
žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱ
ڑʅ̇ڑ˷ΤǸ˓΃Ǹʹʧ̇_ڑAɤͣʹՑɆǸͣɤڑ�
İ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
Ƌ΃ɒʔɤɤͣʔڑƋʧ˷ʊǸ˷Ǹ˰Ǹ˓˓Ǹ
ģ΃ʔǸ˰˰ǸɒڑƙǸ˓ʔǸڑŶǸͅǸɆʔǸ
Ƌ΃˓ɤ˰Ǹ˷ڑ�ʔ˰Ǹɒ
ĉ̇˷ǸʹʔǸ˷ڑ¡̇ζ˓Ǹ˷ɒ
Ę΃ˋɤڑǅǸ˓ɤ˷ʹǸ
ǕɤΤʊɤ˷ڑƋǸʅ̇ͅ˷̇Τ
Ŷɤʹɤͅڑǈ΃
�˷ɒͅɤΨڑ�Ǹ˓˓̇˷ʧ
Ď΃ͅʹʧͣڑ¡ɤʧ˰ɤͅ˓
īʧɆˋڑƋ΃˓˓ʧΤǸ˷
Iʔͅʧͣʹ̻̇ʔɤͅڑ�ռڑǈ̇̇ɒ
ģǸͅΨǸ˷ڑ�Ǹζɤɒ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ



ǈʔǸʹڑʧͣڑɆ̇˷˷ɤɆʹʧ̇˷ڑɆ̇Ǹ˓ɤͣɆʧ˷ʊԵ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
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H[DPSOH�FRP

LPDJHV�H[DPSOH�FRP

FRQWHQW�H[DPSOH�FRP

FGQ�H[WHUQDO�FRP

Ձ6DPH�,3�DGGUHVVHV�EXW�
UHVXOWV�LQ�PXOWLSOH�SRVVLEO\�
EORFNLQJ�'16�TXHULHV�



īɤαʹտڑǈʔǸʹڑʔǸ̻̻ɤ˷ͣڑʅ̇ͣͅڑ΃ȿͅɤͣ̇΃ͅɆɤͣԵ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
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Iʔ̇ͅ˰ɤժͣ ǸʹɆʔ˰ڑʹ΃ͣ˰ڑʔ̇ͣʹ˷Ǹ˰ɤͣڑʹ˷ɒʧʅʅɤͅɤڑʅ̇ͅڑǸɒɒͅɤͣͣɤͣڑÅŶڑǸɆʔտ̻̻̇ͅ�ڑ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
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7ZR�VHSDUDWH�7&3���7/6�FRQQHFWLRQV�
WR�WZR�GLIIHUHQW�,3V��,3$��,3%�



�ʧͅɤʅ̇αժͣ ÅŶͣڑʅ̇ڑͣʹɤͣڑ˷ȿɤʹΨɤɤڑƙͅǸ˷ͣʧʹʧΤʧʹζڑǸɆʔտ̻̻̇ͅ�ڑ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
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5HXVHV�7&3�FRQQHFWLRQV�WR�,3$�EHFDXVH�RI�WUDQVLWLYLW\�
�,3$�a�,3%�a�,3&�



ĎɤζڑžɤͣɤǸͅɆʔڑŽ΃ɤͣʹʧ̇˷ͣ

�ռ ¡̇Ψڑ˰΃Ɇʔ̇ڑʅڑʹʔɤڑÅ˷ʹɤͅ˷ɤʹڑʧͣڑɆ̇Ǹ˓ɤͣɆǸȿ˓ɤԵ
Ǹռ ǈʔɤͅɤڑǸͅɤڑʹʔɤͣڑ΃ȿͅɤͣ̇΃ͅɆɤͣڑ˓̇ɆǸʹɤɒԵ
ȿռ ¡̇ΨڑǸͅɤڑɆ̇Ǹ˓ɤͣɆǸȿ˓ɤͣڑ΃ȿՑͅɤͣ̇΃ͅɆɤͣڑɒʧͣʹͅʧȿ΃ʹɤɒԵ

Aռ ǈʔǸʹڑɆʔǸ˷ʊɤͣڑǸͅɤͅڑɤ́΃ʧͅɤɒڑ̇ʹڑɤ˷Ǹȿ˓ɤڑ˰ʧͣͣɤɒ̻̻̇̇ͅڑʹ΃˷ʧʹʧɤͣԵ
Iռ IǸ˷ڑʹʔʧͣڑȿɤڑɒ̇˷ɤڑԻǸ˷ɒڑǸʹͣڑɆǸ˓ɤԼԵ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ



ǈʔɤͅɤڑǸͅɤڑʹʔɤͣڑ΃ȿͅɤͣ̇΃ͅɆɤͣڑ˓̇ɆǸʹɤɒԵ

Å˷ͣʧʊʔʹͣտ

ԏռ ԏԓٜ̇ڑʅڑΨɤȿ̻ڑǸʊɤͣڑʔǸΤɤڑ
Ǹڑɒɤ̻ɤ˷ɒɤ˷Ɇζڑ˷̇ڑ
ͅɤͣ̇΃ͅɆɤͣڑʅ̇ͅ˰̇ڑ˷ɤڑ
̇ʹʔɤͅڑ�Ƌռ

Ԑռ ģ̇ͅɤڑʹʔǸ˷ڑԔԎٜ̇ڑʅڑ
Ψɤȿ̻Ǹʊɤͣڑ˷ɤɤɒڑ̇˷ڑ˰̇ͅɤڑ
ʹʔǸ˷ڑԖڑ�Ƌɤͣڑʅ̇ͅڑǸ˓˓ڑ
ͣ΃ȿͅɤͣ̇΃ͅɆɤͣռ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ



ǈʔɤͅɤڑǸͅɤڑʹʔɤڑʹͣ̇˰ڑɆ̇Ǹ˓ɤͣɆǸȿ˓ɤͣڑ΃ȿՑͅɤͣ̇΃ͅɆɤͣԵ

Å˷ͣʧʊʔʹͣտ

ԏռ ƙʔɤڑ̻̇ʹڑԏԎڑ�ƋɤͣڑʔǸ˷ɒ˓ɤڑ
˰̇ͅɤڑʹʔǸ˷ڑԖԎٜ̇ڑʅڑǸ˓˓ڑ
Ψɤȿͅڑɤ́΃ɤͣʹͣڑʅ̇ͅڑ
ͣ΃ȿͅɤͣ̇΃ͅɆɤͣ

Ԑռ İ˷˷ɤɆʹʧ̇˷ͅڑɤՑ΃ͣɤڑ
̻̇ʹɤ˷ʹʧǸ˓ڑՄģʧ˷ռڑ˷΃˰ȿɤ̇ͅڑʅڑ
Ɇ̇˷˷ɤɆʹʧ̇˷ͣԼڑɆ̇΃˓ɒڑȿɤڑ
Ǹ̻̻̇ͅαʧ˰Ǹʹɤɒڑ̇ʹڑ˷΃˰ȿɤͅڑ
̇ʅڑ΃˷ʧ́΃ɤڑ�Ƌɤͣڑ
Ɇ̇˷ʹǸɆʹɤɒڑԻʅ΃ͅʹʔɤͣͅڑ΃̻̻̇ͅʹɤɒڑȿζڑ�ǸζɤɒڑɤʹڑǸ˓ռڑƋÅ�IŀģģڑժԐԏՅ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

1RWH��&RDOHVFLQJ�RSSRUWXQLWLHV�H[LVW�EHFDXVH�RI�&'1V�



IʔǸ˓˓ɤ˷ʊɤͣڑΨʧʹʔڑŀžÅ�Åīͅ�ڑǸ˰ɤͣڑՄž�IڑԘԒԒԖՅڑՄƋʹǸ˷ɒǸͅɒʧύɤɒڑʧ˷ڑԐԎԏԘԼ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ԏռ TɤʅǸ΃˓ʹڑŀžÅ�Åīͅ�ڑǸ˰ɤͣڑʹǸ˷ɒǸͅɒڑǸ˓˓̇ΨͣڑǸ˷ζڑʔ̇ͣʹ˷Ǹ˰ɤԻͣԼڑ̇ʹڑȿɤͣڑɤ˷ʹڑȿζڑ
ʹʔɤͣڑɤͅΤɤͅڑԻ˓ǸɆˋ̇ڑʅڑǸ΃ʹʔ̇ͅʧʹζԼռ

Ԑռ I˓ʧɤ˷ʹͣڑΤǸ˓ʧɒǸʹɤڑʹʔɤڑʔ̇ͣʹ˷Ǹ˰ɤͣڑʧ˷ڑʹʔɤڑŀžÅ�ÅīڑʅͅǸ˰ɤڑʅ̇ͅڑǸ΃ʹʔɤ˷ʹʧɆʧʹζ
Ǹռ �ʧͅɤʅ̇αڑʧͣڑʹʔɤ̇ڑ˷˓ζڑɆ˓ʧɤ˷ʹڑΨʔʧɆʔͣڑ΃̻̻̇ͅʹͣڑŀžÅ�Åīͅ�ڑǸ˰ɤ
ȿռ I˓ʧɤ˷ʹͣͅڑɤͣ̇˓ΤɤڑTīƋ́ڑ΃ɤͅʧɤͣڑǸ˷ɒͅڑɤʹͅʧɤΤɤڑƙĘƋڑIɤͅʹʧʅʧɆǸʹɤͣ

ʧռ ÅʅڑʹʔɤڑÅŶڑǸɒɒͅɤͣͣɤͣڑ˰ǸʹɆʔڑÅŶڑȿǸͣɤɒڑɆ̇Ǹ˓ɤͣɆʧ˷ʊͅڑɤͣ΃˓ʹͣռ
ʧʧռ _˓ͣɤջڑ˷ɤΨڑƙIŶ֡ƙĘƋڑɆ̇˷˷ɤɆʹʧ̇˷ͣڑǸͅɤڑ˰Ǹɒɤռ

Ԓռ ĘǸɆˋ̇ڑʅͣڑɤͅΤɤ̇ͣͅڑʅʹΨǸͅɤͣڑ΃̻̻̇ͅʹڑʅ̇ͅڑŀžÅ�Åīͅ�ڑǸ˰ɤͣռ

ԓռ ī̇ʹڑΨʧɒɤ˓ζڑǸɒ̻̇ʹɤɒڑսڑζɤʹջڑɒɤ̻ͣʧʹɤͣڑʹǸ˷ɒǸͅɒʧύǸʹʧ̇˷Ա



�΃ʹʔ̇ͅʧʹǸʹʧΤɤڑŀžÅ�Åīͅ�ڑǸ˰ɤͣڑՄž�IڑԘԒԒԖՅڑɆ̇΃˓ɒ̻ͅڑɤɆ˓΃ɒɤڑTīƋ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
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�΃ʹʔ̇ͅʧʹǸʹʧΤɤڑŀžÅ�Åīͅ�ڑǸ˰ɤͣڑՄž�IڑԘԒԒԖՅڑɆ̇΃˓ɒ̻ͅڑɤɆ˓΃ɒɤڑTīƋ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ
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'16�6$1
H[DPSOH�FRP
FGQMV�FRP

5HTXLUHV�FKDQJHV�WR�FHUWLILFDWHV�DQG�
LQWURGXFWLRQ�RI�25,*,1�)UDPHV



ģ̇ɒɤ˓˓ʧ˷ʊտڑ֜ڑԖԎٜڑʧ˰̻̇ͅΤɤ˰ɤ˷ʹڑʧ˷ڑī΃˰ȿɤ̇ͅڑʅڑTīƋڑǸ˷ɒڑƙĘƋڑɆ̇˷˷ɤɆʹʧ̇˷ͣ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ģ̇ɒɤ˓˓ɤɒڑƙʧ˰ɤ˓ʧ˷ɤͅڑɤɆ̇˷ͣʹͅ΃Ɇʹʧ̇˷ڑΨʔɤ˷ڑ

�H[DPSOH�FRPڑʧ̻ͣ̇ͅڑαʧɤɒڑȿζڑʹʔɤڑITīڑ˷ɤʹΨ̇ͅˋڑ
Ǹ˓ͣ̇ͣڑɤͅΤʧ˷ʊڑFGQKRVW�FRP



žɤǸ˓ڑǈ̇ͅ˓ɒڑ՟ڑÅŶڑɆ̇Ǹ˓ɤͣɆʧ˷ʊڑʹʧɤͣͣڑɤͅΤʧɆɤͣջڑʔǸͅɒڑ̇ʹڑɆ̇̇ͅɒʧ˷Ǹʹɤ
ՄTīƋՅڑ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ՄƋɤͅΤʧɆɤԼ

ÅŶڑİǸ˓ɤͣɆʧ˷ʊڑ
žɤ́΃ʧͅɤͣ
İ̇ͅɒʧ˷Ǹʹʧ̇˷

$OZD\V�
UHWXUQV�WKH�
VDPH�,3�
DGGUHVV�IRU�
DOO�VHUYLFHV

%URZVHU�
UHXVHV�
FRQQHFWLRQ�
EHFDXVH�RI�
VDPH�,3

D�E�F
�G

D�E�F�G

D�E�F�G

D�E�F
�G



žɤǸ˓ڑǈ̇ͅ˓ɒڑ՟ڑŀžÅ�Åīսڑ
ՄTīƋՅڑ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ՄƋɤͅΤʧɆɤԼ

ÅŶڑİǸ˓ɤͣɆʧ˷ʊڑ
žɤ́΃ʧͅɤͣ
İ̇ͅɒʧ˷Ǹʹʧ̇˷

1R�FKDQJHV�
WR�'16�RU�
VHUYLFH�
FRRUGLQDWLRQ�
QHFHVVDU\�

6HUYLFH�
VHQGV�
25,*,1�
)UDPHV

$GYDQWDJH��'RHV�QRW�GLVUXSW�H[LVWLQJ�WUDIILF�HQJLQHHULQJ�SUDFWLFHV

D�E�F
�G

D�E�F�G

D�E�F�G

D�E�F
�G



žɤǸ˓ڑǈ̇ͅ˓ɒڑ՟ڑŀžÅ�Åīսڑ˰ǸˋɤͣڑɆ̇Ǹ˓ɤͣɆʧ˷ʊ̻ͅڑǸɆʹʧɆǸ˓ռ
ՄTīƋՅڑ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ՄƋɤͅΤʧɆɤԼ

$GYDQWDJH��/LWWOH�GLIIHUHQFH�WR�µZLUH�OLQH¶�DFWLYLWLHV

D�E�F
�G

D�E�F�G

1R�FKDQJHV�
WR�'16�RU�
VHUYLFH�
FRRUGLQDWLRQ�
QHFHVVDU\�

6HUYLFH�
VHQGV�
25,*,1�
)UDPHV



ƙǸˋɤǸΨǸζڑԏրڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊڑΨ̇ͅˋͣڑʧ˷̻ͅڑǸɆʹʧɆɤԱ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

֧ԔԎٜͅڑɤɒ΃Ɇʹʧ̇˷ڑʧ˷ڑ˷΃˰ȿɤͅڑ
̇ʅڑ˷ɤΨڑɆ̇˷˷ɤɆʹʧ̇˷ͣڑ̇ʹڑʹʔɤڑ
Ɇɒ˷˃ͣڑʔ̇ͣʹ˷Ǹ˰ɤڑΨɤڑ
Ǹʹʹɤ˰̻ʹɤɒڑɆ̇Ǹ˓ɤͣɆʧ˷ʊڑʹ̇ռ

&OLHQW��5HGXFHG�1XPEHU�RI�
&U\SWRJUDSKLF�&HUWLILFDWH�9DOLGDWLRQV�

6HUYHU��5HGXFHG�QXPEHU�RI�
FRQQHFWLRQV�ĺ�DOORZ�PRUH�FOLHQW�
FRQQHFWLRQV

&OLHQW��$FWLYH�PHDVXUHPHQWV�VKRZ�
a�������FRQQHFWLRQV�FRDOHVFHG�



ƙǸˋɤǸΨǸζڑԐրڑī̇ՑΨ̇ͣͅɤ̻ڑɤͅʅ̇ͅ˰Ǹ˷ɆɤջڑǸ˓˰̇ͣʹڑʧ˰˰ɤǸͣ΃ͅǸȿ˓ɤڑʧ˰̻̇ͅΤɤ˰ɤ˷ʹ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

:LGH�LPSDFW�
GHSHQGV�RQ�
SDWK�
FKDUDFWHULVWLFV��
$1'�ERWWOHQHFN�
VKDUH��
$1'�QXPEHUV�RI�
RSHUDWRUV�WKDW�
VXSSRUW�25,*,1�



ƙǸˋɤǸΨǸζڑԐրڑī̇ՑΨ̇ͣͅɤ̻ڑɤͅʅ̇ͅ˰Ǹ˷ɆɤջڑǸ˓˰̇ͣʹڑʧ˰˰ɤǸͣ΃ͅǸȿ˓ɤڑʧ˰̻̇ͅΤɤ˰ɤ˷ʹ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

3HUIRUPDQFH�FDQQRW�EH�DVVXPHG�
WR�LPSURYH��DQG�VKRXOG�EH�DYRLGHG�
DV�SULPDU\�PRWLYDWLRQ�

�H�J��IHZHU�ERWWOHQHFN�FRQQHFWLRQV��DQG�PRUH�



ŀ̻ɤ˷ڑƋ̇΃ͅɆɤտڑǈɤڑɆ̇˷ʹͅʧȿ΃ʹɤڑǸ̻ڑ΃ȿ˓ʧɆڑ˓ǸͅʊɤͣڑɆǸ˓ɤͣڑɤͅΤɤͅڑʧ˰̻˓ɤ˰ɤ˷ʹǸʹʧ̇˷

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ŀžÅ�Åīͅ�ڑǸ˰ɤͣڑǸͅɤڑζɤʹͣڑ̇ʹڑɤɤڑ˓ǸͅʊɤͣڑɆǸ˓ɤڑ
Ǹɒ̻̇ʹʧ̇˷ջ̻ڑ̇˷ڑ΃ȿ˓ʧɆͣڑɤͅΤɤͅڑʧ˰̻˓ɤ˰ɤ˷ʹǸʹʧ̇˷ڑ
ɤαʧͣʹͣռ

ǈɤڑɆ̇˷ʹͅʧȿ΃ʹɤڑԻʹ̇̇ڑ΃ͅڑˋ˷̇Ψ˓ɤɒʊɤԼڑʹʔɤڑʅʧͣͅʹڑ
̻΃ȿ˓ʧɆͣڑɤͅΤɤͣͅڑʧɒɤڑʧ˰̻˓ɤ˰ɤ˷ʹǸʹʧ̇˷ռ

ʔʹʹ̻ͣտՍՍʊʧʹʔ΃ȿռɆ̇˰ՍɆ˓̇΃ɒʅ˓ǸͅɤՍ˷ɤʹՑ̇ͅʧʊʧ˷ʅͅǸ˰ɤڑ

ʔʹʹ̻ͣտՍՍʊʧʹʔ΃ȿռɆ̇˰ՍɆ˓̇΃ɒʅ˓ǸͅɤՍʊ̇Ց̇ͅʧʊʧ˷ʅͅǸ˰ɤڑ

https://github.com/cloudflare/net-originframe
https://github.com/cloudflare/go-originframe


īɤɤɒͣڑIǸͅɤʅ΃˓ڑTɤ̻˓̇ζ˰ɤ˷ʹڑ՟ڑī̇˷ڑž�Iڑİ˰̻˓ʧǸ˷ʹڑ˷ɤʹΨ̇ͅˋͣڑʹǸɆˋͣڑɤαʧͣʹ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

Tɤ̻˓̇ζ˰ɤ˷ʹ̇ڑʅڑŀžÅ�Åīͅ�ڑǸ˰ɤͣڑڑ
ͅɤͣ΃˓ʹɤɒڑʧ˷ڑ΃˷Ɇ̇Τɤͅʧ˷ʊڑ
Ɇ̇˰̻˓ʧǸ˷Ɇɤڑʧͣͣ΃ɤͣڑʧ˷̻̻̇ڑ΃˓Ǹͅڑ
Ǹ˷ʹʧΤʧͅ΃ͣڑǸ˷ɒڑÅ˷ʹɤͅ˷ɤʹͣڑɤɆ΃ͅʧʹζڑ
ͣ̇ʅʹΨǸͅɤڑΨʔʧɆʔڑɒʧɒڑʹ̇˷ڑɒ̻̇ͅڑ
΃˷ˋ˷̇Ψ˷ڑ¡ƙƙŶՍԐڑʅͅǸ˰ɤͣڑǸ˷ɒڑ
ʧ˷ͣʹɤǸɒͅڑɤͣ΃˓ʹɤɒڑʧ˷ڑɆ̇˷˷ɤɆʹʧ̇˷ڑ
ʹɤǸͅՑɒ̇Ψ˷ռ



I˓Ǹʧ˰տڑŀžÅ�Åīͅ�ڑǸ˰ɤڑȿǸͣɤɒڑİǸ˓ɤͣɆʧ˷ʊڑʧ˰̻̇ͅΤɤ̻ͣͅڑʧΤǸɆζ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ǈʔ̇ͣɤ̻ͅڑʧΤǸɆζԵڑ
ǈʔǸʹڑɒ̇ɤͣڑʧʹڑ˰ɤǸ˷Ե

_ǸɆʔڑɆ̇Ǹ˓ɤͣɆɤɒڑɆ̇˷˷ɤɆʹʧ̇˷ڑʔʧɒɤͣڑ
Ǹ˷̇ڑʹʔɤͅΨʧͣɤڑɤα̻̇ͣɤɒ̻ڑ˓Ǹʧ˷ʹɤαʹڑƋīÅڑ
Ǹ˷ɒ̻ͅڑɤΤɤ˷ʹͣڑǸʹՑ˓ɤǸͣʹ̇ڑ˷ɤڑǸɒɒʧʹʧ̇˷Ǹ˓ڑ
̻˓Ǹʧ˷ʹɤαʹڑTīƋ́ڑ΃ɤͅζՑͅɤ̻ͣ̇˷ͣɤռ



žɤͣ̇΃ͅɆɤڑƋɆʔɤɒ΃˓ʧ˷ʊڑŀ̻̻̇ͅʹ΃˷ʧʹʧɤͣڑǸʹڑʹʔɤڑ_˷ɒ̻̇ʧ˷ʹͣԱ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

&OLHQW 6HUYHU
�

A

A

�

_αʹͅǸڑİ˷˷ɤɆʹʧ̇˷ͣڑڭڑ˷̇˷Ցɒɤʹɤͅ˰ʧ˷ʧͣʹʧɆ̻ڑǸʹʔڑɆʔǸͅǸɆʹɤͅʧͣʹʧɆͣ



žɤͣ̇΃ͅɆɤڑƋɆʔɤɒ΃˓ʧ˷ʊڑŀ̻̻̇ͅʹ΃˷ʧʹʧɤͣڑǸʹڑʹʔɤڑ_˷ɒ̻̇ʧ˷ʹͣԱ

IǸ˓˓ڑ̇ʹڑǸɆʹʧ̇˷տڑÅ˰̻˓ɤ˰ɤ˷ʹڑŀžÅ�Åīͅ�ڑǸ˰ɤͣԱ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

&OLHQW 6HUYHU
�ջڑA�ջڑA

&OLHQW 6HUYHU
�

A

A

�

_αʹͅǸڑİ˷˷ɤɆʹʧ̇˷ͣڑڭڑ˷̇˷Ցɒɤʹɤͅ˰ʧ˷ʧͣʹʧɆ̻ڑǸʹʔڑɆʔǸͅǸɆʹɤͅʧͣʹʧɆͣ



ƙʔǸ˷ˋڑǕ̇ ΃Ա

ͣ΃ɒʔɤɤͣʔՃɆͣռΨǸͣʔʧ˷ʊʹ̇˷ռɤɒ΃ڑ
˰ǸͅΨǸ˷ՃɆ˓̇΃ɒʅ˓ǸͅɤռɆ̇˰ڑ

Ęʧ˷ˋ̻ڑ̇ʹڑǸ̻ɤͅտڑʔʹʹ̻ͣտՍՍɒ˓ռǸɆ˰ռ̇ͅʊՍɒ̇ʧՍԏԎռԏԏԓԔՍԒԔԏԗԗԓԔռԒԔԖԏԓԔԒڑ

žɤ̻ͣɤɆʹڑʹʔɤڑŀžÅ�ÅīԱڑ�ڑAɤͣʹՑɆǸͣɤڑ_ΤǸ˓΃Ǹʹʧ̇˷̇ڑʅڑİ˷˷ɤɆʹʧ̇˷ڑİǸ˓ɤͣɆʧ˷ʊ

ǈɤժɒڑ˓ʧˋɤڑ̇ʹڑʹʔǸ˷ˋڑĘǸͅͅζͅ�ڑɆʔɤ ջͅڑģʧɆʔɤ˓ڑAǸ˰̻ͣջڑŶɤʹ̇ͣͅڑ�ʧʊʧͣջڑǅǸͣʧ˓ɤʧ̇ͣڑ�ʧ̇ʹͣǸͣջڑǅȁ˷ʧǸ̇�ڑ˷ɊǸ˓Τɤͣջڑ
ĉ̇ʔ˷ͅ�ڑǸʔǸ˰ՑI΃˰˰ʧ˷ʊջڑģʧʔʧͅڑĉʔǸ˰ջڑĘ΃ɆǸͣڑŶǸͅɒ΃ɤջڑĎζ˓ɤڑƋɆʔ̇˰̻ջڑǸ˷ɒڑ�ΤǸ˷ʧڑǈʧ˓ɒǸ˷ʧռ
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