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1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP $ 3DJH � RI �

3UREOHP�$��� $UURZV
LQSXWILOH� LQSXW�$

RXWSXWILOH� RXWSXW�$

'HVFULSWLRQ

7KH JDPH ¶$UURZV· LV SOD\HG RQ D ERDUG� RQ ZKLFK D FRORXUHG GLUHFWHG JUDSK LV GUDZQ� 1RW

RQO\ WKH ORFDWLRQV LQ WKH JUDSK DUH FRORXUHG� DOVR WKH DUURZV SRLQWLQJ IURP ORFDWLRQ WR ORFDWLRQ

DUH FRORXUHG� (DFK RI WKH WZR SOD\HUV KDV D SLHFH� $W WKH EHJLQQLQJ RI WKH JDPH� WKH SLHFHV RI

ERWK SOD\HUV DUH LQ IL[HG SRVLWLRQV RQ WKH ERDUG� ,Q WXUQ� WKH SOD\HUV PD\ GR D PRYH� $ PRYH

FRQVLVWV RI PRYLQJ RQH
V RZQ SLHFH DORQJ DQ DUURZ WR D QHZ ORFDWLRQ RQ WKH ERDUG� 7KH

IROORZLQJ FRQVWUDLQW LV LPSRVHG RQ WKLV� WKH SLHFH PD\ RQO\ EH PRYHG DORQJ DUURZV RI WKH VDPH

FRORXU DV WKH ORFDWLRQ RI WKH RSSRQHQW
V ORFDWLRQ� )RU H[DPSOH� LI WKH RSSRQHQW
V SLHFH LV

FXUUHQWO\ DW D UHG ORFDWLRQ� WKH SOD\HU PD\ RQO\ PRYH KLV RZQ SLHFH DORQJ D UHG DUURZ�

,Q WKH VL[WLHV �¶PDNH ORYH QRW ZDU·� D RQH�SHUVRQ YDULDQW RI WKH JDPH HPHUJHG� ,Q WKLV YDULDQW

RQH SHUVRQ PRYHV ERWK SLHFHV� QRW QHFHVVDULO\ RQH DIWHU WKH RWKHU� *RDO RI WKLV JDPH LV WR JHW

ERWK SLHFHV RQWR WKH VDPH ORFDWLRQ� XVLQJ DV IHZ PRYHV DV SRVVLEOH�

3UREOHP

7KH SUREOHP WR EH VROYHG LV WR ILQG RXW WKH VPDOOHVW QXPEHU RI PRYHV WKDW LV QHFHVVDU\ WR JHW

ERWK SLHFHV LQWR WKH VDPH ORFDWLRQ� IRU D JLYHQ ERDUG OD\RXW DQG VWDUWLQJ SRVLWLRQV�

7KH ERDUG ORFDWLRQV DUH LGHQWLILHG E\ XSSHU�FDVH OHWWHUV UDQJLQJ IURP $ WR =� 7KH FRORXUV RI

WKH ORFDWLRQV DQG DUURZV DUH UHSUHVHQWHG E\ WKH OHWWHUV D WR ]�

,QSXW

7KH LQSXW ILOH VWDUWV ZLWK D OLQH FRQWDLQLQJ WKH QXPEHU RI JDPHV WR EH DQDO\VHG�

(DFK RI WKH JDPH GHVFULSWLRQV VWDUWV ZLWK D OLQH FRQWDLQLQJ WKH QXPEHU RI ORFDWLRQV RQ WKH

ERDUG� )RU HDFK ORFDWLRQ� WKHUH LV RQH OLQH GHVFULELQJ LW�

7KLV OLQH ILUVW FRQWDLQV DQ XSSHU�FDVH OHWWHU GHQRWLQJ WKH QDPH RI WKH ORFDWLRQ� IROORZHG E\ D

ORZHU�FDVH OHWWHU GHQRWLQJ LWV FRORXU� 7KH QXPEHU RI DUURZV OHDYLQJ WKLV ORFDWLRQ IROORZV� 7KHQ

IRU HDFK RI WKHVH DUURZV� WKHUH DUH WZR OHWWHUV� ILUVW DQ XSSHU�FDVH OHWWHU GHQRWLQJ WKH HQGSRLQW

RI WKH DUURZ� IROORZHG E\ D ORZHU�FDVH OHWWHU GHQRWLQJ LWV FRORXU� $OO ILHOGV DUH VHSDUDWHG E\ D

VLQJOH VSDFH�

7KHUH DUH QR DUURZV IURP D ORFDWLRQ WR LWVHOI� DQG IRU HYHU\ SDLU RI ORFDWLRQV� WKHUH DUH DW PRVW

WZR DUURZV EHWZHHQ WKHP �DW PRVW RQH LQ HDFK GLUHFWLRQ��

)LQDOO\� IRU HDFK JDPH GHVFULSWLRQ� WKHUH LV RQH OLQH FRQWDLQLQJ WZR XSSHU�FDVH OHWWHUV� ZKLFK

DUH WKH VWDUWLQJ SRVLWLRQV RI WKH JDPH SLHFHV�

2XWSXW

7KH RXWSXW ILOH VKRXOG FRQWDLQ RQH OLQH IRU HYHU\ DQDO\VHG JDPH� FRQWDLQLQJ WKH PLQLPXP

QXPEHU RI PRYHV UHTXLUHG WR JHW ERWK SLHFHV LQWR WKH VDPH ORFDWLRQ� RU WKH ZRUG impossible
LI WKDW LV QRW SRVVLEOH IRU WKH JLYHQ ERDUG DQG VWDUWLQJ SRVLWLRQ�
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3UREOHP $ 3DJH � RI �
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1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP % 3DJH � RI �

3UREOHP�%��� 0'67��PDFKLQH

LQSXWILOH� LQSXW�%

RXWSXWILOH� RXWSXW�%

'HVFULSWLRQ

7KH REMHFW� ODWHU NQRZQ DV WKH 0'67�PDFKLQH� ZDV GLVFRYHUHG LQ ���� QHDUE\ :HVW�

.QROOHQGDP� 7KH REMHFW ZDV PDGH RI DQ XQNQRZQ PHWDO� 7KH VXUIDFH ZDV VROLG� VPRRWK DQG

VHDPOHVV� $OO WKH DWWHPSWV WR RSHQ WKH REMHFW IDLOHG PLVHUDEO\�

2Q WKH RXWVLGH RQO\ D FRXSOH RI EXWWRQV DQG ZLQGRZV ZHUH YLVLEOH� 7KH EXWWRQ WR

DFWLYDWH WKH REMHFW FRXOG EH UHFRJQLVHG HDVLO\� EXW LW GLGQ·W VHHP ZLVH WR DFWLYDWH WKH REMHFW

ZLWKRXW NQRZLQJ LWV IXQFWLRQDOLW\� $ VSHFLDO FRXQFLO� LQLWLDWHG E\ WKH 8QLWHG 1DWLRQV� GHFLGHG

WR DFWLYDWH WKH REMHFW LQ D VSHFLDOO\ VHFXUHG HQYLURQPHQW�

'�GD\� 7KH ZKROH ZRUOG ZDWFKHG ZKDW ZRXOG KDSSHQ� $IWHU D ORQJ FRXQWGRZQ ILQDOO\

WKH REMHFW ZDV DFWLYDWHG��� 1RWKLQJ VHHPHG WR KDSSHQ� 1R VRXQG FRXOG EH KHDUG� 6XGGHQO\ WZR

GLVSOD\V OLJKWHQHG� 7KH ILUVW GLVSOD\ FRXOG EH XVHG WR HQWHU VHULHV RI RSHUDWLRQV� 7KH VHFRQG

GLVSOD\ FRXOG GLVSOD\ ��GLJLW QXPEHUV�

,Q WKH \HDUV WKDW IROORZHG VFLHQWLVWV ZRUNHG KDUG WR GLVFRYHU LWV IXQFWLRQDOLW\� 7KH

REMHFW DSSHDUHG WR EH FDSDEOH RI PDQLSXODWLQJ QXPEHUV� )RU WKDW SXUSRVH IRXU RSHUDWLRQV

H[LVW�

7KHVH RSHUDWLRQV DUH�

• mul2 �DEEUHY� M�� 0XOWLSOLHV D JLYHQ QXPEHU E\ WZR
H�J� PXO� ����  ����

• div2 �DEEUHY D�� 'LYLGHV D JLYHQ QXPEHU E\ WZR
H�J� GLY� ����  ����

• sort �DEEUHY� S�� 6RUWV WKH GLJLWV RI D QXPEHU LQ DVFHQGLQJ RUGHU� /HDGLQJ ]HURV
GLVDSSHDU�

H�J� VRUW ����  ���

• tros �DEEUHY� T�� 6RUWV WKH GLJLWV RI D QXPEHU LQ GHVFHQGLQJ RUGHU �RSSRVLWH RI VRUW�
H�J� WURV ����  ����

6HULHV RI RSHUDWLRQV FDQ EH HQWHUHG� ZKLFK DUH VXFFHVVLYHO\ DSSOLHG WR D JLYHQ QXPEHU� 7KH

VHULHV LV SURFHVVHG IURP OHIW WR ULJKW�

H�J� 06'7 ����  6'7 ����  '7 ���  7 ��  ��

7KH IXQFWLRQDOLW\ RI WKH REMHFW ZDV UHYHDOHG� 6WLOO LW ZDVQ·W FOHDU IRU ZKDWHYHU SXUSRVH WKH

REMHFW ZDV XVHG DQG E\ ZKRP�

,Q D VPDOO FDYH LQ 3HUX LQVFULSWLRQV ZHUH IRXQG ZKLFK PLJKW OHDG WR WKH ILQDO DQVZHU� 7KHVH

LQVFULSWLRQV IRUP D VSHFLDO QXPEHU�PDJLF� )RU VHYHUDO QXPEHUV D VHULHV RI RSHUDWLRQV ZDV

JLYHQ ZKLFK ILQDOO\ OHDG WR WKH QXPEHU ��

7KH QH[W UHODWLRQV DUH IRXQG�

• $ JLYHQ UHSUHVHQWDWLRQ LV WKH VKRUWHVW UHSUHVHQWDWLRQ SRVVLEOH
• ,I WKHUH LV PRUH WKDQ RQH ¶VKRUWHVW· UHSUHVHQWDWLRQ� WKH DOSKDEHWLFDOO\ VKRUWHVW
UHSUHVHQWDWLRQ LV JLYHQ

• 2QO\ WKH VHFRQG GLVSOD\ LV XVHG WR GLVSOD\ WKH UHVXOWLQJ QXPEHUV� 6R DIWHU DQ\ RSHUDWLRQ
WKH UHVXOWLQJ QXPEHU FDQQRW EH ODUJHU WKDQ � GLJLWV� ,I DQ RSHUDWLRQ UHVXOWV LQ D QXPEHU

ODUJHU WKDQ WKHVH � GLJLWV� WKH ILUVW SDUW RI WKLV QXPEHU LV LJQRUHG DQG RQO\ WKH ODVW � GLJLWV

DUH XVHG IRU IXUWKHU RSHUDWLRQV�
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3UREOHP % 3DJH � RI �

3UREOHP

*LYHQ D QXPEHU Q �� ≤ Q � ������ FDOFXODWH WKH VPDOOHVW VHULHV RI RSHUDWLRQV OHDGLQJ WR �� ,I

PRUH WKDQ RQH VHULHV LV DSSOLFDEOH� WKH DOSKDEHWLFDOO\ VPDOOHVW KDV WR EH FKRVHQ�

,QSXW

7KH LQSXW ILOH VWDUW ZLWK D OLQH FRQWDLQLQJ WKH QXPEHU RI WHVWV W LQ WKH LQSXWILOH� IROORZHG E\ W

OLQHV� HDFK FRQWDLQLQJ D VLQJOH QXPEHU� RI ZKLFK WKH VPDOOHVW VHULHV OHDGLQJ WR � KDV WR EH

FDOFXODWHG�

2XWSXW

)RU HDFK FRUUHVSRQGLQJ WHVW LQ WKH LQSXW ILOH D VLQJOH OLQH LV SURGXFHG� FRQWDLQLQJ WKH VPDOOHVW

VHULHV OHDGLQJ WR �� ,I PRUH WKDQ RQH VHULHV LV DSSOLFDEOH� WKH DOSKDEHWLFDOO\ VPDOOHVW LV JLYHQ�

([DPSOH

6DPSOH LQSXW
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1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP & 3DJH � RI �

3UREOHP�&��� (QWURS\
LQSXWILOH� LQSXW�&

RXWSXWILOH� RXWSXW�&

'HVFULSWLRQ

$IWHU KHU EULOOLDQW GLVFRYHU\ RI ZRUP KROHV H[DFWO\ RQH \HDU DJR� WKH SK\VLFLVW UHWXUQV WR KHU

GDLO\ ZRUN� ZKLFK FRQVLVWV PDLQO\ RI GRLQJ H[SHULPHQWV DQG DQDO\VLQJ WKH PHDVXUHPHQW GDWD�

%HFDXVH RI WKH ORZ IXQGLQJ RI KHU UHVHDUFK JURXS VKH KDV WR XVH VLPSOH GHYLFHV OLNH D FKHDS

(QWU�R�0HWHU� WR PHDVXUH WKH HQWURS\ RI WKH XQLYHUVH� 'HVSLWH WKH VHFRQG ODZ RI

WKHUPRG\QDPLFV� ZKLFK VWDWHV WKDW HQWURS\ PXVW DOZD\V EH LQFUHDVLQJ� KHU PHDVXUHPHQW

GDWD GRHV QRW H[KLELW WKDW SDWWHUQ� 6KH VXVSHFWV WKDW WKH FKHDS (QWU�R�0HWHU KDV D ORRVH

FRQQHFWLRQ DQG WKDW RQO\ VRPH RI WKH YDOXHV LQ WKH PHDVXUHPHQW GDWD DFWXDOO\ DUH HQWURS\

YDOXHV� DQG WKH UHVW LV MXVW QRLVH� 6KH QHHGV \RXU KHOS WR H[WUDFW WKH HQWURS\ GDWD IURP KHU

PHDVXUHPHQWV� %X\LQJ D PRUH H[SHQVLYH $QDO\]�R�0DWLF LV QRW DQ RSWLRQ�

3UREOHP

7KH PHDVXUHPHQWV FRQVLVW RI VHTXHQFHV RI VHHPLQJO\ UDQGRP QXPEHUV� 7KH ILUVW VWHS LQ WKH

DQDO\VLV� IRU ZKLFK \RXU KHOS LV QHHGHG� LV WR GHWHUPLQH WKH QXPEHU RI YDOLG GDWD HOHPHQWV LQ

HDFK RI WKHVH VHTXHQFHV� 7KH SK\VLFLVW
V K\SRWKHVLV LV WKDW� LI \RX WDNH D VHOHFWLRQ RI WKH

PHDVXUHPHQW YDOXHV� WKH ORQJHVW VWULFWO\ LQFUHDVLQJ VHOHFWLRQ LV WKH ¶UHDO· HQWURS\ GDWD� )RU

H[DPSOH� LI WKH PHDVXUHPHQWV DUH 6 4 5 5 4 10 � WKH K\SRWKHVLV VD\V WKDW WKH HQWURS\

YDOXHV DUH 4 5 10 � 2I FRXUVH� WKLV LV VWLOO D K\SRWKHVLV� 7R WHVW WKH K\SRWKHVLV� WKH SK\VLFLVW

ZDQWV \RX WR ZULWH D SURJUDP WKDW GHWHUPLQHV IRU HDFK RI WKH PHDVXUHPHQW VHTXHQFHV WKH

OHQJWK RI VXFK D VHOHFWLRQ�

,QSXW

7KH LQSXW ILOH VWDUWV ZLWK D OLQH FRQWDLQLQJ WKH QXPEHU RI PHDVXUHPHQW VHTXHQFHV WR EH

DQDO\VHG�

(DFK PHDVXUHPHQW VHTXHQFH VWDUWV ZLWK D OLQH FRQWDLQLQJ WKH QXPEHU RI PHDVXUHPHQW YDOXHV

Q �� ≤ Q ≤ ������ IROORZHG E\ D OLQH FRQWDLQLQJ WKH DFWXDO PHDVXUHPHQW YDOXHV� LQWHJHUV

EHWZHHQ ²������� DQG �������� VHSDUDWHG E\ VLQJOH VSDFHV�

2XWSXW

7KH RXWSXW ILOH VKRXOG FRQWDLQ RQH OLQH IRU HDFK PHDVXUHPHQW VHTXHQFH� FRQWDLQLQJ WKH OHQJWK

RI WKH ORQJHVW VWULFWO\ LQFUHDVLQJ VHOHFWLRQ RI PHDVXUHPHQW YDOXHV IURP WKDW VHTXHQFH�
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1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP ' 3DJH � RI �

3UREOHP�'��� &ROXPQV
LQSXWILOH� LQSXW�'

RXWSXWILOH� RXWSXW�'

'HVFULSWLRQ

7KH JDPH &ROXPQV LV UDWKHU ZHOO NQRZQ� DW OHDVW LQ LWV G\QDPLF IRUP� 7KH SOD\HU FDQ

PDQLSXODWH D EDU RI FRORXUHG VTXDUHV ZKLOH LW GURSV GRZQ� 2QFH LW KDV UHDFKHG WKH SOD\LQJ

ILHOG� SRLQWV DUH JDLQHG DQG VTXDUHV LQ WKH SOD\LQJ ILHOG GLVDSSHDU� DFFRUGLQJ WR FHUWDLQ UXOHV�

7KLV JDPH LV YHU\ H[FLWLQJ� DV WKH EDUV ZLOO GURS GRZQ IDVWHU DQG IDVWHU DV WKH JDPH JRHV RQ�

)RU VRPH SHRSOH LW WXUQV RXW WR EH WRR H[FLWLQJ� DV WKH\ JHW D QHUYRXV EUHDNGRZQ IURP SOD\LQJ

WKLV JDPH� )RU WKRVH SHRSOH WKH VWDWLF YDULDQW ZDV LQYHQWHG�

�2I FRXUVH QRW SOD\LQJ DW DOO ZRXOG EH D EHWWHU LGHD� %XW WKH UHDO DGGLFWV JHW D QHUYRXV

EUHDNGRZQ LI WKH\ GRQ·W SOD\ DV ZHOO��

/HW PH H[SODLQ 6WDWLF &ROXPQV WR \RX� 7KH SOD\LQJ ILHOG LV D UHFWDQJOH RI ZLGWK Z DQG KHLJKW

K� ,QLWLDOO\ LW LV HPSW\� EXW DIWHU VRPH WLPH LW PD\ EH ILOOHG ZLWK FRORXUHG VTXDUHV� ,Q WKH

VFKHPH EHORZ WKH FRORXUV DUH LQGLFDWHG ZLWK FDSLWDOV� 7KH VTXDUHV DUH VXEMHFW WR JUDYLW\� D

VTXDUH UHVWV HLWKHU RQ WKH IORRU RU RQ DQRWKHU VTXDUH� 5HSHDWHGO\ D YHUWLFDO EDU �ZLGWK �� RI

FRORXUHG VTXDUHV DSSHDUV RQ WRS RI WKH SOD\LQJ ILHOG� DJDLQVW WKH OHIW ZDOO�

7KH SOD\HU PD\ PDQLSXODWH WKLV EDU XVLQJ �UHSHDWHGO\� DQ\ RI WKH IROORZLQJ FRPPDQGV�

&RPPDQG $FWLRQ

U �ULJKW� 0RYH WKH EDU RQH VWHS WR WKH ULJKW� 7KLV FRPPDQG KDV QR HIIHFW LI WKH EDU LV

DOUHDG\ DW WKH ULJKWPRVW SRVLWLRQ RI WKH SOD\LQJ ILHOG�

O �OHIW� 0RYH WKH EDU RQH VWHS WR WKH OHIW� 7KLV FRPPDQG KDV QR HIIHFW LI WKH EDU LV

DOUHDG\ DW WKH OHIWPRVW SRVLWLRQ RI WKH SOD\LQJ ILHOG�

V �VKLIW� 6KLIW �RU DFWXDOO\ URWDWH� WKH FRORXUV LQ WKH EDU� 7KH URWDWLRQ LV GRZQZDUGV�

HYHU\ FRORXU JRHV GRZQ RQH VWHS� DQG WKH ORZHUPRVW FRORXU LV SXW RQ WRS�

G �GURS� 'URS WKH EDU� $IWHU WKLV FRPPDQG� QR RWKHU FRPPDQGV FDQ EH JLYHQ IRU WKDW

EDU�

A
bar B
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h
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w
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3UREOHP ' 3DJH � RI �

$IWHU WKH FRPPDQGV rrrs WKH VLWXDWLRQ LQ WKH

DERYH H[DPSOH ZLOO EH�

7KH GURS FRPPDQG PDNHV WKH EDU JRLQJ VWUDLJKW

GRZQ XQWLO LW LV VWRSSHG� HLWKHU E\ WKH IORRU RU E\ D

FRORXUHG VTXDUH�

,I WKH SOD\LQJ JURXQG LV YHU\ IXOO� RU WKH EDU LV YHU\ ORQJ LW PD\

KDSSHQ WKDW WKH EDU LV VWRSSHG EHIRUH LW LV IXOO\ LQVLGH WKH SOD\LQJ

JURXQG� ,Q WKDW FDVH WKH JDPH LV RYHU DQG QR RWKHU EDUV ZLOO EH

SOD\HG� ,I QRW� WZR WKLQJV KDSSHQ� )LUVW� FUHGLWV DUH FRXQWHG�

GHSHQGLQJ RI WKH SDUDPHWHU O� WKH OHQJWK RI D VHULHV� :KHQHYHU O

VTXDUHV LQ WKH ILHOG LQ D VHULHV �KRUL]RQWDO� YHUWLFDO RU GLDJRQDO�

KDYH WKH VDPH FRORXU� RQH SRLQW LV JLYHQ WR WKH SOD\HU� $V

LQGLFDWHG LQ WKH QH[W GLDJUDP� WKH SOD\HU UHFHLYHV � SRLQWV LI O  � �WKH SOD\HU ZRXOG UHFHLYH �

SRLQWV LI O  � DQG � SRLQW LI O  ���

$IWHU DOO VTXDUHV RFFXUULQJ LQ RQH RU PRUH VXFK D VHULHV KDYH

GLVDSSHDUHG� WKH IROORZLQJ GLDJUDP LV REWDLQHG�

1RZ JUDYLW\ WDNHV RYHU� DQG WKH GLDJUDP EHFRPHV�

2QFH DJDLQ D VHULHV LV IRXQG DQG WKH SOD\HU REWDLQV RQH PRUH

SRLQW� 7KH ILQDO VLWXDWLRQ LV�
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1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP ' 3DJH � RI �

3UREOHP

7KH:RUOG &KDPSLRQVKLSV 6WDWLF &ROXPQV ZLOO EH KHOG QH[W \HDU LQ D YHU\ REVFXUH SODFH

VOLJKWO\ 1RUWK RI QRZKHUH� %HFDXVH WKLV SODFH LV IDU DZD\ IURP HYHU\ZKHUH� QRW PDQ\ SHRSOH

ZLOO DFWXDOO\ JR WKHUH� EXW ORWV RI SHRSOH DUH DQ[LRXV WR NQRZ ZKDW LV JRLQJ RQ WKHUH� 8VLQJ WKH

,QWHUQHW HYHU\ PRYH RI HYHU\ SOD\HU LV EURDGFDVWHG DOO RYHU WKH ZRUOG� 3HRSOH ZLWK EHDXWLIXO

JUDSKLFV RQ WKHLU PDFKLQH ZLOO EH DEOH WR UHSOD\ WKH JDPH DV LI WKH\ ZHUH DFWXDOO\ WKHUH�

2WKHUV DUH OHVV ZHOO VXSSOLHG� DQG DUH KDSS\ LI WKH\ NQRZ WKH FUHGLWV REWDLQHG E\ HDFK SOD\HU�

<RX DUH DVNHG WR ZULWH D SURJUDP WR FDOFXODWH WKH FUHGLWV�

,QSXW

7KH ILUVW OLQH RI LQSXW FRQWDLQV WKH QXPEHU RI JDPHV J� 7KHQ J JDPHV IROORZ�

(YHU\ JDPH VWDUWV ZLWK D OLQH ZLWK � QXPEHUV� WKH SDUDPHWHUV RI WKH JDPH� 7KH ILUVW QXPEHU

LV WKH ZLGWK Z RI WKH ERDUG� �� ≤ Z ≤ ����� 7KH QH[W QXPEHU LV WKH KHLJKW K RI WKH ERDUG�

�� ≤ K ≤ ����� 7KH WKLUG QXPEHU LV WKH OHQJWK O RI D VHULHV� �� � O � ���� 7KH ODVW QXPEHU LV WKH

QXPEHU RI PRYHVP WR IROORZ� 7KHQPPRYHV DUH JLYHQ� HDFK RQ D OLQH�

$ PRYH LV JLYHQ E\ D VHTXHQFH RI FKDUDFWHUV� ,W VWDUWV ZLWK RQH RU PRUH FDSLWDOV� LQGLFDWLQJ WKH

FRORXUV RI WKH EDU� IURP WRS WR ERWWRP� IROORZHG E\ WKH FRPPDQGV RI WKH SOD\HU� UHSUHVHQWHG

E\ WKH OHWWHUV l �OHIW�� r �ULJKW� DQG s �VKLIW�� $ PRYH DOZD\V HQGV ZLWK WKH OHWWHU d �GURS�� $

PRYH LV QHYHU ORQJHU WKDQ ���� FKDUDFWHUV�

2XWSXW

7KH RXWSXW FRQVLVWV RI J OLQHV� RQH OLQH IRU HDFK JDPH� ,Q FDVH RI JDPH RYHU WKLV OLQH FRQVLVWV RI

WKH WH[W GAME OVER� IROORZHG E\ D VSDFH DQG WKH FUHGLWV JDLQHG XQWLO WKH JDPH ZDV RYHU�

�&RPPDQGV DIWHU D GAME OVERDUH WR EH LJQRUHG�� ,I DOO WKH EDUV DUH GURSSHG DQG WKHUH ZDV
QR GAME OVER� WKH FUHGLWV JDLQHG VR IDU LV WR EH JLYHQ�

([DPSOH

6DPSOH LQSXW

2
6 7 3 6
Ed
EABrd
EABrrd
BBrrrrd
BDBrrrrrd
ABCrrrsd
2 4 3 2
ABCllrrd
ABCrrrrd

&RUUHFW RXWSXW IRU WKH VDPSOH LQSXW

6
GAME OVER 0



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP ( 3DJH � RI �

3UREOHP�(��� ,QWHUQHW
LQSXWILOH� LQSXW�(

RXWSXWILOH� RXWSXW�(

'HVFULSWLRQ

$V PRVW RI \RX NQRZ� WKH ,QWHUQHW LV D JOREDO QHWZRUN FRQQHFWLQJ WKRXVDQGV DQG WKRXVDQGV

FRPSXWHUV ZRUOG�ZLGH� ,W LV DOVR ZHOO NQRZQ WKDW WKH ¶QHW· LV D SDFNHW�VZLWFKHG QHWZRUN� 7KLV

PHDQV WKDW LW FRQVLVWV RI FRPSXWHUV ZLWK XQLGLUHFWLRQDO SRLQW�WR�SRLQW OLQNV EHWZHHQ WKHP� ,I

D KRVW UHFHLYHV D FRPPXQLFDWLRQ SDFNHW WKDW LV QRW DGGUHVVHG WR LW� LW ZLOO IRUZDUG LW DORQJ RQH

RI LWV RXWJRLQJ OLQNV� 7KLV DOORZV FRPPXQLFDWLRQ EHWZHHQ FRPSXWHUV WKDW DUH QRW GLUHFWO\

FRQQHFWHG WR HDFK RWKHU�

3UREOHP

2ULJLQDOO\� RQH RI WKH PRVW LPSRUWDQW JRDOV RI WKH ¶QHW· ZDV WR SURYLGH FRPPXQLFDWLRQV

FDSDELOLW\ HYHQ DIWHU SDUWV RI WKH QHWZRUN ZHUH GHVWUR\HG E\ H�J� QXFOHDU DWWDFNV� ,Q RUGHU WR

YHULI\ ZKHWKHU WKLV LV UHDOO\ WUXH� ZH ZDQW \RX WR ZULWH D SURJUDP WKDW FKHFNV ZKHWKHU

FRPPXQLFDWLRQ EHWZHHQ DOO FRPSXWHUV RQ WKH QHWZRUN LV VWLOO SRVVLEOH DIWHU VRPHWKLQJ EDG

KDV KDSSHQHG�

,QSXW

7KH LQSXW VWDUWV ZLWK D OLQH FRQVLVWLQJ RI RQH QXPEHU GHVFULELQJ WKH QXPEHU RI VFHQDULRV WR

EH DQDO\VHG�

(DFK VFHQDULR VWDUWV ZLWK D OLQH FRQVLVWLQJ RI RQH QXPEHU GHVFULELQJ WKH QXPEHU RI

FRPPXQLFDWLRQ OLQNV LQ WKLV VFHQDULR� IROORZHG E\ D OLQH IRU HDFK FRPPXQLFDWLRQ OLQN� 7KHVH

OLQHV FRQVLVW RI WZR KRVWQDPHV� VHSDUDWHG E\ D VLQJOH VSDFH� LQGLFDWLQJ WKDW WKH ILUVW KRVW FDQ

WUDQVPLW SDFNHWV WR WKH VHFRQG KRVW� $ KRVWQDPH FRQVLVWV RI DW OHDVW � DQG QRW PRUH WKDQ �

ORZHU FDVH OHWWHUV� $ FRPPXQLFDWLRQ OLQN LV QHYHU IURP RQH FRPSXWHU WR LWVHOI� 7KHUH DUH DW

PRVW ��� FRPSXWHUV LQ WKH QHWZRUN�

2XWSXW

7KH RXWSXW VKRXOG FRQWDLQ RQH OLQH IRU HDFK VFHQDULR� FRQVLVWLQJ RI WKH VLQJOH ZRUG yes � LI

FRPPXQLFDWLRQ EHWZHHQ DOO FRPSXWHUV LV SRVVLEOH� DQG no LI WKLV LV QRW SRVVLEOH�



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP ( 3DJH � RI �

([DPSOH

6DPSOH LQSXW

2
2
mit tudelft
tudelft mit
3
pi wxs
wxs pi
xsall wxs

&RUUHFW RXWSXW IRU WKH VDPSOH LQSXW

yes
no



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP ) 3DJH � RI �

3UREOHP�)��� *DUGHQHU
LQSXWILOH� LQSXW�)

RXWSXWILOH� RXWSXW�)

'HVFULSWLRQ

/LNH FRPSXWHU SURJUDPPLQJ� JDUGHQLQJ LVQ
W MXVW D KREE\���LW
V D VFLHQFH� 0XFK PRUH VR LI \RX

KDYH WR GHVLJQ WKH OD\RXW RI D EUDQG QHZ JDUGHQ DFFRUGLQJ WR VHYHUDO UDWKHU P\VWHULRXV

ERXQGDU\ FRQGLWLRQV�

7KLV LV MXVW WKH SUREOHP IDFHG E\ JDUGHQHU -HHYH 6WREV�� -XVW UHWLULQJ IURP WKH FRPSXWHU

EXVLQHVV �ZKLFK ¶LVQ
W ZKDW LW XVHG WR EH
� DFFRUGLQJ WR 0U� 6WREV�� KH QRZ WULHV WR PDNH D OLYLQJ

RXW RI GHVLJQLQJ JDUGHQV DFFRUGLQJ WR WKH ZKLPV DQG ZLVKHV RI WKH ULFK DQG IDPRXV� +LV ODWHVW

HPSOR\HU� D FHUWDLQ 0U� *� %DWHV� KDV JLYHQ KLP WKH IROORZLQJ UHTXLUHPHQWV IRU WKH JDUGHQ

QH[W WR KLV QHZO\ EXLOW KRXVH�

• WKH JDUGHQ LV WR EH VTXDUH� ZLWK HDFK VLGH PHDVXULQJ DQ LQWHJHU QXPEHU RI IHHW�

• WKH JDUGHQ PXVW KDYH D IHQFH DURXQG LW�

• 0U� %DWHV LV YHU\ NHHQ RQ JUDVV� $Q DUHD RI 1 VTXDUH IHHW �1 DOVR EHLQJ DQ LQWHJHU� ZLOO

KDYH WR EH FRYHUHG ZLWK JUDVV�

• :LWKLQ WKH JDUGHQ� WKHUH ZLOO KDYH WR EH D VTXDUH�VKDSHG IORZHU�EHG� PHDVXULQJ DQ

SRVLWLYH LQWHJHU QXPEHU RI IHHW RQ HDFK VLGH�

7KXV� D JDUGHQ ZLOO ORRN VRPHWKLQJ OLNH WKLV�

6RPHWLPHV� LW LV LPSRVVLEOH WR PHHW WKH ERXQGDU\ FRQGLWLRQV PHQWLRQHG DERYH� 0RVW RI WKH

WLPH� KRZHYHU� LW FDQ EH GRQH� DQG LQ WKRVH FDVHV 0U� 6WREV GHFLGHV KH ZDQWV WR PD[LPLVH KLV

SURILW SHU VTXDUH IRRW RI JDUGHQ� +LV SURILW LV ���� GROODU SHU VTXDUH IRRW RI IORZHUV DQG ����

GROODU SHU VTXDUH IRRW RI JUDVV� 7KH IHQFH� ZKLFK KH FDQ JHW YHU\ FKHDSO\ �EXW 0U� %DWHV

GRHVQ
W KDYH WR NQRZ WKDW�� HDUQV KLP D SURILW RI �� GROODU SHU IRRW�

3UREOHP

7KH TXHVWLRQ LV WKLV� JLYHQ 1� ZKDW LV WKH PD[LPXP SURILW SHU VTXDUH IRRW RI WKH JDUGHQ -HHYH

ZLOO GHVLJQ� PHHWLQJ WKH ERXQGDU\ FRQGLWLRQV PHQWLRQHG DERYH�

� DQ\ UHVHPEODQFH WR DFWXDO SHRSOH LV SXUHO\ DFFLGHQWDO�FRLQFLGHQWDO �RU LVQ·W LW"�



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP ) 3DJH � RI �

,QSXW

7KH ILUVW OLQH RI WKH LQSXW FRQWDLQV WKH QXPEHU RI WULDOV 7 �� ≤ 7 ≤ ������� $IWHU WKDW 7 OLQHV

IROORZ� HDFK FRQWDLQLQJ D QXPEHU 1� WKH DUHD RI JDUGHQ ZKLFK LV WR EH FRYHUHG ZLWK JUDVV� 7KLV

DUHD LV D SRVLWLYH LQWHJHU QXPEHU� OHVV WKDQ RU HTXDO WR �����������

2XWSXW

)RU HDFK WULDO D VLQJOH OLQH KDV WR EH JLYHQ LQ WKH RXWSXWILOH ZLWK WKH SURILW SHU VTXDUH IRRW RI

-HHYHV JDUGHQ�GHVLJQ �H[DFWO\ � GLJLWV SUHFLVLRQ IROORZLQJ WKH IORDWLQJ SRLQW�� ,I LW LV LPSRVVLEOH

WR PHHW WKH ERXQGDU\ FRQGLWLRQV� WKH ZRUG impossible KDV WR EH JLYHQ�

([DPSOH

6DPSOH LQSXW

8
10
100
1000
10000
100000
1000000
10000000
100000000

&RUUHFW RXWSXW IRU WKH VDPSOH LQSXW

impossible
13.0337
9.5347
3.0400
1.3112
0.8512
0.8051
0.8005



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP * 3DJH � RI �

3UREOHP�*��� 0HQGHO

LQSXWILOH� LQSXW�*

RXWSXWILOH� RXWSXW�*

'HVFULSWLRQ

7ZR PRQWKV DJR RQH RI WKH MXGJHV EHFDPH IDWKHU RI D VRQ� %HIRUH WKH FKLOG ZDV ERUQ D ORW RI

VSHFXODWLRQ ZDV JRLQJ RQ DERXW LWV DSSHDUDQFH� <RX VKRXOG NQRZ WKDW ERWK SDUHQWV KDYH D

&KLQHVH IDWKHU �GDUN KDLU� EURZQ H\HV� DQG D 'XWFK PRWKHU �EORQG KDLU� EOXH H\HV�� $OWKRXJK

ERWK SDUHQWV KDYH DQ 2ULHQWDO ORRN� WKHUH ZDV D UHDVRQDEOH FKDQFH WKH EDE\ ZRXOG KDYH EOXH

H\HV DQG EORQG KDLU� 7KH ILQDO RXWFRPH ZDV OHVV VXUSULVLQJ� 7KH 2ULHQWDO LQIOXHQFHV ZHUH

FOHDUO\ YLVLEOH ZKHQ WKH EDE\�ER\ ZDV ERUQ� 7KLV LV QRW KLV VWRU\� 6RPH IHDUHG LW ZRXOG EH

SROLWLFDOO\ LQFRUUHFW� 7KLV RQH LV DERXW DQRWKHU SODQHW�

2Q .RVHE� D IHZ OLJKW \HDUV DZD\� OLYH WZR NLQGV RI EHLQJV� -RQD DQG 1DWKDQ� (DFK NLQG KDV

LWV RZQ FKDUDFWHULVWLFV EXW WKH PRVW VWULNLQJ GLIIHUHQFH LV WKH FRORXU RI WKHLU OHIW HDU� $ -RQD�

EHLQJ KDV D JUHHQ OHIW HDU� D 1DWKDQ�EHLQJ KDV D SXUSOH OHIW HDU�

%RWK VSHFLHV OLYHG VHSDUDWHGO\ IRU PDQ\ \HDUV� EXW LQFUHDVLQJ JOREDO PRELOLW\ KDV OHG WR PDQ\

PL[HG HQJDJHPHQWV� 7KH ILUVW GHVFHQGDQWV DOZD\V KDG D SXUSOH HDU� EXW WKH FRORXU RI WKH OHIW

HDU RI WKHLU GHVFHQGDQWV FRXOGQ·W EH SUHGLFWHG DJDLQ�

$IWHU ORQJ UHVHDUFK VFLHQWLVWV IRXQG RXW WKDW HDFK EHLQJ KDV H[DFWO\ WZR JHQHV WKDW GHWHUPLQH

WKH FRORXU RI WKH OHIW HDU� 2QO\ WKUHH FRPELQDWLRQV H[LVW�

• SXUH� Green Green RU Purple Purple
• PL[HG� Green Purple �LV WKH VDPH DV Purple Green �

,W DSSHDUHG WKDW 3XUSOH ZDV GRPLQDQW RYHU *UHHQ� VR VRPHRQH ZLWK D PL[HG FRPELQDWLRQ

DOZD\V KDV D SXUSOH OHIW HDU�

:KHQ WZR EHLQJV JHW D GHVFHQGDQW� WKH GHVFHQGDQW JHWV RQH VLQJOH JHQH RI HDFK SDUHQW� 7KLV

JHQH LV UDQGRPO\ FKRVHQ� )RU H[DPSOH LI RQH RI WKH SDUHQW KDV D PL[HG FRPELQDWLRQ �*3� DQG

WKH RWKHU KDV D SXUH JUHHQ FRPELQDWLRQ �**�� WKHQ WKH GHVFHQGDQW KDV DQ HYHQ FKDQFH WR JHW

D SXUH FRPELQDWLRQ �**�� D JUHHQ OHIW HDU� RU D PL[HG FRPELQDWLRQ �*3�� D SXUSOH OHIW HDU�

:KHQ WKH EHLQJV RQ .RVHE ILQDOO\ IRXQG RXW ZKDW FDXVHG WKH FRORXU RI WKHLU HDUV� WKH\ VWLOO

FRXOGQ·W SUHGLFW FRORXUV� EHFDXVH WKH JHQH�FRPELQDWLRQV RI WKH DQFHVWRUV ZHUH XQNQRZQ�

)RUWXQDWHO\ DOO WKH SDVW HQJDJHPHQWV ZHUH ZHOO DGPLQLVWUDWHG� JRLQJ EDFN IRU PDQ\ \HDUV�

HYHQ WR WKH WLPH WKDW WKHUH ZHUH QR PL[HG HQJDJHPHQWV�

3UREOHP

%XLOG D SURJUDP WKDW FDOFXODWHV WKH FKDQFHV IRU WKH FRORXU RI WKH OHIW HDU RI D FHUWDLQ SHUVRQ LI

WKH IDPLO\ WUHHV RI ERWK SDUHQWV DUH NQRZQ� 7KH OHDYHV RI D IDPLO\ WUHH DUH DOZD\V SXUH

FRPELQDWLRQV�

([DPSOH

7KH FKDQFHV IRU WKH EHLQJ DW ; FDQ EH FDOFXODWHG DV IROORZHG�

• 7KH HQJDJHPHQW EHWZHHQ ** DQG 33 UHVXOWV LQ D ���� *3 FRPELQDWLRQ�

• 7KH HQJDJHPHQW EHWZHHQ 33 DQG *3������ UHVXOWV LQ D *3����� RU D 33�����

FRPELQDWLRQ�



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP * 3DJH � RI �

• 7KH *3������33����� FRPELQDWLRQ DQG WKH *3������ FRPELQDWLRQ UHVXOW LQ�

33��������*3������**������� FRPELQDWLRQ�

6R WKH EHLQJ DW ; KDV D ����� FKDQFH WR KDYH D SXUSOH OHIW HDU DQG D ����� FKDQFH WR KDYH D

JUHHQ OHIW HDU�

,QSXW

7KH LQSXWILOH VWDUW ZLWK D VLQJOH OLQH� ZKLFK FRQWDLQV WKH QXPEHU RI WHVWUXQV W LQ WKH ILOH� $

WHVWUXQ FRQVLVWV RI WZR OLQHV� (DFK OLQH LQGLFDWLQJ WKH IDPLO\ WUHH RI RQH RI WKH SDUHQWV�

,Q WKH IDPLO\ WUHH WKH JHQH IRU D SXUSOH OHIW HDU LV LQGLFDWHG ZLWK WKH FKDUDFWHU ¶3· DQG WKH

JHQH IRU D JUHHQ OHIW HDU LV LQGLFDWHG ZLWK WKH FKDUDFWHU ¶*·�

,Q D IDPLO\ WUHH D EHLQJ LV GHILQHG E\ LWV JHQHV RU LWV WZR SDUHQWV�

genes :: PP | GG
being :: genes | (parent-being,parent-being)

,Q WKH H[DPSOH WKH OHIW IDPLO\ WUHH LV GHILQHG DV� �33��**�33�� DQG WKH ULJKW IDPLO\ WUHH LV

GHILQHG DV �**�33��

2XWSXW

)RU HDFK WHVWUXQ IURP WKH LQSXW RQH VLQJOH OLQH KDV WR EH JHQHUDWHG ZLWK WKH FKDQFH WKDW WKH

EHLQJ KDV D SXUSOH OHIW HDU� 7KH FKDQFH KDV WR EH JLYHQ LQ SHUFHQWDJHV LQ RQH GHFLPDO SUHFLVH�

6DPSOH

6DPSOH LQSXW

2
(PP,(GG,PP))
(GG,PP)
(PP,GG)
(GG,PP)

&RUUHFW RXWSXW IRU WKH VDPSOH LQSXW

87.5
75.0



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP + 3DJH � RI �

3UREOHP�+��� +DOO�RI�)ODPHV
LQSXWILOH� LQSXW�+

RXWSXWILOH� RXWSXW�+

'HVFULSWLRQ

5HFHQW DUFKDHRORJLFDO ZRUN KDV H[SRVHG DQ DUWHIDFW WKDW FRXOG ZHOO EH WKH ODUJHVW SLHFH RI DUW

IURP 5RPDQ KLVWRU\ HYHU IRXQG� ,W LV D ODUJH JDOOHU\ IRUPHG E\ ��� SLOODUV DW HDFK VLGH� RQH

PHWHU DSDUW� 7KH JDOOHU\ LWVHOI KDV D ZLGWK RI � PHWHUV� $OWKRXJK WKH UDYDJHV RI WLPH KDYH

GHPROLVKHG TXLWH D ELW� WKH VLWH FOHDUO\ VKRZV WKDW WKH SLOODUV RQ RQH VLGH ZHUH HTXLSSHG ZLWK D

WRUFK� ZKHUH WKH SLOODUV RQ WKH RWKHU VLGH ZHUH SDLQWHG ZLWK D IOXRUHVFHQW SDLQW �DQRWKHU

GLVFRYHU\� VXFK D SDLQW ZDV QHYHU IRXQG EHIRUH��

,Q WKH PLGGOH EHWZHHQ WZR SLOODUV DW HLWKHU VLGH� VRPH NLQG RI PHWDO SODWH �ZLGWK� � PHWHU�

ZLWK KLJK PLUURULQJ FDSDFLW\ ZDV DWWDFKHG� 7KLV LV D VFKHPDWLF GUDZLQJ RI WKH DUWHIDFW�

3UREOHP

7KH UHVHDUFKHUV WKLQN WKDW WKH DUWHIDFW SOD\HG D UROH LQ WKH HYHQLQJ VSHFWDFOHV RI WKH ROG

5RPDQV� %\ OLJKWLQJ RU H[WLQJXLVKLQJ WRUFKHV DQG UHPRYLQJ PLUURUV� WKH DSSHDUDQFH RI WKH

IOXRUHVFHQW SLOODUV FRXOG EH FKDQJHG� $OWKRXJK WKH DUWHIDFW LV LQ VXFK D VWDWH WKDW D ORW RI

UHVHDUFK FRXOG EH GRQH� WKH HIIHFW FDQQRW EH VKRZQ DQ\PRUH� 7KDW LV ZKHUH \RX FRPH LQ� <RX

VKRXOG ZULWH D SURJUDP WKDW� JLYHQ WKH SODFHV RI WRUFKHV WKDW DUH OLW DQG WKH SODFHV RI PLUURUV

WKDW DUH SUHVHQW� SULQWV RXW WKRVH SODFHV RI IOXRUHVFHQW SLOODUV WKDW ZLOO QRW JHW LOOXPLQDWHG�

HLWKHU GLUHFWO\ E\ D WRUFK� RU LQGLUHFWO\ WKURXJK PLUURUV� 7KH SODFHV DUH QXPEHUHG IURP OHIW WR

ULJKW VWDUWLQJ IURP ��

7KH UHVHDUFKHUV IRXQG RXW WKDW D PLUURULQJ SODWH PLUURUV RQ ERWK VLGHV� EXW WKH HQGSRLQWV

DEVRUE WKH OLJKW �WKLV DOVR PHDQV WKDW WKH OLJKW IURP WKH IODPH GLUHFWO\ RSSRVLWH WR WKH PLUURU

LV DEVRUEHG�� 7KH GLPHQVLRQV DOORZ IRU FRQVLGHULQJ WKH SLOODUV �	 WRUFKHV� DQG PLUURUV DV

SRLQWV DQG OLQHV LQ DQ LQWHJHU JULG� $ SLOODU ZLOO OLJKW XS ZKHQ LW LV KLW E\ DQ\ LQWHQVLW\ RI OLJKW�

,QSXW

7KH LQSXW ILOH VWDUWV ZLWK WKH QXPEHU RI FDVHV� (DFK FDVH H[LVW RI�

• $ OLQH ZLWK WKH QXPEHU RI OLW WRUFKHV 7 �� ≤ 7 ≤ ����

• $ OLQH ZLWK WKH SODFHV RI OLW WRUFKHV

• $ OLQH ZLWK WKH QXPEHU RI SUHVHQW PLUURUV0 �� ≤ 0 ≤ ����

• $ OLQH ZLWK WKH SODFHV RI WKH SUHVHQW PLUURUV

�P

�P

�P

)OXRUHVFHQW

SLOODU

7RUFK SLOODU

0LUURULQJ SODWH



1RUWK :HVWHUQ (XURSHDQ 5HJLRQDO &ROOHJLDWH 3URJUDPPLQJ &RQWHVW ���� Y���

3UREOHP + 3DJH � RI �

2XWSXW

3HU FDVH� WKH RXWSXW ILOH VKRXOG FRQWDLQ RQH OLQH ZLWK WKH SODFHV RI SLOODUV WKDW GRQ·W JHW

LOOXPLQDWHG� HLWKHU GLUHFWO\ RU LQGLUHFWO\� 7KHVH QXPEHUV VKRXOG EH SUHVHQWHG LQ DVFHQGLQJ

RUGHU� VHSDUDWHG E\ D VLQJOH VSDFH� 1R WUDLOLQJ VSDFHV DOORZHG�

([DPSOH

6DPSOH LQSXW

2
1
20
2
19 21
1
5
1
5

&RUUHFW RXWSXW IRU WKH VDPSOH LQSXW

17 18 22 23
5


