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Abstract

Thispaperdescribescodethatcanbewrittento extendvariousfeaturesof Arc. Several
accompanying filesof computercodeareavailablefromwww.stat.umn.edu/arc/addons.html
Whenunpacked,you will have a directorycalledExtendingArc that includesthefiles
youneed.www.stat.umn.edu/arc/addons.html.

Arc is a Xlisp-Stat applicationfor theanalysisof regressionmodelsthat studythedepen-
denceof a response� on a setof predictors� . Most of the methodologyin the basicArc is
describedin CookandWeisberg (1999).An earlierversionof Arc calledR-codewasdescribed
in CookandWeisberg (1994);Arc shouldbeusedin placeof R-code. You needto write code
in Xlisp-Stat to extendArc. For a descriptionof theobjectsystemusedin Xlisp-Stat, seeTier-
ney (1990). Steele(1990)providesa completereferenceguideto commonlisp, which is the
languageusedin Xlisp-Stat.

This paperdescribesmethodsfor extendingArc in severalusefulways. We describefirst
how anew fitting methodcanbeaddedto Arc, usingwork by Jorgedela Vegaonfitting ordinal
regressionmodelsasanillustration.Severalotherusefulchangesaredescribedaswell.

1 The Basics

1.1 The Arc prototype

It is helpful to think of Arc asa hierarchicalstructureof objects. At the highestlevel of the
hierarchyis the singleobjectcalledarc ; if you simply type arc into the text window, the
object will be returned. This object keepstrack of global constants,givesaccessto global
methodslike the help systemandcomputingquantilesandpercentagepoints of probability
distributions. Beforeyou readin any datafiles, all interactionwith theprogramis really with
thearc object.Developersareunlikely to wantto changeanythingaboutthearc object.

The arc objecthasmethodsfor readingdatafiles andcreatingdatasets. Arc keepsa list
of all thedatasetscurrentlyin use,andhasmethodsthatallow for switchingbetweendatasets.
Thecommands

> (send arc :datasets)
> (send arc :active-datase t)
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return,respectively, a list of all thedatasetscurrentlyloadedinto theprogram,andthecurrently
activedataset.

Thecompletecodefor thearc prototypeis givenin thefile arc1.lsp .

1.2 Dataset-proto

When you reada datafile into Arc, several objectsare created. For example,load the file
hald.lsp thatcomeswith theprogram,usingtheLoaditemin theArc menu.Thefollowing
objectsarethencreated:

1. A dataset-proto objectis created.Thenameof this objectis eitherspecifiedby a
namegivenon thedatafile (the line dataset = hald specifiesthat thenameof the
datasetis hald ), or is setin a dialog.All datasetsmusthaveuniquenames.Thedataset
is addedto the list of datasetskeptby the arc object; in addition,typing hald in the
listenerwill returntheobject.

2. Eachvariable(columnof data)in thedatafile becomesanobjectof typedatalist-
proto . For thehalddata,thereare5 variables.You cangeta list of thedatalists,and
theirnames,usingthemethods:

> (send hald :datalists)
(#<Object: 405d7af8, prototype = DATALIST-PROTO>

#<Object: 405db2d8, prototype = DATALIST-PROTO>
#<Object: 405d8be8, prototype = DATALIST-PROTO>
#<Object: 405deb08, prototype = DATALIST-PROTO>
#<Object: 405dffa8, prototype = DATALIST-PROTO>
#<Object: 405f4eb8, prototype = DATALIST-PROTO>)

> (send hald :names)
("X1" "X2" "X3" "X4" "Y" "Case-numbers" )

Eachdatalisthasa name,data,a type, suchasvariate,text, factors,interactions,and
others;informationonmissingdatasymbols,andatext stringthatdescribeshow thedata
list wascreatedor whatit represents.Developersmayhavespecializeddatalists,suchas
asurvival indicatorfor survival analysis;Section4 showshow to addnew datalist types.
Thelastof thesedatalists,of type:case-numbers , is generatedautomaticallyby Arc.
Otherspecialvariablesof this typeincludea list of all ones.

3. Eachdataset-protohastwo associatedmenus,a datasetmenu,which hasthesamename
asthedataset,andaGraph&Fitmenuthatthatprovidesaccessto severalgraphtypesand
to variousmodelsfor examiningthedataset.We will show laterhow to modify bothof
thesemenusby addingitemsfor specialpurposes.

4. Modelsarecreatedfrom a dataset’s Graph&Fit menu. The modelwill usuallyhave a
menuof its own, giving accessto methodsthat act on the model,but probablynot on
raw data. Thedatasetkeepsa list of all themodelscreatedfrom it, andthis providesa
mechanismfor themodelsto interactwith eachother. For example,with theHald data,
fit thelinearregressionof Y on theothervariates,andthentype
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> (send hald :models)
(#<Object: 3d9a8e8, prototype = NORMALREG-PROTO>)

whichshowshaldcurrentlyknowsaboutonly onemodel,andit is of typenormalreg-
proto , which is ageneralizedlinearmodelwith normalerrors.

5. Graphsarecreatedfrom thedataset’sGraph&Fitmenuor possiblyfrom amodel’smenu.
The itemsin the Graph&Fit menulist the typesof plots that areavailablein Arc: his-
tograms,2D and 3D scatterplots,boxplots, scatterplotmatricesand multipanelplots
(whicharejusthistogramsor 2D plotswith anaddedslidebarthatwill replacethevalues
on oneof theaxeswhentheslidebaris clicked).This plotswill consistof raw datafrom
thedatasetor of quantitiesthatcanbeobtainedfrom thefit of a model,like residualsor
fitted values. Plotsthat requirequantitiesthat canbe derived from a fit of a modelare
specifiedin the model’s menu. Theselatter plots include,for example,added-variable
plots andCERES plots. Whenmostgraphsarecreated,a function is alsocreatedthat,
whencalled,will recomputethe datain the graph. This permitsgraphsto be updated
whendataarechanged(for example,by deletinganobservation).Draw two graphsfrom
theGraph&Fitmenufor theHalddata,andthentype

> (send hald :graphs)
(#<Object: 39e4298, prototype = HISTOGRAM-PROTO>

#<Object: 3a8a5d8, prototype = SCATTERPLOT-PROTO>)

sothefirst graphis a histogramandtheseconda scatterplot(thenewestgraphis first in
the list of graphs). If you remove a graphfrom the screen,thenthat graphis removed
from thelist of graphs.

2 Adding a Fitting Method

Wedescribefirst how to addanew fitting method,andfor thiswewill usetheexampleof fitting
anordinalresponsemodel,aswritten by Jorgedela Vega.Thebasicprocedureto follow is:

1. Createa stand-aloneprototypethat,whengiventhedataof thecorrecttype,will do the
computationsyou want. This prototypeneednot have any referenceto Arc at all. The
prototypeneedsto have thefollowing methods:

(a) An :isnew methodthat createsa new instanceof the prototype. This method
shouldreturntheobjectitself, sothedatasetprotocankeepthenameof theobject
in a list.

(b) A :compute methodthatdoestherequiredcomputations.

(c) A :needs-computing methodthatreturnst if theresultsneedtobe(re)computed
andnil otherwise.For example,whena point is deletedfrom a graph,thedataset
prototypechangesthe valueof :needs-computing to t for all of its models.
Then,whentheresultsof themodelareredisplayed,or usedin a graph,themodel
will know it needsto recomputeitself.

(d) An :included methodthat is a list of � elementswith � th elementequalto t
whenthe � th caseis to beusedin computations,andnil if it is to beskipped.
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(e) A :display methodthatwill displayany printedoutputin thetext window.

(f) Arc codesmissingvaluesusingthecodefor not-a-number(returnedwith thefunc-
tion (set-missing) , usuallyequalto ��� . Whendatais passedto your proto-
typeby thedatasetproto,any casewith missingvalueswill have thecorresponding
valueof included setto nil . You shouldbe surethat your prototypewill not
choke on the missingvalues. On the MacintoshandUnix, performingany arith-
meticwith not-a-numberreturnsnot-a-number, which is whatonewould like. On
Windows,however, arithmeticwith not-a-numbersometimesreturnsanerrormes-
sage,which is not what is wanted. Consequently, onemustcheckthat Windows
doestheright thingwith missingvalues.

Theprototypecaninherit from regression-model-proto but thereis no require-
ment for this to be true. The examplewe presentbelow inherits from glim-proto ,
which in turn inheritsfrom regression-model-proto .

You may find it convenientto write a function that, whencalledwith the appropriate
arguments,will do all the computationsyou want, put valuesinto importantslots,and
returnanobject.

2. Onceyou have a working method,you needto write the interfacewith Arc. You will
probablywantto keepto thestyleof otherfitting methodsin Arc, which meansthatyou
will wantto haveamenuitemfor yourfitting method,whichthenopensadialog,andthe
resultsof thedialogareusedto createtheobjectyou need.You canaddan item to the
Graph&Fitmenufor your objectby creating.You needto createanarc-menu-item
for the new fitting method. You thenaddthis item to the list of itemsin *arc-fit-
menu-items* . EveryGraph&Fitmenuwill includeyour new fitting method.

3. Youcanmodify thedialogincludedwith thisarticleto suityourneeds,or write yourown
from scratch.

4. When the menuitem is selected,it will call a dataset-proto method. You must
write thecorrespondingmethodthatwill beresponsiblefor callingyourcode.

5. Any graphscreatedby themodelshouldbecreatedin aspecialwaysoArc plot controls
will work properly.

6. Themodel’sprototypeshouldhaveamethodcalled:plotlist thatwhencalledgives
a list of methodsthatwill beusedin drawing graphsfrom theGraph&Fitmenu.

All thesestepscanbecarriedoutby modifying thecodethataccompaniesthispaperto fit your
situation.

2.1 Ordinal Regression

We will considerfitting ordinal regressionmodels,in particulartheproportionaloddsmodel,
Agresti (1990,Sec.9.4.1). Supposewe have a responsevariable � thatconsistsof � ordered
categories.For example, � might representa scaleof mentalimpairmentwith four categories
“Well”, “Mild”, “Moderate”and“Impaired”. Wewill codetheseas4, 3, 2, and1, respectively,

4



wheretheorderingis important,but thenumberingschemeis arbitrary:the“distance”between
Well andMild mightbemuchgreaterthanthe“distance”betweenModerateandImpaired.Let	�
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be thecumulative probability that
�
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�
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�
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Thenameproportionaloddsmodelis usedfor this modelbecause(3) is independentof
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soin logit scaletheregressionlinesareall parallel.
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. As
discussedby Agresti, this procedurewill produceestimatesof thecut-points
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aswell asof

thecoefficientestimatesfor theotherterms.
To fit this model,theusermustspecifya responsevariable,andasetof predictorsor terms8

. In thefitting, wealsorequirea list of frequencies,thenumberof observationswith apartic-
ularvalueof

�
andafixedvalueof

8
. Finally, themodelpresentedhereusesthelogistickernel

meanfunction,but otherslike theprobit canalsobeused.Whenthesevaluesarespecified,the
prototypeshouldfit themodel(in this case,usingmaximumlikelihoodestimation),estimates
andstandarderrorsandanestimateof overall fit shouldbereturned.Also, oneshouldbeable
to obtainancillarystatisticsasneededfor graphicalmethods.

2.1.1 The Function

Jorgedela Vegatranslateda Matlabfunctionby JohnsonandAlbert (1999)into lisp to fit the
proportionaloddsmodel.Hereis thefirst line of thefunction:

(defun ordinalmle (w x f &key (link 0) (maxiter 30) (tol 0.0001))

This functiontakesasinput a `badc matrix e of zeroesandonessuchthat the f th row of this
matrix hasexactly onenon-zeroentry indicatingwhich category wasobserved. The second
argumentis an `gaih matrix of terms,including a columnof onesfor the overall intercept,
assumedto be of full columnrank. The list f of length ` givesthe frequencies,giving the
numberof timesa particularcategory occurredwith a givensetof terms.This is a stand-alone
functionthatusesnoneof thefeaturesof Arc. It doesnotallow missingvalues,deletedcases,or
othermodifications.If thecomputingalgorithmconverges,thefunctionreturnsa list of values,
givenby
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(return (list
:deviance (select deviances 0)
:deviances (select deviances 1)
:coef-estimates alpha
:fit-values mu
:cov-matrix covar
:beta beta)))

Ratherthanjust returninga list of unlabeledvalues,the list returnedhasa nameof a quantity
(precededby a colon) followed by the valuethat wascomputedfor it in the function. This
simplifiesworkingwith thefunctionandmakingfindingerrorseasier.

It is not necessaryto startby writing a function that doesthe computation.Experienced
Xlisp-Stat usersmaypreferto build astand-aloneprototypefor computingeverything.

2.1.2 The prototype

Givena functionthatcancomputethemaximumlikelihoodestimatesandrelatedstatistics,we
next definea prototypethatwill supplythedatato thefunction,andthenhave helpermethods
to accesstheresultsthroughprinting andplotting. Theprototypeis definedasfollows:

(defproto multiordinal-mod el -p ro to
’(fit needs-computin g frequencies frequencies-na me)
() glim-proto)

The nameof the prototypeis multiordinal-model-proto . It inherits from glim-
proto , which in turn inherits from regression-model-proto , and so it hasall the
methodsandslotsdefinedfor thoseprototypes.We recommendthatyou follow this procedure
evenif yourmodelis quitedifferentfrom aglim-proto.Thisprototypehasfour slots of its own,
frequencies,frequencies-name,fit andneeds-computing.All otherslots that it will usedare
inheritedfrom its ancestors.

In Xlisp-Stat, an :isnew methodis responsiblefor creatingan objectandfilling it with
data.The :isnew methodfor multiordinal-model-proto is

(defmeth multiordinal-mo del- pr ot o :isnew
(&rest args &key pweights weights-name

(frequencies pweights) (frequencies-na me weights-name))
(send self :needs-computi ng t)
(send self :frequencies frequencies)
(send self :frequencies-n ame frequencies-name )
(apply #’call-next-meth od args))

Apart from theway estimatesarecomputed,thestructureof themultinomialordinalmodelis
verysimilar to ageneralizedlinearmodel.For example,bothwill haveamatrixof termsstored
in the :x slot,a list of responsesstoredin :yvar (themultinomialmodelwith translatethese
category labelsto thenecessarymatrixof labels).Bothuseiterativecalculations,andthecount
limit on iterationsandtheconvergencecriterioncanbeinheritedby thenew methodfrom the
old one.Themultinomialmodelsrequirefrequencies,whicharenotusedby generalizedlinear
models.The strategy we follow for now is to equatethe glm’s weightswith the multinomial
frequencies;later, weseparatethese.
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In the:isnew functionabove,theslotsfor frequencies(thevalues)andfrequencies-name
(the nameof the variableproviding the frequencies)are explicitly set. This prototypehas
its own :needs-computing method,as glim-proto’s methodfor this dependson using
theglim-proto :compute method.Finally, the last line of themethod,(apply #’call-
next-method args) , calls the :isnew methodfor glim-proto,andthatmethodwill fill
all theothernecessaryslot-values.

2.1.3 The Compute Method

Thebulk of thecomputingis doneby theordinalmle functiondiscussedearlier. Thejob of
the:compute methodis to (1) reset:needs-computing to nil ; (2) obtaintheargumentsj , k andfrequenciesto passto thefunction,deletingall non-includedor missingcases;(3) store
theresultsfor othermethodsto access.Hereis thecomputemethod:

(defmeth multiordinal-mo del- pr ot o :compute ()
(call-method regression-mode l- pro to :compute)
(send self :needs-computin g nil)
(let* ((w (send self :w))

(x (send self :x-matrix))
(frequencies (select (send self :frequencies)

(which (send self :included))))
(link (if (eq (send self :link) logit-link) 0 1))
(result (ordinalmle w x frequencies :link link

:count-limit (send self :count-limit)
:tol (send self :epsilon-dev))) )

(if (not result)
(error "Convergence failed, maximum iterations exceeded."))

;include command to remove model if error.
(setf (slot-value ’fit) result)
t))

Thefirst stepin thecomputemethodcallstheregression-model-proto:compute method.The
purposeof this is to determinea full-rank subsetof thetermsfor useby ordinalmle . This
is nota fool-proof way to gettherank,andin facttherankof theproblemmight belower than
expected.The next line updates:needs-computing , andthenthe matricesj (computed
from the responses)and k (computedfrom the predictors)is obtained. The other inputs to
ordinalmle areobtainedaswell, andthefunction is executed.If thereis a result,thenthe
resultis put into theslot valuefit . The:compute methoddoesn’t doany printing.

2.1.4 Accessor/Helper Methods

Several accessor/helpermethodsare required. Thesefunctionseither accessslot values,or
recover particularpartsof the fit. Of particularinterestis the method:get-value that is
calledby many of theothermethodsto recoveredpartsof thefit.

(defmeth multiordinal-mo del- pr ot o :frequencies
(&optional (new nil set))

(if set (setf (slot-value ’frequencies) new))
(slot-value ’frequencies))
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(defmeth multiordinal-mo del- pr ot o :frequencies-n ame
(&optional (new nil set))

(if set (setf (slot-value ’frequencies-nam e) new))
(slot-value ’frequencies-n ame))

(defmeth multiordinal-mo del- pr ot o :get-value (what)
(when (send self :needs-computing ) (send self :compute))
(let ((pos (position what (slot-value ’fit) :test #’eq)))

(select (slot-value ’fit) (1+ pos))))

(defmeth multiordinal-mo del- pr ot o :needs-computi ng
(&optional (new nil set))

(if set (setf (slot-value ’needs-computing ) new))
(slot-value ’needs-computi ng))

(defmeth multiordinal-mo del- pr ot o :beta ()
(send self :get-value :beta))

(defmeth multiordinal-mo del- pr ot o :deviance ()
(send self :get-value :deviance))

(defmeth multiordinal-mo del- pr ot o :fit-values ()
(let* ((inc (which (send self :included)))

(fit1 (column-list (send self :get-value :fit-values)))
(n (length (send self :included)))
(k (length (first fit1)))
(ans (repeat (list (repeat (set-missing) n)) k)))

(apply #’bind-columns
(mapcar #’(lambda (full part) (setf (select full inc) part))

ans fit1))))

(defmeth multiordinal-mo del- pr ot o :coef-estimate s ()
(send self :get-value :coef-estimates ))

;;; the next method makes the standard display variances item work
(defmeth multiordinal-mo del- pr ot o :xtxinv ()

(send self :get-value :cov-matrix))

(defmeth multiordinal-mo del- pr ot o :cov-matrix ()
(send self :get-value :cov-matrix))

(defmeth multiordinal-mo del- pr ot o :standard-erro rs ()
(sqrt (diagonal (send self :cov-matrix))))

(defmeth multiordinal-mo del- pr ot o :deviances ()
(let* ((inc (which (send self :included)))

(dev (send self :get-value :deviances))
(n (length (send self :included)))
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(ans (repeat (set-missing) n)))
(setf (select ans inc) dev)
ans))

(defmeth multiordinal-mo del- pr ot o :response-cate gori es ()
"Method args: ()
Returns the labels of the response categories."

(remove-duplica te s (qsort (send self :y)) :test #’eq))

(defmeth multiordinal-mo del- pr ot o :w ()
"Method args: ()
Returns a matrix of the category indicators with deleted cases excluded."

(let* ((cats (send self :response-categ or ies ))
(values (iseq 1 (length cats)))
(y (recode-values

(select (send self :y) (which (send self :included)))
cats values)))

(flet ((dummy (val) (mapcar #’(lambda (v) (if (= v val) 1 0)) y)))
(apply #’bind-columns (mapcar #’dummy values)))))

(defmeth multiordinal-mo del- pr ot o :parameter-nam es ()
"Method args: ()
Returns a list of names of the parameters, including the intercept,
followed by category cutpoints."

(let* ((i (list "Intercept"))
(v (select (send self :predictor-name s) (send self :basis)))
(c (mapcar #’(lambda (b) (format nil "Cut˜a" b))

(rest (butlast (send self :response-cate gor ie s) )) )) )
(append c i v)))

(defmeth regression-mode l- pr ot o :display-varianc es
(&key (correlation nil))

(let ((m (* (ˆ (send self :sigma-hat) 2) (send self :xtxinv))))
(cond

(correlation
(format t "Correlation matrix of the coefficient estimates˜%")
(print-correlat io n-mat ri x (get-correlation -mat ri x m)

(send self :parameter-name s) ))
(t

(format t
"Variance-cova ria nc e matrix of the coefficient estimates˜%")

(print-covarian ce -matr ix m (send self :parameter-names ))
(send self :display-varian ce s :correlation t)))))

(defmeth multiordinal-mo del- pr ot o :x-matrix ()
"Method args: ()
Returns the design matrix, and then removes non-included rows."

(let* ((x (call-next-met hod) ))
(select x (which (send self :included)) (iseq (array-dimensi on x 1)))))
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2.1.5 The Display Method

The displaymethodgivesstandardprintedoutput. For the multinomial ordinal model,have
estimatesof l andof the m s,standarderrors,thedevianceandthedegreesof freedomto print.
It is standardin Arc to startall outputby sendingthe :description methodto themodel.
Thisprintssomeusefuldocumentation.

(defmeth multiordinal-mo del- pr ot o :display ()
(if (send self :needs-computin g) (send self :compute))
(send self :description)
(let* ((incl (send self :included))

(n-incl (send self :num-included))
(predictors (send self :predictor-names ))
(response (send self :response-name))
(frequencies (send self :frequencies-na me))
(p (length predictors))
(ps (send self :basis))
(cats (send self :response-categ or ies ))
(m-2 (- (length cats) 2))
(coefs (send self :coef-estimate s) )
(secoefs (send self :coef-standard -er ro rs ))
(deviance (send self :deviance))
(link (send self :link))
(tab (+ 2 (max (cons 8 (mapcar #’length predictors)))) )
(excluded (select (send self :case-labels)

(which (mapcar #’not incl)))))
(format t "˜%˜%Coefficie nt s of predictors:˜%")
(format t "˜va˜va˜va˜va˜ %"

(+ 2 tab) "Label " 16 "Estimate" 14 "Std.Error"
14 "Est/SE" )

(format t "˜va˜v,4f˜v,4f ˜v ,4 f˜% "
tab "Constant" 12 (select coefs m-2)
14 (select secoefs m-2)
14 (/ (select coefs m-2) (select secoefs m-2 )))

(dolist (j ps)
(format t "˜va˜v,4f˜v,4f˜ v, 4f˜ %"

tab (select predictors j) 12 (select coefs (+ 1 (+ m-2 j)))
14 (select secoefs (+ 1 (+ m-2 j)))
14
(/ (select coefs (+ 1 (+ m-2 j)) )
(select secoefs (+ 1 (+ m-2 j)) ))) )

(format t "˜%Cuttof points for categories of ˜a:˜%" response)
(format t "˜va˜va˜va˜va˜ %"

(+ 2 tab) "Label " 16 "Estimate" 14 "Std.Error"
14 "Est/SE")

(format t "˜va˜v,4f˜v,4f ˜%"
tab (select cats 0)12 0 14 0 )

(dolist (j (iseq m-2))
(format t "˜va˜v,4f˜v,4f˜ v, 4f ˜%"
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tab (select cats (+ 1 j)) 12 (select coefs j) 14
(select secoefs j)

14 (/ (select coefs j) (select secoefs j)) ))
(format t "˜%Number of cases used:˜vd" 15 n-incl)
(format t "˜%Deviance: ˜v,4f˜%" 15 deviance)
))

Thesemethodsaresufficient to supplythedataandfit a multinomialordinalmodel,to display
theoutputin aprintedtable,andto give theuseraccessto all thecomputedquantities.

2.2 Interfacing with Arc

To interfacewith Arc, you will want to addan item to the Graph&Fit menuto accessyour
method. Also, you will needto usea dialog to specifywhich variablesyou want to usein
your model,andafter thefit setup a menufor furthercalculationsor graphics.Thefollowing
functiondoessomeof thework for you:

(arc-setup-mode l :menu-item ’multiordinal-m enu -i te m
:menu-title (ms "Fit ordinal multinomial model..."

"Fit ordinal multinomial..."
"Fit ordinal &multinomial... ")

:fitname :multiordinal
:mean-function s (list "Logistic" "Inv-Probit")
:link-function s (list logit-link probit-link)
:prefix "MO"
:types (append *glm-variate-ty pes- defa ult *

(list :ones))
:dialog #’multinomial-d ia lo g
:make-method :make-glm
:proto ’multiordinal- model- pro to )

Theargumentfor :menu-item is any symbolyou like (aslongasit isn’t usedfor something
else).The:menu-title is thetext thatwill appearin themenu.Thefunctionms takesthree
arguments,andreturnsits first argumenton a Macintosh,secondon Unix/Linux, andthird on
Windows. The & in the third argumentunderlinesthe m in multinomial,allowing theuseof
keyboardshortcutsfor this item on Windows. The :fitname givesthenameyou selectfor
modelsof this type;Arc keepstrackof modelsby type.

The next two keywordsarerelevant for modelsthat have link functions,or, equivalently,
their inverses,kernelmeanfunctions. The first of thesekeywordsis a list of text stringsthat
givesshortnamesfor thekernelmeanfunction(consistentwith theusagein CookandWeisberg
(1999)).Thesecondlist givesthecorrespondinglink functions,asusedin glim-proto. If youdo
notuselink or meanfunctionsin yourmethodyouneednotspecifytheseitems.The:prefix
givestheletterusedto specifymodelsof this type;for example“L” is usedfor linearmodels.

Theitem :types tells thesystemthetypesof datayou would like to usein thedialogto
setup your model.To seethedefault list, type*glm-variate-types-default* in the
listener;seealsoSection4. For thisprototype,wewantthevectorof onesavailablein addition
to thestandardtypes.Thekeyword :proto givesthenameof your prototypefor fitting your
model.
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Thekeyword :dialog allowsyou to specifya functionthatshouldbecalledto createthe
dialog you want to useto specifyvariables. The default is to usethe glm-dialog that is
includedin thefile glmsetup.lsp.Thedefault is not quiteappropriate,sinceit permitsdeleting
aninterceptusingoffsets,andspecifyingweightsratherthanfrequencies.A very slight mod-
ification of this methodis availablein the file ord1.lsp that createsthe correctdialog for
thismodelby deletingtheunneededitemsandchangingthenameWeightsto Frequencies.The
new dialog returnsthesameargumentsoasglm-dialog , andthis simplifiesdebuggingthe
program.

Similarly, the :make-method specifiesthe dataset-protomethodthat will be called to
convert the resultsof the dialog into valuesthat canbe usedby the prototype. The default
is completelyadequatefor themultinomialordinalmodel(if we rememberthat theargument
weights containsthe frequencies).In otherproblems(for example,survival analysismight
haveanindicatorfor censoringanobservation)modificationof :make-glm mightberequired.
Thismethodis alsoincludedin glmsetup.lsp .

2.3 The Menu

The:make-glm methodsendsthemodelthatis createdthe:menu methodto createamenu.
If you don’t have a menuof your own, the menuwill consistof the itemsin glm menus. If
you wantyour own menu,you needto specifytheitemsthatgo in it, usinga :menu-items
method:

(defmeth multiordinal-mo del- pr ot o :menu-items ()
(mapcar #’(lambda (a) (make-menu-item a self))

*arc-multiordi nal-m odel -menu-i te ms*) )

(rc-menu-item ’multiordinal- su mmary -i te m "summary" :display)
(rc-menu-item ’multiordinal- pl ot -it em "Plot probabilities" :plot-fitted-
prob)
(rc-menu-item ’multiordinal- re move- it em "Remove model" :remove-menu)

(defparameter *arc-multiordi nal- model -menu- ite ms*
(list ’multiordinal-s ummary -it em

’display-varian ce s- menu- it em
’multiordinal-p lo t- it em
’multiordinal-r emov e- ite m))

Thismenuhasfour items.The‘multinomial-summary-itemcallsthe:display method.The
item ‘display-variances-menu-itemis usedin regression-model-proto,and it finds andprints
the variancecovariancematrix of the coefficient estimates(usingthe method:xtxinv ; by
makingthis methodcall the :cov-matrix method,this menuitemcanbereusedhere).The
next item calls the :plot-fitted-prob methodto draw a graph(seebelow). The final
methodcallsthestandard:remove-menu item to remove themodelfrom themenubar.

2.4 Graphics

Themethod
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(defmeth multiordinal-mo del- pr ot o :plotlist () ’(:deviances))

addsitemsto the list of quantitiesthatcanbeplottedfrom theGraph&Fitmenu.Eachof the
itemsin this list mustcorrespondto a methodin your prototypethat, whencalled,returnsa
list of n numbers(or numbersandmissingvaluesymbols).If you do not have a :plotlist
methodof yourown, thenthemethodinheritedfrom glim-protowill beused.

Finally, we give anexampleof a stand-alonegraphfor plotting thecumulative probability
of successfor eachof thecategories:

(defmeth multiordinal-mo del- pr ot o :plot-fitted-p ro b ()
"Method args: ()
Plots the linear predictor on the horizontal axis, and fitted
probabilities on the vertical axis."

(let* ((horiz (matmult (send self :x-matrix) (send self :beta)))
(vert (transpose (mapcar #’cumsum

(transpose (mapcar #’(lambda (a) (coerce a ’list))
(column-list (send self :fit-values))))) ))

(dataset (send self :data))
(gn (send arc :graph-number) )
(or (order horiz))
(p (send scatterplot-pr oto :new 2)))

(send p :start-bufferin g)
(send p :variable-label ’(0 1)

’("Linear predictor" "Cumulative probability"))
(send p :title

(format nil "[Plot˜a](˜a) Proportional Odds Model Summary"
gn (send self :name)))

(send dataset :intern (format nil "Plot˜a" gn) p)
(send p :add-slot ’owner (send self :data))
(send dataset :graphs p)
(defmeth p :close ()

(send (slot-value ’owner) :delete-graph self) (call-next-meth od) )
(mapcar #’(lambda (d)

(send p :add-lines (select horiz or) (select d or))) vert)
(send p :adjust-to-data )
(send p :buffer-to-scre en)
p))

Theplot is first createdasa 2D scatterplot;screenbuffering is used;axis labelsanda title are
added.Theintern methodcreatesa localvariablewith thesamenameasthetitle of theplot,
so theusercantypemethodsto theplot. Theplot is told aboutthedataset,andthedatasetis
told abouttheplot. This plot doesnot have theability to beupdatedif casesaredeleted,but it
should.

3 More Generalized Linear Models

If you have readthis far, you canseethataddinga new generalizedlinearmodeltypeshould
bevery easy. You canfigureout how to do this by examiningthefile invgau.lsp thatcan
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be obtainedfrom www.stat.umn.edu/arc/addons.html.This shows both how to definea new
link function(inversekernelmeanfunction),a new errordistribution (for theinverseGaussian
distribution), andhow to install everythingin themenu.Thefile usesa functioncalledarc-
glm-method , whichhasbeenrenamedarc-setup-model andis identicalto it.

4 New Data Types

The codefor datalists is given in the file datalist.lsp . The dataset-proto keeps
track of any numberof datalists, models,andgraphs.Eachdatalist consistsof: (1) a name
of thedatalist; (2) a type for thedatalist; (3) a slot thathold informationaboutthedata;(4)
valuesfor thedatalist and(5) a methodfor convertingthevaluesinto a list of lists of datafor
usewith models.Thetypesin Arc include:

:variate This is thebasicdatatype,to representa list of numbers.

:factor Returnsoqpsr dummyvariableswhenthedatain this datalist have o distinctvalues.

:factor1 Returnso dummyvariableswhenthedatain this datalist have o distinct.values.

:effect Returnsotpsr contrastsusing“effect” coding,asusedin SASandmostotherstandard
statisticalprograms.

:interaction Returnsaninteractionwith asmany degreesof freedomasneeded.

:ones A list on u ones.

:case-numbers A list of casenumbers.

:case-names A text list of casenames.

:text A datalist with at leastoneitem thatis notanumber.

You typically will not needto createyour own datatypes,but this canbeusefulfor some
reasons(for example,you mayhavea dialogthatlistsseveralalternativesfor differentweight-
ing schemes,so you might want a datalist of type :weights that canbe easily identified
and put into an appropriatedialog). To createa datatype of your own, you needto write
two methods,onefor dataset-proto andonefor datalist-proto . For example,the
:variate datatypeusesthis method:

(defmeth dataset-proto :variate (&rest args &key data)
"Message args: (&rest args)
Creates a variate or text datalist with data data and name name."

(let* ((data (coerce data ’list))
(d (apply #’send datalist-proto :new :variate args)))

(send self :add-datalist d)
(send d :name)))

A typical call to this methodmightbe

(send dataset :variate :data x :name "Fred" :info "Fred’s height data")
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Themethodmakessurethattheargumentto :data is a list. A :variate datalist is created.
Theotherarguments:name and:info arepassedto thedatalist. :name is required.You
canalsopassotherarguments,but you will needto adjustthedatalist-proto to accept
them.The:add-datalist methodchecksto makesurethatthenamedoesnotalreadyexist
in thedataset.

You needto write a datalist-proto methodwith thesamenameasthedatatype.For
variates,this is

(defmeth datalist-proto :variate (what)
(case what

(:values (list (send self :data)))
(:labels (list (send self :name)))
(:length (length (slot-value ’data)))
(:obs-length (length (send self :observed)))))

For othertypes,thiscanbemorecomplicated.For example,for factors,themethodis

(defmeth datalist-proto :factor (what &rest args)
(defmeth self :info () "Factor--first level dropped")
(case what

(:values (make-factor (send self :data) ))
(:labels (factor-levels (send self :data) :prefix (send self :name) ))
(:length (length (first (send self :values))))
(:obs-length (length (send self :observed)))))

This methodfirst definesthe :info methodfor factorsto print a meaningfultext string. The
:values arereturnedasthe resultof sendingthe data,a list of factorlevels, to the make-
factor function.Lengthdiffersfrom obs-lengthif somevaluesaremissing.For interactions,
themethodis

(defmeth datalist-proto :interaction (what)
(case what

(:values (apply #’rcross-terms
(mapcar #’(lambda (a) (send a :values)) (send self :parents))))

(:labels (apply #’cross-names
(mapcar #’(lambda (a) (send a :labels)) (send self :parents))))

(:length (send (first (send self :parents)) :length))
(:obs-length (length (send self :observed)))))

This usesthefunctionsrcross-terms andcross-names to getthevaluesandthelist of
labels,respectively. The :parents givesthenamesof thevariatesor factorsthatwereused
to definethe interaction.With this definition, interactionsdo not have any dataof their own,
but usethetheirparent’sdata.

5 Adding Smoothers

All 2D graphshave at leasttwo smoothermenus:a parametricsmoothermenuanda nonpara-
metricsmoothermenu.Histogramshavea densityestimationslide-barthatis similar. You can
easilyaddnew smoothersto thesemenusby (1) definingthesmoother, and(2) appendingit to
thelist of smoothers.

To defineasmoother, usethefunctionarc-smoother . An exampleis:
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(arc-smoother ’my-smooth "My smooth" (rseq .1 1 10) #’my-smooth-f)

This functionhasfour requiredarguments.Thefirst argumentis thenameof theprototypethat
definesthesmoother. This meansthata prototypenamedmy-smooth will becreatedby the
call to this function. If needed,you canwrite additionalmethodsfor theprototype.Thenext
itemis ashortstringthatwill beput into theslidebarto identify thesmoother. Thethird itemis
alist of valuesto beput into theslide-bar;theusualvaluesin Arc are(rseq .1 1 10) . The
final item is thenameof a function thatyou mustprovide thatactuallycomputesthesmooth.
If this functionis not nil , it musthave thecallingsequence

(defun my-smooth-f (x y b &key weights) ... )

wherex andy arethedata,andb is thebandwidthvaluereadoff theslidebar. Alternatively,
youcanhave thecomputingdonein theprototype’scomputemethod.Thedefault methodis:

(defmeth arc-smoother-pr ot o :compute (x y index &rest args)
(when (send self :bandwidth index)

(let* ((b (send self :bandwidth index))
(ans (funcall (send self :function) x y b)))

ans)))

This methodcalls thefunctionmy-smooth-f definedabove to do thecomputing.You may
wish to overridethisdefault if yoursmoothingmethodalsocomputessideeffectslikestandard
errors.You mayneedto modify thevalueof b by multiplying it by scaleparameters,sample
sizes,andsoon. Graphsin Arc mayhaveweightsattachedto eachpoint,andif they arepresent
they will be passedto the smootherthroughthe keyword :weights . The function should
returna list of two lists (not a list of two vectors),say v�wFxzy&{| xN} , where wFx is orderedand {| x are
thesmoothedvaluesat wFx . Thevaluesin wFx neednot be identicalto thevaluesin x , but they
shouldcoverall or nearlyall of therangeof x .

After you createthenew smoother, you needto appendit to the list of smoothers.For the
nonparametricsmoothers,

(defparameter *nonparametric -s mooth er s*
(append *nonparametric-s moot hers* (list ’my-smooth)))

For parametricsmoothers:

(defparameter *parametric-sm ooth ers *
(append *parametric-smoo th er s* (list ’my-smooth)))

Finally, for densityestimates,use

(defparameter *density-smoot hers *
(append *density-smoothe rs * (list ’my-smooth)))

Forexample,thefile super-smoother.lsp in theftp://ftp.stat.ucla.edu/pub/lisp/xlisp/xlisp-
stat/code/statistics/smoothers/supersmoother/givesanimplementationof Friedman’ssupersmoother.
It canbe addedto Arc usingthe following code. First, hereis a function that computesthe
smooth:
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(defun super-smooth (x y b)
(let* ((h (if (realp b) (* b (length x)) nil))

(or (order x))
(s (send supersmoother-p rot o :new (select x or) (select y or)

nil h nil)))
(list (select x or) (send s :smoothed-y))))

This functionis of therequiredform. It callssupersmoother-proto , ignoringtheability
to useweights,andto use“baseenhancement.” Next, createArc smootherprototype:

(arc-smoother ’super-smooth "Super-smooth" ’("Opt" .05 .2 .5) #’super-
smooth)

Thiswill addanitemcalled“Super-smooth”to themenu.Only four choicesfor thesmoothing
parameteraregiven: “Opt” will choosethebandwidthlocally to satisfyanoptimalitycriterion,
and.05, .2 and.5 usethesefractionsof thedata. If thevaluein theslide-baris not a number
(thatis, it mustbe“Opt”), thenthevalueof h is setto nil in thefunctionsuper-smoother ,
which is the appropriatevaluefor the calling sequenceto super-smoother-proto . Fi-
nally, define

(defparameter *nonparametric -s mooth er s*
(append *nonparametric-s moot hers* (list ’super-smooth)) )

Loading this code,and the file super-smoother.lsp , is all that is requiredto usethe
super-smoother.

6 Adding Items a Menu

In this section,we describehow to addanitem to anexisting menu.Previously, in thediscus-
sion of the multinomial ordinal model,we discussedhow to createa menufor a new model
type.

6.1 Regression Model Menu

Addinganitemto aregressionmodelmenurequirestwo steps.First,createanew rc-menu-
item for thenew item. Then,addthenameof thenew item to theparameter

(defparameter *arc-linear-re gr es sio n- menu-i tems*
(append *arc-linear-regr es si on-menu-i te ms* (list ’new-item)))

Whentheitem is selectedfrom theregressionmenu,it will call themethodspecifiedfrom the
regressionmodel.Thesimilarparametersfor othermodelsare:

Linearregression *arc-linear-regression-menu- item s*
Nonlinearregression *arc-nonlinear-regression-me nu-i tems *
Gen.lin. models *arc-glm-regression-menu-ite ms*
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6.2 Dataset and Graph&Fit Menus

Eachdatasethastwo menus,the datasetmenu,which hasthe nameof the dataset,and the
Graph&Fitmenu,whichhastheitemsfor drawing graphsandfitting models.Thesemenusare
designedto beeasilyextended.Thefirst taskis to createanArc menuitem. This is donewith
thefunctionrc-menu-item . For example,thecode

(rc-menu-item ’plot-of-menu- it em
"Plot of..." :plot-dialog)

will createanitemcalled’plot-of-menu-item whatwill print thetext “Plot of. . . ” in the
menu,andwhenselectedexecutethedataset’s method:plot-dialog . Thestandardmenu
itemsarecollectedinto parameterslike thefollowing three:

(defparameter *arc-dataset-m enu- ite ms*
(list ’description-men u- it em ’display-summary -menu- ite m

’table-data-menu -i te m
’display-data-me nu-i te m ’display-case-na mes- menu- it em))

(defparameter *arc-data-menu -i te ms*
(list ’add-to-dataset- menu-i te m

’transform-menu- it em ’make-factors- menu- it em
’make-interactio ns -menu- ite m ’set-case-names -menu -i te m
’delete-from-dat as et -menu-i te m
’rename-datalist -menu- it em
’save-dataset-me nu-i te m
))

(defparameter *arc-graphics- menu-it ems*
(list ’plot-of-menu-it em ’scatterplot-m at rix -menu- it em

’boxplot-menu-it em
’multi-panel-plo t- menu-i tem
’prob-plot-menu- it em
’remove-marks-me nu-i te m ))

Appendyourown menuitemto oneof theseparameters.For example,if youhaveanew menu
item called ’recode-datalist-menu-item that whencalledwill give you a dialog to
recodea variable,you might want to put it with theotherdatamanipulationmenuitems. You
canmodify *arc-data-menu-items* by

(defparameter *arc-data-menu -i te ms*
(append *arc-data-menu- it ems* (list ’recode-datalis t- menu- it em)) )

For completeness,hereis themethodthatactuallycreatesthemenus.

(defmeth dataset-proto :make-menu (title)
(let* ((items (list (mapcar #’(lambda (a) (make-menu-item a self))

(combine *arc-dataset-men u- it ems* ’dash
*arc-data-menu-i te ms* ’dash
’remove-dataset- menu-i tem))

(mapcar #’(lambda (a) (make-menu-item a self))
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(combine *arc-graphics-me nu-i te ms* ’dash
*arc-fit-glm-men u- it ems*
*arc-fit-menu-it ems* ) )))

(menus (list (send menu-proto :new title)
(send menu-proto :new "Graph&Fit"))))

(mapcar #’(lambda (m i) (apply #’send m :append-items i)) menus items)
(defmeth (first menus) :install ()

(call-next-meth od)
(mapcar #’(lambda (m) (send m :install)) (rest menus)))

(defmeth (first menus) :remove ()
(call-next-meth od)
(mapcar #’(lambda (m) (send m :remove)) (rest menus)))

(first menus)))

7 Added Variable Plots

Thefile avp.lsp includedwith thefiles of codeincludesthecodethatis usedto draw added
variableplots. We provide someannotationto thatcodehere.Themethodthat is calledwhen
the2D addedvariableplot item is selectedfrom theregressionmenuis :avps . This method
first checksto seehow many termsarein themodel,andif thereis only one,it calls :avp1 .
Otherwise,the addedvariableplot methodwill provide addedvariableplots for all termsin
the model, using a slidebarto rotatebetweenthe variouschoices. This is doneby setting
index to beoneof theelementsof thebasis(oneof thevariablesin a full-rank subsetof the
predictors),initially thefirst column.Thedefinedfunctiondata actuallycomputesandreturns
thequantitiesthatareto appearin thegraph;it usesthecurrentvalueof index to decidewhich
plot is wanted.Thefunction:make-clone makesanexactcopy of theobjectfor thecurrent
model.

Recall that an added-variableplot ofr ~ � is a plot of the residualsfrom the regressionof� on all termsexcept ~ � (usingwhatever fitting methodis usedfor the full model; for exam-
ple, logistic or linear regression)versusthe residualsfrom the linear regressionof ~ � on the
remainingterms.Thesequantitiesarecomputedin thefunctiondata definedin thecode,with
thecloneusedto computethefirst setof residualsanda regression-modelusedto computethe
second.

The :make-plot methodis the standardmethodin Arc for creatinga graph. Its first
argumentis a function that whencalledwill return the quantitiesto be plotted. Passingthe
function ratherthan the datamakesupdatingthe plot easywhenthe dataarechanged.The
secondargumentis a list of labelsfor theaxesin theplot. Thekeyword argumentsusedhere
arefor the title for theplot andfor passingweights,if any, to theplot. Thekeyword :mark ,
with argumentthenameof avariable,will setthemarksfor thisandall othergraphs;youcan’t
set markson this graph,but :make-plot will automaticallyadd the makes to the added-
variableplot if they havealreadybeenset.

Next, thesliderthatselectsthevariousplotsis created.All slidersareoverlays,andthis is
createdin thestandardway. The first argumentbasis givesthe numbersof the columnsof
datathatareused.Thetitle hereis blank,but in otherslidersit is not blank. Thelengthof the
slider is determinedby thedefault method:slider-width , andvariesfor Mac, Windows
and Unix. The location keyword tells where to put the slider, and the :locate-next-
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control methodputsit in thecorrectplace.Finally, thedisplaykeyword givesa list of what
shouldbe displayedon the slider, in this casethe variablenamescorrespondingto the basis.
Theactionfor theslider is determinedby a :do-action methodthat is alsodefinedin the
:avp method.

The two methods:start-next-frame and :finish-next-frame include func-
tions. Whenever theplot is redrawn, thefunctionin :start-next-frame is calledbefore
theplot is redrawn, andthefunctionin :finish-next-frame is calledafterit is redrawn.
Thiswill primarily occurwhenapoint is deleted/restoredfrom thisgraphor anothergraph.

The :do-action methodfor theslideris includedhereaswell. It appropriatelyupdates
the plot, the regressionsandthe index, andthencalls :draw-next-frame to redraw the
plot. Thiscompletesthecodefor 2D added-variableplots.

Thisfile alsoincludesthecodefor 3D addedvariableplots,whichrequireadialogto deter-
minewhatto plot.
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