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L'(&2A(2&.//)*A+2=/%B0N*.&82#"8*(9.(0*L#,*.*8.F%*#'*')'(%F#A.//)*B%'#8"%B0*#(*K#//*9.$%*.*

'2XA#%"(/)*E&+.B*."B*B#$%&'%*'(.(%M'=.A%*(9.(*#(*A."*.B.=(*(+*(9%*=/.)%&*.'*(9%*=/.)%&*

.B.=('*(+*#(N*T\]4s0*l\U:*

Possibility Spaces 

S"*8.F%*B%'#8"*/#(%&.(2&%0*'2A9*'(.(%M'=.A%'*.&%*./'+*&%,%&&%B*(+*.'*=&+E.E#/#()*'=.A%'*

+&* =+''#E#/#()* '=.A%':* _%'#8"%&* H#//* H&#89(0* E%'(* V"+K"* ,+&* ')'(%F#A* '#F2/.C+"*

8.F%'* /#V%*B&%5&#"* Tj.O#'*4nlnU*&B%'A&#E%'*=+''#E#/#()*'=.A%'*.'*LF.")MB#F%"'#+"./*

'=.A%'*(9%*=/.)%&*F+$%'*(9&+2890*%.A9*=+#"(*."* #"B#$#B2./*=%&F2(.C+"*+,*=+''#E/%*

8.F%* '(.(%':N* S"* 9#'* `_-* \]]t* (./V0* L_)".F#A'* ,+&* _%'#8"%&'0N* H&#89(* =&%'%"('*

.E'(&.A(* B%=#AC+"'* +,* ?6$( B&%!I* Tj.O#'* \]]]U* ."B* ?6$( B&%!(I/J&/$I'* Tj.O#'* \]]\U*

=+''#E#/#()* '=.A%'* T'%%* P#82&%* tU:* H&#89(* %O=/.#"'* (9%* =.(9'* (9.(* =/.)%&'* 8%"%&.//)*

F+$%* (9&+289* #"*?6$( B&%!0* (%"B#"8* (+* 8%(* L(&.==%B* #"* /+A./*F.O#F.N* .AA+&B#"8* (+*

'+A#./*+&*F.(%&#./*=&+8&%''0*"%%B#"8*(+*E./."A%*(9%*(K+*#"*+&B%&*(+*'2AA%%B*T\]]4U:*S,*

=/.)%&'*,+A2'*(++*F2A9*+"*(9%*'+A#./*&%/.C+"'9#='*+&*(9%*F.(%&#./#'CA*8+./'*+,*(9%#&*

1#F'0* (9%)* =&+A%%B* ,2&(9%&* (+K.&B'* +"%* %O(&%F%* +,* (9%* =+''#E#/#()* '=.A%:* D9%*

(+=+/+8)*+,*(9%*'=.A%*#'*'2A9*(9.(*#(*#'*B#XA2/(*(+*%'A.=%*(9%'%*/+A./*F.O#F.*K#(9+2(*

(9%* =/.)%&* =2//#"8* E.AV* (9%#&* ".&&+K* ,+A2':* S"* +(9%&* K+&B'0* (9%* =/.)%&I'* A2&&%"(*

/+A.C+"*K#(9#"* (9%* =+''#E#/#()* '=.A%* B+%'* "+(* =&+$#B%* (9%F*K#(9* (9%*F%A9."#'F'*

"%A%''.&)* (+* %'A.=%h* (9%* '/+=%* #'* (++* '(%%=:* D9#'* F2/CMB#F%"'#+"./* =&+8&%''* #'*

F%B#.(%B* E)* (9%* A+F=/%O* #"(%&&%/.C+"'9#=* +,* .//* +,* (9%* %/%F%"('* #"* (9%* 8.F%*

K+&V#"8*#"*(."B%F*K#(9*(9%*=/.)%&*A+"C"2.//)0*B)".F#A.//)*F+$#"8*(9%*=/.)%&*.A&+''*

(9%*=+''#E#/#()*'=.A%*T."B*"+(0*.'*(9%'%*'#F=/#G%B*B#.8&.F'*F.)*'288%'(0*.A&+''*(9&%%*

'#F=/#G%B*.O%'*+,*"2F%&#A*F.(%&#./0*'+A#./0*."B*'2AA%''*$./2%'U:*

* ***o



*

>45?#$&BA&;E'(&.A(* &%=&%'%"(.C+"'*+,* (9%*=+''#E#/#()*

'=.A%'*+,*?6$(B&%!*T/%mU*."B*?6$(B&%!(I/J&/$*T&#89(U:*

D9%* /%m* G82&%* '9+K'* =&+8&%''* (9&+289* D9%* 1#F'*

.AA+&B#"8* (+* B#Q%&%"(* F%.'2&%'* +,* '2AA%''0* K9%&%*

=/.)%&'* A."*8%(* L(&.==%B* #"* /+A./*F.O#F.N* T/%m*."B*

&#89(*E.AV*%B8%'U*+,*'+A#./*."B*F.(%&#./*'2AA%'':*D9%*

&#89(*G82&%*'9+K'*F.")*=/.)%&'I*=.(9'* (9&+289*?6$(

B&%!( I/J&/$0* .AA+&B#"8* (+* '+A#./0* F+"%(.&)0* ."B*

9+2'%*=&+8&%''0* ,+&F#"8* .* A/+2B* (9.(* B%'A&#E%'* (9%*

8.F%I'*=+''#E#/#()*'=.A%*TH&#89(*\]]4U:*

`.F%*B%'#8"%&'*F2'(*#"(2#(*9+K*&2/%'*."B*+E<%A('*A+FE#"%*(+*,+&F*.*'=.A%*(9.(*(9%*

=/.)%&* (&.$%&'%'* ."B* B%'#8"* (9%*F%A9."#A'* (9%)* 2'%* ,+&* (9#'* (&.$%&'./:* D9%* L8.F%N*

(.V%'*=/.A%*.'* (9%*=/.)%&I'*=+'#C+"* #"* (9%*=+''#E#/#()*'=.A%*A9."8%'0* #"* &%'=+"'%*(+*

(9%* =/.)%&M8.F%* #"(%&.AC+":* S"* KAJ$!( .@( 2J,"0* 1./%"* ."B* u#FF%&F."* B%'A&#E%* (9%*

(.'V*+,* 8.F%*B%'#8"*.'*+"%*+,* L'%A+"BM+&B%&*B%'#8"N* T\]]tU0*K9#A9*u2E%V*%A9+%'q*

Ld`.F%*B%'#8"e*#'*.*9.&B0*'%A+"BM+&B%&*=&+E/%F0*.'*K%*.&%*(K#A%*&%F+$%B*,&+F*(9%*

%"B* 8+./:* H%* .&%* "+(* '#F=/)* A&.m#"8* .* '(.CA* +E<%A(h* K%* .&%* A&%.C"8* .* B)".F#A*

F.A9#"%*K9#A9*K#//*E%9.$%*#"*'+F%*K.)0*."B*(9#'*E%9.$#+&*#'*K9.(*K%*9+=%*=/.)%&'*

K#//*%"<+)N*T\]\]0*sU:*`.F%*B%'#8"%&'*F2'(*'=%A#,)*=.&('0*.?&#E2(%'*TB.(.*A+F=&#'#"8*

.* =.&(I'* '(.(%U0* ."B* E%9.$#+&'* (9.(* ,+&F* ."* .E'(&.A(* .&A9#(%A(2&%0*K9#A9* (9%* =/.)%&*

"%8+C.(%'* 2'#"8* (+* (9%#&* F%A9."#A./* .Q+&B."A%':* u2E%V* &%/.(%'* (9%* '%A+"BM+&B%&*

B%'#8"*9%*B%'A&#E%'*(+*'(.(%*'=.A%'0*'.)#"8*(9.(*L:::.*8.F%*#'*.*'%&#%'*+,*8.F%*'(.(%*

(&."'#C+"'* +$%&* CF%:N* T\]\]0* o6MosU:* 1#F#/.&/)0* 8.F%* ')'(%F* B%'#8"%&*j.&(.* P#<.V*

.&82%'* (9.(* (9%* 8.F%* B%'#8"%&* #'* L&%'=+"'#E/%* ,+&* %.A9* '(.(%N* (9%* =/.)%&* F+$%'*

(9&+2890* .'* (9+'%* '(.(%'* A+FF2"#A.(%* F%."#"8* (+* (9%* =/.)%&* T\]\4U:* f$%"* #,*

#"(%&A+""%A(%B* ')'(%F'* .//+K* .* =/.)%&* (+* %"(%&* '(.(%'* (9.(* (9%* B%'#8"%&* B#B"I(*

."CA#=.(%0*(9%*,.A(*(9.(*(9%)*.&%*#"*(9.(*'(.(%0*.'*K%//*.'*(9%*K.)*(9.(*(9%)*8+(*(9%&%0*

(%.A9*(9%F*.E+2(*(9%*8.F%I'*E%9.$#+&:*

;'* .* =/.)%&* =&+A%%B'* (9&+289* .* 8.F%0* (9%)* ".$#8.(%* (9%* .E'(&.A(* (+=+/+8)* +,* (9%*

8.F%I'*=+''#E#/#()*'=.A%*."B*(.V%*#"*#",+&F.C+"*.E+2(*(9%*8.F%I'*E%9.$#+&*.(*%$%&)*

'(.(%:*j%."#"8*.&#'%'*"+(*+"/)*,&+F*(9%*B%'#8"*+,*(9%*8.F%'I*=.&('*."B*E%9.$#+&'h*#(*

./'+*.&#'%'*,&+F*(9%*'=.A%*,+&F%B*E)*(9%#&*=+(%"C./*#"(%&.AC+"':*D9#'*'=.A%*A+"$%)'*

F%."#"8*(+*(9%*=/.)%&0*.'*B+%'*(9%*K.)*(9.(*(9%*8.F%*&%'=+"B'*(+*=/.)%&*#"(%&.AC+"*

T9+K* (9%* (+=+/+8)* +,* (9%* '=.A%* .//+K'* .* =/.)%&* (+* (&.$%&'%U:* ;B.F'* ."B*_+&F."'*

&%,%&* (+* (9%* =/.)%&I'* =.(9* (9&+289* .* 8.F%I'* =+''#E#/#()* '=.A%* .'* (9%#&* #),L$'#.)"0*

B%'A&#E#"8* E+(9* .* 8.F%I'* =+''#E#/#()* '=.A%* ."B* =+''#E/%* (&.<%A(+&#%'* (9&+289* (9.(*

'=.A%* .'* L%F%&8%"(* =&+=%&C%'* +,* (9%* 8.F%* &2/%* ')'(%F:N& T\]4\0* \sU:* v#%K#"8*

8.F%=/.)* .'* .* &%/.C+"'9#=* E%(K%%"* .* 8.F%I'* =+''#E#/#()* '=.A%* ."B* (9%* =/.)%&*

#"(%&.AC+"'*#(*.Q+&B'*F%."'*9./,*+,*(9%*8.F%I'*F%."#"8*B%&#$%'*,&+F*(9%*=+''#E#/#()*

* ***5



'=.A%* ,+&F%B*E)* (9%*8.F%I'*=.&('*."B*E%9.$#+&'0*."B*(9%*+(9%&*9./,*+,* (9%*8.F%I'*

.E#/#()*(+*F%."*B%&#$%'*,&+F*9+K*(9.(*'=.A%I'*(+=+/+8)*'9.=%'*=/.)%&*E%9.$#+&0*(9%#&*

(&.<%A(+&):* C.& "& 6D6,$E42& 5"E$*& "& 23EF0$G& F3664H404,D& 6F"2$& $E$#5$6& 7#3E&

4.,$#"213.6&H$,I$$.&"& 5"E$J6& F"#,6*&I-40$& ,#"K$2,3#4$6& $E$#5$& 7#3E& ,-46& 6F"2$J6&

%D."E42&4.,$#"213.6&I4,-&,-$&F0"D$#L6MN&

Emergence 

`.F%'* 'A9+/.&* g%'=%&* g22/* ./'+* '(&%''%'*.* '#F#/.&*B#'C"AC+"* (+*-&.K,+&BI'* L=233/%'*

."B*8.F%'0N*."B*1%//%&'I*LA+"(%"(MB&#$%"*."B*')'(%F#A*d8.F%'e0N*#"*?6$(I7$/(,/1(#6$(

5J.!$1* g22/* A.(%8+&#3%'* 8.F%'* #"(+* (9+'%* K#(9* L&%/.C$%/)* '#F=/%* &2/%'* E2(* F2A9*

$.&#.C+"0N* T%F%&8%"A%U* ."B* (9+'%* K#(9* L%/%F%"('* A."* +"/)* #"(%&.A(* #"* .* /#F#(%B*

"2FE%&*+,*=&%B%'#8"%B*K.)'0N*T=&+8&%''#+"U*T\]]\U:*D9#'*%A9+%'*-&.K,+&BI'*=233/%'Y

8.F%'* B#A9+(+F)* ."B* '#(2.(%'* %F%&8%"A%* .'* .* A+"A%=(* &%/.(%B* (+* .* 8.F%I'*

=+''#E#/#()* '=.A%* ."B* =/.)%&'I* (&.$%&'./* (9&+289* #(:* ;'* =/.)%&'* #"(%&.A(* #"* =.&CA2/.&*

K.)'* ."B* .&%* A.&&#%B* (+* =.&CA2/.&* /+A.C+"'* #"* (9%* =+''#E#/#()* '=.A%* A+"C"8%"(* +"*

(9+'%*E%9.$#+&'0*(9%)*%O=%&#%"A%*%F%&8%"(*8.F%=/.):**

>#3E& ,-$& F$#6F$21O$& 37& ?.%$#6,".%4.5& 5"E$6& "6& F3664H404,D& 6F"2$6*& $E$#5$.,&

5"E$F0"D&46&,-$&F-$.3E$.3.&37&,-$&F0"D$#&?.%$#6,".%4.5&,-",&6F$24P2&4.,$#"213.6&

0$"%& ,3& 6F$24P2& 3?,23E$6& I4,-4.& "& Q6?R24$.,0D& H#3"%& ".%& %4O$#6$& SF3664H404,D&

6F"2$T*U&F$#2$4O4.5& ,-$&5"E$&"6&"%"F1.5& ,3& ,-$4#&H$-"O43#6& L;<@V*&W;MN&/&5"E$J6&

F3664H404,D&6F"2$&46&".&$E$#5$.,&F#3F$#,D&37&4,6&%$645.*&".%&,-$&,#"K$2,3#4$6&F0"D$#6&

,"X$&,-#3?5-&4,&"#$&$E$#5$.,&F#3F$#1$6&37&,-$&#$0"13.6-4F&H$,I$$.&,-36$&F0"D$#6&

".%& ,-",& F3664H404,D& 6F"2$N& /223#%4.50D*& 6D6,$E42& 5"E$6& "#$& 5"E$6& ,-",& F#3%?2$&

$E$#5$.,& 6,",$6& ".%& "003I& F0"D$#6& ,3& F$#2$4O$& ".%& 4.,$#"2,& I4,-& ,-36$& 6,",$6N&

Y3I$O$#*& 5"E$6& I-42-& 23.,"4.& 6D6,$E42& ".%& $E$#5$.,& $0$E$.,6& 2".& "063& -"O$&

$Z$2,6*&H3,-& 4.& ,-$&6-3#,[&".%& 03.5[,$#E&,-",&?.%$#2?,&3#&.?0047D& ,-$6$&$E$#5$.,&

$0$E$.,6N&&

D+* #//2'(&.(%q* w$%&* (9%* =.'(* o]* )%.&'0* 9#89M/%$%/*2,'34,/* =/.)* 9.'* &%B2A%B* ,&+F* .*

A+F=/%O* 8.F%* +,* A.(M."BMF+2'%* (+* .* ,%.(* +,* &+(%* F%F+&#3.C+"* ."B* %"B2&."A%0*

K9%&%*K+&/BM&%A+&B* =/.)%&'* %O%A2(%* ,&+F* .* '%(* +,* A+"'(&.#"%B* =.?%&"'0* &%"B%&#"8*

2,'34,/I'* %F%&8%"(* 89+'(* F+$%F%"(* F%A9."#A./0* =&%B#A(.E/%0* ."B* #&&%/%$."(*

TE%'#B%'*F.V#"8*=/.)%&'*K.#(U:*;(* (9%*F+F%"(0* (9%&%* #'* "+*K.)* (+*B%'A&#E%* '2A9* .*

8&.B2./0*".&&+K#"8*&%B2AC+"*+,*(&.<%A(+&)*'=.A%*T."B*B%'#8"*'(&.(%8#%'*(+*F#C8.(%*#(U*

K#(9+2(* %O=/.#"#"8* #(* ,2//)* #"* A+"(%O(:* _%'A&#E#"8* (9%'%* A+F=/%O* %Q%A('* &%J2#&%'*

A+"'#B%&#"8*.*=+''#E#/#()* '=.A%0* #('* A+"'C(2%"(*=.&('*."B*E%9.$#+&'0* ."B*9+K* (9+'%*

&%/.(%*(+*(9%*.$.#/.E/%*(&.<%A(+&)*'=.A%:*H%*"%%B* /."82.8%* #"*+&B%&*(+*B%'A&#E%*(9%*

8.F%* B%'#8"* B%A#'#+"'* ."B* (%A9"#J2%'* (9.(* /%.B* (+* ')'(%F#A0* %F%&8%"(* 8.F%=/.)0*

K9#A9*A."*./'+*.AV"+K/%B8%*(9.(*.'=%A('*+,*B%'#8"*A."*./'+*/%.B*(+*A+"$%&8%"A%'*#"*

=/.)%&*E%9.$#+&*(9.(*B%A&%.'%*=%&A%#$%B*%F%&8%"A%:*

SYSTEMIC REVERBERATION (AND ABSORPTION) 

1)'(%F#A* &%$%&E%&.C+"* B%'A&#E%'* 9+K* .* =/.)%&I'*F%A9."#A./* E%9.$#+&'* &%$%&E%&.(%*

T&%R%A(* ."B* .E'+&EU* .A&+''* (9%* (+=+/+8)* +,* .* 8.F%I'* =+''#E#/#()* '=.A%:* W%''*

F%(.=9+&#A.//)0* #(*B%'A&#E%'*9+K*.*8.F%*&%R%A('* (9%*B%(.#/'*+,*=/.)%&* #"(%&.AC+"* #"*

A/.&#()0*,&%J2%"A)0*CF%0*."BY+&*B#'(."A%0*#"*#('*'(.(%*A9."8%'*."B*.?%"B."(*,%%BE.AV:*

fQ%A('*F.)* E%*F+&%* +&* /%''* '=%A#GA* (+* .* =.&CA2/.&* '%J2%"A%* +,* #"(%&.AC+"'0*F.)*

+AA2&*.(*B#Q%&%"(*&.(%'0*F.)*A+F%*'++"%&*+&*/.(%&0*."B*F.)*E%*.Q%AC"8*.*$#'2.//)*+&*

'%F."CA.//)*B#'(."(*=.&(:* 1)'(%F#A* &%$%&E%&.C+"*%F.".(%'* ,&+F* (9%* (+=+/+8)*+,* .*

=+''#E#/#()*'=.A%0*,%%B#"8*E.AV*(+*(9%*=/.)%&0*#",+&F#"8*(9%F*9+K*$.&#+2'*=.&('*+,*(9%*

8.F%* ')'(%F* &%'=+"B* (+* B#Q%&%"(* .AC+"':* v.&#%()* ."B* '=%A#GA#()* #"* ')'(%F#A*

* ***6



&%$%&E%&.C+"*B%F+"'(&.(%*(+*(9%*=/.)%&*(9.(*(9%#&*.AC+"'*LF.?%&0N*."B*"%A%''#(.(%*

.*L'2XA#%"(/)*A+F=/%ON*=+''#E#/#()*'=.A%:**

1)'(%F#A* &%$%&E%&.C+"* #'*K9.(*.//+K'*=/.)%&'* (+*2'%* (9%#&*F%A9."#A./*E%9.$#+&'* (+*

%A9+M/+A.(%* (9&+289* (9%* F2/CMB#F%"'#+"./* (+=+/+8#%'* 8%"%&.(%B* E)* 8.F%'I* &2/%*

'(&2A(2&%':* S"(%&&%/.(%B* =.&('* #"* .* 8.F%I'* ')'(%F* 8%"%&.(%* .* "+"M/#"%.&* =+''#E#/#()*

'=.A%* (9&+289* (9%#&* /++=#"8* E%9.$#+&:* v.&#%()* #"* (9+'%* =.&('* ."B* (9%#&* E%9.$#+&'*

#"A&%.'%'* (9%* 9%(%&+8%"%#()* +,* (9%* '=.A%:* 1)'(%F#A* &%$%&E%&.C+"* A+"$%)'* (9#'*

A+F=/%O*'=.A%*(+*(9%*=/.)%&*K9%"*(9%)* #"(%&.A(*2'#"8*F%A9."#A'0*.//+K#"8*(9%F*(+*

L,%%/N*(9%*=+''#E#/#()*'=.A%*(9%)*.&%*".$#8.C"8:*

S"*=#"E.//0*(9%*=.&('0*E%9.$#+&'0*(9%*=+''#E#/#()*'=.A%*(9%)*B%'A&#E%0*."B*(9%*(&.<%A(+&)*

.*=/.)%&*(.V%'*(9&+289*(9.(*'=.A%*.&%*=9)'#A.//)* /#(%&./#3%B*."B*+E'%&$.E/%:*H9%"*.*

=/.)%&*=2//'*(9%*/.2"A9%&*."B*'%"B'*(9%*E.//*&#A+A9%C"8*.A&+''*E+.&B0*(9%)*A."*K.(A9*

(9%#&*(&.<%A(+&)*=/.)*+2(*."B*'%%*9+K*(9%*'=%A#GA#C%'*+,*(9%#&*#"(%&.AC+"'*A."*F+$%*

(9%*E.//* (+*B#Q%&%"(*=.&('* #"* (9%*=+''#E#/#()* '=.A%:*H9%"*.*=/.)%&*2"B%&'(."B'*9+K*

9#>"8*.*E2F=%&*.(*B#Q%&%"(*."8/%'*+&*'=%%B'*)#%/B'*B#Q%&#"8*+2(A+F%'0*(9%*=/.)%&*#'*

.E/%*(+*'(.&(*,+&F2/.C"8*=/."'*+"*9+K*(+*2'%*(9%*E2F=%&'*E.'%B*+"*(9%#&*%F%&8%"(*

2"B%&'(."B#"8*+,*(9%*')'(%F:*D9#'*2"B%&'(."B#"8*#'*=&+$#B%B*(+*(9%F*E)*(9%*')'(%F#A*

&%$%&E%&.C+"*A.2'%B*E)*(9%*F%A9."#A'*T(9%*=/.)%&I'*R#==%&*9#(U*."B*,%%BE.AV*T9+K*

(9%*=#"E.//* d=/.)%&e* =%&A%#$.E/)*F+$%'* .A&+''* (9%* ')'(%F*+,* (9%* 8.F%0* #"* (9#'* A.'%*

$#'2.//)0*=9)'#A.//)0*/#(%&.//)U:*

;E'+&=C+"*B%'A&#E%'*(9%*B%A.)*+,*.*8.F%I'*')'(%F#A*&%$%&E%&.C+"0*'=%A#GA.//)*9+K*

(9%*.&A9#(%A(2&%*+,*.*8.F%I'*=+''#E#/#()*'=.A%*F#89(*A.2'%*/%''*&%$%&E%&.C+"*."BY+&*

&%$%&E%&.C+"* (+*E%* /%''* B%'A&#=C$%* T'=%A#GAU:* D9#'* 9.==%"'*K9%"*B%(.#/'* +,* =/.)%&*

#"(%&.AC+"* B+* "+(* &%R%A(* ,2&(9%&* #"(+* +(9%&* =.&('* +,* (9%* 8.F%* ')'(%F:* H9%"*

B#Q%&%"(*F%A9."#A./* #"(%&.AC+"'* )#%/B* %J2#$./%"(* &%'2/('0* (9%* 8.F%* A+FF2"#A.(%'*

(9.(*#(*B+%'*"+(*E%9.$%*K#(9*=.&CA2/.&*'=%A#GA#()*(+K.&B*(9+'%*#"(%&.AC+"'0*F.V#"8*

(9%F* LF.?%&* /%'':N* D9#'* %Q%A(* #F=/#%'* .* 9+F+8%"+2'* &%'=+"'%0* A+FF2"#A.C"8*

%#(9%&*.*E+2"B.&)*+,*(9%*=+''#E#/#()*'=.A%*+&*"+(9#"8*T.FE#82#()U:*;E'+&=C+"*A."*E%*

(9%*&%'2/(*+,*.*/%''*A+F=/%O*'=.A%*+&*.*F+&%*9+F+8%"%+2'*+"%h*(+*(9%*=/.)%&0*(9%)*

L&%.BN*(9%*'.F%*K.):*\-40$&"&5"E$&E"D&23.,"4.&E".D&4.,$#23..$2,$%&6D6,$E6&,-",&

73#E&"&23EF0$G&F3664H404,D&6F"2$*&47&,-",&6F"2$&%3$6&.3,&#$]$2,&,-$&6F$24P241$6&37&

F0"D$#6J&E$2-".42"0&4.,$#"213.6&,-#3?5-&F$#2$4O"H0D&?.4^?$&,#"K$2,3#4$6&L23.1.?"0&

5"E$& 6,",$& 2-".5$6M*& ,-$.& ,-$& 6F"2$& 7$$06& L".%& $Z$21O$0D& 46M& 6E"00$#& ".%&E3#$&

Q-3E35$.3?6UN&

w"%* =.&CA2/.&/)* .E'+&=C$%* =/.)G%/B* ,%.(2&%* #"* =#"E.//* #'* (9%* LV#AVM+2(* 9+/%0N* TD9%*

S"(%&"%(*Z#"E.//*j.A9#"%*_.(.E.'%0*\]]]U*K9#A9*A.(A9%'*(9%*E.//*."B*(9%"*/.2"A9%'*#(*

#"* .* =&%B%(%&F#"%B* B#&%AC+"* K#(9* .* =&%B%(%&F#"%B* $%/+A#():* H9#/%* (9%* E.//*

.AA2F2/.(%'*F+F%"(2F*.'*.*&%'2/(*+,*'%J2%"A%'*+,* #"(%&.AC+"'*K#(9*A+F=+"%"('0*

(9%* =/.)%&* E2#/B'* V"+K/%B8%* .E+2(* 9+K* R#==#"8* (9%* E.//* .(* B#Q%&%"(* '=%%B'* ."B*

CF%'*A."*'%"B*(9%*E.//*+"*B#Q%&%"(*(&.<%A(+&#%':*H9%"*.*E.//*/."B'*#"*.*V#AVM+2(*9+/%0*

.//* =&#+&* #"(%&.AC+"'* .&%* .E'+&E%B:* D9%* E.//I'*F+F%"(2F* ."B* $%/+A#()0* A2F2/.C$%*

&%'2/('*+,*(9%*'%J2%"A%*+,*=/.)%&*.AC+"'*."B*A+F=+"%"('I*&%.AC+"'*+$%&*CF%0*.&%*

A+F=/%(%/)* .E'+&E%B* E)* (9%* V#AVM+2(* 9+/%* .'* #(* 9./('* (9%"* %<%A('* (9%* E.//* ./+"8* .*

=&%B%(%&F#"%B* (&.<%A(+&):* D9%* =/.)%&* #'* "+* /+"8%&* /%.&"#"8* .E+2(* 9+K* .")* +,* (9%*

.AC+"'*(9%)*(++V*E%,+&%*&%.A9#"8*(9.(*9+/%*.&%*=/.)#"8*+2(h*+"/)*9+K*(9%*E.//*F#89(*

&%.A(*.m%&*9.$#"8*&%.A9%B*(9%*V#AVM+2(*9+/%:*D9#'*9+F+8%"#3%'*(9%*=+''#E#/#()*'=.A%*

+,* (9%*=#"E.//* (.E/%0*.AC"8*.'*.*'+&(*+,*LK.//:N*;")*'%(*+,* #"(%&.AC+"'* (9.(*.(* '+F%*

=+#"(*=.''%'*(9%*E.//*+$%&*(9%*V#AVM+2(*9+/%*"+K*=/.)*+2(*=&%B#A(.E/)0*A+FF2"#A.C"8*

/%''*.E+2(*9+K*=/.)%&*E%9.$#+&*.Q%A('*(9%*')'(%F:*

* ***s



1)'(%F#A*&%$%&E%&.C+"*#'*A+F=/#A.(%B*E)*.*8.F%I'*,%%BE.AV:*S(I'*"+(*+"/)*K9%(9%&*+&*

"+(*2"#J2%*'(.(%'*.&%*A&%.(%B0*E2(*./'+*K9%(9%&*+&*"+(*(9%*=/.)%&*#'*.E/%*(+*#"(%&=&%(*

(9%'%*A9."8%'*."B*(9%#&*&%/.C+"'9#=*(+*(9%#&*=&%A#=#(.C"8*#"(%&.AC+"':*_&.K#"8*,&+F*

b+.9*H.&B&#=MP&2#"I'*+=%&.C+"./* /+8#A'*T\]\]U0*')'(%F#A*&%$%&E%&.C+"*2"B%&'(."B'*

F%."#"8* #"* 8.F%'* .'* .&#'#"8* ,&+F* (9%* A+FE#".C+"* +,* .E'(&.A(* =&+A%''%'* ."B*

A+FF2"#A.C$%* &+/%'0* A+FF2"#A.C"8* A+"C"2+2'* '(.(%* A9."8%* T.E'(&.A(* =&+A%''%'U*

(9&+289*,%%BE.AV*TA+FF2"#A.C$%*&+/%'U* #"*&%'=+"'%*(+*=/.)%&* #"(%&.AC+":*1)'(%F#A*

&%$%&E%&.C+"*.'V'*9+K*.*8.F%*&%'=+"B'*(+*.*=/.)%&I'*#"(%&.AC+"*K#(9*&%'=%A(*(+*(9%*

&."8%* +,* 9+K* .* 8#$%"* 8.F%* A."* &%'=+"B* T#('* =+''#E#/#()* '=.A%U* ."B* K9.(* =/.)* (9%*

8.F%*.Q+&B'*T(9%*(&.<%A(+&)*'=.A%U:*

f$%"* 'F.//* A9."8%'* #"* .* 8.F%I'* B%'#8"* A."* B&.F.CA.//)* A9."8%* (9%* $+/2F%* ."B*

(+=+/+8)* +,* #('* =+''#E#/#()* '=.A%:* 1#F#/.&/)0* 'F.//* A9."8%'* #"* #('* ,%%BE.AV* A."*

B&.F.CA.//)*A9."8%*(9%*K.)*(9%*8.F%*#'*2"B%&'(++B:*S"*.*=#"E.//*(.E/%0*,+&*%O.F=/%0*

.BB#"8* ."B* &%F+$#"8* A+F=+"%"('0* +&* %$%"* F#"2(%* A9."8%'* #"* (9%* =/.A%F%"(* +,*

A+F=+"%"('0* ./(%&'* (9%*B#F%"'#+"*+,* (9%*8.F%I'*=+''#E#/#()* '=.A%*."B*9+K*=/.)%&'*

".$#8.(%*#(:*D9%'%*&%/.C+"'9#='*.&%"I(*./K.)'*'(&.#89x+&K.&B0*E%A.2'%*(9%)*"%%B*(+*

E%*(9+289(*+,*#"*(+(./#()0*#"*9+/#'CA*&%,%&%"A%*(+*(9%*&%'(*+,*(9%*8.F%:*;*=#"E.//*8.F%*

.Q+&B#"8*(9%*=/.)%&* (9%*.E#/#()* (+*%.&"*F+&%*E.//'* (9&+289*'V#//%B*=/.)*'%%F'* /#V%*.*

'(&.#89x+&K.&B*K.)* (+* #"A&%.'%*E+(9* (9%* &."8%*+,*=+''#E/%*=/.)%&*%O=%&#%"A%'*."B*

(9%*'#3%*+,*(9%*=+''#E#/#()*'=.A%0*#:%:0*E%?%&*=/.)%&'*A."*=/.)*,+&*/+"8%&0*#"A&%.'#"8*(9%*

B#$%&'#()*+,* 'A+&%'*."B*=+''#E/%*A+FE#".C+"'*+,* '(.(%:*7+K%$%&0* #,* (9%*8.F%* #'*"+(*

'2XA#%"(/)*A+F=/%O*'2A9*(9.(*(9%*%O(&.*E.//'*B+*"+(*.//+K*(9%*=/.)%&*(+*B+*.")(9#"8*

"%K* T%"(%&* "%K* =%&F2(.C+"'* +,* 8.F%* '(.(%U0* (9%"* (9%* $+/2F%* +,* (9%* '=.A%* #'*

#"A&%.'%B*E2(*#(*#'*"+(*B#$%&'#G%B*E)*.")*"%K*(+=+/+8):*D9%*'=.A%*#'*/.&8%0*&%=%CC$%0*

."B*9+F+8%"%+2'h*.*=/.)%&*A.""+(*B#Q%&%"C.(%*E%(K%%"*=%&F2(.C+"'*+,*'(.(%*(9.(*

.&%*,2"AC+".//)*."B*&%=&%'%"(.C+".//)*#B%"CA./0*."B*K9)*'9+2/B*(9%)y*

COMPARATIVE ANALYSIS:  
PAC-MAN AND PAC-MAN CHAMPIONSHIP EDITION 

D+* #//2'(&.(%*9+K*A9."8%'* #"* 8.F%*B%'#8"*."B* &%=&%'%"(.C+"* A."* A9."8%*.* 8.F%I'*

=+''#E#/#()*'=.A%0*K%*A+F=.&%*2,'34,/* Tb.FA+0*4nloU&."B*2,'34,/(56,%7&./!6&7(

81&-./*Tb.FA+0*\]\]U:*2,'34,/(56,%7&./!6&7(81&-./*T58U*#'*'#F#/.&*#"*B%'#8"*(+*(9%*

+&#8#"./0*."B*(9%*8.F%'I*'#F#/.&#C%'*.//+K*2'*(+*."./)3%*9+K*(9%#&*B#Q%&%"A%'*&%/.(%*

(+* A9."8%'* #"* (9%#&* %O=&%''#+"'* +,* ')'(%F#A* &%$%&E%&.C+":* -%&(.#"* '(&2A(2&./* ."B*

F%A9."#A./*A9."8%'*#"*58*A.2'%*#('*=+''#E#/#()*'=.A%*(+*E%*/.&8%&*."B*F+&%*A+F=/%O0*

."B* #('*'(&#A(*CF%* /#F#(*A+FE#"%B*K#(9* /.AV*+,* /%$%/*A9."8%'*F%."*(9.(*F%A9."#A./*

#"(%&.AC+"'*.&%*.E'+&E%B*A+"C"2+2'/)0*.(*.*F2A9*'/+K%&* &.(%* (9."* #"*2,'34,/:* S"*

+(9%&*K+&B'0* (9%* /+"8%&* )+2*=/.)*2,'34,/0* (9%* /%''* #(* ,%%/'* /#V%*K9.(* )+2*B+YK9.(*

)+2I$%* B+"%*F.?%&'h* A9."8%'* #"*58I'* B%'#8"* #"$%&'%* (9#'* =&+8&%''#$%* ".&&+K#"8* +,*

(&.<%A(+&)*'=.A%:*

Pac-Man 

S"* 2,'34,/0* (9%* =/.)%&* F+$%'* Z.AMj."* (9&+289* .* =&+A%''#+"* +,* /%$%/'* E)* %.C"8*

%$%&)* B+(* ."B* =+K%&* A++V#%* #"'#B%* %.A9* /%$%/I'* F.3%:* ;'* (9%)* B+* (9#'0* 89+'('*

./(%&".(%*E%(K%%"* A9.'#"8*Z.AMj."*.&+2"B* (9%* /%$%/* ."B* L'A.?%&#"80N* %.A9*+,* (9%*

,+2&*89+'('*F+$#"8*(+*+"%*+,*(9%*A+&"%&'*+,*(9%*F.=*,+&*.*=&%B%(%&F#"%B*=%&#+B*+,*

CF%:*H9%"*Z.AMj."*%.('*.*=+K%&*A++V#%0* (9%*89+'('*E%A+F%*'A.&%B0*(2&"#"8*E/2%*

."B*F+$#"8*.K.)*,&+F*Z.AMj."h*#,*.*89+'(*#'*'A.&%B0*Z.AMj."*A."*%.(*#(*,+&*=+#"('0*

A.2'#"8*#(*(+*(&.$%/*E.AV*(+*(9%*A%"(%&*+,*(9%*'A&%%"*T.'*%)%'*K#(9+2(*.*89+'(*E+B)U0*

&%.==%.&* .'* .* 89+'(0* ."B* '/+K/)* %O#(* E.AV* #"(+* (9%* F.3%* #"* .* J2%2%* K#(9* +(9%&*

=&%$#+2'/)M%.(%"*89+'(':*H9%"*.*A%&(.#"*.F+2"(*+,*CF%*=.''%'*.m%&*%.C"8*.*=+K%&*
* ***l



A++V#%0* (9%*89+'('*A%.'%*E%#"8*'A.&%B*."B*&%(2&"*(+*A9.'#"8*Z.AMj.":* S,* (9%*=/.)%&*

%.('* '2AA%''#$%* 89+'('* K#(9+2(* &2""#"8* +2(* (9%* L'A.&%B* CF%&N0* 2=* (+* 89+'('* ,+2&*

(+(./*=%&* A++V#%0* %.A9*89+'(* #'*K+&(9*B+2E/%* (9%*=+#"('*+,* (9%* /.'(:* LP&2#(* (.&8%('N0*

K9#A9*A."*E%*%.(%"* ,+&*=+#"('0*.==%.&* (K#A%*=%&* /%$%/*.(*B+(M%.C"8*(9&%'9+/B'*."B*

B#'.==%.&*.m%&*.*A%&(.#"*.F+2"(*+,*CF%:*Z.AMj."I'*'=%%B0* (9%*89+'('I*'=%%B0*."B*

(9%* /%"8(9*+,*CF%*89+'('* &%F.#"*'A.&%B*.&%*.//*.?&#E2(%'*B%(%&F#"%B*E)* (9%* /%$%/:*

D9#'*F%."'*(9.(*'=%%B*A9."8%'*+AA2&*.(*(9%*'(.&(*+,*/%$%/'*(K+0*G$%0*."B*\4:*

H9%"*(9%*=/.)%&*F.V%'*.* (2&"* #"*2,'34,/0* (9%)*.&%*8#$%"*.*'F.//*K#"B+K*+,*CF%*

E%,+&%* ."B* .m%&* &%.A9#"8* (9%* A%"(%&* +,* ."* #"(%&'%AC+"* (+* #"=2(* B#&%AC+"0* A.2'#"8*

Z.AMj."* (+* %O#(* (9%* #"(%&'%AC+"* .(* .* '/#89(/)* $.&#.E/%* '=%%B:* D9%&%* #'* "+* ,%%BE.AV*

(9.(* #"B#A.(%'* (9#'* #'*9.==%"#"8* #"* (9%*8.F%0*F.V#"8*(9%*%Q%A(*B#XA2/(* (+*=%&A%#$%*

,+&*A.'2./*=/.)%&':*D9#'*F%."'*(9.(*K9%"*Z.AMj."*&%.A9%'*."*#"(%&'%AC+"*(9%&%*.&%*

.&+2"B*(K%"()*=+''#E/%*+2(A+F%'0*B%=%"B#"8*+"*K9#A9*B#&%AC+"*Z.AMj."*#'*,.A#"8q*

8+#"8*'(&.#89(0*$.&#+2'*'=%%B'*+,*(2&"#"8*/%m*+&*&#89(0*(2&"#"8*.&+2"B0*+&*&2""#"8*#"(+*

.*K.//:*

;'*(9%*89+'('*A9.'%*Z.AMj."0*(9%*.AA2F2/.C+"*+,*9#'*=+'#C+"'*+$%&*CF%*A&%.(%'*.*

8.F%*'(.(%*(9.(*#'*2"#J2%/)*&%R%AC$%*+,*=/.)%&*#"=2(*A9+#A%':*S"*2,'34,/0*Z.AMj."I'*

F+$%F%"(* &%$%&E%&.(%'* #"(+* (9%* 8.F%* '(.(%0* %Q%AC"8* Z.AMj."I'* =+'#C+"0* =+#"('0*

B+('*."B*=+K%&*A++V#%'*&%F.#"#"80*K9#A9*,&2#(*(.&8%('*9.$%*E%%"*%.(%"0*9+K*F.")*

/#$%'*.&%* /%m0* A2&&%"(* /%$%/0* /%"8(9*+,*CF%*89+'('* &%F.#"* 'A.&%B0*.'*K%//* .'*89+'('I*

'=%%B* ."B* =+'#C+"':* H9%"* Z.AMj."* %.('* .//* B+('* ."B* =+K%&* A++V#%'0* (9%* =/.)%&*

F+$%'*(+*(9%*"%O(*/%$%/0*K9%&%*(9%*F.3%*9.'*E%%"*&%=/%"#'9%B*K#(9*B+('*."B*=+K%&*

A++V#%'0* (9%&%* #'* =+(%"C.//)* .* '=%%B* A9."8%0* ."B* (9%* 8.F%* E%8#"'* ."%K0* A.&&)#"8*

,+&K.&B*+"/)*=+#"('*."B*/#$%'*,&+F*=&%$#+2'*/%$%/':*

*

>45?#$& _A& ;* '#F=/#G%B* B#.8&.F* +,* 2,'34,/I'* &2/%*

'(&2A(2&%0* '9+K#"8* #('*=.&('*."B*9+K* (9%)* &%/.(%* (+*

+"%*."+(9%&*K#(9*E%9.$#+&':*

* ***n



Pac-Man Championship Edition 

 

>45?#$& =A& ;* '#F=/#G%B* B#.8&.F* +,* 2,'34,/*

56,%7&./!6&7( 81&-./M!* &2/%* '(&2A(2&%0* '9+K#"8* #('*

=.&('* ."B* 9+K* (9%)* &%/.(%* (+* +"%* ."+(9%&* K#(9*

E%9.$#+&':*b+(%*(9%*B#Q%&%"A%'*,&+F*P#82&%*o:*

58*F.V%'*.*"2FE%&*+,*'F.//*A9."8%'*(+*2,'34,/M!*&2/%'0*&%/.C"8*F+&%*=.&('*(+*,&2#(*

(.&8%('* T'%%*P#82&%*5U:* S"*580* (9%*=/.)%&*F+$%'*Z.AMj."*(9&+289*.*(K+M'#B%B*F.3%0*

%.C"8*(K+*B#Q%&%"(*=.?%&"'*+,*B+('*."B*=+K%&*A++V#%':*w"A%*.*=.?%&"*#'*%.(%"0*.*

,&2#(*(.&8%(*.==%.&'*+"*(9%*+==+'#(%*'#B%*+,*(9%*'A&%%"*."B*B+%'*"+(*B#'.==%.&*2"C/*

%.(%":*w"A%*Z.AMj."*%.('*.*,&2#(*(.&8%(0*(9%*B%'#8"*+,*(9%*F.3%*+"*(9%*+==+'#(%*'#B%*

&%A+"G82&%'* #"(+*.*"%K*/%$%/*B%'#8"0*."B*.*"%K*=.?%&"*+,*B+('*."B*=+K%&*A++V#%'*

.==%.&'*T'%%*P#82&%*6U:*D9%'%*/%$%/*B%'#8"'*.&%*#(%&.(%B*.'*Z.AMj."*%.('*,&2#(*(.&8%('0*

K&.==#"8* E.AV* (+* (9%* #"#C./* B%'#8"* .m%&* (%"* =%&F2(.C+"':* f.A9* '#B%* +,* (9%*F.3%*

#(%&.(%'*'%=.&.(%/):*f.A9*CF%*Z.AMj."*%.('*.*,&2#(*(.&8%(0*(9%*'=%%B'*+,*Z.AMj."0*(9%*

89+'('0*."B*(9%*/%"8(9*+,*(9%*'A.&%B*CF%&*#"A&%.'%*T.(*B#Q%&#"8*&.(%'U:*

*

>45?#$& `A* _#Q%&%"(* =%&F2(.C+"'* +,* F.3%*

A+"G82&.C+"0* B+('0* ."B* =+K%&* A++V#%'* #"* Z.AMj."*

-9.F=#+"'9#=* fB#C+"*K9#A9* A9."8%* #"* &%'=+"'%* (+*

Z.AMj."*%.C"8*,&2#(*(.&8%(':*

S"*580*'=%%BM2='*+AA2&*K9%"%$%&*Z.AMj."*%.('*.*,&2#(*(.&8%(:*D9#'*F%."'*(9.(*'=%%B*

$./2%'* A9."8%*F2A9*F+&%* ,&%J2%"(/)* #"*58* (9."* #"*2,'34,/E* ."B*K#(9#"* .* 'F.//%&*

K#"B+K*+,*CF%:*;*=/.)%&*(9.(*8%('*.*=%&,%A(*'A+&%*#"*2,'34,/*K#//*%O=%&#%"A%*(9&%%*

'=%%B*A9."8%'*#"*.&+2"B*,+2&*(+*'#O*9+2&':*;*(+=M'A+&#"8*=/.)%&*#"*58*K#//*%O=%&#%"A%*

* ***4]



.&+2"B*,+&()*'=%%B*A9."8%'0*A+"C"2+2'/)*+$%&*G$%*F#"2(%':*H9.(*(9#'*F%."'*#'*(9.(*

.*=/.)%&*#"*58*,%%/'*.*A+"'(."(0*8&.B2./*#"A&%.'%*#"*'=%%B0*."B*2"B%&'(."B'*(9.(*(9%#&*

+K"*F+$%F%"(* #'* A.2'#"8* (9%'%*A9."8%':*D9#'* &%/.C+"'9#=*%O=."B'*58I'*=+''#E#/#()*

'=.A%*."B*(9%*F+&%*8&.B2./0*'2E(/%*A9."8%*F%."'*(9.(*(9%*=/.)%&*F2'(*#"(%&=&%(*."B*

&%.A(*(+*(9%'%*A9."8%'*#"*.*C89(%&*/++=:**

D9#'* 8&."2/.&#()* #"* '=%%B* ,2&(9%&* .Q%A('* 58I'* A+&"%&#"8* F%A9."#A0* K9%&%* '=%%B*

#"A&%.'%'*F%."*/%''*&%.AC+"*CF%*,+&*J2#AV*(2&"':*D9#'*A.2'%'*(9%*=/.)%&'I*(2&"*'=%%B*

(+*".(2&.//)*R2A(2.(%0*.BB#"8*F+&%*=/.)%&MB%(%&F#"%B*A9.+'*(+*(9%*')'(%F:*1#F#/.&/)0*

58M!* $%&'#+"* +,* 2,'34,/I'* A+&"%&#"8* E+(9* #"A&%.'%'* (9%* "2FE%&* +,* =+(%"C./*

+2(A+F%'*."B*'#8"./'*K9.(* #'*9.==%"#"8*F+&%*A/%.&/)* (9&+289*$#'2./* ,%%BE.AV*T'%%*

P#82&%*sU:*D9#'*.BB%B*8&."2/.&#()*."B*A/.&#()*"+(*+"/)*B#$%&'#G%'*(9%*8.F%I'*=+''#E#/#()*

'=.A%0*.//+K#"8*,+&*F+$%F%"(*(+*&%$%&E%&.(%*,2&(9%&*."B*A.&&)*F+&%*F%."#"80*E2(*#(*

./'+* .//+K'* (9%* =/.)%&* (+* 2"B%&'(."B* A+&"%&#"8* .'* +"%* +,* (9%* (++/'* (9%)* 2'%* (+*

".$#8.(%*(9%*8.F%I'*=+''#E#/#()*'=.A%:*

*

>45?#$&VA*-+&"%&#"8*9.'*$#'2./* ,%%BE.AV* #"*2,'34,/(

56,%7&./!6&7(81&-./q*1=.&V'*%&2=(* ,&+F*Z.AMj."I'*

,&#AC+"* .8.#"'(* (9%* K.//* .'* 9%* /%."'* .8.#"'(* #(0*

=&%=.&%B*(+*(2&"*&#89(:*

j+'(*#F=+&(."(/)0*58(9.'*"+*/%$%/*A9."8%':*H9%&%*2,'34,/M!(/%$%/*A9."8%('(+='*(9%*

=/.)%&0* .//* (9%* 89+'('0* ."B* &%=+'#C+"'* (9%F* #"(+* .* =&%A+"G82&%B* '%>"8* (+* '(.&(*

.8.#"0*58(9.'*"+* '2A9* &%'%(:* D9#'0* A+FE#"%B*K#(9* (9%*%$+/$#"8* /%$%/* B%'#8"0*F%."'*

(9.(*&.(9%&*(9."*'%>"8*(9&+289*.*'%J2%"A%*+,*&%=%.(%B*F.3%'*,+&*."*#"B%(%&F#".(%*

.F+2"(*+,*CF%0*(9%*=/.)%&*#'*#"'(%.B*".$#8.C"8*(9&+289*.*/.&8%*'%(*+,*=+''#E/%*/%$%/*

A+"G82&.C+"'0* .//* B#A(.(%B* E)* (9%#&* +K"* F+$%F%"(:* D9#'* E+(9* B#$%&'#G%'* (9%*

=+''#E#/#()*'=.A%*'2A9*(9.(*%F%&8%"(*8.F%=/.)*T."B*')'(%F#A*&%$%&E%&.C+"U*#'*F.B%*

F+&%*=+''#E/%0*.'*K%//*.'*%"9."A%'*(9%*=/.)%&I'*'%"'%*(9.(*(9%#&*F+$%F%"(*A9+#A%'*

F.?%&:*

“The Perfect Game” 

S"*2,'34,/0*(9%*F.O#F2F*'A+&%*=+''#E/%*#'*t0ttt0t6]*=+#"(':*D9%*+"/)*K.)*(+*.?.#"*

(9#'*'A+&%*#'*(+*"+(*+"/)*=/.)*(9&+289*%.A9*+,*(9%*8.F%I'*\55*/%$%/'0*E2(*./'+*(+*8%(*

%$%&)* ,&2#(* (.&8%(0*"%$%&* /+'%*.* /#,%0*."B*%.(*.//* ,+2&*89+'('* ,+&*%$%&)*=+K%&*A++V#%:*

W%$%/'*\4* (+*\55*=/.)* #B%"CA.//):*!=+"*&%.A9#"8* /%$%/*\560* (9%*8.F%*A."*"+* /+"8%&*

B#'=/.)*(9%*F.=*A+&&%A(/)0*."B*(9%*=/.)%&*F2'(*2'%*(9%*&%F.#"#"8*/#$%'*(+*8%(*'%('*+,*

"+KM#"$#'#E/%*B+('*TB2%*(+*B#'=/.)*%&&+&'U*(9.(*&%M.==%.&*.m%&*%.A9*B%.(9:*;*=%&,%A(*

8.F%* +,* 2,'34,/* E%A+F%'* ."* %"B2&."A%* (%'(* (9.(* A."* /.'(* 2=* (+* G$%* 9+2&':*

a%=%CC$%*=.(9'*.&%*B%$#'%B*."B*F.'(%&%B*(+*%"'2&%*Z.AMj."*8%('*%$%&)*,&2#(*(.&8%(0*

* ***44



(.V%'* .B$."(.8%* +,* %$%&)* 'A.?%&* =9.'%0* ."B*F.O#F#3%'* 'A+&#"8* A+FE+':* ;(* 9#89%&*

/%$%/'0*F.O#F#3#"8* A+FE+'* &%J2#&%'* =/.)%&'* (+* K.(A9* ."B*K.#(* ,+&* /+"8* =%&#+B'* +,*

CF%*,+&*(9%*89+'('*(+*L/#"%*2=N*A+&&%A(/)*'+*Z.AMj."*A."*%.(*.//*+,*(9%F*#"*(9%*+"%*

+&*(K+*'%A+"B'*.//+?%B*TZ#?F."*\]45U:*D+*.*(+=*=/.)%&*+,*2,'34,/0*.")*%F%&8%"A%*

#'* '2E'2F%B* E)* &%=%CC$%0* &+(%* %O%A2C+"q* 9#89M/%$%/* =/.)* F%."'* (9.(* (9%* '%(* +,*

=+''#E/%*9#89M'A+&%*(&.<%A(+&#%'*+$%&/.=*."B*A+"$%&8%*#"(+*.*".&&+K*(&.<%A(+&)M'=.A%:*

D9%*8.F%*K.'*'%%F#"8/)*"+(*B%'#8"%B*(+*.AA+FF+B.(%*=/.)*.(*(9#'*/%$%/h*B%'#8"*(9.(*

+"A%*'2&=&#'%B*#'*&%$%./%B*.'*&#8#B/)*F%A9."#A./:*

Reflection and Absorption 

58* .BB&%''%'* (9%* #''2%* +,* 2,'34,/M!( ".&&+K#"8* (&.<%A(+&)* '=.A%* #"* '%$%&./* K.)'0*

'+F%*+E$#+2'*."B*'+F%*'2E(/%q*D9%&%*.&%*"+*F+&%*/%$%/*A9."8%'0*(9%*F.3%I'*/.)+2(*

A9."8%'* (9&+289+2(:* D9%* =/.)%&* #'* 8#$%"* A+"(&+/* +$%&* (9%* F.3%I'* B%'#8"0* .E/%* (+*

A9."8%*#('*(K+*'#B%'I*B%'#8"'*#"B%=%"B%"(/)0*.//+K#"8*.*K#B%*B%8&%%*+,*A9+#A%:*Z.AM

j."*(2&"'*K#(9*F+&%*8&."2/.&#()0*&%'2/C"8*#"*F+&%*$.&#.E/%*+$%&.//*/%"8(9*(&.$%/%B*#"*

.*8#$%"*CF%:*1=%%B*A9."8%'*.&%*F.B%*A+"C"2+2'/):*;//*+,*(9%'%*A9+#A%'*&%B2A%*(9%*

.==.&%"(*B%(%&F#"#'F*+,*(9%*8.F%0*%O=."B*#('*=+''#E#/#()*'=.A%0*A/.&#,)*."B*#"A&%.'%*

(9%* &%/.C+"'9#='* E%(K%%"* =/.)%&* #"(%&.AC+"'* ."B* 8.F%* E%9.$#+&0* ."B* F+'(*

#F=+&(."(/)0*%"9."A%*(9%*=/.)%&I'*'%"'%*+,*(9%*#F=+&(."A%*+,*(9%#&*A9+#A%':*i%A.2'%*

Z.AMj."I'*F+$%F%"(*.Q%A('*F2A9*F+&%0*F2A9*F+&%*,&%J2%"(/)0*."B*E%A.2'%*(9+'%*

%Q%A('*.&%*"+(*.E'+&E%B*E)*58I'*')'(%F'0* (9%*=/.)%&* #'*F.B%*(+*&%.'+"*.E+2(* (9%#&*

B%A#'#+"'* +$%&* B#Q%&%"(* CF%M'A./%':* D9#'* C89(* &%/.C+"'9#=* E%(K%%"* =/.)%&* A9+#A%*

."B* A/%.&* F+$%F%"(* (9&+289* .* /.&8%0* B#$%&'%* =+''#E#/#()* '=.A%* #'* ')'(%F#A*

&%$%&E%&.C+"0*A+"$%)#"8*%F%&8%"(*8.F%=/.):*

Increasing Granularity of Player Interaction Outcomes 

58I'*A+&"%&#"8*#"A&%.'%'*(9%*K#"B+K*+,*CF%*,+&*#"=2>"8*B#&%AC+"*+"*%.A9*%"B*+,*#('*

#"(%&'%AC+"'0* .//+K#"8* =/.)%&'* F+&%* +==+&(2"#()* (+* F.V%* .* (2&"* E%,+&%* ."B* .m%&*

=.''#"8* (9%* #"(%&'%AC+"* T'%%*P#82&%*lU:* f.A9* '(%=*E%,+&%*."B*.m%&* (9%* #"(%&'%AC+"*

'/+K'*+&* '=%%B'*Z.AMj."*.AA+&B#"8* (+* (9%*B#'(."A%*."B* ,.A#"8*B#&%AC+":*H#B%"#"8*

(9#'*K#"B+K*."B*'#8"./#"8*K9.(*#'*9.==%"#"8*2'#"8*,%%BE.AV*#"A&%.'%'*(9%*"2FE%&*+,*

=+''#E/%*+2(A+F%'*.(*%$%&)*#"(%&'%AC+"*#"*.*K.)*(9.(*#'* #F=%&A%=CE/)*8&."2/.&0*'C//*

=2&%/)* B%(%&F#"#'CA0* ."B* "+K* =%&A%=CE/)* '#8"./%B* K#(9* (9%* $#'2./* ,%%BE.AV:* D9#'*

%O=."B'* 58I'* =+''#E#/#()* '=.A%* ."B* #"A&%.'%'* (9%* &%$%&E%&.C+"* +,* (9%* F+$%F%"(*

F%A9."#Aq* D9%&%* #'*F2A9*F+&%* (9.(* A."* 9.==%"0* ."B* (9%* =/.)%&* A."* '%%* =&%A#'%/)*

9+K*(9.(*#'*&%/.(%B*(+*F+$%F%"(:*

*

>45?#$&WA*-+&"%&#"8*#"*Z.AMj."*T/%mU*TZ#?F."*\]45U*

."B*Z.AMj."*-9.F=#+"'9#=*fB#C+"*T&#89(U0*K#(9*=&%M

(2&"*=#O%/'*#"*8&%%"*."B*=+'(M(2&"*=#O%/'*#"*&%B:*f.A9*

+,*(9%'%*A+&"%&*,&.F%'*.BB'*+&*&%F+$%'*.*,&.F%*+,*

'=%%B*(+*Z.AMj."I'*(2&":*

* ***4\



Reflecting Outcomes more Frequently and at Different Timescales 

w"%* +,* '%$%&./* .FE#82#C%'* #"* 2,'34,/* #'* K9.(* %O.A(/)* (&#88%&'* (9%* ,&2#(* (.&8%('I*

.==%.&."A%:*P&2#(*(.&8%('*.==%.&*#"*&%'=+"'%*(+*B+(M%.C"8*F#/%'(+"%'0*E2(*"+(9#"8*#"*

(9%* 8.F%* #"B#A.(%'* (9#'* A+""%AC+":* D+* .* "+$#A%0* (9%* ,&2#(* (.&8%(* .==%.&'* ."B*

B#'.==%.&'*&."B+F/):*D+*.*F+&%*%O=%&#%"A%B*=/.)%&0*(9%*,&2#(*(.&8%(*.==%.&'*%.&/)*#"*

(9%* /%$%/*."B* (9%"* /.(%&:*Z/.)%&'*K9+*A/+'%/)*F+"#(+&* (9%*8.F%0*+&*K9+*'(2B)*9+K*

(9%* 8.F%*K+&V'* .(* .* (%A9"#A./* /%$%/* A."*2"B%&'(."B* (9#'* A+""%AC+"0* E2(* ,+&*F.")*

=/.)%&'*#(*#'*"+(*.*=.&(*+,*(9%#&*F%"(./*F+B%/*+,*(9%*8.F%:*>3#&2"6?"0&F0"D$#6*&,-$#$&46&

0$66& #$O$#H$#"13.& 23E4.5& 7#3E& ,-$&E3O$E$.,&E$2-".42J6& #$0"13.6-4F&I4,-& 7#?4,&

,"#5$,&"FF$"#".2$N*

*

>45?#$& aA* S"* 2,'34,/( 56,%7&./!6&7( 81&-./0* ,&2#(*

(.&8%('* "+K* .==%.&* A.&&)#"8* $#'2./* ,%%BE.AV* T./+"8*

K#(9* .* <#"8/#"8* '+2"B* %Q%A(U0* A.//#"8* (9%* =/.)%&I'*

.?%"C+"* ."B* B%F+"'(&.C"8* (9%* A+""%AC+"*

E%(K%%"*%.C"8*."B*,&2#(*(.&8%(*.==%.&."A%:*

58*F.V%'* (9%*A+""%AC+"*E%(K%%"*B+('*%.(%"*."B* ,&2#(* (.&8%(*.==%.&."A%*%O=/#A#(q*

H9%"*Z.AMj."*G"#'9%'*%.C"8*.//* (9%*B+('*+"*+"%*'#B%*+,*(9%*'A&%%"0*.* ,&2#(* (.&8%(*

.==%.&'*+"*(9%*+==+'#(%*'#B%*K#(9*.*<#"8/#"8*'+2"B*%Q%A(*."B*.*'=.&V/#"8*$#'2./*%Q%A(*

T'%%*P#82&%*nU:*D9#'*A9."8%* #"*,%%BE.AV*F.V%'*(9%*&%/.C+"'9#=*E%(K%%"*B+('*%.(%"*

."B* ,&2#(* (.&8%(* .==%.&."A%* F+&%* .==.&%"(* (+* (9%* =/.)%&0* .//+K#"8* Z.AMj."I'*

F+$%F%"(I'* &%$%&E%&.C+"* (+* A+FF2"#A.(%* F+&%* +,* (9%* (+=+/+8)* +,* (9%* 8.F%I'*

=+''#E#/#()*'=.A%:*

Increasing Player Relationships to Other Parts 

i)* &%/.C"8* ,&2#(* (.&8%('* ."B* /%$%/* /.)+2(0* 58* %O=+"%"C.//)* #"A&%.'%'* Z.AMj."I'*

=+''#E#/#()*'=.A%:*;'*%.A9*'#B%*+,*(9%*/%$%/*#'*#(%&.(%B*'%=.&.(%/)0*"#"%()*=%&F2(.C+"'*

+,*/%$%/*/.)+2(*.&%*F.B%*=+''#E/%0*A+F=.&%B*(+*2,'34,/I'*+"%:*b+(*+"/)*(9.(0*E2(*E)*

'%A+"B.&#/)* &%/.C"8* Z.AMj."* ."B* (9%* /%$%/* /.)+2(* (9&+289* ,&2#(* (.&8%('0* ."B* E)*

F.V#"8* (9%'%* &%/.C+"'9#='* .==.&%"(* (9&+289* ,%%BE.AV0* 58( B%F+"'(&.(%'* (9.(*

(&.$%&'./* #"(+* (9%* 2"#J2%* '(.(%'* =+=2/.C"8* (9#'* A+F=/%O* =+''#E#/#()* '=.A%* #'* $#'#E/)*

."B* .2B#E/)* 8+$%&"%B* E)* (9%* F+$%F%"(* F%A9."#A:* D9%* A+FE#".C+"* +,* B#Q%&%"(*

=/.)%&MB#A(.(%B*F.3%*A+"G82&.C+"'*A&%.(%*B#Q%&%"(*(%"'#+"'*.A&+''*(9%*K9+/%*F.3%q*

w"%*'#B%*F.)*9.$%*&%/.C$%/)*,%K*B+('*."B*F.")*=+K%&*A++V#%'0*K9#/%*(9%*+(9%&*'#B%*

F.)*9.$%* (9%* #"$%&'%:*_#Q%&%"(* A+"G82&.C+"'*F.)*=+=2/.(%* (9%* (2""%/*K#(9*B+('0*

,+&A#"8*Z.AMj."*(+*K&.=*(+*(9%*+(9%&*'#B%*2'#"8*(9%*(2""%/0*K9#/%*+(9%&'*F.)*"+(:*;//*

+,*(9#'*,+&A%'*F+$%F%"(*(+*&%$%&E%&.(%*#"(+*/%$%/*/.)+2(0*."B*,+&*(9.(*&%$%&E%&.C+"*

(+*B%'A&#E%*.*"%A%''.&#/)*/.&8%&0*F+&%*B#$%&'%*'=.A%:*

Allowing State to Accumulate instead of Resetting 

S"*2,'34,/E*+"A%*.//*B+('*#"*.*/%$%/*9.$%*E%%"*%.(%"0*(9%*/%$%/*%"B'q*f$%&)(9#"8*'(+='*

."B* .* "%K* /%$%/* .==%.&'0* (9%* +"/)* "+"MB%(%&F#"#'CA* .?&#E2(%'* A.&&)#"8* ,+&K.&B*
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E%#"8* =+#"('* ."B* /#$%':* Z+#"('* .E'+&E* F.")* +,* (9%* B%(.#/'* +,* =&%$#+2'* #"=2('0*

A+F=&#'#"8*.*A+FE#".C+"*+,*B+('*%.(%"0*,&2#(*(.&8%('*%.(%"0*."B*89+'('*%.(%"*T./+"8*

K#(9*A+FE+*.(*CF%*+,*%.C"8U0*K#(9*F2A9*=+(%"C./*+$%&/.=:*W#$%'*&%F.#"#"8*'#F#/.&/)*

.E'+&E* =&%$#+2'* #"=2(* #"(+* .* A+FE#".C+"* +,* =+#"('* ."B* B%.(9'0* K#(9* 8&%.(%&*

=+(%"C./*+$%&/.=:**

D9#'* =&+8&%''#+"* (9&+289* &%=%.(%B0* B#'A+""%A(%B* /%$%/'* &%=&%'%"('* .* B%(%&F#"#'CA0*

/#"%.&0* A2F2/.C$%* .E'+&=C+"* +,* #"=2(0* K9%&%* =+(%"C./* '%J2%"A%'* +,* #"(%&.AC+"'*

(9.(*A+2/B*9.$%*/%B*(+*.*8#$%"*=+#"(*9.$%*8&%.(%&*+$%&/.=*.'*CF%*8+%'*+":*D9%*/%$%/*

A9."8%*#'*2,'34,/M!*V#AVM+2(*9+/%h*<2'(*.'*(9%*V#AVM+2(*9+/%*.E'+&E'*F+F%"(2F0*'+*

(++* B+*2,'34,/I'* /%$%/* A9."8%':*58( &%=/.A%'* (9%'%* /%$%/* A9."8%'*K#(9* .* '(&#A(* G$%*

F#"2(%*CF%&*."B*A+"'(."(/)MA9."8#"8*/%$%/*B%'#8"*T'%%*G82&%*4]U0*.//+K#"8*=/.)%&I'*

F+$%F%"(*(+*A+"C"2.//)*&%R%A(*(9&+289*(9%*'=.A%*,+&*(9%*%"C&%*G$%*F#"2(%'0*K9%&%*

%$%&)*F+$%F%"(*+2(A+F%*.Q%A('*%$%&)*+(9%&*F+$%F%"(*B%A#'#+":*

*

>45?#$& @<A* ;E'(&.A(0* '#F=/#'CA* &%=&%'%"(.C+"'* +,*

2,'34,/I'* T/%mU* ."B* 58I'* T&#89(U* =+''#E#/#()* '=.A%'0*

."B* =/.)%&* (&.<%A(+&)* (9&+289* (9%F:* H9%&%* 2,'3

4,/I'*/%$%/'*A+F=&%''*(+*."*%"B#"8*."B*&%'(.&(*(+*.*

'%(* B%'#8"0* 58I'* /%$%/* A+"C"2+2'/)* %$+/$%'* #"(+* .*

B#$%&'%*.&&.)*+,*=+''#E/%*A+"G82&.C+"':**

DESIGNING EMERGENCE WITH SYSTEMIC REVERBERATION 

-+"'#B%&*Z.AMj."I'*F+$%F%"(*(+*E%*(9%*=/.)%&I'*+"/)* ,+&F*+,* #"(%&.AC+"*K#(9*(9%*

8.F%:* H9%"* K%* ."./)3%* 2,'34,/M!* ."B* 58M!( ')'(%F#A* &%$%&E%&.C+"0* K%* .&%*

."./)3#"8* (9%*K.)* (9.(*F+$%F%"(* T.//*=/.)%&* #"(%&.AC+"U* #"(%&.A('*K#(9* (9%*8.F%I'*

=+''#E#/#()* '=.A%:* 2,'34,/( 56,%7&./!6&7( 81&-./* A+"$%)'* .* '%"'%* +,* ')'(%F#A*

&%$%&E%&.C+"*2'#"8*Z.AMj."I'*F+$%F%"(*T=/.)%&*#"(%&.AC+"U*E)q*

4: -+FF2"#A.C"8*(9%*')'(%F#A*%Q%A('*+,*F+$%F%"(*F+&%*A/%.&/)**

(+*(9%*=/.)%&0*."B*F+&%*,&%J2%"(/)*

\: a%R%AC"8*F+$%F%"(*K#(9*.*8&%.(%&*B%8&%%*+,*8&."2/.&#()*

t: ;Q%AC"8*+(9%&*=.&('*."B*.?&#E2(%'*F+&%*K#(9*F+$%F%"(0*(9%&%E)*8#$#"8*(9%*

=/.)%&*F+&%*.E#/#()* (+* A+"(&+/*B#Q%&%"(* .'=%A('*+,* 8.F%* '(.(%*."B*".$#8.(%*

(9%*'(.(%M'=.A%*

o: ;Q%AC"8* +(9%&* =.&('* ."B* .?&#E2(%'* J$!!( K#(9* "+"MF+$%F%"(* #"(%&.AC+"0*

,2&(9%&*%"9."A#"8*(9%*=/.)%&I'*.E#/#()*(+*&%.B*(9%*'(.(%M'=.A%*

5: b+(*&%'%>"8*/%$%/'0*(9%&%E)*.//+K#"8*.*A+F=/%O*'(.(%*&%'2/(."(*,&+F*=/.)%&*

F+$%F%"(*T89+'(*=+'#C+"0*/%$%/*B%'#8"0*%(A:U*(+*=%&'#'(*."B*&%R%A(*
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_&.K#"8* ,&+F* (9#'* A+F=.&.C$%* ."./)'#'0* K%* #B%"C,)* '%$%&./* =&.ACA./* 8.F%* B%'#8"*

(%A9"#J2%'* (+* #"A&%.'%* (9%* '%"'%* +,* ')'(%F#A* &%$%&E%&.C+"* A.2'%B* E)* =/.)%&'I*

F%A9."#A./* #"(%&.AC+"':* D9%'%* '(&.(%8#%'* %"A+2&.8%* 8&+K#"8* ."B* B#$%&'#,)#"8* .*

8.F%I'*=+''#E#/#()* '=.A%*K9#/%*F.V#"8* (9%* &%/.C+"'9#=*E%(K%%"*=/.)%&* #"(%&.AC+"'*

."B*=/.)%&*(&.<%A(+&)*(9&+289*(9%*'=.A%*F+&%*.==.&%"(:*D9%'%*'(&.(%8#%'*.Q+&B*(9%*

B%'#8"*+,*%F%&8%"(*8.F%=/.)0*%"9."A%*(9%*'%"'%*(9.(*=/.)%&'I*A9+#A%'*LF.?%&0N*."B*

A."*9%/=*)+2*%Q%AC$%/)*A+FF2"#A.(%*A+F=/%O*=+''#E#/#()*'=.A%'q*

Reflect outcomes more frequently, and at different timescales 

i)*8#$#"8*(9%*=/.)%&*.*F+&%*A+"C"2+2'*+&*,&%J2%"(*&%'=+"'%*(+*A%&(.#"*F%A9."#A./*

#"(%&.AC+"'0*)+2*8#$%* (9%F*(9%*.E#/#()* (+*L&%.BN* (9%*8.F%*F+&%*A/+'%/)*."B*E%?%&*

2"B%&'(."B*9+K*(9%#&*#"(%&.AC+"'*&%/.(%*(+*(9%*8.F%:*

i)*9.$#"8*A%&(.#"*&%'=+"'%'*9.==%"*#FF%B#.(%/)*."B*+(9%&'*/.(%&0*)+2*A."*A.2'%*(9%*

=/.)%&*(+*A+"'#B%&*E+(9*(9%* #FF%B#.(%*."B*B#'(."(*=.)+Q'*+,*F%A9."#A':*D9#'*8#$%'*

(9%*=/.)%&*F+&%*.E#/#()*(+*A9++'%0*."B*#"$#(%'*(9%F*(+*=&#+&#C3%:*

D9#"V*.E+2(*9+K*)+2&*8.F%*=&+B2A%'* ,%%BE.AV* ,+&* (9%*=/.)%&:*7+K*,&%J2%"(/)*A."*

(9%* =/.)%&* '%%Y9%.&Y,%%/* 9+K* B#Q%&%"(* =.&('* +,* (9%* 8.F%* &%.A(* (+* .* F%A9."#Ay*

_#$%&'#,)#"8* (9%'%* &.(%'* +,* &%'=+"'%* A."* ,+&A%* (9%* =/.)%&* (+* A+"'#B%&* .*F%A9."#AI'*

%Q%A('*.(*B#Q%&%"(*CF%'A./%':*

Increase the number of possible outcomes produced by player 
interactions 

H9%"*F%A9."#A./*#"(%&.AC+"'*.&%*.E/%*(+*A&%.(%*.*K#B%&*$.&#%()*+,*%Q%A('0*(9%*'(.(%*

(&."'#C+"'* (9.(* (9%)*A.2'%*.&%*.E/%* (+*A+FF2"#A.(%*F+&%*=&%A#'%/)* #"* &%'=+"'%* (+*

=/.)%&*#"(%&.AC+":*

H9%"* .* 8.F%* &%'=+"B'* K#(9* 8&%.(%&* '=%A#GA#()* (+* (9%* B%(.#/'* +,* F%A9."#A./*

#"(%&.AC+"'0*(9%*8.F%*#'*./'+*A+FF2"#A.C"8*(+*(9%*=/.)%&*(9.(*(9+'%*B%(.#/'*F.?%&:*

-+"'#B%&*K9#A9*.'=%A('*+,*F%A9."#A./* #"(%&.AC+"'*)+2&*8.F%*F#89(*"+(*E%*=.)#"8*

.?%"C+"* (+q*CF%0*=/.A%0* ,&%J2%"A)0* &9)(9F0*B#'(."A%* (+*."+(9%&*=.&(0* %(A:* P#"B#"8*

2"B%&2C/#3%B*K.)'*(+*#"(%&=&%(*F%A9."#A./*#"(%&.AC+"*8#$%'*.*B%'#8"%&*F+&%*(++/'*(+*

B%'#8"*&%'=+"'%':*

Increase player relationships to non-player parts with interactions 

-+""%AC"8*=/.)%&*E%9.$#+&'*(+*F+&%*=.&('*+,*(9%*8.F%*8#$%'*(9%*=/.)%&*F+&%*.E#/#()*

(+*(&.$%&'%*(9%*=+''#E#/#()*'=.A%*#"*%O=&%''#$%*K.)':*

D9%'%* A+""%AC+"'0* %$%"* K9%"* '2E(/%0* A."* F#C8.(%* (9%* ,%%/#"8* +,* &."B+F* A9.+':*

`#$#"8*(9%*=/.)%&*'%A+"B.&)*+&*(%&C.&)*K.)'*(+*#"R2%"A%*+&*A+"(&+/*&."B+FYA9.+CA*

%/%F%"('*%"9."A%'*(9%*'%"'%*(9.(*(9%#&*A9+#A%'*F.?%&:*

;//+K#"8* (9%* =/.)%&* B#'(."(0* #",&%J2%"(0* +&* &+2"B.E+2(* A+"(&+/* +$%&* +(9%&* =.&('* +,*

(9%* 8.F%* 8#$%'* (9%F*F+&%* .E#/#()* (+* (9#"V* .9%.B* ."B* ,+&F2/.(%* =/."'0* .'* K%//* .'*

%"A+2&.8%*(9%F*(+*(%'(*/#F#('*."B*G"B*E+2"B.&#%'*+,*(9%*=+''#E#/#()*'=.A%:*
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-+"'#B%&*K9#A9*=.&('*+,*)+2&*8.F%*B+"I(*(.V%*#"=2(*,&+F*(9%*=/.)%&*#"*.")*K.)0*."B*

(9#"V*+,*K.)'*(+*A+""%A(*(9%*=/.)%&*(+*(9+'%*=.&('0*%$%"Y%'=%A#.//)*#"B#&%A(/):*S,*(9%&%*

#'* .* CF%&0* 9+K*F#89(* (9%)* '=%%B* (9%*CF%&* 2=0* '/+K* #(* B+K"0* =.2'%* #(* +&* '(.&(* #(y*

`#$#"8* (++/'* /#V%* (9%'%* (+* (9%* =/.)%&* #"A&%.'%'* (9%* E&%.B(9* +,* =+''#E#/#C%'* #"* )+2&*

8.F%0*=+(%"C.//)*.//+K#"8*.*K#B%&*&."8%*+,*'(&.(%8#%'*."B*.==&+.A9%':*

Reduce the effect of non-player interactions on attributes affected 
by player interactions 

S,*.*=/.)%&*F%A9."#A.//)*.Q%A('*.*8#$%"*.?&#E2(%*T'+F%*=.&(*+,*8.F%*'(.(%U0*A+"'#B%&*

K9.(*+(9%&*E%9.$#+&'*.&%*.E/%*(+*.Q%A(*(9.(*.?&#E2(%:*S,*(9%*'(.(%*A9."8%'*A.2'%B*E)*

F%A9."#A./* #"(%&.AC+"'* .&%* &%'%(* +&* +$%&K&#?%"* E)* '+F%* +(9%&* E%9.$#+&0* (9#'*

.E'+&E'*(9%*=/.)%&I'*E%9.$#+&*."B*'CR%'*(9%#&*.E#/#()*(+*&%.B*2'#"8*(9%#&*F%A9."#A':*

a.(9%&*(9."*&%'%>"8*.?&#E2(%'*.Q%A(%B*E)*(9%*=/.)%&0*A+"'#B%&*A9."8%'*K9#A9*'C//*

(.V%* #"(+* .AA+2"(* (9%#&*F%A9."#A':* D9%'%* ()=%'* +,* A9."8%'* .//+K* .* 8.F%* (+* =2'9*

E.AV*+"*(9%*=/.)%&*K9#/%*F#C8.C"8*.E'+&=C+":*

S,* .* E%9.$#+&* .Q%A('* ."* .?&#E2(%* (9%* =/.)%&* ./'+* .Q%A('0* A+"'#B%&* 9.$#"8* (9.(*

E%9.$#+&*./'+*E%*'+F%9+K*#",+&F%B*E)*=/.)%&*F%A9."#A':*i%?%&*)%(0*#,*(9%*E%9.$#+&*

#'* .Q%A(%B* E)* .* B#Q%&%"(* =/.)%&* E%9.$#+&* (9."* (9%* .?&#E2(%* #'0* )+2* A."* E2#/B*

#//2'(&.C$%* (%"'#+"* E%(K%%"* (K+* E%9.$#+&'* (9&+289* B#'(."(* A+""%AC+"'* E%(K%%"*

B#Q%&%"(*=.&(':*

Extend the cumulative buildup of outcomes produced through 
player interaction 

H9%"*)+2*.$+#B*&%'%>"8*.?&#E2(%'*.Q%A(%B*E)*F%A9."#A'0*)+2*.//+K*(9%*=/.)%&*(+*

E2#/B*'%J2%"A%'*+,*%$%"('*(9.(*E%A+F%*%$#B%"(*#"*.?&#E2(%'I*'(.(%':*D9#'*A2F2/.C$%*

'(.(%*'(&%''%'*(9%*#F=+&(."A%*+,*(9+'%*F%A9."#A'*(+*(9%*=/.)%&:*

;//+K#"8*F%A9."#A./*+2(A+F%'*(+*.AA2F2/.(%*#//2'(&.(%'*(+*(9%*=/.)%&*9+K*(9%*8.F%*

&%'=+"B'*+$%&*CF%0* #"$#C"8*(9%F*(+*A+"'#B%&*9+K*(9%#&*=.'(*.AC+"'*E&+289(*(9%F*

9%&%0* ."B* 9+K* (9%#&* A2&&%"(* .AC+"'* F#89(* =/.)* +2(:* ;//+K#"8* .?&#E2(%'* K9#A9*

.AA2F2/.(%* =/.)%&* E%9.$#+&* (+* #"(%&.A(* K#(9* ."B* .Q%A(* +"%* ."+(9%&* #"(&+B2A%'*

=%&'#'(%"(* (%"'#+"0*."B*8#$%'* (9%*=/.)%&* (9%*.E#/#()* (+*".$#8.(%* (9%*=+''#E#/#()*'=.A%*

2'#"8*.*/+"8M(%&F*E./."A#"8*.A(*+,*F%A9."#A./*#"(%&.AC+":*

CONCLUSION 

D9#'*=.=%&* &%$#%K'*%O#'C"8* /#(%&.(2&%*+"*8.F%*')'(%F'*B%'#8"*(+* #"(&+B2A%*.* (%&Fq*

!"!#$%&'( )$*$)+$),-./:* 1)'(%F#A* &%$%&E%&.C+"* #'* ."* %Q%A(* K9#A9* #//2'(&.(%'* (9%*

=&+A%''*E)*K9#A9*8.F%*')'(%F'*."B*.?%"B."(*,%%BE.AV*B%'A&#E%*.*=+''#E#/#()*'=.A%*

(+*=/.)%&T'U*#"*&%'=+"'%*(+*(9%#&*F%A9."#A./*#"(%&.AC+"':*D9%'%*%Q%A('*.//+K*=/.)%&'*

(+* L%A9+M/+A.(%N* (9&+289* (9%* F.")MB#F%"'#+"./* =+''#E#/#()* '=.A%* 8%"%&.(%B* E)* .*

8.F%I'* ')'(%FT'U:* D9%* =&%'%"A%* +,* (9%'%* %Q%A('* "%A%''.&#/)* #F=/)* %F%&8%"(*

8.F%=/.):*H%*A.&&)*+2(*.* ,+&F./*."./)'#'*+"*2,'34,/* ."B*2,'34,/(56,%7&./!6&7(

81&-./0*'#F#/.&*8.F%'*K#(9*'/#89(*B%'#8"*B#Q%&%"A%'*K9#A9*/%.B*(+*9#89/)*A+"(&.'C"8*

'%"'%'*+,*')'(%F#A*&%$%&E%&.C+":*i)*."./)3#"8*8.F%=/.)*(9&+289*(9%*/%"'*+,*')'(%F#A*

&%$%&E%&.C+"0* K%* 9.$%* B%$%/+=%B* B%'#8"* '(&.(%8#%'* K9#A9* %"A+2&.8%* %F%&8%"(*

8.F%=/.):* P2(2&%* K+&V* A+2/B* /%.B* (+* ,2&(9%&* B%/#"%.C+"Y(.O+"+F#3#"8* +,* 9+K*

'=%A#GA* 8.F%* B%'#8"* B%A#'#+"'* ,+'(%&* ."B* A+FF2"#A.(%* %F%&8%"(0* ')'(%F#A*

8.F%=/.):*
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