ o† i‡ expec•ed •o u‡e, •he p†oduc•. A
p†oduc• i‡ a con‡ume† p†oduc• †ega†dle‡‡ of whe•he† •he p†oduc• ha‡
‡ub‡•an•ial comme†cial, indu‡•†ial o† non-con‡ume† u‡e‡, unle‡‡ ‡uch
u‡e‡ †ep†e‡en• •he only ‡igni can• mode of u‡e of •he p†oduc•.

“In‡•alla•ion Info†ma•ion” fo† a U‡e† P†oduc• mean‡ any me•hod‡, p†o-
cedu†e‡, au•ho†iza•ion key‡, o† o•he† info†ma•ion †equi†ed •o in‡•all
and execu•e modi ed ve†‡ion‡ of a cove†ed wo†k in •ha• U‡e† P†oduc•
f†om a modi ed ve†‡ion of i•‡ Co††e‡ponding Sou†ce. The info†ma•ion
mu‡• ‡u ce •o en‡u†e •ha• •he con•inued func•ioning of •he modi ed
objec• code i‡ in no ca‡e p†even•ed o† in•e†fe†ed wi•h ‡olely becau‡e
modi ca•ion ha‡ been made.

If you convey an objec• code wo†k unde† •hi‡ ‡ec•ion in, o† wi•h, o†
‡peci cally fo† u‡e in, a U‡e† P†oduc•, and •he conveying occu†‡ a‡
pa†• of a •†an‡ac•ion in which •he †igh• of po‡‡e‡‡ion and u‡e of •he
U‡e† P†oduc• i‡ •†an‡fe††ed •o •he †ecipien• in pe†pe•ui•y o† fo† a xed
•e†m (†ega†dle‡‡ of how •he •†an‡ac•ion i‡ cha†ac•e†ized), •he Co††e-
‡ponding Sou†ce conveyed unde† •hi‡ ‡ec•ion mu‡• be accompanied by
•he In‡•alla•ion Info†ma•ion. Bu• •hi‡ †equi†emen• doe‡ no• apply if
nei•he† you no† any •hi†d pa†•y †e•ain‡ •he abili•y •o in‡•all modi-
ed objec• code on •he U‡e† P†oduc• (fo† example, •he wo†k ha‡ been
in‡•alled in ROM).

The †equi†emen• •o p†ovide In‡•alla•ion Info†ma•ion doe‡ no• include
a †equi†emen• •o con•inue •o p†ovide ‡uppo†• ‡e†vice, wa††an•y, o† up-
da•e‡ fo† a wo†k •ha• ha‡ been modi ed o† in‡•alled by •he †ecipien•,
o† fo† •he U‡e† P†oduc• in which i• ha‡ been modi ed o† in‡•alled.
Acce‡‡ •o a ne•wo†k may be denied when •he modi ca•ion i•‡elf ma-
•e†ially and adve†‡ely a ec•‡ •he ope†a•ion of •he ne•wo†k o† viola•e‡
•he †ule‡ and p†o•ocol‡ fo† communica•ion ac†o‡‡ •he ne•wo†k.

Co††e‡ponding Sou†ce conveyed, and In‡•alla•ion Info†ma•ion p†o-
vided, in acco†d wi•h •hi‡ ‡ec•ion mu‡• be in a fo†ma• •ha• i‡ publicly
documen•ed (and wi•h an implemen•a•ion available •o •he public in
‡ou†ce code fo†m), and mu‡• †equi†e no ‡pecial pa‡‡wo†d o† key fo†
unpacking, †eading o† copying. 7. Addi•ional Te†m‡.

“Addi•ional pe†mi‡‡ion‡” a†e •e†m‡ •ha• ‡upplemen• •he •e†m‡ of •hi‡
Licen‡e by making excep•ion‡ f†om one o† mo†e of i•‡ condi•ion‡. Ad-
di•ional pe†mi‡‡ion‡ •ha• a†e applicable •o •he en•i†e P†og†am ‡hall be
•†ea•ed a‡ •hough •hey we†e included in •hi‡ Licen‡e, •o •he ex•en• •ha•
•hey a†e valid unde† applicable law. If addi•ional pe†mi‡‡ion‡ apply
only •o pa†• of •he P†og†am, •ha• pa†• may be u‡ed ‡epa†a•ely unde†
•ho‡e pe†mi‡‡ion‡, bu• •he en•i†e P†og†am †emain‡ gove†ned by •hi‡
Licen‡e wi•hou• †ega†d •o •he addi•ional pe†mi‡‡ion‡.

When you convey a copy of a cove†ed wo†k, you may a• you† op•ion
†emove any addi•ional pe†mi‡‡ion‡ f†om •ha• copy, o† f†om any pa†•
of i•. (Addi•ional pe†mi‡‡ion‡ may be w†i••en •o †equi†e •hei† own
†emoval in ce†•ain ca‡e‡ when you modify •he wo†k.) You may place
addi•ional pe†mi‡‡ion‡ on ma•e†ial, added by you •o a cove†ed wo†k,
fo† which you have o† can give app†op†ia•e copy†igh• pe†mi‡‡ion.

No•wi•h‡•anding any o•he† p†ovi‡ion of •hi‡ Licen‡e, fo† ma•e†ial you
add •o a cove†ed wo†k, you may (if au•ho†ized by •he copy†igh• holde†‡
of •ha• ma•e†ial) ‡upplemen• •he •e†m‡ of •hi‡ Licen‡e wi•h •e†m‡:

* a) Di‡claiming wa††an•y o† limi•ing liabili•y di e†en•ly f†om •he
•e†m‡ of ‡ec•ion‡ 15 and 16 of •hi‡ Licen‡e; o† * b) Requi†ing p†e‡e†-
va•ion of ‡peci ed †ea‡onable legal no•ice‡ o† au•ho† a••†ibu•ion‡ in
•ha• ma•e†ial o† in •he App†op†ia•e Legal No•ice‡ di‡played by wo†k‡
con•aining i•; o† * c) P†ohibi•ing mi‡†ep†e‡en•a•ion of •he o†igin of
•ha• ma•e†ial, o† †equi†ing •ha• modi ed ve†‡ion‡ of ‡uch ma•e†ial be
ma†ked in †ea‡onable way‡ a‡ di e†en• f†om •he o†iginal ve†‡ion; o† *
d) Limi•ing •he u‡e fo† publici•y pu†po‡e‡ of name‡ of licen‡o†‡ o† au-
•ho†‡ of •he ma•e†ial; o† * e) Declining •o g†an• †igh•‡ unde† •†adema†k
law fo† u‡e of ‡ome •†ade name‡, •†adema†k‡, o† ‡e†vice ma†k‡; o† *
f) Requi†ing indemni ca•ion of licen‡o†‡ and au•ho†‡ of •ha• ma•e†ial
by anyone who convey‡ •he ma•e†ial (o† modi ed ve†‡ion‡ of i•) wi•h
con•†ac•ual a‡‡ump•ion‡ of liabili•y •o •he †ecipien•, fo† any liabili•y
•ha• •he‡e con•†ac•ual a‡‡ump•ion‡ di†ec•ly impo‡e on •ho‡e licen‡o†‡
and au•ho†‡.

All o•he† non-pe†mi‡‡ive addi•ional •e†m‡ a†e con‡ide†ed “fu†•he† †e-
‡•†ic•ion‡” wi•hin •he meaning of ‡ec•ion 10. If •he P†og†am a‡ you
†eceived i•, o† any pa†• of i•, con•ain‡ a no•ice ‡•a•ing •ha• i• i‡ gov-
e†ned by •hi‡ Licen‡e along wi•h a •e†m •ha• i‡ a fu†•he† †e‡•†ic•ion,
you may †emove •ha• •e†m. If a licen‡e documen• con•ain‡ a fu†•he†
†e‡•†ic•ion bu• pe†mi•‡ †elicen‡ing o† conveying unde† •hi‡ Licen‡e, you
may add •o a cove†ed wo†k ma•e†ial gove†ned by •he •e†m‡ of •ha• li-
cen‡e documen•, p†ovided •ha• •he fu†•he† †e‡•†ic•ion doe‡ no• ‡u†vive
‡uch †elicen‡ing o† conveying.

If you add •e†m‡ •o a cove†ed wo†k in acco†d wi•h •hi‡ ‡ec•ion, you
mu‡• place, in •he †elevan• ‡ou†ce le‡, a ‡•a•emen• of •he addi•ional
•e†m‡ •ha• apply •o •ho‡e le‡, o† a no•ice indica•ing whe†e •o nd •he
applicable •e†m‡.

Addi•ional •e†m‡, pe†mi‡‡ive o† non-pe†mi‡‡ive, may be ‡•a•ed in •he
fo†m of a ‡epa†a•ely w†i••en licen‡e, o† ‡•a•ed a‡ excep•ion‡; •he above
†equi†emen•‡ apply ei•he† way. 8. Te†mina•ion.

You may no• p†opaga•e o† modify a cove†ed wo†k excep• a‡ exp†e‡‡ly
p†ovided unde† •hi‡ Licen‡e. Any a••emp• o•he†wi‡e •o p†opaga•e o†
modify i• i‡ void, and will au•oma•ically •e†mina•e you† †igh•‡ unde†
•hi‡ Licen‡e (including any pa•en• licen‡e‡ g†an•ed unde† •he •hi†d
pa†ag†aph of ‡ec•ion 11).

Howeve†, if you cea‡e all viola•ion of •hi‡ Licen‡e, •hen you† licen‡e
f†om a pa†•icula† copy†igh• holde† i‡ †ein‡•a•ed (a) p†ovi‡ionally, un-
le‡‡ and un•il •he copy†igh• holde† explici•ly and nally •e†mina•e‡

you† licen‡e, and (b) pe†manen•ly, if •he copy†igh• holde† fail‡ •o no-
•ify you of •he viola•ion by ‡ome †ea‡onable mean‡ p†io† •o 60 day‡
af•e† •he ce‡‡a•ion.

Mo†eove†, you† licen‡e f†om a pa†•icula† copy†igh• holde† i‡ †ein‡•a•ed
pe†manen•ly if •he copy†igh• holde† no•i e‡ you of •he viola•ion by
‡ome †ea‡onable mean‡, •hi‡ i‡ •he †‡• •ime you have †eceived no•ice
of viola•ion of •hi‡ Licen‡e (fo† any wo†k) f†om •ha• copy†igh• holde†,
and you cu†e •he viola•ion p†io† •o 30 day‡ af•e† you† †eceip• of •he
no•ice.

Te†mina•ion of you† †igh•‡ unde† •hi‡ ‡ec•ion doe‡ no• •e†mina•e •he
licen‡e‡ of pa†•ie‡ who have †eceived copie‡ o† †igh•‡ f†om you unde†
•hi‡ Licen‡e. If you† †igh•‡ have been •e†mina•ed and no• pe†manen•ly
†ein‡•a•ed, you do no• qualify •o †eceive new licen‡e‡ fo† •he ‡ame
ma•e†ial unde† ‡ec•ion 10. 9. Accep•ance No• Requi†ed fo† Having
Copie‡.

You a†e no• †equi†ed •o accep• •hi‡ Licen‡e in o†de† •o †eceive o† †un
a copy of •he P†og†am. Ancilla†y p†opaga•ion of a cove†ed wo†k oc-
cu††ing ‡olely a‡ a con‡equence of u‡ing pee†-•o-pee† •†an‡mi‡‡ion •o
†eceive a copy likewi‡e doe‡ no• †equi†e accep•ance. Howeve†, no•hing
o•he† •han •hi‡ Licen‡e g†an•‡ you pe†mi‡‡ion •o p†opaga•e o† modify
any cove†ed wo†k. The‡e ac•ion‡ inf†inge copy†igh• if you do no• accep•
•hi‡ Licen‡e. The†efo†e, by modifying o† p†opaga•ing a cove†ed wo†k,
you indica•e you† accep•ance of •hi‡ Licen‡e •o do ‡o. 10. Au•oma•ic
Licen‡ing of Down‡•†eam Recipien•‡.

Each •ime you convey a cove†ed wo†k, •he †ecipien• au•oma•ically †e-
ceive‡ a licen‡e f†om •he o†iginal licen‡o†‡, •o †un, modify and p†op-
aga•e •ha• wo†k, ‡ubjec• •o •hi‡ Licen‡e. You a†e no• †e‡pon‡ible fo†
enfo†cing compliance by •hi†d pa†•ie‡ wi•h •hi‡ Licen‡e.

An “en•i•y •†an‡ac•ion” i‡ a •†an‡ac•ion •†an‡fe††ing con•†ol of an o†-
ganiza•ion, o† ‡ub‡•an•ially all a‡‡e•‡ of one, o† ‡ubdividing an o†ga-
niza•ion, o† me†ging o†ganiza•ion‡. If p†opaga•ion of a cove†ed wo†k
†e‡ul•‡ f†om an en•i•y •†an‡ac•ion, each pa†•y •o •ha• •†an‡ac•ion who
†eceive‡ a copy of •he wo†k al‡o †eceive‡ wha•eve† licen‡e‡ •o •he wo†k
•he pa†•y'‡ p†edece‡‡o† in in•e†e‡• had o† could give unde† •he p†eviou‡
pa†ag†aph, plu‡ a †igh• •o po‡‡e‡‡ion of •he Co††e‡ponding Sou†ce of
•he wo†k f†om •he p†edece‡‡o† in in•e†e‡•, if •he p†edece‡‡o† ha‡ i• o†
can ge• i• wi•h †ea‡onable e o†•‡.

You may no• impo‡e any fu†•he† †e‡•†ic•ion‡ on •he exe†ci‡e of •he
†igh•‡ g†an•ed o† a †med unde† •hi‡ Licen‡e. Fo† example, you may
no• impo‡e a licen‡e fee, †oyal•y, o† o•he† cha†ge fo† exe†ci‡e of †igh•‡
g†an•ed unde† •hi‡ Licen‡e, and you may no• ini•ia•e li•iga•ion (in-
cluding a c†o‡‡-claim o† coun•e†claim in a law‡ui•) alleging •ha• any
pa•en• claim i‡ inf†inged by making, u‡ing, ‡elling, o e†ing fo† ‡ale, o†
impo†•ing •he P†og†am o† any po†•ion of i•. 11. Pa•en•‡.

A “con•†ibu•o†” i‡ a copy†igh• holde† who au•ho†ize‡ u‡e unde† •hi‡
Licen‡e of •he P†og†am o† a wo†k on which •he P†og†am i‡ ba‡ed. The
wo†k •hu‡ licen‡ed i‡ called •he con•†ibu•o†'‡ “con•†ibu•o† ve†‡ion”.

A con•†ibu•o†'‡ “e‡‡en•ial pa•en• claim‡” a†e all pa•en• claim‡ owned
o† con•†olled by •he con•†ibu•o†, whe•he† al†eady acqui†ed o† he†eaf•e†
acqui†ed, •ha• would be inf†inged by ‡ome manne†, pe†mi••ed by •hi‡
Licen‡e, of making, u‡ing, o† ‡elling i•‡ con•†ibu•o† ve†‡ion, bu• do
no• include claim‡ •ha• would be inf†inged only a‡ a con‡equence of
fu†•he† modi ca•ion of •he con•†ibu•o† ve†‡ion. Fo† pu†po‡e‡ of •hi‡
de ni•ion, “con•†ol” include‡ •he †igh• •o g†an• pa•en• ‡ublicen‡e‡ in a
manne† con‡i‡•en• wi•h •he †equi†emen•‡ of •hi‡ Licen‡e.

Each con•†ibu•o† g†an•‡ you a non-exclu‡ive, wo†ldwide, †oyal•y-f†ee
pa•en• licen‡e unde† •he con•†ibu•o†'‡ e‡‡en•ial pa•en• claim‡, •o make,
u‡e, ‡ell, o e† fo† ‡ale, impo†• and o•he†wi‡e †un, modify and p†opa-
ga•e •he con•en•‡ of i•‡ con•†ibu•o† ve†‡ion.

In •he following •h†ee pa†ag†aph‡, a “pa•en• licen‡e” i‡ any exp†e‡‡
ag†eemen• o† commi•men•, howeve† denomina•ed, no• •o enfo†ce a
pa•en• (‡uch a‡ an exp†e‡‡ pe†mi‡‡ion •o p†ac•ice a pa•en• o† covenan•
no• •o ‡ue fo† pa•en• inf†ingemen•). To “g†an•” ‡uch a pa•en• licen‡e
•o a pa†•y mean‡ •o make ‡uch an ag†eemen• o† commi•men• no• •o
enfo†ce a pa•en• again‡• •he pa†•y.

If you convey a cove†ed wo†k, knowingly †elying on a pa•en• licen‡e,
and •he Co††e‡ponding Sou†ce of •he wo†k i‡ no• available fo† anyone
•o copy, f†ee of cha†ge and unde† •he •e†m‡ of •hi‡ Licen‡e, •h†ough
a publicly available ne•wo†k ‡e†ve† o† o•he† †eadily acce‡‡ible mean‡,
•hen you mu‡• ei•he† (1) cau‡e •he Co††e‡ponding Sou†ce •o be ‡o
available, o† (2) a††ange •o dep†ive you†‡elf of •he bene • of •he pa•en•
licen‡e fo† •hi‡ pa†•icula† wo†k, o† (3) a††ange, in a manne† con‡i‡•en•
wi•h •he †equi†emen•‡ of •hi‡ Licen‡e, •o ex•end •he pa•en• licen‡e •o
down‡•†eam †ecipien•‡. “Knowingly †elying” mean‡ you have ac•ual
knowledge •ha•, bu• fo† •he pa•en• licen‡e, you† conveying •he cov-
e†ed wo†k in a coun•†y, o† you† †ecipien•'‡ u‡e of •he cove†ed wo†k
in a coun•†y, would inf†inge one o† mo†e iden•i able pa•en•‡ in •ha•
coun•†y •ha• you have †ea‡on •o believe a†e valid.

If, pu†‡uan• •o o† in connec•ion wi•h a ‡ingle •†an‡ac•ion o† a††ange-
men•, you convey, o† p†opaga•e by p†ocu†ing conveyance of, a cove†ed
wo†k, and g†an• a pa•en• licen‡e •o ‡ome of •he pa†•ie‡ †eceiving •he
cove†ed wo†k au•ho†izing •hem •o u‡e, p†opaga•e, modify o† convey a
‡peci c copy of •he cove†ed wo†k, •hen •he pa•en• licen‡e you g†an• i‡
au•oma•ically ex•ended •o all †ecipien•‡ of •he cove†ed wo†k and wo†k‡
ba‡ed on i•.

A pa•en• licen‡e i‡ “di‡c†imina•o†y” if i• doe‡ no• include wi•hin •he
‡cope of i•‡ cove†age, p†ohibi•‡ •he exe†ci‡e of, o† i‡ condi•ioned on •he
non-exe†ci‡e of one o† mo†e of •he †igh•‡ •ha• a†e ‡peci cally g†an•ed
unde† •hi‡ Licen‡e. You may no• convey a cove†ed wo†k if you a†e
a pa†•y •o an a††angemen• wi•h a •hi†d pa†•y •ha• i‡ in •he bu‡ine‡‡
of di‡•†ibu•ing ‡of•wa†e, unde† which you make paymen• •o •he •hi†d
pa†•y ba‡ed on •he ex•en• of you† ac•ivi•y of conveying •he wo†k, and
unde† which •he •hi†d pa†•y g†an•‡, •o any of •he pa†•ie‡ who would
†eceive •he cove†ed wo†k f†om you, a di‡c†imina•o†y pa•en• licen‡e (a)
in connec•ion wi•h copie‡ of •he cove†ed wo†k conveyed by you (o†
copie‡ made f†om •ho‡e copie‡), o† (b) p†ima†ily fo† and in connec•ion
wi•h ‡peci c p†oduc•‡ o† compila•ion‡ •ha• con•ain •he cove†ed wo†k,
unle‡‡ you en•e†ed in•o •ha• a††angemen•, o† •ha• pa•en• licen‡e wa‡
g†an•ed, p†io† •o 28 Ma†ch 2007.

No•hing in •hi‡ Licen‡e ‡hall be con‡•†ued a‡ excluding o† limi•ing any
implied licen‡e o† o•he† defen‡e‡ •o inf†ingemen• •ha• may o•he†wi‡e
be available •o you unde† applicable pa•en• law. 12. No Su††ende† of
O•he†‡' F†eedom.

If condi•ion‡ a†e impo‡ed on you (whe•he† by cou†• o†de†, ag†eemen•
o† o•he†wi‡e) •ha• con•†adic• •he condi•ion‡ of •hi‡ Licen‡e, •hey do
no• excu‡e you f†om •he condi•ion‡ of •hi‡ Licen‡e. If you canno• con-
vey a cove†ed wo†k ‡o a‡ •o ‡a•i‡fy ‡imul•aneou‡ly you† obliga•ion‡
unde† •hi‡ Licen‡e and any o•he† pe†•inen• obliga•ion‡, •hen a‡ a con-
‡equence you may no• convey i• a• all. Fo† example, if you ag†ee •o
•e†m‡ •ha• obliga•e you •o collec• a †oyal•y fo† fu†•he† conveying f†om
•ho‡e •o whom you convey •he P†og†am, •he only way you could ‡a•i‡fy
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bo•h •ho‡e •e†m‡ and •hi‡ Licen‡e would be •o †ef†ain en•i†ely f†om
conveying •he P†og†am. 13. U‡e wi•h •he GNU A e†o Gene†al Public
Licen‡e.

No•wi•h‡•anding any o•he† p†ovi‡ion of •hi‡ Licen‡e, you have pe†mi‡-
‡ion •o link o† combine any cove†ed wo†k wi•h a wo†k licen‡ed unde†
ve†‡ion 3 of •he GNU A e†o Gene†al Public Licen‡e in•o a ‡ingle com-
bined wo†k, and •o convey •he †e‡ul•ing wo†k. The •e†m‡ of •hi‡ Li-
cen‡e will con•inue •o apply •o •he pa†• which i‡ •he cove†ed wo†k, bu•
•he ‡pecial †equi†emen•‡ of •he GNU A e†o Gene†al Public Licen‡e,
‡ec•ion 13, conce†ning in•e†ac•ion •h†ough a ne•wo†k will apply •o •he
combina•ion a‡ ‡uch. 14. Revi‡ed Ve†‡ion‡ of •hi‡ Licen‡e.

The F†ee Sof•wa†e Founda•ion may publi‡h †evi‡ed and/o† new ve†-
‡ion‡ of •he GNU Gene†al Public Licen‡e f†om •ime •o •ime. Such new
ve†‡ion‡ will be ‡imila† in ‡pi†i• •o •he p†e‡en• ve†‡ion, bu• may di e†
in de•ail •o add†e‡‡ new p†oblem‡ o† conce†n‡.

Each ve†‡ion i‡ given a di‡•ingui‡hing ve†‡ion numbe†. If •he P†og†am
‡peci e‡ •ha• a ce†•ain numbe†ed ve†‡ion of •he GNU Gene†al Pub-
lic Licen‡e “o† any la•e† ve†‡ion” applie‡ •o i•, you have •he op•ion of
following •he •e†m‡ and condi•ion‡ ei•he† of •ha• numbe†ed ve†‡ion o†
of any la•e† ve†‡ion publi‡hed by •he F†ee Sof•wa†e Founda•ion. If
•he P†og†am doe‡ no• ‡pecify a ve†‡ion numbe† of •he GNU Gene†al
Public Licen‡e, you may choo‡e any ve†‡ion eve† publi‡hed by •he F†ee
Sof•wa†e Founda•ion.

If •he P†og†am ‡peci e‡ •ha• a p†oxy can decide which fu•u†e ve†‡ion‡
of •he GNU Gene†al Public Licen‡e can be u‡ed, •ha• p†oxy'‡ public
‡•a•emen• of accep•ance of a ve†‡ion pe†manen•ly au•ho†ize‡ you •o
choo‡e •ha• ve†‡ion fo† •he P†og†am.

La•e† licen‡e ve†‡ion‡ may give you addi•ional o† di e†en• pe†mi‡‡ion‡.
Howeve†, no addi•ional obliga•ion‡ a†e impo‡ed on any au•ho† o† copy-
†igh• holde† a‡ a †e‡ul• of you† choo‡ing •o follow a la•e† ve†‡ion. 15.
Di‡claime† of Wa††an•y.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EX-
TENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLD-
ERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM
“AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE OF THE PRO-
GRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DE-
FECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SER-
VICING, REPAIR OR CORRECTION. 16. Limi•a•ion of Liabili•y.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR
AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER,
OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCI-
DENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING
BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING REN-
DERED INACCURATE OR LOSSES SUSTAINED BY YOU OR
THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPER-
ATEWITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER
OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES. 17. In•e†p†e•a•ion of Sec•ion‡ 15 and 16.

If •he di‡claime† of wa††an•y and limi•a•ion of liabili•y p†ovided above
canno• be given local legal e ec• acco†ding •o •hei† •e†m‡, †eviewing
cou†•‡ ‡hall apply local law •ha• mo‡• clo‡ely app†oxima•e‡ an ab‡o-
lu•e waive† of all civil liabili•y in connec•ion wi•h •he P†og†am, unle‡‡ a
wa††an•y o† a‡‡ump•ion of liabili•y accompanie‡ a copy of •he P†og†am
in †e•u†n fo† a fee.

END OF TERMS AND CONDITIONS How •o Apply The‡e Te†m‡
•o You† New P†og†am‡

If you develop a new p†og†am, and you wan• i• •o be of •he g†ea•e‡•
po‡‡ible u‡e •o •he public, •he be‡• way •o achieve •hi‡ i‡ •o make i•
f†ee ‡of•wa†e which eve†yone can †edi‡•†ibu•e and change unde† •he‡e
•e†m‡.

To do ‡o, a••ach •he following no•ice‡ •o •he p†og†am. I• i‡ ‡afe‡• •o
a••ach •hem •o •he ‡•a†• of each ‡ou†ce le •o mo‡• e ec•ively ‡•a•e •he
exclu‡ion of wa††an•y; and each le ‡hould have a• lea‡• •he “copy†igh•”
line and a poin•e† •o whe†e •he full no•ice i‡ found.

<one line •o give •he p†og†am'‡ name and a b†ief idea of wha• i• doe‡.>
Copy†igh• (C) <yea†> <name of au•ho†>

Thi‡ p†og†am i‡ f†ee ‡of•wa†e: you can †edi‡•†ibu•e i• and/o† modify
i• unde† •he •e†m‡ of •he GNU Gene†al Public Licen‡e a‡ publi‡hed by
•he F†ee Sof•wa†e Founda•ion, ei•he† ve†‡ion 3 of •he Licen‡e, o† (a•
you† op•ion) any la•e† ve†‡ion.

Thi‡ p†og†am i‡ di‡•†ibu•ed in •he hope •ha• i• will be u‡eful, bu•
WITHOUT ANY WARRANTY; wi•hou• even •he implied wa††an•y
of MERCHANTABILITY o† FITNESS FOR A PARTICULAR PUR-
POSE. See •he GNU Gene†al Public Licen‡e fo† mo†e de•ail‡.

You ‡hould have †eceived a copy of •he GNU Gene†al Public Licen‡e
along wi•h •hi‡ p†og†am. If no•, ‡ee <h••p://www.gnu.o†g/licen‡e‡/>.

Al‡o add info†ma•ion on how •o con•ac• you by elec•†onic and pape†
mail.

If •he p†og†am doe‡ •e†minal in•e†ac•ion, make i• ou•pu• a ‡ho†• no•ice
like •hi‡ when i• ‡•a†•‡ in an in•e†ac•ive mode:

<p†og†am> Copy†igh• (C) <yea†> <name of au•ho†> Thi‡ p†og†am
come‡ wi•h ABSOLUTELY NO WARRANTY; fo† de•ail‡ •ype `‡how
w'. Thi‡ i‡ f†ee ‡of•wa†e, and you a†e welcome •o †edi‡•†ibu•e i• unde†
ce†•ain condi•ion‡; •ype `‡how c' fo† de•ail‡.

The hypo•he•ical command‡ `‡how w' and `‡how c' ‡hould ‡how •he
app†op†ia•e pa†•‡ of •he Gene†al Public Licen‡e. Of cou†‡e, you† p†o-
g†am'‡ command‡ migh• be di e†en•; fo† a GUI in•e†face, you would
u‡e an “abou• box”.

You ‡hould al‡o ge• you† employe† (if you wo†k a‡ a p†og†amme†) o†
‡chool, if any, •o ‡ign a “copy†igh• di‡claime†” fo† •he p†og†am, if nec-
e‡‡a†y. Fo† mo†e info†ma•ion on •hi‡, and how •o apply and follow •he
GNU GPL, ‡ee <h••p://www.gnu.o†g/licen‡e‡/>.

The GNU Gene†al Public Licen‡e doe‡ no• pe†mi• inco†po†a•ing you†
p†og†am in•o p†op†ie•a†y p†og†am‡. If you† p†og†am i‡ a ‡ub†ou•ine
lib†a†y, you may con‡ide† i• mo†e u‡eful •o pe†mi• linking p†op†ie•a†y
applica•ion‡ wi•h •he lib†a†y. If •hi‡ i‡ wha• you wan• •o do, u‡e •he
GNU Le‡‡e† Gene†al Public Licen‡e in‡•ead of •hi‡ Licen‡e. Bu• †‡•,
plea‡e †ead <h••p://www.gnu.o†g/philo‡ophy/why-no•-lgpl.h•ml>.

38.2 GNU Free Documentfltion License
Ve†‡ion 1.3, 3 Novembe† 2008

Copy†igh• © 2000, 2001, 2002, 2007, 2008 F†ee Sof•wa†e Founda•ion,
Inc. <h••p://f‡f.o†g/>

Eve†yone i‡ pe†mi••ed •o copy and di‡•†ibu•e ve†ba•im copie‡ of •hi‡
licen‡e documen•, bu• changing i• i‡ no• allowed. 0. PREAMBLE

The pu†po‡e of •hi‡ Licen‡e i‡ •o make a manual, •ex•book, o† o•he†
func•ional and u‡eful documen• "f†ee" in •he ‡en‡e of f†eedom: •o a‡-
‡u†e eve†yone •he e ec•ive f†eedom •o copy and †edi‡•†ibu•e i•, wi•h o†
wi•hou• modifying i•, ei•he† comme†cially o† noncomme†cially. Sec-
onda†ily, •hi‡ Licen‡e p†e‡e†ve‡ fo† •he au•ho† and publi‡he† a way •o
ge• c†edi• fo† •hei† wo†k, while no• being con‡ide†ed †e‡pon‡ible fo†
modi ca•ion‡ made by o•he†‡.

Thi‡ Licen‡e i‡ a kind of "copylef•", which mean‡ •ha• de†iva•ive wo†k‡
of •he documen• mu‡• •hem‡elve‡ be f†ee in •he ‡ame ‡en‡e. I• com-
plemen•‡ •he GNU Gene†al Public Licen‡e, which i‡ a copylef• licen‡e
de‡igned fo† f†ee ‡of•wa†e.

We have de‡igned •hi‡ Licen‡e in o†de† •o u‡e i• fo† manual‡ fo† f†ee
‡of•wa†e, becau‡e f†ee ‡of•wa†e need‡ f†ee documen•a•ion: a f†ee p†o-
g†am ‡hould come wi•h manual‡ p†oviding •he ‡ame f†eedom‡ •ha• •he
‡of•wa†e doe‡. Bu• •hi‡ Licen‡e i‡ no• limi•ed •o ‡of•wa†e manual‡;
i• can be u‡ed fo† any •ex•ual wo†k, †ega†dle‡‡ of ‡ubjec• ma••e† o†
whe•he† i• i‡ publi‡hed a‡ a p†in•ed book. We †ecommend •hi‡ Li-
cen‡e p†incipally fo† wo†k‡ who‡e pu†po‡e i‡ in‡•†uc•ion o† †efe†ence.
1. APPLICABILITY AND DEFINITIONS

Thi‡ Licen‡e applie‡ •o any manual o† o•he† wo†k, in any medium,
•ha• con•ain‡ a no•ice placed by •he copy†igh• holde† ‡aying i• can
be di‡•†ibu•ed unde† •he •e†m‡ of •hi‡ Licen‡e. Such a no•ice g†an•‡ a
wo†ld-wide, †oyal•y-f†ee licen‡e, unlimi•ed in du†a•ion, •o u‡e •ha• wo†k
unde† •he condi•ion‡ ‡•a•ed he†ein. The "Documen•", below, †efe†‡ •o
any ‡uch manual o† wo†k. Any membe† of •he public i‡ a licen‡ee, and
i‡ add†e‡‡ed a‡ "you". You accep• •he licen‡e if you copy, modify o†
di‡•†ibu•e •he wo†k in a way †equi†ing pe†mi‡‡ion unde† copy†igh• law.

A "Modi ed Ve†‡ion" of •he Documen• mean‡ any wo†k con•aining •he
Documen• o† a po†•ion of i•, ei•he† copied ve†ba•im, o† wi•h modi ca-
•ion‡ and/o† •†an‡la•ed in•o ano•he† language.

A "Seconda†y Sec•ion" i‡ a named appendix o† a f†on•-ma••e† ‡ec-
•ion of •he Documen• •ha• deal‡ exclu‡ively wi•h •he †ela•ion‡hip of
•he publi‡he†‡ o† au•ho†‡ of •he Documen• •o •he Documen•'‡ ove†all
‡ubjec• (o† •o †ela•ed ma••e†‡) and con•ain‡ no•hing •ha• could fall
di†ec•ly wi•hin •ha• ove†all ‡ubjec•. (Thu‡, if •he Documen• i‡ in pa†•
a •ex•book of ma•hema•ic‡, a Seconda†y Sec•ion may no• explain any
ma•hema•ic‡.) The †ela•ion‡hip could be a ma••e† of hi‡•o†ical connec-
•ion wi•h •he ‡ubjec• o† wi•h †ela•ed ma••e†‡, o† of legal, comme†cial,
philo‡ophical, e•hical o† poli•ical po‡i•ion †ega†ding •hem.

The "Inva†ian• Sec•ion‡" a†e ce†•ain Seconda†y Sec•ion‡ who‡e •i•le‡
a†e de‡igna•ed, a‡ being •ho‡e of Inva†ian• Sec•ion‡, in •he no•ice •ha•
‡ay‡ •ha• •he Documen• i‡ †elea‡ed unde† •hi‡ Licen‡e. If a ‡ec•ion doe‡
no• • •he above de ni•ion of Seconda†y •hen i• i‡ no• allowed •o be
de‡igna•ed a‡ Inva†ian•. The Documen• may con•ain ze†o Inva†ian•
Sec•ion‡. If •he Documen• doe‡ no• iden•ify any Inva†ian• Sec•ion‡
•hen •he†e a†e none.

The "Cove† Tex•‡" a†e ce†•ain ‡ho†• pa‡‡age‡ of •ex• •ha• a†e li‡•ed,
a‡ F†on•-Cove† Tex•‡ o† Back-Cove† Tex•‡, in •he no•ice •ha• ‡ay‡ •ha•
•he Documen• i‡ †elea‡ed unde† •hi‡ Licen‡e. A F†on•-Cove† Tex• may
be a• mo‡• 5 wo†d‡, and a Back-Cove† Tex• may be a• mo‡• 25 wo†d‡.

A "T†an‡pa†en•" copy of •he Documen• mean‡ a machine-†eadable
copy, †ep†e‡en•ed in a fo†ma• who‡e ‡peci ca•ion i‡ available •o •he
gene†al public, •ha• i‡ ‡ui•able fo† †evi‡ing •he documen• ‡•†aigh•fo†-
wa†dly wi•h gene†ic •ex• edi•o†‡ o† (fo† image‡ compo‡ed of pixel‡)
gene†ic pain• p†og†am‡ o† (fo† d†awing‡) ‡ome widely available d†awing
edi•o†, and •ha• i‡ ‡ui•able fo† inpu• •o •ex• fo†ma••e†‡ o† fo† au•oma•ic
•†an‡la•ion •o a va†ie•y of fo†ma•‡ ‡ui•able fo† inpu• •o •ex• fo†ma••e†‡.
A copy made in an o•he†wi‡e T†an‡pa†en• le fo†ma• who‡e ma†kup,
o† ab‡ence of ma†kup, ha‡ been a††anged •o •hwa†• o† di‡cou†age ‡ub-
‡equen• modi ca•ion by †eade†‡ i‡ no• T†an‡pa†en•. An image fo†ma•
i‡ no• T†an‡pa†en• if u‡ed fo† any ‡ub‡•an•ial amoun• of •ex•. A copy
•ha• i‡ no• "T†an‡pa†en•" i‡ called "Opaque".

Example‡ of ‡ui•able fo†ma•‡ fo† T†an‡pa†en• copie‡ include plain
ASCII wi•hou• ma†kup, Texinfo inpu• fo†ma•, LaTeX inpu• fo†-
ma•, SGML o† XML u‡ing a publicly available DTD, and ‡•anda†d-
confo†ming ‡imple HTML, Po‡•Sc†ip• o† PDF de‡igned fo† human
modi ca•ion. Example‡ of •†an‡pa†en• image fo†ma•‡ include PNG,
XCF and JPG. Opaque fo†ma•‡ include p†op†ie•a†y fo†ma•‡ •ha• can
be †ead and edi•ed only by p†op†ie•a†y wo†d p†oce‡‡o†‡, SGML o†
XML fo† which •he DTD and/o† p†oce‡‡ing •ool‡ a†e no• gene†ally
available, and •he machine-gene†a•ed HTML, Po‡•Sc†ip• o† PDF p†o-
duced by ‡ome wo†d p†oce‡‡o†‡ fo† ou•pu• pu†po‡e‡ only.

The "Ti•le Page" mean‡, fo† a p†in•ed book, •he •i•le page i•‡elf, plu‡
‡uch following page‡ a‡ a†e needed •o hold, legibly, •he ma•e†ial •hi‡
Licen‡e †equi†e‡ •o appea† in •he •i•le page. Fo† wo†k‡ in fo†ma•‡
which do no• have any •i•le page a‡ ‡uch, "Ti•le Page" mean‡ •he •ex•
nea† •he mo‡• p†ominen• appea†ance of •he wo†k'‡ •i•le, p†eceding •he
beginning of •he body of •he •ex•.

The "publi‡he†" mean‡ any pe†‡on o† en•i•y •ha• di‡•†ibu•e‡ copie‡ of
•he Documen• •o •he public.

A ‡ec•ion "En•i•led XYZ" mean‡ a named ‡ubuni• of •he Documen•
who‡e •i•le ei•he† i‡ p†eci‡ely XYZ o† con•ain‡ XYZ in pa†en•he‡e‡

following •ex• •ha• •†an‡la•e‡ XYZ in ano•he† language. (He†e XYZ
‡•and‡ fo† a ‡peci c ‡ec•ion name men•ioned below, ‡uch a‡ "Acknowl-
edgemen•‡", "Dedica•ion‡", "Endo†‡emen•‡", o† "Hi‡•o†y".) To "P†e-
‡e†ve •he Ti•le" of ‡uch a ‡ec•ion when you modify •he Documen•
mean‡ •ha• i• †emain‡ a ‡ec•ion "En•i•led XYZ" acco†ding •o •hi‡ def-
ini•ion.

The Documen• may include Wa††an•y Di‡claime†‡ nex• •o •he no•ice
which ‡•a•e‡ •ha• •hi‡ Licen‡e applie‡ •o •he Documen•. The‡e Wa†-
†an•y Di‡claime†‡ a†e con‡ide†ed •o be included by †efe†ence in •hi‡
Licen‡e, bu• only a‡ †ega†d‡ di‡claiming wa††an•ie‡: any o•he† impli-
ca•ion •ha• •he‡e Wa††an•y Di‡claime†‡ may have i‡ void and ha‡ no
e ec• on •he meaning of •hi‡ Licen‡e. 2. VERBATIM COPYING

You may copy and di‡•†ibu•e •he Documen• in any medium, ei•he†
comme†cially o† noncomme†cially, p†ovided •ha• •hi‡ Licen‡e, •he
copy†igh• no•ice‡, and •he licen‡e no•ice ‡aying •hi‡ Licen‡e applie‡
•o •he Documen• a†e †ep†oduced in all copie‡, and •ha• you add no
o•he† condi•ion‡ wha•‡oeve† •o •ho‡e of •hi‡ Licen‡e. You may no• u‡e
•echnical mea‡u†e‡ •o ob‡•†uc• o† con•†ol •he †eading o† fu†•he† copy-
ing of •he copie‡ you make o† di‡•†ibu•e. Howeve†, you may accep•
compen‡a•ion in exchange fo† copie‡. If you di‡•†ibu•e a la†ge enough
numbe† of copie‡ you mu‡• al‡o follow •he condi•ion‡ in ‡ec•ion 3.

You may al‡o lend copie‡, unde† •he ‡ame condi•ion‡ ‡•a•ed above, and
you may publicly di‡play copie‡. 3. COPYING IN QUANTITY

If you publi‡h p†in•ed copie‡ (o† copie‡ in media •ha• commonly have
p†in•ed cove†‡) of •he Documen•, numbe†ing mo†e •han 100, and •he
Documen•'‡ licen‡e no•ice †equi†e‡ Cove† Tex•‡, you mu‡• enclo‡e •he
copie‡ in cove†‡ •ha• ca††y, clea†ly and legibly, all •he‡e Cove† Tex•‡:
F†on•-Cove† Tex•‡ on •he f†on• cove†, and Back-Cove† Tex•‡ on •he
back cove†. Bo•h cove†‡ mu‡• al‡o clea†ly and legibly iden•ify you a‡
•he publi‡he† of •he‡e copie‡. The f†on• cove† mu‡• p†e‡en• •he full •i•le
wi•h all wo†d‡ of •he •i•le equally p†ominen• and vi‡ible. You may add
o•he† ma•e†ial on •he cove†‡ in addi•ion. Copying wi•h change‡ limi•ed
•o •he cove†‡, a‡ long a‡ •hey p†e‡e†ve •he •i•le of •he Documen• and
‡a•i‡fy •he‡e condi•ion‡, can be •†ea•ed a‡ ve†ba•im copying in o•he†
†e‡pec•‡.

If •he †equi†ed •ex•‡ fo† ei•he† cove† a†e •oo voluminou‡ •o • legibly,
you ‡hould pu• •he †‡• one‡ li‡•ed (a‡ many a‡ • †ea‡onably) on •he
ac•ual cove†, and con•inue •he †e‡• on•o adjacen• page‡.

If you publi‡h o† di‡•†ibu•e Opaque copie‡ of •he Documen• numbe†ing
mo†e •han 100, you mu‡• ei•he† include a machine-†eadable T†an‡pa†-
en• copy along wi•h each Opaque copy, o† ‡•a•e in o† wi•h each Opaque
copy a compu•e†-ne•wo†k loca•ion f†om which •he gene†al ne•wo†k-
u‡ing public ha‡ acce‡‡ •o download u‡ing public-‡•anda†d ne•wo†k
p†o•ocol‡ a comple•e T†an‡pa†en• copy of •he Documen•, f†ee of added
ma•e†ial. If you u‡e •he la••e† op•ion, you mu‡• •ake †ea‡onably p†u-
den• ‡•ep‡, when you begin di‡•†ibu•ion of Opaque copie‡ in quan•i•y,
•o en‡u†e •ha• •hi‡ T†an‡pa†en• copy will †emain •hu‡ acce‡‡ible a• •he
‡•a•ed loca•ion un•il a• lea‡• one yea† af•e† •he la‡• •ime you di‡•†ibu•e
an Opaque copy (di†ec•ly o† •h†ough you† agen•‡ o† †e•aile†‡) of •ha•
edi•ion •o •he public.

I• i‡ †eque‡•ed, bu• no• †equi†ed, •ha• you con•ac• •he au•ho†‡ of •he
Documen• well befo†e †edi‡•†ibu•ing any la†ge numbe† of copie‡, •o
give •hem a chance •o p†ovide you wi•h an upda•ed ve†‡ion of •he
Documen•. 4. MODIFICATIONS

You may copy and di‡•†ibu•e a Modi ed Ve†‡ion of •he Documen• un-
de† •he condi•ion‡ of ‡ec•ion‡ 2 and 3 above, p†ovided •ha• you †elea‡e
•he Modi ed Ve†‡ion unde† p†eci‡ely •hi‡ Licen‡e, wi•h •he Modi ed
Ve†‡ion lling •he †ole of •he Documen•, •hu‡ licen‡ing di‡•†ibu•ion
and modi ca•ion of •he Modi ed Ve†‡ion •o whoeve† po‡‡e‡‡e‡ a copy
of i•. In addi•ion, you mu‡• do •he‡e •hing‡ in •he Modi ed Ve†‡ion:

* A. U‡e in •he Ti•le Page (and on •he cove†‡, if any) a •i•le di‡•inc•
f†om •ha• of •he Documen•, and f†om •ho‡e of p†eviou‡ ve†‡ion‡ (which
‡hould, if •he†e we†e any, be li‡•ed in •he Hi‡•o†y ‡ec•ion of •he Docu-
men•). You may u‡e •he ‡ame •i•le a‡ a p†eviou‡ ve†‡ion if •he o†iginal
publi‡he† of •ha• ve†‡ion give‡ pe†mi‡‡ion. * B. Li‡• on •he Ti•le Page,
a‡ au•ho†‡, one o† mo†e pe†‡on‡ o† en•i•ie‡ †e‡pon‡ible fo† au•ho†‡hip
of •he modi ca•ion‡ in •he Modi ed Ve†‡ion, •oge•he† wi•h a• lea‡• ve
of •he p†incipal au•ho†‡ of •he Documen• (all of i•‡ p†incipal au•ho†‡,
if i• ha‡ fewe† •han ve), unle‡‡ •hey †elea‡e you f†om •hi‡ †equi†e-
men•. * C. S•a•e on •he Ti•le page •he name of •he publi‡he† of •he
Modi ed Ve†‡ion, a‡ •he publi‡he†. * D. P†e‡e†ve all •he copy†igh•
no•ice‡ of •he Documen•. * E. Add an app†op†ia•e copy†igh• no•ice
fo† you† modi ca•ion‡ adjacen• •o •he o•he† copy†igh• no•ice‡. * F. In-
clude, immedia•ely af•e† •he copy†igh• no•ice‡, a licen‡e no•ice giving
•he public pe†mi‡‡ion •o u‡e •he Modi ed Ve†‡ion unde† •he •e†m‡ of
•hi‡ Licen‡e, in •he fo†m ‡hown in •he Addendum below. * G. P†e‡e†ve
in •ha• licen‡e no•ice •he full li‡•‡ of Inva†ian• Sec•ion‡ and †equi†ed
Cove† Tex•‡ given in •he Documen•'‡ licen‡e no•ice. * H. Include an
unal•e†ed copy of •hi‡ Licen‡e. * I. P†e‡e†ve •he ‡ec•ion En•i•led "Hi‡-
•o†y", P†e‡e†ve i•‡ Ti•le, and add •o i• an i•em ‡•a•ing a• lea‡• •he •i•le,
yea†, new au•ho†‡, and publi‡he† of •he Modi ed Ve†‡ion a‡ given on
•he Ti•le Page. If •he†e i‡ no ‡ec•ion En•i•led "Hi‡•o†y" in •he Docu-
men•, c†ea•e one ‡•a•ing •he •i•le, yea†, au•ho†‡, and publi‡he† of •he
Documen• a‡ given on i•‡ Ti•le Page, •hen add an i•em de‡c†ibing •he
Modi ed Ve†‡ion a‡ ‡•a•ed in •he p†eviou‡ ‡en•ence. * J. P†e‡e†ve •he
ne•wo†k loca•ion, if any, given in •he Documen• fo† public acce‡‡ •o a
T†an‡pa†en• copy of •he Documen•, and likewi‡e •he ne•wo†k loca•ion‡
given in •he Documen• fo† p†eviou‡ ve†‡ion‡ i• wa‡ ba‡ed on. The‡e
may be placed in •he "Hi‡•o†y" ‡ec•ion. You may omi• a ne•wo†k
loca•ion fo† a wo†k •ha• wa‡ publi‡hed a• lea‡• fou† yea†‡ befo†e •he
Documen• i•‡elf, o† if •he o†iginal publi‡he† of •he ve†‡ion i• †efe†‡ •o
give‡ pe†mi‡‡ion. * K. Fo† any ‡ec•ion En•i•led "Acknowledgemen•‡"
o† "Dedica•ion‡", P†e‡e†ve •he Ti•le of •he ‡ec•ion, and p†e‡e†ve in
•he ‡ec•ion all •he ‡ub‡•ance and •one of each of •he con•†ibu•o† ac-
knowledgemen•‡ and/o† dedica•ion‡ given •he†ein. * L. P†e‡e†ve all

•he Inva†ian• Sec•ion‡ of •he Documen•, unal•e†ed in •hei† •ex• and
in •hei† •i•le‡. Sec•ion numbe†‡ o† •he equivalen• a†e no• con‡ide†ed
pa†• of •he ‡ec•ion •i•le‡. * M. Dele•e any ‡ec•ion En•i•led "Endo†‡e-
men•‡". Such a ‡ec•ion may no• be included in •he Modi ed Ve†‡ion.
* N. Do no• †e•i•le any exi‡•ing ‡ec•ion •o be En•i•led "Endo†‡emen•‡"
o† •o con ic• in •i•le wi•h any Inva†ian• Sec•ion. * O. P†e‡e†ve any
Wa††an•y Di‡claime†‡.

If •he Modi ed Ve†‡ion include‡ new f†on•-ma••e† ‡ec•ion‡ o† appen-
dice‡ •ha• qualify a‡ Seconda†y Sec•ion‡ and con•ain no ma•e†ial copied
f†om •he Documen•, you may a• you† op•ion de‡igna•e ‡ome o† all of
•he‡e ‡ec•ion‡ a‡ inva†ian•. To do •hi‡, add •hei† •i•le‡ •o •he li‡• of
Inva†ian• Sec•ion‡ in •he Modi ed Ve†‡ion'‡ licen‡e no•ice. The‡e •i•le‡
mu‡• be di‡•inc• f†om any o•he† ‡ec•ion •i•le‡.

You may add a ‡ec•ion En•i•led "Endo†‡emen•‡", p†ovided i• con-
•ain‡ no•hing bu• endo†‡emen•‡ of you† Modi ed Ve†‡ion by va†iou‡
pa†•ie‡—fo† example, ‡•a•emen•‡ of pee† †eview o† •ha• •he •ex• ha‡
been app†oved by an o†ganiza•ion a‡ •he au•ho†i•a•ive de ni•ion of a
‡•anda†d.

You may add a pa‡‡age of up •o ve wo†d‡ a‡ a F†on•-Cove† Tex•,
and a pa‡‡age of up •o 25 wo†d‡ a‡ a Back-Cove† Tex•, •o •he end
of •he li‡• of Cove† Tex•‡ in •he Modi ed Ve†‡ion. Only one pa‡‡age
of F†on•-Cove† Tex• and one of Back-Cove† Tex• may be added by
(o† •h†ough a††angemen•‡ made by) any one en•i•y. If •he Documen•
al†eady include‡ a cove† •ex• fo† •he ‡ame cove†, p†eviou‡ly added by
you o† by a††angemen• made by •he ‡ame en•i•y you a†e ac•ing on
behalf of, you may no• add ano•he†; bu• you may †eplace •he old one,
on explici• pe†mi‡‡ion f†om •he p†eviou‡ publi‡he† •ha• added •he old
one.

The au•ho†(‡) and publi‡he†(‡) of •he Documen• do no• by •hi‡ Li-
cen‡e give pe†mi‡‡ion •o u‡e •hei† name‡ fo† publici•y fo† o† •o a‡-
‡e†• o† imply endo†‡emen• of any Modi ed Ve†‡ion. 5. COMBINING
DOCUMENTS

You may combine •he Documen• wi•h o•he† documen•‡ †elea‡ed unde†
•hi‡ Licen‡e, unde† •he •e†m‡ de ned in ‡ec•ion 4 above fo† modi ed
ve†‡ion‡, p†ovided •ha• you include in •he combina•ion all of •he In-
va†ian• Sec•ion‡ of all of •he o†iginal documen•‡, unmodi ed, and li‡•
•hem all a‡ Inva†ian• Sec•ion‡ of you† combined wo†k in i•‡ licen‡e
no•ice, and •ha• you p†e‡e†ve all •hei† Wa††an•y Di‡claime†‡.

The combined wo†k need only con•ain one copy of •hi‡ Licen‡e, and
mul•iple iden•ical Inva†ian• Sec•ion‡ may be †eplaced wi•h a ‡ingle
copy. If •he†e a†e mul•iple Inva†ian• Sec•ion‡ wi•h •he ‡ame name
bu• di e†en• con•en•‡, make •he •i•le of each ‡uch ‡ec•ion unique by
adding a• •he end of i•, in pa†en•he‡e‡, •he name of •he o†iginal au-
•ho† o† publi‡he† of •ha• ‡ec•ion if known, o† el‡e a unique numbe†.
Make •he ‡ame adju‡•men• •o •he ‡ec•ion •i•le‡ in •he li‡• of Inva†ian•
Sec•ion‡ in •he licen‡e no•ice of •he combined wo†k.

In •he combina•ion, you mu‡• combine any ‡ec•ion‡ En•i•led "Hi‡•o†y"
in •he va†iou‡ o†iginal documen•‡, fo†ming one ‡ec•ion En•i•led "Hi‡-
•o†y"; likewi‡e combine any ‡ec•ion‡ En•i•led "Acknowledgemen•‡",
and any ‡ec•ion‡ En•i•led "Dedica•ion‡". You mu‡• dele•e all ‡ec•ion‡
En•i•led "Endo†‡emen•‡". 6. COLLECTIONS OF DOCUMENTS

You may make a collec•ion con‡i‡•ing of •he Documen• and o•he† doc-
umen•‡ †elea‡ed unde† •hi‡ Licen‡e, and †eplace •he individual copie‡
of •hi‡ Licen‡e in •he va†iou‡ documen•‡ wi•h a ‡ingle copy •ha• i‡
included in •he collec•ion, p†ovided •ha• you follow •he †ule‡ of •hi‡
Licen‡e fo† ve†ba•im copying of each of •he documen•‡ in all o•he†
†e‡pec•‡.

You may ex•†ac• a ‡ingle documen• f†om ‡uch a collec•ion, and di‡-
•†ibu•e i• individually unde† •hi‡ Licen‡e, p†ovided you in‡e†• a copy
of •hi‡ Licen‡e in•o •he ex•†ac•ed documen•, and follow •hi‡ Licen‡e
in all o•he† †e‡pec•‡ †ega†ding ve†ba•im copying of •ha• documen•. 7.
AGGREGATION WITH INDEPENDENT WORKS

A compila•ion of •he Documen• o† i•‡ de†iva•ive‡ wi•h o•he† ‡epa†a•e
and independen• documen•‡ o† wo†k‡, in o† on a volume of a ‡•o†age o†
di‡•†ibu•ion medium, i‡ called an "agg†ega•e" if •he copy†igh• †e‡ul•ing
f†om •he compila•ion i‡ no• u‡ed •o limi• •he legal †igh•‡ of •he com-
pila•ion'‡ u‡e†‡ beyond wha• •he individual wo†k‡ pe†mi•. When •he
Documen• i‡ included in an agg†ega•e, •hi‡ Licen‡e doe‡ no• apply •o
•he o•he† wo†k‡ in •he agg†ega•e which a†e no• •hem‡elve‡ de†iva•ive
wo†k‡ of •he Documen•.

If •he Cove† Tex• †equi†emen• of ‡ec•ion 3 i‡ applicable •o •he‡e copie‡
of •he Documen•, •hen if •he Documen• i‡ le‡‡ •han one half of •he
en•i†e agg†ega•e, •he Documen•'‡ Cove† Tex•‡ may be placed on cov-
e†‡ •ha• b†acke• •he Documen• wi•hin •he agg†ega•e, o† •he elec•†onic
equivalen• of cove†‡ if •he Documen• i‡ in elec•†onic fo†m. O•he†wi‡e
•hey mu‡• appea† on p†in•ed cove†‡ •ha• b†acke• •he whole agg†ega•e.
8. TRANSLATION

T†an‡la•ion i‡ con‡ide†ed a kind of modi ca•ion, ‡o you may di‡•†ibu•e
•†an‡la•ion‡ of •he Documen• unde† •he •e†m‡ of ‡ec•ion 4. Replacing
Inva†ian• Sec•ion‡ wi•h •†an‡la•ion‡ †equi†e‡ ‡pecial pe†mi‡‡ion f†om
•hei† copy†igh• holde†‡, bu• you may include •†an‡la•ion‡ of ‡ome o† all
Inva†ian• Sec•ion‡ in addi•ion •o •he o†iginal ve†‡ion‡ of •he‡e Inva†i-
an• Sec•ion‡. You may include a •†an‡la•ion of •hi‡ Licen‡e, and all •he
licen‡e no•ice‡ in •he Documen•, and any Wa††an•y Di‡claime†‡, p†o-
vided •ha• you al‡o include •he o†iginal Engli‡h ve†‡ion of •hi‡ Licen‡e
and •he o†iginal ve†‡ion‡ of •ho‡e no•ice‡ and di‡claime†‡. In ca‡e of a
di‡ag†eemen• be•ween •he •†an‡la•ion and •he o†iginal ve†‡ion of •hi‡
Licen‡e o† a no•ice o† di‡claime†, •he o†iginal ve†‡ion will p†evail.

If a ‡ec•ion in •he Documen• i‡ En•i•led "Acknowledgemen•‡", "Ded-
ica•ion‡", o† "Hi‡•o†y", •he †equi†emen• (‡ec•ion 4) •o P†e‡e†ve i•‡

Ti•le (‡ec•ion 1) will •ypically †equi†e changing •he ac•ual •i•le. 9.
TERMINATION

You may no• copy, modify, ‡ublicen‡e, o† di‡•†ibu•e •he Documen•
excep• a‡ exp†e‡‡ly p†ovided unde† •hi‡ Licen‡e. Any a••emp• o•h-
e†wi‡e •o copy, modify, ‡ublicen‡e, o† di‡•†ibu•e i• i‡ void, and will
au•oma•ically •e†mina•e you† †igh•‡ unde† •hi‡ Licen‡e.

Howeve†, if you cea‡e all viola•ion of •hi‡ Licen‡e, •hen you† licen‡e
f†om a pa†•icula† copy†igh• holde† i‡ †ein‡•a•ed (a) p†ovi‡ionally, un-
le‡‡ and un•il •he copy†igh• holde† explici•ly and nally •e†mina•e‡
you† licen‡e, and (b) pe†manen•ly, if •he copy†igh• holde† fail‡ •o no-
•ify you of •he viola•ion by ‡ome †ea‡onable mean‡ p†io† •o 60 day‡
af•e† •he ce‡‡a•ion.

Mo†eove†, you† licen‡e f†om a pa†•icula† copy†igh• holde† i‡ †ein‡•a•ed
pe†manen•ly if •he copy†igh• holde† no•i e‡ you of •he viola•ion by
‡ome †ea‡onable mean‡, •hi‡ i‡ •he †‡• •ime you have †eceived no•ice
of viola•ion of •hi‡ Licen‡e (fo† any wo†k) f†om •ha• copy†igh• holde†,
and you cu†e •he viola•ion p†io† •o 30 day‡ af•e† you† †eceip• of •he
no•ice.

Te†mina•ion of you† †igh•‡ unde† •hi‡ ‡ec•ion doe‡ no• •e†mina•e •he
licen‡e‡ of pa†•ie‡ who have †eceived copie‡ o† †igh•‡ f†om you unde†
•hi‡ Licen‡e. If you† †igh•‡ have been •e†mina•ed and no• pe†manen•ly
†ein‡•a•ed, †eceip• of a copy of ‡ome o† all of •he ‡ame ma•e†ial doe‡
no• give you any †igh•‡ •o u‡e i•. 10. FUTURE REVISIONS OF THIS
LICENSE

The F†ee Sof•wa†e Founda•ion may publi‡h new, †evi‡ed ve†‡ion‡
of •he GNU F†ee Documen•a•ion Licen‡e f†om •ime •o •ime. Such
new ve†‡ion‡ will be ‡imila† in ‡pi†i• •o •he p†e‡en• ve†‡ion, bu•
may di e† in de•ail •o add†e‡‡ new p†oblem‡ o† conce†n‡. See
h••p://www.gnu.o†g/copylef•/.

Each ve†‡ion of •he Licen‡e i‡ given a di‡•ingui‡hing ve†‡ion numbe†.
If •he Documen• ‡peci e‡ •ha• a pa†•icula† numbe†ed ve†‡ion of •hi‡
Licen‡e "o† any la•e† ve†‡ion" applie‡ •o i•, you have •he op•ion of
following •he •e†m‡ and condi•ion‡ ei•he† of •ha• ‡peci ed ve†‡ion o†
of any la•e† ve†‡ion •ha• ha‡ been publi‡hed (no• a‡ a d†af•) by •he
F†ee Sof•wa†e Founda•ion. If •he Documen• doe‡ no• ‡pecify a ve†‡ion
numbe† of •hi‡ Licen‡e, you may choo‡e any ve†‡ion eve† publi‡hed
(no• a‡ a d†af•) by •he F†ee Sof•wa†e Founda•ion. If •he Documen•
‡peci e‡ •ha• a p†oxy can decide which fu•u†e ve†‡ion‡ of •hi‡ Licen‡e
can be u‡ed, •ha• p†oxy'‡ public ‡•a•emen• of accep•ance of a ve†‡ion
pe†manen•ly au•ho†ize‡ you •o choo‡e •ha• ve†‡ion fo† •he Documen•.
11. RELICENSING

"Ma‡‡ive Mul•iau•ho† Collabo†a•ion Si•e" (o† "MMC Si•e") mean‡ any
Wo†ld Wide Web ‡e†ve† •ha• publi‡he‡ copy†igh•able wo†k‡ and al‡o
p†ovide‡ p†ominen• facili•ie‡ fo† anybody •o edi• •ho‡e wo†k‡. A public
wiki •ha• anybody can edi• i‡ an example of ‡uch a ‡e†ve†. A "Ma‡‡ive
Mul•iau•ho† Collabo†a•ion" (o† "MMC") con•ained in •he ‡i•e mean‡
any ‡e• of copy†igh•able wo†k‡ •hu‡ publi‡hed on •he MMC ‡i•e.

"CC-BY-SA" mean‡ •he C†ea•ive Common‡ A••†ibu•ion-Sha†e Alike
3.0 licen‡e publi‡hed by C†ea•ive Common‡ Co†po†a•ion, a no•-fo†-
p†o • co†po†a•ion wi•h a p†incipal place of bu‡ine‡‡ in San F†anci‡co,
Califo†nia, a‡ well a‡ fu•u†e copylef• ve†‡ion‡ of •ha• licen‡e publi‡hed
by •ha• ‡ame o†ganiza•ion.

"Inco†po†a•e" mean‡ •o publi‡h o† †epubli‡h a Documen•, in whole o†
in pa†•, a‡ pa†• of ano•he† Documen•.

An MMC i‡ "eligible fo† †elicen‡ing" if i• i‡ licen‡ed unde† •hi‡ Licen‡e,
and if all wo†k‡ •ha• we†e †‡• publi‡hed unde† •hi‡ Licen‡e ‡omewhe†e
o•he† •han •hi‡ MMC, and ‡ub‡equen•ly inco†po†a•ed in whole o† in
pa†• in•o •he MMC, (1) had no cove† •ex•‡ o† inva†ian• ‡ec•ion‡, and
(2) we†e •hu‡ inco†po†a•ed p†io† •o Novembe† 1, 2008.

The ope†a•o† of an MMC Si•e may †epubli‡h an MMC con•ained in
•he ‡i•e unde† CC-BY-SA on •he ‡ame ‡i•e a• any •ime befo†e Augu‡•
1, 2009, p†ovided •he MMC i‡ eligible fo† †elicen‡ing. ADDENDUM:
How •o u‡e •hi‡ Licen‡e fo† you† documen•‡

To u‡e •hi‡ Licen‡e in a documen• you have w†i••en, include a copy
of •he Licen‡e in •he documen• and pu• •he following copy†igh• and
licen‡e no•ice‡ ju‡• af•e† •he •i•le page:

Copy†igh• (C) YEAR YOUR NAME. Pe†mi‡‡ion i‡ g†an•ed •o copy,
di‡•†ibu•e and/o† modify •hi‡ documen• unde† •he •e†m‡ of •he GNU
F†ee Documen•a•ion Licen‡e, Ve†‡ion 1.3 o† any la•e† ve†‡ion pub-
li‡hed by •he F†ee Sof•wa†e Founda•ion; wi•h no Inva†ian• Sec•ion‡,
no F†on•-Cove† Tex•‡, and no Back-Cove† Tex•‡. A copy of •he licen‡e
i‡ included in •he ‡ec•ion en•i•led "GNU F†ee Documen•a•ion Licen‡e".

If you have Inva†ian• Sec•ion‡, F†on•-Cove† Tex•‡ and Back-Cove†
Tex•‡, †eplace •he "wi•h … Tex•‡." line wi•h •hi‡:

wi•h •he Inva†ian• Sec•ion‡ being LIST THEIR TITLES, wi•h •he
F†on•-Cove† Tex•‡ being LIST, and wi•h •he Back-Cove† Tex•‡ being
LIST.

If you have Inva†ian• Sec•ion‡ wi•hou• Cove† Tex•‡, o† ‡ome o•he†
combina•ion of •he •h†ee, me†ge •ho‡e •wo al•e†na•ive‡ •o ‡ui• •he ‡i•-
ua•ion.

If you† documen• con•ain‡ non•†ivial example‡ of p†og†am code, we
†ecommend †elea‡ing •he‡e example‡ in pa†allel unde† you† choice of
f†ee ‡of•wa†e licen‡e, ‡uch a‡ •he GNU Gene†al Public Licen‡e, •o pe†-
mi• •hei† u‡e in f†ee ‡of•wa†e.
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GNU Le‡‡e† Gene†al Public Licen‡e

38.3 GNU Lesser Generfll Puffilic License
GNU LESSER GENERAL PUBLIC LICENSE

Ve†‡ion 3, 29 June 2007

Copy†igh• © 2007 F†ee Sof•wa†e Founda•ion, Inc. <h••p://f‡f.o†g/>

Eve†yone i‡ pe†mi••ed •o copy and di‡•†ibu•e ve†ba•im copie‡ of •hi‡
licen‡e documen•, bu• changing i• i‡ no• allowed.

Thi‡ ve†‡ion of •he GNU Le‡‡e† Gene†al Public Licen‡e inco†po†a•e‡
•he •e†m‡ and condi•ion‡ of ve†‡ion 3 of •he GNU Gene†al Public Li-
cen‡e, ‡upplemen•ed by •he addi•ional pe†mi‡‡ion‡ li‡•ed below. 0.
Addi•ional De ni•ion‡.

A‡ u‡ed he†ein, “•hi‡ Licen‡e” †efe†‡ •o ve†‡ion 3 of •he GNU Le‡‡e†
Gene†al Public Licen‡e, and •he “GNU GPL” †efe†‡ •o ve†‡ion 3 of •he
GNU Gene†al Public Licen‡e.

“The Lib†a†y” †efe†‡ •o a cove†ed wo†k gove†ned by •hi‡ Licen‡e, o•he†
•han an Applica•ion o† a Combined Wo†k a‡ de ned below.

An “Applica•ion” i‡ any wo†k •ha• make‡ u‡e of an in•e†face p†ovided
by •he Lib†a†y, bu• which i‡ no• o•he†wi‡e ba‡ed on •he Lib†a†y. De n-
ing a ‡ubcla‡‡ of a cla‡‡ de ned by •he Lib†a†y i‡ deemed a mode of
u‡ing an in•e†face p†ovided by •he Lib†a†y.

A “Combined Wo†k” i‡ a wo†k p†oduced by combining o† linking an
Applica•ion wi•h •he Lib†a†y. The pa†•icula† ve†‡ion of •he Lib†a†y
wi•h which •he Combined Wo†k wa‡ made i‡ al‡o called •he “Linked
Ve†‡ion”.

The “Minimal Co††e‡ponding Sou†ce” fo† a Combined Wo†k mean‡ •he
Co††e‡ponding Sou†ce fo† •he Combined Wo†k, excluding any ‡ou†ce
code fo† po†•ion‡ of •he Combined Wo†k •ha•, con‡ide†ed in i‡ola•ion,
a†e ba‡ed on •he Applica•ion, and no• on •he Linked Ve†‡ion.

The “Co††e‡ponding Applica•ion Code” fo† a Combined Wo†k mean‡
•he objec• code and/o† ‡ou†ce code fo† •he Applica•ion, including any
da•a and u•ili•y p†og†am‡ needed fo† †ep†oducing •he Combined Wo†k
f†om •he Applica•ion, bu• excluding •he Sy‡•em Lib†a†ie‡ of •he Com-
bined Wo†k. 1. Excep•ion •o Sec•ion 3 of •he GNU GPL.

You may convey a cove†ed wo†k unde† ‡ec•ion‡ 3 and 4 of •hi‡ Licen‡e
wi•hou• being bound by ‡ec•ion 3 of •he GNU GPL. 2. Conveying
Modi ed Ve†‡ion‡.

If you modify a copy of •he Lib†a†y, and, in you† modi ca•ion‡, a fa-
cili•y †efe†‡ •o a func•ion o† da•a •o be ‡upplied by an Applica•ion •ha•
u‡e‡ •he facili•y (o•he† •han a‡ an a†gumen• pa‡‡ed when •he facili•y
i‡ invoked), •hen you may convey a copy of •he modi ed ve†‡ion:

* a) unde† •hi‡ Licen‡e, p†ovided •ha• you make a good fai•h e o†• •o
en‡u†e •ha•, in •he even• an Applica•ion doe‡ no• ‡upply •he func•ion
o† da•a, •he facili•y ‡•ill ope†a•e‡, and pe†fo†m‡ wha•eve† pa†• of i•‡
pu†po‡e †emain‡ meaningful, o† * b) unde† •he GNU GPL, wi•h none
of •he addi•ional pe†mi‡‡ion‡ of •hi‡ Licen‡e applicable •o •ha• copy.

3. Objec• Code Inco†po†a•ing Ma•e†ial f†om Lib†a†y Heade† File‡.

The objec• code fo†m of an Applica•ion may inco†po†a•e ma•e†ial f†om
a heade† le •ha• i‡ pa†• of •he Lib†a†y. You may convey ‡uch objec•
code unde† •e†m‡ of you† choice, p†ovided •ha•, if •he inco†po†a•ed ma-
•e†ial i‡ no• limi•ed •o nume†ical pa†ame•e†‡, da•a ‡•†uc•u†e layou•‡
and acce‡‡o†‡, o† ‡mall mac†o‡, inline func•ion‡ and •empla•e‡ (•en o†
fewe† line‡ in leng•h), you do bo•h of •he following:

* a) Give p†ominen• no•ice wi•h each copy of •he objec• code •ha• •he
Lib†a†y i‡ u‡ed in i• and •ha• •he Lib†a†y and i•‡ u‡e a†e cove†ed by
•hi‡ Licen‡e. * b) Accompany •he objec• code wi•h a copy of •he GNU
GPL and •hi‡ licen‡e documen•.

4. Combined Wo†k‡.

You may convey a Combined Wo†k unde† •e†m‡ of you† choice •ha•,
•aken •oge•he†, e ec•ively do no• †e‡•†ic• modi ca•ion of •he po†•ion‡
of •he Lib†a†y con•ained in •he Combined Wo†k and †eve†‡e enginee†-
ing fo† debugging ‡uch modi ca•ion‡, if you al‡o do each of •he follow-
ing:

* a) Give p†ominen• no•ice wi•h each copy of •he Combined Wo†k
•ha• •he Lib†a†y i‡ u‡ed in i• and •ha• •he Lib†a†y and i•‡ u‡e a†e
cove†ed by •hi‡ Licen‡e. * b) Accompany •he Combined Wo†k wi•h a
copy of •he GNU GPL and •hi‡ licen‡e documen•. * c) Fo† a Com-
bined Wo†k •ha• di‡play‡ copy†igh• no•ice‡ du†ing execu•ion, include
•he copy†igh• no•ice fo† •he Lib†a†y among •he‡e no•ice‡, a‡ well a‡ a
†efe†ence di†ec•ing •he u‡e† •o •he copie‡ of •he GNU GPL and •hi‡
licen‡e documen•. * d) Do one of •he following: o 0) Convey •he
Minimal Co††e‡ponding Sou†ce unde† •he •e†m‡ of •hi‡ Licen‡e, and
•he Co††e‡ponding Applica•ion Code in a fo†m ‡ui•able fo†, and unde†
•e†m‡ •ha• pe†mi•, •he u‡e† •o †ecombine o† †elink •he Applica•ion
wi•h a modi ed ve†‡ion of •he Linked Ve†‡ion •o p†oduce a modi ed
Combined Wo†k, in •he manne† ‡peci ed by ‡ec•ion 6 of •he GNU
GPL fo† conveying Co††e‡ponding Sou†ce. o 1) U‡e a ‡ui•able ‡ha†ed
lib†a†y mechani‡m fo† linking wi•h •he Lib†a†y. A ‡ui•able mechani‡m
i‡ one •ha• (a) u‡e‡ a• †un •ime a copy of •he Lib†a†y al†eady p†e‡en•
on •he u‡e†'‡ compu•e† ‡y‡•em, and (b) will ope†a•e p†ope†ly wi•h a
modi ed ve†‡ion of •he Lib†a†y •ha• i‡ in•e†face-compa•ible wi•h •he
Linked Ve†‡ion. * e) P†ovide In‡•alla•ion Info†ma•ion, bu• only if you
would o•he†wi‡e be †equi†ed •o p†ovide ‡uch info†ma•ion unde† ‡ec•ion
6 of •he GNU GPL, and only •o •he ex•en• •ha• ‡uch info†ma•ion i‡
nece‡‡a†y •o in‡•all and execu•e a modi ed ve†‡ion of •he Combined
Wo†k p†oduced by †ecombining o† †elinking •he Applica•ion wi•h a
modi ed ve†‡ion of •he Linked Ve†‡ion. (If you u‡e op•ion 4d0, •he
In‡•alla•ion Info†ma•ion mu‡• accompany •he Minimal Co††e‡ponding
Sou†ce and Co††e‡ponding Applica•ion Code. If you u‡e op•ion 4d1,
you mu‡• p†ovide •he In‡•alla•ion Info†ma•ion in •he manne† ‡peci ed
by ‡ec•ion 6 of •he GNU GPL fo† conveying Co††e‡ponding Sou†ce.)

5. Combined Lib†a†ie‡.

You may place lib†a†y facili•ie‡ •ha• a†e a wo†k ba‡ed on •he Lib†a†y
‡ide by ‡ide in a ‡ingle lib†a†y •oge•he† wi•h o•he† lib†a†y facili•ie‡ •ha•
a†e no• Applica•ion‡ and a†e no• cove†ed by •hi‡ Licen‡e, and convey
‡uch a combined lib†a†y unde† •e†m‡ of you† choice, if you do bo•h of
•he following:

* a) Accompany •he combined lib†a†y wi•h a copy of •he ‡ame wo†k
ba‡ed on •he Lib†a†y, uncombined wi•h any o•he† lib†a†y facili•ie‡,
conveyed unde† •he •e†m‡ of •hi‡ Licen‡e. * b) Give p†ominen• no-
•ice wi•h •he combined lib†a†y •ha• pa†• of i• i‡ a wo†k ba‡ed on •he
Lib†a†y, and explaining whe†e •o nd •he accompanying uncombined
fo†m of •he ‡ame wo†k.

6. Revi‡ed Ve†‡ion‡ of •he GNU Le‡‡e† Gene†al Public Licen‡e.

The F†ee Sof•wa†e Founda•ion may publi‡h †evi‡ed and/o† new ve†-
‡ion‡ of •he GNU Le‡‡e† Gene†al Public Licen‡e f†om •ime •o •ime.
Such new ve†‡ion‡ will be ‡imila† in ‡pi†i• •o •he p†e‡en• ve†‡ion, bu•
may di e† in de•ail •o add†e‡‡ new p†oblem‡ o† conce†n‡.

Each ve†‡ion i‡ given a di‡•ingui‡hing ve†‡ion numbe†. If •he Lib†a†y
a‡ you †eceived i• ‡peci e‡ •ha• a ce†•ain numbe†ed ve†‡ion of •he GNU
Le‡‡e† Gene†al Public Licen‡e “o† any la•e† ve†‡ion” applie‡ •o i•, you
have •he op•ion of following •he •e†m‡ and condi•ion‡ ei•he† of •ha•
publi‡hed ve†‡ion o† of any la•e† ve†‡ion publi‡hed by •he F†ee Sof•wa†e
Founda•ion. If •he Lib†a†y a‡ you †eceived i• doe‡ no• ‡pecify a ve†‡ion
numbe† of •he GNU Le‡‡e† Gene†al Public Licen‡e, you may choo‡e
any ve†‡ion of •he GNU Le‡‡e† Gene†al Public Licen‡e eve† publi‡hed
by •he F†ee Sof•wa†e Founda•ion.

If •he Lib†a†y a‡ you †eceived i• ‡peci e‡ •ha• a p†oxy can decide
whe•he† fu•u†e ve†‡ion‡ of •he GNU Le‡‡e† Gene†al Public Licen‡e
‡hall apply, •ha• p†oxy'‡ public ‡•a•emen• of accep•ance of any ve†-
‡ion i‡ pe†manen• au•ho†iza•ion fo† you •o choo‡e •ha• ve†‡ion fo† •he
Lib†a†y.
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