
- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - .- - - - ===== _ =  = === .= - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - -  + 

Oct. 24-26, 1990 Tokyo 

Chris SCHMANDT 
Speech Research Group - Media Lal~oriltory 

Massa.cliusetts Ilistitute of Tecl~nology 
Cambridge, MA 02139, USA 

Abstract. There is growing interest in voice as a data type for coil~puter worksta.tions. But, 
witli w i ~ ~ d o m  systems already quite ubiquitous in such workstations, we must consider tlie 
role of voice with respect to  the window system. This paper (:overs three areas of inter- 
sectiou betweell speech processing and windows. The first is the use of speech recognition 
for mvigation between windows. The second is user interactiol~ with autl visual rcpresenta- 
tions of recorded voice. The third is transfer of multi-media data  lxlwecn a1)plicalions using 
~neclianisliis provided by the window system. 

Tieywolcls. Speech recognitiou, window systems, ~nulti-nit:dia. 

As worlistatiol~s 1)ccolni: more powerful, greater 
en11)liasis will he placctl on ~nulti-media systelns. 
This is leuliug t.o growi~ig interest ill use of vuicc 
on the deslit,op. Voic:c malics att,rac t,ive the usc.1. 
iliterfacc:~. h i c c  is ltcy in c,ai~!lnuni(.af,ie>~~, a d  
i~cilce, is at the ~ o o t  of id1 collal,ori~tivc (CSCW) 
systems. Filidly, as ilie digit,ai teleldlonc: ~ii:t,worli 
(ISDN) grows, wc, cx1~c:c.t strongw liuks i)&wcc:~l 
col~qxltat iol~ and tt:lel)lioriy. 

Speech tecl~noiogies have various applications. 
Speech recognition may be used for data  in- 

put (i.e., the proverl~iai "listening typewriter"), 
or as a comma.nd cllannel for user interaction. 
Speech syntllesis may allow remote vuice access 
to  corny-uter systems, including reading of human- 
authored text, sucll as electro1:ic maii. Digital 
recordirig of speech provides voice as a data  type, 
anti applicatiol~s suc l~  a.s voice li~iiil and voice all- 

noiation of text. 

At this time, speech cotling is the most advanced 
of these tllree teclmolugies; and, i t  is likely that 
within several yea,rs evcry worlcstation rliizy sup- 
port digitized speech. This is, llowevcr, no guar- 
antee of its a.cceptalice, as spr:xl~ is a difficidt 
medium with wliicli to work. Speech is slow; sev- 
eral huntired words per ~ n i l ~ u t e  wo~~icl not be toler- 
ated by ~nodcnl  users, in conlpariuou to tllc speed 
to wllicli t.!iey are accilsto~neil. Slpec:cl~ is serial; 
an audio rlicnu call be l)crusetl i1illy by listeniug 
to cad]  ittxn ~ I I  szquc~icc, wliile a visual menu al- 
lows 1110r(: rili ido~~i ilcc~ss via 111(~ I I S C ~ ' S  walidcr- 
ing eyes. Fi1id1y, s])eech is l'l)llky''; we cannot 
perform lic~y word scarc1ie:s wit11 sl,eecli, ~liiliiiug 
indexing tlifficldt,. 



Tlicsc. tlifici~ltic~s wit11 iligilizcvl sl:c~c'c.l~ {.onllict witli 
tlic goal of voic,c as ;r i~ l ) i c~ i~ i to~ls  t l ; r t a  t,yljc%, o i i ~  
~v11icl1 may lw (vlitcvl, l ~ ~ ~ o w s c ~ l ,  trai~dcrrvcl I ) ? -  
~ , W W I I  a~)~)Iicirtioiis, a11(1 l ) ~ ( w i ~ t ( v l  wit11 a consis- 
t,c,~it 11sc.r i l l1  c.1 far(%. 'I'll(. last two rc~li~ircweiits 
11ici1tio11r.d i l l c *  (~;rc.tly t , l ~ ( .  c.oi~c.c-~ns that, ~vinilow 
systems i ~ t t c i i ~ l ~ t  l o  ar1cli.c~~~. \T'i~~tlon. systc~i~ls arc, 
11I)iqi1it,o11s; t l l q  g in-  ilscm t , l ~ ( .  :rl)ility to lwrforiii 
n n ! ~ n ~ I > r r  of tasks iii p:~i.;~ll(~l, l)rovi(l<> :I ~xogrir111- 
11ii11g s ~ i l ~ s t ~ r a i , ( ~  I I ~ ) O I I  ~v11ic.11 ( l i ~  (,( I l ~ ~ ; ~ ~ ~ i l ) i i l i ~ t ~ i o i ~  
int,rrf;rcrs can l r  1111ilt. i r l l t l  t l ~ r o ~ i g l ~  style giiirl(~s 
and inter-a.pplication co~n~m~nicatio:i  ~r~echanis~ris ,  
provide a coherrnt whole within wliic~li applica- 
tions co-exist. For voice to  he s~iccessf~ll, it must 
be  integrated into window systcmx a t  the applica- 
tion and user int,erfac:e levels.' 

This pa.per discl~sses three examples of interac- 
tions between voice and winclow syst,cnis, includ- 
ing t,he description of a. particnlar im~) le~r ie~ i ta t , io~~ 
of each under the X Wintlow Systrrn. 

Mucll of tllc c11rrrnt work oil s1wr(.11 rwogriit,ioi! 
foci~scs on voict. i11p11t. rq>lacii~g t,li(' kcyl)oard. In- 
dcrd, t , l ~  " l is tcni~~g tyl)cvrit.c~r" s c ~ u l s  t.o 11r t h r  
"Holy Grail" of IIIII( . I I  (.oiiii~t(~rc.i ill s l ) c ~ ~ l i  r c q g ~ ~ i -  
tion work. TIIP l i s t , c - ~ ~ i ~ i ~  t,yl)r.wrii.c~r rccl11irc.s I ~ o t , l ~  
a. largo vocal)~iliil.y a11c1 a spei11ic.r ntlill)tiv~~ rvc,oglli- 
Lion syst,cw~, ~ri1ic.11 i ~ ~ i ~ s t ,  ri111)loy i l~ i s i l i a~y  soi~rccs 
of I i l ~ o t ~ l ( ~ t l g ~  s11c.11 as sj-lit,as, Iask co1isIi.i1i11ts. or 
~voril or(1cr 1)roI ~ :~ l~ i l i t i (*s .  C ' I I I X Y I ~ ,  s l ~ ( ~ c 1 1  rvcogu- 
t~io~i  syst,ciiis si1111)lj- irrr i~ot,  (~ ; r l ) a1>1(~  o f  t,l~is task: 
rcmgiiit,iol~ ircc~~r;rc.y is ]lot i r ( l ~ v ~ i ~ i ~ I c ~  for 1110st tkxt, 
iii1)11t. Wliiit, t I I ( W  i s  t,l~c* iolv of s1)(w.l~ rv(ngi~it,io~t 
ill ~ O I I I ~ ) I I ~ , P S  ~o1.lis1 atio~ls'? 

At  t , l~ r  Mrtliir L;rl)or;lio~y, ~vc- I I ; I I , ( ~  c.110sc~i 1.0 fo- 
ciis on sI>cr~l i  as il Illcalls l o  ~ I ~ I ~ I I L ~ T I ~ ~  tllr 1iio11s(~. 
hy ~ i o w  ;I st,n~i(lilrtl n.olkst;it,ioii c~olrq)o~icxt,. TT'r 
!tope to ialw atlvnittagc~ of t.11:. l ~ o o i t  ill 1tsr.r I n -  
formance, which t,he introdnct,ion of a second in- 
put, channel a.ffortis, by distributing irser input 
across the r n ~ ~ l t i p l r  clmnncls of voice and fingers 
(keyboard). Experimental evidence suggests that 

' I  do uor I w a l i  t o  si~ggcst t l r ; l t  vc,irrx il11(1 winrlows 
s l ~ o ~ ~ l t l  l)r I l n ~ l t l l i ~ l  11). t l lv  samr sr1.vr.r; I pi.rft%r a11 arch it^^. 

. t ~ ~ r c  with sq);~rirt,t. srwcrs For rilr11 ( i l n r l  for  o l l ~ r r  I I I I ~ ~ ~ I  as 

~wll).  This p;lljrr is n l ) o l ~ t  l l igl~vr Ir*v(,l l i~ i l i s  I W ~ T W ( . I I  Ill<.ln. 

when sul,,ject,s perform multiple t,asks on m ~ ~ l t i p l e  
input cha.!~nels, their performance i~nproves over 
t,he case in wliicll the sa.me t,aslts are perforrnetl 
using a single input modality [8, 7, 11. Because 
both the nmuse and keylmard are 1riama1, they 
do not experience this effect. 

When w~ h ~ g a n  this work, ~ v e  itlrntificd t,hrcc 
main uses of t,he :noi*se in window sysbtnis. One 
is to idmtify ,foci~,s, i.e., wliich window will re- 
ceive keystrokes. Al~otlier is nnvigo.t~;on, the spec- 
ifica.tion of window position and Iayol~t, i1ic111cling 
t,he st,aclti~ig order, wliich aff(xts win(low visihil- 
it.y. The t,liirtl use is direct mo,n.ip7slntion inter- 
faces, whcrtin an applicatio~i rises mome inpi~t,  
(via l)~~tt,oiis,  toggle switdles, scroll 1)ars, and tlic 
lilic) irs Iwcr input,. 

S1)wcli rrcoguitio~i semis part,icul:l.rly appropri- 
at,? for the first two fui~ct~iol~s.  In t l ~  case of 
~iinnagiiig 1icyl)oartl f o c ~ ~ s ,  t11c mouse sllffrrs tllr 
tlisat1~-iultage of requiring t,he u s c ~  i.o rcmovc lwr 
liands fro111 t l ~ r  Iteyl~oartl (t,o find tlw i l io~~sc)  cs- 
;rct,ly a t  the tiinc when s l ~ c  tl(~sircs t,o typr, illto a 
tliif'rrc~~it wi~~( low.  For navig:~t,io~i, t , l ~ c .  1n:)iIsc~ s l~f-  
frrs fro111 11ei11g a t,wo dinic~~sio~lal  inlli~t, t1rvic.c in 
t,llc, brio-i~iitl-o11t1-lialf tiiiiir.i~sional ivorld of ourr- 
lai)l)i~ig winclows. If a wiiidow is wtircly 1)liriml 
I)!; otlic-1. ~riiitloms, then it (:annot ar.c.rsscd lintil 
soliir of t 1 1 ~  wi~~(lows co~-vri~ig it ;1rv lilOI.('(l. 

111 o r ~ l c ~  to iisc, voic.r for miil(lo~v i i ;~~~i ' ; i~ t . i c )~~ .  IYV 

l ) idt  X.yuwL:> a11 al)l)lici~tio~~ w11i(.I1 a l l o ~ ~ s  i ~ w r s  
to nir~i i (~ wii~(lons I) \ -  voirr. 11'lic,11 ;I ~~i i i ( lon- 's  
11ai1ir is sl)okcii, it 11iov(:s t.o tlic fo~r.groi~n(! on 
t,llr scxreli, and the cursor is i i~ovc~l  iut,o t,lic 1vi11- 
dow tto i111ow it i,o r(m:iw ii~lnit.  111 ot,l~rr wor(ls, 
tl~c, 1isc.r ciln clialigc al)l)lic.at~io~~s n.it,lioi~t rcrnov- 
iug 111~1~ I~an(ls fro111 t , l~ r  1tryl)oartl. 

lt,sclf ail X al)plica,t,ion, Xsl~(-alt i i i(~Ii1~1r~ a grir1)11- 
i<,i11 coiit~rol l ) ; r l ~ c \ I  ( f i g ~ ~ r r  1 ; I I I ( I  2 )  w11ivl1 1 ) 1 ~ o ~ i ~ l c ~ <  
irtl(lit,iolial frcdltacli (usef111 n l i m  rcc,ogl~itiou 11r- 
t,wiorii tks) a11d ~~t,ili t , irs t,o trail1 t11c l r ( :og~ii~c-~~ :11i(1 
srt  a11tlio gain l m ~ l s .  Tl~c- (.oil t,rol liill~cl irl~o 1)ro- 
T-idcs a, ~~ic~rli;riiis~li for t 1 1 ~  ilsrr to 11 nulc- ;I i ~ c v  n-ili- 

dow, which does not already exist in the speech 
recognizer's vocabulary. 

An infornml study of the use of Xsprak mas con- 
ducted over several months wit,h six sul~jects [ 6 ] .  
The subjects were four student programmers, em- 
ployed for the summer, plus two of the Xspcak 
designers. For some of these uscrs, Xspeak was 
quit,e attractive and heavily used, hilt, for oth- 



ers, t,he rnome was the prcft:rrctl IiwaIls of int,cr- 
action with wiiidows. Those who enjoyed Xs1)ea.k 
t,hought speech input was faster, t l~ough, in t,ruth, 
it was sligl~t~ly slower than the moilse for the most 
simple window ~ixitiipldat,io~~s (timing was tlerivcd 
from videotaprd sessions). Such a, rcwilt would 
be expected from t,hr tlividrtl att,ention l~ypot,ll- 
esis, which states that the cognitive lontl on tlic 
user is reduced 11y sl)reading ~iiirlt,iple thsks across 
~mdt,iple input cha~lnels. 

1. I.. xspeak 

I Console 
-- 

F l g u ~ e  1: Xspealc coiitrol panel. The hottom text 
object displays recognition rcsults. 

Train individual words 1 1 ,,,,, 

Althoi~gli it wo111tl I F  prrina t,iirr to tlriln. st roli,y 
conclusiol~s from sucl~ an iuic~ol~st,r;li~~c~(l l~ilot st il(ly. 
it did rrvcal a pot,ent,ial for i r r~l~ro~c~~ii t*l i t ,  of t11r 
intcrfacc to wintlow syst,cliis 11)- t l ~ c  a(lt1ition of 
voice inpi~t,. 1% ~ o u l t l  iiot c ~ s p c ~ t  all Ilwrs to 1.111- 

l j r ace  s l ~ w t ~ l l  rrcognition, i\li(l s o ~ i ~ r  II : IV(>  alst~;111y 
t l (~c~lo lm1 otlicr ~iicc:l~ar~isii~s ( i cm I I I ~ I I I ~ ~ ~ C ~ S  i l l ~ < l  

~ ' roo~ns" a~iiong t l ~ r ~ i l )  for !)art,iall~. t.ol)iqK v,-it11 
t l i  r l l c i ~ .  High ncc1lrac.y s l ) r ( ~ l ~  ~c'c.o~i~itioi;  
witlio~rt wcitring a. i i~icropl~ol~c~ o11 OIIP 'S  Irc~irtl is 
also a tliificl~ll,y. 

These responses have encouraged follow up work 
to develop a language whereby a bloacler l a q e  
of user input may be managed by voice. Such 
a language makes extrnsivc use of the X event 
model. For example, the voice co~nnlailtl "lcacl 
mail" may he cl~romposcd illto the, following selics 
of cvcnts: 

1. If a wintlow naiiied "mail" docs not exist, 
start t,he ma.il rea.cler application in a. will- 
dow so narned and wait m t i l  t , l~at window 
lias been exposed. 

2. If the window named  nail" is not, visible, 
move it t-o the top of t , l1~  wintlow staclting 
ortlcr a.nd wait ~ ~ n t i l  it is exposed. 

3. Movc the pointer to t,hc locat,ioll of the 1111t- 
ton named "InBox". 

4. Send mousc l)utt,on tlowu a i d  up curnt,s, mi 
1111t,t,on one, tso the ii.pplica.t,ion. 



Ssl)t:alc is ]lot, itsc$lf, a win(10w uiallagc:r, H I I ~  it 
clitl 11c1t ri.cluirc: t,h: ~iioditi(:iit,io~~ of ally widoiv 
~ i i i t~~i ip ( : r s .~  This is ijossil)l~i i111c t,o tli(' X Will- 
(low System arcliitecture, wllicl~ provides the win- 
tluw systcll~ as a sepivate server process, with an 
iuter-pror:css c:ol~m~uuication method to excl~ar~ge 
protocol r i : q ~ ~ s t s  to the server and receive events 
fro111 the server 1)y i!pplications [3]. This is par- 
ticularly true of tlic eiillanced version of Xspeak, 
wl~icli relies on the ability to seild "synthetic" 
mouse buttoll and key press eveuts to  other appli- 
cat,ions ill order to  activate then]. Xspeak also lis- 
tens for wi~~tlow c:ol~figuration notification events, 
which tell it when wiiitlows of intercst have been 
made visible. This is necessary when Xspealc 
wis11r:s to  expose it wiudow, whicl~ must occnr bc- 
fort. some t y p c ~  of i111)ut call reliably be clirccterl 
to the wintlow. 

\Vc d~wg~i tv l  thi' (30,11~(1\11('~('1 wldgc~t' 10 hllhll ex 
tly tilt.5(. g t i~ l i5  mi(. ~ o ~ ~ ~ ~ t n r ~ ~ ~ ~ ~ ~ ~ ~  l t l o v l l ~ ~ ~ ~  dl\ 

1)1'1y of s o ~ u ~ t l  imicli l i k  'I sc 1011 I ~ I ,  1v111t 11 IIIOVCS 

wlle~i tlic w ~ u ~ t l  l)1.1~ 5 .  It ~l i t l lc i l t t~ m u l d  1~1lgtl1 
Loth with its width as wel! as with tick mallts 
representing units of iime (figule 3). When the 
user clicks d mouse button on the Soundviewer, 
the sound plays and the c u l s o ~  bar moves along 
(lmizoi~taliy) in sy:dnonization. The usel may 
glab the La1 with the nouse  and move it dround 
for ~ a u d o m  access duimg playbach. In pioviding 
such an ~ntelface, we avelconle some of the 111111- 
tat:o11~ of the slow a r ~ d  scllal natuie of speech, by 
allowing Ihe nsei mole (ontlol o v a  ~ t s  p1ayI)aik. 

Figure 3: The Sow~tIV~ewrl  witlgct, s h o w i ~ ~ g  two 
fixed ~riotlc s o u d s  autl one scalctl mode clibplc~y 
at  the boltu111. 





The Soi i t~dViiwrr  has s r w r a l  t1isl)lay 111otlcs t>o 
a . c c o ~ ~ ~ m o d a t c  S O U I I ~ ~ S  of uilriol~s l e ~ i g t l ~ s .  In t,lle 
"fixctl" nlotie, tllc~ ai)l)l ic,atio~~ t,t,lls tlic Sonutl- 
Viewer its widt,li ( in pixrls) ant1 t,lw I(mgtl1 of 
sn~ul t l  i t  s lmul~ l  (1ispla.y. T h r w  tlct,cwni~lc i.hc 
~ n l n l l ~ r r  of n~illiscmmds of sol~ntl  1)cr pixc.1, and the 
wiclgct piclts t;I~(x ;11>1)ro~)riat,c :sl);~ci~rg a11(1 height 
of the  t,iclc 1r1;lrlis (for i~xii1111)lr, it Iniiy display 
S V - O I I ~ ~  anti t i ~ 1 1 1 . i ~ ~  of S N O I I ( ~ S  ~ O I  s11ort. ~0iii1(1s, 
hut= t,c~is o f  sec-oi~tls nntl sc~.o~l( ls  for 1o11gc.r o ~ l r s ) .  
\1!11(~1 a so~iut l  I I ; I I ~ C  is ;~ssig~lc,tl t.o t.li(> witlgc.t., it, 
t l(~t,crmi~ws t l i r  ;rct.i~ii.l cli:q)lay wirlt,l~ o f  t , l~is sottiltl, 
givcw it,s tl1uri1tio11 a ~ t l  t I IC  tvi1l~c.1~'~ ~ t ~ i ~ l ) l ) i l ~ g  of (111- 
rat,iou to  wit1t.h. '[ 'll~is, t,lic, rlislilay~tl wi(lt,li ( i f  t , l~e  
so~ul t l  is ii l(wgt 11 i . 11~  t,o t.i~c% n w r .  

Tlicy S o ~ ~ i ~ t l \ . ' i c n ~ ~  n-itlgc~t, is c ~ ~ r r c u l l y  lwillg 11sc~1 
as t h v  st iu l~l i~r<l  i11t (Y~: I (T  t (> I 1~01(11~1  iiilrlio in n 
niiu~l)c:r of nl~!)lirit t iom a t  t I I ( -  k!rtliil JJi~ljorat,oi.y. 
011c of t,l~csr, is .i:rnc.s.q, n gi.;tj>l~ic.ill 11sr.1. j ~ ~ t c ~ r f a c c  
( f i g ~ ~ r c  .I) t,o ~ ( V I I  (11~1 ~ , ( ~ I P ~ ) ~ I O I I ( ~  ~ ~ ~ ( ~ s s a g i ~ s  t ,a I ;w 1)y 
a (~oilv(~rs:itio~iitl ; I I I S ~ T I ~ I I ~  11t;ir11i11(~ [ I 7  51. Eiu.11 
tncw;i,qv is (lisj)l;iy(,(l < I S  t i l l ( '  T O W  of' So~i~~( l \ ' i ( - t \ r (* l .~ ,  
OlIi> for ci1c11 rlY~o1 ( h l  l ~ w s s i t g ~ ~  s i ~ g l l l ~ ~ l l ~  . iU(Wii)y 
S ( * ~ I I I ( , I I ~ S  C A I I  I N ,  l ) l i~~. (vl  I ) > -  ( l i c l i i ~ ~ g  1111 ( ~ i i r . 1 1  i1111i- 
~.i(Iiiiil So~rlltl\'ic~n-c~~.. 'L'11i. cb11tii(* ~ ~ ~ c ~ s s i ~ g r  is l) l i i .~(~(l  
I)\, cli, 1;iltg o i ~  illv I I I C . S S ; I ~ ~ >  SC, I I : I (Y  " I ) I I ~  1 on" 011 

t l ~ c  lcl'l: ;IS i - ; i i , l ~  si,,y111(~1t l ) l ; \~ .s .  t l i v  a j ) l ~ r o ~ ) ~ i i i t , ( ~  
S O I I I I ( ~ T ~ ~ ( ~ I W ~  is ; ~ i ~ t o ~ ~ ~ ; ~ t i c ~ i t l l y  a(~tivitti~(1. 

Multi-Media Cut and Paste 

Selectiolis 11rcome colnplica.tcd when ~i i i~l t , ip lc  m(-- 
tlia. i m  i~ivolvetl. First ,  n mcarls of specifying 
the, c:ont,c~~t.s of tlir: srl(~ct, iol~ m~is t ,  l ~ r  I)sovirlctl. 
I11 t ,cst  windows, t,liis is nsilally done 11-j tlisplag- 
ing sc~lcct,ctl cliaractcrs ill rrvcrsr 1-itleo. T\'itli 
oirr SoundVicwcr witlgct,. a ( t , r~npora l )  r x t c l ~ t  of 
a. som~t l  c-an be  sclectrd wit.11 tlic Irlolxe: t ,l~c sex- 
lcctctl rcgion is i l~tl icated 1)y XOR'c(1 lines ( f ig i~rr  

6 ) .  

Figllrr 6: Tlle SvundViewer usns XOR'ctl lines to  
indicate the  selection. 



Multi-media cut and paste operatlions ca.n be i ~ n -  
plemented easily in X Windows, because the win- 
dow system selection rnana.ge~lient protocols allow 
flexible negotiation as to the representation t,ype 
of t,he desired data.. Tlie server acts as a broker in 
selection act ivi t ,~,  but dots not explicitly own the 
selection, lmving negot,ia.t,ion under the control of 
tllc applica.t,ions. Whicllever a.pplication wishes to 
own the selection, so not,ifics t,he server. 

This urgot,iat,io~~ 1)vow:;s ~ u i ~ k c s  it, easy t .0  ( x h 1 ~ 1  

t11v sti~.~i(lar(l t,cst, s r l ( ~ r t , i o ~ ~  t v l ~ i ~ ~ l ~  I I I O S ~ ,  a1)l)lici1- 
t,ious c~irrent~ly sii~q)ort,. A IIVW t,y1)r is tlcfil~etl, 
c.g. S A S O U N D ,  ant1 wiultl-ca.l)al)l(, clicv~h rr- 
c l ~ ~ ~ s t  the sclrctiori ill t,llis follrl. This allows SOIIII~I- 
Vicwnrs t,o cxchanjic porl,iolis of so~ulds. Diit t,hr 
solmd-ca.pa.l,Ic: alq)lica.tion s l ~ o n l ~ l  also 1w al)lr to 
si~pl)ly sonlc rrirso~i;il~lr t,cxt st,ring (si1c.h as a sonntl 

file name) when so requestrtl Ily a il~ccli~t-fcc~l,lc a p  
plication. Tllis allows gradlial i~itrotluct~on of new 
~ e p ~ e s e n t a t i o n  types, with b a c l i ~ a ~ c l  eolnpatll)il- 
ity to  weaker applications not y t  (apablc of 11s 
ing the new typcc;. It  also allows the apphc at1011 
owning a stlection with a. ~ni~ltitutlt-  of i n t c ~ p l r  
tations (such as the sclctted tc.lrl)l~onr rnessagr 
mentioned above), to easily pass t h i ~  to anot lm 
application in the prefer led r t y r s c l l t a t ~ o ~ l  types 
in wllicll that applica tion cxprrsv\s an i n t r ~ c \  t 
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