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7GCUCB DPMK QN?AC &?PRF MDDCPQ LM AJSCQ ?@MSR RFC BGTCPQGRW MD JGDC DMPKQ RF?R PCQGBC RFCPC� 5FC DGPQR DMPKQ MD JGDC ML &?PRF

?PC RFMSEFR RM F?TC @CCL KGAPMMPE?LGQKQ RF?R CVGQRCB DMP @GJJGMLQ MD WC?PQ GL RFC MAC?L @CDMPC NJ?LRQ ?LB ?LGK?JQ ?NNC?PCB�

5FC K?KK?JQ @GPBQ ?LB DJMUCPQ QM D?KGJG?P RM SQ ?PC ?JJ PCJ?RGTCJW PCACLR MPGEGL?RGLE ��� RM ��� KGJJGML WC?PQ ?EM� )SK?LQ

F?TC GLF?@GRCB RFGQ NJ?LCR DMP MLJW RFC J?QR ��� KGJJGML WC?PQ ?LB MLJW GL RFC J?QR ������ WC?PQ F?TC FSK?LQ QR?PRCB JMMIGLE
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8F?R GQ @GMJMEW *L QGKNJC RCPKQ biology GQ RFC QRSBW MD JGTGLE MPE?LGQKQ ?LB RFCGP GLRCP?ARGMLQ UGRF MLC ?LMRFCP ?LB RFCGP

CLTGPMLKCLRQ� 5FGQ GQ ? TCPW @PM?B BCDGLGRGML @CA?SQC RFC QAMNC MD @GMJMEW GQ T?QR� #GMJMEGQRQ K?W QRSBW ?LWRFGLE DPMK

RFC KGAPMQAMNGA MP QS@KGAPMQAMNGA TGCU MD ? ACJJ RM CAMQWQRCKQ ?LB RFC UFMJC JGTGLE NJ?LCR 	Figure 1.2
� -GQRCLGLE RM RFC

B?GJW LCUQ WMS UGJJ OSGAIJW PC?JGXC FMU K?LW ?QNCARQ MD @GMJMEW ?PC BGQASQQCB CTCPW B?W� 'MP CV?KNJC PCACLR LCUQ RMNGAQ

GLAJSBC �;+0-:1+01) +741 	Figure 1.3
 MSR@PC?IQ GL QNGL?AF ?LB !)4576-44) AMLR?KGL?RGML GL NC?LSR @SRRCP� 0RFCP QS@HCARQ

GLAJSBC CDDMPRQ RMU?PB DGLBGLE ? ASPC DMP "*%4 "JXFCGKCPtQ BGQC?QC ?LB A?LACP� 0L ? EJM@?J QA?JC K?LW PCQC?PAFCPQ ?PC

AMKKGRRCB RM DGLBGLE U?WQ RM NPMRCAR RFC NJ?LCR QMJTC CLTGPMLKCLR?J GQQSCQ ?LB PCBSAC RFC CDDCARQ MD AJGK?RC AF?LEC� "JJ

MD�RFCQC�BGTCPQC�CLBC?TMPQ�?PC�PCJ?RCB�RM�BGDDCPCLR�D?ACRQ�MD�RFC�BGQAGNJGLC�MD�@GMJMEW�
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#GMJMEW GQ ? QAGCLAC @SR UF?R CV?ARJW GQ QAGCLAC 8F?R BMCQ RFC QRSBW MD @GMJMEW QF?PC UGRF MRFCP QAGCLRGDGA BGQAGNJGLCQ 

Science 	DPMK RFC -?RGL ;+1-6<1) KC?LGLE uILMUJCBECv
 A?L @C BCDGLCB ?Q ILMUJCBEC RF?R AMTCPQ ECLCP?J RPSRFQ MP RFC

MNCP?RGML MD ECLCP?J J?UQ CQNCAG?JJW UFCL ?AOSGPCB ?LB RCQRCB @W RFC QAGCLRGDGA KCRFMB� *R @CAMKCQ AJC?P DPMK RFGQ BCDGLGRGML

RF?R RFC ?NNJGA?RGML MD RFC QAGCLRGDGA KCRFMB NJ?WQ ? K?HMP PMJC GL QAGCLAC� 5FC scientific method GQ ? KCRFMB MD PCQC?PAF

UGRF�BCDGLCB�QRCNQ�RF?R�GLAJSBC�CVNCPGKCLRQ�?LB�A?PCDSJ�M@QCPT?RGML�

5FC QRCNQ MD RFC QAGCLRGDGA KCRFMB UGJJ @C CV?KGLCB GL BCR?GJ J?RCP @SR MLC MD RFC KMQR GKNMPR?LR ?QNCARQ MD RFGQ KCRFMB GQ

RFC RCQRGLE MD FWNMRFCQCQ @W KC?LQ MD PCNC?R?@JC CVNCPGKCLRQ� " hypothesis GQ ? QSEECQRCB CVNJ?L?RGML DMP ?L CTCLR UFGAF

A?L @C RCQRCB� "JRFMSEF SQGLE RFC QAGCLRGDGA KCRFMB GQ GLFCPCLR RM QAGCLAC GR GQ GL?BCOS?RC GL BCRCPKGLGLE UF?R QAGCLAC GQ�

5FGQ GQ @CA?SQC GR GQ PCJ?RGTCJW C?QW RM ?NNJW RFC QAGCLRGDGA KCRFMB RM BGQAGNJGLCQ QSAF ?Q NFWQGAQ ?LB AFCKGQRPW @SR UFCL GR
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AMKCQ RM BGQAGNJGLCQ JGIC ?PAF?CMJMEW NQWAFMJMEW ?LB ECMJMEW RFC QAGCLRGDGA KCRFMB @CAMKCQ JCQQ ?NNJGA?@JC ?Q GR @CAMKCQ

KMPC�BGDDGASJR�RM�PCNC?R�CVNCPGKCLRQ�

5FCQC ?PC?Q MD QRSBW ?PC QRGJJ QAGCLACQ FMUCTCP� $MLQGBCP ?PAFCMJMEWrCTCL RFMSEF MLC A?LLMR NCPDMPK PCNC?R?@JC

CVNCPGKCLRQ FWNMRFCQCQ K?W QRGJJ @C QSNNMPRCB� 'MP GLQR?LAC ?L ?PAFCMJMEGQR A?L FWNMRFCQGXC RF?R ?L ?LAGCLR ASJRSPC CVGQRCB

@?QCB ML DGLBGLE ? NGCAC MD NMRRCPW� 'SPRFCP FWNMRFCQCQ AMSJB @C K?BC ?@MSR T?PGMSQ AF?P?ARCPGQRGAQ MD RFGQ ASJRSPC ?LB

RFCQC FWNMRFCQCQ K?W @C DMSLB RM @C AMPPCAR MP D?JQC RFPMSEF AMLRGLSCB QSNNMPR MP AMLRP?BGARGMLQ DPMK MRFCP DGLBGLEQ� "

FWNMRFCQGQ K?W @CAMKC ? TCPGDGCB RFCMPW� " theory GQ ? RCQRCB ?LB AMLDGPKCB CVNJ?L?RGML DMP M@QCPT?RGMLQ MP NFCLMKCL?�

4AGCLAC�K?W�@C�@CRRCP�BCDGLCB�?Q�DGCJBQ�MD�QRSBW�RF?R�?RRCKNR�RM�AMKNPCFCLB�RFC�L?RSPC�MD�RFC�SLGTCPQC�
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8F?R UMSJB WMS CVNCAR RM QCC GL ? KSQCSK MD L?RSP?J QAGCLACQ 'PMEQ 1J?LRQ %GLMQ?SP QICJCRMLQ &VFG@GRQ ?@MSR FMU RFC

@P?GL DSLARGMLQ " NJ?LCR?PGSK (CKQ ?LB KGLCP?JQ 0P K?W@C ?JJ MD RFC ?@MTC 4AGCLAC GLAJSBCQ QSAF BGTCPQC DGCJBQ ?Q

?QRPMLMKW @GMJMEW AMKNSRCP QAGCLACQ ECMJMEW JMEGA NFWQGAQ AFCKGQRPW ?LB K?RFCK?RGAQ 	Figure 1.4
� )MUCTCP RFMQC

DGCJBQ MD QAGCLAC PCJ?RCB RM RFC NFWQGA?J UMPJB ?LB GRQ NFCLMKCL? ?LB NPMACQQCQ ?PC AMLQGBCPCB natural sciences� 5FSQ ?

KSQCSK�MD�L?RSP?J�QAGCLACQ�KGEFR�AMLR?GL�?LW�MD�RFC�GRCKQ�JGQRCB�?@MTC�
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5FCPC GQ LM AMKNJCRC ?EPCCKCLR UFCL GR AMKCQ RM BCDGLGLE UF?R RFC L?RSP?J QAGCLACQ GLAJSBC FMUCTCP� 'MP QMKC CVNCPRQ

RFC L?RSP?J QAGCLACQ ?PC ?QRPMLMKW @GMJMEW AFCKGQRPW C?PRF QAGCLAC ?LB NFWQGAQ� 0RFCP QAFMJ?PQ AFMMQC RM BGTGBC L?RSP?J

QAGCLACQ GLRM life sciences UFGAF QRSBW JGTGLE RFGLEQ ?LB GLAJSBC @GMJMEW ?LB physical sciences UFGAF QRSBW LMLJGTGLE

K?RRCP ?LB GLAJSBC ?QRPMLMKW ECMJMEW NFWQGAQ ?LB AFCKGQRPW� 4MKC BGQAGNJGLCQ QSAF ?Q @GMNFWQGAQ ?LB @GMAFCKGQRPW @SGJB

ML @MRF JGDC ?LB NFWQGA?J QAGCLACQ ?LB ?PC GLRCPBGQAGNJGL?PW� /?RSP?J QAGCLACQ ?PC QMKCRGKCQ PCDCPPCB RM ?Q uF?PB QAGCLACv

@CA?SQC RFCW PCJW ML RFC SQC MD OS?LRGR?RGTC B?R?� QMAG?J QAGCLACQ RF?R QRSBW QMAGCRW ?LB FSK?L @CF?TGMP ?PC KMPC JGICJW RM

SQC�OS?JGR?RGTC�?QQCQQKCLRQ�RM�BPGTC�GLTCQRGE?RGMLQ�?LB�DGLBGLEQ�

/MR QSPNPGQGLEJW RFC L?RSP?J QAGCLAC MD @GMJMEW F?Q K?LW @P?LAFCQ MP QS@BGQAGNJGLCQ� $CJJ @GMJMEGQRQ QRSBW ACJJ QRPSARSPC

?LB DSLARGML UFGJC @GMJMEGQRQ UFM QRSBW ?L?RMKW GLTCQRGE?RC RFC QRPSARSPC MD ?L CLRGPC MPE?LGQK� 5FMQC @GMJMEGQRQ QRSBWGLE

NFWQGMJMEW FMUCTCP DMASQ ML RFC GLRCPL?J DSLARGMLGLE MD ?L MPE?LGQK� 4MKC ?PC?Q MD @GMJMEW DMASQ ML MLJW N?PRGASJ?P RWNCQ

MD�JGTGLE�RFGLEQ��'MP�CV?KNJC�@MR?LGQRQ�CVNJMPC�NJ?LRQ�UFGJC�XMMJMEGQRQ�QNCAG?JGXC�GL�?LGK?JQ�
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0LC RFGLE GQ AMKKML RM ?JJ DMPKQ MD QAGCLAC� ?L SJRGK?RC EM?J uRM ILMU�v $SPGMQGRW ?LB GLOSGPW ?PC RFC BPGTGLE DMPACQ DMP RFC

BCTCJMNKCLR MD QAGCLAC� 4AGCLRGQRQ QCCI RM SLBCPQR?LB RFC UMPJB ?LB RFC U?W GR MNCP?RCQ� 5M BM RFGQ RFCW SQC RUM KCRFMBQ

MD�JMEGA?J�RFGLIGLE��GLBSARGTC�PC?QMLGLE�?LB�BCBSARGTC�PC?QMLGLE�

Inductive reasoning GQ ? DMPK MD JMEGA?J RFGLIGLE RF?R SQCQ PCJ?RCB M@QCPT?RGMLQ RM ?PPGTC ?R ? ECLCP?J AMLAJSQGML� 5FGQ RWNC

MD PC?QMLGLE GQ AMKKML GL BCQAPGNRGTC QAGCLAC� " JGDC QAGCLRGQR QSAF ?Q ? @GMJMEGQR K?ICQ M@QCPT?RGMLQ ?LB PCAMPBQ RFCK�

5FCQC B?R? A?L @C OS?JGR?RGTC MP OS?LRGR?RGTC ?LB RFC P?U B?R? A?L @C QSNNJCKCLRCB UGRF BP?UGLEQ NGARSPCQ NFMRMQ MP

TGBCMQ� 'PMK K?LW M@QCPT?RGMLQ RFC QAGCLRGQR A?L GLDCP AMLAJSQGMLQ 	GLBSARGMLQ
 @?QCB ML CTGBCLAC� *LBSARGTC PC?QMLGLE

GLTMJTCQ DMPKSJ?RGLE ECLCP?JGX?RGMLQ GLDCPPCB DPMK A?PCDSJ M@QCPT?RGML ?LB RFC ?L?JWQGQ MD ? J?PEC ?KMSLR MD B?R?� #P?GL

QRSBGCQ NPMTGBC ?L CV?KNJC� *L RFGQ RWNC MD PCQC?PAF K?LW JGTC @P?GLQ ?PC M@QCPTCB UFGJC NCMNJC ?PC BMGLE ? QNCAGDGA ?ARGTGRW

QSAF ?Q TGCUGLE GK?ECQ MD DMMB� 5FC N?PR MD RFC @P?GL RF?R uJGEFRQ SNv BSPGLE RFGQ ?ARGTGRW GQ RFCL NPCBGARCB RM @C RFC N?PR

AMLRPMJJGLE RFC PCQNMLQC RM RFC QCJCARCB QRGKSJSQ GL RFGQ A?QC GK?ECQ MD DMMB� 5FC uJGEFRGLE SNv MD RFC T?PGMSQ ?PC?Q MD RFC

@P?GL GQ A?SQCB @W CVACQQ ?@QMPNRGML MD P?BGM?ARGTC QSE?P BCPGT?RGTCQ @W ?ARGTC ?PC?Q MD RFC @P?GL� 5FC PCQSJR?LR GLAPC?QC GL

P?BGM?ARGTGRW GQ M@QCPTCB @W ? QA?LLCP� 5FCL PCQC?PAFCPQ A?L QRGKSJ?RC RF?R N?PR MD RFC @P?GL RM QCC GD QGKGJ?P PCQNMLQCQ PCQSJR�

%CBSARGTC PC?QMLGLE MP BCBSARGML GQ RFC RWNC MD JMEGA SQCB GL FWNMRFCQGQ�@?QCB QAGCLAC� *L BCBSARGTC PC?QML RFC N?RRCPL

MD RFGLIGLE KMTCQ GL RFC MNNMQGRC BGPCARGML ?Q AMKN?PCB RM GLBSARGTC PC?QMLGLE� Deductive reasoning GQ ? DMPK MD JMEGA?J

RFGLIGLE RF?R SQCQ ? ECLCP?J NPGLAGNJC MP J?U RM DMPCA?QR QNCAGDGA PCQSJRQ� 'PMK RFMQC ECLCP?J NPGLAGNJCQ ? QAGCLRGQR A?L

CVRP?NMJ?RC ?LB NPCBGAR RFC QNCAGDGA PCQSJRQ RF?R UMSJB @C T?JGB ?Q JMLE ?Q RFC ECLCP?J NPGLAGNJCQ ?PC T?JGB� 4RSBGCQ GL AJGK?RC

AF?LEC A?L GJJSQRP?RC RFGQ RWNC MD PC?QMLGLE� 'MP CV?KNJC QAGCLRGQRQ K?W NPCBGAR RF?R GD RFC AJGK?RC @CAMKCQ U?PKCP GL ?

N?PRGASJ?P PCEGML RFCL RFC BGQRPG@SRGML MD NJ?LRQ ?LB ?LGK?JQ QFMSJB AF?LEC� 5FCQC NPCBGARGMLQ F?TC @CCL K?BC ?LB RCQRCB

?LB K?LW QSAF AF?LECQ F?TC @CCL DMSLB QSAF ?Q RFC KMBGDGA?RGML MD ?P?@JC ?PC?Q DMP ?EPGASJRSPC UGRF AF?LEC @?QCB ML

RCKNCP?RSPC�?TCP?ECQ�

#MRF RWNCQ MD JMEGA?J RFGLIGLE ?PC PCJ?RCB RM RFC RUM K?GL N?RFU?WQ MD QAGCLRGDGA QRSBW� BCQAPGNRGTC QAGCLAC ?LB FWNMRFCQGQ�

@?QCB QAGCLAC� Descriptive (or discovery) science UFGAF GQ SQS?JJW GLBSARGTC ?GKQ RM M@QCPTC CVNJMPC ?LB BGQAMTCP UFGJC

hypothesis-based science UFGAF GQ SQS?JJW BCBSARGTC @CEGLQ UGRF ? QNCAGDGA OSCQRGML MP NPM@JCK ?LB ? NMRCLRG?J ?LQUCP MP

QMJSRGML RF?R A?L @C RCQRCB� 5FC @MSLB?PW @CRUCCL RFCQC RUM DMPKQ MD QRSBW GQ MDRCL @JSPPCB ?LB KMQR QAGCLRGDGA CLBC?TMPQ

AMK@GLC @MRF ?NNPM?AFCQ� 5FC DSXXW @MSLB?PW @CAMKCQ ?NN?PCLR UFCL RFGLIGLE ?@MSR FMU C?QGJW M@QCPT?RGML A?L JC?B RM

QNCAGDGA OSCQRGMLQ� 'MP CV?KNJC ? ECLRJCK?L GL RFC ����Q M@QCPTCB RF?R RFC @SPP QCCBQ RF?R QRSAI RM FGQ AJMRFCQ ?LB FGQ BMEtQ

DSP F?B ? RGLW FMMI QRPSARSPC� 0L AJMQCP GLQNCARGML FC BGQAMTCPCB RF?R RFC @SPPQt EPGNNGLE BCTGAC U?Q KMPC PCJG?@JC RF?L

? XGNNCP� )C CTCLRS?JJW BCTCJMNCB ? AMKN?LW ?LB NPMBSACB RFC FMMI�?LB�JMMN D?QRCLCP NMNSJ?PJW ILMUL RMB?W ?Q 7CJAPM�

%CQAPGNRGTC�QAGCLAC�?LB�FWNMRFCQGQ�@?QCB�QAGCLAC�?PC�GL�AMLRGLSMSQ�BG?JMESC�
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#GMJMEGQRQ QRSBW RFC JGTGLE UMPJB @W NMQGLE OSCQRGMLQ ?@MSR GR ?LB QCCIGLE QAGCLAC�@?QCB PCQNMLQCQ� 5FGQ ?NNPM?AF GQ

AMKKML RM MRFCP QAGCLACQ ?Q UCJJ ?LB GQ MDRCL PCDCPPCB RM ?Q RFC QAGCLRGDGA KCRFMB� 5FC QAGCLRGDGA KCRFMB U?Q SQCB CTCL GL

?LAGCLR RGKCQ @SR GR U?Q DGPQR BMASKCLRCB @W &LEJ?LBtQ 4GP 'P?LAGQ #?AML 	����q����
 	Figure 1.5
 UFM QCR SN GLBSARGTC

KCRFMBQ DMP QAGCLRGDGA GLOSGPW� 5FC QAGCLRGDGA KCRFMB GQ LMR CVAJSQGTCJW SQCB @W @GMJMEGQRQ @SR A?L @C ?NNJGCB RM ?JKMQR ?JJ

DGCJBQ�MD�QRSBW�?Q�?�JMEGA?J�P?RGML?J�NPM@JCK�QMJTGLE�KCRFMB�
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5FC QAGCLRGDGA NPMACQQ RWNGA?JJW QR?PRQ UGRF ?L M@QCPT?RGML 	MDRCL ? NPM@JCK RM @C QMJTCB
 RF?R JC?BQ RM ? OSCQRGML� -CRtQ RFGLI

?@MSR ? QGKNJC NPM@JCK RF?R QR?PRQ UGRF ?L M@QCPT?RGML ?LB ?NNJW RFC QAGCLRGDGA KCRFMB RM QMJTC RFC NPM@JCK� 0LC .MLB?W

KMPLGLE ? QRSBCLR ?PPGTCQ ?R AJ?QQ ?LB OSGAIJW BGQAMTCPQ RF?R RFC AJ?QQPMMK GQ RMM U?PK� 5F?R GQ ?L M@QCPT?RGML RF?R ?JQM

BCQAPG@CQ�?�NPM@JCK��RFC�AJ?QQPMMK�GQ�RMM�U?PK��5FC�QRSBCLR�RFCL�?QIQ�?�OSCQRGML��u8FW�GQ�RFC�AJ?QQPMMK�QM�U?PK v

�74548/3-�'��>549.+8/8

3CA?JJ RF?R ? FWNMRFCQGQ GQ ? QSEECQRCB CVNJ?L?RGML RF?R A?L @C RCQRCB� 5M QMJTC ? NPM@JCK QCTCP?J FWNMRFCQCQ K?W @C

NPMNMQCB� 'MP CV?KNJC MLC FWNMRFCQGQ KGEFR @C u5FC AJ?QQPMMK GQ U?PK @CA?SQC LM MLC RSPLCB ML RFC ?GP AMLBGRGMLGLE�v

#SR RFCPC AMSJB @C MRFCP PCQNMLQCQ RM RFC OSCQRGML ?LB RFCPCDMPC MRFCP FWNMRFCQCQ K?W @C NPMNMQCB� " QCAMLB FWNMRFCQGQ

KGEFR�@C�u5FC�AJ?QQPMMK�GQ�U?PK�@CA?SQC�RFCPC�GQ�?�NMUCP�D?GJSPC�?LB�QM�RFC�?GP�AMLBGRGMLGLE�BMCQLtR�UMPI�v

0LAC ? FWNMRFCQGQ F?Q @CCL QCJCARCB RFC QRSBCLR A?L K?IC ? NPCBGARGML� " NPCBGARGML GQ QGKGJ?P RM ? FWNMRFCQGQ @SR GR

RWNGA?JJW F?Q RFC DMPK?R u*D � � � RFCL � � � �v 'MP CV?KNJC RFC NPCBGARGML DMP RFC DGPQR FWNMRFCQGQ KGEFR @C u�. RFC QRSBCLR RSPLQ

ML�RFC�?GP�AMLBGRGMLGLE <0-6 RFC�AJ?QQPMMK�UGJJ�LM�JMLECP�@C�RMM�U?PK�v

"+89/3-�'��>549.+8/8

" T?JGB FWNMRFCQGQ KSQR @C RCQR?@JC� *R QFMSJB ?JQM @C falsifiable KC?LGLE RF?R GR A?L @C BGQNPMTCL @W CVNCPGKCLR?J

PCQSJRQ� *KNMPR?LRJW QAGCLAC BMCQ LMR AJ?GK RM uNPMTCv ?LWRFGLE @CA?SQC QAGCLRGDGA SLBCPQR?LBGLEQ ?PC ?JU?WQ QS@HCAR RM

KMBGDGA?RGML UGRF DSPRFCP GLDMPK?RGML� 5FGQ QRCNrMNCLLCQQ RM BGQNPMTGLE GBC?QrGQ UF?R BGQRGLESGQFCQ QAGCLACQ DPMK LML�

QAGCLACQ� 5FC NPCQCLAC MD RFC QSNCPL?RSP?J DMP GLQR?LAC GQ LCGRFCP RCQR?@JC LMP D?JQGDG?@JC� 5M RCQR ? FWNMRFCQGQ ? PCQC?PAFCP

UGJJ AMLBSAR MLC MP KMPC CVNCPGKCLRQ BCQGELCB RM CJGKGL?RC MLC MP KMPC MD RFC FWNMRFCQCQ� &?AF CVNCPGKCLR UGJJ F?TC MLC

MP KMPC T?PG?@JCQ ?LB MLC MP KMPC AMLRPMJQ� " variable GQ ?LW N?PR MD RFC CVNCPGKCLR RF?R A?L T?PW MP AF?LEC BSPGLE RFC

CVNCPGKCLR� 5FC control group AMLR?GLQ CTCPW DC?RSPC MD RFC CVNCPGKCLR?J EPMSN CVACNR GR GQ LMR EGTCL RFC K?LGNSJ?RGML

RF?R GQ FWNMRFCQGXCB ?@MSR� 5FCPCDMPC GD RFC PCQSJRQ MD RFC CVNCPGKCLR?J EPMSN BGDDCP DPMK RFC AMLRPMJ EPMSN RFC BGDDCPCLAC

KSQR @C BSC RM RFC FWNMRFCQGXCB K?LGNSJ?RGML P?RFCP RF?L QMKC MSRQGBC D?ARMP� -MMI DMP RFC T?PG?@JCQ ?LB AMLRPMJQ GL

RFC CV?KNJCQ RF?R DMJJMU� 5M RCQR RFC DGPQR FWNMRFCQGQ RFC QRSBCLR UMSJB DGLB MSR GD RFC ?GP AMLBGRGMLGLE GQ ML� *D RFC ?GP

AMLBGRGMLGLE GQ RSPLCB ML @SR BMCQ LMR UMPI RFCPC QFMSJB @C ?LMRFCP PC?QML ?LB RFGQ FWNMRFCQGQ QFMSJB @C PCHCARCB� 5M

RCQR RFC QCAMLB FWNMRFCQGQ RFC QRSBCLR AMSJB AFCAI GD RFC JGEFRQ GL RFC AJ?QQPMMK ?PC DSLARGML?J� *D QM RFCPC GQ LM NMUCP

D?GJSPC ?LB RFGQ FWNMRFCQGQ QFMSJB @C PCHCARCB� &?AF FWNMRFCQGQ QFMSJB @C RCQRCB @W A?PPWGLE MSR ?NNPMNPG?RC CVNCPGKCLRQ�

#C ?U?PC RF?R PCHCARGLE MLC FWNMRFCQGQ BMCQ LMR BCRCPKGLC UFCRFCP MP LMR RFC MRFCP FWNMRFCQCQ A?L @C ?AACNRCB� GR QGKNJW

CJGKGL?RCQ MLC FWNMRFCQGQ RF?R GQ LMR T?JGB 	Figure 1.6
� 6QGLE RFC QAGCLRGDGA KCRFMB RFC FWNMRFCQCQ RF?R ?PC GLAMLQGQRCLR

UGRF�CVNCPGKCLR?J�B?R?�?PC�PCHCARCB�

8FGJC RFGQ uU?PK AJ?QQPMMKv CV?KNJC GQ @?QCB ML M@QCPT?RGML?J PCQSJRQ MRFCP FWNMRFCQCQ ?LB CVNCPGKCLRQ KGEFR F?TC

AJC?PCP AMLRPMJQ� 'MP GLQR?LAC ? QRSBCLR KGEFR ?RRCLB AJ?QQ ML .MLB?W ?LB PC?JGXC QFC F?B BGDDGASJRW AMLACLRP?RGLE ML RFC
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JCARSPC� 0LC M@QCPT?RGML RM CVNJ?GL RFGQ MAASPPCLAC KGEFR @C u8FCL * C?R @PC?ID?QR @CDMPC AJ?QQ * ?K @CRRCP ?@JC RM N?W

?RRCLRGML�v�5FC�QRSBCLR�AMSJB�RFCL�BCQGEL�?L�CVNCPGKCLR�UGRF�?�AMLRPMJ�RM�RCQR�RFGQ�FWNMRFCQGQ�

*L FWNMRFCQGQ�@?QCB QAGCLAC QNCAGDGA PCQSJRQ ?PC NPCBGARCB DPMK ? ECLCP?J NPCKGQC� 5FGQ RWNC MD PC?QMLGLE GQ A?JJCB BCBSARGTC

PC?QMLGLE� BCBSARGML NPMACCBQ DPMK RFC ECLCP?J RM RFC N?PRGASJ?P� #SR RFC PCTCPQC MD RFC NPMACQQ GQ ?JQM NMQQG@JC� QMKCRGKCQ

QAGCLRGQRQ PC?AF ? ECLCP?J AMLAJSQGML DPMK ? LSK@CP MD QNCAGDGA M@QCPT?RGMLQ� 5FGQ RWNC MD PC?QMLGLE GQ A?JJCB GLBSARGTC

PC?QMLGLE ?LB GR NPMACCBQ DPMK RFC N?PRGASJ?P RM RFC ECLCP?J� *LBSARGTC ?LB BCBSARGTC PC?QMLGLE ?PC MDRCL SQCB GL R?LBCK RM

?BT?LAC�QAGCLRGDGA�ILMUJCBEC�	Figure 1.7
�
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5FC QAGCLRGDGA KCRFMB K?W QCCK RMM PGEGB ?LB QRPSARSPCB� *R GQ GKNMPR?LR RM ICCN GL KGLB RF?R ?JRFMSEF QAGCLRGQRQ MDRCL

DMJJMU RFGQ QCOSCLAC RFCPC GQ DJCVG@GJGRW� 4MKCRGKCQ ?L CVNCPGKCLR JC?BQ RM AMLAJSQGMLQ RF?R D?TMP ? AF?LEC GL ?NNPM?AF�

MDRCL ?L CVNCPGKCLR @PGLEQ CLRGPCJW LCU QAGCLRGDGA OSCQRGMLQ RM RFC NSXXJC� .?LW RGKCQ QAGCLAC BMCQ LMR MNCP?RC GL ? JGLC?P

D?QFGML� GLQRC?B QAGCLRGQRQ AMLRGLS?JJW BP?U GLDCPCLACQ ?LB K?IC ECLCP?JGX?RGMLQ DGLBGLE N?RRCPLQ ?Q RFCGP PCQC?PAF NPMACCBQ�

4AGCLRGDGA PC?QMLGLE GQ KMPC AMKNJCV RF?L RFC QAGCLRGDGA KCRFMB ?JMLC QSEECQRQ� /MRGAC RMM RF?R RFC QAGCLRGDGA KCRFMB A?L

@C�?NNJGCB�RM�QMJTGLE�NPM@JCKQ�RF?R�?PCLtR�LCACQQ?PGJW�QAGCLRGDGA�GL�L?RSPC�
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5FC QAGCLRGDGA AMKKSLGRW F?Q @CCL BC@?RGLE DMP RFC J?QR DCU BCA?BCQ ?@MSR RFC T?JSC MD BGDDCPCLR RWNCQ MD QAGCLAC� *Q GR

T?JS?@JC RM NSPQSC QAGCLAC DMP RFC Q?IC MD QGKNJW E?GLGLE ILMUJCBEC MP BMCQ QAGCLRGDGA ILMUJCBEC MLJW F?TC UMPRF GD UC

A?L ?NNJW GR RM QMJTGLE ? QNCAGDGA NPM@JCK MP RM @CRRCPGLE MSP JGTCQ 5FGQ OSCQRGML DMASQCQ ML RFC BGDDCPCLACQ @CRUCCL RUM

RWNCQ�MD�QAGCLAC��@?QGA�QAGCLAC�?LB�?NNJGCB�QAGCLAC�

Basic science MP uNSPCv QAGCLAC QCCIQ RM CVN?LB ILMUJCBEC PCE?PBJCQQ MD RFC QFMPR�RCPK ?NNJGA?RGML MD RF?R ILMUJCBEC�

*R GQ LMR DMASQCB ML BCTCJMNGLE ? NPMBSAR MP ? QCPTGAC MD GKKCBG?RC NS@JGA MP AMKKCPAG?J T?JSC� 5FC GKKCBG?RC EM?J MD

@?QGA QAGCLAC GQ ILMUJCBEC DMP ILMUJCBECtQ Q?IC RFMSEF RFGQ BMCQ LMR KC?L RF?R GL RFC CLB GR K?W LMR PCQSJR GL ? NP?ARGA?J

?NNJGA?RGML�

*L AMLRP?QR applied science MP uRCAFLMJMEWv ?GKQ RM SQC QAGCLAC RM QMJTC PC?J�UMPJB NPM@JCKQ K?IGLE GR NMQQG@JC DMP

CV?KNJC RM GKNPMTC ? APMN WGCJB DGLB ? ASPC DMP ? N?PRGASJ?P BGQC?QC MP Q?TC ?LGK?JQ RFPC?RCLCB @W ? L?RSP?J BGQ?QRCP 	Figure

1.8
��*L�?NNJGCB�QAGCLAC�RFC�NPM@JCK�GQ�SQS?JJW�BCDGLCB�DMP�RFC�PCQC?PAFCP�
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4MKC GLBGTGBS?JQ K?W NCPACGTC ?NNJGCB QAGCLAC ?Q uSQCDSJv ?LB @?QGA QAGCLAC ?Q uSQCJCQQ�v " OSCQRGML RFCQC NCMNJC KGEFR

NMQC RM ? QAGCLRGQR ?BTMA?RGLE ILMUJCBEC ?AOSGQGRGML UMSJB @C u8F?R DMP v " A?PCDSJ JMMI ?R RFC FGQRMPW MD QAGCLAC

FMUCTCP PCTC?JQ RF?R @?QGA ILMUJCBEC F?Q PCQSJRCB GL K?LW PCK?PI?@JC ?NNJGA?RGMLQ MD EPC?R T?JSC� .?LW QAGCLRGQRQ RFGLI

RF?R ? @?QGA SLBCPQR?LBGLE MD QAGCLAC GQ LCACQQ?PW @CDMPC ?L ?NNJGA?RGML GQ BCTCJMNCB� RFCPCDMPC ?NNJGCB QAGCLAC PCJGCQ ML

RFC PCQSJRQ ECLCP?RCB RFPMSEF @?QGA QAGCLAC� 0RFCP QAGCLRGQRQ RFGLI RF?R GR GQ RGKC RM KMTC ML DPMK @?QGA QAGCLAC ?LB GLQRC?B

RM DGLB QMJSRGMLQ RM ?ARS?J NPM@JCKQ� #MRF ?NNPM?AFCQ ?PC T?JGB� *R GQ RPSC RF?R RFCPC ?PC NPM@JCKQ RF?R BCK?LB GKKCBG?RC

?RRCLRGML� FMUCTCP DCU QMJSRGMLQ UMSJB @C DMSLB UGRFMSR RFC FCJN MD RFC UGBC ILMUJCBEC DMSLB?RGML ECLCP?RCB RFPMSEF

@?QGA�QAGCLAC�

0LC CV?KNJC MD FMU @?QGA ?LB ?NNJGCB QAGCLAC A?L UMPI RMECRFCP RM QMJTC NP?ARGA?J NPM@JCKQ MAASPPCB ?DRCP RFC BGQAMTCPW MD

%/" QRPSARSPC JCB RM ?L SLBCPQR?LBGLE MD RFC KMJCASJ?P KCAF?LGQKQ EMTCPLGLE %/" PCNJGA?RGML� 4RP?LBQ MD %/" SLGOSC

GL CTCPW FSK?L ?PC DMSLB GL MSP ACJJQ UFCPC RFCW NPMTGBC RFC GLQRPSARGMLQ LCACQQ?PW DMP JGDC� %SPGLE %/" PCNJGA?RGML

%/" K?ICQ LCU AMNGCQ MD GRQCJD QFMPRJW @CDMPC ? ACJJ BGTGBCQ� 6LBCPQR?LBGLE RFC KCAF?LGQKQ MD %/" PCNJGA?RGML CL?@JCB

QAGCLRGQRQ RM BCTCJMN J?@MP?RMPW RCAFLGOSCQ RF?R ?PC LMU SQCB RM GBCLRGDW ECLCRGA BGQC?QCQ NGLNMGLR GLBGTGBS?JQ UFM UCPC ?R

?�APGKC�QACLC�?LB�BCRCPKGLC�N?RCPLGRW��8GRFMSR�@?QGA�QAGCLAC�GR�GQ�SLJGICJW�RF?R�?NNJGCB�QAGCLAC�UMSJB�CVGQR�

"LMRFCP CV?KNJC MD RFC JGLI @CRUCCL @?QGA ?LB ?NNJGCB PCQC?PAF GQ RFC )SK?L (CLMKC 1PMHCAR ? QRSBW GL UFGAF C?AF

FSK?L AFPMKMQMKC U?Q ?L?JWXCB ?LB K?NNCB RM BCRCPKGLC RFC NPCAGQC QCOSCLAC MD %/" QS@SLGRQ ?LB RFC CV?AR JMA?RGML

MD C?AF ECLC� 	5FC ECLC GQ RFC @?QGA SLGR MD FCPCBGRW� ?L GLBGTGBS?JtQ AMKNJCRC AMJJCARGML MD ECLCQ GQ FGQ MP FCP ECLMKC�


0RFCP JCQQ AMKNJCV MPE?LGQKQ F?TC ?JQM @CCL QRSBGCB ?Q N?PR MD RFGQ NPMHCAR GL MPBCP RM E?GL ? @CRRCP SLBCPQR?LBGLE MD FSK?L

AFPMKMQMKCQ� 5FC )SK?L (CLMKC 1PMHCAR 	Figure 1.9
 PCJGCB ML @?QGA PCQC?PAF A?PPGCB MSR UGRF QGKNJC MPE?LGQKQ ?LB

J?RCP UGRF RFC FSK?L ECLMKC� "L GKNMPR?LR CLB EM?J CTCLRS?JJW @CA?KC SQGLE RFC B?R? DMP ?NNJGCB PCQC?PAF QCCIGLE ASPCQ

?LB�C?PJW�BG?ELMQCQ�DMP�ECLCRGA?JJW�PCJ?RCB�BGQC?QCQ�
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8FGJC PCQC?PAF CDDMPRQ GL @MRF @?QGA QAGCLAC ?LB ?NNJGCB QAGCLAC ?PC SQS?JJW A?PCDSJJW NJ?LLCB GR GQ GKNMPR?LR RM LMRC RF?R

QMKC BGQAMTCPGCQ ?PC K?BC @W serendipity RF?R GQ @W KC?LQ MD ? DMPRSL?RC ?AAGBCLR MP ? JSAIW QSPNPGQC� 1CLGAGJJGL U?Q

BGQAMTCPCB UFCL @GMJMEGQR "JCV?LBCP 'JCKGLE ?AAGBCLR?JJW JCDR ? NCRPG BGQF MD !<)80A47+7++=; @?ARCPG? MNCL� "L SLU?LRCB

KMJB EPCU ML RFC BGQF IGJJGLE RFC @?ARCPG?� 5FC KMJB RSPLCB MSR RM @C �-61+1441=5 ?LB ? LCU ?LRG@GMRGA U?Q BGQAMTCPCB�

&TCL GL RFC FGEFJW MPE?LGXCB UMPJB MD QAGCLAC JSAIrUFCL AMK@GLCB UGRF ?L M@QCPT?LR ASPGMSQ KGLBrA?L JC?B RM

SLCVNCARCB�@PC?IRFPMSEFQ�

-:EDGI>C<�.8>:CI>;>8�2DG@

8FCRFCP QAGCLRGDGA PCQC?PAF GQ @?QGA QAGCLAC MP ?NNJGCB QAGCLAC QAGCLRGQRQ KSQR QF?PC RFCGP DGLBGLEQ GL MPBCP DMP MRFCP

PCQC?PAFCPQ RM CVN?LB ?LB @SGJB SNML RFCGP BGQAMTCPGCQ� $MJJ?@MP?RGML UGRF MRFCP QAGCLRGQRQrUFCL NJ?LLGLE AMLBSARGLE

?LB ?L?JWXGLE PCQSJRQr?PC ?JJ GKNMPR?LR DMP QAGCLRGDGA PCQC?PAF� 'MP RFGQ PC?QML GKNMPR?LR ?QNCARQ MD ? QAGCLRGQRtQ UMPI ?PC

AMKKSLGA?RGLE UGRF NCCPQ ?LB BGQQCKGL?RGLE PCQSJRQ RM NCCPQ� 4AGCLRGQRQ A?L QF?PC PCQSJRQ @W NPCQCLRGLE RFCK ?R ? QAGCLRGDGA

KCCRGLE MP AMLDCPCLAC @SR RFGQ ?NNPM?AF A?L PC?AF MLJW RFC QCJCAR DCU UFM ?PC NPCQCLR� *LQRC?B KMQR QAGCLRGQRQ NPCQCLR RFCGP

PCQSJRQ GL NCCP�PCTGCUCB K?LSQAPGNRQ RF?R ?PC NS@JGQFCB GL QAGCLRGDGA HMSPL?JQ� Peer-reviewed manuscripts ?PC QAGCLRGDGA

N?NCPQ RF?R ?PC PCTGCUCB @W ? QAGCLRGQRtQ AMJJC?ESCQ MP NCCPQ� 5FCQC AMJJC?ESCQ ?PC OS?JGDGCB GLBGTGBS?JQ MDRCL CVNCPRQ

GL RFC Q?KC PCQC?PAF ?PC? UFM HSBEC UFCRFCP MP LMR RFC QAGCLRGQRtQ UMPI GQ QSGR?@JC DMP NS@JGA?RGML� 5FC NPMACQQ MD NCCP

PCTGCU FCJNQ RM CLQSPC RF?R RFC PCQC?PAF BCQAPG@CB GL ? QAGCLRGDGA N?NCP MP EP?LR NPMNMQ?J GQ MPGEGL?J QGELGDGA?LR JMEGA?J ?LB

RFMPMSEF� (P?LR NPMNMQ?JQ UFGAF ?PC PCOSCQRQ DMP PCQC?PAF DSLBGLE ?PC ?JQM QS@HCAR RM NCCP PCTGCU� 4AGCLRGQRQ NS@JGQF RFCGP

UMPI QM MRFCP QAGCLRGQRQ A?L PCNPMBSAC RFCGP CVNCPGKCLRQ SLBCP QGKGJ?P MP BGDDCPCLR AMLBGRGMLQ RM CVN?LB ML RFC DGLBGLEQ� 5FC

CVNCPGKCLR?J�PCQSJRQ�KSQR�@C�AMLQGQRCLR�UGRF�RFC�DGLBGLEQ�MD�MRFCP�QAGCLRGQRQ�

" QAGCLRGDGA N?NCP GQ TCPW BGDDCPCLR DPMK APC?RGTC UPGRGLE� "JRFMSEF APC?RGTGRW GQ PCOSGPCB RM BCQGEL CVNCPGKCLRQ RFCPC ?PC

DGVCB ESGBCJGLCQ UFCL GR AMKCQ RM NPCQCLRGLE QAGCLRGDGA PCQSJRQ� 'GPQR QAGCLRGDGA UPGRGLE KSQR @C @PGCD AMLAGQC ?LB ?AASP?RC�

"�QAGCLRGDGA�N?NCP�LCCBQ�RM�@C�QSAAGLAR�@SR�BCR?GJCB�CLMSEF�RM�?JJMU�NCCPQ�RM�PCNPMBSAC�RFC�CVNCPGKCLRQ�

5FC QAGCLRGDGA N?NCP AMLQGQRQ MD QCTCP?J QNCAGDGA QCARGMLQrGLRPMBSARGML K?RCPG?JQ ?LB KCRFMBQ PCQSJRQ ?LB BGQASQQGML� 5FGQ

QRPSARSPC GQ QMKCRGKCQ A?JJCB RFC u*.3?%v DMPK?R� 5FCPC ?PC SQS?JJW ?AILMUJCBEKCLR ?LB PCDCPCLAC QCARGMLQ ?Q UCJJ ?Q ?L

abstract 	? AMLAGQC QSKK?PW
 ?R RFC @CEGLLGLE MD RFC N?NCP� 5FCPC KGEFR @C ?BBGRGML?J QCARGMLQ BCNCLBGLE ML RFC RWNC MD

N?NCP�?LB�RFC�HMSPL?J�UFCPC�GR�UGJJ�@C�NS@JGQFCB��DMP�CV?KNJC�QMKC�PCTGCU�N?NCPQ�PCOSGPC�?L�MSRJGLC�

5FC introduction QR?PRQ UGRF @PGCD @SR @PM?B @?AIEPMSLB GLDMPK?RGML ?@MSR UF?R GQ ILMUL GL RFC DGCJB� " EMMB GLRPMBSARGML

?JQM EGTCQ RFC P?RGML?JC MD RFC UMPI� GR HSQRGDGCQ RFC UMPI A?PPGCB MSR ?LB ?JQM @PGCDJW KCLRGMLQ RFC CLB MD RFC N?NCP UFCPC

RFC FWNMRFCQGQ MP PCQC?PAF OSCQRGML BPGTGLE RFC PCQC?PAF UGJJ @C NPCQCLRCB� 5FC GLRPMBSARGML PCDCPQ RM RFC NS@JGQFCB QAGCLRGDGA

UMPI MD MRFCPQ ?LB RFCPCDMPC PCOSGPCQ AGR?RGMLQ DMJJMUGLE RFC QRWJC MD RFC HMSPL?J� 6QGLE RFC UMPI MP GBC?Q MD MRFCPQ UGRFMSR

NPMNCP�AGR?RGML�GQ�AMLQGBCPCB plagiarism�
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5FC materials and methods QCARGML GLAJSBCQ ? AMKNJCRC ?LB ?AASP?RC BCQAPGNRGML MD RFC QS@QR?LACQ SQCB ?LB RFC KCRFMB

?LB RCAFLGOSCQ SQCB @W RFC PCQC?PAFCPQ RM E?RFCP B?R?� 5FC BCQAPGNRGML QFMSJB @C RFMPMSEF CLMSEF RM ?JJMU ?LMRFCP

PCQC?PAFCP RM PCNC?R RFC CVNCPGKCLR ?LB M@R?GL QGKGJ?P PCQSJRQ @SR GR BMCQ LMR F?TC RM @C TCP@MQC� 5FGQ QCARGML UGJJ ?JQM

GLAJSBC GLDMPK?RGML ML FMU KC?QSPCKCLRQ UCPC K?BC ?LB UF?R RWNCQ MD A?JASJ?RGMLQ ?LB QR?RGQRGA?J ?L?JWQCQ UCPC SQCB RM

CV?KGLC P?U B?R?� "JRFMSEF RFC K?RCPG?JQ ?LB KCRFMBQ QCARGML EGTCQ ?L ?AASP?RC BCQAPGNRGML MD RFC CVNCPGKCLRQ GR BMCQ LMR

BGQASQQ�RFCK�

4MKC HMSPL?JQ PCOSGPC ? PCQSJRQ QCARGML DMJJMUCB @W ? BGQASQQGML QCARGML @SR GR GQ KMPC AMKKML RM AMK@GLC @MRF� *D RFC

HMSPL?J BMCQ LMR ?JJMU RFC AMK@GL?RGML MD @MRF QCARGMLQ RFC results QCARGML QGKNJW L?PP?RCQ RFC DGLBGLEQ UGRFMSR ?LW DSPRFCP

GLRCPNPCR?RGML� 5FC PCQSJRQ ?PC NPCQCLRCB @W KC?LQ MD R?@JCQ MP EP?NFQ @SR LM BSNJGA?RC GLDMPK?RGML QFMSJB @C NPCQCLRCB�

*L RFC discussion QCARGML RFC PCQC?PAFCP UGJJ GLRCPNPCR RFC PCQSJRQ BCQAPG@C FMU T?PG?@JCQ K?W @C PCJ?RCB ?LB ?RRCKNR RM

CVNJ?GL RFC M@QCPT?RGMLQ� *R GQ GLBGQNCLQ?@JC RM AMLBSAR ?L CVRCLQGTC JGRCP?RSPC QC?PAF RM NSR RFC PCQSJRQ GL RFC AMLRCVR MD

NPCTGMSQJW�NS@JGQFCB�QAGCLRGDGA�PCQC?PAF��5FCPCDMPC�NPMNCP�AGR?RGMLQ�?PC�GLAJSBCB�GL�RFGQ�QCARGML�?Q�UCJJ�

'GL?JJW RFC conclusion QCARGML QSKK?PGXCQ RFC GKNMPR?LAC MD RFC CVNCPGKCLR?J DGLBGLEQ� 8FGJC RFC QAGCLRGDGA N?NCP ?JKMQR

ACPR?GLJW ?LQUCPCB MLC MP KMPC QAGCLRGDGA OSCQRGMLQ RF?R UCPC QR?RCB ?LW EMMB PCQC?PAF QFMSJB JC?B RM KMPC OSCQRGMLQ�

5FCPCDMPC ? UCJJ�BMLC QAGCLRGDGA N?NCP JC?TCQ BMMPQ MNCL DMP RFC PCQC?PAFCP ?LB MRFCPQ RM AMLRGLSC ?LB CVN?LB ML RFC

DGLBGLEQ�

Review articles BM LMR DMJJMU RFC *.3"% DMPK?R @CA?SQC RFCW BM LMR NPCQCLR MPGEGL?J QAGCLRGDGA DGLBGLEQ MP NPGK?PW

JGRCP?RSPC� GLQRC?B RFCW QSKK?PGXC ?LB AMKKCLR ML DGLBGLEQ RF?R UCPC NS@JGQFCB ?Q NPGK?PW JGRCP?RSPC ?LB RWNGA?JJW GLAJSBC

CVRCLQGTC�PCDCPCLAC�QCARGMLQ�

��� P /=:B:H�6C9��DC8:EIH�D;��>DAD<N

#W�RFC�CLB�MD�RFGQ�QCARGML�WMS�UGJJ�@C�?@JC�RM�

y *BCLRGDW�?LB�BCQAPG@C�RFC�NPMNCPRGCQ�MD�JGDC

y %CQAPG@C�RFC�JCTCJQ�MD�MPE?LGX?RGML�?KMLE�JGTGLE�RFGLEQ

y 3CAMELGXC�?LB�GLRCPNPCR�?�NFWJMECLCRGA�RPCC

y -GQR�CV?KNJCQ�MD�BGDDCPCLR�QS@�BGQAGNJGLCQ�GL�@GMJMEW

#GMJMEW GQ RFC QAGCLAC RF?R QRSBGCQ JGDC @SR UF?R CV?ARJW GQ JGDC 5FGQ K?W QMSLB JGIC ? QGJJW OSCQRGML UGRF ?L M@TGMSQ

PCQNMLQC @SR GR GQ LMR ?JU?WQ C?QW RM BCDGLC JGDC� 'MP CV?KNJC ? @P?LAF MD @GMJMEW A?JJCB TGPMJMEW QRSBGCQ TGPSQCQ UFGAF

CVFG@GR QMKC MD RFC AF?P?ARCPGQRGAQ MD JGTGLE CLRGRGCQ @SR J?AI MRFCPQ� *R RSPLQ MSR RF?R ?JRFMSEF TGPSQCQ A?L ?RR?AI JGTGLE

MPE?LGQKQ A?SQC BGQC?QCQ ?LB CTCL PCNPMBSAC RFCW BM LMR KCCR RFC APGRCPG? RF?R @GMJMEGQRQ SQC RM BCDGLC JGDC� $MLQCOSCLRJW

TGPMJMEGQRQ ?PC LMR @GMJMEGQRQ QRPGARJW QNC?IGLE� 4GKGJ?PJW QMKC @GMJMEGQRQ QRSBW RFC C?PJW KMJCASJ?P CTMJSRGML RF?R E?TC PGQC

RM JGDC� QGLAC RFC CTCLRQ RF?R NPCACBCB JGDC ?PC LMR @GMJMEGA?J CTCLRQ RFCQC QAGCLRGQRQ ?PC ?JQM CVAJSBCB DPMK @GMJMEW GL RFC

QRPGAR�QCLQC�MD�RFC�RCPK�

'PMK GRQ C?PJGCQR @CEGLLGLEQ @GMJMEW F?Q UPCQRJCB UGRF RFPCC OSCQRGMLQ� 8F?R ?PC RFC QF?PCB NPMNCPRGCQ RF?R K?IC QMKCRFGLE

u?JGTCv "LB MLAC UC ILMU QMKCRFGLE GQ ?JGTC FMU BM UC DGLB KC?LGLEDSJ JCTCJQ MD MPE?LGX?RGML GL GRQ QRPSARSPC "LB

DGL?JJW UFCL D?ACB UGRF RFC PCK?PI?@JC BGTCPQGRW MD JGDC FMU BM UC MPE?LGXC RFC BGDDCPCLR IGLBQ MD MPE?LGQKQ QM RF?R UC

A?L @CRRCP SLBCPQR?LB RFCK "Q LCU MPE?LGQKQ ?PC BGQAMTCPCB CTCPW B?W @GMJMEGQRQ AMLRGLSC RM QCCI ?LQUCPQ RM RFCQC ?LB

MRFCP�OSCQRGMLQ�
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"JJ JGTGLE MPE?LGQKQ QF?PC QCTCP?J ICW AF?P?ARCPGQRGAQ MP DSLARGMLQ� MPBCP QCLQGRGTGRW MP PCQNMLQC RM RFC CLTGPMLKCLR

PCNPMBSARGML ?B?NR?RGML EPMURF ?LB BCTCJMNKCLR PCESJ?RGML FMKCMQR?QGQ CLCPEW NPMACQQGLE ?LB CTMJSRGML� 8FCL

TGCUCB�RMECRFCP�RFCQC�LGLC�AF?P?ARCPGQRGAQ�QCPTC�RM�BCDGLC�JGDC�
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