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RCA

BeginPackage [ " RCA ‘" ]

Unprotect [METADATA,TEXTDATA,FACTORS,VARIABLES ] ;
5 METADATA=1;

TEXTDATA=2;
FACTORS=3;
VARIABLES=4;

10 Protect [METADATA,TEXTDATA,FACTORS,VARIABLES ] ;

Unprotect [
Protocol ,
ProtocolQ ,

15 GetNumberOfWords,
CreateProtocol ,
AddFactor ,
AddVariable ,
Factors ,

20 CombineFactors ,
Factor2Variable ,
Variable2Factor ,
FactorIndex2Name ,
FactorName2Index ,

25 VariableIndex2Name ,
VariableName2Index ,
ModalityIndex2Name ,
ModalityName2Index ,
Index2Name ,

30 Name2Index ,
CheckModality ,
CheckVariable ,
CheckIndexBounds ,
GetModalityValues ,

35 GetModalityIds ,
GetVariableValues ,
GetText ,
RemoveFactor ,
RemoveVariable ,

40 Group ,
Variables ,
Modalities ,
Info ,
ListData ,

45 SubProtocol ,
Recode ,
RenameVariable ,
RenameFactor ,
RenameModalities ,

50 ArgumentQ,
CheckIndexBounds ,
RepositionFactors ,
Cloud ,
GetCoordinates ,

55 CreateSymbol ,
Interact
] ;

60 (∗ : : Sec t i on : : ∗)
(∗Usage : ∗)

Protocol : : usage=" Head of protocols ." ;
65 Format [ Protocol [ l L i s t ] ] := Info [ Protocol [ l ] ] ;

ProtocolQ : : usage=" ProtocolQ [ expr ] gives True if expr is a Protocol , and False otherwise ." ;
TagError : : usage=" TagError is an option for ProtocolQ specifying if you want to return the

errormessage with the function as a tuple ex : { False , \"NameConfl ictError\" }. " ;
70

GetNumberOfWords : : usage=" GetNumberOfWords [p] gives the list of the number of words of the texts in
protocol p. a \"word\" is defined as a string containing non - space characters .

GetNumberOfWords [p , sep ] the words are separated by sep .
GetNumberOfWords [p , list ] gives a list of number of words in the texts specified in \" l i s t \".
GetNumberOfWords [p , list , sep ] the words are separated by sep ." ;

75
CreateProtocol : : usage=" CreateProtocol [ txts ] creates a Protocol based on the list of texts in txts .

"

AddFactor : : usage=" AddFactor [p ,fn ,d] adds a factor with name fn and data d to protocol p."
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80 AddVariable : : usage=" AddVariable [p ,vn ,d] adds a variable with name vn and data d to protocol p."

Factors : : usage=" Factors [p] lists the factors in protocol p. See Options [ Factors ] for a list of
options ."

Variables : : usage=" Variables [p] lists the variables in protocol p. See Options [ Variables ] for a
list of options ."

85 Modalities : : usage=" Modalities [p ,f] lists the modalities in factor f in protocol p with some
information about frequencies ."

Info : : usage=" Info [p] prints information about protocol p. Since Format [ Protocol [ p_List ]]= Info [p]
this is also what is show when a protocol is converted on its own to output ."

CombineFactors : : usage=" CombineFactors [p ,t , fc ] combines the factors in the list fc and adds it to
the protocol p with new title t."

90
Factor2Variable : : usage=" Factor2Variable [p , facname ] converts factor facname into a variable from

protocol p."

Variable2Factor : : usage=" Variable2Factor [p , fac ] converts variable varname / varnumber into a factor
from protocol p and group the variable values into modalities . See Options [ Variable2Factors ]
for options ."

95 Group : : usage=" Group [p ,f] merges individuals with the same modalities for a factor f , and returns
the corresponding protocol . To keep additional factors or variables , specify this with options
\"KeepFactors\" and \"KeepVariables\" respectively . For example , \"KeepVariables\" -> { { Mean

,{1 ,2}} , { Median ,{3 ,4}} } will carry over variables 1 and 2 by taking the mean of grouped
individuals , while variables 3 and 4 will carry over using the median ."

ListData : : usage=" ListData [p] lists the data in p. See Options [ ListData ] for options ."

Recode : : usage =
100 " Recode [p , fact , newname , repl , mods ] takes a factor fact in protocol p and list of lists repl . Each

list in repl is a list of modalities and list number j in repl will be recoded to modality
j in mods . The new factor with the new modalities will get the name newname ." ;

RenameVariable : : usage=" RenameVariable [p ,{{ v , nn }...}] takes a list of one or more pairs {v , nn }
where variable v gets the new name nn

RenameVariable {p ,l} renames all variables in protocol p with the names in the list l"

105 RenameFactor : : usage=" RenameFactor [p ,{{ f , nn }...}] takes a list of one or more pairs {f , nn } where
variable f gets the new name nn

RenameFactor {p ,l} renames all factors in protocol p with the names in the list l"

RenameModalities : : usage=" RenameModalities [p ,f ,{{ m , nn }...}}] takes a list of one or more pairs {m ,
nn } where modality m ( in factor f) renames to nn

RenameModalities [p ,f ,l] renames all modalities in factor f with the names in the list l"
110

FactorName2Index : : usage=" FactorName2Index [p ,n] returns the index of factor name n in p." ;
VariableName2Index : : usage=" VariableName2Index [p ,n] returns the index of factor name n in p." ;
ModalityName2Index : : usage=" ModalityName2Index [p ,n] returns the index of factor name n ({ factor ,

modality }) in p." ;
FactorIndex2Name : : usage=" FactorIndex2Name [p ,i] returns the factor name of factor at index i in p."

;
115 VariableIndex2Name : : usage=" FactorIndex2Name [p ,i] returns the variable name of variable at index i

in p." ;
ModalityIndex2name : : usage=" FactorIndex2Name [p ,i] returns the modality name of factor at f and

modality m in p given in argument 2 as a two element list {f ,m }. " ;

Index2Name : : usage=" Index2Name [p , i , type ] returns the name of the type pointed at by index . type
is string specifying the type of data . Example : Index2Name [p ,2 ,\ "Factor\" ]. " ;

Name2Index : : usage=" name2Index [p , n , type ] returns the index to the type with name n. Example :
Name2Index [p ,3 ,\ "Var iab le \" ]. " ;

120
SubProtocol : : usage=" SubProtocol [p , f] Returns the sub protocol with the individuals in which the

function f is true (#1 = factor , #2= variable , #3 = text , #4 = text index ).
SubProtocol [p , list ] picks out all texts at indices in list ( list of Integers ).
SubProtocol [p , var , f] uses the function f on variable var ( Integer or String ).
SubProtocol [p , fc , mod ] with factor fc ( Integer or String ) and modality index mod ( Integer ).

125 SubProtocol [p , fc , mods ] with factor fc ( Integer or String ) and modality indices mods ( Integers ).
See Options [ SubProtocol ] for options ." ;

GetText : : usage=" GetText [p] retrieves all the texts in protocol p.
GetText [p , n] retrieves the nth text from protocol p.

130 GetText [p , list ] retrieves texts specified by a list of integers in list ."

ListData : : usage=" ListData [p] lists the data in p. See Options [ ListData ] for options ." ;

RepositionFactors : : usage=" RepositionFactors [p , rules ] rearranges the factors of protocol p using
the index rules in rules . The positioning of the factors is inserting , moving the factor from
lhs to rhs in turn ." ;

135
Deta i l edError : : usage=" DetailedError is an option for ProtocolQ that specifies if the detail of the

error message is detailed or not ." ;
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CheckVariable : : usage=" CheckVariables [p , var ] Aborts evaluation if the variable var does not exist .
"

CheckModality : : usage=" CheckModality [p , fc , mod ] Aborts evaluation if the modality mod does not
exist ."

140

(∗ : : Sec t i on : : ∗)
(∗Options : ∗)

145
Options [ ProtocolQ ]={Deta i l edError−>True , TagError−>False } ;
TagError : : usage=" TagError is an option for ProtocolQ used by VersionProtocol to assess the

correctness of ProtocolQ by specifying which error was returned ." ;

Options [ Factors ]={TableForm−>True , Header−>{" Id " , " Factor " , " Modalities " }} ;
150

Header : : usage=" Header is an option for listing functions like Factors , Variables , Modalities and
Info that specifies which headers to display ."

TableForm : : usage=" TableForm is an option for listing functions like Factors , Variables , Modalities
and Info that specifies ( Boolean ) if the data will be displayed in table form ."

Options [ Variables ]={TableForm−>True , Header−>{" Id " , " Variable " , " Min " , " Max " , " Median " , " Mean " , " SD " }} ;

155 SortByFrequencies : : usage=" SortByFrequencies is an option for Modalities which specifies the order
of the modality listing ." ; (∗ check ∗)

TruncateNames : : usage=" TruncateNames is an option for Modalities which specifies if the names
should be truncated or not ." ;

Options [ Modalities ]={TableForm−>True , Header−>{" Id " , " Modality " , "F" , " RF " } , SortByFrequencies−>False
, TruncateNames−>True} ;

Options [ Info ]={TableForm−>True , Header−>{" Rows " , " Factors " , " Variables " }} ;
160

Options [CombineFactors ] = { In c ludeA l l −> True} ;
I n c ludeA l l : : usage=" IncludeAll is an option for CombineFactors specifying whether to include all

factors or not ." ;

Option [ Factor2Variable ]={KeepOriginal−>True} ; (∗ r i i i g h t ? −Matz∗)
165 KeepOriginal : : usage=" KeepOriginal is an option for Factors2Variable specifying if the factors

after conversion should be kept or not ." ;

Options [Group ] = {KeepFactors−>{{First ,{}}} , KeepVariables −> {{Mean,{}}}} ;
Options [ ListData ]={TableForm −> True , TruncateNames −> True} ;

170 Options [Recode ] = {OverwriteFactor −> False } ;
OverwriteFactor : : usage=" OverwriteFactor is an option for Recode which specifies whether to

overwrite factor of not ." ; (∗ rephrase ? ∗)

Options [ SubProtocol ] = {KeepEmptyModalities−>False } ;
KeepEmptyModalities : : usage = " An option for SubProtocol which specifies if you want to keep empty

modalities or not ." ;
175

Options [ ListData ] = {TableForm−> True , TruncateNames−> True , SortBy−>None} ;
TruncateNames : : usage = " An option for ListData which specifies if you want to truncate the names

or not " ;

Options [ Variable2Factor ]={KeepVariable−>True , Method−>Automatic , DistanceFunction−>Automatic ,
FactorNames−>Automatic} ;

180
KeepVariable : : usage = " An option for Variable2Factor which specifies whether to keep variable

after conversion ." ;
FactorNames : : usage="" ;

185 Begin [ " ‘ Private ‘" ]

(∗ : : Sec t i on : : ∗)
(∗Basic f u n c t i o n a l i t y : ∗)

190

(∗∗ CreateProtocol , by Sverker 2010−01−19 ∗∗)
CreateProtocol [ t x t s L i s t ] := Protocol [ {

(∗ Metadata ∗)
195 {" ProtocolTitle "−>"" } ,

(∗ Texts ∗)
txts ,

(∗ Factors ∗)
{} ,

200 (∗ Var iab l e s ∗)
{}} ] ;
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205 (∗∗ProtocolQ , by Matz l a t e s t update 23/5 ve r s i on 0.99∗ ∗)
(∗
Please note : the re are s e v e r a l ways to de t ec t one er ror , f o r i n s tance i f the number o f i n d i v i d u a l s

are 2 and the number o f
f a c t o r s 3 then there might be an e r r o r with the f a c t o r s or i nd i v i dua l s , t h e r e f o r e ProtocolQ w i l l

po int out d i s c r e p an c i e s and l e t the user dec ide .

210 The ProtocolQ i s us ing the f o l l ow ing s p e c i f i c a t i o n :
1 . Every f a c t o r name should be a s t r i n g
2 . Every va r i ab l e name should be a s t r i n g
3 . Every modal ity should be a s t r i n g
4 . Every index to a modal ity should be between 1 and the number o f moda l i t i e s f o r that f a c t o r .

215 5 . Every f a c t o r name and va r i ab l e name should be unique (name with d i f f e r e n t case i s cons ide red
equal )

6 . Every value should be a r e a l number
7 . Every metadata should be a l i s t o f r u l e s with Pro t o co lT i t l e as the f i r s t one
8 . A pro toco l c o n s i s t o f a l i s t with 4 elements
9 . Every Factor should have 3 elements : f a c t o r name , modal ity and i nd i c e s

220 10 . Every i nd i v i dua l should be a s t r i n g
∗)

ProtocolQ : : S t ruc tureError=" The Protocol should ‘‘, found ‘‘." ;
ProtocolQ : : MetaProtoco lTit l eError=" The Protocol must contain the metadata rule \" Pro to co lT i t l e \"

found ‘‘ which is a \" ‘ ‘\ "." ;
225

ProtocolQ : : ModalityLengthError=" The modalities ‘‘ is out of bounds , the number of individuals ‘‘
‘‘." ;

ProtocolQ : : ValuesLengthError=" The number of values ( ‘ ‘) at variable ‘‘ is inconsistent with the
number of texts ( ‘ ‘) ." ;

ProtocolQ : : MetaEmptyError=" The Metadata field is empty , it should contain rules ." ;
230 ProtocolQ : : MetaRulesError=" The Metadata should only contain rules ." ;

ProtocolQ : : ModalityOutofBoundsError=" The indices of the modalities on factor (s): ‘‘ ‘‘
inconsistent with the number of modalities ( ‘ ‘) ." ;

ProtocolQ : : TextTypeError=" The texts should be strings , inconsistent text (s) found at ‘‘ ({ text ID
}) ." ;

235 ProtocolQ : : ValuesTypeError=" The variable indices should be numbers . Found discrepancies at ‘‘ {
variable , index }. " ;

ProtocolQ : : VariableTypeError=" The variable ID (s) ‘‘ should be of type String ." ;
ProtocolQ : : ModalityTypeError=" Modalities should be strings . Found discrepancies at ‘‘ { factor ,

modality }. " ;
ProtocolQ : : FactorTypeError=" Factor names should be Strings . Found discrepancies at ‘‘." ;

240 ProtocolQ : : Modal i tyIndicesTypeError=" Modality indices should be Numbers . Found discrepancies at ‘‘
{ factor , modality }. " ;

ProtocolQ : : NameConfl ictError=" Conflict error ‘‘ ‘‘." ;

245 ProtocolQ [ ph , OptionsPattern [ ProtocolQ ] ] :=
Module [{mods , maxInds , minInds , maxMods , p , t i t l e , numTexts , f I nd i c e s , v Ind ices , lenVInds ,

lenFInds , e r r o r I nd i c e s , f a c sA l l , varsAl l ,
t ex t sA l l , mess , tag } ,

mess = OptionValue [ Deta i l edError ] ;
250 tag = OptionValue [ TagError ] ;

numerus [ a I n t e g e r ] := I f [ a==1, " is " , " are " ] ;

(∗ SIMPLE TESTS ∗)
255 (∗The e r r o r s have been abbrev iated but s t i l l conta in the old tags f o r Vers ionProtocolQ ∗)

I f [Head [ ph]=!=Protocol , I f [ mess , Message [ ProtocolQ : : St ructureError , " contain a head \"Protocol\"
" , Head [ ph ] ] ] ; Return@ProtocolQMess [ " headerror " , tag ] ] ;

p = ph [ [ 1 ] ] ; (∗ pick out the header ∗)
I f [ ! (Head [ p]=== List ) , I f [ mess , Message [ ProtocolQ : : St ructureError , " be a List " , Head [ p ] ] ] ;

Return@ProtocolQMess [ " resterror " , tag ] ] ;
I f [ Length [ p ] != 4 , I f [ mess , Message [ ProtocolQ : : St ructureError , " contain a List with 4 elements " ,

Length [ p ] ] ] ; Return@ProtocolQMess [ " sizeerror " , tag ] ] ;
260

I f [Depth [ p [ [METADATA] ] ] <3 , I f [ mess , Message [ ProtocolQ : : MetaEmptyError ] ] ; Return@ProtocolQMess [ "
MetaEmptyError " , tag ] ] ;

I f [And@@(Head[#]===Rule &/@p [ [METADATA] ] )==False , I f [ mess , Message [ ProtocolQ : : MetaRulesError ] ] ;
Return@ProtocolQMess [ " MetaRulesError " , tag ] ] ;

I f [ ( t i t l e= p [ [ 1 , 1 , 1 ] ] ) =!= " ProtocolTitle " , I f [ mess , Message [ ProtocolQ : : MetaProtoco lTit leError ,
t i t l e , Head [ t i t l e ] ] ] ; Return@ProtocolQMess [ " MetaProtocolTitleError " , tag ] ] ;

265
t e x t sA l l = p [ [TEXTDATA] ] ;
f a c sA l l = p [ [FACTORS ] ] ;
va r sA l l = p [ [ VARIABLES ] ] ;

270 mods = p [ [FACTORS, All , 2 ] ] ;
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f I n d i c e s = p [ [FACTORS, All , 3 ] ] ;
v Ind i c e s = p [ [ VARIABLES, All , 2 ] ] ;

maxInds = Max/@ f I n d i c e s ; (∗ the used maximum ind i c e s ∗)
275 maxMods = Length /@ mods ; (∗maximum number o f moda l i t i e s , f o r each f a c t o r ∗)

minInds = Min/@ f I n d i c e s ;
numTexts = Length@textsAll ;
lenVInds = Length /@ vInd i c e s ;
lenFInds = Length /@ f I n d i c e s ;

280 (∗Test that each f a c t o r has 3 elements , factorname , modal ity and i nd i c e s to the moda l i t i e s ∗)

(∗ LENGTH TESTS ∗)
e r r o r I n d i c e s=Position[(#==numTexts&/@ lenVInds ) , False ] //Flatten ;

I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : ValuesLengthError , lenVInds ,
e r r o r I nd i c e s , numTexts ] ] ; Return@ProtocolQMess [ " ValuesLengthError " , tag ] ] ;

285
I f [ ! ( And @@ (#==3 & /@ (Length [ p [ [FACTORS, #]]]& /@ Range [Length [ f a c sA l l ] ] ) ) ) , I f [ mess ,

Message [ ProtocolQ : : FactorLengthError ] ] ; Return@ProtocolQMess [ " FactorLengthError " , tag ] ] ;

e r r o r I n d i c e s=Position[(#==numTexts&/@ lenFInds ) , False ] ; (∗The number o f i n d i c e s ( at moda l i t i e s )
are not the same as the snumber o f t ex t s ∗)

I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : ModalityLengthError , p [ [FACTORS,
e r r o r I n d i c e s //Flatten , 1 ] ] , numerus [ numTexts ] , numTexts ] ] ; Return@ProtocolQMess [ "
ModalityLengthError " , tag ] ] ;

290
(∗ I f [ Depth [ p [ [ VARIABLES]] ]==4 ,(∗make sure we have v a r i a b l e s ∗)

e r r o r I n d i c e s=Position [ ( Length[#]<=numTexts&/@ vInd i c e s ) , False ] ] ; (∗where are the index ing
outofbounds ? ∗) ∗)

e r r o r I n d i c e s=Position [(1 <=#[[1]] <=#[[2]] <=#[[3]] &/@ Transpose [{minInds , maxInds , maxMods} ] ) ,
False ] //Flatten ; (∗ outofbounds t e s t ∗)

295 I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : ModalityOutofBoundsError , e r r o r I nd i c e s ,
numerus [ Length@maxMods [ [ e r r o r I n d i c e s ] ] ] , maxMods [ [ e r r o r I n d i c e s ] ] ] ] ; Return@ProtocolQMess [ "

ModalityOutofBoundsError " , tag ] ] ;

(∗ TYPE TESTS ∗)
e r r o r I n d i c e s=Position [ L i s tSt r ingsQ [ t e x t sA l l ] , False ] ;
I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : TextTypeError , e r r o r I n d i c e s ] ] ;

Return@ProtocolQMess [ " TextTypeError " , tag ] ] ;
300

e r r o r I n d i c e s=Position [ L i s tSt r ingsQ [ va r sA l l [ [ All , 1 ] ] ] , False ] ;
I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : VariableTypeError , e r r o r I n d i c e s ] ] ;

Return@ProtocolQMess [ " VariableTypeError " , tag ] ] ;

e r r o r I n d i c e s=Position [ L i s t s In t ege r sQ [ f a c sA l l [ [ All , 3 ] ] ] , False ] ;
305 I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : Modal ityIndicesTypeError , e r r o r I n d i c e s ] ] ;

Return@ProtocolQMess [ " ModalityIndicesTypeError " , tag ] ] ;

e r r o r I n d i c e s=Position [ L i s t sS t r ing sQ [ f a c sA l l [ [ All , 2 ] ] ] , False ] ;
I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : ModalityTypeError , e r r o r I n d i c e s ] ] ;

Return@ProtocolQMess [ " ModalityTypeError " , tag ] ] ;

310 e r r o r I n d i c e s=Position [ L i s tSt r ingsQ [ f a c sA l l [ [ All , 1 ] ] ] , False ] ;
I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : FactorTypeError , e r r o r I n d i c e s ] ] ;

Return@ProtocolQMess [ " FactorTypeError " , tag ] ] ;

e r r o r I n d i c e s=Position [ ListsNumbersQ [ va r sA l l [ [ All , 2 ] ] ] , False ] ; (∗ I n t eg e r or r e a l e t c . ∗)
I f [Length [ e r r o r I n d i c e s ] !=0 , I f [ mess , Message [ ProtocolQ : : ValuesTypeError , e r r o r I n d i c e s ] ] ;

Return@ProtocolQMess [ " ValuesTypeError " , tag ] ] ;
315

(∗ DUPLICATE TESTS ∗)
(∗Dupl icates , i gno r e s case accord ing to ” Protoco l St ructure ” ( see a l s o Name2Index ) ∗)

e r r o r I n d i c e s = Select [ Tal ly [ f a c sA l l [ [ All , 1 ] ] , ToUpperCase@#1==ToUpperCase@#2&], #[[2] ] > 1 & ] ;
I f [ Length@errorIndices >0, I f [ mess , Message [ ProtocolQ : : NameConfl ictError , " factor " , ( ToString@

#[ [ 1 ] ] ˜ ˜ " occured "˜˜ToString@ #[ [ 2 ] ] ˜ ˜ " times " &) /@ e r r o r I n d i c e s ] ] ; Return@ProtocolQMess [ "
NameConflictError " , tag ] ] ;

320
e r r o r I n d i c e s = Select [ Tal ly [ va r sA l l [ [ All , 1 ] ] , ToUpperCase@#1==ToUpperCase@#2&], #[[2] ] > 1 & ] ;
I f [ Length@errorIndices >0, I f [ mess , Message [ ProtocolQ : : NameConfl ictError , " variable " , ( ToString@

#[ [ 1 ] ] ˜ ˜ " occured "˜˜ToString@ #[ [ 2 ] ] ˜ ˜ " times " &) /@ e r r o r I n d i c e s ] ] ; Return@ProtocolQMess [ "
NameConflictError " , tag ] ] ;

I f [ tag , Return [{True , "" } ] , Return [True ] ] ;
325 ] ;

(∗∗ AddFactor , by Sverker 2010−01−19 ∗∗)
330 AddFactor : : l e n g th e r r o r=" The number of rows in the new factor does not match the number of rows in

the Protocol ." ;
AddFactor [ Protocol [ pd L i s t ] , facname Str ing , da ta L i s t ] :=Module [{newpd , mods , r ep ru l e s , i d s } ,

(∗ Check so that l ength o f data i s same as nr o f rows in p ro to co l ∗)
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I f [Length [ pd [ [TEXTDATA] ] ] ! = Length [ data ] ,Message [AddFactor : : l e n g th e r r o r ] ; Return [ ] ] ;
335

newpd=pd ;
mods=Union [ data ] ; (∗ Unique moda l i t i e s ∗)
r e p ru l e s=Array [ mods[[#1]]−>#1&,Length [ mods ] ] ; (∗ L i s t o f rep lacements from data to modality−id ,

i e . {”Name one”−>1, ”Name two”−>2 ,.. . ∗)
i d s=data / . r e p ru l e s ; (∗ Do the replacements ∗)

340 newpd [ [FACTORS] ]=Append [ newpd [ [FACTORS] ] , { facname , mods , i d s } ] ; (∗ Add the new f a c t o r ∗)
Return [ Protocol [ newpd ] ] ] ;

345 (∗∗ AddVariable , by Sverker 2010−01−19 ∗∗)
AddVariable : : l e n g th e r r o r=" The number of rows in the new variable does not match the number of rows

in the Protocol ." ;
AddVariable [ Protocol [ pd L i s t ] , varname String , da ta L i s t ] :=Module [{newpd} ,

newpd=pd ;
newpd [ [ VARIABLES] ]=Append [ newpd [ [ VARIABLES] ] , { varname , data } ] ;

350 Return [ Protocol [ newpd ] ] ] ;

(∗∗ RemoveFactor , by Tobias Raski 2010−01−26 ∗∗)
355 RemoveFactor [ Protocol [ pd L i s t ] , f a c ] := Module [{newpd , facname } ,

I f [ f a c // IntegerQ , facname = FactorIndex2Name [ Protocol [ pd ] , f a c ] , facname = fac ] ;
newpd =pd ;
newpd [ [FACTORS] ] = Select [ newpd [ [FACTORS] ] , First [#] != facname &] ;
Return [ Protocol [ newpd ] ] ] ;

360

(∗∗ RemoveVariable , by Tobias Raski 2010−01−26 ∗∗)
RemoveVariable [ Protocol [ pd L i s t ] , var ] := Module [{newpd , varname } ,

365 I f [ var // IntegerQ , varname = VariableIndex2Name [ Protocol [ pd ] , var ] , varname = var ] ;
newpd = pd ;
newpd [ [ VARIABLES ] ] = Select [ newpd [ [ VARIABLES ] ] , First [#] != varname &] ;
Return [ Protocol [ newpd ] ] ] ;

370

(∗∗RenameVariable , by Anna 2010−03−06∗∗)
RenameVariable : : l e n g th e r r o r=" The number of new names does not equal the number of variables ." ;
RenameVariable [ Protocol [ pd L i s t ] , p a i r s :{{ I n t e g e r | St r ing , S t r i n g } . . . } ] : =Module [{newpd , i d s } ,

375 newpd=pd ;
i d s ={};
For [ i =1, i<=Length [ p a i r s ] , i++,
I f [ StringQ [ p a i r s [ [ i , 1 ] ] ] , i d s=Append [ ids , Position [ newpd [ [ VARIABLES ] ] , p a i r s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] , i d s=

Append [ ids , p a i r s [ [ i , 1 ] ] ] ] ;
] ;

380
For [ i =1, i<=Length [ i d s ] , i++,newpd [ [ VARIABLES, i d s [ [ i ] ] , 1 ] ] = pa i r s [ [ i , 2 ] ] ] ;
Return [ Protocol [ newpd ] ]

]

385 RenameVariable [ Protocol [ pd L i s t ] , newnames List ] :=Module [{newpd} ,
(∗Checks that the the number o f new names agree s with the number o f v a r i a b l e s in the p ro to co l ∗)
I f [Length [ pd [ [ VARIABLES ] ] ] ! = Length [ newnames ] ,Message [RenameVariable : : l e n g th e r r o r ] ; Return [ ] ] ;

newpd=pd ;
390 (∗Changing names∗)

For [ i =1, i<=Length [ newnames ] , i++,newpd [ [ VARIABLES, i , 1 ] ]= newnames [ [ i ] ] ] ;
Return [ Protocol [ newpd ] ]

]

395

(∗∗RenameFactor , by Anna 2010−03−06∗∗)
RenameFactor : : l e n g th e r r o r=" The number of new names does not equal the number of factors ." ;
RenameFactor [ Protocol [ pd L i s t ] , p a i r s :{{ I n t e g e r | St r ing , S t r i n g } . . . } ] : =Module [{newpd , i d s } ,

400 newpd=pd ;
i d s ={};
For [ i =1, i<=Length [ p a i r s ] , i++,
I f [ StringQ [ p a i r s [ [ i , 1 ] ] ] , i d s=Append [ ids , Position [ newpd [ [FACTORS] ] , p a i r s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] , i d s=

Append [ ids , p a i r s [ [ i , 1 ] ] ] ] ;
] ;

405
For [ i =1, i<=Length [ i d s ] , i++,newpd [ [FACTORS, i d s [ [ i ] ] , 1 ] ] = pa i r s [ [ i , 2 ] ] ] ;

Return [ Protocol [ newpd ] ] ]
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410 RenameFactor [ Protocol [ pd L i s t ] , newnames List ] :=Module [{newpd} ,
(∗Checks that the the number o f new names agree s with the number o f v a r i a b l e s in the p ro to co l ∗)
I f [Length [ pd [ [FACTORS] ] ] ! = Length [ newnames ] ,Message [RenameFactor : : l e n g th e r r o r ] ; Return [ ] ] ;

newpd=pd ;
415 (∗Changing names∗)

For [ i =1, i<=Length [ newnames ] , i++,newpd [ [FACTORS, i , 1 ] ]= newnames [ [ i ] ] ] ;
Return [ Protocol [ newpd ] ] ]

420

(∗∗RenameModalities , by Anna 2010−03−06, l a s t updated 6/5∗ ∗)
RenameModalities : : l e n g th e r r o r=" The number of new names does not equal the number of modalities ." ;
RenameModalities [ Protocol [ pd L i s t ] , id , p a i r s :{{ I n t e g e r | St r ing , S t r i n g } . . . } ] : =Module [{newpd , ids ,

f a c t o r i d } , newpd=pd ;
425 i d s ={};

I f [ StringQ [ id ] ,
f a c t o r i d=Position [ pd [ [FACTORS] ] , id ] [ [ 1 , 1 ] ] ,
f a c t o r i d=id

] ;
430 For [ i =1, i<=Length [ p a i r s ] , i++,

I f [ StringQ [ p a i r s [ [ i , 1 ] ] ] ,
i d s = Append [ ids , Position [ newpd [ [FACTORS, f a c t o r i d , 2 ] ] , p a i r s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ,
i d s = Append [ ids , p a i r s [ [ i , 1 ] ] ]

] ;
435 ] ;

For [ i =1, i<=Length [ i d s ] , i++,
newpd [ [FACTORS, f a c t o r i d , 2 ] ] [ [ i d s [ [ i ] ] ] ] = pa i r s [ [ i , 2 ] ]

] ;
440

Return [ Protocol [ newpd ] ] ]

RenameModalities [ Protocol [ pd L i s t ] , id , newnames List / ;VectorQ [ newnames , StringQ ] ] :=Module [{newpd ,
f a c t o r i d } , (∗Checks that the the number o f new names agree s with the number o f moda l i t i e s in
the f a c t o r ∗) I f [ StringQ [ id ] , f a c t o r i d=Position [ pd [ [FACTORS] ] , id ] [ [ 1 , 1 ] ] , f a c t o r i d=id ] ;

I f [Length [ pd [ [FACTORS, f a c t o r i d , 2 ] ] ] ! = Length [ newnames ] ,Message [ RenameModalities : : l e n g th e r r o r ] ;
Return [ ] ] ;

445 newpd=pd ;
(∗Changing names∗)newpd [ [FACTORS, f a c t o r i d , 2 ] ]= newnames ;

Return [ Protocol [ newpd ] ]
]

450

(∗∗Repos i t ionFactors , by Matz 3/5˜10 ve r s i on 0 . 2 , f i x ade en bugg , anv \ [ ADoubleDot ] nder numera
checkindexbounds∗∗)

(∗Repos i t ionFactors , by Matz 1/5˜10 ve r s i on 0 .1 ∗)
RepositionFactors : : OutOfBoundsError=" ‘‘ is out of bounds , the index should be between 1 and the

number of individuals ( ‘ ‘) inclusive ." ;
455 RepositionFactors [ Protocol [ pd L i s t ] , sw i t c h L i s t ] := Module [{newpd=Protocol [ pd ] , i nd i c e s , len , to , from

, range , switch len , tmp} ,
sw i t ch l en = Length@switch ;
l en = Length@pd [ [FACTORS, All , 1 ] ] ;
{ from , to} = { switch [ [ All , 1 ] ] , switch [ [ All , 2 ] ] } ;
range = Join [ from , to ] ; (∗ t e s t i n d i c e s range ∗)

460 CheckIndexBounds [ Protocol [ pd ] , range , FACTORS] ;
i n d i c e s = Range@len ;

(∗We i n s e r t the new element hence need to know i f the o ld element i s sh i f t ed , i n s e r t a l s o ”
prepends ” , we compensate f o r t h i s a l s o ∗)

Do[
465 I f [ from [ [ i ] ] <= to [ [ i ] ] ,

tmp = Insert [ i nd i c e s , i n d i c e s [ [ from [ [ i ] ] ] ] , to [ [ i ] ] + 1 ] ;
i n d i c e s = Delete [ tmp , from [ [ i ] ] ] ;
,
tmp = Insert [ i nd i c e s , i n d i c e s [ [ from [ [ i ] ] ] ] , to [ [ i ] ] ] ;

470 i n d i c e s = Delete [ tmp , from [ [ i ] ] + 1 ] ;
] ;

, { i , 1 , sw i t ch l en } ] ;

newpd [ [ 1 , FACTORS] ] = newpd [ [ 1 , FACTORS, i n d i c e s ] ] ; (∗ f i n a l i z e changes ∗)
475

Return [ newpd ]
]

480 (∗ : : Sec t i on : : ∗)
(∗Converting − f unc t i on s which p o t e n t i a l l y makes s i g n i f i c a n t changes to a Protoco l : ∗)
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485 (∗∗ CombineFactors , by Sandra 2010−02−09 ∗∗)
CombineFactors : : f a c t o r e r r o r=" One ( or more ) of the factors does not exist ." ;
CombineFactors [ Protocol [ pd L i s t ] , t i t l e S t r i n g , f a c t o r s L i s t , OptionsPattern [CombineFactors ] ] :=

Module [{ f , ru l e s , f a c t o r s i nd , ia , a , mods , modsused , ids , newpd , newfactor } ,
(∗Finds the indexes o f the f a c t o r s ∗)

490 f = Factors [ Protocol [ pd ] , TableForm−>False ] [ [ All , 1 ; ; 2 ] ] ;
r u l e s = Array [ f [ [#1 , 2]]−> f [ [#1 , 1 ] ]& , Length [ f ] ] ;
f a c t o r s i n d = f a c t o r s / . r u l e s ;
(∗Checks that the f a c t o r s e x i s t s ∗)
I f [ ! ArrayQ [ f a c t o r s i nd , , IntegerQ ] | |MemberQ[ Positive [ f a c t o r s i n d ] , False ] , Message [

CombineFactors : : f a c t o r e r r o r ] ; Return [ ] ] ;
495 I f [Max[ f a c t o r s i n d ]>Length [ pd [ [FACTORS] ] ] , Message [CombineFactors : : f a c t o r e r r o r ] ; Return [ ] ] ;

(∗ Combines the f a c t o r s ∗)
i a = OptionValue [ Inc ludeA l l ] ;

500 I f [ ia ,
(∗Defau l t option , combine a l l the moda l i t i e s o f the given f a c t o r s ∗)
a = Prepend [Array [ pd [ [FACTORS, f a c t o r s i n d [ [ # ] ] , 2 ] ]& , Length [ f a c t o r s i n d ] ] , S t r ingJo in@@Ri f f l e

[{##} , " , " ]& ] ;
mods = Flatten [ Outer@@a ] ; (∗Al l p o s s i b l e combinations o f the moda l i t i e s ∗)

505 (∗The combinations o f moda l i t i t e s used by the t ex t s in the p ro to co l ∗)
modsused = Str ingJo in@@Ri f f l e [# , " , " ]& /@ Array [ pd [ [FACTORS, f a c t o r s i n d [ [#2 ] ] , 2 , pd [ [FACTORS,

f a c t o r s i n d [ [# 2 ] ] , 3 , #1 ] ] ] ]& ,
{Length [ pd [ [TEXTDATA] ] ] , Length [ f a c t o r s i n d ] } ] ;

i d s = Flatten [ Position [ mods , #]&/@modsused ] ; (∗The indexes o f the used moda l i t i e s ∗)

510 newpd = pd ;
newpd [ [FACTORS] ] = Append [ pd [ [FACTORS] ] , { t i t l e , mods , i d s } ] ;
Return [ Protocol [ newpd ] ] ;
,
(∗ I f opt ion ” Inc ludeA l l ” i s f a l s e , combine only used moda l i t i e s ∗)

515 newfactor = Str ingJo in@@Ri f f l e [# , " , " ]& /@ Array [ pd [ [FACTORS, f a c t o r s i n d [ [#2 ] ] , 2 , pd [ [
FACTORS, f a c t o r s i n d [ [# 2 ] ] , 3 , #1 ] ] ] ]& ,

{Length [ pd [ [TEXTDATA] ] ] , Length [ f a c t o r s i n d ] } ] ;
newpd = AddFactor [ Protocol [ pd ] , t i t l e , newfactor ] ;
Return [ newpd ]

] ;
520 ]

(∗∗ Factor2Variable , by Tobias Raski 2010−01−26 ∗∗)
525 Factor2Variable : : c onve r s i on e r r o r=" Factor can ’t be converted into a variable . On or more modality

values can ’t be converted to Integer " ;

Factor2Variable [ Protocol [ pd L i s t ] , f a c , OptionsPattern [ Factor2Variable ] ] := Module [{ facname , mods
, newpd , ids , values , r ep ru l e s , de l } ,

I f [ f a c // IntegerQ ,
facname = FactorIndex2Name [ Protocol [ pd ] , f a c ] ,

530 facname = fac ] ;

mods = ToExpression [#] & /@ GetModalityValues [ Protocol [ pd ] , f a c ] ;

I f [ (And @@ ( IntegerQ /@ mods) ) // Not ,
535 Message [ Factor2Variable : : c onve r s i on e r r o r ] ; Return [ ] ] ;

i d s = GetModalityIds [ Protocol [ pd ] , f a c ] ;
r e p r u l e s = Array[# −> mods [ [ # ] ] &, Length [ mods ] ] ;
va lues = id s / . r e p ru l e s ;

540 newpd = AddVariable [ Protocol [ pd ] , facname , va lues ] ;
de l = OptionValue [ KeepOriginal ] ;

I f [ de l // Not ,
newpd = RemoveFactor [ newpd , facname ] , (∗ de l e t e f a c t o r facname i f opt ion KeepOriginal −> False

was s e t ∗)
545 newpd ] ;

Return [ newpd ]
]

550

(∗∗Variable2Factor , by Tobias Raski 2010−02−27,updated 03−30∗∗)
(∗Variable2Factor , Sandra lade t i l l ext ra f u n k t i o n a l i t e t 2010−05−04∗)
Variable2Factor : : image l engther ro r=" the length of the given image to the grouping function is to

small ." ;
Variable2Factor [ Protocol [ pd L i s t ] , var , image List , fn , OptionsPattern [ Variable2Factor ] ] := Module

[{ varname , values , newpd , i v a l s } ,
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555 I f [ var //IntegerQ ,
varname=VariableIndex2Name [ Protocol [ pd ] , var ] ,
varname=var

] ;

560 va lues = GetVariableValues [ Protocol [ pd ] , varname ] ;
i v a l s = fn /@ va lues ;

I f [ Select [ i v a l s , Not[0<#<=Length [ image ] ]& ] != {} ,
Message [ Variable2Factor : : image l engther ro r ] ; Abort [ ]

565 ] ;

i v a l s = i v a l s / . Array[#−>image [ [# ] ]& , Length [ image ] ] ;
newpd = AddFactor [ Protocol [ pd ] , varname , i v a l s ] ;

570 I f [ OptionValue [ KeepVariable ] //Not ,
newpd = RemoveVariable [ newpd , varname ] ,
newpd

] ; (∗ de l e t e va r i ab l e varname i f opt ion KeepOriginal−>False was s e t ∗)
Return [ newpd ]

575 ] ;

Variable2Factor [ Protocol [ pd L i s t ] , var , OptionsPattern [ Variable2Factor ] ] :=Module [{} ,
Return [ Variable2Factor [ Protocol [ pd ] , var , 0 , KeepVariable−>OptionValue [ KeepVariable ] ,Method−>

OptionValue [Method ] , DistanceFunction−>OptionValue [ DistanceFunct ion ] , FactorNames−>OptionValue [
FactorNames ] ] ] ] ;

580 Variable2Factor : : g rouper ror=" Too few factor names given " ;
Variable2Factor [ Protocol [ pd L i s t ] , var , n Integer , OptionsPattern [ Variable2Factor ] ] :=

Module [{ values , varname , newpd , tempvals , f a c t o r va l s , i n t e r v a l s , factornames , reps , i , j , fun ,
ind } , I f [ var //IntegerQ , varname=VariableIndex2Name [ Protocol [ pd ] , var ] , varname=var ] ;

va lues = GetVariableValues [ Protocol [ pd ] , var ] ;
585 tempvals = I f [ n !=0 , F indCluster s [ values , n , Method−>OptionValue [Method ] , DistanceFunction−>

OptionValue [ DistanceFunct ion ] ] ,
F indCluster s [ values , Method−>OptionValue [Method ] , DistanceFunction−>OptionValue [

DistanceFunct ion ] ]
] ; (∗ Sandra ∗)

i n t e r v a l s = {Min[#] , Max[#]}& /@ tempvals ;
590

I f [ OptionValue [ FactorNames ]//ListQ//Not ,
factornames=" Cluster ["<>ToString [#[ [1 ] ] ] < > " , "<>ToString [#[ [2 ] ] ] < > "] "&/@inte rva l s ;
fun [ x , y ] := (ToString [0]<>ToString [#] )& /@ Join [ x , Range [ 1 0ˆ ( y−1) , 10ˆy−1 ] ] ; (∗ Sandra ∗)
ind = Join [ Fold [ fun , {} , # // N // Log10 // Floor // Range ] , ToString /@ Range[10ˆ(# // N //

Log10 // Floor ) , #]]&[n ] ; (∗ Sandra ∗)
595 factornames = MapThread [ StringJoin [ ind [ [# 1 ] ] , #2]&, {Ordering [ Ordering [ i n t e r v a l s ] ] ,

factornames } ] ,

I f [ ( OptionValue [ FactorNames ]//Length ) < Length [ tempvals ] ,
Message [ Variable2Factor : : g rouper ror ] ;
Abort [ ] ,

600 factornames = OptionValue [ FactorNames ]
]

] ;

r eps ={};
605

Do[
r eps = Append [ reps , tempvals [ [ i , j ]]−> factornames [ [ i ] ] ] ,
{ i , 1 , Length [ tempvals ]} , { j , 1 , Length [ tempvals [ [ i ] ] ] }

] ;
610

f a c t o r v a l s = va lues / . reps ;
newpd = AddFactor [ Protocol [ pd ] , varname , f a c t o r v a l s ] ;

I f [ OptionValue [ KeepVariable ] //Not ,
615 newpd = RemoveVariable [ newpd , varname ] , (∗ de l e t e va r i ab l e varname i f opt ion KeepOriginal−>False

was s e t ∗)
newpd (∗ not nece s sa ry −Matz∗)

] ;

Return [ newpd ]
620 ] ;

625 (∗∗ Recode , by Joakim 2010−03−29 Vers ion 2 ∗∗)
Recode : : Factor = " Factor error " ;
Recode : : ReplacementList = " Error in replacement list " ;

Recode [ Protocol [ pd L i s t ] , facnum Integer , name String , r e p l L i s t , mods List , OptionsPattern [Recode
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] ] :=
630 Module [{newpd , ComplementList , o v e rw r i t e f a c t o r } ,

(∗Check i f the f a c t o r number g iven as input i s a va l i d number f o r a fac to r , e l s e abort ! ∗)
I f [ facnum > Length [ pd [ [FACTORS] ] ] , Message [Recode : : Factor ] ; Abort [ ] ] ;

635 (∗Ensures that the replacement l i s t i s g iven on the appropr ia te form ∗)
ComplementList = Length [Complement [Range [ 1 , Max[ Flatten [ r e p l ] ] ] , Flatten [ r e p l ] ] ] ;

I f [ ComplementList > 0 | | Length [Union [ Flatten [ r e p l ] ] ] != Length [ pd [ [FACTORS, facnum , 2 ] ] ] ,
Message [Recode : : ReplacementList ] ; Abort [ ] ] ;

640 ov e rw r i t e f a c t o r = OptionValue [ OverwriteFactor ] ;
newpd = pd ;

I f [ o v e rwr i t e f a c t o r ,
newpd [ [FACTORS ] ] [ [ facnum ] ] = {name , mods , Position [ r ep l , # ] [ [ 1 , 1 ] ] & /@ newpd [ [FACTORS,

facnum , 3 ] ] } ;
645 Return [ Protocol [ newpd ] ] ;

, newpd [ [FACTORS] ] = Append [ newpd [ [FACTORS] ] , {name , mods , Position [ r ep l , # ] [ [ 1 , 1 ] ] & /@
newpd [ [FACTORS, facnum , 3 ] ] } ] ;

Return [ Protocol [ newpd ] ] ;
]

] ;
650

(∗∗ SubProtocol , by Matz 2010−05−01 ver 0 .75 ∗∗)
(∗ Sverker added text as th i rd argument 2010−03−07 ver 0 .55 ∗)

655 (∗ SubProtocol , by Matz 2010−04−08 ver 0 .70 ∗)
(∗News
∗ f i x a s \ [ ARing ] den kan ta e t t h e l t a l i s t \ [ ADoubleDot ] l l e t f \ [ ODoubleDot ] r en l i s t a i Subprotocol

[ p , fac , mod ] [ 3 1 / 5 ]
∗)

(∗ Todo/ I s s u e s
660 ∗ Fix index ing t e s t s f o r f unc t i on s [ 2 9 /3 ]

∗)
SubProtocol : : emptyre su l t e r ro r=" Protocol is empty ." ;
SubProtocol : : nova r s r e f=" There are no variables in the protocol but are referenced in the function

argument ( ‘ ‘) ." ;
SubProtocol : : f ac tornameerror=" The factor name is of the wrong type , should be a String or Integer .

" ;
665 SubProtocol : : var iab l enameer ror=" The variable name is of the wrong type , should be a String or

Integer ." ;
SubProtocol : : indexError=" Indexing is out of bounds ." ;
SubProtocol : : modsTypeError=" The list of modality indices should be a list of Integers ." ;

(∗ f i x a bugg , den tar i n t e tv \ [ ARing ] h e l t a l som argument ∗)
670 SubProtocol [ Protocol [ pd L i s t ] , f a c , mods List , OptionsPattern [ SubProtocol ] ] := Module [{ f i ndex } ,

Which [ StringQ [ f a c ] , f i ndex=FactorName2Index [ Protocol [ pd ] , f a c ] ,
IntegerQ [ f a c ] , f i ndex=fac ;FactorIndex2Name [ Protocol [ pd ] , f a c ] ,
True ,Message [ SubProtocol : : f ac tornameer ror ] ; Abort [ ]

] ;
675

I f [ ! L i s t In t ege r sQ [ mods ] ,Message [ SubProtocol : : modsTypeError ] ; Abort [ ] ] ;
Return [ SubProtocol [ Protocol [ pd ] , MemberQ[ mods , #1[[ f i ndex ] ] ]& , KeepEmptyModalities−>OptionValue [

KeepEmptyModalities ] ] ]
] ;

680 (∗must check i f v a r i a b l e s are pre sent ∗)
SubProtocol [ Protocol [ pd L i s t ] , var , fun Function , OptionsPattern [ SubProtocol ] ] := Module [{ vindex } ,

Which [ StringQ [ var ] , vindex=VariableName2Index [ Protocol [ pd ] , var ] ,
IntegerQ [ var ] , vindex=var ; VariableIndex2Name [ Protocol [ pd ] , var ] ,
True , Message [ SubProtocol : : var iab l enameer ror ] ; Abort [ ]

685 ] ;

Return [ SubProtocol [ Protocol [ pd ] , fun /@ ( #2[[ vindex ] ] & ) , KeepEmptyModalities−>OptionValue [
KeepEmptyModalities ] ] ] ;

] ;

690 SubProtocol [ Protocol [ pd L i s t ] , i n d i c e s L i s t , OptionsPattern [ SubProtocol ] ] := Module [{} ,
Return [ SubProtocol [ Protocol [ pd ] , MemberQ[ i nd i c e s ,#4]& , KeepEmptyModalities−>OptionValue [

KeepEmptyModalities ] ] ] ; (∗ rewrote ∗)
] ;

SubProtocol [ Protocol [ pd L i s t ] , fun Function , OptionsPattern [ SubProtocol ] ] :=
695 Module [{ f l , vl , t l , d , i nd i c e s , keepmods , data , len , numfacs , i , newpd , mods , ids , r ep ru l e s ,

novars=False , vars } ,

newpd = Protocol [ pd ] ;

vars = pd [ [ VARIABLES, All , 2 ] ] ;
700 novars = vars=={}; (∗ I f no v a r i a b l e s then we c r ea t e a dummy and l a t e r won ’ t copy the va r i ab l e
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data ∗)

I f [ novars && StringPosition [ ToString [ fun ] , " #2 " ] !={} ,Message [ SubProtocol : : novars re f , fun ] ; Abort
[ ] ] ; (∗ catch i f no v a r i a b l e s are pre sent and s t i l l r e f e r en c ed in func t i on ∗)

f l= Transpose [ pd [ [FACTORS, All , 3 ] ] ] ;
l en=Length [ f l ] ;

705
(∗ v l i s e i t h e r a dummy or the r e a l va lues from VARIABLES∗)
I f [ novars , v l=ConstantArray [ 0 , l en ] ,

v l=Transpose [ pd [ [ VARIABLES, All , 2 ] ] ]
] ;

710
t l= pd [ [TEXTDATA] ] ;
numfacs = Length [ pd [ [FACTORS ] ] ] ;
d = { f l [ [ # ] ] , v l [ [ # ] ] , t l [ [#] ] ,#} & /@ Range [ l en ] ;
i n d i c e s = Select [ d , fun @@ # [ [ 1 ; ; 4 ] ] & ] [ [ All , 4 ] ] ;

715
I f [ i n d i c e s==={}, Message [ SubProtocol : : emptyre su l t e r ro r ] ; Abort [ ] ] ; (∗ nece s sa ry grounds to

abort eva lua t i on ? ! ∗)

newpd [ [ 1 , TEXTDATA] ] = pd [ [TEXTDATA, i n d i c e s ] ] ;
newpd [ [ 1 , FACTORS] ] = {#[ [ 1 ] ] , # [ [ 2 ] ] , #[ [3 , i n d i c e s ] ] } & /@ pd [ [FACTORS ] ] ;

720 (∗ i f no v a r i a b l e s in o r i g i n a l , then don ’ t copy ∗)
I f [Not [ novars ] , newpd [ [ 1 , VARIABLES ] ] = {#[ [ 1 ] ] , #[ [2 , i n d i c e s ] ] } & /@ pd [ [VARIABLES ] ] ] ;

keepmods = OptionValue [ KeepEmptyModalities ] ;

725 I f [ Not [ keepmods ] ,
Do[

data = newpd [ [ 1 , FACTORS, i , 3 ] ] ;
mods = Union [ data ] ;
r e p ru l e s = Array [ mods [ [ # ] ] −> # &, Length [ mods ] ] ; (∗Replacing the i n d i c e s ∗)

730 i d s = data / . r e p ru l e s ;
newpd [ [ 1 , FACTORS, i , 2 ] ] = pd [ [FACTORS, i , 2 ] ] [ [ mods ] ] ;
newpd [ [ 1 , FACTORS, i , 3 ] ] = id s ; (∗The new i nd i c e s to the new moda l i t i e s ∗)

,{ i , numfacs } ] ;
] ;

735
Return [ newpd ] ;

] ;

740

(∗∗ Group , by Oskar ve r s i on 1/5˜10 ∗∗)
(∗ Group , by Oskar ve r s i on 2010−04−08 ∗)
Group [ Protocol [ pd L i s t ] , f I n t e g e r , OptionsPattern [Group ] ] := Module [{ txts , tx t id s , newtxts , plength ,

f l ength , fname , fmods , newp , kf , kv , funcs , keepfacs , keepvars , modl ist , v a r l i s t , newvar l i s t , newmodlist , g
} ,

745 fmods = GetModalityValues [ Protocol [ pd ] , f ] ;
p length = Length [ pd [ [TEXTDATA] ] ] ;
f l e n g th = Length [ fmods ] ;
fname = pd [ [FACTORS, f , 1 ] ] ;
t x t s = GetText [ Protocol [ pd] ,#]& /@ Range [ p length ] ; (∗ Det r \ [ ADoubleDot ] cker a t t s k r i va <<t x t s =

GetText [ Protoco l [ pMotioner ]];>> −Matz [ 2 4 /5 ] ∗)
750 t x t i d s = GetModalityIds [ Protocol [ pd ] , f ] ;

t x t i d s = Array [ Position [ t x t id s ,#]& , f l e ng th ] ;
t x t i d s = Flatten/@txtids ;
newtxts = tx t s [ [#] ]& /@ tx t i d s ;

755 (∗Construct grouped pro toco l ∗)
newp = CreateProtocol [ newtxts ] ;
newp = AddFactor [ newp , fname , fmods ] ;

(∗Add f a c t o r s ∗)
760 kf = OptionValue [ KeepFactors ] ;

g = GetModalityValues [ Protocol [ pd ] ,#1 ] [ [ GetModalityIds [ Protocol [ pd ] ,#1 ] ] ]& ;
funcs = kf [ [# ,1 ] ]&/@Range [Length [ k f ] ] ;
k eep fac s=kf [ [# ,2 ] ]&/@Range [Length [ k f ] ] ;
modl i s t=Map[ GetModalityValues [ Protocol [ pd ] , # ] [ [ GetModalityIds [ Protocol [ pd ] ,# ] ] ]& , keepfacs , { 2 } ] ;

765 modl i s t =Table [ Table [ g [ keep fac s [ [ j , i ] ] ] [ [ # ] ] & /@ txt id s ,{ i ,Length [ k eep fac s [ [ j ] ] ] } ] , { j ,Length [
k e ep fac s ] } ] ;

newmodlist=Array [Map[ funcs [ [ # ] ] , modl i s t [ [# ] ] ,{2} ]& ,Length [ funcs ] ] ;
k eep fac s = Flatten [ k eep fac s ] ;
newmodlist = Flatten [ newmodlist ] ;
newmodlist = Partition [ newmodlist , f l e n g th ] ;

770 newp = Fold [AddFactor [#1 ,pd [ [FACTORS, keep fac s [ [ # 2 ] ] , 1 ] ] , newmodlist [ [#2 ] ] ]& , newp ,Range [Length [
k e ep fac s ] ] ] ;

(∗Add va r i a b l e s ∗)
kv = OptionValue [ KeepVariables ] ;
g = GetVariableValues [ Protocol [ pd ] ,#1]&;

775 funcs = kv [ [# ,1 ] ]&/@Range [Length [ kv ] ] ;
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keepvars=kv [ [# ,2 ] ]&/@Range [Length [ kv ] ] ;
v a r l i s t=Map[ GetVariableValues [ Protocol [ pd ] ,#]& , keepvars , { 2 } ] ;
v a r l i s t =Table [ Table [ g [ keepvars [ [ j , i ] ] ] [ [ # ] ] & /@ txt id s ,{ i ,Length [ keepvars [ [ j ] ] ] } ] , { j ,Length [

keepvars ] } ] ;
n ewvar l i s t=Array [Map[ funcs [ [ # ] ] , v a r l i s t [ [# ] ] ,{2} ]& ,Length [ funcs ] ] ;

780 keepvars = Flatten [ keepvars ] ;
n ewvar l i s t = Flatten [ n ewvar l i s t ] ;
n ewvar l i s t = Partition [ newvar l i s t , f l e n g th ] ;
newp = Fold [ AddVariable [#1 ,pd [ [ VARIABLES, keepvars [ [ # 2 ] ] , 1 ] ] , n ewva r l i s t [ [#2 ] ] ]& , newp ,Range [Length

[ keepvars ] ] ] ;
newp [ [ 1 ,TEXTDATA]]= First /@ newp [ [ 1 ,TEXTDATA] ] ; (∗ buggf ix av Tobias [ 2 4 / 5 ] ∗)

785
Return [ newp ] ;

] ;

790

(∗ : : Sec t i on : : ∗)
(∗ L i s t i n g − Misc . f unc t i on s used to d i sp l ay data : ∗)

795

(∗∗ Factors , by Sverker 2010−01−19 ∗∗)
Factors [ Protocol [ pd L i s t ] , OptionsPattern [ Factors ] ] :=Module [{h , t f , a} ,

h = OptionValue [ Header ] ; (∗ Construct the header ∗)
800 t f = OptionValue [TableForm ] ; (∗ TableForm? ∗)

a = Array [{#1 , pd [ [FACTORS, #1, 1 ] ] , Length [ pd [ [FACTORS, #1, 2 ] ] ]}& , Length [ pd [ [FACTORS ] ] ] ] ;

I f [ t f ,
805 Prepend [ a , S ty l e [# , Bold ] & /@ h ]//TableForm , (∗ t f was t rue ∗)

a ]
] ; (∗ t f was f a l s e ∗)

810

(∗∗ Variab les , by Sverker 2010−01−19 ∗∗)
Variables [ Protocol [ pd L i s t ] , OptionsPattern [ Variables ] ] :=Module [{h , t f , a} ,

h = OptionValue [ Header ] ;
t f = OptionValue [TableForm ] ;

815
(∗ Construct ion o f the array with in format ion ∗)
a = Array [

{
#1, (∗ id ∗)

820 pd [ [ VARIABLES, #1, 1 ] ] , (∗ names ∗)
Min [ pd [ [ VARIABLES, #1, 2 ] ] ] , (∗ min ∗)
Max[ pd [ [ VARIABLES, #1, 2 ] ] ] , (∗ max ∗)
Median [ pd [ [ VARIABLES, #1, 2 ] ] ] / /N[# , 2]& , (∗ median ∗)
Mean[ pd [ [ VARIABLES, #1, 2 ] ] ] / /N[# , 2]& , (∗ mean o f data ∗)

825 StandardDeviation [ pd [ [ VARIABLES, #1, 2 ] ] ] / /N[# , 2]& (∗ standard dev i a t i on o f data ∗)
}&,
Length [ pd [ [ VARIABLES ] ] ]
] ;

830 (∗ Return with or without header and formatt ing ∗)
I f [ t f ,

Prepend [ a , S ty l e [# ,Bold ]&/@h]//TableForm , (∗ t f was t rue ∗)
a ]

] ; (∗ t f was f a l s e ∗)
835

Protect [ Variables ] ;

840

(∗∗ Modal i t i e s , by Sverker 2010−01−19 ∗∗)
Modalities [ Protocol [ pd L i s t ] , f I n t e g e r , OptionsPattern [ Modalities ] ] := Module [{h , t f , a , s , trunc

, name , mods , data } ,
h = OptionValue [ Header ] ;
t f = OptionValue [TableForm ] ;

845 s = OptionValue [ SortByFrequencies ] ;
trunc = OptionValue [ TruncateNames ] ;
{name , mods , data} = pd [ [FACTORS, f ] ] ;

(∗ Truncate names o f moda l i t i e s i f trunc i s t rue ∗)
850 I f [ trunc , mods = StringTake [# , Min[ 6 0 , StringLength [#] ] ]&/@mods ] ;

(∗ Construct the array with in format ion ∗)
a = Array [
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{#1,
855 mods [ [# 1 ] ] ,

Length [ Cases [ data , #1] ] ,
(Length [ Cases [ data , #1]]/Length [ data ] ) //N[# , 2]&
}&, Length [ mods ] ] ;

860 (∗ Sort by f r e qu en c i e s i f s i s t rue ∗)
I f [ s , a=Sort [ a , #1 [ [ 3 ] ] >#2 [ [ 3 ] ]& ] ] ;

I f [ t f , Prepend [ a , S ty l e [# , Bold ]&/@h]//TableForm ,
a ]

865 ] ;

870 (∗∗ Info , by Sverker 2010−01−19 ∗∗)
Info [ Protocol [ pd L i s t ] , OptionsPattern [ Info ] ] := Module [{h , t f , a} ,

h = OptionValue [ Header ] ;
t f = OptionValue [TableForm ] ;
a = {{Length [ pd [ [TEXTDATA] ] ] , Length [ pd [ [FACTORS] ] ] , Length [ pd [ [ VARIABLES ] ] ] } } ;

875 I f [ t f , Prepend [ a , S ty l e [# , Bold ]&/@h]//TableForm ,
a ]

] ;

880

(∗∗ ListData , by Sverker 2010−01−19 ∗∗)
ListData [ Protocol [ pd L i s t ] , f s , vs , OptionsPattern [ ListData ] ] :=Module [{ t f , trunc , facdata , vardata ,

facheadings , varheadings , a , sb } ,
t f = OptionValue [TableForm ] ;
t runc = OptionValue [ TruncateNames ] ;

885 sb = OptionValue [ SortBy ] ;
f acdata = pd [ [FACTORS, #, 2 ] ] [ [ pd [ [FACTORS, #, 3 ] ] ] ] & / @fs ;
I f [ trunc , facdata = (StringTake [# , Min[ 3 0 , StringLength [ # ] ] ] & /@#) & /@facdata ] ;
f a chead ings = pd [ [FACTORS, f s , 1 ] ] ;
vardata = pd [ [ VARIABLES, #, 2] ]&/@vs ;

890 varheadings = pd [ [ VARIABLES, vs , 1 ] ] ;
a = Transpose [ Join [{Range [ 1 , Length [ pd [ [TEXTDATA] ] ] ] } , facdata , vardata ] ] ;

I f [ IntegerQ [ sb ] ,
I f [ sb >0,

a = SortBy [ a , −#[[1 + Length [ f s ] + sb ] ]& ] ,
895 a = SortBy [ a , #[[1 + Length [ f s ] − sb ] ]& ]

]
] ;

I f [ t f ,
900 Prepend [ a , S ty l e [# , Bold ] & /@Join [{ " Id " } , facheadings , varheadings ] ] / /TableForm ,

a
]

] ;

905

(∗ : : Sec t i on : : ∗)
(∗ Ret r i eva l − in comparison to l i s t i n g func t i on i s not pr ima i ly used to d i sp l ay data : ∗)

910

(∗∗ GetNumberOfWords , by Matz ∗∗)
GetNumberOfWords [ Protocol [ pd L i s t ] ] := GetNumberOfWords [ Protocol [ pd ] , Range@Length@pd [ [TEXTDATA] ] ,

" " ] ;
GetNumberOfWords [ Protocol [ pd L i s t ] , l i s t ] := GetNumberOfWords [ Protocol [ pd ] , l i s t , " " ] ;

915 GetNumberOfWords [ Protocol [ pd L i s t ] , s ep S t r i ng ] := GetNumberOfWords [ Protocol [ pd ] , Range@Length@pd
[ [TEXTDATA] ] , sep ] ;

GetNumberOfWords [ Protocol [ pd L i s t ] , l i s t , s ep S t r i ng ] := Module [{ l i s t 2=l i s t } ,
I f [ Not@ListQ [ l i s t ] , l i s t 2 = { l i s t } ] ; (∗ i n t e g e r to l i s t ∗)

920 CheckIndexBounds [ Protocol [ pd ] , l i s t 2 , TEXTDATA] ;

Return@ I f [ sep=="" , StringLength /@ pd [ [TEXTDATA, l i s t 2 ] ] , (∗ s p e c i a l case , on average ˜140 t imes
f a s t e r ∗)

Length [ StringSplit [# , sep ] ]& /@ pd [ [TEXTDATA, l i s t 2 ] ] ] ;
]

925

(∗∗ GetModal it ies , by Tobias Raski 2010−01−26 ∗∗)
GetModalityValues [ Protocol [ pd L i s t ] , f a c ] := Module [{ f a c index } ,
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930 I f [ f a c // IntegerQ // Not , f a c index = FactorName2Index [ Protocol [ pd ] , f a c ] , f a c index = fac ] ;
Return [ pd [ [FACTORS, fac index , 2 ] ] ] ] ;

935 (∗∗ ModalityIds , by Tobias Raski 2010−01−26 ∗∗)
GetModalityIds [ Protocol [ pd L i s t ] , f a c ] := Module [{ f a c index } ,

I f [ f a c // IntegerQ // Not , f a c index = FactorName2Index [ Protocol [ pd ] , f a c ] , f a c index = fac ] ;
Return [ pd [ [FACTORS, fac index , 3 ] ] ] ] ;

940

(∗∗ GetVariableValues , by Tobias Raski 2010−01−26 ∗∗)
(∗Matz added checking o f index and type with messages BETA, 2010−03−12∗)
(∗Matz added func t i on c a l l to CheckIndexBounds BETA, 2010−05−24∗)

945 GetVariableValues : : usage=" GetVariable [p ,k] returns data for variable k ( Name or Index )." ;
GetVariableValues : : outo fboundser ror=" Variable index ‘‘ is out of bounds , the number of variables

in the protocol is ‘‘." ;
GetVariableValues : : t ypee r ro r=" Second argument is of the wrong type ( should be String or Integer )."

;

GetVariableValues [ Protocol [ p L i s t ] , n ] := Module [{maxInd , nInt=n} ,
950 ArgumentQ[{Protocol [ p ] , n} , {ProtocolQ , {IntegerQ , StringQ } } ] ;

I f [ StringQ@n , nInt = VariableName2Index [ Protocol [ p ] , n ] ] ;
CheckIndexBounds [ Protocol [ p ] , {nInt } , VARIABLES ] ;

Return [ p [ [ VARIABLES, nInt , 2 ] ] ] ;
955 ]

(∗
I f [1<= nInt<= maxInd ,

Return [ p [ [ VARIABLES, nInt , 2 ] ] ] , ( ∗ i f I n t eg e r ∗)
Message [ GetVariableValues : : outo fboundserror , nInt , maxInd ] ; Abort [ ]

960 ] ;
∗)

965 (∗∗ GetText , by Sverker ∗∗)
(∗GetText 30/4 , by Matz [ r e s u r r e c t ed and updated with range t e s t s and a l t e r n a t i v e l i s t argument ] ∗)
(∗GetText 17/5 , added so GetText can f e t ch a l l t e x t s ∗)
GetText : : OutOfBoundsError=" ‘‘ is out of bounds , the index should be between 1 and the number of

individuals ( ‘ ‘) , inclusive ." ;
GetText : : TypeError=" ‘‘ of the wrong type , it should be an Integer or a list of Integers ." ;

970
GetText [ Protocol [ pd L i s t ] ] := GetText [ Protocol [ pd ] , Range@Length@pd [ [TEXTDATA] ] ] ;

GetText [ Protocol [ pd L i s t ] , n ] := Module [{ l en } ,
l en=Length@pd [ [TEXTDATA] ] ;

975
I f [Not [ IntegerQ@n | | And@@ListIntegersQ@n ] , Message [GetText : : TypeError , " The second argument " ] ;

Abort [ ] ] ;
I f [ IntegerQ@n , (∗ r ep l a c e with CheckIndexRange ∗)

I f [1<= n<= len ,
Return@pd [ [TEXTDATA, n ] ] ,

980 Message [GetText : : OutOfBoundsError , " The index " , l en ] ; Abort [ ]
]

] ;
I f [ ListQ@n ,

I f [ And@@ListIntegersQ@n ,
985 I f [1<= Min@n<=Max@n<=len ,

Return@pd [ [TEXTDATA, n ] ] ,
Message [GetText : : OutOfBoundsError , " At least one of the indices in the list n" , l en ] ;

Abort [ ]
]

]
990 ] ;

] ;

995

(∗∗ Name2Index , by Matz 23/5 , l a s t updated 6/5∗ ∗)
Name2Index : : NameError=" The ‘‘ ‘‘ was not found ." ;
Name2Index : : NotSetError=" Several ‘‘ matched ." ;
Name2Index : : OptionFromError=" The third argument is ‘‘, use any of \"Modality\" , \"Factor\" or \"

Var iab le \"." ; (∗ f i x a s \ [ ARing ] f e lmedde landet i n t e h \ [ ADoubleDot ] nv i s a r t i l l ” from”∗)
1000

(∗ should take both f a c t o r and modality , assumes each f a c t o r and modal ity i s unique ly named∗)
Name2Index [ Protocol [ pd L i s t ] , name String , f r S t r i n g ] :=Module [{ f ac s , vars , mods , data , index , lenIndex

, s2n , dataindex , p lu ra l s , from=ToLowerCase@fr , fvm} ,
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fvm={" factor " , " variable " , " modality " } ;

1005 I f [ from=="" , Message [Name2Index : : OptionMethodError ] ; Abort [ ] ] ;
I f [And@@(#!=from&/@fvm) , Message [Name2Index : : OptionFromError , from ] ; Abort [ ] ] ;
f a c s = pd [ [FACTORS, All , 1 ] ] ;
vars = pd [ [ VARIABLES, All , 1 ] ] ;
mods = pd [ [FACTORS, All , 2 ] ] ;

1010 data = from / . Thread@Rule [ fvm ,{ f ac s , vars , mods } ] ;
s2n = Thread@Rule [ fvm , Range@3 ] ; (∗ str ing2name ∗)
p l u r a l s = {" factors " , " variables " , " modalities " } ; (∗ used in messages ∗)
dataindex = from / . s2n ;
index = Flatten [ Position [ ToLowerCase@data , ToLowerCase@name ] ] ; (∗ case i n s e n s i t i v e [ 2/5˜10 ] ∗)

1015 l enIndex = Length [ index ] ;
(∗ take care o f modal ity which always g ive 2 e lements i f found ∗)

Which [ l enIndex==0, Message [Name2Index : : NameError , from , name ] ; Abort [ ] ,
dataindex==3 && lenIndex !=2 , Message [Name2Index : : NotSetError , p l u r a l s [ [ dataindex ] ] ] , (∗ can be

many moda l i t i e s , f i x ∗)
1020 dataindex==1 && lenIndex !=1 , Message [Name2Index : : NotSetError , p l u r a l s [ [ dataindex ] ] ]

] ;

I f [ dataindex==3, Return@index ] ; (∗we want a 2− l i s t ∗)

1025 Return@index [ [ 1 ] ] ;
]

1030

(∗∗Index2Name , by Matz 23/5 , l a s t updated 6/5∗ ∗)
Index2Name : : OutOfBoundsError=" Index ‘‘ is outside the bounds of number of ‘‘ ( ‘ ‘) ." ;
Index2Name : : NoDataError=" There are no ‘‘ in the protocol ." ;
Index2Name : : LengthError=" The ‘‘ need ‘‘ argument (s) {f ,m}, f or v for factor modality and variable

respectively ." ;
1035 Index2Name : : TargetError= " The target does not exist , choose Factor , Variable or Modality ." ;

Index2Name [ Protocol [ pd L i s t ] , i , t S t r i n g ] := Module [{ f a c s ={} , vars ={} ,mods={} , data , dim , s2n ,
dataindex , data2 , index , p lu ra l s , to=ToLowerCase@t} ,

(∗ to convert to modal ity name we need index f o r f a c t o r and modality ∗)

1040 s2n={" factor "−>1," variable "−>2," modality "−>3, −>0}; (∗ str ing2name ∗)
p l u r a l s={" factors " , " variables " , " modalities " } ; (∗ used f o r messages ∗)
dataindex=to / . s2n ;

I f [Not[1<= dataindex <=3],Message [ Index2Name : : TargetError ] ; Abort [ ] ] ;
1045 index=I f [Not [ ListQ [ i ] ] , { i } , i ] ;

Which [ ( dataindex==1 | | dataindex==2) && Length [ index ] !=1 ,Message [ Index2Name : : LengthError ,
p l u r a l s [ [ dataindex ] ] , 1 ] ; Abort [ ] ,

dataindex==3 && Length [ index ] != 2 ,Message [ Index2Name : : LengthError , p l u r a l s [ [ dataindex ] ] , 2 ] ; Abort
[ ]

] ;
1050

I f [ dataindex==1 && Length [ pd [ [FACTORS]] ]==0 | | dataindex==2 && Length [ pd [ [ VARIABLES]] ]==0 | |
dataindex==3 && Length [ pd [ [FACTORS] ] ]==0 ,

Message [ Index2Name : : NoDataError , p l u r a l s [ [ dataindex ] ] ] ; Abort [ ]
] ;

1055 Which [ dataindex ==1|| dataindex==3,
mods=pd [ [FACTORS, All , 2 ] ] ; f a c s=pd [ [FACTORS, All , 1 ] ] ,
dataindex==2,
vars=pd [ [ VARIABLES, All , 1 ] ]

] ;
1060

data = { f ac s , vars , mods } ; (∗ e . g . i f no va r i ab l e s , hence a l l are i n i t i a l i z e d with {} ∗)
data2 = data [ [ dataindex ] ] ; (∗ the data , facs , vars or mods∗)

(∗ two i nd i c e s f o r modality , hence pick the f i r s t one , o therwi se do nothing ∗)
1065 I f [ dataindex==3, data2 = Extract [ data2 , index [ [ 1 ] ] ] ] ;

dim = Length [ data2 ] ; (∗ f i r s t element f o r moda l i t i e s ∗)
(∗ check f a c t o r out o f bounds a l s o ∗)

1070 I f [ dim<index [ [ −1 ] ] | | index [ [−1] ] <1 , Message [ Index2Name : : OutOfBoundsError , index [ [ −1 ] ] , p l u r a l s
[ [ dataindex ] ] , dim ] ; Abort [ ] ] ;

Return [ Extract [ data2 , index [ [ − 1 ] ] ] ] ;
] ;

1075
FactorName2Index [ Protocol [ pd L i s t ] , name String ] := Name2Index [ Protocol [ pd ] , name , " Factor " ] ;
VariableName2Index [ Protocol [ pd L i s t ] , name String ] := Name2Index [ Protocol [ pd ] , name , " Variable "

] ;
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ModalityName2Index [ Protocol [ pd L i s t ] , name String ] := Name2Index [ Protocol [ pd ] , name , " Modality "
] ;

1080 FactorIndex2Name [ Protocol [ pd L i s t ] , i nd ex In t eg e r ] :=Index2Name [ Protocol [ pd ] , index , " Factor " ] ;
VariableIndex2Name [ Protocol [ pd L i s t ] , i nd ex In t eg e r ] :=Index2Name [ Protocol [ pd ] , index , " Variable "

] ;
ModalityIndex2name [ Protocol [ pd L i s t ] , i nd ex L i s t ] :=Index2Name [ Protocol [ pd ] , index , " Modality "

] ;

1085 (∗ : : Sec t i on : : ∗)
(∗Deprecated ( w i l l be r ep laced /removed ) : ∗)

1090 (∗∗ CheckModality , and va r i ab l e funct ions , by Matz 2010−02−28 ∗∗)
(∗Will probably be rep laced with a g ene r i c check func t i on l a t e r [ 1 / 3 ] ∗)
CheckModality : : usage=" CheckModality [p , fc , mod ] Aborts evaluation if the modality does not exist ."
CheckModality : : outo fboundser ror=" Modality index ‘‘ is outside the bounds of factor ‘‘."
CheckModality [ Protocol [ pd L i s t ] , f a c I n t e g e r , mod Integer ] := Module [{ facname , dim} ,

1095 facname = FactorIndex2Name [ Protocol [ pd ] , f a c ] ; (∗ catch e r r o r here f i r s t ∗)
dim = Length [ pd [ [FACTORS, fac , 2 ] ] ] ;
Which [mod<1 | | mod>dim , Message [CheckModality : : outo fboundserror , mod , facname ] ; Abort [ ] ]

] ;

1100

(∗∗CheckVariable , by Matz∗∗)
(∗To catch the empty va r i a b l e s e r r o r in SubProtocol , amongst other uses ∗)
CheckVariable : : outo fboundser ror=" Variable ‘‘ is outside the bounds of p."
CheckVariable : : novars="p contains no variables ."

1105 CheckVariable [ Protocol [ pd L i s t ] , v a r I n t e g e r ] := Module [{ varname , dim} ,
dim = Length [ pd [ [ VARIABLES ] ] ] ;
I f [ dim==0, Message [ CheckVariable : : novars ] ; Abort [ ] ] ;
varname = VariableIndex2Name [ Protocol [ pd ] , var ] ; (∗ us ing Index2Var iable to get e r r o r message ∗)

] ;
1110

(∗ : : Sec t i on : : ∗)
(∗Hidden func t i on s : ∗)

1115
(∗By Matz , used by ProtocolQ and GetText , updated with ListNumbersQ and reve r t ed from ArrayQ 23/5

∗)
L i s t In t ege r sQ [ l i s t L i s t ] := IntegerQ /@ l i s t ;
L i s t s In t ege r sQ [ l i s t L i s t ] := L i s t In t ege r sQ /@ l i s t ;
L i s tSt r ingsQ [ l i s t L i s t ] := StringQ /@ l i s t ;

1120 Li s t sS t r ing sQ [ l i s t L i s t ] := Li s tSt r ingsQ /@ l i s t ;
ListNumbersQ [ l i s t L i s t ] := NumberQ /@ l i s t ;
ListsNumbersQ [ l i s t L i s t ] := ListNumbersQ /@ l i s t ;

1125

(∗∗ProtocolQMess , by Matz , used by VersionProtocolQ to abbrev ia te the messaging∗∗)
ProtocolQMess [ e r r o r S t r i n g , tagged ] := Module [{} ,

I f [ tagged , Return [{False , e r r o r } ] , Return [ False ] ] ;
1130 Abort [ ] ;

]

1135 (∗∗ArgumentQ , by Matz ve r s i on 0 . 1 , 24/5 ˜10∗ ∗)
(∗
This func t i on i s used i n t e r n a l l y to check that the arguments types are c o r r e c t .
The func t i on takes two arguments , the func t i on c a l l l i s t o f arguments argc and the ” pattern ” to

match ( the Q−f unc t i on ) , argp .

1140 I f a func t i on i s de f ined as tak ing an i n t e g e r and an i n t e g e r OR and i n t e g e r and a s t r i ng , then the
pattern w i l l be :

{ IntegerQ , { IntegerQ , StringQ}} where the a l t e r n a t i v e types are enc lo s ed in a l i s t .

You cannot d e f i n e f unc t i on s in the l i s t so a s o l u t i o n f o r more complex type pat te rns i s to d e f i n e
your own :

1145 ArrayOfStringsQ [ l i s t L i s t ] := ArrayQ [ l i s t , , StringQ ] ;

to be used temporar i ly and then c a l l : {ArrayOfStringsQ } .

This func t i on could be used with ProtocolQ where ProtocolQ w i l l a l s o re turn a d e t a i l e d message o f
the er ror , ArgumentQ
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1150 w i l l a l s o d i sp l ay a message o f which argument that was wrong .

For the func t i on to work best don ’ t use L i s t e t c . j u s t l e t the func t i on catch the e r r o r . This way
o f programming i s however

not p o s s i b l e f o r overshadowed func t i on s in where you have to catch the e r r o r in another way . . .

1155 ∗)
(∗Options [ ArgumentQ]:={ Se l fCa l l −>1}; (∗ to a l low r e c u r s i v e c a l l s ∗) ∗)

ArgumentQ : : ArgumentError=" The argument ‘‘ ‘‘ ‘‘ of the wrong type ." ;
ArgumentQ [ argc , argp , OptionsPattern [ArgumentQ ] ] := Module [{ f l a g s ={}} ,

1160 (∗
(∗ check l i s t o f a v a i l a b l e Q−f unc t i on s are in the l i s t , depth should not be >2 etc . ∗)
I f [ OptionValue [ RecursiveDepth ]>0 , (∗ checking arguments o f the func t i on i t s e l f ∗)

ArgumentQ[{ argc , argp } ,{ListQ , ListQ} , RecursiveDepth−>Optionvalue [ RecursiveDepth ] −1 ] ;
] ; ∗ )

1165 (∗ the types o f t h i s func t i on i s NOT checked , as an i n t e r n a l func t i on t h i s should be no problem ∗)
Do[

f l a g s = { f l a g s , I f [ Length@argp [ [ i ] ] >0 ,Or@@(#@argc [ [ i ] ]&/@argp [ [ i ] ] ) , argp [ [ i ] ] @argc [ [ i ] ] ] } ;
, { i , 1 , Length@argc } ] ;

1170 e r ro rp = Position [ f l a g s //Flatten , False ] // Flatten ;
numerus [ a I n t e g e r ] := I f [ a==1, " is " , " are " ] ;
p l u r a l i s [ a I n t e g e r ] := I f [ a==1, "" , "s" ] ;

I f [ Length@errorp >0, Message [ArgumentQ : : ArgumentError , p l u r a l i s [ Length@errorp ] , errorp , numerus [
Length@errorp ] ] ; Abort [ ] ] ;

1175 ]
(∗ argument type message . . .
Do [
argp [ [ i ] ]= StringDrop [ I f [ Length@argp [ [ i ] ]==0 , ToString@argp [ [ i ] ] , ToString /@ argp [ [ i ] ] ] , − 1 ] ;
,{ i , 1 , Length@argp } ] ; ∗)

1180

(∗∗CheckIndexBounds , by Matz 2/5∗ ∗)
1185

(∗
This func t i on r ep l a c e t ed i ous index checking which are pre sent in many o f the ba s i c f unc t i on s o f

t h i s package . I t does so to abbrev ia te and
to g ive the func t i on s a s t r onge r ” look and f e e l ” , i f you try to do something wrong then you are

a l lowed to , but you are g iven a wel l−formed reason
why i t didn ’ t work , i n s t ead o f Mmas o f t en c r yp t i c messaging system , see a l s o ArgumentQ .

1190
The func t i on t e s t s the range o f a type o f data , such as FACTORS, VARIABLES, MODALITIES or TEXTDATA

, i t abort s execut ion and takes care o f
the errormessage .

Example :
1195 Protoco l p has 10 i nd i v i du a l s and we want to index {1 ,3 ,11} in the t ex t s .

IndicesInRangeQ [ p , {1 ,3 ,11} , TEXTDATA]
∗)

CheckIndexBounds : : usage=" CheckIndexBounds [p , list , i] checks if the indices given in list is
within range of type i. Available types are VARIABLES , FACTORS and TEXTDATA ." ;

1200 CheckIndexBounds : : OutOfBoundsError=" Tried to index outside the range of ‘‘ ( ‘ ‘) ." ;
CheckIndexBounds : : IndexTypeError=" The indices in the second argument is not of the type ( Integer ).

" ;
CheckIndexBounds : : NoElementsError=" There are no ‘‘ in the protocol ." ;

CheckIndexBounds [ Protocol [ pd L i s t ] , i d s L i s t , t ype In t eg e r ] := Module [{min ,max , len , typename } ,
1205 (∗ArrayOfIntegersQ [ a L i s t ] :=ArrayQ [ a , , IntegerQ ] ;

ArgumentQ [{ , ids , type } , { , ArrayOfIntegersQ , IntegerQ } ] ; ∗) (∗ the arguments should be c o r r e c t ∗)

l en=Length@pd [ [ type ] ] ;
typename = {FACTORS−>" factors " , VARIABLES−>" variables " , TEXTDATA−>" texts " } ;

1210
I f [ l en == 0 , Message [CheckIndexBounds : : NoElementsError , type / . typename ] ; Abort [ ] ] ;
I f [ Not@And@@ListIntegersQ@ids ,

Message [CheckIndexBounds : : IndexTypeError ] ; Abort [ ]
] ;

1215
(∗No t e s t s o f the type o f the i n d i c e s s i n c e t h i s func t i on i s only used i n s i d e o f t h i s package . . .

∗)
{min , max} = #@@ids& /@ {Min,Max} ; (∗ f i l t e r the i n t e g e r s and pick min and max to t e s t the range

∗)

I f [Not[1<= min <= max <= len ] , (∗ e a r l y ” h i t t e s t ”∗)
1220 Message [CheckIndexBounds : : OutOfBoundsError , type / . typename , l en ] ; Abort [ ]

] ;
]
(∗Flatten@MapIndexed [ I f [ Not [ 1 <= # <= len ] , #2, {} ]& , i d s ] ∗)
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1225
End [ ]

EndPackage [ ]

Linguistics

(∗ : : Package : : ∗)

5
(∗
Matz f i x ed some e r r o r s : addid and v iewprogre s s i s no longe r used
Usage o f s p l i t t e x t was updated ( removed boxes )
Usage o f LSA was updated

10 added tags f o r ” kodbi laga ”
[ 7/6˜10 ]
∗)

BeginPackage [ " Linguistics ‘" , {" RCA ‘" } ]
15

(∗ Exports from package ∗)

TransformTexts : : usage =
" TransformTexts [p , fun ] applies the text - transforming

20 function fun on the textdata in protocol p." ;
RemoveTags : : usage = "" ;
DocumentVectors : : usage = "" ;
GetFilteredWords : : usage = "" ;

25 AddHitCountVariable : : usage =
" AddHitCountVariable [p , pat ] adds a variable based
on StringCount [ txt , pat ] to p." ;

AddCollocationVariables : : usage =
30 " AddCollocationVariables [pd , word / regex ] adds words

co - occuring with word / regex as hit count variables .
Se Options [ AddCollocationVariables ] for options ."

AddPOSVariables : : usage =
35 " AddPOSVariables [p] counts occurences of parts -of - speech

in p according to Options [ AddPOSVariables ]. AddPOSVariables
uses the external program hunpos which must be installed for
this function to work ."

40 TagProtocol : : usage = " TagProtocol [pd , model ] tags all the individual
texts in the protocol pd with the HunPos tagger by means of the of
the given model . See Options [ TagProtocol ] for options .
See http :// code . google . com /p/ hunpos / for information about HunPos ."

45 StemProtocol : : usage =
" StemsProtcol [ pd ] takes a protocol and stems the individuals in
it using predifend rules for swedish ."

AddStandardVariables : : usage =
50 " AddStandardVariable [ pd ] adds predifined standard variables

to the given protocol pd . See Options [ AddStandardVariables ]"

AddTermDiscrimantionVariables : : usage =
" AddTermDiscrimantionVariables [ pd ] adds discriminating terms from

55 the protocol as hitcount variables . "

StemHitCountVariables : : usage =
" StemHitCountVariables [ pd ] Stems the patterns used as hitcount variables in the given protocol pd .

"

60 SplitText : : usage =
" SplitText [p , mean ] returns a protocol with the splitted texts in p as new individuals .
The text lengths ( counted in strings separated with whitespace ) is calculated to all be as close

to mean ( Integer ) as possible .
According to the Central Limit Theorem the statistical mean of the splitted texts will converge to

the given mean provided a sufficient number of texts was splitted .
A Factor \"Split ID\" is appended by default , it contains the indices to the original individuals .

See Options [ SplitText ] for options ." ;
65

KeepFactors : : usage = " An Option for SplitText . Lets you specify which factors you want to keep
after the splitting , e.g. \"All\" , \"None\" or a list of indices " ;

KeepVariables : : usage = " An Option for SplitText . Lets you specify which variables you want to keep
after the splitting , e.g. \"All\" , \"None\" or a list of indices " ;
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Sp l i t S epa ra to r : : usage = " An Option for SplitText . The string which is separating the elements in
an individual , for words \" \" ( Default )." ;

Sp l i t ID : : usage = " An Option for SplitText . If the option is set to True it adds a factor \"Split
ID\" of integers where each split points to the pre - split ID ." ;

70 TextID : : usage = " An Option for SplitText . If the options is set to True it adds a factor \"Text ID
\" of integers where each text ID points to the part of a text it has split ." ;

(∗TextID might need a be t t e r exp lanat ion ∗)

75 CleanProtocol : : usage =
" CleanProtocol [p] removes nonletter character from protocol text .
See Options [ CleanProtocol ] for options ."

LSA : : usage = " LSA [p] computes the \"Latent Semantic Ana lys i s \" of protocol p and returns protocols
{p , wp } containing the document protocol and word protocol respectively .

80 See Options [ LSA ] for options ." ;

Name : : usage =
" An option for AddHitCountVariable . Used if you want to name you variable

85 in another way then the predefined ."

RelativeCount : : usage =
" An option for AddHitCountVariable . Used if you don ’t want your hitcounts
expressed as absolute values ."

90
Relat iveCountFactor : : usage =
" An option for AddHitCountVariable . By default a relative count factor of
1000 is multiplied to relative hitcount given when the option ’ RelativeCount ’
is set to true . To change the size of this factor use this option ."

95
MinimumWordSize : : usage =
" An option for AddCollocationVariables . By default a word will be considered
uninteresting if it ’s less then 3 characters long . To lower or higher this use
this cut off use this option ."

100
MinimumFrequency : : usage =
" An option for AddCollocationVariables . By default a word will be considered
uninteresting if it ’s got a total number of occurences in the whole protocol
less than 5. To change this use this option ."

105
SlidingWindowSize : : usage =
" An option for AddCollocationVariables . By default a word will be counted as
within the ’ collocation ’ of another word if it ’s no more then five words away
from it . To change this value use this option ."

110
Model : : usage =
" An option for either AddPOSVariables or TagProtocol . By default these
function uses a swedish model file when creating / counting part of speech tags .
To change the model use this option ."

115
Tags : : usage =
" An option for AddPOSVariables . The Linguistics package use a swedish model file ,
named model - swedish - suc2 , when communicating with HunPos . Because of this the default
tags for AddPOSVariables are patterns matching a subset of the tags available in

120 model - swedish - suc2 . If other model files are use this option should be used
to get correct behaviour ."

WordGroupingNumber : : usage =
" An option for TagProtocol . Depending on the available stack size for the external

125 program HunPos the program can handle a different number of words at a time .

If you have a small stack size you might need to lower the WordGroupingNumber
for the function to work . If you on the other hand have a large available stack size
you can higher it to get a faster performing function ."

130
AddNumberOfWordsVariable : : usage =
" An option for AddStandardVariables . Adds a variable measuring the number of words ."

AddNumberOfSentencesVariable : : usage =
135 " An option for AddStandardVariables . Adds a variable measuring number of sentences ."

AddAverageWordLengthVariable : : usage =
" An option for AddStandardVariables . Adds a variable measuring average word length ."

140 AddAverageSentenceLengthVariable : : usage =
" An option for AddStandardVariables . Adds a variable measuring average sentence length ."

AddWordVariationVariable : : usage =
" An option for AddStandardVariables . Adds a variable measuring word variation ."

145
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NumberOfVariables : : usage =
" An option for AddTermDiscriminationVariables . Simply defines how many of the

150 highest ranked terms to add as hitcount variables ."

RemoveDigits : : usage =
" An option for CleanProtocol . Defines if you want digits to be kept in the
texts or not ."

155
RemovePunctuation : : usage =
" An option for CleanProtocol . Defines if you want punctuation characters ( ’. ’ and ’,’)
to be kept in the texts or not ."

160 KeepFactors : : usage =
" An Option for SplitText . Lets you specify which factors you want to
keep after the splitting , e.g. \"All\" , or a list of indices " ;

KeepVariables : : usage =
165 " An Option for SplitText . Lets you specify which variables you want to

keep after the splitting , e.g. \"All\" , \"None\" or a list of indices " ;

Sp l i t S epa ra to r : : usage =
170 " An Option for SplitText . The string which is separating the elements in an

individual , for words \" \" ( Default )." ;

MinimumFrequency : : usage =
" An Option for LSA . The minimum frequency of words used in the analysis ." ;

175
MinimumWords : : usage =
" An Option for LSA . The minimum number of words used in the analysis ." ;

MaximumWords : : usage =
180 " An Option for LSA . The maximum number of words used in the analysis ." ;

MaximumPairs : : usage =
" An Option for LSA . The maximum number of pair of words used in the analysis ." ;

185 MinimumPairFrequency : : usage =
" An Option for LSA . The minium frequency of pair of words used in the analysis ." ;

LSAVariables : : usage =
" An Option for LSA . The number of variables returned ." ;

190
UseStopWords : : usage =
" An option for CleanProtocol . Specifies a list of words to be removed ." ;

UseImportStopList : : usage = " Option for AddTermDiscriminationVariable " ;
195

WordFrequencyThreshold : : usage = " Option for AddTermDiscriminationVariable " ;

TfIdfWeighting : : usage = " An option for AddTermDiscriminationValues " ;

200 Begin [ " ‘ Private ‘" ] (∗ Begin Pr ivate Context ∗)

(∗
205

THE FOLLOWING FUNCTIONS CAN BE USED WHEN IMPORTING THE PACKAGE

∗)

210

(∗∗GetStopWordList , ∗∗)
GetStopWordList [ l i s t ] :=

Module [ { t r i e s = 0 , words } ,
215 I f [ F indFi l e [ToLowerCase [ l i s t ] ] == $Failed ,

Print [ " No stopword list found " ] ;
Abort [ ]

] ;
While [ ( words = Import [ToLowerCase [ l i s t ] ] ) == $Failed | | t r i e s == 5 , t r i e s ++];

220 words = words // Flatten // Union ;
Return [ words ]

]

(∗∗ TransformTexts , by Sverker 2010−01−19 ∗∗)
225 TransformTexts [ Protocol [ pd ] , fun Funct ion ] :=

Module [ {newpd} ,
newpd = pd ;
newpd [ [TEXTDATA] ] = fun/@newpd [ [TEXTDATA] ] ;
Return [ Protocol [ newpd ] ]

230 ] ;
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(∗ Updated by Sverker 2010−03−19 ∗)

235 (∗∗ AddHitCountVariable , by Sverker 2010−01−19 ∗∗)
Options [AddHitCountVariable ] = {Name−>Automatic , RelativeCount−>False , Relat iveCountFactor −>1000};
AddHitCountVariable [ Protocol [ pd ] , pa t t S t r ing , OptionsPattern [AddHitCountVariable ] ] :=

Module [ {hc , name} ,
name = Switch [ OptionValue [Name ] ,Automatic , " HC : "˜˜ patt , , OptionValue [Name ] ] ;

240 Switch [ OptionValue [ RelativeCount ] ,
False , hc = StringCount [# , patt , IgnoreCase −> True]&/@pd [ [TEXTDATA] ] ,
True , hc = (N[ StringCount [# , patt , IgnoreCase −> True ]∗OptionValue [ Relat iveCountFactor ] /

StringLength [# ] ] )&/@pd [ [TEXTDATA] ] ] ;
Return [ AddVariable [ Protocol [ pd ] , name , hc ] ]

] ;
245

(∗∗ AddCol locat ionVar iables , by Tobias ∗∗)
Options [ AddCollocationVariables ] = {MinimumWordSize −> 3 ,

250 MinimumFrequency −> 5 , Sl idingWindowSize −> 5} ;
AddCollocationVariables [ Protocol [ pd ] , word , o p t s ? OptionQ ] :=

Module [ {newfactors , newpd , i } ,
newpd = Protocol [ pd ] ;
newfactors = {} ;

255 newfactors = SpanFrequency [ newpd [ [ 1 ,TEXTDATA] ] , word , opts ] ;
For [ i = 2 , i <= Length [ newfactors ] , i++,
newpd = AddHitCountVariable [ newpd , " " <> newfactors [ [ i , 1 ] ] <> " " ] ] ;
Return [ newpd ] ;

] ;
260

(∗∗ AddPOSVariables , by Sverker ∗∗)
Options [AddPOSVariables ] = Join [{Model−>" model - swedish - suc2 " , Tags−>

265 {{" _SPS " , " Preposition " } ,
{" _AF " , " Particip " } ,
{" _AQ " , " Adjektiv " } ,
{" _NC " , " Substantiv " } ,
{" _P " , " Pronomen " } ,

270 {" _RG " , " Adverb " } ,
{" _V " , " Verb " }}} ,Options [AddHitCountVariable ] ] ;
AddPOSVariables [ p Protoco l , OptionsPattern [AddPOSVariables ] ] :=

Module [ {ptmp , txts , f t e x t } ,
I f [ ( F i l t e rRu l e s [ p [ [ 1 ,METADATA] ] , " Tagged " ] // Length ) > 0 ,

275 f t e x t = RemoveTags/@p [ [ 1 ,TEXTDATA] ] ,
f t e x t = p [ [ 1 ,TEXTDATA] ]

] ;
t x t s = f t e x t ;
ptmp = TagProtocol [ p , Model−>OptionValue [ Model ] ] ;

280 ptmp = Fold [AddHitCountVariable [#1 ,#2 [ [ 1 ] ] ,Name−>#2[[2]] , Relat iveCount −> OptionValue [
RelativeCount ] ,
Relat iveCountFactor−> OptionValue [ Relat iveCountFactor ] ]& ,ptmp , OptionValue [ Tags ] ] ;

ptmp [ [ 1 ,TEXTDATA] ] = tx t s ;
Return [ ptmp ]

] ;
285

(∗∗ TagProtocol , by Tobias ∗)
Options [ TagProtocol ] = {WordGroupingNumber −> 75000 , Model −> " model - swedish - suc2 " } ;

290 TagProtocol [ Protocol [ pd ] , OptionsPattern [ TagProtocol ] ] :=
Module [ {newpd , f t e x t } ,

I f [ ( F i l t e rRu l e s [ pd [ [METADATA] ] , " Tagged " ] // Length ) > 0 ,
f t e x t = RemoveTags/@pd [ [TEXTDATA] ] ,
f t e x t = pd [ [TEXTDATA] ]

295 ] ;
newpd = pd ;
Print [ " Please not that the HunPos tagger will be loaded and run several times depending on

you protocol size ." ] ;
newpd [ [TEXTDATA] ] = GroupAndTag [ f t ex t , OptionValue [ Model ] ,

WordGroupingNumber −> OptionValue [ WordGroupingNumber ] ] ;
300 newpd [ [METADATA] ] = Append [ newpd [ [METADATA] ] , " Tagged " −> True ] ;

Return [ Protocol [ newpd ] ]
] ;

305
(∗∗ AddStandardVariables , by Tobias ∗∗)
Options [ AddStandardVariables ] = {
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AddNumberOfWordsVariable −> True ,
AddNumberOfSentencesVariable −> True ,

310 AddAverageWordLengthVariable −> True ,
AddAverageSentenceLengthVariable −> True ,
AddWordVariationVariable −> True} ;

AddStandardVariables [ Protocol [ pd ] , OptionsPattern [ AddStandardVariables ] ] :=
Module [ {newpd , f t e x t } ,

315 I f [ ( F i l t e rRu l e s [ pd [ [METADATA] ] , " Tagged " ] // Length ) > 0 ,
f t e x t = RemoveTags /@ pd [ [TEXTDATA] ] ,
f t e x t = pd [ [TEXTDATA] ]

] ;
newpd = Protocol [ pd ] ;

320 newpd [ [ 1 ,TEXTDATA] ] = f t e x t ;
I f [ OptionValue [ AddNumberOfWordsVariable ] ,

newpd = newpd // NumberOfWordsVariable
] ;
I f [ OptionValue [ AddNumberOfSentencesVariable ] ,

325 newpd = newpd // NumberOfSentencesVariable
] ;
I f [ OptionValue [ AddAverageWordLengthVariable ] ,

newpd = newpd // AverageWordLengthVariable
] ;

330 I f [ OptionValue [ AddAverageSentenceLengthVariable ] ,
newpd = newpd // AverageSentenceLengthVariable

] ;
I f [ OptionValue [ AddWordVariationVariable ] ,

newpd = newpd // WordVariationVariable
335 ] ;

newpd [ [ 1 ,TEXTDATA] ] = pd [ [TEXTDATA] ] ;
Return [ newpd ]

] ;

340

(∗∗ StemHitCountVariables , by Tobias ∗∗)
StemHitCountVariables [ Protocol [ pd ] ] :=

Module [ {newpd , v a r i a b l e s } ,
newpd = pd ;

345 newpd [ [VARIABLES ] ] = {} ;
v a r i a b l e s = pd [ [ VARIABLES ] ] ;
newpd = Fold [ (∗ re−add a l l v a r i a b l e s from pd in to newpd∗)

I f [ StringMatchQ [ # 2 [ [ 1 ] ] , " HC :" ˜˜ ] , (∗ check i f i t i s a h i tcount va r i ab l e
∗)
AddHitCountVariable [#1 , WordStemmer [ StringReplace [ # 2 [ [ 1 ] ] , " HC : " −> "" ] ] ] ,

(∗ yes , stem and add ∗)
350 AddVariable [#1 , #2 [ [ 1 ] ] , # 2 [ [ 2 ] ] ]

] &, Protocol [ newpd ] , v a r i a b l e s ] ; (∗ no , add as normal va r i ab l e ∗)
Return [ newpd ] ;

] ;

355

(∗∗ AddTermDiscriminationValues , by Tobias ∗∗)
Options [ AddTermDiscrimantionVariables ] :=

{StemWords −> False , NumberOfVariables −> 10 , TfIdfWeighting −> False ,
UseImportStopList −> {False , "" } , UseStopWords −> {} ,

360 WordFrequencyThreshold −> {0 .1 , 0 .02} } ;
AddTermDiscrimantionVariables [ Protocol [ pd ] , OptionsPattern [ AddTermDiscrimantionVariables ] ] :=

Module [ {newpd , terms , words , f t e x t } ,
I f [ ( F i l t e rRu l e s [ pd [ [METADATA] ] , " Tagged " ] // Length ) > 0 ,

f t e x t = RemoveTags/@pd [ [TEXTDATA] ] ,
365 f t e x t = pd [ [TEXTDATA] ]

] ;
words = GetFilteredWords [ f t ex t , UseImportStopList −> OptionValue [ UseImportStopList ] ,

UseStopWords −> OptionValue [ UseStopWords ] ,
WordFrequencyThreshold −> OptionValue [ WordFrequencyThreshold ] ] ;

370 I f [ Length [ words ] == 0 ,
Print [ " No words to consider with current options . Change WordFrequencyThreshold or use

fewer stopwords ." ] ;
Return [ Protocol [ pd ] ]

] ;
terms = TermDiscriminationValues [ f t ex t , words ,

375 StemWords −> OptionValue [ StemWords ] , TfIdfWeighting −> OptionValue [ TfIdfWeighting ] ] ;
terms = Reverse [ SortBy [ terms , # [ [ 2 ] ] & ] ] ;
terms = terms [ [ 1 ; ; Min [ OptionValue [ NumberOfVariables ] , Length [ terms ] ] , 1 ] ] ;
newpd = Fold [AddHitCountVariable , Protocol [ pd ] , terms ] ;
Return [ newpd ]

380 ] ;

(∗ l a s t updated 2010−05−24 ve r s i on 0 .7 ∗)

385 (∗∗ Spl i tText , by Matz l a s t updated 2010−04−10 ∗∗)
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(∗
News/
∗ Added an Option c a l l e d ” Sp l i t S epa ra t o r ”( used by XML par se r )
∗ Added ”TextID” and changed the code around ab i t [ 2 4 / 5 ]

390 ∗ F i r s t use o f func t i on ArgumentQ [ 2 4/5 ]
∗)

SplitText : : k e epe r ro r = " KeepFactors or KeepVariables error , requires a list of Indices or keywords
\"All\" or \"None\"" ;

SplitText : : sepError = " Separator ‘‘ is not a String ." ;
395 Options [ SplitText ] = { KeepFactors−>" All " ,

KeepVariables−>" All " ,
Spl i t ID−>True ,
TextID−>False ,
Sp l i tSepara to r−>" " } ;

400
SplitText [ p , mean , OptionsPattern [ SplitText ] ] :=

Module [ { len , nparts , s p l i t , s p l i t s = {} , words , i = 1 , mods , modsNew , vals , valsNew ,
idxrepeat s , newpd ,

facsLen , varsLen , keepFactors , keepVar iables , f I n d i c e s = {} , v Ind i c e s = {} , nSp l i t s ,
sp l i t ID , textID , sep , pd} ,

405
ArgumentQ[{p , mean} ,{ProtocolQ , IntegerQ } ] ; (∗ Since we l e t ArgumentQ take care o f type

checking we only pass the va r i ab l e names ( without the type−wrapping ” Protoco l ”) and
l e t ProtocolQ take care o f any i n c o n s i s t e n c i e s ∗)

pd=p [ [ 1 ] ] ;

l en = Length@pd [ [TEXTDATA] ] ;
410 I f [ Length@pd [ [ VARIABLES]] >0 ,

varsLen = Length@pd [ [ VARIABLES, All , 1 ] ] ,
varsLen = 0

] ;
I f [ Length@pd [ [FACTORS]] >0 ,

415 facsLen = Length@pd [ [FACTORS, All , 1 ] ] ,
facsLen = 0

] ;
(∗ should t e s t index range o f f a c t o r s and va r i a b l e s ∗)
f I n d i c e s = Range@facsLen ; (∗we add ” s p l i t ID”∗)

420 v Ind i c e s = Range@varsLen ;
s p l i t ID = OptionValue [ Sp l i t ID ] ;
sep = OptionValue [ Sp l i t S epa ra t o r ] ; (∗” Sp l i t S epa ra t o r ”/ . F lat ten [{ opts } ] / . Options [

Sp l i tText ] ; ∗)
textID = OptionValue [ TextID ] ;
I f [ ! StringQ@sep ,

425 Message [ SplitText : : sepError , sep ] ;
Abort [ ]

] ;
keepFactors = OptionValue [ KeepFactors ] ;
f I n d i c e s = keepFactors / . {" All "−>f I nd i c e s , " None "−>{}};

430 keepVar iab le s = OptionValue [ KeepVariables ] ;
v Ind i c e s = keepVar iab le s / . {" All "−>vInd ices , " None "−>{}};
I f [ ! ( L i s tQ@fIndices && ListQ@vIndices ) ,

Message [ SplitText : : keeperror , Head@mean ] ;
Abort [ ]

435 ] ;
newpd = CreateProtocol [ { } ] ;
newpd [ [ 1 , TEXTDATA] ] = pd [ [TEXTDATA] ] ;
newpd [ [ 1 , FACTORS] ] = pd [ [FACTORS, f I n d i c e s ] ] ;
newpd [ [ 1 , VARIABLES ] ] = pd [ [ VARIABLES, v Ind i c e s ] ] ;

440
(∗ i f t e x t i d OR s p l i t i d then do th i s , a f t e r we use sp l i t ID to get text id , i f we don ’ t want

s p l i t i d then we j u s t ove rwr i t e s p l i t i d ∗)
I f [ s p l i t ID | | textID ,

newpd = AddFactor [ newpd , " Split ID " , ToString/@Range [ l en ] ]
] ;

445
(∗ in next ve r s i on we should a l l o c a t e be f o r e ∗)
Do[

words = StringSplit [ newpd [ [ 1 , TEXTDATA, i ] ] , sep ] ;
nparts = Round [ Length@words/mean ] ;

450 (∗This i s the main a r i thmet i c which en f o r c e a l o c a l and g l oba l mean value s p l i t t i n g ∗)
s p l i t = St r i ngJo in@Ri f f l e [# , " " ] & /@ SmoothPartition [ words , nparts ] ;
s p l i t s = Append [ s p l i t s , s p l i t ] ;
,{ i , 1 , l en }

] ;
455 nSp l i t s = Length@spl i t s ;

i dx r epea t s = Length /@ s p l i t s ;

(∗ f o r each modality , i n s e r t r e p e t i t i o n s to accomodate the add i t i ona l i n d i c e s ∗)
I f [ textID | | s p l i t ID | | f I nd i c e s >0, (∗ added textID ∗)

460 mods = newpd [ [ 1 , FACTORS, All , 3 ] ] ;
modsNew = Table [ Flatten [ ConstantArray [ mods [ [ i , #] ] , i dx r epea t s [ [ # ] ] ] &/@

Range@nSplits ] , { i , 1 , Length@mods } ] ; (∗ repeat each po s i t i o n −number o f s p l i t s−
t imes ∗)
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newpd [ [ 1 , FACTORS, All , 3 ] ] = modsNew ;
] ;

465 (∗add the va r i ab l e values , i f any∗)
I f [ varsLen >0,

va l s = newpd [ [ 1 , VARIABLES, All , 2 ] ] ; (∗ the va lues matrix ∗)
valsNew = Table [ Flatten [ ConstantArray [ va l s [ [ i , #] ] , i dx r epea t s [ [ # ] ] ] &/@

Range@nSplits ] , { i , 1 , Length@vals} ] ;
newpd [ [ 1 , VARIABLES, All , 2 ] ] = valsNew ;

470 ] ;
newpd [ [ 1 , TEXTDATA] ] = F la t t en@sp l i t s ;

I f [Not [ s p l i t ID ] && Not [ textID ] , Return [ newpd ] ] ; (∗ ne i th e r s p l i t ID nor TextID i s added ∗)

475 (∗ s p l i t i n f o rma t i o n ex t r a c t i on f o r textID and sp l i t ID ∗)
s p l i t f a c t o r = Name2Index [ newpd , " Split ID " , " Factor " ] ;
sp l i t idmods = newpd [ [ 1 , FACTORS, s p l i t f a c t o r , 3 ] ] ;
pack = Gather [ sp l i t idmods , #1==#2&];
textidmods = ToString/@ Flatten@Range@ (Length /@ pack ) ;

480 (∗we know that e i t h e r s p l i t i d or t e x t i d i s going to be used ∗)
I f [ textID && ! sp l i t ID , (∗ r ep l a c e s p l i t ID ∗)

newpd [ [ 1 , FACTORS, s p l i t f a c t o r , 3 ] ] = ToExpression@textidmods ;
newpd [ [ 1 , FACTORS, s p l i t f a c t o r , 2 ] ] = ToString/@Range@Max@ToExpression@textidmods ; (∗

the new moda l i t i e s ∗)
newpd [ [ 1 , FACTORS, s p l i t f a c t o r , 1 ] ] = " Text ID " ;

485 ] ; (∗ e ra s e s p l i t ID ∗)
I f [ textID && sp l i t ID , (∗add the textID f a c t o r ∗)

newpd = AddFactor [ newpd , " Text ID " , textidmods ] ;
s p l i t f a c t o r = Name2Index [ newpd , " text id " , " Factor " ] ;
(∗ r ep l a c e moda l i t i e s with manual ones ( in order ) ∗)

490 newpd [ [ 1 , FACTORS, s p l i t f a c t o r , 3 ] ] = ToExpression@textidmods ;
newpd [ [ 1 , FACTORS, s p l i t f a c t o r , 2 ] ] = ToString/@Range@Max@ToExpression@textidmods ;

(∗ the new moda l i t i e s ∗)
] ;

495 (∗ f o r the case ( ! textID && sp l i t ID ) we are a l ready done ∗)
(∗ perhaps add a f a c t o r with the l on e l y s p l i t s , f o r v i s u a l i s a t i o n and f i l t e r i n g ( us ing

subprotoco l ) ∗)
Return [ newpd ] ;

] ;

500

(∗∗CleanProtocol , by Tobias∗∗)
505 Options [ CleanProtocol ] = {RemoveDigits −> True ,

RemovePunctuation −> False , ToLowerCase −> True , UseStopWords −> {}} ;
CleanProtocol [ Protocol [ pd ] , OptionsPattern [ CleanProtocol ] ] :=

Module [ { texts , newpd} ,
newpd = pd ;

510 Switch [ OptionValue [ RemoveDigits ] , False ,
t e x t s = StringReplace [ StringTrim /@ pd [ [TEXTDATA] ] ,

Except [ "." | " ," | LetterCharacter | WhitespaceCharacter |
DigitCharacter ] −> "" ] , True ,

t e x t s = StringReplace [ StringTrim /@ pd [ [TEXTDATA] ] ,
515 Except [ "." | " ," | LetterCharacter | WhitespaceCharacter ] −>

"" ] ] ;
Switch [ OptionValue [ RemovePunctuation ] , False , t e x t s = texts , True ,

t e x t s = StringReplace [ t exts ,
Except [ LetterCharacter | WhitespaceCharacter |

520 DigitCharacter ] −> "" ] ] ;
Switch [ OptionValue [ToLowerCase ] , False , t e x t s = texts , True ,

t e x t s = ToLowerCase /@ tex t s ] ;
I f [ Length@OptionValue [ UseStopWords ] > 0 ,

t ex t s = t ex t s = StringReplace [ t exts , (# −> "" ) & /@ OptionValue [ UseStopWords ] ]
525 ] ;

newpd [ [TEXTDATA] ] = t ex t s ;
Return [ Protocol [ newpd ] ]

] ;

530

(∗∗ LSA, by Matz 2010−04−10 ve r s i on 0 .5 ∗∗)
(∗

535 ∗ Preproces s corpus by s p l i t t i n g i t in s entence s with s p l i t t e x t and s p l i t s e p a r a t o r ” . ” and use
LSA with ws=50 ( catch ing long sentence s ) to gain a better , more coherent ana l y s i s

∗ Option t f \ [ Dash ] i d f
∗ Option ”MinimumRank”
∗ Choose i f a word pro toco l i s returned
∗)
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540 LSA : : minworderror = " Option \"MinimumWords\" is set too high ." ;
LSA : : maxworderror = " Option \"MaximumWords\" is set too low ." ;
LSA : : m in f r eqe r ro r = " Option \"MinimumFrequency\" is set too high , analysis generated no words ." ;
Options [LSA] = {MinimumFrequency −> 5 ,

MinimumWords −> 10 ,
545 MaximumWords −> 700 ,

MinimumPairFrequency −> 5 ,
MaximumPairs −> 30000 ,
Sl idingWindowSize −> 10 ,
LSAVariables −> 5} ;

550
LSA[ Protocol [ pd L i s t ] , OptionsPattern [LSA ] ] :=

Module [ {minwords , maxwords , minfreq , minpair f req , maxpairs , ws , numLSAvars , f i t x t s , r edtxts ,
pss , r e ta ined ,

rangeRetained , p s t a l l y , rs , M, indcoords , indcoordsT , CAM, strv , wordcoords , strwc , pWord ,
pInd , txts ,

words , t a l s , ts , word2Index , index2Word , i t x t s , paletteWindow , progcent } ,
555

Print [ " Warning : Depending on the input data this might take a long time to complete ." ] ;
pInd = CleanProtocol [ Protocol [ pd ] , RemovePunctuation −> True ] ;

Monitor [
560 progcent = 0 ;

minwords = OptionValue [MinimumWords ] ;
maxwords = OptionValue [MaximumWords ] ;
minfreq = OptionValue [ MinimumFrequency ] ;
minpa i r f r eq = OptionValue [ MinimumPairFrequency ] ;

565 maxpairs = OptionValue [ MaximumPairs ] ;
ws = OptionValue [ Sl idingWindowSize ] ;
numLSAvars = OptionValue [ LSAVariables ] ;
t x t s = pInd [ [ 1 ,TEXTDATA] ] ;
words = St r i ngSp l i t@St r i ngJo in@Ri f f l e [ txts , " " ] ;

570
(∗ pick out and r i f f l e t e x t s and pad with space ∗)

t a l s = Tal ly [ words ] ;
progcent = 20 ;
t s = SortBy [ t a l s , −#[ [2 ] ]& ] ; (∗ r e v e r s e s o r t [max to min ] ∗)

575 t s = Select [ ts ,#[ [2 ] ] > minfreq &] ;
(∗ f i t x t s : a f t e r s h i f t i n g back , used with index conver s ion ∗)
I f [ f i t x t s =={},

Message [LSA : : m in f r eqe r ro r ] ;
Abort [ ]

580 ] ;
progcent = 40 ;
(∗Convert between index and word∗)
word2Index = Dispatch@Thread@Rule [ t s [ [ All , 1 ] ] , Range@Length@ts ] ;
index2Word = Dispatch@Thread@Rule [ Range@Length@ts , t s [ [ All , 1 ] ] ] ;

585 i t x t s = ( StringSplit/@txts ) / . word2Index ; (∗ indexed ve r s i on o f the t ex t s ∗)
f i t x t s = Select [# ,minwords<#<maxwords&]&/@itxts ; (∗ f i l t e r ranks between [ min , max ] , ∗)

(∗ f i l t e r e d index t ex t s . no t i c e the scope o f #
We f i l t e r the word index between [ min ,max ] , s i n c e we t a l l y and so r t reversed , the rank i s

a l s o the same as the i n d i c e s ( adding rank l a t e r ) ∗)
I f [ Length [ t s ]<minwords ,

590 Message [LSA : : minworderror ] ;
Abort [ ]

] ;
(∗ I f [ Length [ t s ]>maxwords , Message [LSA : : maxworderror ] ; Abort [ ] ] ; ∗)
r ed tx t s = f i t x t s−minwords ;

595 (∗ reduced texts , used in CA, we s h i f t i t to avoid block o f zeros , s t a r t i n g index on 1∗)
progcent = 50 ;
pss = PairsOfLists [ r edtxts , ws ] ; (∗ws − SlidingWindowSize ∗) (∗ c r ea t e pa i r s o f l i s t s o f

the words f e t ched us ing the ” scanning window” method . ∗)
progcent = 60 ;
r e t a ined = Union@Flatten@pss [ [ 1 ; ;Min [ Length@pss , maxpairs ] ] ] ;

600 rangeRetained = Range@Length@retained ;
progcent = 70 ;
p s t a l l y = SortBy [ Tal ly [ pss ] , −#[ [2 ] ]& ] ; (∗ t a l l y o f pa i r s ∗)
r s = Thread@Rule [ p s t a l l y [ [ All , 1 ] ] , p s t a l l y [ [ All , 2 ] ] ] ; (∗ {{a , b} ,n} ==> {{a , b}−>n}∗)
M = SparseArray [ r s ] ;

605 M = 0.5∗ (M+Transpose [M] ) ; (∗ use the symmetric part o f M, so M has no rows ∗)
CAM = CA2[M] ;
progcent = 85 ;
(∗Append LSA va r i a b l e s : ∗)
indcoords = Take[# ,numLSAvars]&/@(Total@CAM[[#] ]&/ @redtxts ) ; (∗number o f LSA vars ∗)

610 indcoordsT = Transpose@indcoords ; (∗ s t r v = { s t r i n g s , v a r i ab l e ve c to r s }∗)
s t r v = {" LSA var . "<>ToString@# <> " ( text )" , indcoordsT [ [#] ]}&/@

Range@Length@indcoordsT ;
pInd = Fold [ AddVariable [#1 , #2 [ [ 1 ] ] , #2 [ [ 2 ] ] ]& , pInd , s t rv ] ;
progcent = 90 ;
(∗LSA word pro toco l : ∗)

615 wordcoords = CAM[ [ 1 ; ; numLSAvars ] ] ;
pWord = CreateProtocol [ Range@Length@CAM+minwords / . index2Word ] ; (∗ convert back to the

o r i g i n a l word index ing ∗)
strwc = {" LSA var . " <> ToString@# <> " ( word )" , wordcoords [ [#] ]}&/@
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Range@Length@wordcoords ; (∗{ s t r i ng , word coo rd ina t e s }∗)
pWord = Fold [ AddVariable[#1 , #2 [ [ 1 ] ] ,#2 [ [ 2 ] ] ]& , pWord , strwc ] ;
pWord = AddFactor [ pWord , " Word " , pWord [ [ 1 , TEXTDATA, #]] & /@ Range@Length@pWord [ [ 1 ,

TEXTDATA] ] ] ;
620 progcent = 100 ;

, P rog r e s s Ind i c a t o r [ Dynamic [ progcent ] , {0 , 1 0 0 } ] ] ;
Return [{ pInd , pWord } ] ;

] ;

625

(∗∗ StemProtocol , by Tobias ∗∗)
Options [ StemProtocol ] = {Language −> " Swedish " } ;
StemProtocol [ Protocol [ pd ] , OptionsPattern [ StemProtocol ] ] :=

630 Module [ {newpd , words , o f f s e t s , max , f t e x t } ,
I f [ ( F i l t e rRu l e s [ pd [ [METADATA] ] , " Tagged " ] // Length ) > 0 ,

f t e x t = RemoveTags/@pd [ [TEXTDATA] ] ;
Print [ " Tagging will be removed " ] ,
f t e x t = pd [ [TEXTDATA] ]

635 ] ;
newpd = pd ;
words = StringSplit /@ f t e x t ;
o f f s e t s = Length /@ words ;
max = Length [ words // Flatten ] ;

640 o f f s e t s = {FoldList [#1 + #2 &, 1 , o f f s e t s ] // Most , max} //
Flatten ;

words = Flatten [ words ] ;
newpd [ [TEXTDATA] ] =
WordStemmer [ words , ToLowerCase [ OptionValue [Language ] ] , o f f s e t s ] ;

645 Return [ newpd // Protocol ] ;
] ;

(∗
650

THE FOLLOWING FUNCTIONS ARE USED WITHIN THE PACKAGE
AND CAN’T BE USED WHEN IMPORTING THE PACKAGE

∗)
655

(∗∗ WordFrequencies , by Tobias ∗∗)
Options [WordFrequencies ] = {MinimumWordSize −> 3 , MinimumFrequency −> 5 , StemWords −> False } ;

660 WordFrequencies [ t x t s L i s t , o p t s ? OptionQ ] :=
Module [ { f tx t , words , minword , minfreq , stem } ,

minfreq = MinimumFrequency / . Flatten [{ opts } ] / . Options [WordFrequencies ] ;
minword = MinimumWordSize / . Flatten [{ opts } ] / . Options [WordFrequencies ] ;
stem = WordStemmer / . Flatten [{ opts } ] / . Options [WordFrequencies ] ;

665 f t x t = StringReplace [# , RegularExpression [ " [^a -\[ ODoubleDot ]A -\[ CapitalODoubleDot ] ]|\[
RightGuillemet ]" ] −> " " ] & /@ tx t s ;

words = StringSplit [#] & /@ f t x t // Flatten ;
words = Select [ words , StringLength [#] >= minword &] ;
words = ToLowerCase [#] & /@ words ;
I f [ stem ,

670 words = WordStemmer [ words ]
] ;
words = Tal ly [ words ] ;
Return [ SortBy [ Select [ words , # [ [ 2 ] ] >= minfreq &] , # [ [ 2 ] ] &] // Reverse ]

] ;
675

(∗∗ ZScore , by Tobias ∗∗)
ZScore [ obs , expct , nrtokens , prob ] :=

Return [N[ ( obs−expct ) /Sqrt [ nrtokens ( prob (1−prob ) ) ] ] ] ;
680

(∗∗ TScore , by Tobias ∗∗)
685 TScore [ obs , expct ] :=

Return [N[ ( obs−expct ) /Sqrt [ obs ] ] ] ;

690 (∗∗ SpanFrequency , by Tobias ∗∗)
Options [SpanFrequency ] = {MinimumWordSize −> 3 , MinimumFrequency −> 5 ,

Sl idingWindowSize −> 5 , StemWords −> False } ;
SpanFrequency [ t x t s L i s t , word , o p t s ? OptionQ ] :=
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Module [ {minfreq , minword , stem , f r eq s , pos , f tx t , words , neighbours , win , s core s , length ,
s s i z e } ,

695 win = SlidingWindowSize / . Flatten [{ opts } ] / . Options [SpanFrequency ] ;
minfreq = MinimumFrequency / . Flatten [{ opts } ] / . Options [SpanFrequency ] ;
minword = MinimumWordSize / . Flatten [{ opts } ] / . Options [SpanFrequency ] ;
stem = WordStemmer / . Flatten [{ opts } ] / . Options [SpanFrequency ] ;
f r e q s = WordFrequencies [ txts , MinimumWordSize −> minword , MinimumFrequency −> 1 ] ;

700 f t x t = StringReplace [# , RegularExpression [ " [^a -\[ ODoubleDot ]A -\[ CapitalODoubleDot ] ]|\[
RightGuillemet ]" ] −> " " ] & /@ tx t s ;

words = ( StringSplit [#] & /@ f t x t ) // Flatten ;
words = ToLowerCase [#] & /@ words ;
l ength = Length [ words ] ;
s c o r e s [ pos i , obs , samps ize ] :=

705 {( f r e q s [ [ pos i , 2 ] ] / l ength )∗ sampsize // N,
ZScore [ obs , ( f r e q s [ [ pos i , 2 ] ] / l ength )∗ sampsize , sampsize , ( f r e q s [ [ pos i , 2 ] ] / l ength ) ] ,
TScore [ obs , ( f r e q s [ [ pos i , 2 ] ] / l ength )∗ sampsize ] } ;

pos = StringReplace [# , RegularExpression [ToLowerCase [ word ] ] −> " \[ RightGuillemet ]" ] & /@
words ;

pos = Position [ pos , " \[ RightGuillemet ]" ] // Flatten ;
710 neighbours = Array [

{
Take [ words , {pos [ [ # ] ] − win , pos [ [#] ] −1} ] ,
Take [ words , {pos [ [ # ] ] +1 , pos [ [#] ]+ win } ]
}

715 &, Length [ pos ]
] // Flatten ;

s s i z e = Length [ ne ighbours ] ;
ne ighbours = Tal ly [ ne ighbours ] ;
ne ighbours = Select [ neighbours , StringLength [ # [ [ 1 ] ] ] >= minword &] ;

720 neighbours = Select [ neighbours , # [ [ 2 ] ] >= minfreq &] ;
ne ighbours = Array [ ({ neighbours [ [ # ] ] ,

s c o r e s [ Position [ f r eq s , {neighbours [ [ # ] ] [ [ 1 ] ] , } ] // Flatten , ne ighbours
[ [ # ] ] [ [ 2 ] ] , s s i z e ] } //Flatten )

&, Length [ ne ighbours ] ] ;
ne ighbours = SortBy [ neighbours , # [ [ 4 ] ] &] // Reverse ;

725 neighbours = Prepend [ neighbours , S ty l e [# , Bold ] & /@ {" Words " , "# observed \ nco -
occurences " ,

"# expected \ nco - occurrences " , " Berry -
Rogghe ’s \nZ - score " , "T - score " } ] ;

Return [ ne ighbours ]
] ;

730

(∗∗ RemoveTags , by Tobias ∗∗)
RemoveTags [ t e x t S t r i n g ] :=

StringReplace [ StringTrim [ StringReplace [ text ,
735 Shor t e s t [ "_" ˜˜ ˜˜ WhitespaceCharacter ] −> " " ] ] , {" ." −> "." , " ," −> " ," } ] ;

(∗∗TagWords , by Tobias ∗∗)
TagWords : : t a g e r r o r = "A tagging error occurred . Try raising the systems stack size , lower Option ’

WordGroupingNumber ’, or split up the larger individuals .
740 There might also be issues with the submitted model ." ;

TagWords : : modelnot founderror = " Couldnt load model file ’‘1‘’" ;
TagWords : : hunposnotfounderror = " Couldnt find hunpos - tag . exe ." ;
TagWords [ words List , model ] :=

Module [ { f t ex t , ord , s t r i n g s , tags , t e s t , temp , t r i e s = 0} ,
745 f t e x t = words ;

temp = words ;
f t e x t = R i f f l e [ f t ex t , "\n" ] ;
f t e x t = StringJoin [{ f t ex t , "\n"} // Flatten ] ;
I f [ F indFi l e [ model ] == $Failed ,

750 Print [Message [TagWords : : modelnotfounderror , model ] ] ;
Abort [ ]

] ;
I f [ F indFi l e [ " hunpos - tag . exe " ] == $Failed ,

Print [Message [TagWords : : hunposnotfounderror ] ] ;
755 Abort [ ]

] ;
While [Export [ " input " , f t ex t , " String " , CharacterEncoding −> " UTF -8 " ] == $Failed | | t r i e s

== 5 , t r i e s++ ] ;
I f [ Run[ " hunpos - tag . exe "<> model <> " < input > output . txt " ] < 0 ,

Print [Message [TagWords : : t a g e r r o r ] ] ;
760 Print [Length [ temp ] ] ;

Return [−1]
] ;
t r i e s = 0 ;
While [ t e s t = Import [ " output . txt " ] ; == $Failed | | t r i e s == 5 , t r i e s++ ] ;

765 s t r i n g s = StringSplit [ t e s t , "\n" ] ;
s t r i n g s = Flatten [ StringSplit /@ Select [ s t r i n g s , Length [ StringSplit [# ] ] >= 2 &] ] ;
ord = Take [ s t r i n g s , {1 ,Length [ s t r i n g s ] , 2 } ] ;
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tags = Take [ s t r i n g s , {2 ,Length [ s t r i n g s ] , 2 } ] ;
DeleteFile [ " output . txt " ] ;

770 DeleteFile [ " input " ] ;
(∗ f t e x t = Inner [ #1 <> ” ” <> #2 <> ” ” &, Take [ ord , #] , Take [ tags , #] , S t r ingJo in ] & /@

l s ; ∗)
f t e x t = StringSplit [ Inner [ #1 <> "_" <> #2 <> " " &, ord , tags , StringJoin ] , Shor t e s t [ " --

BREAKPOINT --"˜˜ ˜˜WhitespaceCharacter ] ] ;
Return [ f t e x t ]

] ;
775

(∗∗GroupAndTag , by Tobias ∗∗)
Options [GroupAndTag ] = {WordGroupingNumber −> 75000} ;
GroupAndTag [ t e x t L i s t , model , o p t s ? OptionQ ] :=

780 Module [ {nr , totwords , f t ex t , i , group , oldgroup , tagged = {}} ,
nr = WordGroupingNumber / . Flatten [{ opts } ] / . Options [GroupAndTag ] ;
f t e x t = StringReplace [ text , {"." −> " . " , "?" −> " ? " , " ," −> " , " , "!" −> " ! " } ] ;
f t e x t = StringSplit [ f t e x t ] ;
I f [ Max[Length /@ f t e x t ] > nr ,

785 Print [ " Warning : There are individual texts in the protocol larger than the
WordGroupingNumber " ]

] ;
I f [ Min [Length /@ f t e x t ] == 0 ,

Print [ " Warning : Protocol consist of an empty string and can not be tagged " ] ;
Abort [ ]

790 ] ;
totwords = Total [Length /@ f t e x t ] ;
group = {} ;
n = 0 ;
Monitor [

795 Do[
o ldgroup = group ;
group = Append [ group , {" -- BREAKPOINT --" , f t e x t [ [ i ] ] } ] // Flatten ;

(∗ l s = Append [ l s , {Last [ l s ] [ [ 1 ] ] + 1 , Last [ l s ] [ [ 2 ] ] + Length [ f t e x t [ [ i ] ] ] } ] ; ∗)
800 n = i ;

I f [ (Length [ group ] >= nr ) | | ( i == Length [ f t e x t ] ) ,
Module [ { check = {}} ,

I f [ Length [ group ] > nr + 5000 ,
check = TagWords [ f t e x t [ [ i ] ] , model ] ;

805 group = oldgroup ;
] ;
check = Prepend [ check , TagWords [ group , model ] ] ;
tagged = Append [ tagged , check ] // Flatten ;
totwords = totwords − Length [ group ] ;

810 group = {} ;
]

] ;
, { i , Length [ f t e x t ] } ] , P rog r e s s Ind i c a t o r [ Dynamic [ n ] , {0 , Length [ t ex t ] } ] ] ;
Return [ tagged ]

815 ] ;

(∗∗WordStemmer , by Tobias∗∗)
WordStemmer : : stemmernotfound = " The stemmer Lib . exe couldnt be found ." ;

820 WordStemmer [ words , lang , o f f s e t s ] :=
Module [ {words l i s t , stemmedwords , import , t r i e s = 0} ,

wo rd s l i s t = StringJoin [{
R i f f l e [ words , "\n" ] , "\n"} // Flatten ] ;

I f [ F indFi l e [ " Lib . exe " ] == \$Failed ,
825 Print [Message [WordStemmer : : stemmernotfounderror ] ] ;

Abort [ ]
] ;
While [Export [ " input " , wo rds l i s t , " String " ] == \$Failed | |

t r i e s == 5 , t r i e s ++];
830 t r i e s = 0 ;

Run[ " Lib . exe -l " <> lang <> " < input > output " ] ;
While [ ( import = Import [ " output " , " String " ] ) == \$Failed | |

t r i e s == 5 , t r i e s ++];
stemmedwords = Flatten [ StringSplit [ import ] ] ;

835 stemmedwords =
StringJoin [

R i f f l e [Take [
stemmedwords , { o f f s e t s [ [ # ] ] , o f f s e t s [ [# + 1 ] ] − 1} ] , " " ] ] & /@

Range [Length [ o f f s e t s ] − 1 ] ;
840 Return [ stemmedwords ]

]

(∗∗ WordList , by Sverker 2010−01−19 ∗∗)
845 WordList [ Protocol [ pd L i s t ] ] :=
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SortBy [ Tal ly [ Flatten [ StringSplit/@pd [ [TEXTDATA] ] ] ] , −# [ [ 2 ] ] & ] ;

850 (∗∗NumberOfWordsVariable , by Tobias∗∗)
NumberOfWordsVariable [ Protocol [ pd ] ] :=

Module [ {nrwords } ,
nrwords = Length /@ ( StringSplit [#] & /@ pd [ [TEXTDATA] ] ) ;
Return [ AddVariable [ Protocol [ pd ] , " NumberOfWords " , nrwords ] ]

855 ] ;

(∗∗NumberOfSentencesVariable , by Tobias∗∗)
NumberOfSentencesVariable [ Protocol [ pd ] ] :=

860 Module [ { nr sentence s } ,
n r s entence s = Length /@ ( StringSplit [# , "." ] & /@ pd [ [TEXTDATA] ] ) ;
Return [ AddVariable [ Protocol [ pd ] , " NumberOfSentences " , n r s entence s ] ]

] ;

865

(∗∗AverageWordLengthVariable , by Tobias∗∗)
AverageWordLengthVariable [ Protocol [ pd ] ] :=

Module [ { t e x t s p l i t s , means = {}} ,
t e x t s p l i t s = StringSplit [#] & /@ pd [ [TEXTDATA] ] ;

870 Do[ means =
Append [ means , N[Mean[ StringLength /@ t e x t s p l i t s [ [ i ] ] ] ] ] , { i , 1 ,
Length [ t e x t s p l i t s ] } ] ;

Return [ AddVariable [ Protocol [ pd ] , " AvgWordLength " , means ] ]
] ;

875

(∗∗AverageSentenceLengthVariable , by Tobias∗∗)
AverageSentenceLengthVariable [ Protocol [ pd ] ] :=

Module [ {means = {} , s en t l eng th s } ,
880 s en t l eng th s = StringSplit [# , "." ] & /@ pd [ [TEXTDATA] ] ;

Do[ means =
Append [ means ,
N[Mean[Length /@ ( StringSplit [#] & /@ sen t l eng th s [ [ i ] ] ) ] ] ] , { i ,

1 , Length [ s en t l eng th s ] } ] ;
885 Return [ AddVariable [ Protocol [ pd ] , " AvgSentenceLength " , means ] ]

] ;

(∗∗WordVariationVariable , by Tobias∗∗)
890 WordVariationVariable [ Protocol [ pd ] ] :=

Module [ {dls , t l s , vs } ,
t l s = Length /@ ( StringSplit /@ pd [ [TEXTDATA] ] ) ;
d l s = Length /@ (Union /@ ( StringSplit /@ pd [ [TEXTDATA] ] ) ) ;
vs = N[ d l s / t l s ] ;

895 Return [ AddVariable [ Protocol [ pd ] , " WordVariation " , vs ] ]
] ;

Options [ DocumentVectors ] = {InputWordsAreStemmed −> False , TfIdfWeighting −> True} ;
DocumentVectors [ t e x t s L i s t , words , OptionsPattern [ DocumentVectors ] ] :=

900 Module [ { se lwords , occs = {} , reps , a l lwords , numwords , numtexts , compiledCount } ,
a l lwords = StringSplit [#] & /@ ToLowerCase /@ tex t s ;
s e lwords = words ;
I f [ OptionValue [ InputWordsAreStemmed ] ,
(∗True ∗)

905 a l lwords = WordStemmer /@ a l lwords ;
] ;
r eps = Array [ s e lwords [ [ # ] ] −> # &, Length [ s e lwords ] ] ;
numwords = reps [ [ All , 2 ] ] ;
numtexts = a l lwords / . Dispatch [ r eps ] ;

910 numtexts = numtexts / . Dispatch [ x S t r i ng −> 0 ] ;
compiledCount = Compile [{{ l i s t , In t ege r , 1} , {w, In t ege r , 1}} , Module [ {} ,

Return [Count [ l i s t , #]
& /@ w]

] ] ;
Do[ occs = Append [ occs , compiledCount [Normal [ numtexts [ [ i ] ] ] , Normal [ numwords ] ] ] , { i , 1 ,

Length [ t e x t s ] } ] ;
915 Return [ occs ]

] ;

920 (∗∗TermDiscriminationValues , by Tobias∗∗)
Options [ TermDiscriminationValues ] :=
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{StemWords −> False , TfIdfWeighting −> False } ;

TermDiscriminationValues [ t e x t s L i s t , words List , OptionsPattern [ TermDiscriminationValues ] ] :=
925 Module [ {docvectors , centro id , avgdistance , avgd i s tancek = {} , termdiscr im , se lwords } ,

s e lwords = words ;
I f [ OptionValue [ StemWords ] ,

s e lwords = WordStemmer [ s e lwords ] // Union
] ;

930 I f [ OptionValue [ TfIdfWeighting ] ,
docvector s = Normalize [N[# ] ] & /@ Tf Id f s [ texts , s e lwords ] ,
docvector s = Normalize [N[# ] ] & /@ DocumentVectors [ texts , s e lwords ]

] ;
c en t ro id = Normalize [N[Mean[ docvector s ] ] ] ;

935 avgd i s tance = Total [N[ c en t ro id .#] & /@ docvector s ] ;
(∗ compiledDot = Compile [{{ cent , Real , 1} , {docvec , Real , 1} , { ind , I n t e g e r }} ,

Return [N[ Dot [ Normalize [ De lete [ cent , ind ] ] , Normalize [ De lete [ docvec , ind ] ] ] ] ] ] ; ∗)
n = 0 ;
Monitor [

940 Do[
n++;
avgdi s tancek =
{ avgdistancek , Total [ Normalize [ Delete [ c entro id , i ] ] . Normalize [ Delete [# , i ] ] & /@

docvector s ]} , { i , 1 , Length [ s e lwords ] } ] ;
, P rog r e s s Ind i c a t o r [ Dynamic [ n ] , {0 , Length [ s e lwords ] } ] ] ;

945 avgdi s tancek = avgdis tancek // Flatten ;
termdiscr im = Inner [{#1 , #2} &, SparseArray [ s e lwords ] , SparseArray [ avgd i s tancek −

avgd i s tance ] , List ] ;
Return [ termdiscr im ]

] ;

950

(∗∗ GetFilteredWords , by Tobias ∗∗)
Options [ GetFilteredWords ] :=

{UseImportStopList −> {False , "" } , UseStopWords −> {} ,
955 WordFrequencyThreshold −> {0 .1 , 0 . 005}} ;

GetFilteredWords [ txt , OptionsPattern [ GetFilteredWords ] ] :=
Module [ { l , words , f r eq s , s tops } ,

f r e q s = WordFrequencies [{ txt } // Flatten , MinimumFrequency −> 1 , MinimumWordSize −> 4 ] ;
l = Length [ f r e q s ] ;

960 s tops = OptionValue [ UseStopWords ] ;
I f [ OptionValue [ UseImportStopList ] [ [ 1 ] ] ,

s tops = { stops , GetStopWordList [ OptionValue [ UseImportStopList ] [ [ 2 ] ] ] } // Flatten
] ;
words = Select [ f r eq s , N[ # [ [ 2 ] ] / l ] <= OptionValue [ WordFrequencyThreshold ] [ [ 1 ] ] &&

965 N[ # [ [ 2 ] ] / l ] >= OptionValue [ WordFrequencyThreshold ] [ [ 2 ] ] &&
Not [MemberQ[ stops , # [ [ 1 ] ] ] ] & ] [ [ All , 1 ] ] ;

Return [ words ]
] ;

970

(∗∗SmoothPartit ion , by Matz 12/4∗ ∗)
(∗ Future opt imiza t i on : Use modulo a r i thmet i c to c a l c u l a t e the i n t e r v a l s ( two par t s ) o f the

p a r t i t i o n s . ∗)
SmoothPartition [ l i s t L i s t , p a r t s I n t e g e r ] :=

Module [ { l i s t s , partsVar , lenVar , s t r i d e , i = 1 , r oo f } ,
975 I f [ par t s==0,

Return [{ l i s t } ]
] ;
partsVar = part s ; (∗ va r i ab l e to determine how many part s are l e f t to dea l with ∗)
lenVar = Length [ l i s t ] ;

980 (∗ va r i ab l e which t e l l s us how many elements are l e f t in the l i s t , b e t t e r than us ing Length
f o r each loop ∗)

r oo f = Ceiling [ lenVar /Max[ parts , 1 ] ] ; (∗ f i r s t element s i z e , l a r g e r than r e s t ∗)
l i s t s = Table [ Null ,{ i , par t s } ,{ j , r o o f } ] ; (∗ a l l o c a t e memory f o r l i s t s +∗)
Do[ s t r i d e = Ceiling [ lenVar /partsVar ] ;
(∗ compensate f o r each pa r t i t i on , d i s t r i b u t i n g the r e s t over the s u b l i s t s ∗)

985 l i s t s [ [ j ] ] = l i s t [ [ i ; ; i+s t r i d e −1 ] ] ; (∗ l i s t ∗)
lenVar = lenVar−s t r i d e ; (∗we c o l l a p s e l i s t and change the next s t e p s i z e ∗)
i = i+s t r i d e ;
partsVar = partsVar −1; (∗ dec r ea s ing the counter o f how many part s are l e f t ∗)

,{ j , 1 ,Min [ parts , lenVar ]}
990 ] ;

Return [ l i s t s ] ;
] ;

(∗ aka ”SlidingWindow ” , Optimized ve r s i on o f Pa i r sOfL i s t based on Sverker s t ranspose idea , by Matz
ve r s i on 0 .95 25/4 updated 6/6 ∗)

995

(∗∗PairsOfLi s t , by Matz∗∗)
PairsOfList [ a L i s t , ws Intege r ] :=
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Module [ { len , i n i tSubs e t s , r e s tSubse t s , take , tmp} ,
l en = Length@a ;

1000 I f [ len<ws ,
Return [ Subsets [ a [ [ 1 ; ;Min [ len , ws ] ] ] , { 2} ] ]

] ; (∗ Spe c i a l case ∗)
I f [ ws==1,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ ] ]
1005 ] ;

I f [ ws==2,
Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==3,

1010 Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ ] ]
] ;
I f [ ws==4,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ ] ]

] ;
1015 I f [ ws==5,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==6,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ ] ]

1020 ] ;
I f [ ws==7,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==8,

1025 Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==9,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ ] ]

] ;
1030 I f [ ws==10,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==11,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ ] ]

1035 ] ;
I f [ ws==12,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==13,

1040 Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==14,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ ] ]

] ;
1045 I f [ ws==15,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==16,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
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[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 7 ] ] , a
[ [ 1 7 ; ; − 1 ] ] } ’ ] ]

1050 ] ;
I f [ ws==17,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 7 ] ] , a
[ [ 1 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 8 ] ] , a [ [ 1 8 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==18,

1055 Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 7 ] ] , a
[ [ 1 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 8 ] ] , a [ [ 1 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 9 ] ] , a [ [ 1 9 ; ; − 1 ] ] } ’ ] ]

] ;
I f [ ws==19,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 7 ] ] , a
[ [ 1 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 8 ] ] , a [ [ 1 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 9 ] ] , a [ [ 1 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 0 ] ] , a
[ [ 2 0 ; ; − 1 ] ] } ’ ] ]

] ;
1060 I f [ ws==20,

Return [ Join [{ a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a [ [ 4 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 8 ] ] , a
[ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 7 ] ] , a
[ [ 1 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 8 ] ] , a [ [ 1 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 9 ] ] , a [ [ 1 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 0 ] ] , a
[ [ 2 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 1 ] ] , a [ [ 2 1 ; ; − 1 ] ] } ’ ] ]

] ;
(∗Adaptive th re sho ld engaged , below i s a ” s lower ” ve r s i on ( approximately twice as slow ) ∗)
take = Max[ 0 , Binomial [Min [ Length@a , ws ] , 2 ] + ws∗Max[ 0 , len−ws ] ] ;

1065 (∗This ve r s i on c r e a t e s the r o l l i n g in ten−word chunks and re tu rn s the r e l e van t e lements
a f t e r the fac t , s lower but makes subsequent r o l l i n g more p r a c t i c a l ∗)

tmp = Join [
{a [ [ ; ; − 1 ] ] , a [ [ 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 ] ] , a [ [ 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 ] ] , a [ [ 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 ] ] , a

[ [ 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 5 ] ] , a [ [ 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 6 ] ] , a [ [ 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 7 ] ] , a [ [ 7 ; ; − 1 ] ] } ’ , { a
[ [ ; ; − 8 ] ] , a [ [ 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 9 ] ] , a [ [ 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 0 ] ] , a [ [ 1 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 1 ] ] , a
[ [ 1 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 2 ] ] , a [ [ 1 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 3 ] ] , a [ [ 1 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 4 ] ] , a
[ [ 1 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 5 ] ] , a [ [ 1 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 6 ] ] , a [ [ 1 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 7 ] ] , a
[ [ 1 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 8 ] ] , a [ [ 1 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 1 9 ] ] , a [ [ 1 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 0 ] ] , a
[ [ 2 0 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 1 ] ] , a [ [ 2 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 2 ] ] , a [ [ 2 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 3 ] ] , a
[ [ 2 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 4 ] ] , a [ [ 2 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 5 ] ] , a [ [ 2 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 6 ] ] , a
[ [ 2 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 7 ] ] , a [ [ 2 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 8 ] ] , a [ [ 2 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 2 9 ] ] , a
[ [ 2 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 0 ] ] , a [ [ 3 0 ; ; − 1 ] ] } ’ ] ;

I f [ ws<30,
Return [ tmp [ [ ; ; take ] ] ]

1070 ] ;
tmp = Join [ tmp ,{ a [ [ ; ; − 3 1 ] ] , a [ [ 3 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 2 ] ] , a [ [ 3 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 3 ] ] , a

[ [ 3 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 4 ] ] , a [ [ 3 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 5 ] ] , a [ [ 3 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 6 ] ] , a
[ [ 3 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 7 ] ] , a [ [ 3 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 8 ] ] , a [ [ 3 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 3 9 ] ] , a
[ [ 3 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 0 ] ] , a [ [ 4 0 ; ; − 1 ] ] } ’ ] ;

I f [ ws<40,
Return [ tmp [ [ ; ; take ] ] ]

] ;
1075 tmp = Join [ tmp ,{ a [ [ ; ; − 4 1 ] ] , a [ [ 4 1 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 2 ] ] , a [ [ 4 2 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 3 ] ] , a

[ [ 4 3 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 4 ] ] , a [ [ 4 4 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 5 ] ] , a [ [ 4 5 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 6 ] ] , a
[ [ 4 6 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 7 ] ] , a [ [ 4 7 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 8 ] ] , a [ [ 4 8 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 4 9 ] ] , a
[ [ 4 9 ; ; − 1 ] ] } ’ , { a [ [ ; ; − 5 0 ] ] , a [ [ 5 0 ; ; − 1 ] ] } ’ ] ;

I f [ ws<50,
Return [ tmp [ [ ; ; take ] ] ]

] ;
(∗The window s i z e above 50 i s deemed un l i k e l y hence uses a slow automatic algorithm , about

30−40 t imes s lower than the above ∗)
1080 (∗ i f needed should use the a l ready ca l c u l a t ed l i s t ”tmp”∗)

i n i t Sub s e t s = Subsets [ a [ [ 1 ; ;Min [ len , ws ] ] ] , { 2} ] ; (∗ i f ws<l en ∗)
r e s tSub s e t s = Table [{#, a [ [ i+ws ] ]}& /@ a [ [ i ; ; i+ws−1 ] ] , { i , len−ws } ] ;
Return [ Join [ i n i tSubs e t s , Flatten [ r e s tSubse t s , 1 ] ] ]

] ;
1085

(∗∗Pai r sOfL i s t s , by Matz∗∗)
PairsOfLists [ l i s t s L i s t , ws Intege r ] :=

Flatten [ PairsOfList [# , ws ] &/@ l i s t s , 1 ] ;

1090
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(∗∗CA2, by Sverker ∗)
CA2[ F ] :=

Module [ {n ,P, rowsums , colsums , tmp ,A, u , g , v ,U, coords } ,
1095 n = Plus@@Plus@@F ;

P = F/n ;
rowsums = Normal@N [ Plus@@Transpose [F] / n ] ; (∗ opt ∗)
colsums = Normal@N [ Plus@@F/n ] ;
tmp = Transpose [ ( 1 / Sqrt [ rowsums ] ) ∗(P−Outer [Times , rowsums , colsums ] ) ] ;

1100 A = Transpose [ Table [ ( 1 / Sqrt [ colsums [ [ i ] ] ] ) ∗tmp [ [ i ] ] , { i , 1 ,Length [ colsums ] } ] ] ;
{u , g , v} = SingularValueDecomposition [A ] ; (∗ numerica l ∗)
U = Conjugate [ Transpose [ u ] ] ;
coords = Transpose [ Transpose [ ( ( 1 / Sqrt [ rowsums ] ) ∗U) ] . g ] ;
Return [ coords ] ;

1105 ] ;

(∗∗TfIdfs , by Tobias∗∗)
T f Id f s [ t e x t s L i s t , words ] :=

1110 Module [ { se lwords , occs = {} , Ns , docfreq , reps , a l lwords , numwords ,
numtexts , compiledCount } ,

a l lwords = StringSplit [#] & /@ ToLowerCase /@ tex t s ;
s e lwords = words ;
Ns = Length [ t e x t s ] ;

1115 reps = Array [ s e lwords [ [ # ] ] −> # &, Length [ s e lwords ] ] ;
numwords = reps [ [ All , 2 ] ] ;
numtexts = a l lwords / . Dispatch [ r eps ] ;
numtexts = numtexts / . Dispatch [ x S t r i ng −> 0 ] ;
compiledCount =

1120 Compile [{{ l i s t , I n t ege r , 1} , {w, In t ege r , 1}} ,
Module [ {} ,

Return [Count [ l i s t , #] & /@ w]
] ] ;

Do[ occs =
1125 Append [ occs ,

compiledCount [Normal [ numtexts [ [ i ] ] ] , Normal [ numwords ] ] ] , { i , 1 ,
Length [ t e x t s ] } ] ;

doc f r eq = Log [ Ns/(Total [ occs / . x / ; x > 0 −> 1 ] + 1) ] // N;
Inner[#1∗#2 &, #, docfreq , List ] & /@ occs

1130 ] ;

End [ ] (∗ End Pr ivate Context ∗)

1135 EndPackage [ ]

Transformation

BeginPackage [ " Transformations ‘" ,{ " RCA ‘" , " Combinatorica ‘" } ]

Unprotect [
IndicatorMatrix ,

5 MCA,
MultipleCorrespondenceAnalysis ,
GetSingularValues ,
GetCoordinateStatus ,
GetPrincipalAxes ,

10 ModalityCoordinates ,
CrossTabulate ,
CA,
CorrespondenceAnalysis ,
FactorContributions ,

15 ModalityContributions ,
PCA,
NLPCA]

IndicatorMatrix : : usage=" IndicatorMatrix [p ,f] takes a list f of one or more factors from protocol p
and makes an indicator matrix "

20
MCA: : usage=" MCA [p ,{ f1 ,f2 ,...}] takes a protcol p and a list of factors f1 ,f2 ,... and performs

multiple correspondence analysis with respect to these .
Returns a protcol with a new variable for each axis ."
Options [MCA]={Dimensions−>2,AxesName−>" Coordinates " , StandardCoordinates−>False , Pas s iveModa l i t i e s

−>{},MakePassiveThreshold−>0,Pr in tPas s iveModa l i t i e s−>False } ;
Options [ MultipleCorrespondenceAnalysis ]={Dimensions−>2,AxesName−>" Coordinates " , StandardCoordinates

−>True , Pas s iveModa l i t i e s −>{},MakePassiveThreshold−>0,Pr in tPas s iveModa l i t i e s−>False } ;
25

GetSingularValues : : usage=" GetSingularValues [p] returns the singular values for the latest MCA
runned on protocol p"
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GetCoordinateStatus : : usage=" GetCoordianteStatus [p] returns True if the protocol p contains
standard coordinates and False if it contains principal coordinates ."

30 ModalityCoordinates : : usage=" ModalityCoordinates [p ,f ,v] takes a protocol p , a list f of factors and
a list v defining which variables should be used as axes .

Returns a protcol with coordinates for every modality in f and a size variable indicating how many
individuals each modality represent .

The factor and modality names in f will be stored as factors in the new protocol ."
Options [ ModalityCoordinates ]={Rescale−>True , StandardCoordinates−>False ,MatrixForm−>False } ;

35 CrossTabulate : : usage = " Crosstabulate [p ,{ f1 , f2 }] creates a contingency table of the two factors f1
and f2 ."

Options [ CrossTabulate ] = {AddTitles −> False , TableForm −> False , S t a t i s t i c −> Count ,
ReturnAssoc iat ion −> False , ReturnSorted −> False , ReturnList −> False , S i g n i f i c a n c eL ev e l −>
. 0 5} ;

S t a t i s t i c : : usage=" Statistic is an option for CrossTabulate indicating what should be put in the
cells ." ;

RowPercentage : : usage=" RowPct is an option for Crosstabulation ." ;
ColumnPercentage : : usage=" ColPct is an option for Crosstabulation ." ;

40 DependencyPValue : : usage=" An options for Crosstabulation ." ;
S i g n i f i c a n c eD i f f e r e n c e : : usage=" An options for Crosstabulation ." ;
S i g n i f i c a n c eL ev e l : : usage=" An options for Crosstabulation ." ;
StandardResidual : : usage=" An options for Crosstabulation ." ;
ChiSquare : : usage=" An options for Crosstabulation ." ;

45 MeanChiSquare : : usage=" An options for Crosstabulation ." ;
ReturnList : : usage=" An options for Crosstabulation ." ;
PercentageDeviat ion : : usage=" An options for Crosstabulation ." ;
ReturnSorted : : usage=" An option for InertiaDifference ." ;
ReturnAssoc iat ion : : usage=" An option for Crosstabulation ." ;

50
CA: : usage=" CA [p ,f1 , f2 ] creates a contingency table based on the modalities of factors f1 and f1 ,

and applies simple correspondence analysis to it . Two protocols , grouped over f1 and f2
respectively , are returned , with the corresponding principal coordinates added as variables .
The dimension of the projections may be specified with option \"Dimensions\". The variable
names may be specified with \"AxesName\". Singular values may also be returned by specifying
so with the \"ReturnSingularValues \" option .

CA [M] applies simple correspondence analysis to a matrix M and returns a matrix with the principal
coordinates of the rows of M."

Options [CA]={AxesName −> "x" , Dimensions −> All , ReturnSingularValues−>False } ;
55

FactorContributions : : usage=" FactorContributions [p ,v ,f] assumes MCA has been done on p with respect
to factors f ( where f is a list of factor indices ). A table showing the contributions of

factors to the principal axes is returned . Specify the variables defining the axes with the \"
Variables\" option ."

Options [ FactorContributions ] = {Re la t iveCont r ibut i ons −> True} ;

ModalityContributions : : usage=" ModalityContributions [p ,v ,f] assumes MCA has been done on p with
respect to factors f ( where f is a list of factor indices ). A table of relevant modalities ,
and a percentage indicating how well they summarize the axis , is returned ."

60 Options [ ModalityContributions ]={Re la t iveCont r ibut i ons −> True , ReturnMean −> False , Pr in te rFr i end ly
−>False , Concise−>True , Threshold−>0};

FactorAssoc iat ionGraph : : usage=" FactorAssociationGraph [p ,fs ,s ,t] returns a graph with edges between
\

factors f_1 and f_2 in fs if the statistic s for the crosstabulation between f_1 and f_2 > t." ;
Options [ FactorAssociat ionGraph ] = {ShowIndex −> False , Method −> " SpringEmbedding " } ;

65 ShowIndex : : usage=" An option for FactorAssociationGraph ." ;

Modal ityAssociat ionGraph : : usage=" ModalityAssociationGraph [p ,fs ,s ,t] returns a graph with \
edges between modalities m_1 and m_2 in fs if the statistic s for ( m_1 , m_2 ) in the crosstabulation

between \
f_1 and f_2 > t. " ;

70 Options [ Modal ityAssociat ionGraph ]={ShowIndex−>False ,Method−>" SpringEmbedding " } ;

PCA: : usage=" PCA [p , dim ,{ v1 ,v2 ,... , vm }] performs a weighted principal component analysis on the
variables {v1 , v2 , ... , vm } of the protocol p. It returns a list of protocols {p0 , p1 }. p1 is p
with the coordinates of the modalities of the variables in dim dimensions added as new

variables . p0 contains the component loadings of the variables ." ;
Options [PCA]={MaxIterations−>100,Convergence−>10.ˆ−5,StartX−>{},Stat−>False , D i s c r im inat i on In fo−>

False } ;
MaxIterations : : usage=" MaxIterations is an option that specifies the maximum number of iterations

that should be tried in the Alternating Least Squares - algorithm of PCA ." ;
75 Convergence : : usage=" Convergence is an option for PCA that specifies the convergencelimit , that is ,

at what difference between consecutive values of the coordinates for the individuals the
algorithm is to be considered to have converged ." ;

D i s c r im ina t i on In f o : : usage=" DiscriminationInfo is an option for NLPCA and PCA . If set to true ,
NLPCA and PCA returns an extra protocol with discrimination measures ." ;

NLPCA: : usage=" NLPCA [p , dim ,{ f1 ,f2 ,... , fn } ,{ v1 ,v2 ,... , vm }] performs a nonlinear principal component
analysis on the factors {f1 , f2 , ... , fn } and the variables {v1 , v2 , ... , vm } from the
protocol p. It is not necessary to supply any variables , but it is necessary to supply some
factors . The function returns a list of protocols {p1 , p2 } if there are no variables or
constrained factors , otherwise it returns the list of protocols {p0 ,p1 , p2 }. The protocol p0
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contains the component loadings of the variables and constrained factors . p1 is the protocol p
with the coordinates of the individuals and of the modalities of the variables {v1 ,v2 ,... , vm }
added as new variables . The protocol p2 contains the coordinates of the modalities of {f1 ,f2

,... , fn }. See Options [ NLPCA ] for a list of options ." ;
Options [NLPCA]={MaxIterationsOuter −>200,MaxIterat ionsInner −>50,ConvergenceInner−>10.ˆ−3,

ConvergenceOuter−>10.ˆ−3,StartX−>{}, S ing le −>{},Ordinal−>{},OrdinalFunction−>1,Stat−>False ,
D i s c r im inat i on In fo−>False } ;

80 MaxIterat ionsOuter : : usage=" MaxIterationsOuter is an option that specifies the maximum number of
iterations that should be tried in the outer Alternating Least Squares - algorithm of NLPCA ." ;

MaxIte rat ions Inner : : usage=" MaxIterationsInner is an option that specifies the maximum number of
iterations that should be tried in the inner Alternating Least Squares - algorithm of NLPCA ." ;

ConvergenceOuter : : usage=" ConvergenceOuter is an option for NLPCA that specifies the
convergencelimit for the outer Alternating Least Squares - algorithm . That is , at what
difference between consecutive values of the coordinates for the individuals the outer
algorithm is to be considered to have converged ." ;

ConvergenceInner : : usage=" ConvergenceInner is an option for NLPCA that specifies the limit for
convergence for the inner Alternating Least Squares - algorithm . That is at what difference
between consecutive values of the coordinates for the individuals the inner algorithm is to be
considered to have converged ." ;

StartX : : usage=" StartX is an option for PCA and NLPCA that lets the user specify what matrix of
coordinates for the individuals that should be used as the starting matrix of the algorithm .
If not specified a random starting matrix is used in PCA and NLPCA ." ;

85 Stat : : usage=" Stat is an option for PCA and NLPCA that specifies whether or not to return extra
statistics , concerning the analysis performed , in addition to the protocol / protocols . If set
to true the output of both PCA and NLPCA be a list containing two lists . The protocols that
are usually the output of PCA and NLPCA are now contained in the first list and the statistics
is contained in the second list . Use the functions ShowStat and ShowIterations to visualize

the statistics ." ;
S i ng l e : : usage=" Single is an option for NLPCA that specifies which , if any , of the factors should

be treated as single . The factors must be supplied in a list with the indexes of the factors
to be treated as single . Treating a factor as single forces the coordinates of the modalities
to lie on a straight line through the origin ." ;

Ordinal : : usage=" Ordinal is an option for NLPCA that specifies which , if any , of the factors should
be treated as ordinal . The factors must be supplied in a list with the indexes of the factors
to be treated as ordinal . Treating a factor as single forces the coordinates of the

modalities to lie on a straight line through the origin , with the modalities ordered ." ;
OrdinalFunction : : usage=" OrdinalFunction is an option for NLPCA that specifies which minimizing

function to use when treating a factor as ordinal ." ;
D i s c r im ina t i on In f o : : usage=" DiscriminationInfo is an option for NLPCA and PCA . If set to true ,

NLPCA and PCA returns an extra protocol with discrimination measures ." ;
90

ShowStat : : usage=" ShowStat [ statlist ] takes statistics from a principal component analysis or a
nonlinear principal component analysis and prints it in different forms . The statistics needed
is contained in statlist , which is the output { protocollist , statlist }= PCA [ Protocol [ pd ], dim ,{

v1 ,... , vm }, Stat -> True ] or { protocollist , statlist }= NLPCA [ Protocol [ pd ], dim ,{ f1 ,... , fn } ,{ v1 ,... ,
vm }, Stat -> True ]. That is the protocols that are usually the output of PCA and NLPCA are now
contained in the first list in the output when Stat is set to true , and the statistics is
contained in the second list . See Options [ ShowStat ] for a list of options ." ;

Options [ ShowStat ]={StatFormat−>Plot , L i s tL inePlotOpt ions−>{AxesOrigin−>{1,0} ,PlotRange−>All } ,
L i s tPlotOpt ions−>{AxesOrigin−>{1,0} ,PlotRange−>All }} ;

StatFormat : : usage=" StatFormat is an option for ShowStat that specifies in what format the
statistics is to be presented ." ;

L i s tL inePlotOpt ions : : usage=" ListLinePlotOptions is an option for ShowStat that lets the user
specify options for the ListLinePlot . ListLinePlot is only used in ShowStat when the option
StatFormat is set to Plot . Any option of ListLinePlot can be used ." ;

95 Lis tP lotOpt ions : : usage=" ListPlotOptions is an option for ShowStat that lets the user specify
options for ListPlot . ListPlot is only used in ShowStat when the option StatFormat is set to
Plot , and when ShowStat presents statistics from a nonlinear principal component analysis with
some factor treated as either single or ordinal . Any option of ListLinePlot can be used ." ;

ShowIterat ions : : usage=" ShowIterations [ list ] takes statistics from a PCA or a NLPCA and returns an
interactive plot that shows the coordinates of the different iterations of the analysis
performed . The statistics needed is contained in statlist , which is the output { protocollist ,
statlist }= PCA [ Protocol [ pd ], dim ,{ v1 ,... , vm }, Stat -> True ] or { protocollist , statlist }= NLPCA [
Protocol [ pd ], dim ,{ f1 ,... , fn } ,{ v1 ,... , vm }, Stat -> True ]. That is the protocols that are usually
the output of PCA and NLPCA are now contained in the first list in the output when Stat is set
to true , and the statistics is contained in the second list . See Options [ ShowIterations ] for

a list of options ." ;
Options [ ShowIterat ions ]={ Inc lude−>All , L i s tPlotOpt ions−>{ImageSize−>{300 ,200} ,PlotRange−>All }} ;
Inc lude : : usage=" Include is an option for ShowIterations that specifies what coordinates to plot .

Possible values are All , Individuals and Modalities ." ;
100 I nd i v i dua l s : : usage=" Individuals is a possibe value of the option Include for the function

ShowIterations . " ;

GetStartX : : usage=" GetStartX [p1 ,{ v1 , v2 }] takes a protocol p1 , returned from a principal component
analysis or a nonlinear principal component analysis on a protocol p. The coordinates for the
individuals from the first analysis must be contained in the variables with index {v1 , v2 } in
p1 . It returns a list with coordinates for individuals to start a new analysis on p with . See
Options [ GetStartX ] for a list of options ." ;

Options [ GetStartX ]={Random−>False } ;

105 GetEigenvalues : : usage=" GetEigenvalues [p] takes a protocol from a NLPCA or PCA , which contains the
coordinates of the individuals from the analysis and hence also the eigenvalues , and displays
information about the eigenvalues . See Options [ GetEigenvalues ] for a list of options ." ;
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Options [ GetEigenvalues ]={List−>False } ;

110 (∗∗ShowIterat ions , by Sandra∗∗)
ShowIterat ions : : e r r o r=" The input to ShowIterations is not in a correct format ." ;
ShowIterat ions [ s t a t L i s t , OptionsPattern [ ] ] : =Module [{XPlot , YPlot , n} ,
I f [Length [ s t a t [ [ 3 ] ] ] !=3&&Length [ s t a t [ [ 3 ] ] ] !=4&&Length [ s t a t [ [ 3 ] ] ] ! = 5 , Message [ ShowStat : : e r r o r ] ] ;
{XPlot , YPlot}=sta t [ [ 1 ; ; 2 ] ] ;

115 n=s ta t [ [ 3 , 1 ] ] ;
Switch [ OptionValue [ Inc lude ] ,
All ,
Return [ Manipulate [Show [ ListPlot [ XPlot [ [ k ] ] , OptionValue [ L i s tP lotOpt ions ] ] , ListPlot [ YPlot [ [ k ] ] ,

OptionValue [ L i s tP lotOpt ions ] ] ] , { k , 1 , n , 1 } ] ]
,

120 Ind iv idua l s ,
Return [ Manipulate [ ListPlot [ XPlot [ [ k ] ] , OptionValue [ L i s tP lotOpt ions ] ] , { k , 1 , n , 1 } ] ]
,
Modalities ,
Return [ Manipulate [ ListPlot [ YPlot [ [ k ] ] , OptionValue [ L i s tP lotOpt ions ] ] , { k , 1 , n , 1 } ] ]

125 ]
] ;

Begin [ " ‘ Private ‘" ]
130

(∗∗ Ind icatorMatr ix , by Anna 2010−03−06∗∗)
IndicatorMatrix [ Protocol [ pd L i s t ] , f L i s t ] :=

135 Module [ { f f , i nd i ca to rmatr ix , ru l e s , fnum , f a c t o r c on s t an t } ,
f f = {} ;
For [ i = 1 , i<=Length [ f ] , i++,

I f [ StringQ [ f [ [ i ] ] ] ,
f f = Append [ f f , Position [ pd [ [FACTORS] ] , f [ [ i ] ] ] [ [ 1 , 1 ] ] ] ,

140 f f = Append [ f f , f [ [ i ] ] ]
]

] ;
fnum = Plus@@Table [Length [ pd [ [FACTORS, f f [ [ i ] ] , 2 ] ] ] , { i , 1 ,Length [ f f ] } ] ;
f a c t o r c on s t an t = {0} ;

145 For [ i = 1 , i<=Length [ f f ]−1 , i++,
I f [ Length [ f a c t o r c on s t an t ]==1,

f a c t o r c on s t an t = Append [ f a c to r cons tant ,Length [ pd [ [FACTORS, f f [ [ i ] ] , 2 ] ] ] ] ,
f a c t o r c on s t an t = Append [ f a c to r cons tant ,Length [ pd [ [FACTORS, f f [ [ i ] ] , 2 ] ] ] +

f a c t o r c on s t an t [ [ i ] ] ]
]

150 ] ;
r u l e s = Table [{ i , f a c t o r c on s t an t [ [ j ] ]+pd [ [FACTORS, f f [ [ j ] ] , 3 ] ] [ [ i ]]}−>1 ,{ i , 1 ,Length [ pd [ [

FACTORS, 1 , 3 ] ] ] } , { j , 1 ,Length [ f ] } ] ;
i nd i ca to rmat r i x = Normal [ SparseArray [ Flatten [ r u l e s ] ,{Length [ pd [ [FACTORS, 1 , 3 ] ] ] , fnum } , 0 ] ] ;
Return [ i nd i ca to rmat r i x ] ;

]
155

(∗2nd Ind i ca to rmat r ix Indi , by Sandra & Oskar ∗)
Ind i [ Z List , f a c t o r s L L i s t ] :=

Module [ { f a c t o r s i nd , G} ,
f a c t o r s i n d = FoldList [ Plus , 0 , f a c t o r sL ] ;

160 G = Array [ Z [ [ All , f a c t o r s i n d [ [ # ] ] + 1 ; ; f a c t o r s i n d [ [# + 1 ] ] ] ] &,
Length [ f a c t o r sL ] ] ;

Return [G] ;
]

165 Ind i [ Protocol [ pd L i s t ] , f L i s t ] :=
Module [ {G, factor sL , tmp} ,

G = ConstantArray [ 0 , Length [ f ] ] ;
Do[

tmp = Array [{#, pd [ [FACTORS, f [ [ i ] ] , 3 , #]]} −> 1 &,
170 Length [ pd [ [TEXTDATA ] ] ] ] ;

G[ [ i ] ] = SparseArray [ tmp ] ,
{ i , Length [ f ]}
] ;

f a c t o r sL = Array [Length [G [ [ # ] ] [ [ 2 ] ] ] &, Length [G ] ] ;
175 Return [{ f ac tor sL , G} ] ;

]

Ind i [ Protocol [ pd L i s t ] , f L i s t , v L i s t ] :=
Module [ {G, factor sL , tmp , v a r i a b l e s } ,

180 G = ConstantArray [ 0 , Length [ f ] ] ;
Do[

tmp = Array [{#, pd [ [FACTORS, f [ [ i ] ] , 3 , #]]} −> 1 &,
Length [ pd [ [TEXTDATA ] ] ] ] ;

G[ [ i ] ] = SparseArray [ tmp ] ,
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185 { i , Length [ f ]}
] ;

f a c t o r sL = Array [Length [G [ [ # ] ] [ [ 2 ] ] ] &, Length [G ] ] ;
v a r i a b l e s =
Table [ GetVariableValues [ Protocol [ pd ] , v [ [ i ] ] ] , { i , Length [ v ] } ] ;

190 Return [{ f ac tor sL , va r i ab l e s , G} ] ;
]

(∗∗MCA, by GruppA/Anna∗∗)
195 MCA: : pmerror = " For one ( or several ) individuals , all modalities are set to passive " ;

MCA: : f e r r o r = " One ( or several ) of the modalities you have chosen as passive is not a part of the
analysis " ;

MCA: : r anke r ro r = " Matrix rank is lower than the option value of Dimensions . Try to set Dimensions
to a smaller value ." ;

MCA: : a x e s e r r o r = " One ( or several ) of the variables is not a coordinate axis ." ;
MultipleCorrespondenceAnalysis [ Protocol [ pd L i s t ] , f L i s t , OptionsPattern [ ] ] : =MCA[ Protocol [ pd ] , f ,

Dimensions−>OptionValue [ Dimensions ] , AxesName−>OptionValue [ AxesName ] , StandardCoordinates−>
OptionValue [ StandardCoordinates ] , Pas s iveModa l i t i e s−>OptionValue [ Pas s i v eModa l i t i e s ] ,
MakePassiveThreshold−>OptionValue [ MakePassiveThreshold ] , Pr in tPas s iveModa l i t i e s−>OptionValue [
Pr in tPas s i v eModa l i t i e s ] ]

200 MCA[ Protocol [ pd L i s t ] , f L i s t , OptionsPattern [ ] ] :=
Module [ {varname , newpd , f f , Z ,B, rowtot , c o l t o t , tot ,R,M, Dr ,Dw, Centroid ,Dc ,T,Bb ,U,W,V,Nn,Mm,GS,RZ,

FZ , dimensionnr , s t coo rd ina t e s , to l , temp , temp1 , temp2 , tosmallmods , f a c to r cons tant ,
pa s s i v emoda l i t i e s , memberlist , numvar} ,
varname=OptionValue [ AxesName ] ;
newpd = pd ;
f f = {} ;

205 For [ i = 1 , i<=Length [ f ] , i++,
I f [ StringQ [ f [ [ i ] ] ] ,

f f = Append [ f f , Position [ newpd [ [FACTORS] ] , f [ [ i ] ] ] [ [ 1 , 1 ] ] ] ,
f f = Append [ f f , f [ [ i ] ] ]

]
210 ] ;

f f=Sort [ f f ] ; (∗ Sort s a l l f a c t o r s , important f o r pa s s i v e moda l i t i e s ∗)
Z = IndicatorMatrix [ Protocol [ newpd ] , f f ] ;
Z = SparseArray [ Z ] ;
B = Transpose [ Z ] . Z ;

215
(∗Correspondense Ana lys i s ∗)
rowtot = Total [B, { 2 } ] ;
c o l t o t = Total [B ] ;
to t = Total [ c o l t o t ] ;

220 R = SparseArray [B/ rowtot ] ; (∗The Matrix o f the row p r o f i l e s ∗)
M = SparseArray [ rowtot / to t ] ;
Dr = DiagonalMatrix [M] ; (∗The Diagonal Matrix o f the Masses ∗)
Centroid = SparseArray [ c o l t o t / to t ] ;
Dw = SparseArray [ DiagonalMatrix [ 1/Normal [ Centroid ] ] ] ; (∗The Diagonal Matrix o f the

Dimension Weights ∗)
225 Dc = DiagonalMatrix [ Centroid ] ; (∗The Diagonal Matrix o f the Centroid ∗)

T = R−SparseArray [ ConstantArray [ Centroid , Dimensions [B ] [ [ 1 ] ] ] ] ; (∗The P r o f i l e s ’ d ev i a t i on s
from the Centroid ∗) ;

;

(∗ S ing l e Value Decomposition ∗)
230 Dr = N[ Dr ] ;

Dw = N[Dw] ;
T = N[T ] ;

235 pa s s i v emoda l i t i e s = OptionValue [ Pas s i v eModa l i t i e s ] ;
I f [ OptionValue [ MakePassiveThreshold ]>=1,

t o l=OptionValue [ MakePassiveThreshold ] ;
temp=Array [ Position [ Modalities [ Protocol [ pd ] , f f [ [# 1 ] ] ,TableForm−>False ] [ [ All , 3 ] ] ,Range [ 1 ,

t o l ] [ [#2 ] ] ]& , {Length [ f f ] , t o l } ] ;
tosmallmods={};

240 Do[AppendTo [ tosmallmods ,{ f f [ [ i ]] ,#}&/ @Flatten [ temp [ [ i , All ] ] ] ] , { i ,Length [ f f ] } ] ;
tosmallmods=Partition [ Flatten [ tosmallmods ] , 2 ] ;
p a s s i v emoda l i t i e s=Union [ Join [ pa s s i v emoda l i t i e s , tosmallmods ] ] ;
,
t o l=OptionValue [ MakePassiveThreshold ] ;

245 temp1=Array [ Select [ Modalities [ Protocol [ pd ] , f f [ [# 1 ] ] ,TableForm−>False ] [ [ All ,4]] ,#<= to l
&]&,Length [ f f ] ] ;

temp1=Union [ Flatten [ temp1 ] ] ;
temp2=Array [ Position [ Modalities [ Protocol [ pd ] , f f [ [# 1 ] ] ,TableForm−>False ] [ [ All , 4 ] ] , temp1

[ [#2 ] ] ]& ,{Length [ f f ] ,Length [ temp1 ] } ] ;
tosmallmods={};
Do[AppendTo [ tosmallmods ,{ f f [ [ i ]] ,#}&/ @Flatten [ temp2 [ [ i , All ] ] ] ] , { i ,Length [ f f ] } ] ;

250 tosmallmods=Partition [ Flatten [ tosmallmods ] , 2 ] ;
p a s s i v emoda l i t i e s=Union [ Join [ pa s s i v emoda l i t i e s , tosmallmods ] ] ;

] ;

I f [ OptionValue [ Pr in tPas s i v eModa l i t i e s ] , Print [ p a s s i v emoda l i t i e s ] ; ] ;
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255
I f [ Length [ p a s s i v emoda l i t i e s ]===0,

dimensionnr = OptionValue [ Dimensions ] ;
Bb = Sqrt [ Dr ] .T. Sqrt [Dw] ;
I f [MatrixRank [Bb]<dimensionnr ,Message [MCA: : r anke r ro r ] ; Abort [ ] ; ] ;

260 {U,W,V} = SingularValueDecomposition [Bb , dimensionnr ] ;
U = SparseArray [U ] ;
W = SparseArray [W] ;
V = SparseArray [V ] ;
Nn = Inverse [ Sqrt [ Dr ] ] . U;

265 Mm = Inverse [ Sqrt [Dw ] ] . V;
(∗F=Nn.W; ∗) (∗Coordinates f o r the rows ∗)
(∗G=Inve r s e [Dc ] .Mm.W; (∗Coordinates f o r the Columns∗) ∗)

GS = Dw.Mm; (∗To Standard Coordinates f o r the columns ∗)
RZ = SparseArray [ Z/Total [ Z , { 2 } ] ] ;

270 s t c o o rd i na t e s = OptionValue [ StandardCoordinates ] ;
I f [ s t c oo rd ina t e s ,

FZ = RZ.GS. Inverse [ Sqrt [W] ] ; (∗Transforms to Standard Coordinates f o r the rows o f
the i nd i c a t o r matrix ∗)

AppendTo [ newpd [ [METADATA] ] , " StandardCoordinates "−>True ] ; (∗ Store s that the p ro to co l
conta in s Standard Coordinates ∗) ,

FZ = RZ.GS; (∗Transforms to Pr i n c i pa l Coordinates f o r the rows o f the i nd i a t o r
matrix ∗)

275 AppendTo [ newpd [ [METADATA] ] , " StandardCoordinates "−>False ] ; (∗ Store s coor idnate type
∗)

] ;

(∗ Store s which v a r i a b l e s that are p r i n c i p a l axes ∗)
numvar=Length [ pd [ [ VARIABLES ] ] ] ;

280 AppendTo [ newpd [ [METADATA] ] , " PrincipalAxes "−>Range [ numvar+1,numvar+dimensionnr ] ] ;

,

memberl ist = {} ;
285 Do[ memberl ist = Append [ memberlist ,MemberQ[ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] ] , { i ,Length [

p a s s i v emoda l i t i e s ] } ] ;
I f [ MemberQ[ memberlist , False ] ,

Message [MCA: : f e r r o r ] ;
Abort [ ] ;

] ;
290 pa s s i v emoda l i t i e s = Reverse [ Sort [ p a s s i v emoda l i t i e s ] ] ;

f a c t o r c on s t an t = {0} ;
Do[ f a c t o r c on s t an t = Append [ f a c to r cons tant , f a c t o r c on s t an t [ [ i ] ]+Length [ pd [ [FACTORS, f f [ [ i

] ] , 2 ] ] ] ] , { i ,Length [ f f ] } ] ;

Bb = Sqrt [ Dr ] .T. Sqrt [Dw] ;
295

(∗Drop rows and columns corresponding to pa s s i v e moda l i t i e s ∗)
Do[Bb = Drop [Bb,{ f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] +

pa s s i v emoda l i t i e s [ [ i , 2 ] ] } ,
{ f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] + pa s s i v emoda l i t i e s [ [ i

, 2 ] ] } ] , { i ,Length [ p a s s i v emoda l i t i e s ] } ] ;
Do[ Dr = Drop [ Dr ,{ f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] +

pa s s i v emoda l i t i e s [ [ i , 2 ] ] } ,
300 { f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] + pa s s i v emoda l i t i e s [ [ i

, 2 ] ] } ] , { i ,Length [ p a s s i v emoda l i t i e s ] } ] ;
Do[Dw = Drop [Dw,{ f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] +

pa s s i v emoda l i t i e s [ [ i , 2 ] ] } ,
{ f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] + pa s s i v emoda l i t i e s [ [ i

, 2 ] ] } ] , { i ,Length [ p a s s i v emoda l i t i e s ] } ] ;

(∗Drop columns corresponding to pa s s i v e moda l i t i e s in the i nd i c a t o r p r o f i l e matrix ∗)
305 RZ = SparseArray [ Z/Total [ Z , { 2 } ] ] ; (∗Create row p r o f i l e matrix ∗)

Do[RZ = Drop [RZ,None,{ f a c t o r c on s t an t [ [ Position [ f f , p a s s i v emoda l i t i e s [ [ i , 1 ] ] ] [ [ 1 , 1 ] ] ] ] +
pa s s i v emoda l i t i e s [ [ i , 2 ] ] } ] , { i ,Length [ p a s s i v emoda l i t i e s ] } ] ;

I f [ MemberQ[ Total [RZ, { 2 } ] , 0 ] ,
Message [MCA: : pmerror ] ;
Abort [ ] ;

310 ] ;

(∗SVD∗)
dimensionnr = OptionValue [ Dimensions ] ;
I f [MatrixRank [Bb]<dimensionnr ,Message [MCA: : r anke r ro r ] ; Abort [ ] ; ] ;

315 {U,W,V} = SingularValueDecomposition [Bb , dimensionnr ] ;
U = SparseArray [U ] ;
W = SparseArray [W] ;
V = SparseArray [V ] ;
Nn = Inverse [ Sqrt [ Dr ] ] . U;

320 Mm = Inverse [ Sqrt [Dw ] ] . V;
(∗F=Nn.W; ∗) (∗Coordinates f o r the rows ∗)
(∗G=Inve r s e [Dc ] .Mm.W; ∗) (∗Coordinates f o r the Columns∗)

GS = Dw.Mm; (∗To Standard Coordinates f o r the columns ∗)
s t c o o rd i na t e s = OptionValue [ StandardCoordinates ] ;

325 I f [ s t c oo rd ina t e s ,
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FZ = (RZ.GS−Sqrt [ ConstantArray [ Dr . ConstantArray [ 1 ,Length [ Dr ] ] , Length [RZ ] ] ] . V) .
Inverse [ Sqrt [W] ] ; (∗Transforms to Standard Coordinates f o r the rows o f the
i nd i c a t o r matrix ∗)

newpd [ [METADATA] ] = Append [ newpd [ [METADATA] ] , " StandardCoordinates "−>True ] ; ,
FZ = RZ.GS−Sqrt [ ConstantArray [ Dr . ConstantArray [ 1 ,Length [ Dr ] ] , Length [RZ ] ] ] . V; (∗

Transforms to Pr i n c i pa l Coordinates f o r the rows o f the i nd i a t o r matrix ∗)
newpd [ [METADATA] ] = Append [ newpd [ [METADATA] ] , " StandardCoordinates "−>False ] ;

330 ] ;

(∗ Store s which v a r i a b l e s that are p r i n c i p a l axes ∗)
numvar=Length [ pd [ [ VARIABLES ] ] ] ;
AppendTo [ newpd [ [METADATA] ] , " PrincipalAxes "−>Range [ numvar+1,numvar+dimensionnr ] ] ;

335 ] ;

(∗ Store s s i n gu l a r va lues f o r the i nd i c a t o r matirx ∗)
newpd [ [METADATA] ] = Append [ newpd [ [METADATA] ] , " SingularValues "−>ConstantArray [ 1 ,Length [W] ] .

Sqrt [W] ] ;
FZ = Normal [FZ ] ;

340 newpd = Protocol [ newpd ] ;
For [ i = 1 , i<=dimensionnr , i++,

newpd = AddVariable [ newpd , varname<>" Axis "<> ToString [ i ] ,FZ [ [ All , i ] ] ] ] ;
Return [ newpd ] ;

]
345

(∗∗GetSingularValues , by Anna∗∗)
GetSingularValues [ Protocol [ pd L i s t ] ] :=

Module [ { s i n gva l } ,
350 s i n gva l = " SingularValues " / . pd [ [METADATA] ] ;

Return [ s i n gva l ] ;
]

355 (∗∗GetCoordinateStatus , by Anna∗∗)
GetCoordinateStatus [ Protocol [ pd L i s t ] ] :=

Module [ { c s t a tu s } ,
c s t a tu s = " StandardCoordinates " / . pd [ [METADATA] ] ;
Return [ c s t a tu s ] ;

360 ]

(∗∗GetPrincipalAxes , by Anna∗∗)
GetPrincipalAxes [ Protocol [ pd L i s t ] ] :=

Module [{ p r i n c i p a l a x e s } ,
365 p r i n c i p a l a x e s=" PrincipalAxes " / . pd [ [METADATA] ] ;

Return [ p r i n c i p a l a x e s ] ;
]

(∗∗ModalityCoordinates , by Anna∗∗)
370 ModalityCoordinates [ Protocol [ pd L i s t ] , f I n t e g e r , a x i s L i s t , OptionsPattern [ ] ] : = ModalityCoordinates [

Protocol [ pd ] ,{ f } , ax i s , Rescale−>OptionValue [ Rescale ] , StandardCoordinates−>OptionValue [
StandardCoordinates ] ,MatrixForm−>OptionValue [MatrixForm ] ]

ModalityCoordinates [ Protocol [ pd L i s t ] , f L i s t , a x i s L i s t , OptionsPattern [ ] ] :=
Module [{ f f , aa , s ingva l , Z , FS ,CC,G, sc , c s tatus , po s i t i on s , p r i n c ipa l axe s , actua laxes , newstatus , mf ,

modnum, facdata , moddata , modsink , newpd} ,

(∗ I f some o f the inputs are s t r i n g s , t h i s conver t s to id ∗)
375 f f = {} ;

aa = {} ;
Do[ I f [ StringQ [ f [ [ i ] ] ] ,

f f = Append [ f f , Position [ pd [ [FACTORS] ] , f [ [ i ] ] ] [ [ 1 , 1 ] ] ] ,
f f = Append [ f f , f [ [ i ] ] ]

380 ] ,
{ i ,Length [ f ] } ] ;
Do[ I f [ StringQ [ a x i s [ [ i ] ] ] ,

aa = Append [ aa , Position [ pd [ [ VARIABLES ] ] , ax i s [ [ i ] ] ] [ [ 1 , 1 ] ] ] ,
aa = Append [ aa , ax i s [ [ i ] ] ]

385 ] ,
{ i ,Length [ a x i s ] } ] ;

Z = IndicatorMatrix [ Protocol [ pd ] , f f ] ; (∗Creates an ind i ca to rmat r i x f o r g iven f a c t o r s ∗)
CC = Transpose [ Z ] / Total [ Z ] ; (∗Column p r o f i l e s ( at rows ! ) ∗)

390 FS = Transpose [ pd [ [ VARIABLES, aa , 2 ] ] ] ; (∗Var iab le va lues f o r ax i s ∗)
I f [ OptionValue [ Rescale ] ,

s i n gva l = GetSingularValues [ Protocol [ pd ] ] ;
sc = OptionValue [ StandardCoordinates ] ;
c s t a tu s = GetCoordinateStatus [ Protocol [ pd ] ] ;

395
p r i n c i p a l a x e s=GetPrincipalAxes [ Protocol [ pd ] ] ;
p o s i t i o n s=Position [ p r i n c i pa l axe s , aa [ [# ] ] ]&/@Range [Length [ aa ] ] ;
I f [Length [ aa ] !=Length [ Flatten [ p o s i t i o n s ] ] , Message [MCA: : a x e s e r r o r ] ; Abort [ ] ; ] ;
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ac tua laxe s=Flatten [ p o s i t i o n s ] ;
400 I f [ sc ,

I f [ c s tatus ,
G = CC.FS . DiagonalMatrix [ 1/ s i n gva l [ [ a c tua laxe s ] ] ] ;
newstatus = True ; (∗ to standard coord . i f FS i s standard coord . ∗) ,
G = CC.FS . DiagonalMatrix [ 1/ s i n gva l [ [ a c tua laxe s ] ] ] . DiagonalMatrix [ 1/ s i n gva l [ [

a c tua laxe s ] ] ] ;
405 newstatus = True ;

] ; (∗ to standard coord . i f FS i s p ronc ipa l coord . ∗) ,
I f [ c s tatus ,

G = CC.FS ;
newstatus = False ; (∗ to p r i n c i p a l coord . i f FS i standard coord . ∗) ,

410 G = CC.FS . DiagonalMatrix [ 1/ s i n gva l [ [ a c tua laxe s ] ] ] ;
newstatus = False ;

(∗ to p r i n c i p a l coord . i f FS i s p r i n c i p a l coord . ∗)
] ;

] ;
415 ,

G=CC.FS ;
] ;
mf = OptionValue [MatrixForm ] ;
I f [ mf ,

420 (∗Returns matrix i f MatrixForm i s t rue ∗)
Return [G] ; ,
modnum = Array [Length [ pd [ [FACTORS, f f [ [ # ] ] , 2 ] ] ] & , Length [ f f ] ] ; (∗number o f moda l i t i e s in

each f a c t o r ∗)
facdata = Array [ ConstantArray [ pd [ [FACTORS, f f [ [ # ] ] , 1 ] ] , Length [ pd [ [FACTORS, f f

[ [ # ] ] , 2 ] ] ] ] & , Length [ f f ] ] ;
moddata = Array [ pd [ [FACTORS, f f [ [# ] ] , 2 ] ]& ,Length [ f f ] ] ;

425 modsink = Total [ Z ] ;
newpd = CreateProtocol [ ConstantArray [{} , Total [modnum ] ] ] ;
I f [ OptionValue [ Rescale ] , newpd [ [METADATA, 1 ] ] = Append [ newpd [ [METADATA, 1 ] ] , "

StandardCoordinates "−>newstatus ] ] ; (∗ [ [MEATADATA, 1 ] ] r equ i r ed s i n c e newpd i s on
Protoco l []− form ∗)

Do[ newpd = AddVariable [ newpd , " Modality " <> pd [ [ VARIABLES, aa [ [ i ] ] , 1 ] ] ,G[ [ All , i ] ] ] , { i ,
Dimensions [G ] [ [ 2 ] ] } ] ;

newpd = AddFactor [ newpd , " Factors " ,Flatten [ f acdata ] ] ;
430 newpd = AddFactor [ newpd , " Modalities " ,Flatten [ moddata ] ] ;

newpd = AddVariable [ newpd , " Size " , modsink ] ;
Return [ newpd ] ;

(∗Returns the coo rd ina t e s as a p ro to co l i f MatrixForm i s f a l s e ∗) ]
] ;

435

(∗∗ CrossTabulate , by Sandra and Sverker ∗∗)
440 CrossTabulate : : n r e r r o r = " You have not given two correct factors " ;

DependencePVal [ v Real , d i s t ] :=
Module [{ x} , x = CDF[ d i s t , v ] ; Return [N[ I f [ x > 0 . 5 , x , 1 − x ] ] ] ] ;

DependencePVal [ v s L i s t , d i s t ] := DependencePVal [# , d i s t ] & /@ vs ;

445 CrossTabulate [ Protocol [ pd L i s t ] , f a c t o r s L i s t , OptionsPattern [ CrossTabulate ] ] :=
Module [ { f , ru l e s , f a c t o r s i nd , allmods , usedmods , ct , at , t f , rows , co l s , c t co lumnt i t l ed , c t t i t l e d , rc , cc ,

r e l r c , r e l c c , indeptab , r e l c t , d i s t , mods1 , mods2} , (∗Finds the indexes o f the f a c t o r s ∗)
f = Factors [ Protocol [ pd ] ,TableForm−>False ] [ [ All , 1 ; ; 2 ] ] ;
r u l e s = Array [ f [[#1 ,2]]−> f [ [#1 ,1 ] ]& ,Length [ f ] ] ;
f a c t o r s i n d = f a c t o r s / . r u l e s ;

450 (∗Checks that the f a c t o r s e x i s t and that exac t l y two f a c t o r s was supp l i ed to the func t i on
∗)

I f [ Length [ f a c t o r s ] !=2 ,
Message [ CrossTabulate : : n r e r r o r ] ;
Return [ " he " ]

] ;
455 I f [ !ArrayQ [ f a c t o r s i nd , , IntegerQ ] | |MemberQ[ Positive [ f a c t o r s i n d ] , False ] ,

Message [ CrossTabulate : : n r e r r o r ] ;
Return [ " hi " ]

] ;
I f [ Max[ f a c t o r s i n d ]>Length [ pd [ [FACTORS] ] ] ,

460 Message [ CrossTabulate : : n r e r r o r ] ;
Return [ ]

] ;
(∗Creates the cont ingeny tab l e ∗)
al lmods = Outer@@Prepend [{pd [ [FACTORS, f a c t o r s i n d [ [ 1 ] ] , 2 ] ] , pd [ [FACTORS, f a c t o r s i n d

[ [ 2 ] ] , 2 ] ]} ,{##}&] ;
465 usedmods = Array [ pd [ [FACTORS, f a c t o r s i n d [ [#2 ] ] , 2 , pd [ [FACTORS, f a c t o r s i n d [ [#2 ] ] , 3 ,#1 ] ] ] ]& ,{

Length [ pd [ [TEXTDATA] ] ] , Length [ f a c t o r s i n d ] } ] ;
c t = Array [Count [ usedmods , al lmods [ [#1 ] ] [ [#2 ] ] ]& , {Length [ pd [ [FACTORS, f a c t o r s i n d [ [ 1 ] ] , 2 ] ] ] ,

Length [ pd [ [FACTORS, f a c t o r s i n d [ [ 2 ] ] , 2 ] ] ] } ] ;
(∗ Compute s t a t i s t i c accord ing to OptionValue [ S t a t i s t i c ] ∗)
n = Plus@@Plus@@ct ;
rc = Plus@@ct ; (∗ row counts ∗)

470 cc = Plus@@Transpose [ c t ] ; (∗ column counts ∗)
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r e l r c = rc /n ; (∗ r e l a t i v e row counts ∗)
r e l c c = cc /n ; (∗ r e l a t i v e column counts ∗)
indeptab = Outer [Times , r e l c c , r e l r c ] //N;
r e l c t = ct /n ;

475 d i s t = NormalDistr ibut ion [ 0 , 1 ] ;
Switch [ OptionValue [ S t a t i s t i c ] ,

Count , c t = ct ,
RowPercentage , ct = N[#/(Plus@@#)&/@ct ] ,
ColumnPercentage , ct = N[ Transpose [(#/Plus@@#)&/@Transpose [ c t ] ] ] ,

480 StandardResidual , c t = ( r e l c t ∗n−indeptab∗n) /Sqrt [ indeptab∗n ] ,
ChiSquare , c t = ( r e l c t ∗n−indeptab∗n) ˆ2/( indeptab∗n) ,
MeanChiSquare , c t = ( r e l c t ∗n−indeptab∗n) ˆ2/( indeptab∗n∗Length [ c t ]∗Length [ c t

[ [ 1 ] ] ] ) ,
ExpectedValue , ct = indeptab∗n ,
DependencyPValue , c t = DependencePVal [# , d i s t ]&/@( ( r e l c t ∗n−indeptab∗n) / Sqrt [

indeptab∗n ] ) ,
485 PercentageDeviat ion , ct = 100∗( r e l c t−indeptab ) / indeptab ] ;

mods1 = pd [ [FACTORS, f a c t o r s i n d [ [ 1 ] ] , 2 ] ] ;
mods2 = pd [ [FACTORS, f a c t o r s i n d [ [ 2 ] ] , 2 ] ] ;
I f [ OptionValue [ ReturnList ] ,

Return [ Table [{{mods1 [ [ i ] ] , f a c t o r s i n d [ [ 1 ] ] } , {mods2 [ [ j ] ] , f a c t o r s i n d [ [ 2 ] ] } , c t [ [ i , j ] ] } , { i ,
Length [ mods1 ]} ,{ j ,Length [ mods2 ] } ] ]

490 ] ;
I f [ OptionValue [ ReturnAssoc iat ion ] ,

Return [ Plus@@Flatten [ ct ] ]
] ;

(∗Returns the tab l e as a matrix . Depending on the opt ion AddTitles ; with the t i t l e s o f the rows
and columns added to the matrix , or in separa te l i s t s . Depending on the opt ion ”TableForm

” ; in TableForm , or not in TableForm∗)
495 at = OptionValue [ AddTitles ] ;

t f = OptionValue [TableForm ] ;
I f [ t f ,

rows = Sty l e [ StringInsert [# , " " ,{−1} ] , Bold ]&/@pd [ [FACTORS, f a c t o r s i n d [ [ 1 ] ] , 2 ] ] ; (∗
Longer t i t l e s , f o r TableForm true ∗)

c o l s = Sty l e [ StringInsert [# , " " ,{−1} ] , Bold ]&/@pd [ [FACTORS, f a c t o r s i n d [ [ 2 ] ] , 2 ] ] ,
500 rows = Sty l e [# ,Bold ]&/@pd [ [FACTORS, f a c t o r s i n d [ [ 1 ] ] , 2 ] ] ; (∗ Just the t i t l e s , f o r

TablesForm f a l s e ∗)
c o l s = Sty l e [# ,Bold ]&/@pd [ [FACTORS, f a c t o r s i n d [ [ 2 ] ] , 2 ] ]

] ;
I f [ at , (∗Adding the t i t l e s to the cont ingency tab l e ∗)

c t co lumnt i t l ed = Prepend [ ct , c o l s ] ;
505 c t t i t l e d = Prepend [ Transpose [ c t co lumnt i t l ed ] ,Prepend [ rows , "" ] ] / / Transpose ;

I f [ t f ,
Return [ c t t i t l e d //TableForm ] ,
Return [ c t t i t l e d ]

] , (∗Contingency tab l e and t i t l e s in separa te l i s t s ∗)
510 I f [ t f ,

Return [TableForm [ ct , TableHeadings−>{rows , c o l s } ] ] ,
Return [{ ct , rows , c o l s } ]

]
]

515 ] ;

(∗∗CA, by grupp A/Oskar∗∗)
520 CA[ Protocol [ pd L i s t ] , f 1 I n t e g e r , f 2 I n t e g e r , o p t s ?OptionQ ] :=

Module [ {dim , newpd , p , p1 , p2 , data , p r o f i l e s , dev ia t i ons , n , rowsums , colsums , centro id , axes , i n e r t i a ,Dw
,Dq,P,B,U,D,V,F ,G} ,
dim = Dimensions / . Flatten [{ opts } ] / . Options [CA] ;
axes = AxesName/ . Flatten [{ opts } ] / . Options [CA] ;
data = CrossTabulate [ Protocol [ pd ] , { f1 , f 2 } ] [ [ 1 ] ] ;

525 P = data/n ;
n = Total @ Flatten [ data ] ;
rowsums = Total @ Transpose [ data ] ;
colsums = Total @ data ;
p r o f i l e s = Divide [ data , rowsums ] ;

530 Dw = DiagonalMatrix [ rowsums/n ] ;
Dq = DiagonalMatrix [ n/ colsums ] ;
c en t ro id = Total @ Dw. p r o f i l e s ;
d ev i a t i on s = p r o f i l e s − ConstantArray [ centro id ,Length [ p r o f i l e s ] ] ;
i n e r t i a = Total [ Total [ d ev i a t i on s [ [# ] ]∗ ( 1 / c en t ro id )∗ dev i a t i on s [ [# ] ] ]&/@Range [Length [

d ev i a t i on s ] ] ∗ Diagonal [Dw] ] / /N;
535 B = Sqrt [Dw] . d ev i a t i on s . Sqrt [Dq ] ;

I f [ dim == All ,
dim = MatrixRank [B]

] ;
{U,D,V} = SingularValueDecomposition [N[B] , dim ] ;

540 F = Inverse [ Sqrt [Dw ] ] . U.D;
G = DiagonalMatrix [ 1/ c en t ro id ] . Transpose [P ] . F . Inverse [D] ;
newpd = pd ;
p = Protocol [ newpd ] ;
p1 = Group [ p , f 1 ] ;
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545 p2 = Group [ p , f 2 ] ;
p1 = Fold [ AddVariable [#1 ,StringJoin [ axes , ToString@#2] ,Transpose [F ] [ [#2 ] ] ]& , p1 , Range [ dim

] ] ;
p2 = Fold [ AddVariable [#1 ,StringJoin [ axes , ToString@#2] ,Transpose [G] [ [#2 ] ] ]& , p2 , Range [ dim

] ] ;
p1 [ [ 1 , 1 ] ] = Append [ p1 [ [ 1 , 1 ] ] , " SingularValues "−>Diagonal [D ] ] ;
p1 [ [ 1 , 1 ] ] = Append [ p1 [ [ 1 , 1 ] ] , " Inertia "−> i n e r t i a ] ;

550 p2 [ [ 1 , 1 ] ] = Append [ p2 [ [ 1 , 1 ] ] , " SingularValues "−>Diagonal [D ] ] ;
p2 [ [ 1 , 1 ] ] = Append [ p2 [ [ 1 , 1 ] ] , " Inertia "−> i n e r t i a ] ;
Return [{ p1 , p2 } ] ;

] ;

555
CA[ data L i s t , o p t s ?OptionQ ] :=

Module [ {sv , dim , p r o f i l e s , dev ia t i ons , n , rowsums , colsums , centro id ,Dw,Dq,P,B,U,D,V,F} ,
dim = Dimensions / . Flatten [{ opts } ] / . Options [CA] ;
sv = ReturnSingularValues / . Flatten [{ opts } ] / . Options [CA] ;

560 P = data/n ;
n = Total@Flatten [ data ] ;
rowsums = Total@Transpose [ data ] ;
colsums = Total@data ;
p r o f i l e s = Divide [ data , rowsums ] ;

565 Dw = DiagonalMatrix [ rowsums/n ] ;
Dq = DiagonalMatrix [ n/ colsums ] ;
c en t ro id = Total@Dw . p r o f i l e s ;
d ev i a t i on s = p r o f i l e s−ConstantArray [ centro id ,Length [ p r o f i l e s ] ] ;
B = Sqrt [Dw] . d ev i a t i on s . Sqrt [Dq ] ;

570 I f [ dim == All ,
dim = MatrixRank [B]

] ;
{U,D,V} = SingularValueDecomposition [N[B] , dim ] ;
F = Inverse [ Sqrt [Dw ] ] . U.D;

575 I f [ sv ,
Return [{F,D} ] ,
Return [F ]

] ;
] ;

580

(∗∗FactorContr ibut ions , by Oskar∗∗)
FactorContributions [ Protocol [ pd L i s t ] , v a r s L i s t , f a c s L i s t , o p t s ?OptionQ ] :=

Module [ {tmp , f l ength , vlength , fnames , r e l , axesnames , modcoords , modweights , modconts , f c on t s } ,
r e l = Re la t i veCont r ibut i ons / . Flatten [{ opts } ] / . Options [ FactorContributions ] ;

585 modcoords = {} ;
modweights = {} ;
f l e n g th = Length [ f a c s ] ;
v length = Length [ vars ] ;

590 (∗ Get coo rd ina t e s f o r moda l i t i e s by c a l c u l a t i n g modal ity mean po in t s ∗)
Do[
tmp = Group [ Protocol [ pd ] , f a c s [ [ i ] ] , KeepVariables −> {{Mean, vars } } ] ;
modcoords = Append @@{modcoords , Array [ GetVariableValues [ tmp,#]& , v length ]} ,
{ i , f l e n g th }

595 ] ;

(∗ Get modality weights ∗)
Do[
tmp = Array [Count [ GetModalityIds [ Protocol [ pd ] , f a c s [ [ i ] ] ] ,# ]& ,Length [ GetModalityValues [

Protocol [ pd ] , f a c s [ [ i ] ] ] ] ] ;
600 tmp = tmp/Total [ tmp ] ;

modweights = Append [ modweights , tmp ] ,
{ i , f l e n g th }
] ;
modweights = modweights/ f l e ng th ;

605
(∗ Get modality c on t r i bu t i on s ∗)
tmp = modcoords ˆ2 ;
modconts = Array [ ConstantArray [ modweights [ [ # ] ] , v length ]∗ tmp [ [# ] ]& , f l e ng th ] ;

610 (∗ Get f a c t o r c on t r i bu t i on s ∗)
f c on t s = Array [ Total /@ modconts [ [# ] ]& , f l e ng th ] ;
f c on t s = Round [ f conts , 0 . 0 0 1 ] ;
I f [ r e l ,

f c on t s = Transpose [ Transpose [ f c on t s ] / Total [ f c on t s ] ] ;
615 f c on t s = Round [ f conts , 0 . 0 1 ] ;

] ;

(∗ Construct t ab l e ∗)
fnames = Array [ pd [ [FACTORS, f a c s [ [# ] ] , 1 ] ]& , f l e ng th ] ;

620 axesnames = Array [ StringJoin [ " Axis " ,ToString [#] ]& , v length ] ;
Return @ TableForm [ f conts , TableHeadings −> { fnames , axesnames } , TableAlignments −> Center ] ;

] ;
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625 (∗∗Modal i tyContr ibut ions , by Oskar∗∗)
ModalityContributions [ Protocol [ pd L i s t ] , v Intege r , f a c s L i s t , o p t s ?OptionQ ] :=

Module [ {tmp , f l ength , r e l , fnames , modnames , modcoords , modweights , modconts , meancont , tab l e s ,
returnmean , p r i n t e r f r i e n d l y , conc i s e , l e f t , r i ght , c l e f t , c r i ght , c t o t a l s , accuracy , th r e sho ld } ,
r e l = Re la t i veCont r ibut i ons / . Flatten [{ opts } ] / . Options [ ModalityContributions ] ;
returnmean = ReturnMean / . Flatten [{ opts } ] / . Options [ ModalityContributions ] ;

630 p r i n t e r f r i e n d l y = Pr in t e rFr i end ly / . Flatten [{ opts } ] / . Options [ ModalityContributions ] ;
c onc i s e = Concise / . Flatten [{ opts } ] / . Options [ ModalityContributions ] ;
th r e sho ld = Threshold / . Flatten [{ opts } ] / . Options [ ModalityContributions ] ;
modcoords = {} ;
modweights = {} ;

635 f l e n g th = Length [ f a c s ] ;

(∗ Calcu la te modality mean po in t s ∗)
Do[
tmp = Group [ Protocol [ pd ] , f a c s [ [ i ] ] , KeepVariables −> {{Mean,{ v }}} ] ;

640 modcoords = Append @@{modcoords , GetVariableValues [ tmp , 1 ] } ,
{ i , f l e n g th }
] ;

(∗ Calcu la te modality weights ∗)
645 Do[

tmp = Array [Count [ GetModalityIds [ Protocol [ pd ] , f a c s [ [ i ] ] ] ,# ]& ,Length [ GetModalityValues [
Protocol [ pd ] , f a c s [ [ i ] ] ] ] ] ;

tmp = tmp/Total [ tmp ] ;
modweights = Append [ modweights , tmp ] ,
{ i , f l e n g th }

650 ] ;
modweights = modweights/ f l e ng th //N;
modweights = Round [ modweights , 0 . 0 0 1 ] ;

(∗ Calcu la te modality c on t r i bu t i on s ∗)
655 tmp = modcoords ˆ2 ;

modconts = tmp∗modweights ;
I f [ r e l ,

modconts = modconts/Total [ Flatten [ modconts ] ]
] ;

660 I f [ th r e sho ld==0,
meancont = Total [ Flatten [ modconts ] ] / Length [ Flatten [ modconts ] ] ,
meancont = thre sho ld

] ;
I f [ returnmean ,

665 Return [ meancont ]
] ;
c t o t a l s = Total/@modconts ;
modconts = Round [ modconts , 0 . 0 0 1 ] ;

670 (∗ Construct t ab l e s ∗)
fnames = Array [ pd [ [FACTORS, f a c s [ [# ] ] , 1 ] ]& , f l e ng th ] ;
modnames = Array [ GetModalityValues [ Protocol [ pd ] , f a c s [ [# ] ] ]& , f l e ng th ] ;
I f [ ! conc i se ,

I f [ p r i n t e r f r i e n d l y ,
675 tmp = Position [ modconts , x / ; x>meancont ] ;

( modconts [ [#1 ,#2] ] = Subscript [ modconts [ [#1 ,#2 ] ] , "*" ] )& @@@ tmp ;
] ;
I f [ ! p r i n t e r f r i e n d l y ,

tmp = Position [ modconts , x / ; x>meancont ] ;
680 ( modconts [ [#1 ,#2] ] = Sty l e [ modconts [ [#1 ,#2 ] ] ,FontColor−>Red ] )& @@@ tmp ;

] ;
t ab l e s = Array [
TableForm [ Transpose [{modnames [ [ # ] ] , modweights [ [ # ] ] ,Round [ modcoords [ [ # ] ] , 0 . 0 0 1 ] ,

modconts [ [ # ] ] } ] , TableHeadings−>{None,{ fnames [ [ # ] ] , " Weight " , " Coordinate " , "
Contribution " }} ]& ,

f l e ng th
685 ] ;

Return [ t a b l e s ] ;
] ;
I f [ conc i se ,

l e f t = Flatten/@Array [ Intersection [ Position [ modconts [ [ # ] ] , x / ; x>meancont ] , Position [
modcoords [ [ # ] ] , x / ; x<0]]& , f l e ng th ] ;

690 r i g h t = Flatten/@Array [ Intersection [ Position [ modconts [ [ # ] ] , x / ; x>meancont ] , Position [
modcoords [ [ # ] ] , x / ; x>0]]& , f l e ng th ] ;

c l e f t = modconts [ [# , l e f t [ [# ] ] ] ]& / @Range [ f l e ng th ] ;
c l e f t = Flatten [ Total/ @c l e f t ] ;
c r i g h t = modconts [ [# , r i gh t [ [# ] ] ] ]& / @Range [ f l e ng th ] ;
c r i g h t = Flatten [ Total/@cright ] ;

695 accuracy = Round[ 100∗ ( c l e f t+c r i gh t ) / c t o t a l s ] ;
tmp = StringJoin [ fnames [ [ # ] ] , " (" ,ToString [ accuracy [ [ # ] ] ] , " %) " ]&/@Range [ f l e ng th ] ;
l e f t = Array [ modnames [ [# , l e f t [ [# ] ] ] ] & , f l e ng th ] ;
r i g h t = Array [ modnames [ [# , r i gh t [ [# ] ] ] ] & , f l e ng th ] ;
Return@Row [{TableForm [ l e f t , TableHeadings−>{Sty l e [# ,Bold ]&/@tmp,{ Sty l e [ " Left " , I t a l i c

] } } ] ,TableForm [ r i ght , TableHeadings−>{None,{ Sty l e [ " Right " , I t a l i c ]}} ]} , " " ,Frame
−>True ] ;
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700 ] ;
] ;

(∗∗FactorAssociat ionGraph , by Sverker ∗∗)
705 FactorAssoc iat ionGraph [ Protocol [ p ] , f s L i s t , s , t , OptionsPattern [ FactorAssoc iat ionGraph ] ] :=

Module [ { fps , s e l f p s , l a bpa i r s } ,
f p s = Subsets [ f s , { 2 } ] ;
s e l f p s = Select [ fps , CrossTabulate [ Protocol [ p ] ,# , S t a t i s t i c−>s , ReturnAssoc iat ion−>True]> t &] ;
I f [ OptionValue [ ShowIndex ] ,

710 l a bpa i r s = s e l f p s / . {a , b }:>(ToString [ a ] ˜˜ " -"˜˜p [ [FACTORS, a ,1]]−>ToString [ b ] ˜˜ " -"˜˜p
[ [FACTORS, b , 1 ] ] ) ,

l a bpa i r s = s e l f p s / . {a , b }:>(p [ [FACTORS, a ,1]]−>p [ [FACTORS, b , 1 ] ] )
] ;
GraphPlot [ l abpa i r s ,Method−>OptionValue [Method ] , VertexRenderingFunction−>(Text[#2 ,#1 ,

Background−>White]&) ]
] ;

715

(∗∗ModalityAssociationGraph , by Sverker ∗∗)
Modal ityAssociat ionGraph [ Protocol [ p ] , f s L i s t , s , t ?NumberQ, OptionsPattern [

Modal ityAssociat ionGraph ] ] :=
Module [ { pa i r s , deps , l a bpa i r s } ,

720 pa i r s = Subsets [ f s , { 2 } ] ;
deps = SortBy [ Select [ Flatten [ CrossTabulate [ Protocol [ p ] ,# , S t a t i s t i c−>s , ReturnList−>True]&/

@pairs , 2 ] ,# [ [ 3 ] ] > t &] ,−#[[3 ] ]&] ;
I f [ OptionValue [ ShowIndex ] ,

l a bpa i r s = deps / . {{a , b } ,{ c , d } , e }:>(ToString [ b ] ˜˜ " -"˜˜a−>ToString [ d ] ˜˜ " -"˜˜ c ) ,
l a bpa i r s = deps / . {{a , b } ,{ c , d } , e }:>(a−>c )

725 ] ;
GraphPlot [ l abpa i r s ,Method−>OptionValue [Method ] , VertexRenderingFunction−>(Text[#2 ,#1 ,

Background−>White]&) ]
] ;

730 (∗∗PCA, by Sandra∗∗)
PCA: : errorX=" The matrix you supplied with coordinates for the individuals does not have the

correct dimensions " ;
PCA: : v a r i a b l e e r r o r=" One ( or more ) of the variables does not exist ." ;
PCA[ Protocol [ pd L i s t ] , d im Integer , v L i s t , OptionsPattern [ ] ] := Module [{ va r i ab l e s , NI , r ,X,W, maxiter ,

XPlot , YPlot , e r ror , Xprim , Yprim ,Q,B,H, Loss , n , DMsquared , e i g enva lu e s } ,
(∗Check the input to PCA∗)

735 I f [ ! ArrayQ [ v , , IntegerQ ] | |MemberQ[ Positive [ v ] , False ] ,Message [PCA: : v a r i a b l e e r r o r ] ; Return [ ] ] ;
I f [Max[ v]>Length [ pd [ [ VARIABLES ] ] ] , Message [PCA: : v a r i a b l e e r r o r ] ; Return [ ] ] ;
(∗Get the va r i ab l e va lues from the pro toco l ∗)
v a r i a b l e s=Table [ GetVariableValues [ Protocol [ pd ] , v [ [ i ] ] ] , { i ,Length [ v ] } ] ;

740 NI=Dimensions [ v a r i a b l e s ] [ [ 2 ] ] ; r=Length [ v ] ;
(∗Get the s ta r tmat r i x with coo rd ina t e s f o r the i nd i v i du a l s ∗)
I f [Length [ OptionValue [ StartX ]]==0 ,
X=RandomReal [{−10 ,10} ,{NI , dim } ] ,
I f [ Dimensions [ OptionValue [ StartX ] ] !={NI , dim} ,Message [PCA: : errorX ] ; Return [ ] ] ;

745 X=OptionValue [ StartX ]
] ;

W=X−ConstantArray [ Total@X/NI , NI ] ;X=Sqrt [ NI ]∗ Orthogonal i ze [ Transpose [W] ] / / Transpose ;
(∗ i n i t i a l i z e some va r i a b l e s ∗)
maxiter=OptionValue [ MaxIterations ] ;

750 {XPlot , YPlot , e r ror , Loss}=ConstantArray [ ConstantArray [ 0 , maxiter +1 ] , 4 ] ; XPlot [ [ 1 ] ] =X;
Yprim=ConstantArray [ 0 , r ] ;Q=va r i a b l e s //N;Q=Sqrt [ NI ]∗ Normalize /@Array [Q[[#]]−Total@Q [ [# ] ] / Length [Q

[ [# ] ] ]& , r ] ;
n=1;

(∗ Alte rnat ing l e a s t squares a lgor i thm to get the coo rd ina t e s ∗)
755 While [ n<maxiter ,

n++;
(∗Get new coo rd ina t e s f o r the moda l i t i e s ∗)
Yprim=ConstantArray [X, r ] ;
B=Flatten [Array [{Transpose [ Yprim [ [ # ] ] ] .Q[ [# ] ] } / (Q[ [ # ] ] . Transpose [{Q[ [ # ] ] } ] ) &, r ] , 1 ] ;

760 Yprim=Array [ Transpose [{Q[ [ # ] ] } ] . {B[ [#] ]}& , r ] ;
(∗Get new coo rd ina t e s f o r the i nd i v i du a l s ∗)
Xprim=(Total@Yprim ) / r ;
W=Xprim−ConstantArray [ Total@Xprim/NI , NI ] ;
X=Sqrt [ NI ]∗ Orthogonal i ze [ Transpose [W] ] / / Transpose ;

765 (∗ Saving the coo rd ina t e s in each step o f the i t e r a t i o n ∗)
XPlot [ [ n ] ]=X; YPlot [ [ n ] ]=Yprim ;

(∗ Calcu la te the l o s s ∗)
H=Array [X−Yprim [ [# ] ]& , r ] ˆ 2 ;

770 Loss [ [ n ] ]= Total@Total@Total@H/ r ;
(∗Check convergence c r i t e r i o n ∗)
e r r o r [ [ n ] ]=Max[Abs [ ( XPlot [ [ n−1]]−XPlot [ [ n ] ] ) ] ] ;
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I f [ e r r o r [ [ n]]<=OptionValue [ Convergence ] ,Break [ ] ] ;
] ;

775
(∗ Calcu la te the squared d i s c r im ina t i on measures and the e i g enva lue s o f the s o l u t i o n ∗)
DMsquared=Array [ Diagonal [ Transpose [ Yprim [ [ # ] ] ] . Yprim [ [# ] ] ]& , r ] / NI ;
e i g enva lue s=Total@ (Bˆ2) /Length [B ] ;

780 (∗Return p ro t o co l s with the coo rd ina t e s and component l oad ing s and po s s i b l y d i s c r im ina t i on
measures . I f opt ion Stat i s True return extra s t a t i s t i c s about the ana l y s i s ∗)

I f [ OptionValue [ Stat ] ,
Return [{ ToProtocol [ Protocol [ pd ] , dim ,{} ,{} , v ,B, XPlot [ [ n ] ] , YPlot [ [ n ] ] , DMsquared ,{ e igenva lues ,{} ,

e i g enva lue s } , OptionValue [ D i s c r im ina t i on In f o ] ] ,
{XPlot [ [ 2 ; ; n ] ] , YPlot [ [ 2 ; ; n ] ] , { n−1, e r r o r [ [ 2 ; ; n ] ] , Loss [ [ 2 ; ; n ] ] } } } ] ,
Return [ ToProtocol [ Protocol [ pd ] , dim ,{} ,{} , v ,B, XPlot [ [ n ] ] , YPlot [ [ n ] ] , DMsquared ,{ e igenva lues ,{} ,

e i g enva lue s } , OptionValue [ D i s c r im ina t i on In f o ] ] ]
785 ]

] ;

(∗NLPCA by Sandra ∗)
NLPCA: : i npu t e r r o r=" You must supply at least one factor " ;

790 NLPCA: : f a c t o r e r r o r=" One ( or more ) of the factors does not exist ." ;
NLPCA: : v a r i a b l e e r r o r=" One ( or more ) of the variables does not exist ." ;
NLPCA: : r e s t r i c t e d f a c t o r s e r r o r 1=" One ( or more ) of the list of ordinal or single factors you

supplied were not a part of the list of factors ." ;
NLPCA: : r e s t r i c t e d f a c t o r s e r r o r 2=" The lists with ordinal and single factors overlap ." ;
NLPCA[ Protocol [ pd L i s t ] , d im Integer , f L i s t , v L i s t , OptionsPattern [ ] ] : =Module [{ f ac tor sL , va r i ab l e s ,G,

XPlot , YPlot , f a c t o r s s i n g l e , f a c t o r s o r d i n a l , n , iterYL , e r ror , Loss , LossY ,Q,B, DMsquared , e igenva lues ,
e i g enva lu e s f , e igenva luesv , s i n g l e f a c t o r s , fm} ,

795 (∗Check the input to NLPCA∗)
I f [ ! ArrayQ [ f , , IntegerQ ] | |MemberQ[ Positive [ f ] , False ] ,Message [NLPCA: : f a c t o r e r r o r ] ; Return [ ] ] ;
I f [Max[ f ]>Length [ pd [ [FACTORS] ] ] , Message [NLPCA: : f a c t o r e r r o r ] ; Return [ ] ] ;
I f [Length [ f ]==0,
Message [NLPCA: : i npu t e r r o r ] ; Return [ ]

800 ] ;
I f [MemberQ[MemberQ[ f ,#]&/@Union [ OptionValue [ S i ng l e ] , OptionValue [ Ordinal ] ] , False ] ,Message [NLPCA: :

r e s t r i c t e d f a c t o r s e r r o r 1 ] ; Return [ ] ] ;
I f [ Intersection [ OptionValue [ Ordinal ] , OptionValue [ S i ng l e ] ] !={} ,Message [NLPCA: :

r e s t r i c t e d f a c t o r s e r r o r 2 ] ; Return [ ] ] ;

(∗Get the ind i catormatr ix , number o f moda l i t i e s in each f a c t o r and po s s i b l y the v a r i a b l e s from the
pro toco l ∗)

805 I f [Length [ v ] !=0 ,
I f [ ! ArrayQ [ v , , IntegerQ ] | |MemberQ[ Positive [ v ] , False ] ,Message [NLPCA: : v a r i a b l e e r r o r ] ; Return [ ] ] ;
I f [Max[ v]>Length [ pd [ [ VARIABLES ] ] ] , Message [NLPCA: : v a r i a b l e e r r o r ] ; Return [ ] ] ;
{ f ac tor sL , va r i ab l e s ,G}=Ind i [ Protocol [ pd ] , f , v ] ,
{ f ac tor sL ,G}=Ind i [ Protocol [ pd ] , f ] ; v a r i a b l e s ={};

810 ] ;
(∗Get the indexes o f the cons t ra ined f a c t o r s ∗)
f a c t o r s s i n g l e=Flatten [ Position [ f ,#]&/@OptionValue [ S i ng l e ] , 2 ] ; f a c t o r s o r d i n a l=Flatten [ Position [ f

,#]&/@OptionValue [ Ordinal ] , 2 ] ;
f a c t o r s s i n g l e=Union [ f a c t o r s s i n g l e , f a c t o r s o r d i n a l ] ;

815 (∗Perform the ana l y s i s ∗)
{XPlot , YPlot ,Q,B, DMsquared ,{n , iterYL , e r ror , Loss , LossY}}=NLPCAInner [G, dim , factor sL , f a c t o r s s i n g l e ,

va r i ab l e s , MaxIterationsOuter−>OptionValue [ MaxIterat ionsOuter ] , MaxIterat ionsInner−>OptionValue [
MaxIterat ions Inner ] , ConvergenceOuter−>OptionValue [ ConvergenceOuter ] , ConvergenceInner−>
OptionValue [ ConvergenceInner ] , StartX−>OptionValue [ StartX ] , Ordinal−>f a c t o r s o r d i n a l ,
OrdinalFunction−>OptionValue [ OrdinalFunction ] ] ;

(∗ Calcu la te the e i g enva lu e s o f the s o l u t i o n ∗)
fm=Complement [Range [Length [ f a c t o r sL ] ] , f a c t o r s s i n g l e ] ;

820 s i n g l e f a c t o r s=Union [ OptionValue [ S i ng l e ] , OptionValue [ Ordinal ] ] ;
I f [ f != s i n g l e f a c t o r s ,
e i g e nva l u e s f=Total@DMsquared [ [ fm ] ] / Length [ DMsquared ]
] ;
I f [ v !={} | | s i n g l e f a c t o r s !={} ,

825 e i g enva lue sv=Total@ (Bˆ2) /Length [ DMsquared ]
] ;
I f [Length [ e i g enva lue sv ]==Length [ e i g e nva l u e s f ] ,
e i g enva lue s=e igenva lue sv+e i g enva lu e s f ,
I f [Length [ e i g enva lue sv ]>Length [ e i g e nva l u e s f ] ,

830 e i g enva lue s=e igenva luesv ,
e i g enva lue s=e i g enva l u e s f
]
] ;

835 (∗Return p ro t o co l s with the coord inates , p o s s i b l y component l oad ing s and po s s i b l y d i s c r im ina t i on
measures . I f opt ion Stat i s t rue a l s o re turn extra s t a t i s t i c s about the ana l y s i s ∗)

I f [ OptionValue [ Stat ] ,
I f [Length [ f a c t o r s s i n g l e ]==0,
I f [Length [ v]==0,
Return [{ ToProtocol [ Protocol [ pd ] , dim , f , s i n g l e f a c t o r s , v ,B, XPlot [ [ n ] ] , YPlot [ [ n ] ] , DMsquared ,

e igenva lues , OptionValue [ D i s c r im ina t i on In f o ] ] , { XPlot , YPlot ,{n , e r ror , Loss }}} ] ,
840 Return [{ ToProtocol [ Protocol [ pd ] , dim , f , s i n g l e f a c t o r s , v ,B, XPlot [ [ n ] ] , YPlot [ [ n ] ] , DMsquared ,{
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e igenva lues , e i g enva lu e s f , e i g enva lue sv } , OptionValue [ D i s c r im ina t i on In f o ] ] , { XPlot , YPlot ,{n , e r ror ,
Loss , LossY }}} ]

] ,
Return [{ ToProtocol [ Protocol [ pd ] , dim , f , s i n g l e f a c t o r s , v ,B, XPlot [ [ n ] ] , YPlot [ [ n ] ] , DMsquared ,{

e igenva lues , e i g enva lu e s f , e i g enva lue sv } , OptionValue [ D i s c r im ina t i on In f o ] ] , { XPlot , YPlot ,{n , iterYL
, e r ror , Loss , LossY }}} ]

] ,
Return [ ToProtocol [ Protocol [ pd ] , dim , f , s i n g l e f a c t o r s , v ,B, XPlot [ [ n ] ] , YPlot [ [ n ] ] , DMsquared ,{

e igenva lues , e i g enva lu e s f , e i g enva lue sv } , OptionValue [ D i s c r im ina t i on In f o ] ] ]
845 ]

] ;

NLPCA[ Protocol [ pd L i s t ] , d im Integer , f L i s t , OptionsPattern [ ] ] : =NLPCA[ Protocol [ pd ] , dim , f ,{} ,
MaxIterat ionsOuter :>OptionValue [ MaxIterat ionsOuter ] , MaxIterat ions Inner :>OptionValue [
MaxIterat ions Inner ] , ConvergenceOuter :>OptionValue [ ConvergenceOuter ] , ConvergenceInner :>
OptionValue [ ConvergenceInner ] , StartX:>OptionValue [ StartX ] , S i ng l e :>OptionValue [ S i ng l e ] , Ordinal
:>OptionValue [ Ordinal ] , OrdinalFunction :>OptionValue [ OrdinalFunction ] , Stat :>OptionValue [ Stat ] ,
D i s c r im ina t i on In f o :>OptionValue [ D i s c r im ina t i on In f o ] ] ;

850 (∗ ShowStat by Sandra ∗)
ShowStat : : e r r o r=" The input to ShowStat is not in a correct format ." ;
ShowStat [ s t a t L i s t , OptionsPattern [ ] ] : =Module [{n , iterYL , e r ror , Loss , LossY , l ab e l i nne r , l a b e l o u t e r } ,
I f [Length [ s t a t [ [ 3 ] ] ] !=3&&Length [ s t a t [ [ 3 ] ] ] !=4&&Length [ s t a t [ [ 3 ] ] ] ! = 5 , Message [ ShowStat : : e r r o r ] ] ;
Switch [Length [ s t a t [ [ 3 ] ] ] ,

855 3 ,
{n , e r ror , Loss}=sta t [ [ 3 ] ] ;
Switch [ OptionValue [ StatFormat ] ,
Table ,
Return [TableForm [{{Range [ n ] , e r ro r , Loss }} ,TableHeadings−>{None,{ " Iteration " , " Error " , " Loss " } } ] ] ,

860 Plot ,
Return [{ Li s tL ineP lo t [{Range [ n ] , e r r o r }//Transpose , OptionValue [ L i s tL inePlotOpt ions ] , PlotLabel−>"

Error " ] , L i s tL ineP lo t [{Range [ n ] , Loss }//Transpose , OptionValue [ L i s tL inePlotOpt ions ] ,
PlotRangeClipping−>False , PlotLabel−>" Loss " ]}//TableForm ] ,

List ,
Return [{n , e r ror , Loss , LossY } ]
] ,

865 4 ,
{n , e r ror , Loss , LossY}=sta t [ [ 3 ] ] ;
Switch [ OptionValue [ StatFormat ] ,
Table ,
Return [TableForm [{{Range [ n ] , e r ro r , Loss , LossY }} ,TableHeadings−>{None,{ " Iteration " , " Error " , "

LossTotal " , " LossSingle " } } ] ] ,
870 Plot ,

l a b e l i n n e r=Graphics [Text [StyleForm [ " LossSingle " ,FontSize−>13] ,{1 ,LossY [ [ 1 ] ]} ,{ − 1 . 2 , − . 7} ] ] ;
l a b e l o u t e r=Graphics [Text [StyleForm [ " LossTotal " ,FontSize−>13] ,{1 , Loss [ [ 1 ] ]} ,{ − 1 . 2 , − . 7} ] ] ;

Return [{ Li s tL ineP lo t [{Range [ n ] , e r r o r }//Transpose , OptionValue [ L i s tL inePlotOpt ions ] , PlotLabel−>"
Error " ] ,Show [ L i s tL ineP lo t [{Range [ n ] , LossY}//Transpose , OptionValue [ L i s tL inePlotOpt ions ] ,
PlotRangeClipping−>False ] , l a b e l i nn e r , L i s tL ineP lo t [{Range [ n ] , Loss }//Transpose , OptionValue [
L i s tL inePlotOpt ions ] , PlotRangeClipping−>False ] , l a b e l o u t e r ]}//TableForm ] ,

List ,
Return [{n , e r ror , Loss , LossY } ]

875 ] ,
5 ,
{n , iterYL , e r ror , Loss , LossY}=sta t [ [ 3 ] ] ;
Switch [ OptionValue [ StatFormat ] ,
Table ,

880 Return [TableForm [{{Range [ n ] , iterYL , e r ror , Loss , LossY }} ,TableHeadings−>{None,{ " Iteration " , "
NrOfIterationsInner " , " Error " , " LossTotal " , " LossSingle " } } ] ] ,

Plot ,
l a b e l i n n e r=Graphics [Text [StyleForm [ " LossSingle " ,FontSize−>13] ,{1 ,LossY [ [ 1 ] ] } , { − 1 . 2 , 1 } ] ] ; l a b e l o u t e r

=Graphics [Text [StyleForm [ " LossTotal " ,FontSize−>13] ,{1 , Loss [ [ 1 ] ] } , { − 1 . 2 , 1 } ] ] ;
Return [{ Li s tL ineP lo t [{Range [ n ] , e r r o r }//Transpose , OptionValue [ L i s tL inePlotOpt ions ] , PlotLabel−>"

Error " ] , ListPlot [{Range [ n ] , iterYL }//Transpose , OptionValue [ L i s tP lotOpt ions ] , PlotLabel−>"
NrOfIterationsInner " , F i l l i n g−>Axis ] ,Show [ L i s tL ineP lo t [{Range [ n ] , LossY}//Transpose , OptionValue [
L i s tL inePlotOpt ions ] , PlotRangeClipping−>False ] , l ab e l i nn e r , L i s tL ineP lo t [{Range [ n ] , Loss }//
Transpose , OptionValue [ L i s tL inePlotOpt ions ] , PlotRangeClipping−>False ] , l a b e l o u t e r ]}//TableForm ] ,

List ,
885 Return [{n , iterYL , e r ror , Loss , LossY } ]

]
]
] ;

890 (∗GetStartX by Sandra ∗)
GetStartX : : e r r o r=" The input to GetStartX is not in a correct format ." ;
GetStartX [ Protocol [ pd L i s t ] , v L i s t , OptionsPattern [ ] ] : =Module [{X} ,
X={GetVariableValues [ Protocol [ pd ] , v [ [ 1 ] ] ] , GetVariableValues [ Protocol [ pd ] , v [ [ 2 ] ] ] } / / Transpose ;
I f [ OptionValue [Random] ,

895 X=RandomReal [{−1 ,1} ,Dimensions [X ] ]
] ;
Return [X]
] ;

900
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(∗∗GetEigenvalues , by Sandra∗∗)
GetEigenvalues [ Protocol [ pd L i s t ] , OptionsPattern [ ] ] : =Module [{ e i g } ,
e i g=" Eigenvalues " / . pd [ [METADATA] ] ;
I f [ OptionValue [ List ]==True ,

905 Return [ e i g ]
] ;

I f [ e i g [ [ 1 ] ]== e i g [ [ 2 ] ] ,
Print [ StringJoin [ " The eigenvalues are " ,ToString [Round [ e i g [ [ 1 ] ] , . 0 0 0 0 1 ] ] ] ] ;

910 Print [ " There are no variables or restricted factors in this analysis so this is equivalent to a
MCA . Therefore only unrestricted factors contribute to the eigenvalues which means that the
eigenvalues are the sum of the discrimination measures ." ] ;

Return [ ] ;
] ;

I f [ e i g [ [ 1 ] ]== e i g [ [ 3 ] ] ,
915 Print [ StringJoin [ " The eigenvalues are " ,ToString [Round [ e i g [ [ 1 ] ] , . 0 0 0 0 1 ] ] ] ] ;

Print [ " There are no unrestricted factors in this analysis . Therefore only variables and / or
restricted factors contribute to the eigenvalues which means that the eigenvalues are the sum
of the squared component loadings ." ] ;

Return [ ] ;
] ;

920 Print [ StringJoin [ " The eigenvalues are " ,ToString [Round [ e i g [ [ 1 ] ] , . 0 0 0 0 1 ] ] ] ] ;
Print [ StringJoin [ " The contributions from the unrestricted factors ( the sum of their discrimination

measures ) are " ,ToString [Round [ e i g [ [ 2 ] ] , . 0 0 0 0 1 ] ] ] ] ;
Print [ StringJoin [ " The contributions from the variables and / or the restricted factors ( the sum of

their component loadings ) are " ,ToString [Round [ e i g [ [ 3 ] ] , . 0 0 0 0 1 ] ] ] ] ;
Return [ ] ;
]

925

(∗∗Firs tStep , by Sandra ( inner func t i on f o r NLPCA)∗∗)
F i r s tS t ep : : errorQ="A vector in Q is zero " ;

930 Fi r s tS t ep [ f a c t o r sL L i s t , f s L i s t , fm List , X List , Yprim List , G List , D List , Dinv List , Qin List ,
v a r i a b l e s L i s t , r 1 In t eg e r , r 2 In t eg e r , NI Integer , J Intege r , L f s In t eg e r , OrdIn List , StartX List ,
OptionsPattern [NLPCA] ] :=Module [{Q,Qnew, maxiter , Yprimnew ,B, Xprim ,Xnew ,W, j , ind ,m, pos , q , var , cond ,
Dp, r u l e s } ,

maxiter=OptionValue [ MaxIterat ions Inner ] ;m=1;{Qnew,Q}=ConstantArray [ Qin , 2 ] ;
Yprimnew=Yprim ;
j=Total@{Lfs , r2 } ;B=ConstantArray [ 0 , j ] ;
(∗Normalize and cente r Q∗)

935 Q=Array [Q[ [#]]−Total@Q [ [# ] ] / Length [Q[ [# ] ] ]& , j ] ;
Q [ [ ; ; L f s ] ]=Table [ Normalize [ Sqrt [D[ [ i ] ] ] . Q [ [ i ] ] ] , { i , L f s } ]∗Sqrt [ NI ] ;
Q [ [ Lfs +1 ; ; ] ]= Sqrt [ NI ]∗ Normalize /@Array [Q[[#+Lfs ]]−Total@Q[[#+Lfs ] ] / Length [Q[[#+Lfs ] ] ]& , r2 ] ;

(∗ I f the re are any va r i a b l e s ∗)
940 I f [ r2 !=0 ,

B [ [ Lfs +1 ; ; ] ]= Flatten [Array [{Transpose [ Yprimnew[[#+r1 ] ] ] . Q[[#+Lfs ] ] } / (Q[[#+Lfs ] ] . Transpose [{Q[[#+
Lfs ] ] } ] ) &, r2 ] , 1 ] ;

Yprimnew [ [ r1 +1 ; ; ] ]=Array [ Transpose [{Q[ [ Lfs +#]]} ] .{B [ [ Lfs +#]]}&, r2 ]
] ;

945 (∗ I f the re are any cons t ra ined f a c t o r s ( s i n g l e or o rd i na l ) ∗)
I f [ L f s !=0 ,
Qnew=Q; ind=Join [ f s , r1+Range [ r2 ] ] ;
Do[ I f [ Cases [Q [ [ i ] ] , Except [ 0 . ] ]=={} ,Q [ [ i ] ]=RandomReal [{−1 ,1} ,Length [Q [ [ i ] ] ] ] ; Q [ [ i ] ]= Normalize [ Sqrt [

D[ [ i ] ] ] . Q [ [ i ] ] ] ; Message [ F i r s tS t ep : : errorQ ] ] , { i , L f s } ] ;
(∗ Inner a l t e r n a t i n g l e a s t s qua r e s−algor i thm (ALS−algor i thm ) ∗)

950 While [m<maxiter ,
B [ [ ; ; L f s ] ]= Flatten [Array [{Transpose [ Yprimnew [ [ ind [ [ # ] ] ] ] ] .D[ [ # ] ] .Q[ [# ] ] } / (Q[ [ # ] ] .D[ [ # ] ] . Transpose

[{Q[ [ # ] ] } ] ) &,Lfs ] , 1 ] ;
Qnew [ [ ; ; L f s ] ]= Flatten [Array [{Yprimnew [ [ ind [ [ # ] ] ] ] . B[ [# ] ] } / (B [ [ # ] ] . Transpose [{B[ [ # ] ] } ] ) &,Lfs ] , 1 ] ;
I f [Max[Abs [Q−Qnew]] < OptionValue [ ConvergenceInner ] ,Break [ ] ] ;
Q=Qnew ;

955 m++;
] ;
Q=Qnew ;
Yprimnew [ [ f s ] ]=Array [ Transpose [{Q[ [ # ] ] } ] . {B[ [#] ]}& , Lfs ]
] ;

960
(∗ I f the re are any o rd ina l f a c t o r s ∗)
I f [Length [ OrdIn ] !=0 ,
(∗ f i nd the ordered columns o f Qnew that are ” as c l o s e ” to Qnew as p o s s i b l e ∗)
Switch [ OptionValue [ OrdinalFunction ] ,

965 1 ,
(∗Using FindMinimum with s t a r t v e c t o r s in q∗)
{pos , var , cond ,Dp}=OrdIn ;
q=Qnew[ [#] ]&/@pos ;
r u l e s=Table [FindMinimum [{Dp [ [ i ] ] . ( ( q [ [ i ] ]− var [ [ i ] ] ) ˆ2) , cond [ [ i ] ] } , var [ [ i ] ] ] [ [ 2 ] ] , { i ,Length [ q ] } ] ;

970 Qnew [ [ pos ] ]=Array [ var [ [ # ] ] / . r u l e s [ [# ] ]& ,Length [ q ] ] ,
2 ,
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(∗Using FindMinimum without s t a r t v e c t o r s ∗)
{pos , var , cond ,Dp}=OrdIn ;
q=Qnew[ [#] ]&/@pos ;

975 r u l e s=Table [FindMinimum [{Dp [ [ i ] ] . ( ( q [ [ i ] ]− var [ [ i ] ] ) ˆ2) , cond [ [ i ] ] } , var [ [ i ] ] ] [ [ 2 ] ] , { i ,Length [ q ] } ] ;
Qnew [ [ pos ] ]=Array [ var [ [ # ] ] / . r u l e s [ [# ] ]& ,Length [ q ] ] ,
3 ,
(∗Using NMinimize ∗)
{pos , var , cond ,Dp}=OrdIn ;

980 q=Qnew[ [#] ]&/@pos ;
r u l e s=Array [NMinimize [{Dp [ [ # ] ] . ( ( q [ [#] ]− var [ [ # ] ] ) ˆ2) , cond [ [# ] ] } , var [ [ # ] ] ] [ [ 2 ] ] & , Length [ q ] ] ;
Qnew [ [ pos ] ]=Array [ var [ [ # ] ] / . r u l e s [ [# ] ]& ,Length [ q ] ] ;
]
] ;

985
(∗Calculate , c ente r and o r thogona l i z e X∗)
Xprim=(Total@Array [G[ [ # ] ] . Yprimnew [ [#] ]& , r1 ] ) /J+(Total@Yprimnew [ [ r1 + 1 ; ; ] ] ) /J ; (∗Yprim or Yprimnew

??? ∗)
W=Xprim−ConstantArray [ Total@Xprim/NI , NI ] ;
Xnew=Sqrt [ NI ]∗ Orthogonal i ze [ Transpose [W] ] / / Transpose ;

990
Return [{Xnew , Yprimnew ,Q,B,m} ] ;
] ;

995 (∗∗NLPCAInner , by Sandra ( inner func t i on f o r NLPCA)∗∗)
NLPCAInner : : errorQ=" One of the ordinal factors is not given as a single factor " ;
NLPCAInner : : errorX=" The matrix with coordinates for the individuals you supplied does not have the

correct dimensions " ;
NLPCAInner [ G List , d im Integer , f a c t o r sL L i s t , f a c t o r s s i n g l e L i s t , v a r i a b l e s L i s t , OptionsPattern [NLPCA

] ] := Module [{NI , r1 , r2 , fm , f s , Lfs , J ,D, Dinv ,X, n , maxiterX , XPlot , YPlot , Yprim , Yprimtemp ,Q, iterYL ,
e r ror ,B, Xprim ,W,H, Loss , LossY , j , ind , fo , pos , q , var , g , cond ,Dp, OrdIn , DMsquared ,Dnrm, Dfs } ,

(∗ i n i t i a l i z e some va r i a b l e s ∗)
1000 NI=Dimensions [G [ [ 1 ] ] ] [ [ 1 ] ] ;

{ r1 , r2}={Length [ f a c t o r sL ] ,Length [ v a r i a b l e s ] } ; { fm , f s }={Complement [Range [Length [ f a c t o r sL ] ] ,
f a c t o r s s i n g l e ] , f a c t o r s s i n g l e } ; L f s=Length [ f s ] ; J=Total@{ r1 , r2 } ; maxiterX=OptionValue [
MaxIterat ionsOuter ] ; { XPlot , YPlot , iterYL , e r ror , Loss , LossY}=ConstantArray [ ConstantArray [ 0 ,
maxiterX +1 ] , 6 ] ;

D=SparseArray/@(Transpose [#].#&/@G) ;
Dfs=D[ [ f s ] ] ;
Dinv=SparseArray/@Inverse /@D;

1005 Q=Range [ f a c t o r sL [ [ f s ] ] ] / /N;Q=Fold [Append,Q, v a r i a b l e s ] //N;
n=0;Yprim=ConstantArray [ 0 , J ] ;
(∗Get the s ta r tmat r i x with coo rd ina t e s f o r the i nd i v i du a l s ∗)
I f [Length [ OptionValue [ StartX ]]==0 ,
X=RandomReal [{−10 ,10} ,{NI , dim } ] ,

1010 I f [ Dimensions [ OptionValue [ StartX ] ] !={NI , dim} ,Message [ NLPCAInner : : errorX ] ; Return [ ] ] ;
X=OptionValue [ StartX ]
] ;

W=X−ConstantArray [ Total@X/NI , NI ] ;X=Sqrt [ NI ]∗ Orthogonal i ze [ Transpose [W] ] / / Transpose ; XPlot [ [ 1 ] ] =X;

1015 (∗The f i r s t s tep o f the a l t e r n a t i n g l e a s t squares−algor i thm (ALS−algor i thm ) i f the re are any
va r i a b l e s or cons t ra ined f a c t o r s ∗)

I f [ r2 !=0 | | Lfs !=0 ,
n++;
j=Total@{Lfs , r2 } ; ind=Join [ f s , r1+Range [ r2 ] ] ;
(∗ I n i t i a l i z e some va r i a b l e s f o r the inner i t e r a t i o n i f the re are any o rd ina l f a c t o r s ∗)

1020 I f [ L f s !=0 ,
I f [Length [ OptionValue [ Ordinal ] ] !=0 ,
f o=OptionValue [ Ordinal ] ;
I f [Length [Complement [ fo , Intersection [ f s , f o ] ] ] ! = 0 ,Message [ NLPCAInner : : errorQ ] ] ;
pos=Flatten [ Position [ f s ,#]&/@fo , 2 ] ;

1025 q=Q[ [#] ]&/@pos ;
var=Table [ ToExpression [ "q"<>ToString [#]]&/@Range [Length [ q [ [ i ] ] ] ] , { i ,Length [ q ] } ] ;
g=ToExpression [ ToString[#1]<>" <="<>ToString [#2] ]&;
cond=Array [ Fold [ g , var [ [# , 1 ] ] , var [ [# , 2 ; ; Length [ q [ [ # ] ] ] ] ] ] & , Length [ q ] ] ;
Dp=Array [ Diagonal [D[ [ f o [ [ # ] ] ] ] ] & , Length [ f o ] ] ;

1030 OrdIn={pos , var , cond ,Dp} ,
OrdIn={}
] ,
OrdIn={}
] ;

1035 (∗ F i r s t s tep o f the ALS−algor i thm ∗)
(∗Get the unconstra ined coo rd ina t e s f o r the moda l i t i e s ∗)
Yprim=Join [Array [ ( Dinv [ [ # ] ] . Transpose [G[ [ # ] ] ] ) .X&, r1 ] , ConstantArray [X, r2 ] ] ;
Yprimtemp=Yprim ;
(∗Get the cons t ra ined coo rd ina t e s f o r the moda l i t i e s and the coo rd ina t e s f o r the i nd i v i d u a l s ∗)

1040 {X, Yprim ,Q,B, iterYL [ [ n ] ]}= Fi r s tS t ep [ factor sL , f s , fm ,X, Yprim ,G, Dfs , Dinv ,Q, va r i ab l e s , r1 , r2 , NI , J , Lfs ,
OrdIn , OptionValue [ StartX ] , MaxIterat ionsInner−>OptionValue [ MaxIterat ions Inner ] , ConvergenceInner
−>OptionValue [ ConvergenceInner ] ] ;

(∗ Calcu la te the s i n g l e l o s s ∗)
H=Array [ Transpose [{Q[ [ # ] ] } ] . {B[[#]]} −Yprimtemp [ [ ind [ [# ] ] ] ] & , j ] ;
LossY [ [ n ] ]=( Total@Array [ Transpose [H [ [ # ] ] ] . Dfs [ [ # ] ] .H[ [# ] ]& , Lfs ]+Total@Array [ Transpose [H[[#+Lfs ] ] ] .

H[[#+Lfs ] ]& , r2 ] ) /J//Tr ;

50



(∗ Calcu la te the e r r o r and the t o t a l l o s s ∗)
1045 H=Join [Array [X−G[ [ # ] ] . Yprim [ [# ] ]& , r1 ] ˆ2 ,Array [X−Yprim[[#+r1 ] ]& , r2 ] ˆ 2 ] ;

Loss [ [ n ] ]= Total@Total@Total@H/J ;
e r r o r [ [ n ] ]=Max[Abs [ ( XPlot [ [ n ]]−X) ] ] ;
(∗ Saving the coo rd ina t e s in each step o f the ALS−algor i thm ∗)
XPlot [ [ n ] ]=X; YPlot [ [ n ] ]=Yprim ;

1050 ] ;

(∗ Alte rnat ing l e a s t squares a lgor i thm to get the coord inate−matr i ce s X and Y∗)
While [ n<maxiterX ,
n++;

1055 (∗Get new unconstra ined coo rd ina t e s f o r the moda l i t i e s ∗)
Yprim=Join [Array [ ( Dinv [ [ # ] ] . Transpose [G[ [ # ] ] ] ) .X&, r1 ] , ConstantArray [X, r2 ] ] ;
Yprimtemp=Yprim ;
(∗Get the cons t ra ined coo rd ina t e s f o r the moda l i t i e s o f the va r i ab l e s , i f the re are any∗)
I f [ r2 !=0 ,

1060 B [ [ Lfs +1 ; ; ] ]= Flatten [Array [{Transpose [ Yprim[[#+r1 ] ] ] . Q[[#+Lfs ] ] } / (Q[[#+Lfs ] ] . Transpose [{Q[[#+Lfs
] ] } ] ) &, r2 ] , 1 ] ;

Yprim [ [ r1 +1 ; ; ] ]=Array [ Transpose [{Q[ [ Lfs +#]]} ] .{B [ [ Lfs +#]]}&, r2 ]
] ;
(∗Get the cons t ra ined coo rd ina t e s f o r the moda l i t i e s o f the cons t ra ined f a c t o r s , i f the re are any

c on s t r a i n t s on any o f them∗)
I f [ L f s !=0 ,

1065 {Q,B, iterYL [ [ n ] ]}= Inne r I t e r [Q, Yprim , Dfs ,{ Lfs , j , ind , r2 , NI} ,B, OrdIn , MaxIterat ionsInner−>OptionValue [
MaxIterat ions Inner ] , ConvergenceInner−>OptionValue [ ConvergenceInner ] , OrdinalFunction−>
OptionValue [ OrdinalFunction ] ] ;

Yprim [ [ f s ] ]=Array [ Transpose [{Q[ [ # ] ] } ] . {B[ [#] ]}& , Lfs ] ;
] ;
(∗Get new coo rd ina t e s f o r the i nd i v i du a l s ∗)
Xprim=(Total@Array [G[ [ # ] ] . Yprim [ [# ] ]& , r1 ] ) /J+(Total@Yprim [ [ r1 + 1 ; ; ] ] ) /J ;

1070 W=Xprim−ConstantArray [ Total@Xprim/NI , NI ] ;
X=Sqrt [ NI ]∗ Orthogonal i ze [ Transpose [W] ] / / Transpose ;
(∗ Saving the coo rd ina t e s in each step o f the ALS−algor i thm ∗)
XPlot [ [ n ] ]=X; YPlot [ [ n ] ]=Yprim ;
(∗ Calcu la te the s i n g l e l o s s i f the re i s any∗)

1075 I f [ L f s !=0 | | r2 !=0 ,
H=Array [ Transpose [{Q[ [ # ] ] } ] . {B[[#]]} −Yprimtemp [ [ ind [ [# ] ] ] ] & , j ] ;
LossY [ [ n ] ]=( Total@Array [ Transpose [H [ [ # ] ] ] . Dfs [ [ # ] ] .H[ [# ] ]& , Lfs ]+Total@Array [ Transpose [H[[#+Lfs ] ] ] .

H[[#+Lfs ] ]& , r2 ] ) /J//Tr ;
] ;
(∗ Calcu la te the t o t a l l o s s and the e r r o r ∗)

1080 H=Join [Array [X−G[ [ # ] ] . Yprim [ [# ] ]& , r1 ] ˆ2 ,Array [X−Yprim[[#+r1 ] ]& , r2 ] ˆ 2 ] ;
Loss [ [ n ] ]= Total@Total@Total@H/J ;
e r r o r [ [ n ] ]=Abs [Max[ ( XPlot [ [ n−1]]−XPlot [ [ n ] ] ) ] ] ;
(∗Check the convergence c r i t e r i o n ∗)
I f [ e r r o r [ [ n]]<=OptionValue [ ConvergenceOuter ] ,Break [ ] ] ;

1085 ] ;

(∗ Calcu la te the squared d i s c r im ina t i on measures o f the s o l u t i o n ∗)
DMsquared=Join [Array [ Diagonal [ Transpose [ Yprimtemp [ [ # ] ] ] .D[ [ # ] ] . Yprimtemp [ [# ] ] ]& , r1 ] ,Array [ Diagonal

[ Transpose [ Yprimtemp[[#+r1 ] ] ] . Yprimtemp[[#+r1 ] ] ]& , r2 ] ] / NI ;
(∗Return the coo rd ina t e s and some other u s e f u l in fo rmat ion ∗)

1090 I f [ r2 !=0 | | Lfs !=0 ,
(∗Normalize Q f o r i d e n t i f i c a t i o n ∗)
Dnrm=Array [ Sqrt [Q[ [ # ] ] . Dfs [ [ # ] ] . Transpose [{Q[ [# ] ] } ] ]& , Lfs ] // Flatten ;Q [ [ ; ; L f s ] ]=Array [Q[ [# ] ] /Dnrm

[ [#] ]& , Lfs ]∗Sqrt [ NI ] ; B [ [ ; ; L f s ] ]=Array [B[ [# ] ] ∗Dnrm[ [#] ]& , Lfs ] / Sqrt [ NI ] ;
Return [{XPlot [ [ 1 ; ; n ] ] , YPlot [ [ 1 ; ; n ] ] ,Q,B, DMsquared ,{n , iterYL [ [ 1 ; ; n ] ] , e r r o r [ [ 1 ; ; n ] ] , Loss [ [ 1 ; ; n ] ] ,

LossY [ [ 1 ; ; n ] ] } } ] ,
Return [{XPlot [ [ 2 ; ; n ] ] , YPlot [ [ 2 ; ; n ] ] ,{} ,{} , DMsquared ,{n−1, iterYL [ [ 2 ; ; n ] ] , e r r o r [ [ 2 ; ; n ] ] , Loss [ [ 2 ; ; n

] ] , LossY [ [ 2 ; ; n ] ] } } ]
1095 ]

] ;

(∗∗ Inne r I t e r , by Sandra ( inner func t i on to NLPCAInner)∗∗)
1100 I nn e r I t e r : : errorQ="A vector in Q is zero " ;

I n n e r I t e r [ Q List , Yprim List , D List ,{ Lf s In t eg e r , j I n t e g e r , i nd L i s t , r 2 In t eg e r , NI Intege r } ,
LastB List , OrdIn List , OptionsPattern [NLPCA] ] :=Module [{m,Qnew,Qtemp ,B, pos , q , qs tar t , var , cond ,Dp,
r u l e s } ,

m=1;B=LastB ;Qnew=Q;Qtemp=Q;
Do[ I f [ Cases [Qnew [ [ i ] ] , Except [ 0 . ] ]=={} ,Qnew [ [ i ] ]=RandomReal [{−1 ,1} ,Length [Q [ [ i ] ] ] ] ; Qnew [ [ i ] ]=

Normalize [ Sqrt [D[ [ i ] ] ] . Qnew [ [ i ] ] ] ∗ Sqrt [ NI ] ; Message [ I n n e r I t e r : : errorQ ] ] , { i ,Length [ L f s ] } ] ;

1105 (∗ Inner a l t e r n a t i n g l e a s t s qua r e s−algor i thm (ALS−algor i thm ) i f the re are any cons t ra ined f a c t o r s (
s i n g l e or o rd i na l ) ∗)

While [m<OptionValue [ MaxIterat ions Inner ] ,
B [ [ ; ; L f s ] ]= Flatten [Array [{Transpose [ Yprim [ [ ind [ [ # ] ] ] ] ] .D[ [ # ] ] . Qnew [ [# ] ] } / (Qnew [ [ # ] ] .D[ [ # ] ] .

Transpose [{Qnew [ [ # ] ] } ] ) &,Lfs ] , 1 ] ;
Qtemp [ [ ; ; L f s ] ]= Flatten [Array [{Yprim [ [ ind [ [ # ] ] ] ] . B[ [# ] ] } / (B [ [ # ] ] . Transpose [{B[ [ # ] ] } ] ) &,Lfs ] , 1 ] ;
I f [Max[Abs [ Qtemp−Qnew]] < OptionValue [ ConvergenceInner ] ,Break [ ] ] ;

1110 Qnew=Qtemp ;
m++];
Qnew=Qtemp ;
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(∗For any o rd i na l f a c t o r s , f i nd the ordered columns o f Qnew that are ” as c l o s e ” to Qnew as
p o s s i b l e ∗)

1115 I f [Length [ OrdIn ] !=0 ,
Switch [ OptionValue [ OrdinalFunction ] ,
1 ,
(∗Using FindMinimum with s t a r t v e c t o r s in q∗)
{pos , var , cond ,Dp}=OrdIn ;

1120 q=Qnew[ [#] ]&/@pos ;
q s t a r t=Q[ [#] ]&/@pos ;
r u l e s=Table [FindMinimum [{Dp [ [ i ] ] . ( ( q [ [ i ] ]− var [ [ i ] ] ) ˆ2) , cond [ [ i ] ] } ,MapThread[{#1,#2}&,{var [ [ i ] ] ,

q s t a r t [ [ i ] ] } ] ] [ [ 2 ] ] , { i ,Length [ q ] } ] ;
Qnew [ [ pos ] ]=Array [ var [ [ # ] ] / . r u l e s [ [# ] ]& ,Length [ q ] ] ;
,

1125 2 ,
(∗Using FindMinimum without s t a r t v e c t o r s ∗)
{pos , var , cond ,Dp}=OrdIn ;
q=Qnew[ [#] ]&/@pos ;
r u l e s=Table [FindMinimum [{Dp [ [ i ] ] . ( ( q [ [ i ] ]− var [ [ i ] ] ) ˆ2) , cond [ [ i ] ] } , var [ [ i ] ] ] [ [ 2 ] ] , { i ,Length [ q ] } ] ;

1130 Qnew [ [ pos ] ]=Array [ var [ [ # ] ] / . r u l e s [ [# ] ]& ,Length [ q ] ] ,
3 ,
(∗Using NMinimize ∗)
{pos , var , cond ,Dp}=OrdIn ;
q=Qnew[ [#] ]&/@pos ;

1135 r u l e s=Array [NMinimize [{Dp [ [ # ] ] . ( ( q [ [#] ]− var [ [ # ] ] ) ˆ2) , cond [ [# ] ] } , var [ [ # ] ] ] [ [ 2 ] ] & , Length [ q ] ] ;
Qnew [ [ pos ] ]=Array [ var [ [ # ] ] / . r u l e s [ [# ] ]& ,Length [ q ] ] ;
]
] ;

1140 Return [{Qnew,B,m} ]
] ;

(∗∗ToProtocol , by Sandra & Oskar ( inner func t i on f o r NLPCA and PCA)∗∗)
1145 ToProtocol [ Protocol [ pd L i s t ] , d im Integer , f L i s t , s i n g l e f a c t o r s L i s t , v L i s t , B List , i ndcoo rd s L i s t ,

modvarcoord List , DMsquared List , e i g enva l u e s L i s t , Di sc r iminat ionIn fo Symbol ] :=Module [{newpd , p00
, p0 , p1 , p2 , facdata , moddata ,DM} ,

newpd=pd ;
(∗Add the e i g enva lu e s to the p ro toco l on which the ana l y s i s i s being performed . ∗)
newpd [ [METADATA] ] = Append [ newpd [ [METADATA] ] , " Eigenvalues "−>e i g enva lue s ] ;
newpd [ [METADATA] ] = Append [ newpd [ [METADATA] ] , " Total nr of factors and variables "−>Length [ DMsquared

] ] ;
1150

(∗Add the coord inate v a r i a b l e s o f the i nd i v i du a l s to the p ro to co l on which the ana l y s i s i s be ing
performed ∗)

p1=Fold [ AddVariable [#1 ,StringJoin [ " Coordinates of individuals dim " ,ToString [#2 ] ] , indcoords [ [ All
,#2 ] ] ]& , Protocol [ newpd ] ,Range [ dim ] ] ;

(∗Add the coo rd ina t e s o f the moda l i t i e s o f the v a r i a b l e s as new va r i a b l e s to the same pro toco l . ∗)
1155 I f [ v !={} ,

Do[
p1=Fold [ AddVariable [#1 ,StringJoin [ newpd [ [ VARIABLES, v [ [ i ] ] , 1 ] ] , " coordinates dim " ,ToString [#2 ] ] ,

modvarcoord [ [ Length [ f ]+ i , All ,#2 ] ] ]& , p1 ,Range [ dim ] ] ,
{ i ,Length [ v ]}
] ;

1160 ] ;
(∗Create p ro to co l f o r the coo rd ina t e s o f the moda l i t i e s ∗)
I f [ f !={} ,
p2=CreateProtocol [ Flatten [ GetModalityValues [ Protocol [ newpd] ,#]&/@f ] ] ;
Do[

1165 p2=AddVariable [ p2 , StringJoin [ " Coordinates of modalities dim " ,ToString [ i ] ] , Flatten [ modvarcoord [ [ ; ;
Length [ f ] , All , i ] ] ] ] ,

{ i , dim}
] ;
f acdata = Array [ ConstantArray [ newpd [ [FACTORS, f [ [ # ] ] , 1 ] ] , Length [ newpd [ [FACTORS, f [ [ # ] ] , 2 ] ] ] ] & , Length

[ f ] ] ;
moddata = Array [ newpd [ [FACTORS, f [ [# ] ] , 2 ] ]& ,Length [ f ] ] ;

1170 p2 [ [METADATA, 1 ] ] = Append [ p2 [ [METADATA, 1 ] ] , " StandardCoordinates "−>False ] ;
p2 = AddFactor [ p2 , " Factors " ,Flatten [ f acdata ] ] ;
p2 = AddFactor [ p2 , " Modalities " ,Flatten [ moddata ] ] ;
] ;
(∗Create p ro to co l p0 with the component l oad ing s f o r the v a r i a b l e s and/ or cons t ra ined f a c t o r s ( i f

the re are any ) . ∗)
1175 I f [ v !={} | | s i n g l e f a c t o r s !={} ,

p0=CreateProtocol [ Join [ newpd [ [FACTORS,# ,1] ]&/ @s ing l e f a c t o r s , newpd [ [ VARIABLES,# ,1] ]&/@v ] ] ;
p0=Fold [ AddVariable [#1 ,StringJoin [ " Component loadings dim " ,ToString [#2 ] ] ,B [ [ All ,#2 ] ] ]& , p0 ,Range [

dim ] ] ;
p0=AddFactor [ p0 , " Restricted factornames and / or variablenames " ,Join [ StringJoin [ "F " , newpd [ [FACTORS

,# ,1 ] ] ]&/ @s ing l e f a c t o r s , StringJoin [ "V " , newpd [ [ VARIABLES,# ,1 ] ] ]&/@v ] ]
] ;

1180
(∗Create p ro to co l f o r ( op t i ona l ) i n f o on d i s c r im ina t i on measures ∗)
I f [ D i s c r im inat i on In fo ,

52



p00=CreateProtocol [ Join [ newpd [ [FACTORS,# ,1] ]&/@f , newpd [ [ VARIABLES,# ,1] ]&/@v ] ] ;
DM=Sqrt/@DMsquared ;

1185 p00=Fold [ AddVariable [#1 ,StringJoin [ " Discrimination measures dim " ,ToString [#2 ] ] ,DM[ [ All ,#2 ] ] ]& , p00 ,
Range [ dim ] ] ;

p00=AddFactor [ p00 , " Factornames and / or variablenames " ,Join [ StringJoin [ "F " , newpd [ [FACTORS,# ,1 ] ] ]&/
@f , StringJoin [ "V " , newpd [ [ VARIABLES,# ,1 ] ] ]&/@v ] ]

] ;

(∗Return the new pro t o co l s ∗)
1190 I f [ s i n g l e f a c t o r s=={}&&v=={},

I f [ D i s c r im inat i on In fo ,
Return [{ p00 , p1 , p2 } ] ,
Return [{ p1 , p2 } ]
]

1195 ] ;
I f [ D i s c r im inat i on In fo ,
I f [ f !={} ,
I f [ v !={} | | s i n g l e f a c t o r s !={} ,
Return [{ p00 , p0 , p1 , p2 } ] ,

1200 Return [{ p00 , p1 , p2 } ]
] ,
Return [{ p00 , p0 , p1 } ]
] ,
I f [ f !={} ,

1205 I f [ v !={} | | s i n g l e f a c t o r s !={} ,
Return [{ p0 , p1 , p2 } ] ,
Return [{ p1 , p2 } ]
] ,
Return [{ p0 , p1 } ]

1210 ]
]
] ;

End [ ]
1215

EndPackage [ ]

GUI

BeginPackage [ " GUI ‘" ,{ " RCA ‘" , " Transformations ‘" } ]

Unprotect [
Cloud ,

5 GetCoordinates ,
CreateSymbol ,
Interact
]

10 Cloud : : usage = " Cloud [p] draw a cloud of points using data in p and given options ."
S i z eVar i ab l e : : usage = " SizeData is an option for Cloud specifying a variable index to use for

sizes of symbols . Default option value is None ."
Variables : : usage = " An option for Cloud . Specifying a list with variable indices in a protocol to

use for plotting . Default option value is {1 ,2} "
Axes : : usage = " An option for Cloud . Should be either True och False for displaying or not

displaying axes respectively . The default option value is true ."
ColorFactor : : usage = " An option for Cloud . Specify a factor index to use for colors of symbols .

Then each modality in the factor gets a distinct color . Default option value is None ."
15 Color : : usage = " An option for Cloud . Specify the color to use for the symbols . You can enter any

RBGColor . Colors that have been given names by Mathematica is also accepted ."
ShapeFactor : : usage = " ShapeData is an option for Cloud specifying a factor index to use for shapes

of symbols . Default option value is None ."
ImageSize : : usage = " An option for Cloud . Determine the image size . Default option value is 400 "
Shape : : usage = " Shape is an option for Cloud . Shape ->n gives symbols shape n."
Toolt ipFactor : : usage = " An option for Cloud . Specify a factor index to use for tooltip labels . The

modalities of the given factor will be shown when you move the mouse over a symbol . The
default option value is None ."

20 LabelFactor : : usage = " An option for Cloud specifying a factor index to use for labeling . The
modalities of the given factor will be the labels . Default option value is None ."

FontSize : : usage = " An option for Cloud specifying the font size for the labels ."
FontColor : : usage " An option for Cloud . Specify a font color ( RGB ) to use when labeling the symbols

."
Labe lOr ientat ion : : usage = " An option for Cloud specifying the orientation of the label relative

the symbol it ’s representing . Default option value is { -1 , -1} "
LabelPlacementOffset : : usage = " An option for Cloud specifying the distance between a symbol and

its label ."
25 RandomOffset : : usage = " An option for Cloud specifying the bounds for a random offset which is

applied to the coordinates of the symbols . Default option value is 0"
Legend : : usage = " Set Legend -> True if you want a legend "
LegendSize : : usage = " Specify the size of the Legend . Default option value is Unspecified and then

the width will be set to 200 and the height will be automaticly adjusted to fit the image size
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"
Opacity : : usage = " An option for Cloud . Specify the opacity for the symbols . Default option value

is 1. "
S i z eS ca l e : : usage = " An option for Cloud . Determine a scale factor between the data in a variable

given by SizeData and the size of symbols . Default option value is {1 ,1} "
30 SymbolSize : : usage = " An option for Cloud . Specify the symbol size . You can change the size

uniformly by just entering a real positive number . Deafult option value is {0.05 ,0.05}. "
TabPanel : : usage = " An option for Cloud ."
Arrows : : usage = " An option for Cloud ."
ArrowThickness : : usage = " Determine the thickness of the arrows used in Shape -> Arrows . Default

option value is 0.003 "
ArrowHeadSize : : usage = " Determine the size of the arrowheads used in Shape -> Arrows . Default option

value is 0.01 "
35

CloudMarkings : : usage = " An option for Cloud which specifies which symbols to use in the cloud ." ;
CycleMarkings : : usage = " An option for Cloud which specifies if the markings ( symbols of imported

graphics ) should be cycled or not ." ;

40 South : : usage = " An option for Cloud "
North : : usage = " An option for Cloud "
East : : usage = " An option for Cloud "
West : : usage = " An option for Cloud "

45

Begin [ " ‘ Private ‘" ]
50

Options [ CreateSymbol ] = {CloudMarkings−>{}, CycleMarkings−>False } ;
55

(∗∗CreateSymbol , by Matz ve r s i on 0.35∗ ∗)
CreateSymbol [ symbType , {x , y } , { sx , sy } , OptionsPattern [ CreateSymbol ] ] := Module [{ tmp , s index

=symbType} ,
I f [ Length@OptionValue [ CloudMarkings ]==0, Print [ " ERROR : Cloudmarkings is empty !" ] ; Abort [ ] ] ; (∗

detta s k a l l i n t e h \ [ ADoubleDot ] nda −Matz∗)
60 I f [ OptionValue [ CycleMarkings ] , s index = Mod[ symbType−1, Length@OptionValue [ CloudMarkings ] ] + 1 ] ;

Return [ OptionValue [ CloudMarkings ] [ [ s index ] ]@@{x , y , sx , sy } ] (∗ apply the coo rd ina t e s to the func t i on
o f the ”symbol”∗)

]

65
Cloud : : c o l f a c = " Color factor is out of bounds . Using factor 1. " ;
Cloud : : shape fac = " Shape factor is out of bounds . Using symbol 1 for all objects ." ;
Cloud : : l a b e l f a c = " Label factor is out of bounds ." ;
Cloud : : s i z e v a r = " Size variable out of bounds . Using size 1 for all objects ." ;

70 Cloud : : novars= " Couldn ’t find 2 variables in the protocol . Aborting ." ;
Cloud : : noco lo r= " Not a valid color . Using Black for all symbols ." ;
Cloud : : nod i spvars= " Need 2 variables . Using variables 1 and 2. " ;

Options [Cloud]={Variables−>{1,2} ,
75 S izeVar iab l e−>None ,

S i z eSca l e −>{1,1} ,
Axes−>True ,
ColorFactor−>None ,
Color−>None ,

80 Shape−>None ,
ShapeFactor−>None ,
SymbolSize −>{0.05 ,0.05} ,
LabelFactor−>None ,
FontSize−>10,

85 FontColor−>Black ,
Labe lOr ientat ion−>South ,
LabelPlacementOffset −>0.1,
RandomOffset−>0,
Toolt ipFactor−>None ,

90 Opacity−>1,
ImageSize−>400,
Legend−>False ,
LegendSize−>Unspec i f i ed ,
TabPanel−>False ,

95 AspectRatio−>Automatic ,
ArrowThickness−>0.003 ,
ArrowHeadSize−>0.01,
CloudMarkings−>{},

CycleMarkings−>True
100 } ;
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(∗∗Cloud , by Joakim∗∗)
Cloud [ Protocol [ pd L i s t ] , OptionsPattern [Cloud ] ] :=Module [{newpd , gfx , coord , pts , n , co l o r s , symbtypes ,

s i z e s , t o o l t i p l a b e l , l ab e l s , names , co l tab , legend , l e g ends i z e , l a b e l o r i e n t a t i o n , o r i e n t a t i o n } ,
105

va r i a b l e s = OptionValue [ Variables ] ;
axes = OptionValue [Axes ] ;
c o l o r = OptionValue [ Color ] ;
c o l o r f a c t o r = OptionValue [ ColorFactor ] ;

110 shape = OptionValue [ Shape ] ;
shape fa c to r = OptionValue [ ShapeFactor ] ;
symbol s i ze = OptionValue [ SymbolSize ] ;
s i z e v a r i a b l e = OptionValue [ S i z eVar i ab l e ] ;
s i z e s c a l e = OptionValue [ S i z eS ca l e ] ;

115 t o o l t i p f a c t o r = OptionValue [ Too l t ipFactor ] ;
images i ze = OptionValue [ ImageSize ] ;
opac i ty = OptionValue [ Opacity ] ;
l a b e l f a c t o r = OptionValue [ LabelFactor ] ;
l a b e l o r i e n t a t i o n = OptionValue [ Labe lOr i entat ion ] ;

120 l a b e l o f f s e t = OptionValue [ LabelPlacementOffset ] ;
f o n t s i z e = OptionValue [ FontSize ] ;
f o n t c o l o r = OptionValue [ FontColor ] ;
randomof f set = OptionValue [ RandomOffset ] ;
l egend = OptionValue [ Legend ] ;

125 l e g e nd s i z e = OptionValue [ LegendSize ] ;
a s p e c t r a t i o = OptionValue [ AspectRatio ] ;
a r rowth i cknes s = OptionValue [ ArrowThickness ] ;
ar rowheads ize = OptionValue [ ArrowHeadSize ] ;

130 I f [ l e g e nd s i z e===Unspec i f i ed ,
l e g end s i z e = {200 , images i ze } ;

] ;

cyc = OptionValue [ CycleMarkings ] ; (∗we want to cy c l e between markers ( d e f au l t f o r i c on s = f a l s e )
∗)

135 marks = OptionValue [ CloudMarkings ] ;

newpd=pd ;

I f [ Not@cyc && Not[1<=symbtypes<=Length@marks ] , Message [Cloud : : i o ob e r r o r ] ; Abort [ ] ] ; (∗ check index
bounds i f we don ’ t cy c l e the markings ∗)

140
(∗ convert i c on s /markers to Functions f o r t h i s s e s s i o n ∗)
symbols={ Disk [{ x , y} ,{ sx , sy } ] ,

Polygon [{{x−sx , y−sy } ,{x+sx , y−sy } ,{x+sx , y+sy } ,{x−sx , y+sy }} ] , (∗ Rectangle [{ x−sx , y−sy } ,{x
+sx , y+sy } ] , (∗ convert to polygon . . . ∗) ∗)

Polygon [{{x−sx , y−sy } ,{x , y+sy } ,{x+sx , y−sy } ,{x−sx , y−sy }} ] ,
145 Polygon [{{ x+sx , y+sy } ,{x , y−sy } ,{x−sx , y+sy } ,{x+sx , y+sy }} ] ,

Polygon [{{x−sx , y−sy } ,{x+sx , y} ,{x−sx , y+sy } ,{x−sx , y−sy }} ] ,
Polygon [{{ x+sx , y−sy } ,{x−sx , y} ,{x+sx , y+sy } ,{x+sx , y−sy }} ] ,
{Line [{{x , y−sy } ,{x , y+sy }} ] , Line [{{x−sx , y} ,{x+sx , y }} ]} , (∗ s t r a i g h t c r o s s ∗)
{Line [{{x−sx , y−sy } ,{x+sx , y+sy }} ] , Line [{{x−sx , y+sy } ,{x+sx , y−sy }} ]} , (∗ ro ta ted c r o s s ∗)

150 Polygon [{{x−sx , y} ,{x , y+sy } ,{x+sx , y} ,{x , y−sy } ,{x−sx , y }} ] ,
Circle [{ x , y} ,{ sx , sy } ] } ; (∗ unable to opt imize ∗)

I f [ Length@marks !=0 , symbols = In s e t [# , {x , y} , {0 , 0} , {sx , sy } ] &/@ marks ] ;
symbolsF = Function [{ x , y , sx , sy } , #] & /@ symbols ; (∗make the symbols Functions ∗)

155

I f [Length [ newpd [ [ VARIABLES] ] ] <2 , Message [Cloud : : novars ] ; Abort [ ] ] ;

I f [ ListQ [ v a r i a b l e s ] && Length [ v a r i a b l e s ]==2,
160 coord = GetCoordinates [ Protocol [ newpd ] , v a r i a b l e s ] ,

Message [Cloud : : nod i spvars ] ;

coord = GetCoordinates [ Protocol [ newpd ] , { 1 , 2 } ] ;
165 ] ;

n = Length [ coord ] ;

co l tab=Array [ ColorData [1 ] [#]& , n ] ;
170

(∗Random o f f s e t ∗)
I f [ randomoffset >0,

coord = coord + Table [{RandomReal[{− randomoffset , randomof f set } ] , RandomReal[{− randomoffset ,
randomof f set } ]} ,{n } ] ;

] ;
175

(∗ Hur s k a l l symblerna f a r ga s ? ∗)
I f [ c o l o r f a c t o r===None , (∗ dvs v i har ingen f ak to r ∗)

I f [ c o l o r===None , (∗ och ingen f i x e r ad f a r g ∗)
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c o l o r s=Table [ Black ,{n } ] , (∗ da gor v i symbolerna svar ta ! ∗)
180

I f [Head [ c o l o r ]===RGBColor,
c o l o r s=Table [ co lo r ,{n } ] , (∗ annars sa f a r de den f i x a fa rgen co l ∗)

Message [Cloud : : noco lo r ] ;
c o l o r s=Table [ Black ,{n } ] ;

185 ]
] ,

I f [ c o l o r f a c t o r <=Length [ newpd [ [FACTORS] ] ] ,
c o l o r s=co l tab [ [#] ]&/@newpd [ [FACTORS, c o l o r f a c t o r , 3 ] ] ,

190 Message [Cloud : : c o l f a c ] ;
c o l o r s=co l tab [ [#] ]&/@newpd [ [FACTORS, 1 , 3 ] ] ]

] ;

195 (∗ Hur s k a l l symbolerna fa s ina former ? Analogt med fa rge rna ovan . ∗)
I f [ shape f a c to r===None ,

I f [ shape===None ,
symbtypes=Table [ 1 ,{n } ] ,
I f [ shape===Arrows ,

200 symbtypes={} ,
symbtypes=Table [ shape ,{n } ] ] ] ,

I f [ ListQ [ shape f a c to r ] , shape fac to r=shape fac to r [ [ 1 ] ] ] ;
I f [ shape factor<=Length [ newpd [ [FACTORS] ] ] ,

symbtypes = newpd [ [FACTORS, shape factor , 3 ] ] ,
205 Message [Cloud : : shape fac ] ;

symbtypes=Table [ 1 ,{n } ] ]
] ;

(∗ Symbolernas s t o r l e k ∗)
210 s i z e s = Which [ s i z e v a r i a b l e===None ,

I f [ symbols i ze===Automatic ,
X=Max[ coord [ [ All , 1 ] ] ] − Min [ coord [ [ All , 1 ] ] ] ;

Y=Max[ coord [ [ All , 2 ] ] ] − Min [ coord [ [ All , 2 ] ] ] ;
r a t i o = X/Y;

215 Table [ (Y/100) ∗{ ra t i o , 1} ,{n } ] ,
I f [ ListQ [ symbols i ze ] , Table [ symbols ize ,{n } ] , Table [{ symbols ize , symbol s i ze } ,{n } ] ]

] ,

! ListQ [ s i z e v a r i a b l e ]&&s i z e v a r i a b l e <=Length [ newpd [ [ VARIABLES ] ] ] ,
220 Abs [{ s i z e s c a l e [ [ 1 ] ] ∗# [ [ 1 ] ] , s i z e s c a l e [ [ 2 ] ] ∗#[ [ 2 ] ] }&/ @Transpose [ newpd [ [ VARIABLES,{

s i z e v a r i a b l e , s i z e v a r i a b l e } , 2 ] ] ] ] ,

s i z e v a r i a b l e [ [ 1 ] ] < Length [ newpd [ [ 4 ] ] ]&& s i z e v a r i a b l e [ [2 ] ] <=Length [ newpd [ [ 4 ] ] ] ,
Abs [{ s i z e s c a l e [ [ 1 ] ] ∗# [ [ 1 ] ] , s i z e s c a l e [ [ 2 ] ] ∗#[ [ 2 ] ] }&/ @Transpose [ newpd [ [ VARIABLES,

s i z e v a r i a b l e , 2 ] ] ] ] ,

225 True ,
Message [Cloud : : s i z e v a r ] ;
Table [ s i z e v a r i a b l e ,{n } ] ] ;

230 I f [ l a b e l f a c t o r===None ,
l a b e l s = {} ,
I f [ l a b e l f a c t o r <=Length [ newpd [ [FACTORS] ] ] ,

names = ToString [ newpd [ [FACTORS, l a b e l f a c t o r , 2 ] ] [ [ # ] ] ] & /@ newpd [ [FACTORS, l a b e l f a c t o r , 3 ] ] ;

235 Which [
l a b e l o r i e n t a t i o n===North , o r i e n t a t i o n = {0 ,1} ,
l a b e l o r i e n t a t i o n===East , o r i e n t a t i o n = {1 ,0} ,
l a b e l o r i e n t a t i o n===South , o r i e n t a t i o n = {0 ,−1} ,
l a b e l o r i e n t a t i o n===West , o r i e n t a t i o n = {−1 ,0} ,

240 ListQ [ l a b e l o r i e n t a t i o n ]===True , o r i e n t a t i o n = l a b e l o r i e n t a t i o n
] ;

l a b e l s = Table [Text [StyleForm [ names [ [ k ] ] , FontSize−>f o n t s i z e , f o n t c o l o r ] , coord [ [ k ] ]+
o r i e n t a t i o n ∗( s i z e s [ [ k ] ]+ l a b e l o f f s e t ) ,− o r i e n t a t i o n ] , {k , 1 , n } ] ,

245 l a b e l s = {} ;
Message [Cloud : : l a b e l f a c ]
] ;

] ;
250

I f [ shape===Arrows ,

(∗The po in t s without or with t o o l t i p ∗)
255 Which [ t o o l t i p f a c t o r===None ,

pts = Table [{Opacity−>opacity , c o l o r s [ [ k ] ] , Arrowheads [ arrowheads ize ] , Thickness [ a r rowth i cknes s
] , Arrow [{{0 ,0} , coord [ [ k ] ] } ] } , { k , 1 , n } ] ;

, t o o l t i p f a c t o r=!=None ,
t o o l t i p l a b e l = newpd [ [FACTORS, t o o l t i p f a c t o r , 2 ] ] [ [ # ] ] & /@ newpd [ [FACTORS, t o o l t i p f a c t o r , 3 ] ] ;
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pts = Table [{Opacity−>opacity , c o l o r s [ [ k ] ] , Arrowheads [ arrowheads ize ] , Thickness [ a r rowth i cknes s
] , Too l t ip [ Arrow [{{0 ,0} , coord [ [ k ] ] } ] , t o o l t i p l a b e l [ [ k ] ] ] } , { k , 1 , n } ] ;

260 ] ,

(∗The po in t s without or with t o o l t i p ∗)
Which [ t o o l t i p f a c t o r===None ,

pts = Table [{Opacity−>opacity , c o l o r s [ [ k ] ] , CreateSymbol [ symbtypes [ [ k ] ] , coord [ [ k ] ] , s i z e s [ [ k ] ] ,
CloudMarkings−> symbolsF , CycleMarkings−>cyc ]} ,{ k , 1 , n } ] ;

265 , t o o l t i p f a c t o r=!=None ,
t o o l t i p l a b e l = newpd [ [FACTORS, t o o l t i p f a c t o r , 2 ] ] [ [ # ] ] & /@ newpd [ [FACTORS, t o o l t i p f a c t o r , 3 ] ] ;
pts = Table [{Opacity−>opacity , c o l o r s [ [ k ] ] , Too l t ip [ CreateSymbol [ symbtypes [ [ k ] ] , coord [ [ k ] ] ,

s i z e s [ [ k ] ] , CloudMarkings−> symbolsF , CycleMarkings−>cyc ] , t o o l t i p l a b e l [ [ k ] ] ] } , { k , 1 , n } ] ;
] ] ;

270 (∗ColorLegend ∗)
I f [ l egend===True ,

Module [{L , pos , c o l } ,
I f [ c o l o r f a c t o r=!=None ,
L=Length [ newpd [ [FACTORS, c o l o r f a c t o r , 2 ] ] ] ;

275 pos = Position [ newpd [ [FACTORS, c o l o r f a c t o r , 3 ] ] ,# ,1 ,1 ]&/@Range [L ] ;
c o l = c o l o r s [ [#] ]&/ @Flatten [ pos ] ;

l e g endco l s = Grid [ Table [{Graphics [{ c o l [ [ k ] ] , Rectangle [ RoundingRadius−>0.3]} ,ImageSize−>20] ,
newpd [ [FACTORS, c o l o r f a c t o r , 2 ] ] [ [ k ] ] } , { k , 1 ,L} ] , Spacings −>{1,1} ,Alignment−>Left ] ;

280 co l o r l e g end=Pane [ l egendco l s , l e g ends i z e , S c r o l l b a r s−>{False ,True} ,ImageMargins−>{{0, 0} , {0 ,
0}} , AppearanceElements −> None ] ,

c o l o r l e g end = Null ;
] ;
] ;
, c o l o r l e g end = Null

285
] ;

(∗SymbolLegend ∗)
290 I f [ l egend===True ,

Module [{L , pos , symb} ,
I f [ shape f a c to r=!=None ,
L=Length [ newpd [ [FACTORS, shape factor , 2 ] ] ] ;
pos = Position [ newpd [ [FACTORS, shape factor , 3 ] ] ,# ,1 ,1 ]&/@Range [L ] ;

295 symb = symbtypes [ [#] ]&/ @Flatten [ pos ] ;

legendsymbs = Grid [ Table [{Graphics [{Black , CreateSymbol [ symb [ [ k ] ] ,{0 , 0} ,{1 , 1} , CloudMarkings
−> symbolsF , CycleMarkings−>cyc ]} , ImageSize−>20] ,newpd [ [FACTORS, shape factor , 2 ] ] [ [ k ] ] } , { k
, 1 ,L} ] , Spacings −>{1,1} ,Alignment−>Left ] ;

symbollegend=Pane [ legendsymbs , l e g ends i z e , S c r o l l b a r s−>{False ,True} ,ImageMargins−>{{0, 0} , {0 ,
0}} , AppearanceElements −> None ] ,

300 symbollegend = Null ;
] ;
] ;
, symbollegend = Null

] ;
305

I f [ l egend===True ,
g fx = Grid [{{Graphics [{ l ab e l s , pts } ,Axes−>axes , ImageSize−>images i ze ] , TabView [{ " Color Legend "

−>co lo r l egend , " Symbol Legend "−>symbollegend } ]}} , Spacings −>{{0 ,10 ,0} ,0} ] ;
310 ,

g fx = Graphics [{ l ab e l s , pts } ,Axes−>axes , ImageSize−>images ize , AspectRatio−>a sp e c t r a t i o ] ;

] ;

315
Return [ g fx ] ;

]

320

(∗∗ In t e rac t , by Joakim∗∗)
Interact : : novar = " The Protocol contains no varibles " ;

325
Interact [ Protocol [ pd L i s t ] ] := DynamicModule [
{newpd , newmodpd , VarTable , FacTable , c t r l s , images i ze =400 , ind iv idc loud , opacity , c o l o r f a c } ,

newpd=pd ;
330

(∗Check to see i f the p ro to co l conta in s any va r i a b l e s ∗)
I f [Length [ newpd [ [ VARIABLES]]]===0 ,Message [ Interact : : novar ] ; Abort [ ] ] ;
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VarTable = Table [ k ,{ k ,Length [ newpd [ [ VARIABLES ] ] ] } ] ;
335 FacTable = Table [ k ,{ k ,Length [ newpd [ [FACTORS ] ] ] } ] ;

Dynamic [Grid [{{Column [{ c t r l s } , Div iders−>Center , Spacings−>3,Base l i n ePos i t i on−>Bottom ] , Show [
i nd i v i d c l oud ]}} ,

340 Frame−>All , Alignment−>{Left ,Top} , ItemStyle−>Di r e c t i v e [FontFamily−>" Helvetica " ] , Spacings
−>{{1−>1,2−>2},{1−>1}}],

SynchronousUpdating−>False ]
,

I n i t i a l i z a t i o n :>(

345 opac i ty =1;
c o l o r f a c=None ;
t o o l f a c=None ;
l a b e l f a c=None ;
l a b e l o r i e n t a t i o n = South ;

350 l a b e l o f f s e t = 0 ;
f o n t s i z e = 10 ;
symbfac = None ;
s i z e v a r=None ;
symbsize =0.05;

355 s i z e s c a l e ={1 ,1} ;

i nd i v i d c l oud := Cloud [ Protocol [ newpd ] , Variables−>{1,2} ,Opacity−>Dynamic@opacity , ImageSize−>
Dynamic@imagesize , ColorFactor−>c o l o r f a c , ShapeFactor−>symbfac , Toolt ipFactor−>t oo l f a c ,

LabelFactor−>l a b e l f a c , Labe lOr ientat ion−>l a b e l o r i e n t a t i o n , LabelPlacementOffset−>l a b e l o f f s e t ,
FontSize−>f o n t s i z e , SymbolSize−>symbsize , S i zeVar iab l e−>s i z eva r , S i z eSca l e−>s i z e s c a l e ] ;

360

c t r l s := Column [{
(∗Main Contro l s ∗)
Grid [{{ Sty l e [ " Main Controls " , Bold ]} ,

365 {" Image Size " , InputFie ld [ Dynamic [ images i ze ] ] }
} , Spacings −>{1 ,{1 ,2 ,{0.5}}} , Alignment−>{Left , Center } ] ,

(∗Cloud Contro l s ∗)
Grid [{{ Sty l e [ " Cloud Controls " , Bold ]} ,

370 {" Factor to use for coloring " ,PopupMenu [ Dynamic [ c o l o r f a c ] ,Prepend [ FacTable ,None ] ] } ,
{" Factor to use for Symbols " ,PopupMenu [ Dynamic [ symbfac ] ,Prepend [ FacTable ,None ] ] } ,
{" Factor to use for Tooltip " ,PopupMenu [ Dynamic [ t o o l f a c ] ,Prepend [ FacTable ,None ] ] } ,
{" Factor to use for Labels " ,PopupMenu [ Dynamic [ l a b e l f a c ] ,Prepend [ FacTable ,None ] ] } ,
{" Variable to use for Symbol Sizes " ,PopupMenu [ Dynamic [ s i z e v a r ] ,Prepend [ VarTable ,None

] ] } ,
375 {" Label Orientation " , SetterBar [ Dynamic [ l a b e l o r i e n t a t i o n ] ,{North , East , West , South } ]} ,

{" Label Placement Offset " , InputFie ld [ Dynamic [ l a b e l o f f s e t ] ] } ,
{" Font Size " , InputFie ld [ Dynamic [ f o n t s i z e ] ] } ,
{" Symbol Size " , InputFie ld [ Dynamic [ symbsize ] ] } ,
{" Size Scale X" , InputFie ld [ Dynamic [ s i z e s c a l e [ [ 1 ] ] ] ] } ,

380 {" Size Scale Y" , InputFie ld [ Dynamic [ s i z e s c a l e [ [ 2 ] ] ] ] } ,
{" Opacity " , S l i d e r [ Dynamic [ opac i ty ] , ContinuousAction−>False ]}
} , Spacings −>{1 ,{1 ,2 ,{0.5}}} , Alignment−>{Left , Center } ]

} , Div iders−>Center , Spacings−>3,Base l i n ePos i t i on−>Bottom ] ;
385

)
]

390
Interact [ Protocol [ pd1 L i s t ] , Protocol [ pd2 L i s t ] ] := DynamicModule [
{newpd , newmodpd , VarTable , FacTable , c t r l s , images i ze =400 , ind iv idc loud , modcloud , opacity , c o l o r f a c ,

t o o l f a c , l a b e l f a c , l a b e l o r i e n t a t i o n , l a b e l o f f s e t , f o n t s i z e , symbfac } ,

newpd=pd1 ;
395 newmodpd=pd2 ;

i nd i v i d c l oud := Cloud [ Protocol [ newpd ] , Opacity−>Dynamic@opacity [ [ 1 ] ] ] ;

modcloud := Cloud [ Protocol [ newmodpd ] , Opacity−>Dynamic@opacity [ [ 2 ] ] , LabelFactor−>Dynamic@labelfac
[ [ 2 ] ] ] ;

400
(∗Check to see i f the p ro to co l conta in s any va r i a b l e s ∗)
I f [Length [ newpd [ [ VARIABLES]]]===0 ,Message [ Interact : : novar ] ; Abort [ ] ] ;

405 Dynamic [Grid [{{Column [{ c t r l s } , Div iders−>Center , Spacings−>3,Base l i n ePos i t i on−>Bottom ] , Show[{
i nd iv idc loud , modcloud } ]}} ,

Frame−>All , Alignment−>{Left ,Top} , ItemStyle−>Di r e c t i v e [FontFamily−>" Helvetica " ] , Spacings
−>{{1−>1,2−>2},{1−>1}}],

SynchronousUpdating−>False ]
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,
I n i t i a l i z a t i o n :>(

410
VarTable = {Table [ k ,{ k ,Length [ newpd [ [ VARIABLES ] ] ] } ] , Table [ k ,{ k ,Length [ newmodpd [ [ VARIABLES

] ] ] } ] } ;
FacTable = {Table [ k ,{ k ,Length [ newpd [ [FACTORS] ] ] } ] , Table [ k ,{ k ,Length [ newmodpd [ [FACTORS] ] ] } ] } ;

opac i ty ={1 ,1} ;
415 c o l o r f a c={None ,None} ;

t o o l f a c={None ,None} ;
l a b e l f a c={None ,None} ;
l a b e l o r i e n t a t i o n = {South , South } ;
l a b e l o f f s e t = {0 ,0} ;

420 f o n t s i z e = {10 ,10} ;
symbfac = {None ,None} ;

425 c t r l s := Column [{
(∗Main Contro l s ∗)
Grid [{{ Sty l e [ " Main Controls " , Bold ]} ,
{" Image Size " , InputFie ld [ Dynamic [ images i ze ] ] }
} , Spacings −>{1 ,{1 ,2 ,{0.5}}} , Alignment−>{Left , Center } ] ,

430
(∗Cloud Contro l s ∗)
Grid [{{ Sty l e [ " Cloud Controls " , Bold ]} ,
{" Factor to use for coloring " ,PopupMenu [ Dynamic [ c o l o r f a c [ [ 1 ] ] ] , Prepend [ FacTable [ [ 1 ] ] ,

None ] ] } ,
{" Factor to use for Symbols " ,PopupMenu [ Dynamic [ symbfac [ [ 1 ] ] ] , Prepend [ FacTable [ [ 1 ] ] ,

None ] ] } ,
435 {" Factor to use for Tooltip " ,PopupMenu [ Dynamic [ t o o l f a c [ [ 1 ] ] ] , Prepend [ FacTable [ [ 1 ] ] ,

None ] ] } ,
{" Factor to use for Labels " ,PopupMenu [ Dynamic [ l a b e l f a c [ [ 1 ] ] ] , Prepend [ FacTable [ [ 1 ] ] ,

None ] ] } ,
{" Label Orientation " , SetterBar [ Dynamic [ l a b e l o r i e n t a t i o n [ [ 1 ] ] ] , { North , East , West , South

} ]} ,
{" Label Placement Offset " , InputFie ld [ Dynamic [ l a b e l o f f s e t [ [ 1 ] ] ] ] } ,
{" Font Size " , InputFie ld [ Dynamic [ f o n t s i z e [ [ 1 ] ] ] ] } ,

440 {" Opacity " , S l i d e r [ Dynamic [ opac i ty [ [ 1 ] ] ] , ContinuousAction−>False ]}
} , Spacings −>{1 ,{1 ,2 ,{0.5}}} , Alignment−>{Left , Center } ] ,

(∗Cloud Contro l s ∗)
Grid [{{ Sty l e [ " Cloud Controls " , Bold ]} ,

445 {" Factor to use for coloring " ,PopupMenu [ Dynamic [ c o l o r f a c [ [ 2 ] ] ] , Prepend [ FacTable [ [ 2 ] ] ,
None ] ] } ,

{" Factor to use for Symbols " ,PopupMenu [ Dynamic [ symbfac [ [ 2 ] ] ] , Prepend [ FacTable [ [ 2 ] ] ,
None ] ] } ,

{" Factor to use for Tooltip " ,PopupMenu [ Dynamic [ t o o l f a c [ [ 2 ] ] ] , Prepend [ FacTable [ [ 2 ] ] ,
None ] ] } ,

{" Factor to use for Labels " ,PopupMenu [ Dynamic [ l a b e l f a c [ [ 2 ] ] ] , Prepend [ FacTable [ [ 2 ] ] ,
None ] ] } ,

{" Label Orientation " , SetterBar [ Dynamic [ l a b e l o r i e n t a t i o n [ [ 2 ] ] ] , { North , East , West , South
} ]} ,

450 {" Label Placement Offset " , InputFie ld [ Dynamic [ l a b e l o f f s e t [ [ 2 ] ] ] ] } ,
{" Font Size " , InputFie ld [ Dynamic [ f o n t s i z e [ [ 2 ] ] ] ] } ,
{" Opacity " , S l i d e r [ Dynamic [ opac i ty [ [ 2 ] ] ] , ContinuousAction−>False ]}
} , Spacings −>{1 ,{1 ,2 ,{0.5}}} , Alignment−>{Left , Center } ]

455 } , Div iders−>Center , Spacings−>3,Base l i n ePos i t i on−>Bottom ] ;

)
460 ]

465 (∗∗GetCoordinates , by Joakim∗∗)
GetCoordinates : : Var iab le=" Error in the list of variables " ;
GetCoordinates [ Protocol [ pd L i s t ] , v a r L i s t ] :=Module [{F} ,

I f [Max[ var ] > Length [ pd [ [ VARIABLES ] ] ] , Message [ GetCoordinates : : Var iab le ] ] ;
470

F = pd [ [ VARIABLES, var , 2 ] ] ;
Return [ Transpose [F ] ] ;

]

475
End [ ]
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EndPackage [ ]
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