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GHAD Validation&Verification (3.1)GHAD Validation&Verification (3.1)

�� Our validation strategy is deployed since spring 1999. It was Our validation strategy is deployed since spring 1999. It was 
also submitted as paper to CHEP2001 at the time of the last also submitted as paper to CHEP2001 at the time of the last 
review. My apologies for not having presented it last time. review. My apologies for not having presented it last time. 

�� It was subsequently presented again in CMS and ATLAS, at It was subsequently presented again in CMS and ATLAS, at 
the LHCthe LHC--geant4 validation meeting, and the recent ACAT geant4 validation meeting, and the recent ACAT 
conference in Moscow.conference in Moscow.

�� I would have been pleased to also present it in invited talks atI would have been pleased to also present it in invited talks at
the SATIF workshop, and the IDM2002 workshop, but I had to the SATIF workshop, and the IDM2002 workshop, but I had to 
turn these down due to lack of travelturn these down due to lack of travel--money at CERN.money at CERN.
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Model validationModel validation
�� )RXU�WLHU�VWUDWHJ\)RXU�WLHU�VWUDWHJ\

�� $XWKRU�YDOLGDWLRQ�SORWV�IRU�WKH�LQGLYLGXDO�PRGHOV$XWKRU�YDOLGDWLRQ�SORWV�IRU�WKH�LQGLYLGXDO�PRGHOV
�� 3UHFRQGLWLRQ�IRU�PRGHO�WR�EH�D�FDQGLGDWH�IRU�LQFOXVLRQ�3UHFRQGLWLRQ�IRU�PRGHO�WR�EH�D�FDQGLGDWH�IRU�LQFOXVLRQ�

�� ,QGHSHQGHQW�YDOLGDWLRQ�RQ�WKLQ�WDUJHW�GDWD�ZLWK�,QGHSHQGHQW�YDOLGDWLRQ�RQ�WKLQ�WDUJHW�GDWD�ZLWK�
UHJUHVVLRQ�VXLWHV�E\�WKH�ZRUNLQJ�JURXSVUHJUHVVLRQ�VXLWHV�E\�WKH�ZRUNLQJ�JURXSV
�� 9HULILHG�EHIRUH�HYHU\�UHOHDVH9HULILHG�EHIRUH�HYHU\�UHOHDVH

�� ,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���ZKHUH�,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���ZKHUH�
WKHVH�DUH�DYDLODEOHWKHVH�DUH�DYDLODEOH
�� 9HULILHG�EHIRUH�HYHU\�UHOHDVH��ZKHUH�SRVVLEOH9HULILHG�EHIRUH�HYHU\�UHOHDVH��ZKHUH�SRVVLEOH

�� 9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV
�� JHDQW��WDNHV�PRGHO�YDOLGDWLRQ�PXFK�PRUH�JHDQW��WDNHV�PRGHO�YDOLGDWLRQ�PXFK�PRUH�
VHULRXVO\�WKDQ�LW�ZDV�LQ�WKH�WLPHV�RI�JHDQW��VHULRXVO\�WKDQ�LW�ZDV�LQ�WKH�WLPHV�RI�JHDQW��
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Author validationAuthor validation

�� $XWKRU�YDOLGDWLRQ$XWKRU�YDOLGDWLRQ
�� &RPSDULVRQV��W\SLFDOO\�ZLWK�PHDVXUHPHQWV�IURP�&RPSDULVRQV��W\SLFDOO\�ZLWK�PHDVXUHPHQWV�IURP�
WKLQ�WDUJHW�GDWD��,�H��HYHQW�JHQHUDWRU�OLNH�WKLQ�WDUJHW�GDWD��,�H��HYHQW�JHQHUDWRU�OLNH�
DSSOLFDWLRQ�DSSOLFDWLRQ�

�� /RRNLQJ�DW�FURVV/RRNLQJ�DW�FURVV��VHFWLRQV��SDUWLFOH�\LHOGV�DQG�VHFWLRQV��SDUWLFOH�\LHOGV�DQG�
GLVWULEXWLRQ�GLVWULEXWLRQ� WDWD DQG�SW�GLVWULEXWLRQV��LQYDULDQW�DQG�SW�GLVWULEXWLRQV��LQYDULDQW�
FURVVFURVV��VHFWLRQV��VHFWLRQV��[I�[I�GLVWULEXWLRQV��SDUWLFOH�UDWLRQV��GLVWULEXWLRQV��SDUWLFOH�UDWLRQV��
HWF��HWF��

�� 5HTXHVWHG�E\�WKH�ZRUNLQJ�JURXS�ZKHQ�PD\RU�5HTXHVWHG�E\�WKH�ZRUNLQJ�JURXS�ZKHQ�PD\RU�
FKDQJHV�WR�D�PRGHO�RFFXU�FKDQJHV�WR�D�PRGHO�RFFXU�

�� 2ZQHG�E\�WKH�DXWKRU��OLNH�WKH�WHVW2ZQHG�E\�WKH�DXWKRU��OLNH�WKH�WHVW��EHDP�UHVXOW�RI�EHDP�UHVXOW�RI�
DQ�H[SHULPHQWDO�JURXSDQ�H[SHULPHQWDO�JURXS
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Working group validationWorking group validation

�� :RUNLQJ�JURXS�YDOLGDWLRQ�VXLWHV�:RUNLQJ�JURXS�YDOLGDWLRQ�VXLWHV�
�� )RU�)RU�HWDHWD��SW����SW��[I[I����PXOWPXOW��G���G�σσ�G�S���G�S��GGσσ��G7G7��QBSURQJ����QBSURQJ��
FKDUJH�UDWLRV��FKDUJH�UDWLRV��GGσσ��GGΩΩG(G(��HWF��LQ�SODFH�IRU�WKH���HWF��LQ�SODFH�IRU�WKH�
YDULRXV�HQHUJ\�UHJLPHV��,V�DOUHDG\�TXLWH�YDULRXV�HQHUJ\�UHJLPHV��,V�DOUHDG\�TXLWH�
VDWLVIDFWRU\��VDWLVIDFWRU\��

�� 7ULYLDO�TXDQWLWLHV�QRZ�DOVR�DUH�FKHFNHG�7ULYLDO�TXDQWLWLHV�QRZ�DOVR�DUH�FKHFNHG�
�� 1RWH�WKDW�WKLV�FDQ�EH�GRQH�RQO\�ZLWK�WKH�1RWH�WKDW�WKLV�FDQ�EH�GRQH�RQO\�ZLWK�WKH�
FRQVHQW�RI�WKH�DXWKRU�FRQVHQW�RI�WKH�DXWKRU�

�� 7KLV�OHYHO�RI�YDOLGDWLRQ�ZDV�QHYHU�SHUIRUPHG�LQ�7KLV�OHYHO�RI�YDOLGDWLRQ�ZDV�QHYHU�SHUIRUPHG�LQ�
DQ\�GHSWK�IRU�JHDQW��DQ\�GHSWK�IRU�JHDQW��
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Anti proton annihilationAnti proton annihilation
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Anti proton annihilationAnti proton annihilation
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Stopping Stopping pion pion minusminus



J.P. Wellisch, 
CERN/EP/SFT 

Low energy neutron captureLow energy neutron capture
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Doppler broadeningDoppler broadening
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Neutron induced isotope productionNeutron induced isotope production
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Isotope productionIsotope production
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Proton induced reactionsProton induced reactions
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Example WG testExample WG test
resultsresults
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‘phi’ plots (in‘phi’ plots (in PbPb))

Nucleon phi distributions 
For incident π+, π-,p-bar,p 
At energies 50MeV-40GeV
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More ‘phi’  distributions (in lead)More ‘phi’  distributions (in lead)
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‘Trivial’  plots ‘Trivial’  plots 
energy depositionenergy deposition

��

BTEV: All distributions are 
in the expected energy range
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Validation in complete applicationsValidation in complete applications

�� ,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���
ZKHUH�WKHVH�DUH�DYDLODEOHZKHUH�WKHVH�DUH�DYDLODEOH
�� 9HULILHG�EHIRUH�HYHU\�UHOHDVH�9HULILHG�EHIRUH�HYHU\�UHOHDVH�

�� 9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV
�� 7KH�YDOLGDWLRQ�SURMHFWV7KH�YDOLGDWLRQ�SURMHFWV
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Benchmark comparisonsBenchmark comparisons

�� 9DOLGDWLRQ�RQ�EHQFKPDUNV�9DOLGDWLRQ�RQ�EHQFKPDUNV�
�� 7HVW7HVW��EHDP�VLPXODWLRQVEHDP�VLPXODWLRQV

�� 7ZR�WHVW7ZR�WHVW��EHDP�VLPXODWLRQV�LQ�UHJUHVVLRQEHDP�VLPXODWLRQV�LQ�UHJUHVVLRQ
�� %RWK�UXQ�SULRU�WR�HDFK�UHOHDVH��WR�YHULI\�PRGHO�%RWK�UXQ�SULRU�WR�HDFK�UHOHDVH��WR�YHULI\�PRGHO�SHUIRUPDQFH�SHUIRUPDQFH�

�� 5DGLDWLRQ�EHQFKPDUNV5DGLDWLRQ�EHQFKPDUNV
�� &XUUHQWO\�FRQVLGHULQJ�WZR�UDGLDWLRQ�EHQFKPDUNV�&XUUHQWO\�FRQVLGHULQJ�WZR�UDGLDWLRQ�EHQFKPDUNV�

±± 7LDUD��7LDUD��
±± 6$7,)6$7,)����DQG�1($�µVWDQGDUG¶�EHQFKPDUN�FRPSDULVRQV��DQG�1($�µVWDQGDUG¶�EHQFKPDUN�FRPSDULVRQV

�� ([SHULHQFLQJ�D�FRQWLQXHG�LQIOX[�RI�PDQSRZHU�WR�([SHULHQFLQJ�D�FRQWLQXHG�LQIOX[�RI�PDQSRZHU�WR�
H[WHQG�DQG�VWDQGDUGL]H�WKLV�IXUWKHU�H[WHQG�DQG�VWDQGDUGL]H�WKLV�IXUWKHU�
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Radiation benchmarks Radiation benchmarks –– exampleexample

�� 7LDUD�7LDUD��� ORZ�HQHUJ\�QHXWURQ�SHQHWUDWLRQ�ORZ�HQHUJ\�QHXWURQ�SHQHWUDWLRQ�
VFKLHOGLQJVFKLHOGLQJ��
�� ���RU�������RU����0H9�0H9��SHDN��QHXWURQ�VRXUFH�SHDN��QHXWURQ�VRXUFH
�� 8VH���FP�RU���FP�RI�FRQFUHWH�8VH���FP�RU���FP�RI�FRQFUHWH�VFKLHOGLQJVFKLHOGLQJ��RU������RU����
FP�RU����FP�RI�LURQ�FP�RU����FP�RI�LURQ�VFKLHOGLQJVFKLHOGLQJ

�� 0HDVXUH�QHXWURQ�IOX[�DW�EHDP0HDVXUH�QHXWURQ�IOX[�DW�EHDP��D[LV��DQG���FP�RU�D[LV��DQG���FP�RU�
���FP�RII�EHDP�D[LV����FP�RII�EHDP�D[LV�

�� )RU�D�IHZ�VDPSOH�SORWV��SOHDVH�VHH�WKH�QH[W�)RU�D�IHZ�VDPSOH�SORWV��SOHDVH�VHH�WKH�QH[W�
VOLGHV�VOLGHV�
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A sample source spectraA sample source spectra
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25 cm 25 cm schieldingschielding
43MeV43MeV
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50 cm50 cm schieldingschielding
68MeV68MeV
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TestTest--beamsbeams

�� +DGURQLF+DGURQLF WHVWWHVW��EHDP�FRPSDULVRQV�FRPH�IURP�FROODERUDWLRQ�RI�EHDP�FRPSDULVRQV�FRPH�IURP�FROODERUDWLRQ�RI�H[SHULPHQWV¶�GHWHFWRU�JURXSV�ZLWK�µFRUH¶�JHDQW��SHUVRQQHO�H[SHULPHQWV¶�GHWHFWRU�JURXSV�ZLWK�µFRUH¶�JHDQW��SHUVRQQHO�
�� $7/$6�7LOH�WHVW$7/$6�7LOH�WHVW��EHDPEHDP
�� &06�7LOH�WHVW&06�7LOH�WHVW��EHDPEHDP
�� $7/$6�+(&�WHVW$7/$6�+(&�WHVW��EHDPEHDP
�� $7/$6�)&$/�WHVW$7/$6�)&$/�WHVW��EHDPEHDP
�� %7(9�FU\VWDO�WHVW%7(9�FU\VWDO�WHVW��EHDPEHDP
�� &06�FRPELQHG�WHVW&06�FRPELQHG�WHVW��EHDPEHDP
�� &V,&V, WHVWWHVW��EHDP�EHQFKPDUNEHDP�EHQFKPDUN
�� */$67��VWDUWLQJ��WHVW*/$67��VWDUWLQJ��WHVW��EHDPEHDP
�� 3ORWV�EHLQJ�VROLFLWHG�DV�FRXUWHV\�RI�WKH�H[SHULPHQWDO�JURXSV�3ORWV�EHLQJ�VROLFLWHG�DV�FRXUWHV\�RI�WKH�H[SHULPHQWDO�JURXSV�
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TestTest--beam sample resultbeam sample result

Courtesy of ATLAS TILE prelim. Courtesy of CMS prelim.
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A test beams study in regressionA test beams study in regression

�� ATLAS HEC as a calorimeter benchmark setATLAS HEC as a calorimeter benchmark set--upup
�� Detailed description of the detectorDetailed description of the detector

�� Very constructive help from the ATLAS calorimeter Very constructive help from the ATLAS calorimeter 
communitycommunity

�� Analysis: E=E_front + 2E_backAnalysis: E=E_front + 2E_back
�� Results from the ATLAS testResults from the ATLAS test--beam analysis are beam analysis are 

overlaid , and labeled  as ‘org.’ . overlaid , and labeled  as ‘org.’ . 
�� Data are taken from CALOR 2002 paperData are taken from CALOR 2002 paper
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The physics lists studied in testThe physics lists studied in test--beambeam

�� 7KH�SK\VLFV�OLVWV�XVHG�7KH�SK\VLFV�OLVWV�XVHG�
���� /RZ�HQHUJ\�DQG�KLJK�HQHUJ\�SDUDPHWHUL]HG�PRGHOV�/RZ�HQHUJ\�DQG�KLJK�HQHUJ\�SDUDPHWHUL]HG�PRGHOV�

�/+(3���/+(3��±± FKHFN�DJDLQVW�$7/$6�WHVWFKHFN�DJDLQVW�$7/$6�WHVW��EHDP�DQDO\VLVEHDP�DQDO\VLV
���� 3LRQ�3LRQ�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�

TXDUN�JOXRQ�VWULQJ�PRGHO��ILUVW�LQWHUDFWLRQV��TXDUN�JOXRQ�VWULQJ�PRGHO��ILUVW�LQWHUDFWLRQV��FKLUDOFKLUDO
LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GHFD\��IUDJPHQWDWLRQ���4*6&�VSDFH�GHFD\��IUDJPHQWDWLRQ���4*6&�

���� 3LRQ3LRQ LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�
TXDUN�JOXRQ�VWULQJ�PRGHO�TXDUN�JOXRQ�VWULQJ�PRGHO�SUHFRPSRXQG�SUHFRPSRXQG�PRGHO�PRGHO�
�4*63��4*63�

���� 3LRQ3LRQ LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�
GLIIUDFWLYH�VWULQJ�PRGHO�GLIIUDFWLYH�VWULQJ�PRGHO�SUHFRPSRXQGSUHFRPSRXQG PRGHO��)7)3�PRGHO��)7)3�
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The overall parametersThe overall parameters

�� *HDQW��YHUVLRQ��*HDQW��YHUVLRQ��
�� JHDQW������SDWFK������QR�WXQLQJJHDQW������SDWFK������QR�WXQLQJ

�� (QHUJLHV�(QHUJLHV�
�� ������������������������������������������������������������������������������������������������������
*H9�SLRQV*H9�SLRQV DQG�HOHFWURQVDQG�HOHFWURQV

�� ����PLFURQV�UDQJH�FXW����PLFURQV�UDQJH�FXW
�� �����HYHQWV�SHU�µSRLQW¶�����HYHQWV�SHU�µSRLQW¶

�� /RRNLQJ�DW�SHUIRUPDQFH��OLQHDULW\��VKRZHU�/RRNLQJ�DW�SHUIRUPDQFH��OLQHDULW\��VKRZHU�
VKDSH��HQHUJ\�UHVROXWLRQ��DQG�H�SLVKDSH��HQHUJ\�UHVROXWLRQ��DQG�H�SL
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ATLAS HEC, CALOR 2002

Relative timing of geant3 and geant4 for pion test-beam
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ConclusionsConclusions

�� 7KH�WKHRU\�GULYHQ�PRGHOV�DYDLODEOH�LQ�JHDQW��UHVROYH�7KH�WKHRU\�GULYHQ�PRGHOV�DYDLODEOH�LQ�JHDQW��UHVROYH�
WKH�SUREOHP�RI�VLPXODWLRQ�RI�HQHUJ\�UHVROXWLRQWKH�SUREOHP�RI�VLPXODWLRQ�RI�HQHUJ\�UHVROXWLRQ

�� 7KH�TXDQWLWLHV�VWXGLHV�DUH�DW�WKH�OHYHO��VKRZHU�VKDSH��7KH�TXDQWLWLHV�VWXGLHV�DUH�DW�WKH�OHYHO��VKRZHU�VKDSH��
RU�EHWWHU��DOO�RWKHU��WKDQ�WKH�JHDQW��RU�EHWWHU��DOO�RWKHU��WKDQ�WKH�JHDQW��

�� ÎÎ9HULILFDWLRQ�RI�UHVXOWV�IRU�WKHRUHWLFDO�PRGHOV�LQ�WUXH�9HULILFDWLRQ�RI�UHVXOWV�IRU�WKHRUHWLFDO�PRGHOV�LQ�WUXH�
WHVWWHVW��EHDP�DQDO\VLV�ZDV�GRQH�ZLWKLQ�WKH�$7/$6�EHDP�DQDO\VLV�ZDV�GRQH�ZLWKLQ�WKH�$7/$6�
FDORULPHWHU�FRPPXQLW\��UHVXOWV�FRQILUPHG�FDORULPHWHU�FRPPXQLW\��UHVXOWV�FRQILUPHG�

�� 1RZ�IRFXVLQJ�RQ�VKRZHU�VKDSHV�1RZ�IRFXVLQJ�RQ�VKRZHU�VKDSHV�
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Other areas of known usage (likely Other areas of known usage (likely 
incomplete)incomplete)
�� 7UDFNHU�SHUIRUPDQFH7UDFNHU�SHUIRUPDQFH

�� $7/$6��&06��$7/$6��&06��%D%DU%D%DU
�� 0HGLFDO0HGLFDO

�� 8SSVDOD8SSVDOD��7(5$��7(5$
�� 1HXWURQ�1HXWURQ�GRVLPHWU\GRVLPHWU\��PHDVXUHPHQW��EHDP��PHDVXUHPHQW��EHDP��OLQHVOLQHV

�� 612��/RV�$ODPRV��&(51�36��612��/RV�$ODPRV��&(51�36��'R''R'�&DQ���HWF���&DQ���HWF��
�� 5DGLDWLRQ�5DGLDWLRQ�VFKLHOGLQJVFKLHOGLQJ��DFWLYDWLRQ����DFWLYDWLRQ��WKHUPDOL]DWLRQWKHUPDOL]DWLRQ

�� '<1$0,;��0(&2��$/,&("��&06��(6$��HWF��'<1$0,;��0(&2��$/,&("��&06��(6$��HWF��
�� 2LO�VHDUFK�DQG�VLPLODU2LO�VHDUFK�DQG�VLPLODU

�� 0LWVXELVKL��*HQHUDO�HOHFWULFV��(;;21��$/&$7(/«0LWVXELVKL��*HQHUDO�HOHFWULFV��(;;21��$/&$7(/«
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Collaboration with 3Collaboration with 3rdrd partiesparties
Some of the reasoning:Some of the reasoning:

�� Geant3 had used two strategies. There were shower Geant3 had used two strategies. There were shower 
packages released with geant3, and there were interfaces packages released with geant3, and there were interfaces 
released with geant3; the latter were interfacing to external released with geant3; the latter were interfacing to external 
packages. The first was a working model, for the latter, packages. The first was a working model, for the latter, 
geant3 always was claimed to be obsolete.geant3 always was claimed to be obsolete.

�� GISMO: the no physics situation, but only interfacing to GISMO: the no physics situation, but only interfacing to 
external packages. They never really got support for the use external packages. They never really got support for the use 
of these codes with GISMO.of these codes with GISMO.

�� MCNPX: Gets it right. They encourage and help 3MCNPX: Gets it right. They encourage and help 3rdrd parties to parties to 
release MCNP interfaces with their 3release MCNP interfaces with their 3rdrd party code. It solves party code. It solves 
the support question.the support question.
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Collaboration with 3Collaboration with 3rdrd partiesparties
�� Basis: Basis: We provide a set of  well defined, published, and highly stable We provide a set of  well defined, published, and highly stable interfaces that interfaces that 

allows interested 3allows interested 3rdrd parties to release adapters to use their code, or to use geant4parties to release adapters to use their code, or to use geant4
physics implementations within their infrastructure.physics implementations within their infrastructure.

�� EGS: EGS: geant4 chips code for geant4 chips code for γγ--nuclear reactions also in EGSnuclear reactions also in EGS
�� HETC: HETC: Being reBeing re--written to become natively available in G4written to become natively available in G4
�� INUCL: INUCL: Being integrated to become natively available in G4Being integrated to become natively available in G4
�� UrQMDUrQMD:: In the process of being reIn the process of being re--engineered to become natively engineered to become natively 

available in geant4available in geant4
�� MCNP: MCNP: Discussion on using the geant4 interfaces in MCNPDiscussion on using the geant4 interfaces in MCNP
�� GG--FLUKA: FLUKA: Interfaced by ‘air shower’ users for their own use.Interfaced by ‘air shower’ users for their own use.
�� LiegeLiege Cascade code: Discussion in progress. We hope that they will Cascade code: Discussion in progress. We hope that they will 

release a G4 interface soon, and are of course happy to help.release a G4 interface soon, and are of course happy to help.
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ConclusionsConclusions

�� ,W�LV�YHU\�LPSRUWDQW�WKDW�LQGLYLGXDO�FRQWULEXWRUV�DUH�,W�LV�YHU\�LPSRUWDQW�WKDW�LQGLYLGXDO�FRQWULEXWRUV�DUH�
HQIUDQFKLVHG�WR�MRLQ�WKH�FROODERUDWLRQ��LQ�SDUWLFXODU�LQ�HQIUDQFKLVHG�WR�MRLQ�WKH�FROODERUDWLRQ��LQ�SDUWLFXODU�LQ�
WKH�DUHD�RI�SK\VLFV�PRGHOLQJ�WKH�DUHD�RI�SK\VLFV�PRGHOLQJ�

�� 7KH\�PXVW�IHHO�DVVXUHG�WKDW�WKH\�DUH�ZHOO�SURWHFWHG�7KH\�PXVW�IHHO�DVVXUHG�WKDW�WKH\�DUH�ZHOO�SURWHFWHG�
IURP�DQ\�DWWHPSW�WR�GHSULYH�WKHP�RII��RU�IURP�DQ\�DWWHPSW�WR�GHSULYH�WKHP�RII��RU�
FRS\�VWHDO�FRS\�VWHDO�VXEOWLOLVHUVXEOWLOLVHU��WKH�ZRUN�WKDW�EXLOW�WKHLU�FDUHHUV����WKH�ZRUN�WKDW�EXLOW�WKHLU�FDUHHUV��
,�H��WKHLU�FRGH�DQG�RU�SXEOLFDWLRQ�SRWHQWLDO�,�H��WKHLU�FRGH�DQG�RU�SXEOLFDWLRQ�SRWHQWLDO�

�� 7KH\�RWKHUZLVH�ZRXOG�EH�DVNHG�WR�FRQWULEXWH�DW�WKHLU�7KH\�RWKHUZLVH�ZRXOG�EH�DVNHG�WR�FRQWULEXWH�DW�WKHLU�
RZQ�SHULO�RZQ�SHULO�

�� :H�VKRXOG�H[SOLFLWO\�VWDWH�D�SROLF\�HQVXULQJ�WKLV�LQ�WKH�:H�VKRXOG�H[SOLFLWO\�VWDWH�D�SROLF\�HQVXULQJ�WKLV�LQ�WKH�
0R8�0R8�UHYLVLRQ�UHYLVLRQ�


