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FNBJM��BOOBIPTFS!HNBJM�DPN
.FBOJOHGVM� SFTVMUT� GSPN� DIBSHF� EFOTJUZ� TUVEJFT� DBO� CF

PCUBJOFE� POMZ� XIFO� EFOTJUZ� JT� QSPQFSMZ� EFDPOWPMVUFE
GSPN� UIFSNBM� NPUJPO�� )FSFJO� XF� XPVME� MJLF� UP� QSFTFOU
OFX� BQQSPBDIFT� BOE� NPEFMT� XIJDI� JNQSPWF� UIFSNBM
NPUJPO�EFTDSJQUJPO��'JSTU�BQQSPBDI�JT�EFWPUFE�UP�BDDVSBUF
FTUJNBUJPO�PG�IZESPHFO�BUPNT�"%1T��"�NBKPS�VQEBUF�PG
UIF� GSFRVFOUMZ� VTFE� JO� DIBSHF� EFOTJUZ� TUVEJFT� 4)"%&
TFSWFS� 	IUUQ���TIBEF�LJ�LV�EL
� XJMM� CF� QSFTFOUFE�� *O
BEEJUJPO� UP� UIF� PQUJPOT� PGGFSFE� CZ� 4)"%&�� UIF� OFXFTU
WFSTJPO� PGGFST� UXP� OFX� NFUIPET�� 5IF� GJSTU� NFUIPE
DPNCJOFT� UIF� PSJHJOBM� 5-4� BOBMZTJT� XJUI� JOQVU� GSPN
QFSJPEJD� ab-initio� DBMDVMBUJPOT�� 5IF� TFDPOE� NFUIPE
VUJMJ[FT� JOQVU� GSPN� FYQFSJNFOU� PO� SFMBUFE� TUSVDUVSFT� UP
FWBMVBUF�"%1T� PG�)� BUPNT�� *O� UIF� TFDPOE� BQQSPBDI�XF
QSPQPTF� UP� VUJMJ[F� JOGPSNBUJPO� PCUBJOFE� GSPN� IBSNPOJD
GSFRVFODZ�QFSJPEJD�ab-initio�DBMDVMBUJPOT�BU�UIF�©�QPJOU�JO
UIF� SFGJOFNFOU� PG� TJOHMF� DSZTUBM� 9�SBZ� PS� OFVUSPO
EJGGSBDUJPO�EBUB��0VS�BQQSPBDI�IBT�NBOZ�BEWBOUBHFT��#Z
SFGJOJOH� GSFRVFODJFT� GPS� HJWFO� OPSNBM� NPEFT� XF� BSF
PCUBJOJOH�MBUUJDF�EZOBNJDBM�EFTDSJQUJPO�XIJDI�JT�DMPTFS�UP
SFBMJUZ� UIBO� TJNQMF� NPEFM� XJUI� "%1T� BOE� XF� BSF
PCUBJOJOH� CFUUFS� EFDPOWPMVUJPO� PG� UIFSNBM� NPUJPO� GSPN
DIBSHF� EFOTJUJFT�� 5IF� GSFRVFODJFT� XIJDI� BSF� PCUBJOFE
BGUFS� UIF� SFGJOFNFOU� FOBCMF� UIF� DBMDVMBUJPO� PG
UIFSNPEZOBNJD�QSPQFSUJFT��8F�BMTP�EFNPOTUSBUF�UIBU�JU�JT
QPTTJCMF�UP�TJHOJGJDBOUMZ�SFEVDF�UIF�OVNCFS�PG�QBSBNFUFST
VTFE� JO� SFGJOFNFOU� XJUI� POMZ� B� TNBMM� JODSFBTF� PG� X3��
8F� XJMM� JOUSPEVDF� UIF� NFUIPE� BOE� QSFTFOU� TPNF� GJSTU
SFTVMUT�GPS�GPVS�NPEFM�TZTUFNT�JODMVEJOH�GJSTU�BQQMJDBUJPOT
PG�QSPQPTFE�NPEFM�PG�UIFSNBM�WJCSBUJPO�UP�DIBSHF�EFOTJUZ
TUVEJFT�`

�&TUJNBUFE�IFBU�DBQBDJUZ�GPS�OBQIUIBMFOF�BGUFS�SFGJOFNFOU
DPNQBSFE�XJUI�IFBU�DBQBDJUZ�GSPN�DBMPSJNFUSJD�NFBTVSFNFOUT
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��� 'BDVMUZ� PG� 1IZTJDT� BOE� "QQMJFE� $PNQVUFS� 4DJFODF� "()
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FNBJM��TUS[BMLB!GJT�BHI�FEV�QM
5IF� BUPNJD� TUSVDUVSF� PG� JDPTBIFESBM� RVBTJDSZTUBMT� JT

NPEFMFE� NPTU� GSFRVFOUMZ� CZ� VTJOH� �%`EFTDSJQUJPO� <��>�
8JUIJO� UIJT`BQQSPBDI� �%� QPMZIFESB� BSF� DPOTJEFSFE� BT
BUPNT� TUSFUDIFE� UP� NVMUJEJNFOTJPOBM� PCKFDUT� JO
QFSQFOEJDVMBS� TQBDF�`#Z� QSPKFDUJOH� UIF� PCKFDUT� 	DBMMFE
BUPNJD� TVSGBDFT� PS� PDDVQBUJPO� EPNBJOT
� PO� QIZTJDBM
TQBDF� UIF� SFBM� BUPNJD� TUSVDUVSF� JT� PCUBJOFE�� 5IF
SFGJOFNFOU�IPXFWFS�JT�UP�CF`QFSGPSNFE�JO�SFBM�TQBDF��"U
UIF� TBNF� UJNF� JU� JT� SBUIFS� EJGGJDVMU� UP� BEKVTU� UIF� �%
NPEFM`EVSJOH�UIBU�QSPDFTT�
8F� TIPX� UIF� BMUFSOBUJWF� UP� UIF� BCPWFNFOUJPOFE

NFUIPE`i.e.� UIF� TUBUJTUJDBM� EFTDSJQUJPO� <�>�� )FSF� UIF
TUSVDUVSF� NPEFMJOH� DBO� CF� EPOF� JO� QIZTJDBM� TQBDF� POMZ
XJUI� OP� OFFE� UP� MJGU� UIF� BUPNJD� TUSVDUVSF� UP� IJHI
EJNFOTJPOT�� 8F� SFQMBDF� BUPNJD� TVSGBDFT� CZ� TUBUJTUJDBM
EJTUSJCVUJPO� PG� BUPNJD� QPTJUJPOT� XJUI� SFTQFDU� UP� UIF
QFSJPEJD� SFGFSFODF� MBUUJDF�� 5IF� BUPNJD� TUSVDUVSF� JT
JOWFTUJHBUFE� CZ� NPEFMJOH`UIJT� EJTUSJCVUJPO�5IF� TUBUJTUJDBM
BQQSPBDI� XBT� BMSFBEZ� VTFE� GPS� TUSVDUVSF� SFGJOFNFOU� PG
NBOZ�EFDBHPOBM�QIBTFT`<�>��*U�XBT�BMTP�VTFE�UP�EFSJWF�UIF
TUSVDUVSF�GBDUPS�PG� JDPTBIFESBM�RVBTJDSZTUBMT�CBTFE�PO��%
1FOSPTF�UJMJOH�<�>�`
*O� UIJT� UBML� UIF� EFUBJMT� PG� TUSVDUVSF� NPEFMJOH� PG

JDPTBIFESBM� RVBTJDSZTUBMT`VTJOH� UIF� TUBUJTUJDBM� EFTDSJQUJPO
XJMM�CF�TIPXO�`5IF�FYBNQMFT�PG�BUPNJD�EFDPSBUJPO�PG�UIF
"NNBOO� SIPNCPIFESB� XJMM� CF� DPOTJEFSFE� BOE� UIF
BQQMJDBUJPO� PG� UIF� EFSJWFE`TUSVDUVSF� GBDUPS� UP� UIF
SFGJOFNFOU�QSPDFEVSF�XJMM�CF�EJTDVTTFE�
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