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�

$EVWUDFW�
7KH SXUSRVH RI WKLV LQYHVWLJDWLRQ ZDV WR HYDOXDWH WKH VXFFHVV DQG WR GHWHUPLQH WKH

GLIILFXOWLHV IDFHG E\ 6ORYHQH VHFRQGDU\ VFKRRO VWXGHQWV �DJH ��� LQ VROYLQJ VWRLFKLRPHWU\

SUREOHPV� 7KH GDWD ZHUH FROOHFWHG DW WKH 0DWXUD H[DP RYHU D ILYH�\HDU SHULRG �����±������

$ JHQHUDO PRGHO IRU VWRLFKLRPHWU\ SUREOHP�VROYLQJ ZDV IRUPHG� 2Q DYHUDJH� �� � RI

VWXGHQWV FRUUHFWO\ VROYHG WKH WDVN� ZKLOH DOPRVW � � RI VWXGHQWV GLG QRW HYHQ DWWHPSW WR VROYH

LW� 7KH PRVW FRPPRQ PLVWDNHV LQ VROYLQJ VWRLFKLRPHWU\ SUREOHPV ZHUH LQ XVLQJ V\PEROLF

FKHPLFDO ODQJXDJH DQG LQ FDOFXODWLQJ WKH DPRXQW UDWLR� *XLGHOLQHV IRU WHDFKHUV DUH JLYHQ RQ

KRZ WR LPSURYH VWXGHQWV� FKHPLFDO SUREOHP�VROYLQJ VWUDWHJLHV� LQ RUGHU WR GLPLQLVK WKH UDQJH

RI VXFK PLVWDNHV LQ VROYLQJ VWRLFKLRPHWU\ SUREOHPV�

�

,QWURGXFWLRQ�

$Q� LPSRUWDQW�SDUW�RI�FKHPLVWU\� OHDUQLQJ� LV� WKH�GHYHORSPHQW�RI�FKHPLFDO� ODQJXDJH��

L�H��OHDUQLQJ�WKH�V\PEROV�RI�FKHPLFDO�HOHPHQWV��ZULWLQJ�IRUPXODH�DQG�FKHPLFDO�HTXDWLRQV�

DQG� XVLQJ� WKHP� DW� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� OHYHO�
�
� ,Q� RUGHU� WR� VROYH� WDVNV� RQ�

VWRLFKLRPHWU\�RQH�KDV� WR�XQGHUVWDQG� WKH� UHODWLRQ�EHWZHHQ� WKH�PDVV� �P��� WKH�DPRXQW�RI�

VXEVWDQFH��Q��DQG�WKH�PRODU�PDVV��0���Q� �P���0��)URP�D�EDODQFHG�HTXDWLRQ��VWXGHQWV�

FDQ�GHWHUPLQH� WKH�DPRXQW�RI� VXEVWDQFH� UDWLR�ZKLFK� LV�QHHGHG� IRU�FDOFXODWLQJ�XQNQRZQ�

TXDQWLWLHV���

)RU�VXFFHVVIXO�VROYLQJ�RI�VWRLFKLRPHWU\�SUREOHPV��WKH�VROYHU�PXVW�EH�IDPLOLDU�ZLWK�

VRPH�JHQHUDO�DQG�VSHFLILF�SUREOHP�VROYLQJ�VWUDWHJLHV��7KH�PRVW�JHQHUDO�SUREOHP�VROYLQJ�

PRGHO� LV�3R\OD�V�PRGHO
�
�� ,W� LV� EDVHG�RQ� IRXU� VWHSV�� ����XQGHUVWDQGLQJ� WKH�SUREOHP�� ����

GHVLJQLQJ�WKH�SODQ������FDUU\LQJ�RXW�WKH�SODQ�DQG�����ORRNLQJ�EDFN��%UDQVIRUG�DQG�6WHLQ
�
�

GHYHORSHG�DQ� ,'($/�JHQHUDO�PRGHO� IRU�SUREOHP±VROYLQJ��7KH\�DQWLFLSDWHG�D� ILYH±VWHS�

DSSURDFK� WR� VROYLQJ� D� SUREOHP�� ���� ,GHQWLI\� SUREOHPV� DQG� RSSRUWXQLWLHV�� ���� 'HILQH�

JRDOV������([SORUH�SRVVLEOH�VWUDWHJLHV������$QWLFLSDWH�RXWFRPHV�DQG�DFW��DQG�DW�WKH�HQG�����

/RRN�EDFN�DQG�OHDUQ��

$IWHU� UHYLHZLQJ� UHVHDUFK� RQ� SUREOHP� VROYLQJ� LQ� FKHPLVWU\�� )UD]HU
�
� OLVWHG� WKH�

IROORZLQJ�SRLQWV�DV�JHQHUDO�VWUDWHJLHV�RU�DGYLFH�WR�SUREOHP�VROYHUV������:RUN�EDFNZDUGV�

IURP�WKH�JRDO�QRW�IRUZDUGV�IURP�WKH�JLYHQ�LQIRUPDWLRQ������%UHDN�GRZQ�WKH�SUREOHP�LQWR�
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VXE�JRDOV�DQG�ZRUN�DW�HDFK�VHSDUDWHO\��GR�QRW�WU\�WR�FRSH�ZLWK�WRR�PXFK�LQIRUPDWLRQ�DW�

DQ\�RQH�WLPH������&RQYHUW�DQ�XQIDPLOLDU�SUREOHP�LQWR�D�IDPLOLDU�SUREOHP�DQG�WKHQ�DSSO\�

DQ�DOUHDG\�OHDUQW�SURFHGXUH������0DNH�D�JXHVV�DW�WKH�VROXWLRQ�DQG�ZRUN�EDFNZDUGV�WR�VHH�

LI�WKH�JXHVVHG�VROXWLRQ�LV�FRQVLVWHQW�ZLWK�DOO�WKH�LQIRUPDWLRQ�DYDLODEOH������&KHFN�WKDW�DOO�

LQIRUPDWLRQ�VWDWHG�LQ�WKH�SUREOHP�KDV�EHHQ�XVHG�DQG�WKDW�DOO�RWKHU�VRXUFHV�RI�LQIRUPDWLRQ�

�PHPRU\��OLWHUDWXUH��H[SHUWV��H[SHULPHQW�HWF���KDYH�EHHQ�H[KDXVWHG������&KHFN�WKDW�DOO�WKH�

VWDJHV�RI�SUREOHP�VROYLQJ��UHFRJQLVLQJ��VROYLQJ��FKHFNLQJ�DQG�LPSOHPHQWLQJ��KDYH�EHHQ�

XVHG�� ���� &KHFN� ZKHWKHU� WKHUH� DUH� DQ\� JXLGHOLQHV� RU� DOJRULWKPV� DSSOLFDEOH� WR� WKLV�

SUREOHP�� ���� 7U\� WR� VHH� WKH� SUREOHP� DV� D� ZKROH�� ���� 'UDZ� GLDJUDPV�� YHUEDOLVH� WKH�

SUREOHP�� FRQYHUW� D� VWDWHPHQW� LQWR� D� TXHVWLRQ�� FRQYHUW� VWDWHPHQWV� LQWR� PDWKHPDWLFDO�

H[SUHVVLRQV�� ����� �%UDLQVWRUP��� WKDW� LV�� ZULWH� GRZQ� DOO� WKH� LGHDV� WKDW� FRPH� WR� \RX��

KRZHYHU�IRROLVK�RU�LUUHOHYDQW�WKH\�VHHP�������5HVW�WR�DOORZ�WLPH�IRU��LQFXEDWLRQ��RI�WKH�

SUREOHP��+HUURQ
�
�VXJJHVWHG�DQRWKHU��IRU�KLP�PRUH�ORJLFDO��VHTXHQFH�RI�VWHSV�WR�VROYH�D�

SUREOHP�IRUPHG�E\�)UD]HU��+H�FKDQJHG�WKH�VWHSV�LQ�WKH�IROORZLQJ�RUGHU��������������������

������������DQG������7KH�QXPEHUV�PHDQ�)UD]HU�V�RULJLQDO�VWHSV��

,Q�)LJXUH� �� WKH� JHQHUDO� VWHS�E\�VWHS� VWUDWHJ\� IRU� VROYLQJ� FKHPLFDO� SUREOHPV�XVLQJ�

3$0� �3URJUDP� RI�$FWLRQV� DQG�0HWKRGV�� DQG� 6$3� �6\VWHPDWLF�$SSURDFK� WR� VROYLQJ�

3UREOHPV���PRGHOV�E\�0HWWHV�HW�DO�
�
�DQG�.UDPHUV±3DOV��3LORW�

�
�LV�SUHVHQWHG����

7KH� UHVHDUFK� LQ� SUREOHP�VROYLQJ� VWUDWHJLHV� KDV� GHWHFWHG� WKH� PRVW� FRPPRQ�

GLIILFXOWLHV� RI� VWXGHQWV� DW� GLIIHUHQW� OHYHOV� RI� VFKRROLQJ� UHJDUGLQJ� VROYLQJ� TXDQWLWDWLYH�

SUREOHPV� LQ� VWRLFKLRPHWU\�
���±��

� 7KHVH� VWUDWHJLHV� KHOS� VWXGHQWV� WR� UHDOLVH� WKH� HVVHQWLDO�

VWRLFKLRPHWU\�SUREOHP�VROYLQJ�DFWLRQV�DQG�WR�JLYH�IHHGEDFN�ZKHQ�PLVWDNHV�RFFXU��*DEHO�

HW�DO�
��
�FRQGXFWHG�D�VWXG\�WR�GHWHUPLQH�WKH�JHQHUDO�SUREOHP±VROYLQJ�VNLOOV�WKDW�VWXGHQWV�

XVH�LQ�VROYLQJ�SUREOHPV�LQYROYLQJ�PROHV��VWRLFKLRPHWU\��WKH�JDV�ODZV�DQG�PRODULW\��7KH\�

KDYH� VKRZQ� WKDW� VXFFHVVIXO� KLJK� VFKRRO� VWXGHQWV� DQG� VWXGHQWV� ZLWK� KLJK� SURSRUWLRQDO�

UHDVRQLQJ� DELOLW\� WHQG� WR� HPSOR\� DOJRULWKPLF� VWUDWHJLHV�PRUH� WKDQ� WKHLU� OHVV� VXFFHVVIXO�

DQG� ORZ� SURSRUWLRQDO� UHDVRQLQJ� FRXQWHUSDUWV�� $FFRUGLQJ� WR� 6WDYHU� DQG� /XPSH
��
�

PLVXQGHUVWDQGLQJ�RI�WKH�PROH�FRQFHSW�LV�D�PDMRU�EORFN�LQ�WKH�DELOLW\�RI�FROOHJH�IUHVKPDQ�

WR�VROYH�VWRLFKLRPHWU\�SUREOHPV���
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)UD]HU
�
� GHYHORSHG�JXLGHOLQHV� IRU� VROYLQJ�VWRLFKLRPHWU\�SUREOHPV��+H�DQWLFLSDWHG�D�

ILYH�VWHS� ZD\�� ����:ULWH� EDODQFHG� HTXDWLRQV� IRU� DOO� WKH� SURFHVVHV�� ���� +HQFH� ILQG� WKH�

VWRLFKLRPHWULF� UDWLR� RI� WKH� XQNQRZQ� WR� WKH� NQRZQ� VSHFLHV�� ���� &RQYHUW� DOO� WKH� JLYHQ�

TXDQWLWLHV� �PDVVHV�� YROXPHV�� FRQFHQWUDWLRQV� HWF��� LQWR� PROHV� RI� VSHFLILHG� FKHPLFDO�

VSHFLHV������)LQG�WKH�PROHV�RI�WKH�VSHFLILHG�XQNQRZQ�VSHFLHV��DQG�����&RQYHUW�PROHV�RI�

XQNQRZQ�VSHFLHV�LQWR�WKH�UHTXLUHG�TXDQWLW\��PDVVHV��YROXPHV��FRQFHQWUDWLRQV�HWF����
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)LJXUH����� *HQHUDO� VWHS�E\�VWHS� VWUDWHJ\� IRU� VROYLQJ� FKHPLFDO� SUREOHPV� LQWHJUDWLQJ�

3$0�DQG�6$3�DSSURDFKHV��

FRUUHFWLQFRUUHFW

48$17,7$7,9( 352%/(0

$QDO\VLV RI WKH SUREOHP

:ULWH GRZQ WKH XQNQRZQ XVLQJ WKH ULJKW V\PEROV

&RPSOH[

SUREOHP

7UDQVIRUPDWLRQ RI WKH WH[W RI WKH SUREOHP LQWR D VFKHPH

6WDQGDUG

SUREOHP

:ULWH GRZQ XVHIXO UHODWLRQV LQ

ZKLFK WKH XQNQRZQ RFFXUV

&KHFN UHODWLRQV IRU WKHLU YDOLGLW\

LQ WKLV SUREOHP VLWXDWLRQ

75$16)250$7,21

2) 7+( 352%/(0

:ULWH GRZQ WKH UHODWLRQV

EHWZHHQ GDWD DQG XQNQRZQ
$SSOLFDWLRQ WR WKH

SUREOHP VLWXDWLRQ

&KHFN ZKHWKHU

WKHUH DUH VWLOO

UHODWLRQV ODFNLQJ

&KHFNLQJ IRU

YDOLGLW\ LQ SUREOHP

VLWXDWLRQ

5HSODFH JHQHUDO

TXDQWLWLHV LQ WKLV

UHODWLRQ E\ VSHFLILF

TXDQWLWLHV

&KHFN ZKLFK VSHFLILF TXDQWLWLHV DUH VWLOO XQNQRZQ

QR XQNQRZQV VWLOO XQNQRZQV

6XEVWLWXWH DOO VSHFLILF TXDQWLWLHV E\ QXPHULFDO YDOXHV DQG GLPHQVLRQV

67$1'$5' 352%/(0

([HFXWH URXWLQH PDWKHPDWLFDO RSHUDWLRQV

&KHFNLQJ WKH UHVXOW

,QWHUSUHWDWLRQ RI WKH UHVXOW

7UDFNLQJ SRVVLEOH

PLVWDNHV

/RRNLQJ EDFN DW WKH ZD\ WKH SUREOHP KDV

EHHQ VROYHG WR LPSURYH SUREOHP�VROYLQJ

VNLOOV

&KHFNLQJ LI WKH DQVZHU LV WKH FRUUHFW

DQVZHU IRU WKH TXHVWLRQ DVNHG

QR PLVWDNHV

PLVWDNHV

GHWHFWHG

VROYDEOHXQVROYDEOH
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3UREOHP�

,Q�6ORYHQLDQ�SULPDU\�VFKRRO�WKH�IXQGDPHQWDOV�RI�WKH�TXDQWLWDWLYH�OHYHO�RI�FKHPLFDO�

ODQJXDJH��FKHPLFDO�V\PEROV�DQG�WKH�VLPSOH�IRUPXODH�RI�PDLQO\�ELQDU\�FRPSRXQGV��DQG�

VLPSOH�FKHPLFDO�HTXDWLRQV��DUH�ILUVW�WDXJKW�DW�WKH�DJH�RI���±����$SSOLFDWLRQV�RI�FKHPLFDO�

HTXDWLRQV� DW� WKH� TXDQWLWDWLYH� OHYHO� DUH� IXUWKHU� GHYHORSHG� LQ� WKH� ILUVW� \HDU� RI� VHFRQGDU\�

VFKRRO�����\UV�����

7KH� SUHYLRXV� UHVXOWV� RI� WKH� 0DWXUD� H[DPV� LQ� FKHPLVWU\� DW� WKH� HQG� RI� VHFRQGDU\�

VFKRRO� VKRZ� WKDW� VWXGHQWV� KDYH�GLIILFXOWLHV� LQ�ZULWLQJ� V\PEROV�� IRUPXODH� DQG�EDODQFHG�

HTXDWLRQV��ZKLFK�UHVXOWV�LQ�WKHLU�LQDELOLW\�WR�VROYH�VWRLFKLRPHWU\�SUREOHPV���

7KH�SXUSRVH�RI�WKLV�LQYHVWLJDWLRQ�ZDV�WR�GHWHUPLQH�WKH�PRVW�FRPPRQ�VWUDWHJLHV�XVHG�

E\�VWXGHQWV�LQ�6ORYHQLD�LQ�VROYLQJ�VWRLFKLRPHWU\�SUREOHPV�DQG�WR�VKRZ�KRZ�D�NQRZOHGJH�

RI�FKHPLFDO�ODQJXDJH�H[HUWV�DQ�LQIOXHQFH�RQ�VXFFHVV�LQ�VROYLQJ�VWRLFKLRPHWU\�SUREOHPV��

�

0HWKRG�

��� 6DPSOH�

7KH�GDWD�ZHUH�FROOHFWHG�DW�WKH�HQG�RI�VHFRQGDU\�VFKRRO�DW�WKH�0DWXUD�H[DP��'XULQJ�

D�ILYH�\HDU�SHULRG������±�������DOWRJHWKHU������VHFRQGDU\�VFKRRO�VWXGHQWV�DW�WKH�DJH�RI�

���SDUWLFLSDWHG�LQ�WKH�VWXG\��,Q�6ORYHQLD�DOO�VWXGHQWV�ZKR�FKRRVH�FKHPLVWU\�DV�D�0DWXUD�

VXEMHFW� IROORZ� D� VL[�\HDU� FRXUVH� RI� FKHPLVWU\� �WZR�\HDUV� LQ� SULPDU\� VFKRRO� ±� VWXGHQWV�

DJHG� EHWZHHQ� ��� DQG� ��� \HDUV�� DQG� IRXU� \HDUV� LQ� VHFRQGDU\� VFKRRO� ±� VWXGHQWV� DJHG�

EHWZHHQ� ��� DQG� ��� \HDUV��ZLWK� WZR�SHULRGV� ����PLQXWHV�� D�ZHHN��$GGLWLRQDOO\�� LQ� WKH�

IRXUWK�\HDU��WKH�VWXGHQWV�KDYH�WR�IROORZ�D�VSHFLDO�FRXUVH�RI�ODE�ZRUN���

�

��� 'HVFULSWLRQ�RI�WKH�TXDQWLWDWLYH�SUREOHPV�

:H�DQDO\VHG� WKH� FRXUVH�RI� VROYLQJ� IRXU�GLIIHUHQW� VWRLFKLRPHWULF� WDVNV�� DQG� IRXQG�

WKDW�WKH�VWXGHQWV�DSSURDFKHG�WKH�WDVNV�LQ�GLIIHUHQW�ZD\V��

7KH� FKRVHQ� WDVNV� KDYH� WZR� PDLQ� VWHSV�� 7KH� ILUVW� VWHS� ZDV� ZULWLQJ� GRZQ� WKH�

HTXDWLRQ� DQG� EDODQFLQJ� LW�� DQG� WKH� VHFRQG� VWHS� ZDV� FDOFXODWLRQ� RI�� ���� WKH� YROXPH� RI�

DPPRQLD� XVHG� LQ� FKHPLFDO� UHDFWLRQ� ZLWK� VXOSKXULF�9,�� DFLG�� LI� D� NQRZQ� PDVV� RI�

DPPRQLXP� VXOSKDWH�9,�� LV� IRUPHG� �-� ��� ����� -� ��� ������ ���� WKH� YROXPH� RI� WKH�

SKRVSKRULF�9��DFLG�VROXWLRQ�RI�D�NQRZQ�PRODULW\�XVHG�IRU�QHXWUDOLVDWLRQ�RI�WKH�SRWDVVLXP�
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K\GUR[LGH� VROXWLRQ� RI� D� NQRZQ�YROXPH� DQG�PRODULW\� �-� ��� ������ ���� WKH� YROXPH�RI� WKH�

R[\JHQ� SURGXFHG� DIWHU� KHDWLQJ� WKH� NQRZQ� PDVV� RI� SRWDVVLXP� FKORUDWH�9�� ZLWK�

PDQJDQHVH�,9�� R[LGH� DV� D� FDWDO\VW� �-� ��� ������ DQG� ���� WKH� PDVV� RI� FKORULQH� XVHG� IRU�

REWDLQLQJ�D�NQRZQ�PDVV�RI�EURPLQH�IURP�VHD�ZDWHU��-����������

6WXGHQWV�ZHUH� UHTXLUHG� WR� IROORZ�VL[� VWHSV� LQ� WKH�SUREOHP�VROYLQJ�SURFHGXUH�� ����

ZULWLQJ� GRZQ� WKH� HTXDWLRQ� DQG� EDODQFLQJ� LW�� ���� ZULWLQJ� GRZQ� WKH� GDWD� DQG� XVHIXO�

UHODWLRQV�� ���� FDOFXODWLQJ� WKH� PRODU� PDVV� RI� WKH� NQRZQ� DQG� XQNQRZQ� VXEVWDQFHV�� ����

FDOFXODWLQJ�WKH�DPRXQW�RI� WKH�NQRZQ�VXEVWDQFH������XVLQJ�WKH�DPRXQW�UDWLR� WR�FDOFXODWH�

WKH� DPRXQW� RI� WKH� XQNQRZQ� VXEVWDQFH�� DQG� ���� FDOFXODWLQJ� WKH� YROXPH� RI� WKH� JDV� RU�

OLTXLG�RU�WKH�PDVV�RI�D�VXEVWDQFH�UHTXLUHG�LQ�WKH�WDVN��

�

��� 3URFHGXUH�

$� ���LWHP� �RQH� RU� WZR� LWHPV� DUH� VWRLFKLRPHWU\� SUREOHPV�� SDSHU�DQG�SHQFLO� WHVW�

ZDV� DVVLJQHG� WR� WKH� VWXGHQWV�� 7KH� WLPH� UHTXLUHG� WR� FRPSOHWH� WKH� WHVW�ZDV� ���PLQXWHV��

6WXGHQWV�XVHG�WKH�HQFORVHG�SHULRGLF�WDEOH�RI�HOHPHQWV�DQG�D�FDOFXODWRU��,Q�RXU�VWXG\�RQO\�

RQH�VWRLFKLRPHWU\�SUREOHP�IURP�WKH�WHVW�HDFK�\HDU�ZDV�DQDO\VHG��7KH�PDLQ�VWHSV�QHHGHG�

WR� VROYH� WKH� SUREOHP�ZHUH� LGHQWLILHG�� )RU� HDFK� VWHS�� WKH�SURSRUWLRQ�RI� FRUUHFW� DQVZHUV�

ZDV�FDOFXODWHG�DQG�WKH�PRVW�FRPPRQ�PLVWDNHV�ZHUH�HVWDEOLVKHG��

�

5HVXOWV�DQG�GLVFXVVLRQ�

)URP� WKH� UHVXOWV� REWDLQHG� LQ� DQDO\VLV� RI� FKRVHQ� VWRLFKLRPHWU\� SUREOHPV�� ZH� FDQ�

FRQFOXGH�WKDW�6ORYHQH�VHFRQGDU\�VFKRRO�VWXGHQWV�ZHUH�WKH�PRVW�VXFFHVVIXO�LQ�VROYLQJ�WKH�

QHXWUDOLVDWLRQ� VWRLFKLRPHWU\�SUREOHP�-���� ���� LQ� VFKRRO�\HDU��������� ������RI� FRUUHFW�

UHVXOWV�� �&KDUW�����7KH�WDVN�ZDV�TXLWH�HDV\�IRU�VWXGHQWV�EHFDXVH�WKH\�FDPH�DFURVV�VXFK�

W\SHV� RI� WDVNV� TXLWH� RIWHQ� LQ� WKHLU� VHFRQGDU\� VFKRRO� FKHPLFDO� HGXFDWLRQ� �WKH�

QHXWUDOLVDWLRQ� RI� WKH� DFLG� ZLWK� WKH� EDVH�� ±� ��� �� RI� WKH� VWXGHQWV� FRUUHFWO\� ZURWH� WKH�

FKHPLFDO� HTXDWLRQ� IRU� WKLV� UHDFWLRQ�� 7KH� KLJKHVW� SHUFHQWDJH� RI� ZURQJ� DQVZHUV� ZDV�

GHWHFWHG�DW�WKH�0DWXUD�H[DP�LQ�VFKRRO�\HDU���������DQG����������ZKHQ�RQO\�������-����

����� DQG� ��� �� �-� ��� ����� RI� VWXGHQWV� FRUUHFWO\� VROYHG� WKH� VDPH� SUREOHP�� 7KH� PRVW�

IUHTXHQW�PLVWDNH�ZDV�LQ�FDOFXODWLQJ�WKH�DPRXQW�RI�UHDFWDQW�IURP�WKH�DPRXQW�UDWLR�������
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RI�LQFRUUHFW�FDOFXODWLRQV���2QO\������RI�WKH�VWXGHQWV�FRUUHFWO\�FDOFXODWHG�WKH�YROXPH�RI�

DPPRQLD�LQ�JLYHQ�FRQGLWLRQV�DW�WKH�HQG�RI�WKH�SUREOHP�VROYLQJ�SURFHVV���

- �� ���

- �� ���

- �� ���

- �� ���

- �� ���

����

����

����

����

����
����

����

����

����

����

����

����

����

����
����

� ��� ��� ��� ��� ��� ��� ��� ���

SURSRUWLRQ

- �� ���

- �� ���

- �� ���

- �� ���

- �� ���

SUREOHP

FRUUHFW LQFRUUHFW QR UHVXOW

�

&KDUW���� &RPSDUDWLYH�UHYLHZ�RI�VXFFHVV�LQ�VROYLQJ�FKRVHQ�VWRLFKLRPHWU\�SUREOHPV�LQ�

\HDUV�������������������

�

7KH�DYHUDJH�VFRUH�RI�FRUUHFW�DQVZHUV�REWDLQHG�E\�XVLQJ�WKH�VWRLFKLRPHWU\�PRGHO�DUH�

JLYHQ�LQ�)LJXUH����2Q�DYHUDJH�������RI�WKH�VWXGHQWV�FRUUHFWO\�VROYHG�WKH�WDVN��EXW�������

RI� VWXGHQWV� GLG� QRW� HYHQ� DWWHPSW� WR� VROYH� LW�� ��� �� RI� VWXGHQWV� FRUUHFWO\� ZURWH� WKH�

FKHPLFDO� HTXDWLRQ�� DQG� ��� �� RI� VWXGHQWV� FRUUHFWO\� VROYHG� WKH� XQNQRZQ� DPRXQW� RI�

VXEVWDQFH�IURP�WKH�DPRXQW� UDWLR��2Q�DYHUDJH�������RI�VWXGHQWV�VROYHG�WKH�LWHPV�XVLQJ�

WKH�VWHS�E\�VWHS�PRGHO��DQG������RI�VWXGHQWV�XVHG�RWKHU�VWUDWHJLHV��FKXQNLQJ�RI�VWHSV�LQ�

WKH�SUREOHP±VROYLQJ�SURFHGXUH��DQG�E\�XVLQJ�WKH�UXOH�RI�SURSRUWLRQ����
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�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH���� 0RGHO�RI�VROYLQJ�VWRLFKLRPHWU\�SUREOHPV��LQFOXGLQJ�WKH�DYHUDJH�SURSRUWLRQ�

RI�FRUUHFW�DQVZHUV�

�

7KH�XVH�RI�RWKHU�VWUDWHJLHV� LQFUHDVHG�IURP�WKH�\HDU�������ZKHQ������RI�VWXGHQWV�

XVHG�RWKHU�VWUDWHJLHV��WR������LQ�\HDU�������7KHVH�UHVXOWV�PD\�VKRZ�GLIIHUHQW�DVSHFWV�LQ�

WHDFKLQJ� SUREOHP�VROYLQJ� VWUDWHJLHV�� EXW� WKH� DYHUDJH� VXFFHVV� LQ� VROYLQJ� VWRLFKLRPHWU\�

SUREOHPV� ZDV� QRW� LPSURYHG�� 7KH� V\PEROLF� FKHPLFDO� ODQJXDJH� LV� WKH� ILUVW� EDUULHU� LQ�

VROYLQJ� VWRLFKLRPHWULF� SUREOHPV�� 2Q� DYHUDJH�� ��� �� RI� VWXGHQWV� FRUUHFWO\� ZURWH� WKH�

IRUPXODH� RI� UHDFWDQWV� DQG� ����� IRUPXODH� RI� SURGXFWV�� DQG� �����RI� VWXGHQWV� FRUUHFWO\�

ZURWH�WKH�EDODQFHG�FKHPLFDO�HTXDWLRQ��

7KH�PRVW�FRPPRQ�PLVWDNHV�LQ�ZULWLQJ�FKHPLFDO�HTXDWLRQV�ZHUH������ZURQJ�V\PERO�

IRU�HOHPHQWV�IRUPLQJ�D�FRPSRXQG������ZURQJ�DQLRQ�RU�FDWLRQ�LQ�WKH�IRUPXOD�IRU�VDOW������

ZURQJ�FKDUJH�RI�LRQV�LQ�WKH�VDOW������QRW�XQGHUVWDQGLQJ�WKH�UROH�RI�WKH�R[LGDWLRQ�QXPEHU�

48$17,7$7,9( 672,&+,20(75< 352%/(0

8VHIXO PDWKHPDWLFDO UHODWLRQV�

$
U
� $

U
� ���  0

U
� 0� Q  P � 0�

F  Q � 9� 3 � 9  Q � 5 � 7

:ULWLQJ WKH DPRXQW UDWLR�

Q�;� � D  Q�<� � E  Q�4� � F  Q�=� � G

&DOFXODWLQJ WKH DPRXQW RI VXEVWDQFH�

Q�;�  P�;� � 0�;�� Q�;�  F�;� � 9�

Q�;�  3 � 9 � 5 � 7
&DOFXODWLQJ WKH PDVV RI WKH VXEVWDQFH�

P�=�  Q�=� � 0�=�

&DOFXODWLQJ WKH YROXPH RI WKH JDV�

9�=�  Q�=� � 5 � 7 � 3

&DOFXODWLQJ WKH YROXPH RI WKH VROXWLRQ�

9�=�  Q�=� � F

8VLQJ WKH DPRXQW UDWLR IRU FDOFXODWLQJ WKH

DPRXQW RI VXEVWDQFH

Q�;� � D  Q�=� � Go Q�=�

'DWD�

PDVV RU DPRXQW RI WKH VXEVWDQFH�

YROXPH RI WKH JDV RU VROXWLRQ�

WHPSHUDWXUH DQG SUHVVXUH RI WKH JDV�

DYHUDJH JDV FRQVWDQW

:ULWLQJ EDODQFHG FKHPLFDO UHDFWLRQ�

D; � E<o F4 � G= ����

����

����

����



$FWD�&KLP��6ORY�������������������

6� $� *ODåDU� ,� 'HYHWDN� 6HFRQGDU\ VFKRRO VWXGHQWV¶ NQRZOHGJH RI VWRLFKLRPHWU\

���

LQ�WKH�FRPSRXQG�QDPH��DQG�����QRW�XQGHUVWDQGLQJ�SUHIL[HV��GL���WUL�������LQ�WKH�QDPHV�RI�

FRPSRXQGV��

7KH�UHVXOWV�RI�WKH�DQDO\VHV�FRQGXFWHG�RQ�WHVWV�IURP�0DWXUD�H[DP�LQ�WKH�\HDUV������

DQG� ����� VKRZ� WKDW� VWXGHQWV� GR� QRW� KDYH� GLIILFXOWLHV� LQ� ZULWLQJ� GRZQ� WKH� IRUPXOD� RI�

VXOSKXULF�9,��DFLG��EXW�WKH\�GR�KDYH�SUREOHPV�ZLWK�WKH�IRUPXOD�RI�LWV�VDOW�ZLWK�DPPRQLD�

������RI�WKH�VWXGHQWV�FRUUHFWO\�ZURWH�WKH�IRUPXOD�RI�WKH�VDOW�LQ�������-���������DQG�IHZHU�

WKDQ������LQ�������-����������7KH�PRVW�FRPPRQ�PLVWDNH�ZDV�FRQQHFWHG�WR�WKH�IRUPXOD�RI�

WKH�DPPRQLXP�LRQ��2Q�WHVWLQJ�LQ�������WKLV�PLVWDNH�ZDV�PDGH�E\������RI�WKH�VWXGHQWV��

DQG� LQ� ����� E\� ��� �� RI� WKH� VWXGHQWV�� RXW� RI� DOO� VWXGHQWV� ZKR� LQFRUUHFWO\� ZURWH� WKH�

FKHPLFDO�IRUPXOD�RI�WKH�DPPRQLXP�VXOSKDWH�9,���7KH�VWXGHQWV�ZURWH�GRZQ�VRPH�TXLWH�

FRQIXVHG�IRUPXODH�RI�WKH�DPPRQLXP�LRQ��VXFK�DV�1+���1+���1+��1� RU�MXVW�1��7KH�PRVW�

IUHTXHQW�PLVWDNH�LV�WKH�FRQIXVLRQ�RI�WKH�DPPRQLXP�LRQ�ZLWK�DPPRQLD�������±������DQG�

�����±������RXW�RI�GHWHFWHG�PLVWDNHV�UHODWLQJ�WR�WKH�DPPRQLXP�LRQ���6WXGHQWV�NQRZ�WKH�

IRUPXOD�RI�VXOSKXULF�DFLG��EHFDXVH�WKH\�KDYH�OHDUQHG�DERXW�LW�LQ�SULPDU\�DQG�VHFRQGDU\�

VFKRRO�DV�DQ�H[DPSOH�RI�D�VWURQJ�DFLG��:ULWLQJ�GRZQ�WKH�FKHPLFDO�IRUPXODH�RI�WKH�VDOWV�

RI� DONDOL� DQG� DONDOLQH� HDUWK� PHWDOV� ZLWK� VXOSKXULF� DFLG� DOVR� GRHV� QRW� SRVH� D� JUHDW�

GLIILFXOW\� WR� WKH� VWXGHQWV�� EXW� WKH\� GR� KDYH� WURXEOHV�ZULWLQJ� WKH� IRUPXOD�RI� D� VDOW�ZLWK�

DPPRQLD�� 7KH�PLVWDNHV� FRXOG� EH� WKH� FRQVHTXHQFH� RI� D� ODFN� RI� NQRZOHGJH� DERXW� KRZ�

DPPRQLD� IRUPV� DQ� DPPRQLXP� LRQ� LQ�ZDWHU� VROXWLRQV��ZKDW� LWV� FKDUJH� LV�� DQG� KRZ� LWV�

DONDOL�FKDUDFWHULVWLFV�FRXOG�EH�H[SODLQHG��

7KH�XQGHUVWDQGLQJ�RI�WKH�DPRXQW�UDWLR�LV��EHVLGH�WKH�V\PEROLF�FKHPLFDO�ODQJXDJH��

WKH�PRVW�GLIILFXOW�VWHS�LQ�WKH�VWRLFKLRPHWU\�SUREOHP�VROYLQJ�SURFHGXUH��7KLV�FRXOG�VKRZ�

WKH� ODFN� RI� SURSRUWLRQDO� UHDVRQLQJ� DELOLW\� RI� RXU� QLQHWHHQ�\HDU�ROG� VHFRQGDU\� VFKRRO�

VWXGHQWV��*DEHO�HW�DO�
��� ��

�IRXQG�VLPLODU�UHVXOWV�LQ�WKHLU�UHVHDUFK�RQ�$PHULFDQ�VHFRQGDU\�

VFKRRO�VWXGHQWV���

2QH� ILIWK� RI� WKH� VWXGHQWV�PDGH� D�PLVWDNH� LQ� FDOFXODWLRQ� LQ� SDUW� RI� WKH� SUREOHP�

VROYLQJ�SURFHGXUH��7KH�PRVW�SUREDEOH� UHDVRQ� LV�QHJOLJHQFH��:LWK�SURSHU� LQWHJUDWLRQ�RI�

WKH�FKHPLFDO�DQG�PDWKHPDWLFDO�NQRZOHGJH�WKH�VWXGHQWV�ZRXOG�EH�DZDUH�RI�WKH�PDJQLWXGH�

RI�WKH�QXPHULFDO�UHVXOW�DQG�LWV�XQLWV��
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:H� GHWHFWHG� VRPH� PLVFRQFHSWLRQV� UHJDUGLQJ�� ���� XQGHUVWDQGLQJ� WKH� UROH� RI� D�

FDWDO\VW�LQ�FKHPLFDO�UHDFWLRQV�-��������������RI�VWXGHQWV�WKLQN�WKDW�D�FDWDO\VW�LV�D�UHDFWDQW�

IURP�ZKLFK� WKH�SURGXFWV�DUH� IRUPHG��� ���� WKH�FRQFHSW�RI�SDUWLFOHV� LQ�VROXWLRQV�RI� LRQLF�

FRPSRXQGV�� -� ��� ���� ���� �� RI� VWXGHQWV� FRQVLGHU� VHD� ZDWHU� DV� D� VROXWLRQ� LQ� ZKLFK�

³PROHFXOHV�RI�EURPLQH�FRPSRXQGV´�DUH�SUHVHQW�������WKH�PHDQLQJ�RI�EDODQFHG�FKHPLFDO�

HTXDWLRQV�DQG�DPRXQW�UDWLR��DQG�����VRPH�VWXGHQWV�FRQIXVH�VRPH�SK\VLFDO�TXDQWLWLHV�VXFK�

DV�GHQVLW\��PDVV��DPRXQW�DQG�YROXPH�RI�WKH�VXEVWDQFH���

�

&RQFOXVLRQ�DQG�DSSOLFDWLRQ�

7KH� FKHPLFDO� HTXDWLRQV� VKRXOG� EH� GHULYHG� IURP� WKH� H[SHULPHQWDO� ZRUN�� :LWK�

V\VWHPDWLF� REVHUYDWLRQ� RI� WKH� FKHPLFDO� FKDQJH� DQG� LWV� SURSHU� VWHS�E\�VWHS� LOOXVWUDWLRQ�

XVLQJ� V\PEROLF� FKHPLFDO� ODQJXDJH�� WKH� DELOLW\� RI� DEVWUDFWLRQ�� DQWLFLSDWLRQ� RI� SRVVLEOH�

SURGXFWV�DQG�UHDVRQDEOH�FRQFOXVLRQV�FRXOG�EH�GHYHORSHG�LQ�VWXGHQWV��HYHQ�ZKHQ�WKH�UHDO�

FKHPLFDO�UHDFWLRQ�LV�QRW�SHUIRUPHG��<HW�ZH�GR�QRW�WHDFK�FKHPLVWU\�LQ�VXFK�D�ZD\�LQ�RXU�

VFKRROV��VLQFH�XVXDOO\�WHDFKHUV�MXVW�GHPDQG�IURP�VWXGHQWV�FKHPLFDO�HTXDWLRQV�OHDUQHG�E\�

KHDUW��7KH�FRQVHTXHQFHV�RI�VXFK� WHDFKLQJ�RI�FKHPLVWU\�DUH�RIWHQ�PLVFRQFHSWLRQV�DERXW�

FKHPLFDO�UHDFWLRQV��ZKLFK�FDQ�EH�UHIOHFWHG�LQ�ZULWLQJ�GRZQ�VRPH�PHDQLQJOHVV�DQG�ZURQJ�

FKHPLFDO�FRPSRXQGV�DV�D�UHVXOW�RI�WKH�VWXGHQWV
�JXHVVLQJ��

7KH�RYHUDOO�FRQFOXVLRQ�LV�WKDW�VWXGHQWV�±�HYHQ�DIWHU�VL[�\HDUV�RI�FKHPLVWU\�HGXFDWLRQ�

±� GR� QRW� DGHTXDWHO\� PDVWHU� WKH� FKHPLFDO� ODQJXDJH� ZKLFK� LV� IXQGDPHQWDO� IRU�

VWRLFKLRPHWU\�� WKH� UHDVRQ� EHLQJ� WKDW� QRW� HQRXJK� HPSKDVLV� LV� JLYHQ� WR� WHDFKLQJ� DQG�

FRQVROLGDWLQJ� WKH� XVH� RI� WKH� SURSHU� V\PEROLF� ODQJXDJH� RI� FKHPLVWU\�� 6WXGHQWV� GR� QRW�

XQGHUVWDQG�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�QDPH�RI�D�VXEVWDQFH�DQG�LWV�IRUPXOD��7KH\�GR�QRW�

PDVWHU�WKH�PHDQLQJ�RI�VXIIL[HV�LQ�QDPLQJ�FKHPLFDO�VXEVWDQFHV��6WXGHQWV�GR�QRW�FRUUHODWH�

WKH�R[LGDWLRQ�QXPEHU�RI� HOHPHQWV�ZLWK� WKH�QDPH�RI� WKH� VXEVWDQFH�� ,Q� VRPH�FDVHV� WKH\�

DOVR�FRQIXVH�WKH�V\PEROV�IRU�HOHPHQWV��7KH\�GR�QRW�SD\�DWWHQWLRQ�WR�WKH�SRVLWLRQV�RI�WKH�

HOHPHQWV�LQ�WKH�SHULRGLF�WDEOH�DQG�WKHLU�FRPPRQ�R[LGDWLRQ�QXPEHU���

%HVLGH�YHU\�ZHDN�NQRZOHGJH�RI�FKHPLFDO�ODQJXDJH��VWXGHQWV�GR�QRW�KDYH�DGHTXDWHO\�

GHYHORSHG� SURSRUWLRQDO� UHDVRQLQJ�� EXW� WKH\� MXVW� IROORZ� WKH� DOJRULWKPV� OHDUQW�� XVLQJ�

PDWKHPDWLFDO� RSHUDWLRQV� LQ� VROYLQJ� VWRLFKLRPHWU\� SUREOHPV�� 7KH\� GR� QRW� WKLQN�

FKHPLFDOO\�DERXW�WKH�REWDLQHG�UHVXOW�LQ�WKH�SUREOHP�VROYLQJ�SURFHVV���
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,Q� WKH�FKHPLVWU\�FXUULFXOXP�LQ�6ORYHQLDQ�VHFRQGDU\�VFKRROV�PRUH�VWUHVV�VKRXOG�EH�

JLYHQ�WR�FKHPLFDO�ODQJXDJH�DQG�LWV�DSSOLFDWLRQ�LQ�VWRLFKLRPHWU\��7KH�TXDQWLWDWLYH�OHYHO�RI�

FKHPLFDO�UHDFWLRQ�VKRXOG�EH�DQ�HVVHQWLDO�SDUW�RI�WHDFKLQJ�FKHPLVWU\��DQG�QRW�RQO\�D�SDUW�

RI�WKH�FXUULFXOXP�LQ�WKH�ILUVW�\HDU��7KH�WHDFKHUV�VKRXOG�PDNH�D�JUHDWHU�HIIRUW�WR���

���� XQGHUVWDQG� FKHPLFDO� FRQFHSWV� UHJDUGLQJ� WKH�TXDQWLWDWLYH�SUREOHP�� DQG�QRW� MXVW�

DSSO\�PDWKHPDWLFDO�UHODWLRQV�LQ�WKH�SUREOHP�VROYLQJ�SURFHGXUH��

���� SUHVHQW� TXDQWLWDWLYH� UHODWLRQV� EHWZHHQ� VXEVWDQFHV� LQ� WKH� FKHPLFDO� UHDFWLRQ�

WKURXJK�H[SHULPHQWV��DQG�GHYHORS�WKH�VNLOO�RI�H[DFW�REVHUYDWLRQ�DQG�PHDQLQJIXO�XVH�RI�

V\PEROLF�FKHPLFDO�ODQJXDJH���

����LQWURGXFH�DQG�SUDFWLFH�WKH�SUREOHP�VROYLQJ�VWUDWHJLHV�LQ�SDLUV�RU�VPDOO�JURXSV��VR�

WKDW�VWXGHQWV�ZLOO�EH�DEOH�WR�VROYH�VWRLFKLRPHWULF�SUREOHPV�VWHS�E\�VWHS�DQG�WR�HYDOXDWH�

WKH�VROXWLRQV�IRU�HDFK�VWHS���

���� GHYHORS� H[DFWQHVV� LQ� UHDGLQJ� WKH� WH[W� RI� WKH� SUREOHP� DQG� LQ� SHUIRUPLQJ� WKH�

VROXWLRQ�SURFHVV���

����GHDO�ZLWK�SUREOHPV�DV�VSHFLILF�VLWXDWLRQV�±�DQG�VWXGHQWV�PXVW�EH�DZDUH�WKDW��IRU�

SUREOHP�VROYLQJ��FULWLFDO�DQG�ORJLFDO�UHDVRQLQJ�LV�QHFHVVDU\���

����HQFRXUDJH�VWXGHQWV�LQ�VHHNLQJ�VXLWDEOH�LQIRUPDWLRQ�WR�VROYH�D�SUREOHP�IURP�RWKHU�

VRXUFHV��ERRNV��DUWLFOHV��LQWHUQHW��&'±520V�������

���� H[SODLQ� WKH� VWHS�E\�VWHS� SUREOHP�VROYLQJ� SURFHGXUH�� VR� WKDW� VWXGHQWV� FRXOG�

LQFRGH�WKH�SURFHVV�LQ�ORQJ�WHUP�PHPRU\�IRU�ODWHU�DSSOLFDWLRQ�WR�VLPLODU�VLWXDWLRQV���

����GHYHORS�SURSRUWLRQDO�UHDVRQLQJ��DQG��

���� HYDOXDWH� WKH� SUREOHP�VROYLQJ� SURFHVV� DQG� WKH� HQG� UHVXOW� �LWV� PDJQLWXGH� DQG�

XQLWV���

$OO� WKHVH� SRLQWV� UHTXLUH� IURP� WKH� WHDFKHU� JUHDWHU� NQRZOHGJH� LQ� OHDGLQJ� WKH�

HGXFDWLRQDO�SURFHVV��GHWHFWLRQ�RI�PLVFRQFHSWLRQV�DQG�WKHLU�HOLPLQDWLRQ��

�

5HIHUHQFHV�
�� +� -� 6FKPLGW� ,QWHUQDWLRQDO -RXUQDO RI 6FLHQFH (GXFDWLRQ ����� ��� ��� � ����

�� -�� '� +HUURQ� 7KH &KHPLVWU\ &ODVVURRP� )RUPXODV IRU 6XFFHVVIXO 7HDFKLQJ� $PHULFDQ &KHPLFDO

6RFLHW\� :DVKLQJWRQ� ����� �� � ����

�� -� '� %UDQVIRUG� %� 6� 6WHLQ� 7KH ,'($/ 3UREOHP 6ROYHU� :� +� )UHHPDQ DQG &RPSDQ\� 1HZ <RUN�

����� �� �� �� � ���

�� 0� )UD]HU� &KHPLFDO 6RFLHW\ 5HYLHZV ����� ��� �� ��� � ����

�� &� 7� &� :� 0HWWHV� HW DO� -RXUQDO RI &KHPLFDO (GXFDWLRQ ����� ��� ��� ��� � ����
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���

�� +� .UDPHUV�3DOV� $� 3LORW� ,QWHUQDWLRQDO -RXUQDO RI 6FLHQFH (GXFDWLRQ ����� ��� ��� � ���

�� *� -� %HLFKO� -RXUQDO RI &KHPLFDO (GXFDWLRQ ����� ��� ��� � ����

�� '� 0� %XQFH� '� /� *DEHO� -� 9� 6DPXHO -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� ��� �

����

�� .� 9� )DVW� -RXUQDO RI &KHPLFDO (GXFDWLRQ ����� ��� ����

��� '� /� *DEHO� 5� '� 6KHUZRRG� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� ��� � ����

��� '� /� *DEHO� 5� '� 6KHUZRRG� /� (QRFKV� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� ��� �

����

��� 3� $� +XGGOH� $� (� 3LOOD\� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� �� � ���

��� '� 6� 0DVRQ� '� )� 6KHOO� )� (� &UDZOH\� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� ��� �

����

��� 0� 1LD]� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� ��� � ����

��� +� -� 6FKPLGW� 7KH 6FKRRO 6FLHQFH 5HYLHZ ����� ��� ��� � ����

��� +� -� 6FKPLGW� 7KH 6FKRRO 6FLHQFH 5HYLHZ ����� ��� ��� � ����

��� +� -� 6FKPLGW� ,QWHUQDWLRQDO -RXUQDO RI 6FLHQFH (GXFDWLRQ ����� ��� ��� � ����

��� -� 5� 6WDYHU� $�7� /XPSH� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ��� ��� � ����

��� -� %� 7LQJOH� 5� *RRG� -RXUQDO RI 5HVHDUFK LQ 6FLHQFH 7HDFKLQJ ����� ������ � ���

�

3RY]HWHN�
1DPHQ UD]LVNDYH MH RFHQLWL XVSHãQRVW LQ XJRWRYLWL WHåDYH VORYHQVNLK VUHGQMHãROFHY �VWDULK ��

OHW� SUL UHãHYDQMX VWHKLRPHWULMVNLK SUREOHPRY� 3RGDWNL VR ELOL ]EUDQL QD PDWXULWHWQLK

SUHL]NXVLK ]QDQMD Y ]DGQMHP SHWOHWQHP REGREMX PDWXULWHWQLK SUHL]NXVRY �����±������

3RVWDYOMHQ MH ELO VSORãQL PRGHO UHãHYDQMD VWHKLRPHWULMVNLK SUREOHPRY� 8JRWRYOMHQR MH ELOR�

GD MH SRYSUHþQR �� � PDWXUDQWRY SUDYLOQR UHãLOR QDORJH� VNRUDM � � GLMDNRY SD QDORJ QL

UHãHYDOR� 1DMSRJRVWHMãH QDSDNH SUL UHãHYDQMX WRYUVWQLK SUREOHPRY VR QDSDNH Y XSRUDEL

VLPEROQHJD NHPLMVNHJD MH]LND LQ XSRUDEL PQRåLQVNHJD UD]PHUMD� 1D NRQFX VR SRGDQH

VPHUQLFH SRXþHYDQMD WH YVHELQH� Y XSDQMX QD ]PDQMãDQMH WRYUVWQLK QDSDN�

�


