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ª�^)<Q9 7N_�,+GH,�T3^)? 9KAi7H4p,�(�T L T3@HT�S ,`T�A67H.>9;.>?K.VA2CO?;d�A.>?K(�_),%.

–
<Q^HS ,g.;,�S ,�T+? 9KA67�(37H1¥<Q^NS ,VC 9 <Q9>7H_)k�ª8^)<Q9>7H_? L ,�<+^HS ,f.;,�S ,�T+? 9KA67µ.>?K(%_),�4�,�(�T L (%_),+72?g.;,�S ,�T3?K.B(<Q^HS ,�?KAbC 9 <=,�m2@�C 9 7H169>7H_�? L ,�C 9 <�.>?&<Q^HS ,Vds9 ? L 9 7-? L ,A6<=12,+<=,=1�.;,+?hA2C~<Q^HS ,�.�d L A2.F,�T�A67H169 ? 9KA67j.;,+?,�S ,3*-,37)?K.�(+<=,�(�S S~CoA6^27H1¶ds9 ? L 9 7�? L ,�T3^)<Q<=,+7)?T�A67)?K,+7)?;.JA2C�? L (+?�(%_),37)?K¤Q.-I�]�k�{ L ,�A6<=12,Q<Q9 7H_

impose
1�A67¢? L ,N<Q^NS ,e.;,+?�9K.&(%.&CQA2S S Aqde.;È

• m
A6<=,`.>nN,�T+9KC 9KTc<Q^HS ,%.�u 9Kk ,�ky<Q^HS ,%.Vds9 ? L (S (+<=_),+<�.;,+?BA2C�T�A67H169 ? 9KA67H.;z�(+<=,fA6<=12,Q<=,�1mN,�CoA6<=,eS ,�.;.&.>nN,�T+9KC 9KTN<Q^HS ,�.

• r̂
HS ,�.�ds9 ? L ,�r6^H(�S-.>nN,�T+9KC 9KT+9 ?>@�u 9Kk ,�kV(+7,�r6^H(�S�72^2*�mN,+<óA2C¶T�A67H169 ? 9KAi7H.;z�(+<=,A6<=12,+<=,=1`(+<Qm29 ? <=(+<Q9KS @-mq@b? L ,g12,�.a9K_F7H,+<�AqC? L ,e(�_),37)?Kk

X�7HT�,h,�(�T L (�_),37)? L (%.�.;,�S ,�T3?K,�1«(�<Q^HS ,�4-? L ,.>9>*c^HS (+?>9KA67#,+GH,�T3^)? 9KAi7#,+7)?K,+<=.~? L ,�<Q^HS ,�C 9 <Q9 7N_.>?K(�_),�4«16^)<Q9>7H_õd L 9KT L ? L ,�,�CoCo,�T+?;.óA2C³? L ,(�.;.;,+<Q? 9KA67N.�(+<=,J9>*�nNS ,3*b,37)?K,�12k�{ L ,J<Q^HS ,�C 9 <Q9>7H_
stage

9;.&(�_)(+9>7B.>nNS 9 ?�9>7)?KAO?;d�A�.>?K(%_),�.
-à´A6<¡,�(�T L (�_),+72?�9 7¢? L ,e.a@H.>?K,3*bÈ

1.
/�S St(%.;.;,+<Q? 9KAi7H.¡d L 9KT L <=,�Co,+<�?KAe? L 9K.p(%_),+72?O(+<=,n2<=A2T�,�.;.;,�124µCoA6<�,�(�T L (%_),+7)?«ds9 ? L 9 7�? L ,.a@H.>?K,3*öu ^)nN12(+? 9 7N_¨? L ,�(�_),372?K¤o.h9>7)?K,+<Q7H(%S
state)

9>7¢? L ,eA6<=12,+<H? L ,3@B(+<=,e.>nN,%T+9KC 9K,�1cds9 ? L 9>7? L ,N<Q^HS ,�k
2.
/�S SVA6? L ,+<W(�.;.;,+<Q? 9KA67N.�uQ.a@)*cmNA2S>.g?KA�(�121J?3AA6? L ,+<�(�_),37)?K. –

£ *b,%.;.;(%_),�.F¤Qz«(+<=,�? L ,37n2<=A2T�,�.;.;,�1#CoA6<�,�:),+<+@j(�_),37)?³dN9 ? L 9>7�? L ,
system.{ L ,�.;,+nN(+<=(+? 9KA67�A2C�? L ,�?Fd�Aô.>^)m - .>?K(%_),�.¹9K.<=,�r6^)9 <=,�18?KAg(�:)A69K1g(3*�mq9K_6^)9 ?>@V9>7V? L ,cAi^)?KT�Ai*-,¥A2C<Q^HS ,�.�C 9 <Q9>7N_�.>9>*c^HS ?K(+7H,�Ai^H.;S @¸ds9 ? L 9>7�? L ,b]�/�[0kà´A6<�,+GH(3*�nNS ,�489;C�A67H,�(%_),37)?�d�,+<=,�?KA�(�121�(+7,�S ,3*-,37)?0?KA�(�IJ]�d L 9KS ,8(37HA6? L ,+<�(�_),37)?0<=,3*-Aq:),�.? L ,�.;(3*b,�,�S ,3*-,37)?JC <=Ai*ó? L ,!.;(3*-,�IJ]�48? L ,A6^)?KT�Ai*-,s9;.0^27HT�S ,�(+<=kq©�Aqd�,�:),+<=4=mN,�T�(+^H.;,�A67HS @�? L ,<Q^HS ,�.Vds9>? L 9>7�,�(�T L (%_),+7)?�T�(+7�<=,3*-A2:),b,�S ,3*b,37)?K.C <=Ai*�? L (+?�(%_),37)?;¤o.�IJ]�4c(�S SV,�S ,3*-,37)?�<=,3*-Aq:)(�S(�.;.;,+<Q? 9KA67N.g(+<=,�n2<=A2T�,�.;.;,�1J1i^)<Q9 7H_-? L ,�C 9 <=.>?g.a^ b-.>?K(�_),�46<=,3*-Aq:F9>7H_´? L ,eT�A67NCoS 9KT+?Kk

Ë ¾2÷0÷%ÎKÐ0Ï�¾ Ë Ö Ñ�½QÂ�¾2Ð Ë Ñ%À·Q?�9K.f7HAqd¶<=,�S (+? 9;:),�S @«,�(�.a@¸?;A�? <=(+7H.FCoA6<+*Õ(372@*c^NS ? 9K(%_),+7)?¬.a@H.>?K,3*É(�1 L ,+<Q9>7N_�?KA�? L ,¨(+mNA2:),
specification

9>7)?KAf(
multi-state

7H,+?;d�A6<QPHktD�(�T L(�_),+7)?�9>7�? L ,b]�/V[W9K.�<=,+n2<=,�.;,+7)?K,�1!dN9>? L 9>7�? L ,7H,+?;d�A6<QP�(�.B(�.>9>7H_2S ,�7HA212,�ks{ L ,�S A2A6P)^)n�?K(+mNS ,�.
for
? L ,�]�[%�|(+<=,�_),37H,+<=(+?K,�1Wmq@�<Q^2727)9 7N_W? L ,

simulation
CoA6<�(�S S�nNA2.;.a9 mNS ,lT�A6*�m29>7H(+? 9KAi7H.~AqC(�_),+7)?HIJ]�T�A67)?K,37)?K.;4t,�(�T L CoA6<¢(�.>9 7N_)S ,�T3@yT�S ,�k�/

larg
,�?K(+mNS ,�9K.�T�Ai7H.>? <+^HT+?K,�1�ds9 ? L ?FdeA�*b(+9>7T�A2S ^2*c7H.

–
? L ,¥.a@H.a?K,3*«.>?K(+?K,¡ms,�CoA6<=,¡? L ,¥T3@HT�S ,¡9K.<Q^)7fu ]�/V[0u
t
zQzQ4y(+7H18? L ,¥.>?K(+?K,¥(�C ?K,+<O? L ,cT3@HT�S , L (�.C 9>7)9K. L ,�1~u ]�/�[ (t ø �2zQzQk´�cA6? L A)C�? L ,%.;,�T�A2S ^2*c7H.

are
C ^)<Q? L ,+<g169K:F9K12,�1�9 7)?KA�.>^)m -

T%A2S ^2*c7H.�CoA6<g,�(�T L



(�_),+7)?;¤Q.OIJ]�k�·+7b? L 9K.¡*b(+727H,+<=4�,�(�T L ?K(+mNS ,�,+72? <+@L A2S 12.�? L ,e.>?K(+?K,eAqCy,�(�T L (�_),37)?�u <�,+n2<=,�.;,+7)?K,�1´mq@89 ?;.IJ]�z89 7�? L ,J.a@H.>?K,3*�mNA6? L mN,�CoA6<=,�(+7H1�(%C ?K,+<�(.>9>*c^HS (+?>9KA67�T3@yT�S ,�k){ L ,¡9 7H169;:F9K16^H(�SsS A2A6P)^)ng?K(+mNS ,�.CoA6<e,�(�T L 7HA212,�T�(+7cmN,�,+G)? <=(�T+?K,�1¥C <=Ai*!? L 9K.´_)S A6mN(�S?K(+mNS ,�ds9 ? L *c9 7)9>*c^q*�,%CoCoA6<Q?Kk�{�Ah,+G)? <=(=T+?f? L ,S A2A6P)^)nù?K(+mNS ,#CoA6<
nodei

u ? L ,¬7HA212,�d L 9KT LT�A6<Q<=,�.>nNA67H12.H?KA�(�_),+7)?
i
zQ40.>9>*cnNS @�T+<=,�(+?K,¢(¢T�AFn2@`A2C? L 9K.`S (+<�_),B?K(+mNS ,�4´m2^)?c<=,3*-Aq:),J(�S Sc.>^)m - T�A2S ^2*c7N.

from
? L ,¨]�/V[0u t ø �2z�T�A2S ^2*c7�,+GHT�,+n2?³? L (+?<=,+n2<=,�.;,+7)? 9 7N_´? L ,NIJ]�A2Cg(�_),+72? i k

{�deA�C ^)<Q? L ,+<�A6nN,+<=(+? 9KA67H.`T�(37~mN,BnN,+<=CoA6<Q*B,�1�?KA<=,�16^HT�,O? L 9;.s?K(+mNS ,O9>7f.>9K¦�,�kE{�A�<=,3*-A2:),p<=,�16^�7H12(37)?<=Aqde.;4�T�Ai*�nN(+<=,�? L ,�.>?K(+?K,�AqC27HAq12, i 9 7c? L ,�]�/V[0u t zT�A2S ^2*c7bds9>? L ? L ,�.>?K(+?K,�9>7�]�/�[tu t ø �2z – 9KC)? L ,+<=,s9K.7HAÔT L (37H_),�4l? L 9;.«<=AqdvT�(37ÔmN,j169K.;T=(+<=12,�1)k[0,�T�A67H12S @y4�?KA�<=,�16^HT�,«? L ,�.>9K¦�,�A2C�7yA212, i ¤Q.7H,+9K_ L mNA6^)< L A2A21luQd L 9KT L ds9KS S-T+^)<Q<=,+7)?KS @�mN,f? L ,,+7)? 9 <=,+?>@�A2CH? L ,�]�[%�VzQ42? L ,�CoA2S S>AqdN9>7H_-(�S _)AF<Q9 ? L *T�(+7¢mN,N^H.;,�12È
1. F

A6<¡,�(�T L 7HA212, n
9 7¢? L ,N]�/�[0u t zNT�A2S ^2*�7

a. F
A6<�,�(�T L T�Ai*�m29>7H(+? 9KAi7�A2Ce? L ,f.>?K(Q?K,�.-A2C? L ,¢A6? L ,+<´7HA212,�.¡u 9Kk ,�k0(�S S)7HA212,�.NDsú�RtDsM0{

nodei)
i. F

A6<�,�(�T L .>?K(+?K,VA2CN7HA212, n4�9KCN? L ,�.>?K(+?K,A2C�7HA212,
i
^)7H12,+<~]�/�[0u

t ø �2z~1F9KCoCo,+<�.C <=Ai*û? L ,ó.a?K(+?K,óA2C¹7HA212, i ^�7H12,+<
MAS(t

zQ42.;,+?�(eCoS (%_´?KAO? <Q^H,�k
2. I

Cp? L ,�CoS (%_B9;.B.>? 9KS S¢Co(�S .;,�4s7HA212, n 7H,%:),Q< L (�.(+72@89>7NCoS ^H,+7HT�,eA67¢? L ,e.>?K(3?K,eA2C�7NA212, i 42.;A)È
a. TL ,c.>^)m - T�A2S ^2*c7fAqC0]�/�[0u t zt9 7g? L ,O?K(+mNS ,CoA6<g7HA212,

i
d L 9KT L <=,�Co,+<=.¥?KA�? L ,�.>?3(+?K,�A2C

noden
T�(+7¢mN,N<=,+*-Aq:),�12k

b.
ª�^)nNS 9KT�(+?K,J<=Aqd�.~ds9 ? L 9 7�? L ,J?K(+mNS ,µdN9KS S
now

,3G)9;.>?V(�C ?K,+<¥? L ,�T�A2S ^2*c7�<�,3*-A):)(�S –? L ,�.;,eT�(37B(�S .;AOmN,N? L <=Aqds7B(%d�(3@Nk
{ L ,�C 9 7H(�S�7H,+9;_ L mNA6^)< L A2A21bA2CH7NA212, i 9K.¢(�S S&A)CH? L ,
no
12,�.�d L 9KT L¬L (�:),�.a^)m - T�A2S ^2*c7N.�ds9 ? L 9>7�? L ,

MAS(t
z�T�A2S ^2*c7¬A2Cg? L 9K.�?K(+mNS ,�k¢{ L ,�nNA).;.>9 mNS ,.>?K(+?K,�.BA2C¥(V7HA212,�u

S
¤oz�(+<=,�(�S S&nNA2.;.>9 mNS ,�.>^�mN.;,+?;.u 9 7HT�S ^H169>7N_´? L ,e,3*cn2?>@B.;,+?KzHA2C�? L ,e(�S n L (+mN,+? S.

ü Ã�ÂiÓ Ë Ñ%À × ¾2Ø�Ä�½QÂ�¾ Ë Ö Ñ/�.>9;_F7)9;C 9KT�(37)?&(+9>*�AqC)? L 9K.t9 7N:),�.a? 9K_)(+? 9KAi7 L (%.�mN,�,+7
to
12,�:),�S A6n29 7H_ó? L ,#n2<=A2T�,�.;.¶?KA»,+G)? <i(�T+?�(T�A6<Q<=,�.>nNA67H169 7H_�]�/�[�C <=Ai*�(+7�]�[%�Vkt/«.>9>*�nNS ,(+n2n2<=A2(�T L ?KA�(�T L 9K,�:F9 7N_�? L ,¢<=,%:),+<=.;,�*-(+n)n29>7H_�9;.mN(�.;,�1�A67�(¢.>9>*�nNS ,´<=,�:),+<=.;(�S

o
C�? L ,O*-(37)9 nq^yS (+? 9KA67A2C�? L ,eS A2A6P2^)n�?K(+mNS ,�.&_),37H,+<=(+?K,�1�(+mNA2:),�k

·Q7�A6<=12,+<´?KAV12,+?K,+<+*�9 7H,p? L ,�,%CoCo,%T+?K.eA2C´,�(�T L (�_),37)?A67�(�S SsA6? L ,+<c(%_),+7)?;. –
? L ,¡<+^HS ,%.�A2CO,�(�T L (�_�,37)? –? L ,&9>7H169K:F9K1i^H(�StS A2A6P2^)n�?K(+mNS ,�.pAqCs,�(�T L 7HA21),´*c^N.>?mN,�<=,�T�A6*�m29 7H,�1V9>7)?KAf(+7~(3*b(�S>_2(3*-(+?K,�1V?K(QmNS ,�4O(�._),+7H,+<=(+?K,�1�9>7B? L ,en2<=,�:F9KA6^N.8.;,�T+?>9KA67Hk2{ L 9K.�T�(+7BmN,(�T L 9K,�:),�1|(�.�mq@õ,%CoCo,�T3? 9K:),%S @ò<=,�:),+<=.>9 7H_�? L ,n2<=A2T�,�.;.&^H.;,�1-(+mNA2:),�k2à09 <�.>?K42? L ,�7H,+9;_ L mNA6^�< L A2A212.A2C¡,�(�T L 7HA212,�*c^N.>?´mN,�,+G)?K,37H1q,�1c?KAc9 7HT�S ^y12,�? L ,

,+7)? 9 <=,¡7H,+?;d�A6<+P�(�_)(+9>7Hk){ L 9K.�T�(+7gmN,¥(�T L 9K,�:),�1¢mq@<=,�T+<=,�(+? 9 7H_�? L ,-16^)nNS 9KT�(+?K,�<=Aqde.VdN9 ? L 9>7�? L ,�?K(+mNS ,uQ.>?K,+nb�2k mb(+mHA2:),�z
–
,�(�T L <=Aqd`*¥^H.>?�mN,�16^)nNS 9KT�(+?K,�1CoA6<b(�S SsnNA2.;.>9 mNS ,`T�Ai*�m29>7H(+? 9KA67N.gA2C�.>?K(+?K,%.VA2CO? L ,7HA212,�.ed L 9KT L (+<=,O7HA6?p(�S <=,�(�1i@�<�,+n2<=,�.;,+7)?K,�1�9>7�? L ,

MAS(t
zHT�A2S ^2*c7Hk

�V,+G)?K4&? L ,�.a?K(+?K,�.bA2C�7HA212,�.¥*c^H.>?�mN,�T�A67H:),+<Q?K,�19 7)?KA¢IJ]ôT�A67)?K,37)?K.
–
? L 9K.�9;.�12A67H,¡mq@fT+<=,�(+? 9 7N_g(

new
(�S n L (+mN,+? T

40d L A2.;,¢.>9K¦�,&9K.¡_F9K:),37¥mq@`Cou+ý [tý z ÛGbd L ,+<=,�� x-1 þ ý [tý%(37H1c� x ÿ ý [tý k T . L A6^HS 1p? L ,37�mN,
ordered.

D�(�T L .>?K(+?K,¢9>7 S’
T�(37�? L ,37`mN,B_F9;:),37W(m29 7H(+<+@B9 7H12,3GH4s,�k _)k�£ (%¤ Û �2�24�£ mN¤ Û �2�24�£ T�¤ Û �)�(+7H1¸£ 12¤ Û �2�2kOà09 7H(�S S @H4�,�(�T L 169K_F9 ?�ds9 ? L 9 7~? L ,m29 7H(+<+@b9>7H12,+GW. L A6^NS 1�mN,gT�A67H.>9;12,+<=,�1�?KA�9 7H169KT�(+?K,? L ,´n2<=,�.;,+7HT�,¢u 9 7�? L ,¢T�(�.;,¢A2C�(��2z&A6<�(+mN.;,+7HT�,¢u 9 7? L ,cT�(�.;,cA2C´�2zOA2C0? L ,cT�A6<Q<=,�.>nNA67H169 7N_V,�S ,3*b,+72?eA2C

T
uQ(�T�T�A6<=169 7H_p?KA¡? L ,�A6<=12,+<eA2C2? L ,�,�S ,3*-,+7)?;.OA2C TzQkà´A6<�9 7H.>?K(37HT�,�4�9;Cl£ /V¤�9K.�C 9 <=.a?!ds9 ? L 9 7 T

4�? L ,n2<=,�.;,+7HT�,¥A2CO(¥�¢9 7g? L ,¥S ,�(�.>?�.>9K_F7)9;C 9KT�(37)?�169K_F9>?�A2C? L ,¡m29 7H(+<+@V9>7H12,+G�A2Ct? L ,¥.>?K(+?K,e*b,�(+7N.�? L (+?V£ /V¤t9K.n2<=,�.;,+7)?�9 7�? L ,gIJ]ÕT�A67)?K,37)?;.;k´{ L ^H.;4&? L ,�.>?K(+?K,£ 12¤o4tds9 ? L ? L ,´m29 7H(+<+@¥9>7H12,+G��2�24%9K.¡T�A67H:),+<Q?K,�1�9 7)?KA? L ,�IJ]ºT�A67)?K,37)?;. Ü £ /V¤o43£ �c¤ Þ k�·Q7!? L ,~T�(�.;,�A2C9 7H12,+GB�246? L ,NIJ]�A2C�? L ,e(�_),37)?�9;.8£ ,3*cn2?>@H¤ok
{�Ab,+G)? <=(�T+?&? L ,�<Q^HS ,�.O? L ,3*b.;,%S :2,�.;4q? L ,VCoA2S S Aqds9>7H_n2<=A2T�,�16^)<=,N9K.�^H.;,�12È
1.
Æ�,+7H,+<=(+?K,�? L ,�]�/V[�(�S n L (+mN,+? T

4�(�.B(+mNA2:),(+7H1�.>^)mN.>?>9 ? ^2?K,l(�S S�7HA212,l.>?K(+?;,�.�dN9>? L ? L ,,�r6^)9K:)(�S ,37)?�.a@2*cmNA2S .;k
2.
à´A6<¡,�(�T L 7HA212, i 9 7¢? L ,s7H,+?;d�A6<QP

a.
Rt<=,�(+?K,e(N7H,%d�(�_),37)?

i

b.
à´A6<�,�(�T L <=A2d«d L ,+<=,�(�S Sp7HA212,�.`,+GHT�,+n2?
nodei L (�:),�(+7µ£ ,3*�n2?>@H¤HIJ]ùu <Q^HS ,�.O*-(3@A67HS @�<=,�Co,+<�?KAb? L ,�(%_),+72?K.BAqds7�IJ]�4�.;A? L ,g.>?K(+?K,�.cA2C�A6? L ,+<�7HA212,�.cT�(+7N¤ ?´mN,�^N.;,�1(�.�<Q^HS ,eT�A67H169 ? 9KA67N.&(+7H1�T�(37¢mN,N9K_F7HA6<=,�12zQÈ

i.
ROAi*�nN(+<=,¥? L ,�.>?K(+?K,`AqC�,�(�T L 7NA212,`(+?
MAS(t

zò(+7H1»]�/V[0u
t ø �2zQ4«7HA6? 9 7N_

differences.
ii.

Rt<=,�(+?K,h(�7H,%d�<Q^HS ,�ds9>? L 9>7 agenti
where

? L ,8T�A67H169 ? 9KAi7H. are
? L ,8.a?K(+?K,8A2C

nodei,
(+7H1µ? L ,�(�.;.;,+<Q? 9KA67N.!(+<=,~? L ,169KCoCo,+<=,37HT�,�.®12,+?K,+<+*c9 7H,�1û9>7 ? L ,n2<=,�:F9KA6^H.O.>?K,+nbuQ,�k _)ki9;C)7HA212,�Z L (%.´.>?K(+?K,£ /V¤¡(+?&? 9>*-,

(t)
(+7H1c? L ,�.a@)*cmsA2S .B£ �c¤(+7H1�£ RO¤s(+?y? 9>*b,
(t+1)

4�(�121�(�.;.;,+<Q? 9KA67H.u=£ /�¤o4gZ24BCo(�S .;,�zQ4gu=£ �¥¤o4gZ248? <Q^H,�zf(+7H1u=£ Rp¤o42Z246? <Q^H,�z)?KAO? L ,N7H,%db<Q^NS ,�z .
{ L 9K.�n2<=A2T�,�.;.~dN9KS>S`,+G)? <=(�T+?W(�]�/V[�d L 9KT L 9;.
equivalent

?KA¢? L ,¥A6<Q9K_F9>7H(�Sq]�/V[ –
? L (+?�9K.;4H(�.;,+?A2CN<Q^HS ,�.cd L 9KT L ds9KS S0n2<=A216^HT�,V(+7b9K12,+7)? 9KT�(�S tabled L ,37�T�A67N:),+<Q?K,�1¢?KAB(+7g]�[%��(%.�? L ,�.;,+?�A2Ct<+^HS ,�.C <=Ai*�? L ,�A6<Q9K_F9>7H(�S�]�/V[0k¥�¥,�T�(+^H.;,�? L ,�?K(+mNS ,<=,+n2<=,�.;,+7)?K.0? L ,smN, L (%:F9KA6^)<eAqC)? L ,�.a@H.>?K,3*!9>7-,�:),+<+@nNA2.;.>9 mNS ,¢.>?K(+?K,�4

equivalent
.a@H.>?;,3*-.�d L 9KT L (+<=,´9>79K12,+7)? 9KT�(�SJ.a?K(+?K,�.µ(+?�? 9>*b,
t
4�ds9KS>SJ(�S .;A�mN,�9>79K12,+7)? 9KT�(�S�.>?K(+?K,%.&(+?�? 9>*b,

t+1.



·Q?p9K.�d�A6<Q? L 7HA6? 9>7N_�? L (+?p? L , rules
_),37H,+<=(+?K,=1�mq@? L 9K.y<=,�:),+<=.;,&n2<=A2T�,�.;.y*b(3@¥7HA6?0ms,�9K12,+7)? 9KT�(�S%?KA¡? L ,A6<Q9K_F9 7H(�SN]�/V[`<Q^HS ,%.;ky{ L 9K.�12A2,�.�7HA6?�*b,�(Q7�? L (+?? L ,8]�/�[�,+G)? <=(�T+?K,�1�9K.p7HA6?�,�r6^)9K:)(%S ,+7)? –

9 7�Co(�T+?? L 9K.fn2<=A2T�,�.;.~T�A6^HS 1�mN,W^H.;,�1�(�.~(W*b,�(Q7N.�?KA9K12,+7)? 9;C @�_F<=A6^)ns.8A2Cp,�r6^)9K:)(�S ,37)?
MAS,

d L 9KT L (+<=,C ^27HT+? 9KAi7H(�S S @�9K12,37)? 9KT�(�S`u 9Kk ,�k�? L ,3@�nN,+<=CoA6<Q*j? L ,.;(3*-,N? <=(37H.>9 ?>9KA67H.�9>7¢9K12,+7)?>9KT�(�S�.a@H.>?K,3*¹.>?K(3?K,=.;zQk
However,

? L ,+<=,b(+<=,`.>9K_67)9;C 9KT�(37)?en2<=A6mNS ,3*B.gds9 ? L? L 9K.c(+n2n2<=A2(�T L k�{ L ,V.>9K¦�,VA2CN? L ,V_),+7H,+<=(+?K,=1¥?K(+mNS ,T�(+7�mN,�r6^)9 ?K,�S (+<=_),�u ? L ,O72^2*�mN,3<¢A2C�<=A2de. Û 2n
� ��� 4d L ,+<=, n

9K.H? L ,´72^2*�mN,+<8A2C�(�_),37)?K.H9>7�? L ,¢.>@H.a?K,3*-4(+7H1
|S|
9K.W? L ,!72^2*cmN,+<¹A2C�.a@)*cmNA2S .W9 7³? L ,

alphabet).
ROA67N.>9K12,+<�(`]�/�[¸ds9 ? L �2�!(�_�,37)?K.;4(+7H1�(+7`(�S n L (+mN,+?OA2Cs�2��.a@2*�mNA2S>.;k�{ L ,8.>9K¦�,�A2C�? L ,?K(+mNS , _),+7H,+<=(+?K,�1 deAi^HS 1 mN, � 1004ÉA6<

1,267,650,600,228,229,401,496,703,205,376<=Aqde.;kNROS ,�(+<=S @g? L 9K.8.>9K¦�,¥AqCt?K(+mNS>,¡9K.�9>7NCo,�(�.>9 mHS ,e?KA*b(+729 n2^HS (+?K,
–
9 7h? L ,¸deA6<�.>?�T�(�.;,�? L , actual7H,+9K_ L mNA6^)< L A2A212.�A2Ce,�(�T L 7HA212,BdeAi^HS 1¥mN,�,�:),+<+@A6? L ,+<W7HA212,�4�(+7H1µ7HAhC ^)<Q? L ,+<l.>9K¦�,�<=,�1F^HT+? 9KAi7H.T�A6^HS 1�mN,�*-(�12,�4�<=,�.>^HS ? 9>7N_J9 7��2��7HA212,`?K(+mNS ,�.,�(�T L A2Ct? L 9K.�.>9K¦�,�k�·Q?N9;.�T�S ,�(+<O? L (+?eCoA6<O? <=(+7N.KS (+? 9KAi7C <=Ai*�]�/V[-?KA�]�[%��(37H1�mN(�T+P�?KA�mN,¢n2<=(�TQ? 9KT�(�S

,(+7B(�S ?K,+<Q7H(+?>9K:),s*b,+? L A21p*�^N.>?�mN,eCoA6^27H12k
��Ì0Í ¿ Ë ¾2Ð%ÎK÷ Ì0Í ¾2½ ÎKÂ2Ð Ë ¿�½ �´Â2Ù
As
(+7ù(�S ?K,+<+7H(+? 9;:),¸?KA�_),37H,3<=(+? 9 7H_�? L ,¸7HA212,S A2A6P)^)nf?K(+mNS ,�.�^N.>9 7N_�£ m2<Q^)?K,bCoAi<=T�,�¤8u mq@�<Q^)727)9>7H_? L ,l.>9>*c^HS (+?>9KA67¹^H.a9 7N_¸,%:),+<+@¸nNA2.;.>9 mNS ,�.a@H.>?K,3*.>?K(+?K,�zQ42(+7B(+n2n2<=A2(�T L d L 9KT L d�A6<QPH.&169 <=,�T+?KS @gA67�? L ,<Q^HS ,�.`ds9>? L 9>7W? L ,�.a@H.a?K,3* L (%.¥mN,�,+7l12,�:�,�S A6nN,�12k{ L 9K.¡*-,+? L A21�.>9K_67)9;C 9KT�(37)?KS @b<=,�1i^HT�,�.p? L ,g(3*BAi^27)?A2CB9>7)?K,+<+*-,�169K(+?K,W9 7NCoA6<+*-(3? 9KA67¶d L 9KT L *�^N.>?�mN,^H.;,�1e?KA�,+G)? <=(�T+?t7HA212,&<Q^HS ,�.;k�5g.a9 7H_¡? L ,¢CoA2S S A2ds9 7N_,+GH(3*�nNS ,N]�/V[
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}ã���ï���ì�ñ!áí%î��%ïqñ�
;ñ��Bã%�»è æyå%ñqðí%î��%ïqñ�
3ë&��æ
�»èêã�å%ñqð��¸è æyå�	qð��¸è!�qåië�ð
}ã���ï���ì�ëµá

r ul e2. 1:
ã
,
�'�»è æyå�	qð��¸è æyå%ñqð��¸è æyå=ë�ðí%î��%ï)ë&
3ë&�(�'�»èêã�å=ë�ð

}

-
?KA-,+G)? <=(�T+?&? L ,e]~[%�³C <=Ai*«(�]�/V[�^N.>9>7y_¢<+^HS , -*b(+729 n2^HS (+? 9KAi7H46? L ,�CoA2S S Aqds9>7H_´n2<=A2T�,�16^)<=,N9K.�^H.;,�12È

1.
à´A6<¡,�:),+<+@g(�_),37)?

i
9>7¢? L ,�.a@H.>?K,3*bÈ

a.
Çe(+mN,�S�,�(�T L <+^HS ,«^N.>9>7H_ù(37õAF<=12,+<=,=1.;,�r6^H,+7HT�,�AqCcS (+mN,�S .¢*-(+?KT L 9>7H_-? L ,`A6<=12,+<

A2C�? L ,�<+^HS ,�.�ds9>? L 9>7¬? L (+?l(%_),+7)?K4J,�k _)k
rulei.1

46<Q^HS ,
i.2
42,+?KT

b.
Rt<=,�(+?K,e(N7HA212,eu 7HA212,

j
zHCoA6<¡(�_),+72?

i

2.
à´A6<¡,�:),+<+@g(�_),37)?

i
9 7¢? L ,�.a@H. tem:

a.
à´A6<¡,�(�T L <Q^HS , ix:

i.
DsG)? <=(�T+?¡(+7H1VS (+mN,�S)? L ,�.>^)m -<Q^HS ,%.eC <=Ai*
ruleix

uQ.;,�,NmN,�S Aqdez
ii.

/�121 ,�(�T L .a^)m
-ruleixy

?KAÉ? L ,(+n2n2<=AFn2<Q9K(+?K,!7HA212,�4B9Kk ,�kB9 7H.;,+<Q?µ.>^)m
-

ruleabx
9>7)?KA�7HA212,

x
(+7H1¬.>^)m

-ruleaby9 7)?KAO7HA212,
y

3.
à´A6<¡,�(�T L 7HA212, j:

a. ‘Multiply
¤�? L ,µ7HA212,�¤o.�.a^)m -rules

uQ.;,�,
below)

Details:)+* ,-* .
– /$0�132 ,54 1 ,56�798 ,5:�;<8 13= ;?>�@�: -ru

8 ;<>�A 2CB�D%2 @�8 ; ix�2k
Transform

? L ,�T�Ai7H169 ? 9KA67N.�A2CH? L ,�<+^HS ,�mq@(+? ?K(�T L 9>7H_�? L ,�(�_),37)?;¤o.«S (+mN,�S I
?KA�,�(�T LT�A67H169 ? 9KA67H469Kk ,�k

r ul e0.1

ã�åbæ
�FE
mN,�T�A6*-,%.

r ul e0.1 ( a, 0) , ( b, 0)
�FE

�2k
Create

.>^)m
-
<Q^HS ,%.s^N.>9 7N_V(�S Sq? L ,cT�A67H169 ? 9KA67N.A2C0<Q^HS ,

ix
(+7H1gA67HS @V? L ,c(%.;.;,+<Q? 9KAi7H.s?K(+<�_),+? 9>7H_g(.>9 7N_)S ,e(%_),+7)?

a
469Kk ,�kqC <=Ai*

r ul e0.1 ( a, 0) , ( b, 0)
�

( a, 0) &( b, 1
ð

T+<=,�(+?K,N?;deA�.a^)m
-rules:

sub- r ul e0.1.0 ( a, 0) , ( b, 0)
�

( a
å

0)
sub- r ul e0.1.1 ( a, 0) , ( b, 0)

�
( b
å

1)

G+* ,IH JK@�8 1 . L�8 M+N 13= ;?>O@�: -rules
For
,�(�T L 9K1 i

9 7`.>^)m
-rulesi.j.k

u 9Kk ,�k�CoA6<�,�(�T L (�_),+7)?d L 9KT L T�A67)? <Q9 mq^)?K,�1�.a^)m -<+^HS ,�.�?KA¹? L 9;.~7HA212,�zQ4T+<=,�(+?K,�(+7bA6<=12,Q<=,�1¥.;,+?´(+7H1¥(=121c(�S S0.>^)m
-rulesi.j.k

?KA? L (+?¸.;,+?¸u 9>7¶72^2*b,+<Q9KT�(�S�A6<=12,+<�A2:),+< i).
à´AF<9 7H.>?K(37HT�,�40T�A67N.>9K12,+<Q9 7N_e�VA212,¢uQ�2z�9 7�? L ,¢,+GH(3*cnNS ,�4? L ,e.;,+?;.´deAi^HS 1OmN,�ÈP 	�
;ñ2å�	�
3ë-QEå P ñ�
3ë-QEåfã���� P ë&
;ñ�Qd L ,+<=,e�2k � …2

k ��(+<=,e.>^)m
-
<Q^NS ,�.;4q(+7H1��2k �O9K.SR (+mNA2:),�R

0.2.

Ru
S ,%.e(+<=,O? L ,+7fT+<=,�(+?K,�1V(�.�CoA2S S>Aqde.;k M (39 7)?K(39 7)9>7N_? L ,lA6<=12,+<µA2C-? L ,l.a^)m -<+^HS ,�.�ds9 ? L 9>7¹? L ,�.;,+?K.;4T+<=,�(+?K,~(�S S8<Q^HS ,�.Jd L 9KT L T�A67H.a9;.>?�A2C`(~.a^)m -<+^HS ,C <=Ai*¬(�S S

i
.;,+?K.;k)·Q7�A6^)<c,+GH(3*�nNS>,�4HC 9 <=.>?s<Q^HS ,¡?KA¢mN,T+<=,�(+?K,�1cdN9KS S=mN,	�
;ñ�T�ñ�
3ë%T�ë&
;ñ

= ( a, 0) , ( b, 0)
�

( a, 0)
+ ( b, 1)

�
( b, 0)

+ ( a, 2) , ( c, 2)
�

( b, 0)
= (
ã�å�	qðEåNè æyå�	qðEåNè æyå%ñqðEåNèêã�å=ë�ðEåNè!�qå=ë�ðU�

( a, 0)
�

( b, 0
ð��¸è æyå�	qð

�VA6?K,O? L (+?H? L ,�16^)nNS 9KT�(+?K, ( b, 0)
T�(+7�mN,O<=,+*-Aq:),�12k{ L ,N7H,+G)?�<Q^HS ,N?KAOmN,eT+<=,�(+?K,�1cdN9KS>S=mN, :	�
3ë%T�ñ�
3ë%T�ë&
;ñ

.

{ L 9K.�9K.´T�A67)? 9>72^H,�1O^27)? 9;S�(�S S�T�Ai*cm29 7H(+? 9KA67N.&A2CH.a^)m -<Q^HS ,�.;4�d L ,+<=,�(�.>9>7H_)S ,�.>^)m -
<Q^HS ,�9K.´16<=(%ds7bC <=Ai*¹(�S S

i
.;,+?K.

, L (�:),�mN,�,+7�T+<=,�(+?K,�12kg�V,+G)?K4g<Q^HS ,�.µ(+<=,T+<=,�(+?K,�1-d L ,+<=,�(�.>9>7H_2S ,�.>^)m -
<Q^NS ,e9K.816<=(%ds7�C <=Ai*



(�S S&.;,+?K.¢,+GHT�,+n2?8A67H,�k
TL ,�.>^)m -<+^HS ,�.¢T+<=,�(+?K,�1bds9KS S

be:
0. 1 + 1. 2
0. 2 + 1. 2
0. 1 + 2. 1
0. 2 + 2. 1
1. 2 + 2. 1

TL 9K.�_),+7H,+<=(+? 9KAi7�A2C�<Q^HS ,�.WC <=A6*ón2<=A2_F<=,=.F.>9;:),�S @
fewer

.;,+?K.-T�A67)? 9>72^H,�.;4�^27)? 9KS�C 9>7H(�S S @J<+^HS ,�.BC <=Ai*
sub-
<Q^HS ,%.�C <=Ai*�Ai7HS @h(~.>9>7H_2S>,~.;,+? L (%:),�mN,�,+7T+<=,�(+?K,�1`u ? L ,�.;,VC 9>7H(�S0<+^HS ,�.�(+<=,�4�9 7 fact,

? L ,V.>^)m -<Q^HS ,�.0? L ,3*b.;,�S>:),�.;zQki{ L ,�C 9>7H(�S s,3?&A2C)<Q^HS ,�.´T+<i,�(+?K,�1CoA6<H�VA212,e�O9 7BA6^)<¡,+GH(3*�nNS ,N9K.&u 9 7BA6<=12,+<=z
:

0. 1 + 1. 2 + 2. 1
0. 2 + 1. 2 + 2. 1
0. 1 + 1. 2
0. 2 + 1. 2
0. 1 + 2. 1
0. 2 + 2. 1
1. 2 + 2. 1
0. 1
0. 2
1. 2
2. 1

Ö ÷0÷ Í Ò2ÎKÐ0Ï ��Ì0Í ¿ - ¼;÷ Í ÎK½Q½ ÎKÐ0Ï�½QÂ Ë Ö Ñ$V MSN
The

,�.;.;,+7HT�,BA2C�? L , rule-
.>nNS 9 ? ?>9 7H_�n2<=A2T�,�16^�<=,¢?KA

translate
]�^HS ? 9K(%_),37)?-[E@H.>?K,3*b.�9 7)?KA�]�^HS ? 9

-state
Networks

9K.&(%.&CoA2S S Aqd�.FÈ
• S

nNS 9 ?�(�_),37)?ô<Q^HS ,%.ô9>7)?KA .a^)m
-
<+^HS ,�.T�A67)?K(+9 7)9>7N_¢(�.;.;,+<Q?>9KA67H.�?KA�.>9>7N_)S ,sI�]�.

• C
<=,�(+?K,�7HA212,�.�ds9 ? L (�S>S�.a@H.a?K,3*Ú.>^)m

-<Q^HS ,�.´d L 9KT L (�.;.;,+<Q?�?KA�(e.>9>7H_)S ,sI�]
• C

Ai*�m29>7H,¸(�S SJ.>^)m
-
<Q^HS ,%.µds9 ? L 9 7�,�(�T L

node

·Q7�? L 9K.eT�(%.;,�4t,�(�T L A2C�? L ,�T�Ai7H169 ? 9KA67H.�CoA6<¢(c_;9K:),37<Q^HS ,
remains

?KAq_),+? L ,+<B9 7�(�S S¥A2C�? L ,�.a^)m -<+^HS ,�.
created.

·=C�? L ,�.;,+?JA2C�T�A67H169>? 9KA67H.�A6<Q9K_F9 7H(+? 9>7N_C <=Ai*h(´<Q^HS ,O*b(+?KT L ,�.ynN(+<Q?OAqCq? L ,8T+^)<Q<=,+7)?p. ?K(3?K,8A2C? L ,�.a@H.>?K,3*b4i? L ,37-(�S S0.a^)m -<+^HS ,�.p12,+<Q9K:),�1cC <=Ai*�? L (+?<Q^HS ,�uQA6<�(+?óS ,�(�.>?óA67H,�<o^HS ,Ôd L 9KT L was£ *c^HS ? 9 nNS 9K,�12¤�C <=Ai*ù? L A2.;,�.>^)m -<Q^HS ,%.;z�ds9KS SbC 9 <=,�4(+7H1�(�S S=? L ,eA6<Q9K_F9>7H(�S�(�.F.;,+<Q? 9KA67N.´ds9KS>S=mN,e(+n2nHS 9K,�12k
©�Aqde,%:),+<=4�?KA�(+n2nNS @x? L 9K.|?>@�nN,ºA2C�<Q^HS ,*b(+729 n2^HS (+? 9KAi7�9>7!A6<=12,+<¥?KA-nN,+<=CoA6<+*�? L ,�<i,�:),+<=.;,? <=(+7H.;S (+? 9KAi7H4ó? L ,¯CoA2S S Aqds9 7N_�n2<=A2T�,�16^)<i,º9K.
required:

• S
nNS 9 ?ò7HA212,»<Q^HS ,�.�9 7)?KA .a^)m

-
<+^HS ,�.T�A67)?K(+9 7)9>7N_

conditions
C <=Ai* . 9>7H_2S ,

WMs
u mN,�T�(+^H.;,ÔT�A67H169 ?>9KA67H.òds9 ? L 9 7(�_),+7)?´<+^HS ,�.�T�(37�A67HS @b<=,�Co,+<�?KA�(�.>9 7N_)S ,

WM)
• Combine

(�S S�.a^)m
-
<Q^NS ,�.�ds9 ? L 9 7�? L ,.a@H.>?K,3*�d L A2.;,BT�Ai7H169 ? 9KA67N.¡<=,�Co,3<�?KA�? L ,.;(3*-,

WM
(+7H1 ^N.;, ? L ,3* ?KA<=,�T�A67H.>? <Q^HT+?�? L ,e(�_),37)?Kk

{ L 9K.`<=,�:),+<=.;(�S¥9K.�7HA6?bnNA2.F.>9 mNS>,�4¢mN,�T�(+^H.;,!(%C ?K,+<.>^HT L (On2<=A2T�,�.;.;4%? L ,¢T�A67H169 ?>9KA67H.eA2C�(�.>9>7N_)S ,O7HA212,<Q^HS ,¢(+<=,�.>nNS 9 ?ymN,+?;d�,�,37�(p7)^2*cms,+<8A2C�(%_),+72?y<Q^NS ,�.;k·Q?H9K.N7HAqd�9>*cnNA2.;.a9 mNS ,O?KAV12,+?K,+<Q*c9>7H,cd L ,+? L ,+<¢(372@
of
? L ,�(%.;.;,+<Q? 9KAi7H.-ds9KS>S&mN,V*-(%12,�mN,�T�(+^H.;,�<Q^HS ,�.T�(+7)7HA6?�(�T�T�,�.F.�? L ,e,37)? 9 <=,eT�A67H169 ?>9KA67B.;,+?Kk

ROA67H.a9K12,+<H?;deAO<Q^HS ,%.;È�2k èêã�å�	qðU�»è>é0åfë�ð PXW í��ZY�ã���ï���ì�â�	2ä�Q�2k è æyå�ñqðU�»è\[0åfë�ð PXW í��ZY�ã���ï���ì�â3ñ2ä�Q
X�7HT�,p? L 9;.s]�/�[¥9K.s? <=(+7N.;S (+?K,�189 7)?KAg(+7V]�[%�V4�? L ,CoA2S S Aqds9 7N_´<Q^HS ,�ds9KS S�,+G29K.>?

:

uQ�����2zQk
( a, 0) ,

è æyå%ñqðU�»è>é�å=ë�ð��¸è\[0å=ë�ð
[
W í��ZY]������ï¹âQë�ä�Q

�VAqdhT�A67H.a9K12,+<¥? <=(+7H.;S (+? 9>7H_B? L ,�.;(3*-,�<Q^HS ,�C <=Ai*(+7¹]�[%�j7HA212,W<Q^HS ,W?KA�(�]�/V[³(�_),37)?�<+^HS ,�kROS ,�(+<=S @W? L ,g<+^HS ,B*c^N.>?�mN,�.>nNS 9 ?�9 7)?KA�?FdeA~.a^)m -<Q^HS ,�.
–
A67H,cCoA6<¢(�_),+72?¥£ �q¤&(+7H1g(+7HA6? L ,+<�CoA6<¢(�_),+72?£ �2¤oky�p^)? L Aqd�T�(37�d�,b.;,+nN(+<=(+?;,c? L ,b(�.F.;,+<Q? 9KA67N._^{ L ,N<Q^HS , :

( a, 0) ,
è æyå%ñqðU�»è>é0å=ë�ð��¸è\[0å=ë�ð

mN,�T�A6*-,%.�?;deAc.>^)m
-rules:

i)
èêã�å�	qðU�¨é
`a[
`fé
�a[cb

ii)
è æyå%ñqðU�¨é
`a[
`fé
�a[db

{ L ,+<=,¡9K.�7HA-d�(3@�A2CO(+n2n2<=A6n2<Q9K(+?K,�S @f(+n2nNA6<Q? 9KA67)9 7N_? L ,�(%.;.;,+<Q? 9KA67N.-mN,+?;d�,�,37l? L ,%.;,�<Q^HS ,�. that
ds9;S S_F^H(+<=(37)?K,�,!? L (+?�? L ,�.a@H.>?K,3*b¤Q. equivalence
9K.*b(+9>7)?K(+9>7H,�12k�·Q7WCo(�T+?K4�? L ,+<=,89K.¡7HA`_6^H(+<=(37)?K,�,�? L (+?mNA6? L A2Cy? L ,�.;,�.a^)m -<+^HS ,�.¢ds9KS>S�mN,�.;,�S ,�T+?K,�1�?KA-C 9 <=,16^)<Q9 7N_f? L ,W.;(3*b,�.a@H.>?K,3*|T3@HT%S ,�4c(+7H1�9KCB,+9 ? L ,+<

sub-
<Q^HS ,eT�(+<Q<Q9K,�.&(%S S�A2C�? L ,e(%.;.;,+<+? 9KA67H.&AqC�? L ,N7HA212,<Q^HS ,�4�? L ,37�? L ,fA6? L ,+<�T�A67H169 ? 9KAi7H.�? L ,g7HA212,V<Q^HS ,T�A67)?K(+9 7H,�1¨mN,�T�Ai*-,«9 <Q<=,�S ,�:)(372?Kk~I L 9KS ,¬9>?¹9;.A6mN:F9KA6^H.�9>7B? L 9;.�T�(�.;,e? L (+?�(�.;A2S ^)? 9KA67�12A2,�.�,+G29K.>?K49 ?N9K.s? <Q9;:F9K(�S2?KAgT+<=,�(+?K,c(+7V]~[%��ds9 ? L <+^HS ,�.�d L 9KT LT�(+7)7HA6?JmN,¹169K:F9K12,�1�9 7)?KA³.a^)m

-
<Q^HS ,%.µ(+7H1�? L ^N.? <=(+7H.;S (+?K,�1e9>7)?KA�(%_),+72?t<Q^NS ,�._e

the
? <=(+7H.;S (3? 9KA67�C <=Ai*(+72@�(+<Qm29 ? <=(+<+@J]�[E�¬?KAW(fT�A6<Q<i,�.>nNA67H169 7N_b]�/�[T�(+7¢7HA6?�mN,e_6^H(+<=(+7)?K,�,�1O?KA

succeed.

Ögf ¿�Ð0¿�Ã�¾ Í?��ÌtÍ ¿eÑ%ÒN¼;½Q¿3Ó/V.�T�(+7~mN,J.;,�,+7�C <=Ai*j(+mNA2:),%4O9 ?¥9K.�T�S ,�(+<B? L (+?_),+7H,+<=(�Sô]�[%�Kh
M
/V[ ? <=(+7N.;S (+? 9KA67¯9K.»7HA6?nNA2.;.>9 mNS ,�k¥{ L 9K.f9;.�16^H,�?KA!? L ,lC ^)7H12(3*b,37)?K(�S S @169KCoCo,+<=,37)?�7H(+? ^)<=,%.�A2C¢? L ,b9>7)?K,3<=(�T+? 9KA67H.�mN,+?;d�,�,37(�T+? 9K:),-,+72? 9 ? 9K,�.�uQ(%_),+7)?;.�(+7H1fT�,%S S .\i>7HA212,�.;z�dN9 ? L 9>7? L ,W?;d�A�169;CQCo,+<=,+7)?�.a@H.>?K,3*b.;k�[%nN,�T+9KC 9KT�(�S S @H4¥? L ,n2<=A6mNS ,+*¹S 9K,�.pds9 ? L 9 7�? L ,�169;CoCo,+<=,37)?�<=,�.>? <Q9KT+? 9KAi7H.´A67

ru
S ,�.�9>7¢? L ,N?;d�A�.a@H.a?K,3*b.;k
·Q7�A6<=12,+<�?KAfT�S (+<Q9KC @�? L 9;.�9K12,�(�4pd�,bT�(37�T�A67H.>9K12,+<mNA6? L ]�/V[0.�(+7H18]�[%�g.s?KA8mN,�.>nN,�T+9K(�S 9K.;(+? 9KAi7H.�A2C



(�£ Æ�,37H,+<=(�S�°p^HS ,³[E@H.>?K,3*b¤luQÆ�°�[0zQk�/$Æ&°�[T�A67H.>9K.a?K.&A2CoÈ
• 
(�.;,+?VA2CpI�A6<QP)9>7N_B]�,3*-A6<Q9K,%.Bu I�]�.;zQ4d L 9KT L T�(+7�,�(�T L .>?KA6<=,�(�7)^2*�mH,+<�A2C169KCoCo,+<=,37)?�[E@2*�mNA2S .

• 
(c.;,+?eA2C0°p^HS ,�.�A6<O? L ,cCoA6<+*kjml�n�o�p�q r q n�o
s�tvu jml5n�o�p�q r q n�oxw tyu{z

-
t

jm|�}_}_~5�_r\q n�o s�t
u jm|�}_}_~5�<r q n�o�w t]u�zd L ,+<=,�,�(�T L T�A67H169 ? 9KA67³(+7H1�(%.;.K,+<Q? 9KA67T�A67)?K(+9 7N.8(�[E@2*�mNA2S�(37H1-(e<=,�Co,3<=,Q7HT�,e?KA(|.>nN,�T+9KC 9KT#I�A6<QP)9 7N_ó]�,3*bA6<o@yk�·Q7(�12169 ? 9KA67�?KA�? L 9K.;4¥,�(�T L (�.;.;,+<Q? 9;AF7¹(�S .;AL (�.b(�CoS (%_Wd L 9KT LWL (�:),g?;d�A�:)(�S ^H,%. -£ (�1212¤yA6<¥£ <=,3*-Aq:),�¤ok
/¸T�Ai7H169 ? 9KA67�9;.¡.;(3? 9K.FC 9K,�1Vd L ,+7V? L ,´IJ]¬9 ?y<i,%Co,+<=.?KAµT�A67)?K(+9 7H.B? L ,~. ymbol

(�.;.;AqT+9K(+?K,�1ldN9 ? L ? L (+?
condition

k%/�7`(�.F.;,+<Q? 9KA67¥9;.p(+n2nNS 9K,�1em2@b(�121F9 7N_¥A6<<=,3*-A2:F9>7H_¬uQ(�.�12,+?K,+<+*�9>7H,�1�mq@³? L ,hCoS (%_�z�? L ,
s
@)*cmNA2S&(�.F.;A2T+9K(+?K,�1`ds9 ? L ? L ,V(%.;.;,+<Q? 9KA67�C <=Ai*¹? L ,IJ]Ú.>nN,�T+9KC 9K,�12kOà´A6<�(

r̂
HS ,-?3AfmN,J,�S 9K_F9 mHS ,JCoA6<£ C 9 <Q9 7N_2¤o40(�S SyT�A67H169 ? 9KAi7H.N*c^N.>?yms,¢.;(+? 9K.FC 9K,�12k�I L ,37(¡<Q^HS ,`£ C 9 <=,%.;¤o4)9 ?;.�(�.F.;,+<Q? 9KA67N.�(+<=,¥(+n2nNS 9K,�12k�·Q7g? L 9K.d�(3@H4�(�.y? L ,8.a@H.a?K,3*¨£ <+^)7N.;¤o4�<+^HS>,�.pC 9 <=,8A67NS @bd L ,37? L ,3@ò(+<=,¶,�S 9;_F9 mNS ,¶u nN(+<Q? 9KT+^HS (3< strategies

CoA6<.;,�S ,�T+? 9>7H_fd L 9KT L ru
S ,�uQ.;z´?KAfC 9 <=,BT�(+7�mN,B1),%:F9K.;,�1(�.�(+n2n2<=AFn2<Q9K(+?K,«?KA¨? L ,�(+n2nHS 9KT�(+? 9KA67»A)C�? L ,

system).

/�]�/V[f9>*cnNA2.;,�.¢? L ,fCoA2S S Aqds9>7H_JT�Ai7H.>? <=(Q9>7)?gAi7? L ,�Æ&°�[0È?��� ��l5n�o�p�q r q n�o�}���q r\��q o%|%}_q oC�&� ~U�_��� ~
� ��}_r���|��5~�r ��~�}_| � ~���n��_�5q oC�y�a~ � n��\�
reference

kO{ L 9K.�<=,�CoS ,�T+?;.�(37�(%_),+7)? ’ .�(+m29KS 9 ?>@�?KA*b(+PH,#12,�T+9;.>9KA67H.�mN(�.;,�1ùA67HS @�A67ó9>7)?K,Q<Q7H(�S S @(�:)(+9KS (+mNS ,�9 7NCoA6<+*-(+? 9KAi7H4�d L 9KS>.a?�mN,+9 7H_�(QmNS ,�?KA.;,+7H1»£ *b,%.;.;(%_),�.F¤l?KAùA6? L ,+<#(�_),+7)?;.�? L <=Ai^H_ L:)(+<Q9KA6^H.´CoA6<+*b.&A2CyT�Ai*c*c^2729KT�(+? 9;A67H.;k
/�7V]�[%��9>*cnNA2.;,�.�(c169KCQCo,+<=,+72?eT�A67H.>? <=(+9 72?¡A67V? L ,Æ�°�[0È+��� �S|�}<}_~5�_r q n�o�}I��q r ��q o�|�}_q oC�&� ~��_��� ~ � ��}_r��|��5~�r ��~�}_| � ~���n��_�5q oC����~ � n��\���_~ ��~��_~5o�l5~5�{ L 9K.�*�9 <Q<=A6<=.�? L ,`C ^)7HT3? 9KA67�AqC�(c7HA212, ’ .�S A)A6P2^)n?K(+mNS ,�4�d L 9KT L 12,+?K,+<+*�9>7H,�.�(�7NA212, ’ .B7H,+G2?f.>?K(+?K,mN(�.;,�1¸A67�? L ,�T+^)<Q<=,+72?W.>?K(+?K,%.~A2C�A6? L ,+<�7HA212, s(+<=A6^)7H1e9 ?Ou 9 ?K.H7H,+9;_ L mNA6^)< L A2A212zQk�·Q7¥mNA6? L T=(�.;,%.;4�(+?,�(�T L .a@H.a?K,3*¨? 9>*b,�.>?K,+n�Ai7HS @�(�.>9 7N_)S ,g<Q^HS ,�u 9;C
a
72@yzNC <=Ai*¸,�(�T L (%_),37)? i>7HA212,N9K.&C 9 <=,�12k
{ L ,8T�A67H:),+<=.>9KA67�C <=Ai*µ]�/�[¢?KA�]�[%��9K.ynHA2.F.>9 mNS ,mN,�T�(+^H.;,�(&]�/�[¢<Q^HS ,�T�(37¥mN,�.>nsS 9 ?09>7)?KA¥(&7)^2*�mN,+<A2Cq<Q^HS ,%.;4�,�(�T L T�Ai7)?K(+9>7)9 7N_�(�S SE? L ,8T�A67H169 ?>9KAF7H.¡(+7H1A67HS @f? L ,`(�.;.;,+<Q? 9KAi7H.�<=,�S (+? 9>7H_g?;A�A67H,¥IJ]W4H? L ^H._F9K:69 7N_c(�:)(�S 9K1¡]�[%�~<Q^HS ,�k=�c,�T�(+^H.;,�(�S S%? L ,�<o^HS , ’ .T�A67H169 ? 9KA67H.H<=,�Co,+<�?KAe? L ,¢.;(3*b,´IJ]�40d L ,+7`A67H,8AqC? L ,�.a^)m -<+^HS ,�.O9K.¢,�S 9;_F9 mNS ,VCoA6<�C 9><Q9 7H_)4q? L ,�<i,�.>?8(+<=,(�S .;A�,�S 9K_F9 mNS ,�kH/VS Se.a^)m

-
<+^HS ,�.�T%(+7f? L ,+<=,�CoA6<=,-C 9 <=,�4(+n2nNS @�9>7N_�(�S SH? L ,-A6<Q9K_F9 7H(%S¡(�.;.;,3<Q? 9KA67H.�ds9 ? L 9 7�? L ,.;(3*-,s? 9>*b,�.>?K,+nNk2©�Aqd�,�:),+<N?KAp*bA2:),eC <=Ai*¹(N]�[%�?KA�(8]�/V[B<=,�r6^)9 <=,�.p? L (+?O? L ,gT%A67H169 ? 9KA67H.¥C <=Ai*�(.>9 7N_)S ,O]~[%�!<+^HS ,OmN,c.>nNS 9 ?HmN,+?;d�,�,37�(p72^2*¢mN,+<¢AqC

]�/V[�<Q^NS ,�.;k�·Q?¢9;.c7HA6?
,
9>7l_),+7N,+<=(�S 4�nNA2.;.>9 mNS ,V?KA.>nNS 9 ?0? L ,�<Q^HS ,�9>7c? L 9;.pde(3@H4=mN,�T�(+^H.;,�A67HS @b.;Ai*-,�A2C? L ,�T�A67H169 ?>9KA67H.OC <=Ai*!? L ,�A6<Q9K_F9>7N(�S�<Q^HS ,�7H,�,�1p?KApmN,.;(+? 9K.FC 9K,�1�CoA6<¡A67H,N<Q^HS ,�C <=(�_6*b,37)?�?KA�C 9 <=,�42(+7H1O? L ,+<=,9K.´7HA`de(3@-?KAb_F^H(+<=(37)?K,�,�? L (+?8(%S S&C <=(�_6*b,37)?K.¢A2C¡(_F9K:),37�]~[%��<Q^NS ,�ds9KS S0C 9 <=,�.>9>*c^NS ?K(+7H,�A6^N.;S @-(+?&(372@? 9>*-,«u+d L 9KT L 9K.�d L (3?!9K.�<�,�r6^)9 <=,�1�?KA�_F9K:),

equivalence
4�9Kk ,�k

the
.;(3*-,�mN, L (�:F9KA6^)<~(%.-? L ,A6<Q9K_F9 7H(�S=]~[%�VzQk

·Q7�T�A67HT�S ^H.>9KAi7H4ed L 9KS ,�9 ?�9;.�nNA2.;.>9 mNS ,�ds9>? L 9>7�? L ,
AbMAS

.>nN,�T+9;C 9KT�(+? 9KA67 ?KA¯? <=(+7H.;S (3?K,}(+72@(+n2n2<=AFn2<Q9K(+?K,�S @³.>nN,�T+9KC 9K,�1~]�/V[�9 7)?KA�(37�]�[%�V4(+7H18? L ,p]�[%��n2<=A216^HT�,�18mN(�T+PV9 7)?KAg(p]�/V[04�9 ?N9K.7HA6?�nNA2.;.>9 mNS ,`?KAJ? <=(+7H.FS (+?K,W(372@¹(+<Qm29 ? <=(+<+@�]~[%�9 7)?KA�(eT�A6<Q<=,�.>nNA67H169 7H_
MAS.

� Óf¿�Ã�Ï2¿�Ð0Ø�¿{ L ,¥n2<Q9 *-(+<+@�*-A6? 9;:)(+? 9KAi7�CoA6<c? L 9K.�9>7H:),%.>? 9;_)(+? 9KA67
w
(%.�?KA�(+? ?K,3*�n2?�?KA�9K12,+7)? 9;C @|(372@|T�Ai*¥*-Ai7

features of
? L ,¢,3*-,+<�_),37HT�,¢12,+*-Ai7N.>? <=(+?K,�1VdN9 ? L 9>7? L ,�]�^HS ? 9K(%_),+72?8[E@H.>?K,3*b.�C 9K,%S 1b(+7H1c? L (+?8T39 ?K,�1c9 7? L ,g]�^HS ? 9 - .a?K(+?K,g�V,+?FdeA6<+P�ibRp,�S S ^HS (+<g/�^)?KAi*b(+?K(C 9K,�S 12.&A2C�<=,�.;,�(+<=T L k

� Óf¿�Ã�Ï2¿�Ð0Ø�¿eÁ&ÎK½ �0ÎKÐ Ë Ñ%ÀV¼D�*-,+<=_),37HT�,8ds9>? L 9 7¥]�[%�g.t9;.O,3GH,3*�nNS 9;C 9K,�1emq@c? L ,£ _2S 9K12,+<=¤�,+GH(3*cnNS ,
–
(�T�A67HC 9;_6^)<=(+? 9KA67¬A2C�T�,�S S>.d L 9KT L *-A2:),%.b? L Ai^H_ L ? L ,�.>ns(�T�,�A2C�? L ,�Ry/�k©�Aqde,%:),+<�9 ?�9K.c*c9;.;S ,�(�169 7N_`?KA`mN,�S 9K,�:),V? L (+?�? L ,_)S 9K12,+<c9K.V(372@)? L 9>7N_�A6? L ,+<c? L (+7!(¥nN(+? ?K,+<Q7!d L 9KT L*-Aq:),%.p(+<=A6^27H1e? L ,¢T�,�S S .;k%{ L ,&<Q^HS ,�.¡A2Cq? L ,¢Æ�(3*-,A2C!Çs9KCo,¨T�(37�mN,�9>7)?K,+<Qn2<=,+?K,�1�(�.¬(¨12,+7H.>9>?>@169K.>? <Q9 m2^)? 9KA67µ*b,�T L (+7)9;.a*bÈ89;C`(�S (+<=_),~_F<=A6^)n�A2CT�,�S S .pu 9Kk ,�k�Z�A6<&*-A6<=,�z�(+<=,8T3^)<Q<=,+7)?KS @�£ (�S 9;:),�¤o40T�,�S S .ds9 ? L 9>7W? L ,�T�,37)? <=,�A2C�? L (+?b_F<=A6^)n�(+<=,�S 9 PH,�S @�?KA£ 169K,�¤o4&(37H1�T�,�S S .p7H,�(+<Qmq@b? L ,g12,37H.;,%.>?OnN(+<Q?�A2Cs? L ,T�A67HC 9;_6^)<=(+? 9KA67�(+<=,�S 9 PH,�S @�?KA�mN,�T�A6*-,�£ (�S 9K:),%¤16^)<Q9 7N_´? L ,s7H,+G2?�? 9>*b,e.>?K,+nNk

ü ÎKÏ Ì Ã�¿ 1 ¢¡¢�´¿�Ø�Â2Ð�£QÎKÏ Ì Ã�¾2½ ÎKÂ2Ð�¼eÂC£¢¾¥¤QÏ Í ÎKÙ0¿�Ã5¦´¾2¼ÎK½2Ó�Â�§2¿�¼&½ �´Ã�Â Ì ÏC�U¤Q¼;÷0¾2Ø�¿5¦X { L ,�_)S 9K12,+<`nN(+? ?K,+<Q7!9;.�T�S ,�(+<=S @h12,+7H.;,�.a?f(+?fAi7H,
corner

4p(+7H1g? L 9K.�9;.�? L ,b169 <=,�T+? 9;A67f9 7!d L 9KT L ? L ,nN(+? ?K,+<Q7!ds9KS S�*-Aq:),�k¡[0AB9 ?�T�(37�mN,`.;(+9K1B? L (+?�? L ,
rules

A2C)? L ,�Æ�(3*b,�A2C2ÇN9;Co,�.a^)n2nNA6<Q?�? L 9K.0nN(+? ?K,+<Q7 –mN,�T�(+^H.;,N9 ?�*b(+9>7)?K(+9>7H.´(+7�9>*�mN(�S>(+7HT�,eA2Cy12,37H.>9 ?>@H469 ?9K.Od�,+9;_ L ?K,�1p9 7-Ai7H,�169 <=,�T+? 9KA67-(37H1¥ds9KS S�<=,+n2<=A216^HT�,9 ?K.;,�S>C�(�.¹9 ?�£ *bA2:),%.;¤o4�(+7H1ùT�A67)? 9 72^H,³mN,+9 7H_<=,+n2<=A216^HT�,�1�^)7)? 9KS�? L ,�nN(+? ?K,+<Q7�9K.�169K.><+^)n2?K,�1�uQ(
‘collision’).



/�S S�,3*b,+<=_),37)?¶n L ,37HAi*b,+7H(Ôds9 ? L 9 7 T�,�S S ^NS (+<(+^)?KAi*-(+?K(�4H(37H1�*c^NS ? 9
-
.>?K(+?K,e7H,3?;d�A6<QPN.�9>7�_),Q7H,+<=(�S 4?K(+PH,�? L ,VCoA6<+*�A2CHnN(+? ?K,+<Q7H.¢A2CH? L ,�.>?K(+?K,�.¢A)C¡T�,�S S>.? L <=A6^N_ L Ai^)?�? L ,�,3GH,�T+^2? 9KA67�AqCy? L ,�.a@H.a?K,3*Bks[0Ai*-,nN(+? ?K,+<Q7H.¡(+n2nN,�(+<8(�.¡uQ,�:),+7)? ^H(�S S @Nz&.>?K(+? 9KT¢.>? <Q^HTQ?>^)<=,�..>^HT L (�.�? L ,|£ L 9;_ L d�(3@H¤�n2<=A216^HT�,�1¨m)@ô? L ,

La
7H_F?KAi7¸/�7)?��QROA L ,37«�2�2�6YN��A6<�? L ,�nN(Q? ?K,+<Q7N.n2<=A216^HT�,�1em2@b.;A6<Q? 9 7N_�Ry/�.¡� ]�9 ?;T L ,�S St,+?O(�S k��2�2�6YN4��9K. L 9KA��2� � �2�Q4´d L 9KS ,BA6? L ,+<=.¥(3<=,BS A2T�(�S S @`<i,�S (+?K,�1T�A67HC 9;_6^)<=(+? 9KA67H.bd L 9KT L (+n2nN,�(+<�?KA`*-A2:),�(+<=A6^27H1? L ,µ£ d�A6<=S 12¤B(+7H1�9 7)?K,+<=(�T+?�ds9 ? L A6? L ,+<BnH(+? ?K,+<Q7N.;4.>^HT L (�.b? L ,f72^2*b,+<=A6^H.�A6m�¨;,�TQ?K.�CoA6^27H1W9 7µ? L ,£ ÇN9;Co,�¤�Ry/¯uQ.;,�,�� I�,+9K.;.a?K,+9 7Ô�2�2�2�2��CêA6<¨(+7,+GHT�,�S S ,37)?�T�(+?K(�S A2_6^H,�z

.

� Óf¿�Ã�Ï2¿�Ð0Ø�¿eÁ&ÎK½ �0ÎKÐ Ë Ö Ñ0¼D�*-,+<=_),37HT�,¨(�.¬12,3*-A67N.>? <=(+?K,%1�9 7�*c^HS ? 9K(�_),37)?.a@H.>?K,3*b.�?K(3PH,�.0*b(+72@B169KCQCo,+<=,37)?�CQA6<Q*b.;È
• 
? L ,!(+n2nN,�(+<=(+7HT�,!AqC�.>? <Q^HT+?>^)<=,�.~dN9 ? L 9 7? L ,�,37N:F9 <=A672*b,+7)?�u 7H,%.>?K.;4¥T�A67H.a? <o^HT+? 9KA67A2C�nN(+? L .;z

• 
? L ,ln2<=A216^HT+? 9KA67�A2C�.;Ai*b,�£ n L @y.>9KT�(�S>¤
arrangement

A2Ct? L ,c(%_),+7)?;.s? L ,3*-.;,�S>:),�.uQCoS A2T+P)9>7H_)4 L ,+<=12.;z
• 
nN(+? ?K,+<Q7H.-9>7µ? L ,fmN, L (%:F9KAi^)<~A2C�(�_),+7)?;.uQCoA6<+*-(+? 9KA67hAqC¥?K,�(3*b.�A6<�(�12A6n2? 93A67hA2C.;A2T+9K(�S=<=A2S ,�.;z

• 
nN(+? ?K,+<Q7H.y9 7¥? L ,&mN, L (�:69KA6^)<�A2Cq? L ,¢d L A2S ,
system.

/�7`,3*-,+<�_),+7)?tmN, L (%:F9KA6^)< of
(&*c^NS ? 9K(%_),+7)?O.a@y.a?K,3*9K.B.;Ai*-,�mN, L (�:F9KAi^)<�A2C¡? L ,f.a@H.>?K,3*�(%.B(�d L A2S ,d L 9KT L�L (%.µ.;Ai*b,�9K12,+7)? 9;C 9K(+mNS>,¹,�CoCo,�T3?�AF7�? L ,d�A6<=S 124NA6<¥,�:),+7B? L ,�.a@H.>?K,3*¹9 ?K.F,�S CpuQ.;,�T�A67H1BA6<=12,+<,3*-,+<=_),37HT�,��QÆ�9KS mN,+<Q?��2�2�6YH�QzQk�·Q?l9K.³,�(�. @�?KA12,�.;T+<Q9 mN,ò(+7H1ó9K12,+7)? 9;C @Ô? L ,#mN, L (�:F9KAi^�<=.�AqC9 7H169K:F9K1i^H(�S¥(�_),37)?;.;4OmN,�T�(+^H.;,-? L ,3@�(+<=,-?>@�n)9KT�(�S S @CoA6<+*c^HS (+?K,�124V.>nN,�T+9;C 9K,�1l(+7H1l1q,�.;T+<Q9 mN,�1W9 7h.a^HT L?K,+<+*-.;kq�p^)? L Aqdl12A¥@yA6^-9K12,+7)?>9;C @B? L ,�mN, L (%:F9KA6^)<A2C¢(`d L A2S ,`.a@H.>?K,3*(^¥·Q7H169;:F9K16^N(�SNmN, L (�:F9KA6^)<-T�(+7mN,`m2<=A6PH,+7¹12Aqds7!9 7)?KA�<=,+nN,�(+?;,�1!.;,�r6^H,+7yT�,%.fAqC(+?KAi*�9KT�(�T+? 9KA67N.;4Em2^)?H? L ,O7HAi7 - S 9>7H,�(+<¢T�Ai*�m29 7y(+?>9KA67A2C�*b(+72@¹.>^HT L (�T+? 9KAi7H.f12A2,�.V7HA6?�<=,�(�169KS @�S ,+7H19 ?K.;,�S>C�?KA�12,�T�A6*�nNA2.>9 ?>9KA67Hk

·Q7H.>?K,�(�124�mN, L (%:F9KA6^)<�*c^N.>?BmN,�T�A67H.>9K12,+<=,�1�(�.�(
pattern

9 7V? L ,p*b,�(%.>^)<=,3*b,37)?K.eAqC&.;Ai*b,�(�.>nH,�T+?¡AqC? L ,f.a@H.>?K,3*bk�·Q7�? L ,fT�(�.;,fA2C�(�de(�S S - CoA2S S A2ds9>7N_<=A6mNA6?¢�Q[%?K,�,�S .��2�2�6YH�Q4�d L 9KS ,89 ?�T�(+7bmN,V12,�.KT+<Q9 mN,�1(�.ônN,+<=CoA6<+*�9>7H_»?;d�A 169K.>? 9>7NT+?�£ mN, L (%:F93Ai^)<=.;¤
(
*-A2:F9>7H_�?KAqd�(+<=12.N? L ,¥d�(�S SH(37H1�PH,�,+n29 7N_�(�_F9;:),+7169K.>?K(+7HT�,�C <=Ai*¸? L ,�d�(�S S zQ429>7�Co(%T+?�?KA-(+7�A6mH.;,+<=:),+<? L ,cAq:),+<=(�S S2mN, L (%:F9KAi^)<�A2Ct? L ,¡<�A6mNA6?N9K.�12,=.;T+<Q9 mN,�1m2@º? L ,�169;.>?K(37HT�,bmN,+?;d�,�,+7�? L ,b<=A6mNA6?�(Q7H1�? L ,d�(�S S kJà´A6<¶_)(+? L ,+<Q9 7N_#A6<¶.;A6<Q? 9 7H_«*c^NS ? 93(%_),+72?.a@H.>?K,3*b.��Q©�A2S S (+7H1f�2�2�2�24O[%?K,�,�S .��2� � �240ª�<iA2_)A6^HS

1994
�Q4g? L ,¹,+*-,+<=_),37HT�,�9K.µ. L Aqds7�? L <=AF^H_ L (nN(+? ?K,+<Q7J9 7�? L ,g*-,�(%.>^)<=,3*b,37)?BA2C¡? L ,g*-(3G�9>*c^q*169K.>?K(+7HT�,&mN,+?;d�,�,37`(+72@¥?;deAe9>?K,3*b.;k�{ L ,8T L AF9KT�,8A2C

*b,�(�.a^)<=,3*-,37)?�9K.!*b(�12,�m2@¶? L ,³12,�.>9K_67H,+<�A6<A6mN.;,+<=:),+<=4 mN(�.;,�1 A67 ? L ,+9 < 9>7)?>^)9 ? 9;:),^)7H12,+<=.>?K(37H169 7N_�A2C�? L ,¢.a@H.>?K,3*b40(+7H1e? L 9K.¡T L A69KT�,´9K.T+<Q^HT+9K(�Sg9 7�12,+?K,+<+*�9>7)9>7H_�d L ,+? L ,+<�A6<�7HA6?�(+7)@,3*-,+<=_),37HT�,`9K.
identified

k¡à´A6<b9 7H.>?K(37HT�,�4¡9KC�? L ,*b,�(�.a^)<=,3*-,37)?´T L A2.;,+7`CoA6<�[%?K,�,�S .;¤2<=A2T+P - _)(+? L ,+<Q9>7H_.>9>*c^HS (+?>9KA67ù�Q[E?K,�,�S .h�2� � �2�¸d�(�.�? L ,«(%:),+<=(�_),169K.>?K(+7HT�,smN,+?;d�,�,37-(%_),37)?K.;4=9 7N.>?K,%(�1cA2C)? L ,�7)^2*cmN,+<A2C�<=A2T+PH.`_)(+? L ,+<=,�124´7HA~,3*-,+<=_2,+7)?bC ^27HT+? 9KA67H(�S 9 ?>@d�Ai^HS 1OmN,
identified.

/�m2]�/�[�12A2,�.�7HA6?89>7HT�A6<QnNA6<=(+?3,�(+72@�T�A672?K,+G)?>^H(�S9 7NCoA6<+*-(+? 9KA67`?KA�? L , observer
(+7H1�(�.c(8<=,�.>^HS ?�A2C? L 9K.�? L ,�T L A69KT�,�A2C|*-,%(�.>^)<=,3*b,+7)?;.º(+7H19K12,+7)? 9;C 9KT�(+? 9KA67JAqCHnN(+? ?K,+<Q7N.�ds9 ? L 9 7-9 ?&9;.¢(+<Qm29 ? <=(+<+@yk·Q?~,�:),+7�S (�T3PH.f? L ,l.>nN(+? 9K(�SV7NA6? 9KA67¹n2<=,�.;,+7)?�9>7T�,�S S ^HS (+<�(3^)?KAi*-(+?K(cuQ(c�6ª�_F<Q9K189 7V? L ,cT�(�.;,cA2Ct? L ,Æ�(3*-,gAqC�ÇN9;Co,�zQ4´d L 9KT L T�,+<Q?K(+9>7NS @ L ,�S nN.¡9K12,+7)? 9;C @_)S 9K12,+<=.�(37H1�A6? L ,+<�.a^HT L nN(+? ?;,+<Q7H.µds9 ? L 9>7�? L ,

system.
©�Aqd�,%:),+<�9 ?-*b(3@�mN,�? <Q^H,f? L (+?�A6? L ,+<nN(+? ?K,+<Q7H.�,+G29K.>?�ds9>? L 9>7~.a^HT L .a@N.>?K,3*b.;4pd L 9KT L (+<=,L 9K1212,+7jA6<«A6mN.;T+^)<=,�1³mN,�T�(3^H.F,¹? L , y 12A¬7HA6?T�A6<Q<=,�.>nNA67H1¢?KA¢? L ,¥.>nN(+? 9K(�Sq<=,+n2<=,�.;,+7)?K(+?>9KA67�ds9>? L 9>7? L ,ù.a@H.a?K,3*-klà´A6<ó,+GH(3*cnNS ,�4�*c^HT L A2C�? L ,9 7NCoA6<+*-(+? 9KA67cn2<=,�.;,37)?09 7b(�T�Ai*�nq^)?K,+<Q9K.;,�1¡9>*b(�_),�9;.(�.8(e<=,�.>^HS ?�A2Cy? L ,�(+<Q<=(+7H_),3*b,37)?8A2Cy? L ,en29 GH,�S ._e�9;C? L ,8n29>GH,�S .¥(+<=,¢*-Aq:),�1�(+<=A6^27H1�<=(+7H12Ai*-S @y4Od L 9KS ,? L , .a?K(+?K,�.¯AqCÅ? L , 9>*b(%_),�¤Q. 9>7H169K:F9K1i^H(�ST�A6*�nNA67H,37)?;. L (�:),l7HA6?�T L (37N_),�124b9 ?�ds9;S S�7HAS A67H_),+<BmN,JT%S ,�(+<Jd L (+?¥? L ,b9>*`(�_),-<=,+n2<=,�.;,+72?K,�12k{ L ,+<=,`(+<=,b:),+<Q@�S 9>PH,�S @f?KABmN,¥*b(+72@�nN(+? ?K,+<Q7N.VA2C

symbols
n2<=,�.;,+7)?�ds9>? L 9>7�(�.a@N.>?K,3*b¤Q.gI�A6<QP)9 7N_

Memories
A6<&7HA212,8.>?K(+?K,�.;4�(37H1�A67HS @b(¢.a*b(�S SyCo,%dA2C�? L ,%.;,�nN(+? ?K,+<+7H.�ds9;S S�T�A6<+<=,�.>nNA67H1¶?KA¶? L ,£ ,3*b,+<=_),37HT�,�¤&9K12,+7)? 9;C 9K,�1V9 7�? L ,-A6<Q9K_F9 7H(%Sp.a@H.a?K,3*-k·=C8? L ,+<=,-9;.�7HA�r6^H(�S 9 ?K(+? 9;:),J169;CQCo,+<=,+7HT�,-mN,+?;d�,�,37? L ,�.;,f£ ,3*b,+<=_),37)?;¤¡(37H1�£ 7HA67 - ,3*b,+<=_),37)?;¤HnN(+? ?K,+<Q7N.;4? L ,+7�? L ,O9K12,+7)? 9;C 9KT�(+? 9KAi7�A2C�(372@�,3*-,+<=_),37)?p(%.>nN,�T+?K.A2Cf? L ,h.a@H.>?K,3*Õ*c^N.>?W<=,�r6^)9 <�,�(�T�T�,�.;.W?KA�? L ,.>nN,�T+9KC 9KTcT�Ai7)?K,3G)?N? L (+?s? L ,¥.a@H.>?K,3*«d�(%.�A6<Q9K_69 7H(�S>S @n2<=,�.;,+7)?K,�1 9 7$ev? L , *b,�(%.>^)<=,3*b,+7)?;. (+7H19K12,+7)? 9;C 9KT�(+? 9KA67¶AqCbnN(+? ?K,+<Q7H.�*¥^H.>?fmN,�12A67H,�mq@.;Ai*-,eA6mN.;,+<=:),+<=k

Summary/jC <=(3*-,EdeA6<+P�CoA6<W.>nN,�T+9;C @�9>7N_�(+7H1�(+mN.>? <=(�T+? 9 7N_*c^NS ? 9K(%_),+7)?c.a@H.a?K,3*b. L (�.¡mN,�,+7�n2<=,�.;,+7)?K,�124&(+7H1�(
correspondence

(+7H1û? <=(+7H.;S (+? 9KA67 mN,+?;de,�,37*c^NS ? 9K(%_),+7)?�.a@H.>?K,3*b.¢ds9 ? L 9>7g? L 9;.�C <=(3*b,%d�A6<QP�(37H1
multi-

.>?K(+?K,O7H,+?;d�A6<QPN.¡. L Aqds7HkE{ L ,¢S 9>*�9 ?K(+? 9KAi7H.¡A2C? L 9K.g? <=(37H.;S (3? 9KA67 L (�:),�mN,�,+7�1q,3*-A67N.>? <=(+?K,�1�(+7H1? L ,�.;Ai^)<=T�,�A2Cc? L 9K.�S 9>*c9 ?K(+? 9KAi7 –
9 7HT�Ai*�nN(+? 9 mNS ,169KCoCo,+<=,37HT�,�.WmN,+?;d�,�,37³? L ,�T�A67H.>? <=(+9>7)?K.lAi7³? L ,<Q^HS ,�.¡ds9 ? L 9>7¥? L ,&?;deAe?>@)nN,�.pAqCs.a@H.>?K,3* – L (%.p(�S .;AmN,�,+7¸9K12,+7)? 9;C 9K,�12kc{ L ,�7HA6? 9KA67�A2C!£ ,3*b,+<=_),37HT�,%¤d L ,37JT�A67N.>9K12,+<=,�1c^H.a9 7N_c? L ,%.;,V.a@H.>?K,3*b.O*c^N.>?´mN,<=,�16^HT�,�1¨?KA¨nN(+? ?K,+<Q7H.�dN9 ? L 9>7ù? L ,#.>?K(+?K,%.¶A2C,�S ,3*-,37)?K.¢ds9 ? L 9>7B? L ,�.a@H.a?K,3*-kq{ L ,e9K12,+7)? 9KC 9KT�(+? 9KAi7A2C¡.a^)9 ?K(+mNS ,�nN(+? ?K,+<Q7N. L (%.�_F<=,�(+?´mN,�(+<Q9 7H_-A2:),+<e? L ,(+? ? <Q9 m2^)? 9KA67¬A2C�£ ,3*b,+<�_),+7)?;¤gn L ,+7HAi*-,37H(J?KA�? L ,



.a@H.>?K,3*-k�·+7�.a^HT L (+7�(+mN.a? <=(�T+?JC <=(3*-,EdeAF<+P�(+7H1ds9 ? L (�T�Ai*�nNS ,3G¬.a@H.>?K,3*ò*b(372@�nN(+? ?K,+<Q7H.~ds9KS S,+G)9K.>?K4´(37H1�9 ?p9;.¡^27HT�S ,�(+<89;C�? L A2.;,BT�A6<Q<=,�.>nHA67H169 7H_?KAµ£ ,3*b,+<=_),37)?;¤¡n L ,+7HAi*b,+7H(�ds9>? L 9>7J? L ,�AF<Q9;_F9 7H(�S.a@H.>?K,3* T�(37�mN,ù169K.>?>9 7N_6^)9K. L ,�1�C <=Ai* A6? L ,+<nN(+? ?K,+<Q7H.`d L 9KT L�L (�1�7HA6?�mN,�,+7l(�.;.;A2T+9K(+?K,=1~dN9 ? L(+72@#,3*-,+<�_),37HT�,�n2<=,�:F9KA6^N.;S @ykb{ L 9K.~*b(3@�S ,+7H1d�,+9;_ L ?¡?KAg? L ,c7HA6? 9KAi7~AqC8,3*b,+<�_),+7HT�,b(�.�(-S (+mN,�Sd L 9KT L <=,�r6^)9 <=,�.p(37`A6mN.;,+<=:),+<�?KAemN,�.>?KAqd�9 ?t^)nNA67`(
system.

References

� �c,�12(+^��2�2� ² � �c,�12(+^Ú]�k�/�k 4ª©3Iµ,�(+PD�*-,+<=_),37HT�,�«%kû·+7 ')k¯{�AF*�mN,+<=S 9 7 uQ,�12k zQ4M L 9KS A2.;A6n L 9KT�(�S�MO,+<=.>nN,�T+? 9K:),�.;È�]�9 7H124¥RO(3^y.;(+? 9KAi7H4(+7H1�I�A6<=S 124% VA2S k0�)��u ]�(�S 12,+7H4%]�/�È��cS (�T+PNd�,�S S zQ4n2nNk2Z ² § - Z2�2�2k)�2�)� ² k�QROA L ,+7µ�2�2�6YN��ROA L ,+7H4s')k���[%?K,%d�(+<Q?K4s·=k , “
{ L ,ROA2S S (+nN.;,gA2C�R L (�A2.<eO.>9>*cnNS ,gS (%d�.¡9 7W(BT�A6*�nNS ,+G

world” .
MO,+7H_6^)9>7H46 �9>P)9 7N_)46�V,%d�¬�A6<QPHk

1994.
[
ªV(+<=S ,+@¯�2�2�6YN� ªV(+<=S ,3@  Vk 4­©+D&*-,+<�_),+7)?n L ,+7HAi*-,37H(V(37H1`T�Ai*�nNS ,3G)9 ?>@®«%k0·Q7b°�k��p<=A)A6PH.c�MOk�]�(�,�.�uQ,�12.;k zQ4�/�<Q? 9;C 9KT+9K(%SqÇN9;Co,¡·Q V4�Mt<=A2T�,=,�169 7H_).A2C¡? L ,Và´A6^)<Q? L ·Q72?K,+<Q7H(+? 9KAi7H(�S´I�A6<QPH. L A6n�A67J? L ,[E@)7)? L ,�.>9;.g(+7H1J[%9>*c^NS (+? 9KA67!AqC¡ÇN9;:F9>7H_�[E@y.a?K,3*b.;4]�·Q{bMt<=,�.;.;k2�2�)�6YNk� ªVA6<=(+7��2�2�)§2�

–
ªVA6<=(+7H4¡')k 4c(+7H1JMO(�S *-,+<i4e]�k 4

©3{ L ,�D�X�[bn2<=AC¨;,�T+?KÈH9 nte
_F<=(+? 9 7N_�?;deAg*-A21),�S .�A2CMO(�S (�,�A2S 9 ? L 9KTV.;A2T+9K(�S´T L (37H_),�«%k�·+7b�Vk�Æ�9;S mN,Q<Q?¢(+7H1°�k2ROAi7)?K,euQ,�12.;k z2/�<Q? 9KC 9KT+9K(�S�[0A2T+9;,+? 9K,�.;k65VRyÇ-Mt<=,�.;.;k

1995.� ª�<=A2_)A6^HSc�2�2�6YN�8ª�<=A2_)A6^HS 4´/�k 4¢(+7H1�à´,+<omN,+<=4´')k 4
©Kàt<=Ai*ò{�Ai*ò{ L ^2*�m¹?KA�? L ,�ªVA2T+PH,+<=.;È`[0Ai*b,DsG)nN,+<Q9>*-,37)?K.gds9>? L à´A6<=(�_F9>7H_B°�A6mNA6?K.C«%kN·Q7f')k -/�k]�,3@y,+<=4�©�k=°�A69 ? mNS (+?´(37H1¡D�k=I�,+<Q7H,+<�uQ,�12.;k zo4=à0<=A6*/�7)9>*b(�S .V?KA�/�7)9>*b(+?;.;È�[0,�T�A67N1�ROA67HCo,+<=,37yT�,�A67[%9>*c^HS (+? 9KAi7¸A2C¢/�12(+n2? 9;:),b�c, L (�:F9KA6<JuQ[%/e�#�2�2zQk]�·Q{bMt<=,�.;.;k2�2�)�6YNk�QÆ�9KS mN,+<Q?��2�)�6YN�­Æ�9KS mN,+<Q?`�Vk 4�©+D&*b,+<=_),+7HT�,�9 7.;A2T+9K(�SN.>9>*c^NS (+? 9KA67?«%k)·Q7g�VkyÆ�9KS ms,+<Q?e(+7H18°�kyR´Ai7)?K,uQ,�12.;k zQ4µ/�<Q? 9KC 9KT+9K(�S³[0A2T+9K,+? 9K,%.;È�{ L ,ùT=A6*¢nq^)?K,+<.>9>*c^HS (+?>9KA67¹A2Cb.;A2T+9K(�S�S 9;Co,�4¡n2nNk¥�6Y2Y

-
�2§2�)kp5VRtÇMt<=,�.;.;46ÇeA67H12A67Hk2�2�2�6YNk�Q©�A2S S (+7H1��2�2�2�2��©�A2S S (+7H124�X�k�(+7H1e]�,�S L ^�9;. L 40ROk 4©E[E?>9;_6*b,+<+@y4g[0,�S>C

-
X�<=_)(37)9K.;(+?>9KA67�(+7H1l[0A6<Q? 9 7H_W9>7ROA2S S ,�T+? 9;:),J°�A6mNA6? 9KT�.C«%kc/�<Q?>9KC 9KT39K(�S¥ÇN9;Co,�4g§24¢n2nNk

173-
�2�2�2k)�2�)�2�2k�QU�(+^HCQC *b(37��2�2�2�2�eU�(+^HCoC *b(37H4�[0k 4S©+{ L ,VXs<Q9K_F9>7H.A2C�X�<=12,+<=È�[0,�S>C

-
X�<=_)(37)9K¦�(+? 9KA67�(+7H1�[0,�S ,�T+? 9KAi7W9>7D�:)A2S ^)? 9KAi7Hk «�X&GHCoA6<=1g5�7)9;:),+<=.>9 ?>@�Mt<=,�.;.;4pX�GHCoA6<=124

1991.� ]�(+?K(+<Q9KT��2�2�2�)� ]�(+?K(+<Q9KT�]�k 4¯©3ªg,�. 9;_67)9 7N_,3*-,+<=_),37)?¥mN, L (�:F9KAi^)<=.;È�C <=Ai*òS>A2T�(�S¡9 7)?K,+<=(=T+? 9KA67N.?KA T�A2S S ,�T+? 9K:),¯9 72?K,�S S 9;_),+7HT�,�«Ekõ·Q7 [�,�T�A67H1·Q7)?K,+<Q7H(+? 9KAi7H(�S!ROAi7HCo,+<=,37HT�,«A67j[%9>*c^HS (+? 93Ai7ùA2C/�12(+n2? 9K:),N�c, L (�:F9KAi^)<=46n2nNk6YHZ2� -Y2YN�2k)�2�2�)�2k� ]�9 ?KT L ,�S S$,+?®(�S kÚ�2�2�6YN�Õ]�9 ?KT L ,�S>S 4|]�k 4Rt<Q^)?KT L C 9K,�S 124=')k=M´k 4�(+7H1¥©�<=(+mN,Q<=4iMOki{�k 4+©+D�:�A2S>:F9>7H_

RO,�S S ^HS (+<V/�^)?KAi*b(+?K(g?KA�nN,+<=CoA6<Q*ùROAi*�nq^)?K(+?>9KA67H.;È]�,�T L (+729K.a*b.~(+7H1�·+*�nN,�169>*b,372?K.C«%kcM L @H.a9KT�(JªV4² §246n)nNk2Z)�2� - Z2�2�2k)�2�)�6YNk� �V,+^2*-(3727f�2�2�2�2�0�V,+^2*-(37)7�:2A67H4�')k&©Q{ L ,�A6<+@�A2C
Self-
°�,+n2<=A216^HT+9 7H_¹/�^)?KAi*b(+?K(�«�4b5�7)9K:),+<=.>9>?>@#A2C·=S S 9KA67HA69K.�Mt<=,�.;.;42R L (3*�nN(+9>7H46·QÇekq�2�2�2�2k� ��9K. L 9KA��2� � �2�)��9K. L 9KA242©�k 4 “ °c,%(�S=? 9>*-,�.;A6<Q? 9 7N_¢A2Cm29 7H(+<+@�72^2*�mN,+<�.¸mq@��
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169>*-,37H.>9KAi7H(�S�T�,�S S ^NS (+<
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Observation
4

Ŝ
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