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& RX U VH�3U RJU HVV�

6 L QFH�0 L GW HU P �

• 0 RU H�GHW DL O �RQ��' �Y L HZ L QJ

• 3RO \ JRQDO �DQG�K L HU DU FK L DO �P RGHO O L QJ

• 6 L O K RX HW W HV�² �( U L F�6 FK HQN�* X HVW �/HFW X U H
• & X U Y HV�DQG�6 X U IDFHV�� . RU L �	 �- RK Q�

• 3DU DP HW U L F�FX EL F�FX U Y HV

• + HU P L W H�FX U Y HV

• % H]L HU �FX U Y HV
• & �	 �* �FRQW L QX L W \
• GH�& DVW HO M DX �$ O JRU L W K P
• S DU DP HW U L F�VX U IDFHV

• + HU P L W H�VX U IDFHV

• % H]L HU �S DW FK HV
• 9 L VL EO H�6 X U IDFH�' HW HU P L QDW L RQ�² �� 7 RP �DQG�7 oU VW HQ�

• S U REO HP �RI�GHW HU P L QL QJ�Y L VL EO H�VX U IDFHV

• L P DJH�VS DFH�Y V��REM HFW �VS DFH

• $ O JRU L W K P V� �S DL QW HU 
 V� �U HY HU VH�S DL QW HU 
 V� �VFDQO L QH� �U D\

FDVW L QJ� �]� EX IIHU

• ( IIL FL HQF\ �FRQVL GHU DW L RQV
• ,O O X P L QDW L RQ�DQG�6 K DGL QJ�� VW DU W L QJ�W RGD\ �

• � 6 NL S S L QJ�& RO RX U �
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$ �FU L W L FDO �VW HS �L Q�W K H�U HQGHU L QJ�RI�W K U HH� GL P HQVL RDQO

VFHQHV�L V�W K H�IL QDO �DVVL JQP HQW �RI�FRO RU V�W R�S L [ HO V��7 K H

S HU VS HFW L Y H�S U RM HFW L RQ�S U RFHVV�GHW HU P L QHV�ZKHUH�D

S L [ HO �L V�GU DZ Q�RQ�W K H�VFU HHQ��9 L VL EO H�VX U IDFH

FRP S X W DW L RQV�GHW HU P L QH�ZKL F K�S L [ HO V�DU H�W R�EH�GU DZ Q�

+ R Z�W K H�S L [ HO V�DU H�DVVL JQHG�FRO RU V�L V�GHW HU P L QHG�E\

W K H�L O O X P L QDW L RQ�P RGHO V�

0 X VW �FRQVL GHU �W K H�L QW HU DFW L RQ�RI�REM HFW V�L Q�RX U �Z RU O G

Z L W K �O L JK W V��: K \ �L V�W K L V�L P S RU W DQW "

,Q�FRP S X W HU �JU DS K L FV� �O L JK W L QJ�FDQ�P DNH�DO O �W K H

GL IIHU HQFH�Z K HQ�GL VW L QJX L VK L QJ��' �REM HFW V�IU RP ��'

REM HFW V�
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7 K H�FRO RU V�W K DW �Z H�S HU FHL Y H�RQ�W K H�VX U IDFHV�RI

REM HFW V�U HVX O W �IU RP �FRP S O H[ �L QW HU DFW L RQV�EHW Z HHQ

O L JK W �DQG�P DW W HU ��,O O X P L QDW L RQ�P RGHO V�FDQ�EH�HL W K HU

HP S L U L FDO �RU �S K \ VL FDO O \ �EDVHG��$ Q�HP S L U L FDO �P RGHO

U HVX O W V�IU RP �W K H�IL W W L QJ�RI�D�IX QFW L RQ�W R�REVHU Y HG

GDW D��3K \ VL FDO O \ �EDVHG�P RGHO V� �RQ�W K H�RW K HU �K DQG�

DW W HP S W �W R�VL P X O DW H�W K H�L QW HU DFW L RQV�EHW Z HHQ�O L JK W �DQG

Y DU L RX V�P DW HU L DO V�

,Q�FRP S X W HU �JU DS K L FV� �Z H�FDQ�FRQVL GHU �W Z R�GL IIHU HQW

\ HW �FO RVHO \ �U HO DW HG�L VVX HV�
• O L JK W L QJ� L O O X P L QDW L RQ�P RGHO V� �H[ S U HVV�IDFW RU V�U HO DW HG

W R�O L JK W � �Z K L FK �GHW HU P L QH�D�VX U IDFH
 V�FRO RX U �DW �D�JL Y HQ

S RL QW �

• VK DGL QJ�P RGHO V� �GHW HU P L QH�Z K HQ�DQ�L O O X P L QDW L RQ�P RGHO

Z L O O �EH�L QY RNHG�DQG�Z L W K �Z K L FK �DU JX P HQW V��6 RP H

VK DGL QJ�P RGHO V�L QY RNH�DQ�L O O X P L QDW L RQ�P RGHO �IRU �HDFK

S L [ HO � �Z K HU HDV�RW K HU V�X VH�L QW HU S RO DW L RQ�W R�VK DGH�S L [ HO V

IRU �Z K L FK �W K H�L O O X P L QDW L RQ�P RGHO �Z DV�QRW �H[ S O L FL W O \

X VHG�

• FRP S X W HU �JU DS K L FV�K DV�W U DGL W L RQDO O \ �HP S O R\ HG�D�O RW

RI�VL P S O L I\ L QJ�DVVX P S W L RQV� �Z K L FK �DU H�P RU H�RU �O HVV

DFFX U DW H�U HS U HVHQW DW L RQV�RI�W K H�DFW X DO

S K HQRP HQD��7 K RX JK �P DQ\ �RI�W K H�K DFNV�HP S O R\ HG
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K DY H�O L W W O H�JU RX QGL QJ�L Q�W K HRU \ � �W K H\ �Z RU N�Z HO O �L Q

S U DFW L FH�DQG�DU H�HDV\ �W R�FRP S X W H�
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/L JK W �6 RX U FHV

• ( Y HU \ �REM HFW �L Q�D�VFHQH�L V�S RW HQW L DO O \ �D�VRX U FH�RI

O L JK W ��/L JK W �P D\ �EH�HL W K HU �EH�HP L W W HG�RU �U HIO HFW HG

IU RP �REM HFW V�

• 7 K H�HP L W W HU V�DU H�FDO O HG�O L JK W �VRX U FHV� �DQG�W K H

U HIO HFW RU V�DU H�X VX DO O \ �W K H�REM HFW V�EHL QJ�U HQGHU HG�

• /L JK W �VRX U FHV�DU H�FK DU DFW HU L ]HG�E\ �W K HL U

L QW HQVL W L HV�Z K L O H�U HIO HFW RU V�DU H�FK DU DFW HU L ]HG�E\

W K HL U �P DW HU L DO �S U RS HU W L HV�
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,O O X P L QDW L RQ�0 RGHO V

• IDFW RU V�W K DW �GHW HU P L QH�D�VX U IDFH· V�FRO RX U �DW �D

JL Y HQ�S RL QW

6 HO I� O X P L QRX V�REM HFW V�

• HDFK �REM HFW �L V�GL VS O D\ HG�X VL QJ�DQ�L QW HQVL W \ �L QW U L QVL F
W R�L W

• I�L V�U HVX O W L QJ�L QW HQVL W \ �DQG�ki�L V�W K H�REM HFW · V
L QW U L QVL F�L QW HQVL W \

• I = ki
• intensity = intrinsic intensity of object

• : H�RQO \ �QHHG�W R�HY DO X DW H�RQFH�IRU �HDFK �REM HFW

VL QFH�W K H�HT X DW L RQ�GRHVQ· W �GHS HQG�RQ�W K H�S RVL W L RQ

RI�W K H�S RL QW

$ P EL HQW �O L JK W �

• ' L IIX VH� �QRQGL U HFW L RQDO �O L JK W �VRX U FH
• 7 K H�S U RGX FW �RI�P X O W L S O H�U HIO HFW L RQV�RI�O L JK W �IU RP

W K H�P DQ\ �VX U IDFHV�S U HVHQW �L Q�W K H�HQY L U RQP HQW

• : H�DVVX P H�W K DW �DP EL HQW �O L JK W �L P S L QJHV�HT X DO O \ �RQ

DO O �VX U IDFHV�IU RP �DO O �GL U HFW L RQV
• I = Iaka
• intensity = (ambient light intensity) *

 (coefficient of ambient reflection)

• Ia�L V�W K H�L QW HQVL W \ �RI�DP EL HQW �O L JK W � �DVVX P HG�W R�EH

FRQVW DQW �IRU �DO O �REM HFW V�DQG�ND�L V�DP EL HQW �
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U HIO HFW L RQ�FRHIIL FL HQW � �W K H�DP RX QW �RI�DP EL HQW

O L JK W �U HIO HFW HG�IU RP �DQ�REM HFW · V�VX U IDFH���7 K L V

Y DO X H�U DQJHV�IU RP �� �W R���DQG�L V�D�P DW HU L DO �S U RS HU W \

� EX W �GRHV�QRW �FRU U HVS RQG�GL U HFW O \ �W R�S K \ VL FDO

S U RS HU W L HV�RI�U HDO �P DW HU L DO V�

• $ P EL HQW �O L JK W �L V�RIW HQ�X VHG�W R�DFFRX QW �IRU

FRP S O H[ �Z D\ V�L Q�Z K L FK �O L JK W �FDQ�U HDFK �DQ�REM HFW

W K DW �DU H�QRW �RW K HU Z L VH�DGGU HVVHG�E\ �W K H

L O O X P L QDW L RQ�HT X DW L RQ�
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' L IIX VH�5 HIO HFW L RQ

• $ P EL HQW �O L JK W �L O O X P L QDW HV�X QL IRU P O \ �DQG�GRHV�QRW

DFFRX QW �IRU �W K H�S RVL W L RQ�QRU �W K H�GL VW DQFH�RI�W K H

O L JK W �VRX U FH

• $ �P RU H�U HDO L VW L F�L O O X P L QDW L RQ�P RGHO �O RFDW HV�O L JK W

VRX U FHV�L Q�W K H�VFHQH�VR�W K HL U �S RVL W L RQ�DQG�GL VW DQFH

U HO DW L Y H�W R�REM HFW V�FDQ�EH�GHW HU P L QHG�

• �$ �VL P S O H�O L JK W �VRX U FH�Z K L FK �K DV�W K L V�S U RS HU W \ �L V�D

S RL QW �O L JK W �VRX U FH� �O RFDW HG�DW �D�VS HFL IL F�S RL QW � �L W

HP DQDW HV�U D\ V�X QL IRU P O \ �L Q�DO O �GL U HFW L RQV�

& RQFHS W X DO O \ � �Z H�P L JK W �FRQVL GHU �L W �W R�EH�DQ

L QFDQGHVFHQW �EX O E�

• ' X O O � �P DW W H�VX U IDFHV�VX FK �DV�FK DO N�H[ K L EL W �GL IIX VH

U HIO HFW L RQ�DO VR�NQRZ Q�DV�/DP EHU W L DQ�U HIO HFW L RQ

• 7 K HL U �VX U IDFHV�DS S HDU �HT X DO O \ �EU L JK W �IU RP �DO O

Y L HZ L QJ�DQJO HV�EHFDX VH�W K H\ �U HIO HFW �O L JK W �Z L W K

HT X DO �L QW HQVL W \ �L Q�DO O �GL U HFW L RQV
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• /DP EHU W 
 V�O DZ �VW DW HV�W K DW �W K H�U HIO HFW HG�HQHU J\

IU RP �D�VP DO O �VX U IDFH�DU HD�L Q�D�S DU W L FX O DU �GL U HFW L RQ

L V�S U RS RU W L RQDO �W R�FRVL QH�RI�W K H�DQJO H�EHW Z HHQ�W K DW

GL U HFW L RQ�DQG�W K H�VX U IDFH�QRU P DO �

• /DP EHU W 
 V�O DZ �GHW HU P L QHV�K RZ �P X FK �RI�W K H

L QFRP L QJ�O L JK W �HQHU J\ �L V�U HIO HFW HG�

• U HP HP EHU �W K DW �W K H�DP RX QW �HQHU J\ �W K DW �L V

U HIO HFW HG�L Q�DQ\ �RQH�GL U HFW L RQ�L V�FRQVW DQW �L Q�W K L V

P RGHO ��,Q�RW K HU �Z RU GV�W K H�U HIO HFW HG�L QW HQVL W \ �L V

L QGHS HQGHQW �RI�W K H�Y L HZ L QJ�GL U HFW L RQ�

• 7 K H�L QW HQVL W \ �GRHV�K RZ HY HU �GHS HQG�RQ�W K H�O L JK W
VRX U FH
 V�RU L HQW DW L RQ�U HO DW L Y H�W R�W K H�VX U IDFH� �DQG�L W

L V�W K L V�S U RS HU W \ �W K DW �L V�JRY HU QHG�E\ �/DP EHU W 
 V

O DZ �
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• 7 K H�DQJO H�EHW Z HHQ�W K H�VX U IDFH�QRU P DO �DQG�W K H

L QFRP L QJ�O L JK W �U D\ �L V�FDO O HG�W K H�DQJO H�RI�L QFL GHQFH

DQG�Z H�FDQ�H[ S U HVV�D�L QW HQVL W \ �RI�W K H�O L JK W �L Q

W HU P V�RI�W K L V�DQJO H�

• ,O L JK W �U HS U HVHQW V�W K H�L QW HQVL W \ �RI�W K H�L QFRP L QJ

O L JK W � �NG�W HU P �U HS U HVHQW V�W K H�GL IIX VH�U HIO HFW L Y L W \

RI�W K H�VX U IDFH

• Z H�FDQ�W DNH�X VH�Y HFW RU �DQDO \ VL V�W R�FRP S X W H�W K L V

FRVL QH�W HU P �L QGL U HFW O \ ��,I�ERW K �W K H�QRU P DO �Y HFW RU

DQG�W K H�L QFRP L QJ�O L JK W �Y HFW RU �DU H�QRU P DO L ]HG�� X QL W

O HQJW K � �W K HQ�W K H�GL IIX VH�VK DGL QJ�FRP S RQHQW �FDQ�EH

FRP S X W HG�E\ �

• ,Q�W K L V�HT X DW L RQ�Z H�QHHG�RQO \ �FRQVL GHU �DQJO HV�IU RP
� �W R��� �GHJU HHV��* U HDW HU �DQJO HV�DU H�EO RFNHG�E\

W K H�VX U IDFH� �DQG�W K H�U HIO HFW HG�HQHU J\ �L V�� �
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( [ DP S O HV�Z L W K �Y DU \ L QJ�O L JK W L QJ�H[ DP S O HV

• ,I�S RO \ JRQ�QRU P DO V�DU H�FRP S X W HG�EHIRU H�P RGHO O L QJ

W U DQVIRU P DW L RQV� �L W �L V�L P S RU W DQW �W K DW �RQO \ �U L JL G

W U DQVIRU P DW L RQV�EH�X VHG��6 K HDU V�RU �QRQ� X QL IRU P

VFDO L QJ�GRQ
 W �S U HVHU Y H�DQJO HV�VR�QRU P DO V�P D\ �QR

O RQJHU �EH�S HU S HQGL FX O DU �W R�W K HL U �S RO \ JRQV�

• 7 K L V�L O O X P L QDW L RQ�HT X DW L RQ�P X VW �EH�HY DO X DW HG

EHIRU H�QRU P DO L ]DW L RQ�DQG�S U RM HFW L RQ�VL QFH�W K HVH

W U DQVIRU P DW L RQV�Z L O O �P RGL I\ �W K H�DQJO H�RI�O L JK W

L QFL GHQFH�

• : K HQ�D�S RL QW �O L JK W �VRX U FH�L V�VX IIL FL HQW O \ �IDU �DZ D\

IU RP �W K H�REM HFW V�L Q�W K H�VFHQH� �Z H�FRQVL GHU �L W �W R

EH�D�GL U HFW L RQDO �O L JK W �VRX U FH�DQG�VR�W K H�Y HFW RU

GHVFU L EL QJ�W K H�GL U HFW L RQ�W R�W K H�O L JK W �VRX U FH�L V

FRQVW DQW �

• ,W �L V�P RU H�U HDO L VW L F�W R�L QFO X GH�DP EL HQW �HIIHFW V�L Q

W K H�L O O X P L QDW L RQ�FDO FX O DW L RQV� �Z K L FK �O HDGV�W R�
• I = Iaka + Ipkd(N • L)

intensity = (ambient light intensity) *
(coefficient of ambient reflection) +
(point light intensity) *
(coefficient of diffuse reflection) *
cosine (angle of light incidence)
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/L JK W � VRX U FH�DW W HQX DW L RQ

• ' R�O L JK W �VRX U FHV�HT X DO O \ �L O O X P L QDW H�REM HFW V�DW

GL IIHU HQW �GL VW DQFHV" �7 K HU H�VK RX O G�EH�VRP H�QRW L RQ

RI�DW W HQX DW L RQ�RI�O L JK W �VRX U FHV�DQG�Z H�DS S O \ �W K L V

W HU P �W R�VFDO H�W K H�L QW HQVL W \ �GHU L Y HG�IU RP �GL IIX VH

U HIO HFW L RQ�IU RP �W K H�REM HFW
• I = Iaka + fattIpkd(N • L)

intensity = (ambient light intensity) *
(coefficient of ambient reflection) +
[light-source attenuation factor *
 (point light intensity) *
(coefficient of diffuse reflection) *
cosine (angle of light incidence)]

• $ �U HDVRQDEO H�FK RL FH�L V�EDVHG�RQ�W K H�L QY HU VH�VT X DU H

RI�W K H�GL VW DQFH�� ��� �G�
/� ��+ RZ HY HU � �W K L V�GRHVQ
 W �JL Y H

W K H�EHVW �U HVX O W V�L Q�S U DFW L FH�� L I�O L JK W �L V�IDU �DZ D\ � �QRW

P X FK �Y DU L HV� �L I�O L JK W �L V�Y HU \ �FO RVH� �L W �Y DU L HV�Z L GHO \ � �

• $ �P RU H�U REX VW �IRU P X O DW L RQ�DGGV�FRQVW DQW �DQG�O L QHDU

W HU P V�W R�W K H�GHQRP L QDW RU ��: H�FO DP S �W K H�Y DO X H�W R�D

P D[ L P X P �RI��� �VR�L W �Z L O O �QHY HU �DGG�HQHU J\ �

F� � �F��DQG�F��DU H�X VHU �GHIL QHG�FRQVW DQW V�IRU �W K H�O L JK W �VRX U FH







++

= 1,
1

min
2

321 LL dcdcc
fatt
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( [ DP S O H�RI�VS K HU HV�VK DGHG�X VL QJ�DP EL HQW �DQG�GL IIX VH

U HIO HFW L RQ�Z L W K �GL IIHU HQW �O L JK W � VRX U FH� DW W HQX DW L RQ

FRQVW DQW V

& RO RX U HG�O L JK W V�DQG�VX U IDFHV

• FRO RX U HG�O L JK W V�DQG�VX U IDFHV�DU H�FRP P RQO \ �W U HDW HG

E\ �Z U L W L QJ�VHS DU DW H�HT X DW L RQV�IRU �HDFK �FRP S RQHQW

RI�W K H�FRO RX U �P RGHO �

• $ Q�REM HFW · V�GL IIX VH�FRO RX U �L V�U HS U HVHQW HG�E\ �RQH

Y DO X H�RI�2G�IRU �HDFK �FRP S RQHQW �
• IR = IaRkaOdR + fattIpRkdOdR (N • L)
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$ W P RVS K HU L F�$ W W HQX DW L RQ

• GHS W K �FX HL QJ

• P RU H�GL VW DQW �REM HFW V�DU H�U HQGHU HG�Z L W K �O RZ HU

L QW HQVL W \ �W K DQ�DU H�FO RVHU �RQHV

• IU RQW �DQG�EDFN�GHS W K � FX H�U HIHU HQFH�S O DQHV�DU H

GHIL QHG�DQG�HDFK �RI�W K HVH�S O DQHV�L V�DVVRFL DW HG�Z L W K �D

VFDO H�IDFW RU � �VI�DQG�VI � �W K DW �U DQJHV�EHW Z HHQ�� �DQG���

• 7 K H�VFDO H�IDFW RU �GHW HU P L QHV�W K H�EO HQGL QJ�RI�W K H

RU L JL QDO �L QW HQVL W \ �Z L W K �W K DW �RI�D�GHS W K � FX H�FRO RX U

• I’ = soI + (1-so)Idc

• ,I�]R�L V�L Q�IU RQW �RI�W K H�IU RQW �GHS W K � FX H�S O DQH· V�]

FRRU GL QDW H�]I � �W K HQ�VR� �VI�

• ,I�]R�L V�EHK L QG�W K H�EDFN�GHS W K � FX H�S O DQH· V�]

FRRU GL QDW H�]E � �W K HQ�VR� �VE�

• ,I�]R�L V�EHW Z HHQ�W K H�W Z R�S O DQHV� �W K HQ

( )( )
( )bf

bfb
bo zz

sszz
ss

−
−−

+= 0
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( [ DP S O H�RI�VS K HU HV�VK DGHG�X VL QJ�GHS W K �FX HL QJ�
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6 S HFX O DU �U HIO HFW L RQ

• VS HFX O DU �U HIO HFW L RQ�L V�W K H�K L JK O L JK W �W K DW �DS S HDU V

RQ�D�VK L Q\ �VX U IDFH�Z K HQ�L O O X P L QDW HG

• VS HFX O DU �U HIO HFW L RQ�L V�P HU HO \ �W K H�P L U U RU �U HIO HFW L RQ

RI�W K H�O L JK W �VRX U FH�L Q�D�VX U IDFH

• ,Q�RU GHU �W R�P RGHO �VS HFX O DU �U HIO HFW L RQ�Z H�QHHG�W R

X QGHU VW DQG�W K H�S K \ VL FV�RI�U HIO HFW L RQ��5 HIO HFW L RQ

EHK DY HV�DFFRU GL QJ�W R�6 QHO O 
 V�O DZ V�Z K L FK �VW DW H�
• 7 K H�L QFRP L QJ�U D\ � �W K H�VX U IDFH�QRU P DO � �DQG�W K H

U HIO HFW HG�U D\ �DO O �O L H�L Q�D�FRP P RQ�S O DQH�

• 7 K H�DQJO H�W K DW �W K H�U HIO HFW HG�U D\ �IRU P V�Z L W K �W K H

VX U IDFH�QRU P DO �L V�GHW HU P L QHG�E\ �W K H�DQJO H�W K DW

W K H�L QFRP L QJ�U D\ �IRU P V�Z L W K �W K H�VX U IDFH�QRU P DO �

DQG�W K H�U HO DW L Y H�VS HHGV�RI�O L JK W �RI�W K H�P HGL X P V�L Q

Z K L FK �W K H�L QFL GHQW �DQG�U HIO HFW HG�U D\ V�S U RS RJDW H

DFFRU GL QJ�W R�W K H�IRO O RZ L QJ�H[ S U HVVL RQ�
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• 5 HIO HFW L RQ�L V�D�Y HU \ �VS HFL DO �FDVH�RI�6 QHO O 
 V�/DZ

Z K HU H�W K H�L QFL GHQW �O L JK W 
 V�P HGL X P �DQG�W K H

U HIO HFW HG�U D\ V�P HGL X P �L V�W K H�VDP H��: H�FDQ

VL P S O L I\ �W K H�H[ S U HVVL RQ�W R�

• 6 QHO O 
 V�O DZ � �K RZ HY HU � �DS S O L HV�RQO \ �W R�L GHDO �U HIHO FW RU V�

5 HDO �P DW HU L DO V� �RW K HU �W K DQ�P L U U RU V�DQG�FK U RP H�W HQG

W R�GHY L DW H�VL JQL IL FDQW O \ �IU RP �L GHDO �U HIO HFW RU V�

• : H�Z L O O �L QW U RGX FH�DQ�HP S L U L FDO �P RGHO �W K DW �L V

FRQVL VW HQW �Z L W K �RX U �H[ S HU L HQFH� �DW �O HDVW �W R�D�FU X GH

DS S U R[ L P DW L RQ�

• ,Q�JHQHU DO �Z H�H[ S HFW �P RVW �RI�W K H�U HIO HFW HG�O L JK W �W R

W U DY HO �L Q�W K H�GL U HFW L RQ�RI�W K H�L GHDO �U D\ ��+ RZ HY HU �

EHFDX VH�RI�P L FU RVFRS L F�VX U IDFH�Y DU L DW L RQV�Z H�P L JK W

H[ S HFW �VRP H�RI�W K H�O L JK W �W R�EH�U HIO HFW HG�M X VW �VO L JK W O \

RIIVHW �IU RP �W K H�L GHDO �U HIO HFW HG�U D\ ��$ V�Z H�P RY H

IDU W K HU �DQG�IDU W K HU � �L Q�W K H�DQJX O DU �VHQVH� �IU RP �W K H

U HIO HFW �U D\ �Z H�H[ S HFW �W R�VHH�O HVV�O L JK W �U HIO HFW HG�
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• 2QH�IX QFW L RQ�W K DW �DS S U R[ L P DW HV�W K L V�IDO O RII�L V

FDO O HG�W K H�3K RQJ�,O O X P L QDW L RQ�P RGHO ��7 K L V�P RGHO �L V

S X U HO \ �HP S L U L FDO �DQG�K DV�QR�S K \ VL FDO �EDVL V� �\ HW �L W �L V

RQH�RI�W K H�P RVW �FRP P RQO \ �X VHG�L O O X P L QDW L RQ�P RGHO V

L Q�FRP S X W HU �JU DS K L FV�

• 0 D[ L P X P �VS HFX O DU �U HIO HFW L RQ�RFFX U V�Z K HQ�φ�L V�]HU R
DQG�IDO O V�RII�VK DU S O \ �DV�φ�L QFU HDVHV

• 7 K H�U DS L G�IDO O RII�L V�DS S U R[ L P DW HG�E\ �FRVQφ� �Z K HU H
Q�L V�W K H�P DW HU L DO · V�VS HFX O DU � U HIO HFW L RQ�H[ S RQHQW
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� Y DU \ L QJ�IU RP ���W R�VHY HU DO �K X QGU HG�GHS HQGL QJ�RQ

W K H�P DW HU L DO �EHL QJ�VL P X O DW HG�

• ) RU �D�S HU IHFW �U HIO HFW RU � �Q�Z RX O G�EH�L QIL QL W H

• ,I�W K H�GL U HFW L RQ�RI�U HIO HFW L RQ�5 �DQG�W K H�Y L HZ S RL QW

GL U HFW L RQ�9 �DU H�QRU P DO L ]HG� �W K HQ�FRV�φ� �5 �•�9
• 7 K H�Y HFW RU �5 �FDQ�EH�FRP S X W HG�IU RP �W K H�L QFRP L QJ

O L JK W �GL U HFW L RQ�DQG�W K H�VX U IDFH�QRU P DO �DV�VK RZ Q

EHO RZ �
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I = IakaOd + fattIp[kdOd(N • L)+ ksOs(R • V)n]

) U RP �O HIW �W R�U L JK W � �Q� ��� ��� ��� � ������) U RP �W RS �W R

ERW W RP �NV� �� ��� �� ���� �� ��

0 X O W L S O H�O L JK W �VRX U FHV

• ,I�W K HU H�DU H�P �O L JK W �VRX U FHV� �W K HQ�W K H�W HU P V�IRU

HDFK �O L JK W �VRX U FH�DU H�VX P P HG�
I = IakaOd + Σ fattIp[kdOd(N • L)+ ksOs(R • V)n]

• % H�FDU HIX O �W K DW �,�GRHVQ· W �H[ FHHG�L W V�P D[ L P X P

GL VS O D\ DEO H�S L [ HO �Y DO X H�

• ( DVL HVW �Z D\ �L V�W R�FO DP S �HDFK �,�W R�L W V�P D[ L P X P �Y DO X H
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• $ QRW K HU �DS S U RDFK �L V�W R�FRQVL GHU �DO O �RI�D�S L [ HO · V�,

Y DO X HV�W RJHW K HU ��,I�DW �O HDVW �RQH�L V�W RR�EL J� �HDFK �L V

GL Y L GHG�E\ �W K H�O DU JHVW �W R�P DL QW DL Q�K X H�DQG

VDW X U DW L RQ�DW �W K H�H[ S HQVH�RI�W K H�Y DO X H

7 U DQVIRU P L QJ�VX U IDFH�QRU P DO V

• 6 X U IDFH�QRU P DO V�DU H�W K H�P RVW �L P S RU W DQW

JHRP HW U L F�VX U IDFH�FK DU DFW HU L VW L F�X VHG�L Q

FRP S X W L QJ�FRP S X W HU �JU DS K L FV�L O O X P L QDW L RQ�P RGHO V�

7 K H�RU L HQW DW L RQ�RI�W K H�VX U IDFH�QRU P DO �L V�X VHG�L Q

FRP S X W L QJ�ERW K �W K H�GL IIX VH�DQG�VS HFX O DU

FRP S RQHQW V�RI�U HIO HFW L RQ�

• ,I�S RO \ JRQ�QRU P DO V�DU H�S U HFRP S X W HG�DQG

W U DQVIRU P HG�Z L W K �W K H�VDP H�P DW U L [ �X VHG�IRU

S RO \ JRQ�Y HU W L FHV� �L W �L V�L P S RU W DQW �W K DW �QRQU L JL G

P RGHO O L QJ�W U DQVIRU P DW L RQV� �VX FK �DV�VK HDU V�RU

GL IIHU HQW L DO �VFDO L QJ� �QRW �EH�S HU IRU P HV���7 K HVH

W U DQVIRU P DW L RQV�' 2�1 27 �S U HVHU Y H�DQJO HV�DQG�P D\

FDX VH�VRP H�QRU P DO V�W R�QR�O RQJHU �EH�S HU S HQGL FX O DU

W R�W K HL U �S RO \ JRQV
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• ) RU �D�S DU DP HW U L F�VX U IDFH�W K H�W K U HH� VS DFH

FRRU GL QDW HV�DU H�GHW HU P L QHG�E\ �IX QFW L RQV�RI�W Z R

S DU DP HW HU V� �V�DQG�W �L Q�RX U �FDVH�

• 7 Z R�Y HFW RU V�L Q�W K H�W DQJHQW �S O DQH�FDQ�EH�IRX QG�E\

FRP S X W L QJ�S DU W L DO �GHU L Y L W L Y HV�

• 1 RU P DO V�DU H�DO Z D\ V�RU W K RJRQDO �W R�W K H�W DQJHQW

VS DFH�DW �D�S RL QW ��7 K X V� �JL Y HQ�W Z R�W DQJHQW �Y HFW RU V

Z H�FDQ�FRP S X W H�W K H�QRU P DO �DV�IRO O RZ V�
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: K HU H�L Q�W K H�U HQGHU L QJ�S L S HO L QH�VK RX O G�Z H�S HU IRU P

W K L V�FDO FX O DW L RQ"


