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2YHUYLHZ

3HUPHGLD��DQG�*/,17�5��JUDSKLFV�SURFHVVRUV�KDYH�D�KDUGZDUH�WH[WXUH�PDQDJHPHQW�V\VWHP�FDOOHG�WKH�9LUWXDO
7H[WXUH�HQJLQH��7KH�9LUWXDO�7H[WXUH�HQJLQH�JLYHV�WKH�IROORZLQJ�DSSOLFDWLRQ�OHYHO�EHQHILWV�

• 6PRRWKHU�XWLOL]DWLRQ�RI�EXV�EDQGZLGWK�WR�UHGXFH�DSSOLFDWLRQ�´VWXWWHU�µ
• 5HGXFHV�DPRXQW�RI�SK\VLFDO�RQ�FDUG�PHPRU\�UHTXLUHG�WR�UXQ�WH[WXUH�KHDY\�DSSOLFDWLRQV�
• (QDEOHV�PRUH�WH[WXUHV�SHU�VFHQH�IRU�D�JLYHQ�PHPRU\�VL]H�
• (QDEOHV�ODUJHU�WH[WXUHV�DW�JUHDWHU�FRORU�GHSWKV��XS�WR�����[�����DW����ELW�FRORU�
• (QDEOHV�PLS�PDSSLQJ�RQ�ODUJHU�WH[WXUHV��XS�WR�����[�����DW����ELW�FRORU�

-XVWLILFDWLRQ

7KH�DELOLW\�WR�KDQGOH�ODUJH�DPRXQWV�RI�WH[WXUH�GDWD�LV�EHFRPLQJ�YHU\�LPSRUWDQW�IRU�DSSOLFDWLRQV�LQ�PXOWLSOH
YHUWLFDO�PDUNHW�VHJPHQWV��$OWKRXJK�WKH�WRWDO�DPRXQW�RI�WH[WXUHV�XVHG�LQ�D�JLYHQ�DSSOLFDWLRQ�PD\�EH�TXLWH�ODUJH�
PDQ\�DSSOLFDWLRQV�DUH�VWUXFWXUHG�VR�WKDW�RQO\�D�VPDOO�DUHD�RI�ODUJH�WH[WXUH�LV�WR�EH�VKRZQ�DW�IXOO�UHVROXWLRQ��)RU
H[DPSOH�ZKHQ�WH[WXUHV�DUH�XVHG�WR�SURGXFH�D�UHDOLVWLF�IOLJKW�VLPXODWLRQ�HQYLURQPHQW��RQO\�WKH�WH[WXUHG�WHUUDLQ
FORVH�WR�WKH�YLHZHU�KDV�WR�VKRZ�ILQH�GHWDLO��WHUUDLQ�IDU�IURP�WKH�YLHZHU�LV�WH[WXUHG�XVLQJ�ORZ�UHVROXWLRQ�WH[WXUH
OHYHOV��VLQFH�D�SL[HO�FRUUHVSRQGLQJ�WR�WKHVH�DUHDV�FRYHUV�PDQ\�WH[HOV�DW�RQFH��)RU�PDQ\�DSSOLFDWLRQV�WKDW�XVH
ODUJH�WH[WXUH�PDSV��WKH�PD[LPXP�DPRXQW�RI�WH[WXUH�PHPRU\�LQ�XVH�IRU�DQ\�JLYHQ�YLHZSRLQW�LV�ERXQGHG�

$SSOLFDWLRQV�WDNH�DGYDQWDJH�RI�WKLV�IDFW�E\�GRLQJ�WH[WXUH�GDWD�PDQDJHPHQW�LQ�VRIWZDUH��:KLOH�YHU\�LPSRUWDQW�
WKLV�WHFKQLTXH�FDQ�RQO\�EH�RSWLPL]HG�VR�IDU��7KH�LGHDO�FRQILJXUDWLRQ�LV�D�JUDSKLFV�SURFHVVRU�WKDW�PDQDJHV
WH[WXUH�DOORFDWLRQ�LQ�KDUGZDUH�DQG�RQO\�ORDGV�WKH�PLQLPXP�DPRXQW�RI�WH[WXUH�GDWD�QHFHVVDU\�IRU�UHQGHULQJ�

%\�RQO\�ORDGLQJ�WKH�WH[HOV�QHFHVVDU\�IRU�UHQGHULQJ��\RX�JHW�WKH�IROORZLQJ�WHFKQRORJ\�EHQHILWV�

• 8VH�OHVV�EXV�EDQGZLGWK�WKDQ�VFKHPHV�OLNH�WUDGLWLRQDO�IXOO�WH[WXUH�DOORFDWLRQ��$*3�WH[WXUH�H[HFXWH�DQG
WH[WXUH�FRPSUHVVLRQ�

• )XOO\�XWLOL]H�DOO�DYDLODEOH�RQ�FDUG�PHPRU\�ZLWKRXW�DQ\�RI�WKH�PHPRU\�KROHV�DVVRFLDWHG�ZLWK�DOORFDWLRQ�RI
ZKROH�WH[WXUHV�

9LUWXDO�7H[WXULQJ�GRHV�H[DFWO\�WKLV�DQG�SURYLGHV�WKHVH�WHFKQRORJ\�EHQHILWV�WR�WKH�JUDSKLFV�VXE�V\VWHP��7KH�HQG�
XVHU�DQG�DSSOLFDWLRQ�EHQHILWV�RXWOLQHG�LQ�WKH�LQWURGXFWLRQ�DUH�GHULYHG�GLUHFWO\�IURP�WKHVH�WHFKQRORJ\�EHQHILWV�

+RZ�LW�ZRUNV

7KH�9LUWXDO�7H[WXUH�HQJLQH�LV�DQDORJRXV�WR�WKH�LQVWUXFWLRQ�FDFKH�LQ�\RXU�&38��,Q�DQ�LQVWUXFWLRQ�FDFKH��WKH�&38
PDLQWDLQV�D�ORJLFDO�WR�SK\VLFDO�DGGUHVV�PDSSLQJ�RI�SURJUDP�LQVWUXFWLRQV��:KHQ�WKH�&38�KDV�D�PLVV�LQ�WKH�/�
DQG�/��FDFKH��LW�'0$V�WKH�UHTXHVWHG�EORFN�RI�LQVWUXFWLRQV�IURP�V\VWHP�PHPRU\�LQWR�WKHVH�FDFKH�OHYHOV��:LWK
9LUWXDO�7H[WXULQJ��WKH�SULQFLSOH�LV�WKH�VDPH�H[FHSW�WKDW�LQVWHDG�RI�LQVWUXFWLRQV��LW�LV�IHWFKLQJ�WH[WXUH�GDWD��DQG
LQVWHDG�RI�/��DQG�/��LQVWUXFWLRQ�FDFKHV��ZH�KDYH�RQ�FKLS�DQG�RQ�ERDUG�WH[WXUH�PHPRU\�

9LUWXDO�WH[WXULQJ�FUHDWHV�D�ORJLFDO�DGGUHVV�VSDFH�IRU�WH[WXUH�PHPRU\�WKDW�PDSV�WR�SK\VLFDO�ORFDWLRQV�RQ�FKLS��RQ�
FDUG�DQG�LQ�V\VWHP�PHPRU\��7KH�PD[LPXP�VL]H�IRU�WKLV�ORJLFDO�DGGUHVV�VSDFH�LV����0%�DQG�LV�DOORFDWHG�LQ��.%
SDJHV��:KHQ�D�WH[HO�LV�UHTXLUHG�IRU�UHQGHULQJ�E\�WKH�JUDSKLFV�FRUH��WKH�9LUWXDO�7H[WXUH�HQJLQH�GRHV�D�WDEOH
ORRNXS�WR�VHH�ZKHUH�WKH�WH[WXUH�GDWD�LV�ORFDWHG��,I�WKH�WH[WXUH�LV�QRW�RQ�FDUG��WKH�9LUWXDO�7H[WXUH�HQJLQH�ZLOO
'0$�WKH�UHTXLUHG�SDJH�LQWR�RQ�FDUG�PHPRU\�ZKHUH�LW�FDQ�EH�DFFHVVHG�DW�IXOO�SL[HO�UDWHV�E\�WKH�JUDSKLFV�FRUH�

6LQFH�WKH�9LUWXDO�7H[WXUH�HQJLQH�RSHUDWHV�RQ��.%�ORJLFDO�SDJHV�LQVWHDG�RI�RQ�ZKROH�WH[WXUHV��LW�DOORZV�ERWK
RSWLPL]DWLRQ�RI�EXV�EDQGZLGWK�DV�ZHOO�DV�IXOO�XVH�RI�RQ�ERDUG�WH[WXUH�PHPRU\�

2SWLPL]DWLRQ�RI�EXV�EDQGZLGWK
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7KH�9LUWXDO�7H[WXUH�HQJLQH�RQO\�WUDQVIHUV�WH[WXUH�GDWD�LQWR�RQ�FDUG�PHPRU\�ZKHQ�LW�LV�QHHGHG��7KLV�LV�GLIIHUHQW
IURP�WUDGLWLRQDO�WH[WXUH�DUFKLWHFWXUHV�WKDW�PXVW�ORDG�WKH�HQWLUH�WH[WXUH�RQWR�WKH�FDUG�EHIRUH�HYHQ�WKH�ILUVW�WH[HO
LV�UHQGHUHG��7KH�FKDUW�EHORZ�LOOXVWUDWHV�KRZ�WH[WXUH�GDWD�LV�WUDQVIHUUHG�DFURVV�WKH�EXV�LQ�D�IDLUO\�FRPPRQ�FDVH�

&KDUW���²�7H[WXUH�GRZQORDG�IRU�D����.�WH[WXUH�EHLQJ�UHYHDOHG�IURP�EHKLQG�DQ�RFFOXGLQJ�REMHFW�

$����[����WH[HO�����ELW��PLS�PDSSHG�WH[WXUH�LV�UHYHDOHG�IURP�EHKLQG�DQ�RFFOXGLQJ�REMHFW��,Q�WKH�WUDGLWLRQDO
FDVH��WKH�HQWLUH�WH[WXUH��LQFOXGLQJ�DOO�PLS�PDS�OHYHOV��PXVW�EH�GRZQORDGHG�RQWR�WKH�FDUG�EHIRUH�WKH�ILUVW�VWULSH
RI�WKH�´UHYHDOHGµ�WH[WXUH�FDQ�EH�UHQGHUHG��7KLV�PDVVLYH�RQH�WLPH�KLW�OHDGV�WR�D�VLJQLILFDQW�GURS�LQ�DSSOLFDWLRQ
SHUIRUPDQFH�WKDW�ZRXOG�EH�SHUFHLYHG�DV�D�VWXWWHU�LQ�IUDPH�UDWH��,Q�FRQWUDVW��WKH�9LUWXDO�7H[WXUH�HQJLQH
GRZQORDGV�RQO\�WKH�SDJHV�KROGLQJ�WKH�FXUUHQWO\�YLVLEOH�WH[HOV�IURP�WKH�FXUUHQWO\�EOHQGHG�PLS�PDS�OHYHOV��$V
PRUH�RI�WKH�WH[WXUH�LV�UHQGHUHG��WKH�9LUWXDO�7H[WXUH�HQJLQH�'0$V�WKH�WH[HOV�LQ�VPRRWKO\�ZLWKRXW
RYHUZKHOPLQJ�WKH�FDUG�EXV��$OVR�VLJQLILFDQW�LQ�WKLV�H[DPSOH�LV�WKDW�VLQFH�RQO\�WKH�FXUUHQW�PLS�PDS�OHYHOV�DUH
EHLQJ�ORDGHG��WKH�9LUWXDO�7H[WXULQJ�PHWKRG�XVHV�OHVV�RQ�FDUG�PHPRU\�WR�UHQGHU�WKH�H[DFW�VDPH�VFHQH�

7KH�QH[W�H[DPSOH�GHPRQVWUDWHV�WKH�PD[LPXP�EHQHILW�FDVH�IRU�WKH�WUDQVIHU�RI�WH[WXUH�GDWD��,Q�WKLV�FDVH�WKHUH�LV
D��.[�.�����ELW��PLS�PDSSHG�WH[WXUH�DSSOLHG�WR�WZR�VLGHV�RI�D�<�FRUULGRU�VSOLW��$V�WKH�XVHU�DSSURDFKHV�WKLV
VSOLW��WKH�WH[WXUH�EHFRPHV�SURJUHVVLYHO\�ODUJHU�LQ�WKH�YLHZ��VZLWFKLQJ�PLS�PDS�OHYHOV�DV�LW�FRPHV��,Q�WKH
WUDGLWLRQDO�FDVH��RYHU���0%�RI�WH[WXUH�GDWD�QHHGV�WR�EH�ORDGHG�RQWR�WKH�FDUG�EHIRUH�WKH�WH[WXUH�FDQ�EH�GUDZQ�
7KLV�OHDGV�WR�D�GHOD\�LQ�UHQGHULQJ�VR�ODUJH�WKDW�WKH�DSSOLFDWLRQ�ZRXOG�EHFRPH�QRQ�LQWHUDFWLYH��$OVR�SUREOHPDWLF�
LJQRULQJ�EDQGZLGWK�LVVXHV��LV�WKDW�LW�LV�KLJKO\�XQOLNHO\�WKDW�WKHUH�LV���0%�RI�IUHH�WH[WXUH�PHPRU\�RQ�WKH�FDUG�
HYHQ�LQ���0%�FRQILJXUDWLRQV�

9LUWXDO�7H[WXULQJ�RYHUFRPHV�ERWK�RI�WKHVH�SUREOHPV��)LUVW��QRWH�WKDW�WKH�9LUWXDO�7H[WXUH�HQJLQH�DOORZV�WKH
JUDSKLFV�SURFHVVRU�WR�VWDUW�UHQGHULQJ�DIWHU�ORDGLQJ�RQO\��.%�RI�GDWD�IRU�WKH�ILUVW�WZR�PLS�PDS�OHYHOV��$V�WKH
VSOLW�LQ�WKH�FRUULGRU�FRPHV�FORVHU��WKH�DSSURSULDWH�PLS�PDS�OHYHOV�DUH�ORDGHG�RQ�D�SHU�SL[HO�EDVLV��7KH�UHVXOW�LV�D
VPRRWK�XWLOL]DWLRQ�RI�WKH�EXV�WKDW�SUHYHQWV�WKH�DSSOLFDWLRQ�IURP�VWXWWHULQJ��6HFRQG��WKH�9LUWXDO�7H[WXUH�HQJLQH
RQO\�QHHGV�WR�NHHS�WKH�FXUUHQW

Texture Download (512x512 mip-mapped "reveal")
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Standard Textures

Virtual Textures

Application stutters here

Virtual Texturing loads texture data 
smoothly for consistent frame rates
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&KDUW���²�7H[WXUH�GRZQORDG�IRU��.[�.�PLS�PDSSHG�WH[WXUH�RQ�D�<�LQ�WKH�FRUULGRU��QRWH��ORJ�VFDOH�

PLS�PDS�OHYHO�LQ�PHPRU\��7KLV�PHDQV�WKDW�HYHQ�DW�IXOO�UHVROXWLRQ��WKH�WH[WXUH�RQO\�WDNHV�XS���0%�RQ�FDUG�DV
FRPSDUHG�WR���0%�UHTXLUHG�E\�WKH�WUDGLWLRQDO�PHWKRG�

)XOO�XWLOL]DWLRQ�RI�RQ�ERDUG�WH[WXUH�PHPRU\

9LUWXDO�7H[WXULQJ�SURYLGHV�IXUWKHU�EHQHILW�E\�DOORZLQJ�DOO�DYDLODEOH�RQ�FDUG�PHPRU\�WR�EH�DOORFDWHG�IRU�WH[WXUH
GDWD��7UDGLWLRQDO�DUFKLWHFWXUHV�UHTXLUH�WKDW�WH[WXUHV�SODFHG�LQ�RQ�FDUG�PHPRU\�EH�DOORFDWHG�LQ�D�FRQWLJXRXV
EORFN��7KLV�PHDQV�WKDW�HYHQ�LI�WKH�FDUG�KDV����.%�RI�IUHH�WH[WXUH�PHPRU\�WKDW�LV�VFDWWHUHG�DURXQG�LQ�WKH
´KROHVµ�EHWZHHQ�WKH�FXUUHQWO\�DOORFDWHG�WH[WXUHV��D����.%�WH[WXUH�FRXOG�QRW�EH�ORDGHG�RQWR�WKH�FDUG�EHFDXVH
WKH�PHPRU\�LV�QRW�DOO�WRJHWKHU��%\�XVLQJ�ORJLFDO�WR�SK\VLFDO�DGGUHVV�PDSSLQJ��WKH�9LUWXDO�7H[WXUH�HQJLQH�KDV�IXOO
UDQGRP�DFFHVV�WR�WKH�WH[WXUH�GDWD�LW�QHHGV�LQ��.�SDJHV��7KLV�DOORZV�WH[WXUH�GDWD�WR�EH�SODFHG�LQWR�ZKDWHYHU
PHPRU\�LV�DYDLODEOH��HYHQ�LI�LW�LV�VFDWWHUHG�DURXQG�DW�GLIIHUHQW�SK\VLFDO�DGGUHVVHV�

&RPSDULVRQ�WR�$*3�7H[WXUH�([HFXWH

$QRWKHU�ZD\�WR�KDQGOH�WH[WXUHV�ZKLFK�GRQ
W�ILW�LQWR�JUDSKLFV�PHPRU\�LV�WR�XVH�$*3�WH[WXULQJ��$*3�H[HFXWH��
,Q�WKLV�FDVH��V\VWHP�PHPRU\�LV�XVHG�DV�WH[WXUH�PHPRU\�DQG�WH[HOV�DUH�IHWFKHG�DFURVV�$*3�LQ�����ELW�FKXQNV�DV
QHHGHG��7KLV�DOORZV�HDV\�DSSOLFDWLRQ�WH[WXUH�PDQDJHPHQW���MXVW�NHHS�DOO�WKH�WH[WXUHV�LQ�V\VWHP�PHPRU\�
$OWKRXJK�WKLV�PHWKRG�LV�HDV\��DSSOLFDWLRQ�SHUIRUPDQFH�LV�VWLOO�QRW�RSWLPDO�

%DQGZLGWK�FRPSDULVRQ�

%XV 3HDN�%DQGZLGWK
2Q�FDUG�0HPRU\ ������0%�V
$*3��[ ������0%�V
$*3��[ ����0%�V
3&,��� ���0%�V

7KH�RQ�FDUG�PHPRU\�EXV�LV�PXFK�IDVWHU�WKDQ�HYHQ�DQ�$*3��[�EXV��VR�UHQGHULQJ�RXW�RI�RQ�FDUG�PHPRU\�LV
UHTXLUHG�IRU�PD[LPXP�SHUIRUPDQFH�

(YHQ�LI�WKH�EDQGZLGWKV�ZHUH�LGHQWLFDO��WKH�$*3�EXV�DQG�V\VWHP�PHPRU\�EXV�QHHG�WR�EH�XVHG�IRU�WKLQJV�RWKHU
WKDQ�IHWFKLQJ�WH[HOV�

• 3URJUDP�LQVWUXFWLRQV��V\VWHP�PHPRU\�WR�/��DQG�/��FDFKH�
• 3RO\JRQ�GDWD��V\VWHP�PHPRU\�DQG�$*3�

Texture Download (2K x 2K mip-mapped "travel down the hall towards it")
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Standard Textures

Virtual Textures

Virtual Texturing loads texture data smoothly for consistent
frame rates

Application  stutters here
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• &KLS�VWDWH�GDWD��V\VWHP�PHPRU\�WR�$*3�

7KHVH�RWKHU�XVHV�IRU�WKH�SDWKZD\V�LQVLGH�WKH�$*3�FKLSVHW�UHTXLUH�WKDW�WKH�IXOO�$*3�EDQGZLGWK�FDQQRW�EH
DOORFDWHG�WR�WUDQVIHUULQJ�WH[WXUH�GDWD��%\�LQWHUOHDYLQJ��.�WH[WXUH�SDJH�UHDGV�ZLWK�WKH�QRUPDO�$*3�FKLSVHW
GDWDVWUHDP�DQG�NHHSLQJ�RIWHQ�XVHG�GDWD�RQ�FDUG��WKH�9LUWXDO�7H[WXUH�HQJLQH�FUHDWHV�DQ�HIILFLHQW�GDWDIORZ�WKDW
NHHSV�DSSOLFDWLRQV�IURP�VWXWWHULQJ�

&RPSDULVRQ�WR�WH[WXUH�FRPSUHVVLRQ

2QH�SRSXODU�PHWKRG�IRU�LQFUHDVLQJ�DYDLODEOH�WH[WXUH�PHPRU\�LV�WKURXJK�WH[WXUH�FRPSUHVVLRQ��$OWKRXJK�WH[WXUH
FRPSUHVVLRQ�GRHV�DOORZ�IRU�PRUH�WH[WXUHV�LQ�V\VWHP�PHPRU\�DQG�LQ�RQ�FDUG�PHPRU\�WKDQ�WUDGLWLRQDO
XQFRPSUHVVHG�WH[WXUH�DOORFDWLRQ��LW�VWLOO�KDV�WKUHH�PDMRU�GUDZEDFNV�

• 7H[WXUH�FRPSUHVVLRQ�VWLOO�DOORFDWHV�WH[WXUHV�DV�ZKROH�FKXQNV��OHDYLQJ�JDSV�RI�ZDVWHG�RQ�FDUG�PHPRU\�
• 7H[WXUH�FRPSUHVVLRQ�VWLOO�GRZQORDGV�WH[WXUH�DV�ZKROH�REMHFWV��ZDVWLQJ�EXV�EDQGZLGWK�RQ�WH[HOV�WKDW�ZLOO

SRWHQWLDOO\�QRW�EH�XVHG�
• 7H[WXUH�FRPSUHVVLRQ�UHTXLUHV�FXVWRP�DSSOLFDWLRQ�VXSSRUW�
• 7H[WXUH�FRPSUHVVLRQ�VDFULILFHV�LPDJH�TXDOLW\�

9LUWXDO�7H[WXULQJ�SURYLGHV�WKH�EHVW�RI�ERWK�ZRUOGV�E\�FRPELQLQJ�WUDQVSDUHQW�DSSOLFDWLRQ�VXSSRUW�ZLWK�RSWLPDO
PHPRU\�DQG�EXV�XWLOL]DWLRQ�

$SSOLFDWLRQ�XVH�RI�WKH�9LUWXDO�7H[WXUH�HQJLQH

9LUWXDO�7H[WXULQJ�LV�DYDLODEOH�IRU�ERWK�2SHQ*/���[�DQG�'LUHFW��'���[��,Q�ERWK�HQYLURQPHQWV��WKH�9LUWXDO
7H[WXULQJ�HQJLQH�RSHUDWHV�WUDQVSDUHQWO\��2SHQ*/�DSSOLFDWLRQV�ZLOO�DXWRPDWLFDOO\�XVH�LW��'LUHFW�'�DSSOLFDWLRQV
ZLOO�XVH�LW�LI�WKH\�VHOHFW�WKH�DSSURSULDWH�'LUHFW�'�WH[WXUH�VWRUDJH�PRGH�

2SHQ*/

2SHQ*/�GRHV�QRW�LQFOXGH�D�WH[WXUH�PHPRU\�PDQDJHPHQW�LQWHUIDFH��7KLV�PHDQV�WKDW�2SHQ*/�DSSOLFDWLRQV
FDQQRW�PDQDJH�WH[WXUH�PHPRU\�WKHPVHOYHV��DQG�WKDW��ZLWKRXW�WKH�9LUWXDO�7H[WXUH�HQJLQH��WKH�2SHQ*/�,&'
KDV�WR�GR�LW��7KLV�LV�VORZHU��PXFK�OHVV�HIILFLHQW��DQG�PXFK�OHVV�UREXVW�WKDQ�KDUGZDUH�WH[WXUH�PHPRU\
PDQDJHPHQW�

'LUHFW�'

9LUWXDO�7H[WXULQJ�LV�DOVR�VXSSRUWHG�LQ�'LUHFW�'��'HYHORSHUV�ZKR�XVH�'LUHFW�'�ZLOO�EH�JLYHQ�WKH�FKRLFH�RI
XVLQJ�9LUWXDO�7H[WXULQJ��RU�PDQDJLQJ�WH[WXUH�PHPRU\�WKHPVHOYHV��3HUPHGLD��DQG�*/,17�5��VXSSRUW�WKH�$*3
H[HFXWH�PRGH�DQG�$*3��[�

5HIHUHQFHV

KWWS���ZZZ��GODEV�FRP�SURGXFWV�LQGH[�KWPO�²�3HUPHGLD��GDWDVKHHW


