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Abstract

This paperdescribegodethatcanbewrittento extendvariousfeaturesof Arc. Several
accompaying files of computeicodeareavailablefrom www.stat.umn.edu/arc/addons.html
Whenunpacled, you will have adirectorycalledExtendingArc  thatincludesthefiles
you need.www.stat.umn.edu/arc/addons.html.

Arc is a Xlisp-Sat applicationfor the analysisof regressionmodelsthat studythe depen-
denceof aresponseg, on a setof predictorsz. Most of the methodologyin the basicArc is
describedn CookandWeisbeg (1999).An earlierversionof Arc called R-codewasdescribed
in CookandWeisbeg (1994); Arc shouldbe usedin placeof R-code You needto write code
in Xlisp-Sat to extend Arc. For adescriptionof the objectsystemusedin Xlisp-Sat, seeTier-
ney (1990). Steele(1990) providesa completereferenceguideto commonlisp, which is the
languageusedin Xlisp-Sat.

This paperdescribesnethodsfor extendingArc in several usefulways. We describefirst
how anew fitting methodcanbeaddedo Arc, usingwork by Jogedela Vegaonfitting ordinal
regressiormodelsasanillustration. Severalotherusefulchangesredescribecaswell.

1 TheBascs

1.1 TheArc prototype

It is helpful to think of Arc asa hierarchicalstructureof objects. At the highestlevel of the
hierarchyis the single objectcalledarc ; if you simply type arc into the text window, the
objectwill be returned. This objectkeepstrack of global constantsgivesaccesgo global
methodslik e the help systemand computingquantilesand percentagepoints of probability
distributions. Beforeyou readin ary datafiles, all interactionwith the programis really with
thearc object.Developersareunlikely to wantto changeanything aboutthearc object.

Thearc objecthasmethodgor readingdatafiles andcreatingdatasets Arc keepsa list
of all thedatasetscurrentlyin use,andhasmethodgshatallow for switchingbetweerdatasets.
Thecommands

> (send arc :datasets)
> (send arc :active-datase t)



return,respectrely, alist of all thedatasetsurrentlyloadedinto the program,andthecurrently
active dataset.
Thecompletecodefor thearc prototypeis givenin thefile arcl.lsp

1.2 Dataset-proto

Whenyou reada datafile into Arc, several objectsare created. For example,load the file
hald.Isp  thatcomeswith the program,usingthe Loaditemin the Arc menu.Thefollowing
objectsarethencreated:

1. A dataset-proto objectis created.The nameof this objectis eitherspecifiedby a
namegivenon thedatafile (theline dataset = hald specifieghatthe nameof the
datasets hald ), oris setin adialog. All datasetsnusthave uniguenames.Thedataset
is addedto the list of datasetkeptby thearc object;in addition,typing hald in the
listenerwill returnthe object.

2. Eachvariable(columnof data)in the datafile becomesan objectof type datalist-
proto . For the halddata,thereare5 variables.You cangeta list of the datalists,and
theirnamesusingthe methods:

> (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, suchas variate, text, factors,interactions,and
others;informationon missingdatasymbols andatext stringthatdescribesow thedata
list wascreatedor whatit representsDeveloperamayhave specializedlatalistssuchas
asurvialindicatorfor survival analysis;Section4 shavs how to addnew datalist types.
Thelastof thesedatalistspf type:case-numbers , is generate@utomaticallyby Arc.

Otherspecialvariablesof this typeincludealist of all ones.

3. Eachdataset-prottnastwo associateanenusa datasetnenu,which hasthe samename
asthedatasetanda Graph&Fitmenuthatthatprovidesaccesso severalgraphtypesand
to variousmodelsfor examiningthe dataset. We will shawv later how to modify both of
thesemenusby addingitemsfor specialpurposes.

4. Modelsare createdfrom a datases Graph&Fit menu. The modelwill usually have a
menuof its own, giving accesgo methodsthat act on the model, but probablynot on
raw data. The datasekeepsa list of all the modelscreatedrom it, andthis providesa
mechanisnfor the modelsto interactwith eachother For example,with the Hald data,
fit thelinearregressiorof Y ontheothervariatesandthentype



> (send hald :models)
(#<Object: 3d9a8e8, prototype = NORMALREG-PROTD>

which shows haldcurrentlyknows aboutonly onemodel,andit is of typenormalreg-
proto , whichis ageneralizedinearmodelwith normalerrors.

5. Graphsarecreatedrom thedatasets Graph&Fitmenuor possiblyfrom amodels menu.
Theitemsin the Graph&Fitmenulist the typesof plotsthatareavailablein Arc: his-
tograms,2D and 3D scatterplotsboxplots, scatterplotmatricesand multipanel plots
(which arejusthistogramsor 2D plotswith anaddedslidebarthatwill replacethevalues
on oneof theaxeswhentheslidebaris clicked). This plotswill consistof raw datafrom
the datasebr of quantitiesthatcanbe obtainedfrom thefit of a model,lik e residualsor
fitted values. Plotsthat requirequantitiesthat canbe derived from a fit of a modelare
specifiedin the model’s menu. Theselatter plots include, for example,added-ariable
plots and CERES plots. Whenmostgraphsare created,a functionis also createdthat,
when called, will recomputethe datain the graph. This permitsgraphsto be updated
whendataarechangedfor example,by deletinganobsenation). Draw two graphsrom
the Graph&Fitmenufor the Hald data,andthentype

> (send hald :graphs)
(#<Object: 39e4298, prototype
#<Object: = 3a8ab5d8, prototype

HISTOGRAM-PROTO>
SCATTERPLOT-PRO®>)

sothefirst graphis a histogramandthe seconda scatterplo{the newvestgraphis first in
thelist of graphs).If you remove a graphfrom the screenthenthatgraphis removed
from thelist of graphs.

2 Adding aFitting Method

We describdirst how to adda new fitting method andfor thiswe will usetheexampleof fitting
anordinalresponsenodel,aswritten by Joige dela Vega. The basicproceduredo follow is:

1. Createa stand-alonerototypethat, whengiventhe dataof the correcttype, will do the
computationsg/ou want. This prototypeneednot have ary referenceo Arc atall. The
prototypeneeddo have thefollowing methods:

(&) An :isnew methodthat createsa new instanceof the prototype. This method
shouldreturnthe objectitself, sothe dataseproto cankeepthe nameof the object
in alist.

(b) A :compute methodthatdoestherequiredcomputations.

(c) A :needs-computing methodthatreturng if theresultsneedo be(re)computed
andnil otherwise.For example,whenapointis deletedirom a graph,the dataset
prototypechangeghe value of :needs-computing tot for all of its models.
Then,whentheresultsof the modelareredisplayedpr usedin a graph,the model
will know it needgo recomputetself.

(d) An :included methodthatis alist of n elementswith ith elementequalto t
whentheith caseis to beusedin computationsandnil if it is to be skipped.



(e) A:display  methodthatwill displayarny printedoutputin thetext window.

() Arc codesmissingvaluesusingthe codefor not-a-numbefreturnedwith the func-
tion (set-missing) , usuallyequalto —oco. Whendatais passedo your proto-
type by thedataseproto,any casewith missingvalueswill have the corresponding
valueof included setto nil . You shouldbe surethatyour prototypewill not
cholke on the missingvalues. On the Macintoshand Unix, performingary arith-
metic with not-a-numbereturnsnot-a-numberwhich is whatonewould like. On
Windows, however, arithmeticwith not-a-numbesometimeseturnsanerrormes-
sage,which is not whatis wanted. Consequentlyone mustcheckthat Windows
doestheright thing with missingvalues.

The prototypecaninherit from regression-model-proto but thereis no require-
mentfor this to be true. The examplewe presentbelov inheritsfrom glim-proto
whichin turninheritsfrom regression-model-proto

You may find it corvenientto write a function that, when called with the appropriate
arguments,will do all the computations/ou want, put valuesinto importantslots, and
returnanobject.

2. Onceyou have a working method,you needto write the interfacewith Arc. You will
probablywantto keepto the style of otherfitting methodsn Arc, which meanghatyou
will wantto have amenuitemfor yourfitting methodwhichthenopensadialog,andthe
resultsof the dialog areusedto createthe objectyou need. You canaddanitem 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* . Every Graph&Fitmenuwill includeyour new fitting method.

3. Youcanmodify thedialogincludedwith this articleto suityour needspr write your own
from scratch.

4. Whenthe menuitem is selected,t will call a dataset-proto method. You must
write the correspondingnethodthatwill beresponsibldor calling your code.

5. Any graphscreatedoy themodelshouldbe createdn a specialway so Arc plot controls
will work properly

6. Themodel’s prototypeshouldhave a methodcalled:plotlist thatwhencalledgives
alist of methodghatwill beusedin drawving graphsfrom the Graph&Fitmenu.

All thesestepscanbe carriedout by modifying the codethataccompaniethis paperto fit your
situation.

2.1 Ordinal Regression

We will considerfitting ordinal regressionmodels,in particularthe proportionaloddsmode|
Agresti(1990,Sec.9.4.1). Supposeve have aresponsevariabley that consistsof J ordered
cateories. For example,y might represent scaleof mentalimpairmentwith four cateyories
“Well”, “Mild”, “Moderate”and“Impaired”. We will codetheseas4, 3, 2, andl, respectiely,



wheretheorderingis important,but thenumberingschemas arbitrary:the“distance’between
Well andMild mightbemuchgreaterthanthe“distance”betweerModerateandimpaired.Let

F;(x) = Pr(y < j|x) bethe cumulatve probability thaty is of cateyory j or less,giventhe

value of the predictorsx. Usingthe notationof Cook and Weisbeg (1999), but keepingthe

interceptseparatethelogistic proportionaloddsmodelassumeshat

Fj(x) = 1/(1+ exp(—(e; + n"u))) (1)

whereu = u(x) is asetof termsderivedfrom x (seeCookandWeisbeg, 1999,Chapter8, for
thereasorfor substitutingthe termsu for the predictorsx). Let L;(x) = log(F};/(1 — F})) be
thelogit transformatiorof F'. In thelogit scalethe modelis linear,

Li(x) =a;+n"u (2)
This modelimpliesthat
Li(x1) = Lj(x2) = n"wy —n"wy = 0’ (wy — uy) 3)

The nameproportionaloddsmodelis usedfor this modelbecaus€3) is independenof j and
soin logit scaletheregressioninesareall parallel.

Anotherview of the proportionaloddsmodelis to assumehatthereis anunderlyingcon-
tinuousversiony* of y, suchthatwe obserey = j if a;_; < y* < a;, whereay = —oo. As
discussedy Agresti, this procedurewill produceestimatef the cut-pointsa; aswell asof
the coeficient estimatedor the otherterms.

To fit this model,the usermustspecifyaresponseariable,anda setof predictorsor terms
u. In thefitting, we alsorequirealist of frequenciesthe numberof obsenationswith a partic-
ularvalueof y andafixedvalueof u. Finally, themodelpresentedhereuseshelogistic kernel
meanfunction, but otherslik e the probit canalsobe used.Whenthesevaluesarespecifiedthe
prototypeshouldfit the model(in this case usingmaximumlik elihoodestimation)estimates
andstandarcerrorsandan estimateof overall fit shouldbereturned.Also, oneshouldbe able
to obtainancillary statisticsasneededor graphicalmethods.

2.1.1 TheFunction

Jomgedela Vegatranslateda Matlab function by JohnsorandAlbert (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 functiontakesasinputan x k& matrix w of zeroesandonessuchthatthe sth row of this
matrix hasexactly one non-zeroentry indicatingwhich cateyory was obsered. The second
argumentis ann x p matrix of terms,including a column of onesfor the overall intercept,
assumedo be of full columnrank. Thelist f of lengthn givesthe frequenciesgiving the
numberof timesa particularcateyory occurredwith a givensetof terms.Thisis a stand-alone
functionthatusesoneof thefeaturesof Arc. It doesnotallow missingvaluesdeletedcasesor
othermodifications.If thecomputingalgorithmconverges,thefunctionreturnsalist of values,
givenby



(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 value that was computedfor it in the function. This
simplifiesworking with the functionandmakingfinding errorseasier

It is not necessaryo startby writing a function that doesthe computation. Experienced
Xlisp-Sat usersmay preferto build a stand-alongrototypefor computingeverything.

2.1.2 Theprototype

Givenafunctionthatcancomputethe maximumlik elihoodestimatesndrelatedstatisticswe
next definea prototypethatwill supplythe datato the function,andthenhave helpermethods
to accessheresultsthroughprinting andplotting. The prototypeis definedasfollows:

(defproto multiordinal-mod el -proto
(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 , andso it hasall the
methodsandslotsdefinedfor thoseprototypes We recommendhatyou follow this procedure
evenif yourmodelis quitedifferentfrom aglim-proto. This prototypehasfour slots of its own,
frequenciesfrequencies-namdit and needs-computingAll otherslotsthatit will usedare
inheritedfrom its ancestors.

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

(defmeth  multiordinal-mo del- prot 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 the way estimatesarecomputedthe structureof the multinomial ordinalmodelis
very similarto ageneralizedinearmodel. For example bothwill have amatrix of termsstored
in the:x slot, alist of responsestoredin :yvar (the multinomialmodelwith translatehese
catayory labelsto the necessarynatrix of labels).Both useiterative calculationsandthe count
limit on iterationsandthe corvergencecriterion canbeinheritedby the nev methodfrom the
old one. Themultinomialmodelsrequirefrequencieswhich arenotusedby generalizedinear
models. The stratgy we follow for now is to equatethe glm’s weightswith the multinomial
frequencieslater, we separatehese.



In the:isnew functionabove,theslotsfor frequenciegthevalues)andfrequencies-name
(the nameof the variable providing the frequencies)are explicitly set. This prototypehas
its own :needs-computing method, as glim-proto’s methodfor this dependson using
the glim-proto:compute method. Finally, thelastline of the method,(apply  #'call-
next-method  args) , callsthe:isnew methodfor glim-proto,andthat methodwill fill
all theothernecessarglot-values.

2.1.3 The Compute Method

Thebulk of thecomputingis doneby theordinalmle  functiondiscusseearlier Thejob of
the:compute methodisto (1) resetneeds-computing tonil ; (2)obtainthearguments
w, x andfrequencieso pasgo thefunction,deletingall non-includedr missingcases(3) store
theresultsfor othermethodgo accessHereis the computemethod:

(defmeth  multiordinal-mo del- prot o :compute ()
(call-method regression-mode |- 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 Jlink link
:count-limit (send self :count-limit)
ol (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)

)

Thefirst stepin thecomputemethodcallstheregression-model-protmompute method.The
purposeof thisis to determinea full-rank subsebf thetermsfor useby ordinalmle . This
is notafool-proofway to gettherank,andin facttherankof the problemmight belowerthan
expected. The next line updatesneeds-computing  , andthenthe matricesw (computed
from the responsesand x (computedfrom the predictors)is obtained. The otherinputsto
ordinalmle  areobtainedaswell, andthe functionis executed.If thereis aresult,thenthe
resultis putinto theslotvaluefit . The:compute methoddoesnt doary printing.

2.1.4 Accessor/Helper Methods

Several accessor/helpamethodsare required. Thesefunctionseither accessslot values,or
recover particularpartsof the fit. Of particularinterestis the method:get-value thatis
calledby mary of the othermethodgo recoveredpartsof thefit.

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



(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- prot 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- prot 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- proto :beta ()
(send self :get-value :beta))
(defmeth  multiordinal-mo del- proto :deviance ()
(send self :get-value :deviance))
(defmeth  multiordinal-mo del- prot o :fit-values 0
(let* ((inc  (which (send self :included)))
(fitd (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)

ans fitl))))

(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- prot o :xtxinv 0
(send self :get-value :cov-matrix))

(defmeth  multiordinal-mo del- pr ot o :cov-matrix 0O
(send self :get-value :cov-matrix))

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

(defmeth  multiordinal-mo del- pr ot o :deviances 0
(let* ((inc  (which (send self :included)))
(dev (send self :get-value :deviances))

(n (length  (send self :included)))



(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 tes (gsort (send self i) test #eq))

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

(let* ((cats (send self :response-categ ories ))
(values (iseq 1 (length cats)))
(y (recode-values
(select (send self :y) (which (send self :included)))
cats values)))
(flet ((dummy (val) (mapcar #(lambda (v) (f (= v val) 1 0) V)

(apply  #bind-columns (mapcar #dummy values)))))
(defmeth  multiordinal-mo del- prot o :parameter-nam es ()
"Method args: ()
Returns a list of names of the parameters, including the intercept,
followed by category cutpoints.”
(let* (G (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 gorie s))) ) )
(append c i V)

(defmeth  regression-mode |- pr ot o :display-varianc es
(&key (correlation nil))
(let ((m (* ( (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 -matri x m)
(send self :parameter-name s) ))

(t
(format t

"Variance-cova ria nce matrix of the coefficient estimates™%")
(print-covarian ce-matr ix m (send self :parameter-names ))
(send self :display-varian ces :correlation )

(defmeth  multiordinal-mo del- prot o :x-matrix 0

"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))



2.1.5 TheDisplay Method

The display methodgives standardprinted output. For the multinomial ordinal model, have
estimate®f  andof the as, standarcerrors,the devianceandthe degreesof freedomto print.
It is standardn Arc to startall outputby sendingthe :description methodto the model.
This printssomeusefuldocumentation.

(defmeth  multiordinal-mo del- prot o :display 0
(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 rors))

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

(format t "va'v,4fv,4f v,Af%"
tab "Constant" 12 (select coefs m-2)

14 (select secoefs m-2)
14 (/ (select coefs m-2) (select secoefs m-2 )))
(dolist G ps)
(format t "va'v,4fv,4f v, 4f %"
tab (select predictors ) 12 (select coefs (+ 1 (+ m-2 )))
14 (select secoefs (+ 1 (+ m-2 j))
14
(/ (select coefs (+ 1 (+ m-2 j) )
(select secoefs (+ 1 (+ m-2j) ) )

(format t "%Cuttof points for categories of "ar%" response)

(format t "vavavava” %"
(+ 2 tab) "Label " 16 "Estimate" 14 "Std.Error"
14 “"ESt/SE")
(format t "va'v,4fv,4f “04"

tab (select cats 0)12 0 14 0)
(dolist (i (seqg m-2)
(format t "va'v,4fv,4f v, 4f "%"

10



tab (select cats (+ 1 j) 12 (select coefs ) 14
(select secoefs )
14 (/ (select coefs |) (select secoefs ) ))
(format t "%Number of cases used:"vd" 15 n-incl)
(format t "%Deviance: v, 41 %" 15 deviance)

)

Thesemethodsaresufficientto supplythe dataandfit a multinomial ordinalmodel,to display
the outputin a printedtable,andto give the useraccesdo all the computedquantities.

2.2 Interfacing with Arc

To interfacewith Arc, you will wantto add an item to the Graph&Fit menuto accessyour
method. Also, you will needto usea dialog to specify which variablesyou wantto usein
your model,andafterthefit setup a menufor further calculationsor graphics.Thefollowing
functiondoessomeof thework for you:

(arc-setup-mode | :menu-item  'multiordinal-m enu-i tem
‘menu-title (ms "Fit ordinal multinomial model..."
"Fit  ordinal multinomial..."
"Fit  ordinal &multinomial... "
fithame :multiordinal
:mean-function s (list "Logistic" "Inv-Probit")
Jlink-function s (list logit-link probit-link)
:prefix "MO"
‘types  (append *glm-variate-ty pes- defa ult *
(list :ones))
.dialog #multinomial-d ialog
:make-method :make-gim
proto  'multiordinal- madel- pro to)

Theargumentfor :menu-item is ary symbolyoulike (aslong asit isn’t usedfor something
else).The:menu-title is thetext thatwill appeain themenu.Thefunctionmstakesthree
argumentsandreturnsits first agumenton a Macintosh,secondon Unix/Linux, andthird on
Windows. The & in the third agumentunderlinesthe m in multinomial, allowing the useof
keyboardshortcutdor this item on Windows. The:fithame  givesthe nameyou selectfor
modelsof thistype; Arc keepstrack of modelsby type.

The next two keywords arerelevant for modelsthat have link functions,or, equialently,
their inverseskernelmeanfunctions. The first of thesekeywordsis a list of text stringsthat
givesshorthnamedor thekernelmeanfunction(consistentvith theusagen CookandWeisbeg
(1999)). Thesecondist givesthecorrespondingink functions,asusedn glim-proto. If youdo
notuselink or meanfunctionsin your methodyou neednotspecifythesdtems. The:prefix
givestheletterusedto specifymodelsof this type;for example“L” is usedfor linearmodels.

Theitem :types tellsthe systemthetypesof datayou would like to usein the dialogto
setup your model. To seethe default list, type *glm-variate-types-default* in the
listener;seealsoSectiond. For this prototype we wantthe vectorof onesavailablein addition
to the standardypes. The keyword :proto  givesthe nameof your prototypefor fitting your
model.
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Thekeyword:dialog  allowsyouto specifyafunctionthatshouldbe calledto createthe
dialog you want to useto specifyvariables. The default is to usethe glm-dialog  thatis
includedin thefile gimsetup.lspThedefaultis not quite appropriatesinceit permitsdeleting
aninterceptusingoffsets,andspecifyingweightsratherthanfrequencies A very slight mod-
ification of this methodis availablein thefile ordl.Isp  thatcreateshe correctdialog for
thismodelby deletingtheunneededemsandchanginghe nameWeightsto FrequenciesThe
new dialog returnsthe sameargumentsoasglm-dialog , andthis simplifiesdeluggingthe
program.

Similarly, the :make-method specifiesthe dataset-protanethodthat will be calledto
corvert the resultsof the dialog into valuesthat can be usedby the prototype. The default
is completelyadequatdor the multinomial ordinal model(if we remembethatthe agument
weights containsthe frequencies)In otherproblems(for example,survival analysismight
have anindicatorfor censoringanobsenation)modificationof :make-glm mightberequired.
This methodis alsoincludedin gimsetup.lsp

2.3 TheMenu

The:make-gim methodsendghe modelthatis createdhe: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 specifytheitemsthatgoin it, usinga:menu-items
method:

(defmeth  multiordinal-mo del- prot o :menu-items ()
(mapcar #(lambda (a) (make-menu-item a self)
*arc-multiordi nal-m odel -menu-i te ms¥) )
(rc-menu-item 'multiordinal- summnry -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- mocdel -menu- ite ms*
(list 'multiordinal-s ummay -it em
"display-varian ces- menu- it em
'multiordinal-p lo t- it em
'multiordinal-r enove- ite m))

This menuhasfour items. The ‘multinomial-summary-itentallsthe:display = method.The
item ‘display-variances-menu-iteris usedin regression-model-protandit finds and prints
the variancecovariancematrix of the coeficient estimatequsingthe method:xtxinv  ; by
makingthis methodcall the :cov-matrix method this menuitem canbereusecdhere).The
next item calls the :plot-fitted-prob methodto drav a graph(seebelow). The final
methodcallsthe standardremove-menu itemto remove the modelfrom the menubatr.

2.4 Graphics
Themethod
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(defmeth  multiordinal-mo del- prot o :plotlist () ’(:deviances))

addsitemsto thelist of quantitiesthat canbe plottedfrom the Graph&Fitmenu. Eachof the
itemsin this list mustcorrespondo a methodin your prototypethat, when called, returnsa
list of n numberqor numbersandmissingvaluesymbols).If you do not have a :plotlist
methodof your own, thenthe methodinheritedfrom glim-protowill beused.

Finally, we give an exampleof a stand-alonegraphfor plotting the cumulatve probability
of succesgor eachof the categories:

(defmeth  multiordinal-mo del- pr ot o :plot-fitted-p rob ()
"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 Q)
(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 selfy  (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 s first createdasa 2D scatterplotscreerbuffering is used;axislabelsandatitle are
added.Theintern methodcreateslocalvariablewith the samenameasthetitle of theplot,
sothe usercantype methodso the plot. The plot is told aboutthe datasetandthe dataseis
told aboutthe plot. This plot doesnot have the ability to be updatedf casesaredeleted but it
should.

3 MoreGeneralized Linear Models

If you have readthis far, you canseethataddinga new generalizedinear modeltype should
be very easy You canfigure out how to do this by examiningthefile invgau.lsp  thatcan
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be obtainedfrom www.stat.umn.edu/arc/addons.htnhis shavs both how to definea new
link function(inversekernelmeanfunction),a new errordistribution (for theinverseGaussian
distribution), andhow to install everythingin the menu. Thefile usesa functioncalledarc-
glm-method , which hasbeenrenamedarc-setup-model andis identicalto it.

4 New Data Types

The codefor datalists is givenin the file datalist.Isp . The dataset-proto keeps
track of any numberof datalists, models,andgraphs. Eachdatalist consistsof: (1) a name
of the datalist; (2) a type for the datalist; (3) a slot that hold informationaboutthe data;(4)
valuesfor the datalist and(5) a methodfor convertingthe valuesinto a list of lists of datafor
usewith models.Thetypesin Arc include:

:variate Thisis thebasicdatatype,to represenalist of numbers.
-factor Returnsgy — 1 dummyvariablesvhenthedatain this datalist have p distinctvalues.
:factor1 Returngp dummyvariablesvhenthe datain this datalist have p distinct. values.

-effect Returnsp — 1 contrastausing“effect” coding,asusedin SASandmostotherstandard
statisticalprograms.

‘interaction Returnsaninteractionwith asmary degreesof freedomasneeded.
:ones A list onn ones.

:case-numbers A list of casenumbers.

:case-names A text list of casenames.

:text A datalist with atleastoneitemthatis notanumber

You typically will not needto createyour own datatypes,but this canbe usefulfor some
reasongfor example,you may have a dialogthatlists severalalternatvesfor differentweight-
ing schemesso you might want a datalist of type :weights  that canbe easilyidentified
and put into an appropriatedialog). To createa datatype of your own, you needto write
two methodspnefor 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 isalist. A :variate  datalist is created.
Theotheragumentsname and:info arepassedo the datalist. :name is required.You

canalsopassotheramguments put you will needto adjustthe datalist-proto to accept
them.The:add-datalist methodcheckgo make surethatthenamedoesnotalreadyexist
in thedataset.

You needto write a datalist-proto methodwith the samenameasthedatatype. For

variatesthisis

(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,this canbe morecomplicated For example,for factorsthe methodis

(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 arereturnedastheresultof sendingthe data,a list of factorlevels, to the make-
factor function. Lengthdiffersfrom obs-lengthf 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,respectiely. The:parents givesthe namesof the variatesor factorsthatwereused
to definetheinteraction. With this definition, interactionsdo not have ary dataof their own,
but usethetheir parents data.

5 Adding Smoothers

All 2D graphshave atleasttwo smoothemenus:a parametrismoothemenuanda nonpara-
metric smoothemenu.Histogramshave a densityestimationslide-barthatis similar. You can
easilyaddnew smootherdo thesemenusby (1) definingthe smootherand(2) appendingt to
thelist of smoothers.

To definea smootherusethefunctionarc-smoother . An exampleis:
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(arc-smoother 'my-smooth "My smooth" (rseq .1 1 10) #my-smooth-f)

Thisfunctionhasfour requiredarguments.Thefirst agumentis the nameof the prototypethat
definesthe smoother This meanghata prototypenamedmy-smooth will becreatedoy the
call to this function. If neededyou canwrite additionalmethodsfor the prototype. The next
itemis ashortstringthatwill beputinto theslidebarto identify thesmootherThethird itemis
alist of valuesto beputinto theslide-bartheusualvaluesin Arcare(rseq .1 1 10) . The
final item is the nameof a function thatyou mustprovide that actuallycomputeghe smooth.
If this functionis notnil , it musthave the calling sequence

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

wherex andy arethedata,andb is the bandwidthvaluereadoff the slide bar. Alternatively,
you canhave the computingdonein the prototypes computemethod.The default methodis:

(defmeth  arc-smoother-pr ot 0 :compute (x Yy 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 the function my-smooth-f  definedabove to do the computing. You may
wishto overridethis defaultif your smoothingmethodalsocomputessideeffectslik e standard
errors. You may needto modify the valueof b by multiplying it by scaleparameterssample
sizesandsoon. Graphdn Arc mayhave weightsattachedo eachpoint,andif they arepresent
they will be passedo the smootherthroughthe keyword :weights . The function should
returna list of two lists (not alist of two vectors),say(zo, 9,), Wherezx, is orderedandy, are
the smoothedvaluesat . Thevaluesin x; neednot be identicalto the valuesin x, but they
shouldcoverall or nearlyall of therangeof x.

After you createthe new smootheryou needto appendt to thelist of smoothersFor the
nonparametrismoothers,

(defparameter *nonparametric  -s maoth er s*
(append *nonparametric-s maoot hers* (list 'my-smooth)))

For parametricsmoothers:

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

Finally, for densityestimatesyse

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

Forexample thefile super-smoother.Isp in theftp://ftp.stat.ucla.edu/pub/lisp/xlisglisp-
stat/code/statistics/smoothers/supersimedgivesanimplementatiorof Friedmans supersmoother
It canbe addedto Arc usingthe following code. First, hereis a function that computeghe
smooth:
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(defun  super-smooth  (x y b)
(let* (h (f (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 , ignoringthe ability
to useweights,andto use“baseenhancemeritNext, createArc smootheiprototype:
(arc-smoother 'super-smooth "Super-smooth” ("Opt" .05 .2 .5) #super-
smooth)

Thiswill addanitem called“Supersmooth”to the menu.Only four choicesfor the smoothing
parametearegiven: “Opt” will choosehebandwidthlocally to satisfyanoptimality criterion,
and.05, .2 and.5 usethesefractionsof the data. If the valuein the slide-baris not a number
(thatis, it mustbe“Opt”), thenthevalueof h is settonil in thefunctionsuper-smoother

which is the appropriatevaluefor the calling sequencéo super-smoother-proto . Fi-
nally, define
(defparameter *nonparametric  -s mooth er s*

(append *nonparametric-s maoot hers* (list 'super-smooth)) )
Loading this code, and the file super-smoother.Isp , is all thatis requiredto usethe
supersmoother

6 AddingltemsaMenu

In this section,we describenow to addanitemto anexisting menu. Previously, in the discus-
sion of the multinomial ordinal model, we discussecow to createa menufor a new model

type.

6.1 Regression Model Menu

Adding anitemto aregressiommodelmenurequireswo steps.First, createa new rc-menu-
item for thenew item. Then,addthe nameof thenew itemto the parameter

(defparameter *arc-linear-re gr essio n- menu-i tems*
(append *arc-linear-regr essi on-menu-i te ms* (list 'new-item)))

Whentheitem is selectedrom the regressiommenus,it will call the methodspecifiedfrom the
regressiormodel. The similar parameter$or 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 datasetandthe
Graph&Fitmenu,which hastheitemsfor draving graphsandfitting models.Thesemenusare
designedo be easilyextended.Thefirst taskis to createan Arc menuitem. Thisis donewith
thefunctionrc-menu-item . For example,thecode

(rc-menu-item 'plot-of-menu- it em

"Plot of..." :plot-dialog)
will createanitem called’plot-of-menu-item whatwill printthetext “Plot of...” in the
menu,andwhenselectedexecutethe datases method:plot-dialog . Thestandardnenu

itemsarecollectedinto parameterfik e the following three:

(defparameter *arc-dataset-m enu- ite ms*

(list 'description-men u- it em ’display-summary -menu- ite m
‘table-data-menu -l tem
'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 aset -menu-i te m
rename-datalist -menu- it em

'save-dataset-me nu-i te m

)

(defparameter *arc-graphics- menu-it ens*
(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))

Appendyour own menuitemto oneof theseparametersior example,if you have anen menu
item called 'recode-datalist-menu-item thatwhencalledwill give you a dialog to
recodea variable,you might wantto putit with the otherdatamanipulationmenuitems. You
canmodify *arc-data-menu-items* by

(defparameter *arc-data-menu  -i te ms*
(append *arc-data-menu- it ens* (list 'recode-datalis t- mernu- it em) )

For completenesdyereis the methodthatactuallycreategshe menus.

(defmeth  dataset-proto :make-menu (title)
(let* ((tems  (list (mapcar #(lambda (a) (make-menu-item a self))
(combine *arc-dataset-men u- it emrs* ’'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 ens*
*arc-fit-menu-it ens*) )))
(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 0

(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.Isp  includedwith thefiles of codeincludesthe codethatis usedto drav added
variableplots. We provide someannotationto thatcodehere. The methodthatis calledwhen
the 2D addedvariableplot item is selectedrom the regressiormenuis :avps . This method
first checksto seehow mary termsarein the model,andif thereis only one, it calls:avpl .

Otherwise,the addedvariable plot methodwill provide addedvariableplots for all termsin

the model, using a slidebarto rotate betweenthe various choices. This is done by setting
index to beoneof the elementof the basis(oneof the variablesin a full-rank subsebf the
predictors)jnitially thefirstcolumn.Thedefinedfunctiondata actuallycomputesandreturns
thequantitiesthatareto appeaiin the graph;it usesthe currentvalueof index to decidewhich

plotis wanted.Thefunction:make-clone  makesanexactcopy of the objectfor thecurrent
model.

Recallthat an added-ariableplot ofr z; is a plot of the residualsfrom the regressionof
y on all termsexceptz; (usingwhatever fitting methodis usedfor the full model; for exam-
ple, logistic or linear regression)versusthe residualsfrom the linear regressionof x; on the
remainingterms.Thesequantitiesarecomputedn thefunctiondata definedin thecode,with
the cloneusedto computethefirst setof residualsanda regression-modelisedto computethe
second.

The :make-plot  methodis the standardmethodin Arc for creatinga graph. Its first
argumentis a function thatwhen calledwill returnthe quantitiesto be plotted. Passingthe
function ratherthan the datamakes updatingthe plot easywhenthe dataare changed. The
secondargumentis a list of labelsfor the axesin the plot. The keyword amgumentsusedhere
arefor thetitle for the plot andfor passingweights,if ary, to the plot. The keyword :mark
with agumentthe nameof avariable will setthemarksfor thisandall othergraphsyou cant
setmarkson this graph,but :make-plot  will automaticallyaddthe makesto the added-
variableplot if they have alreadybeenset.

Next, the sliderthatselectghe variousplotsis created All slidersareoverlays,andthisis
createdn the standardvay. Thefirst agumentbasis givesthe numbersof the columnsof
datathatareused.Thetitle hereis blank, but in otherslidersit is not blank. Thelengthof the
slideris determinedyy the default method:slider-width , andvariesfor Mac, Windows
and Unix. The location keyword tells whereto put the slider, and the :locate-next-
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control  methodputsit in the correctplace.Finally, the displaykeyword givesa list of what
shouldbe displayedon the slider, in this casethe variablenamescorrespondindo the basis.
The actionfor the slideris determinedy a :do-action methodthatis alsodefinedin the

:avp method.

The two methods:start-next-frame and :finish-next-frame include func-
tions. Wheneer the plot is redravn, the functionin :start-next-frame is calledbefore
theplot is redravn, andthefunctionin :finish-next-frame is calledafterit is redravn.

Thiswill primarily occurwhena pointis deleted/restoreffom this graphor anothergraph.
The:do-action methodfor theslideris includedhereaswell. It appropriatelyupdates
the plot, the regressionsandthe index, andthen calls :draw-next-frame to redrav the
plot. Thiscompleteshe codefor 2D added-ariableplots.
Thisfile alsoincludesthe codefor 3D addedvariableplots,whichrequireadialogto deter
minewhatto plot.
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