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CED	F9G�HJILKMGJN/OQPROSF�TLUVO	F�DWTLDXN1Y	F9G�ZL[\G]IX^_H]O	^RK`RO�K%DWacbVdfe�g?[\PRO	[hOSH\HJILUVN4[\PiDQ`RN1D	F []I_TLDXN1Y	F9G�jRDkTXGJKG�[JO	HlNAmnNA[]D	opN
O	[qOsrRO	F9G]D	[\mtIXuWTG\u9u1D	F�DS^L[4HJDSrRD	HJNvIXuvO	jRNA[�F�O�Y	[�GJIX^Rw%xhPRDyNAmnNA[]D	ozY�OS^{jRDyTLD�N1YSF9G\jRDXT{NAG\o|ZLH\m_G\^�[JD	FAopNWIXuqG�[JN
PRO	F1TLUfO	F1DkY�IXoEZRIX^RDS^L[JN�O	^RTW[\PRD	G�F}G\^L[JDSF�Y�IX^L^RD�YS[\GJIX^RN�IXF}G�[lY�O	^EjRD/`RN1DXTV[JIkopILTLD	Hi[�PRD�jRD	PROSrLGJIXFsIXuh[\PRILN1D
Y�IXo|ZRIX^RD	^L[JN~O	[{H]D	rRD	H]N�F1O	^RKG\^RK�u9F1IXo opO	[�PRD	opO	[�GJY�OSH<DS�?ZLF1D�N1NAG]IX^RN�TLILU�^�[JI�[�PRD~jRDSPRO	rLGJIXF�IXu�[\PRD
[\F1O	^RNAG]NA[JIXF1N�[\PRO	[ O�Y	[�`RO	H\H�m�YXIXoEZLF9G]N1D�[�PRD�rRO	F9G]IX`RNqY�IXo|ZRIX^RD	^L[JN1wXbED	F1DvUVDvU�G�H\H Y�IX^RY�D	^L[�F�O	[]DvIX^�NAZRD�Y	G�u9m�G\^RK
G\^L[]D	F�YXIX^L^RD�Y	[\G]IX^RNvO	^RT�o>ILTLD	H\G�^RK�jRD	PRO	rLG]IXFkO	[ [�PRDMrRD	F9m|PLGJKPRD�N�[ HJD	riD	HJN1w�xhPRD	F1D�O	F�D�OM^L`Lo|jRD	FkIXuqjRILIX�RN
U/F9G\[�[JD	^�OSjRIX`L[nCED	F9G�HJILKyU/PLGJYSP�opO	mEO	HJN8IMjRDvY�IX^RNA`LH�[JD�TLw
� ')(+�~79=?0�� 0?6?�/796?� @l�>=��-6?0�7A�/.17924,/��2 �M�~� 0?3/��� 0�=��/� �-.1=?���
xhPRDEC�DSF9G\H]ILKtHJOS^RK`RO�K�DpTLD�N8Y	F9G�jRD�N�O�TXG]KG\[]O	H_NAmnNA[JDSo O�N�O�N8D	[_IXu�opILTX`LH]D�N1w}�sO�Y	P�IXu�[\PRD�N1D�o>ILTX`LHJD�N
Y�IX^L[]O	G\^RNfO�N1D	[vIXuMG�^LZL`L[WO	^RTpIX`L[�ZL`L[QZRIXF9[]NyO�NyUVD	H�HWO�NyOETLD�N1Y	FAG\ZL[\G]IX^�IXuM[�PRD�Y�IX^L[]D	^L[JNyIXus[\PRDfo>ILTX`LHJD�w
xhPRDWY�IX^L[JDS^L[JN/Y�OS^_jRDWTLDXN1Y	F9G�jRD�TvG\^�OWNA[�F9`RY	[�`LF�O	HhIXF4jRD	PRO	rLGJIXF1O	H o>O	^L^RD	F�IXF4G\^�N1IXopDkY�IXo|jLG\^RO	[�GJIX^tIXu}[\PRD
[JUVILw?¡¢N�[\F9`RYS[\`LF1O	HsTLD�N1Y	FAG\ZL[\G]IX^tG]NfY�IXo|ZRILN1D�T�IXu£[�PRD|OXY	[\`RO	HhH]ILKGJY�OSHvN�[\F9`RYS[\`LF�D|IXus[�PRDVo>ILTX`LHJD�¤ U/PLG\H]DEO
jRD	PRO	rLG]IXF�O	HqTLD�N1YSF9G\ZL[�GJIX^�Y�IX^L[]O	G\^RNl^RI�G\^Lu�IXFAopO	[�GJIX^�O	jRIX`L[�[\PRDyOXY	[\`RO	H�G\^L[]D	F9^ROSH�NA[\FA`RY	[\`LF1D�IXuq[\PRDMo>ILTX`LHJD�¤
jL`L[VF�O	[�PRD	F>TLDXN1Y	FAG\jRD�N¥[\PRD�o>ILTX`LHJD�¦ N_jRDSPRO	rLGJIXF_G\^§O�opO	^L^RDSF>NAG�oEG�HJO	F_[JI<PLG]KPRD	F|HJD	rRD	HfZLF�ILKF1O	oEo|G\^RK
HJOS^RK`RO�K�D�N8w~¨fD	PROSrLGJIXF�OSHkTLD�N1Y	FAG\ZL[�GJIX^RN�O	F1D�^RIX[kY�IX^RY�D	FA^RD�T�U�G�[\P�HJI�KGJY�OSH/G\oEZLH]D	opDS^L[JO	[�GJIX^RN1¤©jL`L[/F�O	[�PRD	F
U/G\[\P�[�PRD�[JOXNA��[\PRDlopILTX`LHJDlGJN�[]IMZRD	F9u1IXF9opw
ª�ILTX`LH]D�N>Y�O	^�jiD�[\PRIX`RKPL[�IXupO�N_jL`LG\HJTXG�^RK+jLHJILYS�RN1wQ¡«CED	F9G�HJILK�TLDXN1Y	F9G�ZL[\G]IX^¬IXupOtPRO	F�TLUVO	F�DN�m NA[]D	o
Y�IX^L[]O	G\^RN_O¥[]IXZ<H]D	rRD	H�opILTX`LH]D�U/PLGJYSP<opOSmpjRD�Y�IXo|ZRILN1D�T+IXuEN8D	rRD	F1O	H�HJILUVD	FfH]D	rRD	H£opILTX`LH]D�N1¤qD�OXY	P�IXu
U/PLGJY	Ppo>O	mtjRD{YXIXoEZRILN1D�T�IXu¥N8D	rRD	F�OSHqopILTX`LH]D�NM[\PRD	o>N1D	H�rRD�N1w xhPLGJNMPLG]D	F�O	F1Y	PLGJYXO	HkO	ZLZLF1ILO�Y	P�ZLF�D�N8D	^L[JN�O
rRD	FAmfuAHJD	�®G\jLH]DvD	^LrLG�F�IX^Lo>D	^L[nG�^�U�PLG]Y	P�[JI�TLD�N8Y	F9G�jRDvTXGJKG�[JO	H NAmnNA[JD	o>N1wX¡¬NAmnNA[JD	o¬opO	m�NA[JO	FA[hIX`L[hU/G\[�PW¯]`RNA[hO
u�DXU°jRD	PROSrLGJIXF�OSHMo>ILTX`LHJD�N�TLDXN1Y	F9G�jRD�TO	^RTD	rRIXH�rRD|G\^L[]IO|opIXF1D>O�YXY	`LF�O	[]D>TLD�N1YSF9G\ZL[�GJIX^�O�NVjRD	PRO	rLGJIXFfGJN
F�DSZLHJO�Y�DXT�U�G�[\P�NA[�F9`RY	[�`LF�D�G�^�[\PRD�u1IXF9o±IXu4HJILUVD	F�HJD	rRD	H�opILTX`LH]D�N1w
xhPRDvF�D�KG]NA[JDSF£uAG\H]Dko>ILTX`LHJDWu9F1IXo¢[�PRDkª<²�³�´�e4GJKPL[hCED	F9G�HJILK�opILTLD	HhGJN/`RN1DXTtO�NVO	^DS�4OSoEZLHJDW[\PLF1IX`RKPRIX`L[
[\PLG]NqTLILY	`Lo>D	^L[n[]I�TLD	opIX^RN�[\F�OS[JD�CED	F9G�HJILKyYXIX^RY�D	ZL[JN8wX²�[ O	ZLZRD�O	F1N�G\^�G�[JNQD	^L[\G�F�D	[�mfG�^�O	ZLZRD	^RTXG\�¥¡Ew
µ ')(+�>=?�179,/7A,/B<� ,/3¶*�,/�-.1�4,/.179� .879,/B<·¸243/5/@9=?�
¡¹C�DSF9G\H]ILK�o>ILTX`LHJD�TLD	u9G�^LG\[\G]IX^ºGJNkrRD	F9m�NAG�oEG�HJO	FV[JIºO¥ZLF�ILY�DXTX`LF�DtT�D	u9G�^LG\[\G]IX^ºG\^�IX[\PRD	FVHJO	^RK�`RO�K�D�N1w4xhPRD
NAm�^L[JO	�¥u1IXF/TLD	uAG\^LG�^RKyO�opILTX`LH]D�GJNQNAPRILU�^�G�^�u9G]K`LF�D¥»Xw

¼�½¿¾XÀ%ÁÂ~Ã�¼�½¿¾XÀ%ÁÂ Ä-Å�¼%Â�ÆÈÇ-É\Ã l i s t _of _por t s>) ] ;
< Ê ÄË�À¿Ì�¾�Â�Í-ÁXÅ-Î�ÅXÌ Ê ½�Ä%ÏXÆ
< ½XÀ¿ÌXË�À¿Ì�¾�Â�Í-ÁXÅ-Î�ÅXÌ Ê ½�Ä%ÏXÆ
<st at ement s>

endmodul e Ð®Ñ!Ò�Ó-Ô	Õ�Ö

xhPRD�IXZL[\G]IX^RO	HQH�GJN�[WIXuMZRIXFA[JNyYXIX^L[JO	G�^RNs[\PRDf^ROSopD�NyIXuMG\^LZL`L[kO	^RT�IX`L[�ZL`L[qZRIXF9[]N�U�G�[\P�U/PLGJY	P�[\PRD�o>ILTX`LHJD
Y�IXo|oE`L^LGJYXO	[JD�NyU�G�[\P�IX[\PRD	FMopILTX`LHJDXNMG\^�[\PRD�PRO	F1TLUfOSF�DyopILTLD	H]wi¡×opILTX`LH]D�[�PRO	[VY�IX^L[]O	G\^RNv^RI{G\^LZL`L[VIXF
IX`L[\ZL`L[|ZRIXF9[]N�GJN�[JIX[JOSH\H\m�GJN8IXHJO	[]D�TØO	^RT¶opILN�[EH\G��RD	H\m�`RN1D	H]D�N1N1wMÙ�P�G\HJD�[\PRD+[]IXZØHJD	rRD	H|opILTX`LH]D<G\^§[\PRD
PLGJDSF�O	F1Y	PLmÚU�G�H\HVPRO	rRD�^RI�ZRIXF9[JN8¤vO	H\H�IX[\PRD	F|opILTX`LH]D�N>NAPRIX`LH]TLwQ¡fuA[JD	F|[\PRDºIXZRDS^LG\^RK+o>ILTX`LHJDºTLD	uAG\^LG�[\GJIX^
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NA[]O	[JD	o>D	^L[�U/PLGJYSP�G�^RY	H\`RTLDXNQ[\PRDMZRO	F1D	^L[\PRD�N�G � D�TyH\G]NA[�IXuqZRIXFA[JN1¤iD�OXY	P�ZRIXF9[ o|`RNA[ jRD�TLD�YSHJO	F1D�T�O�NWD	G\[�PRD	FkO	^G\^LZL`L[lIXFsO	^>IX`L[\ZL`L[iZRIXFA[Jw��©G]K`LF�D��EN�PRILUfN}[\PRD/opILTX`LH]DfTLD	uAG\^LG�[\GJIX^|u�IXFh[�PRD�F1D�KGJN�[JD	Fhu9G�HJD/opILTX`LH]D�`RN1DXTVG\^
ªº² ³�´ye GJKPL[]w

¼�½¿¾XÀ%ÁÂ Î�� É��	��
�����	�XÅ¿¾¿¾-Î�����¿Å¿¾¿¾-Î������Å¿¾¿¾-Î���	�	�������������
Ê ÄË�À¿Ì �	��
���� ������Î Ê Ì-Â�Í-ÁX½-Í����½-Î���� ��Î Ê Ì-Â+Ë%½-ÎÌÊ ÄË�À¿Ì Ç"!$#&%	' �	�XÅ¿¾¿¾-Î�� ���(�-Â-Å¿¾Å¿¾¿¾-ÎXÂ%Ï¿Ï)�½-Î�Ï½XÀ Î¿ÍXÂ�ÎXÂ-Å¿¾�Ë%½-ÎÌ
Ê ÄË�À¿Ì Ç"!$#&%	' ���¿Å¿¾¿¾-Î�� ���(�-Â-Å¿¾Å¿¾¿¾-ÎXÂ%Ï¿Ï)�½-Î+Ì�Å-Î�*�Â�Ì�ÎXÂ-Å¿¾�Ë%½-ÎÌ
Ê ÄË�À¿Ì Ç"!$#&%	' ����Å¿¾¿¾-Î�� ��� ��Ì�½-ÎXÂ~Å¿¾¿¾-ÎXÂ%Ï¿Ï)�½-Îº¾�Â%Ï�Ì,+-��Î Ê Ì-Â+Ë%½-ÎÌ½XÀ¿ÌXË�À¿Ì Ç/.�01#&%	' �	�	� ��� �X½XÀ Î¿ÍXÂ�ÎXÂ-Å¿¾�Ë%½-ÎÌ½XÀ¿ÌXË�À¿Ì Ç/.�01#&%	' ����� ���2�¿Å-Î�*�Â�Ì�ÎXÂ-Å¿¾�Ë%½-ÎÌ
Ê ÄË�À¿Ì Ç/.�01#&%	' ����� ���(�-Â%Ï�Ì Ê Ä-ÅXÌ Ê ½�Ä���Î Ê Ì-Â+Ë%½-ÎÌ

< Ï�Ì�ÅXÌ-Â�¼%Â¿Ä�Ì�Ï<ÎXÂ�¼�½43 Â-¾-Æ
Â¿Ä-¾�¼�½¿¾XÀ%ÁÂ ���+Î���5�5 �-Â6* Ê Ï�Ì-Â�Î�7 Ê ÁÂÐ®Ñ!Ò�Ó-Ô	Õ98

xhPRDM^RO	opD�IXuQ[\PRDMo>ILTX`LHJDMGJN
rf
O	^RTyG\[�Y�IX^L[]O	G\^RNWN8D	rRD	^�ZRIXF9[]N;:Øu9G�rRDMG\^LZL`L[�OS^RT�[]UfI�IX`L[�ZL`L[ ZRIXF9[]N1w®xhPRD

F�DXKGJNA[]D	Flu9G\H]D£`RN1DXTfG\^Eªº² ³Q´Ee4GJKPL[RPRO�Nl[]UfIVF�D�O�TVZRIXF9[JNsO	^RT�IX^RDfU�FAG\[]DsZRIXF9[qO	H\H]ILU�G�^RKfG\[�[JI�ZLF�ILTX`RYXDs[\PRD
Y�IX^L[]D	^L[JN{IXuy[]UfI>F1D�KG]NA[JD	F1N{O	^RT~U�FAG\[]D{[]I�IX^RD�F1D�KGJN�[JD	F�NAG�oE`LH�[JO	^RD�I`RNAH\mnwh¡EY�Y�IXF1TXG\^RKH�m ¤}G\[Wo|`RNA[WPRO	rRD
[\PLF1D�DWG\^LZL`L[JN/[\PROS[hG\^RTXGJYXO	[JD_U�PLG]Y	PtF1D�KG]NA[JD	F1N�O	F1DV[]I|jRDVF1D�O�T>O	^RTtU�PLG]Y	P>G]N£[JI_jRDEU/F9G\[�[JD	^Rw?xlPRDXN1DV[�PLF�D�D
F�DXKGJNA[]D	F�NEO	F�D|�L^iILU�^�O�NV[\PRD>N1IX`LF1Y�D�¤4[]O	F�K�DS[�O	^RTTLD�N�[\G\^ROS[\GJIX^F1D�KG]NA[JDSF�N�O	^RTt[�PRD	G\F{O�TLTXF�D�N8N1D�N{a9N�G\oEZLH�m
[\PRDSG\FpF�DXKGJNA[]D	Fp^L`Lo|jRD	F�gpO	F1DºG\^RTXGJYXO	[JD�T�[JI�[\PRDF�DXKGJNA[]D	F�u9G�HJD[\PLF�I`RKP¬[�PRD

RSaddr
¤

RTaddr
O	^RT

RDaddr
G�^LZL`L[�ZRIXFA[JN1w�<�IX[�GJY�D�[\PRO	[QD�O�Y	PpIXu�[�PRD�N1D£ZRIXFA[JNhGJNMTLDXY	HJO	F1D�Tf[]IfjRD�O>=�?LjLG\[RrRD�Y	[]IXFvO	H�HJILU/G\^RKku�IXF

[\PRDkN1DSHJD�Y	[�GJIX^tIXu£O	^Lm�IXuh[\PRD�@��VF1D�KG]NA[JD	F1N1wn´BAX`RO	F1D�jLF1O�Y	�RD	[]Nsa;CEDGFIHXglOSF�D/`RN1D�Tk[JIETLDXY	HJO	F1D�[�PRD�F1O	^RK�DVIXuhjLG\[
^L`LoEjRDSF�N�[�PRO	[}O	^�IXjX¯�D�Y	[}Y�IX^L[JO	G�^RN/U�G�[\P¥[\PRDQo>ILNA[hNAG]K^LG\uAGJY�OS^L[ jLG\[ ZRI�NAG\[�GJIX^¥u9G�F�NA[]w¿bED	^RY�DX¤¿[�PRDQF�O	^RK%DJDLKNMPO�F
TLD�Y	H]O	F�DXNEO_uAG\rRD&?LjLG\[£rRD�Y	[JIXFEacjLG�[JNk^L`LoEjRD	F1D�TQKº[�PLF�IX`RKPROLgfO	^RTt[\PiD|F�O	^RK%DSDG@R»�MPO�F�TLD�Y	HJOSF�D�N�O�@���?LjLG\[
rRD�Y	[]IXFa jLG\[JN�^L`LoEjRD	F1D�TT@R»�[\PLF1IX`RKPUOLg9wM² u�[\PRD+F1O	^RK�D+G]NºIXoEG�[\[JDXTL¤M[\PRD:IXjX¯�D�Y	[|GJNO�N1N�`LopD�T:[JI:jRD
Y�IXo|ZRILN1D�T�IXu/OMNAG\^RK�HJD�jLG�[Jw
xhPRDQF�D�K�GJNA[]D	F u9G�HJDQo|`RNA[hO	H]N1I¥Y�IX^L[JOSG\^¥ZRIXF9[]N4[JI¥O	H\H]ILU�u1IXF [\PRDQ[�F�O	^RNAu1D	F�IXu/TLO	[JOQ[]I_OS^RTWuAF�IXo [�PRDqG\^RTXGJYXO	[JD�T
F�DXKGJNA[]D	F�N8w�xsUfI|IXuh[\PRD�N8D�ZRIXFA[JN£O	F�DVIX`L[\ZL`L[iZRIXF9[]Nl`RN1DXT�U�PRDS^�F�D�OXTXG\^RK|O£F�DXKGJNA[]D	FMa

RS
O	^RT

RT
glO	^RT�IX^RD

GJNsO	^�G�^LZL`L[�ZRIXFA[�`RN8D�T�U/PRD	^�U/F9G\[�G\^RKk[JI�O�F�D�KG]NA[JDSFva
RD

g9w �sO�YSP�IXu�[�PRD�N1D�ZRIXF9[]N�GJNvTLDXY	HJO	F1D�T{O�NvOV@���?LjLG\[
rRD�Y	[]IXF/O�NQTLD�N1Y	FAG\jRD�T�OSjRIXrRD�w
xhPRDfF�DSopO	G�^LG\^RK|ZRIXFA[J¤nÙXW}eZYV¤nGJN�TLD�Y	H]O	F�DXT{[]I�jRD{O{NAG\^RKH]D�jLG\[qG�^LZL`L[Jw xhPLGJNMZRIXFA[qF�DSZLF�D�N1DS^L[JNM[\PRD{U/F9G�[JD
Y	H]ILY	�R¤i`RN8D�T�[]I{G\^RTXGJYXO	[JDy[JI{[\PRDyF1D�KGJN�[JD	FWuAG\HJD�O	[VU/PRO	[/[�G\opDy[�PRD�rROSH\`RD�IX^�[\PRD

RD
G�^LZL`L[�ZRIXF9[fNAPRIX`LHJT

O�Y	[�`RO	H\H�mfjRDMU�FAG\[�[JD	^�[]IM[\PRDvTLD�N�[\G\^ROS[\GJIX^�F1D�KG]NA[JD	F�G\^RTXG]Y�O	[JDXTMjLm
RDaddr.

xhPRDMC�DSF9G\H]ILK{Y�ILTLD�NAPRILU/^�G\^�u9G]K`LF�D-��Y�IX^L[]O	G\^RNQ^RIyG�^Lu�IXF9o>O	[\G]IX^+O	jRIX`L[}[\PRDvjRD	PROSrLGJIXFVIXF/u9`L^RYS[\GJIX^ROSH\G\[�m
IXu£[\PRDVF1D�KG]NA[JD	F£uAG\HJDX¤�jL`L[�G�[vTLILDXN�Y�IXo|ZLHJD	[]D	H\m�GJTLDS^L[\G\uAm�[\PRDEN�[\F9`RYS[\`LF1D�IXuM[�PRDfopILTX`LH]D�O�NyN1DXD	^pjLmºIX[�PRD	F
opILTX`LH]D�NMG\^�[�PRD{NAmnNA[JD	o>w b�D	^RYXD�¤hUfD�Y�O	^�^RILU±TXG]N1Y	`RN1NvPRILU�o>ILTX`LHJD�N¥O	F1DyG\^RNA[]O	^L[\G]O	[JD�T�U/G\[\PLG�^:IX[�PRD	F
modules.

Î��<ÎXÂ6*[� Ê ÁÂ�É��	��
�����	�XÅ¿¾¿¾-Î�����¿Å¿¾¿¾-Î������Å¿¾¿¾-Î���	�	�������������Ð®Ñ!Ò�Ó-Ô	Õ9\

xhPRDkY�ILTLDqG\^_u9GJK�`LF�D]@_NAG\o|ZLH\m�G\^RN�[JO	^L[�GJO	[]D�NsO/F�DXKGJNA[]D	Fhu9G�HJD/^RO	opD�T
regfile

O	^RT|Y�IX^L^RD�Y	[]NhG�[JN}ZRIXF9[JN}[JIk[\PRD
rRO	FAGJO	jLH]D�NkH�GJNA[]D�TLwi²�^+[\PRD�D	��O	oEZLH]D�¤R[�PRD_rRO	FAGJO	jLH]D�NVPROSrRD_[\PRD�N1O	o>D_^RO	o>D�NEOXNV[\PRILN8D_G\^<[\PRD_FAufo>ILTX`LHJD
TLD	uAG\^LG\[�GJIX^R¤�jL`L[ [�PRD	m{OSF�DQ^RIX[ F1D�AX`LG\F1D�Tv[JIvjRDQ[\PRDWN1OSopD�w�xhPLGJN/NA[�m H]DWIXu G�^RNA[JO	^L[�GJO	[�GJIX^tY	HJILN8D	H\myF1D�N1D	o|jLHJD�N�O
ZLF�ILYXD�TX`LF�DvYXO	H\H�G\^�IX[�PRD	F4ZLF1ILKF�O	o|oEG�^RKsHJO	^RK�`RO�K�D�N1w
^ ')(�_ 7A0�=�� ,/3�`>=?B<�>� .8� aE�4�/=��
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CED	F9G�HJILKVZLF1IXrLGJTLDXNlu�IXFl[JUVIfuA`L^RTLO	opD	^L[]O	H�TLO	[JO�[\m�ZRD�NMYXO	H\H]D�Tf^RD	[]NvO	^RT�F1D�KGJN�[JD	F1N1w	�lIXFWIX`LF�ZL`LF9ZRILN1D�N8¤©UfD
U/G\H\HR`RN1D�[\PRD£[]D	FAopNl^RDS[qO	^RTEU�G�F�DsG�^L[JD	F1Y	PRO	^RK�D�OSjLH\mtO	H\[�PRIX`RKP�U�G�F�D�NMO	F�D�O�Y	[\`ROSH\H\mtIX^LH\mtIX^RDs[�m ZRDyIXu�^RD	[Jw
xhPRDvu9`L^RTLO	o>D	^L[JOSHlZLF1IXZRD	F9[�m�IXufU�G�F�D�N1¤®`L^LH\G��RDkF1D�KGJN�[JD	F1N1¤>GJN/[\PRO	[h[\PRDSm�TLI_^RIX[sNA[]IXF�DWrRO	H\`RD�N8w?Ù�G\F1D�NVO	F�D
`RN1D�TyG�^�CED	FAG\HJILKf[JIy[\F1O	^RNAoEG�[ rRO	H�`RD�NWU�PLG]Y	P+O	F�D�TXFAG\rRD	^+IX^�[\PRDSopw���D�KGJN�[JD	F1N1¤iIX^�[�PRD¥IX[\PRD	F/PRO	^RTL¤LPRO	rRD
[\PRD�TXGJN�[\G\^RYS[�YXO	ZRO	jLG�H\G\[�m�[JIºNA[]IXF�D¥rRO	H\`RD�N8w�xhPLGJNETXG]NA[\G�^RY	[\G]IX^ºopOSm¶N8D�D	o [\FAG\rLGJOSHJ¤�jL`L[£G\[£GJNkG\oEZRIXFA[JO	^L[£[JI
F�DSopD	o|jRD	FWU/PRD	^�Y	F1D�O	[�G\^RK�OMo>ILTX`LHJDMG\^�CED	F9G�HJILK�w��/^RD�IXuq[\PRD�N�G\oEZ�HJD�NA[/O	^RTyopILNA[�YXIX^Lu9`RNAG�^RK{D	F9F1IXF�NQ[JI
opOS�RD�GJN�[]IMG\^RY�IF9F�DXY	[\H�m�TLD�YSHJO	F1D�[\PRDvTLOS[JO�[�m ZRDvIXuqO	^�IXjX¯�DXY	[Jw
�©GJK�`LF�D =MZLF1IXrLGJTLD�NQO	^�D	��O	oEZLH]D�u9F1IXo¬[�PRD�ªº² ³�´�e4GJKPL[�F�D�KG]NA[JDSF4u9G�HJDlopILTX`LHJDXw

ÎXÂ6* Ç/.�01#&%	' �����¸Ç;%1# .�0	'�� �����R.
	���.
	� Ê Ì+¼%Â�¼�½-Î���Å-Î¿Î�Å��ÎXÂ6* Ç/.�01#&%	' �	�	������ ���(�-Â�Í-ÁXÅ-ÎXÂ�ÎXÂ-Å¿¾�Ë%½-ÎÌ�Ï+Å Ï<ÎXÂ6* Ê Ï�Ì-Â�Î�ÏÐ®Ñ!Ò�Ó-Ô	Õ��

xhPRDsu9G�F�NA[�H\G�^RDyIXuQ[�PRDyY�ILTLDsG�^{u9G]K`LF�D ={TLDXY	HJO	F1D�N�[�PRDsrRO	F9G]O	jLHJD
RAM

[]I�jRDyO @��{D	H]D	opD	^L[/O	F9F1O	mpIXu]@���?
jLG\[QrRO	H\`RD�N8w©�sO�YSP�IXuv[\PRD�N8D{D	HJD	o>D	^L[JNMG]N�TLD�Y	H]O	F�D�T�[]I{jRD{O�F1D�KG]NA[JD	F1w$<�IX[]D�[\PRO	[/[�PRDyrRD�Y	[JIXF_N�G � D�IXuW[\PRDD	H]D	opD	^L[]N�ZLF�DXY�D�TLD�NR[\PRD�rRO	FAGJO	jLH]D�^RO	o>D�¤LU�PLG�HJD�[�PRDvO	FAF�O	mENAG � Dlu�IXH\H]ILUVN�[\PRD�rROSF9GJOSjLHJD�^RO	o>D�w�xhPRD variable
RAM

U/G\H�HqjRD�`RN1D�T�jLm�[\PRD�F�DXKGJNA[]D	FvuAG\HJD�o>ILTX`LHJDy[JI�NA[]IXF�Dy[\PRDyrRO	H�`RD�N¥Y�IX^L[JOSG\^RD�T{jLm~D�O�YSP:IXuW[�PRD @��
F�DXKGJNA[]D	F�N8wq´�G\^RY�D¥[\PRD�N8D_rRO	H�`RD�NEO	F1D_[]ItjRD>NA[JIXF1D�TtF�OS[\PRD	Ff[\PRO	^[�F�O	^RN�oEG\[�[JD�TtjLm�[\PRD_rRO	F9G]O	jLHJD�¤

RAM
GJN

TLD�Y	H]O	F�DXTM[JIMjRDvIXu�[\m�ZRD�F�DXKGJNA[]D	F�w
xhPRDWN1D�Y�IX^RTvH�G\^RDWIXu [�PRDWY�ILTLDQopOSm�jRDWOQjLG\[©o>IXF�DkY�IX^LuA`RNAG\^RK�w¿² [lTLD�Y	H]O	F�DXN}[�PRO	[©[\PRDkIX`L[�ZL`L[©ZRIXF9[JN

RS
O	^RT

RT
aATLD�N1Y	FAG\jRD�TpOSjRIXrRD�gMO	F1Df[JIEjRD @���?LjLG\[QF1D�KG]NA[JD	F1N1wh´�G\^RY�D�[�PRD�N1D�ZRIXFA[JN�O	ZLZRD�OSFv[JI�jRD�`RN1D�T�NAG�oEZLH�mt[JI

[\F1O	^RNAo|G\[QrROSH\`RD�N£u9F�IXo [\PRDfF1D�KG]NA[JD	Fsu9G�HJDf[]IEG\[JN�IX`L[JNAG]TLD{Y�IX^L^RD�Y	[�GJIX^RN1¤ mnIX`�opO	mºUfIX^RTLD	F�U�PLm�[\PRD	mºO	F�D
TLD�Y	H]O	F�DXT¬O�NpF�DXKGJNA[]D	F�NpF�OS[\PRD	F�[\PROS^¸U/G\F�DXN1wVxhPLGJN�U/G\H\H�jRD�YXIXopDopIXF1DÚY	H]D�O	F�G\^¸IX`LF:TXG]N1Y	`RN1NAG]IX^¹IXu
jRD	PRO	rLG]IXF�O	H�o>ILTLD	H\G�^RK�¤�jL`L[£u�IXFV^RILU G\[£GJNEN�`Lu9u9G]Y	GJDS^L[s[]I�`L^RTLD	F�N�[JO	^RT�[\PRO	[£[\PRD�N8D_ZRIXF9[]NVo|`RNA[so>O	G\^L[]O	G\^
[\PRDSG\F4rROSH\`RD�N�u1IXF/OMNAZRD�Y	G�u9GJYMO	opIX`L^L[ IXu4[\G�opDvOS^RTM[\PL`RN�jRDvTLDXY	HJO	F1D�T�O�NRF�D�KG]NA[JDSF�N1w
�VIX`�opO	m_^RIX[\G]Y�Ds[�PRO	[/IX[�PRD	FQ[�PRO	^

RS
OS^RT

RT
^RIX^RDyIXuQ[�PRDsF�DXKGJNA[]D	F�u9G\H]D�N�ZRIXFA[JNvO	F1Ds[\m�ZRDyTLD	uAG\^RD�TLw%xhPRD

TLD	u1O	`LH\[�C�D	FAG\H]ILK|[\m�ZRDfG]NyU�G�F�D�¤}N8IEF�O	[�PRD	FM[�PRO	^�D	�®ZLH\G]Y	G\[�H\m<TLD	u9G�^RDf[\PRDVF�D	o>O	G\^LG�^RK|ZRIXF9[]N1¤}UfDENAG\o|ZLH\mtH]D	[
CED	F9G�HJILKsG�oEZLH\G]Y	G�[\H\mV[\m�ZRD�[�PRD	o¸O�NQU�G�F�D�N1w
� ')(��E=?�/��� 7A2 0?� @�·¸243/=�@A79,/B
ª�ILTLD	H�G\^RKfjRDSPRO	rLGJIXFvU�G�[\P{CED	F9G�HJILKfG]N�rRD	FAm>NAG�oEG�HJO	F�[JI�ZLF�ILK�F�O	o|oEG\^iK�G\^�HJO	^RK�`RO�K�D�NQH�G\�RD-W�OS^RT�³�O�N8Y�O	HJw
xhF�O�TXG�[\G]IX^RO	H�Y�IX^RNA[�F9`RY	[]NsNA`RYSPpO�N}G\u;?L[\PRD	^�?RD	H]N1DVO	^RTEY�OXN1DfN�[JO	[]D	opD	^L[]N£O	F�DVO	rRO	G�HJO	jLH]DfO�N£UVD	H\H�O�N£O�^L`Lo|jRD	F
IXuVTXG\uAu�D	F1D	^L[hHJILIXZºY�IX^RNA[�F9`RY	[]N1w?xhPRD�N1DWu�DXO	[\`LF1D�NfIXu�[�PRDkH]O	^RK`RO�K�D_U/G\H�Hl^RIX[hjRD_TLD�N1Y	FAG\jRD�T¥G\^ºTLD	[JO	G�HhPRD	F�D�w
² ^�O�TLTXG\[�GJIX^{[]I�o>IXF�D�YXIXoEopIX^�ZLF1ILKF�O	o|oEG�^RK�HJO	^RK`ROXK�D�Y�IX^RNA[�F9`RY	[]N1¤�C�DSF9G\H]ILK{O	HJN8I�ZLF1IXrLGJTLD�NWOM^L`Lo|jRD	F
IXu4^RDXUÚNA[]O	[JDSopD	^L[]N�`RN1D	uA`LHnu1IXF4opILTLDSH\G\^RK£PRO	F�TLUVO	F�DljRD	PRO	rLGJIXF1wXxhPLF�D�DMIXu4[\PRDXN1DvO	F1DvTXGJN1YS`RN1N1D�TMjRD	H]ILUfw
� ' & aE�/=�*-,/79.17A� @l�/.1� .1=?��=�,/.
xhPRDyG\^LG\[�GJO	HVN�[JO	[]D	opDS^L[/GJN¥K�D	^RD	F1O	H\H�m>`RN1D�T{[JI{G\^LG�[\G]O	H\G � D�UVO	rRD	u1IXF9o>N¥O	^RT+IX[�PRD	F|NAG\o|`LHJO	[�GJIX^:IXFVo>ILTX`LHJD
rRO	FAGJO	jLH]D�N�jRDSu�IXF1D~[�PRDÚO�YS[\`RO	H+NAG�oE`LHJOS[\GJIX^�jRD�KG�^RN1wV¡VH\H+NA[]O	[JD	o>D	^L[]N¶U/G\[\PLG�^¹O	^ G�^LG\[�GJO	H�jLHJILY	�¸ILY�Y	`LF
NAG�oE`LH\[]O	^RD�IX`RNAH�m�`L^LHJD�N1N£[\PRD	m<O	F�DENAZRD�Y	G�u9GJYXO	H\H�mºN1DSZRO	F�O	[]D�T�jLmO{TLD	H]O	mnw���^RY�D{OSH\HkNA[]O	[JDSopD	^L[]N�U�G�[\PLG\^�O	^
G\^LG�[\G]O	H�jLH]ILY	�~O	F1DEDS�4DXY	`L[JD�TL¤?[\PRDVjLH]ILY	�>jRD�YXIXopD�NsG�^RO�Y	[�G\rRDfu1IXFM[\PRDVF�D	o>O	G\^RTLDSF�IXuM[�PRD�NAG�oE`LHJOS[\GJIX^RwnxhPRD
NAm�^L[JO	��IXu�[\PRD�G�^LG\[�GJO	H NA[JO	[]D	opDS^L[nGJNQNAPRILU�^�G�^�u9G]K`LF�D��Lw
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initial
<statement>Ð®Ñ!Ò�Ó-Ô	Õ �

<
NA[JOS[JD	o>D	^L[���F�D	ZLF1D�N1D	^L[]NkD	G\[�PRD	FfO|NAG�^RKHJD_NA[]O	[JD	o>D	^L[h[JI¥jRD|D	��D�YS`L[JD�T�IXF�oE`LH\[�G\ZLH]D|NA[]O	[JDSopD	^L[]NfD	^RYSHJILN1D�T

G\^�O�jRD�K�G\^�?RD	^RT�ZRO	G�F�w ª�ILTX`LH]D�NMopO	mºY�IX^L[JOSG\^�oE`LH�[\G\ZLH]D�G\^LG�[\GJOSHkNA[JOS[JD	o>D	^L[JN�IXFM^RIX^RD�OS[VO	H\H]wi¡VH\H/G�^LG\[\G]O	H
NA[]O	[JD	o>D	^L[JNlu�IX`L^RT�[�PLF�IX`RKPRIX`L[�[\PRDso>ILTLD	H/O	F1DyD	��D�Y	`L[]D�T{Y�IX^RY	`LFAF�D	^�[\H\mtO	[�N�G\oE`LH]O	[\G]IX^�[\G\o>D���OLw��©G]K`LF�D
�MZLF�DXN1D	^L[JNQO	^�D	��O	o|ZLHJD�G�^LG\[\G]O	H}N�[JO	[]D	opD	^L[�u9F1IXo¬[\PRDlF�D�KG]NA[JDSF4u9G�HJD�o>ILTX`LHJDXw

i ni t i al
begi n�����/Ç;%	'���.
		� �%�� ����
�Ä Ê Ì Ê Å�Á Ê� Â�ÎXÂ6* Ê Ï�Ì-Â�ÎÎ[%�� Ê Ì�� � Â�Î�½ Ï�����/Ç 	���'��×É�� ���������
�����5��[����![� ����
�Ä Ê Ì Ê Å�Á Ê� Â¶Ï1Ë�Ì�½ºÂ¿Ä-¾½[�t¼%Â�¼�½-Î��
end Ð®Ñ!Ò�Ó-Ô	Õ��

Ù�PRD	^�[\PRD{ªº² ³�´�e GJK�PL[EN�G\oE`LH]O	[\G]IX^¶jRD�K�G\^RN1¤h[\PLGJN¥G\^LG�[\GJOSH�NA[]O	[JDSopD	^L[VGJN�D	��D�Y	`L[]D�T:Y�IX^RY	`LFAF�D	^L[�H\mÚU/G\[\P
IX[\PRDSFMG\^LG�[\G]O	HWNA[]O	[]D	opD	^L[]Nsu�IX`L^RTEG�^�IX[\PRD	FsopILTX`LH]D�N1w xhPRD�u9G\F1NA[qH�G\^RD{IXuv[�PLGJNMG�^LG\[\G]O	HqjLH]ILY	��u9G\H�HJNM[�PRD�u9G\F1NA[
D	H]D	opD	^L[lIXu£IX`LFhF1D�KG]NA[JD	FsO	FAF�O	m�U/G\[�P � D	F1ILD�N1w-xlPRDVY�IX^RNA[]O	^L[ C�@��! cjNO�HVNAZRDXY	G\uAGJD�N}jRIX[\P>O�rRO	H�`RDfOS^RTEOVNAG � D�w² [�F�DSZLF�D�N1DS^L[JNt[\PiD @���?LjLG\[�IXZRD	F1O	^RT§U�PRILN8D<rRO	H\`RD<G]NNAZRD�Y	G�u9GJDXT�G�^§jLG\^RO	FAm°O�NSOLwWxlPRD�N1DXY�IX^RT�H�G\^RD
G\^LG�[\G]O	H\G � D�N�F�DXKGJN�[JD	F�F �!"�ac[�PRDvNA[]O�Y	��ZRIXG\^L[]D	F�O	^RTv[�PRDQ[JUVD	^L[\m�?L^LG\^L[�PtDSHJD	o>D	^L[ G�^_[�PRDWO	F9F1O	mng�[JIvZRIXG\^L[n[JIv[\PRDD	^RT�IXukIX`LFqo>D	o>IXF9mnwRa ¡�YS[\`RO	H�H\m�G�[}ZRIXG\^L[JNq[]I¥[�PRD_N8D	rRD	^L[\P�[JI�[\PRDvH]O�NA[£UVIXF�T�G\^�[\PRDvopDSopIXF9mEjRD�Y�O	`RN1D¥O
NAo>O	H\H£^L`LoEjRD	FEIXuVG\^RNA[�F9`RY	[�GJIX^RN|O	F�D¥ZLHJO�Y�DXT�G\^º[�PRD_H]O�NA[£u�D�U¹UVIXF�TLN�IXufopD	o>IXF9m�[JItu1O�Y	G\H�G\[]O	[JD>IXF1TLD	F9H�m
ZLF�ILK�F�O	o�[JD	FAoEG\^iO	[\G]IX^Rw g�xhPRDWY�IX^RNA[JOS^L[$#Aª<�lª&%R´L²('}��GJN/TLD	uAG\^RD�T¥D	H]N1D�U/PRD	F1DQ[JIvjRDQ[\PRDQ^L`Lo|jRD	F�IXu�UVIXF�TLN
G\^E[\PRD£o>D	opIXFAm w�C�DSF9G\H]ILKEO	H�HJILUVNlo>O�Y	F�IETLD	u9G�^LG\[\G]IX^RNlG�^�O£o>O	^L^RD	FWN�G\o|G\HJOSFQ[JI W£w%xhPRDsopOXY	F�I{TLD	uAG\^LG�[\GJIX^
IXu)#�ªº�hª*%R´�²('}��oEG]KPL[nH]ILIX��H\G\�RDl[\PLGJN M

` ¾�Â	� Ê Ä¿Â ���������
���� 0�%�%�%
<EIX[\GJYXD{[�PRO	[W[\PRD2C,+NH�NAm�oEjRIXHk`RN1D�T�G\^ W¬GJN�F�D	ZLH]O�Y�D�T�jLm C,# H{G\^�CED	F9G�HJILK�whxlPRD�N1O	o>D+N�m o|jRIXHVo|`RNA[
ZLF�DXY�D�TLDvO	^LmV`RN1DMIXu4[\PRDlopO�Y	F1IMG\^�[�PRD�C�DSF9G\H]ILKyY�ILTLD�w
� ')��aE�/=.->@A��� � ���/.1� .8=���=?,/.
xhPRDºjRO�NAGJYºCED	FAG\HJILK§NA[]O	[JDSopD	^L[{u1IXF�TLD�N1Y	FAG\jLG\^RK§OºZLF�ILYXD�N1N>GJN>[\PRD�OSHJUVO	m N�NA[]O	[JD	o>D	^L[JwkxhPRDÚO	H]UfOSm N
NA[]O	[JD	o>D	^L[nG]NqNAG�oEG�HJO	F []Iv[\PRDQG\^LG�[\G]O	HhNA[]O	[JD	o>D	^L[hD	��Y�DSZL[ [\PRO	[nG\[hY�IX^L[�G\^L`ROSH\H\mfF�D	ZRDXO	[JN4F1O	[\PRD	F4[\PRO	^¥jRD�Y�IXo|G\^RK
TXGJN8O	jLHJD�T�OSu9[JDSF4PRO	rLG�^RKyD	��D�Y	`L[]D�T�IX^LH\mEIX^RY�D�w�/�`RN�[}O�NqU/G\[�P¥[\PRDQG\^LG�[\G]O	HhNA[]O	[JDSopD	^L[]¤?OQo>ILTX`LHJDQo>O	m{Y�IX^L[]O	G\^
O	^Lm¥^L`LoEjRDSFvIXuMO	H]UfO	mnNMN�[JO	[]D	opD	^L[]N1¤ G�^RY	H\`RTXG�^RKV^RIX^RD�OS[qO	H�HJw dED�N1YSF9G�ZL[\GJIX^pIXu�[�PRD£jRD	PRO	rLG]IXFvIXuMO£o>ILTX`LHJD
GJNWZLHJOXY�D�T�G�^�O	^:O	H]UfO	mnN_NA[JO	[]D	opDS^L[�U/PLGJYSP<opOSmpjRD¥[�PRIX`RKPL[fIXuEOXN|O�ZLF�ILYXD�N1N_O�Y	[\G�^RK<O	^RT�G\^L[JDSF�O�Y	[�G\^RK
Y�IX^RY	`LFAF�D	^L[�H\m�U/G\[�P�IX[�PRD	FkZLF�ILY�D�N8N1D�N_TLD�N1Y	FAG\jRD�T�jLm�IX[\PRD	F|O	H]UfO	mnN_NA[JOS[JD	o>D	^L[JN1wi¡¸opILTX`LH]D�U/G\[�PRIX`L[yO	^
O	H]UfO	mnN±NA[]O	[JDSopD	^L[ÚGJN±N�G\oEZLH�m OzN�[\F9`RYS[\`LF�OSH°TLD�N1Y	FAG\ZL[�GJIX^ IXu PRO	F1TLUfOSF�DzY�IX^L[]O	G\^LG�^RK G\^RNA[]O	^L[\G]O	[JD�T
NA`LjLo>ILTX`LHJD�NqOS^RTM[\PRD	G�F4G�^L[JD	F1Y�IX^L^RD�Y	[�GJIX^RN1w
xhPRD�NAm ^L[]O	��IXuv[\PRD�O	HJUVO	mnN|NA[]O	[JDSopD	^L[�GJNWGJTLDS^L[\GJYXO	H�[JI�[�PRO	[fIXuk[\PRD�G\^LG�[\GJOSH�N�[JO	[]D	opD	^L[]wRxhPLF�DXD�D	��O	o|ZLHJD
O	H]UfO	mnN�jLH]ILY	�RN�uAF�IXo¬[�PRD�F�DXKGJNA[]D	F4uAG\H]D�opILTX`LH]DvO	F�DMNAPRILU�^�G�^�u9G]K`LF�D10Lw

Å�Á �%Å���Ï�2 É�Ä¿Â6*�Â-¾�*�Â��	��
���� ����� Ì~Ä¿Â6*�Â-¾�*�Â�Í-ÁX½-Í��9+�+�+
begi nÊ � É ����Å¿¾¿¾-Î43(� %[� ���(�-Â6* Ê Ï�Ì-Â�ÎÎ[% Ê Ï<ÎXÂ-Å¿¾�5¿½�Ä Á �

RAM[ ����Å¿¾¿¾-ÎE'��)����� ������Î Ê Ì-Â ����¾¿ÅXÌ�Å<Ì�½~ÍXÂ Á¿Á<Å¿¾¿¾-ÎXÂ%Ï¿Ï�Â-¾  � RDaddr
end

Å�Á �%Å���Ï�2 É �����/Ç RSaddr ] )
begi n�	�5� RAM[ �	�XÅ¿¾¿¾-ÎE'�� ���(7-Â�Ì Í��)�	�<¾¿ÅXÌ�Å<À�Ï Ê Ä6* RSaddr
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end

Å�Á �%Å���Ï�2 É �����/Ç RTaddr ] )
begi n���&� RAM[ ���¿Å¿¾¿¾-ÎE'�� ���(7-Â�Ì Í��)���¾¿ÅXÌ�Å<À�Ï Ê Ä6* RTaddr
end Ð®Ñ!Ò�Ó-Ô	Õ

�

xhPRD�uAG\F�N�[�[�PLG\^RK�[JIÚ^RIX[�GJY�DÚO	jRIX`L[�[�PRD�N1DÚO	HJUVO	mnN¶NA[]O	[JD	o>D	^L[JN�GJN�[\PRO	[�[\PRD	m×Y�IX^L[]O	G\^¢O	^¢OXTLTXG\[\G]IX^RO	H
NAZRD�YSG\u9G]Y�O	[�GJIX^t^RI[lZLF1D�N1D	^L[hG�^IX`LFfTXGJN1YS`RN1NAGJIX^IXusG�^LG\[\G]O	HMNA[JO	[]D	opDS^L[JN1w?xlPRDku9G�F�NA[MO	HJUVO	mnN£jLH]ILY	�~Y�IX^L[]O	G\^RN
[\PRDqZLPLF1O�N1D]C��pac^RD�K%D�TLK�DqÙXWhe YfgAw�H/xhPLG]NhZRO	FA[�IXul[�PRDfOSHJUVO	m N£NA[]O	[JD	o>D	^L[�N1D	FArRD�N}[JIEN8D	^RNAG\[�G � D/[\PRD/jLHJILY	�R¤D	uAu�D�Y	[�G\rRD	H�m�F�D�NA[�F9G]Y	[\G�^RK�[�PRD_[\G�opD�TX`LF9G\^RK+U�PLG]Y	PºG�[sG]NEO�Y	[�G\rRD�w �yD�YXO	H\H£[\PROS[yO	H]UfOSm N|NA[JO	[]D	opDS^L[JN1¤�`L^LH�G\�RD
G\^LG�[\G]O	HqN�[JO	[]D	opD	^�[JN1¤©Y�IX^L[�G\^L`RO	H�H\m_F�D	ZRDXO	[4[�PRD	opN1DSH\rRD�N1w©´iD	^RN�G\[\G � G\^RK�OS^�O	HJUVO	mnNvNA[]O	[JD	o>D	^L[/N�ZRD�Y	G\uAGJD�NMU�PRD	^[\PROS[vNA[]O	[JDSopD	^L[lGJN�[JI|jRDXY�IXopD|O�Y	[\G�rRD�¤�F1O	[\PRD	F£[\PROS^~O	H\H]ILU�G�^RK_G�[�[]I|jRDEOXY	[\G�rRD�Y�IX^L[\G�^L`RIX`RNAH\m�[\PLF1IX`RKPRIX`L[
[\PRDWN�G\oE`LH]O	[\G]IX^Rw�xhPRDQu9G\F1NA[hO	H]UfOSm N4jLH]ILY	�¥GJN�N1D	^RNAG�[\G � D�T|N8Ik[�PRO	[©G\[©G]N£OXY	[\G�rRDkIX^LH\m�O	[©[�PRDq^RD�K�O	[�G\rRDkD�TLK�DkIXu
WCLK

wixhPLG]N_OSHJUVO	mnNWjLH]ILY	��jRD�Y�IXopDXN_OXY	[\G�rRD�U/PRD	^�[\PRD
WCLK

NAG]K^RO	HfY	PRO	^RK%D�NkuAF�IXo O<»�[JI+OQOLw
xhPLGJNsuAG\F1NA[QjLH]ILY	�pG\^RTXG]Y�O	[]D�Ns[\PROS[QG\us[\PRDfF1D�KG]NA[JD	FM[JI�jRD{U�FAG\[�[JD	^�[JI�G]NM^RIX[qF OL¤ [�PRD	^�[\PRD�rRO	H�`RD{IXu

RD
GJN

NA[]IXF�D�TMG�^�[\PRDvD	H]D	o>D	^L[}IXuqIX`LF/O	FAF�O	mEY�IXF9F1D�NAZRIX^RTXG�^RKs[JIM[�PRDvTLD�NA[�G\^RO	[�GJIX^�F1D�KGJN�[JD	F1w
xhPRDºN1D�YXIX^RT�OSHJUVO	mnNEjLHJILY	��GJNpOXY	[\G�rRO	[JD�T�U/PRD	^�[\PRDtrRO	H�`RDNAZRD�Y	G�u9G]D�TºjLm

RAM[RSaddr]
YSPRO	^RK�D�N1w

(̂
RDXK�D�TLK�D�OS^RTEZRILN1D�TLK�DEO	F�Df�RDSm UVIXF�TLNsF1D�NA[�F9GJYS[\G\^RK_[\PRD�TXG�F�D�Y	[�GJIX^�IXus[\PRDf^RIX[�GJY�DXTpY	PRO	^RK�DfuAF�IXo »f[]I2O
O	^RT(O�[JI�»fF�DXNAZRD�Y	[�G\rRD	H�m w glÙ�PRD	^�[\PRD�rRO	H�`RD{IXu

RAM[RSaddr]
Y	PROS^RK�D�N1¤ G\[QGJN�NA[]IXF�D�T�[JI�[�PRD{IX`L[\ZL`L[

ZRIXF9[hF1D�KGJN�[JD	F
RS

w?Ù D_Y�O	^t^RILUÈN8D�D|U/PLm{[\PRD_IX`L[\ZL`L[hZRIXFA[JN
RS

OS^RT
RT

OSF�DETLDSu9G\^RDXT|[JI|jRDkF�D�K�GJNA[]D	F�N1w
´�G\^RY�Dq[�PRD�N1DkO	HJUVO	mnN�NA[JOS[JD	o>D	^L[JN�O	F1D/^RIX[lOSHJUVO	m N�O�YS[\G\rRDX¤-[�PRDVOSZLZLF�IXZLFAGJO	[]D/rROSH\`RD�N£O	F�D/^RIX[�O	HJUVO	mnNsTXFAG\rRD	^
IX^�[\PRDMIX`L[\ZL`L[nZRIF9[JNQU�PLG]Y	P�UfIX`LH]TMjRD�F�D�AX`LG\F�DXTMG\u4[�PRD�ZRIXF9[]NqUVD	F�DvU/G�F�D�N1w
xhPRDs[\PLG�F�T{O	H]UfOSm NljLHJILY	�{G]N�^RD�O	FAH\m_GJTLD	^L[�GJY�O	H�[JI�[�PRDyN1D�Y�IX^RT��®[\PRD�TXG�u9u1D	F�D	^RYXDMGJNQ[\PROS[ G\[�YXIX^L[\F�IXH]NQ[\PRD

RTZRIXF9[�G\^RNA[]D�O�T�IXu�[\PRD
RS

ZRIXF9[]w

� ')µ�aE�/=.->�-�-79B4,:�/.1� .1=?��=�,/.
xhPRDWO�N1NAG]K^�NA[JOS[JD	o>D	^L[ G]N4^RIX[ `RN1D�TWG\^_[\PRDqF�DXKGJNA[]D	F}u9G�HJDqopILTX`LH]DkUfDqPRO	rRDqjRD�DS^>TXG]N1Y	`RN1NAG�^RK�¤¿jL`L[©G\[©oEG]KPL[
PRO	rRD/jRD�D	^Rw �VIX`�o>O	m¥PRO	rRD£jRDXD	^�[JDSoEZL[JDXTf[JI�TLDXY	HJO	F1D£[�PRD

RS
O	^RT

RT
ZRIXF9[JNsO�NMU/G\F1D�NMOS^RT�NAG\o|ZLH\m¥^RIX[

N1D	^RN�G\[\G � Dq[\PRDkO	HJUVO	mnN£NA[JO	[]D	opDS^L[JN£Y�IX^L[\F1IXH\H\G�^RKk[�PRD	opw-Ù�PLG\H]D�[�PLGJN}opO	m�N8D�D	o°HJILKG]Y�O	H]¤�G\[iG]NhG�^RY�IXF9F1D�Y	[Jw-¡f^
`L^RN1D	^RN�G\[\G � D�T OSHJUVO	mnN�NA[]O	[JDSopD	^L[~GJN Y�IX^L[�G\^L`RIX`RNAH�m D	��D�Y	`L[\G�^RK OS^RT `L^LH]D�N1N�[\PRD	F1D§G]N¬N1IXo>D×TLD	H]O	m
O�N1N8ILY	GJO	[]D�T�U�G�[\P<IX^RD¥IXu/[\PRD¥NA[JOS[JD	o>D	^L[JNqG\[£DS�4DXY	`L[JD�N8¤®[�PRD_N�G\oE`LH]O	[\G]IX^<Y	HJILY	�<U/G\H\H}^RDSrRD	FVO�TXrRO	^RY�DXw?xhPLGJN
NAG�[\`RO	[�GJIX^ºZLF1ILTX`RY�D�N|U�PRO	[�O	o>IX`L^L[JNV[]IºO	^ºG�^Lu9G�^LG\[JD¥HJILIXZºG�^º[\PRD¥opILTLDSHyO	^RT�ZLF�D	rRD	^L[]NV[�PRDtNAG�oE`LHJOS[\GJIX^
u9F1IXo ZLF1ILY�D�D�TXG�^RK¬OXN¶D	�®ZRD�Y	[]D�TLwfxhPRD�N8IXH\`L[\G]IX^ [JI�[\PLGJN�ZLF�IXjLH]D	o GJN�[�PRD�O�N8NAGJK^¸NA[JO	[]D	opDS^L[ºU/PLGJY	P
ZLF�ILTX`RYXD�N�[�PRD|TLDXNAG\F1D�T_F1D�NA`LH�[MU/PLG\H]DEO	[l[\PRD|N1O	o>DV[\G�opD|O	H\H]ILU�G�^RK_[\PiDENAG�oE`LHJOS[\GJIX^Y	HJILY	�t[JI>O�TXrROS^RY�D�w�² u
UVD�PRO�T�TLD�Y	HJOSF�D�T�[�PRD{IX`L[\ZL`L[qZRIXFA[JNM[JI�jRD{U/G\F1D�N1¤hUfD{YXIX`LHJT{PRO	rRDyF�D	ZLH]O�Y�D�T{[\PRDy[]UfI{F�D	H]D	rRO	^L[VO	H]UfOSm N
NA[]O	[JD	o>D	^L[JNQU�G�[\P�[�PRDvO�N1NAG]K^�NA[]O	[JD	o>D	^L[JNRG\^�u9G]K`LF�D1"Lw

Å Ï¿Ï Ê *�Ä �	�5�)�����/ÇG�	�XÅ¿¾¿¾-ÎE'�� ����¾-Î Ê 3 Â �	�(� Ê Ì�� 3%Å�Á�À-Â~½[�<ÎXÂ6* RSaddrÅ Ï¿Ï Ê *�Ä ���&�)�����/ÇG���¿Å¿¾¿¾-ÎE'�� ����¾-Î Ê 3 Â ���2� Ê Ì�� 3%Å�Á�À-Â~½[�<ÎXÂ6* RTaddrÐ®Ñ!Ò�Ó-Ô	Õ��

² uWO	^LmtIXuQ[�PRDsG\^�ZL`L[JNvIX^{[�PRDMF9GJK�PL[ PRO	^RT�NAGJTLD�IXuQ[\PRD�O�N1N�GJK^Lo>D	^L[�Y	PROS^RK�D�¤�[\PRD�D	�®ZLF1D�N1NAG]IX^�G]NWD	rRO	H�`RO	[JD�T
O	^RT�O�N1NAG]K^RD�Tp[JIp[\PRD�ZRIXFA[_IXF�rRO	F9G]O	jLHJD�IX^�[\PRD�HJD	uA[WPRO	^RT�NAGJTLD�w}xhPRD�Y	PRIXGJY�D{jRD	[]UfD�DS^¶`RNAG�^RK�O	H]UfOSm N
NA[]O	[JD	o>D	^L[JNQO	^RT�O�N1N�GJK^�NA[]O	[JDSopD	^L[]NqU�PRDSF�D�[�PRD	m�OSF�D�G�^L[JD	F1Y	PRO	^RK�D�OSjLHJD�G]N�`LZ�[JIM[�PRD�ZLF�ILK�F�O	o|opD	F1w
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� ')(+�>=?@9� � �
xhPRDMªº² ³�´�e G]KPL[ o>ILTLD	H�TLILD�NQ^RIX[4G\^RY	H�`RTLD�O	^LmpTLD	H]O	mnNQG\^�G\[]NQopILTX`LH]D�NWU�G�[\P�[\PRDM^RDXY�D�N1N1OSF9m�D	��Y�DSZL[\GJIX^
IXut[�PRD+opILTX`LH]D:U/PLGJY	P K%D	^RD	F�OS[JD�N�[�PRD:Y	H]ILY	�Rw«�h�4YSH\`RTXG\^RK�TLD	HJO	mnNtuAF�IXo [�PRD<opILTLD	H�OSH\HJILUVNt`RNt[JI
Y�IX^RY�DS^L[\F�OS[JD�IX^�[\PRDMuA`L^RY	[\G]IX^RO	H\G�[\m>IXuq[\PRDMo>O�Y	PLG\^RD�U/G\[�PRIX`L[�UVIXF9F9m�G\^iK{O	jRIX`L[ [\PRDv[�G\oEG�^RKyF�D�AX`LG�F�D	o>D	^L[JN
IXu4PROSF�TLUVO	F�DvYXIXoEZRIX^RD	^L[]NqU/G\[\P�U/PLGJYSP�[\PRD�o>O�Y	PLG\^RDloEGJK�PL[}O�Y	[�`RO	H\H�mVjRD�jL`LG\H�[Jw
¡ TLDSHJO	mÚGJNNAZRDXY	G\uAGJD�T:jLmÈO<ZRIX`L^RT§NAG]K^ O	^RT§O<^L`LoEjRD	FtG\^RTXGJYXO	[\G�^RK¶[\PRDºHJDS^RK[\P×IXup[\PRD�TLD	H]O	m G\^
NAG�oE`LHJOS[\GJIX^�[\G�opDXw

#10
NAZRD�Y	G�u9G]D�N|O�TLD	H]O	m�IXu>»�O<NAG�oE`LHJOS[\GJIX^+[\G�opD�`L^LG\[]N1wRdED	HJOSm NWopO	mpjRD�O	[�[JO�Y	PRDXT�[JI

O	H�opILNA[hOS^Lm{IXjX¯�DXY	[ G�^_CED	FAG\HJILKMuAF�IXo¹U/G\F1D�N4[JIvo>ILTX`LHJD�N/O	^RTv[�PRD	myopOSmyjRDkD	�®ZLH\G]Y	G\[�H\m�NAZRDXY	G\uAGJD�TWjRD	[JUVD�D	^
NA[]O	[JD	o>D	^L[JN/G\^�G\^LG�[\G]O	HsO	^RTtO	H]UfOSm N/jLHJILY	�RNVO�NVUfDSH\HJw �©G]K`LF�D>»�O>NAPRILUVN£[�PRDEY�ILTLDk`RN1D�T|[]I>K�D	^RD	F1O	[JDk[\PRD
Y	H]ILY	��u�IXF�ªº² ³Q´ye4GJKPL[]w

al ways
begi n ��
���� %��� 0�% ���(�-Â ÁXÅ�� 0�%pÌ Ê ¼%ÂºÀ-Ä Ê Ì�Ï��
���� 0��� 0�%��
���� %��
end Ð®Ñ�ÒÓ-ÔSÕ4Ö��

xhPRDEY�ILTLDkG\^>uAGJK�`LF�Dp»�OpN�ZRD�Y	G\uAGJD�N�O	^�O	HJUVO	mnNsjLHJILYS�p[\PRO	[vD	��D�Y	`L[JDXNyY�IX^L[�G\^L`RO	H�H\mnw<²�[�ZLF�ILTX`RY�DXNyO =�O��
TX`L[\m+Y	mnY	H]D�Y	HJILYS��NAGJK�^RO	HWIX^ W}eZY U�PLG]Y	PpGJNs[�PRD	^pF�IX`L[]D�TE[JIpIX[�PRD	FsopILTX`LHJDXNsG\^p[�PRDfopILTLD	H�u�IXFs`RN1DfG\^
TLD	[]D	F9o|G\^LG\^RK�D	rRD	^L[�[\G\o|G\^RK�w
� ')(+;>=?0�7A@92 B��>2 ����=�,/.8�
W£IXoEopDS^L[JNkY�O	^�jRDvF�D	ZLF1D�N1D	^L[]D�T�G\^�C�D	FAG\H]ILK�Y�ILTLDWG\^�[JUVItUVO	mnN1w?xhPRDWu9G�F�NA[hGJN/GJTLDS^L[\GJYXO	Hh[JI_[�PRDko>D	[\PRILT
`RN1D�T¶G�^UW U/PRD	F1D	jLm¬Y�IXoEo>D	^L[JNºOSF�D:TLD	H�G\o|G\[JDXT¶jLmÚ[�PRD:NAm�oEjRIXHJN

/*
O	^RT

*/
wWxhPRD�N1DXY�IX^RT§O	H\H]ILUfN

Y�IXo|opD	^L[]NM[JI�jRD�ZLHJOXY�D�T�IX^�O{NAG\^RKH]D�H\G�^RD{O	^RT�jRD�KG\^RN�U/G\[�P�[\PRD{NAm�oEjRIXH
	�	kO	^RT�[]D	F9o|G\^RO	[]D�N�U�G�[\P�[\PRD
^RD�U/H\G�^RD�Y	PRO	F1O�Y	[]D	F�w¥xhPL`RN1¤ NAG�^RKHJDsH�G\^RDyYXIXoEopDS^L[JN�o>O	m|jRD�O	HJIX^RDyI^�OsH\G�^RDyIXFQo>O	m|u1IXH\H]ILU�Y�ILTLD�O�N�G\^
opOS^Lm�IXu�[\PRDvD	��OSoEZLHJDXN�`RN1D�T�O	jRIXrRDXw
� ')(+�/� �-.1=?� aE� ������12 0��>79�-�/@A� � 79,/B+*-,/�12 0?���4.1792 ,
CED	F9G�HJILK:ZLF�IXrLG]TLD�N>[\PLF1D�DºrRD	F9m `RN8D	u9`LH�NAmnNA[]D	o [JO�N��RNp`RN8D�T�u1IXF�TXGJNAZLH]O	m�G\^RK�G\^Lu�IXFAopO	[�GJIX^RwkxlPRDSm O	F�D
display

¤
gr_waves

O	^RT
gr_regs

w-dVGJNAZLH]O	m�NAG�oEZLH�myZLF9G�^L[JN [JD	�®[©[]Ik[�PRDkY	`LF9F1D	^L[i�?[]D	F9o°G�^pO/opO	^L^RD	FhrRD	FAm
NAG�oEG\H]O	F4[]IM[\PRD�ZLFAG\^L[�u4uA`L^RY	[\G]IX^�G\^ W£w��©GJK`LF1D¥»L»MNAPRILUVNqO	^�D	��O	o|ZLHJDvYXO	H\H�[JIM[\PRDMTXGJNAZLH]O	mf[]O�NA�Rw

$ ¾ Ê Ï1ËLÁXÅ��QÉ��X¾¿ÅXÌ�Å���� � addr ess=%h” , Di n, Daddr ) ;Ð®Ñ�ÒÓ-ÔSÕ4Ö�Ö

xhPRD�rRO	H\`RDXN�IXuWdfG�^:OS^RT�dEO�TLTXF_O	F1D�G�^RN1D	FA[JD�T{G\^�ZLHJO�YXD�IXuW[�PRDy[JUVI
%h

u�IXF9o>O	[VY�IX^L[�F�IXHJN�¯]`RNA[VO�Nvm IX`
UVIX`LHJT>D	�®ZRD�YS[�G�us[�PLGJNfUfD	F1DEOkZLF9G\^L[�uyYXO	H\HlG\^SW£w�xhPRDETXG]NAZLHJOSm�[]O�NA�~OS`L[JIXo>O	[\G]Y�O	H\H�m+O	ZLZRD	^RTLN�OV^RD�U§H�G\^RD
Y	PRO	F1O�Y	[]D	F4[]IM[\PRDvDS^RT�IXu4[\PRDMNA[\FAG\^RK�wX² u4mnIX`�TLIX^	 c[ UfOS^L[n[JIvZLFAG\^L[hOQ^RDXU�H\G�^RD�¤�`RN1DQ[\PRDWU/F9G�[JDQ[]O�NA��U�PLG]Y	P¥GJN
GJTLDS^L[\GJYXO	Hn[]I�TXGJNAZLH]O	mED	��Y�D	ZL[n[�PRO	[}Ol^RD�U~H�G\^RDvYSPRO	F�O�YS[JD	F�GJN�^RIX[ O	`L[JIXo>O	[\G]Y�O	H�H\mEO	ZLZRD	^RTLD�TLw
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¡V^RIX[\PRD	Fs`RN1D	u9`LHvNAmnNA[JDSo [JOXNA��GJNM[\PRD{K�F %RUVO	rRD�NM[JOXNA�Rw xlPLG]NM[JO�N���ZLF1ILTX`RY�D�NM[�PRD{UfOSrRD�N�U�G�^RTLILU×U/PLGJY	P
mnIX`�G\^LrRIX�RD�TVG\^�ZLF1ILKF�OSoEoEG�^RKEO�N8NAGJK^Lo>D	^L[QIX^RD£jLm�NA`LZLZLH\m�G\^RKk[\PRD

+waves
YXIXoEopOS^RT�H\G\^RD�O	F�K`Lo>D	^L[Jw

¡V^�D	��O	oEZLH]D�u9F1IXo¬[�PRD�ªº² ³�´�e4GJKPL[�opILTLD	H�GJNqNAPRILU/^�G\^�uAGJK`LF1D¥»��Lw
$gr �[�%Å43 Â%Ï É

� ��
�� � , ` TOP. CLK,��� � � , ` CPU. PC,�
I R_i f " , ` CPU. I i n,� 
 ���?Î�¾ � , ` CPU. I R2,� 
 ���LÂ
� � , ` CPU. I R3,ÃN+�+�+]Æ

) ;
Ð®Ñ�ÒÓ-ÔSÕ4Ö48

¡ENWN1D�D	^�G\^�uAGJK`LF1D�»��L¤iO	F�K`Lo>D	^L[JNWIXuQ[\PRD�KF %RUfO	rRDXNQ[JO�NA��o|`RNA[�Y�IXo>DMG\^�ZRO	G�F�N1w�xhPRDMu9G�F�NA[�OSF�K`Lo>D	^L[�IXu
[\PRD�ZRO	G\FlGJNsO�NA[�F9G�^RKVG�^RTXGJY�O	[�G\^RKfPRILU�[\PRD�UfO	rRD�NAPRIX`LHJT�jRDsH]O	jRD	H]D�T�G\^{[�PRDyUVO	rRD�NvU/G\^RTLILUVw%xhPRDyN1D�Y�IX^RT
O	F1K`LopD	^L[�G\^�[�PRD�ZRO	G�F4GJNR[\PRDvNAG]K^RO	H�[\PRO	[ NAPRIX`LHJTMjRDvTXG]NAZLHJOSm D�TLw
xhPRDt[\PLG�F�Tº`RN1D	uA`LH�NAmnNA[JDSo [JO�N���G]NpKF %LF1D�K�N1wqxhPLGJNE[]O�NA��ZLF�ILTX`RYXD�NE[\PRDtF1D�KG]NA[JD	F�U/G\^RTLILU«U�PLG]Y	P UVO�N
O�Y	[�G\rRO	[]D�TyG\^�ZLF�I�KF�O	o|oEG�^RK{O�N1NAG]K^LopD	^L[/IX^RDWjLmpNA`LZLZLH\m�G\^RKy[\PRD¥Y�IXo|opOS^RT¥H�G\^RD¥O	F�K�`LopD	^L[

+regs
wL² [}GJN

rRD	FAmNAG�oEG\H]O	Fv[]I�[\PRD{TXGJN�ZLHJO	m�[JO�NA��G�^�[�PRO	[kO�^L`Lo|jRD	F¥IXu¥NA[�F9G�^RK�N�U�G�[\P�D	o|jRD�TLTLD�T�u�IXFAopO	[VYXIX^L[\F�IXH]N¥O	F�D
NAZRD�YSG\u9G]D�T{TLD	H�G\o|G\[JDXT�jLm>Y�IXoEo>O�N1w�e G��RD�TXGJNAZLH]O	m ¤iKF %LF�D�K%NQG\oEZLH�GJY	G�[\H�mpO	ZLZRDS^RTLNWOM^RD�U�H�G\^RD�Y	PRO	F1O�Y	[]D	Fq[JI
[\PRD�DS^RT�IXuWD�O�Y	P+IXu/[�PRD�N1D¥NA[\FAG\^RK�N8wE�lIXH�HJILU/G\^RKy[\PRD¥NA[�F9G\^RK%NVOSF�D¥Y�IXoEo>O¥N1D	ZRO	F1O	[JDXT�IXZRD	F1O	^RTLNkU�PLG]Y	P<O	F�D
[JIVF�D	ZLH]O�Y�D£[�PRD£u1IXF9o>O	[qYXIX^L[\F�IXH]NMO�Nh[\PRD	m�TXG]T�U�G�[\P�[�PRD�TXG]NAZLHJO	m¥[]O�NA�Rw ¡ NAG�oEZLH]D�D	��O	o|ZLHJD�IXul[\PRD

gr_regs[JOXNA��GJNqN�PRILU�^�G�^�u9G]K`LF�D¥»�@Lw

$gr �?ÎXÂ6* Ï É��4�-Â6* Ê Ï�Ì-Â�Î 0 � � ���	
�4�-Â6* Ê Ï�Ì-Â�Î 	 � � ���	
�-Â6*	0���-Â6* 	

) ;
Ð®Ñ�ÒÓ-ÔSÕ4Ö4\

���	��
��� Y�IX^L[JO	G�^RN{TLD�N1YSF9G\ZL[�GJIX^RN�IXu�[\PRD�rRO	FAGJIX`RNyu�IXFAopO	[_YXIX^L[\F�IXH_YSPRO	F�OXY	[JD	F1N�O�NyF�D�Y�ILK�^LG � D�TpjLmºjRIX[\P
TXGJN�ZLHJO	mEO	^RT

gr_regs.

�������
Õ4Ö

������� ���! #"�$!%'&��)(���*'+�%'��*',-�!.�%-$
������/ ���! #"�$!%'&��)(���*',-�!.�%-$
������0 ���! #"�$!%'&��)(���,'1!%-$
2�����3 ���! #"�$!%'&��)(�2��!(�%-�4&
,5����6 ���! #"�$!%'&�798:6<;4;�,-��%-�4%-,'1!*-�
.=����> ���! #"�$!%'&����!*-�4%'�4,-���!,'%-$?(�%-.�*
 ����	8 ���! #"�$!%'&� #1!�4�)(�@



��� �����	��
���	�������
Wolfe � �	������������� ���!������"�##%$

EE282

8

//**********************************************************************��������������> ;
	�8������������*'�4�)$!��@�.�����*-$
//���

rf.v
//�����<*-@ �! #1!*-���:�!$)*
//����� ��* �4*-@ �! #1!*-��� �!$!* �) % 1)���4*-* "����41)*'��.�*-.����4&���*�� �!,-*��9�!1!����
��� �4*-%'�����9�4�!1!*5$!��,-%-1!�!��(� ���*-%-,'�����2��!1) ��9�!��*! �7 �4*-%'��"4��(�$!&�,-*'$)$
����#4�4*-@ �! #1!*-���
��$�"��4�����!��*- �%����"42��!1&%-*'�4�� 
//**********************************************************************

.�����'�$!* �
�(#
) 6�*,+-���<8:%-�����
����� %-�����
���</ %'�����
���<8.�����,���<//$
0

�!(�"�'�1 ) 6�*,+-0 ����) �4�!1!*5,'$!��,�12� �����</3�5�4�!1)* "����41
�!(�"�'�154 6�78��9:�<8:%-�����
0 �����<*-%-��%-�����4*' # ;� ���� #��'��4,-* �4*-%'��"����41
�!(�"�'�154 6�78��9:��� %'�����
0 �����<*-%'��%'�����4*- # �� ����1!%'�4@�*'1?�4*-%-��"����41
�!(�"�'�154 6�78��9:�</ %'�����
0 ��� 8:1!���4* %-�����4*- # �� ���	��*- 18 ��9�4�!1!*5"����41
��'�1!"�'�1<4=���7���9>�<8?0 ��� 8���'��4,-* �4*-%'��"����41
��'�1!"�'�1<4=���7���9>���,0 ����� %-�4@ *-1?�4*'%-��"����41
�!(�"�'�154 ���7���9@�<//0 ��� / *' #1!�)(�%-1!�!��(��9�4�!1!*5"����41

�4*-@ 4 ,�A78��9@�<79>B4 ��78���9C0D��� 7E���+2���2��!1?.�*-.����4&�%'�4�4%-&
�4*-@ 4 ,�A78��9@�<8.�����,0 ��� / *-,'$)%'�4*5�4*'%-��"����41) %- �4*-@ �) 1)*'�4 

initial
begin�<79>34 ��9,F����G 2���0 ��� ;4(��)1!�!%-$!��%-* �4*-@ �! #1!*-���
���9�!1!��%-*-�4�� 
�<79>34 ��H�9,F�#
I >J��>JK�8:;
L���"
��$
MN6�0O��� ;4(��!1!�!%-$!��%-*  #"�1)��*-(������	.�*-.����4&

end

%-$��5%-&  QPR#4(�*-@ *-��@�*�) 6�*,+-$ ��� 791?(�*-@ *-��@�* ,-$!��,!1�   
begin���S#
�</ %'������T F���$ �����<*-@ �) 1)*'���
���) �4*-%'��"4��(�$!&

RAM[
�</ %-�����
9,F��</-0 ����) �4�!1!*O�</ ��%'1)% 1!��,'*-$!$?%-�����4*' # #*-��2�&

RDaddr
end

%-$��5%-&  QPR#
�<75>U4
RSaddr])

begin�<8�F
RAM[

�<8:%-�����
9C0 ������*'1!,-���<8 ��%-1!%�'� #�!(�@
RSaddr

end

%-$��5%-&  QPR#
�<75>U4
RTaddr])

begin���@F
RAM[

��� %-�����
9C0 ������*'1),'����� ��%-1!%�'� #�!(�@
RTaddr

end

*-(���.�����'�$!* �8� �
�?"
"��<*'@��! #1!*-�S���!$!*
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�VIX`	 crRD4¯J`RNA[iu9G�^LGJN�PRD�TVo>O	�LG\^RK_N1IXopDVY	PRO	^RK%D�Nl[]Ifm IX`LFlCED	F9G�HJILKEYXILTLD�O	^RTVm IX`	 F�D�N�`LF�D£G�[� ANMY�IXFAF�D�Y	[]¤ jL`L[
G\[QTLILD�NA^	 [�ZLF1ILTX`RY�D�[\PRD£F1D�NA`LH�[JNlmnIX`�D	�®ZRD�YS[JD�TLw ³iF1D�N1D	^L[]D�TfPRD	F1D�O	F1D�O�u�D�U§IXul[\PRD£o>ILNA[QY�IXoEo>IX^

errorsU/PLGJY	P�o|GJKPL[�ZLF�ILTX`RY�Dl`L^RD	�®ZRD�Y	[JDXTMF�D�NA`LH�[JN1w

1.
��� �	
�� �����	��
?��
 �� � � 
���� ��� 
���� � � ����
���� � � ����
���������� ¡EN�TXGJN1Y	`RN8N1D�T�G\^�N1DXY	[\G]IX^RN-=Lw���OS^RT2=Lw�@L¤hO	^
`L^RN1D	^RN�G\[\G � D�T_O	HJUVO	mnN�NA[JO	[]D	opDS^L[QYXO	^EZLF1ILTX`RY�DfOS^EG\^LuAG\^LG�[JD/HJILIXZpU/PLG]Y	PpU/G\H�HRZLF1D	rRD	^L[i[\PRDVNAG�oE`LHJOS[\GJIX^Y	H]ILY	��uAF�IXo jRDSG\^RK~O�TXrRO	^RY�DXTLwhxhPLGJN�U/G\H�H_NA[JO	H�HW[\PRD�NAG�oE`LHJOS[\GJIX^�O	[W[�G\o>D2O�O	^RT�U�G�H\HWF1D�NA`LH\[WG�^�^RI
IXjRN1D	FArRO	jLHJDvIX`L[\ZL`L[Jw�¡ETLTXG\[�GJIX^RO	H�H\mn¤¿G�u�O	^�O	H]UfO	mnN/NA[]O	[JD	o>D	^L[ G]N4^RIX[hN1D	^RN�G\[\G � D�Tv[JI¥O	H�HhIXu [\PRDQrROSF9GJOSjLHJD�N`RN1D�T>G�^�DS�?Z�F�D�N1N�GJIX^RN{U/G\[\PLG�^~[\PRDpO	H]UfO	mnN�jLHJILYS��mnIX`�opO	mº^RIX[�GJYXD�O�Y	PROS^RK�D�G\^�O�N�GJK^RO	H_OS^RT�jRD
Y�IX^LuA`RN1D�T�O	jRIX`L[�U/PLmpOS^RIX[\PRD	FkN�GJK^RO	H/U�PLG]Y	P�G]NkTLD	ZRD	^RTLO	^L[£IX^�[\PRDvuAG\F�N�[£TXGJT�^RIX[£Y	PRO	^RK�D�wLxhPLGJNqGJNkO
Y�IXo|opIX^�D	F9F1IXF�O	^RT_NAPRIX`LH]TkjRDkIX^RDkIXu}[\PRDqu9G�F�NA[©[�PLG\^RK�N mnIX`>YSPRD�Y	�_G\u}mnIX`LF}opILTLD	HlTLILDXNA^	 c[lUVIXF9�_[\PRD
UVO	mfmnIX`�D	�®ZRD�YS[Jw

2.
� ����������
?��� � ��� ����� � ��� �!���"�#���$��� ��
 
����� ¨�DXY�O	`RN1D>IXuf[\PRD|G�oEZLH�GJY	G�[M[�m ZLG�^RK�C�DSF9G\H]ILK�`RN1D�N8¤/O	^Lm
ZLF�DSrLGJIX`RNAH�m¶`L^RD	^RYXIX`L^L[JD	F1D�TºrRO	F9G]O	jLHJDtG]NpO�N1NA`Lo>D�Tº[JIºjRDOt^RD�U rROSF9GJOSjLHJD~IXu{[\m�ZRD~U�G�F�D�w/² u�¤/u�IXF
D	��O	o|ZLHJD�¤¿m I`pTLD�Y	H]O	F�DVO/ZRIXF9[i^RO	opDXT

Out
[JIkjRDfO/F�DXKGJNA[]D	FsO	^RTV[�PRD	^|u�IXF�K%D	[i[JIEYXO	ZLG\[]O	H\G � D�G�[JN}^RO	opDU/PRD	^{m IX`{F1D	u1D	F�D	^RYXDsG\[]¤%[\PRDs^RD�U�rRO	F9G]O	jLHJD
out

U/G\H�H jRDMG\o|ZLH\G]Y	G\[�H\m>TLD�Y	HJOSF�D�Ty[JIyjRD�O�U/G\F1D�O	^RT�U�G�H\H
jRDv`RN1D�T�G\^�ZLHJOXY�D¥IXu/[\PRDWrRO	F9G]O	jLHJDWm IX`�G\^L[]D	^RTLD�TLw?xhPLG]NfD	FAF�IXF�GJNVN1IXo>D	[\G�opD�NVTXG\uAu9G]Y	`LH\[h[JI¥F�D�YXILK^LG � DjRD�Y�OS`RN1D�CED	FAG\H]ILK|U/G\H�HRG�oEZLH�GJY	G�[\H\m�OXY�Y�D	ZL[i[\PRD/oEG]N1NAZRD	H�HJD�TVrRO	F9G]O	jLHJDfO	^RT�Y�IX^L[�G\^L`RDfO�NlG�u�^RIX[�PLG\^RKEUVO�N
wrong.


