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LQVWDOO VRPH DGGLWLRQDO SOXJLQV WKDW ZH ZLOO XVH LQ WKH PRUH DGYDQFHG SDUW RI WKLV WXWRULDO�

�� 2SHQ .1,0(�

�� &OLFN RQ

�� ,Q WKHQRZRSHQGLDORJ FKRRVH �LQ WKHXSSHU ULJKW FRUQHU RI WKHGLDORJ� WR GHƬQH

D QHZ XSGDWH VLWH� ,Q WKH RSHQLQJ GLDORJ HQWHU WKH IROORZLQJ GHWDLOV�

1DPH� 7UXQN &RPPXQLW\ &RQWULEXWLRQV

/RFDWLRQ� KWWS���WHFK�NQLPH�RUJ�XSGDWH�FRPPXQLW\�FRQWULEXWLRQV�WUXQN�

�� $IWHU SUHVVLQJ .1,0( ZLOO VKRZ \RX DOO WKH FRQWHQWV RI WKH DGGHG 8SGDWH 6LWH�

FRQWDLQLQJ DOVR WKH 2SHQ06 QRGHV�

�



�� 6HOHFW WKH 2SHQ06 QRGHV LQ WKH FDWHJRU\ q.1,0( &RPPXQLW\ &RQWULEXWLRQV � %LRLQ�

IRUPDWLFV 	 1*6q DQG FOLFN �

�� )ROORZ WKH LQVWUXFWLRQV DQG DIWHU D UHVWDUW RI .1,0( WKH 2SHQ06 QRGHV ZLOO EH DYDLO�

DEOH XQGHU p&RPPXQLW\ 1RGHVq�

1RWH� )RU WKLV WXWRULDO ZH XVH D SUH�UHOHDVH YHUVLRQ RI 2SHQ06 ����� :KLOH QRW

EHLQJ D IXOO UHOHDVH� LW ZDV QHYHUWKHOHVV LQWHQVLYHO\ WHVWHG WR HQVXUH LWV IXQFWLRQDO�

LW\ IRU WKLV WXWRULDO� )RU UHJXODU XVHZH UHFRPPHQGXVLQJ WKH ODWHVW VWDEOH2SHQ06

UHOHDVH� 7R LQVWDOO WKH ODWHVW VWDEOH UHOHDVH VNLS 6WHSV � DQG � DQG LQVWHDG FKRRVH

WKH XSGDWH VLWH � 3OHDVH QRWH WKDW VRPH RI WKH ZRUN�

ƮRZV VKRZQKHUH UHTXLUH2SHQ06���� DQG WKHUHIRUHZLOO QRWZRUNZLWK2SHQ06

������ GRZQORDGHG IURP WKH VWDEOH XSGDWH VLWH�

)RU WKH UHVW RI WKH WXWRULDO ZH ZLOO DOVR QHHG VRPH PRUH SOXJLQV� WKDW FDQ EH LQVWDOOHG

VLPLODU WR WKH 2SHQ06 QRGHV�

�� $JDLQ� FOLFN RQ

�� )URP WKH GURS GRZQ OLVW VHOHFW WKH

�� 1RZ VHOHFW WKH IROORZLQJ SOXJLQV IURP WKH .1,0( 	 ([WHQVLRQV FDWHJRU\

r .1,0( %DVH &KHPLVWU\ 7\SHV 	 1RGHV

r .1,0( &KHPLVWU\ $GG�2QV

r .1,0( )LOH +DQGOLQJ 1RGHV

r .1,0( ,QWHUDFWLYH 5 6WDWLVWLFV ,QWHJUDWLRQ

r .1,0( 0DWK ([SUHVVLRQ �-(3�

r .1,0( 5HSRUW 'HVLJQHU

r .1,0( 69* 6XSSRUW

r .1,0( ;/6 6XSSRUW

r .1,0( ;0/�3URFHVVLQJ

��



�� $QG WKH IROORZLQJ SOXJLQ IURP WKH0DUYLQ &KHPLVWU\ ([WHQVLRQV �GRQDWHG E\ ,QIRFRP 	

&KHPD[RQ� FDWHJRU\

r &KHP$[RQ�,QIRFRP0DUYLQ ([WHQVLRQV )HDWXUH

�� &OLFN DQG IROORZ WKH LQVWUXFWLRQV�

����� .1,0( &RQFHSWV

$ZRUNƮRZ LV D VHTXHQFH RI VWHSV DSSOLHG WR D VLQJOH RUPXOWLSOH LQSXW GDWD VHWV WR SURFHVV

DQG DQDO\VH WKLV GDWD� ,Q .1,0( VXFKZRUNƮRZV DUH LPSOHPHQWHG JUDSKLFDOO\ E\ FRPELQLQJ

VR�FDOOHG QRGHV�

$ QRGH UHSUHVHQWV D VLQJOH DQDO\VLV VWHS LQ D ZRUNƮRZ� 1RGHV KDYH LQSXW DQG RXWSXW

SRUWVZKHUH WKHGDWD JRHV LQWR WR WKHQRGHRU WKH UHVXOWV DUH SURYLGHG IRU RWKHU QRGHV DIWHU

SURFHVVLQJ� UHVSHFWLYHO\� .1,0( GLVWLQJXLVKHV EHWZHHQ GLƪHUHQW SRUW W\SHV� UHSUHVHQWLQJ

GLƪHUHQW W\SHVRI GDWD� 7KHPRVW FRPPRQ UHSUHVHQWDWLRQ LQ.1,0(DUH WDEOHV �VLPLODU WR DQ

H[FHO VKHHW�� 7KRVH SRUWV DUH PDUNHG ZLWK D VPDOO WULDQJOH� )RU 2SHQ06ZH XVH D GLƪHUHQW

SRUW W\SH� VR FDOOHG ƬOH SRUWV� UHSUHVHQWLQJ FRPSOHWH ƬOHV� 7KRVH SRUWV DUH PDUNHG E\ D

VPDOO JUH\ ER[� 'DUN JUH\ ER[HV UHSUHVHQW PDQGDWRU\ LQSXWV DQG OLJKW JUH\ ER[HV RSWLRQDO

LQSXWV�

1RGHV FDQ KDYH WKUHH GLƪHUHQW VWDWHV� LQGLFDWHG E\ WKH VPDOO WUDƯF OLJKW EHORZ WKH

QRGH�

r ,QDFWLYH� IDLOHG� DQG QRW \HW IXOO\ FRQƬJXUHG QRGHV DUH PDUNHG UHG�

r &RQƬJXUHG EXW QRW \HW H[HFXWHG QRGHV DUH PDUNHG \HOORZ�

r 6XFFHVVIXOO\ H[HFXWHG QRGHV DUH PDUNHG JUHHQ�

,I WKH QRGH H[HFXWLRQ IDLOHG WKH QRGH ZLOO VZLWFK WR WKH UHG VWDWH�

0RVW QRGHVZLOO EH FRQƬJXUHG DV VRRQ DV DOO LQSXW SRUWV DUH FRQQHFWHG� )RU VRPH QRGHV

DGGLWLRQDO SDUDPHWHUV KDYH WR EH SURYLGHG WKDW FDQQRW EH HLWKHU JXHVVHG IURP WKH GDWD RU

ƬOOHG ZLWK VHQVLEOH GHIDXOWV� ,Q WKLV FDVH� RI LI \RX ZDQW WR FXVWRPLVH WKH GHIDXOW FRQƬJXUD�

WLRQ� \RX FDQ RSHQ WKH FRQƬJXUDWLRQ GLDORJ RI D QRGH ZLWK D GRXEOH�FOLFN RQ WKH QRGH� )RU

2SHQ06 \RX ZLOO VHH D FRQƬJXUDWLRQ GLDORJ OLNH WKH RQH VKRZQ LQ )LJXUH ��

��



)LJXUH �� 1RGH FRQƬJXUDWLRQ GLDORJ RI DQ 2SHQ06 QRGH�

1RWH�2SHQ06 GLVWLQJXLVKHV EHWZHHQ QRUPDO SDUDPHWHUV DQG DGYDQFHG SDUDPH�

WHUV� $GYDQFHGSDUDPHWHUV DUHE\GHIDXOW KLGGHQ IURPWKHXVHUV VLQFH WKH\ VKRXOG

RQO\ UDUHO\ EH FXVWRPLVHG� ,Q FDVH \RX ZDQW WR KDYH D ORRN DW WKH SDUDPHWHUV RU

QHHG WR FXVWRPLVH WKHP LQ RQH RI WKH WXWRULDOV \RX FDQ VKRZ WKHP E\ FOLFNLQJ RQ

WKH FKHFNER[ LQ WKH ORZHU SDUW RI WKH GLDORJ�

7KH GLDORJ VKRZV WKH LQGLYLGXDO SDUDPHWHUV� WKHLU FXUUHQW YDOXH DQG W\SH� DQG� LQ WKH ORZHU

SDUW RI WKH GLDORJ� WKH GRFXPHQWDWLRQ IRU WKH FXUUHQWO\ VHOHFWHG SDUDPHWHU�

����� 2YHUYLHZ RI WKH JUDSKLFDO XVHU LQWHUIDFH

7KH JUDSKLFDO XVHU LQWHUIDFH �*8,� RI .1,0( FRQVLVWV RI GLƪHUHQW FRPSRQHQWV RU VR FDOOHG

SDQHOV WKDW DUH VKRZQ LQ )LJXUH �� :H ZLOO VKRUWO\ LQWURGXFH WKH LQGLYLGXDO SDQHOV DQG WKHLU

SXUSRVH EHORZ�

��



)LJXUH �� 7KH .1,0( ZRUNEHQFK�

:RUNƮRZ (GLWRU 7KH ZRUNƮRZ HGLWRU LV WKH FHQWUDO SDUW RI WKH .1,0( *8,� +HUH \RX DV�

VHPEOH WKH ZRUNƮRZ E\ DGGLQJ QRGHV IURP WKH 1RGH 5HSRVLWRU\ YLD qGUDJ 	 GURSq�

1RGHV FDQ EH FRQQHFWHG E\ FOLFNLQJ RQ WKH RXWSXW SRUW RI RQH QRGH DQG UHOHDVLQJ WKH

PRXVH DW WKH GHVLUHG LQSXW SRUW RI WKH QH[W QRGH�

:RUNƮRZ ([SORUHU 6KRZV D OLVW RI DYDLODEOH ZRUNƮRZV �DOVR FDOOHG ZRUNƮRZ SURMHFWV��

<RX FDQ RSHQ D ZRUNƮRZ E\ GRXEOH FOLFNLQJ LW� $ QHZ ZRUNƮRZ FDQ EH FUHDWHG ZLWK

D ULJKW�FOLFN LQ WKH :RUNƮRZ ([SORUHU IROORZHG E\ VHOHFWLQJ �

1RGH 5HSRVLWRU\ 6KRZV DOO QRGHV WKDW DUH DYDLODEOH LQ \RXU .1,0( LQVWDOODWLRQ� (YHU\ SOX�

JLQ \RX LQVWDOO ZLOO SURYLGH QHZ QRGHV WKDW FDQ EH IRXQG KHUH� 7KH 2SHQ06 QRGHV

FDQ EH IRXQG LQ � 1RGHV IRU PDQDJLQJ ƬOHV �H�J�� ,QSXW )LOHV

RU 2XWSXW )ROGHUV� FDQ EH IRXQG LQ � <RX FDQ VHDUFK

WKH QRGH UHSRVLWRU\ E\ W\SLQJ WKH QRGH QDPH LQWR WKH VPDOO WH[W ER[ LQ WKH XSSHU

SDUW RI WKH QRGH UHSRVLWRU\�

2XWOLQH 7KH 2XWOLQH SDQHO FRQWDLQV D VPDOO RYHUYLHZ RI WKH FRPSOHWH ZRUNƮRZ� :KLOH RI

OLPLWHG XVH ZKHQ ZRUNLQJ RQ D VPDOO ZRUNƮRZ� WKLV IHDWXUH LV YHU\ KHOSIXO DV VRRQ DV

WKH ZRUNƮRZV JHW ELJJHU�

��



&RQVROH ,Q WKH FRQVROH SDQHO ZDUQLQJ DQG HUURU PHVVDJHV DUH VKRZQ� 7KLV SDQHO ZLOO SUR�

YLGH KHOSIXO LQIRUPDWLRQ LI RQH RI WKH QRGHV IDLOHG RU VKRZV DQ ZDUQLQJV VLJQ�

1RGH 'HVFULSWLRQ $V VRRQ DV D QRGH LV VHOHFWHG� WKH 1RGH 'HVFULSWLRQ ZLQGRZ ZLOO VKRZ

WKH GRFXPHQWDWLRQ RI WKH QRGH LQFOXGLQJ GRFXPHQWDWLRQ IRU DOO LWV SDUDPHWHUV� )RU

2SHQ06 QRGHV \RX ZLOO DOVR ƬQG D OLQN WR WKH WRRO SDJH LQ WKH RQOLQH GRFXPHQWDWLRQ�

����� &UHDWLQJ ZRUNƮRZV

:RUNƮRZV FDQ HDVLO\ EH FUHDWHG E\ D ULJKW FOLFN LQ WKH:RUNƮRZ ([SORUHU IROORZHG E\ FOLFN�

LQJ RQ �

����� 6KDULQJ ZRUNƮRZV

7R EH DEOH WR VKDUH D ZRUNƮRZZLWK RWKHUV .1,0( VXSSRUWV WKH LPSRUW DQG H[SRUW RI FRP�

SOHWH ZRUNƮRZV� 7R H[SRUW D ZRUNƮRZ VHOHFW LW LQ WKH :RUNƮRZ ([SORUHU DQG VHOHFW

� .1,0( ZLOO H[SRUW ZRUNƮRZV DV D ]LS ƬOH FRQWDLQLQJ DOO WKH LQIRU�

PDWLRQ RQ QRGHV� WKHLU FRQQHFWLRQV� DQG WKHLU FRQƬJXUDWLRQ� 7KRVH ]LS ƬOHV FDQ DJDLQ EH

LPSRUWHG E\ VHOHFWLQJ �

1RWH� )RU \RXU FRQYHQLHQFH ZH DGGHG DOO ZRUNƮRZV GLVFXVVHG LQ WKLV WXWRULDO WR

WKH :RUNIORZV IROGHU� ,I \RX ZDQW WR FKHFN \RXU RZQ ZRUNƮRZ E\ FRPSDULQJ LW

WR WKH VROXWLRQ RU JRW VWXFN� VLPSO\ LPSRUW WKH IXOO ZRUNƮRZ IURP WKH FRUUHVSRQG�

LQJ ]LS ƬOH�

����� 'XSOLFDWLQJ ZRUNƮRZV

'XULQJ WKH WXWRULDO D ORW RI WKH ZRUNƮRZV ZLOO EH FUHDWHG EDVHG RQ WKH ZRUNƮRZ IURP D

SUHYLRXV WDVN� 7R NHHS WKH LQWHUPHGLDWH ZRUNƮRZV ZH VXJJHVW \RX FUHDWH FRSLHV RI \RXU

ZRUNƮRZV VR \RX FDQ VHH WKH SURJUHVV� 7R FUHDWH D FRS\ RI \RXU ZRUNƮRZ IROORZ WKH IRO�

ORZLQJ VWHSV

r 5LJKW FOLFN RQ WKH ZRUNƮRZ \RX ZDQW WR FUHDWH D FRS\ RI LQ WKH :RUNƮRZ ([SORUHU

DQG VHOHFW �

��



r 5LJKW FOLFN DJDLQ VRPHZKHUH RQ WKH ZRUNƮRZ H[SORUHU DQG VHOHFW �

r 7KLV ZLOO FUHDWH D ZRUNƮRZ ZLWK VDPH QDPH DV WKH RQH \RX FRSLHG ZLWK D ��� DS�

SHQGHG�

r 7R GLVWLQJXLVK WKHP ODWHU RQ \RX FDQ HDVLO\ UHQDPH WKH ZRUNƮRZV LQ WKH :RUNƮRZ

([SORUHU E\ ULJKW FOLFNLQJ RQ WKH ZRUNƮRZ DQG VHOHFWLQJ �

1RWH� 7R UHQDPH D ZRUNƮRZ LW KDV WR EH FORVHG�

����� $ PLQLPDO ZRUNƮRZ

/HW XV QRZ VWDUW ZLWK WKH FUHDWLRQ RI RXU YHU\ ƬUVW� YHU\ VLPSOH ZRUNƮRZ� $V D ƬUVW VWHS�

ZH ZLOO JDWKHU VRPH EDVLF LQIRUPDWLRQ DERXW WKH GDWD VHW EHIRUH VWDUWLQJ WKH DFWXDO GHYHO�

RSPHQW RI D GDWD DQDO\VLV ZRUNƮRZ�

r &UHDWH D QHZ ZRUNƮRZ�

r $GG DQ ,QSXW )LOH QRGH DQG DQ 2XWSXW )ROGHU QRGH �WR EH IRXQG LQ

DQGD )LOH,QIRQRGH �WREH IRXQG LQ WKH FDWHJRU\

� WR WKH ZRUNƮRZ�

r &RQQHFW WKH ,QSXW )LOH QRGH WR WKH )LOH,QIR QRGH� DQG WKH ƬUVW RXWSXW SRUW RI WKH

)LOH,QIR QRGH WR WKH 2XWSXW )ROGHU QRGH�

1RWH� ,Q FDVH \RX DUH XQVXUH DERXW ZKLFK QRGH SRUW WR XVH� KRYHULQJ WKH

FXUVRU RYHU WKH SRUW LQ TXHVWLRQ ZLOO GLVSOD\ WKH SRUW QDPH DQG ZKDW NLQG RI

LQSXW LW H[SHFWV�

7KH FRPSOHWHZRUNƮRZ LV VKRZQ LQ )LJXUH �� )LOH,QIR FDQ SURGXFH WZRGLƪHUHQW NLQGV

RI RXWSXW ƬOHV�

r $OO QRGHV DUH VWLOO PDUNHG UHG� VLQFH ZH DUH PLVVLQJ DQ DFWXDO LQSXW ƬOH� 'RXEOH�FOLFN

WKH ,QSXW )LOH QRGH DQG VHOHFW � ,Q WKHƬOH V\VWHPEURZVHU VHOHFW 2SHQ06 WLQ\

YHORV�������P]0/ DQG FOLFN � $IWHUZDUGV FORVH WKH GLDORJ E\ FOLFNLQJ �

��



)LJXUH �� $ PLQLPDO ZRUNƮRZ FDOOLQJ )LOH,QIR RQ D VLQJOH ƬOH�

1RWH�0DNH VXUH WR XVH WKH pWLQ\q YHUVLRQ WKLV WLPH� QRW pVPDOOq� IRU WKH VDNH

RI IDVWHU ZRUNƮRZ H[HFXWLRQ�

r 7KH ,QSXW )LOH QRGH DQG WKH )LOH,QIR QRGH VKRXOG QRZ KDYH VZLWFKHG WR \HOORZ�

EXW WKH 2XWSXW )ROGHU QRGH LV VWLOO UHG� 'RXEOH�FOLFN RQ WKH 2XWSXW )ROGHU QRGH DQG

FOLFN RQ WR VHOHFW DQ RXWSXW GLUHFWRU\ IRU WKH JHQHUDWHG GDWD�

r *UHDW� <RXU ƬUVW ZRUNƮRZ LV QRZ UHDG\ WR EH UXQ� 3UHVV WR H[HFXWH WKH

FRPSOHWH ZRUNƮRZ� <RX FDQ DOVR ULJKW FOLFN RQ DQ\ QRGH RI \RXU ZRUNƮRZ DQG VHOHFW

IURP WKH FRQWH[W PHQX�

r 7KH WUDƯF OLJKWV WHOO \RX DERXW WKH FXUUHQW VWDWXV RI DOO QRGHV LQ \RXU ZRUNƮRZ� &XU�

UHQWO\ UXQQLQJ WRROV VKRZ HLWKHU D SURJUHVV LQ SHUFHQW RU D PRYLQJ EOXH EDU� QRGHV

ZDLWLQJ IRU GDWD VKRZ WKH VPDOO ZRUG pTXHXHGq� DQG VXFFHVVIXOO\ H[HFXWHG RQHV EH�

FRPH JUHHQ� ,I VRPHWKLQJ JRHV ZURQJ �H�J�� D WRRO FUDVKHV�� WKH OLJKW ZLOO EHFRPH

UHG�

r ,Q RUGHU WR LQVSHFW WKH UHVXOWV� \RX FDQ MXVW ULJKW�FOLFN WKH 2XWSXW )ROGHU QRGH DQG

VHOHFW � <RX FDQ WKHQ RSHQ WKH WH[W ƬOH DQG LQVSHFW LWV FRQ�

WHQWV� <RX ZLOO ƬQG VRPH EDVLF LQIRUPDWLRQ RI WKH GDWD FRQWDLQHG LQ WKH P]0/ ƬOH�

H�J�� WKH WRWDO QXPEHU RI VSHFWUD DQG SHDNV� WKH 57 DQG P�] UDQJH� DQG KRZ PDQ\

06� DQG 06� VSHFWUD WKH ƬOH FRQWDLQV�

1RZ FRQVLGHU \RX ZRXOG OLNH WR JDWKHU WKLV LQIRUPDWLRQ IRU PRUH WKHQ RQH ƬOH� :H ZLOO

QRZ PRGLI\ WKH ZRUNƮRZ WR FRPSXWH WKH VDPH LQIRUPDWLRQ RQ WKUHH GLƪHUHQW ƬOHV DQG

WKHQ ZULWH WKH RXWSXW ƬOHV WR D IROGHU�

r :H VWDUW IURP WKH SUHYLRXV ZRUNƮRZ�

��



)LJXUH �� $ PLQLPDO ZRUNƮRZ FDOOLQJ )LOH,QIR RQ PXOWLSOH ƬOHV LQ D ORRS�

r )LUVW ZH QHHG WR UHSODFH RXU VLQJOH LQSXW ƬOH ZLWK PXOWLSOH ƬOHV� 7KHUHIRUH ZH DGG

WKH ,QSXW )LOHV QRGH IURP WKH FDWHJRU\ �

r 7R VHOHFW WKH ƬOHV ZH GRXEOH�FOLFN RQ WKH ,QSXW )LOHV QRGH DQG FOLFN RQ � ,Q WKH

ƬOHV\VWHP EURZVHU ZH VHOHFW DOO WKUHH ƬOHV IURP WKH GLUHFWRU\ 2SHQ06 WLQ\� $QG

FORVH WKH GLDORJ ZLWK �

r :H QRZ DGG WZR PRUH QRGHV� WKH =LS/RRS6WDUW DQG WKH =LS/RRS(QG QRGH IURP WKH

FDWHJRU\ �

r $IWHUZDUGV ZH FRQQHFW WKH ,QSXW )LOHV QRGH WR WKH ƬUVW SRUW RI WKH =LS/RRS6WDUW

QRGH� WKH ƬUVW SRUW RI WKH =LS/RRS6WDUW QRGH WR WKH )LOH,QIR QRGH� WKH ƬUVW RXWSXW

SRUW RI WKH )LOH,QIR QRGH WR WKH ƬUVW LQSXW SRUW RI WKH =LS/RRS(QG QRGH� DQG WKH

ƬUVW RXWSXW SRUW RI WKH =LS/RRS(QG QRGH WR WKH 2XWSXW )ROGHU QRGH� 7KH FRPSOHWH

ZRUNƮRZ LV VKRZQ LQ )LJXUH �

r 7KH ZRUNƮRZ LV DOUHDG\ FRPSOHWH� 6LPSO\ H[HFXWH WKH ZRUNƮRZ DQG LQVSHFW WKH RXW�

SXW DV EHIRUH�

��



� /DEHO�IUHH TXDQWLƬFDWLRQ

��� ,QWURGXFWLRQ

,Q WKLV FKDSWHU� ZH ZLOO EXLOG D ZRUNƮRZ ZLWK 2SHQ06 � .1,0( WR TXDQWLI\ D ODEHO�IUHH

H[SHULPHQW� /DEHO�IUHH TXDQWLƬFDWLRQ LV DPHWKRG DLPLQJ WR FRPSDUH WKH UHODWLYH DPRXQWV

RI SURWHLQV RU SHSWLGHV LQ WZR RU PRUH VDPSOHV� :H ZLOO VWDUW IURP WKH PLQLPDO ZRUNƮRZ

IURP WKH ODVW FKDSWHU DQG� VWHS�E\�VWHS� EXLOG D ODEHO�IUHH TXDQWLWDWLRQ ZRUNƮRZ�

��� 3HSWLGH ,GHQWLƬFDWLRQ

$V D VWDUW� ZHZLOO H[WHQG WKHPLQLPDO ZRUNƮRZ VR WKDW LW SHUIRUPV D SHSWLGH LGHQWLƬFDWLRQ

XVLQJ WKH 2066$ >�@ VHDUFK HQJLQH� 6LQFH 2SHQ06 YHUVLRQ ����� 2066$ LV LQFOXGHG LQ WKH

2SHQ06 LQVWDOODWLRQ� VR \RX GR QRW QHHG WR GRZQORDG DQG LQVWDOO LW \RXUVHOI�

r ,QVWHDG RI )LOH,QIR� ZH ZDQW WR SHUIRUP 2066$ LGHQWLƬFDWLRQ� VR ZH VLPSO\ UHSODFH

WKH )LOH,QIRQRGHZLWK WKH 2066$$GDSWHUQRGH �

DQG ZH DUH DOPRVW GRQH� -XVW PDNH VXUH \RX KDYH FRQQHFWHG WKH =LS/RRS6WDUW QRGH

ZLWK WKH LQ SRUW RI WKH 2066$$GDSWHU QRGH�

r 2066$� OLNH PRVW PDVV VSHFWURPHWU\ LGHQWLƬFDWLRQ HQJLQHV� UHOLHV RQ VHDUFKLQJ WKH

LQSXW VSHFWUD DJDLQVW VHTXHQFHGDWDEDVHV� 7KXV�ZHQHHG WR LQWURGXFHD VHDUFKGDWDEDVH

LQSXW� $V ZH ZDQW WR XVH WKH VDPH VHDUFK GDWDEDVH IRU DOO RI RXU LQSXW ƬOHV� ZH FDQ

MXVW DGG D VLQJOH ,QSXW )LOH QRGH WR WKH ZRUNƮRZ DQG FRQQHFW LW GLUHFWO\ ZLWK WKH

2066$$GDSWHU GDWDEDVH SRUW� .1,0( ZLOO DXWRPDWLFDOO\ UHXVH WKLV ,QSXW QRGH HDFK

WLPH D QHZ =LS/RRS LWHUDWLRQ LV VWDUWHG� ,Q RUGHU WR VSHFLI\ WKH GDWDEDVH� VHOHFW

2SHQ06 )$67$ IDVWDILOH XQLSURWBVSURWB������BKXPDQBFRQFDW�IDVWD� DQGZHKDYH

D YHU\ EDVLF SHSWLGH LGHQWLƬFDWLRQ ZRUNƮRZ�

1RWH�:HUHFRPPHQG WR FKRRVH DGLƪHUHQW RXWSXW GLUHFWRU\ HYHU\ WLPH \RX

H[WHQG DQG UXQ \RXU SLSHOLQH DJDLQ�

1RWH� <RX PLJKW DOVR ZDQW WR VDYH \RXU QHZ LGHQWLƬFDWLRQ ZRUNƮRZ XQGHU

��



D GLƪHUHQW QDPH� +DYH D ORRN DW 6HFWLRQ ����� IRU LQIRUPDWLRQ RQ KRZ WR

FUHDWH FRSLHV RI ZRUNƮRZV�

r 7KH UHVXOW RI D VLQJOH 2066$ UXQ LV EDVLFDOO\ D QXPEHU RI SHSWLGH�VSHFWUXP�PDWFKHV

�360� ZLWK D VFRUH HDFK� DQG WKHVH ZLOO EH VWRUHG LQ DQ LG;0/ ƬOH� 1RZ ZH FDQ UXQ

WKH SLSHOLQH DQG DIWHU H[HFXWLRQ LV ƬQLVKHG� ZH FDQ KDYH D ƬUVW ORRN DW WKH UHVXOWV�

MXVW RSHQ WKH LQSXW ƬOHV IROGHU ZLWK D ƬOH EURZVHU DQG IURP WKHUH RSHQ D P]0/ ƬOH

LQ 72339LHZ�

r +HUH� \RX FDQ DQQRWDWH WKLV VSHFWUD GDWD ƬOH ZLWK WKH SHSWLGH LGHQWLƬFDWLRQ UHVXOWV�

&KRRVH IURP WKH PHQX DQG VHOHFW WKH LG;0/ ƬOH WKDW

2066$$GDSWHU JHQHUDWHG �LW LV ORFDWHG ZLWKLQ WKH RXWSXW GLUHFWRU\ WKDW \RX VSHFLƬHG

ZKHQ VWDUWLQJ WKH SLSHOLQH��

r 2Q WKH ULJKW� VHOHFW WKH WDE � 8VLQJ WKLV YLHZ� \RX FDQ VHH DOO LGHQWLƬHG

SHSWLGHV DQG EURZVH WKH FRUUHVSRQGLQJ 06� VSHFWUD�

1RWH� 2SHQLQJ WKH RXWSXW ƬOH RI 2066$$GDSWHU �WKH LG;0/ ƬOH� GLUHFWO\ LV

DOVR SRVVLEOH� EXW WKH GLUHFW YLVXDOL]DWLRQ RI DQ LG;0/ ƬOH LV OHVV XVHIXO�

$V \RX FDQ VHH� WKH VSHFWUD DUH DQQRWDWHG ZLWK DQ XQXVXDOO\ KLJK QXPEHU RI LGHQWLƬFD�

WLRQV� PDQ\ RI ZKLFK DUH SUREDEO\ IDOVH SRVLWLYHV� 7KHUHIRUH� ZHZLOO WZHDN WKH SDUDPHWHUV

RI 2066$ WR EHWWHU UHƮHFW WKH LQVWUXPHQWV DFFXUDF\ RI RXU PHDVXUHPHQWV� $OVR� ZH ZLOO

H[WHQG RXU SLSHOLQH ZLWK D IDOVH GLVFRYHU\ UDWH �)'5� ƬOWHU WR UHWDLQ RQO\ WKRVH LGHQWLƬFD�

WLRQV WKDW ZLOO \LHOG DQ )'5 RI< � ��

r 2SHQ WKH FRQƬJXUDWLRQ GLDORJ RI 2066$$GDSWHU� 6LQFH ZH NQRZ WKDW GDWD ZDV DF�

TXLUHG XVLQJ DQ 2UELWUDS YHORV LQVWUXPHQW� ZH FDQ VHW WKH SUHFXUVRU PDVV WROHUDQFH

WR D VPDOOHU YDOXH� VD\ �� SSP� 6HW SUHFXUVRUB PDVVB WROHUDQFH WR �� DQG

SUHFXUVRUBPDVVBWROHUDQFHBXQLWBSSP WR WUXH�

1RWH�:KHQHYHU \RX FKDQJH WKH FRQƬJXUDWLRQ RI D QRGH WKH QRGH DV ZHOO

DV DOO LWV VXFFHVVRUV ZLOO EH UHVHW WR WKH &RQƬJXUHG VWDWH�

r 6HW PD[BSUHFXUVRUBFKDUJH WR �� LQ RUGHU WR DOVR VHDUFK IRU SHSWLGHV ZLWK FKDUJHV XS

WR ��

��



r $GG &DUEDPLGRPHWK\O �&� DV Ƭ[HGPRGLƬFDWLRQ DQG 2[LGDWLRQ �0� DV YDULDEOH PRGLƬ�

FDWLRQ�

1RWH� 7R DGG D PRGLƬFDWLRQ FOLFN RQ WKH HPSW\ YDOXH ƬHOG LQ WKH FRQƬJ�

XUDWLRQ GLDORJ WR RSHQ WKH OLVW HGLWRU GLDORJ� ,Q WKH QHZ GLDORJ FOLFN �

7KHQ VHOHFW WKHQHZO\ DGGHGPRGLƬFDWLRQ ���G%�ELRWLQ �&�� WRRSHQ WKHGURS

GRZQ OLVW ZKHUH \RX FDQ VHOHFW WKH FRUUHFW PRGLƬFDWLRQ�

r $ FRPPRQ VWHS LQ DQDO\LV LV WR VHDUFK QRW RQO\ DJDLQVW D UHJXODU SURWHLQ GDWDEDVH� EXW

WR DOVR VHDUFK DJDLQVW D GHFR\ GDWDEDVH IRU )'5 HVWLPDWLRQ� 7KH IDVWD ƬOH ZH XVHG

EHIRUH DOUHDG\ FRQWDLQV VXFK D GHFR\ GDWDEDVH� )RU 2SHQ06 WR NQRZ ZKLFK 2066$

360 FDPH IURPZKLFK SDUW RI WKH ƬOH �L�H� UHJXODU YHUVXV GHFR\�� ZH KDYH WR LQGH[ WKH

UHVXOWV� 7KHUHIRUH H[WHQG WKHZRUNƮRZZLWK D 3HSWLGH,QGH[HUQRGH

� 7KLV QRGH QHHGV WKH LG;0/ DV LQSXW DV ZHOO DV WKH GDWDEDVH

ƬOH�

1RWH� <RX FDQ GLUHFW WKH ƬOHV RI DQ ,QSXW )LOH QRGH WR PRUH WKDQ MXVW RQH

GHVWLQDWLRQ SRUW�

r 7KH GHFR\V LQ WKH GDWDEDVH DUH SUHƬ[HG ZLWK pVZq� VR ZH KDYH WR VHW GHFR\BVWULQJ WR

VZ DQG SUHƬ[ WR WUXH LQ WKH FRQƬJXUDWLRQ GLDORJ RI 3HSWLGH,QGH[HU DFFRUGLQJO\�

r 1RZ ZH FDQ JR IRU WKH )'5 HVWLPDWLRQ� ZKLFK ZLOO WKH )DOVH'LVFRYHU\5DWH QRGH FDO�

FXODWH IRU XV � $V ZH KDYH D FRPELQHG VHDUFK

GDWDEDVH DQG WKXV RQO\ RQH LG;0/ SHU P]0/ ZH ZLOO RQO\ XVH WKH LQ SRUW RI WKH

)DOVH'LVFRYHU\5DWH QRGH�

r ,Q RUGHU WR VHW WKH )'5 OHYHO WR 1�� ZH QHHG DQ ,')LOWHU QRGH IURP

� &RQƬJXULQJ LWV SDUDPHWHU VFRUH→ SHS WR 0.01ZLOO GR WKH WULFN�

7KH )'5 FDOFXODWLRQV �HPEHGGHG LQ WKH LG;0/� IURP WKH )DOVH'LVFRYHU\5DWH QRGH

ZLOO JR LQWR WKH LQ SRUW RI WKH ,')LOWHU QRGH�

r ([HFXWH \RXU ZRUNƮRZ DQG LQVSHFW WKH UHVXOWV XVLQJ WKH LGHQWLƬFDWLRQ YLHZ OLNH \RX

GLG EHIRUH� <RX FDQ H[SRUW WKH OLVW RI LGHQWLƬHG SHSWLGHV XVLQJ WKH EXWWRQ�

+RZPDQ\ SHSWLGHV GLG \RX LGHQWLI\ DW WKLV )'5 WKUHVKROG"

��



1RWH� 7KH ƬQLVKHG LGHQWLƬFDWLRQ ZRUNƮRZ LV QRZ VXƯFLHQWO\ FRPSOH[ WKDW

ZH PLJKW ZDQW WR HQFDSVXODWH LW LQ D 0HWD QRGH� )RU WKLV� VHOHFW DOO QRGHV

LQVLGH WKH =LS/RRS �H[FOXGLQJ WKH ,QSXW )LOH QRGH� DQG ULJKW�FOLFN WR VHOHFW

DQG QDPH LW ,'� 0HWD QRGHV DUH XVHIXO ZKHQ \RX FRQ�

VWUXFW HYHQ ODUJHU ZRUNƮRZV DQG ZDQW WR NHHS DQ RYHUYLHZ�
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)LJXUH �� 2066$ ,' SLSHOLQH LQFOXGLQJ )'5 ƬOWHULQJ

����� %RQXV WDVN� LGHQWLƬFDWLRQ XVLQJ VHYHUDO VHDUFK HQJLQHV

1RWH� ,I \RX DUH DKHDG RI WKH WXWRULDO RU ODWHU RQ� \RX FDQ IXUWKHU LPSURYH \RXU

)'5 LGHQWLƬFDWLRQ ZRUNƮRZ E\ D VR�FDOOHG FRQVHQVXV LGHQWLƬFDWLRQ XVLQJ VHYHUDO

VHDUFK HQJLQHV�

,W KDV EHFRPH ZLGHO\ DFFHSWHG WKDW WKH SDUDOOHO XVDJH RI GLƪHUHQW VHDUFK HQJLQHV FDQ LQ�

FUHDVH SHSWLGH LGHQWLƬFDWLRQ UDWHV LQ VKRWJXQ SURWHRPLFV H[SHULPHQWV� 7KH &RQVHQVXV,'

DOJRULWKP LV EDVHG RQ WKH FDOFXODWLRQ RI SRVWHULRU HUURU SUREDELOLWLHV �3(3� DQG D FRPELQD�

WLRQ RI WKH QRUPDOL]HG VFRUHV E\ FRQVLGHULQJ PLVVLQJ SHSWLGH VHTXHQFHV�

r 1H[W WR WKH 2066$$GDSWHUDGGD ;7DQGHP$GDSWHU

QRGH DQG VHW LWV SDUDPHWHUV DQG SRUWV DQDORJRXVO\ WR WKH 2066$$GDSWHU�

r 7R FDOFXODWH WKH3(3� LQWURGXFHHDFKD ,'3RVWHULRU(UURU3UREDELOLW\

QRGH WR WKH RXWSXW RI HDFK ,' HQJLQH DGDSWHU QRGH� 7KLV ZLOO

FDOFXODWH WKH 3(3 WR HDFK KLW DQG RXWSXW DQ XSGDWHG LG;0/�

��



r 7R FUHDWH D FRQVHQVXV ZH PXVW ƬUVW PHUJH WKHVH WZR ƬOHV ZLWK D )LOH0HUJHU QRGH

VRZH FDQ WKHQPHUJH WKH FRUUHVSRQGLQJ ,'V

ZLWK D ,'0HUJHU �

r 1RZ ZH FDQ FUHDWH D FRQVHQVXV LGHQWLƬFDWLRQ ZLWK WKH &RQVHQVXV,'

QRGH� :H FDQ FRQQHFW WKLV WR WKH 3HSWLGH,QGH[HU DQGJR DORQJ

ZLWK RXU H[LVWLQJ )'5 ƬOWHULQJ�

1RWH� %\ GHIDXOW� ;�7DQGHP WDNHV DGGLWLRQDO HQ]\PH FXWWLQJ UXOHV LQWR FRQ�

VLGHUDWLRQ �EHVLGHV WKH VSHFLƬHG WU\SWLF GLJHVW�� 7KXV \RX KDYH WR VHW 3HS�

WLGH,QGH[HUoV HQ]\PH → VSHFLƬFLW\ SDUDPHWHU WR VHPL WR DFFHSW ;�7DQGHPV

VHPL WU\SWLF LGHQWLƬFDWLRQV DV ZHOO�
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)LJXUH �� &RPSOHWH FRQVHQVXV LGHQWLƬFDWLRQ ZRUNƮRZ

��� 4XDQWLƬFDWLRQ

1RZ WKDW ZH KDYH VXFFHVVIXOO\ FRQVWUXFWHG D SHSWLGH LGHQWLƬFDWLRQ SLSHOLQH� ZH FDQ DGG

TXDQWLƬFDWLRQ FDSDELOLWLHV WR RXU ZRUNƮRZ�

r $GG D )HDWXUH)LQGHU&HQWURLGHG QRGH ZKLFK

JHWV LQSXW IURP WKHƬUVW RXWSXW SRUW RI WKH =LS/RRS6WDUWQRGH� $OVR� DGG DQ ,'0DSSHU

QRGH ZKLFK JHWV LQSXW IURP WKH )HDWXUH)LQG�

HU&HQWURLGHG QRGH DQG WKH ,' 0HWD QRGH �RU ,')LOWHU QRGH LI \RX KDYHQoW XVHG WKH

0HWD QRGH�� 7KH RXWSXW RI WKH ,'0DSSHU LV WKHQ FRQQHFWHG WR WKH =LS/RRS(QG QRGH�

��



r )HDWXUH)LQGHU&HQWURLGHG ƬQGV DQG TXDQWLƬHV SHSWLGH LRQ VLJQDOV FRQWDLQHG LQ WKH

06� GDWD� ,W UHGXFHV WKH HQWLUH VLJQDO� L�H�� DOO SHDNV H[SODLQHG E\ RQH DQG WKH VDPH

SHSWLGH LRQ VLJQDO� WR D VLQJOH SHDN DW WKH PD[LPXP RI WKH FKURPDWRJUDSKLF HOXWLRQ

SURƬOH RI WKH PRQRLVRWRSLF PDVV WUDFH RI WKLV SHSWLGH LRQ DQG DVVLJQV DQ LQWHQVLW\

FRUUHVSRQGLQJ WR WKH DUHD XQGHU WKH PRQRLVRWRSLF PDVV WUDFH�

r )HDWXUH)LQGHU&HQWURLGHGSURGXFHV D IHDWXUH;0/ƬOH DVRXSXW� FRQWDLQLQJRQO\TXDQ�

WLWDWLYH LQIRUPDWLRQ RI VR�IDU XQLGHQWLƬHG SHSWLGH VLJQDOV� ,Q RUGHU WR DQQRWDWH WKHVH

ZLWK WKH FRUUHVSRQGLQJ ,' LQIRUPDWLRQ� ZH QHHG WKH ,'0DSSHU QRGH�

r 5XQ \RXU SLSHOLQH DQG LQVSHFW WKH UHVXOWV RI WKH ,'0DSSHU QRGH LQ 72339LHZ�

r ,Q RUGHU WR DVVHVV KRZ ZHOO WKH IHDWXUH ƬQGLQJ ZRUNHG� \RX FDQ SURMHFW WKH IHDWXUHV

FRQWDLQHG LQ WKH IHDWXUH;0/ ƬOH RQ WKH UDZ GDWD FRQWDLQHG LQ WKH P]0/ ƬOH� ,Q

72339LHZ FKRRVH DQG VHOHFW

2SHQ06 WLQ\ YHORV�������P]0/� ,Q WKHGLDORJ WKDWSRSVXS� VHOHFW �

=RRP LQ XQWLO \RX VHH ER[HV �IRXQG IHDWXUHV� DURXQG WKH SHSWLGH VLJQDOV LQ WKH UDZ

GDWD�

1RWH� 7KH 57 UDQJH LV YHU\ QDUURZ� 7KXV� VHOHFW WKH IXOO 57 UDQJH DQG ]RRP

RQO\ LQWR WKH P�] GLPHQVLRQ E\ KROGLQJ GRZQ &75/ �&0' RQ WKH 0DF� DQG

UHSHDWHGO\ GUDJJLQJ D QDUURZ ER[ IURP WKH YHU\ OHIW WR WKH YHU\ ULJKW�

r <RX FDQ VHH ZKLFK IHDWXUHV ZHUH DQQRWDWHG ZLWK D SHSWLGH LGHQWLƬFDWLRQ E\ ƬUVW VH�

OHFWLQJ WKH IHDWXUH;0/ ƬOH LQ WKH /D\HUV ZLQGRZ RQ WKH XSSHU ULJKW VLGH DQG WKHQ

FOLFNLQJ RQ WKH LFRQ ZLWK WKH OHWWHUV $� % DQG & RQ WKH XSSHU LFRQ EDU� 1RZ� FOLFN RQ

WKH VPDOO WULDQJOH QH[W WR WKDW LFRQ DQG VHOHFW 3HSWLGH LGHQWLILFDWLRQ�

��� &RPELQLQJ TXDQWLWDWLYH LQIRUPDWLRQ DFURVV VHYHUDO ODEHO�IUHH H[�

SHULPHQWV

6R IDU� ZH VXFFHVVIXOO\ SHUIRUPHG SHSWLGH LGHQWLƬFDWLRQ DV ZHOO DV TXDQWLƬFDWLRQ RQ LQGL�

YLGXDO /&�06 PDSV� )RU GLƪHUHQWLDO ODEHO�IUHH DQDO\VHV KRZHYHU� ZH QHHG WR LGHQWLI\ DQG
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)LJXUH �� ([WHQGHG ZRUNƮRZ IHDWXULQJ SHSWLGH LGHQWLƬFDWLRQ DQG TXDQWLƬFDWLRQ

TXDQWLI\ FRUUHVSRQGLQJ VLJQDOV LQ GLƪHUHQW H[SHULPHQWV DQG OLQN WKHP WRJHWKHU WR FRP�

SDUH WKHLU LQWHQVLWLHV� 7KXV� ZH ZLOO QRZ UXQ RXU SLSHOLQH RQ DOO WKUHH DYDLODEOH LQSXW ƬOHV

�UHSOLFDWHV� DQG H[WHQG LW D ELW IXUWKHU� VR WKDW LW LV DEOH WR ƬQG DQG OLQN IHDWXUHV DFURVV

VHYHUDO PDSV�

Input files Node z

Node 3

Node 4

Collect ID results
for manual inspection

Database Node 7 Node 8 Node 9

Node TT Node Tz

Collect mapped featureXML
for manual inspection

Node T4

Node T5

Node T6

Node T7

Final results

Input Files ZipLoopStart

OMSSAAdapter

ZipLoopEnd

Output Folder

Input File PeptideIndexer FalseDiscoveryRate IDFilter

FeatureFinderCentroided IDMapper

Output Folder

MapAlignerPoseClustering

FeatureLinkerUnlabeledQT

ConsensusMapNormalizer

TextExporter

Output Folder

Input files Node z

Node 3

Node 4

Collect ID results
for manual inspection

Database Node 7 Node 8 Node 9

Node TT Node Tz

Collect mapped featureXML
for manual inspection

Node T4

Node T5

Node T6

Node T7

Final results

Input Files ZipLoopStart

OMSSAAdapter

ZipLoopEnd

Output Folder

Input File PeptideIndexer FalseDiscoveryRate IDFilter

FeatureFinderCentroided IDMapper

Output Folder

MapAlignerPoseClustering

FeatureLinkerUnlabeledQT

ConsensusMapNormalizer

TextExporter

Output Folder

)LJXUH �� &RPSOHWH LGHQWLƬFDWLRQ DQG ODEHO�IUHH TXDQWLƬFDWLRQ ZRUNƮRZ

r 7R ƬQG IHDWXUHV DFURVV VHYHUDO PDSV� ZH ƬUVW KDYH WR DOLJQ WKHP WR FRUUHFW IRU UHWHQ�

WLRQ WLPH VKLIWV EHWZHHQ WKH GLƪHUHQW ODEHO�IUHH PHDVXUHPHQWV� :LWK WKH 0DS$OLJQ�

HU3RVH&OXVWHULQJ � ZH FDQ DOLJQ FRUUHVSRQG�

LQJ SHSWLGH VLJQDOV WR HDFK RWKHU DV FORVHO\ DV SRVVLEOH E\ DSSO\LQJ D WUDQVIRUPDWLRQ

LQ WKH 57 GLPHQVLRQ�

1RWH� 0DS$OLJQHU3RVH&OXVWHULQJ FRQVXPHV VHYHUDO IHDWXUH;0/ ƬOHV DQG

LWV RXWSXW VKRXOG VWLOO EH VHYHUDO IHDWXUH;0/ ƬOHV FRQWDLQLQJ WKH VDPH IHD�

WXUHV� EXW ZLWK WKH WUDQVIRUPHG 57 YDOXHV� ,Q LWV FRQƬJXUDWLRQ GLDORJ� PDNH

VXUH WKH 2XWSXW7\SHV LV VHW WR IHDWXUH;0/�

r :LWK WKH )HDWXUH/LQNHU8QODEHOHG47 QRGH �

ZH FDQ WKHQ SHUIRUP WKH DFWXDO OLQNLQJ RI FRUUHVSRQGLQJ IHDWXUHV� ,WV RXWSXW LV D

��



FRQVHQVXV;0/ƬOH FRQWDLQLQJ OLQNHG JURXSV RI FRUUHVSRQGLQJ IHDWXUHV DFURVV WKH GLI�

IHUHQW H[SHULPHQWV�

r 6LQFH WKH RYHUDOO LQWHQVLWLHV FDQ YDU\ D ORW EHWZHHQ GLƪHUHQW PHDVXUHPHQWV �IRU H[�

DPSOH� EHFDXVH WKH DPRXQW RI LQMHFWHG DQDO\WHV ZDV GLƪHUHQW�� ZH DSSO\ WKH &RQVHQ�

VXV0DS1RUPDOL]HU DV D ODVW SURFHVVLQJ VWHS�

&RQƬJXUH LWV SDUDPHWHUVZLWK VHWWLQJ DOJRULWKPBW\SH WR PHGLDQ� ,W ZLOO WKHQ QRUPDOL]H

WKH PDSV LQ VXFK D ZD\ WKDW WKH PHGLDQ LQWHQVLW\ RI DOO LQSXW PDSV LV HTXDO�

r )LQDOO\� ZH H[SRUW WKH UHVXOWLQJ QRUPDOL]HG FRQVHQVXV;0/ ƬOH WR D FVY IRUPDW XVLQJ

7H[W([SRUWHU � &RQQHFW LWV RXW SRUW WR D QHZ

2XWSXW )ROGHU QRGH�

1RWH� <RX FDQ VSHFLI\ WKH GHVLUHG FROXPQ VHSDUDWLRQ FKDUDFWHU LQ WKH SD�

UDPHWHU VHWWLQJV �E\ GHIDXOW� LW LV VHW WR p q �D VSDFH��� 7KH RXWSXW ƬOH RI

7H[W([SRUWHU FDQ WKHQ EH RSHQHG ZLWK H[WHUQDO WRROV� H�J�� 0LFURVRIW ([FHO�

IRU GRZQVWUHDP VWDWLVWLFDO DQDO\VHV�

����� %RQXV WDVN� GDWD DQDO\VLV LQ .1,0(

)RUGRZQVWUHDPDQDO\VLV RI WKHTXDQWLƬFDWLRQ UHVXOWV� \RX FDQXVH WKH &RQVHQVXV7H[W5HDGHU

QRGH LQVWHDG RI WKH 2XWSXW )ROGHU QRGH WR FRQYHUW WKH RXWSXW LQWR D .1,0( WDEOH �LQGL�

FDWHG E\ DQ DUURZ DV RXWSXW SRUW�� $IWHU UXQQLQJ WKH QRGH \RX FDQ YLHZ WKH .1,0( 7DEOH

E\ ULJKW FOLFNLQJ RQ WKH &RQVHQVXV7H[W5HDGHU VHOHFWLQJ � 7KH RXWSXW RI WKH

QRGH VKRXOG QRZ EH FRPSDWLEOH ZLWK PRVW RI WKH QRGHV RI WKH .1,0( EDVH DV ZHOO DV WKH

5 QRGHV� ZKLFK OHDYHV URRP IRU \RX WR SOD\ ZLWK WKHVH� 3RVVLEOH DQDO\VHV LQFOXGH�

)LOWHULQJ �5RZ )LOWHU� 5XOH�EDVHG 5RZ )LOWHU� RU JURXSLQJ �*URXS%\� H�J� E\

FKDUJH� RI WKH LGHQWLƬHG SHSWLGHV�SURWHLQV�

7DVN

��



6WDWLVWLFDO DQDO\VLVZLWK 5 6QLSSHWQRGHV RU WKH QRGHV IURP WKH.1,0( 6WDWLV�

WLFV SDFNDJH�

7DVN

3ORWWLQJ RI WKH �FXPXODWLYH� GLVWULEXWLRQ RI T�YDOXHV� TXDOLW\ VFRUHV �RI WKH

FRQVHQVXV IHDWXUHV� RU RWKHU SHSWLGH KLW SURSHUWLHV XVLQJ 5 9LHZ QRGHV RU

WKH VWDQGDUG .1,0( QRGHV IRU SORWWLQJ �ZKLFK LQFOXGH LQWHUDFWLYH IXQFWLRQ�

DOLW\��

7DVN

)RU IXUWKHU LQVSLUDWLRQ \RXPLJKW WDNH D ORRN DW &KDSWHU ��� ZKLFK LV GHVFULE�

LQJ GLƪHUHQW W\SHV RI DQDO\VHV XVLQJ .1,0( RQ PHWDERORPLFV GDWD�

7DVN

��



� 4XDOLW\ &RQWURO

��� ,QWURGXFWLRQ

4XDOLW\&RQWURO LV DQ LPSRUWDQW SDUW RIPDVV VSHFWURPHWU\ H[SHULPHQWV DQG DQDO\VHV� +RZ�

HYHU� ZRUNƮRZV DQG TXDOLW\ FRQWURO SURWRFROV PD\ GLƪHU YDVWO\ EHWZHHQ ODEV� )RU WKLV UHD�

VRQ� TXDOLW\ FRQWURO LQ 2SHQ06 LV GHVLJQHG WR EH YHU\ ƮH[LEOH� XVLQJ D XVHUGHƬQHG VHW RI

PHWULFV IURP D FRQWUROOHG YRFDEXODU\ �&9�� WKH 4&�&9� %\ XVLQJ DQ RZQ &9� 4XDOLW\ 5HSRUWV

DUH QRW OLPLWHG LQ LWV IRUP� 7KXV� UHVXOWV FDQ EH FXVWRPL]HG DQG VWLOO ƬW D VWDQGDUG TXDOLW\

UHSRUW WHPSODWH� 5HSRUWV DUH HDV\ WR HYDOXDWH GXH WR WKH GHVLJQ RI WKH XVHG IRUPDW� TF0/�

��� 4&�&9

$ FRQWUROOHG YRFDEXODU\ LV D OLVW RI HQWULHV GHƬQLQJ HDFK D SKUDVH RU NH\ZRUG LQ D JLYHQ FRQ�

WH[W� ,Q RXU FDVH� D FRQWUROOHG YRFDEXODU\ HQWU\ RI D PHWULF FDQ GHVFULEH ERWK H[SHULPHQWDO

DV ZHOO DV SURJUDPPDWLF HQYLURQPHQWDO YDULDEOHV� ,W LV FRPSULVHG RI D QDPH� DQ LGHQWLƬHU�

DQG D GHƬQLWLRQ� 7KLV GHƬQLWLRQ GHVFULEHV WKH PHWULF DQG ZKDW DVSHFW RI TXDOLW\ FRQWURO LV

FRQGXFWHG ZLWK VXFK D PHWULF�

$ &9 HQWU\ DOVR KDV DVVRFLDWHG UHODWLRQV� OLNH &KURPDWRJUDP FRXQW LV D 06 DTXLVLWLRQ UHVXOW

GHWDLOV� 7KLV JLYHV WKH &9 D KLHUDUFKLFDO VWUXFWXUH DQG VKRXOG PDNH LW HDVLHU WR FRPSUHKHQG

DQG DOVR HDVLHU WR EURZVH �KWWS���ZZZ�HEL�DF�XN�RQWRORJ\�ORRNXS�EURZVH�GR"RQW1DPH 

TF0/��

/LNH WKLV� D VHW RI TXDOLW\ PHWULFV FDQ EH FKRVHQ DFFRUGLQJ WR WKH UHTXLUHPHQW RI WKH ODE�

UHVHDUFKHU RU ZRUNƮRZ� 7KH FRQWHQW RI WKH YRFDEXODU\ LV FRPPXQLW\ GHƬQHG� ,I \RXU

IDYRXULWHPHWULF� ZLWKZKLFK \RX FRQWURO WKH TXDOLW\ RI \RXU H[SHULPHQWV� GRHV QRW \HW KDYH

DQ HQWU\� IHHO XUJHG WR SURSRVH LWV DGGLWLRQ�

,QVLGH D TF0/ ƬOH� \RX ZLOO KDYH D EXQFK RI TXDOLW\ SDUDPHWHUV� 7KHVH EHORQJ WR D VSHFLƬF

06 UXQ �RU VHW� DQG FRPELQH D YDOXH ZLWK D &9 HQWU\�� H�J� 2069ZLWK06� VSHFWUD FRXQW�

��� 6LQJOH UXQ 4&

:HZLOO VWDUW E\ DGDSWLQJ WKH ODEHO�IUHH TXDQWLƬFDWLRQZRUNƮRZ DV LW FRPSULVHV DOO WKH EDVLF

DQDO\VHV ZH QHHG WR EHJLQ ZLWK�

��
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r 7KH VSHFWUD GDWD LWVHOI�

r WKH LGHQWLƬFDWLRQV WR WKH VSHFWUD DQG

r WKH IHDWXUHV IRXQG RQ ZKLFK TXDQWLƬFDWLRQ LV EDVHG�

&DOFXODWLQJ EDVLF VWDWLVWLFV DQG DJJORPHUDWLQJ TXDOLW\ GDWD ZLOO EH GRQH E\ WKH 4&&DO�

FXODWRU QRGH IURP � ,W ZLOO DOVR EH QHHGHG IRU PRUH DG�

YDQFHG TXDOLW\ PHWULFV ODWHU RQ� 7KH 4&&DOFXODWRU QRGH FRQVXPHV 06 UXQV �P]0/�� LGHQ�

WLƬFDWLRQV �LG;0/�� DQG IRXQG IHDWXUHV �IHDWXUH;0/�� 7KH RXWSXW DUH TXDOLW\ SDUDPHWHUV

ZKLFK DUH VWRUHG LQ D TF0/ ƬOH� 7KLV ZLOO PDNH LW HDV\ WR DFFHVV WKH TXDOLW\ GDWD ZH QHHG�

7KH TF0/ ƬOH ZLOO EH KDQGHG GRZQ IURP RQHPHWULF FDOFXODWLRQ RU YLVXDOL]DWLRQ WR DQRWKHU�

(DFK 4& VWHS ZLOO DSSHQG LWV SORW� WDEOH� RU YDOXH� :LWK WKH TF0/ ƬOH \RX FDQ DOVR LQVWDQWO\

YLVXDOL]H WKH PHWULFV \RX KDYH FDOFXODWHG VR IDU� TF0/ LQFOXGHV DOO LQIRUPDWLRQ� UHQGHUDEOH

LQ DOO UHFHQW EURZVHUV� HYHQ ZLWKRXW DQ LQWHUQHW FRQQHFWLRQ�

$W WKLV SRLQW� WKH TF0/ ZLOO QRW FRQWDLQ PXFK WR ORRN DW� VR ZH ZLOO VWDUW ƬOOLQJ LW � ZLWK

D KHDWPDS�OLNH �57 RYHU 0�=� ,QWHQVLW\ FRORU FRGHG� SORW RI WKH PDVV VSHFWURPHWU\ H[�

SHULPHQW LWVHOI� :H FDQ H[WUDFW WKDW IURP WKH P]0/ ZLWK DQ ,PDJH&UHDWRU QRGH IURP

� 7KH SORW FDQ WKHQ EH LQWHJUDWHG WR WKH TF0/ ZLWK WKH

4&(PEHGGHU QRGH IURP � 7KLV QRGH LV FDSDEOH WR HPEHG

HLWKHU LPDJHV RU WDEOHV LQWR WKH TF0/ ƬOH DV DWWDFKPHQW WR WKH TXDOLW\ SDUDPHWHU RI D FHU�

WDLQ UXQ RU VHW� 7KXV� LW QHHGV DV SDUDPHWHUV WKH &9 DFFHVVLRQ RI WKH TXDOLW\ SDUDPHWHU

WR ZKLFK LW VKRXOG WR EH DWWDFKHG WR �TSBDWWBDFF�� DQG D &9 DFFHVVLRQ IRU WKH FRQWHQW LW�

VHOI �FYBDFF� LI WKHUH LV RQH DYDLODEOH� 7KH LPDJH IURP WKH ,PDJH&UHDWRU ZH ZLOO DWWDFK WR

4&��������� ZKLFK LV WKH06 DTXLVLWLRQ UHVXOW GHWDLOV DFFHVVLRQ� ,I D 4XDOLW\3DUDPHWHU ZLWK

WKDW DFFHVVLRQ GRHV QRW H[LVW� LW ZLOO EH FUHDWHG IRU WKDW SXUSRVH� $QG ZH JLYH LWVHOI WKH &9

4&�������� ZKLFK LV WKH06 H[SHULPHQW KHDWPDS DFFHVVLRQ� :HZLOO QRW VSHFLI\ D UXQ� VLQFH

LQ D VLQJOH UXQ 4& ZH DUH VXUH WKHUH LV MXVW RQH UXQ WR FRQVLGHU DQG WKH 4&(PEHGGHU ZLOO

ƬJXUH WKDW RXW�

����� ,' UDWLR

1H[W� ZH ZLOO KDYH D ORRN DW WKH ,' UDWLR� 7KHUHIRUH� LPSRUW WKH TFBLGBUDWLR ZRUNƮRZ IURP

WKH ZRUNƮRZ IROGHU DQG FRS\ WKDW PHWD QRGH LQWR \RXU ZRUNƮRZ WR WDNH LQSXW IURP WKH

��



4&(PEHGGHU� 7KH ,' 5DWLR PHWD QRGH ZLOO FUHDWH D SORW RI WKH PHDVXUHG VSHFWUD YV� WKH

LGHQWLƬHG VSHFWUD LQ D 0�= YV� 57PDS� ,I \RX RSHQ WKHPHWD QRGH� \RX ZLOO VHH WKDW ZH FDQ

H[WUDFW SORWV RU WDEOHV MXVW VLPLODU WR KRZZH FRXOG HPEHG WKHP� %XW WKLV WLPHZH KDQGOH D

WDEOH� ZKLFK ZLOO EH H[WUDFWHG LQ FVY IRUPDW� :LWK GHGLFDWHG .1,0( UHDGHU QRGHV� ZH UHDG

WKH WDEOHV LQWR .1,0( DQG FDOFXODWH WKHPHWULF ZLWK 5� ,W ZLOO PDS WKH UHFRUGHG06� VSHFWUD

DJDLQVW WKH ,GHQWLƬFDWLRQV YLD WKH 57 DQG 0�= FRRUGLQDWHV RI WKHLU SUHFXUVRUV�

7KH UHVXOWLQJ SORW ZLOO EH LQFOXGHG LQ WKH TF0/ ƬOH DQG ZH FDQ PRYH WR WKH QH[W PHWULF�

����� 7RWDO ,RQ &XUUHQW

1RZ� ZH ZLOO HPEHG D SORW RI WKH WRWDO LRQ FXUUHQW �7,&�� $V EHIRUH� LPSRUW WKH TFBWLFBSORW

ZRUNƮRZ DQG FRS\ WKH PHWDQRGH LQWR \RXU ZRUNƮRZ WR UHFLHYH WKH LQSXW TF0/ IURP WKH

,' UDWLRQ PHWD QRGH� 7KH RSHUDWLRQ LV SUHWW\ VWUDLJKW�IRUZDUG DQG ZLOO \LHOG WKH WRWDO LRQ

FXUUHQW PHDVXUHG RQ 06� OHYHO�

����� 0DVV $FFXUDF\

7R WDNH D FORVHU ORRN DW RXU LGHQWLƬFDWLRQVPDVV DFFXUDF\� ZH LPSRUW WKH TFBPDVVBDFFXUDF\

ZRUNƮRZ DQG FRS\ WKHPHWD QRGH WR UHFLHYH LQSXW IURP WKH ODVWPHWD QRGH� 7KLV WLPH� WZR

SORWV DUH EHLQJ JHQHUDWHG� $ KLVWRJUDPZLOO VKRZ \RX WKH GLVWULEXWLRQ RI \RXU LGHQWLƬFDWLRQ

HUURUV� ,W VKRXOG UHVHPEOH D QDUURZ JDXVVLDQ GLVWULEXWLRQ�

7KH RWKHU SORW ZLOO VKRZ \RX WKH LGHQWLƬFDWLRQ HUURUV RYHU WLPH �57��

%RWK SORWV ZLOO KDYH WKH VPRRWKHG IXQFWLRQ RI WKH HUURU SORWWHG LQ UHG�

����� )UDFWLRQDO 0DVV

2XU ODVW SORW ZLOO EH D ORRN RQ ZKDW IHDWXUHV ZH IRXQG� ,PSRUW DQG FRS\ WKH PHWDQRGH

IURP WKH TFBIUDFWLRQDOBPDVV ZRUNƮRZ� $OVR� FRS\ WKH H[WUD LQSXW QRGH� 7KLV LQSXW ZLOO EH

DQ H[WHUQDO UHIHUHQFH ƬOH FRQWDLQLQJ DOO WKH SRWHQWLDO WKHRUHWLFDO PDVVHV ZH FRXOG VHHZLWK

WKH JLYHQ H[SHULPHQW � 4& WKHRUHWLFDOBPDVVHV�W[W�� ,W ZLOO SORW WKHVH RQ QRPLQDO YV�

IUDFWLRQDO PDVV LQ EOXH DQG WKH IRXQG IHDWXUH FHQWURLGV LQ UHG� 6R D UHDO SHSWLGH IHDWXUH

VKRXOG EH ORFDWHG LQVLGH WKHVH EOXH FORXGV�

��



����� )LQDO SUHSDUDWLRQV

$IWHU ZH KDYH DOO WKH SORWV HPEHGGHG DQG FDOFXODWHG DOO WKH 4& YDOXHV ZH ZDQW� ZH FDQ

JHW ULG RI WKH YHUERVH RU UHVLGXDO GDWD ZH ZHUH FROOHFWLQJ LQ RUGHU WR EH DEOH WR FDOFXODWH

HYHU\WKLQJZHZDQW� 7KH4&6KULQNHU QRGH IURP ZLOO WDNH

FDUH RI WKDW�

��� ,QVSHFW WKH TXDOLW\ UHSRUWV

$VZH KDYH D =LS/RRS LQ RXU ODEHOIUHH TXDQWLƬFDWLRQZRUNƮRZ� FUHDWLQJ D4& UHSRUW RI VHY�

HUDO UXQV LV HDV\� ,I \RX FRQQHFW WKH ODVW 4& QRGH ZLWK D QHZ LQSXW SRUW RI WKH =LS/RRS(QG

QRGH� \RX FDQ WDNH WKH UHVSHFWLYH RXSXW SRUW DQG FRQQHFW LW ZLWK D QHZ 2XWSXW )ROGHU� VH�

OHFW D GHVWLQDWLRQ DQG KDYH D ORRN DW WKH4& UHSRUWV E\ RSHQLQJ WKH TF0/ ƬOHV LQ D EURZVHU�

7KH ƬQDO ZRUNƮRZ� DV LW VKRXOG EH EXLOG LQ WKLV VHFWLRQ� FDQ EH VHHQ LQ )LJXUH ��
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� 0HWDERORPLFV

��� ,QWURGXFWLRQ

4XDQWLWDWLRQ DQG LGHQWLƬFDWLRQ RI FKHPLFDO FRPSRXQGV DUH EDVLF WDVNV LQ PHWDERORPLF

VWXGLHV� ,Q WKLV WXWRULDO VHVVLRQ ZH FRQVWUXFW D 83/&�06 EDVHG� ODEHO�IUHH TXDQWLWDWLRQ DQG

LGHQWLƬFDWLRQ ZRUNƮRZ� )ROORZLQJ TXDQWLWDWLRQ DQG LGHQWLƬFDWLRQ ZH WKHQ SHUIRUP VWDWLV�

WLFDO GRZQVWUHDP DQDO\VLV WR GHWHFW TXDQWLWDWLRQ YDOXHV WKDW GLƪHU VLJQLƬFDQWO\ EHWZHHQ

WZR FRQGLWLRQV� 7KLV DSSURDFK FDQ� IRU H[DPSOH� EH XVHG WR GHWHFW ELRPDUNHUV� +HUH� ZH

XVH WZR VSLNH�LQ FRQGLWLRQV RI D GLOXWLRQ VHULHV ���� PJ�O DQG ���� PJ�O� PDOH EORRG EDFN�

JURXQG� PHDVXUHG LQ WULSOLFDWHV� FRPSULVLQJ VHYHQ LVRWRSLFDOO\ ODEHOHG FRPSRXQGV� *RDO

RI WKLV WXWRULDO LV WR GHWHFW DQG TXDQWLI\ WKHVH GLƪHUHQWLDO VSLNH�LQ FRPSRXQGV DJDLQVW WKH

FRPSOH[ EDFNJURXQG�

��� 4XDQWLI\LQJ PHWDEROLWHV DFURVV VHYHUDO H[SHULPHQWV

)RU WKH TXDQWLƬFDWLRQ RI WKHPHWDEROLWHV ZH FKRRVH D VLPLODU DSSURDFK WR WKH RQH XVHG IRU

SHSWLGHV EDVHG RQ RQH RI 2SHQ06o IHDWXUH ƬQGHU�

r &UHDWH D QHZ ZRUNƮRZ FDOOHG IRU LQVWDQFH q0HWDERORPLFVq�

r $GG D ,QSXW )LOHV QRGH DQG FRQƬJXUH LW ZLWK DOO P]0/ ƬOHV IURP 0HWDERORPLFV

GDWDVHWV�

r $GG D =LS/RRS6WDUW QRGH DQG FRQQHFW WKH ,QSXW )LOHV QRGH WR WKH ƬUVW SRUW RI WKH

=LS/RRS6WDUW QRGH�

r $GG D )HDWXUH)LQGHU0HWDER QRGH �IURP DQG

FRQQHFW WKH ƬUVW RXWSXW SRUW RI WKH =LS/RRS6WDUW WR WKH )HDWXUH)LQGHU0HWDER�

r )RU DQ RSWLPDO UHVXOW DGMXVW WKH IROORZLQJ VHWWLQJV� 3OHDVH QRWH WKDW VRPH RI WKHVH

DUH DGYDQFHG SDUDPHWHUV�

��



SDUDPHWHU YDOXH

DOJRULWKP→ FRPPRQ→ FKURPBIZKP 8.0

DOJRULWKP→PWG→ WUDFHBWHUPLQDWLRQBFULWHULRQ VDPSOHBUDWH

DOJRULWKP→PWG→PLQBWUDFHBOHQJWK 3.0

DOJRULWKP→PWG→PD[BWUDFHBOHQJWK 600.0

DOJRULWKP→ HSG→ ZLGWKBƬOWHULQJ Rƪ

r $GG D =LS/RRS(QG QRGH DQG FRQQHFW WKH RXWSXW RI WKH )HDWXUH)LQGHU0HWDER WR WKH

ƬUVW SRUW RI WKH =LS/RRS(QG QRGH�

r $IWHU WKH =LS/RRS(QG QRGH DGG D 0DS$OLJQHU3RVH&OXVWHULQJ QRGH �

�� VHW LWV 2XWSXW 7\SH WR IHDWXUH;0/� DQG DGMXVW WKH IROORZLQJ

VHWWLQJV

SDUDPHWHU YDOXH

DOJRULWKP→PD[BQXPBSHDNVBFRQVLGHUHG −1

DOJRULWKP→ VXSHULPSRVHU→P]BSDLUBPD[BGLVWDQFH 0.005

DOJRULWKP→ VXSHULPSRVHU→ QXPBXVHGBSRLQWV 10000

DOJRULWKP→ SDLUƬQGHU→ GLVWDQFHB57→PD[BGLƪHUHQFH 20.0

DOJRULWKP→ SDLUƬQGHU→ GLVWDQFHB0=→PD[BGLƪHUHQFH 20.0

DOJRULWKP→ SDLUƬQGHU→ GLVWDQFHB0=→ XQLW ppm

r $IWHU WKH 0DS$OLJQHU3RVH&OXVWHULQJDGGD )HDWXUH/LQNHU8QODEHOHG47 �

� DQG DGMXVW WKH IROORZLQJ VHWWLQJV

SDUDPHWHU YDOXH

DOJRULWKP→ GLVWDQFHB57→PD[BGLƪHUHQFH 40.0

DOJRULWKP→ GLVWDQFHB0=→PD[BGLƪHUHQFH 20.0

DOJRULWKP→ GLVWDQFHB0=→ XQLW SSP

r $IWHU WKH )HDWXUH/LQNHU8QODEHOHG47DGGD 7H[W([SRUWHUQRGH �

��

r $GGDQ 2XWSXW )ROGHUQRGHDQG FRQƬJXUH LWZLWK DQRXWSXW GLUHFWRU\ZKHUH \RXZDQW

WR VWRUH WKH UHVXOWLQJ ƬOHV�

��



r 5XQ WKH SLSHOLQH DQG LQVSHFW WKH RXWSXW�

<RX VKRXOGƬQGD VLQJOH� WDE�VHSDUDWHGƬOH FRQWDLQLQJ WKH LQIRUPDWLRQRQZKHUHPHWDER�

OLWHV ZHUH IRXQG DQG ZLWK ZKLFK LQWHQVLWLHV� <RX FDQ DOVR DGG 2XWSXW )ROGHU QRGHV DW GLI�

IHUHQW VWDJHVRI WKHZRUNƮRZDQG LQVSHFW WKH LQWHUPHGLDWH UHVXOWV �H�J�� LGHQWLƬHGPHWDER�

OLWH IHDWXUHV IRU HDFK LQSXW PDS�� 7KH FRPSOHWH ZRUNƮRZ FDQ EH VHHQ LQ )LJXUH ��� ,Q WKH

IROORZLQJ VHFWLRQ ZH ZLOO WU\ WR LGHQWLI\ WKRVH PHWDEROLWHV�
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Node 6Node 12 Node 13 Node 29Node 97 Node 98Node 106 Node 107

FeatureLinkerUnlabeledQTZipLoopStart ZipLoopEnd MapAlignerPoseClusteringInput Files TextExporterFeatureFinderMetabo Output Folder
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)LJXUH ��� /DEHO�IUHH TXDQWLƬFDWLRQ ZRUNƮRZ IRU PHWDEROLWHV

��� ,GHQWLI\LQJ PHWDEROLWHV LQ /&�06�06 VDPSOHV

$W WKH FXUUHQW VWDWH ZH IRXQG VHYHUDO PHWDEROLWHV LQ WKH LQGLYLGXDO PDSV EXW VR IDU GRQoW

NQRZ ZKDW WKH\ DUH� 7R LGHQWLI\ PHWDEROLWHV 2SHQ06 SURYLGHV WKH $FFXUDWH0DVV6HDUFK

QRGHZKLFK VHDUFKHVREVHUYHGPDVVHV DJDLQVW WKH+XPDQ0HWDERORPH'DWDEDVH �+0'%�>��

�� �@� :H VWDUW ZLWK WKH ZRUNƮRZ IURP WKH SUHYLRXV VHFWLRQ �VHH )LJXUH ����

r $GG D )LOH&RQYHUWHU QRGH DQG FRQQHFW WKH RXWSXW RI WKH )HDWXUH/LQNHU8QODEHOHG47

WR WKH LQFRPLQJ SRUW�

r 2SHQ WKH &RQƬJXUH GLDORJ RI WKH )LOH&RQYHUWHU DQG VHOHFW WKH WDE q2XWSXW7\SHVq�

,Q WKH GURS GRZQ OLVW IRU )LOH&RQYHUWHU���RXW VHOHFW qIHDWXUH;0/q�

r $GG DQ $FFXUDWH0DVV6HDUFK QRGH DQG FRQQHFW WKH RXWSXW RI WKH )LOH&RQYHUWHU WR

WKH ƬUVW SRUW RI WKH $FFXUDWH0DVV6HDUFK�

r $GG IRXU ,QSXW )LOH QRGHV DQG FRQƬJXUH WKHP ZLWK WKH IROORZLQJ ƬOHV

s 0HWDERORPLFV GDWDEDVHV 3RVLWLYH$GGXFWV�WVY

7KLV ƬOH VSHFLƬHV WKH OLVW RI DGGXFWV WKDW DUH FRQVLGHUHG LQ WKH SRVLWLYH PRGH�

(DFK OLQH FRQWDLQV WKH IRUPXOD DQG FKDUJHRI DQ DGGXFW VHSDUDWHGE\ D VHPLFRORQ

�H�J� 0�+����� 7KH PDVV RI WKH DGGXFW LV FDOFXODWHG DXWRPDWLFDOO\�

��



s 0HWDERORPLFV GDWDEDVHV 1HJDWLYH$GGXFWV�WVY

7KLV ƬOH VSHFLƬHV WKH OLVW RI DGGXFWV WKDW DUH FRQVLGHUHG LQ WKH QHJDWLYH PRGH

DQDORJRXV WR WKH SRVLWLYH PRGH�

s 0HWDERORPLFV GDWDEDVHV +0'%0DSSLQJ)LOH�WVY

7KLVƬOH FRQWDLQV LQIRUPDWLRQ IURPDPHWDEROLWHGDWDEDVH LQ WKLV FDVH IURP+0'%�

,W KDV WKUHH WDE�VHSDUDWHG FROXPQVPDVV� IRUPXOD� DQG LGHQWLƬHU� 7KLV DOORZV IRU

DQ HƯFLHQW VHDUFK E\ PDVV�

s 0HWDERORPLFV GDWDEDVHV +0'%�6WUXFW0DSSLQJ�WVY

7KLV ƬOH FRQWDLQV DGGLWLRQDO LQIRUPDWLRQ DERXW WKH LGHQWLƬHUV LQ WKHPDSSLQJƬOH�

,W KDV IRXU WDE�VHSDUDWHG FROXPQV WKDW FRQWDLQ WKH LGHQWLƬHU� QDPH� 60,/(6� DQG

,1&+,� 7KHVH ZLOO EH LQFOXGHG LQ WKH UHVXOW ƬOH� 7KH LGHQWLƬHUV LQ WKLV ƬOH PXVW

PDWFK WKH LGHQWLƬHUV LQ WKH +0'%0DSSLQJ)LOH�WVY�

r ,Q WKH VDPH RUGHU DV WKH\ DUH JLYHQ DERYH FRQQHFW WKHP WR WKH UHPDLQLQJ LQSXW SRUWV

RI WKH $FFXUDWH0DVV6HDUFK QRGH�

r $GGDQ 2XWSXW )ROGHUQRGHDQGFRQQHFW WKHƬUVW RXWSXWSRUW RI WKH $FFXUDWH0DVV6HDUFK

QRGH WR WKH RXWSXW IROGHU�

7KH UHVXOW RI WKH $FFXUDWH0DVV6HDUFK QRGH LV LQ WKHP]7DE IRUPDW >��@ VR \RX FDQ HDVLO\

RSHQ LW LQ D WH[W HGLWRU RU LPSRUW LW LQWR ([FHO RU .1,0(�ZKLFKZHZLOO GR LQ WKH QH[W VHFWLRQ�

7KH FRPSOHWH ZRUNƮRZ IURP WKLV VHFWLRQ LV VKRZQ LQ )LJXUH ���

��� &RQYHUW \RXU GDWD LQWR D .1,0( WDEOH

7KH UHVXOW IURP WKH 7H[W([SRUWHU QRGH DV ZHOO DV WKH UHVXOW IURP WKH $FFXUDWH0DVV6HDUFK

QRGH DUH ƬOHV ZKLOH VWDQGDUG .1,0( QRGHV GLVSOD\ DQG SURFHVVHV RQO\ .1,0( WDEOHV� 7R

FRQYHUW WKHVHƬOHV LQWR.1,0( WDEOHVZHQHHG WZRGLƪHUHQWQRGHV� )RU WKH $FFXUDWH0DVV6HDUFK

UHVXOWV ZH XVH WKH 6PDOO0ROHFXOH0]7DE5HDGHU QRGH �

�� IRU WKH UHVXOW RI WKH 7H[W([SRUWHUZHXVH WKH &RQVHQVXV7H[W5HDGHU �

��

:KHQ H[HFXWHG� ERWK QRGHV ZLOO LPSRUW WKH 2SHQ06 ƬOHV DQG SURYLGH DFFHVV WR WKH

GDWD DV .1,0( WDEOHV� <RX FDQ QRZ HDVLO\ FRPELQH ERWK WDEOHV XVLQJ WKH -RLQHU QRGH

��
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)LJXUH ��� /DEHO�IUHH TXDQWLƬFDWLRQ DQG LGHQWLƬFDWLRQ ZRUNƮRZ IRU PHWDEROLWHV

� � DQG FRQƬJXULQJ LW WR PDWFK WKH P�] DQG UHWHQ�

WLRQ WLPH YDOXHV RI WKH UHVSHFWLYH WDEOHV� 7KH IXOO ZRUNƮRZ LV VKRZQ LQ )LJXUH ���

����� %RQXV WDVN� 9LVXDOLVLQJ GDWD

1RZ WKDW \RX KDYH \RXU GDWD LQ .1,0( \RX VKRXOG WU\ WR JHW D IHHOLQJ IRU WKH FDSDELOLWLHV

RI .1,0(�

&KHFN RXW WKH 0ROHFXOH 7\SH &DVW QRGH WR UHQGHU WKH VWUXFWXUDO IRUPXOD

FRQWDLQHG LQ WKH UHVXOW WDEOH�

7DVN

+DYH D ORRN DW WKH &ROXPQ )LOWHU QRGH WR UHGXFH WKH WDEOH WR WKH LQWHUHVWLQJ

FROXPQV� H�J�� RQO\ WKH ,GV� FKHPLFDO IRUPXOD� DQG LQWHQVLWLHV�

7DVN
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)LJXUH ��� /DEHO�IUHH TXDQWLƬFDWLRQ DQG LGHQWLƬFDWLRQZRUNƮRZ IRUPHWDEROLWHV WKDW ORDGV
WKH UHVXOWV LQWR .1,0( DQG MRLQV WKH WDEOHV�

7U\ WR FRPSXWH DQG YLVXDOLVH WKH P�] DQG UHWHQWLRQ WLPH HUURU RI WKH GLƪHU�

HQW HOHPHQWV RI WKH FRQVHQVXV IHDWXUHV�

7DVN

��� 'RZQVWUHDP GDWD DQDO\VLV DQG UHSRUWLQJ

,Q WKLV SDUW RI WKH PHWDERORPLFV VHVVLRQ ZH WDNH D ORRN DW PRUH DGYDQFHG GRZQVWUHDP

DQDO\VLV DQG WKH XVH RI WKH VWDWLVWLFDO SURJUDPPLQJ ODQJXDJH 5� $V ODLG RXW LQ WKH LQWURGXF�

WLRQ ZH WU\ WR GHWHFW D VHW RI VSLNH�LQ FRPSRXQGV DJDLQVW D FRPSOH[ EORRG EDFNJURXQG� $V

WKHUH DUH PDQ\ ZD\V WR SHUIRUP WKLV W\SH RI DQDO\VLV ZH SURYLGH D FRPSOHWH ZRUNƮRZ�

,PSRUW WKHZRUNƮRZIURP :RUNIORZV PHWDEROLWHBDQDO\VLV�]LS LQ .1,0(�
7DVN

7KH VHFWLRQ EHORZ ZLOO JXLGH \RX LQ \RXU XQGHUVWDQGLQJ RI WKH GLƪHUHQW SDUWV RI WKH

ZRUNƮRZ� 2QFH \RX XQGHUVWRRG WKH ZRUNƮRZ \RX VKRXOG SOD\ DURXQG DQG EH FUHDWLYH�

��



0D\EH FUHDWH D QRYHO YLVXDOL]DWLRQ LQ .1,0( RU 5" 'R VRPHPRUH HODERUDWH VWDWLVWLFDO DQDO�

\VLV" )HHO IUHH WR H[SHULPHQW DQG VKRZ XV \RXU UHVXOWV LI \RX OLNH� 1RWH WKDW VRPH EDVLF 5

NQRZOHGJH LV UHTXLUHG WR IXOO\ XQGHUVWDQG WKH SURFHVVLQJ LQ 5 6QLSSHW QRGHV�

����� 'DWD SUHSDUDWLRQ ,'

7KLV SDUW LV DQDORJRXV WR ZKDW \RX GLG IRU WKH VLPSOH PHWDERORPLFV SLSHOLQH�

����� 'DWD SUHSDUDWLRQ 4XDQW

7KH ƬUVW SDUW LV LGHQWLFDO WR ZKDW \RX GLG IRU WKH VLPSOH PHWDERORPLFV SLSHOLQH� $GGLWLRQ�

DOO\� ZH FRQYHUW ]HUR LQWHQVLWLHV LQWR 1$ YDOXHV DQG UHPRYH DOO URZV WKDW FRQWDLQ DW OHDVW

RQH 1$ YDOXH IURP WKH DQDO\VLV� :H GR WKLV XVLQJ D YHU\ VLPSOH 5 6QLSSHW DQG VXEVHTXHQW

0LVVLQJ 9DOXH ILOWHU QRGH�

,QVSHFW WKH 5 6QLSSHWE\GRXEOH�FOLFNLQJRQ LW� 7KH.1,0( WDEOH WKDW LV SDVVHG

WR DQ 5 6QLSSHW QRGH LV DYDLODEOH LQ 5 DV D GDWD�IUDPH QDPHG NQLPH�LQ� 7KH

UHVXOW RI WKLV QRGHZLOO EH UHDG IURPWKHGDWD�IUDPHNQLPH�RXW DIWHU WKH VFULSW

ƬQLVKHV� 7U\ WR XQGHUVWDQG DQG HYDOXDWH SDUWV RI WKH VFULSW �(YDO 6HOHFWLRQ��

,Q WKLV GLDORJ \RX FDQ DOVR SULQW LQWHUPHGLDU\ UHVXOWV XVLQJ IRU H[DPSOH WKH 5

FRPPDQG KHDG�� RU FDW�� WR WKH &RQVROH SDQH�

7DVN

����� 6WDWLVWLFDO DQDO\VLV

$IWHU ZH OLQNHG IHDWXUHV DFURVV DOO PDSV� ZH ZDQW WR LGHQWLI\ IHDWXUHV WKDW DUH VLJQLƬ�

FDQWO\ GHUHJXODWHG EHWZHHQ WKH WZR FRQGLWLRQV� :HZLOO ƬUVW VFDOH DQG QRUPDOL]H WKH GDWD�

WKHQ SHUIRUP D W�WHVW� DQG ƬQDOO\ FRUUHFW WKH REWDLQHG S�YDOXHV IRU PXOWLSOH WHVWLQJ XVLQJ

%HQMDPLQL�+RFKEHUJ� $OO RI WKHVH VWHSV ZLOO EH FDUULHG RXW LQ LQGLYLGXDO 5 6QLSSHW QRGHV�

r 'RXEOH�FOLFN RQ WKH ƬUVW 5 6QLSSHW QRGH ODEHOHG qORJ VFDOLQJq WR RSHQ WKH 5 6QLS�

SHW GLDORJ� ,Q WKH PLGGOH \RX ZLOO VHH D VKRUW 5 VFULSW WKDW SHUIRUPV WKH ORJ VFDOLQJ�

7R SHUIRUP WKH ORJ VFDOLQJ ZH XVH D VR�FDOOHG UHJXODU H[SUHVVLRQ �JUHSO� WR VHOHFW DOO

FROXPQV FRQWDLQLQJ WKH LQWHQVLWLHV LQ WKH VL[ PDSV DQG WDNH WKH log2 ORJDULWKP�

��



r 7KH RXWSXW RI WKH ORJ VFDOLQJ QRGH LV DOVR XVHG WR GUDZ D ER[SORW WKDW FDQ EH XVHG WR

H[DPLQH WKH VWUXFWXUH RI WKH GDWD� 6LQFH ZH RQO\ ZDQW WR SORW WKH LQWHQVLWLHV LQ WKH

GLƪHUHQWPDSV �DQG QRWP�] RU UW� ZH ƬUVW XVH D &ROXPQ )LOWHU QRGH WR NHHS RQO\ WKH

FROXPQV WKDW FRQWDLQ WKH LQWHQVLWLHV� :H FRQQHFW WKH UHVXOWLQJ WDEOH WR D %R[ 3ORW

QRGH ZKLFK GUDZV RQH ER[ IRU HYHU\ FROXPQ LQ WKH LQSXW WDEOH� 5LJKW�FOLFN DQG VHOHFW

�

r 7KH PHGLDQ QRUPDOL]DWLRQ LV SHUIRUPHG LQ D VLPLODU ZD\ WR WKH ORJ VFDOLQJ� )LUVW ZH

FDOFXODWH WKHPHGLDQ LQWHQVLW\ IRU HDFK LQWHQVLW\ FROXPQ� WKHQZHVXEWUDFW WKHPHGLDQ

IURP HYHU\ LQWHQVLW\�

r 2SHQ WKH %R[ 3ORW FRQQHFWHG WR WKH QRUPDOL]DWLRQ QRGH DQG FRPSDUH LW WR WKH ER[

SORW FRQQHFWHG WR WKH ORJ VFDOLQJ QRGH WR H[DPLQH WKH HƪHFW RI WKH PHGLDQ QRUPDO�

L]DWLRQ�

r 7R SHUIRUP WKH W�WHVW ZH GHƬQHG WKH WZR JURXSV ZH ZDQW WR FRPSDUH� 7KHQ ZH FDOO

WKH W�WHVW IRU HYHU\ FRQVHQVXV IHDWXUH XQOHVV LW KDVPLVVLQJ YDOXHV� )LQDOO\ ZH VDYH WKH

S�YDOXHV DQG IROG�FKDQJHV LQ WZR QHZ FROXPQV QDPHG S�YDOXH DQG )&�

r 7KH 1XPHULF 5RZ 6SOLWWHU LV XVHG WR ƬOWHU OHVV LQWHUHVWLQJ SDUWV RI WKH GDWD� ,Q WKLV

FDVH ZH RQO\ NHHS FROXPQV ZKHUH WKH IROG�FKDQJH LV≥ ��

r :H DGMXVW WKH S�YDOXHV IRU PXOWLSOH WHVWLQJ XVLQJ %HQMDPLQL�+RFKEHUJ DQG NHHS DOO

FRQVHQVXV IHDWXUHV ZLWK D T�YDOXH≤ ���� �L�H� ZH WDUJHW D IDOVH�GLVFRYHU\ UDWH RI 1���

����� 'DWD SUHSDUDWLRQ IRU 5HSRUWLQJ

)ROORZLQJ WKH LGHQWLƬFDWLRQ� TXDQWLƬFDWLRQ DQG VWDWLVWLFDO DQDO\VLV RXU GDWD LV PHUJHG DQG

IRUPDWWHG IRU UHSRUWLQJ� )LUVW ZH ZDQW WR GLVFDUG RXU QRUPDOL]HG DQG ORJDULWKPL]HG LQWHQ�

VLW\ YDOXHV LQ IDYRU RI WKH RULJLQDO RQHV� 7R WKLV HQG ZH ƬUVW UHPRYH WKH LQWHQVLW\ FROXPQV

�&ROXPQ )LOWHU� DQG DGG WKH RULJLQDO LQWHQVLWLHV EDFN �-RLQHU�� 1RWH WKDW ZH XVH DQ ,QQHU

-RLQ �� &RPELQLQJ ,' DQG 4XDQWLƬFDWLRQ WDEOH LQWR D VLQJOH WDEOH LV DJDLQ DFKLHYHG XVLQJ D

-RLQHU QRGH�

�,QQHU -RLQ LV D WHFKQLFDO WHUP WKDW GHVFULEHV KRZ GDWDEDVH WDEOHV DUH PHUJHG�

��



)LJXUH ��� 'DWD SUHSDUDWLRQ IRU UHSRUWLQJ

:KDW KDSSHQV LI ZH XVH DQ /HIW 2XWHU -RLQ� 5LJKW 2XWHU -RLQ RU )XOO 2XWHU -RLQ

LQVWHDG RI WKH ,QQHU -RLQ"

4XHVWLRQ

,QVSHFW WKH RXWSXW RI WKH MRLQ RSHUDWLRQ DQG DIWHU WKH 0ROHFXOH 7\SH &DVW�
7DVN

:KLOH DOO UHOHYDQW LQIRUPDWLRQ LV QRZ FRQWDLQHG LQ RXU WDEOH WKH SUHVHQWDWLRQ FRXOG EH

LPSURYHG� &XUUHQWO\� ZH KDYH VHYHUDO URZV FRUUHVSRQGLQJ WR D VLQJOH FRQVHQVXV IHDWXUH

� OLQNHG IHDWXUH� EXW ZLWK GLƪHUHQW� DOWHUQDWLYH LGHQWLƬFDWLRQV� ,W ZRXOG EH PRUH FRQYH�

QLHQW WRKDYHRQO\ RQH URZ IRU HDFK FRQVHQVXV IHDWXUHZLWK DOO DFFXUDWHPDVV LGHQWLƬFDWLRQV

DGGHG DV DGGLWLRQDO FROXPQV� 7R DFKLHYHZHXVH WKH &ROXPQ WR *ULGQRGH WKDW ƮDWWHQV VHY�

HUDO URZV ZLWK WKH VDPH FRQVHQVXV QXPEHU LQWR D VLQJOH RQH� 1RWH WKDW ZH KDYH WR VSHFLI\

WKH PD[LPXP QXPEHU RI FROXPQV LQ WKH JULG VR ZH VHW WKLV WR D ODUJH YDOXH �H�J� ����� :H

ƬQDOO\ VHOHFW RQO\ WKH FROXPQV ZH DUH LQWHUHVWHG LQ ZLWK WKH ODVW &ROXPQ )LOWHU DQG H[SRUW

WKH GDWD WR DQ ([FHO ƬOH �;/6 :ULWHU��

��



� 2SHQ6:$7+

��� ,QWURGXFWLRQ

2SHQ6:$7+ >��@ LV D PRGXOH RI 2SHQ06 WKDW DOORZV DQDO\VLV RI /&�06�06 ',$ �GDWD LQ�

GHSHQGHQW DFTXLVLWLRQ� GDWD XVLQJ WKH DSSURDFK GHVFULEHG E\ *LOOHW HW DO� >��@� 7KH ',$

DSSURDFK GHVFULEHG WKHUH XVHV �� F\FOHV WR LWHUDWH WKURXJK SUHFXUVRU LRQ ZLQGRZV IURP

������� 'D WR ��������� 'D DQG DW HDFK VWHS DFTXLUHV D FRPSOHWH� PXOWLSOH[HG IUDJPHQW

LRQ VSHFWUXP RI DOO SUHFXUVRUV SUHVHQW LQ WKDW ZLQGRZ� $IWHU �� IUDJPHQWDWLRQV �RU ��� VHF�

RQGV�� WKH F\FOH LV UHVWDUWHG DQG WKH ƬUVW ZLQGRZ �������� 'D� LV IUDJPHQWHG DJDLQ� WKXV

GHOLYHULQJ FRPSOHWH pVQDSVKRWVq RI DOO IUDJPHQWV RI D VSHFLƬF ZLQGRZ HYHU\ ��� VHFRQGV�

7KH DQDO\VLV DSSURDFK GHVFULEHG E\ *LOOHW HW DO� H[WUDFWV LRQ WUDFHV RI VSHFLƬF IUDJPHQW

LRQV IURP DOO 06� VSHFWUD WKDW KDYH WKH VDPH SUHFXUVRU LVRODWLRQ ZLQGRZ� WKXV JHQHUDWLQJ

GDWD WKDW LV YHU\ VLPLODU WR 650 WUDFHV�

��� ,QVWDOODWLRQ RI 2SHQ6:$7+

2SHQ6:$7+ KDV EHHQ IXOO\ LQWHJUDWHG VLQFH 2SHQ06 ���� �KWWS���RSHQ�PV�VRXUFHIRUJH�

QHW >�� �� ��@��

��� ,QVWDOODWLRQ RI P3URSKHW

P3URSKHW �KWWS���ZZZ�PSURSKHW�RUJ�� >��@ LV DYDLODEOH DV VWDQGDORQH VFULSW LQ ([WHU�

QDOB7RROV P3URSKHW� 5 �KWWS���ZZZ�U�SURMHFW�RUJ�� DQG WKH SDFNDJH 0$66 �KWWS���

FUDQ�U�SURMHFW�RUJ�ZHE�SDFNDJHV�0$66�� DUH IXUWKHU UHTXLUHG WRH[HFXWHP3URSKHW� 3OHDVH

REWDLQ D YHUVLRQ IRU HLWKHU :LQGRZV� 0DF RU /LQX[ GLUHFWO\ IURP &5$1�

S\SURSKHW� D PXFK IDVWHU UHLPSOHPHQWDWLRQ RI WKH P3URSKHW DOJRULWKP LV DYDLODEOH

IURP 3\3, �KWWSV���S\SL�S\WKRQ�RUJ�S\SL�S\SURSKHW��� 7KH XVDJH RI S\SURSKHW LQVWHDG

RI P3URSKHW LV VXJJHVWHG IRU ODUJH�VFDOH DSSOLFDWLRQV� EXW WKH LQVWDOODWLRQ UHTXLUHV PRUH

GHSHQGHQFLHV DQG WKHUHIRUH� IRU WKLV WXWRULDO WKH DSSOLFDWLRQ RI P3URSKHW LV GHVFULEHG�

��

http://open-ms.sourceforge.net
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��� *HQHUDWLQJ WKH $VVD\ /LEUDU\

����� *HQHUDWLQJ 7UD0/ IURP WUDQVLWLRQ OLVWV

2SHQ6:$7+ UHTXLUHV WKH DVVD\ OLEUDULHV WR EH VXSSOLHG LQ WKH 7UD0/ IRUPDW >��@� 7R HQDEOH

PDQXDO HGLWLQJ RI WUDQVLWLRQ OLVWV� WKH 7233 WRRO &RQYHUW7697R7UD0/ LV DYDLODEOH WKDW XVHV

WDE VHSDUDWHG ƬOHV DV LQSXW� ([DPSOH GDWDVHWV DUH SURYLGHG LQ 2SHQ6:$7+ DVVD\� 3OHDVH

QRWH WKDW WKH WUDQVLWLRQ OLVWV QHHG WR EH QDPHG �FVY�

7KH KHDGHU RI WKH WUDQVLWLRQ OLVW FRQWDLQV WKH IROORZLQJ YDULDEOHV �ZLWK H[DPSOH YDOXHV

LQ EUDFNHWV��

3UHFXUVRU0]

7KH PDVV�WR�FKDUJH �P�]� RI WKH SUHFXUVRU LRQ� ��������

3URGXFW0]

7KH PDVV�WR�FKDUJH �P�]� RI WKH SURGXFW RU IUDJPHQW LRQ� ���������

7UBUHFDOLEUDWHG

7KH QRUPDOL]HG UHWHQWLRQ WLPH �RU L57� >��@ RI WKH SHSWLGH� ������

WUDQVLWLRQBQDPH

$ XQLTXH LGHQWLƬHU IRU WKH WUDQVLWLRQ�

�$48$�6:$7+B+0/DQJH$B$'67*7/9,7'375�8QL0RG�������B\��

&(

7KH FROOLVLRQ HQHUJ\ WKDW VKRXOG EH XVHG IRU WKH DFTXLVLWLRQ� ����

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

/LEUDU\,QWHQVLW\

7KH UHODWLYH LQWHQVLW\ RI WKH WUDQVLWLRQ� ��������

WUDQVLWLRQBJURXSBLG

$ XQLTXH LGHQWLƬHU IRU WKH WUDQVLWLRQ JURXS�

�$48$�6:$7+B+0/DQJH$B$'67*7/9,7'375�8QL0RG��������

GHFR\

$ ELQDU\ YDOXH ZKHWKHU WKH WUDQVLWLRQ LV WDUJHW RU GHFR\ �WDUJHW��� GHFR\���� ���

��



3HSWLGH6HTXHQFH

7KH XQPRGLƬHG SHSWLGH VHTXHQFH� �$'67*7/9,7'375�

3URWHLQ1DPH

$ XQLTXH LGHQWLƬHU IRU WKH SURWHLQ� �$48$�6:$7+B+0/DQJH$�

$QQRWDWLRQ

7KH IUDJPHQW LRQ DQQRWDWLRQ� �\��

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

)XOO8QL0RG3HSWLGH1DPH

7KH SHSWLGH VHTXHQFH ZLWK 8QL0RG PRGLƬFDWLRQV� �$'67*7/9,7'375�8QL0RG������

0LVVHG&OHDYDJHV

7KH QXPEHU RI PLVVHG FOHDYDJHV GXULQJ HQ]\PDWLF GLJHVWLRQ� ���

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

5HSOLFDWHV

7KH QXPEHU RI UHSOLFDWHV� ���

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

1U0RGLILFDWLRQV

7KH QXPEHU RI PRGLƬFDWLRQV� ���

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

3UHFXUVRU&KDUJH

7KH SUHFXUVRU LRQ FKDUJH� ���

*URXS/DEHO

7KH VWDEOH LVRWRSH ODEHO� �OLJKW�

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

8QLSURW,'

7KH 8QLSURW ,' RI WKH SURWHLQ� ��

2SWLRQDO �QRW XVHG E\ 2SHQ6:$7+�

7R FRQYHUW WUDQVLWLRQV OLVWV WR 7UD0/� XVH &RQYHUW7697R7UD0/�

��



/LQX[ RU 0DF

2Q WKH 7HUPLQDO�

&RQYHUW7697R7UD0/ −LQ 2SHQ6:$7+B6*6B$VVD\/LEUDU\�FVY −RXW 2SHQ6:$7+B6*6B$VVD\/LEUDU\�←↩
7UD0/

:LQGRZV

2Q WKH 7233 FRPPDQG OLQH�

&RQYHUW7697R7UD0/�H[H −LQ 2SHQ6:$7+B6*6B$VVD\/LEUDU\�FVY −RXW 2SHQ6:$7+B6*6B$VVD\/LEUDU\←↩
�7UD0/

����� $SSHQGLQJ GHFR\V WR D 7UD0/

7R DSSHQG GHFR\V WR D 7UD0/� WKH 7233 WRRO 2SHQ6ZDWK'HFR\*HQHUDWRU FDQ EH XVHG�

/LQX[ RU 0DF

2Q WKH 7HUPLQDO�

2SHQ6ZDWK'HFR\*HQHUDWRU −LQ 2SHQ6:$7+B6*6B$VVD\/LEUDU\�7UD0/ −RXW ←↩
2SHQ6:$7+B6*6B$VVD\/LEUDU\BZLWKB'HFR\V�7UD0/ −PLQBWUDQVLWLRQV � −PD[BWUDQVLWLRQV � −←↩
PHWKRG VKXIIOH −DSSHQG −H[FOXGHBVLPLODU

:LQGRZV

2Q WKH 7233 FRPPDQG OLQH�

2SHQ6ZDWK'HFR\*HQHUDWRU�H[H −LQ 2SHQ6:$7+B6*6B$VVD\/LEUDU\�7UD0/ −RXW ←↩
2SHQ6:$7+B6*6B$VVD\/LEUDU\BZLWKB'HFR\V�7UD0/ −PLQBWUDQVLWLRQV � −PD[BWUDQVLWLRQV � −←↩
PHWKRG VKXIIOH −DSSHQG −H[FOXGHBVLPLODU

��� 2SHQ6:$7+ .1,0(

$Q H[DPSOH .1,0( ZRUNƮRZ IRU 2SHQ6:$7+ LV VXSSOLHG LQ :RUNIORZV �)LJXUH ���� 7KH

H[DPSOH GDWDVHW FDQ EH XVHG IRU WKLV ZRUNƮRZ �ƬOHQDPHV LQ EUDFNHWV��

��



�� 2SHQ :RUNIORZV 2SHQ6:$7+�]LS LQ .1,0(� �

�� 6HOHFW WKH QRUPDOL]HG UHWHQWLRQ WLPH �L57� DVVD\ OLEUDU\ LQ 7UD0/ IRUPDW E\ GRXEOH�

FOLFNLQJ RQ QRGH �

� 2SHQ6:$7+ DVVD\ 2SHQ6:$7+BL57B$VVD\/LEUDU\�7UD0/�

�� 6HOHFW WKH6:$7+06GDWD LQP]0/ IRUPDW DV LQSXWE\GRXEOH�FOLFNLQJRQQRGH

�

� 2SHQ6:$7+ GDWD VSOLWBQDSHGURB/������B���B6:�
�QI�SS�P]0/�

�� 6HOHFW WKH WDUJHW SHSWLGH DVVD\ OLEUDU\ LQ 7UD0/ IRUPDW DV LQSXW E\ GRXEOH�FOLFNLQJ RQ

QRGH �

� 2SHQ6:$7+ DVVD\ 2SHQ6:$7+B6*6B$VVD\/LEUDU\�7UD0/�

�� 6HW WKH RXWSXW GHVWLQDWLRQ E\ GRXEOH�FOLFNLQJ RQ QRGH �

�� 5XQ WKH ZRUNƮRZ�

7KH UHVXOWLQJ RXWSXW FDQ EH IRXQG DW \RXU VHOHFWHG SDWK� ZKLFK ZLOO EH XVHG DV LQSXW IRU

P3URSKHW� ([HFXWH WKH VFULSW RQ WKH 7HUPLQDO �/LQX[ RU 0DF� RU FPG�H[H �:LQGRZV� LQ

2SHQ6:$7+ UHVXOW�

5 −−VODYH −−DUJV ELQBGLU ���������([WHUQDOB7RROV�P3URSKHW� PTXHVW 2SHQ6:$7+BRXWSXW�FVY ZRUNIORZ ←↩
/$%(/B)5(( QXPB[YDO � UXQBORJ )$/6( ZULWHBFODVVLILHU � ZULWHBDOOBSJ � � ���������←↩
([WHUQDOB7RROV�P3URSKHW�P3URSKHW�5

7KH PDLQ RXWSXW ZLOO EH FDOOHG

2SHQ6:$7+ UHVXOW P3URSKHWBDOOBSHDNJURXSV�[OV

ZLWK VWDWLVWLFDO LQIRUPDWLRQ DYDLODEOH LQ

2SHQ6:$7+ UHVXOW P3URSKHW�SGI�

3OHDVH QRWH WKDW GXH WR WKH VHPL�VXSHUYLVHG PDFKLQH OHDUQLQJ DSSURDFK RI P3URSKHW

WKH UHVXOWV GLƪHU VOLJKWO\ ZKHQ P3URSKHW LV H[HFXWHG VHYHUDO WLPHV�

��
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)LJXUH ��� 2SHQ6:$7+ .1,0(:RUNƮRZ�

��� ([DPSOH GDWDVHW

7KLV VDPSOH GDWDVHW LV SDUW RI WKH ODUJHU 6:$7+ 06 *ROG 6WDQGDUG �6*6� GDWDVHW ZKLFK LV

GHVFULEHG LQ WKH SXEOLFDWLRQ RI 5RHVW HW DO� >��@� ,W FRQWDLQV RQH RI �� 6:$7+06 UXQV ZLWK

VLJQLƬFDQW GDWD UHGXFWLRQ �SHDN SLFNLQJ RI WKH UDZ� SURƬOH GDWD� WR PDNH ƬOH WUDQVIHU DQG

ZRUNLQJ ZLWK LW HDVLHU�

��� 5HDO�OLIH DSSOLFDWLRQV

6:$7+�06 GDWDVHWV DUH KXJH� VHYHUDO JLJDE\WH SHU UXQ� (VSHFLDOO\ ZKHQ FRPSOH[ VDPSOHV

LQ FRPELQDWLRQ ZLWK ODUJH DVVD\ OLEUDULHV DUH DQDO\]HG� WKH 7233 WRRO EDVHG ZRUNƮRZ UH�

TXLUHVPXFK FRPSXWDWLRQDO UHVRXUFHV� )RU WKLV UHDVRQ� DQ LQWHJUDWHG WRRO �2SHQ6ZDWK:RUNIORZ�

FRPELQLQJ DOO WKH VWHSV LQ D VLQJOH H[HFXWDEOH KDV EHHQ GHYHORSHG� ,W LV VKLSSHGZLWK2SHQ�

06�GHYHORS DQG ZLOO EH VKLSSHG ZLWK 2SHQ06 ����� ,QVWUXFWLRQV RQ KRZ WR XVH WKLV WRRO

FDQ EH IRXQG RQ KWWS���ZZZ�RSHQVZDWK�RUJ�

��

http://www.openswath.org


� $Q LQWURGXFWLRQ WR S\2SHQ06

��� ,QWURGXFWLRQ

S\2SHQ06 SURYLGHV 3\WKRQ ELQGLQJV IRU D ODUJH SDUW RI WKH 2SHQ06 OLEUDU\ IRU PDVV VSHF�

WURPHWU\ EDVHG SURWHRPLFV� ,W WKXV SURYLGHV DFFHVV WR D IHDWXUH�ULFK� RSHQ�VRXUFH DOJR�

ULWKP OLEUDU\ IRU PDVV�VSHFWURPHWU\ EDVHG SURWHRPLFV DQDO\VLV� 7KHVH 3\WKRQ ELQGLQJV

DOORZ UDZ DFFHVV WR WKH GDWD�VWUXFWXUHV DQG DOJRULWKPV LPSOHPHQWHG LQ 2SHQ06� VSHFLI�

LFDOO\ WKRVH IRU ƬOH DFFHVV �P];0/� P]0/� 7UD0/� P],GHQW0/ DPRQJ RWKHUV�� EDVLF VLJQDO

SURFHVVLQJ �VPRRWKLQJ� ƬOWHULQJ� GH�LVRWRSLQJ DQG SHDN�SLFNLQJ� DQG FRPSOH[ GDWD DQDO\VLV

�LQFOXGLQJ ODEHO�IUHH� 6,/$&� L75$4 DQG 6:$7+ DQDO\VLV WRROV��

S\2SHQ06 LV LQWHJUDWHG LQWR 2SHQ06 VWDUWLQJ IURP YHUVLRQ ����� 7KLV WXWRULDO LV DG�

GUHVVHG WR SHRSOH DOUHDG\ IDPLOLDU ZLWK 3\WKRQ� ,I \RX DUH QHZ WR 3\WKRQ� ZH VXJJHVW WR

VWDUWZLWK D3\WKRQ WXWRULDO �KWWS���HQ�ZLNLERRNV�RUJ�ZLNL�1RQ�3URJUDPPHU���VB7XWRULDOB

IRUB3\WKRQB�����

��� ,QVWDOODWLRQ

����� :LQGRZV

�� ,QVWDOO 3\WKRQ ��� �KWWS���ZZZ�S\WKRQ�RUJ�GRZQORDG��

�� ,QVWDOO 1XP3\ �KWWS���ZZZ�OIG�XFL�HGX�aJRKONH�S\WKRQOLEV��QXPS\�

�� ,QVWDOO VHWXSWRROV �KWWSV���S\SL�S\WKRQ�RUJ�S\SL�VHWXSWRROV�

�� 2Q WKH FRPPDQG OLQH�

HDV\BLQVWDOO S\RSHQPV

����� 0DF 26 ; ����

�� 2Q WKH 7HUPLQDO�

��

http://en.wikibooks.org/wiki/Non-Programmer%27s_Tutorial_for_Python_2.6
http://en.wikibooks.org/wiki/Non-Programmer%27s_Tutorial_for_Python_2.6
http://www.python.org/download/
http://www.lfd.uci.edu/~gohlke/pythonlibs/#numpy
https://pypi.python.org/pypi/setuptools


VXGR HDV\BLQVWDOO S\RSHQPV

����� /LQX[

�� ,QVWDOO 3\WKRQ ��� RU ��� �'HELDQ� S\WKRQ�GHY� 5HG+DW� S\WKRQ�GHYHO�

�� ,QVWDOO 1XP3\ �'HELDQ � 5HG+DW� S\WKRQ�QXPS\�

�� ,QVWDOO VHWXSWRROV �'HELDQ � 5HG+DW� S\WKRQ�VHWXSWRROV�

�� 2Q WKH 7HUPLQDO�

HDV\BLQVWDOO S\RSHQPV

��� %XLOG LQVWUXFWLRQV

,QVWUXFWLRQV RQ KRZ WR EXLOG S\2SHQ06 FDQ EH IRXQG RQOLQH �KWWS���IWS�PL�IX�EHUOLQ�

GH�2SHQ06�GRFXPHQWDWLRQ�KWPO�S\2SHQ06�KWPO��

��� <RXU ƬUVW S\2SHQ06 WRRO� S\2SHQ6ZDWK)HDWXUH;0/7R769

7KH ƬUVW WRRO WKDW \RX DUH JRLQJ WR UH�LPSOHPHQW LV D 7233 WRRO FDOOHG 2SHQ6ZDWK)HD�

WXUH;0/7R769� 7DNH D ORRN DW WKH KHOS RI WKH WRRO�

2SHQ6ZDWK)HDWXUH;0/7R769 −− &RQYHUWV D IHDWXUH;0/ WR D P3URSKHW WVY�
9HUVLRQ� ������ $XJ �� ����� ��������� 5HYLVLRQ� �����

8VDJH�
2SHQ6ZDWK)HDWXUH;0/7R769 �RSWLRQV!

2SWLRQV �PDQGDWRU\ RSWLRQV PDUNHG ZLWK 


��
−LQ �ILOHV!
 ,QSXW ILOHV VHSDUDWHG E\ EODQN �YDOLG IRUPDW

V� 
IHDWXUH;0/
�
−WU �ILOH!
 7UD0/ WUDQVLWLRQ ILOH �YDOLG IRUPDWV� 
WUD0/


�
−RXW �ILOH!
 7VY RXWSXW ILOH �P3URSKHW FRPSDWLEOH� �YDOLG

IRUPDWV� 
FVY
�

��

http://ftp.mi.fu-berlin.de/OpenMS/documentation/html/pyOpenMS.html
http://ftp.mi.fu-berlin.de/OpenMS/documentation/html/pyOpenMS.html


−VKRUWBIRUPDW :KHWKHU WR ZULWH VKRUW �RQH SHSWLGH SHU OLQH
� RU ORQJ IRUPDW �RQH WUDQVLWLRQ SHU OLQH��

−EHVWBVFRULQJBSHSWLGH �YDUQDPH! ,I RQO\ WKH EHVW VFRULQJ IHDWXUH SHU SHSWLGH
VKRXOG EH SULQWHG� JLYH WKH YDULDEOH QDPH

&RPPRQ 7233 RSWLRQV�
−LQL �ILOH! 8VH WKH JLYHQ 7233 ,1, ILOH
−WKUHDGV �Q! 6HWV WKH QXPEHU RI WKUHDGV DOORZHG WR EH

XVHG E\ WKH 7233 WRRO �GHIDXOW� 
�
�
−ZULWHBLQL �ILOH! :ULWHV WKH GHIDXOW FRQILJXUDWLRQ ILOH
−−KHOS 6KRZV RSWLRQV
−−KHOSKHOS 6KRZV DOO RSWLRQV �LQFOXGLQJ DGYDQFHG�

2SHQ6ZDWK)HDWXUH;0/7R769 FRQYHUWV D IHDWXUH;0/ ƬOH WR D WDE�VHSDUDWHG YDOXH WH[W

ƬOH� 7KLV H[DPSOH ZLOO WHDFK \RX KRZ WR XVH S\2SHQ06 LQ FRPELQDWLRQ ZLWK 3\WKRQ WR

LPSOHPHQW VXFK D WRRO YHU\ TXLFNO\�

����� %DVLFV

7KH ƬUVW WDVN WKDW \RXU WRRO QHHGV WR EH DEOH WR GR LV WR UHDG WKH SDUDPHWHUV IURP WKH

FRPPDQG OLQH DQG SURYLGH D PDLQ URXWLQH� 7KLV LV DOO VWDQGDUG 3\WKRQ DQG QR S\2SHQ06 LV

QHHGHG VR IDU�

���XVU�ELQ�HQY S\WKRQ
LPSRUW V\V

GHI PDLQ�RSWLRQV��

� WHVW SDUDPHWHU KDQGOLQJ
SULQW RSWLRQV�LQILOH� RSWLRQV�WUDPOBLQ� RSWLRQV�RXWILOH

GHI KDQGOHBDUJV���
LPSRUW DUJSDUVH

XVDJH  ��
XVDJH � �?Q2SHQ6ZDWK)HDWXUH;0/7R769 −− &RQYHUWV D IHDWXUH;0/ WR D P3URSKHW WVY��

SDUVHU  DUJSDUVH�$UJXPHQW3DUVHU�GHVFULSWLRQ  XVDJH �
SDUVHU�DGGBDUJXPHQW�
−−LQ
� GHVW �LQILOH�� KHOS  
$Q LQSXW ILOH FRQWDLQLQJ IHDWXUHV >←↩

IHDWXUH;0/@
�
SDUVHU�DGGBDUJXPHQW��−−WU�� GHVW �WUDPOBLQ�� KHOS �$Q LQSXW ILOH FRQWDLQLQJ WKH WUDQVLWLRQV >←↩

7UD0/@��
SDUVHU�DGGBDUJXPHQW��−−RXW�� GHVW �RXWILOH�� KHOS �2XWSXW P3URSKHW 769 ILOH >WVY@��

DUJV  SDUVHU�SDUVHBDUJV�V\V�DUJY>��@�

��



UHWXUQ DUJV

LI BBQDPHBB   
BBPDLQBB
�
RSWLRQV  KDQGOHBDUJV��
PDLQ�RSWLRQV�

([HFXWH WKLV FRGH LQ WKH H[DPSOH VFULSW

��S\2SHQ06�2SHQ6ZDWK)HDWXUH;0/7R769BEDVLFV�S\

S\WKRQ 2SHQ6ZDWK)HDWXUH;0/7R769BEDVLFV�S\ −−KHOS
XVDJH� 2SHQ6ZDWK)HDWXUH;0/7R769BEDVLFV�S\ >−K@ >−−LQ ,1),/(@ >−−WU 75$0/B,1@

>−−RXW 287),/(@

2SHQ6ZDWK)HDWXUH;0/7R769 −− &RQYHUWV D IHDWXUH;0/ WR D P3URSKHW WVY�

RSWLRQDO DUJXPHQWV�
−K� −−KHOS VKRZ WKLV KHOS PHVVDJH DQG H[LW
−−LQ ,1),/( $Q LQSXW ILOH FRQWDLQLQJ IHDWXUHV >IHDWXUH;0/@
−−WU 75$0/B,1 $Q LQSXW ILOH FRQWDLQLQJ WKH WUDQVLWLRQV >7UD0/@
−−RXW 287),/( 2XWSXW P3URSKHW 769 ILOH >WVY@

S\WKRQ 2SHQ6ZDWK)HDWXUH;0/7R769BEDVLFV�S\ −−LQ GDWD�H[DPSOH�IHDWXUH;0/ −−WU DVVD\�←↩
2SHQ6:$7+B6*6B$VVD\/LEUDU\�7UD0/ −−RXW H[DPSOH�WVY

GDWD�H[DPSOH�IHDWXUH;0/ DVVD\�2SHQ6:$7+B6*6B$VVD\/LEUDU\�7UD0/ H[DPSOH�WVY

7KH SDUDPHWHUV DUH EHLQJ UHDG IURP WKH FRPPDQG OLQH E\ WKH IXQFWLRQ KDQGOHBDUJV��

DQG JLYHQ WR WKH PDLQ�� IXQFWLRQ RI WKH VFULSW� ZKLFK SULQWV WKH GLƪHUHQW YDULDEOHV�

����� /RDGLQJ GDWD VWUXFWXUHV ZLWK S\2SHQ06

1RZZHoUH JRLQJ WR LPSRUW WKH S\2SHQ06PRGXOH ZLWK LPSRUW S\RSHQPV LQ WKH KHDGHU RI

WKH VFULSW DQG ORDG WKH IHDWXUH;0/�

���XVU�ELQ�HQY S\WKRQ
LPSRUW S\RSHQPV
LPSRUW V\V

GHI PDLQ�RSWLRQV��

��



� ORDG IHDWXUH;0/
IHDWXUHV  S\RSHQPV�)HDWXUH0DS��
IK  S\RSHQPV�)LOH+DQGOHU��
IK�ORDG)HDWXUHV�RSWLRQV�LQILOH� IHDWXUHV�

NH\V  >@
IHDWXUHV>�@�JHW.H\V�NH\V�
SULQW NH\V

GHI KDQGOHBDUJV���
LPSRUW DUJSDUVH

XVDJH  ��
XVDJH � �?Q2SHQ6ZDWK)HDWXUH;0/7R769 −− &RQYHUWV D IHDWXUH;0/ WR D P3URSKHW WVY��

SDUVHU  DUJSDUVH�$UJXPHQW3DUVHU�GHVFULSWLRQ  XVDJH �
SDUVHU�DGGBDUJXPHQW�
−−LQ
� GHVW �LQILOH�� KHOS  
$Q LQSXW ILOH FRQWDLQLQJ IHDWXUHV >←↩

IHDWXUH;0/@
�
SDUVHU�DGGBDUJXPHQW��−−WU�� GHVW �WUDPOBLQ�� KHOS �$Q LQSXW ILOH FRQWDLQLQJ WKH WUDQVLWLRQV >←↩

7UD0/@��
SDUVHU�DGGBDUJXPHQW��−−RXW�� GHVW �RXWILOH�� KHOS �2XWSXW P3URSKHW 769 ILOH >WVY@��

DUJV  SDUVHU�SDUVHBDUJV�V\V�DUJY>��@�
UHWXUQ DUJV

LI BBQDPHBB   
BBPDLQBB
�
RSWLRQV  KDQGOHBDUJV��
PDLQ�RSWLRQV�

7KH IXQFWLRQ S\RSHQPV�)HDWXUH0DS�� LQLWLDOL]HV DQ 2SHQ06 )HDWXUH0DS GDWD VWUXF�

WXUH� 7KH IXQFWLRQ S\RSHQPV�)LOH+DQGOHU�� SUHSDUHV D ƬOHKDQGOHU ZLWK WKH YDULDEOH QDPH

IK DQG IK�ORDG)HDWXUHV�RSWLRQV�LQƬOH� IHDWXUHV� WDNHV WKH ƬOHQDPH DQG LPSRUWV WKH IHD�

WXUH;0/ LQWR WKH )HDWXUH0DS GDWD VWUXFWXUH�

,Q WKH QH[W VWHS� ZHoUH DFFHVVLQJ WKH NH\V XVLQJ WKH IXQFWLRQ JHW.H\V�� DQG SULQWLQJ

WKHP WR VWGRXW�

S\WKRQ 2SHQ6ZDWK)HDWXUH;0/7R769BGDWDVWUXFWXUHV��S\ −−LQ GDWD�H[DPSOH�IHDWXUH;0/ −−WU DVVD\�←↩
2SHQ6:$7+B6*6B$VVD\/LEUDU\�7UD0/ −−RXW H[DPSOH�WVY

��



>
3HSWLGH5HI
� 
OHIW:LGWK
� 
ULJKW:LGWK
� 
WRWDOB[LF
� 
SHDNBDSLFHVBVXP
� 
YDUB[FRUUBFRHOXWLRQ
� ←↩

YDUB[FRUUBFRHOXWLRQBZHLJKWHG 
� 
YDUB[FRUUBVKDSH
� 
YDUB[FRUUBVKDSHBZHLJKWHG
� 
←↩
YDUBOLEUDU\BFRUU
� 
YDUBOLEUDU\BUPVG
� 
YDUBOLEUDU\BPDQKDWWDQ
� 
YDUBOLEUDU\BGRWSURG
� 
←↩
GHOWDBUW
� 
DVVD\BUW
� 
QRUPB57
� 
UWBVFRUH
� 
YDUBQRUPBUWBVFRUH
� 
YDUBLQWHQVLW\BVFRUH
� 
←↩
QUBSHDNV
� 
VQBUDWLR
� 
YDUBORJBVQBVFRUH
� 
YDUBHOXWLRQBPRGHOBILWBVFRUH
� 
←↩
[[BOGDBSUHOLPBVFRUH
� 
YDUBLVRWRSHBFRUUHODWLRQBVFRUH
� 
YDUBLVRWRSHBRYHUODSBVFRUH
� 
←↩
YDUBPDVVGHYBVFRUH
� 
YDUBPDVVGHYBVFRUHBZHLJKWHG
� 
YDUBEVHULHVBVFRUH
� 
YDUB\VHULHVBVFRUH
� ←↩

YDUBGRWSURGBVFRUH
� 
YDUBPDQKDWWBVFRUH
� 
PDLQBYDUB[[BVZDWKBSUHOLPBVFRUH
� 
3UHFXUVRU0=
� 
←↩
[[BVZDWKBSUHOLPBVFRUH
@

,Q WKH QH[W WDVN� SOHDVH ORDG WKH 7UD0/ LQWR DQ2SHQ067DUJHWHG([SHULPHQW GDWD VWUXF�

WXUH� DQDORJRXVO\ WR WKH IHDWXUH;0/� <RX PLJKW ZDQW WR FRQVXOW WKH S\2SHQ06 PDQXDO

�KWWS���SURWHRPLFV�HWK]�FK�S\2SHQ06B0DQXDO�SGI�� ZKLFKSURYLGHV DQRYHUYLHZRI DOO IXQF�

WLRQDOLW\� ,I \RX KDYH WURXEOH UHDGLQJ WKH 7UD0/� VHDUFK IRU 7UD0/)LOH��� ,I \RX FDQoW VROYH

WKH WDVN� WDNH D ORRN DW 2SHQ6ZDWK)HDWXUH;0/7R769BGDWDVWUXFWXUHV��S\

����� &RQYHUWLQJ GDWD LQ WKH IHDWXUH;0/ WR D 769

1RZ WKDW DOO GDWD VWUXFWXUHV DUH SRSXODWHG� ZH QHHG WR DFFHVV WKH GDWD XVLQJ WKH SURYLGHG

$3, DQG VWRUH LW LQ VRPHWKLQJ WKDW LV GLUHFWO\ DFFHVVLEOH IURP 3\WKRQ� :H SUHSDUHG WZR

IXQFWLRQV IRU \RX� JHWBKHDGHU�� 	 FRQYHUWBWRBURZ���

GHI JHWBKHDGHU�IHDWXUHV��
NH\V  >@
IHDWXUHV>�@�JHW.H\V�NH\V�
KHDGHU  >

�WUDQVLWLRQBJURXSBLG��
�UXQBLG��
�ILOHQDPH��
�57��
�LG��
�6HTXHQFH� �
�)XOO3HSWLGH1DPH��
�&KDUJH��
�P�]��
�,QWHQVLW\��
�3URWHLQ1DPH��
�GHFR\�@

KHDGHU�H[WHQG�NH\V�
UHWXUQ KHDGHU

JHWBKHDGHU�� WDNHV DV LQSXW D )HDWXUH0DSDQGXVHV WKHJHW.H\V�� IXQFWLRQ WKDW \RXKDYH

VHHQ EHIRUH WR H[WHQG D SUHGHƬQHG KHDGHU OLVW EDVHG RQ WKH FRQWHQWV RI WKH )HDWXUH0DS�

��

http://proteomics.ethz.ch/pyOpenMS_Manual.pdf


7KH UHWXUQ YDULDEOH LV D QDWLYH 3\WKRQ OLVW�

GHI FRQYHUWBWRBURZ�ILUVW� WDUJ� UXQBLG� NH\V� ILOHQDPH��
SHSWLGHBUHI  ILUVW�JHW0HWD9DOXH��3HSWLGH5HI��
SHS  WDUJ�JHW3HSWLGH%\5HI�SHSWLGHBUHI�
IXOOBSHSWLGHBQDPH  �1$�
LI �SHS�PHWD9DOXH([LVWV��IXOOBSHSWLGHBQDPH����
IXOOBSHSWLGHBQDPH  SHS�JHW0HWD9DOXH��IXOOBSHSWLGHBQDPH��

GHFR\  ���
SHSWLGHWUDQVLWLRQV  >W IRU W LQ WDUJ�JHW7UDQVLWLRQV�� LI W�JHW3HSWLGH5HI��   SHSWLGHBUHI@
LI OHQ�SHSWLGHWUDQVLWLRQV� ! ��

LI SHSWLGHWUDQVLWLRQV>�@�JHW'HFR\7UDQVLWLRQ7\SH��   S\RSHQPV�'HFR\7UDQVLWLRQ7\SH���'(&2<←↩
�
GHFR\  ���

HOLI SHSWLGHWUDQVLWLRQV>�@�JHW'HFR\7UDQVLWLRQ7\SH��   S\RSHQPV�'HFR\7UDQVLWLRQ7\SH���←↩
7$5*(7�
GHFR\  ���

SURWHLQBQDPH  �1$�
LI OHQ�SHS�SURWHLQBUHIV� ! ��
SURWHLQBQDPH  SHS�SURWHLQBUHIV>�@

URZ  >
ILUVW�JHW0HWD9DOXH��3HSWLGH5HI���
UXQBLG�
ILOHQDPH�
ILUVW�JHW57���
ILUVW�JHW8QLTXH,G���
SHS�VHTXHQFH�
IXOOBSHSWLGHBQDPH�
SHS�JHW&KDUJH6WDWH���
ILUVW�JHW0HWD9DOXH��3UHFXUVRU0=���
ILUVW�JHW,QWHQVLW\���
SURWHLQBQDPH�
GHFR\

@

IRU N LQ NH\V�
URZ�DSSHQG�ILUVW�JHW0HWD9DOXH�N��

UHWXUQ URZ

FRQYHUWBWRBURZ�� LV D ELW PRUH FRPSOLFDWHG DQG WDNHV DV ƬUVW LQSXW D )HDWXUH 2SHQ06

FODVV� )URP WKLV� ZH DFFHVV VWRUHG YDOXHV XVLQJ WKH SURYLGHG IXQFWLRQV �JHW57��� JHW8�

QLTXH,G��� HWF�� ,W IXUWKHU WDNHV D7DUJHWHG([SHULPHQW WRDFFHVV LQIRUPDWLRQ IURPWKH7UD0/

��



ZLWK WKH SURYLGHG URXWLQHV� 7KLV GDWD LV WKHQ VWRUHG LQ D VWDQGDUG 3\WKRQ OLVW ZLWK WKH YDUL�

DEOH QDPH URZ DQG UHWXUQHG�

����� 3XWWLQJ WKLQJV WRJHWKHU

1RZ SXW WKHVH WZR IXQFWLRQV LQWR WKH KHDGHU RI

2SHQ6ZDWK)HDWXUH;0/7R769BGDWDVWUXFWXUHV��S\�

<RXU ƬQDO JRDO LV WR LPSOHPHQW WKH FRQYHUVLRQ IXQFWLRQDOLW\ LQWR WKHPDLQ IXQFWLRQ XVLQJ

JHWBKHDGHU�� 	 FRQYHUWBWRBURZ�� DQG WR ZULWH D 769 XVLQJ WKH VWDQGDUG FVY PRGXOH IURP

3\WKRQ KWWS���GRFV�S\WKRQ�RUJ���OLEUDU\�FVY�KWPO� &RPSDUH WKH UHVXOWVZLWK ��UHVXOW�H[�
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