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49$!.=&27!49#!:&4#24-./! '-&4#')>!a#(-.! '#:&'4)3!#2491)-.)= 3!)$=:.49$!.2(! )4'#2749!&0!
,.1)# ! .'#!&0!,&1')#!=1,9!9.'(#'! 4&!<1.24-0$3!614! .2! .44#=:4! .4!49#-'! -2,/1)-&2! -2!49#!
=&(#/!8&1/(!=.A#! .!1)#01/!-//1)4'.4-5#!4#)4!,.)#!0&'!.!:&))-6/#!=#49&(&/&7$!0&'!=&(#/W
/-27!8-49!)&04!5.'-.6/#)>!
!
;9#!&'-7-2./!=&(#/!&0!?1'6#,A! #4>! ./>!GHILZM!8.)!8'-44#2!1)-27! (-00#'#24-./! #<1.4-&2)>!
E&8#5#'!-4!,.2!6#!'#W#C:'#))#(!.)!49#!#<1-5./#24!)$)4#=!($2.=-,)!=&(#/3! 0-71'#!H>!

!
P.*8-$"MQ"CJR"B'($)"',"R.'%"S-':%&"523$("'/"78-5$0=9"R2./$9"H"C%2-="TMUVWX""

!
;9#!9$:&49#)-)!49.4!'-&4#')!'#,'1-4!4&!49#!'-&4!6$!8&'(!&0!=&149!-)!#C:'#))#(!-2!49#!' #W
-20&',-27!/&&:!RM>!;9#-'! '#(1,#(!#00#,4!&2!49#!)$=:.49-)#')! -)!#C:'#))#(! -2!49#! 6./. 2W
,-27!/&&:!7M6!;9#!&'-7-2./!=&(#/!,&2)-(#'#(!.!)-27/#!/#.5-27!'.4#!&0!'-&4#')!0'&=!49#!'-&4>!
;9#!/-=-4#(!4-=#! '-&4#')!):#2(!-2! '-&4!.,4-5-4$3!89#49#'!(1#!4&!.''#)4) !&'!)#/0!.,4-&23!-)!
=&(#//#(!6$!49#!)-27/#!/&&:!7A3!'#0/#,4-27!49#!9$:&49#)-)!&0!?1'6#,A!#4>!./>!GHILZM6";9#!
.149&')!,&=:.'#(!49#!'#:&'4#(!#5#24)!&5#'!4-=#!8-49! $4$/%3"1$-"(2+!-2!49#!=&(#/!)9&8W
-27!49.4!49#!=&(#/!,&1/(!'#:'&(1,#!49#!&6)#'5#(!:.44#'2!0&'!,#'4.-2!:.'.=#4#'!5./1#)> !""

Rioters

Sympathisers Ex Rioters

join 
riot

leave riot

events 
per day

fraction of 
population

 sympathisers

probability of 
succesful influence

potential number of 
contacts per day per person

actual number 
of contacts per 
day per person

time in riot

number influenced 
to join per rioter

events per rioter per day

Cummulative
Events

Population

∑
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2.2 Model Extension  
B&'!49#!:1':&)#!&0!#C4#2(-27!49#!?1'6#,A! =&(#/!4&!-2,/1(#!)&04!5.'-.6/#)3!49#!0&//&8-27!
.((-4-&2./! ,&2,#:4) !.2(!9$:&49#)#) !.'#!,&2)-(#'#( *!

H> ;9#! )4'#2749!&0!49#!,.1)#!89-,9!&'-7-2.//$!):.'A#(!49#! '-&4@!
R> ;9#! 21=6#'!&0!.''#)4) !(1#!4&!49#!.,4-&2!&0!49#!:&/-,#>!;9-)!-)!.))1=#(!4&!6#!49#!

,1=1/.4-5#!21=6#'!'.49#'!49.2!49#!.''#)4!'.4#3!.)!49#!-=:.,4!&0!.''#)4)!&2!'-&4#'!
#2491)-.)=!-)!=&'#!/-A#/$!4&!6#!.,,1=1/.4-5#!&5#'!49#!)9&'4!:#'-&(!&0!49#! '-&4)!
6#-27!=&(#//#( @!

]> ;9#! #2491)-.)=! &0! 49#!'-&4#')>! ;9-)! #2491)-.)=! 8-// !-20/1#2,#!'#,'1-4=#24! .2( !
'#4#24-&2! &0! '-&4#')>! b2491)-.)=! 8-// !6#!7#2#'.4#(! 49'&179! 49#! )-D#! &0! 49#!'-&4!
.2(!4 9#!)4'#2749!&0!49#!,.1)#3!614!8-//!6#!(.=:#2#(!.,,&'(-27!4&!49#!21=6#'!&0!
. ' '#)4)@!

_> a#(-.!-24#'#)4 !89-,9!,'#.4#)!)$=:.49$!0&'!49#!'-&4 3!.2(!./)&! 8-//! -2,' #.)# !49#!#0W
0#,4-5#2#))!&0!'#,'1-4=#24!4&!49#!'-&4>!a#(-.!-24#'#)4!8-//!-2,'#.)# !.)!49#!21=6#'!
&0!'#:&'4#(! #5#24)!-2,'#.)#)!.)! )1,9!#5#24)!=#.)1'# !6&49!49#!)-D#!.2(!)#'-&1)W
2#))!&0!49#!'-&4@!

K> ;9#! )$=:.49$!&0!49#!2&2W'-&4!:&:1/.4-&2!4&8.'()!49#!'-&4>!;9.4!)$=:.49$!=.A#)!
'#,'1- 4=#24!4&!49#!'-&4!=&'#!/-A#/$!.2(!-)!-2!41'2!.00#,4#(!6$!49#!=#(-.!-24#'#)4>!

!
;9#)#!,&2,#:4)!/#.(!4&! :&4#24-./!)&04!5.'-.6/#)*!C%-$/*%&"',"0283$3!$/%&83.23#"',"-.'%$-33!
#$(.2" ./%$-$3%3!3+#12%&+" '," /'/<-.'%$-33! .2( !$4$/%3>! U/49&179!$4$/%3! 8.)! .! <1.24-0-#(!
5.'-.6/#! -2!49#!&'-7-2./!=&(#/ 3! -4)! (#0-2-4-&2!8-//!6#! '#,&2)-(#'#(! .)! .! ,.2(-(.4#!0&'! .!
)&04!5.'-.6/#>!
!

3 Methodology  
;9#! =#49&(&/&7$!1)#(! 4&! 41'2! 49#! ,&2,#:4)! -24&! )&04! 5.'-.6/#)! -)! (-5-(#(! -24&! 49'##!
)4.7#)*!49#!-(#24-0-,.4-&2!&0!49#!5.'-.6/#@!49#!,&2)4'1, 4-&2!&0!49#!5.'-.6/#@!.2(!49#!1)#!&0!
49#!5.'-.6/#>!V4!8-//!6#!.))1=#(!49.4!.! ,. 1)./! /&&:!(-.7'.=!&0!49#!89&/#!=&(#/!9.)! . /W
'#.($! 6##2! ,&2)4'1,4#(! )&! 49.4! 49#! ,.1)#)! .2(! #00#,4)! &0! #.,9! :&4#24-./! )&04! 5.'-.6/#!
9.5#!6##2!(#4#'=-2#(>!
!

3.1 Identification of Soft Variable  
;9#!.-=!-)!4&!.))#))!89#49#'!49#!,&2,#:4!,.2!6#!49&1794!&0!.)!.!21=#'-,./!5.'-.6/#> !
!
=&'&0,4#9&5+0)>()-' #

F':" .3"%&$"0'/0$1%"./,'-#2))+" ($30-.5$(c! ;9-)! )9&1/(! 7-5#! .2! -2-4-./! .))#))=#24!&'!
(#),'-:4-&2!&0!49#! ,&2,#:4!4&!6#!=&(#//#(! .2(!#C:/.-2!89$! -4! -)!2##(#(>!V4! ,.2!6#!
9#/:01/!4&!(#),'-6#!-4)!,.1)#)!.2(!#00#,4)!.)!49-)!=.$!)9#(!/-794!&2!49#!(#),'-:4-&2>!
;9-)!,&''#):&2()!4&!49#!2&=-2./!5.'-.6/#!(#0-2-4-&2!&0!F.,&6)#2!Y!?'&2)&23!HIZL>!
!

!??0&?,()-' #
J3"%&$"0'/0$1%"2"3./*)$".--$(80.5)$"$/%.%+"'-".3".%"2"0'#1'3.%$"3%-80%8-$9"2"0'))$0%.'/"',"
$/%.%.$3c!;9#!:1':&)#!-)!4&!7-5#!'#.)&2)!89$!49#!,&2,#:4!&'!#24-4$!=.$!6#!=&(#//#(!
.)!.!)-27/#!5.'-.6/#!&'!.!21=6#'!&0!5.'-.6/#)>!;9.4!-)3!-)!49#!#24-4$!&2#W(-=#2)-&2./!
&'!=1/4-W(-=#2)-&2./c! ;9#! :'-2,-:/#!&0!d,,.=e)! '.D& '! )9&1/(! 6#!1)#(3! ->#>!#24-4-#)!
=1)4!2&4!6#!=1/4-:/-#(!6#$&2(!2#,#))-4$>!
!
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@0%&0)'?#
; '$3"%&$"0'/0$1%"&24$"2"0)$2-" '-($-./*[! ;9#!=.-2! :1':&)#!-)!4&!9#/:!T1)4-0$!89$!.!
)-27/#!5.'-.6/#!,&1/(!6#!1)#(>!V0!.!)#2)#!&0!&'(#'-27!8#'#!.=6-71&1)!-4!=.$ !-=:/$!
49.4!.!=. 2$!5.'-.6/#3!=1/4-W(-=#2)-&2./!=&(#/!=-794!6#!=&'#!.::'&:'-.4# >!V(#24-0-W
,.4-&2!&0!.2!&'(-2./!),./# !-)!2#,#)).'$!0&'!49#!,&2,#:4!4&!6#!.!)-27/#!5.'-.6/#!Ĝ149W
=.22 !HII_M>!
!

A-(&'(),4#:&,5/0&5 #
F':"0'8)("%&$"0'/0$1%"5$"1'%$/%.2))+"#$238-$([!U/49&179!49#!=#.)1'#=#24!8-//!2&4!
2#,#)).'-/$! 6#!61-/4!-24&!49#!=&(#/!49-)!#C#',-)#!9#/:)!,/.'-0$!49#!5.'-.6/#>!

!
U4!49-)!)4.7#!-4!)9&1/(!6#!,/#.'!89#49#'!.!,&2,#:4!-)!.!,.2(-(.4#!0&'!.!)&04!5.'-.6/#3!->#>!-4!
)9&1/(!9.5#!'#/-.6-/-4$3!'#./-)=!.2(!0.,#!5./-(-4$!G[#5-2#3!RSSSM>!V4!-)!2&4!2#,#)).'$!$#4!
4&!A2&8!9&8!-4!8-//!6#!=&(#//#(!&'!1)#(!-2!.!)$)4#=!($2.=-,)!=&(#/ @!49.4!-)!49#!2#C4!
)4.7#>!!B'&=!2&8!&2!49#!,&2,#:4!8-//!6#!'#0#''#(!4&!.)!.!5.'-.6/#>!
!

3.2 Construction  of Soft Variable  
[#5-2#!GRSSSM!(-)4-271-)9#(!49#!1)#!&0!.!)&04!5.'- .6/#!-2!. !=&(#/!0'&=!-4)!=#.)1'#=#24 >!
;9#!/.44#'!,&1/(!6#!)##2!.)!-4)!#00#,4!&2!49#!&6)#'5#'3!'.49#'!49.2!&2!49#!=&(#/!#/#=#24)>!
;91)! -4!-)!:'&:&)#( !49.4!49#!)&04!5.'-.6/#!=&(#/! -)!,&2)4'1,4#(! -2!.!=&(1/.'!0.)9-&2!)1,9 !
49.4!-4)! -22#'! 8&'A-27)3! -2,/1(-27! -4)! =#.)1'#=#243! .'#! 9-((#2! 0'&=! 49#! &49#'! =&(#/!
5.'-.6/#)!-2!-4)!,.1)#!.2(!#00#,4!,9.-2>!V2!)&048.'#!#27-2##'-27!49-)!,&2,#:4!-)! '#0#''#(!
4&!.)! (.4.!9-(-27!G?&&,9!#4>!./>3!RSSLM!.2(!#2.6/#)!=&(1/#)!4&!6#!4#)4#(! :'-&'!4&!49#-'!
-2,/1)-&2!-2!.!/.'7#'!=&(#/>! d2,#!-2,&':&'.4#(! -24&!49#!)$)4#=!($2.=-,)!=&(#/! 49#!)&04!
5.'-.6/#! 8-//!6#!12(#')4&&(!-2!4#'=)!&0!-4)!-2:14!.2(!&14:14!./&2#3!.!,&2,#:4! '#0#''#(!4&!
.)! '#0#'#24-./!4'.2):.'#2,$!G?-'(!.2(!%.(/#'3!HIZZM>! +1,9!.!=&(1/.'!.::'&.,9!0&'!.!)&04!
5.'-.6/#!-)!.2!#C.=:/# !&0!49#!)&,-./!:)$,9&/&7-,./!=&/#,1/#)!&0![#5-2#!.2(!`&$/#!GRSSRM>!!!
!
;91)!49#!)&04!5.'-.6/#!8-//!6#!,&2)4'1,4#(!)&!49.4!6&49!-4)!21=#'-,!5./1#!.2(!(-=#2)-&2)!
.'#! 9-((#2 !0'&=!,&22#,4-27!#/#=#24)>!V4)!-24#'2./!21=#'-,./!5./1#!-)!2&4! '#/#5.243!2&'!-)!
-4)!12-4!&0!=#.)1'#3!&2/$!-4)! '#):&2)#!4&!)4-=1/-! .2(!-4)!#00#,4!&2!&49#'!5.'-.6/#)>!;91)!
49#!#00#,4!&0!.!)&04!5.'-.6/#!&2!&49#'!#/#=#24)!,.2!6#!(-=#2)-&2/#))3!#2.6/-27!49#!#00#,4)!
&0!(-00#'#24!)&04!5.'-.6/#)!4&!6#!,&=6-2#(!4&7#49#'!8-49&14!'#7.'(!4&!49#-'!9-((#2 !12-4)>!
!
;&! ,&=:/#4#!49#!,&2)4'1,4-&2!&0!49#! )&04!5.'-.6/#!=&(#/!49#!0&//&8-27! )4.7#)! .'#! ,&2W
)-(#'#(* !

#
1+,4&#

;'$3" %&$"3',%"42-.25)$" &24$" 2" #./.#8#" 42)8$[" ;'$3" %&$" 42-.25)$" &24$" 2" #2?.#8#"
42)8$[!;9.4!-) 3!.'#!49#'# !/-=-4)!&2!49#!),./#!&0!49#!5.'-.6/#c !V0!49#!.2)8#'!-)!$#)!-2!
#-49#'!,.)#!49#2!49#!5./1#)!&0!49#)#!/-=-4)!.'#!)#4>!V2!49#!'#=.-2(#'!&0!49#!:.:#'!(- )W
,1))-&2!-)!,&20-2#(!4&!5.'-.6/#)!&2!.!/-=-4#(!),./#>!
!

7')(5##
!-$"%&$-$"2/+"38**$3%$("8/.%3"',"#$238-$",'-"%&$"3',%"42-.25)$[!U!(-),1))-&2!&0!.::' &W
:'-.4# !12-4)!2.41'.//$!,&=#)!&14!&0!49#!:'#5-&1)!(-),1))-&2 !&0!),./#>!U/49&179!49#)#!
12-4)!8-//!6#!9-((#2!0'&=!,&22#,4-27!#/#=#24)3!0&'!49#!).A#!&0!-24#'2./!(-=#2)-&2./!
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,&2)-)4#2,$!)&=#!12-4)!)9&1/(!6#!1)#(>!V0!2&!12-4!&0!=#.)1'#!-)!2.41'./!49#2!.2!.6W
)4'.,4!12-4!)9&1/(!6#!(#0-2#(>!!
!

.,(/0& #
J3"%&$"3',%"42-.25)$"2"3%'0=9"0'/4$-%$-"'-",)':[ !U!,&2)-(#'.4-&2!&0!12-4)!8-//!9#/:!(- )W
4-271-)9! .! )4&,A!0'&=!.! 0/&83! .)!8-//!49#! :9&4&7'.:9!4#)4!G+4#'=.23!RSSSM>!U! ,&2W
)-(#'.4-&2!&0!=#=&'$!&'!(#/.$)!,.2!9#/:!(-)4-271-)9!.!)4&,A! 0'&=!.!,&25#'4#'>!!

!
V'>/(5 !

\&2%"'8%3.($"$)$#$/%3"&24$"2/"$,,$0%"'/"%&$"3',%"42-.25)$[!V>#>!89.4!-)!49#!#00#,4!&0!-4)!
,.1)#) c!V0!49#!(#,-)-&2!-)!4&!=&(#/!49#!)&04!5.'-.6/#!8-49!.!)4&,A!49#2!-)!-4)!7'&849!
.2(! (#,/-2#! =#,9.2-)=) ! )9&1/(! 6#! ,&2)-(#' >!V4! -)! )177#)4#(! 49.4!#2(&7#2&1)!
=#,9.2-)=)!.'#! 4.,A/#(!0-')4>!
"

d/(>/(5 !
\&2%"'8%3.($"$)$#$/%3"('$3"%&$"3',%"42-.25)$"2,,$0%[!;9#'#! =1)4 !6#!.4!/#.)4!&2#!&14W
:14!&49#'8-)#!49#!5.'-.6/#!8&1/( !2&4!6#!'#<1-'#(>!U/49&179!(-00#'#24!&14)-(#!#/#W
=#24)!=.$ !6#!.00#,4#( !6$!49#!).=#!-24#'2./!#/#=#24!&0!49#!)&04!5.'-.6/#3!49#!:&))-W
6-/-4$!&0!=&'#!49.2!&2#!4$:#!&0!&14:14!)9&1/( !6#!,&2)-(#'#(>!;9#!&14:14!)9&1/(!6#!
,&2)4'1,4#(!)&!49.4!49#!-24#'2./!12-4)!.'#!9-((#2 !.2(!49.4!-4!0&//&8)!.2$!/-=-4)!)#4!
&2!49#!),./#>!B&'!49#!'#=.-2(#'!&0!49#!:.:#'!-4!-)!.))1=#(!49#!)&04!5.'-.6/#)!9.5#!. 2!
&14:14!),./#!/-=-4#(!0'&=!S!4&!H>!

!
U)!49#!-(#24-0-,.4-&2!&0!)&04!5.'-.6/#)!:'&7'#))#)!-4!8-//!6#!9#/:01/!4&!'#W#C:'#))!49#!,. 1W
)./!/&&:!(-.7'.=!-24&!.!=&(1/.'!(-.7'.= !4&!9#/:!9-79/-794!49#!,.1 )#)!.2(!#00#,4)!&0!#.,9!
)&04!5.'-.6/#>!
!

3.3 Use of Soft Variable  
d2,#!49#!=&(#/!0&'!49#!)&04!5.'-.6/#!9.)!6##2!,&2)4'1,4#(!G.2(!4#)4#(M!,&2)-(#'.4-&2!-)!
7-5#2!.)!4&!9&8!-4!,&22#,4)!4&!49#!8-(#'!=&(#/>!;9-)!8-//!6#!)16(-5-(#(!-24&!49#!#00#,4!&0!
49#! )&04!5.'-.6/#! .2(!49#!8.$! (-00#'#24! )&04!5.'-.6/# )!2##(!4&!6#!,&=6-2#( >! \#0#'#2,#!
)9&1/( !6#!=.(#!4&!. !=&(1/.'!5#')-&2! &0!49#!,. 1)./!/&&:!(-.7'.= >!
!
B**&+(##
F':"#2/+"(.,,$-$/%" #'($)" $)$#$/%3"('$3"%&$"3',%"42-.25)$"2,,$0%[!!;9#'#!8-//!6#!.!)#: .W
'.4#!=&(#/!0&'!#.,9!#00#,4!&0!49#!)&04!5.'-.6/#3!89-,9!8-//!.//&8!-4!4&!9.5#!(-00#'#24!-=W
:.,4)!&2!(-00#'#24!#/#=#24)>!b))#24-.//$!49#'#!-)!&2#!#00#,4!=&(#/!0&'!#.,9!/-2A!0'&=!49#!
)&04!5.'-.6/#>!;9#)#!=&(#/)!,.2!6#!=&(1/.'-)#(>!!V0!49#!)&04!5.'-.6/#!9.)!.2$!),./-27! 49#2!
49#!),./-27!,.2!6#!:'#)#'5#(!-2 !49#!#00#,4>!
!
8-C3)',()-'5 #
F':"2-$" (.,,$-$/%" 3',%"42-.25)$"$,,$0%3"0'#5./$("5$,'-$"%&$+"./,)8$/0$"2/'%&$-"$)$#$/%["
f&:1/.'! ,&=6-2.4-&2) ! .'#!=1/4-:/-,.4-&23! .((-4-&2! .2(! 8#-794#(! .5#'.7#)3!89-,9!=.$!
6#! /-2#.'! &'! 2&2W/-2#.'! G+4#'=.23! RSSS3! X9>H]M>!a1/4-:/-,. 4-&2! &0! #00#,4)! -)! &04#2! . )W
)1= #(3!89-,9! ,.2! 6#! :'&6/#=.4-,! -0! 49#'#! .'#!=.2$! )1,9! ,&=6-2.4-&2)! .)! 49#!/&8#)4!
0.,4&'!,.2!(&=-2.4#!49#!'#)1/4!GX&$/#3!RSSSM>!a,[1,.)!GRSS]M!./)&!8.'2)!&0!49#!(.27#')!
&0!=&'#!#)&4#'-,! ,&=6-2.4-&2)! .2(! .(5-)#)! 49.4! ,&=6-2.4-&2)! .'#!A#:4! .)! )-=:/#! .2(!
2.41'./!.)!:&))-6/#>! !
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!
B&//&8-27!49#!8&'A!&2!,&72-4-5#!./7#6'.!&0!U2(#')&2!GHIZHM!.2(!^149=.22 !GHII_M3!49#!
21=6#'!&0!,&=6-2.4-&2)!&0!48&!5.'-.6/#)!.'#!/-=-4#(!4&!0&1'3!4.6/#!H3!89#'#!-4!9.)!6##2!
.))1=#(!49#!5.'-.6/#)!-2!<1#)4-&2!9.5# !6##2!/-=-4#(!4&!.!),./#!&0!S!4&!H>!
!

9&5+0)>()-' # :,(<&C,()+,4#8-'5(0/+( # D-0C/4,#

€ 

f (x,y)#
+4'-,4! [&7-,./!U^` !

€ 

xy !
+4'-,4!X&=:'&=-)# ! E.'=&2-,!U5#'.7# !

€ 

xy!
[#2-#24!X&=:'&=-)# ! U'-49=#4-,!U5#'.7#!

!  

x + y
2

!

[#2-#24! [&7-,./!d\ !

!  

x + y " xy!

>25)$"MQ"K'#5./2%.'/3"',"C',%"D2-.25)$"I,,$0%3"

!  

(0 " x,y " 1)"

;9#! 3%-.0%",&=6-2.4-&2!&0!)&04!5.'-.6/#)!?!.2(! +!-)!49#!1)1./!=1/4-:/-,.4-&2!=&(#/3!.2(!-)!
49#!#<1-5./#24!&0!49#!/&7-,./!U^`>!;9.4!-)3!-0!49#!#00#,4!&0!&2#!)&04!5.'-.6/#!-)!)8-4,9#(!&003!
49#!&49#'!9.)!2&!#00#,4>!V0!&2#!-)!)#4!4&!49#!=.C-=1=!5./1#!&0!H3!49#!,&=6-2#(!#00#,4!-)!
49#!01//! '.27#!&0!49#! )#,&2(!5.'-.6/#>!d49#'! ,&=6-2.4-&2)! .'#! )9&82!-2!0-71'#!R>! ! ;9-)!
,.)#! -)! '#0#''#(! 4&! .)! 3%-.0%! .)! 49#! &14:14! -)! /#))! 49.2! 49#! )=.//#)4! -2:143!

!  

x < y " xy < x < y>!!;9-)!,.2!6#!49&1794!&0!.)!49#!=&)4!:#))-=-)4-,!.::'&.,9!4&!,&=6 -W
2.4-&23!.)!49#!&2#!)&04!5.'-.6/#!'#)4'-,4)!49#!#00#,4!&0!49#!&49#'>!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
;9#'#!.'#!48&!=&(#/)!&0!.!,&=:'&=-)#!:&)-4-&2!6#48##2!49#!48&!5.'-.6/#)>!;9#! )$/.$/%"
0'#1-'#.3$ !,&=6-2.4-&2!-)!49#!0.=-/-.'!.5#'.7-27>!U2!12W8#-794#(!,&=6-2.4-&2!-)!1)#(!
.)!-4!-)!.))1=#(!49.4!49#!#00#,4)!&0!49#!48&!5.'-.6/#)!.'#!./'#.($!&2!,&=:.'.4-5#!),./#)>!
;9#!/#5#/!.2(!'#):&2)#!0&'!48&!7-5#2!-2:14)!-)!9-79#'!49.2!49#!)4'-,4!,.)#!U^`!G0-71'#!RM>!
U! =&'#! 4#24.4-5#! )177#)4-&2! -)! =.(#! 0&'! .!3%-.0%" 0'#1-'#.3$! ,&=6-2.4-&2! 1)-27! 49#!
9.'=&2-,!.5#'.7#>!;9#'#!8-//!6#!.!:&-24!89#'#!-4)!'#):&2)#!,.2!=.4,9!49#!/#2-#24!,& =W
:'&=-)#3! 614! .4! 49#! #C4'#=#)! &0! &2#! &0! 49#! -2:14)! 6#-27!S! 49#! '#):&2)#! =.4,9#)! 49#!
)4'-,4! ,.)#!G0-71'#!RM>! ;9#! ,&==#24)!&0!a,[1,.)!GRSS]M! .6&14!49-)! ,&=6-2.4-&2!6#-27!
N.2! .61)#! &0! =.49#=.4-,./! /&7-,! .2(! )$)4#=! ($2.=-,)! :'-2,-:/#)Q! .'#! 2&4#(3! 614! -4! -)!
9&:#(!49.4!49#!1)#!&0!49#!(-=#2)-&2/#))!#00#,4)!&0!49#!)&04!5.'-.6/#)!8-49!.!,/#.'! /&7-,W

P.*8-$"AQ"K'*/.%.4$"!)*$5-26"]8%18%"23"2",8/0%.'/"',"'/$"./18%"?":.%&"3$0'/("./18%"L6Y"2/("L6A6"
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6.)#(!=#49&(&/& 7$!9.5#! .5&-(#(!49#! -))1#>!B&'!6&49! ,&=:'&=-)#! ,&=6-2. 4-&2)! -0!49#!
#00#,4)!&0!49#!48&!)&04!5.'-.6/#)!.'#!49#!).=#!49#!&14:14!=.4,9#)!49.4!#00#,43!

!  

f (x,x) = x>!
V2!.((-4-&2!49#!&14:14!&0!6&49!,&=:'&=-)#(!,&=6-2.4-&2)!/-#)!6#48##2!49#!)=.//#)4!.2(!

/.'7#)4!-2:14)!

!  

x < y " x < xy <
x + y

2
< y3!89-,9!)177#)4)!49#!4#'=!,&=:'&=-)#>!

!
;9#!0-2./!,&=6-2.4-&2!-)!6.)#(!&2!49#!/&7-,./!&'!,&72-4-5#!d\3!-)!'#0#''#(!4&!.)!49#!)$/.$/%!
,&=6-2.4-&23!.2(!,.2!6#!49&1794!&0!.)!49#!=&)4!&:4-=-)4-,!,.)#>!!V0!&2#!)&04!5.'-.6/#!-)!
)8-4,9#(!&00!49#!'#):&2)#!0&//&8)!49#!01//!'.27#!&0!49#!&49#'!5.'-.6/#!G0-71'#!RM>!!V0!9&8W
#5#'!&2#!5.'-.6/#! -)! .4! -4)!=.C-=1=!H3!49#!)#,&2(!5.'-.6/#! ,.2!9.5#!2&!01'49#'!#00#,4>!
;9#!'#):&2)#!&0!d\!-)!9-79#'!49.2!.//!49#!&49#'!,&=6-2.4-&2)!0&'!49#!).=#!-2:14)3!.2(!-)!
/.'7#'!49.2! -4)!9-79#)4! -2:14!

!  

x < y " x < y < x + y # xy>!V2!49-)! )#2)#!49#!&2#! )&04!5.'-W
.6/#!#29.2,#)!49#!#00#,4!&0!49#!&49#'>!
!
B&'! .//! ,&=6-2.4-&2)!49#!),./#!&0!S!4&!H!-)! :'#)#'5#(3!.2(!491)!(&!2&4!9.5#!49#!),./-27!
-))1#)!'.-)#(!6$!X&$/#!GRSSSM>!
!

4 Model Construction  
V2!49-)!)#,4-&2!49#!'-&4!=&(#/!&0!?1'6#,A!#4>!./>!GHILZM!-)!#C4#2(#(!4&!-2,/1(#!)&04!5.'-W
.6/#) !.2(!1)#(!4&!-//1)4'.4#!49#!=&(#/!,&2)4'1,4-&2!=#49&(&/&7$!&0!)#,4-&2!]>!B-')4/$!.!
,.1)./!/&&:!(-.7'.=!-)!:'&(1,#(!-2!/-2#!8-49!49#!#C-)4-27!= &(#/!G0-71'#!HM!.2(!49#!.((-W
4-&2./!9$:&49#)#)!G)#,4-&2!R>RM3!.2(!-)!7-5#2!-2!0-71'#!]>!
!
;9#! :&:1/.4-&2! 5.'-.6/#)! .'#! -2(-,.4#(! .)! )4&,A)3! .)! 49#'#! -)! 2&! -24#24-&2! 4&! '#=&(#/!
49#)#>!+&/-(!,&22#,4&')! '#0#'!4&!49#!,.1)./! /-2A)!&0!49#!&'-7-2./!=&(#/3!8-49!49#!(.)9#(!
,&22#,4#')! ,&=-27! 0'&=! 49#! 2#8! 9$:&49#)#)>! ;9-)! -)! .2! -2-4-./! ,.1)./! /&&:! (-.7'.=!
:#2(-27!49#!.))#))=#24!&0!:&4#24-./!)&04!5.'-.6/#)>!
!
B##(6.,A!/&&:)! RA!.2(! RO".'#!(1#!4&!49#!#00#,4)!&0!49#!=#(-.!-24#'#)4!.2(!'-&4#'!#2491W
)-.)=!&2!'#,'1-4=#24>! RN"-)!(1#!49#!#00#,4!&0!49#!=#(-.!-2!,'#.4-27!-2-4-./!)$=:.49$!0&'!
49#!'-&4>!RY!-)!49#!#00#,4!&0!#2491)-.)=!&2!'-&4!'#4#24-&2!'#)1/4-27!0'&=!49#!21=6#')!&0!
'-&4#')3!89#'#.)! 7Z!-)!49#!&::&)-27!0&',#!&2!'#4#24-&2!'#)1/4-27!-2!49#!('&:!&0!#2491)-W
.)=!(1#!4&!.''#)4)> !7O!-)!49#!6./.2,-27!/&&:!(1#!4&!49#!/&))!&0!'-&4#')!(1#!4&!.''#)4)>!7Y!-)!
49#!#00#,4!&0!'#(1,-27!#2491)-.)=!49'&179!.''#)4)!-2!'-&4!'#,'1-4=#24>!
!

4.1 Identification of Soft Variables  
;9#!0&//&8-27!5.'-.6/#)!.'#!,&2)-(#'#(!.)!:&4#24-./!)&04!5.'-.6/#)*! B$(.2"J/%$-$3%3!3+#<
12%&+" ./"1'18)2%.'/"%':2-(3" -.'%$-33!R.'%$-" I/%&83.23#! .2(! $4$/%3"1$-" (2+>!V2! .((-4-&2!
3%-$/*%&"',"0283$!-)!./)&!,&2)-(#'#(!.)!.!N)&04!,&2)4.24Q>!d49#'!=&(#/!#/#=#24)!.'#!:&:1W
/.4-&2!21=6#')!'#/.4#(!#24-4-#)@!.//!#.)-/$!,&124.6/#!.2(!8-49!,/#.'!=#.)1'#)>!
!
:&%),#$'(&0&5(#

S$/$-2)";$30-.1%.'/>!;9#!=#(-.!-2!49#!HIJS)!-2,/1(#(!2#8):.:#')!.2(!6'&.(,.) 4W
-27>! ;9#! =#(-.! #C:'#))#)! -4)! -24#'#)4! 49'&179! -4)! ,&5#'.7#! &0! .2! #5#24>! V0!
)&=#49-27!-)!'#:&'4#(3!49#!=#(-.!-)!-24#'#)4#(3!.2(!49.4!'#:&'4-27!8-//!9.5#!
.2 !#00#,4!&2!&49#')>!

!
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

P.*8-$"OQ"J/.%.2)"K^;"',"%&$"I?%$/($("R.'%"S-':%&"B'($)"

!**-$*2%.'/ >";9#! =#(-.! 9.)! (-00#'#24! )4$/#)! &0! '#:&'4-273! -2! :.'4-,1/.'! 89#49#'!
49#$!.'#!)$=:.49#4-,!&'!2&4!4&!49#!#5#24>!U)!49#!&2/$!#00#,4!&0!=#(-.!-24#'#)4!
-2!49-)!=&(#/! -)!&2! .! :&:1/.4-&2!&0! :&4#24-./! )$=:.49-)#')!0&'!49#! '-&4! .2(!
49#!'-&4#')!49#=)#/5#)!-4!-)!(##=#(!49.4!.2$!'#:&'4-27!8&1/(!&2/$!:&)-4-5#/$!
. 00#,4!)$=:.49$!.2(!'#,'1-4=#24>!;9#!'-&4)!:'&7'#))#(!)&!0.)4!-4!8.)!)-=:/$!
49#!2#8)!49.4!49#$!8#'#!9.::#2-27!49.4! :'&=:4#(! :# &:/#!4&! .,4-&23!2&4! .!
=&'#!4-=#W,&2)1=-27!8#-79-27!1:!49#!:'&)!.2(!,&2)>!;91)!.!)-27/#!5.'-.6/#!
)9&1/(!)100-,#>!

]-($-./* >"̂ #8):.:#')!.2(!6'&.(,.)4#')!7-5#!=&'#!,&5#'.7#!4&!)&=#!2#8)!-4#=)!
49.2!&49#')>!U!012,4-&2!&0!.!2#8)'&&=!#.,9!(.$!-)!4&!:'-&'-4-)#!2#8)>!;91)!.!
,/#.'!&'(#'-27 !-)!-=:/-#( >!

@'%$/%.2)" B$238-$3>! B&'! 2#8):.:#')! 49#)#! -2,/1(#*! 49#! 21=6#'! &0! 8&'()! -2! 49#!
2#8):.:#'!.'4-,/#@!-4)!:&)-4-&2!-2!49#!2#8):.:#'3!#>7>!=.-2!:.7#3!:.7#!R!#4,@!
-4)! .::#.'.2,#!-2!49#! &:-2-&2!,&/1=2>!B&'!6'&.(,.)4!=#(-.!49#'#! ,&1/(!6#*!
49#! (1'.4-&2! &0! .! 6'&.(,.)4! '#:&'4@! -4)! :&)-4-&2! -2! 49#! '122-27! &'(#'@! 49#!
21=6#'!&0!'#:&'4#')!&2!49#!7'&12(>!!

;91)! B$(.2"J/%$-$3%!-)!.!,.2(-(.4#!0&'!.!)&04!5.'-.6/#> !
!
E)-(&0#B'(</5),5C #

S$/$-2)" ;$30-.1%.'/ >! b2491)-.)=! -)! .! <1./-4$! &0! .2! -2(-5-(1./! :#')&23! .! '-&4#'! -2!
49-)!,.)#>!V4!(#),'-6#)!.2!-24#'2./!(#(-,.4-&2!4&!49#!'-&4!.4!9.2(!89&)#!'#)1/4)!
8-//!6#!)##2!6$!49#-'!(#)-'#!4&!'#=.-2!-2!49#!'-&43!'#,'1-4!&49#')!.2(!:.'4-, -W
:.4#!-2!:'&4#)4>!;9#!/.44#'!-)!<1-4#!5-)-6/#!.2(!,&1/(!:'&5-(#!.!=#.2-27!49.4!
&49#')!,.2!.7'## !8-49>!!

!**-$*2%.'/ >!b2491)-.)=!,.2!./)&!6#!.::/-#(!4&!49#!7'&1:!&0!'-&4#')>!%-49!-2(-5-(W
1./!#2491)-.)=! (#:#2(#24!&2!#C4#'2./!#5#24)! )1,9! .)! '-&4!)-D#3!)4'#2749!&0!
,.1)#!.2(!.''#)4)3!49#'#!8&1/(! 2&4!6#!.!8-(#!5.'-.4-&2!6#48##2!'-&4#')!.4!.!
7-5#2!:&-24!-2!4-=#>!;91)!.2!.5#'.7#!5./1#!&0!-2(-5-(1./!#2491)-.)=!)9&1/(!
)100-,#!0&'!7'&1:!#2491)-.)=3!7-5-27!49#!/.44#'!.!'#./-)4-,!'#./!8&'/(!,&2,#:4>!

]-($-./* >!V4!-)!,&==&2!4&!(#),'-6#!)&=#!:#&:/#!.)!=&'#!# 2491)-.)4-,!49.2!&49#')3!
491)!.2!&'(#'#(!5.'-.6/#!-)!'#.)&2.6/#> !

Rioters

events per day

Media Interest

Rioter Enthusiasm arrests per day

+ +

+
+

join riot

-

effectiveness in
recruitment

+

+

+Sympathiser
s

sympathy in
population towards

rioters+

strength of cause +

+

+ Ex Rioters

-

leave riot

+
+

R1 B2B1

R2 R3

R4

B3 time in riot

-

Arrested Rioters

-

+

-

retention of rioters
+

+

B5 B6

R5

+



@2*$"MM""

B'($)"78.)( ./*":.%&"C',%"D2-.25)$3"E"F2+:2-(9"G$,,39"F':$))3"H"I42/3"E"JC;K"ALMN"

@'%$/%.2)" B$238-$3>!f&4#24-./! =#.)1'#)! &0! #2491)-.)=! ,&1/(! 6#! 49#! 5&/1=#! &0!
,9.24-27!6$!49#!,'&8(3!5#'6./! #27.7#=#24!8-49!&2/&&A#')3!:#&:/#!'#,'1-4#(!
:#'! :#')&23! )A-'=-)9#)! 8-49! :&/-,# >! g#2#'.//$! -2(-5-(1./! #2491)-.)=! 0&'! .!
,.1)#!,.2!6#!=#.)1'#(!6$! .2! .=&124!&0!4-=#!-2!.!7-5#2!:#'-&(!):#24!&2!49.4!
,.1)#3! -2!49-)! ,.)#!4-=#! ):#24! -2!49#! '-&4>! ;8&!&0!49#!=#.)1'#)!=#24-&2#(3!
4-=#!-2!'-&4!.2(!:#&:/#!'#,'1-4#(!:#'!:#')&23 !.'#!#00#,4)!&0!#2491)-.)=!-2!49#!
=&(#/>!!

;91)! I/%&83.23#!-)!.!,.2(-(.4#!0&'!.!)&04!5.'-.6/#> !
!

1FC>,(<F #
S$/$-2)";$30-.1%.'/>!+$=:.49$!-)!.!<1./-4$!&0!.2!-2(-5-(1./!:#')&23!.!2&2W'-&4#'!-2!

49-)! ,.)#>!V4! (#),'-6#)! .! :&)-4-5#!#27.7#=#24!8-49! .2$!2#8)! '#:&'4)! .6&14!
49#!,.1)#!,&=-27!0'&=! .2!-24#'2./!./-72=#24!8-49!49#!,.1)#>!V4!=.$!'#)1/4!-2!
:&)-4-5#!5#'6./! ,&==#24)!4&!&49#')!.2(!.2!&:#22#))!4&!T&-2!49#!,.1)#>!;9#!
0&'=#'!,&1/(!:'&5-(#!.!'#:&'4.6/#!=#.2-27!49.4!&49#')!,&1/(!.7'##> !

!**-$*2%.'/ >!+$=:.49$!,.2!./)&!6#!.::/-#(!4&!49#! *-'81 !&0!2&2W'-&4#')>!E&8#5#'!
12/-A#! #2491)-.)=3! )$=:.49$! 8-//! 9.5#! =1,9! 8-(#'! 5.'-.4-&2) ! &5#'! -2(-W
5-(1./)! .4!.2$!&2#!4-=#@!'-&4)3!.2(!49#-'! ,.1)#)3!,.2!-25&A#!)4'&27!&:-2-&2)!
0&'! .2(! .7.-2)4 >! ;91)! -4! -)! (#,-(#(! 4&! (-).77'#7.4#! C+#12%&.3$-33! -24&! R!
)4&,A)*!&2#!89&!.'#!)4'&27/$!)$=:.49#4-,3!.2(!49#!'#=.-2(#'!89&!'#=.-2!4&!
6#! :#')1.(#(>!U/49&179!6&49! ,&1/(!9.5#! .!5.'-#4$!&0!49'#)9&/()!&0! :#')1.W
)-&2)!Gg'.2&5#44#'3!HILZM3!4&! .!0-')4! .::'&C-=.4-&2!#.,9! ,.2!6#!4.A#2! .)! .!
'&179!.5#'.7#!&0!48&!8-(#/$!(-5#'7-27!(#7'##)!&0!)$=: .49$!4&!49#!'-&4>!!

;91)!49#!)&04! ,&2,#:4!&0!3+#12%&+!-)!=&(#//#(!6$! 48&!:&:1/.4-&2!)4&,A)3! '.49#'!
49.2!.!)&04!5.'-.6/#>!!
!

1(0&'?(<#-*#8,/5& #
S$/$-2)";$30-.1%.'/>!;9-)!-)!49#!)4'#2749!&0!0##/-27!-2!.!:#')&2>!V4!,&1/(!6#!12(#'W

)4&&(! -2! 4#'=)! &0! 7'&1:! =#=6#')9- :3! 8-//-272#))! 4&! ).,'-0-,#! 4-=#! .2(!
=&2#$!0&'!49#!,.1)#>!;9#'#!(&#)!2&4!2##(!4&!6#!.!'-&4!&,,1''-27 !0&'!49-)!4&!6#!
12(#')4&&(>!!

!**-$*2%.'/ >"V0!.! )-27/#!-))1#!(&=-2.4#)!49#!,.1)# !49#2!.!)-27/#!5.'-.6/#!-)!)100-W
,-#24>! ;9#!4'-77#'! 0&'! 49#! '-&4)! 8.)! 49#! (##:! 0##/-27!&0! '.,-./! 6-.)! -2! /-5-27!
,&2(-4-&2)>!U/49&179!49#'#!8#'#!=.2$! ,&=:/#C!-))1#)3!49-)!&2#! -))1#! )1=W
=.'-)#(!49#=!.//> !

]-($-./* >!X/#.'/$!)&=#!:#&:/#!8-//!7-5#!=&'#!4-=#!.2(!=&2#$!4&!.!,.1)#!49.2!&4 9W
#')>!

@'%$/%.2)"B$238-$3>!U)!=#24-&2#(3!4-=#!.2(!=&2#$! ):#24!&2!49#!,.1)#3!:#'9.:)!.)!
.!:'&:&'4-&2! &0!.5.-/.6/#!4-=#!.2(!=&2#$>!

;91)! C%-$/*%&" ',"K283$! -)! .! )&04!5.'-.6/#>!U)!49#! '-&4)! :'&7'#))#(!&5#'! )9&'4! : #W
'-&()!&0!4-=#3! .!0#8! (.$)3! -4!8-//!6#! )100-,-#24!0&'! -4!4&!6#! .! ,&2)4.24! -2!49-)!
=&(#/ !

#
BG&'(5#>&0#%,F#

S$/$-2)";$30-.1%.'/>!;9#)#!8#'#!49#!#5#24)!,.1)#(!6$!'-&4#')!49.4!8#'#!(##=#(!- /W
/#7./!6#9.5-&1'3!/.'7#/$!(.=.7#3!&'!.44.,A)!&2!&49#'!:#&:/#>!U)!#5#24)!49#)#!
.'#! :&4#24-.//$! ,&124.6/#! .2(! .'#!&2/$!N)#=- W)&04Q!6#,.1)#!&0!49#-'!5.'-#4$3!
-2,/1(-27!49#-'!)#'-&1)2#))>!
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@'%$/%.2)"B$238-$3>!B&'!#.,9! '-&4!49#'#! .'#!#C,#//#24!=#.)1'#)!&0! '#:&'4#(! -2, -W
(#24)!4&!49#!:&/-,#3!=#(-,./!.2(!&49#'!.149&'-4-#)>!;91)!-4!8-//!6#!)100-,-#24!4&!
,&124! 49#)#! #5#24)3! '#/$-27! &2! 49#! :#')&2! 89&! -2-4-.4#(! 49#! ,.//! 4&! (#,-(#!
49.4!49#$!8#'#!)#'-&1)>!!

U)!)1,9! $4$/%3"1$-"(2+!8-//!6#!4'#.4#(!.)!.!2&2 W)&043!,&124.6/#!5.'-.6/#@!.!:&:1/.W
4-&2!0/&8>!

!
^&8!49#!:&4#24-./!)&04!5.'-.6/#)!9.5#!6##2!-(#24-0-#(3!49#!,.1)./!/&&:!(-.7'.=3!0-71'#!]!
,.2!6#!'#5-)#(3!0-71'#!_>!;9#!48&!,/#.'!)&04!5.'-.6/#)3!B$(.2 "J/%$-$3%".2(! R.'%$-"I/%&83.<
23#3".'#!-(#24-0-#(!6$!)4&,A!2&4.4-&2>!C+#12%&.3$-3!9.)!6##2!):/-4!-24&!48&!)4&,A)3!8-49!
@'%$/%.2)"C+#12%&.3$-3!#.'/-#'!-2!49#!,9.-2>!;9#!(-00#'#24!#00#,4)!&0!49#!=#(-.!&2!,'#.4-27!
)$=:.49$! RN3!.2(!#29.2,-27!'#,'1-4=#24!4&!49#!'-&4"RA3!,.2!2&8!6#!)##2!=&'#!,/#.'/$>!
!

!
P.*8-$"NQ"R$4.3$("K^;"'," I?%$/($("R.'%"S-':%&"B'($)"

!

4.2 Construction of Modular Structure  
;&! .))-)4!49#!=&(#/! ,&2)4'1,4-&23!49#! ,.1)./! /&&:! (-.7'.=3!0-71'#!_3! -)! '# W#C:'#))#(! -2!
=&(1/.'!0&'=>!; 9#!:&:1/.4-&2!=&(#/!6#,&=#)!.!)-27/#! =&(1/#3!2.=#(! @'18)2%.'/":.%&"
R.'%9!89-,9!8-//! ,&24.-2!.//!0-5#!:&:1/.4-&2!)4&,A)>![&&:)3!RM3!7M3!7A3!7O".2(! 7N!.'#!- 2W
4#'2./!4&!49-)!=&(1/#>!;9#!48&!)&04!5.'-.6/#)!6#,&=#!49#!&49#'!48&!=&(1/#)3!2.=#(!I /<
%&83.23#"',"R.'%$-33!.2(!B$(.2"J/%$-$3%3!0-71'#!K!G&5#'/#.0M6!!
!
;9#'#!.'#!49'##!-2:14)!4&!49#!:&:1/.4-&2!=&(1/#3!,'#.4#(!6$*!

.6 ;9#!#00#,4!&0!#$(.2"./%$-$3%!&2!)$=:.49$!0&'!49#!'-&4!RN@"
..6 ;9#!,&=6-2#(!#00#,4!&0!#$(.2"./%$-$3%"RA9!.2(! -.'%$-"$/%&83.23#!RO"H"7Y9"&2!'#W

,'1-4=#24@"
...6 ; 9#!#00#,4!&0!-.'%$-"$/%&83.23#!&2!'-&4#'!'#4#24-&2!RY"H"7Z6!"

!
;9#! 49'##! #00#,4)3! 89-,9!.'#! 49#! -24#'0.,#! 6#48##2! 49#! )&04! 5.'-.6/#! =&(#/)! .2(! 49#!
:&:1/.4-&2!=&(1/#3!.'#!49#=)#/5#)!=.(#!=&(1/#)> !
!
;9#!:&:1/.4-&2!=&(1/#!./)&!9.)!48&!&14:14)* !

-> ;9#!2#7.4-5#!#00#,4!&0!.''#)4)!&2!-.'%$-"$/%&83.23#!7Y"H"7Z_!
--> ;9#!:&)-4-5#!#00#,4!&0!'-&4!)-D#!&2!-.'%$-"$/%&83.23#"RO"H"RY3!,&=6-2#(!8-49!49#!

#C&7#2&1)!)4'#2749!&0!49#!,.1)#>!U((-4-&2.//$!49#'#!-)!.!:&)-4-5#!#00#,4!&0!'-&4!)-D#!
&2!#$(.2"./%$-$3%"RA"H"RN6";9-)!&14:14!-)!1)#(!48-,#>!
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;9#!49'##!#00#,4)!&0!49#!:&:1/.4-&2!.'#! :.))#(!49'&179!-24#'0.,#)!4&!49#!48&!)&04!5.'-W
.6/#)3!.7.-2!=.(#!=&(1/#)!4&!=&(#/!49&)#!#00#,4)>!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!
!
!
!
!
!
!
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!
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P.*8-$"YQ"B'(8)2-"K^;"'," I?%$/($("R.'%"S-':%&"B'($) "

!
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4.3 Construction of Sub -Models  

4.3.1 Population Sub -Model  
;9#!=.-2! :&:1/.4-&2! )16 W=&(#/! -)! )4'.-7940&'8.'(3!0-71'#!J>! ;9#!48&!&14:14)3!R.'%$-3!
.2(! !--$3%$(" R.'%$-33! .'#! -2(-,.4#(! 6$! (&16/#! &14/-2#! )$=6&/)>! ;9#! 49'##! -2:14)! .'#!
7-5#2! -2! 6&/(3! .2(! ,&24.-2! 49#!2.=#! &0! 49#! ,&22#,4-27! )16! =&(1/#! N$,,$0%" '," `a>! ;9#!
49'##!-2:14)!.'#!49#!,-20%.'/"',"%&$"1'18)2%.'/"./,)8$/0$(3!49#!1-'525.).%+"',"3800$33,8)"./<
,)8$/0$!G&0!49#!)$=:.49-)#')M!.2(!%.#$"./"-.'%>!;9#!49'##!.'#!#C&7#2&1)! :.'.=#4#')! .)!
0.'!.)!49#!)16W=&(#/!-)!, &2,#'2#(3!614!#2(&7#2&1)!-2!49#!&5#'.//!=&(#/>!V0!49#)#!:.'.=W
#4#')!.'#!)#4!#C&7#2&1)/$3!#>7>!6$!,&2)4.24)!&'!4-=#!)#'-#)3!49#!)16W=&(#/!,.2!6#!4#)4#(!
-2(#:#2(#24/$>! ;9#'#! .'#! 48&! -24#'2./! :.'.=#4#')3! @'%$/%.2)" b8#5$-" '," K'/%20%3! .2(!
! --$3%"-2%$@!.2(!49#!0-5#!-2-4-./!5./1#)>!

!
P.*8-$"ZQ"@'18)2%.'/"C85"B'($)"

!

4.3.2 Media Interest Sub -Model  
U)!.!)&04!5.'-.6/#!49#!,&2)4'1,4-&2!&0!B$(.2"J/%$-$3%"8-//!'#<1-'#!.!,&2)-(#'.4-&2!&0!),./#3!
12-4)3!2.41'#3!-2:14)!.2(!&14:14>!
!
1+,4&#

;9#'#!-)!.!,/#.'!=- 2-=1=!5./1#! B$(.2"J/%$-$3%3!,&''#):&2(-27!4&!2&!'#:&'4-27!6$!
49#!=#(-.>!+-2,#!2#8):.:#')!.2(!6'&.(,.)4#')!9.5#!.!/-=-4#(!,.:.,-4$!49#2! B$(.2"
J/%$-$3%!8-//!6#!7-5#2!.!=.C-=1=!5./1#>!
!

7')(5##
V0!12-4)!.'#!49#!21=6#'!&0!8&'()!1)#(!.)!.!0'.,4-&2!&0!49#!4&4./!-2!.!:.:#'3!49#2!49#!
=-2-=1=!5./1#!-)!Sh3!.2(!49#!=.C-=1=!-)!HSSh>!U!)-=-/.'!.'71=#24!0&//&8)!-0!
49#!12-4)!.'#!49#!:#',#24.7#!&0!49#!6'&.(,.)4!4-=#>!
!

.,(/0& #
?#,.1)#!'#:&'4)!,.2!6#!9&1'/$3!&'!(.-/$3!-4!-)!:&))-6/#!4&!49-2A!&0!B$(.2"J/%$-$3%!.)!
.!0/&8>!E&8#5#'!B$(.2"J/%$-$3%!-)!2&4!T1)4!=&(#//-27!49#!:9$)-,./!'#:&'4-27!&0!49#!
#5#24)3!614!49#!-=:.,4 !49&)#!#5#24)!9.5#!&2!49#!#(-4&')>!U)!)1,9!'#:&'4)!&0!#5#24)!
8-//! .::#.'! -2!)16)#<1#24!2#8)! '#:&'4)3!&04#2!8-49!(-=-2-)9-27!-=:&'4.2,#3!1 2W



@2*$"MY""

B'($)"78.)( ./*":.%&"C',%"D2-.25)$3"E"F2+:2-(9"G$,,39"F':$))3"H"I42/3"E"JC;K"ALMN"

/#))!49#'#!9.)!6##2!2#8!#5#24)!&0!49#!).=#!2.41'#>!;91)!49#'#!-)!.!7'&1:! =#=&'$!
#00#,4!&0!49#!#(-4&'-./!4#.=3!.2(!491)!49#!5.'-.6/#!-)!6#)4!=&(#//#(!.)!.!)4&,A>!!
!
U((-4-&2.//$!B$(.2"J/%$-$3%!-)!./)&!12(#')4&&(!6$!-4)!#00#,4!&2!.!:&:1/.4-&2>!;9.4!
:&:1/.4-&2!8-//!./)&!9.5#!.!=#=&'$!&0! 2#8)!-4#=)!0&'!)&=#!:#'-&(>!;91)!.!)4&,A!
-)!:'#0#''#(> !
!

V2!&'(#'!4&!.,9-#5#!.!/-=-4#(!),./#!&2!.!)4&,A3!.!7&./W)##A-27!.',9#4$:#!-)!1)#(3!0-71'#!L>!
;9#!6./.2,-27!/&&:! 7M#!,&24'&/)!49#!7'&849!&0!49#!)4&,A3!/-=-4-27!7'&849!4&!49#!4.'7#43!
#2?.#8#"#$(.2"./%$-$ 3%>!;9#!/&&:!7A# !.//&8)!49#!B$(.2"J/%$-$3%!4&!(#,/-2#!-0!49#'#!.'#!
2&! 01'49#'! #5#24)! 4&! )4-=1/.4#! -24#'#)43! =&(#//-27! 49#! (#,/-2#! -2! '#:&'4-27! &5#'! 4-=#!
89#2!. !2#8)!-4#=!6#,&=#)!N&/(!2#8)Q>!;9#!7#2#'-,!:.44#'2!8-//!6#!'#0#''#(!4&!.)!.!+&04!
i.'-.6/#!&2!.![- =-4#(!+,./#!G+i[+M>![#5-2#!GRSSSM!1)#)!.!)-=-/.' !7&./W)##A-27!,&2)4'1,4!
0&'!)&04!5.'-.6/#)> 

!

!
P.*8-$"VQ"B$(.2"J/%$-$3%"C85<B'($) "

$'>/( 5#
B$(.2"J/%$-$3%!-)!&2/$!-20/1#2,#(!6$!49#!#00#,4!&0!49#!'-&4#')>!;9-)!,.1)#)!-2,'#.)#(!
-24#'#)4!0'&=!49#!=#(-.3!.2(!-)!,&22#,4#(!4&!49#!-20/&8!G)9&82 !-2!6&/(3!0-71'#!LM>!
!!

@/(>/( 5#
;9#!&14:14!-)!'#/.4#(!4&!49#!)4&,A!5./1#>!V2!&'(#'!4&!9-(#!6&49!5./1#)!.2(!12-4)!49#!
)4&,A!5./1#!-)!(-5-(#(!6$!-4)!=.C-=1=!:&))-6/#!5./1#>!;9#!&14:143!-2(-,.4#(!8-49!.!
(&16/#!&14/-2#3!0-71'#!L3!-)!2&8!/-=-4#(!4&!.!),./#!S!4&!H3!'#7.'(/#))!&0!49#!5./1#!&0!
49#!)4&,A>!;91)!.2$!:&4#24-./!=#.)1'#!&0!49#!)&04!5.'-.6/#!-)!:'-5.4#3!.2(!(&#)!2&4!
.00#,4!49#!1)#!&0!49#!5.'-.6/#!-2!49#!=&(#/>!!

!

4.3.3 Rioter Enthusiasm  Sub-Model  
;9-)!0&//&8)!-2!.!)-=-/.'!0.)9-&2!4&!B$(.2"J/%$-$3%>!
!
1+,4&#

;9#!=-2-=1=!5./1#!&0! R.'%$-"I/%&83.23#"&,,1') !89#2!.//!-2(-5-(1./)!9.5#! 2&!#2W
491)-.)= 3!.)!#C:'#))#(!6$!49#=!2&4!'#,'1-4-27!.2$&2#!0'&=!.!)$=:.49#4-,!:&: 1W
/.4-&23!.2(!/#.5-27!49#!'-&4!-2!49#!)9&'4#)4!:&))-6/#!4-=# >!U!=.C-=1=!5./1#!0&//&8)!
0'&=!49#!/-=-4#(!,.:.,-4$!&0!.!:#')&2!4&!#27.7#!-2!.2$!.,4-5-4$>!V0!.!:#')&2!'#.,9#)!
49.4!,.:.,-4$!49#2!49#'#!8&1/(!6#!2&!'#.)&2!4&!#25-).7#!=&'#!#2491)-.)=!.)!49.4!
#C4'.!#2491)-.)=!8&1/(!9.5#!2&!#00#,4!&2!.2$!($2.=-,./!#/#=#24>!
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7')(5##
d2,#! .! =.C-=1=! 9.)! 6##2! )#4! 49#2! .! :#',#24.7#! &0! 49#! =.C-=1=! 8&1/(! 6#! .!
2.41'./! 12-4>!E&8#5#'! &49#'! 12-4)!,&1/(! 6#! ,&2)4'1,4#(3! )1,9! .) ! 49#! 0'.,4-&2! &0!
'-&4#')!-25&/5#(!-2!)A-'=-)9#)!8-49!49#!.149&'-4-#)>!
!

.,(/0& #
b2491)-.)=! 0&'! .! ,.1)#! ,.2! 6#! 7#2#' .4#(! -24#'2.//$! .)! 8#//! .)! 0'&=! #C4#'2./!
)4-=1/->!U)!49#!,.1)#!-2!49-)!,.)#!-)!.!)#'-&1)!6'#.,9!&0!49#!:#.,#!6$!.!7'&1: 3!-4!8-// !
6#!.))1=#(!49.4!12/#))!49#'#!-)!.2!#C4#'2./!,.1)#!49#2!49.4!#2491)-.)=!4&!:.'4-, -W
:.4#!-2!.!'-&4!8-//!0.(#>!;91)!.!)4&,A!-)!49#!=&)4!2.41'./ !#/#=#243!8-49!.2$!-24#'2./!
' #-20&',#=#24!=#,9.2-)=)!6#-27!,&5#'#(!6$!49#!=#=&'$!#00#,4!&0!.!)4&,A!
!

;91)! R.'%$-"I/%&83.23#!-)! ,&2)4'1,4#(!-2! .! )-=-/.'!0.)9-&2!4&! B$(.2"J/%$-$3%3!1)-27!49#!
)&04!5.'-.6/#!&2!.!/-=-4#(!),./#!=&(#/3!0-71'#!Z>!
!

!
P.*8-$"WQ"R.'%$-"I/%&83.23#"C85<B'($) "

$'>/(5 #
R.'%$-"I/%&83.23#!9.)!48&!-2:14)*!49#!:&)-4-5#!#00#,4!&0!49#!21=6#'!&0!'-&4#')@!49#!
2#7.4-5#!#00#,4!&0!49#!21=6#'!&0! .''#)4)>! ;9#!0&'=#'! -)! ,&22#,4#(!4&!49#! -20/&83!
.2(!49#!/.44#'!4&!49#!&140/&8!.00#,4-27!49#!:'&:&'4-&2./!'.4#!&0!/&))!0'&=!49#!)4&,A!
G-2(-,.4#(!-2!6&/(M>!U2!.((-4-&2./!:.'.=#4#'!4&!'#:'#)#24!.!2.41'./!/&))!&0!#249 1W
)-.)=!-2!49#!.6)#2,#!&0!.2$!.''#)4)!-)! '#<1-'#(>!;9#!# 00#,4!&0!.''#)4)!&2!#2491)-W
.)=! -)!&5#'!.2(!.6&5#!49-)!2.41'. /!'.4#>!

!
@/(>/(5 #

;9#!&14:14!-)!'#/.4#(!4&!49#!)4&,A!R.'%$-"I/%&83.23#>![-A#!B$(.2"J/%$-$3%"(-5-)-&2!
6$!49#!=.C-=1=!5./1#!.,9-#5#)!49#!:'-5.,$!&0!49#!12-4)!.2(!),./#!&0!#2491)-.)= 3!
,&2)4'.-2-27!49#!),./#!4&!S!4&!H>!

!
;91)!.!,.)#!9.)!6##2!=.(#!0&'!6&49!)&04!5 .'-.6/#)!4&!9.5#!(-=#2)-&2/#))!&14:14)!&2!.!
),./#!S!4&!H>!X&$/#!GRSSSM!(#),'-6#(!)1,9!.!),./#!.)!4#=:4-27!614!<1#)4-&2#(!49#!=#.2W
-27!&0! .!5./1#!&0!S>K>!V2!49#!=&(#/)! .6&5#!)1,9! .!5./1#!8&1/(!=#.2!49.4!49#!5.'-.6/#)!
9.5#!KSh!&0!49#!#00#,4!49.4!49#$!8&1/(!9.5#!9.(! .4!49#-'!=.C-=1=!5./1#>!E&8#5#'! -4!
(&#)!2&4! '#<1-'#!49.4! .2$!=#.)1'#!&0!49#!5.'-.6/#!8&1/(!6#! .4!KSh!&0!-4)! ),./#! .)!49#!
=#.)1'#!-)!'#/.4#(!4&!49#!-24#'2./!)4&,A!5./1#3!89-,9!=.$!2&4!9.5#!.!/-2#.'!'#/.4-&2)9-: 3!
2&'!#5#2!6#!.!'.4-&!),./#!G[#5-2#3!RSSSM>!B&'!#C.=:/#!-0!49#!&14:14!&0!=#(-.!-24#'#)4!-)!
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KSh!49#2! -4!=#.2)!49.4!49#!#00#,4!&0!49#!=#(-.! -)! 9./0!89.4! -4! ,&1/(! :&4#24-./ /$!6#>!V4!
(&#)!2&4!=#.2!49.4!9./0!49#!2#8):.:#'!-)!0-//#(!8-49!2#8)!&0!49#!'-&4>!!
!
U)!49#!=&(#/! -)! ,&2)4'1,4#(!49#!-2:14! ./)&! :/.,#)! .2!-24#':'#4.4-&2!&2!49#!=#.2-27!&0!
49#!5./1#!KSh>!?#,.1)#!&0!49#!/&&:!7M#!-4!8&1/(!6#!9.'(#'! 4&!'.-)#!49#!5./1#!0'&=!KSh3!
49.2!4&!'#(1,#!49#!5./1#>!f14!.2&49#'!8.$3!-4!4.A#)!/#))!#00&'4!4&!'.-)#!49#!)&04!5.'-.6/#!
5./1#!4&!49#!9./08.$! :&-24!49.2!4&!4.A#! -4!0'&=!9./08.$ !4&! ).41'.4-&2>!V4!9.)! 6##2! .)W
)1=#(!49.4! .)!49#!=#(-.!7#4)!,/&)#!4&!).41'.4-&2!49#'#!-)!.! 7'#.4#'!'#/1,4.2,#!4&!-2,'#.)#!
,&5#'.7#>! U/4#'2.4-5#! =&(#/)! ,&1/(! 6#! ,&2)4'1,4#(! -0! .! /-2#.'! '#/.4-&2)9-:! 8#'#! :' #W
0#''#(>!
!
;9# )#!.::'&.,9#)!4&!49#! -24#':'#4.4-&2!&0!49#!)&04!5.'-.6/#!5./1#!'.-)#!-=:&'4.24 !-))1#)!
0&'!=&(#/! ,./-6'.4-&2>! ; 9#! :.'.=#4#')! ,&22#,4#(!8-49!49#! )&04!5.'-.6/#! )9&1/( !6#! (#W
4#'=-2#(!6$! -4)!'#):&2)#!4&!49#!,.1)#)3!.2(!49#!#00#,4!&0!49#!5.'-.6/#!-2!49#!=&(#/3!2&4!
2#,#)).'-/$! 6$! .2$! :&4#24-./! =#.)1'#)>! V2! 49-)! )#2)#! 49#! )&04! 5.'-.6/#! -)! '#0#'#24-.//$!
4'.2):.'#243! 49.4! -)3!-2! 49#! =&(#/!-4! -)! 12(#')4&&(! -2! 4#'=)! &0! -4)! -2:14)! .2(! &14:14)!
./&2#>! B&'! #C.=:/#! -2! 49#! ,.)#! &0!R.'%$-" I/%&83.23#"49#2! -2! 48&! (-00#'#24! '12)3! 8-49!
-(#24-,./!-2:14 )3!49#!&14:14!)9&1/(!6#!49#!).=#!0&'!49#!).=#!5./1#)!&0!-4)!48&!-24#'2./!
:.'.=#4#')3! -$20%.'/"%.#$"%'"R.'%$-"&'3%.).%+!.2(!49#!-2-4-./!5./1#!&0!49#!5.'-.6/#>!;9#!/.4W
4#'!-)!),./# ( !-2!.!)-=-/.'!8.$!4&!49#!&14:14!4&!:'#)#'5#!:'-5.,$>!;9#! )16W=&(#/! ,.2!49#2!
6#! 1)#(! 8-49&14! .2$! A2&8/#(7#! &0! -4)! -24#'2./! 8&'A-27)3! .:.'4! 0'&=! 49#! :.'.=#4#'!
5./1#)>!
!

4.4 Use of Soft Variables  
E.5-27!#)4.6/-)9#(!49.4!49#!#00#,4!&0!.!)&04!5.'-.6/#!,.2!6#!(-)4-271-)9#(!0'&=!-4)!=#.)W
1'#)3!49#2!=&(1/#)!4&!,&24'&/!49#!#00#,4!&0!#.,9!)&04!5.'-.6/#!&2!49#!:&:1/.4-&2!=&(1/#!
.'#!-24'&(1,#( >!!
!
B**&+(#-*#1-*(#2,0),34&5#-'#A->/4,()-' #
a#(-.!-24#'#)4!9.)!.2!#00#,4!&2!49#!:&4#24-./!)$=:.49#4-,!:&:1/.4-&2@!'-&4#'!#2491)-.)=!
.00#,4)!'-&4#'!'#4#24-&2!G0-71'#!KM>!;9#'#!-)!.!49-'(!#00#,4!&0!6&49!)&04!5.'-.6/#)!,&=6-2#(!
&2! '#,'1-4=#24!4&!49#! '-&4>! ;9#!&14:14!&0!6&49! )&04!5.'-.6/#)! -)!&2! .!S!4&!H! ),./#3!491)!
,&25#'4-27!49#!&14:14!-24&!.2!#00#,4!-)!'#/.4-5#/$!)4'.-7940&'8.'(!.2(!49#!#00#,4)!,.2!6#!
,&=6-2#(!1)-27!49#!./7#6'.!&0!4.6/#!H>!
!
;9#!=#(-.!#00#,4!&2!49#! )$=:.49$!&0!49#! :&4#24-./! '-&4#')! -)!6$!:.'.=#4#'!=1/4-:/-, .W
4-&23!.! ,&25#'4#'!4&!,&25#'4!=#(-.!&2!-4)!2&'=./-)#(!),./#!4&!)$=:.49$ 3!0-71'#!I>!;9-)!-2!
41'2! /-2A)!4&!49#!0'.,4-&2!&0!49#! :&:1/.4-&2! -20/1#2,#(! :#'! (.$3!89-,9! -)!9.2(/#(!6$! .!
7'.:9-,./!,&25#'4#'! 4&!.//&8!0&'!:&4#24-./!2&2W/-2#.'-4-#)!-2!49#!#00#,43!.2(!4&!(#./!8-49 !
49#!,9.27#!&0!12-4)!0'&=!j12-4/#))k!4&!j(.$klGWHM>!!!
!
B&'!49#!#00#,4!&0!49#!#2491)-.)=3!

!  

E3!&2!49#!.5#'.7#!4-=#!.!'-&4#' !):#2()!-2!49#!'-&43!

!  

triot 3!.!
=.C-=1=3!

!  

tmax3!.2(!=-2-=1=!4-=#3!

!  

tmin3!-)!1)#(3!

!  

triot = tmin + (tmax " tmin)E 3!0-71'#!HS>!!;9#!
S!4&!H!),./#!&0!

!  

E !#2)1'#)!49#!6&12()!.'#!2&4!#C,##(#(>!;9#!( -=#2)-&2)!6./.2,#3 !.)!49#!
#00#,4!&0!49#!)&04!5.'-.6/#!-)!12-4/#))>!
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!
!

!!!!!!!!!!!!!!!!
!!!
!
!
!
!

;9#!#00#,4!&0!6&49!)&04!5.'-.6/#)!&2!49#!:'&6.6-/-4$!&0!.!)1,,#))01/!-20/1#2,#!6$!.! '-&4#'!

!  

Psucc'#<1-'#)!)&=#!49&1794!.)!4&!9&8!49#!48&!5.'-.6/#)!,&=6-2#>!;9#!'-&4)!-2!<1#)4-&2!
4&&A! :/.,#! -2! 49#! HIJS)! 6#0&'#! 49#! .(5#24! &0! )&,-./! =#(-.3! .2(! &,,1''#(! &5#'! .! 5#'$!
)9&'4! :#'-&(!&0!4-=#3!491)! (-'#,4! '#,'1-4=#24!49'&179!=#(-.!#C:&)1'#!9.)!6##2! '1/#(!
&14! &0! 49-)! =&(#/>! V2)4#.(! =#(-.! #C:&)1'#! #29.2,#)! 49#! /-A#/-9&&(! &0! )1,,#))01/! '#W
,'1-4=#24>!!V4!-)!.))1 =#( !49.4!=#(-.!#C:&)1'#!8&1/(!=.A#!.!)$=:.49-)#'!=&'#!/-A#/$!4&!
.,,#:43!.2(!'-&4#'! #2491)-.)=!8&1/(!#29.2,#! .!'-&4#'e)!.6-/-4$!4&!:#')1.(#>!!
!
;91)! - 4! -)! ,&2,#-5.6/#!49.4!49#!=#(-.! -24#'#)4!

!  

M !8&1/(!9.5#!6##2! )100-,-#24!4&! ,.1)#!
'-&4#')!4&!'#,'1-4!:#&:/#!4&!49#!'-&43!#5#2!-0!49#-'!#2491)-.)=!8.)!D#'&>!;9-)!8&1/(!6#!49#!
)-41.4-&2!89#'#!.!'-&4#'!=#'#/$!-20&'=)!49#!)$=:.49-)#')!&0!49#!0.,4!49.4!49#!'-&4!-)!4.AW
-27!:/.,#>!;9.4!-) 3!49#'#!-)!.!(#=.2(! 0'&=!:#&:/#!4&!T&-2!49#!'-&43!:'&5-(#(!)&=#&2 #!4#//)!
49#=!49#!:/.,# >![-A#8-)#!.! '-&4!-)!:&))-6/#!8-49&14!.2$!=#(-.!#C:&)1'#! 4&!#29.2,#!49#!
/-A#/-9&&(!&0! .,,#:4.2,#3! .)!49#! :#')1.)-&2!&0!49#! '-&4#'!8&1/(!6#! )100-,-#24>! ;91)!d\!
/&7-,3!49#!/#2-#24!,&=6-2.4-&23!-)!(##=#(!49#!=&)4!)1-4.6/#>!
!
[#4!49#!#00#,4!&0!49#!=#(-.!6#!),./#(!6$!.!:.'.=#4#'3! #$(.2"$,,$0%"'/"-$0-8.%#$/%"

!  

eM " 1>!
[-A#8-)#! ),./#! 49#! #00#,4! &0! 49#! #2491)-.)=3!$/%&83.23#" $,,$0%" '/" -$0-8.%#$/%"

!  

eE " 16"!
;9#2!49#! :'&6.6-/-4$!&0! )1,,#))01/! -20/1#2,#! -)!

!  

Psucc = eM M +eE E " eM MeE E 3!0-71'#!HH>!
;9#!/-=-4#(!),./#!&0!49#!48&!)&04!5.'-.6/#)3!.2(!49#!48&!.))&,-.4#(!:.'.=#4#')3!#2)1'#)!
49#!),./#!&0!49#!:'&6.6-/-4$!/-#)!&2!S!4&!H>!;9#!48&!:.'.=#4#')!.//&8!49#!'#/.4-5#!#00#,4)!
&0!49#!48&!)&04!5.'-.6/#)!&2!'#,'1-4=#24!4&!6#!.(T1)4#(>!
!
!
!
!

"

"

"

P.*8-$"MMQ"I,,$0%"',"B$(.2"2/("I/%&83.23#"'/"R.'%$-"R$0-8.%#$/%"

;9#'#!.'#!&49#'!:&4#24-./!=&(#/)!&0!9&8!49#)#!48&!5.'-.6/#)!,&1/(!6#!,&=6-2#(>!!
!
B**&+(#-*#A->/4,()-'#-'#1-*(#2,0),34&5#
;9#!:&:1/.4-&2!9.)!48&!#00#,4)!&2!'-&4#'!#2491)-.)=@!:&)-4-5#/$!49'&179!49#!21=6#')!-2!
49#!'-&43!.2(!2#7.4-5#/$!49'&179!49#!.''#)4)>!b2491)-.)=!9.)!48&!-2:14)!4&!.,,&==&(.4#!
49-)>!;9#!:&)-4-5#!#00#,4!&2!#2491)-.)=!-)!./)&!.00#,4#(!6$!49#!#C&7#2&1)!)4'#2749!&0!49#!
'-&4#')e!,.1)#>!;9#!:&:1/.4-&2!./)&!9.)!.2!# 00#,4!&2!49#!=#(-.!-24#'#)4>!;9#'#!.'#!49'##!
)#:.'.4#!&14:14)!0'&=!49#!:&:1/.4-&2!=&(1/#!0&'!49#)#!49'##!#00#,4)>!

!
P.*8-$"UQ"B$(.2"I,,$0%"'/"C+#12%&+"

!

!
P.*8-$"MLQ"I/%&83.23#"I,,$0%"'/"R.'%"R$%$/%.'/"

!
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!
;9'##! )#:.'.4#!=&(1/#)! :'&5-(#!49#! /-2A.7#!6#48##2!49#! :&:1/.4-&2!=&(1/#! .2(! 49#!
49'##!#00#,4)>!m2/-A#!49#!)&04!5.'-.6/#)!49#!:&:1/.4-&2!5.'-.6/#)!.'#!2&4!9-((#23!2&'!.'#!
49#$!&2!.!/-=-4#(!),./#>!;91)!#.,9!&0!49#!#00#,4!=&(1/#)!8-//!2##(!4&!4'.2)/.4#!49#!:&:1W
/.4-&2!&14:14)! -24&!)1-4.6/#! ),./#)>! ;9-)! -)! .,9-#5#(!1)-27! .!E&//-27!012,4-&2!&0!4$:#!VV3!

!  

f = x /(xhalf + x) !GE&//-273!HIKI@!B'##(=.23!HIZSM>!!;9#!:.'.=#4#'!

!  

xhalf -)!49#!5./1#!&0!49#!

-2:14!

!  

x!49.4!:'&(1,#)!.2!&14:14!&0!S>K3!12-4$!6#-27!49#!=.C-=1=!&14:14>!;9#!,1'5#!-)!
=&2&4&2-,!&0! (#,'#.)-27! :&)-4-5#!7'.(-#24>!V4! ,&''#):&2()!4&!49#! /&7-4!4#'=!G+4#'=.23!
RSSSM>!

!  

xhalf !7&5#'2)!49#!)4'#2749!&0!49#!#00#,4!&0!49#!-2:14!&2!49#!&14:14>!
!
;9#!#00#,4!&0! .''#)4)!&2! '-&4#'!#2491)-.)=!0&//&8)!49#!E&//-27! ,&2)4'1,43!0-71'#!HR>!V2W
,'#.)-27!.''#)4 )!7-5#)!.2!-2,' #.)-27!&14:143!89&)#!#00#,4!&2!b2491)-.)=!-)!4&!)164'.,43!
0-71'#!Z>!
!
;9#! #00#,4!&0!49#!'-&4!)-D#!&2!a#(-.!-24#'#)4!-)!5-.!$4$/%3"1$-"(2+3!89-,9!-)!.!0/&8!/#.( -27!
4&!49#!,1=1/.4-5#!'#:&'4#(!#5#24)3!0-71'#!H]>!U!:.'.=#4#'3!$4$/%3"1$-"-.'%$-"1$-"(2+3!,&2W
4'&/)!49#!-=:.,4!&0!49#!'-&4#')!&2!)1,9!#5#24)>!I4$/%3"1$-"(2+!-)!:.))#(!49'&179!.!E&//-27!
4$:#!VV!012,4-&2!4&!.,9-#5#!.!2&'=./-)#(!),./#!&14:14>!
!
!
!
!
!
!
!
!
!
!
;9#!0-2./!=&(1/#!,&24.-2)!49#!,&=6-2#(!#00#,4)!&0!49#!)-D#!&0!49#!'-&4!

!  

eR.2(!49#!)4'#2749!
&0!49#!,.1)#!49.4!12(#'/-#)!49#!'-&4!

!  

C>!

!  

C!.2(!

!  

eR!(&!2&4!9.5#!.!)$==#4'-,!#00#,4!&2!'-&4#'!
#2491)-.)= >!V0!49#'#! -)! 2&! '-&4!

!  

eR = 03!.! ,.1)#!8&'49!0-794-27!0&'!

!  

C > 0!-)! )100-,-#24!4&!
:'&(1,#!#2491)-.)= *!

!  

eRC(C,eR) = eRC(C,0) > 0>!E&8#5#'!-0!49#'#!-)!2&!,.1)#!

!  

C = 03!49#2!.!
'-&4!8-//!2&4!&0!-4)#/0!:'&(1,#!#2491)-.)=!-2!49#!'-&4#')!

€ 

eRC(0,eR) = 0>!V4!=-794!#2,&1'.7#!
)&=#!4&!T&-2!-2!8-49!/&&4-273!614!4&!#27.7#!8-49!49#!.149&'-4-#)!49#'#!8&1/( !2##(!4&!6#!
)&=#!7'-#5.2,#3!&'!,.1)#!4&!0-794!0&'>!;9#!,&=6-2.4-&2!2##()!.!,.1)#3!.2(!.2 !&,,1''-27!
'-&4!#29.2,#(!6$!49#!,.1)#>!
!
; 9#!)4'#2749!&0!49#!,.1)#3!.2(!49#!#00#,4!&0!'-&4!)-D#!.'#!:/.,#(! &2!.!),./#!S!4&!H3!49#!/.4W
4#'! .7.-2!.,9-#5#(!8-49!.!E&//-27!012,4-&2>!;9#! '-&4!#29.2,#(!6$!49#!,.1)#!-)!7-5#2!6$!
d\! /&7-,3! 4.6/#! H3!

!  

eRorC = eR +C " eRC>! ;9#! 0-2./! &14:14! -)! .,9-#5#(! 8-49! U^`! /&7-,! 6#W
48##2!49-)!.2(!49#!)4'#2749!&0!,.1)#*!

!  

eRC = eRorC " C = (eR +C # eRC)C3!7-5#2!6$!$,,$0%"',"
0283$"2/(" -.'%" '/" $/%&83.23#"-2!0-71'#!H_>!;9-)! ).4-)0-#)!

!  

eRC(C,0) > 0! .2(

!  

eRC(0,eR) = 0>!
E&8#5#'!/.'7#!49#!'-&43!#5#2!-0!

!  

eR =13!-4)!=.C-=1=!5./1#3!49#2!

!  

eRC,.22&4!6#!12-4$3!12W
/#))! 49#! )4'#2749! &0! 49#! ,.1)#! -)! 12-4$>! ;91)! 9&8#5#'! /.'7#! .! '-&43! -4! ,.22&4! 9.5#! 49#!
=.C-=1=!#00#,4!&2!'-&4#'!#2491)-.)=!12/#))!49#!)4'#2749!&0!49#!,.1)#!-)!4&4./>!!
!

!
P.*8-$"MOQ"I,,$0%"',"R.'%$-3"'/"I4$/%3"

!

!
P.*8-$"MAQ"I,,$0%"',"!--$3%3"'/"I/%&83.23#"

!
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B'($)"78.)( ./*":.%&"C',%"D2-.25)$3"E"F2+:2-(9"G$,,39"F':$))3"H"I42/3"E"JC;K"ALMN"

!
P.*8-$"MNQ"I,,$0%"',"R.'%$-3"2/("C%-$/*%&"',"K283$"'/"I/%&83.23#"

;9#!01//!=&(#/! ,&(#!-)!7-5#2!-2!49#!.::#2(-C3!8-49!+4#//.!HS!0-/#)!-2!49#!.((-4-&2./!= .W
4#'-./>!
!

5 Model Testing  

5.1 Soft Variable o n a Limited Scale  Sub-Model  
U!7#2#'-,! )-27/#! )4&,A!=&(#/!8.)!1)#(!0&'!6&49!=#(-.! -24#'#)4! .2(!49#!#2491)-.)=!&0!
'-&4#')3!'#0#''#(!4&!.)!.!)&04!5.'-.6/#!&2!.!/-=-4#(!),./#!=&(#/!G+i[+M>!;9#!=&(#/!9.)!.!
7&./!)##A!6./.2,-27!/&&:!4&!,&24'&/!49#!7'&849!.2(!.!('.-2-27!:'&,#))!&2!49#!&140/&8!4&!
.//&8!0&'!(#,/-2#!-2!49#!.6)#2,#!&0!.2$!-2:14>!U2!./4#'2.4-5#!=&(#/!0&'!)&04!5.'-.6/#)!-)!
49#!)4.2(.'(!)4&,A!.(T1)4=#24 !G+UM!:'&,#) )3!89#'#!49#!-2:14!-)!49'&179!49#!7&./!&0!49#!
:'&,# ))>!d0!,&1')#!49-)!/.44#'!:'&,#))!,.22&4!9.2(/#!.!/-=-4#(!),./#3!12/#))!49#!/-=-4)!.'#!
.,9-#5#(!8-49-2!49#!,./-6'.4-&2!8-2(&8!&0!49#!=&(#/>!!
!
;&!4#)4!49#!+i[+!)16W=&(#/ 3!-4)!'#):&2)#!4&!)4.2(.'(!-2:14)!-)!,&=:.'#(!8-49!49#!)4&,A!
.( T1)4=#24!:'&,#))3!0-71'#!HK>!;8&!)1,9!'#)1/4 )!.'# !)9&82!-2!0-71'#!HJ>!B&'!.!/&8!-2:14!
5./1#3!49.4!A##:)!&14:14!)-72-0-,.24/$!/#))!49.2!12-4$3!49#!+i[+!,.2!0&//&8!)4&,A!.(T1)4W
=#24! 0&'! .! )1-4.6/#! ,9&-,#! &0! :.'.=#4#') ! G/#04! 9.2(! 7'.:9M>! E&8#5#'! 89#2! 49#! -2:14!
5./1#!-)!-2,'#.)#(3!49#!&14:14!&0!49#!+i[+!-)!,&=:'#))#(!4&!A##:!-4!12(#'!12-4$3!49#!-2W
4#2(#(!'#)1/4!G'-794!9.2(!7'.:9M>!?$!,&24'.)4!49#!)4&,A!.(T1)4=#24!&14:14!9.)!#C,##(#(!
12-4$>!;91)!49#!+i[+!-)!.2!-=:'&5#(!5#')-&2!&0!)4&,A!.(T1)4=#24!-0!49#!),./#!-)!4&!6#!/-=W
-4#(3!:'&(1,-27!) -=-/.'!'#):&2)#)!.2(!(#/.$)>! !
!

!
P.*8-$"MYQ"C%'0="!(c83%#$/%"@-'0$33"H"C',%"D2-.25)$"'/"^.#.%$("C02)$"B'($)"

!

input 
shape ~

Stock Adjustment SASA in

SA goal

SA gap

Soft Variable 
Limited Scale SVLS

SVLS
in

SVLS gap

SVLS max

SA 
adjustement time

SVLS
growth rate

SVLS
out

SVLS drain rate

input scale



@2*$"AM""

B'($)"78.)( ./*":.%&"C',%"D2-.25)$3"E"F2+:2-(9"G$,,39"F':$))3"H"I42/3"E"JC;K"ALMN"

!

!
P.*8-$MZQ""K'#12-.3'/"',"C%'0="!(c83%#$/%":.%&"C',%"D2-.25)$"'/"^.#.%$("C02)$"B'($)"

!

5.2 Calibration &  Historical Fit  
;9#!)4.'4-27! :&-24!0&'! ,./-6' .4-&2!-)!49#!9-)4&'-,./!0-4!4&!49#!'#:&'4#(!#5#24)!&0!49#![&)!
U27#/#)!HIJK!'-&4!0&'!49#!&'-7-2./!=&(#/3!.)!7-5#2!-2!?1'6#,A !#4>!./>!GHILZM>!;9-)!0-4!8.)!
'#:'&(1,#(!8-49!49#! /&&:)!49'&179! B$(.2"J/%$-$3%!.2(! I/%&83.23#" ',"R.'%$-3!)8-4,9#(!
&003!0-71'#!HL>!U((-4-&2.//$!49#!.44#=:4!8.)!=.(#!4&!#2)1'#!.'&12(!]S3SSS!:#&:/#!:. 'W
4-,-:.4#(!-2!49#!'-&4!G?1'6#,A!#4>!./>3!HILZM>!;9#!#00#,4)!(1#!4&!49#!2#8!9$:&49#)#)!8#'#!
-24'&(1,#(! 7'.(1.//$! 124-/! 49#! (#)-'#(! #00#,4!&0!49#! )&04!5.'-.6/#)! 8.)! '#:'&(1,#(>!U4!
#.,9!)4.7#!49#!9-)4&'-,./!0-4!&0!'#:&'4#(!#5#24)!:#'!(.$ H3!0-71'#!HL3!8.) !49#!6#2,9=.'A!
0&'!'#W,./-6'.4-&2>!!
!
H> ; 9#!.''# )4! '.4#!8.)! ,./-6'.4#(!4&!7-5#!49#!4&4./! .''#)4) ! .04#'!K!(.$)!&0!.6&14!_SSS!

:#&:/# !Ga.'4-2![149#'!"-27!F'>3!RSH_M>!!
!
R> U! '#./-)4-,!7'.:9!0&'!=#(-. ! -24#'#)4!8.)!&64.-2#(@!)4.'4-27! .4!D#'&!-4! '-)#)! '.:-(/$3!

614!(#/.$#(!0&//&8-27!49#!&2)#4!&0!49#!'-&4!G0-71'#!HZM>!V4!:#.A)!.04#'!49#!:#.A!&0!49#!
'-&43!.2(!(&#)!2&4!'#41'2!4&!D#'&!89#2!49#!'-&4!9.)!,#.)#(3!.)!49#'#!8.)!)4-//!)-72-0 -W
,.24!=#(-.!,&5#'.7#> !

!

]> U! '#./-)4 -,! 7'.:9! 0&'! '-&4#'! #2491)-.)=!8.)! :'&(1,#(>! ;9-)! 8.)! .))1=#(! 4&! )4.'4!
9-793!'-)#!.2(!:#.A!6#0&'#!49#!:#.A!&0!49#!'-&4!(1#!4&!49#!0'#)92#))!&0!49#!&'-7-2./!
#2491)-.)4-,! '-&4#')3! .2(! 49#2! 0.//! )/&8/$! (1#! 4&! 49#! #00#,4! &0! 49#! .''#)4)3! .2(! 49#!
(8-2(/-27! '-&4! 21=6#')!G0-71'#!HZM>!X.' #!8.)!4.A#2!4&!#2)1'#!49#! )4'#2749!&0!49#!
,.1)#! .2(!49#! '-&4!21=6#')!6&49! ,&24'-614#(!4&!49#! '-)#! -2!#2491)-.)=>! ;9#!0-C#(!
)4'#2749!&0!,.1)#!9.)!49#!#00#,4!&0!'#:'&(1,-27!49#!,&24&1'!&0!49#!#00#,4!&0!49#!'-)#!-2!
'-&4#')3!614!)<1.)9-27!49#!,&=6-2#(! '#):&2)#!-24&!.!2.''&8#'! '.27#3!491)!=.A-27!
49#!,9.27#!&0!#2491)-.)=! '#):&2(!4&! '-&4!)-D#!-2! .! /#))!49.2! /-2#.'!0.)9-&2!G0-71'#!
HIM>!;9-)!0&//&8)!0'&=!49#!,&=6-2.4-&2!

!  

eRC = (eR +C " eRC)C!(-),1))#(!#.'/-#'>! !!
!
_> ; 9#!#00#,4!&0!49#!=#(-.!&2! :'&(1,-27! )$=:.49-)#' )!8.)! )/&8/$! ,./-6'.4#(! )&!49.4!

@'%$/%.2)"C+#12%&.3$-3!-2-4-.//$!=.4,9#(!49# !)$=:.49-)#') 3!0-71'#!RS>!C+#12%&.3$-3!
)4.'4)!6$!'-)-27!6#0&'#!49#!#00#,4)!&0!'-&4!'#,'1-4=#24!(#:/#4#!-4)!21=6#')>!;9-)!/#04!
.6&14!RS3SSS!:#&:/#!89&!(-(!2&4!:.'4-,-:.4#!-2!49#!'-&4)3!.!=1,9!/.'7#'!0-71'#!49.2!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
H!;9#! '#:&'4#(!#5#24)!:#'!9&1'!8#'#!,&=:-/#(!6$!?1'6#,A!#4>!./>3!GHILZM3!.2(!.::#.'! -2!49.4!:.:#'>!B&'!
49-)!:.:#'!49#!12-4)!9.5#!6##2!,9.27#(!4&!#5#24)!:#'!(.$3!0-71'#!HL>!
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49.4!&64.-2#(!6$!?1'6#,A!#4!#/!GHILZM!89&!9.(!,'-4-,-)#(!49#-'!&82!(.4.!0-44-27!0&'!
(#:/#4-27!4&&!=1,9!&0!49#!)$=:.49#4-,!:&:1/.4-&2>!;91)!49#!-24'&(1,4-&2!&0!49#!B$<
(.2" J/%$-$3%! )&04! 5.'-.6/#3! .2(! 49#! ,&2,#:4! &0! )$=:.49$3! 9.)! -=:'&5#(! 49#! ?1'W
6#,A)e)!&'-7-2./!=&(#/>!

!
K> ;9#!#00#,4!&0!#2491)-.)=!&2!49#!4-=#!-2!49#!'-&4!8.)!,./-6'.4#( !4&!7-5#!.!)=.//!5.' -W

.4-&23!89#'#!49#!.5#'.7#!&0!49#!=-2-=1=!.2(!=.C-=1=!5./1#)!8.)!)-=-/.'!4&!49#!
%.#$"./"-.'%!&64.-2#(!6$!?1'6#,A!#4>!./>!GHILZM3!0-71'#!RH>!;9-)!#2.6/#(!.!=&(#'.4#!
#00#,4!&0!0.//-27!#2491)-.)=!&2!'-&4#'!'#4#24-&2>!;9#'#!8&1/(!6#!),&:#!.4!49-)!:&-24!
0&'! ./4#'2.4-5#! ,./-6'.4-&2)! -2!&'(#'!4&! :'&(1,#!49#! .)$==#4'$ !)##2!-2!&49#'! (&,W
1=#24#( !'-&4#'!21=6#')!G?1'6#,A!#4>!./>3!HILZM>!

!
J> B-2.//$!49#!#00#,4!&0!#2491)-.)=! .2(!=#(-.!&2! '-&4#'! '#,'1-4=#24 !8.)! -24'&(1,#(>!

;9#!#00#,4!&0!49#!=#(-.!8.)!.(T1)4#(!4&!#C,##(!49#!#00#,4!&0!#2491)-.)=!6$!.'&12(!
49#!#2(!&0!49#!)#,&2(!(.$!89#2!49#!=#(-.!#C:&)1'#!9.(!6#,&=#!#)4.6/-)9#(3!0-71'#!
RR>!;9#!0-2./!9-)4&'-,./!0-4!0&'!#5#24)! :#'! (.$ 3!0-71'#!HL!8.)! '#:'&(1,#(! .7.-2>!f .W
'.=#4#'!5./1#)! .'#!7-5#2!-2!4.6/#!R>!

!
!
!
a&(1/# ! f.'.=#4#' ! i./1#) !
g/&6./ ! )4'#2749!!&0!,.1)#! S>K!
#00#,4!&0!'-&4#')!!&2!#2491)-.)=! \-&4!+-D#!0&'!9./0!-=:.,4! _SS!
#00#,4!&0!!.''#)4)!!&2!#2491)-.)=>! U''#)4)!0&'!9./0!-=:.,4 ! JSS!
#00#,4!&0!'-&4#')!&2!=#(-.>! b5#24)!+-D#!0&'!9./0!-=:.,4! ]S !
! b5#24)!:#'!\-&4#'!:#'!(.$ ! S>SH!
#00#,4!&0!#2491)-.)=!&2!'-&4!'#4#24-&2! a-2-=1=!;-=#!-2!\-&4 ! S>H!
! a.C-=1=!;-=#!-2!\-&4 ! S>_R!
#00#,4!&0!#2491)-.)=!.2(!=#(-.!&2!!
'-&4!'#,'1-4=#24!

a#(-.!#00#,4!&2!\#,'1-4=#24! H>S!

! b2491)-.)=!#00#,4!&2!\#,'1-4=#24! S>ZR!
#00#,4!&0!=#(-.!&2!)$=:.49$!0&'!'-&4! a#(-.!#00#,4!&2!+$=:.49$! H>S!
a#(-.!V24#'#)4! '#.,4-&2!4-=#!&0!a#(-.!4&!b5#24)! S>R!
! '.4#!&0!/&)-27!V24#'#)4! S>L!
! V2-4-./!a#(-.!#00#,4! S>S!
b2491)-.)=!&0!\-&4#')! '#.,4-&2!4-=#!&0!\-&4#'! S>]!
! 2.41'./!/&))!'.4#!&0!#2491)-.)= ! S>_!
! V2-4-./!#00#,4!&0!b2491)-.)=! S>K!
f&:1/.4-&2!8-49!\-&4! f&4#24-./!^1=6#'!&0!X&24.,4)!:#'!(.$!:#'!

:#')&2 !
HZ>I!

! U''#)4!\.4# ! S>_I!
! ;&4./!f&:1/.4 -&2! KS3SSS!
! V2-4-./!+$=:.49-)#') ! RK3SSS!
! V2-4-./!\-&4#')! IS !

>25)$"AQ"@2-2#$%$-"D2)8$3",'-"F.3%'-.02)";2%2"P.%9"^'3"!/*$)$3"R.'%"MUZY"
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!
!

!
!

!
P.*8-$"AAQ"K'#5./$("I,,$0%3"'/"R$0-8.%#$/%"

!
!

!
P.*8-$"AMQ"I,,$0%"',"I/%&83.23#"'/">.#$"./"R.'%"

!
!

!
P.*8-$"MUQ"I,,$0%"',"R.'%3"'/"I/%&83.23#"

!
!

!
P.*8-$"ALQ"I,,$0%"',"B$(.2"'/"C+#12%&+"

!
!

!
P.*8-$"MWQ"R.'%$-39"B$(.2"2/("I/%&83.23#"

!
!

!
P.*8-$"MVQ"R$1'-%$("I4$/%3"K'#12-$(":.%&"B'($)"

!
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6 Discussion  

6.1 Model Improvements  
;9#!-2,/1)-&2!&0!)&04!5.'-.6/#)!-24&!49#!?1'6#,A!#4>!./>!GHILZM!=&(#/!0&'!49#!($2.=-,)!&0!
'-&4!7'&849!9.)!-=:'&5#(!49#!=&(#/!-2!48&!8.$)>!B-')4/$!49#'#!.'#!-=:'&5#(!:.'.=#4#'!
5./1#)>!;9#!-2-4-./!21=6#'!&0!'-&4#')!9.)!-2,'#.)#(!0'&=!HS3!89-,9!?1'6#,A! #4>!./>!.(=- 4W
4#(!8.)!4&&!/&83!4&!IS>!;9-)!0&//&8)!0'&=!49#!#00#,4)!&0!'-&4#'!#2491)-.)=!.2(!=#(-.!-2W
4#'#)4!&2!'-&4!'#,'1-4=#24!.2(! '#4#24-&2>!V4!-)!<1-4#!,&2,#-5.6/#!49.4!49#!-2-4-./!21=6#'!
=.$!-=:'&5#!#5#2!01'49#'!8-49!=&'#!'#0-2#(! (.4.!0-44-27>!U((-4-&2.//$3!49#!4&4./!21=6#'!
&0! )$=:.49-)#')!9.) ! -2,'#.)#(! ('.=.4-,.//$!0'&=!49#!?1'6#,A! #4>! ./>!5./1#3!89-,9!8.)!
&2/$!T1)4! .6&5#!49#!4&4./! 21=6#'!&0! '-&4#')>!%-49!49#! -2,/1)-&2!&0!49#! )&04!5.'-.6/#)! .!
'#./-)4-,!9-)4&'-,./!0-4!-)!&64.-2#(!8-49!.6&14!9./0!49#!-2-4-./!)$=:.49-)#')!2#5#'! T&-2-27!
49#!'-&43!,/&)#'!4&!49#!'#,&'(#(!0.,4)>!;9-)!0&//&8#(!0'&=!49#!#00#,4)!&0!=#(-.!-24#'#)4!&2!
49#!:&4#24-.//$!)$=:.49#4-,!:&:1/.4-&2>!
!
;9#!)#,&2(!-=:'&5#=#24!-2!49#!=&(#/!-)!49.4!-4!2&8!4#//)!.!6#44#'!)4&'$>!?1'6#,A!#4>!./>!
.(=-44#(! 49.4!49#! :'&6.6-/-4$!&0! '-&4#'! '#,'1-4=#24! .2(! '#4#24-&2!8#'#!12/-A#/$!4&!6#!
,&2)4.243!.2(!49.4!49#-'!#2491)-.)=!:/.$#(!.!:.'4!-2!49#!($2.=-,)>![-A#8-)#!49#!)$=: .W
49$!&0!49#!:&4#24-./!:&:1/.4-&2!8.)!6#/-#5#(!4&!-2,'#.)#!8-49!=#(-.!#C:&)1'#>!+&04!5.'-W
.6/#)!9.5#!.//&8#(!49#!=&(#/!4&!'#:'&(1,#! 49.4!)4&'$>!!
!

6.2 Methodological Improvements  
;9#!=#49&(&/&7$!:'#)#24#(!9.)!=.(#!.4!/#.)4!0-5#!:&4#24-./!-=:'&5#=#24)!&5#'!#C-)4W
-27!&2#)>!B-')4/$3!49#!1)#!&0!(.4.!9-(-27!-2!49#!=#49&(&/&7$!9.)!9#/:#(!4&!)#:.'.4#!&14!
49#!=#.)1'#=#24 !&0!)&04!5.'-.6/#)!0'&=!49#-'!1)#>!E-(-27!49#!)&04!5.'-.6/#!12-4)!9.)!#2W
.6/#(! 49#!#00#,4)!&0!49#!5.'-.6/#)!4&!6#!9.2(/#(!8-49&14!6#-27!,&201)#(!6$!49#-'!=#.)W
1'#=#24!),9#=#)>! ;9-)!.::'&.,9!2&8!#2,&1'.7#)!49#!=&(#//#'!4&!49-2A!.6&14!49#!'#/ .W
4-&2)9-:!&0!=#.)1'#)!&0!49#!)&04!5.'-.6/#!-2(#:#2(#24/$!&0!-4)!1)#>!
!
X&2)-(#'!.2!.2./&7$!0'&=!:9$)-,)>!+&/.'!:9$)-,-)4)!'#<1-'#!=#.)1'#)!&0!A#$!5.'-.6/#)!&0!
49#!)12!)1,9!.)!4#=:#'.41'#3!:'#))1'#!#4,>!;9#)#!5.'-.6/#)!-24#'.,4!8-49!#.,9!&49#'!( $W
2.=-,.//$!.)!49#!)&/.'!,&=:&)-4-&2!,9.27#)>!;9#!5.'-.6/#)!, .22&4!6#!=#.)1'#(!(-'#,4/$!
614!-2(-'#,4!=#.)1'#)!,.2!6#!&64.-2#(!6$!49#!'.(-.4-&2!49.4!-)!:'&(1,#(>!E&8#5#'!49#!
=#.)1'#)!&0!49#! '.(-.4-&2! .'#!2&4!1)#(! -2!49#!($2.=-,./! ,&=:14.4-&2!&0!49#!)123!49#$!
.'#!&2/$!.2!-2(-,.4-&2!&0!89.4!49#!12(#'/$-27!5.'-.6/#)! .'# >![-A#8-)#!=#.)1'#)!&0!)&04!
5.'-.6/#)!.'#!2&4!(-'#,4/$!1)#(!-2!49#!,&2)4'1,4-&2!.2(!,./-6'.4-&2!&0!.!)$)4#=!($2.=-,)!
=&(#/3!614!.'#!&2/$!.2!-2(-,.4-&2!&0!9&8!49&)#!5.'-.6/#)!6#9.5#>!
!
U)!.!):#,-0-,!#C.=:/#!,&2)-(#'!49#!,.)#!89#'#!.!=#.)1'#!&0! B$(.2"J/%$-$3%!9.)!6##2!&6W
4.-2#(! -2!4#'=)!&0! /#2749!&0! '.(-&!6'&.(,.)4)>!U!7#2#'./!=#.)1'#!&0!49#!=#(-.! ,.2!6#!
=&(#//#(! .)! .! )#:.'.4#!&14:14!0'&=!49#! B$(.2"J/%$-$3%!=&(1/#3!0-71'#!R].>! ;9#!B$(.2"
J/%$-$3%!=&(1/#!-)!49#2!,&22#,4#(!4&!.!=&(1/#!(#(-,.4#(!4&!49#!'.(-&!6'&.(, .)4!=#. )W
1'#!&0!49#!=#(-.3!0-71'#!R]6>!;9#!'.(-&!6'&.(,.)4!=&(1/#3!'#,#-5#)!49#!9-((#2!5./1#!&0!
B$(.2"J/%$-$3%".)! -2:14! .2(!49#2!=&(#/)!49#! '#/.4-&2)9-:!6#48##2!-4! .2(!49#! /#2749!&0!
'.(-&!6'&.(,.)4)!6$!89.4#5#'!=#. 2)3!012,4-&2./!&'! /&&A!1:!4.6/#3!:&))-6/ $!2&2W/-2#.'>!
B-2.//$!/#2749!&0!'.(-&!6'&.(,.)4!-)!&14:143!0-71'#!R],>!;9-)!:'#)#'5#)!49#!:'-5.,$!&0!49#!
B$(.2"J/%$-$3%!)&04!5.'-.6/#3!89-/)4!=.A-27!49#!=#.)1'#!.5.-/.6/#>!;9#!,./-6'.4-&2!&0!49#!
=&(#/!8-//! 2&4! (-'#,4/$! (#:#2(!&2!49#! 5./1#) !&0!49-)!=#.)1'#3!./49&179! -2(-'#,4/$3!4&W
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7#49#'!8-49!-4)!&82!=&(#/!&0!-4)! '#/.4-&2)9-:!4&!49#!)&04!5.'-.6/#3!-4!,&1/(!4-794#2!1:! .!
,./-6'.4-&2>!!
!
!

!!!!!!!!!!!!!!!!!!!!!!
!
!
!
!
!
!

"

P.*8-$"AOQ"B$238-$#$/%"',"2"C',%"D2-.25)$6"T2X"B$(.2"B'(8)$":.%&"C$12-2%$"]8%18%3",'-"B$238-$"H"I ,,$0%6"
"T5X"B'(8)2-"D.$: "',"B$(.2"J/ %$-$3%"H"R2(.'"7-'2(023%6"T0X"B'($)"',"R2(.'"7-'2(023%"B$238-$"',"B$(.2""

!
;9#!)#,&2(!=#49&(&/&7-,./!-=:'&5#=#24 !-)!49.4!(.4.!9-(-27! 9.)! #2.6/#( !(-00#'#24!)&04!
5.'-.6/#) !8-49!.!/-=-4#(!),./# !4&!6#!,&=6-2#(!&2!.!,&==&2!),. /#3!2&'=./-)#(!4&!S!4&!H>!
;9#!2&'=./-).4-&2!&0!49#!&14:14!-2(-,.4#)!49#!=.C-=1=!#00#,4!49#!)&04!5.'-.6/#!9.)!&2!
&49#'! )$)4#=! #/#=#24)3! 2&4! -20/1#2,#(! 6$! -4)! =#.)1'#>! ;91)! ,&72-4-5#! ./7#6'.! .2(!
:'&6.6-/-4$! /.8)! ,.2! 6#! #=:/&$#(! 4&! ,'#.4#! .! =&'#! )$)4#=.4-,! .: :'&.,9! 4&! 5.'-.6/#!
,&=6-2.4-&2>!U/49&179!-2!49-)!,1''#24!)41($!)&04!5.'-.6/#)!9.5#!6##2!'#)4'-,4#(!4&!.! /-=W
-4#(!),./# 3!49#!=.C-=1= !&0!49#!),./#!-)!2&4!/-=-4#(!.)!-4!-)!9-((#2>!
!
;9-'(/$3! 49#!1)#!&0!'#0#'#24-./!4'.2) :.'#2,$ !9.)!.//&8#(! 49#!)16W=&(1/#)! #2,.:) 1/.4-27!
49#!)&04!5.'-.6/#)!4&!6#!4#)4#(!:'-&'!4&!49#-'!-2,/1)-&2!-2!49#!=&(#/>![-A#8-)#!49#!=&(W
1/#)!0&'!49#!,.1)#)!.2(!#00#,4)!&0!49#!5.'-.6/#)!,.2!6#!-2(#:#2(#24/$! 4#)4#(!-2!49#-'!(-0W
0#'#24!,&=6-2.4-&2)>!;9#!-22#'!(#4.-/)!&0!49#!=&(#/)!.'#!2&4!'#<1-'#( !4&!6#!)##2!0&'!49#!
)16W=&(1/#)! 4&! 6#! 1)#(@! .! A2&8/#(7#! &0! 49#-'! :.'.=#4#')! -)! )100-,-#24>!;91)! -2! 49#!
=&(#/!49#!)&04!5.'-.6/#!-)!12(#')4&&(!6$!-4)!1)#!.2(!6#9.5-&1'3!2&4!-4)!-24#'2./!,&2)4'1,W
4-&2>!
!
B&1'49/$3!0&//&8-27!&2!0'&=!'#0#'#24-./!4'.2):.'#2,$3!=&(#/! , ./-6'.4-&2!9.)!6##2!=.(#!
=&'#!)$)4#=.4-, >!;9#!#00#,4)!&0!49#!:&:1/.4-&2!&2!49#!)&04!5.'-.6/#)! ,.2!6#!-24'&(1,#(!
7'.(1.//$!6#0&'#!49#-' !0##(6.,A!&2!49#!:&:1/.4-&2!-)!-24'&(1,#(>!%-49!)/&8!,./-6'.4-&2!
0'&=!49#!:'-&'!9-)4&'-,./!0-4!8-49&14!)&04!5.'-.6/#)3!49#!=&(#/!1)#'!&2/$!2##()!4&!,&2,#2W
4'.4#!&2!.!)=.//!21=6#'!&0!.(T1)4.6/#!:.'.=#4#')!.4!.2$!&2#!4-=#> !
!
B-049/$! 49#! )4.7#(! :'&,#(1'#! 0&'! 49#! -(#24-0-,.4-&2! .2(! ,&2)4'1,4-&2! &0! )&04! 5.'-.6/#)!
6'-27)!,/.'-4$!4&!49#!=&(#//-27!:'&,#))!0&'!6&49!&49#'!=&(#//#')!.2(! ,/-#24)!-25&/5#(!-2!
49#! :'&,#))>! m2(&164#(/$! 49#! :'&,#(1'#! :'#)#24#(! 9#'#! -)! 2&4! 12-<1#! -2! -4)! &'(#'! &'!
21=6#'!&0!)4.7#)>!E&8#5#'!)1,9!.2!.7'##(!:'&,#(1'#!8&1/(!6'-27!=&'#!,&20-(#2,#! 4&!
49#!=&(#/!61-/(-27!.2(!=.A#!-4!#.)-#'!4&!(#./!8-49!.=6-71-4-#)!.2(!#'' &')!-2!49#!=&(#/W
/-27!:'&,#)) !
!

7 Conclusion  
U!:'&,#(1'#!0&'!49#!-(#24-0-,.4-&23!,&2)4'1,4-&2!.2(!1)#!&0!)&04!5.'-.6/#)!9.)!6##2!:'&W
:&)#(>!U!=&(1/.'! )4'1,41'#!8.)! 1)#(!4&!#2,.:)1/.4#!49#! )&04!5.'-.6/#)!#2.6/-27!49#-'!

!!!! !!!!!!!!!!!!!!!!!!! !!!!!!!!!!! !
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