
!

!

!"#$%&'$(

!!!!"#$! %&'$(&$'! )$(*+,$-! *.('/+001! $*$(1! +-)$2'! 34! 3/(!

,+.01!0.*$-5!+&,!.'!-$$6-!'#$($!.-!&3!+($+!'#+'!.-!.66/&$!

4(36! 236)/'.&7! -30/'.3&-8! 936)/'$(-! 2+&! ,3! '#.&7-!

4+-'$(5! :.'#! 7($+'$(! )($2.-.3&5! 63($! ($0.+;015! $'285! $'285!

$'28!%(3&.2+0015!3&$!+($+!'#+'!63-'!&$$,-!'#$!6$2#+&.2+0!
(.73(! 344$($,! ;1! 236)/'.&7! -30/'.3&-! -$$6-! ,$-'.&$,! '3!

+;+&,3&!$0$2'(3&.2!-30/'.3&-!+&,!($'/(&!'3!)+)$(!+-!'#$!

3)$(+'.&7! 6$,./6! 34! 2#3.2$8! <-! $0$2'(3&.2! *3'.&7! 4+00-!

4(36! 4+*3(! +2(3--! <6$(.2+5! :$! +($! 23&2$(&$,! '3! #$+(!

'+0=! 34! )+)$(! ($2$.)'-! )(3*.,$,! '3! *3'$(->8! "#3/7#! '#$!

,$)+('6$&'! -'3($! ($2$.)'! 63,$0! .-! +))$+0.&7! .&! .'-!

-.6)0.2.'15! :$! )3-.'! '#+'! :#$&! '#.-! 63,$0! .-! +))0.$,! '3!

*3'.&7! -1-'$6-5! .'! .&'(3,/2$-! +! 236)0$?! 236;.&+'.3&! 34!

,+&7$(3/-01! 23&40.2'.&7! )(3)$('.$-8! @$! ,$-2(.;$! '#$-$!

)(3)$('.$-! +&,!344$(! +&! +0'$(&+'$! 4(+6$:3(=! '3! +,,($--!

)+)$(!($2$.)'!23&2$(&-8!@$!'#$&!$?'$&,!'#.-!&3'.3&!.&'3!+!

,.-2/--.3&! 34! )+)$(! ($23(,-! +&,! '#$.(! 23&'(.;/'.3&! '3!
43($&-.2-!43(!$0$2'.3&!-1-'$6-8!

!"!#$%&'()*%+'$,

"#! #$%! %&'! ()! #$%! '*+,! %-%.#/(&0! *1%! *2(3#! .(3&#/&4!

5(#%06!7/&.%!.(893#%10!$*5%!*-:*+0! 2%%&!9*1#/.3-*1-+!4(('!

*#! .(3&#/&4,! /#! 0%%80! -(4/.*-! #$*#! .(893#%10! ())%1! 41%*#!
91(8/0%! /&! /891(5/&4! 5(#%! .(3&#! *..31*.+6! ;$%! &(:<

/&)*8(30!=$*&4/&4!.$*'0>!()! #$%!?@@@!91%0/'%&#/*-!%-%.#/(&!

*&'!#$%!?@@?!=A%-9!"8%1/.*!B(#%!".#!CDE>!#1/44%1%'!*!8*00!

%F('30!()!%-%.#/(&0!())/./*-0! #1*&0/#/(&/&4! )1(8!9*9%1!2*--(#!

0+0#%80!#(!.(893#%1<.%&#1/.!*&'!.(893#%1<*/'%'!'/4/#*-!5(#%!

.*9#31%!*&'!.(3&#!8('%-06!

G3%-%'!2+!932-/.!1%9(1#0!C?,!H,!I,!J,!%#!*-6E!#$*#!%-%.#1(&/.!

5(#/&4!8*.$/&%0!*1%!91(&%!#(!8*-/./(30!8*&/93-*#/(&,!932-/.!

'/0.(8)(1#! -%5%-0! *1%! 1/0/&46! ;$/0! '/0.(8)(1#! /0! )(3&'%'! /&!

#$%! '/))/.3-#+! ()! 4*#$%1/&4! .(&)/18/&4! '/4/#*-! %5/'%&.%!

*5*/-*2-%! /&! K/1%.#! L%.(1'/&4! M-%.#1(&/.! NKLMO! 5(#/&4!

0+0#%80!*&'!/&!%-%.#1(&/.!5(#/&4!0+0#%80!(5%1*--6!!

M5%&!*0! #$%! )/%-'! ()!'/4/#*-! )(1%&0/.0!%F9*&'0!*&'!&%:!

.*9*2/-/#/%0!%8%14%!*#!*!21%*P&%.P!9*.%,!'/4/#*-!%F*8/&*#/(&!

/0! 2(3&'%'! 2+! )3&'*8%&#*-! .(893#/&4! -/8/#*#/(&06! ;$%!

1%.%&#!*&'!1*9/'!%F9*&0/(&!()!%-%.#1(&/.!5(#/&4!-%*5%0!8*&+!

Q3%0#/(&0! 1%4*1'/&4! #$%!8*4&/#3'%!()! #$%0%! -/8/#*#/(&06!G(1!
#$%0%! 1%*0(&0,!8*&+!5(#/&4! /&#%41/#+!*'5(.*#%0!%&.(31*4%!*!

1%#31&!#(!#$%!)*8/-/*1/#+!()!9*9%1!1%.(1'0!#(!1%%0#*2-/0$!932-/.!

#130#!/&!#$%!%-%.#(1*-!91(.%006!M5%&!/&!#$%!*20%&.%!()!1/4(1(30!

0#3'+!()!#$%!0%.31/#+!91(9%1#/%0!()!9*9%1!1%.(1'0,!8(8%&#38!

23/-'0!#(!.*9#31%!%5%1+!5(#%!(&!9*9%1!/&!0(8%!)(186!!

R1(9(0%'! )%'%1*-! *&'! 0#*#%! /&/#/*#/5%0! .(3-'! 8*&'*#%!

9*9%1!#1*/-0! /&!*--!%-%.#/(&0!.(5%1%'!2+! #$%/1! S31/0'/.#/(&6! T&!

#$%! U676! V(&41%00,! AL! WDD,! 09(&0(1%'! 2+! X%:! Y%10%+!

K%8(.1*#/.! V(&41%008*&!L30$!A(-#! *&'! /&#1('3.%'! /&! #$%!

#$/1'!.(&0%.3#/5%!0%00/(&,!1%.%&#-+!8(5%'!)1(8!.(88/##%%!#(!

#$%!V(&41%00/(&*-!)-((1!*&'!.(3-'!%&%14/Z%!*!.(89*&/(&!2/--!

/&!#$%!7%&*#%6!

[&%! 0#382-/&4! 2-(.P! #(! :/'%091%*'! 9*9%1! #1*/-!

*..%9#*&.%!/0!'/0*41%%8%&#!1%4*1'/&4!#$%!#+9%!()!9*9%1!#1*/-!

#$*#!0$(3-'!2%!1%Q3/1%'6!732#-%!91(9%1#/%0!03.$!*0!'31*2/-/#+,!

1%-/*2/-/#+,! -/)%#/8%,! 91/&#! .-*1/#+,! 0/89-/./#+,! 91/5*.+!

91(9%1#/%0,! *&'! 5(#%1<)1/%&'-/&%00! $*5%! .*30%'! 0(8%! 9*9%1!

#1*/-! *'5(.*#%0! #(! (99(0%! #$%! (#$%1:/0%! 9(93-*1! A(-#! 2/--6!

;$%0%! '/0.300/(&0! *1%! $%*-#$+! *&'!:/--! 3-#/8*#%-+! 1%03-#! /&!

'%)/&/&4! /89(1#*&#! 91(9%1#/%0! )(1! 5(#/&4! 0+0#%8! 9*9%1!

1%.(1'0! #$*#! :/--! %))%.#! 5(#/&4! 0+0#%8! 1%.(1'! P%%9/&4! *&'!

*3'/#! 9(-/./%0! *&'! )(1%&0/.0! (99(1#3&/#/%0! #$*#! #$%! 9*9%1!
1%.(1'0!%&*2-%6!

"&(#$%1! 41(39! ()! 5(#/&4! 9*9%1! 1%.(1'! 91(9%1#/%0! )*.%!

3&)(1#3&*#%!8/0.(&.%9#/(&! /&! #$/0!'%2*#%6!\*&+!5(#%10,!*&'!

%5%&! %-%.#/(&! *'5(.*#%0,! 8/0#*P%&-+! 3#/-/Z%! #$%! #%18!

=1%.%/9#0>! :$%&! 1%)%11/&4! #(! 5(#/&4! 0+0#%8! 9*9%1! 1%.(1'06!

]$/-%! 0(8%!$*5%!91(9(0%'!0+0#%80! #$*#!8*+!91(5/'%! 5(#%1!
1%.%/9#0! C^,! _,! WE,! 03.$! 0+0#%80! *1%! -*14%-+! *.*'%8/.!

%F%1./0%0!*&'!*1%!&(#!.(&0/'%1%'!)(1!:/'%!091%*'!30%6!!

T&! #$/0! 9*9%1,! :%! *''1%00! 8/0.(&.%9#/(&0! *2(3#! 5(#%1!

1%.%/9#0!*&'!0$(:!#$*#!%F/0#/&4!5(#/&4!9*9%1!1%.(1'!0+0#%80!

'(! &(#! .*11+! :/#$! #$%8! 91(9%1#/%0! #$*#! *1%! /&#%41*-! #(!

1%.%/9#06!]%! )31#$%1! 0$(:! $(:! '/4/#*-! %5/'%&.%! *&'! 9*9%1!
1%.(1'0! .*&! 91(5/'%! .(89-%8%&#*1+! 9*1#0! /&! #$%! 5(#/&4!

0+0#%80! )(1%&0/.0! 91(.%006!]%! )31#$%1! 0$(:! #$*#! #$%+! -*.P!

#$%! 91(9%1#/%0! %00%&#/*-! )(1! '/4/#*-! )(1%&0/.0! /&)(18*#/(&! #(!

1%.(&0#13.#! #$%! %5%&#0! #$*#! (..31! (&! *&! %-%.#1(&/.! 5(#/&4!

0+0#%86!

-"!./0+$+$1,2345/&,6/*/+5%7,

T#! .%1#*/&-+! 0%%80! -/P%! *! 0/89-%! .(&.%9#`! *! 1%.%/9#! /0!*!

91/&#%'! 1%.(1'! ()! *! #1*&0*.#/(&,! #1*'/#/(&*--+! *! #1*&0*.#/(&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!
D!! %646!$##9`aa:::6:/1%'6.(8a9(-/#/.0a0%.31/#+a&%:0a?@@HaDDa^D?bW!

80,345/&,9&4+:;,4$(,<'%/&,6/*/+5%;,

,

c!G-(1/'*!7#*#%!U&/5%10/#+6!;$/0!:(1P!/0! )3&'%'!/&!9*1#!2+!K%9*1#8%&#!

()! K%)%&0%! 41*&#! AbW?H@<@^<D<@?H?! *&'! "18+! L%0%*1.$! [))/.%!

41*&#!K""KDb<@?<D<@?HJ6!
d!U&/5%10/#+!()!V*-/)(1&/*,!K*5/0!

=:/*,>4;+$;4*?,4$(,@4%%,A+;B'5
C

Proceedings of the 41st Hawaii International Conference on System Sciences - 2008

1530-1605/08 $25.00 © 2008 IEEE 1



!

!

"#$%$! &'($)#*+,! *&! %$-$*.$/! 01&12334! 2! 524($+)6! 74! )#$!

52%)4!)#2)!5%'.*/$&!)#$!%$-$*5)!01&12334!2!.$+/'%68!9#$+!"$!

,'!)'!)#$!,%'-$%4!'%!/$52%)($+)!&)'%$!2+/!(2:$!2!51%-#2&$;!

"$!2%$!,*.$+!2!525$%!%$-'%/!'<!)#$!<*+2+-*23!)%2+&2-)*'+888*)=&!

2! %$-$*5)>! "#2)=&! #2%/! 27'1)! )#2)?! @<! "$! -2+! ,$)! 2! %$-$*5)!

"#$+!"$!714!2!52*%!'<!&#'$&;!"#4!+')!"#$+!"$!-2&)!2!7233');!
52%)*-132%34!&*+-$!)#$!.2&)!(2A'%*)4!'<!7233')&!2%$!-2&)!'+;!'%!

*+)';!-'(51)$%&!)#2)!-'13/!$2&*34!5%*+)!7233')!%$-$*5)&?!

!"#"!$%&'()*'+',&-.)%/0)12-'()$(,3%+4)

B)! <2-$! .231$;! *)! &$$(&! %$2&'+273$! )'! (2+4! )#2)! "$!

&#'13/!&*(534!5%*+)!2!-'54!'<!$2-#!.')$%=&!525$%!7233');!2+/!

3$)! )#$(! )2:$! *)! "*)#! )#$(! 2&! %$-$*5)! <'%! )#$*%! .')$&8! C#$!

-2+'+*-23!%$2&'+!)#2)!2!.')*+,!%$-$*5)!-2++')!7$!,*.$+!*&!)#2)!

)#$! %$-$*5)!(24! 233'"! 2! .')$%! )'! 5%'.$! #'"! )#$4! .')$/! )'!

&'($! )#*%/! 52%)48! D%$.$+)*+,! &1-#! 5%''<&! 5%')$-)&! 2,2*+&)!

)"'! %$32)$/! .')*+,! *%%$,132%*)*$&E! .')$! &$33*+,! 2+/! .')$%!

-'$%-*'+8! @+!)#$! <'%($%;!)#$! )#$'%4! *&! )#2)! *<!2!.')$%!-2++')!

5%'.$! #'"! )#$4! .')$/;! )#$%$! *&! +'! .*273$! ('/$3! <'%! "*/$F
&-23$! 0'%!!"#$%&'$%6! .')$! &$33*+,8!G'+.$%&$34;! *<! $2-#! .')$%!

%$-$*.$/!2!%$-$*5)!-'(53$)$!"*)#!)#$*%!+2($!2+/!)#$*%!7233')!

&$3$-)*'+&;! 2+! 1+&-%1513'1&! '5$%2)*.$! (24! &*(534! '<<$%! )'!

524!<'%!%$-$*5)&!)#2)!%$<3$-)!2!5%$F/$&*,+2)$/!.')*+,!&$3$-)*'+!

52))$%+
H8!!

I*(*32%34;! .')$%! %$-$*5)&! -2+! 23&'! <2-*3*)2)$! .')$!

-'$%-*'+8! @<! '<<*-*23! %$-$*5)&! $J*&);! 2! -'%%15)! ,'.$%+($+)!

'<<*-*23;!$(53'4$%;!'%!')#$%!(*&-%$2+)!(24!/$(2+/!)'!&$$!)#$!

%$-$*5)&! 1+/$%! )#%$2)! '<! #2%(;! A'7! 3'&&;! '%! ')#$%! -'$%-*.$!

($)#'/8!!

C%2/*)*'+2334;! .')*+,! &4&)$(! /$.$3'5$%&! #2.$! ,'+$! )'!
,%$2)!3$+,)#&!)'!5%$.$+)!2+4!($-#2+*&(!)#2)!233'"&!.')$%&!)'!

5%'.$!#'"! )#$4!.')$/;! )#'1,#! )#$!%25*/!$J52+&*'+!'<! .')$F

74F(2*3! &4&)$(&! -#233$+,$&! )#*&! <1+/2($+)23! .')*+,!

5%*+-*53$8!I)*33;!&$.$%23!&-*$+)*&)&!-'+)*+1$!)'!5%'5'&$!%$-$*5)!

($-#2+*&(&;! 32%,$34! 72&$/! '+! -%45)',%25#4;! )#2)! 233'"!

.')$%&!)'!.$%*<4!)#2)!)#$*%!.')$&!"$%$!5%'5$%34!-2&);!"#*3$!+')!

<2-*3*)2)*+,!.')$%!-'$%-*'+!'%!.')$!&$33*+,!KL;!M;!NO8!

!"!"!526/0%-,2/)72()%)1%8,0)*'+',&-9):2//'+-,/;)%)

$'(.2/)-2)%)<(%/.%+-,2/))

P$-$*5)&! 2%$! 17*Q1*)'1&! *+! &'-*$)4! )'/248! 9*)#! 2! %*-#!

#*&)'%4! *+! /'-1($+)*+,! -2&#! <*+2+-*23! )%2+&2-)*'+&;! 525$%!

%$-$*5)&! 2%$! +'"! 1&$/! )'! %$-'%/! /'-1($+)! 524($+)&! '<! 233!
)45$&;!*+-31/*+,!$3$-)%'+*-!-%$/*)!2+/!/$7*)!524($+)&8!9#*3$!

(2+4!*+&)*)1)*'+&!2/.'-2)$!2!)%2+&*)*'+!)'!$3$-)%'+*-!%$-$*5)&;!

&(2%)! -2%/! $+)%*$&;! 2+/! ')#$%! $3$-)%'+*-!2-:+'"3$/,$($+)&;!

525$%! %$-$*5)&! 2%$! &)*33! )#$! /'(*+2)$! ($-#2+*&(! <'%!

/'-1($+)*+,!<*+2+-*23!)%2+&2-)*'+&8!

R%'(!2!&)2+/5'*+)!'<! &'-*$)23!2--$5)2+-$;!525$%!%$-$*5)!

17*Q1*)4! *&! 2! &$3<F5$%5$)12)*+,! &*)12)*'+8! D25$%! %$-$*5)&! 2%$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!
H!! 9#*3$!)#$!.')*+,!52))$%+!*)&$3<!-'13/!7$!1&$/!2&!2!&*,+2)1%$!)#2)!

1+&-%1513'1&!$3$-)*'+&!"'%:$%&!-'13/!*/$+)*<4!2('+,!-'33$-)$/!7233')&;!

)#*&!2))2-:!%$Q1*%$&!*+&*/$%!-''5$%2)*'+!2+/;!-'(52%2)*.$34;!3*(*)&!)#$!

2))2-:!(2,+*)1/$8!

*+#$%$+)34!&*(53$!2+/!5$'53$!2%$!-'(<'%)273$!"*)#!)#$(!2+/!

-'+&*/$%!)#$(!2&!+$2%F5$%<$-)! &$-1%*)4! *)$(&8!C#$*%!-'(<'%)!

*&!%$*+<'%-$/!"*)#!)#$!5$%.2&*.$!%$-$*5)!$+.*%'+($+);!"#$%$!

$&&$+)*2334! $.$%4! )%2+&2-)*'+! *&! 2--'(52+*$/! 74! 2! %$-$*5)8!

C#*&! -'+<*/$+-$! *&! 2! <1+/2($+)23! $3$($+)! 5%'.*/$/! 74!

%$-$*5)&8!

@+!2//*)*'+!)'!5%'.*/*+,!)%2+&2-)*'+!-'+<*/$+-$;!%$-$*5)&!

23&'! 5%'.*/$! $.*/$+-$! )#2)! -2+! 7$! 1&$/! )'! -'%%$-)! $%%'%&! *+!

)#$! )%2+&2-)*'+!)#2)!(24! 7$!/$)$-)$/!2<)$%! )#$! <2-)8! @)! *&!+')!

1+-'(('+! )'! <*+/! 2+! '.$%-#2%,$! 2('+,! *)$(&! 3*&)$/! '+! 2!

3'+,!%$-$*5)!2+/!)'!1&$!)#$!%$-$*5)!)'!%$)1%+!)'!)#$!&)'%$!<'%!2!

%$<1+/! 0'%! )'! <*+/! 2+! 1+/$%-#2%,$! 2+/! 7$! <2-$/! "*)#! 2!
-'(('+! ('%23! /*3$((2E! )'! 524! *)! 72-:! '%! +')! )'! 524! *)!

72-:68!!

D$%#25&! )#$!('&)! -'(('+!1&$! '<! 2! 525$%! %$-$*5)! *&! )'!

233'"! 2! .23*/! 51%-#2&$! )%2+&2-)*'+! )'! 7$! %$.$%&$/;! 5'&&*734!

/1$!)'!-#2+,$!'<!#$2%)!0'%!(247$!"#$+!)#$!714$%!%$-',+*S$&!

)#2)! )#$! -'3'%! A1&)! /'$&+=)! "'%:! <'%! #$%! 2<)$%! 23368! R$"!
.$+/'%&!"*33!5%'.*/$!2!%$<1+/!"*)#'1)!)#$!525$%!%$-$*5)8!

@+! $2-#! '<! )#$&$! -2&$&;! )#$! 525$%! %$-$*5)! 5%'.*/$&!

$.*/$+-$! '<! 2! )%2+&2-)*'+! *+.'3.*+,! 2! 714$%;! 2! &$33$%;! )#$!

&5$-*<*-!($%-#2+/*&$!)#2)!-#2+,$&!#2+/&;!2+/!)#$!)%2+&2-)*'+!

2('1+)8!T2-#! '<! )#$&$! *)$(&! *&! $&&$+)*23! )'! )#$! )%2+&2-)*'+8!
D%$&$+)2)*'+!'<!)#$!-'%%$&5'+/*+,!525$%!%$-$*5)!74!)#$!714$%!

)'! )#$!&$33$%!23'+,!"*)#! )#$!&17A$-)!($%-#2+/*&$!-'+&)*)1)$&!

.$%*<*-2)*'+! '<! )#$! )%2+&2-)*'+! 2)! )#$! &'1%-$8! C#$!

<'1+/2)*'+23!+')*'+! *&!)#2)! )#$!52%)*$&! )'! )#$! )%2+&2-)*'+!2%$!

273$! )'! <1334! .23*/2)$! 7')#! )#$! '--1%%$+-$! 2+/! )#$! 5%$-*&$!

+2)1%$! 2+/! )$%(&! '<! )#$! )%2+&2-)*'+8!C#1&;! )#$! 2/A1&)($+)&!

2%$! $+273$/! 74! )#$! 5%$-*&$! )%2+&2-)*'+! %$-'%/! 2+/!

%$-'+&)%1-)*'+!'<!*)&!5%*(2%4!$3$($+)&8!

@<!"$!/%2"!2!52%233$3!7$)"$$+!)#$!.')*+,!)%2+&2-)*'+!2+/!

2!51%-#2&$;!)#$!+2)1%23!-'%%$32)*'+!*&!)#2)!)#$!.')$%!&$%.$&!)#$!

714$%=&! %'3$;! )#$! &15$%.*&'%! '<! $3$-)*'+&! *&! )#$! .$+/'%;! )#$!

-1%%$+-4! *&! )#$! .')$%! &$3$-)*'+&;! 2+/! %$-$*5)! *&! )#$! 7233');!

525$%!)%2*3;!'%!')#$%!5$%5$)123!.')$%!&$3$-)*'+!%$-'%/8!!

9$! 5'*+)! '1)! )#2)! )#$&$! )"'! ('/$3&! /*.$%,$!

&17&)2+)*2334! #$%$8! @+! )#$! 51%-#2&$%U.$+/'%! ('/$3;! )#$!

.$+/'%!-'33$-)&!)#$!*+<'%(2)*'+!02+/U'%!-2&#6!)#2)!)#$4!+$$/!

2)! )#$! 5'*+)! '<! &23$! *+! '%/$%! )'! $+&1%$! 524($+);! "#*3$! )#$!

51%-#2&$%! %$)2*+&! )#$! 525$%! %$-$*5)8! @+! )#$! 5%$&$+)! .')*+,!

('/$3;!)#$!$3$-)*'+&!'<<*-*23!-25)1%$&!)#$!.')$%!&$3$-)*'+&!2)!

)#$!5'*+)!'<!&23$!0*+!)#$!.')*+,!7'')#6!2+/!)#$+!)#$!$3$-)*'+&!

'<<*-*23!23&'!%$)2*+&!)#$!525$%!%$-$*5)8!

!"="!$%&'()<(%,8.)%.):2/.-(%,/'0)>%-%)?-'@.)

@+! 2+4! *+)$,%*)4F-%*)*-23! &4&)$(! 0#$%$2<)$%! V-%*)*-23!
&4&)$(W6;! )#$%$! 2%$! &$+&*)*.$! /'-1($+)&! 2+/! ($-#2+*&(&!

)#2)! $(7'/4! )#$! .*)23! 5%')$-)$/F&4&)$(! 2&5$-)&8! @+!

*+<'%(2)*'+!*+)$,%*)4!)#$'%4;!)#$&$!&$+&*)*.$!*)$(&!2%$!)$%($/!

G'+&)%2*+$/!X2)2!@)$(&;!'%!GX@&8!!

C#$%$!2%$!(2+4!/*<<$%$+)!)45$&!'<!&$+&*)*.$!*+<'%(2)*'+!

*+! $3$-)*'+&! &4&)$(&8! 9*)#! XPT! &4&)$(&! "#$%$! .')$%!

Proceedings of the 41st Hawaii International Conference on System Sciences - 2008

2



!

!

"#$%&'$#$! ("#! #)#*+"&',*())-! *(%+."#/! ('/! "#*&"/#/! $.*0! ($!

1,+0!+&.*0!$*"##'!$-$+#2$3!+0#!+&.*0!$*"##'!/#4,*#!,+$#)5!,$!(!

6783!($!("#!('-!"#2&4(9)#!2#/,(!+0(+!1#"#!*&''#*+#/!+&!('-!

#)#*+,&':"#)(+#/!*&2%&'#'+!/.",';!+0#!#)#*+,&'!%#",&/<!=(%#"!

9())&+$!('/!&+0#"!%(%#"!+"(,)$!2(-!()$&!9#!678$<!!

>))! 678$! 2.$+! 9#! ",;&"&.$)-! %"&+#*+#/3! ($! +0#-!

+0#2$#)4#$!("#!$#*.",+-!4.)'#"(9,),+-!%&,'+$<!>**&"/,';)-3!('!

,2%&"+('+! $#*.",+-! ;&()! &5! *",+,*()! $-$+#2$! ,$! +&! "#/.*#! +0#!

'.29#"!&5!678$<!?0,$!"#/.*#$!9&+0!+0#!$-$+#2!$#*.",+-!*&$+!

('/!+0#!$-$+#2!$#*.",+-!4.)'#"(9,),+-<!

@0,)#! #(*0! 9())&+! ,$! (! 6783! #)#*+,&'$! &55,*,()$! 2(-!

(++#2%+!+&!)&;,*())-!"#/.*#!+0#!678!*&.'+!9-!(**&.'+,';!5&"!

9(+*0#$!&5!9())&+$3!"(+0#"!5&"!,'/,4,/.()!9())&+$<!A&"!#B(2%)#3!

9())&+$!2(-!9#!)#5+!,'!+0#,"!&",;,'()!9())&+!9&B!.'+,)!+0#!9())&+!

9&B#$! "#(*0! (! *#'+"()! *&))#*+,&'! %&,'+<! ?0.$3! ,5! +0#! 9())&+!

9&B#$! ("#! %"&+#*+#/! 5"&2! +(2%#",';3! +0#! 9())&+$! ,'$,/#! ("#!

()$&!$(5#<!!

?"(/,+,&'())-3! #)#*+,&'$! &55,*,()$! ;&! +&! ;"#(+! )#';+0$! +&!

%"&+#*+! %(%#"! 9())&+$3! $,'*#! ,'! 2&$+! 4&+,';! $-$+#2$3! %(%#"!

9())&+$! ("#! +0#! &55,*,()! 4&+#! "#*&"/<! C'5&"+.'(+#)-3! %(%#"!

"#*&"/! %"&+#*+,&'! ,$! ('! ,'0#"#'+)-! 2('%&1#"! ,'+#'$,4#!

&%#"(+,&'!('/!,$!*&""#$%&'/,';)-!$.9D#*+!+&!0.2('!#""&"!('/!

+&!,'/,4,/.()!&"!*&))(9&"(+,4#!2(),*#<!?0"##!+-%,*()!+0"#(+$!+&!
%(%#"! 4&+#! "#*&"/$3! ())! &5! 10,*0! 2(-! 9#! (**,/#'+()! &"!

2(),*,&.$3! ,'*)./#E! FGH! )&$+! &"! /#$+"&-#/! )#;()! 9())&+$3! FIH!

()+#"#/! )#;()! 9())&+$3! ('/! FJH! ,'D#*+#/! ,))#;()! 9())&+$<!

K)#*+,&'$! &55,*,()$! *"#(+#! *0#*L$! ('/! 9()('*#$! +&! "#/.*#! &"!

2,+,;(+#! +0#$#! +0"#(+$M! $+,))3! 4&+,';! 0,$+&"-! ,$! ",5#! 1,+0!

*("#5.))-! /&*.2#'+#/
J3N! ('/! ('#*/&+()O3P! #4,/#'*#! &5!

2,$0('/)#/!9())&+$!9#5&"#3!/.",';3!('/!(5+#"!#)#*+,&'$<!!

!"#"!$%%&'()*&%+&,&-%%.&$*/012&'/3(3/01&4(./5&6,5,&5%&

789:5(:0&,&;,</.&=<9)5/%0&

8'!#)#*+,&'$!$-$+#2$3!(./,+,';!,$!(!/&.9)#:#/;#/!$1&"/<!

@0#'! ",;&"&.$)-! #';,'##"#/! ('/! 2#+0&/,*())-! #B#*.+#/3!

(./,+$! *('! /#+#*+! ('&2(),#$! /.",';!('/! (5+#"! #)#*+,&'$3! ('/!
*('! (//! $,;',5,*('+! *&'5,/#'*#! +&! +0#! #)#*+&"()! %"&*#$$<!

6&'4#"$#)-3!(./,+!2#*0(',$2$!+0(+!("#!,'*&"%&"(+#/!,'+&!+0#!

$-$+#2! +0(+! +0#-! 4#",5-! ("#! %&+#'+,())-! $.9D#*+! +&! (++(*L!

+0#2$#)4#$<!!

>./,+!2#*0(',$2$! ("#! /#$,;'#/!1,+0! +0#! %",2("-! ;&()!

&5!/#+#*+,';!2(',%.)(+,&'$!&5!+0#!+(";#+!$-$+#2<!?0.$3!,5!+0,$!
%",2("-! (./,+! ;&()! ,$!2#+3! ,'4(),/! "#$.)+$3! &"!2(',%.)(+,&'$!

&5!4(),/!"#$.)+$3!1,))!()1(-$!9#!/#+#*+#/<!!

Q'! +0#! &+0#"! 0('/3! +0#"#! ,$! ),++)#! (++#'+,&'! %(,/! ,'! +0#!

),+#"(+."#! +&! %"&+#*+,';! #)#*+,&'! (./,+! $-$+#2$! +0#2$#)4#$!

5"&2! 2(',%.)(+,&'<! 85! +0#! (./,+! $-$+#2! ,$! '&+! %"&%#")-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!
J
!! @($0,';+&'R=&),+,*$!S#*+,&'3!TU./;#!.%0&)/$!@($0,';+&'!;&4#"'&"V$!

#)#*+,&'W3!CS>!?&/(-3!U.'#!P3!IXXO!
N
!! 0++%ERR111<$5;(+#<*&2R*;,:

9,'R("+,*)#<*;,Y5,)#ZR*0"&',*)#R("*0,4#RIXXIRXIRGGR[\IX]N^O<7?_!
O
! 0++%ERR("*0,4#$<*''<*&2RIXXXR>__=Q_8?86SR$+&",#$RGGRX`R9())&+9&B<5&.'/R!
P
! 0++%ERR5,'/("+,*)#$<*&2R%R("+,*)#$R2,ab'NG]PR,$aIXXXGGI`R(,a'GXPOPPPI!

%"&+#*+#/3!(!2(),*,&.$!(++(*L#"!2(-!(++(*L! +0#!(./,+! $-$+#2!

,'! &"/#"! +&! &4#"+."'! (! 4(),/! #)#*+,&'3! '&+! 9-! (++(*L,';! +0#!

#)#*+,&'! "#$.)+! ,+$#)53! 9.+! 9-! (++(*L,';! +0#! #)#*+,&'! (./,+!

$-$+#2<!@&"$#3!10(+! ),++)#!/(+(! ,$!%"#$#'+!*('!'&! )&';#"!9#!

.$#/!+&!%#"5&"2!#4#'!"./,2#'+("-!5&"#'$,*$3!($!,+$!"#),(9,),+-!

('/!+".$+1&"+0,'#$$!,$!'&1!$.$%#*+<!

?&! ,)).$+"(+#3! *&'$,/#"! +0#! %"&*#$$! &5! #)#*+,&'!

4#",5,*(+,&'<!c#",5,*(+,&'!,$!(!$+"&';!"#$.)+!&5!('!(./,+<!85!+1&!

,'/#%#'/#'+! %"&*#$$#$! %"&/.*#! ,/#'+,*()! (./,+! "#$.)+$3! +0#!

),L#),0&&/! +0(+! 9&+0! &5! +0#$#! ,'/#%#'/#'+! 2#*0(',$2$! ("#!

,'*&""#*+3!('/!,'*&""#*+!,'!%"#*,$#)-!+0#!$(2#!(2&.'+3!,$!)&1<!

85! (! +0,"/! 2#*0(',$23! ,'/#%#'/#'+! &5! 9&+0! %"#4,&.$!
(%%"&(*0#$3! ,$! (//#/3! +0#! (;"##2#'+! ;,4#$! ;"#(+#"!

*&'5,/#'*#! ,'! +0#! "#$.)+<! ?0.$3! 1#"#! *&$+! '&+! (! 9("",#"3! 1#!

2,;0+!$##L!+&!,'$+())!2('-!,'/#%#'/#'+!2#*0(',$2$!$&!+0(+!

*&'5,/#'*#! *('! (%%"&(*0! %#"5#*+,&'<! S&.'/$! %"#++-!

%"&2,$,';3!1#"#!+0,$!+0#!#'/!&5!+0#!$+&"-<!

?0#! *&2%),*(+,&'! &**."$! 10#'! +0#! ,'/#%#'/#'+! (./,+!
2#*0(',$2$! /&! '&+! (;"##! &'! +0#! "#$.)+<! 8'! +0,$! $,+.(+,&'3!

$&2#! "#*&'*,),(+,&'! %"&*#$$! 2.$+! +(L#! %)(*#! +&! /#+#"2,'#!

10,*03!,5!('-3!(./,+!"#$.)+!,$!*&""#*+<!d#*&'*,),';!*&'5),*+,';!

(./,+! "#$.)+$! ,$! '#4#"! #($-3! $,'*#! (! /#4,(+,&'! ,'! ('-! "#$.)+!

/"(1$! ())! "#$.)+$! ,'+&! b.#$+,&'<! 8'! &"/#"! +&! "#/.*#! $.*0!

*&'5),*+$3!1#!2(-! *0&&$#! +&!2,',2,e#! +0#!'.29#"! &5! (./,+!

2#*0(',$2$3!),2,+,';!&."$#)4#$!+&!+0#!$+"&';#$+!2#+0&/$3!,<#<!

+&!+0#!2#*0(',$2$!+0(+!("#!$*,#'+,5,*())-!+0#!2&$+!$&.'/3!&"!

("#!+0#!#($,#$+!+&!,2%)#2#'+!*&""#*+)-<!!

?0,$! 9#;$! +0#! b.#$+,&'! &5! 0&1! +&! ,/#'+,5-! +0#!

T$+"&';#$+W3! T#($,#$+W3! &"! T2&$+! (**."(+#W! 2#*0(',$2$3!

10#"#!1#!"#*&;',e#!+0#!(//#/!*&2%)#B,+-!+0(+!b.(),5,*(+,&'!

9",';$! +&! +0#! +(9)#<! 6)#(")-3! (! $+"&';! (./,+! 2#*0(',$2!

'(+."())-!/#+#*+$!$-$+#2!('&2(),#$!(!0,;0!%#"*#'+(;#!&5!+0#!

+,2#<!@#!2(-!*())!+0,$!%"&%#"+-!T)&1!5()$#!'#;(+,4#$W3!($!,+!

2#('$!+0#!2#*0(',$2!,$!0,;0)-!.'),L#)-!+&!*#"+,5-!&"!4#",5-!

('! ,'4(),/! &"! ('&2()&.$! "#$.)+<! >./,+! $-$+#2! /#4#)&%#"$!
$&2#+,2#$! )(-#"! +1&! &"! 2&"#! 5,)+#",';! 2#*0(',$2$! +&!

%"#4#'+! 5()$#! '#;(+,4#$! $&! +0(+! ,5! ('! ('&2()-! #""&'#&.$)-!

%($$#$! +0"&.;0! &'#! &"! 2&"#! 5,)+#"$3! ,+! 2(-! 9#! /#+#*+#/! ,'!

$.9$#b.#'+!)(-#"$<!!

!">"!?,<39&@%3/5/893&/0&4(./5&AB359C3&

6#"+(,')-! %"&4,/,';! (./,+! $-$+#2$! 1,+0! )&1! 5()$#!

'#;(+,4#! "(+#$! ,$! *",+,*()<!@#! *&'+#'/! +0(+! +0#! *&'4#"$#! ,$!

()$&!+".#M!+0(+!(./,+!2#*0(',$2$!2.$+!()$&!#'$."#!(!)&1!5()$#!

%&$,+,4#! "(+#3! 2#(',';! +0(+! +0#! (./,+! $-$+#2! /&#$! '&+!

F(**,/#'+())-! &"! 2(),*,&.$)-H! 5()$#)-! ,'/,*(+#! +0(+! ('!

('&2()-!0($!&**.""#/<!A&"!#B(2%)#3!*&'$,/#"!(!%(%#"!9())&+!
$*('',';!$-$+#2<!85!+0#!4&+,';!$+('/("/!$%#*,5,#$!&')-!+0(+!(!

9.99)#! 9#! 5,))#/! ,'! +&! ,'/,*(+#! +0#! $#)#*+#/! *('/,/(+#3! ,+!

1&.)/! 9#! *&.'+#"%"&/.*+,4#! +&! .+,),e#! (! /.():(./,+! $-$+#2!

10#"#! &'#! 2#*0(',$2! /#+#*+$! ('-! &%(b.#! 2("L,';! ,'! +0#!

9.99)#3! 10,)#! +0#! $#*&'/! 2#*0(',$2! /#+#*+$! &')-3! $(-3! (!

'.29#"!+1&!%#'*,)!2("L!5,)),';<!S.*0!,'*&2%(+,9)#!/#+#*+,&'!

Proceedings of the 41st Hawaii International Conference on System Sciences - 2008

3



!

!

"#$%&'()")! *+,-.! ('/#$0! '&0,1&-! $+'2-($03! &'.! (0)!

$+11#)4+'.('5!.+,603!('0+!0%#!1#)4#$0(7#!$+,'0)8!!

9)!&!)%+10!$&)#!)0,.:3!$+')(.#1!0%#!#-#5&'0!7+0#1!1#$#(40!

+22#1#.! 6:! ;&7(.! <%&,"! =>?8! @%#! )#$,1(0:! +2! %()! AB#$1#0!

C&--+0! D#$#(40)E! ()! 6&)#.! +'! 7(),&-! $1:40+51&4%:! =F?8! G'!

)%+103! <%&,"H)! )$%#"#! $1#&0#)! 0*+! 7(),&-! $1:40+51&4%:!

6&--+0!)%&1#)!+'!01&')-,$#'0!4&4#1!-&:#1)8!I'#!+2!0%#!)%&1#)!()!

)#-#$0#.! 6:! 0%#! 7+0#1! &'.! ()! 1#0&('#.! 6:! 0%#! 7+0#1! &)! 0%#(1!

1#$#(408! @%#! )#-#$0#.! )%&1#! 6:! (0)#-2! J+1! &-+'5! *(0%! 0%#!

1#$#(40H)! ('$-,.#.! &."('()01&0(7#! ('2+1"&0(+'K! .+#)! '+0!

1#7#&-!&':!('2+1"&0(+'!&6+,0!0%#!7+0#1H)!)#-#$0(+')8!!

!<%&,"H)! )$%#"#! ()! $+"4-#0#! *(0%! 41++2)! 0%&0! 0%#!

):)0#"!$&''+0!41+.,$#!2&-)#!'#5&0(7#)8!9)!0%#!&,0%+1!)0&0#)L!!

A888(2!:+,1!1#$#(40!()!$+11#$0-:!4+)0#.!=0+!0%#!#-#$0(+')!

6,--#0('! 6+&1.! +1!*#6! 4&5#?3! :+,! $&'! 6#! ),1#! J*(0%!

&$$#40&6-#! 41+6&6(-(0:K! 0%&0! :+,1! 7+0#! *(--! 6#!

('$-,.#.! $+11#$0-:! ('! 0%#! 0&--:8! 9! 1#$#(40! 0%&0! ()'H0!

41+4#1-:! 4+)0#.! ()! 4%:)($&-! #7(.#'$#! +2! &! 2&(-,1#! +2!

0%#!#-#$0(+'!):)0#"3!&'.!&!1#2,)&-!6:!+22($(&-)!0+!4+)0!

(0! ()!&'! (11#2,0&6-#! &."())(+'! +2! &! 61#&M.+*'! ('! 0%#!

#-#$0(+'!41+$#))!=>3!48!NO?8E!

;(5(0&-! )(5'&0,1#)! &1#! &-)+! #"4-+:#.3! &5&('! )##"('5-:!

0+!&--+*!0%#!7+0#1!0+!41+7#!0%&0!0%#(1!1#$#(40!"&0$%#)!&!6&--+0L!

AG2! 0%#!)(5'&0,1#!.+#)'H0!4&))3! 0%#!4%:)($&-! 1#$#(40! ()!.(1#$0!

#7(.#'$#!+2!):)0#"!2&(-,1#!=>3!48!NN?8E!!

P#!&)M!(2!(0!()!4+))(6-#!0+!2+15#!&!1#$#(40!('!0%()!):)0#"8!

<+,'0#12#(0! 41#7#'0(+'! ()! .(22($,-0! &'.! #Q4#')(7#3!

4&10($,-&1-:! ('! 0%()! &5#! +2! .#)M0+4! 4,6-()%('53! 1#R,(1('5!

)+4%()0($&0#.! *&0#1"&1M('53! ('01($&0#! 41('0('53! #Q4#')(7#!

4&4#1)3!#0$8!S+1!#Q&"4-#3!(2!$+,'0#12#(0('5!()!4+))(6-#3!7+0#1)!

"&:! 41('0! 0%#(1! +*'! 1#$#(40)! 0%&0! .+! '+0!"&0$%! &':! 6&--+03!

&'.!"&:!)%+*!,4!!"#$%&&!! ('!0%#!.&:)!&20#1!0%#!#-#$0(+'!0+!

.()4,0#! 0%#! #-#$0(+'! 1#),-0)! *(0%! 0%#)#! 1#$#(40)! 0%&0! 1#2-#$0!

A888(11#2,0&6-#! &."())(+'! +2! &! 61#&M.+*'! ('! 0%#! #-#$0(+'!

41+$#))E8!!

G0! 0,1')! +,0! 0%&0! B#$1#0!C&--+0!D#$#(40)! &1#! $+,'0#12#(0T

1#)()0&'03! "&.#! )+! 6:! )(5'&0,1#)! $+"4,0#.! +7#1! 0%#! )%&1#3!

)#1(&-!',"6#13!#0$8! =>3! )##! 0%#!AU+1#!S+1"&--:E! (')#0!+'!48!

NN?8! @%()! 2#&0,1#! ()! '+0! .()$,))#.! &)! $+,'0#12#(0! .#0#$0(+'3!

'+1!2&-)#!4+)(0(7#!41#7#'0(+'!('!0%#!4&4#18!G0! ()!+22#1#.!+'-:!

&)! &! )0#4! ('! 0%#! &-5+1(0%"! 0+! 5#'#1&0#! 0%#! 1#$#(408!@%#! 2&$0!
0%&0! (0! $&'! 41#7#'0! 2&-)#! 4+)(0(7#)! ()! 01#&0#.! &)! &'!&)(.#3! +1!

4+))(6-:!&)!&'!+67(+,)!1#),-08!

@%+,5%! 0%#! )$%#"#! ()! 1#)()0&'0! 0+! #Q0#1'&--:! 5#'#1&0#.!

$+,'0#12#(0! 1#$#(40)3! *#! ),55#)0! &! "+1#! ),60-#! &'.! )('()0#1!

#-#$01+'($! 0%1#&0! 01(55#1#.! 6:! "&-*&1#V! "&-($(+,)! )+20*&1#!
0%&0! "&:! ('2(-01&0#! 0%#! ):)0#"! 0%1+,5%! &! 7(1,)3! #Q4-+(0#.!

6,22#1! +7#12-+*3! +1! +0%#1! )+20*&1#! ('01,)(+'! &441+&$%8!

U#&')!+2!"&-*&1#!('2(-01&0('5!1#&-!7+0('5!):)0#")!%&7#!6##'!

(.#'0(2(#.3! )#7#1&-! +2! *%($%! &1#! .#0&(-#.! ('! =WO?8! I'$#! &'!

&00&$M#1! ()! &6-#! 0+! ('/#$0! $,)0+"! )+20*&1#! ('0+! 0%#! ):)0#"3!

0%#:! "&:! "&M#! "('+1! +4#1&0(+'&-! $%&'5#)! 0%&0! $&,)#! 0%#!

)+20*&1#! 0+! $1#&0#! )+"#! 4#1$#'0&5#! +2! 1#$#(40)! 0%&0! $&'! 6#!

7(),&--:! &$$#40&6-#! &0! 0%#! 4+--('5! 4-&$#3! 6,0! 0%&0! *(--! '+0!

"&0$%! 0%#1#&20#1! *%#'! 0%#! 7+0#1! &00#"40)! 0+! 7#1(2:! 0%#(1!

1#$#(408! S+1! #Q&"4-#3! 0%#! )+20*&1#! &./,)0"#'0)! "&:! $&,)#!

0%#!$+.#!0+!+22)#0!0%#!#-#$01+'($!)%&1#!7#1)(+'!0%&0!()!4+)0#.!

+'!0%#!#-#$0(+'!*#6!4&5#)!+1!6,--#0('!6+&1.3!+1!0+!"(Q!)#1(&-!
',"6#1)!+'!4+)0#.!1#$#(40!-&:#1)8!

9)! *(0%! "&':! .#"+')01&0#.! #-#$01+'($! 7+0('5! ):)0#"!

&00&$M)3! 0%()! &00&$M! "&:! 0&15#0! )4#$(2($! $&'.(.&0#)3! +1!

$&'.(.&0#)! 2+1! &! )4#$(2($! 4&10:! ('! ",-0(4-#! 1&$#)8! B,$%! &'!

&00&$M!$+,-.!$&,)#!*(.#)41#&.!J2&-)#K!7+0#T21&,.!&--#5&0(+')8!

U+1#!)01+'5-:3!(2!7+0#1)!41#)#'0!$+"4#--('5!J&-0%+,5%!2&-)#K!
7+0#T21&,.!41++2)3! 0%#:!"&:!6#!&6-#! 0+! +7#10,1'!&'!#-#$0(+'!

#7#'! 0%+,5%! 0%#1#! ()!'+!&'+"&-:! ('! 0%#!+1(5('&-!7+0#!$+,'0!

&'.!0%&0!+1(5('&-!7+0#!$+,'0!()!$+"4-#0#-:!7&-(.8!!

@%()! ),55#)0)! &'! ("4+10&'0! +6)#17&0(+'! %#1#L! AU+1#!

('2+1"&0(+'! ()! "'(! &-*&:)! 6#00#1! 0%&'! -#))! ('2+1"&0(+'E8!

I22($(&-)!",)0! 6#! $&1#2,-!*%#'! )#-#$0('5!&,.(0!"#$%&'()")!
0+! #'),1#! 0%&0! 0%#!"#$%&'()")! 0%#")#-7#)! &1#! &$$,1&0#3! ('!

0%#!)#')#!0%&0!0%#:!%&7#!&!-+*!2&-)#!4+)(0(7#!1&0#3!&!-+*!2&-)#!

'#5&0(7#! 1&0#3! &'.! 0%&0! 0%#:! &1#! )#$,1#! &5&(')0! "&-($(+,)!

"&'(4,-&0(+'! 0%&0!$+,-.!$&,)#!#(0%#1! 2&-)#!4+)(0(7#)!+1! 2&-)#!

'#5&0(7#)8!!

!"#"!$%&'$()*+,)(&*-./0&-1(23.'4)()567''

9!$&'+'($&-!&441+&$%!0+!#'%&'$('5!7+0#1!$+'2(.#'$#!()!

0+! "&M#! 0%#! 7+0('5! 41+$#))! &)! 01&')4&1#'0! &)! 4+))(6-#8!

X'2+10,'&0#-:!01&')4&1#'$:!%&)!41+4#10(#)!0%&0!&1#!('7#1)#-:!

41+4+10(+'&-!0+!)#$,1(0:V!0%&0!()3!(0!()!)+"#0("#)!'#$#))&1:!0+!

)&$1(2($#!01&')4&1#'$:!0+!#'),1#!)#$,1(0:8!S+1!#Q&"4-#3!"&':!
<;G)!.()&44#&1!21+"!4,6-($!+6)#17&0(+'!6:!4+-($:!0+!#'),1#!

0%&0! 0%#:! &1#! &.#R,&0#-:! 41+0#$0#.! 21+"! 4+)0T#-#$0(+'3!

&$$(.#'0&-! +1! "&-($(+,)! "&'(4,-&0(+'8! P%#'! &! 6&--+0! ()!

)$&''#.! ('0+! &! 41#$('$0! +40($&-! )$&''#13! 0%#! 6&--+0! "&:!

$+"4-#0#-:! .()&44#&1! 21+"! )(5%03! &--#5#.-:! )0+1#.! ('0&$0! ('!

0%#! +4&R,#! $+'0&('#1! 0%&0! %+-.)! 0%#! )$&''('5! .#7($#8! 920#1!

0%#!4+--)!$-+)#3!0%#!$+'0&('#1)!0%#")#-7#)!&1#!1#"+7#.!21+"!

4,6-($! +6)#17&0(+'! 0+! 6#! -+$M#.! ('! &! 01,$M! +1! 7&'! 2+1!

01&')4+103!+1!0&M#'!0+!&!)#$,1#!1++"8!@%#!$+'0&('#1)!&'.!0%#!

6&--+0)!*(0%('!0%#"!"&:!'+0!6#!&7&(-&6-#!2+1!4,6-($!7(#*('5!

,'0(-!0%#:!&1#!+4#'#.!6:!#-#$0(+')!+22($(&-)3!4+))(6-:!.&:)!+1!

*##M)!&20#1!0%#!#-#$0(+'!(2!0%#1#!&1#!'+!&,.(0)!('7+-7('5!0%&0!
#-#$0(+'8!

@%#)#! '+1"&-! #-#$0(+'! 41+$#.,1#)! &1#! .#)(5'#.! 0+!

41+0#$0! 0%#!6&--+0)!&'.!&1#!1+,0('#!&'.!'#$#))&1:! 0+!41#7#'0!

4+)0T#-#$0(+'!"&'(4,-&0(+'8!Y+'#0%#-#))3!0%#:!#'),1#!0%&0!0%#!

#-#$0(+'!41+$#))!()!2,'.&"#'0&--:!"'(!01&')4&1#'08!!

8"!$%&'4),&('$()29')+':6(&*+2-';<25&*-&'

@%#! 5+&-! +2! 0%#! 7+0('5! 4%&)#! +2! &'! #-#$0(+'! ()! 2+1!

#-#$0(+')!+22($(&-)!0+!$+--#$0!&'.!0&6,-&0#!7+0#)!('!&!*&:!0%&0!

41+7(.#)! )01+'5! #7(.#'$#! 0%&0! 0%#! 1#4+10#.! 1#),-0)! +2! #7#1:!

1&$#! &1#! $+11#$08! @%()! #7(.#'$#! ",)0! 6#! $+'$-,)(7#! 0+!

B#$1#0&1(#)! +2! B0&0#! *%+! $#10(2:! 0%#! #-#$0(+')! &'.! &-)+! 6#!

Proceedings of the 41st Hawaii International Conference on System Sciences - 2008

4



!

!

"#$%&$"&$'!(#!()*!%#(&$'!+#+,-.(&#$/!0#1*#%*12!()*!*%&3*$"*!

4,5(!5(.$3!,+!.'.&$5(!1&'#1#,5!.$3!"#$(*$(&#,5!*6.4&$.(&#$!

78!9+#(*$(&.--8!.14&*5!#:;!-.<8*15!&$!5(.(*!.$3!:*3*1.-!"#,1(!

585(*45! &$! #13*1! (#! 4.=*! %#(*15! "#$:&3*$(! &$! ()*! 1*+#1(*3!

1*5,-(5/! >(! <.5! $.(,1.-! ().(! (*145! 5,")! .5! ?@A%#(&$'!

B#1*$5&"5C!.$3!?@-*"(&#$!B#1*$5&"5C!*4*1'*3!(#!".+(,1*!()*!
$**3!:#1!1&'#1#,5!.$.-85&5!#:!*-*"(&#$5/!!

B#1*$5&"! *6.4&$.(&#$! ".$! .331*55! "#$:&3*$"*! .(! .--!

-*%*-52!7,(!3,*!(#!&(5!*6+*$5*2!&(!&5!4#5(!#:(*$!(1&''*1*3!#$-8!

:#1! "#$(*$(&#,5! 1."*5!<)*1*! ()*! %&"(#18!4.1'&$!<.5! 54.--2!

.$3! ()*5*! #"",11*$"*5! .1*! 1.1*/! D)&5! 1*5,-(5! &$! .! "-.55&"!

+.1.3#6!().(!&5!.--!(##!:.4&-&.1!(#!5*",1&(8!+1#:*55&#$.-5E!()*!
?F*(,1$A#$A>$%*5(4*$(!9FG>;!H).--*$'*C/!!

>$! '*$*1.-2! :#1*$5&"! &$:#14.(&#$! &5! 4#1*! 3*(.&-*3! .$3!

%#-,4&$#,5! ().$! .,3&(! 3.(./!D),5! &(! &5! *6+*$5&%*! (#! '.()*1!

.$3!(#!1*(.&$/!I&$"*!<*!".$$#(!=$#<!!"#$%&$%!<)&")!*-*"(&#$5!

<&--! 1*J,&1*! :#1*$5&"! &$%*5(&'.(&#$2! *-*"(&#$5! #::&"&.-5! 4,5(!

".+(,1*!:#1*$5&"!&$:#14.(&#$!:#1!.--!1."*5!#$!()*!7.--#(/!0#5(!
#:!()&5!&$:#14.(&#$!<&--!$#(!7*!,5*3/!D)*!FG>!H).--*$'*!&5!(#!

J,.$(&:8! ()*! %.-,*! #:! '.()*1*3! :#1*$5&"! &$:#14.(&#$! ().(! &5!

$#(! ,5*3/! D)*! ").--*$'*! &5! *%*$! '1*.(*1! &:! :#1*$5&"!

*6.4&$.(&#$5!,5&$'! ()*!'.()*1*3! &$:#14.(&#$!3#!$#(!.-<.85!

+1#%&3*!.!3*:&$&(&%*2!"#4+*--&$'!1*5,-(/!

!"#"!$%&'(%)*(+,&-,$.'(%,/0*1(23(,

H#$(1.18! (#! +,7-&"! +*1"*+(&#$2! .5! 5*",1&(8!4*").$&545!

'#2! +.+*1! 1*"*&+(5! 3#! $#(! ).%*! 5(1#$'! 5*",1&(8! +1#+*1(&*5/!

K.+*12!+1&$(*152!.$3!&$=!.1*!.--!<&3*-8!.%.&-.7-*!.$3!3*5=(#+!

+1&$(&$'! *$.7-*5! .%*1.'*! "&(&L*$5! (#! +1#3,"*! 5(#1*AJ,.-&(8!

1*"*&+(5! :1#4! ()*! "#4:#1(! #:! ()*&1! )#4*5/! I&$"*! ()*8! .1*!
1*.5#$.7-8! *.58! (#! :#1'*2!+.+*1!1*"*&+(5!3#!$#(!).%*!5(1#$'!

$#$A1*+,3&.(&#$! +1#+*1(&*5/! D)*5*! +1#+*1(&*5! ".$! 7*!

*6(*$3*3! :#1! 4#1*! "#$5*J,*$(&.-! (1.$5."(&#$52! 5&4+-8!

7*".,5*!+.+*1!&5!$#(!.$!&$)*1*$(-8!5*",1*!4*3&,4/!!

!"#"#"!4&%5(%6,

D)*!3&5(&$"(&#$!7*(<**$!+,7-&"!+*1"*+(&#$!().(!+.+*1!&5!

.!5(1#$'!.,3&(!4*").$&54!.$3!()*!1*.-&(8!().(!+.+*1!3#*5!$#(!

).%*! 5(1#$'! +1#+*1(&*5! 1*5,-(5! :1#4! .! :.&-,1*! (#! ,$3*15(.$3!

()*! "#$(*6(5! &$! <)&")! +.+*1! &5! ,5*3/! D)*! +,7-&"! 5**5! ().(!

4.$8!&4+#1(.$(!:,$"(&#$5!.1*!:#,$3*3!#$!+.+*1!3#",4*$(5/!

B#1!*6.4+-*2!7&1()!.$3!4.11&.'*!"*1(&:&".(*5!.1*!(1.3&(&#$.--8!

+.+*1!3#",4*$(5/!M33&(&#$.--82!(&(-*5!(#!#,1!.,(#4#7&-*5!.$3!
3**35!(#!#,1!)#4*5!.1*!1#,(&$*-8!1*"#13*3!#$!+.+*1/!>$!*.")!

#:!()*5*!*6.4+-*52!()*1*!&5!.!+)85&".-!+*15#$2!+-."*2!#1!()&$'!

().(! ()*! +.+*1! 1*+1*5*$(52! <)&")! &5! :,$3.4*$(.--8! 3&::*1*$(!

:1#4!.!7.--#(/!!

H,11*$"82! #$! ()*! #()*1!).$32! 1*:-*"(5! (<#! :,$3.4*$(.-!
7.--#(! +1#+*1(&*5! ().(! (&(-*52! 3**352! .$3! 4.11&.'*! .$3! 7&1()!

"*1(&:&".(*5! 3#! $#(! ).%*E! 9N;! ",11*$"8! &5! .75(1."(2! $#(!

"#$$*"(*3! (#! .$8! +)85&".-! *$(&(8O! .$3! 9P;! ",11*$"8! &5!

.$#$84#,52!$#(!&$)*1*$(-8!(&*3!(#!.$8!&$3&%&3,.-/!!

D)*! +,7-&"! .""*+(5! +.+*1! 7&--5! .5! ",11*$"8! <&()#,(!

1*5*1%.(&#$/!Q)&-*!"#,$(*1:*&(&$'!5")*4*5!1#,(&$*-8!5)#<!,+!

&$!$*<5!5(#1&*5!#$"*!#1! (<&"*!+*1!8*.12!()*8! &$%#-%*!5,")!.!

54.--!+*1"*$(.'*!#:!()*!",11*$"8!&$%*$(#18!().(!:*<!"&(&L*$5!

).%*!7**$!3&1*"(-8!&4+."(*3!78!"#,$(*1:*&(!",11*$"8/!!

D)*!3&::*1*$"*!&$!"#$(*6(!7*(<**$!7.--#(5!.$3!",11*$"8!

&5! ().(2! ,$-&=*! 7.--#(52! +.+*1! ",11*$"8! &5! 1*,5*32! <&()! .!

-&:*(&4*!#:! 5*%*1.-!8*.15/!D),52!&(! &5!"#5(!*::*"(&%*! (#! &$%*5(!

5&'$&:&".$(! 1*5#,1"*5! &$(#! "1*.(&$'! *.")! 7&--/! H,11*$"8! &5!

1&'#1#,5-8! *$'&$**1*3! .$3! (*3&#,5-8! 4.$,:."(,1*3! (#! ).%*!

5(1#$'2! *.58! (#! %*1&:8! .$(&A"#,$(*1:*&(&$'! +1#+*1(&*5/! D)*!

+.+*1! :#14,-.! .$3! +1#3,"(&#$! +1#"*55! .1*! +.&$5(.=&$'-8!

3*5&'$*3! .$3! ()*5*! 3*5&'$5! .1*! "-#5*-8! ',.13*3/! D)*! &$=5!

,5*3! &$! ",11*$"8! :."*! 5&4&-.1! +1#(*"(&%*! +1#"*55*5! .$3!
4*").$&5452! .$3!4.8! +1#%&3*! :#1*$5&"! +1#+*1(&*5! ().(! ".$!

7*! &--,4&$.(*3!<&()! 5+*"&.-! -&')(5! #1! *%*$!<)*$!)*-3!,+! (#!

()*!5,$-&')(/!

R.--#(52! #$! ()*! #()*1!).$32!.1*! ,5*3! #$"*! .$3!4,5(! 7*!

+1#3,"*3!&$!5,::&"&*$(!%#-,4*!(#!*$5,1*!().(!.--!"&(&L*$5!().(!

3*5&1*!(#!%#(*!).%*!.!7.--#(!.%.&-.7-*/!>$!+1*"&$"(5!().(!,(&-&L*!
+.+*1! 7.--#(52! +.+*1! .$3! +1&$(&$'! "#5(5! 3#4&$.(*! *-*"(#1.-!

7,3'*(5/! @%*$! .! 54.--! +*1"*$(.'*! &$"1*.5*! ".$! 3*%.5(.(*!

-#".-!7,3'*(5/!!

!"#"7"!8&++,

K.+*1! 1*"#135! ).%*! .$! .&1! #:! ?:&1*! .$3! :#1'*(CO! ().(! &5!

+.+*1!).5!$#!&$)*1*$(-8!(1."*.7-*!+1#+*1(&*5/!B#1!*6.4+-*2!&:!

8#,! 31#+! .! +&*"*! #:! +.+*1! .(! 5#4*! +#&$(! #$! .! <.-=! .$3!

1*.-&L*! 8#,! ).%*! 31#++*3! &(! <)*$! 8#,! '*(! )#4*2! ()*1*! &5!

$#()&$'! &$)*1*$(!(#! ().(!+.+*1! ().(!<&--!)*-+!8#,! (1."*! &(/! >:!

()*!+.+*1!<.5!.!#$*!),$31*3!3#--.1!7&--2!<*!).%*!$#!<.8!(#!

-#".(*! ().(! +.1(&",-.1! 7&--! &$! ()*! ",11*$"8! +##-/! @%*$! &:! <*!
<*1*!(#!5**!()*!7&--!.'.&$2!()*!#$-8!").1."(*1&5(&"!().(!"#,-3!

(*--!,5!().(!&(!<.5!#,15!&5!()*!5*1&.-!$,47*1/!

K.+*1! 7.--#(5! .$3! #()*1! +.+*1! (1.&-! .1(&:."(5! 5).1*! ()&5!

:&1*! .$3! :#1'*(! +1#+*1(82! ()#,')! <&()! +.+*1! 7.--#(52! *%*$!

5*1&.-! $,47*15! ".$$#(! 7*! ,5*3/! >:! 7.--#(5! .1*! -#5(2! ()*1*! &5!

$#()&$'! &$)*1*$(! &$! ()*!+.+*1! (#! -*.3! &$%*5(&'.(#15! (#! ()*4/!
0#1*#%*12!<)*$!()*8!.1*!:#,$32!()*1*!&5!$#()&$'!&$)*1*$(!&$!

7.--#(5!(#!%*1&:8!()*&1!.,()*$(&"&(8/!!

Q*!1#,(&$*-8!)*.1!5(#1&*5!#:!#%*15*.5!7.--#(5!-#5(!&$!()*!

4.&-
S2!4&5+-."*3T2!#1!$*%*1!3*-&%*1*3!(#!()*!%#(*1U/!I#4*!#:!

()*5*! 7.--#(5! .1*! $*%*1! :#,$3! #1! .1*! :#,$3! (##! -.(*! (#! 7*!

,5*:,-/! D)#5*! -#5(! 7.--#(5! ().(! .1*! 1*"#%*1*3! 4.8! ".5(! .!
5).3#<!#%*1!()*!*$(&1*!*-*"(#1.-!+1#"*55!5&$"*2!.(!.!4&$&4,4!

()*!").&$!#:!",5(#38!<.5!%&#-.(*3/!!

M! +*1:*"(! &--,5(1.(&#$! #:! -#5(! 7.--#(5! #"",11*3! &$! PVVW2!

<)*1*! .! ".5*! #:! ?-#5(! .$3! :#,$3! 7.--#(5C! 1*5,-(*3! &$! .$!

*-*"(&#$! 1*%*15.-! &$! ()*!Q.5)&$'(#$!X#%*1$#1Y5! 1."*! &$! ()*!
PVVW!*-*"(&#$!ZNN[/!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!
S
)((+E\\$*<5/77"/"#/,=\P\)&\.4*1&".5\]U^V^SU/5(4!
T
)((+E\\5*.((-*(&4*5/$<5#,1"*/"#4\)(4-\-#".-$*<5\PVVPNPPUW_`<*77.--#(N

S/)(4-!
U
)((+E\\<<</<#1-3$*(3.&-8/"#4\$*<5\.1(&"-*/.5+aMFD>Hb@`>cdN_^VN!

Proceedings of the 41st Hawaii International Conference on System Sciences - 2008

5



!

!

!"#"!"!$%&'()%*%+,-

"#$%&'(!)'*+#',,!$-!.,/#0!1*1'(!*,!*#!*.2/%!$(!-$('#,/3!

4'2/.4! /,! %&*%! 1*1'(! /,! ,.,3'1%/56'! %$! ('16*3'4'#%7! 8#!

%',%/4$#9! 5'-$('! *! :$.,'! ,.5;3$44/%%''! &'*(/#0! <=>?!

@/3&*'6! A&*4$,! &/0&6/0&%'2! %&'! 5*66$%! ('16*3'4'#%! %&('*%!

<1*(*1&(*,'2?B!CD#3'!*!E$%'(!2'1$,/%,!%&'/(!5*66$%F!%&'9!&*E'!

#$!0.*(*#%''!%&*%!%&'/(!1*1'(!5*66$%!)/66!*3%.*669!5'!3$.#%'2F!

$(! %&*%! %&'/(! 1*1'(! 5*66$%! )/66! 5'! 1(','#%! 6*%'(! -$(! *#9!

('3$.#%G7!",!)'!,*/2!'*(6/'(F!1($%'3%/#0!1*1'(!('3$(2,! /,!*#!

/#&'('#%69! &.4*#! 1($3',,! %&*%! /,! ,.5H'3%! %$! &.4*#! -*/6/#0,!

*#2!%$!&.4*#!4*6/3'7!

I'!/66.,%(*%'!)/%&!*!&91$%&'%/3*6!'J*416'7!",,.4'!%&*%!

*#!'6'3%/$#!)$(+'(!)/%&!*33',,!%$!6'0*6!5*66$%,!2',/(',!%$!(/0!

*#! '6'3%/$#7! 8-! %&/,! )$(+'(! 3*#! *((*#0'! %$! 5'! /#! 3&*(0'! $-!

%(*#,1$(%/#0! 5*66$%! 3$#%*/#'(,! %$! *! 3'#%(*6! 6$3*%/$#! )&'('!

/#/%/*6!3$.#%,!*('!3$#2.3%'2! K)&/3&!,''4,! %$!5'!*!3$44$#!

'6'3%/$#,! 1(*3%/3'LF! %&'9! 4*9! $#';-$(;$#'! ('16*3'! 6'0*6!

5*66$%,!)/%&!5*66$%,!1('1*('2! -$(! %&/,!1.(1$,'7!A/#3'!5*66$%,!
3*##$%! &*E'! .#/M.'! /2'#%/-/'(,F! %&'('! )$.62! 5'! #$! )*9! %$!

,&$)!%&*%!%&'!('16*3'4'#%!5*66$%,!*('!#$%!E*6/27!

"6%'(#*%/E'69F! %&'! *%%*3+'(!4*9! 'E'#! ('16*3'! %&'! '#%/('!

5*66$%! 5$J! )/%&! *! 2/--'('#%F! 1(';1('1*('2! 5$JF! /-! 0/E'#!

,./%*56'! 16*##/#0! $11$(%.#/%97! "0*/#F! %&'('! /,! #$%&/#0!
/#&'('#%!$#!%&'!1*1'(!5*66$%,!%&'4,'6E',!%&*%!3*#!1('E'#%!$(!

2'%'3%!%&/,!%91'!$-!5*66$%!,)*17!
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Q$!,.44*(/S'F!'6'3%($#/3!E$%/#0!,9,%'4,!*('!,.5H'3%!%$!
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('1$(%'27!!

D#3'!%&'!(',.6%,!*('!('1$(%'2F!'6'3%($#/3!5*66$%,!1($E/2'!

%&'! ,%($#0',%! -(*.2! 1($%'3%/$#7! I&/6'! ,$4'! 36*/4! %&*%!
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'--'3%/E'#',,! ('M./(',! %&*%! -$('#,/3! 2*%*! 5'! 0*%&'('2!2.(/#0!
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N6'3%/$#! ".2/%! N6'3%/$#! ".2/%!

W'%*/6! ! ! ! J!
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41! /,&,'1! #*-! +1-(#&,)! 2012D>##D(E! (1-%,)%O1.! >,))#$(!
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<#-1#"1-E!'%"1&!,221((! $#! $01!/,20%&1! 3-#/!40%20! $01! )#'!
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