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�8IFO�FMFDUSPO�TNFBSJOH�JT�FYQMJDJUMZ�UVSOFE�PO�CZ�UIF�VTFS�	TFF�UIF�4NFBSR�PQUJPO�CFMPX
�/LFFQ
JT�CZ�EFGBVMU���������TP�UIF�QSPHSBN�XJMM��OFWFS��DPNQBSF�UIF�TQBUJBM�GPSNT�PG�.0T�UP�EFUFSNJOF
UIF�PDDVQBUJPO�OVNCFST�
5IF��SFGFSFODF�DZDMF�OVNCFS��JT�CZ�EFGBVMU�UIF�QSFWJPVT�DZDMF�XIJDI�XJMM�TVQQSFTT�KVNQT�JO�UIF
TQBUJBM�PDDVQBUJPOT�EVSJOH�UIF�4$'�EFWFMPQNFOU�XIJMF�BU�UIF�PUIFS�IBOE�BMMPXJOH�UIF�TZTUFN�UP�MFU
UIF�NPSF�PS�MFTT�GSP[FO�DPOGJHVSBUJPO�SFMBY�UP�TFMG�DPOTJTUFODZ�
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0DDVSSFODF�PG�UIJT�XPSE�JO�UIF�PQUJPO�MJTU�TQFDJGJFT�UIBU�UIF��SFGFSFODF�DZDMF�OVNCFS��XJMM�CF�UIF�DZDMF
OVNCFS�PO�XIJDI�UIF�,FFQ0SCJUBMT�GFBUVSF�JT�BDUJWBUFE��EVSJOH�BMM�TVCTFRVFOU�4$'�DZDMFT�UIF
QSPHSBN�XJMM�BTTJHO�FMFDUSPOT�UP�.0T�UIBU�SFTFNCMF�UIF�.0T�PG�UIBU�TQFDJGJD�4$'�DZDMF��5IJT�NBZ
CF�VTFE�XIFO�UIF�.0T�PG�UIBU�DZDMF�BSF�BMSFBEZ�SFBTPOBCMZ�DMPTF�UP�UIF�GJOBM�POFT�BOE�JU�XJMM
TVQQSFTT�VOXBOUFE�TUFQ�CZ�TUFQ�DIBSHF�USBOTGFST�GSPN�PDDVQJFE�UP�FNQUZ�PSCJUBMT�UIBU�BSF�WFSZ
DMPTF�JO�FOFSHZ��#Z�EFGBVMU�UIJT�PQUJPO�JT�OPU�BDUJWF�
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4NFBS* JT�IBMG�UIF�FOFSHZ�XJEUI�	JO�IBSUSFFT
�PWFS�XIJDI�FMFDUSPOT�BSF�TNFBSFE�PVU�PWFS�PSCJUBMT
UIBU�MJF�BSPVOE�UIF�GFSNJ�MFWFM�BOE�UIBU�BSF�DMPTF�JO�FOFSHZ��4NFBSJOH�JT�B�USJDL�UIBU�NBZ�IFMQ�XIFO
UIF�4$'�IBT�QSPCMFNT�DPOWFSHJOH��0OF�TIPVME�CF�XFMM�BXBSF�UIBU�UIF�QIZTJDBM�NFBOJOH�PG�B�SFTVMU
PCUBJOFE�XJUI�TNFBSFE�PDDVQBUJPOT�JT�VODMFBS�	UP�FYQSFTT�JU�NJMEMZ
��*U�NBZ�CF�VTFGVM�UP�HFU�PWFS�B
IVSEMF�JO�B�HFPNFUSZ�PQUJNJ[BUJPO�
#Z�EFGBVMU�UIFBGBMB:ETNFBS�QBSBNFUFS�JT�[FSP�	J�F���TNFBSJOH�JT�OPU�BQQMJFE
��*U�JT�UVSOFE�PO
BVUPNBUJDBMMZ�CZ�UIF�QSPHSBN�XIFO�4$'�DPOWFSHFODF�JT�GPVOE�UP�CF�QSPCMFNBUJD�CVU�POMZ�JO�BO
PQUJNJ[BUJPO�UZQF�BQQMJDBUJPO�	TJNQMF�PQUJNJ[BUJPO�MJOFBS�USBOTJU�USBOTJUJPO�TUBUF
�XIFO�UIF�HFPNFUSZ
JT�OPU�ZFU�DPOWFSHFE�
:PV�DBO�SJHPSPVTMZ�QSPIJCJU�BOZ�TNFBSJOH�CZ�TQFDJGZJOH�JU�FYQMJDJUMZ�XJUI�WBMVF�[FSP��.PSF�HFOFSBMMZ�
TQFDJGZJOH�UIF�TNFBS�QBSBNFUFS�NBLFT�UIF�QSPHSBN�UP�BQQMZ�JU�BMXBZT�CVU�BMXBZT�XJUI�UIF�JOQVU�
TQFDJGJFE�WBMVF�
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UIF�MJTU�JT�QJDLFE�BOE�UIF�4$'�JT�DPOUJOVFE��5IJT�XBZ�POF�DBO�TQFDJGZ�B�MJTU�PG�HSBEVBMMZ�EFDSFBTJOH
WBMVFT�UP�HFU�TPSU�PG�BOOFBMJOH�FGGFDU��/05&��/P�TQBDFT�BSF�BMMPXFE�XIFO�TQFDJGZJOH�B�MJTU�PG
WBMVFT�GPS�4NFBSR�
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5IF�PDDVQBUJPO�OVNCFS�GPS�FBDI�PSCJUBMT�BSF�VQEBUFE�BDDPSEJOH�UP�TUFFQFTU�EFTDFOU�NFUIPE�	3FG�
'��8��"WFSJMM�BOE�(��4��1BJOUFS�1IZT��3FW��#�� ������	����

��%VSJOH�BO�4$'�DZDMF�UIF
PDDVQBUJPO�OVNCFS�GPS�FBDI�OFX�PSCJUBM�JT�JOJUJBMMZ�EFUFSNJOFE�CZ�EFDPNQPTJOH�UIF�PME�DIBSHF
EFOTJUZ�XJUI�OFX�PSCJUBMT��5IFO�UIF�PDDVQBUJPO�OVNCFST�BSF�NPEJGJFE�TP�UIBU�UIF�UPUBM�FOFSHZ�PG�UIF
TZTUFN�XJMM�EFDSFBTF�
5IF�-BNCEB�QBSBNFUFS�HJWFT�UIF�DPFGGJDJFOU�GPS�UIF�DIBSHF�USBOTGFS�JO���BV�VOJU��5IF�TFDPOE
QBSBNFUFS�/NBY�JT�BO�BEEJUJPOBM�MJNJU�GPS�UIF�BNPVOU�PG�UIF�DIBSHF�USBOTGFS��/NBY�XPVME�CF�VTFGVM
GPS�FBSMZ�TUFQT�PG�DZDMF�XIFO�UIF�-BNCEB�QBSBNFUFS�HJWFT�UPP�MBSHF�DIBSHF�USBOTGFS��5PP�TNBMM
/NBY�SFTVMUT�JO�JSSFHVMBS�CFIBWJPS�JO�4$'�DPOWFSHFODF��*O�UIF�DBTF�PG�EJGGJDVMU�4$'�DPOWFSHFODF
ZPV�TIPVME�NBLF�NJYJOH�BOE�-BNCEB�TNBMMFS��'SPN�PVS�FYQFSJFODF�/NBY�����PS�����JT�VTVBMMZ
0,�
5IJT�NFUIPE�TIPVME�CF�VTFE�XJUI�UVSOJOH�PGG�%**4�NFUIPE�	%**4�/��
�BOE�UIF�DIPJDF�PG�UIF�NJYJOH
QBSBNFUFS�JO�4$'�DZDMF�JT�BMTP�JNQPSUBOU��5IJT�PQUJPO�JT�FTQFDJBMMZ�VTFGVM�GPS�TZTUFNT�XJUI�NBOZ
RVBTJ�EFHFOFSBUF�PSCJUBMT�BSPVOE�'FSNJ�MFWFM��'PS�JOTUBODF�DMVTUFS�NPEFMT�PG�TVSGBDF�TZTUFNT
VTVBMMZ�TVGGFS�GSPN�EBOHMJOH�CPOET�BOE�TIPVME�CF�DPOWFSHFE�XJUI�UIJT�NFUIPE��/PUF�UIPVHI�UIBU
TMPX�DPOWFSHFODF�JT�BO�JOUSJOTJD�GFBUVSF�PG�UIJT�NFUIPE�TP�POF�TIPVME�TQFDJGZ�B�MBSHF�MJNJU�GPS�UIF
OVNCFS�PG�4$'�DZDMFT�TBZ�����PS�FWFO������EFQFOEJOH�PO�UIF�DMVTUFS�TJ[F�
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m 8IFO�PDDVQBUJPO�OVNCFST�BSF�FYQMJDJUMZ�EFGJOFE�WJB�UIF�CMPDL�GPSN�PG�UIF�0$$61"5*0/4
LFZXPSE�	TFF�OFYU�TFDUJPO
�UIF�4NFBSR�PQUJPO�DBOOPU�CF�VTFE�

m 5IF�BVGCBV�QSJODJQMF�EPFT�OPU�EFUFSNJOF�PS�BEKVTU�UIF�EJTUSJCVUJPO�PG�FMFDUSPOT�PWFS�TQJO�€�WFSTVT
TQJO�•�JO�BO�VOSFTUSJDUFE�DBMDVMBUJPO��5IJT�BTQFDU�JT�DPOUSPMMFE�CZ�UIF�LFZ�$)"3(&�BOE�CZ�BOZ
FYQMJDJU�PDDVQBUJPOT�JO�UIF�EBUB�CMPDL�PG�PDDVQBUJPOT�

m 8IFO�PDDVQBUJPO�OVNCFST�BSF�OPU�TQFDJGJFE�BOE�OP�4NFBSJOH�JT�TQFDJGJFE�FJUIFS�UIF�QSPHSBN�XJMM
UVSO�PO�TNFBSJOH�BVUPNBUJDBMMZ�XIFO�UIF�4$'�IBT�TFSJPVT�DPOWFSHFODF�QSPCMFNT�JO�BO�BUUFNQU�UP
PWFSDPNF�UIPTF�QSPCMFNT�CVU�POMZ�JO�B�HFPNFUSZ�PQUJNJ[BUJPO�	JODMVEJOH�USBOTJUJPO�TUBUF�MJOFBS
USBOTJU�FUD�
��*G�TVDI�IBQQFOT�UIF�QSPHSBN�SFTUPSFT�UIF�PSJHJOBM�TJUVBUJPO�	OP�TNFBSJOH
�BU�UIF�TUBSU
PG�FBDI�OFX�4$'��*O�BVUPNBUJD�TNFBSJOH�UIF�TNFBS�QBSBNFUFS�JT�JOJUJBUFE�BU������IBSUSFF�BOE�NBZ
CF�WBSJFE�	CZ�UIF�QSPHSBN
�CFUXFFO�������BOE�����IBSUSFF��5IF�BVUPNBUJD�VTF�PG�TNFBSJOH�CZ�UIF
QSPHSBN�DBO�CF�QSPIJCJUFE�CZ�FYQMJDJUMZ�TFUUJOH�UIF�TNFBS�PQUJPO�XJUI�WBMVF�[FSP�	4NFBSR��
�

m 4NFBSJOH�DBOOPU�CF�VTFE�JO�DPNCJOBUJPO�XJUI�UIF�LFFQPSCJUBMT�PQUJPO��5IJT�PQUJPO�UIFSFGPSF�BMTP
UVSOT�PG:NMHF:MB<TNFBSJOH�JO�USPVCMFTPNF�4$'��T�EVSJOH�BO�PQUJNJ[BUJPO�
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5IF�OBNF�PG�POF�PG�UIF�JSSFEVDJCMF�SFQSFTFOUBUJPOT�	OPU�B�TVCTQFDJFT
�PG�UIF�QPJOU�HSPVQ�PG�UIF�TZTUFN�
4FF�UIF"QQFOEJY����GPS�UIF�JSSFQ�OBNFT�BT�UIFZ�BSF�VTFE�JO�"%'�
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5IF�PSCJUBMT�BSF�PSEFSFE�BDDPSEJOH�UP�UIFJS�FOFSHZ�FJHFOWBMVF��IJHIFS�TUBUFT�UIBO�UIPTF�MJTUFE�HFU�BO
PDDVQBUJPO�OVNCFS�[FSP�
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SFQSFTFOUBUJPOT�ZPV�NVTU�HJWF�UIFMHM:EPDDVQBUJPO�J�F��UIF�TVN�PWFS�UIF�QBSUOFS�SFQSFTFOUBUJPOT��"%'
BTTJHOT�FBDI�QBSUOFS�BO�PDDVQBUJPO�FRVBM�UP�UIF�BQQSPQSJBUF�GSBDUJPO�PG�XIBU�BQQFBST�IFSF�

*O�BO�VOSFTUSJDUFE�DBMDVMBUJPO�UXP�TFRVFODFT�PG�OVNCFST�NVTU�CF�TQFDJGJFE�GPS�FBDI�JSSFQ��UIF
TFRVFODFT�BSF�TFQBSBUFE�CZ�B�EPVCMF�TMBTI�	��
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/PUF�UIBU�UIJT�JT�OPU�NFBOJOHGVM�JO�BO�VOSFTUSJDUFE�4QJO�0SCJU�DPVQMFE�DBMDVMBUJPO�VTJOH�UIF�	OPO�

DPMMJOFBS�BQQSPYJNBUJPO�XIFSF�POF�TIPVME�VTF�POF�TFRVFODF�PG�PDDVQBUJPO�OVNCFST�GPS�FBDI�JSSFQ�

/PUFT�BCPVU�UIF�PDDVQBUJPOT�EBUB�CMPDL�

m 8IFO�TQFDJGZJOH�FMFDUSPO�DPOGJHVSBUJPOT�BMM�WBMFODF�FMFDUSPOT�JO�UIF�DBMDVMBUJPO�NVTU�CF�FYQMJDJUMZ
BTTJHOFE�UP�.0T�BOE�UIF�CMPDL�GPSN�PG�UIF�0$$61"5*0/4�LFZXPSE�NVTU�CF�VTFE��*O�UIJT�DPOUFYU
UIF�DPODFQUO:E>G<>�>E><MKHGLBOE�IFODFO:E>G<>�HK;BM:ELJT�OPU�OFDFTTBSJMZ�JEFOUJDBM�UP�XIBU�ZPV
NBZ�OPSNBMMZ�BTTVNF�UP�CF�UIF�WBMFODF�TQBDF�PG�BO�BUPN�PS�NPMFDVMF��5IF�NFBOJOH�PGO:E>G<>JT
IFSF�TUSJDUMZ�EFGJOFE�BT�XIBUFWFS�FMFDUSPOT�BSF�PVUTJEF�UIF�GSP[FO�DPSF��*U�EFQFOET�UIFSFGPSF�PO�UIF
MFWFM�PG�GSP[FO�DPSF�BQQSPYJNBUJPO�BQQMJFE�JO�UIF�DBMDVMBUJPO��5IJT�USBDFT�CBDL�UP�UIF�$SFBUF�SVOT�JO
XIJDI�UIF�CBTJD�BUPNT�XFSF�HFOFSBUFE�UIBU�BSF�OPX�VTFE�UP�CVJME�UIF�NPMFDVMF�

m 8IFO�GPS�TPNF�JSSFQ�UIFSF�JT�B�SBUIFS�MPOH�MJTU�PG�PDDVQBUJPO�OVNCFST�DPSSFTQPOEJOH�UP
<HGL><NMBO>�?NEER�H<<NIB>=TUBUFT�ZPV�DBO�DPNCJOF�UIFTF�OVNCFST�BOE�FOUFS�UIFJS�TVN�JOTUFBE�
"%'�LOPXT�UIF�NBYJNVN�PDDVQBUJPO�GPS�BO�JSSFQ�BOE�XIFO�ZPV�QVU�B�MBSHFS�OVNCFS�UIF�QSPHSBN
XJMM�TQMJU�JU�VQ��'PS�JOTUBODF�JG�ZPV�HJWF�GPS�UIFI �SFQSFTFOUBUJPO�	JO�B�TJOHMF�BUPN�DBMDVMBUJPO
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J�F��UIF�PDDVQBUJPO�OVNCFS����JT�JOUFSQSFUFE�BT�EFOPUJOH�UXP�GVMMZ�PDDVQJFE�Q�TIFMMT�BOE�UIF
SFNBJOJOH�GJWF�FMFDUSPOT�JO�UIF�OFYU�IJHIFS�TIFMM��5IJT�FYBNQMF�BMTP�JMMVTUSBUFT�IPX�UP�TQFDJGZ�BO
FYDJUFE�TUBUF��IFSF�XF�IBWF�EFGJOFE�B�IPMF�JO�UIF�UIJSE�Q�TIFMM�

m 'SBDUJPOBM�PDDVQBUJPO�OVNCFST�JO�JOQVU�BSF�BMMPXFE��'PS�B�EJTDVTTJPO�PG�UIF�JOUFSQSFUBUJPO�PG
GSBDUJPOBM�PDDVQBUJPO�OVNCFST�TFF�<��� >��5IF�QSPHSBN�FWFO�BMMPXT�ZPV�	UFDIOJDBMMZ
�UP�VTF�B�OPO�
JOUFHFS�UPUBM�OVNCFS�PG�FMFDUSPOT�XIBUFWFS�UIF�QIZTJDBM�NFBOJOH�PG�TVDI�B�DBMDVMBUJPO�JT�

m 5IF�EBUB�CMPDL�PG�PDDVQBUJPOT�JT�OPU�QBSTFE�	TFF�UIF�TFDUJPO*OUFSQSFUBUJPO�PG�*OQVU
��5IF�QSPHSBN
EPFT�OPU�SFQMBDF�FYQSFTTJPOT�CZ�UIFJS�WBMVF�BOE�JU�EPFT�OPU�SFDPHOJ[F�DPOTUBOUT�PS�GVODUJPOT
EFGJOFE�XJUI�UIF�EFGJOF�LFZ�

m *O�B�OVNFSJDBM�GSFRVFODJFT�SVO�	XJUIPVU�UIF�4ZNN�BSHVNFOU
�UIF�TZNNFUSZ�VTFE�JOUFSOBMMZ�JO�UIF
QSPHSBN�JT�/04:.�JSSFTQFDUJWF�PG�BOZ�4DIjOGMJFTT�TZNCPM�JO�UIF�JOQVU�GJMF��"T�B�DPOTFRVFODF�UIF
QSPHSBN�XJMM�SFDPHOJ[F�POMZ�UIF�"�SFQSFTFOUBUJPO�	UIF�POMZ�JSSFQ�JO�OPTZN
�CVU�OPU�UIF
SFQSFTFOUBUJPOT�CFMPOHJOH�UP�UIF�JOQVU�QPJOU�HSPVQ�TZNNFUSZ��	5IF�TZNNFUSZ�JO�UIF�FRVJMJCSJVN
HFPNFUSZ�EFGJOFE�CZ�UIF�JOQVU�4DIjOGMJFTT�TZNCPM�JT�VTFE�UP�FOIBODF�FGGJDJFODZ�BOE�TUBCJMJUZ�JO
UIF�DPOTUSVDUJPO�PG�UIF�NBUSJY�PG�'PSDF�DPOTUBOUT
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5IF�DPOUFOUT�PG�UIF�EBUB�CMPDL�PG�PDDVQBUJPOT�JG�VTFE�EFGJOFT�UIF�UPUBM�OVNCFS�PG�WBMFODF�FMFDUSPOT�BOE
IFODF�UIF�OFU�UPUBM�DIBSHF��*O�BO�VOSFTUSJDUFE�SVO�JU�BMTP�EFGJOFT�UIF�OFU�TQJO�QPMBSJ[BUJPO��*G�UIF�LFZ�$)"3(&
JT�BMTP�VTFE�UIF�QSPHSBN�XJMM�DIFDL�UIBU�CPUI�TQFDJGJDBUJPOT�BSF�DPOTJTUFOU�

8F�TUSPOHMZ�SFDPNNFOE�UP�FNQMPZ�UIJT�BOE�BMXBZT�TQFDJGZ�UIF�OFU�UPUBM�DIBSHF�BOE�TQJO�QPMBSJ[BUJPO�XJUI
DIBSHF�XIFOFWFS�FYQMJDJU�PDDVQBUJPO�OVNCFST�BSF�TVQQMJFE�XJUI�PDDVQBUJPOT�UP�UIBU�UIF�QSPHSBN�XJMM�DIFDL
UIBU�ZPVS�PDDVQBUJPO�OVNCFST�SFTVMU�JO�UIF�UPUBM�DIBSHF�BOE�TQJO�QPMBSJ[BUJPO�UIBU�ZPV�IBWF�JO�NJOE�
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�BOE
UIFTF�BSF�BQQMJFE�VOMFTT�ZPV�TQFDJGZ�PDDVQBUJPOT�JO�JOQVU�ZPVSTFMG��$PODFJWBCMZ�UIJT�NBZ�SFTVMU�JO�B�OPO�
BVGCBV�DPOGJHVSBUJPO��*O�$SFBUF�NPEF�UIF�QSPHSBN�BMXBZT�PQFSBUFT�BT�JG�PDDVQBUJPOT�XFSF�TFU�JO�JOQVU�
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$BMDVMBUJPOT�XJUI�"%'�ZJFME�SFTVMUT�GPS�POF�EFUFSNJOBOU�FMFDUSPOJD�TUBUFT�XIJDI�BSF�OPU�BMXBZT�UIF��USVF�
TUBUFT�PG�UIF�NPMFDVMF��5IF�FWBMVBUJPO�PG�UIF�DPSSFDU�NVMUJQMFU�FOFSHJFT�JT�OPU�USJWJBM�JO�UIJT�BQQSPBDI�TFF
GVSUIFS�CFMPX�UIF�TFDUJPO�PO�NVMUJQMFU�FOFSHJFT��5IF�QPJOU�JT�UP�FWBMVBUF�B�TQFDJGJD�NVMUJQMFU�TUBUF�BT�B�MJOFBS
DPNCJOBUJPO�PG�TFMFDUFE�POF�EFUFSNJOBOU�GVODUJPOT�FBDI�DPNQVUFE�JO�UIF�GJFME�PG�UIF�TP�DBMMFE�"WFSBHF�PG�
$POGJHVSBUJPO�	"0$
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PSCJUBMT�JO�UIF�PQFO�TIFMM�BSF�EFHFOFSBUF�BOE�FRVBMMZ�PDDVQJFE��5IF�"0$�TFSWFT�UIFO�BT�B�GSBHNFOU�GPS�UIF
TVCTFRVFOU�DBMDVMBUJPOT�JO�XIJDI�UIF�EJGGFSFOU�PQFO�TIFMM�PSCJUBMT�BSF�PDDVQJFE�EJGGFSFOUMZ�CZ�TQFDJGZJOH�UIF
BQQSPQSJBUF�PDDVQBUJPO�OVNCFST�BT�FYQMBJOFE�CFMPX�

�>A@CE2?E��JO�UIFTF�GPMMPX�VQ�DBMDVMBUJPOT�JU�JT�JNQFSBUJWF�UIBU�UIF�SFTVMUT�BSF�PCUBJOFE�JO�UIF�"0$�GJFME��OP
4$'�DPOWFSHFODF�NVTU�CF�DBSSJFE�PVU�CFDBVTF�XF�POMZ�XBOU�UP�BTTJHO�UIF�FMFDUSPOT�EJGGFSFOUMZ�XIJMF
LFFQJOH�FYBDUMZ�UIF�"0$�PSCJUBMT��5P�BDIJFWF�UIJT�UIF�GPMMPX�VQ�DBMDVMBUJPOT�NVTU�VTF�UIF�LFZXPSE�4$'
BOE�UIF�TVCLFZ�JUFSBUJPOT�NVTU�CF�TFU�UP���

4JODF�"%'�SFRVJSFT�UIBU�UIF�QPJOU�HSPVQ�TZNNFUSZ�NBUDIFT�OPU�POMZ�UP�UIF�OVDMFBS�GSBNF�CVU�BMTP�UP�UIF
FMFDUSPOJD�DIBSHF�EFOTJUZ�BOE�.0�PDDVQBUJPOT�UIFTF�DBMDVMBUJPOT�NVTU�SVO�JO�B�MPXFS�QPJOUHSPVQ�TZNNFUSZ�
0GUFO�ZPV�XJMM�BMTP�XBOU�UP�SVO�UIF�NPEJGJFE�DBMDVMBUJPOT�TQJO�NGSFTUSJDUFE��'PS�BO�FYBNQMF�TFF�UIF�TFU�PG
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UIF�TQJO�SFTUSJDUFE�TUBSU�EFOTJUZ�PG�UIF�GSBHNFOUT�PS�SFTUSJDUFE�NPMFDVMF�
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Important Note
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http://www.scm.com/Doc/Doc2014/QMMM/page1.html
http://stjuderesearch.org/site/lab/bashford
http://www.poissonboltzmann.org/pdb2pqr
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"U�UIF�FOE�PG�TVDI�B�QBSUJBM�HFPNFUSZ�PQUJNJ[BUJPO�UIF�QPTJUJPO�BOE�PSJFOUBUJPO�PG�UIF�CMPDL�BSF�PQUJNJ[FE�
5IF�UPUBM�GPSDF�PO�UIF�CMPDL�JT�[FSP��)PXFWFS�UIFSF�NJHIU�CF�TUJMM�TPNF�SFTJEVBM�GPSDFT�XJUIJO�B�CMPDL�TJODF
UIPTF�EFHSFFT�PG�GSFFEPN�XFSF�OPU�PQUJNJ[FE�

"�USBEJUJPOBM�GSFRVFODZ�DBMDVMBUJPO�QFSGPSNFE�PO�UIJT�QBSUJBMMZ�PQUJNJ[FE�TUSVDUVSF�NJHIU�SFTVMU�JO�OPO�QIZTJDBM
JNBHJOBSZ�GSFRVFODJFT�XJUIPVU�B�DMFBS�JOUFSQSFUBUJPO��5IFSFGPSF�POF�TIPVME�VTF�BO�BEBQUFE�GPSNVMBUJPO�PG
OPSNBM�NPEF�BOBMZTJT��UIF�.PCJMF�#MPDL�)FTTJBO�NFUIPE��5IF�.#)�EPFT�OPU�DPOTJEFS�UIF�JOUFSOBM�EFHSFFT
PG�GSFFEPN�PG�UIF�CMPDL�	PO�XIJDI�SFTJEVBM�GPSDFT
�BQQMZ�CVU�JOTUFBE�VTFT�UIF�QPTJUJPO�PSJFOUBUJPO�PG�UIF
CMPDL�BT�DPPSEJOBUFT��*O�UIF�SFTVMUJOH�OPSNBM�NPEF�FJHFOWFDUPST�BMM�BUPNT�XJUIJO�UIF�TBNF�CMPDL�NPWF
DPMMFDUJWFMZ�

0G�DPVSTF�.#)�DBO�BMTP�CF�BQQMJFE�PO�B�GVMMZ�PQUJNJ[FE�TUSVDUVSF�
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5IF�TFDPOE�EFSJWBUJWFT�XJUI�SFTQFDU�UP�$BSUFTJBO�EJTQMBDFNFOUT�	��USBOTMBUJPOT
�PG�UIF�GSFF�BUPNT�	BUPNT�OPU
CFMPOHJOH�UP�BOZ�CMPDL
�BOE�UIPTF�XJUI�SFTQFDU�UP�CMPDL�NPUJPOT�	��CMPDL�USBOTMBUJPO���CMPDL�SPUBUJPOT
�BSF
DBMDVMBUFE�CZ�OVNFSJDBM�EJGGFSFOUJBUJPO�PG�UIF�HSBEJFOU��5IF�BDDVSBDZ�PG�UIF�TFDPOE�EFSJWBUJWFT�JT�NBJOMZ
JOGMVFODFE�CZ�UIF�BDDVSBDZ�PG�UIF�HSBEJFOU�FWBMVBUJPO�	F�H��BDDVSBDZ�OVNFSJDBM�JOUFHSBUJPO
�BOE�UIF�TUFQ�TJ[F
JO�UIF�OVNFSJDBM�EJGGFSFOUJBUJPO��5IF�QBSBNFUFST�%*43"%�BOE�%*4"/(�DBO�CF�TQFDJGJFE�UP�TFU�UIF�TUFQ�TJ[F
GPS�$BSUFTJBO�EJTQMBDFNFOUT�	USBOTMBUJPOT
�BOE�CMPDL�SPUBUJPOT�SFTQFDUJWFMZ��5IF�TUFQ�TJ[F�GPS�BOHMFT�JT
BVUPNBUJDBMMZ�TDBMFE�XJUI�UIF�CMPDL�TJ[F�

&2%15%.#)%3�Z$)32!$�CQ@C\�Z$)3!.'�C@MF\

5IF�EFGBVMU�WBMVFT�GPS�ESBE�BOE�EBOH�BSF�UIF�TBNF�BT�JO�UIF�DBTF�PG�B�TUBOEBSE�OVNFSJDBM�GSFRVFODZ�SVO�

#���$@E6D

#MPDLT�DPOTJTUJOH�PG���PS���BUPNT�BSF�OPU�TVQQPSUFE�BOE�BSF�JHOPSFE��5IJT�NFBOT�UIBU�FBDI�BUPN�PG�TVDI�B
CMPDL�JT�USFBUFE�TFQBSBUFMZ�

"U�UIJT�NPNFOU�JU�JT�OPU�QPTTJCMF�UP�DBMDVMBUF�*3�JOUFOTJUJFT�XJUI�UIF�.#)�NFUIPE�

5IF�QSJOUFE�PVUQVU�PG�UIF�.#)�OPSNBM�NPEF�BOBMZTJT�MJTUT�BMM�GSFRVFODJFT�JODMVEJOH�UIF�POFT�DPSSFTQPOEJOH
UP�SPUBUJPOT�BOE�USBOTMBUJPO�PG�UIF�NPMFDVMF�BT�UIF�XIPMF��/PUF�UIBU�XIJMF�GSFRVFODJFT�DPSSFTQPOEJOH�UP
USBOTMBUJPOT�TIPVME�BMXBZT�CF�DMPTF�UP�[FSP�UIF�NBHOJUVEF�PG�UIF�POFT�DPSSFTQPOEJOH�UP�SPUBUJPOT�EFQFOET
PO�IPX�XFMM�UIF�HFPNFUSZ�JT�PQUJNJ[FE�

%FCVH�JOGPSNBUJPO�DBO�CF�PCUBJOFE�JG�POF�JODMVEFT�%&#6(�.#)/PSNBM.PEFT�

*96C>@5J?2>:4D

"U�UIF�FOE�PG�B�DPNQMFUFE�'SFRVFODJFT�DBMDVMBUJPO�B�TVSWFZ�JT�HJWFO�PG�UIFSNPEZOBNJD�QSPQFSUJFT��)FBU
$BQBDJUZ�*OUFSOBM�&OFSHZ�&OUSPQZ��5IF�DPNQVUFE�SFTVMUT�BTTVNF�BO�JEFBM�HBT�BOE�FMFDUSPOJD�DPOUSJCVUJPOT
BSF�JHOPSFE��5IF�MBUUFS�JT�B�TFSJPVT�PNJTTJPO�JG�UIF�FMFDUSPOJD�DPOGJHVSBUJPO�JT�	BMNPTU
�EFHFOFSBUF�CVU�UIF
FGGFDU�JT�TNBMM�XIFOFWFS�UIF�FOFSHZ�EJGGFSFODF�XJUI�UIF�OFYU�TUBUF�JT�MBSHF�DPNQBSFE�UP�UIF�WJCSBUJPOBM
GSFRVFODJFT�

4(%2-/�Z0�OQDRRTQD\�Z4�SDLO��ZSDLO�\\�ZM4�M4\

OQDRRTQD

5IF�1SFTTVSF�JO�BUNPTQIFSFT��%FGBVMU�WBMVF�������"�[FSP�PS�OFHBUJWF�QSFTTVSF�JT�BEKVTUFE�CZ�UIF
QSPHSBN�UP�B�	WFSZ
�TNBMM�OVNCFS��F��

SDLO�SDLO�

5IF�FOEQPJOUT�PG�UIF�5FNQFSBUVSF�SBOHF�	JO�,
�GPS�XIJDI�UIF�SFTVMUT�BSF�DPNQVUFE��#Z�EFGBVMU�POMZ
SPPN�UFNQFSBUVSF�JT�DPOTJEFSFE�	�������,
�
*G�UIF�PQUJPO�5��JT�VTFE�BOE�POMZ�POF�WBMVF�TVQQMJFE�	UFNQ�
�UIFO�UFNQ��JT�BTTVNFE�UP�CF�FRVBM�UP
UFNQ��
"�[FSP�PS�OFHBUJWF�UFNQBSUVSF�JT�BEKVTUFE�CZ�UIF�QSPHSBN�UP�B�	WFSZ
�TNBMM�OVNCFS��F��

M4

5IF�OVNCFS�PG�TUFQT�CZ�XIJDI�UIF�UFNQFSBUVSF�JOUFSWBM�JT�TDBOOFE��#Z�EFGBVMU�JU�JT�DPNQVUFE�CZ�UIF
QSPHSBN�GSPN�UIF�UFNQFSBUVSF�SBOHF�	UFNQ��UFNQ�
�TVDI�UIBU�UIF�TUFQ�TJ[F�JT�BT�DMPTF�BT�QPTTJCMF�UP
���,��/PUF�UIBU�UIF�OVNCFS�PG�UFNQFSBUVSFT�GPS�XIJDI�UIF�DBMDVMBUJPOT�BSF�EPOF�JT�POF�NPSF�UIBO�UIF
OVNCFS�PG�UFNQFSBUVSFLM>IL�
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$POUSJCVUJPOT�GSPN�MPX�	MFTT�UIBO������DN
�GSFRVFODJFT�UP�FOUSPQZ�IFBU�DBQBDJUZ�BOE�JOUFSOBM�FOFSHZ�IBWF
BMXBZT�CFFO�FYDMVEFE�GSPN�UIF�UPUBM�WBMVFT�GPS�UIFSNPEZOBNJDBM�RVBOUJUJFT�MJTUFE�CFGPSF��*O�"%'�����UIFZ
BSF�BMTP�MJTUFE�TFQBSBUFMZ�TP�UIF�VTFS�DBO�BEE�UIFN�JG�UIFZ�XJTI�

�:33D�7C66�6?6C8J�492?86�7@C�2�82D�A92D6�C624E:@?

)FSF�BO�FYBNQMF�JT�HJWFO�IPX�UP�DBMDVMBUF�UIF�GSFF�FOFSHZ�DIBOHF�GPS�B�SFBDUJPO��*O�UIF�"%'�PVUQVU�PG�B
GSFRVFODZ�DBMDVMBUJPO�ZPV�DBO�GJOE�UIF�FMFDUSPOJD�CPOEJOH�FOFSHZ�BOE�OVDMFBS�LJOFUJD�FOFSHJFT�BU�SPPN
UFNQFSBUVSF��&YBNQMF�QBSU�PG�UIF�"%'�PVUQVU�PG�B�OPOMJOFBS�NPMFDVMF�
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5IF�OVDMFBS�JOUFSOBM�FOFSHZ���[FSP�QPJOU�FOFSHZ�����L5���TNBMM�DPSSFDUJPO�UFSN����������LDBM�NPM�
��L5�������L5�GPS�SPUBUJPO�BOE�����L5�GPS�USBOTMBUJPO�	J�F������L5�GPS�FBDI�EFHSFF�PG�GSFFEPN
��5IF�TNBMM
DPSSFDUJPO�UFSN�JT�B�UFSN�EVF�UP�UIF�WJCSBUJPO�QBSUJUJPO�GVODUJPO�EFQFOEJOH�PO�UIF�UFNQFSBUVSF�OPU�POMZ�UIF
HSPVOE�TUBUF�WJCSBUJPOBM�MFWFMT�BSF�PDDVQJFE�TFF�BMTP�&R��	�����
�

5IF�FMFDUSPOJD�JOUFSOBM�FOFSHZ������������LDBM�NPM�
*O�"%'�UIF�FMFDUSPOJD�JOUFSOBM�FOFSHZ�JT�OPSNBMMZ�DBMDVMBUFE�XJUI�SFTQFDU�UP�	BSUJGJDJBM
�TQIFSJDBM�BWFSBHFE
OFVUSBM�BUPNT�

5IF�FMFDUSPOJD���OVDMFBS�JOUFSOBM�FOFSHZ�6��������������������������������LDBM�NPM
(BT�QIBTF�Q7�O���35������������������������������������LDBM�NPM
&OUIBMQZ�)���6���Q7�������������������������������LDBM�NPM
(JCCT�GSFF�FOFSHZ�(���)���54��������������������������������������������LDBM�NPM

'PS�B�DBMDVMBUJPO�PG�UIF�GSFF�FOFSHZ�DIBOHF�GPS�SFBDUJPO�	Š�(
�ZPV�XJMM�PG�DPVSTF�IBWF�UP�UP�UIJT�GPS�UIF
SFBDUBOU�BOE�QSPEVDU�NPMFDVMFT�BOE�BEE�BOE�TVCUSBDU�UIFTF�FOFSHJFT�GPS�FBDI�NPMFDVMF�QSPQPSUJPOBM�UP�UIF
OVNCFS�PG�NPMFDVMFT�UIBU�UBLF�QMBDF�JO�UIF�SFBDUJPO��"QQMJDBUJPO�PG�"%'�GPS�PCUBJOJOH�FOUIBMQZ�FOUSPQZ�BOE
(JCCT�GSFF�FOFSHZ�DBO�GPS�JOTUBODF�CF�PCUBJOFE�JO�3FGT��<������ >
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"DDVSBDZ�JT�B�DSVDJBM�BTQFDU�JO�UIF�DPNQVUBUJPO�PG�GSFRVFODJFT�JO�QBSUJDVMBS�GPS�NPEFT�XJUI�MPX�GSFRVFODJFT�
UIF�HSBEJFOUT�BU�UIF�HFPNFUSJFT�EJTQMBDFE�BMPOH�UIBU�NPEF�XJMM�IBSEMZ�DIBOHF���BOBMZUJDBMMZ���GSPN�UIFJS
FRVJMJCSJVN�WBMVFT�TP�OVNFSJDBM�JOUFHSBUJPO�OPJTF�NBZ�FBTJMZ�BGGFDU�UIF�SFMJBCJMJUZ�PG�UIF�DPNQVUFE
=B??>K>G<>LJO�HSBEJFOUT��*U�JT�XPSUIXIJMF�UP�DPOTJEFS�DBSFGVMMZ�UIFLBS>PG�UIF�EJTQMBDFNFOUT��"U�POF�IBOE�UIFZ
TIPVME�CF�TNBMM�JO�PSEFS�UP�TVQQSFTT�UIF�FGGFDU�PG�IJHIFS�PSEFS�	BOIBSNPOJD
�UFSNT�JO�UIF�FOFSHZ�TVSGBDF
BSPVOE�UIF�NJOJNVN�BU�UIF�PUIFS�IBOE�UIFZ�TIPVME�CF�MBSHF�FOPVHI�UP�HFU�TJHOJGJDBOU�EJGGFSFODFT�JO
HSBEJFOUT�TP�UIBU�UIFTF�BSF�DPNQVUFE�SFMJBCMZ�

)JHI�QSFDJTJPO�DBMDVMBUJPOT�XIFSF�MPX�GSFRVFODZ�NPEFT�BSF�JOWPMWFE�NBZ�SFRVJSF�IJHI�JOUFHSBUJPO�TFUUJOHT
<�� >��*U�JT�TPNFUJNFT�BEWJTBCMF�UP�JODSFBTF�UIF�OVNFSJDBM�BDDVSBDZ�PG�UIF�DBMDVMBUJPO�

.TLDQHB@K1T@KHSX�Z'NNC[6DQX'NNC\

6TJOH���QPJOU�EJGGFSFOUJBUJPO�SBUIFS�UIBO���QPJOU�EJGGFSFOUJBUJPO�JNQMJFT�UXP�TJEFE�EJTQMBDFNFOUT�PG�UIF�BUPNT�
5IJT�EPVCMFT�UIF�DPNQVUBUJPOBM�FGGPSU�CVU�JO�UIF�TP�DPNQVUFE�GPSDF�DPOTUBOUT�BMM�BOIBSNPOJD�UFSNT�PGH==
PSEFS�BSF�FMJNJOBUFE��4JODF�JO�HFOFSBM�UIF�MPXFTU�BOIBSNPOJDJUZ�JT�UIJSE�PSEFS�UIJT�FMJNJOBUFT�UIF�GJSTU
BOIBSNPOJDJUZ��"HBJO�UIJT�JT�B�GFBUVSF�EJSFDUFE�QSJNBSJMZ�BU�PCUBJOJOH�IJHIMZ�BDDVSBUF�BOE�SFMJBCMF�SFTVMUT�

5IF����BOE���QPJOU�NFUIPET�BSF�JOUFOEFE�UP�BTTJTU�JO�TQFDJBM�DBTFT�BOE�BT�BO�FYUSB�DIFDL�XIFO�UIF�SFTVMUT
PCUBJOFE�XJUI�UIF���QPJOU�GPSNVMB�BSF�OPU�TBUJTGBDUPSZ��5IF���QPJOU�GPSNVMB�TIPVME�CF�VTFE�XIFO�SFTJEVBM
GPSDFT�BGUFS�HFPNFUSZ�PQUJNJ[BUJPO�BSF�CFUXFFO������BOE��������B�V��BOHTUSPN��*O�UIJT�DBTF�GSFRVFODJFT
PCUBJOFE�XJUI�UIF���QPJOU�GPSNVMB�BSF�NVDI�DMPTFS�UP�UIPTF�UIBU�XPVME�CF�DPNQVUFE�BU�UIF�FYBDU�PQUJNVN
HFPNFUSZ�

*G�B�'SFRVFODJFT�DBMDVMBUJPO�JT�DBSSJFE�PVU�POMZ�UP�DPOTUSVDU�B�HPPE�TUBSU�VQ�)FTTJBO�GPS�B�54�TFBSDI�	TFF�UIF
SFTUBSU�LFZ
�BDDVSBUF�SFTVMUT�BSF�OPU�DSVDJBM��5IF�NPTU�JNQPSUBOU�UIJOH�JO�TVDI�B�TJUVBUJPO�JT�UP�HFU�B�GBJS
HVFTT�GPS�UIF�OFHBUJWF�FJHFOWBMVF�BOE�JUT�BTTPDJBUFE�NPEF�BOE�UP�BWPJE�TQVSJPVT�BEEJUJPOBM�OFHBUJWF
FJHFOWBMVFT��8F�SFDPNNFOE�UP�BWPJE�UIF�SBUIFS�UJNF�DPOTVNJOH�TUBOEBSE�)FTTJBO�DPNQVUJOH�QSFQBSBUJPO
SVO�GPS�B�54�TFBSDI�BOE�UP�MPXFS�UIF�QSFDJTJPO�PG�UIF�'SFRVFODJFT�SVO��"�SFBTPOBCMF�WBMVF�TIPVME�CF�����
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5P�DBMDVMBUF�JTPUPQJD�TIJGUT�VTJOH�"%'�EP�UIF�GPMMPXJOH�

m $BMDVMBUF�GSFRVFODJFT�BOE�TBWF�5"1&���XJUI�B�EJGGFSFOU�OBNF�TBZ�SFTVMU�U��
m .PEJGZ�UIF�JOQVU�GJMF�BT�GPMMPXT�

‰ BEE��3&45"35�SFTVMU�U����BOZXIFSF�JO�UIF�JOQVU�GJMF
‰ DSFBUF�OFX�GSBHNFOU�GJMF�XJUI�EJGGFSFOU�NBTT
‰ TQFDJGZ�UIF�GSBHNFOU�GJMF�JO�'3"(.&/54�TFDUJPO

m 3VO�"%'�XJUI�UIF�OFX�JOQVU

"MUFSOBUJWFMZ�POF�DBO�VTF�UIF�UIF�LFZ"50.13014 UP�DIBOHF�UIF�NBTTFT�PG�UIF�BUPNT�

1MFBTF�OPUF�UIBU�JG�ZPV�DIBOHF�UIF�GSBHNFOU�GJMF�GPS�BO�BUPN�UIBU�IBT�TZNNFUSZ�FRVJWBMFOU�POFT�UIFO�UIF
OFX�GSBHNFOU�GJMF�XJMM�CF�BQQMJFE�UP�BMM�PG�UIF�BUPNT�
&YBNQMF��GJSTU�DBMDVMBUF�UIF�/)��GSFRVFODJFT�JO�UIF�$	�W
�TZNNFUSZ�BOE�UIFO�DIBOHF�)�UP�%��5IJT�XJMM�NFBO
UIBU�POF�DBMDVMBUFT�UIF�GSFRVFODJFT�PG�B�/%��NPMFDVMF�BOE�OPU�PG�/)�%�BT�POF�NJHIU�XBOU�UP�EP��*G�POF
XBOUT�UP�DBMDVMBUF�UIF�GSFRVFODJFT�PG�/)�%�POF�GJSTU�IBT�UP�EP�B�DBMDVMBUJPO�XJUI�MPXFS�TZNNFUSZ�TBZ�$	T

UP�CF�BCMF�UP�DIBOHF�JTPUPQF�PG�POMZ�POF�PG�UIF�IZESPHFOT�
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*O�"%'�����JU�XBT�BMSFBEZ�QPTTJCMF�UP�SFRVFTU�B�GVMM�TDBO�PG�BMM�GSFRVFODJFT�PCUBJOFE�CZ�GJOJUF�EJGGFSFODFT�
5IJT�XBT�PSJHJOBMMZ�EPOF�UP�IFMQ�JEFOUJGZ�TQVSJPVT�JNBHJOBSZ�GSFRVFODJFT�UIBU�TPNFUJNFT�BQQFBS�XIFSF�POF
XPVME�FYQFDU�B�WFSZ�MPX�	OFBSMZ�[FSP
�GSFRVFODZ��.PTU�GSFRVFOUMZ�UIJT�IBQQFOT�XIFO�UIFSF�JT�B�CBSSJFS�GSFF
SPUBUJPO�PG�GPS�FYBNQMF�NFUIZM�HSPVQT�

4UBSUJOH�GSPN�"%'��������JU�JT�QPTTJCMF�UP�TDBO�BOZ�SBOHF�PG�GSFRVFODJFT�DBMDVMBUFE�JO�UIF�TBNF�SVO�PS
GPVOE�JO�B�SFTUBSU�GJMF��/PUF�UIBU�POF�TIPVME�OPU�VTF�UIF�LFZ�4$"/'3&2�JO�DPNCJOBUJPO�XJUI�UIF�LFZ
4:..&53:��5IF�JOQVU�LFZXPSE�VTFE�UP�SFRVFTU�UIF�TDBO�JT�BT�GPMMPXT�

3#!.&2%1�KNV�GHFG�Z.5-�MTL�$)32!$�CHRQ@C\

KNV�GHFG

5XP�WBMVFT�EFGJOJOH�BO�JOUFSWBM�PG�GSFRVFODJFT�UP�TDBO��'SFRVFODJFT�UIBU�GBMM�XJUIJO�UIF�JOUFSWBM�XJMM�CF
SFDBMDVMBUFE�CZ�OVNFSJDBM�EJGGFSFOUJBUJPO�PG�UIF�HSBEJFOU�BMPOH�UIF�SFTQFDUJWF�GSFRVFODZ�T�OPSNBM�NPEF�
5IJT�NFBOT�UIBU���* TJOHMF�QPJOU�DBMDVMBUJPOT�XJUI�HSBEJFOUT�XJMM�CF�QFSGPSNFE�XIFSF* JT�UIF�OVNCFS
PG�GSFRVFODJFT�XJUIJO�UIF�SBOHF��*NBHJOBSZ�GSFRVFODJFT�BSF�TQFDJGJFE�VTJOH�OFHBUJWF�WBMVFT�XIJDI�JT
DPOTJTUFOU�XJUI�UIF�OPUBUJPO�BEPQUFE�XJUIJO�"%'�

MTL

/VN�JT�BO�JOUFHFS�OVNCFS�TQFDJGZJOH�IPX�NBOZ�QPJOUT�BSF�UP�CF�VTFE�GPS�OVNFSJDBM�EJGGFSFOUJBUJPO�����
PS����5IF�EFGBVMU�WBMVF�JT���
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%JTSBE�TQFDJGJFT�UIF�TUFQ�TJ[F�	JO�"OHTUSPN
�UP�CF�NBEF�JO�FBDI�EJSFDUJPO�GPS���QPJOU�EJGGFSFOUJBUJPO��'PS
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UIF�SBOHF�PG�FYDJUBUJPOT�UIBU�BSF�DBMDVMBUFE�JT�NPEJGJFE�XIJDI�NFBOT�UIBU�UIF�POF�FMFDUSPO�FYDJUFE�TUBUF
DPOGJHVSBUJPO�TQBDF�JT�SFEVDFE�UP�UIF�JOUFSFTUJOH�QBSU�TFF�3FG��<��� >��5IF�DBMDVMBUFE�FYDJUFE�TUBUFT�BSF�NPSF
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#Z�EFGBVMU�UIF�FMFDUSPO�EFOTJUZ�BU�UIF�OVDMFJ�JT�DBMDVMBUFE�OP�JOQVU�LFZ�JT�SFRVJSFE��*O�UIF�JNQMFNFOUBUJPO�JO
"%'�UIF�FMFDUSPO�EFOTJUZ�JT�OPU�DBMDVMBUFE�FYBDUMZ�BU�UIF�DFOUFS�PG�UIF�OVDMFVT�IPXFWFS�BU�QPJOUT�PO�B�TNBMM
TQIFSF�BSPVOE�UIF�DFOUFS�PG�B�OVDMFVT��5IF�QSJOUFE�FMFDUSPO�EFOTJUZ�JO�UIF�PVUQVU�PG�"%'�JT�UIF�BWFSBHF
FMFDUSPO�EFOTJUZ�PO�UIFTF�QPJOUT��5IF�SBEJVT�PG�UIF�TQIFSF�JT�BO�BQQSPYJNBUFE�GJOJUF�OVDMFBS�SBEJVT��5IF
FMFDUSPO�EFOTJUZ�BU�UIF�OVDMFJ�DPVME�CF�VTFE�GPS�UIF�JOUFSQSFUBUJPO�PG�JTPNFS�TIJGUT�JO�.jTTCBVFS
TQFDUSPTDPQZ��5ZQJDBMMZ�POF�OFFET�UP�QFSGPSN�B�GJU�PG�UIF�FYQFSJNFOUBMMZ�NFBTVSFE�JTPNFS�TIJGUT�BOE
DBMDVMBUFE�FMFDUSPO�EFOTJUJFT�MJLF�GPS�FYBNQMF�JT�EPOF�JO�3FG��<��� >�

0OF�TIPVME�VTF�BMM�FMFDUSPO�CBTJT�TFUT�GPS�UIF�.jTTCBVFS�BDUJWF�FMFNFOUT��*NQPSUBOU�JT�UP�VTF�UIF�TBNF
CBTJT�TFU�TBNF�FYDIBOHF�DPSSFMBUJPO�GVODUJPOBM�TBNF�JOUFHSBUJPO�BDDVSBDZ�BOE�TBNF�OVDMFBS�NPEFM�	TFF
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BCTPMVUF�FMFDUSPO�EFOTJUZ�BU�B�OVDMFVT�IFBWJMZ�EFQFOET�PO�UIF�BDDVSBDZ�PG�UIF�CBTJT�TFU�JO�UIF�DPSF�SFHJPO�PG
UIJT�OVDMFVT�FTQFDJBMMZ�JG�SFMBUJWJTUJD�FGGFDUT�BSF�JODMVEFE�
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�FYQFSJNFOU�DBO�CF�UIPVHIU�PG�BT�.jTCBVFS
TQFDUSPTDPQZ�XJUI�WJCSBUJPOBM�TJEFCBOET��5IF�/374�FYQFSJNFOU�QSPWJEFT�UIF�DPNQMFUF�TFU�PG�CBOET
DPSSFTQPOEJOH�UP�NPEFT�UIBU�JOWPMWF�NPUJPO�PG�UIF�.jTTCBVFS�BDUJWF�BUPNT��*O�PSEFS�UP�DBMDVMBUF�UIJT�XJUI
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'SFRVFODJFTBSF�DBMDVMBUFE��5P�WJTVBMJ[F�UIF�DBMDVMBUFE�17%04�VTF�UIF�"%'TQFDUSVN�QSPHSBN��TFMFDU�UIF
17%04�TQFDUSVN�UZQF��/FYU�TFMFDU�POF�PS�NPSF�BUPNT�UP�HFU�UIF�17%04�TQFDUSVN�HFOFSBUFE�CZ�UIF
TFMFDUFE�BUPNT��5IJT�JT�VTFGVM�GPS�BOBMZTJT�PG�/374�TQFDUSB�JO�CJPJOPSHBOJD�DIFNJTUSZ�GPS�/374�BDUJWF
OVDMFJ�
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"%'�DBO�QSPWJEF�JOQVU�QBSBNFUFST�TVDI�BT�DIBSHF�USBOTGFS�JOUFHSBMT�UIBU�BSF�OFFEFE�JO�BQQSPYJNBUF
NFUIPET�UIBU�NPEFM�DIBSHF�USBOTQPSU�QSPQFSUJFT��"%'�IBT�UIF�VOJRVF�GFBUVSF�UIBU�JU�DBO�	BMTP
�DBMDVMBUF�TVDI
USBOTGFS�JOUFHSBMT�CBTFE�PO�UIF�EJSFDU�NFUIPE�CZ�UIF�VTF�PG�JUT�VOJRVF�GSBHNFOU�BQQSPBDI�

*O�UIFPSFUJDBM�NPEFMT�PG�DIBSHF�USBOTQPSU�JO�PSHBOJD�NBUFSJBMT�TFF�3FGT��<������� >�UIF�XIPMF�TZTUFN�JT
EJWJEFE�JOUP�GSBHNFOUT�JO�XIJDI�BO�FMFDUSPO�PS�IPMF�JT�MPDBMJ[FE�PO�B�GSBHNFOU�BOE�DBO�IPQ�GSPN�POF
GSBHNFOU�UP�BOPUIFS��*O�UIF�UJHIU�CJOEJOH�BQQSPYJNBUJPO�UIBU�JT�VTFE�JO�UIFTF�NPEFMT�UIF�FMFDUSPO�PS�IPMF�JT
BQQSPYJNBUFE�XJUI�B�TJOMHF�PSCJUBM�BOE�JU�JT�BTTVNFE�UIBU�POMZ�UIF�OFBSFTU�OFJHICPSJOH�GSBHNFOUT�DBO
DPVQMF��5IF�NPEFMT�SFRVJSF�BDDVSBUF�WBMVFT�PG�FMFDUSPOJD�DPVQMJOHT�GPS�DIBSHF�USBOTGFS�	BMTP�SFGFSSFE�UP�BT
DIBSHF�USBOTGFS�JOUFHSBMT�PS�IPQQJOH�NBUSJY�FMFNFOUT
�BOE�TJUF�FOFSHJFT�	FOFSHZ�PG�B�DIBSHF�XIFO�JU�JT
MPDBMJ[FE�BU�B�QBSUJDVMBS�NPMFDVMF
�BT�B�GVODUJPO�PG�UIF�HFPNFUSJD�DPOGPSNBUJPO�PG�BEKBDFOU�NPMFDVMFT�
$IBSHF�USBOTGFS�JOUFHSBMT�GPS�IPMF�USBOTQPSU�DBO�CF�DBMDVMBUFE�GSPN�UIF�FOFSHFUJD�TQMJUUJOH�PG�UIF�UXP�IJHIFTU�
PDDVQJFE�NPMFDVMBS�PSCJUBMT�	)0.0�BOE�)0.0��
�JO�B�TZTUFN�DPOTJTUJOH�PG�UXP�BEKBDFOU�NPMFDVMFT�BMTP
DBMMFE��FOFSHZ�TQMJUUJOH�JO�EJNFS��	&4*%
�NFUIPE��'PS�FMFDUSPO�USBOTQPSU�UIFTF�DBO�CF�DBMDVMBUFE�GSPN�UIF�UXP
MPXFTU�VOPDDVQJFE�PSCJUBMT�	-6.0�BOE�-6.0��
�JO�UIJT�&4*%�NFUIPE��"%'�DBO�BMTP�DBMDVMBUF�USBOTGFS
JOUFHSBMT�CBTFE�PO�UIF�EJSFDU�NFUIPE�CZ�UIF�VTF�PG�JUT�VOJRVF�GSBHNFOU�BQQSPBDI��TFF�3FGT��<������ >��"%'
BMMPXT�POF�UP�VTF�NPMFDVMBS�PSCJUBMT�PO�JOEJWJEVBM�NPMFDVMFT�BT�B�CBTJT�TFU�JO�DBMDVMBUJPOT�PO�B�TZTUFN
DPNQPTFE�PG�UXP�PS�NPSF�NPMFDVMFT��5IF�DIBSHF�USBOTGFS�JOUFHSBMT�PCUBJOFE�JO�UIJT�XBZ�EJGGFS�TJHOJGJDBOUMZ
GSPN�WBMVFT�FTUJNBUFE�GSPN�UIF�FOFSHZ�TQMJUUJOH�CFUXFFO�UIF�IJHIFTU�PDDVQJFE�NPMFDVMBS�PSCJUBMT�JO�B�EJNFS�
5IF�EJGGFSFODF�JT�EVF�UP�UIF�OPO[FSP�TQBUJBM�PWFSMBQ�CFUXFFO�UIF�NPMFDVMBS�PSCJUBMT�PO�BEKBDFOU�NPMFDVMFT�
"MTP�"%'�T�NFUIPET�BSF�BQQMJDBCMF�JO�DBTFT�XIFSF�BO�PSCJUBM�PO�POF�NPMFDVMF�DPVQMFT�XJUI�UXP�PS�NPSF
PSCJUBMT�PO�BOPUIFS�NPMFDVMF�
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*O�UIJT�NFUIPE�UIF�NBUSJY�FMFNFOUT�PG�UIF�NPMFDVMBS�,PIO�4IBN�)BNJMUPOJBO�JO�UIF�CBTJT�PG�GSBHNFOU�PSCJUBMT
JT�VTFE�UP�DBMDVMBUF�TJUF�FOFSHJFT�BOE�DIBSHF�USBOTGFS�JOUFHSBMT��-JLFXJTF�UIF�PWFSMBQ�JOUFHSBMT�CFUXFFO
GSBHNFOU�PSCJUBMT�BSF�DBMDVMBUFE��/P�FYQMJDJU�FMFDUSPOT�BSF�SFNPWFE�PS�BEEFE�JO�UIJT�NFUIPE��'PS�FMFDUSPO
NPCJMJUZ�DBMDVMBUJPOT�UIF�GSBHNFOU�-6.0�T�BSF�DPOTJEFSFE��'PS�IPMF�NPCJMJUZ�DBMDVMBUJPOT�UIF�GSBHNFOU
)0.0�T�BSF�DPOTJEFSFE�

5P�DBMDVMBUF�UIF�DIBSHF�USBOTGFS�JOUFHSBMT�TQBUJBM�PWFSMBQ�JOUFHSBMT�BOE�TJUF�FOFSHJFT�JODMVEF�UIF�LFZ
53"/4'&3*/5&(3"-4�JO�UIF�JOQVU�GPS�"%'��4ZNNFUSZ�/04:.�TIPVME�CF�VTFE��5IF�NPMFDVMBS�TZTUFN
UZQJDBMMZ�TIPVME�CF�CVJME�GSPN���GSBHNFOUT��*O�UIF�GSBHNFOU�DBMDVMBUJPO�GVMM�TZNNFUSZ�DBO�CF�VTFE�

���

http://www.scm.com/Doc/Doc2014/ADF/Examples/metatagTRANSPORT.html


42!.3&%2).4%'2!,3
3XLLDSQX�./39-
&Q@FLDMSR

EQ@F��EQ@F��S��
EQ@F��EQ@F��S��

%MC

#Z�EFGBVMU�JOUFHSBMT�BSF�DBMDVMBUFE�POMZ�GPS�UIF�)0.0�	-6.0
�PG�UIF�GSBHNFOUT�BOE�QPTTJCMZ�)0.0��
)0.0���	-6.0���-6.0��
�JG�UIF�FOFSHZ�PG�UIPTF�GSBHNFOU�PSCJUBMT�BSF�DMPTF�UP�UIF�)0.0�	-6.0
�PG
UIBU�GSBHNFOU��5P�DBMDVMBUF�UIF�NBUSJY�FMFNFOUT�BOE�PWFSMBQ�JOUFHSBMT�CBTFE�PO�BMM�GSBHNFOU�PSCJUBMT�POF�DBO
VTF�UIF�LFZ�
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5IF�NFUIPE�EFTDSJCFE�IFSF�UP�DBMDVMBUF�DIBSHF�USBOTGFS�JOUFHSBMT�JT�NPSF�BQQSPYJNBUF�UIBO�UIF�OFYU�NFUIPE
UIBU�VTFT�'%&��5IF�NBKPS�EJGGFSFODF�JT�IPX�FGGFDUT�PG�B�MPDBMJ[FE�DIBSHF�BSF�JODMVEFE�

�92C86�EC2?D76C�:?E68C2=D�H:E9����

%G6CG:6H

5IF�&-&$530/53"/4'&3�LFZCMPDL�JOWPLFT�UIF�DBMDVMBUJPO�PG�)BNJMUPOJBO�	TJUF�FOFSHJFT�BOE�DPVQMJOHT

BOE�PWFSMBQ�NBUSJY�FMFNFOUT�XJUI�'%&�EFSJWFE�MPDBMJ[FE�TUBUFT��5XP�'%&�DBMDVMBUJPOT�BSF�	OPU�TUSJDUMZ

OFFEFE�CFGPSF�SVOOJOH�UIF�&-&$530/53"/4'&3�DBMDVMBUJPO��5IF�DBMDVMBUFE�NBUSJY�FMFNFOUT�BSF
UIFPSFUJDBMMZ�TJNJMBS�UP�UIF�POFT�PCUBJOFE�XJUI�UIF�53"/4'&3*/5&(3"-4�LFZXPSE�
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JODMVEF

m &GGFDUT�PG�PSCJUBMT�SFMBYBUJPO�EVF�UP�MPDBMJ[FE�DIBSHFT�3FGT�<������ >
m &GGFDUT�PG�QPMBSJ[BUJPO�EVF�UP�NPMFDVMFT�JO�UIF�FOWJSPONFOU�3FG�<��� >
m &-&$530/53"/4'&3�JT�MJOFBS�TDBMJOH�JO�UIF�OVNCFS�PG�GSBHNFOUT�XIFO�UIF�TZTUFN�JT

DPNQPTFE�CZ�NPSF�UIBO�POF�GSBHNFOU
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m )ZCSJE�GVODUJPOBMT�BSF�OPU�ZFU�TVQQPSUFE
m 5IF�DPEF�DBOOPU�CF�VTFE�JO�DPOKVODUJPO�XJUI�UIF�#"4*4�LFZ
m 5IF�DPEF�JT�OPU�QBSBMMFMJ[FE�ZFU�BOE�NVTU�SVO�PO�B�4*/(-&�QSPDFTTPS
m 5IF�DPEF�DBO�POMZ�UBDLMF�IPMF�BOE�FYDFTT�FMFDUSPO�USBOTGFS�J�F��DIBSHF�TFQBSBUJPO�PS�USJQMFU�FOFSHZ

USBOTGFS�BSF�OPU�ZFU�JNQMFNFOUFE
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5"1&���GJMFT�PG�TQJO�3&453*$5&%�DBMDVMBUJPOT�PG�UIF�JTPMBUFE�GSBHNFOUT�/�JT�UIF�UPUBM�OVNCFS�PG
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DBMDVMBUJPO�

�� 5IF�JTPMBUFE�DMPTFE�TIFMM�5"1&�GJMFT�GPS�UIF�'3"(.&/54�LFZCMPDL
�� 5IF�5"1&���GJMFT�PG�UIF�DIBSHF�PS�TQJO�MPDBMJ[FE�TUBUFT�	XIJDI�DBO�CF�PCUBJOFE�XJUI�BO�'%&

DBMDVMBUJPO�BT�EPOF�JO�UIF�FYBNQMF�CFMPX
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GSBHNFOU�GJMFT�BSF�PCUBJOFE�JO�BO�'%&�DBMDVMBUJPO�	TFF�'%&�CFMPX
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BCPVU�EFOTJUZ�GJUUJOH�BSF�QSJOUFE�JOWUIS�NBZ�CF�JODSFBTFE�VQ�UP����F����-BSHFS�JOWUIS�NJHIU�BGGFDU�UIF
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FOFSHZ�GPS�UIF�IPMF�USBOTGFS�JO�B�XBUFS�EJNFS�
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%VF�UP�TZNNFUSZ�UIF�PWFSMBQ�JT�BMNPTU�EJBHPOBM�	0WFSMBQ�������
�UIVT�UIF�USBOTJUJPO�EFOTJUZ�JT�FWBMVBUFE
XJUI�POF�MFTT�FMFDUSPO�BT�FYQMBJOFE�JO�3FG��<��� >�

5IF�FMFDUSPOJD�DPVQMJOH�CFUXFFO�UIF�TUBUF�XJUI�B�QPTJUJWF�DIBSHF�MPDBMJ[FE�PO�POF�XBUFS�NPMFDVMF�BOE
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XIJDI�UIF�BUPN�UZQFT�XFSF�EFGJOFE�VOEFS�BUPNT�JNQMJDJUMZ�PS�FYQMJDJUMZ��SFNFNCFS�UIBU�BUPNT�CFMPOHJOH�UP
EJGGFSFOU�GSBHNFOU�UZQFT�BVUPNBUJDBMMZ�IBWF�EJGGFSFOU�BUPN�UZQFT�FWFO�JG�UIFJS�BUPN�UZQFG:F>L IBWF�CFFO
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TVCKFDU��5IF�VTFS�IBT�B�GFX�	NBJO
�PQUJPOT�UP�BEBQU�UIF�QSPDFEVSF�UP�UIF�TJUVBUJPO�BU�IBOE��TJNQMF�EBNQJOH
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JT�B�HFOFSBMJ[BUJPO�PG�EBNQJOH�UP�JODMVEF�NPSF�QSFWJPVTT�JUFSBUJPOT�

���



*O�"%'��������UXP�NFUIPET�DBMMFE�"3)�BOE�&OFSHZ�%**4�IBWF�CFFO�JNQMFNFOUFE�UIBU�DBO�TPMWF
QSPCMFNBUJD�DBTFT�GPS�4$'�DPOWFSHFODF��5IFTF�NFUIPET�XJMM�CF�EJTDVTTFE�TFQBSBUFMZ�BGUFS�UIF�NBJO
PQUJPOT�PG�UIF�4$'�LFZ��#PUI�NFUIPET�SFRVJSF�UIF�UPUBM�FOFSHZ�UP�CF�DBMDVMBUFE�BU�FBDI�TUFQ�XIJDI�NBLFT
UIFN�NVDI�NPSF�FYQFOTJWF�DPNQBSFE�UP�UIF�TUBOEBSE�4$'�QSPDFEVSF�BOE�OPU�BQQMJDBCMF�JO�BMM�DBTFT�
5IFSFGPSF�UIFTF�NFUIPET�TIPVME�POMZ�CF�VTFE�XIFO�UIF�TUBOEBSE�4$'�QSPDFEVSF�GBJMT�

*O�"%'��������"%**4�XBT�JNQMFNFOUFE�XIJDI�QFSGPSNT�TJNJMBS�UP�UIF�&OFSHZ�%**4�TDIFNF�CVU�JU�EPFT�OPU
SFRVJSF�DBMDVMBUJPO�PG�UIF�UPUBM�FOFSHZ��5IFSFGPSF�JU�JT�NVDI�GBTUFS�UIBO�&�%**4�

*O�"%'�����-*45J�IBT�CFFO�JNQMFNFOUFE�

#2:?�@AE:@?D

4VCLFZT�JO�UIF�EBUB�CMPDL�PG�UIF�NBTUFS�LFZ�4$'�DPOUSPM�UIF�BTQFDUT�NFOUJPOFE�BCPWF��&BDI�TVCLFZ�JT
PQUJPOBM��0NJTTJPO�NFBOT�UIF�BQQMJDBUJPO�PG�EFGBVMU�WBMVFT��0NJTTJPO�PG�UIF�4$'�LFZ�BMUPHFUIFS�JNQMJFT
EFGBVMUT�GPS�BMM�TVCLFZT�

3#&
)SDQ@SHNMR�.HSDQ
#NMUDQFD�3#&BMU�Z�RBNMU��\
-HWHMF�LHW
$HHR�Z.�M\�Z/+�NJ\�Z#8�BW\�Z#88�BWW\�Z"&!#�AE@B\�ZBXB�BXB\
,RGHES�URGHES�Z%QQ�RGHES?DQQ\�Z#XB�RGHES?BXB\

%MC

)SDQ@SHNMR�.HSDQ

.HSDQ

5IF�NBYJNVN�OVNCFS�PG�4$'�DZDMFT�BMMPXFE��*O�DBTF�PG�(FPNFUSZ�0QUJNJ[BUJPOT�JU�BQQMJFT
TFQBSBUFMZ�UP�FBDI�PG�UIF�4$'�QSPDFEVSFT�UIBU�BSF�FYFDVUFE��%FGBVMU�JT������5IF�QSPHSBN�FYFDVUFT
BU�MFBTU�POF�DZDMF�FWFO�JG�ZPV�TQFDJGZ�B�OPO�QPTJUJWF�OVNCFS�

#NMUDQFD�3#&BMU�Z�RBNMU��\

3#&BMU

5IF�DSJUFSJPO�UP�TUPQ�UIF�4$'�VQEBUFT��5IF�UFTUFE�FSSPS�JT�UIF�DPNNVUBUPS�PG�UIF�'PDL�NBUSJY�BOE
UIF�1�NBUSJY�	�EFOTJUZ�NBUSJY�JO�UIF�SFQSFTFOUBUJPO�PG�UIF�CBTJT�GVODUJPOT
�GSPN�XIJDI�UIF�'�NBUSJY
XBT�PCUBJOFE��5IJT�DPNNVUBUPS�JT�[FSP�XIFO�BCTPMVUF�TFMG�DPOTJTUFODZ�JT�SFBDIFE��$POWFSHFODF�JT
DPOTJEFSFE�SFBDIFE�XIFO�UIF�NBYJNVN�FMFNFOU�GBMMT�CFMPX�4$'DOW�BOE�UIF�OPSN�PG�UIF�NBUSJY
CFMPX����4$'DOW��5IF�EFGBVMU�JT��F���	JO�$SFBUF�NPEF���F��
�

RBNMU�

"�TFDPOE�DSJUFSJPO�XIJDI�QMBZT�B�SPMF�XIFO�UIF�4$'�QSPDFEVSF�IBT�EJGGJDVMUZ�DPOWFSHJOH�
8IFO�JO�BOZ�4$'�QSPDFEVSF�UIF�DVSSFOUMZ�BQQMJDBCMF�DSJUFSJPO�EPFT�OPU�TFFN�UP�CF�BDIJFWBCMF�UIF
QSPHSBN�TUPQT�UIF�4$'��8IFO�UIF�TFDPOEBSZ�DSJUFSJPO�	TDPOW�
�IBT�CFFO�NFU�POMZ�B�XBSOJOH�JT
JTTVFE�BOE�UIF�QSPHSBN�DPOUJOVFT�OPSNBMMZ��*G�UIF�TFDPOEBSZ�DSJUFSJPO�XBT�OPU�NFU�FJUIFS�UIF
QSPHSBN�UFSNJOBUFT�BOZ�GVSUIFS�HFPNFUSZ�PQUJNJ[BUJPOT�GSFRVFODZ�TUFQT�FUD��:PV�DBO�QSFWFOU�UIF
QSPHSBN�GSPN�UFSNJOBUJOH�JO�TVDI�B�DBTF�XJUI�UIF�LFZ�"--08�
5IF�EFGBVMU�GPS�TDPOW��JT��F���

-HWHMF�LHW

LHW

���



5IF�SFMBUJWF�XFJHIU�PG�UIF�OFX�QPUFOUJBM�BT�DPNQVUFE�GSPN�UIF�PDDVQJFE�PSCJUBMT�UP�CF�NJYFE�XJUI
UIF�QPUFOUJBM�UIBU�XBT�VTFE�JO�UIF�QSFWJPVT�DZDMF�UP�EFGJOF�UIF�QPUFOUJBM�GPS�UIF�OFYU��.JYJOH�JT�VTFE
POMZ�JG�BOE�BT�MPOH�BT�UIF�%**4�QSPDFEVSF�	TFF�CFMPX
�JT�OPU�PQFSBUJPOBM��%FGBVMU������
'PS�QSPCMFNBUJD�TZTUFNT�UIBU�SFRVJSF�TUSPOH�EBNQJOH�POF�TIPVME=><K>:L>UIF�NJY�QBSBNFUFS�

$HHR�Z.�M\�Z/+�NJ\�Z#8�BW\�Z#88�BWW\�Z"&!#�AE@B\�ZBXB�BXB\

5IF�%**4�TVCLFZ�TQFDJGJDBUJPO	T
�DBO�CF�HJWFO�UP�DPOUSPM�UIF�%**4�QSPDFEVSF��&BDI�PG�UIFTF
TQFDJGJDBUJPOT�JT�PQUJPOBM��4JNQMF�EBNQJOH�XJMM�CF�VTFE�EVSJOH�UIF�GJSTU�GFX�DZDMFT�VOUJM�UIF�%**4
QSPDFEVSF�CFDPNFT�PQFSBUJPOBM��5XP�DPOEJUJPOT�NVTU�CF�TBUJTGJFE�GPS�UIJT���
�BU�MFBTU�UXP�JUFSBUJPOT�NVTU
IBWF�CFFO�EPOF�BOZXBZ�	UP�CVJME�VQ�TVGGJDJFOU�JOGPSNBUJPO�GPS�UIF�%**4�UP�XPSL�BU�BMM
�BOE��
�UIF�FSSPS
NVTU�CF�TNBMM�FOPVHI��TFF�IPXFWFS�UIF�DZD�PQUJPO�CFMPX�
5IFSF�IBWF�CFFO�DMBJNT�JO�UIF�MJUFSBUVSF�UIBU�UIF�%**4�TIPVME�OPU�CF�VTFE�VOUJM�GBJS�DPOWFSHFODF�IBT
CFFO�SFBDIFE��0VS�FYQFSJFODF�UIVT�GBS�EPFT�OPU�JOEJDBUF�UIBU�UIJT�TIPVME�CF�UBLFO�UPP�TFSJPVTMZ�FYDFQU
JO�TQFDJBM�TJUVBUJPOT��5P�BMMPX�UIF�VTFS�DPNQMFUF�DPOUSPM�UIF�TUBSU�VQ�DSJUFSJB�DBO�CF�TFU�JO�JOQVU�

.

5IF�OVNCFS�PG�FYQBOTJPO�WFDUPST�VTFE�JO�UIF�%**4��5IF�OVNCFS�PG�QSFWJPVT�DZDMFT�UBLFO�JOUP�UIF
MJOFBS�DPNCJOBUJPO�JT�UIFO�O���	UIF�OFX�DPNQVUFE�QPUFOUJBM�JT�BMTP�JOWPMWFE�JO�UIF�MJOFBS
DPNCJOBUJPO�
%FGBVMU�O�����"O�JOQVU�WBMVF�TNBMMFS�UIBO���EJTBCMFT�UIF�%**4��/PUF�UIBU�UIJT�OVNCFS�BQQMJFT�OPU
POMZ�UP�1VMBZ�%**4�TDIFNF�CVU�BMTP�UP�PUIFS�%**4�MJLF�NFUIPET�TVDI�BT�"�%**4�&OFSHZ�%**4�BOE
-*45J�

/+

5IF�%**4�TUBSUJOH�DSJUFSJPO��5IF�%**4�QSPDFEVSF�JT�OPU�JOWPLFE�VOUJM�B
�UIF�NBYJNVN�DPNNVUBUPS
FMFNFOU�JT�TNBMMFS�UIBO�0,�	EFGBVMU�����
�PS; 
�B�DFSUBJO�OVNCFS�PG�4$'�DZDMFT�IBT�CFFO�FYFDVUFE�

#XB

5IF�4$'�DZDMF�OP��BU�XIJDI�UIF�%**4�XJMM�TUBSU�JSSFTQFDUJWF�PG�UIF�0,�WBMVF�BCPWF��%FGBVMU����

#W

"O�VQQFS�CPVOE�PO�MJOFBS�DPNCJOBUJPO�DPFGGJDJFOUT�BT�BQQMJFE�JO�UIF�%**4��"T�TPPO�BT�BOZ
DPFGGJDJFOU�FYDFFET�DY�BMM�JOGPSNBUJPO�BCPVU�PMEFS�DZDMFT�CVU�UIF�MBTU�UXP�JT�EJTDBSEFE�BOE�UIF�%**4
TUBSUT�BHBJO�UP�BDDVNVMBUF�JOGP�GSPN�UIF�DVSSFOU�DZDMF�PO��5IF�DPNQVUFE�MJOFBS�DPNCJOBUJPO�XJUI
UIF�MBSHF�DPFGGJDJFOU	T
�JT�VTFE�GPS�UIF�OFYU�JUFSBUJPO�IPXFWFS��%FGBVMU����

#WW

"�TFDPOE�VQQFS�CPVOE�PO�UIF�DPFGGJDJFOUT�	TIPVME�JO�QSJODJQMF�CF�CJHHFS�UIBO�DY
��8IFO�B
DPFGGJDJFOU�FYDFFET�DYY�UIF�DPNQVUFE�MJOFBS�DPNCJOBUJPO�JT�OPU�VTFE�GPS�UIF�OFYU�DZDMF�CVU�TJNQMF
EBNQJOH�JT�BQQMJFE�

"E@B

"�GBDUPS�UP�CJBT�UIF�%**4�DPNCJOBUJPO�WFDUPS�JO�GBWPS�PG�UIF�OFX�DPNQVUFE�QPUFOUJBM��%FGBVMU���	OP
CJBT
��"�TFOTJCMF�BMUFSOBUJWF�WBMVF�JT����

,RGHES�URGHES�Z%QQ�RGHES?DQQ\�Z#XB�RGHES?BXB\

63GHES

5IF�MFWFM�TIJGUJOH�QBSBNFUFS��5IF�EJBHPOBM�FMFNFOUT�PG�UIF�'PDL�NBUSJY�JO�UIF�SFQSFTFOUBUJPO�PG�UIF
PSCJUBMT�PG�UIF�QSFWJPVT�JUFSBUJPO�BSF�SBJTFE�CZ�WTIJGU�IBSUSFF�FOFSHZ�VOJUT�GPS�UIF�WJSUVBM�PSCJUBMT�
5IJT�NBZ�IFMQ�UP�TPMWF�DPOWFSHFODF�QSPCMFNT�XIFO�EVSJOH�UIF�4$'�JUFSBUJPOT�DIBSHF�JT�TMPTIJOH

���


	ADF Manual
	Table of Contents
	Preface
	Release 2014

	1 GENERAL
	1.1 Introduction
	Characterization of ADF
	Fragments

	1.2 Feature List
	1.3 Technical remarks, Terminology
	Density functional theory
	The Kohn-Sham MO model
	Basis functions and orbitals
	Fit functions
	Three-step build-up of the bonding
	Transition State procedure

	1.4 Running the program
	Execution of ADF
	Files

	1.5 ADF-GUI

	2 INPUT
	2.1 Minimal input
	2.2 Structure of the input
	Keywords
	Interpretation of Input
	Link-in Input files
	Title, comment, layout of input

	2.3 Coordinates, basis sets, fragments
	Atomic coordinates
	Mixed Cartesian and Z-matrix coordinates
	Orientation of Local Atomic Coordinates
	ASCII Output Files with Atomic Coordinates

	Basis sets and atomic fragments
	Database of STO basis sets
	How TO make EVEN-tempered basis/fit sets?

	Available standard basis sets
	Automatic mode
	Create mode
	Ghost Atoms & Non-standard Chemical Elements
	Nuclear Model

	What basis set should I use in ADF?
	ZORA or nonrelativistic calculation?
	Large or small molecule?
	Frozen core or all-electron?
	Diffuse functions needed?
	Normal or even-tempered basis?
	What accuracy do the basis sets give?

	Molecular fragments
	Fragment mode
	Fragment files


	2.4 Model Hamiltonians
	Electronic Configuration
	Charge and Spin
	Orbital occupations: electronic configuration, excited states
	Aufbau, smearing, freezing
	Explicit occupation numbers
	CHARGE vs. OCCUPATIONS
	Create mode

	Multiplet States
	Multiplet energies

	Frozen core approximation
	Spin-polarized start-up potential
	Spin-flip method for broken symmetries
	Modify the starting potential

	Unrestricted fragments
	Remove Fragment Orbitals

	Density Functional
	Exchange Correlation Potentials
	Defaults, special cases, simple input
	PBE functionals
	SSB-D functional
	Meta-GGA potentials
	Model potentials
	Hartree-Fock and (meta-)hybrid potentials
	Range-separated functionals
	Simple XC potential input

	Post-SCF energy functionals
	GGA energy functionals
	Meta-GGA and hybrid energy functionals

	Self-Interaction Correction
	General remarks
	Dispersion corrected functionals
	DFT-D3 functionals
	DFT-D functionals
	MM dispersion (old implementation)
	dDsC: density dependent dispersion correction
	DFT-ulg
	DFT-MBD functionals


	Relativistic effects
	Pauli
	ZORA
	Spin-Orbit coupling
	Relativistic core potentials
	Dirac program: Relativistic Potentials


	Solvents and other environments
	COSMO: Conductor like Screening Model
	QM/MM: Quantum mechanical and Molecular Mechanics model
	Quild: Quantum-regions Interconnected by Local Descriptions
	DIM/QM: Discrete Interaction Model/Quantum Mechanics
	FDE: Frozen Density Embedding
	SCRF: Self-Consistent Reaction Field
	VSCRF: Vertical Excitation Self-Consistent Reaction Field
	3D-RISM: 3D Reference Interaction Site Model

	Electric Field: Homogeneous, Point Charges, Polarizability

	2.5 Structure and Reactivity
	Run Types
	Runtype control and strategy parameters

	Geometry Optimization
	Transition State
	Transition State Reaction Coordinate (TSRC)

	Linear Transit
	Linear Transit (new branch)
	Linear Transit (old branch)
	Symmetry in a Linear Transit

	Intrinsic Reaction Coordinate
	IRC start direction
	Forward / Backward IRC paths

	Climbing-Image Nudged Elastic Band
	Recommendations concerning the NEB method.

	Special Features
	Initial Hessian
	Constrained optimizations, LT (new branch)
	Constrained optimizations, IRC, NEB, LT (old branch)
	Restrained optimizations
	Symmetry versus constraints

	Frequencies
	Analytical Frequencies
	Numerical Frequencies
	Mobile Block Hessian (MBH)
	Thermodynamics
	Gibbs free energy change for a gas phase reaction

	Accuracy
	Isotope Shifts of Vibrational Frequencies
	Scanning a Range of Frequencies
	Moments of inertia

	Excited state (geometry) optimizations

	2.6 Spectroscopic properties
	IR spectra, (resonance) Raman, VROA, VCD
	IR spectra
	Raman scattering
	Raman Intensities for Selected Frequencies
	Resonance Raman: excited-state finite lifetime
	Resonance Raman: excited-state gradient
	VROA: (Resonance) vibrational Raman optical activity
	Vibrational Circular Dichroism (VCD) spectra.
	Vibrationally resolved electronic spectra

	Time-dependent DFT
	General remarks on the Response and Excitation functionality
	Analysis options for TDDFT (excitation energies and polarizabilities)
	Time-dependent Current DFT

	Excitation energies: UV/Vis spectra, X-ray absorption, CD, MCD
	Excitation energies, UV/Vis spectra
	Tamm-Dancoff approximation
	Full XC kernel
	Excitations as orbital energy differences
	Accuracy and other technical parameters

	Excitation energies for open-shell systems
	Spin-flip excitation energies
	Select excitation energies, Core Excitation energies, X-ray absorption
	State selective optimization excitation energies
	Modify range of excitation energies

	Excitation energies and Spin-Orbit coupling
	Perturbative inclusion of spin-orbit coupling
	Self-consistent spin-orbit coupling
	Highly approximate spin-orbit coupled excitation energies open shell molecule

	CD spectra
	MCD
	Applications of the Excitation feature in ADF

	Excited state (geometry) optimizations
	Vibrationally resolved electronic spectra
	FCF program: Franck-Condon Factors
	Example absorption and fluorescence
	Example phosphorescence

	(Hyper-)Polarizabilities, ORD, magnetizabilities, Verdet constants
	Polarizabilities
	Accuracy and convergence, RESPONSE key

	Hyperpolarizabilities
	Van der Waals dispersion coefficients
	DISPER program: Dispersion Coefficients

	Optical rotation dispersion (ORD)
	AORESPONSE: Lifetime effects, polarizabilities, ORD, magnetizabilities, Verdet constants
	AORESPONSE key
	Technical parameters and expert options
	Applications of AORESPONSE


	NMR
	NMR Chemical Shifts
	Important notes
	Input options

	Paramagnetic NMR Chemical Shifts
	NMR spin-spin coupling constants
	Introduction
	Input file for CPL: TAPE21
	Running CPL
	Practical Aspects
	References


	ESR/EPR
	ESR/EPR g-tensor and A-tensor
	ESR/EPR Q-tensor
	ESR/EPR Zero-field splitting (D-tensor)

	Nuclear Quadrupole Interaction (EFG)
	Mössbauer spectroscopy

	2.7 Transport properties
	Charge transfer integrals (transport properties)
	Charge transfer integrals with the TRANSFERINTEGRALS key
	Charge transfer integrals with FDE

	GREEN: Non-self-consistent Green's function calculation
	Introduction
	Wide-band-limit
	Input options
	Output


	2.8 Analysis
	Molecules built from fragments
	Bond energy analysis
	Bond energy details
	Total energy evaluation

	Symmetry
	Localized Molecular Orbitals
	Advanced charge density and bond order analysis
	Charges, Populations, Bond orders
	ETS-NOCV: Natural Orbitals for Chemical Valence
	Adfnbo, gennbo: NBO analysis
	NBO analysis of EFG, NMR chemical shifts, NMR spin-spin coupling

	QTAIM: Atoms in Molecules
	Printed Output
	Print / NoPrint
	Debug
	Eprint
	Eprint subkeys vs. Print switches
	Other Eprint subkeys
	Reduction of output



	2.9 Accuracy and Efficiency
	Precision and Self-Consistency
	Numerical Integration
	Becke grid for numerical integration
	Voronoi grid
	Atomic radial grid

	SCF
	Main options
	Energy-DIIS
	ADIIS
	LISTi
	Augmented Roothaan-Hall (ARH)
	Scalable SCF

	Density fitting
	Dependency (basis set, fit set)

	Basis Set Superposition Error (BSSE)
	Control of Program Flow
	Limited execution
	Direct SCF: I/O vs. recalculation of data
	Skipping
	Ignore checks
	Parallel Communication Timings

	Technical Settings
	GPU Acceleration
	Memory usage
	Vector length
	Tails and old gradients
	Linearscaling
	All Points
	Full Fock
	Electrostatic interactions from Fit density
	Save info


	2.10 Restarts
	Restart files
	The restart key
	Structure of the restart file

	2.11 Examples

	3 Recommendations, problems, Questions
	3.1 Recommendations
	Precision
	Electronic Configuration
	Spin-unrestricted versus spin-restricted, Spin states

	Geometry Optimization
	Bond angles of zero or 180 degrees
	Sloppy modes
	Step convergence

	What basis set should I use in ADF?
	Frequencies
	Relativistic methods

	3.2 Trouble Shooting
	License file corrupt
	Recover from Crash
	Memory Management
	SCF
	Geometry Optimization
	New Branch
	Old Branch
	Very short bonds

	Frequencies
	Imaginary Frequencies
	Geometry-displacement numbers in the logfile are not contiguous

	Input ignored
	SFO Populations
	Error Aborts
	Warnings

	3.3 Questions

	4 RESULTS
	4.1 Results on standard output
	Job Characteristics
	Nuclear and Electronic Configuration
	Structure and Reactivity

	Spectroscopic Properties
	Analysis
	Mulliken populations
	Hirshfeld charges, Voronoi deformation density
	Multipole derived charges
	Charge model 5
	Bond order analysis
	Dipole moment, Quadrupole moment, Electrostatic potential
	MO analysis
	Bond energy analysis


	4.2 Log file, TAPE21, TAPE13
	4.3 ADF-GUI
	4.4 Densf: Volume Maps
	Input
	Result: TAPE41

	4.5 Dos: Density of States
	Introduction
	Mulliken population analysis
	Density of states analyses based on Mulliken population analysis
	Generalizations of OPDOS, GPDOS, PDOS
	Input

	4.6 Other plotting programs
	Cntrs: Contour Plots


	5 APPENDICES
	5.1 Database
	Data File for Create
	Example: Calcium

	5.2 Elements of the Periodic Table
	5.3 Symmetry
	Schönfliess symbols and symmetry labels
	Molecular orientation requirements

	5.4 Binary result Files, KF utilities
	TAPE21
	Contents of TAPE21
	Using Data from TAPE21
	Representation of functions and frozen cores
	Evaluation of the charge density and molecular orbitals


	TAPE13
	KF browser
	KF command line utilities
	pkf
	cpkf
	dmpkf
	udmpkf


	5.5 Scripting with ADF
	ADFprep: generate (multiple) ADF jobs
	ADFreport: generate report


	6 References
	Keywords
	Index


