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$ SURFHVV LV VDLG %XVVJDQJ LI WKH FURVV²FRUUHODWLRQ IXQFWLRQ

ZLWK LWV YHUVLRQ SDVVHG WKURXJK D ]HUR²PHPRU\ QRQOLQHDULW\

LV SURSRUWLRQDO WR WKH DXWR²FRUUHODWLRQ IXQFWLRQ RI WKH SUR�

FHVV �LQYDULDQFH SURSHUW\�� *DXVVLDQ SURFHVVHV DUH %XVVJDQJ

SURFHVVHV WRR� $V D FRQVHTXHQFH� %XVVJDQJQHVV WHVWV PD\

DFW DV QRQ²*DXVVLDQLW\ WHVWV� 3HUIRUPDQFH DQDO\VLV VKRZV

WKDW %XVVJDQJQHVV WHVWV DUH PRUH SRZHUIXO WKDQ FRQYHQ�

WLRQDO *DXVVLDQ WHVWV IRU FRUUHODWHG VDPSOHV IRU D ZLGH UDQJH

RI FRUUHODWLRQ FRHIILFLHQWV DQG GDWD OHQJWKV�

� ,QWURGXFWLRQ

HVWLQJ IRU GHYLDWLRQ IURP *DXVVLDQLW\ LV SUHOLPL�

QDU\ WR RWKHU DFWLYLWLHV RI VLJQDO SURFHVVLQJ� WR UH�

FRJQL]H WKH H[LVWHQFH RI LQIRUPDWLRQ UHFRYHUDEOH

E\ KLJKHU RUGHU VWDWLVWLFV� RU WR GHWHFW WKH H[LVWHQFH RI XVH�

IXO VLJQDOV LQ PHDVXUHPHQWV DIIHFWHG E\ *DXVVLDQ QRLVH�

6RPH FODVVLFDO DSSURDFKHV WR WKLV SUREOHP DUH EDVHG RQ

IUHTXHQF\ GRPDLQ WHVWV� ZKLFK LQ JHQHUDO UHTXLUH ODUJH VDP�

SOH VHWV� ,Q RUGHU WR LPSURYH WKH GHWHFWDELOLW\ IRU UHODWLYHO\

VKRUW VLJQDO VHJPHQWV� UHFHQW FRQWULEXWLRQV KDYH EHHQ IR�

FXVHG RQ WLPH GRPDLQ WHVWV� %DVLFDOO\� WKHVH WHFKQLTXHV

FRQVLVW RI PHDVXULQJ WKH GLVWDQFH EHWZHHQ �WKHRUHWLFDO� PR�

PHQWV FDOFXODWHG LQ WKH *DXVVLDQ K\SRWKHVLV DQG WKHLU HV�

WLPDWHV IURP VDPSOH DYHUDJHV DIWHU VRPH QRQOLQHDU WUDQV�

IRUPDWLRQ RI WKH VHULHV� ,W LV NQRZQ WKDW TXDGUDWLF IRUPV

EXLOW RQ VDPSOH GHYLDWLRQV DUH DV\PSWRWLFDOO\ FKL²VTXDUH

GLVWULEXWHG XQGHU WKH *DXVVLDQ K\SRWKHVLV� 7KLV DOORZV WR

GHWHUPLQH LQ SULQFLSOH WKH GHFLVLRQ WKUHVKROG IRU D IL[HG VLJ�

QLILFDQFH OHYHO �SUREDELOLW\ RI *DXVVLDQ K\SRWKHVLV UHMHFWLRQ

IRU WUXH *DXVVLDQ VHULHV��

7KH PRVW VLPSOH YHUVLRQV RI WKHVH WHVWV DUH DLPHG DW YHU�

LI\LQJ WKH *DXVVLDQLW\ RI WKH PDUJLQDO GLVWULEXWLRQ RI WKH

VDPSOHV� 2I FRXUVH� VSHFLILF QRQOLQHDULWLHV DUH DEOH WR GH�

WHFW VSHFLILF GHYLDWLRQV IURP *DXVVLDQLW\� )RU LQVWDQFH� WKH

WKLUG SRZHU UHYHDOV LQFRQVLVWHQW VNHZQHVV YDOXHV� ZKHUHDV

WKH IRXUWK SRZHU UHYHDOV DQRPDOLHV RI WKH NXUWRVLV� 1RQ²

*DXVVLDQ GLVWULEXWLRQV KDYLQJ VNHZQHVV DQG NXUWRVLV FORVH

WR WKH YDOXHV SHUWDLQLQJ WR WKH *DXVVLDQ FDVH DUH XQGH�

WHFWDEOH E\ WKHVH WHVWV�

/LNHZLVH� WKH �FRPSOH[� H[SRQHQWLDO QRQOLQHDULWLHV HP�

SOR\HG LQ WKH FKDUDFWHULVWLF IXQFWLRQ RULHQWHG WHVWV >�� �@ PD\

EH XQDEOH WR GHWHFW VRPH RWKHU VSHFLILF QRQ²*DXVVLDQ EHKDY�

LRUV�

,Q RUGHU WR GHDO ZLWK DV PDQ\ FDVHV DV SRVVLEOH LQ SUDF�

WLFDO VLWXDWLRQV ZKHUH WKH QDWXUH RI WKH PHDVXUHG VDPSOHV

LV WRWDOO\ XQNQRZQ� FRPSRVLWH WHVWV EDVHG RQ VHWV RI QRQOLQ�

HDULWLHV KDYH EHHQ SURSRVHG DQG FKDUDFWHUL]HG LQ WKH UHFHQW

OLWHUDWXUH� 7KH KLJKHU²RUGHU PRPHQW DSSURDFK LV EDVHG RQ

WKH MRLQW XVH RI PXOWLSOH PRPHQWV >�@� ZKHUHDV WKH HPSLULFDO

FKDUDFWHULVWLF IXQFWLRQ DSSURDFK HPSOR\V GLIIHUHQW YDOXHV RI

WKH SDUDPHWHU LQ WKH H[SRQHQWLDO� ,Q VRPH FDVHV� VXFK DV OLQ�

HDU ILOWHUHG VLJQDOV� WKH QRQ²*DXVVLDQ QDWXUH LV GLIILFXOW WR

GHWHFW IURP WKH DQDO\VLV RI WKH PDUJLQDO GLVWULEXWLRQ >�@� )RU

WKLV UHDVRQ� PXOWLYDULDWH GHWHFWRUV KDYH EHHQ SURSRVHG�

$ XQLILHG WKHRU\ RI WLPH GRPDLQ *DXVVLDQLW\ WHVWV EDVHG

RQ ILQLWH PHPRU\ QRQOLQHDULWLHV KDV EHHQ YHU\ UHFHQWO\ H[�

SRVHG LQ >�@� ,W LV EDVHG RQ 3ULFH WKHRUHP� ZKLFK UHODWHV WKH

PRPHQWV RI *DXVVLDQ Q²YDULDWHV WR WKH PRPHQWV RI JLYHQ

IXQFWLRQV RI WKHVH YDULDWHV� 7KLV DSSURDFK HQOLJKWHQV KRZ

WHVWV PLJKW EH GHVLJQHG LQ JHQHUDO� 6SHFLILFDOO\� KLJKHU RUGHU

PRPHQW EDVHG WHVWV DQG HPSLULFDO FKDUDFWHULVWLF IXQFWLRQ

EDVHG WHVWV DUH GHULYHG IRU WKH Q²YDULDWH FDVH�

,Q WKLV FRQWULEXWLRQ� ZH SURSRVH DQ DOWHUQDWLYH DSSURDFK

EDVHG RQ WKH %XVVJDQJ SURSHUW\� (YHQ WKRXJK %XVVJDQJ WKH�

RUHP LV LPSOLHG E\ 3ULFH WKHRUHP� LW SUHVHQWV SHFXOLDU DV�

SHFWV ZKLFK PDNHV LW SDUWLFXODUO\ DWWUDFWLYH IRU YDULRXV DS�

SOLFDWLRQV RI VLJQDO SURFHVVLQJ� )RU LQVWDQFH� LW FRQVWLWXWHV

WKH SULQFLSOH XQGHUO\LQJ VRPH ZHOO NQRZQ WHFKQLTXHV RI

EOLQG GHFRQYROXWLRQ HPSOR\HG LQ GDWD FRPPXQLFDWLRQ V\V�

WHPV DQG LQ JHRSK\VLFV� 6RPH SUHOLPLQDU\ UHVXOWV ZHUH SUH�

VHQWHG E\ WKH DXWKRUV LQ >�@� +HUH� ZH GHYHORS D SURFHGXUH

IRU GHFLGLQJ ZKHWKHU D ILQLWH VHJPHQW RI D VLJQDO FDQ EH FRQ�

VLGHUHG DV D UHDOL]DWLRQ RI D %XVVJDQJ SURFHVV RU QRW� ,I WKH

%XVVJDQJ K\SRWKHVLV LV UHMHFWHG� WKH SURFHVV PXVW EH �E\

GHILQLWLRQ� QRQ²*DXVVLDQ WRR� $V D FRQVHTXHQFH� WKH %XVV�

JDQJQHVV WHVW DFWV DV D QRQ²*DXVVLDQLW\ WHVW�

� 7KH %XVVJDQJ WHVW

$V ZHOO NQRZQ >�@� %XVVJDQJ WKHRUHP VWDWHV WKDW WKH FURVV²

FRUUHODWLRQ IXQFWLRQ RI D *DXVVLDQ VWDWLRQDU\ SURFHVV [>Q@
DQG RI LWV YHUVLRQ SDVVHG WKURXJK D ]HUR�PHPRU\ QRQOLQHDU�



LW\ J�c� LV SURSRUWLRQDO WR WKH DXWR²FRUUHODWLRQ IXQFWLRQ RI

WKH SURFHVV� QDPHO\

5[J >N@  NJ c5[[>N@
KDYLQJ GHILQHG WKH FRUUHODWLRQ IXQFWLRQV

5[J >N@  ( I[>Q� N@ c J �[>Q@�J
5[[>N@  ( I[>Q� N@ c [>Q@J

7KH SURSRUWLRQDOLW\ IDFWRU NJ GHSHQGV RQ WKH QRQOLQHDULW\

J�c� DQG LW FDQ EH H[SUHVVHG DV >�@
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7KLV SURSHUW\ KDV EHHQ H[WHQGHG WR FRPSOH[ SURFHVV LQ >�� �@

DQG JHQHUDOL]HG WR WKH PXOWLYDULDWH FDVH LQ >��@�

&RQYHQWLRQDO *DXVVLDQLW\ WHVWV EDVHG RQ 3ULFH·V WKHRUHP

FRQVLVW RI PHDVXULQJ WKH GHYLDWLRQ IURP SURSRUWLRQDOLW\ RI

WKH VDPSOH DXWR²FRUUHODWLRQ WR WKH VDPSOH FURVV²FRUUHODWLRQ

IRU D JLYHQ QRQOLQHDULW\� ZLWK WKH WKHRUHWLFDO SURSRUWLRQDOLW\

IDFWRU� $ VHW RI QRQ�*DXVVLDQLW\ HUURUV H*�L� FDQ EH DFFRUG�

LQJO\ GHILQHG DV�
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7KH PRVW FRPPRQ FRQYHQWLRQDO WHVW XVHV WR WKH FRUUHODWLRQV

HVWLPDWHG IRU L �� L�H��
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7KH HVWLPDWLRQ RI NJ �ZKLFK LV LQGHSHQGHQW RI L� IURP D VPDOO

DPRXQW RI GDWD LV D FULWLFDO SRLQW RI WKLV SURFHGXUH� VLQFH LW LV

D NQRZQ IXQFWLRQ �GHSHQGLQJ RQ WKH HPSOR\HG QRQOLQHDULW\�

RI WKH HVWLPDWHG SRZHU 5[[>�@� $V D FRQVHTXHQFH� WKH HUURU

LQ WKH HVWLPDWH RI 5[[>�@ DIIHFWV WZLFH ����

$Q DOWHUQDWLYH SURFHGXUH FRQVLVWV RI GHILQLQJ D VHW RI HU�

URUV H%>L@ GHSHQGLQJ RQ WKH UDWLR RI WZR HTXDWLRQV GHULYHG

IURP WKH %XVVJDQJ WKHRUHP� L�H��
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/HW XV QRWH WKDW WKH WHVW LV LQWULQVLFDOO\ PXOWLYDULDWH� LWV GL�

PHQVLRQDOLW\ GHSHQGV RQ KRZ PDQ\ FRUUHODWLRQ ODJV DUH LQ�

FOXGHG� 0RUHRYHU� LW LV HDVLO\ YHULILHG WKDW WKLV DSSURDFK JHQ�

HUDWHV ZHOO GHILQHG KLJKHU RUGHU PRPHQW²EDVHG WHVWV� +RZ�

HYHU� FDUH PXVW EH WDNHQ LQ VHOHFWLQJ WKH FRUUHODWLRQ ODJV WR

EH LQFOXGHG LQ WKH WHVW VLQFH WKH YDULDQFH RI WKHVH ODWWHU FDQ

VLJQLILFDQWO\ YDU\ IURP ODJ WR ODJ DQG WKLV FDQ VLJQLILFDQWO\

DIIHFW WKH RYHUDOO SHUIRUPDQFH RI WKH PXOWLYDULDWH WHVW ZKLFK

PD\ UHVXOW OHVV SRZHUIXO WKDQ D PRUH VLPSOH VFDODU �VLQJOH

ODJ� WHVW�

7R DVVHVV WKH DSSOLFDELOLW\ RI WKH %XVVJDQJ DSSURDFK LQ

FRPSDULVRQ WR FRQYHQWLRQDO *DXVVLDQLW\ WHVW� LQ WKH IROORZ�

LQJ ZH ZLOO FRQVLGHU RQO\ VFDODU WHVWV�

� 6LPXODWLRQ UHVXOWV

/HW XV IRFXV RXU DWWHQWLRQ RQ WKH EHKDYLRU RI WKH FRQYHQ�

WLRQDO *DXVVLDQ DQG RI WKH %XVVJDQJ WHVWV� E\ FRPSDULQJ

WKHLU SHUIRUPDQFH LQ GHWHFWLQJ WKH SUHVHQFH RI D FRUUHODWHG

QRQ²*DXVVLDQ SURFHVV HPEHGGHG LQ DGGLWLYH *DXVVLDQ QRLVH�

7KH DQDO\VLV LV DFFRPSOLVKHG IRU VHYHUDO QRQOLQHDULWLHV� GH�

ULYHG IURP WKH H[LVWLQJ WHVWV� DFFRUGLQJ WR WKH IROORZLQJ WDEOH

7HVW J�[�

FKDUDFWHULVWLF IXQFWLRQ >�� �@

�b FRV�[
[

IRXUWK²RUGHU PRPHQW >�@ [�

VLJQXP >�@ VLJQ[

7DEOH �� 1RQOLQHDULWLHV HPSOR\HG LQ WKH %XVVJDQJ WHVW�

,Q SDUWLFXODU� ZH KDYH HYDOXDWHG WKH VLJQLILFDQFH OHYHO �L�H�

WKH SUREDELOLW\ RI UHMHFWLQJ WKH *DXVVLDQ K\SRWKHVLV ZKHQ



WKH VLJQDO LV DFWXDOO\ *DXVVLDQ� DQG WKH SRZHU RI WKH YDULRXV

WHVWV �L�H� WKH SUREDELOLW\ RI UHMHFWLQJ WKH *DXVVLDQ K\SRWKH�

VLV ZKHQ WKH VLJQDO LV QRW DFWXDOO\ *DXVVLDQ��

$ FUXFLDO SRLQW LV WKH DQDO\VLV RI WKH HIIHFW RI WKH FRUUHOD�

WLRQ FRHIILFLHQW RI WKH SURFHVV XQGHU H[DPLQDWLRQ VLQFH WKH

%XVVJDQJ RQO\ DSSOLHV WR FRORUHG GDWD E\ LWV QDWXUH� ,Q IDFW�

LW WHVWV WKH HVWLPDWHG FRUUHODWLRQ FRHIILFLHQWV RI DXWR² DQG

FURVV²FRUUHODWLRQ IXQFWLRQV� 7KHUHIRUH� ZH KDYH WHVWHG FRO�

RUHG VLJQDOV REWDLQHG IURP ]HUR²PHDQ� ZKLWH ELQDU\ VLJQDOV�

ILOWHUHG E\ D VLQJOH SROH ,,5 ILOWHU DQG FRUUXSWHG E\ *DXVVLDQ

ZKLWH QRLVH �615 ��G%��

7KH SHUIRUPDQFH RI WKH FRQYHQWLRQDO DQG WKH %XVVJDQJ

WHVWV KDV EHHQ HYDOXDWHG FRQVLGHULQJ VHYHUDO YDOXHV RI WKH

FRUUHODWLRQ FRHIILFLHQW LQ WKH UDQJH ���� � ~ � ����� 7KH

SHUFHQWDJH RI WKH UHMHFWLRQ RI WKH *DXVVLDQ K\SRWKHVLV KDV

EHHQ HVWLPDWHG WKURXJK ���� 0RQWH &DUOR WULDOV� DIWHU IL[�

LQJ DOO WKH HPSOR\HG WKUHVKROGV LQ RUGHU WR REWDLQ WKH VDPH

VLJQLILFDQFH OHYHO �� LQ DOO FDVHV� 7KH YDOXH � � KDV EHHQ

DGRSWHG IRU WKH FKDUDFWHULVWLF IXQFWLRQ EDVHG WHVW�

7KH HVWLPDWHG SRZHU RI WKH FRQYHQWLRQDO *DXVVLDQ WHVW ���

DQG WKH %XVVJDQJ WHVW ��� DUH VKRZQ LQ WKH ILJV��²� IRU WKH

WKUHH FRQVLGHUHG QRQOLQHDULWLHV IRU ����� ~� ���� DQG DQ

REVHUYDWLRQ ZLQGRZ1 ��� VDPSOHV� 7KH VDPH UHVXOWV IRU

���� � ~ � ���� DQG DQ REVHUYDWLRQ ZLQGRZ RI 1  ���
VDPSOHV DUH UHSRUWHG LQ WKH ILJV��²��

� &RQFOXVLRQ

:H KDYH GHYHORSHG D SURFHGXUH IRU GHFLGLQJ ZKHWKHU D IL�

QLWH VHJPHQW RI D VLJQDO FDQ EH FRQVLGHUHG DV D UHDOL]DWLRQ

RI D %XVVJDQJ SURFHVV RU QRW� 7KH DSSURDFK LV EDVHG RQ

%XVVJDQJ LQYDULDQFH SURSHUW\ RI VWDWLRQDU\ UDQGRP SURFHVV

ZKLFK UHODWHV WKH DXWR²FRUUHODWLRQ WR WKH FURVV²FRUUHODWLRQ

LQYROYLQJ D QRQOLQHDU YHUVLRQ RI WKH SURFHVV LWVHOI�

$ ELQDU\ K\SRWKHVHV WHVW LV GHVFULEHG WR GHWHFW WKH SRVVL�

EOH %XVVJDQJ·V LQYDULDQFH SURSHUW\ RI WKH FURVV�FRUUHODWLRQ

RU� HTXLYDOHQWO\� RI WKH XQGHUO\LQJ DXWR²UHJUHVVLYH PRGHO FR�

HIILFLHQWV�

7KH XVHIXOQHVV RI WKH %XVVJDQJ WHVW LV IRXQG ZKHQ WKH

VDPSOH LV GUDZQ IRUP IURP QRQ²ZKLWH VWDWLRQDU\ SURFHVVHV�

7KH UHVXOWV VKRZ WKDW WKH %XVVJDQJ WHVW SHUIRUPV �WR GH�

WHFW QRQ�*DXVVLDQ VLJQDOV� HYHQ EHWWHU WKDQ D FRQYHQWLRQDO

*DXVVLDQ WHVW LWVHOI IRU D ZLGH UDQJH RI FRUUHODWLRQ FRHIIL�

FLHQWV ~ DQG GDWD OHQJWKV� 7KLV GLIIHUHQFH DSSHDUV SDUWLFX�

ODUO\ VLJQLILFDQW IRU WKH DOO WKH KHUHLQ DQDO\]HG QRQOLQHDUL�

WLHV�

,Q SDUWLFXODU� WKH SHUIRUPDQFH RI WKH FXELF²EDVHG WHVW

�ILJV�� DQG �� LV VWURQJO\ HQKDQFHG ZLWK UHVSHFW WR WKH

NXUWRVLV²EDVHG VFDODU WHVW >�@�

,Q VXPPDU\� %XVVJDQJ WHVW LV QRW RQO\ DQ RSHUDWLYH SURFH�

GXUH WR DVVHVV WKH SRVVLEOH %XVVJDQJ·V LQYDULDQFH SURSHUW\

RI WKH FURVV²FRUUHODWLRQ DQG WKH $5 PRGHO FRHIILFLHQWV� EXW LW

DOVR DFWV DV D SRZHUIXO QRQ²*DXVVLDQLW\ WHVW LQ WKH SUHVHQFH

RI FRUUHODWHG LQSXW VDPSOHV�

5HIHUHQFHV

>�@ 7� (SSV� ´7HVWLQJ WKDW D VWDWLRQDU\ WLPH²VHULHV LV *DXV�

VLDQµ� $QQ� 6WDW�� YRO���� QR��� �����

>�@ ,� .RXWURXYHOLV� ´$ JRRGQHVV RI ILW WHVW EDVHG RQ WKH HP�

SLULFDO FKDUDFWHULVWLF IXQFWLRQ ZKHQ SDUDPHWHUV PXVW

EH HVWLPDWHGµ� %LRPHWULND� YRO���� �����

>�@ *�%� *LDQQDNLV� 0�.� 7VDWVDQLV� ´7LPH²GRPDLQ WHVWV IRU

*DXVVLDQLW\ DQG WLPH²UHYHUVLELOLW\µ� ,((( 7UDQVDFWLRQV

RQ 6LJQDO 3URFHVVLQJ� YRO���� QR���� 'HFHPEHU �����

>�@ (� 0RXOLQHV� .� &KRXNUL� ´ 7LPH²GRPDLQ SURFHGXUHV IRU

WHVWLQJ WKDW D VWDWLRQDU\ VHULHV LV *DXVVLDQµ� ,((( 7UDQV�

DFWLRQV RQ 6LJQDO 3URFHVVLQJ� YRO���� QR��� $XJXVW ����

>�@ -�-� %XVVJDQJ� ´&URVV�FRUUHODWLRQ IXQFWLRQ RI DPSOLWXGH²

GLVWRUWHG *DXVVLDQ VLJQDOVµ� 5HV� /DE� (OHF�� 0DV� ,QVW�

7HFKQRO�� &DPEULGJH 0$� 7HFK� 5HS� ���� 0DUFK �����

>�@ *� -DFRYLWWL� $� 1HUL� 5� &XVDQL� ´0HWKRGV IRU HVWLPDW�

LQJ WKH DXWRFRUUHODWLRQ IXQFWLRQ RI FRPSOH[ *DXVVLDQ

SURFHVVHVµ� ,((( 7UDQVDFWLRQV RQ $FRXVWLFV� 6SHHFK DQG

6LJQDO 3URFHVVLQJ� YRO���� QR��� $XJXVW �����

>�@ *� *LXQWD� *� -DFRYLWWL� *� 6FDUDQR� ´%XVVJDQJ *DXVVLDQ�

LW\ WHVW IRU VWDWLRQDU\ VHULHVµ� 3URF� RI WKH ,((( 6LJQDO

3URFHVVLQJ :RUNVKRS RQ +LJKHU 2UGHU 6LJQDO 6WDWLVWLFV�

%DQII� $OEHUWD� &DQDGD� -XO\ ��²��� ����� SS� ���²����

>�@ 3� &RPRQ� /� 'HUXD]� ´1RUPDOLW\ WHVWV IRU FRORXUHG VDP�

SOHVµ� 3URF� RI WKH ,(((²$7+26 :RUNVKRS RQ +LJKHU 2U�

GHU 6WDWLVWLFV� %HJXU� 6SDLQ� -XQH ��²��� ����� SS� ���²

����

>�@ *� 6FDUDQR� ´&XPXODQW VHULHV H[SDQVLRQ RI K\EULG QRQ�

OLQHDU PRPHQW RI FRPSOH[ UDQGRP YDULDEOHVµ� ,(((

7UDQVDFWLRQV RQ 6LJQDO 3URFHVVLQJ� YRO���� QR��� $SULO

�����

>��@ *� 6FDUDQR� '� &DJJLDWL� *� -DFRYLWWL� ´&XPXODQW VHULHV

H[SDQVLRQ RI K\EULG QRQ�OLQHDU PRPHQW RI Q YDULDWHVµ�

,((( 7UDQVDFWLRQV RQ 6LJQDO 3URFHVVLQJ� YRO���� QR���

-DQXDU\ �����

>��@ '�+� -RKQVRQ� 6� .RW]� 'LVWULEXWLRQV LQ 6WDWLVWLFV� &RQ�

WLQXRXV 8QLYDULDWH 'LVWULEXWLRQV� YRO��� +RXJKWRQ 0LI�

IOLQ� 1HZ <RUN �����
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