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Chapter 1AboutPEBL (Psy
hology Experiment Building Language) is a 
ross-platform, open-sour
e programming language and exe
ution environment for 
onstru
ting programsto 
ondu
t a wide range of ar
hetypal psy
hology experiments. It is entirelyfree of 
harge, and may be modi�ed to suit your needs as long as you follow theterms of the GPL, under whi
h the sour
e 
ode is li
ensed. PEBL is writtenprimarily in C++, but requires a few other tools (�ex, ya

) and libraries (SDL,SDL_image, SDL_gfx, and SDL_ttf) to use. It 
urrently 
ompiles and runson Linux (using g++), Ma
 OSX (also using g++), and Mi
rosoft Windows(using Dev-
pp and mingw) platforms using free tools. It has been developedprimarily by Shane T. Mueller,Ph.D. (smueller�obereed.net). This do
ument was prepared with editorialand formatting help from Gulab Parab and Samuele Car
agno. Contributionsare wel
ome and en
ouraged.
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Chapter 2Usage2.1 How to CompileCurrently, there is no automated 
ompile pro
edure. PEBL requires the SDL,SDL-image, SDL-gfx and SDL-ttf libraries and development headers. It alsouses �ex and bison, but you 
an 
ompile without these tools. PEBL 
ompileson both Linux and Windows using the free g

 
ompiler. Note that SDL-imagemay require jpeg, png, and a zlib 
ompression library, while SDL-ttf requirestruetype 2.0.2.1.1 LinuxPEBL should 
ompile by typing `make' in its base dire
tory on
e all requisitetools are installed and the sour
e distribution is un
ompressed. Currently,PEBL does not use autotools, so its make system is rather brittle. Assistan
eis wel
ome.On Linux, 
ompiling will fail if you don't have an /obj dire
tory and all theappropriate subdire
tories (that mirror the main tree.) These will not exist ifyou 
he
k out from CVS.2.1.2 Mi
rosoft WindowsOn Mi
rosoft Windows, PEBL is designed to be 
ompiled using the Free ide dev-
++ available at http://www.bloodshed.net/dev/dev
pp.html and instru
tionsfor installing dev-
++, sdl, and the minGW system 
an be found at:http://www.libsdl.org/pipermail/sdl/2002-June/046382.htmland elsewhere on the net. Email the PEBL list for more details.3

http://www.bloodshed.net/dev/devcpp.html
http://www.libsdl.org/pipermail/sdl/2002-June/046382.html


4 CHAPTER 2. USAGE2.1.3 Ma
 OSXCurrently, only Ma
 OSX 10.4 (TIGER) has been tested. PEBL is 
ompiledand runs from the 
ommand-line, and resides in /usr/lo
al/share/pebl and/usr/lo
al/bin. To 
ompile, download the sour
e and 
ompile libSDL, libSDL_image,and libSDL_ttf. libSDL_ttf requires freetype, and libSDL_image requireslibpng, libjpeg, and zlib.2.2 How to InstallCurrently, binary distributions of PEBL are available with automati
 pa
kageinstallers for Windows and OSX. No binary distribution is available on Linux.2.2.1 LinuxOn Linux, you will probably have to install from sour
e. There is an `install'option in the Make�le that, if invoked with `make install', will 
opy bin/pebl to/usr/lo
al/bin/pebl, and the media/ dire
tories to /usr/lo
al/share/pebl/media.You must be root to do this, and you 
an just as easily do it by hand.2.2.2 Mi
rosoft WindowsIn Mi
rosoftWindows, we provide an installer pa
kage that 
ontains all ne
essaryexe
utable binary �les and .dlls. This installer pla
es PEBL in 
:\ProgramFiles\PEBL, and 
reates a dire
tory pebl-exp in My Do
uments with a short
utthat allows PEBL to be laun
hed and programs that reside there to be run.2.2.3 Ma
intosh OSXFor the MAC, we provide a .pkg installer that installs all the ne
essary �les andlibraries in /usr/lo
al/share/pebl. PEBL 
an be run from the 
ommand line byinvoking /usr/lo
al/bin/pebl.2.3 How to Run a PEBL Program2.3.1 LinuxIf you have installed PEBL into /usr/lo
al/bin, you will be able to invoke PEBLby typing `pebl' at a 
ommand line. PEBL requires you to spe
ify one or moresour
e �les that it will 
ompile and run, e.g., the 
ommand:> pebl stroop.pbl library.pblwill load the experiment des
ribed in stroop.pbl, and will load the supplementarylibrary fun
tions in library.pbl.Additionally, PEBL 
an take the -v or -V 
ommand-line parameter, whi
hallows you to pass values into the s
ript. This is useful for entering subje
t



2.3. HOW TO RUN A PEBL PROGRAM 5numbers and 
ondition types using an outside program like a bash s
ript (possiblyone that invokes dialog or zenity). A sample zenity s
ript that asks for subje
tnumber and then runs a sample experiment whi
h uses that input resides in thebin dire
tory. The s
ript 
an be edited to use fulls
reen mode or 
hange thedisplay dimensions, for example. See Se
tion 2.5: Command-Line Arguments.You 
an also spe
ify dire
tories without a �lename on the 
ommand-line (aslong as they end with `/'). Doing so will add that dire
tory to the sear
h pathwhen �les are opened.2.3.2 Mi
rosoft WindowsPEBL 
an be laun
hed from the 
ommand line in Windows by going to thepebl\bin dire
tory and typing `pebl.exe'. PEBL requires you to spe
ify one ormore sour
e �les that it will 
ompile and run. For example, the 
ommand> pebl stroop.pbl library.pblloads the experiment des
ribed in stroop.pbl, and loads supplementary libraryfun
tions in library.pbl.Additionally, PEBL 
an take the -v or -V 
ommand-line parameter, whi
hallows you to pass values in to the s
ript. This is useful for entering 
onditiontypes using an outside program like a bat
h �le. the -s and -S allow one tospe
ify a subje
t 
ode, whi
h gets bound to the gSubNum variable. If no valueis spe
i�ed, gSubNum is initialized to 0. You 
an also spe
ify dire
tories withouta �le (as long as they end with `\'). Doing so will add that dire
tory to thesear
h path when �les are opened. See Se
tion 2.5: Command-Line Arguments.Laun
hing programs from the 
ommand-line on Windows is 
umbersome.One easy way to laun
h PEBL on Windows is to 
reate a short
ut to theexe
utable �le and then edit the properties so that the short
ut laun
hes PEBLwith the proper s
ript and 
ommand-line parameters. Another way is to writeand laun
h a bat
h �le, whi
h is espe
ially useful if you wish to enter 
on�gurationdata before loading the s
ript.Win32 Laun
herPEBL 
omes with a laun
her program that laun
hes PEBL s
ripts in Mi
rosoftWindows (tm). It will allows you to spe
ify variables to pass into PEBL onexe
ution, sele
t multiple sour
e �les to load, and 
on�gure with a text �le.The laun
her is written in Visual Basi
, and so you might need some .dll�les in order for it to run.When the laun
her is run, it �rst looks for a �le 
alled pebl-init.txt. This�le should have the following format:---------------Beginning of �le----------------------"Quoted_Path_To_PEBL_Exe
utable""Quoted_Path_To_Dire
tory_To_Load_Files_From""File1.pbl" "File2.pbl"



6 CHAPTER 2. USAGE1st Variable Label|Initial_Value2nd Variable Label|Initial_Value3rd Variable Label|Initial_Value...------------------End of �le-------------------------My a
tual pebl-init looks like this:-------------"
:\Do
uments and Settings\smueller\My Do
uments\pebl\bin\pebl.exe""
:\Do
uments and Settings\smueller\My Do
uments\pebl\demo\""hello.pbl"Subje
t Number|1Condition|fast-------------The Laun
her will sele
t the spe
i�ed �les in the listed dire
tory (this 
anbe 
hanged by sele
ting other �les). After the third line, every pair separatedwith a `|' will appear as a text-entry box with the pre-spe
i�ed default value.This 
an be used to spe
ify subje
t numbers, 
onditions, and su
h, whi
h arethen fed into the PEBL s
ript.As of version 0.06, the laun
her is improved so that it will open the stdout.txtand stderr.txt �les after a s
ript has been run and display them in a tabbedinterfa
e at the bottom of the laun
her window.2.3.3 Ma
intosh OSXThe latest version of PEBL pa
kaged for OSX is 0.07. Until hardware/developersare available, newer versions for OSX will need to be 
ompiled on your own.Installing pebl.pkg pla
es PEBL in /usr/lo
al/share/pebl and /usr/lo
al/bin.Currently, PEBL must be run from the 
ommand-line (there is no graphi
alfront-end). Open a terminal (in the appli
ations folder) and type at the $prompt:$ /usr/lo
al/bin/peblTo exe
ute, type:$ /usr/lo
al/bin/pebl Do
uments/test.pblTo trun
ate, add /usr/lo
al/bin to the path:export PATH=$PATH:/usr/lo
al/binThen you 
an run:$ pebl Do
uments/test.pblOn OSX, there is no su
h thing as double-bu�ering. However, under fulls
reenmode, drawing 
an be syn
ed to the verti
al refresh. But as a 
aveat, this hasnot yet been implemented.



2.4. HOW TO STOP RUNNING A PROGRAM 72.4 How to stop running a programIn order to improve performan
e, PEBL runs at the highest priority possibleon your 
omputer. This means that if it gets stu
k somewhere, you may havedi�
ulty terminating the pro
ess. We have added an `abort program' short
utkey 
ombination that will immediately terminate the program and report thelo
ation at whi
h it be
ame stu
k in your 
ode:press <CTRL><SHIFT><ALT><\> simultaneously.2.5 Command-line argumentsSome aspe
ts of PEBL's display 
an be 
ontrolled via 
ommand-line arguments.Some of these are platform spe
i�
, or their use depends on your exa
t hardwareand software. The following guide to 
ommand-line arguments is adapted fromthe output produ
ed by invoking PEBL with no arguments:Usage: Invoke PEBL with the experiment s
ript �les (.pbl) and 
ommand-linearguments.Examples:pebl experiment.pbl -s sub1 --fulls
reen --display 800x600 --driver dgapebl experiment.pbl --driver xf86pebl experiment.pbl -v 33 -v 2 --fulls
reen --display 640x480Command-Line Options-v VALUE1 -v VALUE2Invokes s
ript and passes VALUE1 and VALUE2 (or any text immediatelyfollowing a -v) to a list in the argument of the Start() fun
tion.This is useful for passing in 
onditions, subje
t numbers, randomization
ues, and other entities that are easier to 
ontrol from outside the s
ript.Variables appear as strings, so numeri
 values need to be 
onverted to beused as numbers.-s VALUE-S VALUEBinds VALUE to the global variable gSubNum, whi
h is set by default to0.--driver <drivername>Sets the video driver, when there is more than one. In Linux SDL,options xf86, dga, svgalib (from 
onsole), it
an also be 
ontrolled viaenvironment variables. In fa
t, for SDL versions of PEBL simply set theSDL_VIDEO_DRIVER environment variable to the passed-in argument,



8 CHAPTER 2. USAGEwithout doing any 
he
king, and without 
he
king or returning it to itsoriginal state.--display <widthxheight>Controls the s
reen width and height (in pixels). Defaults to 640x480.Currently, only the following s
reens are supported:512x384640x480800x600960x7201024x7681152x8641280x1024Note: the way this is invoked may be 
hanged in the future. Your videodisplay may not support the 
ommand-line argument. If it does not, PEBLshould exit and disply a useful error message; of 
ourse, it 
ould possiblydamage your hardware.For the sake of 
onvenien
e, the width, height, and bit depth 
an bea

essed from within a PEBL s
ript using the global variables gVideoWidth,gVideoHeight, and gVideoDepth. If these values are set within a s
riptbefore the fun
tion MakeWindow() is 
alled, the window will be 
reatedwith these values, overriding any 
ommand-line parameters.--depthControls the pixel depth, whi
h also depends on your video 
ard. Currently,depths of 2,8,15,16,24, and 32 are allowed on the 
ommand-line. Thereis no guarantee that you will get the spe
i�ed bit depth, and bit depthssu
h as 2 and 8 are likely never useful. Changing depths 
an, for somedrivers and video 
ards, enable better performan
e or possibly better videosy
hrony.--windowed or --fulls
reenControls whether the s
ript will run in a window or fulls
reen.



Chapter 3How to Write a PEBL Program3.1 Basi
 PEBL S
riptsPEBL has a fairly straightforward and forgiving syntax, and implements mostof its interesting fun
tionality in a large obje
t system and fun
tion library ofover 125 fun
tions. The library in
ludes many fun
tions spe
i�
 to 
reatingand presenting stimuli and 
olle
ting responses. E�orts, however su

essful,have been made to enable timing a

ura
y at amillise
ond-s
ale, and to makema
hine limitations easy to deal with.Ea
h PEBL program is stored in a text �le. Currently, no spe
ial authoringenvironment is available. A program 
onsists of one or more fun
tions, and musthave a fun
tion 
alled Start(). Fun
tions are de�ned with the following syntax:de�ne <fun
tion_name>(parameters){ statement 1statement 2....return value3}The parameter list and the return value are optional. For the Start(par){}fun
tion, par is normally bound to 0. However, if PEBL is invoked with-v 
ommand-line parameters, ea
h value that follows a -v is added to a list
ontained in `par', whi
h 
an then be a

essed within the program:de�ne Start(par){ Print(First(par))}A simple PEBL program that a
tually runs follows:9



10 CHAPTER 3. HOW TO WRITE A PEBL PROGRAMde�ne Start(par){Print("Hello")}Print() is a standard library fun
tion. If you run PEBL from a 
ommand-line,the text inside the Print fun
tion will be sent to the 
onsole. On Windows,it will appear in the �le `stdout.txt' in the PEBL dire
tory. Although otherfun
tions do not need a parameter argument, the Start() fun
tion does (
asevalues are passed in from the 
ommand-line).A number of sample PEBL programs 
an be found in the /demo subdire
tory.3.2 Case SensitivityPEBL uses 
ase to spe
ify an item's token type. This serves as an extra
ontextual 
ue to the programmer, so that the program reads more easily and
ommuni
ates more 
learly.Fun
tion names must start with an upper
ase letter, but are otherwise
ase-insensitive. Thus, if you name a fun
tion "DoTrial", you 
an 
all it lateras "DOTRIAL" or "Dotrial" or even "DotRail". We re
ommend 
onsisten
y,as it helps manage larger programs more easily.Unlike fun
tion names, variable names must start with an lower
ase letter; ifthis letter is a `g', the variable is global. This enfor
es a 
onsistent and readablestyle. After the �rst 
hara
ter, variable names are 
aseinsensitive. Thus, thevariable `mytrial' is the same as `myTrial'.Currently, syntax keywords (like loop, if, de�ne, et
.) must be lower
ase, forte
hni
al reasons. We hope to eliminate this limitation in the future.3.3 SyntaxPEBL has a simple and forgiving syntax, reminis
ent of S+ (or R) and 
.However, di�eren
es do exist.Table 3.1 shows a number of keywords and symbols used in PEBL. Theseneed not appear in lower
ase in your program.Note that the `=' symbol does not exist in PEBL. Unlike other languages,PEBL does not use it as an assignment operator. Instead, it uses `<-'. Be
auseit is 
onfusing for users to keep tra
k of the various uses of the = and ==symbols, we've eliminated the `=' symbol entirely. Programmers familiar with
 will noti
e a resemblan
e between PEBL and 
. Unlike 
, in PEBL a semi
olonis not ne
essary to �nish a statement. A 
arriage return indi
ates a statementis 
omplete, if the 
urrent line forms a 
omplete expression. You may terminateevery 
ommand with a `;' if you 
hoose, but it may slow down parsing andexe
ution.



3.3. SYNTAX 11
Table 3.1: PEBL Symbols and KeywordsSymbol/Keyword Usage+ Adds two expressions together- Subtra
ts one expression from another/ Divides one expression by another* Multiplies two expressions together^ Raises one expression to the power of another; Finishes a statement, or starts a new statementon the same line (is not needed at end of line). The property a

essor. Allows properties to be a

essed by name<- The assignment operator( ) Groups mathemati
al operations{ } Groups a series of statements[ ℄ Creates a list# Comment�ignore everything on the line that follows< Less than> Greater than<= Less than or equal to>= Greater than or equal to== Equal to<> != ~= Not equal toand Logi
al andbreak Breaks out of a loop prematurelynot Logi
al notor Logi
al orwhile Traditional while looploop Loops over elements in a listif Simple 
onditional testif...else Complex 
onditional testif...elseif...else Extended 
onditional 
hainde�ne De�nes a fun
tionreturn Allows a fun
tion to return a value



12 CHAPTER 3. HOW TO WRITE A PEBL PROGRAMAnother di�eren
e between 
 and PEBL is that in PEBL, {} bra
kets arenot optional: they are required to de�ne 
ode blo
ks, su
h as those found in ifand while statements and loops.3.4 ExpressionsAn expression is a set of operations that produ
es a result. In PEBL, everyfun
tion is an expression, as is any single number. Expressions in
lude:3 + 32(324 / 324) - Log(32)not lVariablePrint(32323)"String " + 33nsuho #this is legal if nsuho has been de�ned already.Noti
e that "String " 33+ is a legal expresison. It will produ
e anotherstring: "String 33".These are not expressions:NSUHO #Not an expression( 33 + 33 #Not an expression444 / 3342 + #Not an expressionNSUHO is not a variable be
ause it starts with a 
apital letter. The other linesare in
omplete expressions. If the PEBL parser 
omes to the end of a line withan in
omplete expression, it will automati
ally go to the next line:Print("hello " +" world.")This 
an result in bugs that are hard to diagnose:a <- 33 + 323 +Print(1331)sets a to the string "3561331".But if a 
arriage return o

urs at a point where the line does make a validexpression, it will treat that line as a 
omplete statement:a <- 33 + 323* 34245sets a equal to 356, but 
reates a syntax error on the next line.Any expression 
an be used as the argument of a fun
tion, but a fun
tionmay not su

essfully operate when given bogus arguments.If a string is de�ned a
ross line breaks, the string de�nition will 
ontain alinebreak 
hara
ter, whi
h will get printed in output text �les and textboxes.



3.5. VARIABLES 13text <- "this is a lineand so is this"If you desire a long body of text without linebreaks, you must de�ne it pie
emeal:text <- "This is a line " +"There is no line break before this line."3.5 VariablesPEBL 
an store the results of expressions in named variables. Unlike manyprogramming languages, PEBL only has one type of variable: a �Variant�. Thisvariable type 
an hold strings, integers, �oating-point numbers, lists, graphi
alobje
ts, and everything else PEBL uses to 
reate an experiment. Unlike otherlanguages, a variable need not be de
lared before it 
an be used. If you try toa

ess a variable that has not yet been de
lared, PEBL will return a fatal errorthat stipulates as su
h.3.5.1 Coer
ion/
astingVariants just hide the representational stru
ture from the user. An a
tual stringresides within the variant that holds a string. A long integer resides within thevariant that holds an integer.PEBL Variants are automati
ally 
oer
ed or 
ast to the most appropriateinner format. For example, 3232.2 + 33 starts out as a �oating point and aninteger. The sum is 
ast to a �oating point number. Similarly, "banana" + 33starts as a string and an integer, but the 
ombination is a string.3.5.2 Variable NamingAll variables must begin with a lower
ase letter. Any sequen
e of numbers orletters may follow that letter. If the variable begins with a lower
ase `g', it hasglobal s
ope; otherwise it has lo
al s
ope.3.5.3 Variable S
opeAs des
ribed above, variables 
an have either lo
al or global s
ope. Any variablewith global s
ope is a

essible from within any fun
tion in your program. Avariable with lo
al s
ope is a

essible only from within its own fun
tion. Di�erentfun
tions 
an have lo
al variables with the same name. Generally, it is a goodidea to use lo
al variables whenever possible, but using global variables forgraphi
al obje
ts and other 
omplex data types 
an be intuitive.



14 CHAPTER 3. HOW TO WRITE A PEBL PROGRAM3.5.4 Copies and AssignmentVariables may 
ontain various types of data, su
h as simple types like integers,�oating-point ratio numbers, strings; and 
omplex types like lists, windows,sounds, fonts, et
. A variable 
an be set to a new value, but by design, thereare very few ways in whi
h a 
omplex obje
t 
an be 
hanged on
e it has beenset. For example:woof <- LoadSound("dog.wav")meow <- LoadSound("
at.wav")dog <- woofNoti
e that woof and dog refer to the same sound obje
t. Now you may:PlayBa
kground(woof)Wait(50)Stop(dog)whi
h will stop the sound from playing. If instead you:PlayBa
kground(woof)Wait(50)Stop(meow)woof will play until it is 
omplete or the program ends.Images provide another example. Suppose you 
reate and add an image toa window:mWindow <- MakeWindow()mImage <- MakeImage("test.bmp")AddObje
t(mImage, mWindow)Draw()Now, suppose you 
reate another variable and assign its value to mImage:mImage2 <- mImageMove(mImage2, 200, 300)Draw()Even though mImage2 was never added to mWindow, mImage has moved:di�erent variables now point to the same obje
t. Note that this does not happenfor simple (non-obje
t) data types:a <- 33b <- aa <- 55Print(a + " " + b)This produ
es the output:55 33



3.6. FUNCTIONS 15This may seem 
onfusing at �rst, but the 
onsisten
y pays o� in time. The `<-'assignment operator never 
hanges the value of the data atta
hed to a variable,it just 
hanges what the variable points to. PEBL is fun
tional in its handlingof simple data types, so you 
an't, for example, dire
tly modify the 
ontents ofa string.a <- "my string" #assigns a string literal to ab <- a #makes b refer to a's string literala <- "your string" #re-assigns a to a new string literalb <- a #makes b refer to a's new string literalThere are no `list surgery' or `string surgery' fun
tions, like:SetChara
ter(a,5,"X")whi
h would theoreti
ally 
hange the string pointed to by `a' to "yourXstring".If there were, `b' would also point to "yourXstring".3.5.5 Passing by Referen
e and by ValueThe dis
ussion in 3.5.4 on 
opying has impli
ations for passing variables intofun
tions. When a variable is passed into a fun
tion, PEBL makes a 
opy ofthat variable on whi
h to operate. But, as dis
ussed in 3.5.4, if the variableholds a 
omplex data type (obje
t or a list), the primary data stru
ture allowsfor dire
t modi�
ation. This is pra
ti
al: if you pass a window into a fun
tion,you do not want to make a 
opy of that window on whi
h to operate. If thevalue is a string or a number, a 
opy of that value is made and passed into thefun
tion.3.6 Fun
tionsThe true power of PEBL lies in its extensive library of fun
tions that allowspe
i�
 experiment-related tasks to be a

omplished easily. For the sake of
onvenien
e, the library is divided into a number of subordinate libraries. Thislibrary stru
ture is transparent to the user, who does not need to know wherea fun
tion resides in order to use it. Chapter 5 in
ludes a qui
k referen
e tofun
tions; Chapter 6 in
ludes a 
omplete alphabeti
al referen
e.3.7 A Simple ProgramThe previous se
tions provide everything you need to know to write a simpleprogram. Here is an annotated program:# Any line starting with a # is a 
omment. It gets ignored.--------------------------------------------------------



16 CHAPTER 3. HOW TO WRITE A PEBL PROGRAM#Every program needs to de�ne a fun
tion 
alled Start() de�ne Start(par)#Start needs a parameter, just in 
ase bra
es below 
ontain PEBL statements{##Assign a number to a variablenumber <- 10##Assign a string to a variablehello <- "Hello World"##Create a global variable (starts with little g)gGlobalText <- "Global Text"##Call a user-de�ned fun
tion (de�ned below).value <- PrintIt(hello, number)##It returned a value#Call a built-in fun
tionPrint("Goodbye. " + value)}##De�ne a fun
tion with two variables.de�ne PrintIt(text, number){#Seed RNG with the 
urrent time.RandomizeTimer()#Generate a random number between 1 and numberi <- RandomDis
rete(number) #this is a built-in fun
tion##Create a 
ounter variablej <- 0##Keep sampling until we get the number we 
hose.while(i != number){ Print(text + " " + i + gGlobalText)i <- RandomDis
rete(number)j <- j + 1}#return the 
ounter variable.return(j)}--------------------------------------------------------



3.7. A SIMPLE PROGRAM 17More sample programs 
an be found in the demo/ and experiments/ dire
toriesof the PEBL sour
e tree.
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Chapter 4Overview of Obje
t SubsystemsIn PEBL, 
omplex obje
ts are stored and automati
ally self-managed. Theseobje
ts in
lude lists, graphi
al display widgets like images and text displays,fonts, 
olors, audio �les, and input or output �les. Obje
ts are 
reated andmodi�ed with spe
ial fun
tions, but many of their properties available dire
tlyfor a

ess and modi�
ation with a variable.property syntax. For example, theposition of a textbox is 
ontrolled by .X and .Y properties, and 
an also be
hanged with the Move() fun
tion. To move the label lab, whi
h is lo
ated at100,100, to 150,100, you 
an either do Move(lab,150,100) or lab.X <- 150. Theavailable properties and a

essor fun
tion are listed in the de
riptions of theirrelevant obje
ts below.4.1 ListsLists are in
redibly useful and �exible storage stru
tures that play an importantrole in PEBL. A list is simply a series of variables. It is like an array, ex
ept thatit takes longer to a

ess items later in the list than items at the beginning. Butit is mu
h easier to do things like split and 
ombine lists of items than arrays ofitems. And given the speed of 
omputers, a

essing elements of a list is not too
ostly, unless the list is really long (thousands of items). The Nth fun
tion 
anextra
t items from a list, but it is somewhat 
ostly, and there are often betterways.For example, suppose you want to print out every item in a list. Loopingthrough, a

essing, and printing all the items of a list is a traditional approa
h:list <- Sequen
e(1,9,1) #
ould also be written [1,2,3,4,5,6,7,8,9℄len <- Length(list)i <- 1while (i <= len){ item <- Nth(list,i)Print(item) 19



20 CHAPTER 4. OVERVIEW OF OBJECT SUBSYSTEMSi <- i + 1}But this is ine�
ient for many reasons (it 
ould be made more e�
ient, butonly with a loss in 
larity). The biggest problem is that the proper element ofthe list must be found during ea
h iteration, whi
h takes longer as i grows. Thisposes a 
onsiderable problem for larger lists.However, there is an alternative. Items from lists 
an be iterated over usingthe `loop' 
ommand:list <- Sequen
e(1,9,1)#
ould also be written [1,2,3,4,5,6,7,8,9℄loop(item, list){Print(item)}These two 
ode blo
ks produ
e identi
al output, but in the former blo
k, ea
hitem of the list must be found on ea
h iteration, whi
h takes longer as i grows.In the latter blo
k, a list item is bound dire
tly to `item' on ea
h iteration, soevery item on the list takes the same amount of time. Not only is the lattermore e�
ient, it is implemented in fewer lines of 
ode, and so fewer errors (likeforgetting to in
rement i) are possible.A 
aveat when using lists: Some fun
tions operate on lists to produ
e newlists (sub-lists, re-ordered lists, et
.). When the lists 
ontain simple data types(numbers, strings, et
.), entirely new data stru
tures are 
reated. But whenthe data stru
tures are 
omplex (windows, sounds, images, et
.), the obje
tsare not 
opied. Only new pointers to the original obje
ts are 
reated. So ifyou 
hange the original obje
t, you may end up a

identally 
hanging the newobje
t. Although that is relatively di�
ult, be
ause PEBL allows only limitedmodi�
ation of existing data stru
tures, it is still possible. This is a spe
ial 
aseof the 
opy/assignment issue dis
ussed in Se
tion 3.5.4: Copies and Assignment.4.2 FontsPEBL uses truetype fonts for the display of text in labels and other text widgets.In addition to the �lename, font obje
ts have the following properties: style (i.e.,normal, bold, itali
, underline), size (in points), foreground 
olor, ba
kground
olor, and whether it should be rendered anti-aliased.We distribute a series of high-quality freely available and redistributablefonts, in
luding the Bitstream Vera series, freefont series, and a few others.These in
lude the typefa
e/�les shown below 4.1:These should always be available for use in experiments. The fonts.pbl s
riptin the demo/ dire
tory will display what symbols from ea
h of these fonts lookslike.To use, you need only spe
ify the font name in the MakeFont() fun
tion:



4.2. FONTS 21Table 4.1: Typefa
e/Files Available in PEBLFilename Des
riptionFreeFont FontsFreeSans.ttf Simple Clean sans serif fontFreeSansBold.ttfFreeSansOblique.ttfFreeSansBoldOblique.ttfFreeMono.ttf Courier-like fontfa
eFreeMonoBold.ttfFreeMonoOblique.ttfFreeMonoBoldOblique.ttfFreeSerif.ttf Similar to Times New RomanFreeSerifBold.ttfFreeSerifItali
.ttfFreeSerifBoldItali
.ttf Fontforge FontsCaliban.ttf Helveti
a-styleCaslonRoman.ttf Quirky Roman Font seriesCaslonBold.ttfCaslonItali
.ttfCaslon-Bla
k.ttfHumanisti
.ttf Sharp, re�ned fontfa
eSIL FontsDoulosSILR.ttf Comprehensive font with roman and 
yrilli
 glyphsGenR102.ttf In
ludes many latin alphabet lettersGenI102.ttfCharisSILR.ttf Like doulos, optimized for printingCharisSILB.ttfCharisSILI.ttfCharisSILBI.ttf PEBL FontsStimulasia.ttf A small set of arrow/boxesBitstream Vera SeriesVera.ttf Sans serif Roman-style base fontVeraMono.ttf Sans serif Roman-style mono-spa
ed base fontVeraSe.ttf Serif Roman-style base font (similar to times)VeraBd.ttf Bold VeraVeraIt.ttf Itali
 VeraVeraBI.ttf Bold Itali
 VeraVeraMoBd.ttf Bold Vera MonoVeraMoIt.ttf Itali
 Vera MonoVeraMoBI.ttf Bold Itali
 Vera MonoVeraSeBd.ttf Bold Serif Vera
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olorRed <- MakeColor("red")
olorGrey <- MakeColor("grey")myFont <- MakeFont("VeraMono.ttf",0,22,
olorRed,
olorGrey,1)This 
ode makes a red 22-point anti-aliased font on a grey ba
kground. Otherfonts may be used by spe
ifying their absolute pathname or 
opying them tothe working dire
tory.A

essible font properties:font.FILENAMEfont.BOLDfont.UNDERLINEfont.ITALICfont.SIZEfont.FGCOLORfont.BGCOLORfont.ANTIALIASED4.3 ColorsColors are PEBL obje
ts. A 
olor 
an be 
reated by spe
ifying its nameusing the MakeColor() fun
tion, or by spe
ifying its RGB values using theMakeColorRGB() fun
tion. A list of 
olors and their respe
tive RGB values
an be found in the Colors.txt �le in the do
umentation dire
tory. There arenearly 800 from whi
h to 
hoose, so you 
an 
reate just about anything you 
animagine.A

essible 
olor properties:
olor.RED
olor.GREEN
olor.BLUE
olor.ALPHA4.4 WindowsTo run an experiment, you usually need to 
reate a window in whi
h to displaystimuli. This is done with the MakeWindow() fun
tion. MakeWindow() will
reate a grey window by default, or you 
an spe
ify a 
olor. Currently, anexperiment 
an have only one window.4.5 Graphi
al WidgetsGraphi
al widgets are the building blo
ks of experimental stimuli. Currently,three widgets are available: images, labels, and textboxes. More 
ompli
atedwidgets are in progress or planned.



4.6. IMAGES 23To be used, a widget must be 
reated and added to a parent window, andthen the parent window must be drawn. You 
an hide widgets with the Hide()fun
tion, and show them with the Show() fun
tion; however, this a�e
ts onlythe visibility of the widget: it is still present and 
onsuming memory. Widgets
an be moved around on the parent window using the Move() fun
tion. Move()moves the 
enter of an image or label to the spe
i�ed pixel, 
ounting from theupper-left 
orner of the s
reen. Move() moves the upper left-hand 
orner oftextboxes. For the sake of 
onvenien
e, the MoveCorner fun
tion is available,whi
h will move an image or label by its upper left-hand 
orner.You should remove widgets from their parent window when you are �nishedusing them.All widgets have several properties available for 
ontrolling their behavior.widget.Xwidget.Ywidget.WIDTHwidget.HEIGHTwidget.VISIBLE4.6 ImagesPEBL 
an read numerous image types, 
ourtesy of the SDL_image library. Usethe MakeImage() fun
tion to read an image into an image obje
t. As images areoften used as stimuli, Move() 
enters the image on the spe
i�ed point. To moveby the upper-left hand 
orner, use the PEBL-de�ned MoveCorner() fun
tion:de�ne MoveCorner(obje
t, x, y){size <- GetSize(obje
t)
enterX <- x + First(size)/2
enterY <- y + Last(size)/2Move(obje
t, 
enterX, 
enterY)} Images have all the properties available for widgets, but the width and height
an only be read, and not set. Width and height are 
ontrolled by the dimensionsof the image �le.4.7 ShapesPEBL allows you to de�ne a number of shape obje
ts that 
an be added toanother widget. A demonstration s
ript exer
ising these shapes is found indemo/shapes.pbl.The following is a list of shape and their properties.



24 CHAPTER 4. OVERVIEW OF OBJECT SUBSYSTEMS4.7.1 Cir
leDes
ription: A standard 
ir
le. Move 
ommands move the 
enter of the 
ir
leto the spe
i�ed lo
ation.Command: Cir
le(<x>,<y>,<r>,<
olor>,<�lled>)Properties: .�lled = 0,1 (whether it is �lled).
olor (
olor).x (x position of 
enter).y (y position of 
enter).height (read-only height).width (read-only width).R (radius)4.7.2 EllipseDes
ription: An ellipse, with height and width di�ering. Cannot be pointed inan arbitrary dire
tion. Move 
ommands move the 
enter of the shape to thespe
i�ed lo
ation.Command: Ellipse(<x>,<y>,<rx>,<ry>,<
olor>,<�lled>)Properties: .�lled = 0,1 (whether it is �lled).
olor (
olor).x (x position of 
enter).y (y position of 
enter).height (read-only height).width (read-only width).rx (x radius).ry (y radius4.7.3 SquareDes
ription: A square. Move 
ommands move the 
enter of the shape to thespe
i�ed lo
ation.Command: Square(<x>,<y>,<size>,<
olor>,<�lled>)Properties:.�lled = 0,1 (whether it is �lled).
olor (
olor).x (x position of 
enter).y (y position of 
enter).height (read-only height).width (read-only width)



4.8. TEXT LABELS 25.dx, .dy, .size (Length of side)4.7.4 Re
tangleDes
ription: A Re
tangle. Move 
ommands move the 
enter of the re
tangle tothe spe
i�ed lo
ation.Command: Re
tangle(<x>,<y>,<dx>,<dy>,<
olor>,<�lled>)Properties: .�lled = 0,1 (whether it is �lled).
olor (
olor).x (x position of 
enter).y (y position of 
enter).height (read-only height).width (read-only width).dx, (width) .dy, (height)4.7.5 LineDes
ription: A Line. Move 
ommands move the 
enter of the line to the spe
i�edlo
ation.Command: Line( <x>, <y>,<dx>,<dy>,<
olor>)Properties: .
olor (
olor).x (x position of start).y (y position of start).width, (x length).height, (y length)4.8 Text LabelsYou 
an 
reate a text label obje
t with the MakeLabel() fun
tion, whi
h requiresspe
ifying a font, and the foreground and ba
kground 
olors. Labels are onlya single line of text. Like images, when you move them, they 
enter on thespe
i�ed point.The text inside a label 
an be extra
ted with GetText() and set with SetText().When you 
hange a text obje
t, it will not appear until the next time you 
alla Draw() fun
tion.Text labels have all the regular widget properties, plus:label.TEXTlabel.FONTThe .HEIGHT and .WIDTH a

essible, but 
annot be 
hanged be
ause theyare 
ontrolled by the text and the font size.



26 CHAPTER 4. OVERVIEW OF OBJECT SUBSYSTEMS4.9 Text BoxesA text box is a graphi
al widget that 
ontains a body of text. Text automati
allywraps when it is too long to �t on a single line. Like labels, the text inside aTextBox 
an be extra
ted with GetText() and set with SetText(). When a textobje
t is 
hanged, it rerenders immediately, but does not appear until the nexttime a Draw() fun
tion is 
alled.Textbox properties:textbox.EDITABLEtextbox.CURSORPOS4.10 User-Editable Text BoxesText box editing 
an be performed using the GetInput(<textbox>,<es
ape-key>)fun
tion. This returns the text that is present in the box when the parti
ipanthits the key asso
iated with <es
ape-key>. <es
ape-key> is just a text-based
ode that des
ribes the keypress that should be 
he
ked for exit. Typi
ales
ape-key options in
lude:"<return>""<es
>""<ba
kspa
e>"" ""A"Translation from string to keyboard input is still 
rude, and is handled insr
/utility/PEBLUtility.
pp:TranslateString4.11 AudioCurrently, audio output is very primitive, and there are no fa
ilities for re
ordingor analyzing audio input. Audio .wav �les 
an be loaded with the LoadSound()fun
tion, whi
h returns an audio stream obje
t that 
an be played with eitherthe PlayForeground() or PlayBa
kground() fun
tions. The PlayForeground()fun
tion returns on
e the sound is �nished playing; PlayBa
kground() returnsimmediately and the sound plays in a separate thread. When using PlayBa
kground,playing 
an be stopped using the Stop() fun
tion. If another PlayForeground()or PlayBa
kground() is then used, the initial sound will immediately terminateand the new �le will play. Currently, PEBL 
an only play one sound at a time.4.12 Keyboard EntryPEBL 
an examine the state of the keyboard, and wait for various keyboardevents to happen. Fun
tions su
h asWaitForKeyDown(), WaitForAnyKeyDown(),
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., allow you to 
olle
t responses from subje
ts. Most keys are spe
i�ed bytheir letter name; others have spe
ial names:"<left>""<up>""<down>""<right>""<enter>""<es
>"4.13 FilesFiles are obje
ts that 
an be read from or written to using several PEBLfun
tions. To use a �le obje
t, 
reate one using one of the fun
tions listedbelow. Ea
h fun
tion returns a �le obje
t:FileOpenRead()FileOpenWrite()FileOpenAppend()For example, you 
an use the 
ommand my�le <- FileOpenRead("stimuli.txt")to 
reate `my�le', a readable �le stream.Other Fun
tions des
ribed below allow �lestreams to be written to or readfrom. When you are �nished, you 
an 
lose a �lestream Using the `FileClose()'fun
tion.4.14 Network Conne
tionsPEBL has limited ability to open and 
ommuni
ate via TCP/IP 
onne
tions,either some other system (e.g., for syn
hronizing with an e.e.g. or eyetra
king
omputer), or another 
omputer running PEBL (e.g., to 
reate multi-subje
tgame theory experiments or to have an experimenter 
ontrolling the task fromanother 
omputer.)4.14.1 TCP/IP OverviewTCP/IP is a proto
ol by whi
h 
omputers 
an talk to one another. It is fairlybarebones, and PEBL tries to hide mu
h of its 
omplexity. The informationyou send from one 
omputer to another is guaranteed to arrive in the 
orre
torder, at the potential 
ost of serious delays, espe
ially if the 
omputers are ondi�erent networks or in di�erent lo
ations. Furthermore, 
onne
ting PEBL toanother 
omputer in this way is a potential se
urity risk. However, the ability totransfer information between 
omputers opens up huge potential for the typesof experiments that 
an be 
onstru
ted.



28 CHAPTER 4. OVERVIEW OF OBJECT SUBSYSTEMS4.14.2 Addresses and PortsTo do this, you �rst must open a network obje
t to 
ommuni
ate with another
omputer. To do this, you must know (1) the IP number (like 127.0.0.1) orhostname (like myname.mys
hool.edu) of the 
omputer you want to 
onne
t to,and (2) the port you want to 
onne
t on. You 
an even use the proto
ol to
onne
t to another program running on your own 
omputer, by spe
ifying anIP address of 127.0.0.1, or the hostname �lo
alhost�. A port is a number�usually2 to 5 digits, spe
ifying a type of servi
e on your 
omputer. Many ports arefrequently used for spe
i�
 types of 
ommuni
ation, but you 
an use any portyou wish to 
ommuni
ate, as long as both 
omputers know this port. Mostports on your 
omputer should be blo
ked by default, so you may need to turno� your �rewall or allow your 
hosen port to pass through the se
urity or youmay have trouble 
ommuni
ating.To allow two PEBL programs to 
ommuni
ate, you need to de
ide thatone 
omputer is the �server� and the other is the �
lient�. On the server,you exe
ute the fun
tion WaitForNetworkConne
tion(port), whi
h listens onthe spe
i�ed port until the 
lient tries to 
onne
t. After the server is started,the 
lient 
alls Conne
tToHost(hostname, port) or Conne
tToIP(ipnum, port),depending upon whether you are using the hostname or ip address. Typi
ally,ip numbers are spe
i�ed by four three-digit numbers separated by dots, like196.168.0.1. This a
tually represents a 4-byte integer, and this 4-byte integer iswhat Conne
tToIP() expe
ts. To 
reate that integer, use the fun
tionConvertIPString(ipnum), whi
h a

epts an IP address spe
i�ed in a string. So,you 
an use:net <- Conne
tToIP(ConvertIPString( "127.0.0.1"), 1234)to 
reate a 
onne
tion to another program listening on port 1234 on your own
omputer. These fun
tions all return a network obje
t (e.g., net) that must beused in later 
ommuni
ation.4.14.3 Sending and Re
eiving DataOn
e 
onne
ted, the distin
tion between 
lient and server essentially disappears.However, to 
ommuni
ate, one 
omputer must send data with the SendData(net,data), and the other must re
eive the data, using the GetData(net, size) fun
tion.PEBL 
an only send text strings, and you must know the length of the messageyou want to re
eive. More 
omplex 
ommuni
ation 
an be done by 
reating a setof PEBL fun
tions that en
apsulate messages into text strings with templatedheaders that spe
ify the message length. Then, to re
eive a message, you �rstread the �xed-length header, determine how mu
h more data needs to be read,then read in the rest of the data.4.14.4 Closing networksIf you are using a network 
onne
tion to syn
hronize timing of two 
omputers,you probably want to 
lose the network 
onne
tion with CloseNetworkConne
tion(net)
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hronized, to avoid any extra overhead.A simple example of an experiment that uses TCP/IP to 
ommuni
ate isthe NIM game in demo/nim.pbl.4.15 The Event LoopTo assist in testing for multiple input events simultaneously, PEBL implementsan event loop that will qui
kly s
an multiple 
onditions and exe
ute properresults whenever any one 
ondition is met. This is 
urrently primarily a ba
k-endsystem whi
h will be developed more in the future.4.16 Errors and WarningsPEBL does a great deal of error-
he
king to ensure that your program will run.If you 
rash with a segmentation fault, this is an error and you should reportit. When a fatal error or non-fatal warning o

urs, PEBL attempts to identifythe lo
ation in your input �le that led to the warning. On Linux, the warningand this lo
ation are printed to the 
ommand-line upon exit; on MS Windows,they are printed to the �le stderr.txt.You 
an use the error system in your own s
ripts with the SignalFatalError()fun
tion. This is espe
ially useful in 
ombination with the fun
tions testing thetype of obje
t passed into the fun
tion. To ensure proper pro
essing and easeof debugging, test the format of an argument passed into a fun
tion:de�ne MyFun
tion(par){ if(not IsList(par)){SignalFatalError("MyFun
tion was passed a non-list variable.")}## Do stu� here.}4.17 Paths and Path Sear
hingNumerous fun
tions and obje
ts open �les on your 
omputer to read in informationsu
h as graphi
s, sounds, fonts, program �les, and text �les. When you attemptto open a �le, PEBL will sear
h in a number of pla
es, in this order:
• The (
urrent) working dire
tory
• The dire
tory of ea
h �le spe
i�ed in the 
ommand line arguments
• media/fonts
• media/sounds
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• media/images
• media/textYou 
an also spe
ify other paths to be sear
hed by spe
ifying them on the
ommand line. Be sure to end the dire
tory with whatever is appropriate foryour platform, e.g. `\' on Mi
rosoft Windows or `/' on Linux.4.18 Provided Media FilesPEBL 
omes with various media �les that 
an be spe
i�ed from any s
riptwithout in
luding the 
omplete path. If a user's �le has the same name, itwill be loaded before the PEBL-provided version. Table 4.2 des
ribes the �lesin
luded. Table 4.2: Media Files Provided with PEBLName Des
riptionIn `media/fonts/':Listing of fonts appears in Table 4.1In `media/images/':pebl.bmp Demonstration bitmap imagepebl.png Demonstration PNG imagesmiley-small.png 25x25 smiley fa
efrowney-small.png 25x25 frowney fa
esmiley-large.png 100x100 smiley fa
efrowney-large.png 100x100 frowney fa
eIn `media/sounds/':buzz500ms.wav A 500-ms buzzer
hirp1.wav A 
hirp stimulusboo.wav A really bad booing sound
heer.wav A pretty lame 
heering soundIn `media/text/':Consonants.txt List of all 
onsonants, both 
asesDigits.txt List of digits 0-9DigitNames.txt List of digit namesLetters.txt All letters, both 
asesLower
ase.txt Lower
ase letters



4.19. SPECIAL VARIABLES 31Name Des
riptionLower
aseConsonants.txt Lower
ase ConsonantsLower
aseVowels.txt Lower
ase VowelsUpper
ase.txt Upper
ase LettersUpper
aseConsonants.txt Upper
ase ConsonantsUpper
aseVowels.txt Upper
ase VowelsVowels.txt Vowels (both 
ases)Additionally, the PEBL Proje
t distributes a number of other media �lesseparately from the base system. These are available for separate downloadon the pebl website (http://pebl.sour
eforge.net), and in
lude a set of images(in
luding shapes and sorting-task 
ards), and a set of auditory re
ordings(in
luding beeps, the digits 0-10, and a few other things).
4.19 Spe
ial VariablesThere are a number of spe
ial variables that be set by PEBL, and 
an later bea

essed by an experiment. These are des
ribed in table 4.3.Table 4.3: Spe
ial Variables in PEBLName PurposegKeepLooping Controls 
ontinued exe
ution in event loop.(Not 
urrently useful).gVideoWidth The width in pixels of the display (set bydefault or 
ommand-line option). Changingthis before 
alling MakeWindow will 
hangedisplay width, if that width is available.gVideoHeight The height in pixels of the display (set bydefault or 
ommand-line). Changing this before 
allingMakeWindow() will 
hange the display height, if thatheight is available.gVideoDepth The bit depth of the video.gSubNum A global variable set to whatever follows the --s or--S 
ommand-line argument. If no argument is given,defaults to 0.
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Chapter 5Fun
tion Qui
k Referen
eTable 5.1 lists the fun
tions available for use with PEBL. Those that are unimplementedare noted as su
h. If you want the fun
tionality of an unimplemented fun
tion,or want fun
tionality not provided in any of these fun
tions, 
onta
t us, or betteryet, 
ontribute to the PEBL proje
t by implementing the fun
tion yourself.Table 5.1: Fun
tion Qui
k Referen
eName Arguments Des
riptionMath Fun
tionsLog10 <num> Log base 10 of <num>Log2 <num> Log base 2 of <num>Ln <num> Natural log of <num>LogN <num> <base> Log base <base> of <num>Exp <pow> e to the power of <pow>Pow <num> <pow> <num> to the power of <pow>Sqrt <num> Square root of <num>NthRoot <num> <root> <num> to the power of 1/<root>Tan <deg> Tangent of <deg> degreesSin <deg> Sine of <deg> degreesCos <deg> Cosine of <deg> degreesATan <num> Inverse Tan of <num>, in degreesASin <num> Inverse Sine of <num>, in degreesACos <num> Inverse Cosine of <num>, in degreesDegToRad <deg> Converts degrees to radiansRadToDeg <rad> Converts radians to degreesRound <num> <sig> Rounds <num> to <sig> signi�
antdigitsFloor <num> Rounds <num> down to the nextintegerCeiling <num> Rounds <num> up to the next integer33



34 CHAPTER 5. FUNCTION QUICK REFERENCEName Arguments Des
riptionAbsFloor <num> Rounds <num> toward 0 to an integerMod <num> <mod> Returns <num> mod <mod> orremainder of <num>/<mod>Div <num> <mod> Returns round(<num>/<mod>)ToInteger <num> Rounds a number to an integer, and
hanges internal representationToFloat <num> Converts number to internal�oating-point representationToNumber <>ToString <num> Converts a numeri
al value to a stringrepresentationSign <num> Returns +1 or -1, depending on sign ofargumentAbs <num> Returns the absolute value of thenumberCumNormInv <p> Returns a

urate numeri
alapproximation of 
umulative normalinverse.NormalDensity <x> Returns density of standard normaldistribution.SDTDPrime <hr>,<far> Computes SDT dprime.SDTBeta <hr>,<far> Computes SDT beta.Order <list> Returns a list of integers representingthe order of <list>Rank <list> Returns integers representing theranked indi
es of the numbers of<list>Median <list> Returns the median value of thenumbers in <list>Min <list> Returns the smallest of <list>Max <list> Returns the largest of <list>StDev <list> Returns the standard dev of <list>Sum <list> Returns the sum of the numbers in<list>Median <list> Returns the median of a set of valuesQuantile <list> <num> Returns the <num> quantile of thenumbers in <list>SeedRNG <num> Seeds the random number generatorwith <num> to reprodu
e a randomsequen
eRandomizeTimer - Seeds the RNG with the 
urrent timeRandom - Returns a random number between 0and 1



35Name Arguments Des
riptionRandomDis
rete <num> Returns a random integer between 1and <num>RandomUniform <num> Returns a random �oating-pointnumber between 0 and <num>RandomNormal <mean> <stdev> Returns a random number a

ording tothe standard normal distribution with<mean> and <stdev>RandomExponential <mean> Returns a random number a

ordingto exponential distribution with mean<mean> (or de
ay 1/mean)RandomLogisti
 <p> Returns a random number a

ording tothe logisti
 distribution with parameter<p>RandomLogNormal <median><spread> Returns a random number a

ordingto the log-normal distribution withparameters <median> and <spread>RandomBinomial <p> <n> Returns a random number a

ordingto the Binomial distribution withprobability <p> and repetitions <n>RandomBernoulli <p> Returns 0 with probability (1-<p>)and 1 with probability <p>File/NetworkStream Fun
tionsPrint <value> Prints <value> to stdout, appendinga new line afterwards. stdout is the
onsole (in Linux) or the �le stdout.txt(in Windows)Print_ <value> Prints <value> to stdout, withoutappending a newline afterwardsFormat <obje
t> <size> Prints a number in size spa
es bytrun
ating or paddingFileOpenRead <�lename> Opens a �lename, returning a stream tobe used for reading informationFileOpenWrite <�lename> Opens a �lename, returning astream that 
an be used for writinginformation. Overwrites if �le alreadyexistsFileOpenAppend <�lename> Opens a �lename, returning a streamthat 
an be used for writing info.Appends if the �le already exists, opensif �le does notFileClose <�lestream> Closes a �lestream variable. Pass thevariable name, not the �lename
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riptionFilePrint <�lestream><value> Like Print, but to a �le.FilePrint_ <�lestream><value> Like Print_, but to a �le.FileReadChara
ter <�lestream> Reads and returns a single 
hara
terfrom a �lestreamFileReadWord <�lestream> Reads and returns a `word' from a �le;the next 
onne
ted stream of 
hara
tersnot in
luding a ' ' or a newline. Will notread newline 
hara
tersFileReadLine <�lestream> Reads and returns a line from a �le; all
hara
ters up until the next newline orthe end of the �leFileReadList <�lename> Given a �lename, will open it, read inall the items into a list (one item perline), and 
lose the �le afterwardsFileReadTable <�lename><opt-sep> Like FileReadList, but reads in tables.Optionally, spe
ify a token separatorFileReadText <�lename> Reads all of the text in the �le into avariableEndOfLine <�lestream> Returns true if at end of lineEndOfFile <�lestream> Returns true if at the end of a �leConne
tToIP <ip> <port> Conne
ts to a port on another
omputer, returning network obje
t.Conne
tToHost <hostname><port> Conne
ts to a port on another
omputer, returning network obje
t.WaitForNetworkConne
tion<port> Listens on a port until another
omputer 
onne
ts, returning a networkobje
tCloseNetworkConne
tion<network> Closes network 
onne
tionSendData <network><datastring> Sends a data string over 
onne
tion.GetData <network><length> return a string from network 
onne
tionConvertIPString <ip-as-string> Converts an ip-number-as-string tousable addressGraphi
al Obje
ts Fun
tionsMakeWindow <
olorname> Creates main window, in 
olor namedby argument, or grey if no argument isnamed



37Name Arguments Des
riptionMakeImage <�lename> Creates an image by reading in animage �le (jpg, gif, png, bmp, et
.)MakeLabel <text> <font> Creates a single line of text �lled with<text> written in font <font>MakeTextBox <text> <font> Creates a sized box �lled<width> <height> with <text> written in font <font>MakeColor <
olorname> Creates a 
olor based on a 
olor nameMakeColorRGB <red> <green><blue> Creates a 
olor based on red, green, andblue valuesMakeFont <ttf_�lename><style> <size><fg
olor><bg
olor><anti-aliased> Creates a font whi
h 
an be used tomake labelsSetCursorPosition <textbox><position> Move the editing 
ursor in a textboxGetCursorPosition <textbox> Gets the position of the editing 
ursorSetEditable <textbox><status> Turns on or o� the editing 
ursorGetText <textobje
t> Returns the text in a textbox or labelGetInput <textbox><es
ape-key> Allows a textbox to be edited by user,returning its text when <es
ape-key>is pressed.SetText <textobje
t>,<text> Sets the text in a textbox or labelSetFont <textobje
t>,<font> Changes the font of a text obje
tMove <obje
t> <x><y> Move an obje
t (e.g., an image or alabel to an x,y lo
ation)MoveCorner <obje
t> <x><y> Moves an image or label by its upper
orner.GetSize <obje
t> Returns a list of dimensions <x,y> of agraphi
al obje
t.AddObje
t <obje
t><parent> Adds an obje
t to a parent obje
t(window)RemoveObje
t <obje
t><parent> Removes an obje
t from a parentwindowShow <obje
t> Shows an obje
tHide <obje
t> Hides an obje
tShowCursor <obje
t> Hides or show mouse 
ursor.Draw <obje
t> Redraws a widget and its 
hildrenDrawFor <obje
t><
y
les> Draws for exa
tly <
y
les> 
y
les, thenreturns



38 CHAPTER 5. FUNCTION QUICK REFERENCEName Arguments Des
riptionCir
le <x> <y> <r><
olor> <�lled> Creates 
ir
le with radius r 
entered atposition x,yEllipse <x> <y> <rx><ry> <
olor><�lled> Creates ellipse with radii rx and ry
entered at position x,ySquare <x> <y> <size><
olor> <�lled> Creates square with width size 
enteredat position x,yRe
tangle <x> <y> <dx><dy> <
olor><�lled> Creates re
tangle with size (dx, dy)
entered at position x,yLine <x> <y> <dx><dy> <
olor> Creates line starting at x,y and endingat x+dx, y+dySound Obje
ts Fun
tionsLoadSound <�lename> Loads a sound�le from the �lename,returning a variable that 
an be playedPlayForeground <sound> Plays the sound `in the foreground', notreturning until the sound is 
ompletePlayBa
kground <sound> Plays the sound 'in the ba
kground',returning immediatelyStop <sound> Stops a sound playing in theba
kground from playingMakeSineWave NOT IMPLEMENTEDMakeSquareWave NOT IMPLEMENTEDMakeSawtoothWave NOT IMPLEMENTEDMakeChirp NOT IMPLEMENTEDMis
 Event Fun
tionsGetTime <> Gets a number, in millise
onds,representing the time sin
e the PEBLprogram began running.Wait <time> Pauses exe
ution for <time> msIsKeyDown <keyval> Determines whether the key asso
iatedwith <keyval> is downIsKeyUp <keyval> Determines whether the key asso
iatedwith <keyval> is upIsAnyKeyDown <> Determines whether any key is down.WaitForKeyDown <keyval> Waits until <keyval> is dete
ted to bein the down stateWaitForAnyKeyDown <> Waits until any key is dete
ted in downstateWaitForKeyUp <keyval> Waits until <keyval> is in up state.WaitForAllKeysUp Waits until all keys are in up state



39Name Arguments Des
riptionWaitForAnyKeyDownWithTimeout<time> Waits for a key to be pressed, but onlyfor <time> msWaitForKeyListDown<list-of-keyvals> Waits until one of the keys is in downstateWaitForKeyPress <key> Waits until <key> is pressedWaitForAnyKeyPress <> Waits until any key is pressedWaitForKeyRelease <key> Waits until <key> is releasedWaitForListKeyPress <list-of-keys> Waits until one of <list-of-keys> ispressedWaitForListKeyPressWithTimeout<list-of-keyvals><timeout><type> Waits for either a key to be pressed ora time to pass.RegisterEvent <> NOT IMPLEMENTEDStartEventLoop <> NOT IMPLEMENTEDClearEventLoop <> NOT IMPLEMENTEDSignalFatalError <message> Halts exe
ution, printing out messageTranslateKeyCode <> Converts a key
ode to a key nameTimeStamp Returns a string 
ontaining the 
urrentdate and timeGetPEBLVersion <> Returns a string indi
ating whi
hversion of PEBL you are usingGetNIMHDemographi
s <
ode><window> <�le> Asks NIMH-related questionsIsNumber <variant> Tests whether <variant> is a numberIsInteger <variant> Tests whether <variant> is aninteger-type numberIsFloat <variant> Tests whether <variant> is a�oating-point numberIsString <variant> Tests whether <variant> is a stringIsList <variant> Tests whether <variant> is a ListIsTextBox <variant> Tests whether <variant> is a TextBoxIsImage <variant> Tests whether <variant> is an ImageIsLabel <variant> Tests whether <variant> is a TextLabelIsAudioOut <variant> Tests whether <variant> is a AudioOutstreamIsFont <variant> Tests whether <variant> is a FontIsColor <variant> Tests whether <variant> is a ColorIsFileStream <variant> Tests whether <variant> is aFileStream
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riptionIsWidget <variant> Tests whether <variant> is any WidgetList Manipulation Fun
tionsShu�e <list> Returns a new list with the items in listshu�ed randomly.Shu�eRepeat <list> <times> Generates a list of n shu�ed versions of<list>Shu�eWithoutAdja
ents<nested-list> Shu�e spe
ifying items that should notappear adja
entlyRepeat <item> <n> Repeats an item n times in a listRepeatList <list> <n> Makes a new list 
ontaining theelements of <list> repeated <n> timesSequen
e <start> <end><step> Makes a sequen
e of numbers from<start> to <end>, with <step>-sizedin
rementsChooseN <list> <n> Returns a sublist of <n> items froma list, in the order they appear in theoriginal listSampleN <list> <n> Returns a randomly-ordered sublist of<n> items from a listSampleNWithRepla
ement <list><n> Returns a sublist of <n> items from alistDesignLatinSquare <list1> <list2>LatinSquare <list> A simple latin square 
onstru
torDesignGre
oLatinSquare <list1> <list2> <list3>DesignBalan
edSampling <list> <number>DesignFullCounterbalan
e <list1> <list2>CrossFa
torWithoutDupli
ates <list> Returns a list of all pairs of items inthe list, ex
luding pairs that where anelement appears twi
e.Rotate <list> <n> Rotates a list by <n> items.FoldList <list> <n> Folds list into length-n sublists.Flatten <list> Flattens a nested list 
ompletelyFlattenN <list> <n> Flattens n levels of a nested listLength <list> Returns the number of elements in alist.First <list> Returns the �rst item in a list.Last <list> Returns the last item in a list.Merge <list1> <list2> Combines two lists.Append <list> <item> Adds <item> to <list>List <item1><item2>... Makes a list out of items
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riptionSort <list> Sorts a list by its values.SortBy <list> <key> Sorts list by the values in <key>Nth <list> <n> Returns the nth item in a list.Subset <list><list-of-indi
es>Extra
tListItems <list><list-of-indi
es>IsMember <item> <list> Che
ks whether <item> is a member of<list>Repla
e <template><repla
ementList> Repla
es items in a data stru
tureLookup <key> <keylist><database> returns element in <database>
orresponding to element of <keylist>that mat
hes <key>.RemoveDupli
ates NOT IMPLEMENTEDMakeMap NOT IMPLEMENTEDTranspose <list-of-lists> Transposes a list of equal-length lists.SubList <list> <start><�nish> Returns a sublist of a list.Remove <list> <n> Removes an item from a list.UnimplementedListToString <list> Con
atenates all elements of a list intoa single stringString Management Fun
tionsCR <num> Returns string with <num> linefeeds.Tab <num> Returns string with <num> tabs.Format <value> <num> Makes string from value exa
tly<num> 
hara
ters by trun
ating orpadding.Upper
ase <string> Returns upper
ased stringLower
ase <string> Returns lower
ased stringRepla
eChar <string> <
har><
har2> Substitutes <
har2> for <
har> in<string>.SplitString <string> <split> Splits <string> into a list of<split>-delimited substringsStringLength <string> Returns the length of a stringSubString <string><position><length> Returns a substringFindInString <string> <key> Returns position of <key> in <string>
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Chapter 6Detailed Fun
tion and KeywordReferen
e.
6.1 SymbolsName/Symbol: +Des
ription: Adds two expressions together. Also, 
on
atenates strings together.Usage: <num1> + <num2><string1> + <string2><string1> + <num1>Using other types of variables will 
ause errors.Example: 33 + 322 --> 355"Hello" + " " + "World" --> "Hello World""Hello" + 33 + 322.5 --> "Hello355.5"33 + 322.5 + "Hello" --> "33322.5Hello"See Also: -, ToString()Name/Symbol: -Des
ription: Subtra
ts one expression from anotherUsage: <num1> - <num2>Example: 43
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ription: Divides one expression by anotherUsage: <expression> / <expression>Example: 333 / 10 # == 33.3See Also:Name/Symbol: *Des
ription: Multiplies two expressions togetherUsage: <expression> * <expression>Example: 32 * 2 # == 64See Also:Name/Symbol: ^Des
ription: Raises one expression to the power of another expressionUsage: <expression> ^ <expression>Example: 25 ^ 2 # == 625See Also: Exp, NthRootName/Symbol: ;Des
ription: Finishes a statement, 
an start new statement on the same line(not needed at end of line)Usage:Example:See Also:Name/Symbol: #
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ription: Comment indi
ator; anything until the next CR following this
hara
ter is ignoredUsage:Example:See Also:Name/Symbol: <-Des
ription: The assignment operator. Assigns a value to a variableN.B.: This two-
hara
ter sequen
e takes the pla
e of the `='operator found in many programming languages.Usage:Example:See Also:Name/Symbol: ( )Des
ription: Groups mathemati
al operationsUsage: (expression)Example: (3 + 22) * 4 # == 100See Also:Name/Symbol: { }Des
ription: Groups a series of statementsUsage: { statement1statement2statement3}Example:See Also:Name/Symbol: [ ℄



46CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Des
ription: Creates a list. Closing ℄ must be on same line as last elementof list, even for nested lists.Usage: [<item1>, <item2>, ....℄Example: [℄ #Creates an empty list[1,2,3℄ #Simple list[[3,3,3℄,[2,2℄,0℄ #
reates a nested list stru
tureSee Also: List()Name/Symbol: <Des
ription: Less than. Used to 
ompare two numeri
 quantities.Usage: 3 < 53 < valueExample: if(j < 33){Print ("j is less than 33.")}See Also: >, >=, <=, ==, ~=, !=, <>Name/Symbol: >Des
ription: Greater than. Used to 
ompare two numeri
 quantities.Usage: 5 > 35 > valueExample: if(j > 55){Print ("j is greater than 55.")}See Also: <, >=, <=, ==, ~=, !=, <>Name/Symbol: <=Des
ription: Less than or equal to.Usage: 3<=53<=value



6.1. SYMBOLS 47Example: if(j <= 33){Print ("j is less than or equal to 33.")}See Also: <, >, >=, ==, ~=, !=, <>Name/Symbol: >=Des
ription: Greater than or equal to.Usage: 5>=35>=valueExample: if(j >= 55){Print ("j is greater than or equal to 55.")}See Also: <, >, <=, ==, ~=, !=, <>Name/Symbol: ==Des
ription: Equal to.Usage: 4 == 4Example: 2 + 2 == 4See Also: <, >, >=, <=, ~=, !=, <>Name/Symbol: <>, !=, ~=Des
ription: Not equal to.Usage:Example:See Also: <, >, >=, <=, ==



48CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.6.2 AName/Symbol: Abs()Des
ription: Returns the absolute value of the number.Usage: Abs(<num>)Example: Abs(-300) # ==300Abs(23) # ==23See Also: Round(), Floor(), AbsFloor(), Sign(), Ceiling()Name/Symbol: AbsFloor()Des
ription: Rounds <num> toward 0 to an integer.Usage: AbsFloor(<num>)Example: AbsFloor(-332.7) # == -332AbsFloor(32.88) # == 32See Also: Round(), Floor(), Abs(), Sign(), Ceiling()Name/Symbol: ACos()Des
ription: Inverse 
osine of <num>, in degrees.Usage: ACos(<num>)Example:See Also: Cos(), Sin(), Tan(), ATan(), ATan()Name/Symbol: AddObje
t()Des
ription: Adds a widget to a parent window.Usage:Example:See Also: RemoveObje
t()



6.2. A 49Name/Symbol: andDes
ription: Logi
al and operator.Usage: <expression> and <expression>Example:See Also: or, notName/Symbol: AppendDes
ription: Appends an item to a list. Useful for 
onstru
ting lists in
onjun
tion with the loop statement.Usage: Append(<list>, <item>)Example: list <- Sequen
e(1,5,1)double <- [℄loop(i, list){double <- Append(double, [i,i℄)}Print(double)# Produ
es [[1,1℄,[2,2℄,[3,3℄,[4,4℄,[5,5℄℄See Also: List(), [ ℄, Merge()Name/Symbol: ASin()Des
ription: Inverse Sine of <num>, in degrees.Usage: ASin(<num>)Example:See Also: Cos(), Sin(), Tan(), ATan(), ACos(), ATan()Name/Symbol: ATanDes
ription: Inverse Tan of <num>, in degrees.Usage:Example:See Also: Cos(), Sin(), Tan(), ATan(), ACos(), ATan()



50CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.6.3 BName/Symbol: breakDes
ription: Breaks out of a loop immediately.Usage: breakExample: loop(i ,[1,3,5,9,2,7℄){Print(i)if(i == 3){break}}See Also: loop, return6.4 CName/Symbol: Ceiling()Des
ription: Rounds <num> up to the next integer.Usage: Ceiling(<num>)Example: Ceiling(33.23) # == 34Ceiling(-33.02) # == -33See Also: Round(), Floor(), AbsFloor(), Ceiling()Name/Symbol: ChooseN()Des
ription: Samples <number> items from list, returning a list in theoriginal order. Items are sampled without repla
ement, so on
ean item is 
hosen it will not be 
hosen again. If <number> islarger than the length of the list, the entire list is returned inorder. It di�ers from SampleN in that ChooseN returns itemsin the order they appeared in the originial list, but SampleN isshu�ed.



6.4. C 51Usage: ChooseN(<list>, <n>)Example: ChooseN([1,1,1,2,2℄, 5) # Returns 5 numbersChooseN([1,2,3,4,5,6,7℄, 3) # Returns 3 numbers from 1 and 7See Also: SampleN(), SampleNWithRepla
ement(), Subset()Name/Symbol: Cir
le()Des
ription: Creates a 
ir
le for graphing at x,y with radius r. Cir
les mustbe added to a parent widget before it 
an be drawn; it may beadded to widgets other than a base window. The properties of
ir
les may be 
hanged by a

essing their properties dire
tly,in
luding the FILLED property whi
h makes the obje
t anoutline versus a �lled shape.Usage: Cir
le(<x>, <y>, <r>,<
olor>)Example: 
 <- Cir
le(30,30,20, MakeColor(green))AddObje
t(
, win)Draw()See Also: Square(), Ellipse(), Re
tangle(), Line()Name/Symbol: ClearEventLoop()Des
ription: NOT IMPLEMENTED. Advan
ed Event loop management.Usage:Example:See Also:Name/Symbol: CloseNetworkConne
tion()Des
ription: Closes network 
onne
tionUsage: CloseNetwork(<network>)Example: net <- WaitForNetworkConne
tion("lo
alhost",1234)SendData(net,"Watson, 
ome here. I need you.")CloseNetworkConne
tion(net)Also see nim.pbl for example of two-way network 
onne
tion.
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tToIP,Conne
tToHost,GetData,WaitForNetworkConne
tion,SendData,ConvertIPStringName/Symbol: Conne
tToHost()Des
ription: Conne
ts to a host 
omputer waiting for a 
onne
tion on <port>,returning a network obje
t that 
an be used to 
ommuni
ate.Host is a text hostname, like "myname.indiana.edu", or use"lo
alhost" to spe
ify your 
urrent 
omputer.Usage: Conne
tToHost(<hostname>,<port>)Example: See nim.pbl for example of two-way network 
onne
tion.net <- Conne
tToHost("lo
alhost",1234)dat <- GetData(net,20)Print(dat)CloseNetworkConne
tion(net)See Also: Conne
tToIP, GetData, WaitForNetworkConne
tion, SendData,ConvertIPString, CloseNetworkConne
tionName/Symbol: Conne
tToIP()Des
ription: Conne
ts to a host 
omputer waiting for a 
onne
tion on <port>,returning a network obje
t that 
an be used to 
ommuni
ate.<ip> is a numeri
 ip address, whi
h must be 
reated with theConvertIPString(ip) fun
tion.Usage: Conne
tToIP(<ip>,<port>)Example: See nim.pbl for example of two-way network 
onne
tion.ip <- ConvertIPString("192.168.0.1")net <- Conne
tToHost(ip,1234)dat <- GetData(net,20)Print(dat)CloseNetworkConne
tion(net)See Also: Conne
tToHost, GetData, WaitForNetworkConne
tion, SendData,ConvertIPString, CloseNetworkConne
tionName/Symbol: ConvertIPString()



6.4. C 53Des
ription: Converts an IP address spe
i�ed as a string into an integer that
an be used by Conne
tToIP.Usage: ConvertIPString(<ip-as-string>)Example: See nim.pbl for example of two-way network 
onne
tion.ip <- ConvertIPString("192.168.0.1")net <- Conne
tToHost(ip,1234)dat <- GetData(net,20)Print(dat)CloseNetworkConne
tion(net)See Also: Conne
tToHost, Conne
tToIP,GetData,WaitForNetworkConne
tion,SendData,ConvertIPString,CloseNetworkConne
tionName/Symbol: Cos()Des
ription: Cosine of <deg> degrees.Usage:Example: Cos(33.5)Cos(-32)See Also: Sin(), Tan(), ATan(), ACos(), ATan()Name/Symbol: CR()Des
ription: Produ
es a <number> linefeeds whi
h 
an be added to a stringand printed or saved to a �le.Usage: CR(<number>)Example: Print("Number: " Tab(1) + number + CR(2))Print("We needed spa
e before this line.")See Also: Format(), Tab()Name/Symbol: CrossFa
torWithoutDupli
ates()Des
ription: This fun
tion takes a single list, and returns a list of all pairs,ex
luding the pairs that have two of the same item. To a
hievethe same e�e
t but in
lude the dupli
ates, use:DesignFullCounterBalan
e(x,x).



54CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Usage: CrossFa
torWithoutDupli
ates(<list>)Example: CrossFa
torWithoutDupli
ates([a,b,
℄)# == [[a,b℄,[a,
℄,[b,a℄,[b,
℄,[
,a℄,[
,b℄℄See Also: DesignFullCounterBalan
e(), DesignBalan
edSampling(), DesignGre
oLatinSquare(),DesignLatinSquare(), Repeat(), RepeatList(), LatinSquare() Shu�e()Name/Symbol: CumNormInv()Des
ription: This fun
tion takes a probability and returns the 
orrespondingz-s
ore for the 
umulative standard normal distribution. It usesan a

urate numeri
al approximation from:http://home.online.no/ pja
klam/notes/invnormUsage: CumNormInv(<p>)Example: Print(CumNormInv(0)) #= NAPrint(CumNormInv(.01)) #= -2.32634Print(CumNormInv(.5)) #= 0Print(CumNormInv(.9)) #= 1.28Print(CumNormInv(1)) #= NASee Also: NormalDensity(), RandomNormal()6.5 DName/Symbol: de�neDes
ription: De�nes a user-spe
i�ed fun
tion.Usage: de�ne fun
tionname (parameters){statement1statement2statement3#Return statement is optional:return <value>}Example: See above.See Also:Name/Symbol: DegToRad()



6.5. D 55Des
ription: Converts degrees to radians.Usage: DegToRad(<deg>)Example: DegToRad(180) # == 3.14159...See Also: Cos(), Sin(), Tan(), ATan(), ACos(), ATan()Name/Symbol: DesignBalan
edSampling()Des
ription: Samples elements "roughly" equally. This fun
tion returns alist of repeated samples from <treatment_list>, su
h that ea
helement in <treatment_list> appears approximately equally.Ea
h element from <treatment_list> is sampled on
e withoutrepla
ement before all elements are returned to the mix andsampling is repeated. If there are no repeated items in <list>,there will be no 
onse
utive repeats in the output. The lastrepeat-sampling will be trun
ated so that a <length>-size listis returned. If you don't want the repeated epo
hs this fun
tionprovides, Shu�e() the results.Usage: DesignBalan
edSampling(<list>, <length>)Example: DesignBalan
edSampling([1,2,3,4,5℄,12)# e.g., produ
es something like [5,3,1,4,2, 3,1,5,2,4, 3,1 ℄See Also: CrossFa
torWithoutDupli
ates(), DesignFullCounterBalan
e(),DesignGre
oLatinSquare(), DesignLatinSquare(), Repeat(), RepeatList(),Shu�e(), LatinSquare()Name/Symbol: DesignFullCounterbalan
e()Des
ription: This takes two lists as parameters, and returns a nested list oflists that in
ludes the full 
ounterbalan
ing of both parameterlists. Use 
autiously; this gets very large.Usage: DesignFullCounterbalan
e(<lista>, <listb>)Example: a <- [1,2,3℄b <- [9,8,7℄DesignFullCounterbalan
e(a,b) # == [[1,9℄,[1,8℄,[1,7℄,# [2,9℄,[2,8℄,[2,7℄,# [3,9℄,[3,8℄,[3,7℄℄See Also: CrossFa
torWithoutDupli
ates(), LatinSquare() DesignBalan
edSampling(),DesignGre
oLatinSquare(), DesignLatinSquare(), Repeat(), RepeatList(),Shu�e()



56CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: DesignGre
oLatinSquare()Des
ription: This will return a list of lists formed by rotating through ea
helement of the <treatment_list>s, making a list 
ontaining allelement of the list, a

ording to a gre
o-latin square. All listsmust be of the same length.Usage: DesignGre
oLatinSquare(<fa
tor_list>, <treatment_list>,<treatment_list>)Example: x <- ["a","b","
"℄y <- ["p","q","r"℄z <- ["x","y","z"℄Print(DesignGre
oLatinSquare(x,y,z))# produ
es: [[[a, p, x℄, [b, q, y℄, [
, r, z℄℄,# [[a, q, z℄, [b, r, x℄, [
, p, y℄℄,# [[a, r, y℄, [b, p, z℄, [
, q, x℄℄℄See Also: CrossFa
torWithoutDupli
ates(), LatinSquare() DesignFullCounterBalan
e(),DesignBalan
edSampling(), DesignLatinSquare(), Repeat(), RepeatList(),Shu�e()Name/Symbol: DesignLatinSquare()Des
ription: This returns return a list of lists formed by rotating throughea
h element of <treatment_list>, making a list 
ontaining allelement of the list. Has no side e�e
t on input lists. This isimplemented as a PEBL fun
tion in pebl-lib/Design.pblUsage: DesignLatinSquare(<treatment1_list>, <treatment2_list>)Example: order <- [1,2,3℄treatment <- ["A","B","C"℄design <- DesignLatinSquare(order,treatment)# produ
es: [[[1, A℄, [2, B℄, [3, C℄℄,# [[1, B℄, [2, C℄, [3, A℄℄,# [[1, C℄, [2, A℄, [3, B℄℄℄See Also: CrossFa
torWithoutDupli
ates(), DesignFullCounterBalan
e(),DesignBalan
edSampling(), DesignGre
oLatinSquare(), Repeat(),LatinSquare() RepeatList(), Shu�e(), Rotate()Name/Symbol: Div()



6.6. E 57Des
ription: NOT IMPLEMENTED. Returns round(<num>/<mod>)Usage: Div(<num>, <mod>)Example:See Also: Mod()Name/Symbol: Draw()Des
ription: Redraws the s
reen or a spe
i�
 widget.Usage: Draw()Draw(<obje
t>)Example:See Also: DrawFor(), Show(), Hide()Name/Symbol: DrawFor()Des
ription: Draws a s
reen or widget, returning after <
y
les> refreshes.This fun
tion 
urrently does not work as intended in the SDLimplementation, be
ause of a la
k of 
ontrol over the refreshblank. It may work in the future.Usage: DrawFor( <obje
t>, <
y
les>)Example:See Also: Draw(), Show(), Hide()6.6 EName/Symbol: Ellipse()Des
ription: Creates a ellipse for graphing at x,y with radii rx and ry. Ellipsesare only 
urrently de�nable oriented in horizontal/verti
al dire
tions.Ellipses must be added to a parent widget before it 
an bedrawn; it may be added to widgets other than a base window.The properties of ellipses may be 
hanged by a

essing theirproperties dire
tly, in
luding the FILLED property whi
h makesthe obje
t an outline versus a �lled shape.



58CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Usage: Ellipse(<x>, <y>, <rx>, <ry>,<
olor>)Example: e <- Ellipse(30,30,20,10, MakeColor(green))AddObje
t(e, win)Draw()See Also: Square(), Cir
le(), Re
tangle(), Line()Name/Symbol: EndOfFile()Des
ription: Returns true if at the end of a �le.Usage: EndOfFile(<�lestream>)Example: while(not EndOfFile(fstream)){Print(FileReadLine(fstream))}See Also:Name/Symbol: EndOfLine()Des
ription: Returns true if at end of line.Usage: EndOfLine(<�lestream>)Example:See Also:Name/Symbol: Exp()Des
ription: e to the power of <pow>.Usage: Exp(<pow>)Example: Exp(0) # == 1Exp(3) # == 20.0855See Also: Log()



6.7. F 59Name/Symbol: Extra
tListItems()Des
ription: Extra
ts items from a list, forming a new list. The list <items>are the integers representing the indi
es that should be extra
ted.Usage: Extra
tListItems(<list>,<items>)Example: myList <- Sequen
e(101, 110, 1)Extra
tListItems(myList, [2,4,5,1,4℄)# produ
es [102, 104, 105, 101, 104℄See Also: Subset(), SubList(), SampleN()6.7 FName/Symbol: FileClose()Des
ription: Closes a �lestream variable. Be sure to pass the variable name,not the �lename.Usage: FileClose(<�lestream>)Example: x <- FileOpenRead("�le.txt")# Do relevant stu� here.FileClose(x)See Also: FileOpenAppend(), FileOpenRead(), FileOpenWrite()Name/Symbol: FileOpenAppend()Des
ription: Opens a �lename, returning a stream that 
an be used forwriting information. Appends if the �le already exists.Usage: FileOpenAppend(<�lename>)Example:See Also: FileClose(), FileOpenRead(), FileOpenWrite()Name/Symbol: FileOpenRead()Des
ription: Opens a �lename, returning a stream to be used for readinginformation.



60CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Usage: FileOpenRead(<�lename>)Example:See Also: FileClose(), FileOpenAppend(), FileOpenWrite()Name/Symbol: FileOpenWrite()Des
ription: Opens a �lename, returning a stream that 
an be used forwriting information. Overwrites if �le already exists.Usage: FileOpenWrite(<�lename>)Example:See Also: FileClose(), FileOpenAppend(), FileOpenRead()Name/Symbol: FilePrint()Des
ription: Like Print, but to a �le. Prints a string to a �le, with a 
arriagereturn at the end.Usage: FilePrint(<�lestream>, <value>)Example: FilePrint(fstream, "Another Line.")See Also: Print(), FilePrint_()Name/Symbol: FilePrint_()Des
ription: Like Print_, but to a �le. Prints a string to a �le, withoutappending a newline 
hara
ter.Usage: FilePrint_(<�lestream>, <value>)Example: FilePrint_(fstream, "This line doesn't end.")See Also: Print_(), FilePrint()Name/Symbol: FileReadChara
ter()Des
ription: Reads and returns a single 
hara
ter from a �lestream.Usage: FileReadChara
ter(<�lestream>)Example:



6.7. F 61See Also:Name/Symbol: FileReadLine()Des
ription: Reads and returns a line from a �le; all 
hara
ters up until thenext newline or the end of the �le.Usage: FileReadLine(<�lestream>)Example:See Also:Name/Symbol: FileReadList()Des
ription: Given a �lename, will open it, read in all the items into alist (one item per line), and 
lose the �le afterward. Ignoresblank lines or lines starting with #. Useful with a number ofpre-de�ned data �les stored in media/text/. See Se
tion 4.18:Provided Media Files.Usage: FileReadList(<�lename>)Example: FileReadList("data.txt")See Also:Name/Symbol: FileReadTable()Des
ription: Reads a table dire
tly from a �le. Data in �le should separatedby spa
es. Reads ea
h line onto a sublist, with spa
e-separatedtokens as items in sublist. Ignores blank lines or lines beginningwith #. Optionally, spe
ify a token separator other than spa
e.Usage: FileReadTable(<�lename>, <optional-separator>)Example: a <- FileReadTable("data.txt")See Also: FileReadList()Name/Symbol: FileReadText()Des
ription: Returns all of the text from a �le, ignoring any lines beginningwith #. Opens and 
loses the �le transparently.



62CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Usage: FileReadText(<�lename>)Example: instru
tions <- FileReadText("instru
tions.txt")See Also: FileReadList(), FileReadTable()Name/Symbol: FileReadWord()Des
ription: Reads and returns a `word' from a �le; the next 
onne
tedstream of 
hara
ters not in
luding a ' ' or a newline. Will notread newline 
hara
ters.Usage: FileReadWord(<�lestream>)Example:See Also: FileReadLine(), FileReadTable(), FileReadList()Name/Symbol: FindInString()Des
ription: Finds a token in a string, returning the position.Usage: FindInString(<string>,<string>)Example: FindInString("about","bo") # == 2See Also: SplitString()Name/Symbol: First()Des
ription: Returns the �rst item of a list.Usage: First(<list>)Example: First([3,33,132℄) # == 3See Also: Nth(), Last()Name/Symbol: Flatten()Des
ription: Flattens nested list <list> to a single �at list.Usage: Flatten(<list>)Example: Flatten([1,2,[3,4℄,[5,[6,7℄,8℄,[9℄℄) # == [1,2,3,4,5,6,7,8,9℄Flatten([1,2,[3,4℄,[5,[6,7℄,8℄,[9℄℄) # == [1,2,3,4,5,6,7,8,9℄



6.7. F 63See Also: FlattenN(), FoldList()Name/Symbol: FlattenN()Des
ription: Flattens <n> levels of nested list <list>.Usage: Flatten(<list>, <n>)Example: Flatten([1,2,[3,4℄,[5,[6,7℄,8℄,[9℄℄,1)# == [1,2,3,4,5,[6,7℄,8,9℄See Also: Flatten(), FoldList()Name/Symbol: Floor()Des
ription: Rounds <num> down to the next integer.Usage: Floor(<num>)Example: Floor(33.23) # == 33Floor(3.999) # ==3Floor(-32.23) # == -33See Also: AbsFloor(), Round(), Ceiling()Name/Symbol: FoldList()Des
ription: Folds a list into equal-length sublists.Usage: FoldList(<list>, <size>)Example: FoldList([1,2,3,4,5,6,7,8℄,2) # == [[1,2℄,[3,4℄,[5,6℄,[7,8℄℄See Also: FlattenN(), Flatten()Name/Symbol: Format()Des
ription: Formats the printing of values to ensure the proper spa
ing. Itwill either trun
ate or pad <value> with spa
es so that it endsup exa
tly <length> 
hara
ters long. Chara
ter padding is atthe endUsage: Format(<value>, <length>)



64CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example: x <- 33.23425225y <- 23.3Print("["+Format(x,5)+"℄")Print("["+Format(y,5)+"℄")## Output:## [33.23 ℄## [23.3 ℄See Also: CR() Tab()6.8 GName/Symbol: GetCursorPosition()Des
ription: Returns an integer spe
ifying where in a textbox the edit 
ursoris. The value indi
ates whi
h 
hara
ter it is on.Usage: GetCursorPosition(<textbox>)Example:See Also: SetCursorPosition(), MakeTextBox(), SetText()Name/Symbol: GetData()Des
ription: Gets Data from network 
onne
tion. Example of usage in demo/nim.pbl.Usage: val <- GetData(<network>,<size>)Example: On 'server':net <- WaitForNetworkConne
tion("lo
alhost",1234)SendData(net,"Watson, 
ome here. I need you.")value <- GetData(net,10)Print(value)On Client:net <- Conne
tToHost("lo
alhost",1234)value <- GetData(net,20)Print(value)##should print out "Watson, 
ome here. I need you."



6.8. G 65See Also: Conne
tToIP, Conne
tToHost, WaitForNetworkConne
tion, SendData,ConvertIPString, CloseNetworkConne
tionName/Symbol: GetInput()Des
ription: Allows user to type input into a textbox.Usage: GetInput(<textbox>,<es
ape-key>)Example:See Also: SetEditable(), GetCursorPosition(), MakeTextBox(), SetText()Name/Symbol: GetNIMHDemographi
s()Des
ription: Gets demographi
 information that are normally required forNIMH-related resear
h. Currently are gender (M/F/prefer notto say), ethni
ity (Hispani
 or not), and ra
e (A.I./Alaskan,Asian/A.A., Hawaiian, bla
k/A.A., white/Cau
asian, other). Itthen prints their responses in a single line in the demographi
s�le, along with any spe
ial 
ode you supply and a time/datestamp. This 
ode might in
lude a subje
t number, experimentnumber, or something else, but many informed 
onsent formsassure the subje
t that this information 
annot be tied ba
k tothem or their data, so be 
areful about what you re
ord. The�le output will look something like:----x0413 Thu Apr 22 17:58:15 2004 1 Y 4x0413 Thu Apr 23 17:58:20 2004 3 Y 5x0413 Thu Apr 24 12:41:30 2004 2 Y 5x0413 Thu Apr 24 14:11:54 2004 2 N 5----The �rst 
olumn is the user-spe
i�ed 
ode (in this 
ase, indi
atingthe experiment number). The middle 
olumns indi
ate date/time,and the last three 
olumns indi
ate gender (M, F, other), Hispani
(Y/N), and ra
e.Usage: GetNIMHDemographi
s(<
ode-to-print-out>, <window>, <�lename>)Example: GetNIMHDemographi
s("x0413", gwindow, "x0413-demographi
s.txt")See Also:



66CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: GetPEBLVersion()Des
ription: Returns a string des
ribing whi
h version of PEBL you arerunning.Usage: GetPEBLVersion()Example: Print(GetPEBLVersion())See Also: TimeStamp()Name/Symbol: GetSize()Des
ription: Returns a list of [height, width℄, spe
ifying the size of the widget.Usage: GetSize(<widget>)Example: image <- MakeImage("stim1.bmp")xy <- GetSize(image)x <- Nth(xy, 1)y <- Nth(xy, 2)See Also:Name/Symbol: GetText()Des
ription: Returns the text stored in a text obje
t (either a textbox or alabel).Usage: GetText(<widget>)Example:See Also: SetCursorPosition(), GetCursorPosition(), SetEditable(), MakeTextBox()Name/Symbol: GetTime()Des
ription: Gets time, in millise
onds, from when PEBL was initialized. Donot use as a seed for the RNG, be
ause it will tend to be aboutthe same on ea
h run. Instead, use RandomizeTimer().Usage: GetTime()Example: a <- GetTime()WaitForKeyDown("A")b <- GetTime()Print("Response time is: " + (b - a))See Also: TimeStamp()



6.9. H 676.9 HName/Symbol: Hide()Des
ription: Makes an obje
t invisible, so it will not be drawn.Usage: Hide(<obje
t>)Example: window <- MakeWindow()image1 <- MakeImage("pebl.bmp")image2 <- MakeImage("pebl.bmp")AddObje
t(image1, window)AddObje
t(image2, window)Hide(image1)Hide(image2)Draw() # empty s
reen will be drawn.Wait(3000)Show(image2)Draw() # image2 will appear.Hide(image2)Draw() # image2 will disappear.Wait(1000)Show(image1)Draw() # image1 will appear.See Also: Show()6.10 IName/Symbol: ifDes
ription: Simple 
onditional test.Usage: if(test){statementstobeexe
uted}



68CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example:See Also:Name/Symbol: if...elseif...elseDes
ription: Complex 
onditional test. Be 
areful of spa
ing the else�if youput 
arriage returns on either side of it, you will get a syntaxerror. The elseif is optional, but multiple elseif statements 
anbe strung together. The else is also optional, although only one
an appear.Usage: if(test){statements if true} elseif (newtest) {statements if newtest true; test false} else {other statements}Example: if(3 == 1) {Print("ONE")}elseif(3==4){Print("TWO")}elseif(4==4){Print("THREE")}elseif(4==4){Print("FOUR")}else{Print("FIVE")}See Also: ifName/Symbol: IsAnyKeyDown()Des
ription:Usage:Example:See Also:Name/Symbol: IsAudioOut()



6.10. I 69Des
ription: Tests whether <variant> is a AudioOut stream.Usage: IsAudioOut(<variant>)Example: if(IsAudioOut(x)){Play(x)}See Also: IsColor(), IsImage(), IsInteger(), IsFileStream(), IsFloat(), IsFont(),IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(), IsWidget()Name/Symbol: IsColor()Des
ription: Tests whether <variant> is a Color.Usage: IsColor(<variant>)Example: if(IsColor(x){gWin <- MakeWindow(x)}See Also: IsAudioOut(), IsImage(), IsInteger(), IsFileStream(), IsFloat(),IsFont(), IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsImage()Des
ription: Tests whether <variant> is an Image.Usage: IsImage(<variant>)Example: if(IsImage(x)){AddObje
t(gWin, x)}See Also: IsAudioOut(), IsColor(), IsInteger(), IsFileStream(), IsFloat(),IsFont(), IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsInteger()



70CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Des
ription: Tests whether <variant> is an integer type. Note: a numberrepresented internally as a �oating-point type whose is an integerwill return false. Floating-point numbers 
an be 
onverted tointernally- represented integers with the ToInteger() or Round()
ommands.Usage: IsInteger(<variant>)Example: x <- 44y <- 23.5z <- 6.5test <- x + y + zIsInteger(x) # trueIsInteger(y) # falseIsInteger(z) # falseIsInteger(test) # falseSee Also: IsAudioOut(), IsColor(), IsImage(), IsFileStream(), IsFloat(),IsFont(), IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsFileStream()Des
ription: Tests whether <variant> is a FileStream obje
t.Usage: IsFileStream(<variant>)Example: if(IsFileStream(x)){Print(FileReadWord(x)}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFloat(), IsFont(),IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(), IsWidget()Name/Symbol: IsFloat()Des
ription: Tests whether <variant> is a �oating-point value. Note that�oating-point 
an represent integers with great pre
ision, sothat a number appearing as an integer 
an still be a �oat.Usage: IsFloat(<variant>)



6.10. I 71Example: x <- 44y <- 23.5z <- 6.5test <- x + y + zIsFloat(x) # falseIsFloat(y) # trueIsFloat(z) # trueIsFloat(test) # trueSee Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFont(), IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsFont()Des
ription: Tests whether <variant> is a Font obje
t.Usage: IsFont(<variant>)Example: if(IsFont(x)){y <- MakeLabel("stimulus", x)}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsLabel(), IsList(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsKeyDown()Des
ription:Usage:Example:See Also: IsKeyUp()Name/Symbol: IsKeyUp()Des
ription:Usage:



72CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example:See Also: IsKeyDown()Name/Symbol: IsLabel()Des
ription: Tests whether <variant> is a text Label obje
t.Usage: IsLabel(<variant>)Example: if(IsLabel(x){text <- GetText(x)}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsFont(), IsList(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsList()Des
ription: Tests whether <variant> is a PEBL list.Usage: IsList(<variant>)Example: if(IsList(x)){loop(item, x){Print(item)}}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsFont(), IsLabel(), IsNumber(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsMember()Des
ription: Returns true if <element> is a member of <list>.Usage: IsMember(<element>,<list>)Example: IsMember(2,[1,4,6,7,7,7,7℄) # falseIsMember(2,[1,4,6,7,2,7,7,7℄) # true



6.10. I 73See Also:Name/Symbol: IsNumber()Des
ription: Tests whether <variant> is a number, either a �oating-point oran integer.Usage: IsNumber(<variant>)Example: if(IsNumber(x)){Print(Sequen
e(x, x+10, 1))}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsFont(), IsLabel(), IsList(), IsString(), IsTextBox(),IsWidget()Name/Symbol: IsString()Des
ription: Tests whether <variant> is a text string.Usage: IsString(<variant>)Example: if(IsString(x)){tb <- MakeTextBox(x, 100, 100)}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsFont(), IsLabel(), IsList(), IsNumber(), IsTextBox(),IsWidget()Name/Symbol: IsTextBox()Des
ription: Tests whether <variant> is a TextBox Obje
tUsage: IsTextBox(<variant>)Example: if(IsTextBox(x)){Print(GetText(x))}



74CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsFont(), IsLabel(), IsList(), IsNumber(), IsString(),IsWidget()Name/Symbol: IsWidgetDes
ription: Tests whether <variant> is any kind of a widget obje
t (image,label, or textbox).Usage: IsWidget(<variant>)Example: if(IsWidget(x)){Move(x, 200,300)}See Also: IsAudioOut(), IsColor(), IsImage(), IsInteger(), IsFileStream(),IsFloat(), IsFont(), IsLabel(), IsList(), IsNumber(), IsString(),IsTextBox()



6.11. L 756.11 LName/Symbol: Last()Des
ription: Returns the last item in a list. Provides faster a

ess to the lastitem of a list than does Nth().Usage: Last(<list>)Example: Last([1,2,3,444℄) # == 444See Also: Nth(), First()Name/Symbol: LatinSquare()Des
ription: Qui
k and dirty latin square, taking on just one list argument.Usage: LatinSquare(<list>)Example: Print(LatinSquare([11,12,13,14,15,16℄))# Output:#[[11, 12, 13, 14, 15, 16℄#, [12, 13, 14, 15, 16, 11℄#, [13, 14, 15, 16, 11, 12℄#, [14, 15, 16, 11, 12, 13℄#, [15, 16, 11, 12, 13, 14℄#, [16, 11, 12, 13, 14, 15℄#℄See Also: DesignFullCounterBalan
e(), DesignBalan
edSampling(), DesignGre
oLatinSquare(),DesignLatinSquare(), Repeat(), RepeatList(), Shu�e()Name/Symbol: Line()Des
ription: Creates a line for graphing at x,y ending at x+dx, y+dy. dxand dy des
ribe the size of the line. Lines must be added toa parent widget before it 
an be drawn; it may be added towidgets other than a base window. Properties of lines may bea

essed and set later.Usage: Line(<x>, <y>, <dx>, <dy>, <
olor>)



76CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example: l <- Line(30,30,20,20, MakeColor("green")AddObje
t(l, win)Draw()See Also: Square(), Ellipse(), Re
tangle(), Cir
le()Name/Symbol: List()Des
ription: Creates a list of items. Fun
tional version of [℄.Usage: List(<item1>, <item2>, ....)Example: List(1,2,3,444) # == [1,2,3,444℄See Also: [ ℄, Merge(), Append()Name/Symbol: ListToString()Des
ription: Converts a list of things to a single stringUsage: ListToString(<list>)Example: ListToString([1,2,3,444℄) # == "123444"ListToString(["a","b","
","d","e"℄) # == "ab
de"See Also: SubString, StringLengthName/Symbol: Length()Des
ription: Returns the number of items in a list.Usage: Length(<list>)Example: Length([1,3,55,1515℄) # == 4See Also: StringLength()Name/Symbol: LoadSound()Des
ription: Loads a sound�le from <�lename>, returning a variable that
an be played.Usage: LoadSound(<�lename>)



6.11. L 77Example:See Also:Name/Symbol: Log10()Des
ription: Log base 10 of <num>.Usage: Log10(<num>)Example:See Also: Log2(), LogN(), Ln(), Exp()Name/Symbol: Log2()Des
ription: Log base 2 of <num>.Usage: Log2(<num>)Example:See Also: Log(), LogN(), Ln(), Exp()Name/Symbol: LogN()Des
ription: Log base <base> of <num>.Usage: LogN(<num>, <base>)Example: LogN(100,10) # == 2LogN(256,2) # == 8See Also: Log(), Log2(), Ln(), Exp()Name/Symbol: Lower
ase()Des
ription: Changes a string to lower
ase. Useful for testing user inputagainst a stored value, to ensure 
ase di�eren
es are not dete
ted.Usage: Lower
ase(<string>)Example: Lower
ase("POtaTo") # == "potato"See Also: Upper
ase()



78CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: Ln()Des
ription: Natural log of <num>.Usage: Ln(<num>)Example:See Also: Log(), Log2(), LogN(), Exp()Name/Symbol: Lookup()Des
ription: Returns element in <database> 
orresponding to element of<keylist> that mat
hes <key>.Usage: Lookup(<key>,<keylist>,<database>)Example: keys <- [1,2,3,4,5℄database <- ["market","home","roast beef","none","wee wee wee"℄Print(Lookup(3,keys,database)))## Or, do something like this:data <- [["punky","brewster"℄,["arnold","ja
kson"℄,["ri
hie","
unningham"℄,["alex","keaton"℄℄d2 <- Transpose(data)key <- First(data)Print(Lookup("alex", key, data))##Returns ["alex","keaton"℄See Also:Name/Symbol: loop()Des
ription: Loops over elements in a list. During ea
h iteration, <
ounter>is bound to ea
h 
onse
utive member of <list>.Usage: loop(<
ounter>, <list>){statements



6.12. M 79tobeexe
uted}Example:See Also: while(), { }6.12 MName/Symbol: MakeChirp()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also: MakeSawtoothWave(), MakeSineWave(), MakeSquareWave()Name/Symbol: MakeColor()Des
ription: Makes a 
olor from <
olorname> su
h as �red�, �green�, andnearly 800 others. Color names and 
orresponding RGB values
an be found in do
/
olors.txt.Usage: MakeColor(<
olorname>)Example:See Also: MakeColorRGB()Name/Symbol: MakeColorRGB()Des
ription: Makes an RGB 
olor by spe
ifying <red>, <green>, and <blue>values (between 0 and 255).Usage: MakeColorRGB(<red>, <green>, <blue>)Example:See Also: MakeColor()



80CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: MakeFont()Des
ription: Makes a font.Usage: MakeFont(<ttf_�lename>, <style>, <size>,<fg
olor>, <bg
olor>, <anti-aliased>)Example:See Also:Name/Symbol: MakeImage()Des
ription: Makes an image widget from an image �le. .bmp formats shouldbe supported; others may be as well.Usage: MakeImage(<�lename>)Example:See Also:Name/Symbol: MakeLabel()Des
ription: Makes a text label for display on-s
reen. Text will be on a singleline, and the Move() 
ommand 
enters <text> on the spe
i�edpoint.Usage: MakeLabel(<text>, <font>)Example:See Also:Name/Symbol: MakeMap()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also:



6.12. M 81Name/Symbol: MakeSawtoothWave()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also: MakeSquareWave(), MakeSineWave(), MakeChirp()Name/Symbol: MakeSineWave()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also: MakeSquareWave(), MakeSawtoothWave(), MakeChirp()Name/Symbol: MakeSquareWave()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also: MakeSineWave(), MakeSawtoothWave(), MakeChirp()Name/Symbol: MakeTextBox()Des
ription: Creates a textbox in whi
h to display text. Textboxes allowmultiple lines of text to be rendered; automati
ally breakingthe text into lines.Usage: MakeWindow(<text>,<font>,<width>,<height>)Example: font <-MakeFont("Vera.ttf", 1, 12, MakeColor("red"),MakeColor("green"), 1)tb <- MakeTextBox("This is the text in the textbox",font, 100, 250)See Also: MakeLabel(), GetText(), SetText(), SetCursorPosition(), GetCursorPosition(),SetEditable()



82CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: MakeWindow()Des
ription: Creates a window to display things in. Ba
kground is spe
i�edby <
olor>.Usage: MakeWindow(<
olor>)Example:See Also:Name/Symbol: Max()Des
ription: Returns the largest of <list>.Usage: Max(<list>)Example: 
 <- [3,4,5,6℄m <- Max(
) # m == 6See Also: Min(), Mean(), StDev()Name/Symbol: Mean()Des
ription: Returns the mean of the numbers in <list>.Usage: Mean(<list-of-numbers>)Example: 
 <- [3,4,5,6℄m <- Mean(
) # m == 4.5See Also: Median(), Quantile(), StDev(), Min(), Max()Name/Symbol: Median()Des
ription: Returns the median of the numbers in <list>. Implemented asa PEBL fun
tion.Usage: Median(<list-of-numbers>)Example: 
 <- [3,4,5,6,7℄m <- Median(
) # m == 5See Also: Mean(), Quantile(), StDev(), Min(), Max()



6.12. M 83Name/Symbol: Merge()Des
ription: Combines two lists, <lista> and <listb>, into a single list.Usage: Merge(<lista>,<listb>)Example: Merge([1,2,3℄,[8,9℄) # == [1,2,3,8,9℄See Also: [ ℄, Append(), List()Name/Symbol: Min()Des
ription: Returns the `smallest' element of a list.Usage: Min(<list>)Example: 
 <- [3,4,5,6℄m <- Min(
) # == 3See Also: Max()Name/Symbol: Mod()Des
ription: Returns <num>, <mod>, or remainder of <num>/<mod>Usage: Mod( <num> <mod>)Example: Mod(34, 10) # == 4Mod(3, 10) # == 3See Also: Div()Name/Symbol: Move()Des
ription: Moves an obje
t to a spe
i�ed lo
ation. Images and Labels aremoved a

ording to their 
enter; TextBoxes are moved a

ordingto their upper left 
orner.Usage: Move(<obje
t>, <x>, <y>)Example: Move(label, 33, 100)See Also: MoveCorner(), MoveCenter(), .X and .Y properties.



84CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: MoveCorner()Des
ription: Moves a label or image to a spe
i�ed lo
ation a

ording to itsupper left 
orner, instead of its 
enter.Usage: MoveCorner(<obje
t>, <x>, <y>)Example: MoveCorner(label, 33, 100)See Also: Move(), MoveCenter(), .X and .Y propertiesName/Symbol: MoveCenter()Des
ription: Moves a TextBox to a spe
i�ed lo
ation a

ording to its 
enter,instead of its upper left 
orner.Usage: MoveCenter(<obje
t>, <x>, <y>)Example: MoveCenter(TextBox, 33, 100)See Also: Move(), MoveCorner(), .X and .Y propertiesName/Symbol: notDes
ription: Logi
al notUsage:Example:See Also: and, or
6.13 NName/Symbol: NormalDensity()Des
ription: Computes density of normal standard distributionUsage: NormalDensity(<x>)



6.14. O 85Example: Print(NormalDensity(-100)) # 1.8391e-2171Print(NormalDensity(-2.32635)) #5.97Print(NormalDensity(0)) #0.398942Print(NormalDensity(1.28155)) #.90687Print(NormalDensity(1000)) #infSee Also: RandomNormal(), CumNormInv()Name/Symbol: Nth()Des
ription: Extra
ts the Nth item from a list. Indexes from 1 upwards.Last() provides faster a

ess than Nth() to the end of a list,whi
h must walk along the list to the desired position.Usage: Nth(<list>, <index>)Example: a <- ["a","b","
","d"℄Print(Nth(a,3)) # == '
'See Also: First(), Last()Name/Symbol: NthRoot()Des
ription: <num> to the power of 1/<root>.Usage: NthRoot(<num>, <root>)Example:See Also:6.14 OName/Symbol: orDes
ription: Logi
al orUsage:Example:



86CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.See Also: and, notName/Symbol: Order()Des
ription: Returns a list of indi
es des
ribing the order of values by position,from min to max.Usage: Order(<list-of-numbers>)Example: n <- [33,12,1,5,9℄o <- Order(n)Print(o) #should print [3,4,5,2,1℄See Also: Rank()6.15 PName/Symbol: PlayForeground()Des
ription: Plays the sound `in the foreground'; does not return until thesound is 
omplete.Usage: PlayForeground(<sound>)Example:See Also: PlayBa
kground(), Stop()Name/Symbol: PlayBa
kground()Des
ription: Plays the sound `in the ba
kground', returning immediately.Usage: PlayBa
kground(<sound>)Example:See Also: PlayForeground(), Stop()Name/Symbol: Pow()Des
ription: Raises or lowers <num> to the power of <pow>.



6.16. Q 87Usage: Pow(<num>, <pow>)Example: Pow(2,6) # == 64Pow(5,0) # == 1See Also:Name/Symbol: Print()Des
ription: Prints <value> to stdout (the 
onsole [Linux℄ or the �le stdout.txt[Windows℄), and then appends a newline afterwards.Usage: Print(<value>)Example:See Also: Print_(), FilePrint()Name/Symbol: Print_()Des
ription: Prints <value> to stdout; doesn't append a newline afterwards.Usage: Print_(<value>)Example: Print_("This line")Print_(" ")Print_("and")Print_(" ")Print("Another line")# prints out: 'This line and Another line'See Also: Print(), FilePrint()6.16 QName/Symbol: Quantile()Des
ription: Returns the <num> quantile of the numbers in <list>. <num>should be between 0 and 100Usage: Quantile(<list>, <num>)



88CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example: ##Find 75th per
entile to use as a threshold.thresh <- Quantile(rts,75)See Also: StDev(), Median(), Mean(), Max(), Min()6.17 RName/Symbol: RadToDeg()Des
ription: Converts <rad> radians to degrees.Usage: RadToDeg( <rad>)Example:See Also: DegToRad(), Tan(), Cos(), Sin(), ATan(), ASin(), ACos()Name/Symbol: Random()Des
ription: Returns a random number between 0 and 1.Usage: Random()Example: a <- Random()See Also: Random(), RandomBernoulli(), RandomBinomial(), RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomNormal(), RandomUniform(), RandomizeTimer(), SeedRNG()Name/Symbol: RandomBernoulli()Des
ription: Returns 0 with probability (1-<p>) and 1 with probability<p>.Usage: RandomBernoulli(<p>)Example: RandomBernoulli(.3)See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomNormal(), RandomUniform(), RandomizeTimer(), SeedRNG()



6.17. R 89Name/Symbol: RandomBinomialDes
ription: Returns a random number a

ording to the Binomial distributionwith probability <p> and repetitions <n>, i.e., the number of<p> Bernoulli trials that su

eed out of <n> attempts.Usage: RandomBinomial(<p> <n>)Example: RandomBinomial(.3, 10) # returns a number from 0 to 10See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomNormal(), RandomUniform(), RandomizeTimer(), SeedRNG()Name/Symbol: RandomDis
rete()Des
ription: Returns a random integer between 1 and the argument (in
lusive),ea
h with equal probability. If the argument is a �oating-pointvalue, it will be trun
ated down; if it is less than 1, it will return1, and possibly a warning message.Usage: RandomDis
rete(<num>)Example: RandomDis
rete(30) # Returns a random integer between 1 and 30See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomNormal(), RandomUniform(), RandomizeTimer(), SeedRNG()Name/Symbol: RandomExponential()Des
ription: Returns a random number a

ording to exponential distributionwith mean <mean> (or de
ay 1/mean).Usage: RandomExponential(<mean>)Example: RandomExponential(100)See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomLogisti
(),RandomLogNormal(), RandomNormal(), RandomUniform(),RandomizeTimer, SeedRNG()Name/Symbol: RandomizeTimer()



90CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Des
ription: Seeds the RNG with the 
urrent time.Usage: RandomizeTimer()Example: RandomizeTimer()x <- Random()See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomNormal(), RandomUniform(), SeedRNG()Name/Symbol: RandomLogisti
()Des
ription: Returns a random number a

ording to the logisti
 distributionwith parameter <p>: f(x) = exp(x)/(1+exp(x))Usage: RandomLogisti
(<p>)Example: RandomLogisti
(.3)See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogNormal(), RandomNormal(),RandomUniform(), RandomizeTimer, SeedRNG()Name/Symbol: RandomLogNormal()Des
ription: Returns a random number a

ording to the log-normal distributionwith parameters <median> and <spread>. Generated by 
al
ulatingmedian * exp(spread * RandomNormal(0,1)). <spread> is ashape parameter, and only a�e
ts the varian
e as a fun
tion ofthe median; similar to the 
oe�
ient of variation. A value near0 is a sharp distribution (.1-.3), larger values are more spreadout; values greater than 2 make little di�eren
e in the shape.Usage: RandomLogNormal(<median>, <spread>)Example: RandomLogNormal(5000, .1)See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomNormal(), RandomUniform(),RandomizeTimer, SeedRNG()Name/Symbol: RandomNormal()Des
ription: Returns a random number a

ording to the standard normaldistribution with <mean> and <stdev>.



6.17. R 91Usage: RandomNormal(<mean>, <stdev>)Example:See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomUniform(), RandomizeTimer, SeedRNG()Name/Symbol: RandomUniform()Des
ription: Returns a random �oating-point number between 0 and <num>.Usage: RandomUniform(<num>)Example:See Also: Random(), RandomBernoulli(), RandomBinomial, RandomDis
rete(),RandomExponential(), RandomLogisti
(), RandomLogNormal(),RandomNormal(), RandomizeTimer(), SeedRNG()Name/Symbol: Rank()Des
ription: Returns a list of numbers des
ribing the rank of ea
h position,from min to max. The same as 
alling Order(Order(x))Usage: Rank(<list-of-numbers>)Example: n <- [33,12,1,5,9℄o <- Rank(n)Print(o) #should print [5,4,1,2,3℄See Also: Order()Name/Symbol: Re
tangle()Des
ription: Creates a re
tangle for graphing at x,y with size dx and dy.Re
tangles are only 
urrently de�nable oriented in horizontal/verti
aldire
tions. A re
tangle must be added to a parent widget beforeit 
an be drawn; it may be added to widgets other than abase window. The properties of re
tangles may be 
hangedby a

essing their properties dire
tly, in
luding the FILLEDproperty whi
h makes the obje
t an outline versus a �lled shape.Usage: Re
tangle(<x>, <y>, <dx>, <dy>, <
olor>)



92CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example: r <- Re
tangle(30,30,20,10, MakeColor(green))AddObje
t(r, win)Draw()See Also: Cir
le(), Ellipse(), Square(), Line()Name/Symbol: RegisterEvent()Des
ription: NOT IMPLEMENTED. Advan
ed event loop management.Usage:Example:See Also:Name/Symbol: Remove()Des
ription: NOT IMPLEMENTED. Removes an item from a listUsage:Example:See Also:Name/Symbol: RemoveDupli
ates()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also:Name/Symbol: RemoveObje
t()Des
ription: Removes a 
hild widget from a parent. Useful if you are addinga lo
al widget to a global window inside a loop. If you do notremove the obje
t and only Hide() it, drawing will be sluggish.Obje
ts that are lo
al to a fun
tion are removed automati
allywhen the fun
tion terminates, so you do not need to 
all RemoveObje
t()on them at the end of a fun
tion.



6.17. R 93Usage: RemoveObje
t( <obje
t>, <parent>)Example:See Also:Name/Symbol: Repeat()Des
ription: Makes and returns a list by repeating <obje
t> <n> times.Has no e�e
t on the obje
t. Repeat will not make new 
opiesof the obje
t. If you later 
hange the obje
t, you will 
hangeevery obje
t in the list.Usage: Repeat(<obje
t>, <n>)Example: x <- "potato"y <- repeat(x, 10)Print(y)# produ
es ["potato","potato","potato","potato","potato",# "potato","potato","potato","potato","potato"℄See Also: RepeatList()Name/Symbol: RepeatList()Des
ription: Makes a longer list by repeating a shorter list <n> times. Hasno e�e
t on the list itself, but 
hanges made to obje
ts in thenew list will also a�e
t the old list.Usage: RepeatList(<list>, <n>)Example: RepeatList([1,2℄,3) # == [1,2,1,2,1,2℄See Also: Repeat(), Merge(), [ ℄Name/Symbol: Repla
e()Des
ription: Creates a 
opy of a (possibly nested) list in whi
h items mat
hingsome list are repla
ed for other items. <template> 
an be anydata stru
ture, and 
an be nested. <repla
ementList> is a list
ontaining two-item list pairs: the to-be-repla
ed item and towhat it should be transformed.Note: repla
ement sear
hes the entire <repla
ementList> format
hes. If multiple keys are identi
al, the item will be repla
edwith the last item that mat
hes.



94CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Usage: Repla
e(<template>,<repla
ementList>)Example: x <- ["a","b","
","x"℄rep <- [["a","A"℄,["b","B"℄,["x","D"℄℄Print(Repla
e(x,rep))# Result: [A, B, 
, D℄See Also: Repla
eChar()Name/Symbol: Repla
eChar()Des
ription: Substitutes <
har2> for <
har> in <string>. Useful for savingsubje
t entry data in a �le; repla
ing spa
es with some other
hara
ter.Usage: Repla
eChar(<string>,<
har>,<
har2>)Example: x <- ["Sing a song of sixpen
e"℄rep <- Repla
eChar(x," ", "_")Print(rep)# Result: Sing_a_song_of_sixpen
eSee Also: for list items: Repla
e()Name/Symbol: returnDes
ription: Enables a fun
tion to return a value.Usage: de�ne fun
name(){return 0}Example:See Also:Name/Symbol: Rotate()Des
ription: Returns a list 
reated by rotating a list by <n> items. The newlist will begin with the <n+1>th item of the old list (modulo itslength), and 
ontain all of its items in order, jumping ba
k to thebeginning and ending with the <n>th item. Rotate(<list>,0)has no e�e
t. Rotate does not modify the original list.



6.17. R 95Usage: Rotate(<list-of-items>, <n>)Example: Rotate([1,11,111℄,1) # == [11,111,1℄See Also: Transpose()Name/Symbol: Round()Des
ription: Rounds <num> to nearest integer.Usage: Round(<num>)Example: Round(33.23) # == 33Round(56.65) # == 57See Also: Ceiling(), Floor(), AbsFloor(), ToInt()



96CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.6.18 SName/Symbol: SampleN()Des
ription: Samples <number> items from list, returning a randomly- orderedlist. Items are sampled without repla
ement, so on
e an itemis 
hosen it will not be 
hosen again. If <number> is largerthan the length of the list, the entire list is returned shu�ed.It di�ers from ChooseN in that ChooseN returns items in theorder they appeared in the originial list. It is implementedas Shu�e(ChooseN()). SampleN is not a pre
ompiled fun
tion,but rather is written in PEBL, and is lo
ated in pebl-lib/Design.pbl.Usage: SampleN(<list>, <n>)Example: SampleN([1,1,1,2,2℄, 5) # Returns 5 numbersSampleN([1,2,3,4,5,6,7℄, 3) # Returns 3 numbers from 1 and 7See Also: ChooseN(), SampleNWithRepla
ement(), Subset()Name/Symbol: SampleNWithRepla
ement()Des
ription: SampleNWithRepla
ement samples <number> items from <list>,repla
ing after ea
h draw so that items 
an be sampled again.<number> 
an be larger than the length of the list. It hasno side e�e
ts on its arguments. Is implemented as a PEBLfun
tion in pebl-lib/Design.pblUsage: SampleNWithRepla
ement(<list>, <number>)Example: x <- Sequen
e(1:100,1)SampleNWithRepla
ement(x, 10)# Produ
es 10 numbers between 1 and 100, possibly# repeating some.See Also: SampleN(), ChooseN(), Subset()Name/Symbol: SDTBeta()Des
ription: SDTBeta 
omputes beta, as de�ned by signal dete
tion theory.It is implemented as a PEBL fun
tion in pebl-lib/Math.pblUsage: SDTBeta(<hr>, <far>)



6.18. S 97Example: Print(SDTBeta(.1,.9)) #.67032Print(SDTBeta(.1,.5)) #.88692Print(SDTBeta(.5,.5)) #1Print(SDTBeta(.8,.9)) #0.918612Print(SDTBeta(.9,.95)) #0.954803See Also: SDTBeta(),Name/Symbol: SDTDPrime()Des
ription: SDTDPrime Is implemented as a PEBL fun
tion in pebl-lib/Math.pblUsage: SDTDPrime(<hr>, <far>)Example: Print(SDTDPrime(.1,.9)) #2.56431Print(SDTDPrime(.1,.5)) #1.28155Print(SDTDPrime(.5,.5)) #0Print(SDTDPrime(.8,.9)) #.43993Print(SDTDPrime(.9,.95)) #.363302See Also: SDTBeta(),Name/Symbol: SeedRNG()Des
ription: Seeds the random number generator with <num> to reprodu
ea random sequen
e. This fun
tion 
an be used 
leverly to
reate a multi-session experiment: Start by seeding the RNGwith a single number for ea
h subje
t; generate the stimulussequen
e, then extra
t the appropriate stimuli for the 
urrentblo
k. Remember to RandomizeTimer() afterward if ne
essary.Usage: SeedRNG(<num>)Example: ##This makes sure you get the same random order a
ross sessions## for individual subje
ts.SeedRNG(gSubNum)stimTmp <- Sequen
e(1:100,1)stim <- Shu�e(stimTmp)RandomizeTimer()See Also: RandomizeTimer



98CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Name/Symbol: SendData()Des
ription: Sends data on network 
onne
tion. Example of usage in demo/nim.pbl.You 
an only send text data.Usage: SendData(<network>,<data_as_string>)Example: On 'server':net <- WaitForNetworkConne
tion("lo
alhost",1234)SendData(net,"Watson, 
ome here. I need you.")CloseNetworkConne
tion(net)On Client:net <- Conne
tToHost("lo
alhost",1234)value <- GetData(net,20)Print(value)CloseNetworkConne
tion(net)##should print out "Watson, 
ome here. I need you."See Also: Conne
tToIP,Conne
tToHost,WaitForNetworkConne
tion, GetData,ConvertIPString,CloseNetworkConne
tionName/Symbol: Sequen
e()Des
ription: Makes a sequen
e of numbers from <start> to <end> at <step>-sizedin
rements. If <step> is positive, <end> must be larger than<start>, and if <step> is negative, <end> must be smallerthan <start>. If <start> + n*<step> does not exa
tly equal<end>, the last item in the sequen
e will be the number 
losestnumber to <end> in the dire
tion of <start> (and thus <step>).Usage: Sequen
e(<start>, <end>, <step>)Example: Sequen
e(0,10,3) # == [0,3,6,9℄Sequen
e(0,10,1.5) # == [0,1.5,3,4.5, 6, 7.5, 9℄Sequen
e(10,1,3) # errorSequen
e(10,0,-1) # == [10,9,8,7,6,5,4,3,2,1℄See Also: Repeat(), RepeatList()Name/Symbol: SetCursorPosition()Des
ription: Moves the editing 
ursor to a spe
i�ed 
hara
ter position in atextbox.



6.18. S 99Usage: SetCursorPosition(<textbox>, <integer>)Example: SetCursorPosition(tb, 23)See Also: SetEditable(), GetCursorPosition(), SetText(), GetText()Name/Symbol: SetEditable()Des
ription: Sets the �editable� status of the textbox. All this really doesis turns on or o� the 
ursor; editing must be done with the(
urrently unsupported) devi
e fun
tion GetInput().Usage: SetEditable()Example: SetEditable(tb, 0)SetEditable(tb, 1)See Also: GetEditable()Name/Symbol: SetFont()Des
ription: Resets the font of a textbox or label. Change will not appearuntil the next Draw() fun
tion is 
alled. Can be used, forexample, to 
hange the 
olor of a label to give ri
her feedba
kabout 
orre
tness on a trial (see example below).Usage: SetFont(<text-widget>, <font>)Example: fontGreen <- MakeFont("vera.ttf",1,22,MakeColor("green"),MakeColor("bla
k"), 1)fontRed <- MakeFont("vera.ttf",1,22,MakeColor("red"),MakeColor("bla
k"), 1)label <- MakeLabel(fontGreen, "Corre
t")#Do trial here.if(response == 1){SetText(label, "CORRECT")SetFont(label, fontGreen)} else {SetText(label, "INCORRECT")SetFont(label, "fontRed)}Draw()



100CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.See Also: SetText()Name/Symbol: SetText()Des
ription: Resets the text of a textbox or label. Change will not appearuntil the next Draw() fun
tion is 
alled.Usage: SetText(<text-widget>, <text>)Example: # Fixation Cross:label <- MakeLabel(font, "+")Draw()SetText(label, "X")Wait(100)Draw()See Also: GetText(), SetFont()Name/Symbol: Show()Des
ription: Sets a widget to visible, on
e it has been added to a parentwidget. This just 
hanges the visibility property, it does notmake the widget appear. The widget will not be displayed untilthe Draw() fun
tion is 
alled.Usage: Show(<obje
t>)Example: window <- MakeWindow()image1 <- MakeImage("pebl.bmp")image2 <- MakeImage("pebl.bmp")AddObje
t(image1, window)AddObje
t(image2, window)Hide(image2)Draw()Wait(300)Show(image2)Draw()See Also: Hide()Name/Symbol: ShowCursor()



6.18. S 101Des
ription: Hides or shows the mouse 
ursor. Currently, the mouse is notused, but on some systems in some 
on�gurations, the mouse
ursor shows up. Calling ShowCursor(0) will turn o� the 
ursor,and ShowCursor(1) will turn it ba
k on. Be sure to turn it on atthe end of the experiment, or you may a
tually lose the 
ursorfor good.Usage: ShowCursor(<value>)Example: window <- MakeWindow()ShowCursor(0)## Do experiment here#### Turn mouse ba
k on.ShowCursor(1)See Also:Name/Symbol: Shu�e()Des
ription: Randomly shu�es a list.Usage: Shu�e(list)Example: Print(Shu�e([1,2,3,4,5℄))# Results might be anything, like [5,3,2,1,4℄See Also: Sort(), SortBy() Shu�eRepeat(), Shu�eWithoutAdja
ents()Name/Symbol: Shu�eRepeat()Des
ription: Randomly shu�es <list>, repeating <n> times. Shu�es ea
hiteration of the list separately, so you are guaranteed to gothrough all elements of the list before you get another.Usage: Shu�eRepeat(<list>, <n>)Example: Print(Shu�eRepeat([1,2,3,4,5℄),3)# Results might be anything, like [5,3,2,1,4, 3,2,5,1,4, 1,4,5,3,2℄See Also: Sort(), SortBy() Shu�eRepeat(), Shu�eWithoutAdja
ents()Name/Symbol: Shu�eWithoutAdja
ents()



102CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Des
ription: Randomly shu�es <nested-list>, attempting to 
reate a listwhere the nested elements do not appear adja
ently in the newlist. Returns a list that is �attened one level. It will alwaysreturn a shu�ed list, but it is not guaranteed to return onethat has the non-adje
ent stru
ture spe
i�ed, be
ause this issometimes impossible or very di�
ult to do randomly. Givensmall enough non-adja
ent 
onstraints with enough �llers, itshould be able to �nd something satisfa
tory.Usage: Shu�eWithoutAdja
ents(<nested-list>)Example: Print(Shu�eWithoutAdja
ents([[1,2,3℄, [4,5,6℄, [7,8,9℄℄)## Example Output:## [8, 5, 2, 7, 4, 1, 6, 9, 3℄## [7, 4, 8, 1, 9, 2, 5, 3, 6℄## Non-nested items are shu�ed without 
onstraintPrint(Shu�eWithoutAdja
ents([[1,2,3℄, 11,12,13,14,15,16℄))## output: [13, 11, 2, 14, 3, 15, 1, 16, 12℄## [13, 12, 2, 16, 15, 11, 1, 14, 3℄## [11, 1, 15, 2, 12, 16, 14, 13, 3℄## Sometimes the 
onstraints 
annot be satis�ed. 9 will always## appear in position 2Print(Shu�eWithoutAdja
ents([[1,2,3℄, 9℄)## output: [3, 9, 1, 2℄## [2, 9, 3, 1℄## [3, 9, 2, 1℄See Also: Shu�e(), Sort(), SortBy() Shu�eRepeat(), Shu�eWithoutAdja
ents()Name/Symbol: Sign()Des
ription: Returns +1 or -1, depending on sign of argument.Usage: Sign(<num>)Example: Sign(-332.1) # == -1Sign(65) # == 1See Also: Abs()



6.18. S 103Name/Symbol: SignalFatalError()Des
ription: Stops PEBL and prints <message> to stderr. Useful for type-
he
kingin user-de�ned fun
tions.Usage: SignalFatalError(<message>)If(not IsList(x)) SignalFatalError("Tried to frobni
ate a List.")Example:See Also: Print()Name/Symbol: Sin()Des
ription: Sine of <deg> degrees.Usage: Sin(<deg>)Sin(180) Sin(0)Example:See Also: Cos(), Tan(), ATan(), ACos(), ATan()Name/Symbol: Sort()Des
ription: Sorts a list by its values from smallest to largest.Usage: Sort(<list>)Example: Sort([3,4,2,1,5℄) # == [1,2,3,4,5℄See Also: SortBy(), Shu�e()Name/Symbol: SortBy()Des
ription: Sorts a list by the values in another list, in as
ending order.Usage: SortBy(<value-list>, <key-list>)Example: SortBy(["Bobby","Greg","Peter"℄, [3,1,2℄)# == ["Greg","Peter","Bobby"℄See Also: Shu�e(), Sort()Name/Symbol: SplitString()



104CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Des
ription: Splits a string into tokens. <split> must be a string. If <split>is not found in <string>, a list 
ontaining the entire string isreturned; if split is equal to "", the ea
h letter in the stringis pla
ed into a di�erent item in the list. Multiple delimiters,as well as delimiters at the beginning and end of a list, willprodu
e empty list items. Is implemented as a PEBL fun
tionin pebl-lib/Design.pblUsage: SplitString(<string>, <split>)Example: SplitString("Everybody Loves a Clown", " ")# Produ
es ["Everybody", "Loves", "a", "Clown"℄See Also: FindInString()Name/Symbol: Square()Des
ription: Creates a square for graphing at x,y with size <size>. Squaresare only 
urrently de�nable oriented in horizontal/verti
al dire
tions.A square must be added to a parent widget before it 
an bedrawn; it may be added to widgets other than a base window.The properties of squares may be 
hanged by a

essing theirproperties dire
tly, in
luding the FILLED property whi
h makesthe obje
t an outline versus a �lled shape.Usage: Ellipse(<x>, <y>, <size>, <
olor>)Example: s <- Square(30,30,20, MakeColor(green))AddObje
t(s, win)Draw()See Also: Cir
le(), Ellipse(), Re
tangle(), Line()Name/Symbol: Sqrt()Des
ription: Square root of <num>.Usage: Sqrt(<num>)Example: Sqrt(100) # == 10See Also:



6.18. S 105Name/Symbol: StDev()Des
ription: Returns the standard deviation of <list>.Usage: StDev(<list>)Example: sd <- StDev([3,5,99,12,1.3,15℄)See Also: Min(), Max(), Mean(), Median(), Quantile(), Sum()Name/Symbol: StartEventLoop()Des
ription: NOT IMPLEMENTED. Advan
ed 
ontrol of event loop.Usage:Example:See Also:Name/Symbol: Stop()Des
ription: Stops a sound playing in the ba
kground from playing. CallingStop() on a sound obje
t that is not playing should have noe�e
t, but if an obje
t is aliased, Stop() will stop the �le. Notethat sounds play in a separate thread, so interrupting the threadhas a granularity up to the duration of the thread-swit
hingquantum on your 
omputer; this may be tens of millise
onds.Usage: Stop(<sound-obje
t>)Example: buzz <- LoadSound("buzz.wav")PlayBa
kground(buzz)Wait(50)Stop(buzz)See Also: PlayForeground(), PlayBa
kGround()Name/Symbol: StringLength()Des
ription: Determines the length of a string, in 
hara
ters.Usage: StringLength(<string>)Example: StringLength("absolute") # == 8StringLength(" spa
es ") # == 12StringLength("") # == 0



106CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.See Also: Length(), SubString()Name/Symbol: SubList()Des
ription: Extra
ts a list from another list, by spe
ifying beginning andend points of new sublist.Usage: SubList(<list>, <begin>, <end>)Example: SubList([1,2,3,4,5,6℄,3,5) # == [3,4,5℄See Also: SubSet(), Extra
tListItems()Name/Symbol: Subset()Des
ription: Extra
ts a subset of items from another list, returning a newlist that in
ludes items from the original list only on
e and intheir original orders. Item indi
es in the se
ond argument thatdo not exist in the �rst argument are ignored. It has no sidee�e
ts on its arguments. Is implemented as a PEBL fun
tionin pebl-lib/Design.pblUsage: Subset(<list>, <list-of-indi
es>)Example: Subset([1,2,3,4,5,6℄,[5,3,1,1℄) # == [1,3,5℄Subset([1,2,3,4,5℄, [23,4,2℄) # == [2,4℄See Also: SubList(), Extra
tItems(), SampleN()Name/Symbol: SubString()Des
ription: Extra
ts a substring from a longer string.Usage: SubString(<string>,<position>,<length>)If position is larger than the length of the string, an emptystring is returned. If position + length ex
eeds the length ofthe string, a string from <position> to the last 
hara
ter of thestring is returned.Example: SubString("ab
defghijklmnop",3,5) # == "
defg"See Also:



6.19. T 107Name/Symbol: Sum()Des
ription: Returns the sum of <list>.Usage: Sum(<list>)Example: sum <- StDev([3,5,99,12,1.3,15℄) # == 135.3See Also: Min(), Max(), Mean(), Median(), Quantile(), StDev()6.19 TName/Symbol: Tab()Des
ription: Produ
es a tab 
hara
ter whi
h 
an be added to a string. Ifdisplayed in a text box, it will use a 4-item tab stop.Usage: Tab(3)Example: Print("Number: " Tab(1) + number )Print("Value: " Tab(1) + value )Print("Size: " Tab(1) + size )See Also: Format(), CR()Name/Symbol: Tan()Des
ription: Tangent of <deg> degrees.Usage: Tan(<deg>)Example: Tan(180)See Also: Cos(), Sin(), ATan(), ACos(), ATan()Name/Symbol: TimeStamp()Des
ription: Returns a string 
ontaining the date-and-time, formatted a

ordingto lo
al 
onventions. Should be used for do
umenting the time-of-dayand date an experiment was run, but not for keeping tra
k oftiming a

ura
y. For that, use GetTime().Usage: TimeStamp()



108CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Example: a <- TimeStamp()Print(a)See Also: GetTime()Name/Symbol: ToInteger()Des
ription: Rounds a number to an integer, 
hanging internal representation.Usage: ToInteger(<number>)ToInteger(<�oating-point>)ToInteger(<string-as-number>)Example: ToInteger(33.332) # == 33ToInteger("3213") # == 3213See Also: Round(), Ceiling(), AbsCeiling(), Floor(), AbsFloor()Name/Symbol: ToFloat()Des
ription: Converts number to internal �oating-point representation.Usage: ToFloat(<number>)Example:See Also:Name/Symbol: Token()Des
ription: NOT IMPLEMENTED.Usage:Example:See Also:Name/Symbol: ToNumber()Des
ription: Converts a variant to a number. Most useful for 
hara
terstrings that are interpretable as a number, but may also workfor other subtypes.



6.19. T 109Usage: ToNumber(<string)ToNumber(<number>)Example: a <- ToNumber("3232")Print(a + 1) # produ
es the output 3233.See Also: ToString(), ToFloat(), Round()Name/Symbol: ToString()Des
ription: Converts value to a string representation. Most useful for numeri
alvalues. This 
onversion is done automati
ally when strings are
ombined with numbers.Usage: ToString(<number>)ToString(<string>)Example: a <- ToString(333.232)Print(a + "111")# produ
es the output '333.232111'.See Also: ToString(), +.Name/Symbol: TranslateKeyCode()Des
ription: Translates a 
ode 
orresponding to a keyboard key into a keyboardvalue. This 
ode is returned by some event/devi
e polling fun
tions.Usage:Example:See Also:Name/Symbol: Transpose()Des
ription: Transposes or �rotates� a list of lists. Ea
h sublist must be ofthe same length.Usage: Transpose(<list-of-lists>)Example: Transpose([[1,11,111℄,[2,22,222℄,[3,33,333℄, [4,44,444℄℄)# == [[1,2,3,4℄,[11,22,33,44℄,[111,222,333,444℄℄See Also: Rotate()



110CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.6.20 UName/Symbol: Upper
ase()Des
ription: Changes a string to upper
ase. Useful for testing user inputagainst a stored value, to ensure 
ase di�eren
es are not dete
ted.Usage: Upper
ase(<string>)Example: Upper
ase("POtaTo") # == "POTATO"See Also: Lower
ase()6.21 WName/Symbol: Wait()Des
ription: Waits the spe
i�ed number of millise
onds, then returns.Usage: Wait(<time>)Example: Wait(100)Wait(15)See Also:Name/Symbol: WaitForAllKeysUp()Des
ription: Wait until all keyboard keys are in the up position. This in
ludesnumlo
k, 
apslo
k, et
.Usage:Example:See Also:Name/Symbol: WaitForAnyKeyDown()



6.21. W 111Des
ription: Waits for any key to be dete
ted in the down position. Thisin
ludes numlo
k, 
apslo
k, et
, whi
h 
an be lo
ked in thedown position even if they are not being held down. Will returnimmediately if a key is being held down before the fun
tion is
alled.Usage:Example:See Also: WaitForAnyKeyPress()Name/Symbol: WaitForAnyKeyDownWithTimeout()Des
ription: Waits until any key is dete
ted in the down position, but willreturn after a spe
i�ed number of millise
onds.Usage: WaitForAnyKeyDownWithTimeout(<time>)Example:See Also:Name/Symbol: WaitForKeyDown()Des
ription:Usage:Example:See Also:Name/Symbol: WaitForKeyListDown()Des
ription: Returns when any one of the keys spe
i�ed in the argument isdown. If a key is down when 
alled, it will return immediately.Usage: WaitForKeyListDown(<list-of-keys>)Example: WaitForKeyListDown(["a","z"℄)See Also:Name/Symbol: WaitForListKeyPressWithTimeout()



112CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Des
ription: Returns when any one of the keys spe
i�ed in the argumentis pressed. Will only return on a new keyboard event, andso a previously pressed key will not trip this fun
tion, unlikeWaitForKeyListDown()Usage: WaitForListKeyPress(<list-of-keys>,<timeout>,<style>)\begin{des
}{Name/Symbol}\item[Name/Symbol℄ \verb+WaitForListKeyPress()+\item[Des
ription℄ Returns when any one of the keys spe
i�ed in theargument is pressed, or when the timeout has elapsed; whi
hever
omes �rst. Will only return on a new keyboard/timeout events, andso a previously pressed key will not trip this fun
tion, unlike\verb+WaitForKeyListDown()+. The <style> parameter is 
urrentlyunused, but may be deployed in the future for di�eren
es in howor when things should be returned. Returns the value of the pressedkey. If the fun
tion terminates by ex
eeding the <timeout>,it will return the string \verb+"<unknown>"+.Example: x <- WaitForListKeyPress(["a","z"℄,2000,1)if(x == "<unknown>"){ Print("Did Not Respond.")}See Also: WaitForKeyListDown,WaitForListKeyPressName/Symbol: WaitForListKeyPress()Des
ription: Returns when any one of the keys spe
i�ed in the argumentis pressed. Will only return on a new keyboard event, andso a previously pressed key will not trip this fun
tion, unlikeWaitForKeyListDown() Returns a string indi
ating the valueof the keypress.Usage: WaitForListKeyPress(<list-of-keys>)Example: WaitForListKeyPress(["a","z"℄)See Also: WaitForKeyListDown,WaitForListKeyPressWithTimeoutName/Symbol: WaitForKeyPress()



6.21. W 113Des
ription: Waits for a keypress event that mat
hes the spe
i�ed key. Usageof this fun
tion is preferred over WaitForKeyDown(), whi
htests the state of the key. Returns the value of the key pressed.Usage: WaitForKeyPress(<key>)Example:See Also: WaitForAnyKeyPress(), WaitForKeyRelease(), WaitForListKeyPress()Name/Symbol: WaitForKeyUp()Des
ription:Usage:Example:See Also:Name/Symbol: WaitForNetworkConne
tion()Des
ription: Listens on a port, waiting until another 
omputer or pro
ess
onne
ts. Return a network obje
t that 
an be used for 
ommuni
ation.Usage: WaitForNetworkConne
tion(<port>)Example: See nim.pbl for example of two-way network 
onne
tion.net <- WaitForNetworkConne
tion(1234)dat <- GetData(net,20)Print(dat)CloseNetworkConne
tion(net)See Also: Conne
tToHost, Conne
tToIP,GetData,WaitForNetworkConne
tion,SendData,ConvertIPString,CloseNetworkConne
tionName/Symbol: whileDes
ription: `while' is a keyword, and so is part of the syntax, not a fun
tionper se. It exe
utes the 
ode inside the {} bra
kets until the testinside the () exe
utes as false. This 
an easily lead to an in�niteloop if 
onditions are not met. Also, there is 
urrently no breakstatement to allow exe
ution to halt early. Unlike some otherlanguages, PEBL requires that the {} be present.



114CHAPTER 6. DETAILED FUNCTION AND KEYWORD REFERENCE.Usage: while(<test expression){
ode line 1
ode line 2}Example: i <- 1while(i <= 10){Print(i)i <- i + 1} # prints out the numbers 1 through 10See Also: loop(), { }
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