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L	OQ@�l ` ghCbHMdYEGrIaKH ` lIr£E�BDHML	@Iahw´x)g*dYE	lIabgoBKeIg�g=t�c�L	@Igh@[BDa�FIg*c�g*@IF�LN@�BDejg-CbHMab��EYqNghCbaKHJLN@
` ghE	aKlICbg!BDejg*s{d*LNlIrJF{e}EYqNg ` E	@[s�FIHJ��ghCbgh@[B(qGE	rJlIgha*w �,e�lIa ^ BDeIHJa ` L�FIg*r7CbghFIljdhghaWBKL
E:a�s�a�BDg ` L	O)@jLN@�nArJHM@IghE	Ckg*p�lIEGBDHJLN@Ia ^ ��eIHJdfe¼dYE	@¨|�g�abLNrJq	ghF¨|�s�E:@�l ` ghCbHMdYEGr�@ILN@�n
rMHM@jgYE	C�ghp�l}E�BDHML	@�aKL	rJqNg*Chw¢?�e}EYqNg�dfeILNaKg*@¤BDLzlIaKg�EziNCbHMF�rME	HMF�L�qNg*C"BKeIg�CbghrMg=qGE	@[B
CKghi	HMLN@�L	OQc�LNC�BKO�LNrJHMLWdhL ` |IHM@IEGBDHJLN@Ia�E	@IF�BDL%FIg*BKghC ` HJ@Ig,BDeIg-ghp�lIHJrMHM|jCKHMl ` cICbHMdhg*a)EG@IF
dhLN@Iabl ` cjBDHJLN@¥aKe}E	Cbgha:|[s�CKg*c�ghEGBDHJ@Ii�BDeIg�abgYE	Cbdfe cICbL�d*ghFIlICbg���HJBDe ` LNCKg�Cbg* }@jghF
iNCKHJFIa�~ ��ghg	��R7«7«�V ÷�X	XN\[]¤� wX}LNC,BDejghaKg>dhL ` cIljBKghC-aKH ` lIr£E�BDHML	@Ia ^ ?md*LN@IabHMFIg*C-BKeIg!d*LN@IdhCbg*BKg!dYEGaKg!LGO�E	@�g*dhLN@�n
L ` s!��HvBDe�BA�#L%E	iNgh@[BKa�E	@IF�BDeICbghg,c�LNaKabHM|IrJgmabBDEGBDg*auL	O�@}EGBKlICKg,HJ@�BDeIgmabghd*LN@IF�c�g*CKHML�F ^

 � ���jw��,ejgmrMg*aKa�CbHMaK�>EYqNg*CKaKg-E	i	gh@[BuHMa�E	aKabl ` ghF�BDLWeIE�q	g�E(CKg*r£EGBKHJq	g)CKHJaK�>EYqNghCbaKHJLN@
dhL�g ��dhHJgh@[B-L	OTE 8��  ^ aKL�BDe}E�B�eIHMa)BKH ` gkaKg*c}E	CKE	|IrMgWl�BDHMrJHJBAs�O�lI@Id=BDHJLN@�HM@�gYEGdfe�a�BfEGBKg
L	O5@}EGBKlICKgoHMa�rMLNiNE	CKHvBDe ` HMd ^ BDejg ` LNCKg�CKHJaK��EYqNg*CKaKgkE	iNgh@[B)HMa�E	aKabl ` ghF�BKL�e}EYqNg(E>CKHJaK�
E�q	ghCbaKHML	@�L	OTE � ��
�w��X}lIC�BDeIg*C�c}E	CDE ` g=BDghCba�e}EYqNg�BDL�|�g$ jt�ghF ��x#L	BDe¡E	iNg*@[BDa�e}EYqNg�BKeIg�aDE ` g$BDH ` g
FIHMabdhLNlI@[BWO E	d=BDLNC�1n8�� 1 � � 1 � � & �����jw���E	CKHME	|IrJgha(HJ@IFIg_tjg*F¼|�s��"|�g*rMLN@Ii"BDL$BDejg
CKghcjCKghabgh@[BfE�BDHJq	g�EGiNgh@[B ^ HJ@[BDCKL�FIlId*ghF¼HM@¼abghd*BKHMLN@ ��w�»(rJr�abBDEGBDg*a�L	O�@}EGBDljCKg�e}EYqNg�BDejg
aDE ` g�c�L	aKaKHJ|IHMrJHJBAs¨L	O-L�dhdhljCKCKg*@Idhg : 8 � : � � :�� w�x)LGBDe¡E	iNg*@�BKa�e}EYqNg�BDeIg�aKE ` gHM@IHvBDH£EGr)gh@jFIL�� ` g*@�B �`! ��& � F�w�� �,e�lja ^ �#g�e}EYq	g�BDejg�@IL	@�nArJHM@IghE	C�abs�a�BDg ` BDL¨|�g
aKLNrvqNghF:|[s�BDeIg�@�l ` ghCbHMdYEGrQaKLNrvqNg*Chw

����� �!��"#�!$&%'$�(*)�$&%,+.-0/213"#�!$4%
�7L�iNg*B-FIg*ghc�ghC-HM@[BDL�BKeIg�CKghrMEGBDHJLN@�|�g*BA�#ghgh@�BDeIg%dhLN@jaKl ` cjBDHJLN@�c�L	aKaKHJ|IHMrJHJBKHMgha#HM@�BDejg
FIHJ��ghCbgh@[B�abBDEGBDg*a�L	O-@}EGBDljCKg ^ BKeIg$eIg=BDghCbLNiNg*@IghHvBAs�E	@IF�BKeIg�CKg*aKlIrvBDHM@ji{abBDEGBDg�cICbHMd*gha ^
BDeIg�@�l ` ghCbHMdYEGr#BDg*dfeI@IHJp�ljg�HMa�lIabghF�lI@IFjghC�dfe}E	@jiNHM@Ii¼EGiNiNCKg*i[EGBKg�dhL	@IaKl ` cjBKHMLN@�BKL
aKeIL�� BKeIg�HM@j¦IlIgh@Id*g�L	O�FIHJ��ghCbgh@[B�dhL	@IaKl ` cjBKHMLN@¼c�LNaKabHM|IHJrMHJBKHMg*a-L	@¼BKeIg�ghp�lIHJrMHJ|ICKHJl `
p�lIE	@[BDHJBKHMg*aoEG@IF�cICKHJdhgha*w

�,eIg*aKg�g=t�g*CKdhHJaKg�HJa�dfeILNabgh@�BDL�E	@IE	rJs��hg$BKeIg$|�ghe}EYq�HML	C�L	O-LNlIC ` L�FIghr�lI@IFIg*C�E
dfe}E	@IiNHJ@Ii�E	iNiNCbghi[EGBKg�dhLN@jaKl ` cjBDHJLN@ � � H 5 E	@IF � H &jw�?A@¨LNlIC ` L�FIg*r���HJBKe
BDeICbghg�abBDEGBDg*ak�)g�LN|�BfE	HJ@{FIHJ��ghCbgh@[BWCbghaKljrJBDakO�CbL ` ¾o©+�7�´���7¿�Tu°¼ÀzT�¹uUÁ¸�T��¥V �	¬N¬N¬[]
d*O�w�cICKL	c�LNabHJBKHMLN@ 
�c}E	i	g ÷ �Iw
����� �!��"#�!$&%'$�(6"#7389)�$&%,+.-0/213"#�!$4%'�:%'$4%389+;".��"<8�=
?A@�BKeIHMa-g=t�ghCbdhHJaKg>��ejLNrMg>E	iNiNCbghi[E�BDg%dhLN@Iabl ` cjBDHJLN@�HJ@�BKeIg% ICKabB(abBDEGBDg>L	O�@}E�BDlICbg!HMa
> \ å�ÓÕØ	ßÂ×OÖ3ÙOå�Ö6ØOßÂï�Ö3åLÖ�ÙOÖ�×ÃÜÂã·Ö�ÒLÖàÜÂó�Ø&gL×ÃÖ�ÝxÖà×OÖàÒqp�Ö�Ø�ßÂØ	ßÂØÃØOóLï�Öàö�ÓòÒ�ÙOå�Ö!Òoó�ï�Öà×OÓlp�ßÂç�Ö/hLß+ïjgLçÕÖ�Ü+ÝM OBQ*QSTUQ*V*W5X YZWe[�]�^SW*_Z` b+ëÂë·ë\d�á�ØOÜ�ÓÚÙ�Ó Ømg¥Ü·ØÃØFÓ pLçÕÖ3ÙOÜSp�Ü·ï g�ß+×ÃÖ9ÙÃåLÖ!×OÖ�ØFó�çÚÙ�Ø�õ
? l`Ö p�ß+ó�ØFÖ�ÜÂÝ	ÙOåLÖ�ï�ßÂ×
f·Ö�Ù p�çòÖ�ß+×ÃÓòÒ�ã p�ÜÂÒ�ö=ÓÚÙÃÓòÜ·Ò `A@Jduá_ÓòÙ'Ó Ø'ØOó<BDp�ÓÕÖ�ÒoÙ5ÙÃÜ¤ÓÕÒoÔ·ÖàØFÙOÓÕã·ß+ÙOÖ�Ü·ÒLçòÛ�ÙOå�Öp�ó�ö=ãÂÖ�Ù`×ÃÖàØFÙO×ÃÓlpuÙOÓÕÜÂÒ�Ü+ÝHÜ·ÒLÖ&ßÂãÂÖ�ÒoÙ�õ \ å�Ö&ÜÂÙOåLÖà×`ßÂãÂÖ�ÒoÙ`ÜÂÒLçÕÛ�ÙÃß
f·ÖàØSÙOåLÖ p�Ü·ÒoÙO×�ß"g¥Ü·ØOÓÚÙÃÓòÜ·Ò�ß+Ò�ö�á·ÙÃå�ó�Ø�á
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C(0)=1

aggregate consumption

C(2)= 2

 C(3)= 3

C(1)= X

X�HMi	lICKg ÷ � ��g=BDlIc ÷ w J)LN@[BDCbHM|IljBKHMLN@�LGO�d*LN@IaKl ` cjBKHMLN@�L�qNg*C-BKH ` gWE	@IF�a�BfEGBKgha
dfe}E	@IiNg*FQw J)LN@Iabl ` c�BDHML	@�HM@�BDeIgoaKg*dhLN@IF�EG@IF"BKeIHMCbF�abBDEGBDg*amHMa�rMg=O�B�lI@Idfe}E	@jiNghF ^ V aKg*g
 }iNlICbg ÷�] wX�HJiNlICbgha � E	@IF�
"FIHMabcIr£EYs�BDejg�CKg*aKlIrvBDa(LGOuBDeIg>@�l ` g*CKHMdhE	r´aKH ` lIr£EGBKHMLN@jahwDX�HJiNlICKg
� aKeIL���a�BDeIg�aKe}E	Cbg�L	O%E	iNi	CKghiNEGBDg{d*LN@Iabl ` c�BDHML	@¤L	OWBDejg�rMghaba$CKHJaK� EYqNghCbaKg¨E	iNg*@[B
V(E 8 �  ] wu�,ejgWFIgh@Iabghrvs�FILGBKBDg*F�rMHM@jgoCbghcICbghaKg*@[BDa�eIHMa)aKe}E	CbgkL	O´dhL	@IaKl ` cjBKHMLN@$HJ@�BDejg
 }CKa�B�abBfE�BDg�L	O�@}EGBKlICKg�V5� �  ] w%�,eIg�a ` E	rJrMghC�BDejg�E	iNiNCbghi[EGBKg�dhL	@IaKl ` cjBKHMLN@ �L8oHJ@
abBfE�BDg � �' ^ BDeIg�a ` E	rJrMghCoBDeIg�dhL	@IaKl ` cjBKHMLN@¨L	O)BKeIHMa�EGiNgh@[B>HM@�BDeIHJa�abBfE�BDg	w �¥HJBKe
E	@�E	iNi	CKghiNEGBDg%dhLN@jaKl ` cjBDHJLN@�LGO ¬ w ÷	^ '�8<. 8�@IghE	CKrvs�EGcIcICKLNE	dfeIgha(�hghCbL¼V5'�8<. 8���&
� &� �� ] w
�,eIg�aKe}EGCKg ÷ d*LN@Iabl ` c�BDHML	@{HM@:BDeIg! ICKabBkc�g*CKHML�F�V�aKLNrJHMF�rMHM@jg ] FIghd*CKgYEGaKghaW��HvBDe �L8 ^
E	a�FIL�g*amBDeIgWd*LN@Iabl ` c�BDHML	@:abe}E	CbgWHM@�|�LGBDe$BDejg%abghd*LN@IFyV7��HMFIg*rJs"FIL	BKBKghF ] E	@IF�BDejg
BDeIHJCKF�abBDEGBDg�L	O7@}EGBKlICKg"V FIE	aKeIg*F ] w

�,eIg-aKg*dhLN@jF ^j` LNCKg�CbHMaK��EYq	ghCKabgkE	i	gh@[B ^ E	|Ia�BfE	HJ@Ia�@IgYE	CbrJs�d*L ` cjrMg*BKghrvs!O�CKL ` dhLN@�n
aKl ` HM@Ii%HM@�BKeIgoa�BfEGBKgoLGOQ@}EGBKlICKg-HM@���eIHJdfe"BKeIg(EGiNiNCKg*i[EGBKg-d*LN@Iabl ` c�BDHML	@�c�LNabaKHM|jHMrMHvBAs
BDgh@jFIauBDLW�hg*CKL�E	@jF�BKeIghCbg*O�LNCbgmLN|jBDE	HM@ja�@IgYEGCKrJs!E	rJr�d*LN@IaKl ` cjBKHMLN@�HJ@!BDejg,L	BDeIg*C�abBDEGBDg*a
E	@IF$HJ@"BDejgo }CbabB,c�ghCbHML�FQw��,eIg ` LNCbgoCbHMab�"EYq	ghCKabgWE	iNg*@[B)BDCbHMg*a#BDL>g*q	gh@�LNljB�BDeIgodhLN@�n
aKl ` cjBDHJLN@�L�qNghC�BDejg%a�BfEGBKgha-E	@IF�BDH ` gGw

�,eIg,d*LNCKCbghabc�LN@jFIHM@Ii�d*LN@[BDHM@jiNgh@[B�cICbHMdhg*a�E	CKg,abeIL���@"HJ@� }iNlICbg 
jw��,eIg, }CbabB�a�BfEGBKg
cICKHJdhg�V�FIgh@Iabghrvs!FILGBKBDg*F�rMHJ@Ig#HJ@! }iNljCKg�
 ] HMa7g=t�BDCbg ` ghrJs%eIHJiNe!��HvBDe�rJLÁ��d*LN@Iabl ` c�BDHML	@
c�LNabaKHJ|IHMrJHJBDHJgha*w!�,eIg�g=t�cIrME	@}EGBKHMLN@�HJa%HJ@[BDlIHvBDHJq	g �(BKeIg�abBfE�BDg�cICKHJdhg�O�LNC�E��#LNCKabg"a�BfEGBKg
aKeILNljrMF:|�gWeIHJiNeIg*C,HJO7dhLN@Iabl ` cjBDHJLN@�e}E	a�rML��§L�FIFjahwX�HJiNlICbg �,cICKL�q�HMFjgha�iNCKghEGBDg*C5FIg*BDE	HMr�O�LNCQBDejguabBfE�BDg�cICKHJdhg*a3� � EG@IFS�

�
O�LNC�BDejg�abghd*LN@IF

E	@IF"BKeIHMCbF�abBfE�BDg,BDL%HMrJrMlIa�BDCDE�BDg)BKeIghHJCuFIghc�gh@IFjgh@Id*gkLN@�FIHJ��ghCbgh@[B�dhLN@Iabl ` cjBDHJLN@�rMg*q	ghrJa
HM@F� �  Nw ��lICbcICKHJaKHJ@IiNrJs ^ BKeIghabg$cICbHMdhg*a$V�F}E	abeIghF�rJHM@Ig�O�LNC � � #��uFIL	BKBKghF�rJHM@Ig�O�LNC� � � ] E	CKg�eIHJiNeIghCWBKL�L�HM@¨dYEGaKg�L	OmrJLÁ� dhLN@jaKl ` cjBDHJLN@¨c�LNabaKHJ|IHMrJHJBDHJgha*w��,eIHMa�HMa�@ILGB
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X�HJiNlICKg ��� IuCKHJdhg*a-LGO7BKeIg�aKghd*LN@IF�E	@IF�BDeIHJCKF�dhLN@[BKHM@IiNg*@[B�dhr£EGH `
FIHMCbghd*BKrJs HM@[BDljHJBDHvqNg�|�g*dYE	lIabg�BDeIg{g*@IFIL�� ` gh@[B:L	O%dhLN@Iabl ` cjBDHJLN@¤HM@¤BKeIghabg � iNL�L�F��
abBfE�BDghaoL	O�@IEGBDlICbg>a�BfEYs�BDeIg%aDE ` g>E	@IF:H ` cICKL�q	g>HJ@�d*L ` cIE	CKHJaKLN@�BDL�BDeIg%LN@Ig%HM@�BDejg
 }CKa�Boa�BfEGBKg	w��,e�lIa ^ BKeIg�cICKHJdhgha-E	Cbg�@IL	B�g=t�c�ghd=BDghF�BDL�|�gWejHMiNeIg*C,HM@�BDejHMa,dYEGaKg	w

� ��������4�<*;)<*2�� 4��	��4 � � ��2�30��3�<�
 � ��� ��2�3


og=t�Bo?mFIg*aKdhCbHM|�g%BKeIg�dfe}E	CKE	d*BKghCKHJabBKHMdha-L	O7BDeIg�CKg*cICKg*aKg*@�BDEGBDHvqNg!E	iNgh@[Bhw)?mCbghcIrME	dhgWBDejg
eIg*BKghCKL	iNgh@Ig*LNlIa%E	iNg*@[BDaW|[s�E$CbghcICbghaKg*@[BfEGBKHJqNg�LN@jg!��HJBKeILNljBWdfeIE	@IiNHJ@Ii$ghp�lIHJrMHJ|ICKHJl `
cICKHJdhgha%E	@jFzEGiNiNCKg*i[EGBKg�dhLN@jaKl ` cjBDHJLN@Qw>»(a�aKeIL���@¨|[s �(µ��7U�®�T���®����´��«�©+U�V ÷�XN\N�N]=^
HJB�HMa�c�LNabaKHJ|IrMg{BKL� I@IF¥cICKg=O�ghCKg*@Idhg*a�O�LNC$E�abHM@Ii	rMg{CbghcICbghaKg*@[BfEGBKHJqNg¨HM@[q	ghabBKLNC ^ ��eIL
��HMrMr�eILNrMF�BDejg%aKE ` g ` E	Cb�	g*Boc�LNCbBbO�LNrMHJL�lI@IFIg*C-BKeIg�dhLN@jFIHJBKHMLN@Ia�FIg=BDg*C ` HM@Ig*F�|[s�BDejg
ghp�lIHMrJHM|ICbHMl ` O�L	C ` lIrvBDHJcIrMg�dhL	@IaKl ` ghCbahw ?A@ ` LNabB�dYE	abgha$BDejg{cICKg=O�ghCbgh@Id*gha�L	OWBDejg
CKghablIrJBKHM@Ii¨CKg*cICKg*aKg*@�BDEGBDHvqNg{HJ@[qNgha�BDLNC"E	Cbg�@ILGB"LGOkBDeIg:aDE ` g�dhrME	aKa"E	a�BDeIL	aKg�LGO(BDejg
eIg*BKghCKL	iNgh@Ig*LNlIaoE	iNg*@�BKahw��X}LNrJrML���HM@Ii�EGi[E	HM@�¾o©+�´�7���´¿�Tu°�ÀzT�¹�UÁ¸´T7� V �	¬N¬N¬[]_^ BKeIg�CKghcjCKghabgh@[BfE�BDHJq	g�E	iNg*@[B
e}E	a�BDejg$aDE ` g$ljBKHMrJHJBAs¼O�lI@Id=BDHML	@�E	a�BDejg$eIg*BKghCbLNiNgh@jghLNlIa�LN@jgha ^ g_tjd*ghcjB�BKe}EGB , ��HMa
� ]�p�å�ß+ÒLã·Ö	ÓòÒ�ÙOå�Ö$p�Ü·Ò�ØFó�ï gLÙOÓÕÜÂÒjg�ÜoØOØOÓ pLÓòçÕÓòÙOÓÕÖàØ_Ü·×?Ö�Ò�öLÜ7ä	ï�ÖàÒoÙÃØ-ÒLÜ·×Oï�ß+çÕçÕÛ6çòÖ�ßÂöLØ_ÙOÜ6ß!ö=ÓEn¥Öà×OÖàÒoÙ

×ÃÖ�g�×OÖ�ØFÖàÒ·Ù�ß7ÙÃÓòÔ·ÖSß+ã·Ö�ÒoÙàõ�]&Ø-ØFåLÜ7ä	Ò�poÛ�� 1�� TUQ*]�� ORTUQ `�é
4oí��eduáàÙOå�Önp�çÕß·ØOØeÜ+ÝLó=ÙÃÓòçÕÓòÙ�Û�ÝxóLÒqpuÙÃÓòÜ·Ò�Øàá7ä	åLÜ·ØOÖ
ßÂãÂã·×OÖàã·ß7ÙÃÓòÜ·Ò'ÜÂÝ1ÙOåLÖ gL×ÃÖ�ÝxÖ�×ÃÖ�Ò p�ÖàØSÓÕØ g¥Ü·ØÃØFÓ pLçÕÖÂáoÓÕØSÔÂÖ�×ÃÛ�×OÖ�Ø�ÙÃ×OÓlpuÙÃÓòÔ·ÖÂõ \ åLÖ������`]�ðWóLÙOÓÕçòÓòÙOÓÕÖàØ�ßÂØÃØOóLï�Öàö
å�Ö�×ÃÖÂáLö=Ü�ÒLÜÂÙmp�ÖàçòÜ·ÒLã�ÙOÜ�ÙOå�ÓÕØ`p�çÕß·ØOØàõ
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# � %(��* � , �� %5���)*"0 1 � �546 �&798 : �	, � %(���)* � V ÷Á�N]

��g*BbBDHM@ji ` E	CbiNHM@IE	r}ljBDHJrMHvBDHMg*a�ghp�l}E	r�BKL�cICKHJdhg*a ^ BKeIgWc}E	CKE ` g*BDg*CKa#L	O�BDeIHJa)ljBKHMrMHvBAs�O�lI@Id_n
BDHML	@:abeILNlIrJF�LN|�g=s � ��� �Q1 � : � , ���=%5���	*, � � %5��� * � �
� V ÷ 
 ]
�,e}EGB�HJa ^ BKeIg ` E	CKiNHJ@}E	ruljBKHMrJHJBAs¼L	O�d*LN@IaKl ` cjBKHMLN@zHM@yBKeIg� }CbabB�c�ghCbHML�FyCbghr£E�BDHJq	g"BKL
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