<B@$3& GUI $K$h$k>pJs2HEE%W%m%0%i%_%s%0 A}0f=SG7 %=%K!<%3%s%T%e!<%?%5%$%(%s%98&5f=j masui@acm.org 8=:_ 0l HLE* $J 2H EE@= IJ $O!" 5!4o $4 $H $K0[ $J $k %j%b %3 %s $,;H MQ $5 $l!"8G Dj E* $J5! G= $, 3d$j Ev $F$i $l $F$$ $k $N$, Ia DL $G$" $k $,!" >- Mh$N >p Js 2HEE 5! 4o $r07 $& >l 9g $K!"5! 4o $N ?t$@ $1 %j %b%3 %s $r MQ0U $7!" 5!G=$N?t$@$1%\%?%s$rMQ0U$9$k$N$O8=<BE*$G$J$$!# <B@$ 3&%$ %s %?%U%’!< %9 $K8~ $$ $?F~ NO AuCV !V FieldMouse !W $rMQ $$ $k$3 $H $K$h $j!" $"$i $f $k>l =j $K$* $$$F 7W ;; 5!>e $N %0 %i%U%# %+ %k %f!< %6%$ %s %? %U%’!< %9$H F1 $8 $h$& $J A‘ :n $G>p Js 2H EE 5!4o $r A‘ :n$9 $k $3$H$,2D G=$G$"$k!# K\9F$G $O!"$3$N$h $&$J<B @$3& GUI $N<jK! $H%S%8%e %"%k%W%m %0%i%_ %s%0$N<j K! $rAH $_ 9g$o $; $k $3$H $K $h $j!"%( %s %I %f!<%6 $, >p Js2H EE 5! 4o$r MF 0W $K%W %m %0 %i%_ %s %0 $G$- $k <B@$ 3& ;X8~%W%m%0%i%_%s%04D6-$r9=C[$9$k$3$H$,$G$-$k$3$H$r<($9!# Real-W orld Programming by Real-W orld GUI T oshiyuki MASUI Sony Computer Science Laboratories, Inc. masui@acm.org Although more and more computing is performed away from desktop computers, most programs used in handheld computers, ubiquitous computers, and augmented-reality systems in the real world are still developed on desktop computers, and users of these systems cannot modify the behavior of the systems or make a new program for the systems without using desktop computers. Programs used in real-world environments should also be programmed in the real world, so we have developed a new programming paradigm, “Real-W orld Programming (R WP),” which enables users to make programs for handling real-world environments as well as data in computers. In this paper , we show how we can make simple real-world programs only by using a new device called the FieldMouse. 1

1 $O$8$a$K 6a$$ >- Mh!" 2H Dm Fb $G ;H $o $l $k 3F <o $N 2H EE @= IJ $O!" %M%C %H %o!<%/ $G 7k 9g $5 $l $?!" $$ $o $f $k >p Js 2H EE 5! 4o $H $J $k $H 9M $( $i$l $k!# 8= :_ 0l HL E* $J 2H EE @= IJ $O!" 5! 4o $4 $H $K 0[ $J $k %j %b %3%s $, ;H MQ $5 $l!" 8G Dj E* $J 5! G= $, 3d $j Ev $F $i $l $F $$ $k $N $, IaDL $G $" $k $,!" J# ;( $J >p Js 5! 4o $r 07 $& >l 9g $K!" 5! 4o $N ?t $@ $1%j %b %3 %s $r MQ 0U $7!" 5! G= $N ?t $@ $1 %\ %? %s $r MQ 0U $9 $k $N $O 8=<BE*$G$J$$!# 2f!9$O!" <B @$ 3& %$ %s %? %U%’!< %9 $K 8~ $$ $? F~ NO Au CV Field- Mouse $rDs0F$7 $F$$$k [2] !# FieldMouse $r;H$&$H!"$" $i$f $k>l=j$K$*$$$F7W;;5!>e$N%0%i%U%#%+%k%f!<%6%$%s%?%U%’!< %9 (GUI) $H F1 $8 $h $& $J A‘:n $G >p Js 2H EE 5! 4o$r A‘ :n $9 $k $3 $H $, $G $- $k [4] !# K\ 9F $G $O!" $3 $N $h $& $J <B @$ 3& GUI $N <j K! $K $h$C$F%S %8%e%"%k %W%m %0%i%_ %s%0 $N<jK! $r<B @$3& GUI $KE, MQ$9 $k $3 $H $K $h $j %( %s %I %f!< %6 $, >p Js 2H EE 5! 4o $r MF 0W $K %W %m%0%i%_%s%0$G$-$k$3$H$r<($9!# 2 <B@$3& GUI 2f!9$O!"<B@$3&%$%s%?%U%’!<%9$K8~$$$?F~NOAuCV FieldMouse $rMQ$$$?!V<B@$3& GUI !W$rDs0F$7$F$$$k [2][4] !# FieldMouse $O%^ %& %9 $d 2C B. EY %; %s %5 $N $h $& $J Aj BP 0\ F0 8! =P Au CV $H %P!< %3!<%I%j!<%@$N$h$&$J ID 8!=PAuCV$r0lBN2=$7$?AuCV$G$"$j!" JI$d;f$N>e$KE=$C$?%P!<%3!<%I$J$I$N ID $rG’<1$7$?8e$G Field- Mouse $r F0$+ $9 $3 $H $K $h$j!" => Mh $N F~NO Au CV $G $OFq $7 $+$C $?3F<o$N A‘:n $r4JC1 $K;X<( $9$k$3 $H$, $G$-$k!# FieldMouse $rMQ $$ $k $3 $H $K $h $j!" IT L@ NF $K $J $j $, $A $J >p Js 2H EE 5! 4o $N %$%s %? %U%’!< %9 $r C/ $K $b M} 2r $7 $d $9 $/ $9 $k $3 $H $, 2D G= $G $" $k!# ?^ 1 $O%l!<%6%9%-%c%J$D$- PalmPilot 1 $K79$-%;%s%5$rAH$_ $3$s$@ FieldMouse $NNc$G$"$k!# ?^ 1: %l!< %6%9%-%c %J$D$- PalmPilot $K79 $-%;%s %5$rAH $_$3 $s$@ FieldMouse 1 Symbol <R SPT1500 <B@$3& GUI $NNc ?^ 2 $O ;f $N >e $K 0u :~ $5 $l $? GUI It IJ $N Nc $G $" $k!# !V V ol- ume !W $H0u:~$5$l$?%P!< %3!<%I$r FieldMouse $GG’<1$7$?8e :8 1& $K F0 $+ $9 $3 $H $K $h $j!" Aj BP 0\ F0 NL $K 1~ $8 $F 2; NL $r @) 8f $9$k$3$H$,$G$-$k!#$^$?:82<$N%P!<%3!<%I$rG’<1$7$?8e Field- Mouse $r >e J}$K F0 $+ $9$H %S %G %* 1 $,A* Br $5 $l!"2< J} $K F0 $+ $9 $H %S %G %* 2 $, A* Br $5 $l $k!# $3 $N $h $& $K!" %P!< %3!< %I $r G’ <1$7$?8e$N FieldMouse $NAjBP0\F0NL$dJ}8~$r3hMQ$9$k$3$H $K $h$j!" IaDL$N ;f$d JI$r GUI ItIJ $N$h$& $K;H $&$3$H $,$G $- $k!# ?^ 2: ;f>e$N GUI ItIJ$NNc %j%b%3%s$N6&DL2= A0 =R $N Nc $N >l 9g!" %P!< %3!< %I $, 0u :~ $5 $l $F $$ $l $P 2? $G $b %j %b %3 %s $H $7 $F ;H $& $3 $H $, $G $- $k $? $a!" ;f $r %3 %T!< $9 $k $J $I $K $h $j $I $3 $G $b %j %b %3 %s $r ;H $& $3 $H $, $G $-!" J6 <: $r ?4 G[ $7$?$j%j%b%3%s$rC5$72s$C$?$j$9$kI,MW$,$J$/$J$k!#$^$?!" <oN‘$N0[$J$k%j%b%3%s$b$R$H$D$N FieldMouse $G07$&$3$H$, $G $- $k $? $a!" J# ?t $N 5! 4o $r @) 8f $9 $k $? $a $K J# ?t $N %j %b %3 %s $r MQ0U $9$kI, MW$, $J$$!#$^ $?%j%b %3%s $N GUI ItIJ$O $I$3 $K CV$$$F$b$h$$$N$G!"A‘:n$K:G$b$U$5$o$7$$>l=j$K<B@$3& GUI It IJ $r E=$C $F $* $/ $3 $H $, $G $- $k!# $? $H $( $P!" %9 %T!< %+ $N 2; NL $r @) 8f $9 $k It IJ $r %9 %T!< %+ K\ BN $K E=$C $F $* $/ $3 $H $, $G $- $k $7!" EE OC $N 2# $K E=$C $F $* $1 $P EE OC Cf $K <~ 0O $N 2; NL $r D4 @0 $9$k$3$H$,$G$-$k!# D>46E*$J6qBNE*A‘:n $? $H $( $P 2; NL $r A‘ :n $9 $k >l 9g!" => Mh $N 2s E> 7? %\ %j%e!< %‘ $K 47 $l $? ?M $O :8 1& $N 2s E> A‘ :n $r 2; NL D4 @a $K %^%C %T %s %0 $9 $l $P $h $$ $7!" %9 %i %$ %I %\ %j%e!< %‘ $K 47 $l $? ?M $O 0\ F0 NL $r 2; NL D4@a$K%^%C%T%s%0$9$l$P$h$$!# %S%G%* A $N%G!<%?$r %S%G%* B $K%3%T!<$7$?$$>l9g $O!"%S %G %* A $N A0$G %G!< %?$r $9 $/$$ $H $k$h $& $JA‘ :n $r9T $J$C $F$+ $i %S %G %* B $K%G!< %? $r N.$7 9~ $‘ $h$& $J A‘:n $r 3d $jEv $F $k $3 $H $, $G $- $k!# $^ $?!" ?^ 3 $N $h $& $J %Q %M %k $N >e $G FieldMouse $r %G!< %? $N N. $l $K $=$C $F F0 $+ $9 $3 $H $K $h $j D> 46 E* $K %G!< %? $NN.$l$r;X<($9$k$3$H$b$G$-$k!# 2

?^ 3: %G!<%?$NN.$l$N;X<( EE5$ @=IJ $N A‘ :n $O 4V @\ E* $G$o $+ $j $K $/ $$ $b $N $,B? $$ $H $$ $&Ld Bj $, => Mh $+ $i $7 $P $7 $P ;X E& $5 $l $F $$ $k!# Nc $( $P It 20 $N >HL@ $r A‘ :n $9 $k >l 9g!" $I $N >H L@ $, $I $N %9 %$%C %A $K BP 1~ $7 $F $$$k $N $+ $o $+ $j $K $/ $$ >l 9g $, B? $$ $7!" >H L@ K\ BN $r D> @\ A‘ :n $9$k $3 $H $, $G $- $J $$ >l 9g $b B? $$!# %9 %T!< %+ $N 2; NL $r A‘ :n $9 $k$? $a $K $O %" %s %W $G 2; NL D4 @a $N A‘ :n $r $7 $J $1 $l $P $J $i $J $$ $,!"%9%T!<%+$rD>@\A‘:n$G$-$F$b$h$$$O$:$G$"$k!# =>Mh $N 2H EE@= IJ $G $O $3 $N $h $& $K <+ L@ $G $J$$ %^%C %T %s %0 $r %f!<%6$,GD0.$7$J$1$l$P;H$($J$$$b$N$,B?$$$,!" FieldMouse $K$h $k D> @\ E* A‘ :n $, 2D G= $J %$ %s %? %U%’!< %9 $G $O $3 $N $h $& $J IT<+A3$J%^%C%T%s%0$r:G>.8B$K$*$5$($k$3$H$,$G$-$k!# 3 <B@$3&;X8~%W%m%0%i%_%s%0 %"%s %W $d 7W;; 5! $N @) 8f %Q %M %k $r ;H $& $+ $o$j $K %9 %T!< %+ $N A0$G 2; NL $r @) 8f $7 $? $$ $H 0l HL %f!< %6 $, ;W$C $? >l 9g $J $I!" %9 %T!<%+ $G D> @\ 2; NL $r @) 8f $9 $k $h $& $J %W %m %0 %i %‘ $r %f!< %6 $, 4JC1$K:n@.$G$-$k$3$H$,K>$^$7$$!# FieldMouse $r;HMQ$9$k<B@$3& GUI $N%W%m%0%i%‘$O7W;;5! >e$N %F %- %9 %H %( %G%# %? $G :n @. $9 $k $3 $H $, $G $- $k $,!" <B @$ 3& $N;v J* $N =h M} $N %W %m %0 %i %_ %s %0 $O <B @$ 3& $N ;v J* $N $_ $r ;H$C $F9T $J $& $3 $H $, $G $- $k $h $& $K $7 $? J} $, $O $k $+ $K ET 9g $, NI $$ $H9M$($i$l$k!# =>Mh$O!"%F%-%9%H8@ 8l$r;HMQ $7$FC<Kv2h LL$N GUI %W%m%0 %i%‘ $r :n @. $9 $k $N $, Ia DL $G $"$C $? $,!" 6a G/ $O %0 %i %U%# %+ %k $J4D6-$r MQ$$ $F GUI %W%m%0 %i%‘$r :n@.$9 $k<j K!$,0l HLE*$K $J$j $D $D $" $k!# ?^ 7A $r MQ $$ $?!" $$ $o $f $k %S %8%e %" %k %W %m %0 %i%_%s%0 $, GUI $N%W %m%0%i %_%s%0 $KM-MQ $G$" $k$N$H F1$8$h $&$K!"<B@$ 3& GUI $N%W %m%0%i %_%s %0$r9T $J$&$? $a$K $O<B@$ 3& GUI $r MQ$$$k $3$H $,<+A3 $G$" $k$H9M $($i$l $k!#<B @$3&$N ;vJ* $r :G Bg 8B $K 3h MQ $7 $F <B @$ 3& ;X 8~ %$ %s %? %U%’!< %9 $N %W %m %0%i %_ %s %0 $r 9T $J $& <j K! $r <B @$ 3& ;X 8~ %W %m %0 %i %_ %s %0 $H 8F $s$G $$ $k $, [3] !" FieldMouse $r MQ $$ $k $3 $H $K $h $j!" %G%# %9 %W%l%$ $d%-!<%\!< %I$J $I$r;H $o$: $K<B@$ 3& GUI $N%W %m%0%i %_%s%0$,2DG=$K$J$k!# <B@$3&;X8~%W%m%0%i%_%s%0$NFCD9 <B@$ 3&;X 8~ %W %m %0 %i %_ %s %0$K $O 0J 2< $N $h $& $J B?$/ $N Mx E@ $,$"$k!# %W%m%0%i%‘$HA‘:nBP>]$N@09g@- => Mh $N %W %m %0 %i%_ %s %0 8@ 8l $O!" 7W ;; 5! Fb $N %F %-%9 %H $H $7 $F I= 8= $5 $l $F $* $j!" %W %m %0 %i %‘ $G 07 $& BP >] $b 7W ;; 5! Fb $N %F %- %9 %H $d ?t $G $" $k $3 $H $, $[ $H $s $I $G $"$C $?!# $3 $N $h $& $K!" %W %m %0 %i %‘ $H $= $N 07 $& BP >] $N 7A <0 $, 6a $$ >l 9g $O Ld Bj $, >/ $J $$ $H 9M $( $i $l $k $,!" 7A <0 $, Bg $- $/ 0[ $J $k >l 9g $O @0 9g @- $N Ld Bj $, @8 $8 $F $7 $^ $&!# Nc $( $P %F %- %9 %H %Y!< %9 $N %W %m %0 %i %_ %s %08@8l$G@D$$@5J}7A$rIA$/>l9g!" glColor3f(0.0,0.0,1.0); glRectf(0,0,100,100); $J $I $H %W %m %0 %i %‘ $7 $J $1 $l $P $J $i $J $$ $,!" @D $$ 6k 7A $H >e 5- $N %F %- %9 %H $H $N %.%c%C %W $O Hs >o $K Bg $- $$!# 0l J} %0 %i %U%# %+ %k %( %G%# %? $r ;H$C $F @5 J} 7A $r IA $/ A‘ :n $r $= $N $^ $^ %W %m %0 %i %‘$H$9$k$3$H$,$G$-$l$PM}2r$,$O$k$+$KMF0W$G$"$k!# %S%8%e%" %k$J GUI $N%W%m %0%i%_%s %0%7%9%F %‘$H$7$F!" $$ $o $f $k !V%$ %s %? %U%’!< %9 %S %k %@!W $, 6a G/ $h $/ ;H $o $l $F $$ $k $,!" $3 $N >l 9g $K $O %W %m %0 %i %‘ $N I= 8= $H A‘ :n BP >] $, 6a $$ $? $a $K M} 2r $, MF 0W $K $J$C $F $$ $k!# %S %8%e %" %k $J BP >] $r 07 $& $? $a $K $O %S %8%e %" %k $J %W %m %0 %i %_ %s %0 $, E, $7 $F $$ $k $H $$ $& $3 $H $K$J$k!# F1 MM $K!" <B @$ 3& $N BP >] $r 07 $& <B @$ 3& ;X 8~ %$ %s %? %U%’!< %9 $N %W %m %0 %i %_ %s %0 $r 9T $J $& $K $O BP >] $H $J $k <B @$ 3& $N ;v J* $r ;H$&$3$H$,:G$bE,$7$F$$$k$H9M$($i$l$k!# 6qBN@- <B @$ 3& $N ;v J* $r%W %m %0 %i %_ %s %0 MW AG $H $7 $F 07$& >l 9g!" 6q BN E* $J ;X Dj $r 9T $J $& $3 $H $, MF 0W $G $" $k!# $? $H $( $P !V%S %G %* $+$i%F%l%S$K2hA|$rE>Aw$9$k!W$H$$$&=hM}$r;XDj$9$k>l9g!" %F%-%9%H%Y!<%9$N7W;;5!$r;H$&>l9g$O!"$"$i$+$8$a3F A V 5! 4o$KL>A0$r$D$1$?$&$($G % videocopy video1 TV1 $J$I$H;XDj$7$J$1$l$P$J$i$J$$$G$"$m$&$,!" � %S%G%*$NL>A0$, “ video1 ” $G$"$k$3$H � %F%l%S$NL>A0$, “ TV1 ” $G$"$k$3$H � %S%G%*?.9f$rE>Aw$9$k$?$a$N%3%^%s%I$, “ videocopy ” $G$"$k$3$H $J $I B? $/ $N $3 $H$r 5- 21 $7 $F @5 $7 $/ ;X Dj $9 $k I,MW $, $" $k!# <B :] $K %S %G %* $+ $i %F %l %S $K %1!< %V %k $r $D $J $0 >l 9g $N $h $& $K $3 $l $i $N 5! 4o $r <B :] $K ;H$C $F %W %m %0 %i %_ %s %0 $r 9T $J $& >l 9g $K$O$3$N$h$&$J:$Fq$OH/@8$7$J$$!# Nc<(%W%m%0%i%_%s%0$H$N@09g@- <B @$ 3& $N ;v J* $r ;H$C $F A‘ :n $r ;X Dj $9$k >l 9g!" 6q BN E* $J =h M}$O;XDj$7$d$9$$$,!"JQ?t$r4^$‘=hM}$d7+$jJV$7 / >r7oJ,4t $J $I $r 4^ $‘ =h M} $O ;X Dj $7 $K $/ $$ $H $$ $& Ld Bj $, $" $k!# $7 $+ $7 Nc <(%W%m%0%i%_%s%0 (PBE, Programming by Example)[1] $N 3

<jK! $r MQ $$ $l $P!" $" $k Dx EY $N Cj >] EY $r $b $D %W %m %0 %i %‘ $r <+ F0E* $K @8 @. $9 $k $3 $H $b 2D G= $G $" $k!# $? $H $( $P 2? EY $b %S %G %* $+$i %F %l %S $K ?. 9f $r Aw $k A‘ :n $r 7+ $j JV $7 $F $$ $? >l 9g $O!" ?. 9f85 $H $7 $F %S %G %* $r ;X Dj $7 $? ;~ E@ $G Aw =P @h $r %7 %9 %F %‘ $, ?d O@$9 $k $3 $H $, $G $- $k $@ $m $& $7!" Kh F| F1 $8 A‘ :n $r $7 $F $$ $? $h $&$J >l 9g $O $= $N A‘ :n $r <+ F0 <B 9T $5 $; $F $7 $^ $& $3 $H $b 2D G= $G $"$m$&!# %7%s%\%k$H$7$FI=8=$7$K$/$$BP>]$N;XDj $?$H $( $P 7HBS C< Kv $K $* $$ $F !V1X $N $= $P $G EE8; $r F~ $l $k $H ;~9o I= $r I= <( $9 $k!W $H $$ $& 5! G= $r %W %m %0 %i %‘ $7 $? $$ >l 9g!" %F%-%9%H%Y!<%9$N%W%m%0%i%‘$r;H$&>l9g$O0^EY / 7PEY$dEE3& 6/EY $J $I $r ?t CM 2= $7 $F Hf 3S $9 $k %W %m %0 %i %‘ $r =q $/ I, MW $, $" $j;X Dj $, :$ Fq $G $" $k $,!" CO ?^ $N >e $G NN 0h $r ;X Dj $7 $? $j <B :] $K1X $K 9T$C $F EE 3& 6/ EY $r 7W B, $7 $J $, $i %W %m %0 %i %‘ $r =q $1 $P 4JC1 $K ;X Dj $9 $k $3 $H $, $G $- $k!# $3 $N $h $& $K!" B> $N I= 8= <j K! $,;H $$ $K $/ $$ $b $N $G $b!" <B J* $^ $? $O $= $N Be M} $r ;H $& $3 $H $K $h$jMF0W$K%W%m%0%i%‘Cf$GMQ$$$k$3$H$,$G$-$k>l9g$,$"$k!# %S%8%e%"%k$J GUI $N%W%m%0 %i%_%s%0 4D6-$G$O!" <B:]$K2h LL>e $K 6k 7A $r IA $/ $3 $H $K $h $j %&%# %s %I %& $r :n @. $7 $? $j!" $= $N6k 7A $X Lp 0u $r $R $/ $3 $H $K $h $j %$ %Y %s %H $N N. $l $r I= 8= $7 $? $j$9$k $3$H$, B?$$!# $?$H $($P!"%S %8%e%" %k$J GUI %W %m%0%i %_%s%04D6-$G$"$k MAX $G$O?^ 4 $N$h$&$J%W%m%0%i%‘$,;H$o $l$k!# $3 $3 $G $O!" 2h LL >e $N %\ %? %s $, 2! $5 $l $? $H $- $K 7W ;; $, <B9T $5 $l $F 0u :~ $5 $l $k $H $$ $& %G!< %? $N N. $l $, 6k 7A $H Lp 0u $G I=8=$5$l$F$$$k!# FieldMouse $K$h$k<B@$3& GUI $G$b!"F1MM $N<j K! $K $h $j $3 $N $h $& $J <B @$ 3& ;X 8~ %W %m %0 %i %_ %s %0 $r 9T $J $&$3$H$,$G$-$k!# ?^ 4: PD (MAX $N8e7Q%7%9%F%‘ ) %W%m%0%i%‘Nc 4 <B@$3&;X8~%W%m%0%i%_%s%0$N<BNc 7W;; 5! $r MQ $$ $F %W %l %<%s %F!< %7%g %s $r 9T $J $& %W %m %0 %i %‘ $r<B@$3&;X8~%W%m%0%i%_%s%0$G:n@.$9$kNc$r<($9!# 7W;; 5! $r MQ $$ $? %W %l %< %s %F!< %7%g %s $G $O!" %9 %i %$ %I $N I= <(@Z$jBX$(!&%S%G%*$N:F@8 / Dd;_!&2;NL$ND4@0$J$I$N3F<o$N A‘:n$,I,MW$K $J$k!#%S%G %*$O7W;;5! Fb$N MPEG $,;H$o $l$k $3$H $b $" $k $7!" %S %G %* %G%C %- $H %F!< %W $, ;H $o $l $k $3 $H $b $" $k!# 2; NL $N D4 @0 $O 7W ;; 5! >e $N %3 %s %H %m!< %k %Q %M %k $G 9T $J $o $l $k $3 $H $b $" $k $7!" %" %s %W $N 2; NL $D $^ $_ $G @) 8f $5 $l $k $3 $H $b$"$k!#%9%/%j!<%s>e$N2hLL$ND4@0$r9T$J$&$H$-!" PC $rA‘ :n $9 $Y $- $J $N $+!" %W %m %8%’ %/ %? $r A‘ :n $9 $Y $- $J $N $+!" %9 %/ %j!< %s $r D4 @0 $9 $Y $- $J $N $+!" H= CG $K LB $& $3 $H $, $" $k!# 2h LL $r @Z $j BX $( $? $j %9 %T!< %+ $N 2; NL $r D4 @0 $7 $? $j $9 $k $H $$ $& Hf 3S E* C1 =c $J :n 6H $G $" $k $K $b $+ $+ $o $i $:!" @\ B3 $K $D $$ $F $h $/ M}2r$7$F$$$J$$$HMWNN$h$/A‘:n$9$k$3$H$O$G$-$J$$!# <B @$ 3& GUI $r ;H $( $P!" $R $H $D $N FieldMouse $r ;H$C $F $" $i $f $k 5! 4o $r E, @Z $J >l =j $G A‘ :n $9 $k $3 $H $, 2D G= $K $J $k!# $? $H$($P!"%9%/%j!<%s$rA‘:n$7$F<!$N%9%i%$%I$rI=<($7$?$j!" %9 %T!< %+ $G D> @\ 2; NL $r D4 @0 $7 $? $j!" <L ?? $r $+ $6 $9 $3 $H $K $h $j BP 1~ $9 $k %S %G %* $r :F @8 $7 $? $j Dd ;_ $7 $? $j $9 $k $3 $H $, $G $- $k!# %F %- %9 %H %Y!< %9 $N8@ 8l $r MQ $$ $F $3 $N $h $& $J %W %m%0 %i %‘ $r :n @. $9 $k >l 9g $O!" Nc $( $P 0J 2< $N $h $& $J %W %m %0 %i %‘ $, I, MW $K $J$k!# #define NEXTSLIDE 1234567 slideno = 1; while(id = scan_id()){ switch(id){ case NEXTSLIDE: slideno++; show_slide(slideno); ... } } $3 $N $h $& $J %W %m %0 %i %_ %s %0 <j K! $O!" %&%# %s %I %& %7 %9 %F %‘ $N GUI %W %m %0%i %_ %s %0 $G $h$/ MQ $$ $i $l $k$,!" %( %s %I %f!< %6 $K $H$C $F M} 2r $7 $d $9 $$ $b $N $G $O $J $$!# $3 $N $h $& $J %W %m %0 %i %_ %s%0%9%?%$%k$K47$l$?%W%m%0%i%^$K$H$C$F$9$i!" NEXTSLIDE $H $$ $& %7 %s %\ %k $H <B :] $N %9 %i %$ %I %\ %? %s $N 8+ 1I $( $d A‘ :n $H $N %^%C %T %s %0 $r >o $K 3P $( $F $* $+ $J $1 $l $P $J $i $J $$ $N $G Ii C4 $,Bg$-$$!# <B@$3&;X8~%W%m%0%i%_%s%0$N<BAu 0J 2< $N $h $& $J J} ?K $G <B @$ 3& ;X 8~ %$%s %? %U%’!< %9 $N %W %m %0 %i%_%s%0$r9T$J$&!# � %G!< %? %U%m!< 7? $N %S %8%e %" %k %W %m%0 %i %_ %s %0 $H F1 MM $N <jK!$r:NMQ MAX $J$I$HF1$8$h$&$K!"%G!<%?$d1i;;;R$N$h$&$J%W%m %0 %i %_%s %0MW AG ( %b %8%e!<%k ) $r%j %s%/ $G7k $V$3 $H$K $h $j %W %m %0 %i %‘$r I= 8= $7!" 7W;; <B 9T $O %j%s %/ >e $N J8;z Ns %G!<%?$NN.$l$GI=8=$9$k!# � %P!<%3!<%I$N;HMQ %P!<%3!<%I%9%-%c%J$H79$-%;%s%5$r0lBN2=$7$? FieldMouse $r;HMQ$7!"%P!<%3!<%I$rMQ$$$F<B@$3&$N;vJ*$NG’<1 / A‘ :n$r9T$J$&!# 4

� ID %+!<%I$N;HMQ 1i;; ;R $N $h$& $K!" <B @$ 3&$N ;v J* $G I=8= $7 $K $/ $$%W %m %0 %i%_ %s %0 MW AG $O!" L>;I Bg $N ;f $K %P!< %3!< %I $r0u :~ $7 $? !V ID %+!<%I!W$GI=8=$9$k!# ?^ 5: ID %+!<%I$NNc � %j%s%/$N@_Dj %=!<%9 $H $J $k %b %8%e!< %k $N %P!< %3!< %I $+ $i %G!< %? $r $9 $/$$ >e $2 $k %8%’ %9 %A%c $r 9T $J$C $F $+ $i!" %G %9 %F%# %M!< %7%g%s $N %P!< %3!< %I $K %G!< %? $r N. $7 9~ $‘ %8%’ %9 %A%c $r 9T$J$&$3$H$K$h$j!"%b%8%e!<%k4V$K%j%s%/$r@_Dj$9$k!# %b%8%e!< %k $, %f!< %6 $N %" %/ %7%g %s $r <u $1 IU $1 $k >l 9g $O!" %f!<%6$,%+!<%I$N%P!<%3!<%I$r%9%-%c%s$7$?$H$-5Z$S%9%-%c %s8e FieldMouse $r2sE>$7$?>l9g$K!"%j%s%/@h$N%b%8%e!<%k $KBP $7 $F A‘ :n $K BP 1~ $7 $? J8 ;z Ns $r Aw IU $9 $k!# 7W ;; $= $N B> $N =h M} $r 9T $J $& %b %8%e!< %k $N >l 9g $O!" B> %b %8%e!< %k $+ $i J8 ;z Ns$r <u $1 <h$C $? ;~ E@ $G!" Dj 5A $5 $l $? =h M} $r 9T $J$C $? 8e!" %j %s%/@h$N%b%8%e!<%k$K7W;;7k2L$NJ8;zNs$rAwIU$9$k!# %W%m%0%i%_%s%0MWAG$N<oN‘ %9%i %$ %I %W %l %< %s %F!< %7%g%s $N $? $a $N <B @$ 3& ;X 8~ %W %m %0 %i%_%s%0$G$O!"0J2<$N$h$&$J%b%8%e!<%k$r;HMQ$9$k!# � J8;zNs%b%8%e!<%k J8;z Ns MW AG $O!"$= $l $K BP $7 $F%f!< %6 $, $J $s $i $+$N %" %/ %7%g%s $r 5/ $3 $7 $? $H$- $K J8 ;z Ns $r B> $N %b%8%e!< %k $K Aw =P$9$k!# � 7W;;%b%8%e!<%k 7W;; %b %8%e!< %k $O!" ;M B’1i ;; $d J8 ;z Ns 1i ;; $J$I $N 3F <o $N7W ;; $r 9T $J $&!# $?$H $( $P J8 ;z Ns O" 7k %b%8%e!< %k $K $U $?$D $N J8 ;z Ns %b %8%e!< %k $, @\ B3 $5$l $F $$ $k $H $-!" %f!< %6$, JR J} $N J8;z Ns $K %" %/ %7%g%s $r 5/ $3 $9 $H!" $=$l $i $, O"7k$5$l!"7k2L$,B>$N%b%8%e!<%k$KAw=P$5$l$k!# � O"B3CM%b%8%e!<%k J8;z Ns %b %8%e!< %k $O 8GDj J8 ;z Ns $r @8 @. $9 $k$,!" O" B3 CM %b%8%e!< %k $O %f!< %6 $N %" %/ %7%g %s $K 1~$8 $F 0[ $J $k CM $r O"B3E*$K=PNO$9$k!# � 2;@< / 2hA|%b%8%e!<%k 2;@< / @:?@2h / F02hL>$NJ8;zNs$r<u$1<h$j!"BP1~$9$k%U%! %$%k$rI=<( / :F@8$9$k!# � 2;NL%b%8%e!<%k 2;NL$r<u$1<h$C$??t;z$K@_Dj$9$k!# 4JC1$J%W%m%0%i%‘Nc A0@a$G=R$Y$?$h$&$J3F<o$N%W%m%0%i%‘MWAG$r<($9 ID %+!< %I$r;H$C$?<B@$3&;X8~%W%m%0%i%_%s%0$NNc$r<($9!# J8 ;z Ns $N I= <( J8 ;z Ns %+!< %I $+ $i J8 ;z Ns I= <( %+!< %I $K %j %s %/$r@_Dj$9$k$3$H$K$h$j!" FieldMouse $GJ8;zNs$rA*Br$7$? $H$-$K$=$NJ8;zNs$,I=<($5$l$k$h$&$K$J$k!# 2h A| $N I= <( 2h A| L> $r <( $9 J8 ;z Ns %+!< %I $+ $i 2h A| I= <( %+!< %I $K %j %s %/ $r @_ Dj $7 $F $* $/ $H!" 2h A| L> %+!< %I $r A* Br $7 $? $H $-$K2hA|L>$,I=<(%+!<%I$KAw$i$l$F$=$N2hA|$,I=<($5$l$k!# ?^ 6 $N$h$&$K!"2hA|L>$r<($9J8;zNs%+!<%I$K$=$N2hA|$r0u :~$7$F$*$1$P!"I=<($7$?$$2hA|$N0u:~$5$l$?%+!<%I$r%9%-%c %s $9 $k $@ $1 $G 2h LL $K $= $N 2h A| $, I= <( $5 $l $k $N $G M} 2r $7 $d $9 $$!#$3$N<jK!$O!"F02h$d2;3Z$N>l9g$K$bE,MQ$G$-$k!# ?^ 6: 2hA| / 2;3Z%+!<%I 2; NL @) 8f ?t ;z $r I= 8= $9 $k J8 ;z Ns %+!< %I $+ $i 2; NL D4 @a %+!< %I $K %j %s %/ $r @_ Dj $7 $F $* $/ $H!" A* Br $7 $? ?t ;z %+!< %I $N CM $K 2;NL$,@_Dj$5$l$k!#$?$H$($P!"J8;zNs!V 0 !W$r<($9J8;zNs%+!< %I$K!V Mute !W$H0u:~$7$F$*$1$P!"$=$N%+!<%I$r FieldMouse $GA*Br$9$k$3$H$K$h$j2;NL$r%<%m$K$9$k$3$H$,$G$-$k!# O" B3 CM %+!< %I $+ $i 2; NL D4 @a %+!< %I $K %j%s %/ $r E= $k $3 $H $K $h$j!" FieldMouse $N79$-$K$h$j2;NL$rD4@a$9$k$3$H$,$G$- $k!#?^ 7 $N$h$&$K!"O"B3CM%+!<%I$KDL>o$N%\%j%e!<%‘$N$h$& $J 3( $r 0u :~ $7 $F $* $1 $P!" $3 $l $r K\ J* $N %\ %j%e!< %‘ $H F1 $8 46 3P$G;H$&$3$H$,$G$-$k!# $3$N$h$&$J%+!<%I$r%"%s%W / %9%T!<%+ / EEOC5!$J$I!"2;NL D4 @a $, I, MW $K $J $j $= $& $J >l =j $K E=$C $F $* $1 $P JX Mx $G $" $k!# EE OC $, LD$C $? $H $- $K %" %s %W $N 2; NL $r 2< $2 $k $H $$$C $? $3 $H $b $G$-$k!# 5

?^ 7: 2;NLD4@0%+!<%I$NNc %W%l%<%s%F!<%7%g%s%W%m%0%i%‘ A0=R $N $h $&$J 3F <o $N %+!< %I $r AH $_ 9g $o $; $F%W %m %0 %i %_ %s %0$9$k$3$H$K$h$j!"%9%i%$%I$d%S%G%*$rMQ$$$?%W%l%<%s%F!< %7%g%s $r $9 $Y $F <B @$ 3& ;X 8~ %W %m %0 %i %_ %s %0 $9 $k $3 $H $, $G $- $k!#%W%l%<%s%F!<%7%g%s$KI,MW$J%W%m%0%i%‘$r?^ 8 $K<($9!# 6k7A$, ID %+!<%I$GI=8=$5$l$k%b%8%e!<%k$rI=8=$7!"6k7A4V $N%j%s%/$O%8%’%9%A%c$K$h$C$F ID %+!<%I4V$K@_Dj$5$l$k$b $N$G$"$k!# “+1”, “-1” $J $I$N%+!< %I$rA‘ :n$9$k $H!" “ &2 ” %b%8%e!<%k $K2C;;7k2L$,C_@Q$5$l!" “Slide” $H$$$&J8;zNs$HO"7k$5$l$F 2hA|%b%8%e!<%k$KAw$i$l$k$3$H$K$h$j!" “Slide1”, “Slide2”... $J$I $N 2h A| %U%! %$%k $, I= <( $5 $l $k!# “Slide1” $J $I$N %+!< %I $rA‘:n$9$k$HD>@\$=$N%9%i%$%I$,I=<($5$l$k!# ?^ 8: %W%l%<%s%F!<%7%g%s$N$?$a$N%W%m%0%i%‘ 5 7kO@ FieldMouse $r <B@$3&;X8~ %$%s%?%U%’!<%9 $NF~NOAuCV $H$7 $FMQ $$ $k $3 $H $K $h $j!" J# ;( $K $J $j $, $A $J >p Js 2H EE A‘ :n $* $h $S$= $N %W %m %0 %i %_ %s %0 $r $o $+ $j $d $9 $/ $9 $k $3 $H $, $G $- $k $3 $H$r<($7$?!# :#2s $O %9 %i %$ %I $r MQ $$$? 7W ;; 5! $G $N %W %l %< %s %F!< %7%g %s $K8B$C $? 1~ MQ $r 9M $( $? $? $a %+!< %I $N <o N‘ $O $= $l $[ $I I, MW $J $$$,!" 1~ MQ $K 1~ $8 $F B? $/ $N <o N‘ $N %+!< %I $, I, MW $K $J $k $H 9M $($i$l$k!# <B :] $K $O ?t ;z $dJ8 ;z Ns $r <( $9 %+!< %I $, Hs >o $K Bt;3 I, MW $K $J$C $F $7 $^ $& $N $G!" $3 $l $i $K $D $$ $F $O %+!< %I 0J 30 $N J8 ;z Ns ;X<(<jK!$r;HMQ$7$?J}$,NI$$$+$b$7$l$J$$!# GUI $N Nr ;K $r $U $j $+ $( $k $H!" ;~ 4V $r $+ $1 $F %\ %? %s / %9 %i %$ %@ $J $I $H $$$C $? %$ %s %? %U%’!< %9 $N %$ %G%# %* %‘ $, 6& DL CN <1 2=$5$l$F$-$?$3$H$H!" GUI $rMQ$$$? GUI %W%m%0%i%‘3+H/<T 4D 6- $, @0$C $F $- $? $3 $H $, Ia 5Z $N 80 $H $J$C $? $h $& $G $" $k!# <B @$ 3& GUI $K4X $7$F$b %$%G%# %*%‘$N 3NN)$H $H%W %m%0%i %_%s %0 4D6-$N@0Hw$,=EMW$G$"$m$&!# ;29MJ88% [1] Allen Cypher, editor . W atch What I Do – Programming by Demonstration . The MIT Press, Cambridge, MA 02142, 1993. [2] Itiro Siio, T oshiyuki Masui, and Kentaro Fukuchi. Real-world interaction using the FieldMouse. In Proceedings of the ACM Symposium on User Interface Software and T echnology (UIST’99) , pages 113–119. ACM Press, November 1999. [3] A} 0f =SG7 . <B @$3& ;X 8~%W %m %0%i %_ %s%0 . In Bh 40 2s E_$N %W %m %0 %i%_ %s %0 %7%s %] %8 %& %‘M= 9F =8 , pages 19–25. >p Js=h M} 3X 2q , January 1999. [4] A}0f =S G7 , DGHx 0l O: , and J!CO 7r B@O: . ;f gui $K$h$k>p Js2HEE @)8f . In Bh 59 2s>pJs=hM} 3X2qA49qBg 2q FCJL%;%C%7%g%s (1) 9V 1iO@J8=8 , pages 73–74, September 1999. 6