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(+$)%'-(,*!'#%'!6%,!*(:$'-:$*!G$!$56$**-0$/=!6(:+/$5!>()!,(,*+$6-%/-*'*@!a)(0-1-,?!&*$)*!
3-'#!6(,'$5'&%/!?&-1$/-,$*!-*!1->>-6&/'!'(!%6#-$0$O-,!+%)'-6&/%)A!%,=!%''$:+'!
'(!+%-)!%!1$0-6$!/(6%'$1!(&'!(>!*=*'$:!)%,?$A!()!3#(*$!$,$)?=!/$0$/!-*!'((!/(3A!-*!
+)(G/$:%'-6!G$6%&*$!'#$!1$0-6$!-*!&,1$'$6'%G/$A!'#&*!+)$0$,'-,?!'#$!*=*'$: !>)(:!
+)(0-1-,?!&*$>&/!>$$1G%6H@!L++*M%'$!-,6/&1$*!*&++()'!>()!1$0-6$!+%-)-,?A!G&'!'#-*!*&++()'!
6%,!G$!-,*&>>-6-$,'!>()!,%-0$!&*$)*@!!!
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!

!
!
!"#$%&'*)'K#H%.#"%'*0&,$#C%*:*(%H0,&:.*'F",0(#2*,7*(D%*'(:(%*,7*(D%*D,H%A*9D#2D*I'%&'*2:"*-&,9'%*:(*C#77%&%"(*.%$%.'*,7*
C%(:#.'3*=:@*6,"(&,.'*.%(*I'%&'*'%.%2(*(D%*C:(%*:"C*(#H%*,7*#"(%&%'(3*NI&(D%&H,&%A*(#H%.#"%'*2:"*-%*&%7&%'D%C*=-@*
:I(,H:(#2:..F*#"*&%:.*(#H%*,&*C#'0.:F%C*:'*:*'":0'D,(3*=2Q25@*R:"C.%'*2:"*-%*C&:<<%C*.:(%&:..F*(,*E,,H*#"*,"*:*0:&(#2I.:&*
(#H%*'.,(*9#(D#"*(D%*2D&,",<&:H*(D:(*'D,9'*(D%*GD%:&(-%:(*,7*(D%*D,H%3J*4"*(D#'*%S:H0.%A*:2(#$#(#%'*:&%*2,"2%"(&:(%C*#"*
.:(%*%$%"#"<*:"C*%:&.F*H,&"#"<3*=C@*KD%*$%&(#2:.*&I.%&*.%('*I'%&'*%S0.,&%*'(:(%'*:2&,''*(#H%.#"%'3*KD%*2I&&%"(*0,'#(#,"*,7*
(D%*&I.%&*'D,9'*(D:(*(D%*GT%..,9U%"(&:"2%U'H:&( U0.I <J*9:'*2,"'IH#"<*VW*9:(('*:(*X XYVXY>PA*:"C*(D:(*(D%*0&,<&:H*
G8(:&(U'(,0 U%"(&:"2%U.#<D(J*9:'*&I""#"<*:(*(D#'*(#H%3*KD%*(#H%.#"%'*,7*(D%*0&,<&:H'*(D:(*&%7%&%"2%*(D%*0.I<*:&%*<&,I0%C*
(,<%(D%&*',*(D:(*2:I':.#(#%'*-%(9%%"*%$%"('*:"C*'(:(%'*2:"*-%*C%(%2(%C3*6.#2L#"<*(D%*=%@*H:<"#7F#"<*<.:''*0&%'%"('*:*.#'(*
,7*:2(#,"'*%S%2I(%C*-F*(D%*0&,<&:H*G'(:&(U'(,0 U%"(&:"2%U.#<D(#"<J*(D:(*2D:"<%C*(D%*0.I<5'*'(:(%3''

K*+$'*%$+J"
C(,-'()- ,?!'#$!#(:$!:$%,*!(G*$)0-,?A!1-*6(0$)-,?A!)$:$:G$)-,?A!%,1!&,1$)*'%,1-,?!
)$%*(,*!>()!+%)'-6&/%)!*'%'$*!()!G$#%0-()A!G('#!%'!'#$!+)$*$,'!'-:$!%,1!-,!'#$!+%*'@!
a)-,6-+/$*!>)(:!-,'$)%6'-0$!0-*&%/-U%'-(,A!*&6#!%*!X$,!B#,$-1$):%,P*!:%,')%!.(0$)0-$3!
>-)*'A!U((:!%,1!>-/'$)A!'#$, !1$'%-/*!(,21$:%,14_A!?-0$!&*$>&/!?&-1$/-,$*!G&'!1(!,('!+)(0-1$!
)$%1=2>()2&*$!*(/&'-(,* A!)$*&/'-,?!-,!'-:$26(,*&:-,?!1$0$/(+:$,'* @!!
!
F,!L++*M%'$A!:(,-'()-,?!-*!*&++()'$1! -,! '3(! 6(:+/$:$,'%)=!3%=* g!(#H%.#"%'!/$'!&*$)*!
:(,-'()!#(:$!*' %'$*!(0$)!'-:$!;*$$!Z-?&)$!K<A!%,1!%!1$+$,1$,6=!?)%+#!/$'*!&*$)*!
:(,-'()!#(:$!*'%'$*!'#)(&?#!)$/%'-(,*!G$'3$$,!$,'-'-$*!;*$$!Z-?&)$!T<@!"#$*$!)$/%'-(,*A!
3#-6#!)$*&/'!>)(:!+)(?)%::-,?A!6%,!G$!#%)1!'(!6(,6$+'&%/-U$!()!:-?#'!G$!>()?(''$,@!F,!
+%)'-6&/%)A!%!&*$)!:-?#'!>()?$'!'#%'!'#$!*'%'$!(>!%,!$,'-'=!-*!:(1->-$1!G=!:()$!'#%,!(,$!
+)(?)%:A!)$*&/'-,?!-,!&,$5+$6'$1!G$#%0-()!1&$!'(!6(,>/-6'-,?!6(::%,1*@!B&6#!)$/%'-(,*A!
3#-6#!6%,!G$!#%)1!'(!%,'-6-+%'$!()!1$'$6'A!%)$!:%1$!(G0-(&*!3-'#!%!1$+$,1$,6=!?)%+#!
;*$$!Z-?&)$!T<@! 
!
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!
!"#$%&'+)'/"*%S(&:2(*,7*(D%*C%0%"C%"2F*<&:0D*7,2I'%C*,"*GT%..,9U%"(&:"2%U'H:&( 0.I<J3*KD#'*C%$#2%*#'*.,2:(%C*#"*(D%*
%"(&:"2%*:"C*#'*2I&&%"(.F*(I&"%C*,"*='H:..*F%..,9*2#&2.%@3*4(*#'*H,C#7#%C*-F*H,&%*(D:"*,"%*0&,<&:H*=&%C*2#&2.%@3*KD%*
0&,<&:H*GZ :L%U(%H0%&:(I&%U$#'#-.%J*#'*&I""#"<A*-I(*#(*&%7%&%"2%'*:*C%$#2%*(D:(*#'*2I&&%"(.F*H#''#"<*=,&:"<%*(&#:"<.%@3*
KD%*H#''#"<*C%$#2%*#'*(D%*,.C*C%'L*.:H0*=&%0&%'%"(%C*-F*(D%*C,((%C*-.I%*2#&2.%*9#(D*:"*GSJ*#"*#(@3*KD%*0&,<&:H*G8(:&(U
'(,0 U%"(&:"2%U.#<D(#"<J*D:'*:..*(D%*&%',I&2%'*"%%C%C*:"C*#'*&I""#"<*=<&%%"*(&#:"<.%@3*KD%*G[ D:(U(, U9:L%UI0J*:"C*
G[ D:(U(, U0I( U:'.%%0J*0&,<&:H'*D:$%*(D%*&%',I&2%'*"%%C%C*-I(*:&%*",(*&I""#"<*=<&%%"*&%2(:"<.%@3'

(%*J%;88$+J"
J$! 0-$3!+)(?)%::-,?!,('!%*!1$0-6$!6(,>-?&)%'-(,!G&'!%*!%!6)$%'-0$!%6'-0-'=!-,!3#-6#!
+$(+/$!1$>-,$!'#$-)!(3,!*$:%,'-6*! 6(,6$),-,? !'#$-)!&*$!(>!1$0-6$*!%,1!*$)0-6$*@!"#$!
>&,1%:$,'%/!+)(G/$:!-*!>-,1-,?!'#$!G$*'!6(?,-'-0$!>-'!G$'3$$,!'#$!&*$)*P!*$:%,'-6!
1(:%-,!%,1!'#$ !6(:+&'$)!+)(?)%::-,?!/%,?&%?$!1(:%-,@!S$*$%)6#!-,'(!+)(?)%::-,?!
/%,?&%?$*!*#(3*!'#%'!'#$)$!-*!,(!-1$%/!*(/&'-(,O ' #$)$!%)$!(,/=!')%1$(>>*!G$'3$$,!
-,'$)1$+$,1$,'!%,1!+(**-G/=!6(,>/-6'-,?!>%6'()*@!J$!#%0$!&*$1!>%6'()*!>)(:!'#$!E(?,-'-0$!
9-:$,*-(,*!>)%:$3()H ` !' (! -,>():!(&)!1$*-?,!1$6-*-(,*A!*(:$!(> !3#-6#!3$!1-*6&**!#$)$@!
!
/-'(&:2(#,"*<&:C#%"(!%,1!2.,'%"%''*,7*H:00#"<@!J#%'!%)$!'#$!:-,-:&:!%,1!:%5-:&:!
/$0$/*!(>!%G*')%6'-(,h!E%,!>)%?:$,'*!G$!$,6%+*&/%'$1h!J#%'!6(,0$,'-(,*!:&*'!G$!
/$%),$1h!F,#%G-'%,'*!6%,!$%*-/=!$5+)$**!'#$-)!?(%/*!&*-,?!)&/$*A[ !%,1!'#$=!?)(&+!)&/$*!
G%*$1!(,!>&,6'-(,%/!+)(5-:-'=!;/-?#'-,?!6(,')(/A!>()!$5%:+/$<!()!)(&'-,$*!;%!:(),-,?!
*6$,%)-(A!>()!$5%:+/$<@b!F,*+-)$1!G=!'#$*$!>-$/1!*'&1-$*A!L++*M%'$!.>)%?:$,'*4!%)$!)&/$*A!
6(,1-'-(,%/*A!%,1!%6'-(,*!(,!$,'-'-$*!'#%'!$5-*'!-,!'#$!+)(G/$:!1(:%-,!;*$$!Z-?&)$!_!>()!
1$'%-/*<@!F,!'&),A!'#$*$!>)%?:$,'*!%)$!$,6%+*&/%'$1!3-'#-,!+)(?)%:*!'#%'!6%,!G$!&*$1!%*!
&*$)21$>-,$1!%G*')%6'-(,*@!W%)-%G/$*!%)$!'#$!&*$)21$>-,$1!,%:$*!(>!'#$!$,'-'-$*!'#%'!$5-*'!
-,!'#$!+)(G/$:!1(:%-,@!^&)!6#(-6$!>()!'#$!-:+/-6-'!1$6/%)%'-(,!(>!0%)-%G/$*!)$*&/'*!>)(:!
'#$!')%1$(>>!G$'3$$,!$5+)$**-0$!+(3$)!%,1!6/(*$,$**!(>!:%++-,?@!
!
L*!>()!,('%'-(,!;'#%'!-*A!6(,6)$'$!*=,'%5<A!0-*&%/!/%,?&%?$*!%)$!%++$%/-,?!G&'!1(!,('!
,$6$**%)-/=!*%'-*>=!%!.6/(*$!:%++-,?@4` !F,*'$%1A!%!+*$&1(,%'&)%/!/%,?&%?$!-*!+)(+(*$1A!
%/(,?!3-'#!%!*=,'%521)-0$,!$1-'()!'(!+)('$6'!&*$)*!>)(:!(0$)/=!6(:+/$5!*=,'%5!
6(,0$,'-(,*!;*$$!Z-?&)$!`<@!L!.*:%)'!H$=G(%)14!1-*+/%=*!%//!+(**-G/$!(+'-(,*A!?-0$,!'#$!
$,')=!+(-,'!6&))$,'/=!*$/$6'$1!%,1!'#$!6&))$,'!*'%'$!(>!'#$!#(:$@!J-'#!'#-*!>$$1>()3%)1d!
:$6#%,-*: A!&*$)*!%)$!,('!(,/=!-,>():$1!-,!%10%,6$!(>!'#$!6%+%G-/-'-$*!-,!'#$-)!1(:$*'-6!
*+%6$!G&'!%)$!%/*(!+)$0$,'$1!>)(:!:%H-,?!$))()*@!!
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!
!
!

22!L!+)(?)%:!-*!$-'#$)!%!,(,$:+'=!*$'!(>!-:+$)%'-0$!*'%'$:$,'*!>(//(3$1!G=!%!,(, 2$:+'=!*$'!(>!)&/$*A!()!-'!-*!(,/=!%!,(,$:+ '=!*$'!(>!
-:+$)%'-0$!*'%'$:$,'*!()!(>!)&/$*@!"#$!75$6&'$1!(,6$!FCa7SL"FW72B7E"F^c!/$'*!&*$)*!$5+)$**!-,-'-%/-U%'-(,*@!F'!-*!$5$6&'$1!(,/=!(,6$A!
3#$,!+)(?)%:!$5$6&'-(,!-* !*'%)'$1@!S&/$*!(>!'#$!S$+$%'$1!S8V72B7E"F^c!%)$!$0%/&%'$1!-,!+%)%//$/!%,1!)$+$%'$1/=!&,'-/!+)(?)%:!
$5$6&'-(,!-*!*'(++$1@!a)(?)%:!$5$6&'-(,!6%,!G$!*'(++$1!()!*'%)'$1!G=!$,1!&*$)*!()!G=!%,=!+)(?)%:@!L!+)(?)%:!6%,!*'(+!-'*$/>@!
 
PROGRAM ::= Executed once  IMPERATIVE- SECTION { then  Repeated  RULE- SECTION} | !
{ Executed once  IMPERATIVE- SECTION then } Repeated  RULE- SECTION 
 
IMPERATIVE- SECTION ::= IMPERATIVE - STMT { then  IMPERATIVE- SECTION}  
RULE- SECTION ::= RULE - STMT { and  RULE- SECTION}  

L;M"

!
22!L,!-:+$)%'-0$!*'%'$:$,'! -*!$-'#$)!%,!%6'-(,!;*&6#!%*!. B3-'6#2(,!^ )%,?$2*:%)'+/&?4<A!()!%!6(,1-'-(,%/!*'%'$:$,'!;FZ!()!LB2B^^c 2LB<@!
22!IF !%,1!AS- SOON- AS!:%H$!'#$!1-*'-,6'-(,!G$'3$$,!6(,1-'-(,*!(,!*'%'$*!; >()!$5%:+/$A!. 47*!̂ )%,?$2*:%)'+/&?!-*!(, 4<!%,1!6(,1-'-(,*!
(,!$0$,'*!; >()!$5%:+/$!. /'*',,"*:' !̂ )%,?$2*:%)'+/&?!-*!'&),$1!(, 4<@!!
 
IMPERATIVE- STMT ::= ACTION |  IF | AS - SOON- AS 
IF ::= If  <state - condition > then  IMPERATIVE- SECTION { otherwise  IMPERATIVE- SECTION} 
AS- SOON- AS ::= As soon as  <event - condition > then  IMPERATIVE- SECTION 

(b)  
 
22!EACH- TIME!%,1!WHILE!)&/$*!:%H$!'#$!1-*'-,6'-(,!G$'3$$,! ')-??$)*!>)(:!$0$,'* !;. ;:2D*(#H%!̂ )%,?$2*:%)'+/&?!-*!*3-'6#$1!(,4<!
%,1!')-??$)*!>)(:!*'%'$*!;. [D#.%!̂ )%,?$2*:%)'+/&?!-*!(, 4<@!
RULE- STMT ::= EACH - TIME | WHILE  
EACH- TIME ::= Each time  <event - condition > then  IMPERATIVE- SECTION 
WHILE ::= While  <state - condition > then keep  <state> and as soon it i s not true anymore  
then  IMPERATIVE- SECTION 
22!E/%&*$!and as soon it is not true anymore then *-*!-,'$,1$1!'(!#$/+!+$(+/$!'(!)$:$:G$)!'(!*+$6->=!'#$!G$#%0-()!'(!
G$!%1(+'$1!>()!1&)%'-0$!%6'-(,*!;. ![D#.%!%!6%)1!-*!-,*$)'$1!-,!E%)12)$%1$)!(D%"*\%%0!$0$)=!/%:+!(>!$0$)=3#$)$!(,!:"C*:'*',,"*:'*#(*#'*
",(*(&I%*:"FH,&%!B3-'6#!(>>!$0$)=!/%:+!(>!$0$)=3#$)$4<@!

L/M"
"
ACTION ::= <action> <selected - set - of - devices> | <command>  <a - service> | wait  <a- number -
of - seconds> | start  <program - name> | stop  <program - name> | stop myself  
 
<action>   %6'-(,!*&++()'$1!G=!'#$ <selected - set - of - devices> %0%-/%G/$!-,!'#$!*=*'$:@ 
<command>   6(::%,1!*&++()'$1!G=! <a- service>  %0%-/%G/$!-,!'#$!*=*'$:@ 
<selected - set - of - devices>::= all  <device - type> located in  <location - name> | <device - name> 
located in  <location - name> 
<location - name> ::= everywhere  | <place - name> 
<state - condition> ! %!*-:+/$!X((/$%,!$5+)$**-(,!3#(*$!$0%/&%'-(,!)$'&),*!"S87!()!ZLVB7@!F'!-*!6(:+(*$1!(>!(,$!*=:G(/!
'#%'!1$,('$*!%!<state>, !(,$!*-,?/$!/(?-6%/!(+$)%'()!;iA!jA!kA!l<A!%,1!(,$!0%/&$!'#%'!G$/(,?*!'(!'#$!0%/&$!1(:%-,!(>!'#%'!<state> @!
<event - condition > 1$,('%'-(,!(>!%,!$0$,'!3#(*$!$0%/&%'-(,!)$'&),*!"S87!(,!'#$!(66&))$,6$!(>!'#%'!$0$,'@!
<event> !! ! -,*'%,'%,$(&*!*-?,%/!1$'$6'$1!()!?$,$)%'$1!G=!'#$!*=*'$:!'(!$5+)$**!'#$!*'%'$!6#%,?$!(>!%,!$,'-'=@!
<state> !! ! 0%/&$!(>!%,!%'')-G&'$!(>!%,!$,'-'=@!
<device - name>  &*$)2*+$6->-$1!*')-,?!'#%'!1$,('$*!%!1$0-6$!(>!'#$!#(:$ @!
<program - name>!!! &*$)2*+$6->-$1!*')-,?!'#%'!1$,('$*!%!+)(?)%:@ 
<place - name>! ! &*$)2*+$6->-$1!*')-,?!'#%'!1$,('$*!%!+/%6$!(>!'#$!#(:$@!

L2M""
!"#$%&', )'+&:HH:&*,7*(D%*/00'+:(%*0&,<&:HH#"<*.:"<I:<%3*=:@*,$%&:..*'(&I2(I&%*,7*:*0&,<&:HA*=-@*#H0%&:(#$%*
'(:(%H%"('A*=2@*&I.%'A*=C@*:2(#,"'*:"C*H#'2%..:"%,I'*'F"(:2(#2*2,"'(&I2('3'

!
!
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*
8%2,"C:&F*",(:(#,"' @!"#$!+&)+(*$!(>!*$6(,1%)=!,('%'-(,*!-*!'(!:%H$!(G*6&)$!-,>():%'-(,!
0-*-G/$@!"#$=!6%,!#$/+!-:+)(0$!'#$!.6(?,-'-0$!>-'4!G&'!6%,!%/*(!G$!&*$1!'(!')%6H!+)(?)%:!
$5$6&'-(,!-,!)$%/!'-:$!%'!%!>-,$!?)%-,!>()!1$G&??-,?!+&)+(*$*@!S&/$2G%*$1!/%,?&%?$*!'$,1!
'(!(G*6&)$!'#$!()1$)!(>!%6'-(,*@!"(!:%H$!+)(?)%:!$5$6&'-(,!:()$!$5+/-6-'A!%))(3*A!%/(,?!
3-'#!%!G/&$!G%6H?)(&,1A!1$,('$!'#$!6&))$,'!*'%'$:$,'*!3#$)$!'#$!+)(?)%:!-*!3%-'-,?!
;*$$!Z-?&)$![<@!E(&,'$)*!$5+)$**!'#$!,&:G$)!(>!'-:$*!%,!%6'-(,!#%*!G$$,!$5$6&'$1!*-,6$!
'#$!+)(?)%:!/%*'!*'%)'$1A!%,1!'#$!3()1*!N7B!%,1!c^ !%)$!%''%6#$1!'(!.->4!*'%'$:$,'*!'(!
-,1-6%'$!'#$!)$*&/'*!(>!'#$!:(*'!)$6$,'!$0%/&%'-(,*!(>!6(,1-'-(,*@ 
!

!
!"#$%&'-)'KD%*GZ,"#(,&UN&#C<%UC,,&J*0&,<&:HA*%C#(%C*9#(D*(D%*/00'+:(%*'F"(:S*C&#$%"*%C#(,&3*=:@*6,.,&'*#"C#2:(%*(D%*
'(:(I'Y*9D%"*(D%*0&,<&:H*#'*#"2,H0.%(%A*(D%*'(:(I'*#"C#2:(,&*#'*&%C]*9D%"*(D%*0&,<&:H*#'*'F"(:2(#2:..F*2,&&%2(A*(D%*'(:(I'*
#"C#2:(,&*#'*<&%%"3*=-@*+#$%"*(D%*2I&&%"(*#"'%&(#,"*0,#"(A*(D%*8H:&(*\%F-,:&C*=2@*'D,9'*(D%*.#'(*,7*C%$#2%'*(D:(*2I&&%"(.F*
'I00,&(*:"*G,0%"J*:2(#,"*=2,"(:2(*'%"',&'A*7,&*%S:H0.%@3*=C@*̂ "*(D%*&#<D(A*<#$%"*(D%*#"'%&(#,"*0,#"(A*(D%*8H:&(*\%F-,:&C*
=%@*#'*I0C:(%C*:22,&C#"<*(,*(D%*<&:HH:&*,7*N#<I&%*?*9#(D*(D%*":H%'*,7*(D%*'(:(%H%"('*:"C*:2(#,"'*(D:(*2I&&%"(.F*H:L%*
'%"'%*#"*(D%*D,H%3*

.&/$##"0# '
9$G&??-,?!-*!G('#!6(*'/=!%,1!6(?,-'-0$/=!#%)1@!"#$!F,'$))(?%'-0$!9$G&??-,?!+%)%1-?:A!-,!
3#-6#!'#$!*=*'$:!1-)$6'/=!%,*3$)*!.3#=4!%,1!.3#=!,('4!R&$*'-(,*A!(>>$)*!%!+)(:-*-,?!
*(/&'-(,@e!L*!:$,'-(,$1A!'-:$/-,$*A!'#$!1$+$,1$,6=!?)%+#A!%,1!*$6(,1%)=!,('%'-(,*!
-,6/&1$!0-*&%/!+)(%6'-0$!3%),-,?*g!!
¥ )$1!6-)6/$*!1$,('$!%66$**!6(,>/-6'*!-,!'#$!1$+$,1$,6=!?)%+#A!
¥ %,!()%,?$!-,1-6%'()!>/%?*!+)(?)%:*!'#%'!)$>$)$,6$!$,'-'-$*!'#%'!%)$!,(!/(,?$)!%0%-/%G/$!

-,!'#$!$,0-)(,:$,'A !
¥ )$1!'$5'!#-?#/-?#'*!:-**-,?!1$0-6$*A!%,1!
¥ 6(&,'$)*!;3#-6#!*#(3!'#$!,&:G$)!(>!'-:$*!*(:$'#-,?!(66&)*<!%,1!%))(3*!:%H$!

+)(?)%:!$5$6&'-(,!')%6$%G/$@!
!
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D(3$0$)A!%,*3$)*!'(!R&$*'-(,*!*&6#!%*!.J#=!-*!'#$!*(>%2/%:+!'&),$1!(>>h4!()!.J#=!3%*!
'#$!*(>%2/%:+!'&),$1!(>>!=$*'$)1%=!:(),-,?h4!%)$!,('!$5+/-6-'/=!+)(0-1$1@!"#$=!:&*'!G$!
>(&,1!'#)(&?#!$5+/()%'-(,@!"#$!%G-/-'=!'(!%*H!.3#%'!->4!R&$*'-(,*!-*!%/*(!-:+()'%,'!'(!
*&++()'!$5+/()%'-(,!G=!')-%/!%,1!$))()@!756$+'!>()!)&,,-,?!+)(?)%:*!&*-,?!%!0-)'&%/!1%'$!
%,1!'-:$A!L++*M%'$!>%//*!*#()'!(>!+)(0-1-,?!%!>&//2>/$1?$!0-)'&%/!#(:$!'#%'!3(&/1!%6'!%*!%!
*%,1G(5@!

!
!"#$%&'1)';S%2I(#,"*,7*(D%*GZ,"#(,&UN&#C<%UC,,&J*0&,<&:H3*=:@*KD%*<&%%"*(&#:"<.%*#"C#2:(%'*(D:(*(D%*0&,<&:H*#'*&I""#"<*
:"C*(D%*&%',I&2%'*"%%C%C*:&%*:$:#.:-.%3*=-@*1&#H:&F*2,"(&,.'*,"*0&,<&:H'*'(:&(*:"C*'(,0*%S%2I(#,"A*'2D%CI.%*%S%2I(#,"*
:'*%$%"('*#"*+,,<.%*6:.%"C:&A*:"C*&I"*(D%*0&,<&:H*#"*$#&(I:.*(#H%3*=2@*8%2,"C:&F*2,"(&,.'*,0%"*(#H%.#"%'*:"C*(D%*
C%0%"C%"2F*<&:0D*7,2I'%C*,"*(D%*0&,<&:H*:"C*%C#(*,&*C%.%(%*(D%*0&,<&:H3*=C@*KD%*<&:F*:&&,9*=%".:&<%C*D%&%*7,&*
.%<#-#.#(F@*:2('*:'*:*'%2,"C:&F*",(:(#,"Y*(D%*G%:2D*(#H%_*(D%"J*&I.%*#'*9:#(#"<*7,&*(D%*7&#C<%*C,,&*(,*-%*,0%"%C3*=%@*KD%*
G2,I"(%&'J*:.',*:2(*:'*:*'%2,"C:&F*",(:(#,"Y*(D%*7&#C<%*C,,&*D:'*-%%"*,0%"%C*7,I&*(#H%'*:"C*.%7(*,0%"%C*(9#2%*7,&*H,&%*
(D:"*OX*'%2,"C'3*8%.%2(#"<*:*2,I"(%&*9#..*(%..*9D%"*(D#'*D:00%"%C3*=7@*/(*(D%*-,((,H*&#<D(*,7*(D%*7#<I&%A*(D%*,&:"<%*
(&#:"<.%*#"C#2:(%'*(D:(*(D%*0&,<&:H*#'*&I""#"<A*0,''#-.F*9#(D*:"*I"%S0%2(%C*-%D:$#,&A*:"C*(D%*&%C*(%S(*#"C#2:(%'*(D:(*(D%*
8,7:U.:H0*#'*2I&&%"(.F*I"C%(%2(:-.%3''

"

H);7"0*%72"/*+2$'$*+&"
9$+/(=:$ ,'!&,1$)!)$%/23()/1!6(,1-'-(,*A! -,6)$:$,'%/!-,*'%//%'-(,!(>!1$0-6$*!%,1!
*$)0-6$*A!%,1!:$%,-,?>&/!>$$1G%6H!%,1!>$$1>()3%)1!%)$!+(**-G/$!(,/=!->!'#$!789!
$,0-)(,:$,'!)&,*!(,!'(+!(>!%!)(G&*' !-,>)%*')&6'&)$!6%+%G/$!(>!1$'$6'-,?!'#$!1=,%:-6!
%))-0%/!%,1!1$+%)'&)$!(>!1$0-6$*!%,1!*$)0-6$*!-,!)$%/!'-:$@!"#-*!1$'$6'-(,!-*!H$=!'(!
*&++()'-,?!+%)'-%/!-,*'%//%'-(,T!%,1!'(!%'')%6'-,?!'#$!&*$)P*!%''$,'-(,!'(!+)(G/$:*!>()!
')(&G/$2*#(('-,?@!"#$!/%6H!(>!%!C%*7:2(,!(+$,!(+$)%'-,?!*=*'$:!>()! '#$!#(:$!'#%'!
*%'-*>-$*!'#$*$!)$R&-)$:$,'*!:%H$*!'#$!1$0$/(+:$,'!(> !789!$,0-)(,:$,'!G('#!6(:+/$5!
%,1!'-:$ 26(,*&:-,?!;*$$!'#$!.L++*M%'$!>)(:!%!"$6#,-6%/!a$)*+$6'-0$4!*-1$G%)<@!
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!
L*!%!)$*&/'A!3#$,!1$0$/(+:$,'!(66&)*!&,1$)!*$0$)$!'-:$!6(,*')%-,'*A!%*!3%*!'#$!6%*$!>()!
L++*M%'$A!+)-()-'-$*!%,1!6(:+)(:-*$*!:&*'!G$!)$0-*$1!-,!%,!%?-/$!:%,,$)@!D$)$A!3$!
1-*6&**!#(3!'#$!&*$!(>!(&)!+$)*(,%/!#(:$*!#$/+$1!&*!:%H$!-,>():$1!1$6-*-(,*!1&)-,?!
*&6#!)$0-*-(,*@!!
!
!..&N;')"9%*8";"O)/1+$/;7"()%&.)/'$6) "
!
"#$!L++*M%'$!*=*'$:!6(,*-*'*!(>!%!*$)0$)!%,1!%!*$'!(>!6/-$,'*!>()!&*$)!-,'$)%6'-(,!;*$$!Z-?&)$!L<@!"#$!*$)0$)!)&,*!(,!%!
C-,-aE!()!%!S%*+G$))=!a-A!3#$)$%*!6/-$,'*!:%=!)&,!(,!%!0%)-$'=!(>!1$0-6$*!-,6/&1-,?!-^B!-a%1*A!L,1)(-1!c$5&*!'%G/$'*A!
%,1!/%+'(+*@!L!1$'%-/$1!1$*6)-+'-(,!-*!%0%-/%G/$!%'!!
#''+*g]]?-'#&G@6(:]%++*?%'$KfI`]%++*?%'$]')$$]:%*'$)]1(6&:$,'%'-(,@!L,!(,2/-,$!1$:(,*')%'-(,!6%,!G$!>(&,1!%'!
#''+g]]--#:@-:%?@>)]1$:(*]%++*?%'$]%++*?%'$KfI`@:+_!

!
!"#$%&'2)*KD%*/00'+/(%*'F'(%H*2,"'#'('*,7*:*'%&$%&*:"C*:*'%(*,7*2.#%"('*7,&*I'%&*#"(%&:2(#,"3*6.#%"('*:&%*[%-*:00.#2:(#,"'*
#H0.%H%"(%C*9#(D*RKZ`VA*688A*:"C*a:$:82&#0(3*KD%*'%&$%&*#'*'(&I2(I&%C*:'*(9,*.%$%.'*,7*:-'(&:2(#,"A*&%7%&&%C*(,*:'*(D%*
G6,&%*[,&.CJA*9D#2D*#'*:00.#2:(#,"U:<",'(#2A*:"C*(D%*G;S(%"C%C*[,&.CJ*9D#2D*#'*:00.#2:(#,"U'0%2#7#23**
!
"#$!*$)0$)!-*!-:+/$:$,'$1!-,!Y%0%!%,1!&*$*!^BM-! '(!*&++()'! '#$!1=,%:-6!%))-0%/!%,1!1$+%)'&)$!(>!1$0-6$*!%,1! '#-)12
+%)'=! 6/(&1! *$)0-6$*! *&6#! %*! M((?/$! E%/$,1%)A! M((?/$! :%-/A! N%#((m! J$%'#$)! >()$6%*'A! %,1! '$5'2'( 2*+$$6#@!"#$! J$G!
*(6H$'!+)('(6(/!-*!&*$1!'(!+)(0-1$!%!>&//21&+/$5!6(::&,-6%'-(,!6#%,,$/!(0$)!D""a!G$'3$$,!'#$!*$)0$)!%,1!'#$!6/-$,'*@!
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^0$)!'#-*!6#%,,$/A!'#$!*$)0$)!%,1!'#$!6/-$,'*!$56#%,?$!Y%0%B6)-+'!^GQ$6'!c('%'-(,!;YB^c<!1(6&:$,'*!>()!G('#!R&$)-$*!
>)(:!6/-$,'*!%,1!:$**%?$*!>)(:!'#$!*$)0$)@!
!
V-H$!:(*'!+/%'>():*!1$0$/(+$1!>()!'#$!.+$)0%*-0$!#(:$4!n!*&6#!%*!D(:$^BAI !̂ +$,DLX!;333@(+$,#%G@()?<A!Z$1c$'AK!
()!9-%*&-'$T!n!'#$!*$)0$)!-*!*')&6'&)$1!%*!'3(!/$0$/*!(>!%G*')%6'-(,A!)$>$))$1!'(!%*!.E()$!J()/14!;3#-6#!-*!%++/-6%'-(,2
%?,(*'-6<!%,1!.75'$,1$1!J()/14!;3#-6#!-*!%++/-6%'-(,2*+$6->-6<@!L'!'#$!/(3$*'!/$0$/A!'#$!E()$!J()/1!(+$)%'$*!%*!%,!
-,'$?)%'-(,!:-11/$ 3%)$!>()!%!0%)-$'=!(>!6/(&12G%*$1!*$)0-6$*A!1$0-6$*A!%,1!+)('(6(/*!-,6/&1-,?!8,-0$)*%/!a/&?!%,1!a/%=!
;8a,a<A!X/&$'(('#A!7,^6$%,A!%,1!a#-/-+*!D&$!V-?#'*@!L!'=+-6%/!*(/&'-(,!'(!'#$!+)(G/$:!(>!#$'$)(?$,$-'=!-*!'#$!
1$0$/(+:$,'!(>!%,!%1%+'$)!>()!$%6#!+)('(6(/!6(:G-,$1!3-'#!%,!(,'(/(?=!'#%'!)$+/%6$*!+#=*-6%/!1$0-6$*!%,1!'#-)1!
+%)'=2*$)0-6$*!3-'#!0-)'&%/!1$0-6$*!;1$,('$1!%*!.E()$!1$0-6$*4<@!!
!
9$0-6$*A!*$)0-6$*A!%,1!+)('(6(/*!%)$!,('!(,/=!#$'$)(?$,$(&*!G&)!%/*(!0(/%'-/$@!"#&*A!'#$-)!)$+)$*$,'%'-(,!-,!E()$!J()/1!
%++$%)*A!6#%,?$*A!%,1!1-*%++$%)*!%*!%!)$*&/'!(>!$0$,'*!'#%'!#%++$,!-,!'#$!3()/1@!"#$!E()$!J()/1!#%,1/$*!'#$*$!$0$,'*!
%&'(:%'-6%//=!3-'#(&'!%!,$$1!'(!*'(+!()!)$G(('!'#$!*=*'$:@!Z()!$5%:+/$A!->!'#$!a#-/-+*!D&$!G)-1?$!1$'$6'*!'#$!
1-*%++$%)%,6$!()!%))-0%/!(>!%!/-?#'!G&/GA!'#$!a#-/-+*!D&$!L1%+'$)!%*H*!'#$!E()$!J()/1!'(!1$*')(=!()!6)$%'$!%,!-,*'%,6$!
'#%'!)$+)$*$,'*!'#$!/-?#'!G&/G@!"#-*!6#%,?$!-,!'#$!E()$!J()/1!-*!)$?-*'$)$1!G=!%!E()$!J()/1!a)(5=!'#%'A!-,!'&),A!
G)(%16%*'*!%!YB^c!:$**%?$!'(!-'*!/-*'$,$)*!n!'=+-6%//=!'#$!75'$,1$1!J()/1!a)(5=@!Z)(:!'#$)$A!'#$!75'$,1$1!J()/1!a)(5=!
,('->-$*!-'*!*&G*6)-G$)*!*&6#!%*!'#$!6/-$,'*!%,1!6(:+(,$,'*!(>!75'$,1$1!J()/1!;*&6#!%*!a)(?)%:*!F,'$)+)$'$)A!")%6$!
D-*'()=!:%,%?$)A!E(,'$5'!C%,%?$)<@!
"
H)9)%)+/)&""
I@ c@!Rosen et al., ÒHomeOS: Context-Aware Home Connectivity,Ó Proc.!IntÕl Conf. Pervasive Computing and Comm. (Pervasive), 2004, pp.!739Ð744.!
K@ F. Kawsar, T. Nakajima, and K. Fujinami, ÒDeploy Spontaneously:!Supporting End-Users in Building and Enhancing Smart Home,Ó Proc.!10th IntÕl 

Conf. Ubiquitous Computing (UbiComp), ACM New York,!2008, pp. 282Ð291.!
T@ Z. Drey and C. Consel, ÒTaxonomy-Driven Prototyping of Home Automation!Applications: A Novice-Programmer Visual Language and!its 

Evaluation,Ó J. Visual Languages and Computing, vol. 23, no. 6,!2012, pp. 311Ð326.!

!

Team MembersÕ Homes as Living Labs "
L++*M%'$!3%*!1$0$/(+$1!(0$)!%!+$)-(1!(>!Tf!:(,'#*A!$,1-,?!-,!Y&,$!KfI`@!"#$!
1$0$/(+:$,'!'$%:!3%*!6(:+(*$1!(>!II !+$(+/$!3-'#!1-*'-,6'!G%6H?)(&,1*g!>(&)!
)$*$%)6#$)*!;(,$!-,!%&'(,(:-6!6(:+&'-,? !%,1!'#)$$!-,!DEF<A!'3(!#&:%,!>%6'()*!
*+$6-%/-*'*A!%,1!>-0$!*(>'3%)$!$,?-,$$)*@!"#$!(,/=!:$:G$)*!(>!'#$!'$%: !3-'#!+)$0-(&*!
H,(3/$1?$!-,!'#$!%)$%!(>!789!>()!'#$!#(:$!3$)$!'3(!(>!'#$ !DEF!)$*$%)6#$)*!3#(!#%1!
6(,1&6'$1!>-$/1!*'&1-$*!G$>()$!'#$!+)(Q$6'!*'%)'$1!'(!-,0$*' -?%'$!3#$'#$)!>%:-/-$*!%)$!
+)(,$ !'(!$,0-*-(,!,$3!*$)0-6$*!G=!.6(,,$6'-,? !'#-,?*@4If !

,;%7E"(1;&)P"?%);'$6$'E"4&$+J"O);8"K)8F)%Q&"<*8) &"
9&)-,?!'#$!>-)*'!*-5!:(,'#*!(>!'#$!+)(Q$6'A!3$!$:+/(=$1!%!:-5!(>!')%1-'-(,%/!:$'#(1*!-,!
'#$!/%G!%*!3$//!%*!-,!(&)!-,*'-'&' -(,P*!*:%)' 2#(:$!/-0-,?!/%G@!"#$*$!:$'#(1*!-,6/&1$1!
*')&6'&)$1!>(6&*!?)(&+*A!6)$%'-0-'=!*$**-(,*A!%,1!*6$,%)-(!$,%6':$,'*@!F,!%11-'-(,A!3$!
+$)>():$1!6)$%'-0-'=!*$**-(,*!-,!'#$!#(:$*!(>!>(&)!(>!'#$!'$%:!:$:G$)*!;(,$!#(&*$!%,1!
'#)$$!%+%)':$,'*A!>()!%!'('%/!(>!*-5!*$**-(,*A!'#)$$!#(&)*!$%6#A!-,0(/0-,?!Id!+$(+/$A!
-,6/&1-,?!*-5!+)(Q$6'!:$:G$)*<@!J$!1-1!,('!-,-'-%//=!-,'$,1!'(!&*$!+$)*(,%/!$5%:+/$*A!G&'!
'#$*$!'&),$1!(&'!'(!G$!R&-'$!0%/&%G/$!%*!'#$!+)(Q$6'!%10%,6$1@!B#%)$1!$5%:+/$*!,('!(,/=!
)$-,>()6$1!'#$!6(#$*-(,!(>!'#$!?)(&+!G&'!%/*(!+)(0-1$1!%!6(::(,!?)(&,1-,?!>()!/%'$)!
1-*6&**-(,*g!$5%:+/$*!>$/'!:()$!%&'#$,'-6!'#%,!'#(*$!-1$,'->-$1!-,!'#$!/%G@!

5).7*E8)+'"( 1;&)P"(%*J%)&&$6)7E"C);6$+J"'1)"C;F "
V%G!*'&1-$*!%)$!,('!$,(&?#!'(!%**$**!'#$!*(&,1,$**!%,1!%11$1!0%/&$!(>!%!*:%)' !#(:$ !
789!$,0-)(,:$,'@!V(,?-'&1-,%/ !$5+$)-:$,'*!-,!)$%/23()/1!6(,1-'-(,*!%)$ !,$$1$1@!B&6#!
$5+$)-:$,'*!)$R&-)$!%!/$0$/!(>!'$6#,-6%/!)(G&*',$**!'#%'!-*!1->>-6&/'!'(!%6#-$0$@!"#$=!%/*(!
)$R&-)$!)$6)&-'-,?!&*$)*!3#(!%)$!3-//-,?!'(!+%)'-6-+%'$!(0$)!%!/(,?!'-:$!+$)-(1!-,!'#$-)!
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(3,!#(:$@! J$!#%0$!'#$)$>()$!$:+/(=$1!%,!-,6)$:$,'%/!1$+/(=:$,' !+)(6$**!-,!
$,0-)(,:$,'* !(>!-,6)$%*-,?!.3-/1,$**A4!3-'#!$%6#!1$+/(=:$,'!6(0$)-,?!*+$6->-6!'=+$*!(>!
%**$**:$,'!%,1!#%0-,?!-'*!(3, !6)-'$)-%!>()!+)(6$$1-,?!'(!'#$!,$5'!*'$+g!
I@ `#$#"<*.:-g!"#$!>-)*'!*'$+!3%*!1$+/(=:$,'!-,!'#$!*:%)'! #(:$!/-0-,? !/%G!&,'-/!.:-,-:%/!

)(G&*',$**4!3%*!%6#-$0$1@!"#-*!1$+/(=:$,' !3%*!+)-:%)-/=!&,1$)!'#$!6(,')(/!(>!'#$!
*(>'3%)$!$,?-,$$)*@!

K@ K%:H*H%H-%&*D,H%'g!"#$!,$5'!*'$+!6(:+)-*$1!>(&)2:(,'#!*')$**!'$*'* !-,!' #$!#(:$*!
(>!>-0$!'$%:!:$:G$)*!;^6'(G$)!KfI_!'#)(&?#!Y%,&%)=!KfI`<!'(!%**$**!'#$!.:-,-:%/ !
)(G&*',$**!%,1!>&,6'-(,%/!6(0$)%?$4!'(!*&++()'!'#$!>-$/1!*'&1-$*!+/%,,$1!>()!'#$!,$5'!
1$+/(=:$,' !*'$+@!

T@ ;S(%&":.*D,H%'g!"#$!'#-)1!*'$+!6(:+)-*$1!%!'#)$$23$$H!1$+/(=:$,' !-,!'#$!#(:$*!(>!
>-0$!>%:-/-$*!$5'$),%/!'(!'#$!+)(Q$6'!;Z$G)&%)=!KfI`<@!"#$*$!>%:-/-$*!#%1!G$$,!
)$6)&-'$1!-,!'#$!%)$%!(>!M)$,(G/$A!Z)%,6$A!3-'#!'#$!>(//(3-,?!6)-'$)-%g!'3(!%1&/'*!
+(**-G/=!3-'#!6#-/1)$,\!3-'#!,(!+)(?)%::-,?!G%6H?)(&,1\ !/-0-,?!-,!%!#(:$!$R&-++$1!
3-'#!%,!F,'$),$'!?%'$3%=!%,1!%!#(:$!6(:+&'$)\!%,1!#%0-,?!,( !+)-()!$5+$)-$,6$!3-'#!
#(:$!%&'(:%'-(,@ !756$+'!>()!(,$!+$)*(,A!'#$*$!>%:-/-$*!3$)$!,('!:$:G$)* !(>!(&)!
)$*$%)6#!-,*'-'&'-(,@!"#$=!3$)$!6(:+$,*%'$1!3-'#!%!Kff!o !?->'!6%)1@!!

_@ `,"< U(%&H*.#$%CU9#(D*%S0%&#%"2%g!J$!#%0$!G$$,!6(,1&6'-,?!%!/-0$123-'#!$5+$)-$,6$!-,!
(&)!(3,!#(:$!*-,6$!^6'(G$)!KfI_@!"#-*!')-%/!3%*!:('-0%'$1!G=!G('#!'#$!$>>$6'-0$,$**!
(>!*'$+!K!%,1!%!/%6H!(>!*&>>-6-$,'!)$*(&)6$*!'(!+$)>():!)$%/-*'-6!/(,?-'&1-,%/!>-$/1!
$5+$)-:$,'*!3-'#!$5'$),% /!>%:-/-$*@!F'!3%*!%/*(!'#$!(++()'&,-'=!'(!'$*'!'#$!
$>>$6'-0$,$**!(>!%!>-)*'2+$)*(,!+$)*+$6'-0$@!

!
S%+-1!1$+/(=:$,'!-,!$5'$),%/!$,0-)(,:$,'*! )$R&-)$*!'#%'!'#$!$R&-+:$,'!/-'$)%//=!>-'!-,!%!
*&-'6%*$@!J$!&*$1!+%'%>-52?/&$2G%*$1!'$6#,(/(?=!'#%'!6%,!G$!$%*-/=!-,*'%//$1!%,1!
)$:(0$1!3-'#(&' !1%:%?-,?!'#$!1(:$*'-6!*+%6$@!"#&*A!%,!L++*M%'$!H-'!;*$$!Z-?&)$!b<!
-,6/&1$*!%,!L,1)(-1!()!-^B!'%G/$'!'#%'!6%,!G$!&*$1!%*!%!:$1-%!+/%=$)!%,1!%!1$0-6$!'(!
-,'$)%6'!3-'#!'#$!*=*'$:A!%!J-2Z-!)(&'$)A!%!:-,-!aEA!%!a#-/-+*!D&$!H-'A!%!9(:-E&G$!%,1!-'*!
X/&$'(('#!1(,?/$A!%,1!TI!7,^6$%,!3-)$/$**!*$,*()*!%,1!'#$-)!1(,?/$!;'$:+$)%'&)$A!
/&:-,(*-'=A!%,1!6(,'%6'!*$,*()*A!%*!3$//!%*!*3-'6#$*!%,1!*:%)'!+/&?*<@!"#$!:-,-!aE!-*!
6(,>-?&)$1!3-'#!'#$ !L++*M%'$!*$)0$)!%*!3$//!%*!'#$!V-,&5!L10%,6$1!a%6H%?-,?!"((/!;La"< !
'(!-,*'%//!,$3!0$)*-(,*!(>!'#$!*=*'$: !6(,0$,-$,'/=!%,1!)$/-%G/=!3-'#!%!*-,?/$!.%+'2?$'!
&+1%'$4!6(::%,1@!!
!
9$+/(=:$,'!-,!'#$!'$%:!:$:G$)*P !#(:$*!;*'$+!K<!+)(0$1!R&-'$!$>>$6'-0$@!F'!(>>$)$1!,('!
(,/=!1-0$)*$!+#=*-6%/!*$''-,?*!>()!'$*'-,?!'#$!)(G&*',$**!%,1!3$%H,$**!(>!'#$!3-)$/$**!
'$6#,(/(?=!G&'!+)(0-1$1!1-0$)*$!H,(3/$1?$!%G(&'!L++*M%'$@!"#$!1-*'-,6'!)$*$%)6#!
-,'$)$*'*!(>!'#$!'$%: !:$:G$)*!#$/+$1!&,6(0$)!*$0$)%/!-:+()'%,' !G/(6H-,?!>%6'()*@!"#$!
>(&)!DEF!$5+$)-:$,'$)*A!G=!6)(**26#$6H-,?!'#$-)!$5+$)-$,6$*A!3$)$!%G/$!'(!+)$1-6'!
+)(G/$:* !'#%'!$5'$),%/!>%:-/-$*!:-?#'!$,6(&,'$)@!"#$*$!-,6/&1$1!+)(G/$:*!3-'#!+%-)-,?!
7,^6$%,!1$0-6$*A!&,1$)*'%,1-,?!'#$!-,'$),%/!>&,6'-(,!(>!*(:$!*$,*()*A !%,1!$5+)$**-,?!
6(:+(&,1!6(,1-'-(,*!-, !+)(?)%::-,?!)&/$*@!"#$*$!+)$1-6'-(,*!#$/+$1!'&,$!'#$!
$5+$)-:$,'%/!+)('(6(/ !>()!'#$!'#-)1!1$+/(=:$,'!+#%*$@!F,!+%)'-6&/%)A!3$!1$6-1$1!'(!
+)(0-1$!'#$!$5'$),%/!>%:-/-$*!3-'#!1$0-6$*!'#%'!#%1!G$$,!+)$0-(&*/=!+%-)$1!-,!(&)!/%G@!
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!
!"#$%&'3)'KD%*/00'+:(%*L#(3*KD%*L#(*#"2.IC%'*:"*/"C&,#C*,&*#^8*(:-.%(A*:*[#UN#*&,I(%&A*:*H#"#*16A*:*1D#.#0'*RI%*L#(A*:*
B,H#6I-%*:"C*#('*b.I%K,,(D*C,"<.%A*:"C*P>*;"^2%:"*9#&%.%''*'%"',&'*:"C*(D%#&*C,"<.%*=(%H0%&:(I&%A*.IH#",'#(FA*:"C*
2,"(:2(*'%"',&'A*:'*9%..*:'*'9#(2D%'*:"C*'H:&(*0.I<'@3'
!

The External Field Experiment  
"#$!(0$)%//!(GQ$6'-0$!(>!'#$!$5'$),%/!>-$/1!$5+$)-:$,'*!3%*!'(!+$)>():!%!R&%/-'%'-0$!
$0%/&%'-(,!(>!*=*'$:!&'-/-'=A!/$%),%G-/-'=A!>/$5-G-/-'=A!%,1!+/$%*&)%G-/-'=@!X$>()$!'#$!
$5+$)-:$,'!*'%)'$1A!'#$!>-0$!>%:-/-$*!>-//$1!-,!%!R&$*'-(,,%-)$!%G(&'!'#$-)!+)(>-/$!%,1!'#$-)!
&,1$)*'%,1-,?!(>!'$):*!*&6#!%*!.1(:('-6*4!%,1!.+)(?)%:@4!"#$=!%/*(!+)(0-1$1!%!>/(()!
+/%,!(>!'#$-)!#(:$!*(!3$!6(&/1!')%6H!'#$!/(6%'-(,*!(>!3-)$/$**!1$0-6$*!%*!'#$!$5+$)-:$,'!
+)(6$$1$1@!Z()!'#)$$!6(,*$6&'-0$!3$$H$,1*A!%!#&:%,!>%6'()!*+$6-%/-*'!0-*-'$1!$%6#!>%:-/=!
>()!I@`!#(&)*!'(!%,*3$)!R&$*'-(,*!%,1!)$6()1!%!*$:-2*')&6'&)$1!-,'$)0-$3@!9&)-,?!$%6#!
0-*-'A!'#$!$5+$)-:$,'$)!+)(0-1$1!'#$!>%:-/=!3-'#!%!R&$*'-(,,%-)$A!*&??$*'$1!,$3!'%*H*!'(!
G$!+$)>():$1!1&)-,?!'#$!6(:-,?!3$$HA!%,1!%*H$1!>()!$5%:+/$*!(>!G('#!+/$%*%,'!%,1!
>)&*')%'-,?!$5+$)-$,6$*!3-'#!'#$!*=*'$:@!
!
9&)-,?!'#$!>-)*'!3$$H$,1A!%,!$5+$)-:$,'$)!3-'#!'$6#,-6%/!G%6H?)(&,1!-,*'%//$1!'#$!
L++*M%'$!H-'@!C$%,3#-/$A!'#$!#&:%,!>%6'()!*+$6-%/-*'!+)$*$,'$1!'#$!(+$)%'-(,!(>!
L++*M%'$!&*-,?!+)-,'$1!*6)$$,!*#('*A!%,1!%*H$1!'#$!'3(!%1&/'*!(>!'#$!>%:-/=!%G(&'!'#$-)!
&,1$)*'%,1-,?!(>!'#$!*=:G(/*!%*!3$//!%*!'#$!+)$1-6'%G-/-'=!(>!%6'-(,*@!c(!/-0$!
1$:(,*')%'-(,*!(>!'#$!*=*'$:!3$)$!+$)>():$1!%,1!,(!+)(?)%:!$5%:+/$*!3$)$!+)(0-1$1@!
Z%:-/-$*!3$)$!(,/=!+)(0-1$1!3-'#!+)-,'$1!1(6&:$,'%'-(,!1$*6)-G-,?!$%6#!(>!'#$!1$0-6$*!
-,!'#$!H-'!%,1!%!+%+$)!1-%)=!>()!)$6()1-,?!$5+$)-$,6$*@!
!
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"#$!$5+$)-:$,'%/!1%'%!-,6/&1$*!>-0$!#(&)*!(>!%&1-(!)$6()1-,?!(>!'#$!-,'$)0-$3*A!%,*3$)*!
'(!R&$*'-(,,%-)$*A!-,>():%/!,('$*!'%H$,!G=!'#$!DEF!$5+$)-:$,'$)A!>/(()!+/%,*A!*6)$$,!
*#('*!(>!+)(?)%:*!1$0$/(+$1!G=!'#$!>%:-/-$*A!%,1!/-*'*!(>!1$0-6$*!&*$1@!"#-*!1%'%!3%*!
%,%/=U$1!G=!%!'#-)12+%)'=!DEF!$5+$)'!3#(!#%1!,(!+)-()!H,(3/$1?$!(>!L++*M%'$@!"#$!
(0$)%//!*%'-*>%6'-(,!%,1!*=*'$:!&,1$)*'%,1-,?!(>!'#$!+%)'-6-+%,'*!-,6)$%*$1!(0$)!'#$!
'#)$$!3$$H*A!*'%)'-,?!%'!%,!%0$)%?$!(>!T@K!;*'%,1%)1!1$0-%'-(,!(>!f@_`<!(,!%!>-0$2/$0$/!
V-H$)'!*6%/$A!)$%6#-,?!%,!%0$)%?$!(>!T@`!;*'1@!f@fd<!%'!'#$!$,1!(>!'#$!$5+$)-:$,'@!Z%:-/-$*!
&*$1!%++)(5-:%'$/=!I[!1$0-6$*!;'#$!%0$)%?$!3%*!I`@[A!*'1@!T@I`<A!-,*'%//-,?!I!'(!T !
%11-'-(,%/!1$0-6$*!$0$)=!3$$H@!"#$!:(*'!+(+&/%)!1$0-6$*!3$)$!*3-'6#$*A!6(,'%6'!*$,*()*A!
%,1!a#-/-+*!D&$!/-?#'*@!"#$!:(*'!+)(G/$:%'-6!3$)$!/&:-,(*-'=!*$,*()*A!-,!+%)'!G$6%&*$!(>!
1->>-6&/'=!&,1$)*'%,1-,?!'#$!6(,6$+'!(>!/&:$,@!
!
7%6#!>%:-/=!1$0$/(+$1!%++)(5-:%'$/=!If!+)(?)%:*!;%0?@!If@KA!*'1@!K@[[<A!%,1!>(&,1!T!'(!`!
+)(?)%:*!'(!G$!&*$>&/!$,(&?#!'(!$5$6&'$!1%-/=@!L'!>-)*'A!+)(?)%:*!3$)$!G&-/'!'(!+/%=!3-'#!
'#$!*=*'$:!'(!$5+/()$!'#$!6%+%G-/-'-$*!(>!'#$!$R&-+:$,'@!Z%:-/-$*!'#$,!-,0$*'-?%'$1!#(3!
'( !*&++()'!'#$-)!)(&'-,$*!%,1!-:+)(0$!'#$-)!6(:>()'@!F,!'#$!$,1A!3$!-1$,'->-$1!'#$!
>(//(3-,?!'#$:$* g!
¥ 8#H0.#7#2:(#,"*,7*I'%gIf !)$+/%6-,?!'#$!%/%):!6/(6H!3-'#!%!a#-/-+*!D&$!/-?#'!;(,$!>%:-/=<A!!
¥ 1%:2%*,7*H#"CgII !*6#$1&/-,?!'#$!H$''/$!'(!*'%)'!%&'(:%'-6%//=!$0$)=!:(),-,?!; (,$ !

>%:-/=<@!
¥ 6,"$%"#%"2%gII !'&),-,?!%//!/-?#'*!(,!()! (>>!3-'#!%!*-,?/$!*3-'6#!()! 3-'#!6(,'%6'!*$,*()*!

-,*'%//$1!(,!1(()*A!/&:-,(*-'=!*$,*() *A!()!?$(?) %+#-6%/!6(,1-'-(,*!*&6#!%*!.*&,)-*$!-,!
M)$,(G/$4!;'#)$$!>%:-/-$*<@!

¥ 6,H7,&(*:"C*.%#'I&%g!*$''-,?!%:G-$,'!/-?#'-,?!3#$,!3%'6#-,?!"W@!!
¥ 8,2#:.*<:(D%&#"<g!&*-,?!G/-,H-,?!/-?#'*!'(!,('->=!$0$)=(,$!(>!1-,,$) 2' -:$!; (,$ !>%:-/=<@!
¥ 8%2I&#(F*:"C*DF<#%"%g!&*-,?!/-?#'*!%,1!$:%-/!'(!*-?,%/!.(&'!(>!*-?#'4!$0$,'*!*&6#!%*!

3)(,? !'$:+$)%'&)$!() !-//&:-,%'-(, !-,!'#$!G%G=P*!G$1)((:!; (,$ !>%:-/=<A!%!6%'!$,'$)-,?!
%!G$1)((:!; (,$ !>%:-/=<A!()!%,!$,')%,6$!1(()!G$-,?!(+$,$1@!!

¥ Z:L#"<*%"%&<F*$#'#-.%g!&*-,?!'#$!a#-/-+*!D&$!/-?#'*!'( !-,1-6%'$!-,* '%,'%,$(&*!$,$)?=!
6(,*&:+'-(,!;(,$ !>%:-/=<@!

!
B-: +/$!+)(?)%:*!3$)$!$%*=!'(!G&-/1!;>()!%//!>-0$!>%:-/-$*<!3-'#!6(::$,'* !*&6#!%*!.$1-'-,?!
+)(?)%:*!-*!$5')$:$/= !$%*=\!-'P*!3$//!1$*-?,$14!%,1!.F!>-,1!'#-*!*=*'$:!(>!*$,'$,6$*!'(!G$!
0$)=!)$/$0%,'@4!a)(?)%::-,?!3%*!R&%/->-$1!%*!.>&,4!%>'$)!(,$!3$$H!(>!&*$A!+)(0-1-,?!%!
,-6$!>$$/-,?!(>!*&66$**!;(,$!>%:-/=<@!F'!3%*!$%*=!'(!&,1$)*'%,1!+)(?)%:*!3)-''$,!G=!
*(:$(,$!$/*$@!L//!>%:-/-$*!>(&,1!'#%'!:(1->=-,?!+)(?)%:*!3%*!$%*=@!D(3$0$)A!%*!
+)$1-6'$1!-,!*'$+!K!(>!'#$!1$+/(=:$,'!;-,!'$%:!:$:G$) *P!#(:$*<A!$5+)$**-,?!6(:+(&,1!
6(,1-'-(,*!3%*!1->>-6&/'A!%,1!'#$!(+$)%'-(,!(>!'#$!/&:-,(*-'=!*$,*()*!3%*!1->>-6&/'!'(!
&,1$)*'%,1@!L/*(A!'#$)$!3$)$!+)(G/$:*!3-'#!'#$!%$*'#$'-6*!%,1!>():!>%6'()!(>!'#$!*:%)'!
+/&?*!;(,$!>%:-/=<@!J-)$/$**!*3-'6#$*!+(*$1!+)(G/$:*!G$6%&*$!(>!%!/%6H!(>!>$$1G%6H!'(!
&*$)*!%G(&'!3#$'#$)!'#$!*3-'6#!#%1!G$$,!+)$**$1!>-):/=!$,(&?#!'(!G$!1$'$6'$1@!!
!
"#$!$5+)$**-(,!(>!6(:+(&,1!6(,1-'-(,*!-*!1->>-6&/'!>()!&*$)*!3-'#(&'!+)(?)%::-,?!
$5+$)-$,6$@!F,!'#$-)!>-$/1!*'&1=A!Y&*'-,!D&%,?!%,1!C%=%!E%H:%H!(G*$)0$1!'#%'!*=*'$:*!
*&6#!%*!FZ"""!,$?/$6'!'#$!1-*'-,6'-(,!G$'3$$,!*'%'$*!%,1!$0$,'*!%*!')-??$)*A!%*!3$//!%*!
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G$'3$$,!-,*'%,'%,$(&*A!$5'$,1$1A!%,1!*&*'%-,$1!%6'-(,*@!IK!L*!'#$!?)%::%)!*#(3*!-,!
Z-?&)$!_A!L++*M%'$!:%H$*!'#$*$!1-*'-,6'-(,*!$5+/-6-'!G=!+)(+(*-,?!1->>$)$,'!*'%'$:$,'*@!
"#-*!-**&$!)$R&-)$*!%11-'-(,%/!*'&1=@!
!
L'!'#$!$,1!(>!1$+/(=:$,'A!3#$,!%*H$1!.F>!=(&!#%++$,!'(!:-**!L++*M%'$A!3#%'!-*!'#$!
)$%*(,h4!:(*'!>%:-/-$*!%,*3$)$1!. 6(,0$,-$,6$ 4!%,1!. +$)*(,%/-U%'-(,4!%*!'#$!'3(!:%-,!
)$%*(,*g!!
¥ 6,"$%"#%"2%g!a)(?)%::-,?!/-?#'*!;>-0$!>%:-/-$*<!%,1!'#$!&*$!(>!*3-'6#$*!;>(&)!

>%:-/-$*<!n!.*3-'6#$*!%)$!>%,'%*'-6m4!!
¥ 1%&',":.#E:(#,"g!Z()!'3( !>%:-/-$*!.-'P*!%,!%++/-6%'-(,!'#%'!%1%+'*!'(!(&)!,$$1*!*-,6$!

3$!6%,!6)$%'$!(&)!(3,!+)(?)%:*4!%,1!-'!+)(0-1$*!.'#$!%G-/-'=!'(!6&*'(:-U$!(&)!#(:$A!
'(!%1%+'!-'!'(!(&)!1%-/=!/->$!%,1!:((1*4@!!

!
^,$!>%:-/=!3%*!. 6&)-(&*!'(!H,(3!3#%'!6(:$*!,$5' 4!%,1!%//!(>!'#$:!3(&/1!#%0$!/-H$1!'(!
H$$+!L++*M%'$!/(,?$)@!"=+-6%//=A!,$3!-1$%*!(>!&*$!$:$)?$1!(,$!3$$H!%>'$)!'#$!
$5+$)-:$,'!$,1$1 !;*&6#!%*!'#$!&*$!(>!%!6(,'%6'!*$,*()!'(!.1$'$6'!3#$,!'#$! /-''$)!(>!'#$!
6%'!*#(&/1!G$!6#%,?$14<@!!
!
^0$)%//A!(&)!+%)'-6-+%'-,?!>%:-/-$*!>(&,1!'#%'!L++*M%'$!+)(0-1$1!'#$:!3-'#!*&>>-6-$,'!
>/$5-G-/-'=A!%,1!'#%'!-'!?$,$)%'$1!%!,&:G$)!(>!&,$5+$6'$1!+/$%*%,'!$5+$)-$,6$*!*&6#!%*!
.(&)!'3(!=$%)!(/1!1%&?#'$)!>(&,1!-'!>&,!'(!'&),!'#$!/-?#'*!(,!G=!$,'$)-,?!#$)!G$1)((:@4!
"#$=!>(&,1!'#$!*=*'$:!&*$>&/!G&'!>$/'!'#%'!&'-/-'=!3(&/1!G$!*-?,->-6%,'/=!$,#%,6$1!->!
L++*M%'$!(>>$)$1!:()$!-,'$?)%'-(,!3-'#!'#$!)$*'!(>!'#$!#(:$@!
!
J$!6(,Q$6'&)$!'#%'!(&)!+%)'-6-+%'-,?!>%:-/-$*!1-1!,('!/-0$!3-'#!L++*M%'$!/(,?!$,(&?#!'(!
$5+$)-$,6$!+)(G/$:*@!^,/=!(,$!>%:-/=!:$:G$)!)$+()'$1!%,!&,$5+$6'$1!*-'&%'-(,!3#$,!
'#$!.')-%,?/$!p(>!%!+)(?)%:q!'&),$1!'(!()%,?$!1&)-,?!'#$!,-?#'4@!"#$!+)(G/$:!3%*!
)$+%-)$1!R&-6H/=!%*!'#$!+)(?)%:!*#(3$1!3#-6#!1$0-6$!3%*!:-**-,?!;#-*!3->$!'&),$1!(>>!
+(3$)!'(!'#$!a# -/-+*!D&$!/%:+!)$>$)$,6$1!-,!'#$!+)(?)%:<@!L!'#)$$23$$H!$5+$)-:$,'!3%*!
-,*&>>-6-$,'!>()!+$(+/$!'(!1$0$/(+!,(0$/!)$/%'-(,*#-+!3-'#!'#$-)!%&?:$,'$1!#(:$A!()!$0$,!
'(!%**$**!3#$'#$)!L++*M%'$!3(&/1!*&++()'!'#$!.()?%,-6!$0(/&'-(,!(>!)(&'-,$*A!+$)-(1-6!
6#%,?$*!%,1!$56$+'-(,*@4IT!L11-'-(,%/!$5+$)-$,6$!3%*!,$$1$1@!!!
!

Our  Experience as End -Users 
J$!%)$!%!:%))-$1!6(&+/$!/-0-,?!-,!%!>(&)2)((:!IKf!*R&%)$!:$'$)!%+%)':$,'!$R&-++$1!
3-'#!>(&)!/%+'(+*!>()!+)(>$**-(,%/!&*$!%,1!>-0$!-a%1*@!^,$!(>!&*!;E(&'%U<!3%*!)$*+(,*-G/$!
>()!'#$!*6-$,'->-6!(GQ$6'-0$*!(>!L++*M%'$@!"#$!('#$)!-*!%!6(:+&'$)!*6-$,6$!+)(>$**()!3#(!
3%*!,('!1-)$6'/=!-,0(/0$1!-,!'#$!+)(Q$6'@!!
!
F,!'#$!>-)*'!*-5!:(,'#*A!3$!&*$1!(,$!(>!'#$!L++*M%'$!H-'*!'#%'!#%1!+)$0-(&*/=!G$$,!
1$+/(=$1!3-'#!$5'$),%/!>%:-/-$*@!L*!'#$!$5+$)-:$,'!+)(?)$**$1A!3$!%*H$1!>()!'#$!
-,'$?)%'-(,!(>!'$5' 2'( 2*+$$6#!%,1!'#$!1$0$/(+:$,'!(>!%,!$,$)?=2:(,-'()-,?!*$)0-6$@!"#$!
>(//(3-,?!>-,1-,?*!1)%3!>)(:!'#$!%,%/=*-*!(>!bT!#%,123)-''$,!,('$*!%,1!*6)$$,!1&:+*!
)$6()1$1!-,!%!,('$G((H!>)(: !̂ 6'(G$)!KfI_!'(!c(0 $:G$)!KfI` @!!
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!
L*!)$+()'$1!-,!'#$!/-'$)%'&)$!(,!789!$,0-)(,:$,'*A!(,$!(>!&*!,%'&)%//=!$:$)?$1!%*!'#$!
/(6%/!$5+$)'A!3#$)$%*!'#$!('#$)!3(&/1!(66%*-(,%//=!%*H!>()!,$3!+)(?)%:*@!J$!#%0$!
1$0$/(+$1!:()$!'#%,!Tf!+)(?)%:*A!>-)*'!>()!'$*'-,?!'#$!*=*'$:!)(G&*',$**A!%,1!'#$,!>()!
*&++()'-,?!(&)!1%-/=!/->$@!J$!6&))$,'/=!&*$!I_!+)(?)%:*!-,0(/0-,?!K`!1$0-6$*@!^0$)%//A!
'#$*$!+)(?)%:*!3$)$!,('!1$0$/(+$1!'(!*%0$!'-:$\!'#$=!3$)$!%G(&'!R&%/-'=!(>!/->$@!
L/'#(&?#!(,$!(>!'#$!-a%1*!-*!,(3!1$1-6%'$1!'(!#(:$!:(,-'()-,?A!3$!+)$>$)!'(! $1-'!
+)(?)%:*!3-'#!(&)!/%+'(+*!;'#-*!-*!-,!/-,$!3-'#!'#$!>-,1-,?*!(>!Z%#-:!r%3*%)!%,1!L/-6$!Y%,$!
X$),#$-:!X)&*#!%G(&'!'#$!&*$!(>!6(:+&'$)*!%'!#(:$ I_ <@!!

:$8$7;%$'$)&"
L*!3-'#!(&)!+%)'-6-+%,'!>%:-/-$*A!3$!1$0$/(+$1!.6(,0$,-$,6$4!+)(?)%:*!%,1!.,('->-$)*4O
>()!$5%:+/$A!&*-,?!>/%*#-,?!/%:+*!'(!3%),!(>!&,1$*-)%G/$!6(,1-'-(,*A!*&6#!%*!'#$!*&,!
-//&:-,%'-,?!'#$!)$>)-?$)%'()@!F,!6(,')%*'!3-'#!'#$!+-/('!>%:-/-$*A!3#(!1-1!,('!$5+)$**!'#$!
,$$1!>()!)$:-,1$)*A!3$!&*$!0(6%/!:$**%?$*!%*!%!6(,0$,-$,'!:$%,*!'(!)$+/%6$!+(*'2-'!
, ('$*!(,!'#$!$,')%,6$!1(()!()!'#$!)$>)-?$)%'() @!
!
F,!/-,$!3-'#!'#$!$'#,(?)%+#-6!%,%/=*-*!(>!B6(''!9%0-1(>>!%,1!#-*!6(//$%?&$*AIT!*(:$!
+)(?)%:*!%,1!1$0-6$*!%)$!*$%*(,%/@!Z()!$5%:+/$A!'#$!1$'$6'()!>()!*&,/-?#'!(,!'#$!>)-1?$!
-*!,$$1$1!(,/=!-,!3-,'$)A!3#$,!'#$!* &,!-*!/(3!(,!'#$!#()-U(,@!^'#$)!+)(?)%:*!:%-,'%-,!
)$/$0%,6$A!G&'!,$$1!+$)-(1-6!6#%,?$A!3#-/$!('#$)*!)%+-1/=!G$6(:$!(G*(/$'$@!Z()!$5%:+/$A!
'#$!*(>'!%:G-$,'!/-?#'-,?!&*$1!-,!3-,'$)!'(!.3%H$!&+!'#$!#(&*$4!1($*!,('!:%H$!*$,*$!-,!
*&::$)A!3#$,!'#$!*&,!)-*$*!%'!` !%@:@!L>'$)!:-,()!*&)?$)=A!%!+)(?)%:!0(6%//=!)$:-,1$1!
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'#$:! 3-'#!%!>-)*'2+$)*(,!%++)(%6#!(0$)!/(,?!+$)-(1*O!'=+-6%//=!%!=$%)@!
!
^,$!:(,'#!-*!'#$!:$')-6!>()!$0%/&%'-,? !'#$!(0$)%//!&*%G-/-'=!%,1!&'-/-'=!(>!%,!789!
$,0-)(,:$,'@!F'!-*!,('!*&>>-6-$,'!>()!%**$**-,?!-'*!6%+%6-'=!'(!%66(::(1%'$!( ++()'&,-*'-6!
,$$1*!%,1!*$%*(,%/!&*$*A!,()!-*!-'!*&>>-6-$,'!>()!'#$!.'%:-,?!$>>$6'4!'(!(66&)!%/(,?!3-'#!-'*!



 

 
 
 
 
 
In IEEE Pervasive Computing, special issue on Domestic Pervasive Computing, vol. 15, no. 2, May-June 2016 

 

17 

&+*!%,1!1(3,*A!-,6/&1-,?!6(*'!-,!%''$,'-(,!-,0$*':$,'@!"#$!>-)*'2+$)*(,!$5+$)-$,6$!
%++)(%6#!,('!(,/=!:%H$*!-'!+(**-G/$!'(!6(,>-):!>-,1-,?*!>)(:!*#()' !>-$/1!*'&1-$*!G&'!%/*(!
:%H$*!-'!+(**-G/$!'(!1-*6(0$)!*&G'/$!+)(G/$:*!%,1!%10%,'%?$*!'#%'!:-?#'!('#$)3-*$!'%H$!
&+!'(!%!=$%)!'(! &,6(0$)@!"#-*!%++)(%6#!:-?#'!%/*(!)$*&/'!-,!&,$5+$6'$1!*-1$!$>>$6'*!>()!
('#$)!)$*$%)6#!%)$%*@!"#-*!-*!-//&*')%'$1!G=!(&)!1$*-?,!(>!'#$!>%-)=!/-?#'*A!3#-6#!,('!(,/=!
*$)0$!%*!%!.+$)*&%*-0$!1$0-6$4!'#%'!:-))()*!(&)!$,$)?=!6(,*&:+'-(,!;*$$!Z-?&)$!b<A!G&'!
%/*(!-*!%,!-,')-?&-,?!6(,0$)*%'-(,!+-$6$!>()!0-*-'()*@!
!
^,!'#$!1(3,!*-1$A!'#$)$!-*!%!)-*H!(>!.>%//-,?!-,!/(0$!3-'#!=(&)!(3,!6)$%'-(,@4!E/$%)/=A!'#$!
*6-$,'->-6!(GQ$6'-0-'=!(>!'#$!)$*$%)6#$)!-*!%'!*'%H$!#$)$@!V-:-'*!(>!'#$!%**$**:$,'!:&*'!G$!
%,%/=U$1!3-'#!#(,$*'=A!%,1!)$*&/'*!*#(&/1!G$!6(,>-):$1!G=!>&)'#$)!*'&1-$*!3-'#!$5'$),%/!
+%)'-6-+%,'*@!Z()!$5%:+/$A!?-0$,!(&)!G%6H?)(&,1!-,!6(:+&'$)!*6-$,6$A!3$!%)$!,('!$,'-'/$1!
'(!%**$**!'#$!%++%)%'&*!1$0$/(+$1!>()!*&++()'-,?!1$G&??-,?@!

#$+2$+J"!..%*.%$;')"R;&)7$+)"O)/1+*7*J$)&"
L*!:$,'-(,$1A!-:+/$:$,'%'-(,!>()!)$%/ !3()/1!&*$!-*!%/3%=*!:()$!6(:+/$5!%,1!'-:$2
6(,*&:-,?!'#%,!+/%,,$1@!E%)$>&/!%''$,'-(,!*#(&/1!G$!+%-1!3#$,!*$/$6'-,?!3#-6#!
:-11/$3%)$!'(!&*$!%*!'#$!)&,'-:$!-,>)%*')&6'&)$!>()!'#$!789!$,0-)(,:$,'@!"#$!*%:$!
#(/1*!>()!*$,*()!'$6#,(/(?-$*@!789!$,0-)(,:$,'!1$0$/(+$)*!6%,P'!+)(0-1$!$,1!&*$)*!3-'#!
'#$!%++)(+)-%'$!>$$1G%6H!>()!3-)$/$**!1$0-6$*!'#%'!1(,P'!')%,*>$)!'#$-)!$,$)?=!/$0$/!()!
)%,?$!(>!*-?#'@!"#$!#%)13%)$!%,1!*(>'3%)$!6#(-6$*!*')(,?/=!-,>/&$,6$!'#$!>-,%/!>$%'&)$*!
%,1!*$)0-6$*!1$/-0$)$1@!
!
M-0$,!'#$!'-:$!%,1!6(:+/$5-'=!(>!)$%/23()/1!&*$A!-'!3%*!,('!+(**-G/$!'(!%11)$**!*$0$)%/!
3( )'#=!-**&$*!-,!(&)!$5+$)-:$,'*!3-'#!L++*M%'$@!"#$*$!-,6/&1$!+)(0-1-,?!6(,'$5'&%/!#$/+!
>()!1$0-6$!+%-)-,?A!+)(?)%::-,?!6(,*')&6'*!'(!$5+)$**!6(:+(&,1!6(,1-'-(,*A!%&?:$,'-,?!
'#$!-,'$))(?%'-0$!+%)%1-?:!3-'#!.3#%'!->4!*-:&/%'-(,!>()!1$G&??-,?A!%,1!+)(0-1-,?!%!
:&/'-:(1%/!&*$)!-,'$)>%6$!>()!:()$!>/&-1!-,'$)%6'-(,!3-'#!'#$!*=*'$:@!F,!%11-'-(,A!*(6-%/!
+)(?)%::-,?!-*!3()'#!-,0$*'-?%'-,?!%*!%)$!+(**-G-/-'-$*!>()!%&?:$,'-,?!789!$,0-)(,:$,'*!
3-'#!:%6#-,$!/$%),-,?@!!

,45",+6$%*+8)+'&";+2"K;/1$+)"C);%+$+J"
"3(!6( :+$'-,?!%++)(%6#$*!%)$!$:$)?-,?!>()!'#$!1$0$/(+:$,'!( >!*:%)'2#(:$ !
'$6#,(/(?-$*@!J-'#!(,$!%++)(%6#A!&*$)*!%)$!+%**-0$!6(,*&:$)*!3#(!3-//-,?/=!')%1$!'#$-)!
1%'%!-,!$56#%,?$!>()!'#$!6(,0$,-$,6$!(>!*:%)'!*$)0-6$*@!"#-*!%++)(%6#!-*!6(:+$//-,?A!G('#!
G$6%&*$!-'!>)$$*!&*$)*!>)(:!'#$!6#%//$,?$!(>!6(,>-?&)-,?!%,1!:%-,' %-,-,?!*=*'$:*A!%,1!
G$6%&*$!-'!:%H$*!-'!+(**-G/$!>()!$*'%G/-*#$1!6(:+%,-$*!'(!%++/=!:(1$),!:%6#-,$ !
/$%),-,?!%,1!G-?!1%'%!%,%/=*-*!'(!6(,*')&6'!*:%)' 2#(:$!*=*'$:*@!"#$ !6#%//$,?$!>()!
6(:+%,-$*!-*!'(!+)(0-1$ !*$)0-6$*!'#%'!%)$!*(!6(:+$//-,?!%,1!$%*=!'(!&*$!'#%'!$,1!&*$)*!
*&))$,1$)!6(,')(/ !(>!G('#!*=*'$:!G$#%0-()!%,1!+$)*(,%/!1%'%@!"#$!1%,?$)!-*!'#%'!$,1!
&*$)*!3-//!G$6(:$!+)-*(,$)*!(>!6/(*$1!$6(*=*'$:* !(>!*:%)' 2#(:$!*$)0-6$*!*&GQ$6'!'(!'#$!
1-6'%'$*!(>!/%)?$!6(:+%,-$*@!L,('#$)!1%,?$)!-*!'#%'!&*$)*!:-?#'!/(*$!'#$-)!*$,*$!(>!
%?$,6=@!
!
J-'#!' #$!('#$)!%++)(%6#A!&*$)*!)$'%-,!/(6%/!6(,')(/!(>!1%'%!%,1!*$)0-6$*A!%'!'#$!6(*'!(>!
-,0$*'-,?!'#$!$>>()'!)$R&-)$1!'(!6(,>-?&)$!%,1!:%,%?$!'#$!*:%)'!#(:$!-,!%!6#%,?-,?!



 

 
 
 
 
 
In IEEE Pervasive Computing, special issue on Domestic Pervasive Computing, vol. 15, no. 2, May-June 2016 

 

18 

/%,1*6%+$!(>!1$0-6$*!%,1!,$'3()H!+)('(6(/*@!Z()!'#-*!%++)(%6#A!'#$!6#%//$,?$!'(!'#$!
*6-$,'->-6!6(::&,-'=!-*!'(!+)(0-1$!&*$)* !3-'#!+(3$)>&/!789!$,0-)(,:$,'*A!)&,,-,? !
(,!'(+!(>!(+$,!*(>'3%)$!-,>)%*')&6'&)$*!' #%'!%)$!$%*-/=!$5'$,1$1!G=!,(,$5+$)'*@!L,('#$)!
-:+()'%,'!6#%//$,?$!'(!789!-*!)%-*$1!G=!:%6#-,$!/$%),-,?A!%*!-//&*')%'$1!G=!'#$!c$*'!
'#$):(*'%'@!D(3$0$)A!%*!1-*6&**$1!G=!S%=(&,?!N%,?!%,1!C%)H!c$3:%,AI[ !6&))$,'!
'$6#,-R&$*!G%*$1!(,!:%6#-,$!/$%),-,?!6%,P'!1-*'-,?&-*#!G$'3$$,!)(&'-,$*!%,1!
$56$+'-(,*@!B-?,->-6%,'!$))()!+)$1-6'-(,!)$:%-,*@!!
!
J$!G$/-$0$!-'!*#(&/1!G$!+(**-G/$!'(!%&?:$,'!789!3-'#!:%6#-,$!/$%),-,?!G%*$1!(,!/(6%/!
1%'%O>()!$5%:+/$A!&*-,?!:%6#-,$!/$%),-,?!'(!G&-/1!+)(6$1&)$*!'(!)$6(?,-U$!%6'-0-'-$*A!
6(,'$5'*A!%,1!$56$+'-(,*!%*!%11-'-(,%/!*$)0-6$*@!J-'#!'#-*!%++)(%6#A!$,1!&*$)*!6%,!
-,6()+()%'$!$/$:$,'*!(>!6(,'$5'!%,1 !%6'-0-'=!-,!'#$-)!+)(?)%:*!3#-/$!)$'%-,-,?!6(,')(/!
(>!'#$-)!#(:$@!^,$!H$=!-**&$!#$)$!-*!'#%'!&*$)*!:&*'!#%0$!'#$!:$%,*!'(!&,6(0$)!'#$!
:(1$/*!-,>$))$1!G=!:%6#-,$2/$%),-,?!%/?()-'#:*A!*(!'#%'!'#$!G$#%0-()!(>!'#$!-,>$))$1!
*$)0-6$*!6%,!G$!&,1$)*'((1A!+)$1-6'$1A!%,1!+(**-G/=!%1%+'$1!&*-,?!789@!
!
J $!%)$!6&))$,'/=!+()'-,?!L++*M%'$!(,'(!^+$,!!!!!DLXA!%,!(+$,!*(&)6$!:-11/$3%)$!
*&++()'$1!G=!%!/%)?$!6(::&,-'=!(>!&*$)*@!"#-*!*#(&/1!>%6-/-'%'$!'#$!-,'$?)%'-(,!(>!,$3!
+)('(6(/*A!*$)0-6$*A!%,1!1$0-6$*@!F,!+%)%//$/A!3$!%)$!1$+/(=-,?!'#$!6&))$,'!0$)*-(,!(>!'#$!
*=*'$:!-,!'#$!#(:$ !(>!'#)$$!>%:-/-$*!'(!6(:+%)$!(&)!/-0$123-'# !$5+$)-$,6$!3-'#!'#%'!(>!
+$(+/$!$5'$),%/!'(!'#$!+)(Q$6'!(0$)!%!/(,?$)!+$)-(1@!^,$!>%:-/=!'#%'!+%)'-6-+%'$1!-,!'#$!
+)$0-(&*!'#)$$23$$H!$5+$)-:$,' !)$6$,'/=!:(0$1!%,1!-*!$%?$)!'(!')=!'#$!*=*'$:!-,!'#$-)!
,$3!#(:$@!"#$!('#$) !' 3(!>%:-/-$*!%)$!)$'-)$1!6(:+&'$)!*6-$,'-*'*!-,'$)$*'$1!-,!'#$!*'&1=!
(>!$,$)?=!6(,*&:+'-(,!%,1!-,!'#$!1$0$/(+:$,' !(>!,$3!1$0-6$*!%66$**-G/$!'(!$/1$)/=!
&*$)*@!L++*M%'$!+)(0-1$*!%!*(/-1!G%*-*!>()!*&6#!$5+$)-:$,'*@!
!
Acknowledgments  
"#-*!3()H!3%*!*&++()'$1!G=!'#$!7&)(+$%,!L++*M%'$!ELIIf!+)(Q$6'!%,1!'#$!7R&-+75!L:-t&%/_D(:$!LcS!2
II 27tau 2ff@!J$!'#%,H!Y$%,2E#)-*'(+#$!a(,'!>()!#-*!/$%1$)*#-+!-,!:%,%?-,?!'#$!L++*M%'$!+)(Q$6'!%*!3$//!%*!
C%)-(!9-%U,%0%!3#(*$!$>>()'*!%,1!0-*-(,!:%1$!'#$!+)(Q$6'!+(**-G/$@!J$!%)$!%/*(!?)%'$>&/!'(!'#$!
L:-t&%/_D(:$!'$%:!>()!'#$!)$%/-U%'-(,!(>!'#$!Z%-)=/-?#'*!%,1!'#$!9(:-E&G$!;c-6(/%*!X(,,$>(,1A!B'%,!
X()H(3*H-A!%,1!Ss:-!a-,6$,'<!%*!3$//!%*!'#$!L++*M%'$!1$0$/(+:$,'!'$%:!;C()?%,!X-1(-*A!B=G-//$!E%>>-%&A!
Y$%,2S$,s!E(&)'(-*A!Ss:=!9%&')-6#$A!L/$5%,1)$!9$:$&)$A!7/$,%!7/-%*A!Y%6H=!7*'&G/-$)A!"#-G%&1!Z/&)=A!Es1)-6!
Ms)%)1A!E%:-//$!V$,(-)A!Y%,1$)!c%*6-:$,'(A!r(&U:%!a$'(&H#(0A!a%')-6H!S$-?,-$)A!E%:-//$!S(&5A!%,1!
M$):%,!W$?%<@!

References  "
I@ 9$*Q%)1-,A!S@!J%HH%)=A!%,1!J@!^1(:A!.F,0$*'-?%'-,?!M$,)$*!%,1!a$)*+$6'-0$*!-,!DEF!S$*$%)6#!(,!'#$!

D(:$A4!a)(6@!F,'P/!E(,>@!D&:%,nE(:+&'$)!F,'$)%6'-(,!;EDF<A!KfI`A!++@!TfbTnTfdK@!
K@ C@E@!C(U$)A!.V$**(,*!>)(:!%,!L1%+'-0$!D(:$A4!B:%)'!7,0-)(,:$,'*g!"$6#,(/(?-$*A!a)('(6(/*A!%,1!

L++/-6%'-(,*A!Y(#,!J-/$=!v!B(,*A!Kff_A!E#%+'$)!IK@!
T@ X$6H:%,A!B@!E(,*(/0(A!%,1!L@!V%C%)6%A!.B(:$!L**$:G/=!S$R&-)$1g!B&++()'-,?!7,128*$)!B$,*()!

F,*'%//%'-(,!-,!9(:$*'-6!8G-R&-'(&*!E(:+&'-,?!7,0-)(,:$,'*A4!a)(6@!['#!F,'P/!E(,>@!8G-R&-'(&*!
E(:+&'-,?!;8G-E(:+<A!VcEB!TKf`A!B+)-,?$)2W$)/%?A!Kff_A!++@!IfbnIK_@!

_@ B#,$-1$):%,A!."#$!7=$*!D%0$!F'g!L!"%*H!G=!9%'%!"=+$!"%5(,(:=!>()!F,>():%'-(,!W-*&%/-U%'-(,*A4!a)(6@!
F777!B=:+@!W-*&%/!V%,?&%?$*A!Iee[A!++@!TT[nT_T@!

`@ "@S@M@!M)$$,!%,1!C@!a$')$A!.8*%G-/-'=!L,%/=*-*!(>!W-*&%/!a)(?)%::-,?!7,0-)(,:$,'*g!L!E(?,-'-0$!
9-:$,*-(,*!Z)%:$3()HA4!Y@!W-*&%/!V%,?&%?$*!%,1!a)(?)%::-,?A!0(/@!bA!,(@!KA!Iee[A!++@!ITInIb_@!



 

 
 
 
 
 
In IEEE Pervasive Computing, special issue on Domestic Pervasive Computing, vol. 15, no. 2, May-June 2016 

 

19 

[@ X@!8)!$'!%/@A!.a)%6'-6%/!")-??$)2L6'-(,!a)(?)%::-,?!-,!'#$!B:%)'!D(:$A4!a)(6@!F,'P/!E(,>@!D&:%,n
E(: +&'$)!F,'$)%6'-(,!;EDF<A!KfI_A!++@!dfTndIK@!

b@ 9$:$&)$!$'!%/@A!.X&-/1-,?!%,1!8*-,?!D(:$!L&'(:%'-(,!B=*'$:*g!L!Z-$/1!B'&1=A4!a)(6@!F,'P/!B=:+@!7,12
8*$)!9$0$/(+:$,' !;FB789<A!KfI`A!++@!IK`nI_f@!

d@ Y@!W$):$&/$,!$'!%/@A!.E)(**-,?!'#$!X)-1?$!(0$)!c():%,P*!M&/>!(>!75$6&'-(,g!S$0$%/-,?!Z$$1>()3%)1P*!
")&$!F1$,'-'=A4!a)(6@!F,'P/!E(,>@!D&:%,nE(:+&'$)!F,'$)%6'-(,!;EDF<A!KfITA!++@!IeTInIe_f@!

e@ L@Y@!r(!%,1!X@!C=$)*A!.9$G&??-,?!S$-,0$,'$1g!L*H-,?!%,1!L,*3$)-,?!J#=!%,1!J#=!c('!t&$*'-(,*!
%G(&'!a)(?)%:!X$#%0-()A4!a)(6@!F,'P/!E(,>@!B(>'3%)$!7,?-,$$)-,?!;FEB7<A!KffdA!++@!b[ndK@!

If@ E(&'%U!$'!%/@A!.9-*t(g!L!8*$)!c$$1*!L,%/=*-*!C$'#(1!>()!B:%)'!D(:$A4!a)(6@!c()1-6!E(,>@!D&:%,n
E(:+&'$)!F,'$)%6'-(,!;c()1-EDF<A!KfIfA!++@![I`n[Id@!

II@ L@Y@!X)&*#!$'!%/@A!.D(:$!L&'(:%'-(,!-,!'#$!J-/1g!E#%//$,?$*!%,1!^++()'&,-'-$*A4!a)(6@!F,'P/!E(,>@!
D&:%,nE(:+&'$)!F,'$)%6'-(,!;EDF<A!KfIIA!++@!KII`nKIK_@!

IK@ D&%,?!%,1!C@!E%H:%HA!.B&++()'-,?!C$,'%/!C(1$/!L66&)%6=!-,!")-??$)2L6'-(,!a)(?)%::-,?A4!a)(6@!
KfI`!F,'P/!Y(-,'!E(,>@!a$)0%*-0$!%,1!8G-R&-'(&*!E(:+&'-,?!;8G-E(:+<A!KfI`A!++@!KIǹKK`@!
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