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SUMMARY 

6 0 5 

Tbis paper descrihes t.be USIT usc[ illt.clfnec toolkit.. USIT senTS to erent.e 'peci;>!i7,e<! user 
illfcTfn("(' t.oolJ.:il.s. TI. (,lI;d)I('~ (I \l!"('r illf.('rfll(,(, progrillllllHT t,n n ·pr('sc't!l. 1ts,'r :llld flJlplicnlioll 

d"l)('IUkllt int.clact.ioll 1II<'t,J",ds ns us,'!' iufel [;"',. hllildiug hlocks. TII<' hasic 1ll<'1.1""ls 10 1'(,1 -

form t.his ;He sp('eißention, specinlizat.iolI, ;uul ;'gglrgntiou (lf nsn int.crface hnilding hlocks. 
A brge collcct.ioI\ of preddilH'd hloch is n\'ni1n\'1c to l,l1ild s t.nlIdnr<luser int.<'l[nC'!'s. \Vil.h t.he 

"id of t.hc USIT }'lctnSYSt.cIU, an nlleac1~' r1lnning 1Iscr i1l1('rfncc lila)' hc ch"nl',ec1 inl.'·1"1('l.i\'(·ly 

wit.lIOut progralnlniug ,kilts. 

1 INTRODUCTION 

ßuilding user int.erfnces is afllictnl \\·it.h sonle clt:u'ldrristic I'lOhlcIlls (cf. [Lii\\'l',rcI\ 88]): 

• Us('r "nd ;'1'l'liC';dion rC'Ilin""('I"S f"r 1Is('r il"''1[''o's ""ry 11<';1\'il)' dnring nnd afl<'!' 
const.nlction of a ppliea I ion sYSI'·IllS . 

• I/O-hardwnn' Oft.CIl chall!',('s [".sl.n t.h"ll I.he "I'pli";liiou soft.w"r!'. SI.nudarc1s llsllnlly are 
hct,w"(,1l 5 ;llId 10 )"'"rs l)('hinc1 I"'e!tuolol',ienl f(·;"ihilil)'. 

• CUlTeI\t.!y, t.here "re no IIle"us for f"rIn,,1 spccificat.ion alld ;l\ltollIal.ic gellnatioI\ of 

cOIIIl'lcte user int.erf"ces for nOIl - t.ri,·ial ;'l'l'lical.inIls . 

• Exist.ing uscr intcrfacc toolkits ;nr eilher t.oo 10'" Je"rl or too resl.rict.cd 1.0 he rr;dly 

Itclpful. The)' It<lYC becn IJ\Iilt. "s gelleric t.ools to be uscc! for aIlY kind ()f nser illterfnee 

and are tltercfore lackillg support. for npplicat.ioll depcndent. iIlt.cr"ction slyles. 

• Most. user iIlt.crfnces C;UlllOt. he changed illterncti\'cly nt. rllIltilIle t.o cxplore ,ksigIl nl­

t.crn"t.i'·es. Aft.cr heing cO!llplded by t!te progrnIllIllCr, t.he)' loose t!tcir software cha­
ractcrist.ics "n(\ "re like hanl",nre for t.he user. 

As a [esuIt, m"ny user interfaces c(lIlt.rnefed are ilwdequat.e from "pplic"tion programll1ers' 

as weil as from end users' point of \'i<:>w [lIerc7,cg 86]. 

Elld tI!"ITS III1WII too 0[1"11 h;l\'C t.n cop" wil.h 111I.cr"d,jplt lIWt. l l0ds I.h:.t. ;IH' ill;H!"qn:d,c fur 

t. lwir sp,·ci;.! ;'l'plic;d.i"Il j>lol,J"IIIS "IHI ,·i!.ll<'r highly illC'ollsisl<'lIl. 01' IlIouoloIlOIIS ill nsc ;11,,1 

<lppearnncc like lI1atl)' lIleIlU- alld form -hnscd user int.erfaces. 
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rrogrnmmers are \'irt.nally ullahle to lIlake subst.antial changes to user illierfaces within 

"cccpbble t.illle. This is "spccially trne for Ilscr int.erf"ces pro\'iding complcx illt.eraction 
llletllOds like t1in'ct. lllaniplllat.ion. 

A break-lluough ill user int.erface dcsign clIlcrged in thc 1"I.e 70s with SYSIClllS huilt at 

Xcrox rATIC, \\'ell kno\\'n cxalllples are t.he Smalltalk envirolllnent. [Goldbcrg 84) "nd the 
X"rox Star [SlIlilh ct. "I. 821. Bot.h dClllonstrat.c thc dircd Illaniplllat.ion parndignl wit.h a 
rich Ilscr inl.clfaec anel ],01.1. "re 1,,1.,<,<1 Oll a I\s"r inlerface toolkit.. 

2 REQUIREMENTS 

User interface t.oolkit.s are still t.hc 1ll0st prollllslllg approach for 1uhancecl user interface 

de"eIc,pmcnt. Unfortunat.cly, c"cn cxisling PlOtot.ypical toolkits clo not providc 1111 of t.he 
rXI'(,ct.cd ,,"d 11('C'essary support. for t.ltc prop;ralllnier. 

1\10elularization: User illterf,l('c Imildi,,!, ],Iocks (UIBDs) sl",uld he cOllsl.nu:t."d 'IS cnc"psll­

"'!.c,1 soft.\\·arc Illodules ",ilh clcilrly ddined plOgramlllilig inl.crfaCl's ",hieh are ,ulc'lllatc 

fO[ thc nl'plieal.iolls. 

Specialization: Exist.illg UIDDs shullld bc sl'ccializahle in oreler 1,0 alter th('ir "I'pearancc 

amI behilvior to sornc CXI<:'ll!.. This is I.he first. way of tailoring thc toolkit. for specill1 

llpplical.ions. 

Aggregat.ion: Existing UIDIJs should he casily aggregntcnLle to lllme cOlllpkx OIlCS, ",hich 

shOldd be IIsable ilS high Ic\'cl bllilding blocks tll<'msch'es \Vilhollt. slto\Ying nll of tlwir 
cOlllplcx illferior. This is 111" sccolld \\,;IY uf htilOling Ihe toolkit t.o special applicat.ion 
nC'cds. 

Ext.ensioll: A IIs<,r illll'l'facc l.ool!;it. sholtld I", ,ksign<,d as ;I\l opcn sYSI.('III, I'rm'iding t.ools 
10 I"lild II('\\' UIDDs Ikll. ("1111101. h<, I"lilt. 0111 of nlrrady cxisl.ing ones "y specialiwl.ioll 

or aggreg;tfioll. This is Ih,' Ihinl wny of cnsl'"nizillg the inilial t.oolkit for special classes 
of npplicatiolls. 

Generalit.)': A bl'Ond sJlectnllll !':lllging fWIll tradit.ioll,tlllll'nll- anel fOlln -oricllled I.n graphie­

hased , direct manipulation interaclion rncthods has 1.0 be supported by thc initial t.ool­

ki t. 

3 THE USIT SYSTElVI 

Dming t.hc pnst. G years nl Ihc Ulli\'crsil)' of SIIIUgart., \\Oe devcloped Ihe user int.erface t.oolkit. 

USIT ;1., apart of thc w'er inlerfacc llla"agelnclll. syslelll INFUlf-.lS [IIcrczeg 8i,IInczeg 88), 

Irying to fnlfil the re<[uirel11ellls lIlC'ntio!lcd above to a high degrec. Like lII<1ny other user 

interface loolkits, USIT has been irnplemented in an object-orientcJ prograllllllillg l<tngllnge 

(cL [Lip"ie ct. ;tl. 82,Goldlwrg 84,SilJcrl. cl. 111. 8G,SYlllholics 8G). SOIlIC of thc lC'I"ilclllcnl.s 

alT consi(krahly snpport"d hy 1.1", "h.i"c!.-nri"lt!cd jllogr'lIll111illg l'aradigln: 

• It i~ Cjllite nat.llml t.o deSCli],e Ulf3Ds as objed.s. The pnramc!ns of an intcract.ion 

IllrtllOd are reprcscnted as slol.s '"ld the UIDD fllnct.ionalit.y is lIlo,lcllcd as nlct.hods. 
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• COlllllltlllication bctwccn objcct.s is cxclllsively pcrfonncd via lllcssagc passillg. Tlte 
interface definitions are tlte llletIlOd filters, which cnn be inspect.ed nml IIlndified e"sily. 

• CI"sscs dcscrihe sds of silllilar objects by spr.cifyillg I.heil' "UrilHltcs <ltHlllldhods. Tltey 
serve "s UIBB gellerat.ors. Clnss 01' pool slots "lIow to describe 01' clt,,"gc t.hc bclmvior 
or appeanmce of all of t.he cl ass ' inst"nces. 

• Chtsses m"y be lillked illto all illheritmlce lat.t.ice or hir.mrchy. Throttgh t.his, elass<'s 
inherit. slot.s and mctllOds from thr.ir supcrclasscs. These inheritcd dcscriptions lllay be 
specialized nml emiched by new (lefinitiolls. This is a way of describing lllore or Icss 
special UIBBs with low rcdundancy. 

• Illstallces Illay be enIlIH'clc(1 by rd".I.iolls III ordcr t.n huild ohjr.d uds. Tltis 15 dnlle 
when COlllpleX llggrcgat.es are built out of single obj<,ct.s nr objeet SUlllld.s. 

USIT support.s t.!", cn·;d.ioll of user iukrf,,,'('s ill S("','ral ways. It I'rm'i<!,'s tlll"'I' basic 
llH'dJallisms: I.he US1T-TlIlIlhl, t.Il1' lJSIT-lI'orh:br.",,"-, '"Id t.1t" lJSIT-Mdo"'!I.'Ir:m. 

Figttre 1 shows alt eXillllple of a dircd manipulation itlkrfacc built. wit.h USIT. 

3.1 USIT as a Toolkit 

Thr.re is a large set. of st.alldard UIBB clnss<'s, ",hielt t1l:1j' be dircct.ly used t.n Imild t.he 
user interface fO!' nn applicat.ioll. Tltis is dOlle by instant.iat.illg prcdcfillcd UIBB c1asses alld 
cOlllleding thc!ll to I.he npplicatioll systcm. Subclasses of the UIBB ('lasses ('an r.nsily be 
dcfincd to introdttce a lIlore specializcd behm'ior or appcanmcc for <ltl internction IIldhocl. 

Prr.defilw<l UIBBs in thc initial I.onlkil, are t.extarr."s, icons, but.tons, s\\'itdJe~, UIl'IlUS, fnnlls, 
pr0l'erl.y-sltcd.s aud I.ahks, cach wit.1t a varid.y of adjustablc parnllldcrs couc('ruiu~ cnllt.cut.s, 
sizr, posit.iou, byout aud iut.cradion ],,,h,,,·ior. 

3.2 USIT as a Workbellch 

\\Te providecl a. basic t.oolkit., c .. lled thc lJSIT Worl.:bcnch, ",it.h eIelllelltm'Y I\ser interface 
building blocks (EUIDBs) 1.0 creat.e UIDBs. This is a t.oolkit 1.0 build npplication aud user 
depeudcnt user iut.crface toolkit.s. Such EUIßIJs are: 

Prcsclltnt.ioll-ühjeds: reprcscut.,lI.iOllS of "isible or audiblc user illh-rf,l(T part.iclcs like 
texts, bibnaps, redaug1cs, lillCS, ami sOlmds 

Lnyoll I.el·s: cont.rollers for thc screcn posi I.ions of sets of display-objects (visihle present.at.ion­
objec!,s) 

Synt.nx-Descript.iolls: rulc-oriellt.ed eveut.-response dr.scril'tiolls t.n specify t.he bchavinr of 
UIDBs 

Displny-Arcns: !ight.-wr.ight. willdows sr.n·illg as ottl.put. arcas for display-objcds 

Renders: objec!,s readiug from t.hc kryboard, bttilding high level tnkeus from Imv level cha­
rader sl.remus, "Uft perforllliug nrbitrary act.inlls "Her Iw.,·iug crcat.ed such to!wns 
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INITIATOR 

OFFICE 

K orten, tellenlelter 

Besc:h'lt f(ungu:tellt! 

rfn.'u .. b •• ilu"g 

-Einfache Be~ch~ffung·: 
BENOETIGT Anforderung 
PRODUZIERT Erledigt. 

tenstellenleiter prueTen: 
BENOETIGT Anforderung 
PRODUZIERT Genehnigung. 

schaffun95stel1e vorbereiten: 
BENOETIGT Genehnigung 
PRODUZIERT Prei.e MFG_nicht erf 

PRODUZIERT Mittelfreigabe. 
leE zustinnen: 

BEtiOE'TIGT Prebe MFG_nicht erf 
1 ich 

BENOETIGT Mittelfreigobe 
PRODUZIERT Zustinnung. 

11e bestellen: 

Figure 1: A user interface far an office pl'Ocedure editor built \\"ith USIT 
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Fants, Bitl1l<1ps, Sounds: fllncLion,,1 objects producing scrccn images or ncoustic output 
for prcscllt.a.t.ion-ohjcds 

Intemction-Objects: shclls mound nggrcgation nets of UIßßs rcprcsent.ing special interac­
tiOIt metltorls 

Tltere arc gcneric c1nsscs (UIßß prot.ot.ype clnsses) tImt lIlay oe sllbclnsscd 10 huild sl'e­
ci"jized UIßßs . They serve as tr.mpln.fc .• t.o ddine \leW int.ernct.ion Illd.hods. l\letnclnsscs 
ddi\lc cO\lvenicnt. dass definition SChe\lH1S mHI t.lH'rcforc 11. kind of 1\ser inlnf,,<"<, sl'<,cificat.ioll 
lnngnngc. 

ßelow is an exarnple of the definit.ion of nll illtcractioll-objcct defilling a cOlllplcx kind of 
icon. O\lly slight sYlltact.ic chnllges Itave been mnde to elllmnce rcndability. Text in bold fnce 
dCllot.es olher UIßßs or EUIßßs. The nppeamnce of such icons Oll the screen is showll in 
Figme 1. 

Fi~l1rc 2 shows t.hc ohjert, 11,",. for t.hc d,·fincd "pplicat.ioll-sl'ecific icoll . 

(tlscr-int.crracc-class ved-actiolJ-ic())1 

(supcrclass ieoll) 
(slot.s 

(ill-COIlIIC('.t.iOlI~ 

(part cOllllcdor)) 
( ollt-connccl.ions 

(rarl. cOllllcdor)) 

( act.or-'HUlle 
(part text-m'ca 

(size = (9G 12)) 
(bord er? = t) 
(rollt = hclvctica-8-hold) 
(acljllst-l.exl.-vcrticnl = cellt.cr) 
(adjllsl.-l.cxI.- lrorizolll..ll = (,"IIt.er))) 

(act.ioll - II~IlIC 

(pa rl. t(~xt. -nl·ca 

(size = (% 2-1)) 
(hord"r? = t.) 
(r .. " .. l.i\"il . .\" = «(11"""'- 1.-11) . ,I.:trl -,·dilor) 

«kcybo",,1 e lld) . t.e1J-\·icw -or)))) 
(shadillg-whcn-illacli\'e = IIil) 
(rnollse-rccdba ck-wl'CII-act.i\"c = blillker) 
(acl.ive-rnollse-blillkcr = cross) 
(illt.crlillc-spacillg = 1.0) 
(rollt = Itelvctica-8) 
(adjllst-t.cxl.-vcrl.ical = cellter) 
(adjllst-text-Iroriwlltal = lert))) 

(layolIl.er 
(Iayollt. diRt'HlcC-clllstcr 

(orielltal.ioll = dowlI) 
(disl.ance = I))) 

(Iayo"t.-se'l"cnce 
(dcfallit (ill-conllect.ioll~ "c!.or-II;tIllC ~ct.joll-nalllc out-connections))) 

(ro p-lIp-rart. 
(der,"lt 1If't-"etioll-IIICllll)) 

(rcact.ivil.y = «(lIIollse Irrt.) . l.clI-vic\\·-or) 

«11""""' ri~hl.) . 1'''1' ' 111' ' 1':''1.))) 
(vj"w or 

(class (c"l'laJ,-ndiOl')))) 
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3.3 USIT as a Metasystem 

Even nfter a uscr interface for an applicnt.ion has been instnlltiated, there are t.ools to nda.pt. 
t.hc UIßßs according to new user o'r application requircment.s. 

\Ve cnll these t.ools thc USIT Mdn ... y .• tclll.. It t.ums a USIT IIs('r int.crf"ce inl,n "n ad· 
nptablc systcm for thc progrmulller aud in a Illore rcst.rict.ed wny evclI for t.he elltl user 
IlIerczeg/ßc)ckcr 87J. In t.he c\lrrent illlpklllcnl,al,ioll, thc lIlct.asyst.elll is Imsically shaped ns 
a rnpid protol,ypillg tool for I,he prograIlIlIlcr I,() ereat.e uscr int.erface design "lt.cl'IIal,ives. 

Thc Cllrrellt USIT Mctnsystell1 Jlrovides tools to rcdefillc the following pl'OJlertics of an 
existing, rUllning uscr interface: 

• t.hc visibilit.y of umßs rd;d,ive to the visibilit.y of I,heir aggregat.ing umßs 

• thc window-sizc of UIßJ3s 

• 1,11<' S<T""II byout. of p;rollp" of UIIHls 
(olle of t.hc propcrt.y-shcds t.o chan!;c t.hc l"yollt. is shown in Fi!;llre 3) 

• thc synt,actic bekwior of UIJ3ßs in rcspect to mousc am! keyhonrd int.eract.iolls 

• t.hc scnl<lIltic ),ch;l\·ior of UIUßs in resl'ect. to t1te undcrlying npplica.t.ion 

Thcse properties of user intcrfnces cnn bc changet! intcractivcly to adnpt 1.0 a specinl user 
or npplic<ltion. Thc USIT l\lctasystelll Ims been bllilt exclusively by mcans of USIT itsclf ami 
cnn t1wrcfme bc recursively npplied 1.0 itself to change its o\\'n nppcarnnce <lml bchnvior. 

4 CONCLUSIONS 

Throllgh thc finc-graincd al'chit,ect.me uf USIT, it, is ensy 1.0 design internct.ion lIlethods wit.h 
l'''''pnt,ies varyillp; Sllloot,hl)' in Inhll~' ,kl,ails ac('o!'dinp; t,o special 11<'('d" of t.hc applicnt.ion or 
I,he IIscr, \\'it.hollt. Iwillg fort'cd t.o IISC t.!1<' lo\\' 1,,\,('1 fllnd.iollnlil.y of 11. Pl'ogl'nllllllillg lallguage 
nml a grrtphics packrtge. This rcslllt.s in nn intcmction cnntinuum rathcr t.lmn in isolnl.ed 
intcl'action mctllOds. Nevcrt,hcless, it is quite e"sy to predefine any of thc comlllon stnncla.rd 
int.erad.ion me!.hods likc ieons, mellllS, öml forms. 

For Ule rcsult.ing user int.erface building blocks a kind of deep consistency is !;IHll'nntced hy 
using thc c1elllelltary building blocks of USIT, Adclit.iomdly, this toolkit for !)1Iilding toolkit.s 
allows for rapid crca.l.ion of new interfnce II1cthocls. It mny eil,her bc l.Iscd to slIpport spccial 
"pplication systems or gencrally for the de"clo]>llIent 1111'! evalun.tioll of new user int.erface 
IIlcthods, 

USIT has been built ns t.hc kemd of a 1I.~cr inter/ace mn,na.!Jcrn.ent "y,.tcrn. (UIMS) with 
ot.hcr compollcllts like dinlog hist.o!'y lIIec!lllnisms In"t.hke 87], uscr nlOdcls nnd hclp systcms. 
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Figure 2: Thc objcct net for fln iconie internct.ion-object 

Horizontal Adjust Left B:Ern R;ght 

Vertlcal Adjust Top :!GiIrn 80 ttom 

Move Action 
Prohibit ~ hke Window Out 

Move Gluster Reorder Clus':er 

Reference Point 

Anchor Mode Absolute 

Special Functlons Updue Reverse free Anchof"ed 

Orientatfon Right left Up 

Oistance 

Fjglln~ 3: A prop,'rf.Y ·RI",d, 1,0 challp;e t,h" layollt. of UIBB~ 
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