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$FSUJИDBUF

5IJT JT UP DFSUJGZ UIBU UIJT EJTTFSUBUJPO FOUJUMFE ʁ.BUIFNBUJDBM &YQMPSBUJPO PG 4FDUJPOT PG

5BOUSBSBUOB BOE 5ÁMBEëQJLÁ� 6OSBWFMJOH 5JQQB (PQFOESB #IħQÁMBɦT$POUSJCVUJPO JO "TUSPOPNZ

BOE 3IZUIN ʂ UPXBSET UIF QBSUJBM GVMѐMNFOU PG UIF #4�.4 EVBM EFHSFF QSPHSBNNF BU UIF

*OEJBO *OTUJUVUF PG 4DJFODF &EVDBUJPO BOE 3FTFBSDI
 1VOF SFQSFTFOUT TUVEZ�XPSL DBSSJFE PVU

CZ 4IJWBOJ BU *OEJBO *OTUJUVUF PG 4DJFODF &EVDBUJPO BOE 3FTFBSDI VOEFS UIF TVQFSWJTJPO PG %S�

7FOLFUFTXBSB 3� 1BJ
 "TTPDJBUF 1SPGFTTPS
 %FQBSUNFOU PG )VNBOJUJFT BOE 4PDJBM 4DJFODFT 
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5IJT UIFTJT JT EFEJDBUFE UP NZ DJU�SBȇHB�OBȓB





5IF USBOTMJUFSBUJPO TDIFNF GPMMPXFE JO UIJT UIFTJT UP SFQSFTFOU %FWBOÁHBSë TDSJQU JT HJWFO CFMPX�



%FDMBSBUJPO

* IFSFCZ EFDMBSF UIBU UIF NBUUFS FNCPEJFE JO UIF SFQPSU FOUJUMFE ʂ.BUIFNBUJDBM &YQMPSBUJPO PG

4FDUJPOT PG 5BOUSBSBUOB BOE 5ÁMBEëQJLÁ� 6OSBWFMJOH 5JQQB (PQFOESB #IħQÁMBɦT $POUSJCVUJPO

JO "TUSPOPNZ BOE 3IZUINʂ BSF UIF SFTVMUT PG UIF XPSL DBSSJFE PVU CZ NF BU UIF %FQBSUNFOU

PG )VNBOJUJFT BOE 4PDJBM 4DJFODFT
 *OEJBO *OTUJUVUF PG 4DJFODF &EVDBUJPO BOE 3FTFBSDI
 1VOF


VOEFS UIF TVQFSWJTJPO PG %S� 7FOLFUFTXBSB 3� 1BJ BOE UIF TBNF IBT OPU CFFO TVCNJUUFE FMTFXIFSF

GPS BOZ PUIFS EFHSFF�

7FOLFUFTXBSB 3� 1BJ 4IJWBOJ
4VQFSWJTPS
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"CTUSBDU
5IF 7JKBZBOBHBSB &NQJSF TUBOET BT B TJHOJѐDBOU FQPDI JO *OEJBO IJTUPSZ� &YFSUJOH B QSPGPVOE

BOE MBTUJOH JOёVFODF PO UIF DVMUVSBM
 FEVDBUJPOBM
 BOE FDPOPNJD EFWFMPQNFOU PG TPVUIFSO *OEJB


QBSUJDVMBSMZ JO UIF SFHJPOT DPSSFTQPOEJOH UP QSFTFOU�EBZ ,BSOÁUBLB
 "OEISB 1SBEFTI
 BOE

5BNJM /ÁEB� 5IJT QFSJPE XBT NBSLFE CZ FYUSBPSEJOBSZ BEWBODFNFOUT JO JOUFMMFDUVBM BOE BSUJTUJD

QVSTVJUT
 GPTUFSJOH BO FOWJSPONFOU UIBU FOBCMFE UIF QSPMJGFSBUJPO PG LOPXMFEHF BDSPTT NVMUJQMF

EJTDJQMJOFT� #FZPOE UIF DFMFCSBUFE DPOUSJCVUJPOT PG FNJOFOU TDIPMBST BOE UIF EJTUJOHVJTIFE

"ǸǺBEJHHBKBT
 XIP QMBZFE B DSVDJBM SPMF JO TIBQJOH UIF FEVDBUJPOBM BOE MJUFSBSZ MBOETDBQF


UIF SVMFST PG UIF 7JKBZBOBHBSB &NQJSF XFSF FRVBMMZ SFNBSLBCMF� 5IFTF LJOHT XFSF OPU POMZ

BEFQU BENJOJTUSBUPST CVU BMTP QBUSPOT PG UIF BSUT
 MJUFSBUVSF
 BOE TDJFOUJѐD JORVJSZ
 TJHOJѐDBOUMZ

FOSJDIJOH UIF JOUFMMFDUVBM BOE DVMUVSBM IFSJUBHF PG UIJT SFHJPO�

"NPOH UIF JMMVTUSJPVT ѐHVSFT PG UIJT FSB
 #IħQÁMB 5JQQB (PQFOESB PG UIF 4ÁMVWB EZOBTUZ

SFNBJOT MBSHFMZ PWFSTIBEPXFE EFTQJUF IJT TJHOJѐDBOU JOUFMMFDUVBM DPOUSJCVUJPOT� )JT TDIPMBSTIJQ

TQBOT NVMUJQMF EPNBJOT
 QBSUJDVMBSMZ JO NVTJDPMPHZ BOE BTUSPOPNZ
 XIFSF IJT XPSLT FYIJCJU

B SFNBSLBCMF TZOUIFTJT PG NBUIFNBUJDBM QSFDJTJPO BOE BSUJTUJD JOTJHIU� 5IJT JOUFSEJTDJQMJOBSZ

BQQSPBDI SFёFDUT UIF JOUFMMFDUVBM USBEJUJPOT PG UIF 7JKBZBOBHBSB QFSJPE
 XIFSF TDJFOUJѐD JORVJSZ

BOE BSUJTUJD FYQSFTTJPOT XFSF OPU EJяFSFOUJBUFE CVU EFFQMZ JOUFSDPOOFDUFE�"NPOH IJT LOPXO

XPSLT
 UISFF TUBOE PVU� 5BOUSBSBUOB
 BO BTUSPOPNJDBM USFBUJTF� 5ÁMBEëQJLÁ
 B DPNQSFIFOTJWF

TUVEZ PO NVTJD TZTUFNT� BOE ,ÁNBEIFOV
 B DPNNFOUBSZ PO 7ÁNBOBɦT ,ÁWZÁMBǮLÁSB 4ħUSB

7ǴJUUJ� 5IJT UIFTJT EFMWFT JOUP UXP PG IJT XPSLT
 5BOUSBSBUOB BOE 5ÁMBEëQJLÁ
 UISPVHI BO BOBMZTJT

PG QSJNBSZ NBOVTDSJQUT�

5IF ѐSTU TFDUJPO PG UIJT UIFTJT FYBNJOFT UIF $BOESBWÁLZBT QSFTFOUFE JO 5BOUSBSBUOB�

5IFTF WÁLZBT BSF EFDPEFE
 NBUIFNBUJDBMMZ BOBMZ[FE
 BOE UIFJS VOEFSMZJOH QSJODJQMFT BSF

FYQMPSFE BMPOHTJEF B DPNQBSBUJWF TUVEZ XJUI FBSMJFS XPSLT CZ .ÁEIBWB BOE 7BSBSVDJ


BTTFTTJOH UIFJS NFUIPEPMPHJDBM DPOUJOVJUZ BOE BEWBODFNFOUT�5IF TFDPOE TFDUJPO GPDVTFT PO

UIF DPODFQUT PG UÁMB
 QBSUJDVMBSMZ UIF 1SBTUÁSB NFUIPEPMPHZ BT EJTDVTTFE JO 5ÁMBEëQJLÁ� 5ÁMB

%FęB 1SÁǰBT
 .ÁHBEFęJ BOE 1SBTUÁSB TZTUFNT BSF TUVEJFE XJUI SFGFSFODFT UP FBSMJFS UFYUT

TVDI BT UIF /ÁǺZBǸÁTUSB BOE 4BǮHëUB 3BUOÁLBSB�5ISPVHI UIJT TUVEZ
 UIF FOEVSJOH SFMFWBODF PG

5JQQB (PQFOESBɿT JOUFMMFDUVBM MFHBDZ JT CSPVHIU UP MJHIU
 SFBђSNJOH IJT QMBDF JO UIF TDIPMBSMZ

USBEJUJPOT PG NFEJFWBM *OEJB�
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"DLOPXMFEHNFOUT

5IFSF BSF TFWFSBM QFPQMF XJUIPVU XIPN UIJT UIFTJT XPVME IBWF CFFO OFBSMZ JNQPTTJCMF�'JSTUMZ


* XPVME MJLF UP FYQSFTT NZ EFFQFTU HSBUJUVEF UP NZ TVQFSWJTPS
 %S�7FOLBUFTXBSB 3 1BJ� * BN

FYUSFNFMZ HSBUFGVM UP (PE GPS CMFTTJOH NF XJUI B TVQFSWJTPS PG IJT TUBUVSF� * GFBS UIBU NZ XPSET

NBZ OPU DPOWFZ UIF EFQUI PG NZ HSBUJUVEF� &WFSZ FяPSU
 FWFSZ NPNFOU PG LJOEOFTT
 FWFSZ

HFTUVSF PG TVQQPSU IF IBT CFTUPXFE VQPO NF IPMET NPSF NFBOJOH UIBO * DBO FWFS GVMMZ DPOWFZ�

)JT HVJEBODF IBT OPU POMZ CFFO JOTUSVNFOUBM JO TIBQJOH UIJT UIFTJT CVU IBT BMTP JOTQJSFE NF UP

VQIPME NFBOJOHGVM WJSUVFT BOE JEFPMPHJFT JO MJGF�* FYUFOE NZ HSBUJUVEF UP (�7� 1BWBO ,VNBS

GPS IJT JOTJHIUGVM TVHHFTUJPOT BOE UP "SVOB "WBEIBOJ GPS IJT JOWBMVBCMF IFMQ XJUI USBOTMBUJPOT�

* BN EFFQMZ HSBUFGVM UP NZ QBSFOUT BOE 4IBNNJ GPS UIFJS VOXBWFSJOH TVQQPSU BOE GPS

QBUJFOUMZ FOEVSJOH NZ DIBPUJD NPNFOUT� " IVHF UIBOLT UP BMM NZ EFBS GSJFOET GPS UIFJS DPOTUBOU

FODPVSBHFNFOU � " TQFDJBM BDLOPXMFEHNFOU HPFT UP "OBHIB
 "TNJ
 BOE .PHIB GPS BMXBZT

MFOEJOH B MJTUFOJOH FBS UP NZ FOEMFTT SBOUTɼPGUFO XJUIPVU BOZ DPOUFYU
 XIBUTPFWFS �
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� 5BOUSBSBUOB �
��� *OUSPEVDUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 5FSNJOPMPHJFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� .PEFM� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 5IF 1SJODJQMF CFIJOE UIF WÁLZB NFUIPE� � � � � � � � � � � � � � � � � � � � � � �

��� %FDSZQUJOH 5JQQB (PQFOESBɿT DBOESBWÁLZBT � � � � � � � � � � � � � � � � � � � ��

��� 5BCMF PG DBOESBWÁLZBT PG 5JQQB (PQFOESB BOE .ÁEIBWB � � � � � � � � � � � � � ��

��� 0CTFSWBUJPOT BOE WÁLZBTIPEBOB � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� -JUFSBSZ BOBMZTJT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $PNQVUJOH DBOESBWÁLZBT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� %ISVWÁT BOE 1FSJPET � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� $PODMVTJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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� 5ÁMBEJQJLB ��
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��� $POUFOUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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����� 5ÁMB� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5ÁMB %FęB 1SÁȉBT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� %FęJUÁMBWJWFLBIB � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� .ÁHBEFęJQSBTUBSBOJSħQBOBN � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�



����� 1SBTUÁSB
 .FSV
 BOE 1ÁUÁMB � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $POTUSVDUJPO PG 1SBTUÁSB � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $BMDVMBUJPO PG TBȇLIZÁ � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� $POTUSVDUJPO PG EJяFSFOU NFSVT � � � � � � � � � � � � � � � � � � � � � ���

����� 0SEFS PG VTBHF BOE UIF /VNCFS TZTUFN � � � � � � � � � � � � � � � � � ���

��� $PODMVTJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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��� "CPVU UIF BVUIPS�5JQQB�(PQFOESB�#IħQÁMB

5JQQB�(PQFOESB�#IħQÁMB 	����ɻ���� $&
 JT B NVMUJGBDFUFE WJTJPOBSZ SVMFS PG UIF 4ÁMVWB

EZOBTUZ� 5IPVHI OPU XJEFMZ LOPXO
 IF NBEF TJHOJѐDBOU DPOUSJCVUJPOT UP WBSJPVT TPDJP�DVMUVSBM

TQIFSFT� 5SBDJOH IJT MJOFBHF
 5JQQB XBT UIF HSBOETPO PG 4ÁMVWB 5JQQB BOE UIF CSPUIFS PG 4ÁMVWB

5JSVNBMBSÁZB
 XIP IFME UIF QPTJUJPO PG WJDFSPZ JO 7JKBZBOBHBSB� 4PNF UFYUT BMTP TVHHFTU UIBU

IF XBT NBSSJFE UP )BSJNÁ
 UIF FMEFS TJTUFS PG %FWB 3ÁZB **
 BOE XBT BQQPJOUFE BT B HPWFSOPS

VOEFS %FWB 3ÁZB ** CFGPSF MBUFS TFSWJOH JO UIF WJDFSPZBMUZ PG .VMCBHBM��

5JQQBɿT SVMJOH DISPOJDMFT IBWF CFFO MBSHFMZ MPTU JO IJTUPSZ PS SFNBJO JOBEFRVBUFMZ TUVEJFE�

)PXFWFS
 IJT DPOUSJCVUJPOT BDSPTT NVMUJQMF EJTDJQMJOFT BSF IJHIMZ WBMVFE JO UIFJS SFTQFDUJWF

ѐFMET� )F JT DVSSFOUMZ DSFEJUFE GPS BVUIPSJOH 5BOUSBSBUOB 	BO BTUSPOPNJDBM USFBUJTF

 5ÁMBEëQJLÁ

	B NVTJDBM XPSL

 BOE ,ÁNBEIFOV 	B DPNNFOUBSZ PO 7ÁNBOBɦT ,ÁWZÁMBǮLÁSB 4ħUSB 7ǴUUJ
�

"QBSU GSPN UIFTF
 ,ÁNBEIFOV TVHHFTUT UIF FYJTUFODF PG BO BEEJUJPOBM�USFBUJTF PO 5ÁMB


BMPOHTJEF 5ÁMBEëQJLÁ� *U BMTP BMMVEFT UP B XPSL PO /ÁǺZB
 OFJUIFS PG XIJDI IBT CFFO SFDPWFSFE�

&WFO UIF FYUBOU XPSLT SFNBJO MBSHFMZ VOFYQMPSFE� 5IJT MBDL PG DPNQSFIFOTJWF TUVEZ IBT

DPOTUSBJOFE UIF QPUFOUJBM DPOUSJCVUJPOT UIFTF UFYUT DPVME PяFS UP CPUI BSUJTUJD BOE BDBEFNJD

EJTDJQMJOFT�

,ÁNBEIFOV 	,%

 B DPNNFOUBSZ PO 7ÁNBOBɿT ,ÁWZÁMBǮLÁSB 4ħUSB 7ǴUUJ�
 IBT SFDFOUMZ

HBJOFE SFDPHOJUJPO
 TPMJEJGZJOH 5JQQBɿT QPTJUJPO BT B TJHOJѐDBOU ѐHVSF JO 4BOTLSJU

"MBǮLÁSB MJUFSBUVSF� 5IF SFWJWBM FяPSUT PG ĘSë ,ǴǸǰB 4ħSJ� IBWF CSPVHIU UIJT XPSL

JOUP TDIPMBSMZ GPDVT
 VOWFJMJOH B MJUFSBSZ HFN PG JUT LJOE� ĘSë ,ǴǸǰB 4ħSJ IBT BMTP

QVCMJTIFE B DSJUJDBM FEJUJPO PG UIJT DPNNFOUBSZ� 7ÁNBOBɿT USFBUJTF JT TUSVDUVSFE JOUP ѐWF

NBJO TFDUJPOT BOE 5JQQB TZTUFNBUJDBMMZ BEESFTTFT UIFTF JO UXFMWF PG IJT DIBQUFST�5IFTF

JODMVEF
,ÁWZB�QSBZPKBOB�QBSëLǸBǰBN 	QVSQPTF PG QPFUSZ

 "EIJLÁSë�WJDÁSBǠ 	XIP JT

RVBMJѐFE UP DPNQPTF QPFUSZ

 ,ÁWZB�BǮHB�LÁWZB�CIFEB�QSBUJQÁEBOBN 	QPFUJD FMFNFOUT

BOE UZQFT PG QPFUSZ

 1BEB�QBEÁSUIB�EPǸB�UBUUWB�WJWFDBOBN 	XPSET
 NFBOJOHT
 BOE QPFUJD

GBVMUT

 7ÁLZB�WÁLZÁSUIB�EPǸB�QSBQB±DBOBN 	GBVMUT JO TFOUFODFT BOE UIFJS NFBOJOHT



(VǰB�BMBǮLÁSB�CIFEBǠ FWBǬ ęBCEB�HVǰÁǠ 	DMBTTJѐDBUJPO PG QPFUJD RVBMJUJFT BOE PSOBNFOUT


JODMVEJOH RVBMJUJFT PG XPSET

 "SUIB�HVǰÁǠ 	RVBMJUJFT PG NFBOJOH
 BOE ĘBCEB�BMBǮLÁSÁǠ

	ѐHVSFT PG TQFFDI
�

�



5IJT XPSL IPMET JNNFOTF TJHOJѐDBODF GPS DPOUFNQPSBSZ MJUFSBSZ TDIPMBST BOE QPFUT
 PяFSJOH

WBMVBCMF JOTJHIUT JOUP UIF GPVOEBUJPOBM QSJODJQMFT PG QPFUSZ�

5BOUSBSBUOB 	53
 JT BO BTUSPOPNJDBM USFBUJTF PG UIF 7ÁLZB TDIPPM
 TZTUFNBUJDBMMZ TUSVDUVSFE JOUP

ѐWF TFDUJPOT� " LFZ GPDVT PG UIJT UFYU JT UIF USFBUNFOU PG $BOESB�WÁLZBTɼB TFU PG ��� DPEFE

TUBUFNFOUT GPSNVMBUFE UP EFUFSNJOF UIF USVF MPOHJUVEF PG UIF .PPO� 5IFTF WÁLZBT BSF QSJNBSJMZ

EFSJWFE GSPN UIF QBSBNFUFST PG UIF 4ħSZB 4JEEIÁOUB
 B GPVOEBUJPOBM XPSL JO *OEJBO BTUSPOPNZ�

5IJT UFYU XJMM CF EFBMU JO EFUBJM JO UIF ѐSTU QBSU PG UIJT UIFTJT�

5ÁMBEëQJLÁ 	5%
 JT B DPNQSFIFOTJWF XPSL PO NVTJD DPNQSJTJOH UISFF DIBQUFST� .ÁSHBUÁMB

7JWFLBǠ
 %FęëUÁMB 7JWFLBǠ
 BOE .ÁSHBEFęëUÁMB 1SBTUÁSÁEJ /JSħQBǰBN� 5IF ѐSTU DIBQUFS

JOUSPEVDFT GVOEBNFOUBM UFSNJOPMPHJFT PG UÁMB BOE FMBCPSBUFT PO UIF NÁSHB UÁMBT� 5IF TFDPOE

GPDVTFT PO EFęë UÁMBT BOE UIF ѐOBM DIBQUFS FYQMPSFT UIF QSBTUÁSB TZTUFN� 5IF DPODFQU PG

ɾ5ÁMB�%BęB�1SÁǰB
ɿ XIJDI GPSNT UIF DPSF PG UIF NPEFSO *OEJBO SIZUINJD TZTUFN
 XBT ѐSTU

EPDVNFOUFE EVSJOH UIF 7JKBZBOBHBSB QFSJPE
 BQQFBSJOH GPS UIF ѐSTU UJNF JO 5ÁMBEëQJLÁ CZ

4ÁMVWB (ċQB 5JQQÓOESB� " NPSF JO�EFQUI EJTDVTTJPO PG UIJT UFYU JT QSPWJEFE JO 4FDUJPO � PG

UIJT UIFTJT� 5IF GPMMPXJOH FYUSBDUT GSPN UIF BGPSFNFOUJPOFE XPSLT TFSWF BT EJSFDU FWJEFODF PG

5JQQBɿT BVUIPSTIJQ� � � � �
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�4PVSDFT PG 7JKBZBOBHBSB )JTUPSZ
 4� ,SJTIOBTXBNJ "ZZBOHBS 	����

 QQ� ��
 ��
 ��
 ���
�5IF +PVSOBM PG UIF .BESBT .VTJD "DBEFNZ
 7PM� � 	����

 QQ� ��ɻ���
�4UVEJFT JO *OEJBO -JUFSBSZ )JTUPSZ
 1� ,� (PEF 	����

 Q� ����
�,ÁWZÁMBǮLÁSB 4ħUSB 7ǴUUJ
 XJUI UIF DPNNFOUBSZ ,ÁNBEIFOV
 FEJUFE CZ ĘSë ,ȍȑȉB 4ħSJ
 �����
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5JQQB (PQFOESBɿT� MJOFBHF USFF
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1BSU � � 5BOUSBSBUOB



$IBQUFS �

5BOUSBSBUOB

5IF 7ÁLZB TZTUFN JT POF PG UIF PMEFTU BOE NPTU QSPNJOFOU NFUIPEJDBM NBSWFMT JO UIF

IJTUPSZ PG *OEJBO BTUSPOPNZ� " MJOFBHF PG QSPѐDJFOU NBUIFNBUJDJBOT IBWF EFWJTFE NFUIPET

UP PCUBJO UIF MPOHJUVEF PG UIF .PPO XJUI BO BDDVSBDZ PG VQ UP TFDPOET� #FHJOOJOH XJUI

UIF (JSOÁI�ęSFZÁEJ�WÁLZBT PG 7BSBSVDJ 	��� $&
 UP UIF SFDFOU NBTUFSNJOE
 4BǮHBNBHSÁNB

.ÁEIBWB 	D� ���� ɻ D� ����
 PG UIF ,FSBMB 4DIPPM
 UIF EFWFMPQNFOUT JO UIF BTUSPOPNJDBM

SFBMN IBWF CFFO JNNFOTF� #PUI UIF 7BSBSVDJ BOE .ÁEIBWB WÁLZBT BSF QPQVMBS BOE IBWF CFFO

HSFBUMZ SFWJWFE�5JQQB (PQFOESB
 B DPOUFNQPSBSZ PG .ÁEIBWB
 IBT GPSNVMBUFE IJT PXO VOJRVF

TFU PG WÁLZBT� 5IF QSFTFOU TFDUJPO FYBNJOFT IJT DPOUSJCVUJPOT UP DBOESBWÁLZBT
 QSPWJEJOH B

TZTUFNBUJD EFDSZQUJPO
 NBUIFNBUJDBM BOBMZTJT
 BOE DPNQBSBUJWF TUVEZ XJUI FBSMJFS TZTUFNT�

5IF WÁLZBT OVNCFSFE ��
 ���
 ���
 ���
 BOE ���
 BMPOH XJUI UIF TFRVFODF GSPN �� UP

���
 BSF JEFOUJѐFE BT FSSPOFPVT�$PSSFDUFE WBMVFT BOE BMUFSOBUJWF WÁLZB TUSVDUVSFT BSF QSPQPTFE�

" OPUBCMF USFOE PG TJNJMBSJUZ JT PCTFSWFE CFUXFFO UIF 5JQQB (PQFOESB WÁLZBT BOE UIF.ÁEIBWB

WÁLZBT� 5IF DPNQVUBUJPOBM BOBMZTJT VTJOH 4ħSZB 4JEEIÁOUJD QBSBNFUFST JT QFSGPSNFE GVSUIFS

SFWFBMJOH JUT DIBSBDUFSJTUJDT BOE BTUSPOPNJDBM TJHOJѐDBODF�

��� *OUSPEVDUJPO

"TUSPOPNZ IBT BMXBZT CFFO B TVCKFDU PG HSFBU JOUFSFTU JO UIF *OEJBO TVCDPOUJOFOU�*UT

VOFRVJWPDBM DPSSFMBUJPO XJUI QSJODJQMFT SBOHJOH GSPN UIF NFBTVSFNFOU PG UJNF UP BTUSPMPHZ

IBT CFFO GVOEBNFOUBM JO QSFTFSWJOH JUT JOUFHSJUZ� 5IPVHI JUT GPVOEBUJPOT MJF JO UIF 7FEJD FUIPT


JU IBT QSPWJEFE TVCTUBOUJBM TDPQF GPS TLFQUJDJTN BOE BEWBODFNFOU�5IF QSJNBSZ PCKFDUJWF PG

*OEJBO BTUSPOPNZ IBT CFFO UP JOWFTUJHBUF BOE VOEFSTUBOE UIF NPUJPO PG QMBOFUT BOE QMBOFUBSZ

�



QIFOPNFOB<44>� 5IF GPMMPXJOH UPQJDT BSF FMBCPSBUFMZ BEESFTTFE�

ʆ $BMDVMBUJPO PG MPOHJUVEFT 	QPTJUJPOT
 PG QMBOFUT

ʆ $PNQVUBUJPO PG UIF FMFNFOUT PG UIF 1B±DÁǮHB

ʆ %FUFSNJOBUJPO PG EJSFDUJPO
 MPDBUJPO
 BOE UJNF

ʆ $BMDVMBUJPO BOE QSPKFDUJPO PG TPMBS BOE MVOBS FDMJQTFT

ʆ 1IFOPNFOB SFMBUFE UP UIF .PPO
 JODMVEJOH IFMJBDBM SJTJOH BOE TFUUJOH
 MVOBS QIBTFT
 UIF

FMFWBUJPO PG MVOBS IPSOT
 BOE UIF .PPOɿT EBJMZ NPUJPO

ʆ 1IFOPNFOB SFMBUFE UP QMBOFUT
 TVDI BT IFMJBDBM SJTJOH BOE TFUUJOH
 QMBOFUBSZ DPOKVODUJPOT
 BOE

DPOKVODUJPOT XJUI TUBST

" WBTU DPSQVT PG BTUSPOPNJDBM MJUFSBUVSF QSPEVDFE JO *OEJB TJODF UIF UJNF PG ÀSZBCIBǺB

	D� ��� $&
 JT HFOFSBMMZ DMBTTJѐFE JOUP 4JEEIÁOUBT
 5BOUSBT
 ,BSBǰBT
 BOE 7ÁLZBT
 JO EFDSFBTJOH

PSEFS PG UIFPSFUJDBM DPOUFOU <�>� "NPOH UIFTF
 UIF 4JEEIÁOUJL UFYUT BSF DPNQMFY BOE FYUFOTJWF

EVF UP UIF SJHPSPVT DPNQVUBUJPOBM NFUIPET BOE BMHPSJUINT FNQMPZFE JO EFUFSNJOJOH QMBOFUBSZ

MPOHJUVEFT BOE PUIFS BTUSPOPNJDBM RVBOUJUJFT� $VSSFOUMZ
 UIF NPTU XJEFMZ GPMMPXFE UFYU JO UIF

4JEEIÁOUBT JT UIF 4ħSZB 4JEEIÁOUB 	FBSMZ �UI DFOUVSZ $&

 XIJDI QSFTFOUT JUT QSJODJQMFT BDSPTT

GPVSUFFO DIBQUFST�0OF NJHIU RVFTUJPO UIF DSFEJCJMJUZ PG UIFTF BODJFOU UFYUT
 BT NPTU JNQMJFE

NPEFMT PG UIBU QFSJPE XFSF FяFDUJWFMZ HFPDFOUSJD� )PXFWFS
 JU TIPVME CF OPUFE UIBU ÀSZBCIBǺB

IBE BMSFBEZ QSPQPTFE UIBU UIF &BSUI SPUBUFT PO JUT BYJT
 BOE /ëMBLBǰǺIB MBUFS TVHHFTUFE UIBU

UIF JOOFS QMBOFUT SFWPMWF BSPVOE UIF 4VO
 XIJMF UIFJS NJOJ TPMBS TZTUFN TUJMM SFWPMWFE BSPVOE

UIF &BSUI <�>�5IPVHI TVDI EJяFSJOH PQJOJPOT PO QMBOFUBSZ NPUJPO DPOUJOVFE UP CF EFCBUFE


BTUSPOPNFST EJE OPU SFTUSBJO UIFJS SFTFBSDI�

5IF 1B±DÁǮHB JT B QSFDJTF BMNBOBD TZTUFN EFWFMPQFE UP FOWJTJPO EBJMZ UJNF UISPVHI

BTUSPOPNJDBM QBSBNFUFST� *U DPOTJTUT PG ѐWF 	QB±DB
 QSJODJQBM FMFNFOUT� ��5JUIJ 	MVOBS EBZT



��,BSBǰB 	IBMG�5JUIJT

 ��/BLǸBUSB
 ��:PHB
 BOE ��7ÁSB	XFFLEBZ
<44>� 5IF 5JUIJT BSF ��

TVCEJWJTJPOT PG UIF MVOBS NPOUI
 NFBTVSFE GSPN POF OFX PS OP NPPO UP UIF OFYU� 5IFZ

DPSSFTQPOE UP TVDDFTTJWF ���EFHSFF JODSFNFOUT PG UIF .PPOɿT NPUJPO SFMBUJWF UP UIF 4VO� 5IVT


XIFO UIF .PPO JT QPTJUJPOFE JO UIF SBOHF PG �p UP ��p BIFBE PG UIF 4VO
 JU DPSSFTQPOET UP UIF

ѐSTU 5JUIJ
QPTJUJPOFE ��p UP ��p BIFBE� DPSSFTQPOET UP UIF TFDPOE BOE TP PO� %FUFSNJOJOH UIF

5JUIJ BU BOZ JOTUBOU SFRVJSFT UIF JOTUBOUBOFPVT USVF MPOHJUVEFT PG CPUI UIF .PPO BOE UIF 4VO� 'PS

UIFTF DPNQVUBUJPOT UIF 4JEEIÁOUJDNFUIPET XFSF SJHPSPVT
 BOE BT BMM DBMDVMBUJPOT XFSF IBOEMFE

�



NBOVBMMZ
 UIJT TZTUFN JO QBSUJDVMBS
 EFNBOEFE BO FђDJFOU BOE BDDFTTJCMF BMUFSOBUJWF� 5IF

1B±DÁǮHBLÁSBT 	DBMFOEBS�NBLFST
 EFWJTFE B TJNQMFS NFUIPEPMPHZ <�>
 XIJDI MFE UP BQQSBJTBM

,BSBǰB BOE 7ÁLZB TZTUFNT�

�� 5IF 7BLZB 4ZTUFN�
5IF 7ÁLZB TZTUFN SFQSFTFOUT B TDIPPM PG UIPVHIU UIBU QSJNBSJMZ JOWPMWFT DPEJGZJOH OVNFSJDBM

PVUQVUT JO UIF GPSN PG MJOHVJTUJD BSSBZT PS WÁLZBT� 5IF UFSN WÁLZB MJUFSBMMZ NFBOT B TFOUFODF

PS B TUSJOH PG XPSET� )PXFWFS
 JO UIF DPOUFYU PG BTUSPOPNZ
 UIF UFSN WÁLZB IBT B WFSZ TQFDJBM

DPOOPUBUJPO
 SFGFSSJOH UP B TFU PG QISBTFT PS TFOUFODFT UIBU BSF QSJNBSJMZ NFBOU UP DPOWFZ

OVNFSJDBM WBMVFT BTTPDJBUFE XJUI WBSJPVT BTUSPOPNJDBM QBSBNFUFST <�>� 5IFTF WÁLZBT BSF

TUSBUFHJDBMMZ DPOTUSVDUFE
 FWFO XJUI NBUIFNBUJDBM DJQIFSJOH
 UIFZ SFNBJO XPSET PG XJTEPN UIBU

FWPLF NPSBM QSJODJQMFT <�>	NPTU UJNFT
� 5IF WÁLZBT DBO CF CSPBEMZ EJWJEFE JOUP UXP LJOET�

�� 5IPTF UIBU QSFTFOU UIF USVF MPOHJUVEFT PG UIF QMBOFUT BU DFSUBJO SFHVMBS JOUFSWBMT�

��5IPTF UIBU QSFTFOU DFSUBJO PUIFS OVNFSJDBM WBMVFT UIBU BJE UIF DPNQVUBUJPO PG UIF USVF

MPOHJUVEFT�

*O FJUIFS DBTF
 UIF OVNFSJDBM WBMVFT UIFZ QSFTFOU BSF HJWFO BU SFHVMBS JOUFSWBMT PG UJNF� *O GBDU


UIF FTTFODF PG UIF WÁLZB NFUIPE MJFT JO SFDPHOJ[JOH UIF QFSJPEJDJUJFT PG DFSUBJO BTUSPOPNJDBM

QIFOPNFOB BOE VUJMJ[JOH UIFN UP TJNQMJGZ UIF DPNQVUBUJPOBM TDIFNF <�>�

5IF TZTUFN GPS EFUFSNJOJOH UIF USVF MPOHJUVEF PG WBSJPVT QMBOFUT IBT CFFO SBEJDBMMZ TJNQMJѐFE

XJUI UIF JOWFOUJPO PG UIF WÁLZB NFUIPEPMPHZ� 1SFWJPVT QSPDFEVSFT
 BT PVUMJOFE JO WBSJPVT

4JEEIÁOUBT
 XFSF NPSF JOEJSFDU BOE DVNCFSTPNF
 SFRVJSJOH UIF EFUFSNJOBUJPO PG UIF NFBO

MPOHJUVEF GPMMPXFE CZ DPSSFDUJPOT VTJOH TBǬTLÁSBT� 5IF WÁLZB NFUIPE
 IPXFWFS
 EPFT OPU

SFTPSU UP DPSSFDUJPOT VTJOH UFEJPVT TJOF GVODUJPOT <�>� *O NPTU DBTFT
 FODSZQUJPO GPMMPXT UIF

,BǺBQBZÁEJ TZTUFN
 BUUSJCVUFE UP 7BSBSVDJ<�>� 5IJT JT B TZTUFN PG FODPEJOH OVNFSBMT BT XPSET

CZ TVCTUJUVUJOH FBDI EJHJU XJUI B DIBSBDUFS� &BDI PG UIF ˉ� ˓� ˞� ˣ DIBSBDUFST JT BTTJHOFE UIF

OVNCFS �
 BOE TVDDFTTJWF DIBSBDUFST BSF BTTJHOFE UIF OVNCFST � BOE TP PO� 5IF DPNQMFUF LFZ

JT QJDUPSJBMMZ SFQSFTFOUFE JO 'JH�����

�



��8PSLT JO UIF WBLZB TZTUFN�
5IF DBOPOJDBM UFYU PG UIF 1BSBIJUB TZTUFN
 (SBIBDBSBǰJCBOEIBOB CZ )BSJEBUUB
 B SFOPXOFE

TFWFOUI�DFOUVSZ BTUSPOPNJDBM NBOVBM GSPN ,FSBMB
 JOUSPEVDFT WÁLZBT GPS UIF NBOEB BOE

ęëHISB DPSSFDUJPOT� " NPSF DPNQSFIFOTJWF BOE GVMMZ EFWFMPQFE WÁLZB TZTUFN JT PVUMJOFE JO

UIF XFMM�LOPXO ��UI�DFOUVSZ LBSBǰB UFYU
 7ÁLZBLBSBǰB
 XIJDI QSFTFOUT EJSFDU DPNQVUBUJPOBM

NFUIPET GPS EFUFSNJOJOH UIF USVF MPOHJUVEFT PG UIF 4VO
 UIF .PPO
 BOE UIF QMBOFUT� .BOVTDSJQUT

PG UIJT XPSL BSF QSFTFSWFE JO WBSJPVT SFQPTJUPSJFT BDSPTT 4PVUI *OEJB
 QBSUJDVMBSMZ JO 5BNJM /BEV�

4DIPMBST ,VQQBOOB 4BTUSJ BOE ,� 7� 4BSNB FTUJNBUF JUT DPNQPTJUJPO CFUXFFO ���� BOE ����

$&� 5IPVHI UIF BVUIPS SFNBJOT VOJEFOUJѐFE
 MJOHVJTUJD BOE UFYUVBM FWJEFODF TVHHFTUT UIBU IF

XBT MJLFMZ GSPN UIF 5BNJM�TQFBLJOH SFHJPOT PG 4PVUI *OEJB� 5IJT XPSL BMTP IBT B DPNNFOUBSZ

UJUMFE -BHIVQSBLÁęJLÁ
 DPNQPTFE CZ 4VOEBSBSÁKB GSPN ,Á±Dë OFBS QSFTFOU�EBZ $IFOOBJ� 5IF

USFBUJTF ESBXT FYUFOTJWFMZ GSPN UIF .BIÁCIÁTLBSëZB BOE -BHIVCIÁTLBSëZB PG #IÁTLBSB *
 XIP

CFMPOHFE UP UIF ÀSZBCIBǺB TDIPPM
 BOE JODPSQPSBUFT QSJODJQMFT GSPN UIF 1BSBIJUB TZTUFN PG

)BSJEBUUB
 XIJDI XBT XJEFMZ GPMMPXFE JO ,FSBMB� .ÁEIBWB PG 4BǮHBNBHSÁNB 	D� ����ɻ����



UIF QJPOFFS PG UIF ,FSBMB TDIPPM PG NBUIFNBUJDT BOE BTUSPOPNZ
 BVUIPSFE UXP TFNJOBM XPSLT�

7FǰWÁSPIB BOE 4QIVǺBDBOESBQUJ� 5IF GPSNFS JT DPOTJEFSFE BO VQEBUFE WFSTJPO PG UIF MBUUFS

<NBEIBWB>� .ÁEIBWB BMTP EFWJTFE BO JOHFOJPVT NFUIPE XIFSFJO WÁLZBT DPVME CF VUJMJ[FE

UP DPNQVUF UIF USVF MPOHJUVEFT PG UIF .PPO BU OJOF EJTUJODU JOTUBOUT UISPVHIPVU B HJWFO EBZ


TJHOJѐDBOUMZ NJUJHBUJOH JOUFSQPMBUJPO FSSPST� "EEJUJPOBMMZ
 IF JOUSPEVDFE UIF "HBǰJUB TZTUFN

GPS QMBOFUBSZ QPTJUJPO DPNQVUBUJPOT� "MUIPVHI IJT XPSL"HBǰJUBHSBIBDÁSB SFNBJOT VOFEJUFE


NBOVTDSJQUT PG UIJT UFYU BSF FYUBOU <�>�

8IJMF 7ÁLZBLBSBǰB BOE UIF XPSLT PG .ÁEIBWB QSJNBSJMZ DBUBMPH WÁLZBT BOE PVUMJOF

DPNQVUBUJPOBM UFDIOJRVFT GPS QMBOFUBSZ MPOHJUVEFT
 JU JT UIF ,BSBǰBQBEEIBUJ PG 1VUVNBOB

4PNBZÁKJ 	��UIɻ��UI DFOUVSZ
 UIBU FMVDJEBUFT UIF SBUJPOBMF CFIJOE UIF DPOTUSVDUJPO PG

WÁLZBT BOE QSPWJEFT TZTUFNBUJD NFUIPEPMPHJFT GPS EFSJWJOH QSFDJTF MPOHJUVEFT PG UIF 4VO


.PPO
 BOE QMBOFUT� /PUBCMZ
 UIF ,BSBǰBQBEEIBUJ EFUBJMT UIF BQQMJDBUJPO PG DPOUJOVFE

GSBDUJPOT UP BQQSPYJNBUF QMBOFUBSZ NFBO NPUJPOT BOE UIFJS BOPNBMJFT
 UIFSF CZ SFѐOJOH UIF

BDDVSBDZ PG DBMDVMBUJPOT� 4VCTFRVFOU BTUSPOPNJDBM UFYUT JOUSPEVDFE GVSUIFS JOOPWBUJPOT
 XJUI

UIF ��UI�DFOUVSZ USFBUJTF 4BESBUOBNÁMÁ CZ ĘBǮLBSBWBSNBO EPDVNFOUJOH TFWFSBM PG UIFTF

BEWBODFNFOUT�<�>

�



5IF QSFTFOU XPSL VOEFS DPOTJEFSBUJPO JT UIF 5BOUSBSBUOB PG #IħQÁMB 5JQQB 	����ɻ����

$&
 PG UIF 4ÁMVWB EZOBTUZ� 5IF NBOVTDSJQU IBT CFFO TPVSDFE GSPN UIF ,FSBMB .BOVTDSJQU

-JCSBSZ <53>�5IF QSFTFOU TUVEZ JT CBTFE PO UIF 4BOTLSJU USBOTMJUFSBUJPO PG UIF NBOVTDSJQU


PSJHJOBMMZ JO .BMBZBMBN
 BT VOEFSUBLFO CZ %S 7FOLFUFTXBSB 3� 1BJ� 5IF $BOESBWÁLZB

TFDUJPO PG UIF 5BOUSBSBUOB DPOTJTUT PG UXP QBSUT� POF FOVNFSBUJOH UIF ��� $BOESBWÁLZBT

BOE UIF PUIFS PVUMJOJOH UIFJS DIBSBDUFSJTUJDT
 SFGFSFODJOH QSFWJPVT XPSLT
 BOE QSPWJEJOH

UIF BVUIPSɿT DPODMVEJOH SFNBSLT� 5IF BVUIPS DJUFT UIF 4ħSZB 4JEEIÁOUB BOE 7BSBSVDJɦT

(ëSǰBǠ�ęSFZÁEJ�WÁLZBT�<53> 5IF GPMMPXJOH TFDUJPOT QSFTFOU B EFUBJMFE BOBMZTJT PG IJT XPSL�

'JHVSF ���� ,BUBQBZBEJ UBCMF� .BQQJOH DPOTPOBOUT UP OVNFSBMT

�



��� 5FSNJOPMPHJFT

$BOESBTQIVǦB 
ːࡂ˷ۏ˕ʹ� � JT UIF USVF QPTJUJPO PG UIF .PPO 	USVF MPOHJUVEF
� 5IF NFBO

MPOHJUVEF JT DBMDVMBUFE VOEFS UIF BTTVNQUJPO PG VOJGPSN NPUJPO
 XIFSFBT UIF USVF

MPOHJUVEF JT EFUFSNJOFE DPOTJEFSJOH UIF BDUVBM OPO�VOJGPSN NPUJPO PG UIF .PPO�

6DDB	"QTJT
 � 5IF UFSN VDDB JT CFTU USBOTMBUFE BT ʂBQFY
ʂ BOE JU BQQMJFT UP CPUI

NBOEPDDB�ˢۘ˺Ղʹ�BOE ęJHISPDDB�˫˱Θ˺Ղʹ�� *O DBTF PG UIF TVO BOE UIF NPPO 
UIJT JT UIF

BQPHFF
 UIF BQIFMJPO
UIPVHI OPU SFDPHOJTFE BT TVDI JO UIF PG PUIFS QMBOFUT� 5IF ęJHISPDDB

JT CFTU SFяFSFE UP BT UIF DPOKVODUJPO�

,FOESB �ʹۏ˽ˋ	 �	"OPNBMZ

 JT UIF BOHVMBS EJTUBODF PG B DFMFTUJBM CPEZ GSPN FJUIFS PG JUT

BQJDFT PS DFOUFST PG QFSUVSCBUJPO� 5IF EJTUBODF GSPN NBOEPDDB JT DBMMFE NBOEB LFOESB

�ˢۘˉ˶܃ʹ�
 XIFSFBT UIF EJTUBODF GSPN ęJHISPDDB JT ęJHISB LFOESB �˫˱Θˉ˶܃ʹ�� .FBO BOE

USVF BOPNBMJFT EJяFS CBTFE PO XIFUIFS VOJGPSN PS OPO�VOJGPSN NPUJPO JT DPOTJEFSFE�

"IBSHBǜB
ʻ˯ ϳ̱˙ʹ� �	"

 5IF UPUBM OVNCFS PG EBZT FMBQTFE GSPN B HJWFO FQPDI UP UIF EBZ PO

XIJDI UIF USVF MPOHJUVEF PG UIF .PPO JT UP CF DBMDVMBUFE�
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| Anomaly

Figure 2.2: (a) A 3D representation of the model depicting the Earth-Moon system, with apogee, 
anomaly, rāśis, and nakṣatrās marked. (b) A sectional 2D view: (b.1) Anomaly represented as an object 
with relative velocity, and (b.2) A depiction of the conventional definition of anomaly.

a

b.1 b.2



��� 5IF 1SJODJQMF CFIJOE UIF WÁLZB NFUIPE�
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��� 0CTFSWBUJPOT BOE WÁLZBTIPEBOB

5IF BOBMZTJT PG UIFTF WÁLZBT DBO CF BQQSPBDIFE JO UXP QSJNBSZ XBZTɼFJUIFS UISPVHI UIFJS

OVNFSJDBM WBMVFT PS GSPN B MJUFSBSZ TUBOEQPJOU� 5IJT TFDUJPO GPDVTFT PO UIF GPSNFS�

5IF QPTJUJPOBM EBUB PG UIF .PPO IBT CFFO TZTUFNBUJDBMMZ SFDPSEFE BDSPTT OJOF PG JUT

DZDMFT
 ZJFMEJOH FYQFDUFE WBMVFT GPS UIF DPSSFTQPOEJOH EBZT� 5IF DPNQVUFE WBMVFT

GSPN UIF 5JQQB (PQFOESB WÁLZBT DMPTFMZ BMJHO XJUI UIPTF PG UIF .ÁEIBWB WÁLZBT


XJUI EJTDSFQBODJFT POMZ JO UIF SBOHF PG NJOVUFT PS TFDPOET� .VDI MJLF UIF .ÁEIBWB

WÁLZBT
 UIFTF WBMVFT IBWF CFFO EPDVNFOUFE XJUI B QSFDJTJPO FYUFOEJOH UP TFDPOET


TJHOJѐDBOUMZ FOIBODJOH UIFJS BTUSPOPNJDBM SFMFWBODF� " QSFMJNJOBSZ FYBNJOBUJPO SFWFBMT

JODPOTJTUFODJFT JO DFSUBJO WÁLZBTɼTQFDJѐDBMMZ ��
 ���
 ���
 ���
 BOE ���ɼBT XFMM BT

XJUIJO UIF TFRVFODF GSPN �� UP ���
 XIJDI EFWJBUF GSPN UIF FYQFDUFE QBUUFSO� 'VSUIFS

BOBMZTJT JOEJDBUFT UIBU UIF TFSJFT GSPN �� UP ��� FYIJCJUT B DZDMJD NJTBMJHONFOU
 XIFSFJO

WÁLZB ��� DPSSFTQPOET UP ��
 �� DPSSFTQPOET UP ��
 BOE TP PO� 5IJT TIJGU DBO CF DPSSFDUFE

TZTUFNBUJDBMMZ� )PXFWFS
 UIF SFNBJOJOH EJTDSFQBODJFT SFRVJSF B EJяFSFOU BOBMZUJDBM BQQSPBDI�

7ÁLZBTIPEBOB
*U JT RVJUF JOUFSFTUJOH UIBU UIF WÁLZB�LÁSBT IBE EFWJTFE BO FSSPS�DPSSFDUJPO NFUIPEPMPHZ
BMPOH

XJUI EPDVNFOUJOH PS FOVNFSBUJOH UIF EBUB� 5IJT UFDIOJRVF TBGFHVBSET BOE FOTVSFT UIF WÁLZBT

GSPN DPSSVQUJPO PWFS UJNF<�>�

7BSBSVDIJɿT DPSSFDUJPO JT RVJUF TJNQMF BOE JT HJWFO CZ�

() +(248−) = (248, (NPEVMP 360◦) 	���


XIFSF ) SFQSFTFOUT UIF WÁLZB OVNCFS
 SBOHJOH GSPN ) = 1 UP 248� 5IF DPSSFDUFE WBMVF GPS UIF

)UI WÁLZB 	()
 JT PCUBJOFE BT UIF EJяFSFODF CFUXFFO UIF WBMVF PG UIF ���UI WÁLZB 	(248
 BOE UIF

DPNQMFNFOUBSZ WÁLZB PG ) 	(248−)
�5IJT BQQSPBDI JNQMJDJUMZ BTTVNFT BO BQQSPYJNBUF WBMVF PG

UIF BOPNBMZ BT 9
248 
 XIJDI
 JO UVSO
 MJNJUT UIF BDDVSBDZ PG UIF DPSSFDUFE WFSTF�

��



0O UIF PUIFS IBOE
 .BEIBWB FNQMPZT B NPSF QSFDJTF BOE TZTUFNBUJDBMMZ TUSVDUVSFE

NFUIPEPMPHZ�5IF GPMMXJOH JT UIF QSPDFTT�

ʆ 'JSTU
 ѐOE PVU UIF DPNQMFNFOUBSZ WÁLZB (* 
 XIFSF * = 248 − )�

ʆ 5IFO
 ѐOE UIF WÁLZBT BCPWF 	(*−1
 BOE CFMPX 	(*+1
 UIF DPNQMFNFOUBSZ WÁLZB 	(* 
 BOE

EFUFSNJOF UIFJS EJяFSFODF�

Δ(* = (*+1 −(*−1.

ʆ 4VCUSBDU UXJDF UIF ѐSTU WÁLZB 	(1
 GSPN Δ(* 
 BOE EJWJEF UIF SFTVMU CZ ���� 5IBU JT


DPNQVUF�

+ * =
Δ(* − (2 ×(1)

225 . 	���


ʆ 4VCUSBDU + * 	JO NJOVUFT
 FUD�
 GSPN UIF DPNQMFNFOUBSZ WÁLZB� 5IJT HJWFT UIF USBOTGPSNFE

DPNQMFNFOUBSZ WÁLZB�

( ′
* = (* − + * . 	���


ʆ 5IF EFTJSFE WÁLZB
 JG DPSSFDU
 TIPVME CF FRVBM UP UIF SFTVMU PCUBJOFE CZ TVCUSBDUJOH ( ′
*

GSPN UIF ѐOBM WÁLZB 	(248
� 5IBU JT
 UIF EFTJSFE WÁLZB TIPVME TBUJTGZ�

() = (248 −( ′
* . 	���


4JODF UIF 5JQQB (PQFOESB WÁLZBT DMPTFMZ BMJHO OVNFSJDBMMZ XJUI UIF .BEIBWB WÁLZBT BOE UIJT

BQQSPBDI PяFST HSFBUFS QSFDJTJPO
 WÁLZBęPEIBOB IBT CFFO QFSGPSNFE GPS 5JQQB (PQFOESB WÁLZB

OVNCFST ��
 ���
 ���
 ���
 BOE ���� /FX WÁLZBT IBWF CFFO DPOTUSVDUFE BOE QSPQPTFE CBTFE

PO UIF DPSSFDUFE WBMVFT PCUBJOFE� 5IF GPMMPXJOH QBHFT QSFTFOU UIF DPNQMFUF DPSSFDUJPO QSPDFTT

JO EFUBJM�	5IF SBUJPOBMF BOE UIF QSPDFTT BSF DMFBSMZ FYQMBJOFE JO UIF ,BSBȉBQBEEIBUJ<�>


��



$PSSFDUJOH UIF 11,ℎ WÁLZB

4JODF UIF EFTJSFE WÁLZB OVNCFS ) = 11
 UIF OVNCFS PG UIF DPNQMFNFOUBSZ WÁLZB * = 248−11 =

237� 5IF WÁLZBT CFMPX 	(*+1
 BOE BCPWF 	(*−1
 UIF DPNQMFNFOUBSZ WÁLZB BSF�

(238 = 8'19◦48′40′′ BOE (236 = 7'21◦37′35′′.

5IFJS EJяFSFODF JT HJWFO CZ

Δ(237 = 28◦11′05′′.

#Z TVCUSBDUJOH UXJDF UIF ѐSTU WÁLZB 	2 ×(1 = 0'24◦02′04′′
 GSPN UIF BCPWF
 XF HFU

Δ(237 − 2(1 = 0'28◦11′05′′ − 0'24◦02′04′′

= 4◦09′01′′

= 14941′′.

%JWJEJOH UIF SFTVMU PCUBJOFE CZ ���
 XF PCUBJO +118 = 01′06′′� 4VCUSBDUJOH UIJT GSPN UIF

DPNQMFNFOUBSZ WÁLZB 	(237

 XF IBWF

( ′
237 = (237 − +237

= 8'05◦47′53′′ − 01′06′′

= 8'05◦46′47′′.

/PX UIF EFTJSFE WÁLZB (11 JT HJWFO CZ

(11 = (248 −( ′
237

= 12'27◦43′31′′ − 8'05◦46′47′′

= 04'21◦56′44′′. 	���


5IF WÁLZB OVNCFS �� GPVOE JO UIF NBOVTDSJQU PG 5BOUSBSBUOB JT ʁࣺ˪ˡ˳ࣻ˘ʹ ˫ˍˉ˥Τ˳́
�WJCIħUBǠęBǮBLBSBCISħǠ ʂ� 5IJT XIFO EFDPEFE DPSSFTQPOET UP UIF WBMVF 2'21◦56′44′′ BOE UIF

SFTVMU PCUBJOFE GPS (11 CBTFE PO WÁLZB TPEIBOB QSPDFEVSF PG .ÁEIBWB JT 04'21◦56′44′′�

4VHHFTUFE WÁLZB

ʹ˥ˤ˚ࣆ˸ˣ˫ࣆ� Π˷˫ʹ ��
WJCIħUJNBZBǠ EISVWBǠ

��



$PSSFDUJOH UIF 130,ℎ WÁLZB

4JODF UIF EFTJSFE WÁLZB OVNCFS ) = 130
 UIF OVNCFS PG UIF DPNQMFNFOUBSZ WÁLZB * = 248 −
130 = 118� 5IF WÁLZBT CFMPX 	(*+1
 BOE BCPWF 	(*−1
 UIF DPNQMFNFOUBSZ WÁLZB BSF�

(119 = 4'03◦24′11′′ BOE (117 = 3'06◦35′50′′.

5IFJS EJяFSFODF JT HJWFO CZ

Δ(118 = 26◦48′21′′.

#Z TVCUSBDUJOH UXJDF UIF ѐSTU WÁLZB 	2 ×(1 = 0'24◦02′04′′
 GSPN UIF BCPWF
 XF HFU

Δ(118 − 2(1 = 0'26◦48′21′′ − 0'24◦02′04′′

= 2◦46′17′′

= 9977′′.

%JWJEJOH UIF SFTVMU PCUBJOFE CZ ���
 XF PCUBJO +118 = 44′′� 4VCUSBDUJOH UIJT GSPN UIF

DPNQMFNFOUBSZ WÁLZB 	(118

 XF IBWF

( ′
118 = (118 − +118

= 3'19◦52′26′′ − 44′′

= 3'19◦51′42′′.

/PX UIF EFTJSFE WÁLZB (130 JT HJWFO CZ

(130 = (248 −( ′
118

= 12'27◦43′31′′ − 3'19◦51′42′′

= 09'07◦51′49′′. 	���


5IF WÁLZB OVNCFS ��� GPVOE JO UIF NBOVTDSJQU PG 5BOUSBSBUOB JT ʁ˪˯˗˱ ˯˜˱˭˯˜˭˯ژ˞
�WÁǰë QBENÁTBOÁTëOÁʂ� 5IJT XIFO EFDPEFE DPSSFTQPOET UP UIF WBMVF 7'07◦51′54′′ BOE UIF SFTVMU

PCUBJOFE GPS (130 CBTFE PO WÁLZB TPEIBOB QSPDFEVSF PG .ÁEIBWB JT 09'07◦51′49′′�

4VHHFTUFE WÁLZB

˴ڮ˝ ˠ٤˴ˮ˞˴ ˝˞˶�
EIBOWÁ QBENÁTBOÁ EIBOë

��



$PSSFDUJOH UIF 162,ℎ WÁLZB

4JODF UIF EFTJSFE WÁLZB OVNCFS ) = 162
 UIF OVNCFS PG UIF DPNQMFNFOUBSZ WÁLZB * = 248 −
162 = 86� 5IF WÁLZBT CFMPX 	(*+1
 BOE BCPWF 	(*−1
 UIF DPNQMFNFOUBSZ WÁLZB BSF�

(87 = 2'02◦07′34′′ BOE (85 = 1'07◦25′04′′.

5IFJS EJяFSFODF JT HJWFO CZ

Δ(86 = 24◦42′30′′.

#Z TVCUSBDUJOH UXJDF UIF ѐSTU WÁLZB 	2 ×(1 = 0'24◦02′04′′
 GSPN UIF BCPWF
 XF HFU

Δ(86 − 2(1 = 0'24◦42′30′′ − 0'24◦02′04′′

= 40′26′′

= 2426′′.

%JWJEJOH UIF SFTVMU PCUBJOFE CZ ���
 XF PCUBJO +86 = 11′′� 4VCUSBDUJOH UIJT GSPN UIF

DPNQMFNFOUBSZ WÁLZB 	(86

 XF IBWF

( ′
86 = (86 − +86

= 1'19◦40′53′′ − 11′′

= 1'19◦40′42′′.

/PX UIF EFTJSFE WÁLZB (162 JT HJWFO CZ

(162 = (248 −( ′
86

= 12'27◦43′31′′ − 1'19◦40′42′′

= 11'08◦02′49′′. 	���


5IF WÁLZB OVNCFS ��� GPVOE JO UIF NBOVTDSJQU PG 5BOUSBSBUOB JT ʁ˛˱˪˥˷˜ϵ˚˱
�EIëWBSBJSOBEë˯ࡁ˴ˉ LǴǸǰÁʂ� 5IJT XIFO EFDPEFE DPSSFTQPOET UP UIF WBMVF 5'18◦02′49′′ BOE

UIF SFTVMU PCUBJOFE GPS (162 CBTFE PO WÁLZB TPEIBOB QSPDFEVSF PG .ÁEIBWB JT 11'08◦02′49′′�

4VHHFTUFE WÁLZB

˝˶˫˦˾˞ϳ˜˶ ʹˋˋࣅ̂˞
EIëWBSBJSOBEë OBVLJLBǹ

��



$PSSFDUJOH UIF 209,ℎ WÁLZB

4JODF UIF EFTJSFE WÁLZB OVNCFS ) = 209
 UIF OVNCFS PG UIF DPNQMFNFOUBSZ WÁLZB * = 248 −
209 = 39� 5IF WÁLZBT CFMPX 	(*+1
 BOE BCPWF 	(*−1
 UIF DPNQMFNFOUBSZ WÁLZB BSF�

(40 = 5'15◦32′10′′ BOE (38 = 4'17◦13′13′′.

5IFJS EJяFSFODF JT HJWFO CZ

Δ(39 = 28◦18′57′′.

#Z TVCUSBDUJOH UXJDF UIF ѐSTU WÁLZB 	2 ×(1 = 0'24◦02′04′′
 GSPN UIF BCPWF
 XF HFU

Δ(39 − 2(1 = 0'28◦18′57′′ − 0'24◦02′04′′

= 4◦16′53′′

= 15413′′.

%JWJEJOH UIF SFTVMU PCUBJOFE CZ ���
 XF PCUBJO +39 = 1′08′′� 4VCUSBDUJOH UIJT GSPN UIF

DPNQMFNFOUBSZ WÁLZB 	(39

 XF IBWF

( ′
39 = (39 − +39

= 5'01◦18′35′′ − 01′08′′

= 5'01◦17′27′′.

/PX UIF EFTJSFE WÁLZB (130 JT HJWFO CZ

(209 = (248 −( ′
39

= 12'27◦43′31′′ − 5'01◦17′27′′

= 07'26◦26′04′′. 	���


5IF WÁLZB OVNCFS ��� GPVOE JO UIF NBOVTDSJQU PG 5BOUSBSBUOB JT ʁࢇ˱ࣺ˜ˉ˶˘˺ ˥ࣻ˘˥˭ʹ �
TUSëOJLFUP SBUJSBTBǠʂ� 5IJT XIFO EFDPEFE DPSSFTQPOET UP UIF WBMVF 72'62◦61′02′′ BOE UIF SFTVMU

PCUBJOFE GPS (209 CBTFE PO WÁLZB TPEIBOB QSPDFEVSF PG .ÁEIBWB JT 07'26◦26′04′′�

4VHHFTUFE WÁLZB

ʻࣆ˫̷˴ ː ˚ࣆ˦ ˦ˮʹ
BWJK±Á DB SBUJ SBTBǠ

��



$PSSFDUJOH UIF 210,ℎ WÁLZB

4JODF UIF EFTJSFE WÁLZB OVNCFS ) = 130
 UIF OVNCFS PG UIF DPNQMFNFOUBSZ WÁLZB * = 248 −
210 = 38� 5IF WÁLZBT CFMPX 	(*+1
 BOE BCPWF 	(*−1
 UIF DPNQMFNFOUBSZ WÁLZB BSF�

(39 = 5'01◦18′35′′ BOE (37 = 4'03◦18′39′′.

5IFJS EJяFSFODF JT HJWFO CZ

Δ(38 = 27◦59′56′′.

#Z TVCUSBDUJOH UXJDF UIF ѐSTU WÁLZB 	2 ×(1 = 0'24◦02′04′′
 GSPN UIF BCPWF
 XF HFU

Δ(38 − 2(1 = 0'27◦59′56′′ − 0'24◦02′04′′

= 3◦57′52′′

= 14272′′.

%JWJEJOH UIF SFTVMU PCUBJOFE CZ ���
 XF PCUBJO +38 = 1′03′′� 4VCUSBDUJOH UIJT GSPN UIF

DPNQMFNFOUBSZ WÁLZB 	(38

 XF IBWF

( ′
38 = (38 − +38

= 4'17◦13′13′′ − 1′03′′

= 4'17◦12′10′′.

/PX UIF EFTJSFE WÁLZB (210 JT HJWFO CZ

(210 = (248 −( ′
38

= 12'27◦43′31′′ − 4'17◦12′10′′

= 08'10◦31′21′′. 	����


5IF WÁLZB OVNCFS ��� GPVOE JO UIF NBOVTDSJQU PG 5BOUSBSBUOB JT ʁ˜˥˞˯˧˺ ˜ˣ˜˯ˮϵ́ �

OBSBQÁMP OBZBOÁSIBǠʂ� 5IJT XIFO EFDPEFE DPSSFTQPOET UP UIF WBMVF 80'10◦31′20′′ BOE UIF

SFTVMU PCUBJOFE GPS (210 CBTFE PO WÁLZB TPEIBOB QSPDFEVSF PG .ÁEIBWB JT 08'10◦31′21′′�

4VHHFTUFE WÁLZB

ˋ˦ˠ˴˨́ ˞˹ˠ ˯˞ʹ
LBSBQÁMP OǴQB IBOBǠ

��



��� -JUFSBSZ BOBMZTJT

5IF ��� WÁLZBT PG 5JQQB #IħQÁMB NFUJDVMPVTMZ EPDVNFOU MVOBS MPOHJUVEFT XJUI SFNBSLBCMF

QSFDJTJPO� )PXFWFS
 XIBU NBLFT UIFN QBSUJDVMBSMZ GBTDJOBUJOH JT UIF JOHFOJPVT NBOOFS JO XIJDI

OVNFSJDBM EBUB JT FODPEFE XJUIJO TFOUFODFT XIPTF MJUFSBSZ NFBOJOH BQQFBST NPTUMZ VOSFMBUFE

UP UIF BTUSPOPNJDBM WBMVFT UIFZ SFQSFTFOU� 'PS TPNFPOF VOGBNJMJBS XJUI UIF WÁLZB TZTUFN


JU XPVME OPU FWFO CF BQQBSFOU UIBU UIFTF WFSTFT TFSWF BT B MBSHF EBUBTFU EPDVNFOUJOH WBSJPVT

BTUSPOPNJDBM QBSBNFUFST�

" MBSHF QPSUJPO PG 7BSBSVDJɦT BOE .ÁEIBWBɦT WÁLZBT QSJNBSJMZ DPOWFZ NPSBM BOE QIJMPTPQIJDBM

SFёFDUJPOT� "T CPUI XFSF QSJNBSJMZ TBHFT BOE BTUSPOPNFST
 UIFJS QFSTQFDUJWFT BOE JEFPMPHJFT

OBUVSBMMZ BMJHOFE XJUI UIPTF UIFNFT
 BOE TVDI WBMVFT XFSF TVCUMZ JOUFSXPWFO JOUP UIFJS WÁLZBT�

*O DPOUSBTU
 5JQQB (PQFOESB XBT QSJNBSJMZ B LJOH
 BOE IJT WÁLZBT SFёFDU B EJяFSFOU XPSMEWJFX�

5IF BVUIPSɿT WÁLZBT BSF EFFQMZ JOёVFODFE CZ UIF IJT MJGFTUZMF
 QFSTPOBM JODMJOBUJPOT
 BOE

JNNFEJBUF TVSSPVOEJOHT�5IF ���UI WÁLZB GSPN UIF BCPWF UISFF TPVSDFT JT QSFTFOUFE CFMPX�

8IJMF UIFJS OVNFSJDBM WBMVFT BSF OFBSMZ JEFOUJDBM
UIFJS MJUFSBM NFBOJOHT EJяFS TJHOJѐDBOUMZ�

7BSBSVDIJ�
˛˶˜˲ʹ ˭˶˜˯Ӷyɼɻ�S ��p ��ɿ

�ʂ5IF DPX JT B QBSU PG UIF BSNZʂ

.BEIBWB�
ˢ˯˜˛˜ʹ ˭˯˜˲ˋʹɼ��S ��p ��ɿ��ʂ

�ʂ" MFBEFS XIP WBMVFT IPOPS BT IJT USVF USFBTVSF 
 JT GPMMPXFE CZ EFWPUFE DPNQBOJPOT�

5JQQB�
ˮ˶s ˯˭˜˯˭˱˜˯ް˯ɼ��S ��p ��ɿ ��ʂ

�ʂ5IF NPUIFS JT TFBUFE PO B HPMEFO UISPOFʂ�

5IJT EJWFSHFODF IJHIMJHIUT UIF CSPBEFS TQFDUSVN PG WÁLZB DPNQPTJUJPOT
 DIBMMFOHJOH UIF

QSFWBMFOU BTTVNQUJPO UIBU BMM BODJFOU WÁLZBT XFSF GVOEBNFOUBMMZ JOUFOEFE UP NPSBM QSJODJQMFT�

*U BMTP EFNPOTUSBUFT UIBU UIF WÁLZB GSBNFXPSL JT B ёFYJCMF DPNQVUBUJPOBM UPPM DBQBCMF PG

BDDPNNPEBUJOH NVMUJQMF JOUFMMFDUVBM QVSTVJUT� "EEJUJPOBMMZ
 JU QSPWJEFT UIF WÁLZBLÁSBT XJUI

VUNPTU GSFFEPN BOE JOEJWJEVBMJUZ
 BMMPXJOH UIFN UP DPNQPTF WÁLZBT TIBQFE CZ UIFJS VOJRVF

JEFPMPHJDBM
QSPGFTTJPOBM BOE DVMUVSBM CBDLHSPVOET�

��



(JWFO CFMPX BSF UIFNFT UIBU UIF BVUIPS 5JQQB #IVQBMB IBT BEESFTTFE JO IJT WBLZBT�

ʆ ,JOHTIJQ BOE 8BSGBSF 	�� WÁLZBT
� %JTDVTTFT TPWFSFJHOUZ
 EVUJFT
 NJMJUBSZ

PSHBOJ[BUJPO
 XFBQPOSZ
 UIF FUIJDT PG XBS
 SPZBM WJSUVFT
 XBS FMFQIBOUT 
 XFBMUI
 BOE

EZOBTUJD MJOFBHF� 4FMFDUFE SFGFSFODFT� 	<53> WÁLZBT� ��ɻ��
 ��
 ��
 ���
 ���
 ���
 ���


���
�

ʆ 8PNFO BOE 'FNJOJOJUZ 	�� WÁLZBT
� &YQMPSFT UIFNFT PG GFNJOJOF HSBDF
 UIF BFTUIFUJDT

PG CFBVUZ
 BNPSPVT MPOHJOH 	LÁNB

 DPOKVHBM ѐEFMJUZ
 NBUFSOJUZ
 RVFFOTIJQ
 BOE UIF

FUIJDBM EJNFOTJPOT PG XPNBOIPPE� 4FMFDUFE SFGFSFODFT� 	<53> WÁLZBT� ��
 ��
 ���
 ���


���
 ���
 ���
�

ʆ 7JTIOV BOE )JT *ODBSOBUJPOT 	�� WÁLZBT
� &YBNJOFT UIF NBOJGFTUBUJPOT PG 7JTIOV


QBSUJDVMBSMZ IJT BWBUÁSBTɼ7BSBIB
 7ÁNBOB
 BOE 3BOHBOÁUIBɼ	CFOFEJDUJPO
� 4FMFDUFE

SFGFSFODFT� 	<5%> WÁLZBT� �
 ��
 ��
 ��
�

ʆ .VTJD
 %BODF
 BOE "FTUIFUJDT 	�� WÁLZBT
� QBSUJDVMBSMZ JO SFMBUJPO UP ĘJWB BT UIF EJWJOF

QBUSPO PG UIF QFSGPSNJOH BSUT� 4FMFDUFE SFGFSFODFT� 	<53> WÁLZBT� ��
 ��
 ��
 ���
 ���
�

ʆ (PEEFTT -BLǤNë � UIF HPEEFTT PG XFBMUI BOE QSPTQFSJUZ
 JO DPOOFDUJPO XJUI ѐOBODF BOE

BVTQJDJPVTOFTT� 4FMFDUFE SFGFSFODFT� 	<53> WÁLZBT� �
 ���
 ���
�

ʆ /BUVSF� %FQJDUT OBUVSBM FMFNFOUT
 JODMVEJOH SJWFST 	F�H�
 (BȇHÁ
 ,ȍȑȉB

 GPSFTUT
 DMPVET

FUD� 4FMFDUFE SFGFSFODFT� 	<53> WÁLZBT� ���
 ���
 ���
 ���
�

ʆ 4BHFT
 ,OPXMFEHF BOE UFBDIFST� &OHBHFT XJUI UIFNFT PG ZPHB�ZPHJ
 JOUFMMFDUVBM QVSTVJU


BOE UIF HVSVɿT SPMF JO QSFTFSWJOH XJTEPN� 4FMFDUFE SFGFSFODFT� 	<53> WÁLZBT� ���
 ���


���
�

ʆ (FOFSBM $BUFHPSZ�BEESFTTJOH WBSJPVT DPNNPO XPSMEMZ BDUJWJUJFT BOE CFOFEJDUJPOT�

��



/P� 5JQQB WÁLZBT .FBOJOH

� Χ˱ˣ˯ۚ˥ࡺ 5IF BVTQJDJPVT QBUI PG UIF NBO�

� ˶˜˭˯ߖ˫ ˡΞ˶ 0 BVTQJDJPVT POF
 PO UIF SFTUJOH TFBU�

� ˮ˶s ͮ˯ࡰˉ˛ࣾ˯ ˜˴˞˯ʹ 5IF LJOHT QPTTFTT BO BCVOEBODF PG HPME�

� ˚˱ˌЎ˥˪˚˯ࣻˣˉ˯ 0OF XIP CFTUPXT HSFBU IPOPS BOE SFTQFDU�

� ́˲ࡁ˪ࣺ ˭˶ࠖ˺̌ˣʸ ˜˥˷ʹ -PSE 7JTIOV JT SFWFSFE CZ NBOLJOE�

� ˭ʸ۠˯˭˱ ࣺ˜ࣺ˪ϵˉ˯˥ʹ "O BTDFUJD
 GSFF GSPN XPSMEMZ EJTUSBDUJPOT�

� ˧Ҝ˱ʹ ͪ˯ࡺ ˉy˭˯˥˶ʹ ˱ࢇ (PEEFTT -BLTINJ JT UIF DPOTPSU PG -PSE 7JTIOV
 UIF TMBZFS PG ,BNTB�

� ˛˜˱ ˉ˯˧˶ ˜˴˞˯˧ͳ " XFBMUIZ SVMFS BU UIF SJHIU UJNF�

� ˭˱ˢअۖ˜˱ ˪˥˯Ӷࣜ " NBSSJFE XPNBO BEPSOFE XJUI CFBVUZ�

�� ˉ˯ˢ˺ ˢˢϵࡱ˯˜ࣾˡͪ %FTJSF TUSJLFT BU UIF NPTU WVMOFSBCMF QPJOUT�

�� ࣺ˪ˡ˳ࣻ˘ʹ ˫Ӵ˥Τ˳́ 4BDSFE BTI PO UIF CSPXT PG -PSE 4IJWB�

�� ˢ˯˜˭˺˜˯ࣾـ͵ ˜˴˗˯ͳ .FOUBM FMFWBUJPO JT FTUFFNFE BNPOH NFO�

�� ऀ˫˪˯Ӷy ́˷ل˥ Χ˱ˢͪ 5IF EJWJOF CPEZ PG -PSE 4IJWB JT BEPSOFE XJUI QSFDJPVT HFNT�

�� ː˧ˋˡЄˌ˜˯ࡰ˶ 5IF DMPVET BSF IFBWZ XJUI XBUFS�

�� Χ˱ˡ˳ˣϵ̶˯ࣾ˛˞ࣻ˘ʹ 5IF -PSE PG BMM TBDSFE SJUFT BOE SJUVBMT
 UIF QSPUFDUPS PG UIF &BSUI�

�� ˢ˶ˌ˯ࣺࡰ˕߲ӈ˯ʹ ˭˯˜˻ $MPVET DMJOHJOH UP UIF NPVOUBJO QFBLT XJUI MJHIUOJOH�

�� ʹ˥ް˯ˣ˯ࢦ ˭ʸ۠˯˭˱ "O BTDFUJD SFOPVODFT XPSMEMZ BUUJSF�

�� ˌ˜˯ࣾ˛ˉ˶ˣۚ˚˱ " SJWFS TXFMMT XJUI BO BCVOEBODF PG XBUFS�

�� ˭˳Μ˥ߖ˫ل˯ˮϵ́ 0OF XPSUIZ PG B MVYVSJPVT CFE BEPSOFE XJUI QFBSMT�

�� ˭Ξلˋ˶ˮ˺ ˥˯ː˯ " LJOH XIP SFTJEFT JO B QBMBDF BEPSOFE XJUI KFXFMT�

�� ˋ˯˖˯ް˲l ˴ͪ ˞ˣ˺ࣾ˛ʹ 5IF PDFBO IPMET WBTU XBUFST�

�� ˶ޱ˲ˉ˥˰ˉ ࣺ˪˥˺ࣾ˛ʹ 0QQPTJUJPO BSJTFT JO UIF QSFTFODF PG HSFBU TUSFOHUI�

�� ˉ˰˥˪˥˯˭˱˜˺ ˜˴˞ʹ " LJOH TFBUFE VQPO B OPCMF FMFQIBOU�

�� ˚ؓˋ˲˗˯ࣾ˛ˉʹ ˜˴˞ʹ " SVMFS FYDFMMJOH JO EJTDJQMJOF BOE WJSUVF�

�� ˯ӭ˯࠯˱˛ ˞˥˜˯ࣻˣˉ˯ "O JOUFMMFDUVBM XPNBO JT HSFBUMZ BENJSFE�

�� ˡ˲˪˜˶ ˥ࣺ˪ʹ ˉ˴˞˯؊ʹ 5IF TVO CFTUPXT JUT SBEJBODF VQPO UIF XPSME�

��



/P� 5JQQB WÁLZBT .FBOJOH

�� ˉ۠˯˪˯˥˯݆˯ ࣿΧˣ˯؊˯ " CSJEF FOEPXFE XJUI HSFBU QSPTQFSJUZ�

�� ˪۠˺ ˢ˲˥ऀːͪ 5IF DPORVFSPS PG UIF XJMEFSOFTT�

�� ˺ي˲ࡰ ˮ˰˥͵ ˜˥˷ʹ -PSE 7JTIOV JT XPSTIJQQFE CZ NBOLJOE�

�� Ρˡ˳˘ˋ˺Μ˺ ˜˴˞ʹ " LJOH CFMPOHJOH UP BO JMMVTUSJPVT MJOFBHF�

�� ʺˠ˧˯ ϛˡ˺ߛ˯ " XPNBO MJLFOFE UP BO BVTQJDJPVT NFUFPS�

�� ˎؓˉ˥ʹ ˭ˊ˯ˣʹ " ѐFSDF BOE QPXFSGVM BMMZ�

�� ʺˢ˥˯ ˜˯˜˲ˉ˯˥ʹ 5IF HPET BSF CFZPOE JNJUBUJPO�

�� ˛˜˛˱ʹ ˢۺΧ˶˶ࡀ 5IF XJTF BOE XFBMUIZ FYDFM JO TBDSFE IZNOT�

�� όΞ˺ ˜˓ࣻ˘ ˜˯ˋ˶ -PSE 3VESB QFSGPSNT IJT DPTNJD EBODF VQPO UIF NPVOUBJOT�

�� ˯ߖ˫ ˭˲ˋۙ˯ˉ˲˧˯ " CFE GSBHSBOU XJUI TXFFU TDFOUT�

�� ࣾ˛ˋ˺ ࣺ˚ࠖˋ˯˜ࣺ˪ͪ 5IF XJTF BSF XFMM�WFSTFE JO DFMFTUJBM NVTJD�

�� ʹӭ˯࠯ˉ˺˧ ʹ˪ࣺر˭ " HSFBU QPFU JT BDDMBJNFE CZ UIF XPSME�

�� ˫˷˧ː˯ ˞˳ի˯ ˜˴˗˯ͳ 5IF EBVHIUFS PG UIF NPVOUBJOT 	(PEEFTT 1BSWBUJ
 JT XPSTIJQQFE CZ NFO�

�� ˺܃˶˞˴˜ ˠ˯˗˞˯ऀ˗ʹ 5IF LJOH XJFMET IJT BSSPXT JO CBUUMF�

�� ˫˺ˡ˜˯ى˯ ˛˥˶˫ʹ 5IF SVMFS PG UIF FBSUI JT SFTQMFOEFOU�

�� Ρˡ˲˜ϵ޳˺ ˡ˳˞ࣻ˘ʹ 5IF TPWFSFJHO JT XPSUIZ PG SFWFSFODF�

�� ˡ˳ࣻˢʹ ˭˥˯ː˥̵˯ 5IF FBSUI JT TBGFHVBSEFE CZ OPCMF SVMFST�

�� ʹΜ˯ˋڔۚ˭ ˞˯˙ϵʹ "SKVOB JT FWFS QSFQBSFE GPS CBUUMF�

�� ˜˓ʹ ˭Ӷࣜ˘˭ʸ˥˭ʹ 5IF QFSGPSNFS JT JNNFSTFE JO NVTJDBM FYQSFTTJPO�

�� ˡ˺ˋˮ˥˺ ˜ʹ ˞˯ࣹˮ 0 -PSE� 1SPUFDU VT CZ EJTQFMMJOH TVяFSJOH�

�� ऍࡱ˥˘˜˲͵ ˪˥˯ˮʹ 5IF #PBS JODBSOBUJPO 	7BSBIB
 QPTTFTTFT B ѐSN BOE TUFBEGBTU GPSN�

�� ʹӶ˜̌˺࠿˴˛ ʹڔۚ˭ 5IF CPME HPE PG MPWF 	,BNB
 TUBOET XFMM�FRVJQQFE�

�� ˛ˢЉـ˲Ӷ˺ ˜˥˛˱ʹ 5IF FOMJHIUFOFE POF TUBOET FYBMUFE JO SJHIUFPVTOFTT�

�� ˮ˰˥˛ϵ˥˯Ӷ˜˯˜܂ʹ -PSE )BSJ JT UIF KPZ PG UIF XPNFO PG UIF FBSUI�

��



"CPWF DPOUFOU TUSPOHMZ TVHHFTUT UIBU IF XBT FJUIFS B SVMJOH NPOBSDI PS DMPTFMZ BTTPDJBUFE

XJUI UIF SPZBM BENJOJTUSBUJPO� )JT SFGFSFODFT UP TQFDJѐD SJWFST BOE EFJUJFT IJOU IJT FUIOJDJUZ

BOE SFHJPOBM HFPHSBQIJDBM MPDBUJPO� 5IF SJWFS ,ȍȑȉÁ JT NFOUJPOFE BU NVMUJQMF WBLZBT JT NPTU

TJHOJѐDBOU JO ,BSOBUBLB
 5FMBOHBOB 	CSJFёZ

 BOE "OEISB 1SBEFTI� 1ÁMLVSJLJ 4ċNBOÁUIB
 JO

IJT 1BǰǜJUÁSÁEIZB $BSJUSB 	��UI DFOUVSZ

 EFTDSJCFT UIF HFPHSBQIZ PG UIF 5FMVHV SFHJPO BOE

FYQMJDJUMZ NFOUJPOT UIF ,ȍȑȉÁ 3JWFS� 4JNJMBSMZ
 "DZVUBSÁZB
 B ��UI�DFOUVSZ 7JKBZBOBHBSB SVMFS


SFGFST UP UIF SJWFS JO IJT QPFUJD XPSL "DZVUBSÁZB "CIZVEBZBN
 BT EPDVNFOUFE JO 4PVSDFT

PG 7JKBZBOBHBSB )JTUPSZ 	����
� 4FWFSBM PG IJT WÁLZBT BMPT JOWPLF 7JȑȉV JO UIF GPSN PG

7BSÁIB
 B EFJUZ PG DPOTJEFSBCMF SFHJPOBM TJHOJѐDBODF UP UIF QFPQMF PG UIF "OESB SFHJPO
	POMZ

UFNQMF EFWPUFE UP UIF 7BSBIB GPSN PG 7JTIOV JT JO 7BSÁIBQVSë
"OESB
� /ÁSÁZBȉB 5ëSUIB
 B

SFOPXOFE 5FMVHV QPFU
 DPNQPTFE NVMUJQMF 5BSBǮHBNT JO QSBJTF PG 7BSÁIB PG 7BSBIBQVSJ�

5IFTF SFGFSFODFT QSPWFT UIF BVUIPSɿT DPOOFDUJPO UP UIF 7JKBZBOBHBSB EZOBTUZ BOE HJWFT IJT

BQQSPYJNBUF SFHJPOBM QMBDFNFOU�

"OBMZTJT PG 4JNJMBSJUJFT #FUXFFO 5JQQB 7ÁLZBT
 7BSBSVDJ 7ÁLZBT
 BOE .ÁEIBWB
7ÁLZBT
"O BOBMZTJT PG UIF TJNJMBSJUJFT CFUXFFO 5JQQBɿT WÁLZBT BOE UIPTF PG 7BSBSVDJ BOE .ÁEIBWB

SFWFBMT UIBU TFWFSBM WFSTFT TIBSF TUSVDUVSBM QBUUFSOT� " HPPE OVNCFS PG 5JQQBɿT WFSTFT BQQFBS

UP IBWF CFFO DPOTUSVDUFE XJUI SFGFSFODF UP PS JOTQJSFE CZ 7BSBSVDJ�*O TPNF DBTFT
 UIF TFDPOE

IBMG PS UIF ѐOBM XPSET PG UIF WÁLZB 	VUUBSÁSEIB
 SFNBJO JEFOUJDBM� 4JODF UIF ѐOBM MFUUFST JO

WBLZB VTVBMMZ GBMM JOUP UIF SÁęJ PO OVNFSJDBM EFDPEJOH
JUT IJHIMZ VOMJLFMZ UIBU UIFZ DIBOHF PO

FNQMPZJOH EJяSFOU NFUIPMPHJFT� "T B SFTVMU
 5JQQB
 JO TFWFSBM JOTUBODFT
 SFUBJOFE UIF TFDPOE

XPSE 	VUUBSB�QBEB
 GSPN 7BSBSVDJ XIJMF NPEJGZJOH UIF ѐSTU QBSU 	QħSWB�QBEB
 UP BMJHO XJUI IJT

DPNQVUBUJPOBM WBMVF� 5BCMF ���	�
 QSFTFOUT B TFMFDUJPO PG TVDI TJNJMBS WÁLZBT GSPN 5JQQB BOE

7BSBSVDJ�

*OUFSFTUJOHMZ
 TPNF WFSTFT JO 5JQQBɿT DPSQVT BMTP SFTFNCMF UIPTF PG .ÁEIBWB
 JOEFQFOEFOU

PG 7BSBSVDJ� 8IJMF 5JQQB (PQFOESB FYQMJDJUMZ DJUFT 7BSBSVDJɿT WÁLZBT JO UIF TFDPOE QBSU PG

$BOESBWÁLZBT
 UIFSF JT OP EJSFDU SFGFSFODF UP .ÁEIBWB 	5BCMF ���	�

� (JWFO UIFTF TJNJMBSJUJFT


POF NJHIU IZQPUIFTJ[F UIBU 5JQQB XBT GBNJMJBS XJUI .ÁEIBWBɿT WÁLZBT BT XFMM�5JQQBɿT

OVNFSJDBM GSBNFXPSL
 FYUFOEJOH DBMDVMBUJPOT UP UIF TFDPOE�PSEFS MFWFM
 BOE IJT MJUFSBSZ

DPNQPTJUJPOT FYIJCJU SFTFNCMBODFT UP .ÁEIBWBɿT TUSVDUVSF� )PXFWFS
 UIFSF JT DVSSFOUMZ OP

EFѐOJUJWF DPOѐSNBUJPO PS DJUBUJPO GPVOE�

��



5BCMF ���	�
� 5JQQB 7ÁLZBT WT� 7BSBSVDIJ 7ÁLZBT

5JQQB 7ÁLZBT 7BSBSVDIJ 7ÁLZBT

�� ˢ˯˜˭˺ۚࣻ˘˜˴ϵ˗˯ͳ ˶ࡰ˯˜˱˚ ˜˴˗˯ͳ
�� ː˧ˋˡЄˌ˜˯ࡰ˶ ˡ˪ˡӈ˯ࡰ˶
�� ˭Ξلˋ˶ˮ˺ ˥˯ː˯ ˛˱˥˺ ࣹˮ ˥˯ː˯
�� ˫ˉ˓˺ ʹڔ˪ࣺ ˞˚˯ ˜˯ࣺ˪˚˛ʹ ˞˯˚˺
�� ˛˶˜˲ʹ ˉࣺ˞˧˯ ࣺ˜ࣾ˛ʹ ʾم˧y ࣺ˜ࣾ˛ʹ
�� ˭˶˜˯ ˎ˥ࣻ˘ ˣ˲˶ڔ ϠΞࡰ˲ ˣ˺ڔ˯
��� ˉ˯ˢ˱ ˛˶˜˲ˢЄ۠˯ ࣹˮ ː˜˺ ˢ˯۠˺ ࣹˮ
��� ̵ˢ˯ ˭˪ϵ˚˯ ˥˯ːࣺ˜ ˭ ˪˯˚˱ ˥˯ː˯
��� ̵˱˥˯ۚˡ˲͛ ˞˲Μʹ ˉࣺ˪ʹ ˞˲Μʹ
��� ˪˥˯ˮ˺ ˪˜˞˥ʹ ʺ˫˜˞˥ʹ
��� ʽ˫ʹ ˫˱ࣽ˧˘˜˯ˋʹ ˭Ӷ˘˺ ˜˯ˋʹ
��� ˎ˯˰˥Μϛڔ˺ ˣ˺ˋ˱ ࣺ˪ϛڔ˺ ˣ˺ˋ˱
��� Χ˶ࡀ˯ ˥˯ˢ˯ ˋ˱ˣ˘˶ ˥ˢ˯ ˋ˱ˣ˘˶
��� ˢۺ˷́ ˫˫˱ ˺ي˲ࡰ ʹي˜ࣺ ˡ˳ࣻˢࡺࡰ ͳي˜ࣺ
��� ࣺ˪ˡ˲ʹ ˭˯Ӷy ˭˶˜˯˙॑ ˘˲˧˯˙ϵ˜˺̌˙॑
��� ˚˶˪ ˱ࢇ ˢ˛˲ˉ˯ˢ˯ ˋ˺ϛआڔˉ˯ˢʹ
��� ˭ऀ˞ࡰ޳˜ Χ˶ࡀʹ ˮ ϵx࠰ʹ Χ˶ࡀʹ
��� ˪˯˗˱ࣺΡˣʹ ʹ˪ࣺر˭ ʹښ˷˪ ˭ ˉࣺ˪ʹ
��� ˉ˲˥Ӷ˜ˣ˜˯ˢ˯ ˢ˶˜ˉ˯ ˜˯ˢ
��� Χ˶̶ࡀ˯˜˯݆˺ ˣ˺ˋ˱ Ρ̶˯˘˺ ˣ˺ˋ˱
��� ̃˲ࡁ˪ࣺ ˯ Χ˱ ˭˜˯˙˯ ˛۠ʹ ˭ ˜˯˙ʹ
��� ːʸ˺ޱʺ ˪˶˛ʹ˞˚ͳ ʸ˛׷ࣻˬ ˞˚ͳ
��� ͬ˯ࡺ ˠ˧˪˯ͮ ˭˲ˊ˱ ˡ˪˶ͪ ˭˲ˊͳ

��



5BCMF ���
	�
� 5JQQB 7ÁLZBT WT� .BEIBWB 7ÁLZBT

5JQQB 7ÁLZBT .BEIBWB 7ÁLZBT

�� Χ˱ˡ˳ˣ̶Єࣾ˛˞ࣻ˘ʹ ˜˯ˋ˺ ˣ˯˜˯ࣾ˛˞ࣻ˘ʹ
�� ˭Ξلˋ˶ˮ˺ ˥˯ː˯ ࣺ˜˥˯˛˯˥˺ࣹ̌ˮ˥˯ːʹ
�� ˎؓˉ˥ʹ ˭ˊ˯ˣʹ ˱ࡀ˺ˋ˜˯ˋ ˭˲ˊ˯ˣ
�� ˧˺ˉग़˧˯ӭʹ ʹ˪ࣺر˭ ˭ ϵ˪ࣺ˪ͬ ࠖ˯˭ʹ ˉࣺ˪ʹ
�� ˜˓ʹ ˭Ӷࣜ˘˥˭ʹ ˢ˯ˋ˛˺ ˋ˱˘˥˭ʹ
�� ʺް˺ࣾ˛ˢЄ۠˥˭ʹ ʻ˜ۘˢˣ˺ ˥˭ʹ
�� ˫ˉ˓˺ ʹڔ˪ࣺ ˞˚˯ ϋ˖˛˱ ϵ˧ނ˞˚ʹ
�� ˫˱˧ˉ˯ˢ˺ ˜ˉ˲˧ʹ ʺࣾˡ˥˯ˢ˯ ˜ˉ˲˧ࣜ
��� ʹࡱޱʺ Χ˱˛˥˶ ͳي˜ࣺ Χ˱˜˘ʹ Χ˱˛˥˺ ͳي˜ࣺ
��� ˚˶˪ ˺ ˥Ӷ˶ ˫ˣ˯Ϛʹ ʹϵӶ˯˫ˣ˯Ϛˋ˲˗˯ࡱ
��� ˪˯ˢ˯˧˺˧ʹ ˫Ӵ˥ʹ ː˓˱ Ϡ˧ࣜ ˫Ӵ˥ʹ
��� ˋ˳˖ˎ˯˥˺ ːˣࣻ˘ ˛ۢۖ˰˥ːϵˣࣻ˘
��� ˢ˯όࣻ˘˪॑˥˜˯˙ʹ ˪˯ˋ˱˫˺ ˪˯˥˜˯˙ʹ
��� ˉˢ˧˯˧ˣ Χڔʹ ˢ˳˧y ˟˧˯؊Χ˯ڔʹ
��� ˚˯˜˯ˣ ˪˯˭ʸˉ˜ˉͳ Ρˡ˺ࣾ ϵ̨ˋՃˉ˜ˉͳ
��� ˎ˯˞˶˫ʹ ˞˯˙ϵʹ Ρ̶˯˪˯ͮ ˞˯˙ϵʹ
��� ˜˥˯ࣾ˛˞˶ ˉ˜ˉͳ Η˯ˢ˯ࣾ˛˞ʹ ˉ˜ˉࣞ
��� ࣺ˪˥ࣺΡˣ˯˙϶ ˣ˲ڔͳ ˮࣚ˜˞˯˞ʹ ˭˲ˣ˺ڔ˯

��



��� $PNQVUJOH DBOESBWÁLZBT

5IF $BOESBWÁLZBT PG 5BOUSBSBUOB EP OPU QSPWJEF BO FYQMJDJU SBUJPOBMF PS NFUIPE GPS DBMDVMBUJOH

UIF WBMVFT PG UIF MPOHJUVEF FODPEFE XJUIJO UIF WÁLZBT� 5IJT TFDUJPO EFNPOTUSBUFT UIBU

5JQQBɿT WÁLZBT BSF EFSJWFE UISPVHI QSFDJTF DPNQVUBUJPOT PG UIF USVF MPOHJUVEF PG UIF .PPO


JODPSQPSBUJOH UIFNBOEB DPSSFDUJPO
 BMTP LOPXO BT UIF FRVBUJPO PG UIF DFOUFS� 5IF EFUFSNJOBUJPO

PG UIF.PPOɿT USVF MPOHJUVEF JT JOёVFODFE CZ UIFNPUJPO SBUFT PG UIFNFBO.PPO BOE JUT BOPNBMZ


BT XFMM BT UIF NFBO SBEJVT PG JUT FQJDZDMF<�>� *OJUJBMMZ
 1BSBIJUB W QBSBNFUFST BOE 1BSBIJUB WBMVFT

XFSF BEPQUFE
 BT EPDVNFOUFE JO UIF ,BSBǰBQBEEIBUJ�5IFTF QBSBNFUFST IBT CFFO TIPXO UP CF

WBMJE GPS .ÁEIBWB<�>� %VF UP UIF TJNJMBSJUZ PG 5JQQBɿT WÁLZBT JO CPUI WBMVFT BOE TUSVDUVSF

XJUI .ÁEIBWBɿT WÁLZBT
 UIFTF WBMVFT XFSF JOJUJBMMZ DPOTJEFSFE� )PXFWFS
 UIFZ EJE OPU ZJFME

BDDVSBUF SFTVMUT GPS 5JQQB (PQFOESBɿT WÁLZBT� 5IF VOEFSMZJOH JTTVF XBT VOEFSTUPPE UISPVHI

UIF TFDPOE TFDUJPO PG UIF $BOESBWÁLZBT
 XIFSF 5JQQB FYQMJDJUMZ NFOUJPOT UIBU UIF DBMDVMBUJPOT

BSF CBTFE PO4ħSZBTJEEIÁOUJDQBSBNFUFST�&WFO BGUFS DPOTJEFSJOH BMM UIF QBSBNFUFST GSPN UIF

4ħSZBTJEEIÁOUB
 UIF DPNQVUFE WBMVFT EJE OPU BMJHO BDDVSBUFMZ XJUI UIF 5JQQB 7ÁLZB WBMVFT�

)PXFWFS
 TJODF 7ÁLZBTPEIBOB XBT FяFDUJWF BOE UIF QSFTFOU TFDUJPOT BMTP TIPX TJNJMBS QBUUFSOT

GPS UIF WBMVFT PG( BOE)
 TPNF GPSN PG QFSJPEJDJUZ JT FWJEFOU� 'VUVSF XPSL JT QMBOOFE UP GVSUIFS

BOBMZ[F UIJT NPEFM�

5IF FRVBUJPOT VTFE GPS UIF DPNQVUBUJPO
 BEBQUFE GPS UIF FRVBUJPO PG DFOUFS
 BSF HJWFO CFMPX�

�5IF CBTF FRVBUJPO

TrueLongitude =
360 · !
" #

− sin−1
(
$

360 · sin(% · ! · 360)
)

	����


5IF ѐSTU UFSN DPSSFTQPOET UP UIF NFBO MPOHJUVEF
 XIFSF ./ EFOPUFT UIF TJEFSFBM QFSJPE PG UIF

.PPO� 5IF TFDPOE UFSN SFQSFTFOUT UIF FRVBUJPO PG UIF DFOUFS
 XJUI ! CFJOH UIF SBUF PG NPUJPO

PG UIF BOPNBMZ
 BOE ! × 360 HJWJOH UIF BOPNBMZ BU UIF FOE PG UIF ѐSTU EBZ� 5IF QBSBNFUFS 0

SFGFST UP UIF .BOEB�QBSJEIJ�

�4VSZB TJEEBOUJL QBSBNFUFST�
5IF 4ħSZB 4JEEIÁOUB FNQMPZT UIF #IħUB 4BǮLIZÁ TZTUFN PG OVNFSBUJPO� 5IF GPMMPXJOH

SFQSFTFOU UIF WFSTFT BOE UIF FYUSBDUFE OVNCFS�

ʼۘ˺ʹ ˥˭˯ࣽӈࣻΜΜ˱ˬ˲˭݆ˡ˳˛˥ˢ˯ˋϵ˗˯�>����@
ˎۘ˺Ղࣽࡺӈˡ˳۠˯ऀ࠰˪˭˲˭˞Є˗ϵ˪˯ ˣ˲ˋ˶>����@
˺Ξύ˞˯Ӵˢ݆˯ࣺΞࣻ˘˙ˣࣺ࠿ۂ˲˭˪ ˣ˲ˋ˶>����@

��



�/VNCFS PG 3FWPMVUJPOT PG UIF .PPO JO B .BIÁZVHB � 57, 753, 336 	����


�/VNCFS PG 3FWPMVUJPOT PG UIF .PPOɒT .BOEPDDB JO B .BIÁZVHB �4, 88, 203 	����


�/VNCFS PG $JWJM %BZT JO B .BIÁZVHB �1, 577, 917, 828 	����


> 7BMVF PG .BOEB QBSBEIJ	.
�31.667 	����


'JSTU UIF WBMVFT PG UIF TJEFSBM QFSJPE 	4Q
 BOE UIF BOPNBMZ 	"
 BSF UP CF DBMDVMBUFE�6TJOH UIF

BCPWF WBMVFT 	����
 BOE	����
 UIF TJEFSFBM QFSJPE PG UIF .PPO XPVME CF

./ =
157, 7917, 828
57, 753, 336 	����


5P EFUFSNJOF UIF SBUF PG NPUJPO PG UIF "OPNBMZ
 UIFHVOBLBSBT	(
 BOE IBSBT	)
 PG UIF .PPO

BOE JUT .BOEPDDB 	"QPHFF
 NVTU CF PCUBJOFE�5IFSF QBSBNFUFST FOTVSF UIBU BDDVSBUF WBMVFT

PG UIF TBNF�5IF 5JQQB HPQFOESBɿT 5BOUSBSBUOB HJWFT UIF WBMVF PG /VNCFS PG 3FWPMVUJPOT PG

UIF .PPOɿT .BOEPDDB JO B .BIÁZVHB UP CF �������5IF CFMPX TFDUJPO TIPXT UIF DBMVMBUJPO

PG UIF "OPNBZ CBTFE PO CPUI UIF WBMVFT PG UIF "QPHFF� 5IF BOPNBMZ 	SFMBUJWF
 JT DBMDVMBUFE

TVCUSBDUJOH UIF SBUJP PG HVOBLBSBT BOE IBIBSBT PG UIF "QPHFF GSPN UIF DPSSFTQPOEJOH SBUJP PG

UIF .PPO�

.PPO�
12

32
=

57, 753, 336
157, 7917, 828 	����


"QPHFF��
1$1
3$1

=
488203

157, 7917, 828 	����


"QPHFF��
1$1
3$1

=
488211

157, 7917, 828 	����


"OPNBMZ��

!1 =
12 − 1$1

3
=

57, 753, 336 − 4, 88, 203
157, 7917, 828 =

57, 265, 133
157, 7917, 828 	����


"OPNBMZ��

!2 =
12 − 1$2

3
=

57, 753, 336 − 4, 88, 211
157, 7917, 828 =

57, 265, 125
157, 7917, 828 	����


��



6TJOH UIFTF WBMVFT UIF 7BMMVQBTBNIBSB JT UP CF QFSGPSNFE�5IF QSPDFTT PG 7BMMZVQBTBǬIÁSB

JOWPMWFT HFOFSBUJOH TFUT PG IÁSBLBT 	EFOPNJOBUPST
 BOE HVǰBLBT 	OVNFSBUPST
 VTJOH DPOUJOVFE

GSBDUJPO FYQBOTJPO� 5IF TUFQT BSF BT GPMMPXT� 5IF DPOUJOVFE GSBDUJPO FYQBOTJPO PG 3/1 JT

QFSGPSNFE UP PCUBJO UIF TVDDFTTJWF RVPUJFOUT�

41, 42, 43, . . .

/FYU
 $PMVNO * JT DSFBUFE CZ QMBDJOH BMM UIF RVPUJFOUT JO TFRVFODF� $PMVNO ** JT DSFBUFE CZ

QMBDJOH UIF TBNF RVPUJFOUT CVU PNJUUJOH UIF ѐSTU POF 	41
� 5IF WBMVF � JT QMBDFE BU UIF UPQ PG

CPUI DPMVNOT BT BO JOJUJBM WBMVF�5IF FOUSJFT JO $PMVNO * 	EFOPUFE BT (3)
 HFOFSBUF UIF TFU PG

IÁSBLBT
 XIJMF UIF FOUSJFT JO $PMVNO ** 	EFOPUFE BT (1)
 HFOFSBUF UIF TFU PG HVǰBLBT� 5IFTF

WBMVFT BSF DPNQVUFE TUFQ CZ TUFQ GSPN UIF UPQ EPXO
 BT JMMVTUSBUFE JO 5BCMF ���	�
� "DDPSEJOH

UP UIF JOTUSVDUJPO�

ʂUZÁKZBȅ UBUQSBUIBNPSEIWBHBNʂ

5IF ѐSTU FOUSZ 	�
 JO $PMVNO * NVTU CF SFNPWFE CFGPSF QBJSJOH XJUI $PMVNO **� 0ODF UIF ѐSTU

WBMVF JT SFNPWFE GSPN $PMVNO *
 UIF SFNBJOJOH FOUSJFT GSPN CPUI DPMVNOT BSF QBJSFE� 5IF

SFTVMUJOH QBJST (3),1)) GPSN EJяFSFOU TFUT PG BMQBIÁSBLBT 	EFOPNJOBUPST
 BOE BMQBHVǰBLBT

	OVNFSBUPST
� 5IFTF DPNQVUFE WBMVFT BSF MJTUFE JO 5BCMF ���	�
�

6TJOH UIF DPNQVUFE WBMVFT
 &RVBUJPO 	����
 TJNQMJѐFT UP�

,'56789:),5;6 =
360 · )

1,577,917,828
57,753,336

− sin−1
(
31.66
360 · sin(! · ) · 360)

)

XIFSF ! DBO UBLF BOZ WBMVF GSPN UIF "OPNBMZ1 BOE3 UBCMF 	5BCMF �����D
� 5IJT MJOF PG UIPVHIU

TUJMM QFSTJTUT
 CVU BMUFSOBUJWF QSPDFEVSFT OFFE UP CF FYQMPSFE UP SFDUJGZ UIF FSSPST PCUBJOFE VTJOH

UIJT NFUIPE� 5IF EJяFSFODF JO UIF DPNQVUFE WBMVFT JT PCTFSWFE JO UIF SBOHF PG TFDPOET� 8JUI

QSPQFS DPNQVUBUJPOBM UFDIOJRVFT
 UIJT DBO CF JNQSPWFE�

��



 



 

Table :1.9(2): gunakākas and hārakas of the moon(a) , apogee(b.1,b.2)

a)

b.2)

b.1)



Table :1.9(2): gunakākas and hārakas the anomaly (1,2)



���� %ISVWÁT BOE 1FSJPET

1PTU UIF ��� WBLZBT � 5IF BVUIPS QVUT GPSXBSE IJT SFNBSLT
DPQZSJHIU BOE DJUBUJPOT� (JWFO

CFMPX BSF UIF WFSTFT�<5%>

˂˘˯ࣺ˜ ˪˯Ѻ˯ࣺ˜ ࣻ˘݉ˡ˳˞˯˧ࣺ˪˥ࣿˎ˘˯ࣺ˜˿˿
˂˘˯ࣺ˜ ˚˶˪ ˜ࣺ˯˘ˢࣻ܃˶ ˭˳ˣϵऀ˭ڙ˯ۖ˺ѱ˯ࣺ˜ ˋ˱˜ϵʹ Χ˶x Ρࣻˢ˘˯ࣺ˜� ࣺ˪ࣹˮ˘˯˚˱ࣺ˜˿

ʺ˜˶˜ ˣ˜ͳ˜˯˓ࡶ˲܃ˎ �ϛࣺڔ˚˜ʸ ˡ˴ˋ˲ϛyڔ ʺऀː˘ˮ˯˥ˉ˷ࣺ˪ϵˡː˶ͪ˿
˘˘˺Vऀː˘˯ݻύ˞˷ʹ ˿
˘˘ʹ ˉ˯˧˯˜Ӷ˷ʹ˿ ˘˘˺ ˚˶˪ ˥˷ʹ˿ ˮ˘ऀ˫࠿˶ ˞˳˪Єࣺ˚˪˯Ѻ˯ࣺ˜˿

ʺऀː˘ˮ˯˥ˉˮ˯˥ࡺ Ο˲˪ ˢ˛˱ˋ ˘ࣻˢࡀ˥˺ࣾ˛˜ࣻˢࣻ˘˿
ऀː˘˯ݻύ˞ˮ˯˥ࡺ ˭˺ˢ˭˳ˣЄް˥ ˞˓ࣻˢࣻ˘˿
ˉ˯˧˯˜Ӷࡺ ˪ࣿΚˣ˯ˋ˭˲˜˯ˣˉͳ ˿
˚˶˪ ˥ˮ˯˥ࡺ ˭˳˜˲ࣺ ϵ˪࠰˭˲ˊࣻˢࣻ˘˿
ʺ۹˶ ˋ˺˞ࣻ˘݉˞˲ۚ˯ˋ ˭ʸˣ˲ࣻ˘ʹ ˿
˂ࣾˡˣ˲ѱʹ ˪˲Ο܃ˎ ʹ˿
Ο˲˪ ʹ Χ˱˞˳˪Єࣺ˚˪˯Ѻˣ˺ˋ˶˜ ʾ˚ˣˎࡶ˲܃˓�� ʺˮˋϵ˗˶ ˡ˴ˋ˲ϛ˶ڔ ʼ˜˺ښ˯˪ࣾ˛ ʹ˓ࡶ˲܃ˎ ͪ˯ࡺ ˿

˭˳ˣϵࡺ ࣺ˚˪˭ˋࣻ˘� � ���� ʹ׵˯˜ ��� ʹ׵˯˜˪ࣺ ��� ˋ˲˪ϵ̵˥˯ऀ˗ ��� ˘˚˙ʹ ˶˜˯ࡱ ���
˂ˬ˯ ˿ʹ˘ࣻˋށ˯ˉ˶˥˶˪˥
˜˯˥ࣜ ˥˯ˋ˯Ξ˯ˢ˫˥˶˗˯ˎ˧˺ ˜˲ۚ˺ ˫ࣻ˘ ˪˯ˬϵˉࣞ ˋࣻ˘�
ʺˡ˳ڕ˶˪ ऀ˫˪ʸ ˉ˯ˢ˱ ˶˜˯ࡱˋ˯˜ ˿˱ˣڙ˘˫
˭ُʸ̀ ˯ٌ˙ϵ ˭ˢ˲ӗࣺ˜ي˯˜Ђ ࣻΜ˫˘˱ ˋࣻ˘ʹ ˿
˯۠˯ˢ˯ښ˪ࣺ ˚˶˪ ڔࣞˉ ˞˲Μ̶˯ ˬ́Ճ˘˱ ˋࣻ˘�˿
Ҝ˱ ˜˳˜ʸ ˶ۖ˯˫ނ˧ �˘ࣻˋ˥˱˪˲˜˯˜˶˜˚ࡼ ˿
Χ˱ˢˣ˺ ˜˱ࣻ˘˚˺ ˣ˺ˋ˱ ˣʸ˺ࡱ˲˭ ���� ˋࣻ˘� ˿

*O UIF ѐSTU WFSTF
 UIF QPFU DPOѐSNT IJT BVUIPSTIJQ BOE GPMMPXT JU CZ DJUJOH IJT VTF PG UIF

PSEBJOFE NFUIPEPMPHZ HJWFO JO UIF 4ħSZBTJEEIÁOUB
 7BSBSVDJɿT (ëSǰBǠ�ęSFZÁEJ�WÁLZBT
 BOE

PUIFS TPVSDFT� 5IF XPSE ˚˶˪ ʹ܃˶ TVHHFTUT UIF ��� WBLZBT 	LBUBQBZBEJ
� )F UIFO QSPDFFET UP

��



QSPWJEF UIF DPNQVUBUJPO PG UIF USVF MPOHJUVEF PG UIF .PPO 	VODPSSFDUFE
� 5IF QSPDFEVSF

IF QVUT GPSXBSE JT RVJUF TJNJMBS UP UIF POF HJWFO UIF 7ÁLZBLBSBǰB CZ 1VUVNBOB 4PNBZÁKJ �

7BLZBLBSBOBɿT 4IVQUBDBOESB DBMDVMBUJPO�

ͪ˯˭˪˚ࣺ˜˺࠿˲˘˜˯̶ڔ˶˚˶˪
(16,00,984)

˥˭ˋ˷˰˥ˉ˷ʹ˿
(12,372)

ˉ˯˧˯˜˧˷ʹ
(3031)

˚˶˪ ˥˷ࠥ
(248)

˪˯Ѻʸ ˫˫˯Ӵːͳ˿

ˋ˱˗ϵʹ Χ˶x ˯ࣺ˚ˉy ̶˶ˣʸ ˀˢ˯߲ނ˟˧˷ःࣾࢇˡʹ˿
˪˶˚ي˜ࣺ ˭˲ˊ˯˛˱˜ʸ

(9−27−48−10)
ˣ̶ˣ˺ˋ˭˲˜˯ˣˉͳ

(11−7−31−1)

˘˜˲ࣺ ϵ˪࠰˭˲ˊʸ
(0−27−44−6)

˭˶˜˯˜˯˰˥ ˜˯˙˜ͳ
(7−2−0−7)

˶ˋ˺ښ˘ ࣺ˜ओѽ˞˶ˎˏ˲˚˛y ʸښ˯˧ˉ˪ࣺ Ο˳˪ ʸ ࣺ˪ˌ˺ʹ˿˿�9.���������
)FSF UIF DPNNFOUBUPS FMBCPSBUFT UIF NFUIPEPMPHZ BT GPMMPXT� 5IF ࠿˲˘˜˯̶ڔ˶˚˶˪ XIJDI

BDDPVOUT UP ��
��
��� NVTU CF TVCSTUSBDUFE GSPN UIF EBZ PG JOUFSFTU	OP� PG LBMJ

EBZT��࠿ࡼ˶ˉ˯˧ࣺ˪ࣺ˚˘˪˯˥˭ʸ˪˯˚˯ˮˋϵ˗˯ͬ�� 5IF EJяFSFODF EJWJEFE CZ ��
����˥˭ˋ˷˰˥ˉ˷ʹ�BOE JUT

SFNBJOEFS JT EJWJEFE CZ �����ˉ˯˧˯˜˧˷ʹ� BOE GVSUIFS XJUI ��� �˚˶˪ ˥ʹ�� 5IF DPSSFTQPOEJOH

PCUBJOFE BU FBDI TUFQ BSF
 'PS �˥˭ˋ˷˰˥ˉ˷ʹ�
�S ��p ��ɿ ��ʂ� �ˉ˯˧˯˜˧˷ʹ�
��S �p��ɿ�ʂ BOE �S

��p��ɿ�ʂ GPS �˚˶˪ ˥ʹ��5IJT QSPDFTT IBT CFFO DMFBSMZ FYQMBJOFE JO<�>�.BUIFNBUJDBM SFQSFTFOUBUJPO�

ʆ *OJUJBMMZ XF IBWF UP ѐOE UIF EJяFSFODF CFUXFFO UIF BIBSHBǰB BOE UIF LIBǰǜB XIJDI JT

HFOFSBMMZ SFGFSSFE UP BT UIF LIBǰǜBęFǸB� 5IBU JT

LIBȉǵBęFȑB = ! − " .

ʆ 5IJT LIBǰǜBęFǸB JT UP CF EJWJEFE CZ ������ 5IF RVPUJFOU BOE UIF SFNBJOEFS UIVT PCUBJOFE

BSF UP CF TUPSFE TFQBSBUFMZ�
(! − ")
12372 = 41 +

'1
12372 .

ʆ /PX
 XF IBWF UP EJWJEF UIF SFNBJOEFS ('1) CZ �����

'1
3031 = 42 +

'2
3031 .

)BWJOH TUPSFE UIF RVPUJFOU (42) BOE UIF SFNBJOEFS ('2) TFQBSBUFMZ
 UIF QSPDFTT IBT UP CF

SFQFBUFE XJUI '2 BOE UIF OVNCFS ���� 5IVT XF IBWF

'2
248 = 43 +

'3
248 .

��



ʆ -FU <0 CF UIF NFBO MPOHJUVEF PG UIF NPPO BU UIF FOE PG UIF LIBǰǜB PS LIBǰǜÁOUZB
 " �

5IJT JT LOPXO BT UIF EISVWB BU UIF LIBǰǜÁOUZB� -FU <1,<2, BOE <3 EFOPUF UIF EISVWBT

BU UIF FOE PG �����
 ����
 BOE ��� EBZT SFTQFDUJWFMZ XIJDI SFQSFTFOU UIF DIBOHF JO UIF

NFBO MPOHJUVEF PG UIF NPPO DPSSFTQPOEJOH UP UIFTF IÁSBLBT� 5IFO UIF USVF MPOHJUVEF PG

NPPO 	=!
 DPSSFTQPOEJOH UP UIF BIBSHBǰB 	"
 JT HJWFO CZ

=! = [<0 + (<1 × 41) + (<2 × 42) + (<3 × 43)] +('3,

*O BDDPSEBODF XJUI B XFMM�FTUBCMJTIFE NFUIPE
 5JQQBɿT NFUIPEPMPHZ JT BOBMZ[FE JO B TZTUFNBUJD

NBOOFS� )F CFHJOT CZ TUBUJOH UIBU ĘVEEIBEJOBN #ǴHVęVEEIBNNVTU CF EJWJEFE CZ "KJUBIÁSBLB�

5IJT QSPDFTT JT UIFO JUFSBUJWFMZ SFQFBUFE CZ TVDDFTTJWFMZ EJWJEJOH UIF SFNBJOEFS CZ +JUÁCKÁSħQB


,ÁMÁǮHBOB
 BOE %FWBSÁIB� /PUBCMZ
 UIF UFSNT ,ÁMÁǮHBOB BOE %FWBSÁIB BSF XFMM�EPDVNFOUFE

BOE BSF BOBMPHPVT UP UIF BQQSPBDI GPVOE JO 7ÁLZBLBSBǰB� 5IF DPSSFTQPOEJOH DPNQVUFE WBMVFT

GPS FBDI PG UIFTF QBSBNFUFST BSF TZTUFNBUJDBMMZ QSPWJEFE JO UIF TVCTFRVFOU WFSTFT 	SFG� %IFOVǠ

ĘSë 
� 5JQQB BMTP FYQMJDJUMZ NFOUJPOT UIBU UIJT DPNQVUBUJPO JT QFSGPSNFE GPS 6EBZBDBOESB�

)PXFWFS
 UIFSF BSF OP FYQMJDJU SFGFSFODFT UP UIF TVCUSBDUJPO PG ,BMJ EBZT PS UIF TVNNBUJPO

PG UIF %ISVWBT QSPWJEFE JO UIF UFYU� 5IF UBCMF CFMPX QSFTFOUT UIF EFSJWFE OVNFSJDBM WBMVFT

GPS UIFTF QBSBNFUFST JO B TUSVDUVSFE NBOOFS� )F IBT DPEJѐFE UIF WBMVFT GPS "KJUBIÁSBLB�IÁSB


+JUÁCKÁSħQB�IÁSB
 ,ÁMÁǮHB
 BOE %FWBSB
 BMPOH XJUI UIFJS SFTQFDUJWF QBSBNFUFST
 VTJOH UIF

,BǺBQBZÁEJ TZTUFN�

IÁSBLBT WBMVF EISVWBT WBMVF

ʺऀː˘ˮ˯˥ˉʹ ������ ˛˱ˋ˘ࣻˢࡀ˥˺ࣾ˛˜ͳ �S ��p ��ɿ ��ɿɿ

ऀː˘˯ݻύ˞ʹ ����� ˭˺ˢ˭˳ˣЄް˥ ˞˓ͳ ��S ��p ��ɿ ��ʂ

ˉ˯˧˯˜Ӷʹ ���� ˪ࣿΚˣ˯ˋ˭˲˜˯ˣˉͳ ��S �� p��ɿ��ɿɿ

˚˶˪ ˥ʹ ��� ˭˳˜˲ࣺ˪ϵ࠰˭˲ˊͳ �S ��p��ɿ ��ɿɿ

5BCMF	������
�IBSBLBT BOE EISVWBT HJWFO JO 5BOUSBSBUOB

��



5IF ѐOBM TFU PG WFSTFT QSFTFOUT UIFNFBO TJEFSFBM QFSJPET PG UIF 4VO BDSPTT WBSJPVT UJNF JOUFSWBMT


JODMVEJOH EBJMZ
 ZFBSMZ
 ����ZFBS
 ����ZFBS
 ����ZFBS
 BOE ����ZFBS DZDMFT� 5IFTF QFSJPET BSF

FYQSFTTFE JO VOJUT PG EBZT
 OÁǜë 	O

 WJOÁǜë 	W

 BOE HVSVBLǸBSBT 	H
� 5IF DPNQVUFE WBMVFT BSF

QSFTFOUFE JO 5BCMF	������


5IF TJEFSFBM QFSJPE WBMVFT EPDVNFOUFE CZ (PQFOESB 5JQQB #IVQBMB FYIJCJU B DMPTF BMJHONFOU

XJUI UIPTF SFDPSEFE JO 7ÁLZBLBSBǰB� 5IF MFOHUI PG UIF TJEFSFBM ZFBS JT TQFDJѐFE BT ��� EBZT


�� OÁǜëT
 BOE �� ��� WJOÁǜëT 	7,��	���

� 8IJMF NPTU 4JEEIÁOUBT
 XJUI UIF FYDFQUJPO PG UIF

3PNBLB 4JEEIÁOUB
 BEPQU UIJT WBMVF GPS UIF TJEFSFBM ZFBS
 UIF NPSF QSFDJTF EVSBUJPO JT DBMDVMBUFE

BT� ��� EBZT
 �� OÁǜëT
 �� WJOÁǜëT
 BOE ���� UBUQBSBT�5IJT NJOPS EJTDSFQBODZ JOEJDBUFT UIBU UIF

ѐSTU QPJOU PG .FǸB
 XIJDI UIFTF BTUSPOPNFST DPOTJEFSFE ѐYFE
 BDUVBMMZ FYIJCJUT B QSPHSFTTJWF

NPUJPO BMPOH UIF FDMJQUJD BU B SBUF PG BQQSPYJNBUFMZ ���p QFS BOOVN <7,��	���
>�

WÁLZBT %BZT 	O
 	W
 	H

ʹ˘ࣻˋށ˯ˉ˶˥˶˪˥ 	� ZFBS
 � ��� �� �� ��

˫ࣻ˘ ˪˯ˬϵˉࣞ ˋࣻ˘� 	��� ZFBST
 ˜˯˥ࣜ ˥˯ˋ˯Ξ˯ˢ˫˥˶˗˯ˎ˧˺ ˜˲ۚ ����� �� �� ��

˱ˣڙ˘˫ 	��� ZFBST
 ʺˡ˳ڙ˜˶ ऀ˫˪ʸ ˉ˯ˢ˱ ˶˜˯ࡱˋ˯˜ ����� �� � ��

ࣻΜ˫˘˱ ˋࣻ˘ʹ 	��� ZFBST
 ˭ُʸ̀ ˯ٌ˙ϵ ˭ˢ˲ӗࣺ˜ي˯˜Ђ ������ �� �� �

ˬ́Ճ˘˱ ˋࣻ˘� 	��� ZFBST
 ˯۠˯ˢ˯ښ˪ࣺ ˚˶˪ ڔࣞˉ ˞˲Μ̶˯ ������ �� �� �

˪˱˥ˋࣻ˘� 	���� ZFBST
 Ҝ˱ ˜˳˜ʸ ˲˜˯˜˶˜˚ࡿ˺ۖ˯˫ނ˧ ������ � � �

ȠȠ ˋࣻ˘� 	 ���� ZFBST
 Χ˱ˢˣ˺ ˜˱ࣻ˘˚˺ ˣ˺ˋ˱ ˣʸ˺ࡱ˲˭ ������� � �� �

5BCMF�������� TVSZBHBUJ GPS EJяFSFOU TFU PG QFSJPET

��



���� $PODMVTJPO

5IF ��� $BOESBWÁLZBT PG 5BOUSBSBUOB BDDVSBUFMZ FODPEF UIF USVF MPOHJUVEF PG UIF .PPO


BDIJFWJOH B QSFDJTJPO PG VQ UP POF TFDPOE� 5IFTF WBMVFT DMPTFMZ BMJHO XJUI UIPTF EPDVNFOUFE

CZ .ÁEIBWB
 EFNPOTUSBUJOH UIF SFNBSLBCMF BDDVSBDZ PG UIF WÁLZB USBEJUJPO� )PXFWFS
 GSPN B

MJUFSBSZ QFSTQFDUJWF
 UIFTF WÁLZBT EJяFS TJHOJѐDBOUMZ JO TUSVDUVSF BOE TUZMF GSPN FBSMJFS UFYUT


IJHIMJHIUJOH UIF ёFYJCJMJUZ BOE EJWFSTJUZ JOIFSFOU JO UIF WÁLZB TZTUFN�5IFTF WBLZBT CFBS TUSJLJOH

TJNJMBSJUJFT UP UIPTF PG 7BSBSVDJ BOE BMTP TVHHFTU IJT GBNJMJBSJUZ XJUI .ÁEIBWBɦT XPSLT�

5IF FRVBUJPO PG UIF DFOUFS
 XIFO DPNQVUFE VTJOH UIF 1BSBIJUB TZTUFN BOE UIF QBSBNFUFST PG

UIF 4ħSZBTJEEIÁOUB
 TMJHIUMZ EFWJBUF GSPN UIF 5JQQB WÁLZBT �*O B GFX DBTFT PG EJTDSFQBODJFT


UIFZ XFSF JEFOUJѐFE BOE XFSF FяFDUJWFMZ DPSSFDUFE VTJOH UIF FSSPS SFDUJѐDBUJPO UFDIOJRVF

PG .BEIBWB�5IF )BSBLBT
 %SVWBT
 GPS UIF USVF MPOHJUVEF PG UIF NPPO BOE NFBO TJEFSFBM

QFSJPET GPS UIF TVO FOMJTUFE CZ 5JQQB BSF BMTP DPOTJTUFOU XJUI UIF WBMVFT PG 7ÁLZBLBSBǰB�

5BLFO UPHFUIFS
 UIFTF ѐOEJOHT SFJOGPSDF UIF FOEVSJOH NBUIFNBUJDBM TPQIJTUJDBUJPO PG *OEJBO

BTUSPOPNJDBM USBEJUJPOT BOE UIFJS DPOUJOVFE SFMFWBODF JO QSFDJTF BTUSPOPNJDBM DPNQVUBUJPOT�
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<53>� 5JQQB (PQFOESB� 5BOUSBSBUOB� $IBOESBWÁLZBT ɻ 7ÁLZBT PCUBJOFE GSPN UIF ,FSBMB

6OJWFSTJUZ .BOVTDSJQU -JCSBSZ
 5SJWBOESVN�

<.BEIBWB>� .BEIBWB PG 4BOHBNBHSBNB� 4QIVǺB�$BOESBQUJ�

<44>� 4ħSZBTJEEIÁOUB XJUI $PNNFOUBSZ PG 1BSBNFęWBSB� &EJUFE CZ 4IVLMB
 �����

<7,>� ,VQQBOOB 4BTUSJ BOE 4BSNB
 ,�7� 	FET�
� 7ÁLZBLÁSBǰB�-BHIVQSBLÁęJLÁ 7ZÁLIZÁ�
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<44�F>� #VSHFTT
 &� 	&E�
� 4ħSZBTJEEIÁOUB� " 5FYUCPPL PG )JOEV "TUSPOPNZ� 3FQSJOUFE

CZ $BMDVUUB 6OJWFSTJUZ
 �����

<�>� 7FOLFUFTXBSB 1BJ
 ,� 3BNBTVCSBNBOJBO
 .�%� 4SJOJWBT
 BOE .�4� 4SJSBN� $BOESBWÁLZBT

PG .ÁEIBWB� (BȉJUB #IÁSBUë
 7PM� ��
 /P� �
 QQ� ���ɻ���
 %FDFNCFS �����

<�>� 7FOLFUFTXBSB 1BJ� "O "QQSBJTBM PG 7ÁLZBLBSBǰB PG 1BSBNFęWBSB� *OEJBO *OTUJUVUF

PG 4DJFODF &EVDBUJPO BOE 3FTFBSDI
 1VOF�

<�>� .�4� 4SJSBN� 7ÁLZB 4ZTUFN PG "TUSPOPNZ� 6OJWFSTJUZ PG .BESBT�

<�>�7FOLFUFTXBSB 1BJ
 ,� 3BNBTVCSBNBOJBO
 .�4� 4SJSBN
 BOE .�%� 4SJOJWBT� ,BSBǰBQBEEIBUJ

PG 1VUVNBOB 4PNBZÁKë� )JOEVTUBO #PPL "HFODZ
 �����

<�>� 1BOEV 4BOUIPKV
 1VOJU #IBMMB
 -BYNJEIBS #FIFSB
 BOE 3� 7FOLFUFTXBSB 1BJ� .BUIFNBUJDBM

.PEFM BT QFS UIF "MHPSJUIN PG 4ħSZBTJEEIÁOUB GPS $PNQVUBUJPO PG -PDBUJPO�4QFDJмD 5SVF

1PTJUJPO PG UIF 1MBOFUT� +� "TUSPQIZT� "TUS� 	����
 �����

<�>� 7FOLFUFTXBSB 1BJ
 ,� 3BNBTVCSBNBOJBO
 .�4� 4SJSBN
 BOE .�%� 4SJOJWBT� "O 0WFSWJFX PG

UIF 7ÁLZB .FUIPE GPS $PNQVUJOH UIF -POHJUVEFT PG UIF 4VO BOE UIF .PPO� 3FTFBSDI(BUF�����
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5ÁMBEJQJLB

5ISPVHIPVU IJTUPSZ
 *OEJB IBT FOEVSFE OVNFSPVT JOWBTJPOT UIBU IBWF OFBSMZ FSBEJDBUFE B

TJHOJѐDBOU TFU PG JOWBMVBCMF QSJODJQMFT BOE UFDIOJRVFT� 4JODF NVTJD XBT QSJNBSJMZ JOTUSVDUFE

UISPVHI BO PSBM USBEJUJPO
 NBOZ BTQFDUT NJHIU IBWF OBUVSBMMZ GBEFE JOUP PCTDVSJUZ� .PSFPWFS


JHOPSBODF BOE EFMJCFSBUF DPODFBMNFOU DPOUJOVF UP QPTF TJHOJѐDBOU DIBMMFOHFT XJUIJO UIF BSUJTUJD

TQIFSF
 GVSUIFS DPNQMJDBUJOH FяPSUT UP BDDFTT BOE SFWJWF UIFTF USBEJUJPOT�#IBSBUBɦT 	��� #$&


/ÁǺZBęÁTUSB BOE /JIęBăLB ĘÁSǮHBEFWBɦT 4BǮHëUBSBUOÁLBSB 	��UI DFOUVSZ 
 IBWF TFSWFE BT

GPVOEBUJPOBM QJMMBST JO QSFTFSWJOH 
SFWJWJOH BOE SFTIBQJOH UIF FYJTUJOH *OEJBO BFTUIFUJDT� .VTJD

JT B ѐFME UIBU DPOUJOVPVTMZ FWPMWFT
 XJUI DPODFQUT UIBU NBZ SBEJDBMMZ DIBOHF BOE CF JOUFSQSFUFE

EJяFSFOUMZ PWFS UJNF� 5IJT TFDUJPO PG UIF UIFTJT BJNT UP FYQMPSF UIF DPODFQUT QSFTFOUFE JO UIF

5ÁMBEJQJLB
 B DPNQSFIFOTJWF NVTJDBM XPSL CZ #IVQBMB 5JQQB (PQFOESB� 5IF HPBM JT UP FYBNJOF

UIF TZTUFN PG UÁMB BOE JUT EFWFMPQNFOU EVSJOH UIF 7JKBZBOBHBSB QFSJPE
 QSPWJEJOH JOTJHIU JOUP

IPX NVTJDBM QSBDUJDFT BOE SIZUINJD TUSVDUVSFT FWPMWFE EVSJOH UIJT TJHOJѐDBOU FSB� %VF UP UIF

WBTUOFTT PG UIF TVCKFDU
 UIF QSFTFOU TUVEZ GPDVTFT PO UIF DPSF DPODFQUT BOE FYBNJOFT UIFN JO

DPNQBSJTPO XJUI FBSMJFS UFYUT�

5ÁMBEJQJLB JT DPNQPTFE PG UISFF NBJO DIBQUFST� 	.ÁSHBUÁMB 7JWFLBǠ
 	%FęëUÁMB 7JWFLBǠ



BOE 	.ÁSHBUÁMB 1SBTUÁSÁEJ /JSħQBǰBN
�5IF DPOUFOUT PG UIJT UIFTJT BSF BMTP QSFTFOUFE JO UIF

SFTQFDUJWF PSEFS� ,FZ ѐOEJOHT JODMVEF B EFUBJMFE EFTDSJQUJPO PG BMM UIF UÁMB EFęB QSÁǰBT� "

EJTUJODU TZTUFN PG OPUBUJPO UP SFQSFTFOU UIF UÁMB BǮHBT� 5IF BVUIPS DIBMMFOHFT UIF FYJTUJOH

DMBTTJѐDBUJPO TZTUFN PG UÁMBT BOE PяFST B OFX
 PSHBOJ[FE
 BOE TZTUFNBUJD PSEFSJOH PG UBMBT JO

DPNQBSJTPO UP 3BUOÁLBSB� 5IF XPSL DBUBMPHT B UPUBM PG ��� EFęë UBMBT DPNQSJTJOH B VOJRVF TFU

PG PSJHJOBMMZ DPNQPTFE UBMBT
 JODPSQPSBUJOH LBLBQÁEB BOE WJSÁNB
 � " TJNQMFS TVNNBSZ GPS UIF

QSBTUÁSB NFUIPE JT EFTDSJCFE BMPOH XJUI JUT DPOTUSVDUJPO
 BOE QSBDUJDBMJUZ�
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5ÁMBJQLB	.BE�-JCSBSZ� 5SJFO�$BU�
������� UP �������
 3����� 5BOKPSF #VSOFMM $BU�
Q���


5IF 5ÁMBEëQJLÁ BUUSJCVUFE UP #IVQÁMB 5JQQB 	NJE���UI DFOUVSZ

 JT QSFTFSWFE JO NVMUJQMF

BSDIJWBM TPVSDFT� " DPQZ PG UIJT XPSL FYJTUT JO UIF (PWFSONFOU 0SJFOUBM .BOVTDSJQUT -JCSBSZ

	(0.-

 .BESBT
 DBUBMPHFE BT 3 ���
 XJUI �� GPMJPT JO 4BOTLSJU TDSJQU� " YFSPYFE WFSTJPO PG

UIJT NBOVTDSJQU
 EFSJWFE GSPN B NJDSPѐMN 	'JMN��

 XBT SFDPSEFE PO +VMZ ��
 ����� "OPUIFS

SFGFSFODF UP 5ÁMBEëQJLÁ JT GPVOE JO UIF QFSTPOBM MJCSBSZ PG %S� 3� 4BUZBOBSBZBOB
 .ZTPSF


EPDVNFOUFE JO 'JMN �� PO "VHVTU ��
 ����� 5IF NBOVTDSJQU JT BMTP MJTUFE JO UIF .ZTPSF

0SJFOUBM 3FTFBSDI *OTUJUVUF 	03*

 VOEFS UIF OVNCFS ���
 DPOTJTUJOH PG �� GPMJPT�

5ÁMBEëQJLÁ SFNBJOT VOQVCMJTIFE
 XJUI JUT 4BOTLSJU WFSTFT QSFTFSWFE TPMFMZ JO NBOVTDSJQU

GPSN� /P FYJTUJOH DPNNFOUBSJFT PяFS JOUFSQSFUBUJPOT
 BOE UIF BCTFODF PG QSJPS FEJUJPOT

NFBOU UIBU JUT EPDVNFOUBUJPO BOE USBOTMBUJPO IBE UP CF VOEFSUBLFO JOEFQFOEFOUMZ� 5IF XPSL

SFGFSFODFT )BOVNÁO
 ĘÁSǮHBEFWB
 ĘBJMÁESJ
 BOE PUIFST� IPXFWFS
 BQBSU GSPN ĘÁSȇHBEFWBɿT

4BǮHëUB 3BUOÁLBSB
 UIF PUIFS DJUFE XPSLT IBWF ZFU UP CF GPVOE� 5IF GPVOEBUJPOBM QSJODJQMFT

PG 4BǮHëUB 3BUOÁLBSB BOE /ÁǺZBęÁTUSB TFSWFE BT HVJEJOH GSBNFXPSLT
 IFMQJOH UP SFDPOTUSVDU

NJTTJOH MJOLT� *O DBTFT XIFSF NBOVTDSJQU QBTTBHFT XFSF VODMFBS PS JMMFHJCMF
 QBSBMMFMT GSPN

4BǮHëUB 3BUOÁLBSB XFSF ESBXO VQPO
 FOTVSJOH UIBU UIF FTTFODF PG UIF XPSL SFNBJOFE JOUBDU �

5IFTF USBOTMBUJPOT IBWF CFFO VOEFSUBLFO UP UIF CFTU PG NZ LOPXMFEHF �"OZ JOBEWFSUFOU

FSSPST JO UIF USBOTMBUJPOT BSF TPMFMZ NZ SFTQPOTJCJMJUZ
 BOE * SFRVFTU UIF SFBEFSɿT VOEFSTUBOEJOH

JO UIJT SFHBSE�4PNF JNQPSUBOU TFDUJPO PG UIFTF WFSTFT BSF QSPWJEFE BU UIF CFHJOOJOH PG UIF

EJTDVTTJPOT�,JOEMZ MPPL JOUP JU GPS CFUUFS VOEFSTUBOEJOH�
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'PS 1SJNBSZ 4PVSDFT

ʆ <5%> ɻ 5JQQB (PQFOESBɿT 5ÁMBEëQJLÁ 	1BHF BSF OVNCFST DPSSFTQPOEJOH UP UIF

NBOVTDSJQU
�UFYUCG<5%��> ɻ 5ÁMBEëQJLÁ
 1BHF ��

ʆ <43> ɻ ĘÁSȇHBEFWBɿT 4BǮHëUB 3BUOÁLBSB�

ʆ </4> ɻ #IBSBUBɿT /ÁǺZB ĘÁTUSB�

ʆ <"#> ɻ "CIJOBWBHVQUBɿT "CIJOBWBCIÁSBUë
 B DPNNFOUBSZ PO /ÁǺZB ĘÁTUSB�

'PS 8PSLT PG "LFMMB .BMMJLBSKVOB 4BSNB

ʆ <",> ɻ (FOFSBM SFGFSFODF UP IJT XPSLT�

Ɏ <",��> ɻ *OEJBO (FOJVT JO 5ÁMBQSBTUÁSB�

Ɏ <",��> ɻ 5ÁMBQSBTUÁSB PG 4BǮHëUB 3BUOÁLBSB�

Ɏ <",��> ɻ 4ZTUFNBUJ[BUJPO PG 1SBTUÁSB %FUBJMT PG %Fęë 5ÁMBT�

'PS 8PSLT PG /� 3BNBOBUIBO

ʆ <3/> ɻ (FOFSBM SFGFSFODF UP IJT XPSLT�

Ɏ <3/��> ɻ 5ÁMB�%BęB�1SÁǰB BOE UIF .VTJDPMPHJDBM 1SPCMFNT JO UIF 1SFTFOU�%BZ

5ÁMB 4ZTUFN�

Ɏ <3/��> ɻ 5IF 5SFBUNFOU PG 5ÁMB JO 4BǮHëUB 3BUOÁLBSB
 /ÁǺZB ĘÁTUSB
 BOE %BUUJMBN�

Ɏ <3/��> ɻ 6OEFSTUBOEJOH .PEFSO 5ÁMBT JO UIF #BDLHSPVOE PG UIF "ODJFOU 4ZTUFN PG

5ÁMBT�

0UIFST

ʆ <(&> ɻ (JSJKB &BTXBSBO
 5ÁMB�%BęB�1SÁǰB %FUBJMT JO .VTJD 5FYUT�

ʆ <$.> ɻ .�%� 4SJOJWBT
 $PNCJOBUPSJBM .FUIPET JO *OEJBO .VTJD� 1SBUZBZBT JO 4BǮHëUB

3BUOÁLBSB PG ĘÁSǮHBEFWB�

ʆ <$,> ɻ "NCB ,VMLBSOJ
 3FDVSTJPO BOE $PNCJOBUPSJBM .BUIFNBUJDT JO $IBOEBęÁTUSB�

ʆ <7&>�&WPMVUJPO PG UIF 5ÁMB�%BęB�1SÁOB DPODFQU BT TFFO JO .VTJDPMPHJDBM 8PSLT PG UIF

7JKBZBOBHBSB &NQJSF
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=�? ˚˴˨˽ ˎ˞ ʽࣆ˚ ΢́нʹ ˋ˨˴ˠ˴˚˨˥˴࣎ڮ˚ʹ̚
ࡆ࠼˨˴ˋ ΢ˤ˴˙ʸ ˯ࣅ ̚̚ʹˣࣉ˹׽́˥˨˴˚ʸ˥˽̷˫ࣆ
˥˴ ࢩˋˋࣅ̂˨ ˋ˨˴ ˴ࠌ˴ˋ ߱˭˽ˤ˞ࣄ ́˚˹ࡅ ˢ˷˝˽˾ʹ̚
˞ˮ˴ ˚˴˨ˋ˨˴ ̷˽˥˴ ˴˭˾ڬࡲ ˚˴˨ ˒˴˨ˋ˴̚̚
́˨˴ˋ˭˽ˤ˞ࣄ ˤ˴Ν˴ ˴˨׽˴ˍ́˥˴Ν˴ګ˴ࡆ ̚˴˚˹ࡅ
ʹ˴˭˽ˤ˞ࣄ ˠՑࣆ˫̷˽˥˴� ˍ˴˚ˋ˴˨˽ ̚̚ʹ˦ڢ˴˨ˋ
˚˚ʹ ˋ˨˴ˋ˴˨ˋ˹˚́ ˨˥ ʽؖࣉˣˮʸ̷࣋˚ʹ̚
Ν˥́˞˝˴࠼˷ ˴˥˽̷˫ࣆ Π˷˚ ˤݼ࣎˨˫ࣆڌ˚˴�̚̚
Ν࠼˥ ˤڌ˽ ˥˨˫ࣆ ͫ࠼ ΢ˤ˴˙˴ ˋ˨˴
ˣ˫˽ͫ̚̚ ˋ˨˴ˋ˴˨΢ˤ˴˙˽˞ ˚˴˨ ʽؖࣉˣ˝˶˥˚˽̚
ʽמˋ˚ࣆ˚ ˅˫́нy ˤ˷ࣄ˞˞˴ ˚˴˨˨̶˙ʹ̚
ʻ˛ ˫˽˜ݍ˴ˤԏ˷˚˯˜ࣅ˴˨˾ˬ ˜ࣅ˴ ˮʸˤ˚ʹ̚
̚ʹ˙̶˨ڬ˴ˮ˴ˤ˨˴࠼ˤ˴ࠔ˥ࣆόˠڦࣇ˫˴˚
˨һ˴ࣅ˜ʹ ˠ˵˦ԏ˽˜ʸ ˍ˜˥˴ ̚ʹ˚ڮ࣎˴˥˥Ζࣅ
ˍ˶˚˴˜˛Ї ˤࣆ˚ʸ ˋ˷˫ϳͯ ࡋ˨˴࠼˨˴ˋ ˋٓ˚˽̚

=�? ˤࣆ˴ࠌ˚ࣆ΢˨࠼́˚˥ ˥˴ˤؖؖس˴ࡅ˥˽
ˠ࣎̚ڢ ˠ˷˦́ࣉ˝ˋ˴˦˴˛ϸͫ ́ݍˬ˨˴˚ ̚ʹ˚࠽ࣔ˫ߢ
ͯࡅ࣒˚ ˯ࣅ ˍ˶˚ʸ ˞˹،ʸ ː ˫˴٦ʸ ː˴ࣅˠ ΢ࠌࣇ˚ࣆ˚ʹ̚
ˮ́˥ʸ ˤ˴ˍϳˍ˚́ ˜˽ˬ ˶ ˚ࣆ˽߱˚ˍ ˴˛˜ࣅ ˤ˚ʹ̚
˚Ν˴ࣅ˜ˤࡆ ࡆ˨˴˚ ̚˽˚٦ˍ˞ࣄ˴˛˽٥˴˥Ζࣅ
ː˴ݍ߽˞ࣄ ˮˬݍ˚˜ʹ ː˽ؖ˴٦˴˚Ν ː˚˷ࣆ˫˝˴̚
ʼ˫˴ˠࠇ˞ࣄ˴ˤ ˠ˽̶˫ࣆ ΢˫˽ˬ˴ ʽࣆ˚ ː Ζˤ˴ͫ̚
ˮˬࣅ˴ݍˠ ː˚˷˝Ђ ˫˷Ο͇˴ࡆ ː˴ݿ߽ ˚˴˨ˋʹ̚
ˮʸࣄ˞ˠ˴˚߼˽ؖ˛˾˭˴ˤࠋ˴˞Ѐ ˨Ѩ ːѨ˯˽̚̚
˚Ν˴˫˴ˠʹ ʸؘ́ࡆ˦ˋ ˨ࣈ˷ӂ˴ࡆ˨˴˚ ˋ˷Ց˞ʹ̚
ࡆ˴ࡆ˨،ڬˤ́˴ࠚ˞ࣄ ˠՑˬ˴ˌ˴΢ˮ˴˦˙ʹ̚
ˠ́˽̶˫ࣆ ࡆ˨˚ϳڎ́ࡆ˙̶࣊˜ ΢ˮ˹˚˴ӂ˷˨˾ʹ̚
̶˽ˠ΢˫˽ˬࡆ˨࠼˛˴ࡆ࠼˴ӂ˷ࣈ˨ ˋ˷Ց˞ʹ̚
Π˷˫࠼˷˫˴ˤˠ˴˙˽࠼˷ ԏࣄڎ˴ˋࠋࣇ˞ˤ˽Ϙ˦ʹ̚

ʻ˥ʸ ˯ࣅ ˤ˴˚˹ˋʹ ˠ˴˚́ ˦˴ˍˤ˴ˍϳ΢˥́˒ˋʹ̚
ࡆ࠼˯ߢˮؘ˴ݿˬ ˦˚˜ࣅ࠼˨˴˚ ࡆ ː̚
ˮʸࣄ˞ˠ˴˚́ ٥˥́ʹ ˠՑˬ˴˦˫˥́ʹ ˠ˴˚ ʿԖ˚˽̚
ʼˮЀ ˴ࠋˬ࣊˫ࣆˤ˴˞˴ࠋΖ˥˴˙˴ˤࣅ ̚˴˝ˣࣉ˴˨ˋ
ࠋˬ࣊˫ࣆ ˮ˫ϳˬݍ˴˞Ѐ ˠ˴˚ˮʸ̷˴ࣆ˫ ˣ˴ࠔ˚˽̚ =�?
Π˷˫࣊߱Ν́ ࠲ˋϳ˚ࣆ˴˫ ˚ࣆ˽߱˙̶࣊˜ ˚˴˨ˍ˴ʹ̚
ˤ˴ˍЂؘ߱˴˦ ˅˫˴Ν ˤ˴Νˋ˽˫˨˴Π˷˫˽̚ ˚˽٥˽
˽ːΝࣉ ː˚Ω࠼˴ ́ࠋ˽ˋϳ˚ࣆ˴˫ ˚˷ ˜̶࣊˙˽̚
ˠՑ˴˞Ѐ ˨ˎ˷˫˙Ђ˞˴ˤ˷Ԏ˴˦˙ࣆˤ˚˴Ν ˚˷̚
ˤ˴Ν˴ ˴˥˞˜˴ࡆ ˋ˴˥Ђ ˨һ˴ࣅ˜ˠ˵˦ˋ޷˞˴̚
ʻ̂ࠋ ˤ˴Ν˴Π˷˫˽ ˮࣅˠϳࣅרˠˋ˹ࠔ˴˛ ˠ࣋٤˞˶̚
ˮ࣊˒ϳ˚˴ː˫ࣆ ˴ܒ̶࣊˫ࣆ ˠ˚˴ˋ˴ ˠࣅ˴˚˚ࣆˠ ː̚
ˑ́ݍˬ˴ˋ˕ࣅ ˥́ˍ˴߱ ˫˴ˤ˚˴ˍˍˤ˴˜ࣅˠ̚
˜̶࣊˙˴ٟ˽ˬ ˍˤ˞˴˜˝́ ˣ˴ˍˍˤ˴˜ࣅˠ̚
ˢࣅ˯˥Ѐ˞˴Ց˴˞˴˜ ˽˞˴ˍ˽˫˸ܙ ˠ˴˚˞˴ͫ̚

˨̶࣊˚˴ˠ˴˚˽˞ ˥́Է˴˚˴˫˴ˠˋ˴ࣅ˜˭˷̚
ʻˮ˴˵˦˚˴˜̂ ˚˥˞ࣄ ˤؖ˷н˴̚ ̚˷˭˚ࣆ˴˒
ʼˮЀ ΢˥́ˍ ˤࠋ˴˞Ѐ ˤ˴Ν˴˙Ѐ̚ ˤڬ˚˽
ˢ˷˝˴ʹ̚ ˚˦˵˴ˮ˴ࠌ˞ࣄˋ ˋ˴˥ϳ̚ Π˷˫ˠ˴˚˴ϝˠ́˯
˞˽̚ ˴ˋ˴ˠ˭˽ˬ˫ࣆ ː˞˴ˤ˴ˍϸ ̚˽˚˹ˋࢨӂߢ Π˹˫˽̚
Π˷˫ˋ˴ࣉ˜ࣅˣ˦ࣉࠋˣˤ˷ϳ҃́ࣆڢ˚ʹ�ˠ˦˽ �Ϙ˫ࣆ̚
˝˷˫˴˝˷˫˽ ˽ڢ˝˜˴ࡆ ˽ːΝࣉ ˜ࣅ˴ˤː˴˚˴ࡆ ˤ˽̚
˜˽˫ ˽ˤڢ࣎˽ˋ˚ࣆ˴ ː ٥˽ Ζˤ˽˙˴ࣅ˜ ˠࣆ˚˚Ѐˍ˽̚
ˠ˦ݺ˴˚˴ ˴˚̶࣊˜ࣅ ؑˠܚ˴˚˚ࣆ˽˷̊ ˽̚ ˽ݍˬ˞ࣄ
ˮࣅˠʸ˙˶ˋ˹ࠔ˴ ˠ˚˴ˋˠࣆ˚˚˴ ̚˴˚˹ࡅ =�?ˤ˷ࣄ˞
΢࣊ˮګ˴٠˴ˍЃ ˤ˴ˮ˴˥˛ڕ˶ࡓ ̚ʹ˚מˋ
ʻˍ˸˘˫ː˚˷˛ϴ ˚˷ Ο˷̊ ˷࠼˽ ̚ʹ˚ؘ˨˦˫ࣆ Π˷˫࠼˷
ˤ˴ࣆΝˋʹˠ˴˚ ʽࣆ˚ ˋ˽˫˨ˤ˴ࣆΝˋ˴�Ѐ˞˞ࣄ˷ݾ˴˚˜˫̚
ˤ˴ˍϳ࠼˴ϊˬʹ ˮ˸ࣉː˚́ʹ Π˷˫̚ʻ˛ ːΝ˚ˤʸࣉ

��



˚ࣆˤࣆࠌ˭ ːΝ˚ˤʸࣉ Τ˷˫ͯ̚ ʻˍ˸˘˫ː˚˷˛ϴ ˚˷
Ο˷̊ ˷࠼˽ ̚ʹ˚ؘ˨˦˫ࣆ Π˷˫࠼˷ ˤ˴ࣆΝˋʹˠ˴˚ ʽࣆ˚
ˋ˽˫˨ˤ˴ࣆΝˋ˴̚ Ѐ˞˞ࣄ˷ݾ˴˚˜˫ ˤ˴ˍϳ࠼˴ϊˬʹ
ˮ˸ࣉː˚́ʹ Π˷˫̚ ʻ˛ ːΝ˚ˤʸࣉ ˚ࣆˤࣆࠌ˭
ːΝ˚ˤʸࣉ Τ˷˫ͯ̚ ˭́˘˴ˤ˴ˍЂࣄ˷ګ˞ʹ ΢˴˯
΢˴ъ˶ˤ́޾Ӄ˞˴ ˠ˛˴̚ ࠇϳː˚˷yˍ˴ګ˴ࡅ˚
˚˷ ˤ˷ࣄ˞˞˴ ̚ʹ˚˜ࣅˤ́˨ˋࣅ ː˸˗˴ˤ˙˽ʹ
΢ˢڥ˽ ˚˷ ˤ˷н˴ˤ˴ˍϳΠ˷˫ʸ ˚˚ʹ̚ ˜̶࣊˙ʸ
ϳˋy˚ࣆ˴˫ ːΝyࣉ ːΝ˚˦yࣉ˴˛˚ ˠ˷˞ʹ̚ ˮˠՑˤ˽
ˋ˨Ѐ ʸ˷ڤˢࣆ ࠌ˽˭ ˮ˴˝ϴ ˋ˨Ѐ ˒ˍ̂̚
˞˾˚Ԏˤࣆ˹׽˚ˋ˦y ˤؘ˴ ˠՑˤ˭ࠌ˥́ʹ̚
ˤ˜ˋ˴ࣅ˜˭˷΢˥˷н́ ˤ˴ˍϸ ˚˴˨́ˠ˒˶ࣆ˫˭˷̚
ˤ˴ˍϳ˚˴˨˴̶˦́ڦ˶ؖ˴ ˤ˴ˍϸࠗࣅˠ ̚ʹ˽˝˫ࣆ˴˨ˋ
ˤ˴˥Ѐ˴˫˦˵́ڤ˦˵́ڤˢࣆ ˠՑ˚˴޼˴ˤ˜ˬϳ˞˴ͫ̚
΢ߺ˫˴˚˥ࣆ˴࠼˦˴࠽ʸ ˣ˫˴ݾ˴ˍϳˋ˨˴ؕ˞˴ʹ̚
˽˦˴࠼́ڤˢࣆ ˚˷ ϸߺ˜˽،ࠐ˞ࣄ ͫ̚˴˞˒́˥˞ࣄ˫ࣆˋ˽

˫˽˙˽˫˴ˠՑˤ́ˍˣϳΩڦࣇ́˚ˍ ̚ʹˤڢ࣎˴˛˚
ʻڎΟ˷̊ ʹ˴˥˴˞˴˝ˣࣉ˴ ˋ˨˴˥˴ʹ ͫ̚˴˞ϳˬ˜ܙ˴ˋ
ͫ˴ࡅ˚ Ο˷˫ ˴˜࣬߱˚˷˦́ ˤ˴ˍЂګ˴˞˥˚́ ˤ˷˞˽ʹ̚
=�? ˬ˨˴˜˦˴Փ˞˽˥ࡆ ˬ˴ӂࡆ˴ˠ ˤ˚ʸ
̚ʹ˚࠽ࣔ ̊˷Οٟࣄڮ˞ ˤ˴Ν˴ࣅˠ ˷˭˽˨˴˚ןˌ
˨̶࣊˚˴̚ ˴˥ˤ˴ˠ˥Ђ˴˦˫ࣆ ˞˽࠼˯˴ߢ ˍԏࣆ˚̚
˴˭˽ܙ٦˥ ː˚ˤϸϋ΢࠼˴˦˽˞˾˫ ϊߺ˚˽̚
˚˛˴ Ϙࠋ˴˫˾˦˴ˤ΢࠼˴˦˽ ˠ˴˜ˤ˴ࣆΝˋ˴̚
˅˚˜˴ː˴˥ϳˠ˴˜˶˥˴ ˞˞˷ˤڢڬ ˅˫ ̚˯ࣅ
˞˴ӂࢨˋ˷˥Ђ׽ˠ˶́ۏ ˫˴ ̚ʹˋ˝˴΢ˮۆ˚˨˴˚ ʻࣅˠ
Ο˷̊ ˴˝ϳ ʹࠋˤࣆ ː˽˜ࣆ˚ˮ˸Ѩϊˬʹ ˋ˫ʹ̚ ʾ˜ʸ ː
ˍ˙˞˶˥ʸ ̚˽˨࠽ӂ˴˞˷Ζˤ˴˨˴،˴ࡆ ˒˴˒˶ˍ˙߱
˯˞ˤ˴˞ٟڬ˨ˍˠ˴࣎ڮ˚˴̚ ˋΝ˴࣊ܙˮ࣑ډ˫Ͻ
˦˴ˤ˴ˋ˴˦y ΢࠼˴˦ ̚ʹ˽˚ࡓ˸˫ࣆ

ш˴ࣅˠˋ́˙˽ˣ˫˴ͯ ˮ࣎ࣆ٠ˤˤؖ˷ˠ˽˥˴،˛˴ࣅˠː̚
˴˥˴ԏ˽˜ˋ˴ˋ˷ˮ˷ˤΟ˫ࣆ ̚˴˙˭́ˎ˜˴ؑ˴ࡆ˫˅
˞˚˷ˤ˴Ν˴ڢ˦˴ˋ˴˦ˤࣉ˝ˋؖ ΢˫˚˚˽̚ ˜ࣅ˥
ˤ˴Ν˴ڢ˦ʹ ː ˯ࣅ ˚˴˨˴ӂؘ˴٥ࣉˬ˽˭˚ʹ̚
ʻˠ˴ࡆ Ο˚ˤࡆ˾ ̚ʹ˴˚ˤࣆ˴ˍ˨Ց˴˦ڢ˴ࡆ
Ο˷̊ ˤڬ˴ؖ;˝ࣉܙʹ ΢࠼˝˜˴ࡨ˦˴࠼˞ʹ̚
ࡆࠗ˽˦̶˴˨˴˚ןˌ ʹ۹˚˥˴ࡈ ˋ˛˹ؑ˴ࡆ
̚ʹ˚ࣆ࠽ࣔ ʹؘ˭˽ˬ˞Փߢˎ˨ ˍؘ˾˫ʹ
Ψ˷˥˚˽ ̚˚ࣆ˥ =�? ݿ˦٥ࣉ˚ ˾ːٚؖࣉˋ
́̚˥˨˴ˋ޼˦́˥˞˜ ˴˚˨ࣈˋ ˋ˴ˋ˷ˤ˷ٟ˽˭ ˴
ˢϛˋ˴˨̂ ˍ˥̂ ̚˴˞˫ࣆ ˤ˴ˍϸ ˽ߺ˜ ˒˽ˋ˽˫˫ࣆ˴
˚˴˨˴˞˷Ζˤ˙˶ˋ˹˚ʹ̚ ˤ˯ʸ˚ࡆ ˤ˯˴ˢ˷࠼˦˽٠ˍ
ˢ˷˝ˤ́˯˞ʹ̚ ː˚˷˦Ψ࡬Ψ ʽࣆ˚ ˤ˴ˍϳ˚˴˨́ˤ˚́
̚˴˝٥ࣉ ʼ٦߱ ːؑ˷˕˴҃́Ν ˠ˦߱˴ːˠ˷˕˴ˣ˝ʹ̚
ΝΨ ˣ˽˜ʹ ˠ˷˞߱˴ࣇ˭ڬֈ˚˴ ˠ˷Νˋ˴ʽː˥ʹ̚
˴˚ֈࣇ˭ ˠ˷Νˋࡆ˾˫ ˠ˥Ђ˥٥˥ˤڜˮ˴̚

ʿ،˦ʹ ˠՑˠ˴࣊˙˦ː˽ؖ˸ࣉː˚˽ ˣ˦˚˴ ˞˷ˍ˴ʹ̚
ˮʸˠ˜˽ࠋ˴ˋ ʽؖ׃ࣇ࠘ڬ˚˴ˠ˷Νˋ́٣˫ʹ̚
ʿָٛ ʽࣆ˚ ڬ́˨˴˚ ʿԖ˚˽ Ψˮʸث ˣ˫ʹ̚
ˠՑˤ˽ ˤ˴ˍϳ˚˴˨˴ʹ ʹ˷ࡆ ˣ˦˚˽˞ ˠ˵˦˹ࠇ˚˴̚
˥˛˴̶˦ʹ ΢˴࣎Ҧˋ˨࠼˚ʹ ˠ߱˴Ԏ˚˷ࠇ˨ʹ̚
ʽࣆ˚ ΢ؖ˽ˋˤ˽˚˽˭˴ࣆˤࠔ˚˽ ˯ࣅ ̚ʹ˥Ν˴˝˫ࣆ
࠼˦̶˴˛˥ ˣ˫˽،،˞˴ˤˍ˚˾ˍϳ ϸ˨ ʹ̚ ʻ˥ˤ˽˫˾ˋ
ˋ˨˴ ߶˴ːЀː˾˦ࣉˣ˝˶˥˚˽̚ ΢ࣆ˚̷˴˚ʸ
̊˷ܚ ʸ˫Ցؑ˷˕˽ ̚ʹ˦ˤ̶ڬ˴ؘ ʸ˥́ࡋ˚˯ࣅ˫ࣆ˥˴˝˫ࣆ
̚ʹ˝ˣࣉ˴ˋˠ˚˴ˠ˷Νࣅ�˭ ࡆʸ۹ˤ˚˴ࡈ ࡆ˨˴˚
̊˷ܚ˞˶˝˴ࡈ ˥́ˍ˚�̚ =�? ˽ߺ˜˚ࣆ˞˴ʸ҃؛˚ ˚ʸ
˽ࣉ˜˴˨ˋ ̚˽ˋ˜ࣅ˴˨٥ ˥˛˴̶˦˭ͦ ́ˋˠ˚˴ˠ˷Νࣅ
˥˛˴ � ˜̚ ˕˕ ̚ ˜ ̚ ̊˷ܚ ˽˦ڢ˦́˥ ˨һ́ˍ˷ϳό
ˋ˹ؖ˴ ˍ˷ϋΝ˥˽̚

��



˽ڦࠐ˞ࣄ ˚˸،˦˴Է˴˚ࡋʸˠˋ˽ࠋ˴ˋˮʸ̷ˋʹ̚
ʸ˥́ࡋ˚˯ࣅ˫ࣆ˥˴˝˫ࣆ ̚ʹ˝ˣࣉ˴ˋˠ˚˴ˠ˷Νࣅ�˭
ࡆʸ۹ˤ˚˴ࡈ ࡆ˨˴˚ ̊˷ܚ˞˶˝˴ࡈ ˥́ˍ˚�̚
˽ߺ˜˚ࣆ˞˴ʸ҃؛˚ ˚ʸ ˽ࣉ˜˴˨ˋ ̚˽ˋ˜ࣅ˴˨٥
˥˛˴̶˦˭ͦ ́ˋˠ˚˴ˠ˷Νࣅ ˥˛˴ � ˜̚ ˕˕
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����� 5ÁMB�

.VTJD JT NFSFMZ B QMBZ JO UJNF� (JWFO UIBU UJNF JT DPOUJOVPVT SBUIFS UIBO EJTDSFUF
 JU NVTU

CF DPOѐOFE XJUIJO B EFѐOFE TUSVDUVSF UP FOBCMF B DPIFSFOU BOE QFSDFJWBCMF NVTJDBM FYQFSJFODF�

5ÁMB JT POF TVDI B TZTUFNBUJD DPOTUSVDU UIBU BMMPXT GPS UIF NFBTVSFNFOU BOE PSHBOJ[BUJPO PG UJNF�

$FSUBJO SFHVMBS
 QFSJPEJD BDUJPOT BSF FNQMPZFE UP DPODFQUVBMJ[F B TUBOEBSE SFGFSFODF PG UJNF


XIJDI JT UIFO VTFE UP NFBTVSF BMM PUIFS JSSFHVMBS PS WBSZJOH QFSJPET�5IVT UIF 5ÁMB JT QSJNBSJMZ

CBTFE PO UXP DPNQPOFOUT 
 UIF UJNF 	LÁMB
 BOE BDUJPOT	LSJZÁT
�

7BSJPVT BQQSPBDIFT UP DPODFQU PG UÁMB�
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"U ѐSTU OPUJDF
 POF DBO BTDFSUBJO UIBU BMM UIFTF EFѐOJUJPOT VTF WBSJBCMF UFSNJOPMPHJFT� 5FSNT

TVDI BT LÁMB
 LBMÁ
 LSJZÁ
 BOE PUIFS DPODFQUT SFMBUFE UP JOTUSVNFOUT
 EBODF
 BOE EJяFSFOU BSUJTUJD

NFEJVNT BSF PCTFSWFE� #IBSBUB
 JO IJT /ÁǺZBęÁTUSB
 EFѐOFT UIF DPODFQU PG UÁMB JO SFMBUJPO

UP UIF HIBOB�WÁEZB 	JOTUSVNFOUT TVDI BT DZNCBMT
 NSJEBOHBNT
 FUD�
� )PXFWFS
 JU NVTU CF

VOEFSTUPPE UIBU UÁMB JT OPU MJNJUFE UP UIFTF JOTUSVNFOUT
 CVU JT SBUIFS FNQMPZFE BT B GSBNFXPSL

UP FMVDJEBUF UIF DPODFQU JUTFMG�)F FNQMPZT UIF UFSNT LÁMB BOE LBMÁ 	XIJDI XJMM CF EFBMU XJUI JO

GVSUIFS TFDUJPOT
� *U NVTU CF OPUFE IFSF UIBU UIF DPODFQU PGLBMÁ JT DPOTJEFSFE BT B SFQSFTFOUBUJWF

PG UJNF� BDUJPO BOE JU EFWJBUFT GSPN QSFTFOU�EBZ VOEFSTUBOEJOH�

5JQQB (PQFOESBɿT JOUSPEVDUPSZ WFSTFT 	VQ UP LBMÁ CIBWBUI 5%��
 BSF B EJSFDU FYUSBDUJPOT GSPN

#IBSBUBɿT /ÁǺZBęÁTUSB
 JOEJDBUJOH UIF BMJHONFOU PG 5JQQBɿT JEFPMPHJFT� *EFOUJGZJOH UIFTF WFSTFT

BT FYDFSQUT GSPN #IBSBUBɿT /ÁǺZBęÁTUSB IBT QMBZFE B DSVDJBM SPMF JO UIF JOUFSQSFUBUJPO PG UIF UFYU�

4ÁSBOHBEFWB
 UIF BVUIPS PG UIF 4BǮHëUB 3ÁUOÁLBSB
 FNQMPZT B SBUIFS EJяFSFOU BQQSPBDI� )F

TUBUFT UIBU UÁMB JT UIF GPVOEBUJPO VQPO XIJDI HëUB 	NFMPEZ

 WÁEZÁ 	JOTUSVNFOUBM NVTJD

 BOE

OǴUUB 	QVSF EBODF
 EFQFOE� )F QSJNBSJMZ VTFT UXP UFSNT
 LÁMB BOE LSJZÁ
 UP EFѐOF UIF TUSVDUVSF�
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5IPVHI WBSJPVT BQQSPBDIFT IBWF CFFO FNQMPZFE UP JOTUSVDU UIF DPODFQU PG UÁMB
 B SJHPSPVT

DPNQSFIFOTJPO OFDFTTJUBUFT BO VOEFSTUBOEJOH PG JUT GVOEBNFOUBM DPNQPOFOUT� "T EJTDVTTFE


LSJZÁ
 LÁMB
 BOE LBMÁ BSF TPNF PG UIF DPNQPOFOUT� 5IJT TFDUJPO TZTUFNBUJDBMMZ FYBNJOFT UIF UFO

QSJNBSZ FMFNFOUT DPMMFDUJWFMZ UFSNFE UIF 5ÁMB %FęB 1SÁǰBT XIJDI EFѐOF UIF OBUVSF PG UIF UÁMB�

����� 5ÁMB %FęB 1SÁǜBT

5IF UFSN 5ÁMBEBęBQSÁǰB MJUFSBMMZ USBOTMBUFT UP UIF ʂUFO WJUBM FMFNFOUT PG 5ÁMB�ʂ 5IF UFO FMFNFOUT

BSF� ,ÁMB
 .ÁSHB
 ,SJZÁ
 "ȇHB
 (SBIB
 +ÁUJ
 ,BMÁ
 -BZB
 :BUJ
 BOE 1SBTUÁSB�

"SUIJ 3BP
 JO IFS JO�EFQUI TUVEZ PG NVTJDPMPHJDBM EFWFMPQNFOUT EVSJOH UIF 7JKBZBOBHBSB

QFSJPE
 BTTFSUT UIBU 5JQQBɦT 5ÁMBEëQJLÁ XBT UIF ѐSTU USFBUJTF UP DPNQSFIFOTJWFMZ EFѐOF BMM

UIFTF FMFNFOUT� 4PNF TDIPMBST
 IPXFWFS
 BSHVF UIBU UIF DPODFQU DBO CF USBDFE CBDL UP

#IBSBUBɿT /ÁǺZBęÁTUSB <#3>
 BMCFJU JO BO JNQMJDJU PS DPEJѐFE GPSN� *U JT XJEFMZ BHSFFE UIBU

BMM UIFTF FMFNFOUT XFSF EJTDVTTFE VOEFS POF OBNF POMZ JO UIF NFEJFWBM QFSJPE� 4VCTFRVFOU

UFYUT
 TVDI BT 5ÁMBLBMÁCIë BOE 4BǮHëUBTħSZPEBZB
 CPUI DPNQPTFE EVSJOH UIF 7JKBZBOBHBSB

FSB
 FYQMJDJUMZ FNQMPZ UIJT UFSNJOPMPHZ� 5JQQB EJTDVTTFT OFBSMZ BMM PG UIF 1SÁǰBT JO UIF

ѐSTU DIBQUFS
 FYDFQU GPS 1SBTUÁSB
 XIJDI JT USFBUFE BT BO JOEFQFOEFOU DIBQUFS� )PXFWFS


UIF BVUIPS EPFT OPU FYQMJDJUMZ NFOUJPO UIF UFSN 5ÁMB %FęB 1SÁǰBT�3FGFSFODFT GPS UIF UÁMB

QSÁOBT 
 ,ÁMB<5%��
��>
 .ÁSHB<5%��
�>
 ,SJZÁ<5%���>
 "ǮHB<5%��
�
��>
 (SBIB
<5%���
��>


+ÁUJ<5%��
��>
 ,BMÁ<5%��
�>
 -BZB<5%���>
 :BUJ<5%���>

/PUF� 5IFTF UFSNJOPMPHJFT IBWF VOEFSHPOF NVMUJQMF USBOTGPSNBUJPOT PWFS UJNF
 SFёFDUJOH

UIF FWPMWJOH OBUVSF PG UIF NVTJDBM USBEJUJPO� " TJHOJѐDBOU DIBMMFOHF BSJTFT XIFO JEFOUJDBM

UFSNT BSF VTFE XJUI WBTUMZ EJяFSFOU NFBOJOHT
 PGUFO MFBEJOH UP NJTDPODFQUJPOT� 5IF MJOHVJTUJD

FWPMVUJPO PG UIFTF UFSNJOPMPHJFT DPVME CF BUUSJCVUFE UP UIF DPOUJOVPVT EFWFMPQNFOU PG MBOHVBHF

JUTFMG� 'SPN #IBSBUB JO ��� #$& UP 3BUOÁLBSB
 #IPKB
 5JQQB
 BOE DPOUFNQPSBSZ TDIPMBST


MBOHVBHF IBT VOEPVCUFEMZ FWPMWFE BOE IFODF IBT QMBZFE B DSVDJBM SPMF JO TIBQJOH BOE SFѐOJOH

UIF TZTUFN�5IF QSFTFOU FYQMBOBUJPO PG UIF EFęB QSÁǰBT DPOTJEFST BMM QPTTJCMF NFBOJOHT PG UIF

UFSNJOPMPHJFT
 USBDJOH UIFJS FWPMVUJPO�5IF PSEFS GPMMPXFE JT OPU JO UIF TFRVFOUJBM MJTU PG QSÁOBT�

5IJT BQQSPBDI IBT CFFO JOUFOUJPOBMMZ BEPQUFE UP CFUUFS BDDPNNPEBUF UIF JOUFSEFQFOEFOU OBUVSF

PG UIF FMFNFOUT JOWPMWFE�

��



,ÁMB
 ,SJZB BOE ,BMÁ
,ÁMB
 PS UJNF
 TFSWFT BT UIF GVOEBNFOUBM QBSBNFUFS PG UIF 5ÁMB TZTUFN� 5IF QFSDFQUJPO PG

UJNF XJUIJO UIJT GSBNFXPSL JT JOUSJOTJDBMMZ MJOLFE UP B TFRVFODF PG PSEFSFE BDUJPOT PS FWFOUT�

3BUIFS UIBO CFJOH BO BCTPMVUF FOUJUZ
 UJNF JT DPODFQUVBMJ[FE BT UIF JOUFSWBM CFUXFFO TVDDFTTJWF

,SJZÁT 	BDUJPOT
 <3/>� 5IF NFBTVSFNFOU BOE SFHVMBUJPO PG UIFTF UFNQPSBM JOUFSWBMT OFDFTTJUBUF

B TUBOEBSEJ[FE SFGFSFODF VOJU
 FOTVSJOH DPOTJTUFODZ BOE DPIFSFODF JO SIZUINJD FYFDVUJPO� 5IFSF

FYJTU UXP QSJODJQBM TDIPPMT PG UIPVHIU SFHBSEJOH UIF TUBOEBSEJ[BUJPO PG SFGFSFODF UJNF VOJUT JO

UIF 5ÁMB TZTUFN�

	B
 5IF ѐSTU BQQSPBDI FTUBCMJTIFT B GVOEBNFOUBM VOJU DBMMFE ɾ.ÁUSB
ɿ XIJDI JT EFѐOFE BT UIF

UJNF SFRVJSFE UP BSUJDVMBUF ѐWF ɾ-BHIV "LȑBSB�Tɿ � 5IJT .ÁUSB TFSWFT BT UIF TUBOEBSEJ[FE

,ÁMB SFGFSFODF GPS NFBTVSJOH UFNQPSBM JOUFSWBMT�

	C
 5IF TFDPOE BQQSPBDI
 JO DPOUSBTU
 EPFT OPU BEIFSF UP B ѐYFE.ÁUSB TUBOEBSE
 SFDPHOJ[JOH

UIBU UIF EVSBUJPO PG B TZMMBCMF DBO WBSZ GSPN QFSTPO UP QFSTPO� *OTUFBE
 UIJT NPEFM CFHJOT

XJUI ,ǸBǰB BT UIF TNBMMFTU UJNF VOJU BOE QSPHSFTTFT IJFSBSDIJDBMMZ UISPVHI -BWB
 ,ÁǸǺIÁ


/JNÓǸB
 ,BMÁ
 BOE 5SVǺJ
 VMUJNBUFMZ USBOTJUJPOJOH JOUP UIF NVTJDBM UJNF VOJUT TVDI BT

"ǰVESVUB
 %SVUB
 -BHIV
 BOE (VSV�

5IF 5ÁMBEëQJLÁ PG 5JQQB (PQFOESB BMJHOT XJUI UIF UIFPSFUJDBM GSBNFXPSL FTUBCMJTIFE CZ #IBSBUB

BOE ĘÁSȇHBEFWB� -JLF UIFTF QSFEFDFTTPST
 IF BEIFSFT UP UIF ѐSTU BQQSPBDI
 XIJDI FNQMPZT B

TUBOEBSEJ[FE VOJUɼ.ÁUSÁɼBT UIF GVOEBNFOUBM NFBTVSF GPS EFѐOJOH ,ÁMB�<5%	�ʃ�
><43��>�

/� 3BNBOBUIBO
 B QJPOFFSJOH NVTJDPMPHJTU
 JO IJT TUVEZ 1SPCMFNT XJUI UIF 1SFTFOU 5ÁMB 4ZTUFN


IJHIMJHIUT UIF JTTVF PG UIF BCTFODF PG TUBOEBSEJ[FE UJNF VOJUT JO DPOUFNQPSBSZNVTJDBM USBEJUJPOT�

5IF UFNQP PG B NVTJDBM DPNQPTJUJPO EPFT OPU OFDFTTBSJMZ DPSSFTQPOE UP UIF TQFFE PG UIF 5ÁMB�

" TPOH SFOEFSFE JO B GBTU UFNQP NBZ OPU BMXBZT SFRVJSF PS JNQMZ B SBQJEMZ QBDFE 5ÁMB
 BOE

WJDF WFSTB� 8IJMF UIF TQFFE PG NFMPEJD DPNQPTJUJPO JT PGUFO BDDPVOUFE GPS
 UIF JOEFQFOEFOU

SFHVMBUJPO PG 5ÁMB TQFFE IBT MBSHFMZ CFFO PWFSMPPLFE JO NPEFSO QSBDUJDF�1SFTFOU NFBTVSFT PG

VTJOH JOTUSVNFOUBUJPOT MJLF NFUSPOPNFT IBWF JOJUJBUFE UIF SFWJWBM PG DPOTDJPVT TQFDJѐDBUJPO

PG UIF LÁMB PG UIF UÁMB� )PXFWFS
 UIJT EPFT OPU JNQMZ UIBU BODJFOU NVTJDPMPHJTUT OFHMFDUFE UIF

DPODFQU PG ,ÁMB� PO UIF DPOUSBSZ
 JU XBT SFDPHOJ[FE BT POF PG UIF NPTU JNQPSUBOU FMFNFOUT PG

NVTJD� (JWFO UIBU NVTJDBM USBEJUJPOT XFSF QSFEPNJOBOUMZ USBOTNJUUFE UISPVHI PSBM JOTUSVDUJPO


JU JT IJHIMZ QMBVTJCMF UIBU QSFDJTF JOEJDBUJPOT PG LÁMB NBZ IBWF CFFO MPTU PWFS UJNF�

0OF UIJOH UP LFFQ JO NJOE JT UIBU UIF DPODFQU PG NFBTVSJOH UJNF 	LÁMB
 QSJNBSJMZ SFRVJSFT
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LSJZÁ 	BDUJPO
� 5IJT UFSN JT OPU GPVOE JO /ÁǺZBęÁTUSB
 %BUUJMBN
 PS #ǴIBEEFęë� *OTUFBE
 BDUJPOT

XFSF DMBTTJѐFE BT LBMÁ PS QÁUB CBTFE PO XIFUIFS UIFZ QSPEVDFE TPVOE� 5IF UFSN LSJZÁ XBT

ѐSTU JOUSPEVDFE CZ "CIJOBWBHVQUB
 B DPNNFOUBUPS PO /ÁǺZBęÁTUSB <3/>� 'PMMPXJOH IJT XPSL


FYQMJDJU VTBHF PG UIJT UFSNJOPMPHZ JT PCTFSWFE JO ĘÁSȇHBEFWBɿT 4BǮHëUBSBUOÁLBSB�,SJZÁT	BDUJPOT


BSF DMBTTJѐFE JOUP UXP CSPBE DBUFHPSJFT�

ʆ 4BęBCEB ,SJZÁ�T 	BDUJPOT XJUI TPVOE
� %ISVWB
 ĘBNZÁ
 5ÁMB
 4BOOJQÁUB

ʆ /JęBCEB ,SJZÁ�T 	BDUJPOT XJUIPVU TPVOE
� ÀWÁQB
 /JȑLSÁNB
 7JLȑÓQB
 1SBWÓęB

*O BEEJUJPO UP UIFTF DMBTTFT
 TPNF LSJZÁT BSF EFѐOFE GPS TQFDJѐD BQQMJDBUJPOT
 JODMVEJOH

%ISVWBLÁ
 4BSQJȉë
 ,ȍȑȉÁ
 1BENJOë
 7JTBSKJUÁ
 7JLȑJQUÁ
 1BUÁLB
 BOE 1BUJUÁ� 4ÁǮHëUB 3BUOBLBSB

BMTP BEESFTTFT UIF EJNFOTJPOT PG UIFTF LSJZBT� -BHIV
 HVSV
 BOE QMVUB
 XIJDI BSF DMVCCFE VOEFS

POF UFSN
 MBHWÁEJ <3/>�

5IF USFBUNFOU PG BDUJPOT JO 5ÁMBEëQJLÁ NBZ BQQFBS UP FYIJCJU UFYUVBM JODPOTJTUFODZ� *O

JUT JOUSPEVDUPSZ TFDUJPOT
 XIFSF UIF UFYU DMPTFMZ GPMMPXT /ÁǺZBęÁTUSB
 UIF UFSN LBMÁ JT

FNQMPZFE
 XIFSFBT JO MBUFS TFDUJPOT
 UIF UFSN LSJZÁ BQQFBST� )PXFWFS
UIJT EPFT OPU OFDFTTBSJMZ

JOEJDBUF BNCJHVJUZ� 5IF LFZ EJTUJODUJPO MJFT JO VOEFSTUBOEJOH UIBU LSJZÁ BOE LBMÁ BSF OPU

TZOPOZNPVT<",>� 8IFO LSJZÁ JT VTFE
 JU TUSJDUMZ EFOPUFT BO BDUJPO
 XIJMF LBMÁ SFGFST UP

UJNF�BDUJPO� .VLVOE -BUI RVPUFT ʂ LBMÁ XBT UIVT B VOJѐFE OPUJPO CPUI JOEJDBUJWF PG UIF

BDUJPOT XIJDI NBOJGFTUFE UIF UJNF NFBTVSF JO UÁMB BOE UIF VOJUT GPSNJOH UIF UJNF NFBTVSF

JUTFMG�5IF UXP BTQFDUT PG GPSNJOH UBMB BSF JO GBDU JOTFQFSBCMF�5IF EVSBUJPO PG LBMÁ JT FRVJWBMFOU

UP UIBU PG HVSV�<43 �
��>� " DPNQBSBCMF EJTUJODUJPO JO UIF VTF PG UIFTF UFSNJOPMPHJFT JT BMTP

PCTFSWFE JO 4BǮHëUBSBUOÁLBSB<43 ���D
 3/>
 GVSUIFS SFJOGPSDJOH UIF OFFE GPS QSFDJTF DPOUFYUVBM

JOUFSQSFUBUJPO�

��



.ÁSHB
"ăHB BOE +ÁUJ
(SFBUFS NVMUJQMFT PG UIJT GVOEBNFOUBM UJNF LÁMB VOJU HJWF TDPQF GPS WBSJPVT SIZUINJD WBSJBUJPOT�

8JUIJO UIJT GSBNFXPSL PS UIF UFNQPSBM BSFOB
 EJяFSFOU DPNCJOBUJPOT BSF TZTUFNBUJDBMMZ DSFBUFE

BOE FYQMPSFE� 5IF EJяFSFOU NPEFT PS QBUIT PG QMBZJOH JO UIJT BSFOB JT UFSNFE BT UIF .ÁSHB�

$POTJEFS BO BDUJPO UIBU DBO CF QFSGPSNFE PWFS WBSJPVT UJNF QFSJPET� *G UIJT BDUJPO	LSJZÁ


GPMMPXT B QBUI UIBU UBLFT � NÁUSÁ 	TUBOEBSE VOJU UJNF

 JU DPSSFTQPOET UP POF LJOE PG NÁSHB 
 JG JU

UBLFT � NÁUSBT JU DMBTTJѐFT B EJяSFOU NÁSHB BOE TP PO�8IJMF EFѐOJOH UIF NÁSHB UIF UJNF�BDUJPO

SFGFSFODF JT VTFE	LBMÁ
� 5JQQB (PQFOESB #IħQÁMB NFOUJPOT UXP TZTUFNT PG DMBTTJѐDBUJPO� 5IF

ѐSTU DBUFHPSJ[BUJPO JT BT GPMMPXT� %BLǸJǰB �LBMÁ � �NÁUSBT
 7ÁSUJLB� LBMÁ � �NÁUSBT
 $JUSB �LBMÁ

� � NÁUSBT
 BOE %ISVWB �LBMÁ � � NÁUSB� *O UIF TFDPOE NPEF PG DMBTTJѐDBUJPO
 UIF EJWJTJPOT BSF

%BLǸJǰB
 7ÁSUJLB
 $JUSB
 $JUSBUBSB 	� NÁUSB

 $JUSBUBNB 	} NÁUSB

 BOE "UJDJUSBUBNB 	ESVUB
�

*O DPOUSBTU
 4BǮHëUB 3BUOÁLBSB POMZ NFOUJPOT UIF ѐSTU NPEF PG DMBTTJѐDBUJPO�5IF DPODFQU

PG NÁSHB
 PODF DFOUSBM UP SIZUIN BOE TUSVDUVSF JO DMBTTJDBM NVTJD
 IBT MBSHFMZ GBEFE GSPN

DPOUFNQPSBSZ VTBHF� 8IJMF 4BNCBNVSUJ 	����
 EFTDSJCFT JU BT B GSBNFXPSL GPS NBJOUBJOJOH

SIZUINJD BDDVSBDZ BOE OPUBUJPO DPOTJTUFODZ
 JUT JOUFSQSFUBUJPO IBT FWPMWFE PWFS UJNF<3/>�5IF

NPEFSO QFSTQFDUJWF BMJHOT DMPTFMZ XJUI (BUJ PS /BǜBJ
 FNQIBTJ[JOH UFNQP WBSJBUJPOT SBUIFS

UIBO JUT PSJHJOBM TUSVDUVSBM TJHOJѐDBODF� "EEJUJPOBMMZ
 MBUFS UFYUT JOUSPEVDF UIF UFSN ,BǨBJ UP

EFѐOF UIF TVCEJWJTJPOT
 SFёFDUJOH B TIJGU JO IPX SIZUINJD TUSVDUVSJOH JT VOEFSTUPPE BOE BQQMJFE

JO NVTJD QSBDUJDF QSFTFOUMZ�

"ăHB PS ɿB QBSUɿ 
 SFGFST UP UIF TVCEJWJTJPOT XJUIJO B LÁMB�&MFNFOUT TVDI BT ESVUB
 MBHIV


HVSV
 QMVUB
 LÁLBQÁEB
 BOE WJSÁNB
 BSF DBUFHPSJ[FE BT BǮHBT JO 5ÁMBEëQJLÁ� 8IJMF 4BǮHëUB

3BUOÁLBSB JODMVEFT NPTU PG UIFTF SIZUINJD VOJUT
 JU EPFT OPU FYQMJDJUMZ VTF UIF UFSN BǮHB� *O

GBDU
 UIF UFSN BǮHB JT BCTFOU JO FBSMJFS XPSLT BOE BQQFBST POMZ JO UFYUT UIBU FMBCPSBUF PO UIF

UÁMB�EBęB�QSÁǰBT
 NBSLJOH B DPODFQUVBM BEEJUJPOBM UP UIF QSÁOBT�5IF QSFTFOU�EBZ DPODFQU

PG +ÁUJ BMTP FNFSHFT POMZ JO MBUFS UFYUT UIBU EJTDVTT UIF %FęB 1SÁǰBT� *O 4BǮHëUB 3BUOÁLBSB


UIF SIZUINJD TUSVDUVSFT $BUVSBǸSB
 5SZBǸSB
 ,IBǰǜB
 .JǸSB
 BOE 4BǮLëSǰB BSF EFѐOFE JO UIF

DPOUFYU PG .ÁSHB 5ÁMBT
 CVU UIF UFSN +ÁUJ JT OPU FNQMPZFE� )PXFWFS
 5ÁMBEëQJLÁ FYQMJDJUMZ VTFT

UIF UFSN +ÁUJ XIJMF NBJOUBJOJOH B TJNJMBS DMBTTJѐDBUJPO�

��



(SBIB
-BZB BOE :BUJ
5IF UFSN HSBIB
 EFOPUFT ʂHSBIBOBNʂ NFBOJOH UP HSBTQ PS DBUDI� 5IJT UFSN JT OPU GPVOE JO

#IBSBUBɿT /ÁǺZBęÁTUSB
 5IF UFSN QÁǰJ XBT VTFE JOTUFBE <3/>� *O NPTU PG UFYUT
 UIF UFSN HSBIB

EFOPUFT UIF BMJHONFOU
 PS MBDL UIFSFPG
 CFUXFFO UIF TUBSU PG UIF UÁMB BOE UIF NVTJD� 8IFO CPUI

UIF UÁMB BOE NVTJD CFHJO TJNVMUBOFPVTMZ
 UIJT BMJHONFOU JT SFGFSSFE UP BT ʂTBNBʂ� *G UIF NVTJD

TUBSUT CFGPSF PS BGUFS UIF UÁMB
 UIF HSBIB JT DMBTTJѐFE BT FJUIFS ʂBOÁHBUBʂ PS ʂBUëUBʂ
 EFQFOEJOH PO

XIJDI CFHJOT ѐSTU� 5BMBEëQJLB GPMMPXT 4BǮHëUBSBUOÁLBSB BOE EFTDSJCFT UIF (SBIÁT 4BNB
 "UëUB


BOE "OÁHBUB XJUI SFTQFDU UP UIF MBH CFUXFFO UIF DPNNFODFNFOU PG 5ÁMB BOE DPNNFODFNFOU

PG (ëUB�7ÁEZB�/ǴUZB�

-BZB JT EFѐOFE BT UIF QFSJPE PG SFTU GPMMPXJOH B LSJZÁ� *O UFSNT PG JUT BNQMJUVEF
 JU JT DBUFHPSJ[FE

JOUP UISFF UZQFT� %SVUB
 .BEIZB
 BOE 7JMBNCJUB� 5IJT UFSNJOPMPHZ IBT SFNBJOFE DPOTJTUFOU JO

BMM QSFWJPVT UFYUT
 BOE JUT NFBOJOH IBT SFNBJOFE VODIBOHFE JO DPOUFNQPSBSZ VTBHF�

5IF NBOOFS PG DIBOHF JO MBZB JT UFSNFE BT ZBUJ� 5IJT UFSN IBT CFFO JO VTF TJODF UIF UJNF PG UIF

(ÁOEIBSWB TZTUFN� 5IF DIBOHF JO MBZB DBO CF PCTFSWFE JO UXP XBZT� POF XJUIJO B UÁMB BOE UIF

PUIFS CFUXFFO UXP SFOEFSJOHT PG B UÁMB� 5ÁMBEëQJLÁ GPMMPXT 4BǮHëUB 3BUOÁLBSB BOE DMBTTJѐFT

ZBUJ�T JOUP� 4BNB
 4SċUċHBUB
 BOE (ċQVDDIB�

6OEFSTUBOEJOH UIF WBSJPVT NFBOJOHT BOE UIF FNFSHFODF PG %FęB 1SÁǰBT QSPWJEFT EFFQFS

JOTJHIU JOUP UIFJS VOEFSMZJOH QSJODJQMFT� 5JNF JT CPUI DPOѐOFE BOE EFѐOFE
 FTUBCMJTIJOH B

ѐYFE SFGFSFODF� 5IF TFHNFOUBUJPO PG UJNF JOUP NFBTVSBCMF VOJUT 	BǮHBT
 GPSNT UIF CBTJT GPS

TUSVDUVSJOH SIZUINJD QBUUFSOT 	KÁUJT
� 4QFDJѐD BDUJPOT 	LSJZÁT
 BSF FNQMPZFE UP NFBTVSF UJNF


XIJMF UIF JOUFSWBMT CFUXFFO UIFTF BDUJPOT EFUFSNJOF MBZB� 7BSJBUJPOT JO MBZBNBOJGFTU BT EJяFSFOU

ZBUJT� 5IF DPNCJOBUJPO PG UJNF BOE BDUJPOT ZJFMET NFBTVSBCMF VOJU 	LBMÁ
� .BOJQVMBUJOH UIFTF

UFNQPSBM EJWJTJPOT 	LÁMB
HJWFT SJTF UP EJяFSFOU NÁSHBT
 XIJMF EJWFSTF NFUIPET PG JOJUJBUJOH

BOE EFWFMPQJOH NVTJDBM QISBTFT EFѐOF WBSJPVT HSÁIBT�5IJT TZTUFNBUJD TUSVDUVSJOH JT FTTFOUJBM

GPS EFWFMPQJOH BO JOUVJUJWF VOEFSTUBOEJOH PG UJNF�0SHBOJ[JOH UIFTF DIBSBDUFSJTUJD 	QSÁǰBT


JOUP B DPIFTJWF GSBNFXPSL VOEFS TJOHMF CPBSE IBT TJHOJѐDBOUMZ TJNQMJѐFE UIF DPNQSFIFOTJPO


DMBTTJѐDBUJPO
 BOE QSBDUJDBM BQQMJDBUJPO PG UÁMBT�*U JT B GBJS QPTTJCJMJUZ UIBU 5JQQB (PQFOESB

#IħQÁMB XBT BNPOH UIF ѐSTU UP GPSNBMJ[F BOE JOUFHSBUF UIFTF FMFNFOUT JOUP B VOJѐFE GPSNBU�)JT

DPOUSJCVUJPO IBT CFFO QJWPUBM JO TIBQJOH NBOZ QSFTFOU�EBZ SIZUINJD DVSBUJPOT�

��



����� .ÁSHB 5ÁMBT

1PTU UIF EFTDSJQUJPOT PG TPNF UIF GVOEBNFOUBM DPNQPOFOUT 
 5JQQB QSPDFFET UP FMBCPSBUF PO UIF

.ÁSHB 5ÁMBT
 EFUBJMJOH UIFJS TUSVDUVSBM DIBSBDUFSJTUJDT BOE QSJODJQMFT PG BNQMJѐDBUJPO�<5%�����>�

5IF JOJUJBM EJWJTJPOT PG $BUVSBęSB BOE 5JęSB BSF JOUSPEVDFE
 GPMMPXFE CZ B TVCTFRVFOU

DMBTTJѐDBUJPO JOUP UIF GPMMPXJOH TVCUZQFT� $BDDBQVǺB
$ÁDÁQVǺB
 ǷBǺQJUÁQVUSB
 4BNƃQBLWFǸǺBLB


BOE 6EHIBǺǺB
 
XIFSF UIF ѐSTU CFMPOHT UP UIF $BUVSBTSB DBUFHPSZ
 XIJMF UIF SFTU BSF DMBTTJѐFE

VOEFS 5JęSB� 5IJT DMBTTJѐDBUJPO JT OPU BO JOOPWBUJPO CVU SBUIFS B DPOUJOVBUJPO PG BO FTUBCMJTIFE

USBEJUJPO� /FBSMZ BMM QPTU�#IBSBUB BVUIPST IBWF BEPQUFE BOE SFJOGPSDFE UIJT TDIFNF JO UIFJS

USFBUJTFT�

*U JT UP CF OPUFE UIBU
 VQ UP UIJT QPJOU JO 5ÁMBEëQJLÁ
 OP GPSNBMJ[FE TZNCPMJD FODPEJOH TZTUFN

IBE CFFO JOUSPEVDFE� 5IJT TFDUJPO NBSLT UIF JOJUJBM VTF PG EJTUJODU SIZUINJD TZNCPMTɼ˓�
˚�˿ PS MFUUFST UP EFOPUF TQFDJѐD FMFNFOUT�#IBSBUB
 JO IJT /ÁǺZBęÁTUSB
 EPFT OPU FNQMPZ BOZ

DPEFE OPUBUJPO GPS UIF FYQMJDBUJPO PG 5ÁMBT
 SFMZJOH JOTUFBE PO EFTDSJQUJWF QSPTF� *O DPOUSBTU


4BǮHëUBSBUOÁLBSB TZTUFNBUJDBMMZ JODPSQPSBUFT B TUSVDUVSFE TZNCPMJD GSBNFXPSL UP SFQSFTFOU

5ÁMB BăHÁT� (JWFO UIFTF NFUIPEPMPHJDBM EJяFSFODFT
 UIF NPTU FяFDUJWF BQQSPBDI UP EFDJQIFSJOH

UIF OPUBUJPO VTFE JO 5ÁMBEëQJLÁ JT CZ DPNQBSBUJWF BOBMZTJT� 3BUOÁLBSB IBT CFFO UIPSPVHIMZ

TUVEJFE BOE SFWJWFE
 BOE UIF BǮHBT PG UIF UÁMBT BSF FBTJMZ BDDFTTJCMF� 5BCMF �����	�
 QSFTFOUT UIF

.ÁSHB UÁMBT BOE UIFJS DPSSFTQPOEJOH BǮHBT EPDVNFOUFE JO 5ÁMBEëQJLÁ BOE 4BǮHëUB 3BUOÁLBSB�

&YDFQU GPS UÁMBT $BDDBQVǺB BOE $ÁDÁQVǺB
 UIF SFTU FYIJCU TJNJMBS TUSVDUVSFT� 	V  ˓
 ˿  ˿
Vķ  
˚

 B �5IFTF DPEFT BSF SFQSFTFOUBUJWFT GPS HVSV	(

MBHIV	-
 BOE QMVUB	1
 SFTQFDUJWFMZ�

.ÁSHB 5ÁMBT 5ÁMBEëQJLÁ 3BUOÁLBSB
$BDDBQVȓB ˓˓˓˓˿˚ V V˿Vķ
$ÁDÁQVȓB ˓˓˿˿˓ V˿˿ V

ȐBȓQJUÁQVUSB ˚˿˓˓˿˚ Vķ˿VV˿Vķ
4BNƊQBLWFȑȓBLB ˚˓˓˓˚ Vķ VVV Vķ

6EHIBȓȓB ˓˓˓ VVV

5BCMF�����	�
�$PNQBSJTPO PG .ÁSHB 5ÁMBT JO 5ÁMBEëQJLÁ BOE 4BǮHëUBSBUOÁLBSB

��



3BUOÁLBSBBOE 5ÁMBEëQJLÁ QSPWJEF FYQMBOBUJPOT GPS UIFTF UÁMBT CVU FYQMJDJUMZ NFOUJPO POMZ

DFSUBJO BǮHBT
 MFBWJOH UIF SFTU FODPEFE� ZFU UIFZ POMZ TQFDJGZ DFSUBJO BȇHBT
 5IF NJTTJOH

FMFNFOUT NVTU CF EFDJQIFSFE UISPVHI B DBSFGVM BOBMZTJT PG UIF FODPEFE TUSVDUVSF� (JWFO UIBU

OVNFSPVT UFYUT BMJHO XJUI UIF TUSVDUVSBM GSBNFXPSL FTUBCMJTIFE JO 4BǮHëUBSBUOÁLBSB
 5JQQB

MBSHFMZ BEIFSFT UP UIF TBNF FYQMBOBUPSZ NPEFM BT 3BUOÁLBSB
 BMCFJU XJUI BO FSSPOFPVT DPEF�

5IJT EJTDSFQBODZ XBSSBOUT SFDUJѐDBUJPO UP FOTVSF DPOGPSNJUZ XJUI UIF 4BǮHëUBSBUOÁLBSB GPSNBU�

.PSFPWFS
 JO UIF USFBUNFOU PG BNQMJѐDBUJPO PG UIFTF UÁMBT
 5JQQB BDDVSBUFMZ FNQMPZT UIF

BQQSPQSJBUF OPUBUJPO
 GVSUIFS DPSSPCPSBUJOH UIF QSFTFODF PG B UZQPHSBQIJDBM FSSPS JO UIF UÁMBT

DPODFSOJOH $BDDBQVǺB BOE $ÁDÁQVǺB�

"NQMJИDBUJPO�
5IF UÁMBT BSF TVCKFDUFE UP BNQMJѐDBUJPO PG EJяFSFOU PSEFST
 XIJDI JODMVEFT EWJLÁMB 
 DIBUVęLÁMB


BOE GVSUIFS EJWJTJPOT� "NQMJѐDBUJPO
 JO UIJT DPOUFYU
 SFGFST UP UIF FYUFOTJPO PG UJNF VOJUT�

'PS JOTUBODF
 JO UIF DBTF PG EWJLÁMB
 UIF UPUBM UJNF 	LÁMB
 JT EPVCMFE� *O PSEFS UP GBDJMJUBUF

TNPPUIFS PS FBTJFS USBOTJUJPOT
 BMM BȇHBT BSF VOJѐFE JOUP B TJOHMF VOJU� 4JODF UIF FOUJSF TZTUFN

JT NFBTVSFE JO UFSNT PG LBMÁ
 XIFSF UIF VOJU PG LBMÁ JT FRVJWBMFOU UP UIBU PG B HVSV <3/>
 FBDI

BȇHB JT DPOWFSUFE JOUP UIF DPSSFTQPOEJOH OVNCFS PG HVSVT GPS UIF BNQMJѐDBUJPO QSPDFTT�5IF

QSPDFTT PG DPOWFSUJOH FMFNFOUT JOUP UIF HVSV GPSNBU JT B DPNNPO QSBDUJDF
 GPVOE JO UFYUT TVDI

BT 3BUOÁLBSB
 /ÁǺBOÁOJSǰBZB
 4BǮHëUBTħSZPEBZÁ
 BOE PUIFST�

	/PUF 
 	-��% 
 (��% 
 1��%
 JG %�� � -��
 (��
 1��



%WJLÁMB $BDDBQVǦB�
&LBLÁMB GPSNBU�

˓˓˿˚ PS 11>?

$POWFSUJOH JOUP HVSVT�

1 + 1 + > + (> + 1) = 1 + 1 + (> + >) + 1

= 1 + 1 + 1 + 1 = (1 1 1 1)

%PVCMJOH�

11 11 11 11
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$BUVęLÁMB $BDDBQVǦB�
&LBLÁMB GPSNBU JO HVSV�

1 1 1 1

'PVS UJNFT�

1111 1111 1111 1111

4JNJMBSMZ 


.BSHB UÁMBT ,LBLÁMB %WJLÁMB $IBUVęLÁMB
$BDDBQVȓB� ((-1 	((((
 (( (( (( (( (((( (((( (((( ((((

$ÁDÁQVȓB (--( 	(((
 (( (( (( (((( (((( ((((

6EHIBȓȓB ((( ʁ ʁ

ȐBȓQJUÁQVUSB 1-((-1 	((((((
 (( (( (( (( (( (( (((( (((( (((( (((( (((( ((((

4BNƊQBLWFȑȓBLB 1(((1 	((((((
 ʁ ʁ

"T PCTFSWFE
 UIF %WJLÁMB BOE $IBUVęLÁMB QBUUFSOT PG DFSUBJO UÁMBT NBZ BQQFBS JEFOUJDBM�

)PXFWFS
 UIF EJTUJOHVJTIJOH GBDUPS CFUXFFO UIFTF UXP JT SPPUFE JO UIF FYFDVUJPO � *U JT JNQPSUBOU

UP OPUF UIBU UIFTF UÁMBT BSF QFSGPSNFE XJUI TQFDJѐD LSJZBT SFQSFTFOUFE CZ UIF MFUUFST (
 -
 BOE 1�

5P QSFDJTFMZ EFѐOF FBDI"OHB PG B 5BMB BOE JUT DPSSFTQPOEJOHNPEF PG BDUJPO
 UIF BVUIPS FNQMPZT

UIF 1ÁUBLBMÁ 7JEIJ� "T QSFWJPVTMZ EJTDVTTFE
 UIF UFSNT QÁUB BOE LBMÁ 	JO UIFJS FBSMJFS DPOUFYUT


XFSF VTFE CFGPSF UIF JOUSPEVDUJPO PG LSJZBT
 SFGFSSJOH UP UIF TIBęBCEIB 	TPVOE�QSPEVDJOH
 BOE

OJęBCEIB 	TJMFOU
 LSJZBT � 5IJT TFHNFOU JOUSPEVDFT BO BMUFSOBUJWF NFUIPE PG FODSZQUJPO
 TJNJMBS

UP UIF TZTUFN PVUMJOFE JO UIF3BUOBLBSB� 5IFNFUIPEPMPHZ JT FMVDJEBUFE UISPVHI TPNF FYBNQMFT�

*O ǣBǦQJUÁQVUSB
FLBLÁMB� ˭ʸ˘˯˫˘˯˫˘˯
EWJLÁMB� ࣺ˜Ρ ˘˯˭ ࣺ˜˘˯ ࣺ˜˫ ˘˯Ρ ࣺ˜˭ͳ
DIBUVęLÁMB� ʻࣺ˜ࣺ˪Ρ ʻ˘˯ࣺ˪˫ ʻࣺ˜ࣺ˪˘˯ ʻࣺ˜ࣺ˪˭ ʻ˘˯ࣺ˪Ρ ʻࣺ˜ࣺ˪˭ͳ
5IFTF UFSNT NBZ JOJUJBMMZ TFFN BSCJUSBSZ PS EFWPJE PG NFBOJOH� )PXFWFS
 VQPO DMPTFS

FYBNJOBUJPO
 JU CFDPNFT FWJEFOU UIBU TQFDJѐD MFUUFST BSF EFTJHOBUFE GPS ęÁǸBCEIB

	TPVOE�QSPEVDJOH
 BDUJPOT BOE OJęBCEIB 	OPO�TPVOE�QSPEVDJOH
 BDUJPOT�*O QBSUJDVMBS
 UIF

MFUUFST �˭�˫�˘� BSF DMBTTJѐFE BT ęÁǸBCEIB
 XIFSFBT BMM SFNBJOJOH MFUUFST EFOPUF OJęBCEIB

BDUJPOT�	ęÁǸBCEIB LSJZÁT� TVQFSTDSJQU T
OJǸBCEIB LSJZÁT� TVQFSTDSJQU OT
� 'PS JOTUBODF
 UIF

ÒLBLÁMB PG UIJT 5ÁMB JT SFQSFTFOUFE CZ 1-((-1
 DPNQSJTJOH TJY BǮHÁT� $PSSFTQPOEJOHMZ
 UIF
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DPEF DPOTJTUT PG TJY MFUUFST� �˭ʸ ˘˯ ˫ ˘˯ ˫ ˘˯�
 BMM PG XIJDI BSF DMBTTJѐFE BT ęÁǸBCEIB� 5IJT

TJHOJѐFT UIBU UIF FYFDVUJPO PG UIFTF BǮHÁT SFRVJSFT TPVOE�QSPEVDJOH BDUJPOT�� 5IVT
 UIF ѐOBM

OPUBUJPO 1T-T(T(T-T1T� 'PS EWJLÁMB ((((((((((((
 UIF SFTQFDUJWF DPEF HJWFO JT � ࣺ˜Ρ
˘˯˭ ࣺ˜˘˯ ࣺ˜˫ ˘˯Ρ ࣺ˜˭ͳ��5IF ѐOBM SFQSFTFOUBUJPO 
(O(O(T(T(O(T(O(T(T(O(O(T�'PS

DIBUVęLÁMB
 ʻࣺ˜ࣺ˪Ρ ʻ˘˯ࣺ˪˫ ʻࣺ˜ࣺ˪˘˯ ʻࣺ˜ࣺ˪˭ ʻ˘˯ࣺ˪Ρ ʻࣺ˜ࣺ˪˭ͳ 
 UIF ѐOBM

SFQSFTFOUBUJPO JT (O(O(O(O (O(T(O(T (O(O(O(T (O(O(O(T (O(T(O(O (O(O(O(T

*O 4BNƁQBLWFǤǦBLB UIF EWJLÁMB JT SFQSFTFOUFE CZ �ࣺ˜Ρ ࣺ˜˫˯ ࣺ˜˘˯ ࣺ˜˫ ˘˯Ρ ࣺ˜˭ͳ�

HJWJOH (O(O(O(T(O(T(O(T(T(O(O(T�5IJT JMMVTUSBUFT UIBU BMUIPVHI UIF BȇHBT BTTJHOFE UP

UIFTF UÁMBT BSF JEFOUJDBM
 UIF LSJZÁT 	NPEF PG BDUJPO
 TFSWF BT UIFJS EJTUJOHVJTIJOH GBDUPS�

"EEJUJPOBMMZ
 JU JT OPUFXPSUIZ UIBU UIF OVNCFS PG ęÁCEB LSJZÁT SFNBJOT DPOTUBOU
 NBUDIJOH UIBU

JO FLBLÁMB
 XIJMF UIF BNQMJѐDBUJPO PDDVST UISPVHI OJǸBCEB LSJZÁT�

0OF PG UIF JOUFSFTUJOH PCTFSWBUJPOT XIFO DPNQBSJOH UIF NÁSHB 5ÁMB OPUBUJPO TDIFNFT

BDSPTT WBSJPVT UFYUT JT UIF WBSJFUZ PG MFUUFST VTFE GPS UIF OPUBUJPO� 4PNF TZTUFNT BEIFSF TUSJDUMZ

UP XIBU 3ÁUOÁLBSB JOUSPEVDFE
 XIJMF PUIFST JOUSPEVDF UIFJS PXO MFUUFS DPEFT� 5IF QSFTFOU�EBZ

BǮHB OPUBUJPO QSFDJTFMZ GPMMPXT UIBU HJWFO CZ 3ÁUOÁLBSB� )PXFWFS
 BO JOUSJHVJOH RVFTUJPO

BSJTFT� IPX JT JU UIBU UFYUT MJLF 5ÁMBEëQJLÁ BOE 4BǮHëUBTħSZPEBZÁ
CPUI PG XIJDI DJUF 3ÁUOÁLBSB

BOE MBSHFMZ GPMMPX IJT QSJODJQMFT IBWF UIFJS PXO VOJRVF MFUUFS TZTUFNT GPS UIF BǮHB OPUBUJPO *U

JT JNQPSUBOU UP OPUF IFSF UIBU 4ÁSÁǮHBEFWB
 IBJMJOH GSPN UIF ,BTINJS SFHJPO
 JT EJTUBOUMZ

TFQBSBUFE HFPHSBQIJDBMMZ GSPN UIF BVUIPST PG UIFTF TPVUIFSO UFYUT� .VDI PG UIJT USBEJUJPOBM

LOPXMFEHF TZTUFN XBT QBTTFE EPXO PSBMMZ
 BOE ZFU
 SFNBSLBCMZ
 UIF QSJODJQMFT BOE DPODFQUT

XFSF QSFTFSWFE XJUI BDDVSBDZ BDSPTT TVDI WBTU HFPHSBQIJDBM EJTUBODFT�0OF QPTTJCMF IZQPUIFTJT

GPS UIF WBSJBUJPO JO UIF OPUBUJPO TDIFNFT JT UIBU UIF BWBJMBCJMJUZ PG XSJUUFO TPVSDFT PG 3ÁUOÁLBSB

XBT MJNJUFE
 BOE UIVT UIF BVUIPST UFYUT NBZ OPU IBWF IBE BDDFTT UP IJT XSJUUFO XPSLT� *U JT

QPTTJCMF UIBU UIF XSJUUFO BǮHB OPUBUJPO XBT OPU LOPXO UP UIFN� "OPUIFS QMBVTJCMF FYQMBOBUJPO

JT UIF MJOHVJTUJD EJWFSTJUZ PG UIF BWBJMBCMF NBOVTDSJQUT JO UIF QSFTFOU UJNF� 'PS FYBNQMF
 UIF

5ÁMBEëQJLÁ FYJTUT JO CPUI 5FMVHV BOE 4BOTLSJU WFSTJPOT� %VF UP USBOTMBUJPO QSPDFTTFT
 JU JT

QPTTJCMF UIBU UIF OPUBUJPOT XFSF QSFTFSWFE JO UIFJS PSJHJOBM GPSN FWFO XJUI MBOHVBHF WBSJBUJPOT�

��



.ÁSHB UÁMBT GSPN WBSJPVT TPVSDFT

$PNQBSJOH .BSHB UÁMBT XJUI QSFTFOU EBZ UÁMBT

8JUI UIF FYDFQUJPO PG $BDDBQVǺB
 BMM UIF PUIFS .ÁSHB 5ÁMBT FYIJCJU QBMJOESPNJD TUSVDUVSFT�

5IJT JNQMJFT UIBU UIFTF TFRVFODFT QPTTFTT NJSSPS TZNNFUSZ BCPVU B DFOUSBM QPJOU JO UJNF


TVDI UIBU UIFZ SFNBJO JEFOUJDBM XIFO SFBE CPUI GPSXBSE BOE CBDLXBSE� *O DPOUFNQPSBSZ

UJNFT 
 TVDI TUSVDUVSFT BSF SFGFSSFE UP BT QBMJOESPNJD SIZUINT PS OPO�SFUSPHSBEBCMF SIZUINT


BT UIFJS NFSF SFWFSTBM EPFT OPU ZJFME B OFX SIZUINJD TFRVFODF<HFP>� 4ZNNFUSJD SIZUINT

IBWF IJTUPSJDBMMZ CFFO GBWPSFE EVF UP UIFJS JOIFSFOU CBMBODF BOE TUSVDUVSBM TUBCJMJUZ� 5IFJS

QSFEJDUBCJMJUZ NBLFT UIFN IJHIMZ TVJUBCMF GPS WBSJPVT BSUJTUJD BOE QFSGPSNBUJWF BQQMJDBUJPOT


QBSUJDVMBSMZ JO QPFUSZ
 EBODF
 BOE NVTJD DPNQPTJUJPOT� "DDPSEJOH UP #IBSBUBɿT /ÁǺZBęÁTUSB


BMM GPSNT PG BSU XFSF JOIFSFOUMZ JOUFSEFQFOEFOU
 TFBNMFTTMZ CMFOEJOH JOUP UIFBUSJDBM EBODF BOE

NVTJDBM QFSGPSNBODFT� )PXFWFS
 OPU BMM SIZUINJD TUSVDUVSFT BSF DPOEVDJWF UP EBODF PS BVSBMMZ

QMFBTJOH� "T B SFTVMU
 NPTU NÁSHB UÁMBT UIBU FYIJCJU TZNNFUSZ XFSF MJLFMZ DVSBUFE UP FOTVSF

UIFJS QSBDUJDBM BQQMJDBCJMJUZ JO QFSGPSNBODF DPOUFYUT� *O DPOUSBTU
 JO UIF QSFTFOU TDFOBSJP
 OPU BMM

BSU GPSNT BSF OFDFTTBSJMZ QFSGPSNFE UPHFUIFS� 8IJMF GVOEBNFOUBM SIZUINJD TUSVDUVSFT SFNBJO

QSFEPNJOBOU JO EBODF BOE QPFUSZ
 NVTJD BOE JUT JOTUSVNFOUBMT IBWF FWPMWFE UP JODPSQPSBUF B

EJWFSTF SBOHF PG SIZUINJD QBUUFSOT
 FYUFOEJOH CFZPOE UIF NÁSHB GSBNFXPSL�

��



'JH� �����	�
 JMMVTUSBUFT UIF HFPNFUSJD SFQSFTFOUBUJPO PG UIF .ÁSHB BOE QSFTFOU�EBZ 5ÁMBT� 5IJT

EJBHSBNNBUJD SFQSFTFOUBUJPO JT JOёVFODFE CZ UIF XPSL PG(PEGSJFE 5� 5PVTTBJOU
 XIP EFWFMPQFE

TJNJMBS SFQSFTFOUBUJPOT GPS 8FTUFSO DMBTTJDBM NVTJD�5IF "ȇHB UJNF NFBTVSFT BSF BTTJHOFE BT

GPMMPXT� % � �
 - � �
 ( � �
 BOE 1 � � VOJUT
 SFTQFDUJWFMZ GPS NÁSHB UÁMBT� "O JNQPSUBOU

UIJOH UP OPUF JT UIBU UIF WBMVFT PG -BHIV JO UJNF VOJUT BSF ѐYFE JO UIF DBTF PG .ÁSHB 5ÁMBT


XIFSFBT QSFTFOU�EBZ 5ÁMBT IBWF WBSJBCMF WBMVFT 	�
 �
 �
 �
 �
�0SJHJOBMMZ
 -BHIV
 (VSV
 1MVUB


BOE TNBMMFS VOJUT MJLF %SVUB SFQSFTFOUFE TJOHMF UJNF VOJUT DSFBUFE CZ POF,SJZÁ
 GPMMPXFE CZ SFTUT�

)PXFWFS
 PWFS UJNF
 -BHIV BOE %SVUB IBWF DPNF UP SFQSFTFOU HSPVQT PG UJNF VOJUT JOTUFBE PG

JOEJWJEVBM POFT� 5PEBZ
 %SVUB DPOTJTUT PG UXP UJNF VOJUT XJUI UXP ,SJZÁT
 XIJMF -BHIV HFOFSBMMZ

DPOTJTUT PG GPVS UJNF VOJUT BOE GPVS ,SJZÁT� 5IJT TIJGU IBT MFE UP B EJWFSHFODF GSPN UIFJS PSJHJOBM

NFBOJOHT�<3/> .PTU PG UIF 5ÁMBT SFQSFTFOUFE IFSF IBWF UIF WBMVF PG -BHIV TFU UP GPVS� 0O

DPNQBSJOH 5SJQVȓB 5ÁMB XJUI B -BHIV WBMVF PG � BOE -BHIV WBMVF PG �
 JU JT TFFO UIBU UIF TUSVDUVSF

SFNBJOT TJNJMBS
 KVTU TIJGUFE JO UJNF� &YDFQU GPS BMM UIF +ÁUJT PG .BUZB BOE $BUVSBTSB 5SJQVǺB


OP PUIFS QBMJOESPNJD 5ÁMBT FYJTU JO UIF �� UÁMB TZTUFN�5IF %WJLÁMB BOE TVCTFRVFOU TUBUFT PG

UIFTF 5ÁMBT BSF BNQMJѐFE CZ JODSFBTJOH FBDI "LȑBSB
 MFBEJOH UP BO JODSFBTFE OVNCFS PG DZDMFT

PG UIF TBNF 5ÁMB UP SFUVSO UP UIF PSJHJO� 5IJT NFBOT UIF HFPNFUSJD TIBQF SFNBJOT VODIBOHFE�

*O DPOUSBTU
 JO .ÁSHB 5ÁMBT
 UIF JODSFBTF JT XJUI SFTQFDU UP (VSV 
 BOE UIVT UIF HFPNFUSJD TIBQF

WBSJFT� 8IJMF DFSUBJO TJNJMBSJUJFT CFUXFFO UIF QSFTFOU�EBZ 5ÁMB TZTUFN BOE UIF.ÁSHB TZTUFN DBO

CF PCTFSWFE
 WBSJPVTNPEJѐDBUJPOT BOE EFWFMPQNFOUT IBWF MFE UP WFSZ B EJTUJODU TZTUFN�

��



a)

b)

Fig:2.4.3(2). Comparing mārga tālas with present day tālas 



��� %FęJUÁMBWJWFLBIB

5IJT TFDUJPO DPOTUJUVUFT UIF NPTU TVCTUBOUJBM QPSUJPO PG 5JQQBɿT 5ÁMBQëQëLÁ
 XIFSFJO WBSJPVT

GPSNT PG SFHJPOBM 	%Fęë 
 UÁMBT BSF TZTUFNBUJDBMMZ FOVNFSBUFE
 GPMMPXFE CZ BO JO�EFQUI BOBMZTJT

PG UIFJS TUSVDUVSBM DIBSBDUFSJTUJDT� 5JQQB FNQMPZT UISFF EJTUJODU NFUIPET GPS DPEJGZJOH UIF UÁMB

BȇHBT� 5IF ѐSTU NFUIPE VUJMJ[FT TZNCPMJD OPUBUJPO
 XIFSF FBDI BȇHB JT SFQSFTFOUFE CZ TQFDJѐD

TZMMBCJD NBSLFST� ESVUB 	ǺIB � ˔

 MBHIV 	˿

 HVSV 	ѢD � ˓

 QMVUB 	GD � ˚

 LÁLBQÁEB 	�

 BOE

WJSÁNB 	ɣ PS B CJOEV PO B MFUUFS
 F�H�
 ॼ̝
� 5IF TFDPOE NFUIPE BEPQUT BO BMQIBCFUJD BCCSFWJBUJPO

TZTUFN
 VTJOH UIF JOJUJBM MFUUFST PG UIF SFTQFDUJWF BȇHBT� ESVUB 	˜

 MBHIV 	˨

 HVSV 	ˍ

 BOE

QMVUB 	ˠ
� 5IF UIJSE NFUIPE VTFT XPSET UP DPEJGZ UIF BOHBT� *O NPTU JOTUBODFT
 UXP NFUIPET BSF

FNQMPZFE DPODVSSFOUMZ
 FOTVSJOH DMBSJUZ BOE QSFDJTJPO JO UIF SFQSFTFOUBUJPO PG UÁMB TUSVDUVSFT�

5IF DPODJTF OPUBUJPO GBDJMJUBUFT RVJDL JEFOUJѐDBUJPO PG UÁMB TUSVDUVSFT
 XIJMF UIF FMBCPSBUF

DPEJOH NFUIPET TFSWFT BT B WFSJѐDBUJPO NFDIBOJTN GPS BDDVSBDZ� 5IJT EVBM�MBZFSFE TZTUFN

JT QBSUJDVMBSMZ VTFGVM JO SFDUJGZJOH FSSPSTɼJG POF SFQSFTFOUBUJPO DPOUBJOT JODPOTJTUFODJFT
 UIF

PUIFS TFSWFT BT B DSPTT�DIFDL
 SFJOGPSDJOH SFMJBCJMJUZ�

)FSF BSF B GFX TJNQMF FYBNQMFT UP JMMVTUSBUF UIF TZTUFN�

�� ˍ˒˽˨ˎ˷ː˚˷yࠇ Οӂ˽ˍЀ˚˴ː˚˷Οϳ̊˴ࡆ ˶ ̚̚̚̚ ʽࣆ˚ ˍ˒˚˴˨ʹ ˖˖˖˖˕ ʽࣆ˚ ˦ӂ˚˴˨ʹ̚̚
HBKFMBHIVDBUVǸLBNƃ TZÁESBǮHFHÁNƃUÁDBUVSESBUë ]]]] JUJ HBKBUÁMBǠ� ǺIBǺIBǺIBǺIBǺB JUJ SBǮHBUÁMBǠ�

5IF EJSFDU BOE DPODJTF BQQSPBDI JT VTFE IFSF� 5IF ѐSTU QBSU PG UIF WFSTF EJSFDUMZ EFTDSJCFT UIF

BȇHBT
 XIJMF UIF TFDPOE QBSU QSPWJEFT UIF DPODJTF OPUBUJPO�

#SFBLEPXO�

ʆ HBKFMBHIVDBUVǸLBNƃ � *OEJDBUFT GPVS MBHIVT JO HBKB UÁMB� ˿˿˿˿�////�

ʆ TZÁESBǮHFHÁNƃUÁDBUVSESBUë � 4QFDJѐFT GPVS ESVUBT GPMMPXFE CZ HB 	HVSV
 JO SBǮHB UÁMB�

˔˔˔˔˓�''''*
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��ˠˍ˨˴˨˴ˍˠ˴˨́ˍʹ ̊˷ܚ ́˨ʹ ̊˷ܚ ˨Ο˷̊ ʹ ʽࣆ˚ ː́˨ˤן˨ˠ˴˨ˋ˚˴˨ʹ
QBHBMÁMÁHBQÁMċHBǠ QMVUċMBǠ QMVUBMBESVUBǠ JUJ DċMBNBǰǜBMBQÁMBLBUÁMBǠ

5IF UÁMB TUSVDUVSF JT TVHHFTUFE VTJOH UIF TFDPOE NFUIPE
 FNQMPZJOH UIF ѐSTU MFUUFST PG

UIF SFTQFDUJWF BȇHBT� QB � QMVUB
 MB � MBHIV
 HB � HVSV
 EB � ESVUB�

#SFBLJOH JU EPXO�

QBHBMÁMÁHBQÁMċHBǹ = QB + HB + MB + MB + HB + QB + MB + HB

QMVUċMBǹ = QB + MB

QMVUBMBESVUBǹ = QB + MB + EB

+PJOJOH UIFN UPHFUIFS�

?1>>1?>1?>?><

0S
 JO 5JQQBɿT DPOWFOUJPO�

FýODPDџѤDODSÃODNDWÃODѧ� ˚˓˿˿˓˚˿˓˚˿˚˧˔

̂˜˴˒˴˦˙˦˫˴ࡋ˚˚�� ˠ̂Ν˚˴˨˽ ˠˍ̂ː˚˷ʹ ˜˕˜˕˜˕˜˕̚
UBUBT TÁWBSBǰBSÁKÁEBV QBVUSBUÁMF QBHBVDBUVǠ EBǺB EBǺB EBǺB EBǺB

5IJT FYBNQMF EFNPOTUSBUFT UIF DPNQMFNFOUBSZ VTBHF PG UXP EJTUJODU DPEJOH UFDIOJRVFT� 5IF

ѐSTU QBSU PG UIF WFSTF FNQMPZT BO BMQIBCFUJD OPUBUJPO TZTUFN UP SFQSFTFOU UIF UÁMB TUSVDUVSF


XIFSFBT UIF TFDPOE QBSU QSPWJEFT B DPNQBDU TZNCPMJD SFQSFTFOUBUJPO� "OBMZTJT�

ʆ ˞ 	QB
 � QMVUB

ʆ ˋ˻ 	HB
 � HVSV

ʆ ˎ˘˲ʹ 	DBUVǹ
 � GPVS

5IF ѐSTU DPEF TQFDJѐFT UIBU UIF UÁMB DPOTJTUT PG GPVS QMVUBT BOE GPVS HVSVT� )PXFWFS


JU EPFT OPU FYQMJDJUMZ JOEJDBUF UIF QSFDJTF TFRVFODF JO XIJDI UIFTF FMFNFOUT BSF BSSBOHFE�

.VMUJQMF DPOѐHVSBUJPOT BSF UIFPSFUJDBMMZ QPTTJCMF
 TVDI BT ((((1111
 (1((1(11
 PS PUIFS

WBSJBUJPOT� 5IJT JOIFSFOU BNCJHVJUZ OFDFTTJUBUFT UIF JODMVTJPO PG B TFDPOEBSZ DPEJOH TZTUFN

GPS EJTBNCJHVBUJPO� 5IF TFDPOE OPUBUJPO
 �˚˓˚˓˚˓˚˓�
 TZTUFNBUJDBMMZ FODPEFT UIF TFRVFODF

CZ FYQMJDJUMZ JOUFSTQFSTJOH UIF QMVUBT ˚ BOE HVSVT ˓� 5IJT TUSVDUVSFE SFQSFTFOUBUJPO FOTVSFT BO

VOBNCJHVPVT SFDPOTUSVDUJPO PG UIF UÁMB QBUUFSO
 UIFSFCZ FOIBODJOH UIF QSFDJTJPO PG UIF TZTUFN�

��



�� ˷˚˽Ӏ߽˞ࣄ ˬ˦߱˴ˠ́ ʸ˥٦Ԏ˷˴ˠ٥˫ࣆ ˬ˦ʹ̚ ʽࣆ˚ ʹӀ߽˞ࣄ
OJęęBǮLFUV ęBSBęDÁQP WJEZVDDÁQBEWBZBNƃ ęBSBǠ ] JUJ OJęęBǮLBǠ

5IF UIJSE TZTUFN JT JO BDUJPO IFSF� 5IF UÁMB JT FODPEFE VTJOH TQFDJѐD TZMMBCJD SFQSFTFOUBUJPOT�

ʆ ˫˥ʹ 	ęBSBǹ
 � MBHIV

ʆ ˎ˯˞ʹ 	DÁQBǹ
 � HVSV

ʆ ͪ˲ښ˪ࣺ 	WJEZVU
 � QMVUB

'SPN UIJT
 UIF UÁMB TUSVDUVSF DBO CF EFDPEFE BT GPMMPXT�

ʆ ˫˥ࠥ˯˞ʹ 	ęBSBęDÁQBǹ
 � MBHIV � HVSV � ˿˓ 	-(


ʆ ˣyڙ˞˯˲Ղښ˪ࣺ 	WJEZVDDÁQBEWBZBNƊ
 � QMVUB � HVSV � HVSV � ˚˓˓ 	1((


ʆ ˫˥ʹ 	ęBSBǹ
 � MBHIV � ˿ 	-


$PNCJOJOH UIFN
 UIF ѐOBM UIF SFQSFTFOUBUJPO PG /JęęBȇLB UÁMB JT -(1((-
˿˓˚˓˓˿�

�� ˠ˷˫ϸܚ˷̊ ́ ˢ˴˞ː˴ˠ̂ ˢ˴˙̂ ̱˸ڤˢࣆ ˠ̂ ˨ˠ̂̚ ̱˷ڤˢࣆ́˨ Ν˥ʸ ˽ڌˤϳ́ڎ˨ ˋ˴ˋˠ˜ʸ ˠ˦ʹ̚̚
˜˴˕̚̚˖˖˕˜˴˜˴˖˖̚˕˕˕̚

QħSWF QMVUP CÁOBDÁQBV CÁǰBV CJOEħHBQBV MBQBV ] MPCJOEVHBUSBZBNƃ MBEIWPSNBEIZF LÁLBQBEBNƃ

QBSBN ]]

5IF UÁMB TUSVDUVSF GPS QħSWBUBMB JT FODPEFE VTJOH BMM UIF BCPWF DPEJOH TDIFNFT� #SFBLEPXO�

ʆ ˞˲ Ϻ˪˲ݎ˘ʹ 	QħSWF QMVUBǹ
 ɻ 5IF ѐSTU BȇHB JT B QMVUB 	1
�

ʆ ˠ˯˜ˎ˯˞˻ 	CÁOBDÁQBV
 ɻ CÁȉB 	BSSPX
 	-
 BOE DÁQB 	CPX
 	(
�

ʆ ˠ˯˗˻ ࣺˠۘ˳̀ ˞˻ 	CÁȉBV CJOEħHBQBV
 ɻ CÁȉBV 	�-

 CJOEħ 	�%

 HB 	(

 QBV 	1
�

ʆ ˧˞˻ 	MBQBV
 ɻ MBHIV 	-
 BOE QMVUB 	1
�

ʆ ˧˺ࣺˠۘ˲̀ Μˣʸ ˶ۀˢϵ˺ۂ˧ ˉ˯ˉ˞˚ʸ ˞˥ͳ 	MP CJOEVHB�USBZBNƊ MBEIWPSNBEIZF LÁLBQBEBNƊ

QBSBN
 ɻ ɾMPɿ 	-

 CJOEħ 	�%

 HBUSBZBNƊ 	�(

 CPUI JOUFSTQFSTFE CFUXFFO UIF MBHIVT
 BOE

ѐOBMMZ FOEJOH XJUI B LÁLBQÁEB 	�
�

$PNCJOJOH UIFN� 1-(--%%(1-1-%%-(((-� 	˚˯˓˿˿˔˔˓˚˯˚˯˔˔˿˓˓˓˿�

��



5IF JOUFSQSFUBUJPO PG UÁMB TUSVDUVSFT JO 5ÁMBEëQJLÁ QSFTFOUT TFWFSBM DPNQMFYJUJFT� 6OMJLF UFYUT

TVDI BT 4BǮHëUBSBUOÁLBSB /BSUBOBOJSǰBZB PS 4BOHëUBTVSZPEBZB
 XIFSF UÁMB EFѐOJUJPOT BSF

EJTUJODUMZ TFQBSBUFE GPS DMBSJUZ
 5JQQBɿT USFBUJTF HSPVQT NVMUJQMF UÁMBT UPHFUIFS�5IPVHI JOEFOUFE

UP ѐOE TJNJMBSJUJFT
 UIJT NBLFT JU EJђDVMU UP EJTDFSO XIJDI TQFDJѐD UÁMB B HJWFO DIBSBDUFSJTUJD

QFSUBJOT UP� 8IFO NVMUJQMF UÁMBT BSF EJTDVTTFE TJNVMUBOFPVTMZ
 JU TUBOET VODMFBS XIFUIFS UIFZ

BSF TZOPOZNPVT
 TIBSF TJNJMBS TUSVDUVSBM FMFNFOUT
 PS SFQSFTFOU B TJOHMF UÁMB XJUI BO FYUFOEFE

OBNF� 'PS FYBNQMF�

ʺ˜ۘˠ˯ڔΕࣞ˕˯ࣺ˪˞օ˱ي˥˪ࣺۖࡋ˚ʹ ˔˔˿ ʼي˯˜ۘˠࡿ˜ࣺڔ˯όΕࣞ˕˯ ˘˯˧˺˿ ࣺ˪˞օ˱ ˎ˿
˧ˌ˲˫˶ˊ˥ˉ˶ٌ˶̄ ˺ ˧ˌ˲˥˶˪ ࣺ˪˥˯ˢ˪˯ͮ˿ ʼࣻ˘ ˧ˌ˲˫˶ˊ˥ʹ˿˿>7'���@

*O UIJT WFSTF NVMUJQMF DPNQPOFOUT BSF JOWPMWFE
 NBLJOH UIF JEFOUJѐDBUJPO PG JOEJWJEVBM

UÁMB OBNFT BOE UIFJS TUSVDUVSFT QBSUJDVMBSMZ DPNQMFY� 'VSUIFSNPSF
 5JQQB FNQMPZT UISFF EJTUJODU

NPEFT PG DPEJѐDBUJPO JO IJT EFTDSJQUJPOT� 4JODF EJяFSFOU NVTJDBM UFYUT VTF WBSJFE FODPEJOH

TDIFNFT UP SFQSFTFOU UÁMBT
 GBNJMJBSJUZ XJUI POMZ POF TZTUFN JT JOTVђDJFOU� " DPNQSFIFOTJWF

VOEFSTUBOEJOH PG QSF�FYJTUJOH UÁMB OPNFODMBUVSF JT OFDFTTBSZ GPS EFDPEJOH OFXMZ JOUSPEVDFE

UÁMBT JO 5ÁMBEëQJLÁ�

5JQQB FOVNFSBUFT ��� UÁMBTɼ��� NPSF UIBO ĘÁSȇHBEFWB� )F JODPSQPSBUFT OFBSMZ BMM PG

ĘÁSȇHBEFWBɿT ��� UÁMBT
 XJUI UIF FYDFQUJPO PG B GFX TVDI BT $BǰǜBUÁMBǠ
 %BSQBǰBǠ
 (IBǺǺÁ


ĘÁSǮHBEFWBǠ
 BOE :BUJMÁHOÁǠ� 5IF QSFTFODF PG DPNNPO UÁMBT IBT CFFO JOTUSVNFOUBM JO

JEFOUJGZJOH BOE FYUSBDUJOH UIF TUSVDUVSBM QBUUFSOT XJUIJO 5ÁMBEëQJLÁ� (JSJKB &BTXBSBOɿT

5ÁMBMBLǸBǰB 4BNVDDBZBN IBT CFFO PG JNNFOTF WBMVF JO VOEFSTUBOEJOH UÁMB TUSVDUVSFT BDSPTT

EJяFSFOU UFYUT<(&>� #Z ESBXJOH GSPN NVMUJQMF TPVSDFT
 JU QSPWJEFT BO PSHBOJD JOTJHIU JOUP UIF

JOUFOEFE QVSQPTF PG UIFTF DMBTTJѐDBUJPOT
 UIFSFCZ FTUBCMJTIJOH B NFUIPEPMPHJDBM GSBNFXPSL

OFDFTTBSZ GPS BOBMZ[JOH 5ÁMBEëQJLÁ�5ISPVHI NFUJDVMPVT BOBMZTJT BOE DSPTT�SFGFSFODJOH
 JU

CFDPNFT QPTTJCMF UP SFDPOTUSVDU BU MFBTU TPNF PG UIF UÁMB TUSVDUVSFT FODPEFE JO 5JQQBɿT XPSL�

"EEJUJPOBM DIBMMFOHFT JODMVEFE UIF MFHJCJMJUZ PG UIF WFSTFT JO UIF NBOVTDSJQU
 BT JO TPNF

JOTUBODFT
 POMZ UIF ѐSTU IBMG PG UIF WFSTFT SFNBJOFE WJTJCMF� 'VSUIFSNPSF
 B NJTTJOH QBHF 	QBHF

��
 IBT SFTVMUFE JO UIF MPTT PG DSVDJBM EFUBJMT SFHBSEJOH UIF DIBSBDUFSJTUJDT PG DFSUBJO UÁMBT�5IF

OFYU GFX QBHFT HJWFT B UFOUBUJWF MJTU PG ��� UÁMBT PVU PG UIF ��� BEESFTTFE JO 5BMBEJQJLB�#FUXFFO

<5%���> BOE <5%���>
 UIF UÁMBT MJTUFE PO QBHF �� BSF FOVNFSBUFE
 BOE TP PO�

��



�� &LBUÁMB <5%���>

�� %SVUB ĘFLIBSB

�� "EJUÁMB

�� 3BTB 5ÁMB

�� ÀOBOEB #BǵEIB

�� /JTTBSB 5ÁMB

�� ,SëǵÁ 5ÁMB

�� 7JQB±DJ 5ÁMB

�� -BHIV ĘFLIBSB 5ÁMB

��� ,ÁOEBSQB

��� -BHOB 5ÁMB

��� 7JSBWJLSBNB

��� "OUBSB,SëǵÁ 5ÁMB <5%���>

��� 5ȍUëZB 5SJWJCIÁHB

��� 1BSBUISëWJUB 5ÁMB

��� 5VSBOHB -ëMÁ 5ÁMB

��� 1SBUZBZB

��� 5VOHB -ëMÁ 5ÁMB

��� 7JKBZBTUIBUUB 5ÁMB

��� ,BSVOÁ 5ÁMB

��� $ÁȇDBMZB

��� )BȅTBMëMÁ 5ÁMB

��� #IëȑBLB

��� 4BNBSBȇLB 5ÁMB

��� %PNCBMë 5ÁMB

��� 3VESBEWëQBLB

��� )BȅTB 5ÁMB

��� ,BNMBTQBSęë 5ÁMB

��� 4JNIBWJLSëǵB

��� .BUIZÁ 5ÁMB

��� +BZB

��� +IBNQB 5ÁMB

��� 7BOBNÁMë

��� #BǵǵIBQÁȉB 5ÁMB<5%���>

��� 4ZBUV

��� 1BSÁQSBUJ 5ÁMB

��� 7BJLVȉǵB 5ÁMB

��� ,VEVLLB 5ÁMB

��� 1BSJLSBNB

��� ȐBȓ 5ÁMB

��� +IBNQBUÁ 5ÁMB

��� /JTęBOLB�ÁUUB 5ÁMB

��� 4BNÁ 5ÁMB

��� 5ÁUB 1SBUJNBUUB

��� +BZB .BȉHBMB

��� .BȓȓJLÁ 5ÁMB

��� +BHBU +IBNQB 5ÁMB

��� 7JȑBNB

��� ,VOEB 4VOEBSB 5ÁMB

��� 7BSȉBNJUBLB <5%���>

��� 4JNIBMëMÁ 5ÁMB

��� $IBUUÁ 5ÁMB

��� 3ÁKB .ȍHÁȇLB 5ÁMB

��� $BUVT 5ÁMB

���3ÁKB.BSUBOEB5ÁMB<5%���>

��� ,VTVNBDBUVSUÁMB

��� 1BSB +BHBU +IBNQB 5ÁMB

��� 5SBęOÁ 7BSȉB 5ÁMB

��� 7Á±DJUÁQUB /JTTBSV 5ÁMB

��� .BLBSBOEB 5ÁMB

��� ĘSëLJSUJ

��� .BMMB ,ÁNPEB 5ÁMB

��� .BȓBMMë ,ÁNPEB 5ÁMB

��� (BKB 5ÁMB

��� 3ÁȇHB 5ÁMB

��� 1BSWBUJMPDBOB

��� $ÁSBCBǵǵIB 5ÁMB

��� -BMJUÁ 5ÁMB

��� 3BUJ

��� 7BSȉB #IJOOBLB 5ÁMB

��� .BȇHBMB 5ÁMB <5%���>

��� -BǵIBUB 5ÁMB

��� -BMJUBQSJZB

��� (BKBMëMÁ 5ÁMB

��� 1BODIBNB

��� 7JKBZB1SJZÁȇHB.BUIZÁ

��� 6UTBWB 5ÁMB

��� "CIBȇHB 5ÁMB

��� 7JȑBNB 5ÁMB

��� 1SBUÁQB ĘFLIBSB 5ÁMB

��� $BUVȑLB

��� 4JȅIB 5ÁMB

��� 4ÁSBTB 5ÁMB

��� 3ÁHB 7BSEIBOB 5ÁMB

��� 1B±DB (IBȓBLB 5ÁMB

��� .BUIZÁ (BVSë 5ÁMB

��� ,VNVEB 5ÁMB

��� .VLVOEB 5ÁMB

��� 7BSȉB.BȓȓJLÁ<5%���>

��� 5SJQVSÁOUBLB 5ÁMB

��



��� 4BSBTBUWB

��� "CIJOBWB 5ÁMB

��� 1BSB 7ëSB 7JLSBNB 5ÁMB

��� 1BSJLSBNB 5ÁMB

��� /ÁOEBOB 5ÁMB

��� $BOESB 5ÁMB

��� 7BSEIBOB 5ÁMB

��� $BOESÁLBMB ɼ

��� 7BMMBCB 5ÁMB

���� ,VSVWJOEB

���� "ȇHB .BUIZÁ

���� 4VOEBSPLUISB .BUIZÁ

���� 7JȑBNB ,BȇLBMB 5ÁMB

���� 1ħSȉB ,BȇLBMB 5ÁMB

���� 3ÁKB7JEZÁEIBSB <5%���>

���� ,ÁOEBSQB 5ÁMB

���� $BUVSBTSB 7BSȉB 5ÁMB

���� ĘSë ,ëSUJ 5ÁMB

���� 5SJCIBȇHJSBSBUJ -ëMÁ 5ÁMB

���� 5SJCJOOB 5ÁMB

���� ,PLJMBQSJZB 5ÁMB

���� ,BȇLVUB 5ÁMB

���� 3BZBWBOLBMB 5ÁMB

���� 1BSÁOBOEBOB 5ÁMB

���� -BLȑNëęB 5ÁMB

���� 3ÁKBQBLȑë 5ÁMB <5%���>

���� 4BMVWB 5ÁMB

���� 4BSBTWBUë ,BȉȓIÁCIBSBȉB

���� %ëQBLB 5ÁMB

���� .PIBOB 5ÁMB

���� .PIBOB .ħSÁSJ 5ÁMB

���� /ÁSÁZBȉB 5ÁMB

���� /ÁOEë 5ÁMB

���� $BUVSBTSB 7BSȉB 5ÁMB

���� -BMJUÁQSJZB 5ÁMB

���� ,VWJOEB 5ÁMB

���� $BUVSNVLIB 5ÁMB

���� 1BSB.BLBSBOEB <5%���>

���� ĘSë /ÁOEBOB 5ÁMB

���� #ÁCBSB #BIVLB 5ÁMB

���� 7JKBZB ÀOBOEB 5ÁMB

���� 3ÁȇHB 1SBEëQB 5ÁMB

���� 1SBUZÁȇHB 5ÁMB

���� ĘSë 3ÁȇHB 5ÁMB

���� ,ÁMB %IWBOJ 5ÁMB

���� 3BUJ -ëMÁ 5ÁMB

���� 4JȅIBOÁEB 5ÁMB

���� +BZB .BȇHBMB 5ÁMB

���� 3ÁKB $ħǵÁNBȉJ 5ÁMB

���� 1BSB /ÁOEë 5ÁMB <5%���>

���� $IBOEBT 5ÁMB

���� +BZBTISë 5ÁMB

���� )BȅTBOÁEB 5ÁMB

���� 7BSȉBZBUJ 5ÁMB

���� "ȇHB 5ÁMB

���� 4BJLB /JTTBCEIB .BUUB

���� ,BUIÁSë 4BMVWB 5ÁMB

���� 7BTBOUÁ 5ÁMB

���� 3ÁȇHÁCIBSBȉB 5ÁMB

���� 7JKBZB 5ÁMB <5%��� >

���� +BZB 5ÁMB

���� .VLIZB .BUUB 5ÁMB

���� 4BVCIBUB .BUUB 5ÁMB

���� 3BȇHPEZPUB 5ÁMB

���� 1BSBSBȇHB 1SBEëQB 5ÁMB

���� ,ëSUJ 5ÁMB

���� 3ÁKÁUÁMB

���� %IBSBOJ 7BSBIB 5ÁMB

���� 6CCÁSÁEJUZB <5%���>

���� /JTTIBOLB 5ÁMB

���� /JTIBOLB -ëMÁ 5ÁMB

���� ĘÁSȇHBWFHB 5ÁMB

���� 5ZÁHB4JNIÁTBOÁEIFȑB

���� 1BSB 3ÁKB 5ÁMB

���� %WBOEWB 5ÁMB

���� .JęSÁHIBOEB 5ÁMB

���� ,ëSUJ 5ÁMB

���� 1BSB .BUUB 5ÁMB

���� 3BȇHB3ÁKBTUIÁQBLB

���� 1BSWBUJMPDPOB <5%���>

���� 4ÁHBSB %VSHB 7JQÁUBLB

���� +BOBLB 5ÁMB

���� %BLȑJȉÁ4VSÁUSÁȉB7JQÁUB

���� "OZB 1BSWBUJMPDPOB 5ÁMB

���� $ÁȉħSB .BMMB 5ÁMB

���� $BOESB ,ÁMB 5ÁMB

���� 4JȅIB 7JLSBNB <5%���>

���� "OZB +BOBLB 5ÁMB

���� %WJOJTTBCEIB.BUIZB

���� $IBSDIBSJ 5ÁMB

��



���� ,BOZBOBQVSB/ÁZBLB 5ÁMB

���� 4JȅIB 7JLȍǵJUB 5ÁMB

���� "MÁLȑJUB 5ZÁHB ĘBVOEB 5ÁMB

���� $IBMJLBZB /ÁSBZBOB 5ÁMB

���� -BZB 5ÁMB

���� .JęSB 7BSȉB 5ÁMB <5%���>

���� #IBSBUÁSȉBWB 1ÁSJȉB 5ÁMB

���� 4ÁWBSȉB 3ÁKB 1BVUSB 5ÁMB

���� #PQB 3ÁKB ,VNÁSB 5ÁMB

���� 3ÁNB 4FUV 4UBNCIB 4UIÁQBLB 5ÁMB

���� $ÁȇLBOB 1VSÁEIJQB 5ÁMB

���� 1BSBTJȅIB 7JLȍǵJUB

���� $BOESBęFLIBSB ,JȇLBSB 5ÁMB

���� 5JNNÁ #IħQÁMB 4PEBSB 5ÁMB <5%���>

���� $IPMB .BȉǵBMB 1ÁMBLÁ 5ÁMB

���� $IBNQV 3BZB 4UIÁQBLB 5ÁMB

���� "MBNQBLB ,ȑFUSBWëSB 5ÁMB

���� 5SJCIVWBOBQVSWB 3ÁZÁSB (BȉǵB 5ÁMB

���� 6UQMVUJLBSBȉB 4BNVEEIÁSBLB 5ÁMB

����ĘVEEIB,ÁSBȉB 4BNVEEIÁSBLB <5%���>

����$BOESB 7BNƊęB 5JMBLB 5ÁMB

���� 5JQQB 3ÁKB 5ÁMB

���� 4ÁWBSȉB 3ÁKB 5ÁMB

���� ĘSëSBȇHB %ISPIJ 4BQUÁȇHB )BSÁ 5ÁMB

���� "UIÁSBȉB %IÁOë ĘÁMBLB %ISÁSBLB 5ÁMB

����ĘBSȇHB1ÁȉJ.BȉǵBQB ,ÁSBȉB<5%���>

���� "OBWÁSBUB 5ZÁHJ 5ÁMB

���� 5JNNÁ #IħQÁMB 5ÁMB

���� ,BNQB 3ÁKB 4UIÁQBLB 5ÁMB

���� 7BNBOÁMBOLȍUJ 7ZÁLIZÁLÁSB 5ÁMB ɼ

���� 1B±DBHBOUB /ÁEB 5ÁMB

���� 1ħSWB 5ÁMB <5% ��>

���� 4JȅIB /ÁEB 5ÁMB

��



3BUOBLBSB WT 5ÁMBEJQJLB

5JQQBɒT DPOWFOUJPO� %SVUB �ѢKD � ˔�
-BHIV �˿�
(VSV �ѢD � ˓�
1MVUB�GD � ˚�
 ,ÁLBQÁEB
	�

7JSÁNB ���� ȡV�Ȣ RU D ELQGX RQ WKH OHWWHU ॼ̝�
4ÁSBǚHBEFWBɒT DPOWFOUJPO� %SVUB �̀� -BHIV �˿� (VSV 	T
 1MVUB 	Tɿ
 7JSÁNB 	CJOEV PO UIF

MFUUFS� ̀
� ˿

 PS DPOOFDUJOH MFUUFST 
 ̄ GPS OJǠęBCEB LSJZÁT�

	5IF UFSN LÁLBQÁEB JT OPU VTFE CZ 4BȇHëUBSBUOÁLBSB� JOTUFBE
 JU BEESFTTFT JU TJNQMZ BT B

OJǹęBCEIB LSJZÁ�


(JWFO CFMPX BSF WFSTFT GSPN 4BȇHëUBSBUOÁLBSB BOE 5ÁMBEëQJLÁ UIBU EFTDSJCF UIF +BZB UÁMB�

ː˺ Ўڙ˲ˌ˧ Ξ˲̆ ˻ ˞ࠥ ʼࣻ˘ ːˣʹ˿ <43��>

+P MBHIVS EWBV ESVUBV QBęDB JUJ KBZBǠ�

ːˣ˶˧˯ڙ˯ˉۖښΕ˯߲ˌ˲ࣺˠϵۘ˲x ˲ˋʸ ˿ʹ˘ݎ˲ <5%���>

+BZFMÁEZBOUBLÁE WBLSÁM MBHIVS CJOEVZVHBNƃ QMVUBǠ�

5ÁMB BOHÁT � ˿˓˿˿˔˔˚ PS ˿V˿˿̀̀Vķ � -(--%%1

"MUIPVHI CPUI UFYUT EFѐOF +BZB UÁMB JEFOUJDBMMZ JO UFSNT PG JUT SIZUINJD TUSVDUVSF
 UIF WBSJBUJPO JO

MJOHVJTUJD FYQSFTTJPO IJHIMJHIUT EJяFSFODFT JO UFDIOJDBM OPNFODMBUVSF BOE EFTDSJQUJWF BQQSPBDI�

4BǮHëUBSBUOÁLBSB QSPWJEFT B NPSF EJSFDU FOVNFSBUJPO PG JUT DPNQPOFOUT
 XIFSFBT 5ÁMBEJQJLB JT

NPSF QSFDJTF� 5IF UBCMF 	�����
 DPNQBSFT TFMFDU UÁMBT GSPN 5ÁMBEëQJLÁ XJUI UIPTF JO 3BUOÁLBSB�

"U NPTU
 OP TJHOJѐDBOU WBSJBUJPOT JO UIF TUSVDUVSF PG UIFTF UÁMBT BSF PCTFSWFE� )PXFWFS
 UIFSF

BSF JOTUBODFT JO 5ÁMBEëQJLÁ XIFSF UIF EVBM DPEJOH DPOUSBEJDUT JUTFMG� *O TVDI DBTFT
 UIF NPSF

FMBCPSBUF DPEJOH JT DPOTJEFSFE BDDVSBUF
 XIJMF 3BUOÁLBSB JT UBLFO BT UIF TUBOEBSE SFGFSFODF�

��



"QBSU GSPN UIF EJяFSFODFT JO UIF CBTJD DPEJOH TDIFNF
 UIFSF BSF B GFX LFZ BTQFDUT UIBU

EJяFSFOUJBUF 5JQQBɿT BQQSPBDI UP UIF UBMB TZTUFN�

ʼيѱ˲˯ ˚˶ऀ ˫˘˯˧˯˜Ђ ڙ˶ ˫˘˶ ࣺ˪ʸ˫ࣻ˘ࢇˣʹ˿ ʼˮٌˢࡹ˯ࣾˡόۚࣚ˘˯� ΡՊ˶ࡹ˺ ࣾˡۚ˧̵˗˯ʹ˿
ʸɣُ˯ࡹʺ अࣺۙ˪ό˚ʸ̃ ˯ˢ˯Ӵ˚࠮˶˘˯˧ˉ˯ʹ˿ ˂ˉˎٌ˯˰˥y˫ࣺ˚ࣻ˘ ࣺ˪˫Ӵ˲ ϵ˪ۖ˲ ˞इؓ˘˯ʹ˿

˂˪ˢ˲˶ړ˫ˢ˯˞ۚ˶ࡋ˶ˬ˲ ˘˯˧˶ˬ˲ ˭˳˰˥ࣾˡʹ˿ Χ˶ڔ ˣࡰ˯˧ˡ˶˚ࡰ˲ �˺ˢˢ˯Μˣ˯ۚ˯޳ˬ˷˪
˂ˉऌۚࡹ˶˪ ࣺ˪۠˯˭˶ ˘˯˧ ˡ˶˚˯˜˲ˉࣞ˘ϵ˜ͳ ˣ˚˶̆ ˚˶˫ ˚˶ ˞˯˙ϵѺ˶˜ ˋ˗˯ ˜˯ˮϵۖ ˿ʹΜࣺ˜˗ϵˣي˱

ࣺ˪˫˶ˬ˘˺Μ ࣺ˜˚Ϻ˫ ˶ ࣺ˪˥˯ˢـࡰ˚˯ࣿΧ˘ʹ˿ ʺࣺ˞˫˶ˬ˶˗ ࣺ˜˚Ϻ˫ ˶ ˢٌ˯˛˷ό˞˪ϵ˭ʸࣿΧ˘˯ʹ˿
ʼ7<ʹ˫ړ˶˲ي'���@

6QPO DPNQMFUJOH UIF FOVNFSBUJPO
 UIF BVUIPS PяFST B GFX JOTJHIUGVM SFNBSLT� 5IF ѐSTU TUBUFNFOU

BTDFSUBJOT UIF TZTUFNBUJD DPNQJMBUJPO PG ��� UÁMBT� 5IF BVUIPS GVSUIFS BEESFTTFT TPNF PG UIF

NPTU USJWJBM QPJOUT BOE JTTVFT XJUI UIJT DMBTTJѐDBUJPO�5IF BVUIPS BDLOPXMFEHFT UIBU UIFSF NBZ

CF JODPOTJTUFODJFT JO OBNJOH BOE DMBTTJѐDBUJPO
 VSHJOH TDIPMBST UP BOBMZ[F UIFN DBSFGVMMZ� )F

JEFOUJѐFT UIF OVNCFS PG SFDVSTJWF UÁMBT UP CF ��
 BOE RVFTUJPOT XIFUIFS UIFZ USVMZ EFTFSWF

TFQBSBUF DMBTTJѐDBUJPO PS UIFZ BSF KVTU EJяFSFOU CZ OBNF�'PS JOTUBODF 
 UÁMBT (BKBI BOE (BVSJ

BSF CPUI FYQMBJOFE UP IBWF GPVS MBHIVT �˿˿˿˿�
 NFBOJOH UIFZ GPMMPX UIF TBNF UJNF TUSVDUVSF CVU

BSF OBNFE EJяFSFOUMZ� "T EJTDVTTFE FBSMJFS
 5JQQB SFTPMWFT UIJT CZ HSPVQJOH TUSVDUVSBMMZ TJNJMBS

UÁMBT UPHFUIFS� 8IJMF UIJT BQQSPBDI NBZ JOJUJBMMZ DPNQMJDBUF DPNQSFIFOTJPO
 JU SFQSFTFOUT B

OPWFM NFUIPE PG DMBTTJѐDBUJPO� 0OF FYBNQMF PG UIJT HSPVQJOH JT B TFU PG UÁMBT UIBU TIBSF UIF

TBNF UPUBM OVNCFS PG UJNF VOJUT CVU EJяFS JO UIFJS JOUFSOBM BSSBOHFNFOU� 5IFTF BSF FTTFOUJBMMZ

EJяFSFOU PSEFSFE QFSNVUBUJPOT PG %
 -
 (
 BOE 1
 DPOTUSBJOFE UP B TVN PG �� VOJUT 	% � �
 - �

�
 ( � �
 1 � �
� 5IFZ DPSSFTQPOE UP EJяFSFOU 1SBTUÁSBT PG UIF ���%1T 	TFF 4FDUJPO ���
�

��



/PUF UIBU UIFTF UÁMBT BSF EJTDVTTFE DPMMFDUJWFMZ JO <5%���>
 XIFSFBT 3BUOÁLBSB USFBUT UIFN

TFQBSBUFMZ BOE BEESFTTFT FBDI JOEJWJEVBMMZ� 5JQQB BEIFSFT UP TZTUFNBUJD NBOOFS PG BSSBOHFNFOU


TUBSUJOH XJUI UÁMBT UIBU IBWF TIPSUFS UJNF VOJUT BOE QSPHSFTTJWFMZ NPWJOH UPXBSET UIPTF

XJUI MPOHFS UJNF VOJUT� 5IF ѐHVSF CFMPX QSFTFOUT B DPNQBSBUJWF BOBMZTJT PG UIF PSEFS JO

XIJDI UIF UÁMBT BSF BSSBOHFE
 DPSSFMBUJOH UIF UPUBM TVN PG BOHBT 	O
 XJUI UIFJS DPSSFTQPOEJOH

JOEFY OVNCFST�5IF FYJTUFODF PG UIJT QBUUFSO BMMPXT GPS UIF FBTZ JEFOUJѐDBUJPO PG QPUFOUJBM

NJTJOUFSQSFUBUJPOT PG UBMB TUSVDUVSFT PS BNCJHVJUJFT XJUIJO UIF DPEF JUTFMG� 0VUMJFST OBUVSBMMZ

TVSGBDF BOE DBO CF BEESFTTFE BDDPSEJOHMZ�

'JH	�����
$PNQBSJTPO PG 3ÁUOBLBSB BOE 5ÁMBEJQJLB JO 5FSNT PG *OEFY

5IFSF FYJTU RVJUF B GFX JOTUBODFT XIFSF UIF EVBM DPEFT BSF BOUBHPOJTUJD� )FSF JT BO FYBNQMF�

ˎՂˣЄ ˢ࠿ˉ˴ٌ˺ࣺۖ˪˥˯ˢ˻ ˧˞˥˻ Ξ˲̆ ˻˿
˔ ॼ̝˔ ॼ̝˔ ॼ̝˔ ॼ̝˔ ॼ̝˔ ॼ̝˔ ॼ̝˔ ॼ̝ ʼࣻ˘ ˎˎ˲ϵ˥ࣜ˧˯˧ʹ˿˿>7'���@

5IF ѐSTU IBMG PG UIF WFSTF FYQMJDJUMZ NFOUJPOT UIF JODMVTJPO PG MBHIV
 XIFSFBT UIF TFDPOE IBMG

EPFT OPU BDDPVOU GPS JU� 5IJT MBDL PG DPIFSFODF SBJTFT BNCJHVJUZ JO UIF JOUFOEFE TUSVDUVSF PG

UIF UÁMB� $POWFSTFMZ
 UIFSF BSF JOTUBODFT XIFSF UIF SFWFSTF PDDVST BT XFMM� *O TVDI DBTFT


SJHPSPVT BOBMZTJT XJUI FBSMJFS UFYUT JT SFRVJSFE UP SFTPMWF UIFTF JODPOTJTUFODJFT� )PXFWFS
 GPS

UÁMB TUSVDUVSFT UIBU BSF FOUJSFMZ OFX BOE JOEFQFOEFOUMZ JOUSPEVDFE
 FWFO UIFTF NFBTVSFT CFDPNF

JOFяFDUJWF
 OFDFTTJUBUJOH BMUFSOBUJWF NFUIPET GPS WBMJEBUJPO�

��



5JQQB (PQFOESB IBT DPNQPTFE B SFNBSLBCMF TFU PG PSJHJOBM BOE VOJRVF UÁMBT� )JT DPNQPTJUJPOT

BSF NBSLFE OPU POMZ CZ UIFJS VOJRVF SIZUINJD DPOѐHVSBUJPOT CVU BMTP BO JOUFSFTUJOH BQQSPBDI

UP OPNFODMBUVSF
 XIFSF NBOZ UÁMBT SFGFSFODF UIFNFT PG LJOHTIJQ
 QPXFS
 BOE XBS� 5IF UÁMBT

IF IBT JOUSPEVDFE
 TVDI BT ,BMZÁOBQVSB /ÁZBLB 5ÁMB
 "MBLȑJUB 5ZÁHB ĘBVOEB 5ÁMB
 5JQQB

3ÁKB 5ÁMB
 BOE ĘÁSBȇHB %SPIë 4BQUÁȇHB )BSBȉB 5ÁMB
 TIPXDBTF B DSFBUJWF GVTJPO PG UXP PG IJT

LFZ JOUFSFTUT�*O BEEJUJPO UP DPNQPTJOH FOUJSFMZ OFX UÁMBT
 5JQQB BMTP JOUSPEVDFT WBSJBUJPOT PG

FYJTUJOH POFT� )F BEET B QBSB PS BOZB 	BMUFSOBUJWF
 UP UIF OBNFT PG UIFTF NPEJѐFE UÁMBT XIJDI

NBLFT JU FBTJFS UP JEFOUJGZ UIFN� 4PNF FYBNQMFT JODMVEF "OZB 1ÁSWBUë -PDIBOB 5ÁMB
 "OZB

+BOBLB 5ÁMB
 BOE 1BSB 3BȇHBQSBEëQBLB� 5IJT QSPDFTT PG USBOTGPSNBUJPO BOE SFJOUFSQSFUBUJPO

JT B USBEFNBSL PG UIF DSFBUJWF FWPMVUJPO JO *OEJBO DMBTTJDBM NVTJD
 XIFSF USBEJUJPOBM GPSNT BSF

WBMVFE ZFU SFJNBHJOFE UP FYQMPSF OFX QPTTJCJMJUJFT�

5IF TJNJMBS USFOE JT TFFO BDSPTT NBOZ NVTJDBM XPSLT� 3PCFSU #SPXO
 JO IJT 1FSTQFDUJWFT

PO 5ÁMB
FYQMPSFT BO FYJTUJOH GPSNBU JO XIJDI UIF UBMBT BSF TUSVDUVSFE� )F OPUFT UIBU BCPVU

UXFOUZ UP UIJSUZ UÁMBT FYIJCJU WBSJBOU BȇHB QBUUFSOT DPNQBSFE UP UIPTF JO UIF 4BȇHëUB 3BUOÁLBSB


XIJMF UIF SFNBJOJOH UÁMBTɼBQQSPYJNBUFMZ UXP�UIJSET PG UIF UPUBMɼBMJHO XJUI JU� 5IFTF PSJHJOBM

DPNQPTJUJPOT BSF VTVBMMZ JOEJDBUJWF PG UIF BVUIPSTIJQ� 'PS JOTUBODF
 JO 3BUOÁLBSB
 UIF MBTU

UXFOUZ UÁMBT BSF MJLFMZ JOWFOUJPOT PG ĘÁSȇHBEFWB� 5IFTF UÁMBT EP OPU BQQFBS JO BOZ PUIFS MJTUT

VOMFTT DJUFE EJSFDUMZ JO GVMM� +VTU BT UIFSF FYJTUT ĘÁSȇHBEFWB 5ÁMB
 UIFSF FYJTUT 5JQQB 3ÁKB

5ÁMB BOE NBOZ PUIFST� 5IF JNQPSUBOU RVFTUJPO UP BEESFTT JT XIFUIFS UIFTF UÁMBT XFSF NFSF

UIFPSFUJDBM DPOTUSVDUT PS XFSF UIFZ QBSU PG BDUJWF QFSGPSNBODF USBEJUJPOT 5BCMF 	�����
 QSFTFOUT

TPNF PSJHJOBM UÁMBT BOE VOJRVF DPNQPTJUJPOT PG 5JQQB (PQFOESB�

��



 

Table 3.3.1: Comparing Ratnākara and Tāladipika 



Table 3.3.2: Some unique tālas in Tāladipika 



.ÁHBEFęJQSBTUBSBOJSħQBOBN

˯˽ˤ˴ࣅΟ˵˦˚ ˜˴˞ˠ˴˦ˋˍˋ˦́ ˯˽ˤ˴ࣅΟː˴ˠ́ˠ
ˤ́ࡋڌ˴˨˫˫ʸˬ˫˴˵˦ࣉ˝ˬˬ˶ ˝ˤϸˋ˦̶˴�
ˤ࣊˙ʹ̚ ˴˚˷ˮ˒˴˦˴٦˫ࣆ �˴˨˽ˬ˭ࣆ˽ϳ٥˫ࣆ˚ࣆʸ˫˦ˠ˥ࡈ
ʹ˞ࣄˬ ˥˷ؑ،˽ʹ ˠ˦ˤ˴˫ࣉ˝ʹ ˚ࣆ˥˒
˥́ ˽˨ןˤ˴˦ݽ߼˫ࣆ ̚̚ ˋ˷˫ϳڗЀ
ˤࣅ˯˭࣬ˋ˷˨Ζˤˍ˚Ѐ Ѐࡆ˚ ˫˹˭ʸ ˚˴ϊˬʸ
˞˾٦˴ࠐ˞ࣄ ˤ˒˴ˤ˷˦˴ˍˮ˦ ˮ˴ؖڦࣇʸ ˮˤ˷޾˴ˮ˥ͫ̚
̊˷٣ˍϊࢧ˦˚ࣆˠ˴߹ݾ˚ࣆ �˙˭˸ˣ́ˬ٦ݿ࠼࣒˝ࣉ˞ࣄ
ϳ˚ࣆˍϋ˒ϳ˚˞ڤ˞࠼˦˞ࣄ˚ࣆ˴ߢ˦ˍ˴ࡆ
˥ؑ˸˫ϳ˒˴ˣ˴ ˋ˴ˤ˴ͯ ˮ˴˝ࣆ˥˚˷ʸ ˮ˚Ѐ
ʹ˶˝˙˷ˠ˞ࣄ ˮ́˥ʸ ˮ˷˦˽́ۏˠˤʹ Ψ˶ˤ˴ͯ
ˍ́ˠ˥ܕ˚ࣆˣ˸ˠ˵˦˫˹˘́ࡋˤ˴ڮ˥Θ˴ˤ˙˶ʹ̚
ˮ˶ˤ˴˞ࣆ˥ڦ˚ ΢࣊ˮ࣎٠ˍ˙˞Ѐ
ˠ˴˚˴˨ˤ˽ϋ� ڥˤ˴ˋ˴ˤ˷ˋˢ˯ϳˢ˴ߺ˚ࣆ࠽ࣔ
࣊ˬ˦ ˮ́˫˴ˤ˴ӂ˒˴˞˽ࣆ˷࠼˚�̚̚
Ѐ˞˴˥ؖسˬ˴ΝˠՑࣆ ˤڌ˽ ˢ˷ډ˾ˋ ˨̶࣊˚˴ʹ̚

́˦࠼ ˤ˽ϋ߱ ˠ˴˚˴˨ߢ̂ڌ˨˴࠼˽ˋ ˯˽˚˫ʹ̚
˷࠼˴ࠋˬ࣊ ˋ˽˫˨y ࣊ˮ޷߽ࣖ˴٠ ˤ˴Ν ΢˥́˒˞˴ʹ̚
࣊˽˜ϳˍ˴ݾ˚ ˬ˚˴˨˽˭˷ ΢ؖ˽ˋy ˠ˵˦ࠌࣇ˞ࣄ˚˴ʹ
̚ ΢࠼˴˦ˤ˽ϋˠ˴˚˴˨΢ࣅΖ˥́ˠΖˤ˽˙ ˮ˴ʹ̚
ˮʸ҃˴࠼˜Ӏ˫̸і˴˛ϳˤ˥ ˤ٦ ˤˤ́٦ˤʹ̚
˚ࣆ˴˙˹࠼ ̚ʹˋԏ˴˜˞˴˛ϳ΢˫˴ː˞˴ڢࡋ˷˚˴˝
˦˴࠼΢ڢˠ˸˫Ђ٠࣎س˴࠼˚ ʹݍˬ ˠ˛Ѐ ˍ˚ʹ̚
˚ࣆ́˞ڢˤ˴Ν˴˚ˣˮ࠽˕˸ˋ ˮ˫ϳ Ο˷̊ ̚ʹ˝ࣉ˫˴
ʼؕ˶˥ˋ˴˦˙˴ˋ˴˦Ց˴ؕࣄ˞ԏ˴˜˥ؖ˥ʸ̚
ˤ˴ˬ˽ݍ˽˞ ́Ԗ˚˽ ˤ˴˞ˤ˶ˬݍ˽˞ ̚˴˚ːΝࣉ˫ࣆ
ϋˬݍ˽˞ ˫ˮʸˬࣅ˦˴࠼س࠼ݍ˯ ˜˴ ̚ʹ˽˚ˤࣆ
ˮΟ˷̊ ˴٦Ο˷̊ ̚ʹ˞ݍˬΝ˴˙˽ثːࣉ˾˫ؘ˜ࣅ˴ ʻࣆ˶࠼˚
΢ؖ˥ݾ˥́ࡋ˽ϋˬݍ˽˞ ˋٓ˚˽̚

ˠ˴˚˴˯Ђ ʻࣆ˫ˠ˴˚˴ʹ ˽࠼˷ࡆ ˤ˶˜˨ˍˠ˴ ˦˯̚
ʼ˨ڢ˥ࢨ ʽࣆ˚ ΢́нʹ ˠ˴˚˴˨́˗ ʿ˙˴ࣅ˜˒˽̚
ʻ˛˫˴ࡓ˞˨˞ʸ ˠ˴˚́ Ο˷˽̊ ˴˜˶˞Ѐ ˚˜˽˭ ̚˯ࣅ
ʼ˨˴˞˴˚˶ࣆ˚ ˠ˴˚˴˨́ ˽ˋ˜ࣅ˴˙̂ࡒ˽˗ ˠ˦˽̚
ʽ؍ʸ ˤ˚˴ ˯˞˷ˤ˚́࠼˴˦˴˜˶˞Ѐ ̚ʹ˥ϋн˞ࣄ
ʻ˛Ν˥˴˙˴ˤ˽˚˽˭Ѐ ʼˋ˴˦y ̚˽˯ˤ˴˦˯˴ߢ
ˀڎϳ΢࠼˴˦ ͫ̚˽ˌ˨ࣈ́˥ˤ޷˦́˦Ϙ˴࠽˕˸ˋ
ˬ˽˭ʸ ˥˛́ˠ˵˦΢˴˥́ڬ˸˞˽˫˴ˤˍ˚˴˞˷ ϋͯ̚
ˮʸˣ˫˽ ˮʸˣ˫˽ؘ޷Ѐ࠼˴˦΢ؖ˽˚˚́ࣈ˨ˌ˽ͫ̚
y˕ࡂ˷ �ߢн́˥س˫˴˚ ˠ˷˞ʹˠ˷˞˦˥ʸ
̚ʹ˝ࣉ˫ࣆ ˮ˫ϳΟ˷̊ ͫ˫Ђ˥˝ࣉ˫˴ ΢࠼˴˦ʹ
ˠ˵˦ࠌࣇ˞ࣄ˚ʹ̚ ˨ˎ́ˍ˷ϳ˦̂ ̊˷ܚ ̂ ˽нߢ˽˚
ˮˤ࠼˽ ː ˮˤؖ˥̂̚ ΢࠼˴˦ˣࣇӂϋࣅ˜˚˴
̚˯ࣅ࠼࣒˽˚˹˫˽нߢ˷˚˞ ʽࣆ˚ ΢࠼˴˦ʹ̛
˅ˋ٦˴Ӏ̂ ̂˜˴҃˨ࣈ˫ࣆ ʼ˞˷ˠ˸ߢЂ˜˝࠼˞˾ʹ̚
̚ʹˤڢӀ˾ˎϳ˕˥˽˜Ӏˤ࣎˴ࠌ˭ϳ˥˷˚˥˶˚٥ࣉ

˷˚˽ˣ˴˨˴ࠌ˥ࢧ˦˷˚ ˋ˷˥Ђࣄ˚ࣆس˞˝˶ ˚˥́ʹ̚
˚˹˚˶˥ˠՑˤ˴Ӏ̂ࣅ˯ Ζˤ˴˜Ҕ˽ ˤ˦ڤ˹ˬ ʹ̚ ˥́ˍʸ
˽ˌ˨ࣈ ˜̶࣊˙ ˫˽ؘ˴࠽ ˤӀ˴ ͫ̚˽˫ˣϳ˨ࣈ˫
ˮ˽˥ʸ ˫˴࣓Ւ˚˚˴ˋ˴࠽ʸ Ο˷̊ ˮʸ҃˴Ӏ ̚ʹ˝ࣉ˫ࣆ˴ˋ
Ο˷̊ ́ ̊˷Οࡋ˷ˎ˨ ́ ˨ˎ˷ ˍ˷ϋࡋ Ο˷̊ ́ ˍ˷ϋʹ̚
̊˷ܚ ʹ ̊˷ܚ ʹ ˮΟ˷̊ ߱˽˜˽̀ ˾ ˋ Ο˷̊ ̚ʹ˾˚ϳ˝ࣉ˫
ˮʸ҃˴˥ڢ˽ ˚˴˨ˣ˽˜˴ʹ Ζˤ˴˜Ӏ˾ �˾˚࠽ࣔ˯˦˵̚̚
˅˭Ѐ ˯ࣅ ˥́ˍ˴˜Ӏ˴˞Ѐ ࣊ˮ́ۅ٠́Ӏ́࠼˚޲˷˚˾�̚
ˮʸ҃˴˥ڢ˽ Ζˤ˴٣˽˜˴ ˥˚́˜˨ˍ ˠ˴ڢˋ˴ʹ̚
ʻ˚ࡋʸ҃˽˥ˤ˷н˴ ˮ˴˫ࣅˠˤ˽ϋʹ ˋˠ˽ʹ ˤ˚˴ͫ̚
ʽࣆ˚ ˮʸ҃˴ˠ̶˴ڢ˦࣊ˮ٠́ ˤ˽ϋ߱̚̚
˶߱˦ڢӘ࣎ࣇؑ˽ˌ˨ࣈ ̊˷Ο˨˴˚ࠋˤࣆ˴˞ ̚ʹ˾˚ːࣉ́
ϳнЀ˷˥ࠌ˽́ˋ ˚˚߱˾ˋЀ ˠ˦Ѐ ̚ʹ˴˚ϳ˒࣊˫˞ࠌ́ˋ

��



˚˚߱ ́ݫˠ˸˫Ђࡈࡈ ʹ˴˚˞ࣄ˴ࠌ́ˋ˜ࣅ˜ࣅ ˠ˦˴ʹ̚
ʻ˛˴Ӏ ЂˮЀ˫ࡋˍ́˥ ˠӘࢨ ˞˴ˤ˴٦ ̚ʹ́˥ࠌ́ˋ
٥́˥٥ϳ˥́࠼˷ ̀˽˜˽ˌ˨ࣈ˫ࣆ ˴Ӏ˴ˤࣆ˫ˬ˽˭˚ʹ̚ ʻ˛́
̂˜˴˥˶˚˹࠼˝ࣉ˫ࣆ ࠌ˽́ˋ ˽ˤ˭˫ࣆ˷˚ ͫ̚˽ˌ˨ࣈ ˮʸ҃˴
Ӏ˫ࣄ˚ࣆس˞˥˚˴ ˤࣅ˴ۅ˜ː˚˷Ͷ˥˷ϳ˚ˤʸ̚ ˮˤ˽ ࠋ́ˋ
ʿˠ˴ࣅ˴ڢ˜ ˛Ν˥́ˍˤࣆ ̚˷˭˛ࣈ˶˫ ˠ˦˴ˮ˸нy ː˚˷˥Їˍʸ
ˬ˽˭ˋ́ ˷˭ࠌ˽ ͫ̚˽˯ϳ˫˞ࣄ Ν́˥˽࠽˴˞ ΢ࣉ˞ࣄ˚ࣆ˝˦Ӏ
̚ʹ́˥ࠌ˭ϳ˥˷࠼́˥ ʹЂڎ˸ˮ˴࠼˴ˮˍϳ࣊ˮ٠˞ࣄ
ˠӘ˥ʹ ΢˷ڢ࣎˦ࡂ ˮ˴ʹ̚=��? ˽ڌګ˚
ˮˤˋ́˽ڢ́˒࠼˝˴ۅ˽˞˴࠽ۅࠌˋʹ̚ ́˥˽˝˫ࣆ
˛ ˚˷ ˚˾˦Ӏ˾ʹ ˣ˽˜ˮʸ҃˴ ΢࣊ˮࣆٵ˚̛ ʻӀ˽
ϳˠӀ̂ڎό˾˚࠽ࣔ ʹ˝ˤ˴˥˴ˤ˭˫ࣆ Ζˤ˴ͫ̚
˅ˋΟ˷̊ ˤ˭˫ࣆ˜ࣅ˴ ˮʸ҃˴ ˣ˸˚ࣉˣ˜˴˥˷˚˴ʹ̚
ˮ˫ϳ Ο˷̊ ˴ڢ˴ ˣ˴˥Ѐࡋ˾Ӏ˽ڢݿˍ ˠ˷˞ࣔ࠽˚˾ʹ̚
ʻΟ˷̊ ̊˷٥Οࣉ˴٦˴ ˜ࣅ˴ ˮˤˮʸ҃Ο˷̊ ̚ʹ˴˜ˣࣉ˴
ˮ˫ϳΟ˷̊ ˴ڢ˴ ˽ڢݿˍ ˦ː˞˴΢˴Ԗˤ˽ϋ˫ͫ̚
٦˴ڦࡅ࣒ˋ˾ˋ˅ ࠌ˽́ˋ ˚˴ˮ˴ˤ˽ˋ˴Ӏˤ˴ࣈ˨ˌ˽ͫ̚

ʻ˝ʹ ˠӘ˽ ࠌ˭ϳ˥˷˚ڬ˦ ˥́ˍʸ ΢˥́˒˥˽ͫ̚
ˬ˽˭ ˴ڬ˴˛ࠗࠌ˽́ˋ ˮ˴ˤ˷ˠ˴ࣉ˴˞࠼˝˴ۅ˝ˋʹ̚
ʸˍ́˥ڦࣇ˞˅ ˬ˽˭˽˭˷ ˷˭ࠌ˽́ˋ ͫ̚˽˥˒́˥˞ࣄ˫ࣆ ˯˴˞˴˜˴˞˽
΢ࣄ˚ࣆ˞˝˽ Ν˴ࣅˠ Ο˷̊ ˤ˽ϋ˫ͫ̚ˀڎϳˠࣇӘࠌ́ˋ࠽˴ˋ˾
ݫ˦ˬ ˨ˎ˷˫࣊˒ϳ˚ʹ̚ ˴˜ˣࣉ˴˨ڈ˹ٟ́˦،́ˋ˽ˎ˴ˋ˅
ˮ˫ϳˋ˴ڢˋʹ̚ ˠʸ҃˴ː˝ࣉ˴࠽˴˥˽̷˫ࣆ ˮ˫ЂӀ˴˞Ѐ
ˮˤ˴˞˥˴ͫ̚ ʽࣆ˚ ˨ˎ˷ˤ˽ϋʹ̚̚ ˍ˷ϋ ˤ˽˦˴˫˝ʹ
ˠӘ˽ ό˞˴ˋ́˾ࣆ࠽ࣔࠌ˚ʹˠ˦˴̚ ˠ˦˴߱˚˷˦ː˚˷ʹ
́ࠌ́ˋ ̚ʹˋӘࣇ΢˴Ԗˠࡈࡈ˴˞ ˮ˫ϳˠӐ˴٦˴٦
˴ࠌ́ˋ ˮ˽ ˋ˾ˋ˴Ӏ˽˞ ˤ˷ࣅΟ˚˴ʹ̚ ́ࠌ́ˋ
ʹ˝́˥˶˚٥ࣉ ˠӀ˽ʹ ˥Ӏ˫˴Ց˽˭Ѐ ʹ˴ˋࠌ́ˋ
=��? ʻΝ˴˯ ˣˍ˫˴ڦ˽ϋࣆ˫˭˥˽ ؘՙ˞˴ˮ˷˚ʹ̚
̊˷ϋˮΟ˽ګ˴ࡆ ˴˥Ο˷̊ ˴٦Ο˷̊ ˚ࣆࡓ࣌˜ࣅ˴ �˚ࣆˤࣆ˴˜ˣࣉ̚
̊˷ܚڢ˦˷˞˝ڢ˴ˠ˷Ӂڢې˫ࣆ˴٥˥ ̚ʹ˴ˋڢ˴

ˮʸ҃˴˥ڢ˽ ˥Ν ˣ˽˜˴ࡋ˴ˮʸ˦ߢ˴ ˤ˽ˋόˠˮ̂̚
ʽࣆ˚ �˷˚˯˴˝٥ࣉ ˤ˽ϋ ˨Ѩ˴˫˚˦ ˋyˢ˨̂̚
ʿˣ˥́ʹ ˠ̶˥́ ˮ˷޼ʸ ˡ˨y ˣ˽˜ࣆ˫˫˽ː˞ʹ̚
ʽؖΝ ˯˞˷ˤӦڬ˽ ˤ˽ϋϋߺٟࣄ ˠ̶˥́ʹ̚
ʻ࣎ڢˤ ˠ̶ˤ˴࣊Ψؖ ˤ˽ϋ˦Ν́Ԗ˚˽ ˤ˥˴̚
΢ؖ˽ˋݾ˴ˍϳ ˚˴˞˽˭˷ ˜˽࣊ ˬ˚˴˨˽˭˷ː Ζˤ˴ͫ̚
΢࠼˴˦ ˤ˽ϋˠ˴˚˴˨ࣄ˞˙ϳ˥ ̚˽˚˥˶˞ڦ˽߱ Ѐ˥ࠌ́ˍ˴˜˚
ЀؖࠓϘ˫ࣆ ˫˽˜˽ݿ˴˚ ˯ࣅ ͫ̚˫ࣆ˨˴˚ ʻˤ˷ʸ
˴ϳ˥ˤ˙˞ࣄ ˦҃˴˚ ˤ˞˷˚˴˨y ˤ˷˞˶߼˦˴ʹ̚ ˜ࣅ˴˨˾ˬ
ӂϳ˴ˬ޼ן࣏˴ˬˠࣅˋ ٦˴ ʻࣅˠ ̚ʹ˙ࡓ࣌˴ˬ
ˋˤ˞˶˭˴ ˯ˤࣆ˴ˬϊ˴ݾ˴˞˴ːݺˋ ˋ˴ ˋ˛˴̚
ˠࣅ˴˛˚ ࢩˋ˞˴˒ ˒˴˞˽ ̚ʹ˯˜˴˯ϊˬ˴˞˷Θ˴࠼
ʻࣉ˝ˋ˹ؖ˴˞˷ˠ˸ߢϸ˙ ˚˴˨˴˞˷Ζˤ˙˶ࣆˤ˯̚
ˤ˽ϋ˦˴࠼˜ࣅ˴࠽˕˸ˋ ˠ˴˚˴˨Ѐ ̚ʹ˴ˋ˝ࣉ˴ˮ˨ࣈ˴ˋ
ʸ˚ࣆ˷࠼ˋ˝ࣉ˴߼ˌ࣌ ˫ѩ˽ ˠ˜�˽ ˋ˖ˠ˥˴ؕࣉˣʹ̚
ʻ˚́ ˣ˽˜͕˯́࠼ࠋٟࣄˠ˦˽ ́˛˚ࣆ˫˴˥ ˣ˫ͫ̚
˚ؑ˸˫Ђˠ˦ ˮʸ˦ڹ˴˞˷˫ˍϳˮʸ҃˽˫ ˋٓ˚˽̚

˅ˋˤ˴Ν˴ؕˋ˽ ˚˴˨˽ ˽ˋϳˤ˴Ν˝ڌ˴˛˚ ̚
ˠ˜˾́ ˮʸ҃˴Ӏˮʸ࣊ˮ࣎٠ʸ ˠՑࣉˣʹ ΢ࣆ˚ˠ˴˜˥˽ͫ̚
ˠ˜ʸ ΢࠼˴˦ˤ˴Ν˴٦ʸ ̊˷Ο˥˶˚٥ࣉ ˤ˽ϋˋʹ̚
˚˹˚˶˥ʸ˨ˎ˷ˤ˽ϋy Ϙ˚ˠ˴˚˴˨y˚˷ ˦˴˥ˋʹ̚ ˠՑˤʸ
˨ˎ˷ ˠ˴˚˴˨y ˷ڢӀ˷˫ϳ˴˜˫ࣆ ،˫ࣆ ˍ˴ʹ̚ ˚˴˨˽
˽٥ˤ˴Νࣉ ͯࡅ࣒ܙˍ ˮ˴˝ϸӀ˽ ˮؑࣉˣʹ ˠ˜˾́ ̚
Ν˶࣊˙ ΢˴Қܙ˴˯˜ࣅ˴˜̂ ˠ˜ʸ ˚˷˥Ђӂ ˤ˽ϋˋʹ̚
ˠՑˤʸ Ο˷̊ ˠ˴˚˴˨y ˨һ˴˚ʸ ˚˷ ̚ʹˋࠌ˭
ˮܒˤʸ ˍ˷ϋ ˠ˴˚˴˨y ̚ʹ˚ϳˠ࣊߱˫ࣆ˷˥˶˞˴˒˫ࣆ ʻ˚ʹ
ˠ˦y ˚˷ ˥˽ ʸ˚ࣆࡓ࣌˴٦˴ˤ˴Νࡓ࣌˴˨˴˚ ˍ˚˴ʹ̚
˚˽˭Ѐ ˜ࣅ˴˦˴࠼ ˮʸ҃˴ˋ˴ͯ ˣ˴˫˥˽ࣉ˫ڦˣʹ
ˠ˜˾́ ̚ ˠ˜ˤ˴ࣆ٦ˤ˯ۏ˦˴࠼˷̊ ˤ˽ϋ٥ࣉ˚˶˥ˋʹ̚
˨ˎ˷ˤ˽ˋ˚˹˚˶˥ʸ ː ˍ˷ϋˤ˽ϋ ː˚˷˛ϳˋʹ̚ ̊˷ܚ ˤ˽˦y
ˠՑ ˜ˠ˴˚˴˨y ˚˷ y̚ˋࠌ˭
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˨ˠ˴˚˴˨ ˮܒˤʸː ˍˠ˴˚˴˨y ̚ʹˤࠋ˴˛˚ ̊˷ܚ ˠ˴˚˴˨ˋˤࣅˠ ˞˫ˤʸ ˣ˴˫˥˽ؓ˷˝ʹ̚ ˽ڢ˴ˋ́߻˥˶˞ˮ˒ϳ˫ࣆ
˚˜˝ϸ Ν˥࠼࣒˴˫ ̚˯ࣅ ˞ˠ˹˛с˚˴˚ࡆ ˬ�˜ϳˠڎ˸ڢˋࣅ ˽˭˚˴̚ ʹݫ˽н˷˥˞ࣄ˫ࣆ˜ࣅ˴˦˴࠼ ˠ˜˽́ݫ
̚˽˚ࠔˬ࣊˷࠼˥ ˴҃˴˨˴˚Ν࠼ˬЀˋ́߻ ˤ˴Ν˴ͫ ˮˤˣ˥˽̚ ́ˬЀˋ́߻ ˥٦ˠ˥Ђؑ߱ݫ˽ˋ́߻˴Ν ˢڌ˚˽̚
˚˴˨ˤ˴Ν˴ר˫˷࠼ϳڢ˽ ˚˴ϊߺ˴ ˣ˸˚ˮʸ˦ߢ˥˴̚ ːͫࣉˋʹݹ˴˞˨˴˚ ʹϳ˚ࣆࡂ˸ ˠ˜ ˣӂࡆ ˤ˷Ο˥˴̚ ː˚˷˦߶ʸ
߶ˤࣆ߶ث ˣ˽˜˴˞˴ˤˮ˚˴ˤࣅˠ̚ ʻݫ˷ˠ˽ؖ˾˫ ϊߺ˽˭˷ ˚،˜˴˥̶˦˴Ӏ˞ʹ̚٦˴˞˴࠼н˷ ˫˝̂ ˚˯ࣅ˫ڀ˚
шࣉːͫ̚ ʿн ˣ˽˜Ν˥˴Ӏ˴̶˦˴Ӏ́ ˥Ν ˞ ϊߺ˚˽̚ ˚˽ ˴˨˴˚ןˌ ʽؖ˽˫ ΢ؖ˽˚ߢ˴� ˠ˦̶ࢧˋ˾�̚
ࡆˋ˾ࡆ˨˴˚ ˥ʹ ΢ࣅ˴˦˴࠼˜΢˫˴Ϙˋ˾�̚ ˮ˅˫ ˨ˤ˴Ν˽ࠗ˫ˮ˽˥́ࣆ˚˜˽ˬ ˚ʹ̚ ˚˴˨˴˞Ѐ ˤ˴Ν˴˙Ѐ޼˷˚
ʻࣆ˚˜˽ˬ ˽ ˮˤ˴ˍ˚˽̚ ʿٟ˽ˬ Ζˤˣӂ́Ν ˚ࣆ˥ࣆ˭́˜˞ ˤڬ˚˴ʹ̚ ˫ϳ˞˷ࡆ˫˞ ˠՑ˴̂ࠋ Ζˤ˴׽˕ˠ˥˴˜�˞ʹ̚
˫˙ϳ٥ؘࣉ˽ ؘ˝́˫˙ϴ Θ˴͇٦ʸ ϟڜ̂ڬ˞̂ ˤ˚̂̚ ˷࠼˥˜˴˥ ˋˋ˴˦˽˙ ˥˷н˴ ̚˴˦ڢ˴˚ˤࣆ˫˞ ϟڬ
ʸؘ˥ࣆ˴˝ˣࣉ˴˞˴࠽ ˠࣅ٦˥ Է́ࣆ˚˭˽ ؘː˴ʹ̚ Ѐ˭˽ܙ˴˛˚ ˠ˜˴٦˴˞Ѐ ʻΝ˴˨Ӏ˴˦ˤΝ˚˴̚ Ϙ˫˙ϳˤ˷˫˙ϴࡆ
ː ˯˨ˠ˹нy ϟڬ˫˴ːˋʹ̚˯˴˨́˫˙Ђ˞˷ˢϳࡆڥ ˠ˴˦˚۹˴˜ˤ˛ϳ˚˴̚˒˽˞˽ۏϊࠋЀ ˫ѩ˽˛ ˮʸ҃˴Ӏ࠽˴˞
ˠࣆ٠˚ʹ̚
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��� .ÁHBEFęJQSBTUBSBOJSħQBOBN

*OEJBO DMBTTJDBM NVTJD JT NBUIFNBUJDT JO EJTHVJTF�5IF TPPUIJOH NFMPEJFT BSF TUSBUBHJD

PSDIBTUSBUJPOT XJUI ѐOF ёBWPVST PG BSUJTUJD FYQMPSBUJPO XJUIJO UIF MPHJDBM GSBNFXPSL� *UT

PSJHJOBMJUZ BOE QSPGPVOEOFTT DBO CF BUUSJCVUFE UP UIF JOUFOTF NBUIFNBUJDBM SJHPS JO FYQMPSJOH

UIF NFMPEZ BOE SIZUIN EZOBNJDT � ɩ5IF 3BHB BOE 5BMB TZTUFNɩ�5IJT JT B WFSZ EJTUJODUJWF

TZTUFN
 GFBUVSFE FYDMVTJWFMZ JO UIF *OEJBO BFTUIFUJDT EPNBJO� #PUI SÁHBT BOE UÁMBT IBWF

CFFO FYQMPSFE TJHOJѐDBOUMZ JO UIF FZF PG NBUIFNBUJDT BOE TZNQIPOJFT� 5IF &BSMJFTU USFBUJTFT

UIBU BEESFTT UIF NBUUFS PG QSPTPEZ CZ NFBOT PG DPNCJOBUPSJBM UPPMT DBMMFE QSBUZBZBT BSF

1JOHBMBɦT $IBOEBT�TIBTUSB	���#$
 BOE #IBSBUBɦT /BUZB TIBTUSB	���#$
� 5IF JOHFOVJUZ PG

UIFTF UIFPSJTUT JT SFёFDUFE JO UIFJS BCJMJUZ UP�

�&YQSFTT DPNQMFY QSJODJQMFT DPODJTFMZ XIJMF NBJOUBJOJOH DMBSJUZ BOE QSFDJTJPO�

�%FWFMPQ B DPNQBDU UBCVMBUJPO NFUIPET GPS TZTUFNBUJD PSHBOJ[BUJPO�

�4JNQMJGZ JOUSJDBUF GPSNVMBUJPOT JOUP CBTJD BSJUINFUJD PQFSBUJPOT GPS FBTF PG DPNQVUBUJPO�

�*MMVTUSBUF UIF QSBDUJDBM SFMFWBODF PG UIFTF UIFPSFUJDBM DPOTUSVDUT JO PSEFS UP NBLF UIFN B MPU

FBTJFS�<",>

$IBOEBǠ ĘÁTUSB XBT B QBSU PG UIF 7FEJD MFBSOJOH BOE QMBZFE B DSVDJBM SPMF JO QSFTFSWJOH

WBSJPVT LJOET PG NFUSJD BMMJUFSBUJPOT� 5IJT ęÁTUSB EFѐOFT B TZTUFN CBTFE PO TIPSU BOE MPOH

TZMMBCMFT 	MBHIV BOE HVSV
 UP FOVNFSBUF BMM QPTTJCMF SIZUINJD BSSBOHFNFOUT PG XPSET PWFS

UJNF�5IJT JT FTTFOUJBMMZ B GPSN PG CJOBSZ OPUBUJPO
 BLJO UP SFQSFTFOUJOH WBMVFT BT USVF PS GBMTF
 PS

� BOE �� "NCJLÁ ,VMLBSȉJ OPUFT UIBU UIF *OEJBO EJTDPWFSZ PG UIF CJOBSZ OVNCFS TZTUFN MBSHFMZ

XFOU VOOPUJDFE CZ 8FTUFSO TDIPMBST
 MJLFMZ CFDBVTF $IBOEBǠ ĘÁTUSB XBT QSJNBSJMZ SFHBSEFE BT

B USFBUJTF PO QPFUJD NFUFS SBUIFS UIBO B NBUIFNBUJDBM UFYU� <$,>

1JȇHBMB JOUSPEVDFT B DPODFQU DBMMFE QSBUZBZBT 	TJY JO OVNCFS

 JO XIJDI UIF NFUSJDBM FMFNFOUT

BSF FYQMPSFE� )F QSPWJEFT TħUSBT UIBU NBUIFNBUJDBMMZ GPSNVMBUF QSBTUÁSB
 OÁǸǺB
 VEEJǸǺB


TÁǮLIZÁ
 BEIWBZPHB
 BOE FLB�EWJ 	MBHIV�HVSV
 LSJZÁ�T� $SPTT�EJTDJQMJOBSZ FYDIBOHF PG JEFBT

JT OPU UIBU VODPNNPO JO UIF *OEJBO JOUFMMFDUVBM USBEJUJPO
 BT MJUFSBSZ TUVEJFT
 BFTUIFUJDT
 BOE

NBUIFNBUJDT XFSF OPU FTTFOUJBMMZ USFBUFE BT EJTUJODU JOEJWJEVBM EPNBJOT� 5IFSFGPSF
 UIFSF FYJTUT

B DFSUBJO QPTTJCJMJUZ UIBU UIF QSBUZBZB USFBUNFOU JO NVTJD XBT CPSSPXFE GSPN HSBNNBUJDBM

DPOTUSVDUT <",��>�

��



5ÁMB�QSBTUÁSB JT POF TVDI DPODFQU UIBU IBT CFFO FYUFOTJWFMZ TUVEJFE CZ BODJFOU NVTJDPMPHJTUT�

*U FYQMPSFT UIF FYQBOTJPO PG B QSPUPUZQF NFUSJDBM TUSVDUVSF JOUP FWFSZ QPTTJCMF WBSJBUJPO

BDDPSEJOH UP QSJODJQMFT PG QFSNVUBUJPO� 5IPVHI UIF DPODFQU BOE UIF JEFB SFNBJO BMNPTU

UIF TBNF
 EJяFSFOU BVUIPST IBWF EFBMU XJUI BOE FYQMBJOFE UIFN JO WBSJFE XBZT� %VF UP UIF

VOEFSMZJOH BSJUINFUJD SJHPS BOE DPOTUSVDUJPO PG UBCMFT JO QSBTUÁSBT
 NFSF WFSTFT DBO MFBE UP

NJTVOEFSTUBOEJOHT� " NJOPS NJTQMBDFNFOU PS BO FSSPS JO UIF EJSFDUJPOBM BSSBOHFNFOU PG UIF

UBCMF DBO MFBE UP TJHOJѐDBOUMZ EJяFSFOU SFTVMUT�4ÁSȇHBEFWBɿT 4BǮHëUB 3BUOÁLBSB JT POF TVDI

HFN UIBU IBT EPDVNFOUFE WFSTFT BMPOH XJUI ѐHVSFT QFSUBJOJOH UP UIF QSBTUÁSB DPODFQU� 6QPO

JOJUJBM FYBNJOBUJPO
 5JQQBɿT WFSTFT JO UIJT TFDUJPO NBZ TFFN TPNFXIBU QFSQMFYJOH�)PXFWFS


XJUI UIF IFMQ PG UIF 3BUOÁLBSB
POF DBO DPODMVEF UIBU 5JQQB IBT FяFDUJWFMZ TVNNBSJ[FE NPTU

PG UIF DPOUFOU QSFTFOUFE JO JU� 5IF ѐHVSFT PG UIF 3BUOÁLBSB BOE B GFX SFDFOU TUVEJFT CZ

"LFMMB .BMMJLBSKVOB 4IBSNB JO UIF UÁMB�QSBTUÁSB NFUIPEPMPHZ IBWF CFFO JNNFOTFMZ IFMQGVM JO

VOEFSTUBOEJOH 5JQQBɿT WFSTFT�

#FGPSF TUFQQJOH JOUP UIF WBTU TFB PG JEFBT BOE UFSNJOPMPHJFT
 IFSF JT B HJTU PG FTTFOUJBM

DPODFQUT UIBU XJMM BJE JO GVSUIFS VOEFSTUBOEJOH�$POTJEFS B QFSNVUBUJPO PG GPVS FMFNFOUT 	BǮHBT


	JO VOJU UJNF�NÁUSB


ʆ < 	%SVUB
 � � VOJU

ʆ > 	-BHIV
 � � VOJUT

ʆ 1 	(VSV
 � � VOJUT

ʆ ? 	1MVUB
 � � VOJUT

(JWFO B UPUBM NÁUSBT 9
 UIF PCKFDUJWF JT UP EFUFSNJOF BMM QPTTJCMF PSEFSFE BSSBOHFNFOUT

	QFSNVUBUJPOT
 PG UIFTF FMFNFOUT TVDI UIBU UIFJS DVNVMBUJWF TVN SFNBJOT DPOTUBOU 9�

.BUIFNBUJDBMMZ
 UIJT DBO CF GPSNVMBUFE BT�

@1< + @2> + @31 + @4? = 9, 	���


XIFSF

@) ∈ Z≥0,
4∑
)=1

@) ≥ 1, ) ∈ {1, 2, 3, 4}. 	���


��



)FSF
 @) SFQSFTFOUT UIF DPVOU PG FBDI SFTQFDUJWF BǮHB JO B HJWFO TFRVFODF� 5IF FOVNFSBUJPO PG

BMM WBMJE TFRVFODFT TBUJTGZJOH UIJT FRVBUJPO JT LOPXO BT 1SBTUÁSB�8SJUJOH PVU BMM UIF QPTTJCMF

DPNCJOBUJPOT BT B QZSBNJE JT UIF NFSV� 5IF UPUBM OVNCFS PG QPTTJCMF DPNCJOBUJPOT JT EFOPUFE

CZ TBOLIZB� 5IF UPUBM TVN PG PDDVSSFODFT PG <, >,1, ? BDSPTT BMM DPNCJOBUJPOT JO UIF QSBTUÁSB


	UPUBM SIZUINJD XFJHIU PG UIF TZTUFN
 JT UIF 1ÁUBMB� "T UIF BCPWF QSPDFTT DPOTJEFST GPVS FMFNFOUT

	BǮHBT

 JU JT UFSNFE BT UIF $IBUVSBǮHB 1SBTUÁSB�

5IF VOSFTUSJDUFE FOVNFSBUJPO PG BMM QPTTJCMF QFSNVUBUJPOT PG UIF HJWFO BǮHBTXIJMF NBJOUBJOJOH

UIF TVN DPOEJUJPO JT LOPXO BT "LIBǰǜB 1SBTUÁSB� " SFTUSJDUFE GPSN PG QSBTUÁSB XIFSF DFSUBJO

BǮHBT BSF FJUIFS PNJUUFE FOUJSFMZ PS UIFJS PDDVSSFODFT BSF DPOTUSBJOFE JT DBMMFE,IBǰǜB 1SBTUÁSB�

5IJT UZQF PG QSBTUÁSB JT DBUFHPSJ[FE JOUP UXP GPSNT�

ʆ )ëOB ɻ 1FSNVUBUJPOT BSF HFOFSBUFE XJUIPVU B TQFDJѐD BǮHB�

ʆ :VLUB ɻ " QBSUJDVMBS BǮHB NVTU BQQFBS B TQFDJѐFE OVNCFS PG UJNFT <",��>

5IF QSPDFTT PG QFSNVUBUJPO PG BMM UIF BCPWF EJWJTJPOT JT GVSUIFS DMBTTJѐFE JOUP UXP CBTFE PO UIF

EJSFDUJPOBMJUZ PG BSSBOHJOH UIF QBUUFSOT�

ʆ "OVMPNB 1SBTUÁSB ɻ 5IF QFSNVUBUJPOT BSF HFOFSBUFE JO BO PCWFSTF 	GPSXBSE
 PSEFS�

ʆ 7JMPNB 1SBTUÁSB ɻ 5IF QFSNVUBUJPOT BSF HFOFSBUFE JO B SFWFSTF PSEFS�<",��>

#FZPOE UIF GPVS�FMFNFOUT
 FYQBOEJOH UIF TFU PG SIZUINJD VOJUT UP ѐWF
 TJY
TFWFO MFBET UP NPSF

DPNQMFY DPNCJOBUPSJBM TUSVDUVSFT �1B±DÁǮHB 1SBTUÁSB
 ǷBǜBǮHB 1SBTUÁSB BOE .JęSJUÁǮHB �

4BNZVUÁǮHB 1SBTUÁSBT� 'JHVSF 	���
 QSPWJEFT B QJDUPSJBM SFQSFTFOUBUJPO PG UIF WBSJPVT UZQFT

PG QSBTUÁSBT� DPOTJEFSJOH VOJUT
 FYQSFTTFE JO %SVUB 1FSNVUBUJPO 	%1
� 5IF EJSFDUJPOBM ёPX

PG FOVNFSBUJPO JT JOEJDBUFE CZ UIF HSFZ USJBOHMFT� D
 TIPXT � %SVUB�$POUBJOJOH 1FSNVUBUJPO

SFTUSJDUJPO�0OF UIJOH UP OPUF
 CPUI UIF QSPDFTT BOE UIF PVUDPNF BSF SFGFSSFE UP BT QSBTUÁSBT


KVTU BT JO NBUIFNBUJDT
 XIFSF ʂDPNCJOBUJPOTʂ BOE ʂQFSNVUBUJPOTʂ EFOPUF CPUI UIF NFUIPE

PG BSSBOHFNFOU BOE UIF SFTVMUJOH TFU PG QBUUFSOT�5IF EJSFDUJPOBMJUZ PG DPOTUSVDUJPO
 XIFUIFS

GPSXBSE 	BOVMPNB
 PS CBDLXBSE 	WJMPNB

 NBZ JOJUJBMMZ TFFN BNCJHVPVT
 BT JU EFQFOET PO

UIF SFGFSFODF GSBNFXPSL VTFE GPS FOVNFSBUJPO
 UIJT QSPCMFN XJMM CF UBLFO VQ JO UIF GPMMPXJOH

TFDUJPOT�

��



a)

b)

c)

d)

Fig(3.7): Types of prastāras, n=6DP



����� 1SBTUÁSB
 .FSV
 BOE 1ÁUÁMB

5JQQB TUBUFT UIBU UIF 1SBTUÁSB NFUIPEPMPHZ CFMPOHT UP CPUI UIF .ÁSHB BOE %Fęë�5ÁMB

TZTUFNT 	DMBTTJDBM BOE SFHJPOBM SIZUINJD GSBNFXPSLT
<5%���>� )PXFWFS
 UPXBSET UIF FOE PG

UIF DIBQUFS
 IF OBNFT JU ʂ.ÁSHBUÁMBQSBTUÁSÁEJ /JSħQBȉBNʂ
 XIJDI DPOUSBEJDUT IJT QSFWJPVT

TUBUFNFOU� "EEJUJPOBMMZ
 5IF +PVSOBM PG .BESBT .VTJD "DBEFNZ 	����
 SFGFST UP UIF DIBQUFS

BT .ÁSHBEFęëUÁMBQSBTUÁSÁEJ /JSħQBȉBN� (JWFO UIBU 3BUOÁLBSB QSFTFOUT IJT 1SBTUÁSBT XJUIJO

UIF TFDUJPO PO %Fęë 5ÁMBT
 UIJT EJTDSFQBODZ BEET UP UIF VODFSUBJOUZ SFHBSEJOH UIF DPSSFDU UJUMF�

/FWFSUIFMFTT
 JO DPOUFNQPSBSZ QSBDUJDF
 1SBTUÁSBT BSF QSFEPNJOBOUMZ EJTDVTTFE XJUIJO UIF %Fęë

5ÁMB GSBNFXPSL�

5JQQB CFHJOT IJT FYQPTJUJPO CZ TUBUJOH UIBU UIFSF FYJTU �� QSBUZBZÁT
 XJUI UIF NPTU

JNQPSUBOU BNPOH UIFN CFJOH QSBTUÁSB
 NFSV
 QÁUÁMB BOE TBOLIZB �)F BMTP NFOUJPOT UIBU

TBHFT DPOTJEFS UIF SFNBJOJOH 	ęJǸǺÁǠ
 QSBUZBZBT BT NFSFMZ PSOBNFOUBM PS BSUJTUJD FMFNFOUT

	ęJMQBNÁUSB�QSBZPKBOÁǠ
�5IJT EFWJBUFT GSPN UIF DPODFQU PG �� QSBUZÁZBT UIBU 3BUOÁLBSB CFHJOT

XJUI�

Ρࡰ˯˥˭ԕ˶ y࠿˜ y࠿ړࣸ˺ˎ ˿ʹ˘ࡰˉ˧˯˘˯˞
Ξ˲̆ ˢ˶ό ϵ˧ˌ˺ˢϺˋ˲ϵόˢ˶όʹ ࡺ˘ݎ˲ ˎ̣

ˢ˶όʹ ˭ʸˣ˺ˋˢ˶όࠥ ˊؓΡࡰˉ˥˯ࡰ˘ʹ˿
Ρ˯ˎЂ ˎ˘˲˗Ѕ ˢ˶ό˗Ђ ˶࠿ړࣸ˺࠿˜ ˞˴˙ѵ˴̇ ͛˿

˂ˉ˺˜ࣺ˪˫ࣻ˘˰˥ࣻ˘ Ρيˣ˯ࡰ˯ͮ Σ˲˪ ˶V˛˲˜˯˿˿ >65�����������@

"NPOH UIFTF
 4BǮLIZÁ BOE UIF EJяFSFOU LJOET PG .FSV BSF EJTDVTTFE JO UIF MBUFS TFHNFOUT

PG 5ÁMÁEëQJLÁ
 CVU OPU BMM DPODFQUT BSF BEESFTTFE� 4BǮHëUBSBUOÁLBSB EJSFDUMZ HPFT JOUP UIF

NFUIPEPMPHZ PG DPOTUSVDUJOH UIF 1SBTUÁSB
 XIFSFBT 5JQQB QSPWJEFT UIF FUZNPMPHZ PG 1SBTUÁSB


.FSV
 BOE 1ÁUÁMB�

5JQQBɿT QSFTQFDUJWF


5IF UFSN QSBTUÁSB JT EFSJWFE GSPN UIF SPPU 	EIÁUV
 ˴ࡰ 	TUȍ

 XIJDI TJHOJѐFT ʂUP TQSFBEʂ 	GSPN

TǴǰÁUJ JUJ TUǴ
� 5IJT SPPU DPOWFZT UIF OPUJPO PG FYUFOEJOH PS FYQBOEJOH
 XIJDI JO UIF DPOUFYU PG

QSBTUÁSB
 SFGFST UP UIF TZTUFNBUJD FOVNFSBUJPO BOE PSHBOJ[BUJPO PG BMM QPTTJCMF DPNCJOBUJPOT PS

QBUUFSOT�5IF QSFѐY QSB� 	Ρ
 VQBMBLǸBǰB�QSBUZBZBǠ
 BEET UIF TFOTF PG TFRVFOUJBM BSSBOHFNFOU


JOEJDBUJOH UIBU QSBTUÁSB JOWPMWFT UIF TUSVDUVSFE VOGPMEJOH PG SIZUINJD DPNCJOBUJPOT JO B

NFUIPEJDBM NBOOFS�

��



1SBTUÁSB JT OPU NFSFMZ BO BDU PG FYQBOTJPO CVU BMTP FODPNQBTTFT UIF DPODFQU PG DIÁEBOBN

	DPWFSJOH
� 8IFO BO PCKFDU JT QMBDFE PO B TVSGBDF
 JU JT VOEFSTUPPE UP DPWFS PS DPODFBM

UIF QSFFYJTUJOH TQBDF� 5IVT
 BT UIF QSBTUÁSB FYQBOET
 JU NFUBQIPSJDBMMZ DPWFST PS FOWFMPQT


TZNCPMJ[JOH B EVBM QSPDFTT PG VOGPMEJOH BOE FODPNQBTTJOH�

5IF CPVOEBSJFT PG QSBTUÁSB BSF EFMJOFBUFE CZ TQFDJѐD MJNJUT� 5IF FOVNFSBUJPO DPNNFODFT BU

LVǸǺB 	UIF ѐYFE VOJU BU UIF UPQ

 XIJDI SFQSFTFOUT B GPVOEBUJPOBM TUBSUJOH QPJOU
 BOE QSPHSFTTFT

UP UIF TBSWB ESVUÁ 	BMM ESVUÁ DPNCJOBUJPOT

 TVDI BT ʂ%%%%ʂ GPS 9 = 4� *O UIJT GSBNFXPSL


ʂ%ʂ PG VOJU WBMVF � JT DPOTJEFSFE UIF CBTJD VOJU
 XIJDI EPFT OPU TJNQMJGZ JOUP TNBMMFS FMFNFOUT�

"U UIF ѐSTU HMBODF
 CPUI TBSWB ESVUÁ BOE LVǸǺB BQQFBS UP CF ѐYFE FMFNFOUT
 SBJTJOH B QPUFOUJBM

DPOUSBEJDUJPO� IPX DBO ѐYFE VOJUT
 XIJDI TFFN JNNVUBCMF
 CF QBSU PG QSBTUÁSB
 B QSPDFTT UIBU

CZ EFѐOJUJPO JNQMJFT TQSFBEJOH BOE USBOTGPSNBUJPO 5P SFTPMWF UIJT BQQBSFOU DPOUSBEJDUJPO
 UIF

DPODFQU PG DIÁEBOBN XJUIJO QSBTUÁSB NVTU CF JOWPLFE� $IÁEBOBN TVHHFTUT UIBU FWFO ѐYFE

FMFNFOUT
 TVDI BT LVǸǺB BOE TBSWB ESVUÁ
 DBO CF FMFNFOUBM QBSUJDJQBOUT PG UIF QSBTUÁSB�

*U JT DSJUJDBM UP SFDPHOJ[F UIBU UIF QSÁTUBSB�QBUUFSOT PSJHJOBUF GSPN B TJOHMF GPVOEBUJPOBM

VOJU� 5IJT VOJU
 JO UVSO
 TFSWFT OPU POMZ BT UIF DBVTF CVU BMTP BT UIF TPVSDF PG NVMUJQMF

DPNCJOBUJPOT� *U GVODUJPOT TJNVMUBOFPVTMZ BT UIF JOJUJBUPS BOE UIF QSPEVDU PG UIF QSBTUÁSB

QSPDFTT 	ÁUNBOJLÁSBǰBLÁSZB
�

5IF UFSNNFSV 	ˢό ˢ�ʼ �ό
JT EFѐOFE VTJOH JUT FODPNQBTTJOH MFUUFST BT JUT DIBSBDUFSJTUJDT�5IF

NÁ SFGFST UP NFBTVSFNFOU 	NÁOBN

 XIJMF ë JNQMJFT EJWFSTJUZ 	WJDJUSBUÁ
� 5IF UFSN SV EFOPUFT

TUBCJMJUZ PS UIF QSPQFSUZ PG SFNBJOJOH JO QMBDF	WBTBǬęBCEBǠ
�8JUIJO UIF 1SBTUÁSB
 TPNF

DPNCJOBUJPOT DPOTJTU PG %SVUBT
 XIJMF PUIFST EP OPU 	"ESVUB
� $POTFRVFOUMZ
 UIF PWFSBMM

TUSVDUVSF DPNQSJTFT EJTUJODU EJяFSFOU QBUUFSOT
 DPOUSJCVUJOH UP JUT WBSJFUZ 	7JDJUSBUÁ
� 4JODF POF

PG UIF EFѐOJOH DIBSBDUFSJTUJDT PG.FSV JT7JDJUSBUÁ
 JU GPMMPXT UIBU.FSV JT BMTP B GPSN PG1SBTUÁSB�

1ÁUÁMB
 	˞˯˘˯ˮϵ ʺࣺ˪˞˯˘˯ʹ 
ʹࡺ˲� 5IF ѐSTU JOUFSQSFUBUJPO PG 1ÁUÁMB JT EFSJWFE CZ BOBMZ[JOH JUT

DPNQPOFOUT� ˞˯˘˯ 	1BUÁ
 � ˧ 	MB
� 5IF SPPU ˞ͪ 	1BU
 DPOOPUFT UIF NFBOJOHT ʂUP GBMMʂ PS ʂUP

EFTDFOEʂ 	˞˘ࣻ˘

 XIJMF UIF QSFѐY ࣺ˪ 	7J
 TVHHFTUT UIF JEFB PG TDBUUFSJOH�$POTFRVFOUMZ
 UIF

UFSN ࣺ˪˞˯˘ 	7JQÁUB
 DPOWFZT UIF OPUJPO PG EJTQFSTJPO PS TDBUUFSJOH�5IF OFHBUJPO ʺࣺ˪˞˯˘ʹ
	"WJQÁUBǹ

 UIFSFGPSF
 EFOPUFT UIF RVBMJUZ PG CFJOH JNQFSWJPVT UP TDBUUFSJOH PS EJTQFSTJPO


JNQMZJOH UIBU 1ÁUÁMB SFNBJOT ѐYFE BOE EPFT OPU VOEFSHP EJTQFSTJPO
 JO DPOUSBTU UP UIF EZOBNJD

FYQBOTJWFOFTT PG .FSV� *O BO BMUFSOBUJWF JOUFSQSFUBUJPO
 	˞ͪ 	1BUÁ
 �ʻ˧ʹ 	ÀMBǹ

 JT QSPQPTFE�

��



*O UIJT DPOUFYU
 ʻ˧ʹ 	ÀMBǹ
 JT VOEFSTUPPE BT 	ʻ˧ࣜˣۖ˶ ʼࣻ˘ ʻ˧ʹ

 XIJDI USBOTMBUFT UP

ʂUIBU XIJDI NFSHFT PS DPNCJOFT�ʂ 5IJT JOUFSQSFUBUJPO TVHHFTUT UIBU 1ÁUÁMB JT DIBSBDUFSJ[FE

CZ UIF JOUFHSBUJPO PS NFSHJOH PG NVMUJQMF FMFNFOUT� 5IF JNQMJDBUJPO JT UIBU 1ÁUÁMB TJHOJѐFT B

RVBOUJUZ PCUBJOFE CZ DPNCJOJOH WBSJPVT QBSUT JOUP B VOJѐFE XIPMF� %SVUÁEëOÁN ÀMBǠ
 NFBOJOH

B DPNCJOBUJPO PG %SVUB 	SBQJE PS ѐYFE FMFNFOUT
 BOE TJNJMBS FOUJUJFT� 8JUI UIF DMBSJUZ QSPWJEFE

PO UIF VOEFSMZJOH FMFNFOUT
 UIF BVUIPS QSPDFFET UP GVSUIFS FYQMPSF FBDI PG UIFN JO EFUBJM�

����� $POTUSVDUJPO PG 1SBTUÁSB

5JQQB MBSHFMZ GPMMPXT 4BSBOHBEFWBɿT NFUIPEPMPHZ JO DPOTUSVDUJOH UIF QSBTUÁSB FMFNFOUT� 3BUIFS

UIBO BMUFSJOH UIF TZTUFN
 IF BEET DPOOFDUPST BOE TJNQMF FYQMBOBUJPOT UP FOIBODF DMBSJUZ
 FOTVSJOH

B NPSF TUSVDUVSFE VOEFSTUBOEJOH� #FGPSF BOBMZ[JOH UIFJS NFUIPET 
 IFSF JT B TJNQMF JMMVTUSBUJPO

PG UIF DPOTUSVDUJPO PG B QSBTUÁSB GPS O�� � �%1 	%SVUB 1FSNVUBUJPOT
 	'JH �����
� 5IF QSBTUÁSB

GPMMPXT B TZTUFNBUJD BQQSPBDI
 QSPHSFTTJOH GSPN IJHIFS�PSEFS VOJUT UP MPXFS�PSEFS VOJUT� 5IF

EJSFDUJPOBMJUZ JT TVDI UIBU MBSHFS VOJUT BSF QPTJUJPOFE UPXBSET UIF SJHIU
 XIJMF TVDDFTTJWFMZ TNBMMFS

VOJUT BSF BSSBOHFE UPXBSET UIF MFGU� 5IF TUFQXJTF EFDPNQPTJUJPO JT

B #FHJO CZ TFMFDUJOH UIF MBSHFTU BWBJMBCMF VOJU UIBU DBO GVMMZ SFQSFTFOU UIF UBSHFU TVN� � 4JODF

UIF TVN O� �
 UIF QSBTUÁSB JT JOJUJBMJ[FE XJUI 1
 	SFGFSSFE UP BT UIF CBTF VOJU�

C 1MBDF UIF OFYU MPXFS�PSEFS VOJU EJSFDUMZ CFOFBUI UIF CBTF VOJU� � )FSF
 > = 2 JT QPTJUJPOFE

CFMPX 1� � 5P NBJOUBJO UIF UPUBM TVN PG �
 BO BEEJUJPOBM > JT JOUSPEVDFE UP UIF MFGU UP

DPNQFOTBUF 	>>
�

D "OBMZ[F BOE JEFOUJGZ UIF ѐSTU OPO ESVUB FMFNFOU GSPN MFGU UP SJHIU� � 5IJT DIPTFO FMFNFOU

JT SFQMBDFE CZ UIF OFYU MPXFS�PSEFS VOJU� � )FSF
 < = 1 JT QPTJUJPOFE CFMPX >� � 5P

NBJOUBJO UIF TVN
 BOPUIFS < JT QMBDFE BDDPSEJOHMZ
 ZJFMEJOH UIF DPOѐHVSBUJPO <<>�

E 5IF TBNF QSPDFTT JT SFDVSTJWFMZ BQQMJFE UP UIF SFNBJOJOH OPO�ESVUB FMFNFOUT� � - BU UIF

SJHIUNPTU JT UIF OPO ESVUB FMFNFOU�< JT QMBDFE SJHIU CFMPX� 5P FOTVSF UIF TVN 
 � VOJUT

NVTU CF QMBDFE� 5IF IJHIFS PSEFS VOJU BNPVOH UIFN JT QMBDFE DMPTFS UP SJHIU�BOE UIF MPXFS

UP UIF MFGU � <><�

F 3FQFBU UIF QSPDFTT VOUJM BMM FMFNFOUT BSF EFDPNQPTFE JOUP UIF GVOEBNFOUBM VOJU <� 5IF

ѐOBM DPOѐHVSBUJPO DPOTJTUT FYDMVTJWFMZ PG %SVUB 	%

 <<<< �5IJT NBSLT UIF DPNQMFUJPO

PG UIF QSBTUÁSB GPS 9 = 4�

��



�3BUOBLBSBɒT WFSFT
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5JQQB MBSHFMZ BEIFSFT UP UIF TBNF QISBTJOH BT 3BUOÁLBSB
 XJUI NJOJNBM EFWJBUJPOT� 5IF LFZ

BEEJUJPO IF JOUSPEVDFT JT UIF DPODFQU PG ĦSEIWB�QSBTUÁSB
 XIJDI BDDPVOUT GPS EJSFDUJPOBMJUZ

XJUIJO UIF TUSVDUVSF� )PXFWFS
 UIJT UFSNJOPMPHZ JOUSPEVDFT QPUFOUJBM DPOGVTJPO
 BT UIF UFSN

ħSEIWB 	NFBOJOH ʂVQXBSEʂ
 JOUVJUJWFMZ TVHHFTUT UIBU UIF QSBTUÁSB FYUFOET VQXBSE� *O SFBMJUZ


UIF BSSBOHFNFOU CFHJOT BU UIF UPQ BOE FYQBOET EPXOXBSE� 0OF QPTJUJWF BEEJUJPO 5JQQB NBLFT

JT UIF DMBSJѐDBUJPO PG UIF QMBDFNFOU PG MFTTFS FMFNFOUT� 8IJMF UIFJS BMJHONFOU PO UIF MFGU

SFNBJOT SFMBUJWF
 IJT NPSF FMBCPSBUF XPSEJOH TVHHFTUT UIBU UIFTF TVCPSEJOBUF DPNQPOFOUT

TIPVME DPOTJTUFOUMZ CF QPTJUJPOFE UP UIF MFGU PG UIF NBJO LVǸǺB TJEF� 0OF LFZ BTQFDU UP

SFNFNCFS JT UIBU CPUI UFYUT GPMMPX UIF DPOWFOUJPO UIBU LVǸǺB
 UIF TNBMMFS FMFNFOU NVTU

CF QMBDFE BU UIF UPQ� )PXFWFS
 ʂTNBMMFSʂ IFSF EPFT OPU SFGFS UP OVNFSJDBM WBMVF CVU SBUIFS

UP RVBOUJUZ� 5IF FMFNFOU UIBU DBO TJOHVMBSMZ SFQSFTFOU UIF FOUJSF WBMVF JT UIF POF UIBU JT JOEJDBUFE�

�$PNQBSJTPO PG UIF 1SBTUÁSB 4ZTUFNT� 3BUOÁLBSB
 5JQQB (PQFOESB WT 1JOHBMB

1JOHBMB JO IJT $IBOEBT 4IBTUSB HJWFT GPVS TħUSBT GPS QSBTUÁSB� %WJLBV HMBV
 .JTSBV DB


1SVUIBHMÁNJTISÁI
 BOE 7BTBWBTUSJLÁI <$,>� "MM UIFTF TħUSBT QFSUBJO POMZ UP UXP FMFNFOUT


OBNFMZ MBHIV BOE HVSV� "NCB ,VMLBSOJ SFQSFTFOUT UIFTF TħUSBT XJUI NBUSJDFT BT GPMMPXT�

�� %WJLBV HMBV� 
1

>


�� .JTSBV DB�


1 >

> >



1 1

> 1





1 1

> 1

1 >

> >



��
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1 1 1

> 1 1

1 > 1

> > 1

1 1 >

> 1 >

1 > >

> > >



*O DPNQBSJTPO UP UIF FMBCPSBUF WFSTFT GPVOE JO 4BǮHëUBSBUOÁLBSB BOE 5ÁMBEëQJLÁ
 1JOHBMBɦT

XPSL QSJNBSJMZ DPOTJTUT PG DPODJTF TħUSBT� )JT BQQSPBDI JT IJHIMZ BMHPSJUINJD
 GPDVTJOH PO

TUFQ�CZ�TUFQ GVODUJPOT UP TZTUFNBUJDBMMZ EFSJWF UIF QSBTUÁSB� *O DPOUSBTU
 NVTJDPMPHJDBM UFYUT

MJLF 3BUOÁLBSB BOE 5ÁMBEëQJLÁ FNQIBTJ[F EJSFDU DPOTUSVDUJPO NFUIPET GPS HFOFSBUJOH UIF ѐOBM

QSBTUÁSB UBCMF
 SBUIFS UIBO EFUBJMJOH XJUI BCTUSBDU GVODUJPOBM TUFQT� " OPUBCMF EJяFSFODF JT

UIBU 1JOHBMB EFBMT XJUI POMZ UXP FMFNFOUT 	MBHIV BOE HVSV

 XIFSFBT JO NVTJDBM UFYUT
 MBHIV

JT OPU GVSUIFS DPOWFSUFE JOUP TNBMMFS VOJUT� )PXFWFS
 UIF UPQ�EPXO IJFSBSDIZ
 XIFSF FMFNFOUT

PG IJHIFS WBMVF BSF QMBDFE BU UIF UPQ
 GPMMPXFE TFRVFOUJBMMZ CZ MPXFS�WBMVFE FMFNFOUT
 SFNBJOT

DPOTJTUFOU BDSPTT BMM UFYUT�

0OF LFZ PCTFSWBUJPO JT UIBU 1JOHBMBɦT TħUSBT EP OPU FYQMJDJUMZ NFOUJPO EJSFDUJPOBMJUZ�

5IJT SBJTFT BO JNQPSUBOU RVFTUJPOɼTIPVME UIF IJHIFS�WBMVFE FMFNFOUT BMXBZT CF QMBDFE PO UIF

SJHIU 8IBU JT UIF TJHOJѐDBODF PG UIJT QPTJUJPOBM WBMVF 5IJT RVFTUJPO NVTU CF JOWFTUJHBUFE

GVSUIFS
 BT FBDI SPX JO UIF QSBTUÁSB DPSSFTQPOET UP B UÁMB VTFE JO NVTJDBM SFOEJUJPO� *G UIF

BSSBOHFNFOU PG FMFNFOUT DBSSJFT TUSVDUVSBM TJHOJѐDBODF
 EPFT JU JNQMZ B GVODUJPOBM EJяFSFODF JO

IPX UIFTF UÁMBT BSF QFSGPSNFE PS JOUFSQSFUFE 

��



Fig(2.6.2):Illustrating construction of the  Prastāra , 4DP

a) b) c) d)

f)e) g)

Akhanda prastāra 4-DP

Akhanda prastāra7-DP



����� $BMDVMBUJPO PG TBǚLIZÁ

4BȇLIZÁ SFQSFTFOUT UIF UPUBM OVNCFS PG SIZUINJD QBUUFSOT PS QPTTJCMF DPNCJOBUJPOT HFOFSBUFE

XJUIJO B HJWFO QSBTUÁSB� .PTU NVTJDBM UFYUT DBMDVMBUF UIF TBOLIZB CBTFE PO JEFOUJGZJOH SFQFBUFE

FOEJOHT� 5IFTF QSBTUBSBT PS DPNCJOBUJPOT XIJDI FOE XJUI DFSUBJO SFTQFDUJWF FMFNFOUT BSF BT

GPMMPXT�

ʆ %SVUB�FOEJOH QFSNVUBUJPOT 	%&1
 	%SVUÁOUB


ʆ -BHIV�FOEJOH QFSNVUBUJPOT 	-&1
 	-BHWÁOUB


ʆ (VSV�FOEJOH QFSNVUBUJPOT 	(&1
 	(VSWÁOUB


ʆ 1MVUB FOEJOH QFSNVUBUJPOT 	1&1
 	1MVUÁOUB


5IF DPOTUSVDUJPO PG QSBTUÁSB DBO CF VOEFSTUPPE UISPVHI B TZTUFNBUJD BQQSPBDI� 5IJT NFUIPE


PSJHJOBMMZ EFTDSJCFE CZ "LFMMB .BMMJLBSKVOB 4IBSNB GPS 1BODIÁǮHB 1SBTUÁSB
 IBT CFFO

TJNQMJѐFE JOUP $IBUVSÁǮHB 1SBTUÁSB UP BJE DPNQSFIFOTJPO� *O UIJT TZTUFN
 QFSNVUBUJPOT

BSF DMBTTJѐFE CBTFE PO UIFJS FOEJOH FMFNFOUT� 5IF ѐSTU QSPYZ DPOTJTUT PG BMM %SVUB�FOEJOH

QFSNVUBUJPOT 	%&1

 XIJDI JODMVEF TFRVFODFT UIBU UFSNJOBUF JO ESVUB� 4JNJMBSMZ
 UIF TFDPOE

QSPYZ
 -BHIV�FOEJOH QFSNVUBUJPOT 	-&1

 DPOTJTUT PG QFSNVUBUJPOT UIBU DPODMVEF XJUI MBHIV�

5IF UIJSE QSPYZ
 (VSV�FOEJOH QFSNVUBUJPOT 	(&1

 DBUFHPSJ[FT QBUUFSOT UIBU FOE XJUI HVSV


XIJMF UIF GPVSUI QSPYZ
 1MVUB�FOEJOH QFSNVUBUJPOT 	1&1

 JODMVEFT UIPTF UIBU DPODMVEF XJUI

QMVUB� 5IFTF DMBTTJѐDBUJPOT TFSWF BT GVOEBNFOUBM DPNQPOFOUT JO UIF TUSVDUVSFE BOBMZTJT PG

QSBTUÁSB� 'PS BOZ HJWFO O 
 UIF DMBTTJѐDBUJPO PG UÁMB QBUUFSOT JT EFUFSNJOFE CZ TZTUFNBUJDBMMZ

JEFOUJGZJOH PDDVSSFODFT PG FBDI FOEJOH UZQF� 5IJT TUSVDUVSFE BQQSPBDI FOBCMFT B DMFBS

VOEFSTUBOEJOH PG IPX SIZUINJD WBSJBUJPOT EFWFMPQ BOE IPX EJяFSFOU QFSNVUBUJPOT DPOUSJCVUF

UP UIF PWFSBMM SIZUINJD GSBNFXPSL� 5IF TVNNBUJPO PG BMM QSPYZ DMBTTJѐDBUJPOT QSPWJEFT UIF

UPUBM DPVOU PG VOJRVF SIZUINJD QBUUFSOT GPS UIF HJWFO O � 'PS FYBNQMF
 XIFO O��
 UIF QPTTJCMF

QFSNVUBUJPOT BSF� %% 	POF %SVUB�FOEJOH DPNCJOBUJPO
 BOE - 	POF -BHIV�FOEJOH DPNCJOBUJPO
�

3FTVMUJOH JO � VOJRVF QFSNVUBUJPOT� -JLFXJTF 
 GPS O��
 �� %&1
 � -&1
 � (&1 BOE � 1&1

MFBEJOH UP UIF UPUBM OVNCFS PG QBUUFSOT UP CF ��� 5IF UBCMF 	�����
 UBCVMBUFT UIF TBNF GPS WBMVFT

PG O VQUP ���

���



Table:2.6.3 : Tabulation of sankhya(Sn)

Table:2.6.3 : Tabulation of mahapātala(Mn)



#PUI 4BǮHëUB 3BUOÁLBSB BOE 5ÁMB %ëQJLÁ TUBUF UIBU UIF UPUBM QPTTJCMF QFSNVUBUJPOT JO UIF

O�ESVUB QSBTUÁSB JT PCUBJOFE CZ BEEJOH UIF QPTTJCMF DPNCJOBUJPOT PG UIF ѐSTU QSFWJPVT
 TFDPOE

QSFWJPVT
 GPVSUI QSFWJPVT
 BOE TJYUI QSFWJPVT� 5IJT DBO CF SFQSFTFOUFE BT �

.9 = .9−1 + .9−2 + .9−4 + .9−6. 	���


XIFSF .9
 SFQSFTFOUT UIF OVNCFS PG UÁMB GPSNT JO UIF 9�ESVUB�QSBTUÁSB�*O BEEJUJPO
 UIF SFTQFDUJWF

SFQSFTFOUBUJWFT 	QSBUJOJEIJ
 PG UIF GPVSUI BOE TJYUI UFSNT BSF BTTJHOFE BT UIF UIJSE BOE ѐGUI UFSNT


SFTQFDUJWFMZ�

�&TUBCMJTIJOH UIF 3FDVSSFODF 'PSNVMB

(JWFO UIBU DPNQPTJUJPOT JO UIJT TZTUFN VTF POMZ UIF FMFNFOUT {1, 2, 4, 6}
 FBDI WBMJE TFRVFODF

UIBU TVNT UP .9 DBO CF GPSNFE CZ BQQFOEJOH POF PG UIFTF WBMVFT UP B TNBMMFS TFRVFODF� 5IJT

SFTVMUT JO UIF GPMMPXJOH SFDVSSFODF DBTFT�

ʆ *G UIF MBTU FMFNFOU JT 1
 UIF SFNBJOJOH TVN JT .9−1�

ʆ *G UIF MBTU FMFNFOU JT 2
 UIF SFNBJOJOH TVN JT .9−2�

ʆ *G UIF MBTU FMFNFOU JT 4
 UIF SFNBJOJOH TVN JT .9−4�

ʆ *G UIF MBTU FMFNFOU JT 6
 UIF SFNBJOJOH TVN JT .9−6�

#Z TVNNJOH BMM QPTTJCMF FYUFOTJPOT PG QSFWJPVT WBMJE DPNQPTJUJPOT
 XF PCUBJO UIF SFDVSSFODF

SFMBUJPO�

.9 = .9−1 + .9−2 + .9−4 + .9−6.

�#BTF $BTF 7FSJѐDBUJPO

5P WBMJEBUF UIJT SFDVSSFODF TNBMM WBMVFT BSF DPOTJEFSFE


.0 = 1, .1 = 1, .2 = 2, .3 = 3, .4 = 5.

6TJOH UIF SFDVSSFODF SFMBUJPO�

.6 = .5 + .4 + .2 + .0

= 8 + 5 + 2 + 1 = 16.

5IJT DPOѐSNT UIF DPSSFDUOFTT PG UIF SFDVSSFODF SFMBUJPO GPS TNBMM DBTFT�3FGFS UP <$,> GPS B

SJHPSPVT QSPPG�

���



����� $POTUSVDUJPO PG EJЗFSFOU NFSVT

5IF GPSNVMBUJPO PG DPNCJOBUPSJBM UBCMFT
 QBSUJDVMBSMZ .FSV TUSVDUVSFT
 TFSWFT B DSVDJBM SPMF

JO UIF TZTUFNBUJD EFSJWBUJPO PG SIZUINJD FOUJUJFT� " ESVUB NFSV
 GPS JOTUBODF
 GBDJMJUBUFT UIF

FOVNFSBUJPO PG BMM QPTTJCMF SIZUINJD DPNCJOBUJPOT GPS B HJWFO 9
 XIJMF JNQPTJOH DPOTUSBJOUT

PO UIF OVNCFS PG QFSNJTTJCMF ESVUBT� 5IF TUSVDUVSFE PSHBOJ[BUJPO PG UIFTF UBCMFT QMBZ B QJWPUBM

SPMF JO GBDJMJUBUJOH NVTJDBM DPNQPTJUJPOT BOE DIPSFPHSBQIJD EFTJHO
 PяFSJOH B NBUIFNBUJDBM

BQQSPBDI UP SIZUINJD DPOTUSVDUJPO�" TJNQMF BQQSPBDI UP DPOTUSVDUJPO NFUIPEPMPHZ �

ʆ 'VOEBNFOUBM 5BCMF $POTUSVDUJPO� 5IF ѐOBM UBCMF JT BTTFNCMFE QSPHSFTTJWFMZ VTJOH B

TFRVFODF PG JOUFSNFEJBUF UBCMFT�

ʆ #BTF -BZFS� 5IF JOJUJBM TBOLIZÁ BOE NBIÁQBUÁMB UBCMFT BSF GPSNVMBUFE VOEFS UIF

BTTVNQUJPO PG [FSP ESVUBT
 UIFSFCZ FMJNJOBUJOH UIF OFFE GPS UIF �TU QSPYZ�

ʆ *ODSFNFOUBM $POTUSBJOUT� 4VDDFTTJWF MBZFST JOUSPEVDF QSPHSFTTJWF DPOTUSBJOUT�

Ɏ 5IF ѐSTU VQQFS MBZFS JODPSQPSBUFT B TJOHMF ESVUB DPOTUSBJOU 	�%$1
�

Ɏ 5IF OFYU MBZFS FOGPSDFT UXP ESVUB DPOTUSBJOUT 	�%$1

 GPMMPXFE CZ TVCTFRVFOU

JUFSBUJPOT FYUFOEJOH VQ UP 9 DPOTUSBJOUT�

ʆ 'JOBM 5BCMF 'PSNVMBUJPO� 5IF SJHIUNPTU DPMVNO WBMVFT PG UIFTF JOUFSNFEJBSZ UBCMFT

TZTUFNBUJDBMMZ QPQVMBUF UIF SPXT PG UIF ѐOBM UBCMF� 	3FGFS UP 'JH� ����� GPS EFUBJMFE

WJTVBMJ[BUJPO�


-FU <9,A EFOPUF UIF OVNCFS PG UÁMB�GPSNT XJUI FYBDUMZ A ESVUBT JO BO 9�VOJU QSBTUÁSB� 5IF

SFDVSSFODF SFMBUJPO JT HJWFO CZ�

<9,A = <9−1,A−1 + <9−2,A + <9−4,A + <9−6,A 	���


XIFSF�

ʆ <9−1,A−1 BDDPVOUT GPS GPSNT FOEJOH JO B ESVUB
 EFDSFBTJOH UIF ESVUB DPVOU CZ ��

ʆ <9−2,A 
 <9−4,A 
 BOE <9−6,A SFQSFTFOU GPSNT FOEJOH JO B MBHIV
 HVSV
 PS QMVUB SFTQFDUJWFMZ


QSFTFSWJOH UIF DPVOU PG ESVUBT�

���



7FSJѐDBUJPO GPS < (6, 0)
$PNQVUJOH < (6, 0) FYQMJDJUMZ VTJOH UIF SFDVSSFODF SFMBUJPO�

< (6, 0) = < (5,−1) + < (4, 0) + < (2, 0) + < (0, 0)

4JODF < (5,−1) = 0 	BT OFHBUJWF ESVUB DPVOUT BSF JOWBMJE


< (6, 0) = < (4, 0) + < (2, 0) + < (0, 0)

'SPN CBTF DBTFT�

< (0, 0) = 1, < (2, 0) = 1, < (4, 0) = < (3,−1) + < (2, 0) + < (0, 0) = 0 + 1 + 1 = 2

5IVT


< (6, 0) = 2 + 1 + 1 = 4

5IJT WBMVF JT SFQSFTFOUFE JO UIF ѐOBM UBCMF
 TJYUI DPMVNO BOE TFDPOE SPX�

5BMBEJQJLB BOE 3BUOBLBSBɒT NFUIPE�
'PS DPOTUSVDUJOH BO 9�ESVUB QSBTUÁSB
 UIF QSPDFTT CFHJOT XJUI BO JOJUJBM SPX DPOUBJOJOH 9

FOUSJFT� &BDI TVCTFRVFOU SPX PNJUT UIF ѐSTU DPMVNO
 XJUI UXP BEEJUJPOBM DPMVNOT SFNPWFE BU

FBDI TVDDFTTJWF TUBHF�

ʆ 5IF ѐSTU UXP FOUSJFT JO FWFSZ SPX BSF BMXBZT TFU UP ��

ʆ *O UIF ѐSTU SPX
 WBMVFT JO PEE�OVNCFSFE QPTJUJPOT BSF EFUFSNJOFE CZ TVNNJOH UIF

QSFDFEJOH
 TFDPOE�QSFDFEJOH
 GPVSUI�QSFDFEJOH
 BOE TJYUI�QSFDFEJOH FOUSJFT
 GPMMPXJOH

UIF QBUUFSO PG TBǮLIZÁǮLBT�

ʆ &WFO�OVNCFSFE QPTJUJPOT BSF DPNQVUFE VTJOH UIF TBNF TVN
 FYDFQU UIBU UIF JNNFEJBUF

QSFWJPVT FOUSZ JT FYDMVEFE�

ʆ *G UIF GPVSUI PS TJYUI�QSFDFEJOH FOUSZ JT BCTFOU
 UIF UIJSE PS ѐGUI�QSFDFEJOH FOUSZ JT VTFE

BT B TVCTUJUVUF�

'PS TVCTFRVFOU SPXT�

ʆ 0EE�QPTJUJPOFE FOUSJFT DPOUJOVF UP CF EFSJWFE VTJOH UIF TVNNBUJPO PG UIF QSFWJPVT


TFDPOE�QSFDFEJOH
 GPVSUI�QSFDFEJOH
 BOE TJYUI�QSFDFEJOH WBMVFT�

���



ʆ &WFO�QPTJUJPOFE FOUSJFT GPMMPX UIF TBNF TVNNBUJPO SVMF
 XJUI UIF EJTUJODUJPO UIBU UIF

JNNFEJBUF QSFDFEJOH WBMVF JT UBLFO GSPN UIF SPX CFMPX�

ʆ *G UIF GPVSUI PS TJYUI�QSFDFEJOH WBMVF JT VOBWBJMBCMF
 OP SFQMBDFNFOU JT BQQMJFE�

6QPO DPNQMFUJPO PG UIF UBCMF
 SFBEJOH WBMVFT GSPN CPUUPN UP UPQ JO UIF 9�UI DPMVNO SFWFBMT UIF

OVNCFS PG QPTTJCMF UÁMB TUSVDUVSFT XJUIJO UIF 9�ESVUB QSBTUÁSB�

ʆ 8IFO 9 JT PEE
 UIF TFRVFODF SFQSFTFOUT UIF DPVOU PG UÁMBT XJUI �
 �
 �
 FUD�
 ESVUBT�

ʆ 8IFO 9 JT FWFO
 UIF TFRVFODF DPSSFTQPOET UP UIF DPVOU PG UÁMBT XJUI �
 �
 �
 FUD�
 ESVUBT�

0OF JNQPSUBOU PCTFSWBUJPO JT UIBU UIJT NFUIPE JT EFѐOFE GPS PEE BOE FWFO OVNCFST PG ESVUBT

TFQBSBUFMZ� "MUIPVHI 5JQQB (PQFOESB EPFT OPU FYQMJDJUMZ PVUMJOF UIF DPOTUSVDUJPO QSPDFEVSF

GPS NBIÁQBUBMB
 JU JT JNQMJDJU UIBU LOPXMFEHF PG JU JT BTTVNFE� 4JNJMBSMZ
 UIF DPOTUSVDUJPO PG

PUIFS NFSVT
 TVDI BT MBHIV
 HVSV
 BOE QMVUB NFSVT
 GPMMPXT UIF TBNF GPVOEBUJPOBM QSJODJQMFT�

5ÁMBEJQJLB EPFT OPU JOUSPEVDF BOZ OFX FMFNFOUT CFZPOE XIBU JT EFTDSJCFE JO 4BǮHëUB

3BUOÁLBSB� SBUIFS
 UIJT TFHNFOU PG IJT XPSL QSJNBSJMZ DPOTJTUT PG TVNNBSJ[JOH UIF FYJTUJOH

EFTDSJQUJPOT�&WFO UIPVHI WBSJPVT UFYUT FNQMPZ EJяFSFOU DPEJOH TDIFNFT BOE NFEJVNT PG

DPOWFZBODF
 JU JT SFNBSLBCMF UIBU UIFZ BMM DPOWFSHF UPXBSE TJNJMBS TUSVDUVSBM BOE UBCVMBS

GPSNVMBUJPOT� 'JHVSF ����� JMMVTUSBUFT UIF TBNF
 IJHIMJHIUJOH UIF VOEFSMZJOH NBUIFNBUJDBM

DPOTJTUFODZ BDSPTT UIFTF USFBUJTFT�

$PNQBSJOH XJUI 1JǚHBMB BOE ,FEÁSBCIBǦǦBɒT .FSV $POTUSVDUJPOT
5IF NFSV DPOTUSVDUJPO JO UIF HSBNNBUJDBM USBEJUJPO DPOTJTUT PG POMZ UXP FMFNFOUTɼMBHIV

BOE HVSVɼBOE UIF BMHPSJUIN JT LOPXO BT UIF LB�EWJ�ÁEJ�M�H�LSJZÁ� 5IF TFRVFODF PG OVNCFST

1, 6, 15, 20, 15, 6, 1 SFQSFTFOUT UIF OVNCFS PG QPTTJCMF DPNCJOBUJPOT XIFO TFMFDUJOH BMM HVSVT


POF MBHIV
 UXP MBHIVT
 UISFF MBHIVT
 BOE TP GPSUI
 VQ UP UIF DBTF XIFSF BMM BSF MBHIVT� 5IJT

FYQBOTJPO DMPTFMZ SFTFNCMFT 1BTDBMɿT USJBOHMF
 XIJDI QSPWJEFT UIF CJOPNJBM DPFђDJFOUT
(9
'

)



SFQSFTFOUJOH UIF OVNCFS PG XBZT UP DIPPTF ' FMFNFOUT GSPN 9�<DPN> 5IPVHI UIF TUSVDUVSFT

BQQFBS EJяFSFOU GSPN UIPTF GPVOE JO NVTJDBM USFBUJTFT
 UIF VOEFSMZJOH OVNFSJDBM FOUJUJFT BOE

QSJODJQMFT SFNBJO UIF TBNF� 5IJT GVSUIFS TUSFOHUIFOT UIF BSHVNFOU UIBU UIFTF HSBNNBUJDBM UPPMT

XFSF BEBQUFE BOE FYUFOEFE UP UIF EPNBJO PG NVTJD�

���





Kedār Bhatt, laghu meru  

Pińgala , laghu meru 



Fig(3.7.5): Tracing Prastāra Across Generations and Traditions
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����� 0SEFS PG VTBHF BOE UIF /VNCFS TZTUFN

5IF ѐOBM TFDUJPO PG UIF .ÁSHBEFęëQSBTUÁSBOJSħQBǰBN FYBNJOFT UIF BQQMJDBUJPO PG QSFWJPVTMZ

EJTDVTTFE QSBTUÁSB DPODFQUT BOE FYQMBJOT UIF 4BǮLIZÁǮLBQBEEIBUJɼUIF OVNFSJDBM TZTUFN� *O

BEEJUJPO UP UIJT
 5JQQB BMTP QSPWJEFT JOTJHIUT JOUP UIF ,BǺBQBZÁEJ TZTUFN
 FMBCPSBUJOH PO JUT

HPWFSOJOH SVMFT BOE JUT BQQMJDBUJPOT JO QIPOFUJDT�5IF BVUIPS TZTUFNBUJDBMMZ QSFTFOUT UIF PSEFS

PG VTBHF PG QSBTUÁSB DPOTUSVDUJPOT XJUI SFTQFDU UP UIF OVNCFS PG NÁUSÁT JO B UÁMB� .ÁUSÁT TFSWF

BT GVOEBNFOUBM VOJUT
 OPSNBMJ[FE UP MBHIV�<3/> $POTFRVFOUMZ
 UIF WBMVFT PG %SVUB 	%

 -BHIV

	-

 (VSV 	(

 BOE 1MVUB 	1
 JO UFSNT PG NÁUSÁT BSF BT GPMMPXT� %SVUB 	%
 1
2 NÁUSÁ
 -BHIV 	-


1 NÁUSÁ 
(VSV 	(
 2 NÁUSÁT BOE 1MVUB 	1
 3 NÁUSÁT

6QPO VOEFSTUBOEJOH UIF GVOEBNFOUBM QSJODJQMFT HPWFSOJOH UIF HFOFSBUJPO PG UIFTF TUSVDUVSFT


UIF BQQSPQSJBUF DPOTUSVDUJPOT OBUVSBMMZ GPMMPX� 'PS JOTUBODF
 XIFO EFBMJOH XJUI B TJOHMF NÁUSÁ


JU JT FWJEFOU UIBU UIF POMZ QPTTJCMF DPNQPTJUJPOT BSF FJUIFS POF -BHIV 	-
 PS UXP %SVUB�T 	%
�

(JWFO UIJT DPOTUSBJOU
 JU CFDPNFT SFEVOEBOU UP TZTUFNBUJDBMMZ UBCVMBUF UIF%SVUB
 (VSV
 PS 1MVUB

.FSV
 BT UIFJS QSFTFODF JO UIJT DBTF JT FJUIFS TJOHVMBSMZ EFѐOFE PS OPOFYJTUFOU� 4QFDJѐDBMMZ
 UIFSF

FYJTUT POMZ POF WBMJE DPNCJOBUJPO UIBU JODMVEFT %SVUB
 XIJMF (VSV BOE 1MVUB EP OPU GFBUVSF JO

BOZ QFSNJTTJCMF DPOѐHVSBUJPOT� 5P FMJNJOBUF BOZ DPOGVTJPO
 UIF BVUIPS QSFTFOUT BMM QPTTJCMF

DBMDVMBUJPOT GPSNÁUSÁ WBMVFT PG �
 ���
 �
 BOE HSFBUFS UIBO �� 'PS BMM UÁMBTXJUINÁUSÁT FYDFFEJOH

UISFF
 BMM DPNQVUBUJPOT CFDPNF GFBTJCMF EVF UP UIF JODMVTJPO PG BMM TUSVDUVSBM FMFNFOUT VQ UP1MVUB

5IF UBCMF	���
 JMMVTUSBUFT UIF TBNF�

.ÁUSÁ $PVOU /P� PG .FUIPET .FUIPET
� .ÁUSÁ � 1SBTUÁSB
 %SVUB�.FSV
 -BHIV�.FSV


%SVUB�1ÁUÁMB
 -BHIV�1ÁUÁMB

��� .ÁUSÁT � 1SBTUÁSB
 %SVUB�.FSV
 -BHIV�.FSV


%SVUB�1ÁUÁMB
 -BHIV�1ÁUÁMB

� .ÁUSÁT � 1SBTUÁSB
 5VSZBȇHB�.FSV
 %SVUB�.FSV


-BHIV�.FSV
 %SVUB�1ÁUÁMB
 -BHIV�1ÁUÁMB

�� .ÁUSÁT � 4UÁSB
 %SVUB�.FSV
 -BHIV�.FSV
 (VSV�.FSV


1MVUB�.FSV
 %SVUB�1ÁUÁMB
 -BHIV�1ÁUÁMB


(VSV�1ÁUÁMB
 1MVUB�1ÁUÁMB

5BCMF ������$PNCJOBUPSJBM .FUIPET GPS %JяFSFOU 5ÁMB .ÁUSÁ $PVOUT

���



&MVDJEBUJOH UIF OVNCFS TZTUFN PS UIF ,BǺBQBZÁEJ TZTUFN XJUIJO B NVTJDBM USFBUJTF

NJHIU TFFN VODPOWFOUJPOBM�)PXFWFS
 HJWFO UIF WBTU TDBMF PG QSBTUÁSBT BOE DPNCJOBUPSJBM

QPTTJCJMJUJFTɼSFBDIJOH FYDFFEJOHMZ MBSHF OVNCFSTɼJU CFDPNFT B MPHJDBM OFDFTTJUZ GPS UIF

BVUIPS UP BEESFTT UIFTF TZTUFNT� 8IJMF IJT QSJNBSZ GPDVT SFNBJOT PO $BUVSBǮHB 1SBTUÁSB


IF BMTP JOUSPEVDFT BO BEEJUJPOBM BǮHB DBMMFE "SEIBESVUB� 5IJT MBUFS TPMJEJѐFT JOUP "OVESVUB


VMUJNBUFMZ DPOUSJCVUJOH UP UIF FWPMVUJPO PG 1B±DÁǮHB 1SBTUÁSB DPOTUSVDUJPOT
 XIJDI FYIJCJU

FWFO HSFBUFS DPNQMFYJUZ�5IF OVNCFS TZTUFN IF QSFTFOUT JT QSFTFOUMZ SFDPHOJ[FE BT UIF *OEJD

OVNFSJDBM TZTUFN�5IF TBNF JT EFQJDUFE JO 'JH 	�����
�

��� $PODMVTJPO

5IJT TUVEZ IBT FYBNJOFE UIF NBUIFNBUJDBM TUSVDUVSFT BOE FODPEFE NFUIPEPMPHJFT FNQMPZFE CZ

5JQQB (PQFOESB #IħQÁMB JO 5ÁMBEëQJLÁ� 5IF GSBNFXPSL DVSBUFE CZ 5JQQB
 LOPXO BT UIF UÁMB

EFęB QSÁǰBT
 IBT CFFO FYQMPSFE JO EFUBJM� 7BSJPVT GPSNT PG DPEFE SFQSFTFOUBUJPOT IBWF CFFO

JEFOUJѐFE
 SFWFBMJOH UIF TZTUFNBUJD GPSNVMBUJPO PG NÁSHB UÁMBT BMPOH XJUI UIFJS TZNNFUSJDBM

QSPQFSUJFT BOE BQQMJDBUJPOT�" UPUBM PG ��� EFęë UÁMBT IBWF CFFO FOMJTUFE
 EFDPEFE
 BOE

DPNQBSFE XJUI 4BǮHëUB 3BUOÁLBSB
 EFNPOTUSBUJOH B NPSF TUSVDUVSFE BOE SFѐOFE DMBTTJѐDBUJPO JO

5ÁMBEëQJLÁ� 'VSUIFS
 UIF TUVEZ PG UIF QSBTUÁSBNFUIPEPMPHZ DPOѐSNT JUT GVOEBNFOUBM BMJHONFOU

XJUI 4BǮHëUB 3BUOÁLBSB
 XIJMF JODPSQPSBUJOH DFSUBJO SFѐOFNFOUT BOE TUSVDUVSBM FOIBODFNFOUT

JOUSPEVDFE CZ 5JQQB� 5IF DPOTUSVDUJPO PG WBSJPVT DPNCJOBUPSJBM SIZUINJD GSBNFXPSLT IBT BMTP

CFFO BOBMZ[FE
 TIFEEJOH MJHIU PO UIF NBUIFNBUJDBM VOEFSQJOOJOHT PG UIFTF SIZUINJD TUSVDUVSFT�

���



#PUI 5ÁMBEëQJLÁ BOE 5BOUSBSBUOB FNFSHF BT JOWBMVBCMF UFYUT
 IJHIMJHIUJOH UIF TDIPMBSMZ

DPOUSJCVUJPOT PG 5JQQB (PQFOESB #IħQÁMB BOE CSJOHJOH IJT JOUFMMFDUVBM MFHBDZ UP UIF GPSFGSPOU�

"EEJUJPOBMMZ
 UIJT TUVEZ SFJOGPSDFT UIF SJDIOFTT PG UIF 7JKBZBOBHBSB &NQJSFɿT BDBEFNJD BOE

BSUJTUJD USBEJUJPOT� " EFFQFS FYQMPSBUJPO PG UIFTF XPSLT JT BOUJDJQBUFE UP GVSUIFS VOSBWFM UIF

JOUSJDBDJFT PG UIFTF SFNBSLBCMF DSFBUJPOT�

��� 3FNBSLT

5IJT TUVEZ TFSWFT BT B QSFMJNJOBSZ BOBMZTJT BOE SFQSFTFOUT POMZ BO JOJUJBM TUFQ JO UIF CSPBEFS

FYQMPSBUJPO PG UIJT TVCKFDU�*U JT B IVNCMF BUUFNQU UP HSBTQ B TNBMM GSBHNFOU PG UIF WBTU PDFBO

PG LOPXMFEHF� 8IJMF UIJT TUVEZ NBSLT UIF DPODMVTJPO PG UIF QSFMJNJOBSZ BOBMZTJT PG UIF

NBOVTDSJQU
 UIF EFQUI BOE DPNQMFYJUZ PG 5JQQB (PQFOESBɦT XPSL OFDFTTJUBUF GVSUIFS JORVJSZ�

)JT FYUFOTJWF DPOUSJCVUJPOT DPOUJOVF UP QSPWJEF WBTU PQQPSUVOJUJFT GPS EFFQFS FYQMPSBUJPO BOE

DSJUJDBM FYBNJOBUJPO�

5JQQB (PQFOESBɿT ѐOBM SFNBSLT JO 5ÁMBEJQJLB�

ʁ&BDI UÁMB TZTUFNɼ.ÁSHB BOE %FęëɼNVTU CF TZTUFNBUJDBMMZ BOBMZ[FE XJUIJO JUT

SFTQFDUJWF GSBNFXPSL� *G UIF SVMFT GPS 1SBTUÁSB
 .FSV
 BOE 1ÁUÁMB BSF OPU XFMM

FTUBCMJTIFE
 BO FYQFSU JO UÁMB TDJFODF NBZ TUSVHHMF UP BQQMZ UIFN FяFDUJWFMZ�

5IFSFGPSF
 POMZ B MFBSOFE UÁMB FYQFSU
 QPTTFTTJOH EFFQ VOEFSTUBOEJOH
 DBO USVMZ

DPNQSFIFOE BOE BQQMZ UIFTF QSJODJQMFT� (SFBU TBHFT MJLF ĘBJMÁEJ
 ,BQJęÁȉǵJMZB
 BOE

ĘÁSȇHBEFWB IBWF EFMJCFSBUFE VQPO UIFTF QSJODJQMFT JO EFQUI� 'PS PSEJOBSZ TDIPMBST

MJLF VT
 VOEFSTUBOEJOH UIFTF HSFBU NFUIPEPMPHJFT JT B EJђDVMU FOEFBWPS� 0 SFWFSFE

TBHFT
 UIF PDFBO PG UÁMB�QSBTUÁSB JT WBTU
 BOE * BN CVU B IVNCMF TFFLFS BUUFNQUJOH

UP EPDVNFOU UIJT QSPGPVOE LOPXMFEHF� &WFO JG NZ VOEFSTUBOEJOH JT JODPNQMFUF
 *

TFFL UIF HVJEBODF PG UÁMB FYQFSUT UP SFѐOF NZ DPNQSFIFOTJPO� .BZ UIPTF XIP IBWF

FYQPVOEFE VQPO UIF UÁMB USBEJUJPO GPSHJWF NZ TIPSUDPNJOHT JO UIJT FOEFBWPS�ʂ <5%>

���



��� 3FGFSFODFT

��-BLTINJOBSBZBOB 4BOHJUBTVSZPEBZB PG -BLTINJOBSBZBOB � "EZBS -JCSBSZ�

.VTJD3FTFBSDI-JCSBSZ
 BDDFTTFE�

��1SFNBMBUIB
 7� 	����
� 5BMBLBMBCEIJ PG "DZVUBSBZB� %JTDPWFSZ PG B OFX XPSL PO

5ÁMB� +PVSOBM PG UIF .BESBT .VTJD "DBEFNZ
 ��
 �������

��1BOEBSJLB 7JUUIBMB /BSUBOBOJSOBZB PG 1BOEBSJLB 7JUUIBMB � � 0*#�������

.VTJD3FTFBSDI-JCSBSZ
 BDDFTTFE�

��3BNBOBUIBO
 /� 	����
� &TTBZT 0O 5BMB "OE -BZB� 1FSDVTTJWF "SUT $FOUSF
 #BOHBMPSF�

��3BNBOBUIBO
 /� 	����
� .VTJDBM 'PSNT JO 4BǮHëUBSBUOÁLBSB� 4BNQSBEBZB
 $IFOOBJ�

��4BSOHBEFWB� 4BOHJUBSBUOBLBSB PG 4BSOHBEFWB �� � "TJBUJD 4PDJFUZ
 ,BMLBUUB� �����

.VTJD3FTFBSDI-JCSBSZ
 BDDFTTFE�

��4IBSNB
 "� .� 	����
� 4ZTUFNBUJTBUJPO PG 1SBTUBSB %FUBJMT PG %FTIJ 5BMBT� )ZEFSBCBE� 4BJ

4BOOJEIJ 4BOHJUB 1VCMJDBUJPOT�

��4SJOJWBT
 .� %� 	����
� $PNCJOBUPSJBM .FUIPET JO *OEJBO .VTJD� 1SBUZBZBT JO

4BǮHëUBSBUOÁLBSB PG ĘÁSȇHBEFWB� 4QSJOHFS�

��5JQQBCIVQBMB� 5BMBEJQJLB PG 5JQQBCIVQBMB � (0.-�3���� .VTJD3FTFBSDI-JCSBSZ
 BDDFTTFE�

���"LFMMB
 .� 4� 	����
� *OEJBO (FOJVT JO 5BMBQSBTUBSB� )ZEFSBCBE� 4BJ 4BOOJEIJ 4BOHJUB

1VCMJDBUJPOT�

���5PVTTBJOU
 (PEGSJFE 5� ����� 5IF (FPNFUSZ PG .VTJDBM 3IZUIN� 8IBU .BLFT B ɩ(PPEɩ

3IZUIN (PPE #PDB 3BUPO
 '-� $IBQNBO BOE )BMM�$3$�

���
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