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7KLV LV D ERRN DERXW WHFKQLTXHV WKDW KDYH EHHQ GHYHORSHG LQ WKH SDVW FHQWXU\ RU VR³PRVWO\ E\

SK\VLFLVWV DQG DVWURQRPHUV³IRU

WKH QXPHULFDO VROXWLRQ RI YDULRXV

SUREOHPV WKDW DULVH LQ WKH SK\VLFDO

VFLHQFHV DQG HQJLQHHULQJ� DQG

ZKLFK KDYH QR �NQRZQ� DQDO\WL�

FDO VROXWLRQ� $OWKRXJK VRPH RI

WKH PHWKRGV DUH QHZ� PRVW DUH WR

EH IRXQG LQ VWDQGDUG ERRNV RQ

QXPHULFDO DQDO\VLV� RU LQ WHFKQLFDO

MRXUQDOV VXFK DV -RXUQDO RI WKH 6R�

FLHW\ IRU ,QGXVWULDO DQG $SSOLHG

0DWKHPDWLFV� -RXUQDO RI &RPSXWD�

WLRQDO 3K\VLFV� &RPSXWLQJ LQ 6FL�

HQFH DQG (QJLQHHULQJ� DQG VR IRUWK�

,Q WKH GLVWDQW SDVW³ZLWKLQ WKH

OLIHWLPH RI WKH DXWKRU� EXW GRXEW�

OHVV ORQJ EHIRUH PRVW RI KLV LQ�

WHQGHG DXGLHQFH ZDV ERUQ³

WKHUHZHUH QR GLJLWDO FRPSXWHUV DW

DOO� 2QO\ IRXU W\SHV RI FDOFXODWLQJ

PDFKLQHV WR DXJPHQW WKH KXPDQ

EUDLQ KDG DW WKDW WLPH EHHQ LQ�

YHQWHG�

�� WKH DQFLHQW &KLQHVH DED�

FXV� WKDW LQ WKH KDQGV RI

DQ H[SHUW ULYDOHG WKH HOHFWURPHFKDQLFDO FDOFXODWRU IRU VSHHG RQ DULWKPHWLF RSHUDWLRQV RI

DGGLWLRQ� VXEWUDFWLRQ� PXOWLSOLFDWLRQ� GLYLVLRQ RU HYHQ VTXDUH URRWV�

�� 1DSLHU·V ´ERQHVµ �WKDW LV� WKH VOLGH UXOH� IRU ORZ�SUHFLVLRQ PXOWLSOLFDWLRQ� GLYLVLRQ DQG WULJR�

QRPHWU\�

�� WKH HOHFWURPHFKDQLFDO FDOFXODWRU� DQ LQWULFDWH FRQVWUXFWLRQ RI JHDUV� FDPV DQG ZKHHOV IDU

RXWVWULSSLQJ WKH PRVW HODERUDWH 6ZLVV ZDWFK IRU FRPSOH[LW\� DQG DEOH WR SHUIRUP DGGLWLRQ�

VXEWUDFWLRQ DQG PXOWLSOLFDWLRQ�

�� WKH DQDORJ FRPSXWHU³HLWKHU PHFKDQLFDO RU HOHFWULFDO³WKDW FRXOG LQWHJUDWH PDWKHPDWLFDO

IXQFWLRQV DV ZHOO DV SHUIRUP WKH XVXDO RSHUDWLRQV RI VLPSOH DULWKPHWLF�
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&RPSXWDWLRQDO PHWKRGV RI WKH SUH�GLJLWDO FRPSXWHU HUD ZHUH WKHUHIRUH LQWHQGHG WR EH FDUULHG RXW E\

RQH RU PRUH RI WKH DERYH PHWKRGV� RU ZLWK SHQFLO DQG SDSHU� 6RPH YHU\ UHPDUNDEOH DQG FRPSOH[

FDOFXODWLRQV ZHUH SHUIRUPHG E\ WKHVH PHDQV LQ DVWURQRP\� VWDWLVWLFDO LQIHUHQFH� DQG RI FRXUVH WKH

QXFOHDU ILVVLRQ ERPE
�
�

)DVW� LQH[SHQVLYH GLJLWDO FRPSXWHUV KDYH UHQGHUHG SUDFWLFDO FDOFXODWLRQV RI D VFRSH XQGUHDPHG RI E\

HDUOLHU JHQHUDWLRQV� $OJRULWKPV
�
WKDW ZRXOG KDYH EHHQ FRPSOHWHO\ LPSUDFWLFDO XVLQJ WKH SULPLWLYH

PHDQV RI D JHQHUDWLRQ DJR DUH� ZLWK WRGD\·V FRPSXWHUV DQG SURJUDPPLQJ ODQJXDJHV� QRW RQO\ SUDFWLFDO

EXW RIWHQ RSWLPDO�

%HFDXVH WKHPHWKRGV H[SRXQGHG LQ WKLV ERRN DUH LQWHQGHG IRU GLJLWLDO FRPSXWHUV RI WKH9RQ1HXPDQQ

W\SH �WKDW LV� WKH SURJUDP UHVLGHV LQ WKH VDPH PHPRU\ DV WKH GDWD� DQG WKH FDOFXODWLRQV DUH SHUIRUPHG

VHULDWLP RQ D VLQJOH FRPSXWHU� UDWKHU WKDQ LQ SDUDOOHO RQ VHYHUDO FRPSXWHUV VLPXOWDQHRXVO\�� WKH VXEMHFW

RI SURJUDPPLQJ ZLOO RI QHFHVVLW\ EH GLVFXVVHG LQ FRQQHFWLRQ ZLWK WKH DOJRULWKPV� ,Q SDUWLFXODU , VKDOO

WU\ WR LOOXVWUDWH JRRG SURJUDPPLQJ SUDFWLFH E\ PDNLQJ WKH DFFRPSDQ\LQJ LOOXVWUDWLRQ SURJUDPV FOHDU�

VWUXFWXUHG� ZHOO�GRFXPHQWHG DQGPDLQWDLQDEOH³DVRSSRVHG WR HPSOR\LQJ WULFNV WKDW VSHHG H[HFXWLRQ

DW WKH FRVW RI FODULW\� 0RVW RI WKH LOOXVWUDWLRQ SURJUDPV ZLOO EH LQ )RUWK� ZLWK D IHZ LQ )2575$1 RU

%$6,&� 7KH FKLHI UHDVRQ IRU WKLV LV WKDW )RUWK LV WKH ODQJXDJH , SURJUDP LQ E\ SUHIHUHQFH� ZKLOH , DP

IOXHQW LQ WKH RWKHU WZR� $OWKRXJK , KDYH D QRGGLQJ DFTXDLQWDQFH ZLWK /LVS DQG &� , ZRXOG QRW IHHO

FRPSHWHQW WR ZULWH SURJUDPV LQ HLWKHU WKDW , FRXOG XQEOXVKLQJO\ SUHVHQW DV H[DPSOHV RI JRRG VW\OH�

)RUWK LV D UHODWLYHO\ HDV\ ODQJXDJH WR DFTXLUH� 6WXGHQWV IDPLOLDU ZLWK )2575$1� %$6,&� 3DVFDO RU

& �ODQJXDJHV WKDW SHUPLW DVVLJQPHQW VWDWHPHQWV LQ WKH IRUP RI PDWKHPDWLFDO IRUPXODH� VKRXOG EH

DEOH WR IROORZ WKH FRPSXWDWLRQDO SDUW RI WKH )RUWK SURJUDPV VLQFH , KDYH H[WHQGHG WKH ODQJXDJH E\

DGGLQJ D )25PXOD 75$1VODWRU
�
WKDW DGKHUHV WR )2575$1 UXOHV RI SUHFHGHQFH�

7KXV DGGLQJ D OLQH OLNH

f" a=b+c/cosh(w^3)-sinh(w) "

WR D )RUWK VXEURXWLQH WUDQVODWHV WKH IRUPXOD VWULQJ WR �DQG FRPSLOHV� WKH )RUWK FRGH

b F@ c F@ w F@ F^3 FCOSH F/ F+ w F@ FSINH F- a F!

LQ D PDQQHU LQYLVLEOH WR WKH XVHU �XQOHVV KH RU VKH FKRRVHV WR GLVSOD\ WKH GHFRPSLOHG UHVXOW�� 7KH

SURJUDP WKDW H[WHQGV )RUWK LQ WKLV ZD\ LV ERWK VKRUW DQG VLPSOH³WKDW LV RQH RI WKH UHDVRQV , HQMR\

XVLQJ WKLV ODQJXDJH� DQG KRSH WKH VWXGHQW PD\ ILQG LW HTXDOO\ HQMR\DEOH�

�	
�

�� )RU DQ DFFRXQW RI VRPH RI WKH QXPHULFDO WHFKQLTXHV DQG FRPSXWLQJ PDFKLQHU\ DSSOLHG WR WKH /RV
$ODPRV HIIRUW� VHH ´/RV $ODPRV IURP %HORZµ LQ 5�3� )H\QPDQ� 6XUHO\ <RX·UH -RNLQJ� 0U� )H\QPDQ
�:�:� 1RUWRQ 	 &R�� 1HZ <RUN� ������

�� 7KLV ZRUG LV GHULYHG IURP DQ $UDE PDWKHPDWLFLDQ·V QDPH� $O .KXZDUH]PL �´WKH PDQ IURP .KZDUHVPµ�
D FLW\ LQ &HQWUDO $VLD ZKLFK ZDV GHVWUR\HG E\ *KHQJLV .KDQ·V 0RQJRO DUPLHV��

�� 7KH QDPH )2575$1 LV GHULYHG IURP )25PXOD 75$1VODWRU³WKLV LV P\ OLWWOH MRNH� 0LQH WUDQVODWHV
IRUPXODV LQWR )RUWK RQ WKH IO\ DQG FRPSLOHV WKHP DV )RUWK VWDWHPHQWV�


