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cdefgd
aR NFLhIFNJQ M N FHE Fij RIDJk G lmDER HC nHNNFED GH IFHEn G lJC JDJMDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR
RC YGM S iMnQ nHE LR IFHEn GR TUVW X BYZ [ S K aMLMJn S MH opq nRP RnDER orrrs[ttt ^

uv wfxfv xwe y xz {|}~x|{ �d vz ez ef�e���fz wf x|f�e gw��e��w} z� }w {�dezvxz ze�
w�e|}fgzv� �v� �e{ zvew� }z �

`R N FLhIFNJQ M N FHE HCJ�HR Fij RD G lMJGRE K LM NEJnR GR CFDRn RD N REP RDDER MH_ QDHGJMCDn GR nR
IFCIRCDERE GM�MCDMOR nHE IR �HR GJD L lRCnRJOCMCD ^

`R IFHEn P MOJnDEML RnD IFPNLQDQ NME GRn DEM�MH_ GJEJOQn RD GRn DEM�MH_ NEMDJ�HRn S RH_�P mP Rn
JCGJnN RCnMiLRn RD IFPNLQP RCDMJERn MH IFHEn S RD CFC NMn nJPNLRP RCD ERGFCGMCD ^

�w gw����ez �z }w {�|��wggw��|v ze� fv w{{�zv��eew�z �z }|v�fz �w}z �vz �f� vdxzee��z
� zwfx|f{ �z ���fzf� z� � zwfx|f{ �z �zg{e {weed �z�wv� fv {w{ �z� w�zx fv x�w~|v �
}w gw�v z� zvef��z y zvx|�z {}fe �z �zg{e {weed �z�wv� }�|�� �vw�zf� �

`M P M�DEJnR GRn DRI]CJ�HRn GR NEFOEMPP MDJFC GRn FEGJCMDRHEn RnD HC FHDJL R_DEmP RP RCD JP �
N FEDMCD MHj FHEG l]HJ N FHE DFHD QDHGJMCD RC nIJRCIRn ^ �H lJL nFJD P MD]QP MDJIJRC S N]hnJIJRC S I]JP JnDR
FH iJFLFOJnDR S L lQDHGJMCD RC nIJRCIR GFJD JPN QEMDJ�RP RCD nM�FJE NEFOEMPPRE ^ �HR L lFC nFJD MP RCQ
K NEFOEMPPRE RC �FEDEMC S \MnIML S a FH �HRL�H lMHDER LMCOMOR GR NEFOEMPP MDJFC NME LM nHJDR S LRn
NEJCIJN Rn NEQnRCDQn GMCn IR IFHEn S GMCn LR IMGER GH LMCMOMOR YGM S GRP RHERCD HDJLRn RD LRn E�OLRn GR
NEFOEMPP MDJFC K ERnN RIDRE ^

�|�w��|v f��}�edz
TMCn IR GFIHP RCD S CFHn HDJLJnFCn GRn IMEMID�ERn RC kFCDR ����� ��� NFHE JCGJ�HRE IR �HJ RnD

kEMNN Q �LRn NEFOEMPPRn RC OQCQEML� FH IR �HJ MNNMEM�D K L lQIEMC GR L lFEGJCMDRHE ^
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¯DMCD GFCCQ HC NEFiL�P R K EQnFHGER S nFC MCMLhnR IFCnJnDR K LR GQIFPNFnRE RC nFHn�NEFiL�P Rn
NLHn nJPNLRn j Hn�H lK MDDRJCGER GRn NEFiL�P Rn QLQP RCDMJERn �HR L lFEGJCMDRHE RnD IMNMiLR GR EQnFHGER
��FJE °OHER o^o� ^

`R LMCOMOR GR NEFOEMPP MDJFC N REP RD GR DEMCnIEJER LR EQnHLDMD GR L lMCMLhnR GMCn HC kFEP MLJnP R
IFPNEQ]RCnJiLR NME L lFEGJCMDRHE ^

BL R_ JnDR GJ±QERCDRn ILMnnRn GR LMCOMORn GR NEFOEMPP MDJFC ^ aJDFCn ²
³ LMCOMORn NEFIQGHEMH_ ² YGM S �FEDEMC S \MnIML S aFi FL S a S ^^^
³ LMCOMORn kFCIDJFCCRLn ² ZI]RP R S `JnN S ^^^
³ LMCOMORn Fij RDn ² ´M�M S aµµ S ^^^
K I]M�HR ILMnnR GR LMCOMORn RnD MnnFIJQR HCR P QD]FGFLFOJR GR IFCIRNDJFC NMEDJIHLJ�ER ^
T MCn LRn LMCOMORn NEFIQGHEMH_ S FC GJnDJCOHR DFHj FHEn GRH_ QLQP RCDn kFCGMP RCDMH_ ²
³ LRn GFCCQRn �HJ IFEERnN FCGRCD RC �HRL�HRn nFEDRn MH_ �MEJMiLRn RC P MD]QP MDJ�HRn ^ BL RnD JP �

N FEDMCD GR P RCDJFCCRE JPP QGJMDRP RCD �HR LRn GFCCQRn CR nR ERnDERJOCRCD NMn K GRn �MEJMiLRn
CHP QEJ�HRn ¶

³ LRn DEMJDRP RCDn �HJ n lMNNLJ�HRCD K GRn GFCCQRn RD IFEERnN FCGRCD RC �HRL�HRn nFEDRn MH_ kFCI�
DJFCn P MD]QP MDJ�HRn ^ K CFH�RMH S JL kMHD CFDRE �HR LRn DEMJDRP RCDn CR nFCD NMn kFEIQP RCD GR
CMDHER CHP QEJ�HR S iJRC MH IFCDEMJER ^

BL RnD IMNJDML �H lHC NEFOEMPPR nFJD MHDF�GFIHP RCDQ ² HC NEFOEMPPR GFCD FC CR IFPNERCG NMn
LR kFCIDJFCCRP RCD RC LR LJnMCD RnD JCHDJLR ^ UC R±RD S HC NEFOEMPPR M HCR �JR ² JL RnD QIEJD NME HCR
N REnFCCR S FH HCR Q�HJN R GR N REnFCCRn NLHn OQCQEMLRP RCD ¶ RCnHJDR S JL N RHD mDER P FGJ°Q NME G lMHDERn
N REnFCCRn S NMEkFJn nMCn MHIHC LJRC M�RI IRLLRn �HJ L lFCD QIEJD ^ ZJ IRDDR Q�HJN R CR IFPNERCG NMn IR
�HJ M QDQ QIEJD S LR NEFOEMPPR GR�JRCD JCHDJLR ^ BL kMHD nM�FJE �HR LM IFCIRNDJFC RD LM EQMLJnMDJFC G lHC
LFOJIJRL nFCD GRn FN QEMDJFCn DE�n IF·DRHnRn ^

YHnnJ S JL RnD JCGJnN RCnMiLR GR NERCGER GR i FCCRn ]MiJDHGRn GR EQGMIDJFC GR NEFOEMPPRn G�n
LR GQiHD ^ BL kMHGEM GFCI DFHj FHEn NEQnRCDRE RD GFIHP RCDRE IFEERIDRP RCD LRn NEFOEMPPRn �HR CFHn
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bC HDJLJnR LRn MEiERn NEFOEMPP MDJ�HRn N FHE R_NEJP RE LRn MLOFEJD]P Rn ^ `Rn MEiERn NEFOEMPP M�

DJ�HRn nFCD HCR ERNEQnRCDMDJFC OEMN]J�HR JCGQN RCGMCDR GH LMCOMOR GR NEFOEMPP MDJFC HDJLJnQ ^ BLn
N REP RDDRCD GR nR IFCIRCDERE nHE L lMLOFEJD]P R RD LMJnnRE GR I¿DQ LRn NEFiL�P Rn GR nhCDM_R NMEDJIHLJREn
K I]M�HR LMCOMOR ^

bC HDJLJnR LR LMCOMOR GR NEFOEMPP MDJFC YGM GMCn LR IMGER GH IFHEn S GRn ÀT RD GRn À\^ a lRnD
HC LMCOMOR �HJ M QDQ IFCÁH NFHE mDER DE�n Â NEFNER Ã RD DE�n EJI]R GMCn nRn N FnnJi JLJDQn ^ ZRHLRn
�HRL�HRn�HCRn GR IRLLRn�IJ nREFCD NEQnRCDQRn GMCn IR IFHEn ¶ G lMHDERn nREFCD NEQnRCDQRn GMCn LR IFHEn
GR nDEHIDHERn GR GFCCQRn MH GRH_J�P R nRP RnDER �LRn MII�n S LRn NM�HRDMORn� ¶ FC LR ERDEFH�REM RC
GRH_ J�P R IhILR FÄ G lMHDERn MnN RIDn nREFCD QDHGJQn �R_IRNDJFCn S NMEMLLQLJnP R S OQCQEJIJDQ� ^ TH kMJD GR
nRn �HMLJDQn S YGM RnD CFDMPPRCD HDJLJnQ N FHE NEFOEMPPRE GRn MNNLJIMDJFCn nRCnJi LRn S MH aÅUZ S K
LM Å MnM RD MH GQMEDRP RCD GR LM GQkRCnR MP QEJIMJCR S CFDMPPRCD N FHE LR IFCDE¿LR GR PP JnnJLRn RD GR
kHnQRn ¶ i JRC RCDRCGH S YGM RnD QOMLRP RCD HDJLJnQ N FHE GRn MNNLJIMDJFCn i RMHIFHN NLHn P FGRnDRn ^ UC
DFHD QDMD GR IMHnR S I lRnD HC R_IRLLRCD LMCOMOR G lJC JDJMDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR ^

YGM NFEDR LR NEQCFP GR IRLLR �HJ kMJD °OHER GR LM NERP J�ER NEFOEMPPRHnR S YGM `F�RLMIR S �HJ
M DEM�MJLLQ GHEMCD LM nRIFCGR P FJDJDQ GH Æ BÆp nJ�ILR M�RI a]MELRn ÇMiiMOR S K LM P JnR MH N FJCD GR
IMLIHLMDRHEn P QIMCJ�HRn S MCImDERn GR CFn FEGJCMDRHEn QLRIDEFCJ�HRn ^

È
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\MEP J LRn GFCCQRn S FC GJnDJCOHR JPP QGJMDRP RCD ²
³ LRn IFCnDMCDRn �HJ N Fnn�GRCD HCR �MLRHE �HJ CR I]MCOR j MP MJn ¶ NME R_RPNLR S

π
¶

³ LRn �MEJMiLRn GFCD LM �MLRHE N RHD mDER P FGJ°QR ^
VCR GFCCQR N FEDR ²
³ HC CFP S FH JGRCDJ°IMDRHE S IFCnDJDHQ GR LRDDERn S GR I]J± ERn RD GH IMEMID�ER Ó RC ERnN RIDMCD

LM E�OLR �H lHC JGRCDJ°IMDRHE GQiHDR kFEIQP RCD NME HCR LRDDER ^ YGM CR kMJD NMn GR GJnDJCIDJFC
RCDER P MjHnIHLR RD P JCHnIHLR ^ \ME R_RPNLR S ÔÕ �S Ö×ØÙÚ RD ÔÓÛ nFCD GRn JGRCDJ°IMDRHEn �MLJGRn
RC YGM ¶ ÔÕ �S ÜÕ �S ÔÝÞ nFCD DEFJn P MCJ�ERn G lQIEJER LR P mP R JGRCDJ°IMDRHE ^ \FHE nJPNLJ°RE LM
LRIDHER GRn NEFOEMPPRn S CFHn NERCGEFCn LM E�OLR GR DFHj FHEn HDJLJnRE GRn LRDDERn P JCHnIHLRn N FHE
QIEJER LRn P FDn�ILQn GH LMCOMOR ¶ LRn JGRCDJ° IMDRHEn nREFCD QIEJDn nFJD HCJ�HRP RCD RC P MjHnIHLRn S
nFJD M�RI GRn P MjHnIHLRn N FHE LRn ERCGER NLHn LJnJi LRn ¶ R_RPNLRn ² ß S àÖ�áâã�ä�å��æ�Ôáá�ÜÛÔ ¶

³ HC DhN R �HJ nN QIJ°R L lRCnRPiLR GRn �MLRHEn �HR N RHD NERCGER LM GFCCQR RD LRn FN QEMDJFCn �HJ
LH J nFCD MNNLJIMi LRn ^

BCDHJDJ�RP RCD S HCR GFCCQR RnD HCR i F�DR GMCn LM�HRLLR FC N RHD P RDDER HCR �MLRHE ^
T MCn HC NEFOEMPPR S DFHDR GFCCQR GFJD mDER GQILMEQR M�MCD G lmDER HDJLJnQR ¶ nFC CFP RD nFC DhN R

CR N RH�RCD NMn mDER P FGJ°Qn NME LM nHJDR GMCn LR NEFOEMPPR ^
�HRL�HRn DhN Rn nFH�RCD ERCIFCDEQn nFCD ² RCDJRE S EQRL S IMEMID�ER S I]M�CR GR IMEMID�ERn ^

ç èé êë ìíî ë ïðñòóòô
`R DhN R õö÷àøàù ERNEQnRCDR LRn �MLRHEn RCDJ�ERn S N FnJDJ�Rn RD CQOMDJ�Rn ^

ú ûüûü ýþÿ�����ÿ ��þ
`M GQILMEMDJFC RD L lHDJLJnMDJFC LM NLHn nJPNLR G lHCR �MEJMiLR GR DhN R õö÷àøàù n lR_NEJP R GR LM

P MCJ�ER nHJ�MCDR RC YGM ²
�
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`M NERP J�ER LJOCR õ � õö÷àøàù � GQILMER HCR �MEJMiLR GFCD LR CFP RnD õ RD GFCD LR DhN R RnD
õö÷àøàù ^ `R � K LM °C GR LM LJOCR JCGJ�HR LM °C GR LM GQILMEMDJFC ^ TQILMEQR GR DhN R õö÷àøàù S LM
�MEJMiLR õ N FHEEM IFCDRCJE HCR �MLRHE RCDJ�ER S N FnJDJ�R FH CQOMDJ�R ^

`M LJOCR nHJ�MCDR õ �	 
� � M±RIDR LM �MLRHE 
� K LM �MEJMiLR õ^ `R � JCGJ�HR LM °C GR L lJCnDEHIDJFC ^
½ RP ME�HR G lFEGER OQCQEML ² DFHDR GQILMEMDJFC RD DFHDR JCnDEHIDJFC nR DREP JCR NME HC �^
ZJ L lFC FP RD GR GQILMERE HCR �MEJMiLR S LR IFPNJLMDRHE JCGJ�HR HCR REERHE GMCn LR NEFOEMPPR ^ TR

P mP R S nJ FC RnnMJR G lM±RIDRE HCR �MLRHE �HJ CR IFEERnN FCG NMn MH DhN R GR LM �MEJMiLR S HCR REERHE RnD
JCGJ�HQR ^

bC N RHD QOMLRP RCD M±RIDRE LR EQnHLDMD G lHC IMLIHL ²
õ � õö÷àøàù �
õ �	 
� � ×  Ù �
TMCn IR IMn S õ ERÁFJD LM �MLRHE 
Ú ^ bC N RHD QOMLRP RCD kMJER GRn IMLIHLn nHE GRn �MEJMiLRn ²

õ � � � õö÷àøàù �
õ �	 � �
� �	 × �
õ �	 õ  � �
� �	 õ  �� � �� � Ù �
TMCn IRD R_RPNLR S FC CFDR �HR L lFC N RHD GQILMERE NLHnJRHEn �MEJMiLRn GR P mP R DhN R RC HCR nRHLR

kFJn �LJOCR o� ¶ MNE�n M�FJE M±RIDQ � K LM �MEJMiLR õ RD × K LM �MEJMi LR � �LJOCRn [ RD ¸� S L lJCnDEHIDJFC
GR LM LJOCR ¾ M±RIDR LR EQnHLDMD GH NEFGHJD GR LM �MLRHE GR õ NME LM �MLRHE GR � ¶ LM �MLRHE GR LM
�MEJMiLR õ RnD GFCI P FGJ°QR GR � K 
� ^ ` lJCnDEHIDJFC GR LM LJOCR È P FGJ°R LM �MLRHE GR � �HJ GR�JRCD

�  �× � �� � Ù nFJD Ú� ^
ú ûüûú �����ÿ ��þ� ��� ��� ������� �� ÿ��� ��� ! "

`Rn FN QEMDRHEn �HJ N RH�RCD mDER HDJLJnQn nHE GRn �MLRHEn RCDJ�ERn nFCD ²
³ � NFHE L lMGGJDJFC ¶

#
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³  NFHE LR NEFGHJD ¶
³ � NFHE LM GJ� JnJFC RCDJ�ER ² NME R_RPNLR S � � Ù GFCCR Ù ¶
³  NFHE L lR_N FCRCDJMDJFC ² Ô  Õ M N FHE �MLRHE

ab ¶
³ ��á N FHE LR ERnDR GR LM GJ� JnJFC RCDJ�ER ² NME R_RPNLR S � ��á Ù GFCCR 
 S LR ERnDR GR LM GJ�JnJFC

RCDJ�ER GR � NME Ù ^ `R EQnHLDMD GR Ô ��á Õ NERCG LR nJOCR GR Ô ¶
³ á �Û N FHE LR P FGHLF ² JCGJ�HFCn nFC kFCIDJFCCRP RCD nHE GRn R_RPNLRn ²



 á�Û � o


 á�Û $� �¾
$

 á �Û $� � o
$

 á �Û � ¾�HR L lFC N RHD EQnHP RE NME GRH_ E�OLRn ² nJ Ô RD Õ nFCD GR P mP R nJOCR S LM �MLRHE MinFLHR GR

Ô á �Û Õ �MHD Ô ��á Õ RD nFC nJOCR RnD IRLH J GR Ô ¶ nJ Ô RD Õ nFCD GR nJOCR GJnDJCID S LM �MLRHE
MinFLHR GR Ô á �Û Õ �MHD | Õ | −Ô ��á Õ RD NERCG LR nJOCR GR Õ ¶

³ ÔÕ% NFHE LM �MLRHE MinFLHR ² ÔÕ% �õ� kFHECJD LM �MLRHE MinFLHR GR õ ^
`FEn�HR NLHnJRHEn FN QEMDRHEn nFCD HDJLJnQn GMCn HCR R_NERnnJFC �NME R_RPNLR S Ù�×
Ù$& � S L lFEGER

GMCn LR�HRL LRn FN QEMDRHEn nFCD Q�MLHQn GFJD mDER °_Q �
(2 + 3) × (12 − 4)

S FH
((2 + 3) ∗ 12) − 4

S FH
2+3∗(12−4)

S ^^^� ^ \FHE IRLM S HCR ' ()*()+, RnD MnnFIJQR K I]M�HR FN QEMDRHE ^ bC M LRn E�OLRn nHJ�MCDRn ²
³ ÔÕ% RnD LR NLHn NEJFEJDMJER
³  RCnHJDR
³  S � S ��á RD á �Û RCnHJDR
³ � RD $ RC°C ^
RD LRn R_NERnnJFCn nFCD Q�MLHQRn GR LM OMHI]R �REn LM GEFJDR ¶ MJCnJ S Ô � Õ � � M N FHE �MLRHE a

b + c
S

MLFEn �HR Ô � �Õ � �� �MHD a
b+c

^ ` lR_RPNLR NHn ]MHD �Ù�×
Ù$& M GFCI N FHE �MLRHE
2+(3×12)−4 =

34
� ^

ú ûüû- .ÿÿ��/�ÿ� �� ÿ��� ��� ! "

aFCDEMJERP RCD MH_ RCDJREn RC P MD]QP MDJ�HRn S LR DhN R õö÷àøàù CR IFPNERCG NMn GRn �MLRHEn
MEiJDEMJERP RCD OEMCGRn FH N RDJDRn ^ VCR �MEJMiLR GR DhN R õö÷àøàù NERCG nM �MLRHE GMCn HC JCDRE�MLLR
NEQIJn GFCD FC N RHD IFCCM�DER LRn i FECRn K L lMJGR GRn JCnDEHIDJFCn nHJ�MCDRn ²

³ õö÷àøàù 01õù2÷ GFCCR LM NLHn N RDJDR �MLRHE G lRCDJRE IFEERnN FCGMCD MH DhN R õö÷àøàù ¶
³ õö÷àøàù 03Ü2÷ GFCCR LM NLHn OEMCGR �MLRHE G lRCDJRE IFEERnN FCGMCD MH DhN R õö÷àøàù ^
1 õù2÷ RD 3Ü2÷ nFCD �HMLJ°Qn G lMDDEJiHDn GH DhN R õö÷àøàù ^ `Rn �MLRHEn GR õö÷àøàù 01õù2÷ RD

õö÷àøàù 03Ü2÷ nFCD GQN RCGMCDRn GR LM P MI]JCR nHE LM�HRLLR RLLRn nFCD R_QIHDQRn ^
r
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YGM RnD HC LMCOMOR GJD Â kFEDRP RCD DhN Q Ã �HJ JCIJDR K DhN RE LR NLHn NEQIJnQP RCD N FnnJi LR DFHDRn

LRn �MEJMiLRn S I lRnD�K�GJER S NEQIJnRE MH P JRH_ L lRCnRPiLR GRn �MLRHEn �HR N RHD NERCGER HCR �MEJMiLR ^
YHnnJ S RC P MEOR GH DhN R õö÷àøàù S FC M ²

³ LR DhN R å<2õ÷ õßà �HJ RnD HCR ERnDEJIDJFC GH DhN R õö÷àøàù MH_ nRHLn õö÷àøàù nDEJIDRP RCD
N FnJDJkn �t RnD R_ILH � ^ `Rn MDDEJiHDn 1 õù2÷ RD 3Ü2÷ R_ JnDRCD QOMLRP RCD N FHE IR DhN R ^ bC M ²
³ å<2õ÷ õßà 01õù2÷ �MHD o ¶
³ å<2õ÷ õßà 03Ü2÷ �MHD õö÷àøàù 03Ü2÷ ^

³ LR DhN R öÜ÷=ùÜ3 �HJ RnD HCR ERnDEJIDJFC GH DhN R õö÷àøàù MH_ nRHLn õö÷àøàù NFnJDJkn �t RnD
JCILH � ^ `Rn MDDEJiHDn 1 õù2÷ RD 3Ü2÷ R_JnDRCD QOMLRP RCD N FHE IR DhN R ^ bC M ²
³ öÜ÷=ùÜ3 01 õù2÷ �MHD t ¶
³ öÜ÷=ùÜ3 03Ü2÷ �MHD õö÷àøàù 03Ü2÷ ^

bC N RHD QOMLRP RCD JCGJ�HRE �H lHCR �MEJMiLR NERCG nM �MLRHE GMCn HC JCDRE�MLLR G lHC RCnRPiLR
GR �MLRHEn IFPPR nHJD ²

><õ2 � õö÷àøàù �Ô?æ� 
 @@
Ù �
><õ2 RnD HCR �MEJMiLR �HJ NERCG HCR �MLRHE RCDJ�ER IFPNEJnR RCDER o RD o[ ^ ZJ FC RnnMJR GR LHJ

M± RIDRE HCR �MLRHE �HJ CR kMJD NMn NMEDJR GR IRD JCDRE�MLLR S HCR REERHE RnD GQILRCI]QR S K LM IFPNJLMDJFC
FH K L lR_QIHDJFC S nRLFC LR P FP RCD FÄ RLLR RnD GQDRIDQR ^

bC NFHEEM QOMLRP RCD GQ°CJE HC JCDRE�MLLR GMCn öÜ÷=ùÜ3 FH å<2õ÷ õßà NME R_RPNLR ²
õ?A��BÔãã� � öÜ÷=ùÜ3 �Ô?æ� � @@� �Ü�A��õ?A��BÔãã� � å<2õ÷ õßà �Ô?æ� 
� @@
C �

ç èD E:;ì ;FG;7Fì ;H: 8ë IF6;FJ Gë7 GH67 8ë Gë56 8KLGF6Fì ;H:
bC NRHD JCJDJMLJnRE LM �MLRHE G lHCR �MEJMiLR G�n nM GQILMEMDJFC S NLHD¿D �HR G lM�FJE HCR JCnDEHIDJFC

�HJ LR kMJD R_NLJIJDRP RCD ^ \FHE IRLM S FC HDJLJnR LM CFDMDJFC nHJ�MCDR ²
õ � õö÷àøàù �	 
� �
�HJ GQILMER LM �MEJMiLR õ GR DhN R õö÷àøàù RD L lJC JDJMLJnR M�RI LM �MLRHE 
� ^

ç èM êë7 LH:7ìF:ìë7
VCR IFCnDMCDR RnD HCR GFCCQR GFCD LM �MLRHE CR N RHD NMn mDER P FGJ°QR ^ bC LM GQILMER GR LM

P MCJ�ER nHJ�MCDR ²
ot



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abÞÓõö÷ � ��?%AÔ?A õö÷àøàù �	 $×N �ÞÓöÜ÷ � ��?%AÔ?A öÜ÷=ùÜ3 �	 ÙÚ �
`M NERP J�ER LJOCR GQILMER HCR IFCnDMCDR GQCFPPQR ÞÓõö÷ GR DhN R õö÷àøàù RD GFCD LM �MLRHE RnD

$×N ^ `M GRH_ J�P R LJOCR GQILMER HCR IFCnDMCDR GQCFPPQR ÞÓöÜ÷ GR DhN R öÜ÷=ùÜ3 RD GFCD LM �MLRHE
RnD ÙÚ ^

oo
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`Rn DEMJDRP RCDn IFCIRECRCD LM EQMLJnMDJFC GRn FN QEMDJFCn ¶ LRn DEMJDRP RCDn MOJnnRCD nHE GRn GFC�
CQRn ² LRn DEMJDRP RCDn NERCCRCD GRn GFCCQRn RC RCDEQR RD kFHECJnnRCD GRn EQnHLDMDn ^

bC N RHD �FJE L lMCMLFOHR M�RI HCR P MI]JCR FHDJL �HJ NERCG GR LM P MDJ�ER NERP J�ER RC RCDEQR RD
kFHECJD GRn NJ�IRn HnJCQRn RC nFEDJR S FH LR N QDEJC GH iFHLMCORE �HJ ERÁFJD RC RCDEQR kMEJCR S LR�HER S nRL
RD RMH S RD NEFGHJD RC nFEDJR GR LM NVDR K NMJCn ^

T MCn LR I]MNJDER NEQIQGRCD S CFHn M�FCn ERCIFCDEQ LRn DEMJDRP RCDn LRn NLHn nJPNLRn ²
³ LRn FN QEMDJFCn nHE LRn CFPiERn RCDJREn ¶
³ L lM± RIDMDJFC G lHCR �MLRHE K HCR �MEJMiLR ^
ÅFHn GQIEJ�FCn P MJCDRCMCD LRn JCnDEHIDJFCn M�RI LRn�HRLn WXYZ � LRn NEFOEMPPRn nFCD °CMLRP RCD

EQMLJnQn ^ ÅFHn LRn GQIEJ�FCn nFHn LM kFEP R G lMEiERn NEFOEMPP MDJ�HRn ^ bHDER LRn FN QEMDJFCn GR iMnR
RD L lM± RIDMDJFC �HRn MH I]MNJDER NEQIQGRCD S IRn JCnDEHIDJFCn nR EQnHP RCD RC DEFJn nDEHIDHERn ²

³ LM nQ�HRCIR ¶
³ LR DRnD ¶
³ LM i FHILR ^
UCnHJDR S CFHn JCGJ�HREFCn LM DEMGHIDJFC GRn MEiERn NEFOEMPP MDJ�HRn RC YGM ^
[\]^_`ab cde df` ghij k cdl m^no^aeedl pqd fnql ]r^_^nfl df stu cdl `abcdq^l d` aq`^dl `^a_`de df`l vd `dw`dl

\dfvql vafl cd rneed^rd u cdl x dqw \_v]nl u cdl fa\_oa`dq^l yf`d^fd` u cdl rnem_ca`dq^l u zzz

pgcd de a et ba, b entiers pgcd

¹º» ¼ ¸ ^o ³ VC DEMJDRP RCD IFCnFPPR GRn GFCCQRn RD kFHECJD HC EQnHLDMD ² JIJ S GRH_ RCDJREn �LRn GFCCQRn�
nFCD DEMCnkFEP QRn RC HC RCDJRE S EQnHLDMD GH DEMJDRP RCD Â NOIG Ã^

o¸
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\FHE R_NEJP RE LR EQnHLDMD GR L lMCMLhnR G lHC NEFiL�P R S CFHn HDJLJnREFCn LM CFDJFC G lMEiER NEFOEMP �

P MDJ�HR ^ VC MEiER NEFOEMPP MDJ�HR N REP RD GR nR kF IMLJnRE nHE L lMLOFEJD]P R RC LMJnnMCD GR I¿DQ LRn
NMEDJIHLMEJDQn GR DRL FH DRL LMCOMOR ^ Y JCnJ S FC HDJLJnREM LRn MEiERn NEFOEMPP MDJ�HRn RC IFHEn G lYGM
NHJn S MH GRH_J�P R nRP RnDER S RC IFHEn GR a ² N FHE HC NEFiL�P R GFCCQ S L lMEiER NEFOEMPP MDJ�HR nREM
DEMGHJD GR GRH_ P MCJ�ERn iJRC GJ± QERCDRn S nRLFC LR LMCOMOR ^ T MCn LM nHJDR GH IFHEn S CFHn Mi FEGREFCn
RC NERP JRE LJRH LRn CFDJFCn GR DEMJDRP RCD K L lMJGR G lMEiERn NEFOEMPP MDJ�HRn ¶ GR P mP R S RC ÀT RD RC
À\S CFHn CFHn MDDMI]REFCn K FiDRCJE L lMEiER NEFOEMPP MDJ�HR GH NEFiL�P R NFnQ ^ UCnHJDR nRHLRP RCD S
CFHn LR DEMGHJEFCn RC YGM ^

ÅFHn MLLFCn JPP QGJMDRP RCD GFCCRE HC R_RPNLR ² GFCCRE L lMEiER NEFOEMPP MDJ�HR GR L lMIDJFC
nHJ�MCDR ²

o^ nMJnJR MH ILM�JRE GR LM �MLRHE GR GRH_ RCDJREn ¶
[ ^ IMLIHL GR LM P FhRCCR GR IRn GRH_ RCDJREn ¶
¸ ^ M� I]MOR GR IRDDR P FhRCCR ^
` lMEiER RnD JCGJ�HQ K LM °OHER ¸ ^[ ^ WQCQEMLRP RCD S RC JCkFEP MDJ�HR S HC MEiER nR LJD GR ]MHD RC

iMn ² nM EMIJCR RnD RC ]MHD S G lFÄ NMEDRCD GRn iEMCI]Rn jHn�H lK MDDRJCGER nRn kRHJLLRn RC iMn ^ a lRnD
nJPNLRP RCD HCR �HRnDJFC G l]MiJDHGR ^

bC CFDR LRn QLQP RCDn nHJ�MCDn ²
³ HC ERIDMCOLR JCGJ�HMCD LR CFP GR L lMIDJFC ² X b�UÅÅU ¶
³ RC GRnnFHn S HC nhPiFLR → �HJ nJOCJ°R Â nQ�HRCIR G lJCnDEHIDJFCn Ã^ `Rn JCnDEHIDJFCn RC

�HRnDJFC nFCD nJDHQRn RC GRnnFHn GR IR nhPiFLR ^ `Rn ERIDMCOLRn EMDDMI]Qn nFHn IR nhPiFLR nFCD
R_QIHDQRn GMCn L lFEGER S GR OMHI]R K GEFJDR ¶

³ RC GRnnFHn S K OMHI]R S HC ERIDMCOLR JCGJ�HMCD L lMIDJFC EQMLJnQR JIJ ² Â nMJnJR GR GRH_ CFPiERn MH
ILM�JRE Ã RD RC GRnnFHn S HC ERIDMCOLR JCGJ�HMCD LRn MIDJFCn K EQMLJnRE ² Â nMJnJE Y RD Ç Ã ¶

³ HCR kFJn IRDDR MIDJFC EQMLJnQR �LRn �MEJMiLRn Y RD Ç IFCDJRCCRCD GFCI LRn �MLRHEn GFCD JL kMHD
IMLIHLRE LM P FhRCCR� S L lR_QIHDJFC nR N FHEnHJD S RC nQ�HRCIR S M�RI L lMIDJFC �HJ nR DEFH�R K nM
GEFJDR S nFJD Â IMLIHL GR LM P FhRCCR Ã^ K CFH�RMH S L lMIDJFC RnD IFPPRCDQR GMCn HC ERIDMCOLR
EMDDMI]Q K L lMIDJFC R±RIDJ�R GR IMLIHL GR LM P FhRCCR RD GR nFC M±RIDMDJFC K LM �MEJMiLR Xb� ^
`R nhPiFLR ← RnD IRLH J GR L lM±RIDMDJFC G lHCR �MLRHE K HCR �MEJMiLR ^ BL nJOCJ°R JIJ ² M±RIDRE K
LM �MEJMiLR Xb� LM �MLRHE GR A+B

2

¶
³ HCR kFJn IRDDR MIDJFC EQMLJnQR �LRn �MEJMiLRn Y RD Ç IFCDJRCCRCD GFCI DFHj FHEn LRn �MLRHEn GFCD JL

kMHD IMLIHLRE LM P FhRCCR RD Xb� IFCDJRCD IRDDR P FhRCCR� S L lR_QIHDJFC nR N FHEnHJD S RC nQ�HRCIR S
M�RI L lMIDJFC �HJ nR DEFH�R K GEFJDR S nFJD Â M� I]MOR GH EQnHLDMD Ã^ UCIFER HCR kFJn S L lMIDJFC RnD
IFPPRCDQR NHJn RLLR RnD GQIEJDR GMCn LR ERIDMCOLR RC GRnnFHn ¶

³ NHJn�H lJL C lh M NLHn G lMIDJFC K LM GEFJDR GR IRLLR�IJ S L lR_QIHDJFC GR L lMIDJFC X b�UÅÅU RnD
DREP JCQR ^

o¾
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moyenne

Calculer leur

clavier

nombres au

Saisir deux
Afficher le

Saisir A et B
Afficher MOY

MOY
A+B

2

MOYENNE

résultat

¹º» ¼ ¸ ^[ ³ YEiER NEFOEMPP MDJ�HR GR L lMIDJFC IMLIHL GR P FhRCCR ^

Condition

Boîte Alors

Si

¹º» ¼ ¸ ^¸ ³ YEiER NEFOEMPP MDJ�HR G lHC DRnD ZJsY LFEn
D èç êë7 ìë7ì7

`Rn JCnDEHIDJFCn GR DRnD N REP RDDRCD L lR_QIHDJFC G lJCnDEHIDJFCn nFHn IFCGJDJFC ^ aRn DRnDn N RH�RCD
NERCGER GRH_ kFEP Rn S LRn DRnDn ZJsY LFEn RD LRn DRnDn ZJsY LFEnsZJCFC ^
- ûú ûü ���ÿ ���. ����

ZFHn kFEP R G lMEiER NEFOEMPP MDJ�HR S LR DRnD ZJsY LFEn RnD ERNEQnRCDQ K LM °OHER ¸ ^¸ ^ bC DEFH�R
HCR IFCGJDJFC RnD HCR i F�DR G lJCnDEHIDJFC �HR CFHn CFPPREFCn Â i F�DR�MLFEn Ã^ ½RP ME�HFCn �HR LM
IFCGJDJFC S FH NEQGJIMD S RnD NLMIQR GMCn HCR i F�DR ]R_MOFCMLR S MLFEn �HR LRn MIDJFCn nFCD NLMIQRn GMCn
GRn ERIDMCOLRn ² GMCn DFHD MEiER NEFOEMPP MDJ�HR S FC GJnDJCOHR MJCnJ DFHj FHEn IFCGJDJFC RD MIDJFC K
LM kFEP R GR LM i F�DR GMCn LM�HRLLR RLLR nR DEFH�R ^

`R NEJCIJN R G lR_QIHDJFC RnD LR nHJ�MCD ²
o^ LM ��?Û�A ��? RnD Q�MLHQR ¶ nM �MLRHE RnD nFJD ���� nFJD ¹�Y� ¶
[ ^ nJ RLLR RnD �EMJR S LRn JCnDEHIDJFCn GR LM i F�DR�MLFEn nFCD R_QIHDQRn ¶

oÈ
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Si

Afficher "V est nul"
V = 0

ExempleSiAlors

¹º» ¼ ¸ ^¾ ³ U_RPNLR G lHC DRnD ZJsY LFEn ² LM IFCGJDJFC DRnDR nJ LM �MLRHE GR LM �MEJMiLR RnD CHLLR ^ T MCn
IR IMn S LM i F�DR�MLFEn RnD R_QIHDQR RD M� I]R HC P RnnMOR ^

Si

Condition

Boîte Alors Boîte Sinon

¹º» ¼ ¸ ^È ³ YEiER NEFOEMPP MDJ�HR G lHC DRnD ZJsY LFEnsZJCFC
¸ ^ nJ RLLR RnD kMHnnR S MHIHCR JCnDEHIDJFC C lRnD R_QIHDQR ^
`M °OHER ¸ ^¾ NEFN FnR HC R_RPNLR ² LM �MLRHE G lHCR �MEJMiLR RnD DRnDQR RD HC P RnnMOR RnD M� I]Q

nJ LR CFPiER RnD CHL ^
- ûú ûú ���ÿ ���. �������þ�þ

ZFHn kFEP R G lMEiER NEFOEMPP MDJ�HR S LR DRnD ZJsY LFEnsZJCFC RnD ERNEQnRCDQ K LM °OHER ¸ ^È ^ bC ER�
DEFH�R IFPPR NEQIQGRPPRCD HCR IFCGJDJFC S P MJn CFHn M�FCn IRDDR kFJn�IJ GRH_ iF�DRn G lJCnDEHIDJFCn S
LM i F�DR�MLFEn nJDHQR K GEFJDR GR LM IFCGJDJFC S RD LM Â i F�DR�nJCFC Ã nJDHQR K nM GEFJDR ^

`R NEJCIJN R G lR_QIHDJFC RnD LR nHJ�MCD ²
o^ LM ��?Û�A ��? RnD Q�MLHQR ¶ nM �MLRHE RnD nFJD ���� nFJD ¹�Y� ¶
[ ^ nJ RLLR RnD �EMJR S LRn JCnDEHIDJFCn GR LM i F�DR�MLFEn nFCD R_QIHDQRn ¶
¸ ^ nJ RLLR RnD kMHnnR S LRn JCnDEHIDJFCn GR LM i F�DR�nJCFC nFCD R_QIHDQRn ^
T MCn HC DRnD ZJsY LFEnsZJCFC S nFJD LM i F�DR�MLFEn nFJD LM i F�DR�nJCFC RnD R_QIHDQR ¶ K L lR_QIHDJFC

GH DRnD S L lHCR GRn GRH_ RnD kFEIQP RCD R_QIHDQR P MJn j MP MJn LRn GRH_ ^
`M °OHER ¸ ^É NEFN FnR HC R_RPNLR ² LM �MLRHE G lHCR �MEJMiLR RnD DRnDQR RD HC P RnnMOR RnD M� I]Q

RC kFCIDJFC GR LM NMEJDQ GH CFPiER ^
oÉ
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Si

V est pair Afficher

"V a une valeur paire"

Afficher

"V a une valeur impaire"

ExempleSiAlorsSinon

¹º» ¼ ¸ ^É ³ U_RPNLR G lHC DRnD ZJsY LFEnsZJCFC ² LM IFCGJDJFC DRnDR nJ LM �MLRHE GR LM �MEJMiLR RnD NMJER ^
ZRLFC LR IMn S LM i F�DR�MLFEn FH LM i F�DR�nJCFC RnD R_QIHDQR RD M� I]R HC P RnnMOR ^

Condition

d’itération

Action tant que

vérifiée

la condition est

Tq

¹º» ¼ ¸ ^� ³ YEiER NEFOEMPP MDJ�HR G lHCR i FHILR ÀMCD��HR
D èD êë7 J H5LGë7

`Rn i FHILRn N REP RDDRCD GR EQMLJnRE NLHnJRHEn kFJn GR nHJDR LM P mP R nQ�HRCIR G lJCnDEHIDJFCn ^ BL RC
R_ JnDR NLHnJRHEn kFEP Rn RD CFHn DEMJDREFCn GRn i FHILRn ÀMCD��HR RD GRn i FHILRn \FHE ^
- û- ûü �� /����� ��þÿ����

TMCn HCR i FHILR ÀMCD��HR S LM nQ�HRCIR G lJCnDEHIDJFCn RnD EQN QDQR DMCD �H lHCR IREDMJCR IFCGJDJFC
RnD �QEJ°QR ^ ` lMEiER NEFOEMPP MDJ�HR IFEERnN FCGMCD RnD JCGJ�HQ K LM °OHER ¸ ^� ^

`R NEJCIJN R G lR_QIHDJFC G lHCR i FHILR ÀMCD��HR RnD LR nHJ�MCD ²
o^ LM IFCGJDJFC RnD IMLIHLQR ^ aFPPR GMCn HC DRnD S nM �MLRHE RnD ���� FH ¹�Y� ¶
[ ^ nJ LM IFCGJDJFC RnD �QEJ°QR S L lMIDJFC JCGJ�HQR K nM GEFJDR RnD R_QIHDQR ^ K L lJnnHR GR L lR_QIHDJFC

GR IRDDR MIDJFC S FC ER�JRCD K L lQDMN R o ¶
¸ ^ nJ LM IFCGJDJFC C lRnD NMn �QEJ°QR S L lR_QIHDJFC GH ÀMCD��HR RnD DREP JCQR ^
bC CFDR �HR nJ LM IFCGJDJFC C lRnD NMn �QEJ°QR LFEn GR nM NERP J�ER Q�MLHMDJFC S L lMIDJFC JCGJ�HQR

C lRnD j MP MJn R_QIHDQR ^
o�
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I <= 10

de 1 à 10

Somme des entiers

Tq

0SOMME

1I

I + 1I

SOMME + ISOMME

¹º» ¼ ¸ ^# ³ VC MEiER NEFOEMPP MDJ�HR N FHE HCR MIDJFC IFCnJnDMCD K kMJER LM nFPP R GRn RCDJREn GR o
K ot RD HDJLJnMCD HCR i FHILR ÀMCD��HR ^

½ �OLR K ERnN RIDRE ² JL kMHD JPN QEMDJ�RP RCD n lMnnHERE �HR LM IFCGJDJFC G lJDQEMDJFC GR�JRCD kMHnnR K
HC P FP RCD N FHE RC nFEDJE ^

aFCnJGQEFCn HC R_RPNLR ² QIEJER HCR MIDJFC �HJ IMLIHLR LM nFPP R GRn ot NERP JREn RCDJREn CMDHERLn
�LRn RCDJREn GR o K ot� ^ ` lMEiER NEFOEMPP MDJ�HR RC RnD JCGJ�HQ K LM °OHER ¸ ^# ^ \FHE IRLM S FC IFCnJGQER
HCR �MEJMiLR B �HJ QOE�CR LRn �MLRHEn GR o K ot RD S K I]M�HR JDQEMDJFC S FC Mj FHDREM nM �MLRHE K HCR
MHDER �MEJMiLR S ZbXXU JCJDJMLJnQR MH NEQMLMiLR K t ^ \ME MJLLRHEn S K I]M�HR JDQEMDJFC S LM �MEJMiLR B RnD
JCIEQP RCDQR ^ `FEn�HR B MDDRJCD LM �MLRHE ooS FC M DREP JCQ S IR �HJ R_NLJ�HR LM IFCGJDJFC G lJDQEMDJFC GH
ÀMCD��HR ^

bC N RHD IFPNFnRE GRn MIDJFCn NLHn IFPNLR_Rn RC HDJLJnMCD NLHnJRHEn DEMJDRP RCDn GMCn HCR P mP R
MIDJFC ^ Y JCnJ S FC N RHD GQ°CJE HCR MIDJFC �HJ S N FHE LRn RCDJREn GR È K oS M� I]R n lJL RnD NMJE FH JPNMJE
��FJE °OHER ¸ ^r� ^
- û- ûú �� /����� ����

TMCn HCR i FHILR \FHE S FC IFCCM�D LR CFPiER G lJDQEMDJFCn K EQMLJnRE ^ ` lMEiER NEFOEMPP MDJ�HR
IFEERnN FCGMCD RnD JCGJ�HQ K LM °OHER ¸ ^ot ^

`R NEJCIJN R G lR_QIHDJFC G lHCR i FHILR \FHE RnD LR nH J�MCD ²
o^ HCR �MEJMiLR �MNN RLQR Â JCGJIR GR i FHILR Ã � RnD HDJLJnQR ¶ RLLR �M nHIIRnnJ�RP RCD NERCGER LRn

�MLRHEn JCGJ�HQRn GMCn L lJCDRE�MLLR ^ U LLR RnD DFHD G lMi FEG JCJDJMLJnQR M�RI LM i FECR JCkQEJRHER GR
L lJCDRE�MLLR ¶

[ ^ L lMIDJFC MnnFIJQR RnD R_QIHDQR ¶ LM �MLRHE GR L lJCGJIR N RHD mDER HDJLJnQR ¶
¸ ^ L lJCGJIR GR i FHILR RnD JCIEQP RCDQ ¶
¾ ^ nJ L lJCGJIR GR i FHILR RnD DFHj FHEn JCkQEJRHE FH QOML K LM i FECR nHN QEJRHER GR L lJCDRE�MLLR S FC

ERDFHECR K L lQDMN R [ ¶ nJCFC S L lR_QIHDJFC GR LM i FHILR RnD DREP JCQR ^
o#
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I est pair
Afficher
I est impair

I non nul

5

TqInitialisation

I

Si

Afficher

ExempleTqSi

I est pair

I I - 1

¹º» ¼ ¸ ^r ³ VC MEiER NEFOEMPP MDJ�HR N FHE HCR MIDJFC IFCnJnDMCD S N FHE LRn RCDJREn GR È K oS K M� I]RE
n lJL RnD NMJE FH JPNMJE ^ bC �FJD �HR L lFC N RHD IFPNFnRE GRn MIDJFCn IFPNLR_Rn RC IFPiJCMCD LRn
DEMJDRP RCDn GR iMnR ² nQ�HRCIR S DRnD S i FHILR ^

Indice [a, b]ε

Pour

Action tant que

verifiée

la condition est

¹º» ¼ ¸ ^ot ³ YEiER NEFOEMPP MDJ�HR G lHCR i FHILR \FHE

or
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Pour

SOMME + I

SOMME

de 1 a 10
Somme des entiers

0

SOMME1 <= I <= 10

¹º» ¼ ¸ ^oo ³ VC MEiER NEFOEMPP MDJ�HR N FHE HCR MIDJFC IFCnJnDMCD K kMJER LM nFPP R GRn RCDJREn GR o
K ot RD HDJLJnMCD HCR i FHILR \FHE ^

aFCnJGQEFCn K CFH�RMH L lR_RPNLR DEMJDQ M�RI LM i FHILR ÀMCD��HR ² QIEJER HCR MIDJFC �HJ IMLIH LR
LM nFPP R GRn ot NERP JREn RCDJREn CMDHERLn �LRn RCDJREn GR o K ot� ^ bC HDJLJnR IRDDR kFJn�IJ HCR i FHILR
\FHE ^ ` lMEiER NEFOEMPP MDJ�HR RnD JCGJ�HQ K LM °OHER ¸ ^oo^ aRDDR kFJn�IJ S LM �MEJMiLR B �HJ QOE�CR
LRn �MLRHEn GR o K ot RnD L lJCGJIR GR i FHILR ^ ` lJCDRE�MLLR GMCn LR�HRL nM �MLRHE �MEJR RnD nN QIJ°Q ^ ZFC
JCIEQP RCDMDJFC RnD IRDDR kFJn MHDFP MDJ�HR ^ ` lMIDJFC MIDJFC IFCnJnDR GFCI nJPNLRP RCD K Mj FHDRE LR
IFCDRCH IFHEMCD GR L lJCGJIR GR i FHILR K LM �MEJMiLR ZbXXU ^

`M DEMGHIDJFC GR IR NEFiL�P R K L lMJGR G lHCR i FHILR \FHE RnD i RMHIFHN NLHn CMDHERLLR �H lM�RI HCR
i FHILR ÀMCD��HR ¶ RC R±RD S FC IFCCM�D K L lM�MCIR LR CFPiER G lJDQEMDJFCn K EQMLJnRE ^ YHnnJ S LM i FCCR
nFLHDJFC K IR NEFi L�P R IFCnJnDR K HDJLJnRE HCR i FHILR \FHE RD CFC HCR i FHILR ÀMCD��HR ^

`FEn�HR L lFC Mi FEGR LM NEFOEMPP MDJFC nDEHIDHEQR S FC ]QnJDR nFH�RCD GMCn LR I]FJ_ GR LM i FHILR K
HDJLJnRE S RCDER HCR i FHILR ÀMCD��HR RD HCR i FHILR \FHE ^ UC kMJD S JL C lh M MHIHCR ]QnJDMDJFC K M�FJE RD JL
kMHD nHJ�ER LR NEJCIJN R nHJ�MCD ² HCR i FHILR \FHE n lRPNLFJR LFEn�HR L lFC IFCCM�D NME M�MCIR LR CFPiER
G lJDQEMDJFCn �HJ nREFCD R±RIDHQRn ¶ HCR i FHILR ÀMCD��HR n lRPNLFJR LFEn�HR IR CFPiER G lJDQEMDJFCn RnD
JCIFCCH ^

ÅFDFCn �HR L lJCGJIR G lHCR i FHILR \FHE N RHD �MEJRE GR P MCJ�ER IEFJnnMCDR FH GQIEFJnnMCDR ^ ZRLFC
LR IMn S L lHCR FH L lMHDER GR IRn GRH_ QIEJDHERn RnD NLHn NEMDJ�HR ^
D èM ��ë6L;Lë7

TFCCRE HC MEiER NEFOEMPP MDJ�HR N FHE LRn NEFiL�P Rn nHJ�MCDn ²
o^ QI]MCORE LM �MLRHE GR GRH_ �MEJMiLRn ² M�MCD L lMIDJFC S LM �MEJMiLR Y IFCDJRCD HCR �MLRHE _ S LM

�MEJMiLR Ç IFCDJRCD HCR �MLRHE h ¶ K LM nHJDR GR L lMIDJFC S Y IFCDJRCD LM �MLRHE h RD Ç IFCDJRCD LM
�MLRHE _ ¶

[ ^ M�MCD L lMIDJFC S LM �MEJMiLR Y IFCDJRCD HCR �MLRHE _ S LM �MEJMiLR Ç IFCDJRCD HCR �MLRHE h ¶ K LM
nHJDR GR L lMIDJFC S Y IFCDJRCD LM �MLRHE LM NLHn N RDJDR NMEP J _ RD h RD Ç IFCDJRCD LM �MLRHE LM N LH n
OEMCGR NMEP J _ RD h ¶

[t



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab¸ ^ M�MCD L lMIDJFC S DEFJn �MEJMiLRn Y S Ç RD a �HJ nFCD LRn IFR� IJRCDn G lHCR Q�HMDJFC GH nRIFCG
GROEQ �Y

x2+
Ç

x+
a

= 0
� ^ Y� I]RE LRn nFLHDJFCn GR L lQ�HMDJFC RC IFCnJGQEMCD �HR IREDMJCRn

�MEJMiLRn N RH�RCD M�FJE HCR �MLRHE CHLLR ¶
¾ ^ M�MCD L lMIDJFC S LM �MEJMiLR Y IFCDJRCD HCR MCCQR �HC RCDJRE� ^ ` lMIDJFC GQDREP JCR nJ I lRnD HCR

MCCQR iJnnR_DJLR RD M� I]R HC P RnnMOR IFEERnN FCGMCD ¶
È ^ M�MCD L lMIDJFC S DEFJn �MEJMiLRn Y S Ç RD a �HJ IFCDJRCCRCD ERnN RIDJ�RP RCD LRn �MLRHEn _ S h RD � ^ K

L lJnnHR GR L lMIDJFC S LM �MLRHE GR Y RnD JCkQEJRHER FH QOMLR K IRLLR GR Ç S RLLR�P mP R JCkQEJRHER FH
QOMLR K IRLLR GR a ¶

É ^ M�MCD L lMIDJFC S GRH_ ]FEMJERn S L lHC GR GQNMED S L lMHDER G lMEEJ�QR nFHn LM kFEP R ]RHER S P JCHDR RD
nRIFCGRn ��T S XT S ZT S �Y S XY S ZY � GMCn LM P mP R j FHECQR ¶ K L lJnnHR GR L lMIDJFC S LM GHEQR
GH DEMj RD RnD M� I]QR ^ T lHCR NMED S JL RnD JCDREGJD GR IFC�REDJE LRn ]FEMJERn RC nRIFCGRn ¶ G lMHDER
NMED S JL kMHD GQ°CJE LRn I]MPNn IFCDRCMCD GRn nRIFCGRn IFPPR �Ô?æ� � @@�N S GR P mP R NFHE
LRn P JCHDRn ¶

� ^ M�MCD L lMIDJFC S FC M HCR �MEJMiLR Å GR DhN R RCDJRE ^ K L lJnnHR GR L lMIDJFC S Æ IFCDJRCD nM EMIJCR
IMEEQR NME R_I�n S I lRnD�K�GJER LR NLHn N RDJD RCDJRE DRL �HR Æ

2 ≥ Å ¶
# ^ M�MCD L lMIDJFC S GRH_ RCDJREn Y RD Ç ^ ` lMIDJFC M� I]R LM �MLRHE GR Y QLR�QR K LM NHJnnMCIR GR LM

�MLRHE GR Ç ^ Ç JRC RCDRCGH S JL RnD JCDREGJD G lHDJLJnRE L lFN QEMDRHE  ¶
r ^ M�MCD L lMIDJFC S LM �MEJMiLR Å IFCDJRCD HC RCDJRE ^ ` lMIDJFC IMLIHLR RD M� I]R nM kMIDFEJRLLR �MDDRC�

DJFC MH_ IMn NMEDJIHLJREn� ¶
ot ^ M�MCD L lMIDJFC S LM �MEJMiLR Å IFCDJRCD HC RCDJRE ^ ` lMIDJFC nMJnJD Å CFPiERn RCDJREn MH ILM�JRE RD

M� I]R LRHE nFPP R ¶
oo^ nMJnJE HCR nHJDR G lRCDJREn MH ILM�JRE DREP JCQR NME LM �MLRHE � o RD M� I]RE LRHE nFPP R ¶
o[ ^ PHLDJN LJIMDJFC QOhNDJRCCR ² I lRnD HCR P MCJ�ER GR IMLIHLRE HC NEFGHJD RC CR kMJnMCD �HR GRn

MGGJDJFCn S GRn PHLDJN LJIMDJFCn NME [ RD GRn GJ� JnJFCn RCDJ�ERn NME [ ^ aFCnJGQEFCn HC R_RPNLR ²
�HRL RnD LR NEFGHJD GR ¸É NME ¾¸ � bC R±RIDHR LM GJ�JnJFC RCDJ�ER ¾¸ NME [ �FC MHEMJD NH NERCGER
¸É K LM NLMIR iJRC RCDRCGH � RD FC ERIFPPRCIR nHE LR EQnHLDMD j Hn�H lK MDDRJCGER o ¶ RC �Jn�K��Jn
GR I]M�HR EQnHLDMD S FC QIEJD LR NEFGHJD GR ¸É NME [ S NHJn RCIFER NME [ S ^^^ bC FiDJRCD ²
¾¸ /2−→ [ o /2−→ ot /2−→ È /2−→ [ /2−→ o
¸É ×2−→ �[ ×2−→ o¾¾ ×2−→ [## ×2−→ È�É ×2−→ ooÈ[

bC kMJD RCnHJDR LM nFPP R GRn PHLDJN LRn GR ¸É MNNMEMJnnMCD GMCn LM GRH_ J�P R LJOCR �HJ IFEERn�
N FCGRCD MH_ �MLRHEn JPNMJERn GR LM NERP J�ER LJOCR S nFJD ¸É S �[ S [## RD ooÈ[ ¶ I lRnD LR EQnHLDMD
GH NEFGHJD GR ¸É NME ¾¸ ^
TFCCRE L lMEiER NEFOEMPP MDJ�HR GR LM PHLDJN LJIMDJFC QOhNDJRCCR RC IFCnJGQEMCD �HR LRn �MLRHEn
K PHLDJN LJRE nFCD GMCn GRH_ �MEJMiLRn Y RD Ç M�MCD L lMIDJFC S RD �HR LR NEFGHJD RnD M� I]Q K
L lQIEMC K L lJnnHR GR L lMIDJFC ^

[ o



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abD è� �6F85Lì ;H: 8ë7 F6J6ë7 î6H{6F||Fì ;}5ë7 ë: 48F
VC MEiER NEFOEMPP MDJ�HR JCGJ�HR HCR MIDJFC ^ UC YGM S HCR MIDJFC GQiHDR NME LR P FD�ILQ Õ�æ �?

RD nR DREP JCR NME LR P FD�ILQ �?Û RD �^ UC FHDER S JL kMHD GQILMERE LRn �MEJMiLRn HDJLJnQRn GMCn L lMIDJFC ¶
IRn GQILMEMDJFCn nFCD EQMLJnQRn M�MCD LR P FD�ILQ Õ�æ �? ^
- û� ûü �����þ��

`Rn JCnDEHIDJFCn IFPNFnMCD HCR nQ�HRCIR GFJ�RCD mDER DEMGHJDRn L lHCR MNE�n L lMHDER RC LRn IFCnJ�
GQEMCD GR OMHI]R K GEFJDR ^

bC ERNERCG L lMIDJFC Xb�UÅÅU �HR K LM NMOR oÈ ^ bC FiDJRCD LR NEFOEMPPR YGM nHJ�MCD ²
$$
$$ å��æ�Ôáá� á���??� @ÔÛÕ
$$
$$ 
� %�âA�áÕ�� 
NNN @
$$
$$ å� @ å���Ö � =3Þ<
$$
$$ Þ� â��æ�Ôáá� %Ô�%�A Û��Ö ?�áÕ��% �?A ��� % Ô� �ãÔB ��� � �Ôã��ã� ã���
$$ á���??� �A ã 0Ô������ � ã 0���Ô? @
$$

� �A� ÷�ÖAÓõ< � $$ â��� Ô�A�� �%�� ã�% �?A���%�%��A ��% Û� �Ô�Ô�A���%
�%� ÷�ÖAÓõ< �
� �A� ÜÛÔ @õ?A�æ��Ó÷�ÖAÓõ< � $$ â��� Ô�A�� �%�� ã�% �?A���%�%��A ��% Û 0õö÷àøàù
�%� ÜÛÔ @õ?A�æ��Ó÷�ÖAÓõ< �
â����Û��� ><�àööà �%
õ � � � ><� � õö÷àøàù �
Õ�æ�?
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><� �	 �õ � �� � Ù �
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abå=÷ ��� �å=÷ �� �%A �� �å=÷Ó3 õöà �><� � ��?Û ><�àööà �
ÅFHn GQIEJ�FCn IR NEFOEMPPR �HJ N RHD mDER nMJnJ DRL �HRL RD IFPNJLQ N FHE mDER R_QIHDQ ^
`Rn ot NERP J�ERn LJOCRn S IRLLRn NEQIQGQRn GR $$ S nFCD GRn IFPPRCDMJERn ^ aR CR nFCD NMn GRn

JCnDEHIDJFCn ¶ RLLRn nFCD LK N FHE GFIHP RCDRE LR NEFOEMPPR RD R_NLJ�HRE nFC kFCIDJFCCRP RCD ¶ LRHE
NEQnRCIR RnD JCGJnN RCnMiLR ² �|f� {�|��wggz v|v x|ggzv�d ze� �vf��}z ^ aR IFPPRCDMJER
JCGJ�HR LR CFP GH NEFOEMPPR �HJ RnD MHnnJ LR CFP GH °I]JRE �HJ LR IFCDJRCD ^ BL JCGJ�HR LM GMDR
GH j FHE FÄ JL M QDQ QIEJD MJCnJ �HR nFC MHDRHE ^ UCnHJDR S JL IFCDJRCD �HRL�HRn LJOCRn GR IFPPRCDMJERn
R_NLJ�HMCD nFC Fij RD ^

bC DEFH�R RCnHJDR GRH_ JCnDEHIDJFCn �� �A� ÷à�÷Óõ< � RD � %� ÷à�÷Óõ< �� �HJ GFJ�RCD °OHERE RC
GQiHD GR DFHD NEFOEMPPR YGM �HJ R± RIDHR GRn RCDEQRnsnFEDJRn GR IMEMID�ERn ^ TR P mP R S LRn GRH_
LJOCRn nHJ�MCDRn GFJ�RCD °OHERE RC GQiHD GR DFHD NEFOEMPPR YGM �HJ R± RIDHR GRn RCDEQRnsnFEDJRn GR
�MEJMiLRn GR DhN R õö÷àøàù ^ bC ERP ME�HREM L lHDJLJnMDJFC GR IFPPRCDMJERn ^

K LM nHJDR S FC DEFH�R LM LJOCR â����Û��� ><�àööà �% �HJ JCGJ�HR �HR L lFC �M GQ°CJE HCR ' (*�, ¡(¢ S
I lRnD�K�GJER HC RCnRPiLR GR GQILMEMDJFCn RD JCnDEHIDJFCn �HJ EQMLJnRCD HCR MIDJFC ^ aRDDR NEFIQGHER
N FEDR HC CFP S JIJ ><�àööà S �HJ RnD nHJ� J GH P FD�ILQ �% NFHE JCGJ�HRE �HR nM GQ°CJDJFC nH JD ^

bC DEFH�R MLFEn LM GQILMEMDJFC GR DEFJn �MEJMiLRn GR DhN R õö÷àøàù RD GR CFP õS � RD ><� ^
K LM nHJDR GR LM GQILMEMDJFC GRn �MEJMiLRn HDJLJnQRn GMCn LM NEFIQGHER S LRn JC nDEHIDJFCn LM IFPNFnMCD

nHJ�RCD MNE�n LR P FD�ILQ Õ�æ �? ^ ÀFHDRn LRn JC nDEHIDJFCn nJDHQRn RCDER IR Õ�æ �? RD LR �?Û ><�àööà �
�P FD�ILQ �?Û nHJ�J GH CFP GR LM NEFIQGHER RC IFHEn GR GQ°CJDJFC � IFCnDJDHRCD LR IFENn GR LM NEFIQGHER ^
aRn JCnDEHIDJFCn nFCD GFCI JIJ MH CFPiER GR r ^

`Rn GRH_ NERP J�ERn JCnDEHIDJFCn øà÷ �@� R±RIDHRCD LM nMJnJR MH ILM�JRE G lHCR �MLRHE RD LM nDFI£RCD
GMCn LM �MEJMiLR JCGJ�HQR S LM �MEJMiLR õ N FHE LM NERP J�ER S LM �MEJMiLR � NFHE LM nRIFCGR ^

`M LJOCR nHJ�MCDR ><� �	 �õ � �� � Ù � R±RIDHR LR IMLIHL GR LM P FhRCCR GRn �MLRHEn IFCDRCHRn
GMCn LRn �MEJMiLRn õ RD � RD L lM±RIDR K LM �MEJMiLR ><� ^

`Rn É LJOCRn nHJ�MCDRn M� I]RCD LR EQnHLDMD K L lQIEMC ^ å=÷ M� I]R LM �MLRHE RCDER �@� K L lQIEMC K LM
�HRHR LRH LRH ^ å=÷Ó3 õöà M� I]R QOMLRP RCD LM �MLRHE RCDER �@� K L lQIEMC NHJn NMnnR K LM LJOCR nHJ�MCDR ^

bC CFDR �HR S IFCkFEP QP RCD K IR �HJ M�MJD QDQ GJD MHNMEM�MCD S LRn JGRCDJ°IMDRHEn nFCD RC P MjHn�
IHLRn RD LRn P FDn�ILQn RC P JCHnIHLR ^

ZJ FC DMN R RD IFPNJLR LR NEFOEMPPR S FC N RHD RCnHJDR L lR_QIHDRE ^ ZJ FC RCDER MLFEn LRn CFPiERn 
×RD 
¤ S FC MHEM L lM� I]MOR ²

3Ô á���??� Û� 
× �A 
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� @
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abbEGER G lR_QIHDJFC GRn JCnDEHIDJFCn GMCn HCR nQ�HRCIR ² LRn JCnDEHIDJFCn n lR_QIHDRCD L lHCR MNE�n
L lMHDER S GR Â ]MHD RC iMn Ã^ ` lR_QIHDJFC G lHCR JCnDEHIDJFC CR GQiHDR �HR LFEn�HR L lR_QIHDJFC GR
L lJCnDEHIDJFC NEQIQGRCDR RnD DREP JCQR ^
- û� ûú ��� ÿ��ÿ�
¥�w�fx��|v �ze �ze�e ¦�§¨ }|�e

`M DEMGHIDJFC G lHC DRnD nJsMLFEn �MEiER NEFOEMPP MDJ�HR GR LM °OHER ¸ ^¸� RnD LM nHJ�MCDR ²
�� ��?Û �A ��? A��?

�?%A�� �A ��?% Û� ãÔ Õ�©A�$Ôã�� %�?Û �� �
�� S A��? RD �?Û �� nFCD GRn P FDn�ILQn K ERNEFGHJER DRLn �HRLn GMCn LR NEFOEMPPR YGM ^
`R NEJCIJN R G lR_QIHDJFC GR IRDDR JCnDEHIDJFC RnD LR nHJ�MCD ²
o^ LM ��?Û�A ��? RnD IMLIHLQR ¶ nM �MLRHE RnD nFJD ª«¬ º nFJD ¬®¯ ¶
[ ^ nJ RLLR RnD �EMJR S LRn JCnDEHIDJFCn nJDHQRn RCDER A��? RD �?Û �� nFCD R_QIHDQRn GMCn L lFEGER

]MiJDHRL ¶
¸ ^ nJ RLLR RnD kMHnnR S LRn JCnDEHIDJFCn nJDHQRn RCDER A��? RD �?Û �� vz e|v� {we R_QIHDQRn ¶
¾ ^ L lR_QIHDJFC GRn JCnDEHIDJFCn nR N FHEnHJD M�RI L lJCnDEHIDJFC �HJ nHJD �?Û �� ^
\ME R_RPNLR S L lMEiER NEFOEMPP MDJ�HR GR L lR_RPNLR GFCCQ K LM °OHER ¸ ^¾ nR DEMGHJD GR LM P MCJ�ER

nHJ�MCDR ²
õ � õö÷àøàù �

Õ�æ�?
�� õ 	 � A��?

å=÷Ó3 õöà ��õ �%A ?�ã �� ��?Û �� �
�?Û àÖ�áâã�2�Üã�� % �

`M IFCGJDJFC N REP RD GR DRnDRE L lQOMLJDQ RCDER GRH_ DREP Rn �FN QEMDRHE 	 � S L lJCQOMLJDQ RCDER GRH_
DREP Rn �FN QEMDRHE �	 � S L lFEGER RCDER GRH_ DREP Rn �FN QEMDRHEn ° S °	 S ± S ±	 � ^
¥�w�fx��|v �ze �ze�e ¦�§¨ }|�e§¦ �v|v

`M DEMGHIDJFC G lHC DRnD nJsMLFEnsnJCFC �MEiER NEFOEMPP MDJ�HR GR LM °OHER ¸ ^È� RnD LM nHJ�MCDR ²
[¾



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab�� ��?Û �A ��? A��?
�?%A�� �A ��?% Û� ãÔ Õ�©A�$Ôã�� %�ã%�
�?%A�� �A ��?% Û� ãÔ Õ�©A�$%�?�?�?Û �� �

�� S A��? S �ã%� RD �?Û �� nFCD GRn P FDn�ILQn K ERNEFGHJER DRLn �HRLn GMCn LR NEFOEMPPR YGM ^
T MCn HC DRnD ��sA��?s�ã%� S nFJD LRn JCnDEHIDJFCn nJDHQRn RCDER A��? RD �ã%� nFCD R_QIHDQRn S nFJD

LRn JCnDEHIDJFCn nJDHQRn RCDER �ã%� RD �?Û �� nFCD R_QIHDQRn S P MJn NMn LRn GRH_ ^
` lMEiER NEFOEMPP MDJ�HR GFCCQ RC R_RPNLR K LM °OHER ¸ ^É nR DEMGHJD GR LM P MCJ�ER nHJ�MCDR ²

ß � õö÷àøàù �
Õ�æ�?

�� ß ��á Ù 	 � A��?
å=÷Ó3 õöà ��ß �%A âÔ�� �� ��ã%�
å=÷Ó3 õöà ��ß �%A �áâÔ�� �� ��?Û �� �

�?Û àÖ�áâã�2�Üã�� %2�?�? �
- û� û- ��� /������
¥�w�fx��|v �ze �|fx}ze ¥wv�²�fz

`M DEMGHIDJFC RC YGM G lHCR i FHILR ÀMCD��HR RnD LM nH J�MCDR ²
�� �ã� ��?Û �A ��? ã��â

�?%A�� �A ��?% ��áâ�%Ô?A ãÔ Õ�� �ã�
�?Û ã��â �
�� �ã� S ã��â RD �?Û ã��â nFCD GRn P FDn�ILQn K ERNEFGHJER DRLn �HRLn GMCn LR NEFOEMPPR YGM ^
\EJCIJN R G lR_QIHDJFC G lHCR i FHILR ÀMCD��HR ²
o^ LM IFCGJDJFC RnD DRnDQR ¶
[ ^ nJ RLLR RnD �QEJ°QR S LRn JCnDEHIDJFCn nJDHQRn RCDER ã��â RD �?Û ã��â nFCD R_QIHDQRn RC nQ�HRCIR S

GMCn L lFEGER ]MiJDHRL ¶
¸ ^ HCR kFJn LM GRECJ�ER JCnDEHIDJFC R_QIHDQR �IRLLR �HJ NEQI�GR �?Û ã��â � S LR NEFIRnnHn RnD JDQEQ S

I lRnD�K�GJER �HR L lFC ER�JRCD K L lQDMN R o ² LM IFCGJDJFC RnD GFCI K CFH�RMH Q�MLHQR RD nJ RLLR
RnD GR CFH�RMH �QEJ°QR S LRn JCnDEHIDJFCn nJDHQRn RCDER ã��â RD �?Û ã��â nFCD EQ�R_QIHDQRn ¶ IRIJ
IFCDJCHR DMCD �HR LM IFCGJDJFC RnD �QEJ°QR ¶
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab¾ nJ LM IFCGJDJFC C lRnD NMn S FH NLHn S �QEJ°QR S JL h M nFEDJR GR LM i FHILR ² L lR_QIHDJFC GRn JCnDEHIDJFCn
nR N FHEnHJD M�RI L lJCnDEHIDJFC �HJ nHJD �?Û ã��â RD nR N FHEnHJD RCnHJDR GMCn L lFEGER ]MiJDHRL ^

` lMEiER NEFOEMPP MDJ�HR GR LM °OHER ¸ ^# nR DEMGHJD GR LM P MCJ�ER nHJ�MCDR ²
2<>>à � öÜ÷=ùÜ3 �	 � �õ � å<2õ÷ õßà �Ô?æ� 
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 �
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bC NRHD DEMGHJER GRn MIDJFCn �HJ IFPiJCRCD NLHnJRHEn DEMJDRP RCDn ^ \ME R_RPNLR S L lMEiER NEFOEMP �

P MDJ�HR GR LM °OHER ¸ ^r nR DEMGHJEM IFPPR nHJD ²
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab` lR_QIHDJFC GR IR NEFOEMPPR kFHECJD L lM� I]MOR nHJ�MCD ²
� �%A �áâÔ��
& �%A âÔ��
× �%A �áâÔ��
Ù �%A âÔ��

 �%A �áâÔ��

½RP ME�HFCn �HR LR CFPiER RnD NEQIQGQ G lHC OEMCG CFPiER G lRnNMIRn GJnOEMIJRH_ ² IRIJ RnD LR
IFPNFEDRP RCD GR LM NEFIQGHER â�A �HJ NEQ�FJD GR L lRnNMIR N FHE QIEJER HC OEMCG RCDJRE ^ \FHE kMJER
NLHn j FLJ S FC N RHD GRP MCGRE K IR �HR LR CFPiER CR nFJD QIEJD NME R_RPNLR �HR nHE [ IMEMID�ERn RC
ERPNLMÁMCD L lMNN RL â�A �õ� NME â�A �õ �Ù� �HJ GFCCR HC EQnHLDMD i RMHIFHN NLHn j FLJ ²
� �%A �áâÔ��
& �%A âÔ��
× �%A �áâÔ��
Ù �%A âÔ��

 �%A �áâÔ��

¥�w�fx��|v �ze �|fx}ze ´|f�
`M DEMGHIDJFC RC YGM G lHCR i FHILR \FHE M LM kFEP R nHJ�MCDR ²

��� �?Û ��� �? Ô @@Õ ã��â
�?%A�� �A ��?% Û� ���â% Û� ãÔ Õ�� �ã�

�?Û ã��â �
��� S ã��â RD �?Û ã��â nFCD GRn P FDn�ILQn K ERNEFGHJER DRLn �HRLn GMCn LR NEFOEMPPR YGM ^
`R kFCIDJFCCRP RCD RC RnD LR nHJ�MCD ²
o^ L l�?Û ��� RnD HCR �MEJMiLR RCDJ�ER GQILMEQR JPNLJIJDRP RCD �JL C lRnD NMn CQIRnnMJER GR LM GQILMERE

MHNMEM�MCD� ^ aRDDR �MEJMiLR �MNN RLQR Â JCGJIR GR i FHILR Ã� RnD JC JDJMLJnQR M�RI LM �MLRHE Ô �HC
RCDJRE� ¶

[ ^ LRn JCnDEHIDJFCn nJDHQRn RCDER ã��â RD �?Û ã��â nFCD RCnHJDR R_QIHDQRn GMCn L lFEGER ]MiJDHRL ¶
¸ ^ HCR kFJn R_QIHDQR LM GRECJ�ER JCnDEHIDJFC nJDHQR M�MCD �?Û ã��â S L lJCGJIR GR i FHILR RnD JCIEQ�

P RCDQ MHDFP MDJ�HRP RCD ¶
¾ ^ nJ L lJCGJIR GR i FHILR RnD JCkQEJRHE FH QOML K Õ S LRn JDQEMDJFCn nR N FHEnHJ�RCD S I lRnD�K�GJER �HR L lFC

ER�JRCD MH N FJCD [ ¶
[�



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abÈ ^ nJ L lJCGJIR GR i FHILR RnD nDEJIDRP RCD nHN QEJRHE K Õ S LRn JDQEMDJFCn n lMEEmDRCD ^ ` lR_QIHDJFC GH
NEFOEMPPR nR N FHEnHJD M�RI L lJCnDEHIDJFC �HJ nHJD �?Û ã��â ^

Y JCnJ S L lMEiER NEFOEMPP MDJ�HR GR LM °OHER ¸ ^oo nR DEMGHJD GR LM P MCJ�ER nHJ�MCDR ²
2<>>à � öÜ÷=ùÜ3 �	 � �

Õ�æ�?
��� õ �? 
 @@
� ã��â

2<>>à �	 2<>>à � õ �
�?Û ã��â �

�?Û àÖ�áâã�å��� �

`M DEMGHIDJFC G lHCR i FHILR \FHE GQIEFJnnMCDR RnD EQMLJnQR RC Mj FHDMCD LR P FD�ILQ ��B��%� MNE�n
�? ^ Y JCnJ S FC N RHD QIEJER LM i FHILR NEQIQGRCDR nFHn LM kFEP R G lHCR i FHILR GQIEFJnnMCDR IFPPR nHJD ²

2<>>à � öÜ÷=ùÜ3 �	 � �
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2<>>à �	 2<>>à � õ �
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`M �MLRHE GR LM �MEJMiLR ZbXXU nREM LM P mP R GMCn LRn GRH_ IMn NHJn�HR L lMGGJIDJFC RnD IFP �
PHDMDJ�R ^ \ME IFCDER S G lHCR P MCJ�ER OQCQEMLR S HCR i FHILR \FHE NMEIFHEHR GR P MCJ�ER IEFJnnMCDR CR
GFCCREM NMn LR P mP R EQnHLDMD �HR LM i FHILR \FHE NMEIFHEHR GR P MCJ�ER GQIEFJnnMCDR ^
- û� ûµ ¶·�������

½RNERCGER DFHn LRn MEiERn NEFOEMPP MDJ�HRn IFEERnN FCGMCD MH_ R_REIJIRn GR LM nRIDJFC ¸ ^¾ RD LRn
DEMGHJER RC YGM ^
D è¸ êë ìíî ë ¹º»¼ñ

Y°C GR N FH�FJE EQMLJnRE GRn FN QEMDJFCn nHE GRn CFPiERn Â EQRLn ÃS FC GQIEJD P MJCDRCMCD LR DhN R
13<Ü÷ ^

bC GQ°CJD HCR �MEJMiLR N FH�MCD IFCDRCJE HCR �MLRHE EQRLLR GR LM P MCJ�ER nHJ�MCDR ²
[#



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab� � 13<Ü÷ �
\FHE R±RIDHRE GRn RCDEQRnsnFEDJRn GR �MLRHEn GR IR DhN R S JL kMHD Mj FHDRE LRn GRH_ LJOCRn nHJ�MCDRn

RC GQiHD GR NEFOEP MPPR ²
� �A� ÜÛÔ @1ã�ÔAÓ÷�ÖAÓõ< �
�%� ÜÛÔ @1ã�ÔAÓ÷�ÖAÓõ< �
`Rn IFCnDMCDRn FCD LM kFEP R nHJ�MCDR ² × @
� NFHE

3, 15
S & @Ù×�$× NFHE

0.00423
S FÄ �$× nJOCJ°R

10−3
^

UC YGM S JL RnD JCDREGJD G lM± RIDRE HCR �MLRHE EQRLLR K HCR �MEJMiLR GR DhN R RCDJRE S RD � JIR��REnM ²
â����Û��� Ü����AÔA ��?à���??�� �%

õ � õö÷àøàù �
� � 13<Ü÷ �

Õ�æ�?
õ �	 � �
� �	 õ �

�?Û Ü����AÔA ��?à���??�� �
`Rn GRH_ M±RIDMDJFCn õ �	 � RD � �	 õ GQILRCI]RCD HCR REERHE GR IFPNJLMDJFC ^ \FHE N FH�FJE

EQMLJnRE IR ORCER G lFN QEMDJFCn S JL kMHD R± RIDHRE HCR IFC�REnJFC IFPPR nHJD ²
â����Û��� Ü����AÔA ��?Þ�����A� �%

õ � õö÷àøàù �
� � 13<Ü÷ �

Õ�æ�?
õ �	 õö÷àøàù �� � �
� �	 13<Ü÷ �õ� ��?Û Ü����AÔA ��?Þ�����A� �

`M IFC�REnJFC G lHC CFPiER 13<Ü÷ RC õö÷àøàù NME L lJCnDEHIDJFC õö÷àøàù �� � GFCCR LM �MLRHE
MEEFCGJR GR � ¶ nJ LM NMEDJR GQIJP MLR GR � RnD JCkQEJRHER K t ^È S LM IFC�REnJFC NEFGHJD LM NMEDJR RCDJ�ER
GR � ¶ nJ LM NMEDJR GQIJP MLR GR � RnD nHN QEJRHER FH QOMLR K t ^È S LM IFC�REnJFC NEFGHJD LM NMEDJR RCDJ�ER
GR �� 
 ^

[r



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abâ����Û��� àÖ�áâã�ä�Þ�?B�� %��? �%
õ � õö÷àøàù �
� � 13<Ü÷ �

Õ�æ�?
� �	 
� @N �õ �	 õö÷àøàù �� � �
$$ áÔ�?A�?Ô?A � õ BÔ�A 


� �	 
� @&N �õ �	 õö÷àøàù �� � �
$$ áÔ�?A�?Ô?A � õ BÔ�A 
�
� �	 
� @� �õ �	 õö÷àøàù �� � �
$$ áÔ�?A�?Ô?A � õ BÔ�A 

�?Û àÖ�áâã�ä�Þ�?B�� %��? �

\LHn OQCQEMLRP RCD S GMCn HCR R_NERnnJFC MEJD]P QDJ�HR S FC CR N RHD NMn P QLMCORE GRn RCDJREn M�RI
GRn EQRLn ^ BL RnD Fi LJOMDFJER GR IFC�REDJE LRn CFPiERn N FHE MGGJDJFCCRE nFJD GRn RCDJREn M�RI GRn RCDJREn S
nFJD GRn EQRLn M�RI GRn EQRLn ^ Y JCnJ S RC ERNERCMCD LRn GQILMEMDJFCn GR L lR_RPNLR NEQIQGRCD S FC CR N RHD
NMn QIEJER L lJCnDEHIDJFC õ �	 õ � 1 ² JL kMHD kFEIQP RCD QIEJER õ �	 õ � õö÷àøàù �� � ^
- û½ ûü ¾�þ�ÿ ��þ� �ÿ�þ����� ��� ��� ¿ÀÁÂ�

`Rn kFCIDJFCn G lRCDEQRnsnFEDJRn RD LRn kFCIDJFCn DEMCnIRCGRCDMLRn ]MiJDHRLLRn nHE LRn CFPiERn EQRLLRn
nFCD GJnN FCJiLRn K IFCGJDJFC G lMj FHDRE LRn GRH_ LJOCRn ²

$$ â��� ã�% ��? �A ��? % A�Ô? %��?ÛÔ?AÔã�%
� �A� ÜÛÔ @ö�á �� ��% @àã�á�?AÔ��Ó1�? �A ��?% �
�%� ÜÛÔ @ö�á�� ��% @àã�á �?AÔ��Ó1�? �A ��?% �
$$ â��� ã�% �?A���%�%��A ��% Û� 13<Ü÷
� �A� ÜÛÔ @1ã�ÔAÓ÷�ÖAÓõ<
�%� ÜÛÔ @1ã�ÔAÓ÷�ÖAÓõ< �
T�n LFEn S FC N RHD R_DEMJER GRn EMIJCRn IMEEQRn S IMLIHLRE GRn kFCIDJFCn DEJOFCFP QDEJ�HRn S ^^^ ZHN�

N FnFCn �HR � RD � nFCD GQILMEQRn GR DhN R 13<Ü÷ S FC N RHD HDJLJnRE LRn kFCIDJFCn nHJ�MCDRn ²
¸t



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab³ 2³�A �� � NFHE IMLIHLRE √
x

¶
³ 2�? �� � NFHE IMLIHLRE

sinx
¶

³ Þ�% �� � NFHE IMLIHLRE
cos x

¶
³ ÷Ô? �� � NFHE IMLIHLRE

tan x
¶

³ 3�æ �� � NFHE IMLIHLRE
log x

S LR LFOMEJD]P R CMDHERL ¶
³ �  � NFHE IMLIHLRE

xy ^

¸ o



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab

¸[



� � �  ¡¢£¤ Ã

Ë Ì Í Ò ©ª Î « ¬ ©Ì Í Ò P©PS Î¨©Î Ì Í Ï ÐÌ Í Äª § ¨ ®ª § Í

aFPPR FC L lM �H GMCn L lJCDEFGHIDJFC S L lFij RD GR L lMCMLhnR IFCnJnDR K GQIFPNFnRE HC NEFiL�P R RC
HC RCnRPiLR GR nFHn�NEFiL�P Rn S jHn�H lK MDDRJCGER HC nDMGR FÄ IRn nFHn�NEFiL�P Rn nFCD QLQP RCDMJERn
N FHE L lFEGJCMDRHE ^ BL RnD NMEDJIHLJ�ERP RCD JPNFEDMCD �HR IRDDR GQIFPNFnJDJFC MNNMEMJnnR GMCn LR
NEFOEMPPR ^ bC JCDEFGHJD GFCI LRn CFDJFCn GR NEFIQGHERn RD GR kFCIDJFCn �HJ R± RIDHRCD LM EQnFLHDJFC
G lHC nFHn�NEFiL�P R ^ ZJ HC P mP R nFHn�NEFiL�P R GFJD mDER EQnFLH NLHnJRHEn kFJn N FHE LM EQnFLHDJFC G lHC
NEFiL�P R S MLFEn LM NEFIQGHER RC �HRnDJFC nREM R_QIHDQR NLHnJRHEn kFJn ^ `Rn GFCCQRn GR LM NEFIQGHER S
FH GR LM kFCIDJFC S nFCD nRn NMEMP �DERn G lRCDEQR ¶ LRHEn EQnHLDMDn nFCD LRn NMEMP �DERn RC nFEDJR N FHE
LRn NEFIQGHERn S LM �MLRHE ERC�FhQR GMCn LR IMn G lHCR kFCIDJFC ^

VCR NEFIQGHER S FH HCR kFCIDJFC S M HC RC�DmDR �HJ M LM kFEP R JCGJ�HQR K LM °OHER ¾ ^o^

Nom de l’action

Variables locales

Paramètres

Paramètres

out

in out
Paramètres

in

¹º» ¼ ¾ ^o ³ YEiER NEFOEMPP MDJ�HR GR L lRC�DmDR G lHCR NEFIQGHER ^
¸¸



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab

Pour

I

N

FACTORIELLE

I entre 2 et N

Renvoyer FACTO1FACTO

FACTO * IFACTO

¹º» ¼ ¾ ^[ ³ YEiER NEFOEMPP MDJ�HR G lHCR MIDJFC �HJ IMLIHLR LM kMIDFEJRLLR G lHC CFPiER RCDJRE CMDHERL ^
M èé ��ë|î Gë 8ë ÅH:Lì ;H:
µ ûüûü Æ�Çþ �ÿ ��þ � È�þ� É�þ�ÿ ��þ ��� ����� �� �� É��ÿ������� � È�þ þ�ÿ����

ÊFhFCn JPP QGJMDRP RCD HC R_RPNLR S HCR kFCIDJFC �HJ IMLIHLR LM kMIDFEJRLLR G lHC CFPiER RCDJRE ^
ÅFHn M�FCn �H MH I]MNJDER ¸ �HR LM kMIDFEJRLLR G lHC CFPiER RCDJRE nR IMLIHLR K L lMJGR G lHCR i FHILR
\FHE ^ bC FiDJRCD GFCI HC MEiER DRL IRLH J GR LM °OHER ¾ ^[ ^

aRD MEiER nR DEMGHJD IFPP R nHJD ²
��? �A ��? 1ÜÞ÷<ù õà33à �ö � öÜ÷=ùÜ3 � ��A��? å<2õ÷ õßà �%

1ÜÞ÷< � å<2õ÷ õßà �	 
 �

Õ�æ�?
��� õ �? Ù @@ö ã��â

1ÜÞ÷< �	 1ÜÞ÷<  õ �
�?Û ã��â �
��A��? 1ÜÞ÷< �

�?Û 1ÜÞ÷<ù õà33à �
bC CFDR ²
³ HCR LJOCR ��? �A ��? 1ÜÞ÷<ù õà33à �ö � öÜ÷=ùÜ3 � ��A��? å<2õ÷ õßà �% �HJ JCGJ�HR ²
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab³ �HR L lFC GQiHDR LM GQ°CJDJFC G lHCR kFCIDJFC ¶
³ �HR IRDDR kFCIDJFC nR CFPPR 1ÜÞ÷<ù õà33à ¶
³ �H lRLLR NERCG HC NMEMP �DER RC RCDEQR GFCD LM �MLRHE nR DEFH�R GMCn LM �MEJMiLR ö GR DhN R

öÜ÷=ùÜ3 ¶ I lRnD GFCI HC RCDJRE N FnJDJk S IRLH J N FHE LR�HRL FC �RHD IMLIHLRE LM kMIDFEJRLLR ¶
³ �HR LM kFCIDJFC ERDFHECR HC EQnHLDMD GR DhN R å<2õ÷ õßà ¶ I lRnD LM �MLRHE GR LM kMIDFEJRLLR GH

NMEMP �DER G lRCDEQR �LM kMIDFEJRLLR G lHC CFPiER N FnJDJk RnD HC CFPiER nDEJIDRP RCD N FnJDJk S
G lFÄ LRn DhN Rn GH NMEMP �DER RD GR LM kFCIDJFC � ¶

³ LR P FD�ILQ �% JCGJ�HR �HR LR IFENn GR LM kFCIDJFC nHJD ¶
³ LM GQ°CJDJFC G lHCR �MEJMiLR LF IMLR K LM kFCIDJFC 1ÜÞ÷<ù õà33à �HJ nR CFPPR 1ÜÞ÷< S GR DhN R

å<2õ÷ õßà S JC JDJMLJnQR K LM �MLRHE o^ VCR �MEJMiLR LF IMLR K HCR kFCIDJFC S FH HCR NEFIQGHER S
C lR_ JnDR �HR GMCn LM kFCIDJFC S FH LM NEFIQGHER S GMCn LM�HRLLR RLLR RnD GQ°CJR ^ `M CFDJFC GR
�MEJMiLR LF IMLR RnD DE�n JPNFEDMCDR RD CFHn h ER�JRCGEFCn ¶

³ RCnHJDR S FC DEFH�R S RCDER Õ�æ �? RD �?Û 1ÜÞ÷<ù õà33à S LRn JCnDEHIDJFCn �HJ IFPNFnRCD LR IFENn
GR LM kFCIDJFC ^ bC CFDR L lJCnDEHIDJFC ��A��? 1ÜÞ÷< �HJ nDFNN R L lR_QIHDJFC GR LM kFCIDJFC �LRn
JCnDEHIDJFCn �HJ nHJ�EMJRCD CR nREMJRCD NMn R_QIHDQRn� RD JCGJ�HR LM �MLRHE MnnFIJQR K LM kFCIDJFC S
JIJ S IRLLR GR LM �MEJMiLR 1ÜÞ÷< ^

`R IMLIHL GR LM kMIDFEJRLLR GR t RnD HC IMn NMEDJIHLJRE ^ ÀRLLR �H lRLLR M QDQ QIEJDR S LM kFCIDJFC
1ÜÞ÷<ù õà33à kFHECJD LR i FC EQnHLDMD ^ UC R±RD S LR EQnH LDMD S LM �MEJMiLR 1ÜÞ÷< S RnD JC JDJMLJnQ M�RI LM
�MLRHE o ¶ nJ ö �MHD t S LM i FHILR GR�JRCD ²

��� õ �? Ù @@� ã��â
1ÜÞ÷< �	 1ÜÞ÷<  õ �

�?Û ã��â �
` lJCGJIR GR i FHILR RnD JC JDJMLJnQ M�RI LM �MLRHE [ �HJ RnD nHN QEJRHER K LM i FECR nHN QEJRHER GR

L lJCDRE�MLLR �t� ^ YHnnJ S LR IFENn GR LM i FHILR C lRnD NMn R_QIHDQ ^ ` lJCnDEHIDJFC ��A��? 1ÜÞ÷< ERC�FJR
GFCI LM �MLRHE JC JDJMLR GR 1ÜÞ÷< S nFJD oS �HJ RnD iJRC LM �MLRHE GR LM kMIDFEJRLLR GR t ^

M èç Ë ì ;G;7Fì ;H: 8ë GF ÅH:Lì ;H: ÅFLìH6;ë GGë
µ ûú ûü ���Ì ��� �·�Ì���

`M IFPNJLMDJFC GR LM GQ°CJDJFC NEQIQGRCDR GR LM kFCIDJFC kMIDFEJRLLR CR NEFGHJD MHIHC EQnHLDMD
RC DMCD �HR DRL ^ \ME IFCDER S LM kFCIDJFC N RHD mDER HDJLJnQR N FHE IMLIHLRE LM kMIDFEJRLLR G lHC CFPiER K
I]M�HR kFJn �H lFC LR nFH]MJDR ^

Y JCnJ S FC N RHD P MJCDRCMCD QIEJER HC NEFOEMPPR �HJ nMJnJD HC CFPiER N FnJDJk MH ILM�JRE RD M� I]R
nM kMIDFEJRLLR ^
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab� �A� ÜÛÔ @õ?A�æ��Ó÷�ÖAÓõ� �
�%� ÜÛÔ @õ?A�æ��Ó÷�ÖAÓõ� �
â����Û��� ÞÔã��ã1Ô�A�� ��ãã� �%

ö<>Ýùà � öÜ÷=ùÜ3 �
1 � å<2õ÷ õßà �
��? �A ��? 1ÜÞ÷<ù õà33à �? � öÜ÷=ùÜ3 � ��A��? å<2õ÷ õßà �%
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øà÷ �ö<>Ýùà � �
1 �	 1ÜÞ÷<ù õà33à �ö<>Ýùà � �å=÷ �1 � ��?Û ÞÔã��ã1Ô�A�� ��ãã� �

bC M NLMIQ LM kFCIDJFC 1ÜÞ÷<ù õà33à K L lJCDQEJRHE GR LM NEFIQGHER ÞÔã��ã1Ô�A�� ��ãã� ^ `Rn �M�
EJMiLRn ö<>Ýùà RD 1 nFCD LF IMLRn K LM NEFIQGHER ÞÔã��ã1Ô�A�� ��ãã� ¶ MHnnJ S RLLRn CR nFCD MIIRnnJi LRn
�H lMH nRJC GR LM NEFIQGHER ÞÔã��ã1Ô�A�� ��ãã� ÍÎ GRn NEFIQGHERn RD kFCIDJFCn JCDRECRn K LM NEFIQ�
GHER ÞÔã��ã1Ô�A�� ��ãã� ^

`M NEFIQGHER ÞÔã��ã1Ô�A�� ��ãã� R±RIDHR LRn MIDJFCn nHJ�MCDRn ²
o^ nMJnJR MH ILM�JRE GR LM �MLRHE GH CFPiER GFCD FC �RHD FiDRCJE LM kMIDFEJRLLR Ï)Ð L lJCnDEHIDJFC

øà÷ �ö<>Ýùà � ¶
[ ^ IMLIHL GR LM kMIDFEJRLLR GR IR CFPiER RD M±RIDMDJFC GR IRLLR�IJ K LM �MEJMiLR 1 ¶
¸ ^ M� I]MOR GR LM �MLRHE GR LM �MEJMiLR 1 S I lRnD�K�GJER GR LM kMIDFEJRLLR GH CFPiER nMJnJ MHNMEM�MCD ^
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abµ ûú ûú Æ��·�ÑÌ� �·�Ì���
VCR kFJn HCR kFCIDJFC FH HCR NEFIQGHER GQ°CJR S FC N RHD L lHDJLJnRE NLHnJRHEn kFJn nJ IRLM RnD CQ�

IRnnMJER ^ \ME R_RPNLR S FC N RHD HDJLJnRE LM kFCIDJFC 1ÜÞ÷<ù õà33à GMCn HCR kFCIDJFC åàù>=÷Ü÷ õ<ö �HJ
IMLIHLR LR CFPiER GR N REPHDMDJFCn N FnnJi LRn N FHE I]FJnJE

p
Fij RDn NMEP J

n
^ X MD]QP MDJ�HRP RCD S FC

nMJD �HR LM kFEPHLR RnD ²
Pn

p =
n!

(n − p)!bC �FJD �H lJL kMHD IMLIHLRE [ kMIDFEJRLLRn N FHE IRLM ^ bC N RHD QIEJER LM kFCIDJFC åàù>=÷Ü÷ õ<ö IFPPR
nHJD ²

��? �A ��? åàù>=÷Ü÷ õ<ö �> � å � öÜ÷=ùÜ3 � ��A��? å<2õ÷ õßà �%
��? �A ��? 1ÜÞ÷<ù õà33à �ö � öÜ÷=ùÜ3 � ��A��? å<2õ÷ õßà �%

1ÜÞ÷< � å<2õ÷ õßà �	 
 �

Õ�æ �?
��� õ �? Ù @@? ã��â

1ÜÞ÷< �	 1ÜÞ÷<  õ �
�?Û ã��â �
��A��? 1ÜÞ÷< �

�?Û 1ÜÞ÷<ù õà33à �
Õ�æ�?

��A��? 1ÜÞ÷<ù õà33à �> � � 1ÜÞ÷<ù õà33à �> $å � ��?Û åàù>=÷Ü÷ õ<ö �
bC ERDEFH�R LM kFCIDJFC 1ÜÞ÷<ù õà33à GMCn LM kFCIDJFC åàù>=÷Ü÷ õ<ö �HJ LH J kMJD MNN RL GRH_ kFJn ^
YH CJ�RMH �FIMiHLMJER S LRn NMEMP �DERn �HJ nFCD JCGJ�HQn GMCn LM GQ°CJDJFC GR LM kFCIDJFC �> RD

å N FHE LM kFCIDJFC åàù>=÷Ü÷ õ<ö RD ö N FHE LM kFCIDJFC 1ÜÞ÷<ù õà33à GMCn L lR_RPNLR� nFCD �HMLJ°Qn
GR Â kFEP RLn Ã ^ aRH_ �HJ MNNMEMJnnRCD GMCn L lMNN RL GR LM kFCIDJFC �> RD > $å GMCn L lR_RPNLR� nFCD
�HMLJ°Qn G lÂR±RIDJkn Ã ^
M èD êë7 î6H LK856ë7

UC P MEOR GRn kFCIDJFCn S JL R_ JnDR QOMLRP RCD LRn NEFIQGHERn �HJ GFJ�RCD mDER P JnRn RC ÒH�ER GMCn
LRn IMn nHJ�MCDn ²
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab³ NFHE EQMLJnRE HC DEMJDRP RCD �EQnFHGER HC nFHn�NEFi L�P R� �HJ CR NEFGHJD NMn GR EQnHLDMD ¶
³ N FHE EQMLJnRE HC DEMJDRP RCD �HJ NEFGHJD NLHnJRHEn EQnHLDMDn ² RC R±RD S HCR kFCIDJFC CR N RHD

NEFGHJER �H lHC nRHL EQnHLDMD ^
T MCn HCR NEFIQGHER S JL kMHD JCGJ�HRE N FHE I]M�HR NMEMP �DER nJ ²
³ I lRnD HC NMEMP �DER G lRCDEQR GFCD LM �MLRHE RnD LHR GMCn LM NEFIQGHER P MJn j MP MJn P FGJ°QR S

I lRnD�K�GJER S �HR LM �MLRHE GR IR NMEMP �DER RnD HCR IFCnDMCDR GHEMCD L lR_QIHDJFC GR LM NEF�
IQGHER S IFCnDMCDR GFCD LM �MLRHE RnD IRLLR GH NMEMP �DER R±RIDJk ^ BL RnD MLFEn JCDREGJD G lQIEJER
HCR JCnDEHIDJFC �HJ P FGJ°REMJD nM �MLRHE �P RnnMOR G lREERHE K LM IFPNJLMDJFC � ^ T MCn IR IMn S LR
P FD�ILQ �? NEQI�GR LR DhN R GH NMEMP �DER ¶

³ I lRnD HC NMEMP �DER GR nFEDJR GFCD LM �MLRHE RnD M±RIDQR GMCn LM NEFIQGHER S P MJn j MP MJn LHR ^ BL RnD
MLFEn JCDREGJD G lQIEJER HCR JCnDEHIDJFC �HJ LJEMJD nM �MLRHE �P RnnMOR G lREERHE K LM IFPNJLMDJFC � ^
T MCn IR IMn S LR P FD�ILQ ��A NEQI�GR LR DhN R GH NMEMP �DER ¶

³ I lRnD HC NMEMP �DER G lRCDEQRsnFEDJR GFCD LM �MLRHE RnD K LM kFJn LHR RD M±RIDQR GMCn LM NEFIQGHER ^
T MCn IR IMn S LRn P FDn�ILQn �? ��A NEQI�GRCD LR DhN R GH NMEMP �DER ^

aFCnJGQEFCn HC R_RPNLR °IDJk ²
â����Û��� àÖ�áâã�åÔ�Ôá �A��% �ö � �? öÜ÷=ùÜ3 �

� � �? 13<Ü÷ � �� � �? ��A 13<Ü÷ � 3 � ��A å<2õ÷ õßà � �%
@@@
GMCn LR�HRL @@@ JCGJ�HR LRn JCnDEHIDJFCn GR LM NEFIQGHER ^
`M NEFIQGHER àÖ�áâã�åÔ�Ôá�A��% GQILMER ¾ NMEMP �DERn ²
³ ö RnD HC NMEMP �DER RC RCDEQR GR DhN R öÜ÷=ùÜ3 ¶
³ � RnD HC NMEMP �DER RC RCDEQR GR DhN R 13<Ü÷ ¶
³ �� RnD HC NMEMP �DER RC RCDEQRsnFEDJR GR DhN R 13<Ü÷ ¶
³ 3 RnD HC NMEMP �DER RC nFEDJR GR DhN R å<2õ÷ õßà ^
Y JCnJ S JL RnD JCDREGJD G lQIEJER GRn JCnDEHIDJFCn DRLLRn ö �	 ¤C RD æ�A �ö � GMCn IRDDR NEFIQGHER S

NHJn�HR ö RnD HC NMEMP �DER GR P FGR �? ^ T R P mP R S JL RnD JCDREGJD G lQIEJER GRn JCnDEHIDJFCn DRLLRn
@@@ �	 3 � × RD â�A �3 � NHJn�HR 3 RnD GR P FGR ÓFHD Ó^

Å FDFCn �HR GMCn HCR kFCIDJFC S DFHn LRn NMEMP �DERn nFCD kFEIQP RCD RC RCDEQR ^ YHnnJ S LR P FD�ILQ
�? C lRnD NMn P RCDJFCCQ ^

bC N RHD Mj FHDRE LRn N FJCDn nHJ�MCD ²
³ K L lJCDQEJRHE G lHCR NEFIQGHER FH G lHCR kFCIDJFC S HC NMEMP �DER �? CR N RHD mDER ERCIFCDEQ �H lK

GEFJDR G lHC �	 S GMCn HC NEQGJIMD S IFPP R NMEMP �DER G lHCR kFCIDJFCR S FH RCIFER IFPPR NMEM�
P �DER �? G lHCR NEFIQGHER MNN RLQR �NME R_RPNLR S LM NEFIQGHER â�A � ¶

³ K L lJCDQEJRHE G lHCR NEFIQGHER S HC NMEMP �DER �? CR N RHD mDER ERCIFCDEQ �H lK OMHI]R G lHC �	 FH
IFPPR NMEMP �DER ��A G lHCR NEFIQGHER MNN RLQR �NME R_RPNLR S LM NEFIQGHER æ�A � ¶

³ K L lJCDQEJRHE G lHCR NEFIQGHER S HC NMEMP �DER �? ��A N RHD mDER ERCIFCDEQ C lJPNFEDR FÄ ^
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abÇJRC RCDRCGH S JL kMHD DFHj FHEn nN QIJ°RE LR NLHn NEQIJnQP RCD N FnnJi LR LR IMEMID�ER �? S ��A FH �? ��A
GRn NMEMP �DERn ² JL CR kMHD NMn GQILMERE �? ��A HC NMEMP �DER �HJ N RHD C lmDER GQILMEQ �HR �? FH ��A ^
M èM Ô ;7;J ;G;ìK 8ë7 IF6;FJGë7 GH LFGë7

½�OLR ² HCR �MEJMiLR LF IMLR RnD MIIRnnJi LR �FH �JnJi LR� GMCn LM NEFIQGHER FH LM kFCIDJFC FÄ RLLR RnD
GQ°CJR S MJCnJ �HR GMCn LRn NEFIQGHERn RD kFCIDJFCn �HJ nFCD RLLRn�P mP Rn LF IMLRn ^

VCR �MEJMiLR LF IMLR N RHD N FEDRE LR CFP G lHCR �MEJMiLR GQj K GQ°CJR NME MJLLRHEn ^ TMCn IR IMn S
LM CFH�RLLR GQ°CJDJFC P Mn�HR �FC GJD MHnnJ Â nHEI]MOR Ã� LM NEQIQGRCDR GMCn LM NEFIQGHER S FH LM
kFCIDJFC S FÄ RLLR RnD GQ°CJR S MJCnJ �HR GMCn LRn NEFIQGHERn RD kFCIDJFCn RLLRn�P mP Rn LF IMLRn ^

aFCnJGQEFCn L lR_RPNLR nHJ�MCD ²
â����Û��� å 
 �%

Ü � Ý � õö÷àøàù �
â����Û��� åÙ �%

Ü � Þ � å<2õ÷ õßà �
Õ�æ �?

$$ ��� � ã�% BÔ� �ÔÕã�% B �%�Õã�% %�?A �
$$ Ü �%A �?� BÔ� �ÔÕã� Û� A�â� å<2õ÷ õßà Û��ãÔ��� ÛÔ?% åÙ
$$ Ý �%A �?� BÔ� �ÔÕã� Û� A�â� õö÷àøàù Û��ãÔ��� ÛÔ?% å 

$$ Þ �%A �?� BÔ� �ÔÕã� Û� A�â� å<2õ÷ õßà Û��ãÔ��� ÛÔ?% åÙ
@@@�?Û åÙ �

â����Û��� å× �%
Þ � ä � 13<Ü÷ �

Õ�æ �?
$$ ��� � ã�% BÔ� �ÔÕã�% B �%�Õã�% %�?A �
$$ Ü �A Ý %�?A Û�% BÔ� �ÔÕã�% Û� A�â� õö÷àøàù Û��ãÔ��� ÛÔ? % å 

$$ Þ �A ä %�?A Û�% BÔ� �ÔÕã�% Û� A�â� 13<Ü÷ Û��ãÔ��� ÛÔ?% å×
@@@�?Û å× �

Õ�æ�?
$$ ��� � ã�% BÔ� �ÔÕã�% B �%�Õã�% %�?A �
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab$$ Ü �A Ý %�?A Û�% BÔ� �ÔÕã�% Û� A�â� õö÷àøàù
@@@�?Û å 
 �

TR P mP R S GH NFJCD GR �HR GR nM �JnJi JLJDQ S HC NMEMP �DER N RHD mDER IFCnJGQEQ IFPPR HCR �MEJMiLR
LF IMLR ²

â����Û��� å 
 �� � � � �? 13<Ü÷ � �%
Ü � Ý � õö÷àøàù �
â����Û��� åÙ �Ü � � � �? öÜ÷=ùÜ3 � �%

Þ � å<2õ÷ õßà �
Õ�æ �?

$$ ��� � ã�% BÔ� �ÔÕã�% B �%�Õã�% %�?A �
$$ Ü �%A �?� BÔ� �ÔÕã� Û� A�â� öÜ÷=ùÜ3 � âÔ�Ôá�A�� Û� åÙ
$$ ��AA� Û���? �A ��? %�� ��Ôæ� ãÔ â����Û�?A� � ÛÔ?% å 

$$ Ý �%A �?� BÔ� �ÔÕã� Û� A�â� õö÷àøàù � BÔ� �ÔÕã� Û�� �? �� ÛÔ? % å 
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@@@�?Û åÙ �
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Õ�æ �?
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$$ ��� � ã�% BÔ� �ÔÕã�% B �%�Õã�% %�?A �
$$ Ü �A Ý %�?A Û�% BÔ� �ÔÕã�% Û� A�â� õö÷àøàù
$$ � �%A �?� BÔ� �ÔÕã� Û� A�â� 13<Ü÷ �âÔ�Ôá �A���
$$ � �%A �?� BÔ� �ÔÕã� Û� A�â� 13<Ü÷ �âÔ�Ôá �A���
@@@�?Û å 
 �

aFPPR NFHE LRn �MEJMiLRn S LRn NEFIQGHERn RD LRn kFCIDJFCn N RH�RCD mDER GQ°CJRn LF IMLRP RCD ^ Y JCnJ S
GMCn IR GRECJRE R_RPNLR S LRn NEFIQGHERn åÙ RD å× nFCD LF IMLRn K LM NEFIQGHER å 
 ¶ MHnnJ S nRHLR LM
NEFIQGHER å 
 N RHD LRn HDJLJnRE ^ `M NEFIQGHER å× N RHD MNN RLRE åÙ IME å× RnD GQ°CJR M�MCD åÙ ¶ NME
IFCDER S åÙ CR N RHD NMn MNN RLRE å× ^
M è� ��ë6L;Lë7

o^ N FHE LM NEFIQGHER nHJ�MCDR S JCGJ�HRE N FHE I]MIHC GRn NMEMP �DERn �Ô S Õ S � S ÖÛ � n lJL RnD �? S ��A
FH �? ��A ^

â����Û��� A�%A �Ô � Õ � � � ÖÛ �Õ�æ �?
Ô �	 Õ � ×  � $ ÖÛ �
�� Ô 	 ¤ A��?

� �	 Õ  ÖÛ $ Ù 
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[ ^ �H lJPNEJP R LR NEFOEMPPR nHJ�MCD ²
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� � õö÷àøàù �	 $Ù� �Õ�æ�?
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âÙ �� �Ö � � Õ � Ô � Ö � �â�A �Ô� � â�A �Õ � � â�A �Ö � � â�A �Õ � � ?��Óã�?� �

�?Û â 
 �
¸ ^ QIEJER L lMEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ M� I]R LRn ö NERP JREn DREP Rn GR LM nHJDR GR

�Ji FCMIIJ ^ `R DEMGHJER RC HCR NEFIQGHER YGM ^ ½MNN RLFCn �HR LM nH JDR GR �Ji FCMIIJ nR GQ°CJD
NME ²

u0 = u1 = 1

un = un−1 + un−2¾ ^ QIEJER L lMEiER NEFOEMPP MDJ�HR S NHJn LR DEMGHJER RC YGM nFHn kFEP R G lHCR kFCIDJFC S GR L lMIDJFC
�HJ IMLIH LR LR CFPiER GR IFPiJCMJnFCn GR

p
Fij RDn NMEP J

n
¶
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abÈ ^ QIEJER L lMEiER NEFOEMPP MDJ�HR S NHJn LR DEMGHJER RC YGM nFHn kFEP R G lHCR kFCIDJFC S GR L lMIDJFC
�HJ IMLIHLR LR \WaT GR GRH_ CFPiERn RCDJREn CMDHERLn RD LR ERC�FJR ^ aRDDR kFCIDJFC nREM NME
R_RPNLR MNN RLQR NME ² â�A �åøÞä �Ú� � Ù¤ �� �HJ M� I]REM K L lQIEMC LR NOIG GR ÉÈ RD [� ¶

É ^ QIEJER L lMEiER NEFOEMPP MDJ�HR S NHJn LR DEMGHJER RC YGM nFHn kFEP R G lHCR kFCIDJFC S GR L lMIDJFC
�HJ IMLIHLR LR \\aX GR GRH_ CFPiERn RCDJREn CMDHERLn RD LR ERC�FJR ^ aRDDR kFCIDJFC nREM NME
R_RPNLR MNN RLQR NME ² â�A �ååÞ> �
Ù � Ù� �� �HJ M� I]REM LR NN IP GR o[ RD [t ¶

� ^ QIEJER L lMEiER NEFOEMPP MDJ�HR S NHJn LR DEMGHJER RC YGM nFHn kFEP R G lHCR kFCIDJFC S GR L lMI�
DJFC �HJ IFC�REDJD HC RCDJRE G lHCR iMnR GMCn HCR MHDER ^ aRDDR kFCIDJFC NERCGEM DEFJn NMEM�
P �DERn öÜ÷=ùÜ3 ² LR CFPiER K IFC�REDJE S LM iMnR GMCn LM�HRLLR JL RnD R_NEJP Q S LM iMnR GMCn
LM�HRLLR JL kMHD L lR_NEJP RE ^ \ME R_RPNLR S â�A ���?B��%��? �Ù¤ � 
� � Ù�� M� I]REM LM �M�
LRHE oot oo �I lRnD�K�GJER S LM ERNEQnRCDMDJFC RC iMnR [ GR [� R_NEJP Q RC iMnR ot� S DMCGJn �HR
â�A ���?B��%��? �Ù� 
Ù � × � ��� M� I]REM LM �MLRHE [ o¾ �I lRnD�K�GJER S LM ERNEQnRCDMDJFC RC
iMnR È GR LM �MLRHE [t o[ R_NEJP Q RC iMnR ¸� ^
BGQR ² LM iMnR ot IFCnDJDHMCD LM iMnR NJ�FD GR DEMCnkFEP MDJFC G lHCR iMnR GMCn HCR MHDER S JL N RHD
mDER j HGJIJRH_ G lQIEJER GRH_ kFCIDJFCn LF IMLRn K ��?B�� %��? S L lHCR �HJ DEMCnkFEP R HC CFPiER
GR LM iMnR ot RC HCR MHDER iMnR S L lMHDER �H J DEMCnkFEP R HC CFPiER R_NEJP Q GMCn HCR iMnR
�HRLIFC�HR RC iMnR ot ^
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� èé E:ì6H85Lì ;H:
`Rn �MEJMiLRn �HR L lFC M ERCIFCDEQRn j Hn�H lK P MJCDRCMCD N Fnn�GRCD HCR �MLRHE ¶ RLLRn kFEP RCD

L lMCMLFOHR MH_ �MLRHEn nIMLMJERn RC P MD]QP MDJ�HRn ^ BL RnD N FnnJi LR GR GQ°CJE RD HDJLJnRE GRn �MEJMiLRn
MCMLFOHRn MH_ �RIDRHEn RD P MDEJIRn ² IR nFCD LRn DMiLRMH_ ^

BCDHJDJ�RP RCD S HC DMiLRMH RnD HC RCnRPiLR GR IMnRn CHP QEFDQRn S I]M�HR IMnR IFCDRCMCD HCR �MLRHE
G lHC DhN R iJRC NEQIJn ¶ DFHDRn LRn IMnRn GH DMiLRMH IFCDJRCCRCD HCR �MLRHE GR P mP R DhN R ^ Y JCnJ S

÷ � Ô��Ô� �
 @@
�� �� õö÷àøàù �

GQ°CJD ÷ IFPPR QDMCD HC DMiLRMH GR ot QLQP RCDn GR DhN R õö÷àøàù ^ `Rn IMnRn nFCD CHP QEFDQRn GR

 K 
� ^ \FHE MIIQGRE K LM �MLRHE G lHC QLQP RCD GR DMiLRMH S FC HDJLJnR LM CFDMDJFC ÷ �×� NFHE MIIQGRE
MH ¸p QLQP RCD GR ÷ ^
� èç êë7 ìFJ GëF5� |H:HØ8;| ë:7;H::ë G7
� ûú ûü Æ������ÿ ��þ

`M GQILMEMDJFC G lHC DMiLRMH RC YGM n lR±RIDHR GR LM P MCJ�ER nHJ�MCDR ²
?�áÓÛ�ÓAÔÕã�Ô� � Ô��Ô� �Ô @@Õ � �� A�â�ÓÛ�%Ó�ã�á �?A%ÓÛ�ÓAÔÕã�Ô� �

T

T(3) T(10)

¹º» ¼ È ^o ³ ½RNEQnRCDMDJFC OEMN]J�HR G lHC DMiLRMH ² HC RCnRPiLR FEGFCCQ GR i F�DRn ^
¾È



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab� ûú ûú ÙÚ���ÿ� �� ���· ÿ�/����·
bC NRHD DRnDRE L lQOMLJDQ GR GRH_ DMiLRMH_ M�RI L lFN QEMDRHE 	 RD LRHE GJ±QERCIR M�RI L lFN QEMDRHE

�	 ^ TRH_ DMiLRMH_ nFCD QOMH_ nJ DFHn LRHEn QLQP RCDn nFCD GRH_ K GRH_ QOMH_ ^ BL kMHD N FHE IRLM �H lJLn
nFJRCD GR P mP R DhN R ^
� ûú û- ��� �ÿÿ��/�ÿ� ��� ÿ�/ ����·

aFCnJGQEFCn LM GQ°CJDJFC GR DMiLRMH nHJ�MCDR ²
÷ � Ô��Ô� �� @@Ù�� �� õö÷àøàù �

³ ÷ 01õù2÷ RnD LM i FECR JCkQEJRHER GRn JCGJIRn GH DMiLRMH ÷ S nFJD � GMCn L lR_RPNLR ¶
³ ÷ 03Ü2÷ RnD LM i FECR nHN QEJRHER GRn JCGJIRn GH DMiLRMH ÷ S nFJD Ù� GMCn L lR_RPNLR ¶
³ ÷ 0ùÜöøà RnD L lJCDRE�MLLR GRn �MLRHEn NEJnRn NME L lJCGJIR GH DMiLRMH ÷ S nFJD � @@Ù� GMCn L lR_RPNLR ¶
³ ÷ 03àöø÷Û RnD LR CFPiER GR �MLRHEn GJ±QERCDRn NEJnRn NME L lJCGJIR GH DMiLRMH ÷ S nFJD 
Ú GMCn

L lR_RPNLR ^
` lMDDEJiHD ùÜöøà RnD DE�n NEMDJ�HR N FHE QIEJER HCR i FHILR �HJ NMEIFHED DFHn LRn QLQP RCDn GH

DMiLRMH ^ UC R±RD S FC N RHD QIEJER ²
â����Û��� �? �A÷ÔÕã�Ô� �%
÷ � Ô��Ô� �� @@Ù�� �� õö÷àøàù �

Õ�æ�?
��� õ �? ÷ 0ùÜöøà ã��â

÷ �õ� �	 � ��?Û ã��â �
�?Û �? �A÷ÔÕã�Ô� �
aRDDR NEFIQGHER JC JDJMLJnR DFHn LRn QLQP RCDn GH DMiLRMH ÷ K LM �MLRHE t ^ ` lJCDQEmD GR L lHDJLJnMDJFC

GR L lMDDEJiHD RnD �HR L lFC N RHD P FGJ°RE LM GQ°CJDJFC GR ÷ nMCn M�FJE K P FGJ°RE LM i FHILR ^
� ûú ûµ ��� �Ú��Ú�ÿ�

VC MOEQOMD RnD HC DMiLRMH IFCnDMCD ^ aFCnJGQEFCn LM GQILMEMDJFC G lHC DMiLRMH GR È RCDJREn ²
÷ � Ô��Ô� �
 @@�� �� õö÷àøàù �
bC NRHD LHJ M± RIDRE HCR �MLRHE IFPPR nHJD ²

¾É



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab$$ �Ö�áâã� 

A �	 �&� � $C& � × � 
 � N� �

$$ �Ö�áâã� Ù
A �	 �Ù Ü × 	± � � �A��� % 	± 
� �

$$ �Ö�áâã� ×
A �	 �
� � Ù� � �A���% 	± 
� �

$$ �Ö�áâã� &A �	 �Ù @@& 	± 
� � �A��� % 	± 
� �
aR �HJ n lR_NLJ�HR IFPPR nH JD ²
o^ M±RIDR &� K A �
� S $C& K A �Ù� S × K A �×� S 
 K A �& � S N K A ��� ¶
[ ^ M±RIDR � K A �Ù� RD A �× � S o MH_ MHDERn QLQP RCDn GH DMiLRMH ¶
¸ ^ M±RIDR 
� K A �
� S Ù� K A �Ù� RD 
 MH_ MHDERn QLQP RCDn ¶
¾ ^ M±RIDR 
� MH_ QLQP RCDn A �Ù� S A �× � S A �& � S o MH_ MHDERn QLQP RCDn ^

� ûú û� ��� ÿ��þ�Ý�� �� ÿ�/����
bC NRHD MIIQGRE K HCR DEMCI]R GR DMiLRMH S I lRnD�K�GJER S HC RCnRPiLR G lQLQP RCDn IFCnQIHDJkn G lHC

DMiLRMH ^ Y JCnJ S MhMCD LM GQILMEMDJFC ²
A � Ô��Ô� �
 @@Ù�� �� õö÷àøàù �
FC N RHD MIIQGRE MH_ QLQP RCDn G lJCGJIR È K ot IFPPR n lJLn IFCnDJDHMJRCD HC DMiLRMH RC QIEJ�

�MCD ² A �� @@
�� ^ \ME R_RPNLR S FC N FHEEM M�FJE L lJCnDEHIDJFC ² A �� @@
� � �	 �
 � Ù � × � & � � � Ú��HJ M±RIDR LM �MLRHE 
 K A ��� S Ù K A �Ú� S ^^^
� èD ÞF77F{ë 8ë ìFJGëF5 ë: îF6F|ßì6ë

TRH_ NFnnJi LJDQn n lF±ERCD K CFHn N FHE NMnnRE GRn DMiLRMH_ RC NMEMP �DER ²
³ nFJD CFHn nFH]MJDFCn GQ°CJE HCR NEFIQGHER �HJ DEM�MJLLR nHE GRn DMiLRMH_ G lHC DhN R iJRC NEQIJn

�HC CFPiER G lQLQP RCDn RD HC DhNMOR GRn QLQP RCDn GH DMiLRMH NEQIJn� ^ T MCn IR IMn S FC GFJD
GQ°CJE HC DhN R DMi LRMH ¶

³ nFJD CFHn �FHLFCn GQ°CJE HCR NEFIQGHER �HJ DEM�MJLLR nHE GRn DMiLRMH_ GFCD LRn QLQP RCDn nFCD
G lHC IREDMJC DhN R S P MJn LRHE CFPiER �MEJMiLR ^ TMCn IR IMn S FC GFJD HDJLJnRE GRn DMiLRMH_ GJDn Â
CFC IFCDEMJCDn Ã^

ÅFHn GQIEJ�FCn IRn GRH_ NFnnJi JLJDQn ^
¾�



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab� û- ûü Æ������ÿ ��þ �� ÿ��� ÿ�/ ����
`M GQILMEMDJFC G lHC DhN R DMiLRMH nR kMJD GR LM P MCJ�ER nHJ�MCDR ²

A�â� ÷�â�Ó÷ÔÕã�Ô� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� 
 @@
� � �� õö÷àøàù �
�HJ JCGJ�HR ²
³ ÷�â�Ó÷ÔÕã�Ô� LR CFP GH DhN R �HJ RnD GQ°CJ GMCn LM LJOCR ¶
³ öÜ÷=ùÜ3 �Ô?æ� 
 @@
� nN QIJ°R LRn JCGJIRn GRn QLQP RCDn GH DMiLRMH �HJ nFCD GR DhN R öÜ÷=ùÜ3RD N FEDRCD LRn JCGJIRn GR 
 K 
� ¶ FC ERDEFH�R JIJ LM nhCDM_R GQILMEMCD HC JCDRE�MLLR GR �MLRHEn

��FJE LM nRIDJFC [ ^[� ¶
³ õö÷àøàù nN QIJ°R LR DhN R GRn QLQP RCDn GH DMiLRMH ^
UC EQnHP Q S FC M GQILMEQ HC DMiLRMH GR ot QLQP RCDn GR DhN R õö÷àøàù NFEDMCD LRn JCGJIRn 
 K 
� ^
bC N RHD RCnHJDR GQILMERE GRn �MEJMiLRn GR DhN R ÷�â�Ó÷ÔÕã�Ô� ²

÷ 
 � ÷Ù � ÷�â�Ó÷ÔÕã�Ô� �
bC NRHD QOMLRP RCD GQILMERE GRn NMEMP �DERn kFEP RLn GR IR DhN R NHJn LRn HDJLJnRE GMCn LR IFENn GR

LM NEFIQGHER �HJ N RHD mDER MNN RLQR LJiERP RCD M�RI GRn NMEMP �DERn R± RIDJkn GR DhN R ÷�â�Ó÷ÔÕã�Ô� ²
â����Û��� àÖ�áâã�÷ÔÕã�Ô� �%

A�â� ÷�â�Ó÷ÔÕã�Ô� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� 
 @@
�� �� õö÷àøàù �

÷ 
 � ÷Ù � ÷�â�Ó÷ÔÕã�Ô� �
â����Û��� àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �÷ � �? ��A ÷�â�Ó÷ÔÕã�Ô� � �%
Õ�æ �?

��� õ �? ÷ 0�Ô?æ� ã��â
÷ �õ� �	 � ��?Û ã��â �

�?Û àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �

Õ�æ�?
àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷ 
� �àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷Ù� ��?Û àÖ�áâã�÷ÔÕã�Ô� �

¾#



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abYJCnJ S IRD R_RPNLR P FCDER HCR NEFIQGHER àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �HJ ERÁFJD HC NMEMP �DER
GR DhN R ÷�â�Ó÷ÔÕã�Ô� RD M±RIDR DFHn LRn QLQP RCDn GH DMiLRMH K HCR �MLRHE CHLLR ^ Y JCnJ S MNE�n
L lJCnDEHIDJFC àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷ 
� �S DFHn LRn QLQP RCDn GH DMiLRMH ÷ 
 �MLLRCD � ^

\ME IFCDER S L lR_RPNLR nHJ�MCD NEFGHJD HCR REERHE K LM IFPNJLMDJFC ²

â����Û��� àÖ�áâã�÷ÔÕã�Ô�à���??� �%
A�â� ÷�â�Ó÷ÔÕã�Ô� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� 
 @@
�� �� õö÷àøàù �

÷ 
 � ÷�â�Ó÷ÔÕã�Ô� �
÷Ù � Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� 
 @@
�� �� õö÷àøàù �

â����Û��� àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �÷ � �? ��A ÷�â�Ó÷ÔÕã�Ô� � �%
Õ�æ �?

��� õ �? ÷ 0�Ô?æ� ã��â
÷ �õ� �	 � ��?Û ã��â �

�?Û àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �

Õ�æ�?
àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷ 
� �àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷Ù� ��?Û àÖ�áâã�÷ÔÕã�Ô�à���??� �

ÅFDFCn iJRC �HR LR DhN R nN QIJ°Q GMCn LM GQILMEMDJFC GH DMiLRMH ÷Ù RnD HCR IFNJR EJOFHERHnR GR
LM nN QIJ°IMDJFC GH DhN R ÷�â�Ó÷ÔÕã�Ô� ^

UC kMJD S RC YGM S nJ L lFC �RHD JCGJ�HRE �HR GRH_ �MEJMiLRn nFCD GR P mP Rn DhN Rn S FC GFJD GQILMERE
HC DhN R RD nN QIJ°RE IR DhN R N FHE LRn GRH_ �MEJMiLRn ^ ZJ L lFC CR GQILMER NMn LRn GRH_ �MEJMiLRn M�RI LR
P mP R CFP GR DhN R S IRLM nJOCJ°R S RC YGM S �HR S P mP R nJ LRn GRH_ DhN Rn FCD LM P mP R GQ°CJDJFC S JLn CR
ERNEQnRCDRCD NMn LM P mP R I]FnR ^

Y JCnJ GMCn L lR_RPNLR NEQIQGRCD S LRn DMiLRMH_ ÷ 
 RD ÷Ù FCD GRn DhN Rn nN QIJ°Qn GR LM P mP R P MCJ�ER S
P MJn LR kMJD GR CR NMn HDJLJnRE HC HCJ�HR CFP GR DhN R GMCn LRHE GQILMEMDJFC RCDEM�CR LR IFPNJLMDRHE
K IFCnJGQERE �HR LM ERnnRPiLMCIR RCDER LRn GRH_ GQILMEMDJFCn C lRnD �H lMNNMERCDR RD �HR GMCn LR kFCG S
LRn GRH_ DMiLRMH_ IFEERnN FCGRCD K GRH_ I]FnRn iJRC GJ± QERCDRn ^

¾r



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab� û- ûú ��/����· þ�þ ��þÿ���þÿ�
ZJ L lFC nFH]MJDR P MJCDRCMCD QIEJER HCR NEFIQGHER �HJ P RD K � DFHn LRn QLQP RCDn G lHC DMiLRMH

IFPNFEDMCD HC CFPiER �HRLIFC�HR G lRCDJREn S LM P QD]FGR NEQIQGRCDR C lF±ER NMn GR nFLHDJFCn ^ BL kMHD
N FHE IRLM GQILMERE HC DhN R GR DMiLRMH GJD Â CFC IFCDEMJCD ÃS I lRnD�K�GJER HC DMiLRMH GFCD FC nN QIJ°R
LR DhN R GRn QLQP RCDn S P MJn NMn LRHE CFPiER ^ \FHE IRLM S FC QIEJD ²

â����Û��� àÖ�áâã�÷ÔÕã�Ô�ö�?Þ�?A�Ô�?A �%
A�â� ÷�â�Ó÷ÔÕã�Ô� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� °±� �� õö÷àøàù �

÷ 
 � ÷�â�Ó÷ÔÕã�Ô� �
 @@�� �÷Ù � ÷�â�Ó÷ÔÕã�Ô� �Ù× @@�& � �
â����Û��� àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �÷ � �? ��A ÷�â�Ó÷ÔÕã�Ô� � �%
Õ�æ �?

��� õ �? ÷ 0�Ô?æ� ã��â
÷ �õ� �	 � ��?Û ã��â �

�?Û àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� �

Õ�æ�?
àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷ 
� �àÖ�áâã�åÔ�Ôá �A��÷ÔÕã�Ô� �÷Ù� ��?Û àÖ�áâã�÷ÔÕã�Ô�ö�?Þ�?A�Ô�?A �

bC CFDREM LM GQILMEMDJFC GH DhN R ÷�â�Ó÷ÔÕã�Ô�ö�?Þ�?A�Ô�?A GMCn LM�HRLLR MHIHC JCDRE�MLLR
G lJCGJIRn C lRnD nN QIJ°Q ¶ MH IFCDEMJER FC CFDR LR nhPiFLR °± ^

` M GQILMEMDJFC GRn GRH_ �MEJMiLRn DMiLRMH_ ÷ 
 RD ÷Ù GRP MCGR MLFEn GR nN QIJ°RE LRn i FECRn GR
IRn DMiLRMH_ S GR 
 K � NFHE ÷ 
 S GR Ù× K �& NFHE ÷Ù ^ TFCI S ÷ 
 RD ÷Ù nFCD GR P mP R DhN R S P MJn CR
IFCDJRCCRCD NMn LR P mP R CFPiER G lQLQP RCDn ^

`R NMEMP �DER kFEP RL GR LM NEFIQGHER àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� RnD GQILMEQ GH P mP R DhN R
÷�â�Ó÷ÔÕã�Ô� ^

T MCn LR IFENn GR LM NEFIQGHER àÖ�áâã�÷ÔÕã�Ô�ö�?Þ�?A�Ô�?A S FC N RHD MLFEn MNN RLRE LM NEFIQGHER
àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� M�RI LRn GRH_ DMiLRMH_ ÷ 
 RD ÷Ù ^

bC IFPNERCG iJRC P MJCDRCMCD DFHD L lJCDQEmD GRn MDDEJiHDn GR DMiLRMH_ RC EROMEGMCD LM i FHILR
\FHE GMCn LM NEFIQGHER àÖ�áâã�åÔ�Ôá�A��÷ÔÕã�Ô� ² LR NMEMP �DER QDMCD HC DMiLRMH CFC IFCDEMJCD S

Èt



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abLRn i FECRn GRn JCGJIRn GR IRn DMiLRMH_ CR N RH�RCD NMn mDER IFCCHRn M�MCD L lR_QIHDJFC GR LM NEFIQGHER S
LFEn�HR LM �MLRHE GH NMEMP �DER R± RIDJk RnD IFCCHR S GFCI nFC CFPiER G lQLQP RCDn ^

� èM ��ë6L;Lë
o^ bC nR GFCCR LR DhN R nHJ�MCD ²

A�â� ß��A��� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� °±� �� 13<Ü÷ ^ ¯IEJER L lMEiER NEFOEMPP MDJ�HR
NHJn LM kFCIDJFC �HJ IMLIHLR LM nFPP R GR GRH_ �RIDRHEn ¶

[ ^ M�RI LM P mP R GQ°CJDJFC GR ß��A��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIH LR
LR NEFGHJD G lHC �RIDRHE NME HC nIMLMJER ¶

¸ ^ M�RI LM P mP R GQ°CJDJFC GR ß��A��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIH LR
LR NEFGHJD nIMLMJER GR GRH_ �RIDRHEn ¶

¾ ^ M�RI LM P mP R GQ°CJDJFC GR ß��A��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ ER�
I]REI]R HCR �MLRHE GMCn HC DMiLRMH RD ERC�FJR nFC JCGJIR S � o nJ LM �MLRHE C lRnD NMn DEFH�QR GMCn
LR DMiLRMH S LR NLHn N RDJD JCGJIR n lJL h RC M NLHnJRHEn FIIHERCIRn ¶

È ^ M�RI LM P mP R GQ°CJDJFC GR ß��A��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIH LR
LR NEFGHJD �RIDFEJRL GR GRH_ �RIDRHEn ¶

É ^ M�RI LM P mP R GQ°CJDJFC GR ß��A��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ ER�
I]REI]R LR GQiHD GR LM NLHn LFCOHR P FCFDFCJR IEFJnnMCDR GMCn LR �RIDRHE RD ERC�FJR L lJCGJIR GR
nFC opq QLQP RCD ^ �VCR P FCFDFCJR IEFJnnMCDR RnD HCR nFHn�nHJDR GFCD LRn QLQP RCDn FCD GRn �MLRHEn
IEFJnnMCDRn S CFC nDEJIDRP RCD ^�

� è� êë7 |Fì6;Lë7 ëì ìFJ GëF5� |5Gì ;Ø8 ;| ë:7;H::ë G7
� û� ûü Æ������ÿ ��þ �� ÿ�/����· Ì��ÿ ����Ì�þ���þþ���

bC NRHD GQILMERE GRn DMiLRMH_ PHLDJ�GJP RCnJFCCRLn N FHE ERNEQnRCDRE S NME R_RPNLR S GRn P MDEJIRn ^
bC M HCR GQILMEMDJFC GH ORCER ²

á ÔA� ��� � Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� 
 @@× � öÜ÷=ùÜ3 �Ô?æ� Ù @@Ú� �� 13<Ü÷ �

aRDDR LJOCR GQILMER HC DMiLRMH GQCFPPQ áÔA� ��� MhMCD ¸ LJOCRn GR È QLQP RCDn GR DhN R 13<Ü÷ ^
bC MII�GR MLFEn K HC QLQP RCD RC nN QIJ°MCD nRn JCGJIRn GMCn LRn GJ± QERCDRn GJP RCnJFCn S RC ERnN RI�

DMCD L lFEGER GR LM GQILMEMDJFC ¶ NME R_RPNLR S FC MHEM á ÔA� ��� �
 ��� FH áÔA� ��� �× �Ù� ¶ LRn LJOCRn RD
IFLFCCRn GR á ÔA� ��� nFCD CHP QEFDQRn IFPPR nHJD ²

È o



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab[ ¸ ¾ È É
o
[
¸

bC N RHD GQILMERE GRn DMiLRMH_ MhMCD MHDMCD GR GJP RCnJFCn �HR L lFC �RHD ^
� û� ûú ��� ÿ��þ�Ý�� �ÿ �Ú��Ú�ÿ� Ì��ÿ ����Ì�þ���þþ���

aFPPR NFHE LRn DMiLRMH_ P FCF�GJP RCnJFCCRLn S FC N RHD nN QIJ°RE GRn MOEQOMDn N FHE LRn DMiLRMH_
PHLDJ�GJP RCnJFCCRLn ^ \ME R_RPNLR S N FHE LM �MEJMiLR á ÔA� ��� GQILMEQR NLHn ]MHD S FC N FHEEM QIEJER ²

á ÔA� ��� �	 �
 	± �
 @� � Ù @� � �A���% 	± � @�� �Ù 	± �× @� � & @� � �A���% 	± � @�� �× 	± �� @� � Ú @� � �A���% 	± � @��� �
IR �HJ nJOCJ°R �HR LRn QLQP RCDn GR á ÔA� ��� nREFCD M±RIDQn IFPPR nHJD ²
o^t [ ^t t ^t t ^t t ^t
¸ ^t ¾ ^t t ^t t ^t t ^t
È ^t É ^t t ^t t ^t t ^t

\FHE JCJDJMLJnRE DFHn LRn QLQP RCDn G lHCR P MDEJIR K HCR �MLRHE S FC N FHEEM QOMLRP RCD QIEJER ²
á ÔA� ��� �	 ��A���% 	± ��A��� % 	± � @��� �

� û� û- .ÿÿ��/�ÿ�
`Rn MDDEJiHDn R_ JnDRCD N FHE LRn DMiLRMH_ PHLDJ�GJP RCnJFCCRLn ^ BL kMHD MLFEn nN QIJ°RE LM GJP RCnJFC

RC NMEMP �DER GR L lMDDEJiHD ^ \FHE LM �MEJMiLR á ÔA� ��� GQILMEQR NLHn ]MHD S FC MHEM ²
³ ÷ 01õù2÷ �
� �MHD 
 S ÷ 01õù2÷ �Ù� �MHD Ù ¶
³ ÷ 03Ü2÷ �
� �MHD × S ÷ 03Ü2÷ �Ù� �MHD Ú ¶
³ ÷ 0ùÜöøà �
� �MHD 
 @@× S ÷ 0ùÜöøà �Ù� �MHD Ù @@Ú ¶
³ ÷ 03àöø÷Û �
� �MHD Ù S ÷ 03àöø÷Û �Ù� �MHD � ^ ¶

� û� ûµ ��� ÿ�/����· Ì��ÿ ��� �Ì�þ���þþ��� þ�þ ��þÿ���þÿ�
aFPPR NFHE LRn DMiLRMH_ P FCF�GJP RCnJFCCRLn S FC N RHD GQILMERE GRn DMiLRMH_ PHLDJ�

GJP RCnJFCCRLn CFC IFCDEMJCDn ^ Y JCnJ S FC N RHD QIEJER ²
â����Û��� àÖ�áâã�>ÔA� ���ö�?Þ�?A�Ô�?A� �%
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abA�â� ÷�â�Ó>ÔA� ��� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� °± � öÜ÷=ùÜ3 �Ô?æ� °±� �� õö÷àøàù �
> 
 � ÷�â�Ó>ÔA� ��� �
 @@� � 
� @@Ù�� �
>Ù � ÷�â�Ó>ÔA� ��� �Ù× @@�& � 
Ù× @@
ÙN� �
â����Û��� àÖ�áâã�åÔ�Ôá�A��>ÔA� ��� �> � �? ��A ÷�â�Ó>ÔA� ���� �%
Õ�æ �?

��� õ �? > 0�Ô?æ� �
� ã��â
��� � �? > 0�Ô?æ� �Ù� ã��â

> �õ � �� �	 � ��?Û ã��â �
�?Û ã��â �

�?Û àÖ�áâã�åÔ�Ôá�A��>ÔA� ��� �
Õ�æ�?

àÖ�áâã�åÔ�Ôá �A��>ÔA� ��� �> 
� �àÖ�áâã�åÔ�Ôá �A��>ÔA� ��� �>Ù� ��?Û àÖ�áâã�>ÔA� ���ö�?Þ�?A�Ô�?A� �
� è¸ ��ë6L;Lë7

o^ bC nR GFCCR LR DhN R nHJ�MCD ²
A�â� >ÔA� ��� �% Ô��Ô� �öÜ÷=ùÜ3 �Ô?æ� °± � öÜ÷=ùÜ3 �Ô?æ� °±� �� 13<Ü÷ ^
¯IEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIHLR LM nFPP R GR GRH_ P MDEJIRn ¶

[ ^ M�RI LM P mP R GQ°CJDJFC GR >ÔA� ��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIH LR
LM DEMCnN FnQR G lHCR P MDEJIR ¶

¸ ^ M�RI LM P mP R GQ°CJDJFC GR >ÔA� ��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIH LR
LR NEFGHJD GR GRH_ P MDEJIRn ¶

¾ ^ M�RI LM P mP R GQ°CJDJFC GR >ÔA� ��� S QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM kFCIDJFC �HJ IMLIH LR
LR GQDREP JCMCD G lHCR P MDEJIR ¶

È ^ QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM NEFIQGHER �HJ IMLIHLR HC IMEEQ P MOJ�HR G lFEGER JPNMJE ¶
IRD FEGER RnD NMnnQ RC NMEMP �DER K LM NEFIQGHER ^ `Rn IMEEQn P MOJ�HRn nREFCD IFCnDEHJDn nHE LR
P FG�LR nHJ�MCD ²¾ r [
¸ È �
# o É
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`aboo [¾ � [t ¸
¾ o[ [È # oÉ
o� È o¸ [ o r
ot o# o o¾ [[
[¸ É or [ oÈ
[[ ¾� oÉ ¾ o ot ¸È ¾
È [¸ ¾# o� ¾[ oo [r
¸t É [¾ ¾r o# ¸É o[
o¸ ¸ o � [È ¾¸ or ¸�
¸# o¾ ¸[ o [É ¾¾ [t
[ o ¸r # ¸¸ [ [� ¾È
¾É oÈ ¾t r ¸¾ ¸ [#

É ^ QIEJER L lMEiER NEFOEMPP MDJ�HR NHJn LM NEFIQGHER �HJ IMLIHLR LR DEJMCOLR GR \MnIML j Hn�H lK HCR
IREDMJCR LJOCR NMnnQR RC NMEMP �DER ^ bC EQnFHGEM IRD R_REIJIR GR GRH_ P MCJ�ERn ²
�M� RC HDJLJnMCD HC DMiLRMH iJ�GJP RCnJFCCRL S I]M�HR LJOCR IFEERnN FCGMCD K HCR JDQEMDJFC ^ \FHE

È S FC FiDJRCD LM DMiLR nHJ�MCDR ²
o o
o [ o
o ¸ ¸ o
o ¾ É ¾ o
o È ot ot È o

�i � RC HDJLJnMCD HC DMiLRMH P FCF�GJP RCnJFCCRL GMCn LR�HRL FC CR nDFI£R �H lHCR nRHLR LJOCR S
LM LJOCR RC IFHEn GR IMLIHL ^

� èà Þ6HJ Gß| ë
�aR NEFiL�P R RnD R_DEMJD GH TZ GR CF�RPiER [ttt ^�
bC nFH]MJDR QIEJER HC NEFOEMPPR �HJ IFCnDEHJD HC ]JnDFOEMPPR K NMEDJE GR �MLRHEn CHP QEJ�HRn

nMJnJRn MH ILM�JRE ^ ½MNN RLFCn G lMi FEG IR �H lRnD HC ]JnDFOEMPPR ^
ZHNNFnFCn �HR LRn GFCCQRn nFJRCD LRn nHJ�MCDRn ² oS # S É S r S [ S [ S oS [ S # S È �IFPNEJnRn RCDER o RD

ot� ^ ZHNNFnFCn �HR L lFC nFH]MJDR EQMLJnRE HC ]JnDFOEMPPR NFHE I]M�HR �MLRHE RCDJ�ER ² JL h M [ kFJn
LM GFCCQR oS ¸ kFJn LM GFCCQR [ S o kFJn LM GFCCQR È S o kFJn É S o kFJn # S o kFJn r S t kFJn LRn MHDERn RCDJREn
IFPNEJn RCDER o RD ot ^ aRLM CFHn GFCCR GFCI L l] JnDFOEMPPR ² [ S ¸ S t S t S oS oS t S oS oS t ^

bC MHEMJD DFHD MHnnJ i JRC NH kMJER HC ]JnDFOEMPPR M�RI HC NMn GR [ HCJDQn ² FC MHEMJD MLFEn ²
³ È GFCCQRn GMCn {1, 2} S
³ t GFCCQRn GMCn {3, 4} S
³ [ GFCCQRn GMCn {5, 6} S
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab³ o GFCCQRn GMCn {7, 8} S
³ o GFCCQRn GMCn {9, 10} S
GFCI L l] JnDFOEMPPR È S t S [ S oS o^ a]M�HR �MLRHE GR L l] JnDFOEMPPR IFEERnN FCG K HCR ILMnnR FH HC

RCnRPiLR GR �MLRHEn GR GFCCQRn ^
Ç JRC RCDRCGH S FC N RHD NERCGER HC NMn �HRLIFC�HR GH PFP RCD �H lJL RnD nDEJIDRP RCD N FnJDJk ^ Z lJL

RnD nHN QEJRHE MH CFPiER GR GFCCQRn S DFHDRn LRn GFCCQRn nREFCD EROEFHN QRn GMCn HCR nRHLR ILMnnR ^
á���ÿ ��þ ü

TFCCRE L lMEiER NEFOEMPP MDJ�HR G lHCR MIDJFC Þ�?%A�� �A ��? Û �%A�æ�Ôáá� �HJ IFCnDEHJD L l] JnDF�
OEMPP R G lHC RCnRPiLR GR GFCCQRn ^

aRn GFCCQRn nFCD GRn CFPiERn RCDJREn nDEJIDRP RCD N FnJDJkn ^ U LLRn nFCD nMJnJRn MH ILM�JRE RD nFCD
DEMJDQRn K LM �FLQR ^ `Rn GFCCQRn nFCD DREP JCQRn NME HCR �MLRHE CHLLR FH CQOMDJ�R ��HJ CR GFJD NMn mDERNEJnR RC IFPNDR� ^ ` l]JnDFOEMPPR nREM nDFI£Q GMCn HC DMiLRMH G lQLQP RCDn JCGJIQn GR o K Åµ o^ `R
NMn nREM nDFI£Q GMCn HCR �MEJMiLR ^ ` lQLQP RCD Åµ o GR IR DMiLRMH ]JnDFOEMPPR IFCDJRCGEM LR CFPiER
GR �MLRHEn DEFN OEMCGRn N FHE mDER nDFI£QRn GMCn LRn Å NERP JREn QLQP RCDn GR L l] JnDFOEMPPR ^ Y JCnJ S nJ
L lFC ERNERCG L lR_RPNLR NEQIQGRCD M�RI LR j RH GR GFCCQRn nHJ�MCD ² oS # S É S o# S r S [ S [È S [ S oS ¸# S [ S
# S È S HC ]JnDFOEMPPR GR NMn o N FHE Åâ ot nREM ² [ S ¸ S t S t S oS oS t S oS oS t S ¸ ^ `R GRECJRE QLQP RCD
GH DMiLRMH �¸� JCGJ�HR �H lJL h M ¸ �MLRHEn �o# S [È S ¸#� �HJ nFCD DEFN OEMCGRn N FHE mDER P JnRn GMCn
L l] JnDFOEMPPR ^

bHDER LM IFCnDEHIDJFC GR L l] JnDFOEMPPR S L lMIDJFC IFPNDREM LR CFPiER GR �MLRHEn LHRn RD P QP FEJ�
nREM LM �MLRHE P JCJP MLR RD LM �MLRHE P M_JP MLR GRn �MLRHEn IFPNDMiJLJnQRn GMCn LR Åµ op QLQP RCD GR
L l] JnDFOEMPPR �GMCn L lR_PNLR S IR nREMJD o# RD ¸#� ^
á���ÿ ��þ ú

TFCCRE LM DEMGHIDJFC GR IRDDR MIDJFC nFHn LM kFEP R G lHCR NEFIQGHER YGM ^ `R DMiLRMH ]JnDFOEMPPR
CR nREM NMn NMnnQ RC NMEMP �DER P MJn nREM HCR �MEJMiLR OLFiMLR GH NEFOEMPPR ^ `R NMn nREM NMnnQ RC
NMEMP �DER ^ `M NEFIQGHER ERC�REEM LR CFPiER GR �MLRHEn LHRn RD LRn �MLRHEn P JCJP MLRn RD P M_JP MLRn ^

bC NERCGEM nFJC K LM GQILMEMDJFC GRn NMEMP �DERn GR LM NEFIQGHER ^
bC JCILHEM IRDDR NEFIQGHER GMCn HC NEFOEMPPR YGM IFPNLRD �HJ GQILMER LR DMiLRMH ]JnDFOEMPPR

RD GFCD LR NEFOEMPPR NEJCIJNML MNN RLLR LM NEFIQGHER NEQIQGRCDR IFEERIDRP RCD ^
á���ÿ ��þ -

¯IEJER HCR NEFIQGHER Ü�� ����Û �%A�æ�Ôáá � �HJ M� I]R K L lQIEMC LR IFCDRCH GR L l] JnDFOEMPPR nFHn
LM kFEP R nHJ�MCDR ²
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abnJ LR NMn GRP MCGQ RnD o RD LRn GFCCQRn kFHECJRn IRLLRn JCGJ�HQRn NLHn ]MHD ^
á���ÿ ��þ µ

¯IEJER HCR NEFIQGHER Ü������Û �%A�æ�Ôáá�ÜB��ä�%àA��ã�% �HJ M� I]R LR IFCDRCH GR L l] JnDF�
OEMPP R K L lQIEMC nFHn LM kFEP R nHJ�MCDR �DFHj FHEn N FHE L lR_RPNLR IJ�GRnnHn� ²
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á���ÿ ��þ �
TFCCRE L lMEiER NEFOEMPP MDJ�HR G lHCR kFCIDJFC ä �%A� �Õ�A ��?2�á �A� �³�� �HJ ERDFHECR HC EQ�

nHLDMD Ý<<3àÜö �HJ JCGJ�HR nJ LM GJnDEJiHDJFC GRn �MLRHEn RnD nhP QDEJ�HR ^ \FHE IRLM S FC HDJLJnREM
L l] JnDFOEMPPR IFCnDEHJD NEQIQGRPPRCD �HJ GFJD M�FJE HCR nhP QDEJR G lM_R IRCDEML RD M�FJE t �MLRHEn
GMCn LM ILMnnR Åµ o^ aLMJERP RCD S LM GJnDEJiHDJFC IJ�GRnnHn C lRnD NMn nhP QDEJ�HR ^
á���ÿ ��þ ½

ÀEMGHJER IRD MEiER RC HCR kFCIDJFC YGM ^ aFPPR NFHE LRn NEFIQGHERn NEQIQGRCDRn S LR DMiLRMH
]JnDFOEMPPR CR nREM NMn NMnnQ RC NMEMP �DER P MJn nREM HCR �MEJMiLR OLFiMLR GH NEFOEMPPR ^
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\FHE L lJCnDMCD S CFHn C lM�FCn ERCIFCDEQ �HR GRn �MLRHEn CHP QEJ�HRn ^ � FEn S IRLM CR ERNEQnRCDR
�H lHCR N RDJDR NMEDJR GRn DhN Rn R_JnDMCDn ^ BL RnD DE�n IFHEMCD G lR± RIDHRE GRn DEMJDRP RCDn nHE GRn
IMEMID�ERn S GRn P FDn S GRn DR_DRn S ^^^ \FHE IRLM S CFHn MLLFCn DFHD G lMi FEG NEQnRCDRE LR DhN R ÞÛÜùÜÞ÷àù

VC ÞÛÜùÜÞ÷àù N RHD mDER HCR LRDDER S P MjHnIHLR FH P JCHnIHLR S HC I]J± ER S HC nJOCR GR N FCIDHMDJFC S
HC RnNMIR iLMCI S ^^^ `M GQILMEMDJFC G lHCR �MEJMiLR GR DhN R ÞÛÜùÜÞ÷àù nR kMJD IFPP R nHJD ²

Þ � ÞÛÜùÜÞ÷àù �
bC NRHD LHJ M± RIDRE RCnHJDR HCR �MLRHE IFPPR nHJD ²

Þ �	 0� 0�

aRDDR JCnDEHIDJFC M±RIDR LR IMEMID�ER � K LM �MEJMiLR Þ ^ ë } vz ìwf� ef��|f� {we x|v ì|v��z }z
xw�wx�í�z 0� 0 w�zx }w �w}zf� vfgd���fz � î xz e|v� �zfï |� ð z�e ��íe � �ñd�zv�e � `Rn �MLRHEn
CHP QEJ�HRn IFEERnN FCGRCD MH_ CFPiERn P MD]QP MDJ�HRn ¶ LRn �MLRHEn GR DhN R ÞÛÜùÜÞ÷àù C lFCD NMn
G lMCMLFOHR RC P MD]QP MDJ�HRn ^ \FHE LRn GJnDJCOHRE S FC CFDR 0� 0 LR IMEMID�ER �RCDER 0� RD nJPNLRP RCD
� LR CFPiER ^

bC N RHD HDJLJnRE HCR �MEJMiLR ÞÛÜùÜÞ÷àù GMCn C lJPNFEDR �HRLLR JCnDEHIDJFC S GH P FP RCD �HR IRLM
M HC nRCn ^ bC N RHD NME R_RPNLR DRnDRE LM �MLRHE G lHCR �MEJMiLR ÞÛÜùÜÞ÷àù ²
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab� �A� ÷�ÖAÓõ< �
�%� ÷�ÖAÓõ< �
â����Û��� à%%Ô�Þ�Ô�Ô�A�� �%

Þ � ÞÛÜùÜÞ÷àù �

Õ�æ�?
øà÷ �Þ � ��� Þ 	 0� 0 A��?

å=÷Ó3õöà ��B�� % ÔB�Õ AÔâ� � �� ��ã%�� Þ 	 0? 0 A��?
å=÷Ó3õöà ��B�� % ÔB�Õ AÔâ� ? �� ��ã%�
å=÷Ó3õöà ��B�� % ? 0ÔB�Õ AÔâ� ? � � � ? � ? �� ��?Û �� �

�?Û à%%Ô�Þ�Ô�Ô�A�� �
`Rn IMEMID�ERn nFCD FEGFCCQn nRLFC L lFEGER LR_JIFOEMN]J�HR ²
0� 0 <

0
 0 <
^^^

<
0N 0

<
^^^

<
0Ü 0

<
0Ý 0

<
0Þ 0

<
^^^

<
0ò 0

<
0Ô 0

<
0Õ 0

<
0� 0

<
^^^

<
0Õ 0 <bC NRHD HDJLJnRE LRn FN QEMDRHEn GR DRnD 	 RD �	 S RD LRn FN QEMDRHEn GR IFPNMEMJnFC ° S °	 S ± RD ±	GMCn GRn IFCGJDJFCn GR DRnDn FH GR i FHILRn ^

½ ûüûú ��� �ÿÿ��/�ÿ� �� ÿ��� óôÂ"Âó� "
³ ÞÛÜùÜÞ÷àù 0åùàä �0� 0� kFHECJD 0� 0 ¶
³ ÞÛÜùÜÞ÷àù 02=ÞÞ �0â 0� kFHECJD 0³ 0^
õ I]M�HR IMEMID�ER RnD MnnFIJQ HC CFPiER ¶ FC N RHD IFC�REDJE HC ÞÛÜùÜÞ÷àù RC öÜ÷=ùÜ3 IFPPR

nHJD ²
³ IFC�REnJFC ÞÛÜùÜÞ÷àù RC öÜ÷=ùÜ3 NME ² ÞÛÜùÜÞ÷àù 0å<2 �0Ô 0� kFHECJD &C ¶
³ IFC�REnJFC öÜ÷=ùÜ3 RC ÞÛÜùÜÞ÷àù NME ² ÞÛÜùÜÞ÷àù 0ßÜ3 �&C� kFHECJD 0Ô 0 ¶

¸ èç êë7 LöF÷:ë7 8ë LF6FLìß6ë7
½ ûú ûü �����ÿ ��þ� � ��Ì�þÿ�����
ø dùv���|v z� �dx}w�w��|v

`Rn DMiLRMH_ GR ÞÛÜùÜÞ÷àù nFCD FPCJ�NEQnRCDn RC JCkFEP MDJ�HR ² FC LRn MNN RLLR GRn Â I]M�CRn GR
IMEMID�ERn Ã^ VCR I]M�CR GR IMEMID�ERn RnD GFCI HC DMiLRMH IFPNFEDMCD HC IREDMJC CFPiER G lQLQP RCDn
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abGR DhN R ÞÛÜùÜÞ÷àù ^ ÊH LRHE JPNFEDMCIR S HC DhN R NMEDJIHLJRE RnD MnnFIJQ K IRn DMiLRMH_ S LR DhN R 2÷ù õöø ^
\ME R_RPNLR S LM GQILMEMDJFC ²

ÞÛÜ õöà � 2÷ù õöø �
 @@
�� �
GQ°CJD LM �MEJMiLR ÞÛÜ õöà IFPPR QDMCD HCR I]M�CR GR ot IMEMID�ERn ^ aFPPR NFHE LRn DMiLRMH_

GR CFPiERn S FC N RHD P MCJNHLRE nFJD LM I]M�CR GMCn nFC RCnRPiLR S nFJD NME DEMCI]R S nFJD IMEMID�ER
NME IMEMID�ER ^
¨ñzx�w��|v

bC N RHD LHJ M± RIDRE HCR �MLRHE IFCnDMCDR ²
ÞÛÜ õöà �	 �ÔÕ �Û��æ� �Ø � �
BL kMHD MLFEn JPN QEMDJ�RP RCD �HR LM IFCnDMCDR nFJD IFPNFnQR GH CFPiER GR IMEMID�ERn nN QIJ°Q

GMCn LM GQILMEMDJFC GR LM I]M�CR ^ Y JCnJ S
ÞÛÜ õöà �	 �ÔÕ � �
RCDEM�CR HCR REERHE GR IFPNJLMDJFC IME ÞÛÜ õöà M QDQ GQILMEQR IFPPR IFPNFEDMCD ot ÞÛÜùÜÞ÷àù ^

ZJ L lFC �RHD M±RIDRE LR IMEMID�ER 0Ô 0 MH NERP JRE QLQP RCD GR ÞÛÜ õöà S 0Õ 0 MH GRH_ J�P R QLQP RCD GR
ÞÛÜ õöà nMCn NLHn S JL kMHD JPN QEMDJ�RP RCD JCGJ�HRE �HR LRn ]HJD IMEMID�ERn nHJ�MCDn nFCD iLMCIn ²

ÞÛÜ õöà �	 �ÔÕ � �
RD L lFC N RHD QIEJER QOMLRP RCD ²

ÞÛÜ õöà �	 �0Ô 0� 0Õ 0� �A��� % 	± 0 0� �
$$
$$ Ô�A�� ��� �A��� �
$$ ÞÛÜ õöà �	 ��ÔÕ � � �A���% 	 0 0� �
ZJ L lFC �RHD M±RIDRE LR IMEMID�ER 0Ô 0 MH NERP JRE QLQP RCD GR ÞÛÜ õöà S 0Õ 0 MH GRH_J�P R QLQP RCD

GR ÞÛÜ õöà nMCn P FGJ°RE LRn MHDERn IMEMID�ERn GR LM I]M�CR S FC N RHD QIEJER ²
ÞÛÜ õöà �
 @@Ù� �	 �ÔÕ � �
�HJ nN QIJ°R �HR LR NERP JRE IMEMID�ER GR ÞÛÜ õöà RnD 0Ô 0S LR GRH_ J�P R RnD 0Õ 0^ BL kMHD iJRC CFDRE

�HR LRn MHDERn QLQP RCDn GR LM I]M�CR GR IMEMID�ERn CR nFCD NMn P FGJ°Qn ¶ RC NMEDJIHLJRE S JLn CR nFCD
NMn P Jn K iLMCI ^
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abú|vxw�dvw��|v
bC N RHD RCIFER IFCIMDQCRE � GRn I]M�CRn GR IMEMID�ERn M�RI L lFN QEMDRHE û ²

ÞÛÜ õöà �	 �ÔÕ �� û �Û � û ��æ � û 0� 0 û ��Ø � �
�HJ N REP RD �IFPPR FC LR �FJD GMCn L lR_RPNLR� GR P J_RE GRn I]M�CRn GR IMEMID�ERn RD GRn IMEMID�ERn

nJPNLRn � 0� 0� ^ bC N RHD QOMLRP RCD IFCIMDQCRE GRn �MEJMiLRn 2÷ù õöø IFPPR nH JD ²

$$ ³��ã³��% Û��ãÔ�ÔA ��?%
ÞÛ 
 � 2÷ù õöø �
 @@
�� �ÞÛÙ � 2÷ù õöø �Ù� @@¤�� �ÞÛ× � 2÷ù õöø �× @@Ú� �ÞÛÜ õöà � 2÷ù õöø �
� @@×� � �
$$ �? %A�� �A ��? %
ÞÛÜ õöà �	 ÞÛ 
 �Ù @@¤� û �Øü ��â � û ÞÛ× �& @@Ú� û ÞÛÙ �¤� @@¤�� û 0â 0 û ÞÛÙ �×� @@&�� �

ú|g{w�w�e|ve
bC N RHD IFPNMERE GRn I]M�CRn GR IMEMID�ERn K L lMJGR GRn FN QEMDRHEn ]MiJDHRLn 	 S �	 S ° S °	 S ± S ±	 ^
T RH_ I]M�CRn nFCD QOMLRn nJ RD nRHLRP RCD nJ RLLRn IFCDJRCCRCD LR P mP R CFPiER GR IMEMID�ERn RD

�HR IRH_�IJ nFCD EJOFHERHnRP RCD LRn P mP Rn S GMCn LR P mP R FEGER S GMCn LRn GRH_ I]M�CRn ^
\FHE GQDREP JCRE nJ HCR I]M�CR RnD JCkQEJRHER K HCR MHDER S LRn IMEMID�ERn GRn GRH_ I]M�CRn nFCD

IFPNMEQn HC NME HC S K NMEDJE GH NERP JRE ^ T �n �H lRC HCR N FnJDJFC LRn IMEMID�ERn ERnN RIDJkn GRn GRH_
I]M�CRn GJ±�ERCD S L lFEGER GRn GRH_ I]M�CRn RnD GQDREP JCQ RC kFCIDJFC GR L lFEGER nHE IRn GRH_ IMEMID�ERn ^
Y JCnJ S �ÔÕ �� ° �ÔÛÕ� � IME N FHE LRn GRH_ NERP JREn IMEMID�ERn �HJ GJ± �ERCD S FC M 0Õ 0 ° 0Û 0^ ZJ L lHCR
GRn GRH_ I]M�CRn RnD NLHn IFHEDR RD GQiHDDR LM nRIFCGR S MLFEn LM NLHn IFHEDR RnD LM NLHn N RDJDR ^ Y JCnJ S
�ÔÕ �Û � ± �ÔÕ ��^

bC N RHD R_NEJP RE LRn I]M�CRn nFHn GJ± QERCDRn kFEP Rn GMCn HC DRnD ^ \ME R_RPNLR ²
³ �� 	 ���� �S RC nHNNFnMCD �HR �� RnD HCR I]M�CR GR IMEMID�ERn ¶
³ 02 0 û �ÔÕ � 	 �2ÔÕ � ¶
³ �
 	± 0Ü 0� 	 �Ü �^

ú|v�z�e�|v
bC N RHD IFC�REDJE HC CFPiER RC 2÷ù õöø K L lMJGR GR L lMDDEJiHD õ>Üøà GRn RCDJREn ^ Y JCnJ S FC N FHEEM

QIEJER ²
[e d``^d bnq` ý bnq`
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abâ����Û��� à%%Ô� �%
ö � õö÷àøàù �	 &× �ÞÛÜ õöà � 2÷ù õöø �
 @@
�� �	 �ö 	 � �

Õ�æ�?
ÞÛÜ õöà �� @@Ú� �	 õö÷àøàù 0õ>Üøà �ö � �å=÷Ó3 õöà �ÞÛÜ õöà � ��?Û à%%Ô� �

�HJ M� I]R ö 	 &× K L lQIEMC ^

�zx�f�z � �fvz x�w�vz �z xw�wx�í�ze wf x}w� �z�
aFPPR NFHE DFHD Fij RD G lHC DhN R NEQ°CJ S FC N RHD HDJLJnRE LM NEFIQGHER æ�A NFHE LJER LM �MLRHE

G lHCR I]M�CR GR IMEMID�ERn MH ILM�JRE ^ ZJ LR NMEMP �DER GR æ�A RnD HCR 2÷ù õöø GR ot IMEMID�ERn S JL kMHD
JPN QEMDJ�RP RCD nMJnJE ot IMEMID�ERn ^ ZFH�RCD S FC nFH]MJDR LJER HCR I]M�CR GR IMEMID�ERn GFCD FC CR
IFCCM�D NMn Ð ' ()*() LM LFCOHRHE ^ \FHE IRLM S JL kMHD HDJLJnRE LM NEFIQGHER æ�AÓã�?� �HJ NERCG GRH_
NMEMP �DERn ²

o^ LR NERP JRE RnD HCR �MEJMiLR GR DhN R 2÷ù õöø ¶
[ ^ LR GRH_ J�P R RnD HCR �MEJMiLR GR DhN R RCDJRE ^
`FEn GR L lMNN RL GR IRDDR NEFIQGHER S HCR I]M�CR GR IMEMID�ERn RnD nMJnJR RD nDFI£QR GMCn LR NERP JRE

NMEMP �DER ¶ IRDDR I]M�CR RnD IFCnDJDHQR GRn IMEMID�ERn kEMNN Qn j Hn�H lK IR �H lHC ERDFHE�I]MEJFD LR nFJD S
IR �HJ DREP JCR LM I]M�CR ^ õ LM nHJDR GR L lMNN RL GR IRDDR NEFIQGHER S LR NERP JRE NMEMP �DER IFCDJRC GFCI
LM I]M�CR GR IMEMID�ERn nMJnJR RD LR nRIFCG IFCDJRCD LR CFPiER GR IMEMID�ERn GR LM I]M�CR ^

\ME R_RPNLR S nJ LR NERP JRE NMEMP �DER RnD HCR %A� �?æ GR ot IMEMID�ERn RD L lHDJLJnMDRHE DMN R ��ãã�
nHJ�J G lHC ERDFHE�I]MEJFD S MH ERDFHE S LRn IJC� NERP JREn IMEMID�ERn GR IRDDR I]M�CR nREFCD ��ãã� RD
LR nRIFCG NMEMP �DER NERCG LM �MLRHE È ^ YDDRCDJFC S LRn QLQP RCDn G lJCGJIR É K ot GR LM I]M�CR nFCD
JCI]MCOQn ² RC NMEDJIHLJRE S JLn CR nFCD NMn P Jn MHDFP MDJ�HRP RCD K iLMCI ^ TRH_ J�P R IMn GR °OHER ²
nJ L lHDJLJnMDRHE DMN R NLHn GR ot IMEMID�ERn M�MCD GR DMN RE HC ERDFHE�I]MEJFD S nRHLn LRn ot NERP JREn
IMEMID�ERn kEMNN Qn nFCD nDFI£Qn GMCn LM %A� �?æ ^

½ ûú ûú �����Ú� �� ����ÌÑÿ�� �� ÿ��� þ�" ��!
`Rn 2÷ù õöø QDMCD GR nJPNLRn DMiLRMH_ P FCF�GJP RCnJFCCRLn S FC nR ERN FEDREM K LM nRIDJFC È ^¸ N FHE

DFHD IR �HJ IFCIRECR LR NMnnMOR GR �MEJMiLRn GR IR DhN R RC NMEMP �DER ^
É o



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab¸ èD �íî ë7 K:5|K6K7
TMCn HC DhN R QCHP QEQ S FC GFCCR LM LJnDR GRn �MLRHEn MGP JnnJi LRn RC R_DRCnJFC ¶ I lRnD HCR LJnDR GR

nhPiFLRn ¶ IRn nhPiFLRn nFCD FEGFCCQn ^
½ û- ûü Æ�Çþ �ÿ ��þ �ÿ �������ÿ ��þ

bC GQILMER HC DhN R QCHP QEQ RC LJnDMCD LRn �MLRHEn �HR N RH�RCD NERCGER LRn GFCCQRn GR IR DhN R ^
Y JCnJ S LR DhN R ÷�â�Ó���� N RHD mDER GQILMEQ IFPPR nHJD ²

A�â� ÷�â�Ó���� �% �3=öä õ � >Üùä õ � >àùÞùàä õ � �à=ä õ � ßàöäùàä õ � 2Ü>àä õ � ä õ>ÜöÞÛà � �
T�n LFEn S HCR �MEJMiLR N RHD mDER GQILMEQR GR DhN R ÷�â�Ó���� ²

Ô�Ø���ÛÛ� � � ÷�â�Ó���� �
RD FC N RHD LH J M± RIDRE HCR �MLRHE IFPPR nHJD ²

Ô�Ø���ÛÛ� � �	 �à=ä õ �
TMCn L lQCHP QEMDJFC GRn �MLRHEn N FnnJi LRn N FHE HC DhN R QCHP QEQ S HCR �MLRHE CHP QEJ�HR RnD Mn�

nFIJQR K I]MIHC GRn nhPiFLRn ^ `Rn �MLRHEn N FnnJi LRn �GR 3=öä õ K ä õ>ÜöÞÛà NFHE ÷�â�Ó����� nFCD
CHP QEFDQRn GMCn L lFEGER S K NMEDJE GR t ¶ GMCn LR IMn GR ÷�â�ÓØ��� ²

³ t RnD MnnFIJQ K 3=öä õ ¶
³ o RnD MnnFIJQ K >Üùä õ ¶
³ [ RnD MnnFIJQ K >àùÞùàä õ ¶
³ ¸ RnD MnnFIJQ K �à=ä õ ¶
³ ¾ RnD MnnFIJQ K ßàöäùàä õ ¶
³ È RnD MnnFIJQ K 2Ü>àä õ ¶
³ É RnD MnnFIJQ K ä õ>ÜöÞÛà ¶
`M �MLRHE CHP QEJ�HR MnnFIJQR K HC nhPiFLR N RHD mDER FiDRCHR Ï)Ð HC MDDEJiHD ��FJE IJ�GRnnFHn� ^
aFPPR NFHE DFHD DhN R S FC N RHD HDJLJnRE LRn FN QEMDRHEn ²
³ �	 NFHE L lM± RIDMDJFC ¶
³ 	 S �	 NFHE DRnDRE L lQOMLJDQ FH L lJCQOMLJDQ ¶
³ ° S °	 S ± RD ±	 NFHE DRnDRE L lFEGER GR GRH_ �MLRHEn S L lFEGER ERN FnMCD nHE LM �MLHRE CHP QEJ�HR

MnnFIJQR NME L lMDDEJiHD å<2 ��FJE IJ�GRnnFHn� ^
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab½ û- ûú ��� �ÿÿ��/�ÿ�
³ ÷�â�Ó���� 01 õù2÷ kFHECJD 3=öä õ ¶
³ ÷�â�Ó���� 03Ü2÷ kFHECJD ä õ>ÜöÞÛà ¶
³ ÷�â�Ó���� 02=ÞÞ �>Üùä õ� kFHECJD >àùÞùàä õ ¶
³ ÷�â�Ó���� 0åùàä ��à=ä õ� kFHECJD >àùÞùàä õ ¶
³ ÷�â�Ó���� 0å<2 �ßàöäùàä õ� kFHECJD & ¶
³ ÷�â�Ó���� 0ßÜ3 �Ú� kFHECJD ä õ>ÜöÞÛà ¶
³ ÷�â�Ó���� 0ßÜ3=à ���à=ä õ�� kFHECJD �à=ä õ �nMCn LRn �� ¶
³ ÷�â�Ó���� 0õ>Üøà �3=öä õ� kFHECJD �3=öä õ� �LM I]M�CR GR IMEMID�ERn� ^

½ û- û- ��� � �þ�Ì��� �ÿ �þ�����
bC NRHD HDJLJnRE HCR �MEJMiLR G lHC DhN R QCHP QEQ IFPPR JCGJIR G lHCR i FHILR N FHE ^ \ME R_RPNLR S

RC ERNERCMCD LR ÷�â�Ó���� �H NLHn ]MHD S FC N RHD QIEJER ²
��� Ø��� �? >Üùä õ @@ßàöäùàä õ ã��â

@@@�?Û ã��â �
bC NRHD QOMLRP RCD HDJLJnRE HC DhN R QCHP QEQ N FHE JCGJIRE LRn QLQP RCDn G lHC DMiLRMH ^ \ME R_RPNLR S

FC N RHD GQILMERE HC DMiLRMH ²
÷ � Ô��Ô� �÷�â�Ó���� � �� ?ÔA��Ôã �
NHJn L lHDJLJnRE GMCn ÷ �>Üùä õ� NME R_RPNLR ^

¸ èM êë ìíî ë ÿ»»ºò¼ð
`R DhN R Ý<<3àÜö IFEERnN FCG MH_ Fij RDn i FFLQRCn RC P MD]QP MDJ�HRn ^ YHnnJ S HCR �MLRHE Ý<<3àÜöN RHD NERCGER GRH_ �MLRHEn ² ÷ù=à RD 1Ü32à ^ UC kMJD S LR DhN R Ý<<3àÜö RnD HC DhN R QCHP QEQ GQ°CJD

NME ² A�â� Ý<<3àÜö �% �1Ü32à � ÷ù=à � �Ó^ YHnnJ S LR DhN R Ý<<3àÜö NFnn�GR LRn MDDEJiHDn GR DFHn LRn
DhN Rn QCHP QEQn ^

`Rn IFCGJDJFCn �HR L lFC M ERCIFCDEQRn GMCn LRn JCnDEHIDJFCn GR DRnD RD LRn i FHILRn NEFGHJnRCD HCR
�MLRHE GR DhN R Ý<<3àÜö ^

ZHE LRn GFCCQRn GR DhN R Ý<<3àÜö S FC N RHD HDJLJnRE LRn FN QEMDRHEn ²
³ �	 NFHE L lR± RIDMDJFC ¶
³ 	 S �	 NFHE DRnDRE L lQOMLJDQ RD L lJCQOMLJDQ ¶
³ ° S °	 S ± S ±	 NFHE DRnDRE L lFEGER ² FC M ¹�Y�

<
���� ¶

É¸



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab³ ?�A NFHE L lJC�REnJFC ¶
³ Ô?Û NFHE LR �W �LFOJ�HR ¶
³ �� N FHE LR XY �LFOJ�HR
³ Ö�� NFHE LR XY �����YZ�¹�LFOJ�HR ^

½ ûµ ûü ��þ��ÿ ��þ� ��Ì������
´Hn�H lMLFEn S CFHn C lM�FCn ERCIFCDEQ �HR GRn DRnDn MH_ IFCGJDJFCn nJPNLRn ^ T Rn IFCGJDJFCn N RH�RCD

mDER R_NEJP QRn IFPPR IFCj FCIDJFC S GJnj FCIDJFC RD CQOMDJFC GR NEQGJIMDn K L lMJGR GRn FN QEMDRHEn Ô?Û S
�� RD ?�A ^

\ME R_RPNLR S FC N FHEEM QIEJER ²
�� �ö ± � Ô?Û ö °	 
� � �� ö 	 � A��?

@@@�?Û �� �
NFHE DRnDRE �H lHCR �MEJMiLR ö M HCR �MLRHE GMCn L lRCnRPiLR G lRCDJREn

]5, 10] ∪ {0} ^
T Rn IMnIMGRn GR DRnDn N RH�RCD QOMLRP RCD mDER QIEJDRn NLHn nJPNLRP RCD ^ Y JCnJ S Ü S Ý RD Þ QDMCD LRn

IFR� IJRCDn G lHC N FLhCFP R GH GRH_ J�P R GROEQ S FC N RHD QIEJER ²
�� Ü	� @� A��?

$$ �³�ÔA ��? ã�?�Ô���
�ã%�

�� ÝÙ$& @�ÜÞ±	� @� A��?
$$ �Ô��?�% ���ãã�%

�ã%�
$$ �Ô��?�% ��áâã�Ö�%

�?Û �� �
�?Û �� �
bC NRHD QIEJER IRLM nFHn LM kFEP R P FJCn LFHEGR ²

�� Ü	� @� A��?
$$ �³�ÔA ��? ã�?�Ô���

�ã%�� ÝÙ$& @�ÜÞ±	� @� A��?
$$ �Ô��?�% ���ãã�%

�ã%�
$$ �Ô��?�% ��áâã�Ö�%

�?Û �� �
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abbC NRHD M�FJE MHDMCD GR �ã%�� RC nQ�HRCIR �H lJL RnD CQIRnnMJER ^
bC ERCIFCDER QOMLRP RCD nFH�RCD GRn IFCnDEHIDJFCn MhMCD LM kFEP R nHJ�MCDR ²

�� ��?Û �A ��? 
 A��?
�� ��?Û�A ��?Ù A��?

$$ A�Ô�A�á�?A
�?Û �� �

�?Û �� �

bC NRHD QIEJER IRLM nFHn LM kFEP R P FJCn LFHEGR ²

�� ��?Û �A ��? 
 Ô?Û A��? ��?Û�A ��?Ù A��?
$$ A�Ô�A�á �?A

�?Û �� �
`M ��?Û�A ��?Ù C lRnD Q�MLHQR �HR nJ LM ��?Û�A ��? 
 RnD �QEJ°QR ^ UC R±RD S nJ LM ��?Û �A ��? 
 C lRnD

NMn �QEJ°QR S P mP R nJ LM ��?Û�A ��?Ù L lQDMJD S LR A�Ô�A�á�?A CR nREMJD NMn R_QIHDQ ^
½ ûµ ûú ��� ÿ�/����· �� �ÁÁÀ Â�

aREDMJCRn FN QEMDJFCn NMEDJIHLJ�ERn nFCD N FnnJi LRn nHE LRn DMiLRMH_ GR Ý<<3àÜö ^
bC N RHD QIEJER GRn MOEQOMDn GR Ý<<3àÜö nFHn LM kFEP R nHJ�MCDR ²

Ü � Ý � Þ � Ô��Ô� �
 @@& � �� Ý<<3àÜö �
Ü �	 �÷ù=à � 1Ü32à � 1Ü32à � ÷ù=à � �Ý �	 �1Ü32à � �A��� % 	± ÷ù=à � �

nHE LRn�HRLn GRn FN QEMDJFCn i FFLQRCCRn N RH�RCD mDER R± RIDHQRn ²

Þ �	 Ü Ô?Û Ý � $$ Þ BÔ�A �? %� �A� �1Ü32à � 1Ü32à � 1Ü32à � ÷ù=à �Þ �	 Ü �� Ý � $$ Þ BÔ�A �? %� �A� �÷ù=à � ÷ù=à � ÷ù=à � ÷ù=à �Þ �	 Ü Ö�� Ý � $$ Þ BÔ�A �? %� �A� �÷ù=à � ÷ù=à � ÷ù=à � 1Ü32à �Þ �	 ?�A Ü � $$ Þ BÔ�A �? %� �A� �1Ü32à � ÷ù=à � ÷ù=à � 1Ü32à �
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab¸ è� ��ë6L;Lë7
o^ QIEJER L lMEiER NEFOEMPP MDJ�HR G lHCR kFCIDJFC �HJ ERC�FJR LR P JEFJE G lHCR I]M�CR GR IMEMID�ERn ^

\ME R_RPNLR S nJ FC LHJ kFHECJD LM I]M�CR ÔÕ �Û�� S LM kFCIDJFC ERC�FJR ��Û�ÕÔ ¶
[ ^ QIEJER HC MEiER NEFOEMPP MDJ�HR G lHCR kFCIDJFC �HJ nMJnJD HC IMEMID�ER kEMNN Q MH ILM�JRE RD

MDDRCG �HR IR nFJD 0� 0 FH 0? 0 GMCn HCR i FHILR ÀMCD��HR ^ `M kFCIDJFC ERC�FJR RCnHJDR LR IMEMID�ER
kEMNN Q ¶

¸ ^ QIEJER HC MEiER NEFOEMPP MDJ�HR �HJ NERCG RC RCDEQR HCR I]M�CR GR IMEMID�ERn RD GQDREP JCR nJ
I lRnD HC NMLJCGEFP R S I lRnD�K�GJER HCR I]M�CR �HJ N RHD nR LJER K L lJGRCDJ�HR GMCn LRn GRH_ nRCn ^
ÀEMGHJER RCnHJDR IRD MEiER RC kFCIDJFC ERC�FhMCD HC Ý<<3àÜö ¶

¾ ^ QIEJER HC MEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ ERI]REI]R HCR LRDDER GMCn HCR I]M�CR GR IMEMI�
D�ERn RD ERC�FJR HC Ý<<3àÜö nJ LM LRDDER RnD NEQnRCDR ^ ÀEMGHJER L lMEiER RC kFCIDJFC YGM ¶

È ^ QIEJER HC MEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ IFPNDR LR CFPiER GR �FhRLLRn NEQnRCDRn GMCn
HCR I]M�CR GR IMEMID�ERn RD ERC�FJR IR CFPiER �HC öÜ÷=ùÜ3 � ^ ÀEMGHJER L lMEiER RC kFCIDJFC YGM ¶

É ^ QIEJER HC MEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ IFPNDR LR CFPiER GR �FhRLLRn GJ± QERCDRn �HJ
nFCD NEQnRCDRn GMCn HCR I]M�CR GR IMEMID�ERn RD ERC�FJR IR CFPiER �HC öÜ÷=ùÜ3 � ^ ÀEMGHJER
L lMEiER RC kFCIDJFC YGM ¶

� ^ QIEJER HC MEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ IFPNDR LR CFPiER GR LRDDERn GJ± QERCDRn GMCn
HCR I]M�CR GR IMEMID�ERn RD ERC�FJR IR CFPiER �HC öÜ÷=ùÜ3 � ^ ÀEMGHJER L lMEiER RC kFCIDJFC YGM ¶

# ^ QIEJER HC MEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ ERDJER DFHDRn LRn FIIHERCIRn G lHC IMEMID�ER
GFCCQ GMCn HCR I]M�CR GR IMEMID�ERn ^ ÀEMGHJER L lMEiER RC kFCIDJFC YGM ¶

r ^ QIEJER HC MEiER NEFOEMPP MDJ�HR GR L lMIDJFC �HJ DRnDR LM NEQnRCIR G lHCR nFHn�I]M�CR GMCn HCR
I]M�CR GR IMEMID�ERn RD ERC�FJR HC Ý<<3àÜö ^ ÀEMGHJER L lMEiER RC kFCIDJFC YGM ¶

ot ^ RC HDJLJnMCD HC DMiLRMH GR Ý<<3àÜö S QIEJER L lMEiER NEFOEMPP MDJ�HR GR LM NEFIQGHER �HJ EQMLJnR
LR IEJi LR G l¯EMDFnD]�CR ¶

oo^ FC nR GFCCR LRn DhN Rn
A�â� ÷� ���ã��� �% �Õã�� � ���æ� � B��A � �
A�â� ÷ÔÕA� ���ã��� �% Ô��Ô� �å<2õ÷ õßà �Ô?æ� 
 @@ö � �� ÷� ���ã��� �

aR DMiLRMH RnD JC JDJMLRP RCD ERPNLJ GR P MCJ�ER MLQMDFJER ^ ¯IEJER L lMEiER NEFOEMPP MDJ�HR G lHCR
NEFIQGHER �HJ DEJR LR DMiLRMH GR DRLLR P MCJ�ER �HR DFHn LRn QLQP RCDn GR �MLRHE Õã�� nR DEFH�RCD
MH_ JCGJIRn o K á S LRn QLQP RCDn GR �MLRHE ���æ� nR DEFH�RCD MH_ JCGJIRn á� 
 K â S LRn QLQP RCDn
GR �MLRHE B��A nR DEFH�RCD MH_ JCGJIRn â� 
 K ö ^
\FHE R±RIDHRE LR DEJ GRn IFHLRHEn S LRn nRHLRn FN QEMDJFCn �HJ nFJRCD MHDFEJnQRn nFCD ² LR DRnD GR LM
IFHLRHE G lHC QLQP RCD GH DMiLRMH RD L lQI]MCOR GH IFCDRCH GR GRH_ QLQP RCDn GH DMiLRMH ^
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VC RCEROJnDERP RCD RnD HCR �MEJMiLR GFCD LM �MLRHE RnD IFPNFnQR GR GFCCQRn GR NLHnJRHEn DhN Rn ^

Y JCnJ S FC N RHD GJER �H lHCR \REnFCCR RnD IMEMIDQEJnQR NME HC CFP �HJ RnD GR DhN R 2÷ù õöø S HCR MCCQR S
HC P FJn RD HC j FHE GR CMJnnMCIR �HJ nFCD GRn RCDJREn N FnJDJkn MNNMEDRCMCD K HC IREDMJC JCDRE�MLLR GR
�MLRHEn ^ `Rn GJ± QERCDn IFPNFnMCDn G lHC RCEROJnDERP RCD nFCD nRn Â I]MPNn Ã^ bC N RHD MLFEn GQ°CJE
HC DhN R åàù2<ööà RD L lHDJLJnRE IFPP R nHJD ²

A�â� ÷�åàÓ><õ2 �% ��Ô? � 1�B � >Ô� � ÜB� � @@@@ ä��� �
A�â� åàù2<ööà �% �����Û

?�á � 2÷ù õöø �
 @@Ù� � �Ô??��öÔ�%%Ô? �� � å<2õ÷ õßà �Ô?æ� 
N�� @@Ù
�� �á ��%öÔ�%%Ô? �� � ÷�åàÓ><õ2 �Ø���öÔ�%%Ô? �� � å<2õ÷ õßà 
 @@× 
 ��?Û �����Û �
÷<÷< � åàù2<ööà �
÷ õ÷ õ � åàù2<ööà �
� � ��? %AÔ?A åàù2<ööà �	 �?�á 	± ����ò � � �A���% 	± 0 0� �Ô??��öÔ�%%Ô? �� 	± 
N�� �á ��%öÔ�%%Ô? �� 	± �Ô? �

Ø���öÔ�%%Ô? �� 	± 
� �

Õ�æ�?
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab÷<÷< @ ?�á �	 ��A�A� � � �A��� % 	± 0 0� �÷<÷< @ Ô??��öÔ�%%Ô? �� �	 
NÙ× �÷<÷< @ á��%öÔ�%%Ô? �� �	 ��? �
÷<÷< @ Ø���öÔ�%%Ô? �� �	 
¤ �

$$ Ôæ��æÔA %
÷ õ÷ õ �	 �?�á 	± ��A �A �� � �A��� % 	± 0 0� �Ô??��öÔ�%%Ô? �� 	± 
N�& �á��%öÔ�%%Ô? �� 	± ÜB� �

Ø���öÔ�%%Ô? �� 	± 
¤� �

aRn JCnDEHIDJFCn JCGJ�HRCD ²
³ LM GQILMEMDJFC G lHC DhN R GQCFPPQ åàù2<ööà IFPNFnQ GR ¾ I]MPNn n lMNN RLMCD ?�á S

Ô??��öÔ�%%Ô? �� S á ��%öÔ�%%Ô? �� S Ø���öÔ�%%Ô? �� ¶
³ LM GQILMEMDJFC GR GRH_ �MEJMiLRn GR DhN R åàù2<ööà GQCFPPQRn ÷<÷< RD ÷ õ÷ õ ¶
³ LM GQILMEMDJFC G lHCR IFCnDMCDR N FEDMCD LR CFP � RD JC JDJMLJnQR M�RI LR CFP ��ò RD CQR LR opqj MC�JRE

ortt ¶
³ LRn ¾ JCnDEHIDJFCn �HJ nHJ�RCD LR P FD�ILQ Õ�æ �? M±RIDRCD LRn ¾ I]MPNn GR LM �MEJMiLR ÷<÷< ^ bC

CFDR L lHDLJnMDJFC GH NFJCD @ NFHE MIIQGRE K HC I]MPN G lHC RCEROJnDERP RCD ¶
³ MNE�n LR IFPP RCDMJER S FC JCGJ�HR QOMLRP RCD IFPPRCD FC nN QIJ°R HC MOEQOMD G lRCEROJnDER�

P RCD RC CFPP MCD LRn I]MPNn RD RC LRHE MnnFIJMCD HCR �MLRHE ^ ÀFHn LRn I]MPNn CR nFCD NMn
CQIRnnMJERP RCD nN QIJ°Qn ¶ GMCn IR IMn S LM �MLRHE GRn I]MPNn CFC JCGJ�HQn C lRnD NMn P FGJ°QR ^

VC nhCFChP R GR Â RCEROJnDERP RCD Ã RnD Â MEDJILR Ã FH Â nDEHIDHER Ã^
VC I]MPN G lRCEROJnDERP RCD N RHD mDER GR C lJPNFEDR �HRL DhN R ¶ RC NMEDJIHLJRE S IR N RHD mDER HC

RCEROJnDERP RCD QOMLRP RCD ^ \ME R_RPNLR S FC N RHD GQ°CJE HC DhN R ÷�â�ÓäÔA� ²
A�â� ÷�â�ÓäÔA� �% �����Û

Ô??�� � å<2õ÷ õßà �Ô?æ� 
N�� @@Ù
�� �á ��% � ÷�åàÓ><õ2 �Ø��� � å<2õ÷ õßà 
 @@× 
 ��?Û �����Û �
RD L lHDJLJnRE RCnHJDR N FHE GQ°CJE LR DhN R åàù2<ööà IFPPR nHJD ²

A�â� åàù2<ööà �% �����Û
?�á � 2÷ù õöø �
 @@Ù� � �ÛÔA�öÔ�%%Ô? �� � ÷�â�ÓäÔA� �

�?Û �����Û �
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab
÷<÷< � åàù2<ööà �
÷ õ÷ õ � åàù2<<ööà �
Õ�æ�?

÷<÷< @ ?�á �	 ��A�A� � � �A��� % 	± 0 0� �÷<÷< @ ÛÔA�öÔ�%%Ô? �� @ Ô??�� �	 
NÙ× �÷<÷< @ ÛÔA�öÔ�%%Ô? �� @ á ��% �	 ��? �
÷<÷< @ ÛÔA�öÔ�%%Ô? �� @ Ø��� �	 
¤ �

$$ Ôæ��æÔA %
÷ õ÷ õ �	 �?�á 	± ��A �A �� � �A��� % 	± 0 0� �ÛÔA�öÔ�%%Ô? �� 	± �Ô??�� 	± 
N�& �á��% 	± ÜB� �

Ø��� 	± 
¤�� �

à èç 	5ë G}5ë7 LF6FLìK6;7ì ;}5ë7 8ë7 ë:6ë{;7ì6ë| ë:ì7
`Rn RCEROJnDERP RCDn N RH�RCD mDER HDJLJnQn IFPP R C lJPNFEDR �HRLLR GFCCQR ^ Y JCnJ S FC N RHD LRn

NMnnRE RC NMEMP �DER RD HCR kFCIDJFC N RHD ERDFHECRE HC RCEROJnDERP RCD ^ bC N RHD M±RIDRE HC RCEROJn�
DERP RCD K HCR �MEJMiLR GH P FP RCD �HR LRn DhN Rn nFCD JGRCDJ�HRn ^

bC N RHD DRnDRE L lQOMLJDQ RD L lJCQOMLJDQ M�RI LRn FN QEMDRHEn ]MiJDHRLn 	 RD �	 ^ T RH_ RCEROJnDERP RCDn
GFCD QOMH_ n lJLn nFCD GR P mP R DhN R RD �HR DFHn LRHEn I]MPNn nFCD ERnN RIDJ�RP RCD QOMH_ ^

bC N RHD GQ°CJE GRn DMiLRMH_ GFCD LRn QLQP RCDn nFCD GRn RCEROJnDERP RCDn ^
à èD ��ë6L;Lë7

o^ GQ°CJE HC DhN R ÷�â�ÓÛ��Ô��� IFPNERCMCD GRn I]MPNn ����� S á �?�A� RD %���?Û� ^ ¯IEJER
RCnHJDR GRn kFCIDJFCn 2�áá�Û��Ô��� RD ä ������? ��Û��Ô��� �HJ kFCD ERnN RIDJ�RP RCD LM nFPP R
RD LM GJ±QERCIR GR GRH_ ]FEMJERn NMnnQn RC NMEMP �DER RD ERC�FJRCD LR EQnHLDMD ¶

[ ^ GQ°CJE LR DhN R Þ�áâã�Ö� ERNEQnRCDMCD LRn CFPiERn IFPNLR_Rn ^ ¯IEJER RCnHJDR LRn
kFCIDJFCn 2�áá�Þ�áâã�Ö� S ä ������? ��Þ�áâã�Ö� S å��Û� �AÞ�áâã�Ö� S õ?B�� %�Þ�áâã�Ö� RD
ä �B �%��?Þ�áâã�Ö� ¶

¸ ^ GQ°CJE HC DhN R å��?A �HJ ERNEQnRCDR HC NFJCD GMCn HC RnNMIR iJGJP RCnJFCCRL ^ TQ°CJE RCnHJDR HC
DhN R ÷� �Ô?æã� IFPPR HC DEJN LRD GR N FJCDn ^ ¯IEJER LRn MEiERn NEFOEMPP MDJ�HRn RD LRn kFCIDJFCn
IFEERnN FCGMCD MH_ MIDJFCn nHJ�MCDRn ²
�M� 3�?æ����Þ�A�% S HCR NEFIQGHER �HJ ERC�FJR ¸ �MLRHEn S LM LFCOHRHE GRn ¸ I¿DQn GH DEJMCOLR ¶

Ér



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab�i � Ü?æã�% S HCR NEFIQGHER �HJ ERC�FJR ¸ �MLRHEn S LM �MLRHE GRn ¸ MCOLRn GH DEJMCOLR ^ ½MNN RL ²
nJ

a
S
b

RD
c

nFCD LM LFCOHRHE GRn I¿DQn GH DEJMCOLR RD
A

S
B

RD
C

nRn MCOLRn �RC ERNERCMCD
LM CFDMDJFC ILMnnJ�HR� S FC M NME R_RPNLR LM ERLMDJFC ²

c2 = a2 + b2 − 2ab cos C
¶

�I� Ü ��AÔ?æã� �HJ ERC�FJR HCR �MLRHE Ý<<3àÜö �HJ JCGJ�HR nJ LR DEJMCOLR RnD MIHDMCOLR �I lRnD�
K�GJER �HR LRn ¸ MCOLRn nFCD MJOHn� ¶

�G � å�� �á �A�� �HJ ERC�FJR LR N QEJP �DER G lHC ÷� �Ô?æã� NMnnQ RC NMEMP �DER ¶
�R� 2���Ô�� �HJ ERC�FJR LM nHEkMIR G lHC ÷� �Ô?æã� NMnnQ RC NMEMP �DER ^ ½MNN RL ² LM nHEkMIR

G lHC DEJMCOLR RnD S =
√

s(s − a)(s − b)(s − c)
FÄ

s = a+b+c
2

¶
�k � äÔ?% �HJ JCGJ�HR nJ HC å��?A RnD LF IMLJnQ K L lJCDQEJRHE G lHC ÷� �Ô?æã� ^ \FHE IRLM S LM P Q�

D]FGR RnD LM nHJ�MCDR ² nFJRCD
A

S
B

RD
C

LRn nFPP RDn GH DEJMCOLR RD
X

HC NFJCD ¶
X ∈DEJMCOLR nJ LRn IFPNFnMCDRn

z
GRn DEFJn NEFGHJDn �RIDFEJRLn ~AX∧ ~AC

S ~BX∧ ~BC
RD ~CX∧ ~CAnFCD DFHn DEFJn GR P mP R nJOCR ¶

�O � Þ�?A��ä�ø�ÔB �A� �HJ ERC�FJR LRn IFFEGFCCQRn GH IRCDER GR OEM�JDQ GH ÷� �Ô?æã� NMnnQ
RC NMEMP �DER ^ ½ MNN RLFCn �HR LR IRCDER GR OEM�JDQ GHC DEJMCOLR nR DEFH�R K L lJCDREnRIDJFC
GR nRn P QGJMCRn RD �H lHCR P QGJMCR NMnnR NME HC nFPPRD GH DEJMCOLR RD LR P JLJRH GH I¿DQ
FNN FnQ ^

à èM êF 756LöF6{ë 8ë î6H LK856ë7 ëì 8 9Hî K6Fìë567
`FEn�HR L lFC GQ°CJD HC DhN R RCEROJnDERP RCD S JL RnD CMDHERL GR GR�FJE RCnHJDR GQ°CJE GRn NEFIQGHERn

�HJ R± RIDHRCD LRn FN QEMDJFCn GR iMnR ² nMJnJE HCR �MLRHE MH ILM�JRE S M� I]RE LM �MLRHE G lHCR nDEHIDHER S
^^^ \FHE IRLM S YGM N REP RD GR ER�GQ°CJE GRn NEFIQGHERn GQj K R_ JnDMCDRn DRLLRn øà÷ RD å=÷ ^

ZHNNFnFCn �HR CFHn GQ°CJnnJFCn LR DhN R ÷�â�ÓÛ��Ô��� IFPPR nHJD ²
A�â� ÷�â�ÓÛ��Ô��� �% �����Û

����� � öÜ÷=ùÜ3 �Ô?æ� � @@Ù× �á �?�A� � öÜ÷=ùÜ3 �Ô?æ� � @@�N �
%���?Û� � öÜ÷=ùÜ3 �Ô?æ� � @@�N ��?Û �����Û �

bC NRHD MLFEn GQ°CJE LM NEFIQGHER øà÷ �HJ nMJnJD HCR GFCCQR GR DhN R ÷�â�ÓÛ��Ô��� ²
â����Û��� øà÷ �� � ��A ÷�â�ÓÛ��Ô���� �%
Õ�æ�?

øà÷ �� @ ������ �øà÷ �� @ á �?�A�� �øà÷ �� @ %���?Û�� ��?Û øà÷ �
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BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`abUC YGM S FC N RHD GQ°CJE NLHnJRHEn kFJn HCR NEFIQGHER FH HCR kFCIDJFC N FEDMCD LR P mP R CFP K NME�
DJE GH P FP RCD FÄ LRn NMEMP �DERn �LRHE DhN R FH LRHE CFPiER� nFCD GJ±QERCDn S M°C �HR LR IFPNJLMDRHE
NHJnnR GQDREP JCRE LM GQ°CJDJFC GR LM NEFIQGHER �H lJL kMHD HDJLJnRE ^

aR N FJCD N REP RD G lQ�JDRE LR NEFiL�P R ILMnnJ�HR GMCn LRn LMCOMORn NEFIQGHEMH_ �IFPPR �FEDMC S
a FH \MnIML� G lM�FJE S N FHE HCR P mP R kFCIDJFCCMLJDQ �NME R_RPNLR nMJnJE LM �MLRHE G lHCR GFCCQR MH
ILM�JRE� GRn NEFIQGHERn MhMCD GRn CFP n GJnDJCIDn ¶ MJCnJ S RC YGM S FC NERCG LM E�OLR �HR LM kFCIDJFC
øà÷ R±RIDHR LM nMJnJR G lHCR GFCCQR MH ILM�JRE S �HRL �HR nFJD LR DhN R GR LM GFCCQR ¶ K LM I]MEOR MH
NEFOEMPPRHE GR ERGQ°CJE IFEERIDRP RCD LM kFCIDJFC N FHE I]M�HR DhN R GR GFCCQRn ^

T MCn LR P mP R RnNEJD S FC N RHD QOMLRP RCD ERGQ°CJE LRn FN QEMDRHEn �DRLn � S $ S  S � S 	 RD °� RD LRn
HDJLJnRE R_MIDRP RCD IFPPR n lJL n lMOJnnMJD GR CFPiERn ^

K LM nHJDR GR L lR_RPNLR NEQIQGRCD S FC N RHD MJCnJ GQ°CJE L lFN QEMDRHE G lMGGJDJFC nHE LR DhN R
÷�â�ÓÛ��Ô��� ²

��? �A ��? �� � �� 
 � �Ù � ÷�â�ÓÛ��Ô���� ��A��? ÷�â�ÓÛ��Ô��� �%
��% � ÷�â�ÓÛ��Ô��� �

Õ�æ�?
��% @ ����� �	 @@@���% @ á �?�A� �	 @@@���% @ %���?Û� �	 @@@��?Û �� � �

bC NRHD RCnHJDR HDJLJnRE L lFN QEMDRHE � DFHD K kMJD CFEP MLRP RCD ^ ` lFN QEMCGR K OMHI]R GR L lFN QEM�
DRHE IFEERnN FCG MH NMEMP �DER kFEP RL � 
 S L lFN QEMCGR K GEFJDR IFEERnN FCG MH NMEMP �DER kFEP RL �Ù ^ ZJ
FC nHNNFnR �HR å=÷ M QDQ GQ°CJ IFEERIDRP RCD N FHE LR DhN R ÷�â�ÓÛ��Ô��� S FC N RHD QIEJER ²

â����Û��� à%%Ô�Û��Ô��� �%
Û 
 � ÛÙ � Û× � ÷�â�ÓÛ��Ô��� �

Õ�æ�?
øà÷ �Û 
� �øà÷ �ÛÙ� �
Û× �	 Û 
 � ÛÙ �
å=÷ �Û×� ��?Û à%%Ô�Û��Ô��� �

`M NEJFEJDQ nHE LRn FN QEMDRHEn RnD LM P mP R �HR nHE LRn CFPiERn ��FJE nRIDJFC [ ^o^[� ^
bC N RHD nHEI]MEORE LRn FN QEMDRHEn nHJ�MCDn ² � S $ S  S � S 	 S ° S °	 S ± S ±	 S á �Û S ��á S  S ÔÕ% S ?�A S

Ô?Û S �� S Ö�� ^ ÅFDFCn �HR �	 CR N RHD NMn mDER nHEI]MEOQ ² nM GQ°CJDJFC nR GQGHJD GR IRLLR GR 	 ^
`Rn FN QEMDRHEn 	 S ° S °	 S ± S ±	 GFJ�RCD ERDFHECRE HCR �MLRHE Ý<<3àÜö ^ bC N RHD RCnHJDR LRn HDJLJnRE

GMCn LRHE IFCDR_DR ]MiJDHRL ^
�o



BCDEFGHIDJFC K LM NEFOEMPP MDJFC NEFIQGHEMLR S TUVW X BYZ [ \] ^ \ERH_ S V`ab
 ûµ ûü ¶·�������
o^ N FHE LR DhN R ÷�â�ÓÛ��Ô��� S GQ°CJE LM NEFIQGHER å=÷ S LRn FN QEMDRHEn � S $ S 	 S ° S °	 S ± S ±	 RCDER

GRH_ GFCCQRn GR IR DhN R ¶
[ ^ N FHE LR DhN R Þ�áâã�Ö� �H NLHn ]MHD S GQ°CJE LRn FN QEMDRHEn � S $ S 	 S ° S °	 S ± S ±	 S  S ÔÕ% IFPPR

GFCCMCD LR P FGHLR GH IFPNLR_R �HJ LH J RnD NMnnQ RC MEOHP RCD S LRn NEFIQGHERn øà÷ RD å=÷ ^
VDJLJnRE RCnHJDR DFHD IRLM N FHE QIEJER HC NEFOEMPPR �HJ EQnFHG LRn Q�HMDJFCn GH [pGROEQ GMCn
L lRCnRPiLR GRn IFPNLR_Rn ¶

¸ ^ GQ°CJE LR DhN R 1�Ô�A ��? ERNEQnRCDMCD LRn CFPiERn EMDJFCCRLn nFHn LRHE kFEP R
a/b

^ ¯ IEJER RCnHJDR
LRn MEiERn NEFOEMPP MDJ�HRn RD LRn kFCIDJFCn N FHE LRn FN QEMDRHEn HnHRLn S LRn NEFIQGHERn øà÷ RD
å=÷ ¶

¾ ^ GQ°CJE LR DhN R ø�Ô?Ûà?A ��� ERNEQnRCDMCD GRn RCDJREn QIEJDn nHE >Ü�ÞÛ õ11ùà GMCn HC DMiLRMH
GR >Ü�ÞÛ õ11ùà I]J± ERn ^ �VC I]J±ER RnD GR DhN R A�â� Þ� ����� �% öÜ÷=ùÜ3 �Ô?æ� � @@N ^� \ME
R_RPNLR S L lRCDJRE ÉÈ[# nREM ERNEQnRCDQ NME HC DMiLRMH GFCD L lQLQP RCD G lJCGJIR o �MHD # S IRLH J
G lJCGJIR [ �MHD [ S IRLH J G lJCGJIR ¸ �MHD È S IRLH J G lJCGJIR ¾ �MHD É RD LRn MHDERn QLQP RCDn nFCD
CHLn ^ ¯IEJER RCnHJDR LRn MEiERn NEFOEMPP MDJ�HRn RD LRn kFCIDJFCn N FHE LRn FN QEMDRHEn HnHRLn
�MEJD]P QDJ�HRn RD GR IFPNMEMJnFC � S LM kFCIDJFC øà÷ RD LM NEFIQGHER å=÷ ^ `M �MLRHE GRn CFPiERn
RCDJREn �GR DhN R õö÷àøàù� CR N RHD NMn GQNMnnRE õö÷àøàù 03Ü2÷ ¶ RC GQ°CJnnMCD IR DhN R RD LRn
FN QEMDJFCn MnnFIJQRn S FC N FHEEM DEMJDRE GRn CFPiERn RCDJREn i JRC NLHn OEMCGn S K L lHCJDQ NE�n �nJ
>Ü�ÞÛ õ11ùà �MHD ottt S FC N FHEEM DEMJDRE GRn CFPiERn jHn�HR

101000
� ¶

È ^ FC nFH]MJDR GQ°CJE LR DhN R à?%�áÕã� ^ \FHE IRLM S FC HDJLJnREM HC I]MPN GR DhN R QCQP QEQ �HJ
LJnDR LRn �MLRHEn �HR N RH�RCD NERCGER LRn QLQP RCDn GR L lRCnRPiLR RD HC I]MPN GR DhN R DMiLRMH
GR i FFLQRC JCGJ�HMCD S N FHE I]MIHCR GRn �MLRHEn GH DhN R QCHP QEQ S nJ IRDDR �MLRHE RnD IFCDRCHR
GMCn L lRCnRPiLR ^ bC GQ°CJEM RCnHJDR LRn FN QEMDJFCn HnHRLLRn nHE LRn RCnRPiLR RC nHEI]MEORMCD
LRn FN QEMDRHEn MEJD]P QDJ�HRn ² à 
 � àÙ RnD L lHC JFC GRn RCnRPiLRn à 
 RD àÙ S à 
  àÙ RnD L lJCDRE�
nRIDJFC S à 
 $ àÙ RnD L lRCnRPiLR IFCnDJDHQ GRn QLQP RCDn GR à 
 GH�HRL FC ERDJER IRH_ MNNMEDRCMCD
K àÙ ¶ FC GQ°CJEM QOMLRP RCD LRn FN QEMDRHEn GR IFPNMEMJnFC RD LRn NEFIQGHERn â�A RD æ�A ^

�[
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