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Abstract
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1 Introduction
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8.$>L:0-))177#)4)1 49.41=&(1/."1 .:'&.,914&1)&04!5."-.6/#)!, & 1/(\6H (HSH#/&:H(> |

A149=.2 21GHIL_ ML), 1))#( !,8=6-2.4-82)!&0)&OH5. - .6/#)!6.)#(1 &2! 49#! &7 2-4-5#]
JT#6' 18&01U2(#)&2!GHIZHM> E#l-(#24-0-#(140:{#AL&23! 5#'.7-271.2(1=1/4-:/-, W
4-&2:3[1,.)! GRSSIM! 4&&A! 49-)1 01'40#'3! (HB#H27! .| =#49&(! &0! 8#-794#(1 5. -.6/#!
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2 Model Description

2.1 Original Riot Model
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O &'-7-2./1 =& (#/1 &0! 21'6#,Al #4>1 /> GHILZM! 8.)! 8'-44#RD7! (-00# #24-./1 #<1.4-82>!
E&BHSH'1-41, 216#IH\WC: #))#(1.) | 40HIH<1-5./H#241)$)A#=1($2.=- ) =&(#/3! 071'#H»

events per rioter per day

O events Cummulative
per day Events

. .
Sympathisers KR ) \, ) leave riot Ex Rioters
i =L | ~
) "J
= el Rioters @
riot
fraction of

population O @/‘ O number influenced O
O

sympathisers to join per rioter

time in riot
actual number {
@ of contacts per Q
: day per person probability of
Population O succesful influence

potential number of
contacts per day per person |
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=&(H/I#(16$1 A0H))-27/#1/8&&: T A3 'HO/H#,4-27 1 #99$:849#)-)1 &O! 21'6#, Al #4>1 /> GHE: T
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27149 AA9H =& (#]), &LI(1H: ' &(1 1AM &B)H'SH():. A4 2108 #'4.-21: | =HAH'5 [1#)> ™
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2.2 Model Extension
B&'I49#!: 1" &)# &OHCA#R 2T 149#P1'6#,A! =&(#/'4&!-2,/1(#!)&04!5."-.6/#)3!19#!0&//&8-27!
((-4-&2.1' &2 #:4) 1.2(19$:&49#)#) |.'#,&2)-(#'#( ™

H> ;9#1)4'#2749!&0!49#!, . 1}89-,91&'-7-2.//$))..'A#(149#! '-&4@

R>;9#! 21=6#"1&0!."#)4) '(1#!4&!149#!.,4-&2! &0 49#!.&B!1#D-)!-)1 ) 1=#(14&! 64! 49#
,1=1/.4-58#121=6#'I".49#'149.2140#!1 "#)41" 4#31.)149#!-=:. 41&0!."#)4)!&2!"-&4#'"!
#2491)-)=!-)1=&'#![-A#/$! 4&!6#!.,,1=1/.4-5# &5#'I 49#!)9&'4! :#'-& (! &0! 49#!'-&4)!
6#-27'=&#/I#( @

1> 9#! #2491)-.)=! &0 49#1L&4#") >!;9-)1 #2491)-.)=! 8-/ |-20/1#2 ##,'1-4=#24! .2( !
"HA#24-8&2! &0!'-&4#D2491)-.)=! 8-//6#!7#2#' . 4#(149'&179! 49#!)-D#! &0! 4981
2(149#N4'#2749'&0149#!,.1)#31614!8-/Ne##2#(!.,,&'(-2714&!49#!21=6#" &0!
CH)4) @

> a#(-.1-24#'#)4 189-,9! '#.4#))$=:.49$!0&"149#!'-&4 3.2(!.N) &' 8-//!-2," #.)# 49#18W
0#,4-82#))|&0V#,"1-4=H241 4 & 49#"- & (- .| - 24#'#)418-/['-2,'"# )#  1.)149#121=6#"]
&O%:.&'4#(! #5#24)-2,'#.)#)!.)! )1,91#5#24) =#.)1'# 16&49!49#p#! . 2(1)#-&1)W
2#))1&0149#!"- 84U @

K> ;9#!1)$=:.493!&0!49#12&NV&4":&:1/.4-&2!4&8.'() 49#!'-&4$,9.41)$=:.49%! = A#)!
'#,'1- 4=#24148&149#!"-&A!=&'#!/-A#/$! . 2L 2141'2!.00#,4#(16 B! 404 =#(-.!- 24#'#) 4>

|

OH)#! &2 #4) [#.(14&) :&AH24- [)&OA!5. - 6/H)*ICY%-$/*%&" " 02B%H6&83.234" "% $-B!
HS(.2" %$-$3BB+H12%8&+""," '<.'%$-B.2( 1 $4$/%8 U/49&17US/%B.)! ! <1.24-0-#(!
5.~ 6/#!-21 49 &'-7-2./' =& (#] 3-4)! (#0-2-4-&2) 8-//) 641 '#,82)-(#H#(1.)! ! ,.2(-(.4# 0&' .!
)&0415."- 6/#3

|

3 Methodology

O =HAO&(&I&TSIL)H(! 4&) 41'D AOH! &2 #:4)! -2481 )&O4! 5.~ 6/#)! -)! (-5-(H#(! -24&! 49'##!
)4 TH#)* 1 AO# (#24-0-,.4-&PROVAOH!5. - 6/H@H.&2)4'], 4-&2&O0IAH!5. - 6/H@(149#!1)#! &0
A5 - 6/H>NAI8-/16#1 ))1=#(149.41 .1 . 1)./1/&&:! (-.7".=1 &0 49#! 89&/H =&(#/19.)!. /W
H.($) 6#H2) 82)4'1,4#(1)&! 49.41 49#! | 1)#)! .2(1 #OO#,4)! &O! #.,0! :&4#24-./1)&041 5."- 6/#!
0. SHIGHH2 | (A =-2#(>!

|

3.1 Identification of Soft Variable

(O -=1-)14&1.))#))|BOHAOH 140H#) &2 #:41, 216#149&17941&01.).121=H#"-, /I5."- 6/#> |

|

=&'80,4#985+0)>()-' #
Fu".3"%&$" 0'70$1%" /,-#2))+" ($30-.550-)!)9&1/(! 7-5#!.2!-2-4-/1.))}#))=#241&!
(#),-:4-821 801 40#! &2 #: AUEBHI=&(HIIH(1 . 2(1#C:/.-21 89! -4! )1 28#(#(>1 V4! .21 6#]
O#/:01/14&! (#),-6#!1-4)!,.1)#)! .2(1#O0#,4)1.)149-)1=.$1)O#(1/-794! &21 40#! (#), -:4-82>!
10-),&"#):82()14&A0#128=-2./15. - 6/#|(#0-2-4-&21&0IF. &6)#2!Y1?'&2) &23HIZL
|

1220&2,()-' #
B"%&$"070$1%"2"3./)$" .--$(80.5)$"$/%.%+"'-" 1Bl Y& BY%-80%8-$9" 2" 0"))$0%. /"""
$/%.% GDH: 1:&)H ) A&I 7-5#1'#.)82)189$1 40! &2 #:418'1#24-4%!= S| 6H#I =& (#//#(!
ILD)-27/15. - 6/#1&'.121=6#18015."- 6/#)>1;9.41-)31-)| 4041 #24-43) &2MF=#2)-&2./!

&' =1/4-W=#2)-&2./c! ;98! '-2,-:/#1 &0 d,,.=e)!".D& '1)9&1/(! 6#! 1)H#(3! ->#>! #24-4-#)!

=1)4128416#1=1/4-:/-#(164$&2(12# #))-49>
I
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@0%&0)'2
'$3" %6&HT0$196 8&24%" 2" 0)$2-""-($-./4] ;94! =.-21 11" &)#! )1 4&! 9O#/:1 T1)4-0$! 89$! .!
)-27/#15. - 6/#! &1/(16#! 1)#(>I VO J#2)# &O! &' (#'-27! 8#'# .=6-71&1)!-4£.$ 1-=2/$!
49.41.1=, 2815, - 6/#31=1/4-W=H#2)-&2 \=&(#/|=-TOMGHI=&H# & 4#  SIV(H24W
| A-821801. 218 (-2.11), J# 1-)12# #)).'$I0& 149! &2 #:414&16#1.1)-27/#15."- 6/#1B149W
=.22 IHIl_M3
|
A-(&'(),4#:&,5/085 #
F:"0'8)("%&$"0'/0$1%"5$" 1'%$/%. 2J$238-$([! U/49& 1791 4941 =#.)1'##2418-//1 2&4)!
28 )).-I$! 6HI61-/41-248IAHI=&(H/149-)HCH - YHIOH[)! 1.-0$140#15."- 6>
|
U4149-)1)4.7#1-41)0&1/(16#) /#. 1 8OHAH') ) &2 #:41-)1.1,.2(-(.4#10&"1.)&0415. - B/#3->H>!1-4]
)9&1/(19.5#!"#-.6-/-4$31'#./-)=! . 2(10. #1 5./-(-4$! G[#5-2#3 RSSSMSL)\L&ARH #)).'$! $#4!
A&! A28&898.8!-418-//| 6! =& (#I/#(1 &1 L)#(1-2! 1)$)4#=1 ($2.=-) =&(#]  @!49.41-)1 49# 2#CA
)4. THHB'&=12&81&2149#! &2 #:418-//\6#I"HOH"H(14&! )15, - 6/#>]
|

3.2 Construction of Soft Variable

[#5-2#GRSSSM!(-)4-271-)949#41)#!&0M)&045."- .6/#!-2!. 1=&(#/!0'&="-4)\=#.)1'#=#24 >!
O 444" &1/(16#)##2!.)1-4)1H00#,41&2149#! & 6)#'RF . 49#'149. 21 & 20 0 & (#/\#H/#=#24) >!
91! -41&:&)#( 149.449#)&0415.-.6/H#=&(#/' -)!,&2)4'1,4#(! -21.!1=&(1/."10.)9-&2!)1,9 !
49.4L4) -22#'1 8&'A-27)3!-2,/1(-27" - =# ) 1'#=#243! '"#! 9-((#2! 0'&=! 49#! &49#'| =& (#/!
5.-.6/#)!1-2!1-4)! . 1)#!.2(1#00#,4!,9.-2>1V21)&048."# 1 #27-2##'-27149-)! &2 #:4! - ) 'H#O#"#(!
48N (4.19-(-27' G?&&,9#4>! BRSS! . 2(1#2.6/#)! =&(1/#)' 4&! 64! 4#)4#(! - &'1 4&! 49#-"]
-2,/1)-&2!-211'T#1=&(#/>! d2 ,#!-2,&"&" .4#(! -24849#!)$)4#=!($2.=-))!=&(#/! 49#!)&04!
5.-.6/#! 8-//'6#!12(#)4&&(1-2!4#'=)1&0!-4)!-2141.2(1&14:14!./&28.!,&2 #:4! '#O#"#(14&!
IV HO#H24-.'4' 2): ' #2,$!1G?-'(1.2(1%. (/#'3'HIZZM>! +1,9!.1=&(1/.".::'&.,910&".1)&04!
5.-.6/#1-).2I#C.=:/# 1&0149#N&,-./1:)$,9&/&7-,.I'=&/#,1/#)'&0![#5-21.2("" &$/#'GRSSRM>!!
|

:91)149#1)&0415."-.6/#18-//'6#!,&2)4'1,4#(1)&!149.416&494) 12 1=#'- I5./1#!.2(1(-=#2)-&2)!

S O-((#2 10'&=",&22#,4-2T \#IH=H2AW Ay 24#'2 [\ 21=#'"-,.[|5./1#1-)12&4! '#/#5.2432&'!-)!
-4) 1241 &0 =#.)1'#3! &2/$!-4)!'#):&2)#1 4&!)4-=1/-1.2(1-4)'#00#,4! &2! &49#'| 5.'-.6¥191)!
49#1#00#,41&0!.1)&04!5.'- R &A9# 1 #/#=#24)!,.216#! (-=#2)-&2/#))31#2.6/-2 A 9##00# 1
&W(-00#'#29&04!15.'-.6/#)'4&!16#!,&=6-2#(14& T#A9#'18-49&141'#7 (14 &1 49&- ((#2 112-4p

|

& &=:/HAH# 40#! &2)4'1,4-&2! &O! 49#!)&04! 5. - 6/# =& (#]! 49# 0&/I&8-271)4.TH#)! 'H2\&/
)-(HH(* !
#
1+,48&
'$3" %0&$3',%42-.25)$" &24$" 2" #./ #B#" 42)83[" ;' $3" %&S" 42-.25)$" &24$" 2" #27 #8H"
42)8$];9.41-) 3.'#1 AOH# | /-=-4)1 &21 40#1), [#! &0V ATB!-.6/#C V0! 494D)8H# 1 -)! $#)1-2!
H-AOH']| HIAOH21AOH5 [1#)| &OIAOH)H [-=-4)| . #YBAR1 A0H H= -2 (#'1 &0 49! 41 (- YW
1))-821-)!,&20-2#(14&15. - 6/#)1&21.V-=-4#(1), .JH>!
|
7)(5H##
1-$"068$-$"2/+"38**$3%$("8/.%3","#$238-$",-38&42-. 25)$[U!(-),1))-&2!&0L.:" &W
tAH 112-4)12.41' 119!, &=#)! & 141 &OBH!:#5-81)1(-),1))-&2 1&0!),./H>1U/408.1709#)#
12-4)18-//16#19-((#210'&=!,&22#,4-27 1 HIH=H24)B)& | A0H!) A#I &O!-24#'2 /) (-=#2)-&2./!
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&2)-)4#2,$1)&=#112-4)1)9&1/(16#! 1)#(>1V0!1 2&112-4180! =#.)1'#1-)12.41" /1 49#2! . BW
)4'.,4112-41)9& 1/ (164 (HO-2#(H
|

L(/0& #
J3"%&$"3', %" 42-. 25'A28" 0'/4$-%$-"):[ 1U!,&2)-(#'.4-&2!&01 12-4B-/\9#/:1(- YW
4-271-)9!1 .1)4& Al 0'&=1! 0/&S3!.)! 8-//! 49#! :084&T".:9! 4#)4! G+4#'=.23] RSSEIME2W
)-(#.4-&21&0I=H=&'$I&'|(#].$)!,.219#/:1(-)4-271-)91.1)4& Al 0'&=!.1, &25# 4#'>!

|

V/(5 !
\&2%6"'8%3.($"$)$#$/%3"&24$"2/"$,, $0%" "%&S$" 3", %" \2>185)8[-) 4941 #00#,41&0!-4)!
J1#) CIVOLAO#! (#,-)-&21-)1 48! =& (ABH&O4!5. - 6/#18-49! .1)4&, Al 49#2)1 -4)! 7'&849!
201 (#,-28 =#,9.2)=)  1)9&1/(! 6#! ,&2)-(#' >MH ) 1T H)AH#(! 49.4H2(&T#2&1)!
=#,9.2-)=)L'# 4. AI#(10-)4%

d/(>/(5 !
\&2%"'8%3.($)$#$/%3" ($3"%&$" 3", %" 42- 25DB[OH #! =1)416#1.41/#.)41 &218 1AW
1141 &49#'8-)#1 49#! 5.~ 6/#! 8&1/( | 2846#!'#<1-"#(>1 U/49&17N-00# #24! & 14)- (#UH#W
=#24)1=.$ 16#1.004 4( 163! 49#!1).=#1-24#2 [\ #[#=#241 &0 49#1)&0415."- .6/#31 49#! &)
6-/-4$1 &0!=&'#149.21&2#14%$:#1 &01 &14HA&N/( 61!, &2)-(##(>!;9#!&14:141)9&1/(1 6#!
&2)4'1,4#(1) &1 49.41 AQ#RA#'2 [1 12-4)1 '#19-((#2 1.2(149.41-410&//&8)! .2$! [-=-4)! #4!
&2149#)), [HIB&'1A9H! H=-2(#'1&0149# :#1-41-)1.)) 1=#(149#1)&0415 - 6/#)19.5#!. 2!
&14:14),.#!/-=-4#(10'&=!S!14&!H>

|

U)149#1-(#24-0-,.4-&2!&0!)&04!5."- 6/#)!:'&T'#))#)1-418-HB#/:01/| A& "SMC '#)) 1 49#! . 1W

) NN&&:N(-. 7' .=1-24&1 1=&(1.(-. 7' .= 14&19#/:19-79/-794149#1,)#)1.2(1#00#,4)| &&. 9!

)&0415."- 6/#

|

3.3 Use of Soft Variable

d2,#149#1=& (#/!0&'1 49#!)&0415.'- 6/#19.)164##2! ,&2)4'1,4#(1G.2(14#)4#(M!,&2)-(#'.4-&21-)!
7-5#21.)14&198&8!-4!,822#,4)14&149#!8-(#'|=&(#/>!;9-)!8-//16#) 16(-5-(#(!-24&! 49#1#00#,4! &0!
49#1)&04!5."-.6/#! .2(1 49#! 8.3! (-08'#24!)&0A."-.6/# )| 2##(1 4&! 6#&=6-2#( >!\HO#'#2,#!
)9&L/(16#!1=.(#14&!. 1=&(1/."\5#)-&2! &0'49#!1) ./II&&:\(-7'.= 3

|

B**&‘F#ﬁ

P2+ (., $-$/%" #($)" $)SHS/9B' ($3"%&S" 3, %" 42-.25) SB[ ;94 #18-//1 641 )t W

| A =& (#]) 0&'1#., 9! #00#, 41 &0! 49#1)&041 5. 31 89- 91 8-//1.//&8! -41 4&1 9. 5#! (-O0H H#24W

. )1 82! (-00# H2 AV HIH=#24)>10))H24- /IS A0# #-)| & 241 #00#, 41 =& (#/10&'1#.,9! -2 A1 0'&=1 49#!
)&0A15 - 6/#>1: H)#I=&(#])!,.216#1=&(1/."-J#(>IVOI49#1)&0415. - 6/#19.)1.2$1),./-27! 49#2!
A9#1), J-27), . 216H# H)#'SH#(1-2  149HKO0H, 4>

|

8-C3),()-5 #

F"2-$"(.,,$-$/%" 3',%"42-.25)%, $0%B'H5./$(" 53, -$" %&$+1,)8$/0$ " 2/'%&S$-" $)$#$/%[
f&:1/.'1,&=6-2.4-8&2) |.#=1/4-1/-,.4-&23! .((-4-&2!.2(! 8#-794#(! .5# . 7#)3!89-,9!=$!
6#1 [-2#."1 &') 28&2W2#."| G+A#'=.23] RSSS3! XO>HJMAL/-,. 4-82! &ODB#,4)! -)! &OAHIW
)1= #(3189-,9!,.21 6#! '&6/#=.4-,1 -0l 40#'#! '#=.2$!)1,0! ,&=6-2.4-82)! .)! 49#/&8H)4
0.,48',.21(&=-2.44149#'#) 1/ GX&$/H3IRSSS M) GRSSIM!./)&!8.'2)! &0149#! (.2 7#')!
8OV =&'# #)&4H'- | &=6-2.4-&2)! .2(1 .(5-)#)! 49.41 &=6-2.4-&2)! '#I A#:41 ))-=/#1 .2(!
2.41'.1.)1:&))-6/#>! |
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I
B&//&8-27149#18&'Al&2!,&72-4-5#1./7#6' 1&01U2(#)&2!GHIZHMAD4D=.22 IGHII_M3!49#!
21=6#'1&0!,8=6-2.4-&2)!&0!48&15."- 6/#)! '# [-=-A# (148! 0&1'314.6/HBHBO#' #-419.) | 642
))1=H(IAOH!I5. - 6/#)I-21<1#)4-8219.5# 16##2)/-=-4#(14&).1), /#1&0ISIAQIH>

|

9&5+0)>()-"' #

- (<&C,()+,4#8-'5(0/+(

#

D-0C/4# f(x,y)#

+4'- 4 [&7-,.lUN xy!
+4'- AIX&="8=-)# | E.'=&2- \US#.7# | AJxy!
[#2-#241X&=:'&=-)# ! U'-49=#4- IUS# . 7# Xty
>
[&7-,./1d\ ! X+y" xy!

[#2-#24

>25)$M"K'#5./12%.'/3","C,%"D2-.25)$",,$0%B" x,y" 1)"

O 3%-.0%26-2.4-82!&01)&04!5. - 6/HR.2(1 +-)149#11)1./1=1/4-:/-,.4-&21=&(#/3!.2(1-)!
AQHIH<1-5./#241&0149#1/&T-,.\UN >1:9.B-DIAOHIH00#,41 &0!&2#1)&0415 - 6/#1-)!)8-4, 9#(1&003!
A9H &A1 9.)1 28! HOOHMOI&2#! ) V#4! 4&1 40#1 =.C-=1=15./1# &O! H3! 49#!  &=6-2#(1#00#,4!-)!
A9 OL//1". 27#1 &0 49 Y#,&2(1 5.'-.6/#>1 A ,&=6-2.4-82)! '#1)9&82!-2!0-71'#! R>!1:9-)!
HL U CHOE'H( 48! ) 3%-.00)! A9#! &14:141 ) )] 49.2! 498 )=.//#)4! -2:143]
X<y" Xy<X<y>1:0)!, 216#149817941&0!.)140#!=&)4! :#))-=-)4- 1 ;' &.,914&! &=6 -W
2.4-8&231.)149#1&2#1) 80415 - B/#I'H)4'- 4)| A9HIHO0H, 41 &0 AH IR AH'>|

19 f{x,0.5) 19 f({x,0.2)
""" Lenient “*e*=* Lenient
=== Lenient Compromise . === Lenient Compromise
5 . . ot . N
0.75 =—Strict Compromise ‘," 0.7 Strict Compromise
. —/,'
= = Strict ’,—’ = = Strict
P~ -
d”
f”
-
-
0 - 0.5 -~
- -
- "’
- - -
-
‘d" e ’4”
-’ - - f’
- -
- _- ot
"” - - d”
- - . ==
- - -
025 T - 0.25 1 .
- - -
PR o
- =z _a==T
P - -
- -
- - - -
- -
- X - X
- - -
0 0
0 0.25 0.5 0.75

0 0.25 0.5 0.75
P.*8-$AQ"K'*/.%.4%")*$5-26"]8%18%"23"2",8/0%.'/"," /$"./18%"?":.%&"3$0"/("./18%"LEY"Z

O #1 ' A8&I=&(H#/)! &O! .| &=:"&=-)#1:8)-4-82|6H#ABHH2I AOH#1 4885 - 6/#)>1:9#] )$/.$/%"
O'#1-'#.3% | &=6-2.4-&2!-)149#10.=-/-'1.5#' 7-27>1U2! 1 28#-794#(!,8&=6-2.4-&2!-) 1 )#(!
)-41-)1))1=H#(149.41 AO#IH#O0#, 4)! &0 40#1 48&15."- 6/#)! ' H ['H.($182!,&=:.". 4-5#1), J#)>!
(ORI HEH1.2(1'H):&2)H#10&'1488.17-5#21-2:14)1-)19-79#'149.2149#1)4'- 41, YHUN1GO-71'# RM>!
Ul =&'# 420 4-5#1 )17 TH#)4-&2! -)! =.(#! 0&'! .B%-.0%" O'#1-'#.35&=6-2.4-&2! 1)-27! 49#!
0.'=&2-, . 5H#' TH>1, 08 #18-//16#1.1:&-241 8O# #1-4)'H):&2)#!,.21=.4, 01 A0H [#2-#24) & =W
1&=-)#31 614! .41 AOH! HCA'H=H)! &0! &2#! 80! 40#! -2:14)! 6B ZBH! 'H#):82)#! =.4,0#)! 49#]
)4'-, 41 # GO-7#! RM>1;9#! &==#24)1&0!a,[1,.)! GRSS]|M!.6&14149-)! ,&=H4-82! 6#-27!
N.2!.61)#! 80! =.49#=.4-, /1/&7-,! 2(1)$)A#=! ($2.=-,)! :'-2,-:/#)Q! '#! 284#(3! 6141 -41-)!
0&:#(149.4149#! 1)#! &O! 40#! (-=#2)-&2/#YjD0#.4R0! 49#1)&04! 5."- .6/#)!8-491 .1 [#.1/&T\WN
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6.)#(1 =HA98&(&/& 7$! 9.5#! 5&-(#(1 49#! -))1#>] B&'| 6&49! ,&=:'&=-)#! ,&=6-2. 4-&2)!-0! 49#!
HOO#,4)180149#148&1)&0415. - 6/#)!.'#140#1).=H 49# &14:141=.4,9#)!49. 41 HOO MR = X >
V2!.((-4-82149#1814:1418016&49! &=:'&=-)#(!,&=6-2.4-&2)-#) | 6HABH#H#2140#)=.//#)4).2(!
[THA-2:18) X <y" X <Xy <Y < y3189-,91)177H)4) 494141 &=r'&=-)#>]

!

[O#0-2./1,&=6-2.4-&21-)16.)#(1&2149#1/& -, /'&'), &7 2-4-5#1d\31-) 'HO#"#(14&.).) | 4O¥$/.$/98
8=6-2.4-8231.2(1,.216#1 49817941 80! )| 49#! =&)4! &:4-=-)4-,1 J#>11VO! &2#1)&0415.'-)B/#! -
)8-4,9#(1&00! 49#1'H#):&2)#10&//&8) 1 49#101//!'. 27#1 &0 4O#1 &A1 5."- B6/# GO-71'# RNBYM V0! 9&
HEH' &2#15."- 6/#1-)] .41-4)1 =.C-=1=I H3! 49#! }#,&2(15."-.6/#! .21 9.5#1 2&! 01'49#' | #0O#, 4>!
[O#I'H):&2)#1801d\I-)|9-79#'149.21 /| AO#1 &A9H'] &=6-2.4-&2)10&'140#1).=#1-2:14)31.2(!-)!
[ITH#149.21-4)19-79#)41-2: 141X < y " X <y < X+ # Xy>! V21 49-)1 {#2)# 40#! &2#1 ) &0V’
B/#1#29.2 #) | 49#H00#, 41801 49H &AOH'>

!

B&'1.//1,&=6-2.4-&2)1 49#!), /#! &0 SI4&! H!-) " #)#'5#(31.2(1491)! (&! 2&419.5#1 49#1), ./-27!
D)) 1#)!.-)#(16SIX&S$/HI GRSSIM>

!

4 Model Construction

V2149-))#,4-&21 49H!'-& A =&(#/) &0! ?1'6#, Al#4>! /> GHIEZNBHI A& -2, /1(#!)&04! 5:W
6/#) 1.2(11)H#(1 48! -1/1) 4 A AOHI =& (#]! &2)A'1,4-&2) =H#49&(&I&TS! &O! )#,4-&21]>! B-)4/$! .1
1) JU&EN (-7 =) &(L H(1-21-2#18-491 40#IHC-)A-271=  &(H/!GO-T1'HIHM!.2(149#! (v
4-8&2./19$:8&49H)#)!G)#, 4-&2IR>RM3!.2(1-)1 7-5#21-210-7 1'#]>

|

O & 1/.4-&21 5. 6/#)! 'H# -2(-,.4H#(1 ) )4&,A)3! ) AO#H#! -)! 28! -24424-821 A& H=& (#]!
A1 +&/-(), &22#,4&") HOH' 1 4&1 AO#! | 1)./1/-2A)! &0 40#1 &'-7-2./\ =& (#/3! 8-49( JO#(!
&22# A#)! &=-27! 0'&=! 49#! 248! 9$:&49#)#)>1 ;9-)! -)! .21 -2-4- /1 |.1)./1 /&&:! (-.7".=!
H2(-271498.))#))=H#241801: 84424 /) &0415 - 6/H)>

|

BH##(6.,Al/&&:)! RA.2(!1 RO (1#148!40#1#00#,4)! &0 40# =#(-.1-24#'#) 41 2(1'-&ARUELW
)-)=1&21#,'1-4=#24>] RN®)! (1#1 49# #O0#, 41 &0 40 =#(-.1-2! '#.4-271-2-4- [1)$=:.49$! 0&!
A9H!'-&ARM )| 40#1 #00#,41 &0!#2491)-.)=1&2!'-& A 'H#4#24-&21 #)1/4-2710'&=! 49# 21=6#)! &0!
" &AH)3I8OH#H.)! TZ)-)140#1&::&)-2T10&" #! &2! ' HA#24-821'#)1/4-271-21 49#1 (&:1 &O! #2491 )
)=I(1H14&)."H)4)> 17O-)A9#16.1.2,-271/&&: 1 (1H A& 40#1/&)) &OV'-&4#) | (LHA&)."#) ¥1-)!
AQHIHOOH, 41&0IH(1,-271#2491)-.)=149'& 1 791."#)4)1-21'-& AV #,' 1-4=H2U>

|

4.1 Identification of Soft Variables
:9#108//&8-27!5."-.6/#)! '#! &2)-(##(1.)! :&4#24-./")&04!5."- 6/#)*1 B$(.2"J/ %$-$3%06#<
12%&+"./"1'18)2%."/" %":2-(3" -.'%$3R.'%$-" 1/%&83.23#2(! $4$/%3" 1$-" (2+V2! .((-4-&2!

1.4-82121=6#')'#] AH(1H24-4-#) @\.//1H.)-1$,&124.6/#1.2(18-49! [#.1=#.) 1'#)>
|
:89%),#$'(&0&5(#
S$/$-2)";$30-.1%. 51,98 =#(-.1-21 49#IHIIS)!-2,/ 1 (#(12#8):.:#)!.2(16'&.(,.) AW
2751 ;98 =H(-) #C:'H)WH)! -4)! -244#'#)41 49'&179! -4)! &5#' . 7#! &O! 2! #5#24>! V0!
)&=HA9-271-)'H: & A (31 A0 =H(-.1-)|-24#'H) A#(3!.2(149.41 #:&'4-278-//1 Q.54
2 1#00#,41&21&A9H')>

B'($)"78.)( ./*":.%&"C',%"D2-.25)&3F2+:2-(9"G$,,39"F"$))3"H"[42B'IC;K"ALMN
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— " " events per day
+ -
/

R4
Media Interest

sympathy in  —

{ N population towards ~
+ ot +
~ _ rioters /\\\\‘*_

\ Sympathiser| @
\ s

"
* join riot @ Rioters @ leave rioF\Ex Rioters

. - |
- - AN
\ 4 I ‘ \
N @ @ / @ @ \ @ time in riot
/ I \ + ‘
/

AN
a . ! " Arrested Rioters \ /
+ effectiveness in Rs A : +
recruitment; +'/ |/ e \ ¥ ‘ /
A — _Rioter Enthusiasrg.'/ - ~ —__arrests per day /
N L
+ ~ 4
strength of cause . — ~ e
— ~

I Tretention of rioters—

—— -

P.*8-$'00"J/.%.2)" K, 988 82%$/($("R.'%"S-%&"B'($)

P $%000." 3.0 =H#(-.1 9.)! (-00##241)4$/#)! &0! '#:8'4-2731-21 :.'4-,1/."| 8OHAH'
AQHS! . H)$=:.40H#4- | &'1 2841 A& AOHIH5H#24>1U) | 4O#1 & 2/ SMHROHEH(-. | - 244 #) 4!
-2149-)1 =& (#/1-)1 &21.1:8:1/.4-82! 80! :&4H24- /1 )$=:.49-)#) 0&' 49#! '-&4! . 2(!
AOH!'-&AH) AQH=)HI5#)1-41 )| (HH=H(149.41 2$!'#:&'4-2718&1/(18:2/$ &)-4-5H#/$!
L D#,41)$=:.49%!.2(1'#,'1-4=H#24>1;9#'-&4)! ' &T'#))#(1)&!0.)41-418.)1)-=:/$!

AOH 24 49.41 AOHS! 8H#1 9.::#2-27149.41 '&=:44(1:# &:[# 4&) .,4-8&23!2841 ]
=&'H14-=#\\&2)1=-27!8#-79-27!1:149#!1:'&)!.2(1,&2)>!;91)1.1)-27/#15."- .6/#!
)9&1/(!1)100- #>

-($-/%  2H8): . #) . 2(16'&.(,.)A#) | T-5H =& ! &5H#' THI 4&))&=H 2#8)!-4#=)!
49.21849#)>1U1012,4-& PI&2#8)'&&=#.,91(.$!-)14&! '-&'-4-)#1 24#8)>1:91)! !
JHN&H-27 1)=i/-#( 3

@'%$/%.2)" B$238HBE.'| 24#8):.:#)! 40#)#! -2 /1 (#*1 49# 21=6#'1 &0! 8&'()! -2! 49#!
2H8): #'] ' A- [H@1-4)!:8)-4-821-21 A0HI 2#8) . # 3IH>T>1=.-21: THIL. THIR #4, @!
AV 2 121408 &:-2-82) &/1=2>1B&'16'&.(,.)4 =H(-.| AO#'H#! &1/(1 64#*]
A9# (1'.4-&21 &0! .1 6'&.(,.) 4! '#:&'4@! -4)! :&)-4-&2! -2! 49#1'122-27! &'(#'@! 49#!
21=6#'1801'# &' M')1&2149#17'8&12(>]

191)! B$(.2"J/%$-$39%.1,.2(-(.4#10&'1.1)&0415. - 6/#> |

|
E)-(&0#B'(</5),5C #

S$/$-2)";$30-.1%/ > b2491)-.)=! )1 .1<1./-4$! &O! .21 -2(-5-(1./ :#)&23! .1 '-&A4#'1 -2]
49), V> IVAI(H),-6#)).21-244#'2 [\ (#(-,.4-&21 481 49H!-841.419.2(189&)#!'H) 1/4)!
8-1/\6#1 2! 6SUOH-'l (H)-H1 A& H=.-21-21 40H#!-&A3!'H#, 1- 41 &A#)! . 2(1: "4~ -W
A2V &AH) A% O [ A4H#'1 ) <1-4#15-)-6/##1 . 2(1, &1/(1:'&5-(#! .| =#.2-27149.4!
&AH)!, .21 7'H# 18-494

P*-$%20." >1D2491)-.)=1,.21./)&I6H#!.::/-#(14&49#1 7'&1:1&O!'-&4#')>1%-491-2(-FW
1./1#2491)-.)=! (HH2(#24) &2V #CA#'2 | #5#24)1)1,01 )1 '-&4! )-D#3!)4'#2749! &0!
CLHL2(1.H)A)31A0H#I8&LI(! 2&416H#!.18-(#15."-.4-&2! GHABHH2!-&4A#) 41 |
7-5#21:8-241-214-=#>1;91)1 .21 5# 7#15./1#1 &0 -2(-5-(1./1#2491)-.)=1)9&1/(!
)100-#10&'1 7'&1:1#2491)-.)=317-5-27140#![ AM . V'#.1-)4- V#./18&'1(), &2 #:4%

1-($-/%  SVA)&==8214&\(#),-6#)&=HH&:#.)I=&H#H 2491)-.)4-149.2!&49#)3!
491)1.21& (HH(15."- 6/#1-)'#.)&2.6/#> |
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@'%$/%.2)" B$238-884#24-./' =#.)1'#)! &0! #2491)-.)=! ,&1/(! 6#! 49#! 5&/1=#! &0!
,9.24-27163149#! '&8(35#'6./! #27. T#=#2418-49KR2/&&AH# BI# & [#!'#,'1-4# (!
#'1:#)8&23! )A-'=-)9#)! 8-49! :&/- # > gH2#1/$! -2(-5-(1./' #2491)-.)=! 0&'! .!
CL)#H!21681=#)1#(168! .21 .=&1241&0!4-=#1-21 17-5#2!:#'-&(1):#241&2!49.4!
WL#E31-2149-) ) 4-=#1):#241-21 49#1'-84>1 ;88! &0 49#! =#.) 1'#)! =#24-& 23(
4-=#1-21'-&A1 2(V:#&:[HV#,' 1-4#(V#'1:#)&23  1'#1#00#,4)1&01#2491)-.)=R149#!
=&(#/>1

|
1FC> (<F #
S$/$-2)";$30-.1%. 51 +$=:.49$1-)!.I<1./-4$1&0! . 21-2(-5-(1./1:#)&231 128 AN&AH#1 -2
49-)1 VH>1VAL (#),-6#)1 .1:8)-4-5H#1 #27 . TH=#2418-49) .2$! 2#8)! '#:&'4)! .6&14!
A9# 1) &=-2T10'&=] .21-244'2./1.]-T2=H2418-49149#!, . 1)}#>IV 4= $!'#)1/4!-2!
:&)-4-5#15#'6./1 &==#24)! 4&! &AH')! .2(1.2! &:#22#)) 4& T&-21 49#! . 1)#>! :0#!
0&'=#', &1/(1'&5-(H.I'#:8'4.6/#I=#.2-27149.41&A0#) &1/(|. T##> |
P $x006.! S1+$=:.408!,.21 /&I 6#! .1/-#(14&1 49! *-'81 1&0! 28W&AH)>! E&SHEH
12/-A#! #2491)-.)=31)$=:.49$! 8-//! 9.5#! =1,0! 8-(#15.-.4-&2) ! &5#' -2(-W
5-(1./)!.41.2$! &2#! 4-=#@!'-&4)3!.2(1 49#-"1 ,.1)#)3!,.2! -258AH )4'&27! &:-2-&2)!
0&'1.2(1 .7.-2)4 $;91)! -4! ) (#,-(#(! 4&! (-).7T'H7.4#! C+#12%8&.38B3-24&! R!
)4&, A)*I&2#1BI&) . H1)4' &27/$)$=:.40#4- 31 2(140H! H=.-2(#'189& H=.-214&!
B6#!#)1.(#(> U/49&179!6&49! ,&1/(19.5#! .15."-#4$! &0 49'#)9&/()! &O! :#)IW
)-&2)! @'.2&5#44#'3 HILZM3! 4&1 .1 0-)4! .::'&C-=.4-&21 #.,9! .21 6#! 4. A#2! )1 .
'& 179154 7TH#&01A8&I8-(#/$!(-5#7-27) (H7'##)18&01)$=: .49$!4&149#!"- 84>
191)1 49#1)&04! &2 #:41 &BH#12%8&-) | =& (#//#(1 65! 48&1:&:1/.4-&2!)4&,A)3!".49#']
49.21.)&0415.'-.6/#
|

1(0&'P(<H-*#8/5& #

S$/$-2)";$30-.1%.'51:9-)1-) I A0#1 )4 H#2 749! &0 O##-271-21 .1 :#)&2>1VA! &1/(! 6# XL (#
)4&&(! -2! 4#'=)! &O! 7'&1:) =H=6#)9- :3! 8-//-272#))! 4&! ).,-0- #! 4-=# .2(!
=&2HSI0& 140! 1)H>1; O# #1(&H) 12841 24#(1ABH! '-&4R., 1"-27 10&'149-)!4&!6#!
12(#)48& (!

Pee$5000." BVQ!)-27/#1-))1H# (&=-2.44)1 40#1 | 1)# | 40#2! 1)-27/#15.'-.6/#1-)1)100W
H2AS1 O A'-TTH10&') 4941 '-&4)1 8.)! AO#! (HHOHH-271 &01". -./1 6-)1-21/-5-27!
&2(-4-&2)>1 U/49& 179! 40#'#) 8#'#! =.2$!  &=1/#C! -))1#)3! 49-)! &2#! -)) 1#BWY
= )H(49H=L1/> |

-($-/%  IXHEIS)) &=t H#&: H8-11T-5#1=& #14-=# . 2(1=&2#$14&).1, . 1)#149.21&4 OW
#)>!

@'%$/%.2)"B$23SHSP =#24-&2#(34-=H#).2(1=82HS! ):#241&2149#!, . 1)#31:#'9.:)L.)!
1'&:&'4-&2! &01.5.-/.6/#14-=# . 2(1=82H$

191)! C%-$/*06&""," K283$.1)&0415. - 6/#3U)! 40#1'-&4) 1 '&7'H))#(! &5#'1)9& 41 : #W
-&()! &0! 4-=#31 .1 O#8! (.$)3!-418-//1 6#1)100-,-#24! 0&'1 -41 4&1 6#1 .| &2)4.241-2149-)!
=&(#] |

#
BG&'(54#&0#% F

S$/$-2)":$30-.1%.'>1: O#)HIBH HIAGHIHEH24)! | 1)#(16$!'-&4AH#)149. 41 8H# H (HH=H(I-IW
J#7.116#9.5-8&1'3! . THIS! (.=. T#3! &' .44.,A)| &2 &AGH'| #&:#>1U) 1 #5#24) 40H)#!
B &AH2A- [[$!,&124.6/#1 .2(1 . #1 &2/$! N)#=- \D&OAQ! 6#,.1)#! &O! 49#-'1 5.'-#4$3!
-2,/1(-27V49#-"1)#'-&1)2#)) >
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@'%%$/%.2)" B$238HBB. 1 #.,01 -8 4! AOH#! '#I HC #II#24! =#.)1'H)) &0 '#:&'4#(1 -2, -W
(#24)! 481 49H:&/- #31=H#(-,./!. 2(\&49#'. 1498& -4-#)>1;91)1-418-BH) 100-,-#2414&/!
81241 AOH)H! #5#24)3! '#I$-27! &2! AOH! #)&2! 8I&! -2-4- A#() 40H! I/ A&) (#,-(#!
49.41494$I8HH)#'-&1) >
U)D1,9! $4$/9%3"1$-" (28-//\6#14'#.4#(1.)1.1282 \)&OA3! &124.6/#15."- 6/#@! .| :&: W
4-8&210/&8>
|
N&BIAOH!: &AH24- [V)&OAI5 - 6/H)10.5¢1 6H##2! -(#24-0-B49#! ,.1).//&&:! (-.7'.=310-71'#!]!
| 216HIH5-)#(310-71'#!_>1;0#148&) /#.1)&0415. - 6/H) BS(.2 "I/%$-$32" R.'%$-"1/%&83
233 H1-(#24-0-#(16$!)4&, Al 2&4.4-8&CH#12%8&.38B)! 6##2!):/-41-2481 48&1)4&,A) 31 8-49!
@'%$/%. 21 2968 3SHB. [-#'1-2149#1,9.-2>1: 041 (-00# H#241#00#,4)| &0 A =#(-.1&2! '#.4-27!
)$=:.49$! RNBI.2(1#29.2,-27V'#, 1-4=H2414&IAOH AR, . 21 288I6H! ) HH21=&#! /#.'/$>!
|

- — ——events per da v
_—
_—
. ~
)/ —_ T — + + +

_
Media Potential A - . . /\ . /_\-»‘ .
Interest SympathiserL B4 become sympathetic  [Sympathiserg @ join riot R1 Rioters leave riof Ex Rioters
> <od -~ ' A \/ f

M Y~ - ; *

NG, G, Q o) ‘Q CAr i

R4 R
\ \ V4 / Arrested \

\ 4 % effectiveness in Rloters
a mpathy i recrullmem.., /
\ s_;n;pat W in y P arrests per day
N popu ar{on towards S+ Rloter / /
N ioters V2 Enthusrc\s VZ
~ - v -
~ - - - _ ~
strength 0/ cause — }retention of rioters

: !
P.*8-$NER$4. 3BEA™ " 129%$/($("R.'%"S-"%&"B'($)

4.2 Construction of Modular Structure
:&1.))-)A149#! =&(#/! ,&2)4'1,4-8&2349#! ,.1)./1/&&:! (-.7".=310-71'#! _31-)'# \HC:'#))#(1-2!
=&(1/.10&'=>; 9#!:&:1/.4-&2!=&(#/'6#,&=#)!.1)-27/# =&(1L/I#32.=#(! @'18)2%."/":.%&"
R.'%89-,9!8-//!,&24.-2! .//10-5#! :&:1/.4-&2!)4&,A)>! [&&:)3RNBYMBY A3V O"2(! 7N.'#!- 2W
A#'2./14&149-)1=&(1/#>";9#148&!)&04!5."-.6/#)|6#,&=#149#! &49#'1 48& ! =& (1/#)3!2.=#(k
%&83.23#","R.'"%3B!.2(!1BS(.2"I/%$-$FN0- 71 # MG &5#' /#.CBU
|
O#H#| ' HIAQHH-2:14)148149#!:&:1/ . 4-&2!1=&(1/#3!,'#.4# (16!
6 OHIHOO#,4!&88(.2"./%$-$3%%2!)$=:.493!0&'I49#!'-& RND
.6 9! &=6-2#(1#00#,4! &ASB(.2"./%S-$3WRAR(! -.'%P-"$/%&83.28RO"H" 7&2!"#W
1-4=H#24@
.6 OHIA00#,4'&M0B-"$/%&83.2B%2!'-&A#' ' #4#24-&RY "H" 776
|
:O#! A9'##| #00#,4)3! 89- QW 49#! -24#'0. # 6#48##2! A9#1)&04! 5.'-.6/#! =&(#/)! .2(! 49#!
:8&:1/.4-&2\=&(1/#31. #149#=)#/5#) = (#1=&(1/#)> |
|
O#!:&:1/.4-&21=&(1/#./)&!9.)148&1814:14)* |
->  COR12#7.4-5#1#00#41&0!."#)4)1&2L.'%$-"$/%&83. 2B "H" 72
> O#1:&)-4-5#1#00#,4! &0!'-&4!)-D#H 82B-" $/%&83.23R0O"H" BY,&=6-2#(! 8-49! 49#!
#HC&TH2&1))A'#2749180149#!, . 1)#>1U((-4-&2./11$149#'#1-)1.1:8)-4-5#1#00#,41&0!"-&4!)-D#!
&2H$(.2".1%3$-$3BA"H"'RINB)!&14:14!-)11)#(148- #
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&(HNA9&)HIHO0H, 4) 3!
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4.3 Construction of Sub -Models

4.3.1 Population Sub -Model

O#1=.-21:&:1/.4-8&21)16 W&(#/!-)!)4'.-79408'8.'(3!0-71'#! J>! ;9#1 48&! &14:14)R.'%$-B
2(1 1--$3%$(" R.'%$38.'#! -2(-,.4#(! 63! (&16/#! &14/-2#1)$=6&/)>! ;9#! 49'##! -2:14)! '#!
7-5#2!-216&/(3!.2(!,&24.-2! 4942.=#! &0! 49#! ,&22#,4-27!)16! =&(1/#'$],$0%""," "a! ;9#!
A9'H#!-2:14)) '#149#1-20%.'["" " %&$"1'18)2%.'/"./,)8$/0$]!494L'525.).%+"","3800$33,8)".
,)8S/0H G&O!49#1)$=:.49-)# YM! .2@06.#$" ./"-.'%! ;9#! AQ'##! "I #HC&TH2&1)! .. =#A#)! )!
0.'1.)149#)16 W&(#/!-)!, &2 #2#(316141#2(&7#2&1)!-2149#I&5#' I/'=&(#/>VOI49#)#I=W
HAH)) O HAHCRTH2&1) B #>T>16$!,&2)4.24)! &' A-=# }# L AIBH ) 1 GH&(#]!,. 21 611 4#) A#(!
2(HH2(H2AIS>! O #! H 488! -24#2.11 1 =HAH)3!  @'%$/%.2)" b8#H5S-""," K'/%20%3

| --$3%"-2@% 2(A9#!®H#H!-2-4-./'5./1#)b

@ Arrested Rioters

Arrest Rate i = [)Dl

/ arrests

per day
@

/ '@» . Sympathisers / @ N leave riot Ex Rioter
. l - =
join ; :
Potential become ) Rioters ™ @ )

i / riot
Sympathisers sympathetic R Bi !
@ S . numberinfluenced

fraction of population ¢ - -

. "O Sympa[t)higers N ,vO to join per rioter time in O
fraction of . al riot
population 'S A

“‘ influenced per day actual number ~——t probability of ‘
\ @ of contacts per *succesful influence

Free Population day per person

) @ @ = effect of enthusiasm on
__effectofmedia on sympathy for Potential Number of effect of enthusiasm and media on riot riot retention.time in riot
riotfraction of population influenced per day Contacts per day per person  recruitment probability of succesful influence |

P.*8-$7Q"@'18)2%.'/"C85"B'($)

4.3.2 Media Interest Sub -Model

U)!L.1)&04!I5. - 6/#149#,82)4'1,4-&2ROBS(.2"J/%$-$3B4N'#<1-'#1.1, &2)-(#'.4-&2!&0!),./#3!
12-4)312.41'#3!1-2:14)1.2(1&14:14>

I

1+,4&

OFHILL [ 1=- 2-=1=15/1#! BS(.2"I/%$-$SBN& #):82(-2714&1 2&! #:8'4-2716$!
AHI=H (- >14+-2 #124#8):.:#)).2(16'&.(,.)4#)19. 541 1 -=-4#(!, ... -4 49#2)] B$(.2"

J/%$-$384//16#17-5#2).1=.C-=1=15 /1#>!
|

7)(5H##
VO0!12-4)1. #149#121=6#'18&018&'()! 1)#(1.)!.10".,4-8&2! &0 49H 4& 4. N2 :#'31 49#21 494!
=-2-=1=15./1#1-)ISh3!.2(149#! =.C-=1=1-)IHSSh>1U!)-=-/."| '71=#24! 0&//&8)! -0!
A9HI12-4)! ' HIAOHH# #24.TH&0149#16'&.(,.) A1 4-=H>
|

L(/0& #
2, 1) HI#:8'4)),. 216#1981'/$318'1(.~/$31-41-)1:&))-6/#14&149-2A1 8B (.2" /% $-$39
10/&8>1E&BHEHBS(.2" J/%$-$398 2841 T1)4! =& (#//-27149#:9$)-, ./I'H#:&'4-271 &0 49#!
#5#24)31614140#1. 4 |40&)HH#5#24)19.5#1&2140#1#(-4&")>1U)1)1,0!'#:8'4) | &01#5#24)!
8-/1.:#.'1-21)16)#<1#24! 2#8)! '#:8'4)3! &04#2! 8-49! (-=-2-)9-271-=:&'4.2 #3!1 2W
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) A0H#'H19.) | 6H##21 248 1#5H24) 1 &0V 40H#!). =H#12.41'#>1:91) 1 40# #1-) T'&1:) =#=&'$!

HOO#, QIOIAOHIH(-4& - \A#. =21 491) | AOHI5 - 6/#1-) 6H#) M=&(H//#(1.)1.1) A&, A>!!

|

U((-4-82.//$!B$(.2" J/%$-$390 ./)&! 12(#)4&&(16$!-4) #00#,41 82! .1 :&:1/.4-&2>1;9.4!

:&:1/.4-&218-1/1.1)&!9.5#! | =#=8&'$1&0! 2#8)!-4#=)108&)&=#!#-&(>1;91)!.1)4&, Al

)L HOH (> |

|
V218 (H'14&). O-H#5H#! | [-=-A#(1), [HH &21.)) A&, A3\ T&.I\WHA-2T!.! OHAS:H#1-) 1)#(310-71H#IL>!
[O#16./.2,-271/18&8&:! TM#!,&24'&/)!|494#17'8&8491 801 49#1)4&, A3![-=-4-2717'&8491 4&1 A0#1 4. T#43)
#22 HOHHS(.2" 1%$-$ 3% ;91 /&&: T AH# | 1/&8)| 40HIBS(.2" I/ %$-$IGR! (#,/-2#1-01 A0H H#) . #!
281 01'A0#' #5#24)! 4&) )4-=1/.44! -244'#) 431 =& (#//-27! AO#! (#)/-2) #:&'4-27! &5#') 4-=H!
8O#2!. 12#8)-A#=16#,&=#)IN&/(12#8) Q394! TH#2# -, | AAH#'218-//| 64 HO# " #(14&1 ) 1+&04!
i 6/#I&21[-  =-4#(1+, [#I GH[+MJH5-2# GRSSSMI1)#)t-. 17& NEHA-2T71,&2)4'1 4!
0&'1)&0415."- 6/#)>

|

effect of rioters on . Effect of media
media.effectonmedia » @
o effect , ) o
< on Media ) maximum media interest

increase  Interestl

Media ~.
interest @ 3
£ -~ _ 3 =,

gk / lose
) \ Bim |/ interest
NS O
I N
O :tj rate of losing Interest

reaction time of Media to Events available
media interest

maximum media interest |

P.*8-$'VQ"B$(.2"/%3$-$394EEH "

$'>/( 5#
B$(.2"J/%$-$39&2/$!-20/1#2 #(16$149#00#, 41801 49#!-&A#')>1;9-)1 . 1)}#)1-2, '#.)#(!
-241'#)40'&=149#1=t(-.31.2(1-)!, &22#,4#(14&149#P0/&8!(D&82 1-216&/(3!0-71'#M>
1]

@I(>/( 5#
JOR1&14: 141V #].A#(1 A& 49#) A&, AlS.[1#>IV21 &' (#'14&!19-(#16&49!5./1#)1.2(112-4)1494#!
)4&,Al5.[1#1-)1(-5-(#(16$!-4)1=.C-=1=1:&))-6/#!5./1#>1:9#1&14:143!-2(-,.4#(18-49!.!
(&16/#1&14/-2B10-71'#12-)12&8!/-=-4#(14&).1), [# SIAQH3I'#7 '(1#))! &01 49#15 . /1#! &O!
49#)4&,A>!;91)!.2%!:&4#24- . ['=#.) 1'#1 &0!49#1)&04!5."-.6/#!-)!:'-5.4#3! . 2(! (&#) ! 2&4!

.00#,4149#11)#1&0149#!15."- 6/#1-2149#| =& (#/>!
!

4.3.3 Rioter Enthusiasm Sub-Model
:9-)10&//&8)!-21.1)-=-/."10.)9-&2!4&!B$(.2"I/%$-$¥%
|

1+,48
[9#1=-2-=1=I5 /1#1&0! R.'%$-"1/%&83.23&,1") 189#21.//1-2(-5-(1./)19.5#! 28&!2W
491)-.)= 31)IHC:#))#(16$1 49H=1284"#,'1-4-27) 2$&2#1 0'&=] .)$=:.40#4- 1:& 1W
1.4-8&231.2(1/#.5-27149#! - &I A9 9& 4#)4!:&))-6/#14# >IU1=.C-=1=15./1#10&//&8)!
0'&=149#1/-=-4#(),...,-4$I&OL. L #)&214&1#27 . TH#1-21.2$!. 4-5-4$>IVOL.|:#)&2!'#. O#)!
49.41,...,-AS1 40421 AOH #18& 1/(16H1 28 #.)&21 4&1#25-) . THI =&'#1#2491)-.)=1.)149.4!
HCA' 1#2491)-.)=188&1/(19.5#128&1#00#, 41821 . 2$1($2.=-, [\HIH=H#24>
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7)(5H##
d2,#1 .1 =.C-=1=19.)! 6421 J#4! AOH2! | ## #24.7#! &O! 49#1 =.C-=1=18&1/(! 6#! .!
2.41' /1 12-4>E&SH5#' &49#'1 12-4)1&1/(1 6#! ,&2)4'1,4#(3!)1,9!.) 1 49#10'.,4-&2! &O!
& A')1-25&/5#(1-21)A-'=-)O#)18-49140#1. 1498&.-4-#)>
|

L(/0& #
b2491)-.)=! 0&'1 .1 ,.1)#! .21 6#! TH2H' .41 -24#'2.1/$! ) 8#I/! ) 0'&=! HCA#'2./!
)4-=1/->1U)149#1, . 1)#1-2149-)1, )#1-)L)#-&1)16'#., 91 &OIAO#! #. #16$!.17'&1: 3-48-//!
6#1.))1=#(149.4112/#)) | 40# #1-)| 21HCA#'2 /1. 1)#149#2149 . 41#2491)- )=14&):.'4-, -W
LA1-21 -8 A18-110.(#>1:91)!.1)4&, Al-) | AOHE&) 412. 41" | WHH=H#24B!8-491.2$!-244'2./!
'#-208&' H=H241=#,9.2-)=)16#-27! &5H# H(16$I 4 =H#=8'$I#00#,41&0.1)4& A
|

191)! R.'%6$-"1/%8&83.238)!,&2)4'1,4#(1-2! 1)-=-/.10.)9-&2! 4&! BS(.2" J/%S$-$3H)-27! 49#!

)&0415 - 6/#1821.1-=-4#()), HH=&(#/310-71'#1 2>

|

effect of rioters on enthusiasm.effect
of cause and riot on enthusiasm
C} effect of enthusiasm

effecton enthusiast

.
increase . maximum rioter enthusiasm
\

enthusiasm

- G ON
& 0O ‘I O 163
Y
g ; lose

@ O Ox @
reaction time of Rioter # available rioter rate of losing~._  natural loss rate of enthusiasm
enthusiasm enthusiasm
. ) O . effect of arrests on enthusiasm.effect
maximum rioter enthusiasm of arrests on loss of enthusiasm |

P.*8-$WD'"R.'%$-"1/%&83.234#"EB) "

$>/(5 #
R.'%%$-"1/%&83.238.)!48&!-2:14)*149#!:&)-4-5#1#00#,41 &0!49#121=6#"'1&0!"-&4#") @' 49#!
2#7.4-58#1#00#,4! &0! 49#1 21=6#"1 &0! ."#)4)>! ;94! 0&'=#'! -)! ,&22#,4#(' 4&! 49#! -20/&83!
2(149#!.44#14&149#1 &D/&8! .00#;27149#! ' &:&'4-&2./"" . 4#1&0!/&))!0'&=149#1)4 &I A
G-2(-,.4#(1-216&/(MR2! . ((-4-&2./1:." =#A# 1 A&V'#:'#)#241 12.41' . /'/&))! &0 #249 1W
)-.)=1-2149#1 . 6)#2,#!1 &01.23! ."#)4)| ) '#<1-'#(>!;9#!# 00#,4!&0!."#)4R2!#2491)W
)=l )I&5#'1.2(1.6&5#149-)12.41". [I'.4#3

|

@/(>I(5 #
O#!1&14: 141 )V#A#(1 A& A9#) A&, R!'%0$-"1/%&83.234-A#IBS(. 2" J/%$-$30B-)-&2!
6$!49#1=.C-=1=I5./1#!.,9-#5#)149#!.'-5.,$! &0 49#!12-4)!.2(!),.[#! &0!#2491)-.)= 3!
,&2)4'.-2-27'494)),./[#14&!S14&H>

|

9L )#19)16##2! =.(#10&'16&49!)&04!5 .'-.6/#)! 4&! 9.5#! (-=#2)-&2/#))! &14:14)! &2! .!

), J#ISIA&IH>IX&$/H GRSSSM! (#),'-6#(1)1,9!.1),./[# ) A#=:4-2716 14! <1#)4-&2# (| A9HDXAE.

-27'&0NI5./1#1 &0 SSK>IV21 4941 =&(#/)! .6&5#!) 1,91 .I5./1#!188&1/(1 =#.2!149.4!1 49#!15."- 6/#)!

9.5#!KSh! &0 49#! #00#,4! 49.41 49#3! 8& 14D 9.(1 .41 49#-'1 =.C-=1=I5./1#> E&8#5#' -4!

(&#)!1 284 '#<1-'#!149.4! 23! =#.)1'#! &0 49#!5."- 6/#! 8&1/(! 6#! .4 KSh! &0!-4)!),./#! )1 49#!

=H) LR VH#LA#( A&V A9#!-244'2 M) A&, Al5./1#389-,91=.$12&4!19.5#!1.1/-2#.''#].4-&2)9-: 3!

28" #5#216#1.1'.4-&)),.[# G[#5-2#3 RSBA! B&'I #C.=:/#1 0149#! & 14:141 &0 =#(-.1-24#'#)4! -)!
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KSh! 49#21-41 =#.2) 49.4! A9#! #OOHRA! AMEH(-.1-)1 9./0!89.4! -41 & 1/(! :&A#24- ./ 1B 6#>1 V4]
(&#)12841=#.2149.419./01 491 2#8): :#'1-)10-//#(18-4912#8)| &0 49#!"-&4>!
|

U) 40#! =& (#/1-)!,&2)4'L, 4#(1 A9H! -2:141 /)& /. #)! .21 -244" ' #4.4-&2) &2! A9 =#.2-271 &O!
A5 JTHIKSh>17#,. 1)#1&0140#! /& NI -A18& 1/(16#19.'(#'] A&!'.-)#149#!5./1#10'&=IKSh3!
49.21 4&1H#(1 #1 4AO#1 5. [1#>1f14) . 28A9#'18.$3!-41 4. A#) [#)) #00&'41 48" - )#! 49#1)&041 5. - 6/#!
5./1#1 48! 49#1./08.$! :8-241 49.21 4&| A#! -410'8&=D./08.$ | 4&!).41'.4-&2>! V41 9.)! 6PN
)1=H#(149.41 )AOHI=H(-1THA)! |&)HIA&)).41' A-&2VAQH I\ T'H.AH I'HI1,4.2 HA&)-2,'#.)#!

&5H TH> U/A#2.4-581 =& (#])! ,&1/(1 6#! ,&2)A'1,4#(1 -01 1 [-24.") '#.4-&2)9-:) 8#'# ' #W
O#"#(>!

|

O ) #.:7'&. OH) | 4&I A0 -24#'#A.4-821 &0 40#1)&OAI5. - 6/H#5. [1#! - H=:&'4.24 1-))1#)!
0&'1 =&(#]!,./-6'.4-82>1: O .| =HAH')! &22#, 4#() 8-49! 49#!)&04! 5.'-.6/# )O&L/(! 6#! (HW

M =-24#(16$! -4)'H):&2)H# A& 49! | 1)#)3).2(140# #OOH#, 41 &0 49 5. - 6/ -21 A9 =& (#/3! 284!
28 1))~ 65! .2$! &A#24- /1 =#.)1'H)>1 V2! 49-) )#2)#! 49#1)&04! 5.- 6/#! )| ‘HO#H24- //$!
4'.2): #2431 49.41-)3-21 49 =&(H#/-4! )| 12(#)4&&( -2! 4#'=)! &O! -4)! -2:14)! .2(! &14:14)!
1&2#>1 B&'I#C.=:/#1 -21 A9#] | )#! &R.'%$-" 1/%&83.2349#2! -21 488 (-00#'#241'12)3! 8-49)!
-(#24-,.1-2:14)3149#1 &14:141)9&1/(! 6 40#1).=#1 0&' A9#! ). =#1 5./1#)! &0! -4)1 48&! -24#'2. /!
L SHAH)3! -$20%.1"%.#$"%" R.'%$-" & 3% (A9 -2-4- /15./1#1 &0 A9H#!5. - 6/#> 1 9HAW
M), (1-21.0)-=-1.18.$14&140#1 & 14: 141 4& ) H)H'5H -5, $>1:0#1 Y16 W&(#/! ,.2149#2)

6# 1)#(! 8-49&14! 28! A2&8/H(TH#! &O! -4)! -24#2./' 8&'A-2B! .:.'4! 0'&=! AO#! :.' =HAH#'
5./1#)

|

4.4 Use of Soft Variables
E.5-271#)4.6/-)9#(149.4149#1#00#,41 &0! .1)&0415."-.6/#!,.216#1(-)4-271-)9#(10'&=!-4) | 3¥/
1'#)3149#21=&(1/#)'4&!,&24'&/1 49#1#00#,4! &0'#.,9N &0B/E! & 2! 49#! :&:1/ . 4-&2E&(1/#!
SH1-24'& (1, #( S

|

B**&+(##A-*(#2,0),34&5#-'#A->/4,()-' #

a#(-.|-24##)419.)1 21#00#, 4821 AQ#RA#24-.|)$=:.49#4-,1:&:1/ 4-&2 @!'-&A#'1#2491)-.)=!
O0#,4)!"-8&4# 'HA#248GO-T1'#HIKM>1;9#'#1-)1.149-'0@#,41&0!6&49!)&04!5 #)B/8=6-2#(!
&2'#,'1-4=#H241 4&! 49#!'-849#1 &14:14! &0! 6&49!)&04!5."-.6/#)! - RRISI 4&! H!),./[#3! 491)!
&25#'4-2149#1&14:14!-248&) . 21 #00#,4!-)'#/.4-5#/$!)4'.-7940&'8.'(1.2(1 49#! #00#,4)!,.2! 6#!
,&=6-2#(11)-27'49#./7#6'.1&0!4.6/#IH>

|

[O#! =#(-.| #00#,41 &21 49#19=:.49%! &0 49#! :&A#24- | '-&4#)| ) 6K =#A#1=1/4-:/-, W
4-&BN &25#' A 1A&! & 25# 4 =#(-.1&2!-4)12&'= [-)#()),./#14&1)$=:.49% 310-71'#!$!:9-)!-2!
41'21/-2A) 4&! 49#10'.,4-&2! &0 A9#! :&:1/.4-&21-20/1#2 #(! :#'1 (.$3! 89-,9!-)1 9.2(/#(1 6$! .!
7'.:9-,.1,&25#'4#') 481 .//&8!0&'1:&4#24- /1 28RI2# -A-#)1 -21 A9#1 #00#, 2B14& (#./18-49 |
49#1,9.27#18&0112-4)10'&=1j12-4/#))KI4&!j(.SKIBM B!

|

B&'149#1#00#,4180149#1#2491)- B-BR2IA40#! 5# TH#14-=#1 I'-&# 1) :#2()!-2149#!"-&431 . 31!
=.C-=1=3! t,, 31.2('=-2-=1=14-=#31 t , 3N L}H3,, =toin + (toax " L) E 310-71'# HS9#!
SI4&IH!), . /# &E 1#2)1'#)1 49#16&12()!. '# 2& A #C ##(#(>9#! ( -=#2)-&2)!6./.2,#31.)149#!
#00#,41&0149#1) &AW/ -) 1 12-4/#)) b
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| O Maximum Time in Riot

Media effect Enthusiasm of Rioters.effect
on sympatny NI of enthusiasm
Media InterestEffect of media - P - time in riot
- * » O O— O
- effect of enthusiasm
effect of media on sympathy fraction of population

influenced per day CPMinimum Time in Riot |

P.*8-$"UB$(.2"1,,$0%™/"C+#12%&+ P.*8-$"MLQ"1/%&83.23#"],,$0%"/"R.'%"R$%$/%

O #00#,41 &0168491)&04!5."- 6RY 494! '&6.6-/-4$1&0! 1) 1,,#))01/1-20/1#2,# 6$! . '-&4# '
P, #<1-#))&=#149817941 )1 4819881 40#1 4885 - 6/#)! &=6-24;9#!'-&4) 1-21 <1#)4-&2)!
A8&A!:[. # -21 4% HIJS)! 6HO&'H 40#! .(5#24) &01)&,-./' =#(-.3! .2(! &,,1"#(! &5#'] .| #'$!
)9&'4! #-&(1 &0 4-=B491)! (-'#,41'#, 1-4=H241 49'& 179! =H#(-.| #C:&) 1'H 9.)! 621 ' 1/#(!
&141 &0! 49-)! =&(#/>! V2)A#. (1 =#(-.| #C:&)1'# #29.2,#)! 40#! |-A#/-9&&(! &0! )1, #))OHV
1-A=H24SIVALYL =#( 149.41=H#(-.1#C &) 1'H8&1/(1=. A#! ))$=:.40- )/ 1=&'#!-A#/$!4&!
S HEA31.2(1-&AH' #2491)-)=1881/(1#29.2,#! 1-&4#' §!.6--4FA&!H) 1. (H>!
|
191)!- 41-)!, &2 #-5.6/# 49.41 A0# #(-.1 -24#'#) 4 M 18&1/(19.5#! 6##21)100-,-#241 4&! . 1)#!
-&A#NA&#,"1-A) #& [H1A&1A9#!'-&A31#5#2!-0149#-'1#2491)-.)=!18.)|D#'&>!,9-)!18& 1/ (4BH#!
)-41.4-&2189##1 I'-&A# 1 =##]$1-208&'=) 1 49#)$=:.49-)#")1&0149#10.,4149 4U9#!"-& A p AW
-270:.,#>1,9.41-) 349# #I-)LI(#=2(! 0'&=!l'#& /M A& T&-2|49#!"B&S-(#(1)&=#&2 #!4#//)!
AH=149H:[. # 3[-AHS-)#! .1'-&41-)1:&))-6/#18-49&14) . 2B =H#(-.I#C:&)1'#! 4&1#29.2 # 49#!
[-A#1-9&&(1 &0! ., #:4.2 #3! )1 49#! :#')1.)-&2! &0 49#!'-&4#'1 8&1/(1 6#!)100-,-#24>1,91)! d\!
1&7- 3140M2-#24,8=6-2.4-8&23 ) (HH=H(149#=&)41) 1-4.6/#5
|
[#A1A9#1H#00 &0 A9#I=#(-16#1), [#(16$).1:.  =#A#'3] #$(.2"$, $0%"/"-$0-8.%64$/%" " 1>!
[-A#8-)#! ), ./t 49#! #O0#,41 &O! 49#! #2491)-.)$B¥&83.23#" $,,$0%" /" -$0-8.%6H#BYs 16!
1O#21 49#! '&6.6-/-4$! &0!)1,,#))01/1 -20/1#2 #1 )P, .= 6, M +e.E " e, Me.E 30-71'# HH
(O [-=-A#(1),./# &0 4O#UB&I)&O4!5. - 6/#)3. 2(1 49H 48&) ))&, - 4#(!:.| =HAH) 31 #2) 1'H)!
49#1),./#!&0149#!:'&6.6-/-4$! /- #)1 &2 SIA&IH>1;0#1 48&1 " =#4A#")! /| &8 A9#!'#].4-5#1#00#,4)!
&0!49#148&!)&04!15."-.6/#)1&2!'#,'1-4=#2414&6#!. (T A#
|

or'\:1 ;(:carﬁiflfswc;nt Q

|

| .y effect of media
T~ ONrecruitment

|

O " probability of
Media InterestEffect of media succesful influence
effect of enthusiasm o

on recruitment _____..-—f’”’“_ combined effect
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@* ___,\f media on recruitment
Enthusiasm of Rioters.effect
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" Enthusiasm
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O #1 HIQAOH: &AH24- 1 =& (#])|&0!0&8I49H)#148&15. - 6/#)!, &1/(16#! &=6-2# (>

|

B+ &+ (H-*HA->/4,()-H-"H#1-*(#2,0),3485#
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OB Y. A =&(L/H)) ' &5-(#! AOH! [-2A. TH! GHASHH2! AOH! :&:1/.4-&2) =&(1/# .2(1 49#!

AQ'HHIHOOH, BIN2/-At 49H) 8041 5. - 6/H#) 49H! :&:1/.4-8215 .- 6/#)) #2841 9-((#23! 281 . #!

AOHS$1&21.1[-=-A#(1), J#>1:91)1#. 91 &OI AO#IHOOH, 41 =& (1/#)! 8-//1 2##(1 481 4' . 2) .4 A9 BN

1.4-821&14:14)1-2481)1-4.6/#1), Jpp1:9-)! )l . O-#5#(11)-27! | E&//-271012,4-&2! &0! 4$:# V3!
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-2:141 X149.41:'&(1,#)!.218&14:141&0! S>H 12-4$! 6#-27149#! =.C-=1=1&14:14>1;9#!  1'5#1-)!
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CH)-271.)4 )1 T-5#)1.21-2,' #.)-271&14:1431 89&)#! #00#,41 &24191)-.)=!-)1 4&!1)164.,43!
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[O#! #00#,41&01408411)-DH# &2  at(- |- 24 #)41-)|5-84$/%3" 1$-" (3489-,91-)!.10/&8! /#( -27!

A&IAQH 1=1/.A-5#I'H:& A#(1#5#24)310-7T1HIH]> UL =HAHRAS/%3"1$-"-.'%$-"1$-"RLW
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=.C-=1=1#00#, 4182!"-&A#'#2491)-.)=112/#))|40#1)4'H27491&0149# . 1)#1-)14&4. />!
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ORI O1//1 =&(H#/! & (#!-)! 7-5#21 -2 40#) ::#2 (-C38-49! +4#//. HS! O-/#P1 49#) .((-4-8&2./'= W
A |3
!

5 Model Testing

5.1 Soft Variable o n a Limited Scale Sub-Model

Ul 7#2#-1)-27/1#1)4& Al =&(#/1 8.)! 1)#(1 0&'| 6&49! =#(-.! -24#'#)4! .2(1 49# #2491)-.)=! &O!

L &A#)3IHO# H#(14&!1.)!.1)&0415."-.6/#1 &2 1 [-=-4#(1), [H# =& (#/! G+[+M>1;9#! =& (#/!9.)! .!
1&.MM#HAIG.[. 2,-27/8&&:14&!,&24'&/149#!7'&849! . 2(1.1(".-2-27":'&,#)) &2!149#1&140/&8!4&!
J1&810&" (#,/-2#!-2149#! .6)#2,#1 &0!.2$!-2:14>1U2! ./4#'2.4-5#1 =& (#/'0&') &04!5.'-.6/#)! -)!
49#1)4.2(.'(1)4&, Al .(T1)4=#24 |G+UNR,#) )3!89##!49#!-2:141-)149'8&179149#17&./! &01 49#!
&, # ))>1d01, &1)#I49-)!/. 44#1:'& #))!,.22&419.2(1#!.1-=-4#()), .[#3112/#)) | 49#![-=-4)1 '#!

., 9-#5#(18-49-2149#!,./-6".4-&2!8-2(&8!&0149#!1 =& (#/3!

|

[ 8&IA#H) A A9 +i[+)16 \W&(#] 3-4)1'H):&2)#14&1)4.2(.'(1-2:14)1)!, &=:.'"#(18-49149#1)4& Al

( T1)4=#241:'& #))310-71'#IK>1:8&)1,91'#)1/4) |.'# 1)9&82!-210-71'#HI>IB&'.1/&8!-2:14!
5./1#3149.4| A#H:)1 &14:141)-72-0-,.24/$! /#))149.2112-4$31 49#1 +i[+] .2 0&//&8!)4&, Al 4T
=#2410&'1.1)1-4.6/#! 9&- # &O!:.' =#4A#) | G/#0419.2(1 7'.:9N4! E&S#5#'1 89#2! 49#! -2:14!
5./1#1-)1-2,'# )#(3149#1 &14: 141 &0V 494! +i[+1-)! &=1'#))#(1 4&! Afttt:1-4112(#112-4$31 ANV
A#2(#(1'#)1/41G'-79419.2(17'.:9M>12$!,&24" ) A149#1)4& Al .(T1)4=#241&14:1419.)1#C #(#(!
12-4%1:91)149#1+i[+1-)1.21-=:'&5#(I5#')-&2!&01)4&,Al.(T1)4=#241-0149#!) . [#1-) 1 A& 6N
-A#(31:'&(1,-271) -=-1.1#):&2)#).2(\(#.$)>! |

|
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shape Q O O
SA goal
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& | 53
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1: Stock Adjustment SA 2: Soft Variab...ited Scale SVLS n| ! 1: Stock Adjustment SA 2: Soft Variab...ited Scale SVLS
11 1.37

| AV
INVAN '/&v\

0 L1

0.00 6.25 12.50 18.75 25.00 0.00 6.25 12.50 18.75 25.00
Time Time '

P*8-$MZQ"'K'#12-.3'/","C%'0="1(C83%#$/%":.%&"C',%"D2-.25)$" /" #.%$("C02)$"B'($)

ol N\ \, 20

5.2 Calibration & Historical Fit

O#NA4.'4-271:&-2410&",./-6" .4-&2!-)49#D-)4& -,./'0-44 & A9#E. &' A#(1 #5#24)! &0! 494&.)!

U27#/#)'HIJK!-&A0&"MO#! &'-7-2./'=&(#/3!.)! 7-5#2!-221'6#,A #4>1 ISHILZNMSY)!0-418.)!

‘#.'&(1,#(18-49149#!/&&:)!49'&179! BH(.2"J/%$-$3%(! 1/%&83.23#""," R.'"%$1I8-4,9#(!

&003!0-71'#'HL>HA(&2.//$' 49#! . 44#=:418.)=.(# 4& 1 #2) 1'#! .'&12(!]S3SSS!:#&:/#!.. "W
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H> ; 9#fl."# )41'.4#18)!,./-6".4#(14&! 7-5#1 49#14&4 )."#)4) 1.04#'K!(.$)!&0!.6&14! SSS!
H& [ 1Ga.'4-21[149#'1"-27F' B'RSH3M

|

R> U'#./-)4-17".:910&" =#(-. -24#'#)18.)!&64.-2#(@!)4.'4-27! .41 D#'&!-41"-)#)!".:-(/$3!
614! (#.$#(10&//&8-27149#1 &2)#4! &0 49#!'- &4 GO-71'#HIHZM>IVAL:# . A)! .04#' 1 49#! :#.A1 &0!49
'-8&431.2(1(&#)!12&A41'#41' 21 4&\ D#' &!89# 21 49#!" @M # . )#(3!.)149#'#18.))4-//1)-72-0 -W
2A=H(-L&5H . TH> |

> UIH1)4-17'.9108' -8 4#1#2491)-)=18.)! "&(1#(>1;9-)! 8.)! ) 1=#(1 48! )4.'4!
9-793!"-)#1 . 2(1:#.Al 6HO&'H AOH! :#.A 801 49#1'-&4! (1#! 4&) A9#! 0'#)92#))! &01 49#1 &'-7-2./!
#2491)-.)4-,1"-&4#)3 . 2(1 49421 0.//1)/&8/$! (1#! 4&! 49400#, 4! &O! 49#! "#)4)3! .2(1 49%#
(8-2(/-271"-&4! 21=6#")! GO-71'# HZME' #18.)! 4.A#2! 4&#2)1'# 49#1)4'H2749! &0! 494!
CL)#2(149#1-&41 21=6#')! 68491 &24'-614#(1 4&! 40H#! -)#! -21#2491)-.)=>! :9#1 0-C#(!
)4'#27491&0!,.1)#19.)|A0#1#00#,41&01 #:'&(1,-27149#! &248&1'1 &0 49 IH00#, 41 &0 49! #1-2!
" &AH)316141)<1.)9271 40#) &=6-2#(1"H):&2)#! -24&) .1 2."&8H#'" . 2T#31491)! = A-27!
A9#! 9.27#1&01#2491)-.)=1"#):&2(1 4&)'-&41)-D#! -21 .1 [#))! 49.21/-2#.10.)9-&XG0-71'#!
HINB1;9-)108//&88)10'&=149#1,8=6-2.4-&2, = (6, + C " €,C)CI(-), )#(#.1-#>!

> O#I#00#,4! 80! A9#! =#(-.) &2&(1,-271)$=1.49-)#' )18.)1)/&8/$!,./I-6'.4#(1)&! 49.41
@'%$/%.2YH1 2%8&. 3S-R-4-.//$E.4,9#(1 49# 1)$=:.49-}#) 310-71'#H REAH12%&.3$-3
)4 4)16$!"-)-271 6HO&'# 4OH HOOH, 4)| &OI'-&AI'H, 1-A=H2 4! (#:[#441-4)1 21=6#")>1;9-)1 [#04!
.6&141RS3SSS! #&:/#!89&!(-(12&414- - 44#1-21 40#1'-84)31.1=1 91/ T#'10-71'#149.2!

HLOf! '#:&'A# (1 #5#24) #'19& 1" 8#'#! ,&=-1#(16$! ?1'6# Al #4>! /[>3IGHILZM3!.2(!.::#.'1-2149. .41 :#'>1B&']
49-)1: #'149#112-4)19.5#16##21,9.27#(14&1#5#24) 1 :#'1(.$310-71L'#!IHIL>
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49.41864.-2#(16$121'6#, Al#41#/\GHILBRR!9.(!,-4-,-)#(1 49#-'1&82! (.4.10-44-271 0&.!
(#:/#4-2714881=1,9180149#)$=:.49#4- 1:&:1/.4-&2>1;91)149#1-24'&(1,4-&2! &O!BHH
(.2" J/%$-$398.04! 5.-.6/43 .2(! A9#! &2 #:4! &0!)$=:.49$39.)! -='&5#(! 49# ?1'W
6#,A)e) 8- 7-2./1=&(#/>!

[OHIHOOH, 41 &OIH#2491)-.)=1821 4041 4-=H#1-21 4O#!'-&418.)!, /-6' A& 7-5#! .1)=//5." W
4-&23189##1 40#) 5#' TH#! &0 49# =-2-=1=! 2(1=.C-=1=15./1#)!8.)1)-=-/.' 4&! 49#]

0. HS" /" - ' UR64.-2#(1 65! ?71'6#, AlHA>] ISHILZM3I0-71'# RH>1;9-) 1 #2.6/#(1 .| =& (#'.4#!
HOO#,41&010.//-271#2491)-.)=1 &2'-&4#''H#A#24-82>) ;98 #18& 1/(16#1),&:#1 .41 49-)1:&-24!
0&') /4#'2.4-5H! | [-6'.4-8&2)!-21 &' (#'1 4&) ' &(1,#1 AOH! )S==HA'S |)##2]-21 &AH' (W
1=H24H#( '-&4H#121=6#)IG?1'6#, Al#4>] BHILZM>

B-2.//$! A9#! #OOH#&IO#2491)-)=! 2(1=H#(-.| &2!'-&A#') '#,'1-4=H24 18.)1-24'&(1 #(>!
[O#IHO0#, 41 &0 49 =#(-.18.)).(T1)A#(1 A& HC ##(1 4941 #00#,41 &01#2491)-.)=16$!.'&12(!
A9HI#2(180149#)#, &2 (1 (.$!BOH21 40#! =H(-. 1 C:&) 1'#19.(16#, &=##)4.6/-) 9#(310-71'#!
RRE0#10-2./19-)4& -,/ 0-41 0&#5#24) :#'1 (.$ 310-71'# HLI8.)'#:'&(L #(1.7.-2>1f W
\SHARIS./1H) HIT-5H21-214.6/#R

a&(1/# ! £ =H4#' | i./1#) |
9/&6./1 )4'#274911&0!,.1)# S>K
#00#,4180!'-&4#)1&21#2491)-1)= \-&4!+-D#10&'19./01-=:. 4 sg
#00#,41&011."#))11&21#2491)-. )= U"#)4)10&'19./01-=:..4 | Jss
#OO#,4180!'-&4#')1&2I=#(}.> b5#24)1+-D#10&'19./01-=:. 4 ]S!

! b5#24)1:# \-&A# 1#1(.$ | S>SH
#O0#,41801#2491)-.)=1&21-&A1#4#24-] a-2-=1=!;-=#1-21\-&4 | S>H
! a.C-=1=l-=#1-20\-&4 | S> R
#00#,41&01#2491)-.)=2(1=H#(-.1&2!! af(-.1H#00#, 4182 \#,'1-4=H24) H>8
" &A'H, 1-4=H24)

! b2491)-.)=1#00#,41&2\#, 1-4=#24 S>ZR
#OO#,41801=#(-.1821)$=:.49$!0&'1'-84 | a#(-.|#00#,41821+$=:.49% H>8
af(-. \V24##)4! '#.,4-8&214-=#18&0a#(-.14&\b5#24) S>R
! ' 4411&01/&)-27\V 24# )4 S>L
! V24- [la#(-.1#00#,4 S>6
b2491)-.)=1&0N-&4#)! #.,4-8&214-=H#1&0\-&4H' S>]
! 2.41' /I/&))!". 4#1&01#2491)-.)= | S>1
! V2-4- /1#00#,41&01b2491)-1)= S>K
f&:1/.4-&218-491\-&4! f&AH#24- "N1=6#'1801X&24. 4):#'1( .S # HZ>|

#)&2 |

! U"#)4N. 4% | S> 1
! &4./11&:1/.4 -&2 KS3SSS
! V2-4- [1+$=1.49-)#) | RK3SS9
! V2-4- /\-&4#) IS

>25)$AQ"@2-2#$%$-"D2)8%$3",'-"F.3%'-.02)";2%2"P.%9"N'3"1/*$)$3"R.'%"MUZY
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45

o d

=—Events per Day

5000

—Rioters
= = Media Interest

=== Rioter Enthusiasm

) 1 2 Days 3 4 5 | 0 1 2 Days 3 4 5 |
P.*8-$"MVQ"R$1-%$("14$/%3"K'#12-$(". %&"B'($)  P.*8-3"MWQ"R.'%$-39"B$(.2"2/("1/%&83.23#
| |

! 30,000 Potential Sympathisers 1

RN = = Sympathisers
4 = N -—- === effect of media on sympathy
/ / N \ ~ fracn‘op of pop. influenced per day
0.75 / \ 27 0.75
/ \
/ \ 20,000
0.5
10,000
0.25 P 4 === strength of cause \ ) S~z =T 0.25
L~ ' \ /
= = effect of riot size on enthusiasm \ o
effect of cause and riot on enthusiasm i .
0 . 0 L// 0
0 1 2 Days 3 4 5] 0 1 2 Days 3 4 5 |
P.*8-$"MUQ"I,,$0%","R."%3"/"1/%&83.23# P.*8-$"ALQ"I,,$0%","B$(.2"/"C+#12%&+
| |
1 0.4 1

// === effect of enthusiasm
0.25 01 | 025 - // = = effect of media
= = Rioter Enthusiasm , / combined effect
—time in riot 4 .
P Prob. of succ influence
0 "0 0 ==
0 1 4 0 1 2 3 4 50

5
Days |

P.*8-$3"AMQ"I,,$0%"","I/%&83.23#" /"> #IR %

Days
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6 Discussion

6.1 Model Improvements

[O#1-2,/1)-821801)&0415. - 6/#)!-28149#1 21'6#, Alt4>1 ISHILZM! =& (#1081 49#! ($2.=-,)! &O!
&A1 7'&84919.)1-=:"&5#(1 491! =& (#/1-2148&18.$)>| B-')4/$1 40# #! '#1-=1'&5#(1:. =HAH#'
5./1#)>1;981-2-4- /121=6#'1&0"-&4#)19.)1-2,#.)#(10'&=1HS3189-,9121'6# Al #4>! I$=- 4W
A#(18.)148.&1/&8314&!1S>!;90&//&8)10'&=1 49 #00#,4)1 &0!'-&A4#'1#2491)-.)=1. 2(1=H#(- 2W
MFH) M &21'-& AV H,'1-A=H#24) 2('HAH24-82>I1V A1 -) | <1-A#) &2 #-5.6/#149.41 49#1 -2-4- [1 21=64#']
=.$!-='&5H#I#5H#2101'40#'18-49! =& HI'HO-2#(! (.4.10-44-27W((-4-&2.//$3149#1484./121=64']
&0N$=:.49-)#)19.) -2, #)#( (.=.4-,.//$! 0'&=1 40#1 P1'6#,Al  #4>! I5./1#3189-,9!8.)!
&2/$! T1)4! .6&5#! 40! 4&4./) 21=6#' &0!'-&AHAD! 40#! -2,/1)-&2! &O! 49#1)&04! 5."- 6/#)! .!
'H.1-)4-,19-)48& -, 10-41-)| &64.-2#(18-49! .681419./01 49! -2-A)$=:.49-)#")| 24#5# T&-27!
A9H!'-&ABR)H 1 A&IAOH! H#, &' (#(10.,4)>1:9-)108&//&8H#(10' &= AHI#O0H#, 4)1 &0V =H(-.) - 24#'H) 41 &2
AQHRAH2A- [I$))$=:.49#4- 1:&:1/.4-82

|

(O )#,8:2(1-= &5H=H2A! - 21 A =&(#/1-)1 49.41-41 2881 4#//)! | 6HALH)4&'$S>1 21 64, Bd>1 I>
(=-44#(1 49.41 A0#! ' &6.6-/-4%! &O!'-&AH' # 1-A4=H24) 2(1'#AH24-&2) SHH! 12/-A#/$! 48! 6#!
&2)4.243!.2(149.4140#-"1#2491)-)=!:/ $H#(1.1:.'41-21 498 ($2.=- )>I [-A#S8- #1494 $=: W
4931801 40#!: &A#24-.11:8:1/.4-8218 ) 6H/-HEH(14&)-2, '#.)#18-49! =#(-.1#C: &) 1'#>1+&O04 L5V
6/#)19.5#1.//&8H#(140H =& (#' A& #:&(1,#  49.41)4&'$H!

|

6.2 Methodological Improvements

OHI =HA9&(&I&TS ' #)#24#(19.) =.(#! .41 [#.)4! 0-5#! :&4A#24- ' -=:'&5#=#24)| &5#'| #C-) 4AW
-27!1&2#)>1B-)4/$3#4 1)#! &0! (.4.19-(-271-21 49#1 =#HA9& (&/&T7$!9.)! O#/ #(1 4&! )#:." . 4#1& 14!
A9#E#.)1'#=#24 1&0!)&04!5."-.6/#)!0'&=149#1)#>E-(-2749#!)&04!5."-.6/#12-4)!9.)1#2W
B/#(1 A9#1 #00A, U0 49#!5."-.6/#)1 4&! 6#19.2(/#(18-4B.146#-27! ,&201)#(1 63! 49#-"1 =#)W
1#=#241),9#=#)>1;9-)1.::'&.,912&81#2,&1". 7T#)| A0# =& (#//#'14&149-2A! .6 & 141 49#!'#] W
4-&2)9-:1&0!=#.)1'#)!&0!49#1)&04!5."- 6/#!-2(#2(#24/$'&0!-4) 1 )#>

|

X&2)-(#1.21.2.1&T$10'&=1:93)-,)>1+&/."1:9%)-,-)4)'#<1-'#1=#.)1'#)| &0 A#$!5."- 6/#)1&0!
A49#1)121)1,01. ) AH=1# ALH3H))L'HIHA, >, OH)#15. - 6/#)1- 244 . 418-401#. Q1&AH1( $W
2.2 /IS )IAHN&). &=18)-4-&21,9.2TH#)>; 0815, - 6/#)),  .228416#1=H#.)1'H#(!(-'#,4/$!
6141-2(-'#,41=H.)1'#)! .21 611 &64.-2#(16$1 40#!".(-.4-&21 49.41-)! ' &(1,#(>) E&BH5#' 49#]
=#.)1'#)! &O! 49#!" (-.4-&2! '#1 2& AV 1)H#(1 -2! 49# ($2.=-,./' &=:14.4-&21 &0 49#!1) 1231 4OH#S!
H1&2I$!.21-2(-,.4-8&21&0189.41 AQH# 12(#'/$-2715.-. 6/#)1 '# > [-A#8-)#!=#.)1'#)! &0!)&04!
5. 6/#)!.'#12&41 (-'#,4/$) 1)#(1-2149#1 82)4'1,4-&21.2(!,.]-6'.4-&21&0!.1)$)4#=1($2.=-,)!
=&(#/316141. #1&2/$!.21-2(-,.4-&218019&8I49&)#!5."- 6/#)164#9 5>

|

U)LD):#,-0-, 1HC . =:/#) &2)-(#'149#! )HISO##1 1=#.)1'#I&0!  B$(.2"J/%S$-$390)!6##2!&6W
4.-2#(1-21 A=) &O! #27491 &0!".(-&! 6'&.(,.)4) 3 U! TH2#' [1 =#.)1'#! &0 49#! =#(-.! .21 6#!
=&HIH( ) A &14:1410'8=149#) BS(.2" J/%$-$3%ER(1/#310-71'#! R]>! :9#! BS(.2"
JI%S$-SBLB(L/H! ) 4042 &22# A#(14&) | =&(LIH (#(-,.A#(1 481 491" (-&16'&.(, )4 =#. )W
1'#1 &0V AOH! =#(-.310-7T1'#I P! O#!".(-&! 6'&.(,.) 4! =& (L/#3! #, #-5#)1 49# 9-((#2! 5./1#! &0!
BS$(.2" J/%$-$39622:141 .2(1 40#2! =& (#/)! 40#! '#].4-82)9-:| 6HABHH21 -41 .2(1 49#! [#27 49! &O!
'(-&16'&.(,.)4)1 63! 89.445# 1 =#.  2)31012,4-82./'&'1 I&&A! 1.1 4.6/48))-6/ $! 28&AM24#.">]
B-2.//$!/#2749!1&0!".(-&!6'&.(,.)4!-)1&14:14310-71'# R} 1:9-) ! #)#'5H#) 1 49#1 -5, $1 &0 49#!
B$(.2"J/%$-$3PRO4!I5. - 6/#3189-/)4!=. A-27 40# =#.) 1'#].5.-|.6/#>1;9#!  ./-6'.4-&2! &0 49#!
=&(H#/18-1/' 2841 (-'#,4/$! (H:#2(1 &2! 49#! 5./1#) | &0! 49-)! =#.)1'#3./49&179! -2(-'#,4/$31&W
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T#HAO#'18-49!-4)1 &82! =&(#/' &0!-4)!'#/.4-&2)9-:14&! 49#!1)&04!15."-.6/#3!-4! ,&1/(14-794#2! 1:! .|
,.[-6".4-&2>!
!

I maximum media Effect
interest of media

Media

Interest Media

E Interest
-
"

Media Interest.Measure Length of

of media Radio Broadcasts
O O
W= Radio effect of Media Interest on
m of media !!!!!!!!!!!!!!!!!!!DB‘“““S‘S!!!!!!!!!!! fength of radio broadcasts !
..........................
IIIIIIIII I ZX ] bA I UA

|

(O, &2(1=HAO&(&I&T-,./\-= ' &5H=H24 1-)149.41(.4.19-(-271 9.)! #2.6/#( !(-00##241)&04!
5.-.6/#) 18-491.1/-=-4#()), /[t 14&6# &=6-2#(182!.| &==8&2!),. [#3!2&'=./-)#(14&ISI4&!H
(O 28'=./-).4-821 &0V A9 & 14:141-2(-, 4#)1 40#! = C-=1=1#00#, 41 49#1)&04! 5."- .6/#19.)1 &2!
&AH'| )$)AH=! #IH#=#24)3! 284! -20/1#2 #(! 6$! -4)! =#.)1%91)! ,&72-4-5#! [7#6'.1 .2(!
1&6.6-/-4$!1.8)! .21 6# #=:I&S$H#(| 4&) 'H#.AH# | =& )$)4H=.4- ..  :'&.914&!5."-.6/#
&=6-2.4-8&2>U/498&1791-2149-)!, 1"#241)41($!)&OAI5. - 6/#)19. 5#I6##2!'#)4'- A1 4&I-=W
-44()), J# BA0#E.C-=1=  1&0149#]), /#)!1284/-=-44(1.)1-41-)19-((#2b

|

19-'(/$3! D 1)HQOHO##24- 14'.2) ' #2,$ 19.).//1&8#(! 49#)16 W&(L/#)! #2,..) 1/.4-27!
A9#)&0A15.'-.6/#)14&! 6# A#) A#() -8 AGIOH-"1-2,/1)-&2! -21 AOH =& (HB| [-AHS-)HUIHEE (W
1/#)10&8'149#! . 1)#)1.2(1#00#,4)! &0 AOH!5 - 6/H)121 61 -2(#:#2(H24/$! A#)4A#(1-2149#-"1 OW
O#'#241 &=6-2.4-&2)BOH#!-224'| (#4.-])| &0V 40H =& (H)! ' H1 28 AV H<1-'H#( 1486#))##210&'| 49#!
)16\W&(L/#)! 4&) 6#! 1)H(@! .| A2&B/H#(TH#! &O! 49#-'1 ! =#4#')! -)! )100- -#2481)! -2! 49#!
=&(#/149H#)&04!5. - 6/HY12(#)48&(16$!-4) 1)#1.2(16#9.5-81'312841-4)1-24#'2 /1 &2)4" W
4-83

|

B&1'49/$BR//&8-271&2!0'&=!"HO# #24-. /14" 2): . #2 $3! =&(#]! , .J-6'.4-&219.) 6##2)=.(#!
=&'#)$)4H=.4-, > OH #O0H#,4)! &0 49#!:&:1/.4-82! &21 A0#I5ZQBIH)! ,.216%#!-24'&(1,#(!
7'.(L.//$) 6HO& H#! 40H#-" | O4H#(6., Al &21 A0#! :8:1/.4-&2!-)! -24'& (1 #($%-49!)/&8! ,./-6'.4-&2)!
0'&=149#:'-8'19-)4& -, ./10-418-49& 1 PY&OAI5 - 6/#)IAGH=& (# 1)#'| &2/$I 24#()! 48, &2 2 W
4" 441821.1)=.//121=6#"1&01.(T1)4.6/#1:.' =H#4#)].41 251824 4-=H> |

|

B-049/$10#1 ) 4. 7#(! ' & #(1'# 0&') 49#! -(#24-0-,.4-82! .2(! ,&2)4'1,4-&2! &0!)&04! 5.~ 6/#)!
6'-27)!,1."-4S1 481 A0 =& (#1/-27):' & #))! 081 6849 &AGH | =& (#II#)).2(! ,|-#24)!-25&/5#(!-2!
A9H! & #))>! M2(&LOAH (IS AOH! & H(L'H - H)H244#( O #1 -)) 2&41 12-<1#! -21 -4)! &'(#' &'
21=6#'1&01)4.7#)>| E&BH5#'1)1,01. 21 7'##(1:'& #(1'# 8&1/(16'- 27! =&'#! &20-(#2,#!  4&
A =&(H/161-/(-271.2(1=. AHI-A1#.)-H#'1 48 (#./18-491. =6-T1-4-#)| 2(1#"  &")1-21 49 =&HW
[-271:'&,#)) |

|

7 Conclusion

UL:'& #(1'#10& | 49#1 -(#24-0-,.4-8231,&2)4'1,4-82! .2(11)#1&0)&0415.'-.6/#)19.)| 6#H2 BW
[&)H(>I UL =&(11.1)4'1,41'#1 8.) 1)#(1 4&! #2,.)1/.4# 40#)&04! 5.'-.6/#) #2.6/-27) 49#-"]
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5./1#)1.2(112-4) 1 4&16#19-((#231491))#:.'. 4 -271& 141 49#1#00#, 41 &0 49#1)&04!5. - 6/#10'&=!-4)!
=#.)1'#>1;:9#1=&(1/.")$) 4H=14#20&' #)'HOH #24- [\ 4' 2): "#2,$149.41#.,91)&0415."- .6/#!

) 12(#)48&&(1 6! 40H#! 'H#].4-82)9-:1 6HABHH2! -4)2:14)3) .2(1&14:14)! ./&2#3! 087 -5#2! .\W
SHAHIS 1) O =H#A0&(18.)] . [-#(14&) . 21HC-)A-27 W\ AS:# =& (#/1 &0 49#1 ' & T'H))!
&0!.1-&4189- O #=:/&$#(1&2/$!:&:1/.4-823 ->#>1 ABROA3!5."- 6/#)>! : O =#49&(! ./) & BW
BIH(149H):8:1/.4-&21A&IBHH2, ) 1/.4#(1-21.1=&(1/#18-491.1) 444! &=:&)#(1&0!.121=64#']

80148, A)3!->H>1 AYA#H2)-82. [>1VAI-) 0#/41 A#! =#498(1)9&8)! :'&=-)#1 )1 -41 ' &(1 #(!.2!

=" &5H(1 =&(#/3! 8-491 .1)9."#'1 12(#)4.2(-27! &O! 49#! -(#24-0-,.4-&23! ,&2)4'1,4-82! .2(!
1)#1&01)&0415."- 6/#)>

|

U/49&179!6#$&2(140#!),&:#1 &01A0H!  1"#241: . :#'3140#'#1-)1=1,9149.4! &1/(16#! (&2#18-49!
V#2) -4-5-4$1.2./$)-) 1481 &(1 #!./4# 4-5#19-)4& -, [10-4)1.2() 4&'-#)>IV21: 4~ 1/.1-418&1/(!
6H -244#'H)4-271 A&V HC:I&'#! | TH.44#1 5. 4-&2! &2! AGI525.).%+"" " 3800$33,8)" ./,)8$8$
2(149#1 % #$" /"~ '8 89-,0! "I <1-4#! &2)#'5.4-5#1-21 40H! .6&S5#!'H)1/4)H98179! . YJW
M= 4-)).:7'&. 91481, [-6'.4-8218.) 1 4'-#(3140#H18&L/(16#1=1,91),&:#0&'I -=:' &5H=H24!

O H>U((-4-82.//S! 4O#! =&(H#/! &L/(1 6#! .::/-#(! 48! &AH' '-&4)3! #):#,-.//S! 40&)#! BO#'H
AOH#1-))|(HT'H#1&0).)S==HA'SI-2149#-"1"-)#1. 2(10./\G?1'6#, AlH4>1 /> 3IHIM>NH5# 40#/#))!
~41-) | O#/A1 498 1"H241.2.1$)-)1-)1)100- -#241 A&! '#.441 21 -244'#)41-2149-)1 4$:# &O! =HAN&(&
&T$HI))1,01-418& 1/(16#!-244 #)4-2714&.) .S 40 =#A0& (14&I&AOH) #2.'-&)>

|

VA1-)12841 [.-=#(149.4149-)| =#49&(&/&TPBI&="/#A#3HC /& #(1 01//$3&'| 6#44#'1 49 . 21 #CAW
27V AM=:4)1481-2 [1(#)&04!5. - 6HPIV2)A#.(1-41-) | O&: 0. AUOH!: :#'18-//1-2):-#101 "W
A I'H)#. O1-214981 > |

|
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B&"#)4#'3IF>1FGHIJHMKB3%-.2)":+/2#.03>1f#7.)1)! X&==12-,.4-&2)3laU*%./49.=> |

!
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|
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Appendix D Model Code

V& A#(qH5#24) I g\UFE G 4-=#(-2]9&1)M

GS>SS3!S>SSM3IGH>SS3IH>SSM3IGR>SS3IH>SSM3!G]>SS3!S>SSM3!IG_>SS3!S>SSM3IGK>SS3IH>SSM3!IGJI>SS3IH>SSM3IGL>SS3!F
H>SSM3!GHH>S3!H>SSM3!GBR>S3!H>SSM3IGH_>S3!H>SSM3!GHK>S3!IR>SSM3!GHJ>S3!H>SSM3IGHL>S3!H>SSM3IGHZ>S3!H>!
H>SSM3!GRH>S3!H>SSM3!IGRR>S3!H>SSM3IGR]>S3!H>SSM3IGR_>S3!H>SSM3IGRK>S3IR>SSM3IGRJI>S3!>SSM3IGRL>S3!_>S¢<
>SSM3!G3aE>SSM3IG]R>S3IL>SSM3IG]>S3!I>SSM3!G]_>S3IHH>SM3!G]K>S3!HR>SM3!G]J>S3IHH>SM3!G]L>S31Z>SSM3!G]Z>S3!
H]>SM3!G_H>S3!HJ>SM3!G_R>S3!HL>SM3!G_]>S3!IRH>SM3!G__>S3IRL>SM3!G_K>S3!JH>SM3!G_J>S3!RISSNEIGKE>S3IRZ>SM3I(
JH>SM3IGKH>S31]J>SM3!GKR>S3!_S>SM3IGK]>S3!_H>SM3IGK_>S3!_R>SM3!GKK>S3! R>SM3IGKJ>S3! H>SM3IGKL>S3!_H>SM3
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