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Abstract

Visco is a novel visual extensionto the texbasedSALIERI

LanguageV1sco malkesit possibleto usethe SALIERI Sys-
tem for creatingnearlyary kind of scorelevel or real-time
music applicationswith integratedgraphicaluserinterfaces.
The visual control elementsand ervironmentscan be cre-
atedandcontrolledwith theintegratedjnteractve, GUIl based
V1sco Browser from within runningSALIERI programmsr
from the SALIERI SystemDialog (commandine interface).

Intr oduction

The SALIERI Systemis aninteractive softwareenvironment
for structureorientedcomposition,manipulation,andanal-

ysis of music (Hooset al, 1998b). The systemis built on

the SALIERI Languagea universalprogramminganguage
combiningfeaturesof traditionalfunctionalandprocedural
programmindanguagesvith powerful conceptgor manipu-
lating musicalmaterial. The SALIERI Systemhasbeenused
in differentapplicationareas,suchas scorelevel analysis,
editingandcreationof music.

While the SALIERI Systemprovides a graphical user
interface,the SALIERI Languagas inherentlya textual pro-
gramminglanguage. Although this is fully adequatefor
mary applicationsjn certainsituationsit is desirableto al-
low SALIERI programsto have their own, applicationspe-
cific graphicaluserinterfaces(GUIs). For instancethis is
thecasefor educationabpplicationswhereoftenfairly lim-
ited functionalityhasto bepresenteéh awaywhichis easily
accessiblgo relatively inexperiencedusers. Furthermore,
complex SALIERI applicationsoften benefitfrom carefully
designedgrapical userinterfaces. Finally, SALIERI pro-
gramsfor processingeal-timeMIDI dataare often easier
andmoreadequatelyontrolledthroughgraphicalcontrolel-
ements.

Basedon this motivation, we developedVisco (Visual
SALIERI Components)anextensionof the SALIERI System
for creatinggraphicaluserinterfacedor SALIERI programs.
This approachcombinesthe advantagesof the text-based
SALIERI Languagewhich is adequatdor a wide rangeof
musicalapplicationsandat the sametime easyto learnand
to use,with the well-known benefitsrealisedby graphical
userinterfaces. Becauseof the advantagesf the SALIERI
Languageover conventional programminglanguagegqsee
(Hooset al, 1998b)for a moredetaileddiscussion)we see
significantadvantagesn creatingmusicalapplicationswith
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Figurel: Simpleexamplefor aVisco GUI.
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Figure2: CE Hierarchyfor thesimpleVisco GUI shavnin
Fig. 1.

SALIERI andVIsco insteadof usingcorventionalprogram-
ming languagessuchas C++ or BASIC, andtheir respec-
tive extensionsfor building GUIs. To optimally integrate
the GUI supportinto the SALIERI LanguageandSystemto

overcomesomedisadwantage®f otherpackagesandto en-

hanceVisco by somespeciafeatureghatmake it easyand
intuitive to use,we decidedto build Visco “from scratch”
(i.e., directly on top of the operatingsystemprogramming
interface)insteadof usingor adaptingexisting visual pack-
agedike TCL/TK (Ousterhout1994).

V1sco Ar chitecture

The Visco designis basedon a reactve metaphortypi-
cal for mary graphicaluserinterfacedesignswhich allows
grapicalcontrolelementgsuchasabutton)to triggeractions
(e.g.,executionof aSALIERI function). Therearethreemain
typesof objectsin Visco: windows, controlelementsand
actions. The windows and control elements(CEs) are or-
ganisedin a hierarchicalmodel, wherewindows can have
lower-level windows and/orCEsaschildren. A typical ex-
amplewould beawindow containingtwo buttonsandatext-
field (seeFiguresl and2). In this model,windows canbe
regardedas specialCEswhich are typically usedfor logi-
cally groupingtogetherandgraphicallyplacingotherCEs.
Eachcontrol elementis associatedvith a uniqueinteger



identifier (handle)which is generatedvhenthe CE is cre-
atedandis thenusedfor referencingit. Control elements
have variouspropertiessuchastheir locationon the screen
or within aparentwindow, theirdimensiongtc. Theseprop-
ertiescanbe specifiedwhentherespectre window or CE is
createdbut canalsobe modifiedlateron.

Actionsare SALIERI commandstringswhich are associ-
atedwith CEsby meanof triggers.Typicaltriggersinclude
pressingpr releasingabuttonor selectinganentryfrom alist
of items. In a certainsensethe actionswhich canbe trig-
geredin variouswaysby a CE canberegardedasproperties
of this CE. However, in the Visco model,actionsandtheir
triggersplay a more prominentrole than other properties,
andarethereforehandledslightly differently. For example,
like CEs,actionshave their own, uniquehandles.

Becausé/1scois realisedby extendingthe SALIERI Lan-
guagewith asmallnumberof new functionsandcommands,
Visco CEscannotonly be usedto controltextual SALIERI
programs,but textual SALIERI programscanalso be used
to generateor modify graphicaluserinterfacesbuilt with
Visco.

Visco Implementation

Visco is implementedas a SALIERI Integrated Applica-
tion Module (SIAM), whichallowstheVi1sco Moduleto be
loadednto or removedfromthe SALIERI Systematruntime.
LikeotherSIAMs, suchasthe SALIERI WorkspaceBrowser,
or the FERMATA Modulefor importingMIDI files (Kilian,
1997), the Visco Module communicatesvith other com-
ponentsof the SALIERI Systemvia the text-basedORCA
(OpenReactve Component@rchitecture)Protocol,which
wasdevelopedby usalongwith the SALIERI System.From
a software-engineeringerspectie, this designallows the
Visco Moduleto befairly independenfrom therestof the
SALIERI System,while from a userviewpoint the integra-
tion is seamlessAll Visco functionalityhasheenmadeac-
cessiblefrom the text-basedSALIERI Languageby extend-
ing it with afew new functions,which areusedto createand
deleteCEsandto control their properties. Table 1 lists all
SALIERI functionsprovidedby Visco.

For example, a new top-level Visco window (cap-
tion=TheParent,x=1, y=1, width=200,height=150)canbe
createdvith asingle SALIERI commandine:

myWindow := addWindow("The Parent”,1,1,200,150);

V1sco supportsthe mostcommoncontrol elementypes
(buttons,editboes, listboxes,etc.) aswell assomespecial-
izedcontrolelementypes(suchasnoteviewersor line-edits
fields)whichareusefulfor creatingadequaté&Ulsfor musi-
cal applications.A completelist of CE typescurrentlysup-
portedby Visco canbefoundin Table2. For example,a
textfield aschild of "'myWindow” is createdby:

myText := addControl(myWindow,"text”,
"Hello World”,50,50,100,30);

With two moresimplecommandsve canaddtwo buttons
to our exampleGUI (seealsoFig. 1):

myButton := addControl(myWindow, button”,
"play”,10,10,80,30);
myButton2 := addControl(myWindow,"button”,
"close”,-90,-40,80,30);

Visco allows the usercreateCEsandfrontendsin three
differentways:

1. fromthe SALIERI command-linenterface;

Createsa new Visco window andre-
turnsauniquehandlefor thenewly cre-
atedCE.

addWindow

Remaes a Visco window from the
hierarchy

removeWindow

addControl Createsa CE as child of a previous
createdVisco window andreturnsthe
handleof the CE (seeTable2 for con-

trol elementypes)

removeControl Remawesa CE includingall its descen-
dantCEs. The handleof the CE to be

removedis passedsaparameter

setProperty Setsa property value of a CE. Some
propertiesareonly availablefor certain
CEtypes(e.qg.captionor hScroll)
Returnsasinglepropertyvalueof aCE.
Definesan action string which will be
executedif the specifiedtrigger event
occursfor the selectedCE. Returnsa
uniquehandlefor the action.
Simulatesa triggerevent and executes
thecorespondingctionof a CE.
Remaesa specificactionfrom a given
CE, wherethehandlesof theactionand

getProperty
addAction

triggerAction

removeAction

the CE arepassedsparameters.

Tablel: SALIERI languagesxtensions

window Windonv (in  particular  top-level
window)

button Simplebuttonincludingacaptionstring

edit Multi-line editboxwith scrollbars

text Statictext

lineEdit Single-lineeditboxwith acceptnddis-
missbutton

listBox Listbox

selector Combobox

hSlider Horizontalslider

vSlider Verticalslider

noteViewer Noteview window for scoredisplay of
musical objectsin GUIDO Music No-
tation(Hoosetal, 1998a)

Table2: Visco controlelements

2. by SALIERI programsthesecanalsobecalled(triggered)

from Visco controlelements.;

3. interactizely by usingtheintegratedV1sco Browser The

browser displaysthe current control elementhierarchy
andgivesaccesgo severaldialog boxesfor creatingcon-
trol elements,changingtheir propertiesand controling
theirtriggerandactionsettings(seeFig. 3,4,and5). The
sourcecodeof a completecontrol elementhierarchycan
be exportedas SALIERI languagecode. By executing
the exported SALIERI programthe hierarchycan be re-
createdagain.

All control elementshave userdefineable properties.
Someof theseg(suchasid, parentldtype,x, y) areuniformly
applicableto all typesof control elements;othersonly ex-
ist for someCE types(e.g. min/maxfor sliders). The basic
properties(id, parentldandtype) areread-onlyand cannot
be changedafter a control elementhasbeencreated. For
the x/y-coordinateand the width/heightpropertieswe im-
plementeda special,very useful semantics:positv values
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Figure3: Visco Browset shaving the CEsof the example
givenin Fig. 1.
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Figure4: Propertydialogbox,shaning the propertiesof the

mainwindow from theexamplein Figurel. Someproperties
canbe modified (marked rw), otherscanbe inspecteconly

(markedr-).

are relative to the left/uppercorner of the parentwindow
andnegativ valuesarerelatv to theright/lower cornerof the
parentwindow. Somecontrol elementsprovide the special
connectldpropertywhich allows two controlelementde.g.
ahSlideranda edit) to be connectecandsynchronisedFor
example,in caseof connectechSliderand edit the editbox
will alwaysdisplaythe currentvalue of the slider andvice
versa.

Each control elementcan also be associatedvith a set
of actionswhich will be executedwhen selectablerigger
eventsoccur Theactionscanbeary kind of SALIERI com-
mandsor function calls to built-in and userdefinedfunc-
tions. All propertyvalues(e.g. handleor slider position)
canreferencedvithin SALIERI codeof the actionusingthe
shortcutnotation@prop, whereprop is the nameof a prop-
erty of the CE associatedvith the action. For example,the
following two commandsextend the examplefrom Fig. 1
with actionsassociatedvith thetwo buttons:

myAction := addAction(myButton,”IButtonUp”,
_ _ play([c d e f]));
myAction2 := addAction(myButton2,"IButtonUp”,
"removeControl(@parentld)”);

id of CE: [103 | ¢ %
trigger: IButtonUp ;]

rButtonUp -

rDoubleClick o xl:lancel
command: |select

setFocus [/} o ﬂ

removeControl(@parentld)

I I

Figure5: Action dialogbox,allows to inspectand edit the
actionsandtriggersassociatedavith a CE.
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Figure6: Exampleapplication“drum cycle” (seetext).

The resultingGUI will executethe SALIERI command-
line "play[c d e f]” uponthe left-mouse-bitton-upevent at
button"myButton”, i.e., whenthe buttonis releasedaftera
click; upona left-mouse-itton-upevent at "myButton2”,
the parentwindow of "myButton2”, which is the top-level
applicationwindow, will be closed. Note that at runtime,
"@parentld"will betextually replacedy thecurrenthandle
of thebutton’s parent.

Application Example

In themeanwhilewe have usedVisco to addGUIsto mary
existing SALIERI applications. Theseapplicationsrange
from educationalsoftware (e.g., an eartrainer) and real-
time software (suchas a stepsequencerjo musicological
software for generatingvariationsand analysingharmonic
progressionsDue to spacelimitations, herewe describea
SALIERI real-timeapplicationcalled “Drum Cycle”. This
applicationis a kind of stepsequencemwhereat eachstep
one of two selectabledrum instrumentsare triggeredby a
real-timeMIDI messagekor eachstep,thedruminstrument
to be playedcanbe selectedvia buttonsof the Visco user
interface. Furthermorethe userinterfaceallows to control
the trigger speed(stepdelay)via a line edit box aswell as
by a rateup/donn button combination. Figure 6 shows the
userinterfaceof this simpleapplication.

The Visco mainwindow for the drum cycle application
is createdby:

hMain:=addWindow("drum cycle”,10,10,300,310);



Next, we createtherateup buttonwith upper/rightcorner
10/70pixel relativ to upper/rightcornerof "hMain”:

hBrup := addControl(hMain,”button”,
"rate up”,-10,+70,-60,+24);

The ratedown buttonis createdanalogously Upon left-
mouse-itton-davn at the button, a rate up function should
becalled:

hArup := addAction(hBrup,”IButtonDown”,"rup()");

The“rup” functiondecreasetheglobalvariable“period”
andchangeshe“text” propertyof “hBrate”:

rup = ‘if (‘period>50’,'period := period - 50’);
setProperty(hBrate,"text”,STR(period));’;

Now, we createthe lineEdit CE for thetrigger speedcon-
trol and placeits upper/rightcorner10/30 pixel relatv the
upper/rightcornerof the mainwindow:

hBrate := addControl(hMain,”line Edit”,
"500",-10,+30,-120);

If the acceptbuttonis pressed;period” is setto the cur-
rentinputvalueof thelineEdit:

hArate := addAction(hBrate,”accept”,
"period:=INT(@text)");

In this actionstring, “@text” will bereplacedy the cur-
rentinput valueof line-editfield “hBrate” at runtime. The
exit buttonof thewindow is createdanalogouslyo theclose
buttonin theexampleof Fig 1.

Next, we defineamacrowhichwill allow usto generically
createtwo instrumentelectbuttonsfor eachsequencestep:

initDrum := MACRO(1,
‘n:=$1; (*seq step*)
hBdrum_a@n := addControl(hMain,”button”,
"X",10,hBdry@n,20,20);
hAdrum_a@n := addAction(hBdrum_a@n,
"IButtonDown”,’slcDrum_a("+STR(n)+")");
hBdrum_b@n := addControl(hMain,”button”,
" " 30,hBdry@n,20,20);
hAdrum_b@n := addAction(hBdrum_b@n,
"IButtonDown”,’slcDrum b("+STR(n)+")");

The buttonscreatedby this macroare connectedo two
othermacros,’slcDrum_a/b”, which performthe actualin-
strumentselectionfor the stepspecifiedby the parameter
Additionally, thelabel (“caption”) of therespectie buttonis
changedo an“X" to indicatethatthe correspondinglrum
instrumenthasbeenselected.This exemplifieshow actions
triggeredby the GUI canbe usedto modify the GUI itself.

slcDrum_a := MACRO(1,

‘n:=$1,

setProperty(hBdrum_a@n, "caption”,”X");
setProperty(hBdrum_b@n, "caption”,” ");
Ide@n := kickEv;");

Finally, we have to implementthe clock which periodi-
cally triggersthedrumsandanimateghe GUI, whereanas-
terisk (x) marksthe currentstepin the drum sequenceFor
this, we defineareal-timeeventhandlerfunction“hClocks”
whichis triggeredby anincomingclock event. Thehandler
functionupdateshe displayby modifying the "y” property
of “hBbeat” (atext field containtingtheasteriskmark),sends
the MIDI eventto trigger the drum instrument,andfinally
sendsadelayedmessagéo triggeritself for the next step:

hClocks:=HANDLER(

if(‘'state=1"/
setProperty(hBbeat, "y”, Ibiv@drumPos);
$t := now();

sendEvent(lde@drumPos,0,$t);

sendEvent (EVENT(2,0,0),1,$t+period);

drumPos := (drumPos mod numDrums)+1;’);
)

This exampleshowvs how CE propertiescanbe controlled

by Visco actions, by real-time events, and from within
functionsof a running SALIERI program. The GUI of the
“drum cycle” applicationis shovn in Figure 6; with a few
more lines of code,the applicationcan be easily extended
to handlemore drum instrumentsat eachsequencestep.
The completesourcecodeof this exampleandotherVisco
demo applicationscan be found at the SALIERI website
(http://www.informatik.tu-darmstadt.de/AFS/SALIERI.).

Conclusionsand Futur e Work

We introducedVisco, an extensionof the SALIERI Lan-
guageand Systemwhich allows the realisationof graphical
userinterfacesfor textual SALIERI programs. VISCO was
designedaindimplementedn suchawaythatit is simpleand
intuitive to usewhile providing the flexibility andpower to
designadequate&sUls for a broadrangeof musicalapplica-
tions. Oneof the challengesvasthe seamlesitegrationof
thedesiredfunctionalitywith otheraspect@andcomponents
of the SALIERI LanguagendSystem suchasits interactive
natureor realtime functionality. Visco provides multiple
mechanismsor specifyingandediting GUIs which support
differentapproacheso realisingGUIs. In its presenttate,
we foundV1sco very usefulfor implementingsimpleGUIs
for avarietyof SALIERI applications.

In the future, we plan to extend Visco with additional
controlelementsandfunctionality. Onedirectionwearepur-
suingin this context is to make Visco powerful enoughto
supporta visual programmingervironmentfor the SALIERI
language. Somavhat differentfrom othervisual program-
ming systemsfor music, suchas MAX (Puclette, 1991),
PatchWork (Assayag,1995), OpenMusic(Assayaget al,
1999), we are aiming for combiningthe advantagesof a
text-basednusicalprogrammindanguageanda visual pro-
gramminginterface.We believe thatthis canbe achieredby
building the visual programmingervironmenton top of the
existing text-basedSALIERI Languageand supportingau-
tomaticcorversionshetweengraphicalandtextual program
representations.
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