
�_hA*G1 h1JSG�h1

q?�i >�TT2Mb r?2M .2+BbBQM amTTQ`i avbi2Kb 6�BH\ ě h?2
AKTQ`i�M+2 Q7 lb�#BHBiv QM S2`7Q`K�M+2 BM 1``QM2Qmb avbi2Kb

S?BHBTT "`�mM2`- _�H7 S?BHBTb2M- �M/`û *�H2`Q o�H/2x �M/ J�`iBM� wB2~2
>mK�M@*QKTmi2`@AMi2`�+iBQM *2Mi2`- _qh> ��+?2M lMBp2`bBiv- :2`K�Mv

�_hA*G1 >AahP_u
*QKTBH2/ 62#`m�`v e- kyRN

�"ah_�*h
qBi? i?2 �/p2Mi Q7 �`iB}+B�H BMi2HHB;2M+2 U�AV K2i?Q/b- bK�`i /2+BbBQM bmTTQ`i bvb@
i2Kb �`2 #2+QKBM; m#B[mBiQmbX am+? bvbi2Kb ?2HT `2/m+2 +QKTH2tBiv 7Q` QT2`�iQ`b #v
�miQK�iBM; /�i� BMi2;`�iBQM i�bFb �M/ `2+QKK2M/BM; �+iBQMbX >Qr2p2`- i?2b2 bvb@
i2Kb �`2 bQK2iBK2b ~�r2/X Ai Bb MQi bm{+B2MiHv mM/2`biQQ/ r?2i?2`- r?2M �M/ r?v
QT2`�iQ`b +QKTHv rBi? bm+? bvbi2Kb BM 2``QM2Qmb Q` +Q``2+i +�b2bX q2 2KTB`B+�HHv
BMp2biB;�i2 +QKTHB�M+2 rBi? +Q``2+i �M/ /272+iBp2 /2+BbBQM bmTTQ`i bvbi2Kb U.aaV-
i?2 BM~m2M+2 Q7 +Q``2+i �M/ 2``QM2Qmb .aaǶb QM T2`7Q`K�M+2 �M/ bm#D2+iBp2 7�+iQ`b
`2H�i2/ iQ +QKTHB�M+2X AM i?2 bim/v- � #mbBM2bb ;�K2 r�b mb2/ �b �M 2tT2`BK2Mi�H
b2iiBM; BM r?B+? 9y mb2`b iQQF T�`iX h?2 BKT�+i Q7 bvbi2K +Q``2+iM2bb QM mb2` �++2T@
i�M+2- i`mbi- +QKTHB�M+2 �M/ Qp2`�HH T2`7Q`K�M+2 r�b BMp2biB;�i2/X h?2 `2bmHib b?Qr
i?�i i?2 /272+iBp2 bvbi2K `2/m+2b i`mbi BM �miQK�iBQM U@9dWV- `2/m+2b mb27mHM2bb
U@83WV- `2/m+2b �++2Ti�M+2 U@ekWV �M/ `2/m+2b Qp2`�HH T2`7Q`K�M+2 U@jkWVX Pp2`@
�HH- i?2 /272+iBp2 bvbi2K r�b H2bb mb2`@7`B2M/Hv U@kdWVX L2p2`i?2H2bb- mb2`b r?Q `�i2/
i?2 bvbi2KǶb mb�#BHBiv ?B;?2`- QmiT2`7Q`K2/ mb2`b r?Q `�i2/ Bi HQr2`X lb�#BHBiv Bb
i?2`27Q`2 �M BMi2`K2/B�`v i?�i +QKT2Mb�i2b 7Q` i?2 M2;�iBp2 BM~m2M+2 Q7 2``QM2Qmb
/2+BbBQM bmTTQ`i bvbi2KbX

E1uqP_.a
.2+BbBQM amTTQ`i avbi2Kc lb�#BHBivc h2+?MQHQ;v �++2Ti�M+2c h`mbi BM �miQK�iBQMc
�miQK�iBQM "B�bc amTTHv *?�BM J�M�;2K2Mic "mbBM2bb aBKmH�iBQM :�K2

RX AMi`Q/m+iBQMR

h?2 9i? BM/mbi`B�H `2pQHmiBQM Bb `2b?�TBM; K�Mm7�+im`BM; +QKT�MB2bX AM+`2�b2/ �miQK�@k

iBQM b?B7ib i?2 i�bFb �M/ `2bTQMbB#BHBiB2b Q7 rQ`F2`b �M/ 2KTHQv22b 7`QK K�Mm�H H�#Q`j

iQ BM+`2�b2/ +QMi`QHHBM; �M/ K�M�;2`B�H i�bFb U"Q+F kyR8VX AM i?Bb �`iB+H2 r2 BMp2biB;�i29

?Qr 2KTHQv22b BMi2`�+i rBi? /2+BbBQM bmTTQ`i bvbi2Kb- r?B+? 7�+iQ`b ;Qp2`M +QKTHB�M+28

rBi? i?2b2 bvbi2Kb- �M/ ?Qr i?2v `2�+i iQ TQbbB#Hv KBbH2�/BM; bm;;2biBQMbXe

h?2 2K2`;2M+2 Q7 +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2Kb U*SSaV �b i?2 +QK#BM�iBQM �M/d

iB;?i +QHH�#Q`�iBQM Q7 +QKTmi�iBQM�H 2MiBiB2b �M/ T?vbB+�H T`Q/m+iBQM bvbi2Kb Bb `2b?�T@3

BM; T`Q/m+iBQM M2irQ`Fb UJQMQbiQ`B kyR9c G22 kyy3VX Ai rBHH 2p2Mim�HHv H2�/ iQ iB;?i2`N

BMi2;`�iBQM Q7 T`Q/m+iBQM T`Q+2bb2b- #Qi? rBi?BM �M/ �+`Qbb /2T�`iK2Mib BM +QKT�MB2b-Ry

�b r2HH �b �+`Qbb /Bbi`B#miBQM M2irQ`FbX 6m`i?2`- Bi rBHH BMi2;`�i2 i?2 r?QH2 HB72@+v+H2 Q7RR

� T`Q/m+i- 7`QK /2bB;M �M/ T`Q/m+iBQM TH�MMBM;- Qp2` K�Mm7�+im`BM;- iQ i?2 �M�HvbBb Q7Rk

/�i� �+[mB`2/ r?BH2 mbBM; i?2 T`Q/m+i UqQHHb+?H�2;2` 2i �HX kyRdVXRj

*PLh�*h S?BHBTT "`�mM2`X 1K�BH, T?BHBTTX#`�mM2`!`ri?@��+?2MX/2



�Hi?Qm;? KQ`2 �M/ KQ`2 TH�MMBM;- T`Q+m`2K2Mi U2Mbm`BM; iBK2Hv bmTTHv Q7 `2@R9

bQm`+2bV- �M/ K�Mm7�+im`BM; T`Q+2bb2b rBHH 2p2Mim�HHv #2 �miQK�i2/- ?mK�Mb rBHH `2K�BMR8

M2+2bb�`v �M/ 2bb2MiB�H BM *SSa- �i H2�bi #2+�mb2 Q7 irQ `2�bQMb, h?2v rBHH biBHH #2 `2@Re

bTQMbB#H2 7Q` T`Q+2bb2b i?�i +�MMQi Uv2iV #2 �miQK�i2/ 7Q` i2+?MB+�H- }M�M+B�H- 2i?B+�H-Rd

Q` H2;�H `2�bQMb U"`2ii2H 2i �HX kyR9c .�p2MTQ`i �M/ >�``Bb kyy8VX 6m`i?2`- i?2v rBHHR3

?�p2 iQ ?�M/H2 2t+2TiBQMb Q7 �miQK�i2/ T`Q+2bb2b �M/ i?2v rBHH #2 }M�H �`#Bi`�iQ`b Q`RN

`272`22b B7 �miQK�i2/ T`Q+2bb2b +QK2 BMiQ +QM~B+i UJQbB2` �M/ aFBiF� kyR3VXky

am+? bvbi2Kb �`2 #mBHi QM i?2 BMi2`�+iBQM #2ir22M +QKTmi2`b- T`Q/m+iBQM bvbi2Kb-kR

�M/ ?mK�M QT2`�iQ`b �M/ �`2 +QMb2[m2MiHv `272``2/ iQ �b bQ+BQ@i2+?MB+�H T`Q/m+iBQM bvb@kk

i2Kb UahSaV U6`�xxQM 2i �HX kyRjVX q2 �bbmK2 i?�i i?2 T2`7Q`K�M+2 Q7 i?2b2 bvbi2Kbkj

Bb MQi bQH2Hv /2i2`KBM2/ #v i?2 +QKTH2tBiv Q7 i?2 mM/2`HvBM; bvbi2K- #mi #v i?2 BMi2`@k9

�+iBQM #2ir22M i?2 +QKTH2tBiv Q7 i?2 +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2K- i?2 BMi2`7�+2-k8

�M/ ?mK�M 7�+iQ`b U"`�mM2` 2i �HX kyRec JQbB2` �M/ aFBiF� kyR3c "`2ii2H 2i �HX kyR9V-ke

�b 6B;m`2 R BHHmbi`�i2bXkd

Ä Ä
Cyber-Physical
Production System Interface User

Performance, 
Resilience, 
Viability

6B;m`2 RX h?2 i?`22 /QK�BMb i?�i BM~m2M+2 i?2 T2`7Q`K�M+2 Q7 bQ+BQ@i2+?MB+�H T`Q/m+iBQM bvbi2KbX

PM2 2bb2MiB�H +QKTQM2Mi iQ bmTTQ`i QT2`�iQ`b BM ahSa �`2 /2+BbBQM bmTTQ`i bvbi2Kbk3

U.aaV- BX2X- bvbi2Kb i?�i �miQK�i2 i?2 T`Q;`�KK�#H2 T�`i Q7 �M QT2`�iBQM�H- i�+iB+�H- Q`kN

bi`�i2;B+ /2+BbBQM T`Q#H2K �M/ T`QpB/2 bmTTQ`i 7Q` Bib mb2`b U:Q``v �M/ JQ`iQM RNdRcjy

a?BK 2i �HX kyykVX >Qr2p2`- `2b2�`+? ?�b b?QrM i?�i i?2 r�v QT2`�iQ`b ?�M/H2 .aajR

Bb /2+BbBp2, /Bbmb2- KBbmb2- �M/ Q#2/B2M+2 Q7 bm+? bmTTQ`i bvbi2Kb +�M H2�/ iQ HQr2`jk

T2`7Q`K�M+2- 2``Q`b- �M/ /Bb�bi`Qmb 2z2+ib BM i2`Kb Q7 2+QMQKB+ HQbb- 2{+B2M+v- bmTTHvjj

+?�BM pB�#BHBiv- Q` pB�#BHBiv Q7 +QKT�MB2b UG22 �M/ a22 kyy9c JmB` �M/ JQ`�v RNNecj9

wB2K�MM 2i �HX kyRec JQbB2` �M/ aFBiF� kyR3VXj8

*QMb2[m2MiHv- r2 m`;2MiHv M22/ �M BM+`2�b2/ mM/2`bi�M/BM; Q7 T2QTH2Ƕb BMi2`�+iBQMje

rBi? /2+BbBQM bmTTQ`i bvbi2Kb BM +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2KbX �M mM/2`bi�M/BM;jd

Q7 ?Qr +Q``2+iM2bb Q7 � .aa b?�T2b i`mbi- +QKTHB�M+2- �M/ �++2Ti�M+2 ?2HTb bm++2bb7mHj3

i`�Mb7Q`K�iBQM iQr�`/b /B;Bi�HBx2/ T`Q/m+iBQM M2irQ`Fb- ?mK�M@Q`B2Mi2/ rQ`F +QM/B@jN

iBQMb- �b r2HH �b 2{+B2Mi �M/ 2z2+iBp2 K�Mm7�+im`BM; T`Q+2bb2b US�`F2` �M/ aBM+H�B`9y

kyyRc h2Ƕ2MB RNNRVX9R

"mi- ?Qr /Q ?mK�Mb BMi2`�+i rBi? /2+BbBQM bmTTQ`i BM +v#2`@T?vbB+�H T`Q/m+iBQM9k

bvbi2Kb\ hQ mM/2`bi�M/ r?B+? �bT2+ib b?�T2 #Qi? #2M2}+B�H �M/ ?�`K7mH +QKTHB�M+29j

k



rBi? /2+BbBQM bmTTQ`i bvbi2Kb- r2 2tT2`BK2Mi�HHv BMp2biB;�i2 i?2 BM~m2M+2 Q7 +Q``2+i99

�M/ /272+iBp2 /2+BbBQM bmTTQ`i bvbi2KbX98

h?2 `2K�BM/2` Q7 i?Bb �`iB+H2 Bb bi`m+im`2/ �b 7QHHQrb, a2+iBQM k T`2b2Mib `2H�i2/ rQ`F9e

7`QK T`Q/m+iBQM M2irQ`F +QKTH2tBiv- ?mK�M 7�+iQ`b BM T`Q/m+iBQM M2irQ`Fb- �M/ #mbB@9d

M2bb bBKmH�iBQM ;�K2b �b i?2 K2i?Q/QHQ;B+�H 7QmM/�iBQM Q7 i?Bb 2KTB`B+�H rQ`FX a2+iBQM j93

/2b+`B#2b Qm` `2b2�`+? [m2biBQMb �M/ i?2 2tT2`BK2Mi�H T`Q+2/m`2X a2+iBQM 9 T`2b2Mib i?29N

}M/BM;b Q7 i?2 bim/v- �M/ b2+iBQM 8 /Bb+mbb2b i?2 `2bmHib �M/ Bib BKTHB+�iBQM BM � #`Q�/2`8y

+QMi2tiX a2+iBQM e +QM+Hm/2b i?Bb �`iB+H2 #v T`QpB/BM; � +QKT`2?2MbBp2 +QM+HmbBQM- HBK@8R

Bi�iBQMb- �M/ � `2b2�`+? �;2M/� 7Q` BM+`2�bBM; i?2 mM/2`bi�M/BM; Q7 ?mK�M BMi2`�+iBQM8k

rBi? /2+BbBQM bmTTQ`i BM +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2KbX8j

kX _2H�i2/ qQ`F89

Pm` bim/v +QK#BM2b /Bz2`2Mi +QM+2Tib r?B+? �`2 QmiHBM2/ i?2 7QHHQrBM; b2+iBQMbX *QK@88

TH2tBiv BM bQ+BQ@i2+?MB+�H T`Q/m+iBQM bvbi2Kb Q7i2M �`Bb2b 7`QK #Qi? bmTTHv +?�BM /Bb@8e

`mTiBQMb Ub22 b2+iBQM kXRV �M/ ?mK�M 7�+iQ`b Ub22 b2+iBQM kXkVX h?Bb +QKTH2tBiv +�M #28d

�//`2bb2/ #v i?2 mb2 Q7 /2+BbBQM bmTTQ`i bvbi2Kb Ub22 b2+iBQM kXjVX hQ mM/2`bi�M/ i?283

BMi2`�+iBQMb #2ir22M i?2b2 i?`22 �bT2+ib- #mbBM2bb bBKmH�iBQM ;�K2b +�M #2 miBHBx2/ �b8N

�M 2tT2`BK2Mi�H b2iiBM; Ub22 b2+iBQM kX9V iQ 2biBK�i2 i?2 i`mbi BM- +QKTHB�M+2 rBi?- �M/ey

�++2Ti�M+2 Q7 bm+? bvbi2KbeR

kXRX *?�HH2M;2b BM amTTHv *?�BM J�M�;2K2Miek

6B`bi- r2 i�F2 � HQQF �i i?2 +QMi2tim�H /QK�BM Q7 Qm` bim/v, amTTHv +?�BMb �`2 �M BMi2@ej

;`�H +QKTQM2Mi 7Q` K�Mm7�+im`BM; +QKT�MB2b �M/ +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2Kb-e9

?Qr2p2` p�`BQmb i?`2�ib 2M/�M;2` i?2B` 7mM+iBQMBM; �M/ bi�#BHBivXe8

EH2BM/Q`72` �M/ a��/ Ukyy8V /Bz2`2MiB�i2/ bmTTHv +?�BM `BbFb Q`B;BM�iBM; 7`QK bmTTHvee

+?�BM �M/ /2K�M/ +QQ`/BM�iBQM �M/ `BbFb i?�i bi2K 7`QK p�`B�M+2b �M/ /Bb`mTiBQMb 7`QKed

MQ`K�H �+iBpBiB2bX aMv/2` 2i �HX UkyReV T`2b2Mi2/ � bvbi2K�iB+ `2pB2r Q7 bmTTHv +?�BMe3

/Bb`mTiBQMb �M/ 7QmM/ i?�i p�`BQmb +�mb2b- bm+? �b mM2tT2+i2/ /2K�M/ bTBF2b- BM/mbi`B�HeN

�++B/2Mib- bi`BF2b- i2``Q` �ii�+Fb- Q` M�im`�H /Bb�bi2`b- +�M i`B;;2` i?2b2 /Bb`mTiBQMbXdy

h?2 KQbi T`QKBM2Mi 2t�KTH2 Q7 � bmTTHv +?�BM /Bb`mTiBQM Bb i?2 #mHHr?BT 2z2+i }`bidR

/2b+`B#2/ Qp2` 8y v2�`b �;Q U6Q``2bi2` RNeRVX aK�HH /2K�M/ bTBF2b �i i?2 2M/ Q7 � bmTTHvdk

+?�BM UBX2X- �i `2i�BH2`bV- BM +QK#BM�iBQM rBi? iBK2 /2H�vb #2ir22M Q`/2` �M/ /2HBp2`v-dj

�M/ HBKBi2/ +QKKmMB+�iBQM �+`Qbb i?2 bmTTHv +?�BM +�M �++mKmH�i2 mTr�`/b i?2 bmTTHvd9

+?�BM �M/ �`2 �KTHB}2/ QM 2�+? H2p2HX �Hi?Qm;? i?Bb 2z2+i ?�b #22M BMp2biB;�i2/ r2HH �M/d8

?�b #22M T�`i Q7 K�M�;2`B�H i`�BMBM; +Qm`b2b 7Q` � +QMbB/2`�#H2 iBK2- Bi Bb biBHH T`2bbBM;de

iQ/�v UG22 2i �HX RNNdc aMv/2` 2i �HX kyRec h�FQ �M/ _Q#BMbQM kyRkc "`�mM2` 2i �HX kyReVdd

Ub22 �HbQ b2+iBQM kX9 �M/ 6B;m`2 kVXd3

AM �//BiBQM iQ i?2 /2K�M/@`2H�i2/ #mHHr?BT 2z2+i- bmTTHv +?�BM T2`7Q`K�M+2 Bb T`QM2dN

iQ � p�`B2iv Q7 /Bb`mTiBQMbX h?2b2 Q++m` r?2M i?2 bmTTHv +?�BM bi`m+im`2 Bb bm#@QTiBK�H-3y

r?2M i?2 i`�MbTQ`i�iBQM Q7 ;QQ/b Bb /Bb`mTi2/ UqBHbQM kyydV- Q` r?2M Qi?2` mM+2`i�BMiB2b3R

Q7 i?2 2MpB`QMK2Mi +QMiBMmQmbHv �++mKmH�i2 UqQM; 2i �HX kyRRVX3k

h?2 K�DQ`Biv Q7 K2i?Q/b 7Q` KBiB;�iBM; bmTTHv +?�BM /Bb`mTiBQMb �//`2bb i2+?MB+�H3j

Q` Q`;�MBx�iBQM�H �bT2+ib Q7 i?2 T`Q/m+iBQM M2irQ`F Uh�M; kyyeV- bm+? �b +QKT�iB#BHBiv39

rBi? 7�HH #�+F bmTTHB2`b- bi`�i2;B+ biQ+Fb �M/ b�72iv BMp2MiQ`B2b iQ +QKT2Mb�i2 ~m+im@38

�iBQMb- Q` +?�M;BM; T`B+2b iQ b?B7i i?2 /2K�M/ iQ T`Q/m+ib i?�i �`2 H2bb �z2+i2/ #v �3e

/Bb`mTiBQMX >Qr2p2`- i?2b2 K2i?Q/b `�`2Hv 7Q+mb QM i?2 BMi2`�+iBQM Q7 rQ`F2`b rBi? i?23d

/2+BbBQM bmTTQ`i bvbi2KX33

j



kXkX >mK�M@6�+iQ`b �M/ *QKTH2tBiv BM *SSa3N

AM i?Bb b2+iBQM- r2 b?Qr ?Qr /Bz2`2MiHv ?mK�MbǶ #2?�pBQ`b BM~m2M+2 +v#2`@T?vbB+�H T`Q@Ny

/m+iBQM bvbi2KbX _2b2�`+? QM ?Qr ?mK�M 7�+iQ`b BM~m2M+2 T2`7Q`K�M+2- bi�#BHBiv- �M/NR

`2bBHB2M+2 Q7 bmTTHv +?�BMb Bb b+�`+2 �M/ MQi +�MQMBx2/- T`Q#�#Hv /m2 iQ i?2 H�`;2 p�`B2ivNk

Q7 T`Q/m+iBQM M2irQ`Fb- r?B+? /Bz2` #�b2/ QM i?2 bBx2 Q7 i?2 K�Mm7�+im`BM; +QKT�MB2b-Nj

Q`;�MBx�iBQM�H bi`m+im`2b- �M/ T`Q/m+i `2[mB`2K2Mib UT`Q/m+2/ �i b+�H2 pbX b+QT2- b?2H7N9

HB72- `2[mB`2K2Mib 7Q` [m�HBiv- 2i+XVXN8

AM i?2 +QMi2ti Q7 bmTTHv +?�BM /Bb`mTiBQMb "H�+F?m`bi 2i �HX Ukyy8V B/2MiB}2/ i?2 K�BMNe

+�mb2b Q7 /Bb`mTiBQMb �M/ i?`22 bi`�i2;B2b iQ T`2p2Mi i?2K, .Bb`mTiBQM /Bb+Qp2`v- /Bb@Nd

`mTiBQM `2+Qp2`v- �M/ bmTTHv +?�BM `2/2bB;MX �Hi?Qm;? /Bb`mTiBQMb �`2 Q7i2M T`2/B+i�#H2N3

7`QK /�i� i?�i Bb �H`2�/v �p�BH�#H2- i?2 QT2`�iQ`bǶ �#BHBiv iQ +Q``2+iHv BMi2`T`2i i?2NN

2MQ`KQmb �KQmMi Q7 BM7Q`K�iBQM �p�BH�#H2 Bb HBKBi2/X h?2 QT2`�iQ`b KB;?i i?2`27Q`2 #2Ryy

BM+�T�#H2 Q7 /2i2+iBM; mT+QKBM; /Bb`mTiBQMbX h?2 �mi?Q`b bm;;2bi �M �miQK�i2/ bmTTHvRyR

+?�BM BMi2HHB;2M+2 i?�i T`2/B+ib �M/ pBbm�HBx2b TQi2MiB�H bmTTHv +?�BM /Bb`mTiBQMb �M/Ryk

i`B;;2`b ?mK�M BMi2`p2MiBQM B7 /B{+mHiB2b �`2 7Q`2b22�#H2XRyj

E�M/� 2i �HX UkyyNV BMp2biB;�i2/ ?Qr ?mK�M 7�+iQ`b BM~m2M+2 �;BH2 bmTTHv +?�BMbXRy9

h?2 K�BM 7�+iQ`b r2`2 i?2 �#BHBiv iQ +QQ`/BM�i2 � bmTTHv +?�BM- i`mbi #2ir22M #mv2`Ry8

�M/ bmTTHB2`- i?2 ~2tB#BHBiv iQ +QT2 rBi? +?�M;2b �M/ `2bBbi�M+2 iQ +?�M;2- �b r2HH �bRye

rQ`F +mHim`2 �M/ KQiBp�iBQM Q7 i?2 2KTHQv22bXRyd

1Mi2`T`Bb2 `2bQm`+2 TH�MMBM; bvbi2Kb U1_SV �`2 QT2`�iQ`bǶ BMi2`7�+2 iQ i?2 mM/2`Hv@Ry3

BM; +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2KX h?2v +QMp2v BM7Q`K�iBQM �#Qmi i?2 mM/2`HvBM;RyN

bvbi2K- Qz2` QTTQ`imMBiB2b iQ +QMi`QH i?2 bvbi2K- �M/ mbm�HHv Qz2` /2+BbBQM bmTTQ`iRRy

i?`Qm;? BMi2;`�i2/ /2+BbBQM bmTTQ`i bvbi2Kb U2X;X- T`Q+m`2K2Mi Q7 M2r K�i2`B�H B7 i?2RRR

BMp2MiQ`v Bb HQrVX >Qr2p2`- ?mK�M BMi2`�+iBQM rBi? i?2b2 bvbi2Kb ?�b MQi bvbi2K�iB+�HHvRRk

#22M BMp2biB;�i2/ v2i �M/ HBi2`�im`2 QM i?Bb iQTB+ Bb `2H�iBp2Hv bT�`b2X 6Q` K�M�;2`B�HRRj

/2+BbBQMb BM i?2 bmTTHv +?�BM +QMi2ti- JBii2Hbi /i 2i �HX UkyR8V BMp2biB;�i2/ i?2 BM~m2M+2RR9

Q7 i�bF +QKTH2tBiv- BMi2`7�+2 mb�#BHBiv- �M/ QT2`�iQ`bǶ +Q;MBiBp2 �#BHBiB2b QM +Q``2+iM2bbRR8

�M/ bT22/ BM � /2+BbBQM i�bFX "2bB/2b i?2 K�BM 2z2+i i?�i ?B;?2` i�bF +QKTH2tBiv H2�/bRRe

iQ KQ`2 2``Q`b �M/ HQr2` T2`7Q`K�M+2- � F2v }M/BM; Bb i?�i /2+BbBQM +QKTH2tBiv BM@RRd

i2`�+ib rBi? mb2` BMi2`7�+2 /2bB;M, SQQ` mb�#BHBiv /Q2b MQ ?�`K 7Q` 2�bB2` i�bFb- #miRR3

?�b /Bb�bi`Qmb 2z2+ib 7Q` KQ`2 +QKTH2t /2+BbBQM i�bFbX 6m`i?2`KQ`2- i?2 bim/v 7QmM/RRN

i?�i T2`+2Tim�H bT22/ Bb `2H�i2/ iQ /2+BbBQM T2`7Q`K�M+2, T2QTH2 rBi? ?B;?2` T2`+2Tim�HRky

bT22/ r2`2 KQ`2 HBF2Hv iQ +QKT2Mb�i2 M2;�iBp2 2z2+ib Q7 HQr mb�#BHBiv �M/ ?B;? i�bFRkR

+QKTH2tBivXRkk

wB2~2 2i �HX UkyR8V +QM/m+i2/ � bim/v iQ mM/2`bi�M/ i?2 `2H�iBQMb?BT #2ir22M i�bFRkj

+QKTH2tBiv UKQ/2H2/ �b i?2 �KQmMi Q7 BM7Q`K�iBQM i?�i ?�b iQ #2 T`Q+2bb2/ �i � iBK2V-Rk9

BM/BpB/m�H mb2` 7�+iQ`b UT2`+2Tim�H bT22/V- �M/ T2`7Q`K�M+2 U2z2+iBp2M2bb �M/ bT22/VXRk8

>B;?2` +QKTH2tBiv r�b HBMF2/ iQ HQr2` i�bF bT22/ �M/ T2QTH2 rBi? ?B;?2` T2`+2Tim�HRke

bT22/ +QmH/ +QKT2Mb�i2 i?2 M2;�iBp2 BM~m2M+2 Q7 ;`QrBM; +QKTH2tBiv #2ii2` i?�M T2QTH2Rkd

rBi? HQr2` T2`+2Tim�H bT22/XRk3

AM � 7QHHQr mT@bim/v "`�mM2` 2i �HX UkyReV BMp2biB;�i2/ i?2 2z2+i Q7 .aa BM ?�M/HBM;RkN

K�i2`B�H /BbTQbBiBQM /2+BbBQM i�bFb �M/ �M�Hvx2/ B7 i?2b2 2z2+ib /Bz2`2/ #2ir22M +Q``2+iRjy

�M/ /272+i bvbi2KbX � +Q``2+i bmTTQ`i bvbi2K ?�/ � TQbBiBp2 BM~m2M+2 QM #Qi? �++m`�+vRjR

�M/ /2+BbBQM bT22/ +QKT�`2/ iQ � #�b2HBM2 +QM/BiBQM rBi? MQ bmTTQ`i bvbi2KX PM �p@Rjk

2`�;2- i?2 2z2+i Q7 i?2 /272+iBp2 bvbi2K QM �++m`�+v �M/ /2+BbBQM bT22/ r�b M2;HB;B#H2XRjj

�Hi?Qm;? i?2 /2+BbBQM bT22/ r�b QMHv KBH/Hv �z2+i2/ #v i?2 /272+iBp2 .aa U+QKT�`2/Rj9

iQ i?2 #�b2HBM2V- i?2B` �++m`�+v r�b /2p�bi�i2/- 2z2+iBp2Hv /Qm#HBM; i?2B` 2``Q` `�i2,Rj8

.2bTBi2 `2�HBxBM; i?2 .aaǶb /272+iBp2M2bb- i?2 T�`iB+BT�Mib 7QHHQr2/ i?2 bvbi2KǶb bm;@Rje

;2biBQMbX h?2 /2p�bi�iBM; 2z2+i ;`2r rBi? i�bF +QKTH2tBiv, S�`iB+BT�Mib r2`2 �#H2 iQRjd
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+QKT2Mb�i2 i?2 .aaǶb /272+iBp2M2bb 7Q` bBKTH2` i�bFb- r?2`2�b �++m`�+v THmKK2i2/ 7Q`Rj3

+QKTH2t i�bFbX *QM+Hm/BM;- i?2 bim/v b?Qr2/ i?�i /272+iBp2 bvbi2Kb �`2 Q#2v2/ �M/RjN

Q#2/B2M+2 rBi? i?2b2 bvbi2Kb BM+`2�b2b r?2M i�bFb #2+QK2 KQ`2 +QKTH2tXR9y

kXjX �miQK�i2/ avbi2Kb- .2+BbBQM amTTQ`i avbi2Kb �M/ >mK�M 6�+iQ`bR9R

L2ti- r2 i�F2 � HQQF �i ?Qr BMi2HHB;2Mi bvbi2Kb ?�p2 #22M mb2/ iQ ?2HT rBi? i?2 T`Q#@R9k

H2Kb BM Qm` /QK�BM �M/ r?�i MQp2H T`Q#H2Kb r2`2 BMi`Q/m+2/ /m2 iQ bm+? bvbi2KbXR9j

S�`�bm`�K�M 2i �HX UkyyyV BMi`Q/m+2/ � KQ/2H 7Q` ivT2b �M/ H2p2Hb Q7 �miQK�iBQMX AMR99

i?Bb KQ/2H- �miQK�iBQM +�M bmTTQ`i mb2`b #v �m;K2MiBM; ?mK�M +Q;MBiBQM BM QM2 Q7 i?2R98

7Qm` bi�;2b BM7Q`K�iBQM T`Q+2bbBM;- T2`+2TiBQM- /2+BbBQM K�FBM;- �M/ `2bTQMb2 b2H2+iBQMXR9e

h?2 bm;;2bi2/ i2M H2p2Hb Q7 �miQK�iBQM `�M;2 7`QK MQ �miQK�iBQM UBX2X- +QKTH2i2 ?m@R9d

K�M +QMi`QH- MQ i2+?MQHQ;B+�H bmTTQ`iV- iQ 7mHH �miQK�iBQM UBX2X- MQ ?mK�M BMi2`p2MiBQMR93

TQbbB#H2VXR9N

h?2 /B{+mHiB2b i?�i �`Bb2 7`QK �miQK�iBQM r2`2 }`bi /2b+`B#2/ BM "�BM#`B/;2Ƕb URN3jVR8y

�`iB+H2 ǳB`QMB2b Q7 �miQK�iBQMǴX h?2 B/2MiB}2/ F2v T`Q#H2K r�b i?�i B7 T`Q+2bb2b �`2R8R

�miQK�i2/- QT2`�iQ`bǶ +QMi`QH bFBHHb /2i2`BQ`�i2/ /m2 iQ � H�+F Q7 T`�+iB+2X *QMb2[m2MiHv-R8k

B7 �miQK�iBQM 7�BHb- i?2 QT2`�iQ`b rBHH ?�p2 /B{+mHiB2b iQ /2i2+i i?2 7�BHm`2 �M/ rBHH ?�p2R8j

/B{+mHiB2b iQ BMi2`p2M2 K�Mm�HHvXR89

JQbi `2b2�`+? 7Q+mb2b QM i?2 #2M2}ib Q7 +Q``2+iHv rQ`FBM; /2+BbBQM bmTTQ`i bvbi2KbXR88

"mi r?�i ?�TT2Mb- B7 i?2 bvbi2Kb /Q MQi rQ`F �b BMi2M/2/ �M/ r?�i b?�T2b i?2 mb2 Q7R8e

�miQK�iBQM\R8d

S�`�bm`�K�M �M/ _BH2v URNNdV /2}M2/ i?2 i2`Kb mb2- KBbmb2- /Bbmb2- �M/ �#mb2 Q7R83

�miQK�iBQMX lb2Ƙ`272`b iQ i?2 pQHmMi�`v �M/ �TT`QT`B�i2 mb�;2 Q` MQM@mb�;2 Q7 �m@R8N

iQK�iBQMX �M �TT`QT`B�i2 mb2 Q7 �miQK�iBQM BKT`Qp2b BMi2`�+iBM; rBi? +v#2`@Tbv+?B+�HRey

bvbi2Kbc Bi +�M `2/m+2 K2Mi�H rQ`FHQ�/- �M/ BM+`2�b2 T2`7Q`K�M+2X JBbmb2ƘbB;MB}2bReR

Qp2`@`2HB�M+2 QM �miQK�iBQM- r?B+? K�v H2�/ iQ 7�BHBM; iQ KQMBiQ` i?2 �miQK�i2/ bvb@Rek

i2K �M/ i?mb mMBMi2MiBQM�H Q#2/B2M+2 Q7 �miQK�iBQMX *QMb2[m2MiHv- i?Bb K�v `2bmHi BMRej

?B;?2` 2``Q` `�i2b �M/ HQr2` T2`7Q`K�M+2X .Bbmb2 `272`b iQ i?2 /2HB#2`�i2 mM/2`miBHBx�@Re9

iBQM Q` 2p2M /Bbmb2 Q7 �miQK�iBQM- r?B+? �HbQ K�v H2�/ iQ HQr2` T2`7Q`K�M+2- ?B;?2`Re8

2``Q` `�i2b- Q` ?B;?2` +Q;MBiBp2 HQ�/X PM i?2 Qi?2` bB/2- �miQK�iBQM �#mb2Ƙ`272`b iQ BM�T@Ree

T`QT`B�i2 BKTH2K2Mi�iBQM Q7 �miQK�iBQM #v /2bB;M2`b Q7 bmTTQ`i bvbi2Kb �M/ K�M�;2`bRed

i?�i /Q2b MQi +QMbB/2` i?2 +�T�#BHBiB2b- r�Mib- �M/ M22/b Q7 i?2 mb2`b Q7 i?2 �miQK�i2/Re3

bvbi2KX �miQK�iBQM �#mb2 K�v i?2M H2�/ iQ �miQK�iBQM KBbmb2 Q` /Bbmb2XReN

�miQK�iBQM KBbmb2 Bb +HQb2Hv `2H�i2/ iQ i?2 +QM+2Tib Q7 �miQK�iBQM #B�b2b �M/ �m@Rdy

iQK�iBQM +QKTH�+2M+v U:Q//�`/ 2i �HX kyRkc S�`�bm`�K�M �M/ J�Mx2v kyRyVX h?Qm;?RdR

#Qi? +QM+2Tib �`2 +QMM2+i2/- �miQK�iBQM #B�b2b `272` iQ T2QTH2bǶ i2M/2M+v iQ i`mbi �M/Rdk

7QHHQr bm;;2biBQMb Q7 �M �miQK�i2/ /2+BbBQM bmTTQ`i bvbi2K �M/ iQ 2p�Hm�i2 i?2 bm;@Rdj

;2bi2/ /2+BbBQMb �b `�i?2` TQbBiBp2Hv i?�M M2mi`�HHvX q?2`2�b �miQK�iBQM +QKTH�+2M+vRd9

`272`b iQ i?2 T2`+2Bp2/ `2HB�#BHBiv Q7 i?2 bvbi2K- r?B+? H2�/b iQ HQr2` �ii2MiBQM BM i?2Rd8

KQMBiQ`BM; Q7 i?2 mM/2`HvBM; bvbi2K �M/ Bib �miQK�iBQM �M/ i?mb 2``Q`b i2M/ iQ `2K�BMRde

mM/2i2+i2/XRdd

_22p2b �M/ L�bb URNNeV b?Qr2/ i?�i T2QTH2 mM+QMb+BQmbHv `2�+i iQ +QKTmi2` BM@Rd3

i2`7�+2b �b i?2v rQmH/ iQ Qi?2` ?mK�Mb �M/ i?�i KQbi 2z2+ib �M/ #B�b2b 7`QK bQ+B�HRdN

Tbv+?QHQ;v �HbQ ?QH/ i`m2 7Q` ?mK�M@+QKTmi2` BMi2`�+iBQMX h?2`27Q`2- /2T2M/BM; QMR3y

b2p2`�H 7�+iQ`b- T2QTH2 �ii`B#mi2 i`mbi �M/ +`2/B#BHBiv iQ +QKTmiBM; bvbi2Kb- r?B+? i?2MR3R

b?�T2 i?2B` BMi2`�+iBQM rBi? i?2b2 bvbi2Kb U6Q;; �M/ hb2M; RNNNVX *QMb2[m2MiHv- i?2R3k

i`mbi i?�i QT2`�iQ`b �ii`B#mi2 iQr�`/b �miQK�iBQM Bb BM?2`2MiHv HBMF2/ iQ mb2- KBbmb2-R3j

�M/ /Bbmb2 Q7 �miQK�iBQM UJmB` �M/ JQ`�v RNNec G22 �M/ a22 kyy9VXR39
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�TT`QT`B�i2 mb2 Q7 �miQK�iBQM `2HB2b QM � +�HB#`�iBQM Q7 i`mbi BM �M/ i?2 +�T�#BHBiB2bR38

Q7 �miQK�iBQM UG22 �M/ a22 kyy9VX A7 i?2 i`mbi 2t+22/b i?2 +�T�#BHBiB2b Q7 i?2 bvbi2K- i?BbR3e

H2�/b iQ Qp2`i`mbi �M/ � KBbmb2 Q7 i?2 bvbi2KX A7 i?2 i`mbi 7�HHb #2HQr i?2 +�T�#BHBiB2b- i?BbR3d

H2�/b iQ /Bbi`mbi- �M/ +QMb2[m2MiHv- /Bbmb2X h?mb- i`mbi �M/ bvbi2K +�T�#BHBiB2b b?QmH/R33

#2 +�`27mHHv #�H�M+2/X h`mbi- �b �M /2+BbBp2 K2/B�iQ` 7Q` BMi2`T2`bQM�H +QKKmMB+�iBQM-R3N

/2b2`p2b bT2+B�H �ii2MiBQM BM `2b2�`+? QM bQ+B�H@+v#2`@T?vbB+�H T`Q/m+iBQM bvbi2KbXRNy

JmB` �M/ JQ`�v URNNeV ?�p2 b?QrM 7Q` � K�+?BM2`v +QMi`QH i�bF i?�i i`mbi i?�i BbRNR

�ii`B#mi2/ iQ �miQK�i2/ T`Q+2bb2b Bb K�BMHv 2tTH�BM2/ #v i?2 T2`+2Bp2/ +QKT2i2M+2 Q7RNk

i?2 �miQK�iBQMX �HbQ- i`mbi /2+`2�b2b B7 i?2 T2`+2Bp2/ +QKT2i2M+2 Q7 i?2 �miQK�iBQMRNj

/2+`2�b2b- 2p2M B7 i?2 �+im�H BM~m2M+2 QM T2`7Q`K�M+2 Bb HBKBi2/X 6m`i?2` }M/BM;b �`2RN9

i?�i /2+`2�bBM; i`mbi BM QM2 �miQK�i2/ 7mM+iBQM Q7 � +QKTQM2Mi BM~m2M+2b i`mbi BMRN8

Qi?2` �miQK�i2/ 7mM+iBQMb Q7 i?2 b�K2 +QKTQM2Mi- #mi /Q2b MQi +�``v Qp2` iQ /Bz2`2MiRNe

+QKTQM2MibXRNd

.2 o`B2b 2i �HX UkyyjV BMp2biB;�i2/ ?Qr 2``Q` `�i2b BM �miQK�i2/ �M/ K�Mm�H T`Q+2bb2bRN3

BM~m2M+2 i`mbi BM �miQK�iBQM �M/ b2H7@+QM}/2M+2X >B;?2` �miQK�iBQM 2``Q` `�i2b H2�/RNN

iQ /2+`2�b2/ i`mbi BM i?2 bvbi2K +QKT�`2/ iQ HQr2` �miQK�iBQM `�i2bX GBF2rBb2- ?B;?2`kyy

K�Mm�H 2``Q` `�i2b r2`2 HBMF2/ iQ HQr2` b2H7@+QM}/2M+2X h`mbi TH�vb �HbQ �M BKTQ`i�MikyR

`QH2 BM BMi2`�+iBQM rBi? �M 1_S, J�v2? 2i �HX UkyReV 7QmM/ i?�i i`mbi b?�T2/ i?2kyk

T2`+2Bp2/ mb27mHM2bb Q7 i?2 bvbi2K- r?B+? i?2M r�b 7QmM/ iQ #2 i?2 bi`QM;2bi T`2/B+iQ`kyj

7Q` i2+?MQHQ;v �++2Ti�M+2 Q7 i?2 1_S bvbi2KXky9

6Q` i?2 +�b2 Q7 �M �miQK�i2/ `Qmi2 TH�MM2`- S�F 2i �HX UkyRdV b?Qr2/ i?�i /2+BbBQMky8

K�FBM; T2`7Q`K�M+2 r�b BM~m2M+2/ #v +Q``2+iM2bb Q7 i?2 bmTTQ`i bvbi2KX "�b2/ QMkye

i?2 �bbmKTiBQM i?�i +QKTHB�M+2 `2H�i2b iQ rQ`FBM; K2KQ`v +�T�+Biv- i?2v �M�Hvx2/ B7kyd

rQ`FBM; K2KQ`v BMi2`�+ib rBi? +Q``2+iM2bb �M/ 7QmM/ i?�i T2QTH2 rBi? ?B;?2` rQ`FBM;ky3

K2KQ`v T2`7Q`K2/ #2ii2` i?�M mb2`b rBi? HQr2` rQ`FBM; K2KQ`v 7Q` i?2 +Q``2+i bvbi2K-kyN

#mi i?�i #Qi? ;`QmTb T2`7Q`K2/ bBKBH�` 7Q` i?2 +�b2 Q7 i?2 /272+iBp2 bvbi2KXkRy

*QM+Hm/BM;- QT2`�iQ`b K�v /2+B/2 `�iBQM�HHv- `2�bQM�#Hv- �M/ +Q``2+iHv r?2M i?2vkRR

?�p2 2MQm;? iBK2 �M/ bm{+B2Mi +Q;MBiBp2 `2bQm`+2b �p�BH�#H2 iQ 2p�Hm�i2 i?2 bi�i2 Q7kRk

i?2 bvbi2K �M/ i?2 [m�HBiv Q7 i?2 bm;;2biBQMb 7`QK i?2 �miQK�i2/ bmTTQ`i bvbi2KX lM/2`kRj

bm+? QTiBK�H rQ`FBM; +QM/BiBQMb- QT2`�iQ`b �`2 �#H2 iQ /2+B/2 B7 i?2v i`mbi i?2 bvbi2KkR9

�M/ 7QHHQr `2+QKK2M/�iBQMb- Q` `�i?2`- /Bb`2;�`/ Bib `2+QKK2M/�iBQMbX >Qr2p2`- `2�HkR8

rQ`F b2iiBM;b �`2 MQi QTiBK�HX _�i?2`- QT2`�iQ`b �`2 Q7i2M BM2tT2`B2M+2/- /Bbi`�+i2/- Q`kRe

`mb?2/ �M/ ?2M+2 2�bBHv /2~2+i2/ #v +Q;MBiBp2 #B�b2b Q` KBb;mB/BM; bm;;2biBQMb U:BHQpB+?kRd

2i �HX kyykVX lM/2` bm+? bm#@QTiBK�H rQ`FBM; +QM/BiBQMb- /2+BbBQM 2``Q`b Q++m` rBi?kR3

M2;�iBp2 +QMb2[m2M+2b 7Q` i?2 +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2KXkRN

kX9X "mbBM2bb aBKmH�iBQMb �M/ "mbBM2bb aBKmH�iBQM :�K2bkky

h?2 7QHHQrBM; b2+iBQM BMi`Q/m+2b � K2i?Q/QHQ;B+�H �TT`Q�+? iQ bim/vBM; +QKTH2t bvb@kkR

i2Kb rBi? mb2` BMi2`�+iBQM, #mbBM2bb bBKmH�iBQM ;�K2bX "mbBM2bb bBKmH�iBQMb �M/ #mbB@kkk

M2bb bBKmH�iBQM ;�K2b �`2 �M 2bi�#HBb?2/ K2i?Q/ MQi QMHv 7Q` +QMp2vBM; FMQrH2/;2 iQkkj

H2�`M2`b- #mi �HbQ iQ mM/2`bi�M/ ?Qr T2QTH2 BMi2`�+i rBi? mM/2`HvBM; #mbBM2bb KQ/@kk9

2Hb wv/� Ukyy8Vc .2b?T�M/2 �M/ >m�M; UkyRRVc "`�mM2` �M/ wB2~2 UkyReVX AM +QMi`�bikk8

iQ }2H/ bim/B2b BM +QKT�MB2b- i?2v �`2 bm{+B2MiHv +QKTH2t �M/ �HHQr bvbi2K�iB+ K�MBT@kke

mH�iBQM Q7 mb2`- BMi2`7�+2- �M/ bvbi2K 7�+iQ`b iQ bim/v i?2B` BM~m2M+2 QM `2H2p�Mi U;�K2Vkkd

K2i`B+b- bm+? �b T`Q/m+iBQM 2{+B2M+v Q` i?2 �ii�BM2/ Qp2`�HH T`Q}iXkk3

� T`QKBM2Mi 2t�KTH2 Bb i?2 "22` .Bbi`B#miBQM :�K2 U".:V /2p2HQT2/ #v JAhǶb avb@kkN

i2K .vM�KB+b :`QmT Uai2`K�M RN3NV, 6Qm` TH�v2`b �`2 T�`i Q7 � HBM2�`- KmHiB@2+?2HQM-kjy

K�`F2i /`Bp2M bmTTHv +?�BMX AM i?2 `QmM/@#�b2/ ;�K2 TH�v2`b 2t+?�M;2 Q`/2` BM7Q`K�@kjR

e



iBQM �M/ K�i2`B�Hb �HQM; i?2 HBM2�` bmTTHv +?�BM �M/ Q`/2`b �M/ /2HBp2`B2b �`2 /2H�v2/kjk

�M/ QMHv TQbbB#H2 #2ir22M /B`2+i M2B;?#Q`b U6B;m`2 kVX o�`B�M+2b BM i?2 +mbiQK2`Ƕb Q`@kjj

/2`b H2�/ iQ 2t�;;2`�i2/ Q`/2`b 7Q` 2�+? iB2` Q7 i?2 bmTTHv +?�BM- `2bmHiBM; BM i?2 #mHHr?BTkj9

2z2+i- b22 b2+iBQM kXRXkj8

Retailer

Flow of information (1 week delay per tier)

Flow of material (2 weeks delay per tier)

Wholesale Distributor Factory

immediate productionimmediate delivery
immediate orders

Purchase orders

Orders delivered

6B;m`2 kX AHHmbi`�iBQM Q7 6Q``2bi2`Ƕb "22` .Bbi`B#miBQM :�K2X 6Qm` iB2`b Q7 � HBM2�` T`Q/m+iBQM M2irQ`F 2t@
+?�M;2 Tm`+?�b2 BM7Q`K�iBQM �M/ K�i2`B�Hb rBi? � /2H�v �M/ QMHv #v +QKKmMB+�iBM; rBi? M2B;?#Q`bX

PM i?2 #�bBb Q7 i?2 "22` .Bbi`B#miBQM ;�K2 a�`F�` �M/ EmK�` UkyR8V BMp2biB;�i2/kje

i?2 2z2+i Q7 mTbi`2�K UBX2X- 7`QK i?2 `2i�BH2`V �M/ /QrMbi`2�K UBX2X- 7`QK i?2 bmTTHB2`Vkjd

/Bb`mTiBQMb mbBM; � #2?�pBQ`�H bim/v BM � #mbBM2bb bBKmH�iBQM ;�K2X h?2v 7QmM/ i?�ikj3

b?�`BM; BM7Q`K�iBQM H2�/b iQ HQr2` p�`B�M+2b �M/ HQr2` Qp2`�HH +Qbib 7Q` mTbi`2�K 2p2MibkjN

UBX2X- /Bb`mTiBQMb �i i?2 K�Mm7�+im`2`V- r?2`2�b i?2 2z2+i 7Q` /QrMbi`2�K /Bb`mTiBQMbk9y

UBX2X- �i i?2 `2i�BH2`V r�b `�i?2` HBKBi2/Xk9R

"2M@wpB UkyRy- kyRkV BMp2biB;�i2/ ?Qr T2`+2Bp2/ 2z2+iBp2M2bb Q7 /2+BbBQM bmTTQ`ik9k

bvbi2Kb �z2+ib T2`7Q`K�M+2 BM � #mbBM2bb bBKmH�iBQMX h?2 T2`+2Bp2/ 2z2+iBp2M2bb Q7 i?2k9j

.aa +Q``2H�i2/ rBi? i?2 Qp2`�HH +QKT�Mv T2`7Q`K�M+2X >Qr2p2`- i?2 bim/v �HbQ `2p2�H2/k99

i?�i bQK2 Q7 i?2 /2p2HQT2/ .aa r2`2 MQi 2z2+iBp2- /2bTBi2 bB;MB}+�Mi /2p2HQTK2Mik98

2zQ`ibX :QH/`�ii �M/ *Qt URNNkV 7m`i?2` BMi`Q/m+2/ p�`B�M+2 iQ � #mbBM2bb bBKmH�iBQMk9e

;�K2 rBi? KmHiBTH2 iB2`bXk9d

"�b2/ QM i?2 #22` /Bbi`B#miBQM ;�K2 aiBHH2` 2i �HX UkyR9V /2p2HQT2/ � bmTTHv +?�BM �M/k93

[m�HBiv K�M�;2K2Mi ;�K2 rBi? BM+`2�b2/ i�bF +QKTH2tBivX SH�v2`b �`2 T�`i Q7 � KmHiB@k9N

iB2` T`Q/m+iBQM M2irQ`F �M/ `2bTQMbB#H2 7Q` KBMBKBxBM; +Qbib 7Q` r�`2?QmbBM; r?BH2k8y

2Mbm`BM; bm{+B2Mi bmTTHB2bX h?2 TH�v2`b M22/ iQ BM72` i?2 +m``2Mi bi�i2 Q7 T`Q/m+iBQMk8R

7`QK ky BM/B+�iQ`b- BM+Hm/BM; `2/mM/�Mi Q` mMM2+2bb�`v p�Hm2b �M/ M22/ iQ K�M�;2k8k

/Bz2`2Mi +QMi`QHb 7Q` i?2 BMp2biK2MibX h?Bb KQ/2H ?�b #22M mb2/ iQ K2�bm`2 /QK�BMk8j

2tT2`iBb2 US?BHBTb2M 2i �HX kyR9V- iQ 2KTB`B+�HHv [m�MiB7v i?2 BM~m2M+2 Q7 mb2` BMi2`7�+2k89

`2}M2K2Mib US?BHBTb2M 2i �HX kyR9V- �M/ �b � K2i?Q/ iQ +QMp2v bmTTHv +?�BM �M/ [m�HBivk88

K�M�;2K2Mi 2tT2`iBb2 BM ?B;?2` 2/m+�iBQM U"`�mM2` 2i �HX kyReVXk8e

kX8X *QKTHB�M+2 �M/ h2+?MQHQ;v �++2Ti�M+2k8d

LQr- r2 HQQF �i i2+?MQHQ;v �++2Ti�M+2 �M/ +QKTHB�M+2- r?B+? #Qi? +�M #2 mb2/ iQk83

mM/2`bi�M/ i?2 #2?�pBQ` BM Qm` #mbBM2bb bBKmH�iBQM ;�K2X h2+?MQHQ;v �++2Ti�M+2 `2@k8N

b2�`+? �BKb �i T`2/B+iBM; i?2 �/QTiBQM Q7 T`Q/m+ib Q` b2`pB+2b �M/ iQ mM/2`bi�M/ i?2key

mM/2`HvBM; T2`bQM�H �M/ bvbi2K 7�+iQ`b i?�i ;Qp2`M i?Bb �/QTiBQM T`Q+2bbXkeR

h?2 KQbi BM~m2MiB�H KQ/2H Bb .�pBbǶ i2+?MQHQ;v �++2Ti�M+2 KQ/2H Uh�JV U.�pBb RN3NVkek

i?�i b?Qrb i?�i i?2 T2`+2Bp2/ mb27mHM2bb- i?2 T2`+2Bp2/ 2�b2 Q7 mb2- �b r2HH �b i?2 �iiBim/2kej

iQr�`/b mbBM; i?2 bQ7ir�`2 ;Qp2`M i?2 BMi2MiBQM iQ mb2 �M/ H�i2` �+im�H mb2 Q7 bQ7ir�`2 BMke9

#mbBM2bb +QMi2tibX *QMb2[m2MiHv- B7 i?2 UT2`+2Bp2/V mb27mHM2bb Q` 2�b2 Q7 mb2 Bb BM+`2�b2/-ke8

d



i?2 TQbimH�i2/ `2H�iBQMb?BT rBHH TQbBiBp2Hv BM~m2M+2 i?2 BMi2MiBQM iQ mb2 i?2 i2+?MQHQ;vkee

�M/ i?2B` H�i2` �+im�H mb2X �b i?2 BMi2MiBQM iQ mb2 �M/ i?2 H�i2` �+im�H mb2 �`2 bi`QM;Hvked

+Q``2H�i2/- i?2 H�i2` mb2 Q7 i?2 bvbi2K +�M #2 T`2/B+i2/ #v bim/vBM; i?2 7�+iQ`b i?�ike3

T`2/B+i i?2 BMi2MiBQM iQ mb2XkeN

h?2 h�JKQ/2H r�b `2}M2/ BM 7m`i?2` Bi2`�iBQMb �M/ �/�Ti2/ iQ /Bz2`2Mi T`Q72bbBQM�Hkdy

mb�;2 b+2M�`BQb Uo2MF�i2b? �M/ .�pBb kyyyV- T2`bQM�H �M/ pQHmMi�`v mb2 Q7 +QMbmK2`kdR

i2+?MQHQ;v Uo2MF�i2b? 2i �HX kyRkV- �b r2HH �b iQ b2`BQmb ;�K2b �M/ #mbBM2bb bBKmH�iBQMkdk

;�K2b UumbQz 2i �HX kyRyc "`�mM2` 2i �HX kyReV #v �//BM; �//BiBQM�H T`2/B+iQ`b- bm+? �bkdj

T`B+2@p�Hm2 i`�/2@Qzb- i?2 ?2/QMB+ 2p�Hm�iBQM Q7 i?2 i2+?MQHQ;v- Q` i?2 i`�Mb72`�#BHBiv Q7kd9

H2�`M2/ bFBHHb �M/ i?2 mb2`bǶ +QMi`QH Qp2` i?2 H2�`MBM; T`Q+2bbXkd8

.2bTBi2 i?2 QM;QBM; 2pQHmiBQM Q7 i2+?MQHQ;v �++2Ti�M+2 KQ/2Hb �M/ i?2 K2�M/2`BM;kde

BMi2;`�iBQM Q7 M2r T`2/B+iQ`b- h�J �M/ Bib F2v T`2/B+iQ`b UT2`+2Bp2/V mb27mHM2bb �M/kdd

2�b2 Q7 mb2 �`2 biBHH 7`2[m2MiHv mb2/ �M/ ?B;?Hv T`2/B+iBp2Xkd3

kXeX _2b2�`+? :�Tb- :Q�H- �M/ _2b2�`+? �TT`Q�+?kdN

.2+BbBQM bmTTQ`i bvbi2Kb ?2HT iQ KBiB;�i2 /Bb`mTiBQMb BM T`Q/m+iBQM bvbi2Kb �M/ iQk3y

K�M�;2 i?2 ;`QrBM; +QKTH2tBiv Q7 ;HQ#�HHv /BbT2`b2/ �M/ BM+`2�bBM;Hv BMi2`+QMM2+i2/k3R

bmTTHv +?�BMbX >Qr2p2`- i?2 `2b2�`+? ;�T Bb i?�i i?2 BM~m2M+2 Q7 �miQK�iBQM +QKTH�@k3k

+2M+v �M/ �miQK�iBQM #B�b2b +�mb2/ #v +Q``2+i �M/ 2``QM2Qmb bmTTQ`i bvbi2Kb BM i?2b2k3j

+QMi2tib Bb BMbm{+B2MiHv 2tTHQ`2/X Pp2`�HH- #Qi? �++2Ti�M+2 �M/ T2`7Q`K�M+2 Kmbi #2k39

2p�Hm�i2/ BM +QMDmM+iBQM iQ 7mHHv mM/2`bi�M/ i?2 BMi2`�+iBQM Q7 /2+BbBQM bmTTQ`i �M/k38

?mK�M QT2`�iQ` BM +QKTH2t bmTTHv +?�BMbXk3e

h?2 ;Q�H Q7 i?2 bim/v Bb iQ 2KTB`B+�HHv BMp2biB;�i2 i?2 +QKTHB�M+2 �M/ T2`7Q`K�M+2k3d

rBi? +Q``2+i �M/ /272+iBp2 /2+BbBQM bmTTQ`i bvbi2Kb U.aaV �M/ ?Qr i?2b2 `2H�i2 iQk33

bm#D2+iBp2 7�+iQ`bXk3N

am+? [m2biBQMb �`2 MQi 2�bBHv BMp2biB;�i2/ BM H�#Q`�iQ`v b2iiBM;b- v2i Q#b2`p�iBQM�HkNy

bim/B2b H�+F i?2 �#BHBiv iQ Tm`TQb27mHHv p�`v BM/BpB/m�H 7�+iQ`bX h?mb- r2 ?�p2 iQ }M/kNR

� i`�/2@Qz #2ir22M 2tT2`BK2Mi�H M2+2bbBiB2běbm+? �b KBMBK�H �KQmMi Q7 7�+iQ`b- i?2B`kNk

p�HB/ QT2`�iBQM�HBx�iBQM- �M/ i?2 �M�HvbBb Q7 i?2B` BMi2`�+iBQMbě�b r2HH �b i?2 +QKTH2tBivkNj

Q7 `2�H@HB72 �TTHB+�iBQMbXkN9

�b `2b2�`+? �TT`Q�+? r2 /2bB;M2/ �M 2tT2`BK2Mi�H 7`�K2rQ`F �`QmM/ � #mbBM2bbkN8

bBKmH�iBQM ;�K2 /2p2HQT2/ rBi? /QK�BM 2tT2`ibX lbBM; i?Bb K2i?Q/ r2 +�M bBKmH�i2kNe

+QKTH2t /2+BbBQM K�FBM; b+2M�`BQb- 2tT2`BK2Mi�HHv +QMi`QH i?2 .aaǶb +Q``2+iM2bb- �M/ iQkNd

BMp2biB;�i2 i?2 2z2+ib r2 �`2 BMi2`2bi2/ BMX J2i?Q/QHQ;B+�HHv bT2�FBM;- r2 +�M BM+`2�b2kN3

i?2 p�`B�M+2 BM +QKTH2tBiv #2ir22M i`B�Hb �b � rBi?BM@bm#D2+i 7�+iQ`- r?BH2 `2i�BMBM; i?2kNN

#2ir22M@bm#D2+i p�`B�M+2 i?�i KB;?i #2 ?B;? �b r2HHX AM Qm` 2tT2`BK2Mi- r2 +QK#BM2/jyy

#mbBM2bb bBKmH�iBQM ;�K2b �M/ i2+?MQHQ;v �++2Ti�M+2 `2b2�`+? iQ bim/v B7- r?v- �M/ #vjyR

r?QK +Q``2+i �M/ /272+iBp2 bvbi2Kb BM K�Mm7�+im`BM; +QMi2tib �`2 mb2/Xjyk

jX J2i?Q/jyj

h?2 7QHHQrBM; b2+iBQMb QmiHBM2 i?2 K2i?Q/QHQ;v Q7 Qm` bim/vX 6B`bi- r2 T`2b2Mi Qm` `2@jy9

b2�`+? ?vTQi?2b2b i?�i ;mB/2/ Qm` 2tT2`BK2MiX L2ti- r2 2tTH�BM i?2 K2i?Q/QHQ;B+�Hjy8

7`�K2rQ`F �M/ #mbBM2bb bBKmH�iBQM ;�K2 mb2/ BM i?2 bim/vX h?2M r2 `2TQ`i i?2 2tT2`@jye

BK2Mi�H p�`B�#H2b- i?2 T`Q+2/m`2- �M/ i?2 b�KTH2 Q7 Qm` bim/vXjyd

3



jXRX >vTQi?2b2bjy3

h?2 7QHHQrBM; ?vTQi?2b2b ;mB/2/ Qm` bim/v �M/ i?2 bm#b2[m2Mi �M�HvbBbXjyN

>R, h?2 +Q``2+iM2bb Q7 � /2+BbBQM bmTTQ`i bvbi2K BM~m2M+2b i`mbi BM �miQK�iBQMX q?2MjRy

2``Q`b �`2 T2`+2Bp2/ �M/ MQiB+2/- i`mbi BM i?2 �miQK�i2/ bmTTQ`i b?QmH/ �HbQjRR

/2+`2�b2XjRk

>k, h?2 +Q``2+iM2bb Q7 i?2 bvbi2Kb `2H�i2b iQ T2`+2Bp2/ mb27mHM2bb �M/ T2`+2Bp2/ 2�b2 Q7jRj

mb2 Q7 �M �miQK�i2/ bvbi2KX PMHv r?2M � bvbi2K Bb �+im�HHv ?2HTBM; i?2 mb2` iQjR9

K�F2 ;QQ/ /2+BbBQMb- Bi Bb +QMbB/2`2/ iQ #2 mb27mHX 6m`i?2`KQ`2- Bi Bb T2`+2Bp2/ �bjR8

2�bv iQ mb2- r?2M i?2 bvbi2K H2�/b iQ � /2+`2�b2 BM mb2` BMTmi �+iBQMb- K2�MBM;jRe

i?�i Bi rQ`Fb +Q``2+iHvXjRd

>j, h?2 +Q``2+iM2bb BM~m2M+2b i?2 BMi2MiBQM iQ mb2 i?2 bvbi2K �M/ i?2 �+im�H mb2 Q7 i?2jR3

bvbi2KX PMHv r?2M i?2 bvbi2K QT2`�i2b +Q``2+iHv- rBHH mb2`b `2�+? i?2 +QM+HmbBQMjRN

iQ #2+QK2 � 7mim`2 �/QTi2`X � /272+iBp2 bvbi2K b?QmH/ H2�/ mb2`b iQ i?2 +QM+HmbBQMjky

iQ MQi �/QTi i?2 �miQK�iBQMXjkR

>9, lb2` /Bp2`bBiv 7�+iQ`b U;2M/2`- b2H7@2{+�+v- �M/ i`mbi7mHM2bbV BM~m2M+2 i?2 +QKTHB@jkk

�M+2 rBi? � bmTTQ`i bvbi2KX .2T2M/BM; QM ?Qr i`mbiBM; � mb2` Bb- `2+QKK2M/�iBQMbjkj

#v i?2 bvbi2Kb b?QmH/ #2 7QHHQr2/ KQ`2 ǳ#HBM/HvǴX aBKBH�`Hv- � T2`bQM i?�i T2`@jk9

+2Bp2b i?2Kb2Hp2b iQ ?�p2 ?B;? b2H7@2{+�+v- b?QmH/ #2 �#H2 iQ `2�HBx2 i?�i 2``Q`b BMjk8

i2+?MQHQ;v �`2 MQi i?2 mb2`b 7�mHi �M/ i?mb #2 �#H2 iQ /2i2+i �M 2``QM2Qmb bvbi2Kjke

KQ`2 [mB+FHvX 6m`i?2` r2 i?BMF- i?�i rQK2M rBHH i�F2 HQM;2` iQ /2i2`KBM2 r?2i?2`jkd

� bvbi2K Bb 7�mHivX h?2 `2�bQMBM; ?2`2 Bb- i?�i QM �p2`�;2 rQK2M i2M/ iQ b?Qrjk3

?B;?2` p�Hm2b Q7 M2m`QiB+BbKX h?Bb BM im`M b?QmH/ K�F2 i?2K KQ`2 pmHM2`�#H2 iQjkN

i?2 r`QM; �bbmKTiBQM- i?�i i?2v r2`2 `2bTQMbB#H2 7Q` KBbi�F2b i?�i �`2 K�/2Xjjy

jXkX 1tT2`BK2Mi�H aBKmH�iBQM 6`�K2rQ`FjjR

�b � #�bBb 7Q` i?Bb 2tT2`BK2Mi r2 mb2/ i?2 ǳZm�HBiv AMi2HHB;2M+2Ǵ #mbBM2bb bBKmH�iBQMjjk

;�K2 i?�i +QK#BM2b i?2 "22` .Bbi`B#miBQM :�K2 Uai2`K�M RN3Nc qm �M/ E�iQF kyyecjjj

a�`F�` �M/ EmK�` kyR8V Ub22 b2+iBQM kX9V rBi? �bT2+ib 7`QK [m�HBiv K�M�;2K2Mi �M/jj9

p�`B�M+2b BM T`Q/m+iBQM 7`QK :QH/`�iiǶb :�K2 URNNkVX �b bm+?- Bi �//`2bb2b irQ `2H2p�Mijj8

�bT2+ib BM i?2 BMi2`@+QKT�Mv ~Qr Q7 K�i2`B�Hb �M/ BM7Q`K�iBQMXjje

h?2 TH�v2` Bb T�`i Q7 � K�`F2i@/`Bp2M bmTTHv +?�BM �M/ ?�b iQ #�H�M+2 i?2 BMp2biK2Mibjjd

#2ir22M T`Q+m`2K2Mi- BMbT2+iBQM Q7 BM+QKBM; ;QQ/b- BMbT2+iBQM Q7 T`Q/m+iBQM [m�HBiv-jj3

+Qbib 7Q` biQ+F F22TBM;X �HH i?Bb r?BH2 F22TBM; BM KBM/ i?2 T`Q}ib ;�BM2/ #v b2HHBM;jjN

i?2 T`Q/m+ibX h?2 TH�v2`b ?�p2 iQ Q#b2`p2 kR UT�`iHv `2/mM/�MiV p�`B�#H2b 7Q` b2p2`�Hj9y

KQMi?b U2�+? im`M BM i?2 ;�K2 `2T`2b2Mib QM2 KQMi?VX h?2 Kmbi BM72` i?2 +m``2Mi bi�i2j9R

Q7 i?2 T`Q/m+iBQM �M/ +QMi`QH i?2 BMp2biK2Mib QM i?`22 i�`;2i p�`B�#H2b UT`Q+m`2K2Mi-j9k

BMbT2+iBQM Q7 BM+QKBM; ;QQ/b- BMbT2+iBQM Q7 T`Q/m+iBQM [m�HBivVX 6B;m`2 j b?Qrb i?2j9j

BMi2`7�+2 Q7 i?2 ;�K2 �M/ 6B;m`2 9 BHHmbi`�i2b i?2 bBKmH�i2/ `2H�iBQMb?BTbX �M BM@/2Ti?j99

T`2b2Mi�iBQM �M/ 2tTH�M�iBQM Q7 i?2 bBKmH�iBQM KQ/2H Bb ;Bp2M BM UaiBHH2` 2i �HX kyR9VXj98

jXkXRX qBi?BM@bm#D2+i p�`B�#H2, *Q``2+iM2bb Q7 i?2 .aaj9e

h?2 mb2`Ƕb /2+BbBQM K�FBM; Bb bmTTQ`i2/ #v � bmTTQ`i bvbi2K T`2b2Mi2/ BM i?2 ;�K2Ƕbj9d

mb2` BMi2`7�+2 Ub22 6B;X jVX Ai 7Q+mb2b QM K�i2`B�H /BbTQbBiBQM �M/ `2+QKK2M/b i?2 MmK#2`j93

Q7 bmTTHB2b i?�i b?QmH/ #2 Q`/2`2/X h?2 bmTTQ`i bvbi2Kb `2bB/2b �i i?2 ?B;?2` 2M/ QMj9N

S�`�bm`�K�M- a?2`B/�M- �M/ qB+F2MbǶ H2p2Hb Q7 �miQK�iBQM b+�H2 U�b i?2 bm;;2biBQM Bbj8y

2Mi2`2/ BM i?2 bvbi2K �M/ i?2 QT2`�iQ` +�M Qp2``B/2 i?2 bm;;2biBQMV �M/ �//`2bb2b i?2j8R

ǳ/2+BbBQM K�FBM;Ǵ bi�;2 US�`�bm`�K�M 2i �HX kyyyVX "Qi? Qi?2` i�bFb UBM+QKBM; ;QQ/bj8k
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6B;m`2 jX AMi2`7�+2 Q7 i?2 ;�K2X .2i�BH2/ T`2b2Mi�iBQM BM UaiBHH2` 2i �HX kyR9V

6B;m`2 9X a+?2K�iB+ `2T`2b2Mi�iBQM Q7 i?2 ;�K2Ƕb mM/2`HvBM; bBKmH�iBQM KQ/2HX .2i�BH2/ T`2b2Mi�iBQM BM
UaiBHH2` 2i �HX kyR9V

BMbT2+iBQM- T`Q/m+iBQM [m�HBivV �`2 MQi �bbBbi2/ #v i?2 bvbi2KXj8j

h?2 +Q``2+iM2bb Q7 i?2 /2+BbBQM bmTTQ`i bvbi2K Bb p�`B2/ �b � rBi?BM@bm#D2+i p�`B@j89

�#H2 �+`Qbb irQ `QmM/b Q7 i?2 ;�K2, h?2 .aa Bb 2Bi?2` ?2HT7mH BM i?2 }`bi `QmM/ �M/j88

i?2M H2�/b i?2 mb2` �bi`�v BM i?2 b2+QM/ `QmM/- Q` i?2 Qi?2` r�v �`QmM/X h?2 Q`/2` U+Q`@j8e

`2+i → /272+iBp2 pbX /272+iBp2 → +Q``2+iV Bb `�M/QKBx2/ �M/ 2p2MHv /Bbi`B#mi2/ �+`Qbbj8d

i?2 T�`iB+BT�MibX �b r2 r�Mi iQ bim/v ?Qr mb2`b `2�+i iQ mM7Q`2b22M /272+ib- r2 /Q MQij83

BM7Q`K i?2 T�`iB+BT�Mib B7 � /272+i rBHH Q` rQMǶi Q++m` BM � ;Bp2M `QmM/X AMbi2�/- i?2j8N

/272+i Kmbi #2 /2i2+i2/X 1Bi?2` /B`2+iHv 7`QK i?2 `2+QKK2M/�iBQM- �b i?2 bm;;2biBQM Bbjey

Km+? HQr2` i?�M i?2 +mbiQK2`Ƕb Q`/2`b- Q` BM/B`2+iHv- �b i?2 +mbiQK2` +QKTH�BMib �M/jeR

T2M�Hiv +Qbib rBHH BM+`2�b2 /`�K�iB+�HHv BM i?2 bm#b2[m2Mi im`MbXjek

AM i?2 +�b2 Q7 i?2 +Q``2+i bvbi2K- i?2 bm;;2bi2/ MmK#2` Bb M2�` i?2 i?2Q`2iB+�H QT@jej

iBKmKX PMHv p2`v 2tT2`B2M+2/ TH�v2`b K�v }M/ K�`;BM�HHv #2ii2` Q`/2` H2p2HbX 6Q` i?2je9

/272+iBp2ƘbmTTQ`i bvbi2K- i?2 bm;;2biBQMb �`2 +Q``2+i 7Q` i?2 }`bi bBt KQMi?b Q7 i?2je8

;�K2 �M/ i?2M ;2i /272+iBp2- vB2H/BM; bm;;2biBQMb i?�i �`2 8yW #2HQr i?2 +Q``2+i `2+@jee
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QKK2M/�iBQMX h?2 /272+i Q++m`b �7i2` bBt KQMi?b #2+�mb2 r2 r�Mi2/ iQ BMp2biB;�i2 ?Qrjed

T2QTH2 /2�H rBi? � bvbi2K i?�i #`2�Fb /QrM U�b QTTQb2/ iQ � bvbi2K i?�i Bb +QMbi�MiHvje3

#`QF2MVX *QMb2[m2MiHv- i?2 bvbi2K HmHHb i?2 T�`iB+BT�Mib BMiQ b�72iv /m`BM; i?2 }`bi bBtjeN

KQMi?bXjdy

jXkXkX 1tTH�M�iQ`v p�`B�#H2bjdR

hQ mM/2`bi�M/ i?2 BM~m2M+2 Q7 T2`bQM�HBiv bi�i2b �M/ i`�Bib r2 +�Tim`2/ i?2 T2`bQMbǶjdk

�;2- ;2M/2`- 2/m+�iBQM�H H2p2H- b2H7@277B+�+v BM BMi2`�+iBM; rBi? i2+?@jdj

MQHQ;v- �M/ i`mbi BM �miQK�iBQMXjd9

�;2 Bb K2�bm`2/ �b � MmK2`B+ p�Hm2 �M/ `2bTQM/2Mib `2TQ`iBM; p�Hm2b #2HQr R3 Q`jd8

Qp2` NN r2`2 2t+Hm/2/ 7`QK i?2 /�i�X :2M/2` r�b K2�bm`2/ QM irQ MQKBM�H H2p2Hbějde

K�H2 �M/ 72K�H2Xjdd

a2H7@277B+�+v BM BMi2`�+iBM; rBi? i2+?MQHQ;v Ua1hV Bb �M BMbi�M+2 Q7 "�M@jd3

/m`�Ƕb /QK�BM@bT2+B}+ b2H7@2{+�+v URN3kV �M/ K2�bm`2b � T2`bQMbǶ T2`+2Bp2/ �#BHBiv iQjdN

bm++2bb7mHHv bQHp2 +QKTH2t i2+?MB+�H T`Q#H2KbX h?Bb +QMbi`m+i `2H�i2b iQ � T2`bQMǶb i2+?@j3y

MQHQ;v mb�;2 �M/ Bb � bi`QM; T`2/B+iQ` 7Q` T2`7Q`K�M+2- 2z2+iBp2M2bb- �M/ b�iBb7�+iBQM BMj3R

BMi2`�+iBM; rBi? BMi2`�+iBp2 bvbi2Kb U�`MBM; �M/ wB2~2 kyydVX Ai Bb K2�bm`2/ rBi? 2B;?ij3k

Bi2Kb QM � b+�H2 /2p2HQT2/ #v "2B2` URNNNV �M/ �+?B2p2b �M 2t+2HH2Mi BMi2`M�H `2HB�#BHBivj3j

Uα = .872 (Xddd- XNRj)VXj39

h`mbi BM �miQK�iBQM Bb K2�bm`2/ rBi? ir2Hp2 Bi2Kb QM � b+�H2 #v CB�M 2i �HXj38

UkyyyVX Ai r�b �TTHB2/ i?`22 iBK2b /m`BM; i?2 2tT2`BK2Mi, 6B`biHv- #27Q`2 i?2 2tT2`BK2Mij3e

iQ �bb2bb i?2 T�`iB+BT�MibǶ i`mbi #27Q`2 mbBM; i?2 ;�K2X a2+QM/Hv- �7i2` i?2 }`bi `QmM/ Q7j3d

i?2 ;�K2X h?B`/Hv- �7i2` i?2 b2+QM/ `QmM/ Q7 i?2 ;�K2X hQ K2�bm`2 i`mbi BM �miQK�iBQMj33

i?2 }`bi iBK2 �M/ #27Q`2 i?2 ;�K2- r2 mb2/ � b+2M�`BQ `2H�i2/ iQ i?2 bmTTHv +?�BMj3N

+QMi2ti, � TH�MMBM; bvbi2K i?�i bm;;2bib i?2 MmK#2` Q7 #2p2`�;2b iQ #mv 7Q` � H�`;2jNy

2p2MiX h?2 b+�H2Ƕb BMi2`M�H `2HB�#BHBiv Bb ?B;? Uα = .852 (Xdd9- XNRk)VXjNR

jXkXjX .2T2M/2Mi p�`B�#H2bjNk

� b2`B2b Q7 /2T2M/2Mi p�`B�#H2b Bb +�Tim`2/ /m`BM; 2�+? `QmM/ Q7 i?2 ;�K2 UK2i`B+ 7`QKjNj

i?2 ;�K2 2M;BM2V �M/ K2�bm`2/ �7i2` 2�+? `QmM/ Q7 i?2 ;�K2 Ubm#D2+iBp2 2p�Hm�iBQMb Q7jN9

i?2 T�`iB+BT�MibVXjN8

6QHHQrBM; :QH/`�ii �M/ *Qt URNNkV- r2 +�H+mH�i2 i?2 Qp2`�HH +mKmH�i2/ +QKT�MvjNe

T`Q7Bi �b i?2 Qp2`�HH T2`7Q`K�M+2 K2i`B+X *QMb2[m2MiHv- i?2 T�`iB+BT�Mib �`2 BMbi`m+i2/jNd

iQ TH�v iQr�`/b K�tBKBxBM; i?2 +QKT�MvǶb T`Q}iXjN3

AM �//BiBQM- r2 bm`p2v2/ i?2 T�`iB+BT�MibǶ b�iBb7�+iBQM rBi? i?2B` T2`7Q`K�M+2 �M/jNN

i?2B` T2`+2Bp2/ `2H�iBp2 T2`7Q`K�M+2 Uǳ>Qr r2HH /B/ vQm TH�v\ǴV +QKT�`2/ iQ9yy

Qi?2` TH�v2`b Q7 i?2 ;�K2X h?Bb r�b /QM2 rBi?Qmi i?2K �+im�HHv FMQrBM; ?Qr Qi?2`b9yR

T2`7Q`K2/X h?2 H�ii2` p�`B�#H2 i?mb K2�bm`2b ?Qr Km+? TH�v2`b i?BMF i?�i i?2v QmiT2`@9yk

7Q`K2/ Qi?2` TH�v2`bX A7 i?Bb K2�bm`2 Bb- QM �p2`�;2- �#Qp2 8yW- i?2 mb2`b Qp2`2biBK�i29yj

i?2B` T2`7Q`K�M+2X9y9

hQ mM/2`bi�M/ i?2 BM~m2M+2 Q7 i?2 bmTTQ`i bvbi2K QM +QKTHB�M+2- r2 K2�bm`2/ #Qi?-9y8

i?2 T�`iB+BT�MibǶ `2TQ`i2/ +QKTHB�M+2 Uǳ>Qr Q7i2M /B/ vQm 7QHHQr i?2 bm;;2biBQMb Q79ye

i?2 bmTTQ`i bvbi2K\ (BM W)ǴV- �b r2HH �b i?2 Q#D2+iBp2Hv �bb2bb2/ +QKTHB�M+2 i?`Qm;?9yd

i?2 MmK#2` Q7 Q`/2` +?�M;2b BM i?2 #mbBM2bb ;�K2X AM Qi?2` rQ`/b- ?Qr Q7i2M i?29y3

bm;;2bi2/ p�Hm2 Q7 i?2 bmTTQ`i bvbi2K r�b �+im�HHv �/Dmbi2/ #v i?2 TH�v2`bX9yN

6QHHQrBM; .�pBb URN3NV i?2 T�`iB+BT�MibǶ 2p�Hm�iBQM Q7 i?2 /2+BbBQM bmTTQ`i bvbi2K Bb9Ry

�bb2bb2/ #v i?`22 p�`B�#H2b, i?2B` Qp2`�HH BMi2MiBQM iQ mb2 i?2 bvbi2K Ub22 b2+iBQM kX8V-9RR

2�b2 Q7 mbBM;- �M/ i?2 T2`+2Bp2/ mb27mHM2bb Q7 i?2 bvbi2K Ub+�H2 7`QK y iQ RyyVX9Rk

RR



h`mbi BM �miQK�iBQM Bb K2�bm`2/ �7i2` 2�+? `QmM/ Q7 ;�K2- �;�BM mbBM; ir2Hp29Rj

Bi2Kb #v CB�M 2i �HX UkyyyV Ub+�H2 7`QK y iQ RyyVX9R9

jXjX 1tT2`BK2Mi�H S`Q+2/m`29R8

h?2 T�`iB+BT�Mib TH�v2/ irQ `QmM/b Q7 i?2 ;�K2 Ub22 b2+iBQM jXkVX 1�+? `QmM/ Q7 i?29Re

;�K2 +QMbBbi2/ Q7 R3 im`Mb UBX2X- R3 KQMi?b BM i?2 bBKmH�i2/ +QKT�MvVX hQ �pQB/ 2z2+ib9Rd

Q7 2M/ ;�K2 #2?�pBQ`b Ua2Hi2M �M/ aiQ2+F2` RN3eV- r2 `2KQp2/ i?2 H�bi i?`22 im`Mb Q79R3

i?2 ;�K2b 7Q` i?2 �M�HvbBb Q7 #2?�pBQ` �M/ Qp2`�HH T`Q}iX Pi?2`rBb2 bQK2 TH�v2`b KB;?i9RN

`BbF i?2 pB�#BHBiv Q7 i?2 +QKT�Mv #v +H2�`BM; i?2 r�`2?Qmb2 �M/ QKBiiBM; Q`/2`b BM i?29ky

H�bi im`Mb iQ K�tBKBx2 i?2B` T`Q}iX9kR

h?`22 [m2biBQMM�B`2b r2`2 �/KBMBbi2`2/ /m`BM; i?2 bim/v, h?2 }`bi +�Tim`2/ i?29kk

T�`iB+BT�Mib /2KQ;`�T?B+ /�i� �M/ BM/2T2M/2Mi p�`B�#H2b #27Q`2 i?2 }`bi `QmM/ Q7 i?29kj

;�K2X h?2 b2+QM/ [m2biBQMM�B`2 +�Tim`2/ i?2 T�`iB+BT�Mib 2p�Hm�iBQM Q7 i?2 }`bi `QmM/X9k9

h?2 i?B`/ �M/ }M�H [m2biBQMM�B`2 +�Tim`2/ i?2 2p�Hm�iBQM Q7 i?2 H�bi `QmM/X 6B;m`2 89k8

BHHmbi`�i2b i?2 2tT2`BK2Mi�H T`Q+2/m`2 Q7 i?Bb 2KTB`B+�H mb2` bim/vX h?2 �/KBMBbi2`2/9ke

[m2biBQMb +�M #2 7QmM/ BM �TT2M/Bt e �M/ i?2 /�i�b2i Q7 i?Bb bim/v Bb Tm#HB+Hv �p�BH�#H29kd

U"`�mM2` 2i �HX kyR3VX9k3

Age

Gender

Defective Decision Support System

User Factors

Self-Efficacy
Technology

Generic
Trust in 

Automation

Within-Subject Variable: Correctness of the DSS (randomised order)

Correct Decision Support System

Usefulness

Ease of Use

Intention
To Use

Trust in 
Automation

Dependent Variables

Overal
Profit

ComplianceOrder 
Changes

Perceived 
and Relative 
Performance

Objective Measures Subjective Measures

18 months in business 
simulation game with

decision support system

Legend

6B;m`2 8X AHHmbi`�iBQM Q7 i?2 2tT2`BK2Mi�H T`Q+2/m`2X

jX9X ai�iBbiB+�H �M�Hvb2b9kN

h?2 `2bmHib r2`2 �M�Hvx2/ rBi? T�`�K2i`B+ �M/ MQM@T�`�K2i`B+ K2i?Q/b- mbBM; #Bp�`B�i29jy

+Q``2H�iBQMb US2�`bQMǶb r Q` aT2�`K�MǶb ρV- qBH+QtQM i2bib- bBM;H2- `2T2�i2/ KmHiB@ �M/9jR

mMBp�`B�i2 �M�Hvb2b Q7 p�`B�M+2 UJf�LPo�VX SBHH�BǶb p�Hm2 V Bb +QMbB/2`2/ 7Q` i?2 KmH@9jk

iBp�`B�i2 i2bibX 1z2+i bBx2b- �b [m�MiBi�iBp2 K2�bm`2b Q7 i?2 K�;MBim/2 Q7 �M 2z2+i- �`29jj

`2TQ`i2/ �b η2 `�M;BM; 7`QK 0 UMQ 2z2+iV iQ 1 UT2`72+i 2tTH�M�iBQMV UE2HH2v �M/ S`2�+?2`9j9

kyRkVX A7 i?2 �bbmKTiBQM Q7 bT?2`B+Biv Bb MQi K2i- :`22M?Qmb2@:2Bbb2`Ĝ+Q``2+i2/ p�Hm2b9j8

�`2 mb2/- #mi mM+Q``2+i2/ /7b �`2 `2TQ`i2/ 7Q` #2ii2` H2;B#BHBivX9je

6QHHQrBM; *mKKBM; UkyR9V r2 `2TQ`i i?2 N8W +QM}/2M+2 BMi2`p�H U*AV 7Q` �HH bi�@9jd
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iBbiB+�H T�`�K2i2` 2biBK�i2b BM b[m�`2 #`�+F2ibX h?2 2``Q` #�`b BM /B�;`�Kb `2T`2b2Mi9j3

i?2 N8W*AX J2/B�Mb �`2 K�`F2/ rBi? J/ �M/ �`Bi?K2iB+ K2�Mb rBi? M X AM �//BiBQM-9jN

r2 +?2+F 7Q` bi�iBbiB+�H bB;MB}+�M+2 mbBM; � H2p2H Q7 α = .05X .m2 iQ i?2 +QKT�`�#Hv99y

HQr b�KTH2 bBx2- r2 �HbQ `2TQ`i }M/BM;b .05 < p < .1 �b bm;;2biBp2 Q7 bi�iBbiB+�H bB;@99R

MB}+�M+2X �b i?2 T2`7Q`K�M+2 7`QK i?2 bBKmH�iBQM KQ/2H Bb MQi MQ`K�HHv /Bbi`B#mi2/99k

UEa − wround1 = 1.946- Ea − wround2 = 2.054- p < .001V �M�Hvb2b Q7 i?Bb KQ/2H �`299j

T2`7Q`K2/ rBi? MQM@T�`�K2i`B+ J�MM@q?BiM2v l i2bib UJq@lVX999

jX8X a�KTH2998

h?2 bim/v iQQF �TT`QtBK�i2Hv k8 iQ j8 KBMmi2b iQ +QKTH2i2 �M/ T�`iB+BT�iBQM r�b pQH@99e

mMi�`v �M/ MQi `2r�`/2/X h?2 HBMF iQ i?2 r2#@#�b2/ bim/v r�b /Bbi`B#mi2/ pB� bmBi�#H299d

K2bb�;2 #Q�`/b- 2K�BH- �M/ T2`bQM�H bQ+B�H M2irQ`FbX993

.m2 iQ i?2 pQHmMi�`v T�`iB+BT�iBQM BM �M QMHBM2 bm`p2v- r2 ?�p2 � `�i?2` ?B;? /`QT@99N

Qmi `�i2, h?2 bim/v r�b bi�`i2/ #v R9y T�`iB+BT�Mib- #mi r2 rBHH QMHv +QMbB/2` i?2 9y98y

/�i�b2i i?�i +QKTH2i2/ �HH bm`p2vb �M/ #Qi? `QmM/b Q7 i?2 ;�K2 Uk3X8WVRX P7 +Qm`b2-98R

r2 /Bb+mbb i?2 p�HB/Biv Q7 Qm` }M/BM;b /2bTBi2 i?2 /`QT@Qmi `�i2 BM b2+iBQM 8X98k

6`QK i?2 9y T�`iB+BT�Mib- kj r2`2 K�H2- Rd r2`2 72K�H2 �M/ i?2 �;2 `�M;2 Bb #2ir22M98j

ky �M/ 8e v2�`b UM = 28.5- (k8XN- jRXy)VX "2bB/2b �;2 �M/ b2H7@2{+�+v BM BMi2`�+iBM;989

rBi? i2+?MQHQ;v Uρ = .365- (XyeR- Xeyd)- p = .017V �HH BMp2biB;�i2/ mb2` 7�+iQ`b r2`2988

mM+Q``2H�i2/ Ub22 h�#H2 eVX PM �p2`�;2- i?2 `2TQ`i2/ a2H7@277B+�+v BM BMi2`�+iBM;98e

rBi? i2+?MQHQ;v r�b +H2�`Hv �#Qp2 i?2 K2�M Q7 i?2 b+�H2 UM = 70- (ejW- deW)V-98d

r?2`2�b i?2 BMBiB�H h`mbi BM �miQK�iBQM r�b M2�` i?2 +2Mi2` Q7 i?2 b+�H2 UM = 54-983

(9NW- eyW)VX98N

RN U9dX8WV T�`iB+BT�Mib bi�`i2/ rBi? i?2 +Q``2+i .aa BM i?2 }`bi `QmM/ �M/ }MBb?2/9ey

rBi? i?2 /272+i .aa BM i?2 b2+QM/ `QmM/- r?2`2�b kR T�`iB+BT�Mib ?�/ i?2 QTTQbBi29eR

Q`/2` U8kX8WVX a2[m2M+2 2z2+ib +�M #2 2t+Hm/2/- �b i?2 Q`/2` r�b mM`2H�i2/ iQ i?2 mb2`9ek

7�+iQ`b �M/ Q`/2` ?�/ MQ 2z2+i QM i?2 /`QT@Qmi `�i2 Uχ2 = .054- p = .817VX9ej

9X _2bmHib9e9

AM � }`bi bi2T r2 �M�Hvx2 B7 T2`7Q`K�M+2 K2�bm`2bě/�i� ;2M2`�i2/ 7`QK i?29e8

bBKmH�iBQMě�M/ bm#D2+iBp2 K2�bm`2běi?2 T2`+2Bp2/ 2p�Hm�iBQMbě�;`22 rBi? 2�+?9ee

Qi?2`X h?2M- i?2 BM~m2M+2 Q7 i?2 +Q``2+iM2bb Q7 i?2 .aa QM T2`7Q`K�M+2- +QKTHB�M+2-9ed

�M/ i`mbi �`2 2p�Hm�i2/X h?2 7QHHQrBM; b2+iBQM 9X8 2p�Hm�i2b i?2 BM~m2M+2 Q7 +Q``2+i@9e3

M2bb QM i2+?MQHQ;v �++2Ti�M+2 BM ;2M2`�H �M/ i?2 `2H�iBQMb?BTb 7Q` +Q``2+i �M/ /272+iBp29eN

bvbi2KbX9dy

9XRX :2M2`�H P#b2`p�iBQMb9dR

6B`biHv- r2 b?Qr i?�i i?2 K2�bm`2b 7`QK i?2 mM/2`HvBM; bBKmH�iBQM �M/ i?2 `2TQ`i2/9dk

�Mbr2`b 7`QK i?2 T�`iB+BT�Mib �`2 +QMbBbi2MiX 6Q` i?�i r2 HQQF �i i?2 K2i`B+b 7Q` T2`@9dj

7Q`K�M+2- �b r2HH �b +QKTHB�M+2 rBi? i?2 .aaX9d9

h?2 �p2`�;2 �ii�BM2/ T`Q}i BM i?2 }`bi `QmM/ r�b −3, 043 (@RR-dj3- 8-e8k) UJ/ =9d8

12, 275V +QKT�`2/ iQ 2, 917 (@9-jed- Ry-kyR) UJ/ = 11, 650V 7Q` i?2 b2+QM/ `QmM/ Q79de

R140 T�`iB+BT�Mib 7QHHQr2/ i?2 HBMF iQ i?2 bim/v- 95 +QKTH2i2/ i?2 r?QH2 }`bi [m2biBQMM�B`2- 54 T�`iB+BT�Mib
}MBb?2/ i?2 }`bi `QmM/ Q7 i?2 ;�K2- �M/ 40 T�`iB+BT�Mib +QKTH2i2/ i?2 b2+QM/ `QmM/ �M/ i?2 }M�H bm`p2vX
S�`iB+BT�Mib rBi? � ?B;?2` b2H7@2{+�+v r2`2 bHB;?iHv KQ`2 HBF2Hv iQ +QKTH2i2 #Qi? `QmM/b Q7 i?2 ;�K2 Uρ = .210-
(XyyN- XjN9)- p = .039VX

Rj



i?2 ;�K2X lb2`bǶ b�iBb7�+iBQM rBi? i?2 T2`7Q`K�M+2 7Q` i?2 }`bi `QmM/ r�b 34 (kj- 98)-9dd

+QKT�`2/ iQ 61 (8R- dR) 7Q` i?2 b2+QM/ `QmM/X h?2 T2`+2TiBQM Q7 QM2 QrMǶb T2`7Q`K�M+29d3

+QKT�`2/ iQ Qi?2` TH�v2`b r�b- QM �p2`�;2- BM i?2 29 (kk- jd) T2`+2MiBH2 BM i?2 }`bi `QmM/9dN

�M/ BM i?2 53 (9e- eR) T2`+2MiBH2 BM i?2 b2+QM/ `QmM/X lb2`b #2HB2p2/ i?2v #2+�K2 #2ii2`93y

i?�M Qi?2` TH�v2`b �i i?2 ;�K2 BM i?2 b2+QM/ `QmM/X 6Q` i?2 i?2 }`bi `QmM/ Q7 i?2 ;�K2-93R

i?2 �+im�HHv �ii�BM2/ T`Q7Bi �M/ i?2 `2TQ`i2/ b�iBb7�+iBQM rBi? i?2 T2`7Q`K�M+293k

Uρ = .643 (X9R8- XdN8)- p < .001V- �b r2HH �b �+im�H T`Q7Bi �M/ i?2 T2`+2Bp2/ `2H�iBp293j

T2`7Q`K�M+2 +QKT�`2/ iQ Qi?2` TH�v2`b UrBi?Qmi FMQrBM; i?2B` i`m2 T2`7Q`K�M+2V939

�`2 bi`QM;Hv `2H�i2/ Uρ = .470 (XR3e- Xe3R)- p < .001VX �HbQ- `2H�iBp2 T2`7Q`K�M+2938

�M/ T2`7Q`K�M+2 b�iBb7�+iBQM �`2 BMi2`HBMF2/ Uρ = .745 (X8e8- X38d)- p < .001VX h?mb-93e

T�`iB+BT�Mib �`2 b�iBb}2/- B7 i?2v 722H i?�i i?2v TH�v i?2 ;�K2 r2HHX93d

6Q` i?2 b2+QM/ `QmM/- T`Q7Bi Bb bi`QM;Hv HBMF2/ iQ `2H�iBp2 T2`7Q`K�M+2 Uρ =933

.557 (XkN3- Xd9y)- p < .001V- #mi MQi iQ T2`7Q`K�M+2 b�iBb7�+iBQM Uρ = .219 (@XyNN-93N

X9Ne)- p = .181VX aiBHH- `2H�iBp2 T2`7Q`K�M+2 Bb HBMF2/ iQ b�iBb7�+iBQM Uρ = .5309Ny

(Xkek- Xdkk)- p < .001VX SH�v2`b r?Q K�F2 KQ`2 T`Q}i- 722H i?�i i?2v /B/ � ;QQ/ DQ# BM9NR

+QKT�`BbQM iQ Qi?2`b- ?Qr2p2` i?2 T`Q}i /B/ MQ HQM;2` K�F2 i?2K b�iBb}2/ rBi? i?2B`9Nk

T2`7Q`K�M+2X9Nj

L2ti- r2 7QmM/ � bi`QM; M2;�iBp2 `2H�iBQMb?BT #2ir22M i?2 MmK#2` Q7 Q`/2`9N9

+?�M;2b 7`QK i?2 ;�K2 �M/ i?2 `2TQ`i2/ +QKTHB�M+2 7`QK i?2 T�`iB+BT�Mi 7Q` i?29N8

}`bi Uρ = −.805 (Xe8N- X3Nk)- p < .001V �M/ b2+QM/ `QmM/ Q7 i?2 ;�K2 Uρ = −.711 (@X3jd-9Ne

@X8R9)- p < .001VX h?Bb Bb 2tT2+i2/- �b i?2 `2H�iBQMb?BT Bb BMp2`b2- #2+�mb2 T�`iB+BT�Mib9Nd

+QKTHvBM; KQ`2 rBi? i?2 bvbi2K ?�p2 iQ K�F2 H2bb +?�M;2b iQ i?2 bm;;2biBQM #v i?29N3

.aaX h?2 �p2`�;2 MmK#2` Q7 Q`/2` +?�M;2b /Q2b MQi +?�M;2 #2ir22M i?2 }`bi U12.09NN

(RyXk- RjX3)- J/ = 14V �M/ i?2 b2+QM/ `QmM/ Q7 i?2 ;�K2 U12.0 (RyXk- RjXd)- J/ = 14VX8yy

u2i- i?2 �p2`�;2 `2TQ`i2/ +QKTHB�M+2 r�b �i 34 (k8- 99) BM i?2 }`bi `QmM/ +QKT�`2/8yR

iQ 44 (j9- 89) 7Q` i?2 b2+QM/ `QmM/X8yk

6m`i?2`KQ`2- K2�bm`2/ +QKT�Mv T`Q7Bi Uρ = .751 (X8d9- X3eR)- p < .001V �M/ `2H@8yj

�iBp2 T2`7Q`K�M+2 Uρ = .487 (Xkyd- XeNj)- p < .001V 7Q` i?2 }`bi �M/ b2+QM/ `QmM/8y9

r2`2 `2H�i2/- BM/B+�iBM; bi�#H2 Q#D2+iBp2 �M/ T2`+2Bp2/ T2`7Q`K�M+2b �+`Qbb #Qi? `QmM/bX8y8

SH�v2`b r?Q TH�v2/ r2HH /m`BM; i?2 }`bi `QmM/- TH�v2/ r2HH BM i?2 b2+QM/ `QmM/X >Qr@8ye

2p2`- T2`7Q`K�M+2 b�iBb7�+iBQM �TT2�`b iQ #2 `�i?2` mMbi�#H2 Uρ = −.038 (@Xkde- Xj98)-8yd

p = .816V - BM/B+�iBM; �M 2z2+i Q7 .aa +Q``2+iM2bbX8y3

amKK�`BxBM;- i?2 bvbi2K K2i`B+b �M/ i?2 T�`iB+BT�MibǶ T2`+2Bp2/ 2p�Hm�iBQMb �`28yN

+QMbBbi2MiX8Ry

9XkX avbi2K *Q``2+iM2bb �M/ S2`7Q`K�M+28RR

L2ti- r2 b?Qr i?�i i?2 /2+BbBQM bmTTQ`i bvbi2KǶb +Q``2+iM2bb ?�b �M �+im�H 2z2+i QM8Rk

T2`+2Bp2/ �M/ Q#D2+iBp2 T2`7Q`K�M+2 K2i`B+bX8Rj

AM i?2 }`bi `QmM/ Q7 i?2 ;�K2- i?2 �ii�BM2/ T2`7Q`K�M+2 Bb bB;MB}+�MiHv ?B;?2`8R9

7Q` i?2 +Q``2+i .aa UJ/ = 13350V +QKT�`2/ iQ i?2 /272+iBp2 .aa UJ/ = 10350V8R8

UJq − l = 508.5- p = .027VX aBKBH�` 2z2+ib 2K2`;2 BM i?2 b2+QM/ `QmM/ Q7 i?2 ;�K28Re

UrBi? +Q``2+iM2bb Q7 i?2 .aa brBi+?2/V, SH�v2`b rBi? +Q``2+i .aa �+?B2p2 ?B;?2` T`Q}ib8Rd

UJ/ = 12300V +QKT�`2/ iQ TH�v2`b rBi? i?2 /272+iBp2 .aa UJ/ = 11650VX h?Bb 2z2+i Bb8R3

bm;;2biBp2 Q7 bi�iBbiB+�H bB;MB}+�M+2 UJq − l = 309.0- p = .056VX h�#H2 R T`2b2Mib i?28RN

BM~m2M+2 Q7 +Q``2+iM2bb QM T2`7Q`K�M+2X8ky

h?Bb �HbQ bB;MB}+�MiHv BM~m2M+2b i?2 TH�v2`bǶ b�iBb7�+iBQM rBi? i?2B` QrM T2`7Q`K�M+28kR

7Q` i?2 }`bi `QmM/ Q7 i?2 ;�K2 UF1,38 = 5.009- p = .031VX h?2 b�iBb7�+iBQM Q7 T�`iB+B@8kk

T�Mib rBi? i?2 /272+iBp2 .aa r�b 46W HQr2` +QKT�`2/ iQ i?2 TH�v2`b rBi? i?2 +Q``2+i8kj

R9



bvbi2KX ai`BFBM;Hvě�M/ /Bz2`2Mi 7`QK KQbi Qi?2` }M/BM;b Q7 i?Bb �`iB+H2ěi?2 bB;MB}@8k9

+�Mi /Bz2`2M+2 7�/2b 7Q` i?2 b2+QM/ `QmM/ Q7 i?2 ;�K2 UF1,38 = 2.136- p = .152V �M/8k8

i?2 /Bz2`2M+2 /2+`2�b2b iQ 19WX8ke

� bBKBH�` T�ii2`M 2K2`;2b 7Q` i?2 T2`+2Bp2/ `2H�iBp2 T2`7Q`K�M+2X AM i?2 }`bi8kd

`QmM/ Q7 i?2 ;�K2- i?2 /272+iBp2 bvbi2K `2/m+2b i?2 `2H�iBp2 T2`7Q`K�M+2 bB;MB7@8k3

B+�MiHv #v 38W UF1,38 = 4.110- p = .050V- r?2`2�b i?2 `2/m+iBQM Bb QMHv 13W �M/ MQi8kN

bB;MB}+�Mi BM i?2 b2+QM/ `QmM/ UF1,38 = 1.178- p = .285VX �;�BM- h�#H2 R b?Qrb i?28jy

/2i�BHb Q7 i?Bb 2z2+iX8jR

AM bmKK�`v r?2i?2` i?2 bmTTQ`i bvbi2K #2?�p2b +Q``2+iHv BM~m2M+2b ?Qr mb2`b T2`@8jk

7Q`K �M/ ?Qr i?2v T2`+2Bp2 i?2B` T2`7Q`K�M+2X8jj

9XjX avbi2K *Q``2+iM2bb �M/ *QKTHB�M+28j9

LQr r2 b?Qr i?�i +Q``2+iM2bb BM~m2M+2b i?2 `2TQ`i2/ �M/ �+im�H +QKTHB�M+2 rBi? i?28j8

bvbi2K, *Q``2+iM2bb ?�/ MQ bB;MB}+�Mi 2z2+i QM i?2 `2TQ`i2/ +QKTHB�M+2 BM i?28je

}`bi `QmM/ Q7 i?2 ;�K2 UF1,36 = .008- p = .928- η2 < .001V- #mi BM i?2 b2+QM/ `QmM/8jd

UF1,33 = 4.955- p = .033- η2 = .131VX � bBKBH�` T�ii2`M 2K2`;2/ 7Q` i?2 Q`/2` +?�M;2b8j3

UBX2X- K2�bm`2/ +QKTHB�M+2V- r?B+? r�b MQi bB;MB}+�MiHv BM~m2M+2/ #v +Q``2+iM2bb BM8jN

i?2 }`bi UJq@l Z = −.477- p = .633V- #mi BM i?2 b2+QM/ `QmM/ Q7 i?2 ;�K2 UJq@l89y

Z = −2.245- p = .025VX89R

AM i?2 }`bi `QmM/- i?2 TH�v2`b rBi? � /272+iBp2 bvbi2K `2TQ`i2/ � 35.1W (kRX9W-89k

93XdW) +QKTHB�M+2 rBi? i?2 bvbi2K BM +QMi`�bi iQ � +Q``2+i bvbi2K rBi? 34.2W (R3X3W-89j

9NX8W) +QKTHB�M+2X AM i?2 b2+QM/ `QmM/- TH�v2`b rBi? i?2 /272+iBp2 bvbi2K `2TQ`i2/899

31.4W (R8XeW- 9dXkW) +QKTHB�M+2- +QKT�`2/ iQ 52.6W (R3X3W- 9NX8W) +QKTHB�M+2 7Q`898

i?2 +Q``2+i bvbi2KX GBF2rBb2- i?2 K2�bm`2/ MmK#2` Q7 Q`/2` +?�M;2b BM i?2 b2+QM/89e

`QmM/ Q7 i?2 ;�K2 r�b HQr2` 7Q` i?2 +Q``2+i UJ/ = 8.5- M = 9.8 (dXR- RkX9) V i?�M89d

7Q` i?2 /272+iBp2 bvbi2K UJ/ = 15- M = 14.3 (RkXk- ReX8) Q`/2` +?�M;2bVX h�#H2 R �M/893

6B;m`2 e bmKK�`Bx2b i?2b2 }M/BM;bX89N

amKK�`BxBM;- i?2 +Q``2+iM2bb Q7 i?2 bmTTQ`i bvbi2K ?�b �M 2z2+i QM K2�bm`2/ �M/88y

`2TQ`i2/ +QKTHB�M+2- �Hi?Qm;? i?2 2z2+i QMHv 2K2`;2b BM i?2 b2+QM/ `QmM/X88R

R8
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Effect of Correctness on Compliance for first and second round

 Correct  Defect

6B;m`2 eX 1z2+i Q7 +Q``2+iM2bb �M/ `QmM/ QM `2TQ`i2/ +QKTHB�M+2X A7 i?2 bvbi2Kb #2?�p2b +Q``2+iHv-
+QKTHB�M+2 BM+`2�b2bX 1``Q` #�`b BM/B+�i2 i?2 N8W@*AX

Re



*Q``2+i .272+i
_QmM/ R _QmM/ k _QmM/ R _QmM/ k

Pp2`�HH S`Q}i J2/B�M Rjj8y Rkjyy Ryj8y RRe8y
J2�M e83N (@9N3- Rjedd) dey8 (ke8y- Rk8ey) @RyN8d (@k93NR- kNde) @dyj (@RjNek- Rk88d)

Pp2`�HH a�iBb7�+iBQM J2�M 9d (jk- ej) ed (88- d3) ke (Rk- jN) 89 (jN- eN)
_2H�iBp2 S2`7Q`K�M+2 J2�M jd (kd- 9d) 8d (9N- e8) kj (Rj- jj) 9N (je- ek)

LmK#2` Q7 P`/2` *?�M;2b J2/B�M 16 8.5 13 15
J2�M RkXk (NXy- R8Xj) NX3 (dXR- RkX9) RRXN (NXe- R9XR) R9Xj (RkXk- ReX8)

_2TQ`i2/ *QKTHB�M+2 (W) J2�M j9Xk (R3X3- 9NX8) 8kXe (9yXy- e8Xk) j8XR (kRX9 93Xd) jRX9 (R8Xe- 9dXk)

h`mbi BM �miQK�iBQM J2�M 93 (9y- 8e) 8j (99- eR) jd (kd- 9d) k3 (ky- j8)
h�#H2 RX am#D2+iBp2 �M/ Q#D2+iBp2 T2`7Q`K�M+2 �M/ +QKTHB�M+2- �M/ i`mbi BM �miQK�iBQM #�b2/ QM +Q``2+iM2bb 7Q` #Qi? ;�K2 `QmM/bX LmK#2`b BM #`�+F2ib b?Qr i?2
N8W@*AX

Rd



9X9X avbi2K *Q``2+iM2bb �M/ h`mbi88k

h?2 +Q``2+iM2bb �HbQ BM~m2M+2/ i?2 T�`iB+BT�MibǶ i`mbi BM i?2 bvbi2KX AM i?2 }`bi `QmM/88j

Q7 i?2 ;�K2- i?2 2z2+i Bb bm;;2biBp2 7Q` bi�iBbiB+�H bB;MB}+�M+2 UF1,37 = 3.401- p =889

.073- η2 = .084VX 6Q` i?2 b2+QM/ `QmM/ Q7 i?2 ;�K2 � bB;MB}+�Mi 2z2+i 2K2`;2b Q7888

+Q``2+iM2bb QM i`mbi UF1,37 = 19.763- p < .001- η2 = .348VX88e

AM i?2 }`bi `QmM/ Q7 i?2 ;�K2- i?2 `2TQ`i2/ i`mbi BM i?2 +Q``2+i bvbi2K r�b bHB;?iHv88d

?B;?2` U48 (9y- 8e)V i?�M i?2 i`mbi BM i?2 /272+iBp2 bvbi2K U37 (kd- 9d)c −24WVX h?2883

/Bz2`2M+2 BM i?2 2p�Hm�iBQMb ;`2r �7i2` i?2 b2+QM/ `QmM/, h`mbi BM i?2 +Q``2+i bvbi2K88N

U53 (44- 61)V r�b Km+? ?B;?2` i?�M 7Q` i?2 /272+iBp2 bvbi2K U28 (20- 35)c −48WVX h�#H28ey

R bmKK�`Bx2b i?2b2 }M/BM;b �M/ 6B;m`2 d BHHmbi`�i2b i?2 +?�M;2b #�b2/ QM i?Bb 2z2+iX8eR
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Effect of Correctness on Trust in Automation for both rounds

Correct Defect

6B;m`2 dX 1z2+i Q7 +Q``2+iM2bb �M/ `QmM/ QM i`mbiX A7 i?2 bvbi2K #2?�p2b +Q``2+iHv- i`mbi BM+`2�b2b BM
`QmM/ kX 1``Q` #�`b BM/B+�i2 i?2 N8W@*AX

h?mb- i?2 +Q``2+iM2bb Q7 i?2 .aa BM~m2M+2b i?2 T�`iB+BT�MibǶ i`mbi BM i?2 bvbi2K-8ek

�Hi?Qm;? i?2 2z2+i b?Qrb mT MQi 2�`HB2` i?�M i?2 b2+QM/ `QmM/ Q7 i?2 ;�K2X8ej

9X8X avbi2K *Q``2+iM2bb �M/ h2+?MQHQ;v �++2Ti�M+28e9

h?Bb b2+iBQM �M�Hvb2b i?2 BM~m2M+2 Q7 +Q``2+iM2bb �M/ i`mbi QM i?2 �++2Ti�M+2 Q7 i?28e8

bmTTQ`i bvbi2K QM i?2 #�bBb Q7 .�pBbǶ i2+?MQHQ;v �++2Ti�M+2 KQ/2H Ub22 b2+iBQM kX8VX8ee

6Q` i?2 �M�HvbBb- #Qi? `QmM/b �`2 TQQH2/ iQ;2i?2`X8ed

hQ mM/2`bi�M/ B7 i?2 +Q``2+iM2bb BM~m2M+2b i?2 2p�Hm�iBQM Q7 i?2 /2+BbBQM bmTTQ`i8e3

bvbi2K QM i?2 /BK2MbBQMb Q7 i?2 h2+?MQHQ;v �++2Ti�M+2 KQ/2H- r2 +�H+mH�i2/ � `2T2�i2/8eN

K2�bm`2b J�LPo� rBi? +Q``2+iM2bb �b � rBi?BM@bm#D2+i 7�+iQ` �M/ mb27mHM2bb-8dy

2�b2 Q7 mb2- �M/ BMi2MiBQM iQ mb2 �b /2T2M/2Mi p�`B�#H2bX Pp2`�HH- +Q``2+iM2bb8dR

?�/ � bB;MB}+�Mi BM~m2M+2 QM i?2 Qp2`�HH KQ/2H UV = .644- F4,33 = 14.941- p < .001-8dk

η2 = .644VX8dj

aT2+B}+�HHv- i?2 T2`+2Bp2/ mb27mHM2bb /2+`2�b2b bB;MB}+�MiHv #v 8dW 7`QK 89 iQ kj8d9

#�b2/ QM i?2 bvbi2K /272+i UF1,36 = 41.353- p < .001- η2 = .535VX �Hi?Qm;? i?2 2z2+i8d8

R3



bBx2 �M/ i?2 `2H�iBp2 /2+`2�b2 Bb bK�HH2`- i?2 /272+i �HbQ /2+`2�b2b i?2 T2`+2Bp2/ 2�b28de

Q7 mbBM; i?2 bvbi2K #v keW 7`QK ey iQ 99 UF1,36 = 11.365- p = .001- η2 = .287VX8dd

h?2 Qp2`�HH BMi2MiBQM iQ mb2 i?2 +Q``2+i bmTTQ`i bvbi2K r�b 8k �M/ /2+`2�b2/8d3

#v ekW iQ ky 7Q` i?2 /272+iBp2 bvbi2K UF1,36 = 47.978- p < .001- η2 = .571VX h�#H2 k8dN

bmKK�`Bx2b �M/ 6B;m`2 3 BHHmbi`�i2b i?2 2z2+i Q7 +Q``2+iM2bb Q7 i?2 /2+BbBQM bmTTQ`i83y

bvbi2K QM i?2 p�`B�#H2b 7`QK i?2 �++2Ti�M+2 KQ/2HX83R

a+�H2 *Q``2+i .272+i .2Hi� η2

lb27mHM2bb 89 (99- e9) kj (R8- jR) @8dW X8j8
1�b2 Q7 lb2 ey (8k- eN) 99 (j8- 8j) @keW Xk3d

AMi2MiBQM hQ lb2 8k (9k- ek) ky (Rj- kd) @ekW X8dR
h�#H2 kX AM~m2M+2 Q7 i?2 +Q``2+iM2bb Q7 i?2 /2+BbBQM bmTTQ`i bvbi2K QM i?2 /BK2MbBQMb mb27mHM2bb- 2�b2 Q7
mb2- �M/ BMi2MiBQM iQ mb2X LmK#2`b BM #`�+F2ib b?Qr i?2 N8W@*AX
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Effect of Correctness on Technology Acceptance

Correct Defect

6B;m`2 3X 1p�Hm�iBQM Q7 T2`+2Bp2/ mb27mHM2bb- 2�b2 Q7 mb2- �M/ BMi2MiBQM iQ mb2 #�b2/ QM +Q``2+iM2bb
Q7 i?2 /2+BbBQM bmTTQ`i bvbi2KbX 1``Q` #�`b BM/B+�i2 i?2 N8W@*AX

Ai b?QmH/ #2 MQi2/ i?�i i?2 2z2+i bBx2 7Q` T2`+2Bp2/ 2�b2 Q7 mb2 Uη2 = .287V Bb HQr2`83k

i?�M i?2 2z2+i bBx2 Q7 T2`+2Bp2/ mb27mHM2bb Uη2 = .535V- �M/ i?�i Q7 i?2 BMi2MiBQM83j

iQ mb2 Uη2 = .571VX �Hi?Qm;? i?2 T�`iB+BT�Mib `2TQ`i HQr2` 2�b2 Q7 mbBM; 7Q` i?2839

/272+i .aa i?�M 7Q` i?2 +Q``2+i .aa- i?2 2z2+i Bb Km+? H2bb T`QMQmM+2/ �b 7Q` i?2 Qi?2`838

irQ +`Bi2`B�- 2bT2+B�HHv i?�M 7Q` i?2 KQbi /2+BbBp2 /BK2MbBQM BMi2MiBQM iQ mb2X83e

9X8XRX *Q``2H�iBQM �M�HvbBb 7Q` i?2 *Q``2+i .2+BbBQM amTTQ`i avbi2K83d

6Q` i?2 +Q``2+i /2+BbBQM bmTTQ`i bvbi2K- #Qi?- i?2 T2`+2Bp2/ mb27mHM2bb �M/ i?2 2�b2833

Q7 mbBM; `2H�i2 iQ i?2 BMi2MiBQM iQ mb2, aiBHH- T2`+2Bp2/ mb27mHM2bb Bb HBMF2/ KQ`283N

RN



bi`QM;Hv Uρ = .832 (Xdyj- XNy3)- p < .001V i?�M 2�b2 Q7 mbBM; i?2 bvbi2K Uρ = .4398Ny

(XR93- Xeey)- p = .005VX8NR

6m`i?2`KQ`2- i?2 BMi2MiBQM iQ mb2 r�b bi`QM;Hv HBMF2/ iQ i?2 `2TQ`i2/ +QKTHB@8Nk

�M+2 rBi? i?2 bvbi2K Uρ = .616 (Xjdd- Xdd3)- p < .001VX8Nj

h?2 �//BiBQM�H +QKTQM2Mi i`mbi BM i?2 bvbi2K b?�T2b i?2 BMi2MiBQM iQ mb2 i?28N9

bvbi2K Uρ = .719 (X8ke- X39R)- p < .001V - �b r2HH �b i?2 `2TQ`i2/ +QKTHB�M+2 rBi? i?28N8

bvbi2K Uρ = .453 (XRe9- XeeN)- p = .004VX lb2`b r?Q i`mbi i?2 bvbi2K �M/ +QKTHv rBi?8Ne

Bi- BMi2M/ iQ mb2 Bi H�i2`X8Nd

AM �//BiBQM- i?2 2�b2 Q7 mb2- mb27mHM2bb- �M/ i`mbi BM i?2 bvbi2K �`2 BMi2`+QM@8N3

M2+i2/ Uρ ≥ .397 (XyN3- Xejy)- p < .001VX �Hi?Qm;? MQ bB;MB}+�Mi 2z2+i Q7 2�b2 Q78NN

mb2 QM `2TQ`i2/ +QKTHB�M+2 r�b /Bb+Qp2`2/ Uρ = .236 (@Xy3R- X8Ry)- p = .147V- i?2eyy

T2`+2Bp2/ mb27mHM2bb ?�/ � bi`QM; BM~m2M+2 QM i?2 `2TQ`i2/ +QKTHB�M+2 Uρ = .634eyR

(X9yk- Xd3N)- p < .001VX lb2`b r?Q T2`+2Bp2/ i?2 bvbi2K �b mb27mH- +QKTHB2/ rBi? Bi KQ`2eyk

Q7i2MXeyj

*QMi`�`v iQ 2tT2+i�iBQMb- M2Bi?2` BMi2MiBQM iQ mb2 Uρ = .022 (@XkNR- XjjR)- p =ey9

.896V- MQ` +QKTHB�M+2 rBi? i?2 bvbi2K Uρ = −.174 (@XR98- X9ey)- p = .295V r2`2ey8

HBMF2/ iQ i?2 Qp2`�HH +QKT�Mv T`Q7BiX S`Q}i r�b BM/2T2M/2Mi Q7 r?2i?2` mb2`b 7QHHQr2/eye

i?2 bvbi2K Q` H�i2` `2TQ`i i?�i i?2v rQmH/ `2Hv QM Bi �;�BMX >Qr2p2`- i?2`2 r�b �eyd

TQbBiBp2 2z2+i Q7 BMi2MiBQM iQ mb2 Uρ = .361 (Xy8e- Xey9)- p = .022V �M/ � 2z2+iey3

bm;;2biBp2 Q7 bi�iBbiB+�H bB;MB}+�M+2 Q7 +QKTHB�M+2 Uρ = .284 (@Xyjy- X89d)- p = .080VeyN

QM `2H�iBp2 T2`7Q`K�M+2X >2M+2- T�`iB+BT�Mib +QKTHvBM; rBi? i?2 bmTTQ`i bvbi2KeRy

�i H2�bi �+?B2p2/ � ?B;?2` T2`+2Bp2/ T`Q}i BM i?2 ;�K2XeRR

h?2 H27i bB/2 Q7 6B;m`2 N BHHmbi`�i2b i?2 `2H�iBQMb?BTb #2ir22M i?2 bvbi2KǶb 2p�Hm�iBQMbeRk

�M/ +QKTHB�M+2 rBi? i?2 +Q``2+iHv 7mM+iBQMBM; bmTTQ`i bvbi2KXeRj

ky



Intention to 
Use

Usefulness

Ease of Use

Correct Decision Support System Defective Decision Support System

.832**
[.703, .908]

.439**
[.148, .660]

.397**
[.089, .630]

Intention to 
Use

Usefulness

Ease of Use

.792**
[.638, .885]Use /

Compliance
.616**

[.377, .778]
Use /

Compliance

.364*
[.006, .606]

-.442*
[-.662, -.152]

Trust in 
Automation

Trust in 
Automation

.704**
[.503, .832]

.719**
[.526, .841] .453*

[.165, .669]

.599**
[.354, .767]

.439*
[.148, .660]

.385*
[.084, .621].581**

[.330, .755]

.436*
[.145, .658]

.289*
[-.024, .550]

Auto-Correlations (Stable across experimental conditions)Correlations

.634**
[.402, .789]

 ** p<.001, * p<.05

Original TAM Original TAM.560**
[.301, .742]
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9X8XkX *Q``2H�iBQM �M�HvbBb 7Q` i?2 .272+iBp2 .2+BbBQM amTTQ`i avbi2KeR9

6Q` i?2 /272+iBp2 /2+BbBQM bmTTQ`i bvbi2K- i?2 T2`+2Bp2/ mb27mHM2bb r�b bi`QM;Hv `2@eR8

H�i2/ iQ i?2 BMi2MiBQM iQ mb2 i?2 bvbi2K Uρ = .792 (Xej3- X338)- p < .001VX h?2 KQ`2eRe

mb27mH i?2 bvbi2K- i?2 KQ`2 HBF2Hv mb2`b rQmH/ mb2 BiX AMi2MiBQM iQ mb2 r�b �HbQeRd

BM~m2M+2/ #v i?2 T�`iB+BT�MiǶb i`mbi BM i?2 bvbi2K- �Hi?Qm;? i?2 bi`2M;i? Q7 i?Bb 2z2+ieR3

Bb r2�F2` Uρ = .439 (XR93- Xeey)- p = .005VX h?2 KQ`2 A i`mbi i?2 bvbi2K- i?2 KQ`2 AeRN

�K HBF2Hv iQ `2Hv QM BiX am`T`BbBM;Hv- i?2 T2`+2Bp2/ 2�b2 Q7 mb2 r�b MQi `2H�i2/ iQ i?2eky

BMi2MiBQM iQ mb2 i?2 bvbi2K Uρ = −.022 (@XjjR- XkNR)- p = .892VXekR

�b �#Qp2- i?2`2 Bb � HBMF #2ir22M mb27mHM2bb �M/ i`mbi Uρ = .599 (Xj89- Xddy)-ekk

p < .001V- #mi MQ +Q``2H�iBQM #2ir22M i`mbi �M/ 2�b2 Q7 mb2 Up = .581V- �M/ 2�b2ekj

Q7 mb2 �M/ mb27mHM2bb Up = .376VXek9

LQ bB;MB}+�Mi HBMF r�b 7QmM/ #2ir22M BMi2MiBQM iQ mb2 i?2 bvbi2K �M/ i?2 `2TQ`i2/ek8

+QKTHB�M+2 Uρ = .026 (@Xk3d- Xjj9)- p = .134VX aiBHH- 2�b2 Q7 mb2 �M/ mb27mHM2bbeke

r2`2 7QmM/ iQ BM~m2M+2 i?2 +QKTHB�M+2, h?2`2 Bb � K2/BmK TQbBiBp2 BM~m2M+2 Q7ekd

T2`+2Bp2/ mb27mHM2bb QM +QKTHB�M+2 Uρ = .364 (Xyey- Xeey)- p = .034V- r?2`2�b i?2ek3

K2/BmK BM~m2M+2 Q7 2�b2 Q7 mbBM; i?2 bvbi2K Bb M2;�iBp2 Uρ = .442 (XR8k- Xeek)-ekN

p = .010VXejy

h?2 BMi2MiBQM iQ mb2 i?2 bmTTQ`i bvbi2K �M/ i?2 �+im�H +QKT�Mv T`Q}i �`2 mM@ejR

`2H�i2/ Uρ = −.139 (@XR3y- X9jR)- p = .393VX >B;?2` +QKTHB�M+2 rBi? i?2 /272+iBp2ejk

bvbi2K Bb bi`QM;Hv `2H�i2/ rBi? HQr2` Qp2`�HH +QKT�Mv T`Q7Bib Uρ = −.668 (X98R-ejj

X3Ry)- p < .001VX �M/- �Hi?Qm;? BMi2MiBQM iQ mb2 r�b MQi `2H�i2/ iQ `2H�iBp2 T2`@ej9

7Q`K�M+2 Uρ = .079 (@Xkj3- Xj3R)- p. = 630V- i?2`2 r�b � HBMF #2ir22M i?2 `2TQ`i2/ej8

+QKTHB�M+2 �M/ Uρ = −.339 (XyjR- X833)- p = .049V �M/ `2H�iBp2 T2`7Q`K�M+2Xeje

h?mb- mb2`b i?�i 7QHHQr2/ i?2 #`QF2M `2+QKK2M/�iBQMb- 72Hi i?�i i?2v ?�/ T2`7Q`K2/ejd

`�i?2` r2HHXej3

8X .Bb+mbbBQMejN

S`BQ` rQ`F ?�b b?QrM i?�i /2+BbBQM bmTTQ`i bvbi2K BM+`2�b2 2{+B2M+v �M/ 2z2+iBp2M2bbe9y

BM /2+BbBQM i�bFb BM p�`BQmb +QMi2tib Ua?�`/� 2i �HX RN33c :�`; 2i �HX kyy8c SB+F kyy3ce9R

_ƺii;2` 2i �HX kyyNc PMM�b+? 2i �HX kyR9VX :2M2`�HHv- .aa �`2 2bb2MiB�H iQ +QT2 rBi? i?2e9k

BM+`2�bBM; i�bF +QKTH2tBiB2b BM +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2Kb �M/ bmTTHv +?�BMb Ub22e9j

b2+iBQMb kXR- kXR- �M/ kXkVX Pm` rQ`F ?�b 2KTB`B+�HHv BMp2biB;�i2/ ?Qr i?2 +QKTHB�M+2e99

rBi? � /2+BbBQM bmTTQ`i bvbi2Kb `2H�i2b iQ i`mbi �M/ i2+?MQHQ;v �++2Ti�M+2 7Q` #Qi?e98

+Q``2+i �M/ /272+iBp2 /2+BbBQM bmTTQ`i bvbi2KbX AM i?2 7QHHQrBM; r2 /Bb+mbb i?2 K�BMe9e

}M/BM;b rBi? `2;�`/ iQ i?2 `2H2p�Mi #Q/v Q7 FMQrH2/;2X h?2 }`bi }M/BM; Q7 i?2 bim/v Bbe9d

i?2 T`QtBKBiv Q7 T2`+2Bp2/ �M/ K2�bm`2/ K2i`B+b Q7 i?2 bim/v, AM ;2M2`�H- i?2 T�`iB+BT�Mibe93

BM Qm` bim/v +QmH/ +Q``2+iHv �bb2bb i?2B` +QKTHB�M+2 rBi? i?2 /2+BbBQM bmTTQ`i bvbi2Ke9N

�M/ i?2B` Qp2`�HH T2`7Q`K�M+2 BM i?2 ;�K2Xe8y

h?2 `2bmHib b?Qr i?�i i?2 /272+i Q7 i?2 /2+BbBQM bmTTQ`i bvbi2K ?�/ � bi`QM; 2z2+ie8R

QM �HKQbi �HH BMp2biB;�i2/ /2T2M/2Mi p�`B�#H2bX � +Q``2+i bvbi2K vB2H/2/ ?B;?2` i`mbi-e8k

?B;?2` mb27mHM2bb- �M/ ?B;?2` 2�b2 Q7 mb2- r?B+?ƘBM im`M BM+`2�b2/ i?2 BMi2MiBQM iQ mb2e8j

i?2 bmTTQ`i bvbi2K �M/ i?2 Qp2`�HH +QKTHB�M+2 rBi? i?2 bvbi2KX JQbi BKTQ`i�MiHv- i?2e89

+Q``2+i bmTTQ`i bvbi2K H2�/b iQ � ?B;?2` T2`7Q`K�M+2 b�iBb7�+iBQM- �M/ � ?B;?2` Qp2`�HHe88

+QKT�Mv T`Q}iXe8e

h?mb- i?2 b2H7@2pB/2MiěB7 MQi i`BpB�Hě+QM+HmbBQM Bb i?�i /2+BbBQM bmTTQ`i bvbi2Kbe8d

b?QmH/ rQ`F �b `2HB�#Hv �b TQbbB#H2 �M/ b?QmH/ MQi T`QpB/2 KBbH2�/BM; Q` r`QM; bm;@e83

;2biBQMb iQ i?2 QT2`�iQ`b Q7 +v#2`@T?vbB+�H T`Q/m+iBQM bvbi2KbX u2i- i?Bb #2bi@+�b2 Bbe8N

kk



MQi �+?B2p�#H2- /m2 iQ 2``Q`b BM T`Q;`�KKBM;- b2MbQ`b- �M/ bT2+B}+�iBQMb- Q` /m2 iQeey

mM7Q`2b22M 2p2Mib BM � T`Q/m+iBQM M2irQ`FX h?2`27Q`2- Bi Bb 2bb2MiB�H iQ mM/2`bi�M/ r?QeeR

+QKTHB2b rBi? +Q``2+i �M/ /272+iBp2 bvbi2KbX Ai Bb +`m+B�H iQ mM/2`bi�M/ r?v �M/ mM@eek

/2` r?B+? +QM/BiBQMb +QKTHB�M+2 Q++m`b- BM Q`/2` iQ 2KTQr2` QT2`�iQ`b iQ /2i2+i �M/eej

BMi2MiBQM�HHv /Bb`2;�`/ 7�mHiv bm;;2biBQMbXee9

h?2 �M�HvbBb Q7 i?2 `2H�iBQMb?BTb i?�i ;Qp2`M �++2Ti�M+2 �M/ mb2 Q7 i?2 +Q``2+i /2@ee8

+BbBQM bmTTQ`i bvbi2K Bb BM HBM2 rBi? i?2 mM/2`HvBM; i?2Q`v �M/ Qm` 2tT2+i�iBQMb, h?2eee

BMi2MiBQM iQ mb2 i?2 bvbi2K Bb ;Qp2`M2/ #v i?2 T�`iB+BT�MibǶ i`mbi BM i?2 �miQK�i2/eed

bvbi2K- i?2B` T2`+2Bp2/ mb27mHM2bb Q7 i?2 bvbi2K- �b r2HH �b Bib 2�b2 Q7 mb2X �b QM2 rQmH/ee3

2tT2+i- i`mbi �M/ mb27mHM2bb �`2 i?2 bi`QM;2bi T`2/B+iQ`bX AM �//BiBQM- 2�b2 Q7 mb2 �HbQeeN

mM7QH/b � bi`QM; TQbBiBp2 BM~m2M+2 QM i?2 i`mbi BM i?2 �miQK�i2/ bvbi2K- �b r2HH �bedy

BM i?2 BMi2MiBQM iQ mb2 i?2 bvbi2KX h?2 `2TQ`i2/ +QKTHB�M+2 rBi? i?2 bvbi2K- r?B+?edR

K�i+?2/ i?2 K2�bm`2/ +QKTHB�M+2 7`QK i?2 bBKmH�iBQM KQ/2H- �HbQ +Q``2H�i2b rBi? i`mbiedk

BM i?2 bvbi2K- i?2 `2TQ`i2/ mb27mHM2bb- �M/ i?2 BMi2MiBQM iQ mb2 i?2 bvbi2KXedj

�i i?Bb TQBMi- QM2 Q#pBQmb }M/BM; #2+QK2b �TT�`2Mi, h?2 KQ`2 � mb2` /BbQ#2vb �ed9

/272+iBp2 bmTTQ`i bvbi2K- i?2 KQ`2 T`Q}i ?Bb +QKT�Mv K�F2b Ub22 b2+iBQM 9X8XkVX >Qr@ed8

2p2`- mb2`b +QKTHv rBi? i?2 bvbi2Kb iQ � H�`;2 2ti2Mi BM #Qi? i?2 /272+i �M/ i?2 +Q``2+iede

+�b2X h?Bb b?Qrb i?�i bQK2 mb2`b i2M/ iQ 7QHHQr i?2 KBb;mB/BM; bm;;2biBQMb Q7 i?2 bmT@edd

TQ`i bvbi2K- /2bTBi2 2pB/2Mi 722/#�+F i?`Qm;? +mbiQK2` +QKTH�BMib BM i?2 ;�K2 Ub22ed3

b2+iBQM jXkXRc h2Ƕ2MB URNNRVVXedN

"mi r?�i /`Bp2b i?Bb Q#2/B2M+2 Q7 i?2 /272+iBp2 bvbi2K\ S2QTH2 ?�p2 /Bz2`2Mi `2�bQMbe3y

7Q` +QKTHvBM; rBi? #�/ `2+QKK2M/�iBQMbX *QKTHB�M+2 BM+`2�b2b r?2M i?2 bvbi2K Bbe3R

T2`+2Bp2/ �b mb27mH �M/ /2+`2�b2b r?2M i?2 bvbi2K Bb T2`+2Bp2/ �b 2�bv iQ mb2X �TT�`2MiHv-e3k

bQK2 T2QTH2 �ii`B#mi2 i?2 bvbi2K � ?B;?2` mb27mHM2bb- /2bTBi2 Bib 2pB/2Mi K�H7mM+iBQMXe3j

Ai Bb MQi v2i bm{+B2MiHv mM/2`biQQ/ r?�i /`Bp2b i?Bb KBb+QM+2TiBQM- #mi Bi �HHm`2b mb2`be39

BMiQ +QKTHB�M+2 �M/ #HBM/ Q#2/B2M+2 Q7 � /272+iBp2 bmTTQ`i bvbi2KXe38

Ai Bb #Qi? bi`BFBM; �M/ `2K�`F�#H2 i?�i 2�b2 Q7 mb2 TH�vb � /Bz2`2Mi `QH2 BM i?2 +Q``2+ie3e

b2iiBM; i?�M BM i?2 /272+i b2iiBM;X S2QTH2 r?Q }M/ i?2 bvbi2K 2�bv iQ mb2 +QKTHv H2bbe3d

rBi? i?2 /272+iBp2 bvbi2K �M/ i?2M �ii�BM ?B;?2` T`Q}ibX h?Bb Bb BM HBM2 rBi? T`2pBQmbe33

rQ`F i?�i b?Qr2/ i?�i 2�b2 Q7 mb2 �M/ BMi2`7�+2 mb�#BHBiv ?�p2 +QMbB/2`�#H2 TQbBiBp2e3N

BM~m2M+2 QM T2`7Q`K�M+2- �Hi?Qm;? Q7i2M MQi /B`2+iHv K2�bm`�#H2 �M/ QMHv mM7QH/BM;eNy

BM KQ`2 +QKTH2t b2iiBM;b U+7X b2+iBQM kXk �M/ US�`F2` �M/ aBM+H�B` kyyRc JBii2Hbi /ieNR

2i �HX kyR8c "`�mM2` 2i �HX kyReVVX Pm` bim/v bm;;2bib i?�i ?B;?2` T2`+2Bp2/ 2�b2 Q7 mb2eNk

2M�#H2b mb2`b iQ +QKT2Mb�i2 i?2 /272+ib �b mb2`b BMi2MiBQM�HHv /Bb`2;�`/ i?2 KBbH2�/BM;eNj

bm;;2biBQMb #v +QKTHvBM; H2bb- �M/ i?2`2#v ;2M2`�iBM; ?B;?2` T`Q}ibXeN9

AMi2`2biBM;Hv- i?2 2z2+ib Q7 i?2 +Q``2+iM2bb Q7 i?2 .aa /B/ MQi b?Qr mT BM i?2 }`bieN8
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AM7Q`K�iBF- kyReX3ky

:X �X :Q``v- JX aX aX JQ`iQM- � 6`�K2rQ`F 6Q` J�M�;2K2Mi AM7Q`K�iBQM avbi2Kb- aHQ�M3kR

J�M�;2K2Mi _2pB2r Rj URNdRV 8yĜdyX3kk

CX SX a?BK- JX q�`F2MiBM- CX 6X *Qm`iM2v- .X CX SQr2`- _X a?�`/�- *X *�`HbbQM- S�bi- S`2b2Mi-3kj

�M/ 6mim`2 Q7 .2+BbBQM amTTQ`i h2+?MQHQ;v- kyykX3k9

CX .X G22- EX �X a22- h`mbi BM �miQK�iBQM, .2bB;MBM; 7Q` �TT`QT`B�i2 `2HB�M+2X- >mK�M 6�+iQ`b3k8

9e Ukyy9V 8yĜ3yX3ke

"X JX JmB`- LX JQ`�v- h`mbi BM �miQK�iBQMX S�`i AAX 1tT2`BK2Mi�H bim/B2b Q7 i`mbi �M/ ?mK�M3kd

BMi2`p2MiBQM BM � T`Q+2bb +QMi`QH bBKmH�iBQM- 1`;QMQKB+b jN URNNeV 9kNĜeyX3k3

JX wB2K�MM- uX 1`2M- �X 1H@Pbi�- :2M2 M�K2 2``Q`b �`2 rB/2bT`2�/ BM i?2 b+B2MiB}+ HBi2`�im`2-3kN

:2MQK2 "BQHQ;v Rd UkyReV RddX3jy

*X S�`F2`- JX aBM+H�B`- lb2`@+2Mi`2/ /2bB;M /Q2b K�F2 � /Bz2`2M+2X i?2 +�b2 Q7 /2+BbBQM bmTTQ`i3jR

bvbi2Kb BM +`QT T`Q/m+iBQM- "2?�pBQm` � AM7Q`K�iBQM h2+?MQHQ;v ky UkyyRV 99NĜ9eyX3jk

.X h2Ƕ2MB- 622/#�+F �b � bQm`+2 Q7 +QMi`QH BM /2+BbBQM bmTTQ`i bvbi2Kb, �M 2tT2`BK2Mi rBi?3jj

i?2 722/#�+F bT2+B}+Biv- "2?�pBQm` � AM7Q`K�iBQM h2+?MQHQ;v Ry URNNRV jdjĜj3kX3j9

SX _X EH2BM/Q`72`- :X >X a��/- J�M�;BM; .Bb`mTiBQM _BbFb BM :HQ#�H amTTHv *?�BMb- S`Q/m+iBQM3j8

�M/ PT2`�iBQMb J�M�;2K2Mi R9 Ukyy8V 8jĜe3X3je

GX oX aMv/2`- wX �i�M- SX S2M;- uX _QM;- �X CX a+?KBii- "X aBMbQvb�H- P_fJa JQ/2Hb 7Q`3jd

amTTHv *?�BM .Bb`mTiBQMb, � _2pB2r- AA1 h`�Mb�+iBQMb 93 UkyReV 3NĜRyNX3j3

CX qX 6Q``2bi2`- AM/mbi`B�H .vM�KB+b- JAh S`2bb- *�K#`B/;2- RNeRX3jN

>X GX G22- oX S�/K�M�#?�M- aX q?�M;- AM7Q`K�iBQM .BbiQ`iBQM BM � amTTHv *?�BM, h?239y

"mHHr?BT 1z2+i- J�M�;2K2Mi a+B2M+2 9j URNNdV 89eĜ883X39R

�X �X h�FQ- aX _Q#BMbQM- h?2 �TTHB+�iBQM Q7 /Bb+`2i2 2p2Mi bBKmH�iBQM �M/ bvbi2K /vM�KB+b39k

BM i?2 HQ;BbiB+b �M/ bmTTHv +?�BM +QMi2ti- .2+BbBQM amTTQ`i avbi2Kb 8k UkyRkV 3ykĜ3R8X39j

SX "`�mM2`- _X S?BHBTb2M- �X 62Hb- JX 6m?`K�MM- >X L;Q- aX aiBHH2`- _X a+?KBii- JX wB2~2- �399

:�K2@"�b2/ �TT`Q�+? iQ J22i i?2 *?�HH2M;2b Q7 .2+BbBQM S`Q+2bb2b BM _�KT@lT J�M�;2@398

K2Mi- Zm�HBiv J�M�;2K2Mi CQm`M�H kj UkyReV 88ĜeNX39e

JX *X qBHbQM- h?2 BKT�+i Q7 i`�MbTQ`i�iBQM /Bb`mTiBQMb QM bmTTHv +?�BM T2`7Q`K�M+2- h`�Mb@39d

TQ`i�iBQM _2b2�`+? S�`i 1, GQ;BbiB+b �M/ h`�MbTQ`i�iBQM _2pB2r 9j UkyydV kN8ĜjkyX393

*X uX qQM;- aX "QQM@Aii- *X qX uX qQM;- h?2 *QMiBM;2M+v 1z2+ib Q7 1MpB`QMK2Mi�H lM+2`@39N

i�BMiv QM i?2 _2H�iBQMb?BT "2ir22M amTTHv *?�BM AMi2;`�iBQM �M/ PT2`�iBQM�H S2`7Q`K�M+2-38y

CQm`M�H Q7 PT2`�iBQMb J�M�;2K2Mi kN UkyRRV ey9ĜeR8X38R

*X h�M;- _Q#mbi bi`�i2;B2b 7Q` KBiB;�iBM; bmTTHv +?�BM /Bb`mTiBQMb- AMi2`M�iBQM�H CQm`M�H Q738k

GQ;BbiB+b N UkyyeV jjĜ98X38j

ke



CX "H�+F?m`bi- *X qX *`�B;?2�/- .X 1HFBMb- _X "X >�M/}2H/- �M 2KTB`B+�HHv /2`Bp2/ �;2M/�389

Q7 +`BiB+�H `2b2�`+? Bbbm2b 7Q` K�M�;BM; bmTTHv@+?�BM /Bb`mTiBQMb- AMi2`M�iBQM�H CQm`M�H Q7388

S`Q/m+iBQM _2b2�`+? 9j Ukyy8V 9yedĜ9y3RX38e

�X E�M/�- �X "�`p2- _X a?�MF�`- h?2 `QH2 Q7 ?mK�M 7�+iQ`b BM �;BH2 bmTTHv +?�BMb- 1m`QT2�M38d

CQm`M�H Q7 AM/mbi`B�H 1M;BM22`BM; j UkyyNV kĜkyX383

oX JBii2Hbi /i- SX "`�mM2`- JX "HmK- JX wB2~2- PM i?2 oBbm�H .2bB;M Q7 1_S avbi2Kb Ĝ h?238N

_QH2 Q7 AM7Q`K�iBQM *QKTH2tBiv- S`2b2Mi�iBQM �M/ >mK�M 6�+iQ`b- BM, ei? AMi2`M�iBQM�H3ey

*QM72`2M+2 QM �TTHB2/ >mK�M 6�+iQ`b �M/ 1`;QMQKB+b U�>61 kyR8V �M/ i?2 �{HB�i2/3eR

*QM72`2M+2b- �>61 kyR8- TTX kdyĜkddX3ek

JX wB2~2- SX "`�mM2`- 6X aT2B+?2`- 1z2+ib Q7 .�i� S`2b2Mi�iBQM �M/ S2`+2Tim�H aT22/ QM3ej

aT22/ �M/ �++m`�+v BM h�#H2 _2�/BM; 7Q` BMp2MiQ`v *QMi`QH- P++mT�iBQM�H 1`;QMQKB+b Rk3e9

UkyR8V RRNĜRkNX3e8

SX "`�mM2`- �X *�H2`Q o�H/2x- _X S?BHBTb2M- JX wB2~2- .272+iBp2 aiBHH .2~2+iBp2 Ĝ >Qr *Q`@3ee

`2+iM2bb Q7 .2+BbBQM amTTQ`i avbi2Kb AM~m2M+2b lb2`Ƕb S2`7Q`K�M+2 BM S`Q/m+iBQM 1MpB`QM@3ed

K2Mib- BM, 6X 6X@>X L�?- *X@>X h�M U1/bXV- >*A BM "mbBM2bb- :Qp2`MK2Mi- �M/ P`;�MBx�@3e3

iBQMb U>*A:PV- >2H/ �b S�`i Q7 >*A AMi2`M�iBQM�H kyRe- aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;3eN

arBix2`H�M/ kyRe- kyRe- TTX ReĜkdX3dy

_X S�`�bm`�K�M- hX "X a?2`B/�M- *X .X qB+F2Mb- � JQ/2H 7Q` hvT2b �M/ G2p2Hb Q7 >mK�M3dR

AMi2`�+iBQM rBi? �miQK�iBQM- avbi2Kb- J�M �M/ *v#2`M2iB+b jy UkyyyV k3eĜkNdX3dk

GX "�BM#`B/;2- A`QMB2b Q7 �miQK�iBQM- �miQK�iB+� RN URN3jV dd8ĜddNX3dj

_X S�`�bm`�K�M- oX _BH2v- >mK�Mb �M/ �miQK�iBQM, lb2- JBbmb2- .Bbmb2- �#mb2- >mK�M3d9

6�+iQ`b, h?2 CQm`M�H Q7 i?2 >mK�M 6�+iQ`b �M/ 1`;QMQKB+b aQ+B2iv jN URNNdV kjyĜk8jX3d8

EX :Q//�`/- �X _Qm/b�`B- CX *X qv�ii- �miQK�iBQM #B�b, � bvbi2K�iB+ `2pB2r Q7 7`2[m2M+v-3de

2z2+i K2/B�iQ`b- �M/ KBiB;�iQ`b- CQm`M�H Q7 i?2 �K2`B+�M J2/B+�H AM7Q`K�iB+b �bbQ+B�iBQM3dd

RN UkyRkV RkRĜRkdX3d3

_X S�`�bm`�K�M- .X >X J�Mx2v- *QKTH�+2M+v �M/ #B�b BM ?mK�M mb2 Q7 �miQK�iBQM, �M3dN

�ii2MiBQM�H BMi2;`�iBQM- >mK�M 6�+iQ`b 8k UkyRyV j3RĜ9RyX33y

"X _22p2b- *X L�bb- h?2 J2/B� 1[m�iBQM, >Qr S2QTH2 h`2�i *QKTmi2`b- h2H2pBbBQM- �M/ L2r33R

J2/B� GBF2 _2�H S2QTH2 �M/ SH�+2b- *�K#`B/;2 lMBp2`bBiv S`2bb- L2r uQ`F- Lu- la�-33k

RNNeX33j

"X CX 6Q;;- >X hb2M;- h?2 1H2K2Mib Q7 *QKTmi2` *`2/B#BHBiv- BM, S`Q+22/BM;b Q7 i?2 aA:*>A339

*QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A ǶNN- �*J- L2r uQ`F- Lu- la�-338

RNNN- TTX 3yĜ3dX33e

SX /2 o`B2b- *X JB//2M- .X "Qmr?mBb- h?2 1z2+ib Q7 1``Q`b QM avbi2K h`mbi- a2H7@*QM}/2M+2-33d

�M/ i?2 �HHQ+�iBQM Q7 *QMi`QH BM _Qmi2 SH�MMBM;- AMi2`M�iBQM�H CQm`M�H Q7 >mK�M *QKTmi2`333

aim/B2b 83 UkyyjV dRNĜdj8X33N

JX J�v2?- hX _�K�v�?- �X JBb?`�- h?2 _QH2 Q7 �#bQ`TiBp2 *�T�+Biv- *QKKmMB+�iBQM �M/3Ny

h`mbi BM 1_S �/QTiBQM- CQm`M�H Q7 avbi2Kb �M/ aQ7ir�`2 RRN UkyReV 83ĜeNX3NR

_X S�F- �X *X J+G�m;?HBM- qX G2B/?2Bb2`- 1X _QpB`�- h?2 1z2+i Q7 AM/BpB/m�H .Bz2`2M+2b3Nk

BM qQ`FBM; J2KQ`v BM PH/2` �/mHib QM S2`7Q`K�M+2 rBi? .Bz2`2Mi .2;`22b Q7 �miQK�i2/3Nj

h2+?MQHQ;v- 1`;QMQKB+b ey UkyRdV 8R3Ĝ8jkX3N9

hX :BHQpB+?- .X :`B{- .X E�?M2K�M- >2m`BbiB+b �M/ "B�b2b, h?2 Sbv+?QHQ;v Q7 AMimBiBp2 Cm/;@3N8

K2Mi- *�K#`B/;2 lMBp2`bBiv S`2bb- 3i? 2/BiBQM- kyykX3Ne

JX wv/�- 6`QK oBbm�H aBKmH�iBQM iQ oB`im�H _2�HBiv iQ :�K2b- la* AM7Q`K�iBQM a+B2M+2b3Nd

AMbiBimi2 j3 Ukyy8V k8ĜjkX3N3

�X �X .2b?T�M/2- aX >X >m�M;- aBKmH�iBQM ;�K2b BM 2M;BM22`BM; 2/m+�iBQM, � bi�i2@Q7@i?2@�`i3NN

`2pB2r- *QKTmi2` �TTHB+�iBQMb BM 1M;BM22`BM; 1/m+�iBQM RN UkyRRV jNNĜ9RyXNyy

SX "`�mM2`- JX wB2~2- >Qr iQ h`�BM 1KTHQv22b- B/2MiB7v h�bF@`2H2p�Mi >mK�M 6�+iQ`b- �M/NyR

AKT`Qp2 aQ7ir�`2 avbi2Kb rBi? "mbBM2bb aBKmH�iBQM :�K2b- BM, .X .BKBi`Qp- hX PQbi?mBx2MNyk

U1/bXV- S`Q+22/BM;b Q7 i?2 ei? AMi2`M�iBQM�H *QM72`2M+2 QM *QKT2iBiBp2 J�Mm7�+im`BM; kyReNyj

U*PJ� ǶReV- *A_S- ai2HH2M#Qb+?- aQmi? �7`B+�- kyRe- TTX 89RĜ89eXNy9

CX .X ai2`K�M- JQ/2HBM; J�M�;2`B�H "2?�pBQ`, JBbT2`+2TiBQMb Q7 622/#�+F BM � .vM�KB+Ny8

.2+BbBQM J�FBM; 1tT2`BK2Mi- J�M�;2K2Mi a+B2M+2 j8 URN3NV jkRĜjjNXNye

aX a�`F�`- aX EmK�`- � "2?�pBQ`�H 1tT2`BK2Mi QM AMp2MiQ`v J�M�;2K2Mi qBi? amTTHv *?�BMNyd

kd



.Bb`mTiBQM- AMi2`M�iBQM�H CQm`M�H Q7 S`Q/m+iBQM 1+QMQKB+b ReN UkyR8V ReNĜRd3XNy3

hX "2M@wpB- h?2 2{+�+v Q7 #mbBM2bb bBKmH�iBQM ;�K2b BM +`2�iBM; .2+BbBQM amTTQ`i avbi2Kb,NyN

�M 2tT2`BK2Mi�H BMp2biB;�iBQM- .2+BbBQM amTTQ`i avbi2Kb 9N UkyRyV eRĜeNXNRy

hX "2M@wpB- J2�bm`BM; i?2 S2`+2Bp2/ 1z2+iBp2M2bb Q7 .2+BbBQM amTTQ`i avbi2Kb �M/ i?2B`NRR

AKT�+i QM S2`7Q`K�M+2- .2+BbBQM amTTQ`i avbi2Kb 89 UkyRkV k93Ĝk8eXNRk

1X JX :QH/`�ii- CX *Qt- h?2 :Q�H, � S`Q+2bb Q7 PM;QBM; AKT`Qp2K2Mi- LQ`i? _Bp2` S`2bb-NRj

:`2�i "�``BM;iQM- J�bb�+?mb2iib- kM/ 2/BiBQM- RNNkXNR9

aX aiBHH2`- "X 6�HF- _X S?BHBTb2M- SX "`�mM2`- _X a+?KBii- JX wB2~2- � :�K2@#�b2/ �TT`Q�+?NR8

iQ lM/2`bi�M/ >mK�M 6�+iQ`b BM amTTHv *?�BMb �M/ Zm�HBiv J�M�;2K2Mi- S`Q+2/B� *A_SNRe

ky UkyR9V edĜdjXNRd

_X S?BHBTb2M- SX "`�mM2`- aX aiBHH2`- JX wB2~2- _X a+?KBii- lM/2`bi�M/BM; �M/ amTTQ`iBM;NR3

.2+BbBQM J�F2`b BM Zm�HBiv J�M�;2K2Mi Q7 S`Q/m+iBQM L2irQ`Fb- BM, �/p�M+2b BM i?2NRN

1`;QMQKB+b BM J�Mm7�+im`BM;X J�M�;BM; i?2 1Mi2`T`Bb2 Q7 i?2 6mim`2 kyR9 , S`Q+22/BM;b Q7Nky

i?2 8i? AMi2`M�iBQM�H *QM72`2M+2 QM �TTHB2/ >mK�M 6�+iQ`b �M/ 1`;QMQKB+b- �>61 kyR9-NkR

*_* S`2bb- "Q+� _�iQM- lMBi2/ ai�i2b- kyR9- TTX N9ĜRy8XNkk

SX "`�mM2`- _X S?BHBTb2M- JX wB2~2- S`QD2+iBM; 1{+�+v �M/ lb2 Q7 "mbBM2bb aBKmH�iBQM :�K2bNkj

BM i?2 S`Q/m+iBQM .QK�BM lbBM; h2+?MQHQ;v �++2Ti�M+2 JQ/2Hb- BM, *X a+?HB+F- aX h`x@Nk9

+B2HBƖbFB U1/bXV- �/p�M+2b BM 1`;QMQKB+b Q7 J�Mm7�+im`BM;, J�M�;BM; i?2 1Mi2`T`Bb2 Q7 i?2Nk8

6mim`2- aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;- kyRe- TTX eydĜekyXNke

6X .X .�pBb- S2`+2Bp2/ lb27mHM2bb- S2`+2Bp2/ 1�b2 Q7 lb2- �M/ lb2` �++2Ti�M+2 Q7 AM7Q`K�iBQMNkd

h2+?MQHQ;v- JAa Zm�`i2`Hv Rj URN3NV jRNĜj9yXNk3

oX o2MF�i2b?- 6X .X .�pBb- � h?2Q`2iB+�H 1ti2MbBQM Q7 i?2 h2+?MQHQ;v �++2Ti�M+2 JQ/2H,NkN

6Qm` GQM;Bim/BM�H 6B2H/ aim/B2b- J�M�;2K2Mi a+B2M+2 9e UkyyyV R3eĜky9XNjy

oX o2MF�i2b?- CX uX GX h?QM;- sX sm- *QMbmK2` �++2Ti�M+2 �M/ lb2 Q7 AM7Q`K�iBQM h2+?MQH@NjR

Q;v, 1ti2M/BM; i?2 lMB}2/ h?2Q`v Q7 �++2Ti�M+2 �M/ lb2 Q7 h2+?MQHQ;v- JAa Zm�`i2`HvNjk

je UkyRkV R8dĜRd3XNjj

�X umbQz- _X *`Qr/2`- GX :BH#2`i- o�HB/�iBQM Q7 a2`BQmb :�K2b �ii`B#mi2b lbBM; i?2 h2+?MQH@Nj9

Q;v �++2Ti�M+2 JQ/2H- BM, a2+QM/ AMi2`M�iBQM�H *QM72`2M+2 QM :�K2b �M/ oB`im�H qQ`H/bNj8

7Q` a2`BQmb �TTHB+�iBQMb Uoa@:�J1aV- A111 *QKTmi2` aQ+B2iv S`2bb- "`�;�- kyRy- TTXNje

98Ĝ8RXNjd

.X uX qm- 1X E�iQF- G2�`MBM;- +QKKmMB+�iBQM- �M/ i?2 #mHHr?BT 2z2+i- CQm`M�H Q7 PT2`�iBQMbNj3

J�M�;2K2Mi k9 UkyyeV 3jNĜ38yXNjN

�X "�M/m`�- a2H7@1{+�+v J2+?�MBbK BM >mK�M �;2M+v- �K2`B+�M Sbv+?QHQ;Bbi jd URN3kVN9y

RkkĜR9dXN9R

EX �`MBM;- JX wB2~2- lM/2`bi�M/BM; �;2 .Bz2`2M+2b BM S.� �++2Ti�M+2 �M/ S2`7Q`K�M+2-N9k

*QKTmi2`b BM >mK�M "2?�pBQ` kj UkyydV kNy9ĜkNkdXN9j

:X "2B2`- EQMi`QHHɃ#2`x2m;mM;2M BK lK;�M; KBi h2+?MBF (GQ+mb Q7 +QMi`QH r?2M BMi2`�+iBM;N99

rBi? i2+?MQHQ;v)- _2TQ`i Sbv+?QHQ;B2 k9 URNNNV e39ĜeNjXN98

CX@uX CB�M- �X JX "Bb�Mix- *X :X .`m`v- 6QmM/�iBQMb 7Q` �M 1KTB`B+�HHv .2i2`KBM2/ a+�H2 Q7N9e

h`mbi BM �miQK�i2/ avbi2K- AMi2`M�iBQM�H CQm`M�H Q7 *Q;MBiBp2 1`;QMQKB+b 9 UkyyyV 8jĜdRXN9d

_X a2Hi2M- _X aiQ2+F2`- 1M/ #2?�pBQ` BM b2[m2M+2b Q7 }MBi2 S`BbQM2`Ƕb .BH2KK� bmT2`;�K2b @ �N93

H2�`MBM; i?2Q`v �TT`Q�+?- CQm`M�H Q7 1+QMQKB+ "2?�pBQ` �M/ P`;�MBx�iBQM d URN3eV 9dĜdyXN9N

SX "`�mM2`- _X S?BHBTb2M- �X *�H2`Q o�H/2x- wX J�`iBM�- q?�i ?�TT2Mb r?2M /2+BbBQM bmTTQ`iN8y

bvbi2Kb 7�BH\ ě i?2 BKTQ`i�M+2 Q7 mb�#BHBiv QM T2`7Q`K�M+2 BM 2``QM2Qmb bvbi2Kb (/�i� }H2N8R

�p�BH�#H2 �i ?iiTb,ffQb7XBQf[jtk#f)- kyR3XN8k

EX E2HH2v- EX CX S`2�+?2`- PM 2z2+i bBx2- Sbv+?QHQ;B+�H J2i?Q/b Rd UkyRkV RjdĜR8kXN8j

:X *mKKBM;- h?2 L2r ai�iBbiB+b, q?v �M/ >Qr- Sbv+?QHQ;B+�H a+B2M+2 k8 UkyR9V dĜkNXN89

_X a?�`/�- aX >X "�``- CX *X J+.QMM2HH- .2+BbBQM amTTQ`i avbi2K 1z2+iBp2M2bb, � _2pB2rN88

�M/ �M 1KTB`B+�H h2bi- J�M�;2K2Mi a+B2M+2 URN33VXN8e

�X sX :�`;- LX CX �/?BF�`B- >X J+.QM�H/- JX SX _Qb�b@�`2HH�MQ- SX CX .2p2`2�mt- CX "2v2M2-N8d

CX a�K- _X "X >�vM2b- 1z2+ib Q7 +QKTmi2`Bx2/ +HBMB+�H /2+BbBQM bmTTQ`i bvbi2Kb QM T`�+@N83

iBiBQM2` T2`7Q`K�M+2 �M/ T�iB2Mi Qmi+QK2b, � bvbi2K�iB+ `2pB2r- C�J� kNj Ukyy8V RkkjĜN8N

Rkj3XNey

_X �X SB+F- "2M2}ib Q7 .2+BbBQM amTTQ`i avbi2Kb- aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- >2B/2H@NeR

k3



#2`;- TTX dRNĜdjyXNek

aX _ƺii;2`- EX "�HB- .X J�Mx2v- AKT�+i Q7 �miQK�i2/ /2+BbBQM �B/b QM T2`7Q`K�M+2- QT2`�iQ`Nej

#2?�pBQm` �M/ rQ`FHQ�/ BM � bBKmH�i2/ bmT2`pBbQ`v +QMi`QH i�bF- 1`;QMQKB+b UkyyNVXNe9

GX PMM�b+?- *X .X qB+F2Mb- >X GB- .X J�Mx2v- >mK�M T2`7Q`K�M+2 +QMb2[m2M+2b Q7 bi�;2bNe8

�M/ H2p2Hb Q7 �miQK�iBQM, �M BMi2;`�i2/ K2i�@�M�HvbBb- >mK�M 6�+iQ`b UkyR9VXNee

SX *?�M/H2`- CX ar2HH2`- *Q;MBiBp2 GQ�/ h?2Q`v �M/ i?2 6Q`K�i Q7 AMbi`m+iBQM- *Q;MBiBQM �M/Ned

AMbi`m+iBQM 3 URNNRV kNjĜjjkXNe3

JX CX *`mKT- CX oX J+.QMM2HH- hX JX :m`2+FBb- 1p�Hm�iBM; �K�xQMǶb K2+?�MB+�H im`F �b �NeN

iQQH 7Q` 2tT2`BK2Mi�H #2?�pBQ`�H `2b2�`+?- SHQa QM2 3 UkyRjV 28d9RyXNdy

*X a+?HB+F- oX aiB+?- _X a+?KBii- :X a+?m?- JX wB2~2- *X "`2+?2`- JX "HmK- �X J2`i2Mb-NdR

JX 6�#2`- aX Emx- >X S2i`m+F- JX 6m?`K�MM- JX Gm+F2`i- 6X "`�K#`BM;- *X _2mi2`- LX >2`@Ndk

BM;- JX :`Qi2M- aX EQ`�HH- .X S�mb2- SX "`�mM2`- qX >2`7b- JX P/2M#mb+?- aX q2BM- aX aiBHH2`-Ndj

JX "2`i?QH/- *Q;MBiBQM@1M?�M+2/- a2H7@QTiBKBxBM; S`Q/m+iBQM L2irQ`Fb- BM, *X "`2+?2`-Nd9

.X ƹx/2KB` U1/bXV- AMi2;`�iBp2 S`Q/m+iBQM h2+?MQHQ;v @ h?2Q`v �M/ �TTHB+�iBQMb- aT`BM;2`Nd8

AMi2`M�iBQM�H Sm#HBb?BM;- "2`HBM- >2B/2H#2`;- kyRd- TTX e98Ĝd9jXNde

AX �Dx2M- h?2 h?2Q`v Q7 SH�MM2/ "2?�pBQ`- P`;�MBx�iBQM�H #2?�pBQ` �M/ ?mK�M /2+BbBQMNdd

T`Q+2bb2b 8y URNNRV RdNĜkRRXNd3

kN



�TT2M/BtNdN

*?�`�+i2`BbiB+b Q7 i?2 a�KTH2N3y

.2b+`BTiBp2b R k j 9

RX �;2 J4k3X9±3X9 UkyĜ8e v2�`bV ě Xje8 
kX :2M/2` kj K�H2- Rd 72K�H2 ě
jX h`mbi BM �miQK�iBQM J489±ReW UjĜd3WV ě
9X h2+?MB+�H a2H7@2{+�+v J4dy±RNW UR8ĜN8WV ě

h�#H2 jX *?�`�+i2`BbiB+b Q7 i?2 b�KTH2 rBi? �`Bi?K2iB+ K2�M UJV- bi�M/�`/ /2pB�iBQM U±V- KBMBKmK �M/
K�tBKmK p�Hm2b- �M/ aT2�`K�MǶb ρ +Q``2H�iBQMbX

Zm2biBQMM�B`2b �M/ Ai2Kb mb2/N3R



a+�H2 (aQm`+2) _2HB�#BHBiv Ai2K

lb27mHM2bb USlV (.�pBb
URN3NV)

α ≥ .940
lbBM; i?2 bvbi2K BKT`Qp2b Kv T2`7Q`K�M+2 BM i?2 ;�K2X
lbBM; i?2 bvbi2K BM i?2 ;�K2 BM+`2�b2b Kv T`Q/m+iBpBivX
lbBM; i?2 bvbi2K 2M?�M+2b Kv 2z2+iBp2M2bb BM i?2 ;�K2X
A }M/ i?2 bvbi2K iQ #2 mb27mH BM i?2 ;�K2X

1�b2 Q7 lb2 US1lV
(.�pBb URN3NV) α ≥ .799

Jv BMi2`�+iBQM rBi? i?2 bvbi2K Bb +H2�` �M/ mM/2`bi�M/�#H2X
AMi2`�+iBM; rBi? i?2 bvbi2K /Q2b MQi `2[mB`2 � HQi Q7 Kv K2Mi�H 2zQ`iX
A }M/ i?2 bvbi2K iQ #2 2�bv iQ mb2X
A }M/ Bi 2�bv iQ ;2i i?2 bvbi2K iQ /Q r?�i A r�Mi Bi iQ /QX

AMi2MiBQM iQ lb2 UAilV
(�Dx2M URNNRVc .�pBb
URN3NV)

α ≥ .864
�bbmKBM; A ?�/ �++2bb iQ i?2 bvbi2K- A BMi2M/ iQ mb2 Bi
A TH�M iQ mb2 i?2 bvbi2K i?2 M2ti iBK2 A TH�v i?2 ;�K2X
:Bp2M i?�i A ?�/ �++2bb iQ i?2 bvbi2K- A T`2/B+i i?�i A rQmH/ mb2 BiX

a2H7@2{+�+v i2+?MQHQ;v
Ua1hV ("2B2` URNNNV) α = .867

A �K �#H2 iQ bQHp2 KQbi Q7 i?2 i2+?MB+�H T`Q#H2Kb A �K 7�+2/ rBi? QM Kv QrMX
A `2�HHv 2MDQv +`�+FBM; � i2+?MB+�H T`Q#H2KX
�b A ?�p2 +QT2/ r2HH rBi? i2+?MB+�H T`Q#H2Kb BM i?2 T�bi- A 722H QTiBKBbiB+ �#Qmi
7mim`2 i2+?MB+�H T`Q#H2KbX
�b A 722H [mBi2 ?2HTH2bb iQr�`/b i2+?MB+�H /2pB+2b- A F22T Kv ?�M/b Qz i?2KX
Ai Bb /B{+mHi iQ }M/ � i2+?MB+�H T`Q#H2K i?�i A �K MQi �#H2 iQ bQHp2X
A QMHv bQHp2 i2+?MB+�H T`Q#H2Kb #2+�mb2 A ?�p2 iQX
A `2�HHv HBF2 iQ bQHp2 M2r i2+?MB+�H T`Q#H2KbX
AM Kv +B`+H2 Q7 7`B2M/b A �K i?2 QM2 rBi? i?2 ?B;?2bi i2+?MB+�H �#BHBiB2bX



h`mbi BM �miQK�iBQM
UhB�V (CB�M 2i �HX
UkyyyV)

α ≥ .795

h?2 bvbi2K Bb /2+2TiBp2X
h?2 bvbi2K #2?�p2b BM �M mM/2`?�M/2/ K�MM2`X
A �K bmbTB+BQmb Q7 i?2 bvbi2KǶb BMi2Mi- �+iBQM- Q` QmiTmibX
A �K r�`v Q7 i?2 bvbi2KX
h?2 bvbi2KǶb �+iBQMb rBHH ?�p2 � ?�`K7mH Q` BMDm`BQmb Qmi+QK2X
A �K +QM}/2Mi BM i?2 bvbi2KX
h?2 bvbi2K T`QpB/2b b2+m`BivX
h?2 bvbi2K ?�b BMi2;`BivX
h?2 bvbi2K Bb /2T2M/�#H2X
h?2 bvbi2K Bb `2HB�#H2X
A +�M i`mbi i?2 bvbi2KX
A �K 7�KBHB�` rBi? i?2 bvbi2KX

*QKTHB�M+2 f lb2 (.�pBb URN3NV) ě �TT`QtBK�i2Hv- ?Qr Q7i2M /B/ vQm 7QHHQr i?2 bm;;2biBQM Q7 i?2 /2+BbBQM bmTTQ`i
bvbi2K /m`BM; i?2 ;�K2 UBM WV

am#D2+iBp2 S2`7Q`K�M+2 ě �`2 vQm b�iBb}2/ rBi? vQm` T2`7Q`K�M+2 BM i?2 ;�K2\
_2H�iBp2 S2`7Q`K�M+2 ě >Qr /Q2b vQm` T2`7Q`K�M+2 +QKT�`2 iQ i?2 T2`7Q`K�M+2 Q7 Qi?2` TH�v2`b\

h�#H2 9X, �TTHB2/ b+�H2b- Bi2K i2tib- �M/ BMi2`M�H `2HB�#BHBiv
*`QM#�+?Ƕb αX JBMBK�H `2HB�#BHBiv Bb `2TQ`i2/ 7Q` b+�H2b K2�@
bm`2/ `2T2�i2/HvX mb27mHM2bb- 2�b2 Q7 mb2- �M/ BMi2MiBQM
iQ mb2X
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