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&'-.+/0(; ="*(* 0.- 1* /-)*272*)*& /- ?#$2
&/??*2*-) E )"#$D" -#) *-)/2*%' &/()/-0) E
B.'(; ="*(* .2* #$)%/-*& 1*%#B .-& /%%$()2.)*&
/- @/D$2* KJ

! ="* ?/2() .00$(*( ('()*+ &'-.+/0( #? 7"/%#(#W
7"/0.% )%MN9#&#O /- .(($+/-D )".) ?$)$2* *9*-)(
0.- 1* 72#7"*(/*&;

! ="* (*0#-& .00$(*( ('()*+ &'-.+/0( #?
&*"$+.-/e/-D *>)2*+/(+ /- .(($+/-D 0#+W
7%*)* ()2$0)$2.% 0#-)2#% #? )"* &*0/(/#-( #?
"$+.- .D*-)(;

! ="* )"/2& .00$(*( ('()*+ &'-.+/0( #? (#0/.%
(0/*-)/?/0 02$&/)' /- .(($+/-D )".) )"*2* .2*
0.$(* .-& *??*0) %.B( B"/0" *>/() #$)(/&* #?
"$+.- ($1H*0)/9/)' /- . ?#2+ #? )/+*%*((
3D2.-& )"*#2'5;

! ="* ?#$2)" .-& %.() .00$(*( ('()*+ &'-.+/0(
#? 1*/-D #7*2.)/#-.%%' .$()*2* .-& 0#*20/9* /-
)".) /) /( *((*-)/.%%' . 3('()*+( *-D/-**2/-D5
.772#.0";

@#2 *.(* #? *>7#(/)/#- )"/( 7.7*2 /( ()2$0)$2*&
.2#$-& )"*(* ?#$2 /-)*272*).)/#-( #? )"* )*2+A
.%)"#$D" /) /( .0F-#B%*&D*& )".) )"* /&*.( .2*
2*%.)*& .-& (#+*B".) #9*2%.77/-D; G- *.0" 0.(*
)"* 02/)/0/(+ /( &*(02/1*& /- +#2* &*)./% .-& .
2*(7#-(* /( )"*- #??*2*&; g' )"* 0%#(* #? )"/(
7.7*2 /) B/%% ".9* 1**- .2D$*& )".) . +.H#2/)' #?
)"* 02/)/0/(+( .2* $-?#$-&*&A B"/%* )"* )*2+( #?
&*1.)* 2*D.2&/-D )"* 2*+./-/-D 02/)/0/(+( ".9*
1**- 0%.2/?/*& 0#-()2$0)/9*%';

CRSC4b:j :Rb6=GSQ8

="* ?/2() /-)*272*).)/#- #? 3".2&_&*)*2+/-/()/05 /(
)".) /) /-&/0.)*( )"* 7"/%#(#7"/0.% 7#(/)/#- )".)
3.%% )"/-D(A /-0%$&/-D B/%%A ".9* 0.$(*(5 Ug*/("#-
.-& C*)*2(A XYdXA 7; `K`V; G- )"/( 9/*B . 0%#0FB#2F
$-/9*2(* 2#%%( ?#2B.2& /- )/+* /- .- $))*2%'
+*0".-/0.% B.'A B/)" .%% 7"*-#+*-. E *9*-)(A
)"#$D")( .-& .0)/#-( E .( +*2* /-*9/).1%* 0#-W
(*I$*-0*(A 2.)/#-.%%' 72*&/0).1%* /- 72/-0/7%*;
S-* 0.- )"*- #1)./- . 372#7"*0'5A . 372*&/0)/#-
.1#$) .- *9*-) B"/0" B* 0.- &# -#)"/-D )#
72*9*-)5 UC#77*2A XY[]A 7; f`V; N".) /( )"*- 0.%%*&
?#2 /( -#) . 72#.0)/9* 2*(7#-(* 1$) . ()#/0.%
.00*7).-0* #? )"* /-*9/).1%* (/-0* )"* 2*0/7/*-) #?

($0" . 72#7"*0' 0.- #-%' 3+**) /) 72*7.2*&5
UC#77*2A XY[]A 7; f`V;
="/( &*)*2+/-/()/0 7#(/)/#- ".( . %#-D "/()#2'A

&*(02/1*& /- C#77*25( *>*D*(/( #? )"* (*&$0)/9*
.77*.% #? )"/( /&*. UC#77*2A XYf[.A XYf[1V; G) ".(
1**- .&#7)*& 1' !7/-#e.A 4$+*A c.-) U2*%$0W
).-)%'V .-& Z/%% UC#77*2A XYdKV; ,**+*& 3(# ?.2
)"* 7$2*()A )"* +#() &*9*%#7*& .-& )"* +#()
&.-D*2#$( ?#2+5 UC#77*2A XYf[1A 7; dXVA /) /(
Z.2>/() *0#-#+/0 &*)*2+/-/(+ E #2 3"/()#2/W
0/(+5 E )".) /( )"* +./- #1H*0) #? C#77*25( .)).0F
UC#77*2A XY[]V .-& /) /( 0#-(*I$*-)%' &/(7.2.W
D/-D%' 2*?*22*& )# )#&.' .( 39$%D.2 Z.2>/(+5;
4#B*9*2A &*)*2+/-/(+ +.-/?*()( /)(*%? /- 9.2/#$(
?#2+(J )*0"-#%#D/0.%A 1/#%#D/0.%A +*).7"'(/0.%A
2*%/D/#$( .-& (0/*-)/?/0P )"* %.() 1*/-D .((#0/.)*&
B/)" <.7%.0* UC#77*2A XYdKV;0

!'()*+ &'-.+/0( ".( 1**- 02/)/0/e*& ?#2 &*)*2W
+/-/(+ .( 72#7"*0'A ?#2 1*/-D .772#72/.)* #-%'
?#2 ('()*+( 3B* $($.%%' 0.--#) &# 9*2' +$0"
.1#$)P )"* (#%.2 ('()*+A ?#2 *>.+7%*5 UM.0F(#-A
XYYfA 77; KXY\KKLV; ,*(02/1/-D )"* ?/*%& *%(*W
B"*2*A M.0F(#- B2/)*(A 3l)"*m &*)*2+/-/()/0
7*2(7*0)/9* /- ".2& ('()*+( )"/-F/-D ; ; ; ).F*l(m
)"* ?$)$2* )# 1* &*)*2+/-*& 1' ?.0)#2( #$)(/&* )"*
0#-)2#% #? #2D.-/e.)/#-.% .0)#2(; G) /( )"* H#1 #? )"*
('()*+( 0#-($%).-) )# 72*&/0) )"* /-*9/).1%* ?$)$2*
.-& "*%7 +.-.D*2( 72*7.2* ?#2 /); ="$( )"*
#77#2)$-/)' )# +#1/%/e* 7*#7%* )# &*(/D- )"*/2
#B- ?$)$2* /( +/((*&5 UM.0F(#-A XYYXA 7; dLV; ="*2*
/( (#+* )*2+/-#%#D/0.% .+1/D$/)' "*2* 1$) )"*
(*-(* /( 0%*.2 E .-& $))*2%' /-0#22*0) .( /) 2*%.)*(
)# ('()*+ &'-.+/0(;
="* -#)/#- #? 72#7"*0' /( (".27%' &/()/-0) ?2#+

)".) #? 3)*0"-#%#D/0.%_(0/*-)/?/0 72*&/0)/#-5
UC#77*2A XYf[.A XYf[1A XY[]V; g.(*& #- /?_)"*-
.2D$+*-)(A 72*&/0)/#-( .2* 1#)" 0#-&/)/#-.% .-&
30#-()2$0)/9*A /-)/+.)/-D )"* ()*7( #7*- )# $( /? B*
B.-) )# .0"/*9* 0*2)./- 2*($%)(5 UC#77*2A XY[]A
7; f`V; 6( B/)" )"* 2*() #? #7*2.)/#-.% 2*(*.20" .-&
('()*+( (0/*-0*A ('()*+ &'-.+/0( "*%7( 7*#7%* )#
)"/-F .1#$) )"* %#D/0.% 0#-(*I$*-0*( #? 0*2)./-
.(($+7)/#-(; Z#&*% /-7$)( .2* -#) 72#7"*0/*( 1$)

0 <.7%.0* ".( 1**- 1.0F".-&*&%' 302*&/)*&5 B/)" 0#-9*2)/-D )"*
&#0)2/-* #? &*)*2+/-/(+ ?2#+ . 3)2$)"5 #? 2*%/D/#- )# . 3)2$)"5 #?
(0/*-0* UC#77*2A XYdKV; 4#B*9*2A )"* ($1)%* /-H$()/0* #? )"/( .))2/1$)/#-
/( B/&*%' #1(*29*& U ?#2 *>.+7%*A !#F.% .-& g2/0+#-)A XYYdV; N2/)/-D
/- XdK[A <.7%.0* B.( $(/-D )"* /+7#((/1/%/)' #? *9*2 F-#B/-D *-#$D"
%.B( .-& .-)*0*&*-) 0#-&/)/#-( .( .- .2D$+*-) ?#2 )"* 72.0)/0.%
2*H*0)/#- #? &*)*2+/-/(+ /- ?.9#$2 #? 72#1.1/%/()/0 .772#.0"*(;
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72*&/0)/#-( .-& )"*' .2* 0#-&/)/#-.% #- )"* .(($+W
7)/#-(; ="* 7#/-) #? .- /-)*29*-)/#- /( )# ./& /- )"*
02*.)/#- #? -*B .(($+7)/#-(A )".) /(A D$/&/-D
7#%/0/*(; ="/( 7#(/)/#- /( 0%*.2 ?2#+ )"* *.2%/*()
B2/)/-D( #? )"* ?/*%& U@#22*()*2A XY^XV .-& *9*-
@#22*()*25( +#() *>)2*+* 2*+.2F( .&+/) )# )"*
%/+/)( #? +#&*%( .-& )"*2*?#2* /-&/0.)* )"*
2*H*0)/#- #? . &*)*2+/-/()/0 .(7/2.)/#- U@#22*()*2A
XYdLV;
6%%W#$) &*)*2+/-/(+ .( 72#7"*0' /( (*%&#+

.&9.-0*& (*2/#$(%' )#&.'A ".9/-D 1**- 0#+72*W
"*-(/9*%' )2#$-0*& .( . 7"/%#(#7"/0.% 7#(/)/#- 1'
C#77*2; G)( +#() ?2*I$*-) $(* /( .( . 3()2.B +.-5
.D./-() B"/0" .- /+72#9*& +*)"#& #? 72*&/0)/#-
.-& 0"#/0* #? 72*7.2.)/#- +.' 1* .&9.-).W
D*#$(%' 0#-)2.()*& U(** :"$20"+.-A XY]LA .-&
60F#??A XYdXA ?#2 *>.+7%*(V; ="/( +.' 1* )"*
7$27#(* #? M.0F(#-5( .1#9* 2*+.2F( 1$) )"* 2*($%)
/( . &.-D*2#$( .00$(.)/#- #? 7"/%#(#7"/0.% -.no9*)*p
#- )"* 7.2) #? ('()*+ &'-.+/0(; ="* /-)*272*)W
.)/#- #? &*)*2+/-/(+ &/(0$((*& "*2* /( 31.(*&
$7#- . B#2%&9/*B B"/0" &#*( -#) *>/() .-'
+#2*5 U9#- g*2).%.-??'A XY^KA 7; ][V; =# 1* 0%*.2J
)"/( 7#(/)/#- ".( -*9*2 1**- .&#7)*& 1' @#22*()*2
#2 .-' #)"*2 ('()*+ &'-.+/0/(); 6( .- *>)2*+*
/%%$()2.)/#-A 0#-(/&*2 )"* B#2F #- D%#1.% +#&*%W
%/-D U@#22*()*2A XY]X1P Z*.&#B( #& %*;A XY]KA XYYKV;
C$))/-D .(/&* )"* +$%)/7%* (0*-.2/#( )".) .2* 72*W
(*-)*&A /? )"* +#2* B#22'/-D (/+$%.)/#-( /- )"*(*
1##F( .2* /-&**& &*)*2+/-*& ?$)$2*( )"*- ('()*+
&'-.+/0/()( .2* )2$%' 0.() /- )"* 2#%* #? :.((.-W
&2.P .%% )".) /( 1*/-D #??*2*& /( )"* 72#7"*0' #?
0*2)./- &/(.()*2A )"* 0#$-0/% #? &*(7./2; ="/( /( -#)
.-& ".( -*9*2 1**- )"* ).(F #? )"* D%#1.% +#&*%W
%/-D B#2FA #2 .-' #)"*2 ?#2+ #? ('()*+ &'-.+/0(
72.0)/0*; ="* 7#(/)/#- #? )"* ?/*%& .0)$.%%' ?/)(
9*2' B*%% B/)" C#77*25( 0#-0%$(/#-( #- )"/(
($1H*0)J 3#$2 $-/9*2(* /( 7.2)%' 0.$(.%A 7.2)%'
72#1.1/%/()/0A .-& 7.2)%' #7*- l ! (".7*.1%* 1'
"$+.- B/%%m5 UC#77*2A XYdKA 7; X`LV;

4TZ6Q 6qbQ:j !TgMb:= =S :SZC<b=b
!=RT:=TR6< :SQ=RS<8

6 (*0#-& /-)*272*).)/#- #? )"* 3".2&_
&*)*2+/-/()/05 02/)/0/(+ 0#-0*2-( )"* ().-& ).F*-
1' )"* ?/*%& #- )"* 2*%.)/#-("/7 1*)B**- "$+.-(
.-& )"*/2 *-9/2#-+*-); !'()*+ &'-.+/0( /( (./&

)# ).F* )"* 9/*B )".) 7*#7%* 2*(7#-& /- .
+*0".-/()/0 B.' )# (#0/.% ()2$0)$2*; G- #)"*2
B#2&(A ('()*+ ()2$0)$2* 0#+7%*)*%' 0#-)2#%( )"*
&*0/(/#-( #? "$+.- .D*-)(; ="/( 9/*B 2*%*D.)*(
"$+.-( )# +*2* 0#D( /- . +.0"/-*A 7.((/9*
2*(7#-&*-)( B"# ".9* -# .$)#-#+'; 6%)"#$D" /)
+.' .77*.2 .- *>)2*+*%' &*"$+.-/e/-D ().-0* /)
-*9*2)"*%*(( $-&*2%/*( )"* 31*".9/#$2/()5 B#2F #?
g; @; !F/--*2 U(** g$22*%% .-& Z#2D.-A XY]YA ?#2
.- /-)2#&$0)#2' &/(0$((/#- #? )"* &*)*2+/-/()/0
9*2($( 9#%$-).2/()/0 9/*B( #? "$+.- -.)$2*A .(
2*72*(*-)*& /- (#0/#%#D/0.% )"*#2'V;
="/( 7#(/)/#- /( 1*() 9/*B*& .( .- *>)2*+*

7#/-) #- . (0.%* B"/0" +/D") 1* %.1*%%*& 3*>)*-)
#? "$+.- .$)#-#+'5; ,*)*2+/-/(+ U/- )"/(
(*-(*V /( )"*- )"* e*2# 7#/-) #? )"* (0.%*; 6) )"*
#)"*2 *-& B#$%& 1* )"* 0#+7%*)* ?2**WB/%% 9/*B
)".) 3/-&/9/&$.% &*0/(/#- +.F/-D /( $-.??*0)*& 1'
0#-)*>) .-& 0#-(*I$*-0*( #? )"* ('()*+ /- B"/0"
/) ).F*( 7%.0*5 Ug#B*-A XYYfA 7; ddV;
M.0F(#- 1*%/*9*( )".) ('()*+ &'-.+/0( ).F*( .

".2& ('()*+( 7*2(7*0)/9* B"/0" 37$)( )"* ('()*+
1*?#2* 7*#7%* .-& )"*/2 7*20*7)/#-( l.-&m
*>)*-&( )# )"* .1/%/)' #? "$+.-( )# /-)*29*-* /-
)"*/2 #B- &*()/-'5 UM.0F(#-A XYYXA 7; dLV; 4* .%(#
2*+.2F( )".) 3)"*2* /( .- .77.2*-) 0#-)2.&/0)/#-
1*)B**- &*)*2+/-/()/0 /&*.( #? ('()*+( D#9*2-*&
/- 7.2)/0$%.2 B.'( .-& 9#%$-).2/()/0 /&*.( #? #$2
.1/%/)' )# &# (#+*)"/-D .1#$) ('()*+(5 UM.0F(#-A
XYYfA 7; KKLV; 6D./-A )"*2* /( (#+* $-0*2)./-)'
.1#$) )"* *>.0) +*.-/-D #? )"*(* 7.((.D*( 1$) .)
%*.() 7.2) #? )"* 02/)/0/(+( /( )".) ('()*+
&'-.+/0( /( ".2&_&*)*2+/-/()/0 /- )"/( (*-(* #?
2*+#9/-D .$)#-#+' ?2#+ "$+.-( .-& %##F/-D
*-)/2*%' )# )"* (#0/.% ('()*+ ?#2 1*".9/#$2.%
*>7%.-.)/#-(;

;&%<43= >%&&"(-"&9( ?4"$(

,#*( ('()*+ &'-.+/0( .&#7) )"/( &*)*2+/-/()/0
().-0*8 @#22*()*2 B2/)*( )".) 3&*0/(/#-( .2* -#)
*-)/2*%' 33?2** B/%%55 1$) .2* ()2#-D%' 0#-&/)/#-*&
1' )"* *-9/2#-+*-)5 U@#22*()*2A XY^XA 7; X]V .-& "*
2*?*2( )# 3+.- .( . 0.7)/9* #? "/( ('()*+(5
U@#22*()*2A XYdLV; 6 2*.(#-.1%* 0#-0%$(/#- /( )".)
@#22*()*2 /( (/+7%' #??*2/-D . 9*2(/#- #? !F/--*25(
1*".9/#$2/(+; 4#B*9*2A . 0.2*?$% %##F .) )"*
%/)*2.)$2* ("#B( )".) @#22*()*25( 9/*B( .2* -#) .(
&*)*2+/-/()/0 .( )"*' +/D") .77*.2; N/)" (#+*
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7.)/*-) &*%9/-D . +#2* ($1)%* .2D$+*-) .77*.2(;
G- &/(0$((/-D )"* 7#%/0/*( 2*72*(*-)*& /- . ('()*+
&'-.+/0( +#&*% "* (.'( )".) 37*#7%*5( 2*.0)/#-(
.2* . 0#-(*I$*-0* #? )"* 0".-D*( #? )"* ('()*+
B/)"/- B"/0" )"*' .2* *+1*&&*& ; ; ; 2*%*D.)/-D ; ; ;
7*#7%* )# 1*/-D 0#D( /- . (#0/.% +.0"/-* /(
&/().()*?$% )# +.-'; :2/)/0( #? l('()*+ &'-.+/0(m
+#&*%( %.+*-) )"/( %.0F #? 2*0#D-/)/#- #? ?2** B/%%A
*9*- )"#$D" )"* +*0".-/()/0 -.)$2* #? . +#&*% /(
+/)/D.)*& (#+*B".) B"*- 2.-&#+-*(( /( /-)2#W
&$0*& /-)# &*0/(/#- ()2*.+(5 U@#22*()*2A XY^XA
7; X^\X]V; :2$0/.%%'A "* )"*- #??*2( .- *>)*-&*&
I$#).)/#- B"/0" ($77#2)( )"* -#)/#- )".) )"*
*-9/2#-+*-) )".) 0#-)2#%( "$+.- &*0/(/#- +.FW
/-D /( '&,#*5 +.&* 1' "$+.- &*0/(/#-(; ="*
0#$-)*2W.2D$+*-) /( )"*2*?#2* )B#?#%&J )".)
"$+.- &*0/(/#-( .2* #-%' 7.2)%' &*)*2+/-*& 1'
('()*+ ()2$0)$2* .-& )".) (/-0* )"* 7$27#(* #?
+#&*%%/-D /( )# +.F* ($0" /-?%$*-0*( *>7%/0/)A )"*
('()*+ +.' 1* 2*02.?)*& .&9.-).D*#$(%';

@ :A,&4/45,-4%3 /&%1 B%$"3

="*(* /(($*( ".9* 1**- .&&2*((*& B/)" 0.2* .-&
($1)%*)' 1' g#B*- UXYYfV .-& (# #-%' . 12/*?
.00#$-) #? )"* 7#(/)/#- -**& 1* D/9*- "*2*;
g#B*- 2*H*0)( )"* -#)/#- )".) ('()*+ &'-.+/0( /(
*/)"*2 &*)*2+/-/()/0 #2 ?#$-&*& #- 3)"* /%%$(/#- #?
)"* .$)#-#+#$( /-&/9/&$.%5 Ug#B*-A XYYfA 7; ddA
*0"#/-D !F/--*2V; G-()*.&A )"* %/)*2.)$2* /-&/0.)*(
)".) ('()*+ ()2$0)$2* /( .(($+*& )# 3D*-*2.%%'
D#9*2- #$)0#+*( #? .0)/#- .-& )# 72#9/&*
7#B*2?$% /-0*-)/9*( )# 1*".9* /- . 0*2)./-
+.--*2 ; ; ; l(# )".)m /-&/9/&$.%( ()/%% 2*)./- )"*
.$)#-#+' )# &*0/&* )# .0) .( )"*' (# 0"##(*5
Ug#B*-A XYYfA7; dYV; G- g#B*-5( 9/*BA ('()*+
&'-.+/0( )"*2*?#2* .&#7)( . 7.2)/.% 9/*B #? )"*
()2$0)$2.% 0#-)2#% #? "$+.- .D*-0'A . +/&W7#/-)
#- )"* (0.%* #? "$+.- .$)#-#+'; g#B*- .2D$*(
)".) /) /( &/()/-0) ?2#+ )"* /&*.( #? !F/--*2
1*0.$(*A .%)"#$D" &*+#-()2.)/-D *>7*2/+*-).%%'
)".) /-&/9/&$.% &*0/(/#-( .2* ()2#-D%' .??*0)*& 1'
('()*+ ()2$0)$2*A 1' $(/-D ('()*+ &'-.+/0(
3/-&/9/&$.%( 0.- &*(/D- .-& .??*0) )"* 2*&*(/D-
#? )"* (#0/.% .-& +.-.D*2/.% ('()*+( )".) /+7#(*
#- )"*+ ; ; ; l)"*2*?#2*m /-&/9/&$.%( ; ; ; 2*)./- E .)
%*.() /- 7.2) E )"* .1/%/)' )# +.F* .$)#-#+#$(
&*0/(/#-( )".) 0.- 7%.' . 2#%* /- &*)*2+/-/-D )"*/2
#B- ?.)*(5 Ug#B*-A XYYfA 77; d]\ddV;

g#B*- UXYYfV #1(*29*( )".) )"/( 7.2)/.% 9/*B #?
"$+.- .$)#-#+' /( 0#-(/()*-) B/)" 0$22*-)
+./-()2*.+ )"/-F/-D /- 7('0"#%#D' .-& #2D.-W
/e.)/#-.% 1*".9/#$2; G-&**&A )"* 9/*B )".) "*
#??*2( /( I$/)* . )2.&/)/#-.% #-*J 3!#0/#%#D' ; ; ;
-**&( )# *+12.0* ?2** B/%% -# +#2* )".- &*)*2W
+/-/(+5 U,$2F"*/+A XdY[A 7; XfXV; !'()*+
&'-.+/0( 0#$%& 1* (**- )# (/) B*%% B/)" )"/(
)2.&/)/#-; g$) )"*2* /( .- .%)*2-.)/9*;

C"/&,143= -*" D."(-4%3

g#B*-5( 0.2*?$% .-.%'(/( /( $(*?$%; 4#B*9*2A "/(
7%.0*+*-) #? ('()*+ &'-.+/0( .) . 1%$22*& +/&W
7#/-) #? )"* 3*>)*-) #? "$+.- .$)#-#+'5 (0.%*
+/D") 1* 2*.& .( . (#+*B".) $-(.)/(?.0)#2' 0#-W
0%$(/#-; ="* (/)$.)/#- 0.- 1* 0%.2/?/*& 1' 2*?2.+W
/-D )"* I$*()/#-; ="/( /( &#-* 1' g%##+?/*%&
UXYdKV; 4* ?/2() 0#-?/2+( )"* -#-W&*)*2+/-/(+ #?
('()*+ &'-.+/0( 1' ().)/-D )".) )"* ?/*%& &#*(
-#) 0#-0*7)$.%/e* )"* 3/&*. #? (*%?5 .( . 7.((/9*A
$-&/??*2*-)/.)*& *%*+*-) /- . ()2$0)$2*& *-9/2#-W
+*-)5; 4* )"*- D#*( #- )# &*(02/1* "#B ('()*+
&'-.+/0( .(($+*( )".) 3+*- ".9* . &*D2** #?
.$)#-#+'A )"*' .2* .0)/9* .D*-)(; Z*- ".9*
02*.)*& )"* (#0/#W*0#-#+/0 ('()*+A )"*' .2* -#)
)"* 9/0)/+( #? ?#20*( ?2#+ B/)"#$)P 1$) 2.)"*2
)"*' .2* )"* 9/0)/+( #? )"*/2 #B- 7#%/0/*(5
Ug%##+?/*%&A XYdKA 7; YV;
="/( .00#$-) /-&/0.)*( )".) -*/)"*2 )"* &*)*2W

+/-/()/0 -#2 )"* ?2**WB/%% *>)2*+*( *>72*(( )"*
7#(/)/#- #? ('()*+ &'-.+/0(; ="*2* /( (#+*)"/-D
%/F* . ?**&1.0F 72#0*(( .) B#2F )".) %/-F( 0".-D*(
/- )"* ('()*+ ()2$0)$2* )# )"* ?.0)#2( /-?%$*-0/-D
)"* &*0/(/#-( #? "$+.- .D*-); C*2".7( (#+*
&/??*2*-) B.' /( -**&*& /? )"* ().-0* #? )"* ?/*%& /(
)# 1* *>72*((*&8 !$0" . B.' +.' 1* ?#$-& /-
0#-)*+7#2.2' (#0/.% )"*#2'; @#2 *>.+7%*P 3"$+.-
.D*-0' /( 1#$-&*&; 4$+.- 1*/-D( 72#&$0*
(#0/*)'A 1$) )"*' &# (# .( "/()#2/0.%%' %#0.)*&
.0)#2(A .-& -#) $-&*2 0#-&/)/#-( #? )"*/2 #B-
0"##(/-D5 Uq/&&*-(A XY]^A 77; X^d\X^YV; G) /( ?#2
)"/( 2*.(#- )".) )"* I$*()/#- *>7%#2*& /- )"/(
(*0)/#- ".( 1**- 2*?2.+*& )# ($DD*() )".) ('()*+
&'-.+/0( ?/)( B*%% B/)" (#0/.% )"*#2/*( B"/0"
/-)*D2.)* .D*-0' .-& ()2$0)$2* 1' D/9/-D .-
.00#$-) #? )"* 72#0*((*( B"/0" +$)$.%%' (".7*
)"*+ 1#)" U<.-*A XYYY.A XYYY0V;

RESEARCH PAPER Syst. Res.

Copyright !c 2000 John Wiley & Sons, Ltd. Syst. Res. 17, 3–22 (2000)

10 David C. Lane



;%(4-4%3 :A,&4/4"'

N"/0"*9*2 #? )"* )B# 0#-0%$(/#-( &*(02/1*&
.1#9* /( (**- )# 1* 0#22*0)A /) /( 0%*.2 )".) ('()*+
&'-.+/0( /( -#) &*)*2+/-/()/0 /- )"* 3*>)*-) #?
"$+.- .$)#-#+'5 (*-(* &*(02/1*& /- )"/(
(*0)/#-; ="* ?.0) )".) )"* ?/*%& ".( 1**- (**- .(
).F/-D . +#2* *>)2*+* 9/*B 0*2)./-%' ".( (#+*W
)"/-D )# &# B/)" )"* 2"*)#2/0.% )#-* #? (#+* #?
)"* %/)*2.)$2* .-& )"* %.0F #? . 0%*.2*2 )"*#2*)/0
().)*+*-); S- )"/( 7#/-) /) 0#$%& )"*2*?#2* 1*
.2D$*& )".) (#+* #? )"* 0#-?$(/#- /( #? )"* ?/*%&5(
#B- +.F/-D UZ; q; g#B*-A 7*2(#-.% 0#++$-/W
0.)/#-A XYYfV; 4#B*9*2A ($0" 0#-?$(/#- ()/%% ".(
+#2* )# &# B/)" )"* %/+/)*& F-#B%*&D* #? (#+*
0#++*-).)#2( )".- B/)" )"* .0)$.% .(($+7)/#-(
#? )"* ?/*%&;

=GZb<b!! qR6Q, =4bSRj8

="* B#2& 3&*)*2+/-/(+5 /( .%(# $(*& )# &*(02/1*
)"* 7#(/)/#- )".) 0.$(* .-& *??*0) .2* 2*%.)*& 1'
%.B( B"/0" *>/() #$)(/&* #? "$+.- ($1H*0)/9/)'
.-& B"/0" )#D*)"*2 ?#2+ . )/+*%*(( D2.-& )"*#2'
UZ#22#B .-& g2#B-A XYYfV; R*%*9.-) /- )"/(
0#-)*>) /( )"* 372/-0/7%* #? &*)*2+/-/(+5A )".)
3="* (.+* 0.$(*( B/%% .%B.'( 72#&$0* )"* (.+*
*??*0)5 UZ.>B*%%A Xd]^V .-& )".) )"/( /( (# 1*0.$(*
)"* %.B( $-&*2%'/-D )"* 72/-0/7%* &*(02/1* )"*
#7*2.)/#- #? /-9.2/.-) 2*%.)/#-(; ="/( )"*2*?#2*
0#-()/)$)*( )"* )"/2& 9*2(/#- #? )"* 3".2&_
&*)*2+/-/()/05 02/)/0/(+;
="* 7$2($/) #? D2.-& )"*#2' 9/. 0.$(.% %.B( /(

1.(*& #- )"* 4$+*.- )2.&/)/#- )".) (0/*-0*
/+7%/*( *>7%.-.)/#- .-& )".) *>7%.-.)/#- /-9#%9*(
2*%.)/-D 7"*-#+*-. )# 1* *>7%./-*& )# #)"*2
7"*-#+*-. 9/. ($0" 0.$(.% %.B( U@2.-F?#2)W
Q.0"+/.( .-& Q.0"+/.(A XYYKV; ="* 9.%$* #?
)"* .772#.0" /( )".) . (*) #? .-)*0*&*-) 0#-&/)/#-(
+.' 1* 0#+1/-*& B/)" 2*%*9.-) %.B( )# +.F* .
72*&/0)/#- .1#$) .- *9*-) U@2.-?#2)WQ.0"+/.(
.-& Q.0"+/.(A XYYKV; b9*- /- -.)$2.% (0/*-0*
)"* %#D/0.% ().)$( #? D2.-& )"*#2' /( -#) . 0%#(*&
/(($*A (/-0* )"* *>.0) ?#2+$%.)/#- #? 0.$(.% %.B( /(
0#+7%*> .-& )"* 7"/%#(#7"/0.% B*.F-*((*( /- )"*
&/??*2*-) ?#2+$%.)/#-( #? 0.$(.%/)' B#$%& .77%' )#
.-' ?/*%& (**F/-D )# *+7%#' )"* 0#-0*7) UR'.-A

XY]LV;& 4#B*9*2A . 7#/-) +.&* 9*2' 0%*.2%' 1'
C#77*2 /( )".) &*)*2+/-/(+ 9/. )"* 72/-0/7%* #?
0.$(.%/)' /( I$/)* &/??*2*-) ?2#+ &*)*2+/-/(+ .(
72#7"*0'A )"* ?#2+*2 1*/-D .%/9* .-& "*.%)"' .( .
0*-)2.% 0#-0*7) /- -.)$2.% (0/*-0* UC#77*2A XYdKV;
="/( )"/2& ?#2+ #? )"* ".2&_&*)*2+/-/()/0

02/)/0/(+ /( )"*2*?#2* )".) ('()*+ &'-.+/0( 7#(/)(
. )/+*%*(( D2.-& )"*#2' .1#$) )"* *>/()*-0* #?
#1H*0)/9* 0.$(.% %.B( /- (#0/.% ('()*+(; G) ".(
1**- .((*2)*& )".) .- .(($+7)/#- #? )"* ?/*%& /(
)".) 3B*%%W&*?/-*& %.B( D#9*2- 1*".9/#$25 U@%##&
.-& M.0F(#-A XYYXA 7; ``V .-& )".) 3@#22*()*2 ).%F(
.1#$) ?$-&.+*-).% %.B( #? -.)$2* .-& )"* (#0/.%
(0/*-0*(5 Ug%##+?/*%&A XYdKA 7; X`V;
!'()*+ &'-.+/0( ".( . 2.-D* #? 3)"*#2/*(5

B"/0" .77*.2 ".2&_&*)*2+/-/()/0 /- )"/( (*-(*;
@#2 *>.+7%*A +#&*%( .2* (./& )# 1* 0.$(.% )"*#2/*(
.-& @#22*()*2 B2/)*( #? . 3D*-*2.% ('()*+( )"*#2'5
U@#22*()*2A XY^d.A 7; X`[V .-& %.'( #$) 7$')-'"*#, (5
4:,&#0, U@#22*()*2A XY^d1V; ="*2* /( .%(# )"*
D2.-&/#(* 0%./+ )".) $-&*2%'/-D +#&*%( .2* 3.
(*) #? 72/-0/7%*( ; ; ; /-0#+7%*)* .( )"*' +.' 1*A
)".) G 1*%/*9* &# 2*72*(*-) )"* .0)$.% -.)$2* #?
7"'(/0.% .-& (#0/.% 2*.%/)'5 U@#22*()*2A XYYfA
7; K[LV; </F* 6("1'5( 3%.B #? 2*I$/(/)* 9.2/*)'5
U6("1'A XY[^V .-& g**25( %.B( #- )"* 9/.1/%/)' #?
('()*+( Ug**2A XY]YA XYdXVA /) B#$%& /-&**&
.77*.2 )".) )"* )"*#2/*( #? ('()*+ &'-.+/0(
72#7#(* $-/9*2(.% %.B(;* ="/( /(($* /( 1#)"
0#+7%*> .-& 72#?#$-&; :#-(/&*2/-D )"* &**7
7"/%#(#7"/0.% /(($*( )".) /) 2./(*( /) B#$%& 1*
7*2/%#$( )# ./+ )# .-(B*2 /) &*?/-/)/9*%' "*2*;
G-()*.&A )"* ?#%%#B/-D /( .- .))*+7) )# 1*D/- )"*
72#0*(( #? 0%.2/?'/-D )"* 0%./+( )".) ('()*+
&'-.+/0( +.F*( /- )"* 0#-)*>) #? (#0/.% )"*#2*)/0
&/(7$)*( #9*2 )"*(* /(($*( .-& "*-0* )# .&9.-0*
)"* &*1.)* #- )"* -.)$2* .-& 7%.$(/1/%/)' #? )"#(*
0%./+(; ="* &/(0$((/#- &*.%( B/)" )B# /(($*(J )"*
2.-D* #? )"*#2/*( )".) .2* 72#7#(*& .-& )"*
)2*.)+*-) #? 0.$(.%/)';

)*" +,-.&" %/ -*" 7)*"%&4"(9 43 E("

S-* 9/*B #- D2.-& )"*#2' /( )".) 3%.B( /- -.)$2.%
.-& (#0/.% (0/*-0* .2* %#D/0.%%' /&*-)/0.%5 Uq/&W
& !**A ?#2 *>.+7%*A )"* 2*(7*0)/9* ().)*+*-)( .-& 02/)/I$*( #? 0.$(.%/)'
&*?/-*& .(J 4$+*.-A &*&$0)/9*W+#-#%#D/0.%A *((*-)/.%/()A +.-/7$%W
.1/%/)'A 0#$-)*2?.0)$.% .-& 72#1.1/%/()/0 /- </-0#%- .-& q$1. UXYd[A
77; X``\XfLV;
* ="* .$)"#2 /( D2.)*?$% )# R#1*2) @%##& ?#2 )"/( 0#+7.2/(#-;
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&*-(A XYdKA 7; X[V .-&A .( . 2*($%)A 7#(/)/9/()( /-
(#0/.% (0/*-0* 3.))*+7) )# ?2.+* )"*/2 0.$(.%
*>7%.-.)/#-( /- )*2+( #? $-/9*2(.% ().)*+*-)(
; ; ; $-/9*2(.% 72#7#(/)/#-(5 U,*-e/-A XY]dA 7; X`LV;
="/( )"/-F/-D $-&*2%/*( )2.&/)/#-.% ()2$0)$2.%
?$-0)/#-.%/(+ .-& (#0/.% ('()*+( )"*#2'A )"*(*
.772#.0"*( 3".9l/-Dm 1**- +#)/9.)*& 1' )"*
1*%/*? )".) )"*2* /( . (/-D%* )"*#2' #2 .) %*.() .
(*) #? 0#-0*7)$.% 0.)*D#2/*( )".) 0#$%& 1* $(*& ; ; ;
)# .-.%'e* .%% (#0/*)/*( )"2#$D"#$) "/()#2'5
UR/)e*2A XYY^A 7; K[]V; 62/(/-D ?2#+ )"* B#2F #?
!7*-0*2 .-& C.2(#-(A )"/( .772#.0" B.( &#+/W
-.-) /- XY[L( .-& XY^L( (#0/#%#D' E )"* )/+*
B"*- ('()*+ &'-.+/0( B.( 1*/-D 02.?)*&; ="*2*
".9* (/-0* *+*2D*& +.H#2 02/)/0/(+( #? )"/(
.772#.0"A /-0%$&/-D .)).0F( #- /)( /--.)* 0#-W
(*29.)/(+ .-& /)( 02$&* $-&*2().-&/-D #? )"*
0#-)2/1$)/#- #? "$+.- .D*-0' U(** :2./1A XYYKP
R/)e*2A XYY^V; 4#B*9*2A )"* &/(?.9#$2 .-& &*0%/-*
#? )"* .772#.0" .2* .%(# 7.2)/.%%' &$* )# )"*
B"#%*(.%* 2*H*0)/#- #? D2.-& )"*#2' UZ/%%(A XY[YV;
=#&.'A 3Z.-' 02/)/0( 2*D.2& ; ; ; D2.-& )"*#2' .(
.- /%%$(/#-A 1*%/*9/-D )".) )"* 1*() (#0/#%#D' 0.-
"#7* ?#2 /( +#2* "/()#2/0.%%' (7*0/?/0A 33+/&&%*
2.-D*55 ; ; ; )"*#2/*(5 UR/)e*2A XYY^A 7; K[dV;
!'()*+ &'-.+/0( #??*2( 3)"*#2/*(5 .) ?#$2

&/??*2*-) %*9*%(; 6) )"* "/D"*() %*9*% /( )"* 0%./+
)".) )"* )/+* *9#%$)/#-.2' 1*".9/#$2 #? (#0/.%
('()*+( /( *>7%./-.1%* /- )*2+( #? ?**&1.0F %##7(
.-& ().)* 9.2/.1%*(; ="/( 9*2' 02$&* ().)*+*-)
B#$%& -**& )# 1* *%.1#2.)*& )# *().1%/(" )"*
7%.$(/1/%/)' #? )"* 0%./+ 1$) B".) /( /+7#2).-) /(
)"* -.)$2* #? )"/( 0%./+;? ="/( /( -#) . D2.-&
0#-)*-) )"*#2'; ="*2* .2* -# (7*0/?/0 9.2/.1%*( #2
0#-0*7)$.% 0.)*D#2/*(; @#2 *>.+7%*A /) /( -#)
($DD*()*& )".) 3(#0/.%/e.)/#-5 .-& 30%.(( ()2.)/?/0.W
)/#-5 .2* +*.-/-D?$% 0#-0*7)( B"/0" .2* -*0*((W

.2' )# *>7%./- )"* *9#%$)/#- #? .%% (#0/*)/*( U"%-#
C.2(#-(V; G- 0#-)2.()A )"/( D2.-& 0%./+ #? ('()*+
&'-.+/0( /( . ()2$0)$2.% )"*#2' E /) +.F*( .
D2.-& +*)"#&#%#D/0.% 0%./+ .1#$) "#B 0*2)./-
)'7*( #? 7"*-#+*-. +/D") 1* *>7%./-*&;
Z#9/-D &#B- )# )"* -*>) )"*#2'A B* ?/-& )"*

72/-0/7%* #? "#B )"* 0#-0*7)( #? ?**&1.0F %##7
.-& ().)* 9.2/.1%*( ("#$%& 1* $(*& )# 0#-()2$0)
+#&*%( U@#22*()*2A XY^d1V; ="/( /( -#) . D2.-&
)"*#2'; ="/( /( . 2*72*(*-).)/#- )"*#2'A #2 (0"*+*A
72#7#(/-D . B.' #? /+7%*+*-)/-D )"* .1#9*
D2.-& +*)"#&#%#D/0.% )"*#2';
6 +#2* (7*0/?/0 )"*#2' /( )".)A $-.((/()*&A

"$+.-( 0.--#) /-?*2 )"* 1*".9/#$2 #? ('()*+(
2*72*(*-)*& /- )"* .1#9* ?.("/#- /- . B.' B"/0"
/( %#D/0.%%' 0#-(/()*-)P 0#+7$)*2( .2* -**&*& )#
&*&$0* )"* 1*".9/#$2; ="/( /( .- *+7/2/0.% 0%./+;
6( ($0" /) /( B*%% ($77#2)*& 1' &.). U!)*2+.-A
XYYfV; Z#&*%( )"*2*?#2* .%%#B )"* .77%/0.)/#- #?
%#D/0 )# 2*9*.% *((*-)/.%%' ).$)#%#D/0.% 1$)A /-
72.0)/0.% )*2+(A "/&&*- 2*($%)( U!/+#-A XY^YV;
@/-.%%'A B* 0#+* )# )"* /&*. )".) *.0"+#&*% /( .

)"*#2'; ="*(* .2* 0%*.2%' +/-#2 0#-)*-) )"*#2/*(A
.%1*/) 9.%$.1%* #-*(; 6 +#&*% /( . 0#-0.)*-.)/#-
#? 0.$(.% %.B( #??*2/-D . 7%.$(/1%* 2*72*(*-).)/#-
.-& "*-0* *>7%.-.)/#- ?#2 . 1*".9/#$2 +#&*;
=.F/-D )"*(* &/??*2*-) 3)"*#2/*(5 #-* 1' #-*

.-& 12/*?%' 0%.2/?'/-D )"*/2 ().)$( +.F*( /) 0%*.2
)".) -#-* #? )"*+ 72#7#(* .- /-9.2/.-) 0.$(.%
%.B .-& )".) )"*2*?#2* )"*2* /( -# 02$&* D2.-&
U0#-)*-)V )"*#2'; ="* #-%' $-/9*2(.% %.B_)"*#2'
#- #??*2 /( . D2.-& +*)"#&#%#D/0.%A #2 ()2$0)$2.%
)"*#2'A .((#0/.)*& B/)" . 2*72*(*-).)/#- (0"*+*;
!'()*+ &'-.+/0( #??*2( . -*B ()2$0)$2* ?#2
)"/-F/-D .1#$) 0.$(.%/)' 1$) /) &#*( -#) (7*0/?'
)"* 0#-)*-) #? )".) ()2$0)$2*; G- )*2+( #? @/D$2* KA
)"* 3%.B(5 .2* ()2$0)$2.%A #2 2*72*(*-).)/#-.% E
)"*' ".9* -# (7*0/?/0 0#-)*-); ="/( 7#(/)/#- 0.-
()/%% 1* 02/)/0/e*& 1$) /) &#*( -#) .))2.0) )"* ".2&_
&*)*2+/-/()/0W2*%.)*& 02/)/0/(+( .)).0"*& )# D2.-&
)"*#2' /- )"* (*-(* #? C.2(#-( .-& Z/%%(;

)*" F'", %/ :,.(,A4-#

Z#9/-D &#B- ?2#+ )"* D2.-& %*9*% )# )".) #?
/-&/9/&$.% +#&*%( 2./(*( )"* I$*()/#- #? B"*)"*2
)"* 0.$(.% %/-F( /- ('()*+ &'-.+/0( +#&*%( .2* .-
.&*I$.)* )##% ?#2 )2*.)/-D "$+.- 1*".9/#$2;
g*"/-& )"* 02/)/0/(+( ?2#+ @%##& .-& M.0F(#-

?6 +#2* *%.1#2.)* ().)*+*-) #? )"* 0%./+( #? ('()*+ &'-.+/0( B#$%&
1*J 3!#0/.% ('()*+( ?2*I$*-)%' 1*".9* /- B.'( B"/0" .2* 0#$-)*2 )# )"*
/-)$/)/#- #? .0)#2( /+7%*+*-)/-D 7#%/0/*( ./+*& .) /-?%$*-0/-D )"*/2
1*".9/#$2; g*0.$(* .0)#2( B"# .2* 7.2) #? (#0/.% ('()*+( 0#%%*0)
/-?#2+.)/#- .1#$) )"*/2 *-9/2#-+*-) .-&A /- %/D") #? )".) /-?#2+.)/#-A
).F* .0)/#- )# /-?%$*-0* .(7*0)( #? )"* ().)* #? )"* ('()*+A )"* .DD2*D.)*
1*".9/#$2 #9*2 )/+* #? ($0" ('()*+( 0.- $(*?$%%' 1* *>7%./-*& $(/-D
)"* 0#-0*7)( #? ?**&1.0F %##7( .-& ()#0F(; ="* ?**&1.0F %##7( .2* .
7%.$(/1%* 2*72*(*-).)/#- #? )"* 0#%%*0)_/-?%$*-0*_0#%%*0) 0'0%* #?
.0)/9/)/*( .-& )"* ()#0F( .2* . 7%.$(/1%* 2*72*(*-).)/#- #? )"* ('()*+
().)* 9.2/.1%*(; Z#&*%( 1.(*& #- )"*(* 0#-0*7)( #??*2 . 2*72*(*-).)/#-
#? 0.$(.% %/-F( 1*)B**- 9.2/.1%*( .-& (# .%%#B )"* 2/D#2#$( &*&$0)/#-
#? )"* 0#-(*I$*-0*( #? )"#(* %/-F(; !$0" +#&*%( .2* )"*2*?#2* )"*#2/*(
#? )"* ()2$0)$2.% (#$20* #? 7.2)/0$%.2 .DD2*D.)* 1*".9/#$2( .-& 0.- 1*
$(*& )# +.F* &*&$0)/#-( .1#$) )"* +#&* #? 1*".9/#$2 )".) B/%% ?%#B
?2#+ /+7%*+*-)/-D . D/9*- /-?%$*-0/-D 7#%/0';5
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I$#)*& *.2%/*2 /( )"* I$*()/#- #? B"*)"*2 .0)/#-(
.2* D#9*2-*& 1' ($0" U+/02#V %.B( #? 0.$(.%/)';
="/( /( )"* /(($* 1*/-D 2*?*22*& )# B"*- q/&&*-(
&*?/-*( 33 3,*)*2+/-/(+55A /- )"* (#0/.% (0/*-0*( ; ; ;
l.(m .-' )"*#2*)/0.% (0"*+* B"/0" 2*&$0*( "$+.-
.0)/#- (#%*%' )# 33*9*-) 0.$(.%/)'55 5 Uq/&&*-(A XY]^A
77; YX\YKV; 4/( (*-(* /( 7*H#2.)/9*;
!#0/.% )"*#2/()( &/??*2 B/&*%' /- )"*/2 9/*B #?

0.$(.%/)' /- (#0/.% ('()*+(; G) /( D*-*2.%%' .00*7)*&
)".) )"* 72.0)/0.% *().1%/("+*-) #? %.B( .-& )"*#W
2/*( /( +$0"+#2* &/??/0$%) /- (#0/.% (0/*-0* Ug./%*'A
XYd]V; Q*9*2)"*%*((A )"* 7"/%#(#7"/0.% .(7/2.)/#-
B/&*%' 2*+./-( .-& /- /)( ()2#-D*() ?#2+ %*.&( )#
)"* D2.-& )"*#2*)/0 ().-0*( &*(02/1*& .1#9*;D

4#B*9*2A (#+* )"*#2/()(A .00*7)/-D )".) 3)"*
)"*#2*)/0.% *>7%.-.)/#- #? "#B .-& B"' 7*#7%*
.0) ".( .- *-)/2*%' &/??*2*-) ()2$0)$2* .-& .
&/??*2*-) -#)/#- #? 0.$(*5 U:2./1A XYYKA 7; K`VA
".9* .))*+7)*& )# .+*-& .-& 2*?2.+* )"* )"*#2'
#? 0.$(.%/)' B"/%() 2*)./-/-D )"* 0#2* /&*.;" S)"*2(
".9* D#-* ?$2)"*2A .2D$/-D )".) )"* 0#-0*7) /(
/-.772#72/.)* .-& ("#$%& 1* *>)/27.)*& ?2#+
(#0/.% /-I$/2' Uq/&&*-(A XY]^A XYdfP </-0#%- .-&
q$1.A XYd[P C"/%%/7(A XYd]V; @#2 *>.+7%*A C"/%%/7(
().)*( 1.%&%' )".) "$+.- .0)/#-( .2* (/+7%' -#)
0.$(.%%' &*)*2+/-*&A )".) 37*#7%* .0) 1*0.$(* )"*'
.2* (B.'*& 1' 2*.(#-(A #2 1*0.$(* )"*' &*0/&* )#
?#%%#B 2$%*(A )(& 1*0.$(* )"*/2 .0)/#-( .2* 0.$(.%%'
&*)*2+/-*& 1' ?#20*(5 UC"/%%/7(A XYd]A 7; XL[V; 4*
0#-0%$&*( )".) )"* 0.$(.% %.B( #? -.)$2.% (0/*-0*
.2* -#) )# 1* ?#$-& /- (#0/.% (0/*-0* .-& )".) /?
*>7%./-/-D "$+.- .0)/#-( /( )"* ./+ )"*- .-

$-&*2().-&/-D #? /-&/9/&$.%( +.' 2*I$/2* "*2+*W
-*$)/0.% /-)*272*).)/#-;
G- ?.0)A )"* &*1.)* +.' 1* %##(*%' 0".2.0)*2/e*&

.( .- .2D$+*-) #9*2 )"* 2*(7*0)/9* /+7#2).-0* #?
)"*(* )B# ?#2+( #? 3*>7%.-.)/#-5J 6$T*%N$#) .-&
U#$,&#.#) UZ#22#B .-& g2#B-A XYYfP R/)e*2A XYY^V;
Q.)$2.% (0/*-)/?/0 *>7%.-.)/#- /( 6$T*%N$#) E )"*
#1H*0)/9* *().1%/("+*-) #? /-9.2/.-)A -#+#)"*)/0
%.B( #? 0.$(.% *>7%.-.)/#-; ="* )2.&/)/#- #?
q*2+.- G&*.%/(+ D/9*( 2/(* )# U#$,&#.#) E )"*
"*2+*-*$)/0.% 72#0*(( #? $-&*2().-&/-D .-&
/-)*272*)/-D )"* ($1H*0)/9* +*.-/-D )".) "$+.-(
.)).0" )# )"*/2 .0)/#-(; C#(/)/9/()( 0.- 1* (**- )# 1*
/- 7$2($/) #? 6$T*%N$#) .( )"* #-%' )2$* ?#2+ #?
(0/*-0*A B"/%* :2/)/0.% ="*#2/()( E .-& #)"*2( E
.2* 72#?#$-&%' ($(7/0/#$( #? )"/( ?#2+ #? &*)*2W
+/-/(+A 1*%/*9/-D )".) 3(#0/.% %/?* l&#*(m -#) %*-&
/)(*%? )# ($0" 0.$(.% *>7%.-.)/#-5 UZ#22#B .-&
g2#B-A XYYfA 7; YfV; 6) . +/&&%* 7#(/)/#-A N*1*2
1*%/*9*& )".) 1#)" ?#2+( #? *>7%.-.)/#- .2*
2*%*9.-) )# (#0/.% (0/*-0* .-& )"/( /( 2*?%*0)*& /-
+$0" +#&*2- (#0/.% )"*#2';
N"*2* &# )"* 0.$(.% +#&*%( #? ('()*+

&'-.+/0( ?/) /- B/)" )"/( 2.-D* #? 9/*B(8 ="*2*
/( (#+* .0F-#B%*&D*+*-) )".) 0.$(.% %.B( /-
(#0/.% (0/*-0* .2* -#) ()2./D")?#2B.2& UR/0".2&W
(#-A XYYXA 7; ]\dV; !#+* ".9* .))*+7)*& )# )"/-F
/- +#2* &*)./% .1#$) B".) 0.$(.%/)' +*.-( /- )"*
?/*%& UR#1*2)( #& %*;A XYd`A 7; XX\X[V; ="* 9/*B )#
1* .&9.-0*& /- )"/( 7.7*2 /( )".) )"* /(($* #? )"*
.772#72/.)*-*(( #? $(/-D 0.$(.% %.B( +$() 1*
(**- /- )"* 0#-)*>) #? )"* .DD2*D.)/#- #? ('()*+
&'-.+/0( +#&*%( U@#22*()*2A XY^XV;
!'()*+ &'-.+/0( /( 0#-0*2-*& B/)" .DD2*D.)*

(#0/.% 7"*-#+*-.A -#) /-&/9/&$.% +*.-/-D?$%
.0)/#-(; ="* 1.%.-0* #? .772#72/.)* *>7%.-.)/#-
/- (#0/.% (0/*-0*( U6$T*%N$#) 9*2($( U#$,&#.#)V /(
B/&*%' (**- )# 9.2' B/)" )"* &*)./% #? )"* 7"*-#W
+*-. ()$&/*&; @#2 *>.+7%*A ".9/-D .((*2)*& )".)
)"* $-&*2().-&/-D #? /-&/9/&$.%( 2*I$/2*( "*2+*W
-*$)/0 /-)*272*).)/#-A C"/%%/7( #1(*29*( )".)A B/)"
D2#$7(A *-&$2/-D 7.))*2-( +.' 1* #1(*29.1%* .-&
%/+/)*& 72*&/0)/#- 7#((/1%* UC"/%%/7(A XYd]V; 4*
$(*( !0"*%%/-D5( *>.+7%* #? ()$&*-)( ?/%%/-D $7 .
%*0)$2* )"*.)2*; ="* /-&/9/&$.% 0"#/0* #? (*.)
B#$%& 1* $-72*&/0).1%*A )"#$D" "*2+*-*$)/0
/-)*272*).)/#- +/D") .%%#B . 2*(*.20"*2 )# $-&*2W
().-& )"* 2*.(#-( B"' . 7.2)/0$%.2 ()$&*-) 0"#(*
"/(_"*2 (*.); 4#B*9*2A ?#2 . %.2D* -$+1*2 #?

D ="/( 0#+1/-*& .))/)$&* /( 0.7)$2*& -*.)%' 1' !0#))J 30.$(.%
+*0".-/(+( 1#)" 2*/-?#20* .-& $-&*2+/-* #-* .-#)"*2A )"*' #7*2.)*
.%#-D(/&* #)"*2 U.( '*)V $-F-#B- +*0".-/(+(A .-& )"* 0#+1/-.)/#-
#? +*0".-/(+( &/??*2( ?2#+ (/)$.)/#- )# (/)$.)/#-; 6( . 2*($%)A .0)$.%
*9*-)( .2* -*9*2 (/+7%* 0#-(*I$*-0*( #? . 7.2)/0$%.2 +*0".-/(+J )"*'
.2* .%B.'( 33#9*2&*)*2+/-*&55; ="* ).(F #? l(#0/.%m (0/*-0* /( )#
0#+72*"*-& )"/( #9*2&*)*2+/-.)/#- 1' *>)*-&/-D )"* (0#7* #? /)(
F-#B%*&D* #? )"* 0.$(.% +*0".-/(+( #7*2.)/-D /- )"* B#2%&5 U!0#))A
XYY[A 77; X]`\X]fV;
" @#2 *>.+7%*A :2./1 .2D$*( )".) 3(#+* -#)/#- #? )*%*#%#D/0.% lD#.%
(**F/-Dm 0.$(.%/)' l/(m -*0*((.2' )# $-&*2().-& "$+.- .0)/#-J /)
/-9#%9*( -#)/#-( ($0" .( /-)*-)/#- .-& 72#H*0)5 U:2./1A XYYKA 7; XdKV;
!/+/%.2%' )"* 0#-0*7)( #? 32*0/72#0.% &*)*2+/-/(+5 Ug.-&$2.A XY]]V .-&
3+$)$.% (".7/-D5 U</-0#%- .-& q$1.A XYd[V .2* 1#)" .))*+7)( )#
2*(7#-& )# 72#1%*+( /- )"* 4$+*.- &*?/-/)/#- #? 0.$(.%/)' .( .77%/*&
)# (#0/.% 7"*-#+*-.; ="*(* 2.)"*2 $-0#-9/-0/-D 2*?2.+/-D( .2*
/-)*2*()/-D *>.+7%*( #? )"* )2*+*-&#$( &/??/0$%)/*( )".) (#0/.%
(0/*-)/()( (**+ )# ".9* B/)" )"* 0#-0*7) #? ?**&1.0F; ="* ('()*+
&'-.+/0/() 2*.&/-D )"* )#2)$2*& .00#$-)( #? 7"*-#+*-. &*(02/1*& /-
)"*(* B#2F( /( %/F*%' (/+7%' )# #1(*29* 3g$) /)5( (/+7%*A /)5( H$() .
?**&1.0F *??*0)r5 ="* 02/)/I$* #? 32*0/72#0.% &*)*2+/-/(+5 /- C"/%%/7(
UXYd]A 77; ]X\]^V /( 7.2)/0$%.2%' *??*0)/9* /- )"/( 2*(7*0);
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()$&*-)(A (*.)W?/%%/-D .77*.2( )# ).F* 7%.0* /- .
7.))*2- B"/0" /( /-9.2/.-) /- +.-' B.'( .-&
B"/0" 0.- 1* $(*& )# +.F* 72*&/0)/#-( .) .-
.DD2*D.)* %*9*% B/)" . B/&* 2.-D* #? .$&/*-0*(
UC"/%%/7(A XYd]A 77; XXX\XXKV;
!/+/%.2%'A ?2#+ ('()*+ (0/*-0*A 9#- g*2).%.-??'

0#-)2.()( 3+#%*0$%.25 .-& 3+#%.25 .772#.0"*(A (#
)".) 3?#2 +.(( 1*".9/#$2A ('()*+( %.B( B#$%&
.77%'5 U9#- g*2).%.-??'A XY^KA 7; ]^V;
G) /( 0%*.2 )".) )"*2* /( . (/D-/?/0.-) &/??*2*-0*

1*)B**- 0.$(.%/)' /- ('()*+ &'-.+/0( UB"/0"
)2*.)( 0.$(*( .( 72*(($2*( B"/0" 72#&$0* .DD2*W
D.)* 7.))*2-( #? 1*".9/#$2VA .-& 0.$(.%/)' /- )"*
0'1*2-*)/0( #? g**2 UB"/0" )2*.)( *9*-)(A .0)/#-(
.-& /-&/9/&$.% ()/+$%/ .-& &*0/(/#-(V UR/0".2&W
(#-A XYYXA 77; ``]\``dV; @#22*()*2 /( 9*2' 0%*.2
)".) B"/%* )"* 7*2(7*0)/9* )# .&#7) B"*-
0#-()2$0)/-D . +#&*% 3/( -#) (# ?.2 .B.' .( )#
1* $-.B.2* #? )"* &*0/(/#- 7#/-) .-& /)( 7%.0* /-
)"* ('()*+5A /) /( -*9*2)"*%*((A 3-#) 0%#(* *-#$D"
)# 1* 0#-0*2-*& B/)" )"* +*0".-/(+ #? "$+.-
)"#$D")5A 1*0.$(* 3N* .2* -#) )"* 7('0"#%#D/()
&*%9/-D /-)# )"* -.)$2* .-& (#$20*( #? "$+.-
+#)/9.)/#-5 U@#22*()*2A XY^XA 7; Y^V;
4.9/-D (#+*B".) 0%.2/?/*& )"* -.)$2* #? )"*

I$*()/#-A /) 1*0#+*( %*(( 0%*.2 )".) ('()*+ &'-.W
+/0( /-9#%9*( )"* 9/*B )".) /-&/9/&$.% "$+.-
&*0/(/#-( .2* 0#+7%*)*%' *>7%./-.1%* 1' 0.$(.%
%.B(A )".) ($1H*0)/9* *>7%.-.)/#-( #? )"* U#$,&#.#)
)'7* .2* /22*%*9.-); ="* ?/*%& /( -#) #7*2.)/-D .) .
($??/0/*-)%' %#B %*9*% #? &*)./% ?#2 )"/( .00$(.)/#-
)# ()/0F;

:.&&"35# %/ -*" 2"<,-" G(-,<A4(*"'

G) /( B#2)" 0#++*-)/-D )".) )"* .1#9* 7./2 #?
&/(0$((/#-( ".( .9#/&*& (#+* #? )"* +#2*
()2/&*-)%' 2*.%/()/0 9/*B( *>72*((*& B/)"/- )"*
?/*%& #? ('()*+ &'-.+/0(; ="*(* /-0%$&* @#22*(W
)*25( ($DD*()/#- UI$#)*& .1#9*V )".) )"* ?/*%&5(
72/-0/7%*( 0.7)$2* )"* -.)$2* #? (#0/.% 2*.%/)' .-&
)"* D*-*2.%%' "*%& 7#(/)/#- )".) 7*#7%* ".9*
3?%.B*& 0#D-/)/9* +.7( #? 0.$(.% 2*%.)/#-(5
U!)*2+.-A XYYfA 7; `L]VP /;*;A +*-).% +#&*%( .2*
-#) 30#22*0)5; @2#+ . 7"/%#(#7"/0.% 7#(/)/#- /) /(
2.)"*2 ".2& )# /+.D/-* B".) )"*(* 9/*B( 0#$%&
7#((/1%' +*.- (/-0* )"*' +/> )"* *>)*2-.% B#2%&
B/)" /-)*%%*0)$.% 0#-()2$0)( #2 2*72*(*-).)/#-(;
4#B*9*2A B".) .- /-()2$+*-).%/() (**( .( -./9*

2*.%/(+ 0.- %##F )# . 72.D+.)/0 2*.%/() %/F*
0#B.2&%' 2*%.)/9/(+; ="/( /( -#) )"* 7%.0* ?#2 .
&*1.)* #- )"/( 7#/-)A /) +*2*%' 1*/-D -*0*((.2' )#
-#)* )".) )"* /(($* &#*( )#$0" #- )"* /-)*272*)W
.)/#- #? ".2&_&*)*2+/-/()/0 )2*.)*& "*2* .-& )".)
)"* .2*. &*(*29*( ?$2)"*2 .))*-)/#-;
C$))/-D )"/( /(($* )# #-* (/&*A B* 0#-0*-)2.)*

/-()*.& #- )"* )B# +./- .2D$+*-)( )".) ".9*
1**- +.&* /- )"/( (*0)/#-J ?/2()%'A ('()*+
&'-.+/0( ("#$%& -#) 1* 02/)/0/e*& .( 72#7#$-&W
/-D . 02$&* D2.-& U0#-)*-)V )"*#2' 1*0.$(* B".)
/) .&9.-0*( /( . UD2.-&V ()2$0)$2.% )"*#2'P
(*0#-&%'A )".) )"* +#&*%%/-D #? 0.$(.% %.B(
B"/0" )2.-(0*-& "$+.- ($1H*0)/9/)' /( . 2*.(#-W
.1%* 7#(/)/#- 1*0.$(* #? )"* %*9*% #? .DD2*D.)/#-
#? +#&*%(; N"*)"*2 )"*(* .2D$+*-)( .2* ($??/W
0/*-) )# &*?*-& ('()*+ &'-.+/0( ?2#+ )"/( ".2&_
&*)*2+/-/()/0 .00$(.)/#- 2*+./-( )# 1* (**-; ="*
($(7/0/#- #? )"/( .$)"#2 /( )".) )"* ($1H*0)/9/()
".2&%/-*2( /- 1#)" ('()*+( (0/*-0* .-& (#0/.%
)"*#2' B/%% -#) ".9* 1**- .(($.D*&; !$1H*0)/9/(+
".( 1**- . 7#B*2?$% .-& /-(/D")?$% &*9*%#7+*-)
/- ('()*+( (0/*-0* 1$) /) ".( /)( %/+/).)/#-(; @#2
*>.+7%*A q/&&*-( 72#-#$-0*( $-.00*7).1%* 3)"*
"*2+*-*$)/0.% -#)/#- )".) 0.$(.% %.B( ".9* -#
7%.0* /- (#0/.% (0/*-0*( .) .%%5 Uq/&&*-(A XYdKA
7; X[V; 4/( 3()2$0)$2.)/#- )"*#2'5 7#(/)( .-
.%)*2-.)/9* -#)/#- #? 3.D*-) 0.$(.%/)'5 /- B"/0"
0.$(.% 2*%.)/#-( .2* .- *%*+*-) #? )"* 2.)/#-.%/e.W
)/#-( .-& +.>/+( )".) .D*-)( $(* Uq/&&*-(A
XYdfV;
="/( (*0)/#- %*.9*( #7*- +.-' I$*()/#-( ?#2

('()*+ &'-.+/0(; !#+* ?$2)"*2 )"#$D") #- )"*
-.)$2* #? )"* ?/*%&5( 9.2/#$( 0%./+( #2 )"*#2/*(
B#$%& 1* $(*?$%; </-F.D* B/)" (#0/.% )"*#2' /(
7#((/1%* "*2* )##J /) ".( 1**- ($DD*()*& 72*W
9/#$(%' )".) .20"*)'7*( .2* *>.+7%*( #? N*1*2/.-
3/&*.% )'7*(5 U<.-* .-& !+.2)A XYY^V 1$) /? . (/-D%*
+#&*% /( . +/02# 0#-)*-) )"*#2' )"*- .2* D*-*2/0
()2$0)$2*( Z*2)#-/.- +/&&%* 2.-D* 0#-)*-) )"*#W
2/*(8 N".) .2* )"* /+7%/0.)/#-( #? )"/(8 4#B &#
)"* 0.$(.% %/-F( /- . +#&*% 2*%.)* )# )"* /&*. #?
3.D*-) 0.$(.%/)'5 .-& )"* -#)/#- )".) 0.$(.% %.B(
*>/() #-%' /- )".) )"*' %*.& .D*-)( )# *>7*0) 0*2)./-
0#-(*I$*-0*(8 ="*(* ".2& I$*()/#-( +$() 1*
.&&2*((*&A .%)"#$D" (#+* 2*%/*? +.' 1* ?#$-& /-
)"* #1(*29.)/#- )".) 3q*-*2.%/e.)/#-( .1#$)
"$+.- (#0/.% 0#-&$0) ; ; ; +.' &/2*0)%' 2*?%*0)
+.>/+( #? .0)/#- B"/0" .2* F-#B/-D%' .77%/*&
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1' .D*-)( ; ; ; H$() "#B ?.2 )"/( /( )"* 0.(* /- .-'
(7*0/?/0 (*) #? 0/20$+().-0*( ".( )# 1* #-* #? )"*
+./- ).(F( #? (#0/.% 2*(*.20" )# /-9*()/D.)*5
Uq/&&*-(A XYdfA 7; `f]V;
G) B/%% /-&**& 1* . +./- ).(F ?#2 )"* ?/*%& )#

*().1%/(" )"* ().)$( #? 0.$(.% 2*.(#-/-D .-& #? /)(
9.2/#$( 3)"*#2/*(5; 4#B*9*2A ('()*+ &'-.+/0(
-**& -#) 1* .7#%#D*)/0 .1#$) /)( .)).0"+*-) )#
0.$(.% +#&*%(; 6( ($DD*()*& 1' <.-* UXYYY0VA
B"/%* .0F-#B%*&D/-D .-& 2*(7#-&/-D )# )"*
0#-)2/1$)/#- #? ($1H*0)/9/(+A ('()*+ &'-.+/0(
0.--#) +#9* )## ?.2 /- )"/( &/2*0)/#- B/)"#$)
%##(/-D +#() #? B".) /( &/()/-0)/9* .-& E +#2*
)# )"* 7#/-) E *??*0)/9* .1#$) )"* .772#.0";
G-&**&A /? )"* 7%.0.)/#- #? ($1H*0)/9/()( /-9#%9*(
)"* &*-/.% #? )"* 2*%*9.-0* #? 0.$(.% %.B(A 0.$(.%
*>7%.-.)/#-( .-& )"* D2.-& ()2$0)$2.% 0%./+ #?
('()*+ &'-.+/0( )"*- )"* ?/*%& ("#$%& ()#7
7%.0.)/-D .-& ().2) &*0%./+/-D; N"/%* /) /( $(*?$%
)# 0%.2/?' *>.0)%' B".) )"* ('()*+ &'-.+/0(
7#(/)/#- /(A )"*2* 0#+*( . 7#/-) B"*2* 02/)/0/(+(
+$() 1* )$2-*& #- )"*/2 "*.& .-& B#2- .(
1.&D*( #? 72/&*;

6 @SRZ S@ 46R, !j!=bZ! =4GQcGQqA SR
!j!=bZ! bQqGQbbRGQq8

G- )"/( %.() (*0)/#- . 9.2/*)' #? 02/)/0/(+( /( 12/*?%'
0#-(/&*2*&; :#%%*0)/9*%' )"*(* 0.- 1* (**- )# 1*
.- .((*2)/#- )".) ('()*+ &'-.+/0( /( *((*-)/.%%' .
".2& ('()*+( .772#.0"A .F/- )# ('()*+( *-D/-W
**2/-D U)"/( /( 2*?*22*& )# 1*%#B .( 3".2&_!b5V;
@#2 *>.+7%*A M.0F(#- UXYYXV #??*2( . 12#.&
02/)/0/(+ #? )"/( -.)$2* B"*- "* D2#$7( )"*
?/*%& B/)" ".2& ('()*+( )"/-F/-D; 4* 0".2.0)*2W
/e*( )"/( .( .- .772#.0" /- B"/0" 3C*#7%* .2*
)2*.)*& .( 0#+7#-*-)( )# 1* *-D/-**2*& H$() %/F*
#)"*2 +*0".-/0.% 7.2)( #? )"* ('()*+; ="* ?.0)
)".) "$+.- 1*/-D( 7#((*(( $-&*2().-&/-D .-&
.2* #-%' +#)/9.)*& )# ($77#2) 0".-D* .-&
7*2?#2+ B*%% /? )"*' .)).0" ?.9#$2.1%* +*.-/-D(
)# )"* (/)$.)/#- /- B"/0" )"*' ?/-& )"*+(*%9*( /(
/D-#2*&5 UM.0F(#-A XYYXA 7; dLV;
="* )#-* #? )"/( ?/-.% ".2&_&*)*2+/-/()/0

.00$(.)/#- /( )".)A /- #7*2.)/#-A ('()*+ &'-.+/0(
".( .- .$()*2* 9/*B #? B".) ("#$%& 1* /- . +#&*%
.-& . 0#*20/9* 9/*B #? "#B $(*2( ("#$%& 2*(7#-&
)# ($0" . +#&*%; ="* ?*.)$2*( #? ".2& ('()*+(

.772#.0"*( &*(02/1*& 1' :"*0F%.-& UXYdXA
77; XdY\XYXV .2* $(*& 1*%#B )# 2*(7#-& )# )"/(
.00$(.)/#- /- &*)./%; G- *.0" 0.(* )"* (7*0/?/0
7#/-) /( 12/*?%' ().)*& .-& )"* 7#(/)/#- #? ('()*+
&'-.+/0( /- 2*(7*0) )# /) &*(02/1*&;

H%'"A ;.&I%(" !3%$3J

="* ".2&_!b .772#.0" &*.%( B/)" B*%%W&*?/-*&
72#1%*+( B"/0" .2* ).F*- .( 0%*.2 .-& F-#B- 1'
.%% U:"*0F%.-&A XYdXV;
="* ('()*+ &'-.+/0( %/)*2.)$2* 0*2)./-%' ().)*(

)".) . ()$&' +$() 1* ?#0$(*& .2#$-& . (7*0/?/0
7$27#(* U@#22*()*2A XY^XP R.-&*2(A XYdL1V; 4#BW
*9*2A )"/( &#*( -#) /+7%' )"* .$()*2* 9/*B )".)
)"* 7$27#(* B/%% 1* #1H*0)/9*%' 0%*.2 )# .%%
7.2)/0/7.-)(; R.)"*2A /) /( &#-* )# *-($2* )".)
+#&*%%/-D 0*-)2*( #- )"* )2*.)+*-) #? . 7.2)/0$W
%.2 /(($* 2.)"*2 )".- ?%#$-&*2( /- )2'/-D )# +#&*%
(#+* -#)/#- #? . B"#%* 3('()*+5; !/-0* )"*
7$27#(* #? . +#&*% /( )# +.-/?*() . B#2%&W
9/*B E #2 +*-).% +#&*% E 2*%.)/-D )# /+7#2)W
.-) /(($*(A /) /( *-)/2*%' 7#((/1%* ?#2 )"*2* )# 1* .
7%$2.%/)' #? #7/-/#-( #- )".) 7$27#(* .-& ?#2 )"*
+#&*%%/-D 72#0*(( )# )2*.) . 2.-D* #? )"*(*;
4.9/-D +.&* )"/( 7#/-) /) +$() 1* (./& )".)

('()*+ &'-.+/0( %.0F( .-' ()2$0)$2*& B.' #?
*%/0/)/-D .-& ".-&%/-D ($0" &/9*2(/)' U<.-* .-&
S%/9.A XYYdV; 4#B*9*2A /) ".( 1**- ($DD*()*& )".)
)"* 72#1%*+W()2$0)$2/-D +*)"#&( #? 3(#?)5 SR
+/D") 1* .1%* )# 0#-)2/1$)* /- )"/( 2*D.2& U<.-*A
XYYKA XYYfV; ="/( ".( 1**- D2**)*& *-0#$2.D/-D%'
U@#22*()*2A XYYfV .-& (#+* 72#D2*(( +.&*
Uh*--/>A XYY^V;

H%'"A 6<K"5-4L"( :A",&J

G- )"* ".2&_!b .772#.0" /) /( .(($+*& )".)
&*0/(/#- +.F*2( .%2*.&' (".2* . 0%*.2 9/*B #- )"*
#1H*0)/9*( #? )"* +#&*%%/-D;
="*2* /( -# 2*I$/2*+*-) /- ('()*+ &'-.+/0(

)".) )"*2* 1* .D2**+*-) #? B".) 0#-()/)$)*( )"*
1*() #$)0#+* ?2#+ . +#&*%; @#22*()*2 /( 0%*.2 )".)
)"* $(*?$%-*(( #? +#&*%( B#$%& #-%' 1* .772#W
72/.)*%' H$&D*& /- . 7*2(#-.% B.'J 3)"* *9.%$.W
)/#- #? /+72#9*& +.-.D*2/.% *??*0)/9*-*(( B/%%
.%+#() 0*2)./-%' 2*() #- . ,D>V#-&'9# H$&D*+*-)
2*-&*2*& 1' +.-.D*2( /- 2*D.2& )# )"* "*%7 )"*'
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".9* 2*0*/9*& l ?2#+ *-D.D/-D B/)" . +#&*%m5
U@#22*()*2A XY^XA 7; XX[A *+7".(/( .&&*&V;
="* I$*()/#- #? B".) 0#-()/)$)*( .- /+72#9*&

7#%/0'A #2 . 1*))*2 +#&*% 2$-A /( &2.B- ?2#+ )"*
+#&*% #B-*2( Uq.2&/-*2 .-& @#2&A XYdLP R*.D.-W
:/2/-0/#-* #& %*;A XYYXV; N"*- &#/-D (#A .%% ('()*+
&'-.+/0/()( ("#$%& 1* .(F/-D )"* I$*()/#-(A
3N"#(* #1H*0)/9*(8 ; ; ;4#B ("#$%& 0#-?%/0)/-D
D#.%( .-& )"* &/??*2/-D .D*-&.( #? (7*0/.% /-)*2*()
D2#$7( 1* 1.%.-0*&85 U!)*2+.-A XYddA 7;`YV; G) /(
0%*.2 ?2#+ *>7*2/*-0* )".) ('()*+ &'-.+/0(
#??*2( )"* +#() 1*-*?/) B"*- /) D*-*2.)*( ($77#2)
.-& 0#++/)+*-) .+#-D() )"* D2#$7 B"#(*
9/*B( .2* +#&*%%*& UR#1*2)(A XY]KP !*-D*A XYYLP
c#?+.- .-& !*-D*A XYY`V;

054"3-4/45 F1I"&4,A4(1J

6) .- *>)2*+* *-& #? )"* ".2&_!b .772#.0" %/*(
)"* /+7%/0/) -#)/#- )".) . 1%.0FW1#> +#&*%A
02*.)*& 1' . )*0"-/0.% "/D" 72/*()"##&A #??*2(
H$&D*+*-)( B"/0" &*0/(/#- +.F*2( .2* 2*I$/2*&
(/+7%' )# #1*';
G- ('()*+ &'-.+/0( )"* %/+/).)/#-( #? ($0"

3*>7*2)5 +#&*%%/-D .2* 0%*.2 U<.-*A XYYKV; ="*
?/*%& ".( )2.&/)/#-.%%' *+7".(/e*& )"* /+7#2)W
.-0* #? &2.B/-D 7.2)/0/7.-)( /-)# . 372#0*((5 #?
+#&*%%/-DA 0#-)2.()/-D )"/( ().-0* B/)" .- #9*2W
.)).0"+*-) )# ?/-.%/e*&A 1%.0FW1#> +#&*%( B"/0"
.2* .%% )## ?2*I$*-)%' 0.() /- )"* 2#%* #? #1*/(.-0*W
&*+.-&/-D #2.0%*( .-& /D-#2*& U@#22*()*2A XY^XA
XY]X.V; G- ('()*+ &'-.+/0( )"* 2*%.)/#-("/7 #? .
D2#$7 )# . +#&*% /( -#) 30#*20/9*5 1$) 3-*D#)/.W
)/9*5 Ub&*- .-& !/+(A XY]YV .-&A /- 0#-)2.() )#
M.0F(#-5( 2*+.2F( .) )"* ().2) #? )"/( (*0)/#-A /) /(
.00*7)*& )".) $(*2(5 +#)/9.)/#- )# ).F* .0)/#-
B/%%A 3&*7*-& ; ; ; #- )"* &*D2** )# B"/0" )"*
+#&*% 0#++$-/0.)*(A "*%7( )# D*-*2.)* /-(/D")(A
*-".-0*( D)3#$,&%)3')FA .-& /- D*-*2.% 2*.0"*(
.-& /-?%$*-0*( /)( .$&/*-0*(5 UR/0".2&(#- .-&
C$D"A XYdXA 77; `XK\`X`A *+7".(/( .&&*&V;
="*2* /( . 2*D2*)).1%* )2*-& /- )"* ?/*%& )#

B/)"&2.B /-)# . 37#%/0' *-D/-**2/-D5 .772#.0"
U(** 1*%#BV .-& &/??*2*-) )'7*( #? 72.0)/0* &# )*-&
)# *+7".(/e* )# &/??*2*-) &*D2**( )"* /+7#2).-0*
#? $(*2 7.2)/0/7.)/#- /- +#&*%%/-D; Q*9*2)"*%*((A
)"* 0#2* .(($+7)/#-( #? )"* ?/*%& 0.%% ?#2 "/D"
%*9*%( #? 7.2)/0/7.)/#- .-&A "*-0*A . 2*H*0)/#- #? .-
3/+7*2/.%/()5 .772#.0";

F1I%L"&4(*"' C"I&"("3-,-4%3 %/
8.1,3 @="3-(J

@2*I$*-)%' /+7%/0/) /- )"* ".2&_!b 9/*B /( .
"/D"%' 2*&$0)/#-/() 9/*B #? "$+.-( B"/0" )2*.)(
)"*+ .( 7.((/9* #1H*0)(; ="* (.+* ".( 1**- (./&
#? )2.&/)/#-.% #7*2.)/#-.% 2*(*.20" 72.0)/0*
UR#(*-"*.&A XYdYV; ="/( /(($* /( .) )"* 0*-)2* #?
)"* 02/)/0/(+ )".) ('()*+ &'-.+/0( 3&#*( -#) &*.%
B/)" )"* /--.)* ($1H*0)/9/)' #? "$+.- 1*/-D(5
U@%##& .-& M.0F(#-A XYYXA 7; ]YV;
6( &/(0$((*& /- )"* (*0)/#- #- 0.$(.%/)'A ('()*+

&'-.+/0( +#&*%( &# -#) 7$27#2) )# 0.7)$2* /-
)"*/2 ()2$0)$2* )"* ?$%% 2/0"-*(( .-& ($1H*0)/9/)' #?
"$+.- &*0/(/#- +.F/-D; G-()*.&A )"*' #??*2 .
?2.+*B#2F /- B"/0" ($0" /(($*( 0.- 1* .&&2*((*&
/- . ()2$0)$2*& B.' B"/0" #7*2.)*( .) .- .DD2*W
D.)*& %*9*% .B.' ?2#+ /-&/9/&$.% &*0/(/#-(;
!'()*+ &'-.+/0( +#&*%( ("#$%& -#) ().-& .%#-*
1$) .2* 0#-)/-D*-)A 2*%.)*& /-)/+.)*%' )# . (7*0/?/0
72#1%*+ .-& )# )"* D2#$7 )".) /( .))*+7)/-D )#
.&&2*(( )".) 72#1%*+; ="* ?.0)#2( *>0%$&*& ?2#+
.- .0)$.% +#&*% .2* -*9*2)"*%*(( 7.2)/.%%' .&W
&2*((*& /- )"* +#&*%%/-D 72#0*(( ).F*- .( .
B"#%*; 6%)"#$D" -#) .%B.'( .77.2*-)A )"/( /( .
0#2* /&*. #? )"* ?/*%& U@#22*()*2A XY^XA XY]X.V;
="/( .772#.0" /( 7.2)/0$%.2%' -#)/0*.1%* /-

3G-)*2.0)/9* !'()*+ ,'-.+/0(5A B"*2* )"* (/D-/?/W
0.-0* )".) 7.2)/0/7.-)( .)).0" )# )"* +#&*%%/-D
.-& )"*/2 0#++/)+*-) )# .D2**& .0)/#-( .2*
/+7#2).-) .(7*0)( #? .D2**/-D 0".-D*( U<.-*A
XYYY1V; N".) /( 9/(/1%* /- ($0" 72.0)/0* /( .-
.00*7).-0* #? )"* /+7#2).-0* #? U#$,&#.#) .%#-DW
(/&* 6$T*%N$#); G- )"* %/D") #? )"*(* 2*+.2F( /) 0.- 1*
($DD*()*& )".) #1(*29*2( #1H*0)/-D )# )"* .77.2*-)
.$()*2/)' #? )"* 6$T*%N$#) .(7*0) #? +#&*%( ".9*
/-($??/0/*-)%' 0#-(/&*2*& )"* /+7#2).-0* #? )"*
U#$,&#.#) ).F*- $7 /- )"* +#&*%%/-D 72#0*((; ="/(
+.' 1* &$* 7.2)%' )# )"* &*.2)" #? .00#$-)( #?
72#0*((*( 1$) )"/( (/)$.)/#- /( -#B 0".-D/-D U(**
<.-*A XYY`A XYY]1P h*--/>A XYY^V;

6I-41,A 0%A.-4%3 0%.=*-J

6- #7)/+.%A #2 1*() ('()*+ &*(/D- /( )"* $($.%
./+ ?#2 )"* ".2&_!b +*)"#&;
b.2%' /- )"* "/()#2' #? )"* ?/*%& @#22*()*2

#??*2*& . %/() #? 3#19/#$( )2$)"(5 /- +#&*%%/-D
B"/0" "* /- ?.0) 1*%/*9*& )# 1* ?.%(* U@#22*()*2A
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XY^LV; S-* #? )"*(* /( )"* /&*. )".) +#&*% #$)7$)
("#$%& 1* #7)/+/e*& )# ?/-& . 31*()5 7#%/0'; G) /(
)"*2*?#2* #-* #? )"* 1*&2#0F .(($+7)/#-( #?
('()*+ &'-.+/0( )".) #7)/+/e.)/#- /( -#) .772#W
72/.)* ?#2 (#0/.% ('()*+(;
="* #-%' &/((*-) ?2#+ )"/( ().-0* *+.-.)*(

?2#+ )"* +/-#2/)' ?#2+ #? 3C#%/0' b-D/-**2/-D5
72.0)/0* B"/0" /-9#%9*( 3)"* .77%/0.)/#- #?
('()*+ &'-.+/0( +#&*%%/-D .( )2.&/)/#-.% (/+$W
%.)/#- +#&*%%/-D 1' *>7*2) 0#-($%).-)( .( 7.2) ; ; ;
#? . )#7W&#B- 0#27#2.)* 7%.--/-D 72#0*((5 U<.-*A
XYYY1A 7; [X[V; 677%/0.)/#-( .2* 9.2/*& .-& . ?*B
&# *+7%#' #7)/+/e.)/#- 1$) )"/( /( )"*2*?#2* #-%'
#00$22/-D /- . +/-#2/)' #? 72.0)/0*;
="/( 0.(* .(/&*A )"* ?/*%& ".( F*7) )# @#22*()*25(

2*H*0)/#- #? 3#7)/+/e.)/#-5A 0#-0*-)2.)/-D /-()*.&
#- 3/+72#9*+*-)5; 6( *>7%#2*& *%(*B"*2* U<.-*A
XYYfVA )"* 2*.(#-( ?#2 )"/( 9/*B ".9* +$0" /-
0#++#- B/)" %.)*2 &/(0$((/#-( #? )"* $-&*(/2W
.1/%/)' #2 %#D/0.% /+7#((/1/%/)' #? #7)/+/e.)/#- /-
(#0/.% ('()*+( U60F#??A XY]YP R#(*-"*.&A XYdYV;
="* 0.(* 2*()( #- )"* /+7#((/1/%/)' #? +#&*%%/-D
0#+7%*)*%' .-' (/)$.)/#- /-9#%9/-D "$+.-
&*0/(/#- +.F*2(; G- ('()*+ &'-.+/0( )"* 9/*B
/( )".) (/-0* 3l)m"* 2*.% 72#1%*+ B/%% .%B.'( ".9*
.(7*0)( )".) .2* -#) 0.7)$2*& 1' . +#&*% ; ; ; l)m"*
1*() B* 0.- &# /( )# (**F 7#%/0/*( )".) )*-& )# 1*
+#2* 2#1$() ; ; ; )".- #)"*2(5 UR/0".2&(#- .-&
C$D"A XYdXA 7; `[XV; ="/( .(7/2.)/#- /( .( ("2*B&
.( /) /( +#&*(); G) .%(# %/-F( )# )"* 7#/-) 1*%#B;

72"(4=3"' 0#(-"19 F1IA"1"3-"'J

="* ./+ #? ".2&_!b .772#.0"*( /( )# &*(/D- .-&
/+7%*+*-) .- /+72#9*& ('()*+; ="/( /( 0#-W
)2.()*& B/)" )"* !!Z ./+ #? /+7%*+*-)/-D
.D2**& 0".-D*( U:"*0F%.-&A XYdXV;
6( /-&/0.)*& /- )"* .1#9* )2*.)+*-) #? #7)/+W

/(.)/#-A (7*0/?/0 7#%/0' &/2*0)/#-( .-& -*B 32$%*(5
?#2 0#-)2#% .2* -#) )"* ./+ #? ('()*+ &'-.+/0(; G)
/( )"* 0.(* )".) . +.)"*+.)/0.% +#&*% /( 02*.)*&A
.-& )".) )"* 2*($%)( #? 0".-D/-D 7#%/0/*( .2*
*>7*2/+*-)*& B/)" $(/-D )".) +#&*%; g$) )"*
+#&*% /( -*9*2 (**- .( )"* ('()*+ )"*- )# 1*
/+7%*+*-)*&; G-()*.&A )"* 7$27#(* /( )# 72#+#)*
/-&/9/&$.% .-& #2D.-/e.)/#-.% *>7*2/*-)/.% %*.2-W
/-D /- #2&*2 )# /+7.2) )# )"#(* /-9#%9*& /- )"*
+#&*%%/-D 3. 1*))*2 /-)$/)/9* ?**% lB"/0"m
/+72#9*( ; ; ; H$&D*+*-) .1#$) )"* ?.0)#2(

/-?%$*-0/-D ; ; ; ($00*((5 U@#22*()*2A XY^XA 7; f[V; G)
+.' (**+ 7.2.&#>/0.% 1$) )"* 2*($%)( #? .
I$.-)/).)/9* ('()*+ &'-.+/0( ()$&' .2* I$.%/).)W
/9* /-(/D")(; G-&/9/&$.% 7#%/0' 0".-D*( )".) .2*
(**- )# 1* 1*-*?/0/.% .2* ).F*- 1.0F /-)# )"* 2*.%
B#2%& .-& $(*& .( )"* 1.(/( ?#2 ?$2)"*2 *>7*2W
/+*-).)/#-;
6D./-A )"*2* /( .- .772#72/.)* .-& 72.D+.)/0

&*D2** #? +#&*()' 1*"/-& )"/( .(7/2.)/#-; M$() .(
)"* 3('()*+5 0.--#) 1* )2.77*& .-& (# #7)/+/e*&A
/) 0.- -*9*2 1* D2.(7*& .-& 2*+#&*%%*& /- .%% /)(
&*)./%; 6 ('()*+ &'-.+/0( ()$&' ./+( )# /+72#9*
)"* +*-).% +#&*%( #? &*0/(/#- +.F*2(; ="*/2
/+72#9*& $-&*2().-&/-D #? &'-.+/0 0#+7%*>/)'
)"*- (*29*( .( . 7%.)?#2+ ?#2 . -*9*2W*-&/-D
72#0*(( #? %*.2-/-D .1#$) 0#+7%*> ('()*+( B"/%*
#7*2.)/-D .( .- .0)#2 B/)"/- )"*+ U0?; )"* )/)%* #?
!)*2+.-A XYYfV;

@=,43M ;%(4-4%3 :A,&4/4"'

="*2* /( -# 72*)*-0* )".) 12/-D/-D )#D*)"*2 )"*
2.-D* #? /(($*( &*(02/1*& /- )"/( (*0)/#- 2*9*.%(
('()*+ &'-.+/0( )# 1* . 3(#?)5 +*)"#& /- )"*
()'%* #? !!Z; 4#B*9*2A /) /( 0%*.2 )".) +.)"*W
+.)/0.% )*0"-/I$*( $(*& /- )"* .772#.0" .2*
($22#$-&*& 1' . 0#+7%*> (*) #? 02.?) (F/%%( )".)
+.F* )"* +*)"#& +$0" +#2* )".- )"* .77%/0.W
)/#- #? #2&/-.2' &/??*2*-)/.% *I$.)/#-( )# (#0/.%
('()*+(; !'()*+ &'-.+/0( /( 9*2' &/??*2*-) ?2#+
('()*+( *-D/-**2/-D;

:SQ:<T!GSQ!

G- )"/( (*0)/#- )"* ?#$2 (*7.2.)* 0#-0%$(/#-( .2*
?/2() &2.B- )#D*)"*2; :#++*-) /( )"*- #??*2*& #-
)"* %*((#-( )".) +.' 1* &*2/9*& ?#2 /+72#9/-D
0#++$-/0.)/#- 1*)B**- )"* ?/*%& #? ('()*+
&'-.+/0( .-& )"* 12#.&*2 ('()*+( +#9*+*-);
!#+* 0%#(/-D 2*+.2F( .2* )"*- 72*(*-)*&;

C"L4"$43= -*" @55.(,-4%3(

@2#+ )"* +./- (*0)/#-( #? )"/( 7.7*2A ?#$2
0#-0%$(/#-( +.' 1* &2.B-; @/2()%'A )"* /&*. )".)
('()*+ &'-.+/0( #??*2( 72#7"*0/*( /( .1(#%$)*%'
?.%(*P /) +.' 1* &/??/0$%) )# 1*%/*9* )".) )"/(
.00$(.)/#- 0#$%& *9*2 ".9* 1**- +.&* B/)" .-'

Syst. Res. RESEARCH PAPER

Copyright !c 2000 John Wiley & Sons, Ltd. Syst. Res. 17, 3–22 (2000)

System Dynamics as a ‘Hard’ or ‘Deterministic’ Systems Approach 17



(*2/#$(-*(( 1$) /)( 2*?$).)/#- /( B#2)"B"/%* .-&
-*0*((.2'; !*0#-&%'A )"* 7#(/)/#- #? ('()*+
&'-.+/0( #- )"* ()2$0)$2.% /-?%$*-0* #- .D*-)(
/( -#) 1*".9/#$2/()P ($0" /-?%$*-0* /( -#) )#).% 1$)
/( ).F*- )# 1* 7.2)/.%A #2 /-9#%9/-D . ?**&1.0F
+#&*% #? )"* 2*%.)/#-("/7 1*)B**- .D*-0' .-&
()2$0)$2*; ="* )"/2& I$*()/#-A B"*)"*2 ('()*+
&'-.+/0( /( . D2.-& )"*#2'A /( +#2* 0#+7%*>P /)
&#*( -#) 72#7#(* .-' (7*0/?/0 0#-)*-) 1$) &#*(
.&9.-0* . ()2$0)$2.% )"*#2' .-& . 2*72*(*-).)/#-
(0"*+* )# D# B/)" /); @$2)"*2 &*1.)* #- )"*
0#"*2*-0* .-& 1*-*?/) #? )"/( 7#(/)/#- +.' 72#9*
-*0*((.2' 1$) )"* 0$22*-0' #? )".) &*1.)* ("#$%&
-#B 1* +#2* 0%*.2; @/-.%%'A )"* /&*-)/?/0.)/#- #?
('()*+ &'-.+/0( B/)" ('()*+ *-D/-**2/-D /(
)## 02$&* . 7/*0* #? 7/D*#-W"#%/-DP )"* ?/*%&
".( . 2.-D* #? 72#7*2)/*( )".) /-&/0.)* . +$0"
+#2* 7.2)/0/7.)/9* .-& 0#-)/-D*-) 2*%.)/#-("/7
1*)B**- . +#&*% .-& )"#(* B#2F/-D B/)" /);
N".) .2* )"* 2*.(#-( ?#2 ($0" 0#-?$(/#- .-&

+/(/-)*272*).)/#-8 !#+* 2*%.)* )# )"* ('()*+
&'-.+/0( ?/*%&A B"/%* #)"*2( 0#-0*2- )"* ('()*+(
(0/*-0* +#9*+*-) D*-*2.%%'; ="*(* .2* )2*.)*& /-
)$2- 1*%#B;

N"((%3( /%& 0#(-"1 2#3,1454(-(

="* 7##2 0#++$-/0.)/#- 1*)B**- ('()*+ &'-.W
+/0/()( .-& #)"*2 ('()*+ 72.0)/)/#-*2( /( 7.2)%' .
2*($%) #? )"* .)"*#2*)/0.% ()'%* #? )"* ('()*+
&'-.+/0( ?/*%&; ="* ?/*%& (**F( )# #??*2 7%.$(/1%*
.-& 0#+7*%%/-D *>7%.-.)/#-( ?#2 . 2.-D* #?
7"*-#+*-. 2.)"*2 )".- &B*%%/-D #- 7"/%#(#7"/W
0.% .-& )"*#2*)/0.% /(($*(; !/-0* ('()*+( (0/*-0* /(
(#+*)/+*( 0#-(/&*2*& )# 1* )## .1()2.0) U=2#-W
0.%*A XYddVA )"/( $-&#$1)*& ($00*(( 2*D.2&/-D
72.0)/0.% .77%/0.)/#-( ("#$%& 1* B*%0#+*& 1' .%%;
g$) )"* &*.2)" #? )"*#2*)/0.% &*1.)*( /( (#+*)"/-D
#? . "/-&2.-0*;
@#2 *>.+7%*A )"* 2*%.)/#-("/7 1*)B**- ('()*+

&'-.+/0( .-& ($1H*0)/9/() /&*.( ".( 1**- .
7.2)/0$%.2 (#$20* #? $-0*2)./-)'; ="/( /( 0#-W
(/&*2*& ?$2)"*2 1*%#B ?2#+ )"* 7#/-) #? 9/*B #?
)"#(* #$)(/&* )"* ?/*%&; 4#B*9*2A )"* 0".%%*-D*
?#2 ('()*+ &'-.+/0( /( )# 1$/%& #- ($1H*0)/9/()
/&*.( )".) ".9* 1**- 7.2) #? )"* .772#.0" ?2#+ /)(
02*.)/#-A )# .&9.-0* )"*+ $(/-D +#2* )"*#2*)/W
0.%%' .B.2* &/(0#$2(*(A .-& )"*- )# 0#++$-/0.)*
/)( 7#(/)/#- 0%*.2%';

="* B/&*(72*.& .9#/&.-0* #? )"*#2*)/0.% 0#-W
0*2-( 0.- .%(# %*.& )# . 0*2)./- 02$&/)' #?
72*(*-).)/#-; ="/( 7.7*2 0/)*( 9.2/#$( &*(02/7W
)/#-( #? )"* ?/*%& )".) (**+ *>)2*+*A -./9* #2
(/+7%' 0#-?$(/-D )# ('()*+ U.-& (#0/.%V (0/*-)W
/()(; Z.-' #? )"* ".2&_&*)*2+/-/()/0 02/)/0/(+(
B#$%& -#) ".9* .2/(*- /? )"* ?/*%& ".& 1**- .
%/))%* +#2* H$&/0/#$( /- /)( %.-D$.D*; !#+*
(*-(/)/9/)' )#B.2&( )"* 0#-0*2-( #? #)"*2 ('()*+(
)"/-F*2( .-& . 1*))*2 0#++.-& #? )"* )*2+/-#W
%#D' /-9#%9*& B#$%& 1* .- ./&; =".) /( . %*((#-
?#2 ('()*+ &'-.+/0( )".) ("#$%& 1* &2.B- ?2#+
)"/( 7.7*2;

N"((%3( /%& GO-"&3,A :%11"3-,-%&(

="* 1%.+* ?#2 )"* 0#-?$(/#- .1#$) )"* -.)$2* #?
('()*+ &'-.+/0( .&&2*((*& /- )"/( 7.7*2 &#*(
-#) .%% %/* B/)" )"* ?/*%& /)(*%?; !#+* #? )"*
0#-?$(/#- 2*($%)( ?2#+ . %*(( )".- 7*2?*0) D2.(7
#? )"* 0#2* /&*.( #? )"* ?/*%& #- )"* 7.2) #?
*>)*2-.% 0#++*-).)#2(; 6%)"#$D" )"*2* /( (#+*
$-0*2)./-)' .-& 02$&/)' #? 72*(*-).)/#- /- ('()*+
&'-.+/0(A +.-' #? )"* /&*.( &*7%#'*& /- )"/(
7.7*2 &# -#) 2*I$/2* &*)./%*& )*>)$2.% *>*D*2/(A
+*2*%' ?.+/%/.2/)' B/)" )"* %/)*2.)$2* #? )"* ?/*%&;
G) /( . ($7*2?/0/.% 2*.&/-D #? W)3D,&$'%* /:)%0'-,
U@#22*()*2A XY^XV B"/0" %*.&( (#+* )# (** ('()*+
&'-.+/0( .( 1*/-D +*2*%' .1#$) /-9*-)#2'
0#-)2#%; 6 (#$-& D2.(7 #? )"/( )*>) %*.&( )# .
9*2' &/??*2*-) 9/*B #? )"* .(7/2.)/#-( #? )"* ?/*%&;
!/+/%.2%'A +$0" ".( 1**- 7$1%/("*& B"/0" ("#B(
)"* 2.-D* #? 72#1%*+( )".) ".9* 1**- ).0F%*& .-&
)"* *%.1#2.)/#-( #? )"* .772#.0" )".) ".9*
.77*.2*&; ="* #7*-/-D (*0)/#- #? )"/( 7.7*2
($77%/*( . B/&* 2.-D* #? ($0" 2*?*2*-0*(;
!'()*+ &'-.+/0( /( ()/%% /- )"* 72#0*(( #? *-D.W

D/-D B/)" )"* ($1H*0)/9/() ()2.-& #? ('()*+(
)"/-F/-D; Q*9*2)"*%*((A /) 2*.%%' ("#$%& 1* 0%*.2
)".) )"* ?/*%& /( -#) .( .$()*2*%' #1H*0)/9* .( /) /(
(#+*)/+*( 7#2)2.'*&; 6( &*(02/1*& /- )"/( 7.7*2A
('()*+ &'-.+/0( .%2*.&' /-9#%9*( (#+* .0F-#B%W
*&D*+*-) #? )"* 7#B*2 #? ($1H*0)/9/() /&*.(; ="*2W
*?#2*A B".) /( 0.%%*& ?#2 /( -#) 2*H*0)/#- #? . 3()2.B
+.-5 "'7*2W#1H*0)/9* ('()*+ &'-.+/0(P . (#$-&
$-&*2().-&/-D #? )"* ?/*%&5( %/)*2.)$2* +.F*( /)
9*2' 0%*.2 )".) ($0" .- .772#.0" &#*( -#) *>/();
!#A B"/%* ('()*+ &'-.+/0/()( 0.- /+72#9*

)"*/2 #B- +*)"#&( .-& ()'%* #? 0#++$-/0.)/#-A
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/) .%(# 1*"#9*( )"#(* #??*2/-D 0#++*-) )# ".9* .
(#$-& D2.(7 #? )"* -.)$2* #? )".) ?/*%& .(
72*(*-)*& /- /)( 7$1%/0.)/#-(;

:A%(43= :%11"3-(

="/( 7.7*2 /( .- .))*+7) 1' . ('()*+ &'-.+/0/()
)# *-D.D* B/)" )"* 12#.& ('()*+( (0/*-0* +#9*W
+*-) /- . ()'%* )".) &*.%( B/)" (#+* #? )"*/2
)"*#2*)/0.% 0#-0*2-(; G) .%(# 02*.)*( .- *-)2.-0* )#
)"* %/)*2.)$2* #? )"* ?/*%& (# )".) +#2* 0.- 1*
&/(0#9*2*& E .-& 7*2".7( &*1.)*& #2 02/)/0/e*&;
4#B*9*2A #-* )"/-D /( 0%*.2 .1#$) ('()*+
&'-.+/0(P /) 2*+./-( . 9*2' 72.0)/0.% .772#.0"
.-& .))2.0)( 7*#7%* #? )"/( /-0%/-.)/#-; 4/D"%'
)"*#2*)/0.% 7.7*2( B/%% 72#1.1%' 0#-)/-$* )# 1* .
2.2/)'; ="/( %*.&( )# )"* 0%#(/-D 7#/-)( #? )"/(
7.7*2;
@/2()%'A )"* D2.-& ()2$0)$2* )"*#2' #? ('()*+

&'-.+/0(A .%#-D B/)" )"* )"*#2/*( #? %#D/0.%
&*&$0)/#- .-& 2*72*(*-).)/#-A &# -#) ().-& #2
?.%% .( (*7.2.)* *%*+*-)( )# 1* H$()/?/*& 1' )"* (#2)
#? )"*#2*)/0.% .2D$+*-)( 72*(*-)*& "*2*; R.)"*2A
)"*' +$() 1* H$&D*& .( . 0#"*2*-) 2*(*.20"
72#D2.++* U<.F.)#(A XY]fV; !'()*+ &'-.+/0(
("#$%& )"*2*?#2* 1* 0#-(/&*2*& /- )*2+( #? )"*
7%.$(/1/%/)' .-& 0#"*2*-0* #? /)( D2.-& ()2$0)$2.%
0%./+A )"* 2*.(#-.1%*-*(( #? /)( 2*72*(*-).)/9*
(0"*+* .-& E 72/+.2/%' E 1' /)( *+7/2/0.% ($0W
0*(( /- 72#9/&/-D *>7%.-.)/#-( ?#2 . 2.-D* #? -#9*%
7"*-#+*-.; h/*B*& /- )"*(* <.F.)#(/.- )*2+(A
)"* 9.2/#$( .(7*0)( #? )"* .772#.0" )".) .2*
&*1.)*& /- )"/( 7.7*2 ?#2+ )"* 3".2& 0#2*5 #? )"*
?/*%&; ="* "*.%)"' ?%#B #? &/9*2(* .77%/0.)/#-( #?
)"* .772#.0" /-&/0.)*( )".) )"* 2*(*.20" 72#W
D2.++* /( . 72#D2*((/9* #-*; N"/%* (#+* #? )"*
/(($*( 2./(*& "*2* .2* ()/%% #7*- .-& )"* 0%.2/?/*&
7#(/)/#- B/%% 1* 02/)/0/e*& 1' (#+*A ('()*+
&'-.+/0/()( .2* ".77' )# H$()/?' )"*/2 7#(/)/#-
%*(( /- )*2+( #? )"*#2*)/0.% &*1.)*( E )"#$D"
+#2* #? )"/( ("#$%& 1* *-0#$2.D*& E .-& +#2*
/- )*2+( #? )"* ?/*%&5( .1/%/)' ($00*((?$%%' )#
/%%$+/-.)* 2*.%WB#2%& 7"*-#+*-.; G) /( #- )"#(*
)*2+( )".) )"* )"*#2/*(A )"* %.B(A /-&**&A .%% #? )"*
/&*.( #? ('()*+ &'-.+/0(A ("#$%& 1* H$&D*&;
="* (*0#-& .-& ?/-.% 7#/-) 0#-0*2-( )"*

2*(7#-(* )# )"* I$*()/#- /- )"/( 7.7*25( )/)%* E
("#$%& ('()*+ &'-.+/0( 1* &*(02/1*& .( . 3".2&5
#2 3&*)*2+/-/()/05 ('()*+( .772#.0"8 ="* .-(B*2

0.- 1* ?#$-& /? )"* 2.2* )"*#2*)/0.% 7$1%/0.)/#-(
.2* 0#-(/&*2*& B/)" ($??/0/*-) (*2/#$(-*((; 4#BW
*9*2A )"* .-(B*2 /( *9*- +#2* 0%*.2 /? B* .00*7)
)"* ?.0) )".) 72.0)/0.% .77%/0.)/#-( #? ('()*+
&'-.+/0( .2* )"* +./- (#$20* #? /-?#2+.)/#-; 6(
)"/( 7.7*2 (**F( )# &*+#-()2.)*A $(/-D 1#)"
(#$20*( #? /-?#2+.)/#-A )"* .-(B*2 )# )"* I$*(W
)/#- /( E #- 1.%.-0*A -#;

Rb@bRbQ:b!

61&*%W4.+/&A =; c;A .-& Z.&-/0FA !; UXYYLV; 4(5&L%$#
7$(V#-& /:)%0'-,X A) W)&#F$%&#3 A""$(%-.A C2*-)/0*W
4.%%A b-D%*B##& :%/??(A QM;

60F#??A R; <; UXY]YV; ="* ?$)$2* #? #7*2.)/#-.% 2*(*.20"
/( 7.(); C(D$)%* (5 !"#$%&'()%* +#,#%$-. 4(-'#&: PQA
Y`\XLf;

60F#??A R; <; UXYdXV; Y$#%&')F &.# Y($"($%&# ED&D$#X 7*%)
($ ># 7*%))#3 E($A N/%*'A Q*B j#2F;

6("1'A N; R; UXY[^V; A) W)&$(3D-&'() &( Y:>#$)#&'-,A
:".7+.- O 4.%%A <#-&#-;

g./%*'A c; ,; UXYd]V;Z#&.(3, (5 4(-'%* +#,#%$-. U`2& *&-VA
@2** C2*((A <#-&#-;

g.-&$2.A 6; UXY]]V; 4(-'%* 2#%$)')F H.#($:A C2*-)/0*W
4.%%A b-D%*B##& :%/??(A QM;

g.2%.(A j;A .-& :.27*-)*2A !; UXYYLV; C"/%#(#7"/0.% 2##)(
#? +#&*% 9.%/&.)/#-J )B# 7.2.&/D+(; 4:,&#0
/:)%0'-, +#9'#L RA Xfd\X^^;

g**2A !; UXY]YV; H.# [#%$& (5 &.# 6)&#$"$',#A N/%*'A
:"/0"*()*2;

g**2A !; UXYdXV; H.# \$%') (5 &.# E'$0A N/%*'A :"/0"*()*2;
g*/("#-A M;A .-& C*)*2(A q; UXYdXV; 4:,&#0, \#.%9'(D$
U`2& *&-VA C.$% :".7+.-A <#-&#-;

g%##+?/*%&A g; UXYdKV; :#(+#%#D'A F-#B%*&D* .-&
(#0/.% ()2$0)$2*J )"* 0.(* #? @#22*()*2 .-& ('()*+
&'-.+/0(; C(D$)%* (5 A""*'#3 4:,&#0, A)%*:,', SA `\X[;

g#B*-A Z; q; UXYYfV; !'()*+ &'-.+/0(A &*)*2+/-/(+
.-& 0"#/0*J )#B.2& . 2*0#-(/&*2.)/#- #? )"* /+.D* #?
3('()*+ +.-5; 4:,&#0 /:)%0'-, +#9'#L TQA d]\YL;

g$22*%%A q;A .-& Z#2D.-A q; UXY]YV; 4(-'(*(F'-%* 7%$%]
3'F0, %)3 !$F%)',%&'()%* A)%*:,',X 6*#0#)&, (5 &.#
4(-'(*(F: (5 Y($"($%&# 2'5# UXYd[ *&-VA q#B*2A
6%&*2("#)A Tc;

:"*0F%.-&A C; g; UXYdXV; 4:,&#0, H.')T')F1 4:,&#0,
7$%-&'-#A N/%*'A :"/0"*()*2;

:"$20"+.-A :; N; UXY]LV; S7*2.)/#-.% 2*(*.20" .( .
72#?*((/#-; G- @%##&A R; <;A .-& M.0F(#-A Z; :; U*&(VA
Y$'&'-%* 4:,&#0, H.')T')FX /'$#-&#3 +#%3')F, UXYYX
0#%%*0)/#-VA N/%*'A :"/0"*()*2A 77; XY\fL;

:2./1A G; UXYYKV; Z(3#$) 4(-'%* H.#($:X E$(0 7%$,(), &(
[%>#$0%, UK-& *&-VA 4.29*()*2A <#-&#-;

,.("A ,; C; UXYYfV; !'()*+ &'-.+/0(J 0".-D/-D
7*2(7*0)/9*(; 4:,&#0, 7$%-&'-# UA d]\Yd;

,*-e/-A Q; c; UXY]dV; 4(-'(*(F'-%* Z#&.(3X A ,(D$-#>((T
UK-& *&-VA Z0q2.BW4/%%A <#-&#-;
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,#'%*A M; c;A .-& @#2&A ,; Q; UXYYdV; Z*-).% +#&*%(
0#-0*7)( ?#2 ('()*+ &'-.+/0( 2*(*.20"; 4:,&#0
/:)%0'-, +#9'#L TVA `\KY;

,$2F"*/+A b; UXdY[V; H.# +D*#, (5 4(-'(*(F'-%* Z#&.(3
UXY^^ *&-VA @2** C2*((A Q*B j#2F;

b&*-A :;A .-& !/+(A ,; UXY]YV; S- )"* -.)$2* #?
72#1%*+( /- 0#-($%)/-D 72.0)/0*; !0#F% UA XXY\XK];

@%##&A R; <;A .-& M.0F(#-A Z; :; UXYYXV; Y$#%&'9# 7$(>*#0
4(*9')FX H(&%* 4:,&#0, W)&#$9#)&'()A N/%*'A :"/0"*()*2;

@#22*()*2A M; N; UXY[dV; G-&$()2/.% &'-.+/0(J . +.H#2
12*.F)"2#$D" ?#2 &*0/(/#- +.F*2(; [%$9%$3 \D,')#,,
+#9'#L PRA `]\^^;

@#22*()*2A M; N; UXY^LV; ="* /+7.0) #? ?**&1.0F 0#-)2#%
0#-0*7)( #- )"* +.-.D*+*-) (0/*-0*(; G- Y(**#-&#3
7%"#$, (5 C%: Ĝ E($$#,&#$ UXY][ 0#%%*0)/#-VA N2/D")W
6%%*- C2*((A :.+12/&D*A Z6A 77; f[\^L;

@#22*()*2A M; N; UXY^XV; W)3D,&$'%* /:)%0'-,A ZG= C2*((A
:.+12/&D*A Z6;

@#22*()*2A M; N; UXY^d.V; G-&$()2/.% &'-.+/0(J .?)*2 )"*
?/2() &*0.&*; G- Y(**#-&#3 7%"#$, (5 C%: Ĝ E($$#,&#$
UXY][ 0#%%*0)/#-VA N2/D")W6%%*- C2*((A :.+12/&D*A
Z6A 77; X``\X[L;

@#22*()*2A M; N; UXY^d1V; 7$')-'"*#, (5 4:,&#0,A ZG= C2*((A
:.+12/&D*A Z6;

@#22*()*2A M; N; UXY^YV; 8$>%) /:)%0'-,A ZG= C2*((A
:.+12/&D*A Z6;

@#22*()*2A M; N; UXY]X.V; 3="*5 +#&*% 9*2($( . +#&*%W
%/-D 372#0*((5 U2*7$1%/("*& XYd[V; 4:,&#0 /:)%0'-,
+#9'#L TA X``\X`f;

@#22*()*2A M; N; UXY]X1V; ^($*3 /:)%0'-,A N2/D")W6%%*-
C2*((A :.+12/&D*A Z6;

@#22*()*2A M; N; UXY][V; Y(**#-&#3 7%"#$, (5 C%: Ĝ
E($$#,&#$A N2/D")W6%%*- C2*((A :.+12/&D*A Z6;

@#22*()*2A M; N; UXYdLV; !'()*+ &'-.+/0(J ?$)$2*
#77#2)$-/)/*(; G- <*D.()#A 6; 6;A @#2*()*2A M; N;A
.-& <'-*/(A M; Z; U*&(VA 4:,&#0 /:)%0'-,X 5D&D$#
(""($&D)'&'#, Uh#%; XfVA Q#2)"W4#%%.-&A S>?#2&A
77; ]\KX;

@#22*()*2A M; N; UXYYLV; H.# \#F'))')F, (5 4:,&#0
/:)%0'-,A G-)*2-.)/#-.% !'()*+ ,'-.+/0( !#0/*)'A
g#()#-A Z6;

@#22*()*2A M; N; UXYYfV; !'()*+ &'-.+/0(A ('()*+(
)"/-F/-DA .-& (#?) SR; 4:,&#0 /:)%0'-, +#9'#L TQA
Kf[\K[^;

@#22*()*2A M; N;A .-& !*-D*A C; Z; UXYdLV; =*()( ?#2
1$/%&/-D 0#-?/&*-0* /- ('()*+ &'-.+/0( +#&*%(; G-
<.D.()#A 6; 6;A @#22*()*2A M; N;A .-& <'-*/(A M; Z;
U*&(VA 4:,&#0 /:)%0'-,X HWZ4 4&D3'#, ') &.# Z%)%F#]
0#)& 4-'#)-#,A Q#2)"W4#%%.-&A S>?#2&A 77; KLY\KKd;

@2.-F?#2)WQ.0"+/.(A :;A .-& Q.0"+/.(A ,; UXYYKV;
+#,#%$-. Z#&.(3, ') &.# 4(-'%* 4-'#)-#, Uf)" *&-VA
b&B.2& 62-#%&A <#-&#-;

q.2&/-*2A C; :;A .-& @#2&A 6; UXYdLV; N"/0" 7#%/0' 2$-
/( 1*()A .-& B"# (.'( (#8 G- <*D.()#A 6; 6;A @#22*()*2A
M; N;A .-& <'-*/(A M; Z; U*&(VA 4:,&#0 /:)%0'-,X HWZ4
4&D3'#, ') &.# Z%)%F#0#)& 4-'#)-#, Uh#%; XfVA Q#2)"W
4#%%.-&A S>?#2&A 77; KfX\K[];

q/&&*-(A 6; UXY]^V; _#L +D*#, (5 4(-'(*(F'-%* Z#&.(3X A
"(,'&'9# Y$'&'ID# (5 W)&#$"$#&'9# 4(-'(*(F'#, UK-& *&-A
XYY`VA C#%/)' C2*((A :.+12/&D*A Tc;

q/&&*-(A 6; UXYdKV; 7$(5'*#, %)3 Y$'&'ID#, ') 4(-'%*
H.#($:A Z.0+/%%.-A <#-&#-;

q/&&*-(A 6; UXYdfV; H.# Y(),&'&D&'() (5 4(-'#&:A C#%/)'
C2*((A :.+12/&D*A Tc;

M.0F(#-A Z; :; UXYYXV; 4:,&#0, Z#&.(3(*(F: 5($ &.#
Z%)%F#0#)& 4-'#)-#,A C%*-$+A Q*B j#2F;

M.0F(#-A Z; :; UXYY`V; g*'#-& )"* ?.&(J ('()*+(
)"/-F/-D ?#2 +.-.D*2(; 8)'9#$,'&: (5 [D** Y#)&$# 5($
4:,&#0, 4&D3'#, ^($T')F 7%"#$ PA X\`f;

M.0F(#-A Z; :; UXYYfV; :2/)/0.% ('()*+( )"/-F/-DJ
1*'#-& )"* ?2.D+*-)(; 4:,&#0 /:)%0'-, +#9'#L TQA
KX`\KKY;

M.0F(#-A Z; :;A .-& c*'(A C; UXYdfV; =#B.2&( . ('()*+
#? ('()*+ +*)"#&#%#D/*(; C(D$)%* (5 &.# !"#$%&'()%*
+#,#%$-. 4(-'#&: PWA f]`\fd^;

c*'(A C; UXYddV; !'()*+ &'-.+/0(J . +*)"#&#%#D/0.%
7*2(7*0)/9*; H$%),%-&'(), (5 &.# W),&'&D&# (5 Z#%,D$#]
0#)& %)3 Y()&$(* TQA KXd\KKf;

c#?+.-A @;A .-& !*-D*A C; Z; UXYY`V; :#++$-/)/*( #?
0#++/)+*-)J )"* "*.2) #? %*.2-/-D #2D.-/e.)/#-(;
!$F%)'`%&'()%* /:)%0'-, 6$)$+-A [\K`;

<.F.)#(A G; UXY]fV; @.%(/?/0.)/#- .-& )"* +*)"#&#%#D' #?
(0/*-)/?/0 2*(*.20" 72#D2.+(; G- <.F.)#(A G;A .-&
Z$(D2.9*A 6; U*&(VA Y$'&'-',0 %)3 &.# a$(L&. (5
;)(L*#3F#A :.+12/&D* T-/9*2(/)' C2*((A :.+12/&D*A
TcA 77; YX\XY^;

<.-*A ,; :; UXYYKV; Z#&*%%/-D .( %*.2-/-DJ . 0#-W
($%).-0' +*)"#&#%#D' ?#2 *-".-0/-D %*.2-/-D /-
+.-.D*+*-) )*.+(; 6D$("#%) C(D$)%* (5 !"#$%&'()%*
+#,#%$-. WSA ^f\df;

<.-*A ,; :; UXYY`V; ="* 2#.& -#) ).F*-J #1(*29/-D .
72#0*(( #? /(($* (*%*0)/#- .-& +#&*% 0#-0*7)$.%/eW
.)/#-; 4:,&#0 /:)%0'-, +#9'#L SA K`Y\K^f;

<.-*A ,; :; UXYYfV; N/)" . %/))%* "*%7 ?2#+ #$2
?2/*-&(J "#B ('()*+ &'-.+/0( .-& 3(#?)5 SR 0.-
%*.2- ?2#+ *.0" #)"*2; 4:,&#0 /:)%0'-, +#9'#L TQA
XLX\X`f;

<.-*A ,; :; UXYY].V; @#$2 /-9/)*& 1##F 2*9/*B(; C(D$)%*
(5 &.# !"#$%&'()%* +#,#%$-. 4(-'#&: VXA XXff\XXfd;

<.-*A ,; :; UXYY]1V; @2#+ &/(0$((/#- )# &/.%#D$*J .
0.(* ()$&' $(/-D .- /-)*2.0)/9* ('()*+ &'-.+/0(
+#&*%%/-D .772#.0" l,* %. &/(0$((/#- .$ &/.%#D$*J
$-* *p)$&* &* 0.( &5$)/%/(.)/#- /-)*2.0)/9* &* %.
&'-.+/I$* &*( ('()*s+*(m; +#9D# 3#, 4:,&#b0#, 3#
/#O-','() RA K[X\KdX;

<.-*A ,; :; UXYY]0V; G-9/)*& 2*9/*B .-& 2*.772./(.%J
3G-&$()2/.% &'-.+/0(5 1' M.' N; @#22*()*2; C(D$)%* (5
&.# !"#$%&'()%* +#,#%$-. 4(-'#&: VXA XL`]\XLfK;

<.-*A ,; :; UXYY]&V; G-9/)*& 2*9/*B( #- ('()*+
&'-.+/0(; C(D$)%* (5 &.# !"#$%&'()%* +#,#%$-. 4(-'#&:
VXA XK[f\XK[];

<.-*A ,; :; UXYYdV; M.' N2/D") @#22*()*2 UXYXd\V; G-
N.2-*2A Z; U*&;VA H.# W6\Z [%)3>((T (5 Z%)%F#0#)&
H.')T')FA G-)*2-.)/#-.% ="#+(#- g$(/-*(( C2*((A
<#-&#-A 77; KX[\KXY;

RESEARCH PAPER Syst. Res.

Copyright !c 2000 John Wiley & Sons, Ltd. Syst. Res. 17, 3–22 (2000)

20 David C. Lane



<.-*A ,; :; UXYYY.V; @2/*-&%' .+*-&+*-)J . 0#++*-W
).2' #- ,#'%* .-& @#2&5( 72#7#(*& 2*W&*?/-/)/#- #?
3+*-).% +#&*%5; 4:,&#0 /:)%0'-, +#9'#L TWA
Xd[\XYf;

<.-*A ,; :; UXYYY1V; !#0/.% )"*#2' .-& ('()*+
&'-.+/0( 72.0)/0*; 6D$("#%) C(D$)%* (5 !"#$%&'()%*
+#,#%$-. TTPA [LX\[K];

<.-*A ,; :; UXYYY0V; +#$D0 -(F)(,-#$# -%D,%,X (#0/.%
)"*#2'A &*)*2+/-/(+ .-& )"* .D*-0'_()2$0)$2*
&*1.)*; 4:,&#0 /:)%0'-, +#9'#LA U/- 72*((V;

<.-*A ,; :;A .-& M.0F(#-A Z; :; UXYY[V; S-%' 0#--*0)r
6- .--#).)*& 1/1%/#D2.7"' 2*?%*0)/-D )"* 12*.&)"
.-& &/9*2(/)' #? ('()*+( )"/-F/-D; 4:,&#0, +#,#%$-.
TYA KX]\KKd;

<.-*A ,; :;A .-& S%/9.A R; UXYYdV; ="* D2*.)*2 B"#%*J
)#B.2&( . ('-)"*(/( #? ('()*+ &'-.+/0( .-& (#?)
('()*+( +*)"#&#%#D'; 6D$("#%) C(D$)%* (5 !"#$%&'()%*
+#,#%$-. TQUA KXf\K`[;

<.-*A ,; :;A .-& !+.2)A :; UXYY^V; R*/-)*272*)/-D
3D*-*2/0 ()2$0)$2*5J *9#%$)/#-A .77%/0.)/#- .-& %/+/).W
)/#-( #? . 0#-0*7); 4:,&#0 /:)%0'-, +#9'#L TYA
d]\XKL;

<.-*A ,; :;A Z#-*?*%&)A :;A .-& R#(*-"*.&A M; h; UXYYYV;
<##F/-D /- )"* B2#-D 7%.0* ?#2 "*.%)"0.2* /+72#9*W
+*-)(J . ('()*+ &'-.+/0( ()$&' #? .- .00/&*-) .-&
*+*2D*-0' &*7.2)+*-); C(D$)%* (5 &.# !"#$%&'()%*
+#,#%$-. 4(-'#&:A U/- 72*((V;

</-0#%-A j; !;A .-& q$1.A b; q; UXYd[V; _%&D$%*',&'-
W)ID'$:A !.D*A <#-&#-;

Z.>B*%%A M; :; UXd]^V; Z%&&#$ %)3 Z(&'() UXY[K *&-VA
,#9*2A Q*B j#2F;

Z*.&#B(A ,; 4; UXYdLV; ="* $-.9#/&.1%* . 72/#2/;
G- R.-&*2(A M; U*&;VA 6*#0#)&, (5 &.# 4:,&#0
/:)%0'-, Z#&.(3A ZG= C2*((A :.+12/&D*A Z6A
77; K`\[];

Z*.&#B(A ,; 4;A Z*.&#B(A ,; <;A R.-&*2(A M;A .-&
g*"2*-(A N; N; UXY]KV; H.# 2'0'&, &( a$(L&.X A +#"($&
5($ &.# Y*D> (5 +(0#R, 7$(V#-& () &.# 7$#3'-%0#)& (5
Z%)T')3A b.2)" G(%.-&A <#-&#-;

Z*.&#B(A ,; 4;A Z*.&#B(A ,; <;A .-& R.-&*2(A M;
UXYYKV; \#:()3 &.# 2'0'&,A b.2)"(0.-A <#-&#-;

Z/%%(A :; N; UXY[YV; H.# 4(-'(*(F'-%* W0%F')%&'()A S>?#2&
T-/9*2(/)' C2*((A S>?#2&;

Z#22#BA R; 6;A .-& g2#B-A ,; ,; UXYYfV; Y$'&'-%* H.#($:
%)3 Z#&.(3(*(F:A !.D*A <#-&#-;

C"/%%/7(A ,; :; UXYd]V; 7.'*(,(".:1 4-'#)-# %)3 4(-'%*
W)ID'$:X Y()&#0"($%$: Z#&.(3(*(F'-%* Y()&$(9#$,'#, ')
4(-'%* 4-'#)-# %)3 +#*%&#3 A""*'#3 E'#*3, (5 +#,#%$-.A
C*2D.+#-A S>?#2&;

C#77*2A c; R; UXYf[.V; H.# !"#) 4(-'#&: %)3 W&, 6)#0'#,G
U(*G WX H.# 4"#** (5 7*%&( UXY[K *&-VA R#$)%*&D* O
c*D.- C.$%A <#-&#-;

C#77*2A c; R; UXYf[1V; H.# !"#) 4(-'#&: %)3 W&, 6)#0'#,1
U(*G WWX H.# ['F. H'3# (5 7$(".#-:X [#F#*1 Z%$S1 %)3 &.#
%5&#$0%&. UXY[K *&-VA R#$)%*&D* O c*D.- C.$%A
<#-&#-;

C#77*2A c; R; UXY[]V; H.# 7(9#$&: (5 [',&($'-',0A
R#$)%*&D* O c*D.- C.$%A <#-&#-;

C#77*2A c; R; UXYdKV; H.# !"#) 8)'9#$,#X A) A$FD0#)&
5($ W)3#&#$0')',0 JE$(0 &.# 7(,&,-$'"& &( PH.# 2(F'- (5
4-'#)&'5'- /',-(9#$:RKA R#B+.- O </))%*?*%&A =#)#B.A
QM;

R.-&*2(A M; U*&;V UXYdL.V; 6*#0#)&, (5 &.# 4:,&#0
/:)%0'-, Z#&.(3A ZG= C2*((A :.+12/&D*A Z6;

R.-&*2(A M; UXYdL1V; q$/&*%/-*( ?#2 +#&*% 0#-0*7)$.%W
/(.)/#-; G- R.-&*2(A M; U*&;VA 6*#0#)&, (5 &.# 4:,&#0
/:)%0'-, Z#&.(3A ZG= C2*((A :.+12/&D*A Z6A
77; XX]\X`Y;

R*.D.-W:/2/-0/#-*A C;A !0"$+.-A !;A R/0".2&(#-A q; C;A
.-& ,#2?A !; 6; UXYYXV; ,*0/(/#- +#&*%%/-DJ )##%( ?#2
()2.)*D/0 )"/-F/-D; W)&#$5%-#, YTA [K\^[;

R/0".2&(#-A q; C; UXYYXV; E##3>%-T H.(DF.& ') 4(-'%*
4-'#)-# %)3 4:,&#0, H.#($:A T-/9*2(/)' #? C*--('%9.W
-/.A C"/%.&*%7"/.;

R/0".2&(#-A q; C; U*&;V UXYY^V; Z(3#**')F 5($ Z%)%F#]
0#)&A ,.2)+#$)"A 6%&*2("#)A Tc;

R/0".2&(#-A q; C;A .-& C$D"A 6; <; UXYdXV; W)&$(3D-&'()
&( 4:,&#0 /:)%0'-, Z(3#**')F L'&. /c_AZ!
U2*7$1%/("*& *&-VA C2#&$0)/9/)'A :.+12/&D*A Z6;

R/)e*2A q; UXYY^V; 4(-'(*(F'-%* H.#($: Uf)" *&-VA
Z0q2.BW4/%%A <#-&#-;

R#1*2)(A b; ,; UXY]KV; !)2.)*D/*( ?#2 *??*0)/9* /+7%*W
+*-).)/#- #? 0#+7%*> 0#27#2.)* +#&*%( UXY]d
0#%%*0)/#-V; G- R#1*2)(A b; g; U*&;VA Z%)%F#$'%*
A""*'-%&'(), (5 4:,&#0 /:)%0'-,A C2#&$0)/9/)' C2*((A
:.+12/&D*A Z6A 77; ]]\d[;

R#1*2)(A Q;A 6-&*2(*-A ,; @;A ,*.%A R;A q.2*)A Z;A .-&
!".??*2A N; UXYd`V; W)&$(3D-&'() &( Y(0"D&#$
4'0D*%&'()X A 4:,&#0 /:)%0'-, A""$(%-.A 6&&/(#-W
N*(%*'A R*.&/-DA Z6;

R#(*-"*.&A M; UXYdYV; G-)2#&$0)/#-J #%& .-& -*B
7.2.&/D+( #? .-.%'(/(; G- R#(*-"*.&A M; U*&;VA
+%&'()%* A)%*:,', 5($ % 7$(>*#0%&'- ^($*3X 7$(>*#0
4&$D-&D$')F Z#&.(3, 5($ Y(0"*#S'&:1 8)-#$&%')&: %)3
Y()5*'-&A N/%*'A :"/0"*()*2A 77; X\KL;

R'.-A 6; UXY]LV; H.# 7.'*(,(".: (5 &.# 4(-'%* 4-'#)-#,A
Z.0+/%%.-A <#-&#-;

!.**&A c; UXYYXV; H(L%$3, 4D,&%')%>*# /#9#*("0#)&X
6,,%:, () 4:,&#0, A)%*:,', (5 _%&'()%* 7(*'-:A C2#W
D2*((/9* C$1%/("*2(A <."#2*;

!0#))A M; UXYY[V; 4(-'(*(F'-%* H.#($:X Y()&#0"($%$:
/#>%&#,A b&B.2& b%D.2A 6%&*2("#)A Tc;

!*-D*A C; Z; UXYYLV; H.# E'5&. /',-'"*')#X H.# A$& %)3
7$%-&'-# (5 &.# 2#%$)')F !$F%)'`%&'()A ,#$1%*&.'_
:$22*-0'A Q*B j#2F;

!/+#-A 4; 6; UXY^YV; T-&*2().-&/-D )"* -.)$2.% .-&
)"* .2)/?/0/.% B#2%&(; G- H.# 4-'#)-#, (5 &.# A$&'5'-'%*A
ZG= C2*((A <#-&#-A 77; `\KY;

!#F.%A 6;A .-& g2/0+#-)A M; UXYYdV; W)&#**#-&D%* W0"(,]
&D$#,X 7(,&0(3#$) 7.'*(,(".#$,R A>D,# (5 4-'#)-#A
C2#?/%* g##F(A <#-&#-;

!)*2+.-A M; ,; UXYddV; 6 (F*7)/05( D$/&* )# 0#+7$)*2
+#&*%(; G- q2.-)A <; U*&;VA E($#,'F.& %)3 _%&'()%*
/#-','(),A T-/9*2(/)' C2*(( #? 6+*2/0.A <.-".+A
Z,A 77; X``\X^Y;

Syst. Res. RESEARCH PAPER

Copyright !c 2000 John Wiley & Sons, Ltd. Syst. Res. 17, 3–22 (2000)

System Dynamics as a ‘Hard’ or ‘Deterministic’ Systems Approach 21



!)*2+.-A M; ,; UXYdYV; Z#&*%%/-D +.-.D*2/.% 1*".W
9/#$2J +/(7*20*7)/#-( #? ?**&1.0F /- . &'-.+/0
&*0/(/#- +.F/-D *>7*2/+*-); Z%)%F#0#)& 4-'#)-# PWA
`KX\``Y;

!)*2+.-A M; ,; UXYYfV; <*.2-/-D /- .-& .1#$) 0#+7%*>
('()*+(; 4:,&#0 /:)%0'-, +#9'#L, TQA KYX\``L;

!)*2+.-A M; ,;A R*7*--/-DA Q;A .-& c#?+.-A @; UXYY]V;
T-.-)/0/7.)*& (/&* *??*0)( #? ($00*((?$% I$.%/)'
/+72#9*+*-) 72#D2.+(J *>7%#2/-D . 7.2.&#> #?
#2D.-/e.)/#-.% /+72#9*+*-); Z%)%F#0#)& 4-'#)-#
VPA [L`\[KX;

=2#-0.%*A <; UXYddV; ="* ('()*+( (0/*-0*(J B".) .2*
)"*'8 62* )"*' #-*A #2 +.-'8 6D$("#%) C(D$)%* (5
!"#$%&'()%* +#,#%$-. PUA d\``;

h*--/>A M; 6; Z; UXYY^V; a$(D" Z(3#*]\D'*3')FX E%-'*'&%&]
')F H#%0 2#%$)')F 8,')F 4:,&#0 /:)%0'-,A N/%*'A
:"/0"*()*2;

9#- g*2).%.-??'A <; UXY^KV; q*-*2.% ('()*+ )"*#2'J .
02/)/0.% 2*9/*B; G- g*/("#-A M;A .-& C*)*2(A q; U*&(VA
4:,&#0 \#.%9'(D$ UXYdX 0#%%*0)/#-VA C.$% :".7+.-A
<#-&#-A 77; [Y\]Y;
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